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ABSTRACT

This study aimed to evaluate 50 different cheese samples in terms of certain microbiological parameters. The
presence of Salmonella spp. and Listeria spp. in cheeses were investigated by immunomagnetic separation and
conventional methods. Staphylococcns aurens was detected in 4 samples, while 2 samples were accepted
suspicious of Salmonella spp. and 5/50 samples were found positive with respect to Listeria spp. The
suspicious Salnonella spp. isolates were determined as Protens mirabilis. Therefore, Salmonella spp. were not
determined from the samples. The isolates of Iisteria spp. were identified as Listeria monocytogenes (2/5), Listeria
gayi (3/5). According to antbiotic test results, Staphylococcus aurens isolates showed susceptbility to
tetracycline, trimethoprim, gentamicin, chloramphenicol, sulphamethoxazole/trimethoptim, ciprofloxacin
at the level of 100%. Additionally, the Liseria spp. isolates displayed high susceptibility to chloramphenicol,
ciprofloxacin, and ampicillin.

Keywords: Cheese; Sabnonella, I isteria; Immunomagnetic separation; Antibiotic resistance

ERZURUM’DA SUPERMARETLERDEN TOPLANAN PEYNIR
ORNEKLERINDE BELIRLI MIKROBIYOLOJiK PARAMETRELERIN
BELIRLENMESI

oz

Bu calismanin amact 50 farkli peynir Ornegini belirli mikrobiyolojik parametreler agisindan
degerlendirmektir. Peynirlerde Salmonella spp. ve Listeria spp. varligi immunomanyetik separasyon ve
geleneksel metotlarla arasturlmistir. 50 6rnegin 51 Listeria spp. agisindan pozitif bulunurken, 4’
Staphylococens aurens, 2’si sipheli kabul edilen Salmonella spp. olarak belirlendi. Stpheli Salmonella spp.
izolatlar identifikasyon asamasinda Profens mirabilis olarak tamimlandigindan 6rneklerde Salmonella
spp. tespit edilmemistir. Listeria spp. izolatlatt Listeria monocytogenes (2/5), Listeria grayi (3/5) olarak
tantmlandi. Antibiyotik test sonuglarina gbre, Staphylococcus anrens izolatlart tetrasiklin, trimetoprim,
gentamisin, kloramfenikol, sulfametoksazol/trimetoprim, siprofloksasin antibiyotiklerine %100
seviyesinde duyarlilik gosterdi. Ayrica Listeria spp. izolatlart kloramfenikol, siprofloksasin ve ampisilin
antibiyotiklerine karsi yiksek duyarlilik sergilemistir.

Anahtar kelimeler: Peynir; Salmonella; Listeria; immiinomanyetik separasyon; antiyotik direng
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INTRODUCTION

Cheeses are widely consumed by the majority of
people because of their high nutritional value and
unique taste and flavor. More than 1000 types of
cheeses are produced and consumed around the
World, while approximately, 40-50 types of
cheese are known in Turkey (Hayaloglu et al.,
2002).

The pasteurized dairy products are considered as
safe products for consumption, but pathogenic
bacteria contaminating the dairy products after
pasteurization can be dangerous for human
health. Generally, Salmonella  spp., Listeria
monocytogenes, and Staphylococcus anrens have been
reported as important pathogenic
microorganisms that cause food-borne diseases
(Mccabe-Sellers and Beattie, 2004). Generally, the
sources of contamination were caused by raw
milk, inadequate pasteurization of milk, post-
pasteurization contamination of milk, inadequate
milk handling procedures, and manufacturing
process. Also, inadequate personal hygiene,

ingredients,  contaminated  waters,  post-
production factors, poor sanitation, storage
conditions, transportation, and temperature

changes during the storage period cause spoilage
and food-borne disease (Kanbakan et al., 2004;
Reij and Aantraker, 2004).

Salmonella spp. are one of the most important
pathogenic microorganisms that capable of
causing salmonellosis in humans. Salwonella

spreads by fecal wastes of the infected animals
and humans (Ponce et al., 2008; Abulreesh, 2012).

From among Listeria spp., L. monocytogenes cause
human listeriosis and L. zanovii is mainly
pathogenic for animals, primarily sheep. L.
monocytogenes is a psychrotroph microorganism and
it can grow at relatively low pH and refrigeration
temperature. The first major source of food
contamination by L. monocytogenes might stem
from the cross-contamination during the food
processing such as cheese-making process
(Arsalan and Ozdemir, 2008).

The immunomagnetic separation (IMS) technique
has been used as an effective and rapid method
for the detection of Salmonella spp. and Listeria

spp. from foods (Lynch et al., 2004; Ayaz and
Erol, 2009). Recently, immunomagnetic
separation (IMS) overcomes the matrix effect and
is used for the enumeration of bacteria. IMS can
eliminate the potential interferences and it has
been applied to conduct measurements in the
food matrix, thereby bacteria can be captured
easily. The IMS pretreatment can improve the
concentration of target bacteria, in this way
reducing analysis time and improving detection
sensitivity (Bi et al., 2020; Akginar et al., 2020).

The aim of this study was the detection of S.
anreus, Salmonella spp. and Listeria spp. from
cheese samples by IMS and conventional
methods. We also determined the total aerobic
mesophilic bacteria (TAMB), lactic acid bacteria
(LAB), yeast/mold, psychrotrophic bactetia, and
coliform bacteria counts in different cheese
samples. The antibiotic susceptibility —of
confirmed isolates was evaluated with different
antibiotics.

MATERIALS AND METHODS

For this study, A total of 50 different cheese
samples were collected as 10 samples per group
(Civil, Tulum, Kagar, Lor, White Cheese) from
various supermarkets, between June 2015-July
2015. These cheeses were placed in packaging
material and immediately transported to the
laboratory and stored at 4 °C until analysis.

For microbiological analysis, 11 g of cheese were
weighed for each sample and diluted aseptically in
99 mL sterile maximum recovery diluent (MRD)
(0.85% NaCl+0.1% peptone). Serial decimal
dilutions of samples were prepared with MRD.
Total aerobic mesophilic bacteria count was
enumerated using Plate Count Agar (PCA)
Merck, 1.05463) at 30£1 oC for 48 h (Harrigan,
1998; Maturin and Peeler, 1998). The counts of
lactic acid bacteria (LAB) were determined on de
Man, Rogosa and Sharpe Agar (MRS) (Oxoid,
CMO0361) at 371 oC for 48 h anaerobically (Dave
and Shah, 1998). The yeast/molds were
enumerated on Potato Dextrose Agar (PDA)
(Merck, 1.10130) acidified with 10% lactic acid
(Merck, Darmstadt, Germany) and incubated at
25+1 °C for 5-7 days (Herrera, 2001). The
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psychrotrophic bacteria count was determined
using PCA at 7-10 °C for 10 days. Total coliform
counts of samples were counted by Violet Red
Bile Agar (VRB) (Merck, 1.014006) at 37%1 °C for
48 h (Harrigan, 1998). The selective
determination of Escherichia coli was performed
using EC broth (Merck 1.10765) and Eosin
Methylene-blue Lactose Sucrose Agar (EMB

agar) (Rippey et al., 1987).

For S. aureus enumeration, serial dilutions of
cheese homogenates were spread on Baird Parker
Agar (BPA) (Merck, 1.054006) supplemented with
egg yolk telluride and incubated at 37%1 oC for 24
to 48 h. Typical colonies were confirmed with
coagulase, catalase activity, and DNase and
TNase activity, haemolysis in blood agar tests
(Bennett and Lancette, 2012).

For the isolation of Salmonella spp., 25 g sample
was weighted to the sterile filter stomacher bags
that have in 225 ml. Buffered Peptone Water
(BPW) and incubated at 371 °C for 18-24 h.
Then, the other analyzes were made according to
the ISO protocol (ISO, 2002; BAM, 2014). IMS
method for Salmonella spp. were performed
according to Kavaz Yiksel and Yiksel (2015)
with minor modifications. 1 mL of pre-enriched
sample was incubated with 20 ul. Dynabeads®
anti-Salmonella  (Invitrogen, UK) in 2 mL
microcentrifuge tube at room temperature for 15
min. Biochemical identification of suspicious
Salmonella colonies was made using by API 20E
test kit (BioMérieux, Inc.,, France) and
conventional biochemical tests.

For the isolation of Listeria spp. 25 g of cheese
samples were made in 225 mL half fraser broth
(Oxoid, Basingstoke, UK). The other analyses for
Listeria spp. were made according to Hitchins et
al. (2016). The obtained colonies were confirmed
using mobility test, biochemical tests (Gram stain,
catalase, oxidase, urea, TSI, and MR-VP, (-
hemolysis, CAMP test, and production of acids
from rhamnose and xylose) and API Listeria
(BAM, 2014). The enrichment stage of Listeria
isolation by IMS was made similatly to the
conventional method. IMS procedure for Listeria
spp. was performed as previously explained in

Salmonella. Afterward, 100 pL of resuspended IMS
mixture was plated on PALCAM agar,
ChromoCult® Listeria Agar, Oxford Listeria agar
and then same procedures were followed as
described for the conventional method.

The antibiotic susceptibility tests of the isolates
were made using Kirby-Bauer Disk diffusion
protocol according to the standard of the Clinical
and Laboratory Standards Institute (CLSI) (CLSI,
2014). Firstly, 5 mL sterile 0.85% NaCl solutions
were prepared for each isolate and densities of
them were controlled with a MacFarland 0.5
standard. Then the solutions were spread to the
Mueller Hinton agar (Oxoid, CM0337) with a
sterile cotton swab. Antibiotic disks including,
Tetracycline (TE, 30 ug, Oxoid CT054B),
Streptomycin (S, 10 pg, Oxoid CT047B),
Trimethoprim (ITMP, 5 pg, Oxoid CTO076B),

Gentamicin (CN, 10 pg, Oxoid CT024B),
Kanamycin (K, 30 pg, Oxoid CT026B),
Chloramphenicol (C, 30pg, Oxoid CT013B),

Sulphamethox/Ttrimethoptim (SXT, 5 ug, Oxoid
CTO052B), Ciprofloxacin (CIP, 5 pg, Oxoid
CT425B), Ampicillin (AMP, 10 pg, Oxoid
CTO003B) and Nalidixic Acid (NA, 30 pg, Oxoid
CT031B) were placed onto the inoculated surface
of Mueller Hinton agar. The plates were
incubated at 37£1 °C for 24 hours and diameters
of clear zones were measured using a ruler in
terms of millimeters (CLSI, 2014).

The obtained data were analyzed using the SPSS
statistical software program version 13 (SPSS Inc.,
Chicago, 1L, USA). Analysis of variance
(ANOVA) and Duncan’s multiple range tests
were used to determine the differences between
results.

RESULTS AND DISCUSSION
The results of the general microbiological

properties of the cheese samples are presented in
Table 1.

The highest mean counts of TAMB were found
in samples of 11, 15, 21, 22, 23, 26, 27, 28, 29, and
30, while the lowest mean value was determined
in sample 39.
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Table 1. The certain viable bacteria count of different cheese samples.
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1 7.77 8.00 7.75 7.11 <10%* 5.12 + +
2 7.48 6.63 4.21 7.94 <10 7.84 + +
3 7.83 7.49 4.29 8.06 <10 8.11 + +
4 7.26 6.63 3.46 7.36 <10 7.48 + +
5 6.36 6.95 5.23 6.19 <10 <10 - -
6 6.40 6.86 4.60 5.96 <10 <10 + +
7 7.23 8.00 6.42 7.30 <10 4.71 + +
8 8.52 8.16 4.45 8.08 <10 7.08 + +
9 7.72 7.64 4.30 7.45 <10 6.45 + +
10 7.20 8.24 5.79 8.43 <10 411 + +
11 11.00 7.00 5.94 11.00 791 7.52 + +
12 7.62 7.96 5.84 5.52 <10 1.70 + +
13 7.99 8.12 6.77 7.79 <10 8.00 + +
14 6.49 6.03 2.00 6.08 <10 5.54 + +
15 11.00 8.48 6.11 11.00 7.36 8.00 + +
16 8.60 7.89 2.70 8.30 <10 7.72 + +
17 9.16 8.30 6.69 8.86 <10 8.00 + +
18 8.14 8.16 6.38 8.45 <10 7.14 + +
19 7.81 7.68 4.85 7.42 <10 8.00 + +
20 9.15 9.54 6.09 9.28 <10 7.03 + +
21 11.00 7.11 6.33 11.00 <10 2.59 + +
22 11.00 6.44 <10 11.00 <10 2.65 + +
23 11.00 8.02 4.02 11.00 5.36 7.88 + +
24 7.08 7.12 3.85 5.32 <10 2.00 + +
25 6.33 8.19 5.88 6.14 <10 <10 + +
26 11.00 11.00 7.10 11.00 <10 3.41 + +
27 11.00 11.00 437 11.00 6.48 5.90 + +
28 11.00 11.00 3.49 11.00 <10 <10 - -
29 11.00 11.00 411 11.00 <10 3.05 - -
30 11.00 11.00 452 11.00 <10 1.48 + +
31 8.45 8.63 6.83 8.48 <10 5.94 + +
32 7.34 7.53 6.53 6.30 <10 3.98 - -
33 8.51 8.26 3.08 5.99 <10 7.70 + +
34 8.23 9.26 2.90 6.30 <10 6.00 + +
35 6.13 6.14 <10 4.00 <10 4.42 + +
36 8.78 8.38 5.82 7.95 <10 7.42 + +
37 8.73 6.68 <10 8.77 <10 7.73 + +
38 8.28 8.10 8.20 8.19 <10 2.30 + +
39 5.40 6.64 7.38 4.00 <10 2.48 + +
40 6.24 6.19 477 <10 <10 <10 + +
41 6.41 5.99 5.09 7.79 <10 8.00 + +
42 6.82 6.79 <10 523 <10 <10 - -
43 8.59 8.05 5.19 7.01 <10 5.13 + +
44 9.25 8.23 5.74 6.60 <10 5.60 + +
45 8.61 9.11 5.56 8.35 <10 8.74 + +
46 8.30 8.10 6.14 6.30 <10 5.78 + +
47 8.39 7.95 4.31 8.40 <10 7.70 + +
48 9.49 8.30 6.60 8.52 <10 7.20 + +
49 7.90 8.49 3.48 6.92 <10 5.30 + +
50 8.39 8.32 7.93 6.57 <10 3.30
<10*: CFU/g
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The cheese-making process is based on the
application of lactic acid bacteria (LAB) that are
expected to cause rapid acidification of milk and
decrease in pH consequently (Briggiler-Marcé et
al., 2007). The highest mean lactic acid bacteria
counts were determined in samples 26, 27, 28, 29,
and 30. The lowest mean value was found in
sample 41 (5.99 log CFU/g). Yeasts and molds are
important microbial contaminants for the dairy
industry. The presence of theirs in cheese may
cause serious problems (Borelli et al., 2006). The
average numbers of yeasts/molds on the samples
were between <10 CFU/g (Samples 22, 35, 37
and 42) - 8.20 log CFU/g (Sample 38). The
psychrotrophic microorganisms are the most
important group of microorganisms found in
dairy products. Their heat-resistant enzymes such
as protease and lipase cause some serious
problems including proteolysis, lipolysis, rancidity
and putrefaction (Ozer and Yaman, 2014). The
highest mean values of psychrotrophic bacteria
were found in samples 11, 15, 21, 22, 23, 26, 27,
28, 29 and 30, while the lowest mean count was
determined in sample 40.

The presence of coliform bacteria, S. aureus,
Salmonella spp. and L. monocytogenes in foods are
accepted as hygiene index. According to the
Turkish Food Codex (Anonymous, 2011),
the highest level of coliform bacteria that
isallowed <10 CFU/g, also fecal coliforms
should not be found in samples. On the other
hand, L. monocytogenes and Salmonella spp. should
not be found in 25 g cheese sample. Obsetrving
the obtained results, the coliform group
microorganisms were determined as <10 CFU/g
in samples 5, 6, 25, 28, 40 and 42, while the
highest mean value was found in sample 45.
When EC broth results were observed, only six
samples (Samples 5, 28, 29, 32, 42 and 50) were
found negative in terms of fecal coliform. EMB
agar results showed that E. ¢w/i were determined
samples of 44/50. The results showed that 92%
(44/50) of the cheese samples were not suitable
to standards in terms of coliform bactetia count
and the presence of fecal coliform. On the other
hand, 92% (44/50) of the cheeses were not
suitable for E. c/i. The prevalence of E. w/i in
vatious types of cheese samples was reported

between 4% and 74.3% by several researchers
(Oksiiztepe et al. 2009; Brooks et al. 2012).

It can be assumed that the presence of all of these
microorganisms in the observed cheeses has been
attributed to the using milk, starter culture and
rennet, process conditions, equipment, workers
and air of the environment.

S. aurens is one of the most important disease-
affecting microorganisms for human health. The
diseases caused by S. awrens occur due to the
consumption of contaminated food that is
containing one or more enterotoxins produced by
S. anreus (Le Loir et al., 2003). In this study, four
(samples of 11, 15, 23 and 27) cheese samples
were found positive in terms of 5. aurens presence.
The highest mean S. aureus count was determined
in sample 11 and followed by samples 15, 27 and
23, respectively. The obtained results were
confirmed by the tests of coagulase, catalase
activity, DNase-TNase activity and haemolysis in
blood agar. After these processes, S. aurens was
determined from four cheeses samples.
According to Anonymous (2011), S. aureus should
be found between the 1.0x102-1.0x10> CFU/g.
Four samples do not comply with the standards
in terms of S. aureus count. There are several
studies on the presence and growth activities of S.
anreus in vatious types of cheese produced in
different cities in the Turkey. Bing6l and Togay
(2017) reported that were positive for S. aurens
and that %34 from 52 Utrfa cheeses in different
conditions. The results were probably caused by
the using milk, production and storage
conditions. Also, the manufacturing process has
been demonstrated to be the source of high .
anrens numbers (Saadat et al,, 2014).

In this research, fifty (50) cheese samples were
analyzed using conventional and IMS methods in
terms of the presence of Salmonella spp. At the end
of the isolation from 2 cheese samples (2/50)
were determined as suspicious Salmonella spp. by
IMS method. Then obtained colonies were
examined with some analysis. During the
examined procedure, Salmonella Typhimurium
was used as a positive culture. The suspicious
colonies were analyzed in terms of their oxidase
activity. Then, oxidase negative colonies were
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confirmed with API 20E test kit (BioMérieux,
Inc., France) and conventional biochemical tests
including verification of TSI and LIA agar.
Finally, the obtained APl 20E results were
committed  to  the  apiweb  database
(https:/apiweb.biomericux.com) and suspicion
colonies were determined as Proteus mirabilis at the
probability of 99%. In general, Salmonella and
Protens species may show similarity in terms of
colony shapes and appearance in TSI and LIA
agar. Some tests including hydrogen sulfide and
acid production from lactose may be inadequate
for the distinction of Salmonella spp. from other
bacteria. In particular, Proteus species are lactose
negative and sulphide positive, so they are not
easily distinguishable from Salmonella spp. by
using most commercial agar/broth (Rambach,
1990). Generally, the HS producing bacteria
(such as Proteus) create colonies that have a black
center with clear zone. However, XLLD and XLT-
4 Agars are the selective differential mediums
used for the isolation and identification of gram-
negative enteric pathogens. Generally, H>S
positive microorganisms, such as Salwonella spp.
and Protens spp., produces round black center
colonies on these agars (Anonymous, 2014).
There are wide variations among the
contamination ratio of Salmonella spp., Listeria spp
and other microorganisms in among cheese
samples according to cheese typing. In our
country and other countries, various results were
also showed the presence of Salmonella spp. in
different types of cheeses. It was detected that 6
(2.4%) out of 250 cheese samples (Colak et al.,
2007) and 3 (6%) of the 50 Van otlu (herby)
cheese samples (Tekinsen and Ozdemir, 2006).
Contrary to these findings, Salmonella spp. were
not found in 80 white cheese and 40 cecil cheese
samples by Gulmez and Guven (2001) and 50
carra cheese samples by Aygun et al. (2005).
According to Pamuk and Siriken (2018),
Salmonella spp. were isolated from 21% (21/100)
of which obtained from milk products (6 of tulum
cheese and 15 of fresh soft cheese) in the Afyon.
In contrast, it was not isolated from cecil cheese
and pasteurized milk samples.

In this study, fifty (50) cheeses were used for the
isolation and identification of L. monocytogenes by

using conventional and IMS methods. According
to results, 5/50 cheese samples were determined
as positive for Listeria spp. by these methods. The
isolates confirmed with API Listeria (BioMérieux,
Inc., France). The obtained data were transferred
to the apiweb database
(https:/apiweb.biometieux.com). These colonies
in two cheese samples (2/50) were determined as
L. monocytogenes at the probability of 99%, while
the other colonies in three cheese samples (3/50)
were identified as L. grayi at the probability of
99%.

The behavior of L. monocytogenes in different kinds
of cheese during ripening has been widely studied
by some authors around the World and our
country. Sagun et al. (2001), Colak et al. (2007)
and Bouayad and Hamdi (2012). The significantly
higher contamination rate was noted for L.
monocytogenes for cheese samples. Also, other
studies are reported that L. monocytogenes can be
found more frequently in raw milk samples and
soft cheeses. In soft and semi-soft cheeses, the
water activity is higher than in hard cheeses,
allowing the growth of L. monocytogenes (Farber
and Peterkin, 1991). Kizanlk and Géksoy (2018)
reported that 10 cheese samples were
contaminated with Listeria spp., from 120 cheeses
samples and 7 of which were contaminated with
L. monocytogenes (1 sample) and L. zvanovii (6
samples) that might also cause public health risks.

Antibiotic susceptibility test was applied to S.
aureus, L. monocytogenes and L. grayi isolates. For this
purpose, 10 different kinds of antibiotics were
used for the determination of antibiotic
susceptibility of S. aureus, L. monocytogenes and L.
grayi isolates (Table 2, Table 3, and Table 4).

When the effects of 10 antibiotics on the L.
monocytogenes and L. grayi were examined, 5 of the
isolates (5/5; 100%) were found have resistance
to NA. Howevert, all of the isolates (5/5; 100%)
showed susceptibility to the C, CIP and AMP. On
the other hand, 3 of the isolates (3/5; 60%) were
resistance to the TE, S and K, while 2 of them
(2/5; 40%) showed resistance to TMP, CN and
SXT (Table 2).
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Table 2. Antibiotic susceptibility of Staphylococcus aurens, Listeria monocytogenes and Listeria grayi isolates
isolates.

Antibiotic

Staphylococens aurens

Listeria monocytogenes
+ Listeria grayi

n=4) % (0=5) %

Tetracycline (TE) 100 40
Streptomycin (S) 75 40
Trimethoprim (TMP) 100 60
Gentamicin (CN) 100 60
Kanamycin (K) 75 40
Chloramphenicol (C) 100 100
Sulphamethox/

Trimethoprim (SXT) 100 60
Ciprofloxacin (CIP) 100 100
Ampicillin (AMP) 25 100
Nalidixic Acid (NA) 0 0

Recently, the antimicrobial resistance of bacteria
has been considered as a major problem in terms
of public health. The unconscious antibiotic usage
of humans has caused the formation of antibiotic
resistance to the pathogenic strains. Antibiotic

resistance of S. aureus has an important problem
both the veterinary and health professions
(Hossein et al., 2010).

Table 3. The antimicrobial effects of different antibiotics against Staphylococcus anrens in cheese samples.

Sample no
Antibiotic 11 15 23 27
(S. anreus) (S. anreus) (S. anreus) (S. aurens)
(Zone diameter, (Zone diameter, (Zone diameter, (Zone diametert,
mm) mm) mm) mm)

Tetracycline 20.2520.35Db 24.1010.14Ca 21.50£0.71Db 24.0010.00Ca
Streptomycin 15.151£0.21Fab 14.25%£0.35Ebc 14.00£0.00Gc 16.151£0.21Fa
Trimethoptim 21.7520.35Cb 21.00£0.00Db 24.00£0.00Ca 24.0010.00Ca
Gentamicin 18.501£0.71E 20.50£0.71D 18.251£0.35F 20.2510.35E
Kanamycin 0.00£0.00H 20.00£0.00D 20.00£0.00E 20.00£0.00E
Chloramphenicol 27.2510.35Aa 24.2510.35BCb 25.2510.35Bb 22.2510.35Dc
Sulphamethox/ 2825+035Ab  2550£071Bc  2800+0.00Ab  3450:0.71Aa
Trimethoprim
Ciprofloxacin 27.75£0.35A 28.00£0.00A 28.75£0.35A 28.75%£0.35B
Ampicillin 25.00£0.00Ba 15.25+0.35Eb 12.75+0.35Hc¢ 15.25+0.35Fb
Nalidixic Acid 11.65+0.49G 11.65+0.49F 12.00+0.00H 11.6530.49G

Different uppercase letters indicate significant differences (P<0.01) among the antibiotics, while lowercase letters
showed differences among the samples. Results are means (SD) of duplicate. The difference between samples is

insignificant (P> 0.01).

Observing Table 3, the isolates of 15, 23 and 27
had the highest resistance to NA while, isolates of
11 showed the highest resistance to the K. The
isolates of 11 and 27 showed susceptibility to SXT
while, isolates of 15 and 23 were susceptible to

CIP. According to Table 2, there were statistically
significant (p<<0.01) differences between the
samples with respect to antibiotic susceptibility
and resistance.
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Table 4. The effects of different antibiotics on the Listeria grayi and Listeria monocytogenes in cheese

samples.
Sample no
1 6 30 38 47
Antibiotic (L. grayi) (L. gr@'z) (L. gr@z) (L. monogtagmes) (L. monocytogenes)
(Zone (Zone diameter, (Zone diameter, (Zone diameter, (Zone
diameter, mm) mm) mm) mm) diameter,mm)
Tetracycline (TE) 8.00£0.00Gb  33.50%2.12Aa 8.25+0.35Db 11.25+0.35Db  11.00%0.00Db
Streptomycin (S) 14.00+0.00Fb  18.50+2.12Ba 13.90+0.14 CDb 8.25+0.35Ec 0.000.00Ed
Trimethoprim (TMP)  2050+0.71Ca  25.50+4.95ABa  21.00+0.70ABCa 0.00%0.00Fb 0.000.00Eb
Gentamicin (CN) 16.25+0.35Eab  23.50+6.36ABa  14.15+0.21BCDab  10.25%0.35Db  10.25+0.35Db
Kanamycin (K) 17.25+0.35Eab  25.00+7.07ABa  16.00%0.00BCab 10.25+0.35Db  10.25+0.35Db
Chloramphenicol (C)  20.50+0.71Cbc ~ 33.00+1.41Aa  19.25%0.35ABCc  23.25+0.35Bb 23.25+0.35Bb
%}ihei?s;;ﬁ/(sxn 18.7540.35Da  19.00+1.41Ba  17.50+0.71ABCa 0.00£0.00Fb 0.00£0.00Eb
Ciprofloxacin (CIP) 22.75+0.35Bab  21.50+0.71ABbc 24.75+0.35Aa 20.50+0.71Cbc  19.50+0.71Cc
Ampicillin (AMP) 2575+0.35Ab  28.50+0.71ABa  22.00£0.00ABc 26.00%0.00Ab  25.75+0.35Ab
Nalidixic Acid (NA) 0.000.00H 0.000.00C 0.00£0.00E 0.00%0.00F 0.00%0.00E

Different uppercase letters indicate significant differences (P<0.01) among the antibiotics, while lowercase letters
showed differences among the samples. Results are means (SD) of duplicat

As seen in Table 4, all of the L. grayi isolates (1, 6
and 30) showed the highest resistance to NA,
while each of them had the highest susceptibility
to the different antibiotics including AMP (isolate
1), TE (isolate 6) and CIP (isolate 30).

Currently, there is inadequate information about
the antibiotic susceptibilities of Listeria spp. in
cheeses. Some studies accorded that L.
monocytogenes has become resistant to antimicrobial
drugs currently in use for both human and
veterinary  medicine.  Observing the L.
monocytogenes isolates, the isolates of 38 and 47 had
the highest resistance to TMP, SXT and NA.
Also, all of the isolates showed highest
susceptibility to the AMP. According to the Table
4. L. grayi and L. monocytogenes isolates showed
statistically significant differences (p<0.01) in
each other in terms of antibiotic susceptibility.
Observing the statistical evaluations, the TMP,
SXT and NA could be grouped together with
respect to the effect on sample of 38 while, S,
TMP, SXT and NA showed similar effect on
sample 47. Also, TE, CN, C and K had similar
effect on the samples of 38 and 47. Similar results
were also reported by Pesavento et al. (2010) for
Listeria spp. isolates were isolated from foods.

CONCLUSIONS

In  conclusion, certain  microbiological
characteristics and antibiotic susceptibilities of §.
anrens, Salmonella spp. and Listeria spp. were
revealed in 50 cheese samples. The obtained
results indicated that some of the cheese samples
were not suitable to standards with respect to the
presence of pathogenic and other bacteria
contents. Therefore, it can be said the use of
stronger hygienic practices has high importance
during cheese manufacturing, marketing and
storage. Immunomagnetic separation (IMS) is
accepted as an alternative method to the
conventional method for the detection of
Salmonella and Listeria due to rapid, sensitive and
effective. The determined S. awrens, L.
monocytogenes and L. grayi isolates were analyzed in
terms of their antibiotic susceptibilities and
resistances. The results of the tests showed that
the obtained isolates had quite significant
antimicrobial resistance to antibiotics.
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Bu calismada gelencksel fermente Tiitk sucuklarindan izole edilmis toplam 50 adet koagulaz-negatif
Staphylococens (IKNS) ve 10 adet Macrococeus caseolyticus suslarimn biyofilm olusturma 6zellikleri fenotipik olarak
beliflenmis ve ayni zamanda suslarda biyofilm olusumu ile iligkili genler ve adezyon genlerinin vatligt
multipleks polimeraz zincir reaksiyonu (mPZR) ile arastirilmustir. Fenotipik olarak slaym (slime) tretimi
Congo Red agar (CRA), biyofilm tiretim diizeyi mikrotitre plaka yontemi ile belirlenmistir. CRA besiyetinde
slaym treticisi oldugu belitlenen 33 susun tamaminin mikrotitre plaka yontemi ile biyofilm treticisi oldugu
tespit edilmistir. KNS ve M. caseolyticns suslarinin 28’inin orta, 23 tniin zayif ve 1’nin glicli biyofilm dreticisi
oldugu saptanmustir. Sekiz susta ise biyofilm tiretiminin olmadigt tespit edilmistir. mPZR denemeleri sonucu
biyofilm treticisi oldugu belitflenen KNS ve M. aaseolyticus suslarinin %84.62’sinin arastirilan genlerden en az
birini icerdigi bulunmustur. Suslann %66.67’sinde eno geni, %015.67’sinde #aA geni varligr belilenmistir.
Diger taraftan biyofilm ireticisi oldugu belitlenen 8 susun ise ¢alisma kapsaminda aragtirlan biyofilm
genlerinin hi¢birini icermedigi tespit edilmigtir.

Anahtar kelimetler: Sucuk, koagiilaz-negatif Staphylococcus, Biyofilm, Adezyon faktotler
INVESTIGATION OF BIOFILM FORMATION PROPERTIES AND ADHESION

FACTORS OF COAGULASE-NEGATIVE STAPHYLOCOCCUS AND
MACROCOCCUS CASEOLYTICUS STRAINS

ABSTRACT
In this study, biofilm forming properties of 50 coagulase-negative Staphylococcns (CNS) and 10
Macrococens caseolyticus strains isolated from traditional fermented Turkish sausages (sucuk) were
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phenotypically determined and also the presence of genes associated with biofilm formation and
adhesion genes in the strains was investigated by multiplex polymerase chain reaction (mPZR). Slime
production was determined on Congo Red agar (CRA) by phenotypically and biofilm production
level was determined by microtiter plate method. All 33 strains determined to be slime producers in
CRA medium were determined to be biofilm producers by microtiter plate method. It has been
determined that 28 of KINS and M. caseolyticus strains are medium, 23 are weak and 1 is strong biofilm
producers. Biofilm production was not detected in eight strains. As a result of mPZR experiments,
84.62 % of CNS and M. caseolyticus strains determined to be biofilm producers were found to be
contain at least one of the genes investigated. ezo gene was detected in 66.67% of the strains and the
presence of icaA gene in 15.67% of the strains. On the other hand, it was determined that 8 strains
determined to be biofilm producers do not contain any of the biofilm genes investigated within the

scope of the study.

Key words: Sucuk, Coagulase-nagative Staphylococcus, Biofilm, Adhesion Factors

GIRIS
Staphylococens  cinsine ait bazi Uyeler insan ve
hayvan patojeni olarak bilinmektedir. Bu grup
bakteriler ~ kan  hicrelerinde  g6sterdikleri
reaksiyona gore koagilaz-pozitif ve koagilaz-
negatif ~ stafilokoklar  olmak  tzere  ikiye
ayrilmaktadir. Bircok bakteri tarafindan tretilen
koagtilaz enzimi kan icerisinde yer alan
fibrinojenin fibrine déniismesini saglayarak kanin
pthtilasmasina neden olmaktadir. Patojen S. awureus
suslarinin  bircogu  koagtilaz-pozitif olmasina
ragmen bazt dogal stafilokok suslari koagtilaz
reaksiyonu gostermezler. KNS’larin cogu dogada,
insan ve hayvan mukoz membranlarinda stkca
bulunmakla birlikte firsatgt patojen olarak
taninmakta ve bakteremi, septisemi, endokardit,
idrar yolu enfeksiyonu ve sant enfeksiyonu gibi
bircok enfeksiyona sebep olabilmektedir (Kloos
vd., 1994; Piette ve Verschraegen, 2008; Rogers
vd., 2009).

Stafilokoklarin 7z vivo katt ylizeylere tutunma ve
hiicre tabakalarindan olugan biyofilm olusturma
6zelliklerinin oldugu bilinmektedir. Biyofilmler,
mikroorganizmalarin yuzeylere tutunarak
¢ogalmalari ve hiicre dist polimerler Gretmeleri
olusur. KNSlarin  etken  oldugu
enfeksiyonlar genellikle biomateryaller tizerinde
biyofilm tabakast olugsmas: sonucu gerceklesir.
Biyofilm  olusturan ~ KNS’lar  mikrobiyel
topluluklar seklinde yasamakta ve gida ile temas
eden ckipmanlar tzerinde sanitizetlere direng
gostererek kontaminasyon kaynagi
olusturabilmektedir. Acik yiizeylerden sirinti
alarak biyofilm olusumu tespit edilebilse de boru
icleri gibi  kapali ekipmanlarda  biyofilm

sonucu

olusumlarint  belitlemek  olduk¢a  glctiir.
Yizeylerde biyofilm olusturarak yasam stirdiren
bakteriler, aynt tiiriin bireysel formlarina gore
dezenfektanlara ve antibiyotiklere karsi daha
direnclidir. Bu nedenle geleneksel temizlik ve
dezenfektan uygulamalari bu bakterileri 6ldiirmek
icin yetersiz kalabilmektedir. =~ Aynt zamanda
biyofilm igerisinde fiziksel temas halinde bulunan
bakteriler  biyofilm olusturma yeteneklerini
konjugasyon aracthigt ile aktarabilmektedir.
Biyofilmler bu baglamda virilens ve direng
determinantlarinin  mikroorganizmalar arasinda
aktariminin  saglandigt  ortam  sartlanni  da
olusturmaktadir (Schlegelova vd., 2010).

Tibbi arac-gere¢ ve implantlarda Ozellikle S.
epidermidisve S. aureus kaynakli biyofilm olusumlari
oldukca sik arastirilmaktadir. Ancak literatiirde
cesitli gida 6rnekleri ve gida ile iliskili ylizey ve
ekipmanlarda bulunabilecek biyofilm olusturma
yetenegindeki stafilokok tiirleri tizerinde yeterince
bilgi yer almamaktadir. Tiirler arasinda degisiklik
gostermesine ragmen S. scuri ve S. xylosus susuz
yiizeylerde biofilm olusturabilmekte S. carnosus ise
cesitli yiizeylerde varlik gésterebilmektedir. Séz
konusu bakterilerin gida ile iliskili susuz yiizeylere
tutunabilme ve biyofilm olusturma yetenegi
kolonizasyon  sansim  artirmakta ve gida
zehirlenmelerine zemin hazirlamaktadir
(Planchon vd., 2007; Brooks ve Flint, 2008).

Laktik asit bakterileri ve KINS’lar sucuk gibi et
fermentasyon driinlerinin Uretiminde yer alan
baslica bakteri gruplandir. KNS suslarinin dogal
yasam alanlart insan ve hayvanlarin deri ve
mukozalart oldugu icin bu suslar hayvansal
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kaynakli cesitli gidalardan izole edilebilmektedir.
Farkli  calismalarda  ¢esitli  fermente et
triinlerinden izole edilen KNS titleri arasinda
vaygin olarak S. xylosus, S. equornm ve S.
saprophyticus titlerinin  bulundugu  bildirilmistir.
Ayrica farkli caligmalarda fermente sosislerden
onceden  Staphylococcus  caseolyticus  olarak
adlandirlmis olan Macrococens caseolyticns suslarinin
da izole edildigi belirtilmistir (Kaban ve Kaya,
2008; Leroy vd., 2010; Talon ve Leroy, 2011;
Busconi vd., 2014; Kesmen vd., 2014; Genis ve
Tuncer, 2018). Makrokoklar farkli memelilerin cilt
yuzeylerinde ve ¢ig stt, pastorize siit, siit triinleri,
et ve et urlnleri gibi g@dalarda da
bulunabilmektedir. Makrokoklar insan
enfeksiyonlart ile dogrudan iligkili olmasalar da,
hayvanlarda enfeksiyonlara yol acan patojenler
olarak rolleri son yillarda giderek daha fazla
arastirilmaktadir. M. caseolyticus ve M. canis koyun,
sigir ve kopeklerde apse, mastitis, otitis ve
dermatit gibi enfeksiyonlardan siklikla izole edilen
makrokok tutleridir. Diger taraftan M. caseolyticus
lipolitik ve proteolitik aktiviteleri nedeniyle gida
fermentasyonlarinda kullanilabilmektedir (Ramos
vd., 2021).

Biyofilm olusumu, biyofilmin  yapismasini,
birikmesini, olgunlagsmasini ve dagilmasini iceren

cok asamall bir strectir. Biyofilm olusum
kapasitesi bircok genetik faktor tarafindan
belirlenir. Ana biyofilm bileseni, #aABCD

operonunu olusturan zcaA, icaB, icaC, icaD genleri
tarafindan  kodlanan  enzimler  tarafindan
sentezlenen polisakkarit hicrelerarast adhezin
(PIA) molekilidir (Gajewska ve Chajecka-
Wierzckowska, 2020). bap geni tarafindan
kodlanan biyofilm ile iligkili bap proteini suslarin
hem abiyotik yiizeylere ilk tutunmasini hem de
hicreler arast  tutunmayr  desteklemektedir
(Cucarella vd., 2001; Simojoki wvd., 2012).
Stafilokoklara ait bir protein ailesi olan
MSCRAMM (Microbial Surface Components
Recognizing ~ Matrix ~ Molecules,  Matriks
Molekiillerini ~ Tamtyan ~ Mikrobiyel — Yuzey
Bilesenleri) bakterinin ylzeylere tutunmast ve
konak hiicre icine invase olmast (girisi) ile
iliskilidit (Los vd., 2010; Simojoki vd., 2012,
Gajewska ve Chajecka-Wierzckowska, 2020).

MSCRAMM icerdigi, fubA ve fubB taratindan
kodlanan fibronektin baglayict protein A ve B,
dfA ve dfB tarafindan kodlanan fibrinojen
baglayici proteinler kiitmelenme faktérii A ve B,
ena tarafindan kodlanan kolajen baglayict protein
ve fib tarafindan kodlanan fibrinojen baglayict
proteinler ile hiicre dist memeli proteinleri ve
abiyotik yiizeylere tutunmayi saglar. Koagilaz-
porzitif ve koaglilaz-negatif stafilokoklarin cesitli
yiizeylere tutunma kabiliyeti, laminin baglayict
proteini  kodlayan eno geni tarafindan da
belirlenmektedir (Kong vd., 2018).

Biyofilm  olusturma  kapasitesi, stafilokok
virtlansinin en Onemli faktSrlerinden  biridir.
Fermente et dUrinlerinde biyofilm olugturan
stafilokoklarin olugmast, et isleme tesislerinde
teknolojik streclerde bozulmalara ve son Grinin
kontaminasyonuna neden olabilir. Bu nedenle, bu
calismada sucuktan izole edilmis KNS ve M.
caseolyticus  suglarinda  biyofilm
prevalansint ve Ozelliklerini belitlemeyi ve bu
izolatlarda biyofilm olusumu ile iligkili genlerin
tespiti amaglanmustir. Bu amag¢ dogrultusunda
geleneksel fermente Tirk sucuklarindan izole
edilmis 50 adet KNS ve 10 adet M. caseolyticus
suslarinda biyofilm olusturma 6zellikleri fenotipik
olarak belirlenmis ve suslarin biyofilm olusumu ile
iligkili genlerinin (feaAd, icaB ve bap) yaninda
adezyon genlerinin de (f#bB, fib, clfA, cifB, cna, eno,
ebpS, bbp ve fnbA) varligt mPZR ile arastinlmugtir.,

olusumunun

MATERYAL VE YONTEM
Mikroorganizma

Calisma  kapsamunda  Sileyman  Demirel
Universitesi ~ Gida ~ Miihendisligi ~ Bélimii
Bakteriyel =~ Genetik  Laboratuvarnt  kiltir
koleksiyonundan  saglanan,  Afyonkarahisar

ilinden temin edilen starter kiltir kullanilmadan
Uretilmis olan fermente Tirk sucuklarindan izole
edilmis ve 16S rDNA dizi analizi yontemi ile
molekiler diizeyde tamlar yapilmis olan 50 adet
KNS 21 S. saprophyticus, 16 S. epidermidis, 4 .
xylosus, 3 S. scuri, 2 8. hominis, 2 8. warneri, 1 S. cobnii,
1 8. pasteurs, 1 S. vitulinus) ve 10 adet Macrococcus
suslart kullamlmistir (Genis ve Tuncer, 2018).
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Slaym olusturma yeteneginin Congo Red
Agar yontemi ile belirlenmesi

KNS ve M. caseolyticus suglarinin slaym olusturma
ozellikleri Congo Red Agar (CRA, 0.8 g/L congo
red, 50 g/L sakaroz, 37 g/L Brain Hearth
Infusion broth, 10 g/L agar agar) ortamlarinda
fenotipik olarak incelenmistir. Tryptone Soy
Broth (TSB, LAB M Ltd., Ingiltere) besiyerinde
gelistirilen suslar CRA besiyerine stirme yontemi
ile ekilmis ve 37 °C’de 24 saat inkiibe edilmistir.
Inkiibasyon siiresi sonunda olusan kolonilerin
renkleri incelenerek fenotipik olarak slaym
olusturma yetenekleri belirlenmistir. CRA besiyeri
ortaminda siyah renkli koloniler slaym pozitif,
pembe renkli koloniler slaym negatif olarak
degerlendirilmistir (Freeman vd., 1989).

Biyofilm iiretiminin mikrotitre plaka yontemi
ile belirlenmesi

KNS ve M. caseolyticus suslarinin  biyofilm
tretiminin belitlenmesinde 96 kuyulu mikrotitre
plakalar (V plate, LP TItaliana Spa, Italya)
kullanilmigtir. Biyofilm tiretimi Toledo Arana vd.
(2001) tarafindan Onerilen yontemde kiicik
modifikasyonlar yapilarak uygulanmistir. Aktf
KNS ve M. caseolyticus suglart %0.25 (w/v) glukoz
iceren TSB besyerinde 1:100 oraninda diliie
edilmis ve mikrotitre plakalara 200 ul. aktarlarak
37 °Cde 24 saat inkibasyona birakdmustr.
Inkiibasyon siiresi sonunda plakalar fosfat
tampon (PBS, pH 7.4) ile mikroplaka yikayict
(Biotek E1x50, Vermont ABD) kullanilarak 3 kez
yikanmustr.  Plakalar 60 °Cde 1  saat
kurutulmustur. Daha sonra plakalar kristal viyole
(%1, w/v) ile 15 dakika boyanmis ve tekrar
yikanmistir. Plakalar 200 pL. etanol/aseton (80:20,
v/v) ile doldurulmus ve biyofilm optik yogunlugu
(OD) 570 nm dalga boyunda mikroplaka okuyucu
(Biotek Synergy HT, Vermont ABD) ile
Slgilmustir. Biyofilm tretim dizeyi Stepanovié
vd. (2007)’ye gbre asagidaki formil kullaniarak
degerlendirilmistir. ODc esik  deger optik
yogunlugunu, ODnc negatif kontrolin optik
yogunlugunu ve SDnc ise negatif kontrolin
standart sapmasint ifade etmektedir. Suglar;
biyofilm treticisi degil (OD < ODc), zayif biyofil
treticisi (ODc < OD = 2x ODc), orta diizeyde
biyofilm treticisi (2x ODc < OD = 4x ODc) ve

giiclii biyofilm treticisi (4x ODc < OD) olarak
degerlendirilmistir.

ODc = ortalama ODnc + (3 x SDnc) 1

Genomik DNA izolasyonu ve agaroz jel
elektroforezi

TSB besiyerinde 37 °C’de 18 saat inkiibasyona
birakilarak aktiflestirilen KNS ve M. caseolyticus
suslarindan Cancilla vd. (1992) tarafindan 6nerilen
yonteme gore genomik DNA  izolasyonu
yapilmustir. Izole edilen genomik DNA’lann
vathgt  %0.7  (w/v) agaroz (AppliChem,
Darmstadt, Almanya) orant ile hazirlanan jellerde
(Thermo OWL EASYCAST B2, Litvanya) tespit
edilmistir. Etidyum bromit (0.2 pg/mL) ile
boyanan agaroz jellerin fotograflart Nikon D-
5100 (Nikon Co., Japonya) fotograf makinast ile
cekilmistir.

Biyofilm {iretiminin mPZR ile genotipik
tanisi

Calisma kapsaminda fzb.A ve fubB (fibronektin
baglayict protein A ve B), fib (fibrinojen baglayict
protein), ¢/fA ve ¢fB (kimelenme faktorii A ve B),
ea (kollejen baglayict protein) eno (laminin
baglayict protein), espS (elastin baglayict protein),
bbp (kemik sialoprotein baglayici protein), aA ve
#caD (hiicreler arast adezin A ve D) ve bap (biofilm
ile iligkili protein) genlerinin varligt Phusion Flash
High Fidelity PCR Master Mix (Thermo #F-
5481, Litvanya) kullamlarak mPZR yontemi ile
Techne TC3000 (Cambridge, Ingiltere) cihaz ile
aragtirtlmistir.  mPZR  denemelerinde  vatligt
aragtirtlan genlerin amplikon buyiklikleri ve bu
genlere 6zgli primerlerin baglanma sicakliklar
dikkate alinarak 2 ayr1 primer takimt olusturulmus
(Primer takumu 1: fubB, fib, clfA, dfB, ebpS, bbp, icaA
ve icaD; primer takimi 2: ena, eno, bap) ve 25 dongt
olacak sekilde iki farkli PZR kosulu uygulanmustir.
fnbA geninin varligt ise PCR Master Mix (Thermo
#KO0172, Litvanya) kullanilarak tekli PZR
uygulamast ile arastinlmustir. Denemelerde varligt
aragtirilan genler ile kullanilan primerler, amplikon
buytklikleri ve PZR kosullann Cizelge 1°de
verilmistir.
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Cizelge 1. mPZR calismalaninda arastirilan genler, primerler, PZR protokolleri ve amplikon

buytklikleri
Table 1. Genes researched in mPCR studies, primers, PCR protocols and amplicon sizes.
Gen | Primer sckanst (53-3) PZR protokolii Urtin bayuklagi
Gene | Primer sequence (5"-3') PCR protocol (bp)
7 Amplicon size (bg)
98°C 10s/sec (1 dongti / ¢yele); 98 °C
bap 3'-CCCTATATCGAAGGTGTAGAATT-5' 1 s/sec, 57 °C 1 dk/min, 72 °C 90 971
5'-GCTGTTGAAGTTAATACTGTACCTGC-3 sn/sec (25 dongt /epeles); 72 °C 1
dk/min (1 dongt / gyele)
98°C 10s/sec (1 dongti / ¢yele); 98 °C
b 3'-AACTACATCTAGTACTCAACAACAG-5' 1 s/sec, 55 °C 1 dk/min, 72 °C 90 575b
5“ATGTGCTTGAATAACACCATCATCT-3' sn/sec (25 dongt /eyeles); 72 °C 10
dk/min (1 dongt / eyele)
98°C 10s/sec (1 dongti / ¢yele); 98 °C
A 3-ATTGGCGTGGCTTCAGTGCT-5' 1 s/sec, 55 °C 1 dk/min, 72 °C 90 290b
5-CGTTTCTTCCGTAGTTGCATTTG-3' sn/sec (25 dongt /eyeles); 72 °C 10
dk/min (1 dongi / eyele)
98°C 10s/sec (1 dongt / eyele); 98 °C
B 3'-ACATCAGTAATAGTAGGGGGCAAC-5' 1 s/sec, 55 °C 1 dk/min, 72 °C 90 205b
5"TTCGCACTGTTTGTGTTTGCAC-3' sn/sec (25 dongt /eyeles); 72 °C 10
dk/min (1 dongt / gyele)
98°C 10s/sec (1 dongt / eyele); 98 °C
3'-GTCAAGCAGTTATTAACACCAGAC-5' 1 s/sec, 57 °C 1 dk/min, 72 °C 90 423
@ | 5 AATCAGTAATTGCACTTTGTCCACTG-3' sn/sec (25 déngii /ocles); 72 °C 1
dk/min (1 dongt / gyele)
98°C 10s/sec (1 dongt / eyele); 98 °C
bpS 3'-GTCAAGCAGTTATTAACACCAGAC-5' 1 s/sec, 55 °C 1 dk/min, 72 °C 90 423b
5-AATCAGTAATTGCACTTTGTCCACTG-3' sn/sec (25 dongt /eyeles); 72 °C 10
dk/min (1 dongt / gyele)
98°C 10s/sec (1 dongt / eyele); 98 °C
3'-ACGTGCAGCAGCTGACT-5' 1 s/sec, 57 °C 1 dk/min, 72 °C 90 300b
“% 1 5.CAACAGCATCTTCAGTACCTTC-3' sn/sec (25 déngii /gedes); 72 °C 1
dk/min (1 dongt / gyele)
98°C 10s/sec (1 dongt / eyele); 98 °C
b 3'-CTACAACTACAATTGCCGTCAACAG-5' 1 s/sec, 55 °C 1 dk/min, 72 °C 90 404b
5-GCTCTTGTAAGACCATTTTCTTCAC-3' sn/sec (25 dongt /eyles); 72 °C 10
dk/min (1 dongu / gyele)
94 °C 6 dk/min (1 dongt /¢yde); 94
A 3'-GTGAAGTTTTAGAAGGTGGAAAGATTAG-5" | °C 1 dk/min, 52 °C 1 dk/min, 72 °C 643b
5-GCTCTTGTAAGACCATTTTTCTTCAC-3' 1 dk/min (25 dongu /gycles); 72 °C
10 dk/72in (1 dongt / eydde)
98°C 10 s/sec (1 dongh / eyele); 98 °C
kB 3'-GTAACAGCTAATGGTCGAATTGATACT-5' 1 s/sec, 55 °C 1 dk/min, 72 °C 90 504
5'-CAAGTTCGATAGGAGTACTATGTTC-3' sn/sec (25 dongu /gyeles); 72 °C 10
dk/min (1 dongi / gycle)
98°C 10 s/sec (1 dongh / eyele); 98 °C
v 3'-CCTAACTAACGAAAGGTAG-5' 1 s/sec, 55 °C 1 dk/min, 72 °C 90 1315¢
A | 5 AAGATATAGCGATAAGTGC-3' sn/sec (25 dongii /oeles); 72 °C 10
dk/min (1 dongi / gycle)
98°C 10 s/sec (1 dongh / eyele); 98 °C
D 3'-AAACGTAAGAGAGGTGG-5' 1 s/sec, 55 °C 1 dk/min, 72 °C 90 381
7 5. GGCAATATGATCAAGATAC-3' sn/sec (25 déngii /eeles); 72 °C 10
dk/min (1 dongt / gyele)

2 Seo vd. 2008
bVasudevan vd. 2003
“Tristan vd. 2003
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PZR denemeleri sonucunda ¢ogaltilan genlerin
agaroz jel elektroforezleti %1.5 (w/v) agaroz
orant ile hazitlanan jellerde Thermo OWL
EASYCAST B2 cihazt kullamilarak yapilmustir.
Eletroforez isleminin ardindan tanktan ctkarilan
jeller elektroforez tamponunun 0.2 pg/mL
etidyum bromit iceren ¢ozeltisinde 30 dk siire ile
boyamaya birakilmistir. Boyama islemi sonrasinda
jeller UV 1s1k altinda incelenmis ve Nikon D-5100
dijital fotograf makinasi kullanilarak fotograflari
cekilmistit.

ARASTIRMA BULGULARI VE TARTISMA
Yapilan calismada CRA  besiyeri kullanilarak
fenotipik olarak slaym olusumunun test edildigi
ilk denemede 60 izolatin 13’antin (%21.66) siyah,
15’inin (%25.00) zayif-siyah ve 32’sinin (%53.33)
ise pembe koloni olusturdugu gézlemlenmistir.
Ikinci denemede ise izolatlarin 12’sinin (%20.00)
siyah, 9’unun (%15.00) zayif-siyah ve 39’unun
(%065.00) ise pembe koloni olusturdugu
belirlenmistir  (Veri g6sterilmedi). Zhou vd.
(2013), kateter ve kan izolat1 olan KNS suglarinin
3 ile 5 jenerasyon sonrasinda siyah koloni
yapisindan bordo ve pembe koloni yapisina kadar
degisim gOsterdigini belirlenmislerdir.
Arastirmacilar koloni rengindeki bu degisimin
biyofilm olusumu icin 7z vivo ve in vitro kosullar
arasindaki besin bilesenleri, pH, oksijen radikalleri
ve antibiyotikler gibi farkli cevresel kosullarin
yarattifl pozitif secici ortam vatligt veya biyofilm
olusumu ile iligkili oldugu kesin bilinen a4 ve
ieaD genlerinin kaybt ya da mutasyonu sonucu
oldugu hipotezini One strmuslerdir. Mevcut
calisma kapsaminda da farkli zamanlarda CRA
besiyerinde slaym olusumlari test edilen KNS ve
M. caseolyticns suslarimn farkll fenotipik sonuglar
vermesinin nedeni izolatlatin her bir denemeden
6nce de aktiflegtirilmek icin iki kez pasajlanmug
olmalart olabilir. Simojoki vd. (2012), CRA
besiyerinde siyah veya siyaha yakin kolonilerin
slaym  dreticisi  olduklarint  bildirmigtir.  Bu
baglamda CRA besiyeri kullanilarak yapilan
denemelerden herhangi bitinde zayif siyah veya
siyah koloni rengi veren 33 (%55) sus slaym
treticisi olarak degerlendirilmistir (Cizelge 2).

Mikrotitre plaka yontemi ile biyofilm tretim
yetenekleri arastirilan KINS ve M.  caseolyticus

suglarinin -~ 28inin  (%46.67) orta, 23’Unin
(%38.33) zayif ve 1’nin (1.67) giigli biyofilm
Ureticisi  oldugu  belirlenmistir.  Sekiz  susta
(%13.33) ise biyofilm tretiminin olmadigt tespit
edilmistir (Cizelge 2). CRA besiyerinde slaym
treticisi oldugu belirlenen 33 susun tamaminin
mikrotitre plaka yontemi ile biyofilm Ureticisi
oldugu belirlenmistir. Diger taraftan CRA
besiyerinde slaym tiretmedigi belirlenen 23 susun
zayif veya orta diizeyde biyofilm Ureticisi oldugu
tespit edilmistir. Benzer olarak Gajewska ve
Chajecka-Wierzckowska (2020) CRA besiyerinde
slaym Ureten veya Uretmeyen S. awrens ve KNS
suslarinin  mikrotitre plaka yontemi ile giigld
biyofilm  treticisi ~ olarak  belirlendiklerini
bildirmislerdir.

Stafilokok izolatlarinin biyofilm olusturabilme
Ozelliklerinin incelenmesinde fenotipik
degerlendirme yOntemlerinin yant sira genotipik
calismalarin ~ da  uygulanmast  6nemlidir
(Vasudevan vd., 2002). Bu baglamda fenotipik
olarak biyofilm olusturma O&zellikleri belirlenen
KNS ve M. caseolyticus suslarinda biyofilm ve
adezyon genlerinin varligt arastirilmistir. Biyofilm
treticisi oldugu tespit edilen KNS ve M. caseolyticus
suslarinin %84.62’sinin arastirilan genlerden en az
birini igerdigi belirlenmisgtir. Diger taraftan
biyofilm treticisi 8 susun ise ¢alisma kapsaminda
aragtirilan biyofilm genlerinin hicbirini icermedigi
tespit edilmistir (Cizelge 3). Benzer olarak
Gajewska ve Chajecka-Wierzckowska (2020) S.
chromogenes, S. baemolyticus, S. hominis, S. xylosus ve
S. simulans tirleri Gyesi glicli biyofilm ureticisi 5
KNS susunun hi¢birinde biyofilm tretimi ile
iligkili  gen  tespit etmemislerdir.  Farkl
calismalarda belirtildigi gibi, biyofilm genlerinin
basarisiz  amplifikasyonu  biyofilm ile iligkili
genlerde meydana gelebilen mutasyonlara baglt
olarak DNA dizilerindeki farklhiliklardan kaynakli
olabilir (Oliveira vd. 2006; Darwish ve Asfour
2013; Melo vd., 2013).
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Cizelge 2. KNS ve M. caseolyticns suglarinin CRA besiyerinde slaym tiretimi ve mikrotitre plaka yontemi
ile biyofilm tretimi
Table 2. Slime production of CNS and M. caseolyticns strains on CRA media and biofilm production by microtiter

plate method.

Suglar CRA Besiyerinde Biyofilm Uretimi
Strains Slaym Uretimi (Mikrotitre Yéntemi)*

Stime Production Biofilm Production

on CRA Media (Microtiter Plate Method)*
8. saprophyticns BYS1 + Zayif
S. saprophyticns BYS2 - Zayif
8. saprophyticns BYS4 + Orta
M. caseolyticus BYS5 + Orta
8. saprophyticns BYST - Zayif
S. saprophyticns BYS8 + Orta
S. cohnii BYS9 - Orta
S. scinri BYS10 + Gugli
S. saprophyticns BYS11 - Zayif
S. vitulinns BYS12 + Orta
S. saprophyticns BYS13 + Orta
8. xylosus BYS14 - Orta
8. saprophyticns BYS15 + Orta
M. caseolyticus BYS16 + Orta
S. epidermidis BYS17 - Orta
8. saprophyticns BYS18 + Orta
M. caseolyticus BYS19 + Zayif
S. scinri BYS20 - Orta
M. caseolyticus BYS21 + Zayif
M. caseolyticus BYS22 + Orta
S. epidermidis BYS23 + Orta
S. epidermidis BYS24 - Zayif
8. hominis BYS27 + Zayif
S. epidermidis BYS28 - Zayif
M. caseolyticns BYS29 + Zayif
S. epidermidis BYS30 - Zayif
8. saprophyticns BYS32 + Orta
8. saprophyticns BYS34 + Orta
8. xylosus BYS35 + Orta
8. xylosus BYS36 + Orta
8. xylosus BYS37 + Orta
8. saprophyticns BYS39 - Zayif
8. saprophyticns BYS40 + Orta
S. saprophyticns BYS41 - Zayif
8. saprophyticns BYS42 + Orta
S. epidermidis BYS43 - Zayif
S. epidermidis BYS44 - Zayif
S. scinri BYS45 + Orta
S. epidermidis BYS46 - -
S. epidermidis BYS4T - Zayif
8. warneri BYS48 - Zayif
8. saprophyticns BYS49 + Orta
S. saprophyticus BYS50 + Orta
S. saprophyticus BYS51 + Orta
M. caseolyticns BYS52 + Orta
S. warneri BYS53 - -
S. epidermidis BYS54 - Zayif
M. caseolyticns BYS55 + Zayif
S. epidermidis BYS56 - Zayif
S. epidermidis BYS5T + Orta
S. hominis BYS58 - -
S. epidermidis BYS59 - -
S. epidermidis BYS60 - Zayif
S. epidermidis BYS61 - -
S. pasteuri BYS62 + Zayif
M. caseolyticus BYS63 + Orta
S. saprophyticus BYS64 - Zayif
S. saprophyticns BYS65 + -
S. saprophyticns BYS66 - -
M. caseolyticns BYSGT - Zayif

* Zayif/ weak, otrta/ moderate, gucli/ strong
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Cizelge 3. KNS ve M. caseolyticus suglarinda saptanan biyofilm olusumu ve adezyon genleri

Table 3. Biofilm formation and adbesion genes determined in CNS and M. caseolyticus strains.

Suslar
Strains

Biyofilm Olugumu ile
Tligkili Genler / Biofilm
Associated Genes

Adezyon Genleti /
Adbesion Genes

S. saprophyticus BYS1
8. saprophyticus BYS2
8. saprophyticus BY S4
M. caseolyticus BYS5
S. saprophyticus BYST
S. saprophyticus BYS8
8. cobnii BYS9

S. scinri BYS10

S. saprophyticus BYS11
S. vitulinus BYS12

8. saprophyticus BYS13
S. xylosus BYS14

S. saprophyticus BYS15
M. caseolyticus BYS16
S. epidermidis BYS17
8. saprophyticus BYS18
M. caseolyticns BYS19
S. scinri BYS20

M. caseolyticns BYS21
M. caseolyticns BYS22
8. epidermidis BYS23
S. epidermidis BYS24
8. hominis BYS27

S. epidermidis BYS28
M. caseolyticus BYS29
S. epidermidis BYS30
8. saprophyticus BYS32
8. saprophyticus BYS34
8. xylosus BYS35

8. xylosus BYS36

8. xylosus BYS37

8. saprophyticus BYS39
8. saprophyticus BY S40
8. saprophyticus BY S41
8. saprophyticus BY S42
S. epidermidis BY S43
S. epidermidis BYS44
8. sciuri BYS45

S. epidermidis BYS46
S. epidermidis BYS47
8. warneri BYS48

8. saprophyticus BY S49
8. saprophyticus BY S50
S. saprophyticus BYS51
M. caseolyticus BYS52
S. warneri BYS53

S. epidermidis BYS54
M. caseolyticus BYS55
S. epidermidis BYS56
S. epidermidis BYS57

. hominis BYS58

. epidermidis BYS59

. epidermidis BYS60
S. epidermidis BYSG61
8. pastenri BYS62

M. caseolyticus BYS63
8. saprophyticus BYS64
S. saprophyticus BYS65
S. saprophyticus BYS66
M. caseolyticus BYS6T

icaA icaD bap

+ o+
|
|

+ o+
|
|

b A

JulB

Jib

A B ona

eno

B I T TR

T S e e e i S S S S S e S e S

ebpS

bp
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Calisma kapsamunda arasturlan biyofilm ve
adezyon genlerinden KNS ve M. caseolyticus
suslarinda en stk rastlanan genin ezo geni oldugu
tespit edilmistir. Adezyon genlerinden biti olan exno
geni M. caseolyticns suslarinin tamaminda (%100),
KNS suslarinin ise %066.67’sinde tespit edilmistir
(Sekil 1). S6z konusu calismada elde edilen
bulgulara benzer olarak farkli arastirmacilar
tarafindan yapian calismalarda da eno geninin
adezyon genleri arasinda en stk rastlanan gen
oldugu bildirilmistir (Seo vd., 2008; Simojoki vd.,
2012; Darwish ve Asfour, 2013; Azara vd., 2017;
Srednik vd., 2017; Gajewska ve Chajecka-
Wierzckowska, 2020). Seo vd. (2008), hayvan (36)
ve havadan (35) izole ettikleri Staphylococcus spp.
izolatlarinda biyofilm olusumu ile iliskili fenotipik
ve genotipik  karakteristiklerin  arastirildigt
calismalarinda en stk rastlanan genin eno geni
oldugunu tespit etmislerdir. Havadan izole edilen
suslarin %83, hayvansal izolatlarn ise %53 liniin
eno geni icerdigi bildirilmistir. Simojoki vd. (2012),
192 adedi mastitisli sigir siitli 6rneklerinden izole
edilen ve 52 adedi referans KNS susu olmak tzere
toplam 244 adet KINS susunda 9 adezyon geni
(fnbB, fib, cifA, cifB, cna, eno, ebpS, bbp ve fubA) ve 3
biyofilm olusumu ile iligkili genin (icaA, icaD ve
bap) varligin arastirdiklar calismalarinda mastitisli
sut Orneklerinden izole edilen 192 adet izolatin
%75’inde ve 52 adet referans susun %79.6’sinda
eno  geninin  varh@ini  tespit  etmiglerdir.
Arastirmacilar ¢calismada mastitisli stitlerden izole
edilen S. epidermidis ve S. haemolyticus izolatlarinin
tamaminin ezo geni icerdigini rapor etmislerdir.
Mevcut calismada ise S. epidermidis izolatlarinin
%40’ tn1n eno geni icerdigi belirlenmistir. Darwish
ve Asfour (2013), mastitisli inek stitlerinden izole
ettikleri 40 adet S. aurensve 68 adet KNS izolatinin
biyofilm olusturma yetenekleri ve biyofilm iliskili
genlerin  (icaA, icaD, bap ve eno) varligini
arastirdiklart caligmalarinda S. aurens izolatlarinin
%75%inde, KNS izolatlarinin ise %92.6’sinda eno
geni tespit etmiglerdir. Arastrmaciar  bizim
calismamuza benzer olarak eno geninin icaA, icaD
ve bap gibi biyofilm olusumu ile iligkili oldugu
bilinen genlere oranla daha sik gérilldiguni rapor
etmislerdir. Azara vd. (2017), Sardunya/Italya’da
klinik koyun mastitis 6rneklerinden izole ettikleri
258 S. awurens susunun 228 adedinin (%88.7) eno
geni icerdigini rapor etmislerdir. Srednik vd.

(2017) yaptiklar bir calismada, sit kaynaklt 90
adet KNS izolatinda arastilan 7 biyofilm
olusumu ile iliskili gen (icaA, bap, aap, fbe, atlE,
embP ve eno) arasinda en stk rastlanan genin %87.7
ile eno geni oldugunu rapor etmislerdir.
Aragtirmactlar eno geninin tirden ve biyofilm
olusturma yeteneginden bagimsiz olarak gida
kaynakli KNS suslarinda oldukea yaygin olarak
bulundugunu bildirmistir. Gajewska ve Chajecka-
Wierzckowska (2020), 12 S. awurens ve 42 KNS
suslarinda %50 ile en sik rastlanan genin eno geni
oldugunu rapor etmislerdir.

Aragtirma kapsaminda sucuktan izole edilen KNS
ve M. caseolyticus suslari arasinda eno geninden
sonra en stk tespit edilen genin zaA geni oldugu
belirlenmistir.  za4 geni KNS  suslarinin
%15.69unda  tespit edilitken, M. caseolyticus
suslarinin hicbirinde tespit edilmemistir. S. xylosus
BYS14, S. epidermidis BYS17, BYS24, BYS30
BYS43, BYS44, BYS46, BYS47, S. saprophitycus
BYS18, BYS64 ve S. sciuri BYS20 suslarinda 7caA
geninin varligl tespit edilmistir (Sekil 2). Bu
calismada elde edilen bulgunun aksine, Darwish
ve Asfour (2013) tarafindan yapilan calismada eno
geninden sonra en stk rastlanan genin zaD geni
oldugu rapor edilmistir. Arastirmacilar mastitisli
inek sttlerinden izole ettikleri 40 adet S. aurens ve
68 adet KNS izolattnin strastyla %062.5’inin ve
%47.1’inin seaD geni igerdigini tespit etmislerdir.
Ancak bu calisma kapsaminda kullanilan KNS
izolatlarinin  higbirinde  #aD  geni  tespit
edilmemistir. Diger taraftan aragtirmacilar, .
aurens izolatlarinin %15’inde, KNS izolatlarinin ise
%5.9’unda e geninin varh@im saptamuglardir.
Azara vd. (2017) de c¢alismalarinda kullandiklar
258 adet . aureus sugunun yiksek oranda ero geni
icermelerine ragmen hicbitinin icaA/icaD geni
icermedigini rapor etmislerdir.

PZR denemeleri sonucu, KNS izolatlarinin
%12sinde  (S. xylosus BYS14, S.  saprophitycus
BYS18, S. scunri BYS20, S. epidermidis BYS24, §.
epidermidis BYS30 ve S. saprophyticus BYS64) eno ve
ieaA  genlerinin  birlikte  bulundugu  tespit
edilmistir. Khoramian vd. (2015), virilens faktor
ve biyofilm 6zelliklerini arastirdiklar toplam 215
adet S. anrens izolattnin 162 adedinde eno geninin
varligini tespit etmislerdir. Arastirmacilar aynt
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zamanda izolatlarin ylksek oranda a4 ve icaD
genlerini de igerdigini belirlemislerdir. Test edilen
izolatlarin 189 adedinin (%87.9) iaA, 190
adedinin de (%88.4) D geni icerdigini

bildirmislerdir. Benzer olarak, Srednik vd. (2017)
de st kaynaklt 90 adet KINS izolatinin %06.2’sinde
eno ve icaA genlerinin birlikte bulundugunu rapor
etmislerdir.

1 2 3 4 5 6 7 M 8 9 10 11 12 13 14 15

eno 302 bg

3000 bg

1000 bg

500 bg
eno 302 bg
100 bg

Sekil 1. Bazt KNS ve M. caseolyticus suslarinda set 2 (ena-eno-bap) primer karisimt kullantlarak yapilan
mPZR denemesinin agaroz jel elektroforez gorintiisi
1: 8. saprophyticus BYS1; 2: S. saprophyticus BYS2; 3: S. saprophyticus BYS4; 4: M. caseolyticus BYS5; 5: S. saprophyticus
BYS7; 6: 8. saprophyticus BYS8; 7: S. cobnii BYS9; M: O’GeneRuler ™ 100-b¢ DNA marker (Thermo); 8: S. sciuri
BYS10; 9: S. saprophyticus BYS11; 10: S. vitulinus BYS12; 11: 8. saprophyticus BYS13; 12: S. xylosus BYS14; 13: S.
saprophyticus BY S15; 14: M. caseolyticus BYS16; 15: negatif kontrol (su)

Figure 1. Image of agarose gel electrophoresis of mPCK test used set 2 (cna-eno-bap) primer mix in some CINS and M.
caseolyticus strains
1: 8. saprophyticus BYS1; 2: S. saprophyticus BYS2; 3: S. saprophyticus BYS4, 4: M. caseolyticus BYS5; 5: S. saprophyticus
BYS7; 6: 5. saprophyticus BYSS; 7: S. cobnii BYS9; M: O’GeneRuler ™ 100-bp DNA marker (Therma); 8: S. sciuri BYS10;
9: 8. saprophyticus BYS11; 10: 8. vitulinus BYS12; 11: 8. saprophyticus BYS13; 12: 8. xylosus BYS14; 13: S. saprophyticus

BYS15; 14: M. caseolyticus BYS16; 15 negative control (water)

Calisma kapsaminda arastirlan diger biyofilm
olusumu ile iliskili genler (7eaD ve bap) ve adezyon
genlerinin (fubA, fnbB, fib, cifA, dfB, cna, ebpS ve
bbp) varligi hicbir susta tespit edilmemigtir. Bu
calismadan elde edilen bulgulara benzer olarak
Seo vd. (2008), arastirdiklart 71 adet (36 hayvan ve
35 hava kaynaklt) Staphylococens spp. izolatindan
higbirinde bap, fubA ve fubB geni varligin tespit
etmemiglerdir. Arastirmacilar aym  zamanda
sadece 1 adet hayvansal izolatin bp geni icerdigini
bildirmiglerdir. Benzer olarak Vautor vd. (2008)
de 262 adet S. anrens susu ile yaptiklari ¢alismada,
suslarin hicbirinde bap geninin varligini tespit
etmemislerdir. Bir baska calismada Simojoki vd.

(2012), mastitisli sigir suti Srneklerinden izole
edilen KNS suslarinin hicbirinin bap ve ma geni
icermedigini, bbp (%01.2), fubB (Y02.4), fnbA (%03.0),
dfB (%03.6), cfA (Yo4.8), ebpS (%04.8) ve fib (04.8)
genlerini  ise  diisik  siklikla  icerdiklerini
bildirmislerdir. Darwish ve Asfour (2013), 40 adet
S. aurens susundan sadece 1 adedinin (%2.5), 68
adet KNS izolatinin ise 3 adedinin (%o4.4) bap
genine sahip oldugunu bildirmistir. Khoramian
vd. (2015), insan ve inek enfeksiyonlarindan izole
ettikleti 215 adet S. awrens izolatindan higbirinin
bap geni icermedigini tespit etmislerdir. Azara vd.
(2017), ise bu calismada elde edilen sonuglara
benzer olarak 258 adet S. amrens izolatimn
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hi¢birinin f#bB geni icermedigini 1 adedinin ise bbp
geni icerdigini rapor etmislerdir.  Ancak
arastirmactlar bizim calismamizda elde edilen

icaA 1315 bg

bulgunun aksine suglarin yitksek oranda fib
(%92.2), cifA/ cfB (Y082.5), ebps (%680.6) ve fibA
(%72.8) geni icerdigini tespit etmislerdir.

10 11

12 13 14 15 16 17

3000 bg

icaA1315 bg
1000 bg
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100 bg

Sekil 2. Bazi KNS ve M. caseolyticus suslarinda set 1 (fubB-fib-clfA-clfB-ebpS-bbp-icaA-icaD) primer karigimi
kullanilarak yapilan multipleks-PZR denemesinin agaroz jel elektroforez géruntisii

1: 8. saprophyticus BY S18; 2: M. caseolyticus BY S19; 3: 8. scinri BYS20; 4: M. caseolyticus BYS21; 5: M. caseolyticus BY S22;

6: S. epidermidis BYS23; 7: . epidermidis BYS24; 8: S. hominis BYS27; M: O’GeneRuler ™ 100-b¢ DNA marker

(Thermo); 9: S. epidermidis BYS28; 10: M. caseolyticus BYS29; 11: S. epidermidis BYS30; 12: S. saprophyticus BYS32; 13:

8. saprophyticus BYS34; 14: S. xylosus BYS35; 15: 8. xylosus BYS36; 16: 8. xylosus BYS37; 17: negatif kontrol (su)

Figure 2. Image of agarose gel electrophoresis of multiplex-PCR test used set 1 (fubB-fib-clfA-clfB-ebpS-bbp-icaA-icaD)
primer mix in some CINS and M. caseolyticus strains

1: 8. saprophyticus BYS18; 2: M. caseolyticus BYS19; 3: 8. scinri BYS20; 4: M. caseolyticus BYS21; 5: M. caseolyticns BYS22;

6: S. epidermidis BYS23; 7: S. epidermidis BYS24; 8: S. hominis BYS27; M: O’GeneRuler ™ 100-bp DNA marker (Thermo);

9: 8. epidermidis BYS28, 10: M. caseolyticns BYS29; 11: 8. epidermidis BYS30; 12: S. saprophyticus BYS32; 13: 8. saprophyticns

BYS34; 14: 8. xylosus BYS35; 15: 8. xylosus BYS36; 16: S. xylosus BYS37; 17: negative control (water)

Stafilokoklarda poli-N-siiksinil-8-1-6 glikozamin
polisakkarit tutunma matriksinin dretiminden
1eaADBC gen kiimesinin sorumlu oldugu ortaya
konulmugtur. Bu matriksin hiicrelerin birbirine
yapismasinda etkin rol aldig1 varsayilmaktadir. Bu
nedenle aADBC gen kiimesini igeren stafilokok
suslarinin  potansiyel biyofilm ireticisi oldugu
kabul edilmektedir (Cramton vd., 1999; Gotz,
2002; Szweda vd., 2012; Yuksekdag ve Baltaci,
2013). Yapilan farkli calismalarda fenotipik olarak
CRA’da siyah koloni veren suglarin genotipik
olarak da a1 veya icaD veya her iki geni birlikte
icerdigi gOsterilmistir. Ayrica dad ve icaD
genlerinin bir arada bulundugu ve ifade edildigi
suslarda s6z konusu genlerin tek tek yer aldig
suglara kiyasla biyofilm Uretiminin daha fazla

oldugu bildirilmistir (Atshan vd., 2012; Zhou vd.,
2013). Bu bulgularin aksine arastirma kapsaminda
icaA geni icerdigi tespit edilen S. epidernidis BYS46
susunun CRA besiyerinde fenotipik olarak slaym
tretim  Ozelliginin  test edildigi denemelerde
pembe  koloni  verdigi  tespit  edilmistir.
Arastirmada elde edilen bu bulgulara benzer
olarak cesitli calismalarda da farklt kaynaklardan
izole edilen . awrens ve KNS izolatlarinda
biyofilm olusumunun Zwa genleri varhginda
olabilecegi gibi bu genlerden bagimsiz olarak da
biyofilm tretilebilecegi bildirilmistir (Vasudevand
vd., 2002; Sahin, 2007; Matiana vd., 2009; Szweda
vd.,, 2012; Oniciuc vd., 2016; Gajewska ve
Chajecka-Wierzckowska, 2020). Vasudevand vd.
(2002), izole ettikleri 35 adet metisilin direngli S.
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anrens  (MRSA) susunda biofilm olusturma
Ozelliklerini CRA besiyerinde fenotipik olarak
aragtirmis biofilm pozitif suslarin ica lokusu, a4
ve iaD genleri ile iliskilerini zz witro ortamda
incelemislerdir. Arastirmacilar CRA besiyerinde
35 MRSA izolatindan 24%Unin siyah koloni
olusturdugunu yani biofilm Urettigini
gozlemlemislerdir. Diger taraftan izolatlarin
tamaminda iaA ve iaD geni varhifini tespit
etmislerdir. Arastirmacilar za genleri varliginin
CRA besiyerinde fenotipik olarak tespit edilen
biyofilm olusumu ile her zaman
iliskilendirilemeyecegini ve biyofilm olusturma
Ozelliklerinin  arastirilmasinda  fenotipik  ve
genotipik  testlerin  bir arada  kullanilmast
gerektigini  vurgulamuslardir.  Sahin  (2007),
tarafindan yapilan calismada CRA ortamlarinda
tespit edilen 66 biyofilm pozitif izolatin 65’inde
(%98.5) icaA ve icaD genlerinin her ikisi de pozitif
saptanmus, 1’inde (%1,5) her iki gen de negatif
bulunmustur. Biyofilm negatif  olarak
degerlendirdigi 86 o6rnegin ise 71'inde (%082.6)
ica” ve iaD genlerinin her ikisi de pozitif
saptanmis, 15’inde (%17.4) her iki gen de negatif
bulunmustur. Bu sonuglara gbre biyofilm tretimi
ile ZeaA ve icaD genleri arasinda iyi derecede iliski
bulunmugtur fakat 7z genlerinin varliginin her
zaman biyofilm olusumuyla sonuglanmadigi
gOsterilmistir. Benzer olarak Mariana vd. (2009),
100 MRSA  izolatinin biyofilm olusturma
Ozelliklerini fenotipik ve genotipik yontemler
kullanarak aragtirmuslardir.  CRA  besiyerinde
izolatdarin  %78’inin  biyofilm olusturdugunu
(siyah  koloni),  %22’sinin  ise  biyofilm
olusturmadigini (pembe koloni) tespit etmisler ve
biyofilm olugturan izolatlanin tamamunda 7eaA ve
zeaD geni varligint saptamuglardir. Benzer sonucun
tespit edildigi bir baska calismada Polonya’daki
mastitisli ineklerden izole edilen 132 . awreus
susunun hepsinde a4 ve iaD geni tespit
edilmesine ragmen fenotipik ifadeye dayali
deneyler 76’st  (%57,6) biyofilm
tretimi pozitif olarak belirlenmistir. Ayrica bu
suslarin ~ hepsinde  #aAd  ve daD  genleri
bulunmasina ragmen higbirinde b4p geninin
bulunmadig: tespit edilmistir (Szweda vd., 2012).
Benzer olarak bizim calismamizda da e geni
tasidig tespit edilen S. xylosus BYS14, S. epidermidis
BYS17, BYS24, BYS30, BYS43, BYS44, BYS46,

sonucunda

BYS47, S. saprophyticus BYS18, BYS64 ve S. scinri
BYS20 suslarinin da bap geni icermedigi tespit
edilmistir (Cizelge 3).

SONUC

Bu calismanin sonuglar, sucugun biyofilm
olusturabilen KNS ve M. caseolyticus kaynagi
oldugunu  géstermistir.  Izolatlarin  yaridan
fazlasimin slaym ve biyofilm dreticisi oldugu
belitlenmistit. Biyofilmlerin ~ olusumundan
sorumlu olan mekanizmalart ve genetik temelleri
anlamak, biyofilm olusumunu 6nlemek ve uygun
onlemlerin alinmasim saglamak icin Snemli bir
unsurdur. PZR teknigi biyofilm dretiminin
genetik temelini degerlendirmek icin tek basina
yetersiz olabilir. Bir genin varligi ya da yoklugu,
kodlanmis proteinin, stafilokoklarin biyofilm
olusturma yeteneginde rol oynadigint dogrudan
gbstermez. Bu nedenle, ileride yapiacak
calismalar ile biyofilm dreticisi oldugu tespit
edilen ancak gen icermeyen 8 KNS susunda
biyofilm tiretme yeteneginin genetik yapisint daha
iyi anlamak igin gelismis molekiler biyoloji
tekniklerinin kullanilmast gerekmektedir.

CIKAR CATISMASI BEYANI
Bu makalede vyazarlarin, bagka kisiler veya
kurumlar ile cikar catismast bulunmamaktadir.

YAZAR KATKILARI

Bu calisma BOT tarafindan tasarlanmus, analizler
BOT ve GAY tarafindan gerceklestirilmistir.
Yazarlar makalenin yazimina katkida bulunmus,
BOT son halini okuyarak onaylamistir.
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oz

Genetigi degistirilmis organizmalar (GDO) potansiyel yaratlart nedeniyle tarimsal triinler bagta olmak tizere
bir¢ok alanda kullanlmaktadir. Yasal dizenlemelere gére gida ve yemlerde GDO varliginin bilinmesi
zorunluluktur. Analizlerde sonuclarin dogrulugu, kalibrasyon egrisinin hazitlanmast ve kalite kontrol
calismalarinda sertifikali referans maddeler (CRM) kullanilmaktadir. Calisma ile bitkisel Grinlerde GDO
analizlerinde kullanilan CRM izolatlarinin tekrar kullanlabilme olanaklarinin beliflenmesi amactyla dondur-
cozdiir uygulamast ile meydana gelebilecek degradasyon arastmlmustir. Bunun icin soya ve musir
CRM’lerinden elde edilen izolatlara kontrolli kosullarda belitli petiyotlarla (5, 10, 15, 20 kez) dondurma (-
20£2°C) ve ¢ozdurme (2242°C) islemleri uygulanmustir. Real time PCR cihazinda yapilan analizler

sonucunda 20 dondur-¢6zdiir uygulamasina kadar CRM izolatlarinin tekrar kullanilabildigi goriilmistiir.
Anabhtar kelimeler: Bitki, DNA, Izolat, Dondur-Cézdir

INVESTIGATION OF REUSE CAPABILITIES OF CRM ISOLATES USED IN
GMO ANALYSIS IN THE CONTROLLED STORAGE CONDITIONS

ABSTRACT

Genetically modified organisms (GMOs) are used in many areas, especially in agricultural crops, due
to their potential benefits. According to legal regulations, it is imperative to know the presence of
GMOs in food and feed. Certified reference materials (CRM) are used in the accuracy of the analyzes,
preparation of calibration curve, and in quality control studies. In this study, degradation occuring
with freeze-thaw application has been investigated in order to determine the reuse possibilities of
CRM isolates used in GMO analysis in herbal products. For this, freezing (-20 = 2 © C) and thawing
(22 £ 2 ° C) processes were applied to the isolates obtained from soy and corn CRMs at certain
periods (5, 10, 15, 20 times) under controlled conditions. Real time PCR analysis results showed that
up to 20 freeze-thaw applications, CRM isolates were reusable.

Keywords: Plant, DNA, Isolate, Freeze-Thaw
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GIRIS

Biyoteknolojik ¢alismalarin en 6nemli diriinii olan
genetigi  degistirilmis  organizmalar (GDO)
(Genetically Modified Organisms - GMO),

glinimiizde tip, tarim, veterinerlik basta olmak
tzere genis bir alanda kullanilmaktadir. Son 30
yilda DNA'nin yapisinin daha iyi anlasiimast
nedeniyle rekombinant DNA  teknolojisine
dayanan modern tarimsal biyoteknoloji alant hizla
gelismistir. Biyoteknolojik bu trlinlerin ciftcilere
ve tiketicilere Onemli tarimsal, cevresel,
ckonomik, saglik ve sosyal faydalar saglamasi ile
de ticarilesmesi c¢ok hizlanmistir. ‘Tarimsal
triinlerde yapilan bu ¢alismalar sonucunda
antibiyotik stres toleransi, bécek direnci, herbisit
toleranst, hastalik direnci, tiriin kalitesi, tozlasma
kontrold, blylime ve verim 6zellikleri basta olmak
tzere 44  farkll  karakteristtk  Ozellik
kazandirilmistir. 1980’lerde baslayan bu ¢alismalar
2020 yiina gelindiginde ticari olarak 32 farkli
bitkide 526 fatkli GDO tipi Uretilmistir. Bu
driinlerin - dinyada ABD, Brezilya, Arjantin,
Hindistan ve Kanada basta olmak tizere 26 tlkede
192 milyon hektar alanda ekimi yapilmaktadir.
Uriinler icerisinde en ¢ok soya (%50), mistr (%31),
pamuk (%13), kanola (%5) ve digerleri (%1)
olarak siralanmaktadir (Anonymous, 2020a).

GDO’latin potansiyel faydalarina ragmen hala
bazi belirsizliklerinin bulunmasi, bilimsel olarak
tartisgtlmasina ve tiketicilerde kaygilara neden
olmaktadir. Bu durum gida ve yemlerdeki GDO
varligt ile ilgili yasal diizenlemeler yapilmasina
neden  olmustur. Avrupa Komisyonunun
(European Commission — EC) 1829/2003 sayili
diizenlemesinde gida ve yemlerde %00.9un
tzerinde GDO bulunmast durumunda etikette
belirtilmelidir (Anonymous, 2003). Ulkemizde ise
5977 sayili “Biyogiivenlik Kanunu” ile “Genetik
yapist degistirilmis organizmalar ve tiriinlerine dair
yonetmelik” geregince gidalarda GDO kullanimi
yasaklanmis olup yemlerdeki kullaniminda ise EC
ile benzer kisitlamalar bulunmaktadir
(Anonymous, 2010a; 2010b).

Gida veya yem drinlerinde GDO varliginin
belirlenmesinde proteine dayali (Elisa ydntemi) ve
nikleik aside dayali (Polimeraz zincir reaksiyonu
— PCR, DNA mikrodizi ve Sensoérler) analitik

yontemler  kullanilmaktadir. Bu  yontemler
igerisinde hassasiyet ve hiz avantajindan dolayt
PCR en yaygin kullanilan yontemdir. Bu yéntem,
iyi tantmlanmis DNA sekanslarinin saptanmasina,
cogaltlmasina  ve nispi olarak Sl¢lilmesine
dayanir. Spesifik bir DNA sekansinin Slgiilen
miktarinin bagka bir DNA sckansinin 6lgllen
miktariyla iliskilendirilmesi sonucunda bir DNA
fragman orant ortaya ¢ikar. Olgiilen bir floresan
sinyalini calistlan DNA fragmaninin miktan veya
kiitlesi icin karakteristik bir miktara dénistiirmek
icin PCR'nin kalibre edilmesi gerekir (Cotbisier
vd., 2017). Bu amacla farkli formlardaki sertifikali
referans maddeler (certified reference materials —
CRM) kullanidir.  CRM’ler; laboratuvarlar
tarafindan elde edilen test sonuglarina giiveni
artiran kalite giivence araclanidir. Kesin referans
degerleri ve wveriler saglayarak laboratuvar
cihazlarinin kalibrasyonunda anahtar rol oynarlar
(Anonymous, 2020b).

Analizlerde glvenilir ve Olcllebilir verileri elde
etmek icin kararli standartlarin  kullanilmast
gerekmektedir. Ozellikle DNA bazli CRM’lerin
Kullanilacak DNA standartlart 6l¢uliit, seri olarak
seyteltilir ve daha sonra kalibrasyon cizgisi icin
kullantlir. Bu islem prosedirinin 6zenli ve
dikkatli yaptlmast gerektiginden standartlarin
muhafazast da 6nemlidir. Standartlarin uzun stireli
muhafazast maliyet ve zamandan tasarruf
saglarken, DNA ¢6zeltileri bozulmaya egilimlidir
(Roder vd., 2010).

DNA cift zincitli sarmal yapist nedeniyle bilinen
en karath molekillerden biridir. Bu yapisal
Ozelliginden dolayt omutrgali bir hayvanin
milyonlarca yillik DNA’st bile korunabilmektedir
(Gaikwad, 2020). Ancak DNA cekirdek ya da
organelden ctkarldiginda aym durum sézkonusu
degildir. DNA kararh bir molekil olmasina
ragmen, DNA'nin biitiinliigii ¢evresel faktorlere
ve 6zellikle de zamana bagldir (Rice ve Haussler,
2018). Uzun siire sogukta depolanan ya da kisa
sire oda sicakliginda bekletilen 6rneklerde
zamanla meydana gelen UV  radyasyonu,
oksidasyon, hidroliz, fiziksel etkiler gibi enzimatik
olmayan nikleik asit degradasyonu &zellikle
o6nemlidir. Lee (2010) tarafindan yapilan
calismada muhafaza sirasinda su ve oksijenin
varliginin DNA’nin hidroliz ve oksidasyonuna
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neden oldugu bildirilmigtir. Rice ve Haussler
(2018)  tarafindan  yapilan calismada ise,
dondurulan izolatlarda olusan buzlarin nikleik
asitleri kesebilecegi ya da dondurulunca daha
kiiciik bir hacim icerisine stkismak zorunda kalan
niikleik asit iplikciklerinin fiziksel stres sonucu
dolasarak karmastk bir yapt olusturabilecegi
belirtilmistir.

Nikleik asitlerin  muhafazasinda  kullanilan
dondur-¢ozdiir dongiisii uzun yillardir kullantlan
ancak dezavantajlarinin tam olarak
belirlenemedigi bir yontemdir. Bu doénglinin
kabul degerleri aslinda nihai kullamim amacina ve
ckstraksiyon tipine baghidir. Dondur-¢6zdir
uygulamalannin olumsuz etkisini azaltmak icin
DNA’nin EDTA gibi gliserol/DMSO igeren bir
soliisyon icerisinde, distik iyon dayaniml, hafif
alkalin tamponlu bir ortamda depolanmasi
Onerilmistir. Buna ragmen DNA degradasyonu
olusabilmektedir (Brunstein, 2015).

Niikleik asitlerin bozunma kinetigi tzerine uzun
yillardir arastirmalar yapilmaktadir. 1990’lardan
ginimiize kadar olan literatir incelendiginde
calismalarin  DNA ya da RNA’da yapildig
gorilmistiir. Bu calismalardan DNA’da yapilanlar
s6zkonusu oldugunda ¢oklu dondur-¢6zdir
islemlerinin - DNA’nin  stabilitesini  etkiledigi
sonucuna Ross vd. (1990), Lahiri ve Schnabel
(1993), Shao vd. (2012) ve Al-Warid (2014)’in
calismalarinda rastlanmistir.  Ancak DNA’nin
etkilenmedigi uygulamalar da mevcuttur (Widell
vd., 1991; Bellete vd., 2003; Sanlidag vd., 2005;
Schaudien vd., 2007; Rosmanith vd., 2010; Fan
vd., 2019). Stabilite calismalart parazit ya da viriis
gibi farkli kaynaklardan izole edilen nikleik
asitlerde  yapilmakla beraber dondur-¢ézdir
uygulamalarindaki  sicaklik, siire, sikltk  gibi
parametrelerde de farkhiliklar bulunmaktadir.
Analiz yontemi olarak elektroforez (Ross vd.,
1990; Shao vd., 2012; Al-Warid, 2014), nested
PCR (Halfon vd., 1996) ve Real Time kantitatif
PCR (Granados vd., 2017; Schaudien vd., 2007)
kullantdlmustir. Ayrica muhafazada ilave kimyasal
kullantmi da degradasyonu azaltict yénde etki
yapabilmektedir (Schaudien vd., 2007). Bitkisel
kaynakli numunelerde ise DNA’nin dondur-
¢ozdir uygulamalarna  dayanmmu  ile  ilgili

literatiirde herhangi bir calismaya rastlanmamistir.
Bu calisma, GDO analizlerinde sonuclarin
dogrulugu, kalibrasyon egrisinin hazirlanmast ve
kalite kontrol calismalarinda siklikla kullanilan
CRM’lerden elde edilen izolatlarin  analiz
prosediirii geregi dondur-¢ozdir uygulamalarina

karst  dayanimlarinin  belirlenmesi  amactyla
yapilmustir.

MATERYAL VE YONTEM

Materyal

Calismada GDO analizlerinde en stk karsilastlan
bitki spesifik tiitlerden soyaya ait DP-305423-1
tipinin ERM-BF426c (%1) ve ERM-BF426d
(%10); musira ait DAS-40278-9 tipinin ERM-
BF433c (%1) ve ERM-BF433d (%10) kodlu
CRM’leri  kullanilmistir. Bu CRM’ler Avrupa
Referans Materyalleri (European Reference
Materials - ERM)’nden temin edilmistir. CRM’ler
analize alinincaya kadar karanlikta ve 4°C’de
muhafaza edilmistir.

Yoéntem

CRM’lerin izolasyonu

Calismada kullanilan izolasyon kiti Eurofins
GENESpin’den temin edilmistir (Anonymous,
2016). Bu kitler analize alinincaya kadar oda
sicakhiginda muhafaza edilmistir. Kit icerigi Lysis
Buffer (deterjan), Proteinaz K, Binding Buffer
(DNA’y1 kolona baglama ¢6zeltisi), CQW, W1 ve
W2 kodlu ytkama ¢ézeltileri ve Elution Buffer
(DNA’yt  kolondan  aywran  ¢bzelti)’dan
olusmaktadir. RNA inhibisyonu i¢in Sigma-
Aldrich marka R6513 RNase enzim ¢6zeltisi
kullanilmistir. RNase ¢Ozeltisi calisma  siiresi
boyunca -20°C’de muhafaza edilmistir. Tim
CRM’ler 0.2 g 2 mD’lik santrify tiplerine
tartilmus, 550 pl. Lysis Buffer ve 10 pLL Proteinaz
K eklenerek Ika marka Msl model vortekste
vortekslenmis, 65°C’de 30 dk. Biosan matka T's-
100 tip calkalamali kuru blok siticida tutulmustur.
Daha sonta 20 ul. Rnase enzimi eklenerek oda
sicakliginda 30 dk. tutulmustur. 14000 rcf'de 10
dk. santrifiij yapumistr. Santriftij olarak Hettich
marka Mikro 22r model santriftyj kullandmustir.
DNA baglanmasi agamast i¢in temiz ve berrak
kistm 2 mIVlik tiipe alinmustir. Alinan kisim kadar
Binding Buffer ve etanol ilave edilmis ve 30 sn
vortekslenmistir. Karigim filtreli tipe aktanlarak
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11000 rpm’de 1 dk. santrifiij yapidmistir. Yikama
ve kurutma agamalart icin alta gecen kisim
dokilerek filtreye 400 uL. CQW eklenmis ve
11000 rpm’de 1 dk. santrifij yapimistir. Alta
gecen kisim dokilerek filtreye 700 pl W1
eklenmistir. 11000 rpm’de 1 dk. santriftij yapidmus,
alta gecen kisim dokdilerek filtreye 200 pl W2
eklenmistir. 11000 rpm’de 2 dk. santriftij yapidmus,
filtreye yeniden 200 uL. CQW eklenmistir. 11000
rpm’de 2 dk. santriftj yapilmis, elisyon
asamasinda filtre 1.5 mLlik tiipe yerlestirilmistir.
Filtreye 100 uL 70 °C sicakliginda Elution Buffer
ilave edilmistir. Oda sicakliginda 5 dk.
inkiibasyona birakildiktan sonra 11000 rpm’de 1
dk. santriftij yapilarak filtre atilmistir. Saflagtirma
icin numuneler kolonlara pipetlenerek 800 rcf'de
2 dk. santriftij yapilmis ve kolonlar atilmustir.
Izolasyon sonucu elde edilen 100 uL izolattan 1.5
pL pipetle alinmistir. Nikleik asit safliklant ve
ng/ul. duzeyinde konsantrasyonlar Thermo
Scientific marka Nanodrop 2000 model
spektrofotometrede 260/280 nm dalga boyunda
okunmustur.

Dondur-¢6zdiir uygulamalari

Miktar analizi ile ilgili referans alinan EURL
metodlarinda baslangic konsantrasyonu olarak
soya icin 20 ng/pl. ve musir i¢in 40 ng/pl.
konsantrasyon ~ diizeyi  olmast  gerektigi
belirtilmektedir. Bu nedenle soya ve misit CRM
izolatlarinin  konsantrasyon diizeyleri dondut-
cozdiir  uygulamalari  sirasinda  meydana
gelebilecek kayiplar dikkate alinarak baslangicta 60
ng/ul olarak ayatlanmistir. Her biri 100 uL olacak
sekilde 1.5 ml’lik mikrosantrifij tlplerine
dagitilan bu izolatlar -20+2°C ve 22£2°C sicakhik
kosullarinda 5, 10, 15 ve 20 kez dondur-¢6zdir
uygulamalarina maruz birakilmistir.  Dondur-
¢bzdur uygulamalan 1 giin streyle dondurma, 1
saat slresince c¢Ozdirme seklinde kontrolli
sicaklik kosullart saglanarak gerceklestirilmigtir.
Her 5 dondur-¢ozdir uygulamasinda dondur-
cozdir islemleri bitenler tekrar ¢ozdirtilmeksizin
digerlerinden  ayrilarak son  dondur-¢ozdir
uygulamasina kadar muhafaza edilmistir. Dondur-
cozdir islemleri sonunda izolatlarin tamami
dolaptan cikarilip ¢ozdirilerek taze izole edilen
CRM’letle beraber Real time PCR’da %GDO
miktar analizi yapilmustir.

Miktar analizi

Calismada soya icin Mazzara vd. (2013) ve musir
icin Savini vd. (2012) EURL metotlar1 kullanilarak
Real time PCR cihazinda GDO miktar analizleri
yapilmistir (Anonymous, 2009; Savini vd., 2012;
Mazzara vd., 2013). Miktar analizi icin %10
GDO’lu taze izolatlardan, dort seviyede (S1, S2,
S3 ve S4) metotlarda belirtilen kopya sayilarinda
saf su ile standartlar hazirlanmistir. Soya i¢in bu
seviyeler reaksiyon bagina S1: 100 ng, S2: 20 ng,
S3: 4 ng ve S4: 0,8 ng %10’luk DP305423 CRM
icerecek sekilde kopya sayist seyreltilerek elde
edilmistir. Misir icin ise bu seviyeler reaksiyon
basina S1: 200 ng, S2: 40 ng, S3: 8 ng ve S4: 1,33
ng %10luk DAS40278 CRM igerecek sekilde
dizenlenmistir. Amplifikasyonda ise Oncelikle
reaksiyon karisim ¢6zeltisi hazirlanmis, bunun icin
reaktif ¢cozeltisi, su, Ella Biotech’ten temin edilen
referans ve hedef kisimlara 6zgl problar, reverse
ve forward primerler metotlarda belirtilen
miktatlarda 2 mI’lik mikrosantrifij tiplerinde
bitlestirilmistir. Ardindan dusik hizda
vortekslenip  kisa  stire  santrifij edilmistir.
Reaksiyon karisim ¢6zeltilerinde reaktif c¢ozelti
olarak TagMan kullandmistir. Bu karisimdan ayr
bir mikrosantriftyj tiptine 60 pl alnarak Gzerine
15 upL. numune/standart eklenip 10 saniye
vortekslenip sonra kisa stire santrifiij edilmistir.
Daha sonra bu 75 ul’lik karngimdan plate
kuyucuklarina (her kuyucuk 1 reksiyonu temsil
etmektedir) otomatik pipetlerle her kuyucuga 25
ul. olacak sekilde pipetlenmistir (75 ul. / 3 = 25
ul). Optik filmler ile kapatilan kuyucuklar plate
santrifijde 3000 rpm’de 1 dk. santrifiij edilmis,
son olarak Real Time PCR cihazina
yetlestirilmistir. Baslangic denattrasyonu (95°C
sicaklikta 600 sn.), primer baglanmasi (95°C
sicaklikta 15 sn.) ve primer uzamasini (60°C
sicaklikta 60 sn.) iceren amplifikasyon 45 déngi
olarak, Kopya Sayist Metodu (Standart Egri
Metodu)’na gbre gergeklestirilerek hedef ve
referans kistmlar icin kalibrasyon egrileri elde
edilmistir. GDO  Analizlerinde Verifikasyon
Rehberinde  (Anonymous, 2018) yer alan
dogrusallik, dogruluk ve kesinlik parametrelerine
gore standart egrilerin uygunlugu
degerlendirildikten sonra elde edilen kopya
sayllaindan % GDO miktarlann  asagidaki
formtlle hesaplanmustir.



CRM izolatlarinin muhafazasi

%GDO = (Hedef Kopya Sayist / Referans
Kopya Sayist) * 100

Istatiksel yéntem

Verilerin normal dagilima gére uygunlugu Shapiro
Wilks testi ile incelenmistir. Verilerin normal
dagilim gostermesi durumunda tek yonld varyans
analizi (ANOVA) yapilmistir. Parametrik testlerin
kullanilmast durumunda betimleyici istatistikler
ortalamatstandart sapma olarak verilmistir.
Istatistiksel anlamlilik diizeyi olarak «=0,01 kabul
edilmistir. Verilerin analizi SPSS v22 paket
programit ile yapilmustir.

SONUC ve TARTISMA

Izolasyon bulgulart

Nanodrop Spektrofotometresinde 260 ve 280 nm
dalga boylarinda CRM’lerden elde edilen
izolatlarda  yapillan  absorbans  Olclimleri
sonucunda elde edilen baslangic verileri Cizelge 1
ve Cizelge 2’de verilmistir. Eurofins GENESpin
kit  protokoline gore 260/280 nm’deki
absorbanslarin orant 1.6-1.9 arasinda olmalidir
(Anonymous, 2016). Buna gbre Slcim
sonuglarinin soya ve mistrin her iki konsantrasyon
dizeyi icin de uygun oldugu gorilmistir. Bu
durum izolasyonun istenilen verim ve kalitede
gerceklestirildigini gbstermektedir.

Cizelge 1. Soya CRM izolatlarina ait Nanodrop Spektrofotometre Slgiim bulgulart
Table 1. Nanodrop Spectrophotometer measurement findings of Soybean CRM isolates

Soya CRM (DP-305423-1)

%10'luk icin %1'lik icin
No Niikleik asit Satlik Nikleik asit Sathik
konsantrasyonu (ng/ul) (260/280 nm) konsantrasyonu (ng/ul) (260/280 nm)
1 137.6 1.88 116.0 1.78
2 71.2 1.88 92.7 1.74
3 87.4 1.85 66.1 1.77
4 96.2 1.83 60.6 1.66
5 101.3 1.80 101.8 1.71
6 140.2 1.84 119.2 1.78
7 71.4 1.86 74.8 1.70
8 176.5 1.82 96.5 1.78
Cizelge 2. Mistr CRM izolatlarina ait Nanodrop Spektrofotometre 6lgiim bulgulari
Table 2. Nanodrop Spectrophotometer measurement findings of maize CRM isolates
Misir CRM (DAS-40278-9)
%10'Tuk i¢in %1'lik icin
No Nikleik asit Saflik Nikleik asit Saflik
konsantrasyonu (ng/pl) (260/280 nm) konsantrasyonu (ng/ul)  (260/280 nm)

1 2153 1.86 217.7 1.88
2 92.2 1.78 157.0 1.85
3 108.7 1.78 154.3 1.88
4 97.1 1.71 154.2 1.87
5 94.4 1.77 207.0 1.86
6 100.6 1.76 140.3 1.85
7 60.1 1.66 112.9 1.84
8 102.3 1.64 120.7 1.86
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DNA’nin  muhafazasinda major tehditlerden
birisinin  ntkleaz  kontaminasyonu  oldugu
bilinmektedir (Rice ve Haussler, 2018). DNA
molekiili niikleazlara karst duyarl oldugundan bu
bulasanlardan ~ kolayca  etkilenebilmektedir.
Bununla beraber iyi safliktaki DNA’nin muhafaza

sirastndaki ~ dondur-¢ozdiir dongilerinden
etkilenmedigi  bildirilmistir  (Gaikwad, 2020).
Calismamizdaki izolasyon bulgulart  dikkate

alindiginda sonuglar bu gériisti desteklemektedir.

Referans kisim (Lel) kalibrasyon egirisi
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Soya CRM’ine ait %GDO miktar bulgular:
Soya CRM’lerine ait % GDO miktar analizleri
sonucunda hesaplanan kalibrasyon egrileri Sekil 1
ve Sekil 2’de verilmistir. Bu kalibrasyon verilerinin
kantitatif metodlar i¢in metot verifikasyon
parametreleri ve performans kriterleri
(Anonymous, 2018)’ne uygunlugu Cizelge 3’de,
Soya  CRM  izolatlarinin  dondur-¢6zdir
uygulamalari sonrast Real Time PCR’da yapilan
%GDO miktar bulgulart da Cizelge 4, Sekil 3 ve
Sekil 4°’de verilmistir.

Hedef kisim (DP305) kalibrasyon egrisi
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Sekil 1. %10’luk Soya CRM’e ait kalibrasyon egrileri, a: Referans kisim, b: Hedef kisim.
Figure 1. Calibration curves of 10% soybean CRM, a: Reference part, b: Target part.

Kalibrasyon bulgulart kabul edilebilir performans
kriterleri (egim ve korelasyon katsayist) acisindan
degerlendirildiginde, Cizelge 3’de gorildigi gibi
soya CRM numunelerinde her iki konsantrasyon
diizeyi (%1 ve %10) icin de uygun bulunmustur.
Bu kalibrasyona gére yapilan él¢imler sonucunda,
Cizelge 4de goruldugt gibi %107luk soya CRM
numunesinin - 20 dondur-¢6zdiir  uygulamast
sonucunda %10.6’dan %9.7 dizeyine distigi,
%1’lik CRM’de ise bu degisimin olmadig
saptanmistir. Ancak her iki konsantrasyon i¢in de

degisimin istatistiksel olarak O6nemsiz oldugu
gorilmustir (P > 0.01).

Misir CRM’ine ait %0GDO miktar bulgular:
Misir CRMlerine ait % GDO miktar analizleri
sonucunda hesaplanan kalibrasyon egrileri Sekil 5
ve Sekil 6’da verilmistit. Bu kalibrasyon verilerinin
kriterlere uygunlugu Cizelge 5°de ve Misir CRM
izolatlarinin dondur-¢6zdiir uygulamalart sonrast
Real Time PCR’da yapilan % GDO miktar
bulgulart da Cizelge 6, Sekil 3 ve Sckil 4de
verilmigtir
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Sekil 2. %1°lik Soya CRM’e ait kalibrasyon egrileri, a: Referans kisim, b: Hedef kisim.
Figure 2. Calibration curves of 1% soybean CRM, a: Reference part, b: Target part.

Cizelge 3. Real Time PCR’da soyaya ait kalibrasyon verileri ve kritetlere uygunlugu
Table 3. Calibration data of soybean in Real Time PCR and compliance with the criteria

%GDO Dogrusallik Referans Hedef . g .
) . Kriter Degetlendirme
miktart parametreleri kisim kisim
10 m -3.13 -3.12 -3.12m2-3.6 Uygun
R? 0.99 0.99 R>=>0.98 Uygun
1 m -3.49 -3.48 312m=-3.6 Uygun
R? 0.99 0.99 R> 2> 0.98 Uygun

m: Kalibrasyon egrisine ait egim, R* Korelasyon katsayist
m: Slope of the calibration curve, R?: Correlation coefficient

Cizelge 4. Real Time PCR’da soyaya ait %GDO miktar bulgulart
Table 4. GMO% content of soybean in Real Time PCR

Soya
Dondur-¢ozdir sayist n %10luk igin : % Plik igin
Kontrol 6 10.65%0.29 1.03+0.04
5 6 10.23%0.56 1.05%0.06
10 6 10.34£0.38 0.99£0.07
15 6 9.95£0.68 1.01£0.06
20 6 9.72£0.48 1.04%0.05
Onemlilik derecesi (P >0.01) Onemsiz Onemsiz

* Degetler ortalama * standart sapma (n=0) olarak verilmistir. (P >0.01).
Values are given as mean + SD (n=6). (P >0.01).
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Dondur Cozdiir uygulamasinin CRM'lere etkisi

14 %1 lik Misir CRM
=4="%1 lik Soya CRM
E 11 -
E = \ A R
2
O
° 0.8
0-5 1 1 T I
0 5 10 15 20
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Sekil 3. %71’lik soya ve misir CRM’lere dondur-¢6zdir uygulamasinin etkisi.
Figure 3. The effect of freeze-thaw application on 1% soybean and maize CRMs.
Dondur Cozdiir uygulamasinim CRM'lere etKisi
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Sekil 4. %10’luk soya ve misir CRM’lere dondur-¢6zdir uygulamasinin etkisi.
Figure 4. The effect of freeze-thaw application on 10% soybean and maize CRM.
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Cizelge 5. Real Time PCR’da misira ait kalibrasyon verileri ve kritetlere uygunlugu
Table 5. Calibration data of maize in Real Time PCR and compliance with the criteria

%GDO Dogrusallik Referans

Hedef

miktart parametreleri kisim kisim Kriter Degerlendirme
10 m -3.41 -3.31 312m=-3.6 Uygun
R? 0.99 0.99 Rz > 0.98 Uygun
1 m -3.43 -3.47 312m=-3.6 Uygun
R? 0.99 0.99 R? > 0.98 Uygun
m: Kalibrasyon egrisine ait egim, R*: Korelasyon katsayist
m: Slope of the calibration curve, R?: Correlation coefficient
Cizelge 6. Real Time PCR’da misira ait %GDO miktar bulgular
Table 6. GMO% content of maize in Real Time PCR
o e Misir
Dondur-¢6zdiir sayis " %10'luk icin %1 lik icin
Kontrol 6 9.80£0.50 1.05%0.03
5 6 9.87£0.54 1.08%0.04
10 6 9.8710.44 1.13£0.04
15 6 9.62+0.29 1.1240.04
20 6 9.68+0.40 1.08%0.06
Onemlilik derecesi (P >0.01) Onemsiz Onemsiz

* Degetler ortalama ¥ standart sapma (n=0) olarak verilmistir. (P >0.01).

Values are given as mean + SD (n=6). (P >0.01).

Kalibrasyon bulgulari kabul edilebilir performans
kriterleri (egim ve korelasyon katsayist) agisindan
degerlendirildiginde, Cizelge 5°de géruldigi gibi
mustr CRM numunelerinde her iki konsantrasyon
diizeyi (%1 ve %10) icin de uygun bulunmustur.
Bu kalibrasyona gére yapilan dl¢iimler sonucunda,
Cizelge 6da goruldigi gibi mustrt  CRM
numunelerinde 20 dondur-¢ézdir uygulamast
her iki konsantrasyon icin de
degisimin istatistiksel olarak o6nemsiz oldugu
gorulmustir (P > 0.01).

sonucunda

Nikleik asitlerin, dondur-¢ézdiir uygulamasina
dayamumu ile ilgili literatiirde yer alan calismalar
incelendiginde bir ¢ok agidan farkliliklar (numune
kaynagi, matriksi, analiz yontemi, uygulama
parametreleri gibi) icerdigi gériilmektedir. Ayrica
DNA ve RNA’nin muhafaza yéntemlerine karst
dayamimlarinin da farkli olabilecegi gbz Oniine
alindiginda calismamizda elde edilen bulgular
sadece DNA iceren calismalar ile
kiyaslanabilmigtir. Buna gére;

DNA’nin dondur-¢ézdir uygulamalarina karst
dayammu  ie  ilgili yapilan  calismalarda,
degradasyonun oldugu ile olmadigini gosteren

bulgulara rastlanmilmistir. DNA‘nin dondur-¢6zdir
uygulamalarindan etkilenmedigi benzer sonuglara
Widell vd., 1991; Bellete vd., 2003; Sanlidag vd.,
2005; Schaudien vd., 2007 ve Fan vd., 2019’un
calismalarinda rastlanmustit.

DNA, hticre icerisinde molekiil olarak karatli bir
yaptya sahip iken izole edildiginde DNA’nin dis
etkenlere (sicaklik, sire, 1stk, pH, kesme kuvveti

gibi) karst dayanumi oldukca azalmaktadir
(Gaikwad, 2020; Rice ve Haussler, 2018).
Numune izolatlarinda  yapilmis  calismalara

bakildiginda ise; Schaudien vd. (2007) tarafindan,
Real Time PCR ile t¢ farkli DNA standardinda
ilave muhafaza kimyasali (gliserol) kullanilarak
dondur-¢ézdir uygulamasi yapilmus, su iginde
muhafaza edilen standartlarda 4 dondur-¢ozdur
isleminden sonra DNA diizeyinde azalma oldugu,
%50 gliserol icerisinde muhafaza edilenlerde ise
16 kez dondurup ¢6zdirmenin bir etkisinin
olmadigr  bildirilmistir. ~ Gliserol — kullamlarak
DNA’nin dondur-¢ézdur uygulamasina
dayanabildigi bu ¢alismadan farkli  olarak
calismamiz, gliserol olmadan da DNA
izolatlarinin  dondur-¢ézdiir  uygulamalarina
dayanabildigini gostermistir.

523



A. Dagdelen, N. Akman, M.M. Cagal
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Sekil 5. %10’luk Mistr CRM’e ait kalibrasyon egrileri, a: Referans kisim, b: Hedef kisim.
Figure 5. Calibration curves of 10% Maize CRM, a: Reference part, b: Target part.
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Sekil 6. %1°lik Misir CRM’e ait kalibrasyon egrileri, a: Referans kisim, b: Hedef kisim.
Figure 6. Calibration curves of 1% Maize CRM, a: Reference part, b: Target part.
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CRM izolatlarinin muhafazasi

Farkli  calisma  alanlarindaki  arastirmacilar
tarafindan  DNA’nin  stabilitesi {izerine hangi
mekanizmalarin  nasil  etki  ettigi  konusu
Rossmanith vd. (2010) tarafindan yapilan
calismada aciklanmistir. Bakteri standardinda
(Listeria monocytogenes ve Salmonella Typhimurium‘a
ait) yapimis bu c¢alismada dondur-¢6zdir
uygulamalan da ele alinmis ve 20 dondur-¢ozdur
sonrasindaki ACt degerleri degerlendirilmistir.
Uzun  genomik  DNA’larda dondurup
cozdiirmenin etkisi varken, kisa zincirli oligo-
niikleotitlerde ise herhangi bir degisimin olmadigt
bildirilmistir. Ct degetlerindeki artisa neden olan
mekanizmanin dondur-¢ézdir sirasindaki buz
kesmelerinden kaynaklandigi ileri stirtilerek DNA
dizeyindeki degradasyon Ct degerleri ile
iliskilendirilmistir. Kendi calismamizda ise
standart egri metodu ile kantitatif bir analiz
yapilmis bulgular Ct degetlerinin degisimi olarak
degil %GDO degisimi olarak verilmistir. DNA
kaynaginin bitkisel standart olmamasi, ilave
muhafaza kimyasallarinin  (gliserol, tampon
cozelt) kullandmast  ve kullanilan  analiz
metodunun farkli (ACt metodu) olmast gibi
nedenletle  bizim  calismamizdan  farkliik
gostermekle beraber dondur-¢ézdiir uygulamast
ile DNA’da  degradasyonunun  meydana
gelebilecegi de bildirilmistir.

DNA’nin muhafaza yontemlerinden
dondurmanin enzimatik reaksiyonlart inhibe
etmesi, boOylece  oksidatif ~ve  hidrolitik
degradasyonu engellemesi sebebiyle muhafazada
iyi bir yontem oldugu bilinmektedir (Bus® ve
Allen, 2014). Bu baglamda calismamizda cikan
sonuglar bu goriisii destekler niteliktedir.

Sonug olarak; soya ve mustr DNA’lartun her iki
konsantrasyon (%1 ve %10) dizeyi icin 20
dondur-¢ézdir uygulamasinin istatiksel olarak
herhangi bir etkisinin bulunmadigs gérilmistir (P
>0.01). Calisma ile GDO miktar analizi yapan
laboratuvatlarin bu analizlerde her seferinde taze
olarak hazirladiklan CRM izolatlanm 20 kez

dondur-¢ézdir  donglsine  kadar DNA
degradasyonu olmadan kullanabilecegi
gorilmistir. Elde edilen bulgularin  sadece

calisma kapsaminda kullamilan bitkiler ve gesitleri
icin gegerli oldugunu, bundan sonra yapiacak

calismalarin diger bitki spesifik tltler ve bunlara
ait gesitler tzerinden dogrulanarak yapilmasi
gerektigi Onerilmektedir.

TESEKKUR

Bu calismayt
TAGEM/GYKMAE/A/19/A3/P7/01  proje
numarast ile maddi olarak destekleyen Tarimsal
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CIKAR CATISMASI BEYANI
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oz

Bu ¢alismada farkh karbonhidrat formiilasyonlart kullalarak ayva suyu konsantresi katkilt sert seker tiretimi
amaglanmustir. Her bir karbonhidrat formilasyonu (%100 sakkaroz, %75 sakkaroz+%25 glikoz, %75
sakkaroz+%025 fruktoz) icin gelencksel actk kazan tretim yontemi kullanularak sert seker tretilmistir.
Uriinlerin renk, camst gecis sicakligi (Ty) ve higroskopisite degerleri, seker kompozisyonlari, duyusal
Ozellikleri incelenmistir. % 100 sakkaroz kullanilarak tiretilen sert sekerlerin L, a* ve 4* degerleri en yiiksek
olarak bulunmustur. Seker formiilasyonlarina glikoz ve fruktoz ilavesi tirtinletin T, degetinde azalmaya neden
olmustur. %75 sakkaroz+ %25 fruktoz formilasyonu kullanidarak tretilen sert sekerlerin higroskopisite
degeri en vyitksek olarak bulunmustur. Karbonhidrat formilasyonundaki farkhilik Grinlerin seker
kompozisyonunu etkilemistir. Formiilasyonunda glikoz igeren sert seketler genel begeni kriteti agisindan en
yitksek puanlanmustir.

Anahtar kelimeler: Sert seker, ayva suyu, seker kompozisyonu, camst gegcis sicakligy, higroskopisite

INVESTIGATING THE QUALITY CHARACTERISTICS OF QUINCE JUICE
CONCENTRATE FORTIFIED HARD CANDIES PRODUCED WITH
DIFFERENT CARBONHYDRATE FORMULATIONS

ABSTRACT

In this study, it was aimed to produce hard candy with quince juice concentrate by using different
carbohydrate formulations. Hard candy was produced for each carbohydrate formulation (100%
sucrose, 75% sucrose + 25% glucose, 75% sucrose + 25% fructose) using the traditional open boiler
production method. Color, glass transition temperature (Tg) and hygroscopicity values, sugar
composition and sensory properties of the products were examined. The L %,  * and & * values of
hard candies produced using 100% sucrose were found to be the highest. Addition of glucose and
fructose to sugar formulations caused a decrease in the Tg value of the products. The highest
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Ayva suyu konsantresi katkili sert seker tretimi

hygroscopicity value was found in the hard candies produced using 75% sucrose + 25% fructose
formulation. The difference in the carbohydrate formulation affected the sugar composition of the
products. Hard candies containing glucose in their formulation were scored highest in terms of

overall acceptance.

Keywords: Hard candy, quince juice,
hygroscopicity.

GIRIS

Sekerleme  {iretimi  gidalarin muhafaza

edilmesinde kullamilan yOntemler arasinda yer
almaktadir (Dhakal ve Pradhananga, 2017).
Sekerlemeler her yagtan tiiketici tarafindan
sevilerek tiketilen Griin gruplandir (Dewi vd.,
2017; Gunes vd., 2018; Moura vd., 2019). Tim
diinyada gida endiistrisinde biiyiik paya sahip olan
sekerleme drlnleri (Tan and Kerr, 2017;
Spanemberg vd., 2019), tlkemizde de seketli ve
cikolatali mamuller sektori icinde Uretilen
geleneksel — Turk  sekerlemeleri — Gretimine
dayanmaktadir (Kusat ve Kosekahyaoglu, 2011).
Sekerleme, seker ve glikozun ya da yalnizca
sekerin pisirilmesi sonrasinda sitrik asit, tartarik
asit ya da potasyum bitartarat ilavesiyle kestirilme
sonucunda olusan hamura siit, siit tozu, jelatin,
yag ve aroma maddelerinin eklenmesiyle elde
edilen gida maddesidir. Turk Gida Kodeksine
gbre seketlemeler sert seketrleme, yumusak
sckerleme, jole, draje, tablet seketler, meyve
sekerlemeleri, badem ezmesi ve benzetleri, koz
helva, nuga ve benzetleri, fondan, krokan ve
dolgulu sekerleme trtnleri olarak
siniflandirilmaktadir.  Seketlemeleri  sert  ve
yumusak olmak tizere genel olarak iki alt grupta
incelemek de mimkindir (Atinok vd., 2020).

Sert seketler %1’lik bir kisim disindaki tim su
igeriklerinin  1st  ve vakum  uygulamasiyla
ucurulmast sonucunda dretilirler (Hayoglu vd.,
2010). Sert seker iretiminde katilasma ve sogutma
asamalari son Urinin kalitesinde biyik 6nem
tastmaktadir (Rheinheimer vd., 2012; Atsukawa
vd.,, 2020). Ayrica Uriinin raf Smril stiresince
kalitesi i¢in nem migrasyon orant ve su igerigi de
dikkat edilecek kriterlerdir (Spanemberg vd.,
2019). Bir diger 6nemli 6zellik olan camst gecis
sicakhgt  ile  sert  sekerlerin  dayaniklihig
Olgiilmektedir. Yilmaz vd. (2019), sckerin camsi
gecis formunda bulunmasinin, Grinin seffaf ve
net bir gérinimde olmasint ayrica sert ve kirilgan
yaptya sahip olmasini sagladigini vurgulamistir.

sugar

composition, glass-transition temperature,

Camsi gecis stcakligt  sekerlemelerin  fiziksel
Ozelliklerinin tanimlamada 6nemli bir fakt6r olup,
camst yapt amorf bir katt da yari kristal bir katinin
amorf bir parcast olarak tanimlanmaktadir. Isitma
sonrasinda camst katinin lastiksi  bir yapiya
donustiigh noktaya da camsi gecis sicakligt
denilmektedir (Tan ve Kerr, 2017). Sert seketlerin
camst gecis sicakliginin oda sicakliginin hemen
tzerinde olmast gerektigini  ve boylelikle
parlakliklarint ve sert yapilarint koruyabilecekleri
belirtilmistir (Hrgtin vd., 2010), ve sekerin triin
icerisinde kristallesmemis (amorf veya sekilsiz)
formda olmasi, sekerlere camsi yapr 6zelligi
vermektedir (Glnes vd., 2018). Camsi gecisin
saglanmasinin  sakkaroz ve glikoz surubu gibi
modifiye edici ajanlara ve birden sogutmaya bagl
oldugu da bilinmektedir (Smidova vd., 2003).

Seketlerin bu kalite 6zelliklerinin korunmasina
yonelik olarak son yillarda yapilan calismalarda,
sekerlemelerin ~ farklt  yaratli  bilesiklerce
zenginlestitilmesi (Silva vd., 2016; Miranda vd.,
2020; Gines vd. 2018; Palabiyik vd., 2019)
dondurma (Archaina vd., 2019) ya da mikrodalga
ile kurutma (Singh vd., 2019) gibi farkl Gretim
tekniklerinin  kullanidmasi,  seker  oraninin
degistirilmesi Mutlu vd., 2018) ve bu drinlerde
kullanlan ~ renklendirici  maddeler  tizerine
yogunlasildigr gériilmektedir (Zellner vd., 2018).
Gines vd. (2018) tarafindan yapilan ¢alismada bu
trinlerin rin formilasyonunda besleyici degeri
olan veya olmayan tatlandiricilann yer almasimn,
cesitli makro ve mikro elementler, vitaminler ve
karotenoitler gibi biyolojik olarak 6nemli aktif
maddelerin bulunmamasinin dezavantaj olduguna
deginilmistir (Dorn vd., 2015). Seketleme
yapiminda 6zellikle sentetik boya maddelerinin
kullanimui bir¢ok arastirmada da bahsedildigi Gzere
cocuklar tarafindan albenili olarak karsilansa da
saglik tzerinde karsinojenik ve nérotoksik
etkilerinin oldugu saptanmustir (Moura vd. 2019).
Bu nedenle dogal renklendiricilere olan ilgi
yogunlagsmis ve hatta dogal renk maddesi
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kullaniminin son yillarda % 10-15 oraninda arttigt
Kovacs vd (2019) tarafindan bildirilmistir.
Ornegin, Rizk vd. (2008), A vitamini 6n maddesi
olan karotenoitlerin dogal renk maddesi olarak
sekerlemelerde kullanimint arastrmistir. Kadife
ciceginden elde ettikleri karotenoit pigmentinin %
0.30 ve/veya % 0.35 oraninda katldigi seketlerin
duyusal analizde en ¢ok tercih edilen 6rnek oldugu
tespit edilmistir. Klorofil, antosiyanin, betalain ve
karotenoitler dogal renk maddeleri kaynaklaridir
(Rodriguez-Amaya, 2016). Elsanhoty vd., (2017)
ise Rbodotornla mucilaginos mayasindan karotenoit
elde etmis ve sekerlemede kullanmistir. Ozyurt
vd.  (2019), seker pancarindan  betalain
ckstraktlarinin sekerleme yapiminda kullanimina
deginmistir. Bir bagka calismada ise, Dewi vd.
(2018),  Spirulina  bitkisinden  elde  ettigi
antioksidanca zengin dogal mavi renk maddesi
olan fikosiyanini, brillant mavi adiyla bilinen
sentetik boyaya alternatif olarak jelly tipi
sckerleme  Uretiminde  enkapstle  ederek
kullanmugtir. Ayrica fikosiyaninin kek
dekorasyonunda kullandan sekerli icecekler,
sakizlar, buzlu sekerler gibi sekerleme cesitleti icin
Japonya’da ticari olarak da uretilip kullaniddig
belirtilmistir (Yilmaz vd., 2016). Nesreen vd.
(2017), havug ve ¢ilek gibi dogal renk maddeleri
ile yliksek C vitamini ve antosiyanin icerigine baglt
olarak daha saglkli ve daha dikkat ¢ekici renkte
uriin Uretilebilecegini vurgulamis ve yaptiklart
calismada marsmallow tipi yumusak seketlerde
dogal kirmizi ve sar1 renk sirastyla pancar ve altin
cilek suyundan saglanmustir. Meyve suyu
konsantreleri ile tretilen sekerlemelerin dogal
renk maddeleri saglamasinin yaninda antioksidan
aktivite ve mineral maddece zengin olmalari
acisindan da tercih edilmesi gereken kaynaklar
oldugu sonucuna varilmaktadir.

Ayva suyu askorbik asit, fenolik maddeler,
flavanoidler, hisroksisinamik asit gibi biyoaktif
bilesenlerce zengin olmast ile dikkat ¢ekmektedir
(Wojdyto vd., 2014; Yikmus vd., 2019). Bu

calismada  ayva  suyu  konsantresi  ile
zenginlestirilmis, farkls karbonhidrat
formiilasyonlart  kullanilarak  dretilen  sert

sekerlerin renk, higroskopisite, camst gecis ve
duyusal 6zellikleri ile seker bilesenleri agisindan
kiyaslanmast amaclanmistir.

MATERYAL VE YONTEM

Materyal

Uretimde sakkaroz (Torku Konya Seker Sanayi ve
Ticaret A.S., Konya, Tirkiye), glikoz surubu (75
‘Bx), fruktoz ve sitrik asit (Merck, Almanya)
kullanilmugtir. Ayva suyu konsantresi (70.50°Bx,
3.75 pH) Tunay Gida A.S (Erzincan, Tiurkiye)’den
satin alinmigtir.

Yéntem

Uretim Yéntemi

Calismada her bir karbonhidrat formtlasyonu
(%100 sakkaroz, %75 sakkaroz+%25 glikoz, %75
sakkaroz+%25  fruktoz) icin ayva suyu
konsantresi kullanilarak geleneksel agtk kazan
tretim yontemi ile sert seker tretilmistir. 200 gr
sakarozun 200 ml suda c¢oziinmesi saglanmis
ardindan kaynama noktasina ulagan suya 5 mL
sitrik asit (% 5’ lik ¢Ozelti haline) ilave edilmistir.
Surekli karigtirarak seker miktarinin % 10.25%
kadar glikoz surubu eklenmistir. Kazanda
kaynama noktast 100°C’nin Ustiine ulaginca
102°C%1 sogutma agamasina gecilmistir. Pisirme
stresince kazan ici karisim sicakligt data logger
(IOtech Inc., Cleveland, OH, USA) ile
olctlmiistiir. Uretimler esnasinda suda ¢oziiniir
kuru madde miktart dijital refraktometre (MA871,
Hanna Instruments Ltd, UK) ile 6lcilmustir.
Karigim sicakligt 85°Cye ulastuginda renk vermek
amactyla dogal meyve suyu konsantresi (1 mg/100
gt) eklenmistir. Sekerleme kesilme sicakligina
kadar sogutulmak amaclt karisim soguk mermer
uzerine dokulerek 25°Cye sogutulmustur. Kesme
ile sekil verilerek 3.00£0.50 ve 1.50%£0.20 cm
boyutlarinda seker elde edilmistir. Sert sekertler
nemsiz  ortamda analiz  edilinceye  kadar
bekletilmistir.

Analiz Yontemleri

Renk Analizi

Seker 6rneklerinin renk degetleri (L, " ve 4*)
kolorimetre (CR-10, Konica Minolta, Japonya)
kullanilarak Sl¢ilmiistir. C* (renk yogunlugu) ve
h®  (tenk tonu) degerlerini belitlemek tzere
asagidaki formulasyonlar (1 ve 2) kullanilmigtir.

C*=(a*2+b*2)1/2 )
h°= arctan (b*/a) )
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Camsi Gegis Sicakligt

Orneklerin camst gegis sicakligr analizi DSC cihazi
(Perkin Elmer DSC 8000) ile gerceklestirilmistir.
Ornekler toz haline getirilip alimiinyum 6rnek
kaplarina  tartilmis  ve  hermetik  olarak
kapatilmistir. Tslem 6ncesi oda sicakliginda 30 dk
bekletilmistir. Cihaz referans olarak kullanilan bos
aliiminyum pan ile kalibre edilmistir. Ornekler 5
°C/dk 1sitma hiziyla -40 °C’den 120 °C ‘ye kadar
1sitilarak termogramlar elde edilmistir. Camsi gegis
sicakliklart (Tg) 6lctlmustiir (Smidova vd., 2003).

Higroskopisite

Orneklerin higroskopisite degetleri Cai ve Corke
(2000)’ye gore belirlenmistir. Bu amacgla 5 g 6rnek,
tabaninda  %75.3’lik doygun NaCl c¢ozeltisi
bulunan desikatdr icerisine yetlestirilmistir.
Ornekler 25 °C’de desikatér icinde bir hafta
streyle bekletilmistir. Siite sonunda tartim alinmis
ve Hsitlik 3’e gére hesaplama yapilmustir.

Higroskopisite=[(T>-T)/T1]x100 3)

Ti=1lk tartim ag1rli31 (g)
T>=Son tartim agirhd (g)

Yiiksek Performansli Sivi Kromatografisi
(HPLC) ile Seker Bilesenleri Analizi
Orneklerin seker bilesenleri yiiksek basing stvi
kromatografisi ve refraktif index dedektori
(HPLC-RI, Dionex Bio LC 40001) kullanilarak
belirlenmistir. 10 g 6rnek 50 ml %25 EtOH ile
katistirilarak elde edilen ¢ozelti 0.45 um gézenek
capli PVDF (polyvinylidenefluoride) filtreden
gecirilmis ve cihaza verilmistir. Mobil faz olarak
deiyonize su kullanilmis, akis hizt 0.6 ml/dk ve
kolon sicakligs 80 °C olarak ayarlanmistir.
Enjeksiyon hacmi 10.0 wl olarak belirlenmistir.
Analizler Aminex HPX-87P karbonhidrat kolonu
(300x7.8 mm ID) ile gerceklestirilmistir (Rupérez
and Toledano, 2003).

Duyusal Analiz

Ayva suyu konsantresi ile iretilmis sert sekerler 18
egitimli panelist tarafindan gbriinim, tekstir,
lezzet ve genel begeni kriterleri bakimindan
degerlendirilmistir.  Tim  numuneler  oda
stcakliginda ve normal aydinlatma kosullarinda
rastgele ¢ haneli sayilarla kodlu olarak
sunulmugtur Panelistler Ornekleri 9 puanlik

hedonik bir 6lcekte (9=astr1 cok begendim, 8=¢ok
begendim, 7=orta derecede begendim, 6=az
begendim, 5=ne begendim ne begenmedim, 4=az
derecede  begenmedim, 3=orta  derecede
begenmedim, 2=begenmedim, 1=hig
begenmedim) puanlamustir. Panelistlerden elde
edilen veriler toplanmus, ortalama degerler ve
standart sapmalar belirlenmistir (Altug ve Elmaci
2005).

Istatistiksel degetlendirme

% 95 glven aralifinda varyans analizinden
(ANOVA) yararlamlarak SPSS istatistiksel paket
programt ile (SPSS 15.0 Windows Version;
SPSSInc., Chicago, 1l) istatistiksel degerlendirme
yapimustir.

SONUC ve TARTISMA

Sert Seketrlerin Renk Degerleri

Farkli karbonhidrat formilasyonlart kullanilarak
uretilen ayva konsantresi katkill sert seketlerin
renk degerleri Cizelge 1’de, sert seketlerin
gorselleri ise Sekil 1°’de sunulmustur. %100
sakkaroz kullanilarak uretilen seketrlerin  L*
degerinin  diger formiilasyonlar kullanilarak
uretilenlere  kiyasla daha  yiksek oldugu
gorillmektedir. Sert seker tretiminde
formtlasyonlarda farklt karbonhidrat
kullantminin Grinlerin parlakliklan Gzerine etkisi
istatistiksel olarak 6nemli bulunmustur (P <0.05).
Formilasyonunda %25 fruktoz igeren sert
seketlerin 4" ve 4" degetleri en disik olarak
bulunmustur. Formilasyonunda %25 fruktoz
iceren sert sekerler ile formilasyonunda %025
glikoz iceren sert seketlerin 4%, &*, C* ve h°
degerleri arasindaki fark istatistiksel olarak
6nemsiz  bulunmustur (P >0.05). Yalnizca
sakkaroz kullanilarak tretilen sert seketlerin C*
degerinin en yiiksek, h® degerinin ise en digik
oldugu bulgulanmistir. Formilasyonunda %025
glikoz kullanilarak tretilen sert sekerlerin h®
degeri en yiksek olup panelistlerce yapilan
degerlendirmede goérinim kriteri agisindan diger
gruplara kiyasla en fazla puant almustir. %100
sakkaroz kullamilarak dretilen sert sekerler ile
formillasyonunda %25 glikoz iceren  sert
sckerlerin h® degerleri arasindaki fark istatistiksel
olarak o6nemli bulunmustur (P <0.05). %100
sakkaroz kullanilarak dretilen sert sekerler ile

531



532

A. Rayman Ergiin, Y. Tekgul

formiilasyonunda %25 fruktoz igeren sert
seketlerin  h® degerleri arasindaki fark ise
istatistiksel olarak 6nemsizdir (P >0.05).

Cizelge 1. Farkli karbonhidrat formilasyonlari kullanilarak Giretilen ayva konsantresi katkili sert
sekerlerin renk degerleri
Table 1. Color values of hard candies with quince concentrate produced with different carbobydrate formulations

Ornek ; .

L b c h
Sample
%100 sakkaroz 28.19£0.312 4.25£0.922 20.22+£1.05*  20.66£0.182  78.13%0.382
%75 sakkaroz +%25 glikoz 21.19£1.01> 1.73£0.07> 12.53£0.46>  12.65£046>  82.1520.08P
%75 sakkaroz +%25 fruktoz ~ 25.19%1.32¢ 1.67£0.17° 9.11+0.84> 9.26£0.85>  79.63+£0.60+>

@9 Ayt stitunda yer alan farkli harfler istatistiksel farkliliklar1 géstermektedir (P<0.05)
@9 Different letters in the same columm indicate statistical differences (P<0.05)

Sekil 1. Farkh karbonhidrat formiilasyonlar kullanilarak Gretilen ayva konsantresi katkili sert seketler
Figurel. Hard candies with quince concentrate produced with djfferent carbobydrate formmnlations

Sert Sekerlerin Camsi Gegis Sicakliklar:

Amorf bilesen iceren gidalar camst gegis
sicakliklarinin =~ (Ty)  lizerindeki  sicakliklarda
muhafaza edildiklerinde molekillerdeki mobilite
artmakta ve bozulmalar hizlanmaktadir (Kili¢ ve
Evranuz, 2006). Camsi gegis sicakligy, sert sekerler
gibi  amorf  bilesenler iceren  Urlinlerin
dayanikliliklart tizerine etki eden bir parametredir.
Farkli karbonhidrat formilasyonlart kullanilarak

tretilen ayva konsantresi katkili sert seketlerin
DSC termogramlart Sekil 2°de sunulmustur. Sekil
2 incelendiginde farklt karbonhidrat
formilasyonlarinin  Griinlerin - T,  degetlerinde
degisikliklere neden oldugu gériilmektedir. %100
sakkaroz kullamlarak hazirlanan sekerlerin Ty
degeri 46.35 °C olarak bulunmustur. %75
sakkaroz+%25 fruktoz formiilasyonu kullanilarak
hazirlanan sekerler icin T, 23.28 °C olarak
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bulgulanmstir. Glikoz ilave edilerek hazirlanan
sekerlerin T, degetleri en kiictik olup 16.8 °C’dir.
Sert seker dretiminde glikoz ve fruktoz
kullaniminin Grtnlerin T, degerlerinde azalmaya
neden oldugu gorilmektedir. Benzer sekilde,
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Yilmaz vd. (2019) tarafindan yapilan calismada
sert seker tiretiminde sakkaroza glikoz ve sorbitol
ilavesinin Urtnlerin T, degerinde dusiise neden
oldugu saptanmistir.
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Sekil 2. Farkl karbonhidrat formiilasyonlar kullanilarak tretilen ayva konsantresi katkili sert seketlerin
DSC termogramlart ((2):%100 sakkaroz, (b):%75 sakkaroz+%25 fruktoz, (c):%75 sakkaroz+%25
glikoz)

Figure 2. DSC thermograms of hard candies with quince concentrate produced with different carbobydrate formmlations
((@):%100 sucrose, (b):%75 sucrose+%25 fructose, (¢):%75 sucrose+%25 glucose

Sert Sekerlerin Higroskopisite Degerleri

Higroskopi, denge nem miktarindan daha yuksek
bagil neme sahip kosullarda, gidalarin su tutma
yetenegi olup triinlerin depolama kosullarina etki
etmektedir  (Oliveira  vd., 2014).  Farkh
karbonhidrat formilasyonlar: kullanilarak tretilen
ayva suyu konsantresi katkili sert sekerlerin
higroskopisite degerleri Sekil 3’de
gosterilmektedir. Sekli 3 incelendiginde farkls

karbonhidrat kullantminin urunlerin
higroskopisite degerlerine etki ettigi
gorilmektedir. % 100 sakkaroz kulanilarak

tretilen sert seketlerin higroskopisite degeri en
dustik, %75 sakkaroz+%25 fruktoz formiilasyonu
kullanilarak tretilen sert sekerlerin higroskopisite
degeri ise en yitksek bulunmustur. Benzer sekilde
Sokolovsky  (1937) tarafindan yapilan  bir
calismada secker Ornekleri %98,8 relatif neme
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sahip bir desikatérde 40 giin bekletilmis, fruktoz
igeren Orneklerin kitlece glikoz ve sakkaroz iceren
orneklere kiyasla daha fazla nem absorbe ettigi
saptanmustir. [laslan (2014) tarafindan yapilan,
farkll oranlarda sakkaroz ve glikoz iceren sert

30
25
20
15

10

Higroskopisite (%)

(6]

sekerlerin incelendigi bir ¢alismada Urtnlerdeki
sakkaroz orant artisinin  nem  absorbsiyon
ylzdesini diisiirdiigii beliflenmistir.

%100 sakkaroz %75 sakkaroz+%25 glikoz %75 sakkaroz +%25 fruktoz

Karbonhidrat formiilasyonu

Sekil 3. Farkli karbonhidrat formiilasyonlan kullanilarak tretilen ayva konsantresi katkilt sert seketlerin
higroskopisite degerleri
Figure 3. Hygroscopicity values of hard candies with quince concentrate produced with different carbobydrate formmlations

Sert Sekerlerin Seker Bilesenleri

Farkli karbonhidrat formilasyonlart kullanilarak
uretilen ayva suyu konsantresi katkili sert
sekerlerin seker bilesenleri analiz sonuglar Cizelge
2’de sunulmustur. HPLC ile gerceklestirilen
analizde 6rneklerde fruktoz, glikoz ve sakkaroz

tespit edilitken maltoz tespit edilememistir.
Fruktoz, glikoz ve sakkaroz i¢in altkonma siiresi
strastyla 5.8, 6.5 ve 9.5 dk olarak belirlenmistir.
Orneklere ait analiz sonuglarini gdsteren HPLC
kromatogramlarindan biri Sekil 4de
gosterilmektedir.

Cizelge 2. Farkli karbonhidrat formulasyonlart kullanilarak tiretilen ayva konsantresi katkilt sert
sekerlerin seker bilesenleri
Table 2. Sugar compositions of hard candies with quince concentrate produced with different carbobydrate formulations

Ornek Fruktoz Glikoz Sakkaroz Maltoz
(g/100 g) (g/100 g) (g/100 g) (2/100 g)
Sample Fructose Glucose Sucrose Maltose
(/100 g) (/100 g) (2/100 g) (2/1009)
%100 sakkaroz 4.16£0.32 5.37+0.65 73.5340.082 n.d.
%075 sakkaroz+%25 fruktoz  15714£0.07>  20.0210.24° 31.2240.100 n.d.
%75 sakkaroz+%25 glikoz 11.85£0.13¢  33.97+0.06¢ 23.40£0.50¢ n.d.

@9 Ay stiitunda yer alan farkli harfler istatistiksel farkliliklar1 géstermektedir (P<0.05)
n.d.: tespit edilemedi

@9 Different letters in the same column indicate statistical differences (P<0.05)

n.d.: not detected
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Sekil 4. %75 sakkaroz+ %25 glikoz formiilasyonu ile hazirlanan sert sekere ait HPLC kromatogrami
Figure 4. HPLC chromatogram of bhard candy produced with %75 sucroset %25 glucose formulations

Glikoz, fruktoz, sakkaroz ve glikoz ya da maltoz
surubundan olusan camsi yapidaki amorf driinler
sert seker olarak adlandirilmaktadir (Smidova vd.,
2003). Sert seketlerde tatliligr arttirmak amaciyla
formtlasyonlara invert seker lavesi
yapilabilmektedir (Sabbagh vd., 1979). Inver
seker, sakkarozun sicaklik ve asit etkisiyle
inversiyona ugramast sonucu agiga ctkan, glikoz
ve fruktoz iceren bir tiriindir (Smidova vd., 2003).
Cizelge 2’de yer alan sonuglar incelendiginde
%100 sakkaroz kullanilarak uretilen seketlerde
inversiyon sonucu glikoz ve fruktozun agiga
ctktgr gorilmektedir. Formilasyonunda %025
fruktoz yer alan seketlerin sakkaroz igeriklerinin
formilasyonunda %25 glikoz  yer alan
sekerlerinkine kiyasla daha yiksek oldugu tespit
edilmistir. Bu durum, %75 sakkaroz+%25 glikoz
formiilasyonu  kullanilarak dretilen sekerlerde
inversiyon hizinin daha yiksek olmast ile
aciklanabilir.

Duyusal Analiz Sonuglarinin
Degerlendirilmesi

Farkli karbonhidrat formulasyonlart ile retilmis
ayva suyu konsantresi katkili sert sekerlere ait
duyusal analiz sonuglart  Cizelge 3’de yer
almaktadir. Panelistler tarafindan sert seketler
gbrinim  kriteri acisitndan  degetlendirildiginde
%75 sakkaroz+%25 glikoz formiilasyonu ile
tretilenler en yiiksek puant alirken %100 sakkaroz

kullanilarak tretilenler ise en diistik puant almustir.
Tekstiirel olarak en begenilen Grin %75
sakkaroz+%25 glikoz formiilasyonu kullanilarak
uretilen sekerlemeler olmustur. %75
sakkaroz+%25 fruktoz ve %100 sakkaroz
formilasyonlart kullanilarak elde edilen sert
sekerlerde camst amorf yap1 %75 sakkaroz+%25
glikoz formilasyonunun kullanildigr seketlere
kiyasla hizla bozundugundan sekerler tekstiir
kriteri acisindan daha disik puanlanmgtir. Farkls
karbonhidrat formilasyonlart  kullanilarak
uretilmis sert seketlerin lezzet kriteri acisindan
puanlart incelendiginde puanlar arasindaki fark
istatistiksel olarak Gnemsiz bulunmustur (P
>0.05). Lezzet kriteri acisindan en yiiksek puant
glikoz iceren grubun olusturdugu gérulmistir.
Benzer sekilde genel begeni agisindan en yiksek
puant %75 sakkaroz+%?25 glikoz formiilasyonu
kullanilarak hazirlanmis  sekerlemeler almustir.
Sakkarozun %100 olarak kullanildig ve friktozun
yer aldig1 formilasyonlarin genel begeni puanlart
arasindaki fark istatistiksel olarak Onemsiz
bulunmustur (P >0.05).
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Cizelge 3. Farkli karbonhidrat formulasyonlar kullanilarak tiretilen ayva konsantresi katkilt sert
sekerlerin duyusal analiz sonugclari
Table 3. Sensory analysis results of hard candies with quince concentrate produced with different carbobydrate

formulations
Ornek Goriiniim Tekstiir Lezzet Genel begeni
Sample Appereance Texture Flavour Owerall acceptance
%100 sakkaroz 7.11£1.362 0.89£1.04+  7.22+0.97» 7.88£0.932
%75 sakkaroz+%25 fruktoz 7.88£0.78> 5.66%£1.42>  7.11£1.162 7.67£1.002
%75 sakkaroz+%25 glikoz 8.22+0.97¢ 7.88%£1.05¢  7.56%+0.732 8.22%1.30>

@9 Aynt stitunda yer alan farkl harfler istatistiksel farkliliklart géstermektedir (P<0.05)
@9 Different letters in the same column indicate statistical differences (P<0.05)

CIKAR CATISMASI BEYANI

Yazarlar arasinda cikar catismast
bulunmamaktadit.

YAZAR KATKILARI

Ahsen RAYMAN ERGUN, arastirmanin
planlanmast, dretimin gerceklestirilmesi,

analizlerin takibi, degerlendirilmesi ve makalenin
yazimint  saglamistir.  Yeliz  TEKGUL,
arastirmanin planlanmast, Gretimin ve analizlerin
gerceklestitilmesi, sonuglarin degetlendirilmesi ve
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oz

Bu calismanin amaci havucun, alternatif bir cerez gida olarak kullamlabilme olanaklarinin arastirtlmasidir.
Bunun icin havuglarin 3 farkli kalinlikta (1, 1.5 ve 2 mm) kesilip 100 °C’de 3 farkli siirede (4, 5 ve 6 dk)
kurutulmast sonrast kizgin yagda 3 farkl sicaklik (170, 180 ve 190 °C) ve strede (2, 2.5 ve 3 dk) kizarulmast
ile 81 farkli havuc cipsi dretilmistir. Tim numuneler duyusal 6zellikleri (gortinis, citirlik, lezzet, genel)
yoniinden degerlenditilip en ylksek puant alan 10 numunede bazt analizler (tekstiir, renk, kuru madde, su
aktivitesi ve yag) yaptlmistir. Degetlendirme sonucunda; 1.5 mm kalinlikta dilimlenip, 100°C’de 4 dk kurutma
sonrast 180°C’de 2 dk kizartalmis H/1.5/4/180/2 kodlu numunenin en uygun degetlere sahip oldugu tespit
edilmistir. Bu numunede ilave analizler (vitamin A ve C, beta-karoten, toplam seker, diyet lif, protein, kil ve
tuz) ile icerigi detayh olarak belitlenmistir.

Anahtar kelimeler: Havug, havug cipsi, kurutma, kizartma

DETERMINATION OF OPTIMUM PRODUCTION PARAMETERS IN CARROT
CHIPS

ABSTRACT

The aim of this study is to investigate the possibilities of carrots to be used as an alternative snack
food. Carrots were cut into a certain thicknesses (1/1.5/ 2 mm), dried at a specific condition (4/5/6
min. at 100°C) and fried in hot oil at a specific condition (2/2.5/3 min. at 170/180/190°C). Then,
81 different carrot chips were produced. All samples were evaluated in terms of their sensory
properties (appearance, crunch, flavor, general) and some analysis (texture, color, dry matter, water

* Yazismalardan sorumlu yazar / Corresponding author
@0: sabriakbalikd7 @gmail.com, @: (+90) 532 773 1599 &: (+90) 224 246 4721

Sabri Akbalik; ORCID no: 0000-0001-5902-4320

Rasim Alper Oral; ORCID no: 0000-0001-7530-7478
Adnan Fatih Dagdelen; ORCID no: 0000-0002-6777-273X
Emine Alkin; ORCID no: 0000-0002-4451-325X

Nagihan Ugur; ORCID no: 0000-0003-2429-9898

Bayram Davarci; ORCID no: 0000-0003-1608-0570

Ayse Binnur Karatas; ORCID no: 0000-0001-7750-5427
Mehmet Saglam; ORCID no: 0000-0003-3273-6103

539



540

S. Akbalik, R.A. Oral, A.F. Dagdelen, E. Alkin, N. Ugur, B. Davarci, A.B. Karatas, M. Saglam

activity and total oil) were made on the 10 samples with the highest score. As a result of the
evaluation, it was determined that the sample coded H/1.5/4/180/2 (1.5 mm thickness/100°C 4min.
drying/180°C 2min. frying) has the most appropriate values. The content of this sample was
determined in detail by additional analysis (vitamin A, C, beta-carotene, total sugar, dietary fiber,

protein, ash and salt).
Keywords: Carrot, carrot chips, drying, frying

GIRIS
Insanlar var oldugu yasamak  igin
beslenmek zorunlulugu nedeniyle ¢ig olarak
titketemedigi veya koruyamayadigt bircok giday1
cesiti  sekil  ve  formlara  dénistirerek
kullanabilmektedir (Ceylan vd., 2003). Insanlarin,
yogun hayat temposu, yasam tarzlarindaki
degisimler nedeniyle, hizli tiketim sartlarinda
hazir, paketlenmis, tasinmast kolay gidalarin yeri
beslenmede 6nemli bir yer tutmaktadir. Bunun
sonucunda teknolojik gelismelerle birlikte c¢ok
cesitli hazir gidalar Gretilmektedir (Uzun, 2002).

surece

Cerez gidalar; cips, patlamis mistr, ekstride triin,
kraker, bisktuvi ve kahvaltilik tahil Grunlerinin de
dahil edildigi, ambalajlarindan ctkarildiktan sonra
hemen titketilen gidalar olarak ifade edilmektedir
(Ozer, 2007). Cerez gidalar, diinya niifusunun
buylk boéliminin severek tikettigi bir gida tiri
olup, 6zellikle cocuklarin beslenme
aliskanliklatinin -~ bir  kismint  olusturmaktadir
(Ibanoglu vd., 2006; Meng vd., 2010; Thakur ve
Saxena, 2000).

Yapilan alternatif calismalarda sebze ve meyveler
kullanilarak cips elde edildigi gorilmektedir.
Turkiye’de patates ve musir disinda alternatif bir
triinle cips Uretme calismalant sinurh olmakla
beraber diinyada fazlaca calisma bulunmakta ve
tretim gerceklestirilmektedir. Cerez gidalann
hafif, raf émitleri uzun ve depolamaya elverisli
olmalart  6nemli  Ozelliklerindendir. Bu  tir
gidalarin taze gidalara gore daha dayanikli olmast
ve lezzet olarak da begenilmesi tiiketilmelerini
artirmaktadir. Kendine 6zgi kalite kriterlerine
sahip cerez gidalarda, goriints (optik, fiziksel,
sunus), tekstir ve lezzet (tat, koku) gibi duyusal
Ozellikler  Oncelikli  olarak  aranmaktadir

(Mazumder vd., 2007).

Diinyada en ¢ok tiketilen cerez gidalar arasinda
6zellikle patates ve musir cipsleri yer almaktadur.
Cipslerin en iyi tiketicisi ¢ocuklar olsa da

ginimiizde cipsler, basta gencler olmak tzere
toplumdaki tim insanlarin tiketmekten zevk
aldig1 gridalardir (Shoar vd., 2010). Cerez gidalarin
besleyici 6zellikleri bakimindan ¢ok iyi kaynaklar
olmadig bilinmesine ragmen bazt ilkelerde kisi
bast cips tiketim miktarlan incelendiginde, bu
rakamin ABD’de kisi bast ortalama 9 kg,
Ingiltere’de 5 kg, Ortadogu iilkelerinde 3 kg,
tlkemizde ise 950 g oldugu bildirilmektedir
(Karaton, 2017).

Derin  yagda  kizartma  uygulamasi  gida
endustrisinde  yaygin bicimde kullanilan  bir
yontemdir. Islem siirecinde suyun kaynama
noktast Uzerinde olan yag banyosundaki gidanin
suyu buharlastirilarak yiizeyi yag ile kaplanir. Bu
tip gtdalarda yapidaki suyun yerine yag yitklemesi
en 6nemli parametredir. Ancak son zamanlarda
tiketiciler daha saghkli ve disik yag icerikli
gidalara yonelmektedir. Ozellikle yaglt iiriinlerin
koroner kalp hastaliklari, kanser, diyabet ve
hipertansiyon gibi hastaliklara sebep olmast
tiketicinin ~ tercth  sebebini  etkilemektedir.
Bununla birlikte saglikli ve diistik yag icerikli gida
tercih eden tlketici aynt zamanda Urlnin
arzulanan  Ozelliklerinin  de  degismemesini
istemektedir. Bu kapsamda kurutma, firinlama ve
ekstruzyon gibi uygulamalar kullanilarak yag
oraninin azaltdmasina déntk ¢alismalar yapilmus,
ancak bunlardan hicbiri kizartilous gidalardaki
tekstlir, gorinis ve tat gibi kalite kriterlerini
karsilayamamustir (Dueik vd., 2010).

Havug (Daucus carota 1.), dinya tariminda en
yaygin Uretilen kok sebzelerden olup 60 tiriinin
icerisinde sadece birkac ¢esidi kiltiire alinmigtir.
Beyazdan sartya, turuncu, agik mor, koyu kirmuzi
veya menckseye kadar degisik renklerde olan
havuc semsiyegiller (Umbelliferae) familyasinin
bir dyesidir (Sharma ve ark., 2012; Bayrakei,
2020). Anayurdunun Asya, Avrupa ve Kuzey
Afrika olan havucun ginimizde FAO verilerine
gore Turkiye’nin de i¢inde bulundugu 126 tlkede
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tarimi  yapilmaktadir. Diinya’da  oldugu gibi
Turkiye’de de fazla tretilen ve ¢ogunlukla taze
tiketilen bu sebze, en fazla Asya kitasinda
tretilmekte ve Tirkiye, diinya retiminin %1,3 ile
sekizinci sirasinda yer almaktadir. Tirkiye de
havu¢ tretiminin en yogun olarak yapildig il
Konya olup bunu Ankara, Hatay, Denizli,

Karaman, Burdur, Antalya ve Izmir illeri
izlemektedir (Anonymous, 2020a; 2020b).
Havug, %89 su, %0.5 karbonhidrat, %00.89

protein, %0.76 kil (Fe, P, Ca, Mg, K, Na, Zn vd),
%0.2 toplam yag, %2.6 toplam diyet lif, % 0,014
vitaminler ve karotenoidler (C, B1, B2, B3, B, A,
K1, Beta-karoten ve Lutein) iceren bir sebzedir
(Turkomp, 2020a). Hos lezzeti ve ylksek vitamin,
mineral ve lif icerigi Ozellikle de diyet
karotenoidler acisindan en zengin bir sebze olan
havug, taze, kurutulmus, meyve suyu, sekerleme,
konserve seklinde tiuketilmektedir (Sharma ve
ark., 2012; Wang ve ark., 2021).

Bu calismada; havug cips elde etme olanaklar
arastirilarak ulkemizdeki havuc tretiminin farkli
bir alanda degetlendirilmesi ile kullanimint
vayginlastirarak  yeni bir Grin  gelistirilmesi
amaclanmistir.  Gelistitilen  Grinun  tiketici
tercihlerine uygun, tekstir ve lezzete sahip,
tlkemiz  ekonomisine  katki  saglayabilecek
Ozelliklerde olmast  hedeflenmistir.  Bdylece
havuctan  cips elde edilerek  farklt  bir
degerlendirme sekliyle gida sanayiinde yeni bir
cerez gidanin gelistitilmesi ve ¢esitli kizartma
parametrelerinin  denenmesiyle havu¢  cipsi
tretimi hedeflenmistir. Bu dogrultuda ilk olarak
farkhh strelerin denendigi bir kurutma islemi
uygulanmistir. On  islem ile, {rtnlerin nem
diizeylerinin olabildigince azalmasi saglanmustir.
Bu islemi takiben, farkli sicaklik ve siirelerde detin
yagda kizartma islemi gerceklestirilmistir. Elde
edilen urinde kalite kriterleri incelenmistir.

MATERYAL VE YONTEM

Materyal

Calismada, Nantes ¢esidi turuncu havug (Dawucus
carota) yas meyve sebze halinden tek seferde temin
edilerek kullanima alinincaya kadar buzdolabinda
muhafaza edilmigtir (Sekil 1a.). Kizartma yagi
olarak piyasadan alinan rafine aygicek yag1

kullandmustir. Analize alinincaya kadar tretilen
cipslerin paketlenmesinde gaz ve 15tk bariyer
ozellikli, 100 gk  kilii  ¢ok  katlt
(Polietilen/Aluminyum/Polietilen —PE/Al/PE)
doypack ambalaj kullandmistr.

Yéntem

Havug cipslerinin iiretimi ve paketlenmesi
Havuglann yiizeyindeki kirler suyla iyice ytkanip
uzaklastirldiktan ~ sonra  bicak  yardimu  ile
lzerindeki siyah noktalar, havucun alt ve Ust
tarafindaki belirli bir kistm alinarak dilimlenmeye
hazir hale getirilmistir. Dilimleme cihazt (Seles
250C, Turkiye) kullanilarak 3 farkli kalinlikta (1,
1.5 ve 2 mm) dilimlenen havuglarin, dijital kumpas
(Mitutoyo 150X, Japonya) yardimu ile kalinliklart
0.01 mm hassasiyet ile kontrol edilmistir.
Kizartma siiresinin kisaltilmasi ve daha gevrek bir
yapt kazanmasi adina havu¢ dilimleri kurutma
firininin (Binder ED53, Almanya) tepsilerine tek
sira halinde dizilerek 100 oC’de 3 farkli sirede (4,
5 ve 6 dk) 6n kurutma gerceklestirmistir. On
kurutulmus havug dilimleri derin yag banyosunda
(Arcelik Ark 40 Fz, Turkiye) 3 farkhi sicaklikta
(170, 180 ve 190°C) ve 3 farkli surede (2, 2.5 ve 3
dk) kizartildiktan sonra 1 dk yagin stiztilmesi i¢in
bekletilmistir. Daha sonra Urunler kaba filtre
kagitlant tUzerinde oda sicakhiginda sogumaya
birakilmustir (Sekil 1b). Yag banyosunun sicaklig
dijital termometre (Testo 105, Almanya) ile ve
yagin kullanmima elveriglilik durumu ise toplam
polar madde 6lgim cihazt (Ebro Fom 320,
Fransa) kullamilarak takip edilmistit.

Havug cips numuneleri ambalaj malzemelerine
dolum yapildiktan sonra azot gazi jenaratorii
(Claind NiGen LCMS 40-1, Ttalya) ile ambalaj
icerisine %099,99 safliktaki kuru azot gaz1 1 dk siire
ile uygulanarak ortamdaki oksijen ve nem
uzaklagtirilip analizlere alimincaya kadar oda
sicakliginda muhafaza edilmistir. 81 farkh
uygulama ile dretilen numunelerin kodlanmast
Sekil 1¢’de verilmistir.
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a. Taze havug
Fresh carrot

H/2/6/190/3

Lb Kizartma stiresi

b. Havug Eipsi
Carrot chips

Kizartma sicakhigi

» Kurutma stiresi

» Dilimleme kalinhg:

» Havug

c. Kodlanma aciklamast
Coding description

Sekil 1. Taze havug (a) ve havug cipsi (b) numune gorselleri ile numune kodlama (c) agtklamast
Figire 1. Image of fresh carrot (a) and carrot chips sample (b) and description of sample coding (¢)

Analizler

Duyusal analizler

Duyusal analizlerde deneyimli 7 kisilik panel
grubuna kisa bir 6n bilgilendirme yapildiktan
sonra beyaz plastik tabaklarda sunulan havug cipsi
numunelerinin gorinds, citrlik, lezzet ve genel
degerlendirme bakimindan 5 6l¢ekli hedonik skala
ile degerlendirilmesi istenmistir. Bu skalada 5 ¢ok
iyi ve 1 ¢ok kot olarak tanimlanmustir (TS EN
1SO 5492; Kramer ve Twigg, 1984).

Fizikokimyasal analizler
Numunelerde kuru madde miktart AOAC 964.22
metoduna gore gravimetrik olarak, su aktivitesi

AOAC 978.18 metoduna gore su aktivite Slgim
cihazi (Decagon Aqualab3, ABD) ile, protein
miktart AOAC 990.03 metoduna gore protein
tayin cihazi (Leco FP528, ABD) ile, yag miktari
AOAC 920.39 metoduna gére yag tayin cihazi
(Ankom XT10, ABD) ile, kil miktar1 AOAC
942.05 metoduna gore gravimetrik olarak, tuz
miktart AOAC 971.27 metodun gore titrimetrik
olarak, diyet lif miktart AOAC 991.43 metoduna
gore diyet lif cihazt (Ankom TDF, ABD) ile, renk
Olgimleri (L,a, b) spektrofotometre (Konica
Minolta CM5, Japonya) ile, toplam seker miktart
AOAC 968.28 metodu ile titrimetrik olarak ve
cipsin sertlik degeri ise tekstlir analiz cihazinda
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(Stable Micro Systems TA.XT plus, Ingiltere) 5
mm caplt P-5 kiiresel prob kullanilarak, 1 mm/s
test hizinda sonuclarin yer ¢ekimi ivmesi (9,80665
m/s?) ile ¢arpilarak hesaplanmistir.

Enstriimental analizler

Beta-Karoten analizi

5 g homojen edilmis numunelerin tizerine 50 mL
ckstraksiyon ¢ozeltisi metanol/tetrahidrofuran
(1/1) ilave edilip iyice karistinildiktan sonra filtre
kagidindan siiziliir. Daha sonra 0.45 pm gbzenek
caplt PVDF filtreden gecirilen numunelerden 20
uL HPLC cihazina (Agilent 1260 infinity, ABD)
enjekte edilir. Apolar kolonda (Purospher STAR
RP-18 endcapped LiChroCART 250 x 4.6mm x
5um), metanol/tetrahidrofuran (95/5) mobil
fazda ve 0.8 mL/dk akis hizt kosullarinda DAD
dedektérde 450 nm’de kalibrasyon egtisine karst
beta-karoten miktart hesaplanmistir (Tturkomp,
2020D).

A vitamini analizi
Gidalarda 12 pg Beta-Karotenin, 1 pg retinol
esdegeri cinsinden A vitamini hesaplanmistir

(TirKomp, 2020b).

C vitamini analizi

C vitamini analiz sonucu L-askorbik asit ile L-D
askorbik asit toplami1 tizerinden verilmistir. Buna
gore, 10 g homojen edilmis numunelerden 100
mIlik balon joje igine alinir. Uzerine yaklastk 70-
80 mlL %3’lik meta fosforik asit ¢ozeltisi ilave
edilir. Calkalayicida 10 dakika streyle karistirilir.
Olgli  ¢cizgisine %37Tik meta fosforik asit
cozeltisiyle tamamlanir. Adi filtre kagidindan
gecirildikten sonra 0.45 um filtreden stiztlerek 20
uL olarak HPLC’ye enjekte edilir. Buradan L-
askorbik asit hesaplanir. L-D askorbik asit icin ise
adi filtre kigidindan siiziilditkten sonra tizetlerine
1 mg DL-ditiotreitol ilave edilerek 90-120 dk
+4°C’ de karanlik ortamda bekletilir. 0.45 pm
PVDF filtreden stiziilerek 20 pl. olarak HPLC’ye
enjekte edilit. HPLC cihazinda (Agilent 1260
infinity, ABD) apolar kolonda (Hichrom C18, 250
x 4.6 mm x 5um), saf suda hazirlanmis %0,15lik
potasyum  dihidrojen fosfat (pH 2.4%¢ orto
fosforik asitle ayarlanmis) mobil fazda ve 0.5
ml./dk akis hizt kogullarinda DAD dedektorde

254 nm’de kalibrasyon egrisine kars1 L-askorbik
asit ve L-D askorbik asit hesaplanmigtir
(Tarkomp, 2020c).

Seker bilegenleri analizi (Glikoz, fruktoz,
sakkaroz)

40 g ornek tartulir ve blendera konur. Son
konsantrasyon % 80 olacak sekilde konsantre
etanol ilave edilir. 2-3 dk yuksek devirde
karistirildiktan sonra balon icine alinarak, bir
kondansoérle 2 saat stireyle refluks edilir. Ekstrakt
once kaba filtre kagidindan, sonra whatman
No:54’ten suzilir. Cokeld ve balon % 80’lik
etanol ile iyice yikanir (200 mL). Ekstrakt ve
yitkamalarin hacmi 25 ml’den az olana kadar
doéner buhatlastirictlda ugurulur. Etanol kokusu
gidinceye kadar numune konsantre edilir. Su ile 25
ml’ye tamamlanir ve Whatman No:42’den
stzilir. Renkli ¢ozelti Sep-pak C18 kolondan
gecirilir ve HPLC (Shimadzu Corp., Japonya)
cihazina 10 pl. enjekte edilir. Amin kolonda
(Shodex Asahi-pak NH2P-50 4E, 250 x 4.6 mm x
5 um), asetonitril/su (80/20) mobil fazinda ve 2
ml./dk akis hizt kogullarinda refraktif indeks (RI)
dedektérde kalibrasyon egrisine karst glukoz,

fruktoz ve sakkaroz hesaplanmustir (TtUrkomp,
2020d).

Istatiksel degerlendirme

Uretim uygulamalarinin cips tizerine etkileri
belirlemek tizere Cizelge 1°de belirtilen analizlerin
sonuglart R Studio istatistik programi ile varyans
analizine (ANOVA) tabi tutulmus ve elde edilen
veriler  bagimsiz  degiskenlerin  6nemliligini
belirlemek icin Tukey coklu karsilastirma testine
gore %95 gliven arahiginda degerlendirilmistir.

SONUC ve TARTISMA

Taze havuca ait bulgular

Cizelge 2’de ¢alismada kullanilan taze havuca ait
analiz  bulgularinin  Tirkomp Ulusal  Gida
Kompozisyonu Veritabanindaki referans veriler
(Turkomp, 2020a2) ile karsilastirilmas: yer
almaktadir. Referans veriler ile buylik oranda
uyumlu olan bu bulgulardaki kigiik farklhiliklarin
ise yetistirme kosullari, havug ¢esidi ve depolama
kosullanindan kaynaklanabilecegi
distntlmektedir.
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Cizelge 1. Taze havug ve cips numunelerinde yapilan analizler ve veri sayist
Table 1. Analysis and number of data on fresh carrot and chips samples

Analizler / Analysis Metot / Method Parale}l{; ';;Zerur /
. EN ISO 5492

Duyusal / Sensory Kramer ve Twigg (1984) 7xl

Kuru madde / Dry matter AOAC 964.22

Su aktivitesi / Water activity AOAC 978.18

Protein / Protein AOAC 990.03

Yag / Lipid AOAC 920.39 "

Kil / Ash AOAC 942.05

Tuz / Salt AOAC 971.27

Diyet lif / Fiber AOAC 99143

Toplam seker / Total sugar AOAC 968.28

Renk / Color Spektrofotometre / Spectrophotometer 1x36

Sertlik / Hardness Tekstur cihazt / Texture analyzer 15x1

A vitamini / Vitamin A .

B-Karoten / f-Carotene Tirkomp (2020b)

C vitamini / Vitamin C Tirkomp (2020c) 2% 3

Sakkaroz / Sucrose
Glukoz / Glucose
Fruktoz / Fructose

Turkomp (2020d)

Cizelge 2. Taze havuca ait analiz sonuglari ve referans veriler ile karsilastirilmast
Table 2. Results of fresh carrot analysis and comparison with reference data

Taze havug (100 g) / Fresh carrot

Bilesenler Referans veriler (TturKom
N ﬂfiz'mfs n Nl;;r;;r}e* Reference gfﬂ P
Pe Min. Maks.
Su () / Water 6 89.8%0.10 88.28 90.20
Kal (g) / Ash 6 0.73%0.02 0.60 0.87
Protein (g) / Protein 6 0.69£0.04 0.70 1.09
Yag, toplam (g) / Lipid 6 0.20%0.03 0.11 0.31
Toplam seker (g) / Total sugar 6 7.00+0.48 5.93 7.27
Lif, toplam diyet (g) / Fiber 6 3.30+0.14 2.19 3.04
Sakkaroz (g) / Sucrose 6 3.381+0.27 1.92 6.20
Glukoz (g) / Glucose 6 0.95%0.08 0.24 1.36
Fruktoz (g) / Fructose 6 2.00+0.17 0.25 1.27
Tuz (g) / Salt 6 0.13%0.00 0.08 0.19
C vitamini (mg) / Vitamin C 6 1.99£0.05 3.1 8.0
A vitamini RE) / VVitamin A 6 365%21 386 829
B-Karoten (ug) / p-Carotene 6 4374£248 4627 9947

Renk — L / Color - L
Renk —a / Color—a
Renk —b / Color - b

18 50.1+3.4
18 19.3+2.7
18 31.84£3.7

* Degetler ortalama F standart sapma olarak verilmistir. / 1V alues are given as mean + SD.
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Havug cipsi bulgulari

Havug¢ cipsi Uretiminde 4 farkli parametrede
(dilim kalinligi, kurutma stresi, kizartma sicakligs
ve kizartma siiresi) 3’er farkli uygulama ile
toplamda 81 farkll Griin Gretilmistir. Bu Grtinler
oncelikli olarak 7 kisiden olusan panelist grup
tarafindan 4 farkl 6zellik (goriinis, citirlik, lezzet
ve genel degerlendirme) yoniinden duyusal olarak
degerlendirilmistir. Birinci degerlendirme
sonucunda en yitksek toplam ortalama puani alan
ilk 10 numune secilerek geri kalan numuneler
elenmistir. Ik on numunenin, toplam 20 puan
tzerinden aldiklat  puanlar  ve  istatiksel
degerlendirmeleri  Cizelge 3’de  verilmistir.
Sonuclara gére genel olarak en iyi veriler 1.5 mm
dilim kalinligina sahip ve 170 ile 180°C kizartma
sicakliklarinda elde edilmistir, En ylksek puanlart
standart sapma degerleri de g6z 6niine alindiginda
H/1.5/6/170/2 (18.6£0.7) ile H/1.5/4/180/2
(17.0£2.8) kodlu numuneler almustir.

Uretim  uygulama  paremetrelerinden  dilim
kalinhiginin (1, 1.5 ve 2 mm) gorinds, atrlk,
lezzet, genel degerlendirme kriterleri ile toplam
puan Uzerine etkisi Onemli bulunmustur (P
<0.05). 100°C°deki 3 farklh kurutma stiresinin (4,
5, 6 dk) gbriunis, ctrhk, genel degerlendirme
kriterleri ile toplam puan Uzerine etkisi 6nemli
bulunutken (P <0.05), lezzet tUzerine etkisi
o6nemsiz bulunmustur (P >0.05). Kizartma
stcakliklarinun (170, 180, 190°C) gorints, lezzet,
genel degerlendirme kriterleri ile toplam puan
lzerine etkisi 6nemli bulunurken (P <0.05),
citirlik Gzerine etkisi 6nemsiz bulunmustur (P
>(.05). Kizartma stiresinin (2, 2.5, 3 dk) goriinds,
atirlik, genel degerlendirme kriterleri ile toplam
puan tzerine etkisi 6nemli bulunurken (P <0.05),

lezzet Uzerine etkisi 6nemsiz bulunmustur (P
>0.05).

Cizelge 3. Duyusal 6zellikleri yéntinden ilk on havug cipsine ait sonuglar
Table 3. Sensory property results of the top ten carrot chips

No Numune kodu Goriinis Citarlik Lezzet Genel degerlendirme  Toplam puan
Sample code Appearance  Crunch Flavor General evalnation Total score
1 H/15/6/170/2  4.4£0.0< 5.0£0.04  4.6£0.0>  4.6%0.0¢ 18.6£0.7¢
2 H/1.5/4/180/2  5.0+0.04 4.1%1.4bd 392142 4,0%0.0cde 17.0£2.84de
3 H/1.5/6/170/2.5 4.4+0.7« 4.120.0bd  3.7%1.42b  4.1£0.7de 16.31£1.4cde
4 H/1.5/5/170/2.5 3.910.0bc 4.110.0bd  3.9%1.4ab 3,740, 7bcde 16.1£2.1bed
5 H/1.5/5/170/2  5.0+0.04 3.920.0abed 3.420.7ab 2,720, 7abe 15.0£1.4abed
6 H/1.5/5/170/3  3.1+0.7% 3.0x1.4abc 3.4%0.7ab  3.920.0bcde 14.0£1.4abe
7 H/1.5/5/180/2  3.3+0.0% 4.310.0¢  3.0£1.4eb  2.9%0.7abed 13.4£0.720
8 H/1.5/6/180/2  2.9%0.0 4.310.0¢ 3114 2.610.0eb 12.9+£1.4ab
9 H/2/5/190/2 4.0£0.0be 3.0£0.0e>  2.920.00  2.7£0.7abe 12.6£0.7»
10 H/1/5/170/2 4.6%0.7« 2.9%0.00  3.0£0.7¢b  1.9%0.7 12.3%2.1»

* Degetler ortalama * standart sapma (n=7) olarak verilmistir. Farkli harfler aym siitunda verilen ortalamalar
arasinda istatistiksel anlamda fark oldugunu ifade etmektedir (P <0.05).
Values are given as mean * SD (n=7). Different lower case letters in the same column indicate significant difference (P <0.05).

Birinci degerlendirme sonucunda en yitksek puant
alan ilk on numuneye, cipsler icin oncelikli ve
onemli olan analizler (tekstiir, renk, su aktivitesi,
kuru madde, yag) yapilmustir. Buna gére teksttrel
ozellikleri yontinden havug cipslerinin kirilmaya
karst  gosterdigi  diren¢  sonuglarina  gore
H/1.5/4/180/2 kodlu cips numunesi en yuksek,
H/1/5/170/2 kodlu cips numunesi ise en disiik
puant almistir (Cizelge 4). Havug dilim kahnligs,

kurutma siiresi, kizartma sicakhigi ve kizartma
stiresinin tekstiirel 6zellik (sertlik degeri) Gzerine
etkisi 6nemli bulunmustur (P <0.05).

Fan vd. (2005) tarafindan yapilan bir ¢alismada,
derin yagda kizartidan havug cipsinde basing ve
sicaklik degetrleri artistnda uygulanan kuvvet
degerlerinin azaldigs bildirilmistir. Yine Kita vd.
(2007) tarafindan yapilan baska bir ¢alismada ise,
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sekiz farkll yag cesidinde ve 3 farkl sicaklikta (150,
170 ve 190°C) kizartilan patates cipslerinin yag
miktarlar ve tekstiitlerinin kizartma sicakligindan
ve yag cesidinden etkilendigi, ayrica kizartma
sicakhigr artikca cipslerin yag emilimlerinin ve
sertliklerinin azaldig belirtilmistir. Moreira vd.
(1995) tarafindan tortilla cipslerinde kizartma
siresinin  tekstiirel  Ozelliklerine  etkisinin
arastirildigi calismada, sabit sicaklikta kirlganligin
belli siireye kadar arttgini daha uzun kizartma
stresinde ise azaldigi bildirilmistir. Pedreschi ve
Moyano (2005)’e gore, 120°C’de kizartilan
numunelerin  yag miktart ve kirlmaya karst
gosterdigi  direng, 180°C’ye gére daha fazla
oldugunu ve kizartma sicakligt arttik¢a uygulanan
kuvvetin azaldigr belirtilmistir.

Cizelge 4. Duyusal 6zellikleri yontinden ilk on
havug cips numunelerine ait sertlik degetleri.
Table 4. Hardness results of the top ten carrot chips in
terms of sensory properties

Numune Kodu Sertlik (g)
Sample code Hardness
H/1/5/170/2 129.9%16.82
H/1.5/5/180/2 168.313.04
H/1.5/6/180/2 200.3£40.7bc
H/1.5/6/170/2 210.1£46.4bd
H/1.5/6/170/2.5 210.4£24.0bd

H/2.0/5/190/2
H/1.5/5/170/2.5

220.9£18.6bede
236.5£6.0cde

H/1.5/5/170/2 268.7£0.6de
H/1.5/5/170/3 274.6£39.0¢
H/1.5/4/180/2 278.1£11.3¢

Degetler ortalama * standart sapma (n=15) olarak
verilmistir. Farklt harfler aynt situnda verilen
ortalamalar arasinda istatistiksel ~anlamda fark
oldugunu ifade etmektedir (P <0.05).

Valnes are given as mean * SD (n=15). Different lower case
letters in the same column indicate significant difference (P

<0.05).

Taze havucta renk degerleri; [.=50.08%3.4,
a=19.25%2.7 ve h=31.81£3.7 olarak Sl¢ilmustir
(Cizelge 2). Cips tretimi ile birlikte renk
degerlerinde meydana gelen degisim Cizelge 5’te
verilmistir. Buna gbre parlaklik (L) degeri
yoniinden 453%2.1 ile en yiksek deger
H/1.5/4/180/2 kodlu numunede olctlirken, en
dusiik deger 31.5+5.5 ile H/1.5/5/170/3 kodlu

numunede tespit edilmistir. Havuglanin dilim
kalinligs, kurutma siiresi, kizartma sicakligi ve
kizartma stresinin L. renk kriter degeri Uzerine
etkisi 6nemli bulunmustur (P <0,05). Cips
numunelerinin  kirmizilik(+) /yesillik(-) degetleri
(@) tzerinden incelendiginde, en yiiksek # degeri
20.3%1.5 ile H/1.5/6/170/2 kodlu numunede
tespit edilirken, en diistik # degeri 14.2+1)5 ile
H/1.5/5/170/3 kodlu numunesinde tespit
edilmistir Havuclarnin dilim  kalinhig1, kurutma
stresi, kizartma sicakligi ve kizartma stiresinin «
renk kriter degeri tlzerine etkisi 6nemli
bulunmustur (P <0,05). Cips numunelerinin
sartlik(+)/mavilik(-)  degetleri (b)) Uzerinden
incelendiginde, en yiksek & degeri 42.5+4.8 ile
H/1.5/4/180/2 kodlu numunede tespit edilitken,
en dusuk & degeri 26.4%4.1 ile H/1.5/5/170/3
kodlu numunesinde tespit edilmistir. Bu durum «
verileri ile Ortismektedir. Havuclarin  dilim
kalinhig1, kurutma stresi, kizartma sicakligi ve
kizartma stresinin & renk kriter degeri Uzerine
etkisi 6nemli bulunmustur (P <0,05).

Cipsin rengi tiiketici begenisi i¢in ¢ok dnemli bir
kalite kriteri olup, enzimatik olmayan esmetlesme
reaksiyonlarina, 1st transfer katsayisina, gidanin
bilesimi (seker ve azot icerigi gibi), pH degeri,
sicaklik, stire, kizartmalik yagin tirt gibi etkenlere
bagli olarak da degisebilmektedir (Pedreschi vd.,
2007a; 2007b; Santis vd., 2007). Yapilan bir¢ok
calismada da kizartma sicakliginin artmastyla
parlakligin (L) azaldigi belirtilmistir (Fan vd.,
2005; Pedreschi vd., 2007a; Pedreschi ve Moyano,
2005; Dueik vd., 2010). Calismamizda ise dilim
kalinligs, kurutma stresi ve kizartma sicakligy gibi
ilave parametrelerde gbz Ontne alindiginda
sicaklik ve stirenin renk tzerine etkisinin 6nemli
olmast ile literatur verileti 6rtlismektedir.

Cizelge 6’da gortldagi gibi cips numunelerinin su
aktivite (aw) degerleri 0.349-0.387 arasinda tespit
edilmistir. Oldukea yakin aralikta dagilim gésteren
su aktiviteleri yoniinden en yiksek degeri
0.387+0.003 aw ile H/1.5/6/180/2 kodlu
numunede saptanirken, en disik degeri ise
0.349+0.001 aw ile H/1.5/5/180/2 kodlu
numunede saptanmustir. Cips numunelerindeki
aw degeri ile havug dilim kalinhg1, 6n islem siires,
kizartma sicakligt  ve siiresi etkisi 6nemli
bulunmustur (P <0.05).
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Cizelge 5. Duyusal 6zellikleri yontinden ilk on havug cips numunelerine ait renk analiz degetleri (L, 4, b).
Table 5. Color analysis (L, a, b) results of the top ten carrot chips in terms of sensory properties

Numune Kodu Parlaklik (1) Kirmuzilik(+) / Yesillik(-) (a) Sarilik(+) / Mavilik(-) (&)
Sample code Lightness Red(+) | Green(-) Yellow(+) / Blue(-)
H/1.5/5/170/3  31.8%5.52 14.211.52 26.41+4.12
H/1/5/170/2 36.713.7> 16.1£0.14b 31.210.6
H/1.5/5/170/2.5 37.213.0b 16.5£2.6b 32.3£5.9bc
H/1.5/5/180/2  38.514.4b 16.1£2.34b 35.512.8bede
H/1.5/6/180/2  38.8+12.2b 17.1£3.9b 36.7111.8¢de
H/1.5/5/170/2  40.0£9.7bc 18.0£5.5b 38.4£8.2def
H/1.5/6/170/2.5 40.1£6.5b¢ 16.1£0.22b 36.0£8.7bede
H/2/5/190/2 40.316.0bc 16.913.9b 34.9£7.6bud
H/1.5/6/170/2  44.211.4d 20.31+1.5¢ 39.947.3¢f
H/1.5/4/180/2  45.3%2.1d 18.311.7bc 42.5+4.8f

* Degetler ortalama * standart sapma (n=36) olarak verilmistir. Farkli harfler aynt siitunda verilen ortalamalar
arasinda istatistiksel anlamda fark oldugunu ifade etmektedir (P <0.05).
Values are given as mean * SD (n=36). Different lower case letters in the same columm indicate significant difference (P <0.05).

Cips numunelerine ait kurumadde miktatlar
%97.09-98.45 arasinda bulunmustur (Cizelge 0).
En yiksek kurumadde 9%98.4520.03 ile
H/1.5/5/170/3 kodlu numunede, en disiik
kurumadde ise %97.0940.02 ile H/1.5/5/170/2
kodlu cips numunesinde saptanmistir. Havug
dilim kalinlig1, kurutma stiresi, kizartma sicakligi
ve kizartma siresinin cips numunelerinin
kurumadde miktan tzerine etkisi istatistiki olarak
6nemli bulunmustur (P <0.05).

Havug %90a yakin oranda su icerdiginden dolay1
kurutma  yapilmadan  kaliteli cips  elde
edilememektedir. Bu amacla irindeki suyun bir
kismint uzaklastirmak icin havuclara kurutma
islemi wuygulanarak, cips uretimi ic¢in havug
dilimleri ideal bir duruma getirilmistir. Uretilen
cips numunelerde ise ortalama kuru madde orani
%98 civarinda olup, TSE’nin misir ve patates cipsi
ile ilgili standartlarinda (TS 3628, TS 11998) yer
alan limitlerine gére (kurumadde musir cipslerinde
en az %97, patates cipslerinde en az %96.5 olmali)
kiyaslandiginda uygun oldugu gérillmiistir. Kuru
maddesi yiiksek olan cipslerin daha az yag emecegi
ve tekstirel Ozelliklerinin  daha iyi olacag:
bildirilmistir (Kita vd., 2007). Yapilan baska bir
calismada da, derin yagda kizartilan havug
cipsinde belli bir sicakliga kadar nem iceriginin
azaldig bildirilmistir (Fan vd., 2005).

Cizelge 6’da gorildigi gibi cips numunelerinin
kurumadde tzerinden yag miktarlart %31.66 -

4447 arasinda bulunmustur. En yiksek yag
miktarlan  H/1.5/5/180/2 kodlu numunede
saptanirken en dusuk yag miktart H/1.5/6/180/2
kodlu numunede saptanmigtir. Cips
numunelerinde yag miktar1 Uzerine havuglarin
dilim kalinlig1, kurutma stresi, kizartma sicakligt
ve kizartma stresi etkisi 6nemli bulunmustur (P
<0.05).

Cipsler ile ilgili yapilan calismalarda kizartma
sicakhigt  artttkca  yag  emiliminin  azaldigt
bilditilmistir (Pedreschi ve Moyano, 2005; Fan
vd., 2005). Kizartma isleminin ik 10 sn’de
maksimum yag emme ve su buhatlagsmast
gerceklesirken, kizartma isleminin 30-40 sn’leri
arasinda yapida buylk gbzenekler olusur. Yitksek
sicakhigin  etkisi ile gdanin ylzeyinde su
buhatlasirken, uzaklagsan suyun yerine biyik
gozeneklerden yag emilir (Pedreschi vd., 2007b;
Rajkumar vd., 2003).

Yag icerigi ve 6zelligi tiketici yoninden Snemli
bir duyusal 6l¢ti olarak degerlendirilmekte olup
%25-40 arasinda degismektedir. Tiketiciler fazla
yag icerigine sahip olan cipsleri, yiksek kalori
icermesi  nedeniyle  tercih  etmemektedir.
Tuketicilerin genel anlamda kuru madde miktart
fazla, seker ve yag oranlari az olan triinleri tercih
ettigi bildirilmistir (Cankurtaran, 2008). Salvador
vd. (2009)’e gbre patates cipsinin nem ve yag
miktart ile doku sertligi ve gevrekligi arasinda bir
baglantt bulunmaktadir.
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Cizelge 6. Duyusal 6zellikleri yontinden ilk on havug cips numunelerine ait temel analiz (yag, su

aktivitesi ve kuru madde) sonuglart.

Table 6. Basic chips analysis results (lipid, water activity and dry matter) of the top ten carrot chips in terms of sensory

properties.
Numune Kodu Yag (%) (KM de) Su aktivitesi (ay) Kuru madde (%)
Sample code Lipid (DM) Water activity Dry matter
H/1.5/6/180/2 31.66£0.40 = 0.349 £0.001= 97.56%0.21bc
H/1/5/170/2 31.79£1.20 = 0.373£0.006> 98.43%0.05f
H/1.5/5/170/2 32.244+0.854 0.37610.004b< 97.09£0.022
H/1.5/6/170/2.5 34.08+1.13 ab 0.379£0.005b¢ 97.8020.08¢de
H/1.5/4/180/2 35.58%1.09 be 0.37520.003b¢ 97.381£0.04>
H/1.5/5/170/3 37.84+1.18 « 0.350£0.0062 98.45%0.03f
H/2/5/190/2 38.62%0.85 4 0.357£0.0082 97.69£0.06¢4
H/1.5/6/170/2 39.9511.01 de 0.37620.006b< 97.7920.12¢cde
H/1.5/5/170/2.5 41.57£2.00 ¢ 0.3772£0.009b¢ 98.03%0.05¢
H/1.5/5/180/2 44.47+1.04 1 0.387£0.003¢ 97.90£0.174de

* Degetler ortalama * standart sapma (n=0) olarak verilmistir. Farklt harfler aynt stitunda verilen ortalamalar
arasinda istatistiksel anlamda fark oldugunu ifade etmektedir (P <0.05).
Valnes are given as mean * SD (n=6). Different lower case letters in the same column indicate significant difference (P <0.035).

Havug cipsi ile ilgili bir standart bulunmadigindan,
calisma bulgularindaki yag icerikleri TSE’nin mistr
ve patates cipsleri ile ilgili standartlarinda (TS
3628, TS 11998) yer alan yag icerigi degeri (en
fazla %40 olmali) ile kiyaslanabilmistir. Buna gére
duyusal degerlendirmede en yiitksek puant alan on
cips numunesi igerisinde sadece iki numune
(H/1.5/5/170/2.5 ve H/1.5/5/180/2) standart
limitin distna ¢tkmustir. Duyusal degerlendirmede
en yiksek puant alan ilk iki numuneden ise
H/1.5/4/180/2 kodlu numunenin %35.58 yag
orant ile daha disiik yag icerigine sahip oldugu
gorilmiigtiir.

81 cesit cips numunesinde duyusal analiz ile
yapilan eleme sonucunda, en yiksek puana sahip
ilk on numunede 5 temel cips analizi (tekstir,
renk, yag, su aktivitesi ve kurumadde) yéniinden
incelenmigtir. Sonugta tekstilr, renk, yag ve su
aktivitesi analizleri yoniinden en iyi degetlere
sahip olan, cips standartlarina gére uyumluluk
gbsteren ve duyusal analizde de en yiiksek ikinci
puana sahip H/1.5/4/180/2 kodlu numune 6n
plana gikarak en uygun numune olarak secilmistir
(Sekil 2).

Sekil 2. En uygun degerlere sahip havug cipsi
numune gorseli (H/1.5/4/180/2).
Figure 2. Image of carrot chips sample with optimal
values (H/1.5/4/180/2).

En uygun temel kalite Ozelliklerine sahip olan
H/1.5/4/180/2 kodlu cips numunesinin detayli
bilesimini  belirlemek i¢in yapilan analizler
(Vitamin A ve C, Beta-Karoten, Toplam seker,
Diyet Lif, Protein, Kil, Tuz) sonucunda elde
edilen bulgular Cizelge 7’de verilmistir.
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Cizelge 7. Duyusal ve temel cips analizleri yoniinden en uygun degetlere sahip havug cipsi numunesine
(H/1.5/4/180/2) ait kapsamli analiz sonuglari.
Table 7. Comprebensive analysis results of the best carrot chips (H/1.5/4/180/2) in terms of sensory and basic
analysis resulls.

Analizler 1 Sonuc* Analizler I Sonuc*
Analysis Results Analysis Results
Kuru madde (%) 5 97 384004 B-Karoten (mg/kg) 6 7 540.6
Dry matter R [-Carotene R
Protein (%) 5 3.3840.15 Vitamin A (mg/kg) 6 0.6240.05
Protein B Vitamin A R
Toplam yag (%) " Vitamin C (mg/kg) "
Lipid 6 35.6%1.1 Vitamin C 6 TE
Toplam Seker (%) " Renk L "
Total sugar 6 33.96%0.19 Color - L. 36 453+ 2.1
Diyet lif (%) " Renk "
Fiber 6 10.91£0.4 Color - 36 18.4£1.7
Kal (%) " Renk 4 "
sh 6 3.4710.05 Color - b 36 425148
Tuz (Yo) + Sertlik (g) +
Salt 6 0.0910.08 lardness 15 278.1+11.4
Su aktivitesi (aw) 5 0.3840.00

Water activity T

*TE: Tespit Edilmedi / No# detected

* Degetler ortalama =+ standart sapma olarak vetilmistit. / 1V alues are given as mean + SD.

Sonug olarak; Yaratli bircok bileseni iceren ve
tlkemizde cok miktarda tretilen bir sebze olan
potansiyel kullanim  seceneklerinin
artirllmasint  saglayan  ve ginimiz tiketim
aliskanliklarini g6z 6ntne alan yeni bir cerez
gidanin  gelistitilmesi  amaciyla bu  ¢alisma
yapilmustir. Dort  farkll  parametrede  (dilim
kalinhig1, kurutma siresi, kizartma sicakligi ve
kizartma siiresi) iger farkli uygulama ile toplamda
81 farkhh havug cipsi numunesinde, duyusal ve
temel cips analizleri ile iki asamali eleme
sonucunda H/1.5/4/180/2 kodlu cips numunesi
en uygun secenck olarak (standartlara gore)
belirlenmistir. Bu numuneninde detaylt bilesim
analizleri yapilarak etiket bilgileri icin gerekli
bilgiler toplanmustir.

havucun

Bundan sonra yapilacak calismalarda farkli 6n
islemler (haslama, kaplama, ultrasonik), kurutma
(infrared, mikrodalga) ve kizartma (vakum)
yontemleri kullandmasi ile sebzelerin  duyusal
Ozelliklet ve besin bilesimi tzerine etkileri
iyilestirilebilir.
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Bu calismay1
TAGEM/GYKMAE/A/17/A3/P06/02  proje
numarast ile maddi olarak destekleyen Tarimsal
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tesekkir ederiz.
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ABSTRACT

This study aimed to determine the causes of bitterness problems in white cheese produced by ultrafiltration
(UF). To investigate the association between the bitterness with the enzyme use or by the starter culture,
white cheese was produced using UF-pasteurized and UF-raw milk with two different coagulating enzymes
and two starter cultures with different proteolytic activities. Sensory analysis, protein, water-soluble nitrogen,
12% trichloroacetic acid-soluble nitrogen, 5% phosphotungstic acid-soluble nitrogen and acid degree values
were determined on day 1, 30, 60 and 90 of the ripening periods. During the ripening process, bitterness
was determined in the cheese samples due to proteolysis. The A cheese sample, which was produced using
chymosin enzyme and a starter culture with high proteolytic activity, was determined to be the sample with
the highest bitterness level in the sensory analyses, SDS-PAGE electrophoresis and HPLC analysis. 72.26%
as-casein hydrolysis was determined in the A cheese sample. According to HPLC results, a high hydrophobic
peptide formation was determined with the increase in the area of hydrophobic peptides with a rate of 106%
between 40 and 60 minutes.

Keywords: Cheese, proteolysis, ultrafiltration, bitterness

UF BEYAZ PEYNIRDE RAF OMRU BOYUNCA ACILASMAYA NEDEN OLAN
FAKTORLERIN BELIRLENMESI

oz

Bu ¢alismada, ultrafiltrasyon (UF) islemi ile islenen siit kullanilarak dretilen beyaz peynirdeki acilik
sorunlarinin nedenlerini belirlemek amaglanmustir. Acilik ile enzim kullanimi veya baslangic kiltard
arasindaki iliskiyi arastirmak icin, iki farkli pthtilasma enzimi ve farklt proteolitik aktivitelere sahip iki
baslangic kiltirayle UF-pastdrize ve UF-¢ig sit kullamlarak beyaz peynir tretilmistir. Olgunlasma
periyodunun 1., 30, 60, ve 90. ginlerinde protein, suda ¢dziinen azot, %12 triklorasetik asitte ¢Sziinen
azot, % 5 fosfotungustik asitte ¢ézlinen azot, asit degeri ve duyusal 6zellikler belirlenmistir.
Olgunlasma strecinde peynir 6rneklerinde proteoliz nedeniyle aciik meydana gelmistir. Kimozin
enzimi ve proteolitik aktivitesi ylksek bir starter kiiltir kullanilarak Gretilen A peynir numunesinin
duyusal analizler, SDS-PAGE elektroforezi ve HPLC analizlerinde en yiksek acilik seviyesine sahip
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UF White cheese

numune oldugu belirlenmistir. A peynir érneginde alfa kazein %72.26 oraninda hidrolize olmustur.
HPLC sonuglarina gére hidrofobik peptit alaninda (40-60 dak arasinda) % 106 oraninda artis

belitlenmistit.

Anahtar kelimeler: peynir, proteoliz, ultrafiltrasyon, acllasma

INTRODUCTION

White cheese is the most popular cheese in
Turkey in terms of both production and
consumption  (Uglinci, 2008). With the
developing technology, modern methods such as
membrane technology, in addition to classical
methods, have been used in cheese production
(Soltani, 2013). In dairy industry, traditional White
cheese production lines have been replaced by a
more modern ultrafiltration (UF) system.
Proteolysis, one of the main biochemical
reactions during ripening of cheese, plays a vital
role in flavor development of most cheese types
(Sousa et al., 2001). During cheese production,
the primary proteolysis of casein is mostly carried
out by rennet added to milk, while secondary
proteolysis is cartied out by hydrolysis of casein
derivatives to small peptides and amino acids by
starter cultures (Hayaloglu and Ozer, 2011). In
proteolysis, casein is first broken down to
peptides  with large molecular weights by
coagulating enzymes, then into small-molecular-
weight peptides by the enzymes produced by
starter cultures and then into free amino acids by
peptidases (Ugiincii, 2008). It has been stated that
lactic acid bacteria are responsible for the
hydrolysis of casein-derived peptides (Hayaloglu
et al., 2004). Cell membrane-bound proteinases of
Lactococcus spp. are involved in the process by the
hydrolysis of large peptides produced from asi-
casein or from B-casein by plasmin. Intracellular
peptidases  released from degraded cells are
responsible for the breakdown of small peptides
and the formation of free amino acids (Cinbas,
2004). Bitterness taste in cheese associated with
enzymes from starter microorganisms as well as
from naturaly present microorganisms could be
caused by peptides formed as a result of the
hydrolysis of as; and $-casein. Accordingly, the
proteolytic enzyme concentration and proteolytic
properties of the starter culture must be known.
Therefore, the selecton of product-specific
starter culture, production method, and ripening
conditions are of great importance (Kili¢ and
Eren-Vapur, 2003).

The bitter taste is a characteristic found in many
foods and produced by different inorganic and
organic substances. The taste of inorganic salts
can be bitter as well as some amino acids (Ugiincii,
2008). Bitter peptides containing hydrophobic
amino acids released by rennet and starter cultures
in the clot are the main factors of bitter taste seen
in many types of cheeses (especially cheeses
produced using mesophilic cultures) and these
peptides are formed by the effect of proteolytic
enzymes on casein. Accordingly, the factors that
cause bitterness include raw milk quality,
psychrotrophic bactetia in the environment, milk
composition, cooking temperature of curd, salt
concentration, the amount of released whey, pH
of the cheese, hygienic conditions, type of starter
culture and the amount of rennet enzyme used.
Among these factors, the types and amounts of
rennet and starter culture are the most important
factors for bitterness in cheese (Yildirim et al.,
2011).

Soltani et al. (2016) investigated the effect of
camel chymosin and microbial enzyme
(Rhbizomucor miehei) on the microstructure and
rtheological properties of Iran UF White cheese
during the 90-day ripening period. The
reserachers found that the degradation of wasi-
casein was affected by the coagulants used
however -casein degradation was not affected by
these factors.

This study aimed to determine the levels of
proteolysis, electrophoretic (SDS-PAGE)
properties and peptide distribution in white
cheese. The effects of starter culture, different
milk coagulants and ripening time on these
properties were also investigated. The causes of
the sensory defect bitterness were thus
investigated in the study.

MATERIAL AND METHODS
Cheeses were produced from raw cow’s milk in
the ultrafiltrated White cheese line in Isparta
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Cebeci Milk and Dairy Products factory in
Turkey. The differences in UF White cheese
production ate given in Table 1. Raw cow's milk
was transferred to the UF unit following the
necessary chemical analysis. The obtained
retentate was pasteutized at 80-82 °C for 15
seconds, homogenized and cooled, and then
cooled to the 30-32 °C fermentation temperature
and transferred to the filling unit. The coagulating
enzyme (400 mL/1000kg retentateChymax Plus
and 100 mL/1000kg retentateMaryzm 55) and the
starter culture (50 DCU/1000kg retentates) were
added to the retentate in the mixing tank. In the
filling unit, the milk in the mixing tank was filled
into the packages. Following the curd formation,
a dry salting procedure was carried out. Cheese
manufacturing was performed in duplicate and all
the analyses were carried out with two parallels.

Cheese working model is given below.
A cheese sample: White (Beyaz) cheese produced
from ultrafilter pasteurized milk using starter

culture with high proteolytic
chymosin enzyme

B cheese sample: White (Beyaz) cheese produced
from ultrafilter pasteurized milk using starter
culture with high proteolytic activity and
microbial enzyme

C cheese sample: White (Beyaz) cheese produced
from ultrafilter pasteurized milk using starter
culture with low proteolytic activity and chymosin
enzyme

D cheese sample: White (Beyaz) cheese produced
from ultrafilter pasteurized milk using starter
culture with low proteolytic activity and microbial
enzyme

E cheese sample: White (Beyaz) cheese
production from raw milk by ultrafiltration with
chymosin enzyme

F  cheese sample: White (Beyaz) cheese
production from ultrafilter raw milk by microbial
enzyme.

activity and

Table 1. The experimental design in UF White cheese production

A B C D E F

Pasteurized milk Raw milk
Starter culture 1 1 1I 1I - -
Milk coagulants a b a b a b

A cheese sample: Pasteurized milk using starter culture with high proteolytic activity and chymosin enzyme,
B cheese sample: Pasteurized milk using starter culture with high proteolytic activity and microbial enzyme,
C cheese sample: Pasteurized milk using starter culture with low proteolytic activity and chymosin enzyme,
D cheese sample: Pasteurized milk using starter culture with low proteolytic activity and microbial enzyme,

E cheese sample: Raw milk by chymosin enzyme,
F cheese sample: Raw milk by microbial enzyme.
I: starter culture with high proteolytic activity,

II: starter culture with low proteolytic activity
1100% Bovine chymosin,

b: Microbial coagulant (from Muchor miehei)

Protein analysis

Cheese protein content was determined by the
macro-Kjeldahl method (AOAC., 1990), water-
soluble nitrogen (WSN) according to Kuchroo
and Fox (1982), the 12% trichloroacetic acid-
soluble nitrogen (TCA-SN) fractions according to
Polychroniadou et al. (1999), the 5%
phosphotungstic acid-soluble nitrogen (PTA-SN)
fractions were determined according to the Jarrett
et al. (1982) by micro-Kjeldahl method (IDF,
1993) The acid degree values (ADV) were

measured according to the procedure by Renner
(1980) .

SDS polyacrylamide
analysis

To determine the protein profile of UF White
cheese samples, 30% acrylamide solution, 10%
Sodium Dodecyl Sulfate (SDS), 10% ammonium
persulfate (APS), 1.5 M Tris-HCI (pH 8.8) and 1.0
M Tris-HCI (pH 6.8) were used (Laemmli, 1970).
After preparing the gels, a 15 pLL sample and 10
uL of the marker were loaded. The prepared

gel electrophoresis
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electrophoresis apparatus was run in a system
under 80-100 V constant current approximately
for three hours. SDS-Page electropherograms of
cheese samples were evaluated using the Bio-Rad
ChemiDoc MP Imaging System.

Proteolysis in cheese samples by HPLC

UF White cheese samples were lyophilized using
the VirTisbenchtop SLC device. Accordingly, 2.5
¢ lyophilized cheese sample was weighed,
dissolved in 5 ml. 0.1% trifluoroacetic acid (0.1%
TFA deionized water) and then centrifuged at
14000 rpm for 30 minutes at 4°C. Centrifuged
cheese samples were passed through a 0.45-um
filter and 750 uL. sample was injected into the
HPLC column (Donkor et al., 2007). Reverse
Phase High-performance Liquid chromatography
(HPLC, Shimadzu LC-20 AT Kyoto-JAPAN) and
Zorbax 300 SB-C monometric column were used
for the analysis of peptides in cheeses.

Sensory evaluation of cheese

After 1, 30 and 90 days of ripening the UF white
cheeses were sensory evaluated. Cheese samples
were appraised for taste and flavour (0-40 scale),
body and texture (0-40 scale) and appearance (0-
20 scale) by a trained panel of six judges familiar
with UF white cheese (Peppas et al.1990).

Statistical analysis

Statistical analysis of the average values obtained
chemical evaluation of cheese samples were
analyzed by the SPSS 23.0 (SPSS Inc.IBM Corp.,
Chicago, IL) using the ANOVA procedure for
analysis of variance. The results were expressed as
mean standard error and the difference between
means wete tested for significance using Duncan's
multiple range at (p<<0.05).

RESULTS AND DISCUSSION

Results of the protein analysis

Protein values of the UF White cheese samples
decreased during the ripening period and this
decrease was statistically significant (p <0.05)
(Table 2). At the end of the ripening petiod (day
90), the highest protein content was found in the
B cheese sample whereas the lowest protein
content was found in the A cheese sample. It has
been reported that the effect of using different
starter culture, coagulating enzyme and storage
temperature interactions on the protein value in
UF White cheese samples during the ripening
period was statistically significant (p <0.05)
(Arisoy and Oner, 2019).

Table 2. Protein contents of the UF White cheese samples during the ripening period
Protein value during cheese ripening

Cheese samples day 1 day 30 day 90
% % Yo

A 14.17£0.15Aa 13.3840.28Ba 11.21£0.07Da
B 14.2410.01Aa 14.2910.04Aa 13.54+0.03Ca

C 14.08£0.01Ba 14.15£0.05Aa 12.77£0.05Da
D 14.09£0.04Aa 13.71£0.16Ba 13.01£0.16Ca
E 14.13£0.17Aa 14.13£0.03Aa 12.93£0.06Ca
F 14.17£0.02Aa 14.05£0.01Ba 13.4£0.21Da

a—b Mean values with different lowercase superscripts indicate statistical differences between rows (P < 0.05).

A-D Mean values with different uppercase superscripts indicate statistical differences between columns (P < 0.05).

A cheese sample: Pasteurized milk using starter culture with high proteolytic activity and chymosin enzyme, B cheese sample:
Pasteurized milk using starter culture with high proteolytic activity and microbial enzyme, C cheese sample: Pasteurized milk
using starter culture with low proteolytic activity and chymosin enzyme, D cheese sample: Pasteurized milk using starter culture
with low proteolytic activity and microbial enzyme, E cheese sample: Raw milk by chymosin enzyme, F cheese sample: Raw
milk by microbial enzyme.

Al-Otaibi and Wilbey (2005) determined that, in
UF White cheese production, the use of chymosin
in the production of cheese lowered the protein
values. In the present study, a decrease in protein

value was observed in all cheese samples during
the ripening process and these results were similar
to those reported in the previous studies.

555



556

Z. Arisoy, Z. Oner

An increase was observed at WSN in all cheese
samples during the ripening process (Table 3). In
the cheese samples produced with UF-
pasteurized milk (A-D cheese samples), water-
soluble nitrogen values were determined in the
range of 0.154-0.241 on the 30th day of the
ripening and in the range of 0.249-0.543 on the
90th day of the ripening. Among the cheese
samples produced using chymosin, water-soluble
nitrogen value was found to be in the range of
0.154-0.543 in the A cheese sample produced with
the starter culture with high proteolytic activity
while this value was in the range of 0.154-0.249 in
the C cheese sample produced using the starter
culture with low proteolytic activity. The initial
WSN values were the same whereas a higher
increase was observed in the A cheese sample due

to the use of Lb. helveticus. In the cheese samples
produced with the microbial enzyme, the WSN
values in the B cheese sample produced using the
starter culture with high proteolytic activity were
in the range of 0.241-0.476 while these values
were in the range of 0.188-0.510 in the D cheese
sample produced using the starter culture with
low proteolytic activity (Table 3). Although the
initial WSN value of the D cheese sample
produced using the starter culture with low
proteolytic activity was lower than that of the B
sample, it showed a higher increase on day 90 of
the ripening period. The ripening index value in
soluble protein ranged from 6.94 to 30.94 %. The
highest increase was observed in the A cheese
sample in which bitterness was the highest.

Table 3. WSN, TCA-SN, PTA-SN and the Ripening index values of the UF White cheese samples

Ripening Time (day) A B C D E F
WSN 30 0154 0241 0154 0188 0272  0.361
90 0543 0476 0249 0510 0403  0.524
Ripening indes to WSN 30 734 1076 694 874 1227  16.41
90 3094 2250 1246 2502 19.90  24.94
TCASN 30 0128 0120 0126 0119 0112  0.098
90 0140 0142 0154 0137 0106  0.123
Ripening index in TCA- 30 6.10 5.38 5.68 5.54 5.06 4.45
SN 90 7.97 6.71 7.69 6.72 523 5.86
PTASN 30 0.0274 00216 00160 00133 00319  0.0355
90 0.0464  0.0400 0.0334  0.0266 0.0402  0.0600
Ripening indes in PTA-ST 30 131 0.96 0.72 0.62 1.44 1.61
90 2.64 1.89 1.67 1.30 1.98 2.06

WSN: water-soluble nitrogen; TCA-SN: 12% trichloroacetic acid-soluble nitrogen; PTA-SN: 5% phosphotungstic

acid-soluble nitrogen

A cheese sample: Pasteurized milk using starter culture with high proteolytic activity and chymosin enzyme, B cheese sample:
Pasteurized milk using starter culture with high proteolytic activity and microbial enzyme, C cheese sample: Pasteurized milk
using starter culture with low proteolytic activity and chymosin enzyme, D cheese sample: Pasteurized milk using starter culture
with low proteolytic activity and microbial enzyme, E cheese sample: Raw milk by chymosin enzyme, I cheese sample: Raw

milk by microbial enzyme.

Soltani (2013), in their study on the effect of
different salt ratio and storage time on the
properties of UF white cheese produced in Iran,
has reported that WSN values were in the range
of 0.368-0.743 and increased during the storage
process. In numerous studies, it has been reported
that WSN values increased during the ripening

process in White cheese produced by the UF
method and the traditional method Guven and
Karaca (2001), Topcu (2004), Karami et al,
(2009), Oner (2015), Sarafi et al., (2020).

As seen in Table 3, TCA value increased in all
cheese samples during the ripening process
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whereas it decreased in the E sample produced
using UF-raw milk and chymosin. On the 30th
day of the ripening period, the lowest TCA value
was determined in the I sample produced using
UF-raw milk and microbial enzyme whereas the
highest value was obtained from the A cheese
sample produced using chymosin enzyme and the
starter culture with high proteolytic activity. On
the 90th day of ripening, the lowest TCA-SN
value was determined in the E cheese sample
produced using UF-raw milk and chymosin
whereas the highest TCA-SN value was
determined in the C cheese sample produced
using chymosin enzyme and the starter culture
with low proteolytic activity. The ripening index
values were found to be higher than 7 in the A
cheese sample which also had the highest
bitterness value and the C sample which had a
lower bitterness value.

Alizadeh et al. (2006) have reported that the
rennet had a significant effect on the nitrogen
dissolved in TCA in Iranian white cheese (p
<0.05). Karaca (2007) and Soltani (2013) have
reported that, in UF White cheeses produced
using different concentrations of salt, the nitrogen

soluble in 12% TCA value increased during the
ripening process.

An increase was observed in 5% PTA in all cheese
samples during the ripening period. On the 30th
and 90th days of the ripening, the lowest 5% PTA
value was determined in the D cheese sample
produced using the starter culture with low
proteolytic activity and microbial enzyme whereas
the highest 5% PTA value determined in the F
cheese sample produced using UF-raw milk and
microbial enzyme. There were no significant
changes in the ripening index values according to
the soluble protein ratio in 5% PTA.

Tuncel e al., (2010) have reported that the PTA
ratio increased from 0.75 to 2.76 during the
ripening period in Ezine cheese during the
ripening period. Numerous researchers have
reported that 5% PTA-SN increased during
ripening.

UF White cheese samples showed an increase in
acid degree values during the ripening period

(Table 4).

Table 4. Acid Degree values of the UF White Cheese

Cheese samples

Acid degree value ripening (mg KOH ¢1)

1. day 30. day 90. day
A 2.31 5.53 7.00
B 1.78 3.68 5.18
C 2.10 3.8 5.05
D 1.79 3.49 4.34
E 4.41 8.53 16.48
F 5.11 12.26 13.04

A cheese sample: Pasteurized milk using starter culture with high proteolytic activity and chymosin enzyme, B cheese sample:
Pasteurized milk using starter culture with high proteolytic activity and microbial enzyme, C cheese sample: Pasteurized milk
using starter culture with low proteolytic activity and chymosin enzyme, D cheese sample: Pasteurized milk using starter culture
with low proteolytic activity and microbial enzyme, E cheese sample: Raw milk by chymosin enzyme, I cheese sample: Raw

milk by microbial enzyme.

In the cheese samples produced using UF-raw
milk and UF-pasteurized milk, acid degree values
were higher in cheeses produced using chymosin.
In the 90-day ripening period, the lowest acid
degree value was found in the D cheese sample
whereas the highest acid degree value was found
in the E cheese sample. Celik and Tirkoglu
(2007), in the Orgii cheese samples produced

using raw and pasteurized cow milk, found that
the acid degree value was lower on the 90th of the
ripening period in the cheese samples produced
with pasteurized milk.

Sensory properties of cheese
At the end of the 90-day tipening period, when
the taste and flavor sensory scores of UF White
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cheeses were examined, cheese samples produced
with UF pasteurized milk (A, B, C, D) had the
lowest score of A and C cheese samples. The
cheeses made from raw milk (E; F) were not taken
into sensory evaluation. The organoleptic
evaluation results indicated that flavor of A and C
cheese samples were bitterness taste is felt. These

results were pointed in Fig. 1. The highest rate of
bitterness was observed in the A cheese sample
produced by chymosin enzyme and starter culture
with high proteolytic activity. C cheese sample
were observed less bitterness taste than A cheese
samples.
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Figure 1. Flavor properties of UF-white cheese at day 1-90
A cheese sample: Pasteurized milk using starter culture with high proteolytic activity and chymosin enzyme,
B cheese sample: Pasteurized milk using starter culture with high proteolytic activity and microbial enzyme,
C cheese sample: Pasteurized milk using starter culture with low proteolytic activity and chymosin enzyme,
D cheese sample: Pasteurized milk using starter culture with low proteolytic activity and microbial enzyme

Sodium Dodecyl Sulfate Polyacrylamide Gel
Electrophoresis

The gel obtained after the electrophoresis
procedure carried out to determine the level of
proteolysis and monitoring the hydrolysis of
casein was transferred to the digital media using a
scanner and then the changes in as-casein, §-

29kDa «
24kDa <

20kDa <
14 2kDa <

30. Day
Figure 2. SDS Page profiles in UF cheese sample
Data are presented as, A: 2 +1, B: b +1, C: a+1II, D: b+1I, E: UF raw milk+2, F: UF raw milk+ b
I: starter culture with high proteolytic activity, II: starter culture with low proteolytic activity
a1 100% Chymosin, >:Muchor michei proteas,

casein, a- lactalbumin, B-lactoglobulin values were
densitometrically determined using Bio-Rad
molecular analyst (Image Lab Software Version
5.2). The electrophoresis gel image of the cheese
samples is given in Figure 2 while the changes in
protein ratios (%) are given in Table 5.

B-CN
as-CN

B-Lg

a-La

90. Day
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As seen in Figure 2, as-casein and 3-casein bands
were dense on day 30 of the ripening period in the
A and C cheese samples. On day 90, casein
hydrolysis started, and the density of these bands

Table 5. The variations of casein ratio in UF cheese samples (%) (n=4)

decreased with the breakdown of as-casein and (3-

casein.

Casein Ripening time % The
Cheese samples o 30 day 90.day variations .of
casein ratio
A a- casein 44.1+1.36 12.2311.41 -72.26
B- casein 32.45%3.11 26.14£0.32 -19.44
B a- casein 48.24%1.31 33.14£0.89 -31.30
B- casein 30.03£1.76 30.76£1.18 +2.43
a- casein 39.01£2.14 26.91£0.36 -31.02
¢ B- casein 38.52£5.93 26.11£0.39 -32.22
D a- casein 44.32+2.37 35.41%1.44 -20.10
B- casein 32.66£1.32 29.93£2.09 -8.36
B o- casein 44.94£2.77 38.16£1.21 -15.09
B- casein 32.3%5.74 27.85£0.66 -13.78
g o- casein 37.41£1.62 35.14£0.97 -6.07
B- casein 33.93£8.59 23.32%0.78 -31.27

A cheese sample: Pasteurized milk using starter culture with high proteolytic activity and chymosin enzyme, B cheese sample:
Pasteurized milk using starter culture with high proteolytic activity and microbial enzyme, C cheese sample: Pasteurized milk
using starter culture with low proteolytic activity and chymosin enzyme, D cheese sample: Pasteurized milk using starter culture
with low proteolytic activity and microbial enzyme, E cheese sample: Raw milk by chymosin enzyme, F cheese sample: Raw

milk by microbial enzyme

During the ripening period, a decrease was
observed in the percentile values of as-casein and
B-casein in cheese samples. In the A cheese
sample, produced with UF pasteurized milk,
which had the highest bitterness value in sensory
evaluations, as-casein decreased by 72.26% on
day 90 compared to that on day 30, while 3-casein
ratio decreased by 19.44%. The [B-casein ratio
remained constant only in the B cheese sample
produced only using a microbial enzyme (Table
5). Caseins have hydrophilic properties as well as
hydrophobic parts. The C-terminal exhibits
hydrophilic properties. Hydrophobic properties
are known to cause bitterness (Fox and Brodkorb,

2008).

Karaca (2007), has reported that, in the white
cheese, asi-caseins were more hydrolyzed than 8-
caseins, the proteolytic enzyme-containing cheese
samples in the ratio of asi-casein were more

fragmented compared to the control cheese
sample.

Soltani (2013) has concluded that, on the first day
of ripening, no significant differences were
determined between the electrophoretogram
bands in UF White cheese samples, asi-casein and
B-casein were hydrolyzed after day 45 and, with
the increase in salt ratios on day 45 and 90, a
reduction was determined in the hydrolysis
products of asi- casein. Akhgar et al. (2016) have
reported that asi-casein is hydrolyzed faster than
B-casein during 60 days of ripening period in
Iranian UF White cheese. Al-Otaibi and Wilbey
(2005, 2006), have concluded that the rate of asi-
casein hydrolysis increased during the 15-week
ripening process in UF White cheese using
chymosin at different ratios.

Hesari et al. (2006) in Iranian UF White cheese
produced without adding starter cultures,

559



560

Z. Arisoy, Z. Oner

compared the electrophoretic patterns in three
types of cheese and have reported that B-casein
degradation was negligible whereas asi-casein was
hydrolyzed to asi-CN  (£24-199). It was
determined that, compared to the control
samples, there was an asi-casein hydrolysis in
cheese samples with no starter culture, asi-casein
remained intact in samples produced without
using a coagulating enzyme, as1-CN (£24-199)
was not produced after one and two months of
ripening. As a result, the researcher has stated
that, in Iranian UF white cheese, the first
proteolysis of casein was mainly carried out by
enzymes in the coagulant. In Iranian UF White
cheese produced without using a coagulating
enzyme, it has been stated that milk acid
proteinase cathepsin D, which should have a
chymosin-like effect on the degradation of asi-
casein in white cheese, had a little contribution.
Fathollahi et al. (2010) reported that the
breakdown of [-casein and asi-casein in UF
cheese has been an evident factor in textural
changes of Iranian UF White cheese.

Changes in the Peptide Profile

RP-HPLC technique is used to determine
ripening in cheese. The number of peaks, heights,
hydrophilic and hydrophobic areas in the
chromatogram provides information about the
cheese proteolysis (Topegu, 2004). Hydrophilic

peptides  yield chromatograms earlier than
hydrophobic peptides do. Low-molecular-weight
peptides and free amino acids are eluated at
minute 10-40 of the retention time (Engels and
Visser, 1994; Soltani, 2013).

Proteolysis is the most important and complex
biochemical event that occurs during the ripening
in most cheese types. In addition to softening of
cheese, cheese flavor develops with the
contribution of proteolysis, the formation of
amino acids and peptides that directly contribute
to the aroma of cheese (Katsiari et al., 2000). The
high hydrophobicity of as; and B-casein are
among the reasons for the formation of bitter
taste as a result of hydrolysis (Fox et al.,1995). It
has been reported that asi and f-casein may be
the source of the bitter peptides produced by
proteinases found in the cell walls of the starter
bacteria while rennet can produce bitter-tasting
peptides from all casein fractions (Lemieux and
Simard, 1991).

The changes in the area formed by the hydrophilic
and hydrophobic peptides formed according to
the HPLC results on day 30 and 90 of the tipening
period of the cheese samples are shown in Table

0.

Table 6. The changes the hydrophilic and hydrophobic ateas in UF cheese samples (n=2)

Cheese samples Rlpenég)g tme Hydrophilic areas % variations Hyd:;:)f}:);;oblc % variations

30 253.775.370 836313410

A 90 349.961.794 +38 1.723.737.389 +106
30 205.637.457 963426789

B 90 370.988.666 *+80 1.362.504.949 4
30 264.565.060 1.441.623.572

C +12 6
90 296.539.601 1.353.039.704
30 243.725.032 1.452.444.292

D 90 377.096.366 +55 1.655.199.525 14
30 252.667.631 1.319.441.962

B 90 283.525.132 +i2 1.087.225.719 -18
30 217.761.973 1.372.067.507

F 90 382.842.080 +76 1.212.097.909 12

A cheese sample: Pasteurized milk using starter culture with high proteolytic activity and chymosin enzyme, B cheese sample:
Pasteurized milk using starter culture with high proteolytic activity and microbial enzyme, C cheese sample: Pasteurized milk
using starter culture with low proteolytic activity and chymosin enzyme, D cheese sample: Pasteurized milk using starter culture
with low proteolytic activity and microbial enzyme, E cheese sample: Raw milk by chymosin enzyme, I cheese sample: Raw

milk by microbial enzyme.
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As seen in Table 6, the highest increase in the
hydrophobic area was observed in the A cheese
sample (106%) produced using UF-pasteurized
milk, chymosin enzyme and the starter culture
with high proteolytic activity.

No significant changes were observed in the
hydrophilic and hydrophobic areas in the C
cheese sample produced using chymosin enzyme
and the starter culture with low proteolytic activity
where increases were observed in the hydrophilic
areas in the B and D cheese samples produced
using the microbial enzyme. Decreases were
observed in the hydrophobic area in the E and F

cheese samples produced using UF raw milk
whereas an increase was observed in the
hydrophilic area in the F cheese sample. In the
cheese samples produced with UF-raw milk, it
was determined that protein degradation was high
on day 30, due to the high microorganism load,
whereas it decreased on day 90.

A comparison of HPLC-chromatograms of the A
cheese sample which had bitter sensory properties
and the D cheese sample D which had no bitter
sensory properties is given in Figure 3.
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Figure 3. Reverse-phase high performance liquid chromatograms (A214 nm) in the A and D cheese
samples

Black peak: A cheese sample day 90
Pink peak: D cheese sample day 90

In Figure 3, it was seen that the number of
hydrolysis products increased after 45 minutes in
the A cheese sample. There were increases in
peaks in the A sample at minute 52 and 56.

Oner (2015) has reported that the levels of
hydrophobic and hydrophilic peptides and their
ratios changed significantly during ripening in
White cheese. Hesari et al. (2006) have found that
starter culture affected the production of
hydrophilic peptides. Agboola et al. (2004) have

stated that the level of hydrophobic peptides in
the cheese produced using microbial enzyme was
the lowest at the end of the ripening process (30-
90 days). The researchers found that the ratio of
hydrophobic peptides to hydrophilic peptides was
the lowest. The researchers have also reported
that the hydrophobic peptide levels measured at
214 nm increased between days 7 and 60 in cheese
samples produced using microbial enzyme
whereas decreased between days 60 and 90. In
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addition, in all the cheeses produced using
abomasum  rennet, hydrophobic  peptides
increased during the ripening process.

Hesari et al. (2000), in their study on Iranian UF
White cheese samples, have stated that the most
important difference between ethanol-insoluble
fractions of the peptide profiles of the control
cheeses and the cheeses produced using with no
starter culture was that the retention time
occurred between minutes 10 and 30. During this
period, the peptide concentration in the cheeses
produced using with no starter culture was lower
than that of the control group.

Soltani (2013) has reported that there were no
significant differences between the samples in the
peptide profiles of UF White cheeses in the first
20 minutes of the retention time during the
ripening period. The researcher has stated that the
differences between the samples in the peptide
profiles of UF White cheeses were detected in 20-
60 minutes in the retention time and that the peak
concentration decreased as the salinity increased.

Akhgar et al. (2016) and Banihashemi et al. (2020)
have reported that the HPLC chromatograms of
the soluble fractions of slurry-added UF White
cheese and the control cheese at pH 4.6 showed
significant differences in terms of peptide
profiles. The researcher has stated that the
peptides formed at retention times of 22.5, 28.7,
36, 60, 66 and 68 minutes, the peaks observed
during the retention time of 22.5-36 minutes were
of low-molecular-weight-peptides and free amino
acids whereas peaks of the hydrophobic peptides
formed at later retention times.

Al-Otaibi and Wilbey (2005) using different rates
of chymosin enzyme and salt in the process of UF
White cheese showed that bitterness taste was
occured from the 12th week. They reported that
this was caused by proteolytic enzymes, starter
cultures and low salt content.

CONCLUSION

The changes in the protein content during the
ripening process were statistically significant (P
<0.05). According to the protein content soluble

in TCA, the highest ripening value was
determined in the A and C cheese samples. These
samples were also determined to have bitterness.
A significant increase was observed in the
hydrophobic peptide values in the A samples
which had the highest bitterness values during the
90-day ripening period.

In the A and C cheese samples in which bitterness
were detected, it was determined by the SDS-Page
that the as-casein and -casein bands were dense
on day 30, whereas, on day 90, the density of these
bands decreased with the onset of casein
hydrolysis. The ratios of as-casein and B-casein
decreased during storage in all UF White cheese
samples however there were no changes in the
ratio of B-casein in the B cheese sample produced
using microbial enzyme and the starter culture
with high proteolytic activity. The highest
decrease in the B-casein ratio was found in the C
cheese sample (32.22%) produced using
chymosin enzyme and starter culture with low
proteolytic activity. The highest increase in the
hydrophobic area was observed in the A cheese
sample (106%) produced with UF pasteurized
milk, using chymosin enzyme and the starter
culture with high proteolytic activity.

As a result, it was determined that the use of
chymosin enzyme and the starter culture with
high proteolytic activity in the production of UF
White cheese caused a decrease in protein ratio
whereas it increased proteolysis. Furthermore, the
rate of as-casein degradation increased, and
hydrophobic peptides increased during the
ripening period. On the other hand, it was
determined that as-casein degradation rate
decreased, and an increase was observed in the
hydrophilic area in the case where microbial
enzyme and the starter culture with low
proteolytic activity were used.

Therefore, it was determined that the use of
microbial enzyme and the starter culture with low
proteolytic activity in UF White cheese
production and carrying out the production
procedure at the appropriate temperature is
important for the prevention of bitterness in
cheese.
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(074

Omik teknolojiler; DNA, RNA, genler, proteinler ve metabolitlerin aragtirilmast igin kullanilan araglar ve
metotlardan olusan sistematik yontemler butiinidiir. Son yillarda mikroorganizmalarin tammlanmasinda ve
islevlerinin  beliflenmesinde genomik, transkriptomik, proteomik ve metabolomik alanlarda yapilan
calismalar artis gostermektedir. Genomik ve transkritptomik calismalar kapsaminda mikroorganizmalarin
genom dizilerinin belitflenmesinde ve gen ifade analizletinde yeni nesil dizileme sistemleti ile biyoinformatik
araclar birlikte kullamlmaktadir. Bu calismada, beyaz peynirin tagidigt toplam mikrobiyel yikin olusturdugu
beyaz peynir mikrobiyotasinin belirlenmesinde, kiltiirden bagimstz bir yéntem olan shotgun metagenomik
ile kiltire dayalt bir yontem olan ve mikroorganizmalarin tanimlanmasina olanak saglayan kiltiiromik
metotlart lizerinde durulmustur. Calisma ile yakin gelecekte beyaz peynir gibi geleneksel gida triinlerinin yeni
teknikler degetlendirilerek arastirlmast gerekliliginin 6nemi vurgulanmustir. Kiltiromik, metagenomik gibi
yenilik¢i teknikler, geleneksel gida trtinlerinin mikrobiyota tanimlanmast tzetinde daha az belirsizlik ile
calisiimasina olanak saglayabilmektedir.

Anahtar kelimeler: beyaz peynir, mikrobiyota, omik teknolojiler, metagenomik, kiltiromik.

EVALUATION OF CULTUROMICS AND SHOTGUN METAGENOMIC
TECHNOLOGIES IN WHITE CHEESE MICROBIOTA

ABSTRACT

Omics technologies are a set of systematic methods consisting of tools and applications used to
investigate genes, DNA, RNA, proteins and metabolites. In recent years, genomics, transcriptomics,
proteomics and metabolomics have been mainly utilized in the identification and determination of
microorganisms. Within the scope of genomic and transcriptomics studies, next generation
sequencing systems and bioinformatics tools are used together to determine the genome sequences
of microorganisms and gene expression analysis, respectively. In this study, shotgun metagenomics,
the culture-independent method, and culture-dependent culturomics approach that allows
identification of microorganisms are emphasized for the detection of white cheese microbiota. The
study has been emphasized the importance of researching traditional food products such as white
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Beyaz peynirde kiltiromik ve shotgun metagenomik teknolojileri

cheese by evaluating new techniques in the future. Innovative techniques such as culturomics and
metagenomics can enable the study of traditional food products to be studied with less uncertainty

on the microbiota identification.

Keywords: white cheese, microbiota, omic technologies, metagenomics, culturomics.

GIRIS
Beyaz peynir mikrobiyotasi, peynir lretim
siirecinde Gnemli bir rol oynar ve peynirin
kendine 6zgii tat ve koku gibi organoleptik
Ozelliklerinin olusmasinda etkilidir (Jonnala vd.,
2018). Endustride beyaz peynir idretimi icin
kullanilan laktik asit bakterilerinden olusan starter
kiltir kansimlar, sitte asitlik  gelistirmenin
yaninda beyaz peynirin tat ve koku bilesiklerini
olusturmada gorev alirlar. Endustriyel beyaz
peynir Gretiminde ¢ig siite uygulanan 1sil islem ile
cig stitte bulunan mikroorganizmalarin tamaminin
yok edilmedigi bildirilmistir (Kable vd., 2016).
Bunun yaninda beyaz peynir Gretim isletmelerinde
peynirin temas ettigi ekipmandan peynire cesitli
mikroorganizmalar gecebilmektedir. Bu sebeple
peynir mikrobiyotasina starter kiltiiriin yaninda
peynire islenen sitiin mikrobiyotast ve isletme
ekipmaninin tasidigr mikrobiyel yikiin de etkisi
olabilecegi bildirilmistir (Stellato vd., 2015).
Starter kultir olmayan ve ¢ig sut ve/veya cevresel
kaynaklardan mikrobiyotaya katillan laktik asit
bakterilerinin de beyaz peynitin organoleptik
Ozellikleri ve besinsel icerigininin gelisimine katki
saglayabilecegi bildirilmistir (Wolfe vd., 2014).

Mikrootrganizmalatin tanimlanmasinda kullantlan
klasik kiltirel yontemlerin yant sira son yillarda
omik  teknolojilerde  yasanan  gelismeler
mikrobiyota c¢alismalarinin daha dogru ve kesin
bir sekilde yapilabilmesine olanak saglamstir
(Jonnala vd., 2018; Escobar- Zepeda vd., 2018).
Metagenomik, cevresel bir 6rnekte bulunan tim
genomlarin  dogrudan izole edilerek genetik
analizinin gerceklestirilmesi olarak tanimlanabilir
(Escobar-Zepeda, 2015; Chiu vd., 2019). Genetik
materyalin dizilenmesiyle gerceklestirilen
metagenomik analizlerde yeni nesil sekanslama
yontemleri kullanilmaktadir. Kaltiromik ise segici
besiyerlerinde farkli ortam sartlarinda gelistirilen
ve saf kultiir olarak elde edilen izolatlarin Matriks
Destekli Lazer Desorpsiyon Iyonizasyon- Ugus
Zamant Kiitle Spektrometrisi (MALDI-TOF MS)
ile tammlanmasina olanak saglayan bir yaklagimdir
(Garcia vd., 2010).

Bu ¢alismanin amaci, biitinlesik omik yaklasimi
ile beyaz peynir tiretim stirecine iliskin siit, peynir
ve ¢evre mikrobiyotasinin dinamikleri hakkinda
laktik asit bakterileri acisindan kapsaml genel bir
bakis saglamaktr. Ayrca bir mikrobiyota
calismasinda kiiltiire dayalt ve kiltirden bagimsiz
iki yontemin karsilastinlmasinin 6nemi tzerinde
durulacaktir.

Beyaz Peynir

Peynir, sitin enzimler ya da organik asitler
kullantlarak  pthtilastirilmasi, olusan  pthtinin
baskilanarak peynir altt suyunun ayrilmastyla
olusan, farkli yag oranlarinda ve farkli sertliklerde
olabilen, cesidine gbre degisen renk, tat ve koku
Ozelliklerine sahip bir stt urintdir. Dinyada
1000’in tzerinde, Tiurkiye’de ise 50’ye yakin peynir
¢esidinin oldugu bildirilmistir (Togay vd., 2020).
TEPGE Siit ve Siit Uriinleri Durum Tahmin
Raporu ve Ulusal Sut Konseyi Siit Raporuna gore
tlkemizde en cok tiketilen ve pazar payt en
yiksek olan peynir c¢esidi beyaz peynirdir
(Anonymous, 2017; Anonymous, 2018). TUIK
Siit ve Siit Uriinleri Uretim Tstatistikleri 2020 Mart
ayt raporuna gore Turkiye’de inek sitiinden
tretilen peynir miktart bir 6nceki yilin bahsedilen
aymna kiyasla %12,2 artis gostererek 63300 ton,
manda, koyun ve keci sttlerinden tretilen diger
peynirlerin tretimi ise %14,8 azalarak 2700 ton
olmustur (TUIK, 2020). Tirk Gida Kodeksi
Peynir Tebligi (Teblig No: 2015/6) uyarinca beyaz
peynir “Hammaddenin peynir mayasi kullanilarak
pthtilastirilmasi ile elde edilen telemenin teknigine
uygun olarak islenmesiyle uretlen, tretim
asamalarindaki  farkhihiklara gbre taze veya
olgunlastirilmis olarak tanimlanabilen, ¢esidine
Ozgi karakteristik 6zellikler gésteren salamuralt
peynir” olarak tammlanmaktadir. Cizelge 1°de
Turk Gida Kodeksi Mikrobiyolojik Kritetler
Tebligi (Teblig No: 2009/68) uyarinca beyaz
peynirin uymasi gereken mikrobiyolojik kriterlere
yer verilmistir.
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Cizelge 1. Beyaz peynirin mikrobiyolojik kriterleri

Gida Mikroorganizmalar
Peynir (eritme peynir Enterobacteriaceae
haric  diger  tim 5. amrens ()
peynitler) Salmonella spp.

L. monocytogenes
E. cli O157:H7

Numune alma plan
n

Limitler ()
m M
103 104
102 103
0/25 g-mL
0/25 g-mL
0/25 g-mL

Ul U1 U U1 U
cooNnNZ

(") : Aksi belirtilmedikee limit kob/g-mL olarak degerlendirilir.
(") : Koagitilaz pozitif stafilokoklar. n: Analize alinacak numune sayisini

c: “M” degeri tastyabilecek en fazla numune sayisini

m: (n — c) sayidaki numunede bulunabilecek en fazla degeri

M: “c” sayrdaki numunede bulunabilecek en fazla degeri ifade etmektedir.

Endiistriyel Beyaz Peynir Uretimi

Beyaz peynirin kalitesi peynire islenen siitin
kimyasal kompozisyonuyla yakindan iligkilidir. Bu
sebeple stt kimyasal ve mikrobiyolojik acidan iyi
kalitede olmalidir. Buna gére isletmeye gelen siit;
antibiyotik, deterjan ve kimyasal kalinti
icermemeli, mastitisli olmamali, kolostrum
icermemeli, laktasyonun ilk ve son sathalarinda
elde edilmemelidir. Kimyasal bilesimi normal
olmayan, 6zellikle mastitisli hayvanlardan elde
edilen sitlerin serum proteini igerigi ylksek,
kazein icerigi ise distiktir. Disiik kazein icerigine
sahip stitten tretilen peynirin randimani dismekte
ve peynirde yumusama problemi olusmaktadir.
Mikrobiyel agidan peynire islenen siit, koliform,
Clostridium ~ ve  Badcillus  cinsi  bakterileri
icermemelidir (Hayaloglu vd., 2002).

Sekil 1’de endustriyel beyaz peynir tretimi akis
semast verilmistir. Endustriyel beyaz peynir
tretiminde ilk olarak isletmeye gelen ¢ig stit kalite
kontroliinden gectikten sonra ¢ig siit tanklarina
alinir. Stt, Uretime alinmadan 6nce ilk olarak basit
filtreler ile gézle gorilen kirliliklerden, daha sonra
merkezkac kuvveti ile ¢alisan seperatorlerle gozle
gbrinmeyen yabanci maddelerden ayristiriir.
Temizlenen siitin protein ve yag oran
ayarlanarak sutiin standardizasyonu yapilir. Daha
sonra st yiksek basing altinda 60-65°C sicaklikta
cok ince filtrelerden gegitilerek homojenizasyonu
saglanir. Homojenizasyon ile siitin icerdigi yag
globiillerinin ¢apt esitlenir. On islemlerin ardindan
stit 72-75°C’de 15 saniye 1s1l isleme maruz birakilir
ve hizli bir sekilde 28-30°C’ye sogutulur. Sttiin bu
stcakliga sogutulmasinin sebebi beyaz peynir
starter kiltirlerinin mezofilik 6zellikte laktik asit

bakterilerinden olusmast ve bu sicakliklarda
optimum gelismesidir. Starter eklendikten sonra
stite CaCl; eklenir. Bunun sebebi pastérizasyonda
yuksek sicakligin etkisiyle ayrilan Ca*2’nin yaptya
tekrar kazandirilmasidir. Starter kiltiirtin etkisiyle
pH 5.5% geldiginde siite rennet enzimi (peynir
mayast) ilave edilir. Bu pH pihtilasmay: saglayan
rennet enziminin optimum aktivite gosterdigi
pHtr. Kazeinin dort alt biriminden biri olan
kappa kazeinin sitlin pthtilasmasinda énemli bir
yeri vardir. Rennet enzimi kappa kazeinin 105.
amino asidi fenilalanin ve 106. amino asidi
metiyonin arasindaki bagr kirar (Sekil 2). Kirilan
zincirde hidrofobik olan kisim para kappa-kazein
(para kappa-casein) yapidan ayrilir ve pthtyt
olusturur. Hidrofilik kistm olan glikomakropeptit
(GMP) ise serum kistmda ¢6zinerek yapidan
ayrilir. Pihtt olustuktan sonra 1 cm?lik kipler
halinde kirilip baskilanarak fazla suyunu birakmast
saglanir. Ptht1 baskilanirken cendere bezine sarilir
ve Uzerine agirlik uygulanir. Cendere bezi beyaz
peynirin bir yizeyinde olan putirld seklin
olusmasini  saglar. Pithtnin  fazla  suyunun
alinmastyla olugan teleme 7 cm¥’liik kiipler halinde
kesilit ve 24 saat salamurada (12-14 g/100 ¢
NaCl) bekletilir (Hayaloglu vd., 2002). Salamurada
bekletildikten sonra beyaz peynir, tercihe baglt
olarak olgunlastirilmadan tiketime
sunulabilmektedir. Salamuranin ardindan taze
beyaz peynir ambalajlanarak yine salamura (6
g/100 g NaCl) icinde satisa sunulur.
Olgunlastirlarak tiiketime sunulan beyaz peynirin
olgunlastirimast  ise  4-8°C’de  60-90 gin
yaptlmaktadir (Topcu ve Saldamli, 2000).
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Sutlin temizlenmesi, standardizasyonu ve homojenizasyonu

Pastorizasyon ve uygun sicakliga sogutma

Starter kiltdr inokilasyonu

CaCl,ilavesi

Sutln pihtilastiriimasi (Maya ilavesi)

Pihti kesimi ve baskilama

Telemenin baskilanmasi ve peynir kalip kesimi

Salamurada bekletme (12-14 g/100 g NaCl)

Ambalajlama

2

2

\Z

\Z

\Z
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\
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Sekil 1. Beyaz peynir tiretimi.

| Ser-Phal 05- | Met-Ala
Para kappa-kazein I Glikomakropeptit
EC
- 3 Hidrolazlar
L 3 4 Peptidazlar

“ 3423 Aspartik endopeptidazlar
LEC. 3.4.23.4 Kimozin (Rennin)

Sekil 2. Kazein

Beyaz Peynir Mikrobiyotasi

Mikrobiyota belitli ortamda bulunan mikrobiyel
toplulugun tamamina verilen isimdir (Liu, 2010).
Mikrobiyom tanimi, ilk kez Nobel odilla
mikrobiyolog Joshua Lederberg tarafindan 2001

zincirinin kirilmast.

yilinda yapimustir (Prescott, 2017). Buna gore,
insan viicudunda bulunan kommensal, simbiyotik
ve patojen  mikroorganizmalardan  olusan
ckosistemi ifade eden terim “mikrobiyom” olarak
tantmlanmistir. Daha sonra mikrobiyota ve
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mikrobiyom terimleri insan ve mikrobiyomu
arasindaki etkilesimi aciklamayt hedefleyen Insan
Mikrobiyom Projesi (HMP) tarafindan tekrar
actklanmistir (Proctor vd., 2019). Gunimiizde
mikrobiyom, belitli bir ortamda bulunan bakteri,
arkea, kif ve mayalardan olusan mikrobiyel
toplulugun olusturdugu mikrobiyotanin toplam
genomu olarak ifade edilmektedir (Knight vd.,
2018).

Mikrobiyotanin bulundugu konaker ortami insan,
hayvan ya da bitki olabilecegi gibi ¢evresel bir
ornek de olabilir (Liu, 2016). Bu aciklamadan

hareketle,  bir  peynir  ¢esidinin  tasidigt
mikroorganizma toplulugu “peynir
mikrobiyotast” olarak tanimlanabilir. Peynir

mikrobiyotasi, ¢ok biyik oranda, kullanilan
starter kultiire gore sekillenmektedir (Ercolini,
2004). St mikrobiyotast, peynir yapiminda tim
stirecte 6nemli bir rol oynar ve peynire 6zgii lezzet
ve doku gelisimine katkida bulunur (Tilocca vd.,
2019).

Starter kultiirler Urtine istenilen tat, koku, aroma
ve yapt gibi Ozellikleri kazandirmak amact ile
kullanilan ve bilinen Ozelliklere sahip karisik
mikroorganizma kiltiitleridir. Bunun yaninda,
peynir Uretiminde isletmeye gelen ¢ig sitin

tagidigt mikroorganizmalar da peynir
mikrobiyotast ile iligkilidir. Cunkd ¢ig sttte
bulunan mikroorganizmalarin tamami

pastOrizasyon islemi ile yok edilememektedir
(Kable vd., 2016). Bu faktétlerin yaninda peynir

Uretim isletmesinde peynitin  temas  ettigi
ekipmandan peynire cesitli mikroorganizmalar
gecebilmektedir. Bu  ylzden beyaz peynir

mikrobiyotasint sadece eklenen starter kiiltiir degil
aynt zamanda ¢ig siit mikrobiyotast ve isletme

ekipmanlarinin  tasidigr mikroorganizmalar gibi
faktorler de etkilemektedir (Stellato vd., 2015).

Peynir mikrobiyotast, baslatict birincil mikroflora
ve ikincil mikroflora olarak ikiye ayriir (Tunail,
2009). Birincil mikroflora olan laktik asit
bakterileri laktik asit fermantasyonuyla siitin
asitligini arttirirken olgunlagma siirecinde de sahip
olduklart enzimler sayesinde peynirin gbriings, tat,
koku, tekstiir gibi karakteristik Gzelliklerinin
olusumunu saglarlar. Ikincil mikroorganizmalar

ise olgunlagsma stirecinde cesitli organik asitlerin
olusumuna 6nemli katki  saglarlar.  Tkincil
mikroflora peynir ylzeyinde ve/veya icinde
gelisebilen baglaticr  kiiltlir  dist  laktik  asit
bakterileri, maya ve kiflerden olusabilmektedir.
Guntmiizde endistriyel olarak {iretilen beyaz
peynitler  genellikle taze  peynir  olarak
olgunlastirlmadan tiiketime sunulmaktadir. Bu
sebeple beyaz peynirin ikincil mikroflorasi
bulunmamaktadir (Tunail, 2009). Beyaz peynirin
mikrobiyotastnin olusumunda ise starter kiltir
olarak kullanilan mikroorganizmalarin yaninda
cevresel mikrobiyotanin, starter kiltiir olmayan
mikroorganizmalarin  da etkisinin  olabilecegi
bildirilmistir ~ (Jonnala vd., 2018). Literatir
incelendiginde, beyaz peynirde baskin tir olarak
Lactococcus  lactis ve  Streptococcus  thermophilusun
bulundugu gérilmektedir. Bu mikroorganizmalar

Ozellikle peynirin olgunlasmasinin ik
asamalarinda daha belirgindir. Beyaz peynirde
Onemli tir olarak bildirilen diger

mikroorganizmalar  Enterococcus  faecalis ve E.
Saeciunr dur. Lactobacillus fermentum, L. brevis, L. casei,
L. plantarum, —Lenconostoc  mesenteroides  subsp
dexctranicum ve Len. lactis titleri de beyaz peynirde
agitliklt olarak bulunan bakterilerdir. Ulkemizde
beyaz peynir starter kualtird ile ilgili yapilan
calismalar incelendiginde 6zellikle L. /actis subsp.
cremoris ve L lactis subsp. lactisin, bunlarin
yanunda L. delbrueckii - subsp.  bulgaricus,  St.
thermophilus, L. belvetions  ve L. plantarum
bakterilerinin beyaz peynir starter killtira olarak
kullanilabilecegi bildirilmistir (Cizelge 2).

Laktik Asit Bakterileri

Laktik asit bakterileri, gida endistrisinde bircok
fermente gida Grininin dretiminde kullanidan
onemli bakterilerdir. Taktik asit bakterileti,
filogenetik olarak Lactobacillales takimina ait, 6
aile, 30’dan fazla cins ve 300’den fazla tiru
barindiran bir bakteri grubudur (Endo vd., 2019).
Lactococcns, Lacobacillus, Enterococcus, Streptococcus,
Lenconostoc ve Pediococcus cinsleri baslica laktik asit
bakterileridir. Lactococcns, Streptococens, Lactobacillus
ve Enterococcns cinsi laktik asit bakteriletinin
taksonomik simflandirmast Cizelge 3’te verilmistir
(KEGG, 2020). Zheng vd. (2020) tarafindan
yaptlan bir calismada, laktik asit bakterilerinden
TLactobacillaceae ve Leuconostocaceae ailelerinin
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siniflandirlmast tiim genom dizileme teknikleriyle
yeniden degerlendirilmistir. Calismanin ¢iktist
olarak Lactobacillus cinsinin 25 cinse ayrilmasi
Onerilmistir. Bunlar daha 6nceden de var olan
fakat calismada tanimi tekrar yapilan Lactobacillus
ve Paralactobacillus cinsleri ile 23 yeni cins;
Levilactobacillus, 1 entilactobacillus, 1imosilactobacillus,
Ligilactobacillus, Furfurilactobacillus,
Ampylolactobacillus, ~ Secundilactobacillus, Holzapfelia,

Loigolactobacilus, Bomibilactobacillus,
Companilactobacillus, Lapidilactobacillus,
Pancilactobacillus, Agrilactobacillus, Lacticaseibacillus,
Latilactobacillus, Lactiplantibacillus, Fructilactobacillus,
Acetilactobacillus, Apilactobacillus, Liquorilactobacillus
ve Schleiferilactobacillus olmustur. Tanimlanan bu
yeni cinslerin temsil ettigi eski Lactobacillus cinsi
bakterilerin sadece cins isimleri degismis olup tiir
ve sus isimleri aym kalmistir.

Dellaglioa,

Cizelge 2. Beyaz peynir starter kiiltirl olarak kullamilabilecegi bildirilen mikroorganizmalar (Cerit, 2020)

Starter kiltir
Le. lactis subsp.
Le. lactis subsp.
Le. lactis subsp.
L. lactis subsp.
L. helveticus

L. lactis subsp.
L. lactis subsp.
L. lactis subsp.
L. lactis subsp.
L. lactis subsp. lactis

L. lactis subsp. cremoris

Mezofilik kiiltur+ E. faecium EF031 (ek kiltiir)
Mezofilik kiltur+ E. faecium M74 (ek kiltir)
L. lactis

E. faecinm

L. plantarum

Le. lactis subsp. lactis/ cremoris

L. delbrueckii subsp. bulgaricus

St. thermophilus

L. lactis subsp. lactis

L. lactis subsp. cremoris

Yarrowia lipolytica

Debaryomyces hansenii

Le. Jactis subsp. lactis

Le. Jactis subsp. cremoris

St salivarins subsp. thermophilus

Le. Jactis subsp. lactis

Le. Jactis subsp. cremoris

St. thermophilus

lactis
cremoris
lactis
cremoris

lactis
cremoris
lactis
cremoris

Laktik  asit  bakterileri Gram  porzitif,
Sporplactobacillus innlinus disinda spor
olusturmayan, anaerobik, acrobik ya da fakultatif
aerobik olan, kok ya da ¢cubuk sekilli, karbonhidrat
metabolizmasinin ana fermantasyon triinlerinden
biri olan laktik asiti Greten olduk¢a degerli
mikroorganizmalardir  (Tunail,  2009). Bu

Kaynak
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Girsoy vd., 2001

Dagdemir, 2001
Hayaloglu vd., 2002
Tunail, 2009

Bulat, 2011

Ertirkmen vd., 2015

Cht. Hansen, 2014

Kesenkas, 2015

Danisco, 2019

Natural Food Culture, 2019

bakteriler ayni zamanda, asidi tolere edebilen,
katalaz ve oksidaz negatif olan, nitrati redikte
edemeyen mikroorganizmalardir. Laktik  asit
bakterileri diisiik guanin ve sitozin (G+C) oranina
(%35-53) sahiptirler ve genom biiytiklikleri genel
olarak 1.8-34 Mbp arasinda degismektedir
(Yilmaz vd., 2015).
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Cizelge 3. Lactococens, Streptococcus, Lactobacillus ve Enterococcns cinsi laktik asit bakterilerinin taksonomik

siniflandirmast

Lactococcus Streptococeus Lactobacillus Enterococcus
Alem  Bacteria Bacteria Bacteria Bacteria
Sube Firmicutes Firmicutes Firmicutes Firmicutes
Stuf Bacilli Bacilli Bacilli Bacilli
Takim  Lactobacillales Lactobacillales Lactobacillales Lactobacillales
Aile Streptococcaceae Streptococcaceae Lactobacillaceae Enterococcaceae
Cins Lactococcus Streptococcus Lactobacillus Enterococcus

Laktik asit  bakterileri  gelismek  icin Bunun yaninda laktik asit  bakterilerinin

karbonhidtratlar, amino asitler, vitamin, mineral
ve bazen de yag asitleri ve peptitler gibi zengin
besinlere ihtiyac duymaktaditlar. Bundan dolayt
da besin icerigi yiksek olan ortamlarda
bulunurlar. Bunlara, gastrointestinal sistem; mide
ve bagirsak, vajinal yollar, agiz boslugu, bitki
yuzeyleri, silaj ve stit ve siit Grtinleri gibi ¢ok cesitli
ortamlar Ornek olarak verilebilmektedir (Endo
vd., 2019). Laktik asit bakterileti bulunduklar
ortamin icerigindeki hegzoslart fermente ederek
lastik asit olusturutlar ve fermantasyon sonucu
urettikleri son uriine gbre iki gruba ayrlirlar.
Hegzoslardan sadece laktik asit  (%90-100)
olusturanlar  homofermantatif — laktik  asit
bakterileri, laktik asidin (%50) yamsira etanol,
asetat ve COs olusturanlar ise heterofermantatif
laktik asit bakterileridir.

Laktik asit fermatasyonu sonucu ortaya ctkan
laktik asit, asetik asit, asetaldehit ve diasetil gibi
aromatik bilesikler sayesinde yogurt, peynir
cesitleri, kefir, eksi krema, fermente ¢ig sucuk,
tarhana gibi kendine 6zgl tadi ve aromast olan
driinler elde edilmektedir. Bundan dolay segilen
bazt laktik asit bakterisi suglatindan statter
kiiltiirler, aroma gelistirici kiltiirler ve probiyotik
kiiltirler tretilmektedir. Starter kiltir 6zelligi
gosteren laktik asit bakterilerinin tirettigi laktik asit
ile ortamin asitligi artar ve asidi tolere edemeyen

mikroorganizmalarin  bu ortamda  yasamast
gliclesir. Laktik asit bakterileri asidi tolere
edebildikleri icin  bu ortamda  rekabetci

konumdadir ve béylelikle patojen ve diger
mikroorganizmalarin inhibe edilmesini saglarlar.

metabolitlerinden olan hidrojen peroksit, diasetil,
bakteriyosin ve amonyak gibi maddeler diger
mikroorganizmalara karst antimikrobiyal 6zellik
gostermektedir. Béylece bir gida maddesinde
laktik asit bakterilerinin varligi ile istenmeyen
mikroorganizmalarin inhibe edilmesi
saglanabilmektedir. Laktik asit bakterileri gida
endistrisinde O6nemli bir yeri olan fermente
gidalarin  Uretilmesinde starter kiltir olarak
kullantlmalari, asitlik ve aroma gelistirici olmalart,
antimikrobiyal aktiviteleri ve probiyotik olmalar
gibi 6zelliklerinden dolayt gida endistrisinde cok
Onemli bir yer tutmaktaditlar.

Laktik  Asit Bakteriletini  Tanimlama
Yontemleri
Laktik asit bakterilerinin  tanimlanmast st

endustrisi icin biylik 6nem arz etmektedir. Laktik
asit bakterilerinin tanimlanmast ile sit ve st
driinlerinin - mikrobiyotast hakkinda edinilen
bilgiler ~starter kiltir ve peynir Uretim
teknolojilerinin gelistirilmesinde kullaniarak stt
endistrisine ekonomik anlamda katk1
saglayabilmektedir. Ayrica st ve driinlerinin
mikrobiyotastnin  beliflenmesi, st triinlerinin
kalitatif =~ ve  duyusal  Ozelliklerinin = ve
guvenilirliginin  kontrol edilmesi igin olduke¢a
6nemlidir (Tilocca vd., 2019).

100 yit  askin  stredir  mikrobiyolojide,
mikroorganizmalarin  katt besiyeri kullanilarak
izole edilmesi ve uygulanan bazi testletle bu
izolatlarin morfolojik, biyokimyasal ve fizyolojik
Ozelliklerinin ~ belirlenmesiyle  tanimlanmast
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esastna  dayalt  klasik  kiltirel — yontemler
kullanilmaktadir. Mikroorganizmalar ile ilgili
calismalar, 1676 yilinda Leeuwenhoek™un agiz
mikroorganizmalariyla ilgili raporundan
ginimiizde kullamlan molekiller yéntemler ile
tanimlama calismalarina kadar uzun bir yol kat
etmistir. Mikroorganizmalatin izolasyonuyla ilgili
calismalar ilk olarak bilim insanlarinin patates
dilimleri ve jelatin gibi katt besi ortamlarinda

mikroorganizmalati kultire etmeleriyle
baslamistir. Izolasyon yontemlerinin bulunmast
mikroorganizmalarin “Gorinmeyen

organizmalar” olarak adlandirdigt dénemlerde
mikroorganizmalarin  kesfi, mikroskop altinda
gbzlemlenebilmesi ve onlann fizyolojilerinin
anlagilabilmesi adina ik basamak olmustur

(Escobat- Zepeda vd., 2015).

1970’lerin  sonunda tibozomal RNA (rRNA)
genlerinin molekiiler markirlar olarak
kullanilabilecegi goriisiiniin ortaya atilmasi ve
bunula birlikte Sanger sekanslamanin ortaya cikist
mikroorganizmalarin tanimlanmasinda bir devrim
yaratmistir  (Escobar- Zepeda vd., 2015).
Ardindan Polimeraz zincir reaksiyonu, rRNA
genlerinin klonlanmast ve dizilenmesi, Denature
edici Gradient Jel Elektroforezi (DGGE) gibi
molekiler  yontemler  mikroorganizmalarin
tanimlanmasinda  kullanilmaya  baglanmistir
(Excolini, 2013; Yilmaz vd., 2015). Metagenomik
analizlerin ortaya c¢tkmasi, mikroorganizmalarin
tantimlanmasinda 6nemli bir adim olmustur. Saf
kiltitlerin  izolasyonuna  dayali  tamimlama
tekniklerinin  aksine metagenomik analizler
kiltire edilemeyen mikroorganizmalarin da
tanimlanabilmesine olanak saglamaktadir (Zhang
vd.,, 2019).

Laktik Asit Bakterilerinin Klasik Kiiltiirel
Yontemlerle Tanimlanmasi

Klasik kiltiirel yontemlerle tamimlamada ik
asama mikroorganizmalarin saf kultir halinde
izole edilmeleridir. Bunun i¢in uygun segici
besiyetlerinden yararlanidmaktadir. Laktik asit
bakterilerinin gelistirilmesi ve izolasyonunda MRS
Agar ve MRS Broth, M17 Agar ve M17 Broth,
Kanamycin Esculin Azide Agar gibi yiksek
besleyici ~ &zellige sahip  segici  besiyerleri
kullanilmaktadir.  Laktik asit  bakterilerinin

tanimlanmasinda ik olarak segici besiyerinden
uygun makroskopik morfolojiye sahip koloniler
secilerek saf kultiir olarak elde edilir. Ardindan
izolatlarin mikroskobik morfolojileri incelenerek
kaydedilir. ~ Sonrasinda  izolatlarin ~ Gram
reaksiyonu ve katalaz aktiviteleri belirlenmektedir.
Sporsuz cubuk veya kok seklinde, Gram pozitif ve
Katalaz negatif 6zellik gésteren izolatlar laktik asit
bakterileri olarak belitflenmektedir. Klasik kiiltirel
yontemlerde  bakterilerin - cins  diizeyinde
tanimlanmasi amaciyla bir takim biyokimyasal ve
fizyolojik testler uygulanmaktadir. Bunlara; farkl
sicakhk  ve pH degetleri ile farklh tuz
konsantrasyonlarinda gelisme, glukozdan gaz
olusturma, karbonhidrat fermentasyon testleri,
antibiyotik  duyarliigi, atjininden amonyak
tretimi, indol, Voges-Proskauer, jelatin hidrolizi
ve ureaz testleri, sukrozdan dekstran olusturma
gibi testler 6rnek gosterilebilir.

Kiltiiromik yaklagimi  ile Laktik  Asit
Bakterilerinin Izolasyonu ve Tanimlanmast

Kiltiromik, secici besiyetlerinde farkli ortam
sartlarinda gelistirilen ve saf kiltiir olarak elde
edilen izolatlarin  Matriks  Destekli Lazer
Desorpsiyon Iyonizasyon- Ucus Zaman Kiitle
Spektrometrisi  (MALDI-TOF ~ MS, Matrix
Assisted Laser Desorption lonization Time of
Flight Mass Spectrometry) ile tanimlanmasina
olanak saglayan bir yaklasimdir (Garcia vd., 2016;
Nacef vd., 2017). Sekil 3’te kiltiromik yaklagtmi
Ozetlenmistit. MALDI-TOF MS,
mikroorganizmalarin  proteinlerinin  iyonize
edilerek bir elektrik alandan gecirilmesi ile protein
profillerinin ¢ikartlmast esasina dayanir (Santos
vd., 2016). MALDI-TOF MS’te tanimlamamn ilk
basamagi saf kiltiir olarak elde edilen izolatin
hedef plaka tzerinde matriks solisyonu ile
muamele edilip kristallestirilmesidir
(Harnpicharnchai vd., 2020). Matriks soliisyonu
ile kaplanan ve kurumasi beklenen 6rnek
sonrasinda hedef plaka ile cihaza yiiklenir. Cihaz
ici vakumu saglandiktan sonra hedef plaka lazer
1sinina maruz brrakilir. Kristalize halde bulunan
proteinler lazer 1sinimin etkisiyle iyonlasir ve
protonlanmis iyonlar elde edilir. Iyon bulutu bir
elektrik alanda hizlandinlarak ugus tiptinden
gegirilir. Tyonlarn ucus tipiinde gegirdikleri siire
(Time of Flight, TOF) ucus stiresi analizatérleri ile
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hesaplanir. Bu siire iyonlarin kitlesiyle iliskilidir.
Iyonlarin  ucus  tiipiinde  aldiklart  yol
tamamlandiginda, her bir izolat icin kiitle
spektrumlart elde edilir. Bu spektrumlar veri

tabaninda bulunan veriler ile karsilastirlir ve
mikroorganizmalarin tanimlanmasi gerceklestirilir
(Lagier vd., 2018).

[

R I
"'!ﬂ_'l;q

Kultiromik

Orneklerin toplanmasi

Segici besiyerinde
kilturlerin gelistiriimesi

izolatin cihaza yiiklenmesi

MALDI-TOF MS analizi

Sekil 3. Kiiltiiromik yaklasiminin sematik gésterimi (Orijinal resimler kullanilmustir).

Kultiromik yaklasiminin, mikrobiyel toplulukta
az yogunlukta bulunan mikroorganizmalarin da
tantmlanmast, hizli ve ekonomik olmast, yalnizca
canlt mikroorganizmalarin tanimlanmasina olanak
saglamast ve tanimlanan kiiltiitlerin ileri caligmalar
icin saklanmasina izin vermesi gibi avantajlar
vardir. Ancak kiltiromik yontemi ile sadece
kalttre edilebilen mikroorganizmalarin

tanimlanmast mimkin olmaktadir (Nacef vd.,
2017).

Metagenomik Analizler
Mikrobiyel topluluk bir ortamda ayni anda birlikte
var olan organizmalar grubudur.

Mikroorganizmalarin fizyolojilerini anlamak igin
kullamulan yéntemlerin, Robert Koch’un kati halde
besin  Sgelerini  mikroorganizmalarin  sayisint
belitlemek  ve onlart  mikroskop  altinda
gorintilemek icin kullanmastyla basladigi ifade
edilebilir. Ancak, Petri kabinda gelisen ve
mikroskopta goriintiilenen mikroorganizma sayist
arasindaki biiytk fark, mikroorganizmalan kiltire
etme yontemlerinin yetersiz kaldigini g6stermistir
(Handelsman, 2004; Sielaff vd., 2019). Dokme
Plak Yonteminde Biyik Farklilk (Great Plate
Count Anomaly) olarak isimlendirilen bu
yetersizlik, var olan mikroorganizmalarin yaklagik
olarak  yalnizca  %1’nin  #  witro  olarak



Beyaz peynirde kiltiromik ve shotgun metagenomik teknolojileri

belirlenebildigini g&stermistir (Escobar-Zepeda
vd., 2015; Serra vd., 2019). Elde edilen bu veriyle
beraber belli bir ortamda bulunan
mikroorganizmalarin belirlenmesi ve tanimlama
calismalarinin yapilabilmesi i¢in yeni yontemlerin
gerekliligi ortaya cikmustir (Sekil 4).

Metagenomik, cevresel bir 6rnekte bulunan tim
genomlarin  dogrudan izole edilerek genetik
analizinin yapilmast olarak tanimlanabilir (Chiu
vd., 2019). Genetik materyalin dizilenmesiyle
gerceklestirilen metagenomik analizler yeni nesil
dizileme yontemleriyle gerceklestirilir. Yeni nesil
dizileme sistemleriyle bitki, bakteri, maya, kif,
virts gibi mikroorganizmalarin genomlarinin ultra
hizli  olarak, yiksek dogrulukla dizilenmesi
mimkindiir. Glinimizde kullanidan yeni nesil
dizileme sistemleri, Illumina Genome Analyzer,

Genomics, Helios, Pacific Biosciences ve
IonTorrent'tir (Jongman vd., 2020; Nair ve Bhat,
2020).

Metagenomik analizler amplikon dizileme ve
shotgun olarak ikiye ayrlmaktadir. Amplikon
dizilemede, Ornekten tiim mikroorganizmalarin
toplam DNA ekstraksiyonu yapildiktan sonra
taksonomik bilgi veren belirli gen bolgeleri
hedeflenir. Bunlara, nesiller boyu korunmus ve
taksonomik bilgi veren 765 rRINA, 185 rRNA ve
ITS genleri 6rnek verilebilir (Parente vd., 2020).
Bu hedeflenen genler spesifik primerler yardimiyla
PCR ile amplifiye edilitfler. Amplifiye edilen gen
bélgeleri dizilenir ve biyoinformatik araclarla bu
diziler anlamlt  verilere donusturilerek

mikroorganizmalar tanimlanmis olur (Ranjan,
2016; Breitwieser vd., 2019; Serra vd., 2019).

Applied  BioSystem  SOLID,  Complete
Kati besiyerinde kiiltlirel yontemler
N2
Dékme Plak Yonteminde Blyuk Farklilik (Great Plate Count
Anomaly)

(Var olan mikroorganizmalarin yalnizca yaklasik %1'nin in vitro
diizeyde belirlenebilmesi)

\

Molekiler Yontemler ve Metagonomik Analizler

Sekil 4. Metagenomik analizlerin ortaya ctkist

Shotgun dizileme ise; Ornekte bulunan tim
genomun  rastgele  parcalartin  dizilendigi
sistemdir. Shotgun dizileme ve amplikon
dizilemenin en 6nemli fark: tim genom shotgun
dizileme ile mikroorganizmalarin tiir diizeyinde
tanimlanmasinda amplikon dizilemeyle
tanimlamaya kiyasla daha giivenilir sonuglar elde
edilmesidir (Ranjan, 2016; Thoendel vd., 2019).
Tim genom shotgun dizileme ve amplikon
dizilemede farkli veri tabanlart kullanimaktadir ve
shotgun dizilemede daha buyik ham veri elde
edilmektedir (Deurenberg vd., 2017; Escobat-
Zepeda vd., 2018; Jagadeesan vd., 2019).

Tum genom shotgun dizileme daha ayrintils
incelenecek olursa, ilk asama yine ortamda
bulunan mikroorganizmalarin genetik
materyalinin dogrudan ckstrakte edilmesidir. Bu
elde edilen genetik materyal o ortamda bulunan
tim mikroorganizmalarin genomunu
kapsamaktadir (Zhou vd., 2019). Toplam genom
olarak dogrudan izole edilen DNA’lar dizileme
icin ¢ok uzundur. Bu ylzden 6ncelikle DNA’larin
kiiciik fragmentlere (200-600 bp) mekanik ya da
enzimatik yollarla ayrilmasi gerekir. Kiigiik
pargalara ayrilan DNA fragmentlerinin iki ucuna
adaptorler eklenir. Bu adaptérler kiitiiphanenin
olusturulmasi sirastnda DNA fragmentlerinin bir
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ylzeye baglanmast icin gereklidir. Daha sonra bu
DNA fragmentleri 95°C’ye 1sitilarak denatiire
edilir ve tek zincirli hale getirilir. Tek zincirli hale
getirilen DNA  fragmentlerinin  bir  ylizeye
tutunmast saglanir. Bu yiizey kullanilan yeni nesil
sekanslama teknigine gbre degisim
gostermektedir (Kader vd. 2016, Jagadeesan vd.,
2019). Illumina sistemde bu ama¢ icin
oligontikleotitlerle kaplanmus bir akis hiicresi
kullanilirken, Ion Torentte boncuklar (bead)
kullandlir.  Yiizeye DNA  pargalarn
kiitiphaneleri  olusturur.  Devaminda  bu
kiitiphanelerden kiimeler olusturulur. Bu amacla
ortama ecklenmis olan niikleotitler, polimeraz
enzimi, primerler ve buffer ile DNA’larn
eslenmesi gerceklesir. Cift zincirli hale gelen
DNA’lar tekrar denatiire edilir ve orijinal zincir
uzaklastirilir. Sonta kalan zincitler tekrar eslenitler
bu doéngl defalarca tekrarlanir ve bu sekilde
kimeler olusturulmus olur. Dizileme asamasina
gecildiginde DNA’larin eslenmesinde floresanla
modifiye edilmis niikleotitler kullamulir (Ranjan,
2016; Zhang vd., 2019). Boylece her bir
niikleotitin eklenmesinde 15tk kaynag: ile birlikte
hangi nikleotitin eklendigi gbriuntilenir ve
béylece sirayla eklenen niikleotitler dizilenmis
olur. Dizileme isleminden sonra elde edilen
verilerin dizi analizi biyoinformatik araclar
yardimiyla  gerceklestirilir. ~ Bu  analizlerle
hedeflenen ortamda hangi mikroorganizmalart
oldugu ve bunlarin ne oranda bulundugu tespit

edilebilir (Jagadeesan vd., 2019; Weiss vd., 2019).

tutunan

Gidalar bakteri, maya, kif gibi organizmalar
birlikte bulundutur ve bu mikroorganizmalar

birbirleriyle etkilesimde bulunarak gidalarin
fermantasyonundan sorumludur veya
bozulmasina sebep olur. Son yirmi yilda

gelistirilen kultirden bagimsiz metotlar ile gida
tretimi, depolamast ve dagitumui siiregleri
fermantasyon ~ ve  bozulma  dinamikleri
incelenmistir (Cocolin ve Ercolini 2015; Serra vd.,
2019). Gudalarda gerceklestirilen bu ¢alismalarin;
gida patojenlerinin tayini, gidalarda bozulmalara
yol acan mikroorganizmalarin tayini,
fermantasyon stiresince mikroorganizma
degisiminin izlenmesi, potansiyel starter ya da
yaratli mikroorganizmalarin  belitflenmesi  gibi
ciktilart olmaktadir.

Ulkemizde beyaz peynirin mikrobiyel
kompozisyonunun belirlenmesine yonelik yapilan
calismalar incelendiginde genellikle klasik kiltirel
yontemler ve biyokimyasal testlerin kullanildigy,
bunun yaninda son zamanlarda 16S tRNA
dizileme yonteminin 6ne ¢iktigr goérilmektedir
(Hayaloglu vd., 2002; Ertirkmen vd., 2015;
Arslan, 2017).

Arslan (2017) yaptigt calismada, Erzurum basta
olmak Uzere Turkiye’nin cesitli bolgelerinden
topladigt  beyaz  peynirlerden lakttk  asit
bakterilerinin izolasyonunu ve AP, 765 rRINA
gen analizi  ve rep-PCR  yontemleri ile
identifikasyonunu gerceklestirmistir. Buna gore
Lactobacillus fefiri, 1. brevis, 1. casei, 1. paracasei,
Pediococcus loliz, Prolinoborus fasciculus, Staphylococcns
haemolyticns, 1ysnibacillus sinduriensis, P. parvulus, 1.
paraplantarum, Staphylococcus hominis, 1. buchneri, L.
plantarum, — Enterococens — faecium, — Micrococeus
yunnanensis, Microbacterium paraoxydans ve Rothia
dentocariosa  tutlerine ait 42 adet izolat
tanimlanmistir.

Dec vd. (2016) tarafindan kiimes hayvanlarindan
izole edilen Lactobacillus cinsine ait bakterilerin
tanimlanmasi amactyla yapilan calisgmada 16S-
ARDRA ve MALDI-TOF yontemleri kullanilmig
ve sonugcta; L. salivarius, L. johnsonii ve L. inglnviei
turleri  baskin  mikroorganizmalar  olarak
kaydedilmistir. Ayrica MALDI-TOF MS’in diger
yontemlere kiyasla ¢ok daha hizli bir yéntem
oldugu bildirilmistir.

Literatiir incelendiginde, cesitli fermante gida
trinlerinin - mikrobiyotasinin  belitflenmesi  ve
fermantasyon stirecinde rold olan
mikroorganizmalarin aydinlatlabilmesi amactyla
yuksek ctktili yeni nesil dizileme yonemleriyle
calismalar  yapildigr goriilmektedir. Bu gida
trtnleri; kefir (Nalbantoglu vd., 2014; Garofalo
vd., 2015; Walsh vd., 2016; Verce vd., 2020),
piring sarabt (Bora vd., 2016), tahul sitkesi (Wu
vd., 2017), Gztm ve sarap (Sternes vd., 2017; Wei
vd., 2018; Cerutti vd., 2019), kakao taneleri
(Agyirifo, 2019; Serra vd., 2019), kahve (Pothakos
vd., 2020), ¢ig stt (Kable vd., 2016; Doyle vd.,
2017), sucuk (Ferrocino vd., 2018) ve peynirdir
(Wolfe vd., 2014; Dalmasso vd, 2016; Dugat-



Beyaz peynirde kiltiromik ve shotgun metagenomik teknolojileri

Bony vd., 2016; Guidone vd., 2016; Escobat-
Zepeda vd., 2016; Domingos-Lopes vd., 2017;
Duru vd., 2018; Savasan ve Beyaz, 2019).

Wolfe vd. (2014) yapug calismada eskitilmis
peynirin kabuk kisminin mikrobiyel ¢esitliliginin
belitlenebilmesi, mikroorganizmalarin
metabolizmalarinin ve fonksiyonlarinin
arastirlabilmesi ve bu peynirin kabuk kismim

olusuran mikroorganizmalara ait bir model
olusturulabilmesi amactyla, Avrupa’dan
Amerika’ya 10 farkll tlkede starter kiltir

kullanilarak Gretilen ve olgunlagtirilan 137 adet
eskitilmis peynirin kabuk kisminda PCR bazli
amplikon dizileme yapilmustir. Bakteri
komuniteleri icin 765 rRIN.A ve kuf komuniteleri
icin ITS bolgeleri dizilenmistir. Calismanin
sonucunda tim O6rneklerde %1°den fazla bulunan
ve bu oranla baskin mikroorganizma olan 14 adet
bakteri ve 10 adet kiif cinsi tespit edilmistir. Tespit
edilen cins sayisinin  siurh olmasinin,  bu
mikroorganizmalarin  starter  kiltir kaynakli
olmasindan 6tirti oldugu bildirilmistir. Ancak
bunun yaninda bakterilerin %060’1min kiiflerin ise
%251k  kismunin - starter  kiltiir  olmayan
mikroorganizmalar oldugu tespit edilmistir.
Starter  kiltir  kaynakli  olmayan  bu
mikroorganizmalarin  ¢evresel  kaynaklardan
gelmis  olabilecegi  bildirilmistir. ~ Cevresel
kaynaklardan gelen bu mikroorganizmalarin
peynitlerin  yap1, tat, koku gibi O&zelliklerinin
olugmasinda katkisinin olabilecegi bildirilmistir.

Guidone vd. (20106) tarafindan yapilan ¢alismada,
farklt asidifikasyon yontemleri ile tretilen yiiksek
nemli Mozzarella peynitlerinden alinan 6rneklerin
mikrobiyel — kompozisyonu  yiksek  cktli
yontemlerle incelenmistir. Orneklerden yapilan
DNA ckstraksiyon isleminin ardindan 765 rRINA
genlerinin V1-V3 bélgeleri amplifiye edilmis ve
pirosekanslama yoéntemi ile dizilenmistir. Kalite
kontrol wve filtreleme islemleri QIIME 1.8.0
yazthimi ile  gerceklestirilmistir.  Calismanin
sonuglarina  gore, starter kiltir kullanilan
peynitlerde  Streptococcus  thermophilus baskin  tir
olarak gézlenmistir. Bunun yaninda diger laktik
asit bakterileri ve %0,01-1 oraninda bozulmaya
sebep olan mikroorganizmalar g6zlenmistir. Sitrik
asit kullamilan 5 6rnek ve etiket bilgisi olmayan 5

ornekte ise laktik asit bakterileri, psikotrofik
mikroorganizmalar ve Enterobacteriaceae ailesine
ait  mikroorganizmalardan  olusan  yiksek
mikrobiyel ¢esitlilik gbzlenmistir. Sonu¢ olarak
sitrik asit kullanilan ve etiket bilgisi icermeyen
peynitlerin mikrobiyel cesitliliginin daha fazla
oldugu bulunmustur. Bu yontemle starter
kiltirlerle retilen Mozzarella peynirlerinin diger
yontemlerle tretilen peynitlerden mikrobiyel
acidan  farkliigi  kanutlanmis  ve  peynir
endustrisinde yapilan hilelerin  anlasilabilecegi
belirtilmistir.

Verce vd. (2020) tarafindan yapilan calismada,
kefir mikrobiyotasinin  belirlenmesi amactyla
shotgun dizileme yapilmis ve yeni bir bakteri tiri
kesfedilmistir. Bunun i¢in fermantasyonun 2 farkls
asamasinda hem kefir tanelerinden hem de kefirin
sulu kismindan olmak tzere 4 6rnek alinmustir.
Orneklerden DNA  ekstraksiyonu  yapilmis,
shotgun  dizileme Ion PGM  cihazinda
gerceklestirilmis ve elde edilen diziler BLAST,
Kraken ve Kaiju gibi biyoinformatik araclar
kullanilarak anlamlandirilmistir. Calisma sonunda
kefirde  Lactobacillus  harbinensis,  Lactobacillus
hilgardis, Lactobacillus nagelii, Lactobacillus paracasei ve
cesitli  Lactobacillus titleri bulunmustur. Bunun
yanunda Bifidobacterinm aquikefiri ile Saccharomyces
cerevisiae ve Dekkera bruxellensis mayalari da tespit
edilmistir. Ayrica calismada Shothun
metagenomik dizileme ile Oenococcns oeni ve
Oenococcns  kitaharae turled ile iligkili yeni bir
Oenococens  turt  tespit edildigi ve bu tirin

Candidatus Oenococcus aquikefiri olarak
isimlendirildigi raporlanmustir.

SONUC

Son yillarda mikroorganizmalarin

tanimlanmasinda klasik kiltiire]l yontemlerin yant
sira genetik materyale dayalt molekiler teknikletin
kullammi olduk¢a yayginlasmistir. Kiltiire dayali

molekiiler yontemlerin  yaninda  kiltirden
bagimsiz metagenomik  teknolojisi  ¢evresel
Ornegin  tagidigt mikrobiyel yikin toplam

genomunun dizilenmesine olanak saglamasi ile
mikroorganizmalarin tanimlanmasina ve
mikrobiyota calismalatina yeni bir bakis agist
getirmistir. Bu nedenle, endiistriyel olarak iiretilen
beyaz peynir mikrobiyotasinin beliflenmesinde
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MALDI-TOF MS temelli kiiltiromik yaklasimi ve
shotgun  dizileme  temelli  metagenomik
teknolojilerin  birlikte  kullandmast  6nemli
goriilmektedir. Bunun yaninda beyaz peynir
isletmesinde tretim stresince peynire dogrudan
ve/veya dolayll yoldan temas eden eckipman
mikrobiyotasinin belirlenmesi ve bunun beyaz
peynir mikrobiyotasina katkisinin aydinlatilmast
endistriyel agidan 6nem arz etmektedir. Ayrica,
amact gelencksel gida Uriinlerinin  mikrobiyal
cesitliligini kesfetmek ve bu cesitliligin  insan
sagligt acgisindan Onemini ortaya koyacak ileri
calismalar icin yenilik¢i yontemlerin
degerlendirilmesi gereklidir.

TESEKKUR

Bu calisma TAGEM ve MAYSA GIDA
tarafindan TAGEM/18/AR-GE/31 nolu sayilt
proje ile maddi olarak  desteklenmistir.
Desteklerinden doyali TAGEM Kurumuna ve
MAYSA GIDA’ya tesekkiir ederiz.

CIKAR CATISMASI BEYANI
Yazarlarin, baska kisiler ve/veya kurumlar ile ¢ikar
catismast bulunmamaktadir.

YAZAR KATKILARI
Bu calismada tim yazatlarin katkist esittir.

KAYNAKLAR

Agyirifo, D.S., Wamalwa, M., Otwe, E.P,
Galyuon, L., Runo, S., Takrama, J., Ngeranwa, ]J.
(2019). Metagenomics analysis of cocoa bean
fermentation microbiome identifying species
diversity and putative functional capabilities,

Heliyon 5(7): €02170, doi:
10.1016/j.heliyon.2019.€02170.
Anonymous  (2009). Tirk Gida Kodeksi.

Mikrobiyolojik Kriterler Tebliginde Degisiklik
Yapilmast Hakkinda Teblig (2009/68). Tarim ve
Koyisleri Bakanhigi. 8 Ocak 2010 tarih ve 27456
saylli Resmi Gazete, Ankara.

Anonymous (2015). Tirk Gida Kodeksi. Peynir
Tebligi (2015/6). Tarim ve Koyisleri Bakanligt. 8
Subat 2015 tarih ve 29261 sayili Resmi Gazete,
Ankara.

Anonymous (2020) Tarimsal Ekonomi ve Politika
Gelistirme Enstitiisi Mudurliga (TEPGE) 2017-

2018 Siit ve Siit Uriinleri Durum Tahmin Raporu.
https:/ /arastitma.tarimorman.gov.tr/ tepge/Belg
eler/PDF%20Durum-
Tahmin%20Rapotlar®%C4%B1/2017-
2018%20Durum-
%20Tahmin%20Rapotlar’C4%B1/S%C3%BCt
%20Durum%:20Tahmin%20Raporu%202017-
2018-305.pdf (Etisim tarihi: 15 Mart 2020).

Anonymous (2020). Ulusal Stit Konseyi 2018 Siit
Raporu. https:/ /ulusalsutkonseyi.otg.tr/wp-
content/uploads/Sut_Raporu_2018_Web_Kapa
Kli.pdf (Erisim tatihi: 15 Mart 2020).

Arslan, S. (2017). Turkiye'nin farkli yoreletinden
toplanan beyaz peynir Orneklerinden laktik asit
bakterilerinin  izolasyonu, identifikasyonu ve
molekiiler karakterizasyonu. Atatiirk Universitesi
Fen Bilimleri Enstitisi Molekiler Biyoloji ve
Genetik Anabilim Dali Yuksek Lisans Tezi,
Erzurum, Turkiye, 116 s.

Bora, S.S., Keot, J., Das, S. Sarma, K., Barooah,
M. (2016). Metagenomics analysis of microbial
communities associated with a traditional rice
wine starter culture (Xaj-pitha) of Assam, India. 3
Biotech, 6(2): 153, doi: 10.1007/s13205-016-0471-
1.

Breitwieser, F. P., Lu, J., Salzberg, S. L. (2019). A

review of methods and databases for
metagenomic classification and assembly. Brigf
Bioinform, 20(4): 1125-11306, doi:
10.1093/bib/bbx120.

Cerit, Z.G. (2020). Beyaz peynir ve sit isleme
tesisinden  izole  edilen = mikrobiyotanin
karakterizasyonu. Hacettepe Universitesi Fen
Bilimleri Enstitiisit Gida Mithendisligi Anabilim
Daly, Yiksek Lisans Tezi, Ankara, Ttrkiye 165 s.

Cerutti, F., Cravero, D., Costantini, A., Pulcini, L.,
Modesto, P., Acutis, P.L.., Vaudano, E., Peletto, S.
(2019). Impact of DNA purification method and
primer  selection on 16S tRNA  gene
metabarcoding on wine. OENO One, 53 (3). doi:
10.20870/0eno-one.2019.53.3.2368.

Cocolin, L., Ercolini, D. (2015). Zooming into
food-associated microbial consortia: a ‘cultural’
evolution. Curr Opin Food Sei, 2: 43-50, doi:
10.1016/j.cofs.2015.01.003.


https://arastirma.tarimorman.gov.tr/tepge/Belgeler/PDF%20Durum-Tahmin%20Raporlar%C4%B1/2017-2018%20Durum-%20Tahmin%20Raporlar%C4%B1/S%C3%BCt%20Durum%20Tahmin%20Raporu%202017-2018-305.pdf
https://arastirma.tarimorman.gov.tr/tepge/Belgeler/PDF%20Durum-Tahmin%20Raporlar%C4%B1/2017-2018%20Durum-%20Tahmin%20Raporlar%C4%B1/S%C3%BCt%20Durum%20Tahmin%20Raporu%202017-2018-305.pdf
https://arastirma.tarimorman.gov.tr/tepge/Belgeler/PDF%20Durum-Tahmin%20Raporlar%C4%B1/2017-2018%20Durum-%20Tahmin%20Raporlar%C4%B1/S%C3%BCt%20Durum%20Tahmin%20Raporu%202017-2018-305.pdf
https://arastirma.tarimorman.gov.tr/tepge/Belgeler/PDF%20Durum-Tahmin%20Raporlar%C4%B1/2017-2018%20Durum-%20Tahmin%20Raporlar%C4%B1/S%C3%BCt%20Durum%20Tahmin%20Raporu%202017-2018-305.pdf
https://arastirma.tarimorman.gov.tr/tepge/Belgeler/PDF%20Durum-Tahmin%20Raporlar%C4%B1/2017-2018%20Durum-%20Tahmin%20Raporlar%C4%B1/S%C3%BCt%20Durum%20Tahmin%20Raporu%202017-2018-305.pdf
https://arastirma.tarimorman.gov.tr/tepge/Belgeler/PDF%20Durum-Tahmin%20Raporlar%C4%B1/2017-2018%20Durum-%20Tahmin%20Raporlar%C4%B1/S%C3%BCt%20Durum%20Tahmin%20Raporu%202017-2018-305.pdf
https://arastirma.tarimorman.gov.tr/tepge/Belgeler/PDF%20Durum-Tahmin%20Raporlar%C4%B1/2017-2018%20Durum-%20Tahmin%20Raporlar%C4%B1/S%C3%BCt%20Durum%20Tahmin%20Raporu%202017-2018-305.pdf
https://ulusalsutkonseyi.org.tr/wp-content/uploads/Sut_Raporu_2018_Web_Kapakli.pdf
https://ulusalsutkonseyi.org.tr/wp-content/uploads/Sut_Raporu_2018_Web_Kapakli.pdf
https://ulusalsutkonseyi.org.tr/wp-content/uploads/Sut_Raporu_2018_Web_Kapakli.pdf

Beyaz peynirde kiltiromik ve shotgun metagenomik teknolojileri

Dalmasso, A., Rio, M.D., Civera, T., Pattono, D.,
Cardazzo, B., Bottero, M.T. (2010).
Characterization of microbiota in Plaisentif
cheese by high-throughput sequencing. Lebensm
Wiss Technol, 69: 490-496, doi:
10.1016/j.lwt.2016.02.004.

Dec, M., Puchalski, A., Urban-Chmiel, R.,
Wernicki, A. (2016). 16S-ARDRA and MALDI-
TOF mass spectrometry as tools for identification
of  Lactobacillus  bacteria  isolated  from
poultry. BMC  Microbiol, 16 (105),  doi:
10.1186/512866-016-0732-5

Deurenberg, R.H., Bathoorn, E., Chlebowicz,
M.A., Couto, N., Ferdous, M., Garcia-Cobos, S.,
Kooistra-Smid, A.M., Raangs, E.C., Rosema, S.,
Veloo, A.C., Zhou, K., Friedrich, A.W., Rossen,
J.W. (2017). Application of next generation
sequencing in clinical microbiology and infection
prevention. | Biotechnol,  243:  16-24, doti:
10.1016/j.jbiotec.2016.12.022.

Domingos-Lopesa, M.F.P., Stanton, C., Ross,
P.R., Dapkevicius, M.L.E., Silva, C.C.G. (2017).
Genetic  diversity, safety and technological
characterization of lactic acid bacteria isolated
from artisanal Pico cheese. Food Microbiol, 63:178-
190, doi: 10.1016/j.fm.2016.11.014.

Doyle, CJ., Gleeson, D.E., O'Toole, P.W.,
Cotter, P.D. (2017). Impacts of Seasonal Housing
and Teat Preparation on Raw Milk Microbiota: a
High-Throughput = Sequencing Study. App/
Environ Microbiol, 83: 2, doi: 10.1128 / AEM.02694-
16.

Dugat-Bony, E., Garnier, L., Denonfoux, J.,
Ferreira, S., Sarthou, A., Bonnarme, P., Irlinger,
F. (2016). Highlighting the microbial diversity of
12 French cheese varieties. Int | Food Microbiol,
238: 265-273, doi:
10.1016/j.ijfoodmicro.2016.09.026.

Duru, I.C., Laine, P., Andreevskaya, M., Paulin,
L., Kananen, S., Tynkkynen, S., Auvinen, P,
Smolander, O.P. (2018). Metagenomic and
metatranscriptomic analysis of the microbial
community in Swiss-type Maasdam cheese during
ripening. Int | Food Microbiol, 281: 10-22 doi:
10.1016/j.jjfoodmicro.2018.05.017.

Ercolini, D., Mauriello, G., Blaiotta, G.,
Moschetti, G., Coppola, S. (2004). PCR-DGGE
Fingerprints Of Microbial Succession During A
Manufacture Of Traditional Water Buffalo
Mozzarella Cheese. | App/ Microbiol, 96(2): 263-70,
doi: 10.1046/j.1365-2672.2003.02146.x.

Ercolini, D.  (2013).  High-Throughput
Sequencing And Metagenomics: Moving Forward
In The Culture-Independent Analysis Of Food
Microbial Ecology. Appl. Environ. Microbiol., 79
3148-3155, doi: 10.1128/AEM.00256-13.

Ertiitkmen, P., Oner, Z. (2015) "Beyaz Peynir

Orneklerinden  Izole Edilen Laktik — Asit
Bakterilerinin =~ Baglatict  (Starter) — Kdaltir
Ozelliklerinin ~ Biyokimyasal ~ Yéntemlerle

Belirlenmesi". Siileyman Demirel Universitesi
Fen Bilimleri Enstitlisi Dergisi 19: 9-16, doi:
10.19113/sdufbed.25545.

Escobar-Zepeda, A., Vera-Ponce De Leén, A.,
Sanchez-Flores, A. (2015). The Road to
Metagenomics: From Microbiology to DNA
Sequencing Technologies and Bioinformatics.

Front Genet, 6 (348), doi:
10.3389/fgene.2015.00348.
Escobar-Zepeda, A., Sanchez-Flores, A,

Barucha, M. Q. (2016). Metagenomic analysis of a
Mexican ripened cheese teveals a unique complex
microbiota. Food Microbiol, 57: 116-127, doi:
10.1016/§.fm.2016.02.004.

Escobar-Zepeda, A., Godoy-Lozano, E.E., Raggi,
L. (2018). Analysis of sequencing strategies and
tools for taxonomic annotation: Defining

standards for progressive metagenomics. S Rep,
8, doi: 10.1038/s41598-018-30515-5.

Ferrocino, 1., Bellio, A., Giordano, M., Macori,
G., Romano, A., Rantsiou, K., Decastelli, L.,
Cocolin, L. (2018). Shotgun Metagenomics and
Volatilome Profile of the Microbiota of
Fermented Sausages. App/ Environ Microbiol, 84(3):
€02120-17. doi: 10.1128/AEM.02120-17.

Garofalo, C., Osimani, A., Milanovi¢, V.,
Aquilanti, L., Filippis, F.D., Stellato, G., Mauro,
S.D., Turchetti, B., Buzzini, P., Ercolini, D.,
Clementi, F. (2015). Bacteria and yeast microbiota
in milk kefir grains from different Italian

579



580

Z.G. Cerit, M.C. Baloglu, R. Yilmaz

regions. Food — Microbiol, 49
10.1016/j.fm.2015.01.017.

Guidone A., Zotta, T., Matera, A., Ricciardi, A.,
Filippis, F.D., Ercolini, D., Parente,E. (2016). The
microbiota of high-moisture mozzarella cheese
produced with different acidification methods. Inz

123-133, doi:

J  Food  Microbiol, — 216:  9-17,  doi:
10.1016/j.jjfoodmicro.2015.09.002.

Handelsman, J.  (2004).  Metagenomics:
Application of Genomics to Uncultured

Microorganisms. Microbiol Mol Biol Rev, 68(4): 669-
685, doi: 10.1128/MMBR.68.4.669-685.2004.

Harnpicharnchai, P., Jaresitthikunchai, J.,
Seesang, M., Jindamorakot, S., Tanapongpipat, S.,
Ingsriswang, S. (2020). Characterization of Yeast
and Bacterial Type Strains with Food and
Agricultural Applications by MALDI-TOF Mass
Spectrometry  Biotypin.  Hanguk  Misaengmn!
Saengmyong Kongbakhoe Chi, 48(2): 138-147. doi:
10.4014/mbl.1910.10008.

Hayaloglu, A.A., Gluven, M., P. F. Fox. (2002).
Microbiological, Biochemical and Technological
Properties Of Turkish White Cheese ‘Beyaz
Peynit’. Int Dairy ], 12(8): 635-648. doi:
10.4172/2572-4134.1000117.

Jagadeesan, B., Gerner-Smidt, P., Allard, M.W.,
Leuillet, S., Winkler, A., Xiao, Y., Chaffron, S,
Vossen, J.V., Tang, S., Katase, M., McClure, P.,
Kimura, B., Chai, L.C., Chapman, J., Grant, K.
(2019). The use of next generation sequencing for
improving food safety: Translation into practice.
Food microbiol, 79: 96-115, doi:
10.1016/j.fm.2018.11.005.

Jonnala, B.R.Y., McSweeney, P.L.H., Shechan,
J.J., Cotter, P.D. (2018). Sequencing of the Cheese
Microbiome and Its Relevance to Industry. Front
Microbiol, 23(9): 1020, doi:
10.3389/fmicb.2018.01020.

Jongman, M., Carmichael, P.C., Bill, M. (2020).
Technological Advances in Phytopathogen
Detection and Metagenome Profiling
Techniques, Curr Microbiol, 77: 675-681, doi:
10.1007/500284-020-01881-z.

Kable, M.E., Srisengfa, Y., Laird, M., Zaragoza,
J.L., Mcleod, J., Heidenteich, J.M., Matco, M.L.

(2016). The Core and Seasonal Microbiota of Raw
Bovine Milk in Tanker Trucks and the Impact of
Transfer to a Milk Processing Facility. #Bzo, 7, doi:
10.1128/mBi0.00836-16.

Kader, T., Goode, D. L., Wong, S. Q.,
Connaughton, J., Rowley, S. M., Devereux, L.,
Byrne, D., B. F., Stephen, Arnau, G. M., Tothill,
R. W., Campbell I. G., Gottinge, K. L. (2010).
Copy number analysis by low coverage whole
genome sequencing using ultra low-input DNA
from formalin-fixed paraffin embedded tumor
tissue, Genome Med, 8(121), doi: 10.1186/s13073-
016-0375-z.

KEGG GENOME Database (2020). Organisms
and ecosystems with genome sequence
information. https:/ /www.genome.jp/kegg/
genome.html (Erisim tarihi: 20 Subat 2020).

Knight R., Vrbanac, A., Taylor, B. C., Aksenov,
A., Callewaert, C., Debelius, J., Gonzalez, A.,
Kosciolek, T., McCall, L. I., McDonald, D.,
Melnik, A. V., Morton, J. T., Navas, J., Quinn,
R.A., Sanders, J. G., Swafford, A. D., Thompson,
L. R., Tripathi, Xu, Z. Z., Zaneveld, J. R., Zhu,
Q., Caporaso J. G., Dorrestein, P. C. (2018). Best
practices for analysing microbiomes, Naf Rev
Microbiol, 16: 410—422, doi: 10.1038/s41579-018-
0029-9.

Lagier, J., Dubourg, G., Million, M., Cadoret, F.,
Bilen, M., Fenollar, F., Levasseur, A., Rolain, ].M.,
Fournier, P.E., Raoult, D. (2018). Culturing the
human microbiota and culturomics. Na# Rev
Microbiol, 16: 540-550, doi:. 10.1038/s41579-018-
0041-0.

Liu, X. (2016). Microbiome. Yale | Bio/ Med, 89(3):
275-276, doi: 10.3389/fmicb.2017.02224.

Nair, H.P., Bhat, S.G. (2020). Metagenomic data
on bacterial diversity profiling of Arabian sea
sediment by amplicon sequencing, Data Brief, 28,
doi: 10.1016/j.dib.2019.104791.

Nacef, M., Chevalier, M., Chollet, S., Drider, D.,
Flahaut, C. (2017). MALDI-TOF mass
spectrometry for the identification of lactic acid
bacteria isolated from a French cheese: The
Maroilles. Int | Food Microbiol, 247: 2-8, doi:
10.1016/j.jjfoodmicro.2016.07.005.


https://www.genome.jp/kegg/%20genome.html
https://www.genome.jp/kegg/%20genome.html

Beyaz peynirde kiltiromik ve shotgun metagenomik teknolojileri

Nalbantoglu, U., Cakar, A., Dogan, H., Abaci, N.,
Ustek, D., Sayood, K., Can, H., (2014).
Metagenomic  analysis of the microbial
community in kefir grains. Food Microbiol, 41: 42-
51, doi: 10.1016/j.fm.2014.01.014.

Parente, E., Ricciardi, A., Zotta, T. (2020). The
microbiota of dairy milk: A review. Int Dairy ],
107: 104714, doi: 10.1016/j.idairyj.2020.104714.

Pothakos, V., Vuyst, L.D., Zhang, S.J., Bruyn,
F.D., Verce, M., Torres, J., Callan, M., Moccand,

C., Weckx, S. (2020). Temporal shotgun
metagenomics of an FEcuadorian  coffee
fermentation process highlights the

predominance of lactic acid bacteria. Curr Res
Biotechnol, 2:1-15, doi:
10.1016/j.ctbiot.2020.02.001.

Prescott, S.L. (2017). History of medicine: Origin
of the term microbiome and why it matters. Hum
Microb / 4: 24-25, doi:
10.1016/j.humic.2017.05.004.

Ranjan, R., Rani, A., Metwally, A.A., McGee,
H.S., Perkins, D.L. (2016). Analysis of the
microbiome: Advantages of whole genome
shotgun versus 16S amplicon sequencing. Biocher
Biophys  Res Commun, 469(4):  967-977, dot:
10.1016/j.bbrc.2015.12.083.

Santos, 1.C., Hildenbrandbc, Z.L., Schug, K.A.
(2016). Applications of MALDI-TOF MS in
environmental microbiology.  Awalyst,  141:

2827-2837, doi: 10.1039/C6ANO0131A.
Savasan, S., Beyaz, D. (2019). Erken Olgunlasma

Dénemindeki Geleneksel Peynir
Mikrobiyomunun Metagenomik Analizi. ez
Mikrobiyol, 30(1): 27-35, doi:
10.35864/EVMD.586548.

Serra, J.L., Moura, F.G., Pereira, G.V., Soccol,
CR.,, Rogez, H.L, Darnet, S. (2019).

Determination of the microbial community in
Amazonian cocoa bean fermentation by Illumina-
based metagenomic sequencing. Lebensm Wiss

Technol, 106: 229-239, doi:
10.1016/J.1.W'T.2019.02.038.
Sielaff, A.C., Utrbaniak, C., Mohan, G.B.,

Stepanov, V.G, Tran, Q.H., Wood, J.M., Minich,
J.J., McDonald, D., Mayer, T., Knight, R,

Karouia, F., Fox, G.E., Venkateswaran, K. (2019).
Characterization of the total and viable bacterial
and fungal communities associated with the
International Space Station surfaces. Microbiome, 7,

doi: 10.1186/s40168-019-0666-x.

Stellato, G., Filippis, F.D., Storia, A.L., Ercolini,
D. (2015). Coexistence of Lactic Acid Bacteria
and Potential Spoilage Microbiota in a Dairy
Processing Environment. App/ Environ Microbiol,
81(22): 7893-7904, doi: 10.1128/ AEM.02294-15.

Sternes, P.R., Lee, D., Kutyna, D.R., Borneman,
AR. (2017). A combined meta-barcoding and
shotgun metagenomic analysis of spontaneous

wine fermentation. GigaScience, 6: 1-10, doi:
10.1093/gigascience/ gix040.

Tilocca, B., Costanzo, N., Morittu, V.M., Spina,
A.A,, Soggiu, A., Britti, D., Roncada, P., Piras, C.
(2019). Milk  microbiota:  Characterization
methods and role in cheese production. [
proteomics, 210: 103534, doi:
10.1016/j.jprot.2019.103534.

Togay, S.O., Capece, A., Siesto, G., Aksu, H.,
Altunatmaz, S.S., Aksu, F., Romano, P., Yuceer,
Y.K. (2020). Molecular characterization of yeasts
isolated from traditional Turkish cheeses. Food Sci.
Technol, doi: 10.1590/fst.24319.

Topeu, A., Saldamli, 1. (20006). Proteolytical,
Chemical, Textural and Sensorial Changes During
the Ripening of Turkish White Cheese Made of
Pasteurized Cows' Milk. Int | Food Prop, 9: 665-
678, doi: 10.1080/10942910500542238.

TUIK (2020). Siit ve Siit Uriinleri Raporu Sayt:
33697, https:/ /ulusalsutkonseyi.org.tr/wp-
content/uploads/Haber_Bulteni_mart_2020.pdf
(Erisim Tarihi: 10 Temmuz 2020).

Tunail, N. (2009). Mikrobiyolgji. Pelin Ofset Tipo
Matbaacilik, Ankara, Turkiye, 434 s. ISBN:
978605-603-62-0-0.

Verce, M., Vuyst, L.D., Weckx, S. (2020). The
metagenome-assembled genome of Candidatus
Oenococcus  aquikefiri  from  water  kefir
represents the species Oenococcus sicerae. Food
microbiol, 88: 103402, doi:
10.1016/.fm.2019.103402.

581


https://ulusalsutkonseyi.org.tr/wp-content/uploads/Haber_Bulteni_mart_2020.pdf
https://ulusalsutkonseyi.org.tr/wp-content/uploads/Haber_Bulteni_mart_2020.pdf

582

Z.G. Cerit, M.C. Baloglu, R. Yilmaz

Walsh, A. M., Ciispie, F., Kilcawley, K,
O'Sullivan, O., O'Sullivan, M. G., Claesson, M. J.,
Cotter, P. D. (2016). Microbial Succession and
Flavor Production in the Fermented Dairy
Beverage Kefir. mSysterns, 1(5): e00052-16, doi:
10.1128/mSystems.00052-16.

Wei, Y. J., Wu, Y., Yan, Y. Z., Zou, W., Xue, .,
Ma, W. R.,, Wang, W., Tian, G., Wang, L. Y.
(2018). High-throughput sequencing of microbial
community diversity in soil, grapes, leaves, grape
juice and wine of grapevine from China. P/S one,
13(3):¢0193097,
doi:10.1371/journal.pone.0193097.

Weiss, H., Hertzberg, V.S., Dupont, C., Espinoza,
J.L., Levy, S., Nelson, K., Norris, S., The
FlyHealthy Research Team (2019). The Airplane
Cabin Microbiome. Environ Microbiol, 77(1):87-95,
doi: 10.1007/s00248-018-1191-3.

Wolfe, B. E., Button, J. E., Santarelli, M., Dutton,
R. J. (2014). Cheese rind communities provide
tractable systems for in situ and in vitro studies of
microbial diversity. Cel, 158(2): 422-433, doi:
10.1016/j.cell.2014.05.041.

Wu, L., Lu, Z., Zhang, X., Wang, Z., Yu, Y., Shi,
J., Xu, Z. (2017). Metagenomics reveals flavour
metabolic network of cereal vinegar microbiota.
Food microbiol, 62, 23-31, doi:
10.1016/j.fm.2016.09.010.

Yilmaz R., Temiz, A. Acik, L., Celebi Keskin, A.
(2015). Genetic Differentiation of Lactobacillus

delbrueckii  subsp.  bulgaricus  and  Streptococcus
thermophilus  Strains Isolated from Raw Milk
Samples Collected from Different Regions of
Turkey, Food Biotechnol, 29(4): 336-355, doi:
10.1080/08905436.2015.1092091.

Zhang, L., Loh, K., Lim, J.W., Zhang, J. (2019).
Bioinformatics analysis of metagenomics data of
biogas-producing microbial communities in
anaerobic digesters: A review. Renew. Sustain.
Energy Rey, 100: 110-126, doi:
10.1016/J.RSER.2018.10.021.

Zheng J., Wittouck S., Salvetti E., Franz
C.M.A.P., Harris H.M.B., Mattarelli P., O'Toole,
P.W., Pot, B., Vandamme, P., Walter, J.,
Watanabe, K., Wuyts, S., Felis, G.E.,Ginzle,
M.G., Lebeer, S. (2020). A taxonomic note on the
genus Lactobacillus: description of 23 novel genera,
emended description of the genus Lactobacillus
begjerinck 1901, and union of Lactobacillaceae and
Lenconostocaceae. Int | Syst Evol Microbiol, 70(4):
2782-2858, doi: 10.1099/ijsem.0.004107.

Zhou, L.M., Proctor, L.M., Creasy, H., Fettweis,
J-M., Lloyd-Price, J., Mahurkar, A., Zhou, W.,
Buck, G.A., Snyder, M.P., Strauss, J.F,
Weinstock, G.M., White, O.L., Huttenhower, C.
(2019). The Integrative Human Microbiome
Project. Nature, 569: 641-648, doi:
10.1038/s41586-019-1238-8.



Derleme /Review
GIDA (2021) 46(3) 583-607
doi: 10.15237/gida.GD21009

PUSKURTMELI KURUTMA VE DONDURARAK KURUTMA
YONTEMLERININ TEMELLERI VE BU YONTEMLER iLE GIDA
ATIKLARINDAN TOZ URUNLERIN URETIiMIi

Elif Ezgi Ozdemir, Ahmet Gorgiig, Esra Gengdag, Fatih Mehmet Yilmaz"
Aydin Adnan Menderes Universitesi, Mithendislik Fakiiltesi, Gida Mithendisligi Béliimii, Aydin, Tiirkiye

Gelis / Received: 18.01.2021; Kabul / Accepted: 16.03.2021; Online baskt / Published online: 08.04.2021

Ozdemir, E.E., Gorgiig, A., Gengdag, E., Yilmaz, F.M. (2021). Piskiirtmeli kurutma ve dondurarak
kurutma yéntemlerinin temelleri ve bu yontemler ile gida atiklarindan toz tirtinlerin Gretimi. GID.A (2021)
46(3) 583-607 doi: 10.15237/gida. GD21009.

Ozdemir, E.E., Girgiig, A., Gengdag, E., Yilmaz, F.M. (2021). Piiskiirtmeli kurutma ve dondurarak kurntma

Yontemlerinin temelleri ve bu yontemler ile gida atiklarmdan tog: siviinlerin diretimi. GIDA (2021) 46(3) 583-607 doi:

10.15237/ gida. GD21009.

oz

Bu detleme makalede gida atiklari ve/veya yan trunlerinden gida bilesenletinin 6ziitlenerek geti kazaniminin
ardindan piiskiirtmeli ve dondurarak kurutma yéntemleti ile toz formda Uriin tretimine yonelik calismalar
ele alinmistr. Gida atiklarindan 6zitenen fenolik maddeler, vitaminler, renk maddeleri, aroma maddeleti,
proteinler ve lifler gibi bilesiklerin hem dis etkenlere karst dayanimlarini artirmak hem de gida
formilasyonlarinda kullammint kolaylastirmak icin 6ziitler kurutularak toz forma dontstiirtilmektedir.
Puskiirtmeli ve dondurarak kurutucu sistem bilesenlerinin, calisma prensiplerinin ve islemlerde etkili
faktorlerin de degetlendirildigi bu makalede 6zellikle son yillarda gerceklestitilen, her iki ydntemin bir arada
kullanildigi ve karsilastunldigt calismalar ele alinmustir. Piskirtmeli kurutma ve dondurarak kurutma
islemlerinin ve kurutma yardimet maddelerinin elde edilen toz triinlerin verim, higroskopisite, nem icerigi,
yapiskanlik, renk, ¢ozinitlik, camst gecis sicakhigl, yigin yogunlugu, mikroyapi, elektron mikroskobu
altindaki gbrinim, antioksidan kapasite, antosiyanin ve toplam karotenoit icerigi gibi ézellikleri tizerinde
etkili olduklar anlasiimaktadir.

Anahtar kelimeler: Toz gida triinleri, camst gegis sicakligi, toz trlin Gretimi, fonksiyonel toz trinler, atk
degetlendirme

PRINCIPLES OF SPRAY DRYING AND FREEZE DRYING TECHNIQUES AND
THEIR USE IN POWDER PRODUCTION FROM FOOD WASTES

ABSTRACT

In this review article, literature studies on the production of powder products by spray and freeze
drying methods after the extraction of food components from food waste and/or by-products are
discussed. The extracts are dried and converted into powder form in order to increase the stability
of compounds extracted from food wastes, such as phenolic compounds, vitamins, coloring and
flavoring agents, proteins, fibers, and to ease their use in food formulations. In this article, spray and
freeze dryer system components, working principles and effective factors in processes are evaluated,
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and especially recent studies evaluating both methods are discussed. It is clear that the spray drying
and freeze drying processes and drying auxiliaries are effective on powder properties such as the
vield, hygroscopicity, moisture content, adhesiveness, colot, solubility, glass transition temperature,
bulk density, microstructure, appearance under electron microscope, antioxidant capacity,

anthocyanin and total carotenoid contents.

Keywords: Powder food products, glass transition temperature, production of powder product,

functional powder products, waste valorization

GIRIS
Gida atiklari, gida yasam donglsinin tim
asamalarinda, yani tarimsal dretim, endistriyel
tretim, isleme ve dagiim sirasinda agiga
ctkmaktadir (Mirabella vd., 2014). Buna karsin
bircok gida atiginin insan sagligs izerinde faydalart
oldugu bilinen 6énemli bilesiklerin kaynagt oldugu
da iyi bilinmektedir (Bataglion vd., 2015).
Ozellikle bitki bazli gidalar lif, antioksidanlar ve
diger fitokimyasal maddeler (fenolik asitler,
flavonoitler vb.) acisindan zengin Urlnler olarak
ilgg cekmektedir (Neacsua vd., 2015). Bitki
kaynakli yan urtnlerden/atiklardan 6zutlenen
steroller, tokoferoller, karotenoitler, terpenler ve
polifenoller gibi fitokimyasallar, 6énemli Slciide
antioksidan kapasiteye sahiptitler. Bu nedenle, bu
tir atiklardan izole edilen bilesenler, fonksiyonel

gida formilasyonlarinda dogal antioksidanlar
olarak kullanilabilmekte ve raf émriinéi uzatmak
icin gida driinlerinde katki maddesi olarak bir¢ok
alanda degerlendirilmektedir  (Kalogeropoulos
vd., 2012). Bu baglamda bu bilegiklerin geri
donisturilmesi 6nem kazanmaktadir. Vitaminler,
probiyotikler, mineraller, polifenoller, omega-3-
yag asitleri ve fitosteroller gibi bilesikler oksijene,
1512, yiksek sicakliga ve suya oldukca duyartlt
olabilmekte; bu faktorlere baglt olarak da gida
trinlerinin - raf  6mri  ve  biyoyararlanimi
sinirlanmaktadir (Champagne ve Fustier, 2007;
Dordevié¢ vd., 2015). Kurutma isleminin 6nemi de
burada ortaya c¢kmaktadir. Gida atiklarindan
ekstraksiyon sonrast toz Urln Uretimine yonelik
uygulanan genel islemler Sekil 1°de 6zetlenmistir.

Gida yan Urlnl velveya atiklan
(Kabuk, ¢ekirdek, posa, tahil kepegi, yaprak, meyve ve
sebze auklan, dern vb.)

\

Yas Urline uygulanan on iglemler
(Kurutma, oglutme, eleme, depolama vb.)

FTTTTTTTTTT T Bzateme -
- Konvansiyonel / \ Konvansiyonel b
! Ozitleme olmayan ve '
' 1A '
L__-__--_-----_-I_---l"isl'f’f‘l"fTi_-J
CTTTTTTTTTTTTTN Kurutma 2
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Sekil 1. Gida atiklarindan farkli maddelerin 6ziitlenmesi ve toz lriin Gretimi
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Piskiirtmeli kurutma islemi operasyon kolayligt
ve maliyet etkinligi saglamast nedeniyle (Botrel
vd., 2014) stv1 bir ¢6zeltiyi kuru pargaciklara (toz
gida ve aglomerat) doniistirmede yaygin olarak
kullanilmaktadir ~ (Shishir ve Chen, 2017).
Dondurarak kurutma (liyofilizasyon) ise buzun
stiblimlesmesine dayanan bir dehidrasyon islemi
olarak tanimlanmaktadir (Marques ve Freire,
2005). Diustik sicaklik ve basing kombinasyonu
seklinde uygulanan bu islem sayesinde nihai
driinde renk ve lezzetin cok 1iyi derecede
korunumunun saglandigi, hizli su penetrasyonuna
ve rehidrasyon yoluyla tazeye yakin 6zelliklerin
geri kazanilmasina olanak tanidigi (Ceballos vd.,
2012) ifade edilmektedir. Burada en 6nemli nokta
kurutma yonteminin gidanin 6zelliklerine uygun
sekilde secilmesidir. Uygun kurutma yontemi
seciminin 6nemi kurutma islemi sonrasinda elde
edilen trtn kalitesinin en st dizeyde tutulmast,
uretilen toz Urtiniin rehidrasyon OGzelliklerinin
tyilestirmesi ve islem parametrelerinin optimize
edilmesi gibi durumlarda ortaya ¢tkmaktadir
(Morgan vd., 2000).

Bu calismada, puskirtmeli ve dondurarak
kurutma yontemleri, gida atiklarindan Sziitlenen
farkli bilesenlerin kurutma yoluyla geri kazanimi,
kurutma islem parametrelerinin  son irin
uzerindeki etkileti ve olusabilecek olumsuzluklar
en aza indirgemek amactyla uygulanan islemler ele
alinmistir. Okuyucularin, bu calismada sunulan
literatiir bulgulari ile piskirtmeli ve dondurarak
kurutma yontemleri ve bu yéntemler kullamlarak
gida atiklarindan toz Uriin dretimi  konulart
hakkinda bilgi edinmeleri amaglanmistir.

GIDA ATIKLARI VE ATIKLARDA
BULUNAN BiYOAKTIF MADDELER

Gida atklart genellikle gida hammaddelerinin
hasat edilmesi, islenmesi veya nakliyesi sirasinda
aciga ctkan, swvi veya katt formdaki organik
kalinulardir. Bu maddeler dretim siirecinden
istenmeyen materyaller olarak
uzaklastirilmaktaditlar. Gida isleme endustrisinin
her yil sadece Avrupa Birligi'nde 100 milyon ton
civarinda gida atifi ve yan Urind Urettigi
bilinmektedir. Bu durum, toplam hasadin tgcte
birinden fazlasinin hasat ve gida isleme sirasinda
kayboldugu veya atldigr anlamina gelmektedir.

Gida iretim, isleme, dagiim ve depolama gibi
g1da tedarik zincirinin farkli asamalart sirasinda en
fazla oranda gida atg1 agiga ctkan gida prosesleri
incelendiginde icecek endustrisinin %26’k kayip
ile ik sirada oldugu, bunu %21.3 ile sit ve
dondurma endistrisinin, %14.8lik kayipla ise
meyve ve sebze endistrisinin takip ettigi
arastirmacilar tarafindan bildirilmistir (Arshadi
vd., 2016).

Genel olarak gida atiklart karbonhidratlar (nisasta,
seliloz, hemiselilloz veya lignin), proteinler,
lipitler, organik asitler ve daha kig¢iik inorganik
kistmlardan olugan heterojen bir yapiya sahiptirler.
Bu atiklar gliniimiizde ¢ogunlukla hayvan yemi ve
kompost olarak geri dontstirilmekte, kalan
atiklar ise yakilarak imha edilmektedir. Bu durum
da sera gazi olarak karbondioksitten 23 kat daha
fazla oranda ve iklim degisikligine 6énemli dl¢tide
etkisi bulunan metan gazi emisyonuna neden
olmaktadir (Lin vd., 2013). Sanayilesme ve kiiresel
nifus artist ile birlikte gida endistrisi tarafindan
uretilen attk maddelerin bertarafi ciddi cevresel
sorunlar yaratmaktadir. Tsleme tesislerindeki
cevresel atiklar yenilikgi  isleme yOntemleri
kullantlarak yeniden kullanim yoluyla 6nemli
Olcide  azalulabilme potansiyeline — sahiptir.
Gunimiizde atk maddeleri biyoyakitlara, gida
bilesenlerine ve diger katma degetli biyouriinlere
dontstirmeyi  amaglayan, atiklarin  ve yan
triinlerin bir kaynak haline geldigi cesitli stregler
gelistirilmektedir (Maktis, 2007).

Gidalarin islenmesi sonucu olusan yan urtnler
ve/veya gida atiklart ayni zamanda polisakkaritler,
lezzet bilesikleri, enzimler, polifenoller, ugucu
yaglar, pigmentler, besinsel lifler, proteinler (Zhu
vd., 20106), antioksidanlar ve renklendiriciler gibi
degerli islevsel bilesiklerin eldesinde
kullanulabilmektedir. Bu kaynaklar bol ve ucuz,
uygun teknolojik ve/veya beslenme 6zelliklerine
sahip  bilesikler igin  Snemli  kaynaklar
olduklarindan ticari agidan degerli driinlerin
tretiminde kullanulabilirler (Luque ve Clark,
2013).

Son yillarda polifenoller, karotenoitler, peptitler,
steroller veya coklu doymamus yag asitleri gibi
dogal biyoaktiviteye sahip bilesikleri iceren
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fonksiyonel gidalara olan talep giin gectikce
artmakta, bu baglamda fonksiyonel urinlerin
gelistirilmesi  icin  gida endistrisi tarafindan
strdirilebilir ve yeni fonksiyonel bilesenler talep
edilmektedir (Herrero vd., 2015). Bu sebeple, gida
sanayisinde bircok gidanmin islenmesinde ve
tretiminde olusan bitkisel ve hayvansal yan trlin
ve/veya atiklarin farkli amaclatla kullanimi gin
gectikce artmaktadir. Ozellikle bitkisel gidalar,
isleme sonucunda ¢cok miktarda yan tiriin Giretmesi
nedeniyle ilgi odag haline gelmistir. Son yillarda
yapilan arastirmalar bu yan trlinlerin bircogunun
potansiyel olarak degerli bilesenlerin kaynagt
olabilecegini de ortaya koymustur (Yilmaz vd.,
2021). Ornegin, bugdayin 6giitilmesi, piring
kabuklarinin ayristirilmast veya yulafin dgitiilmesi
sonucu protein ve besinsel lifler acisindan zengin
olan kepek veya saman gibi yan triinler tiretildigi
ve bu atiklardan antioksidan peptit (Zaky vd.,
2020), protein (Chen vd., 2021) ve ¢oziinebilir
diyet lifi (Yan vd., 2019) gibi bilesiklerin elde
edildigi bildirilmistir. Bununla bitlikte, bitkisel yan
trtnlerden ve/veya atiklardan elde edilen fenoller
ve karotenoitler, gida endistrisinde dogal gida
veya icecekler icin fonksiyonel bilesenler olarak
kullanilabilitler (Oreopoulou ve Tzia, 2007).
Ornek olarak, palm yagi iiretimi sonucu aciga
ctkan kispeden (Tsouko vd., 2019), kestane
yapraklarindan (Munekata vd., 2016) ve zeytinyagt
Uretimi sirasinda olugan pitina, zeytin yapragt ve
karasudan fenolik bilesiklerin (Venturi vd., 2017)
veya zeytin sitkesi (De Leonardis vd., 2018)
eldesine yonelik calismalar mevcuttur. Sekerleme
triinlerinde jellestirici olarak veya et trlinlerinde
yag verine kullamilabilen pektinin (Galanakis vd.,
2010) tcari olarak uretimi icin ana kaynak
narenciye kabuklaridir (Putnik vd., 2017). Kakao
kabugu (Chan ve Choo, 2013), nar kabuklar
(Pereira vd., 2016) ve muz kabugu (Oliveira vd.,
2016) da degetrlendirilen diger bitkisel gida
attklarindandir.  Suda  ¢6zinmeyen lifler de
bagirsak  fonksiyonlannin  diizenlenmesini
saglayan, fonksiyonel gida dretiminde kullanilan
bilesiklerdir (Rodriguez vd., 2006). Ginseng
bitkisinin  atiklarindan ~ (Hua vd,, 2019)
¢bziinmeyen lif, domates kabuklarindan (Gu vd.,
2020) c¢ozunir lif; portakal kabugundan ise
flavonoitler (Pereira vd., 2017), ucucu yaglar
(Hashtjin ve Abbasi, 2015) ve karotenoitlerin

(Murador vd., 2019) geri kazanimini ele alan
literattir bulgulart mevcuttur.

TOZ URUNLER VE TOZ (KURU) URUN
URETIM AVANTAJLARI

Tiketim davranislarindaki  son  gelismeler,
Ozellikle gida ve tiketim alanlarinin gesitlenmesi,

gida sirketlerini formilasyon programlarint
gelistirmeye  itmektedir. Yeni bir Urlnin
gelistirilmesi ~ stirecinde  gidanin  korunmasi,

tasinmasi, depolanmasi, tartilmast ve islenmesi
kolay islevsel bilesenler kullanmay: da beraberinde
getirmektedir (Cuq vd., 2011). Gidalann toz
forma doéntstirilmesi de bu noktada 6nem
kazanmaktadir. Toz gida, kiicik ve gevsek
parcaciklar seklindeki kuru bir katt gida drind
olarak ifade edilebilir. Bu triinler saglik icin temel
besinleri saglamasinin 6tesinde spesifik ve faydali
bir fizyolojik etki saglamak tizere tasatlanmissa o
zaman  fonksiyonel = toz  Urin  olarak
adlandirilmaktadir. Taze veya sulu/yas bir katidan
toz gida Uretimiyle ilgili ana islemler, kurutma
ve/veya boyut kictltme seklinde
Ozetlenebilmektedir (Chronakis vd., 2004). Gida
isleme sirasindaki uygulamalarda ve Urln
formtlasyonlarinda kolaylik saglamak, duyusal
cekiciligi artirmak, Urlnin besin igeriginin
iyilestirilmesi gibi sebeplerden 6tirii  bircok
gidanin toz formda kullanimu tercih edilmektedir
(Dhanalakshmi vd., 2011). Bu baglamda tiim gida
tranlerinin yaklagtk %080'inin kuru (toz, susuz
parcaciklar vb.) forma dénustirilebilecegi ifade
edilmektedir (Burgain vd., 2017). Bu urinlere
yumurta tozlari, sit tozlari, jelatin tozlari, gida
katki maddeleri, vitaminler, meyve ve sebze
tozlart, baharatlar, renklendirici maddeler 6rnek
olarak verilebilir. Gida dUrinlerinden veya
attklarindan elde edilen bu tozlar kullamm ve
saklama kolayligt saglamast agisindan  gida
endistrisinde genis kullanim alant bulmaktadir
(Cuq vd., 2011).

Tozlatin, bilesimini ve islevselligini daha karmastk
hale getiren bilesenlerin kompleks bir karisimi
oldugunu belirtmek gerekmektedir. Gidalardaki
makro bilesenlerin (su, karbonhidrat, protein ve
yaglar) fiziksel durumundaki herhangi bir
degisiklik, gida tozunun mindr bilesenlerinin
(vitamin, fenolik bilesikler ~vb.) kimyasal
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ozelliklerini de etkilemektedir. Ornegin gidanin
su igeriginin yiksek olmast toz tirtinde yapiskanlik
ve katilasma gibi istenmeyen fiziksel degisikliklere
yol acarak drinin depolama stabilitesinin
azalmasina neden olabilmektedir. Benzer sekilde,
lipit ve protein oksidasyonu ile enzimatik olmayan
esmerlesme reaksiyonlart istenmeyen karakteristik
tatlarin olusumuna, renk bozulmasina ve besin
degeri kaybina yol agmaktadir (Burgain vd., 2017).
Dolasiyla,  kurutma  yonteminin  gidanin
Ozelliklerine uygun sekilde secilmesi 6nem arz
etmektedir. Uygun kurutma islemi seciminin
6nemi kurutma islemi sonrasinda elde edilen Grtin
kalitesinin en st diizeyde tutulmasi, tretilen toz
triiniin rehidrasyon 6zelliklerinin iyilestirmesi ve
islem parametrelerinin optimize edilmesi gibi
konularda ortaya ¢tkmaktadir (Morgan vd., 2000).
Boylece depolama, karistirma ve rehidrasyon gibi
islemlerin  etkinligini artirmak, toz Urlnlerin
davranisint beliflemek ve kontrol altina almak da
kolaylagsmaktadir (Ermis ve Karasu, 2019).

PUSKURTMELI KURUTMA

Piskirtmeli kurutma, ylksek su icerigine sahip
pompalanabilir stvilarin kurutulmasinda
Olgeklenebilitligi, sturekli calismasi ve standart
kalite 6zellikleri nedeniyle yaygin olarak kullanilan
yontemlerin basinda gelmektedir (Yerlikaya ve
Sen Arslan, 2019). Ayrica, bu kurutma yéntemi
kisa uygulama siiresi ve kolay kontrol edilebilir
calisma kosullarina sahiptir. Puskirtmeli kurutma
islemi gesitli Griin gruplarini isleme potansiyelinin
yaninda renk, lezzet ve besin degeri gibi 6zellikleri
yiksek Ol¢lide korunabilen trtinler icin ideal bir
kurutma sistemi olarak 6ne c¢ikmaktadir (Haque
vd., 2015). Tum bunlara ek olarak, ekonomik
olmast, toz Uriinlerde partikil yogunlugu, yigin
yogunlugu ve kristallenme  derecesi  gibi
parametreler Uzerinde kontrol kolayligi saglamasi
bu kurutma sisteminin avantajlarim artirmaktadir
(Haggag ve Faheem, 2015).

Piskiirtmeli kurutma islemi, sicak hava veya inert
gaz gibi bir akiskan yardimuyla sulu veya organik
¢Ozeltilerin ~ atomizasyonu  ve  ardindan
kurutulmasimi igermektedir (Haque vd., 2015).
Sistemdeki akigkan, kurutma ortamina kiiciik
damlaciklar  halinde piskirtilmekte ve bu
damlaciklar sicak gaz/hava ortamina dogru

hareket ederek kuciik parcaciklar seklinde
kurumaktadir (Nuzzo vd., 2015). Besleme
bilesimine ve islem kosullarina bagl olarak elde
edilen nihai parcaciklar cok ince nano boyutlu
tozlar (210-280 nm), mikron boyutunda ince
tozlar (10-50 um) veya aglomeratlar (3 mm'ye
kadar) olabilmektedir (Gharsallaoui vd., 2007).

Puskiirtmeli kurutma ile tretilen tozlarin kalitesi,
sisteme  beslenen  ¢Ozeltinin  6zelliklerine
(viskozite, akis hizt vb.), kurutma havasina
(basing/sicaklik ve akis hizi1), sicak hava ile
kurutma odasindaki damlaciklar arasindaki temas
orant veya mesafeye, kullanilan atomizer tiiriine
(es zamanli veya ters akim) ve hizina baglt olarak
degismektedir (Shishir ve Chen, 2017). Buna ek
olarak, kurutulmus tGriniin 6zellikleti ise beslenen
triiniin fiziksel ve kimyasal 6zelliklerinin yaninda
kurutucu  sistem  tasarimina  ve  islem
parametrelerine  baglt olarak belitlenmektedir
(Keshani vd., 2015). Dolayistyla, pusktrtmeli
kurutulmus  tozlarin  kalitesi, akis  Ozelligi,
sikistirilabilirlik, kitle yogunlugu, dagilabilirlik,
¢cozunurlik, drin kompozisyonu ve plskirtmeli
kurutma islem parametrelerine bagli olarak
degismektedir (Haque vd., 2015). Tipik bir
puskirtmeli  kurutucu  sisteminin  sematik
gosterimi Sekil 2°de verilmistir.

Puskirtmeli kurutma islemi temel olarak (I)
Sisteme beslenecek stvimn ince damlaciklar
halinde atomize edilmesi, (II) Damlaciklarin sicak
hava ile temast, (I1I) Atomize edilen damlaciklarin
kurutulmast ve (IV) Kurutulmus damlaciklatin
nemli havadan ayrilmast olmak tzere dort
adimdan olusmaktadir (Malamatari vd., 2020).

Atomizasyon

Atomizasyonun temel amact daha genis ylzey
alani ve daha verimli bir 1s1 ve kiitle aktarimi
saglayarak beslenen sivi trinin kurutma yizey
alanint artirmaktir. Atomizasyon islemi icin déner
atomizetler, hidrolik nozullar, pnématik nozullar
ve  ultrasonik  nozullar  gibi  sistemler
kullamlmaktadir (Cal ve Sollohub, 2010).
Piskiirtmeli kurutma isleminde atomizer tasarimi,
atomizasyon basinci ve atomizasyon hizi gibi
parametreler toz trtintn fiziksel (boyut, sekil vb.)
Ozelliklerini  6nemli derecede etkilemektedir
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(Shishir ve Chen, 2017). Kurutma sirasinda
atomize edilmis damlaciklar ve sicak hava bir
kurutma bélmesinde etkilesime girerek damlacik
stcakligint artirmaktadir. Bu durum ise kiigiik su
damlaciklarinin - buhatlasma hizinin  artmasint
saglamaktadir. Bu siirecte damlacik yiizeyinde
kuru bir tabaka olusurken, damlaciktaki nem
icerigi de kritik noktaya ulagsmaktadir. Sonucta
elde edilen toz pargactklar hammaddenin yapisina
ve kurutma kosullarina baglt olarak piiriizsiiz veya
purtzly; kiiresel veya oval sekilli olabilmektedir
(Caparino vd., 2012). Ornegin, atomizasyonu
saglamak icin uygulanan enerji ne kadar ytksek
olursa damlaciklar/parcaciklar o kadar kuguk

Pompa

Atomizer

N

Kurutma
Odasi

Isitici

C J
T

Hava Giris

Sivi
Besleme

Kuru Partikul

boyutta olacaklardir (Gharsallaoui vd., 2007).
Chegini ve Ghobadian (2005) yaptiklan ¢alismada
daha yiksek atomizer hizinda daha kicik
damlaciklarin  olustugunu ve bununla birikte
temas yizeyinin artmastyla daha fazla nemin
buharlastirilabildigini gostermislerdir. Bu sayede
de kigik parcactk boyutu ve hizli kuruma
saglandigini, sonug olarak damlaciklarin tzerinde
kabuk olusumunun Onlendigi  bildirilmistir.
Yiksek atomizer basinglarinda toz
parcactk boyutu ve nem icerigi azalirken katt
yizdesi ve yigin yogunlugunun arttifi yapilan
calismalarda rapor edilmistir (Tee vd., 2012).

uranun

Torba Filtre

Haznesi Haiphis

Sekil 2. Piskiirtmeli kurutma sisteminin sematik gésterimi

Damlacik-Sicak Hava Temas1

Damlacik-hava  temast  beslenen  trinin
atomizasyonundan hemen sonra  kurutma
odasinda gerceklesmektedir. Bu asamada, havanin
termal enerjisi buharlagsma icin kullamlmakta ve
sogumus hava kurumus partikilleri kurutma
sistemi boyunca pnoématik olarak tagimaktadir
(Phisut, 2012). Bu siire¢ atomize edilmis
damlaciklarin suyun buharlagsmasim kolaylastiran
siilmis hava  ile  kargilagsmast  geklinde
Ozetlenebilir. Puskirtmeli kututma isleminde
stcak hava genis bir hacimde kurutma odasinda
dolagmaktadir. Dolayisiyla bu kurutma sisteminin

termal  etkinligi oldukca disiktir. Ayrica,
damlacik boyutunun kontroliiniin de stnirlt olmasi
genis boyutlu parcactk dagilimina ve bazen de
diizensiz mikro yaptya neden olabilmektedir
(Dalmoro vd., 2012). Bu sebeple son iriinin
yitksek verimle toplanabilmesi i¢in tozun kurutma
odast duvarlarina temas etmeden 6nce yeterince
kurumus olmast gerekmektedir (Haque vd., 2015).
Duvara parcacitk yapisma durumu  genellikle
meyve suyu gibi seker ve organik asit icerigi
yitksek triinlerde gorilmektedir. Yapigma sorunu
ise esas olarak sitkroz, glikoz ve fruktoz gibi diigiik
molekiil agilikll sekerler ile organik asitlerin
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distik  camst  gecis  sicakligindan (T
kaynaklanmaktadir (Goula, 2017). Yizey toz
birikmesi veya yapismast ayni zamanda kurumusg
parcaciklar ve kurutma odast i¢ yiizeyi arasindaki
kacinidmaz temastan kaynaklanmaktadir. Bir¢ok
uriinde, tortular belitli bir kalinhga kadar
biriktikten sonra  dismektedir (Goula ve
Adamopoulos, 2010). Buna karsin eger materyal
kuruyana kadar ckipman duvarlarina temas
etmezse pusklrtmeli kurutma islemi stresince
daha az yapisma ve korozyon gerceklesecegi
belirtilmektedir (Chegini vd., 2008).

Atomize Damlaciklarin
Kurutulmasi/Buharlagtirilmasi

Kurutma isleminde sisteme beslenen damlaciklar,
sitcak hava ile temas ettig anda suyun
buharlagmast ile kurumakta ve bu sirada kuru toz
parcaciklart olusmaktadir. Daha genel bir ifadeyle,
kurutma islemi ilk olarak kurutma odasinda
damlaciklarin hava ile temastyla baglamaktadir. Is1
transferi ise suyun damlaciklardan buharlastigt
islak  termometre sicakligina ulagana kadar
artmaya devam etmektedir. Kurutma isleminde
suyun buhatlagsmast sabit sicaklikta ve su buhart
kismi basincinda gerceklesmektedir. Son olarak
damlacik ylzeyinde kuru bir kabuk olustuktan
sonra kurutma orani azalmakta ve diflizyon hizina
bagimlt hale gelmektedir. Kurutma havast sicakligt
ile partikil sicakligi esitlendiginde ise kurutma

islemi tamamlanmaktadir (Gharsallaoui  vd.,
2007).  Kurutulmus  parcaciklar,  kurutma
odasindan  c¢ktiklart  anda  kurutucu ki

sticakhigina yakin durumdadirlar. Kurutma islemi
siresince her damlacigin  ylzeyinden hizl
buharlagsma meydana gelmektedir. Sicak hava,
kutrutucuya beslenen trintn damlaciklarina temas
ettigi anda biylik ¢ogunlukla kuruma islemi de
gerceklesmis olacaktir. Bu hizli buhatlasma ayni
zamanda beslenen Uriin tamamen kuruyana kadar
damlaciklarin yiiksek sicakliga maruz kalmasini
6nlemektedir (Shishir ve Chen, 2017).

Piskirtmeli kurutma islemindeki son adim ise
kurutulmus parcaciklarin nemli havadan ayrilarak
bir haznede toplanmasidir. Bu esnada triinden
uzaklastirilan nem ise genellikle siklon ve kurutma
odasinin disina yetlestirilen bir torba filtre ile

kurutma ortamindan uzaklastiriimaktadir.

Taneciklerin kurutma ortamindan ayrilmasinin
etkinligi taneciklerin yogunluguna, boyutuna ve
bunlarin siklon icindeki ¢6kelme hizina baglt
olarak degismektedir (Haque vd., 2015). Uriin geri
kazanimi esas olarak toz trlin toplama verimliligi
ile beliflenmektedir. Bir puskiirtmeli kurutma
sistemindeki tiriin kayb1 cogunlukla piiskiirtilmis
damlaciklarin ve kuru tozun aparatin duvarina
tutunmasindan ve siklonun ince parcaciklar
toplamadaki etkinliginin yetersiz olmasindan
kaynaklanmaktadir (Goula vd., 2004).

Piskiirtmeli Kurutma Parametrelerinin Toz
Uriin Ozelliklerine Etkisi

Toz urinlerin fiziksel 6zellikleri arasinda parcacik
(partikiil) sekli, yogunluk, g6zeneklilik, ylzey
Ozellikleri, parcactk capt ve boyutunu saymak
mumkindir.  Kurutulmus  toz  Urlinlerin
fizikokimyasal ~ Ozellikleri, kurutma  islemi
streclerini ve islevselligi optimize etmek ve
maliyetleri azaltmak acisindan Onem  arz
etmektedir (Barbosa-Canovas ve Juliano, 2005).
Ornegin, partikiil boyutunun azalmast veya
partikil ylzey alanindaki artig, neme karst daha
ylksek bir afiniteye ya da kurutma islemi sirasinda
aglomerasyona (kiimelesme) neden
olabilmektedir (Chindapan vd., 2018). Toz
drinin yogunluk bilgisi ise isleme, paketleme,
depolama ve dagitim kosullarinin ayarlanmasinda
malzeme bilimi ¢alismalari ve endistriyel stregler
icin O6nemli avantajlar saglamaktadir. Buna ek
olarak, yigin yogunlugu degeri Sgitme veya
kurutma ile elde edilen nihai Griint karakterize
etmek icin kullanilmaktadir (Barbosa-Canovas ve
Juliano, 2005). Ayadi vd. (2008), puskirtmeli
kurutma islem kosullarinin kurutulmus yumurta
aki ve biitin yumurta tozlarin Szellikleri
Uzerindeki etkisini incelemislerdir. Yazatlar,
kurutma esnasindaki besleme akis hizina ve giris
havast  sicakhigina  bagh  olarak  spesifik
kopuklenme, jellesme ve emilsifiye edici
Ozelliklere sahip toz irin elde edildigini
bildirmislerdir. Dolayistyla, son trinde istenen
Ozellikleri elde etmek igin piiskirtmeli kurutma

islemi sirasinda  farkli parametreler kontrol
edilerek  yiksek  kalitede  tozlar  elde
edilebilmektedir.  Bu  sayede  yapiskanlik,

higroskopi &zellikleri ve digiik ¢ozintrlik gibi
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bazi  yapisal  dezavantajlarin  da = Oniine

gecilebilmektedir (Vidovi¢ vd., 2014).

Hava Giris/Kurutma Sicakligr

Kurutma sicakligl, puskiirtmeli kurutulmus tozun
tizikokimyasal ~ 6zelliklerini  etkileyen — 6nemli
faktorlerden birisidir (Shishir ve Chen, 2017).
Daha yiksek hava giris/kurutma sicakliginin
kurutma hizin artirarak toz Grlin veriminde artis
sagladigl; bunun yaninda artan kurutma hizt ile
birlikte toz Urlinin nihai nem igerigi ile kiitle
yogunlugunun da Onemli OSlglide etkilendigini
gosteren calismalar mevceuttur (Jafari vd., 2017).
Diger yandan yuksek kurutma sicakliklarinin
kullanmilmasi, toz triinde yer alan isiya hassas
degerli bilesenleri yok etme ve camst gegis
sticakhiginin asilmasi suretiyle yapiskanligt artirma
riski de tagtmaktadir (Looi vd., 2019). Muzaffer ve
Kumar (2015), demirhindi 6ztinden puskirtmeli
kurutma sistemi ile toz iriin elde ettikleri
calismalarinda hava giris sicakligindaki artigla
birlikte meydana gelen 1s1 ve kiitle aktarimindaki
artisin, verimliligi artirdifint tespit etmislerdir.
Yiksek kurutma sicakligi, kurutma odasina daha
fazla 1s1 transferi saglamasi nedeniyle kurutma
hizint arttirarak kurutulmus Griiniin nem igerigini
azaltmaktadir. Ayrica toz Uriinin kalint nem
iceriginin azalmast sebebiyle ortalama 1slanabilirlik
siresinde  bir  artisa, yani  1slanabilirlik
Ozelliklerinde  azalmaya neden  olmaktadir
(Chegini ve Ghobadian, 2005). Benzer sekilde,
Sun vd. (2020) puskirtmeli kurutma sicakliginin
mikroenkapstile karvakrol tozlamnin  fiziksel
Ozellikleri Uzerindeki etkilerini incelemis ve nem
icerigi  ile  yigin  yogunlugunun  kurutma
sicakligindaki artisla  azaldif sonucuna
varmiglardir. Jafari vd. (2017) ise hava giris
sicakhiginin  nar suyu tozunun fonksiyonel
Ozellikleri tzerindeki etkisini incelemis ve giris
hava sicakhiginin artmasiyla bitlikte protein
¢Ozintrliginin  azaldigim  tespit  etmislerdir.
Piskiirtmeli kurutulan Griiniin parcacik boyutu,
kurutma  giris  sicakligina  baglt  olarak
degisebilmektedir. Kurutma sicakligindaki artis,
kirelerin -~ diizgin  sekilde biiziilmesine izin
vermeden biiyik partikiil olusumuna neden olan
hizli bir su buhatlagmasina neden olmaktadir.
Buytk partikiller genellikle daha gozenekli bir

yapiya sahip oldugundan partikil yogunlugunda
azalma egilimi gézlenmektedir (Fazaeli vd., 2012).

Hava Cikis Sicakligr

Toz parcaciklarinin nemli  havadan  aynlip
siklonun dibine birakildig: andaki siklon sicakligi,
hava c¢tkis sicakligt olarak kabul edilmektedir.
Hava c¢ikis sicakligl, toz halindeki drtnlerin
kurutma siirecini ve fizikokimyasal 6zelliklerini
kontrol etmede kullanilan 6nemli bir parametredir
(Shishir ve Chen, 2017). Puskiirtmeli kurutma
isleminde kurutma ¢ikis sicakliginin daima distk
tutulmasi ve kurutmanin miimkiin oldugunca hizl
gerceklestirilmesi, sicakliga duyarlt proteinler ve
peptitler acisindan driinin
bozulmasini/denatiirasyonunu  6nlemek  adina
o6nem arz etmektedir (Prinn vd., 2002). Yiksek
ctkis sicakliginin nem icerigi ve proses verimini
artirdidt bazt calismalarda rapor edilmistir (Tontul
ve Topuz, 2017). Hava ckis sicakliginin toz
Ozellikleri tizerinde 6nemli etkileri vardir. Maa vd.
(1997), dustik hava c¢ikis  sicakliginin  toz
partikillerin kureselligini artirdigint belirtmistir.
Yazarlar ayrica hava ctkis sicakliginin besleme akis
hizt ve atomize hava akis hizinin artisina baglt
olarak azaldigini tespit etmislerdir. Bu durum hava
cikis sicakliginin diger kurutma parametrelerinden
etkilendigi gercegini desteklemektedir. Hava giris
ve cikis sicakliklart arasindaki fark ne kadar fazla
ise sicaklik ve buhar basinct gradyanlart da o
derece yitksek olacak; bu durum ise buharlasma ve
parcactk olusumunun daha hizli gerceklesmesini
saglayacaktir (Haque vd., 2015).

Besleme Akis Hiz1

Besleme akis  hizi, puskirtmeli  kurutma
diizeneginin kapasitesi de dikkate alinarak bir stvi
materyalin toz Uriin kalitesi ve verim ele alinarak
kurutulmasinda 6nemli parametrelerden birisi
olarak kabul edilmektedir (Miller ve Gil, 2012).
Muzaffer ve Kumar (2015), piskiirtmeli kurutma
isleminin yiksek besleme hizinda
gerceklestirildiginde meydana gelen yavas 1s1 ve
kiitle aktariminin islem verimi Gzerinde olumsuz
bir etki gosterdigini  belirtmislerdir.  Aynt
calismada, besleme akis hizindaki artis ve hava
giris sicakligindaki azalmanin, toz 6rneklerin nem
icerigini dogrusal yonde etkileyen bir degisken
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olan  higroskopik
edilmistir.

Ozelligini  azalttgr  tespit

Besleme akis hizt temel olarak atomizer hizt ile
dogru orantili olarak degismektedir. Yiksek akis
hizina sahip besleme, ayni miktarda nemi
damlaciklardan buhatlastirmak i¢in daha fazla
enerjiye ihtiya¢c duymakta, dolayisiyla daha yavas
1s1 ve kitle transfer hizina neden olarak
damlaciklarin kurumasint zotlastirmaktadir
(Shishir ve Chen, 2017). Benzer sekilde Kurozawa
vd. (2009), yaptiklari c¢alismada tavuk et
tozlarindaki nem igeriginin, daha ylksek besleme
hizinin damlaciklar ile kurutma havast arasindaki
temas slresini azaltmasi nedeniyle distik verimli
bir 1st transferine ve daha diusik oranda su
buharlasmasina neden oldugunu belirtmislerdir.
Baska bir ¢alismada ise yitksek hava giris sicaklig,
distik besleme akis hizi, yiksek atomizasyon
basinci ve yitksek hava akis hizinda toz triin nem
iceriginin daha disik oldugu tespit edilmistir
(Telang ve Thorat, 2010). Bununla birlikte, yliksek
hava akis hizinda ve disiik besleme akis hizinda
daha  yiksek verimine  ulasidigt
belirlenmistir. Diger yandan Souza vd. (2009),
kurutucu sisteme beslenen ¢dzelti yogunlugunun
besleme akis hizt ve atomizasyon hizt ile ters
orantili oldugunu, atomizer hizi ile besleme akis
hizinin ise domates tozunun parcactk boyutu
tzerinde  6nemli  bir  etki  gOsterdigini
belirtmislerdir.

urun

Hava Akis Hiz1

Kurutma havast akis hizi, buharlagsma icin gereken
streyi etkilemesi sebebiyle piiskirtmeli kurutma
isleminde 6nemli bir faktérdir. Kurutma havast
akis hizt suyun buharlasma hizint etkilemektedir.
Dusik hava akis hizt damlaciklarin kuruma
stresini artirirken ylksek kuruma siiresi daha fazla
miktarda suyun buharlasmasina neden olmaktadir
(Goula vd., 2004). Yiiksek hava akis hizt daha kisa
kurutma stiresi saglamasina karsin yetersiz oranda
bir kurutma saglamast nedeniyle nihai triinde

yiksek nem igerigine neden olabilmektedir
(Shishir ve Chen, 2017).

Piskirtmeli  kurutma islemi esnasinda ig
duvarlarda biriken UrGnler iki kategoriye
ayrilmaktadir: Duvara ¢arpmadan 6nce yeterince

kuru olmayan damlaciklarin neden oldugu yar
islak tortular ve kurutma sicakliginda triiniin
dogasindan kaynaklt yapiskan tortular (Goula ve
Adamopoulos, 2010). 1lk kategorideki tortu
olusumu aynt zamanda islem  veriminin
azalmasina da neden olan hava akis hizinin
azaltllmast ile gerceklesmektedir. Benzer sekilde,
yiksek hava akis hizi damlactk caplarinda
azalmaya neden olmakta ve kiclk parcacik
boyutlu damlaciklar kurutma odasinda nem
iceriginin ¢ok daha distk oldugu kisimlarda
duvara carpma egilimi gostermektedirler (Fazaeli
vd., 2012).

Toz Uriin Verimi

Piskirtmeli  kurutma igleminin  verimliligi,
buhatlastirmada kullanilan 1sinin  toplam  1s1
girdisine orani olarak tanimlanmaktadir (Goula ve
Adamopoulos, 2003). Fazaeli vd. (2012)’nin
calisma verilerine gbre yitksek hava giris sicaklig
proses veriminde ve ¢ozinirlikte artis saglarken
yigin yogunlugu, nem icerigi ve su aktivitesi
degerinde azalma meydana getirmektedir. Buna
karsin, hava akis hizt artisinin kurutma verimi ve
kitle yogunlugu tzerinde olumlu; ¢ozinirlik,
nem igerigi ve su aktivitesi degeri lzerinde ise
olumsuz bir etkiye sahip oldugu belirtilmistir.

Kurutma islemi etkinligi adina 6nemli bir gdsterge
olan toz uriin verimliligi ise kurutma sonrast elde
edilen toplam toz madde kiitlesinin baslangicta
sisteme beslenen ¢6zeltide yer alan toplam kuru
madde kitlesine orami olarak tanimlanmaktadir.
Nihai toz urinin verimi ve fiziksel 6zellikleri,
besleme konsantrasyonu, besleme akis hiz,
atomizasyon hizi/basinct ve kurutma sicakligs gibi
cesitli faktorlerden etkilenmektedir (Tontul ve
Topuz, 2017). Dustk tiriin verimi ise temel olarak
Ozellikle sekerler gibi bazi gida bilesenlerinin
yapiskanlik 6zelliklerinden ileri gelmektedir (Can
Karaca vd., 2016). Ornek olarak Leén-Martinez
vd. (2010), yaptiklar1 bir calismada en disik toz
driin veriminin yiksek toz nem icerigi ve disik
hava cikis sicakligina neden olan yiiksek besleme
akis hiz1 ve diistk giris sicakligs kosullarinda elde
edildigini bildirmiglerdir. Bu kurutma kosullari
altinda, kurutma odastnin duvarinda yapismalarin
gorildigi de ayrica vurgulanmistir. Aynt ¢alisma
sonuglarina gbre verim tlzerinde besleme akis
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hizinin atomizer hizindan daha buytik bir etkiye
sahip oldugu, bununla birlikte sabit besleme
hizinda atomizasyon hizi arttik¢a verimin de
artugl tespit edilmistir. Basarl bir puskiirtmeli
kurutma isleminde urin veriminin %50°den
yiksek olmast gerektigi bildirilmektedir (Elez
Garofuli¢ vd., 2010).

Piskiirtmeli Kurutma Igleminde Dikkat
Edilmesi Gereken Noktalar

Puskirtmeli kurutma isleminde dikkat edilmesi
gereken noktalarin basinda triiniin camst gegis
sicakhigt gelmektedir. Camst gecis sicakligt sert,
katt ve amorf bir maddenin yumusak, kaucuk
benzeri ve sivi bir faza donustiigi sicakliktir.,
Camst gecis sicakliginin saptanmast icin yaygin
olarak kullanilan Sl¢im yontemi ise camsi gegis
sicakhigt araliginda meydana gelen, cam ve
kaucuksu durumlar arasindaki sekilsiz bilesenin 1st
akisindaki degisikligi tespit eden diferansiyel
taramalt kalotimetre (DSC) cihazidir (Fazaeli vd.,
2012).

Piskirtmeli kurutulmus gidalar yapiskan ve
vapiskan olmayan olmak Uzere iki gruba
ayrilabilmektedir. Yagsiz stt, maltodekstrin,
zamkst maddeler ve proteinlere ait ¢ozeltilerden
yapiskan olmayan; meyve-sebze sulart ve bal gibi
seker ve asit acgisindan zengin gidalardan ise
yapiskan karakterde toz trlnler elde edilmektedir.
Seker ve asit¢e zengin malzemelerin yapiskan toz
davranst genel olarak fruktoz (=5 °C), glikoz (32
°C), stkroz (62 °C) gibi seketlerin diusik camsi
gecis stcakligindan ve sitrik, malik ve tartarik asit
gibi organik asitlerin vatligindan
kaynaklanmaktadir (Adhikari vd., 2003). Bu
bilesenler piiskirtmeli kurutma islemi esnasinda
kurutucu duvarlarina yapisma ve toz yerine macun
benzeri ~ bir  yapt  olusturma  egilimi
gostermektedirler (Goula ve Adamopoulos,
2010). Bir urinin camst gegis sicakligini ise
sicaklik, nem ve drin bilesimi olmak Uzere ig¢
temel faktdr etkilemektedir (Intipunya ve
Bhandari, 2010).

Disiik camsi gegcis sicakligr ptskiirtmeli kurutma
islemi sirasinda istenmeyen fiziksel degisikliklere
(vapisma, kabuk baglama, topaklanma vb.) neden
olabilmektedir. Aynt zamanda, trliinde renk ve

aroma degisikliklerinin yaninda bazt kimyasal
degisiklikler de meydana gelebilmektedir. Bu
sebeple, bu tarz istenmeyen durumlarin 6ntine
gecmek icin  parcaciklarin  yiizey sicakliginin
kurutulacak tirtin camst gegcis sicakliginin en az 20
°C alunda olmasi onerilmektedir (Fazaeli vd.,
2012). Uriin nem igerigi de camst gegis sicakliginin
disiirilmesinde 6nemli bir rol oynamaktadir. Toz
trtinlerin bircogu %5’ten disik nem icerigine
sahip olmasina ragmen nem icerigindeki %1 gibi
kiictik bir artigin camst gecis sicakhigini 6nemli
Olctide azaltabildigi vurgulanmaktadir (Intipunya
ve Bhandari, 2010). Bu sebeple beslenen triinlerin
camst gecis stcakligim yikseltmek icin farkli
teknolojilerin kullanimi tavsiye edilmektedir. Bu
yontemler kurutulacak Urliniin yitksek nisasta,
seker veya yag icerigine sahip oldugu durumlarda
triiniin verimi ve kalitesini diigiiren yapiskanlk ve
¢okelme gibi durumlart 6nlemek amaciyla da
kullantlmaktadir.

DONDURARAK KURUTMA

Liyofilizasyon olarak da adlandirilan dondurarak
kurutma islemi, dondurulacak gidanin kurutma
isleminden 6nce dondurulmast ve ardindan
gidadaki suyun digik basing altinda dogrudan
stiblime edilmesine dayanan bir kurutma
yontemidir (Nireesha vd., 2013). Basarih bir
liyofilizasyon islemi gerceklestirmek i¢in kurutma
odasindaki basincin en fazla 40 Pa mutlak basingta
tutulmast gerekmektedir (Toledo, 2007). Dustk
sicakllk ve basincin  kombinasyonu = seklinde
uygulanan bu islem sayesinde renk ve lezzetin iyi
derecede korunmast saglanitken kurutulmus
drantn stingerimsi yapist hizli su penetrasyonuna
ve rehidrasyon yoluyla tazeye yakin 6zelliklerin

geri kazanilmasina olanak tanimaktadir (Ceballos
vd., 2012).

Guntumiizde dondurarak kurutma, gida maddeleri
ve farmasotikler (as1, protein, peptit, kolloidal
tastytct vb.) dahil olmak tzere yuksek katma
degerli trinlerin kurutulmast ve stabilitesinin
artirilmasinda 6nemli bir endistriyel islem haline
gelmistir (Kumar vd., 2011). Buna ek olarak,
dondurarak kurutma isleminin gida trtnlerinin
kurutulmasinda tercih edilmesinin en 6nemli
sebepleri arasinda raf 6mri uzun ve gelismis
rehidrasyon o6zelliklerine sahip yitksek kaliteli
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driinler elde edilmesine olanak  tanimast
gosterilmektedir (Schossler vd., 2012). Gidalar
yapisinda dogal olarak vitamin ve protein gibi 1s1ya
duyarh  bilesenler  icerdiginden  bu  tir
biyomateryallerin kurutulmast termal ayrisma,
oksidasyon veya enzimatik esmerlesmeye sebep
olabilmektedir (Marques ve Freire, 2005). Bu
nedenle bu Urinlerin  kurutulmas: esnasinda
dondurarak  kurutma gibi 6zel tekniklerin
kullantmu ek avantajlar saglamaktadir (Menon vd.,
2020). Liyofilizasyon islemi ylksek yatirim
maliyeti ve enerji tiketimi nedeniyle Ozellikle
katma degeri yiksek uUrtinlerin kurutulmasinda
kullanilmaktadir (Schéssler vd., 2012).

Dondurarak kurutma islemi temel olarak (1)
Malzemenin dondurulmast, (II) Siblimlestirme ile
dondurulmus suyun uzaklastirlmast (birincil

Basing (atm)

0.006

Siiblimlesme

~

kurutma) ve (IIT) Uriiniin nem desorpsiyonunu
tesvik etmek icin daha fazla isitlmasi (ikincil
kurutma) olmak Ulzere U¢ temel asamadan
olusmaktadir (Seatles vd., 2017).

Dondurma (Katilagtirma) Adimi

Uriniin  dondurulmast, dondurarak kurutma
isleminin ik adimudir. Dondurma  sirasinda
dondurulacak ~ malzemeden  elde  edilen
stspansiyon ilk olarak suyun faz diyagraminda
(Sekil 3) bulunan Gcli noktasinin (0.01 °C =
273.16 K) altindaki sicakliga sogutulmaktadir. Bu
adimda serbest su olarak adlandirilan suyun biiyiik
bir kismit buz olarak kristallesirken geri kalan kisim

konsantre ¢6zeltide baglt su olarak bulunmaktadir
(Pisano vd., 2011).

v \ > Sicaklik
273.16 K 373.15K
(0.0098 °C) (100 °C)

Sekil 3. Saf suyun faz diyagramu

Dondurma  islemi sirasinda  olusan  buz
kristallerinin ~ homojen  dagiimi, etkili  bir
liyofilizasyon isleminin en o6nemli

gostergelerindendir  (Ratti, 2013). Dondurma
kosullarinin  se¢imi, dondurma  isleminin
verimliligini optimize etmek ve 6rneklerin mikro
yapistnt korumak agisindan buyik 6nem arz
etmektedir (Delgado ve Rubiolo, 2005). Islem
kosullart aynt zamanda buz kristallerinin seklini ve

boyutunu, dolaywstyla  kurutulmus tabakadan
buhar akigina karst olusan direnci belitlemede de
etkilidir (Marques ve Freire, 2005). Ornek olarak,
buyik buz kristalleri elde etmek ve béylelikle
stiblimlesme adimini  kisaltmak icin  drin
ozelliklerine bagl olarak tavlama ve sogutma gibi
islemler uygulanarak donma hizi veya dogrudan
cekirdeklenme sicakhigt (buz kristallerinin ¢6zelti
igerisinde ilk olarak olustugu sicaklik) kontrol
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edilebilmektedir (Ratti, 2013). Diistik donma hizt
hiicrelerin aynt anda dehidrasyonunu ve harici
stvilarin - dondurulmasini  saglamakta, boylelikle
biyitk buz kristallerinin  olusumunu  6nleyerek
sublimlesme asamasinda buhar akisint
artirmaktadir.  Hicrelere  biyiik  miktarda
¢ozlinmils madde gecisi ve su kaybt nedeniyle
hiicre zarlarinda yirtimalar meydana
gelebilmektedir. Buna karsin, yiksek dondurma
hizinda olusan kiicik buz kristalleri hiicre
zarlarina hasar verilmemesini saglamakta ancak
stiblimasyon sirasinda su buhart akisi azaldigindan
kurutma icin gereken stire artmaktadir (Cao vd.,
2018). Kahve gibi bazi Orneklerde g6zenekli
matriks yapisinda daha hizlt bir  kurutma
saglanabildiginden buytk buz kristalleri tercih
edilmektedir. Cogu gida 6rneginde ise biyiik buz
kristalleri hiicre duvarlarina hasar vermekte ve
rehidre edilmis Urlintn zayif bir dokuya sahip
olmasina neden olabilmektedir (Pisano vd., 2011).

Birincil Kurutma (Buz Siblimasyonu) ve
Ikincil Kurutma

Tipik bir liyofilizatér buytk bir valf vasitastyla bir
kondenser odasina baglanan sicaklik kontrollii
raflar iceren bir kurutma odasindan olusmaktadir.
Kondenser haznesi ise ¢cok dustik sicakliklarda (-
50 °Cden dustik) muhafaza edilebilen bir dizi
plaka veya bobin icermektedir (Pikal, 2002).
Birincil kurutma asamast dondurulmus trinden
buzun sublime edilmesini icermektedir. Bu
islemde 6ncelikle 1s1, dondurulmus ¢6zeltiye tepsi
ve flakon yoluyla aktarilarak siblimasyon
cephesine iletilmektedir. Sitiblimlesen buz ve
olugan su buhari, Grinin kurutulmus yizeyinden
kondensere aktarilmakta ve su buhart kondenser
tzerinde yogusmaktadir. Stblimasyon adiminin
sonunda gbzenekli bir yapt olusmaktadir. Olusan
bu gbzenekler, donmus driinde buz kristallerinin
kapladigt alanlara karsilik gelmektedir (Gaidhani
vd., 2015). Tkincil kurutma sirasinda ise
dondurulan trinden emilen suyun
uzaklastirlmast islemi gerceklesmektedir. Bu
asamada uzaklasan su, dondurma sirasinda buz
olarak ayrlmayan ve siiblimlesmeyen suyu
icermektedir (Kawasaki vd., 2019).

Dondurarak Kurutma Igleminin Avantajlari,
Dezavantajlar1 ve Diger Kurutma
Yontemleriyle Karsilagtirilmasi

Kurutma igleminin siiresi ve sicakhgy, kurutulmus
gidalarin kalitesini  etkileyen en  Onemli
faktorlerdendir. Herhangi bir gida Girlint icin en
iyi kurutma yéntemi hammadde 6zelliklerine, arzu
edilen son tiriin kalitesine ve ekonomik faktSrlere
bagli olarak degisebilmektedir (Moses vd., 2014).
Dondurarak  kurutma  isleminde  istenen
dehidrasyon ~ ve  rehidrasyon  oranlarin
saglayabilmek icin sogutma hizinin da optimize
edilmesi gerekmektedir (Assegehegn vd., 2019).
Dondurarak kurutma islemi sirasinda dikkate
alinmast gereken temel faktér, Urlin kalitesini
bozabileceginden belitli sinitlarin altinda kalmasi
gereken ancak yavas ve maliyetli bir islemi
onlemek icin yeterince siiblimasyon saglayacak
kadar da ylksek bir sicakllk degerinin
kullanlmasidir. Dondurarak kurutma sirasinda
triin sicakligt raf sicakligt ve hazne basincinin
ayarlanmast ile kontrol edilebilmektedir. Raf
sicakhigini sabit tutan hazne basincindaki artis,
stiblimasyon verimini artirirken urtin sicakligint
istenmeyen  seviyelere  ylkseltebilmektedir.
Siiblimasyon oranint iriinde fazla 1sinmaya neden
olmadan artirmak icin bir diger secenek de raf
sicakhigindaki artigla  birlikte ortam basincini
azaltmaktir (Ratti, 2013).

Her kurutma tekniginin kendine 6zgi avantaj ve
dezavantajlart mevcuttur. Dondurarak kurutma
islemi besinsel degetleri iyi derecede korunmus,
rehidrasyon, doku ve renk gibi parametrelerin taze
triine yakin oldugu tirtinler elde edilmesine olanak
saglamaktadir (Voda vd., 2012). Bununla birlikte,
dondurarak kurutma urtinlerin  dondutrulmast,
dondurulmus stiblimasyonunu
indiiklemek icin 1sttilmast ve dehidrasyon odasinin
toplam basincinin distirilmesi nedeniyle oldukea
yitksek enetji gereksinimi olan bir islemdir (Donsi
vd., 2001). Dolayisiyla, gintimiizde dondurarak
kurutma isleminin gida endistrisinde kullantm
bazi meyve, sebze ve et Griinleri gibi yitksek katma
degerli uriin gruplarn ile siirlt durumdadir
(Schéssler vd., 2012). Dondurarak kurutma
yontemi, gida islemede gelencksel kurutma
islemlerinde uygulanan yitksek sicaklik nedeniyle
zarar gorebilen organoleptik Ozellikleri korumak

numunelerin
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veya depolama ve nakliye i¢in daha uygun hale
getirmek icin kullanilabilir. Islem ¢ok diisiik bir
sicaklikta  gerceklestirildigi icin  dondurarak
kurutulmus gidalarda taze iriinlere ait aroma ve
doku korunmakta ve gézenekli yapt olusmasina
izin verilmektedir (Pisano vd., 2011). Diger
yandan bu arzu edilen urin Ozelliklerini elde
etmek i¢cin uzun islem streleri ve yiiksek maliyetler
gereklidir. Dondurarak kurutma islemleri birkag
saatten birka¢ gline kadar uzayabilen bir siirede
gerceklesmekte, bu durum da enerji maliyetini
artirmaktadir (Schossler vd., 2012). Dondurarak
kurutma islemi ile toz trlinlerin besinsel ve aroma
Ozellikleri diger bazt kurutma yontemlerine kiyasla
daha iyi oranda korunabilse de uygulamanin
yiksek maliyeti, bu teknolojinin endistride
kullanimint sinirlandirmaktadir (Duan vd., 2016).
Aynt  zamanda, kurutma raflarindaki ylzey
sticakhiginin  homojen olmamast aynt partideki
urtn sicakliklarinda farkliiklara neden olarak esit
kaliteye =~ sahip  Urin  elde  edilmesini
zotlagtirabilmektedir ~ (Fonte — vd.,  2010).
Dondurarak kurutulmus dranler islem sonunda
ogutilerek toz haline getirilmelidir. Yiksek
derecede higroskopik trtinler ortamdaki nemden
etkilenme egilimi géstereceginden 6gttme islemi
sirasinda serbest akan bir toz elde etmek icin
olabildigince kuru ortam sartlarinin saglanmasi
gerekmektedir. Kurutulmus 6rnegin %2-3’ten
yiksek nem iceriginin olmast degirmenlerin
ttkanmasina neden olabilmektedir (Barbosa-
Canovas vd., 2005).

Dondurarak kurutma, nihai toz trunun kalitesi
acisindan ¢ogunlukla en iyi dehidrasyon yéntemi
olarak kabul edildiginden genellikle diger kurutma
yontemlerinin - performansint  test etmek icin
referans olarak kullanimaktadir. Ozellikle gida
¢Ozeltilerinin puskirtmeli kurutucuda
kurutulmasinda, dondurarak  kurutma ile
karsilastirmasinin  yapddigt c¢ok sayida calisma
mevcuttur (Ratti, 2013). Puasktrtmeli kurutma
islemi hizli kurutma, yiksek verim ve siirekli
calisma gibi gesitli avantajlar saglayan bir kurutma
yontemidir  (Ziaece vd., 2019). Puskirtmeli
kurutulmus triinler toz, granil veya aglomerat
formunda elde edilebilmektedir (Nindo ve Tang,
2007). Bununla birlikte piskirtmeli kurutma
islemi farkh partikiil boyutu dagilimina sahip,

nispeten serbest akisli ve muntazam kiiresel yapilt
parcaciklar Gretmeye imkan veren bir yontemdir
(Barbosa-Canovas vd., 2005). Buna karsin, triin
tipine baglt olarak puskiirtmeli kurutma isleminin
dondurarak kurutmaya kiyasla renk ve aroma
kayb1 gibi bazi dezavantajlart bulunmaktadur.

PUSKURTMELI KURUTMA VE
DONDURARAK KURUTMA
YONTEMLERI ILE GIDA
ATIKLARINDAN OZUTLENEN
MADDELERIN TOZ FORMDA
URETILMESI

Gida endustrisinde tahillarin, meyve ve sebzelerin,
yaglk tohumlarin ve et Uriinlerinin islenmesi
esnasinda veya sonrasinda iceriginde kiymetli
bilesenlerin de oldugu yan triinler ve cogu zaman
da atiklar ortaya ctkmaktadir. Bu atiklarin
biunyesinde yer alan aktif maddelerin geri
kazanimi saglanarak hem ekonomik hem de
cevresel katki  saglanmaktadir. Meyve ve
sebzelerin  posalart ve c¢ekirdekleri, tahillarnn
kabuklatt ve kepekleri, yaglik tohumlarin kiispeleri
ve balik isleme atiklari aktif biyolojik maddeleri
onemli miktarda icermektedir (Oreopoulou ve
Tzia, 2007). Bu maddeler arasinda yer alan
polifenollerin, renk maddelerinin, prebiyotik
liflerin, hidrokolloidlerin, yag asitlerinin ve
biyoaktif peptitlerin hem insan sagligina hem de
teknolojik olarak yeni triinlerin
formilasyonlarinda  faydali  etkileri  oldugu
vurgulanmaktadir (Hetrero vd., 2015). Gida
atiklarindan  ve/veya yan urunlerinden bu
maddelerin geri kazaniminda uygulanan en temel
islem 6ziuitlemedir (ekstraksiyon). Atik matriksi ve
bu matrikste yer alan hedef bilesenin kimyasal
niteligine gore uygun ¢oziicii ve yontem ile yiiksek
verimlilikte geri kazaniminin saglanmast birincil
hedeftir (Luque ve Clark, 2013). Oziitlemenin
ardindan genellikle ¢6zlctiniin uzaklastirilmasi
(superkritik akiskan 6ziitleme harig) saglanmakta
ve konsantre 6ziit uygun ambalaj materyalinde tip,
eczacilik, gida, kozmetik, vb. alanlarda kullanilmak
tzere tiketiciye veya ara sektorlere arz
edilmektedir (Herrero vd., 2015). Bu 6zutlerin
daha yiiksek raf 6mrii ve stabiliteye sahip olmast
ile formiilasyonlarda kullanimlarinin kolay olmast
arzulandigindan  toz forma donistirilmesi
Ozellikle son yillarda ele alinan bash bagina bir
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konu olmustur. Bu amacla gida atiklarindan
uretilen Ozitler, puskirtmeli kurutma ve
dondurarak kurutma yontemleri ile toz forma
donustirilmektedir. Her iki ydntemin temeline ve
son toz trtindeki genel etkilerine yukarida detaylt
deginilmesine ragmen, &ziitlerin polar — apolar
Ozellikleri ile hidrofilik — hidrofobik niteliklerine
gbre bu yontemlerden ne sekilde etkilenecekleri
cogu zaman O6ngérilememektedir (Yerlikaya ve
Sen Arslan, 2019). Bu yluzden bu konuda
gerceklestirilen calismalarda her iki yontemin bir
arada ele alindig1 ve karsilastirma seklinde toz
triiniin fiziksel Ozellikleri ile diger kimyasal ve
biyokimyasal Ozelliklerinin sunuldugu
goriilmektedir (Chronakis vd., 2004). Dondurarak
kurutma yontemi; kurulum maliyeti, islem siiresi
& maliyeti ve islem hacmi acilarindan dezavantajlt
gOsterilmesine ragmen 1siya duyarll (thermo-
labile) bilesenlerin = 6zellikle ila¢ sanayisinde
kullanilmak ~ Gzere en  yiksek  oranda
korunumunun saglanmasinda tercih edilmektedir
(Ratti, 2013). Puskirtmeli kurutma yontemi,
Ozitlerden toz tUrlin veya toz mikrokapsil
tretiminde teknolojik olarak daha c¢ok tercih
edilmektedir (Vidovi¢ vd., 2014). Calisgmalarda,

optimizasyonunun son iriin &zellikleri dikkate
alinarak gerceklestirilmesinin  6nemine  dikkat
cekilmektedir. Optimizasyonun ele alinmadig
calismalarda dondurarak kurutma yontemi ile
kiyaslamanin saglikli olmayacagi bir gercektir. Zira
puskiirtmeli kurutma isleminde hava giris sicakligs
ve atomizasyon basinct gibi degiskenlerin
farklilasmastyla verim, akabilitlik ve higroskopik
Ozellikler olduke¢a etkilenebilmektedir (Muzafter
ve Kumar, 2015). Dolayistyla optimizasyonun ele
alinmadig1 calismalarda son toz triin 6zelliklerinin
bu yéntemlerden dogrudan ne derece etkilendigi
ile ilgili somut yorumlar yapmak gictir. Gida
atiklarindan  elde edilen hedef maddeletin
biyokimyasal &zellikleri g6z 6ntine alinarak bir
kurutma yonteminin se¢imi toz triin Uretimi igin
buyik 6nem arz etmektedir. Kalite acisindan,
triin mikroyapisinin ve fonksiyonel bilesiklerin
dehidrasyon  (kurutma)  yonteminin  bir
fonksiyonu olarak karsilastirilmasina da son
zamanlarda egilim artmaktadir. Bu baglamda gida
attklarindan hem puskirtmeli hem de dondurarak
kurutma ile duretilen Dbilesiklerin  son urin
Ozelliklerini  degetlendiren karsilastirmali  bazt
calismalar Cizelge 1°de 6zet halinde sunulmustur.

puskiirtmeli  kurutma

islem parametrelerinin

Cizelge 1. Gida isleme sonucu olusan atik ve/veya yan trunlerden farkli materyallerin puskirtmeli ve
dondurarak kurutma yontemleri ile geri kazanimi icin yapilmis bazi ¢alismalar

Hedef

Hammadde bilesik /iiri Piskirtmeli kurutma Dondurarak kurutma Ortak 6zellikler/ faydalar Kaynak
ilesik/trin
Toz mikrokapsiiller daha  Dondurarak kurutulmus
disik ortalama ¢ap (0.56  Ornekler ortalama ¢ap (~100
um) ve daha yiksek um), antosiyanin kapstlleme
antosiyanin kapsilleme  verimi  (~%71), bozunma
verimi  (~%75); karanlikta  sabiti  (0.02551/sa)  ve
Ui depolama sirasinda ise en  yarlanma Omra (27.14 sa)
zim R S L - f Zang  vd.
Kabugu Antosiyanin disik  bozunma  sabiti  agisindan puskiirtmeli (2020)
(0.0207 1/sa) ve en uzun kurutmaya kiyasla  daha
yartlanma Omriine (33.47 sa)  dusiik stabilite saglamustir.
sahiptir. Puskurtilerek
kurutulmus mikrokapsiiller
tim analizlerde en ytksek
stabiliteye sahiptir.
Hava giris sicakligindaki ~ Dondurularak  kurutulmus  Kinlmus — siyah  piring
artisla birlikte yigin  antosiyanin  tozlart  yigin  unundan elde  edilen
yogunlugu ve antosiyanin  yogunlugu, islem verimliligi — maltodekstrin kullanimu,
Sivah pirinc tutulmasinda azalma  ve antosiyanin hapsedilmesi  her iki kurutma
kc:pcgi meydana gelitken  acisindan daha tstiin nitelik  yonteminde de  Laokuldilok
(Onyaa Antosiyanin dehidrasyon, islem  saglamustir. antosiyanin tozu  ve Kanhaa
sativa L ) verimliligi, cozunurlik, uretiminde yiksek  (2015)
: dagilabilirlik, akabilitlik ve verimlilik saglamugtir.
pargactk yiizeyindeki
purtzlilikte artly
gbzlenmistir.
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Cizelge 1. devam

Hammadde Eed‘?f - Pusktrtmeli kurutma Dondurarak kurutma Ortak 6zellikler/faydalar ~ Kaynak
ilesik/iirtin
Toz uriin daha yiksek "L" En yiiksek  Oziitleme islemine  ait
degerine  ve  higroskopik  mikroenkapstilasyon optimize edilmis model
ozellige sahiptir. Kaplama  verimliligi elde edilmistir.  kosullarinda (40 °C islem
materyalinde maltodekstrin =~ Ogiitme  sirasinda tozlar,  sicakligs ve %065 etanol
Yildiz konsantrasyonunun serbest akig Ozelligi gosteren  konsantrasyonu) iretilen
meyvesi Fenolik ar{tmaslyla{ » kapsiillerin axfl(irf ve camst bir }*aplda ylldtlz meyvesi  posast Saikia  vd.
(Averrhoa bilesikl higroskopikliginde — azalma  g6riinmustir. Maltodekstrin  polifenol
ilesikler . o : . . . PR (2015)
carambola) gozlenmistir.  Kurutulmus  ile  kaplanan  Orneklerin  mikroenkapstllerinin,
posast mikrokapstllerin bazilart  pargacik boyutunda kiigiilme  farkli gida sistemlerinde
kiiresel sekildeyken bazilart  ve kapsiillerde daha keskin  antioksidan ozellikleri
diiz goriintime sahiptir. kenarli  yapilar meydana  artirmak amaciyla
gelmistir. kullanilabilir oldugu
belirlenmistir.
Ornekler daha diisik nem, Parcaciklar diizensiz yapilar
ay ve parcactk boyutuna, ve daha az higroskopik
daha vyiksek ¢ozinirlige — 6zellik sergilemistir.
Uziim sahiptir. Mikropartikiiller
(Vitis Fenolik daha yiiksek camst gecis Kuck  ve
enolik C o . ~
labrusca var. bilesikler sicakligt  degerine  sahip Norefia
Bordo) olmugtur. Par¢aciklar kiiresel (2016)
kabugu bir sekle sahiptir. En iyi
kapiilleme %5 kismi
hidrolize guar gam ve %5
polidekstroz ile saglanmustir.
Nisin ve antioksidan ~ Emiilsiyon haline getirilmis
avokado  kabugu  6zitii  kompleksler ile daha yiiksek
karisimt koaservasyon  su aktivitesi ve nem degeri
Avokado Antioksidan yc")ntcfnﬂyle( A bzi§aAr1yla elde edilmistir. Ca%derén—
Kabugu bilesikler kaPsullenﬁy@mF. Emilsiyon Oliver vd.
* haline getirilmis kompleksler (2017)
sayesinde ~ daha  yiksek
mikroenkapsiilasyon verimi
elde edilmistir.
Soya proteini izolati ile Gretilen  En dustk su aktivitesi degeri ~ Toplam  fenolik  ve
6rnekler en yiksek polifenol  nohut unu ile dretilen  antosiyanin icerikleri
konsantrasyonu (1562 mg  §rneklere aittir. benzer sonuglar
GAE/yg), antosiyanin saglamistir.
Astsiz ) konsantrasyonu (13.4 mg/g)
> Polifenol- ve DPPH antioksidan ;
yaban . e Correia vd.
S protein kapasitesine ~ (714.1  wmol
mersiat kompleksi TE/g) sahiptir. Protein ile (2017)
posast kompleks haline  getirilmis
yaban mersini polifenolleri, 4
°C ve 20 °Cde 16 hafta
boyunca bozunmaya karst
korunabilmistir.
Ikinci en yiksek fenolik En iyi sonuclar, fenolik
icerik 1:1 (w/w) oraninda  bilesiklerin maltodekstrin ile
maltodekstrin ve gam arabik  kapsiillenmesi sonucu  (%62)
Kahve Fenolik karigimi ile  kapstillenmis elde edilmis ve fiavonOit geri Ballesteros
telvesi bilesikler orneklerden elde edilmistir. lg“?““m orant 9073 - olarak vd. (2017)
elirlenmistir. Kurutma
6ncesinde belirlenen
antioksidan kapasitenin %73-
86’st korunmustur.
Elde edilen pargactklar  Elde edilen  pargaciklar ~ Her iki yontemle de
kiuresel  bir  mikroyapt  dizensiz aglomeratlar ~ 6rneklerde yiiksek
sergilemistir. olusturmustur. antosiyanin verimi
Bégiirtlen Antosiyanin (%76nin  fizetinde)  ve
Rous ve yiiksek antioksidan kapasite Machado
( . - (1001 pmol TE/g) elde
fruticosus) ar.ltlo_kmdan edilmistir. Kullandan vd. (2018)
atiklart bilesikler kaplama materyali
(polivinilpropilen)

antosiyaninleri hapsetmede
etkili olmugtur.
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Cizelge 1. devam

Hammadde Eleed;f Jiriin Puskirtmeli kurutma Dondurarak kurutma Ortak 6zellikler/faydalar ~ Kaynak
Toz o6rnekler daha digsik  Toz trinde  Acerola augt Oziitleri
nem igeridi, aw, higroskopik  mikroenkapsiilasyon etkinligi ~ acerola Oziitlerine gore
ozellik, parcacitk boyutu ve  daha yuksektir (%78-97). daha yiksek biyoaktif
yiksek ¢ozinirlige sahip  Kurutulmus Griinler diizensiz ~ bilesik konsantrasyonuna
Acerola ol@u§tur. Karqtenoit, asetik  morfolojik  yapiya  sahip  (asetik asit harig) ve ('iaha
(Malpighia asit ve fenolik maddeler  olmustur. dugiik antioksidan
< . . agisindan daha  dusik aktiviteye sahiptir.
emarginata Biyoaktif mikroenkansiilasvon Rezende
DC) bilesikler croenxapsuiasyon | vd. (2018)
meyvesi verimliligi  elde edllrfn§t1r.
Genel olarak, daha yiiksek
posast biyoaktif bilesik
konsantrasyonu (asetik asit
hari¢) ve daha ylksek
antioksidan aktivite
saglanmustir.
Farkli kaplama materyalleri ~ Maltodekstrin =~ ve  soya X st kirnimu  analizi
kullanilmis ~ ve  kaplama  fasulyesi proteini karisimi ile  sonucu, her iki teknikle
Fenolik materyallerinden  bagimsiz kapsiilllenen tozlar en yiiksek  iretilen ‘6mttklerde d(? A
Limonang  bilesikler ve olarak  farkli  boyutlarda  fenolik (1.§6 mg GAE/g kb) dﬁ§dk kr}stfllhk derecesi  Papoutsis
Aavonoit kiiresel parcaciklar  ve flavonoit (0.43 mg KE/g  belitlenmistir. vd. (2018)
olusmustur. kb) miktarina, dusik nem
icerigi ve aw degerine sahip
olmustur.
Toz 6rnekler kiiresel bir yapt ~ Tozlar ~ daha  homojen  Her iki kurutma islemi de
sergilemis ve giil antosiyanin  dagilimli  ve katmanli bir  gil atiklart igin etkili bir
Ozitlerine benzer  yapiya sahiptir. Daha yiksek ~ koruma saglamistir. Giil
niteliklerde, arzu edilir renk  fenolik (%91.44) ve atgindan elde edilen
Gill atg Antosiyanin Ozellikleri sergilemistir. antosiyanin (%95.12)  ornekler gil antosiyanin =~ Yu ve Lv
’ tutunmast tespit edilmistir.  Oziitlerine  kiyasla daha  (2019)
Depolama  siiresince daha  digik nem icerigi, aw
yiksek antosiyanin stabilitesi ~ degeri ve 6nemli Sl¢iide
bulgulanmustir. daha yiiksek ¢o6zinirlige
sahiptir.
Peyniraltt suyu ve gam arabik  Peynir altt suyu ve gam arabik ~ Peynir alti suyu ve gam
karisimut ile fenolik bilesikler  karisimi ile kaplanan tozlar  arabik karisimit ile
) en ust duzeyde (2.66 mg/g  daha yuksek toplam  kaplanan tozlar simile Rocha ve
Uzim Biyoaktif GAE) tutunmus ve en monomerik antosiyanin (0.35  bagirsak ortaminda Noreia
posast bilesikler yuksek DPPH antioksidan  mg/g malvidin-3,5-diglikozit  antosiyaninlerin daha (2020)

kapasite  degeri  (12.64
umol/g TE) saglanmustir.

esdegeri) ve antioksidan
kapasite (8.32 pmol/g TE)
saglamustir.

yiksek oranda salinimin
saglamustir.

ay: Su aktivitesi; KE: Katesin esdegeri; DPPH: 22-difenil-1-pikrilhidrazil; GAE: Gallik asit esdegeri; kb: Kuru

bazda; TE: Troloks esdegeri.

Gida maddelerinin  kurutulmast karmasik bir
islemdir c¢linkii  kurutma esnasinda
fizikokimyasal ~Ozelliklerini  etkileyen  fiziksel,
kimyasal ve biyokimyasal déniigimler meydana
gelebilmektedir. Bu nedenle kurutucu islem
kogullart besleme miktarina, uretilen urline,
kurutmanin amacina ve kullandan yontemlere
gore belitlenmelidir (Shishir ve Chen, 2017).
Ornegin daha yiiksek hava giris/kurutma sicakligs,
toz verimi ile kurutma hiziin artmasini
saglamaktadir. Kurutma hizi ayni zamanda toz
uriine ait kitle yogunlugu, nem igerigi, renk,
parcactk  boyutu, besin bilesenleri igerigi ve
tslanabilirlik  Szelliklerini etkilemektedir (Cai ve

tozun

Corke, 2000, Fazaeli vd., 2012). Bu baglamda
Laokuldilok ve Kanhaa (2015) siyah piring
kepeginden antosiyanin eldesinde hava giris
sicakligindaki artisla birlikte yigin yogunlugu ve
antosiyanin tutulmasinda azalma, islem verimliligi,
¢Ozunirlik, dagilabilirlik, akabiliflik 6zelliklerinde
ise artig gbzlemlemislerdir. Salem vd. (2020) ise
puskiirtmeli kurutmanin kdpekbaligi derisinden
elde edilen jelatin tozlarinin kdpik ve emiilsiyon

Ozellikleri ile yag baglama ve su tutma
kapasitelerini  gelistirdigini  tespit etmislerdir.

Bununla birlikte, bazi aragtirmacilar piiskiirtmeli
kurutma islemi ile daha disik nem icerii,
higroskopik 6zellik ve su aktivite degeri (Kuck ve
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Norefia, 2016; Rezende vd., 2018) tespit ederken
dondurarak kurutma iglemi ile daha disiik nem ve
su aktivitesi degeri bildiren ¢alismalar da
mevcuttur (Papoutsis vd., 2018).

Guda trtnlerinin kompleks yapisi ve 6zelliklerinin
cesitliligi nedeniyle tek bir kurutma teknigi, nihai
triiniin  kalite gereksinimlerini karsilamak icin
yetersiz kalabilmektedir. Ornegin, piiskiirtmeli
kurutmanin termal bir isleme dayantyor olmasi ve
parcaciklarin oksijen ile temas etmesi, sicakliga ve
oksidasyona karst duyarlt bilesikler icin dezavantaj
olusturabilmektedir (Ratti, 2013). Diger yandan,
dondurarak kurutma teknolojisinin vakum altinda
ve dusiik sicakliklarda gerceklesmesinin sicakliga
duyarh malzemelerin renk, aroma ve besin
degerlerini yiksek oranda koruyabildigini ifade
eden calismalar mevcuttur (Ratti, 2001; Sun vd.,
2019). Buna karsin Arsa ve Theerakulkait (2018),
piring kepeginden puskirtmeli ve dondurarak
kurutma yontemlerinin aroma bilesikleri tizerine
etkilerini inceledikleri ¢alismalarinda puskiirtmeli
kurutma islemi ile elde edilen iiriinde daha yiitksek
oranlarda arzu edilen aroma bilesikleri tespit
etmiglerdir. Machado vd. (2018) ise hem
puskiirtmeli hem de dondurarak kurutma
yontemleri ile bogurtlen atiklarindan elde edilen
antosiyanin  Orneklerinin  yitksek antosiyanin
antioksidan kapasite g0Osterdigini
bildirmislerdir. Gida bilesenlerini veya hiicrelerini

verimi  ve

neme, 1siya veya oksijene karst korumak,
ucuculugu ylksek oranda 6nlemek ve aromayt
muhafaza etmek amaciyla kurutma
parametrelerinin kontroliniin yaninda

mikroenpsiilasyon gibi teknolojilerden de yaygin
olarak faydalanilmaktadir (Fang ve Bhandari,
2011). Bu nedenle, calisma sonuglatinda olusan
farkhiliklar kullandan kaplama materyalleri ile de
iliskilendirilebilir.  Cizelge  1’deki  bulgular
incelendiginde, farkl bilesenlerin
mikroenkapstlasyona tabi tutuldugu islemlerde
fenolik bilegiklerin kapstllenme verimi agisindan
dondurarak kurutma yonteminin daha etkili
oldugu calismalar (Saikia vd., 2015; Ballesteros
vd.,, 2017; Papoutsis vd., 2018) mevcutken
puskiirtmeli kurutma ile daha yiiksek kapstilleme
verimi elde edilen c¢alismalar da (Rocha ve
Norefla, 2020) mevcuttur. Bununla birlikte
antosiyaninin kapstillenme verimliligi i¢in yine her

iki kurutma yonteminin de avantajli oldugu
sonugclar elde edilmistir. Bu baglamda Zang vd.
(2020) puskiirtmeli kurutma islemini daha etkin
olarak ifade ederken Murali vd. (2014) ve
Laokuldilok ve Kanhaa (2015) ise dondurarak
kurutma isleminde daha yiiksek kapsiillenme
verimi elde etmislerdir. Tum bu c¢alismalardan
yola ¢tkilarak mikroenkapsiilasyon islemi icin
kullantlan kaplama materyalinin hammaddeye,
hedef bilegiklere ve kurutma yontemine
uygunlugu da 6nem arz etmektedir. Ek olarak
kurutma islemlerinin elde edilen toz uriinlerin
mikroyapisint  etkiledigi  de  bilinmektedir.
Pasktrtmeli kurutma isleminde Uriin damlactk
formunda kurutuldugundan dogal olarak kiiresel
partikiiller elde edilmektedir. Buna karsin,
dondurarak kurutulan Ornekler ek bir 6gltme
islemine tabi tutulduklarindan kiresel bir yaptya
sahip degildirler. Genel olarak Cizelge 1’de yer
alan literatiir calismalarinda da bu durumu
destekler nitelikte puskiirtmeli kurutma ile elde
edilen tozlanin daha kiresel bir mikroyapt
gosterdigi, dondurarak kurutulmus 6rneklerde ise
daha keskin kenarlt ve diizensiz patrcaciklar elde
edildigi rapor edilmistir.

SONUC VE ONERILER

Puskirtmeli kurutma, nihai trinin  partikdl
boyutu ve dagilimi, nem igerigi, yigin yogunlugu
ve mortfoloji gibi 6zelliklerinde daha iyi kalitede
tozlar Uretmesi nedeniyle en cok tercih edilen
kurutma yontemlerinin  basinda gelmektedir.
Puskiirtmeli kurutmanin yiksek kalitede toz tGrtin
saglamasinin  yaninda dondurarak kurutmaya
kiyasla daha disiik enerji ihtiyact ve strekli
calisabilmesi, sagladig1 diger avantajlart arasinda
One ctkmaktadir. Buna karsin, yontemin termal
isleme dayanmast, parcaciklarin oksijen ile temast
gibi durumlar bu yoéntemin dis etkenlere karst
duyarli gida bilesenlerinin  (protein, fenolik
bilesikler, vitaminler, renk maddeleri vb.) bozulma
veya kayiplarina neden olabilmektedir. Bu
durumda distik sicakliklarda ve vakum altinda
calismaya izin veren dondurarak kurutma yontemi
one ctkmakta ve boéylece sicakliga ve oksijene
duyarll bilesiklerin yiksek oranda korunumu
saglanabilmektedir. Kurulum maliyeti ve uzun
islem siiresi ise dondurarak kurutma yénteminin
en 6nemli dezavantajlaridir. Buna ek olarak islem
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sonunda ek bir 6giitme islemi gerektiriyor olmast
dondurarak  kurutma isleminin  kullanimint
stnirlamaktadir. Buna karsin her iki kurutma
tekniginin olusturabilecegi olumsuzluklarin 6niine
gecebilmek icin  mikroenkapsiilasyon  islemi
uygulanmaktadir. Bu sayede istenmeyen fiziksel
degisikliklere  (yapisma,  kabuk  baglama,
topaklanma vb.) neden olabilecek durumlarn
yaninda, kimyasal Ozelliklerdeki degisimlerin de
oniine gecilebilmektedir. Bu noktada
hammaddenin fiziksel, kimyasal ve mikrobiyolojik
Ozellikleri ile kurutma islemlerinin son Urinin
kalite 6zellikleri tizerindeki etkileri de géz oniine
alinarak kullanilacak kurutma yontemine karar
verilmesi 6nem kazanmaktadir.

Giiniimiizde tiketicilerin kaliteli, giivenilir, ilave
sentetik katki maddesi veya koruyucu madde
icermeyen saglikli ve fonksiyonel gidalara artan
talebini karstlamak icin ilgili sektSrler cesitli
calismalar  yapmaktadir. Bu noktada gida
atiklarindan 6ztitleme islemleri sonucu elde edilen
fonksiyonel bilesiklerden tretilen tozlarin énemi
ortaya ¢itkmakta ve bu trlinlere olan taleplerin
gelecek  yillarda daha da artacagt tahmin
edilmektedir. Bu detleme makale kapsaminda
potansiyel fonksiyonel bilesik kaynagt olan gida
atiklarinin puskirtmeli ve dondurarak kurutma
teknikleri ile geri kazanimi, kurutucu sistem
mekanizmalart  ve uygulamalan tartigdmistir.
Mevcut  calismanin  gida  isleme ve atk
degerlendirme konularinda calisan profesyoneller
ve arastirmactlar icin yol gésterici bir kaynak
olabilecegi dustinilmektedir.

CIKAR CATISMASI BEYANI
Yazatlarin, basgka kisiler ve/veya kurumlar ile ¢tkar
catismast bulunmamaktadir.

YAZAR KATKILARI
Tum yazarlar yayiun planlanmast ve yaziminda
esit oranda katki saglamuglardur.
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oz

Bu ¢alismada, Ankara’da yetistirilen kabak cekirdegi ve Malatya’da yetistitilen kayist ¢ekirdeginden elde edilen
sabit yaglarin yag asidi kompozisyonlart ve biyoaktif Ozellikleri incelenmistir. Kabak ve kayist cekirdegi
yaglarinin bilesiminde bulunan ana bilesenler linoleik ve oleik asit olarak tespit edilmistir. IKKabak ve kayist
cekirdegi yaglarinin toplam fenolik madde miktart strastyla 123.60 ve 86.75 mg GAE/100 g olarak
beliflenmistir. DPPH yontemine gbre kabak ve kayist ¢ekirdegi yaglarimin antioksidan aktivite degetleri
strastyla %046.53 ve %39.61 iken ABTS yontemine gére degetler %74.73 ve %49.05 olarak tespit edilmistir.
Kabak ¢ekirdegi yagina karst en hassas mikroorganizma Escherichia cli O157:H7 olarak tespit edilitken,
Listeria monocytogenes, Enterococens feacalis ve Salmonella Typhimurium, kayist cekirdegi yaglarina karst en hassas
mikroorganizmalar olarak belitlenmistir. Sonuglar, sabit yaglarin gida endiistrisinde dogal antioksidan tirtinler
olarak kullamlabilecegini gdstermistir.

Anahtar kelimeler: Cucurbita pepo var. styriaca, Prunus armeniaca “Hacthaliloglu”, toplam fenolik madde,
antioksidan, antimikrobiyel

DETERMINATION OF FATTY ACID COMPOSITION AND BIOACTIVE
PROPERTIES OF PUMPKIN SEED AND APRICOT KERNEL OILS

ABSTRACT

In the study, fatty acid compositions and bioactive properties of fixed oils obtained from seeds of
pumpkin grown in Ankara and kernels of apricot grown in Malatya were investigated. The main
components in the composition of pumpkin seed and apricot kernel oils were identified as linoleic
and oleic acids. The total phenolic contents of pumpkin seed and apricot kernel oils were determined
as 123.60 and 86.75 mg GAE/100 g, respectively. According to DPPH method, the antioxidant
activities of pumpkin seed and apricot kernel oils were determined as 46.53% and 39.61%,
respectively, while the values were 74.73% and 49.05% according to ABTS method. The most
sensitive microorganism against pumpkin seed oil was Escherichia coli O157:H7, while Listeria
monocytogenes, Enterococens feacalis and Salmonella Typhimurium were determined as the most sensitive
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microorganisms to apricot kernel oil. The results showed that fixed oils could be used as natural

antioxidant products in the food industry.

Keywords: Cucurbita pepo var. styriaca, Prunus armeniaca “Hacihaliloglu”, total phenolic content,

antioxidant, antimicrobial

GIRIS
Ginimiizde tlketicilerin = sentetik  Griinleri
tiketmemeye yonelik egilimleri artmakta ve
bitkisel drtinlerin titketimi giin gectikce Onem
kazanmaktadir (Tajkarimi vd., 2010). Bitkilerde
bulunan fenolik bilesikler, saponinler,
flavonoidler, tiyosilfinatlar, glukozinolatlar ve
organik  asitler, bitkilerin antioksidan ve
antimikrobiyel 6zelliklerine 6nemli 6l¢tide katkida
bulunmaktadir (Gyawali ve Ibrahim, 2014). Yagli
tohumlarin islenmesiyle elde edilen sabit yaglar,
insan beslenmesi icin gerekli oldugu kadar
sagligimiz agisindan da biyiik 6nem tasimaktadir
(Karaca ve Aytag, 2007). Yagli tohumlarn
antimikrobiyel — aktivitesi, aktif bilesenlerin
kimyasal yapilatina ve konsantrasyonlarina bagh
olarak  degismektedir. Fenolik bilesiklerdeki
hidroksil gruplart bakterilerin  hiicre zart ile
etkilesime girerek hiicrenin zar yapisint bozmakta
ve hiicresel bilesenler hiicre disina sizmaktadir
(Xue vd., 2013). Ayrica, sabit yaglarda bulunan
oleik, linoleik ve palmitik asit gibi yag asitlerinin
antimikrobiyel ~ aktiviteye = sahip  oldugu
bildirilmektedir (Ababouch vd., 1994; Coskun,
2006).

Cuenrbita pepo 1., 98 cins ve yaklasik 965 tirden
olusan Cucurbitaceae familyasina ait 6nemli bir
tibbi bitkidir (Morittu vd., 2019). Kabak ¢ekirdegi
protein, doymamis yag asitleri, fitosteroller, E
vitamini, Zn, K, Ca, Mg, Fe, Cu ve P gibi temel
mineraller acisindan oldukea zengindir (Badr vd.,
2011; Gohari vd., 2011; Nourmohammadi vd.,
2017). Kabak cekirdegi yagt insan saglig izerinde
antimikrobiyel, antioksidan, antidiyabetik,
antiinflamatuar, antitimor, antikanser,
antimutajenik, antihipertansif gibi etkilere sahiptir
(Adnan vd., 2017; Dar vd., 2017; El-Sayed vd.,
2017, Morittu vd., 2019). Cesitli
mikroorganizmalara karst antimikrobiyel
aktiviteye sahip oldugu bildirilen kabak ¢ekirdegi
yagt kozmetik, ila¢ ve gida endustrilerinde siklikla
kullantlmaktadir (Dar vd., 2017).

Rosaceae familyasina ait bir bitki olan Prunus
armeniaca L., g1da enduistrisinde dogal antioksidan
ajan olarak kullanilmaktadir (Gomaa, 2013; Zhou
vd., 2016). Kayist meyvesinin neoklorojenik ve
klorojenik  asit, proantosiyanidin dimer ve
trimerler, kersetin ve kaempferol gibi aktif
bilesenlere sahip oldugu bildirilmektedir (Sojka
vd., 2015; Dulf vd., 2017). Ayrica kayist ¢ekirdegi
karbonhidrat, C ve K vitaminleri, niasin, tiamin,
mineraller, B-karoten, organik asitler, fenoller,
flavonoidler, ucucu bilesikler, esterler, diyet
proteininin yant sira 6nemli miktarda yag ve Lif
icermektedir (Ali vd., 2011; Gomaa, 2013).
Geleneksel tipta kanama, hinlti, astim, kisirlik ve
gbz iltthabt gibi c¢esitli hastaliklarin  tedavisi
amaciyla kullanilmaktadir (Manzoor vd., 2012).

Literattirde farklt cografi bolgelerde yetisen kabak
cekirdegi ve  kayist  ¢ekirdegi  yaglarinin
ozelliklerinin incelendigi caligmalar
bulunmaktadir (Amiran vd., 2015; Zhou vd.,
2016; Dar vd., 2017; Ghaffar vd., 2018; Juhaimi
vd., 2018). Bu ¢alisma kapsaminda ise Ankara’da
yetisen kabak cekirdegi ve Malatya’da yetisen
kayisi cekirdeginden elde edilen yaglarin yag asidi
kompozisyonu, toplam fenolik madde icerigi,
antioksidan ve antimikrobiyel aktivitelerinin
belitlenmesi amaclanmistit.

MATERYAL VE YONTEM

Bitki materyali

Kabak (Cucurbita pepo var. styriaca) cekirdegi
Ankara/Polatl’dan, kayist  (Prunus — armeniaca
“Hacthaliloglu”)  Ornekleri  ise  Malatya’dan
toplanmustir.  Kabak ve kayist  ¢ekirdekleri

kabuklarindan ve etlerinden ayrildiktan sonra
damutilmus su ile yrtkanmus ve oda sicakliginda filtre
kigidi tizerinde kurutulmustur. Ornekler %10
nem oraninda kurutulduktan sonra ¢ekigli
degirmende ogitilmiis ve plastik kaplarda
depolanmustir.

Sabit yag eldesi
Cucurbita pepo var. styriaca ve Prunus armeniaca
“Hacthaliloglu” ¢ekirdegi sabit yaglart soguk stkim
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yontemi kullanilarak elde edilmistir (Kiralan vd.,
2014). Soguk sikim iglemi 35-40°C’ye ayarlt soguk
pres yag ctkarma cihazi (Karaerler NF 500,
Ankara, Turkiye) kullaniarak gerceklestirilmistir.
Elde edilen yag 6rnekleri 48 saat dinlendirildikten
sonra stizlilmis ve deneylerde kullanilmak tizere
koyu renkli cam siselerde depolanmustir.
Orneklerden elde edilen yag oranlart Cuenrbita pepo
var. styriaca ¢ekirdegi icin %25, Prunus armeniaca
“Hacthaliloglu” c¢ekirdegi icin ise %35 olarak
belitlenmistir.

Yag asidi kompozisyonu

Kabak ve kayist ¢ekirdedi sabit yaglarinin yag asidi
bilesenlerinin ~ bagll  ylzdeleri,  Anadolu
Universitesi, Bitki Ilac ve Bilimsel Arastirmalar
Merkezi’'nde Agilent HP innowax kolon (60 m
uzunluk x 0.25 mm i¢ ¢ap; 0.25 um film kalinlig)
ve Alev Iyonlasma Detektorii ile donatilmis
Agilent  7890B  GC  sistemi  kullamilarak
belitlenmistir (USP, 1995). Ornekler 60°C°de 10
dakika bekletildikten sonra sicaklik dakikada 4°C
artirilip 220°C’de 10 dakika tutulmustur. Bu islemi
takiben ornekler, dakikada 1°C’lik artisla 240°C’de
20 dakika daha bekletilmistir. Toplam analiz stiresi
100 dakika olarak ayarlanmistr. Hekzan ile
seyreltlen 1 pL 6rnek (%10 h/h) sisteme 40:1
split orant ile 250°C’de enjekte edilmistir.
Dedektor sicakligt 250°C’de tutulmustur. Tagtyict
gaz olarak helyum (0.7 ml./dakika) kullandmustir.

Orneklerin yag asidi bilesenleri GC analizi ile ayni
kosullar kullanilarak Agilent HP-Innowax kapiler
kolonu ile donatilmis GC-MC Agilent 7890B GC
5977B Kitle Secici Dedektor Sistemi ile
tanimlanmustir. GC-MS tespiti i¢in 35-450 /3
kiitle araliginda 70 eV elektron enerjisine sahip bir
elektron iyonizasyon sistemi kullanilmistir. Iyon
kaynagi sicakligt 230°C’dir. Aymlan bilesenler,
Ulusal Standartlar ve Teknoloji Enstitiisit (NIST)
tarafindan tanimlanmistit.

Toplam fenolik madde

Kabak ve kayisi ¢ekirdeginden elde edilen sabit
yaglarin toplam fenolik madde miktant Folin-
Ciocalteu yontemine gdore tespit edilmistir
(Singleton ve Rossi, 1965). 2 g numune 1 mL
hekzan icerisinde ¢6zindirulmis, ardindan 1 mL
metanol:saf  su  (60:40, h/h) ¢ozeldsi ile

karsurdmistr. Karisim 3500 rpm’de 10 dakika
santriftyj islemine tabi tutulduktan sonra hekzan
fazt 1 mL metanol:saf su (60:40, h/h) ¢cozeltisi ile
yeniden ekstrakte edilmistir. Metanol ekstraktlar
toplam hacim 1 mL olacak sekilde saf su ile
seyreltilmistir.

6 ml ultra saf su ve 500 ul. Folin-Ciocalteu
cozeltisi karstirilmis, ardindan karistma 100 pl
metanol ekstrakt: ilave edilmis ve oda sicakliginda
8 dakika tutulmustur. Daha sonra, karisima 1.5
mL doymus NaxCOs (%20 w/v) ¢ozeltisi ilave
edilmis ve 60 dakika bekletilmistir. Ornegin
absorbansi ¢ift 1stk yollu spektrofotometre
(Agilent Technologies Cary 60 UV-Vis)
kullantlarak 765 nm dalga boyunda &l¢tilmistiir.
Sonuglar gallik asit esdegeri (mg GAE/100 g)
cinsinden ifade edilmistit.

Antioksidan aktivite

DPPH yoéntemi

Yag Orneklerinin  DPPH  radikal temizleme
aktivitesi Naik vd. (2011) tarafindan tamimlanan
yontem modifiye edilerek belitflenmistir. Yag
Orneklerinin 1 ml seyreltilmis metanol ¢ozeltileri
(100 pg/mlL) 4 mL DPPH c¢ozeltisi (0.1 mM) ile
karistirilmistir.  Karistm  karanlikta 30 dakika
bekletildikten sonra absorbans spektrofotometre
ile 515 nm dalga boyunda Sl¢tlmustir. Sonuclar
agagidaki Denklem 1 kullanilarak hesaplanmustir:

—4% 100
X
" (@)

Ao

Ak
DPPH radikal temizleme aktivitesi (%) =

Ak: kontrol absorbans
absorbans degeri

degeri; 6rnek

ABTS yontemi

Sabit yaglarin antioksidan aktiviteleri ikinci bir
yontem olarak ABTS yoéntemi kullanilarak
belirlenmistir (Re vd., 1999). Oncelikle, ABTS
stok ¢oOzeltisi hazirlanmistir. Bu amacla 7 mM
ABTS* ¢ozeltisi ve 2.45mM amonyum persiilfat
karistirilmis ve 16 saat karanlikta bekletilmistir.
Daha sonra ABTS* ¢6zeltisi etanol ile seyreltilerek
734 nm dalga boyunda 0.70 = 0.02 absorbans
degeri elde edilmistir. 3 mL. ABTS* stok ¢6zeltisi
ile 0.3 mL yag Orneginin etanol ekstrakt
kanstinilmis ve karisim oda sicakliginda 6 dakika
boyunca karanlikta bekletilmistir. Absorbans 734
nm dalga boyunda spektrofotometre kullanilarak
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Olctilmustir. ABTS* radikal temizleme aktivitesi
Denklem 2 kullanilarak hesaplanmustir.

—Ab
Ak

Ak
ABTS radikal temizleme aktivitesi (%) =

Ak: kontrol absorbans
absorbans degeri

x100  (2)

degeri; A6:  Ornek

Antimikrobiyel aktivite

Bakteri kiiltiirleri

Bu calisgmada yedi farklt bakteri (Bacillus subtilis
ATCC 6037, Escherichia coli ATCC 1103, E. coli
O157:H7 ATCC 43895, Enterococcus faecalis ATCC
29212, Listeria monocytogenes Scott A, Staphylococcus
anrens 6538P ve Salmonella Typhimurium NRRLB
4420) sabit yag Orneklerinin antimikrobiyel
aktivite degetlerinin belirlenmesi amaciyla test
kiltiri olarak kullanilmistir. Calismada kullanilan
bakteri  kiltiirleri Ege Universitesi, Gida
Mihendisligi  Bolimi, Gida Mikrobiyolojisi
Arastirma Laboratuvari'ndan temin edilmistir.
Tryptic Soy Broth (TSB, pH 7.3+0.2, Oxoid) stok
kiltirlerin aktivasyonu amactyla kullanilmis ve
kulturler 37°C’de 24 saat inkibe edilmistit.
Bakteri kilturlerinin yogunlugu 0.5 McFarland
(DEN-1 McFarland Densitometer, Grant-bio)
degeri olacak sekilde ayarlanmustir.

Disk difiizyon yontemi

Yag Orneklerinin  antimikrobiyel aktivitelerinin
belirlenmesi amactyla disk diflizyon yoéntemi
kullandmistir ~ (Deng  vd., 2014).  Oncelikle
kiltitler Mueller Hinton Agar (MHA, Oxoid, pH
7.3 £ 0.2) besiyerine yayma plak yontemine gore
ekilmis, kultirin besiyeri tarafindan absorbe
edilmesinin ardindan besiyeri tizerine, 20 pL sabit
yag emdirilmis (40 mg/mL) 6 mm ¢apl kagit
diskler belitli araliklatla yerlestirilmistir. Ekim
yapilan petriler 37°C'de 24 saat inkiibe edilmis ve
inkitbasyon siiresi sonunda inhibisyon zonlarinin
caplari cetvel kullanilarak belitlenmistir. Pozitif
kontrol olarak ampisilin (AMP, 10 pg/disk,
Oxoid) ve gentamisin (GEN, 10 pg/disk, Oxoid)
diskleri ve negatif kontrol olarak ise steril su
emdirilmis diskler kullamlmustir.

Siv1 diliisyon yontemi

Yag  Orneklerinin - minimum  inhibisyon
konsantrasyonu (MIK) stvt diliisyon yontemi
kullantlarak beliflenmistit  (Deng  vd., 2014).

Orneklerin -~ MIK  degerlerinin  belirlenmesi
amactyla 96  kuyucuklu  “U”  tipi  steril
mikropleytler kullanilmigtir. %5 dimetil siilfoksit
(ODMSO, Merck) icerisinde  ¢ozindurilmus
ornekler son konsantrasyon 0.2-100 pg/mL
araliginda olacak sekilde kuyucuklara aktarilmis,
ardindan uzerine 100 pl. test kiltard ilave
edilmistir. Hazirlanan pleytler 37°C’de 18-24 saat
inkiibasyona birakilmistir. Inkiibasyon sonunda
her bir kuyucuga 20 uL. %0.5lk 2,3,5 trifenil
tetrazolyum klorit (TTC, Merck) ilave edilmis ve
pleytler 37°C’de 30 dakika inkiibe edilmistir. Stire
sonunda yag orneklerinin @ MIK  degerleri
kuyucuklarda olusan renk degisimlerine gore
degerlendirilmistir. Minimum bakterisidal
konsantrasyon (MBK) degerlerinin belitlenmesi
amaciyla gelisme olan her bir kuyucuktan MHA
besiyerine ekim yapilmus ve petriler 37°C’de 24
saat inklbe edilmistir (Tomas-Menor vd., 2013).

Istatistiksel degetlendirme

Denemeler ti¢ tekrarl olarak gerceklestirilmistir.
Sonuglar, SPSS 20 paket programi kullanilarak tek
yonli  varyans  analizi (ANOVA)  ile
degerlendirilmigtir. Ortalamalar arasindaki farklar
Bagimsiz Orneklem T testleri ile P <0.05 6nem
seviyesinde belirlenmistir (SPSS, 2011).

SONUC VE TARTISMA

Orneklerin yag asidi kompozisyonu
Caligmada, kabak c¢ekirdegi yaginin toplam yag
asidi kompozisyonunun %97.8’ini temsil eden 4
yag asidi tanimlanirken, kayist cekirdegi yaginin
yag asidi kompozisyonunun %99unu temsil eden
5 yag asidi tespit edilmistir (Cizelge 1). Kabak
cekirdegi yaginin ana yag asidi bilesenleri linoleik
(%041.1) ve oleik asit (%38.6) olarak belirlenmigtir.
Bununla birlikte, kayist ¢ekirdegi yaginda agirlikls
olarak bulunan yag asidi bilesenlerinin oleik
(%063.5) ve linoleik asit (%28.1) oldugu tespit
edilmistit.

Yapilan 6nceki galismalarda; Iran, Tunus, Cin,
Turkiye, Pakistan ve Amerika  Birlesik
Devletleri'nde  yetisen  kabak  bitkisinin
cekirdeginden elde edilen sabit yaglarda bulunan
yag asitlerinin temel bilesenlerinin bu ¢alismadaki
bulgulara benzer sekilde linoleik (%39.84,
%50.88, %44.51-47.67, %37.62-49.25, %043.65,
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%35.38-%064.05), oleik (%38.42, %25.82, %37.35-
37.54, %31.65-43.43, %19.95, %18.42-5%46.09),
palmitik (%10.68, %14.83, %11.53-12.48, %9.98-
12.41, %14.94, %0.71-%12.64) ve stearik asit
(%8.67, %0.68, %3.08-5.09, %6.20-7.28, %6.47,
%3.35-%7.65) oldugu tespit edilmistir (Gohati
vd., 2011; Bardaa vd., 2016; Li vd., 2016;
Turkmen vd., 2017; Ghaffar vd., 2018; Meru vd.,
2018). Benalia vd. (2015) tarafindan yapilan bir
calismada, Cezayir'de yetisen kabak bitkisinin

cekirdeginden elde edilen sabit yagda bulunan ana
bilesenlerin sirastyla linoleik (%042.10-48.50), oleik
(%18.40-39.60), palmitik (%13.91-20.00) ve
arasidik asit (%0.65-1.50) oldugu beliflenmistir.
Bu calisma kapsaminda incelenen kabak cekirdegi
yaginin yag asidi temel bilesenleri acisindan 6nceki
calismalara benzerlik g6sterdigi, baskin yag
asitlerinin linoleik ve oleik asit oldugu, ancak
literatiirden farklt olarak bu calismada incelenen
Ornegin palmitik asit icermedigi tespit edilmistir.

Cizelge 1. Kabak ve kayist ¢ekirdegi yaglarinin yag asidi kompozisyonu
Table 1. Fatty acid composition of pumprkin seed and apricot kernel oils

Yag asidi kompozisyonu

Bagil yizde (%)
Relative content (%)

Fatty acid composition Kabak cekirdegi Kayisi ¢ekirdegi
Pumpkin seed Apricot kernel

Palmitik asit (C16:0)

Palmitic acid (C16:0) 1.2 >2

Palmitoleik asit (C16:1); ©-9 11

Palmitoleic acid (C16:1); -9 i '

Stearik asit (C18:0) 6.9

Stearic acid (C18:0) ' )

Oleik asit (C18:1); w-9

Oleic acid (C18:1); -9 38.6 63.5

Elaidik asit (C18:1); -9 11

Elaidic acid (C18:1); w-9 i '

Linoleik asit (C18:2); v-6

Linoleic acid (C18:2); w-6 4.1 28.1

Toplam yag asidi

Total fatty acid 978 990
Yapilan onceki calismalarda Himacal ckstraktlarinda agirhikh olarak linoleik (%51.60) ve
Prades/Hindistan, Pakistan, Cin, palmitik asit (%23.00) bulundugu tespit edilmistir

Uttrakhand/Hindistan ve Tirkiye’de yetisen
kayist bitkisinin ¢ekirdeginden elde edilen sabit
yaglarda bulunan ana bilesenlerin oleik (%62.07-
70.60, %062.34-80.97, %70.29-71.25, %71.00,
%065.98-71.86), linoleik (%20.50-27.76, %13.13-
30.33, %22.31-23.00, %20.15, %20.18-22.74) ve
palmitik asit (%5.00-7.79, %3.35-5.93, %4.57-
4.87, %4.20, %5.87-6.78) oldugu tespit edilmistir
(Gupta vd., 2012; Manzoor vd., 2012; Zhou vd.,
2016; Yadav vd., 2018; Juhaimi vd., 2018). Yapilan
diger bir calismada, Iran’da yetisen kayist
bitkisinin ¢ekirdeginden elde edilen hekzan

(Amiran vd., 2015). Onceki ¢alisma sonuglart ile
kiyaslandiginda, bu c¢alismada incelenen kayisi
cekirdegi yaginin linoleik, oleik ve palmitik asit
miktarlarninin literatiirle uyum igerisinde oldugu,
ozellikle linoleik asit miktarinin, literatirde yer
alan bircok Ornege kiyasla daha yiksek oldugu
tespit edilmistir. Bu calismalar, sabit yaglarin yag
asidi bilesenlerinin bitkiletin c¢esidi, isleme ve
saklama kosullart ve yetistigi cografi bolgeye bagli
olarak  degisim  gOsterebilecegini  ortaya
koymustur.
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Orneklerin toplam fenolik madde miktari

Fenolik bilesikler, radikal temizleyici, metal
kelator, indirgen ajan, hidrojen verici ve tekli
oksijen yakalayict olmalart sebebiyle 6nemli
maddelerdir. Fenolik bilesiklerin saglik tzerine
olumlu etkilerinden dolayi, son yillarda gida ve ilag
sanayinde fenolik bilesikler yéninden zengin tibbi
ve aromatik bitkilerin kullanimt artis gbstermistir
(Proestos vd., 2006). Bu nedenle, bu calismada
fenolik maddelerce zengin birer kaynak oldugu
distintilen kabak cekirdegi ve kayist ¢ekirdegi
yaglarinin  toplam fenolik madde miktarlart
belirlenmistir (Cizelge 2). Kabak ¢ekirdegi yaginda
toplam fenolik madde miktart 123.60 mg
GAE/100 g olarak belitlenmis, kayisi cekirdegi
yaginda ise bu deger daha dusik (86.75 mg
GAE/100 g) olarak tespit edilmistir (P <0.05).

Yapilan bir calismada Iran’da yetisen kabak
bitkisinin ¢ekirdeginden elde edilen sabit yagin
toplam fenolik madde miktar1 6.62 mg GAE/100
g olarak tespit edilmistir (Gohari vd., 2011). Li vd.
(2016) tarafindan yapilan bir calismada Cin’de
yetisen kabak cekirdeginin enzimatik
ekstraktinin toplam fenolik madde igerigi 11.77
mg GAE/100 g olarak tespit edilmistit. Yapilan
diger bir calismada, kabak (ftalya’da yetisen)
cekirdegi etanol ekstraktinin toplam fenolik
madde igerigi 98.63 mg GAE/100 g olarak
belirflenmis ve epikatesin, syringic asit, rutin,
hesperidin, kuersetin-3-O-glikozit, kafeik asit gibi
fenolik bilesenlerce zengin kaynaklar oldugu
bildirilmistir (Morittu vd., 2019). Tim bu verilerle
kiyaslandiginda, tarafimizca yurltilen calisma
kapsaminda incelenen kabak c¢ekirdedi yaginin
toplam fenolik madde miktarimin daha yitksek
oldugu gérilmektedir. Bununla birlikte, Pakistan
ve Misir'da yetisen kabak bitkisi ¢ekirdeginin
toplam fenolik madde miktarlar sirastyla 4590-
7310 mg GAE/100 g ve 5641 mg GAE/100 g
olarak belirlenmistir (Ali vd., 2011; Hashash vd.,
2017).

sulu

Yapilan caligmalarda, kayist c¢ekirdeginin gallik
asit, klorojenik asit, neoklorojenik asit, syringic
asit, kuersetin, kafeik asit, p-kumarik asit, ferulik
asit, 3.4-dihidroksi benzoik asit, 3-karoten ve y-
karoten gibi fenolik bilesenlerce zengin oldugu
bildirilmistir (Dragovic-Uzelac vd., 2007; Korekar

vd., 2011; Juhaimi vd., 2018). Kayist ¢ekirdegi
toplam fenolik madde igeriginin belirlendigi bir
calismada, Afganistan’da yetisen kayst cekirdegi
metanol, aseton ve metanol-aseton karigimi ile
ekstrakte edilmis ve ekstraktlarin toplam fenolik
madde miktarlarinin  sirastyla  32.90-65.50 mg
GAE/100 g, 59.30-96.60 mg GAE/100 g ve
92.20-162.10 mg GAE/100 g arasinda degisim
gosterdigi  bildirilmistir  (Korekar vd., 2011).
Yapilan  diger c¢aligmalarda, Pakistan ve
Hindistan’da yetisen kayist cekirdegi yaglarinda
toplam fenolik madde miktarlarinin 4590-7310
mg GAE/100 g ve 1400 mg GAE/100 g oldugu
belitlenmistir (Ali vd., 2011; Sharma vd., 2014).
Turkiye’de (Malatya) yetisen dort farkll kayist
bitkisinden elde edilen sabit yaglann incelendigi
bir ¢alismada ise 6rneklerin toplam fenolik madde
miktatlarinin 27.18-38.51 mg GAE/100 g oldugu
tespit edilmistir (Juhaimi vd., 2018). Bu calismada
incelenen kayisi gekirdegi yaglarinin Tirkiye’de
yetisen diger kayist cekirdegi yaglarina kiyasla daha
yiksek miktarda toplam fenolik madde igerdigi,
bununla birlikte bu miktarin, literatiirde yer alan
bazi verilere gbére daha disik oldugu
belirlenmistir. Tim bu sonuclar, bitkilerin toplam
fenolik madde miktatlarinin  bitki cesidi ve
bitkinin yetistigi cografi bélge gibi faktotlere baglt
olarak degisebilecegini géstermektedir.

Orneklerin antioksidan aktivite degerleri

DPPH ve ABTS yontemi, bitki 6ziitleri veya
bilesiklerinin serbest radikal temizleyicileri veya
hidrojen vericileri olarak islev gérme potansiyelini
belirlemek amactyla yaygin olarak
kullantlmaktadir. Bu calismada, kabak ve kayist
cekirdeginden elde edilen yaglarin antioksidan
aktiviteleri bu iki yéntem kullandarak tespit
edilmistir. Kabak ¢ekirdegi yagt DPPH ve ABTS
radikallerini sirastyla %46.53 ve %74.73 oraninda
inhibe etmistir (Cizelge 2). Kayisi c¢ekirdegi
yaginin antioksidan aktivitesi degerleri ise %39.61

(DPPH) ve 9%49.05 (ABTS) olarak tespit
edilmistir.

Morittu  vd. (2019) tarafindan yapidan bir
calismada, Italya’da yetisen kabak bitkisi

cekirdeginden elde edilen sabit yagin DPPH ve
ABTS setbest radikallerinin %50'sini temizlemek
i¢in gerekli konsantrasyon (IC50) sirastyla 55.18

613



614

I. Yiicel Sengiin, E. Yiicel, G. Kilig, B. Oztiirk

ve 3.62 p.g/ mL olarak belirlenmistir. Yapilan diger
calismada, Misit’da yetisen kabak meyvesi ve
cekirdeginin metanol ekstraktinin 1C50 degerleri
strastyla 643.09 ve 576.19 pg/ml olarak tespit
edilmistir (Hashash vd., 2017). Misir’da yetisen
kabak bitkisinin ¢icek, kok ve yapraklarindan elde
edilen metanol ekstraktlarinin  antioksidan
aktivitelerinin ~ belitlendigi ~ bir  ¢alismada,
orneklerin DPPH radikalini temizleme aktiviteleri
584.81-667.46 pg/ml. (IC50 degeti) arasinda
degisim gOstermistir. Bununla bitlikte, ABTS
yontemine  gore  Orneklerin  antioksidan
aktivitelerinin 18.10-35.03 mmol Trolox/100 mL
ekstrakt araliginda degisim gosterdigi tespit
edilmistir (El-Sayed vd., 2017). Dar vd. (2017)
tarafindan yapilan bir calismada, Pakistan’da

yetisen  kabak  cekirdeginin 100  pg/mL
konsantrasyonundaki c¢esitli ekstraktlarinin (su,
etil asetat, »-bltanol ve etanol) antioksidan
aktiviteleri ~ DPPH  yo6ntemi  kullanilarak
belitlenmis ve ekstraktlarin DPPH radikalini
sirastyla  %022.84, %27.1, %11.45 ve %14.62
oraninda inhibe ettigi, etil asetat ve su ekstraktinin
diger ektraktlara nazaran daha yiiksek antioksidan
aktivite degerlerine sahip oldugu tespit edilmistir.
Bu calisma sonuglati, bizim calismamizda elde
ettigimiz ~ sonuglara  gére  oldukca  dusik
bulunmustur (Cizelge 2). Literattirde yer alan tim
sonuclar degerlendirildiginde, kullanilan
ekstraksiyon yontemi, ¢Oziicli ¢esidi ve analiz
yonteminin  bitkilerin  antioksidan  aktvite
degerlerini etkiledigini ortaya koymaktadir.

Cizelge 2. Kabak ve kayist ¢ekirdegi yaglarinin toplam fenolik madde igerigi ve antioksidan aktivite
degerleri
Table 2. Total phenolic content and antioxidant activity of pumpkin seed and apricot kernel oils

Biyoaktif 6zellikler Kabak cekirdegi Kayisi ¢ekirdegi
Bioactive properties Pumpkin seed Apricot kernel
Toplam fenolik madde miktari (mg GAE/100 g) A 9 b
Total phenolic content (mg GAE/100 g) 123.600.57 86.75+2.62
DPPH (%) 46.53%1.77 39.61%2.772
ABTS (%) 74.73%0.68 49.05%2.74b

* Aynt satirda yer alan farkli harflere (a, b) sahip degerler P <0.05'te 6nemli 6lctide farklidir.
*Values in the same row with different letters (a, b) are significantly different at P <0.05.

Bitkilerin antioksidan aktivitesi bitkinin tirQ,
bilesimi ve konsantrasyonu gibi gesitli faktorlere
bagli olarak da degisim g6sterebilmektedir. Kayist
cekirdegi yaginin antioksidan aktivitesinin DPPH
yontemi kullanilarak belitlendigi bir calismada,
Turkiye’de yetisen dort farkli kayisi tiriinden
(Cataloglu, Hasanbey, Kabaast ve Sogancioglu)
clde edilen sabit yagin antioksidan aktivitesi
strastyla %053.98, %59.61, %55.74 ve %54.41
olarak tespit edilmistir (Juhaimi vd., 2018).
Yapilan diger bir ¢alismada, Misir’da yetisen tatlt
kayist  ¢ekirdeginin  su, metanol ve etanol
ekstraktlarinin DPPH radikalini sirastyla %45.68,
%6545 ve %b51.39 oraninda inhibe ettigi
belitlenmistir (Gomaa, 2013). Ali vd. (2011)
tarafindan yapilan bir ¢alismada ise, Pakistan’da
yetisen kayist bitkisinin antioksidan aktivitesinin
%56.84-%82.33 arahginda degisim gosterdigi
rapor edilmistir. Tarafimizca yiritilen bu

calismadan elde edilen sonuglar ise literatur
verileri ile paralellik g&stermektedir (Cizelge 2).

Serbest radikaller, hiicre yapisindaki protein,
nitkleik asit, lipit ve DNA’ya zarar vermekte ve
dolayistyla gastrointestinal hastaliklar, karacier
tahribati, diyabet, kanser, katarakt gibi cesitli
hastaliklara  yol —agmaktadir. Dogal besin
kaynaklarinda bulunan antioksidanlar, serbest
radikallerin neden oldugu oksidasyonlar: 6nleyen,
serbest radikalleri temizleme ve stabilize etme
yetenegine sahip olan molekillerdir (Kasnak ve
Palamutoglu, 2015). Bu c¢alismanin sonuglar,
kabak ve kayist cekirdegi yagiun sentetik
antioksidanlara karst alternatif olarak
kullamulabilecegini ortaya koymaktadir.

Orneklerin antimikrobiyel aktivite degerleri
Kabak ve kayist ¢ekirdeginden elde edilen sabit
yaglarin antimikrobiyel aktivitesi yedi farkls
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mikroorganizmaya karst iki farkli yéntem
kullanilarak (disk diftizyon ve stvi diliisyon
yontemi) incelenmigtir. Disk difiizyon yéntemi
sonuclarina gbre kabak ve kayist ¢ekirdegi
vaglarina karst en hassas mikroorganizmalar
strastyla E. coli O157:H7 (7.0 mm) ve 5.

Typhimurium (9.5 mm) olarak beliflenmistir
(Gizelge 3). Bununla birlikte kabak c¢ekirdegi
yaginin incelenen test killtiirlerinden sadece biri
lzerine inhibitif etki gOsterdigi, kayist cekirdegi
yaginun ise U¢ kiltiir Gizerine etkili oldugu tespit
edilmistir.

Cizelge 3. Kabak ve kayist ¢ekirdegi yaglarinin inhibisyon zon caplart
Table 3. Diameter of inhibition gones of pumptkin seed and apricot kernel oils

hlhibisyon zon ¢apl

Test mikroorganizmalar Diameter of inbibition zone PC NC

7 o A

L. monocytogenes 6.0£0.0 7.5%0.5 28.0£2.0 28.5%1.5 6.0+0.0
E. faecalis 6.0£0.0 7.0£0.0 21.0£1.0 14.5£0.5 6.0+0.0
B. subtilis 6.0£0.0 6.0£0.0 29.0£1.0 29.5£0.5 6.0+0.0
S. aureus 6.0£0.0 6.0£0.0 35.5%0.5 22.5%£0.5 6.0+0.0
E. /i O157:H7 7.0£0.0 6.0£0.0 11.5+0.5 18%£0.0  6.0£0.0
S. Typhimurium 6.0£0.0 9.5%2.1 18.0+2.0 20£0.0  6.0£0.0
E. coli 6.0£0.0 6.0£0.0 20.5£0.5 21.5£1.5 6.0+0.0

PC: Poritif kontrol, NC: Negatif kontrol, AMP: Ampisilin; GEN: Gentamisin; SS: steril su

Inhibisyon zon ¢apt (mm), steril diskin capt 6 mm dahildir.

PC: Positive control, NC: Negative control, AMP: Ampicilliny GEN: Gentamyciny SW: sterile water
Inbibition zone diameter (mm), including diameter of stevile disk 6 mm

Yapilan bir calismada, Pakistan’da yetisen kabak
cekirdeginden elde edilen etil asetat, n-hekzan,
etanol, su ve z-butanol ekstraktlarinin B. subtilis, S.
anrens  ve  Psendomonas  aeruginosa  tGzerine
antimikrobiyel aktivitesi disk difiizyon yontemi
kullantlarak incelenmis ve kabak c¢ekirdeginden
elde edilen ekstraktlarin antimikrobiyel aktivitesi
kullanllan  ekstraksiyon — yontemi ve  test
mikroorganizmasina baglt olarak 8.25-15.5 mm
arasinda degisim gostermistir. Bununla birlikte 7-
hekzan  ve  etanol  ckstraktlarinin  test
mikroorganizmalart  {izerine  antimikrobiyel
aktivitesi tespit edilememistir (Dar vd., 2017).
Badr vd. (2011) tarafindan yapilan bir ¢alismada,
Misir’da yetisen kabak cekirdegi sabit yagimin
Saccharonyces cerevesia yiksek
antimikrobiyel aktivite gésterirken B. subtilis ve B.
cerens Uzerine antimikrobiyel aktivite gostermedigi
belitlenmistir. Bu calismalarin sonuglari, bizim

Uzetine

yuritmis oldugumuz calismanin sonugclar ile
benzetlik géstermektedir.

Yuratilen calisma kapsaminda, kayist ¢ekirdegi
yaginin incelenen test kiltiirlerinden sadece S.
Typhimurium, L. monocytogenes ve E. feacalis
tzerine etkili oldugu tespit edilmistir. Sharma vd.
(2014)  tarafindan  yapilan  bir  caligmada,
Hindistan’da yetistirilen kayist bitkisinin metanol
ekstraktinin 8. awreus, S. epidermidis, B. subtilis ve
Protens mirabilis Gzerine antimikrobiyel aktivitesi
agar difizyon yontemi kullanilarak incelenmis ve
ekstraktin . awreus ve B. subtilis UGzerine
antimikrobiyel aktivitesi sirasiyla 22 ve 19 mm
olarak tespit edilmistir. Yapilan diger bir
calismada, Giiney Kore’de yetisen kayist ¢ekirdegi
esansiyel yagiun B. cerens, E. feacalis, Klebsiella
pneunmoniae ve  Serratia  marcescens  Uzerine
antimikrobiyel aktivitesi 8.8-15.8 mm araliginda
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beliflenmistir (Lee vd., 2014). Iran’da yetisen
kayis1  ¢ekirdeginden elde edilen hekzan
ekstraktinin  antimikrobiyel — aktivitesi  disk
diftizyon yontemi kullanilarak incelenmis ve yedi
farkll mikroorganizmaya karst 7.9-16.3 mm
araliginda inhibisyon zonu olusturdugu ancak .
anrens Uzerine inhibitif etki goéstermedigi tespit
edilmistir (Amiran vd., 2015).

Stvi dilisyon yonteminde de disk difiizyon
yontemine paralel sekilde, kabak ¢ekirdegi sabit
yagt E. coli O157:H7, kayisi ¢ekirdegi sabit yagi ise
L. monocytogenes, E. feacalis ve S. Typhimurium
tzerine 100 pg/mL konsantrasyonda inhibitif etki

gostermistir  (Cizelge 4). Ayrica, c¢alismada
kullanilan ~ sabit  yaglann 100  pg/mL
konsantrasyonda test edilen tim

mikroorganizmalara karst bakterisidal etkiye sahip
olmadig tespit edilmistir.

Cizelge 4. Kabak ve kayist cekirdegi yaglarinin minimum inhibiyon konsantrasyonlart (MIK) ve
minimum bakterisidal konsantrasyonlart (MBK)
Table 4. Minimum inhibition concentration (MIC) and minimmm bactericidal concentration (MBC) of pumpkin seed
and apricot kernel oils

MIK degeri (ug/mL)

MBK degeti (ug/mL)

Test mikroorganizmalar MIC valne (ug/ml.) MBC value (ug/ml)
Test microorganisms Kabak cekirdegi Kayisi ¢ekirdegi  Kabak cekirdegi  Kayist ¢cekirdegdi
Pumpkin seed Apricot kernel Pumpkin seed Apricot kernel

L. monocytogenes >100 100 >100 >100

E. faecalis >100 100 >100 >100

B. subtilis >100 >100 >100 >100

S. aureus >100 >100 >100 >100

E. /i O157:H7 100 >100 >100 >100

§. Typhimurium >100 100 >100 >100

E. coli >100 >100 >100 >100

Literattirde kabak ¢ekirdegi bitkisinden elde edilen
sabit yaglarin antimikrobiyel aktivitesinin sivi
dilisyon yontemi kullanilarak belirlendigi stnitl
sayidda calisma bulunmaktadir. Yapilan bir
calismada, Tturkiye’de (Kirsehir) yetistirilen kabak
cekirdeginden elde edilen sabit yagin E. c/, P.
aernginosa, — Proteus — mirabilis, K. pneumoniae,
Acinetobacter  banmannii, S. aurens ve B. subtilis
tizerine MIK degerleri 8-128 pg/ml. araliginda
bulunmustur (Sener vd., 2006). Yapilan diger bir
calismada, Amerika’da satisa sunulan kabak
cekirdegi esansiyel yagiun B. anthracis, E. coli ve
Helicobacter pylori izetine MIK degeri >8 mg/ml.
olarak tespit edilmistir (Preuss vd., 2005). Giiney
Kore’de yetistirilen kayist bitkisinin tohumundan
elde edilen esansiyel yagin B. cerens, E. feacalis, S.
anrens, S. epidermidis, Citrobacter freundii, Enterobacter
aerogenes, El. cloacae, E. coli, K. pneumoniae, P. mirabilis,
P. aernginosa, S. Typhimurium, S. marcescens ve

Shigella sonnei Gzerine MIK ve MBK degerlerinin
strastyla 500-4000 pg/mlL ve 250-8000 pg/ml.
araliginda degisim gosterdigi belirlenmistir (Lee
vd., 2014). Nafis vd. (2020) tarafindan yapilan bir
calismada ise, Fas’da yetisen kayist ¢ekirdegine ait
esansiyel yagin Micrococens Iutens, S. anrens, B.
subtilis, E. coli, P. aernginosave K. pnenmoniae Gzerine
antimikrobiyel aktivitesi incelenmistir. Kayisi
cekirdegi esansiyel yaginin MIK degerinin test
kultirine baglh olarak 11.7-23.4 mg/mL
araliginda oldugu tespit edilmistir. Tarafimizca
yuritilen ¢alisma kapsaminda incelenen kabak ve
kayist  ¢ekirdegi  yaglarimin  antimikrobiyel
aktivitesinin bu calismalara kiyasla daha yiksek
oldugu gériilmektedir. Yapilan tim bu ¢alismalar,
kabak  ve  kayist  cekirdegi  bitkilerinin
antimikrobiyel aktivitesinin bitki tird, bitkinin
yetistigi cografi konum, ekstraksiyon yontemi,
kullanilan test kltlird ve analiz metoduna baglh
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olarak degisebilecegini gOstermektedir. Diger
taraftan, bitkilerin farkhi bolgelerinden elde edilen
esansiyel veya sabit yaglarinin antimikrobiyel
aktivitesinin, yag iceriginde bulunan yag asitleri
gibi maddelerden kaynaklandigi belirtilmektedir.
Bununla birlikte, bitkilerde bulunan yag asitlerinin
farkll mikroorganizmalara karst antimikrobiyel
aktiviteleri bir¢ok calisma ile incelenmis, ancak
etki ~ mekanizmalart  hentiz  tam  olarak
anlasgtlamamistir. Ancak son aragtirmalar basta
linoleik asit olmak ftzere oleik, linolenik ve
aragidonik asit gibi yag asitlerinin, bakteriyel yag
asidi sentezinin temel bir bileseni olan enoil-acil
tastyict protein reditktazt (Fab 1), secici olarak
inhibe ettigini gOstermekte ve bu sekilde
mikroorganizmalarin  gelisimini  engelledigi
bildirilmektedir (Sun vd., 2003; Seidel ve Taylor
2004; Zheng vd., 2005; Kaithwas vd., 2011). Ek
olarak, yag asitlerinin Gram pozitif ve mayalara
karst daha yiksek antimikrobiyel aktivite
gOsterdigi ve farklt bitkilerde bulunan linoleik,
oleik ve palmitik asit gibi yag asitlerinin B. cerens ve
Clostridium botulinum gibi mikroorganizmalara karsi
antimikrobiyel aktivite gbsterdigi belirtilmektedir
(Ababouch vd., 1992; 1994; Coskun, 2000).
Dolayistyla, kabak ve kayist cekirdegi yaginin
antimikrobiyel aktivitesinin linoleik ve oleik asit
gibi yag asitlerini yiksek oranda icermesinden
kaynaklanabilecegi dustintilmektedir.

SONUC

Bu calismanin sonuglart, kabak ve kayist cekirdegi
sabit yaglarinin serum kolesteroli ve kan basincint
dustrtct etkileri olan linoleik ve oleik asit gibi
esansiyel yag asitlerini ylksek oranda icerdigini
ortaya koymustur. Calismada incelenen yag
orneklerinin  yilksek miktarda fenolik madde
icerdigi belirlenmistir. Bununla birlikte 6rneklerin
antioksidan aktivite degerlerinin literatir ile
karslastrildiginda  6nemli  seviyede — yiksek
oldugu, 6rnekler arasindaki farkliligin ise sadece
ABTS yontemine gbre anlamli oldugu tespit
edilmigtir (P <0.05). Kabak c¢ekirdegi yaginin
calisma kapsaminda incelenen test kiltiirlerinden
sadece E. e/ O157:H7 Uzerine inhibitif etki
gOsterdigi, kayist ¢ekirdegi yaginin ise L.
monocytogenes, E. feacalis ve S. Typhimurium lizerine
etkili oldugu tespit edilmistir. Tim bu sonuglar,
kabak ve kayist ¢ekirdegi yagiun gida ve ilag

endiistrisi i¢in antimikrobiyel ve antioksidan ajan

olarak 6nemli bir potansiyel sundugunu
gbstermistir.
CIKAR CATISMASI BEYANI

Bu makale ile ilgili olarak baska kisiler ve/veya
kurumlar arasinda bir cikar catismast yoktur.

YAZAR KATKILARI

IYS ve EY fikir/kavram, tasarim,
denetleme/danigmanlik, yontem, analiz ve yorum
ile makalenin genel diizeni asamasina katki
saglamistir. GK ve BO laboratuvar analizlerini
gerceklestirmisgtir.  TUm  yazarlar makalenin
yazimina katkida bulunmus, son halini okumus ve
onaylamislardir. Makalenin hazirlanmasinda baska
kisi ve/veya kurumlarin katkist yoktur.

KAYNAKLAR

Ababouch, L., Chaibi, A., Busta, F.F. (1992).
Inhibition of bacterial spore growth by fatty acids
and their sodium salts. J. Food Prot. 55: 980-984,
doi:10.4315/0362-028X-55.12.980.

Ababouch, L., Bouqartacha, F., Busta, F.F.
(1994). Inhibition of Bacillus cerens spores and
vegetative cells by fatty acids and glyceryl
monododecanoate. Food Microbiol, 55: 327-330,
doi: 10.1006/fmic.1994.1037.

Adnan, M., Gul, S., Batool, S., Fatima, B.,
Rehman, A.,; Yaqoob, S., Shabir, H., Yousaf, T.,
Mussarat, S., Ali, N., Khan, S.N., Rahman, H.,
Aziz, M.A. (2017). A review on the ethnobotany,
phytochemistry, pharmacology and nutritional
composition of  Cwuenrbita pepo L. ] of
Phytopharmacology, 6(2): 133-139.

Ali, S., Masud, T., Abbasi, K.S. (2011). Physico-
chemical characteristics of apricot (Prunus
armeniaca 1) grown in Northern Areas of
Pakistan. S¢/  Hortic, 130(2):  386-392,  doi:
10.1016/j.scienta.2011.05.040.

Amiran, F., Shafaghat, A., Shafaghatlonbar, M.
(2015). Omega-6 content, antioxidant and
antimicrobial activities of hexanic extract from
Prunus  armeniaca 1. kernel from North-West
Iran. National Academy Science Letters, 38(2): 107-
111, doi: 10.1007 /s40009-014-0284-x.

617



618

I. Yiicel Sengiin, E. Yiicel, G. Kilig, B. Oztiirk

Badr, S.E., Shaaban, M., Elkholy, Y.M., Helal,
M.H., Hamza, A.S., Masoud, M.S., El Safty, M.M.
(2011). Chemical composition and biological
activity of ripe pumpkin fruits (Cueurbita pepo L.)
cultivated in Egyptian habitats. Naz  Prod
Res, 25(16): 1524-1539, doi:
10.1080/14786410903312991.

Bardaa, S., Halima, N.B., Aloui, F., Mansour,
R.B., Jabeur, H., Bouaziz, M., Sahnoun, Z. (2016).
Oil from pumpkin (Cucurbita pepo L.) seeds:
evaluation of its functional properties on wound
healing in rats. Lipids in Health and Disease, 15(1):
1-12, doi: 10.1186/512944-016-0237-0.

Benalia, M., Djeridane, A., Gourine, N., Nia, S,
Ajandouz, E., Yousfi, M. (2015). Fatty acid
profile, tocopherols content and antioxidant
activity of algerian pumpkin seeds oil (Cucurbita
pepo L.). Med | Nutrition Metab, 8(1): 9-25, doi:
10.3233/mnm-140023.

Coskun, F. (2000). Gidalarda bulunan dogal
koruyucular. Guda Teknolgjileri Elektronik Dergisi, 2:
27-33.

Dar, P., Farman, M., Dar, A., Khan, Z., Munir, R.,
Rasheed, A., Waqas, U. (2017). Evaluation of
antioxidant potential and comparative analysis of
antimicrobial activity of wvatious extracts of
Cueurbita pepo L. leaves. | Agric Sci Food Technol, 3
103-109.

Deng, Y., Yang, G., Yue, J., Qian, B., Liu, Z.,
Wang, D., Zhong, Y., Zhao, Y. (2014). Influences
of ripening stages and extracting solvents on the

polyphenolic compounds, antimicrobial and
antioxidant activities of blueberry leaf extracts.
Food Control, 38: 184-191 doi:

10.1016/j.foodcont.2013.10.023.

Dragovic-Uzelac, V., Levaj, B., Mrkic, V., Bursac,
D., Boras, M. (2007). The content of polyphenols
and carotenoids in three apricot cultivars
depending on stage of maturity and geographical
region. Food Chem, 102: 966-975,
doi.org/10.1016/j.foodchem.2006.04.001.

Dulf, F.V., Vodnar, D.C., Dulf, E.H., Pintea, A.
(2017). Phenolic compounds, flavonoids, lipids
and antioxidant potential of apricot (Prunus
armeniaca  L.) pomace fermented by two
filamentous  fungal strains in solid state

system. Chemz  Cent ], 11(1):
10.1186/513065-017-0323-z.

El-Sayed, M.M., Hashash, M.M., Abdel-Hady,
A.A., Abdel-Hady, H., Abdel-Lateef, E.E., Morsi,
E.A. (2017). Total phenolic and flavonoid
contents and antioxidant activity of Lantana
camara and Cucnrbita pepo (Squash) extracts as well
as GC-MS analysis of Lantana camara essential

oils. World | Pharm Res, 6(1): 137-153.

Ghaffar, F., Kainat, B., Shah, H., Akram, M.
(2018). Nutritional, physico-chemical,
antimicrobial and antioxidant screening of seed
and seed oil of Cucurbita pepo grown in Kpk,
Pakistan. FUUAST Journal of Biology, 8(1): 41-48.

Gohari, A.A., Farhoosh, R., Haddad, K.M.
(2011). Chemical composition and
physicochemical properties of pumpkin seeds
(Cueurbita pepo subsp. pepo var. Styriaka) grown in
Iran. | Agric Sci Technol, 13: 1053-10063.

Gomaa, E.Z. (2013). In vitro antioxidant,
antimicrobial, and antitumor activities of bitter
almond and sweet apricot (Prunus armeniaca 1..)
kernels. Food Sci Biotechnol, 22(2): 455-463, doi:
10.1007/s10068-013-0101-1.

Gupta, A., Sharma, P.C., Tilakratne, B.M.K.S,,
Verma, A.K. (2012). Studies on physico-chemical
characteristics and fatty acid composition of wild
apricot (Prunus armeniaca Linn.) kernel oil. Indian
Journal of Natural Products and Resonrces, 3(3): 366-
370.

Gyawali, R., Ibrahim, S.A. (2014). Natural
products as antimicrobial agents. Food Control, 46:
412-429, doi: 10.1016/j.foodcont.2014.05.047.

Hashash, M.M., El-Sayed, M.M., Abdel-Hady,
A.A., Hady, H.A., Morsi, E.A. (2017). Nutritional
potential, mineral composition, and antioxidant
activity Squash (Cucurbita pepo 1..) fruits grown in
Egypt. Inflammation, 9(10): 11-12.

Juhaimi, F.A., Ozcan, M.M., Ghafoor, K.,
Babiker, E.E. (2018). The effect of microwave
roasting on bioactive compounds, antioxidant
activity and fatty acid composition of apricot
kernel and oils. Food Chem, 243: 414-419, doi:
10.1016/j.foodchem.2017.09.100.

1-10,  doi:


https://doi.org/10.1016/j.foodchem.2006.04.001

Kabak ve kayisi gekirdegi yaglarinin 6zellikleri

Kaithwas, G., Mukerjee, A., Kumar, P,
Majumdar, D.K. (2011). Linum wsitatissimnm
(linseed/flaxseed) fixed oil: antimicrobial activity
and efficacy in bovine
mastitis. Inflammopharmacology, 19(1): 45-52, dot:
10.1007/s10787-010-0047-3.

Karaca, E., Aytac, S. (2007). Yag bitkilerinde yag
asitleri  kompozisyonu ilzerine etki eden
taktorler. Anadolu Tarmm  Bilimleri Dergisi, 22(1):
123-131.

Kasnak, C., Palamutoglu, R. (2015). Dogal
antioksidanlarin  siniflandirilmast ve  insan
sagligina etkileri. Turkish | Agri-Food Sci Techn 3(5):
226-234, doi: 10.24925/tutjaf.v3i5.226-234.171.

Kiralan, M., Ozkan, G., Bayrak, A., Ramadan,
M.F. (2014). Physicochemical properties and
stability of black cumin (INigella sativa) seed oil as
affected by different extraction methods. Ind Crop
Prod, 57: 52-58, doi:
10.1016/j.indcrop.2014.03.026.

Korekar, G., Stobdan, T., Arora, R., Yadav, A,
Singh, S.B. (2011). Antioxidant capacity and
phenolics content of apricot (Prunus armeniaca 1..)
kernel as a function of genotype. Plant Foods Hum
Nutr, 66(4): 376-383, doi: 10.1007/s11130-011-
0246-0.

Lee, H.H., Ahn, J.H., Kwon, AR, Lee, E.S,,
Kwak, J.H., Min, Y.H. (2014). Chemical
composition and antimicrobial activity of the

essential ol of apricot seed. Phytotherapy
Res, 28(12): 1867-1872, doi: 10.1002/ptr.5219.

Li, X.J., Li, Z.G., Wang, X., Han, ].Y., Zhang, B.,
Fu, Y.J., Zhao, C.J. (2016). Application of
cavitation system to accelerate aqueous enzymatic
extraction of seed oil from Cucurbita pepo L. and
evaluation  of  hypoglycemic  effect. Food
Chem, 212: 403-410, doi:
10.1016/j.foodchem.2016.05.185.

Manzoor, M., Anwar, F., Ashraf, M., Alkhartfy,
K.M. (2012). Physico-chemical characteristics of
seed oils extracted from different apricot (Prunus
armeniaca 1..) varieties from Pakistan. Grasas Y

Aceites, 63(2): 193-201, doi: 10.3989/gya.095011.

Meru, G., Fu, Y., Leyva, D., Sarnoski, P., Yagiz,
Y. (2018). Phenotypic relationships among oil,

protein, fatty acid composition and seed size traits
in  Cucnrbita  pepo. S Hortie, 233: 47-53, doi:
10.1016/j.scienta.2018.01.030.

Morittu, V.M., Musco, N., Mastellone, V., Bonesi,
M., Britti, D., Infascelli, F., Loizzo, M.R., Tundis,
R., Sicari, V., Tudisco, R., Lombardi, P. (2019). In
vitro and in vivo studies of Cuenrbita pepo L.
flowers: chemical profile and bioactivity. Nat Prod
Res, 30: 1-5, doi:
10.1080/14786419.2019.1672067.

Nafis, A., Kasrati, A., Jamali, C. A., Custodio, L.,
Vitalini, S., Iriti, M., Hassani, L. (2020). A
Comparative study of the in vitro antimicrobial
and synergistic effect of essential oils from Lawurus
nobilis L. and Prunus armeniaca L. from Morocco
with antimicrobial drugs: New approach for
health promoting products. Antibiotics, 9(4): 140,
doi: 10.3390/antibiotics9040140.

Naik, D.G., Dandge, C.N., Rupanar, S.V. (2011).
Chemical examination and evaluation of
antioxidant and antimicrobial activities of
essential oil from Gymnema sylvestre R. Br.
leaves. | Essent Oil Res, 23(3): 12-19, doi:
10.1080/10412905.2011.9700451.

Nourmohammadi, E., SadeghiMahoonak, A.,
Alami, M., Ghorbani, M. (2017). Amino acid
composition and antioxidative properties of
hydrolysed pumpkin (Cucurbita pepo 1.) oil cake
protein. Int | Food Prop, 20(12): 3244-3255, doi:
10.1080/10942912.2017.1283516.

Preuss, H.G., Echard, B., Enig, M., Brook, I,
Elliott, T.B. (2005). Minimum inhibitory
concentrations of herbal essential oils and
monolaurin for gram-positive and gram-negative
bacteria. Mo/ Cell Biochen, 272(1-2): 29-34, doi:
10.1007/s11010-005-6604-1.

Proestos, C., Boziaris, 1.S., Nychas, G.J.E,
Komaitis, M. (2006). Analysis of flavonoids and
phenolic acids in Greek aromatic plants:
investigation of their antioxidant capacity and
antimicrobial activity. Food Chens, 95: 664-671, doi:
10.1016/j.foodchem.2005.01.049.

Re, R, Pellegrini, N., Proteggente, A., Pannala, A.,
Yang, M., Rice-Evans, C. (1999). Antioxidant
activity applying an improved ABTS radical cation

619



620

I. Yiicel Sengiin, E. Yiicel, G. Kilig, B. Oztiirk

decolotization assay. Free Radic Biol Med, 26: 1231-
1237, doi: 10.1016/s0891-5849(98)00315-3.

Seidel, V., Taylor, P.W. (2004). In vitro activity of
extracts and constituents of Pelagonium against
rapidly growing mycobacteria. Int | Auntimicrob
Agents, 23:613-619, doi:
10.1016/j.jjantimicag.2003.11.008.

Sener, B., Orhan, 1., Ozcelik, B., Kartal, M., Aslan,
S., Ozbilen, G. (2007). Antimicrobial and antiviral
activities of two seed oil samples of Cueurbita pepo
L. and their fatty acid analysis. Natural Product
Communications, 2(4): 395-398.

Sharma, S., Satpathy, G., Gupta, RK. (2014).
Nutritional, phytochemical, antioxidant and
antimicrobial activity of  Prunus — armenicus. |
Pharmacogn Phytochenr. 3(3), 23-28.

Singleton, V.L., Rossi, J.A. (1965). Colorimetry of
total  phenolics  with  phosphomolybdic-

phosphotungstic acid reagents. A | Enol VViticult,
16: 144-158.

Sojka, M., Kotodziejczyk, K., Milala, J., Abadias,
M., Vidas, I, Guyot, S., Baron, A. (2015).
Composition and properties of the polyphenolic
extracts obtained from industrial plum pomaces. |
Funct Foods, 12: 168-178, doi:
10.1016/j.jff.2014.11.015.

SPSS, (2011). Statistical Package, SPSS for
Windows, Ver. 20.0, Chicago.

Sun, C.Q., O’Connor, C.J., Roberton, A.M.
(2003). Antibacterial actions of fatty acids and
monoglycerides against Helicobacter pylori. FEMS
Immunol ~ Med — Microbiol, 36:9-17, doi:
10.1016/S0928-8244(03)00008-7.

Tajkarimi, M.M., Ibrahim, S.A., Cliver, D.O.
(2010). Antimicrobial herb and spice compounds
in food. Food Control, 21(9): 1199-1218, doi:
10.1016/j.foodcont.2010.02.003.

Tomas-Menor, L., Morales-Soto, A., Barrajon-
Catalan, E., Roldan-Segura, C., Segura-Carretero,

A., Micol, V. (2013). Cotrelation between the
antibacterial activity and the composition of
extracts derived from wvarious Spanish Cistus
species. Food Chem Toxicol, 55: 313-322, doi:
10.1016/j.£ct.2013.01.006.

Tiirkmen, O., Ozcan, M.M., Seymen, M., Paksoy,
M., Uslu, N., Fidan, S. (2017). Physico-chemical
properties and fatty acid compositions of some
edible pumpkin seed genotypes and oils. J
Agroaliment Processes Technol, 23(4): 229-235.

USP, (1995). The U.S. Pharmacopeia National
Formularty. USP 23 NF 18, 1755 s.

Xue, J., Davidson, P.M., Zhong, Q. (2013).
Thymol nanoemulsified by whey protein-
maltodextrin ~ conjugates:  the  enhanced
emulsifying capacity and antilisterial properties in
milk by propylene glycol. | Agric  Food
Chem, 61(51): 12720-127206, doi:
10.1021/jf4043437.

Yadav, AK., Pal, A., Dubey, AM. (2018).
Experimental studies on utilization of Prunus
armeniaca L. (wild apricot) biodiesel as an
alternative fuel for Cl engine. Waste and Biomass
Valorization, 9(10): 1961-1969, doi:
10.1007/s12649-017-9935-8.

Zheng, C.J., Yoo, ].S., Lee, T.G., Cho, H.Y., Kim,
Y.H., Kim, W.G. (2005). Fatty acid synthesis is a
target for antibacterial activity of unsaturated fatty
acid. FEBS  Ler, 579:5157-5162, doi:
10.1016/j.febslet.2005.08.028.

Zhou, B., Wang, Y., Kang, J., Zhong, H.,
Prenzler, P.D. (2016). The quality and volatile-
profile changes of Longwangmo apricot (Prunus
armeniaca L..) kernel oil prepared by different oil-

producing  processes. Eur | Lipid  Sd
Technol, 118(2), 236-243, doi:
10.1002/¢j1t.201400545.



0lojis7
AN e,

®

GIDA Research / Arastirma

| THE JOURNAL OF FOOD GIDA (2021) 46(3) 621633
/" E-ISSN 1309-6273, ISSN 1300-3070 dof: 1015237/ ida. GD20118

COMPARISON OF SOME PROPERTIES OF BUTTER OIL PRODUCED FROM
CULTURED AND UNCULTURED BUTTER AT DIFFERENT
TEMPERATURES

Tekin Demir, Seval Andi¢"
University of Van Yuziinci Yil, Faculty of Engineering, Department of Food Engineering, Van, Turkey

Received [ Gelis: 12.10.2020; Accepted / Kabul: 05.04.2021; Published online / Online baski: 19.04.2021

Demir, T., Andig, S. (2021). Comparison of some properties of butter oil produced from cultured and uncultured butter
at different temperatures. GIDA (2021) 46(3) 621-633 doi: 10.15237 / 5ida. GD20118

Demir, T., Andig, S. (2021). Kiiltiirli ve Kiiltiirsiiz Tereyaglarindan Farkli Sicakliklarda Uretilen
Sadeyaglarin ~ Bazt  Ogzelliklerinin -~ Kargilastilmast. ~ GIDA — (2021)  46(3) 621-633  doi:
10.15237/gida.GD20118

ABSTRACT

This study objective was to determine the effect of the use of culture and temperature applications in butter
production on some propetties of butter oil produced from these butter. Cultured (Group 1) and uncultured
(Group 2) butter were processed into butter oil at 60, 90, and 120°C and were stored at +4°C for 60 days.
Analyses revealed that the acidity, water activity, thiobarbituric acid cholesterol, lipolysis values and the yeast-
mold and lipolytic microorganism counts of butter oil samples were lower than in the corresponding butter
samples. At the end of the storage petiod, for both groups, the peroxide values of the butter oils produced
at 60 and 90°C were lower than those of the counterpart butters, while the butter oils processed at 120°C
had higher peroxide values. Raw matter, production temperature and storage time generally had a significant
effect on the analyzed properties of butter oil.

Keywords: Butter, butter oil, cholesterol, lipolysis, oxidation

KULTURLU VE KULTURSUZ TEREYAGLARINDAN FARKLI SICAKLIKLARDA
URETILEN SADEYAGLARIN BAZI OZELLIKLERININ KARSILASTIRILMASI

oz

Bu calisgmada, tereyagr uretiminde kiltir kullaniminin ve farklt sicaklik uygulamalarinin bu
tereyaglarindan uretilen sadeyaglarin bazi 6zellikleri Uzerine etkisinin belitlenmesi amaclanmistir.
Kultir eklenen (kiltirld - Grup 1) ve kiltir eklenmeyen (killtiirstiz - Grup 2) kremalardan iretilen
tereyaglart, 60, 90 ve 120°C'de sadeyaga islenmis ve +4°C'de 60 giin depolanmustir. Analiz sonuglar,
her iki grup tereyagi 6rneginde de asitlik, su aktivitesi, tiyobarbitiirik asit (TBA), kolesterol, lipoliz
degerleri ile maya ve kiif ve lipolitik mikroorganizma sayilarinin hammadde tereyaglarina gére daha
distik oldugunu géstermistir. Depolama sonunda her iki grupta da 60 ve 90°C'de tiretilen sadeyaglarin
peroksit degerleri aynt hammaddeden tretilen tereyaglarinin peroksit degetlerinden daha disiikken,
120°C'de islenen sadeyaglarin peroksit degerleri tretildigi tereyaglarinin peroksit degerlerine gore
daha yiksek bulunmustur. Hammadde, tUretim sicakligt ve depolama siiresi sadeyagin incelenen
ozellikleri tizerinde genellikle 6nemli bir etki yapmustir.

Anahtar kelimeler: Tereyagl, sadeyag, kolesterol, lipoliz, oksidasyon
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INTRODUCTION

Milk consists of a polydisperse structure; lactose,
minerals, and vitamins exist in solution in milk
serum, while proteins are found in colloidal form,
and milk oil is an emulsion. However, milk is not
comprised merely of a simple oil emulsion system
in water; rather, fat globules found in emulsion
form in milk serum possess a very complex
membrane. The process of churning breaks down
a substantial portion of these membrane
structures, concentrating the milk fat and thus
producing butter (Jenness, 1988).

Butter is a water emulsion in oil, possessing a solid
consistency that can be produced from milk,
yogurt, or cream (Spreer, 1998). Although a large
portion of milk serum is removed during butter
production, a certain amount of serum remains in
the butter structure. The amount of water found
in butter is limited to a maximum of 16% (Tutkish
Food Codex, 2005, Notification No. 2005/19).
Although the water content of butter, which
contains milk fat in a concentrated form, is much
lower than in milk, butter nonetheless constitutes
an ideal environment for microbial activity due to
its high water activity (Findik and Andi¢, 2017).
Thus, in many countries, storage stability is
increased by processing butter into butter oil,
which has much lower water content than the
former, using traditional methods. In Turkey,
butter oil is known as “sadeyag” and as “maslee”
or “samn” elsewhere in the Middle East, while in
Ethiopia and India it is called “ghee”. Its other
names include “roghan” in Iran, “samin” in
Sudan, “samna” in Egypt, and “samuli” in
Uganda. According to the International Dairy
Federation (IDF) standards, butter oil is defined
containing at least 99.3% milk fat; this
requirement increases to 99% for the Turkish
Food Codex (IDF, 1997; Turkish Food Codex,
2005; Dhutvey et al.,, 2012; Findik and Andig,
2017; Gemechu and Tola, 2017).

Butter oil is obtained by applying high heat to
milk, cream, or butter, resulting in the removal of
most of the buttermilk and solid matter phases;
the amount and duration of heat applied during
the production process vary by region (Sserunjogi
et al., 1998; Findik and Andig, 2017). Since there

are no standards pertaining to raw ingredients or
production techniques for the production of
butter oil, latter properties also vary. Studies have
shown that processing butter into butter oil offers
a number of advantages as well as disadvantages.
For example, butter oil has been reported to have
lower water activity, cholesterol, and microbial
counts than butter, but higher fat content. Butter
oil has been found to have lower cholesterol levels
compared to butter (Ozkanli and Kaya, 2007;
Andi¢ and Findik, 2017), a noteworthy point
considering that the health implications of the
cholesterol content of dairy products remain a
subject of intense debate. Depending on the
processes and storage conditions involved,
cholesterol oxidation products may also be
formed in butter and butter oil (Sander et al.,
1988; Sieber, 2005); these oxidation products may
have physiologically harmful effects (Osada et al.,
1993; Guardiola et al., 1996). However, high
temperatures applied during the production of
butter oil have been purported to cause the
formation of cholesterol oxidation products,
which studies have determined to occur at

temperatures of 150 °C and above (Noutroz-
Zadeh and Appelqvist; 1988; Seckin and Metin,
2005; Sieber, 2005).

One study reported that Sprague-Dawley rats
who had 5% and 10% ghee added to their diets
for two weeks to 2 months did not have exhibit
statistically significant changes in serum total
cholesterol and triglyceride levels (Dwivedi et al.,
2002). In another study, no significant change was
observed in serum cholesterol levels in Fischer
inbred rats whose diets were supplemented with
10% ghee for four weeks, in that study, there was
no change in levels of liver microsomal lipid
peroxidation, a known factor in cardiovascular
diseases and cancer (Sharma et al., 2010).

Butter oil is mainly processed from butter, with
the heat treatment (Mehta, 2006; Dhurvey et al.,
2012; Findik and Andic, 2017; Gosewade et al.,
2017). Therefore, the extent to which the raw
butter properties and production temperature
affect those of the resulting butter oil is a topic of
primary importance. There are a few study
investigating  the effects of production
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temperatures on the properties of butter oil. Mor
et al. (2018) reported that, no significant effect of
ripening of cream and clarification temperature
was observed on color value of ghee samples. In
previous studies, it was observed that peroxide
and thiobarbituric acid values increased in parallel
with the increase in the temperatures applied post
production (Kaya, 2000; Ozkanli and Kaya 2007).
Previous studies have reported the results of
analyses carried out to determine the properties of
butter oil. However, the number of studies
examining the effects of raw butter’s properties
and production temperature on the properties of
butter oil is limited. The present study thus aimed
to determine the effects of different temperatures
(60, 90, and 120°C) applied duting production as
well as the use of culture in raw butter production
on some properties of butter.

MATERIALS AND METHODS

Materials

A cream containing 40% fat was used for the
production of butter. The cream was divided into
two parts for the two different groups. The first
group cream was pasteurized for 1 minute at 85°C
and after cooling to 21°C was inoculated with a
starter culture (Lactococcus lactis subsp. lactis biovar.
diacetylactis and  Leuconostoc  mesenteroides  subsp.
cremoris) at 1%. Group 2 cream was used without
being pasteurized and without the addition of
starter culture. Both groups of cream were
matured at 21°C for 12 hours and then churned.
The two groups of butter obtained were then
divided into three parts each, to be processed into
butter oil at 60, 90, and 120°C. The butters and
butter oils produced from them at 3 different
temperatures were stored at +4°C for 60 days; the
samples were analyzed at the beginning, 30t and
60t days of storage. The study was carried out
with two replications and two parallels for each
analysis.

Methods

Chemical Analyses

The fat and dry matter contents of the butters and
the butter oils were determined using the
International Organization for Standardization
method (ISO, 2003). An AqualLAb LITE brand
device (Decagon Devices, Inc., Washington,

USA) was used to determine the water activity
values. The acidity values of the samples were
determined according to the methods given in
ISO (2012) and lipolysis (acid degree value) values
were measured as per IDF (1991). Peroxide values
were determined using the method described by
Egan et al. (1981), while cholesterol values were
evaluated according to the method of Searcy and
Bergquist (1960).

For thiobarbituric acid analysis, sample
absorbance values were read against blanks (Egan
etal, 1981). Readings were taken according to the
method described by Kristensen et al. (2001).

Microbiological Analyses

Mold-yeast and lipolytic microorganism counts
were performed for the butter and butter oil
samples. For this purpose, 10 g of each sample
was taken and homogenized in 90 mL of 40°C
physiological solutions. For mold-yeast counts,
Potato Dextrose Agar (PDA) (Merck, Darmstadt,
Germany) was used, with pH adjusted to 3.5,
while for lipolytic microorganism counts
Tributyrin  Agar (TBA) (Merck, Darmstadt,
Germany) was used. The Petri dishes were
incubated for 7 days at 21°C for mold-yeast
and 3 days at 30°C for lipolytic
microorganisms. Logarithmic transformation was
applied to the microorganism counts obtained as
a result of incubation.

counts

Determination of Free Fatty Acids by Gas
Chromatography

The QP 2010 Ultra SHIMADZU brand GC-MS
device was used for the analysis of free fatty acids.
One g of sample was taken and mixed with 3 g of
anhydrous sodium sulfate. Next, 0.3 ml of sulfuric
acid (2.5 mol/L) and 0.5 mg/mL from 1 mL of
internal standards (C:5 and C:13) were added. The
mixture was extracted three times with 3 ml of
ether/heptane (1:1) and the solvent was then
transferred to a separate tube. Before the addition
of the fat sample, the aminopropyl column was
conditioned with 10 mL of heptane. The solvent
was then passed through the aminopropyl column
and the eluant received was passed through the
same column for a second time to hold free fatty
acids in the column. Neutral lipids were removed
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from the column by passing 10 mL of
ether/heptane (1:1) through it. Free fatty acids
were eluted with diethyl ether containing 0.3
mL/mL formic acid and injected directly into the
Gas Chromatography device (De Jong and
Badings, 1990).

The injector temperature was 250°C in split mode
(1:10). The initial oven temperature (60 °C)
increased to 240°C at 10 °C/min and was
maintained for 45 min. Thermo Scientific FFA
Capillary column (260x298P L: 30 m x 0.530 mm,
Film thickness: 0.25 pm, Thermo Scientific
Cheshire, UK) was used in the separation of
FFAs. Helium was used as the carrier gas ata flow
rate of 2.6 mL/min.

Statistical Analyses

All data were subjected to vatiance analysis and
differences between means were evaluated by
Duncan multiple range test (significance P <0.05)
using the SPSS software (1999, 2000). To gain
insight into the structure of the data set, principal
component analysis (PCA) performed
(Piggott and Sharman, 1986).

was

RESULTS AND DISCUSSION

The dry matter values for all butter oil samples
exceeded 99 g/100 g. The fat values of the butter
oil samples increased with respect to those of the
raw butter samples regardless of the fat content
latter from which the butter oils were derived
(Table 1). However, the fat values of the butter
oils produced at 60°C remained below the
minimum value of 99% as specified by the
Turkish Food Codex for butter oil; the fat values
of butter oils produced at 90 and 120°C were
above 99%. These results are consistent with
values reported in the literature (Sserunjogi,
Abrahamsen and Narvhu, 1998; Findik and
Andig, 2017). The differences between the two
groups of butter oils in fat and dry matter values
were statistically insignificant (P > 0.05).

Comparing water activity values, lower values
were observed for the butter oil samples than for
their butter samples derived from the same raw
ingredients (Table 1). Both butter oil sample
groups showed decreased water activity values as

a result of the high temperatures applied during
production. Accordingly, the lowest water activity
values for both groups were found in the butter
oils produced at 120°C in both groups. Watet,
which is in the structure of the food and has of
0.2-0.8 aw, is associated with primarily hydrogen
bonds with neighboring water molecules and
solute molecules. Water has 0.8-1 aw is usually
hydrated in a monolayer on macro molecules such
as proteins (Fennema, 1996). Butter oil samples
produced at 120 °C generally have lower dry
matter (Table 1) and total free fatty acid (Table 3)

values than butter oil produced at 60 and 90 °C
and butter samples. Therefor aw of butter oil

samples produced 120 °C is lower than butter and

butter oil produced at 60 and 90 °C. The
temperatures applied during production were
determined to have a significant effect (P < 0.05)
on the water activity values of the samples (Table
1).

Butter oils produced at different temperatures
from cultured and uncultured butter exhibited
lower cholesterol than their
ingredients. The values obtained were consistent
with those reported in the literature (Al-Khalifah
and Al-Kahtani, 1993; Seckin et al., 2005; Findik
and Andi¢ 2017). The decreases observed in both
butter oil groups correlated with increased
production temperatures and the differences
between the samples cholesterol values were
statistically significant (P < 0.05). Some of the
cholesterol, which is in the milk fat, in the fat
globule membrane and a complex with the
protein, is separated from the butter structure
together with the solid matter during the
production of butter oil. As can be seen in Table
1, the maximum drymatter values are separated
from the structure of butter oil samples produced
at 120 °C. Accordingly, the lowest cholesterol
values were obtained from this group of butter oil.
The cholesterol values of butter oils produced
from cultured butter were significantly higher
than those of butter oils produced from
uncultured butter (P < 0.05).

values raw
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Table 1. Result of some chemical analysis of butter and butter oil

Sample
no

Storage Time (Days)

0

30

60

Drymatter

(g/100 g))

79.54 £0.19 Ba
99.72 £ 0.04 Aa
99.59 + 0.09 Aa
99.55 + 0.12 Aa
78.25 £ 0.44 Ca
99.60 + 0.08 Aa
99.67 £ 0.01 Aa
99.45 £ 0.01 b

79.59 £ 0.28 Ba
99.53 £ 0.17 Aa
99.58 £ 0.07 A
99.53 £ 0.12 2a
78.38 £ 0.14 Ca
99.60 £ 0.03 Aa
99.65 £ 0.03 Aa
99.60 £ 0.03 Aa

79.60 + 0.28 Ba
99.53 + 0.16 *a
99.58 + 0.07 Aa
99.53 + (.12 7a
78.38 + 0.14
99.60 + 0.03 Aa
99.64 + 0.03 Aa
99.59 + 0.03 Aa

Fat
(2/100 g)

78.33 £0.58 Ba
98.96 £0.36 A2
99.17 £ 0.36 A=
99.38 + 0.00 A=
77.33 £ 0.58 ¢
98.96 + 0.36 Ac
99.17 £ 0.36 A=
99.17 + 0.36 A=

78.33 £ 0.57 Ba
98.96 £ 0.36 A=
99.17 £ 0.36 2=
99.38 £ 0.00 A=
77.33 £ 0.57 ¢
98.96 + 0.37 Aa
99.17 + 0.36 A=
99.17 = 0.36 A=

78.33 + 0.57 Ba
98.96 + 0.36 A
99.17 £ 0.36 A=
99.38 + 0.00 Aa
77.33 £ 0.57 ¢
98.96 £ 0.36 A2
99.17 £ 0.36 A2
99.17 £ 0.36 A

Water Activity
(@w)

0.98 = 0.04 A2
0.77 £ 0.01 ¢
0.72 £ 0.02 b2
0.50 £ 0.02 G2
0.93 £ 0.02 Ba
0.67 £ 0.10 Fa
0.56 £ 0.01 F=
0.48 £ 0.01 G2

0.96 £ 0.01 A2
0.76 £ 0.01 €
0.73 = 0.02 D»
0.50 £ 0.01 G»
0.92 £ 0.01 Ba
0.64 £ 0.01 Ea
0.55+0.01 F»
0.48 £ 0.01 Ha

0.96 + 0.01 A=
0.76 £ 0.01 Ca
0.72 £ 0.02 Da
0.49 = 0.01 Ga
0.92 + 0.02 Ba
0.65 + 0.03 Fa
0.55+0.03 F»
0.49 + 0.01 G2

Cholesterol
(mg/100 g fat)

303.26 + 3.04 A«
292.86 + 7.40 Ba
289.27 + 1.06 B2
255.79 + 0.68 P2
302.61 + 2.44 A«
291.36 + 1.09 B2
277.06 + 4.06 ¢
236.82 + 1.78 Fa

300.47 £ 2.55 ABa
293.60% 2.33 BCa
287.03 + 6.50 ¢
25579 £ 1.33 Fa
302.66%1.38 A2
29133 +2.47
275.12 + 8.32 Da
23528 + 391 I»

300.79 + 4.82 A=
291.72 + 3.47 B2
287.31 £ 2.49Ba
256.69 £ 1.69 Pa
302.14 £ 5.52 A
291.03 £ 1.18 Ba
27690 £ 1.18 &
236.89 + 0.99 Fa

Acidity Value
(mL/100 g)

~N U A WD P00 I UT R WD P[0TIV R WDN =0 I UL WD —o0 IR WD =

8

0.33 £ 0.02 Ac
0.05+0.01 ¢
0.04 £ 0.01 ¢
0.04 £ 0.01 ¢
0.24 + 0.02 B>
0.05+0.01 ¢
0.03 £ 0.01 ¢
0.03 £ 0.01 ¢

0.45 + 0.04 Ab
0.07 £ 0.01 ¢
0.05 = 0.01 €
0.04 £ 0.01 Ca
0.33 = 0.06 B
0.06 £ 0.01 €=
0.04 £ 0.01 Ca
0.03 £ 0.01 €=

0.59 + 0.02 A=
0.10 £ 0.01 Ca
0.07 = 0.02 bCa
0.06 = 0.01 Da
0.40 + 0.04 Ba
0.06 = 0.01 bCa
0.04 £ 0.01 Da
0.04 + 0.01 Da

abe: Means within a row and each category followed by the different letters are significantly differ (P < 0.05).

ABCDEF: Means within a column and each category followed by the different letters are significantly differ (P <

0.05).

1: cultured butter, 2: butter oil produced cultured butter at 60°C, 3: butter oil produced cultured butter at 90°C, 4:
butter oil produced cultured butter at 120°C, 5: uncultured butter, 6: butter oil produced uncultured butter at 60°C,

7: butter oil produced uncultured butter at 90°C, 8: butter oil produced uncultured butter at 120°C
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The acidity values of butter and butter oil samples
increased during the storage period; the changes
in acidity levels observed in the butter samples
were statistically significant (P < 0.05). Comparing
the acidity levels of the butter samples, those of
the butter samples made from cultured cream
were significantly higher than those processed
from uncultured cream at all stages of analysis (P

< 0.05) (Table 1). For both groups, although the
acidity values of butter oils produced at 60°C wete

greater than those produced at 90 and 120°C, the
differences were mostly not statistically significant
(P < 0.05) (Table 1). The acidity results obtained
for the butter samples in our study were
consistent with those determined by Cakmaket et
al. (2014). Sagdic et al. (2004) reported acidity
values for butters obtained from goat, sheep, and
cow's milk of 0.25, 0.23, and 0.24, respectively,
similar to those found for uncultured butters in
the present study but lower than the acidity values
of the cultured butters in our study. Regarding the
acidity levels of butter oils, our values were lower
than those reported by Findik and Andi¢ (2017).

Peroxide wvalues (PV), which correlate with
hydroperoxides formed at the initial stage of
oxidation, have been determined to be typically
higher in butter oils than in the butters containing
the same raw ingredients. The peroxide values of
the butter samples processed from cultured cream
and the resulting butter oils were found to
generally have higher peroxide values than the
butter and butter oils produced from uncultured
cream at both the beginning and end of the
storage petiod. This finding can be explained by
the fact that the oxidative stability of butter made
from ripened cream using culture is lower than
that of butter produced from uncultured cream
(Spreer,  1998;  Tavlaslar-Hocalar,  2011).
Significant increases were observed in all samples
peroxide values as a result of storage (Table 2). In
parallel with the high temperatures applied during
butter oil production, the increase in PV values
may be indicative of thermal oxidation (Nawar,
1996). Similar findings were reported by Ozkanli
and Kaya (2007) for butter oils produced from
pasteurized and non-pasteurized milk and by
Senel et al. (2011) for Yayik butter produced from
cow, sheep and goat yoghurt. The PV values of

our butter and butter oil samples were as a rule
lower than those reported by Findik and Andi¢
(2017) for butter samples obtained at local
markets and the butter oils produced from them.
The PV values of all samples tested herein were
below the allowed limit of 10 meq Oz/kg (Egan
et al.,, 1981).

Thiobarbituric acid (TBA) testing is a measure of
the amount of malondialdehyde in the samples
that provides information about the secondary
products of oxidation. According to one view,
TBA is only malondialdehyde specific and is
comprised of fatty acids containing at least three
unsaturated bonds in malondialdehyde (Dahle et
al., 1962). Another view holds that TBA is not
only malondialdehyde specific and may also react
with other aldehydes, browning reaction
products, protein and sugar fragmentation
products, and amino acids (Janero, 1969). The
TBA values of all samples increased significantly
during storage (P < 0.05) (Table 2). Similar results
were reported by Ozkanli and Kaya (2007) for
butter oil and Simsek (2011) for butter. As with
peroxide values, TBA values were higher in the
butter produced from cultured cream than in
butter produced from non-cultured cream. At the
end of the storage period, the highest TBA values
obtained were for the butter oils produced from

the cultured butter at 60°C (Table 2). The TBA
values of the butter oils analyzed in this study
were consistent with the TBA values reported by
Asha et al. (2015) for butter oil stored at
tempetratures of 6, 32, and 60°C for 21 days.

The acid degree values (ADV) for the butter oils
and the butters from which they were derived
were determined to differ significantly between
the beginning and end of the storage period (P <
0.05), with the values for all samples increasing
during storage. Although the changes in ADV
were not statistically significant during the storage
period of butter oil produced from the cultured
butter, for the butter oil made from uncultured
butter, the changes observed in ADV during the
storage period were generally statistically
significant (P < 0.05). The ADV results obtained
for the butter oils in our study were similar to
those reported by Yadav and Srinivasan (1985) for
butter oil. With regard to differences in ADV
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between butter and butter oil, the findings of
Findik and Andi¢ (2017) were consistent those
obtained in our study. Nonetheless, our ADV

Table 2. Results of lipolysis values, and microorganism counts of butter and butter oil samples

results in absolute terms were lower than those
reported in their study.

Storage Time (Days)

Sample no
0 30 60
1 0.92 £ 0.01 ce 1.52+0.01 B 1.67 £ 0.11 BAa
o o 2 0.91 + 0.04 ce 1.12 £ 0.01 B 1.27 £0.07 Ca
chy 3 1.15 + 0.04 Be 1.24 £0.01 oo 1.57 £0.02 Ba
g & 4 1.57 £ 0.02 Ac 1.70 £ 0.01 Ab 1.76 £ 0.01 A
2 Q. 5 0.74 £ 0.49 Db 1.42+0.03 Ca 1.30 £ 0.09 Ca
52 6 0.88 £ 0.03 0.84 £ 0.04 Gb 1.14 £ 0.05 ba
~E 7 0.91 £ 0.01 0.96 £ 0.01 1.10 + 0.05 Da
8 123 +0.11 Be 1.45+0.03 @ 1.62 £ 0.07 Ba
o 1 0.13 £ 0.01 Ac 0.17 £ 0.01 A 0.20 £ 0.01 Aa
72 < 2 0.04 + 0.01 ¢ 0.06 + 0.01 ¢ 0.09 + 0.01 Ba
R 3 0.04 £ 0.01 0.06 £ 0.01 Cba 0.07 £ 0.01 CpEa
EELTY 4 0.03 +0.01 ¢ 0.04 001 & 0.05 +0.01 =
2 é T E 5 0.11 £ 0.01 Be 0.15 £ 0.01 B> 0.19 £ 0.01 Aa
£E73° 6 0.04 £ 0.01 ce 0.06 £ 0.01 ¢ 0.08 £ 0.01 CBa
=S 7 0.04 £ 0.01 ce 0.05 £ 0.01 ¢ 0.07 £ 0.01 cda
== 8 0.02 £ 0.01 ce 0.03 £ 0.01 ¢ 0.05 £ 0.01 Dta
1 1.70 = 0.08 Ab 1.84 £ 0.07 A 1.96 £ 0.11 A«
S 2 0.31 £ 0.07 b 0.38 £ 0.05 Dib 0.55 % 0.08 DCa
2 8 3 0.36 £ 0.03 De 0.43 £ 0.02 Db 0.52 % 0.03 Dka
S 4 0.31 £ 0.02 b 0.46 £ 0.15 Db 0.62 % 0.05 DCa
z= 5 1.45 + 0.07 ®a 1.54 £ 0.07 Ba 1.68 + 0.04 Ba
83 6 0.55 £ 0.11 0.62 £ 0.10 Ca 0.66 % 0.10 ca
3 7 0.34 £ 0.01 D 0.40 £ 0.03 Dka 0.41 £ 0.07 Fa
8 0.24 £ 0.04 Da 0.27 £ 0.04 Fa 0.32 £ 0.04 Fa
1 1.58 = 0.06 b 1.74 £ 0.10 B 217 £ 0.07 B
PN 2 ND ¢ ND ¢ ND ¢
=35 3 ND ¢ ND Ca ND ¢
=K 4 ND ¢ ND ¢ ND ¢
29 5 3.08 £ 0.03 Ac 5.66 £ 0.03 Ab 7.05 £ 0.05 Aa
S 6 ND ¢ ND ¢ ND ¢
= 7 ND ¢ ND Ca ND ¢
8 ND ¢ ND ¢ ND €
1 4.66 £ 0.04 Ba 4.69 £ 0.04 Bs 4.61 £ 0.06 Bs
2@ 2 2.54 £ 0.06 2.94 £ 0.05 Ds 3.05+0.07 Da
0 Z3S 3 ND ke 217 £0.15 3.57 £ 0.05 Ca
N 4 2.18 £0.15 Db 3.28 £ 0.06 ¢ 3.54+0.07 Ce
2835 5 6.98 £ 0.03 Ab 7.12 £ 0.04 Aa 6.72 £ 0.07 Ac
8% 6 ND Fe ND ND Fa
== 7 ND &b ND tb 2.59 £ 0.05 ta
8 ND Fa ND F ND Fa

abe: Means within a row and each category followed by the different letters are significantly differ (P < 0.05).

ABCD.EF: Means within a column and each category followed by the different letters are significantly differ (P < 0.05). ND: Not

detected; CFU: Colony forming unit.

1: cultured butter, 2: butter oil produced cultured butter at 60°C, 3: butter oil produced cultured butter at 90°C, 4: butter oil
produced cultured butter at 120°C, 5: uncultured butter, 6: butter oil produced uncultured butter at 60°C, 7: butter oil produced

uncultured butter at 90°C, 8: butter oil produced uncultured butter at 120°C
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Mold and yeast counts for both butter types were
observed to increase significantly over the storage
period (P < 0.05) (Table 2). The butter samples
produced from cultured cream were statistically
significantly lower with respect to mold and yeast
counts than the butter samples processed from
uncultured cream at the beginning and end of the
storage period (P < 0.05). The process of
pasteurization, applied to the cream prior to
culturing, was effective. Neither mold nor yeast
was detected in any of the butter oil samples.

Lipolytic microorganism counts were significantly
higher in both groups of butter than in the butter
oils produced from those them (P < 0.05). In both
types of butter, the lipolytic microorganism
counts decreased over the course of the storage
period. These decreases were significant in the
butter samples produced from uncultured cream
(P < 0.05), while the decreases in the butter
samples produced from cultured cream were not
(Table 2). In samples of butter oil produced from
cultured butter, the lipolytic microorganism
were detectable, whereas lipolytic
microorganisms could not be detected in any of
sample except sample 7 in the butter oils,
produced from uncultured butter. Similar results
were reported by Findik and Andi¢ (2017). The
ability of some microorganisms to sutrvive the
thermal processes applied duting the processing
of butter oil can be attributed to the oil protecting
microorganisms against the effect of the heat
process and to the presence of water activity in
butter oil (Ray and Bhunia, 2004). For this reason,
the lipolytic microorganism counts for the butter
oils produced from butter processed from
cultured cream, which had higher water activity
values, was greater in comparison with the other

group.

counts

The short, medium and long-chain fatty acid
quantities of the samples increased throughout
storage; these increases were for the most part
significant (P < 0.05) (Table 3). For both groups,
the short, medium, and long-chain free fatty acid
levels of the butter samples were overall
significantly ~ higher than those of the
corresponding butter oils (P < 0.05). This finding
is explained by the lower acidity and water activity

levels of the butter oils with respect to the butter
samples, due to a monomolecular reaction
between water and glycerides in lipids and the
spontaneous and autocatalytic breakdown of
esters and free acids in that environment.
Secondly, as a result of the thermal processes
applied, some of the lipase enzymes were
inactivated, thus limiting both chemical and
enzymatic hydrolysis (Nawar, 1996).

The differences between the total free fatty acid
compounds of the butters and those of the butter
oils processed from them were statistically
significant for all periods of analysis (P < 0.05)
(Table 3). In addition, the various temperatures
used in production were determined to have a
significant (P < 0.05) effect on the total free fatty
acid content of butter oils in both groups. Similar
results were reported by Iyer et al. (1967) for
short, medium and long-chain free fatty acids.
The total free fatty acid values for butter as
determined in our study were consistent with
those reported by Woo and Lindsay (1980) and
Findik and Andi¢ (2017).

According to the principal component analysis
results,  principal  components  explained
approximately 93.10% of the total variation on Oth
day of storage (first component 84.90%, second
component 8.30%), approximately 92.90% on
30t day of storage (first component 82.40%,
second component 10.40%) and approximately
90.30% on the 60% day of storage (first
component 80.10%, second component 10.20%)

(Figure 1).

There was a strong positive correlation between
dry matter and fat throughout the storage period,
and a strong negative correlation between dry
matter, fat and water activity, mold and yeast
counts, lipolytic microorganism counts. Again,
for all analysis periods, there were strong positive
correlations between ADV, total free fatty acids,
and acidity, and between water activity, mold and
yeast counts, and lipolytic microorganism counts.
While a strong negative correlation between PV
and TBA was observed at the beginning of
storage, this negativity had decreased toward the
end of the storage period.
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Table 3. Result of free fatty acids content of butter and butter oil

Sample Storage Time (Days)
1o 0 30 60

50.69 £1.76 Ac

316.01 £1.858Bb

686.07% 1.53 Aa

2184.90 £ 61.74 Db

2326.96 + 57.77 Eb

267222 + 65.64 D2

Total Free Fatty Acids
(mg/kg)

8

4772.29 £ 79.04 Be
2970.23 £ 65.59 Ce
2763.55 £ 62.64 be
2663.47 £ 30.99 be
4905.19 £ 64.90 Ac
2454.26 £ 25.35 Ec
2452.51 £ 26.49 Ec
2404.68 £ 56.76 Eb

674241 £ 32.77 Ab
3188.35 £+ 50.69 Bb
3053.93 £ 60.03 BCb
2928.12 + 39.16 <
6762.29 £ 64.95 Ab
2697.88 £ 56.28 bb
2705.04 £ 57.89 bb
2560.84 £ 54.76 Eb

11366.11 £ 55.4122
4155.77 £ 56.69 Ca
3750.16 £ 66.04 Da
3490.60 £ 36.46 Ea
9573.14 £ 54.06 Ba
3020.27 £79.12 Fa
2980.48 £ 96.29 Fa
2915.74 £ 62.98 2

N 1
E _ 2 26.18 £0.95Cb 27.08 + 1.30 DEb 31.12£0.94 Ca
3 g‘) 3 27.44 £ 2.60 CBb 35.78 +0.75 Ca 37.18 £ 1.81 Ca
L; éf 4 21.24 +0.96 Db 22.75 +0.95 Eab 24.38 £1.04 Ca
= 5 52.45 +3.01 Ac 390.11 + 8.44 Ab 599.30 + 4.39 Ba
O 3 6 27.57 £0.96 CBe 30.98 £ 1.02 Db 3344 £1.01 Ca
g 7 30.16 £1.13 B¢ 32.70 £ 0.95 CDb 35.52£1.65C
@ 8 29.26 +0.98 CBe 31.92 £0.71 Db 33.79 £ 0.36¢a
B 1 294.02 + 7.98 Be 956.95 +12.094b 2352.31419.61 Aa
%’ - 2 217.41 +£3.02Ce 264.99 + 3.25Bb 298.82 + 6.14 Ga
£ g” 3 190.64 + 1.21 Ee 207.57 +5.85 Ca 212.40 +5.32Da
< \%f 4 191.17 £ 1.49 Eb 198.74 £2.42Ca 202.33+ 5.97 Ha
S .z 5 307.16 £ 7.23 Ac 976.71 £ 7.25 Ab 1650.21 £ 15.71 Ba
g 3 6 202.14 + 3.66 De 275.56 + 4.23 Bb 300.05 + 7.53 Fa
5 7 193.53 +1.79 Ee 199.56 + 3.42Cb 209.85 +1.35Fa
= 8 190.52 + 6.76 Eb 201.95 + 3.69 Ca 209.73 + 4.42 Ca
. 1 4427.58 £ 81.32 Ac 5469.46 + 42.92 Ab 8327.97 + 85.30 Aa
g 2 2726.63 £ 67.95 Be 2896.27 + 56.27 Bb 3825.82 £ 60.00 Ca
3 g” 3 2545.46 + 66.11 Ce 2810.58 + 65.74 BCb 3500.59 + 63.39 Da
& éf 4 2451.04 + 31.87 Ce 2706.63 + 40.94 Cb 3262.89 +41.78 Da
S 5 4545.58 £ 68.13 Ac 5523.23 + 68.95 Ab 7323.63 +71.938a
<, g 6 2024.14 +29.82 De 2391.34 + 57.82DEb 2686.78 £ 72.91 Ca
g 7 2228.82 + 35.20 De 2472.78 £ 57.80 Db 2735.11 £ 95.26 Da
- 8

1

2

3

4

5

6

7

abe: Means within a row and each category followed by the different letters are significantly differ (P < 0.05).
ABCDEFG: Means within a column and each category followed by the different letters are significantly differ (P <
0.05).

1: cultured butter, 2: butter oil produced cultured butter at 60°C, 3: butter oil produced cultured butter at 90°C, 4:
butter oil produced cultured butter at 120°C, 5: uncultured butter, 6: butter oil produced uncultured butter at 60°C,
7: butter oil produced uncultured butter at 90°C, 8: butter oil produced uncultured butter at 120°C
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Fig. 1. PCA sample map (A1, A2, A3) and factors correlation circle (B1, B2, B3) of butter oil produced
from cultured and uncultured butter at different temperatures with all chemical and microbiological
characteristic. Al, B1: 0. day of storage; A2, B2: 30. day of storage; A3, B3: 60. day of storage.

ADV = acid degree value; AV = acidity value; a, = water activity; Chol = cholesterol value; Fat = fat value; TFFA
= total free fatty acids; YM = yeast-mould; PV = peroxide value; TBA = Thiobarbituric acid value; LM = lipolytic

microorganism

CONCLUSION

Based on the results of the analyses, the ripening
of the cream by using a starter culture, the
different temperatures applied and the storage
time were all determined to affect vatious
properties of the butter oils. The temperatures

used in the production of butter oil were shown
to significantly affect their fat, water activity, and
cholesterol contents. In both groups, the lowest
water activity and cholesterol contents and
highest fat values were observed in butter oils

processed at 120°C. The use of starter in butter
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production and the different temperatures applied
during its production significantly affected the PV
values of the butter oils. The TBA values for all
samples increased significantly over time.
However, the different temperature levels used in
production did not significantly affect the TBA
values of butter oils. No mold or yeast was
detected in any analysis period in any of the butter
oil samples. However, the number of lipolytic
microorganisms in Group 1 samples (Butter oil
produced cultured butter) was higher than that of
Group 2 samples (Butter oil produced uncultured
butter) for all analysis periods. Pasteurizing the
cream to be processed in butter and ripening it
using a starter is especially necessary from the
standpoint of microbiological quality. However,
the results of the present study indicate that
neither the use of a starter in the production of
raw butter nor pasteurization was necessary since
thermal processes were applied during the
preparation of the butter oils.
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ABSTRACT

The aim of the present study was to investigate the effectiveness of UV-C treatment using a modified UV-
C reactor based on Dean vortex flow. Parameters taken into account were total aerobic bactetia count and
yeast and mould counts, antioxidant capacity, total phenolic content, 5-HMF content, furan formation and
sensoty attributes. A UV-C treatment with 68.75 mJ/cm? led to 2.21-log CFU/ml and 1.13-log CFU/ml
reduction of TMAB and YM count, respectively. DPPH radical scavenging activity and total phenolic
content of UV-C treated orange juice significantly decreased. However, UV-C induced reduction of HMF
was observed. UV-C treatment would be a beneficial method to eliminate or decrease the HMF content if
HMEF were present in the juice as a consequences of obtained results. pH and °Brix remained constant after
UV-C treatment. No furan formation was detected and no significant change observed in the quality
attributes in regards to appearance and colout.

Keywords: Ultraviolet (UV) radiation; dean flow; bioactive compounds; microbial inactivation; antioxidant
activity; 5-HMTF; sensory evaluation

DEAN GIiRDABI AKISINA DAYALI REAKTOR TASARIMI iLE UV-C
UYGULAMASININ PORTAKAL SUYUNUN MIiKROBIiYAL YUKU VE
BiYOAKTIF BILESENLERINE ETKiSi

oz

Bu ¢alismanin amact, Dean girdabi akisina dayali tasarlanan UV-C reaktér ile UV-C 1sinlama isleminin
etkinliginin arastirlmasidir. Calismada kullanilacak parametreler toplam aerobik bakteri sayist ile maya
ve kuf sayisi, antioksidan kapasite, toplam fenolik madde miktari, 5-HMTF icerigi ile furan olusumu
ve duyusal Ozellikler olarak belitlenmistir. 68,75 mJ/cm? UV-C 1sin uygulamast toplam mezofilik
aerobik bakteri ve kiif-maya sayisinda strastyla 2,21-log CFU/mlve 1,13-log CFU/ml azalmaya neden
olmustur. UV-C ile muamele edilmis portakal suyunun DPPH radikal temizleme aktivitesi ve toplam
fenolik icerigi 6nemli Slgiide azalmistir. Bununla birlikte, UV-C 1sinlama ile HMF miktarinda azalma
saptanmistir. Elde edilen sonuca gére, HMF iceren meyve sularinda UV-C uygulamasi, HMF igerigini
ortadan kaldirmak veya azaltmak igin faydali bir yontem olacaktir. pH ve °Brix degetleri, UV-C
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isleminden sonra degismemistir. Islem sonrasinda, furan olusumu tespit edilmemis, goriiniis ve renk
acisindan kalite 6zelliklerinde 6nemli bir degisiklik saptanmamistir.
Anahtar kelimeler: Ultraviyole (UV) 1s1n; dean akigi; biyoaktif bilesenler; mikrobiyal inaktivasyon;

antioksidan aktivite; 5-HMF; duyusal degerlendirme

INTRODUCTION

Fruit juices are perceived as healthy foods by
consumers to meet their nutritional requirement
particularly in terms of micronutrients (Nnam and
Njoku, 2005; Guerrouj et. al., 2016) and are
among the fresh-like food products with the
increasing consumer demand in nonthermal or
minimal processing for preservation (Liang et al.,
2006). However, fruit juice is vulnerable to
degradation by heat, microorganism, enzymes,
oxygen, and light duting processing and storage
(Liang et al., 20006). Fresh juices are spoiled with
time due to the growth of microorganisms from
all three morphological groups (i.e. moulds, yeasts
and bacteria) (Splittstoesser, 1982; Trifiro et al.,
1997). The most frequently found bacteria in
orange juice are Lactobacillus, Ienconostoc and spore
tormers like Bacillus, Alicyclobacillus and Clostridium
that could survive high temperatures and low pH
values of fruit juices (Tran and Farid, 2004; Sadler
et al, 1990; Kimball, 1991, Kimball, 1996).
Therefore, juice should undergo commercial
pasteurization to inactivate most of the
microorganisms  (Tran and Farid, 2004).
However, the process tend to lose of its beneficial
nutrients (Liang et al., 2006) such as vitamins
(ascorbic acid) (Zerdin et al., 2003), phenolic acids
and flavanones and organoleptic quality like
colour, aromas (Choi and Nielsen, 2005). With
the increasing consumer demand for fresh-like
products such as fruit juice, there is a growing
interest in non-thermal or minimal processing for
food preservation. Among these methods,
ultraviolet (UV) processing has gained attention
in order to ensure safety and extend shelf life
while minimizing negative effects on food quality
attributes.

UV-C light has been used in the food industry for
disinfection and decontamination treatments
including water sterilization and waste water
disinfection, decontamination of air in the meat
and vegetable processing, surface and food
packaging industry, reduction of pathogen
microorganisms in red meat, poultry and fish

processing (Unluturk et al., 2008). UV-C light in
the wavelength of 253.7 nm could be efficiently
absorbed by the DNA (Hoyer, 1998), and
inactivates most of the microorganisms (Allende
et al., 2000), such as bacteria, moulds, yeasts and
viruses (Price, 1965; Unluturk et al., 2008; Gabriel
and Nakano, 2009; Barut G6k and Pazir, 2020).

The design of an efficient UV-C reactor made to
reduce pertinent microorganisms and comply
with current food safety goals is stll an
engineering challenge (Barut Gok et al., 2021).
Compared to water, liquids have a broad range of
optical and physical properties that influence UV-
C light transmittance, dose delivery, and
consequently microbial inactivation (Abdul
Karim Shah et al, 2016). Some properties
(absorbance/optical density, turbidity etc.) of the
liquid being processed is one of the most
important criteria to bear in mind when designing
a UV-reactor.

In this study, a previously designed UV-C reactor
(Barut Gok, 2018) which was purposed to
eliminate some drawbacks of existing reactors like
low penetration of UV-C energy and improve the
energy transferred into the liquid by the flow
characteristic based on the Dean vortex flow
(Dean, 1927), was used to inactivate the aerobic
bacteria count and yeasts and moulds count in
orange juice. Furthermore, the effect of UV-C
light on antioxidant activity, total phenolic
content, 5-HMF and furan content and sensorial
attributes were evaluated.

MATERIAL AND METHOD

Analytical determinations

The physical and physicochemical properties of
orange juice was determined at 20°C £ 1°C. The
absorbance value of the orange juice was
measured using a spectrophotometer (UV-
Mini1240, Shimadzu, Japan) at 254 nm
wavelength. Absorbance coefficient (Ae) was
estimated from the slope of absorbance versus
sample concentration plot with different dilution
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factors. The amount of total soluble solids was
determined using a refractometer (Hannah, USA)
and was given in °Bx (Brix). The viscosity of the
fruit juices was measured using a viscometer (SV-
10 Series, A&D, Japan). pH wvalues were
determined using pH/mV Meter (Hannah, Hi,
2211-02, USA). The titration acidity was

determined by applying titration with 0.1 N
NaOH to a pH end-point of 8.1 using pH/mV
Meter (Hannah, Hi, 2211-02, USA), and the
results were expressed as gram of citric acid per
liter of orange (g CA/L) (AOAC, 1995). The
characteristics of orange juice are given in Table
1.

Table 1 Some product characteristics of orange juice. The standard deviation is indicated (n=3).

Name OJ
Absorption coefficient (cm1) 28.38
pH 4.00£ 0.01
Viscosity (mPa s) 242+ 0.01
Soluble solids (°Brix) 12.00£0.9
TA* 0.82£0.003

TA, titratable acidity, O], freshly squeezed orange juice
* gram citric acid/100 ml (orange juice)

Reflective flow-path UV-C reactor design and
Dean Vortex

The UV-C reactor design which has a reflective
flow-path consist of a low-pressure mercury lamp
(TUV 75W HO UVC, Philips Co., the
Netherlands) of 75 W (28.1 W UV-C output),
emitting radiation peak at 254 nm. Flow occurs in

an annular gap of approx. 3 mm through a length
of approx. 60.1 cm between stainless steel wall
and a sleeve made from quartz glass (Fig 1).
Quartz glass sleeve positioned around the UV
lamp that was located in the centre of the reactor
(Barut GOk, 2018; Barut Gok, 2021). A peristaltic
pump adjusted the flow rate through the reactor.

Figure 1. UV-C reactor design

The flow profile of a liquid inside a curved pipe is
known as “Dean flow” and a secondary flow area
is accompanied by the laminar fluid flow in the
pipe due to a pressure drop caused by centrifugal
forces acting in the fluid. In Dean flow based-UV
reactors, the secondary flow vortices enable the
irregular mixing of liquid particles (Koutchma et

al., 2007). Therefore, even in cloudy juices with
low UV-penetration depths, all fluid elements
could be treated (Franz et al.,, 2009). The fluid is
therefore assumed to be ideally mixed by the
effect of the dean vortices throughout the pipe.
The motion of the fluid in vortexes allows the
fluid to be exposed closer to the UV-C source. In
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addition to this, vortices have more uniform
velocity profile and narrower residence time
distributions are procured (Dean, 1927).

Dean number (De) was calculated using the
following equation (1) based on the geometric
data of the helical flow channel and Reynolds
number (Re) (Ko and Ting 2006) for “Dean
flow”. In this equation, 7, (m) is the radius of the
flow channel, and a (m) is the radius of the
curvature of the flow channel in the spiral
structure. The calculation of the dimensionless
Re, which is both used in calculating the De and
determining the flow regime, is given in equation
(2) (Geankoplis 2003). In the equation (2), the
diameter (D, m) of the flow channel corresponds
to 6 mm and v (m/s) is the flow rate, ¢ (kg/m?3) is
the density of the fluid and p (Pa s) is the viscosity
of the fluid.

D, = Re \/(15/a) @)

Re = DXvuXxp (2)
u

Re for orange juice was calculated for flow rate of
2.1£0.1 L/h that was determined in pre-
experiments. The flow regime of both juices was
laminar (Re < 2100). The Re numbers were
calculated in light of the geometrical data of the
helical coiled flow channel as 123 and 35 is the De
numbers consisted during the flow in the UV-C
reactor for orange juice.

UV-C dosimetry

The UV dose (D) is obtained as the multiplication
of the irradiation time (4 and the UV radiation
intensity (L., as given in equation 4.

UV-C intensity was measured using an UV-
radiometer (UVP, USA). The average intensity
(Ing was calculated according to the Beer-
Lambert law's integration, as given by equation (3)
by using the incident intensity measured by the
UV-C sensor (I,) (Unluturk et al., 2008) in order
to add the losses due to absorption into
calculation. I, was measured as 22.3 mW/cm? at
the surface of quartz glass where is the shrink-fit
point between quartz and the flow channel. In the
equation, A, shows the absorption coefficient

(1/cm) and L is the path length (cm) of the
cuvette. The absorbance values of fruit juices
were measured at 254 nm wavelength in the
spectrophotometer. Different dilution factors
(1:10, 1:25, 1:50, 1:100, 1:1000) were used for
orange juice and A, was estimated from the slope
of the curve of the absorbance versus dilution
factor. 68.75 mJ/cm? of UV-C doses were
calculated for freshly squeezed orange juice.

Iy (MW/cm?) =1, x (1 — exp(—A, X L))/(A, X L) 3
D= lgpy Xt )

Fruit Juice

Freshly squeezed orange juice was used in this
study. Freshly squeezed orange juice (OJ) was
analysed for microbiological analysis, antioxidant
activity, total phenolic content, 5-HMF, pH, Brix,
titratable acidity and sensory analysis in order to
observe the effect of UV-C light on
physicochemical properties and formation of 5-
HMF and furan. Fresh orange juice was
manufactured from oranges purchased in a local
supermarket the day before juicing and stored at
4%£0.1 °C until juice extraction. Orange juice was
obtained using a household juicer (Arzum Co.,
Model No. AR 164 Mela Plus, Turkey) and then
filtered and then poured into the sterile bottles
prior to processing.

Microbiological analysis

The microbial load was analysed by using 10 ml
of orange juice and mixing it with 90 mL of sterile
0.1% peptone water. Tenfold dilution series were
made in sterile 0.1% peptone water. Plate Count
Agar (Merck, Germany) for total acrobic bacteria
(TAB) and Potato Dextrose Agar (Merck,
Germany) for yeast-mould (YM) counts were
pour plated and incubated at 30 °C for 48 h
(Harrigan and McCance 1976) and 25 °C for 5
days (Anonymous 2001), respectively. YM counts
were enumerated together in the same medium.
All microbiological analyses were performed in
parallel and in triplicates. Results are given in
colony forming units per milliliter (CFU/ml).
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Determination of antioxidant capacity by
DPPH radical scavenging method
Antioxidant activities of orange juices were
determined according to (Brand-Williams et al.,
1995). Different concentrations of orange juices
were taken into tubes and 600 ul of molar DPPH*
radical solutions were added on it and in each
tube, the total volume was completed to 6 ml with
methanol. After mixing and incubating the tubes
for 30 min, at room temperature and dark
medium, absorbance was tread at 517 nm
wavelength against the control. By using the
absorbance value, the % inhibition of DPPH
radicals (I %) for each of the samples was
calculated by using the equation (5). In equation
(5), the absorption of control (methanol instead
of fruit juice) was expressed as Awww and the
absorption of the sample taken into analysis was
expressed as Aumpr.

Inhibition % = ((Awntral - Asample)/( Acontrul)) x 100 (5)

Inhibition values were graphed versus different
concentrations of each juice and linear regression
analysis was applied in order to obtain the
equation defining the curve. By using the
equation, the ECso value was calculated.

Determination of the total phenolic material
content

The determination of phenolic compounds, as
stated (Franke et al., 2004), was carried out
according to the proposed method by modifying
the method based on the reaction occurred
between phenolic compounds of juice and Folin-
Ciocalteu reagent. The absorption of the blue-
coloured solution after an incubation time of 60
min was read at 720 nm wavelength and evaluated
with the standard curve of Gallic acid (Singleton,
1985). The results were given as mg gallic acid
equivalent/L (mg GAE/L).

Determination of 5-HMF and furan
formation

The determination of S-hydroxymethylfurfural in
orange juice was carried out quantitatively,
following the procedure desctribed by the IFEJP
(1985) based on the colorimetric reaction between
barbituric acid, p-toluidine and HMF, forming a
red-coloured complex. The intensity of red colour

is dependent upon the concentration of HMF,
which was measured at 550 nm using
spectrophotometer. 20 ml of juice was measured
by using a measuring cylinder and transfer to a
100 ml volumetric flask. The rest of the volume
was completed with deionized water and was
shaken well. 2.0 ml of the diluted sample solution
was pipetted to each of two tubes and 5.0 ml p-
toluidine solution was added to both. All tubes
were shaken well. 1.0 ml of water was added to
one tube (blank value) and 1.0 ml of barbituric
acid solution to the other with gentle shaking.
Analysis was completed without delay and in 1-2
minutes. The absorbance of the sample against
the blank was measured as soon as the colour
intensity has reached a maximum (3-4 minutes
after adding the barbituric acid solution), using 1
cm cells at 550 nm. The content of HMF is
calculated as follows equation (6) (VdF, 1987
Bagkaya Sezer et al., 2016).

HMF,mg/L =162 x (A) ©)

Automated headspace sampling followed by Gas
chromatography/mass spectrometry (GC/MS)
analysis was used to detect furan formation.
Samples were analysed for furan content on a
GC/MS (GC-MS, Hewlett Packard 6890). An
HP-5MS  column (coated with (5%-phenyl)-
methylpolysiloxane phase) (dimensions: 30m
0.25mm, film thickness: 0.25um) was used for the
analysis. Helium was used as carrier gas at a flow
rate of 1.7 ml/min (constant flow). The oven
temperature was programmed from 50 °C (1
min), 10 °C/min ramp rate to 225 °C, and then
hold for 12.5 min. The total run time for each
sample was 30 min. The samples were injected
with a splitting 2:1. The ionisation mode was
electron ionisation (70 eV). Detection was in
selected ion monitoring (SIM) mode, using three
characteristic ions for furan (m/z 68 as target ion,
and m/z 37 and m/z 39 as qualifiers). The injector
temperature was 230 °C. Mass range was from
m/z 25 to 150. For the SPME automated method,
vials with 20 ml headspace were placed on a head
space autosampler (HP 7694A Headspace
Autosampler) and samples were equilibrated for
30 min. Analysis of furan was carried out using a
modified US FDA (2004) method. The furan
stock standard was prepared by transferring 50 pLL
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of furan through the septum of the headspace vial
containing 20.0 mL methanol (2.5 mg/ml). The
working standard was prepared by transferring
250 pL of the ¢a. 2.50 mg/ml furan stock standard

to a sealed headspace vial containing 20 ml water.

The calibration curve was prepared by plotting
response ratio and ratio of amounts of furan (Fig
2). The sample exposed to UV radiation was
diluted suitably by transferring 5 ml juice sample
into the headspace vial and adding 5 ml water.

D=1 Mass TIC MWamefiran
f{x)=2222701.335714%- 15043525 500000
r2=0991041
[*10°7 ;
S0F
4
40¢
D_U i 1 i i
0.0 20 40
[*101]

Calibration
Cone. (Done) Mezn Area
10.000 8723782.00
20.000 2483006700
40.000 T41846382.00

Figure 2. Furan calibration cutve

Sensory analysis

Six panellists were selected and trained for the
sensorial panel. Samples of 25 ml were coded with
3-digit numbers and presented to the panellists in
random order in transparent cups. The overall
acceptability of the juices was carried out by
adopting the classic standard scoring test (Altug
and Elmaci, 2005; Oras et al. 2017). The overall
sensory acceptability of the treated juice was
evaluated using certain parameters, such as
appearance, colour, odour and taste, each on a 5-
point scale ranging from 1 (dislike extremely) to 5
(ike extremely) (Watts, 1989). The sensory test
was replicated three times.

Statistical analysis

The generated results are averages of atleast three
measurements. The results were analysed for
mean values and standard deviations. Also,
univariate analysis of variance and the Duncan
post hoc test by SPSS (Version 16.0, SPSS Inc.,
1L, USA) were applied to statistically analyse and

evaluate (5% levels). Evaluation of sensory
analysis was done by analysis of variance
according to Altug and Elmact (2005).

RESULTS AND DISCUSSION

UV-C inactivation of microorganisms

The results of total mesophilic aerobic bacteria
(TMAB) and yeast-mould (YM) counts are
summarized in Table 2. The initial number of
TMAB and YM counts were determined
as 3.3x10% and 1.2x10> CFU/ml for orange juice,
respectively. Orange juice received UV dosage
level of 68.75 m]/cm?, and resulted in a 2.21-log
CFU/ml and 1.13-log CFU/ml reduction of
TMAB and YM count, respectively. There were
statistically ~ significant  difference in  the
inactivation efficiency of UV-C radiation on total
mesophilic aerobic bacteria and yeast-mould
count compared to untreated samples (P>0.05). It
was teported thata 1377 J/mLof UV-C treatment
of orange juice resulted in 0.90 and 0.30-log
CFU/ml. reductions in total aerobes and yeast-
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mould count, respectively (Keyser et al., 2008). In
addition to this, a 37.5 J/mL UV-C treatment of
watermelon juice resulted in 1.47 and 0.99-log
CFU/ml reductions in total aerobes and yeast-
mould counts, respectively while a 2.7 J/mL UV-
C dose is resulted in 0.60 and 0.53-log CFU/mL
reductions in total aerobes and yeast-mould (Feng
et al., 2013). It was also reported that the reason
for this relatively low reduction in bacterial
numbers can be attributed to the cells and other
particles like fibre present in the orange juice,
which could act as a barrier between the UV-C
rays and the bacteria (Keyser et al., 2008). In this

study, the relatively high inactivation rates could
be due to the Dean effect which enables the
secondary flow vortices acting in the fluid.
However, previous study performed in the same
reactor, the reduction in total mesophilic aerobic
bacteria and yeast-mould counts of white grape
juice were 5.42-log CFU/mL and 4.86-log
CFU/mL at the UV-C dose of 280 m]/cm?
respectively (Barut Gok, 2018). The reason for
the relatively low reduction rates in microbial load
of orange juice compared to grape juice could be
attributed to the cells and fibre present in orange
juice (Keyser et al. 2008).

Table 2 Effect of UV-C treatment on microbial load of orange juice. The standard deviation is

indicated.
Orange juice
Microbial Load UV-C dose
(log CFU/ml) (m]/cm?)
0 68.75
TMAB* 4.50%0.062 2.30%+0.05b
Yeast-mould count 5.06%0.102 3.93+0.03b

ab, Different letters in each row indicate significant difference at (p<<0.05) (Duncan test). The freshly squeezed

orange juice was evaluated among the treatment.
*TMAB, total mesophilic acrobic bacteria

Antioxidant capacity

The changes in antioxidant capacity after
processing with UV-C are shown in Table 3. A
significant  difference was detected in the
antioxidant capacities of orange juice samples
between the UV-C treated and untreated. UV-C
treated sample showed significant increase in the
ECsovalue compared to control indicating a lower
level of antioxidants. The percent decrease of
antioxidant capacity was 32.6 %o at the UV-C dose
of 68.75 mJ/cm?. Different reports concerning
the effects of the UV dosage on the antioxidant
capacity of fruit juices are available.

Similar results to our study were proved by UV-C
treatment of apple juice at the doses of 20 m]/cm?
to 140 mJ/cm? (Islam et al. 2016). UV-C
treatment could either enhance or decrease the
antioxidants, which are entirely dependent on the
exposure time, delivered dose, extraction solvents
used and the basic raw material (Alothman et al.,
2009). Bhat et al. (2011) reported that a non-

significant increase in the antioxidant capacity of
star fruit juice after a UV-C dose of 2.158 J/m?2
Caminiti et al. (2011) found that non-significant
decrease in antioxidant capacity of apple and
cranberry juice after a dose of 5.3 J/cm?. It has
been reported that a non-significant change in the
antioxidant capacity of UV-C treated (0.56-13.62
kJ/m?) pomegranate arils (Lopez-Rubira et al.,
2005) and UV-C treated (4.0 kJ/m?) carrots
(Formica-Oliveira et al, 2017). Although the
knowledge about which mechanisms or
parameters of UV-C treatment influence the
antioxidant capacity, the actual biochemical
mechanism causing an increase or dectease in the
antioxidant capacity of irradiated product is still
obscure.

Total phenolic content (TPC)

Orange juice showed an initial total phenolic
content (TPC) of 19091+0.01 mg GAE/L (Table
3). As expected, UV-C treatment has a significant
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effect on the TPC as similatly observed for
antioxidant capacity. The content of total
phenolic compounds in the freshly squeezed
orange juice was higher than that of the UV-C
treated one. Different results concerning the
effect of UV-C on the TPC of different samples
have been reported. It has been reported that
different UV-C intensities had no significant
effect on phenolic compounds of watermelon
juice (Feng et al., 2013), apple juice (Caminiti et

al,, 2011) and pomegranate juice (Pala and
Toklucu, 2011), in comparison to untreated juice
samples. Similar to the results of current study,
Noci et al. (2008) reported a significant decrease
in total phenolic compounds, compared to fresh
juice. The reduction in the phenolic content could
be due to the degradation, oxidation, or
polymerization of phenolic compounds quickly
during processing of juice (Feng et al., 2013).

Table 3 Effect of UV-C light on antioxidant activity, total phenols, 5-HMF content, brix, pH and TA
values of orange juice. The standard deviation is indicated (n=3).

Orange juice
UV-C dose
0 (control 68.75 m] /cm?
BCs™ 3.5940.034 47620025
(ul fruit juice)
Total phenols
+0.01a +0.01>
(mg GAE/L) 1909%0.01 144740.01
5-HMF mg/L 196%1.53 = 175%+1.53b
°Brix 12.00£0.9 ns 12+0.9 ns
pH 4.00% 0.01ns 3.9740.01n0s
TAXK* 0.82++0.022 0.68+0.03b

ab Different letters in each row indicate significant difference at (p<<0.05) (Duncan test). The freshly squeezed

orange juice was evaluated among the treatment.
s Not significant.

** Concentration of sample necessary to reduce by 50% the inhibition of free radical scavenging.

ek Gram citric acid/100 ml (O]); NA, not detected

5-HMF content and furan formation

5-hidroxymethylfurfural (HMF) is formed in the
Maillard reaction as well as during caramelization
as the result of hexose dehydration under high-
temperature environments or acidic conditions
(Aguilar et al. 2016) such as fruit juices and syrups.
High 5-HMF content in these products are
associated with low quality (Ros-Polski et al.,
2016) since high values reveal an excessive
thermal  treatment, inappropriate  storage
conditions (Aguilar et al., 2016). It would be
beneficial to reduce the content or to prevent the
formation of HMF which is declared as “possibly
carcinogenic to humans” by The International
Agency of Research on Cancer (IARC 1995). 5-
HMF content is represented in Table 3. The
present study showed that HMF formation did
not occur immediately after the UV-C treatment.

In addition to this, the HMF content decreased
after UV-C treatment. Similar results to current
study it has been reported that if HMF were
present in the juice, UV-C treatment would be a
beneficial method to eliminate or decrease it.
Moreover, HMF could be degraded by UV light
regardless the initial concentration of it (Aguilar
etal. 2016). UV-C induced reduction of HMF was
previously observed in high fructose corn syrup
and model syrups. The reduction mechanisms
was  explained by reversing  unwanted
caramelisation-induced changes to colour and
flavour (Ros-Polski et al., 2016).

The primary source of furan and its derivatives in
foods is believed to be from the thermal
degradation of carbohydrates such as glucose,
lactose, and fructose (Ros-Polski et al., 2016). In
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addition to this, furan formation could occur non-
thermal processing such as UV-C treatment (Fan
and Geveke 2007). In this research no furan
formation was detected in untreated and UV-C
treated orange juice. These results are in
agreement with the results of Fan (2005) where
no furan was detected in apple cider exposed to a
UV-C dose of 1.8 J/cm? and exposure times
between 5 and 30 min of UV-C (Bule et al., 2010).
Moreover, Bule et al. (2010) reported no furan
formation up to 15 min of UV-C treatment in
apple juice, too. Furan formation occurred after
15 min in apple juice. Furan generation in juices
and beverages exposed to UV-C light is a complex
process (Bule et al., 2010) and could be dependent
on not only the matrix of product but also the
dose applied.

pH, total soluble solids (°Brix) and titratable
acidity (TA)

The effect of the UV-C treatment on pH, total
soluble solids and titratable acidity are shown in
Table 3. The UV-C treatment had no effect
(P<0.05) on parameters such as orange juice pH
and total soluble solid content in both the fresh
and UV-C treated juice. The fresh juice showed
higher acidity than that of the UV-C treated ones.
Similatly, exposure to UV light did not modify the
original values of pH and °Brix of the orange and
carrot juice blend (Caminiti et al., 2012), carrot
juice (Riganakos et al., 2017), orange juice (Tran
and Farid, 2004), white and red grape juices (Pala
and Toklucu, 2013), apple juice (Caminiti et al.,
2011; Falguera et al., 2011) and grapes (Pinto et al.
2016). Pala and Toklucu (2013) reported a non-
significant decrease in white and red grape juices
and apple juice.

Sensory attributes of juice

Additional analyses were performed to investigate
the impact of UV-C light treatment on sensory
properties of orange juice. The results of the
sensory analysis are summarised in Table 4.
Appearance and colour scores resulted not
significantly affected by UV-C treatment
(P>0.05). Jo and Lee (2012) reported that no
differences among at different doses of UV
treatments in terms of sensory preference test of
carrot juice. Similatly, no significant effect of UV
treatment on colour of orange juice (Tran and
Farid, 2004) and fresh-cut melon cubes
(Manzocco et al.,, 2011) were detected. Sensory
evaluation showed that the UV-C treated orange
juice had lower odour and taste scotes as
compared to the untreated ones. Similarly, it has
been reported that, UV-C treated carrot juice
resulted to be ranked second in preference in
terms of odour and taste (Riganakos et al., 2017).
This result is consistent with the reports of Matak
et al. (2007) and Cilliers et al. (2014) where in
decrease in flavour and aroma was observed in
milk. In this case, a sufficient inactivation of PPO
after UV-C treatment to maintain the colour in
the juice could be the reason of remained colour
as reported in apple juice (Miiller et al. 2014) and
white grape juice (Barut Go&k, 2018). The non-
significant effect of UV on colour of juice could
also be explained by the minor effect of UV-C on
nonenzymatic browning index that indicates the
browning of juice (Koutchma et al., 2016). The
off-flavour observed after UV-C treatment could
be explained by damaging to vitamins,
antioxidants and formation of undesirable
components such as oxidation products.

Table 4 Appearance, colour, odour and taste scores of orange juice. The standard deviation is indicated (n=3).

Quality attributes Orange juice
0 (control) 65;;_;](1/0;;2
Appearance 4.7%0.5 s 4.54+0.8ns
Colour 4.710.5 s 4.7+0.8 ns
Odour 3.62092 24090
Taste 3.410.9 2.6%1.5b

ab Different letters in each row indicate significant difference at (p<0.05) (Duncan test). The freshly squeezed

orange juice was evaluated among the treatment.
s Not significant.
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CONCLUSION

UV-C light is a non-thermal processing emerging
technology for pasteurization of fruit juice.
However, many difficulties such as absorbance
and turbidity which depends on the characteristic
of the liquid influence the efficiency of the UV-C
light. This obstacle could be overcome by
improving the reactor design in terms of changing
the flow pattern. As it has been reported in the
UV-C literature, a well-designed reactor that
allows sufficient penetration of UV-C to liquids in
a shorter time could be used to achieve
microbiologically safe juices with minimal or no
damage to bioactive components (Feng et al.,
2013). In this study, by improving the flow
channel of UV-C reactor it was aimed to not only
improve the microbial efficiency of UV-C light
but also minimize the degradation of bioactive
compounds and formation of undesirable sensory
consequences. It could be concluded that the
designed reactor were effective in inactivating the
microbial load in relatively low doses of UV-C
compared to the results of juices in the literature
which has been exposed higher doses. The results
obtained in this study cleatly indicated that the
designed reactor has good potential to improve
the microbiological quality of orange juice.
However, further studies will be conducted to
assess the efficiency of the reflective flow-path
UV-C reactor design for the treatment of highly
absorbing and scattering fluids or media.
Although previous studies realised by the reactor
occurred increase in bioactive compounds of
apple, white and red grape juices it has been
observed general reduction in antioxidant
capacity and total phenolic in orange juice. This
results showed that the designed reactor could be
used in combination with other non-thermal
preservation methods in order to prevent or
decrease the loss of bioactive compounds from
the point of view of orange juice. In addition to
this, as has been previously suggested in the
literature actual biochemical mechanism causing a
degradation in the antioxidant capacity of
irradiated product needs to be further studied.
UV-C treatment in this research maintained the
sensory attributes in terms of appearance and
colour compared to fresh ones. As has been
reported previous reviews very limited published

researches are available in regards to effects of
UV-C treatment on sensory attributes of juices.
The study demonstrated that the UV-C light is a
promising preservation method with keeping in
mind that necessity of designing further studies in
order to ascertain the exact parameters for each
product.
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oz

Bu ¢aligmada farkl sicakliklarda (60, 70, 80 °C) firinda ve farklt mikrodalga gii¢ seviyelerinde (180, 300, 450
Watt) mikrodalga firinda kurutmanin Antalya kogsullarinda yetistirilen ve hasat edilen hibiskus canak
yapraklarinin  kuruma karakteristikleri ve bazt fizikokimyasal 6zellikleri lzetine etkisi arastirlmustir.
Orneklerin kurutma karakteristiginin degerlendirilmesinde on ii¢ farklt model kullanilmustir. Hibiskus canak
yapraklarinin kurutma verilerine en iyi uyumu saglayan model Midilli vd. (R2= 0.9983; y2 < 0.5156; RMSE
< 0.0193) olmustur. Mikrodalga firinda gerceklestirilen kurutma isleminin firinda gerceklestitilen kurutma
islemine gbre kurutma stresini yaklasik 10 kat kisaltugr belitflenmistit. Ayrica kurutulan 6rneklerin pH,
iletkenlik, renk, bulaniklik, antosiyanin ve fenolik madde icerigi gibi kalite 6zelliklerinde de 6nemli farklhiliklar
gbzlenmemistir.

Anahtar kelimeler: Hibiskus, mikrodalga kurutma, matematiksel modelleme, kalite 6zellikleri

DETERMINATION OF DRYING CHARACTERISTICS AND SOME
PHYSICOCHEMICAL CHARACTERISTICS OF HIBISCUS CALYX DRIED AT
DIFFERENT MICROWAVE POWER LEVELS AND DIFFERENT OVEN
TEMPERATURES

ABSTRACT
In this study, the effect of drying in the oven at different temperatures (60, 70, 80 °C) and in the
microwave oven at different microwave power levels (180, 300, 450 Watt) on the drying
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characteristics and some physicochemical properties of hibiscus calyx grown and harvested in Antalya
conditions was investigated. Thirteen different mathematical models were used to describe the drying
kinetics. The Midilli and others model exhibited best fit to drying data of hibiscus calyx (R2= 0.9983;
2= 0.5156; RMSE < 0.0193). It was determined that the drying process carried out in the microwave
oven shortened the drying time approximately 10 times compared to the drying process carried out
in the oven. Besides, no significant differences were observed in the quality characteristics of the
dried samples such as pH, conductivity, color, turbidity, anthocyanin, and phenolic contents.
Keywords: Hibiscus, microwave drying, mathematical modeling, quality properties.

GIRIS
Hibiscus  sabdariffa L. tropikal ve subtropikal
iklimlerde yetistirilebilen, Malvaceae

familyasindan, ¢alimst bir bitkidir (Gedik, 2014).
Ulkemizde bamya cicegi, kara bamya, Sudan
bamyasi, kerkede veya hibiskus gibi isimlerle
antlmaktadir  (Ozdogan, 2001; Gedik, 2014;
Dinger vd., 2020). Bitkinin ticati olarak 6nemli
olan kismu meyvelerin etrafint saran etli ¢anak
yapraklandir (kaliksleri) (Ozdogan, 2001; Gedik,
2014; Dincer vd., 2020).

Hibiskus canak yapraklart karbonhidrat, protein,
ham lif ve askorbik asit icermektedir. Sitrik asit,
hidroksisitrik asit, hibiskus asidi, malik asit ve
tartarik asit gibi organik asitleri de farkli oranlarda
icermesinin yaninda ticari olarak 6énemi 6zellikle
antosiyanin  igeriginden  kaynaklanmaktadir.
Delfinidin-3-sambiosit ve siyanidin-3-sambiosit
hibiskus ¢anak yapraklarinda bildirilen basglica
antosiyaninlerdir (Da-Costa-Rocha vd., 2014;
Cid-Ortega ve Guerrero-Beltran, 2015).

Halk arasinda farklt hastaliklarin tedavisinde uzun
yillardir kullamilan hibiskus ekstraktlarinin, son
dénemde yapilan calismalarda igerdigi biyoaktif
maddelere bagl olarak antioksidan, antibakteriyel,

ditiretik, ates dustrlct, tansiyon dugstrict,
antikolesterol ~ ve  antidiyabetik  Szellikler
gOsterdiginin - vurgulanmasi  bu  bitkilerin

tiketimini ve degerini artturmustir (Da-Costa-
Rocha vd., 2014; CidOrtega ve Guerrero-Beltran,

2015).  Hibiskus  canak  yapraklart  gida
endistrisinde bitki ¢ayi, sicak ve soguk icecekler,
recel,  seketlemeler, dondurma,  cikolata,

tatlandiricilar, puding ve pasta gibi tranlerin
hazirflanmasinda  kullanlmaktadir  (Da-Costa-
Rocha vd.,, 2014; Cid-Ortega ve Guetrero-
Beltran, 2015). Hibiskus ¢anak yapraklan sayilan
bu drtnlerin bazilarinda, Ozellikle yetistirildigi
bélgelerde taze olarak kullanabildigi gibi daha ¢ok

kurutulduktan sonra kullanilmaktadir (Wong vd.,
2003; Chumsti vd., 2008).

Hibiskus ¢anak yapraklarinin biyoaktf bilesenleri
ve potansiyel kullanim alanlan
alindiginda yil boyunca kurutulmus {iriin olarak
kullantmt  daha cazip olarak goérinmektedir.
Ayrica kurutma islemi Urlnin nakliye ve
depolama stirecinde de fayda saglamaktadir
(Zielinska ve Michalska, 2016). Hibiskus canak
yapraklari, geleneksel olarak dogrudan giines
altinda kurutulmaktadir (Daniel vd., 2012). Ancak
bu kurutma yonteminde kosullarin kontrolld
olmamasinin  yaninda  Ozellikle antioksidan
Ozellige sahip bilesenlerde kayiplar meydana
gelebilmektedir. Diger taraftan gida sanayinde
yaygin olarak kullanilan  geleneksel termal
yontemlerde de 6zellikle stirenin uzamasina baglt
olarak 1stya hassas bilesenlerde 6nemli kayiplar,
renk ve aromada istenmeyen degisiklikler
meydana  gelebilmektedir.  Bu  kayiplatin
azaltlmasina yonelik olarak, termal yontemle
kombine olarak kullanilan sistemletin yam sira
alternatif kurutma yOntemleri Uzerine de
calismalar yuritilmektedir. Bu kapsamda termal
yonteme kiyasla daha kisa siirede, enetji ve kiitle
transferine imkan tantyan mikrodalga kurutma

gibi yontemler 6n plana ¢ikmaktadir (IKumar vd.,
2010).

g0z oOnune

Mikrodalga ile 1sitma tekniginde gida maddesinde
hacimsel 1sitma meydana gelmektedir. Hacimsel
1sitma, gidalarin mikrodalga enerjisini dogrudan
ve dahili olarak emme ve 1siya donustiirme
yetenegi olarak ifade edilmektedir. Geleneksel
sitmada 1s1 genellikle yiizeyden i¢ kisma dogru
aktarilirken, mikrodalga 1sitmada tiriin boyunca 1st
tretilir. Bu nedenle, bir mikrodalga isleminde
isitma  oranlart genellikle geleneksel 1sitmadan
daha yiiksektir (Chandrasekaran vd., 2013). Diger
taraftan mikrodalga 1sitmanin strekli modda
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uygulanmasi asir1 ve diizensiz 1sitnmaya dolayisiyla
triiniin  kalite Ozelliklerinde istenmeyen bazt
degisikliklere neden olabilmektedir. Arastirmalar,
aralikli  mikrodalga isleminin  hem  enetji
verimliligini hem de urin kalitesini artirdigint
gostermektedir (Kumar vd., 2016). Bu nedenle
mikrodalga uygulamalari genelde kesikli uygulama
modunda tercih edilmektedir.

Deginilen  aciklamalar  dogrultusunda  bu
calismada Antalya sartlarinda yetistirilen Hibiscus
sabdariffa L. bitkisinin farkli mikrodalga gl¢
seviyelerinde ve farkli sicakliklarda firinda
kurutulmast ve kurutma sartlarinin  kutruma
karakteristikleri ve bazt fizikokimyasal 6zellikler
Uzerine etkisinin belitlenmesi amag¢lanmaktadir.

MATERYAL VE YONTEM

Materyal

Calismada materyal olarak Batt Akdeniz Tarimsal
Arastirma  Enstitisi  (BATEM)  uygulama
sahasinda  yetistitilen  Hibisens — sabdariffa L.
bitkisinin ¢anak yapraklart kullamlmistir. Hibiskus
canak vyapraklart ciceklenmenin devam ettigi
Kasim ayinda hasat edilmis ve aynt glin kurutma
calismalarinin  gerceklestirilecegi  laboratuvara
getirilmigtir. ~ Yikanan  hibiskus numuneleri
stztldiikten sonra kaba filtre kagitlart Gizerinde,
ezik ve curuk olanlarindan arindirilmistir. Daha
sonra hibiskus ¢anak yapraklari i¢ kisimlarinda yer
alan tohum kapsilinden ayrilmistir. Ardindan
dijital kumpas ile Sl¢timleri gerceklestirilen ve
ortalama aynt kalinliga sahip (~1.5 mm) ¢anak
yapraklar (baslangic nem igerigi %89.93) kurutma
uygulamalarinda kullanilmigtir.

Yontem

Firinda kurutma

Hibiskus 6rneklerinin firinda kurutma islemi 60
(T 60), 70 (T 70) ve 80 (T 70) °C olmak tzere t¢
farkll sicaklikta Memmert IN 110 (Almanya)
marka firinda gergeklestirilmistir. Firin sicaklig
istenen degere ulastiktan sonra Srnekler cam petri
kaplarinda tartilmis ve Ornekler sabit tartima
(~%15 nem igerigine) ulasana kadar kurutma
islemi gerceklestirilmistir. Matematiksel
modelleme icin &rneklerin - agirhig, 60°C’de
kurutulan 6rneklerde saatte bir, 70 ve 80 °C’de
kurutulan érneklerde ise 30 dk araliklar ile hassas

terazi (Sartorius EID224S; Almanya) kullanilarak
Olctlmistr.

Mikrodalga firinda kurutma

Hibiskus 6rneklerinin mikrodalga firinda kurutma
islemi 180 (MW 180), 300 (MW 300) ve 450 Watt
(MW 450) olmak tizere t¢ farkli glic seviyesinde
otomatik olarak kesikli (180 W: 8 sn acik 22 sn
kapali, 300 W: 12 sn actk 18 sn kapali, 450 W:18
sn agtk 12 sn kapall) calisan programlanabilir
mikrodalga firinda (SAMSUNG MES86V 00-
800W 2450 MHz, Gliney Kore)
gerceklestirilmistir. Mikrodalga glic seviyelerinin
(180, 300 ve 450 W) seciminde Grneklerde ani
1sinma, bolgesel yanma vb. olumsuzluklann
yasanmamast ve benzer calisma sonuclan dikkate
alinmustir. Ornekler cam petri kaplarinda tartilmis
ve mikrodalga firimin icine yetlestirilmistir.
Ornekler sabit tartima (~%15 nem igerigine)
ulasana kadar kurutma islemine devam edilmistir.
Matematiksel modelleme icin 180 W glctnde
kurutulan Ornekler 5 dk, 300 W giiciinde
kurutulan o6rnekler 3 dk, 450 W giicinde
kurutulan Ornekler ise 2 dk araliklar ile hassas
terazi (Sartorius ED224S; Almanya) kullanilarak
tartilmistir.

Kurutma isleminin modellenmesi

Orneklerin kurutma karakteristiklerinin
tanimlanmasinda Cizelge 1’de verilen modeller
kullanilmigtir.

Kurutma deneyleri sirasinda hibiskus 6rneklerinin
nem orani (MR) Esitlik 1’e gbre hesaplanmistir.
Esitlikteki denge nem icerigi (Mc) degeri,
baslangictaki nem igerigi (Mo) ve herhangi bir
zamandaki nem icerigi (M) degerinden ¢ok kiigiik
oldugu icin O olarak kabul edilmigtir (Aykin-
Dinger vd., 2020). Tim nem icerikleri kg su /kg
kuru madde olarak ifade edilmistir.

My —M,

MR =2 1)

Dogrusal olmayan en kigiik kareler regresyonu
analizi SigmaPlot 14.0 (Systat Software Inc. ABD)
istatistik programu kullanilarak kurutma verileri
analiz edilmis ve modellerin regresyon katsayilari
(R?) ve model sabitleri belitlenmistir. Modellerin
ki-kare (reduced chi-square, y2) ve hata kareler
ortalamasinin karekoki (Root mean square error,
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RMSE) degerleri ise agagidaki esitliklerle
hesaplanmistir  (Aykin-Dinger vd., 2020). En
kigiik %2 ve RMSE degeri ve en yiksek R?2
degerine sahip olan model, 6rneklerin kuruma
davranisint en iyi temsil eden model olarak tespit
edilmistir

Z?=1(MRpre,i_ MRexp,i)2

1
RMSE = [“E1,(MRyres = MRoxy ) )

Esitlik 2 ve 3’te yer alan MRy, 1'inci gbzlemde
deneysel olarak Olclilen nem orani, MRy
modelde i'inci gbzlemde tahmin edilen nem orani,
n gozlemlerin sayist ve z ise modeldeki sabitlerin

X2 =

n—-z

2) say1stdir.

Cizelge 1. Hibiskus 6rneklerinin kurutma verilerini aciklamak icin sec¢ilmis kurutma modelleri
Table 1. Selected drying models for describing hibiscus samples drying data

Model ady Model esitligi Kaynak

Model name Model equation Reference

Lewis MR = exp(-k.t) Ozdemir ve Devres 1999
Henderson ve Pabis _

Henderson and Pabis MR = a.exp(-k.t) Delgado vd., 2014

Page MR = exp(-kt") Yaldiz ve Ertekin 2001
Tki-terimli

Twoterm MR= a.exp(-ko.t) + b.exp(-ki.t) Delgado vd., 2014

Tki-terimli tissel
Two-term exponential

MR = a.exp(-kt) + (1-a).exp(-ka.t)

Logaritmik B
Logarithmic MR= a.exp(-k.t) +¢
Wang ve Singh

=1 +at+ b.t2
Wang and Singh MR =1 +a.t + b.t

Modifiye Henderson ve
Pabis

Modified Henderson and Pabis
Midilli vd.

Midilli and others

Verma

Difiizyon yaklagim:
Diffusion approach

MR’1n koki

Root of B-By

Modifiye Page

Modified Page

MR = a.exp(-kt) + b.exp(-g.t) + c.exp(-
ht)

MR= a.exp(-kt?) + b.t
MR = a.exp(-kt) + (1-a).exp(-g.t)
MR= a.exp(-kt) + (1-a).exp(-k.b.t)

MR= (n + k.t)2

MR= exp(-(kt)n)

Yaldiz ve Ertekin 2001
Yaldiz ve Ertekin 2001

Ozdemir ve Devres 1999

Delgado vd., 2014

Midilli vd., 2002.
Yaldiz ve Ertekin 2001
Swain vd., 2012.

Vega-Galvez vd., 2008.

Delgado vd., 2014

t: kurutma stiresi (dk); MR: nem orany, k, a, b, ¢, g, n, ko, k1 model sabitleri.
t: drying time (min); MR: moisture ratio, %, a, b, ¢, g, n, ko, k; are model constants.

Analiz yéntemleri

elenerek  partikil

buyikliginin 0.5-1

mm

Ekstraksiyon

Kurutulmus  Orneklerin - daha  ¢ok  sulu
ekstraktlarinin - kullanimi g6z Onitine  alinarak
Dinger vd (2020)ne goére sulu ckstraktlart
hazirlanmig ve ckstraktlarda analizler
gerceklestirilmistir. Ekstraktlarin hazirlanmasi icin
kurutulmus 6rnekler blendirda (Waring, ABD)
ogutildikten sonra elekler (Retsch, Almanya) ile

araliginda olmasi saglanmistir. Ardindan 2 g 6rnek
100 mI’lik cam siselere aktarilmis ardindan, katt
stvt orant 1/40 olacak sekilde tizerine ekstraksiyon
sicakligindaki  distile su ilave edilmistir.
Ekstraksiyon islemi 30 dk boyunca ultrasonik
banyoda (Caliskan Ultrasonic cleaner, Tturkiye) 40
°C sicaklikta, 40 kHz sabit frekansta ve 0.031
W/mL akustik giic yogunlugunda (AGY)
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uygulanmistir. AGY, Tiwari vd., (2008)’nin rapor
ettigi metoda gore kalorimetrik  olarak
belirlenmistir. Islem sonunda kaba filtreden
stzlilen Ornekler analizlere kadar 4 °Cde
muhafaza edilmistir.

Suda ¢6ziiniir kuru madde tayini (SCKM)
Orneklerin suda ¢oziinebilir kuru madde miktart
refraktometre (PAL-a0 ATAGO, Tokyo, Japonya)
ile oda sicakliginda 6Slctilmistiir.

pH ve iletkenlik 6l¢iimii

Orneklerin  pH ve iletkenlik degerleri oda
sticakliginda dijital pH metre (Orion 4-Star pH
meter, Thermo Scientific, ABD) ve iletkenlik
olger (Mettler Toledo S230, Isvicre) kullanilarak
Olculmistiir.

Renk analizi

Orneklerin renk analizi Konica-Minolta CR-400
(Japonya) renk 6lcer cihazi ve stvi kabi kullanilarak
yapilmustir. Renk, L* (koyuluk-aciklik), a* (yesillik-
kirmizilik), b* (mavilik-sarilik) renk parametreleri
cinsinden ifade edilmistir. Ayrica Hue acist (h) ve
Chroma (C) degertleri agagidaki esitlikler ile
hesaplanmustir.

180

he=— tan~1(b/a) )
C = /(a?+ b? 5)
Bulaniklik

Orneklerdeki bulaniklik degeri élgiimi icin 6rnek
95 mm yiksekligi ve 25 mm capa sahip 6rnek
kabina yerlestirilmis ve tirbidimetre (Hach 2100
N Turbidimeter, A.B.D.) kullandarak NTU
(Nepholometric Turbidity Unit) degeri cinsinden
belirlenmistir (Tajchakavit vd., 2001).

Toplam fenolik madde

Toplam fenolik madde miktar spektrofotometrik
yontemle belirlenmistir. Bu amagla, 0.5 mL 6rnek
tizerine sirastyla 2.5 mL Folin-Ciocalteu ¢6zeltisi
(Merck, Almanya) (saf suile 10 kat seyreltilmis) ve
(0.5 ile 2 dk arasinda bekleme stresinden sonra) 2
mL %7.5’lik NaxCOs (Merck, Almanya) ¢ozeltisi
eklenmistir. Elde edilen karnigim vorteksle
katistirildiktan sonra 50°C’deki su banyosunda 5
dk bekletilmigtir. Daha sonra oda sicakligina

sogutularak  spektrofotometrede (Thermo
Scientific Evoluation 160 UV-Vis, ABD) 760 nm
dalga boyunda, okunmustur. FElde edilen
absorbans degerleri gallik asit ¢ozeltileri (20, 40,
60, 80 100 mg/L) ile olugturulan kalibrasyon egtisi
(y=0.0108x + 0.008, R2 = 0.9997) yardimiyla mg
gallik asit esdegeti/L (mg GAE/L) ekstrakt ve g
gallik asit esdegeri /kg (¢ GAE/kg) 6rnek olarak
sunulmustur (Skerget vd., 2005).

Toplam monomerik antosiyanin analizi
Orneklerde toplam monomerik antosiyanin tayini
pH diferansiyel metodu ile spektrofotometrik
(Thermo Scientific Evoluation 160 UV-Vis,
ABD) olarak belirlenmis ve sonuglar siyanidin-3-
glukozit cinsinden mg/L. ve g/kg olarak
sunulmustur (Wang ve Xu, 2007).

Istatiksel analizler

Aragtirma  tesadiif parselleri deneme desenine
gore U¢ tekerriitli olarak gerceklestirilmis,
analizler iki paralelli olarak yirdtilmistir.
Ortalamalar varyans analizine tabi tutularak,
o6nemli bulunan farkliiklar Duncan Coklu
Kargsilastirma Testi (SAS System for Windows V7,
SAS Institute, Cary, NC, ABD) ile ortaya

konulmustur.  P<0.05 oldugunda  6nemli
farkliliklar cizelgelerde farkh harflerle
gOsterilmistir.

SONUC VE TARTISMA

Hibiskus ¢anak yapraklarimin kurutma

kinetigi

Hibiskus canak yapraklar icin farkli yéntem ve
kosullar kullanilarak elde edilen kurutma egrileri
(MR degetlerine karst zaman), Sekil 1 ve Sekil 2’de
sunulmustur. Kurutma egrileri incelendiginde
hibiskus 6rneklerinin nem oraninin (MR) 6nceki
calismalarla uyumlu olarak kuruma siiresi arttikca
azaldi@1 goriilmektedir (Saeed, 2010; Evin, 2011).

Orneklerin kurutulmasi icin gerekli stre, T60, T70
ve T80 o6rnekleri icin sirastyla 540, 330 ve 210 dk
olarak belitlenitken, MW180, MW300 ve MW 450
ornekleri icin ise sirasiyla 45, 33 ve 20 dk olarak
belirlenmistir. Hedeflenen nem degerine ulasmak
icin gerekli siirenin sicaklik (60°C’den 80°C’ye) ve
mikrodalga giici (180W’tan 450W’a) artisiyla
tahmin edilebilecegi tizere azaldigt goriilmektedir.
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Tekgtil ve Caliskan Kog¢ (2020)’un arapsagt otu ve mikrodalga glic seviyesinin artistyla kurutma
Ozkan vd (2007)nin  1spanakta  yaptiklart streleri 6nemli diizeyde azalmustir.
calismalarda da benzer sekilde sicaklik ve

Firinda kurutma

Oven drying
1,2
_ g 1,0 B
[« 4
2508
s 06
c Y —o—60°C
S
§ 504 —8—70°C
z5
S 02 —a—80°C
0,0
0 100 200 300 400 500 600
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Sekil 1. Firinda farklt sicakliklarda kurutulan hibiskus 6rneklerinin nem oranlarinin kurutma siiresi ile
degisimi.
Figurel. The change of the moisture ratio (MR) of hibiscus samples dried in oven at different temperatures with drying
time

Mikrodalga firinda kurutma
Microvawe oven drying
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Sekil 2. Mikrodalga firninda farkh gli¢ seviyelerinde kurutulan hibiskus 6rneklerinin nem oranlarimin
kurutma stresi ile degisimi
Figure2. The change of the moisture ratio (MR) of bibiscus samples dried in microwave oven at different temperatures
with drying time.

652



Hibiskus ¢anak yapraklarinin kurutulmasi

Modellerin ~ hibiskus ~ ¢anak  yapraklarinin
kurutulmasinda elde edilen verilere (Cizelge 1)
uygunlugunu  belitlemek  i¢in  hesaplanan
regresyon katsayilar (R2), azaltilmus ki-kare (y2) ve
hata kareler ortalamast (RMSE) degetleri, Cizelge
2’de sunulmustur. Firinda kurutulan hibiskus
orneklerinde modellerin hesaplanan R? degerleri

0.9708 ile 0.9986 arasinda belirlenirken, y2 ve
RMSE degetleri ise sirastyla 0.0002 ile 0.0041 ve
0.0138 ile 0.0641 arasinda tespit edilmistir.
Mikrodalga yontemiyle kurutulan 6rnekler icin R2,
y? ve RMSE degetleri ise strasiyla 0.9400 ile
1.0000, 0.0001 ile 0.5156 ve 0.0022 ile 0.0844
arasinda hesaplanmistir.

Cizelge 2. Cesitli kurutma teknikleriyle kurutulan hibiskus 6rneklerinin kurutma verileri icin kullanilan
kinetik modellerin parametreleri.
Table 2. Parameters of kinetic models used for drying data of hibiscus samples dried by various drying technigues.

Matematiksel model Parametreler Kurutma metodu
Mathematical model Parameters Drying method
MW MW MW
T60 T70 T80 180 300 450

Lewis R2 0.9856 0.9739 0.9708 0.9825 09812  0.9916
b 0.0017 0.0031 0.0040 0.0021  0.0020  0.0009
RMSE 0.0416 0.0558 0.0636 0.0461  0.0450  0.0306
Henderson ve Pabis R2 0.9876 0.9790 0.9746 0.9852  0.9836  0.9931
Honderson and Pabis b 0.0017 0.0028 0.0041 0.0020  0.0019  0.0009
RMSE 0.0409 0.0525 0.0641 0.0450  0.0441  0.0292
R2 0.9986 0.9982 0.9983 0.9983  0.9965  0.9988
Page b 0.0002 0.0002 0.0003 0.0002  0.0004  0.0002
RMSE 0.0138 0.0155 0.0165 0.0154  0.0205  0.0124
Tli_terimli R2 0.9953 0.9902 0.9923 0.9985  0.9972  0.9992
Tooterm b 0.0008 0.0016 0.0019 0.0003  0.0004  0.0001
RMSE 0.0291 0.0401 0.0432 0.0162  0.0205  0.0116
Tlei-terimli fissel R2 0.9981 0.9965 0.9963 0.999 0.9974  0.9989
Too-term excponential b 0.0003 0.0005 0.0006 0.0001  0.0003  0.0001
RMSE 0.0162 0.0214 0.0246 0.0119  0.0175  0.0117
Losaritmik R2 0.9928 0.9893 0.9879 0.9871  0.9837  0.9947
Logarz'z‘bmz'f Ve 0.0011 0.0016 0.0024  0.0020  0.0021  0.0007
8 RMSE 0.0332 0.0396 0.0486 0.0449  0.0463  0.0272
Wang ve Singh R2 0.9970 0.9980 0.9968 0.9861  0.9467  0.9861
Wang and Singh Ve 0.0004 0.0003 0.0005 0.0019  0.0063  0.0017
RMSE 0.0200 0.0164 0.0228 0.0434  0.0795  0.0416
. . R2 0.9953 0.9902 0.9923 0.999 0.9986  0.9992
ﬁfiﬁﬁﬁfﬁ;iﬁf‘;ﬁ dvlfag;bls 7 0.0013  0.0021  0.0037  0.0003  0.0003 0.0002
RMSE 0.0356 0.0463 0.0611 0.0164  0.0168  0.0137
Midilli vd. R2 0.9986 0.9983 0.9984 1.0000  0.9997  0.9991
Midilli and others Ve 0.0002 0.0003 0.0004  0.0505  0.5156  0.0001
RMSE 0.0156 0.0166 0.0199 0.0022  0.0072  0.0121
R2 0.9953 0.9902 0.9923 0.9985  0.9972  0.9992
Verma Ve 0.0007 0.0014 0.0015 0.0002  0.0004  0.0001
RMSE 0.0269 0.0378 0.0386 0.0150  0.0193  0.0108
Difiizyon yaklasimi R2 0.9953 0.9902 0.9883 0.9873  0.9836  0.9992
Dﬁ}m{m approach Ve 0.0007 0.0014 0.0023 0.0020  0.0022  0.0001
RMSE 0.0269 0.0378 0.0477 0.0445  0.0465  0.0108
MR kékii R2 0.9972 0.9982 0.9973 0.9844  0.9400  0.9874
Root of MR Ve 0.0004 0.0002 0.0004  0.0021  0.0071  0.0016
RMSE 0.0195 0.0156 0.0209 0.0460  0.0844  0.0396
Modifiye Page R2 0.9986 0.9982 0.9983 0.9983  0.9965  0.9988
Modified Page Ve 0.0002 0.0002 0.0003 0.0002  0.0004  0.0002
RMSE 0.0138 0.0155 0.0165 0.0154  0.0205  0.0124
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Yiksek R? ile disiik y? ve RMSE degerleri,
modellerin verilere uygunlugunu ifade etmektedir.
Bu nedenle hem firinda (R2 = 0.9983; y2 =<
0.0004; RMSE < 0.0199) hem de mikrodalga
yontemiyle (R2 = 0.9991; y2 < 0.5156; RMSE =
0.0193) kurutulan O6rneklerde verilere en iyl

uyumu Midilli vd. modeli sergilemistir (Cizelge 2).
Nitekim Sekil 3 ve Sekil 4’te sunulan deneysel
veriler ile tahmin edilen veriler karsilastirildiginda,
Midilli vd. modelinin hibiskus 6rneklerinin
kurutma karakteristigini tahmin etmede oldukca
basarilt oldugu gorilmektedir.

Firinda kurutma
Oven drying

R i P
N D O kN

¢ 60°C
070°C
A 80°C

Tahmin edilen nem orani (MR)
Predicted moisture ratio (MR)

0,0 0,2 0,4

0,8 1,0 1,2

Deneysel nem orani (MR)
Experimental moisture ratio (MR)

Sekil 3. Farkli sicakliklarda firinda kurutulan 6rneklerin nem orant degisimlerinin Midilli vd. modeli i¢in
deneysel ve tahmin edilen degerleri
Figure 3. Excperimental and predicted values of moisture content changes of samples dried in the oven at different
temperatures for the Midilli and others model

Mikrodalga firinda kurutma
Microvawe oven drying

o o 0o L
N LY

o
o N

¢ MW 180W
@ MW 300W
A MW 450W

Tahmin edilen nem orani (MR)
Predicted cmoisture ratio (MR)

0,0 0,2 0,4 0,6

Deneysel nem orani (MR)
Experimental moisture ratio (MR)

0,8 1,0 1,2

Sekil 4. Farkh gli¢ seviyelerinde mikrodalga firinda kurutulan 6rneklerin nem orant degisimlerinin
Midilli vd. modeli i¢in deneysel ve tahmin edilen degerleri.
Figure 4. Excperimental and predicted values of moisture content changes of samples dried in microwave oven at different

power levels for the Midilli and orthers model.
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Saeed (2010) hibiskus canak yapraklarini giines
kollektorlu sistemde farklt sicaklik (35, 45, 55, 60,
ve 65°C) ve hava hizlarinda (1.5 ve 3.0 m/s)
kuruttugu  calismasinda  Srneklerin - kurutma
karakteristigini tahmin etmede (Newton, Page,
Moditied Page, Modified Page 1I, Henderson ve
Pabis, Modifiye Henderson and  Pabis,
Logarithmic, basitlestirilmis Fick’in difiizyonu, iki
terimli ve iki terimli dssel) on iki model
degerlendirmistir.  Degerlendirilen  modeller
arasinda en iyl uyumu Logaritmik modelin
gOsterdigi rapor edilmisgtir.

Diger taraftan Ismail vd., (2019) hibiskus
tohumlarint firinda farkl sicakliklarda (35, 45, 55,
60 ve 65°C) kuruttuklart calismalarinda bes
matematiksel modelin (Newton, Page, Henderson
ve Pabis, difiizyon yaklasimi ve Logarithmic)
kurutma verilerine uyumunu arastirmuglardir.
Calismada 240 dk kurutma stresi ile 65 °C

sicakligin en uygun kurutma sicakligi oldugu ve
diftizyon yaklastminin kurutma verilerine en
uyumlu model oldugu rapor edilmistir.

Cizelge 3’te en uyumlu model olarak belitlenen
Midilli vd. modeline ait kinetik parametreler
sunulmustur.  Firinda  kurutulan  hibiskus
orneklerinde Midilli vd. modeli icin hesaplanan k
degerinin 0.0011 ile 0.0016 arasinda degistigi
belitlenirken mikrodalga yontem ile kurutulan
orneklerde Midilli vd. modeli i¢in hesaplanan k

degeri ise 0.0288 ile 0.1292 arasinda belirlenmistir.

Mikrodalga yontemiyle kurutulmus 6rneklerde k
degeri, mikrodalga giicin artisiyla artmugtir.
Bununla birlikte, firinda 60 ve 70 °C’de kurutulan
Orneklerin k degeri birbirlerine oldukca yakin
degerlerde  (strasiyla  0.0012  ve  0.0011)
belirlenitken 80 °C’de kurutulan 6rneklerde k
degeri 0.0016 olarak tespit edilmistir.

Cizelge 3. Farkli yontemler ile kurutulmus hibiskus 6rnekleri icin Midilli vd. modellinin kinetik
parametreleri.
Table 3. Kinetic parameters of Midilli and others model for hibiscus samples dried by different drying techniques.

i\n{z;eer;lauksel Ezggfa Model sabitleri
Mathematical Model ~ Drying methods Model constants
a k n b

Midilli vd. 60°C 0.9933 0.0012 1.3201 6.4902x10-6

Midilli and others 70°C 0.9859 0.0011 1.4450 6.9995x10-¢
80°C 0.9930 0.0016 1.4921 6.2470x107
MW 180W 1.0014 0.0288 1.4513 0.0006
MW 300W 1.0010 0.0588 1.4953 0.0010
MW 450W 1.0027 0.1292 1.2429 0.0007

Saced, (2010) hibiskus canak yapraklarini giines sunulmustur.  Orneklerin ~ renk  degerlerinin

kollekt6rlt  sistemde  kuruttugu  calismasinda
Newton, Page, Modified Page, Modified Page 11,
Henderson ve Pabis, Modifiye Henderson and
Pabis, basitlestirilmis Fick’in diftizyonu ve iki
terimli tissel model i¢in hesaplanan k degerlerini
0.00077 ile 0.00618 arasinda rapor etmistir.

Fizikokimyasal 6zellikler

Kurutulmus  Orneklerin = daha  ¢ok  sulu
ekstraktlarinin - kullanimi g6z Onitine  alinarak
hazirlanmus ekstraktlarda gerceklestirilen renk ve
bulanikhk  6lcim  sonuglann  Cizelge 4’te

uygulanan kurutma yoéntemlerine gére énemli bir
degisim gostermedigi L*, a*, b* C ve h
degerlerinin strastyla 15.10-15.22, 3.38-3.63, 4.64-
4.88, 5.75-6.08 ve 52.94-54.21 arasinda degistigi
belirlenmistir. Wong vd., (2003) taze hibiskus
canak yapraklarinda sicak su ekstraksiyonu, vidal
pres, blendirda sicak (100 °C) ve soguk (27 °C) su
ekstraksiyonu olmak tizere farkli ekstraksiyon
yontemlerinin kalite 6zellikleri Gizerine etkilerini
aragtirdiklart  caligmalarinda  Ornekletin = L
degerinin 22.5-29.8, a degerinin 13.3-18.5 ve b
degerinin =~ 4.08-5.47  arasinda  degistigini
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bildirmislerdir. Ramirez-Rodrigues vd. (2011) ise
farklt sicaklik ve stirelerde gerceklestirdikleri
ekstraksiyon calismasinda hibiskus 6rneklerinin L,
a, b renk degerlerini sirastyla 35.26-54.18, 63.93-
67.65 ve 45.39-68.76 arasinda rapor etmislerdir.

Antosiyanince zengin hibiskus ekstraktlarinin
farklt iceceklerde kullanimi g6z 6niine alindiginda,
kurutma isleminin antosiyaninler ve
ekstraktlardaki bulaniklik degerleri tizerine etkisi
bu kapsamda Onem arz etmektedir. Nitekim

mikrodalga yontemiyle kurutulan o6rnekler ile
hazirlanan ekstraktlarin bulaniklik degerlerinin
(4.24-5.46 NTU) finnda kurutulan Orneklerin
ekstraktlarindan (6.78-7.43 NTU) genel olarak
daha disik degetlerde 6lcildigh goérilmektedir
(Gizelge 4). Dinger vd., (2020)’nin aktardan temin
edilen hibiskus 6rneklerini termal ve ultrases
yontemi ile ekstrakte ettikleri ¢alismada, 1.1 °Bx
seviyesindeki ekstraktlarin bulaniklik degetlerinin
10.31 ile 18.23 NTU araliginda degisim g6sterdigi
rapor edilmistir.

Cizelge 4. Farkli yontemler ile kurutulmus 6rneklerden hazirlanan ekstraktlarin renk ve bulaniklik
degerleri
Table 4. Color and turbidity values of extracts prepared from samples dried by different methods

Kurutma

metodu L* a* C h NTU
Drying methods

60°C 15.22a+0.07  3.602+0.11 4.853+0.07 6.042+0.12 53.412+0.43 7.05210.99
70°C 15.102a£0.04  3.392+0.09 4.64210.07 5.75210.11 53.912+0.41 7.43310.45
80°C 15.102a£0.05  3.433+0.02 4.70210.02 5.82a+0.01 53.882+0.24 6.783b+1.21
MW180W 15.10a£0.04  3.382+0.06 4.68310.03 5.77210.03 54.212+0.55 4.68bc+0.21
MW300W 15.17220.00  3.602x0.06 4.77210.06 5.982+0.02 52.942+0.76 5.463<+0.13
MW450W 15.10a£0.05  3.633x0.13 4.88310.12 6.082x0.17 53.212+0.48 4.24¢3+0.23

Aynt sttundaki farklt harfler 6rnekler aras: farkin istatistiksel olarak énemli (P<0.05) oldugunu gosterir. Ortalama deger *

standart hata

Different letters on the same column represent that the difference between the samples is statistically significant (P<0.05). Mean values tstandard

ervor

Ekstraktlarin pH ve iletkenlik Slgiimleri Cizelge
5te sunulmustur. Orneklerin pH degerlerinin
(2.35-2.37) de uygulanan kurutma yontemlerine
gbre  Onemli  bir defisim = gbstermedigi
belirlenmistir. Chumsri vd., (2008) taze ve
kurutulmus hibiskus c¢anak yapraklarini farkls
stcaklik (50, 60 °C), sure (30, 60 dk) ve
kati/¢oziici  oranlarinda  (1/5, 1/10) suda
ckstrakte ettigi c¢alismada, Orneklerin  pH
degerinin 2.79 ile 2.95 arasinda belirlendigini
bildirilmislerdir. Ramirez-Rodrigues vd. (2011) ise
katt/¢oztich orant 1/40 ve 25 °C’de 30, 60, 120 ve
240 dkile 90 °C’de 2, 4, 8, 16 dk olmak Uzere farkli
stcaklik ve strelerde gerceklestirdikleri ¢alismada
hibiskus Orneklerinin sulu ekstraktlanmn pH
degerlerini, sunulan ¢alismamin  sonugclariyla
olduk¢a uyumlu olarak, 2.31-2.37 arasinda rapor
etmistir. Dinger vd., (2020)’de termal ve ultrases
yontemi ile 1.1 °Bx seviyesine kadar ekstrakte
cttikleri hibiskus 6rneklerinde pH  degetlerini
2.41-2.42 arahginda bildirmislerdir. Orneklerin
iletkenlik degetlerinin  (2.35-2.46 ms/cm) ise

istatistiki agtdan farklilik ortaya koydugu (P<0.05)
ancak bu farkliligin kurutma yéntemi ve sartlarina
gbre net bir egilim yansitmadigt gérilmektedir.
Diger taraftan st gidalarin  iletkenliginin
vitaminler, mineraller, yag asitleri ve proteinler
gibi besin maddelerinden kaynaklandigr ifade
edilmekle bitlikte (Aadil vd., 2013) iletkenligin,
ohmik 1sitma, ultrason, darbeli elektrik alanlari,
radyo frekanslt i1sitma veya mikrodalga 1sitma ile
gidalarin islenmesi agisindan Gnem arz ettigi
bildirilmektedir (Siguemoto ve Gut, 2010).

Hibiskus  ekstraktlarinin ~ ve  ekstraktlatin
hazirlandigi kurutulmus 6rneklerin antosiyanin ve
fenolik madde icerikleri de Cizelge 5’te
sunulmustur.  Cizelge incelendiginde  farkl
kurutma sartlannun  Grneklerin  antosiyanin ve
fenolik madde iceriginde de 6nemli bir degisime
neden olmadigt goérilmektedir. Bununla birlikte
kurutulmus hibiskus 6rneklerinin  antosiyanin
iceriginin 2.72 ile 3.19 siyanidin-3glikozid g/kg
kuru madde, fenolik madde igeriginin ise 18.53 ile
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20.78 ¢ GAE/kg kuru madde arasinda degisim
gosterdigi  gorilmektedir (Cizelge 5). Borras-
Linares vd., (2015) Meksikada yetisen 25 farklt
Hibisens sabdariffa varyetesi ile gerceklestirdikleri
calismada Orneklerin fenolik madde igeriginin

2400-10000 mg GAE/100g km (24-100 ¢
GAE/kg km) antosiyanin icetiginin ise 0-4408
mg/100g km (0-44.08 g/kg) arasinda degisim
gosterdigini rapor etmislerdir.

Cizelge 5. Hibiskus 6rneklerinin pH ve iletkenlik degerleri ve antosiyanin ve toplam fenolik madde
icerikleri

Table 5. pH and conductivity values and anthocyanin and total phenolic contents of hibiscus samples

Antosiyanin Antosiyanin Fenolik Fenolik
icerigi icerigi madde madde
Kurutma . (siyanidin-3- (siyanidin-3- miktart miktart
Tletkenlik glikozid mg/L)  glikozid g/kg km) (mg (g GAE/kg
medtodu pH Conductivity ~ Anthocyanin Anthocyanin GAE/L) km)
Drying henoli Phenolic
methods (ms/cm) content content Phenolic
(cyanidine-3- (cyanidine-3- content content (g
glucoside glucoside mg/L (mg GAE/kg
mg/L) dm) GAE/L) dm)
60°C 2.36°£0.01  2.38<+(0.01 23.432£0.92 2.78:%0.11 156.18:14.97  18.532+0.59
70°C 2.36°20.01  2.412bc£0.02 25.612£1.43 3.032£0.15 157.41245.01  18.642+0.57
80°C 2.36°20.01  2.4120+0.02 25.994%1.16 3.112%0.14 164.35:£3.74  19.71210.45
MW180W  2.35:+0.01  2.35¢%+0.02 25.912£0.89 3.192%0.11 171.60:£3.64  20.78:1+0.72
MW300W  2.372+0.01  2.462£0.02 24.662£0.98 3.042£0.12 167.90:£0.16  20.332+0.36
MW450W  2.36*20.01  2.36>+0.02 22.742£0.52 2.722%0.06 166.052£2.27  19.892+0.27

Aynt stiitundaki farklt harfler 6rnekler arasi farkin istatistiksel olarak 6nemli (P<0.05) oldugunu gésterir.

Ortalama deger * standart hata, km: kuru madde

Different letters on the same column represent that the difference between the samples is statistically significant (P<0.05). Mean

valnes T standard error, dm:dry basis

SONUC

Calisgma kapsaminda kesikli mikrodalga firinda
farkh glic seviyelerinde ve fininda  farkh
sicakliklarda kurutulan hibiskus canak
yapraklarinin kurutma veriletine en iyi uyumu
saglayan modelin Midilli vd. oldugu belirlenmistir.
Ayrica mikrodalga firinda kesikli olarak 180-450
W glicinde gerceklestitilen kurutma isleminin
(45-20 dk) firinda 60-80 °C’de gergeklestirilen
kurutma iglemine (540-210 dk) gére kurutma
stresini yaklagtk 10 kat kisalttigr belitlenmistir.
Bununla birlikte mikrodalga firinda 180, 300 ve
450W’ta ve geleneksel yontemi temsilen 60, 70 ve
80 °Cde firinda kurutulan 6rneklerin  pH,
iletkenlik, renk, bulaniklik, antosiyanin ve fenolik
madde icerigi gibi kalite ézelliklerinde de 6nemli
farkhliklar  tespit edilmemistir.  Mikrodalga
firindaki islem siirelerinin geleneksel firina kiyasla
6nemli diizeyde kisa olmast ve bu islemin kalite
ozellikletinde  6nemli  bir degisime neden
olmamast kullanimint cazip kilmaktadir. Ozellikle
Hibiscus sabdariffnun gida sanayiindeki kullamm

potansiyeli ve biyoaktif bilesenlerine bagl olarak
saglik acisindan faydalar g6z Oniine alindiginda,
Antalya sartlarinda yetistirilen bitkinin geleneksel
firinlatin yaninda mikrodalga firin ile de basariyla
kurutulabilecegi ve kurutma karakteristiklerinin
tanimlanmasinda Midilli vd. modelinin basartyla
kullanilabilecegi ifade edilebilir.

CIKAR CATISMASI BEYANI
Yazarlar tarafindan bildirilen herhangi bir ctkar
catismast yoktur.

YAZARLARIN KATKISI

Ahu CINAR bitkilerin  yetistirilmesi, hasat
edilmesi, denemenin kurulmasi ve makalenin
yazim surecinde, Safinaz ELMASULU, bitkilerin
hasat edilmesi, denemenin kurulmasi, kurutma
islemleri, analizler ve makalenin yazim strecinde,
Ciineyt DINCER denemenin kurulmast, kurutma
islemleri, analizler, istatistik degetlendirme ve
makalenin yazim siirecinde gérev almigtir.
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oz

Stt sagimdan baslayarak isleninceye kadar cesitli ortamlardan, ekipmanlardan ve personelden bulasan
mikroorganizmalar nedeniyle bozulur. Siit mikrobiyotasinda laktik asit bakterileri, psikrotrofik Gram negatif
bakteriler, Gram pozitif sporlu baktetiler ve patojen bakteriler bulunur. Bu bakteri ve enzimlerin faaliyeti
sutiin duyusal ve yapisal 6zelliklerini degistirerek bozulmasina neden olur. Cig stit mikrobiyotast hem siitiin
hem de stit tirtinlerinin kalite ve giivenligini etkileyen en 6nemli parametrelerden birisi olup, bir taraftan ¢iftlik
ortamini yansttirken, diger taraftan sagim ve isletme kogullart hakkinda da fikir verir. Cig siitte siklikla bulunan
ve stitiin bozulmasina yol acan en 6énemli baktetiler Pseudomonas, Acinetobacter, Brevundimonas, Flavobacterinm ve
bazt koliform Uyeleridir. Sitiin bozulmasinda pastérizasyon Oncesi bulasmalarin yaninda pastétizasyon
sonrast bulasmalara bagli mikroorganizma faaliyeti de 6nemli rol oynar. Ozellikle psikrotrofik termofilik
karakterdeki Bacillus titleri pastOtizasyondan sonra meydana gelen bozulmalardan sorumludur. Bu makalede,
sitin mikroorganizmalarla bulasma yollari, siitte bulunan mikroorganizmalarin 6zellikleri ve siitin
bozulmasindaki rolleti konusunda bilgiler sunulmustut.

Anahtar kelimeler: Mikrobiyel bozulma, stt, Pseudomonas, Bacillus, Paenibacillus

MILK MICROBIOTA AND ITS IMPORTANT SPOILAGE BACTERIA

ABSTRACT

Milk spoils due to microorganisms transmitted from environments, equipment and personnel starting
from milking to process. Lactic acid bacteria, psychrotrophic Gram negative bacteria, Gram positive
spore-forming bacteria and pathogenic bacteria are present in the milk microbiota. The activity of
these bacteria and enzymes changes the sensory and structural properties of milk, causing it to spoil.
Milk microbiota is one of the most important parameters affecting the quality and safety of both milk
and dairy products. Bacteria found in milk that cause milk spoilage are Psendomonas, Acinetobacter,
Brevundimonas, Flavobacterium and some coliform members. Besides contamination before and after
pasteurization, microorganism activity also plays an important role in spoiling milk. Especially,
Bacillus species with psychrotrophic thermophilic character are responsible for the deterioration that
occurs after pasteurization. In this article, information on the ways of contamination of milk with
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microorganisms, the characteristics of microorganisms as well as their roles in milk spoilage are

presented.

Keywords: Microbial spoilage, milk, Psexdomonas, Bacillus, Paenibacillus

GIRIS
Siit, zengin besin icerigi ve uygun yapisal
Ozellikleri nedeniyle pek ¢ok mikroorganizmanin
gelismesine  uygun  bir gida  maddesidir.
Mikroorganizma yiki ne kadar yiksek ise stt o
kadar kisa siirede bozulur. Mikroorganizma sayist
ile birlikte sttin bozulmasini etkileyen bir diger
O6nemli faktor sicakliktir. Sicaklik ile bozulma
dogru orantih olup, sicaklik artttk¢a siitiin
bozulmast hizlanir, baska bir ifadeyle sicaklik
yikseldikce siit daha ¢abuk bozulur. Siit, sagim
sirasinda  meme kanali, personel, sagimda
kullanilan kaplar veya sagim makinesi, tank ve
depolardan kaynaklanan, ¢ok sayida ve cesitli
mikroorganizmalarla bulagabilir (Nieminen vd.,
2007). Cig sut mikrobiyotast bir taraftan ciftlik
ortamint yansitirken, diger taraftan sagim ve
isletme kosullatt hakkinda da fikir verir. Sit
hayvanlar, barinaklar ve meralarin temiz ve
bakimli olmast, sagimin hijyenik kosullarda
yapilmasi, sitin sogutulmast ve soguk zincirin
korunmast, isletmenin sanitasyon kurallarina
uygun sekilde tasarm ve Uretimi, siitte
mikroorganizma sayisinin 6nemli derecede disiik
olmasint ve dolayistyla stit kalitesinin  yiitksek
olmasint saglar (Dousset vd., 2016; Martin vd.,
2019). Genel goris olarak, meme i¢indeyken
sttiin mikroorganizma icermedigi, siitte bulunan
mikroorganizmalarin sagimla bitlikte meme derisi,
dis ortam veya yavrularin agliz boslugundan
kaynaklandig1 dastntliyordu. Son yillarda yapilan
calismalar ise meme bezi icinde endojen bir
mikrobiyotanin varhgim gdstermektedir (Addis
vd., 2016; Fusco vd., 2020). Ineklerde bagirsak
bakterilerinin meme bezine gegisi metagenomik
arastirmalar ile kanitlanmustir (Young vd., 2015).
Saglikli, emziren ineklerde digks, siit I6kositleri ve

kan l6kositleri ~mikrobiyotasinda yer alan
Ruminococeus, Bifidobacterinm cinsleri ve

Peptostreptococcaceae ailesine ait tiitlerin ortak varligt
aynt hayvanlardan alinan 6rneklerle gésterilmistir
(Young vd., 2015). Bakterilerin, bagirsak limenini
terk ederek mezenterik lenf diiglimlerinden meme
bezine, muhtemelen dendritik hiicreler gibi
immiin hiicreler yoluyla gecebilecegi béylece,
memeden farkli anatomik bélgelerden bir sekilde

meme bezine girebilecegi belirtilmistir (Addis vd.,
2016; Fusco vd., 2020). Sitin sagimt ve bunu
izleyen tasima, depolama, siit irinlerine
donustiirme, pastOrizasyon ve  pastOrizasyon
sonrast agamalar dahil gecirdigi tim evrelerde
meydana gelen degisiklikleri anlayabilmek ve
degerlendirebilmek icin ¢ig siitin mikrobiyolojik
kalitesinin bilinmesi cok o6nemlidir (Boor vd.,
2017; Dortey vd., 2020). Bu makalede, siitin
mikroorganizmalarla  bulasma  yollar,  siitte
bulunan mikroorganizmalarin 6zellikleri ve siitin
bozulmasindaki rolleri konusunda son yillarda

yapilan calismalara ait bilgilerin  sunulmast
amaclanmistir.

SUTOUN BOZULMASI VE ILGILI
MIKROORGANIZMALAR

Mikroorganizma faaliyetleri sonucunda meydana
gelen bozulmalar ile slit ve fermente sitin
yaklastk %30’unun kayip oldugu bildirilmistir

(Trmcic  vd., 2015). Sutin  bozulmasinda
pastorizasyon  Oncesi  bulagmalarin  yaninda
pastrizasyon ~ sonrast  bulagmalara  bagli
mikroorganizma faaliyeti de 6nemli rol oynar
(Ryser  vd., 2016). Pastbrizasyon sonrast

bulasmalarin sit endustrisinde ciddi bir sorun
oldugu, bu tip bulasmanin daha ¢ok perakende
dizeyinde meydana geldigi ve tliketici hatalarinin
da 6nemli payt oldugu bildirilmistir (Golan ve
Buzby, 2015; Martin vd., 2018). Sitin
mikroorganizmalar ile bulagsmasinda meme bezi
icindeki endojen mikrobiyotanin yaninda dis
ortamdan 6rnegin sagim personel ve ekipmanlari;
stit tasima ve depolama eckipmanlari, hava, su,
toprak, ot/yem gibi kaynaklar ve sttle beslenen
yavrularin agiz boslugu rol oynar. Siitte bulunan
mikroorganizmalar farkli arastiricilar tarafindan
degisik kriterler dikkate alinarak
stniflandirilmaktadir. Ornegin bazt kaynaklarda
stit mikrobiyotast, bakterilerin Gram boyamaya
kars1 gosterdikleri reaksiyonlara gére Gram pozitif
ve Gram negatif olmak tlzere 2 gruba ayrilarak
incelenir (Trmcic vd., 2015; Lu vd., 2017). Diger
bazi kaynaklarda bozulma yapan, sporlu ve
patojenik gibi bakterilerin fonksiyonel, morfolojik
ve fayda-zarar Ozellikleri birlikte dikkate alinarak
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siniflandirma yapilmaktadir (Rodrigues vd., 2017).
Literattirde kargilasilan bir diger siniflandirma ise;
pastOrizasyon sonrast bulasanlar ve psikrotolerant
gram negatif bakteriler olmak tizere 2 grup halinde
yapilir (Martin vd., 2012). Ancak,
mikroorganizmalari tespit etmek icin kullanilan
yontemler ve Ozellikle omik teknolojilerdeki
gelismeler ¢ig sutin daha 6nce disiniilenden
daha heterojen ve karmagik bir mikrobiyotaya
sahip oldugunu géstermistir (Fusco vd., 2020). Bu
makalede siitiin 6zellikleri de g6z 6ntine alinarak
sitte bulunan bakteriler dért grup altinda
toplanmustir; (i) laktik asit bakterileri (LAB), (i)
psikrotrofik Gram negatif bakteriler, (iif) Gram
pozitif sporlu bakteriler ve (iv) patojenik
bakteriler (Sekil 1).

LAKTIK ASIT BAKTERILERI

Cig sutte Lactococcus, Streptococcus, Lactobacillus,
Enterococens ve Lenconostoe gibi laktik asit bakterileri
bulunabilir (Rodrigues vd., 2017; Fusco vd.,
2020). Sitte bulunan LAB icinde sayt bakimindan
en yiksek olan S#eprococcus tirleridir (Rodrigues
vd., 2017). Soguk zincirin kirilmasi veya siitiin oda
sicakhiginda bekletilmesi LAB’in laktozu hidrolize
ederek laktik asit olusturmasina neden olur. Asit
olusumu siitte pH’nin dismesine ve tadin
eksimesine yol actigindan i¢cme sitiinde LAB
sayistnin yiiksek olmast istenmeyen bir durumdur.

»Lactococcis » Enterococcus

— Lalktik asit bakterileri

Psikrotrofik Gram-

» Sheptococcus  * Lenconostocs

s Lactobacillus

negatif bakteriler

Gram-pozitif sporlu

* Prondomonas » Brevumdimonas

s Acinetobacter  + Flavobacterium
* koliform (Citrobacter, Enterobacter

Hafiia, Raoultella, Sevratia)

» Bacillus

bakteriler

Siitte sik bulunan bakteriler
I

— Patojenik bakteriler

» Paenibacillus

» E coli O157:H7
o Campviobacter

» Listeria monocytogenes
» Salmonella

o Staplnvlococcus qurens

Sekil 1. Siitte stk bulunan bakteriler
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Sitlin sogutulmasi, pastorize edilmesi ve daha
sonra sogukta depolanmasi LAB sayisinda
azalmayla sonuglanir, Stitiin aksine, peynir (Wyder
vd., 2019) ve yogurt gibi stit iriinlerinde ise LAB
sayistnin yliksek ve aktif olmast, laktozu fermente
etmesi ve bakterinin tiirline ve Uretilen fermente
triine baglt olarak basta asit olmak tzere diasetil,

hidrojen  peroksit ve  bakteriyosin  gibi
metabolitleri  Uretmesi istenir. Laktik asit
bakterilerinin  disinda  stitte  Propionibacterium,

Microbacterium ve Micrococcns gibi diger sporsuz
Gram pozitif bakteriler de bulunur (Trmcic vd.,
2015; Holzapfel vd., 2020; Techer vd., 2020).

Cig sut gibi, pastorize sttiin de bakterilerle
bulagsmasi stk karsilagtlan  bir  durumdur.
Pastdrizasyondan sonra olan bulagmalarda az da
olsa laktik asit bakterilerinin de yer aldigt ve siitiin
bozulmasinda rol oynadigt belirlenmistir. Ornegin
ticari pastorizasyon veya laboratuvar
pastorizasyonu olarak adlandirilan distik sicaklik-
uzun sture (63°C/30 dk) uygulanmis sttlerden
Lenconostoc lactis, Lactococeus lactis ve Enterococcus sp.,
dusuk sicaklik-kisa stre (72°C/25 s) uygulanmis
sutlerden Micrococcus sp., Streptococcus thermophilusve
77°C/25 s sl islem  uygulanmis  sttlerden
Staphylococcns pastenri izole edilmistir (Caplan vd.,
2013; Trmcic vd., 2015). Bu mikroorganizmalar
icinde hiicre digina ekzopolisakarit salgilayan
Lenconostoc titlerinin siitte sinme (ropy) kusuruna
ve bu nedenle ekonomik kayba neden oldugu
bildirilmistir (Trmcic vd., 2015). Stinme kusuruna
neden olan bakterilerin arastirildigt bir calismada,
laktik asit bakterileti icinde sadece Ienconostoc lactis
ve Lactococens lactisin 6°C’de gelisme gosterdigi
belirlenmis, bu nedenle sogukta depolanan stitteki
bozulmadan da (sinme) bu iki bakterinin sorumlu
olabilecekleri bildirilmistir (Trmcic vd., 2015).

PSIKROTROFIK GRAM NEGATIF
BAKTERILER

Sitin sagimdan sonra sogutulmast ve isleninceye
kadar sogukta saklanmast psikrotrofik bakterilerin
baskin florayr olusturmasina neden olur. Sitiin
bozulmasina yol agan psikrotrofik Gram negatif
bakteriler icinde en sik bulunan tutlet; Psendomonas
ve Adnetobacter tuyeleridir (Ribeiro vd., 2018;
Fusco vd., 2020). Ayrica  Brevandimonas,
Flavobacterium ve koliform tyeleri de daha az

rastlanan ve sttiin bozulmasindan sorumlu diger
psikrotrofik  bakterilerdir (Trmcic vd., 2015;
Koppenaal vd., 2017; Janior vd., 2018).
Bozulmaya neden olan bu bakteriler siitte, koku
ve tat kusurlarina yol acabilen lipaz veya proteaz
enzimlerini Gretitler (Glantz vd., 2020; Fusco vd.,
2020). Yapilan arastrmalarda  sit  ve
triinlerinden izole edilen Psexdomonas izolatlarimn
strastyla %33 ve %052’sinin proteaz aktivitesine
sahip oldugu gosterilmistir (Caldera vd., 2016;
Machado vd., 2017). Psendomonas titleti icinde P.
[fragi, P. gessardii, P. fluorescens, P. rhodesiae, P. brenneri,
P. proteolytica sutiin bozulmasina siklikla yol acan
tirlerdir (Jonghe vd., 2011; Trimcic vd., 2015;
Caldera vd., 2016).

sut

Psikrotrofik bakteriler, ozellikle Pseudononas ve
Acinetobacter  titleri tarafindan Uretilen 1siya
dayanikli, proteolitik ve lipolittk enzimler
pastérizasyon ~ asamasindan  sonra  sitlin
bozulmasina neden olur (von Neubeck vd., 2015;
Yuan vd., 2018; Yuan vd., 2019). Lezzet
kusurlarinin yaninda siitteki en 6nemli bozulma
proteolize bagli olarak olusan pthtilagsmadir. Bu tip
bozulma UHT sttlerde karsilagilan 6nemli bir
sorundur (Zhang vd., 2019).

Sitte yiiksek lipo-protein lipaz (LPL) miktarinin
yiksek  bakteri sayist ile iligkili  oldugu
bulunmustur (Barbano vd., 2006). Lipo-protein
lipaz, sigir siutindeki baslica lipazdir ve siitte
teknolojik acidan en 6nemli enzim olarak kabul
edilmektedir (O'Mahony vd., 1990). Lipolitik
aktivite, serbest yag asitleri (FFA) ve diger yag
asitleri ile iliskili olup, Ozellikle kisa zincirli yag
asitlerinin siit tadinda bozulmaya neden oldugu
belirlenmistir (Glantz vd., 2020).

Sitte sinme kusurunun nedeni olan psikrotrofik
koliform bakterilerin ayriminda minimum gelisme
sicakliginin 6nemli oldugu bildirilmigtir. Sitte
bozulmaya yol acan Hafuia paralvei, Citrobacter,
Enterobacter, Servatia, Rabnella inusitata, Raoultella ve
Klebsiella  gibi  koliformlar arasinda  6zellikle
Rabnella inusitata’nin 6°C'de iyi gelisme gosterdigi
ve siitteki sinme kusurundan sorumlu oldugu
belirtilmistir (Trimcic vd., 2015; Hahne vd., 2018).
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GRAM POZITIF SPORLU BAKTERILER
Siitiin pastorizasyon sonrast proteolitik ve lipolitik
enzimlerle bozulmasina hem spor olusturan hem
de spor olusturmayan Gram porzitif bakteriler
neden olabilir. Psikrotolerant-termodurik (soguga
toleransli-ytiksek  sicakliga  dayanikly)  spotlu
bakteriler sttlin sagimint  izleyen sogutma
asamasinda cogalir ve spor formunda daha
sonraki 1sil  islemde canli kalarak sttin
bozulmasina yol acar (De Jonghe vd., 2010; Doyle
vd., 2015; Ribeiro vd., 2020). Bu tir bir
bozulmaya, spor olusturan  bakterilerden
Paenibacillus cinsi ve Bacillus weibenstephanensis gibi
soguga toleransl bazt Bacillus titleri neden olur
(Ranieri vd., 2012; Trimcic vd., 2015). Bu
organizmalardan kaynaklanan bozulma, sitin
6°C civarinda depolanmast durumunda tpik
olarak 17 ila 21 giin raf dmriinde meydana gelir
(Trimcic vd., 2015; André vd., 2017). Bacillus ve
Paenibacillus sitin bozulmasina yol acan en 6nemli
spotlu bakterilerdir (Ranieri vd., 2012; Trimcic
vd., 2015; Olajide vd., 2020). Bacillus tirleri icinde
sttiin bozulmasina en sik yol agan tiiriin B. cerens
oldugu bildirilmistir (De Jonghe vd., 2010;
Porcellato vd., 2020). Aytica, Bacillus cereus ve P.
polymyxa kavvetli proteolitik ve lesitinaz aktivitesi
ile hem proteinlerin parcalanmasindan hem de
sutte  yag  zerrelerinin  kiimelenmesinden
kaynaklanan act krema kusurlarindan sorumludur
(De Jonghe vd., 2010; Murphy vd., 2016). Bacillus
pumilus sadece  kuvvetli lipolitik  aktivite
gOsteritken, B. amyloliquefaciens ve B. subtilisin hem
kuvvetli lipolittk hem de proteolitik aktiviteye
sahip olmalart nedeniyle siitlin bozulmasinda
O6nemli rol oynadiklari bildirilmistit (Coorevits
vd., 2008; De Jonghe vd., 2010). Bu tirlere ilave
olarak B. clausiive B. licheniformis titlerinin de siitte
bozulmaya yol actig1 belitlenmistir (De Jonghe
vd., 2010; Miller vd., 2016). Yeni titlerin ve
soylarin stk stk yeniden  siniflandinlip
tanimlanmast  nedeniyle  Bacillus  tltlerinin
isimlendirilmesinde énemli degisiklikler oldugunu
vurgulayan arastiriclar, Bac/laceae familyasina ait
bir izolata tir adi atamanin zor oldugunu
belirtmisler ve ¢6zim olarak farkli genotiplere
givenilir simuflandirma  saglayan 7p0B  (RINA
polimeraz beta subunit) geninin de kullanidmasint
6nermislerdir (Trimcic vd., 2015).

SONUC

Diinya genelinde ¢ig stt tretimi 2018'de 842
milyon ton, Turkiye'deki siit iiretimi ise 22 milyon
tondur (IDF, 2019; FAO, 2019). Siitiin yaklasik
%307luk  kismi  bozularak atilmaktadir. Diger
yandan hem ¢ig hem de pastdrize siitiin ve siit
trtnlerinin ¢ok sayida gida kaynaklt hastaliga yol
actig bilinmektedir (Guh vd., 2010; Weiler vd.,
2011; Jones vd., 2019). Sit sagiminin hijyenik
kosullarda yapilmamasi, barinaklarin temiz ve
bakimli olmamasi, ekipmanlarin temizlik ve
dezenfeksiyonuna dikkat edilmemesi, suyun temiz
olmamasi, siit hayvanlarinda mastitis (meme
iltihabi) gibi hastaliklarin vatligt ve isletmenin
sanitasyon kurallarina uygun tretim yapmamasi
gibi nedenler siitin bozulma yapan ve patojen
bakterilerle bulasmasina neden olur. Siite bulasan
mikroorganizmalarin sayim ve tanimlanmasinda
kiltiire baglt ve kiltiirden bagimsiz olmak tzere
gesitli  yontemler kullamlmaktadir.  Cig
mikrobiyotastnin  mikrobiyolojik  analizlerinin
cogu kultiire bagll yoéntemlere dayanmaktadir
(Kirdar 2017; Redrigues vd., 2017). Sit
endustrisindeki ~ standart mikrobiyel  testler,
toplam mezofilik bakteri sayimina ve mikrobiyel
bulasmanin géstergesi olarak enterobakterilerin
sayistnt  belirlemeye odaklanmistir  (Sadiq vd.,
2016; Fusco vd., 2020). Mezofilik bakteri sayisinin
200 bin KOB/mlI.den fazla olmast bulasmanin
yiksek, 200 bin KOB/mlI.’den az olmast ise sttin
tiketime uygun oldugunu  gdstermektedir
(Rodrigues vd., 2017). Bununla birlikte, bilim
insanlan proteolitik ve lipolitik Psewdomonas veya
Acinetobacter ve psikrotrofik  Badillus'un  sttin
bozulmasinda ~ daha  6énemli  bir  rol
oynayabilecegini, bu bakterilerin sayim  ve
tayininde kantitatif polimeraz zincir reaksiyonu
(qPCR), akis sitometrisi, déngii aracili izotermal
amplifikasyon (LAMP) gibi kiiltirden bagimsiz
yontemlerin - kullanldmasinin -~ daha  avantajlt
olabilecegini bildirmislerdir (Trmcic vd., 2015;
Agrimonti  vd., 2019; Fusco wvd., 2020).
Beslenmede ¢ok 6nemli bir yere sahip olan sitte
mikroorganizma  bulagma ve  gelismesinin
Onlenmesi ile siit triinlerinde de istenilen kalite ve
giivenligin saglanmasi miimkiin olabilecektir.

sut

CIKAR CATISMASI
Yazarlar ¢ikar catismast bildirmemektedir.
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YAZAR KATKILARI

Cem Sezai BASAR, arastirma fikri ve hipotezini
olusturulmasi, yuratilmesi, kaynak taranmasi,
calismanin yazilmasina katkt saglamistir. Zeynep
Dilek  Heperkan, arastirma  yOnteminin
olusturulmasi, denetlenmesi, kaynak taranmasi,
elestirel inceleme, yazim ve dil yoniyle
diizenlenmesine katkr saglamistir
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ABSTRACT

Persimmon which is widely known as “Trabzon Hurmast” and “Cennet Meyvesi” is a very popular fruit
with bright orange color. In the presented study, extractable, non-extractable, total phenolic content (TPC),
antioxidant capacity (AC) and bioaccessibility of Trabzon persimmons (astringent, non-astringent and wild
persimmon) were determined. The results of this study indicated that all types of persimmons have great
importance both on TPC, AC and bioaccessibility. Compared to astringent and non-astringent types, the
wild persimmon type had the highest TPC. Another attractive result from this study, although the wild
persimmons do not prefer for consumption, the results demonstrated that the bioaccessible phenolics of
this type of persimmons were found to be 6.7 fold higher than the non-astringent types and 4.7 fold higher
than the astringent types. Especially the wild type of petsimmon is a good source of natural antioxidant and
further studies should be carried out for wild type persimmon.

Keywords: Persimmon, total phenolic, antioxidant capacity, #-witro bioaccessibility

BURUK, BURUK OLMAYAN ve YABANI (ANAC) HURMALARIN TOPLAM
FENOLIK BILESEN, ANTIOKSIDANT KAPASITE ve IN-VITRO SIMULE
EDILMI$ BIYOALINABILIRLIK OZELLIKLERI

(077

Parlak turuncu renge sahip olan hurma, Turkiye’de daha ¢ok “Trabzon Hurmast” ve “Cennet
Meyvesi” olarak bilinmektedir. Bu calismada ti¢ farkh cesitte (buruk, buruk olmayan ve yabani)
Trabzon hurmasinin; ekstrakte, ekstrakte olmayan, toplam fenolik bilesen, antioksidan kapasite ve
biyoalinabilirlikleri arastirilmustir. Bu ¢alismanin sonuglarina gére, biitin hurma cesitlerinde toplam
fenolik bilesen, antioksidan kapasite ve biyoalinabilirlik biiyitk 6neme sahiptir. Buruk ve buruk
olmayan hurma cesitleri ile karsilasturildiginda, yabani hurma ¢esidinin daha fazla toplam fenolik
bilesen (864.85 mg GAE/100 g) icerdigi tespit edilmistir. Bu calismadan elde edilen bir baska ilgi
cekici sonucta ise her ne kadar tiiketim icin tercih edilmese de yabani hurma cesidinin buruk olmayan
hurma ¢esidinden 6.7 kat, buruk hurma ¢esidinden ise 4.7 kat daha yiliksek biyoalinabilitlige sahip
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oldugu tespit edilmistir. Ozellikle yabani hurma iyi bir dogal antioksidan kaynagidir ve {izerinde daha

fazla ¢calisma yapilmalidir.

Anahtar kelimeler: Hurma, toplam fenolik, antioksidan kapasite, in-vitro biyoalinabilirlik

INTRODUCTION

Persimmon is cultivated in a large part of China,
Korea, Japan, Turkey, Brazil, and Italy (Butt et al.,
2015), which belongs to Ebenaceae family and
genus Diospyros (Martinez-Calvo et al., 2013).
Commonly, above 400 species of persimmon are
planted worldwide. Four of them; Diospyros lotus,
Diospyros kaki, Diospyros virginiana, and Diospyros
oleifera (Bibi et al., 2007) have important value
(Zheng et al.,, 2006). The D. /otus L. is used as a
rootstock for D. kaki 1. (Messaoudi et al., 2009)
and it knows as a wild type in Turkey (Giinal,
2002). This persimmon is recognized as small size
(Giinal, 2002) and has a bluish-black color. The
D. lotus, persimmon called as “Black Persimmon”,
“Black Fruit”, “Plum Persimmon” (Baytop, 1999)
and “Wild Trabzon Persimmon” (Gunal, 2002).
The D. kaki was made entry from the Black Sea
region to Tutkey and named the "Trabzon
Persimmon-Trabzon  Hurmasi". It is a
commercially grown persimmon type. This type
of persimmon widely spread out the many parts
of Turkey and called as "Fruit of Paradise-Cennet
Meyvesi" (Yesiloglu et al., 2017). The D. kaki
types point out with its bright orange color and
separated into astringent and non-astringent
types. While the non-astringent types can eat up
in the immature form, the astringent types solely
can eat up in the mature form. When the
astringent type fully turn to the mature form, just
like a pudding form, has the delicious taste.

According to the numerous studies on plant
species; the Trabzon persimmons being one of
the best plant sources based on their phenolics
and antioxidant capacities (Ayaz et al., 1997;
Loizzo et al., 2009). From obtained data it was
clearly detected that; the relationship between
TPC and AC related to the powerful correlation
between them (Grygorieva et al., 2018). Phenolic
substances consisted in plant foods; while
phenolic acids are divided into subgroups such as
flavonoids, lignans and stilbenes, especially
phenolic acids and flavonoids are important as
antioxidants (Harsit, 2015).

Polyphenolic compounds, which are found in
fruits and vegetables and constitute the major and
most important part of secondary plant
metabolites (Sakakibar et al., 2003). The ferulic
acid, p-coumaric acid, gallic acid (Yaqub et al.,
2016), catechin, epicatechin, catechin epigallo and
condensed proanthocyanidins are the most
commonly found phenolic compounds in
persimmon (Giordani et al., 2011).

Suzuki et al. (2005), determined in their study, the
total phenolic substance and catechin content of
3 astringent and 2 non-astringent types of
persimmon. The gallic acid, catechin, epicatechin
and epigallocatechin identified in the analyzed
fruits. According to these results; researchers
reported that the astringent types are rich in
phenolic components, and consequently these
fruits can be a good of natural
antioxidants.

source

The astringency is caused by the phenolic
compounds included in the fruit (Yonel et al
2008), especially tannins (Macheix et al., 1990;
Mehmood et al,, 2016). In this context, the
persimmon fruit is defined by its high amount of
tannins (tannic acid) which disappears when the
fruit grows mature. The persimmon has also
plenty of phenolic components other than
tannins, and it has been demonstrated that these
compounds may reduce the risk of chronic
diseases (Gorinstein et al., 1994).

In recent studies, it has been determined that the
persimmon fruits have the properties of lowering
both cholesterol and high blood pressure,
enhancing the immune, are good for digestive
system diseases and have an important place in
protection from common cancer diseases. In
general, the persimmon fruits have a curative
effect on eliminating weakness, anaemia, vitamin
deficiency and gastrointestinal diseases. This
fruits interrupt diarrhea, increases the appetite,
prevents the stomach gastritis and heals the
intestinal inflammation (Bolek, 2013).
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Moreover, the persimmon fruit is a ideal source
of vitamins such as vitamin A, vitamin E (Tuzcu
and Yildirim, 2000) and vitamin C as well as the
minerals such as Ca and K (Mowat, 1990). Due to
all these excellent features, the fruit types such as
persimmon are called the fruit of the future
(Kaplankiran, 2011).

To the best of our knowledge, there has been no
detailed research related to the comparison of
three types of persimmon's extractable, non-
extractable, TPCs, antioxidant capacities of
astringent, non-astringent and wild persimmon
species. Another target of this study is
determination of #z-vitro bioavailability of total
phenolic and AC of samples. In this research

Astringent Persimmon

o

Non-astringent Persimmon

author planned to explore the properties of
persimmons which obtained from the same
location but in different harvest time.

MATERIAL AND METHODS

Materials

In this study, fresh and mature varieties of the
astringent, non-astringent (Dzospyros kaki L.) and
wild (Diospyros lotus L.) persimmons were used.
Photographs of the samples can be seen in Figure
1. The three different types of persimmons used
were collected from a local garden in the center of
Duzce, Turkey but in a different harvest time
during the autumn in 2020. The raw materials
were stored at +4°C until analyzed.

Wild Persimmon

0606

Figure 1. Photographs of persimmon samples

Methods

Chemicals

The Folin-Ciocalteu reagent, ethanol, methanol,
ammonium acetate, sodium acetate, sodium
carbonate, sodium chloride, and
copper(Il)chloride ~ purchased from  Merck
(Germany). ABTS* (2,2"-azinobis(3-
cthylenbenzoline-6sulfonic acid) radical cation,
DPPH* (2,2-diphenyl-1-picrylhydrazyl), TPTZ
(2,4,6-tris(2-pyridyl)-s-triazine), ~ Trolox  (6-
hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid), bile extract, gallic acid,
neocuproine, hydrochloric acid (37% w/v) and
sulfuric acid (95-98%), pancreatin, pepsin,

potassium chloride, sodium hydroxide were
purchased from Sigma-Aldrich (USA). All
reagents were used for the analytical grade purity.
The high-quality pure water was used to perform
the analysis provided by the Milli-Q system
(Millipore, USA).

Extraction for extractable and non-
extractable phenolics
Extractable phenolic (EP) compounds of

persimmon samples were determined to the
method enhanced by Vitali et al. (2009) with
minor modifications. The following procedure
has been followed; two grams (2.0 g) of
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persimmon sample was mixed with 20 mL of HCI
conc./methanol/water  (1:80:10, v/v/v) and
shaken with laboratory rotary shaker at 250 rpm
for 2 h at 20°C. At the end of the period, the
mixture was centrifuged at 4°C for 10 min at 3500
rpm in a centrifuge (Eppendorf Centrifuge
5430R, USA). The supernatants were separated
and kept at -20°C (in dark condition) until
experiments carried out.

To insulate the non-extractable phenolics (NEP),
the residues which were obtained from the EPs
were used. The residues combined with the 20 mL
mixture of methanol/H2SOsconc. (10:1) and held
in a water bath (at 85°C) for 20 h. At the end of
the time, the mixtures cooled at room
temperature and centrifuged at 3500 rpm for 10
min at 4°C (Eppendorf Centrifuge 5430R, USA).
The supernatants of EP and NEP were kept in
dark condition at -20°C until the analyses carried
out.

Determination of total phenolic content
Total phenolic content was determined using a
modified version of the Folin-Ciocalteu
colorimetric procedure according to Xu et al.
(2009). The diluted persimmon extracts (0.5 mL)
were mixed with 2.5 mL deionized water and 0.5
ml of 1.0 M Folin-Ciocalteu reagent and the
mixture vortexed at room temperatute for 10 min.
1.5 mL sodium carbonate (7.5%) was added to the
mixture and blended gently for 30 min at room
temperature. At the end of the time, the
absorbance was measured at 750 nm with
Shimadzu UV-VIS spectrophotometer. The
absorbance was compared to a standard curve of
gallic acid (GA). The standard curve was (0-500
mg/L) plotted using gallic acid. TPC content was
calculated the sum of EPs and NEPs. The results
were expressed as the mg of GAE/100g dw.

Determination of bioaccessible phenolics

The bioaccessible phenolics were determined via
simulated digestion system. In order to achieve
this, the zn-vifro digestion enzymatic extraction
method was used that adopted from Vitali et al.
(2009) with minor modifications. To provide the
digestive system, the conditions in the human
gastric and gastrointestinal tract was created in

this assay. According to this method, for
simulating the gastric digestion, 1.0 g of
persimmon sample was mixed with 10 mL
distilled water and 0.5 mL of pepsin solution (20
g/L in 0.1 mol/L HCI) was added and incubated
at 37°C in a shaking water bath for 1 h. After then,
pH was adjusted to 7.2 and thus simulation of
gastric digestion was stopped. Additionally, the
intestinal-simulated digestion was performed with
the addition of 2.5 mL of bile/pancreatin solution
(2.0 g/L of pancreatin and 12 g/L of bile salt in
0.1 mol/I. NaHCO3) and 2.5 ml. of NaCl/KCl
(120 mmol/I. NaCl and 5 mmol/T. KCl) were
added the samples and incubated in shaking water
bath at 37°C for 2.5 h. After incubation, the
persimmon samples were centrifuged at 3500
tpm/10 min and the supernatant was used for
determination of bioaccessible phenolics which
were stored -18°C until the analyses carried out.
Bioaccessible phenolics were determined using
Folin-Ciocalteu spectrophotometric method and
expressed as gallic acid equivalents (mg of
GAE/100g dw). Bioaccessibility was also
estimated as the percentage of TPC. The
bioaccessibility of antioxidants and phenolics (%o)
was estimated according to Anson et al. (2009).

Analysis of antioxidant capacity

ABTS* assay

The ABTS+ (2,2-azinobis-(3-
ethylbenzothiazoline-6-sulphonic acid)) radical
cation assay was analysed described by Apak et al.
(2007). To generate the ABTS* solution, the
7mM ABTS** and 2.45 mM potassium persulfate
was mixed and incubated at room conditions for
12-16 h in the dark. The ABTS** solution was
diluted with ethanol (98%) at a range of 1:10 to
dilute the blue-green color. Four mL ethanol and
1.0 mL. ABTS** solution was mixed and stored in
the dark for 6 min. At the end of the period the
absorbance was measured at 734 nm (Awm) by
using Shimadzu UV-VIS spectrophotometer. On
the other hand, the x mL extract of persimmon,
(4-x) mL ethanol and 1 mL. ABTS** solution was
mixed and kept in the dark for 6 min. At the end
of the time, the absorbance was read (Awmpi). The
standard curve was plotted with using different
concentrations (10-150 zL) of Trolox. Results of
AC were utilized with the calibration curve and



Total phenolic content, antioxidant capacity and bioaccessibility of three types of persimmon

estimated in zmol Trolox/g sample. The ABTS**
radical scavenging activity was calculated with the
following equality:

ABTS™ %= (Apiane-Asampte)] (Apiant) x 100

CUPRAC assay

CUPRAC estimation was carried out according to
the method outlined by Apak et al. (2007). In
order of 1.0 mL 1x10-2 M CuClz*, 1.0 mL 7.5x10-
3 M neocuproine, 1.0 mL. 1M NH4Ac buffer
solution and x mlL extract of persimmon and (4-
x) mL of diluted water were added and mixed.
The mixture was let to stand at room temperature
for 30 min. The final absorbance measured at 450
nm (Shimadzu UV-VIS spectrophotometer). The
phenolic antioxidants were estimated as Trolox
Equivalents Antioxidant Capacity (TEAC) in this
method.

DPPH? assay

Hstimation  of  DPPH*  (2,2-diphenyl-1-
picrylhydrazyl) assay was conducted according to
Brand-Williams et al. (1995). Briefly, the DPPH*
solution was mixed with the standard Trolox
solution that prepared at 10, 25, 50, 75 and 100 #L
concentrations (the total volume=4.0 mL). The
mixture was left in the dark for 5, 10, 15, 20, 25
and 30 min to determine the maximum and the
unchanging absorbance. The absorbance was
measured at 515 nm. The results of the assay were
calculated in zmol Trolox/g sample.

FRAP assay

Ferric reducing antioxidant power (FRAP) was
conducted according to the method of Benzie and
Strain (1996). To prepare the FRAP reagent; 25
mL of 0.3 mol/L acetate buffer (pH 3.6), 2.5 mL
of 20 mmol/L FeCl; x 6H,O and 2.5 mL 10
mmol/L TPTZ solution in 40 mmol/L HCI was
mixed cautiously. This solution kept at 37°C in a
water bath. To analyse, 100 zL extracted
persimmon samples and 300 L diluted water was
mixed with 3 mL freshly prepared FRAP reagent
and incubated at 37°C for 40 min. At the end of
the time, absorbance was measured at 595 nm.
The standard calibration curve was prepared
between 10 to 100 zmol/L. The results of FRAP
assay were expressed as in zmol Trolox/g sample.

Statistical evaluation

Data obtained from persimmon analyzes were
evaluated statistically by using variance analysis
with JMP IN 7.0.0 (Statistical Discovery from
SAS 2005. Institute Inc., Chicago, USA). The
LSD test (Least Significant Differences) was used
to determine the statistical difference between the
mean values obtained.

RESULTS AND DISCUSSION

Extractable, non-extractable and total
phenolic contents of persimmon samples
The TPC of persimmon samples which is the sum
of the phenolic content of EPs and NEPs are
presented in Figure 2. According to Figure 2,
statistically (P <0.05) significant differences in
EPs, NEPs and TPC among the different types
were recorded. Sample which is the wild type had
the highest TPC (864.85 mg GAE/100g) while
the lowest content (220.85 mg GAE/100g) was
recorded in the non-astringent type. On the other
hand, the TPC of the astringent type was found
to be 336.28 mg GAE/100g. Karhan (2003)
reported that the level of the TPCs of Fuyu (39.6-
84.70 mg/kg) which is a non-astringent
persimmon type was lower than Hachia (132.05-
374540 mg/kg) which is an astringent
petrsimmon type. In another study TPC of D. /lotus
(wild persimmon) fruit extract was found to be
130.3 mg/100g dw (Murathan, 2020). This result
was considerably lower than in the present study.
In a previous study carried out by the Kayacan
(2020), it was found that the TPC of fresh
persimmon was 265.1 mg GAE/100g. On the
other hand, the TPC of persimmon was found to
be 364.88 mg GAE/100g by Senica et al (2016).
Their results were similar to the present study.

The EPs and NEPs compounds were found to be
from 67.81 to 101.22 mg GAE/100g and from
137.29 to 766.62 mg GAE/100g, respectively
(Figure 2). There were significant (P <0.05)
differences observed between EPs and NEPs
compounds. According to the data obtained from
a study published by Imeh and Khokhar (2002), it
was reported that these differences could be
related to the different varieties, genomics and
harvest season of the samples. In this context, the
samples of this study were harvested from late
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September to early December. Moreover, samples
were different variations in this present study. On
the other hand, all these parameters can effect the

900
800
700
600
500

400

mg GAE/100 g dw

300

200

©

Extractable Phenolics

Non-Extractable

synthesis and accumulation of phenolic
compounds in some parts of the plant (Imeh and
Khokhar, 2002).

Total Phenolics

Phenolics

= Astringent

" Non-Astringent

‘Wild Persimmon

Figure 2. Extractable, non-extractable and total phenolic content of persimmon samples

Bioaccessible phenolics and phenolic
bioaccessibility (%) of persimmon samples

Bioaccessibility (%) of phenolic content means
that the amount of the phenolic contents which
passes through the cell membrane in the intestine.
Original phenolic content of food samples is
depended to the availability of phenolics within
these cells (Gunathilake et al., 2018). In this sense,
as reported in the study by Sahan et al. (2017);

along with the gastrointestinal —digestion,
antioxidants may interact with other food
components, metabolized or be degraded.

Therefore, the evaluation of bioaccessibility is
important for a preferable knowledge of the
usefulness associated with the consumption of
persimmon types.

The contents of bioaccessible phenolics and
phenolic  bioaccessibility (%) of persimmon

samples are presented in Table 1. Statistically (P
<0.05) significant differences were recorded
among the samples. The concentration of
bioaccessible phenolics of persimmon samples
ranged from 97.23 to 650.83 mg GAE/100g.
Although the consumption of non-astringent
types of persimmon is preferred by the people,
the astringent types have approximately 1.5 fold
higher bioaccessible phenolics than the non-
astringent types. Another attractive result from
this study, although the wild persimmons do not
prefer for consumption, the results demonstrated
that the bioaccessible phenolics of this type of
persimmons were found to be 6.7 fold higher than
the non-astringent types and 4.7 fold higher than
the astringent types.

Table 1. Bioaccessible phenolics and phenolic bioaccessibility of persimmon samples*

Bioaccessible Phenolics

Phenolic Bioaccessibility

Samples (mg GAE/100g) %)

. _ Astringent 137.93%1.21° 40.99+3.03
D L.

rospyros Kaki Non-Astringent 97.2349.96¢ 44.29+6.310
Diospyros lotus L. Wild Persimmon 650.83%1.322 75.15%1.622

*Mean values * standard deviation with different superscript in the same row are significantly different (P <0.05).

GAE=Gallic Acid Equivalents
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The phenolic bioaccessibility (%) of persimmon
samples ranged between from 40.99 to 75.15 %.
Likewise, the wild persimmons had a higher
phenolic bioaccessibility (%) than the other types
of persimmon (Table 1).

Antioxidant capacity of persimmon samples
ABTS**, CUPRAC, DPPH" and FRAP methods

were used to determine the AC of persimmon

Extractable Phenolics

0 50 100 150 200 250
pmol Trolox/100g

EWild Persimmon  MNon-Astringent E Astringent

types. The results are presented in Figure 3. In the
comparison of the levels of ABTS*+, CUPRAC,
DPPH:* and FRAP antioxidant capacities among
persimmon samples, significant (P <0.05)
differences were observed in both EPs and NEPs.
It is clear that the NEPs were higher than the EPs
according to all antioxidant assays.

Non-Extractable Phenolics

0 200 400 600 800 1000 1200
pmol Trolox/100g

BWild Persimmon  MNon-Astringent £ Astringent

Figure 3. Antioxidant capacities of extractable and non-extractable phenolics of persimmon samples

After the discharged by intestinal microflora
fermentation, the NEPs may escape from upper
gastrointestinal digestion and atre absorbed into
the blood plasma. So this bound phenolics that is
non-extractable form may have subscribed to
more health benefits (Arranz et al., 2009; Pérez-
Jiménez and Torres, 2011). In a previous study
carried out by Sun et al. (2002), it was reported
that almost 24% of phenolic compounds in fruit
still consisted in non-extractable form.

The ABTS'* values were determined between
from 109.90 to 158.25 umol Trolox/100g (NEPs)
and from 12.86 to 90.64 umol Trolox/100g (EPs)
in persimmon samples (Figure 3). The AC of non-
astringent type persimmon (Fuyu) was found to
be 18.17 umol TEA by Kim et al. (2020). In the
study published by Grygorieva et al. (2018), the
AC of D. kaki cultivars found to be 47.86-3716.28
#mol/100 g. In the same study, the authors
reported that the AC (ABTS) of D. virginiana
genotypes (American persimmon) ranged from
51.68 to 100.87 wmol Trolox/g. Oksuz et al
(2015) investigate the AC of persimmon by

ABTS* methods and the result was found to be
364.85 mg TEAC/100g. In another study, Pu et
al. (2013) investigated the AC of D. kaki cultivars
by ABTS** method from 47.86 to 3716.28

#mol/100g.

In the non-extractable phenolics of CUPRAC
values between 13.14 and 506.28 umol
Trolox/100g were determined, whereas in
extractable phenolics were ranged between from
2.56 to 19.67 wmol Trolox/100g (Figure 3).
Kayacan et al. (2020) investigated the AC of fresh
persimmon sample by CUPRAC method and the
result found to be 635.2 mg TE/100g dm. In their
study, Kim et al. (2020) determined the AC of
non-astringent type (Fuyu) persimmon was 29.12
umol TEA.

As can be observed in Figure 3, the AC of the
DPPH* method exhibited lower than the other
methods (ABTS**, CUPRAC and DPPH").
According to the results, the AC of non-
extractable phenolics ranged from 39.77 to 56.30

umol Trolox/100g likewise in extractable

675



676

E. Aydin

phenolics the values changed between 10.44-
16.07 wumol Trolox/100g. Pu et al. (2013)
evaluated the AC of D. kaki cultivars by DPPH*
method and reported that the results ranged from
190.83 to 2223.11 ymol/100 g. Kayacan et al.
(2020) investigated the AC of fresh persimmon
sample by DPPH* method and the result found to
be 299.7 mg TE/100 g dm. Similar with this
results, Oksuz et al. (2015) reported that AC of
persimmon that determined by the DPPH
method was 217.60 mg TEAC/100g. In another
study, the AC of the persimmon sample was
found to be 3.24 mg Trolox eq/g dm (Heras et al.
2017).

In this study, results showed that the AC of the
FRAP method exhibited higher than the other
methods (ABTS*+, CUPRAC and DPPH") (Figure
3). The non-extractable phenolics of FRAP values
were dedicated within the range of 289.84-954.88
umol  Trolox/100g, whereas in extractable
phenolics were 48.97-210.49 umol Trolox/100g
in this study. Likewise, Grygorieva et al. (2018)
obtained the AC of D. virginiana between 45.06 to
109.30 zmol Trolox/g. In another study, Pu et al.
(2013) investigated the antioxidant activity of D.
kaki cultivars by FRAP method found to be from
90.10 to 957.74 ymol/100g.

It was found that persimmon types had the
highest AC. In the present study, the best AC was
detected in the sample of wild persimmon. In the
comparison of two types, the AC of astringent
type has been found higher than non-astringent
type. In the literature, the persimmon has
different concentrations of TPC. This may be due
to differences in harvest time, climatic conditions,
and methods of analysis.

Bioaccessible antioxidants and
bioaccessibility (%) of antioxidant capacity of
persimmon samples

Table 2 also showed the bioaccessible
antioxidants of persimmon samples. According to
the Table 2, the bioaccessible antioxidants of
ABTS*, CUPRAC, DPPH* and FRAP methods
represented 65.36-112.95 zmol Trolox/g, 40.02-
550.24 umol Trolox/g, 19.18-232.56 umol
Trolox/g and 17.69-542.69 umol Trolox/g of the
initial contents of the samples (Table 2). As can
be observed, the bioaccessible antioxidants of
wild persimmon were higher than the astringent
and non-astringent types. In the study carried out
by Kayacan et al. (2020), the bioaccessible TPC
and CUPRAC of fresh persimmon was found to
be 265.1 mg GAE/100g dm and 635.19 mg
TE/100g dm, respectively.

Table 2. Bioaccessible antioxidants of persimmon samples*

Bioaccessible Antioxidants

Sample (umol Trolox/g)
ABTS™ CUPRAC DPPH" FRAP
Astringent 78.02£2.95b 47.12%3.61b 22.04%£4.855 47.3312.57°
Diospyros kaki 1. .
Non-Astringent 65.3613.62¢ 40.02%1.84¢ 19.18£3.75¢ 17.69£0.34¢
Diospyros lotus L. Wild Persimmon  112.95+1.482 550.24£1.300  232.56*3.08*  542.69%1.842

* Mean values * standard deviation with different superscript in the same row are significantly different (P <0.05)

ABTS+, CUPRAC, DPPH* and FRAP methods
were used to determine the bioaccessibility (%) of
antioxidant capacity of persimmon types and the
results are presented in Figure 4.

As can be observed by the results, the
bioaccessibility of the astringent and non-

astringent persimmon was found to be 56.83 and
67.50 % in ABTS method, respectively. When

viewed from the aspect of wild type of
persimmon, the bioaccessibility results were
found to be 84.14% (CUPRAC) and 86.05%
(FRAP). This results showed greater than average
50% antioxidant bioaccessibility. Heras et al.
(2017) announced that bioaccessibility (%) of the
total AC of persimmon samples was found to be

33%.
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Figure 4. Bioaccessibility (%) of antioxidant capacity for persimmon samples

CONCLUSION

In this study, three different types of (astringent,
non-astringent and wild) persimmons were
applied to determine the effect on antioxidant
capacities, TPCs and bioaccessibilities. In this
sense, this study was the first evaluation to show
the differences between astringent, non-
astringent and wild (rootstock) persimmon
related to the antioxidant capacities, TPCs and
bioaccessibilities. Obtained results demonstrated
that all persimmon extracts have a high
antioxidant capacity, that associated with the
TPC. According to these considerations, the types
of persimmons have a great importance both on
TPC, antioxidant capacity and bioaccessibility.
The results showed that especially the wild type of
persimmon is a good of natural
antioxidant. Additionally, it can be concluded
from the results that, further studies should be
carried out for wild type persimmon.

source
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ABSTRACT

Milk is a foodstuff that is very open to contamination depending on the way it is obtained. Also, it is a
microbiologically perishable product in terms of the nutritional components it contains. Regarding both
regulations and consumer awareness, it cannot be intervened substantially until the process of raw milk in
the dairy farms. Therefore, due to the proliferation of Coliforms, especially Psexdononas spp. and lactic acid
bacteria, various problems may arise in both product and technology. The present study aimed to investigate
the effect of lactoferrin, a natural inhibitor, on the microbiological properties of raw milk kept in the cold
chain. As a result of the study, no inhibitory effect of lactoferrin on lactic acid bacteria was observed.
However, it showed a significant antibacterial effect by inhibiting the growth of Pseudomonas spp. and
Coliform (P<0.05). As the lactoferrin concentration increased, the antimicrobial effect increased
significantly. This showed that lactofertin can be used as a natural antimicrobial agent in cold systems of
liquid foods.

Keywords: Raw milk, lactofertin, Pseudomonas spp., Coliform, lactic acid bactetia

SIGIR LAKTOFERRININ CiG SUTUN MiKROBIYOLOJiK OZELLIKLERINE
ETKIsi

oz

Sitler elde edilme sekline gbre kontaminasyona gayet acik bir gida maddesidir. Ay zamanda
icerdikleri besin bilesenleri yoniinden ise mikrobiyolojik olarak cok hizli bozulabilen bir Griindir.
Gerek mevzuatlar yoninden gerekse bilingli tiketim yéniinden ¢ig sttlerin isletmelerde islemeye
alinma strecine kadar ¢ok fazla miiddahele edilememektedir. Bu nedenle ¢ig stitlerde basta Psexsdomonas
spp. olmak tizere Koliformlar ve Laktik asit bakterilerin ¢ogalmast nedeniyle gerek triinde gerekse
teknolojide c¢esitli sikintilar ortaya cikabilmektedir. Calismamizda dogal bir inhibitér madde olan
laktoferrin ilavesi ile soguk zincirde tutulan ¢ig sttlerin mikrobiyolojik 6zelliklerine etkisi
incelenmistir. Calisma neticesinde laktoferrinin laktik asit bakterleri izerine énemli diizeyde (p <0.05)
inhibe edici bir etkisi gbrilmemistir. Ancak Psexdomonas spp. ve Koliform bakterilerin ¢ogalmalarin
engelleyerek 6nemli dizeyde (p <0.05) antibakteriyel etki géstermistir. Laktoferrin konsantrasyonu
arttikca antimikrobiyal etki de 6nemli diizeyde artmustir. Bu durum laktoferrinin stvi gidalarin soguk
sistemlerde dogal bir antimikrobiyal ajan olarak kullanilabilecegini géstermistir.

Anahtar kelimeler: Cig stt, laktoferrin, Pseudomonas spp., koliform, laktik asit bakterisi
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INTRODUCTION

With the increase in collective life and collective
consumption, the necessity of reliable methods
for the protection and preservation of food has
emerged (Oztiirk et al., 2006). The use of artificial
or natural antimicrobial agents to prevent or
control the growth of pathogenic and
deteriorating microorganisms has been an
important issue in the food industry in recent
years (Payne et al., 1994). In this context, interest
in animal and plant-based inhibitors, organic
acids, and bacteriocins has increased (Oztiirk et
al., 2000). It has been known for many years that
milk, eggs, some herbs, probiotics, salts, and
organic acids are natural antimicrobial agents.
However, the structure-function relationship of
such bioactive compounds has been put forward
scientifically in recent years (Naidu, 2002). In
addition to being an important source of milk in
human nutrition, it also has a protective effect on
infections (Unal and Akalin, 2008). There are
biologically active substances and immune
system-supportive compounds in milk that is of
importance in the nutrition of newborns and
adults. These compounds ate bioactive proteins,
bioactive lipids, lactoferrin (LF), lactoperoxidase,
lysozyme, N-acetyl-B-D-glucosaminidase
(NAGase), and nisin. Lactoperoxidase and
lysozyme are the most abundant antimicrobial
enzymes in milk, while lactoferrin is the most
abundant antimicrobial peptide (Yimaz and
Tosun, 2012). Antimicrobial proteins and
peptides are produced by the secretory fluids
produced by many organisms as a primary
defense mechanism (Matijasic et al., 2020).

Lactoferrin is a member of the transferrin protein
family and is an iron-binding glycoprotein.
Lactoferrin is assumed to be the strongest
antimicrobial agent in milk. Lactoferrin is
produced in the mucosal epithelial cells of
humans, cows, horses, dogs, and some rodents
(Sebastian-Nicolas et al., 2020). Recent studies
have shown that lactoferrin is also produced from
trout eggs in fish using molecular biology
techniques. This glycoprotein is abundantly found
in colostrum and is the most abundant protein in
milk after the casein. It is also found in body fluids
such as blood plasma and amniotic fluids in

addition to mucosal secretions such as tears,
saliva, vaginal fluid, and urine. Lactoferrin is
found at 1.5-5.0 mg/ 1 in cow colostrum and
approximately 100 pg/ml in milk. It is found at
the level of 6-8 mg/ml in human colostrum and
20-200 pg/ml in milk (Steijns and van-
Hooijdonk, 2000). This shows the importance of
lactoferrin for humans, especially infants (Gir et
al., 2010). Bovine lactoferrin consists of 689
amino acids and human lactoferrin consists of 691
amino acids, and their sequence similarity rate is
69%. The three-dimensional structure of bovine
and human lactoferrin is very similar but not
identical (Steijns and van-Hooijdonk, 2000).
Lactoferrin is a glycosylated protein with a
molecular weight of 80 kDa and approximately
700 amino acids. It is a simple polypeptide-chain
coiled into two symmetrical lobes (N and C lobes)
very similar to each other. The 1-332 amino acids
of this polypeptide chain form the parts of the N
lobe while the 334-703 amino acids form the C
lobe. Both lobes have the ability to bind iron ions
in the form of both Fe*2 and Fe*3. Lactoferrin is
a positively charged protein with an isoelectric
point of 8.0-8.5 (Gonzalez-Chavez et al., 2009).
Approximately 5-30% of a saturated lactoferrin
molecule consists of iron ions. Lactofertin
containing 5% iron is called apolactoferrin, and
lactoferrin ~ saturated with iron is called
hololactoferrin. Lactoferrin in human milk is
found in the form of apolactoferrin (Alkin, 2008).

The antimicrobial activity of lactoferrin is mostly
explained by two mechanisms. The first known
antimicrobial property of lactoferrin is to prevent
microbial growth by binding iron ion, which is the
food source of the microorganism. For a long
time, this was believed to be the only
antimicrobial activity of lactoferrin (Branen and
Davidson, 2000), and this antimicrobial activity
was explained by the strong iron-binding capacity
of apolactoferrin (Papademas et al., 2021). It has
been reported iron deprivation leads to inhibition
of cellular proliferation (Naidu, 2002). Normally,
lactoferrin saturated with 6-8% iron in biological
fluids, competes with siderophores to bind free
iron, negatively affecting the growth of the
bacteria. These effects are bacteriostatic on
yeasts, Gram (+), and Gram (-) bacteria (Avci,
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2007). While these effects are strong for bacteria
with high iron needs, these effects may decrease
for bacteria with low iron needs (Temiz et al.,
2008). The second mechanism is the direct
interaction of the infectious agent and lactoferrin.
The positive amino acids in lactoferrin interact
with Gram (+) and Gram (-) and anionic
molecules on the surface of acid and alcohol-
resistant bacteria, leading to the destruction of the
cells (Gonzalez-Chavez et al, 2009). The
interaction of lactoferrin with the cell surface of
Gram (-) bacteria is of importance. Lactoferrin
potentially targets porins that allow molecules to
pass through the membrane to bind (Alkin, 2008).
The N lobe of lactoferrin with a strong cationic
structure interacts with the anionic structure of
Lipopolysaccharide (LPS) in the bacterial
membrane, increasing the instability of the
membrane and causing the LPS to separate from
the membrane. As a result, membrane
permeability increases, and bacteria are damaged
(Steijns and van-Hooijdonk, 2000). The action
mechanism of lactoferrin against Gram (+)
bacteria is that the strongly positively charged patt
binds to anionic molecules on the bacterial
surface and generally chooses lipoteichoic acid as
the target. As a result of binding, the anionic
structure of the cell is reduced and the interaction
between the peptidoglycan layer in the bacterial
cell wall and the lysozyme enzyme secreted from
the mucosa is facilitated (Gonzalez-Chavez et al.,
2009). As a result of this interaction between
lactoferrin  and lipopolysaccharide, the outer
membrane is damaged with the effect of the
antibacterial lysozyme enzyme (Yilmaz and
Tosun, 2012). These reactions indicate that
lactoferrin has also bactericidal properties against
Gram (+) and Gram (-) bacteria (Gonzalez-
Chavez et al., 2009). Lactoferrin's iron-binding
stability has a wide pH limit and can form iron
chelates even in very acidic environments such as
pH 3. Although lactoferrin is highly resistant to
proteolytic and oxidative degradation (Erga et al.,
2000), it is sensitive to high temperatures
(Wakabayashi et al., 2006). Also, lactoferricin,
formed as a result of the degradation of
lactoferrin by the enzyme pepsin, is thought to be
responsible for the antimicrobial activity of
lactoferrin and it has been reported that its

bactericidal effect is 100 -fold higher than that of
lactoferrin  (Duran and Kahve, 2017). Some
researchers have investigated the antimicrobial
effects of lactoferrin on various foodstuffs. Taylor
et al. (2004) carried out researches and reported
the antimicrobial effects of lactoferrin on the beef
carcass, Al-Nabulsi et al. (2007) on dry sausages,
Colak et al. (2008) on meatballs, Enrique et al.
(2008) on wine, Del Olmo et al. (2012) on the
chicken fillet, Quintieti et al. (2012) on Mozarella
cheese, Bravo et al. (2014) on red meat, Montiel
et al. (2016) on ham, and Padrio et al. (2016) on
the fresh sausage. However, the studies on milk
are very limited.

The most important disadvantage is that the milk
spoils in a short time as well as the production
difficulty. Microbiological detetioration is the
biggest factor in milk spoilage. Milk constitutes a
good growth environment for microorganisms
due to its rich composition. Microorganisms
contaminate milk from various sources (dust, air,
soil, human, the animal itself, tools, and
equipment), especially milking conditions (Claeys
et al., 2013). The main carbohydrate of milk is
lactose. A limited number of microorganisms
have the ability to obtain energy from lactose.
Therefore, microorganisms with enzymes that
hydrolyze lactose (lactic acid bacteria, Coliform
group bacteria, and some of the Gram-negative
bacteria) are more advantageous than other
microorganisms. These microorganisms cause
various deteriorations in milk such as rancidity
and coagulation as a result of lactic acid
production (Quigley et al., 2013). Milk factories
obtain the raw materials they need from milk
production units. Although small farms have the
opportunity to supply milk as much as their daily
needs from the immediate environment, large
enterprises have to obtain milk from more distant
centers and especially from large capacity
production units, since their needs are high. In
this case, it is not possible for the milk to reach
the enterprise on the same day, and various quality
problems occur (O’Connell et al., 2016). Raw milk
is cold stored in farms or milk collection centers
and then delivered to factories by refrigerated
tankers (Walstra et al., 2006). However, albeit
slowly, bacteria normally present in milk during
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cold storage continue to develop, (Capodifoglio et
al., 2016). The process that raw milk goes through
from the producer to the factory is the basis of
milk quality problems (Melda, 2019) and the
source of milk spoilage (Walstra et al., 2006). The
most effective bacteria groups in this process are
lactic acid bacteria, Coliform bacteria, and
psychrotroph bacteria, respectively. More than
50% of psychrotroph bactetia are Pseudomonas
spp. (Walstra et al, 2006). The main way of
avoiding the spoilage process of raw milk and
maintaining the natural quality of the milk is to
halt its bacterial activity (Ruusunen et al., 2013).
The present study aimed to investigate the effect
of  different bovine lactoferrin  (bLF)
concentrations on the microbiological quality of
raw milk that must be kept cold for a long time.

MATERIALS AND METHODS
Preparation of milk and lactoferrin solution
The raw milk used in the present study was cow's
milk due to its commercial value and was
provided by Aksaray Cattle Breeders Association.
After milking, the raw milk was brought to the
laboratory via directly-cooled vehicles and cooled.
The temperature and duration of the cold
environment, the time-temperatures of the raw
milk commercially in storage tanks and milk
tankers were taken as reference. Accordingly, the
temperature was 10 = 2 °C and the time was 36
hours. Chemical analyzes of raw milk were
performed in Aksaray TBMYO Private Food
Control Laboratory and the results are shown in

Table 1.

Table 1. Chemical analysis results of raw milk

Humidity% 87.70 £ 0.04
Fat (%) 3.58 £ 0.02
Protein (%) 3.30 £ 0.02
Lactose (%) 4.75 £ 0.03
pH 6.68 £ 0.01
Lactic acid (%0) 0.135 £ 0.001

The lactoferrin used in the study was used as pure
(85%) lactoferrin (Sigma, 1.9507) obtained from
cow's milk. Lactoferrin was dissolved in sterile-
deionized water and a 20 mg/mL stock solution

was  prepared  first. ~ Three  different
concentrations, 0 mg/mL, 2.5 mg/mL and 5.0
mg/ml. (Payne et al, 1994; Murdock and
Matthews, 2002; Quintieri et al., 2019) were used
in the study. The lactoferrin solutions prepared
were added to the raw milk stored in three
different containers. Microbiological analyzes
were carried out by taking samples from cold-
stored milk at 0, 12, 24, and 36 hours according
to the ISO/FDIS 8086 (2004) method.

Microbiological analyses

Colony counts were performed for lactic acid
bacteria using Man Rogosa Sharpe Agar (Oxoid,
CM1153) ISO 15214:1998). Incubation for lactic
acid bacteria count was performed at 30 £ 2 °C
for 72 hours under anaerobic conditions. After
incubation, white and opaque colonies were
enumerated. For the confirmation test, samples
were taken from the colonies, and Gram-staining,
cellular shape under a microscope, and catalase
tests with hydrogen peroxide were performed.
Colony enumerations were performed for total
Coliform bacteria using the Violet Red Bile Agar
(Oxo0id, CMO0978) medium (APHA, 1992).
Incubation for Coliform bacteria count was
performed at 32 = 2 °C for 24 hours. Following
the incubation, the number of ringed purple-red
appearing colonies was determined. Samples were
taken from the colonies for validation testing and
inoculated into Brilliant Green Lactose Broth
(Merck, 16025) tubes. The samples were checked
for gas production after 48 hours at 35 = 2 ° C.
Pseudomonas spp. enumerations were performed
using  Pseudomonas  Agar (Bioneks BM15608)
medium supplemented with Penicillin  and
Pimarisin. Pseudomonas spp. colonies were counted
after 25 ° C £ 2 ° C incubation for 48 hours.
Samples taken randomly from Petri dishes with a
colony number of less than 150 were proliferated
on Nutrient Agar (Merck, 105450). Oxidase and
glucose fermentation (TGE Agar, Oxoid
CMO0127) validation tests were applied to these
samples. Pseudomonas spp. were characterized by a
positive reaction to the oxidase test and a negative
response to glucose fermentation (ISO/TS
11059:2009). Bacterial count results in the study
are given as log CFU (colony forming units)/mL.
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Statistical analyses

All the analyses were carried out in four replicates
and the data obtained as a result of the analyses
were subjected to analysis of variance (ANOVA)
using the SPSS 22.0.0 package software (SPSS
Inc., Chicago, USA). The Duncan analysis was
adopted to compare the effects of statistically
different concentrations (0, 0.25, 0.50 mg/mL
LF), while the General Linear Model Repeated
Measures analysis was used to compare the effects
of retention times (0, 12, 24, 36 hours). The
differences between the mean values
considered significant at p<0.05.

were

RESULTS AND DISCUSSIONS

The data obtained as a result of the study are given
in Table 2. The samples were divided into three
groups as LF-free milk, 2.5 mg/ml.- and 5.0
mg/ml-LF milk according to the method of
administration, and changes both within groups
and according to time were investigated.

Comparing the growth rate in LF-free milk, from
Table 2.

high to low, it was sorted as Pseudomonas spp.,
Coliforms, and lactic acid bacteria, respectively.
The highest growth rate was 5.07 £ 0.07 log
CFU/mL in Psendomonas spp. While mesophilic
bacteria are kept to a minimum during cold
storage and transportation, psychrotrophic
bacteria, especially Psexdomonas species, dominate
the microbiota of raw milk (Tanaka et al., 2018).
Although the optimum temperatures of Lactic
acid bacteria and Coliforms in raw milk are above
20 9C (Walstra et al., 2000), there are some species
of the Coliform bacteria group that can grow
rapidly even at 5-7 °C (Robinson, 2005). The
number of Coliform bacteria increased at a higher
rate (3.62 £ 0.08 log CFU/mL) duting the
maintenance period compared to Lactic acid
bacteria (2.99 + 0.10 log CFU/mL). Lactic acid
bacteria are common in milk and dairy products,
Gram-positive, thermophilic-mesophyllic, and
generally potentially probiotic (Giraffa, 2012).

Table 2. The microbial changes in the raw milk during storage (10 * 2 °C).

Hour 0 Hour 12 Hour 24 Hour 36
Lactic acid bacteria (log CFU/mL)
Milk 1.96 £ 0.054 2.25 + 0.05¢ 2.86 + 0.06b! 2.99 + 0.10a!
Milk + LF (2.5 mg/mL) 1.96 + 0.05d 2.25 % 0.05¢ 2.63 + 0.06b2 2.84 + 0.002!
Milk + LF (5.0 mg/mL) 1.96 + 0.05d 2.24 + 0.06<! 2.44 + 0.05b3 2.56 + 0.0622
Coliforms (log CFU/mL)
Milk 2.06 + 0.064 2.87 = 0.05¢ 3.41 + 0.09v! 3.62 + 0.08x!
Milk + LF (2.5 mg/mlL) 2.06 £ 0.064 2.86 = 0.06<! 3.19 + 0.09b2 3.25 + 0.0622
Milk + LF (5. mg/mL) 2.06 £ 0.06¢ 2.52 + 0.04b2 3.08 + 0.0722 3.19 £ 0.0822
Pseudomonas spp. (log CFU/mL)
Milk 1.56 £ 0.064 2.42 + 0.08<! 4.28 + 0.63b! 5.07 £ 0.07x
Milk + LF (2.5 mg/mL) 1.56 £ 0.064 2.26 + 0.22¢12 2.97 + 0.07b2 3.23 + 0.0822
Milk + LF (5.0 mg/mL) 1.56 £ 0.06¢ 1.98 £ 0.07b2 2.83 + 0.0622 2.87 + 0.0623

Bearing different superscripts row-wise (alphabet) and column wise (numeric) differ significantly (p < 0.05).

In the present study, lactic acid bacteria counts
increased in all three groups (LF-free, treated with
2.5 mg/mL and 5.0 mg/mlL LF) duting the
storage period, albeit slightly. As seen in Table 2,
there was no significant effect of lactoferrin on
the growth rate of lactic acid bacteria. Evaluating
the storage periods separately, Lactic acid bacteria
counts were found to be lower (2.56 * 0.06 log
CFU/mL) compared to the other two groups at

the end of 36 hours of storage and in the milk with
5.0 mg/mlL LF. These results showed us that
although lactoferrin does not have a stopping
effect on Lactic acid bacteria in milk, it can only
be effective at 5.0 mg/mL LF after 36 hours of
storage. Kim et al. (20106), similar to our study,
studied the antibacterial effect of bovine
lactoferrin on some Lactic acid bacteria species,
Coliform  and  Pseudomonas  bacteria. The
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researchers used synthetic peptides containing the
C-lobe sequence of lactoferrin instead of bovine
lactoferrin. They performed trials on Escherichia
coli in the Coliform group, Pseudomonas fluorescens
and Pseudomonas syringae in the Psendomonas group,
and Lactobacillus acidophilus in the lactic acid group.
Accordingly, it was measured every 6 hours and
left to incubation for 24 hours and antimicrobial
effects at different doses (0.75, 1.5, 3.0 mg/mL)
were examined. As a result of the measurements,
the proliferation of  Pseudomonas  fluorescens,
Pseundomonas ~ syringae, and Escherichia coli were
prevented. Also, as the dose increased, the
antimicrobial effect increased. However, no
bacteriostatic effect was observed on Lactobacillus
acidophilus. Matijasic et al., (2020) examined the
antimicrobial  effects  of different
lactoferrins isolated from whey and produced in
the pilot plant by the disk diffusion method.
Escherichia  coli, ~ Staphylococcus — anrens, — Listeria
monocytogenes, Salmonella enterica, Clostridinm difficile,
Klebsiella oxytoca, and Clostridinm perfringens were
selected as potentially pathogenic indicator
bacteria. Lactobacillus acidophilus, Lactobacillus reuters,
Lactobacillus  gasseri,  Lactobacillus — delbrueckis,
Streptococcus  thermophilus, Lactobacillus ~ plantarum,
Lactobacillus paracasei, and Lactobacillus casei were
selected as lactic acid bacteria. As a result of the
study, partial or complete inhibitory properties
were observed on all bacteria except for lactic acid
bacteria and Clostridium bacteria. The resistance of
lactic acid bacteria to lactoferrin inhibition has

been associated with their probiotic properties
(Chen et al., 2013).

seven

The Coliform counts in LF-free milk and milk
supplemented with 2.5 mg/mL LF continued to
increase during the storage period. On the other
hand, the Coliform count was 3.08£0.07 log
CFU/mL at the end of 24 hours of storage in the
5.0 mg/mL LF group, while it was counted as
3.19 + 0.08 log CFU/mL at the end of 36 houts.
The Coliform bacteria count remained virtually
constant. It was shown that a high rate of LF
solution (5.0 mg/mL) almost stopped the growth
rate of Coliforms at the end of a 24-hour-storage.
As seen in Table 2, 5.0 mg/mL LF started to have
a significant effect on Coliforms from the 12th
hour. The effect of 2.5 mg/ mL LF level on

Coliform bacteria was found to be significant
after 24 hours of storage. Examining the bacterial
counts Colifroms during storage, it was reported
that this effect was not in a growth-inhibiting way,
but in a growth-slowing way. After 36 hours of
storage, Coliform counts in milk with 2.5 mg/mL
LF was measuted to be 3.25 £ 0.06 log CFU/mL,
and 3.62 + 0.08 log CFU/mL in LF-free milk. In
the present study, the result related to the
inhibitory effect of bLF on Coliform bacteria was
consistent with the results previously reported by
some researchers. Naidu et al., (1993) investigated
the antimicrobial relationship between bovine
lactoferrin (bLF) and Coliforms such as Escherichia
coli and Salmonella typhimurium. The researchers
have stated that lactoferrin had a bacteriostatic
effect on these Coliform bacteria and this effect
was explained by a third theory of action
mechanism. Accordingly, the mechanism is that
Lactoferrin binds to these structures with some
licands instead of directly binding to
Lipopolysaccharides or Porins. As a result, the
researchers have reported that bLf would damage
the outer membrane of Coliform bacteria and
cause bacteriosis with changes in permeability.
Kutila et al. (2003) investigated the antibacterial
effect of bovine lactoferrin on Gram-negative and
Gram-positive  pathogens. The researchers
studied Escherichia coli and Psendomonas aeruginosa as
Gram-negative bacteria, Staphylococcns anrens, and
coagulase-negative staphylococci (CNS) as Gram-
positive bactetia. The incubation period in the
study was 20 hours, and the LF concentrations
used were 0.67 mg/ml, 1.67 mg/ml, and 2.67
mg/ml.  Accordingly, the inhibition effect
increased with increasing concentration of
lactoferrin. The most effective inhibitory activity
of LF was seen against Gram-negative E. /i and
P. aernginosa. 'The effect of lactoferrin on the
release of LPS to Gram-negative bacteria and
damage to the outer membrane of the bacteria
(Appelmelk et al., 1994) has revealed the view that
Gram-positives is more than damaging through
basic nutritional deficiency by disconnecting Fe
uptake. This result can be considered as another
reason for the weak inhibitory effect of lactoferrin
on lactic acid bacteria in the present study. Also,
Komine et al. (2005) examined the antimicrobial
effect of bovine lactoferrin (bLF) on E. /i in milk
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with mastitis. The researchers have reported that
the additon of 0.5 mg/mL and 1.0 mg/mL
bovine lactoferrin (bLF) in milk stored for 24
hours inhibited the growth of this bacteria.
Padrio et al.,, (2016) applied edible film coatings
to give antimicrobial properties to the casings of
fresh sausages. The researchers revealed that the
casings supplemented with bovine lactoferrin
(bLF) showed a bactericidal effect on E. c// in the
Coliform group. Komine et al., (2005) and Padrao
et al., (20106) associated the inhibition effect of
bLF on these bacteria with the ability of bLF to
chelate iron ions.

As seen in Table 2, the Pseudomonas spp. counts in
LF-free milk and 2.5 mg/mlL LF continued to
increase during the storage period. On the other
hand, at the end of 24-hour storage, the
Psendomonas counts in the 5.0 mg/mL LF group
were significantly lower. While this number was
2.83 £ 0.06 log CFU/mL duting 24 hours of
storage, it was measured as 2.87 * 0.06 log
CFU/mL at the end of 36 hours. This shows the
bacteriostatic effect of LF (5.0 mg/ml) on
Psendomonas spp. Also, both 2.5 mg/mlL and 5.0
mg/mL bLF were showed a significant slowing
effect on Psendomonas from the 12th hour of
storage. At the end of storage, the effect of 5.0
mg/mL LF on Pseudomonas was much higher than
the solution at 2.5 mg/ml LF. At the end of
storage, Pseudomonas spp. counts in LF-free milk
were found to be as 5.07 £ 0.07 log CFU/mL,
while it was determined to be 3.23 £ 0.08 and 2.87
+ 0.06 log CFU/mL in the groups treated with
25 and 5.0 mg/ml LF, respectively. The
dominant microorganisms that limit the shelf life
of chilled raw milk (tank milk) are Pseudomonas
spp. (Ternstrom et al.,, 1993). Kim et al. (2008)
studied the antimicrobial effect of bovine
lactoferrin on Psendomonas spp. The activity of
lactoferrin added to liquid media activity at
different concentrations (15, 7.5, 3.8, 1.9, 0.9, and
0.45 mg/ml) against Pseudomonas spp. was
investigated. The researchers found that
lactoferrin inhibited the growth of the tested
Psendomonas strains. The higher the lactoferrin
concentration, the higher the antibacterial effect
proportionately. The researchers also found
bovine lactoferrin ligands with a different

molecular mass in all strains. Based on these
results, it was concluded that the interaction
mechanism between the lactoferrin molecule and
Psendomonas spp. was related to the ligands found
in bacterial cells. At the end of the study, it has
been reported that bovine lactoferrin can be used
in dairy products, raw milk, and fruit products for
protection from pathogenic bacteria. Among
Psendomonas spp., some species cause important
respiratory disorders such as cystic fibrosis and
are highly resistant to antibiotics (Hector et al.,
2014). The most important of these is Psexdomonas
aeruginosa, which is a clinical pathogen and forms
a resistant biofilm. Kamiya et al. (2012)
investigated the effect of lactoferrin at different
concentrations (0.5, 2.0, 10 mg/mL) during seven
days of incubation in preventing biofilm
development of clinical isolates of Pseudomonas
aeruginosa. Lactoferrin had an inhibitory effect on
biofilm formation in eight of the nine clinical
isolates after one-day-incubation. This effect is
explained by lactoferrin's  iron-chelating
properties.

CONCLUSION

There are great risks in raw products that are
liquid like milk and are transported and stored in
metal tanks along the cold chain (Brooks and
Flint, 2008). It is important that some species of
Coliforms and Pseudomonas (some strains of P.
fluorescens and P. aeruginosa) are pathogenic (Meier
et al, 2018). In the present study, it was
investigated whether the natural inhibitory
substance lactoferrin can be used in combination
with the cold chain in the process from the
moment the raw milk obtained from the animal
to the process in the farm, and how it will cause a
change in the microbiological quality of the milk.
As a result of the study, lactoferrin did not
significantly inhibit the growth of lactic acid
bacteria. On the other hand, showed antibactetial
effects on Psendomonas spp. and Coliforms. As the
lactoferrin ~ concentration  increased,  the
antibacterial effect increased. This study showed
that bovine lactoferrin can be used in products
that will not undergo heat treatment for a certain
period or avoid the pathogenic properties of
bacteria.
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Bu caligmada, Isparta ve Antalya illerinde perakende satist yapilan kanatlt etlerinde (32 pilig, 9 hindi, 9
bildircin) Staphylococens anrens yayginliginin arastirilmast, antibiyotik direng profilleri ve direnc genlerinin yant
sira enterotoksin genleri varhiginin belitlenmesi amaglanmistir. Kanath etlerinden muhtemel S. anrens
izolasyonunda Baird Parker agar besiyeri kullanilmustir. Izolatlarin tiir diizeyinde tanust 5. anrens'da termostabil
nitkleaz genine (n#c) 6zgl primer ¢iftl kullantlarak polimeraz zincir reaksiyonu (PZR) ile yapilmigstir. 130
muhtemel S. aurens izolatmn 16’sinda nue genine 6zgl 458 be buyiikliginde amplikonlar elde edilmistir.
Kanath eti 6rneklerinde S. amrens bulunma sikhigt % 20 (10/50) bulunmustur. Koagulaz testi, S. aureus
izolatlarinin tamaminin koagiilaz pozitif oldugunu gostermistir. Disk diftizyon testi, izolatlarin tamamimin (%
100) kloramfenikole ve teikoplanine duyatl, penisilin G’ye ise direncli oldugunu gostermistir. Izolatlarin %
81.25’inin (13/16) metisilin direncli 5. aurens (MRSA) oldugu tespit edilmistir. PZR islemi sonucu . aurens
suslarinda en sik rastlanan antbiyotk diren¢ geninin baZ (%o 62.5,10/16) oldugu tespit edilmistir. 5. anrens
suslarinin hicbirinde sea, seb, sec, sed ve see geni varligt belirlenmemistir.

Anahtar kelimeler: Kanatl eti, Staphylococcns anreus, antibiyotik direng, antibiyotik diren¢ geni, enterotoksin
geni

DETERMINATION OF STAPHYLOCOCCUS AUREUS PREVALENCE AND
ANTIBIOTIC RESISTANCE PROFILES, ANTIBIOTIC RESISTANCE AND
ENTEROTOXIN GENES IN POULTRY MEATS

ABSTRACT

In this study, it was aimed to investigate the prevalence of Staphylococcus aurens in poultry meats (32
chickens, 9 turkeys, 9 quails) sold in Isparta and Antalya provinces, and to determine the presence of
enterotoxin genes as well as antibiotic resistance profiles and resistance genes. Baird Parker agar
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S. aureus suglarinda antibiyotik direng

medium was used to isolate presumptive S. axrens from poultry meats. The species-level identification
of isolates was done by polymerase chain reaction (PCR) using primer pair specific to the
thermostable nuclease gene (nx#¢) in S. aurens. As a result of the PCR analysis, amplicons of 458 bp
specific to the #u#c gene were obtained in 16 of 130 presumptive S. aureus isolates. The frequency of
S. aurens in poultry meat samples was found to be 20% (10/50). Coagulase test showed that all the S.
anrens isolates were coagulase positive. Disk diffusion test showed that all of the isolates (100 %) were
susceptible to chloramphenicol and teicoplanin and resistant to penicillin G. It was determined that
81.25 % (13/16) of the isolates were methicillin resistant S. aurens (MRSA). The most common
antibiotic resistance gene in S. aureus strains was found to be blaZ (62.5 %, 10/16) as a result of PCR.
The presence of sea, seb, sec, sed and see genes was not detected in any of the S. aurens strains.

Keywords: Poultry meat, Staphylococcus aureus, antibiotic resistance, antibiotic resistance gene,

enterotoxin gene

GIRIS
Staphylococens anreus, Bacillales sinifina,
Staphylococcaceae  familyasina  ve  Staphylococcus

cinsine ait Gram pozitif, kok morfolojisinde,
fakiiltatif anaerob, spor olusturmayan, hareketsiz,
hemolitik, oksidaz-negatif, katalaz-pozitif ve
koagtilaz-pozitif bir bakteridir (Gulzar ve Zehra,
2018; Pal vd., 2020). S. aurens, kimelesmis koklar
veya Uzim salkimina benzer kiimelesmis koklar
seklinde mikroskobik motrfoloji gosterir (Loir vd.,
2003; Schelin vd., 2011). S. aurens toplumsal ve
hastane kaynakli hastaliklarla iligkili yaygin bir
patojendir (Lee, 2003; Pereira vd., 2009; Kadariya
vd., 2014; Pal vd., 2020). Insanlarda zatiirre,
ameliyat sonrast yara enfeksiyonlar, cilt
enfeksiyonlari, bakteremi ve endokardit gibi
hastaliklara neden olabilmektedir (Gulzar ve
Zehra, 2018). S. awrens antibiyotiklere direng
gbsteren  mikroorganizmalar  arasinda  halk
sagligint tehdit eden 6nemli bir bakteridir (Pal vd.,
2020). Antibiyotikler hticre duvan sentezini,
protein sentezini, niikleik asit sentezini ve
metabolik yollart inhibe ederek bakteriler Gizerinde
etkili olan antibakteriyel ajanlardir. Antibiyotige
direngli bakteriler, hem dogal (intrinsic) hem de
kazamlmis (acquired) diren¢ mekanizmalan ile
antibiyotiklerin etkisini engellerler.
Transformasyon, transdiksiyon, plazmitler veya
transpozonlarla  konjugasyon ve mutasyon
antibiyotik  diren¢  kazanmim  yOntemleridir
(Donham vd., 2010). S. awrens, kazandmis
antimikrobiyal ~diren¢ gelistirme potansiyeli
yuksek bir mikroorganizma olarak
tanimlanmaktadir.  S.  aurens suslan  penisilin,
metisilin ve vankomisin gibi bircok antibiyotige
karst direng kazanmustir. Metisilin direncli S. aureus
diinya genelinde biiytk bir sorun haline gelmis ve

hem hastanelerde hem de toplumda giderek daha
fazla tespit edilmeye basglanmistir (John vd., 2019).

Halk  sagligi  acisindan  6nemli  sorunlar
olusturmasinin yani stra, S. aurens gidalarda cogalip
urettigi enterotoksinler ile gida zehirlenmelerine
de sebep olabilmektedir (Lee, 2003; Pereira vd.,
2009; Kadariya vd., 2014; Pal vd., 2020). Isil islem
ile gidalardan . hiicreleri  elemine
edilebilmekte, ancak trettikleri 1stya direncli
toksinler stafilokokal gida zehirlenmelerine neden
olabilmektedir (Schelin vd., 2011). Stafilokokal
enterotoksinler, biyolojik aktiviteleri ve yapisal
iliskileri nedeniyle pirojenik toksin siiperantijen
ailesinin tyeleri olarak siiflandirlmistir (Omoe
vd., 2002; Argudin vd., 2012). Toksik sok
sendromu  toksini  (TSST-1), stafilokokal
enterotoksinler (SEA'dan SEE'ye, SEG'den
SE]'ye, SEL'den SEQ'ya ve SER'den SET'ye) ve
stafilokokal  enterotoksin  benzeri  toksinler
(SEIK'den SEIQ'ya, SEIU'dan SEIX'e) olmak
uzere 23'ten fazla stafilokokal enterotoksin
tanimlanmustir (Oliveria vd., 2018). Stafilokok
gida zehirlenmelerinin yaklasik % 95'ine SEA'dan
SEE'ye stafilokokal enterotoksin tiplerinin neden
oldugu  bilinmektedir.  Stafilokokal — gida
zehirlenmelerinin = geri  kalan % 51 yeni
tanimlanmus diger stafilokokal enterotoksinler ile
iliskilidir (Omoe vd., 2002).

anreus

Bu c¢alismada Isparta ve Antalya illerinde
perakende satist yapilan 50 adet kanatli (32 pilic, 9
hindi, 9 bidircin) eti 6rneginde S.  aureus
yayginliginin aragtirilmasi ve S. aureus izolatlarinda
antibiyotik ~ diren¢ profillerinin  belirlenmesi
amaglanmustir.  Calisma kapsaminda aymica 5.
anrens izolatlarinda  antibiyotik direng genleri
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(mecA,  blaZ,  aac(6')-le-aph2")-la, aph(2")-Ib,
aph(2")-Le, aph(2")-1d, aph(3')-Illa, ant@')-1a, ant(6')-
la, ermA, emnB, ermC, msrA, msrB, tekK, tetM, terl.,
vanA ve vanB) ve enterotoksin genleri (sea, seb, sec,
sed ve see) varligt PZR ile arastirlmustir.

MATERYAL VE YONTEM

Kanatl eti 6rnekleri

Calismada kullamilan toplam 50 adet kanatl eti
ornekleri (7 pili¢ kanat, 7 pili¢ baget, 4 pili¢ incik,
7 pilic gégus, 7 pilic kelebek, 9 hindi boyun ve 9
bildircin) Antalya ve Isparta illerinde bulunan
kasap ve marketlerden 2019 yii Kasim-Haziran
aylarint  kapsayan 8 aylk doénemde temin
edilmistir.

Muhtemel S. aureus suslarinin izolasyonu

Muhtemel S. awurens suslarinin izolasyonu icin
kanatlt eti 6rnekleri aseptik kosullar altinda steril
bistiiri kullanilarak kii¢iik parcalara ayrilmis ve 10
¢ tartilarak steril blender (Waring Commercial
8011 ES, Torrington, CT, ABD) icerisinde 90 mL
steril fizyolojik tuzlu su (% 0.85 NaCl, w/v)
cozeltisi ilave edilerek yiiksek devirde 1-1.5 dakika
(dk) homojenize edilmistir. Hazirlanan bu ilk

dilisyonu takiben kanath eti Ornekleri 10-3
seviyesine kadar dilie edilmigtit. Her bir
dilisyondan mikropipet yardimiyla 0.1 mL

alinarak aseptik kosullarda egg yolk tellurite
(Acumedia LAB M) c¢o6zeltisi eklenmis Baird
Patker agar (BPA, Acumedia LAB M) besiyeri
ortamina aktarilmis ve Drigalski spatili ile yayma
ekim yontemi uygulanmistir. Daha sonra Petri
kutulatr 37 °C’de 24-48 saat inkibasyona tabi
tutulmustur. Sture sonunda Petri kutularinda
gozlemlenen tipik . awrens kolonileri (siyah
merkezli ve etrafinda ¢okelti halkast olusan
koloniler) muhtemel S. awurens izolatt olarak
distinilmis ve 6ze yardimu ile alinarak BHI broth
besiyeri ortamlarina aktanlmistir. Izolatlar 37
°Cde 24 saat gelistirilerek kultire edilmistir.
Secilen izolatlarin saflik kontolit BPA besiyerinde
yapilmis ve saf olan kiltirler steril gliserol (%o 20,
w/v) igeren tiiplerde -20 °C’de stoklanmustir.

Morfolojik tan1 ve katalaz testi

Muhtemel S. aurens izolatlarinin  mikroskobik
morfolojileri Gram boyama metodu ile hazitlanan
preparatlarin 151tk mikroskobunda (Soif, Turkiye)

incelenmesi ile beliflenmistir (Temiz, 1994).
Mikroskobik morfolojileri belitlenen izolatlarin
katalaz testleri % 3’lik hidrojen peroksit (H20)
(Merck,  Darmstadt,  Almanya)  ¢6zeltisi
kullanularak tespit edilmistit (Temiz, 1994).
Katalaz testinde pozitif (5. aurens ATCC 25923) ve
negatif (Enterococcus faecalis ATCC 29212) kontrol
olarak kullanilan referans suslar Sileyman
Demirel Universitesi Gida Mithendisligi Béliimi
kiltiir koleksiyonundan temin edilmistir.

Genomik DNA izolasyonu

Muhtemel . anreus izolatlanindan genomik DNA
Cancilla vd. (1992) tarafindan 6nerilen yontem ile
izole edilmistir. Kisaca, 0.5 mL kultir Eppendorf
tiplerine aktarilmis ve 13000 rpm’de 5 dk santrifiij
edilmistir (Sigma 2-16P, Rotor No: 12148,
Almanya). Hicre ¢okeltileri 0.5 mL liziz ¢cozeltisi
ile ¢ozilmis ve 37 °Cde 30 dk inkiibasyona
birakilmistir.  Inkiibasyon siiresinin  sonunda
tiplere 30 uL sodyum dodesil silfat (SDS, % 10
w/v) ilave edilmis ve 80 °C’de 5 dk tutulmustur.
Lize olan hiicre sispansiyonlart tzerine 0.7 mL
fenol-kloroform (1:10) ilave edilmis ve tlpler
13000 rpm’de 5 dk santrifiij edilmistir. Ust faz
alinarak yeni steril Eppendorf tiiplerine aktarilmis,
tzerine 0.7 mL soguk 2-propanol (Merck) ilave
edilmis ve 13000 rpm’de 5 dk santrifiij edilmistir.
Cokelti 50 pL Tris-EDTA tamponu (pH 8.0)
icetisinde ¢6zilmustir. Genomik DNA 6rnekleti
kullantlincaya  kadar -20 °C’de muhafaza
edilmistir.

Genomik DNA 6rneklerinin varligt % 0.7 (w/v)
agaroz  (AppliChem  GmbH., Darmstadst,
Almanya) icerecek sekilde hazirlanan jellerde
agaroz jel elektroforez yontemi ile kontrol
edilmistir. Elektroforez islemi OWL EASYCAST
B2 (Thermo Fisher Scientific, ABD) vyatay
clektroforez sistemi kullanilarak
gerceklestirilmistir. Elektroforez islemi, 85 voltta
1.5-2 saat streyle yapilmustir. Jel 0.2 pg/mL
etidyum bromit (Amresco, Solon, Ohio, ABD)
iceren boya c¢ozeltisinde 45 dk boyanmis ve stire
sonunda 312 nm dalga boyunda ultraviyole 15tk
(Vilber Lourmat, ECX-F20.M, Fransa) altnda
incelenerek fotografi ¢ekilmistir.
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nuc geni varhgmin polimeraz  zincir
reaksiyonu (PZR) ile aragtirilmasi

Muhtemel S. awrens izolatlarinin tir dizeyinde
tanust S. anrens’da termostabil niikleaz genine (nuc)
6zgli 458 be bitytiklugiinde fragment veren NUC1
(5-ATGAAGTCAATAAATCGCT-3') ve NUC2
(5"TTTGGTGAAAAATACTTCTC-3")
primerleri kullandarak TurboCyler 2 (Blue-Ray
Biotech Ltd., Tayvan) gradient termal dongi
cihazi kullanilarak yapilmistir. PZR islemi toplam
50 pLL PZR kansimu (25 L 2x PCR master miks
(Thermo #KO0171, Litvanya), 20 pL nikleaz
icermeyen su, 3 pl. kalip DNA, 1 pL ileri primer
ve 1 pL geri primer) kullandarak 1 dongi
baslangic denatiirasyonu (94 °Cde 2 dk), 40
dongli cogalma (94 °C’de 2 dk, 55 °C’de 2 dk, 72
°C’de 3 dk) ve 1 déngii son uzama (72 °C’de 10
dk) asamalarindan olusan protokol takip edilerek
gerceklestirilmistir (Gandra vd., 2011). Cogaltilan
PZR  fragmentlerinin  elektroforezi ~ OWL
EASYCAST B2 yatay elektroforez tankinda % 2
(w/v) oraninda agaroz iceren jellerde 85 voltta
1.5-2 saat sitre ile yapimustir. Fragment
buytkliklerinin hesaplanmasinda Genesta™ 100-
bp DNA marker (GeneAll, Kore) molekiler
belirtec olarak kullanilmustir. Jeller etidyum
bromit (Amresco) igceren ¢ozeltide boyanmis ve
UV transilluminatér Gzetinde (Vilber Lourmat)
goruntilenmistir.

Koagiilaz testi

S. aurens koloniletinin koagiilaz aktivitesi Oxoid
Staphylase (DR0595A) test kiti (Oxoid Ltd.,
Basingstoke, Ingiltere) kullanilarak tretici firma
tarafindan Onerilen yonteme gore test edilmistir.
Koagiilaz testinde Siileyman Demirel Universitesi
Gida Mihendisligi Bolimu kaltir
koleksiyonundan temin edilen S. awrens ATCC
29213 susu pozitif kontrol olarak kullandmustir.

Antibiyotik direng

8. anrens suglanimin antibiyotik direng profili Oxoid
Ltd. Sti. (Ingiltere)’den temin edilen amikasin (30
ng), doksisiklin (30 pg), eritromisin (15 pug),
gentamisin (10 pg), kanamisin (30 pg), kinupristin-
dalfopristin (15 pg), kloramfenikol (30 pg),
linezolid (30 pg), minosiklin (30 pg), penisilin G
(10 U), rifampin (5 pg), sefoksitin (30 png),
siprofloksasin (5 pg), teikoplanin (30 png),
tetrasiklin -~ (30  pg) ve  trimetoprim/

sulfametoksazol (30 pg) ticari antibiyotik diskleri
kullanddarak  disk  difizyon  yontemi  ile
belitflenmistir (Cariolato vd., 2008; Yogurtcu ve
Tuncer, 2013). Sonuglar Klinik ve Laboratuvar
Standartlart Enstitiisi (Clinical and Standards
Institute, CLSI) 2016  kdavuzuna  gore
degerlendirilmistir.

Antibiyotik direng genlerinin tespiti

S. aurens izolatlarinda oksasilin (mecA), penisilin
(blaZ), gentamisin (aac(6')-le-aph(2")-la, aph(2")-1b,
aph(2")-Ie, aph(2")-1d), streptomisin (aph(3')-1l1a,
ant(')-la, ant(6')-1a), etitromisin (erm.A, ermB, ermC,
msrA, msrB), tetrasiklin  (terK, tetM, fetl) ve
vankomisin (vanA, vanB) direng genlerinin varligt
Cizelge 1’de verilen primer ciftleri kullanilarak
PZR ile arastirilmustit.

PZR protokolleti aac(6’)-Ie-aph(2")-la, aph(3')-Illa,
ant@')-la, aph(2")-1b, aph(2")-Ic ve aph(2")-1d genleri
icin 1 doéngii 94 °C’de 3 dk, 40 dongt 94 °C’de 40
saniye (sn), 55 °C’de 40 sn, 72 °C’de 40 sn ve 1
dongt 72 °C’de 2 dk; ant(6')-la geni icin 1 déngt
94 °C’de 3 dk, 40 dongt 94 °C’de 30 sn, 56 °C’de
30 sn, 72 °C’de 1 dk ve 1 dongt 72 °C’de 5 dk;
tetK, tetM, tetl., ermA, ermB, ermC, vanA ve vanB
genleri icin 1 déngt 94 °C’de 2 dk, 30 dongti 94
°C’de 60 sn, uygun sicaklikta 60 sn (ferl., vanA ve
vanB genleti icin 54 °C, ermA ve fetK genleti icin
55 °C, zetM geni igin 45 °C; ermB geni i¢in 52 °C,
ermC geni i¢in 48 °C), 72 °C’de 1 dk ve 1 déngt
72 °Cde 10 dk; blaZ geni icin 1 déngu 94 °C’de
4 dk, 40 dongt 94 °C’de 30 sn, 55 °C’de 30 sn, 72
°C’de 1 dk ve 1 dongu 72 °C’de 5 dk; meeA geni
icin 1 doéngt 94 °C’de 5 dk, 30 dongt 94 °C’de 60
sn, 50 °C’de 60 sn, 72 °C’de 2 dk ve 1 doéngt 72
°Cde 10 dk ve msrA ve msrB genleri icin ise 1
déngt 94 °C’de 10 dk, 25 déngii 94 °C’de 60 sn,
50 °Cde 60 sn, 72 °C’de 1.5 dk ve 1 dongt 72
°Cde 10 dk olarak uygulanmistir (Dutka-Malen
vd., 1995; Lina vd., 1999; Martineau vd., 2000;
Depardieu vd., 2004; Zhang vd., 2004; Vakulenko
vd., 2003; Ouoba vd., 2008 ve Niu vd., 2016).
PZR denemelerinde E. faecinme FYEAL(ermCH,
tetM™, tetl."), E. gallinarum DYEAS (ermA*, ermBT,
tetM, terl %), E. faecinm ATCC 51559 (vanA*), E.
Saecalis ATCC 51299 (vanB*) ve S. aureus ATCC
43300 (mecA*) suslart pozitif kontrol olarak
kullantlmigtir.
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C. Kisa, Y. Tuncer

Cizelge 1. Antibiyotik diren¢ ve enterotoksin genlerinin tespitinde kullamlan primetler ve tiriin

buytklikleri
Table 1. Primers for detection of antibiotic resistance and enterotoxin genes and product sizes
Gen Primer dizileri (5'-3") Uriin bityiikliigii (b¢) Kaynak
Gene Primer sequences (5'-3') Product size (bp) Reference
mecA GTAGAAATGACTGAACGTCCGATAA 310 Zhane vd.. 2004
CCAATTCCACATTGTTTCGGTCTAA gV,
blaZ ACTTCAACACCTGCTGCTTTC 173 Martineau vd.,
TGACCACTTTTATCAGCAACC 2000
aac(6')-le CAGGAATTTATCGAAAATGGTAGAAAAG 369 Vakulenko vd.,
-aph(2")-Ia CACAATCGACTAAAGAGTACCAATC 2003
aph(2")-Ib CTTGGACGCTGAGATATATGAGCAC 367 Vakulenko vd.,
GTTTGTAGCAATTCAGAAACACCCTT 2003
aph(2")-Ic CCACAATGATAATGACTCAGTTCCC 444 Vakulenko vd.,
CCACAGCTTCCGATAGCAAGAG 2003
aph(2")-1d GTGGTTTTTACAGGAATGCCATC 641 Vakulenko vd.,
CCCTCTTCATACCAATCCATATAACC 2003
aph(3')-1lla GGCTAAAATGAGAATATCACCGG 503 Vakulenko vd.,
CTTTAAAAAATCATACAGCTCGCG 2003
ant(4')-la CAAACTGCTAAATCGGTAGAAGCC 204 Vakulenko vd.,
GGAAAGTTGACCAGACATTACGAACT 2003
ant(6')-la ACTGGCTTAATCAATTTGGG .
“ GCCTTTCCGCCACCTCACCG 377 Niu vd,, 2016
ermA AAGCGGTAAACCCCTCTGA 190 Martineau vd.,
TTCGCAAATCCCTTCTCAAC 2000
ermB CTATCTGATTGTTGAAGAAGGATT 142 Martineau vd.,
GTTTACTCTTGGTTTAGGATGAAA 2000
ermC AATCGTCAATTCCTGCATGT 99 Martineau vd.,
TAATCGTGGAATACGGGTTTG 2000
misrA TCCAATCATTGCACAAAATC 163 Martineau vd.,
AATTCCCTCTATTTGGTGGT 2000
nisrB TATGATATCCATAATAATTATCCAATC 505 Lina vd.. 1999
AAGTTATATCATGAATAGATTGTCCTGTT 2
tetK TTAGGTGAAGGGTTAGGTCC 718 Ouoba vd.,
GCAAACTCATTCCAGAAGCA 2008
tetM GTTAAATAGTGTTCTTGGAG
CTAAGATATGGCTCTAACAA 657 Ouoba vd., 2008
tetl. GTTGCGCGCTATATTCCAAA
TTAAGCAAACTCATTCCAGC 788 Ouoba vd., 2008
vanA GGGAAAACGACAATTGC 730 Dutka-Malen
GTACAATGCGGCCGTTA vd., 1995
vanB ACGGAATGGGAAGCCGA 647 Depardieu vd.,
TGCACCCGATTTCGTTC 2004

sea

seb

sec

sed

see

CCTTTGGAAACGGTTAAAACG
TCTGAACCTTCCCATCAAAAAC
TCGCATCAAACTGACAAACG
GCAGGTACTCTATAAAGTGCCTGC
CTCAAGAACTAGACATAAAAGCTAGG
TCAAAATCGGATTAACATTATCC
CTAGTTTGGTAATATCTCCTTTAAACG
TTAATGCTATATCTTATAGGGTAAACATC
CAGTACCTATAGATAAAGTTAAAACAAGC
TAACTTACCGTGGACCCTTC

127

477

271

319

178

Omeo vd., 2005
Omeo vd., 2005
Omeo vd., 2005
Omeo vd., 2005

Omeo vd., 2005
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S. aureus suglarinda antibiyotik direng

Cogaltilan PZR fragmentlerinin agaroz jel
elektroforezi OWL EASYCAST B2 vyatay
elektroforez tankinda % 2 (w/v) oraninda agaroz
iceren jellerde 85 voltta 1.5-2 saat sire ile
yapilmustir. Fragment buyukliklerinin
hesaplanmasinda Genesta™ 100-bp DNA marker
(GeneAll, Kore) molekiler belirte¢ olarak
kullanilmustir. Jeller 0.2 pg/ml. etidyum bromit

(Amresco) iceren c¢ozelti icerisinde 30 dk
boyanmis ve UV transilluminatér zerinde
(Vilber  Lourmat)  gbruntilenmistir.  Jel

fotograflart Nikon D5100 (Nikon Corp.) dijital
fotograf makinesi kullamilarak cekilmistir.

Enterotoksin genlerinin tespiti

S. aureus izolatlarinda SEA, SEB, SEC, SED ve
SEE enterotoksinlerinin genetik
determinantlarinin (sea, seb, sec, sed ve see) varligt
Cizelge 1’de verilen primer ciftleri kullanilarak
TurboCyler 2 (Tayvan) gradient termal doéngi
cihazinda multipleks-PZR (mPZR) yoéntemi ile
aragtirtlmistir. mPZR islemi toplam 20 pL. PZR
karisimi (10 pL. Phusion Flash High-Fidelity PCR
master miks (Thermo #F-548L, Litvanya), 3.5 uL.
niikleaz icermeyen su, 5 plL primer takimi ve 1.5
ul kalip DNA) kullanilarak 1 déngt baslangig
denatiirasyonu (95 °C’de 120 sn), 35 doéngl
cogalma (95 °C’de 30 sn, 57 °C’de 90 sn, 72 °C’de
90 sn) ve 1 doéngl son uzama (72 °C’de 10 dk)
asamalarindan olusan PZR protokolid takip
edilerek gerceklestirilmistir (Omeo vd., 2005).
Cogaltlan  enterotoksin ~ genlerinin ~ PZR
fragmentlerinin agaroz jel elektroforezi % 2 (w/v)
agaroz orani ile hazitlanan jellerde yapilmustir.

BULGULAR VE TARTISMA

S. awrens izolasyonunda kullanilan 50 adet kanatlt
eti Orneginden toplam 158 muhtemel S. awrens
susu izole edilmistir. Muhtemel S. azrens oldugu
distiniilen 158 adet izolatin izole edildigi 6rnek
tiri, temin edildigi iller ve izolat kodlar Cizelge
2’de verilmigtir. Gram boyama ve katalaz testi
sonucu 158 adet izolattan 130 adedinin Gram
pozitif kok (tekli ve duzensiz kiimeler)
morfolojisinde ve katalaz pozitif 6zellik gosterdigi
belitlenmistir. Bu 130 izolat muhtemel . awurens
olabilecegi digiintilerek ¢alisma materyali olarak
secilmistir. S. awrens Gram pozitif ve katalaz
pozitif ~ Ozellik gosteren  bakteridir. Kok

morfolojisine  sahip olan bu  bakterinin
mikroskobik morfolojisi sivi besiyeri ortaminda
kiltire edildiklerinde tekli ve diizensiz kiimeler
halinde goriilmektedir (Schein vd., 2011). Diger
taraftan Gram negatif ve katalaz negatif &zellik
gosteren 28 izolat (82, 89, S14, §15, §16, S17, §18,
§25, 836, S37, 850, S51, §55-2, 8§57, S58, §59, S62,
S65, S66, S67, S68, S73, S90, S99, S120, S121,
S124, S125) ise Staphylococcus cinsinin  genel
Ozellikleri ile uyum g6stermemesi nedeni ile
calisma kapsamindan cikarilmustir.

Calisma kapsaminda izole edilen 130 muhtemel .
anrens 1zolatimin tir diizeyinde tanist S. awreus’a
Ozgil termostabil nitkleaz geni () varliginin PZR
ile arastirilmast ile yapilmistir. Cancilla vd. (1992)
tarafindan Onerilen yonteme gdore izole edilen
genomik DNA 6rneklerinin varligt agaroz jel
elektroforez yontemi ile belirlenmistir  (Veri
gosterilmedi). Ekstraseliler termostabil niikleaz
(TNaz) S. aurens tarafindan Uretilen hem DNA
hem de RNA’yi kesme Ozelligine sahip bir
enzimdir. TNaz aktivitesi S. aurens’a Szgl olmasa
da bu enzimi kodlayan zz#c geninde yer alan S.
anrens tirine Ozgul diziler nedeni ile bu gen S.
aurens’un  tanisinda molekiler belirtec olarak
kullantlmaktadir (Brakstad vd., 1992). Genomik
DNA orneklerinin kalip olarak kullanildigt PZR
uygulamast sonucu 130 adet izolattan 16 adedinde
(83, §7, S11, §812, S§19, S30, S31, S32, S33, S34,
S39, S41, S42, S82, S96 ve S118) nuc genine 6zgu
458 be¢ buytkliginde amplikonlar elde edilmistir
(Sekil 1). Elde edilen bu bulgular 1s181nda S3, S7,
S11, S12, 819, 830, S31, §32, §33, S34, S39, 541,
S42, S82, S96 ve S118 kodlu izolatlar S. aureus
olarak tanimlanmustir. Baird Parker agarda .
warneri ve Proteus penneri titleti S. anrens le benzer
koloni morfolojisine sahiptir (Abolghait vd.,
2020). Bu nedenle ¢alisma kapsaminda #x¢ genine
ozgil primer ¢ifti ile amplikon vermeyen
izolatlarin  S. wameri veya P. penneri tirleri
olabilecegi disiinilmektedir. Bu izolatlarin tir
diizeyinde kesin tamsinin 16S tDNA dizi analizi
ile yapilmasi gerekmektedir. Bu ¢alismaya benzer
olarak gecmis yillarda yapilan pek ¢ok ¢alismada
da §. aurensun tanmisinda nuc genini hedef alan
primer ciftleri siklikla kullanilmustir (Karmakar
vd., 2016; Siriken vd., 2018; Kadiroglu vd., 2019;
Sadiq vd., 2020).
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Cizelge 2. Muhtemel S. aurens izolasyonunda kullanilan 6rnek tiirii, 6rnegin temin edildigi il ve izolat

kodlar
Table 2. Sample type used in presumptive S. aureus isolation, province from which the sample was provided and isolate
codes
Ornek tiirii '1;57226;;1:;1;5 621 Izolat kodlart
Sample type Antalya  Tspart Isolate codes
Pili¢ kanat (n=7) 5 5 S1, 82, 83, 810, S11, 812, S13, S14, S25, S26, S34, S63,
(Chicken wing) S64, 870, S71, 8147, 8148, §156, S157
Pilic baget (7= 7) S16, 817, 827, 828, 829, 830, S31, S32, S33, S35, S49,
(Chicken dramstick) 2 5 S50, S51, 852, 853, S54, S66, S67, S68, S69, S83, S92,
§93, 8152, 8153
Pili¢ sarma (n= 4) 1 3 S4, S5, S6, S22, 823, 824, 839, S40, S41, S42, S43, S44,
(Chicken shanfk) S48, S82, S149
Pili¢ gogus (n=T7) 4 3 S7, 88, 89, S18, 819, 8§20, 821, §38, S60, S61, S62, S72,

(Chicken breast) S73, 574, S75, S76, S80, S81, S145
Pilic kelebek (= 7) S15, 836, S37, S38, S45, S46, S47, S55-1, S55-2, S50,

(Chicken butterf) 5 2 2?23858,559,865,S77,S78,S79,884,885,895,8154,

Hindi boyun (7= 9) 0 o S86,587,588,589,890, 91, 594, $96, $97, 898, 899,
(Turkey neck) $100, S101, S102

$103, S104, $105, S106, S107, $108, $109, S110, S111,

Bildsran (1= 9) S112, 8113, S114, S115, S116, S117, S118, S119, $120,

. 0 9 S121,S122, S123, $124, S125, $126, S127, $130, S131,

(Quail S132, S133, S134, S135, S136 S137, S138, $139, S140,

S141, S142, S143, S144, S146, S147, S150, S151

n: otnek sayist / number of sample

6 78 9101112131415

nuc 458 bg

Sekil 1. Muhtemel . azrens izolatlarinda nue geni varhginin PZR ile tespiti
1: §1;2: §3; 3: S4; 4: S7; 5: §8; 6: S10; 7: S11; 8: S12; 9: S27; 10: Genesta™ 100 b¢ DNA marker (GeneAll,
Kore); 11: S34; 12: §40; 13: S41: 14: S. anrens ATCC 25923 (pozitif kontrol) ; 15: negatif kontrol (su)

Figure 1. Detection of nuc gene presence in presumptive S. anreus isolates by PCR
1:81;2:853; 3: 84, 4:857; 5: 88, 6: 8510; 7: $11; 8: 8512 9: §27; 10: Genesta™ 100 bp DNA marker (GeneAll,
Korea); 11: 834, 12: §40; 13: 541: 14: 8. aurens ATCC 25923 (positive control) ; 15: negative control (water)
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Izolatlarda nue geni varliginin PZR ile arastirildigt
denemelerden elde edilen bulgular sonucunda
calisma kapsaminda izolasyon materyali olarak
kullanilan 50 adet kanatli eti Grneginin 10
adedinden S. aurens izole edildigi belirlenmistir.
Kanatli eti 6rneklerinde S. aurens izolasyon sikligt
% 20 olarak hesaplanmustir. Izole edilen 16 adet S.
anreus susunun 14 adedi (14/16, % 87.5) pili¢ et
orneklerinden, 1’er adedi (1/16, % 6.25) ise
bildirctn ve hindi boyun 6rneklerinden izole
edilmistir. Bu calismada kanatlt et 6rneklerinde
tespit edilen S. awrens izolasyon sikligina benzer
olarak ABD’de yapilan bir calismada 45 pili¢ eti
Orneginin % 18.2’sinde ve 36 hindi 6rneginin %
19.4%Gnde S. aurens varh@ saptanmistir (Hanson
vd., 2011). Farkli arastirmacilar tarafindan yapilan
calismalarda ise kanatli eti 6rneklerinde S. awreus
bulunma stkligi bu ¢alismada bulunan degerden
yiksek bulunmustur (Kitia vd., 2005; Kaya vd.,
2015; Ozdemir ve Keyvan, 2016). Calisma
kapsaminda izole edilen S. awress suslarinin
tamamut Isparta ilinde satist yapilan Orneklerden
izole edilmistir. Antalya ilinden temin edilen
orneklerin  hicbirinden . susu izole
edilmemistir. Bu durumun iki il arasinda toplanan
ornek sayist farkliligindan kaynaklt olabilecegi
distntlmektedir. Ancak ette 5. awrens tespiti,
genellikle dretim siirecine dahil olan bireyler
tarafindan isleme, nakliye, dilimleme, depolama ve
satts  noktast  sirasindaki  zayif  hijyenik
uygulamalarla ilgilidir (Sadiq vd., 2020). Bu
nedenle S. aureus izolatlarinin yalniz Isparta ilinden
temin edilen 6rneklerden citkmasi kanatli etlerinin
islenmesi sirasinda kullanilan aletlerin veya isleyen
kisilerin 5. tastytcist  olmasindan
kaynaklantyor olabilit.

aunreus

aunreus

Koagtlaz testi S. awureusun diger stafilokok
tirlerinden ayriminda  kullanilan  kolay  bir
yontemdir (Kagmaz vd., 2015). Rutin laboratuvar
uygulamalarninda S. diger
stafilokoklardan ayiriminda  koagiilaz  Gretimi
siklikla tek kriter olarak kullanilmaktadir. Ancak S.
anrens disinda koagiilaz porzitif stafilokoklarin da
oldugu g6z ardi edilmemelidir (Anonymous,
2020). Bunun yant sira gecmis yillarda yapilan
calismalarda koagtilaz negatif S. aurens suslarinin
da oldugu rapor edilmistir (Vandenesch vd., 1994;
Olwer vd., 2004; Bayston vd., 2006). Bu nedenle

anrensun

bu calisma kapsaminda koagtilaz testi izolatlarin
nue  geni  varhginin  arastirdmasindan  sonra
yapilmistir. PZR sonucu nue geni varligt belirlenen
suslarin koagiilaz aktivitesi incelenmis ve nuct
izolatlarin tamaminmin aynt zamanda koaglilaz
porzitif 6zellikte oldugu belirlenmistir.

Disk difiizyon testi sonucu, S. aurens izolatlarinin
tamaminin (% 100) en az bir antibiyotige karst
direncli oldugu belirlenmistir (Cizelge 3). Benzer
olarak Wang vd. (2017) Cin’de 203 sehirden temin
ettikleri 27000 gida 6rneginden (4500’1 kanatl eti)
izole ettikleri 1150 8. aurens izolattnin % 97.6’sinin
(1122/1150) en az bir antibiyotige karst direncli
oldugunu bildirmislerdir. Cin’de yapilan bir baska
calismada da perakende satist yapilan kanatli eti ve
triinlerinin de icinde yer aldigt 1850 et ve et
triiniinden izole edilen 868 . aurens izolatindan
yalniz 11°inin ¢alismada kullanilan 24 antibiyotigin
tamamina duyarlt oldugu, izolatlarin % 94.6’s1un
ise 3 veya daha fazla antibiyotige direncli veya orta
seviyede direncli oldugu belitflenmistir (Wu vd.,
2018).

Kanatli eti 6rneklerinden izole edilen S. awreus
izolatlarinin  antibiyotik  duyatlilik ve direng
yuzdeleri Cizelge 4’de verilmistit. S. awureus
izolatlarinin tamamunin (% 100) kloramfenikole
ve teikoplanine duyatli oldugu belitlenmistir.
Izolatlarin kloramfenikol ve teikoplaninden sonra
en duyarl oldugu antibiyotiklerin % 93.75 ile
(15/16) doksisiklin, linezolid ve tetrasiklin oldugu
belitlenmistir. Bu antbiyotikleri % 81.25 (13/16)
ile minosiklin, % 68.75 (11/16) ile rifampin, %
62.5 (10/16) ile amikasin ve % 56.25 (9/16) ile
gentamisin,  kanamisin  ve  siprofloksasin
antibiyotikleri izlemektedir. Calismada kullanilan
diger antibiyotiklere karst ise izolatlarin daha
distk diizeyde duyarlilik gosterdigi belirlenmistir.
Bu bulgulara benzer olarak Wu vd. (2018) et ve et
uriinlerinden izole edilen S. auress izolatlarinin
linezolid (% 0.6), teikoplanin (% 0.9), amikasin (%
7.5) ve rifampin (% 9.3) diren¢ diizeylerinin disiik
oldugunu tespit etmislerdir.
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Cizelge 3. S. aurens suslarinin antibiyotik direng profilleri ve antibiyotik diren¢ genleri
Table 3. Antibiotic resistance profiles and antibiotic resistance genes in S. aureus strains

Suslar Antibiyotik direnc” Antibiyotik direng genleri
Strains Antibiotic resistance” Antibiotic resistance genes
S. aurens S3 AK, P, FOX, SXT, QD -

S. aureus ST CN, P, FOX, SXT tetK

S. anrens S11 P blaZ

S. aurens S12 P blaZ, msrA, msrB, tetK
S. aurens S19 P blaZ, tetK

S. aurens S30 E, KA, P, FOX, SXT, QD, RD ant(6')-la

S. aurens S31 P, FOX, QD blaZ

S. aurens S32 AK, LZD, P, FOX, QD, RD, CIP blaZ

S. aurens S33 P, FOX blaZ

S. aurens S34 P, FOX, SXT -

S. aurens S39 AK, KA, MH, P, FOX, SXT, CIP blaZ, aph(3')-11la

S. aurens S41 E, P, FOX, SXT blaZ

S. aurens S42 CN, P, FOX, SXT, TE blaZ, tetK

S. aurens S82 E, KA, P, FOX, SXT, QD, RD ant(6')-la

S. aurens S96 E, KA, P, FOX, SXT, QD, CIP -

S. aurens S118 AK, E, CN, P, FOX, SXT, QD mecA, blaZ, fetl.

*AK: Amikasin/ Amikacin (30 ng); DO: Doksisiklin/ Doxyeyeline (30 yg); E: Eritromisin/Erytromycin (15 yg); CN:
Gentamisin/ Gentamicin (10 yg); C: Kloramfenikol/ Chloramphenicol (30 yg); KA: Kanamisin/Kanamycin (30 yg); LZD:
Linezolid/ Linezolid (30 vg); MH: Minosiklin/Minoeycline (30 vg); P: Penisilin G/ Penicillin G (10 U); FOX:
Sefoksitin/ Cefoxitin - (30 yg); SXT: Trimetoprim/sulfametoksazol/ Trimethoprim/ sulfamethoxazole (30 1g); QD:
Quinupristin/dalfopristin/ Quinupristin/ dalfopristin -~ (15 yg);  RD:  Rifampin/Rifampin -~ (5  yg);  CIP:
Siprofloksasin/ Ciprofloxacin (5 4g); TEC: Teikoplanin/ Tezcoplanin (30 yg) ve TE: Tetrasiklin/ Tetracycline (30 yg)

Cizelge 4. 8. anreus izolatlarinin antibiyotik duyarlilik ve direng yiizdeleri (%0)
Table 4. Antibiotic susceptibility and resistance percentages (Yo) of S. anreus isolates

Antibiyotikler S 1 R

Antibiotics " % n % n Yo
Amikasin (Amikacin) 10 62.5 2 12.5 4 25
Doksisiklin (Doxyeycline) 15 93.75 1 6.25 0 0
Eritromisin (Erythromycin) 6 37.5 5 31.25 5 31.25
Gentamisin (Gentamicin) 9 56.25 4 25 3 18.75
Kloramfenikol (Chloranmphenicol) 16 100 0 0 0 0
Kanamisin (Kanamycin) 9 56.25 3 18.75 4 25
Linezolid (Linezolid) 15 93.75 0 0 1 6.25
Minosiklin (Minocycline) 13 81.25 2 12.5 1 6.25
Penisilin G (Penicillin G) 0 0 0 0 16 100
Sefoksitin (Cefoxitin) 3 18.75 0 0 13 81.25
Trimetoptrim/sulfametoksazol 5 31.25 1 6.25 10 62.5
(Trimethoprim/ sulfamethoxazole)

Quinupristin/dalfopristin 6 37.5 3 18.75 7 43.75
(Quinupristin/ dalfopristin)

Rifampin (Refampin) 11 68.75 2 12,5 3 18.75
Siprofloksasin (Ciprofloxcacin) 9 56.25 4 25 3 18.75
Teikoplanin (Tezcoplanin) 16 100 0 0 0 0
Tetrasiklin (Tetracycline) 15 93.75 0 0 1 6.25

*S: Duyatli/ Susceptible; 1: Orta seviyede direncli/ Intermediary; R: Direngli/ Resistant
“n: izolat sayist / number of isolate
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Calisma kapsaminda kanatli eti Orneklerinden
izole edilen §. aurens suslarinin tamaminin (% 100)
penisilin G’ye direngli oldugu tespit edilmistir.
Penisilin G disinda izolatlarin % 81.25’inin
(13/16)  sefoksitine, %  62.5%inin  (10/16)
trimetroprim/sulfametoksazole, %  43.75’inin
(7/16) quinupristin/dalfopristine ve % 31.25’inin
(5/16) etitromisine direncli oldugu belitlenmistir.
Izolatlarda amikasin, kanamisin, gentamisin,
rifampin, siprofloksasin, linezolid, minosiklin ve
tetrasiklin direncinin ise disitk diizeyde oldugu
tespit edilmistir (Cizelge 4). Elde edilen bulgulara
benzer olarak Wang vd. (2017) 1150 . awureus
izolatinin en ¢ok (% 83.7, 963/1150) penisiline
direncli oldugunu bildirmislerdir. Ancak diger
taraftan  arastirmacilar  bu calismada elde
edilenden daha ytksek oranda linezolid (%o 67.7,
778/1150) ve tetrasiklin (% 38.2, 439/1150)
direnci belirlemislerdir. Wu vd. (2018) tarafindan
yapilan calismada da et ve et riinlerinden izole
edilen S. awurens izolatlarinda yiksek oranda (%
84.6) penisilin direnci tespit edilmistir. Sefoksitin
disk difiizyon testi MRSA’larin  tespitinde
fenotipik marker olarak kullamlmaktadir (Annad
vd., 2009; Abolghait vd., 2020; Sadiq vd., 2020).
Bu bilgi 1s181nda sefoksitine direncli oldugu tespit
edilen S. aureus izolatlart (% 81.25%, 13/16) MRSA
olarak tamimlanmistir. Sadiq vd. (2020) mezbaha
ve et satist yaptlan ditkkanlardan temin ettikleri
tavuk Orneklerinden izole edilen S. awreus
suglarinin % 63’tnun (19/25) sefoksitine direngli
oldugunu belitlemis ve bu suslart MRSA olarak
tantmlamiglardir. Calisma kapsaminda kanatl eti
orneklerinden izole edilen S. aurens suslari arasinda
yiksek oranda MRSA tanimlanmast tlketici
saghgt acisindan endise uyandirmaktadir.

S. anrens suslarinda mecA, blaZ, aac(6')-le-aph(2"')-1a,
aph(2")-1b,  aph2")-Ie,  aph(2")-1d,  aph(3')-1lla,
ant(@')-1a, ant(6')-1a, ermA, ermB, ermC, msrA, msrB,
tetK, tetM, tetl., vanA ve vanB direng genlerinin
varlig spesifik primerler kullanilarak PZR ile
arastirilmis ve elde edilen bulgular Cizelge 3’de
verilmistir. S. aureus izolatlan arasinda S3, S34 ve
S96 suslart disinda kalan izolatlarda en az bir
antibiyotik direng geni varligi tespit edilmistir. S.
anrens S12 (blaZ, msrA, msrB, tetK), S118 (mecA,
blaZ, tetl ), S19 (blaZ, tetK), S39 (blaZ, aph(3')-111a)
ve S42 (blaZ, terK) suslarinda ise birden fazla

antibiyotik diren¢ geni varligi belirlenmistir
(Gizelge 3).

PZR islemi sonucu S. aurens suglarinda % 62.5 ile
(10/16) en sik rastlanan genin blaZ oldugu tespit
edilmistir. Stafilokoklarda penisilin direnci blaZ ve
mecA genleri tizerinde kodlu iki mekanizma ile
gerceklesmektedir. Bu mekenizmalardan en
onemlisi B-laktamaz Gretimidir (Olsen vd., 20006)
Kromozom veya plazmid tzerinde yer alabilen
blaZ geni tarafindan kodlanan -laktamaz enzimi,
B-laktam halkasint hidrolize ederek
stafilokoklarda  penisilin  direncine neden
olmaktadir (Olsen vd., 2006; Bacigil vd., 2012;
Takayama vd., 2015; Pal vd., 2020). Ikinci
mekanizmada ise mec geninde kodlu penisilin
baglayict protein PBP2a kaynakhdir (Olsen vd.,
2006; Pal vd., 2020). blaZ geni PZR sonuglar,
antibiyotik disk difiizyon testi sonuclarin genel
anlamda destekler nitelikte bulunmustur. Ancak,
disk difiizyon testi sonucu fenotipik olarak
penisiline direngli olan S3, S7, S30, S34, S82 ve
S96 kodlu izolatlarda blaZ geni tespit edilmemistir.
Benzer olarak gecmis yillarda yapilan calismalarda
da fenotipik olarak penisiline direncli stafilokok
suslarinda blaZ geni bulunmadigi bildirilmistir
(Frey vd., 2013; Yang vd., 2015). Fenotipik olarak
penisiline direcli ancak blaZ geni icermeyen bu
suslarda penisilin direnci nokta mutasyonlardan
veya baska bir diren¢ mekanizmasindan
kaynaklantyor olabilir. blaZ geni disinda izolatlarin
% 25’inde (4/16) #tK, % 12.5inde (2/16) ant(6')-
Iave % 6.25%inde (1/16) mecA, aph(3')-Illa, msrA,
msrB ve tetl. geni wvatligi tespit edilmistir.
Izolatlarin hicbirinde aac(6')-lIe-aph(2")-1a, aph2")-
Ib, aph2")-Ie, aph2")-ld, ant(d')-la, ermA, ermbB,
ermC, tetM, vanA ve wvanB geni varligl tespit
edilmemistir (Cizelge 3).

Tetrasiklin diren¢ genleri 77K ve zetl. membran ile
iligkili ATP-bagiml efluks proteinleri
kodlamaktadirlar. Bu proteinler tetrasiklinin hiicre
icerisinde birikmesini 6nleyerek hiicreye direng
kazandirmaktadirlar. 7#M geni ise ribozomal
koruma  proteini  kodlayarak  tetrasiklinin
ribozoma olan ilgisini azaltmaktadir (Ullah vd.,
2012). Calisma kapsamuinda S. aurens suslatinda en
yaygin karsilasilan tetrasiklin direng geninin K
oldugu belirlenmistir. Benzer olarak son yillarda
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farklt aragtirmactar  tarafindan  yapilan
calismalarda da  stafilokoklarda  tetrasiklin
direncine yaygin olarak 77K geninin aracilik ettigi
belirlenmistir (Ullah vd., 2012; Pyzik vd., 2019).

Aminoglikozid modifiye edici enzim kodlayan
ant(6')-la geni S. anrens S30 ve S82 suslarinda,
aph(3')-1lla geni ise S. aurens S39 susunda tespit

edilmigtir.  Stafilokoklarda — an#(6')-Ia  geni
tarafindan kodlanan aminoglikozid
nukleotidiltransferaz enzimi streptomisin

(Hauschild vd., 2008), aph(3')-Illa geni tarafindan
kodlanan aminoglikozid fosfotransferaz enzimi
ise amikasin, neomisin ve kanamisin direncine
neden olmaktadir (Woegerbauer vd., 2014).
Calisma kapsaminda da aph(3')-Illa geni igeten S.
aurens S39 susunun amikasin ve kanamisine
direncli oldugu belirlenmistir.

mecA geni stafilokoklarda oldukca korunmus bir
gen olup metisilin direncli S. awrens suslarimn
genotipik  olarak  beliflenmesinde  potansiyel
biyomarker olarak kullanilmaktadir (Sadiq vd.,
2020). Calisma kapsaminda fenotipik olarak
metisiline direncli oldugu tespit edilen 13 izolattan
valnuz 8. awrens S118 susunda mecA geni varlig
tespit edilmistir. Bu durum séz konusu suslarda
modifiye dogal (intrinsic) penisilin  baglayict
proteinlerin  (PBP’ler) dretimi ile metisilin
affinitesindeki degisim (Tomasz vd., 1989) veya
arturilmis  B-laktamaz  Uretimi ile metisilinin
inaktive edilmesinden kaynaklaniyor olabilir
(Swenson vd., 2002). Elde edilen bu bulgulara
benzer olarak Asfour ve Darwish (2011)
tarafindan yapilan calismada da fenotipik olarak
sefoksitin direncli 43 stafilokok izolatinin 27’sinde
mecA geni varligl tespit edilmistir. Wang vd. (2017)
tarafindan yapilan calismada ise fenotipik olarak
sefoksitine ditencli 111 S. aureus izolatinin 91’inde
mecA geni tespit edilmistir. Diger taraftan bu
bulgularin aksine farkhi arastirmacilar tarafindan
yapilan c¢alismalarda fenotipik olarak sefoksitine
(30 pg) direngli S. aurens suglarinin tamaminda
meeA geni varligt gosterilmistir (Anand vd., 2009;
Karmakar vd., 2016; Wu vd., 2018; Wu vd., 2019;
Abolghait vd., 2020).

Calisma kapsaminda yalniz fenotipik olarak orta
seviyede eritromisine direncli S, aureus S12

susunda msrA ve msrB genleri tespit edilmistir.
Fenotipik olarak eritromisine direngli bulunan §.
aurens S30, S41, S82, S96 ve S118 izolatlarinda ise
eritromisin diren¢ geni varligi tespit edilmemistir.
Stafilokoklarda eritromisin direnci genellikle diger
makrolidlere direng ile iliskilidir (Pyzik vd., 2019).
erm genleri kodladiklart metiltransferaz enzimleri
ile stafilokoklarda ribozomal hedef bélgenin
modifikasyonu yolu ile makrolidlere,
linkozamidlere ve tip B streptograminlere dirence
neden olmaktadirlar (Reyes vd., 2007; Pyzik vd.,
2019). msrA ve msrB genleri ise ATP-bagimli
efluks  pompasi  kodlayarak  indiiklenebilir
eritromisin direncine neden olmaktadirlar (Pyzik
vd., 2019; Pal vd., 2020).

Kanatl eti 6rneklerinden izole edilen 16 adet S.
aurens susunda sea, seb, sec, sed ve see enterotoksin
geni varligt mPZR yontemi ile arastrilmistir.
mPZR denemeleri sonucunda S. auress suslarinin
hicbirinde sea, seb, sec, sed ve see geni varligi tespit
edilmemistir. Bu bulgularin aksine ilkemizde ve
yurt disinda farkli arastirmacilar tarafindan yapilan
calismalarda kanatli eti 6rneklerinden izole edilen
S. aureus suglarinin  farklt diizeylerde de olsa
enterotoksin geni icerdigi belirlenmistir (Gencay
vd., 2010; Ozdemir ve Keyvan, 2016; Wang vd.,
2017; Saad vd., 2018; Abolghait vd., 2020).
Calisma kapsaminda kanatli eti 6rneklerinden
izole edilen S. aurens suslarinda klasik enterotoksin
genlerinin (sea, seb, sec, sed ve see) tespit edilmemis
olmast tlketici sagligt acisindan bir avantajdir.
Ancak s6z konusu suglarda diger enterotoksin
genlerinin varliginin da arastirilmast
gerekmektedir.

SONUC

S. aurens insanlarda hem gida zehirlenmesine hem
de 6nemli enfeksiyonlara yol a¢tigi bilinen bir
patojendir. Calisma kapsaminda 50 kanath eti
orneginden 16 S. awrens susu izole edilmistir. S.
anrens izolatlarinin tamamu penisilin G’ye direngli
bulunmus ve % 81.25’inin MRSA oldugu tespit
edilmistir. Izolatlarda en sik rastlanan antibiyotik
diren¢ geninin blaZ oldugu belirlenmistir. Diger
taraftan izolatlarin hi¢birinde klasik enterotoksin
genleri varligina rastlamlmamustir. Yapilan ¢alisma
tiketici sagligi acisitndan mevcut riski ortaya
koymast acisindan 6nem tagtmaktadir. Kanatl
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etlerinden izole edilen S. aurens suslart arasinda
yiksek oranda MRSA izolatlarina rastlanmis
olmasi endise uyandiricidir.
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oz

TS EN ISO/IEC 17025:2017 standard: ile akreditasyon kapsamindaki laboratuvarlar, sonuclarinin
guvenilirligini ortaya koyabilmek icin analiz stresince Ol¢lim sonucuna yansima etkisi bulunan tim
degiskenlerin (matriks, donanim, vb) dagilimlarini karakterize ederek, él¢iimin sonucuyla baglantilt olan
parametreler olarak tanimlanan kantitatif analizlerinde akreditasyonun bir parcast olan Slglim belirsizligi
hesaplamalarint  degisik metotlarla gerceklestirmektedirler. Aragtirma, Sl¢im sonuglarina etki ederek
degisikliklere neden olan tim degiskenlerin kullandmastyla ortaya cikan 6l¢im  belirsizliklerinin farklh
yontemlerle hesaplanmasint icermektedir. Bu c¢alismada, stitlerde ISO 4833-1 standardina gére toplam
mezofilik aerobik mikroorganizma, yemeklerde ISO 7932 metodu ile Bacillus cereus, peynitlerde ise 1ISO
16649-2 standard: ile Escherichia coli analizleri ¢alisimustir. TUm veriler, International Organization of
Standardization (ISO) standardi, NordVal International (NMKL) No.8 yontemi ve Eurolab Teknik
Prosedirine (Eurolab) gore logio tabanina cevrilerek istatistiki olarak degetlendirilmistir. ISO/TS 19036
metoduna ait belirsizliklerin EuroLab Teknik Prosediirtine gére anlamlt (P <0.03) ISO/'TS 19036 standardt
ve EuroLab Teknik Prosediiriiniin ise NMKL No.8 yontemine gore daha hassas belirsizlik verdikleri ortaya
konulmustur.

Anahtar kelimeler: Mikrobiyolojik analiz, 6l¢iim belirsizligi, ISO 19036, EuroLab teknik prosediri,
NMKL No. 8

COMPARISON OF VARIOUS APPROACHES IN CALCULATION OF
MEASUREMENT UNCERTAINTY IN QUANTITATIVE MICROBIOLOGICAL
ANALYSIS

ABSTRACT

Laboratories accredited with TS EN ISO/IEC 17025:2017 standard characterize distribution of all
variables (matrix, hardware, etc.) that have reflection effects on measurement results throughout
analysis and use different methods to conduct measurement uncertainty calculations as a part of
accreditation in quantitative analysis defined as parameters linked to measurement result. The study
involves calculation using various methods of measurement uncertainties that emerge from using all
variables that cause changes by effecting measurement results. In this study, total mesophilic aerobic
microorganisms were studied in milk according to ISO 4833-1 standards, ISO 7932 method was used
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in food to study Bacillus cerens, while in cheese ISO 16649-2 standard was used to study Escherichia coli
analysis. All data were converted to base logio and statistically assessed using International
Otrganization of Standardization (ISO) standard, NordVal International (NMKL) No.8 method and
EurolLab Technical Procedure. It was established that uncertainties under ISO/TS 19036 method
were creating more significant uncertainties (P <0.05) while ISO/TS 19036 standard and EurolLab
Technical Procedure were resulting in more sensitive uncertainties compared to NMKL No.8

method.

Keywords: Microbiological analysis, measurement uncertainty, ISO 19036, EuroLab Technical

Procedure, NMKIL. No. 8

GIRIS

Evrensel diizende gida canllar icin temel bir
ihtiya¢ olmakla beraber zamanla saglik acgisindan
bir tehdit unsuru da olmaya baslamistir. Bu durum
ne yazitk ki giniimiize kadar artan diizeylerde
cesitli fiziksel, kimyasal ve biyolojik etmenler
nedeni ile meydana gelmis, artan popiilasyonla
beraber teknoloji c¢agmin getirdigi yeniliklerin
olumlu y6nde kullanilmamast bu tir risk
unsurlarinin artisina kimi zaman olumsuz yénde
katkida bulunmugtur. Gida giivenligi ve halk
saglig bir bitiin olarak ele alindiginda, canlilarin
vazgecilemez temel yasam kaynagi olan gidalarda
denetim ve analiz iligkisine dayali kontrol
mekanizmalarinin daha saglam, givenilir ve dogru
isletilmesinin ~ gerekliliginin =~ 6nemi  ortaya
ctkmaktadir. Ozellikle gidalarda mikrobiyolojik
analizleri gerceklestiren laboratuvarlarin ise tim

analizlerinde akreditasyon kriterleri
dogrultusunda yéntemlerini belirleyerek ulusal ve
uluslararasi  platformlarda analiz  sonuglarin

gecerli kildiklarini gbstermelerinin gerekliligi her
gecen gin daha da artmaktadir. Cinki, gida
kaynakli enfeksiyon ve/veya intoksikasyonlarin
temelinde mikrobiyel etkenler rol oynamaktadir.
Bu sebeple gida analizlerinin ulusal ve/veya
uluslararasi standattlart esas alinarak
gerceklestirilmesi gerek halk saghgt gerek trtn
givenligi  noktalarinda  fayda  saglayacak,
uluslararasi boyutta gerceklestirilmesi planlanan
ticari anlagmalara bile olumlu etkileri zamanla
daha fazla yansiyacaktir. Gida analizlerini TS EN
ISO/IEC 17025: 2017 “Deney ve Kalibrasyon
Laboratuvarlarinin =~ Yetkinligi  icin ~ Genel
Gereklilikler” standardi ile gerceklestiren akredite
laboratuvarlar standardin tim gerekliliklerini
yerine getirmek durumundaditlar. Diger bir
deyisle, bu standardin 7.2 Metotlarin Secilmesi,
Dogrulanmasi ve Gegerli Kilinmast maddesinde,
laboratuvarin analizleri icin kullandigi metotlarin

uygun bir sekilde gecerli kildigini  veya
dogruladigint  g6stermesinin  laboratuvarlar
tarafindan saglanmasi gereken bir akreditasyon
sartt oldugu bildirilmektedir. Ayrica, bir 6l¢imiin
kalitesinin, laboratuvar tarafindan analize iliskin
metodun gecerli kilinmasi/dogrulanmasi, Slgim
belirsizliginin tahmini, izlenebilirligin saglanmast
ile ortaya konulmasinin gerekliligi ve kalite kontrol
calismalart ile devamhiliginin saglanmast gerektigi
de belirtilmistir (TURKAK, 2019). ISO 17025
standardina gbre bir metodun gecerli kilinmast,
belirlenen gerekliliklerin amaclanan kullanim i¢in
yeterli oldugu durumlarda yapilan dogrulama
olarak tanimlanirken; dogrulamanin ise belitli bir
Ogenin belirlenmis gereklilikleri karsiladigina dair
nesnel kanit saglamasi seklinde ifade edilmektedir
(IS0, 2017; TURKAK, 2019). Laboratuvar analiz
sonugclarinin gegerli kilinmasi i¢in 6ncelikle Slciim
dogrulugunu yani elde ettigi sonug ile gercek deger
arasindaki iligkiyi ortaya koymalidir (Forster, 2003;
ISO, 2017a, TURKAK, 2019). Bu sekilde
Slgiimlerin dogrulugu hesaplanirken, dogrulugun
2 unsuru olan gerceklik ve kesinlik géz 6ntinde
bulundurulurken; kesinlikte ise tekrarlanabilitlik
(so), ara kesinlik ve tekrariretilebilirlik (Swr)
sonuclart hesaba katilmaktadir (ISO, 2017b;
TURKAK, 2019; Yilmaz vd., 2019; ISO, 2021).
Bunun bir faydast 6l¢tim belirsizligine etki eden
tim risklerin ortaya konulmasidir (Dereani ve
Sari¢, 2010).

Gida analizlerini TS EN ISO/IEC 17025: 2017
“Deney ve Kalibrasyon Laboratuvarlarinin
Yetkinligi icin Genel GereKklilikler” standard: ile
gerceklestiren akredite laboratuvarlar standardin
gerekliliklerini yerine getirmek
durumundadirlar. Diger bir deyisle, bu standardin
7.2 Metotlarin  Segilmesi, Dogrulanmast ve
Gecgerli  Kilinmast maddesinde, laboratuvarin
analizleri icin kullandigt metotlarini uygun bir

tum
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sekilde gecerli kildigini  veya dogruladigini
gOstermesinin laboratuvarlar tarafindan
saglanmasi gereken bir akreditasyon sarti oldugu
bildirilmektedir. Ayrica, bir Sl¢limiin kalitesinin,
laboratuvar tarafindan analize iliskin metodun
gegerli kilinmast/dogrulanmast, 6lctim
belirsizliginin tahmini, izlenebilitligin saglanmast
ile ortaya konulmasinin gerekliligi ve kalite kontrol
calismalart ile devamlhiliginin saglanmasi gerektigi
de belirtilmistir (TURKAK, 2019).

ISO 17025 standardma gére bir metodun gegerli
kiinmast, belirlenen gerekliliklerin  amaclanan
kullanim igin yeterli oldugu durumlarda yapilan
dogrulama olarak tanimlanirken; dogrulamanin
ise belitli bir 6genin belitlenmis gereklilikleri
karsiladigina dair nesnel kanmit saglamast seklinde
ifade edilmektedir (ISO, 2017; TURKAK, 2019).
Laboratuvar analiz sonuglarinin gegerli kilinmast
icin 6ncelikle 6lgiim dogrulugunu yani elde ettigi
sonug ile gercek deger arasindaki iliskiyi ortaya
koymalidir  (Forster, 2003; ISO, 2017a,
TURKAK, 2019). Bu sekilde 6lciimlerin
dogrulugu hesaplanirken, dogrulugun 2 unsuru
olan gerceklik ve kesinlik gbz oSntnde
bulundurulurken; kesinlikte ise tekrarlanabilirlik
(sr), ara kesinlik ve tekrariretilebilirlik (Sgr)
sonuclart  hesaba katilmaktadir (ISO, 2017b;
TURKAK, 2019; Yilmaz vd., 2019; 1SO, 2021).
Bunun bir faydast 6lcim belirsizligine etki eden
tim risklerin ortaya konulmasidir (Dereani ve
Sari¢, 2010).

Metot gegerli kilma calismalarinda uygulanan
Olgim belirsizligi hesaplamalarinda ideal olarak
aynt laboratuvarda, aynt numune ve metot ile
farkli zamanlarda farkli analistler, farklt donanim
vb. kullanilarak elde edilen orta/ara kesinlik veya
laboratuvar ici uyarlik olarak tanimlanan standart

sapma  degeri  kesinlik  wverisi  olarak
kullanilmaktadir (TURKAK, 2015). Kantitatif

mikrobiyolojik  analizlerde  kesinligin =~ ve
gercekligin dogrulanmast gerekmektedir.
Kesinligin ~ dogrulanmast ~ strasinda  Olgiim

Belirsizligi de hesaplanmaktadir. Bu  sirada
Olcimiin  belirsizligine katkt saglayan gesitli
kaynaklarda bulunmaktadir (Forster, 2003; ISO,
2019; Yilmaz vd., 2019; ISO, 2021). Bu kaynaklar;

Teknik belirsizlik; operasyonel —degisiklikler,
diliisyon, tekrariiretilebilirlik kaynakli sapmalar,

-Matriks belirsizligi; matriks ¢esidi ve icinde
homojen karisimi saglanamamis mikroorganizma
calismalarindan digtk seviyeli tekrartiretilebilirlik
verilerinin elde edilmesi, vb.

Istatistiksel ~ dagilim  belirsizligi; — test
organizmasinin sayimi ve dogrulanmasinda koloni
sayimi icin poisson dagihmi ya da dogrulama
belirsizliginin  kullanimi; en muhtemel sayim
yontemi i¢in en muhtemel sayim yontemi
belirsizligidir (EuroLab, 2007; ISO, 2019).
Belirsizlik hesabi ile ilgili iki ayrt yaklasim
bulunmaktadir;

-Global Yaklasim = Top down = Kara kutu =
Yukaridan agagiya ilerleme = TUme varim

-Bilesen Yaklasimi = Bottum up = Adim adim
= Asagidan yukart ilerleme = Tiimden gelim

Cizelge 1. Global yaklasim ile bilesen yaklasiminin optimum kullanim alanlar
(NMKL, 2017; ISO, 2019)
Table 1. Optimum Uses Area of Component Approach with Global Approach (NMKL, 2017, 150, 2019)

Global Yaklagim
(Global Approach)

Bilesen Yaklagimi1
(Component Approach)

olmast beklenen katt 6rneklerde

Operasyonel varyansin dagilim varyansindan buiytk

Dastik mikroorganizma yiikd var ise

Calislan 6rneklerde hetorojenlik fazla ise

Laboratuvarlar arasi karsilastirma yapilacak ise
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Olgiim belirsizligi, yapilan 6l¢iimiin hangi degerler

arasinda  yer  alacagini, given  aralifini
anlatmaktadir. Belirsizlik 6lcim  sonuglarinin
dagilimint  gOstermekle beraber tam olarak

ortadan kaldirllamaz. Ancak, hi¢bir zamanda tam
olarak hesaplanamaz. Tek basina bir analiz
degildir (Corry, 2007). %95 giiven araliginda
tahminidir ve ancak belirsizlige etki eden
faktotlerin iyilestirilmesi ile kiciltilebilir ve %99
olarak bile giiven aralig1 saglanabilir. Belirsizligin
hesaplanmasinda tekrariiretilebilitlik  verilerinin

kullanilmasi ~ dolayist  ile  tekrartiretilebilirligi
etkileyen faktorler olan;
-Zaman (Z): Birbirini izleyen Olgmeler

arasindaki zaman arahigs kisa veya uzun olmalidir.

-Kalibrasyon (K): Birbirini izleyen &l¢melerin
gruplar arasinda farkll donanmim ile kalibre
edilmeden 6nce ve sonraki seklinde kullanimidit.

-Deneyi yapan kisi (O): Birbirini izleyen
Olgmelerin farki deneyi yapan kisiler tarafindan
gerceklestirilmesidir.

-Donanim (D): Ol¢melerde farkli donanimin
kullanilmasidir (TS, 2000; Lombard, 2006; ISO,
2021).

Olgiim sonuglart referans materyal, yeterlilik
testleri, ilgili analize iliskin standart, numunenin
homojen dagilimi, referans kultiriin homojen
dagilimi, tek sus ya da c¢ok¢a mikroorganizma
bulunan ortamlarda hedef mikroorganizmanin
baskilanmasi, mikrobiyel gelisim ya da Olme,
analist etkisi, gercek koloni sayimi, donanimin
kalibrasyon durumu, istatistiksel dagilim gibi tim
bu faktorlerle etkilenir (NMKL, 2004; Gasljevic,
2004).

ISO 17025 standardina gore bazi durumlarda
deney metodunun kendisinden kaynakli &lctim
belirsizligi dikkatli, metrolojik ve istatistiksel
olarak hesaplanamamakta iste bu sekilde deney
yonteminin Ol¢lim  belirsizliginin  kesin olarak
degerlendirmesinin miimkin olmadigt durumlar
iginse ya analizle ilgili tim belirsizlik bilesenleri
ayri ayrt ortaya konulmali ya da ydntemin
uygulanmasina yonelik uygun bir tahminde
bulunulmast 6nerilmektedir (TURKAK, 2015;
1ISO, 2017a; VIM, 2008). Bu anlamda
akreditasyonun lyi Laboratuvar Uygulamalarina
yardimer olarak cesitli belirsizlik kaynaklarini

minimize etmeye yarayan bir sistem oldugu ortaya
ctkmaktadir (Jarvis vd., 2007).

Bu c¢alismanin amact, gida zehirlenmelerinin
temelinde ¢ogunlukla risk teskil eden mikrobiyel
kaynakli etmenlere yonelik gerceklestirilen ISO
7932 metodu ile yemeklerde B. cerens, ISO 16649-
2 metodu ile peynitlerde E. co/i ve ISO 4833-1
metodu ile sttlerde toplam mezofilik aerobik
mikroorganizmalarin mikrobiyolojik analizlerde
kesinligi saglamak tizere yapilan ¢alismalardan biri
olan tekrartiretilebilirlik ¢aligmalarinin dogrulugu
kabul edilmis cesitli uluslararast metot ve
yaklasimlarla Sl¢im  belirsizligi — sonuglarinin
karsilastirmali olarak ortaya konulmasidir. Elde
edilen Olgiim belirsizligi verileri ile bu tarz

calismalarda  hangi metotla hangi aralikta
caligilabilecegi ve 1ilgili metodun ne kadar
hassasiyetle  istatistiki sonuclar  verdigi
irdelenmistir.

MATERYAL VE YONTEM

Arasgtirmada, tekrarlanabilitlik calismalart
ardindan her analize ait Odlcim belirsizliklerinin
ortaya konulabilmesi icin yapilan

tekrariiretilebilitlik calismalarinda sahada siklikla
ilgili numunelerde herhangi bir kontamine durum
s6z konusu oldugunda ya da yeterli 1si islem
uygulamalart  ve hijyen kriterlerine  dikkat
edilmediginde enfeksiyon ya da intoksikasyona
neden olan ayrica heterojenlikleri ile elde
edilebilecek en biytk olgim belirsizlikleri ile
karsilastirma yapilmasi bakimindan 3 ayri gida
matriksi ile (yemek, peynir ve stt) 3 farkli analiz
metodu kullanilarak (ISO 7932 metodu ile B.
cerens, ISO 16649-2 metodu ile E. coli ve ISO 4833-
1 metodu 1ile toplam mezofilik aerobik
mikroorganizma) paralel olarak, 4 farkli analist
tarafindan 10 aymt ginde ve sartlar
degistirilerek (matriks, etiiv, pipet, terazi, besiyeri,
dilisyon, hacim, vb donanmmlar) g¢alismalar
gerceklestirilmistir.

tum

Aragtirmada, B. cereus ile galisma yapilabilmesi icin
yemek numuneleri NCTC 7464, B. cereus susu ile
toplam  mezofilik aerobik mikroorganizma
calismalarinda stutler NCTC 10400 Bacillus subtillis
subsp. spizizenii susu ile, E. coli calismalarinda
peynir numuneleri NCTC 10788 E. /i susu ile
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kirletme yapilarak gerceklestirilmistir. Tim
analizlerin gerceklestirilmesi icin aseptik ortam
kosullarinda ve otoklavlanarak steril hale
getirilmis 10 g/ml. olarak tartimi yapilan tim
numunelere 90mL tamponlanmis peptonlu su

(Liofilchem® REF 499030, ITALY) ilave
edilerek, degisen dilisyonlarda spike  islemi
gerceklestirilmis (mikroorganizma yukleri

Onceden belitlenmis) ve toplam mezofilik aerobik
mikroorganizmast ile kontamine siit numuneleri
ile B. cerens ile kontamine yemek numuneleri
30°C’de 24 saat, E. c/i ile kontamine peynir
numuneleri ise 37°C’de 24 saat inkilibe edilmistir.
Inkiibasyon sonrasinda, E. /i sayim analizleri icin
TBX agara (LAB M- Neogen Culture Media
NCMI1001A Hatlequin TBGA, UK) dékme
metoduna gore, B. cerens sayimi icin Bacillus cerens
mediuma (LAB M Neogen Culture Media
LABO073, UK) yayma metoduna gore, toplam
mezofilik aerobik mikroorganizma sayimi igin
Plate Count agara (LAB M- Neogen Culture
Media NCM0010A, UK) dékme metoduna gore
ckimler yapilarak sirayla, 41,5°C’de 24 saat,
30°C’de 48 saat, 30°C’de 72 saat inkiibe edilerek,
sayimlar yapilmustir.

Elde edilen tiim sonuglar logyo tabanina ¢evrilerek
ve 1. analist 2. analistle, 1. analist 3. analistle, 1.
analist 4. analistle, 2. analist 3. analistle, 2. analist
4. analistle ve 3. analist 4. analistle karsilastirilarak
ISO/TS 19036, NMKI. No.8 standartlart ve
EuroLab teknik prosediri (EuroLab, 2007;
Torlak, 2012) ile degerlendirilerek, 3 6lcim
belirsizligi yaklasimi arasindaki hassasiyet farki
istatistiksel olarak ortaya konulmustur.

ISO 19036 Metodu ile Olgiim Belirsizligi
Analizi

Analistler icin degisken olarak olusturulan A ve B
kosullart bulunur. A kosulunda kullanilan tim
faktorlerin B kosulunda kullanidmadigr yine B
kosulundaki tiim faktorlerin ise A kosulunda
kullanilmadig: ortamlarda gerceklestirilen
analizler, (6rn; farkll parti besiyerinin kullanimi,
test porsiyonlarina farkll suslarin inokilasyonu,
farklt inktibatérlerde inkibasyonun yapilmasi,
farklt otomatik pipet kullanimi ve farkli hacim
Olgerler gibi analizin her basamaginda olast
muhtemel degiskenliklerin saglanmasi, vb).ile

analistlerin sonuglart a; ve b; olarak ele alinmistir
(ISO, 2019; Yilmaz vd., 2019; ISO, 2021).

a;; Farklt kosullarda ortaya ¢ikan analist sonucu

bi. Farkli kosullarda ortaya c¢ikan diger analistin
sonucu

n: ¢alismadaki tekrar sayist

Sr: tekrartiretilebilirlik standart sapmast

Sir:  laboratuvarici tekraruretilebilitlik standart
sapmast

Xizq(ai—b;)?
2n

Sir ©)
Tekrariiretilebilitlik calismalarindan elde edilen
standart  sapmanin  (s), Olctimlerin
ortalamasina (X) orani bagil standart sapmayi verir
(RSD- RSDg). RSD formilizasyonu (2) ile
gOsterilmistir.

tum

__ StandartSapma(s)

RSD =

RSDp = @)

il v

Ortalama (x)

Bitlestirilmis tekrartretilebilitlik relatif standart
sapmast (RSDrc) ise toplam bagil standart
sapmanin 7 ¢alisma tekrar sayisina boluminin
karekokint ifade etmektedir.

Y RSDgR 2
n

RSDg¢ = ©

RSDgc:  bitlestirilmis  tekrartretilebilirlik relatif
standart sapmasi
2RSD: toplam bagil standart sapma

NMKL No.8 Standardi ile Olgiim Belirsizligi
Analizi

NMKL No.32nin atifta bulunarak temel aldig
NMKIL No.8 standard: tekraruretilebilitlik ve

Olcim  belirsizligi ~ hesaplamalarint  igerir.
Degiskenler aynt ISO 19036 standardinda

belirtildigi gibidir. NMKL No. 8 standardina gére
tekrariiretilebilirlik  verileri  tekrarlanabilirlik
verilerinden de elde edilebilir (NMKIL, 2004,
Yilmaz vd., 2019).

[k olarak Toplam Standart sapma hesaplanir:
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Z?:l(xi_f)z

S =
r n-1

“
Sr: Standart Sapma

X : Sonuclarin ortalamast

n: Calistlmis olan tekrar sayist

xi: Her bir analistin sonucu

Verilerin ortalamalart alinir,

n
Zi=1xi

n

X =

Standart sapmalarin ortalamasi alinur,

ST12+S81,% +S132+51,2
Sr — \/ 1 2 3 4 (6)
4

Ortalamalarin standart sapmast hesaplanir,

Yi=1(xi-y?)
5, = [Besd 0

xi: Her bir analistin sonucu
y: 2 analistin tim sonuglarinin (log10) ortalamast
Gruplar arast varyans S 12 hesaplanir;

2
s2=s2-3%
L X n

®)

Standart belirsizlik hesaplanir;

u= Sp= /STZ + 5.2 9)

Sr. Standart belirsizlik

U=25g (10)
U: Genisletilmis 6l¢tim belirsizligi
EuroLab Teknik Prosediirii ile Olgiim

Belirsizligi Analizi

Calismalarda ISO 19036 ve NMKIL No. 8
standartlari ile beraber Eurolab Teknik Prosediirii
No.1 (2007) béliim 3.1. Verifikasyonlarda Olgiim
Belirsizligi ile hesaplamalar dahilinde de ¢alismalar
paralel olarak gerceklestirilmistir. Koloni sayimit
tekniginde, petrideki koloni sayisi azaldikca ve

genel tasarim disik sayimlar icin  uygun
olmadigindan, 6ngorilemeyen varyasyon hizla
artmaktadir. Bu teknik prosediire gore petride
koloni sayist 10'dan az olan sayim sonuclatinin
hesaplamalardan  ¢tkarilmast  gerekmektedir
(EuroLab, 2007; Totlak, 2012). Gerek calismada
10’dan kiicitk koloni elde edilememesi (yiikleri
belli dilisyondaki numuneler) gerekse istatistiksel
metot hesaplamalarinda standart ya da metotlara
esit kosullarda  davranilmasi  gerektiginden
aragtirmada elde edilen sonuglarin timu logio’a
cevrilmistir. Laboratuvar ici tekrarlretilebilirlik

standart sapma hesabi ve tanimlamalar
formulletle beraber verilmistit.
RSD RW: R 11

2

RSD: bagil standart sapma
R: ortalama bagil deger araligini verir.

d2: dénistiim faktorind verir. Paralel sayimlar icin
d2 faktSri kullanilir. d2= 1.128 olarak alinir.

R Y.Ri

= Zr 12
n kadar sayida paralel sayim i¢in.
Ri. Gergek bagil degeri verir.
R sy (13)
= L

A, Bi: 2 analistin verileri
m;: 2 analistin sonugclarinin aritmetik ortalamast
U=k=xu (14)

k: % 95 giiven araligt kapsama faktori 2
u: RSDRw hesabindan gelen belirsizlik

Istatistiksel Analizler

Analiz sonuglarinin degerlendirilmesi amaciyla ilk
olarak tim sonuglar 3 farklt metoda ait formillerle
Excel tzerinde hesaplanmistir. Elde edilen
verilerin analizi  SPSS  24.0 ile yapidmistir.
Calismada 4 farkli degerlendiricinin 6nce 2 farkls
formil ile Sr ve U degerleri hesaplanmis ve
aralarindaki  uyum  gbsterme  durumunun
incelenmesi icin Kendall's tan b Katsayist ve
Spearman's rho Katsayist hesaplanmistir. Bununla
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birlikte 3 degisik metot birbirleri ile karsilastirilmis
olup Cizelge 2 ve Cizelge 3’ de gosterilmigtir. ISO
19036 standard: ile EuroLab Teknik Prosedirii
Ol¢im  sonuglarinin  birbirine  yakinliginin
karsilastirilmast amaciyla bagimh gruplar T fest
yapilmistir.

BULGULAR VE TARTISMA

Calisma sonuglarimiz ISO 19036, NMKL No.8 ve
EuroLab Teknik Prosediriine gbre istatistiksel
olarak degerlendirilmislerdir. ISO 19036 metodu
ile EurolLab Teknik Prosedirii 6lcimlerinin
karsilastirilmast amaciyla yapilan bagimli gruplar #
testi sonuglart Cizelge 2°de verilmistir. ISO 19036,
NMKIL No.8 ve EuroLab Teknik Prosediiriine ait
Sk ve U degetlerinin kargilastirilmasi ise Cizelge 3
de gosterilmigtir. ISO 19036 ve EuroLab Teknik

Prosediiri  degerleri  arasindaki

yakinlik

karsilastirmast ise Sekil 1, Sekil 2, Sekil 3, Sekil 4,
Sekil 5 ve Sekil 6 ve Sekil 77 deki Regresyon
grafikleri ile ortaya konulmustur. ISO 190306,
Eurolab Teknik Prosediri ve NMKIL No.8% ait
Olgiim  Belirsizligi ~ Karsilagtirmalarina — ait
farkliliklar ise Cizelge 4, Cizelge 5, Cizelge 0,
Cizelge 7, Cizelge 8 ve Cizelge 9da ifade
edilmistir.

ISO 19036 metodu ile FEurolab Teknik
Prosedirt degerleri karsilagtirildiginda  analiz
sonugclarina gbre 1.analistile 2. analist, 1. analist ile
3. analist, 1. analist ile 4. analist, 2. analist ile 3.
analist, 2. analist ile 4. analist ve 3. analist ile 4.
analist arasinda istatistiksel olarak anlamlt bir fark
bulunmaktadir (P <0.01) ve EuroLab Teknik
Prosedurii degerleri daha yuksek cikmistir (P
<0.05) (Cizelge 2).

Cizelge 2. ISO 19036 metodu ile EuroLab teknik prosedir él¢timlerinin kargilastirilmast
Table 2. Comparison of EnroLab technical procedure and 15O 19036 method

U degerleri y .
Ortalamast U degetleri ss t P

1SO 19036 Standard (1-2) 0.102645 0.0421861

-8.119 0.000*
EurolLab Teknik Prosediirii (1-2) 0.246673 0.1347559
1SO 19036 Standardi (1-3) 0.160073 0.0782535

-8.453 0.000*
EuroLab Teknik Prosediiri (1-3) 0.325024 0.1421011
ISO 19036 Standards (1-4) 0.136485 0.0919991

-7.083 0.000*
EuroLab Teknik Prosediirii (1-4) 0.305074 0.1635145
ISO 19036 Standard: (2-3) 0.124502 0.0836366

-6.942 0.000*
EuroLab Teknik Prosediirii (2-3) 0.265663 0.1404392
ISO 19036 Standard: (2-4) 0.137362 0.0807755

-8.220 0.000*
EuroLab Teknik Prosediirii (2-4) 0.302410 0.1496958
ISO 19036 Standard1 (3-4) 0.093406 0.0229582

-9.631 0.000*
EuroLab Teknik Prosediirii (3-4) 0.234399 0.0989758

* P <0.05 (Global Yaklasim degetleri ile ISO 19036 degetleri arasinda anlamli bir farklidik

oldugu ortaya ¢ikmistir)

ss: Kendall's tau_b Katsayist ve Spearman's rho katsayisi ile hesaplama

t: T testini tanimlamaktadir.

P: P degeri istatistiksel anlamliligs ifade etmektedir.

U degeri: Olgiim belirsizligini tanimlamaktadir.
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Cizelge 3. NMKL No.8 — ISO 19036 — EuroLab teknik prosediirti karsilastirmast
Table 3. Comparison of NMKL No.8 — 1SO 19036 — Eurolab technical procedure

Yemek Peynir Sut
(B. cerens) (E. coli) (Loplam Mezofilik Aerobik Koloni.)

NAMKL (12 U 2.9831 2.8559 2.8594
(-2 SR 1.4915 1.4279 1.4297

U 3.0099 2.8613 2.8398

NMKL (1-3) SR 1.5050 1.4306 1.4199
U 2.9876 2.9012 2.7865

NMKL (1-4) SR 1.4938 1.4506 1.3933
U 3.0000 2.7815 2.8616

NMKL (2-3) SR 1.5000 1.3908 1.4308
U 2.9776 2.8226 2.8087

NMKL (2-4) SR 1.4888 1.4113 1.4043
U 3.0045 2.8280 2.7914

NMKL (3-4) SR 1.5022 1.4140 1.3957
U 0.1353 0.1145 0.0581

IS0 19036 (1-2) SR 0.0677 0.0573 0.0290
U 0.1232 0.2100 0.1471

IS0 19036 (1-3) SR 0.0616 0.1050 0.0735
U 0.0819 0.2046 0.1229

IS0 19036 (1-4) SR 0.0410 0.1023 0.0614
U 0.0768 0.1867 0.1100

IS0 19036 (2-3) SR 0.0384 0.0934 0.0550
U 0.0893 0.1936 0.1292

IS0 19036 (2-4) SR 0.0446 0.0968 0.0646
U 0.0998 0.1067 0.0737

IS0 19036 (3-4) SR 0.0499 0.0534 0.0368
Eurolab Teknik U 0.3852 0.2703 0.0846
Prosediirii (1-2) SR 0.1926 0.1351 0.0423
Eurolab Teknik U 0.3267 0.4559 0.1926
Prosediirii (1-3) SR 0.1633 0.2279 0.0963
Eurolab Teknik U 0.2990 0.4671 0.1491
Prosediirii (1-4) SR 0.1495 0.2336 0.0745
Eurolab Teknik U 0.2627 0.4041 0.1302
Prosediirii (2-3) SR 0.1313 0.2021 0.0651
Eurolab Teknik U 0.2679 0.4543 0.1850
Prosediirii (2-4) SR 0.1339 0.2272 0.0925
Eurolab Teknik U 0.2822 0.3064 0.1146
Prosediirii (3-4) SR 0.1411 0.1532 0.0573

Sk: Tekrartretilebilirlik Standart Sapmasi

U: Olgiim Belirsizligi

Sk degeri 0’a yaklastikca degisim daha az oldugu icin tutarlilik daha yiiksektir. Buna gore

U degeri 0'a yakin olan sonuglarda daha az sapma vardir.
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1.- 2. Analistler
1st analyst and the 2nd analyst
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ISO 19036

*R: Regresyon katsayist
Sekil 1. 1. analist ile 2. analistin ISO 19036 ile hesaplanan Sr degerleri ile EuroLab teknik prosediri
formuli kullanilarak hesaplanan SR degerleri arasindaki iliski grafigi
*R: Regression coefficient
Figure 1. Graph showing relationship between Sw values of the 1% analyst and the 2% analyst calenlated using 15O
19036 value and Eurolab technical Procedure S values calenlated using formula
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1.- 3. Analistler
15t analyst and the 3" analyst
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Sekil 2. 1. analist ile 3. analistin ISO 19036 ile hesaplanan Sr degerleri ile EuroLab teknik prosediri
kullanilarak hesaplanan Sg degerleri arasindaki iliski grafigi
Figure 2. Graph showing relationship between Sw values of the 1% analyst and the 37 analyst  calculated nsing ISO
19036 value and Sr values calenlated using Eurol ab technical procedure formula
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1.- 4. Analistler
1t analyst and the 4t analyst
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ISO 19036

Sekil 3. 1. analist ile 4. analistin ISO 19036 ile hesaplanan Sr degerleri ile EuroLab teknik prosediri
kullanilarak hesaplanan Sg degerleri arasindaki iliski grafigi
Figure 3. Graph showing relationship between Sw values of the 1% analyst and the 4” analyst  calenlated nsing 1SO
19036 value and Sr values calenlated using Eurol ab technical procedure formula
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2.- 3. Analistler
2" analyst and the 3 analyst
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ISO 19036

Sekil 4. 2. analist ile 3. analistin ISO 19036 ile hesaplanan Sg degerleri ile EuroLab teknik prosediirii
kullanilarak hesaplanan SR degerleri arasindaki iligki grafigi
Figure 4. Graph showing relationship between Sr values of the 2* analyst and the 37 analyst  caleulated using ISO
19036 value and Sy values caleulated using EuroLab technical procedure formunla
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2.- 4. Analistler
2" analyst and the 4™ analyst

0,300
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ISO 19036

Sekil 5. 2. analist ile 4. analistin ISO 19036 ile hesaplanan Sr degerleri ile EuroLab teknik prosediri
kullanilarak hesaplanan SR degetleri arasindaki iliski grafigi
Figure 5. Graph showing relationship between Sw values of the 2 analyst and the 4" analyst  calenlated using 1SO
19036 value and Sr values calenlated using Eurolab technical procedure formula
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3.- 4. Analistler
31 analyst and the 4t analyst
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Sekil 6. 3. analist ile 4. analistin ISO 19036 ile hesaplanan Sg degerleri ile EuroLab teknik prosediirii
kullanilarak hesaplanan SR degerleri arasindaki iligki grafigi
Figure 6. Graph showing relationship between Sr values of the 3 analyst and the 4% analyst  calculated using 15O
19036 value and Sr values calenlated using Eurol ab technical procedure formula
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ISO 19036 log,

ISO 19036 ve EuroLab Teknik Prosediirii Ol¢iim Belirsizligi Varyans
Analizi Regresyon Grafigi
ISO 19036 and EuroLab Technical Procedure Measurement Uncertainty
Analysis of Variance Regression Chart
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EuroLab Teknik Prosediirii log;,
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Sekil 7. Ttm verilerin ISO 19036 ile hesaplanan Sr degerleri ile EurolLab teknik prosediirii ile
hesaplanan SR degerleri arasindaki iliski grafigi

Figure 7. Graph showing relationship between Sr values of all data calenlated using 1SO 19036 and Sk values

caleulated with Eurolab technical procedure
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Gizelge 4. 1. ve 2. analistlerin ISO 19036, EuroLab teknik prosediirii ve NMKL No.8’€ ait Sl¢im
belirsizligi karsilagtirmalati
Table 4. Comparison of measurement uncertainty of 1% analyst and the 2" analyst about of the ISO 19036, Eurol ab
technical procedure, and NMKL No.8

Yemek Peynir Stit
B i 0 (Toplam Mezofilik Aerobik
(B. cerens) (E. coli Koloni)

NMKL (1-2) 2.98 2.85 285

ISO 19036 (1-2) 0.13 0.11 0.05

EuroLab Teknik Prosediir (1-2) 0.38 0.27 0.08

Gizelge 5. 1. ve 3. analistlerin ISO 19036, EuroLab teknik prosedtirii ve NMKL No.8’ ait 6l¢im
belirsizligi karsilastirmalart
Table 5. Comparison of measurement uncertainty of 1% analyst and the 37 analyst about of the ISO 19036, Eurolab
technical procedure, and NMKL No.§

Yemek Peynir St

(B. cerens) (E. coli) (Toplam Mezofilik Aerobik Koloni)
NMKL (1-3) 3.00 2.86 2.83
1SO 19036 (1-3) 0.12 0.21 0.14
EurolLab Teknik Prosediir (1-3) 0.32 0.45 0.19

Cizelge 6. 1. ve 4. analistlerin ISO 19036, EuroLab teknik prosediirti ve NMKL No.8% ait 6l¢iim
belirsizligi karsilastirmalart
Table 6. Comparison of measurement uncertainty of 1% analyst and the 4 analyst about of the 1SO 19036, Enrolab
technical procedure, and NMKL No.§

Yemek Peynir Sit

(B. cereus) (E. col)) (Toplam Mezofilik Aerobik Koloni)
NMKL (1-4) 2.98 2.90 2.78
ISO 19036 (1-4) 0.08 0.20 0.12
EuroLab Teknik Prosediir (1-4) 0.29 0.46 0.14

Cizelge 7. 2. ve 3. analistlerin ISO 19036, EuroLab teknik prosediirii ve NMKL No.8% ait 6l¢im
belirsizligi karsilagtirmalart
Table 7. Comparison of measurement uncertainty of 2 analyst and the 3 analyst about of the ISO 19036, Eurol_ab
technical procedure, and NMKL No.§

Yemek Peynir Siit . .
(B. cerems) (E. coli (Toplam Mezoﬁyk Aerobik
Koloni)
NMKIL (2-3) 3.00 2.78 2.86
ISO 19036 (2-3) 0.07 0.18 0.11
EuroLab Teknik Prosediir (2-3) 0.26 0.40 0.13
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Cizelge 8. 2. ve 4. analistlerin ISO 19036, EuroLab teknik prosediirii ve NMKL No.8’ ait 6l¢iim
belirsizligi karsilagtirmalart
Table 8. Comparison of Measurement Uncertainty of 2 analyst and the 4% analyst abont of the ISO 19036,
EuroLab technical procedure, and NMKL No.§

Yemek Peynir Siit
B 5 i (Toplam Mezofilik Aerobik
(B. cerens) (E. coli Koloni)

NMKL (2-4) 2.97 2.82 2.80

ISO 19036 (2-4) 0.08 0.19 0.12

EuroLab Teknik Prosediir (2-4) 0.26 0.45 0.18

Gizelge 9. 3. ve 4. analistlerin ISO 19036, EuroLab teknik proseduirii ve NMKL No.8’ ait 6l¢im
belirsizligi karsilastirmalart
Table 9. Comparison of measurement uncertainty of 3 analyst and the 4 analyst about of the 1SO 19036, Eurol_ab
technical procedure, and NMKL No.§

Yemek Peynir Sut
(B. cerens) (E. col)  (Toplam Mezofilik Aerobik Koloni)
NMKL (3-4) 3.00 2.82 2.79
ISO 19036 (3-4) 0.09 0.10 0.07
Eurolab Teknik Prosediir (3-4) 0.28 0.30 0.11
Tum veriler varyans analizi ile 2019; I1SO, 2021), bu durumlarda EuroLab teknik

degerlendirildiginde ise (Sekil 7) ISO 19036 ve
Eurolab Teknik Prosediri dustncesi ile
gerceklestirilen Ol¢tim  belirsizligi hesaplamalart
icin bagil standart sapma kullamlmaktadir. Bu
nedenle, belirsizlik sonuglart  calismayr  da
destekler sekilde olduk¢a disik olarak elde
edilmistir. Ancak, NMKIL No.8’de tim verilerin
ortalamalari bir potada hesaplanmakta ve dogal
olarak tipki bu c¢alisgmada oldugu gibi Sl¢im
belirsizligi  sonuglari  yliksek  olarak  elde
edilmektedir. Arastirma sonuglarina gére NMKL
No. 8 metodunda tim matriks ve analizlerde
birbirine olduk¢a yakin ancak diger metotlara
kiyasla daha yiiksek Sl¢im belirsizligi elde edilmis;
sut matriksi (heterojen Ozelligi nedeniyle) ile
calisilan toplam mezofilik aerobik
mikroorganizma saywisinin  EuroLab  Teknik
Prosediiriinde ise en disiik 6lgim belirsizligine
sahip oldugu ortaya konulmustur.

ISO 19036 standardina gére petrilerde 10 koloni
ve asagl sayida mikroorganizma metot i¢in bagarili
sonuclar vermemekte (ISO, 2019; Yilmaz vd.,

prosediiri ile hesaplama teknigi arastirmact
tarafindan 6nerilmektedir (Torlak, 2012).

Aragtirmaya benzer sckilde, Torlak (2012)
peynirde  Staphylococcus  aurens  lzerine yaptig
calismalarinda ISO 19036 ile Sl¢im belirsizligi
sonucunu U (logi) = 0.23 olarak EuroLab teknik
prosediiriine gore belirsizligi ise U= %060 olarak
ortaya koymustur. Arastirmaci, %45-75 aralikta
Olcim belirsizligi verilerinde EuroLab teknik
prosediriniin  sonuglart  log’a  ¢evirmeden
rahatlikla kullanilabilecegini, limit deger olan %75
ve Uzerindeki belirsizlik durumlarinda ise ISO
yaklastminin kullaniminin gerekliligini belirtmistir.

Blasi vd. (2013), yaptiklar1 validasyon ve 6l¢im
belirsizligi calismalarinda ISO 19036 metodu ile
yukardan agagtya (Top down) tiime varim yontemi
olan global yaklasimin basarili oldugunu ortaya
koymuslardur.

Jarvis (2015), mikrobiyologlarin mikrobiyolojik
analizlerde Ol¢im Dbelirsizligi c¢alismalar1  icin
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genellikle sonuglarin logio’a cevirerek
kullandiklarint, koloni sayist <100 kob/g’dan daha
distk olan analiz sonuclarinda belirsizlik hesabt
icin  poisson  dagihmi  gerceklestirildigini
belirtmistir. Norli (2017), yaptgt calismada ISO
19036 ile NMKL metotlarina ait Olcim
belirsizliklerinin ayni oldugunu bildirmistir.

Tipki arastirmada oldugu gibi Yilmaz vd. (2019),
NMKL prosedirinin ISO/TS 19036’ya gore
yapilan hesaplamalarin  biinyesinde sundugu
metoda gore tim degiskenlerin degerlendirmeye
katilmamasi nedeniyle daha distik sonuglar

alindigint  belirttigini;  ancak  kargilastirma
sonuglarinda ara kesinligin ortaya konulmasinda
gercekte  tim  alanlarda  karsiagilabilecek

degisikliklerin analize yansidiginin gbrilmesinin
6neminin oldugunu ve uygulamanin ISO/TS
19036’ n1n A ve B kosgullar ve diger tim degisiklik
uygulamalart  ile  saglandigimi,  tim  bu
degisikliklerin  NMKL prosedir uygulamasina
yansitildiginda  ise  prosediirde  belirtilen
degerlendirmenin  olusmasinin  beklenilmemesi
gerektigini belirtmislerdir.

SONUC
Mikrobiyolojik analizlerin raporlanmasinda 6l¢iim
belirsizligi ~ hesaplamalart  biiyilk  oranda

kullanilmamakla beraber numune sonuglarinin
uygunsuzlugu durumunda misterinin  istekleri
dogrultusunda analiz raporlarinda belirtilmek
durumunda kullanilabilir.

NMKL yaklasiminda ¢ogunlukla tekrarlanabilirlik
calismasindan gelen degiskenlik de hesaplamaya
katilmaktadir. Bu nedenle ISO yaklagimindan
daha yiksek bir standart sapma elde edilmesi
olasidir (Yilmaz vd., 2019). Bununla birlikte ISO
yaklasimi ve EuroLab Teknik Prosediirii, ayni
gida grubu icinde degisik numunelerde ¢alismayt
saglamaya ve tekrariretilebilirlik kosullarinda iki
paralel olarak calisilmas: halinde daha hassas
sonuglar vermeye elverisli metotlardir.

Ddstik mikroorganizma ytki var ise bilesen yani
ISO 19036 yaklagimi daha dogrudur. Calisilan
orneklerde hetorojenlik fazla ise ISO 19036
metodundan sonra tercih edilecek en yakin
yaklastm EuroLab Teknik Prosediridir. Eger,
ortam kosullarinin, donanim, matriks vb. tim

degistirilebilecek unsutlarin degistirilerek
analizlerin  gerceklestirilmesi ve bir Sl¢lim
belirsizligi ortaya konulmak isteniyorsa ISO 19036
standardi  tercih edilmelidir. Gergeklestirilen
calisma ile istatistiki olarak ISO 19036 metodu ile
karstlastirilan  sonuglarin  Eurolab  Teknik
Prosedurine gore, ISO 19036 ve EurolLab Teknik
Prosediiriintin ise NMKL No.8 standardina gore
daha hassas aralikta Slgim belirsizligi sonucu
ortaya koydugu belirlenmistir.
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ULTRASONIK DESTEKLI EKSTRAKSIYON PARAMETRELERININ
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Turan, S., Atalay, D., Solak, R., Ozogul, M., Demirtas, M. (2021). Ultrasonik destekli ekstraksiyon
parametrelerinin kusburnu (Rosa canina L.) meyvesinin toplam fenolik ve karotenoid miktarlari ile
antioksidan aktivitesi tizetine etkisi. GIDA (2021) 46 (3) 726-738 doi: 10.15237/gida. GD21051.
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parameters on the total phenolics and carotenoid content and antioxidant activity of rosehip (Rosa Canina L.). GIDA
(2021) 46 (3) 726-738 doi: 10.15237/ gida. GD21051.

oz

Bu calismanin amacy, ultrasonik ekstraksiyon parametrelerinden sonikasyon siiresi (3, 6, 9, 12 ve 15 dakika),
genlik (%25, 50 ve 100), sicaklik (20, 30 ve 40°C) ve ¢oziici:meyve ezmesi oranlarinin (5, 10 ve 15 mL/g)
kusburnunun toplam fenolik ve karotenoid miktarlari tizerine etkisini belirflemektir. Ultrasonikasyon stiresi
artirtldiginda toplam fenolik madde miktart 3.18 mg/g degerinden 4.51 mg/g degerine; toplam karotenoid
miktart ise 4.29 mg/kg degetinden 18.70 mg/kg degetine yiikselmistir. Ultrasonikasyon genliginin toplam
karotenoid miktart tizerine etkisi istatistiksel olarak anlamlt (P <0.05) olup, toplam fenolik madde miktari ve
antioksidan aktivite tizerine etkisi anlamli bulunmamustir (P >0.05). Sicakligin artirlmasi toplam fenolik
madde miktarinda istatistiksel olarak anlamh (P <0.05) degisime neden olurken, toplam karotenoid miktart
ve antioksidan aktivite tizerine etkisi anlamli olmamustir (P >0.05). Diger taraftan, ultrasonik ekstraksiyon
strasinda ¢6zlci:meyve ezmesi orantnin artirilmast daha fazla karotenoidin ekstraksiyonunu saglamistir. Elde
edilen sonuglara gore, ultrasonik ekstraksiyon yénteminin kusburnu meyvesindeki biyoaktf bilesiklerin
ekstraksiyonunda bagartyla kullanilabilecegi belirlenmistir.

Anahtar kelimeler: Ultrasonik ekstraksiyon, kugburnu, antioksidan aktivite, toplam fenolik madde, toplam
karotenoid miktari
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Ultrasonik ekstraksiyonun kusburnunun biyoaktif bilesikleri Gzerine etkisi

EFFECTS OF ULTRASOUND-ASSISTED EXTRACTION PARAMETERS ON
THE TOTAL PHENOLIC AND CAROTENOID CONTENTS AND
ANTIOXIDANT ACTIVITY OF ROSEHIP (ROSA CANINA L.)

ABSTRACT

The purpose of this study was to determine the effects of the ultrasonic extraction parameters such
as sonication times (3, 6, 9, 12 and 15 minutes), amplitude (25, 50 and 100), temperature (20, 30 and
40 °C), and solvent:fruit paste ratios (5, 10 and 15 mL/g) on the total phenolic and total catotenoid
contents of rosehip. The total phenolic content increased from 3.18 mg/g to 4.51 mg/g and the total
carotenoid content increased from 4.29 mg/kg to 18.70 mg/kg as the ultrasonication time increased.
While the effect of ultrasonication amplitude on total carotenoid content was significant (P <0.05),
its effect on the total phenolic content and antioxidant activity was found insignificant (P >0.05).
Increasing the temperature caused a significant (P <0.05) change in the total phenolic content, while
its effect on the total amount of carotenoid and antioxidant activity was insignificant (P >0.05). On
the other hand, increasing the solvent:fruit paste ratio provided extraction of more carotenoids.
According to the results of the study, it has been determined that the ultrasonic extraction method
can be used successfully in the extraction of bioactive compounds of rosehip.

Key words: Ultrasound extraction, roschip, antioxidant activity, total phenolic compound, total

carotenoid content

GIRIS

Karakteristik cigeklere ve meyvelere sahip olan
Rosaceae familyasina ait kusburnu (Rosa canina 1),
genellikle Avrupa, Asya, Orta Dogu ve Kuzey
Amerika’da yetismekte olan bir tiirdiir (Duru vd.,
2011; Ilbay vd., 20132; Demir vd., 2014; Patel
2017; Mannozzi vd., 2020; Mili¢ vd., 2020).
Anadolu, kusburnu tirlerinin baslica genetik
cesitlilik alanlarindan biridir ve Trkiye'nin Dogu
ve I¢c Anadolu bélgeleri yerli
poptlasyonu agisindan oldukea zengindir (Demir
vd.,, 2014). Kusburnu meyvelerinin ¢ay, regel,
surup, corba, pestil, meyve suyu ve marmelat gibi
uriinlerde kullanilmasinin yant sira farmakolojik
olarak da kullanimi yaygindir (Duru vd., 2011;
IIbay vd., 2013a; Demir vd., 2014; Patel, 2017;
Atalar vd., 2020). Bu bitki fenolikler, flavonoidler,
C vitamini, karotenoidler, tokoferol ve esansiyel
yag asitleri gibi bircok bilesik acisindan zengin
oldugundan antioksidan 6zellik géstermekte, grip,
enfeksiyon ve iltthapli hastalik tedavilerinde
kullandmaktadir (Duru vd., 2011, Ubay vd., 2013a;
ﬂbay vd., 2013b; Demir vd., 2014; Fan vd., 2014;
Patel 2017; Atalar vd., 2020; Mannozzi vd., 2020;
Mili¢  vd., 2020). Kusburnunun bilesiminde
bulunan bu fitokimyasallar, serbest radikalleri
inhibe etmekte ve hiicreleri oksidatif stresten
korumaya yardimci olarak antioksidan 6zellik
gostermektedir (Duru vd., 2011; Ilbay vd., 2013a).
Oksidatif stres kardiyovaskiiler hastaliklar, kanser,

kusburnu

alerji, diyabet ve depresyon gibi ¢esitli hastaliklarin

alinda yatan neden olarak bilinmektedir.
Antioksidanlar, oksidatif strese neden olan
faktorleri  elimine ederek bu  hastaliklari

onlemektedir. ABTS radikallerini stiptirme, bakir
iyonlarint indirgeme ve lipit peroksidasyonunun
inhibisyonu gibi testler antioksidan 6zellikleri
belirlemek i¢in uygulanan standart testlerden
bazilaridir (1lbay vd., 2013b; Patel, 2017).

Bitki matrikslerinden bazt bilesenlerin  elde
edilmesinde, ekstraksiyon yonteminin uygulandigt
bilinmektedir (Esclapez vd., 2011; ilbay vd.,
2013b). Ekstrakte edilen biyoaktif bilesikler gida,
ilag ve kozmetik endistrisinde kullanidmaktadir.
Ekstraksiyon isleminde daha kisa stire uygulama
ve disitk maliyet gibi faktSrler 6nemli olmakta; bu
durum da farkli ckstraksiyon yontemlerinin
yayginlasmasint hizlandirmaktadir (Esclapez vd.,
2011). Son yillarda dikkat ¢eken ultrason destekli
ekstraksiyon, geleneksel yontemlerden daha az
zaman, enerji ve ¢6zlcl gerektiren yenilik¢i bir
teknik olarak bilinmekte; ayrica 1siya duyarlt
bilesikler icin faydali olan orta dizeydeki
sicakliklarin  kullanimint mimkiin - kidmaktadir
(Esclapez vd., 2011, 11bay vd., 2013b; Sahin vd.,
2020; Ez Zoubi vd., 2021).

Ultrason kati, sivi veya gaz ortamda mekanik
titresim dizeyi 20 kHz'den yiiksek frekansa sahip
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bir tir ses dalgasidir (Wong vd., 2019; Sahin vd.,
2020). Oncelikle mekanik titresimler, mekanik
basing dalgalarina donustiiriilerek enerjiyi ortama
aktarmakta; sonra ortam enetjiyi dalga ile temas
halinde olan malzemeye tagimaktadir (Sahin vd.,
2020). Ultrason destekli ekstraksiyonda, bitkisel
dokularin hiicre duvarlart zarar gérerek dokudaki
¢ozlinen maddenin ¢6ziich icerisine dagilmast
kolaylagsmakta ve bununla birlikte maddelerin
coziictiye transferi artmaktadir (Ilbay vd., 2013a;
Wong vd., 2019; Sahin vd., 2020). Bu ekstraksiyon
yonteminde uygulanan ultrasonik giic, frekans,
sicaklik, stire ve ¢oziict se¢imi gibi bircok faktor
Snemlidir (Esclapez vd., 2011). Onceki yapilan
calismalarda, hem kugburnunun farkli yéntemlerle
ckstraksiyonu (Wenzig vd., 2008; Lattanzio vd.,
2011; ilbay vd., 2013a) hem de ultrason destekli
farklt bitki ve meyvelerin ekstraksiyonu (Jabbar
vd., 2014; Wong vd., 2019; Sahin vd., 2020; Ez
Zoubi vd., 2021) ile ilgili ¢esitli arastirmalar
bulunmaktadir.

flbay vd. (2013a) kusburnundan fenolik
bilesiklerin ekstraksiyonunda optimum ultrasonik
ekstraksiyon kosullarint 81.23 dakika sonikasyon
stiresi, 50°C sicaklik ve %40 oraninda etanol
olarak belirlemislerdir. Atalar vd., (2020) ise
kusburnu nektarinda sedimantasyon problemini
onlemek icin farklt genlik ve siirelerde sonikasyon
uygulamiglardir. Literatiirde, kusburnu
meyvesinin ultrason destekli ekstraksiyonunda
farklt stre, genlik, sicaklik ve ¢6ziicti:meyve
oranlarinin  birlikte incelendigi bir calismaya
rastlanmamistir.  Bu  calismada,  kusburnu
meyvesinin ultrason destekli ekstraksiyon ile farklt
stre (3, 6, 9, 12 ve 15 dakika), genlik (%25, 50 ve
100), sicaklik (20, 30 ve 40°C) ve ¢ozlcl:meyve
ezmesi oranlarinda (5, 10 ve 15 mL/g) ekstrakte
edilmesi amaclanmustir. Elde edilen ekstraklarda
kusburnu meyvesinde 6nemli miktarda bulunan
toplam fenolik ve karotenoid miktarlar ile
antioksidan aktivitesi incelenmistir.

MATERYAL VE METOT

Materyal

Kusburnu meyveleri Bolu’daki bir semt
pazarindan  temin  edilmistir.  Ultrasonik
ekstraksiyonlar yapilana kadar buzdolabinda

muhafaza edilmistir. Ultrasonik prob kullanilarak

hazirlanan ekstraktlar analizler yapilincaya kadar -
18 °C’de bekletilmistir.

Metot

Kusburnu meyveleri yikanip, ¢ekirdekleri ayrilmig
ve meyve eti kahve degirmeni ile ezilerek pulp
haline  getirilmigtir. ~ Ultrasonik  ekstraksiyon
oncesinde 10 g tartilarak Gzerine 100 mL metanol
eklenmistir. Farkli ultrasonikasyon stireleri (3, 6, 9,
12 ve 15 dakika), genlik (%25, 50 ve 100), sicaklik
(20, 30 ve 40°C) ve ¢ozilicti:meyve ezmesi oranlari
(5,10 ve 15 mL/g) uygulanarak biyoaktif bilesikler
ekstrakte edilmistir. Bu amagla prob tipi
ultrasonik homojenizatér (Bandelin-GM 3200,
Berlin, Almanya) kullanilarak kusburnunun
ekstraksiyonu gerceklestirilmistir. Ekstraksiyon
sirasinda  parametrelerden biri  degistirilirken,
digerleri sabit tutulmustur. Sabit tutulan kosullar
10 g meyve ezmesi, %50 ultrasonikasyon genligi,
12 dakika  ultrasonikasyon  stiresi, 20°C
ekstraksiyon sicakligt ve 5 mL/g ¢Oziici:meyve
ezmesi orant seklinde olmustur. Ultrasonik
ekstraksiyon islemi sonrasi kap icerigi 50 mlL.lik
santriftyj tiplerine aktarilarak 4000 rpm’de 15
dakika santrifiij edilmistir. Santrifiij sonrast Gstteki
stvi kistm almnip, katt kismin tzerine 50 mL
metanol eklenerek tekrar santrifiij edilmistir. Ust
fazlar bitlestirildikten sonra ¢oziicinin bir kismi
déner buharlastirict  kullanidarak dusik basing
altinda uzaklastirilmistir. Kalan alkolli ekstrakt 25
mlLlik balon jojeye aktarilarak cizgisine kadar
metanol ile tamamlanmustir.

Kuru madde tayini

Kugburnu meyve ezmesinin kuru madde miktart
AOAC Metot 925.10 (1990)’da belirtilen metoda
gore belirlenmistir.

Toplam fenolik  madde miktarinin
belirlenmesi

Toplam fenolik madde miktart Folin-Ciocalteu
(Shahidi  vd., 2001) metodu kullanidarak

belirlenmistir. Bu metot fenolik bilesiklerin Folin-
Ciocalteu ayracit indirgedigi ve oksitlenmis
forma dontstigh bir redoks reaksiyonuna
dayanmaktadir. Ekstraktlar belirli oranlarda
seyreltildikten sonra seyreltilmis ekstrakttan 0.5
mlL alinmus ve bir tiipe aktarilmistir. Uzerine 7 mL
saf su eklenmistit. Ardindan 0.5 ml. Folin-
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Ciocalteu ayract ilave edilmis ve 3 dakika
karanlikta bekletilmistir. Sure sonunda 2 ml
%20’lik sodyum karbonat eklenmistir. 1 saat
karanlkta bekletildikten sonra, UV-gérintr
spektrofotometrede  (Shimadzu UV~ 1700,
Japonya) 720 nm’de sahit denemeye karst
absorbans degerleri okunmustur. Sahit denemede
ornek yerine 0.5 mL metanol kullandmistir. 20-
140 mg/L konsantrasyon araligindaki gallik asit
standart ¢Ozeltileri kullanilarak ayni kosullarda
analiz gerceklestirilmistir. Hazirlanan kalibrasyon
egrisinin denklemi y = 0.0054x + 0.0188 (R?=
0.999) seklinde belirlenmistir.  Kalibrasyon
egrisinin denkleminden yararlanilarak toplam
fenolik madde miktari kuru maddede mg gallik
asit esdegeri/g kusburnu ezmesi seklinde
verilmistir.

Toplam karotenoid miktarinin belirlenmesi
Ultrasonik ekstraksiyon ile hazirlanan kusburnu
6rneklerinin toplam karotenoid miktart Martinez-
Flores vd. (2015)’nin uyguladigt metoda gore
spektroskopik olarak belirlenmistir. Hazirlanan
ekstraktlardan 1 mlL alinarak tzerine 5 mL
metanol:kloroform ¢ozeltisi (1:2,  v/v)
eklenmistir. Ardindan 0.5 mL doymus sodyum
kloriir ¢ozeltisi eklenerek iyice calkalanmis ve faz
ayrimi olusuncaya kadar bekletilmistir. Ust faz
pastor pipeti ile uzaklagtirildiktan sonra kloroform
fazina bir miktar sodyum siilfat eklenmis ve 4000
rpm devir hizinda santriflyj edilmistir. Santrifij
sonrast ust fazdan 1 mL alinarak Gzerine 5 mL
metanol:kloroform (1:2, v/v) eklenmigtir. UV-
goriniir  spektrofotometrede  (Shimadzu UV
1700, Japon) 450 nm’de metanol:kloroform (1:2,
v/v) ¢ozucu karigimina karsilik  absorbans
okunmustur.  1-12  mg/I.  konsantrasyon
araligindaki ~ B-karoten  standart  ¢Ozeltileri
kullanilarak denklemi y= 0.0873x — 0.0234 (R?>=
0.996) olan kalibrasyon egrisi hazirlanmustir.
Kusburnu ezmesindeki toplam karotenoid miktart
kuru maddede mg B-karoten esdegeri/kg seklinde
hesaplanmistr.

Troloks esdegeri antioksidan aktivite tayini

ABTS  yontemi  uygulanarak  ultrasonik
ekstraksiyon uygulanan Orneklerin antioksidan
aktiviteleri belirlenmistir (Re vd., 1999). Bu
yontem ABTS radikal ¢ozeltisi tizerine eklenen

antioksidan iceren ekstraktin radikali indirgemesi
esasina dayanmaktadir. Aktif ABTS radikali
hazirlandiktan sonra 1:80 (v/v) oraninda metanol
ile seyreltilmis ve 734 nm’deki absorbanst 0.700
degerine ayarlanmigtir.

Analiz sirasinda 990 uL seyreltilmis ABTS radikali
tzerine 10 pL seyreltilmis 6rnek eklenmistir. 6
dakika boyunca sonunda 734 nm’de okunan
absorbans degetleri Sl¢iilmis ve siire sonundaki
absorbans degeri kaydedilmistir. Ayni islemler
kontrol deneme i¢in de gerceklestirilmistir. Ornek
ve kontrol i¢in okunan absorbans degerlerinden
yararlanilarak  asagidaki  denkleme gére %
inhibisyon oranlart hesaplanmistir.

% inhibisyon: (Akontrol‘Aémck) *1 OO/Akontrol (1)

990 puL. ABTS radikali Gizerine 10 pL 2.5, 5, 10, 15
ve 20 mM konsantrasyonlardaki Troloks standart
cozeltileri eklenmis ve 6 dakika sonunda
absorbans degerleri kaydedilmistir.
Konsantrasyona karsi absorbans degerleri grafige
gecirilerek  kalibrasyon egrisi  ¢izilmistir. Bu
grafiginden denkleminden (y =28.8x + 8.20306,
R2= 0.995) yararlanilarak kusburnu ezmelerinin
antioksidan aktivitesi kuru maddede troloks
esdegeri pmol/g seklinde hesaplanmustir.

Istatistiksel Analiz

Analiz  sonuglart SPSS 23  paket programi
kullanilarak analiz edilmigtir. Ortalamalar arast
farklilk ANOVA testi ile belitlenmistir. Farklt
gruplarin saptanmasinda  Duncan testi
uygulanmistir.  Denemeler ve analizler iki
tekerriirlii olarak yurttilmustir.

ARASTIRMA SONUCLARI VE TARTISMA
Toplam fenolik madde miktar:

Farkli ultrasonikasyon parametrelerinin kusburnu
ezmesindeki toplam fenolik madde miktar
tzerine  etkisi  Sekil 1’de  gOsterilmistir.
Ultrasonikasyon stiresi arttitkca toplam fenolik
madde miktarinin arttg (P <0.05) gbrillmektedir
(Sekil 1.a). Bu calismadaki sonuglara benzer
sckilde sonikasyon stiresinin  artirilmasinin
biyoaktif bilesen miktarin1 artirdigina iliskin
bulgular literatiirde yer almaktadir (Ilbay vd.,
2013a; Cigeroglu vd., 2017; Algan Cavuldak vd.,
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2019; Poyraz vd., 2021). Algan Cavuldak vd. uygulanmasinin =~ ise  fenolik  bilesiklerin
(2019) ultrasonik ekstraksiyon stresi arttik¢a bitki ~ parcalanmasina neden olabilecegini
materyalinden  ¢Ozuciye kitle transferinin = bildirmislerdir.

artacagini, ¢ok uzun  sireli  ekstraksiyon
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Sekil 1. Farklt kosullarda ultrasonik ekstraksiyon uygulanan kusburnu meyvesinin toplam fenolik madde
miktar1 (mg gallik asit/g KM) (a) Ultrasonikasyon stitesinin etkisi (10 g meyve ezmesi, %50
ultrasonikasyon genligi, 20°C sicaklik ve 5 mL/g ¢ozlci:meyve ezmesi orant) (b) Ultrasonikasyon
genliginin etkisi (10 g meyve ezmesi, 20°C sicaklik, 5 mL/g ¢6ziici:meyve ezmesi orani, 12 dakika
ultrasonikasyon stiresi) (c) Ultrasonikasyon sicakliginin etkisi (10 g meyve ezmesi, %050 ultrasonikasyon
genligi, 5 mL/g ¢ozticli:meyve ezmesi orani, 12 dakika ultrasonikasyon stresi) (d) Coziici:meyve
ezmesi oraninin etkisi (10 g meyve ezmesi, %50 ultrasonikasyon genligi, 20°C sicaklik, 12 dakika
ultrasonikasyon stiresi)

Figure 1. Total phenolic content of rosehip fruit extracted nltrasonically under different conditions (mg gallic acid/g DW)
Effect of ultrasonication time (10 g fruit pulp, 50% uitrasonication amplitude, 20°C temperature, 5 ml./ g solvent:fruit
pulp) b) Effect of ultrasonication amplitude (10 g fruit pulp, 20°C temperature, 5 mL./ g solvent:fruit pulp, 12 minute
ultrasonication time) (c) Effect of ultrasonication temperature (10 g fruit pulp, 50% ultrasonication amplitude, 5 ml./ g
solvent/ fruit pulp, 12 minute nltrasonication time) (d) Effect of solvent:fiuit paste ratio (10 g fruit pulp, 50%
ultrasonication amplitude, 20°C temperature, 2 minute nltrasonication tine).
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Sonikasyon uygulanmayan kusburnu ezmesinin
toplam fenolik madde miktari 3.18 mg/g KM
olup, 3 dakika ultrases dalgast uygulandiginda 4.12
mg/g KM degerine yikselmistir. 3. dakikadan
sonra artts hizt yavaslamig ve 15 dakika sonunda
toplam fenolik madde miktar1 4.51 mg/g KM
olarak bulunmustur. Ancak 3.-15. dakikalar
arasinda  ekstrakte edilen fenolik madde
miktarinda degisim istatistiksel olarak anlamli
bulunmamustir (P >0.05).

Farkli sonikasyon siirelerinin  uygulandigr bir
calismada Cigeroglu vd. (2017) sonikasyonun ilk
30 dakikasinda hizlt difizyon nedeniyle narenciye
yaprak ekstrakinin toplam fenolik madde
miktarinda keskin bir artis, sonrasinda ise daha
yavas bir artts oldugunu bildirmislerdir. Belirli bir
doygunluk aninda  ekstraksiyonun  dengeye
geldigini; bu nedenle belitli bir ana kadar
konsantrasyonun hizli arttgini, sonrasinda arts
hizinin  yavasladigint  bildirmislerdir. Tlbay vd.
(2013a) ise ultrasonik ekstraksiyonun ilk asamast
olan 1slatma asamasinda bitki materyalinin
yuzeyinde bulunan bilesenlerin ¢dziindigini,
ikinci asama olan yavas ekstraksiyon agamasinda
ise bitki matriksinden bilesiklerin ¢6ziictiye kiitle
transferinin  gerceklestigini  bildirmislerdir. Bu
nedenle  kusburnu  meyvesinden  fenolik
bilesiklerin ekstraksiyonunda sonikasyonun ilk 30
dakikasinda hizli, ilerleyen strelerde ise daha yavasg
ekstraksiyon gerceklestigini belirtmislerdir. Bu
calismada da benzer bir durum gézlenmistir.
Genel olarak sonikasyon stresince hem toplam
fenolik madde, hem de toplam flavonoid
miktarinin  artirdi@  bildirilmistic  (Poyraz vd.,
2021). Diger taraftan Algan Cavuldak vd. (2019)
yaptiklart  calismada  ultrasonik  ekstraksiyon
stresinin dut yapragindaki toplam fenolik madde
ve toplam flavonoid madde miktarlart tizerine
lineer etkilerinin istatistiksel olarak anlaml
olmadigint belitlemislerdir (P>0.05). Uzun siireli
ekstraksiyonun fenolik ekstraksiyon verimini
arttrmadigint bildirmislerdir.

Ultrasonikasyon genligi %25 uygulandiginda
toplam fenolik madde miktar1 3.73 mg/g KM
olup, genlik %50ye yukseltildiginde toplam
fenolik madde miktarinin arttigt (4.32 mg/g KM),
ancak toplam fenolik maddedeki degisimin

istatistiksel olarak anlamli olmadigi (P >0.05)
gozlenmistir. %100 genlik uygulandiginda ise
kusburnu ezmesinin toplam fenolik madde
miktari (4.12 mg/g KM) bir miktar dusmustur
(Sekil 1.b). Bu durumda %50 diizeyinde ultrases
dalgalart  uygulanmasinin  yeterli  oldugu
distlmektedir. Yiksek genlik uygulanmasi gli¢
sarfiyatint artiracak ve 6rnegin 1sinmasina neden
olacaktir. Cesitli calismalarda ultrasonikasyon
genliginin artmasinin  6rnekte 1sinmaya neden
oldugu bildirilmektedir (Chemat vd., 2017; Jabbar
vd., 2014). Ultrason genliginin artirilmasi, ultrason
glicliniin artmasina neden olmakta ve kavitasyon
gerceklesmektedir. Kavitasyon lokal 1sinmaya
neden olarak bitki hiicre duvarnin yikimin
saglamaktadir (Poyraz vd., 2021).

Sonikasyon sicakliginin artirilmast toplam fenolik
madde miktarinda artis saglamistir  (P<0.05).
20°C’de  sonikasyon uygulandiginda toplam
fenolik madde miktar1 3.94 mg/g KM iken,
40°C’de 4.52 mg/g KM olarak belitlenmistir
(Sekil 1.c). Sonikasyon sicakliginin fenolik
ekstraksiyon verimi izerine etkisini inceleyen
calismalardan birinde, Algan Cavuldak (2019)
ultrasonik ekstraksiyon sicakligt arttikca fenolik
bilesiklerin difiizyonunun hizlandigini, ¢6ziinenin
diftizyon katsayisinin arttiini, ¢Ozictinin yizey
gerilimi ve ¢6zlcl viskozitesinin ise azaldiging bu
nedenlerle de fenolik ekstraksiyon veriminin
artugint  bildirmislerdir. Ancak c¢ok yiiksek
sicakliklarda ise polifenollerin  bozulabilecegini
belirtmislerdir. Karadut yapragindan biyoaktif
bilesiklerin ekstraksiyonunda sicakliktaki
degisimin toplam flavonoid miktarini istatistiksel
olarak anlamli diizeyde (P <0.05) degistirdigini,
ancak toplam fenolik madde Uzerine etkisinin
anlamh olmadigini (P >0.05) saptamuglardir.

Cigeroglu vd. (2017) narenciye yapraklarindan
fenoliklerin ultrasonik ekstraksiyonunda sicaklik
32°C’den 42°C’ye yukseltildiginde fenolik madde
miktarinda hizlt bir arts oldugunu, ancak daha
yiksek  sicakliklarda  sicakligin  artmasinin
kavitasyon yogunlugunun azalmasina neden
oldugunu belirtmislerdir. Ilbay vd. (2013a)
sonikasyon sicakliginin artmasinin kugburnundan
ekstrakte edilen fenolik miktarini artirdigin
bildirmislerdir. Benzer sekilde sicaklik artisinin
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kiitle transfer hizini artirdigini, bitki matriksinin
aktif bolgeleri tarafindan ¢oziicti desorpsiyonunu
kolaylastirdigini  ve ¢6zlcii buhar basincint
artirdigint belirtmislerdir.

Cozicizmeyve ezmesinin oraninin artirilmast ile
toplam fenolik madde miktarinda artis saglanmis,
ancak degisim istatistiksel olarak anlamli
bulunmamistir (P >0.05,  Sekil  1.d).
Cozucl:meyve ezmesi orant 5 mL/g oldugunda
toplam fenolik madde miktari 3.94 mg/g KM
iken, 15 mL/g dizeyinde 4.52 mg/g KM olarak
belitlenmistir. Cesitli arastirmalarda
ekstraksiyonda  kullanilan  ¢6ziici  oraninin
artmasinin  toplam fenolik madde miktarint
artirdigt bulunmustur (Cigeroglu vd., 2017; Algan
Cavuldak vd., 2019; Ez Zoubi vd., 2021). Bu
calismalarda birinde Algan Cavuldak vd. (2019)
karadut  yapragindaki  fenolik  maddelerin
ckstraksiyonu  Uzerine ¢Oziicti:katt  oraninin
ctkisinin istatistiksel olarak anlamli (P<0.05)
oldugunu belitlemislerdir. Coziici  oraninin
artmasinin  bitki materyalinin ultrasonik ses
dalgalar1  ile parcalanmasini  kolaylastirdigint
bildirmiglerdir. ~ Cigeroglu vd. (2017) ise
ekstraksiyonda kullanilan ¢6zlct miktart arttikea
narenciye yapraklarindan daha fazla fenolik ve
flavonoid bilesigin ekstrakte edilebildigini, 50:1
(v/w) ¢ozuci:katt oraninda ise en yuksek
miktarda fenolik bilesigin ekstrakte edilebildigini
bildirmislerdir. Céziici miktarinin artirilmasinin
kitle transfer hizini artirdigini ve ekstraksiyon
verimini belirli bir noktaya kadar yiikselttigini ileri
surmuslerdir. Yapilan optimizasyon ¢alismasi
sonunda optimum ¢oziict oraninin 20:1 (v/w)
oldugunu saptamuslardir. Ez Zoubi vd. (2021)
Lavandula stoechas bitkisinden fenolik maddelerin

ekstraksiyonunda  ¢bzlicickatt  oranmnin 20
mL/g’dan 30 mL/g dizeyine yiikseltilmesinin
fenolik  ekstraksiyon  verimini  artirdigini
bildirmislerdir.

Toplam karotenoid miktar1

Farkli  kosullarda  ultrasonik  ekstraksiyon
uygulanan kusburnu meyve etinin toplam

karotenoid miktar1 Sekil 2’de gosterilmistir. Buna
gbre ultrasonikasyon sitiresi artttkca toplam

karotenoid miktarinin arttigr  saptanmustir (P
<0.05). Toplam karotenoid miktart 4.29 mg/kg
KM degerinden, diizenli bir artis géstererek 15
dakika sonunda 1870 mg/kg  degerine
yukselmistir (Sekil 2.a).

Jabbar vd. (2014) ultrasonik ses dalgalar
uygulanan havug suyunda karotenoid miktarinin
artmastnin, hiicre duvarlarinin  kavitasyonun
mekanik etkisi ile parcalanmasindan
kaynaklandigini belirtmislerdir. Purohit ve Gogate
(2015) havug atiklarindan p-karotenin ultrasonik
ekstraksiyonunda ilk 50 dakika ekstraksiyon
veriminin arttigini, daha sonra ise azaldigini
bildirmislerdir. ~ 10-30.  dakikalar  arasinda
ckstraksiyon veriminin %50.40, 30-50. dakikalar
arasinda ise  %11.52 dizeyinde oldugunu
bildirmislerdir.

Ultrasonikasyon genligindeki artis ekstrakte edilen
toplam  karotenoid miktarinda anlamli  bir
degisime neden olmustur (P <0.05). En yiiksek
toplam karotenoid miktar1 (17.62 mg/kg KM)
%50 genlik uygulandiginda saptanmustir (Sekil
2.b). Toplam fenolik madde miktar1 da bu genlik
degerinde calisildiginda en yitksek olmustur.

Kusburnu nektarlarinda sedimantasyon
problemini 6nlemek amactyla Atalar vd. (2020)
yaptiklart ¢alismada, ultrasonikasyon genligi ve
uygulama stresi artttkca toplam karotenoid
miktarinin arttiginn (P <0.05) ve en yiiksek toplam
karotenoid miktarinin ise (24.11 pg S-karoten
esdegeri/mL) %100 genlik ve 30 dakika ultrases
dalgast uygulandiginda saptandigint
bildirmislerdir.

En vyiksek toplam karotenoid miktar1 (15.6
mg/kg KM) 20°Cde islem uygulandiginda
saptanmistir (Sekil 2.¢). Sicaklik 30 ve 40°C’ye
yikseltildiginde toplam karotenoid miktarinda bir
miktar disme olmasina ragmen, degisim
istatisttksel ~ olarak  anlamli  bulunmamustir
(P>0.05). Aksine Chuyen vd., (2020) 30-50°C
araliginda ekstrakte edilen p-karoten verimi
tzerine sicakligin etkisinin  6nemli  oldugunu
bildirmislerdir.
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Sekil 2. Farklr kosullarda ultrasonik ekstraksiyon uygulanan kusburnu meyvesinin toplam karotenoid
miktar1 (mg f-karoten/kg KM) (a) Ultrasonikasyon stresinin etkisi (10 g meyve ezmesi, %050
ultrasonikasyon genligi, 20°C sicaklik ve 5 mL/g ¢ozlci:meyve ezmesi orant) (b) Ultrasonikasyon
genliginin etkisi (10 g meyve ezmesi, 20°C sicaklik, 5 mL/g ¢6ziici:meyve ezmesi orani, 12 dakika
ultrasonikasyon stiresi) (c) Ultrasonikasyon sicakliginin etkisi (10 g meyve ezmesi, %50 ultrasonikasyon
genligi, 5 mL/g ¢6zlicti:meyve ezmesi orant, 12 dakika ultrasonikasyon stresi) (d) Coziici:meyve
ezmesi oraninin etkisi (10 g meyve ezmesi, %50 ultrasonikasyon genligi, 20°C sicaklik, 12 dakika
ultrasonikasyon stiresi)

Figure 2. Total carotenoid content of rosebip fruit extracted ultrasonically under different conditions (mg f-carotene/ kg
DW) (a) Effect of ultrasonication time (10 g fruit pulp, 50% ultrasonication amplitude, 20°C temperature, 5 ml /g
solvent:fruit pulp) b) Effect of ultrasonication amplitude (10 g fruit pulp, 20°C temperature, 5 mL/ g solvent:fruit pulp,
12 minute nltrasonication time) (c) Effect of ultrasonication temperature (10 g fruit pulp, 50% ultrasonication
amplitude, 5 m1_/ g solvent/ fruit pulp, 12 minute ultrasonication time) (d) Effect of solvent:fruit paste ratio (10 g fruit
pulp, 50% ultrasonication amplitude, 20°C temperature, 2 minute ultrasonication time).
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Ye vd. (2011) karotenoid bilesiklerin misirdan
ultrasonik ekstraksiyonunda 38-40°C arasindaki
sicaklik  uygulamasinin  26-30°C  arasindaki
ekstraksiyon sicakligina gére daha etkili oldugunu,
ancak  66°C  civarindaki  sicakliklarda  bazt
karotenoidlerdeki  ¢ift  baglarin  kirddigim
bildirmislerdir. Purohit ve Gogate (2015) ise 20-
50°C  arasindaki  ekstraksiyon  sicakliklari
uygulandiginda  p-karoten veriminin arttifin
gozlemislerdir. Sicaklikla ekstraksiyon veriminin
artmasinin ¢6zicu icinde p-karotenin
¢Oziiniirliglintin artmasindan ve ultrases dalgalart
ile olusan bosluklarin sayisinin  artmasindan
kaynaklandigini belirtmislerdir.

Coziuci:meyve ezmesi orant 15 mL/g oldugunda
toplam karotenoid miktar1 en ytksek (15.8 mg/kg
KM) bulunmustur. Ancak oran 10 veya 15 mL/g
oldugunda  toplam  karotenoid  miktarinda
istatistiksel ~ olarak  anlamh  bir  degisim
gozlenmemistir (P >0.05, Sekil 2.d). Purohit ve
Gogate (2015) kati:¢ézlct orant 0.1:20 ile 0.3:20
g/mlL arasindayken havug atiklarindan f-karoten
ekstraksiyon veriminin arttigini, 0.3:20 ile 0.6:20
g/ml  arasinda ise  verimin  distigind
saptamuslardir. Kati miktari arttik¢a ekstraksiyon
icin daha fazla ¢6ztct gerektigini bildirmislerdir.

Antioksidan aktivite

Ultrasonikasyon  parametrelerinin ~ kusburnu
meyvesinin antioksidan aktivitesi {izerine etkisi
Sekil 3’de verilmistir. Sonikasyon stiresinin
artirtlmast ekstrakte edilen biyoaktif bilesiklerde
artisa neden oldugundan antioksidan aktivitede
ozellikle 3. dakikada (303.4 pmol/g KM) anlamli
bir artis gerceklesmistir (P <0.05). Ancak 3
dakikadan daha uzun sonikasyon uygulandiginda
antioksidan aktivitedeki artis disitk olmus ve bu
artis istatistiksel olarak anlamli bulunmamistir (P
>0.05, Sekil 3.a).

Toplam fenolik madde miktart ile toplam
karotenoid miktarinda da benzer degisimler
saptanmistir. Ultrasonikasyon islemi antioksidan
Ozellikteki  fenolik maddeler ve karotenoid
bilesikler disinda kusburnunda bulunan askorbik
asit gibi diger antioksidanlarin da ekstraksiyonunu
saglamis olabilir. Bu arastirmadaki sonuglara
benzer sekilde Li wvd. (2016) ultrasonik
ckstraksiyon suresi arttik¢a sabit sicaklik ve etanol

konsantrasyonunda perilla (biftekotu)
yapraklarindan hazirlanan ekstraktin antioksidan
aktivitesinin arttigint bildirmislerdir. Antioksidan
aktivite ile toplam fenolik madde ve rosmarinik
asit miktarlar1 arasinda ise yitksek korelasyon
oldugu bildirilmistir. Sonikasyon stiresindeki
artisin  toplam fenolik madde ile antioksidan
aktivite Uzerine olumlu etkisi Algan Cavuldak vd.
(2019) tarafindan da belirtilmistir. Calismalarinda
karadut yaprak ekstraktinin DPPH ile belirlenen
antioksidan aktivitesi ile toplam fenolik madde
miktart arasinda yiiksek korelasyon (R2=0.8381)
oldugunu saptamuslardur.

Chuyen vd. (2020) ise, B-karotence zengin
tropikal bir kavun olan Momordica cochinchinensis
Spreng.’in kabuklarindan ultrasonik ekstraksiyon
yoluyla hazirlanan ekstraktin antioksidan aktivitesi
lzerine ekstraksiyon siiresinin kuadratik etkisinin
istatistiksel olarak anlamh (P<0.05) oldugunu
bildirmislerdir.

Sonikasyon genliginin artirlmasi  antioksidan
aktivitede artis saglamis olsa da, bu degisim
istatistiksel olarak anlamli bulunmamistir (P
>0.05). %25, %50 ve %100 sonikasyon genlikleri
uygulandiginda antioksidan aktivite 248.9, 384.2
ve 432.3 umol/g KM olarak belitlenmistir (Sekil
3.b). Genligin artmasi ultrasonikasyon giictiniin
artmasina ve dolayistyla kavitasyon etkisinin
artmasina yorulmaktadir (Poyraz vd., 2021). Bir
calismada ultrasonikasyon genliginin  %50’den
%100’¢ artirlmast ile kusburnu nektarinin
antioksidan  aktivitesinin ~ (FRAP)  artug
belirtilmektedir (Atalar ve ark., 2020).

En yuksek antioksidan aktivite 447.9 umol/g KM
40°C’de saptanmugtir  (Sekil 3.c). Sonikasyon
sicakligr arttikca antioksidan aktivitede bir miktar
artts olmus, ancak bu artis istatistiksel olarak
anlaml bulunmamustir (P >0.05). Benzer sekilde
Algan Cavuldak vd. (2019) karadutun ultrasonik
ekstraksiyonunda sicakligin antioksidan aktivite
tzerine etkisinin anlamli olmadigini (P >0.05)
saptamiglardir.  Ancak ¢esitli  arastirmalarda
ultrasonikasyon sicakligindaki artisin bilesenlerin
ekstraksiyonunda olumlu etkilerinden
bahsedilmektedir  (Ilbay vd., 2013a; Algan
Cavuldak vd., 2019; Poyraz vd., 2021).
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(ozicl:meyve ezmesi orant arttikea (5, 10 ve 15 umol/g KM), ¢oziicl:meyve ezmesi orant 15
ml./g) antioksidan aktivitenin arttudt gézlenmistir ~ mL/g oldugunda saptanmistir (Sekil 3.d).
(P<0.05). En yiiksek antioksidan aktivite (403.3
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Sekil 3. Farkli kosullarda ultrasonik ekstraksiyon uygulanan kusburnu meyvesinin antioksidan aktivitesi
(troloks esdegeri, pmol/g KM) (a) Ultrasonikasyon siiresinin etkisi (10 ¢ meyve ezmesi, %50
ultrasonikasyon genligi, 20°C sicaklik ve 5 mL/g ¢6zlci:meyve ezmesi orant) (b) Ultrasonikasyon
genliginin etkisi (10 ¢ meyve ezmesi, 20°C sicaklik, 5 mL/g ¢coziici:meyve ezmesi orant, 12 dakika
ultrasonikasyon stiresi) (c) Ultrasonikasyon sicakliginin etkisi (10 g meyve ezmesi, %50 ultrasonikasyon
genligi,5 mL/g ¢ozlci:meyve ezmesi orant, 12 dakika ultrasonikasyon stresi) (d) Coziicti:meyve
ezmesi oraninin etkisi (10 g meyve ezmesi, %50 ultrasonikasyon genligi, 20°C sicaklik, 12 dakika
ultrasonikasyon stirest)

Figure 3. Antioxidant activity of rosebip fruit extracted nltrasonically under different conditions (troloks equivalent,
umol/g DW) (a) Effect of ultrasonication time (10 g fruit pulp, 50% ultrasonication amplitude, 20°C temperature, 5
ml_/ g solvent:fruit pulp) b) Effect of nltrasonication amplitude (10 g fruit pulp, 20°C temperature, 5 ml /g
solvent:fruit pulp, 12 minute ultrasonication time) (c) Effect of ultrasonication temperature (10 g fruit pulp, 50%
ultrasonication amplitude, 5 m1./ g solvent/ fruit pulp, 12 minute nltrasonication time) (d) Effect of solvent:fruit paste
ratio (10 g fruit pulp, 50% ultrasonication amplitude, 20°C temperature, 2 minute ultrasonication time).
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SONUC

Bu calismada farklt ultrasonikasyon
parametrelerinin  (siire, genlik, sicaklik ve
¢ozlcl:meyve ezmesi orant) kusburnundan
ekstrakte edilen biyoaktif bilesen (fenolik ve
karotenoid bilesikler) miktar1 ve antioksidan
aktivite tizerine etkileri incelenmistir. Sonikasyon
parametrelerinin bazilari, biyoaktif bilesenlerden
toplam karotenoid ve toplam fenolik madde
miktarlart ile antioksidan aktivitede artisa neden
olmustur. Calisma sonuclarina gore, ultrasonik
ekstraksiyon yonteminin kusburnu meyvesinden
biyoaktif bilesiklerin ekstraksiyonunda
kullanilabilecegi dusintlmektedir. Ancak
ekstraksiyonda optimum sonikasyon kosullarinin
belitlenmesi gerekmektedir. Optimum kogullar
belirlenirken en ylksek biyoaktif bilesigin
ckstrakte edildigi, minimum enerji ve siirenin

uygulandigt  kosullarin  esas alinmast  uygun
olacaktir.
CIKAR CATISMASI BEYANI

Makalenin yazatlart arasinda citkar catismast
bulunmamaktadir.
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ABSTRACT

The present study was conducted to evaluate the physicochemical and sensory quality of beef patties
containing different levels of pennyroyal powder (PP) during storage at 4 °C for up to 9 days. The PP was
added to patties at 0.75, 1.5, 2.25, and 3.0% levels and compared to negative (without PP) and positive
controls (0.01% propyl gallate). The PP addition decreased the protein content and increased the ash content
(P <0.05). The PP inclusion improved cooking loss, but negatively affect the hardness and overall
acceptability (P <0.05). However, overall acceptability scores of patties containing up to 1.5% PP were
similar to the negative and positive controls (P >0.05). The PP incorporation improved the pH, lipid, and
color stability during the storage petiod (P <0.05). Thus, the inclusion of 1.5% PP could be recommended
to retard the lipid and color oxidation of patties with minimal compositional, textural, and sensory changes.
Keywords: Beef patty, pennyroyal, quality, storage stability

YARPUZ (Mentha pulegium L.) TOZU ILE FORMULE EDILEN SIGIR
KOFTELERININ FiZIKOKIMYASAL VE DUYUSAL KALITESININ
DEGERLENDIRILMES]

oz

Bu ¢alisma, farkli diizeylerde yarpuz tozu (YT) igeren sigir koftelerinin 4 °C'de 9 gline kadar depolama
sirasinda fizikokimyasal ve duyusal kalitesini degerlendirmek icin gergeklestirilmistir. YT, kofte
formulasyonlarina %0.75, 1.5, 2.25 ve 3.0 dizeylerinde ilave edilmis ve gruplar, negatif (YT
icermeyen) ve pozitif kontrol (%0.01 propil gallat iceren) ile karsilagtirlmistir. YT ilavesi protein
miktarint diistirmus, kil miktarint artirmistir (P <0.05). YT ilavesi pisirme kaybint azaltmis ancak
sertligi ve genel kabul edilebilitligi olumsuz yonde etkilemistir (P <0.05). Bununla birlikte %1.5'e
kadar YT iceren koftelerin genel kabul edilebilirlik puanlari, negatif ve pozitif kontrole benzer
bulunmustur (P >0.05). YT ilavesi depolama stresince pH, lipit ve renk stabilitesini gelistirmistir (P
<0.05). Boylece minimum bilesimsel, tekstiirel ve duyusal degisikliklerle koftelerin lipit ve renk
oksidasyonunu yavaslatmak icin %1.5 diizeyinde YT kullanimi 6nerilebilir.

Anahtar kelimeler: Sigir koftesi, yarpuz, kalite, depolama stabilitesi
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INTRODUCTION

Minced meat products called beef patty, burger,
or meatball are very popular foods among
consumers of all age groups in many countties
due to their easy preparation, attractive sensory
properties, and low price (Selani et al., 2016;
Hautrive et al., 2019; Oztiirk and Turhan, 2020).
However, the fact that these meat products often
lack dietary fiber which should be present in a
healthy diet (Oztiirk and Turhan, 2020), and are
exposed to apart from microbial spoilage, lipid
oxidation during cold storage require them to be
supplemented ~ with  different  additives
(Fernandez-Lopez et al., 2005; Juntachote et al.,
2007). Because oxidative reactions in meat during
processing and storage result in deterioration of
color and sensory quality and decreased shelf-life
(Fernandez-Lopez et al., 2005; Juntachote et al.,
20006; Choe et al., 2011). Also, it can lead to the
potential ~ formation of toxic oxidation
compounds (Juntachote et al., 2006). Although
synthetic additives have been widely used in the
meat industry to overcome these problems, the
trend is to decrease their use because of the
toxicity and carcinogenicity of such chemical
additives  (Fernandez-Lopez et al, 2005;
Juntachote et al., 2006, 2007; Choe et al., 2011).
Therefore, the addition of plant materials can
provide dietary fiber, vitamins, and phenolic
compounds and enhance oxidative stability.

Pennyroyal (Mentha puleginm) is an aromatic herb
that belongs to the family Lamiaceae, is
naturalized in America, and thrives in Western,
Southern and Central Europe, Asia, Iran, Arab
counttries, and Ethiopia (Teixeira et al., 2012). It is
a perennial, and herbaceous plant, which can
reach up to half a meter in height (Gil¢in et al.,
2020). Its essential oil and dry parts have been
traditionally used in medicine (digestive, liver and
gallbladder disorders, amenorrhea, gout, colds,
increased micturition, skin diseases, and
abortifacient), gastronomy (culinary herb),
aromatherapy, and cosmetics (Teixeira et al.,
2012; Celik et al,, 2017). Recent tesearch has
shown that extracts of pennyroyal are an excellent
of phenolic compounds such as
kaempferol-3-O-rutinoside,  quercetagetin-3,6-
dimethylether, fumaric acid, chlorogenic acid,

source

apigenin, and epicatechin, which are responsible
for antioxidant capacity (Celik et al., 2017; Gilcin
et al., 2020). Despite the high phenolic content
and antioxidant capacity of pennyroyal, there are
limited studies on the use of its essential oil,
powder, and extracts in foods. For example,
Kamkar et al. (2010) reported that water extract
of pennyroyal is a potent antioxidant for
sunflower oil during storage.

Unfortunately, there are no studies about the
application of pennyroyal essential oil, powder, or
extracts in meat systems. Therefore, this study
aimed to assess the effect of the use of pennyroyal
powder on  physicochemical  (proximate
composition, cooking loss, texture, pH, TBARS,
and color) and sensory quality of beef patties
during cold storage (4 °C).

MATERIAL AND METHOD

Materials

Pennyroyal (Mentha puleginm L.) plants were
collected from their natural habitat, Baku,
Azerbaijan, in eatly July 2019. The plants were
dried in a dark place at room temperature,
powdered using an electrical device, and passed
through a 0.5 pm sieve. The obtained pennyroyal
powder (moisture 11.80%) was kept in the
refrigerator until use. The minced beef (moisture
61.90%, protein 21.56%, fat 14.54%, and ash
1.00%) and beef fat (moisture 8.05%, fat 87.65%)
were supplied from a butcher shop in Samsun
city, Turkey. Food grade propyl gallate (PG) was
purchased from Merck (Darmstadt, Germany).
Unless otherwise stated, all chemicals used were
of analytical grade.

Total phenolic content and antioxidant
activity of the pennyroyal powder

Extraction procedure

For the extraction of phenolic compounds in
pennyroyal, 5 g of pennyroyal powder was mixed
with 20 mL of 80% methanol aqueous solution,
placed in an ultrasonic bath (Bandelin Sonorex,
RK 100, Germany), and sonicated at room
temperature for 15 min. At the end of sonication,
the suspension was left in dark at room
temperature for 12 h and filtrated through filter
paper (Whatman No. 1, Maidstone, UK). The
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obtained extract was used for both the total
phenolic content and antioxidant activity
determinations.

Determination of total phenolic content
Total phenolic content was determined following
the method described by Singleton and Rossi
(1965) with some modifications. Briefly, 20 pL of
the diluted pennyroyal extract was transferred to
test tubes and mixed with diluted (1:10 with
water) Polin-Ciocalteu reagent (100 pL), distilled
water (1580 pL), and 7.5% NaCOs3 solution (300
ul). After incubating the test tubes in dark at
room temperature for 2 h, the absorbance (760
nm) of the solutions was measured. The total
phenolic content was expressed as mg of gallic
acid equivalent (GAE)/g sample.

2,2-diphenyl-1-picrylhydrazyl (DPPH)
radical scavenging activity

The DPPH scavenging activity assay was carried
out following the protocol described by Nakajima
et al. (2004), with a slight modification. Briefly, 50
pL of the diluted pennyroyal extract was added to
1 mL of DPPH methanol solution (100 uM).
After incubating in dark for 2 h, the absorbance
readings were performed at 517 nm. The results
were expressed using Trolox as standard: mmol
Trolox equivalents (TE)/g sample.

Ferric reducing antioxidant power (FRAP)
The FRAP assay was performed according to the
methodology, described by Gao et al. (2000).
Briefly, 50 pL of the diluted pennyroyal extract
was mixed with 0.95 mL ferric-2,4,6-tripyridil-s-
triazine (TPTZ) reagent (which was done by
mixing 300 mM acetate buffer, pH 3.6, 10 mM
TPTZ in 40 mM HCI and 20 mM FeCls at the
ratio 10:1:1, respectively). After incubating at
room temperature for 5 min, the absorbance
readings were performed at 593 nm. The results
were expressed using Trolox as standard: mmol
TE/g sample.

Preparation of beef patties

Two separate trials were performed on different
days using different minced meat and beef fat but
the same ingredients, and 6 kg of beef patties were
manufactured for each trial. Six different batches

of beef patties were produced as follows: 1) CON
- negative control (78.50% minced beef + 20%
beef fat + 1.5% salt); 2) PG - positive control
(78.49% minced beef + 20% beef fat + 1.5% salt
+ 0.01% PG); 3) PO75 (77.75% minced beef +
20% beef fat + 1.5% salt + 0.75% pennyroyal
powder); 4) P150 (77.00% minced beef + 20%
beef fat + 1.5% salt + 1.5% pennyroyal powder);
5) P225 (76.25% minced beef + 20% beef fat +
1.5% salt + 2.25% pennyroyal powder); 6) P300
(75.50% minced beef + 20% beef fat + 1.5% salt
+ 3.0% pennyroyal powder). All batches were
mixed for 10 min to obtain a homogenous mass,
weighed into ~25 g portions, and shaped by hand
with gloves. The final products with a mean of 50
mm diameter and 10 mm thickness were
aerobically packaged in polyamide bags with an
oxygen transmission rate of 52.4 cm3/m?/24 h at
1 atm and 23 °C and stored at 4 = 1 °C home-type
refrigerator for 9 days. Proximate composition,
cooking loss, texture parameters, and sensory
attributes of samples were evaluated at the initial
day of storage, while the pH, thiobarbituric acid
reactive  substances (ITBARS), and color
parameters were analyzed on days 0, 3, 6, and 9 of
storage.

Determination of proximate composition,
cooking loss and texture parameters

The proximate composition (moisture, protein,
fat, and ash) of the beef patties and raw materials
was determined according to the official standard
method (AOAC, 2000). For cooking loss, beef
patties were cooked in a preheated electrical grill
(Argelik Midi Firin, Turkey) for a total of 8 min, 5
min one side and 3 min the other side. The weight
of three meatballs per batch was measured at
room temperature, before and after cooking to
calculate the percentage of cooking loss, and the
results were expressed in percentage (%o).

Texture parameters of the beef patties were
determined at 25 °C using a Texture Analyzer
(TA-XT Plus, Stable Micro Systems, UK)
equipped with an aluminum cylindrical probe
(model P/50R). For analysis, samples were placed
on the center of the TPA platform and
compressed twice to 60% of their original height.
The conditions were as follows: pre-test speed 2.0
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mm/s, post-test speed 5.0 mm/s, test speed 5.0
mm/s, and the testing interval 5 s. The values for
hardness (N), springiness (mm), cohesiveness,
and chewiness (N.mm) were calculated from the
curves provided by the equipment (Oztiirk and
Tuthan, 2020).

Evaluation of sensory attributes

Sensory properties (appearance, flavor, juiciness,
and tenderness) of the beef patties were evaluated
by an experienced panelist group of 10 members
from the staff and graduate students on the initial
day of storage. All sensory work was carried out
in the sensory evaluation room under
fluorescence lighting to minimize the scope of
errors. The cooked samples were cooled to room
temperature, cut into blocks, coded with a three-
digit random number, and served to each panelist.
The panelists evaluated the samples randomly and
after rating each sample, rinsed their mouths with
water and waited 1-2 min before evaluating the
next sample. A 9- point hedonic scale was used to
assess appearance and flavor (1 = undesirable to
9 = desirable), while a 9- point descriptive scale
was used to assess juiciness (1 = dry to 9 = juicy)
and tenderness (1 = tough to 9 = tender). The
overall acceptability was calculated taking into
account appearance, flavor, juiciness, and
tenderness (each with 25%) (Turhan et al., 2014).

Determination of pH value and TBARS
content

The pH values of the stored beef patties were
determined in homogenates composed of 10 g of
sample and 100 mL of distilled water. Readings
were taken with a digital pH-meter (Cyberscan PC
510, Singapore) at room temperature, and pH-
meter calibration was regulatly checked.

The TBARS content of the stored beef patties
was determined according to the method
described by Witte et al. (1970), with a slight
modification. Briefly, to 10 g of the beef patty
sample, 25 mL of 20% trichloroacetic acid was
added, and the mixture was homogenized with a
homogenizer (Ultraturrax-IKA, T25 model,
Germany) for 2 min. The homogenates were
filtered through Whatman No.1 filter paper.
Then, 5 mL of 0.02 M 2-thiobatbituric acid (TBA)

solution was added to 5 mL of filtrate, heated in
boiling water for 30 min, and cooled down with
tap water. The absorbance was measured at 532
nm using a UV-Vis spectrophotometer (Agilent
Technologies, Cary 60 model, Australia) against a
blank containing 5 mL of 20% trichloroacetic acid
and 5 mL of 0.02 M TBA solution. Further, a
standard curve was plotted using the compound
1,1,3,3-tetracthoxypropane, and the results
obtained were expressed as mg malonaldehyde

(MA)/kg sample.

Determination of instrumental color
Instrumental color was measured on the surface
of the stored beef patties using a colorimeter
(Minolta Chronometer CR-400, Japan). Five
patties per batch were randomly selected and
three readings were taken from each patty. Color
measurement included Hunter I, 4 and &
parameters, where L represents lightness with a
scale from O (black) to 100 (white), 2 represents
redness with a scale from -60 (green) to +60 (red),
and b represents yellowness with a scale from -60
(blue) to +60 (yellow).

Statistical analysis

The data were analyzed with the SPSS 21
statistical software (IBM, Chicago, IL, USA), and
first checked for normal distribution and
homogeneity of variances. The obtained data
from proximate composition, cooking loss,
texture and sensory evaluation were analyzed by
one-way ANOVA, while data from pH, TBARS,
and color parameters were analyzed by two-way
ANOVA. When the ANOVA was significant (P
<0.05), differences between means wete
compared using Duncan's multiple range test. All
results were expressed as mean values T standard
deviations.

RESULTS AND DISCUSSION

Total phenolic content and antioxidant
activity of pennyroyal powder

Phenolic compounds, which are abundantly
found in plants and change depending on genetic
and environmental factors, as well as on post-
harvest processing conditions, constitute one of
the major groups of compounds acting as primary
antioxidants ot free radical terminators (Shahidi
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and Ambigaipalan, 2015). Therefore, it is
important to determine the phenolic content of
plants used in food applications as antioxidants.
In this study, total phenolic content in the

pennyroyal powder was 44.60 mg GAE/g, and
the antioxidant capacity measured by DPPH
scavenging activity and FRAP was 744.91 and
73.89 mmol TE /g, respectively (Table 1).

Table 1. Total phenolic content and antioxidant capacity of pennyroyal powder!

Parameters Values
Total phenolic content (mg GAE/g) 44.60£0.39
DPPH scavenging activity (mmol TE/g) 744.91£36.44
Ferric reducing antioxidant power (FRAP) (mmol TE/g) 73.89%1.84

Values are presented as the mean + standard deviation of duplicate samples.

A similar phenolic content was recorded by
Gilcin et al. (2020) in methanol extract of
pennyroyal, while higher phenolic content was
recorded by Giilgin et al. (2020) in water extract
and Celik et al. (2017) in methanol extract. Also,
similar to our findings, various authors reported
that pennyroyal extracts have a strong antioxidant
capacity (Teixeira et al., 2012; Celik et al., 2017;
Gilein et al., 2020). The phenolic content and
antioxidant activity of pennyroyal extracts are
extremely variable due to different factors
including the extraction temperature, time, pH,
solvent polarity, as well as the above-mentioned
(Gilgin et al,, 2020). These findings show that

pennyroyal powder could be a good source of
natural antioxidants and use as a natural additive.

Proximate composition and cooking loss of
beef patties with pennyroyal powder

The proximate composition and cooking loss of
the beef patties formulated with different levels of
pennyroyal powder (P075, P150, P225, and P300)

and control samples (CON and PG) are given in

Table 2. As seen, the addition of pennyroyal

powder significantly affected the protein and ash

content of beef patties (P <0.05) whereas its effect

on moisture, and fat content was not significant

(P >0.05).

Table 2. Proximate composition, cooking loss, and texture parameters of beef patties formulated with
different levels of pennyroyal powder!

Parameters Batches
CON?2 PG3 PO754 P15035 P2256 P3007

Moisture (%) 50.96+1.29¢  52.16+0.802 49.81+0.71a 50.11+£0.972  48.33+(.422 48.81+1.262
Protein (%) 18.86%£0.28:  18.76+0.452 17.84+0.35®  17.37£0.25>c  15.96%+0.01d  16.46+0.72<
Fat (%) 26.54+0.76a  27.51£0.11» 27.41£0.00a 27.09£0.84a  27.50£0.70a 27.50£0.70a
Ash (%) 2.45%0.044 2.4910.084 2.5410.00<d 2.6510.06b¢ 2.74%0.00> 2.9410.052
Cooking loss (%)  28.57+0.422  28.00%£0.42:> 27.28%0.40b 27.3940.28>  25.08%0.14¢ 22.3310.284
Hardness (N) 86.841+1.284  94.13£2.34¢ 101.31+£2.82>  95.51+4.55bc  117.45+2.822  116.36%+1.102
Springiness (mm) 0.55+0.02>  0.65%0.04> 0.6710.042 0.6910.04» 0.65+0.012 0.74%0.052
Cohesiveness 0.23+0.01= 0.24%0.012 0.251+0.012 0.2410.01» 0.24%0.01» 0.24%0.01»
Chewiness (N.mm)  10.80£0.56d  14.58+1.56¢ 17.18+0.70bc  16.331+2.02bc  18.26%1.41b 22.36%1.52a

Values are presented as the mean * standard deviation of duplicate samples. Means not sharing a common
superscript a, b, ¢ or d in a row are significantly different at P <0.05 as assessed by Duncan's multiple range test.

2CON - negative control sample.

PG - positive control sample with 0.01% propyl gallate.

4P075 - sample with 0.75% pennyroyal powder.
5P150 - sample with 1.5% pennyroyal powder.
0P225 - sample with 2.25% pennyroyal powder.
"P300 - sample with 3.0% pennyroyal powder.
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The protein content of patties gradually decreased
with an increase in pennyroyal powder level, but
the ash content increased. The decrease in protein
content could result from the dilution effect
because the protein content in the pennyroyal
powder was lower than in the minced beef.
Similatly, Bilek and Turhan (2009) reported a
decrease in the protein content of beef patties
formulated with different levels of flaxseed flour.
Also, Aykin Dinger et al. (2018) observed a
concomitant decrease in protein content in
meatballs formulated with retrograded flour. The
increase in ash content could be attributable to the
high ash content (10.63%) of pennyroyal powder.
It was also stated in previous studies that the
addition of plant materials containing high
amounts of ash to beef patties could increase the
ash content of products (Bilek and Turhan, 2009;
Alakali et al., 2010; Ran et al., 2020). Despite these
changes in protein and ash content, the moisture,
protein and fat contents of all beef patties were
within the limits of the Turkish Uncooked
Meatball Standard (TSE 10581, 2007).

The addition of pennyroyal powder significantly
affected the cooking loss of beef patties (P <0.05)
and the cooking loss gradually decreased with
more pennyroyal powder addition (Table 2).
Turhan et al. (2005) reported that cooking losses
were due to loss of fat and evaporation of
moisture during the cooking process. The
improvement in cooking performance with
pennyroyal powder addition could attributed to
its high ability to keep moisture and fat in patty
matrix. Various researchers also reported that
addition of non-meat ingredients to patty
formulation reduce the cooking losses. For
example, Turhan et al. (2005) reported decreased
cooking loss in beef burgers formulated with
different levels of hazelnut pellicle. Similarly,
Alakali et al. (2010) also observed that addition of
bambara groundnut (%gna subterranean 1..) seed
flour to beef patties resulted in better cooking
yield.

Texture parameters of beef patties with
pennyroyal powder

As seen in Table 2, the addition of pennyroyal
powder to formulation significantly affected the

hardness, springiness, and chewiness (P <0.05)
whereas its effect on cohesiveness was not
significant (P >0.05). A progressive increase in the
pennyroyal powder level remarkably increased the
hardness and chewiness values of beef patties but
slightly increased the springiness values.
However, no significant differences were
observed among springiness values of beef patties
with pennyroyal powder at different levels. The
increase in hardness, springiness, and chewiness
with pennyroyal powder addition might be due to
the decreasing moisture content (Table 2) with
increased levels of pennyroyal powder. Namely, a
higher amount of pennyroyal powder may
contribute to higher dry matter content which
therefore resulted in beef patties with greater
hardness and chewiness. It was also reported in
previous studies that the addition of plant
materials containing high amounts of dry matter
to beef patties increases the hardness and
chewiness of products (Huang et al., 2005; Aykin
Dinger et al., 2018; Ran et al., 2020). In addition,
high-fiber ingredients added to patties can also
increase the hardness (Saraiva et al., 2019).

Sensory attributes of beef patties with
pennyroyal powder

The incorporation of pennyroyal powder at
different levels to beef patties significantly
affected the appearance, flavor, and overall
acceptability (P <0.05) whereas its effect on
juiciness and tenderness was not significant (P
>0.05), as shown in Fig. 1.

Generally, the highest appearance, flavor, and
overall acceptability scores were observed in the
CON and PG samples, and the scores decreased
with more pennyroyal powder addition. However,
the addition of pennyroyal powder to beef patties
at a level up to 1.5% did not affect the flavor and
overall acceptability compared to CON and PG,
while even the addition of pennyroyal powder
level to 0.75% resulted a slightly greenish color
and this state was probably evaluated with the
lower score by the panelists. Finally, the lowest
flavor, appearance, and overall acceptability
scores were noticed in P225 and P300 patties due
to an intense mint flavor and greenish color
formation after high-level pennyroyal powder
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addition. Such negative effects of the use of non-
meat ingredients at high levels on the sensory
properties of comminuted meat products were
also reported by many authors. For example,
Turhan et al. (2005) reported that overall
acceptability scores of beef burgers formulated
with different levels of hazelnut pellicle were
decreased as the pellicle content increased due to

Overall acceptability

less mastication and mask the meat flavor.
Similatly, Bilek and Turhan (2009) found that the
sensory scores of beef patties decreased as the
flaxseed content increased and this decrease was
higher with more than 6% flaxseed flour addition.
Therefore, 1.5% of pennyroyal powder is
considered optimum for use an enhancer to the
nutritive value in beef patties.

Appearance

Flavor

Tenderness

Juiciness

“#=CON - negative control sample
=+=PG - positive control sample with 0.01% propyl gallate
4-P075 - sample with 0.75% pennyroyal powder
P150 - sample with 1.5% pennyroyal powder
==P225 - sample with 2.25% pennyroyal powder
=<0=P300 - sample with 3.0% pennyroyal powder

Figure 1. Sensory scores of beef patties formulated with different levels of pennyroyal powder

PH and TBARS values of beef patties with
pennyroyal powder during storage

The pH and TBARS values of the beef patties
formulated with different levels of pennyroyal
powder during storage at 4 °C atre given in Table
3. As seen, the initial pH values of beef patty
samples ranged from 5.84 to 5.93, and on days 0
and 3 of storage, the differences between pH
values of samples were not significantly different
(P >0.05). However, the pH values of all samples
gradually increased after day 3 of storage, and the
highest pH values were recorded in the CON

patty samples which increased from 5.69 on day 3
to 7.10 on day 9 followed by the pH of PG beef
patties presenting pH values ranging from 5.78 to
7.04 on 34 day and on 9% day, respectively. Thus,
propyl gallate as synthetic antioxidants did not
show any effect on pH. The pennyroyal powder
addition to beef patties significantly (P <0.05)
slowed the rate of pH increase and on days 6 and
9 of storage, P225, and P300 patties exhibited the
lowest pH values. Consequently, the addition of
pennyroyal powder significantly enhanced the pH
stability of the patties simultaneously with the
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level of pennyroyal powder suggesting the
protective role of pennyroyal against spoilage
microorganisms. The increase in pH could be due
to the degradation of nitrogenous components in
beef patties during the storage petriod. This
process was directly influenced by the action of
endogenous ot microbial enzymes such as
proteases or lipases (Danowska-Oziewicz and
Kurp, 2017; Morsy et al., 2018; Villasante et al.,

2020). Similarly, Ikhlas et al. (2012) reported an
increase in the pH value in Cosmos candatus,
Pobygonum minus, and BHT treated quail meatballs
during the refrigeration storage. Also, Villasante
et al. (2020) reported a significant increase in the
pH of beef patties including different
combinations of pecan shells, rosella flowers, and
red pepper during the storage period.

Table 3. Changes in pH and TBARS values of beef patties formulated with different levels of
pennyroyal powder during storage at 4 °C!

Parameters Batches Storage period (days)
0 3 6 9
pH CONZ2 5.87+0.172C 5.69%0.27:C 6.38+0.07vB 7.10£0.142A
PG? 5.84+0.212C 5.78+0.274C 6.361+0.03bB 7.0440.162A
PO754 5.9140.182C 5.68%0.18:C 6.57+0.0928 6.8410.24abA
P1505 5.93%0.132C 5.53%0.112D 6.33+0.27b8 6.77+0.30bA
P2256 5.85%0.02B 5.58+0.05C 5.85%0.02¢<B 6.081+0.01¢A
P3007 5.85+0.022B 5.61£0.012D 5.74+0.05<C 5.99+0.01¢A
TBARS CON? 1.43+0.56:C 3.36+0.132AB 3.12+0.8628 4,06+0.514
(mg MDA/kg) PG?3 0.73£0.46vB 1.0010.1698 1.50+0.31bA 1.76+0.14¢<A
PO754 1.35%0.172B 1.2940.10B 1.63%0.41bB 2.32+(0.19bA
P1505 1.7740.224B 1.26%0.07<dC 1.3740.17"BC 2.61+0.53bA
P2256 1.39+0.432B 2.5020.10bA 1.78+0.20vB 1.79+0.17<8
P3007 1.85+0.192AB 1.54+0.44<C 1.71+0.76bAB 2.41£0.27bA

Values are presented as the mean * standard deviation of duplicate samples. Means not sharing a common
superscript a, b, ¢ or d in a column or A, B, C or D in a row are significantly different at P <0.05 as assessed by

Duncan's multiple range test.
2CON - negative control sample.

PG - positive control sample with 0.01% propyl gallate.

4P075 - sample with 0.75% pennyroyal powder.
5P150 - sample with 1.5% pennyroyal powder.
0P225 - sample with 2.25% pennyroyal powder.
"P300 - sample with 3.0% pennyroyal powder.

As seen in Table 3, the addition of pennyroyal
powder showed a significant effect on TBARS of
beef patties (P <0.05). At the beginning of
storage, the lowest TBARS value was determined
in the PG samples (P <0.05), while CON and
patties containing pennyroyal powder exhibited
similat TBARS values (P >0.05); however, the PG
and patties containing pennyroyal powder
revealed a noticeable decrease in TBARS value
compared to the CON samples in other storage
periods (P <0.05). On day 9 of storage, the
TBARS values of all patty samples increased
compared to the beginning of storage, but the rate
of increase was considerably slower in PG and

beef patties containing pennyroyal powder
compared to the CON samples. On day 9 of
storage, the lowest TBARS wvalues were
determined in PG and P225 samples. Similarly,
other patty samples containing pennyroyal
powder also exhibited lower TBARS value than
the CON samples, thus indicating high protection
of pennyroyal powder against lipid oxidation in
beef patties. These results are also supported by
phenolic content and antioxidant capacity results
of pennyroyal powder (Table 1). The
antioxidative effect of pennyroyal powder could
be explained by phenolics such as kaempferol-3-
O-rutinoside,  quercetagetin-3,6-dimethylether,
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fumaric acid, chlorogenic acid, apigenin, and
epicatechin present in pennyroyal. These phenolic
components have multifunctional properties and
can act as ROS scavengers, singlet oxygen
scavengers, reducing agents, and hydrogen atom
donators. Additionally, phenolics especially
flavonoids are capable of metal chelating and
reducing abilities (Gilgin et al., 2020). Similarly,
Kamkar et al. (2010) observed that water and
methanol extracts of Mentha pulegium are able to
inhibit both primaty and secondary oxidation of
sunflower oil during storage.

P075 and P150 on 3t day, all patties containing
pennyroyal on 6% day, and P225 on 9% day of
storage showed similar TBARS values to those
treated with PG (P >0.05) (Table 3). Similar to our
results, Kamkar et al. (2010) reported that the

protection offered by water and methanol extracts
of Mentha puleginm is comparable to widely used
synthetic antioxidant BHT and it can be added to
the commercial vegetable oils as a natural
antioxidant. Therefore, the present study results
indicate that pennyroyal powder can be
considered as a natural antioxidant to prevent
lipid oxidation in beef patties.

Instrumental color parameters of beef patties
with pennyroyal powder during storage

The instrumental color parameters of the beef
patties formulated with pennyroyal powder
during storage at 4 °C are given in Table 4. As
seen, the addition of pennyroyal powder showed
a significant effect on I, « and & values of the
samples (P <0.05).

Table 4. Changes in color parameters of beef patties formulated with different levels of pennyroyal
powder during storage at 4 °C!

Parameters  Batches Storage period (days)
0 3 0 9
L CON? 42.51£3.47:A 45.08£3.822A 43.37£3.1124 42.26£5.53A
PG3 44.74£4.412A 44.13£3.66>A 41.39£2.34b7 42.26%1.612A
PO754 43.7911.522A 41.9210.44b8 38.30£0.84<C 37.6520.85kC
P1505 39.31£3.04bA 38.03£2.75¢A8 36.63%2.14< 35.91+1.46"8
P2256 39.14%1.4000 37.68%0.69<® 36.50%1.13 35.61%0.85kC
P3007 35.87£2.60A 33.69£2.944AB 34.38£2.514AB 32.63£1.48
a CON? 15.16£1.19pA 12.17£3.87:8 14.15£2.0348 12.36+1.888
PG? 16.34%1.66:4 11.23+1.998 11.2242.02v8 10.04+2.82b8
PO754 9.58%0.79¢A 3.89£0.55MC 7.2611.13¢8 7.13£1.918
P1505 3.82£0.344B 2.9610.50pC 5.10£1.374A 5.71£0.81A
P2256 3.25%0.3148 2.62£0.37vC 2.83%0.37<C 3.92£0.634A
P3007 1.93£0.32<8 2.15%0.3458 3.2610.45¢A 3.30£0.494a
b CON? 11.31£1.052b4 10.49%1.162bAB 9.57£1.058C 8.83£0.97<C
PG3 12.04£1.03A 10.28£1.174bB 8.43%1.67°C 7.65%1.284¢
PO754 11.67£0.542bA 11.16%0.778 9.72£0.24:C 9.53£0.39b<C
P1505 10.90£0.76beA 10.72£0.8420 10.01£0.53%8 10.41£0.39228
P2256 11.3520.412bA 10.42%0.2128 10.07£0.314¢ 9.67£0.34D
P3007 10.31£0.80<A 9.65£0.88bAB 9.77£0.79:AB 9.19£0.71b<B

Walues are presented as the mean * standard deviation of duplicate samples. Means not sharing a common
superscript a, b, ¢, d or e in a column or A, B, C or D in a row are significantly different at P <0.05 as assessed by

Duncan's multiple range test.

2CON - negative control sample.
PG - positive control sample with 0.01% propyl gallate.
4P075 - sample with 0.75% pennyroyal powder.
5P150 - sample with 1.5% pennyroyal powder.
6P225 - sample with 2.25% pennyroyal powder.
"P300 - sample with 3.0% pennyroyal powder.
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The incorporation of different levels of
pennyroyal powder to beef patties reduced the
lightness (L) and redness (2) values of formulated
patties compared to the CON and PG, and values
further reduced with increasing pennyroyal
powder level. Thus, the beef patties formulated
with more pennyroyal powder became darker and
greenish in color. This decline in lightness and
redness could be attributed to the natural color of
pennyroyal powder, ranging from light green to
deep green, which depends on drying conditions.
Similarly, Choe et al. (2011) reported that the
addition of lotus leaf (Nelumbo nucifera) powder
and barley leaf (Hordeum vulgare) powder to raw
minced pork caused lower L and a values
compared to the control samples over the storage
time. While L values of CON and PG samples did
not change during storage, those of beef patties
containing pennyroyal powder decreased. This
decrease could be related to the presence of
antioxidant compounds in pennyroyal powder
retarding metmyoglobin formation in beef patties.
However, the @ values of the CON, PG and P075
samples decreased compared to the beginning of
the storage but those of samples containing
pennyroyal powder slightly increased. Like the
lightness results, the redness values also confirm
that the antioxidant compounds in pennyroyal
powder retarded myoglobin oxidation. On day 9
of storage, all beef patty samples exhibited lower
b values compared to the beginning of storage.
Similar results were also reported by vatious
authors (Hawashin et al., 2016; Prommachart et
al., 2020; Bellucci et al., 2021).

CONCLUSION

Our findings showed that the pennyroyal powder
is a natural source of phenolic compounds and
has potent antioxidant properties in two
bioanalytical assays including DPPH scavenging
activity and FRAP. Although the addition of
pennyroyal powder to beef patties decreased the
protein content and increased the ash content, the
proximate composition of all patties was within
the limits of the Turkish Uncooked Meatball
Standard (TSE 10581, 2007). The inclusion of
pennyroyal powder to the beef patties improved
cooking loss, but adversely affect the hardness
and overall acceptability. However, the addition

of pennyroyal powder to beef patties at a level up
to 1.5% did not affect the flavor and overall
acceptability compared to control samples. Also,
the addition of pennyroyal powder into beef
patties improved the pH, lipid, and color stability
during 9 days of cold storage. Thus, pennyroyal
powder could be used in beef patties at 1.5%
concentration to retard the lipid and color
oxidation with minimal compositional, textural,
and sensory changes.
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Galismada stvi ¢ilek aromast puskiirterek kurutma yontemiyle enkapstle edilmis ve elde edilen
mikrokapsiillerin depolama stabilitesi ve model gidalarda kullanim etkinligi belirlenmistir. Bu amacgla
mikrokapsiiller farklt sicakliklarda (4 ve 25 °C) 60 giin siire ile depolanmus ve aroma salinimi, nem miktari,
su aktivitesi, kitle yogunlugu ve parcactk boyutu dagilimi analizleri yapilmistir. Ayrica ticari stvi ve enkapsiile
cilek aromalart kullandarak dretilen ¢ikolata ve keklerde duyusal analizler gerceklestirilmistir. Calisma
sonuglari enkapsiilasyon isleminin aroma salinmmini yaklagtk %50 oraninda azalttgini, distik sicakliklardaki
depolamanin aroma korunumunu daha iyi sagladifini gostermistir.z mikrokapstllerin nem miktart, su
aktivitesi ve par¢actk boyutu degetleri depolama siiresi ile birlikte artig gésterirken, kitle yogunlugu degerinin
azaldig1 tespit edilmistir. Duyusal analiz sonucunda enkapstile cilek aromalari ile tiretilen ¢ikolata ve keklerin
koku, tat, aroma ve genel begeni agisindan sivi formda aroma kullanilarak Gretilen tiriinlere gére daha ¢ok
begenildigi belirlenmistir. Sonuglar enkapstilasyon isleminin depolama stabilitesini arttirmasinin yaninda
katkilandig1 gidalarin islenmesi sirasindaki kararliliklarini da gelistirdigini g6stermistir.

Anahtar kelimeler: Aroma, cilek, enkapstilasyon, ptskirterek kurutma, depolama, model gida

INFLUENCE OF THE SPRAY-DRYING ENCAPSULATION ON THE
STORAGE STABILITY OF STRAWBERRY AROMA AND EFFICIENCE OF
MICROCAPPSULES IN MODEL FOODS

ABSTRACT

In this study, it was aimed to investigate the storage stability and usage into model foods of strawberry
aroma microcapsules obtained by spray-drying method. Accordingly, microcapsules were stored at
different temperatures (4 and 25 °C) for 60days and aroma release, moisture content, water activity,
bulk density and particle size distribution analyses were performed. Sensory analysis was performed
on chocolate and cakes produced with liquid form and encapsulated strawberry flavors. While the
moisture content, water activity and particle size values of the powder microcapsules increased by
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the storage time, bulk density value decreased. As a result of the sensory analysis, it was determined
that chocolate and cakes produced with encapsulated strawberry flavors were more appreciated than
the products produced using aroma in liquid form. These results indicated that the encapsulation
process not only increases the storage stability in terms of flavor, but also improves the stability

during processing of the foods.

Keywords: Aroma, strawberry, encapsulation, spray drying, storage, model food

GIRIS
Insanoglunun gidalarin tat, lezzet ve aromasint
korumak ve gelistirmek ic¢in  ylzydlardir
stirdirdigi ¢abast ginimiizde de artarak devam
etmektedir. Bu amagla 6zellikle gidalarin islenmesi
ve depolanmast siirecinde azalan, degisen veya
olusan tat ve aromanin gidaya kazandirilmast
amaciyla gida katkisi olarak aroma maddeleri
kullanilmaktadir (Torun ve Ozdemir, 2011).
Aroma bilegenleri oda sicakliginda ucucu fazinda
olan ve burun boslugundaki koku reseptérleri ile
etkilesime giren ugucu molekiller olarak
tanimlanmaktadir (Zuidam ve Heinrich, 2010).
Bir¢ok ugucu organik molekiilden olusan aroma
maddeleri 50-600 Da araliginda degisen dusik
molekl agirhigina sahip olup, alkoller, karboniller,
asitler, esterler, laktonlar ve fenoller gibi
bilesenlerin farkli reaksiyonlart sonucu meydana
gelmektedir (Atak, 2018). Amino asitlerden
olugan aldehit ve ketonlar ile bunlarin déniisumi
esnasinda meydana gelen alkoller aroma
olusumunda 6nemli rol oynamaktadir. Aroma
maddelerinden bir diger 6nemli grubu olan
esterler ise genellikle meyvelerin karakteristik
aroma tanimlamasindan sorumludur. Ornegin etil
esterleri “etil asetat” bileseninden baslayip uzun
zincitletle “etil lorat” bilesenine kadar devam
eden meyve aromasindan ve aromanin
yogunlugundan sorumlu bilesenlerdir (Rowe,
2005; Gongalves vd., 2018).

Gecmiste
kullanilan

bitkisel ~kaynaklardan 6&ziitlenerek

aroma  maddeleri,  yapilarinin
belirlenmesiyle ~ birlikte  kimyasal  olarak
sentezlenmeye  baglanmustir. Gunimuzde
kullanilan aroma katkilarinin %80’inden fazlasi
sentetik olarak elde edilmektedir (Longo ve
Sanroman, 2006). Tiketime sunulan islenmis
gidalar incelendiginde, bunlarin bircogunda ¢ilek,
muz, karpuz, vanilya, nane, limon, findik, kahve
ve kakao gibi aroma maddelerinin kullanildig
gorilmektedir. Bunlar arasinda ¢ilek aromasinin
yaygin olarak kullanildigi dikkat cekmektedir.

Cilek aromasinda 300°den fazla aroma bileseninin
bulundugu ve ana bilesenlerinin estetler, asitler,
aldehitler, alkoller ve terpenlerden meydana
geldigi gérulmistir (Zabetakis ve Holden, 1997).
Aromaya katkida bulunan diger gruplar arasinda
kikirt bilesikleri, asetaller, furanlar, fenoller,
epoksitler ve hidrokarbonlar bulunmaktadir.
Bunlar arasinda metil, etil ester, furanonlar, C6-
bilesigi aldehitleri ve C6-turevi bilesikleri, ¢ilek
aromasindan sorumlu aroma maddeleri olarak
kabul edilmektedir (Schieberle ve Hofmann,
1997; Zabetakis ve Holden, 1997; Zabetakis vd.,
1999; Pelayo vd., 2003).

Aroma maddeleri fiziksel Ozelliklerine gore
cesitlilik gostermekle birlikte genellikle kati, stvi
veya macunumsu formda olup fiziksel formu
genellikle katkilanacak triine uygunlugu veya
kullamim amacina gére degismektedir.  Sivi
formdaki bir triine katt formda bulunan bir
aroma, kuru toz bir drin karisgiminda da sivi
aroma maddesinin  kullaniminda  teknolojik
sikintilar yasanabilmektedir. Gida katki maddeleri
arasinda fiyatlari oransal olarak yliksek olan aroma
maddelerinin depolama stabilitelerini arttirmak,
islenmeleri ve tiketimleri strasindaki
salinimlarinin ~ kontroliinii  saglamak oldukea
6nemlidir. Son yillarda, gida endiistrisinde oksijen,
nem, sicaklik, 1stk ve benzeri cevre kosullarina
karsi koruma saglayan ve aktif bilesenin dogru
yerde, dogru zamanda kontrollii salintmina olanak
enkapsiilasyon  uygulamalar1  gittikce
yayginlagsmaktadir.  Ozellikle  gida  etken
bilesenlerinin, renk maddelerinin, enzimlerin,
vitaminlerin, minerallerin, aroma gibi katk:
maddelerinin  ve yararlh mikroorganizmalarin
enkapstilasyonuna yonelik ¢alismalarin yapildig:
gorilmektedir (Gibbs vd., 1999; Zuidam ve
Heinrich, 2010; Zhu vd., 2012). Hassas bir
maddenin veya karisimin, koruyucu bir kabuk
veya duvar olusturabilen bagka bir maddenin veya
karisimin icerisine hapsedilmesi veya tutulmast
olarak  tanimlanan  enkapsiilasyon  islemi

veren
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puskirterek kurutma, puskirterek sogutma,
dondurarak  kurutma, ekstrizyon kaplama,
akiskan yatakta kaplama, lipozoma hapsetme ve

koaservasyon gibi farkli tekniklerle
yapilabilmektedir (Madene vd., 2006). Gida
endustrisinde aroma maddelerinin

enkapsiilasyonunda kullanilan teknikler icinde en
yaygin olani puskirterek kurutma yontemidir.
Surekli tretim olanagl, ekipman kullaniminin
kolaylig1, disik maliyet, genis tastyict madde
secimi, ucucu bilesenlerin iyi tutulmast ve son
Uriin stabilitesi bu yéntemin en ¢ok tercih edilme

nedenleridir (Re, 1998; Jimenez vd., 2004;
Rodriguez-Huezo  vd., 2004).  Piskirterek
kurutmada  kapsillenecek ~ olan ~ aroma

damlaciklarinin, kiiresel partikillerin katt geperleri
icinde hapsedilmesi amaglanmaktadir. Bu islem,
kaplama materyali belli bir konsantrasyonun
tzerinde iken, ugucu bilesiklerin partikil ylizeyine
kadar yeterince hareket edemeyecegi ve atmosfere
salinamayacag teorisi Uzerine kurulmustur. Bu
nedenle piskiirterek kurutma esnasinda  su
ortamdan uzaklasirken, tastyict madde yiizeyde
konsantre olmakta ve yiizeyde ileri derecede
aroma kaybit  6nlemek etkili ~ bir
sizdirmazlik  olusturmaktadir  (Bhandari  ve
Howes, 1999; Zeller vd., 1999; Kargel, 2000).
Puskirterek  kurutma  ile  elde  edilen
mikrokapstllerin boyutu 0.2- 5000 pm arasinda
degismekte  olup,  kullandan  kapsiilleme
materyaline ve hazirlanma prosediiriine bagl
olarak  mikrokapsiller ¢ok farkli  sekilde
olusabilmektedir ~ (Krishnan  vd.,  2005).
Mikrokapstlasyon isleminde kullanilacak olan
kaplama materyali secimi islemin bagarisint
ctkileyen 6nemli bir unsur olmakla bitlikte;
kaplama materyali ¢ekirdek materyalini dis etkilere
karst bariyer gérevi gérerek korumak ve herhangi
baska bir bilesenle reaksiyona girmesini
engellemekle gorevlidir. Bununla birlikte kaplama
istenilen ¢6zgende ¢Oziinebilmeli ve ¢ekirdek
materyalini ¢ok iyl kaplayarak hem durlinin

uzere

islenmesi  hem de depolanmasi sirasinda
koruyabilme 6zelligine sahip olmalidir. Aynt
zamanda istenilen kosullarda cekirdek

materyalinin salinimint  kolaylastirirken, disik
maliyetli, tatsiz ve temini kolay olmalidir. Ancak
bitin bu Ozelliklerin tek bir materyal ile
saglanmast  olduk¢a  giic  oldugu  icin

enkapsiillasyon  isleminde  farkli  kaplama
materyallerinin bir arada kullanilmasi
onerilmektedir (Kog¢ vd., 2010). Maltodekstrin ve
modifiye nisasta gibi karbonhidratlar tastyict
madde veya duvar materyali olarak siklikla
kullandan, wucuz, yiksek konsantrasyonlarda
disiik viskozite gosteren, yiksek ¢oézunirlige
sahip, oksidasyona duyarli maddelerdir. Halkali
yapidaki oligosakkaritler olan siklodekstrinler,
gida endistrisinde pek ¢ok kullanim alant
bulunmakla bitlikte, o6zellikle aroma ve renk
maddelerinin, vitaminlerin ve doymamis yaglarin
kapsillenmesi, ayrica gidalarin  duyusal ve
besleyici ozelliklerinin arttirtlmasi icin
kullanilmaktadir. Bitki salgist olan arabik gam suda
son derece iyi ¢dziinebilmesi (= %50) nedeniyle
diger dogal gam maddelerinden ayrilmaktadur.
Arabik gam gidalarda 6zellikle aroma koruyucu,
kopik  stabilizatort, baglayici, emtlgator ve
stabilizatér olarak kullanidmaktadir (Burdock,
1998). Modifiye nisastalar, yapisina lipofilik
stksinik asit eklenerek emiilsifiye edici 6zellik
kazandirilmis  hidrolize nisastalardir. Modifiye
nisastalar,  yapiskanlik, baglama, kaplama,
toparlama, emilsiyon stabilizasyonu, jellesme,
seffathk, nem tutma, stabilizasyon ve kivam
artiricilik  gibi 6zelliklerinden dolayr  gidalarda
siklikla ~ tercih  edilmektedir (Karaoglu ve
Kotancilar, 1998).

Literatiirde cilek aromasinin puskiirterek kurutma
yontemiyle enkapstlasyonunu konu alan az sayida
calisma (Pellicer vd., 2018; Balc-Torun ve
Ozdemir, 2021) mevcut olup, piiskiirterek
kurutulmus toz aroma mikrokapstllerinin
depolama stabilitesinin incelendigi bir ¢alismaya
ise rastlanilamamugtir. Nitekim bu makalede
tarafimizdan yapilan calisma sonucunda (Balci-
Torun ve Ozdemir, 2021) belirlenen optimum
sartlarda Uretilen toz c¢ilek mikrokapsiillerinin
depolama stabilitesinin ve bazt model gidalardaki
kullaniminin  arastirtlmast  amaclanmistir.  Bu
amacla %16.12 modifiye nisasta, %9.76 arabik
gam, %4.12 ¢ozuntr lif, %1 B-siklodekstrin
tastytct madde karisimi kullaniarak, 190 °C giris
sicakhiginda  kurutularak  dretilen toz  ¢ilek
mikrokapstlleri farkli 2 sicaklikta (4 ve 25 °C) 60
glin siireyle depolanmis ve depolama periyodunda
Orneklerin aroma salinimlari ile su aktivitesi, nem
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degeri, kitle yogunlugu ve parcacik boyutundaki

degisimler  incelenmistirt.  Ayrica  Uretilen
mikrokapsiillerle ¢ikolata ve kek iretimleri
yapilarak  Grtinlerin - begeni  durumlart  da
belitlenmistir.

MATERYAL VE YONTEM

Materyal

Calisma kapsaminda kullanilan dogal sivi aroma
maddesi Aromsa Besin Aroma ve Katki
Maddeleri Sanayi Ticaret A.S. (Gebze, Kocaeli)
firmasindan temin edilmistir. Enkapsiilasyon
isleminde kullanilan tagtyict materyaller olan
maltodekstin ve Nutriose ¢oziinir lif, Cleargum
modifiye nisasta “Roquette Freres” (Lestrem,
Fransa) firmasindan, model gida iretiminde
kullandan  ¢ikolata ise Callebaut (Belgika)
firmasindan  temin  edilmistir.  Analizlerde
kullanilan diger kimyasallar analitik saflikta Sigma-
Aldrich’ den (Darmstadt, Almanya) temin
edilmistir.

Enkapsiilasyon islemi

Gilek aromasinin enkapsiilasyon islemi Balci-
Torun ve Ozdemir (2021)’in belirttigi optimum
sartlara gbre mini puskirtmeli kurutucuda (Biichi
Mini Spray Dryer B-290, Flawil, Isvigre)
gerceklestirilmistir. Kurutma isleminde tastyict
madde karisimi %31  (agitlik/hacim) olarak
hazirlanmis, bu karisima kuru maddenin %10’ u
kadar cilek aromast ilave edilmistir. Tastyict
madde karisimint ise %16.12 modifiye nisasta,
%9.76 arabik gam, %4.12 ¢6ztunur lif ve %1 B-
siklodekstrin  olusturmus olup su igerisinde
¢cozundirilmuistir. Kurutma 6ncesinde karisim
17000 d/dk hizda 5 dakika siireyle homojenizator
yardimt ile (Ultraturrax T25 Basic Staufen,
Almanya) homojenize edilmistir. Elde edilen
karigtm hava giris sicaklign 190 °C, trtn ¢ikas
sicakligi 75-80 °C, besleme hizi 5-8 mL/dk ve
aspirasyon hizt 30 m3/sn kosullarinda puskirtmeli
kurutucuyla toz irine dénistiralmistir.

Aroma mikrokapsiillerinin depolanmast

Cilek aromast mikrokapsiilleri ve enkapsiilasyon
islemi uygulanmamis sivi formdaki aromalar
(kontrol 6rnekleri) amber renkli cam kavanozlara,
her bir kavanoza 15’ er gram olacak sekilde
koyularak 6rnekler 4 ve 25 °C sicaklikta 2 ay stre
depolanmustir. Depolamanin 0., 15., 30. ve 60.

ginlerinde alinan Orneklerde nem miktari, su
aktivitesi, aroma profili, partikiil boyutu ve yigin
yogunlugu analizleri , sivi Ornekte ise aroma
analizi yapilmistir.

SPME /GC-MS ile aroma analiz kosullar1

Stvi ve toz formdaki 6rneklerin aroma analizleri
Balci-Torun  ve Ozdemir (2021) tarafindan
belirtilen analiz sartlart kullanilarak, GC-MS
(QP2010-Ultra, Shimadzu, Kyoto, Japonya)
cihazi ile yapilmis, analiz sirasinda cithazin Katt

Faz  Mikroekstraksiyon  teknigi ~ (SPME)
kullanilarak ekstraksiyon tnitesi (AOC-5000Auto
Sampler, Shimadzu, Kyoto,  Japonya)

kullandmigtir. Aroma analiz sonuclart % alan
cinsinden hesaplanmis olup, ugucu bilesenlerinin
tanimlanmast C;-Cyy alkan standardinin metotta
yuritilmesi ile elde edilen tutunma indeksi
(Kovats’Index) sonuglart ile cihaz yazilimi (GC-
MS solution 5.60) kullanilarak gergeklestirilmistir.
Ayrica yaziim tarafindan tanimlanan bilesenlerin
kontroliinde bilimsel makaleler ile Wiley 10 ve
NIST 02  kitiphanelerindeki ~ alikonma
indekslerinden de yararlandmistir.

Orneklerin aroma profil analizi 100um PDMS
fiber ile SPME metoduna gére yapilmustir. SPME
metodunda islem sicakligt 40 °C, ekstraksiyon
stiresi 15 dakika, karistirma hiz1 250 d/dk (5 s acik,
2 s kapalt), desorpsiyon stresi ise 10 dakika olarak
ayarlanmistir.  GC-MS analizinde TRB5-MS (30
m x 0.25 mm x 0.25 pm) kolon kullanilmis olup
firin sicaklik programi 40 °C’de 5 dk bekleme, 4
°C/dk artisla 100 °C’ ye yitkselme ve bu sicaklikta
3 dk bekleme, 10 °C/dk artigla 200 °C  ye
yitkselme ve bu sicaklikta 3 dk bekleme olarak
belirlenmistir. GC-MS’ te dedektor sicakligr 275
°C, tastyict gaz helyum (1.78 mL/dk), enjeksiyon
ve iyon kaynagi sicakligs 200 °C, kitle araligr 30-
500 m/z ve tarama hizt 1000 kutle/s’ dir. Cizelge
1’de cilek aromasinin ve aroma
mikrokapsullerinin degerlendirilmesinde
kullandlan bilesenler ve bilesenlerin literatirde
yapilan tanimlamalart verilmistir (Jetti vd., 2007;
Galmarini vd., 2011; Schiebetle vd., 2015; Balci-
Torun ve Ozdemir, 2021). Sivt cilek aromasinda
ve aroma kapsillerinde depolama siiresindeki
degisiminin incelenmesinde bu baglica bilesenler
g6z 6niinde bulundurulmustur.



Cilek aromasinin piskirterek kurutma yontemiyle enkapstilasyonu

Cizelge 1. Cilek aromasinda tanimlanan bilesenler (Jetti vd. 2007; Galmarini vd. 2011; Schieberle vd.
2015; Balci-Torun ve Ozdemir 2021)
Tablel. Flavor components described in strawberry (Jetti et al. 2007; Galmarini et al. 2011; Schieberle et al. 2015,
Balei-Torun and Ozdemir 2021)

Bilesen Aroma tanimlamast

Compound Definiation

1-Hexanol Meyvemsi, tatli, yesilimsi koku
2-Hexanol Meyvemsi, tatl, muz,
2-Hexen-1-ol, acetate Meyvemsi, elma, armut, eksi
3-Hexen-1-ol Tatlt yesil, hafif meyveli

3-Hexen-1-ol, acetate
Ethyl butanoate”

*

Ethyl 2-metylbutanoate

*

Ethyl 3-metylbutanoate

Ethyl hexanoate”

1-Butanol, 3-methyl-, acetate”

Ethyl pentanoate”

Hexyl acetate”

Limonene

Isoamyl isovalerate”

Hexanal Propylene Glycol Acetal
2-Propenoic acid, 3-phenyl-, methyl ester”
Isobutyric acid

Benzyl benzoate

Meyvemsi, muz, elma, armut, tropik

Meyveli, ¢ilek, elma kayisi, muz erik

Meyveli, taze, meyve, Uzim, ananas, ¢ilek mango
ve kiraz notalari

Tatli, meyveli, keskin, ananas, cilek, elma yesili
portakal

Tatl, meyveli, ananas, cilek, yagh ve yesil muzlu
bir ntians

Tatly, ¢ilek, muz, olgun meyve

Meyveli, cilek, tatli, ananas ve tropikal meyveler
Meyveli, yesil, elma, muz, tath

Turuncgil, portakal, taze, tatlt

Tatli, meyveli, muz, cilek

Tatli, meyveli, mumsu, yesil, ananas

Tatl cilek, kiraz

Tereyagy; cilek

Balzamik, meyveli, pudrali niianslar

*Cilek aromasinin literatiirde belirtilen aroma aktif bilesenleri

" Aroma active compounds of strawberry mentioned in the literature

Nem ve su aktivitesi

Piskiirterek kurutma yontemiyle elde edilen
mikrokapstllerin nem miktart hizli nem 6l¢im
cihazt ile (Kern, DBS- 60, Almanya)
belirlenmistir. Mikrokapsiillerin su aktivitesi (aw)
degerleri ise su aktivitesi tayin cihazi (Aqualab,

4TE, ABD) ile oda sicakliginda (25£1°C)
Olcilmustir.

Yigin yogunlugu

Toz ¢ilek aromast mikrokapsillerinde yigin
yogunlugu analizi Ko¢ (2015 e gore

gerceklestirilmistir. Bu amagcla unda 2 g toz 6rnek
10 ml.’ lik mezir icerisine tartildiktan sonra 20
defa sert bir zemine wvurularak aralardaki
bosluklarin kalmayip sikistirilmasindan  sonraki
hacim okunarak sonuclar kiitle/hacim oranindan
kg/m?3 olarak hesaplanmistur.

Pargacik boyutu dagilimi

Toz ¢ilek aromas: mikrokapsiillerinin parcacik
boyut dagiim analizi parcacik boyut O&l¢iim
cihazinin stvi modili (Malvern, Mastersize 2000,
wet dispersion unit, Birlesik Krallik) kullanilarak
yaptmistir.  Olciimlerde propanol  kullanilmis
olup, sonuclar Dyjs [ylzey agirlikli ortalama
(YAO)], D32 [hacim agirlikli ortalama (HAO)],
Do, Dso ve Do degerleri tizerinden verilmistir.

Model Gida Uretimi

Piskiirterek kurutma yontemi ile tretilen cilek
aromast mikrokapsiilleri tretimlerinin ardindan
model gidalara islenmis ve triinlerde duyusal
analiz gerceklestirilmistir. Bu dogrultuda model
gida olarak cikolata ve kek secilmistir. Bu
driinlerin seciminde 1s1l islemin uygulandigt (kek)
ve uygulanmadi@i (gikolata) tiriinlerdeki degisimin
incelenmesi g6z Oninde bulundurulmustur.
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Cikolata yapiminda piyasadan temin edilen siitlii
cikolata kuvertirleri ve sekillendirmede silikon
cikolata kaliplart kullanilmistr. Cilek aromalt
¢ikolata yapiminda ¢ikolata kuvertiiri kontrolli
olarak 40 °C’ de benmati usull eritilmistir. Cilek
aromasinin (stvi aroma/kontrol) ve cilek aromast
mikrokapsullerinin eklenebilmesi ve
kristalizasyon islemi icin sicaklik kontrolli olarak
30 °Cyye azaltilmis ve aroma mikrokapstlleri ile
stvi aroma (kontrol)  %0.1 oraninda (aroma
mikrokapsulii/cikolata) ilave edilerek mutfak tipi
robot ile 15 dakika boyunca karistirilmis ardindan
hizlt bir sekilde kaliplara dékilmistir. Kaliplara
dokulap sekillendirilen ¢ikolatalar yaklasik 15 saat
oda sicakliginda dinlendirildikten sonra duyusal
analiz gerceklestirilmistir.

Aromali kek dretiminde ise un (%40), seker
(%23), yag (%20), yumurta (%16) ve kabartma
(%1)  kullanilarak  bir  hamur miksi
hazirlanmig, hazirlanan miks 2 kisma ayrilarak
birincisine %1 oraninda ticari stvt aroma, digerine
ise yine ayni oranda aroma mikrokapstlleri
eklenerek  homojen  dagilmast  amaciyla
karistiridlmistir. Hazirlanan hamur karisimlart 180
°C’ de 30 dakika sureyle firinda (Siemens,
HB114FBVOT) pisitilerek, sogutulduktan sonra
duyusal analizleri gerceklestirilmistir.

tozu

Duyusal Analiz
Duyusal  analizler ~ Akdeniz ~ Universitesi,
Mihendislik ~ Fakiiltesi, Gida  Mihendisligi

Bolimi'nde gdrev yapan yaslart 23-35 arasinda
degisen 15 panelist (9 Kadin, 6 Erkek) ile
yapilmustir. Panelistlerden 6rnekleri gbrintm,
tekstlr, koku, tat, hissedilen aromanin siddeti ve
genel  begeni  agisindan  1-5  arasinda
puanlandirmalart istenmis, panel 6ncesi gidalarin
degerlendirilmesinde aranan &zellikler hakkinda
kisa bir bilgilendirme yapilmistir.

Istatistiksel analiz

Cilek aromasindan piskiirterek kurutma yéntemi
ile enkapstilasyon islemi iki tekerriirlt, analizler ise
U¢ paralelli olarak gerceklestirilmistir. Analiz
sonucunda elde edilen verilere varyans analizi
uygulanmis ve 6nemli bulunan farkhiliklara ise
Duncan Coklu Karsilastirma Testi uygulanmistir
(Dizgiines  vd., 1987). Tum  istatistiki

hesaplamalar SAS programi (SAS, Cary, NC,
USA) ile gergeklestirilmis olup degetler ortalama
+ standart hata seklinde verilmistir.

BULGULAR VE TARTISMA
Depolama siiresine bagh
profilinin degisimi
Enkapsiilasyon islemi uygulanmamis sivi ¢ilek
aromasinin  (kontrol) depolama sicakligt ve
stiresine baglt olarak aroma aktif bilesenlerinin
degisimi incelendiginde (Cizelge 2), depolamanin
baslangicinda ¢ilek aromasinda olduk¢a baskin
olan “butanoic asit, 2-metil-, etil ester”, “3-hexen-
1-01”, “3-hexen-1-ol, asetat”; “hexyl asetat” ve “2-
propenoic  asit, 3-phenyl-, metil ester”
bilesenlerinin alan degerlerinin her 2 sicaklik icin
de depolama siiresinin artmasina baglt olarak
Ozellikle 30. ginden itibaren  baglangic
miktarlarina gére Onemli oranda (> % 90)
azaldigi, yukaridaki bilesenlerin hemen hemen
tamamimin 60. giin sonunda tespit edilemedigi
gorilmistir. Depolamanin ilk glntnde c¢ilege
6zgl baglica 17 aroma bileseninin toplam alam
58182x10% iken, depolama siiresi sonunda bu
alanin 4 °C’ de depolanan cilek aromalarinda
204x10% e; 25 °C’ de depolananlarda ise 166x10%
e azaldigr belirlenmistir. Bu durum ticari olarak
stvt formda depolanan cilek aromalarinin 60 giin
sonunda istenen 6zelliklerini neredeyse kaybettigi
seklinde yorumlanmustir. Depolama  sicakligs
acisindan ¢ilek aromast bilesenlerinin toplam
alaninin  degisimi irdelendiginde ise; 4 °C’ de
depolanan cilek aromalarinin toplam alaninin 30
gin sonunda %93 oraninda, 25 °C’ de depolanan
aromalarin  ise %96  oraninda  azaldig
gorilmustir.

olarak aroma

Stvi formdaki aroma bilesenleri ile puskirterek
kurutma  yontemiyle elde edilen aroma
mikrokapstllerinin =~ bilesimi ~ (Cizelge — 3)
karsilastirildiginda, stvi formda tespit edilen 2-
Hexen-1-ol,(E) ve 3-Hexen-1-ol bilesenlerinin toz
mikrokapstllerde belirlenemedigi, enkapsiilasyon

sonunda ise ticari sivi  kontrol formunda
bulunmayan 1-Butanol, 3-metil-,asetat
bilesenlerinin ~ mikrokapsiillerde  bulundugu
gorulmustiir.
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Cizelge 2. Swi formdaki ¢ilek aromasinmn bilegiminin depolama sicakligs ve siiresine (giin) bagle olarak degisimi (alan x

10%)

Table 2. Change of the composition of strawberry aroma in liguid form depending on storage temperature and time (day)

(area x 10°)

Bilesen 4°C 25°C
Componnd 0. 15. 30. 0. 0. 15. 30. 60.
Butanoic
asit, 2-metil.  1142.68 1125360 50.945>  20.78 1142.68:  1037.85 te. 21.28>
metil ester
Butanoic 702370 405100 259.45¢ te. 7023700 341.24¢ 122,224 te.
asit., etil ester
Butanoic
asit, 2-metil.  6403.37* 36646 24596 59.161¢ 6403.37+  31528b¢ 135450 62.65¢
etil ester
Butanoic
asit, 3-metil-.  996.372 3167 46.45> te. 996372 38.65 te. te.
ctil ester
g;HeXCI}L 3101.02  1580.88:>  1024.60%b  te. 3101.022  157.10° te. te.
ilH(g;e“ 1038.80: 975410 te. te. 103889 929510 1923 te.
1-Hexanol 640.442 61535 14.400 te. 640.442 602.85¢ te. te.
- 274.18 250.982 te. te. 274.182 236.782 te. te.
pentanoate
il 9469.93  448.93> 51216¢ 71.88 9469.93:  8379.10>  374.6lc  63.66¢
hexanoate
SHexend- o yssi 00 15075810 1006.45¢ te. 15514040 14907.47¢  905.6744 te.
ol, asetat
Hexyl asetat 1143.722 1065.672 te. te. 1143.722 967.322 te. te.
ZHexend= g5t 42781 51230 1816 430512 407.600 4357 19.04>
ol, asetat
soamyl 7596.48 36873  397.670  34.90 7596.48 374745 36334 te.
isovalerate
Butanoic
asit, 2-metil,  14.66° 12.56° te. te. 14.66° 10.79: te. te.
hexyl ester
Metil
: 206.58 196.272 192.802 te. 206.58 172.240 170.69: te.
cinnamylate
2-Propenoic
asit, 3-

4121.08 386744 te. te. 4121.09¢  3598.56" te. te.
phenyl-,
metil ester
TOPLAM  58182.67*  34489.29  4068.29¢  204.95¢ 5818268  32477.10>  2193.784  166.56¢

t.e.: tespit edilemedi. Ayni1 satirdaki farkli harfler istatistiksel fark: ifade etmektedir (P<0.07).

t.e.: not detected. Different letters in same line mean the statistical significance (P<0.07).

757



758

F. Balci Torun, F. Ozdemir

Cizelge 3. Puskirterek kurutma yontemi ile elde edilen ¢ilek aromast mikrokapsiillerinin aroma
bilesiminin depolama sicakligi ve stiresine (glin) baglt olarak degisimi (alan x 103)
Table 3. Change of the aroma composition of strawberry aroma microcapsules obtained by spray drying method depending

on storage temperatire

and time (day) (area x 10°)

Bilesen 4°C

25°C

Compound 0. 15. 30.

60. 0. 15. 30. 60.

Butanoic
asit, 2-
metil,
metil ester
Butanoic

337.90b 413.812 325.46b 43.61¢ 337.90v 305.88b 100.87b te.

asit, et 1477.670  1402.46%b 1203.83b 50.20¢ 1477.67~ 1273.352b 12.36¢ 7.71¢

ester
Butanoic
asit, 2-
metil-, etil
ester

3895.332 3225.24> 3020.24b 288

Butanoic
asit, 3-
metil-, etil
ester

949.912 796.37b 601.70¢ 41

1.19bc 3895.332 3002.54b 2359.88ed  2135.764

4.50d 949.912 736.39b 592.45¢ 444,514

1-Hexanol 192.252 181.182 te. t.e. 192.252 t.e. t.e. t.e.

1-Butanol,

3-metil-, 231.672 166.24> te. te. 231.67 te. te. te.

asetat
Etil

pentanoat 6820.79 te. te. te. 6820.79 te. te. te.

[

Etil

784.472 616.09» 580.76> 443.72¢ 784.472 580.76> 409.86¢ 170.434

hexanoate
3-Hexen-
1-ol, asetat
Hexyl
asetat
2-Hexen-

657.992 514.05b 409.93¢ 29

9.664 657.992 466.45¢ 310.234 186.35¢

662.552 445.27v 234.77¢ 197.52¢4 662.552 425.90b 210.24¢ 159.354

281.012 234.77v 26.56¢ te. 281.01» 11.05¢ te. te.

1-ol, asetat
Butanoic
asit 3. 11469.31

11469.31

10496.28> 8093.83¢ 7611.034 10493.49b 6594.75¢ 608.45f

metilbutyl a
ester

-Isoamyl 16446.17 16099.861 15025.01a,
isovalerate a N

2-
Propenoic

128

a

14340.26%

78.86> 16446.17 16345.17» b

9823.27¢

asit. 3- 6851.812 5695.11b 451.694 219.214¢ 6851.812 4001.11¢ te. 146.36¢

phenyl-

metil ester

TOPLAM

a b c

4816545  41710.96>  30312.04>  25039.48¢ 48165.45  37247.63+b. 2557354  13582.20

d a c d d

t.e.: tespit edilemedi. Ayni1 satirdaki farkli harfler istatistiksel fark: ifade etmektedir (P<0.07).
t.e.: not detected. Different letters in same line mean the statistical significance (P<0.07)

Cizelge 3 incelendiginde ¢ilek aromasinda etkili
rol oynayan aroma aktif bilesenlerinin toplam
alaninin depolamanin baglangicinda 48165.45x103
oldugu, depolamanin sonunda 4°C’ de depolanan
orneklerde bu alanin 25039.48 x103 e; 25°C” de

depolanan Orneklerde ise 1358220 x10% e
dustiigt belirlenmistir. Cilek aromasinda yitksek
oranda bulunan esterlerin depolama stiresince
alanlart incelendiginde ise 30. giine kadar alanin
cok degismedigi ancak 60. giinde istatistiksel
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olarak 6nemli seviyede (P<0.07) azalis gbsterdigi
gorillmektedir. Benzer sekilde cilek aromasinda
yitksek alana sahip ve ayrica cilek aromasina
meyveli, ¢cilegimsi aromada katk: saglayan isoamyl
isovalerate bileseninin de 30. glne kadar
istatistiksel actdan Onemli seviyede (P>0.05)
degismedigi, 60. giin sonunda %21 oraninda
azaldigt belirlenmistir. Bu azalis ticari formda
depolanan ¢ilek aromasinda ise depolama
sonunda %94 olarak hesaplanmistir. Bu sonug
puskirterek kurutma yéntemiyle elde edilen cilek
mikrokapstllerinin aroma aktif bileseni acisindan
depolama stabilitesinin ticari formuna gére daha
yiksek  oldugunu  g&stermektedir.  Aroma
mikrokapstllerinin farkli sicakliklardaki aroma
bilesenleri  acisindan  depolama  stabilitesi
incelendiginde ise depolama sicakhiginin aroma
maddelerinin acisindan  oldukea
6nemli oldugu; toplam alanin 4 °C’ de depolanan
orneklerde 60 giin sonunda %48 oraninda
azaldigt, 25 °C’ de depolanan 6rneklerde ise bu
oranin %72 oldugu belirlenmistir. Puskirterek
kurutma yontemiyle elde edilen ¢ilek aromasi
mikrokapstllerinde belirlenen aroma
bilesenlerinin depolama siiresine baglt olarak
salinimlarinin  birbirlerinden  farkli  olduklar
gorilmis olup bu durum bilesenlerin molekiil
agirliklarinin farkli olmast ile iliskilendirilmektedir
(Jatari vd., 2008). Voiley vd. (1995) tarafindan
arabik gam kullanilarak etil hexonate ve etil
butyrate bilesenlerinin  piskiirterek  kurutma
yontemiyle enkapstile edildigi ¢caligma sonucunda
molekil agirlig1 daha ytiksek olan etil hexonate’ in
etil butyrate’ a gére depolama siiresine bagh olarak
daha iyi korundugu belirlenmistir. Arastiricilar bu
farkliligr molekiil agirliginin artmast ile diftizyonun
yavaslamast  ile  agiklamuglardir.  Calisma
kapsaminda da ¢ilek mikrokapstillerinde bulunan
etil hexonate’ 1n alant depolama baslangicinda
784.47x103  olarak  belitlenirken, depolama
sonunda bu alan 443.72x103 olarak tespit
edilmistir. Mikrokapsiillerde belirlenen butanoic
asit, etil ester bilesenin alani ise 1477.67x10%den
50.22x10% e azalmustr.  Pellicer vd. (2019)
tarafindan yapilan bir calismada cilek aromast
farklt tastyict materyaller ile (MD, HiCap, B-SD,
AG) 180 °C hava giris sicakliginda puskiirterek
kurutma yontemi ile enkapsiile edilmis olup, MD-
HiCap- B-SD kargtmindan olusan  tastyict

korunumu

materyal ile kurutulan  OSrneklerin  aroma
maddelerini daha iyi korudugu, kurutma sonrast
etil acetoasetat oraninin %20.7° den %13.4° e,
benzyl alcohol bileseninin %73’ ten %47.8” e ve
etil 2- asetat bileseninin %84.5’ ten %28.1° e
dustigi bildirilmistir.

Mikrokapsiillerin depolama sartlarina bagh
olarak nem ve su aktivitesi degisimi

Toz triinlerin nem igerigi ve su aktivitesi degerleri
depolama stabilitesi acisindan Onem tagimakta
olup, 0.65 altindaki su aktivitesi degerleri
mikrobiyal acidan giivenilir olsa da, kimyasal ve
biyokimyasal reaksiyonlar acisindan  0.2-0.3
arasindaki su aktivitesi degerlerinin glivenilir aralik
oldugu belirtilmektedir (Acar ve Cemeroglu,
1999). Depolama baglangicinda %3.36 olan toz
mikrokapsillerin nem miktar1 degerleri, 60 giinlitk
depolama siiresi sonunda 4 °C’ de depolanan
ornekler icin %4.43; 25 °C’ de depolanan 6rnekler
icin ise %4.39 olarak belitlenmistir (Cizelge 4).
Benzer sekilde 6rneklerin su aktivitesi degerleri de
depolama siiresine baglt olarak istatistiksel agidan
onemli derecede (P<0.07) artis gOstermistir.
Depolama siiresi sonunda toz mikrokapsillerin su
aktivitesi degetleri 4 ve 25 °C’ de depolanan
ornekler icin swrastyla 0.37 ve 0.39 olarak
belirlenmis olup (depolama baslangicinda bu
degerler sirastyla 0.14 ve 0.18 dir), bu degerlerin
kimyasal-biyokimyasal acidan giivenli arahigin
disinda oldugunu séylenebilir.

Mikrokapsiillerin depolamaya bagl olarak
yigin yogunlugu degisimi

Yigin  yogunlugu toz driinler icin Snemli
parametrelerden  biri  olup, gidalarin  aks
Ozelliklerini, depolama stabilitesini ve ambalaj
hacmini etkilemektedir. Sonuglar incelendiginde
her iki depolama sicakhgr icin de depolama
stresine bagl olarak Srneklerin yigin yogunlugu
degerlerinin istatistiki agidan Onemli derecede

(P>0.05) olmasa da azaldigi goriilmektedir
(Cizelge 4). Bu azahsin  drinlerin nem
miktarindaki artis ile iliskilendirilmesi

mumkindir. Literatiirde toz triinlerin depolama
stresi ile birlikte kitle yogunluklarinin arttiginin
bildirildigi bazi ¢alismalar (Samborska vd., 2015;
Muzaffar ve Kumar, 2016) olsa da; Chang vd.
(1998) toz gidalarin su aktivitesi degerinin
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artmastyla kitle yogunlugu degerlerinin arttigt
belirtilmis ve bu artisin sivi kopriler ile toz
partikiillerin arasindaki bosluklarin azalmasiyla
iliskili oldugu rapor edilmistir.

Mikrokapsiillerin depolamaya bagli olarak
pargacik boyutu dagiliminin degisimi

Toz mikrokapsiillerin  boyutlarinin ~ degisimi
gidalarin  dokusunu  ve duyusal 6zelliklerini
etkilediginden dolay1 gida enduistrisinde triinlere
islenen  kapsiillenmis  bilesenlerin  gidanin
dokusunu, duyusal O&zelliklerini, rengini veya
tadint etkilememesi arzu edilmektedir. Calisma
kapsaminda puskirterek kurutma yéntemi ile toz
forma donustirilen ve farkli  sicakliklarda
depolanan aroma kapsiillerinin parcacik boyutu

dagilimi depolama stiresince 6lgiilerek depolama
sartlarinin  kapstillerin boyutu Uzerindeki etkisi
belitlenmistir. Toz trtinlerin Dys3 [hacim agirlikli
ortalama (HAO)|, Dz [ylzey agirlikli ortalama
(YAO)], D1, Dso ve Doy degerleri Cizelge 5’te,
parcactk boyutu dagilimlart ise Sekil 17 de
verilmistir. Sonuclarda ifade edilen Dy degeri
genellikle parcactk sayisinin  6nemsiz  oldugu
durumlarda kullanilmakta iken, aktif ylzeylere
sahip parcaciklarda veya ylzey alaninin 6nemli
oldugu durumlarda D5z degeri kullanilmaktadir.
Ayrica parcacik buytkligint ifade etmek icin
kullanilan D1o, Dso ve Doy degetleri sirastyla
mikrokapsul ¢aplarinm %10’ unun, %50’ sinin ve
%90’ 1n1n belirtilen degere esit ya da bu degerlerin
altinda bir deger oldugunu belirtmektedir.

Cizelge 4. Piskiirterek kurutma yéntemi ile elde edilmis ¢ilek mikrokapsillerinin depolamaya bagl
nem ve su aktivitesi degisimi
Table 4. Change of moisture content, water activity, and bulk density of strawberry microcapsules obtained by spray-

drying method
Su Y1gin yogunlugu (kg/m?)

Sicaklik Sire (giin) Nem miktart (%0) aktivitesi Bulk density (kg/ n?)
Temperature Time (day) Moisture content (%) Water
activity

0. 3.36¢£0.21 0.14<%0.01 351.60%1.76

4°C 15. 4.02b£0.06 0.22b<+0.06 350.44%5.60

30. 4.2122%0.26 0.294010.07 348.77+1.39

60. 4.43220.28 0.37220.03 347.59%£2.93

0. 3.36>+0.21 0.18>£0.01 351.60%£1.76

2500 15. 3.78*+0.18 0.27410.03 350.83+11.27

30. 4.072>£0.05 0.342%0.00 348.8210.38

60. 4.39220.24 0.39220.00 344.57£1.13

Ayt stitundaki farkli harfler istatistiksel farki ifade etmektedir (P<0.07)
Different letters in same column mean the statistical significance (P<0.07).

Cizelge 5. Cilek mikrokapstillerinin depolamaya bagli parcagik boyutu degisimi (um)
Table 5. Change of particle size of strawberry microcapsules during storage (um)

Do Dy Dy Dpo Dpj
0. 1.172%0.01 10.14bx0.47 22.91<+0.06 3.61<x0.01 12.86>%+0.10
4°C 15 1.32210.21 10.35b%+0.01 25.82b10.19 4.602x0.02 11.83b%0.01
30. 1.896%0.01 10.42b+0.14 26.07°%+0.14 4.60210.01 12.76+0.03
60. 1.996+0.17 11.772£0.07 28.282+0.65 4.12b+0.26 15.022£0.88
0. 1.17>%+0.01 10.14<x0.47 22.91¢x0.06 3.61¢+0.01 12.866%+0.10
2500 15. 2.162%0.11 11.16>x0.03 27.295%0.58 3.83¢+0.04 14.84210.16
30. 2.14a%+0.04 12.30b+0.04 27.42b10.23 4.79>+0.05 14.036+0.22
60. 2.352£0.17 12.932£0.02 27.872+0.56 5.112x0.03 14.572b10.24

Ayni sttundaki farkls harfler istatistiksel fark: ifade etmektedir (P<0.07)

.Different letters in same column mean the statistical significance (P<0.07).
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Par¢acik Hacmi (%)
S
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Partikiil boyutu (um)
Sekil 1. Piskurterek kurutma yéntemi ile elde edilen ¢ilek aromast kapsiillerinin pargactk boyutu
dagilimi

Figure 1. Particle size distribution of strawberry aroma miicrocapsules obtained by spray drying method

Toz mikrokapsillerin depolama sicakligt ve
stresine bagl olarak Do degerlerinin 1.17-2.35
um, Dso degetlerinin  10.14-12.93 pm, Dy
degetlerinin 22.91-28.28 um, Dz degetlerinin
3.61-5.11 um ve Dys.3) degerlerinin ise 11.83-15.02
um arasinda degistigi belirlenmistir. Sonuclar
incelendiginde cilek aromasit mikrokapsillerinin
baslangic Dso degerinin 10.14 um oldugu ve
depolama siiresi sonunda bu degerinin 4 °C’ de
depolanan 6rneklerde 11.77 um’ ye ve 25 °C’de
depolanan Srneklerde ise 12.93 pm’ ye ytkseldigi
gorilmektedir. Depolama siiresi ve sicakliginin
artmast ile ¢ilek aromast mikrokapsillerinin
parcacik boyutundaki artts nem absorbsiyonuna
bagli gerceklesen ve topaklanma olarak bilinen,
partikiillerin birbirine yapismast ile
iliskilendirilmistir. Partikill boyutunun depolama
kosullarindan  etkilenebilecegi, artan sicaklikla
birlikte, depolanan materyalin Gzelligine baglt
olarak partikill boyutunun azalabilecegi ya da
artabilecegi rapor edilmistir (Kog¢ vd., 2015).
CGalisma sonuclarina  paralel olarak limonen
aromasinin arabik gam kullaniarak puskirterek
kurutma yontemi ile mikrokapstlasyonunun
arastirddigt bir ¢alismada 6rneklerin Dsp degerinin
depolama siiresi sonunda 15.7 um’ den 23.2 pm’
e ytkseldigi bildirilmistir (Bertolini vd., 2001).

Duyusal analiz sonuglari
Aroma maddeleri gida endistrisinde pastacilik

drinleri, icecekler, sut uranleri, atistirmalik
cerezler, cikolatalar, sekerlemeler ve sakizlar gibi
bircok  drinde  kullanilmaktadir.  Calisma

kapsaminda toz forma getirilmis ¢ilek aromasinin
begeni durumunun ortaya koyulabilmesi amaciyla
mikrokapstller hazirlanan cikolataya ve keke ilave
edilmistir. Sonuglar incelendiginde kapsiillenen
cilek aromasi ile tretilen cikolatalarda test edilen
duyusal Ozelliklerin panelistler tarafindan daha
cok begenildigi (Sekil 2), oOzellikle de aroma
siddeti, koku, tat ve genel begeni acisindan
kapstllenmis Orneklerin istatistiksel olarak da
6nemli derecede (P<0.07) daha ytksek puan aldig
gorilmektedir (Cizelge 06).

Cilek aromast kullanilarak dretilen keklerin
duyusal analiz verilerine bakildiginda da benzer
sekilde koku, aroma siddeti ve genel begeni
sonuclarinda puskiirterek kurutma yoéntemi ile
kapsillenmis ¢ilek aromasi kullanilarak tretilen
keklerin, ticari sivi formda tretilen keklere goére
daha yliksek puan aldigr (P<0.07) gorilmektedir.
Bu sonuglar enkapstlasyon islemi ile tretim
stirasindaki  kosullara karst daha stabil cilek
aromasinin elde edilebildigini g&stermistir.
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Cizelge 6. Cilek aromali ¢ikolata ve keklere ait duyusal analiz sonuglart
Table 6. Sensory analysis results of chocolate and cakes flavored by strawberry aroma

Cikolata Gorinim  Tekstir Koku Tat Aroma siddeti  Genel begeni
Chocolate Appearance  Texture Odor Taste Aroma intensity  General taste
TiearlSv -y 684012 4750025 3885029 4634018 2754031 425025
Commercial-Liguid
Toz-Kapsiil 5.00£0.00 4.63£0.26 4.75*£0.16 4.88:10.12  4.38:%0.26 4.752%0.16
Powder-Capsule
Kek
Cake
Tiear Sty 001010 4254025 33894026 35004076 263032 3.500.19
Commercial-Liguid
Toz-Kapsal 4504019 4.38+0.18 4381026 488035 4.00:£0.38  4.63%0.18
Powder-Capsule
Ayni stitundaki farklt harfler istatistiksel farki ifade etmektedir (P<0.07)
.Different letters in same column mean the statistical significance (P<0.07).
Goriliniim Goriiniim
Aroma 4 . Aroma \ ..
Siddeti Tekstiir/Doku Siddeti Tekstiir/Doku
Genel Begeni \ Koku/Aroma Genel Begeni Koku/Aroma
Tat Tat
Toz Aroma ~—#—Sivi Aroma Toz Aroma —— Sivi Aroma
a
Sekil 2. Cilek aromali ¢ikolata (a) ve keklere (b) ait duyusal analiz sonuglari
Figure 2. Sensory analysis results of chocolate (a) and cakes (b) flavored by strawberry aroma
SONUC bu calisma ile sivi formdaki cilek aromasinin

Ekonomik degeri oldukea ylksek olan aroma
maddelerinin depolama stabilitelerini arttirmak ve
islenmeleri sirasindaki salinimlarinin kontroliini
saglamak olduk¢a 6nemlidir. Son yillarda, gida
endustrisinde oksijen, nem, sicaklik, 1stk ve
benzeri ¢evre kosullarina karst koruma saglayan ve
aktif bilesenin dogru yerde, dogru zamanda
kontrollii salinimina olanak veren enkapsiilasyon
uygulamalar gittikce yayginlagsmaktadir. Nitekim

puskirterek kurutma yontemi ile basartdt bir
sekilde enkapsiile edilebilecegi ve bu yéntemle
elde  edilen  mikrokapsillerin  depolama
kararhhiginin arttirabilecegi gérilmistir. Calisma
sonuglari stvi formda toplam aroma bilesenlerinde
60 gunliik depolama siiresi sonunda %95’den
fazla oranda kaybin meydan geldigini, bu kaybin
enkapstlasyon islemiyle 4 °C’ de depolanan
Orneklerde yart yariya azaltilabildigini g6stermistir.
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Depolama sicakliginin artmast ile birlikte aroma
salinminin da  artu®  gbrilmistir.  Toz
mikrokapsiillerin ~ depolama  siiresince nem
absorbe ettikleri, buna bagl olarak su aktivitesi
degerlerinin = arttign  ve Ozellikle 60 gunlik
depolama siiresi sonunda kimyasal reaksiyonlar
acisindan su aktivitesi degerlerinin kritik bir
noktaya geldikleri tespit edilmistir. Nem
absorbsiyonuna bagli olarak tozlarin depolama
stresi ile birlikte partikiil boyutlarinin arttigi ve
kitle yogunluklarinin ise azaldigt gérilmistiir. Bu
anlamda elde edilen sonuglar, aroma maddeletinin
iyi bir sekilde ambalajlanarak depolanmast
gerektigini gOstermistir. Cilek aromast
mikrokapstlleri ile tretilen ¢ikolata ve kek duyusal
acidan ticari forma gore Uretilen driinlere gore
daha fazla begenilmis olup, Ozellikle aroma
siddetinin enkapsiile edilen aromalarla Gretilen
gidalarda daha fazla hissedildigi gériilmiistir. Bu
sonu¢ aroma enkapsilasyonu ile gidalarin
islenmesi sirasinda kararlilik saglanabilecegini de
gbstermistit.
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bir ¢tkar catismasinin olmadigini beyan ederiz.
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