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ABSTRACT

Fermented foods, which are widely consumed around the wotld, are of great importance for human health.
Standard production should be carried out in order to extend the shelf life of fermented products and
increase their positive effects on human health. Therefore, there is a need for starter cultures that can be
used in the production of fermented products. In this study, antifungal activity on 9 yeast isolates, antibiotic
resistance, growth at different temperatures, pH and salt concentrations, arginine hydrolysis and gas
production from glucose of 5 lactic acid bactetia (Lactobacillus brevis, Lactobacillus plantarnm, Lactobacillus
paracasei, Pediococcus parvulus, Leuconostoc holzapfel) were investigated. The lactic acid bacteria have antifungal
effects on all yeasts except Hanseniaspora opuntiae, Kazachstania exigua and Pichia fermentans, and they grow at 10
and 25 °C, 3.9 and 5 pH and 4% salt concentration. In addition, all of the isolates showed resistance to
vancomycin. The results indicated that L. brevis, L. plantarum, 1. paracasei strains can be used as starter cultures
in term of standart pickle production and antifungal effect.

Keywords: Lactic acid bacteria, antifungal activity, starter culture, pickles

TURSU KOKENLI LAKTIK ASIT BAKTERILERININ STARTER KULTUR
OZELLIKLERI VE ANTIFUNGAL AKTIVITELERININ INCELENMESI
oz
Dinyada yaygin olarak tiiketilen fermente gidalar insan sagligi icin blyiik 6neme sahiptir. Fermente
driinlerin raf émirlerinin uzatilmasi ve insan saghigina olumlu etkilerinin artirilmast igin standart
tretimlere ihtiyac duyulmaktadir. Bu sebeple, fermente trtnlerin Gretiminde kullanilabilecek starter
kiltiirlere duyulan ihtiya¢ giderek artmaktadir. Bu ¢alismada, 5 laktik asit bakterisinin (Lactobacillus
brevis, Lactobacillus plantarum, Lactobacillus paracasei, Pediococcus parvulus ve Lenconostoc holzapfel) 9 maya
izolati Uzerinde antifungal aktivitesi, antibiyotik direncleri, farkli sicaklik, pH ve tuz
konsantrasyonlarinda gelisim, arginin hidrolizi etme ve glukozdan gaz olusturma yetenekleri
incelenmistir. Laktik asit bakterilerinin Hanseniaspora opuntiae, Kazachstania exigna ve Pichia fermentans
hari¢ tim mayalar Uzerinde antifungal etkiye sahip oldugu, 10 ve 25 °C’de, 3.9 ve 5 pH'da ve %4 tuz
konsatrasyonunda gelisim g0Osterdikleri tespit edilmistir. Bunun yaninda, izolatlarin tamami
vankomisine diren¢ gostermistir. Calisma sonuglart degerlendirildiginde L. brevis, L. plantarum, L.
paracasei susglarinin  standart tursu Uretimi ve antifungal etki acisindan starter kaltiir olarak
kullanilabilecegi gorilmektedir.
Anahtar kelimeler: Laktik asit bakterisi, antifungal aktivite, starter kiltiir, tursu
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INTRODUCTION

Fermentation is one of the oldest food processing
methods used to preserve foods and improve
their flavor. With fermentation, new properties
can be added to foods, such as increasing the
nutritional value of foods, reducing toxic and
spoilage factors, and improving shelf life. The
production of traditional fermented foods is
mostly uncontrolled and spontaneous. This event
can cause quality losses in fermented foods from
time to time (Misihairabgwi and Cheikhyoussef,
2017; Chang, 2018). Therefore, it is important to
develop starter cultures that can be used in
traditional production.

Fermented foods have important effects on
human health, such as regulating and protecting
the intestinal microbiota, preventing colon
cancer, reducing or stabilizing the cholesterol
level in the blood, increasing the absorption of
minerals such as Fe, Mg and Ca, increasing the
bioavailability of nutrients, and treating diarrhea
cases (especially products containing probiotic
microorganisms) (Demirgul and Sagdic, 2018;
Akdeniz Oktay and Ozbas, 2020).

The production of pickles, which is an important
traditional fermented food, dates back to ancient
times. Today, pickle production is carried out
spontaneously both at home and industry. In
particular, lactic acid bacteria (LAB) such as L.
Plantarum, L. brevis, Leu. mesenteroides and P.
pentocacens play a role in pickle fermentation by
contributing to the taste, flavor and texture
(Aktan et al., 2003). Pickles have properties such
as anticarcinogenic (Lee et al., 2016), antiobesity
(Kim et al,, 2011), antioxidant (Lee et al., 2004),
anti-aging (Kim et al, 2011) and antidiabetic
(Islam and Choi, 2009; Kaur et al., 2017; Tang et
al., 2019). Pickles have many bioactive functions,
including preventing constipation, lowering
serum cholesterol, enhancing immunity and
fibrinolytic activity (Xia et al., 2017). In addition
to the positive effects of pickles on health, LABs
can inhibit some microorganisms by producing

lactic  acid, bacteriocin, ethanol, aroma
compounds, exopolysaccharides, enzymes and
other antagonistic substances (Cetin, 2011;

Elmaci et al., 2015; Chen and Ying, 2017).

Yeasts are the oldest unicellular fungi used in food
fermentation. While it is difficult to determine
when they were first used, there is evidence that
yeasts were used in the production of bread and
fermented beverages in Neolithic Age in 7000 BC.
Today, yeasts are used in the production of many
foods, especially alcoholic beverages and bread
(Hernandez et al., 2018; Hittinger et al., 2018).
Yeasts can also cause spoilage in foods with high
acidity and/or sugar content. As a result of the
spoilage, some properties and shelf life of the
product are adversely affected. (Hernandez et al.,
2018). In addition to the fact that yeasts in
fermented foods can cause spoilage, if there are
opportunistic yeasts in the product and they are
taken into the body through food, they can also
cause negative effects on human health. Yeasts
that may have negative effects on consumption
quality or human health should be kept under
control during production and storage (Karasu
Yalcin et al., 2010). In order to ensure this control,
it is necessary to pay attention to parameters such
as raw material quality, hygiene during
production, conditions of the storage
environment. In addition, the most important
method for controlling the yeast content of
fermented foods is the use of starter cultures,
which have the ability to inhibit yeasts that may
occur in the product (Erdem Buyukkiraz et al.,
2020). However, for microorganisms to be used
as starter culture in fermented food production, it
is not enough only to have an antifungal effect.
Besides, they must have some properties. These
features can be listed as ability to compete well
with other microorganisms in the food matrix
(antagonistic activity), lack of resistance to any
antibiotic, rapid and good acid formation ability,
development at different pH, salt and
temperature degrees (may vary according to the
product), not forming biogenic amines, being
homofermentative etc. (Lee et al., 2015).

In this study, seven starter culture tests were
performed on LABs isolated from pickles in
previous studies. Thus, it is aimed to understand
how effective the LABs isolated from the pickle
can be on the fermentation and the quality of the
product. For this purpose, the antifungal effect
and its source on yeasts, antibiotic resistance,
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growth at different temperatures, pH and salt
values, ability to hydrolyze arginine and gas

production from glucose of LABs were
investigated.

MATERIAL AND METHOD

Material

Five LAB and 9 yeast strains which isolated from
previous studies on pickle and stored in the
Microbiology  Laboratory of the Atatlrk
University Food Engineering Department were
used in the study (Goézitok, 2013; Dindar, 2017,
Cetin et al, 2017). The strains had been
enumerated, isolated and identified according to
Tournas et al. (1998), Speck (1984), Pichhardt
(2004), Tamang et al. (2005), and Vasdinyei and
Dea’k (2003). For this aim, MRS, M17 and PDA
media were used for enumeration and isolation.
Obtained isolates were genetically grouped by
using (GTG)s and MI13 RAPD PCR
Representive isolate of each group was identified
with 16S and 26S rRNA sequencing analysis. The
strains used in the study are shown in Table 1.

Method

Investigation of the source of the antifungal
effect by LABs

Yeast isolates kept in 40% glycerol solution at —
80 °C were revived on Sabouraud-2% Dextrose
Agar and incubated at 25 °C for 3-5 days. At the
end of the incubation, the yeast isolates were
adjusted to a concentration of 10* CFU/mL in
0.85% physiological saline (FTS). For each yeast
isolate, 0.1 mL of these suspensions was spread
on Sabouraud-2% Dextrose Agar and 7 (5 LAB,
1 negative control and 1 positive control) wells
were drilled into the solidified petri dishes
(Magaldi et al., 2004).

LABs stored in 40% glycerol solution at —80 °C
were revived on MRS (de man, Rogosa, Sharpe
Agar) Agar and incubated at 30 °C for 2-3 days.
Then, the colonies were inoculated into MRS
broth and incubated at 30 °C for 24 h. At the end
of this period, the growing LABs in MRS brohts
were centrifuged at 10000 g for 5 min. Thus, cell-
free  supernatants (CFS) obtained.
Neutralization, enzyme application and heat
treatment were performed on the CEFS for

were

determining the source of the antifungal effect.
For the neutralization process, pH of the CFS was
adjusted about 7+0.1 by 1 N NaOH in order to
eliminate the probable inhibitory effect of acids
produced by LABs on yeasts. Proteinase K,
pepsin and trypsin enzymes were added into the
CES to investigate the effect of proteins by LABs.
In addition, to determine the inhibitory properties
of molecules (such as heat sensitive proteolytic
enzymes and hydrogen peroxide), CFS were
subjected to heat treatment at 80 °C for 10 min
(Barbosa et al., 2016; Gutiérrez-Cortés et al.,
2018; Khodaei and Soltani Nezhad, 2018).

100 ul of the CFS was added into the wells on
Sabouraud-2% Dextrose Agar and incubated at
25 oC for 18 h. Sterile MRS broth was used as
negative control and Amphotericin-B was used as
positive control. At the end of the incubation, the
antifungal effects of LABs on yeasts were
determined by measuring the diameters of the
clear zones formed around the wells (Balouiri et
al., 2016). The Analysis was performed at two
duplicates for two independent experiments.

Determination of antibiotic resistance of
LABs

To determine the antibiotic resistance of the
LLABs, disc diffusion method was used. 9 different
antibiotics (ampicillin, vancomycin, gentamicin,
kanamycin, streptomycin, erythromycin,
clindamycin, tetracycline, and chloramphenicol)
recommended by FEuropean Food Safety
Authority (EFSA) were used. Fresh culture was
suspended in FTS and adjusted at 0.5 McFarland
(1.5x108 CFU/mL) by Biosan DEN-1 McFarland
Densitometer. This suspension was spread
homogeneously on MRS agar using a cotton
swab. Then, the antibiotic discs were placed on
the media. After the petri dishes were incubated
at 30 °C for 24 h, the diameters of the clear zones
around the discs were measured (EUCAST,
2021). This analysis was carried out duplicately.

Determination of growth abilities of LABs at
different temperatures, pH and salt
concentrations

In this study, the growth abilities of LABs at
different temperatures (at 10, 25 and 45 °C for 7
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days) were investigated. Readings were carried out
by a plate reader (Epoch, BioTek) at 600 nm. The
absorbance values obtained from LABs were
determined by comparing with the data obtained
from the negative control (sterile MRS broth).
LABs with the same absorbance as the negative
control were expressed as “—”, and LABs with
higher absorbance compared to the negative
control were expressed as “+” (Simsek et al.,
2000).

In order to determine the growth abilities of
LABs at different pH levels, the pH values of
MRS broth were adjusted to 2.5, 3.9, 5.0, 8.5 and
9.6 with HCl or NaOH. At end of the incubation
(at 30 °C for 48 h) in 96-well plates, readings were
performed at 600 nm in a plate reader (Epoch,
BioTek). The growth of LABs was investigated by
comparing the absorbances obtained from the
negative (pH-adjusted sterile MRS broth) and
positive control (LAB isolate inoculated into not
pH-adjusted MRS broth). As a result of this
comparison, growing isolates were expressed as
“+” and those not growing were expressed as “—
7 (Kask et al, 2003; Papamanoli et al.,, 2003;
Terzic-Vidojevic et al., 2009).

To determine the growth abilities of LABs at
different salt concentrations, MRS broth
containing 4, 6.5 and 10% NaCl was used. The
absorbance of the LABs incubated at 30 °C for 48
h in the media in 96-well plate was determined at
600 nm with a plate reader (Epoch, BioTek). The
absorbance values were compared with negative
(MRS broth containing 4, 6.5 or 10% NaCl) and
positive control (LAB isolate inoculated into MRS
broth without NaCl), and the LABs that showed
growth were expressed as “+” and those not
growing as “—" (Papamanoli et al., 2003).

Investigation of arginine hydrolysis of LABs
In order to determine the arginine hydrolysis of
the LABs, modified MRS broth recommended by
Drosinos et al. (2007) was used. LABs wete
inoculated into the modified MRS broth and
incubated at 30 °C for 3 days. Then, Nessler
reagent (Merck, Darmstadt, Germany) was used
to determine the hydrolysis of arginine. The
transformation of color to orange-brown has
been accepted as positive.

Gas formation from glucose by LABs

LABs were inoculated into modified MRS broth
recommended by Yildiz (2019) and incubated at
30 oC for 24 h. At the end of the incubation, the
gas formation ability of the LABs from glucose
was determined in the durham tubes. The gas-
forming LABs were heterofermentative (creating
CO> from glucose), and the non-gas-forming
bacteria were homofermentative (not creating
COs from glucose) (Yildiz, 2019).

Statistical analysis

Statistical analyzes were performed by using SPSS
version 17.0 package program (SPSS Inc,
Chicago, IL, USA). The results were evaluated by
using the Duncan multiple comparison test.
Analyzes in the study were carried out as 2
duplications, and P < 0.05 were considered
significantly different.

RESULTS AND DISCUSSION

Antifungal effect of LABs on yeasts and
determination of its source

The antifungal effects of the LABs on yeasts are
given in Table 1. The LABs used in the study had
antifungal effect on all yeasts, except Hanuseniaspora
opuntiae, Kagachstania exigna, Pichia fermentans. Some
studies shown that L. paracasei strains isolated
from fermented dairy products have an inhibitory
effect on yeasts (Shehata et al., 2018). In this
study, the isolate was effective on 6 of 9 yeast
isolates. In addition, L. paracasei strains isolated
from dairy products had antifungal effect on
Candida spp., the same effect was found in the
previous studies (Crowley et al., 2013; Ribes et al.,
2018). Abouloifaa et al. (2021) investigated the
antifungal activity of L. plantarum, L. pentosus and
L. brevis species isolated from green olive brine,
and reported the inhibitory effect of LABs on
Candida sp. Similar result was found in this study,
i.e. the inhibitory effect of L. plantarum and L.
brevis on Candida sorboxylosa. Bulgasem et al. (2016)
investigated the inhibitory effect of LABs (L.
plantarum, L. curvatus, P. acidilactici and P.
pentosacens) 1solated from honey on Candida spp.
According to the results, as in the study, the
inhibitory effect of L. plantarum isolate on Candida
spp. was reported.
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Table 1. The inhibition effect of LABs on the yeast isolates (inhibition zone, mm)

Hanseniaspora Candida Pichia Pichia Pichia Kazachstania — Pichia Pichia Pichia
opuntiae sorboxylosa  kudriavzevii klnyveri Fkluyveri var. exigna  fermentans — barkeri  membranifaciens
klnyveri
L. brevis P ND 14.0+2.8:48  13.0£2.848C  9.5+0.7:¢  10.5%0.728C ND ND 15.5£0.7+A  11.0£2.88C
E ND 12.5+3.5¢48  12.0£0.0448  15.0+2.8*4  10.0£0.0°8 ND ND 14.5+2.124  8.5%2.18
S ND 14.011.4+0  145%2.124  13.0+1.40 12,0128 ND ND 15.0£0.0¢*  14.0+2.8
L. P ND 10.5+3.5¢48  12,5£3.548  12.5+3.5:48  12,5£(.7248 ND ND 15.5+£0.7:4  9.5%2.128
Plantarum ~
E ND 11.0+£2.8:48  11.0£0.0448  13.5+0.7:  10.5%2.1248 ND ND 13.0£1.4%4  9.0+1.4
S ND 12.0+1.44  10.0£0.0¢4  11.5%£3.5"*  10.5£3.54 ND ND 14.5+£2.1:4  10.0£0.04
L. P ND 12.0£0.0+*  13.5%£0.7**  10.5+3.5* 12.5%2.12* ND ND 14.5£0.7+A  10.0+4.2:
P UND 1352218 110214MC 12552108 10.04285¢  ND ND 1404148 85+07:C
S ND 12.5+0.7:A8  10.520.728  12.0+4.2:A8  10.5%0.7:8 ND ND 15.0+0.0:4  10.5%+0.7:8
P. P ND 14.0£0.0048  17.0£1.44  8.0£0.0¢¢  12.0£1.4:8 ND ND 16.5+£0.7:4  14.0£4.2:48
rvulns
pa E ND 12.5+0.7>48C  17.0£2.8*A  8.0£0.0¢¢  9.5%2.12BC ND ND 16.0+1.40  14.5%6.428
S ND 13.0£0.0b8¢  13.0£0.04¢  10.0£2.8:¢  10.0+2.8:¢ ND ND 17.0£0.0:4  14.5£2.1248
Len. P ND 10.0£0.0*8  13.0+2.8:A8  11.0£1.45  10.5+2.18 ND ND 16.0+1.4:4  11.5+2.18
holzapfel
E ND 9.5£0.7°8  12.0£1.4248  9.5+2.18  12.0£2.848 ND ND 14.5+£0.7:4  9.5£2.128
S ND 11.5+0.738  12.0£1.48  11.5+0.78  10.0£0.0:® ND ND 14.0+1.44  14.0£1.42

The diameter of the wells used in the analysis was 6 mm; ND: not determined, P: pH neutralization, E: Enzyme
application, S: Heat treatment
Different letters in the same column (series “a and b”) and in the same row (series “A-D”) indicate significant

differences (P < 0.05).

The source of the antifungal effect of LABs was
investigated. Neutralization, enzyme application
and heat treatment were applied on the CFSs. It
was determined that the antifungal effect of any
isolate did not change statistically with these
applications (P > 0.05), except for the antifungal
effect of P. parvulus and Len. holzapfel on Candida
sorboxylosa (P < 0.05). For P. parvulus, the
neutralized CFSs showed the highest antifungal
activity, while the enzyme-applicated CFSs
showed the lowest effect (P < 0.05). Besides, for
CES of Len. holzapfel, heat treatment had the
highest antifungal activity, while enzyme
application had lowest (P < 0.05). According to
these results, the proteins produced by LABs have
a significant effect on the growth of yeasts. In this
study, proteinase K, pepsin and trypsin enzymes
were used to reduce or eliminate the effect of
these proteins. It was observed that antifungal
effect of the LABs on vyeasts decreased
significantly with the addition of these enzymes (P
< 0.05). In addition, these proteins, which have
antifungal effect, may differ in their resistance to

temperature and pH changes due to their
configurational differences. Therefore,
neutralized and heat-treated CES of P. parvulus
and Lexn. holzapfel may have exhibited different
antifungal effects among themselves. In the study
by Barbosa et al. (2016), the sensitivity of
compounds produced by LABs to enzyme and
pH applications were investigated. According to
the results, the antimicrobial effect of these
compounds decreased when exposed to enzymes
such as proteinase K, trypsin and pepsin, but they
remained stable at pH 6. Gutiérrez-Cortés et al.
(2018) tested whether the activities of
antimicrobial substances from Pediococcus  sp.
decreased with neutralization, enzyme application
and heat treatment. The results showed that the
application of proteinase K and pepsin enzymes
reduced the antifungal effect by 53-95%, pH 6 by
0-15%, and heat treatment at 80 °C by 21-32%.
The results obtained from this study are in
accordance with the above study.
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The zone was not observed in the negative
controls. The sensitivity of Hanseniaspora opuntiae,
Candida  sorboxylosa,  Pichia  kndriavgevii, Pichia
kinyvers, Pichia kluyveri var. kinyveri, Kazachstania
excigna, Pichia fermentans, Pichia barkeri and Pichia
membranifaciens to amphotericin-B was determined
as 21.0, 23.0, 17.5, 21.5, 16.5, 15.0, 18.0, 16.0 and
20.5 mm, respectively.

Determination of antibiotic resistance of
LABs

The resistance of the LABs to antibiotics
(ampicillin, vancomycin, gentamicin, kanamycin,

streptomycin, erythromycin, clindamycin,
tetracycline  and  chloramphenicol)  was
investigated (Table 2). All of the LABs were
found to be sensitive to all antibiotics, except
vancomycin for all LABs, gentamicin for L.
paracasei, kanamycin and streptomycin for P.
parvulus. 1t is known that LABs are naturally
resistant to some antibiotics (Meral and
Korukluoglu, 2014). The resistance of the above-
mentioned LABs to antibiotics vancomycin,
gentamicin, kanamycin and streptomycin may be
due to natural resistance.

Table 2. Resistance of LABs against antibiotics (inhibition zone, mm)

Antibiotics
AMP VA CN K S E DA TE C
L. brevis 28.0+0.0 ND 185+0.5 16.5+0.5 19.0£0.0 38.0+0.0 16.5+0.5 26.5+£0.5 27.0%1.0
L. plantarnm 41.5£0.5 ND 24.0%£0.0 21.0£1.0 21.0£1.0 41.0£1.0 37.0£1.0 39.0£1.0 51.0%1.0
L. paracasei 32,0£0.0 ND ND 15.0£1.0 23.0£1.0 45.0x1.0 47.0£1.0 33.0£1.0 34.5%0.5
P. parvulus 40.0£1.0 ND 21.0%£1.0 ND ND 37.0£1.0 42.0%£0.0 33.0£1.0 35.0%1.0
Len.holzapfel 27.5+0.5 ND 13.5%+0.5 10.0+0.0 11.0£0.0 27.5+x0.5 36.0+0.0 33.5+0.5 27.5+0.5

Abbreviations: AMP: ampicillin (2 pg), VA: vancomycin (5 pg), CN: gentamicin (10 pg), K: kanamycin (30 pg), S:
streptomycin (25 pg), E: erythromycin (15 pg), DA: clindamycin (2 pg), TE: tetracycline (10 ng), C: chloramphenicol

(10 pg), ND: not determined

In the study by Zeng et al. (2020), the antibiotic
resistance of L.  plantarum isolated from
homemade Chinese pickles was investigated. As a
result of the study, L. plantarum isolates were
sensitive to all antibiotics, except vancomycin.
Similar results were reported by Guo et al. (2017).
The obtained results in this study are in
accordance with the above studies.

In the study conducted by Wu et al. (2021),
antibiotic resistance analysis was applied to 17
LABs isolated from local pickled leaf mustard
from Wuwei. The LABs were sensitive to
chloramphenicol, tetracycline and erythromycin,
while they were resistant to streptomycin,
kanamycin, gentamicin, and vancomycin. The
obtained results in this study are consistent with
the study.

Determination of growth abilities of LABs at

different temperatures, pH and salt
concentrations

The growth abilities of 5 pickle-derived LABs at
different  temperatures, pH and salt

concentrations were investigated. The results

obtained from these analyzes are given in Table 3.
The LABs grew at 10 °C, except for L. plantarum
and Len. holzapfel (weak growth). On the other
hand, all isolates grew at 25 °C. The growth
abilities of the bacteria at 45 °C were weak, except
tor L. plantarum (no growth). In the studies of
Yildiz (2011) and Bayrak (2019), LABs isolated
from pickles can grow at moderate temperatures
(10 and 15 °C). In addition, their development
was weak at 45 °C. In this respect, the results
obtained from the study are in agreement with
these literatures. In addition, since pickle
fermentation is carried out at room temperatures,
it is an expected result that all strains will develop
at 25 °C (Diker et al., 2021; Gezginc and Inanc,
2021). In the study of Basdogan (2020), all of 114
LAB:s isolated from pickles showed growth at 25
°C.

The growth abilities of the LABs at different pH
values (2.5, 3.9, 5.0, 8.5 and 9.6) were investigated.
None of the isolates could grow at pH values of
2.5 and 9.6. All of the LABs grew at pH 3.9 and
5.0. On the contrary, L. plantarum, L. paracasei and
Len. holzapfel showed better growth at pH 8.5,
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while L. brevis and P. parvulus failed to grow. In the
study conducted by Saez et al. (2018), the growth
abilities of L. plantarum isolated from pickle
samples at different pH were investigated. This
isolate showed growth at pH 4 and 5. Tokatli
(2013) determined that pickle-derived L. plantarum

isolates showed good resistance to high pH, while
P. parvulns and L. brevis strains were found to be
more sensitive to that. The results obtained from
this study are in accordance with the above
studies.

Table 3. Growth abilities of LABs at different temperatures, pH and salt concentrations

Temperature (°C) pH Salt concentration (%)

10 25 45 25 39 50 85 96 4 6.5 10
L. brevis ++ 44+ + - ++ 4+ — — ++ + —
L. plantarum e o S i o S +++ -
L. paracasei ++ S+t + - t+  ++ ++ — +++ ++ -
P. parvulus ++ 44+ + — + ++ — — ++ _ _
Leu. holzapfel + o+ttt + e ++ - _

—: No growth; +: absorbance close to negative control, weak growth; ++: good growth; +++: absorbance close to

positive control, very good growth

The growth abilities of the LABs at 4, 6.5 and
10% salt concentrations were investigated. None
of the isolates could grow at 10% salt
concentration. On the other hand, L. plantarum
and L. paracasei showed better growth at 4% salt
concentration than L. brevis, P. parvulus and Len.
holzapfel. In addition, L. brevis, L. plantarum and L.
paracasei  showed growth at 6.5%  salt
concentration while P. parvulus and Leu. holzapfe!
did not (Table 3). It is known that LABs isolated
from pickles show a decrease in their growth
abilities with the increase of salt content in the
medium. It is also available in the literature that
these isolates can tolerate 4% salt concentration
(Tokatli, 2013; Saez et al, 2018). As above-
mentioned, in this study, the growth decreased
with the increasing salt content in the medium
and all of the isolates tolerated 4% salt
concentration. Considering the ability of the
LABs to grow at different salt concentrations,
growth performance of L. plantarum in medium
containing 6.5% salt draws attention. In the study
conducted by Karasu et al. (2010), 11 of 12 pickle-

derived L. plantarum isolates could tolerate 8% salt
content.

Investigation of arginine hydrolysis of LABs
The ability of the LABs used in the study to form
ammonia from arginine was investigated (Table
4). According to the results obtained, none of the
LABs hydrolyzed to arginine. Arginine hydrolysis
is an important criteria for the selection of starter
cultures. Because, ammonia from arginine has
toxic effect and plays an important role in the
formation of biogenic amines (Ozogul and
Ozogul 2007). In the study by Tokatli (2013), 87
of 142 LABs isolated from pickle samples did not
hydrolyze arginine. Sanchez et al. (2000) reported
that 96 of 149 LABs isolated from Almagro
egoplants, a fermented vegetable, did not
hydrolyze arginine. According to the studies
above-mentioned, the majority of LABs do not
hydrolyze arginine. Therefore, the data obtained
from our study are similar to these studies, since
none of the 5 LABs obtained from pickles, which
constitute the dominant flora, did not hydrolyze
arginine.

Table 4. Ability of forming gas from glucose and arginine hydrolysis of LABs

L. brevis L. plantarum

L. paracase

P. parvulus Len. holzapfe!

Arginine hydrolysis - -

Gas from glucose + -

- - +
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Gas formation from glucose by LABs

The results of the gas formation test from glucose
of the LABs are given in Table 4. According to
the results, L. brevis and Len. holzapfe/ formed gas
from glucose. These isolates were evaluated as
heterofermentative. It is known that Lexconostoc
spp- originating from pickles is
heterofermentative (Dallal et al, 2017). In
addition, in the study conducted by Tokatli
(2013), the technological properties of LABs
isolated from pickle samples were investigated.
He reported that most of L. brevis strains
producted gas from glucose, that is, they were
heterofermentative. The results obtained from
this study are in accordance with the above study.

CONCLUSION

Fermentation is a widely used method for food
preservation. In addition to increasing the shelf
life of foods with fermentation, it is possible to
produce more desired products by the consumer
and to take compounds that have positive effects
on human and public health. However, the
spontaneous production of pickles, which is an
important fermented product, may cause the
standard product not to be obtained in every
production. In order to obtain standard
fermented products, the use of starter cultures
should be encouraged and the wuse of
microorganisms, which are safety and healthy,
should be increased in traditional productions. In
otder for a microorganism to be used as a starter
culture, it should show good growth in
fermentation conditions and product matrix,
should not have negative effects on health, should
not cause undesirable changes in the product, and
should compete with spoiling microorganisms.
All LABs used in the study were found to have
antifungal effects on all yeasts, except for
Hanseniaspora opuntiae, Kagachstania exigna, Pichia
fermentans, and these isolates developed at 25 °C,
which is the pickle fermentation temperature. On
the other hand, L. brevis, L. plantarum and L.
paracasei showed growth at pH 3.9 and 6.5% salt
concentration. Considering the pickle
environment, it is thought that these isolates can
be used as starter cultures in pickle production.
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oz

Canlilar icin esansiyel bir element olan bor madeninin diinya tizerindeki en zengin rezerv potansiyeli
Thurkiye’de bulunmaktadir. Bor minerali, endiistri ve tarim basta olmak tzere bircok alanda kullanilmaktadir.
Dogada cesitli formlarda bulunan, topraktan bitkilere ve icme sularina transfer olan bor, insan viicuduna
beslenme, soluma ve deri ile temas yollartyla gecmektedir. Bor bilesiklerinin saghk tizerindeki biyokimyasal
ve metabolik etkileri oldukea fazladir. Bu ¢alisma borun insanlar, hayvanlar ve mikroorganizmalar Gzerindeki
olasi etkilerinden yola ¢tkiarak gida sanayisinde kullaniminin arastirlmasini kapsamaktadir. Yapilan
calismalara bakildiginda bor, gida sanayisinde, gidalarin mikrobiyel bozulmalariin 6nlenmesi, besin 6gesi
acisindan  zenginlestirilmesi, tekstiirel 6zelliklerinin gelistirilmesi, raf émriinin arttrilmast ve duyusal
Ozelliklerinin  korunmasinda kullandmistir. Ancak bununla ilgili daha kapsamli ¢alismalarin iilkemizde
yapilmasina ihtiya¢ duyulmaktadir.

Anahtar kelimeler: Bor, gida, saglik.

ANTIMICROBIAL EFFECTS OF BORON AND EVALUATION OF USAGE
OPPORTUNITIES AS A PRESERVATIVE IN FOODS

ABSTRACT

The wortld's richest resoutces of boron, an essential element for living things, are found in Turkey.
Boron mineral is used in many fields, especially in industry and agriculture. Boron, which is found in
various forms in nature and transferred from soil to plants and drinking water, enters human life
through nutrition, breathing and skin. The biochemical and metabolic effects of boron compounds
on health are quite high. This study covers the investigation of the use of boron in the food industry
based on its possible effects on humans, animals and microorganisms. When we look at the studies,
boron has been used in the food industry to prevent microbial spoilage of foods, to enrich them in
terms of nutrients, to improve their textural properties, to increase shelf life and to protect their
sensory properties. However, there is a need for more comprehensive studies on this subject in our
country.

Keywords: Boron, food, health.
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GIRIS
Periyodik cetvelin 3 A grubu elementi olan Bor
(B), yart iletken ve yart metal Ozellige sahiptir.
Atom numarast 5 olan bor, oksijen ile bag
reaksiyona  girmeye yatkin  bir  element
oldugundan dolay1 dogada serbest halde
bulunmak yerine farklli elementlerin oksitleri
halinde, farkli bilesikler olarak bulunmaktadir
(Aydin  vd., 2018; Kilarslan, 2020). Bu
bilesiklerden en o6nemli olanlar Kolemanit,
Uleksit, Tinkal gibi sodyum veya kalsiyum
boratlar olmakla bitlikte, tabiatta yaklastk 250 ¢esit
bor minerali oldugu bilinmektedir (Demirtas,
2010). Toz ve kristal graniiler halde bulunmasina
karsin suda ¢ok ¢abuk eriyebilitler. Bu bilesikler
dogal bor triinleri olarak siniflandiriimaktadir ve
birinci grubu olusturmaktadir. Bunun yaninda
ikinci grup ise bor cevherinin ham veya konsantre
hallerde hammadde olarak  kullanimasiyla;
kurutma, ¢6zme, kristalizasyon, filtrasyon gibi
kimyasal islemlerden gegirilmesi sonucu tretilen
Urtnler olan rafine bor urtnleridir. Borik asit,
boraks pentahidrat, susuz boraks, bor oksit,
boraks dekahidrat, sodyum oktaborat tetrahidrat
(DOT) ve sodyum perborat bilesikleri bu grupta
bulunmaktadir. Bu driinler diinyada en ¢ok
uretilen ve tiketilen bor bilesikleri olmakla
birlikte, bircok endistride hammadde olarak
kullanilmaktadir (Yakinct ve Kék, 2016). Ugiinci
grupta genellikle bor oksit veya borik asidin
hammadde olarak kullanilmasiyla tiretilen tGriinler
olan O6zel bor kimyasallari bulunmaktadir. Bu
grupta en yaygin tretilen kimyasallar ferrobor, bor
karbir, ¢inko borat, 6zel sodyum boratlar, bor
nitriir, inorganik boratlar, elementer bor, bor
hidrir, trimetil borat, bor halojentrler, bor azot
bilesikleri, borik asit esterleri, organobor
bilesikleti, fluoroborikasit ve fluoroboratlar olarak
bilinmektedir (TMMOB, 2016).

Dinyada  bor  kaynaklariin  dagilimina
bakidiginda %73.8’lik bir paya sahip olan Tirkiye
birinci stradadir (Emir, 2017; Kilicarslan, 2020).
Ulkemizdeki bor yataklart Balikesir, Bursa,
Eskisehir ve Kiitahya’da bulunmaktadir (Mermer,
2018). Turkiye’de bor rezervleri isletilmek yerine
genellikle ham madde olarak baska tlkelere ihra¢
edilmektedir. Bundan dolayt bor, tlkemizden

ihrac edilen maden trtinleri arasinda ilk siradadir
(Deliboran, 2020).

Zamanla degisen ve gelisen Ar-Ge sistemi, bor
rezervlerini diger Ulkelere satmak yerine katma
degeri yiiksek triinlere doniistirtlerek satilmasint
daha mantikli hale getirmistir. Bu distnce
dogrultusunda yapilacak calismalarin daha etkin
degerlendirilebilmesi amactyla 2003 yilinda Ulusal
Bor Arastirma Enstitisi (BOREN) kurulmustur.
Bu tarihten itibaren tlkemizde bor ile ilgili yapilan
calismalar TUBITAK ve BOREN tarafindan
etkin olarak desteklenmektedir (Ozaslan, 2017).

Ulkemizde ve diinyada siirekli olarak yasam
standartlarinin  yikselmesi ve  teknolojinin
gelismesi, bor bilegiklerine olan ihtiyact ve
dolayisiyla  talebi  arttirmustir.  Teknolojik
gelismeler sonucu bor madeni i¢in farkli kullanim
alanlart meydana gelmekte ve bu tirtinlerin Gretimi
s6z konusu olmaktadir. Bor bilesikleri, normal
sartlarda canldarin sagligi ve cevre givenligi
acisindan  risk olusturmamast, bazt kullanim
alanlarinda  ikamesinin olmamast veya bazi
durumlarda farkli ikamelerine kiyasla daha
avantajli olmasi sebebiyle diinyadaki bircok dogal
kaynaga gére daha fazla 6neme sahiptir (TMMOB
2016; Ozaslan, 2017).

Cesitli bor bilesikleri; makine sanayisi, otomobil
sanayisi, askeri alan ve zirhli araglarin Gretimi, uzay
ve havacilik sanayisi, elektronik ve bilgisayar
sanayisi, nikleer sanayisi, enerji sektorii, kimya,
kozmetik ve ilag sanayisi, plastik, kagit ve kaucuk
sanayisi, metalurji sanayisi, cam ve seramik

sanayisi, tekstil sekt6rdi, tarim sektord, tp
alanlarinda  basartyla  kullamilmaktadir.  Borun
kullantm alanlarinin = ¢ok c¢esitli  olmast  ve

tlkemizin bor rezervi bakimindan dinyada ilk

sirada yer almasi, Turkiye icin ulusal ve
uluslararast alanlarda etkin olarak
degerlendirilmesi gereken bir firsat niteligi

tasimaktadir (TMMOB, 2016; Kilicarslan, 2020).

DOGADA BULUNMA KAYNAKLARI VE
VUCUDA ALIM YOLLARI

Bor havada ortalama 20 ng/m?, deniz suyunda 4.6
mg/L, toprakta olarak 5-150 mg/kg ve yer
kabugunda 10 mg/ kg miktarinda bulunur
(Ugkun, 2013). Bor toprak ve sudan bitkilere, bu



Borun antimikrobiyel etkisi

vasttalarla da insan ve hayvanlara gecer (Yakinct
ve Kok, 20106). Insan viicuduna ag1z, solunum ve
deri yoluyla girebilmektedir. Viicuda alinan bor
miktarinin yag ve cinsiyete gore degisiklik
gOsterdigi tespit edilmistir. Yapilan calismalarda,
besinlerle alinan oranin erkeklerde bayanlara gore
daha fazla oldugu ve yas iletledik¢ce bor aliminin
daha fazla oldugu belirtilmistir (Ozaslan, 2017).

Aragtirmalara gére viicuda alinan ginlik bor
miktar1, diyette yer alan gidalarin bor igerigiyle
dogru orantihdir. Saglk acisindan borun ana
kaynagini bitkisel driinler olusturur (Yakinct ve
Kok, 2010).

Literatiire gbre, borca zengin olan gidalar arasinda
yesil yaprakli sebzeler (1-6 ppm), bazi meyveler,
kuru baklagiller (10-45 ppm) ve kabuklu yemisler
yer almaktadir. Balik, et ve siit Griinleri ise bor
bakimindan fakir olmasina ragmen stt ve Grtinleri
beslenme diizenimizde daha fazla yer aldiklart i¢in
gunliik diyetle bor alinmasina buyiik 6l¢iide katkt

saglamast  mumkindir (Kuru  vd., 2019
Demircan ve Velioglu, 2020). Guda triinlerinde
ve icme sularinda ¢ok az miktarda bor

bulunmaktadir. Yetiskin bir insanin giinde 1-13
mg bor almasinda bir sakinca goriilmedigi gibi,
ginlitk 3 mg bor alimi yeterli g6rilmistir
(Mermer, 2018). Glinlik diyetle bu dozu alamayan
kisilerin yeterli ve dengeli beslenme amaciyla
ginde 3 mg elementel boru gida takviyesi olarak
almalar1  6nerilmistir.  Borun metabolizmaya
aliminda en fazla kullanilan formlari bor sitrat, bor
glisinat, sodyum borat ve bor aspartat olarak
belirtilmistir (Alan, 2017, Demir ve Cicioglu,
2019; Aslan ve Ayaz, 2019; Ozenoglu vd., 2021).

BOR METABOLIZMASI

Yetiskinler icin glinlik ortalama bor alimlari
erkeklerde, kadinlarda, vejetaryen erkek ve
kadinlarda sirastyla 1.17, 0.96, 1.47 ve 1.29
mg/glin  olarak Dbelirtilmistir  (Demircan ve
Velioglu, 2020). Bor bilesikleri beslenme yoluyla
viicuda alindiginda, sindirim sistemimizde hizl bir
bicimde parcalanarak borik asit formuna
dontstirilir ve biyolojik formlart su, kan ve
tikirtk gibi fizyolojik sivilarda ¢6ziinerek kan
aractlit ile dokulara dagilir. Gunliik diyet ile veya
gida takviyesi olarak viicuda aldigimiz bor
bilesiklerinin %84-95’inin vicuttan atilmast idrar

ile olmaktadir. Geri kalan kismi viicut tarafindan
emilir ve emilen bor bilesiklerinin sac, kil, kemik,
dis, tirnak, dalak ve karaciger gibi organlarda
biriktigi bilinmektedir (Parlatan, 2018; Deliboran,
2020).

BOR VE SAGLIK

Insanlarin ~ yasamlarni  saglikli  bir  sekilde
surdirmesi icin gereken fiziksel —aktiviteyi
saglamast, diizen aliskanligr gelistirmesi ve saglikli
beslenmeyi aliskanlik haline getirmesi gereklidi.
Sagliklt beslenmedeki hedef; yeterli ve dengeli
beslenmenin saglanmasidir (Aslan ve Ayaz, 2019).

Bor bilesiklerinin 1980°li yillara kadar yalnizca
bitkiler icin 6nemli oldugu disintlmekteydi.
Ancak sonralarda yapilan arastirmalar, borun
ashinda insan sagligl acisindan da ¢ok yararh bir
element oldugunu ortaya koymustur (Demirtas,
2010).

Oncelikle hiicresel diizeyde bakilacak olursa,
borun yaptigi gérevler; metabolik aktivitelerin
desteklenmesi, hicre membrant islevlerine
yardimct  olunmast ve hiicre duvarina sahip
canlilarda duvar yapisinin desteklenmesi olacak
sckilde 3 ana baglikta toplanabilir (Gines vd,,
2017; Parlatan, 2018).

Borun viicutta vitamin D ve kalsiyum
minerallerinin = diizenlenmesinde rol oynadig
dikkat ¢ekmektedir. Magnezyum ve Kalsiyumun
viicuttan kaybint ve azalmasini 6nlemek yoluyla,
dis ve kemiklerin yapisini korudugu ve artrit
agrilarint azaltgl belirlenmistir (Yin vd., 2018,
Sogut ve Acar, 2020).

Bor, hiicrelerdeki indirgenmis glutatyon miktarint
arttirarak oksidatif stresi ve bunun sonucunda
olugabilecek oksidatif hasart azaltmaktadir (S6git
ve Acar, 2020). Yara iyilesmesi, iltihabin
giderilmesi ve bagisiklik tzerinde olumlu etkileri
bulunmaktadir. Gentamisin tedavisi sirasinda
kanda hemoglabin dizeyinin azalmasint 6nledigi
tespit edilmistir (Kuru ve Yarat, 2017; Durmus
vd.,, 2018; Acaroz vd., 2019). Goz
iltthaplanmalarinda  sterilizasyon aract olarak
kullamildig bildirilmistir (Yakinet ve Kok, 2016).

401



402

S. Baskan, E. Kili¢ Kanak, S. Oztiirk Yilmaz

Bir¢ok calisma borun Gstrojen, tiroid hormonu,
insilin, progesteron, steroid ve testosteron
seviyelerini olumlu  yonde etkiledigini
gOstermektedir. Aynt zamanda ataroskleroza katst
kotuyucu rol oynadigt bilinmektedir. Bor
bilesiklerinin kanser hiicrelerine karsi sitotoksik
etki gOsterdigi ve bazt  kanser tlrlerinin
gelismesine karst  koruyucu oldugu yoéntnde
bulgulara rastlanmaktadir. Insanlar itizerinde
yapilan calismalarda, artan bor alimi ile beraber
akciger kanseri, prostat kanseri ve anormal
servikal =~ sitopatoloji  riskinin azaldigt  tespit
edilmistir (Kuru ve Yarat, 2017; Aydin vd., 2018;
Celik vd., 2020; Ségiut ve Acar, 2020; Ersoz,
2021).

Bor bilesiklerinin zihinsel performans ve beyin
fonksiyonlari tizerinde etkili oldugu bildirilmistir.
Gunltk diyetle yeterli diizeyde bor alinmadig
durumlarda insanlarin el-géz koordinasyonunun
bozuldugu, dikkat ve algllamanin azaldigy, ayrica
uzun ve kisa siireli hafizanin 6nemli diizeyde
bozuldugu gorilebilmektedir (Aydin vd., 2018).
Takviye edici gida seklinde bor alindiginda kugik
yastaki cocuklarda okul becerileri ve &6grenme
yeteneklerinin artt@1, sportif performansin ve
atletik viicut yapisinin  gelistigi  gézlenmistir.
Riboflavin  (Vitamin B2), Magnezyum ve
Kalsiyum icerecek sekilde, mineral ve vitaminler
le dengeli sekilde alindiginda borun olumlu
etkisinin daha fazla olacagt  belirtilmistir
(Demirtas, 2010).

Ayrica borun antioksidan enzim aktivitesini
arttrdigl ve kollajen enzimlerini etkileyerek erken
yaslanmayt  Onleyici  etkileri  bulunmaktadir
(TMMOB, 2016). Bor bilesikleri eklem iltihabt,
osteoporoz, halsizlik, bazi sinir hastaliklart ve
depresyon gibi rahatsizliklarin tedavisi i¢in de
kullanilmaktadir (Acaréz, 2017). Saglik alaninda
borun kanser tedavisinden obeziteye kadar ¢ok
o6nemli bir yere sahip oldugu ifade edilmektedir
(Yakinet ve Kok, 2016).

ZARARLI ETKILERI VE TOKSISITESI

Literatiire bakildiginda, bor bilesiklerinin insanlar
tzerindeki zararlt ve toksik etkilerini belirlemek
icin yapilmis ¢ok fazla calisma olmamasina
ragmen, yapilmis olan calismalar yiyecekler ve

icme suyu ile alinan normal diizeylerde borun
sagligt olumsuz etkilemedigini géstermistit.

Yapilan arastirmalar sonucunda borun toksik
etkisinin ¢ok diisitk oldugu belirtilmistir. Borik
asit icin belirlenen en dustik letal doz insanlarda
oral yolla alimda 640 mg/kg, deriden emilim
yoluyla alimda 8600 mg/kg ve enjeksiyon ile
alimda 29 mg/kg olarak kabul edilmistir (Ozaslan,
2017). 15-30 g boraks veya 2-5 g borik asit
dogrudan alindiginda akut etkileri meydana
gelmektedir. Giinlik 5-10 g boraks aliminin
olmast durumunda, kronik olarak protein
mekanizmasinin  etkilendigi ve idrardaki azot
miktarinin arttigr gérilmistir.

Bor Dbilesiklerinin = vicuda fazla  alinmast
durumunda olas1 toksik etkileri yetiskin bireylerde,
kusma, ishal, bas agrisi, heyecan veya depresyon;
cocuklarda ise havale, koma gibi beyin zar
tahribatt gibi etkiler g6rtlir. Ancak normal
beslenme diizeninde yiyecekler ve igme suyu ile
alinan bor miktarinin, belirtilen limitleri asmasi
miimkiin ~ olmamaktadir  (Ozaslan, 2017,
Demirtas, 2010; Topal vd., 2017).

ANTIMIKROBIYEL ETKILERI VE BOR
ICEREN BIYOAKTIF BILESIKLER

Bor bilesiklerinin  antimikrobiyel etkilerinin
arastirilmasi amaciyla yapilan calismalarda bazi
bor bilesiklerinin  antibakteriyel, bazilarinin

antifungal etkilerinin oldugu tespit edilmis olup,
bu 6zelliklerinden dolay1 ila¢ endiistrisinin ilgi
alan1 haline gelmistir (Acaréz, 2017). Asagidaki
cizelgede borun antimikrobiyel &zelliklerine dair
bazt calismalarin sonuglart 6zetlenmistir.

GIDA URUNLERINE KATILMA
OLANAKLARI
Beslenme, kisinin hayatt boyunca yasamsal

fonksiyonlarini devam ettirebilmesi, saglkli ve
tretken olarak yasayabilmesi, biiyiime ve gelismesi
icin gerekli olan besinleri alip
kullanmasidir.  Viicudun gereksinim duydugu
bitin besin maddelerinden dengeli ve yeterli
miktarlarda olacak sekilde ve uygun zamanda
tiketilmesi saglikli beslenme olarak tanimlanir
(Ozenoglu vd., 2021). Gidalarin viicuda besin ve
enerji saglama fonksiyonlarina ek olarak,
fizyolojik streclere olumlu etki ederek, sagliga
katki saglayabilen ve bu O6zellikteki biyoaktif

vicuduna
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Disodyum oktaborat

Aspergillus niger

kimyasallar1 ~ yapisinda  bulunduran besinler
fonksiyonel gida olarak degerlendirilmektedir
(Aslan ve Ayaz, 2019).
Cizelge 1. Bor bilesiklerinin mikroorganizmalar tizerindeki etkileri
Bilesik Mikroorganizma Etki Kaynak
Borik asit Enterococcus faecalis Antibakteriyel (Zan vd., 2013)
Potasyum tetraborat Botrytis cinerea Antifungal (Qin vd., 2010)
Etidot-67 ve boraks e .
dekahidrat Penicillinm expansum Antifungal (Erper vd., 2019)
Borik asit Listeria monocytogenes, Staphylococcus Antibakteriyel (ilhan vd., 2019)
anrens
Borik asit Idrarda bulunan tim bakteri ve Angbaktenyel, (Meers ve Chow, 1990)
funguslar antifungal
Borik asit ve kalsiyum . .
askorbatoborat esterleri Staphylococcus anrens Antibakteriyel (Tutulescu vd., 2018)
anrf;l:gflt ve asetik asie Staphylococcus pseudintermedins Antibakteriyel (Haesebrouck vd., 2009)
Sodyum tetrafloroborat ve . . . . .
Xanthomonas aXonopodis pv. Phaseoli  Antibakteriyel (Gediik vd., 2020)
Potasyum tetrafloroborat
’|//ﬂfﬂ . Y 7l
. ‘ Sz‘apb. s aurenus, P. 5 Antibakeriyel ‘
Dioksaborepin aeruginosa (Pir, 2021)
Enterococcus faecalis, Escherichia coli Antibakteriyel
Amoksisilin + Bor katkilt  Staphylococcus aurens, Escherichia coli, . -
Hidroksiapetit Klebsiella pnenmoniae Antibakteriyel (Gakir, 2018)
Boromisin Bazi mantar ve protozoa tirlerive ..o . (Saglam vd., 2013; Ségiit
gram (+) bakteriler Oldiirict etki ve Acar, 2020)
Orgonabor C. albicans ve Candida glabrata Oldiiriicii etki (Larsen vd., 2018)
Prevotella intermedia, Porphyromonas Oldiiriicii etki (Dibek vd., 2020; Saglam
Borik asit kinolin esterleti  gingivalis, Eunbacterium nodatum ve uruen e vd., 2013; Luan vd.,
Treponema denticola 2008)
Aplasmomisin Gram (+) bakteriler Antibakteriyel
. HIV, protozoalar ve Gram (+) Antiviral, antifungal
Boromisin . . .
bakteriler ve antibakteriyel
Tartrolon Staphylococcus aurens Bakterisidal
Tartrolon E Psendomonas aeruginosa Antibakteriyel
Staphylococcus anrens Antibakteriyel .
. — (Dibek vd., 2020)
Borteozomib Antikarsinojen
Tavaborole Trichophyton mentagrophytes Antifungal
Vaborbaktam Enterobacteriaceae Antibakteriyel,
Benzoksaborol TW&/?O]?}J]I‘WZ rubrum, T. mentagrophytes  Antifungal
ve Epidermophyton floccosum
Akoziborol Trypanosoma brucei Antiprotozoal
Borik asit Candida albicans Antifungal (Larsen vd., 2018)
Borik asit Staphylococeus aurens Antibakeeriyel
Sodyum pentaborat Pseudomonas aeruginosa,
Disodyum oktaborat
Borik asit C. albicans
Sodyum pentaborat - oL, Antifungal (Argin vd., 2019)
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Bor gida sanayissnde, gidalarin  mikrobiyel
bozulmalarinin dnlenmesi, besin 6gesi agisitndan
zenginlestirilmesi, tekstiirel Ozelliklerinin
gelistirilmesi, raf 6mriiniin arttirtlmast ve duyusal
Ozelliklerinin korunmasinda basarili bir sekilde
kullanilmustir. Gida sanayisinde bor kullanilirken
gidanin icerigi ve yapist, borun formu ve kullanim
dizeyine (0.16 mg boron/kg) dikkat edilmelidit.
Ayrica borun gidada parcalanmasinda agiga ctkan
bilesenlerin insan sagligi acisindan 6nemi dikkate
alinmali buna gbre katki maddesinin yasal
spesifikasyonlari  olusturulmalidir  (Giiney ve
Gokmen, 2019).

Bunu diizenlemek amaciyla bazi gidalarda borik
asidin kullanimuyla ilgili mevzuat ve siurlamalar
mevcuttur. Ornegin Tirk Gida Kodeksi Katki
Maddeleri Yonetmeligi'nde borik asidin mersin
balig1 yumurtasinda 4000 ppm kadar kullanimina
miisaade  edilmistir  (Anonymous,  2013).
Avrupa’da ise su Urtnlerinde Codex Alimentarius
Commission (CAC) 2014’e gére bor kullanilmasi
yasaklanmistir ~ (CAC, 2014). Bu katk
maddelerinin  kullaniminda tlketici saghgt ve
insanlarin glnlik alim dizeyleri (ADI) mutlaka
dikkate alinmasi gerekir (EFSA, 2013; FAO,
2019).

1870 yillarinda borik asit ve boraks bilesiklerinin
gidalarda mikrobiyolojik bozulmalari engellemek
icin  kullanmilabilecegi  kesfedilmigtir. ~ Borat
kullanimi, et ve st urdnleri ile baligin
mikrobiyolojik olarak korunmast icin en iyi
yontemlerden biri olarak gériilmustiir (Demircan
ve Velioglu, 2020).

Ulkemizde borik asidin et ve siit iriinlerinde
kullanimiyla ilgili calismalar yapilmaya
baslanmustir.  Yapilan bu calismalarda 6zellikle
bazi et ve sit Urlnlerinin raf Smrinin %25
uzadi@ tespit edilmis, ayrica aynt ¢alismada borun
insan saghgt acisindan da Snemli oldugu ve
Ozellikle kanser vakalar1 gibi 6nemli hastaliklarin
onlenmesinde umut verici oldugu vurgulanmistir
(Shuler vd., 1990; Hunt vd., 1991; Demirtas,
2010).

Borik asit turuncgillerde antifungal, meyvelerde
kif oOnleyici olarak kullanilmistir (Guney ve

Gokmen, 2019). Yetistirme siiresince cileklerde
Kalsiyum+Bor uygulamasinin raf dmri boyunca
meyve eti sertlifinin ve rengin korunmasinda ve
fitokimyasal degisimleri tzerine olumlu ydnde
katki sagladigs tespit edilmistir (Ozkaya vd., 2017).

Son yillarda bor bilesiklerinin, yenilebilir jelatin
film ambalajlarin Giretiminde antimikrobiyel ajan
olarak bagarili bir sekilde kullanilabilecegi tespit
edilmistir (Argin vd., 2019)

Amerika Gida Takviyesi Veri Tabani (The Dietary
Supplement Label Database) verilerine gore, 2357
gida  takviyesi drtinde bor  bulundugu
bilinmektedir. Gida endistrisinde borun kullanim
formlarindan  bazilari, bor sitrat, kalsiyum
fruktoborat, bor glisinat selatlari, bor askorbat,
bor aspartat ve sodyum borat seklindedir (Kuru
ve Yarat, 2017).

SONUC

Bor, saghk sektériinden kimya alanina kadar
oldukca fazla alanda kullanidan bir elementtir.
Buna ragmen bor hakkinda yapilan ¢alismalar ve
edinilen bilgiler, diger elementlere gére nispeten
sinirhidir. Bunun yaninda borun canllar icin
esansiyel bir element olmast ve bircok Snemli
fonksiyonu istlenmesi sebebiyle, bor iceren
bilesikleri tzerine yapilan caligmalar da merak
uyandirmaktadur.

Arastirmalarda, bor bilesiklerinin bazi bakteri ve
maya tirlerinde antimikrobiyel etkilerinin oldugu
gorilmektedir. Bununla birlikte bazi  bakteri
tirlerinin Grettigi biyoaktif bilesikler antifungal ve
antiprotozoal  etkiler — gOstermektedir.  Bor
bilesiklerinin bazt kullanimlarinda ise gidalarda
meydana gelebilecek fizikokimyasal
deformasyonu  Onleyebildigi ve bor igerigi
arttirtlmis  bitkisel Urtinlerde raf Omrinin
arturildigt rapor edilmistir. Bu sonuclar, bor
bilesiklerinin ~ gidalarda  meydana  gelebilen
mikrobiyolojik ve fizikokimyasal bozulmalart
Onleyerek  gidalarin  raf  Omrlni  uzatmast
hususunda umut vadetmektedir.

Borun insan saghgina c¢ok sayida katkisinin
bulundugu ve hayvansal triinlerde bitkisel
driinlere nazaran cok distk dizeylerde bor
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bulundugu g6z Oniine alindiginda, borla
zenginlestirilmis Urtinler hem gida givenligini
garanti edecek hem de bor icerigi bakimindan
fakir gida Urlnlerinin verimliligini arttiracaktir.
Boylece katma degeri daha yitksek gida uriinleri
elde edilebilecektir.

Halihazirda denemesi yapilan bazi  6rnekler
olmakla birlikte, bu konuda daha fazla ¢alisgmaya
ihtiyac  duyulmaktadir.  Ulkemizde  yapilan
akademik calismalarda, bor elementinin bu
agllardan da derinlemesine irdelenmesi gerektigi
ve daha detayl mekanizma c¢alismalarinin
yapimast sonucu, Onemli kazanimlar elde
edilebilecegi dustiniilmektedir.

CIKAR CATISMASI BEYANI
Yazatlarin, bagka kisiler ve/veya kutumlar ile ¢ikar
catismast bulunmamaktadir.

YAZAR KATKILARI

Sibel Bagkan taslak metni olusturmustur. Eda
Kilic Kanak ve Suzan Oztiirk Yilmaz metnin
degetlendirilmesinde ve taslagin kontroliinde/
diizenlenmesinde gorev almuslardir. Yazarlar
makalenin son halini okumus ve onaylamustir.
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ABSTRACT

Combining in vivo instrumental analysis with sensory evaluation techniques to analyze the release of volatile
components from the gum matrix is gaining importance due to the flavour expectations of consumers.
Besides consumers’ preferences and quality of flavourings determine the market value of chewing gums. In
this study, strawberry and watermelon flavoured chewing gums were prepared and evaluated with both
sensory evaluation and analytical techniques by using retronasal aroma trapping device and dynamic
headspace analysis - DHA-GC/MS. Ethyl hexanoate and isoamyl acetate were chosen as flavour
compounds for strawberry and watermelon flavoured gums to monitor in the study. The in vivo experiment
with retronasal aroma trapping device showed that selected compounds were quite intense in the first 5 min
of breath, and they were also detected in the 45* min of chewing. The flavour stability of the chewing gums
was also monitored for 3 months. According to all sensory and instrumental analyzes, watermelon flavour
was perceived as watermelon taste both at the 45% min and at the end of shelf life (equal to 12 months).
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evaluation technics

*Corresponding author/ Yazismalardan sorumlu yazar
P<aslibarla@gmail.com 78:(+90) 262 326 1111 &:(+90) 262 751 1390

Asli Barla Demirkoz; ORCID no: 0000-0002-3261-0212
Pinar Uzun; ORCID no: 0000-0001-8525-4111

Ahmet Emir Oziinal; ORCID no: 0000-0001-8498-2491
Hakan Baskaya; ORCID no: 0000-0003-2510-3367
Nuray Dogan; ORCID no: 0000-0001-8323-9487
Sonay Merve Glilay; ORCID no: 0000-0002-4519-4836
Blisra Hantal; ORCID no: 0000-0003-0936-564X
Melike Uner; ORCID no: 0000-0003-2786-5947



Flavour permanence of chewing gums

CILEK VE KARPUZ AROMALI SAKIZLARDA AROMA KALICILIGININ
RETRONAZAL AROMA YAKALAMA CIiHAZI VE DUYUSAL ANALIZ
TEKNIKLERI KULLANILARAK ARASTIRILMASI

074

Guntimizde, ugucu bilesenlerin sakiz matrisinden salimini analiz etmek amactyla in vivo enstriimental
analiz ile duyusal degerlendirme tekniklerini birlestirmek, titketicilerin lezzet beklentilerini karsilamak
actsindan 6nem kazanmaktadir. Tiketicilerin sakizdaki tercihleri ve kullanilan aromalarin kalitesi
sakizlarin piyasa degerini belirlemektedir. Bu ¢alismada, cilek ve karpuz aromali sakizlar, retronazal
aroma yakalama cihazi ve dinamik headspace analizi-GC/MS kullanilarak hem duyusal degerlendirme
hem de analitik tekniklerle degerlendirilmistir. Calismada cilek ve karpuz aromali sakizlar, aroma
onculi olarak secilmis olan etil heksanoat ve izoamil asetat lizerinden izlenmislerdir. Retronazal
aroma yakalama cihazt ile yapilan in vivo deney, secilen bilesiklerin nefesin ilk 5 dakikasinda oldukc¢a
yogun oldugunu ve ¢ignemenin 45. dakikasinda bile tespit edildigini géstermistir. Sakizlarin raf dmri
3 ay boyunca izlenmistir. Tim duyusal ve enstriimental analizlere gbre, karpuz aromast hem 45.
dakika hem de raf 6mriintin sonunda (12 aya esit) yine karpuz tad: olarak algilanmistir.

Anahtar kelimeler: Aromali sakiz, aroma kaliciligl, retronazal aroma yakalama cihazi, duyusal

degerlendirme teknikleri

INTRODUCTION

Chewing gum is one of the most popular
confections consumed all over the whole world.
According to the Mintel market size report
(2018), 14-15 thousand tons of chewing gum were
put on the market for the consumption of
approximately 43 million people in Turkey.
Turkish Food Codex Communiqué on Chewing
Gum (7/24/1999) defines chewing gum as a
product that can be produced with a sugar-free or
sugar-sweetened gum base, formulated with some
other additives such as texture modifiers,
preservatives, and flavourings. All over the world,
chewing gums are produced similarly (De Roos,
2008). The gum base consists of a hydrophobic
water-insoluble base and a water-soluble sugar or
polyol phase in a ratio of approximately 1:3. The
watet-insoluble part remains in the mouth during
chewing and the water-soluble substances are
dissolved and swallowed (Hinderink et al., 2019).

Flavourings, which give taste and odour to foods,
are the most important ingredient of chewing
gum formulations that appeal to the consumer.
0.4-1g/100g flavour components ate generally
used in formulations (Wong et al., 2009; Menis-
Henrique, 2020). However, after about 3-5 min,
most chewing gums immediately lose their
flavour and consumer perception (Thomas et al.,
1984; Fenimore, 2008).

The perception of flavourings in foods begins
with orthonasal olfaction and continues as the
food is being processed in the mouth. Perception
of flavourings ends with the last flavour molecule
disappearing from breath. It depends on the
nature of the food and how it is consumed. The
chewing action does not only provide the
disintegration of foods into small pieces and
mixing them with saliva, but also plays an
important role in the perception of flavourings by
transferring flavour molecules to the pharynx
(Hinderink et al., 2019; Selli and Kilic, 2020).
Chewing gum is a food item in which flavour
molecules have lower mobility, and the basic
flavour perception occurs in the mouth. During
chewing, the flavour molecules mix with saliva,
thus the volatiles are perceived by the consumer
(Voilley and Etievant, 20006).

The release of flavour components is very
important as it also determines how pleasant and
how long lasting a flavour will be perceived
(Taylor et al., 2000; Potineni et al., 2008). As it is
known, a long-lasting taste of chewing gum
during a long chewing period is an important
parameter for consumer preference. Based on
previous studies, it is predicted that when the
compounds are more hydrophobic, they interact
better with the gum base. This interaction results
in a relatively lower flavour release rate during
chewing. De Roos (2008) determined that the
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flavour release was diffusion controlled after 5
min of chewing. In another study, it was observed
that flavour compounds were released from the
chewing gum through saliva into the mouth,
throat and nose cavity and these components
could then be detected in the epithelium of the
olfactory region (Hodgson et al., 2003).

It is also known that the permanence of the
flavour, in other words, the flavour release during
chewing depends on many factors such as the
composition, texture and rheological properties
of the matrix, the chewing power and the flow
rate of saliva (Boland et al., 2006; Koliandris et al.,
2008). Also, the release of flavours from the
chewing gum is often limited because the flavours
are lipophilic and thus largely retained in the gum
base (Haar et al., 2003).

Due to the increasing demand for chewing gum
confectionery, manufacturers are trying to
improve their product quality by focusing on
customer satisfaction. There is a challenge among
manufacturers on the design of a gum matrix that
releases both volatile compounds and sweeteners
displaying a stable flavour during chewing up to
20 min. Therefore, studies on this subject have led
to the development of reliable analytical
techniques for monitoring the flavour volatiles
released from the chewing gum during the
production process and storage (Guichard, 2002).
The headspace solid-phase microextraction (HS-
SPME) method, which is one of the instrumental
methods used to analyze the flavour compounds
in chewing gums, was developed by Pawliszyn et
al. (2001). However, one of the main limitations
of this method is the difficulty in quantitative
analysis of head cavity components of a complex
solid matrix (eg, chewing gum). Subsequently,
more advanced devices were designed to detect
and analyze the release of volatile compounds
from the challenging food matrix. The most used
device for this purpose is the atmospheric
pressure-chemical-ionization mass spectrometer
(APCI-MS, MS-noise). The breath of assessors is
continuously sampled by these systems, which
enable precise and rapid monitoring of volatile
release (Taylor, 2000; Haarh, 2003; Boland et al.,
20006). Another device developed for this purpose

is the proton transfer reaction mass spectrometer
(PTR-MYS). In both, the basic principle is based on
detecting the flavour components in the breath
that the assessors exhale during chewing the gum
(Buettner and Schieberle, 2000; Buettner et al.,
2008). Another device designed to examine
flavour release by using the nose retronasal
method is retronasal aroma trapping or retronasal
olfactometer-GC/MS device. In this device, the
breath of assessors into the nose is placed in a
glass mask, and the air sample (breath) passing
through the mask is trapped in the Tenax, and
these trapped molecules are analyzed through
GC/MS to determine what or not the flavour
components in-breath (Munoz-Gonzalez et al.,
2014; Bonneau et al., 2018).

As it is known, only "sensory" features can be
controlled by consumers among food quality
characteristics. For this reason, sensory evaluation
experiments are used in consumer preference
studies to determine consumers’ reactions to the
appearance, taste, texture and other sensory
characteristics of foods.

Among the sensory analysis tests, the affective
(preferences) test is mostly used to determine
consumer preferences. On the other hand,
analysis of permanence, perception, and flavour
release of flavours are usually hard to determine
by wusing these instruments in  food
manufacturing. Since the flavour permanence of
the chewing gum determines consumers’
preference. Studies on flavour release have led to
the development of reliable analytical techniques
for monitoring the behaviour of flavour volatiles
release of the chewing gum (Fenimore, 2008).
However, RATD-GC/MS gives the advantage of
following selected flavour pre-cursors in every
flavouring (Koliandris et al., 2008).

According to the literature, there is not any
previous study that analyzed flavour release both
sensory and instrumental techniques in chewing
gum. In this study, the permanence of strawberry
and watermelon flavoured gums during chewing
analyzed in vivo by RATD-GC/MS
combined with sensory evaluation techniques for
the flavoured chewing gum. The correspondence

was
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between analytical and sensory evaluation
techniques (an affective test and descriptive
sensory analysis) was also criticized.

Additives Inc. Co., Kocaeli, Turkey). All other
chemicals were of analytical grade.

Sample preparation
MATERIAL and METHODS According to the Mintel/Global New Product
Materials data, strawberry and watermelon flavoured

The gum base was purchased from Remik
Chemistry San. ve Tic. A.S., Pendik, Istanbul.
Ethyl Hexanoate (CAS 123-66-0), isoamyl acetate
(CAS 123-92-2), citric acid (CAS 77-92-9,
Jungbunzlauer Suisse AG.), malic acid (CAS
6915-15-7, Tate and Lyle, Turkey), encapsulated
citric acid (50%, Tastetech, Bristol, UK), sorbitol,
maltitol syrup, mannitol, xylitol (Roquette
Agriculture and Food LLC., Turkey), cooling
agent (WS3 Type, Henan Sunlake Enterprise
Corporation, Henan, China), isomalt (Beneo,
Turkey), sucralose (Splenda,  Turkey),
encapsulated sucralose (10%, Tastetech, Bristol,
UK), strawberry flavour, encapsulated strawberry
flavour, extruded strawberry flavour, watermelon

chewing gums are the 4% and 5% most favored
chewing gums after mint, spearmint, and
peppermint flavoured gums. Thus, strawberry
and watermelon flavoured chewing gums were
prepared in this study (Table 1). Talk type of gums
is preferred to use because citric acid causes
decomposition and instability of other gum types.
Artificial flavouring mixture components of
strawberry and  watermelon  (liquid form:
encapsulated form: extruded form, 1:1:1) were
used. Each chewing gum was prepared to be
suitable Council Regulations EU No:1330/2008
(The European Parliament and of the Council of
16 December 2008 on Food Additives) for
chewing gum additives. Stick-type gums weighing

flavour, encapsulated watermelon flavour,
exttuded watermelon flavour were obtained
internally (Aromsa Flavours and the Food

2.2+ 0.2g were prepared. They were put in a
plastic bag, wrapped in aluminum foil, and stored
at 21% 1°C at 35% relative humidity until they
were used for the analysis.

Table 1. Composition (%) of strawberry and watermelon flavoured chewing gums

Strawberry Watermelon

Ingredients A B C D A B C D
Flavour mix* 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Gum base 30 30 30 30 30 30 30 30
Encapsulated citric acid 1 1 1 1 - - - -
Citric acid 0.4 0.4 0.4 0.4 - - - -
Malic acid 0.4 0.4 0.4 0.4 - - - -
Sorbitol 47.6 476  48.05 4805 494 494 4985  49.85
Maltitol syrup 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5
Mannitol 3 3 3 3 3 3 3 3
Encapsulated sucralose 0.5 0.5 1 1 0.5 0.5
Sucralose - - 0.05 0.05 - - 0.05 0.05
Xylitol 7.5 - 7.5 - 7.5 - 7.5 -
Isomalt - 7.5 - 7.5 - 7.5 - 7.5
Cooling agent 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

*Flavour mix includes the same flavourings: Liquid, encapsulated and extruded forms.
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Study design

The study was designed as two main stages.
Sensory  evaluation  (affective test) and
subsequently, preselection were performed at the
first stage. Sensory evaluation based on
descriptive  sensory analysis (DSA) and

instrumental analysis was conducted on the
selected samples at the second stage. A shelf-life
study was also carried on for selected samples.

Strawberry and watermelon flavoured chewing
gums were evaluated in terms of affective

(preference) and DSA tests. Thus, the optimum
taste for the chewing gums was selected by trained
and experienced assessors. The use of the free and
encapsulated form of sucralose was compared
between the groups of A-C and B-D by the
presence of xylitol or isomalt. After then, the
flavour profiles of selected formulas were
characterized by DSA (Table 2). The flavour
permanence of each selected chewing gum was
monitored with both sensory evaluation analysis
and in vivo retronasal aroma trapping method.

Table 2. Flavouring attributes selected for DSA by tasting the flavoured chewing gums

Flavouring Attribute Characteristics
Strawberry Sour Typical sourness in strawberry
Fleshy The taste of the outer seeds of strawberries
Green The taste of the green stem of the strawberry
Creamy Creamy taste in strawberry flavours
Vanillin Typical vanilla flavour
Sweet Typical sweetness in watermelon
Juicy The typical taste of watermelon juice
Watermelon Soapy The typical taste of watermelon flesh
Fresh Fresh watermelon flavour
Peely The taste of the watermelon close to the skin
Fleshy The taste of the fibrous meat part of the watermelon
Green Raw watermelon felt a green note

Sensory evaluation analyzes

Assessors

The assessors were 16 male and 24 female,
between 35112 age, non-smoking, non-pregnant,
no piercings in the mouth, no mastication or
swallowing disorder, and healthy volunteers of
AROMSA Inc. Co. They had also normal
olfactory and gustatory functions. All assessors’
permission was taken by their consent for this
study. All assessors were selected and trained in
accordance with the instructions of the
International Organization for Standardization
(ISO 8586:2014). The chewing gums were
evaluated by affective (preference/acceptance)
test done with the assessors, 7 of whom
patticipated in the in vivo RATD-GC/MS to
determine  the intensities between  the
tasting/flavouring attributes.

Affective (preference/acceptance) test
Evaluations were performed in the personal
cabins of the AROMSA Inc. Co. Sensory Analysis
Laboratory. Positive pressure was applied to
remove the several odors in those cabins when
the cabin temperature and relative humidity were
kept at 21£1°C and 50-55% during the analysis.
There were no objects that could disturb the
concentration of the assessors in the cabins. A
five-linear scale was used to evaluate the intensity
of the sample taste. Instructions about the
evaluation and the scale were also demonstrated
on the evaluation monitors. The samples were
presented to the assessors as blank and coded
with randomly selected three-digit numbers
(Lawless and Heymann, 2010).
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The flavoured chewing gums were evaluated in
separate sessions by each assessor. The assessors
participated in two evaluation sessions which
were held morning and afternoon hours. Each
assessor evaluated two samples in each session: A
and C were one session, and B and D were other
sessions. In the last session, the best sample was
chosen by the assessors. Water and crackers were
provided to clean the mouth of the assessors.

Descriptive sensory analysis (DSA)
Strawberry and watermelon flavoured chewing
gums were evaluated by the experienced assessor
group to determine the intensities between the
tasting/flavouting attributes. Before DSA, the
flavoured chewing gums were given to the
assessors, who were informed about the studied
method, analysis steps and product information
(ISO/DIS 13299: 2016). Critical information like
the production and the expiration dates was not
given to the assessors. The evaluations were
performed in the personal cabins of the Aromsa
Sensory Analysis Laboratory. A five-linear scale
was used to evaluate the sample taste intensities.
Instructions about the evaluation and the scale
were also demonstrated on the evaluation
monitors (Fizz Software, Biosystems, Couternon,
France). The samples were presented to the
assessors blank and coded with randomly selected
three-digit numbers.

Flavour lexicons are used in a sensory evaluation
to determine the flavour profile of food products.
In the DSA method, a consumer panel of a small
group of highly educated people, known as the
descriptive panel, was used. Desctiptive panels
used lexicons, a list of defined terms, to describe
products. The assessors discussed and found out
the characteristics of samples and the reference
products for each attribute (Lawless and
Heymann, 2010). DSA was performed for the
flavouring attributes of selected flavoured
chewing gums listed in Table 2.

In vivo sensory analysis

The RATD used for the in vivo experiment was
performed based on an earlier study (Buettner and
Schieberle, 2000; Buettner et al., 2008; Mufioz-
Gonzilez et al.,, 2014; Bonneau et al., 2018). The

device consisted of an olfactory glass port, a
Tenax, and a vacuum pump. The olfactory port
was combined with an adsorbent polymer
conditioned in a glass tube (200 mg Tenax TA,
60-80 mesh, Gerstel, Germany). The Tenax tube
was connected to the vacuum pump at the outlet
of the device. The vacuum pump was provided a
stable 500 mL/min flow during in vivo aroma
trapping. In this part, a gas flowmeter (ADM 2000
flow meter, Agilent Technologies, Wilmington,
DE) was used for measuring the stable gas flow.
The assessors put their noses olfactory glass port
and exhaled through the nasal cavity during
mastication of flavoured chewing gum. Flavoured
compounds from the assessors' breath were
collected in the Tenax, and then in thermal
desorption unit of dynamic head space-GC/MS
(DHA-GC/MS) desorbed these compounds
from the Tenax. Desorbed compounds were
injected automatically into the same column used
for calibration.

Protocol

The conditions of the sensory analysis by using
RATD were determined based on our studies at
Aromsa Research and Development Center.
According to the study protocol, in vivo sensory
analysis was performed in triplicate over six-
session held on separate days, at the same time of
day. The first gum sample was put in the mouth
and chewed for 20 s by exhalation through the
nose. At the end of 20 s, 3 breaths are blown into
the olfactory glass port at approximately 5-s
intervals and data TO were collected. The same
process was repeated for T5 and T45 min by
chewing for 5 and 45 min (3 blows at 5-s intervals)
and the permanence of the flavour components,
which were collected into Tenax, was determined
with DHA-GC/MS.

Volatile compound analysis

Ethyl hexanoate for strawberry and isoamyl
acetate for watermelon flavouring’s peaks were
monitored easily. The peaks were more clear than
other compounds. Therefore, ethyl hexanoate
and isoamyl acetate were chosen as flavouring
precursors. They were dissolved in ethanol for the
preparation of the calibration curve (6 points, 0-2
mg/ml), separately. Solutions were put into the
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vials and collected in Tenax and then in thermal
desorption unit desorbed these compounds from
the Tenax. Desorbed compounds were injected
automatically into a DP-WAX UI GC column (60
m X 25 pm film thickness X 0.25 mm innerdia)
(INNOWAX, Germany). A calibration curve was
obtained for each compound (R= 0.999,
y=1.12X108x+6686.51 for ethyl hexanoate and
R=0.999, y=1.26x10x%-1.24x10¢ for isoamyl
acetate). When the calibration curve was
prepared, all measurements were done with
amounts of flavouring compounds. Their total
ion chromatogram was obtained using a Gerstel
DHS System (Germany) connected to an Agilent
7890A GC and 5975C MS equipped with an Inert
MSD with Triple Axis Detector (Germany). The
flow rate of the helium carrier gas was adjusted to
1.2 mL/min. Each sample in Tenax was analyzed
in the splitless mode. The GC oven temperature
was programmed from 40°C to 240°C at
5°C/min. The results were reported as mg/mlL

(Table 3).

Data treatment and statistics

RATD-GC/MS data were evaluated by one-way
analysis of variance (ANOVA), and significant
differences found among assessors were further
evaluated by Tukey's test in the SPSS package
program (Version 23.0, IBM Inc., New York,
USA). The results were considered statistically
significant at P < 0.05. All sensorial analyzes were
done by using the Fizz Software (the non-
parametric ~ Friedman  test),  (Biosystems,
Couternon, France) at a 95% confidence level.

Accelerated shelf-life analyzes

The flavour permanence of selected flavoured
chewing gums was monitored during 3 months of
storage. The samples were divided into two
groups: experimental and control groups.
Experimental samples were produced at the same
time for both sensory and instrumental analysis.
Experimental groups of chewing gums were
stored under 35°C and 30-40% RH storage
conditions in a cooled incubator (Niive ES252,
Istanbul, Turkey), and the control group of
chewing gums was produced freshly for each time
of analyzes for the shelf-life study. Sensory
evaluation analyzes were performed for every

week of storage during the shelf life. The samples
were analyzed with RATD-GC/MS at the end of
the 12th week. The shelf life of chewing gums on
the market is expected to be at least 12 months.
According to the previous research results of the
R&D center of the company, storage at 35£1°C
and 30-40% RH conditions for 3 months are
equal to 12 months. The flavoured chewing gums
were chewed by a panel of 7 assessors. Each gum
was chewed for 45 min.

RESULTS and DISCUSSION

The first stage of the study

When considering strawberry flavoured chewing
gums, formula C was preferred by 72.73% of the
assessors in the first session, and for the second
session formula B was preferred by 63.63% of
assessors. As a result, in the third and final session
between groups B and C, formula C was preferred
by 56.25% of assessors. The assessors rated the
selected formula C as having a sweeter strawberry
flavour and balanced sour taste, and as a powerful,

permanent and the most favorable flavour (Figure
1a).

Free and encapsulated forms of sucralose were
used with xylitol in formulation C. The
sweeteners used in the gum matrix influence the
flavour perception and sensory properties of
chewing gums. The increased amount of the
sweeteners provides an increase in flavour taste.
In the meantime, the loss of sweetness due to
chewing gives the impression that the flavour is
consumed, even if the amount of released flavour
does not decrease (Davidson et al., 1999; Fisker
and Nissen, 2006). It is also known that the use of
liquid and encapsulated forms of the flavourings
in the chewing gum, separately or in combination,
increase the flavour permanence during the
chewing. Encapsulation is a technology provided
to control the release properties and support the
strength and flavour permanence of flavourings in
the products (Merritt et al,, 1983; Castro and
Johnson, 2006; Madene et al., 2006). Xylitol,
which gives the same effect in strawberry
flavouring, is known to support the flavour in the
excess sucralose, like the effect of menthol
(Davidson et al., 2000).
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For watermelon flavoured chewing gums, 78.35%
of the assessors preferred formula A in the first
session and 80% preferred formula D in the
second session. In the last session, 68.42% of the
assessors preferred formula D. The assessors

rated the selected formula D as the juicier and
more permanent product with highly intensive
fruity nuances compared to other formulations

(Figure 1b).

(a) Strawberry flavoured chewing gum

Cream
3 y
Fruity, Greeny
Sh‘awben"y. ~—Sour
Sweety Vanillin

(b) Watermelon flavoured chewing gum
4Peely

Fruity 3 Greeny

S\
A

Soapy’

Watermelon Sweety

Fleshy

Juicy

Figure 1. Radars of flavoured chewing gum sensory analysis

Formula D was prepared by using isomalt, and
free and encapsulated forms of sucrose without
any acidity regulator. In the sensory test, the non-
sour flavour enhancing effect and sweet taste of
isomalt conducted the preference of the assessors.
Another advantage of isomalt is masking the
bitter aftertaste of some sweeteners (Sentko and
Willibald-Ettle, 2012). Watermelon flavour is a
soapier and mouthful flavour than other fruit
flavourings. It has also no acidity. These factors
may also affect positively the preference of
formula D. Xylitol was usually preferred in the

strawberry flavoured chewing gums in the market
because of its cooling and better emphasising
effects of fruit flavourings, especially in acidic
environments.

The second stage of the study

Results for every two types of gums during 45 min
are shown in Figure 2. As seen in Table 3, the
permanence of both ethyl hexanoate and isoamyl
acetate flavouring compounds was still observed
at 45% min.

Table 3. Data from in vivo sensory analysis (RATD-GC/MS) of strawberry and watermelon flavoured
chewing gums

Strawberry flavoured chewing gum

Watermelon flavoured chewing gum

Ethyl hexanoate Isoamyl acetate
Assessors T= 0 min T= 5 min T= 45 min T= 0 min T=5min T=45min
1 20.67£0.11¢  19.52+0.10>  10.97+£0.10f  14.08+0.12>  12.92+0.10=  6.16%+0.114
2 3.06£0.092 2.7940.112 0.67£0.112 1.99£0.122 1.32+0.11>  0.13%+0.102
3 5.99140.104 5.801+0.12¢ 4.3240.10¢  4.07£0.09¢ 3.89+0.114  2.58%0.12¢
4 4.51%0.11¢ 435+0.10¢  2.62+0.13¢  2.924+0.11d 2.70£0.09¢  1.11£0.09¢
5 47710.12¢  4.28%0.11bc  2.18+0.09>  2.05%0.102 1.9710.10¢  1.34%0.09¢
6 4.71£0.08¢ 4494+0.114  3.5840.09d 4.58+0.10¢ 4.09£0.13¢  0.79£0.10v
7 4.18%£0.07>  4.01+0.13b 2.80£0.10¢ 4.9910.08f 4.48+0.11f  0.68%0.11°

Results are meant SD (102 mg/mL)

Different letters in same column indicate significant differences at P < 0.05.
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(a) Strawberry flavoured chewing gum
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(b) Watermelon flavoured chewing gum
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e 7atermelon Taste
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Figure 2. Sensory analysis of flavoured chewing gum

The compounds selected for strawberry and
watermelon were quite intense in the first 5 min
of breath, and they were still detected at the 45%
min. Therefore, the sensory and DHA-GC/MS
analyzes were in correspondence. According to
the sensory evaluation results, the watermelon
flavouring was still perceived as watermelon
flavourings by the assessors at the 45t min, but
the fruity nuance perception remained in the
strawberry flavourings. However, the specific
strawberry flavour was determined to disappear at
the 30t min (Table 3). The reason for this is that
the flavour components are known to be effective
in the flavour release (Cook et al., 2005). Ethyl
hexanoate is one of the strawberry flavouring
ingredients. However, it is also frequently used as
an ingredient to obtain fruity flavours. As it is
known, a flavouring ingredient consists of many
flavour chemicals and it releases each of these
chemicals in different manner (Due et al, 2011;
Sentko and Willibald-Ettle, 2012; Hinderink et al.,
2019). Therefore, ethyl hexanoate was determined
at the 45" min. The reason of perception of the
fruity taste by the assesors instead of the sensory-
specific strawberry flavouring might be the
monitoring a single component in the instrument.
It should be considered that working with devices
with selected compounds gives parallel results
with sensory evaluation studies but may show
variability in specific flavour components. As a
result, a single chemical is monitored with the
instrument. However, in the sensory analysis, the
instrument is human and evaluates a flavouring,.
The advantage of this device is that it requires
only one vacuum pomp, a special glass apparatus,
and a Tenax, which is easily adapted to GC/MS.

Flavour compounds specific for various gum
types can be monitored with the RATD-GC/MS
to determine flavour quality parameters. This
technique also gives parallel results to human
perceptions. Although data from the assessors
were statistically different (P < 0.05), the
permanence of the flavour was determined by all
panelists after 45 min.

Accelerated shelf-life analyzes

Data from accelerated shelf-life analysis of
flavoured chewing gums by RATD-GC/MS are
given in Table 4 and Figure 3. It was confirmed
that the formulations maintained their flavour
permanence at the end of the shelf-life. The
sensory results were in correspondence with the
device. However, a deviation in the strawberry
flavoured chewing gum was determined. The
reason for this can be explained by the differences
in the volatiles used in strawberry flavouring and
their interaction with each other and with the gum
base.

CONCLUSION

Flavour release is usually determined solely by
employing sensory perception analyses to
estimate the taste of foodstuffs. However, due to
the human sensory nature of taste perception,
there may be situations where flavour release
could not be predicted specifically and the taste
perception may not be clear due to some
properties of food products (sugar or acidity in
the food matrix, etc.). The importance of changes
in instrumental measurements of flavour release
should always be in correspondence to human
perception due to the complexity of mixing
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effects and the potential for perceptual
interaction. In this study, the permanence of the
chewing gum was determined by using both
sensory techniques and RATD-GC/MS. For this
purpose, the presence of the selected compounds

of strawberry and watermelon flavourings was
monitored. It was observed that the
measurements were in correspondence with the
assessor’s evaluations.

Table 4. Shelf-life of strawberry and watermelon flavoured chewing gums

Strawberry Watermelon
Ethyl hexanoate Isoamyl acetate
Assessors T= 0 min T = 45 min T = 0 min T = 45 min
1 3.10£0.09¢ 3.45+0.08f 2.82%0.084 0.66%0.01¢
2 0.58£0.01= 0.53£0.02¢ 0.59£0.01= 0.31£0.014
3 1.55%0.10b 0.78+0.01¢ 1.02£0.08b 0.29£0.014
4 1.91%0.09» 0.67£0.014 0.96£0.01> 0.22£0.01¢
5 0.55£0.01= 0.25£0.01> 1.09£0.08b 0.21£0.01be
6 4.03%0.784 5.11%0.02¢ 1.76%0.08¢ 0.16%0.01~
7 1.83%0.08b 0.01£0.01= 0.63£0.01= 0.19£0.01>

Results are meant SD (102 mg/mL)

Different letters in same column indicate significant differences at P < 0.05.

(a) Strawberry flavoured chewing gum
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“'“'-'....h. -
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(b) Watermelon flavoured chewing gum

4
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-—
2 "'-._-_
1
0
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= Watermelon Taste === e=Fruity Taste

Figure 3. Shelf-Life sensory analyses result of flavoured chewing gum

This study presents important data that will
contribute to the confectionery design process in
the food industry that meets consumer
expectations. Due to the human sensory nature of
taste perception, measuring flavour permanence
and estimating the taste experience of foodstuffs
solely by sensory techniques could not be
sufficient. Flavour permanence studies in
different food matrices by using a RATD-
GC/MS will be beneficial to create more
permanent flavourings and may help to optimize
production systems. In this study, the taste
permanence of chewing gums evaluated both
sensotry techniques and RATD-GC/MS with the

presence of selected compounds from the
flavourings of flavoured chewing gum.

ACKNOWLEDGMENTS

This work was supported by the TUBITAK (The
Scientific and Technological Research Council of
Turkey) [Grant Number TEYDEB 3180337].
The authors also thank the Aromsa Flavours and
Food Additives Inc. Co., Kocaeli, Turkey and are
grateful to Murat YASA and Melis YASA for their
support in this study.

417



418

P. Uzun, A.E. Oziinal, H. Baskaya, N. Dogan, S.M. Giilay, B. Hantal, M. Uner, A. Barla Demirkoz

DECLARATION
INTEREST

The authors declare that they have no known
competing financial interests or personal
relationships that could have appeared to
influence the work reported in this paper.

OF COMPETING

AUTHORS CONTRIBUTIONS

Pinar Uzun: Methodology, Writing-original draft;
Ahmet Emir Oziinal and Hakan Baskaya:
Methodology, Formal Analyses, and Formulation
of Chewing Gums; Nuray Dogan: Instrumental
Analyses; Sonay Merve Giilay and Busra Hantal:
Sensory Analyses; Melike Uner: Writing review
and editing; Asli Barla Demirkoz; Supervisor and
Writing-original draft.

REFERENCES

Boland, A.B., Delahunty, C.M., Van Ruth, S.M.
(2000). Influence of the texture of gelatin gels and
pectin gels on strawberry flavour release and
perception.  Food  Chemistry, 96(3), 452-460.
doi:10.1016/j.foodchem.2005.02.027

Bonneau, A., Boulanger, R., Lebrun, M., Maraval,
1., Valette, J., Guichard, E., Gunata, Z. (2018).
Impact of fruit texture on the release and
perception of aroma compounds during in vivo
consumption using fresh and processed mango
truits.  Food — Chemistry, 239,  806-815.
doi:10.1016/j.foodchem.2017.07.017.

Buettner, A., Schieberle, P. (2000). Exhaled
odorant measurement (EXOM)-a new approach
to quantify the degree of in-mouth release of food

aroma compounds. LWT-Food Science —and
Technology, — 33(8),  553-559.  doi:10.1006/
f£st1.2000.0708

Buettner, A., Otto, S., Beer, A., Mestres, M.,
Schiebetle, P., Hummel, T. (2008). Dynamics of
retronasal aroma perception during consumption:
Cross-linking on-line breath analysis with medico-
analytical tools to elucidate a complex process.
Food Chenristry, 108(4), 1234-1240.
doi:10.1016/j.foodchem.2007.03.042

Castro, A.J., Johnson, S.S. (2006) Encapsulated
Flavors and Chewing Gum Using Name. U.S.
Patent No. 7. 022,352. U.S. Patent and Trademark
Office, Washington, DC.

Cook, D.J., Hollowood, T.A., Linforth, R.S.,
Taylor, A.J. (2005). Correlating instrumental
measurements of texture and flavour release with
human perception. International Journal of Food
Science  and  Technology,  40(6),  631-641.
doi:10.1111/§.1365-2621.2005.00973x.

Davidson, .M., Linforth, R.S., Hollowood, T.A.,
Taylor, A.J. (1999). Effect of sucrose on the
perceived flavor intensity of chewing gum. Journal
of Agricultural and Food Chemistry, 47(10), 4336-
4340. https://doi.org/10.1021/j£9901082

Davidson, .M., Linforth, R.S., Hollowood, T.A.,
Taylor, A.J. (2000), Release of non-volatile flavor
compounds in vivo. In: Flavor Release, Roberts
D.D. and Taylor A.J. (eds), American Chemical
Society, Washington, pp 99-111.

De Roos, K.B. (2008), Flavourings for Chewing
gum. In: Formulation and Production of Chewing and
Bubble  Gum, Dougles F. (Ed.), Kennedy’s
Publications Limited, London, UK, pp. 205-231.

Du, X., Plotto, A., Baldwin, E., Rouseff, R.
(2011). Evaluation of volatiles from two
subtropical strawberry cultivars using GC-
olfactometry, GC-MS odor activity values, and
sensory analysis. Journal of Agricultural and Food
Chemistry, 59(23), 12569-12577. https://doi.otg/
10.1021/j£2030924

Fenimore, E.L. (2008). Flavourings for Chewing
gum. In: Formulation and Production of Chewing and
Bubble Gum, Douglas F. (Ed.), Kennedys Book
Ltd, London, UK, pp. 1-46.

Fisker, H.O., Nissen, V. (2006). Effect of the gum
base and bulk sweetener on the release of specific
compounds from fruit flavoured chewing gum.
Developments  in  Food ~ Science, 43, 429-432.
doi:10.1016/S0167-4501(06)80101-9.

Guichard, E. (2002). Interactions between flavor
compounds and food ingredients and their
influence on flavor perception. Food Reviews
International, 18, 49-70. https://doi.org/10.1081/
FRI-120003417

Haahr, A.M., Madsen, H., Smedsgaard, J., Bredie,
W.L., Stahnke, L.H., Refsgaard, H.H. (2003).
Flavor release measurement by atmospheric
pressure chemical ionization ion trap mass


https://doi.org/
https://doi.org/10.1081/

Flavour permanence of chewing gums

spectrometry, construction of interface and
mathematical modeling of release profiles.
Apnalytical Chemistry, 75(3), 655-602.

https://doi.org/10.1021/ac026035u

Hinderink, E.B., Avison, S., Boom, R., Bodnir, 1.
(2019), Dynamic flavor release from chewing
gum: mechanisms of release. Food Research
International, 116, 717-723. https://doi.otg/
10.1016/j.foodres.2018.09.002

Hodgson, M., Linforth, R.S.T., Taylor, A.].
(2003). Simultaneus real time measurements of
mastication, swallowing, nasal air flow, and aroma
release. Journal of Agricultural and Food Chemistry, 51,
5052-5057. https://doi.org/10.1021/jf030118+

Kataoka, H., Lord, H.L., Pawliszyn, J. (2000).
Applications of solid phase microextraction in
tood analysis. Journal of Chromatography, 880, 35-62.
doi:10.1016/j.foodres.2018.09.002.

Koliandris, A., Lee, A., Ferry, AL, Hill, S.,
Mitchell, J. (2008). Relationship between structure
of hydrocolloid gels and solutions and flavour
release.  Food  Hydrocolloids, 22(4), 623-630.
doi.org:10.1016/j.foodhyd.2007.02.009.

Lawless, H. T., Heymann, H. (2010). Sensory
Evalnation of Food: Principles and Practices. Springer
Science+Business Media LLC, New York, pp
1431-1450.

Madene, A., Jacquot, M., Scher, J., Desobry, S.
(2006). Flavour encapsulation and controlled
release - a review. International Jonrnal of Food Science
and Technology, 41(1), 1-21. doi:10.1111/§.1365-
2621.2005.00980.x.

Menis-Henrique, M.E.C. (2020). Methodologies
to advance the understanding of flavor chemistry.
Current Opinion in Food Science, 33, 131-135.
https://doi.otg/10.1016/j.cofs.2020.04.005

Merritt, C. G., Wingerd, W. H., Keller, D. J.
(1983). Process for prepating a time delayed
release flavorant and an improved flavored
chewing gum composition. U.S. Patent No.
4,386,106. U.S. Patent and Trademark Office,
Washington, DC.

Muifoz-Gonzilez, C., Rodriguez-Bencomo, J.J.,
Morteno-Arribas, M.V., Pozo-Bayén, M. A.

(2014). Feasibility and application of a retronasal
aroma-trapping device to study in vivo aroma
release during the consumption of model wine-
derived beverages. Food Science and Nutrition, 2(4),
361-370. doi:10.1002/fsn3.111.

Patliment, T.H. (1998). Applications of a
microextraction class separation technique to the
analysis of complex flavor mixtures. In: Flavour
Apnalysis, Mussinan C.J. and Morello M.J. (eds.),
ACS Semposium Series Vol. 705, pp. 8-21.
DOI:10.1021/bk-1998-0705.ch002

Pawliszyn, J. (2001). Solid phase microextraction.
In: Headspace Analysis of Foods and Flavors, Advances
in Excperimental Medicine and Biology, Rouseff R.L.,
Cadwallader K.R. (eds.), Springer, Boston, MA,
pp. 73-87. DOLI: 10.1007/978-1-4615-1247-9_6

Potineni R.V., Peterson D.G. (2008). Mechanism
of flavor release in  chewing gum:
Cinnamaldehyde. Journal of Agricultural and Food
Chemistry, 56,  3260-3267.  https://doi.org/
10.1021/ jf072783e

Sentko, A., Willibald-Ettle, 1. (2012). Isomalt, In:
Sweeteners and Sugar Alternatives in Food Technology,
O'Donnell, K., Kearsley M.W. (eds), John Wiley
& Sons, Ltd., West Sussex, UK, pp. 243-274.

Selli S., Kilic Buyukkurt, O. (2020). Aroma
maddelerinin saliniminda etkili faktorler, GIDA,
45, 204-216. https://doi.org/10.15237/
gida.GD19122

Taylor, A.J., Linforth, R.S.T., Harvey, B.A., Blake,
A. (2000). Atmospheric pressure chemical
ionization mass spectrometry for in vivo analysis
of volatile flavour release. Food Chemistry, 71(3),
327-338. doi:10.1016/S0308-8146(00)00182-5.

Voilley A., Etievant, P. (20006). Flavour in Food,
Woodhead Publishing Limited, Cambridge,
England, 287p.

Wong, S. W., Yu, B., Curran, P., Zhou, W. (2009).
Characterising the release of flavour compounds
from chewing gum through HS-SPME analysis
and mathematical modelling. Food Chemistry, 114,
852-858.  https://doi.org/10.1016/j.foodchem.
2008.10.030

419


https://doi.org/
https://doi.org/
https://doi.org/10.15237/
https://doi.org/10.1016/j.foodchem

420

Research / Arastirma
GIDA (2022) 47 (3) 420-433
doi: 10.15237/¢gida.GD21130

EVALUATION OF QUALITY AND STORAGE STABILITY OF BEEF PATTIES
CONTAINING DIFFERENT LEVELS OF PEANUT (Arachis hypogaea L.) SKIN

Sule Biyik, Sadettin Turhan®

Department of Food Engineering, Engineering Faculty, Ondokuz Mayis University, Samsun, Turkey

Received / Gelis: 11.10.2021; Accepted / Kabul: 31.03.2022; Published online / Online bask:: 08.04.2022

Buyik, S., Turhan, S.. (2022). Evalnation of quality and storage stability of beef patties containing different levels of
peanut (Arachis hypogaea 1..) skin. GIDA (2022) 47 (3) 420-433 doi: 10.15237/ gida. GD21130

Biyik, S., Turhan, S.. (2022). Farklt diizeylerde yer fistigt (Arachis hypogaea L.) zar1 igeren sigir koftelerinin
kalite ve depolama stabilitesinin degerlendirilmesi. GIDA (2022) 47 (3) 420-433 doi: 10.15237/
gida.GD21130

ABSTRACT

The present study was conducted to evaluate the quality and storage stability of beef patties containing
different levels of peanut skin (PS) during cold storage. The PS showed a high phenolic content and
antioxidant capacity. The addition of PS enhanced the water holding capacity of patties while negatively
affected the protein content, hardness, and chewiness. The treatment of PS decreased appearance, juiciness,
and overall acceptability scores, but overall acceptability scores of beef patties containing up to 4.5% PS
were similar to the negative control without PS. The incorporation of PS to beef patties at high levels (3.0,
4.5, and 6.0%) stabilized the pH, lipid oxidation, color differences, and microbial growth during the storage
period. Thus, the inclusion of 4.5% PS could be recommended to prolong the shelf life of beef patties with
minimal compositional and sensory changes.

Keywords: Beef patty, peanut skin, quality evaluation, storage stability

FARKLI DUZEYLERDE YER FISTIGI (Arachis hypogaeal..) ZARI iCEREN
SIGIR KOFTELERININ KALITE VE DEPOLAMA STABILITESININ
DEGERLENDIRILMESI

oz

Bu c¢alisma, farkli diizeylerde yer fisugt zar1 (YFZ) iceren sigir koftelerinin soguk depolama sirasinda
kalite ve depolama stabilitesini degerlendirmek icin gerceklestirilmistir. YFZ, yuksek fenolik igerik ve
antioksidan kapasite sergilemistir. YFZ ilavesi koftelerin su tutma kapasitesini artirirken, protein
icerigini, sertligini ve ¢ignenebilirligini olumsuz yonde etkilemistir. YFZ uygulamasi, gérinim,
sululuk ve genel kabul edilebilirlik puanlatini azaltmis ancak %4.5'e kadar YFZ iceren koftelerin genel
kabul edilebilirlik puanlari, YFZ icermeyen negatif kontrole benzer bulunmustur. Kéftelere yiiksek
dizeylerde (%3.0, 4.5 ve 6.0) YFZ ilavesi, depolama siiresince pH, lipit oksidasyonu, renk farkliliklar
ve mikrobiyal gelismeyi stabilize etmistir. BOylece minimum diizeyde bilesimsel ve duyusal
degisikliklerle sigir koftelerinin raf dmriint uzatmak icin %4.5 diizeyinde YFZ ilavesi 6nerilebilir.
Anahtar kelimeler: Sigir koftesi, yer fistigt zari, kalite degerlendirmesi, depolama stabilitesi
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Properties of beef patties containing peanut skin

INTRODUCTION

Lipid oxidation and microbial growth are the
major reasons for the quality loss and shelf-life
reduction in meat products during cold storage.
The growth of microorganisms in meat products
causes spoilage or foodborne diseases while lipid
oxidation adversely affects the color, flavor,
texture, and nutritional value of these products
(Fernandez-Lopez et al,, 2005; Altuntas and
Turhan, 2013). The latter can also lead to the
formation of potentially toxic oxidation products
(Tang et al,, 2001; Altuntas and Turhan, 2013).
Meat products such as beef patties and
hamburgers are more susceptible to microbial and
oxidative changes since they are produced from
minced meat. Mincing of meat distupts the
integrity of the muscle membrane and increases
the surface area that promotes lipid oxidation and
microbial growth in stored meat products. Also,
these products usually show a rather high-fat
content which makes them susceptible to
oxidative changes (Danowska-Oziewicz and
Kurp, 2017). 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
(Juntachote et al., 20006).

The recent decades, there has been a global trend
toward using by-products obtained from the
agro-industry as natural antioxidants and
antimicrobials in foods. One of them, peanut skin
(PS), is produced as a by-product of the peanut
processing industry. PS is the pink-red layer that
covers peanuts and is the primary residue of
peanut processing, which represents less than 3%
of peanut weight (Lorenzo et al., 2018). PS is
traditionally consumed as part of peanuts in many
areas of the world without adverse effects and
would qualify as a GRAS product (Yu et al., 2010).
However, this by-product has limited applications
in the industry due to its low commercial value
(Lorenzo et al., 2018). Recent research has shown
that extracts of PSs are an excellent source of
phenolic compounds such as proanthocyanidins
and other flavonoids, which are responsible for
antioxidant and antimicrobial activities (Yu et al.,
2006, 2010; Munekata et al., 2016; Calomeni et al.,

2017). PSs are also rich in dietary fibre and
potentially other health-promoting compounds.
The total dietary fibre accounts for ~45% weight
of the roasted PS, of which roughly 2.2% is
soluble fibre (Shimizu-Ibuka et al., 2009). In this
context, the antioxidant and antimicrobial effects
of PS extracts have been studied by some
researchers in meat and poultry products. For
example, O'Keefe and Wang (2000) reported that
PS methanol extract at 200 ppm level prevented
lipid oxidation but did not affect the instrumental
color, aroma, cooking loss, and microbial growth
in cooked ground beef during 14 days of
refrigerated storage. However, these authors
observed that PS extract levels higher than 400
ppm (600 and 800 ppm) reduced the luminosity,
redness, and yellowness of cooked ground beef.
Likewise, Yu et al. (2010) observed that the use of
PS extract in the raw and cooked ground beef
displayed a high effect on the inhibition of lipid
oxidation but relatively a low effect on
antimicrobial activity during 12 days of
refrigerated storage. In the study performed by
Munekata et al. (2015), an aqueous extract
obtained from PS inhibited the lipid oxidation
and prevented the loss of redness in cooked
chicken patties during 15 days of refrigerated
storage. In another study, 200 ppm of PS extract
in raw sheep patties packaged in a modified
atmosphere (80% O - 20% COy) reduced the
redness loss and changes in sensory attributes,
prevented lipid oxidation but did not affect the
microbial growth during refrigerated storage
(Munekata et al., 2016).

As seen in the examples above, although there are
few studies on the use of PS extract in meat and
poultry products, there is no information about
the effect of direct use of this by-product on the
quality and shelf life of meat products. The direct
use of the PS may increase the shelf life of the
product due to the loss of some antioxidative and
antimicrobial compounds during the extraction
process and enrich the dietary fibre content of the
product. In addition, in order to recover bioactive
compounds from plant by-products, solvents (eg.
methanol) are commonly used, which in many
cases can be toxic. Therefore, this study aimed to
assess the effect of direct use of PS on the quality
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(proximate composition, water holding capacity,
texture, and sensory attributes) and storage
stability (pH, TBARS, color, and microbial load)
of beef patties during cold storage (4 °C).

MATERIAL AND METHOD

Materials

The minced beef (64.33% moisture, 21.55%
protein, 11.81% fat and 1.01% ash), beef fat
(17.43% moisture, 78.13% fat), and peanut
(Arachis hypogaea 1..) skin (6.54% moisture, 8.48%
protein, 12.03% fat and 23.58% ash) were used in
the preparation of beef patties, and minced beef
and beef fat were purchased from a butcher shop.
PS produced as a byproduct of the roasting
process of peanuts were obtained from a local
nuts company and used in the powder form after
being ground with a blender (Waring-8011ES,
USA) and passed through a 0.5 pm sieve.
Butylated hydroxyl toluene (BHT) was purchased
from Sigma-Aldrich (St. Louis, MO, USA).
Unless otherwise stated, all chemicals used were
of analytical grade.

Determination of total phenolic content and
antioxidant activity of PS

Extraction procedure

The extraction of phenolic compounds was
carried out according to the procedure explained
by Guliyeva and Turhan (2021). Firstly, 5 g of PS
was mixed with 20 mL of 80% methanol aqueous
solution and submitted to ultrasound for 15 min.
Next, the mixture was left in the dark at room
temperature for 12 h and filtrated through filter
paper (Whatman No. 1, Maidstone, UK). The
obtained extract was used for the total phenolic
content and antioxidant activity determinations.

Total phenolic content

The total phenolic content of PS was determined
using the Folin-Ciocalteu method, as described by
Singleton and Rossi (1965). Briefly, the diluted
extract was mixed with Folin-Ciocalteau reagent
and left at room temperature for 5 min. Then,
sodium carbonate was added to the mixture and
left in dark at room temperature for 2 h. The
absorbance of the mixture was measured with a
spectrophotometer (Helios gamma, Thermo
Spectronic, Madison, WI) at 760 nm against a

blank reagent. The quantity of total phenolic
content in the PS was calculated as mg gallic acid
equivalent (GAE) per g PS.

2,2-diphenyl-1-picrylhydrazyl (DPPH)
scavenging activity
2,2-diphenyl-1-picrylhydrazyl (DPPH)

scavenging activity of PS was measured according
to Nakajima et al. (2004) with a slight
modification. Briefly, 50 uL of the diluted extract
was added to 1 mLL of DPPH methanol solution
(100 uM) and left to stand for 1 h at room
temperature followed by absorbance
measurement of the resulting solution at 517 nm

using a spectrophotometer. The DPPH
scavenging activity was calculated by the
following equation:

DPPH scavenging activity (%) = % x 100 1

where Acis the absorbance of the control (DPPH
solution with methanol) and As is the absorbance
of the sample. A Trolox standard curve was
produced and the antioxidant activity was then

calculated as mmol Trolox equivalent (TE) per g
PS.

Ferric reducing antioxidant power (FRAP)
The ferric reducing antioxidant power (FRAP)
assay of PS was performed according to the
methodology, described by Gao et al. (2000).
Briefly, 50 pl. of the diluted extract was mixed
with 0.95 mlL 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 FeCl; at the ratio 10:1:1).
Then, the sample absorbance was read at 593 nm
after 30 min incubation at room temperature
using a spectrophotometer. A Trolox standard
curve was produced and antioxidant power was
then calculated as mmol TE per g PS.

Preparation of beef patties

Six different batches of beef patties were
manufactured in Ondokuz Mayis University,
Meat and Meat Products Laboratory (Samsun,
Turkey) as follows: 1) CON, negative control
(78.5% minced beef + 20% beef fat + 1.5% salt);
2) BHT, positive control (78.5% minced beef +
20% beef fat + 1.5% salt + 0.01% BHT); 3) PS15



Properties of beef patties containing peanut skin

(77% minced beef + 20% beef fat + 1.5% salt +
1.5% PS); 4) PS30 (75.5% minced beef + 20%
beef fat + 1.5% salt + 3.0% PS); 5) PS45 (74%
minced beef + 20% beef fat + 1.5% salt + 4.5%
PS); 6) PS60 (72.5% minced beef + 20% beef fat
+ 1.5% salt + 6.0% PS). All batches were mixed
for 10 min to obtain a homogenous mass,
weighed into ~30 g portions, and shaped by hand
with gloves. The final products with a mean of 50
mm diameter and 10 mm thickness were
acrobically packaged in polyamide bags with an
oxygen transmission rate of 52.4 cm3/m?2/24 h at
1 atm and 23 °C and stored at 4 = 1 °C home-type
refrigerator for 9 days. Samples were randomly
selected for analysis at the evaluation periods.
Proximate composition, water holding capacity
(WHC), texture profile analysis (TPA) and
sensory attributes of samples were evaluated on 1
day of storage. The pH, thiobarbituric acid
reactive substances (TBARS), color and microbial
growth were analyzed on days 1, 3, 6, and 9 of
storage.

Determination of proximate composition and
water holding capacity

The proximate composition (moisture (950.40),
protein (981.10), fat (960.39), and ash (920.153))
of the minced beef, beef fat, PS, and beef patties
were determined using the official standard
method (AOAC, 2000).

The water holding capacity (WHC) of the beef
patties was determined using a press technique
explained by Oztan and Vural (1993) with a slight
modification. Briefly, 1.0 g of sample was placed
on the filter paper (Whatman No. 1, Maidstone,
UK), which was placed between two Plexiglas
plates and pressed for 1 h by a 1.0 kg weight. The
area of pressed meat and a spread juice was
measured, and WHC was calculated by the
following equation:

; 2
WHC = Meat film area (cm*)

" Total surface area (cm?)

@)

Determination of textural properties

Textural properties of the beef patties with a
mean of 50 mm diameter and 10 mm thickness
were determined according to the methodology,
described by Oztiirk and Turhan (2020) using a

Texture Analyzer (TA-XT Plus, Stable Micro
Systems, UK) with a 50 mm aluminum cylindrical
probe (model P/50R) and a 2 kg load cell. The
patties were compressed twice at a pre-test speed
of 2.0 mm/s, a post-test speed of 5.0 mm/s, test
speed of 50 mm/s, and 5 s between
compressions.  Values for hardness (N),
springiness (mm), cohesiveness, and chewiness
(N.mm) were calculated from the curves provided
by the equipment.

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 of the
Department of Food Engineering, Ondokuz
Mayis University, Turkey. All sensory work was
carried out in the sensory evaluation room under
fluorescence lighting. The cooked samples were
cooled to room temperature, cut into blocks,
randomized, 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. Flavor, juiciness, and tenderness
evaluations were performed only on cooked
samples, while appearance was done on both raw
and cooked samples. A 9- point hedonic scale was
used to assess appearance and flavor (1 =
undesirable to 9 = desirable), and a 9- point
descriptive scale to assess juiciness (1 = dry to 9
= juicy) and tenderness (1 = tough to 9 = tender).
The overall acceptability was calculated taking
into account appearance (raw and cooked), flavor,
juiciness, and tenderness (each with 20%)
(Turhan et al., 2014).

Determination of pH value
oxidation

For the determination of pH, 5 g of patty sample
was homogenized with 50 mL distilled water, and
the pH value was measured using a digital pH-
meter (Cyberscan PC 510, Singapore) calibrated

at pH 4 and 7.

and lipid

Lipid oxidation was assessed by the distillation
method according to Tarladgis et al. (1960) and
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the absorbance was measured at 538 nm. The
content of thiobarbituric acid-reactive substances
(TBARS) was calculated from the standard curve
prepared with 1,1,3,3-tetracthoxypropane and
expressed as mg malondialdehyde (MDA) per kg
sample.

Determination of instrumental color
Instrumental color was measured on the sutrface
of beef patties at room temperature using a
colorimeter (Minolta Chronometer CR-400,
Japan). Three patties per formulation were
randomly selected and five readings were taken
from each patty. Color measurement included
Hunter L, 2, and b parameters, where L represents
lightness with a scale from 0 (black) to 100
(white), a represents redness with a scale from
—60 (green) to +60 (red), and & represents
yellowness with a scale from —60 (blue) to +60
(vellow).

In addition, total color change between respective
day and day 1 is calculated as color difference
(4E) by the following equation:

AE = (AL? + Aa? + Ab?)Y/? ?3)

Determination of microbial quality

For the microbial analysis, 10 g of patty sample
was aseptically weighed into a sterile stomacher
bag and homogenized with 90 mL of sterile saline
solution (NaCl, 0.85%) for 2 min at room
temperature using a stomacher to make the initial
solution. Other decimal dilutions were prepared
from this dilution and the surface plate method
was used for enumeration. Enumeration of total
viable count (TVC) and psychrotrophic bacteria
count (PBC) were determined in Plate Count
Agar (PCA, Merck) after incubation at 35 °C for
48 hand at 7 °C for 10 d, respectively. The results
were log-transformed and expressed as logio
cfu/g.

Statistical analysis

The whole trial was replicated twice (two
independent batches), with each replication
corresponding to a different production day. For
each batch of beef patties, measurements of
related traits were carried out in triplicate. The
data were analyzed with the SPSS 21 statistical

software (IBM, Chicago, 1L, USA), and first
checked for normal distribution and homogeneity
of variances. Data from pH, TBARS, color, and
microbiological properties were analyzed using a
random block design, considering a mixed linear
model including batch and storage as fixed effects
and replicate as a random effect. The results of
proximate composition, WHC, textural and
sensory properties were analyzed by one-way
ANOVA, followed by Duncan's multiple range
test when the ANOVA was significant (P <0.05).
For the sensory analysis, panel day, session
number, and panelist number are considered as
random effects. All results were expressed as
mean value * standard deviation.

RESULTS AND DISCUSSION

Total phenolic content and antioxidant
activity of PS

The phenolic compounds that may occur in all
parts of plants are principally responsible for
antioxidant activity and can act as reducing agents
(free radical terminators), metal chelators, and
singlet oxygen quenchers (Shahidi and Naczk,
2004). The total phenolic content determined in
PS was 128.26 mg GAE/g while its antioxidant
activity as DPPH and FRAP was 417.99 and 41.07
mmol TE/g, respectively (Table 1).

Table 1. Total phenolic content and antioxidant
capacity of peanut skin!

Parameters Values

g;alc}lilg};ic content 128.26+1.15
2 1 ity

g’iﬂ ;;gngmg activity 417.9942.06
3

?jﬁg - 41.07+0.42

'Results are expressed as mean * standard deviation.
Analyses were carried out in triplicate.

’DPPH, 2,2-diphenyl-1-picrylhydrazyl, SFRAP, ferric
reducing antioxidant power.

A similar phenolic content was recorded by Yu et
al. (2006) for directly peeled (130.8 mg GAE/g),
and roasted PSs (1243 mg GAE/g) and by
Chuenchom et al. (2016) for Spanish (129.0 mg
GAE/g) and Valencia PSs (131.94 mg GAE/g).
Moreover, numerous authors reported that PS
extracts have a strong antioxidant capacity (Yu et
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al., 2006; Chuenchom et al., 2016; Calomeni et al.,
2017). However, higher phenolic content was
recorded by Chuenchom et al. (2016) for Virginia
PSs and by Calomeni et al. (2017) in powders
produced by spray-drying of PS extracts with 10
and 20% maltodextrin. The phenolic content and
antioxidant activity of PS are extremely variable
due to different factors such as peanut species,
roasting temperature and time, skin removal

methods, and solvent types used for extraction
(Ma et al.,, 2014). These findings show that PS

could be a good source of natural antioxidants
and use as a natural additive in other foods.

Proximate composition and water holding
capacity of beef patties with PS

As seen in Table 2, the incorporation of PS at
different levels significantly (P < 0.05) affected
the moisture, protein, and ash content of beef
patties whereas its effect on fat content was not
significant (P >0.05).

Table 2. Proximate composition, WHC and textural properties of beef patties containing different
levels of peanut skin'

Parameters Batches
CON? BHT* PS15s PS30° PS457 PS60°

Moisture (%) 55.102152% 56651178 541281500  5330LL.19% 5172150 48471487
Protein (%) 184540420 183910520 17.960.57%  17.9940.64 1727021  16.94+0.45¢
Fat (%) 23654188  21.86+1.100 22854176 2295177+ 228141372 20.75+1.42:
Ash (%) 24040.04  242+0.05¢ 2.87+0.09¢ 3.19+0.09¢ 3.60+0.05> 3.9940.16¢
WHC? 0.62£0.02¢  058+0.01¢  0.60£0.05¢  0.66£0.03  0.69£0.03" 0.76:£0.05¢
Hardness (N)  114.82£1632>  119.64+15.04>  133.36£10.97% 13525%17.18%  169.93+23.63%  189.49+28.122
?ﬁ“ﬂggmess 0.86+0.07¢ 0782009 0.85+0.03¢ 0.77+0.072 0.7740.142 0.74+0.08¢
Cohesiveness  0.42+0.040  0.49%0.10¢ 0.44+0.08¢ 0.46:+0.10% 0.62+0.05¢ 0.5740.05¢
%ﬁ”x” 40841527 44.46t44de  49.891296b  4576+324c  70.81£1543>  78.26+10.122

Results are expressed as mean * standard deviation. The trial was conducted in duplicate. Analyses were carried

out in triplicate. a-e: Means not sharing a common superscript in a row are significantly different at P <0.05 as
assessed by Duncan's multiple range test, ?WHC: water holding capacity, 3CON: negative control, “BHT: positive
control with 0.01% BHT, >PS15: 1.5% peanut skin, SPS30: 3.0% peanut skin, "PS45: 4.5% peanut skin, $PS60, 6.0%

peanut skin.

The moisture and protein content of patties
gradually decreased with an increase in PS level,
but the ash content increased. The decrease in
moisture content could be attributed to the
decrease in red meat content and the increase in
total solids contents following the addition of PS.
Similarly, Turhan et al. (2005) reported a decrease
in the moisture content of beef burgers
formulated with hazelnut pellicle. Also, Yilmaz
(2005) indicated that an increase in wheat bran
decreased the moisture content of meatballs. The
decrease in protein content could result from the
low protein content (8.48%) of PS. Bilek and
Turhan (2009) determined a similar decreasing
trend in protein content in raw beef patties
formulated with different levels of flaxseed flout.
Moteover, 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 (23.58%) of PS. Similar results
were also obtained by Bilek and Turhan (2009) in
beef patties with added flaxseed flour, and by
Oztirk and Turhan (2020) in beef meatballs
containing pumpkin seed kernel flour.

The incorporation of PS at different levels
significantly (P <0.05) affected the WHC of beef
patties and it gradually increased with more PS
addition (Table 2). This positive effect could be
attributed to the high dietary fiber content of PS.
It was reported that PSs contain 42.8-54.7%
dietary fiber (Ma et al., 2014), and dietary fibers
have the ability to keep the moisture in the matrix
(Serdaroglu et al., 2018). Similar to our results,
Serdaroglu et al. (2018) reported that the addition
of dried pumpkin pulp and seed improved the
WHC of beef patties.
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Textural properties of beef patties with PS

As seen in Table 2, the addition of PS to beef
patties  significantly (P <0.05) affected the
hardness and chewiness whereas its effect on
springiness and cohesiveness was not significant
(P >0.05). A progressive increase in the PS level
increased both the hardness and chewiness values
of beef patties. This increase was significant in
only 6.0% PS addition for hardness, while it was
significant in 4.5% and 6.0% PS addition for
chewiness. These results might be due to the
decrease moisture content of beef patties (Table
2) with increased levels of PS. Namely, a higher
amount of PS may contribute to higher dry matter
content which therefore resulted in beef patties
with greater hardness and chewiness, particularly

in beef patties PS45 and PS60. This was
supported by Aykin Dinger et al. (2018) who
observed that the high dry matter content of
retrograded flour may increase both the hardness
and chewiness of the meatball. Similarly, Ran et
al. (2020) reported that with increase Perilla seed,
the hardness and chewiness of Perilla meatballs
increased or remained high due to the high solid
matter content of Perilla seed.

Sensory attributes of beef patties with PS

The addition of PS to beef patties significantly (P
<0.05) affected the appearance (raw and cooked),
juiciness, and overall acceptability whereas its
effect on flavor and tenderness was not significant

(P >0.05) (Fig. 1).

Appearance (raw)

Overall
acceptability

Tenderness

B-CON, negative control

Appearance
(cooked)

Flavor

Juiciness

+-BHT, positive control with 0.01% BHT

-4-PS 15, 1.5% peanut skin
--PS 30, 3.0% peanut skin
=>«PS45, 4.5% peanut skin
--PS 60, 6.0% peanut skin

Figure 1. Sensory scores of beef patties containing different levels of peanut skin
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Generally, the highest appearance, juiciness, and
overall acceptability scores were observed for the
negative (CON) and positive control patties
(BHT), and the sensory scores decreased with
more PS addition (P <0.05). However, the
incorporation of PS to beef patties at a level up to
4.5% did not affect the appearance and overall
acceptability ~compared to CON. The
incorporation of PS to beef patties at 6.0% level
resulted in a brown-red color and this state was
probably regarded by panelists as less likable.
Finally, the beef patties with 6.0% PS showed the
lowest juiciness scores, which agrees with the
lower moisture content and the higher hardness
values of beef patties (Table 2). Such negative
effects of the use of non-meat ingredients at high
concentrations on the sensory properties of
comminuted meat products were reported by
Turhan et al. (2005) in low-fat beef burgers with
hazelnut pellicle, and by Yilmaz (2005) in low-fat
meatballs with added wheat bran.

pH and TBARS values of beef patties with PS
during storage

As seen in Table 3, the initial pH values of beef
patty samples ranged from 6.16 to 6.27 and the
differences between pH values of samples were
not significantly different (P >0.05). Except for
PS60 samples, pH values of other meatball

samples did not change until the 3rd day of
storage (P >0.05) but gradually increased after 3
days of storage. Except for the initial day, on the
other days of storage, PS addition to beef patties
significantly (P <0.05) decreased the pH values.
During storage, the rate of pH increase was
significantly higher (P <0.05) in BHT, CON, and
PS15 samples than PS30, PS45, and PS60
samples. On day 9 of storage, the highest pH
values were observed in BHT and CON samples,
followed by the PS15 sample, and the lowest value
was observed in PS60 sample (P <0.05).
Consequently, the addition of PS significantly
enhanced the pH stability of the formulated
patties simultaneously with the level of PS
suggesting the protective role of PS against
spoilage microorganisms. The increase in pH
during storage may be attributed to the
accumulation of protein decomposition products
due to the bacterial action in stored patties
(Danowska-Oziewicz and Kurp, 2017; Turhan et
al., 2017). Similarly, Turhan et al. (2017) reported
a significant increase in the pH of meatballs with
and without bee pollen during the storage period.
Moreover, Ikhlas et al. (2012) reported an increase
in the pH value in Cosmos caudatus, Pobygonum minus,
and BHT treated quail meatballs during the
refrigeration storage.

Table 3. Changes in pH and TBARS values of beef patties containing different levels of peanut skin
during storage at 4 °C!

Parameters Batches Storage period (days)
1 3 6 9

pH CON? 6.27£0.05% 6.24£0.05 6.72£0.05"4 7.20£0.06%
BHT* 6.25£0.05% 6.33£0.04 6.85£0.08% 7.29£0.04%
PS15° 6.25£0.04 6.22£0.05 6.67£0.03b<d 6.99£0.07%p
PS30¢ 6.19£0.03% 6.13£0.04¢ 6.55£0.0944 6.79£0.08<
PS457 6.211+0.18 6.0810.03<dr 6.58%0.05¢dd 6.83£0.09<
PS608 6.161+0.14 6.0210.074s 6.40£0.08< 0.6520.044p

TBARS? CON? 1.91+0.1224 2.30£0.08 2.48%0.13% 2.38%0.11%

(mg MDA /kg) BHT* 0.4410.06%4 0.56%0.06b» 0.6310.04bp 0.6210.05bp
PS15° 0.42%0.06bp 0.4610.07<p 0.4910.07<p 0.48+0.08¢p
PS300 0.47%0.04bp 0.47%0.06<° 0.52%0.06<p 0.5520.06b<p
PS457 0.4210.04bp 0.4410.04<p 0.47%0.08< 0.47£0.04<p
PS608 0.47%0.05bp 0.44£0.02<p 0.514+0.05¢ 0.49£0.08<p

IResults are expressed as mean % standard deviation. The trial was conducted in duplicate. Analyses were carried out in triplicate.
a-e: Means not sharing a common superscript in a column are significantly different at P <0.05 as assessed by Duncan's multiple
range test. p-s: Means not sharing a common superscript in a row are significantly different at P <0.05 as assessed by Duncan's
multiple range test, 2TBARS: thiobarbituric acid-reactive substances,

3CON: negative control, “BHT: positive control with 0.01% BHT, 5PS15: 1.5% peanut skin, SPS30: 3.0% peanut skin, 7PS45:

4.5% peanut skin, $PS60: 6.0% peanut skin.
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The addition of PS showed a significant (P <0.05)
effect on TBARS of beef patty samples (Table 3).
The highest TBARS was obtained in negative
control samples (CON) at all storage days;
however, patties added with BHT and PS revealed
a noticeable decrease in TBARS value compared
to the CON samples. The TBARS wvalues for the
CON and patties added with BHT increased
significantly (P <0.05) with the advancement of
the storage period, while non-significant (P
>0.05) changes in TBARS values were noticed for
beef patties formulated with PS at the different
concentration for all storage days. On day 3 of
storage, the TBARS value (2.30 mg MDA /kg
sample) of the negative control patties was higher
than the limit (2.0 mg MDA/kg), which could be
considered as a threshold for the acceptability of
oxidized beef (Campo et al., 2006). However, the
TBARS values (0.47 to 0.62 mg MDA /kg sample)
of the positive control (BHT) and all patties
containing PS were within the acceptable limit
even at the end of storage, indicating the
significant antioxidant effect of PS on the patties.
This effect can be explained by the phenolic
compounds present in the PS such as
proanthocyanidins ~ and  other  flavonoids
(Munekata et al., 2016). Such antioxidant effect
was in agreement with DPPH and FRAP assays
(Table 1), indicating the activity of phenolic
compounds in PS on prevention of lipids
oxidation. The phenolic compounds can act as
reducing agents (free radical terminators), metal
chelators, and singlet oxygen quenchers, thus
forming a stable product (Shahidi and Naczk,
2004). Similar findings on the reduction of lipid
oxidation in meat and poultry products treated
with PS extract was also reported by various
researchers. For example, O'Keefe and Wang
(2006) observed that PS methanol extract at 400
ppm level dramatically reduced TBARS values of
cooked ground beef during the period of the 14-
day storage. Similatly, Yu et al. (2010) reported
that the addition of PS extract to raw ground beef
before cooking significantly inhibited the
formation of TBARS in cooked ground beef
during the refrigerated storage, and PS extract at
concentration 0.06% was as effective as
BHA/BHT at 0.02% in inhibiting lipid oxidation.
In another study, Munekata et al. (2015) presented

similar results in cooked chicken patties treated
with an aqueous extract (3%) obtained from PS
during 15 days of refrigerated storage. In addition,
Munekata et al. (20106) indicated that raw sheep
patties treated with PS extract at concentration of
1000 ppm showed a lower level of lipid oxidation
as compared to control in modified atmosphere
packaging condition (80% Oz + 20% CO») during
refrigerated storage.

As seen in Table 3, the TBARS level of samples
treated with PS was lower than those treated with
BHT; this difference was especially significant (P
<0.05) on day 3, 6 and 9 of storage period. Similar
to our results, it is also reported by some
researchers that the possibility of applying PS
extract as substitutes for synthetic additives, since
they are able to delay oxidative reactions in lipids
in a similar or more effective way than their
synthetic counterparts. For example, Yu et al.
(2010) indicated that the addition of PS extract at
concentrations of 0.06% and higher to raw
ground beef was as effective as 0.02% BHA/BHT
based on measured level of TBARS value in
cooked ground beef during refrigerated storage.
Similarly, Munekata et al. (2016) showed that in
raw sheep patties, the antioxidant potential of PS
extract is comparable to that of BHT. Therefore,
the present study results indicate that PS can be
considered as natural antioxidant to prevent lipid
oxidation in meat and meat products.

Instrumental color parameters of beef patties
with PS during storage

The addition of PS showed a significant (P <0.05)
effect on L values of beef patty samples (Table 4).
As seen in Table 4, the incorporation of different
levels of PS to beef patties reduced the lightness
(L value) of formulated patties compared to the
controls (CON and BHT), and lightness values
further reduced with increasing PS concentration
(P <0.05). Thus, the beef patties formulated with
more PS became darker in color compared to the
control patties. This effect is probably a
consequence of the lower moisture content when
PS was added since moisture is related to lightness
values (Zhang et al., 2020). Also, this effect could
be attributed to the natural color of PS, ranging
from light brown to deep red. Similarly, Munekata
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et al. (2015) reported that the addition of the PS
extract to the chicken patties caused a slight
darkening that resulted in lower L. values
compared to the control samples over the storage

Table 4. Changes in color parameters of beef patties containing different levels of peanut skin during

time. However, non-significant (P >0.05) changes
in L values were noticed for all-beef patties with

the advancement of the storage period.

storage at 4 °C!

Parameters Batches Storage period (days)
1 3 6 9
12 CONe¢ 43.39%3.15% 40.96%+1.57 43.40%1.22% 43.361+1.81
BHT” 42.90+£1.97= 42.00£0.43 42.59+1.72% 44.54£3.16%
PS158 39.4241.86bp 38.11+1.67% 37.98+1.74b 38.79+2.72bp
PS30° 35.63+1.01 35.65%£1.69 35.41£0.63¢¢ 36.81£2.64b<p
PS4510 33.47£0.544p 34.5411.06¢dp  34.5710.62cdp 34.8311.55¢p
PS601 32.60£0.844p 33.34£0.964 33.24£0.574p 33.24£0.63p
@ CONG¢ 10.62£0.92bpq 8.62+1.42b4 9.50+2.6624 11.09£1.79=»
BHT? 12.27£1.15% 10.42+1.61% 10.85£1.772 11.77+1.25%
PS158 8.68£0.27<p 6.91£1.13< 7.11£1.26b4 6.98£0.76ba
PS30? 7.8710.48¢dp 6.47£0.35¢4 6.811+0.88b4 6.17+0.62b4
PS4510 7.9010.59¢dp 6.34+0.17<q 6.09£0.53ba 6.73%0.66b4
PS60M 7.2710.434p 6.17+0.18¢q 5.77%0.20br 6.26+0.12b4
A CONe® 8.51£0.32# 7.97£1.49 7.60£2.15%49 7.5241.78%
BHT” 8.5810.85% 7.8711.112p9 6.64£1.392 6.81+1.31%q
PS158 7.91+0.402bp 7.22+0.812pq 6.14+1.000ar 5.92+1.17a
PS30° 7.48£0.49bp 7.26£0.46% 6.68£0.712pq 6.14£1.122
PS4510 7.38£0.51bp 7.45%0.31%p 7.10£0.43%p4 6.78£0.4924
PS60M 7.40£0.51bpq 7.55+0.28w 7.01£0.3224 7.03%0.4024
AE° CONG¢ - 5.32+1.46% 4.57+0.922 3.03£0.8724
BHT” - 3.59%1.44bp 4.01£1.26%p 3.23£0.94%p
PS158 - 3.25£1.2Gbep 3.27£0.68b<p 3.38£0.68»
PS30? - 1.75£0.834 1.78+0.784q 3.21+0.86
PS4510 - 2.1241.06¢dp 2.3240.73¢dp 2.54%0.612bp
PS60!! - 1.9040.75¢dp 2.13£0.364 1.79£0.54bp

Results are expressed as mean * standard deviation. The trial was conducted in duplicate. Analyses were carried
out in triplicate. a-d: Means not sharing a common supersctipt in a column are significantly different at P <0.05 as
assessed by Duncan's multiple range test. p-r: Means not sharing a common superscript in a row are significantly
different at P <0.05 as assessed by Duncan's multiple range test, 2L: lightness, 3: redness, *4: yellowness, SAE: color
difference, “CON: negative control, ’/BHT: positive control with 0.01% BHT, 8PS15: 1.5% peanut skin,

9PS30: 3.0% peanut skin, 1'PS45: 4.5% peanut skin, 'PS60: 6.0% peanut skin.

At all storage periods, significant differences for a
values were noticed among the batches and the
beef patties containing PS at different levels
exhibited a lower « value than control samples
(CON and BHT) and became less red in color
(Table 4). As mentioned above, the decline in
redness could be attributed to the natural color of
PS. Similar observations on the decrease in «

values of chicken patties incorporated with PS
extract were also reported by Munekata et al.
(2015). All the treatments except BHT
demonstrated a trend of reduction of a values
from day 1 to day 3 (P <0.05), but then non-
significant (P >0.05) changes were noticed for
beef patties containing PS. However, there was no
change in the redness values of the BHT samples
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during the all storage period. The results showed
that the incorporation of PS to beef patties
inhibited myoglobin oxidation after day 3 and as
a result reduced the formation of metmyoglobin.
A similar influence of PS extract on redness was
also reported by Yu et al. (2010) in ground beef
and by Munekata et al. (2015, 2016) in chicken
and sheep patties, respectively.

The incorporation of different levels of PS to beef
patties (P <0.05) slightly reduced the & values on
day 1, while non-significant (P >0.05) changes in
b values were noticed for other storage periods
(Table 4). This result was similar to those found
by Munekata et al. (2015), who reported the
addition of PS extract to chicken patties resulted
in lower b values than those observed in the
control samples. The & values of both PS-
formulated and non-formulated beef patties
demonstrated a slight reduction trend during the
storage period reaching the minimum values on
day 9 (P <0.05). A related study indicated a similar
trend in sheep patties produced with BHT or PS
extract for 20 days at 2 °C (Munekata et al. 2016).

The positive effect observed of PS on the color
of beef patties during the storage period is
partially supported by the color differences (AE).
As seen in Table 4, while on days 3 and 6, all beef
patties with added PS showed lower AL values
compared to the control (CON), on day 9, only
beef patties with added PS at 6.0% level showed
lower AE values (P <0.05). Hence, the addition of
PS would help preserve the color stability of beef
patties under refrigerated conditions. This
protective effect on the color of beef patties may
influence consumers’ purchase decisions. Such
positive effects of the use of non-meat ingredients
on the color differences were also reported by
Prommachart et al. (2020) in beef patties added
with black rice water extract during chilled
storage.

Microbial quality of beef patties with PS
during storage

The addition of PS to beef patties significantly (P
<0.05) affected the TVC whereas its effect on the
PBC was not significant (Table 5).

Table 5. Changes in microbial quality of beef patties containing different levels of peanut skin during
storage at 4 °C!

Parameters Batches Storage period (days)
1 3 6 9
TVC? CON* 7.3240.46% 8.80%0.52» 9.16+0.31abp 9.4240.04»
(log cfu/g) BHTS 7.3740.34ar 8.47+0.12:ba  9.20+0.28bp 9.4940.15%
PS156 7.3940.18 8.8910.272 9.3310.09» 9.3240.03
PS307 7.30£0.28ar 8.48+0.14ba  8.9140.41bcp 9.1540.12bp
PS458 7.2610.32ar 8.4140.26ba  8.9140.10bcp 9.00£0.16bp
PS60? 7.2740.550 8.1540.26b 8.6410.07¢» 8.7240.04<p
PBC3 CON®* 6.9410.32: 7.9440.46w 8.3740.55% 8.7840.79
(log cfu/g) BHT> 7.14+0.37ar 7.90%0.542 8.38%0.312p4 8.8410.842p
PS156 7.2440.25% 8.0240.65 8.4410.30w 8.60%0.55%
PS307 7.11£0.22ar 7.96%0.55%4 8.5520.25% 8.5610.35%
PS458 7.14£0.24% 7.8940.36w4  7.95+1.002p 8.5140.50»
PS60° 6.9140.23% 7.7240.16% 7.8810.85% 8.3740.47

IResults are expressed as mean * standard deviation. The trial was conducted in duplicate. Analyses were carried

out in triplicate. a-c: Means not sharing a common superscript in a column are significantly different at P <0.05 as
assessed by Duncan's multiple range test. p-r: Means not sharing a common superscript in a row ate significantly
different at P <0.05 as assessed by Duncan's multiple range test, ’T'VC: total viable count, 3PBC: psychrotrophic
bacteria count, *CON: negative control, BHT: positive control with 0.01% BHT, °PS15: 1.5% peanut skin, "PS30:
3.0% peanut skin, 8PS45: 4.5% peanut skin, “PS60: 6.0% peanut skin.
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As seen in Table 5, the initial TVC of beef patties
ranged from 7.26 to 7.39 cfu/g and the
differences between the TVC of samples were not
significantly different (P >0.05). The high initial
TVC in beef patties can be attributed to the high
level of contamination in the PS produced as a
byproduct of the roasting process of peanuts. The
TVC and PBC showed a significant increase (P
<0.05) during the storage period for all batches,
however beef patties added with 3.0, 4.5, and
6.0% PS showed lower TVC than CON and BHT
samples at the end of the storage period.
However, there were no differences (P >0.05) in
TVC on days 3 and 6 among CON, PS30, and
PS45 batches. The low plate count determined in
the beef patties containing high levels of PS could
be attributed to the appreciable phenolic
compound content of PS. Similarly, Yu et al.
(2010) and Munekata et al. (2016) reported that
PS extracts delayed microbial growth in raw
ground beef stored at 4 °C for 12 days and in
sheep patties stored at 2 °C for 20 days,
respectively. Thus, high levels of PS may
contribute to the increase in the shelf-life of the
beef patties.

CONCLUSION

Our findings showed the PS is a rich source of
phenolic compounds and has substantial potential
as an antioxidant agent. While the addition of
4.5% PS to the beef patties enhanced WHC, it did
not adversely affect the hardness and overall
acceptability. Also, the addition of PS into beef
patties at high concentrations (3.0, 4.5, and 6.0%)
improved lipid and microbial stability during 9
days of cold storage. Thus, PS could be used in
beef patties at 4.5% concentration to prolong the
shelf life with minimal compositional and sensory
changes, and this situation could represent a new
alternative for the utilization of PS in the food
industry.
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oz

Bu calismada, starter kullanilmadan tretilen sucuklardan izole edilmis Pediococcus acidilactici ve P. pentosacens
suslarinin safra tuzuna tolerans, dusiik pH ve fenol varhiginda hayatta kalma, yapay mide 6zsuyuna tolerans,
lizozime kars1 direng, hidrofobisite ve otoagregasyon yetenekleri gibi bazt probiyotik 6zellikleri incelenmistir.
Izolatlarin tamaminin pH 1’de ilk 6lgiimlerinde, pH 3’te ise birinci saatin sonunda inaktive oldugu
saptanmustir. pH 5’te ise tim Pediococcus suglart 4 saat inkiibasyon siiresi boyunca %067.02-95.42 oraninda
canliiklarini korumuslardir. %0.4 fenol uygulamasinda P. acidilacticic OBS62 susu %2.32 oraninda gelisim
gosterirken diger suslarin %069.94-99.89 oraninda canliliklarini korudugu tespit edilmistir. 100 ppm lizozim
uygulamasinda suslarin % canliliklar: 90.90 ve 107.40 arasinda bulunmustur. %0.3 pepsin iceren yapay mide
suyu denemelerinde tiim Pediococcns suslart inaktive olmustur. %0.3 ve %0.5 safra tuzu uygulamasinda suglarin
tamaminda hiicre sayisinda artis oldugu belirlenmistir. %1 safra tuzu uygulamasinda ise P. acidilacticis OBS54
ve P. pentasacens OBS56 suslart canliligint korumus, diger suslarda ise hiicre sayisinda artis oldugu tespit
edilmistir. Pediococcus suglarinin hidrofobisite oranlart %061.42-%97.40 arasinda, otoagregasyon yetenekleri ise
%17.3-%64.78 arasinda bulunmustur. Sonug olarak, izolatlarin mikroenkapsiilasyon yolu ile midenin
olusturdugu sert cevresel kosullara dayamimlarinin arttirllmast sayesinde probiyotik kiltir olarak
kullanilabilecekleri distiniilmektedir.

Anahtar sézcukler: Sucuk, Pediococcus acidilactici, Pediococcus pentasacens, probiyotik

DETERMINATION OF PROBIOTIC PROPERTIES OF PEDIOCOCCUS
ACIDILACTICI AND PEDIOCOCCUS PENTOSACEUS STRAINS WITH
ANTIMICROBIAL ACTIVITY

ABSTRACT

In this study, some probiotic properties such as bile salt tolerance, survival in low pH and in presence
of phenol, tolerance to simulated gastric juice, resistance to lysozyme, hydrophobicity and
autoaggregation abilities of Pediococcus acidilactici and P. pentasacens strains isolated from sausages
produced without starter were investigated. It was determined that all of the isolates were inactivated
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Pediococcus suslarinin probiyotik 6zellikleri

at the first measurement at pH 1 and at the end of the first hour at pH 3. At pH 5, all Pediococcus
strains preserved their viability at a rate of 67.02-95.42% during the four-hour incubation period. P.
acidilacticc OBS62 strain grew at a rate of 2.32% in 0.4% phenol, while other strains maintained
viability at a rate of 69.94-99.89%. In 100 ppm lysozyme application, the % viability of the strains
was found between 90.90 and 107.40. All Pediococcus strains were inactivated in the trials of artificial
gastric juice containing 0.3% pepsin. It was determined that there was an increase in the number of
cells in all of the strains with the application of 0.3% and 0.5% bile salt. In 1% bile salt application,
P. acidilactici OBS54 and P. pentasacens OBS506 strains preserved their viability, while an increase in the
number of cells was detected in other strains. The hydrophobicity rates of Pediococcus strains were
found to be between 61.42% and 97.40%, and their autoaggregation abilities were found to be
between 17.3% and 64.78%. As a result, it is thought that the isolates can be used as probiotic cultures
by increasing their resistance to harsh environmental conditions created by the stomach by

microencapsulation.

Key words: Sausage, Pediococcus acidilactici, Pediococcus pentasacens, probiotic

GIRIS

Ginimiizde karmagik mikrobiyal topluluklardan
vararli bakterilerin taranmasi, izolasyonu ve
tanimlanmast  giderek  daha  yaygin  hale
gelmektedir. Diinyada milyarlarca
mikroorganizma var olmasina ragmen ancak
bunlarin  ¢ok  aziin  Szellikleri ve gida
proseslerinde uygulanabilirlikleri test edilmistir.
Bunlar  arasinda, probiyotik adi  verilen
mikroorganizmalar, insanlar, hayvanlar, bitkiler ve
gidalar  Uzerindeki yararli etkileri nedeniyle
glinimiize kadar bircok arastirmanin oda@t
olmustur. Probiyotikler yeterli —miktarlarda
tiketildiginde drettikleri ¢esitli metabolizma
trtinleri ile veya adezyon noktalari icin patojenler
ile rekabete girmeleri gibi etkenler sayesinde
konak tzerinde faydali etkiler gbsteren canlt
mikroorganizmalar  olarak  tanimlanmaktadir
(FAO/WHO, 2002). Probiyotik mikroorganiz-
malar arasinda laktik asit bakterileri (LAB),
hammaddelerin fermentasyonu strasinda
urettikleri organik asitler sayesinde gidalarin
beslenme kalitelerinin korunmasinda 6nemli rol
oynar. LAB'nin gida fermantasyonunda starter
killtiir olarak kullanilmas: ile ortam pH’sinin
dastrilmesi, proteolitik aktivite gibi cok yonli
metabolik  6zellikleri  ve  bakteriyosin  gibi
antimikrobiyel metabolitleri sentezleme
yetenekleri sayesinde triin kalitesi artirilmaktadir.
Gudalarda yaygin olarak bulunan LAB’nin, teksttr
ve aroma gelisimine katkt saglamalarinin yaninda
biyo-koruyucu ve probiyotik olarak da kullanim
potansiyelleri bulunmaktadir (Ng vd., 2015; Gad
vd., 2016; Chen vd., 2017). Bu nedenle, daha genis
endustriyel uygulamalar icin yeni LAB tirlerinin

izolasyonu ve karakterizasyonu endistriyel 6neme
sahiptir (Abbasiliasi vd., 2017). Son yillarda,
probiyotiklerin potansiyel saglik yararlari tzerine
yapilan aragtirmalarda viral veya bakteriyel ishal,
tlseratif kolit ve posit gibi kronik enflamatuar
hastaliklar dahil olmak Uzere cesitli bulasict
hastaliklarin tedavisinde 6nemli rol oynadiklar
bildirilmektedir (Hickson vd., 2007; Grandy vd.,
2010; Saad vd., 2013). Probiyotik mikroorganiz-
malarin bagirsakta hayatta kalmast ve konaket
tizerinde yararh etkiler ortaya ¢tkarmast icin, mide
ve bagirsaklardaki asidik pH ve safra tuzlarina
toleranslari cok 6nemlidir. Insan midesinin pH'st
icerdigi hidroklorik asit nedeniyle yaklagik 2.5 ile
3.5 arasindadir. Bu nedenle, probiyotiklerin ince
bagirsaga ulasmast ve konakta kolonilesmesi icin
asidik mide ortaminda hayatta kalmasi bir
gerekliliktir. Ayrica, probiyotiklerin besin alimi
icin diger patojenlerle rekabet edebilmesi icin
gastrointestinal sistemdeki mukozal tabakaya
yeterince iyi tutunmast beklenir. Probiyotik bir
mikroorganizmanin  yliksek  hiicre  yiizey
hidrofobisitesi ile otoagregasyon yetenegine sahip
olmast bagirsakta kolonizasyonu kolaylagtirirken,
koagregasyon yetenegi ile de patojenler ile
iliskilenip bunlarin ~ diski ile atimint
kolaylastirmaktadir.  Bir  mikroorganizmanin
probiyotik olarak secilmesi i¢in diger Gnemli
kriterler, patojenik bagirsak mikrobiyotasin
inhibe etmek i¢cin organik asitler, hidrojen peroksit
ve bakteriyosinler gibi antimikrobiyal molekulleri
tretebilmesidir (Oelschlaeger, 2010; Shyamala
vd., 2016; Thakur vd., 2016; Villena ve Kitazawa,
2017; Mokoena, 2017).
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Endustriyel ~ dizeyde — fermente  gidalarin
tretiminde rol alan LAB grubu tyesi Pediococcus
cinsi, P. inopinatus, P. dextrinicus, P. clanssenii, P.
dammnosus, P. cellicola, P. ethanolidurans, P. parvulus, P.
stilesii, P. acidilactici ve P. pentosacens’u kapsayan
cesitli tirler icermektedir (Dobson vd., 2002;
Holzapfel vd., 2006; Todorov ve Dicks, 2009,
Holzapfel ve Wood, 2014). Ozellikle P. acidilactici
ve P. pentosacens turlerinin genetik, molekiler ve
tizyolojik yonlerini inceleyen arastirmalarin sayist
stirekli olarak artmaktadir. Virtilans faktérlerinin
ve virilans genlerinin yoklugu, bir bakteriyi
probiyotik olarak kabul etmek icin bir 6n
kosuldur. Virtlans faktSrlerinin - yoklugu ile
birlikte — antibiyotik  direnclerinin  olmamast
LAB'nin givenli olarak degetlendirilmesi icin cok
o6nemli bir husustur. Avrupa Gida Gilivenligi
Otoritesi (EFSA) tarafindan gida takviyeleri
olarak tanumlanan P. pentosacens ve P. acidilactici
suslarinin, bilinen antibiyotik direnc¢ genlerinden
yoksun oldugu bildirilmistir (Shani vd., 2021). Her
iki tir de olgunlastirilmis gesitli peynirler, tursu,
sarap, et ve st Urlnlerinden ve cesitli
iceceklerden stklikla izole edilmekte ve ayni
zamanda sebzeler, sosisler ve sucuk gibi gidalart
fermente etmek amaciyla endistride yogun bir
sekilde  kullamilmaktadir  (Papagianni  ve
Anastasiadou, 2009).

Bu calismada, starter kullanilmadan dretilen
sucuktan izole edilmis P. acidilactici ve P. pentasaceus
suslarinin safra tuzuna tolerans, dusik pH’da
hayatta kalma, fenol varliginda hayatta kalma,
simule mide 6zsuyuna tolerans, lizozime karsi
direng, hidrofobisite ve otoagregasyon yetenekleri
gibi bazt probiyotik 6zellikleri arastirilmistir.

MATERYAL VE YONTEM
Materyal
Calisma  kapsaminda starter  kullanidmadan

tretilen fermente sucuk Orneklerinden izole
edilmis 31 P. acidilactici ve 2 P. pentasacens susu
kullanidmistir (Yiiceer ve Ozden Tuncer, 2015).
Pediococcus suslartun  Listeria — monocytogenes,
Staphylococcus — aurens,  Bacillus  cerens,  Salmonella
Enteritidis, Salmonella Typhimurium ve Escherichia
col7nin arasinda bulundugu gesitli Gram pozitif ve
Gram negatif bakterilere karst antimikrobiyel
aktivite gosterdigi Aslan ve Ozden Tuncer (2020)

tarafindan belirlenmistir. Pedjococcus suslart de Man
Rogosa and Sharp (MRS, Merck, Almanya) broth
ortamlarinda 30°C’de 24 saat stire ile gelistirilerek
kiltire edilmistir. Stok kulturler % 20 (v/v)
oraninda steril gliserol ilave edilerek -20°C’de
muhafaza edilmistir.

Yoéntem

Diisiik pH’da hayatta kalma

Pediococcus suslarinin diistik pH’da hayatta kalma
yetenekleri Conway vd. (1987) tarafindan 6nerilen
yonteme gore belirlenmistir. Kisaca, MRS broth
besiyerinde 24 saat siire ile gelistirilen kiltirler
santriflj ile ¢oktiirilmus (3000 g 10 dakika, Sigma
2-16P, Almanya) ve ¢oktirtlen kiiltiiriin 10 katt
hacminde fosfat buffer saline (PBS) ile
yikanmustir. Ardindan pH’s1 1, 3 ve 5’e ayarlanan
PBS ortamlarina (2 ml) hazirlanan htcre
stuspansiyonlarindan 0.1 mL aktardmis  ve
inkiibasyonun 0. 1. 2. 3. ve 4. saatinde hucre
sayimlar1  damla  kdltirel sayim  yontemi
kullanilarak MRS agar ortaminda yapilmustir.

Fenol varliginda hayatta kalma

Teply (1984) tarafindan Onerilen yonteme gore
%0.4 (w/v) oraninda fenol (Riedel-de Haén,
Almanya) iceren ve icermeyen MRS broth
ortamlarina  200’er  pl.  aktif  Pediococcus
kultirlerinden aktarilmis ve 30°C’de inklibasyona
birakilmistir. Inkiibasyonun 0. ve 24. saat sonunda
hticre sayimlart MRS agar ortaminda yapimistir.

Lizozime kars1 direng

Pediococcns suslarin lizozime karst direncleri 100
ppm diizeyinde lizozim iceren ve icermeyen MRS
broth ortamlarinda test edilmistir (Brennan vd.,
1986). Aktif Pediococcus kiltirlerinden MRS broth
ortamlarina %2 (v/v) oraninda inokiilasyon
yapilmis ve tupler 30°C’de 24 saat inkiibasyona
birakilmistir. Inkiibasyon siiresi sonunda hiicre
sayimlart MRS agar ortaminda yapilmustir.

Simiile mide suyunda hayatta kalma

Pediococens suslarinin simiile mide suyuna tolerans
duzeyleri Vinderola ve Reinheimer (2003)
tarafindan Gnerilen yonteme gore tespit edilmistir.
30 mL MRS broth ortaminda 24 saat gelistirilen
kaltirler 6000 gde (+5 °C) 20 dakika ¢oktirtlmus
ve KoHPOs (pH 6.5) ile yikanmis ve ayni
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tamponda (3 mL) ¢6zilmistiir. Hazirlanan hiicre
stspansiyonundan 1’er mL alinip 12000 gde (+5
°C) 5 dk ¢okturilmistir. Coéken hicreler pH’st 2
ve 3’e ayarlanmus simile mide suyunda (%00.5
NaCl ve %0.3 pepsin) ¢oziildikten sonra 30 °C’de
inkiibasyona birakilmistir. Inkiibasyonun 0. ve 3.
saatinde hiicre sayimlart MRS agar ortaminda
yapilmistir.

Safra tuzuna dayamim

Pediococcns suglarinin safra tuzuna dayanimlarinin
belitlenmesi amaciyla %0.3, %0.5 ve % 1
diizeyinde safra tuzu iceren MRS broth
ortamlarina 18 saatlik aktif kiltirlerden %1
oraninda inokiilasyon yapilmis ve 30 °C’de 24 saat
inkiibasyona birakilmistir. Siire sonunda htcre
saytimlar1 MRS agar ortaminda  yapilmistir
(Gilliland ve Walker, 1990).

Hidrofobisite yeteneklerinin belirlenmesi
Pediococcus suglarinin - hidrofobisite  yetenekleri
Rosenberg  vd. (1980) tarafindan Onerilen
yonteme gbre belirlenmistir. MRS broth
ortaminda 24 saat gelistirilen Pediococcns suslart
santriftyj ile ¢coktirilip (6000 g 15 dakika) iki kez
PBS ile ytkanmustir. Yikanan hiicre ¢okeltileri 0.1
M KNO; (pH 6.2) icinde ¢ozilerek optik
yogunlugu 600 nm’de 0.5-0.6 (Ayp) araligina
ayarlanmistir. Hazirlanan hticre
stspansiyonundan 3 ml alinmis tzerine 1 mL
ksilen (Merck) ilave edilip oda sicakliginda 10
dakika inkibe edilmis ve akabinde 2 dakika
vortekslenmistir. Daha sonra stispansiyonda faz
ayriminin olmast icin 20 dakika oda sicakliginda
tutulmustur. Faz aymminin  tamamlanmasinin
ardindan sulu fazin optik yogunlugu 600 nm’de
Olculmustir (Ay). Pediococcus suslarinin
hidrofibisite ~ degeri  agagidaki  formil ile
hesaplanmustir.

% Hidrofobisite = (Ay-A1/ A)x100

Otoagregasyon yeteneklerinin belirlenmesi

Suslarin otoagregasyon yeteneklerinin
belitlenmesi  Basson vd. (2008) tarafindan
Onerilen yonteme gore yapilmustir. 24 saat
gelistirilen Pedjococcus suslart 7000 gde (10 dakika,
20 °C) ¢oktirilmus ve FTS icinde ¢ozillmustir.
Ardindan hiicre siispansiyonunun yogunlugu
0.3’ (660 nm) ayarlanmistr (Ag). 37 °Cde 60

dakika inkiibe edilen hiicre siispansiyonu 300 gde
(2 dakika, 20 °C) ¢okturilmustir. Santrifj sonrast
tstte kalan hiicre siispansiyonunun yogunlugu
660 nm’de OSlculmistir  (Ag). Pediococcus
suslarinin otoagregasyon degeri asagidaki formtl
ile hesaplanmugtir.

% Otoagragasyon = (Ao-Aso/ Ag)x100

ARASTIRMA BULGULARI VE TARTISMA
Ddustik pH’da hayatta kalma denemeleri sonucu,
Pediococcus suslarinin tamaminm pH 1°de 0. saatte
canliliklarint yitirdikleri, pH 3’te ise 0. saatte
suslarin timinin belitli oranlarda aktivitelerini
koruduklart  (1£0.00-6.8310.04 log kob/mL)
ancak takip eden inkibasyon surelerinde ise
inhibe olduklari belirlenmistir. Diger yandan, pH
5’te tim suslarin 4 saat inkiibasyon siiresi boyunca
hayatta kaldiklart saptanmustir. Suslarin pH 5’te
canlt kalma oranlarinin %67.02 ile %95.42
arasinda oldugu tespit edilmistir (Cizelge 1). P.
acidilactic tird, 1s1 ve soguk uygulamalarina, farkls
pH degetlerine ve proteolitik uygulamalara
dayanimlarinin olabilmesi ve antilisterial peptid
(pediosin) Uretme kapasitesine sahip suglar
icermesi sebebi ile gida koruyucusu olarak

potansiyel tagtyan mikroorganizmalardir
(Papagianni  ve  Anastasiadou, 2009). Bir
mikroorganizmanin probiyotik olabilme

Ozelliklerinin basinda mide 6zsuyuna yakin pH
seviyelerinde (pH 2-3) 3 saat boyunca hayatta
kalabilmesi ~gelmektedir. Iyi bir probiyotik
kiltirin pH 3 seviyesindeki asitlige dayanim
gOstermesi beklenmektedir (Fernandez vd., 2003;
Park vd., 2000). Yapilan calismalarda genellikle
pH 1 ve pH 3 seviyesindeki asitliklerde hticre

konsantrasyonlarinda  distsler oldugu  diger
arastirmactlar  tarafindan  da  bildirilmistir

(Fernandez vd., 2003; Pan vd., 2008; Sahadeva
vd., 2011). Yuksekdag ve Aslim (2010) sucugun
dogal mikrobiyotasinda bulunan potansiyel
probiyotik mikroorganizmalari arastirdiklart bir
calismada izole ettikleri suslar arasinda dustk
pH'nin etkisine ditenme kapasitesi en yiksek
suslarin  P. pentosacens Z12P ve Z13P suslart
oldugunu tespit etmislerdir. Gupta ve Sharma
(2017) yaptiklart calismada P. acidilactici susunun
pH 2 ve pH 3’ 3 saat inkiibasyon siiresince
dayanim gOsterdigini ve sirastyla %72.69-%098.62
seviyesinde canliliklarin korudugunu
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bildirmislerdir. Benzer olarak yakin zamanda
yapilan bir calismada, sosisten izole edilmis P.

acidilactici CE51'in dusik pH’lara (pH 2, 2.5 ve 3)
direncli oldugu tespit edilmistir (Vieira vd., 2020).

Cizelge 1. Pediococeus suslarinin distik pH uygulamasina dayanimlari (log kob/mL) ve pH 5’de canlilik
oranlart (%o)
Table 1. Resistance of Pediococcus strains to low pH application (log ¢fu/ mL.) and viability rates (Yo) at pH 5

pH3

pH5

Sslt]:zl;l; 0.s l.s 2s 3.s 4 0.s 1.s 2.8 3.s 4.8 V(;;hj/?;h”i;
0. b 1.h 2h 3.5 4.5 0. b 1. h 2. b 3. b 4.h -
P, adidilactici OBS2 6.76£0.05 <1 <1 <1 <1 7.14%0.02 7.78%0.03  6.8%0.03 5.72%0.07 5.47£0.06  76.61
P. acidilactici OBSG ~ 6.78£0.01 <1 <1 <1 <1 7312001 7.84+0.03 6.71+0.03 6.69£0.06 6.48£0.03  88.64
P. acidilactici OBST ~ 6.73£0.04 <1 <1 <1 <1 7924001 7.81+0.01 6.84+0.01 5.94+0.02 578+0.04  72.98
P. acidilactici OBS10 6.66£0.02 <1 <1 <1 <1 7.23+0.03 7.88+0.02 6.7£0.02  6.83£0.01 6.74£0.02  93.22
P. acidilactici OBS16  6.83£0.04 <1 <1 <1 <1 7.73+0.05 7.74+0.01 6.9240.01 5.86%+0.02 5.67£0.04  73.35
P. acidilactici OBS19  6.75£0.05 <1 <1 <1 <1  7.83%0.05 7.63%0.02 6.87+0.02 5.83+0.02 55+0.04  70.24
P. acidilactici OBS21 ~ 6.7940.05 <1 <1 <1 <1 7324001 7.83+0.03 6.76+0.03 6.83+0.02 6.82£0.04  93.17
P, acidilactici OBS22  6.76£0.05 <1 <1 <1 <1  7.56%0.03 7.81%0.05 6.76+0.05 5.66£0.02 5.66£0.06  74.87
P. acidilactici OBS27 3374004 <1 <1 <1 <1 721%0.05 7.62+0.06 6.76+0.06 6.85+0.03 5.85+0.01  81.14
P. acidilactici OBS28  4+0.00 <1 <1 <1 <1 7.23%0.09 7.21+0.06 6.14+0.06 6.08£0.07 6.05£0.09  83.68
P. acidilactici OBS30  1£0.00 <1 <1 <1 <1  7.05+0.05 7.74+0.06 6.54+0.06 6.53%0.06 6.44£0.05  91.35
P. acidilactici OBS35  1£0.00 <1 <1 <1 <1 7214008 7.64+0.03 6.7£0.03 6.86£0.04 6.88£0.03  95.42
P. acidilactici OBS36  4.074£0.13 <1 <1 <1 <1 7.25%0.06 7.840.04 6.71+0.04 6.77£0.07 6.81£0.03  93.93
P. acidilactici OBS38  4.06£0.07 <1 <1 <1 <1  7.07+0.04 7.81%0.07 6.62+0.07 6.79£0.06 6.66£0.07  94.20
P. acidilactici OBS40  1£0.00 <1 <1 <1 <1  6.940.03  6.58+0.02 5.98+0.02 5.6620.05 5.47+0.04  79.27
P. acidilactici OBS42  1£0.00 <1 <1 <1 <1 7274007 7.1240.03 6.81+0.03 6.63£0.02 6.48+0.01  89.13
P. acidilactici OBS44  3.05£0.05 <1 <1 <1 <1 7.0120.08  6.35+0.07 6.25+0.07 6.0420.03 6.26%0.04  89.30
P. acidilactici OBS49  1£0.00 <1 <1 <1 <1 672009  6.56+0.02 6.52+0.02 638+0.08 6.15£0.06  91.79
P. acidilactici OBS51 3261005 <1 <1 <1 <1 674+0.09 6.43+0.08 5.56+0.08 6.1620.07 5.98+0.07  88.72
P. acidilactici OBS52  5.05£0.05 <1 <1 <1 <1 64620.08 6.46+0.04 6.37+0.04 636£0.03 6.33£0.06  97.98
P. acidilactici OBS53  6.75£0.03 <1 <1 <1 <1 7474002 7.57+0.09 6.58+0.09 6.7£0.02  6.65£0.05  89.02
P. acidilactici OBS54  6.68£0.03 <1 <1 <1 <1  7.43%0.07 7.3240.08 5.94+0.08 5.06£0.07 4.98+£0.05  67.02
P, acidilactici OBS55  4.04£0.04 <1 <1 <1 <1 752006  7.31%0.07 6.6£0.07 6.64£0.04 6.77£0.03  90.26
D. pentasacensOBS56 4.04£0.00 <1 <1 <1 <1  7.64+0.05 7.38+0.07 6.54+0.07 6.45%0.03 6.37+0.07  83.38
P. pentasacensOBS57 12000 <1 <1 <1 <1 7.61%0.07 7.31#0.06 644006 641+0.04 6132008  80.55
P. acidilactici OBS58  1£0.00 <1 <1 <1 <1  7.64+0.04 7.25%0.06 6.55+0.06 6.6£0.006 6.53£0.02  85.47
P. acidilactici OBS59 ~ 6.840.04 <1 <1 <1 <1 7.6120.05 7.26+0.07 6.47+0.07 4.04£0.03 6.68£0.07  87.78
P. acidilactici OBSG0 3.43£0.09 <1 <1 <1 <1 7.6120.009 7.42+0.05 6.2940.05 6.86£0.03 6.85£0.02  90.01
P, acidilactici OBSG1 ~ 6.69£0.04 <1 <1 <1 <1 7594003 7.29%0.02 6.64+0.02 6.71£0.02 6.72£0.08  88.54
P. acidilactici OBSG2  3.44%£0.04 <1 <1 <1 <1 7.6720.06 7.35+0.04 6.67+0.04 6.67£0.06 6.67£0.08  86.96
P. acidilactici OBS63  3.98£0.03 <1 <1 <1 <1 7.75+0.08 7.17+0.02 6.25+0.02 6.25+0.00 5.62+0.07  72.52
P. acidilactici OBSG4  6.34%£0.09 <1 <1 <1 <1 7712001  7.31%0.04 6.55+0.04 6.56£0.03 6.34£0.04  82.23
P. acidilactici OBS65 6244003 <1 <1 <1 <1 7.55%0.07 7.2240.02 6.48+0.04 6.37+0.03 6.2940.04  83.31
Pediococcus suslarinin %00.4 fenol varliginda hayatta tarafindan deaminasyonu ile olusmaktadir. Bu

kalma o6zellikleri incelendiginde tim suslarin
canhiliklarint sirdiirdigt belirlenmistir. Yirmi dort
saat inklbasyon stresi sonunda P. acidilactici
OBS62 susu haric diger Pediococcns suslarinin
%69.94-99.89 oraninda canliliklarini korudugu, P.
acidilacticc OBS62 susunun ise %2.32 oraninda
gelisim gosterdigi tespit edilmigtir (Cizelge 2).
Ksiloz ve arabinoz gibi pentoz seketlerini
kullanabilen P. acidilactici tirintn, lignoselilozik
biyokiitleden biyoetanol tretimi sirasinda furan
tirevleri, fenolik bilesikler ve zayif asitler gibi
6nceden islenmis inhibitérlere karst yliksek direng
gosterdigi  bildirilmistir  (Callejon  vd., 2017).
Fenol, tiiketilen gidalar ile alinan aromatik amino
asitlerin sindirim sisteminde bulunan bakteriler

nedenle fenole dayanim probiyotik bakterilerde
aranan bir Ozelliktir (Gilliland ve Walker, 1990;
Suscovic vd., 1997). Abbasiliasi vd. (2017), P.
acidilactici KP 10 susu ile yaptiklart calismada %0.4
fenol varliginda 24 s inkiibasyon siiresi sonunda
hiicre saywisinda yaklastk 1.5 log’luk dusts
olmasina ragmen s6z konusu susun fenoli tolere
edebildigini bildirmistir. Benzer sekilde Reuben
vd. (2019) P. pentosacens 11.13 susunun optik
yogunlugunda diisme olmasma ragmen %00.4
fenol konsantrasyonunu tolere edebildigini rapor
etmistir.

Pediococens suslarinin 100 ppm lizozim iceren MRS
broth besiyerinde 24 saat sonunda canlilik oranlart
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%90.90 ile %107.40 arasinda bulunmustur
(Cizelge 2). Lizozim tikirtkte, insan sttiinde ve
diger  biyolojik  swvilarda  dogal  olarak
bulundugundan, bagirsakta spesifik bakteri
susunun kolonizasyonunu etkileyebilmektedir. Bu
nedenle, probiyotik bakterilerin lizozime direngli
veya orta derecede direngli olmast istenmektedir.
Shukla ve Goyal (2014), P. pentosacens CRAG-3

susunun 2 saat sire ie 100 ppm lizozim
uygulamasina kontrole kiyasla %75 oraninda
hayatta kaldigini bildirmislerdir. Benzer olarak
Attri vd. (2015) P. acidilacticc NCDC252 susunun
lizozime karst direncli oldugunu ve inkiibasyon
stiresi sonunda optik yogunlugunun arttigini
bildirmislerdir.

Cizelge 2. Pediococcns suslarinin %0.4 fenol varliginda hayatta kalma ve 100 ppm lizozime karst direng
duzeyleri
Table 2. Survival levels of Pediococcus strains in the presence of 0.4% phenol and resistance to 100 ppm lysozgyme

%0.4 Fenol 100 ppm Lizozim

Suglar 0.4% Phenol 100 ppm Lysozyme
Strains 0.s 24.s % Canlilik 0.s 24.s % Canlilik

0. h 24. b Viiability % 0. h 24. b Viability %
P. acidilactici OBS2 9.45%0.06 8.41£0.06 88.99 9.23£0.00 9.4%0.02 101.84
P. acidilactici OBS6 9.1£0.09 8.53£0.05 93.73 9.13£0.12 8.96£0.07 98.13
P. acidilactici OBS7 9.44£0.05 8.19£0.03 86.75 9.23£0.03 9.240.05 99.67
P. acidilactici OBS10 9.59+0.01 7.7410.001 80.70 10.09%0.07 9.3+0.09 92.17
P. acidilactici OBS16 9.11+0.06 6.1920.07 67.94 9.03%0.08 8.7£0.05 96.34
P. acidilactici OBS19 9.17+0.02 8.66%0.02 94.43 9.13%0.01 9.01£0.02 98.68
P. acidilactici OBS21 9.15£0.01 8.73£0.01 95.40 9.18£0.06 9.06£0.07 98.69
P. acidilactici OBS22 9.25%0.09 7.98£0.02 86.27 9.17£0.03 9.37£0.07 102.18
P. acidilactici OBS27 9.04+0.13 8.19£0.07 90.59 9.18%0.04 9.01£0.06 98.15
P. acidilactici OBS28 9.16+0.14 8.6520.03 94.43 9.45%0.05 9.01£0.12 95.34
P. acidilactici OBS30 9.36%0.04 7.59+0.03 81.09 8.97£0.07 8.99£0.08 100.22
P. acidilactici OBS35 9.55%0.06 8.54£0.01 89.42 9.28%0.04 9.03£0.06 97.30
P. acidilactici OBS36 10.31+0.06 9.36£0.06 90.78 9.18£0.12 9.18£0.08 100
P. acidilactici OBS38 9.13£0.06 7.59£0.03 83.13 8.98£0.02 9.01£0.06 100.33
P. acidilactici OBS40 9.4210.01 7.66+0.03 81.31 9.04£0.08 9.03%0.1 99.88
P. acidilactici OBS42 10.18%0.01 8.7310.02 85.75 9.45%0.04 9.07£0.07 95.97
P. acidilactici OBS44 9.29£0.08 7.57£0.02 81.48 9.01£0.05 9.15£0.13 101.55
P. acidilactici OBS49 9.32%0.07 7.24%0.09 77.68 9.07£0.1 9.05%0.04 99.78
P. acidilactici OBS51 9.36£0.05 7.53£0.02 80.45 9.21£0.08 9.05%0.02 98.26
P. acidilactici OBS52 10.1£0.09 9.05+0.05 89.60 9.18%0.09 9.38%0.11 102.18
P. acidilactici OBS53 10.07£0.07 9.18%0.1 91.16 9.09£0.1 9.12%0.1 100.33
P. acidilactici OBS54 10.2520.09 9.54+0.06 93.07 9.32%0.02 9.09£0.06 97.53
P. acidilactici OBS55 10.241+0.08 9.24£0.03 90.23 9.03£0.04 9.38£0.00 103.87
P. pentasacensOBS56 10.25+0.1 9.1+0.03 88.78 9.02£0.02 9.38£0.13 103.99
P. pentasacensOBS57 10.12%0.11 9.28+0.03 91.69 10.010.06 9.1+0.07 90.90
P. acidilactici OBS58 10.19£0.05 9.24%+0.06 90.68 9.45%0.07 10.15%0.02 107.40
P. acidilactici OBS59 10.09£0.08 9.23%0.1 91.47 9.4+0.01 9.42%0.01 100
P. acidilactici OBS60 10.240.07 9.23£0.07 90.5 9.44£0.1 9.35£0.06 99.05
P. acidilactici OBS61 9.11£0.07 9.1+0.09 99.89 10.14%0.05 9.26£0.08 91.32
P. acidilactici OBSG62 9.06£0.1 9.27£0.06 102.32 10.05£0.02 9.31£0.02 92.04
P. acidilactici OBS63 9.15+0.06 9.11£0.1 99.56 9.37£0.08 9.25%0.04 98.72
P. acidilactici OBS64 9.24%0.07 9.19+0.04 99.45 10.09%0.09 9.23%0.02 91.48
P. acidilactici OBS65 9.14£0.07 8.22+0.07 89.93 9.44£0.1 9.06£0.04 95.97

Pediococcus suslart pH’st 2 ve 3’e ayarlanmis simiile
mide suyunda 3 saat inkiibasyonun ardindan
canhliklarini yitirmiglerdir (Cizelge 3). Riberio vd.
(2014), P. acidilactici B14 ile yurittikleri bir
calismada pH’st 2 ve 4 olacak sekilde hazirlanan
mide suyunda 4 saat inkiibasyon siiresi sonunda

hiicre konsantrasyonunda sirast ile 3.2 ve 0.4
log’luk bir disiis oldugunu tespit etmislerdir. pH
4 olan mide suyunda aynt susun %98 oraninda
hayatta kaldigint bildirmislerdir.  Tokatlt vd.
(2015), yaptiklart bir calismada pH’st 2.5 olan
simile mide suyunda tursudan izole edilen P.
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ethanolidurans suslarinin 4 saat inkiibasyon siiresi
sonunda %40-76 oraninda canl kalabildiklerini
bildirmislerdir. Diguta vd. (2020), Lactobacillus
spp., Lactococcus spp., Lenconostoe spp. ve Pediococcus
spp. ile yaptiklart calismada, 90 dakika stre ile
pH’st 2.5'e ayarlanmis simiile mide suyunda, canlt
hicre seviyelerinin  108-10° kob/mlI.'den 104

siresinin 3 saatte tamamlanmast ile hicre
saytlarinin bir log daha azalarak 103 kob/mlL
seviyesine indigini belirlemislerdir. Bu ¢alisma
sonucunda test ettikleri LAB arasinda P.
pentosacens 1.3 ve P. acidilactici 1.5 izolatlarinin
simtlile mide suyuna diger LAB’ne kiyasla daha
direncli odugunu tespit etmislerdir.

kob/mL'ye  Onemli  dl¢ide  dustigunt
bildirmislerdir. Ayni arastirmactlar  uygulama
Cizelge 3. Pedjococcus suglarinin simiile mide suyunda hayatta kalma oranlari
Table 3. Survival rates of Pedjococcus strains in simulated gastric juice
pH2 pH3
i?rizl;; 0.s 3.s 0.s 3.s
0. h 3. b 0. b 3.5
P. acidilactici OBS2 9.23£0.06 <1 9.4610.03 <1
P. acidilactici OBS6 8.04%0.04 <1 9.3840.05 <1
P. acidilactici OBS7 8.53%0.05 <1 9.33%0.07 <1
P. acidilactici OBS10 8.25%0.01 <1 9.35%0.02 <1
P. acidilactici OBS16 8.61£0.04 <1 9.610.01 <1
P. acidilactici OBS19 8.08%0.08 <1 9.3+0.04 <1
P. acidilactici OBS21 8.0610.06 <1 9.39%0.08 <1
P. acidilactici OBS22 9.06%0.06 <1 9.28%0.1 <1
P. acidilactici OBS27 8.28%0.07 <1 9.39£0.07 <1
P. acidilactici OBS28 8.1310.11 <1 9.4%0.06 <1
P. acidilactici OBS30 9.01£0.05 <1 9.24+0.06 <1
P. acidilactici OBS35 9.2240.04 <1 9.37%0.02 <1
P. acidilactici OBS36 9.02%0.08 <1 9.3210.02 <1
P. acidilactici OBS38 9.18%0.06 <1 9.2610.01 <1
P. acidilactici OBS40 9.41£0.05 <1 9.2910.09 <1
P. acidilactici OBS42 9.28%0.03 <1 9.29%0.05 <1
P. acidilactici OBS44 9.2710.04 <1 9.37£0.04 <1
P. acidilactici OBS49 9.34%0.08 <1 9.35%0.06 <1
P. acidilactici OBS51 9.3210.07 <1 9.34£0.04 <1
P. acidilactici OBS52 8.58%0.01 <1 9.2840.03 <1
P. acidilactici OBS53 9.4%0.01 <1 9.13+0.13 <1
P. acidilactici OBS54 9.44%0.05 <1 9.17+0.12 <1
P. acidilactici OBS55 9.34%0.05 <1 9.2310.06 <1
P. pentasacensOBS56 9.41£0.05 <1 9.23%0.05 <1
P. pentasacensOBS57 9.22+0.07 <1 9.52%0.06 <1
P. acidilactici OBS58 9.32£0.02 <1 9.24+0.04 <1
P. acidilactici OBS59 9.28%0.07 <1 9.06%0.11 <1
P. acidilactici OBS60 9.3740.03 <1 9.321+0.07 <1
P. acidilactici OBSG61 9.3240.07 <1 9.2+0.02 <1
P. acidilactici OBS62 9.2840.09 <1 9.4%+0.03 <1
P. acidilactici OBS63 9.39%0.05 <1 9.24+0.08 <1
P. acidilactici OBS64 9.01£0.06 <1 9.1+0.08 <1
P. acidilactici OBSG65 9.15£0.02 <1 9.21£0.09 <1
Pedjococens suglarinin tamami denenen safra tuzu  konsantrasyonlarina gore gelistikleri
konsantrasyonlarinda 24 saat inkiibasyon stiresi gozlemlenmistir. 24 saat inkiibasyon stiresi
sonunda canhliklarini korumus, hatta baslangic sonunda  %0.3, %0.5 ve %1 safra tuzu
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konsantrasyonlarinda hticre sayilarinin sirastyla
7.96£0.02-8.88+0.01, 7.93%£0.02-8.47£0.02 ve
7.1£0.09-8.361+0.01 log kob/mL arasinda oldugu
tespit edilmistir (Cizelge 4). Geleneksel Etiyopya
fermente sigir eti sosisi Wakalim'den izole edilen
P.  pentosacens  suglarnin %0.3  safra  tuzu
konsantrasyonuna  toleransli  oldugu  rapor
edilirken (Doulgeraki vd., 2013), diger taraftan P.
acidilactici B14 ile yuritilen bir ¢alismada %0.3 ve
%1 safra tuzu iceren ortamlarda kontrole kiyasla

s6z konusu susun hiicre konsantrasyonunda sirast
ile 2 ve 4 log’luk azalma oldugu bildirilmigtir
(Riberio vd., 2014). Mevcut bulgular, %0.3 safra
tuzu konsantrasyonlarinda pediokoklarin hayatta
kalma oranlarinin yitksek oldugunu gésteren farkls
calismalar  ile  paralellik  gOstermektedir
(Abbasiliasi vd., 2012; Barbosa vd., 2015; Ilavenil
vd., 2016; Zomiti vd., 2018; Yin vd., 2020; Diguta
vd., 2020).

Cizelge 4. Pediococcus suslarinin %00.3, %0.5 ve %]1 safra tuzuna dayanimlart (log kob/mL)
Table 4. 0.3%, 0.5% and 1% bile salt resistance of Pediococcus strains (log ofin/ mL)

%0.3 Safra tuzu

%0.5 Safra tuzu %1 Safra tuzu

Suslar 0.3% Bile salt 0.5% Bile salt 1% Bile salt
Strains 0.s 24.s 0.s 24.s 0.s 24.s
0.h 24. b 0.h 24. b 0.h 24. b
P. acidilactici OBS2 7.15%0.01 8.2840.01 7.54£0.04  8.06£0.04  6.46+0.07  7.52%0.05
P. acidilactici OBS6 7.4610.07 8.8810.01 7.38%0.07 8.510.01 7.310.08  8.16%0.11
P. acidilactici OBS7 7.48%0.05 8.44£0.19 7.61£0.04  8.24%0.08  6.98%£0.02  8.04%0.08
P. acidilactici OBS10 7.49£0.05 8.44£0.06 7.610.06 8.21+0.04  6.98+0.02  7.95%0.04
P. acidilactici OBS16 7.12%0.59 8.23%0.00 6.78%£0.03  8.54%0.02 6.56%£0.02  8.1£0.06
P. acidilactici OBS19 7.31£0.09 8.3210.21 7.471£0.05  836%0.04  6.96X0.1 8.09%0.06
P. acidilactici OBS21 7.27%0.02 8.7£0.07 7.54+0.06  8.24£0.09  7.13%£0.01  8.06%0.11
P. acidilactici OBS22 7.0810.07 7.98%0.12 7.36£0.03  7.93£0.02  7.08%0.1 7.47%0.05
P. acidilactici OBS27 7.210.06 8.15%0.1 7.5520.02  8.11£0.08  7.25+0.02  7.95%0.04
P. acidilactici OBS28 6.9410.09 8.2910.14 7.4610.08  8.39%£0.06  7.14+0.03  8.36%0.01
P. acidilactici OBS30 7.04£0.03 8+0.00 7.5%0.07 8.21£0.05  6.99+0.07  8.01%0.06
P. acidilactici OBS35 7.27£0.02 8.19£0.04 7.78£0.04  8.12+0.01  7.14%£0.05  8.18%0.08
P. acidilactici OBS36 7.08%0.07 8.410.04 7.58+0.01 8.39+0.00  7.15+0.01  8.13%0.08
P. acidilactici OBS38 7.02£0.08 8.02£0.02 7.52%£0.03  8.01£0.11  7.01£0.06  8.15%0.06
P. acidilactici OBS40 7.021+0.04 8.3710.06 7.4910.04  7.98%£0.13  6.96%0.02  8.07£0.06
P. acidilactici OBS42 7.1710.05 8.4520.02 7.44£0.02  8.19%£0.06  6.57+0.01  8.01£0.06
P. acidilactici OBS44 6.9610.02 7.96%0.02 7.07£0.03  8.35%£0.04 7.13+0.12  7.93%0.02
P. acidilactici OBS49 7.1£0.03 8.05%0.05 7.51£0.07  7.99%£0.11  7.22+0.07  8.24%0.1
P. acidilactici OBS51 7.07£0.09 8.110.02 7.47£0.05  8.15%£0.04 7.03%£0.08  8.22%+0.04
P. acidilactici OBS52 7.09£0.1 8.32£0.05 7.04£0.15  8.01£0.05 6.96%£0.05  7.28%0.08
P. acidilactici OBS53 7.21£0.06 7.98%0.05 7.35£0.05  8.47£0.05 7.01%£0.12  7.24%0.06
P. acidilactici OBS54 7.05£0.04 8.07£0.07 7.210.04 8.15+0.13  7.12+0.03  7.1+0.09
P. acidilactici OBS55 7.16+0.04 7.98%0.02 7.01+£0.06  8.29%£0.06  7.06%+0.07 8+0.00
P. pentasacensOBS56 6.9510.04 8.0610.11 7.03£0.04  7.98%£0.07 7.16%0.04  7.1£0.02
P. pentasacensOBS57 7.0910.1 7.9610.02 7.01£0.02  8.16%£0.07  6.96+0.05  7.24%0.09
P. acidilactici OBS58 6.9910.04 8.3410.03 7.03£0.07  8.35%£0.06  7.16+0.07  8.06%0.02
P. acidilactici OBS59 7.08%0.07 8.5710.04 7.08£0.07  8.56*0.03  7.15%£0.13  8.01%+0.05
P. acidilactici OBS60 7.18%0.08 8.03%0.1 7.210.08 8.29+0.08  6.98+0.13  7.45%0.06
P. acidilactici OBS61 7.14£0.12 7.96%0.02 7.26%£0.05  8.17£0.05 7.22+0.02  7.53%0.05
P. acidilactici OBS62 7.18%0.06 8.51+£0.008  7.23+0.07  8.19%0.01 7.210.06  7.98%0.14
P. acidilactici OBS63 6.9610.06 8.6410.02 7.22+0.06  8.27£0.08  7.37£0.06  7.96%0.02
P. acidilactici OBS64 7.09%0.12 8.310.03 7.25%0.1 8.47£0.02  7.19+0.11  7.95%0.04
P. acidilactici OBS65 6.9110.06 8.04%0.08 7.08%0.07 8.09£0.1 7.23%0.11 7.9200
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Izolatlarin hidrofobisite oranlarmin %61.42 ile
%97.40 arasinda oldugu bulunmustur. P. acidilactici
OBS58 susunun en yiksek (%97.40), P. acidilactici
OBS16  susunun ise en disik (%61.42)
hidrofobisite degeri gOsterdigi tespit edilmistir
(Cizelge 5). Abbasiliasi vd. (2017), P. acidilactici
KP10 ile yurittikleri calismada hidrofobisite
yetenegini ksilen, kloroform, etilen asetat ve n-
hekzadekan olmak tzere dort solvente karst
denemislerdir. Deneme sonucunda P. acidilactici
KP10 susunun doért solvent arasindan %47.97 ile
en yiksek hidrofobisite yetenegini ksilene karst
gOsterdigi tespit edilmistir.
Mikroorganizmalardaki  hidrofobikligin, htcre
ylzeyindeki fibriler yapilarin ve spesifik hiicre
duvart proteinlerinin varligr ile iligkili oldugu
distinilmektedir. Bu 6zelligin, konagin mide-
bagirsak sisteminde bakteri icin hayati 6nem
tastyan bir rekabet avantaji sundugu ileri
surtilmektedir. LAB'nin fizikokimyasal
Ozelliklerinden biri olan hiicre hidrofobikligi
probiyotik  bakterilerin  konak  doku ile
etkilesiminde ¢ok 6nemli bir rol oynamaktadir.
Ayrica, hidrofobikligin tirler arasinda degisiklik
gOsterdigi ve hicrelerin fizyolojik durumundaki
varyasyonlarla veya suslar arasinda degisken
yuzeyle iligkili proteinlerin  ekspresyonuyla
degisebildigi rapor edilmistir (Olajugbagbe vd.,
2020).

Pediococcus  suglarinin - otoagregasyon  yetenekleri
%17.3 ile %064.78 arasinda bulunmustur. Buna
gore, P. acidilacticc OBS16 susunun en yiiksek
(%064.78), P. acidilacticc OBS62 susunun ise en
diustik  (%17.3)  otoagregasyon  degerlerini
gOsterdigi tespit edilmistir (Cizelge 5). Benzer
olarak Xu wvd. (2009) vyaptiklart calismada
probiyotik P. acidilactici KACC 12307 susunun
otoagregasyon yeteneginin %40’a yakin oldugunu
bildirmislerdir. ~ Abbasiliasi vd. (2017) de
bakteriyosin benzeri antimikrobiyal madde treten
P.  acdilactici Kpl0O susunun otoagregasyon
yeteneginin % 35.2 oldugunu rapor etmislerdir.
Diger taraftan Pediococcus suglarinin daha yiiksek
otoagregasyon degerleri gosterdigini  bildiren
calismalar da bulunmaktadir. Zommiti vd. (2018),
P. pentosacens MZF16 susunun yaklastk % 88,
Bhagat vd. (2020) ise P. acidilacticc SMVDUDB2
susunun  %77.68 diizeyinde otoagregasyon

yetenegi  gosterdigini  bildirmislerdir.  Bir
probiyotik mikroorganizmanin sahip olmast
gerecken standart bir otoagregasyon yiizdesi
olmamasina ragmen, son zamanlarda %40'tan
daha az otoagregasyona sahip probiyotik
izolatlarin zayif otoagregasyon Ozelliklerine sahip
oldugu bildirilmistir (Wang vd., 2010). Bu bilgi
s1g1nda calisma kapsaminda incelenen Pediococcus
suglarinin % 72,73’intn (24/33) otoagregasyon
degerlerinin % 40°’dan biylik oldugu tespit
edilmistir.

Cizelge 5. Pediococcus suglarinin otoagregasyon ve
hidrofobisite degerleri (%0)
Table 5. Autoaggregation and hydrophobicity values of
Pedjococcus strains (%)

Suglar Otoagregasyon  Hidrofobisite
Strains Autoagregation Hydrophobicity
P. acidilactici OBS2 42.96+2.88 80.40+3.47
P. acidilactici OBSG6 37.55%+2.37 62.31%£3.35
P. acidilactici OBS7 52.02t4.53 85.10%+2.18
P. acidilacticc OBS10 41.5814.64 61.73%£2.76
P. acidilacticc OBS16 64.78+3.91 61.42+3.42
P. acidilacticc OBS19 38.96%2.45 65.3310.90
P. acidilacticc OBS21 28.78+2.36 63.30%+1.94
P. acidilacticc OBS22 48.12+3.31 66.60%£2.59
P. acidilacticc OBS27 38.53%+3.50 79.27%£2.49
P. acidilacticc OBS28 38.74%+0.81 61.99%+2.94
P. acidilacticc OBS30 61.931+3.22 87.7312.32
P. acidilacticc OBS35 47.09+1.11 89.46+2.88
P. acidilactici OBS36 47.3912.19 87.29%3.25
P. acidilacticc OBS38 46.491+4.48 85.49+0.38
P. acidilactici OBS40 52.3914.13 94.69£0.19
P. acidilacticc OBS42 44.96+4.32 92.91+3.98
P. acidilacticc OBS44 57.52%£1.77 93.04%£3.10
P. acidilacticc OBS49 54.30%1.59 95.22+0.96
P. acidilacticc OBS51 40.9114.60 94.26%+1.07
P. acidilacticc OBS52 44.61+0.47 82.94%2.02
P. acidilactici OBS53 55.37+£3.51 94.42+3.71
P. acidilacticc OBS54 53.28+3.33 89.69%0.65
P. acidilacticc OBS55 41.35+3.47 96.59%1.30
P. pentasacensOBS56 49.2612.12 96.84%+1.21
P. pentasacensOBS57 54.51£1.55 95.62%0.72
P. acidilactici OBS58 48.2013.84 97.40%0.75
P. acidilacticc OBS59 49.80%+2.78 94.35%+3.55
P. acidilacticc OBS60 49.6512.10 89.11£1.50
P. acidilacticc OBS61 39.43+4.16 88.12%0.55
P. acidilacticc OBS62 17.3414.54 90.38%0.60
P. acidilacticc OBS63 38.02+2.93 87.73%+2.08
P. acidilacticc OBS64 30.26+3.91 89.88+1.76
P. acidilacticc OBS65 53.50%2.73 91.03%£0.19
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SONUC

Pediococcus cinsine ait tirler arasinda Ozellikle P.
acidilactici ve P. pentosacens turlerinin genetik,
molekiler, fizyolojik ve probiyotik ydnlerini
inceleyen arastirmalarin sayist her gecen giin
artmaktadir. Yapilan bu calismalar, cesitli gida
matrislerinden izole edilen Pediococcus suslarinin,
fonksiyonel gida iretiminde Onemli bir rol
oynayabilecegini ve probiyotik kiltir olarak
pediokoklarin da kullanim potansiyeline sahip
olduklarini ortaya koymaktadir. Yapilan bu
calismada P. acidilactici ve P. pentosacens suslarinin
pH 1 ve 3te dort saat inkiibasyon siiresince
hayatta kalamadiklar1 ve simiile mide suyunda
canlhiliklarini koruyamadiklar gérillmistiir. Ancak
calismada Pediococcus  suslarinin  lizozime  karst
direng, safra tuzuna dayanim, fenole karst direnc,
hidrofobisite ve otoagregasyon yetenekleri
bakimindan ise probiyotik kiltiir olarak kullanim
potansiyeline sahip olduklari belirlenmistir. Bu
nedenle izolatlarin mikroenkapstlasyon yolu ile
midenin olusturdugu sert cevresel kosullara
dayanimlarinin arttirilmast sayesinde probiyotik
kaltir olarak kullanilabilecekleri disiintilmektedir.
Tleride yapilacak calisma ile Pediococcns suslarinin
probiyotik  olarak  kullanilabilmeleri  icin
aktarilabilir antibiyotik diren¢ genleri icerip
icermediklerinin de arastirilmast gerekmektedir.
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Bu makalede yazarlarin baska kisiler veya
kurumlar ile cikar catismast bulunmamaktadir.
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Sagliga faydal etkileriyle bilinen alig, tilkemizde fazla miktarda yetismektedir. Bu bitkinin meyveleri, yapraklart
ve cicekleri fenolik bilesikler bakimindan zengin oldugundan gesitli hastaliklarin 6nlenmesinde kullanildigs
bilinmektedir. Gida sanayinde degerlendirilmesi yaygin olmamasindan dalinda kuruyan bu bitki yoéresel olarak
stnurlt miktarda titketilmektedir. Dolayistyla cesitli aktif bilesenlere sahip bu meyveden tiretilecek olan katma
degeri yiksek farkh Griinler iretilerek drtin gesitliligi saglanmast Snemlidir. Bu calismada endistriyel
kosullarda Erzincan ve Sivas’ta (Sugehri) yetisen ali¢ bitkisinin meyvelerinden piire tretilmesi ve tretilen
purenin bazi kalite &zelliklerinin belirlenmesi amaglanmustir. Endistriyel 6lgekli Giretime gegmeden 6nce Ar-
Ge laboratuvarinda denemeler gerceklestirilmistir. Uretilen iiriiniin briks, pH, titrasyon asitligi, renk ve
akiskanlik analizleri yapilarak tiretim semast olusturulmustur. Proses hattinda tatlandirict kullanidlmadan piire
tretimi gerceklestirilerek genel kalite ve duyusal analizleri yapilmistir. Calisma sonucunda tadi nétr, dokusu
homojen ve gérintisti hafif lekeli, olarak degerlendirilen, 7.3720.01 briks ve 5.5£0.1 bostwick degetlerine
sahip ali¢ pure elde edilmistir. Elde edilen bulgular 1s1§inda, ali¢ piire tiketiciler tarafindan tercih edilebilecegi
belirlenmistir.

Anahtar kelimeler Alig, piire, briks, pH, titrasyon asitligi, renk

PRODUCTION OF HAWTHORN PUREE FOR INDUSTRY FROM
HAWTHORN FRUIT

ABSTRACT

Hawthorn, which is known for its beneficial effects on health, grows in large quantities in our country.
Despite the high level of phenolic compounds and the prevention effects towards various diseases;
it is consumed locally in limited quantities and not widely used in the food industry. Therefore, it is
important to provide various value-added products of this fruit. The aim of this study is to produce
puree from hawthorn fruits grown in Erzincan and Sivas (Susehri). A pilot and industrial scale puree
production line was designed according to general quality and sensory analyses out without using
sweetener during production. The properties of puree were determined in the R&D laboratory. As a
result of this study, hawthorn puree with a brix of 7.37+0.01 and a Bostwick of 5.520.1 was obtained,
which was evaluated as neutral in taste, homogeneous in texture and having slight spots that could
be preferred by consumers.

Keywords: Hawthorn, puree, brix, pH, titratable acidity, colour
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GIRIS
Alic turleri Rosaceae familyasinin  tyesi olup,
Maloideae alt familyasi, Crataegeae kabilesi ve
Crataegus cinsine aittit (Gundogdu vd., 2014).
Crataegus cinsindeki tim bitkilerin ortak adi olan
alic, dikenli bir ¢ali veya kiictiik agactir ve tliriine
baglt olarak her biri bir ile G¢ veya bes cekirdek
icerir. Alig, baslica Dogu Asya, Avrupa ve
Kuzeydogu Amerika'da yetismektedir. Yaklastk
280 tire sahip oldugu belirtilen alicin (Chang vd.,
2002) bagka bir calismaya gore dinya c¢apinda
yaklasik 200 tire ve Tirkiye'de 24 tire sahip
oldugu bildirilmistir (Renda vd., 2018).

Turkiye, Crataggusun genetik merkezlerinden
biridir fakat Crataegus cinsini tanimlamak icin az
sayida calisma yapilmistir. Su anda Turkiye'de C.
monogyna Jacq., C. pentagyna Willd., C. azarolus L.,
C. orientalis M. Bieb., C. rbipidophylla Gaud ve C.
laevigata (Poir) DC. dahil olmak tizere 20'den fazla
tirt bulunmaktadir (Serce vd., 2011). Anadolu’da
en yaygin bulunan C. monogyna olup, C. azarolus ve
C. orientalis’e de siklikla rastlanilmaktadir (Caliskan
vd., 2018). Bu titlerden C. orientalis, Akdeniz
Havzasi, Turkiye, Iran ve diger ilkelerde dogal
olarak yetisen koyu sari-turuncu renkli bir alictir
(CoKlar vd., 2018).

Turkiye'de yayilis gosteren alic tiitlerinde meyve
rengi acisindan biiyiik farkliliklar vardir. Ornegin,
C. pentagyna siyah veya siyahimst-mor, C.
tanacetifolia  sart, bazen kiwmuz, C.  orientalis
kirmizimsi-turuncu, C. pontica saridan turuncuya,
C. atrosanguinea koyu kirmuzi, C. curvisepala koyu
mor, C. stevenzi kirmiz, C. monogyna kirmizi veya
kahverengimsi kirmizi ve C. microphylla parlak
kirmizt renklere sahiptir (Ercisli vd., 2015).

Genel olarak taze tiiketilen ali¢ meyvesinin ana
bilesenleri  flavonoidler,  triterpen  asitler,
proantosiyanidinler, organik asitler ve baz
aminlerdir (Chang vd., 2002; Arslan vd., 2011).
Bunun yani sira C vitamini, glikozit, antosiyanin,
saponin ve tanen icermektedir (Ercisli vd., 2015).
Kirmizi renkli meyvelere sahip C. monogyna ve C.
sinaica  gibi bazi ali¢ tirlerinin meyvelerinde
antosiyaninlerin varlig tespit edilmistir (Coklar
vd., 2018).

(+) - Katesin ve (-) - epikatesin, alic meyvesindeki
flavan-3-ol'lardir ve genellikle (-) - epikatesin
konsantrasyonu (+) - katesinden daha yiiksektir.
Procyanidin B2, B5, C1 ve D1 ali¢ meyvesinde
saptanan dimerik, trimerik ve tetramerik flavan-3-
ollerdir. Hiperosit, apigenin, kuersetin, klorojenik
asit, gallik asit, viteksin, hesperidin, kumarik asit,
kafeik asit, naringenin ve kratenasin meyvenin
diger fenolikleridir (Coklar vd., 2018).

Alic meyvesinde C-glikosil flavon olarak bulunan
viteksin (apigenin-8-C-glukozit), bircok
geleneksel Cin tubbinda kullanilan  aktif bir
bilesendir. Bu bilesen ve tirevleri, simdiye kadar
aragtirilan farkli ali¢ tiirlerinde bulunan en yaygin
C-glikosil flavonlardir. Anti-kanser, antioksidan,
anti-inflamatuar, anti-nosiseptif, anti-AD (AD,
Alzheimer  hastalig1), antihipertansif, anti-
spazmodik, anti-viral gibi genis farmakolojik
etkileri nedeniyle son zamanlarda viteksine olan
ilgi artis gérmektedir (Yang vd., 2012; He vd.,
2016; Babaei, F., 2020). Bu bilesenin izomeri olan
izoviteksinin de (apigenin-6-C-glukozit), benzer
aktivitelere sahip oldugu bildirilmistir (He vd.,
20106).

Alig, yiyecek olarak kullanilan bitki olmasinin yani
sira, yuzyillardir gesitli tedavi amacl kullanilan
poptler bir bitkisel ilactir (Rocchetti vd., 2020).
Bitkinin meyveleri, yapraklar ve gigekleri fenolik
bilesikler =~ bakimindan  zengin  oldugundan
geleneksel olarak kardiyovaskiler rahatsizliklar,
hipertansiyon ve ateroskleroz tedavilerinde
kullamildigs  bilinmektedir (Coklar vd., 2018;
Chang vd., 2002). Ozellikle kardiyovaskiiler
hastaliklar1 6nlemek ve tedavi etmek i¢in yaygin
olarak kullanilmaktadir (Chang vd., 2002; Yilmaz
vd., 2021).

Arap halk hekimliginde, Crataegus aronia syn
azarolus (L), yapraklarin ve olgunlasmamus
meyvelerin kaynatilmasiyla elde edilen ekstrakt
kardiyovaskiiler hastaliklar, kanser ve diyabetin
tedavisi icin kullanilmistir. Cin ve Kore’de ise
(Crataegus pinnatifida Bunge var. typica Schneider ve
C. pinnatifida Bunge) alic meyvelerinden kan
staztnt  lyilestirmek ve ishal, karin agrisy,
hiperlipidemi ve hipertansiyonu iyilestirmek icin
faydalanilmustir. Ayrica, Cin'de alicin hazimsizlik



Sanayiye uygun ali¢ plire elde edilmesi

tedavisinde  etkili  oldugu  klinik  olarak
kanitlanmustir - (Rocchetti, vd., 2020). Bunun
yaninda sindirim sorunlari, zayif dolasim ve nefes
darligt gibi cesitli rahatsizliklar tedavi etmek igin
bitkiyi ~ kullanmislardir  (Chang vd., 2005).
Avrupa'da ise, bitkinin meyvesinin, yapraklarinin
ve ciceklerinin tentlrleri, tabletleri, ¢aylart ve stvi
ekstraktlari, antispazmodik, kardiyotonik,
hipotansif ve antiateroskleroz etkileri nedeniyle
kardiyovaskiiler rahatsizliklari tedavi etmek icin
geleneksel olarak faydalanilmistir (Rocchetti, vd.,
2020). Ayrica bazt alic tirlerinin ekstraktlarint
iceren uriinler Avrupa, Asya ve Kuzey Amerika'da
dogal saghk fdriinleri olarak tiketilmektedir
(Renda wvd., 2018). Hem Cin'de hem de
Avrupa'da, ali¢ meyvesi sadece ttbbi amaglar icin
degil, ayni zamanda gida maddesi (konserve
meyve, recel, jole, icecek ve sarap) olarak da
kullanilmaktadir (Chang vd., 2002). Saglikli ve
besleyici oldugu diistiniildiigiinden dolay1 Ispanya
ve Portekiz'de c¢obanlar, avcilar ve c¢ocuklar
tarafindan tercih edilmektedir (Caliskan, 2015).

Turkiye’de ise ali¢ sirkesi iilkenin bazt yorelerinde
uretilmekte olup, ali¢ meyveleri ve cigekleri cay
olarak tiiketilmektedir. Son yillarda, alic meyvesi
popiilerlik kazandigindan yerel pazarlarda daha
yuksek fiyatlara satilmakta, bu da bazt cesitlerini
potansiyel bahge bitkileri haline getirmektedir.
(Rocchetti vd., 2020; Caliskan vd., 2015).

Fonksiyonel gida olarak tiiketilen ali¢ meyvesi
ginlik hayatta bu kullaniminin  haricinde
islenebilmesinin ~ ve  tiiketiminin  saglanmast
o6nemlidir. Bu kullaniminin haricinde ilag yapimi1
hatta icecek ve sekerleme tiriinleri bile yapilmistir.
Ulkemizde fazla miktarda yetismekte olan alicin
cesitleri de bolgelere gore farklilik gbstermektedir.
Bu bitkinin gida sanayisinde degerlendirilmesi
yaygin  olmamakla  birlikte yOresel olarak
titketilmektedir. Son yillarda marmelat tiretimine
baslanmis olmasina ragmen pekmez Uretimi ise
halen hi¢ denenmemistir. Literatiirde yapian bir
calisma da deneme amact ile yapilan alig
pekmezinin tadinin eksi, renginin de kara pekmez
grubuna girdigi fakat su ve meyve oraninin dustk,
cekirdek miktariin  fazla olmast  sebebiyle
veriminin diisiik oldugu bildirilmistir. Ulkemizde
ali¢ fazla miktarda bulunmasina ragmen kullanim

alaninin fazla olmamasindan dolayt olgunlasan
meyve hasat edilmeyip dalinda kuruyup yok
olmaktadir (Batu vd., 2007; Batu, 2012).

Hasat edilen meyve ve sebzeler taze tiketildigi
gibi cabuk bozulabilen gidalar oldugundan farkls
sekillerde islenip raf dmri arttirilarak da tiketime
sunulabilmektedir. Bu ¢alismada, bu sebeple ali¢
meyvesinin  kullanim  alanlarinin - genisletilip
tiketiminin artirilmast amaclanmistir. Erzincan ili
sinirlarinda faaliyet gbsteren Tunay Gida Sanayi
ve Ticaret A.S. olarak bélgede bulunan ali¢
meyvelerinin degerlendirilmesi hedeflenmistir. Bu
hedef dogrultusunda énce alic meyvesinden Ar-
Ge laboratuvarimiz biinyesinde deneme piire
tretimi yapilmis ve ardindan piire hattinda
tatlandirict gida katki maddeleri kullanmadan alig
pure uretimi gerceklestirilmis ve sanayiye
uygunlugu aragtirilmistir.

Denemelerde birden fazla dretim parametresi
kullandmamustir.  Bunun temel nedeni, bu
calismanin akademik degil, timiyle endustriyel
esaslt olmasidir. Tunay Gida San. ve Tic. A. .
olarak kendi deneyimlerimiz 6lgiisiinde ali¢ piire
asagida belirtilen parametreler ile Gretilmistir ve
sonugclart paylagilmistir. Tunay Gida San. ve Tic.
A. S. olarak akademi/sanayi is bitligine acigiz.

MATERYAL VE YONTEM

Materyal

Bu ¢aligmada, Erzincan ili ve cevresinde yetisen
alic (Crataegus orientalis, Exzincan merkez ve Sivas
Susehri, Tirkiye) meyveleri pire tretimi icin
kullantlmistir.

Uretim Yéntemi

Ulkemizde endiistriyel kosullarda ali¢ piire
simdiye kadar dretilmemis olup bundan sonra
tretim  teknolojisi  konusunda  arastirmalar
yapilarak ve gelistirilerek tretilebilecektir. Tunay
Gida Sanayi ve Tic. A.S. Ar-Ge Merkezi
laboratuvarinda piire 6n ¢alismast yapimast
amaciyla Erzincan ilinde bulunan arazilerden alig
meyveleri toplanmustir. Firmaya getirilen meyveler
soguk hava deposunda muhafaza edilmistir.
Meyvelerin tir tanimlamast Erzincan Binali
Yildirtm Universitesi Biyoloji Bélimii Ogretim
tiyesi Prof. Dr. Ali KANDEMIR tarafindan

449



450

H. Rlzgar, S. Yazicl

yapilmustir. Calismada Crataegus orientalis tirl ali¢
meyvesi kullanilarak pure Uretimi
gerceklestirilmistir. Anadolu alict  olarak da
adlandirilan bu tit, yaz basinda beyaz cigekleri ve
sonbaharda iri sart ve kirmizi meyveleri olan
kiictik bir agactir (Sekil 1) (Horoz vd., 2008).

Sekil 1. Ali¢ piire dretiminde kullanian ali¢ (C.
orientalis) meyveleri
Figure 1. Hawthorn (C. orientalis) fruits used in the
hawthorn puree production

Pire 6n calisma denemesi Ar-Ge laboratuvarinda
gerceklestirilmistir.  Calismada  kullamlan  Alig
meyvelerinin genel kalite 6zellikleri Cizelge 1°de
verilmistir.

Cizelge 1. Ali¢ meyvelerinin genel kalite

ozellikleri
Table 1. General guality properties of hawthorn fruits
Erzincan Alic  Susehri Ali¢
(Erzincan (Sugehri
Hawthorn) Hawthorn)
Briks (Brix) 8.47%0.02 6.79%0.02
pH (pH) 3.4510.03 3.44%+0.01
Toplam Asitlik
+ +
(Total Acidity) () 0.6901+0.03 0.345+0.02
Hammadde analizleri  gerceklestirilen  ali¢

meyvelerinin deneme siirecine gecilmeden 6nce
laboratuvar asamasinda tlzetlerindeki toz ve
toprak kalintilarini uzaklastirmak icin ytkanmustir.
Calismada 1 kg meyve basina 1.5 It su olacak
sekilde karisim hazirlanmistir. Onceden sicakligs
90 °Cye ayarlanmis su banyosunda (Termal
Laboratuvar Aletleri), 45 dakika bekletilerek
isitma islemine  tabi  tutulan  meyvelerin
yumusamast saglanmustir. Yumusayan meyveler

mutfak tipi dograyicidan  (Vestel Perilla)
gecirilerek kucuk parcalara ayrilmustir.
Parcalanmis meyveler 6nce gbzenek ¢apt 1.5 mm,
ardindan 0.5 mm olan laboratuvar test eleginden
gecirilerek ali¢ pire elde edilmis ve genel kalite
analizleri yapilarak plireye uygunlugu
degetlendirilmistir. ~ Askorbik asit (0.75 g/kg
meyve) cklenerek, turiinin dogal renginin
korunmast saglanmustir. Laboratuvar ortaminda
elde edilen bulgular endistriyel {retime
aktarilabilecegini gostermis ve dretim akis semast
hazirlanmistit.

Alic ptre tretiminde Sekil 2’de verilen akis
semasindaki islemler uygulanmustir.  Proses
hattinda alic  pire dretiminde kullanidacak
hammadde tedarik edilerek uygun kosullarda
firmamiza getirilmis ve hammadde uygunluk
testleri yapimistir. Fabrikaya kabul edilen
meyveler tGretim bandina dékilerek hammadde
besleme  basamagina  gecilmistir.  Meyve
tzerindeki toz, toprak ve mikroorganizma
yukiiniin azaltdmast i¢in yitkama islemi yapimistir.
Bu basamakta meyveler secme bandindan gegerek
dal, yaprak, sap kisimlart ayrica bozuk, ¢urtk ve
zedelenmis meyvelerinin ayrilmast saglanmustir.
Temizlenen ve yabanct maddelerden arinmis alig
meyveleri, elevatér yardimiyla ekstraksiyon
tanklarina taginmustir.

Ekstraksiyon tankina alinan meyvelere kilogram
meyve basina, 2 It su eklenerek 60-70 °C’ de iki-li¢
saat  slresince yumugatma islemine tabi
tutulmustur. Yapian bu islemle hem mikrobiyel
yik azaltilmis hem de haglanip iyice yumusayan
meyveler kolayca cekirdeklerinden ayrilarak piire
haline getirilebilmistir. Bu basamakta Urtine
kontrollu bir sekilde askorbik asit ilavesi
yapilmustir.

Ekstraksiyon tanklarinda yumusayan meyveler bir
sonraki asama olan fircalama basamagina gecerek
cekirdeklerinden ayrlmustir. Ayni zamanda bu
basamakta kabuk, zar, tohum, ¢ekirdek vb. olusan
posa yan uriin olarak proses disina atilmustir.
Cekirdek ve kabuk kismindan ayrilan Grin iki
farkli g6zenek capina sahip elekten gecirilmistir.
Once 1.5 mm gézenek ¢apina sahip st elekten
sonra 0.5 mm gbzenek c¢apina sahip alt elekten
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gecirilerek triin piire haline getirilmis ve pire
toplama tankina génderilmistir. Uriin evapore
edilmeden 6nce daha homojen hale getirmek igin,
gozenek ¢apt 0.5 mm olan disk filtrelerden
gecirilerek kalan yabanct partiktllerin tutulmast
saglanmustir. Ardindan herhangi bir metal kalintist
varsa 6nlemek amaciyla metal tutuculardan yani
magnetlerden gecirilme islemine tabi tutulmustur.
Yabanct kalintilardan tamamen arindirilmis ve
filtre edilmis Grtin evaporatére (ING. A. ROSSI,
Machine  Evaporator, ~ model ~ CC/800)
gonderilmistir. Bu basamakta triindeki fazla su
ucurularak istenilen kuru madde oraninda
ayarlama yapilmus ve ali¢ piire elde edilmistir. 105-
115 oC’ de 90 sn boyunca urin mikrobiyel

tremeye karst sterilizasyon islemine  tabi
tutulmustur. Bu basamaktan sonra nihai Grtin elde
edilmistir (Sekil 3). Elde edilen tirintin genel kalite
ozellikleri  Cizelge 2’de  verilmistir. Uretimi
gerceklestirilen ali¢ piire, aseptik torbalara 200 kg
olacak sekilde el degmeden konik varillere
etiketlenerek dolumu yapilmustir. Uriiniin ads, lot
numarast, miktari, Gretim tarihi, saati, depolama
sicakligt ve raf 6mri bilgilerini iceren firma logolu
etiketler el degmeden makinalar tarafindan
yapistirdmustir.  Dolum  ve  etiketleme  islemi
sonrasinda uriin satist gerceklestirilip musteriye
ulastirilana kadar 0 — 5 °C sicakliktaki soguk hava
deposunda muhafaza edilmektedir.

Hammadde Kabul (Raw Material Income) = Hammadde Besleme (Raw Material Feeding) = Yikama
(Washing = Transter-Ayiklama (Transfer-Sorting = Elevator (Elevator) = Ekstraksiyon Tanki
(Extraction Tank) = Fircalama (Brushing) = Elekler (Sieves) = Pure Toplama Tankt (Puree Holding
Tank) = BEvaporator (Evaporator) = Sterilizator (Sterilizator) = Dolum-Tartim-Etiketleme-Paketleme
(Filling-Weighting-1abeling-Packaging) = Depolama (Storage) (0 - 5 °C)

Sekil 2. Ali¢ piire dretimi akis semast
Figure 2. Flow chart of hawthorn puree production

Sekil 3. Proses hattinda elde edilen nihai Griintin gérseli
Figure 3. Image of the final product obtained in the process line
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Cizelge 2. Elde edilen nihai Grlintin genel kalite
Ozellikleri
Table 2. General quality properties of the final product

Briks (Brix) 7.37£0.01
pH (pH) 3.66£0.01
Toplam Asitlik (Total Acidity) (%) 0.517%0.01
L* (L% 41.63£0.02
a* (a® 10.0940.02
b* (0% 32.70£0.01
Kivam (Bostwick) 5.5+0.1

Askorbik asit (Ascorbic acid) (ppm) 300£0

Analiz Metotlar1

Suda Coziiniir Kurn Madde (°Briks) Tayini

Suda ¢6zintr kuru madde (SCKM) dijital
refraktometre (ATAGO marka-RX5000CX) ile
Olcllmus ve °Briks cinsinden ifade edilmistit.
Briks: “IFU Analysis No:8” metoduna gbre
numune 20 (£ 0.5 °Cye getirilerek
Refraktometre ile analiz yapimustir (IFU Analysis
No. 8, Rev. 2005). Analiz G¢ paralel olarak
gerceklestirilmistir.

PpH Tayini

pH analizlerinde numune 20 (£ 0.5) °Clye
getirilmistir. Homojen hale getirilmis numuneden
pH metrenin  elektrodu numune igerisine
daldirlarak, “IFU Analysis No:11” metoduna
gére numune, Titralab  AT1000  cihazt
kullanilarak analiz yapilmistir IFU Analysis No.
11 (Rev. 2015)). Analiz tg¢ paralel olarak
gerceklestirilmistir.

Titrasyon Asitligi Tayini

Asitlik Analizleri “IFU Analysis No:3” metoduna
gore Titral.ab AT1000 cihazt kullanilarak
yapilmustir. Cihazin beherine numuneden yaklasik
2 gram tartilarak, beher cizgisine kadar (~50 ml)
Ustline saf su ile seyreltikten sonra, beher cihaza
yetlestirilmistir.  Elektrot numune icerisine
daldirilmis ve pH degeri 8.1°e ulagincaya kadar 0.1
N NaOH ile titrasyon islemi gerceklestirilmistir.
Sonuglar malik asit cinsinden % (g/100 g) olarak
ifade edilmistit IFU Analysis No. 3 Rev. 2017).
Analiz tg paralel olarak gerceklestirilmistir.

Renk Tayini
Olgiimler, ColorFlex EZ marka Hunter Lab
cihazi kullanilarak gerceklestirilmistir. Cihazin

numune kabina konulan piite numunesi, cihazda
ilgili yere konularak analizler yapilmistir. Burada
L*, a* ve b* renk degetleri 3-boyutlu renk
koordinatlarint vermektedir. L; 1stk degeri veya
stk aydinlik derecesini gOstermekte ve (tam
beyaz) ile (siyah) arasinda degismektedir. a degeri
(+) ise renk kirmuzi, (-) oldugunda yesil; b degeri
(+) oldugunda renk sar1, (-) oldugunda mavi kabul
edilmektedir (Yicel, 2001). Analiz G¢ paralel
olarak gerceklestirilmistir.

Akzskaniik Analizi

Bostwick konsistometresi ile purenin kivami
Olctlmistir (Ergin vd., 2020). Alet, akiskanligt
6lgiilecek numunenin dolduruldugu 6n hazne ile
numunenin akist icin bir akis yatagt denilen iki
bélimden olugsmaktadir. Akis yatagt, 6n hazne ile
olan sinirdan baslayarak kanalin sonuna kadar, bir
cetvel gibi cm ve mm olarak isaretlenmistir.
Analizi yapilacak numunenin sicakhigt 20 (£ 0.5)
°Cye  ayarlanmistir.  Numune  Bostwick
konsistometresinin haznesine konulduktan sonta
kapak serbest birakidlmistir. Bu sirada ve analiz
basladiktan 30 sn sonunda numunenin akis
yatagina geldigi yerdeki deger bostwick degeri
olarak belirlenmistir (Sahin, 2003). Analiz G¢
paralel olarak gerceklestirilmistir.

Duyusal Degerlendirme

Calisma kapsaminda tiretimi gerceklestirilen piire
numunesinin duyusal olarak degerlendirilmeleri
Ar-Ge merkezi icinde bulunan duyusal analiz
laboratuvarinda 8 panelistin = katilimiyla
gerceklestirilmistir. Panelistler tarafindan, tretilen
plre numunesinin tat, renk, koku, gérints, genel
izlenim 6zellikleri 1-4 (1: Zayif, 2: Kabul edilebilir,
3: Iyi, 4: Cok iyi) arasinda puan vermek sartiyla
degerlendirilmistir.

Lstatistiksel Analiz

Analiz sonuglarina iliskin veriler XLSTAT 2020
(Deneme Strimu) programt kullanilarak varyans
analizi uygulanmistir. Analiz sonuclari paralellerin
ortalamasi ve standart sapma seklinde verilmistir.

SONUC VE TARTISMA
Tunay Gida San. ve Tic. A.S. bunyesinde yapilan
deneme ali¢ plire Gretimi bagattyla sonuclanmustir.
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Saglik acisindan Onemli bilesikleri iceren ali¢
meyvesinin tiketimini yayginlastirmak amaciyla
sanayiye uygun urlnlerin tiretilmesi biylik 6nem
arz etmektedir. Calismamizda, alic (Crataegus
orientalis) meyvesinden ali¢ puresi Uretilmistir.

Yapilan  OSlgimler sonucunda alig  meyve
numunelerinin - suda ¢6zinir kuru madde
miktarlari, Erzincan ve Sivas Susehri ilcesinden
temin edilen meyveler icin sirastyla 8.47£0.02 ve
6.7910.02 °Bx iken bu deger proseste elde edilen
plre i¢in 7.37£0.01 °Bx olarak bulunmustur.
Literatiir de yapilan baska bir ¢alismada Corum
ilinin farkli noktalarindan temin edilen alig
numunelerinin suda kuru madde miktarlart 12.6-
17.7 °Bx arahginda oldugu bildirilmistir (Giizel,
2021). Tunus'ta tg¢ farkli lokasyondan toplanmis
14 farkli ahic genotipleri ile yapidan bagka bir
calismada da, alic numunelerinin suda ¢6zlniir
kuru madde miktarlar1 16.3-21.8 °Bx araliginda
tespit edilmistir (Bahri-Sahloul vd., 2009). Elde
edilen sonugclar literatar verileriyle
kiyaslandiginda, meyve numunelerinin = suda
¢6ziinir kuru madde degerleri farkli bolgelerden
toplanan farkh tir alic meyvelerden elde edilen
sonuglar farklilik géstermektedir.

Alic numunelerinin pH degerleri Erzincan ve
Sivas Susehri icin strastyla 3.4530.03 ve 3.4410.01
iken pire icin 3.66%£0.01 olup, toplam asitlik
(malik asit esdegeri) 0.690%0.03, 0.345£0.02
g/100 g ve pure icin 0.517£0.01 g/100 g olarak
bulunmugtur. Literatir incelendiginde, Corum
ilinin farkli noktalarindan temin edilen ali¢
numunelerinin pH ve toplam asitlik (malik asit
esdegeri) degerleri ise sirastyla 3.6-4.0, 0.9-1.7
g/100 g araliginda degismektedir (Glizel, 2021).
Caliskan vd. (2018) tarafindan yapilan ¢alismada
alic meyvelerinin pH degerlerinin 3.0-3.6 ve titre
edilebilir asit icerigi (malik asit cinsinden) 1.3-1.6
g/100 g olarak bildirilmistit. Gundogdu vd.
(2014) tarafindan Erzincan ilinde yetistirilen 11
farklt ali¢ tirlerinde yapilan ¢alismada bu
degerlerin  strastyla  4.22-5.99 ve %0.22-2.40
arasinda oldugu tespit edilmistir. Tunus'ta U¢
lokasyondan toplanmus 14 farkli ali¢ genotipleri ile
yapilan bagka bir ¢alismada da, ali¢c numunelerinin
pH miktarlart 3.2-4.2 araliginda ve (malik asit
cinsinden) asitlik degerleri 0.9-1.9 araliginda

bulunmustur (Bahri-Sahloul vd., 2009). pH
degerlerinin literatlir verileriyle kiyaslandiginda,
alic numunelerinin pH degerleri genel olarak
literatiir ile uyumlu bulunmustur. Meyve asitlik
degerleri ise genel olarak farkli bélgelerden
toplanan alic meyveleri ile yapilan analizlerde
farklilik gOstermekle birlikte Erzincan ilinden
toplanan  farkli meyvelerle yapilan  asitlik
sonuglartyla uyumlu oldugu géralmistir.

Elde edilen nihai Griine yapilan renk tayininde L*,
a* ve b* renk degerleri sirasiyla 41.63%0.02,
10.09£0.02, 32.70£0.01 olarak bulunmustur.
Diger bir ¢alismada Konya-Beyschir'den toplanan
Crataegus orientalis turii alic meyvelerinin renk
degerleri sirastyla 61.86, 11.65 ve 49.07 olarak
bildirilmistir (Coklar vd., 2018).

Bostwick konsistometresi kullanilarak piirenin
kivamt 5.5%0.1 olarak belitflenmistir. Literatir
taramast sirasinda ali¢ piresinin konsistensi ile
ilgili bir calismaya rastlanilmamistir. Ulkemiz
tizerinde yayilis gbsteren bitki tiirleri, sahip oldugu
cesitli iklim ve toprak 6zelligi bakimindan oldukca
genis ve zengin bir floraya sahiptir. Bunun yant
sira genetik cesitlilik ve hasat sonrast islemlerin
meyvelerin hem fiziksel hem kimyasal 6zellikleri
tzerine etkili olabilmektedir (Giizel, 2021).

Tat, renk, koku, goriinis kriterleri altunda duyusal
analiz ile degerlendirilen piirenin tim kritetler icin
tam puan alarak (4+0.0); tadt nétr, dokusu
homojen ve gorintsi  hafif lekeli olarak
nitelendirilmistit. Yapilan duyusal analiz
degerlendirme formu Sekil 4’te verilmistir. Alig
puresi Uretimi strasinda tadi zenginlestirmek
amactyla herhangi bir gida katki maddesi
kullandmamustir. Laboratuvar ortaminda elde
edilen bulgular (gérints, kivam, tat) endustriyel
tretime aktarilabilecegini g6stermis ve tiretim akis
semast hazirlanmigtir.

Calisma da clde edilen bulgular
degerlendirildiginde; dogal ve katkisiz olarak
proses hatlarinda dretilmis alic ptire hem alicin
kullanim olanaginin arttirlabilecegi hem de dogal,
saglikli, alternatif driin sunulabilecegi ve elde
edilen sonuglarin ilgili endistri kuruluslarina bu
konuda  baslangic  noktast  olusturabilecegi
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distnilmektedir. Ek olarak tlkemizde ticari
olarak yeterli seviyede degerlendirilemeyen alig
meyvelerinden katma degeri yitksek, yart mamul

iriin ortaya konulabilecektir. Béylece hem tlke
hem de yore eckonomisine pozitif katkilart
olabilecektir.

>
ROCHMENT Nox SENSORY ANALYSIS F B
KGS-25-EK.1 Onnl g
SMELL-
DATE SAMPLE NAME LOT NO TASTE | COLOR | FLAVOUR | APPEARANCE [TASTER NOTES
19.10.2020 Hawthorn Puree | [T /_‘ (-\ A [ ]K, A2¢e (N\l, A ,\g 4 - </:=~4,.
19.10.2020 | Hewthorn Puree | [T I : = N
: bWl q«f al w» I 0L )W o, pidentet Lo
19102020 | Hawthorn puree | [T | Ly | Ly | Ly L [l Gk &St e\ veriaa
19102020 | Hawthorn puree | I | 4 | & | & 4 Vot O ol e, ok o
19.10.2020 | Hawthorn Puree | [T | gy Ly & [ 1C
(20 el ke yz-
19.10.2020 Hawthorn Puree s L L & | 6\3}@\ ;f\[\ lele \or e dicr
] 4 il ek jolye
19.10.2020 Hawthorn Puree L( u a q i | G wl G A3 Telce e
19.10.2020 Hawthorn Puree e | I L 4 L J| Leveli , Herdire C"J‘. tot VE come,
t fershe  gdvel .,
10, awthorn P T | |
19.102020 |  Hewthorn Puree 414l & | & | Cob 4»2&(

1:POOR 2:ACCEPTABLE 3:G00D 4:VERY GOOD

Sekil 4. Duyusal analiz formu
Figure 4. Sensory Analysis Form

CIKAR
KATKISI
Yazarlarin, baska kisiler ve/veya kurumlar ile ¢ikar
catismasi bulunmamaktadir.

CATISMASI, YAZARLARIN

YAZAR KATKILARI
Bu calismada tiim yazatlarin katkist egittit.

TESEKKUR

Bu calismada kullamilan alic meyvelerinin tir
tanimlamasini  gergeklestiren Erzincan Binali
Yildirtm  Universitesi Fen-Edebiyat Fakiiltesi
Biyoloji Béliimii Ogretim Uyesi Sayin Prof. Dr.
ALl KANDEMIR’e ve desteklerinden dolayi
Tunay Gida San. ve Tic. A.S. Ar-Ge Merkezinde
gorevli Ar-Ge Mithendisi Hilal AKIN’a tesekkiir
ederiz.
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ABSTRACT

In this study, functional, rheological, and microstructural properties of freeze-dried yoghurt powder
produced at -49°C and 0.0035 mBar conditions from pre-concentrated non-fat yoghurt were investigated.
The sample showed good reconstitutional properties with 204 s, 192 s for wettability and dispersibility
respectively and 74% for solubility index. Bulk density value was lower, as 285.71 kg/m3, which may be due
to the deformation of casein micelles by freeze drying. The water activity of the yoghurt powder sample was
0.1125, much lower than the critical water activity value. The colour of the original yoghurt, yoghurt powder
and reconstituted yoghurt were almost white. Reconstituted yoghurt showed better flow behaviour and
consistency when compared to original yoghurt. Loss of soluble dry matter in pre-concentration of original
yoghurt may have resulted in high hygroscopic powder. The microscopic imaging of original and
reconstituted yoghurt demonstrated homogeneous structures for both, however the latter showed a coarser
gel network.

Keywords: yoghurt powder, reconstitution, freeze drying, confocal Raman microscopy

DONDURARAK KURUTMA ILE ELDE EDILMI$ YOGURT TOZUNUN
FONKSIYONEL, REOLOJIiK VE MiKROYAPISAL OZELLIKLERI

0z
Bu ¢alismada, konsantre edilmis yagsiz yogurttan -49°C ve 0.0035 mBar kosullarinda dondurularak
kurutma ile elde edilmis yogurt tozunun fonksiyonel, reolojik ve mikroyapisal 6zellikleri
arastirlmistir. Ornegin, 204 s 1slanabilirlik, 192 s dagilabilitlik ve %74 ¢6ziiniirlik endeksi degetleriyle
iyi rekonstitiisyon 6zelliklerine sahip oldugu gorilmustir. Ancak, kitle yogunlugu 285.71 kg/m?3 olup,
bu distik degerin dondurarak kurutma isleminin kazein misellerini deforme edici 6zelliginden
kaynaklanmis olabilecegi disintlmistiir. Su aktivitesi 0.1125 olup kritik su aktivitesi degerinden
oldukea digtik bulunmustur. Orijinal yogurdun, yogurt tozunun ve rekonstitiie yogurdun rengi beyaza
cok yakindir. Rekonstitiie yogurt orijinale gére daha i1yi akis davranist ve kivam 6zellikleri géstermistir.
On konsantrasyon asamasindaki ¢6ziiniir kuru madde kaybinin yiiksek oranda higroskopik bir toz
irin eldesine yol agmis olabilecegi distuntlmektedir. Orijinal ve rekonstitie yogurdun mikroskobik
gorlntileri her ikisinin de homojen bir yaptya sahip oldugunu goéstermistir, ancak rekonstitiie
yogurdun daha kaba bir yapiya sahip oldugu gézlenmistir.
Anahtar sozciikler: yogurt tozu, rekonstitiisyon, dondurarak kurutma, konfokal Raman
mikroskopisi
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INTRODUCTION

Recently consumers’ attitude towards the
consumption of healthy and nutritious foods has
increased (Jouki et al., 2021). Yoghurt is one of
the most consumed fermented product, which is
manufactured to decrease the milk volume to less
than 50-75% to its original volume (Aryana and
Olson, 2017). The shelf life of yoghurt is shorter
than other dairy products and prone to be
exposed by spoilage microorganisms due to its
nutrient composition (Santos et al., 2018).

Water removal is applied to milk and dairy
products to yield in powdered products with less
than 5% moisture (Vasiljevic et al., 2021). Besides,
packaging, handling and transportation costs are
also reduced due to the reduced product weight
(Song and Aryana, 2014). Powdered dairy
products are consumed directly by reconstituting
to its original composition or by using it as an
additive in the food industry (Tamime et al, 2007).

There are several researches on yoghurt powder
production by using different drying techniques,
either applying more than one or only one
technique, such as spray drying, freeze drying,
refractance window drying and air drying (Kog et
al., 2014; Zungur-Bastioglu et al., 2016; Carvalho
et al., 2017; Fournaise et al., 2020; Ismail et al.,
2020; Monsalve-Atencio et al., 2021). Freeze
drying is applied to extend the shelf life in which
the quality of the reconstituted product remains
unchanged. Among the other drying techniques
freeze drying is known to yield in products with
superior  quality =~ where  morphological,
biochemical, structural and surface characteristics
are maintained (Waghmare et al., 2021). This
technique is regarded as the most convenient
technique for the heat-sensitive materials and
performed at low temperature and pressure (Ji et
al; Kovact et al, 2021), where the solvent
(generally water) or the suspension is first
crystallized and then sublimated (Ciurzyniska and
Lenart, 2011). It is possible to produce yoghurt
powder maintaining its quality up to three
months, in terms of microbiological and physical
properties by freeze drying (Chutrtong, 2015;
Tontul et al., 2018). Furthermore, freeze-dried
yoghurt powder was reported to exhibit the best

organoleptic characteristics (Gallardo-Rivera et

al., 2021).

Functional properties of food powders are known
to have crucial significance in the formulations
and processing in the food industry and
consumer’s acceptance (Silva and O’Mahony,
2016; Fournaise et al., 2021). The cited literature
mostly focuses on the processing conditions and
quality attributes of yoghurt powders produced by
other above-mentioned drying techniques,
however published research on the functional and
physical properties of freeze-dried yoghurt
powder is scarce and yet there is no finding about
the fractal parameters of reconstituted freeze-
dried yoghurt powder. The objective of the study
was to evaluate the reconstitution, rheological and
microstructural properties of yoghurt powder
produced by freeze drying.

MATERIALS AND METHODS

Yoghurt production

Skimmed milk (0.05% fat) and yoghurt starter
culture (Streptococens salivarus subsp.  thermophilus
and Lactobacillus delbrueckii subsp. bulgariens) used
in the manufacturing of non-fat yoghurt were
supplied from Pinar Dairy Co. Milk was
pasteutized at 90°C for 5 min and cooled to 42°C,
then inoculated with 0.03 g/1 starter culture and
incubated until pH decreased to 4.70 then
immediately cooled to 4°C. Before drying, total
solids content was increased from 8.86% to 14%
by draining through a cloth bag.

Freeze drying of yoghurt

Yoghurt samples were placed in plastic beakers
and frozen overnight at -80°C. The frozen
samples were freeze-dried for 48 h by using
FreeZone 6 litre Benchtop Freeze dryer
(Labcocnco Co., Kansas City, USA) having a
condenser temperature of -49°C at 0.0035 mBar.

Methods

Moisture content

Moisture content was determined in both yoghurt
(dry solids) and yoghurt powder samples by
gravimetric method (AOAC, 1990).
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Reconstitution properties

Wettability and Dispersibility

Wettability and dispersibility analyses were
performed according to the procedure described
in FIL-IDF: 87 (IDF, 1979).

Solubility index

The solubility index of yoghurt powder was
measured after reconstituting 13.0 g powder in
100 mL water at 24 °C (IDF, 1988)

Bulk density

The bulk density of the freeze-dried yoghurt
sample was calculated by weighing approximately
20 g of sample into a 100 ml graduated cylinder.
The mass of the powder was divided by the
volume occupied by the powder into the cylinder
(Jinapong et al., 2008).

Water activity

The water activity (aw) values of yogurt powders
were measured using a water activity
measurement device (Testo AG 400, Lenzkirch,
Germany), with a 0.001 sensitivity.

Hygroscopity

The freeze-dried yoghurt powder samples were
spread evenly on the moisture dishes and put in
the closed environment of 75% relative humidity
(RH) (provided by saturated NaCl solution) and
25 °C temperature. Although hygroscopicity is
based on the equilibrium moisture content, to
provide a fast evaluation of the sample’s
hygroscopicity, the weight increase of sample for
1 hour intervals up to 4 hours and lately at the 24
hour was determined (Al-Kahtani and Hassan
1990; Koc et. al, 2014; Li et al., 2020). The
hygroscopicity of the powder sample was
evaluated by the rate of hygroscopicity

(Rhygroscopicity) (Eq 1)

Rhygroscopicity = (mt - mo)/mo x 100 Eq (1)

Where, m is the mass of the sample at time t, mo
is the initial mass of the sample. This term can be
expressed with a unit of kgmoisture/ 100kgpowder.

Colour measurement
The colour of fresh, dried, and reconstituted
yogurt powder samples (Lightness-L, redness-a,

and yellowness- b values) was measured with a
colorimeter (Colorflex, CFLX 45-2 Model
Colorimeter, HunterLab, Reston, VA) and results
were expressed in accordance with the CIE Lab
system (Hunter, 1975).

Rheological analysis

Apparent viscosity (Pa.s) and shear stress (Pa)
against an increasing range of 1-1000 (1/s) shear
rate (and then reducing from 1000-1(1/s)) were
measured in twice in two parallels, for both the
original and the reconstituted yoghurt samples.
Then, the average values of results for the original
yoghurt sample and the reconstituted yoghurt
samples were calculated. The rotary viscometer
(TA Ins., Hybrid Rheometer Discovery HR-2,
USA) with 20 mm parallel plate, was used for the
measurements and the temperature of the sample
chamber was kept at 20°C.  Before the
measurement, the fresh yoghurt sample was
needed to apply a mixing stage, in the same way
as with the reconstituted samples, to achieve the
same thermo-mechanical effect on the structure
(Sakin-Yilmazer et. al., 2014a; Sakin-Yilmazer et.
al., 2014b).

Power law (Eq.2) was applied to the averaged
measurements of shear rate (1/s) against shear
stress (Pa) to find out the constants and flow
behaviour index.

t(Pa) =K xy" Eq. 2)

Where, K is the consistency index (Pa.sn) and n is
flow behaviour index (Sakin-Yilmazer et. al.,

2014b).

Confocal Raman Microscopy

In determining the fractal parameters, dried
yoghurt samples were reconstituted to its original
dry matter. Both fresh yoghurt and reconstituted
yoghurt were analysed for imaging at 570-725 nm
spectral range by using Renishaw Confocal
Raman Microscopy.

Statistical analyses

All the analyses for determining the reconstitution
properties and the colour were conducted at least
in triple. Mean values and standard deviations
were determined with descriptive statistical
analysis. Data were processed with the univariate
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analysis of variance to determine the significance
of individual differences of means on the level of
P<0.01 and P<0.05. Significant means from the
colour measurements were compared with the
Duncan test. The correlation analyses were
performed with 2-tailed Pearson correlation
analysis to reveal the correlations between
reconstitution and colour properties. For the
rtheological analyses, independent t-test was
performed to results from two parallel
measurements to understand whether the n and
K values, i.e. the flow behaviour for both samples
are different significantly. Statistical analyses were
conducted wusing the SPSS (Version 25)
commercial statistical package.

RESULTS AND DISCUSSION

Moisture content

The moisture content of freeze-dried yoghurt
powder from drained yoghurt having 14% dry
matter was found as 4.50%, which is lower than
those reported for freeze-dried yoghurt samples.
Carvalho and colleagues (2017) produced freeze-
dried yoghurt foam with 5.6% moisture. Tontul et
al (2018) found the moisture content of freeze-
dried yoghurt as 8.3%. Ismail et al. (2020) could
manufacture freeze- dried yoghurt powder with
no additive having 4.25%.

It has been stated that moisture content of around
5% enables a prolonged shelf life for dried foods
(Santos et al.,, 2018; Vasiljevic et al., 2021). Freeze
drying seems to be an efficient method in terms
of moisture reduction and therefore shelf life
extension.

Reconstitution properties

Results from dispersibility, wettability, solubility
index, bulk density and water activity are
summarized in Table 1.

Table 1. Some reconstitution properties of
freeze-dried yoghurt powder

Properties Values (Mean £SD)
Wettability (s) 204£3.646
Dispersibility (s) 192+1.732
Solubility index (%o) 74£1.732
Bulk density (kg/m?3) 285.71£1.816

Water activity (aw) 0.1125%0.029

Wettability and Dispersibility

It is known that wettability, dispersibility and
solubility are the three main and consecutive
characteristics for reconstitution of powders,
therefore the efficiency of rehydration strongly
depends on the completion of each process (Ji et
al., 2010). In the first step, named wettability, the
powder absorbs water on the surface and wets
(Sharma et al., 2012). The wetting time was
determined as 374 s for spray dried yoghurt
powder (Kog et al., 2014), which is higher than
the wettability measured in this research,
suggesting that the freeze-dried powder wets
faster. It is known that fat content has a negative
effect on wettability and flowability characteristics
and when compared to particle size, milk fat has
a greater effect on wettability and flow properties
(Silva and O’Mahony, 2016). Milk fat is removed
for the improvement of powder’s wetting ability
(Selomulya and Fang, 2013). In this research, non-
fat yoghurt was used as raw material to yield a
powder product with good  functional
characteristics and ease in drying steps.

The dispersibility was measured as 192 s. For
spray dried yoghurt powder, Kog et al. (2014)
calculated the dispersibility as 351 s, indicating
that freeze-dried yoghurt powder disperses faster.
A correlation  between  wettability and
dispersibility (P<0.01, r=1.00) was determined in
freeze-dried yoghurt powder.

Solubility index (%o)

High wettability and faster solubility are
favourable in the reconstitution of powders (Kog
et al, 2014). The solubility index (SI) was
calculated as 74%. The wettability and solubility
index values of freeze-dried yoghurt powder was
reported as 71.0 s and 34.8% respectively by
Tontul et al. (2018). In a research carried out by
Ismail and et al. (2020), the solubility of non-
treated yoghurt powder was reported to be
82.66%, where the addition of modified starch
significantly increased the solubility. When
compared to spray dried yoghurt powder, freeze-
dried yoghurt powder showed better wettability,
dispersibility (351 s) and solubility (68.7 %), as
reported by Kog et al. (2014).
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Bulk density

High bulk density values indicate that the
powder’s volume is reduced for transport and
hence less packaging material is consumed.
Sharma et al. (2012) stated that the bulk density
was subject to particle density, particle internal
porosity and the particle arrangement in the
container. The average bulk density value was
calculated as 285.71 kgm-3. In a research done by
Ismail et al (2020), the bulk density of freeze-dried
yoghurt powder was 1.3 g/ml. The bulk density
value found in this research was lower but similar
to that found by Tontul et al (2018), which was
0.20 g/ml. Authors attributed this low value to the
porous structure of the powder. It was reported
that the shape of casein micelles was subjected to
deformation in the freeze drying process
(Tamime et al., 2007).

Water activity
According to Roos (2001), critical water activity
value in dairy powders is 0.37 and the increase in

=
o

this value result in a decrease in viscosity, and
some problems like stickiness, caking, induced
lactose crystallisation, and Maillard reaction,
linked to the powder stability (Lin et al., 2020).
The water activity of freeze-dried yoghurt powder
sample was measured as 0.1125 which is much
lower than this critical value. Similar result was
reported by Tontul et al (2018) for freeze-dried
yoghurt powder as 0.14.

Hygroscopicity

Moisture adsorption of freeze-dried yoghurt
powder at 25 °C and 75 % RH, during 24 h is
shown in Fig. 1. As the figure illustrates 7.1 (£0.5)
kg moisture Was adsorbed per 100 kg of powder
sample, on average of three replicates. Knowing
the sample’s initial moisture content as 4.50%
(w/w); after 24 h at the given conditions, the
powder sample in this research resulted in a
moisture content of 0.13 kg/kg (dry basis).

Rate of hygroscopicity
(kgmoisture/100 kgpowder)

O B N W ~ U1 O N 00 O©

8

10

12
time (h)

14 16 18 20 22 24

Figure 1. The hygroscopicity of freeze-dried yoghurt powder.

About the hygroscopicity of their spray-dried
yoghurt powder sample, Koc et. al, (2014)
reported an uptake of 4 kg moisture/100 kg solid,
during 90 minutes of exposure to the 25 °C and
75% relative humidity conditions. Their sample’s
moisture content prior to hygroscopicity
measurement was 6 % (w/w), on average.

Zungur-Bastioglu et al. (2016) declared an
equilibrium moisture content of 0.24 kg/kg (dry
basis) for the freeze-dried plain yoghurt, at 25 °C

and 75% relative humidity. The big difference of

this value with that found in this study, even the
same drying method used, was attributed the
preliminary straining process applied to yoghurt

to fasten the long lasting and expensive drying
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stage, by doing so some water soluble dry matter
leaved from the sample, possibly changing its
moisture adsorption behaviour.

Colour

Hunter I, a and b values for original and
reconstituted yoghurt and yoghurt powder were
given in Table 2.

Table 2. Colour properties of yoghurt and freeze-dried yoghurt powder

Values (Mean £SD)

L a b
Original yoghurt 97.65 £0.1762 -1.64£0.1972 8.36+0.1492
Yoghurt Powder 96.831+0.149b -1.89£0.0652 8.36+0.2152
Reconstituted yoghurt 97.15+0.260b -1.63£0.0592 8.33+0.2582

+b: Means with different lowercase letters in the same column are significantly different (p<<0.05)

Colour is an important characteristic for a food
product which has an influence on consumer’s
acceptance. As seen from the table, L values of
original  yoghurt, yoghurt powder and
reconstituted yoghurt imply almost white colour.
Similar results for L and a values were reported by
Tontul et al (2018), as well. L and b values of all
the samples are very close and a values are almost
the same, on the other hand, there is still a
significant  difference between L wvalues of
samples, the original yoghurt is the whitest sample
(P<0.01). In a research done by Monsalve-
Atencio et al. (2021), freeze drying of yoghurt
minimally altered the colour of the powdered
product compared to convection and spray drying
processes, where this difference was not found
significant. Increase in the intensity of yellowness
due to Maillard reactions occurring at high
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temperatures was reported in powdered milk
(Stapelfeldt et al,, 1997). In this research, no
difference was detected between yellowness of
the samples (P>0.05). Carvalho et al. (2017) stated
that the freeze-dried yoghurt foams showed the
higher L. and lower b values compared to air-dried
ones and attributed this the low processing
temperature in freeze drying, avoiding the
formation of brown pigments coming from the
Maillard reaction. All the samples showed
negative a values indicating the absence of a red
colour.

Rheological analysis

The average values of apparent viscosity against
shear rate for both the original and reconstituted
yoghurt samples are shown by Figure 2.

°
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Q 0 8
8 ® o
500 600 700 800 900 1000
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® Reconstituted Flow Ramp |

® Original Flow ramp |
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Figure 2. Apparent viscosity of yoghurt samples.
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Shear stress values against shear rate, for both
samples at increasing shear rates, are shown on
Figure 3.
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Figure 3. Shear stress vs shear rate

Flow behaviour values (n and K) for original and
reconstituted samples were given by Table 3. It
was seen that there was a difference between the
original and reconstituted samples (P<0.05), in
terms of flow behaviour. The reconstituted
sample has significantly higher values of n and K;
L.e. it is more consistent than the original sample.
This result was attributed first to the removal of
yoghurt serum as a pre-process, therefore
concentrating the yoghurt to the dry matter
content of 14%, before freeze drying. This pre-
concentrating stage was applied to shorten the
freeze drying time and to increase the efficiency
of the process. The drainage (serum) can be
further processed with a different path either to a
powder or an alternative product, so the pre-
concentration of yoghurt does not account for
any loss of wvaluable protein. Author
acknowledges the added value of freeze-dried
yoghurt powder of which the sensory properties
will be evaluated after larger scale production.

Table 3. Flow behaviour values.

N K R2
otiginal yoghurt 028 | 2625 | 097
reconstituted yoghutt 0.32 100.80 0.96

Microstructure
Micrographs from original and reconstituted
yoghurt samples were shown in Fig 4.

The microstructures of original and reconstituted
yoghurt samples were determined by using
Confocal Raman Microscopy technique in which
the samples are directly scanned without any pre-
treatment as in the other techniques. The
fluorescent dyes used in other imaging techniques
may be absorbed by the interface and thus
influence the system’s physical chemistry (Nair et
al., 2021). The 3-D images acquired by Raman
microscopy offer homogeneous structures for
both samples. The original non-fat yoghurt
sample has a fine network. Small pores in the
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micrographs indicate that more water is held in
the matrix (Jose et al., 2016). The reconstituted
yoghurt demonstrated a coarser gel network
where the voids can be observed. According to
Venir and co-workers (2007), while rheological

-450
-400
-350
-300
-250

-200

-13400

-13300

(@)

-13200 -13100

properties of reconstituted yoghurt powder from
non-fat yoghurt were not significantly affected by
the freeze drying process, the network structure
weakened.

100
150
200
250

300

-36800

-36700

(b)

-36600  -36500

Fig 4. Confocal Raman micrographs of (a) nonfat yoghurt (b) reconstituted yoghurt powder obtained
at x500 magnifications

CONCLUSION

Good functional and reconstitution properties of
powdered food products are significant in terms
of formulation, handling, processing as well as
consumption. The freeze-dried non-fat yoghurt
powder showed favourable characteristics in
terms of wettability, dispersibility and water
activity. On the other hand, low bulk density value
was obtained, which might be due to the porous
structure of the powder induced by freeze drying.
Solubility of yoghurt powder was 74%, further
studies can be done by using some additives to
improve solubility. The freeze-dried yoghurt
powder showed good colour properties with
almost white colour, indicating the superiority of
the freeze-drying process when compared to
other drying techniques. The water activity value
was much lower than the critical value stated for
dried food products, which would have a positive
influence on powder stability.

Concentration of original yoghurt prior to the
drying process had an impact on both
hygroscopicity and theology. Freeze-dried
yoghurt powder sample was found to be more
hygroscopic than those studied by others.
However, reconstituted yoghurt demonstrated

greater consistency than the original yoghurt. To
conclude, pre-concentration step before freezing
can be recommended in terms of improvement of
rheological behaviour.

Reconstituted yoghurt demonstrated a coarser gel
network in which larger voids can be observed.
Nevertheless, it still showed a homogeneous
structure. Along with functional properties and
rheological behaviour, the results certify the
efficiency of freeze drying in yoghurt powder
production. Further research on the selection of
packaging material and determination of powder
stability throughout storage of freeze-dried
yoghurt powder seem quite likely to offer
important findings in the future.
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o0z

Arastirmada, Trachystemon orientalis L.'nin (Kaldirik, Somar) sigir kiymasinin raf dmriine etkisi arastirlmugtir.
Kurutulmus Trachystemon orientalis L. yapraklart farklt solventler (petrol eter, metanol ve su) ile muamele
edildikten sonra liyofilize edilmistir. Liyofilize ekstraktlar kiymaya farkli seviyelerde (250 ppm ve 500 ppm)
ilave edilmis ve kiyma 6rnekleri 241 °C'de aerobik olarak depolanmustir. Depolamanin 1., 24., 48. ve 72.
saatlerinde 6rneklerin TBARS, pH ve renk 6zellikleri ile Psendomonasve Enterobactericea sayilar tespit edilmistir.
Ekstrakt ilavesi kiyma 6rneklerinin pH degerini artirmus (P < 0.01), lipid oksidasyonunu yavaslatmistir (P <
0.01). a* degeri 250 ve 500 ppm su ekstraktll Srneklerde diger muamele gruplarina gbre daha fazla
korunmustur. Kiymaya ekstrakt ilavesi Pseudomonas ve Enterobacteriaceae gelisimini engellemistir (P < 0.01).
Incelenen 6zellikler tizerine depolama siiresinin 6nemli etkilerinin oldugu (P <0.01), depolama siiresince
biitiin 6rneklerin TBARS degetlerinin arttig (P <0.01), en fazla artisin ise kontrol grubu Srneklerde oldugu
tespit edilmistir (P <0.05).

Anahtar kelimeler: Sigir kiymast, Trachystemon orientalis L., antimikrobiyel etki, antioksidan etki, renk, bitki
ekstrakts

THE EFFECTS OF WATER, METHANOL AND PETROLIUM ETHER
EXTRACTS OF Trachystemon Orientalis L. ON SOME QUALITY PROPERTIES
AND SHELF LIFE OF GROUND BEEF

ABSTRACT

In the study, the effects of Trachystemon orientalis L. (Kaldirik, Somar) on the shelf life of ground beef
were investigated. Dried leaves were lyophilized after being treated with different solvents (petroleum
ether, methanol and water). Lyophilized extracts were added to ground beef at different levels (250
ppm and 500 ppm), and the samples were stored at 2+1 °C. TBARS, pH, color values and Psexdomonas
and Ewnterobacteriaceae counts of the ground beef samples were analyzed at 0, 24, 48, and 72 hours of
storage. The addition of the extract increased the pH value of ground beef (P < 0.01) and prevented
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Kiyma kalitesi Gzerine Trachystemon orientalis L. ekstraktlarinin etkileri

lipid oxidation (P < 0.01). The a* value was more preserved in the samples with 250 and 500 ppm
water extract than in the other treatment groups. Addition of extract to ground beef prevented the
growth of Pseundomonas and Enterobacteriaceae (P < 0.01). Storage time had significant effects on the
investigated properties (P < 0.01). During storage, TBARS values of all samples increased (P < 0.01),
while the highest increase was detected in control samples (P < 0.05).

Keywords: Ground beef, Trachystemon orientalis L., antimicrobial effect, antioxidant effect, color, plant

extracts

GIRIS

Sigir kiymast; kimyasal, mikrobiyolojik ve fiziksel
degisimlerin ¢cok hizli oldugu, yapisal 6zellikleri ve
hazirlama teknolojisi ile mikrobiyel
kontaminasyona uygun olan taze et triinlerinden
biridir. Bu nedenlerle kiymanin raf émrd oldukea
kisadir. Kiyma, bilesimindeki ytksek besleyici
degere sahip protein ve yag gibi bilesenleri, uygun
pH, yiksek su aktivitesi degeri ve etin kiyma
haline getirilmesi swasinda  yiizey alaninin
genislemesi sonucu bir¢ok mikroorganizmanin
gelisebilecegi ideal bir ortam haline gelmektedir.
Etin yuzey mikroflorasint olusturan
mikroorganizmalar,  kiymanin  hazirlanmast
ozellikle cekme ve karistirma islemleri sirasinda
trtiniin her tarafina yayilmakta ve uygun sartlar
olustugunda da hizla geliserek triiniin raf dSmriini
kisaltmakta ve trin giivenligi ve tiketici saghgt
acisitndan  potansiyel  risk  olusturmaktadir.
Kiymanin  mikrobiyel —agidan  kaliteli ve
tiketilebilir olmast icin, Oncelikle kiyma elde
edilecek etin mikrobiyolojik kalitesine, iretim
Oncesi ve tretim sirasinda hijyen ve sanitasyon
kurallarina, ambalajlama sekline ve depolama
sartlarina dikkat etmek gerekmektedir. Kiymanin
mikroorganizma yiikii oldukea yitksektir (Oztan,
1999) ve patojen bakteri bulundurma olasilig1 da
fazladir (Unliitiirk ve Turantas, 1999). Uriiniin
genellikle ambalajsiz titketime sunulmasi ve uygun
olmayan muhafaza kosullart da bozulmay1
hizlandirmaktadir. Uriinde yag miktarlarinin
yiksek olmast lipit oksidasyonunun da hizlt
olmasint saglamaktadir. Bu nedenletle tiiketime
sunulan hazir kiymalarda bazi ilave tedbitlerin
alinmasina ihtiya¢ duyulmaktadir. Bu kapsamda
yapilan  arastrmalarda  antimikrobiyel  ve
antioksidan 6zellik gdsteren bir¢cok bitkinin et
uriinlerinde kullaniabilme imkanlarinin
belirlenmesine yonelik arastirmalar son yillarda
giderek artmustir (Alp ve Aksu, 2010; Aksu vd.,
2020; Aksu ve Turan, 2021, 2022; Aksu ve Ozer,

2013; Bambeni vd., 2021; Kaczmarek ve Muzolf-
Panek, 2021).

Dogal bitkiler ve ekstraktlart glintimtzde farklt
amaglarla yaygin olarak kullanilmaktadir. Bunlarin
en stk kullanim alanlari da gidalardaki antioksidan
ve antimikrobiyel etkileridir. Dogal kaynaklardan
elde edilen ekstraktlarin gida giivenligini artirdigt
ve raf dmrini uzattig belirtilmistir (Aksu, 2003;
Alzoreky ve Nakahara, 2003; Ozen, 2010).
Trachystemon orientalis 1. bitkisi de bu bitkilerden
biridir (Karagéz vd., 2002; Uzun vd., 2004;
Sekeroglu vd., 2006.) ve Boraginaceae familyasina
aittir. Karadeniz Bolgesinin degisik habitatlarinda
vayilis gosteren Trachystemon orientalis L. G. Don
(Boraginaceae) cigekleri, saplart ve yapraklart gida
maddesi olarak kullanilan Avrupa-Sibirya kékenli
bir bitkidir.  Trachystemon  orientalis L. cinsi
Tirkiye’de tek tir ile temsil edilmektedir (Akgin
vd.,, 2004). Ulkemiz Kuzey Anadolu kiyi
cografyasinda halk tarafindan ¢esitli amaclarla
siklikla ~ kullanilan  (taze, konserve, tursu,
kurutulmus, bitki ¢ayt) Trachystemon orientalis L. nin
(Yesilada vd., 1999; Oz ve Sadikoglu, 2002;
Birinci, 2008) teknolojik olarak islenmesi ve gida
sanayinde kullanilmas: hakkinda herhangi bir
literatiire rastlanmamistir. Bu kapsamda sanayici
ve tlketici acisindan arzu edilen optimum triin
profilinin saglanabilmesi i¢in Trachystemon orientalis
L. ile ilgili veya destekleyici bilimsel verilerin
belirlenmesi 6nemlidir. Bu aragtirmada, tiiketime
hazir hale getirilmis taze sigir kiymalarina
Trachystemon orientalis L. bitkisinin petrol eter, su ve
metanol ekstraklari farklt oranlarda ilave edilerek

irintin raf Omrinin uzatilabilme imkanlar
arastirtlmistir.

MATERYAL VE METOT

Arastirmada  ekstrakt Uretiminde  kullanilan

Trachystemon orientalis L. bitkisi Trabzon, Tonya,
Karasu kéytinden hasat edilmigtir. Erzurum Et ve
Sit Kurumu’ndan temin edilmis parca etler,
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laboratuvar sartlarinda ayna delik ¢apt 5 mm olan
kiyma makinast ile kiyma haline getirilerek
materyal olarak kullanilmistir.

Trachystemon orientalis L. bitkisinin kurutulmus
yapraklarindan ekstrakt eldesinde Alp ve Aksu
(2010) tarafindan verilen yoéntem kismen modifiye
edilerek uygulanmistir. Yonteme gbre 20 gram
kurutulmus-parcalanmis bitki materyali tzerine
400 ml ¢6ziicti materyal (su, eter ve metanol) ilave
edilmis ve Ultra-Turrax kullanilarak (IKA T25
Werk, Germany) 30 saniye homojenize edilmistir.
Bilesim daha sonra magnetik karistirict tizerinde
bekletilmis (15 dakika) ve Whatman No: 1 filtre
kagidt kullaniarak siiziintii elde edilmistir. Elde

edilen stiziintiden ¢Oziici materyal rotary
evaporatotle (40 °C’de, 30-60  dakika)
uzaklagtirilmis, -38°C’de dondurulmus ve -

50°C’de liyofilize edilmistir.

Arastirmada biri kontrol ve altist muamele grubu
olmak tizere yedi grup olusturulmustur. Muamele
gruplart  icin  kiyma  Orneklerine  liyofilize
Trachystemon orientalis L. petrol eter (LTOPE),
metanol (LTOME) ve su (LTOSE) ekstraktlar
250 ppm ve 500 ppm seviyelerinde ilave
edilmistir. Ekstrakt ilave dilmeyen grup kontrol
grup olarak degerlendirilmistir. Petrol eter,
metanol ve su ekstraktlart strafor kopiik tabaklar
icinde 200’¢r gramhk porsiyonlar seklinde
hazirlanan kiyma o6rneklerine ilave edilmis ve
tzerleri tek katl stre¢ film ile kaplanmustir. Bu
sekilde hazirlanan kontrol ve ekstraktlt kiymalar
2t1°Cde 72 saat sireyle depolanmis ve
depolamanin 1., 24., 48. ve 72. saatlerinde
TBARS, pH ve renk (L*, a* b*) analizleri ile
Psendomonas ve Enterobacteriaceae  sayllart  tespit
edilmistir.

Orneklerdeki TBARS degeri Lemon (1975) ve
Aksu (2009)’a, pH degeri Gokalp vd. (2001)’e
gore belirlenmistir. Orneklerin renk yogunluklari
(L*; L*=0, siyah; L*=100, beyaz (koyuluk-agiklik),
a¥; +a*=kirmizi, -a*=yesil ve b*; +b=sari, -
b*=mavi) Minolta (CR-200, Minolta Co, Osaka,
Japan) kolorimetre cihazt kullanilarak tespit
edilmistir. Mikrobiyolojik analizler ise Baumgart
vd. (1993) tarafindan verilen yontemlere gore
belirlenmistir.

Arastirma sansa bagli tam bloklar deneme planina
gore kurulmus ve iki tekerriitli  olarak
yuritilmuistir. Model ana varyasyon kaynagi
olarak muamele (Kontrol, 250 ppm LTOPE, 500
ppm LTOPE, 250 ppm LTOME, 500 ppm
LTOME, 250 ppm LTOSE ve 500 ppm LTOSE),
depolama stresi (1., 24., 48. ve 72. saat) ile
bunlarin interaksiyonlarini icermektedir. Elde
edilen verilere paket program (SPSS 22.0)
kullanilarak varyans analizi yapilmus, O6nemli
bulunan ana varyasyon kaynaklarina iliskin
ortalamalar Duncan Coklu Karstlastirma Testi ile
karsilastirdmistir (@ = 0.05). Ortalama degerler
cizelgelerde standart sapma (F) degerleri ile
birlikte verilmistit.

SONUCLAR VE TARTISMA

Sigir kiymast 6rneklerinin lipid oksidasyonuna
(TBARS degetleri) Trachystemon orientalis L. eter
(LTOPE), metanol (LTOME) ve su (LTOSE)
ckstraktlarin etkisi ile ilgili veriler Cizelge 1’de
verilmistir. Ekstrakt ilavesi ile kiyma 6rneklerinde
malondialdehit (MDA) olusumu, buna baglh
olarak da TBARS degeri ¢ok 6nemli (P < 0.01)
diizeyde etkilenmigtir. En yitksek ortalama
degerler kontrol 6rneklerde (24.97£15.78 pmol
MDA/kg), en dustk degerler ise 500 ppm
LTOME ilaveli (14.11+7.60 umol MDA /kg), 250
ppm (15.81£10.05 pmol MDA /kg) ve 500 ppm
LTOSE (16.20£9.35 pmol MDA/kg) ilaveli
orneklerde tespit edilmistir (Cizelge 1). Bu
sonugclar, Trachystemon orientalis L. ekstraktlarinin
kiymada lipid oksidasyonuna karst potansiyel bir
antioksidan etkiye sahip oldugunu
gostermektedir. Lipid oksidasyonundan koruyucu
etki, Trachystemon orientalis L. ekstraktlarinin yitksek
antioksidan kapasiteye sahip cesitli bilesikleri
(polifenoller, flavonoidler, antosiyaninler)
icermesine baglanabilir. Nitekim Ozen (2010)
tarafindan yapilan bir arastirmada, yoresel olarak
“Galdirik”  diye Trachystemon
orientalisin  kurutulmus  yapraklarinin  toplam
fenolik, flavonoid ve antosiyanin miktarlarinin
sirastyla 82.1£1.5 mg pyrocatechol/g, 3.6311.1
mg quercetin/g ve 15210.1 mg cyanidin 3-
glukozide/g oldugu tespit edilmistir. Arastirict bu
bitkinin kurutulmus Orneklerinden elde edilen
%80 etanol + %20 su ekstraktinin toplam
antioksidan aktivitesinin butillenmis hidroksi

tanimlanan
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tolien (BHT), Beta vulgaris (Pazt), Tussilago farfara
(Gabalak), Brassica oleracea (Karalahana) ve
Chaerophyllum  byzantinum (Mendek) gibi bircok
bitkiden daha giicli oldugunu ancak stiperoksit
radikal stiptirme ve metal selatlama aktivitesinin
bu bitkilerden daha zayif oldugunu belirlemistir.
Trachystemon orientalis L. ekstraktlarinin  fenolik
iceriginin yiksek olmasi, yiksek antioksidan
kapasitesine sahip olmast (Ozen, 2010) ve su, eter
ve  metanol ekstraktlarinin ~ kiymalarda
malonaldehit olusumunu engellemesi dikkate

alindiginda bu bitki ekstraktlarinin kiyma gibi taze
et ve et urinlerinde sentetik antioksidanlarin
yerine  dogal antioksidan madde olarak
kullanilabilecegi ifade edilebilir. Sigir kiymast ile
ilgili yapilan bazi arastirmalarda da sirgan otu
(Urtica diotica L.) (Alp ve Aksu, 2010), siyah havug
(Dancus carota 1..) (Aksu ve Turan, 2021; 2022) ve
karadut (Morus nigra 1) (Turan ve Simsek, 2021)
liyofilize su ekstraktlarinin  kiymanin  kalite
ozelliklerini artirdig ve depolama siiresince lipid
oksidasyonunu 6nledigi belirtilmistir.

Cizelge 1. Farkli seviyelerde liyofilize Trachystemon orientalis L. su, metanol ve petrol eter ekstrakti ilave
edilerek 2£1 °C'de 72 saat depolanan sigir kiymalarinda belirlenen TBARS, pH ve enstriimental renk
degerleri
Table 1. TBARS, pH and instrumental color values determined in ground beef stored at 2+1 °C for 72 hours by
adding different levels of hyophilized Trachystemon orientalis L. water, methanol and petroleum ether extract

n TBARS! pH

Renk Degetleri / Color Valnes

L* a* b*
Muamele (M) / Treatments (T)
Kontrol 16 24.97+15.78 a 5.90+0.13 f 44.47£2.52 24.25%4.77 a 14.18%£1.39
250 ppm LTOSE 16 15.81£10.05d 6.00£0.07 ab 44.23+3.23 24.29+2.07 a 14.53%£1.59
500 ppm LTOSE 16 16.20£9.35d 6.01+0.08 a 43.83+3.25 22.98+2.43 ab 14.42%1.80
250 ppm LTOME 16 18.92%12.03 b 5.96£0.09 cd 42.94£3.34 20.88£2.90 ¢ 14.29£1.37
500 ppm LTOME 16 14.11£7.60 e 5.970.06 bc 42.70£2.60 18.71£2.62 d 14.45%£1.03
250 ppm LTOPE 16 19.26£11.58 b 5.924+0.11 ef 44.78+2.50 22.22%+2.26 be 14.71£1.53
500 ppm LTOPE 16 16.96+10.56 ¢ 5.94%0.10 de 45.52%3.31 20.80%+2.64 ¢ 14.78%+1.57
P *ok Hok OD Fok OD
Depolama Sutesi (DS, Saat) / Storage Time (ST, hours)
1 28 6.9240.82 d 5.9620.07 b 43.56%2.79 22.86%2.50 ab 13.34£1.52 b
24 28 8.99+1.66 ¢ 5.9240.10 ¢ 43.84£3.30 23.38+4.37 a 14.73£1.30 a
48 28 2541+7.37b 5.95+0.13 b 44.66£2.77 21.69+£3.25b 14.93£1.35a
72 28 30.81+6.34 a 6.00+0.07 a 44.22+3.35 20.15£2.41 ¢ 14.9241.03 a
P *ok Fok OD Hk Hok
interaksiyonlar / Interactions
Mx DS (TxST) * ok OD * OD

lumol malonaldehit/kg
"wmol malonaldehyde/ kg

a-f: Ayni stitiin ve seksiyonda farkli harflerle isaretlenen ortalamalar istatistiki olarak birbirinden farklidir (P < 0,05).
a-f: Any means in the same section and column having the same letters are not significantly different at P < 0.05.

+: Standart sapma,

*t: Standard deviation,

P <0,01,

**: P <0.01,

* P < 0,05,

* P <0.05,

OD: Onemli degil (P > 0.05)

OD: ot significant (P > 0.05)

LTOSE: Liyofilize Trachystemon orientalis su ekstraktt
LTOSE: Lygphilized Trachystemon orientalis water extract

LTOME: Liyofilize Trachystemon orientalis metanol ekstrakti

LTOME: Lyophilized Trachystemon orientalis methanol extract

LTOPE: Liyofilize Trachystemon orientalis petrol eter ekstraktt

LTOPE: Lyophilized Trachystemon orientalis petrolinm ether
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TBARS degeri depolama siiresinden ¢ok 6nemli
(P <0.01) duzeyde etkilenmis, depolama stiresine
bagli olarak artmustir (Cizelge 1). TBARS degeri
tzerine  muamele x  depolama  siiresi
interaksiyonun etkisinin (P < 0.01) verildigi Sekil
1’den de gorildugt gibi depolama siiresince en
fazla artisin kontrol 6rneklerde oldugu tespit
edilmistir. Kiyma 6rneklerinin tamaminda 24 ile
48. saatler arasinda hizl bir lipit oksidasyonu artist
olmugtur. Depolamanin 72. saatinde ise 500 ppm
ekstrakt katilan 6rneklerin TBARS degerleri 250
ppm katilanlardan daha diistiktiir. Bu sonuglar her
¢ ¢Ozict ile hazirlanan ekstraktin kiymaya ilave
edilen seviyesi arttikca lipit oksidasyonunun
engellendigini gostermektedir. Sigir etinde lipit
oksidasyonunun duyusal olarak kabul edilebilirligi
yani actlasma acisindan st sinir deger olarak kabul
edilen 2 mg MDA /kg (Campo vd., 2006) seviyesi
dikkate alindiginda; depolamanin 48. saatinde
kontrol ve 250 ppm LTOME ilave edilen kiyma
Orneklerinde bu seviye agilmugtir. 72. saat sonunda
ise sadece 500 ppm LTOSE ve LTOME ilaveli
kiyma 6rnekleri bu degerin altinda kalmustir. Bu
sonuclar ekstrakt ilavesinin lipid oksidasyonu
acisindan kontrol kiyma o&rneklerine gére 250
ppm LTOSE, 250 ve 500 ppm LTOPE ilavesi ile
kiyma 6rneklerinde 24 saatlik, 500 ppm LTOSE
ve LTOME ilaveli kiyma o6rneklerinde ise 48
saatlik bir avantaj saglandigint gbstermektedir.

Lipid oksidasyonu tzerine su ve metanol
ekstraktlart eter ekstraktina gére daha fazla etkili
olmustur (Sekil 1). Yapilan cesitli arastirmalarda
bitki 6zelliklerine baglt olarak her bir ¢ézicinin
farkl etkilerinin oldugu tespit edilmistir. Hossain
vd. (2015) tarafindan yapilan calismada C. renigera
metanol ekstraktlarinin petrol eter ekstraktlarina
gore toplam fenol, toplam flavonoid ve toplam
antioksidan kapasitelerinin daha yiiksek oldugunu,
DPPH kapasitesinin ise petrol eter ekstraktlarinda
yiksek oldugunu tespit etmislerdir. Arastiricilar,
ekstraktlar arasinda 6zellikle toplam antioksidan
kapasitesi acisindan  Gnemli  bir  farkliligin
oldugunu, metanol ekstraktinda 18.26+3.29 mg/¢

AAE olarak tespit ettikleri toplam antioksidan
kapasitesinin petrol eter ekstraktinda 1.8110.65
mg/g AAE seviyesinde belitlemislerdir. Ayhan
(2018)  Trachystemon  orientalis yapraklarina ait
metanol ekstraktlarinin toplam fenolik miktarinin
67.01 mg GAE/g, DPPH giderme aktivitesinin
ise %065 diizeyinde oldugunu belirlemistir. Diger
taraftan meyve ve sebzelerin bilesiminde bulunan
antosiyanin ve betalainlerin  suda ¢ozlntr
Ozellikte olmalar1 su ekstraktinin antioksidan

Ozelligini  artirmaktadir.  Espin  vd.  (2000)
antosiyaninlerin yiiksek antiradikal kapasiteleri
nedeniyle, gidalarin  oksidatif  stabilitelerini

arttirdigini tespit etmistir.

Ekstrakt ilavesi ile kiyma 6rneklerinin pH degeri
cok 6nemli (P < 0.01) diizeyde etkilenmistir. En
yitksek ortalama degerler 6.00+0.07 ve 6.01£0.08
olarak 250 ve 500 ppm su ekstraktll ilaveli
orneklerde, en disik degerler ise 5.90+0.13
olarak kontrol grubu o6rneklerde belirlenmistir
(Gizelge 1). Kontrol o6rneklere en yakin pH
degerleri ise petrol eter ekstrakth gruplarda tespit
edilmistir. Bu sonuclar, Trachystemon orientalis 1.
ekstraktlarmin - kiymada  pH’y1  artirdigimi
gostermektedir.  Trachystemon orientalis L. bitki
yapraklarinin pH degerinin yiiksek olmast (Ozer
ve Aksoy, 2019) ve bazik karakterli Na, K ve Ca
gibi mineral maddeler bakimindan zengin
olmasinin (Kibar ve Kibar, 2017) bu artista etkili
oldugu disiiniilmektedir. Ayrica bu bilesenlerin
suda daha iyi ¢6zinmeleri nedeniyle su ekstraktina
daha fazla ge¢mis olmalari ve bu sayede de pH’y1
diger ¢oziictilere gore daha fazla artirmis olmalari
muhtemeldir. Ozer ve Aksoy (2019) tarafindan
Karadeniz bélgesinde bulunan 30 Trachystemon
orientalis genotipinin  6zelliklerinin  belirlendigi
calismada bitkinin pH degerinin 6.61£0.01 ile
6.8810.01 arasinda degistiginin ve o6zellikle K
olmak tizere Ca, P ve Na miktatlarinin diger
minerallerden daha yiiksek oldugunun belirlenmis
olmast da  ekstraktl  6rneklerde  pH’nin
yiikselebilecegini dogrulamaktadur.
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Sekil 1. TBARS degeri tizerine muamele x depolama siiresi interaksiyonunun etkisi (LTOSE: Liyofilize
Trachystemon orientalis L. su ekstrakti, LTOME: Liyofilize Trachystemon orientalis L. metanol ekstrakti,
LTOPE: Liyofilize Trachystemon orientalis L. petrol eter ekstrakti)

Figure 1. Effect of treatment x storage time interaction on TBARS values (LTOSE: Lyophilized Trachystemon
orientalis L. water extract, LTOME: Lyophilized Trachystemon orientalis L. methanol extract, LTOPE: Lyophilized
Trachystemon orientalis 1. petroleum ether extract)

pH degeri depolama stiresinden ¢ok 6nemli (P <
0.01) duzeyde etkilenmis, depolama sonunda en
yuksek degerler tespit edilmistir (Cizelge 1). pH
degeri Uzerine muamele x depolama siiresi
interaksiyonun etkisi de ¢ok 6nemli (P < 0.01)
bulunmus ve interaksiyon grafigi Sekil 2’de
verilmistir. Cizelge 1’de verilen genel ortalama
degerleri dikkate alindiginda depolamanin 1.
saatinde 5.96%0.07 olan pH degeri 24 saat sonra
5.92+0.10’a dismls ve 48. saatte tekrar
yikselmistir. Muamele x depolama siiresi
interaksiyonun verildigi Sekil 2°de 24. saatteki pH
distisintn ckstrakth 6rneklerden kaynaklandigt
anlasilmaktadir. Benzer degisim yani depolama
stresince pH’daki dalgalanma Aksu ve Turan
(2021) ve Aksu ve Turan (2022)’nin yapug
aragtirmalarda da tespit edilmistit. Depolama
baslangicina gore takip eden depolama giinlerinde
ekstraktlarin  etkili oldugu, bu sayede de
mikyobiyal gelisim ve proteolitik parcalanma
engellendigi icin kontrol grubuna kiyasla pH
dismustir. Hem kontrol hem de ekstrakth
Orneklerin - pH  degerleri depolamanin 24
saatinden sonra ise artmistir (Sekil 2). Bu artisa

Psendomonas (Sekil 4) ve Enterobacteriaceae (Cizelge
2)  saydanndaki  artisginda etkili  oldugu
distuntlmektedir.

Sigir kiymasinda renk 6zelliklerinin 6nemli bir
kalite kriteri olmasi nedeniyle depolama siiresince
korunmast arzu edilmektedir. Kiymada oksidas-
yon (lipid, protein), mikrobiyal aktivite, pH
degisimi ve kuruma gibi faktotler renk degisiminin
baslica etmenleridir. Bu konuda yapilan bircok
aragtirmada ekstraklarin et driinlerinde kullanim
amaclart arasinda taze et ve islenmis et
triinlerinde myoglobin oksidasyonunun
onlenmesi, bu sayede de depolama siiresince renk
degisiminin engellenmesi yer almaktadir. Mevcut
arastirmada da kiyma Orneklerinin enstriimental
renk degerleri depolama siiresince tespit edilmis
ve ekstrakt ilavesinin L* ve b* degerlerini
etkilemedigi (P > 0.05) ancak a* degeri lzerinde
onemli (P < 0.05) etkilerinin oldugu belirlenmistir.
Kontrol ve su ekstrakti ilaveli 6rneklerde metanol
ve petrol eter ekstrakti ilaveli 6rneklerden daha
yiksek a* degerleri tespit edilmistir (Cizelge 1).
Kirmizilik indeksinde (a* / b*) de benzer degisim

473



474

M.I. Aksu, H. Derman

gozlenmistir. Bitkilerin yapisinda bulunan ve
kullandan ¢Oziictilerle ekstrakta gegen renk
pigmentleri, ekstraktlarin katddigt drin  renk
degerlerini pH ile birlikte etkilemektedirler.
Bununla birlikte katildiklari drtinlerin pH’st da
renk tzerine etkili bir faktérdir (Aksu, Turan ve
Sat, 2020).  Trachystemon orientalis bitkisinin
yenebilir yapraklarinda en fazla miktarda bulunan
renk pigmenti klorofildir (19.15+£0.25 mg/100g)
(Demir vd., 2020). Bitkinin antosiyaninler ve
karatenoidler miktatlart ise sirastyla 15.05+0.22
mg/100g ve 13.14£0.04 mg/100g’dir (Demir vd.,
2020). Bilindigi gibi klorofiller, suda ¢6ztinmeyip
yagda ¢oziinen pigmentlerdir ve yesil renk 6zelligi
gosteritler. Meveut calismamizda da klorofillerin
su ekstraktina ge¢cmemesi, su ekstraktll kiyma

6,10 -

orneklerinde  a*  degerinin  kontrol  kiyma
orneklerinin - a*  degerlerine yakin  olmasim
saglamistir. Diger taraftan Trachystemon orientalis
bitkisinde hakim renk pigmentlerinden biri olan
karotenoidlerin lipofilik bilesikler olmalar1 ve
petrol eter gibi organik ¢oziiciilerle ¢oziinmeleri
petrol eter ekstraktll kiyma Orneklerinde a*
degerinin su ekstraktll ve kontrol 6rneklerinden
daha distk olmalarina neden olmustur. Bu etkide
Trachystemon orientalis bitkisinde karotenoid olarak
bulunan B-karoten’in miktar olarak likopenden
daha yiksek olmast (Demir vd., 2020) da etkili
olmustur. Cinki B-karoten rengi sari-turuncu
arasinda renk 6zelligine sahiptir ve gidalarda dogal
renk maddesi olarak kullanilmaktadir (Bilek ve
Ozkan, 2012).
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Sekil 2. pH degeri tizerine muamele x depolama siiresi interaksiyonunun etkisi (LTOSE: Liyofilize
Trachystemon orientalis L. su ekstraktt, LTOME: Liyofilize Trachystemon orientalis L. metanol ekstrakti,
LTOPE: Liyofilize Trachystemon orientalis L. petrol eter ekstrakti)

Figure 2. Effect of treatment x storage time interaction on pH valnes (ITOSE: Lyophilized Trachystemon orientalis L.
water extract, LTOME: Lyophilized Trachystemon orientalis L. methanol extract, LTOPE: Lyophilized
Trachystemon orientalis 1. petroleum ether extract)

Kiyma 6rneklerinin a* ve b* degerleri tzerine
depolama stresinin de ¢ok 6nemli (P < 0.01)
etkileri olmus, depolama siiresince a* degeri
azalirken b* degeri artmustir (Cizelge 1). a* degeri
tzerine  muamele x  depolama  siiresi
interaksiyonunun etkisinin (P < 0.05) verildigi
Sekil 3’den de gorildugt gibi depolama siiresince
en fazla degisim kontrol 6rneklerde olmustur.
Depolama siiresince a* degerindeki en fazla

azalma ise 500 ppm’li metanol ekstraktlt
orneklerde olmustur. Bu sonuglar metanol
ekstraktinin lipid oksidasyonu o6nledigi kadar
myoglobin oksidasyonu tzerine etkili olmadigint
gostermektedir.  Diger  taraftan  depolama
stresince a* degerinin en fazla korundugu
muamele grubu 250 ppm Trachystemon orientalis su
ekstrakt ilaveli gruptur. Bu grubu 500 ppm su ve
250 ppm petrol eter ekstraktll gruplar takip
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etmektedir (Sekil 3). Bitkisel ekstraktlarla kiyma
kalitesinin korunmasina yonelik yapilan cesitli
aragtirmalarda da benzer degisimler tespit
edilmistir. Aksu ve Ozer (2013) tarafindan yapilan
aragtirmada farklt oranlarda (100, 250 and 500
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ppm) Satureja hortensis liyofilize su ekstraktt ilave
edilerek 4£0.5 °Cde 72 saat depolanan sigir
kiymalarinda ekstrakt seviyesi arttik¢a *a degerinin
azaldigi, b* degerinin ise arttig1 belirtilmistir.
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Sekil 3. a* degeri tizerine muamele x depolama siiresi interaksiyonunun etkisi (LTOSE: Liyofilize
Trachystemon orientalis L. su ekstraktt, LTOME: Liyofilize Trachystemon orientalis L. metanol ekstrakti,
LTOPE: Liyofilize Trachystemon orientalis L. petrol eter ekstrakti)

Figure 3. Effect of treatment x storage time interaction on a* values (ILTOSE: Lyophilized Trachystemon orientalis 1.
water extract, LTOME: Lyophilized Trachystemon orientalis L. methanol extract, LTOPE: Lyophilized
Trachystemon orientalis 1. petroleum ether extract)

Sigir - kiymast  Grneklerinin - mikrobiyolojik
Ozellikleri Uzerine Trachystemon orientalis L. eter
(LTOPE), metanol (LTOME) ve su (LTOSE)
ekstraktlarinin etkisi ile ilgili ortalama veriler
Cizelge 2’de verilmigtir. Ekstrakt ilavesi ile kiyma
orneklerinde  Pseundomonas sayist hem ekstrakt
flavesinden (P < 0.01), hem de depolama
siresinden 6nemli seviyede (P < 0.01)
etkilenmistir. Ozellikle 500 ppm LTOME, 250
ppm ve 500 ppm LTOPE ekstrakt ilave edilen
kiyma 6rneklerinde diger muamele gruplarindan
daha dusik sayilar Dbelirlenmistir. Kontrol
Orneklerde belirlenen sayilar ekstrakt katkilt
orneklerden daha yiksektir. Psexdomonas sayist
depolama stiresince de yiikselmistir ve depolama
baslangici ile depolama sonu arasinda ortalama
olarak yaklasik 3 logaritmik birimlik artis olmustur
(Gizelge 2). Psendomonas sayist Uzerine muamele x
depolama siiresi interaksiyonunun etkisinin (P <

0.01) verildigi Sekil 4den de gorildugh gibi
depolama siiresince en fazla artis kontrol
orneklerde olmustur. Kontrol grubu kiyma
Orneklerinin tamaminda depolama stiresince hizlt
bir artis olmustur. Ekstraktlh  6rneklerin
Psendomonas sayilart ise depolamanin 24, 48 ve 72
saatlerinde kontrole gére olduke¢a disiiktir. Bu
sonuglar her ¢ ¢ozuct ile hazirlanan ekstraktin
taze si@ir  kiymasinda  Pseudomonas  gelisimini
engellendigini  gostermektedir.  Psexdomonaslar
distk sicaklikta muhafaza edilen etlerde renk

degisimi, eksime ve yapiskanlk gibi kalite
kayiplarinin olusumunu etkileyen
mikroorganizmalar  arasinda  olduklart  icin
gelisimleri  arzu  edilmez. Sigir  kiymasina

Trachystemon orientalis L. petrol eter, metanol ve su
ekstraktlariin ilavesi Enterobacteriaceae gelisimini
de onlemistir (P < 0.01, Cizelge 2). Kontrol
disindaki gruplar arasinda istatistiki olarak bir
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farklilik gorilmemesine ragmen 250 ppm su
ekstrakti ilaveli 6rneklerde daha dusiik degerler
tespit edilmistir (Sekil 4). Benzer bulgular Aksu ve
Ozer (2013) tarafindan da tespit edilmis olup,
Enterobacteriaceae gelisiminin 100 ppm S. hortensis su
ekstrakts ilaveli kiymalarda 250 ve 500 ppm ilaveli
orneklerden daha az oldugu belirtilmistir.
Depolama baslangicinda ortalama 3.36 log kob/g
olarak  belitlenen  Enterobacteriaceae  sayist
depolamanin 48 saatine kadar yiikselmis, 48 ve 72.
saatler arasinda ise istatistiki olarak bir farkhilik
tespit edilmemistir (Cizelge 2).  Trachystemon
orientalis L. ekstraktlarinin et ve et drinlerinde
kullantmi  ile ilgili herhangi bir literatiire
rastlanmamustir.  Ancak aerobik ambalajlanmug
sigir kiymalarina farkli oranlarda S. hortensis su
ekstrakt ilavesi ile ilgili yapilan bir aragtirmada
(Aksu ve Ozer, 2013) arastirma bulgularimiza
benzer degisimler tespit edilmistir. Arastiricilar su
ekstraktt ilaveli 6rneklerde hem Psexdomonas hem
de Enterobacteriaceae sayilarinin kontrole gére daha
dustik oldugunu ve 4F0.5 °Cde 72 saatlik
depolama stiresince bu sayiarin arttigini tespit
etmislerdir. Bu bitki ile ilgili yapian farkli bir

antimikrobiyel etkisinin oldugu belirtilmistir
(Adigiizel vd., 2007). Son yillarda yapian cesitli
arastirmalarda da bitkisel ekstraktlarin taze et
drinleri (Alp ve Aksu, 2010; Aksu vd., 2015; Aksu
ve Turan, 2021; Aksu ve Turan, 2022) ile farkl et
drinlerinde (Aksu ve Kaya, 2004; Turan ve
Simsek, 2021; Aksu vd., 2020; Aksu vd., 2022)
antimikrobiyel etki gosterdigi belirtilmistir. Diger
taraftan Karagéz vd. (2004), Yiar vd. (2014) ve
Onaran ve Ydar (2012)de Trachystemon orientalis
L’in giicli antiviral ve antifungal 6zelliklerinin
oldugunu belirtmislerdir. Karagéz vd., (2002)
tarafindan Trachystemon orientalis bitkisinin antiviral
etki potansiyelinin arastirildigt calismada, bitkinin
toprak  Usti kisimlarindan  hazirlanan
ekstraktlarinin - sitotoksik olmayan 40 pg/ml
konsantrasyonda  parainfluenza  virus  plak
olusumunu % 50 oraninda, 100 pg/ml’lik
konsantrasyonda ise % 72 oraninda inhibe ettigi
belitlenmistir. Trachystemon orientalis L. ile ilgili
yapilan farkli arastirmalarda da etanol (Uzun vd.,
2004) ve metanol (Ayhan, 2018) ekstraktinin E.
coli Uzerine inhibisyon etkisi oldugu tespit
edilmistir.

su

arastirmada metanol ekstraktinin da

Fre]
[y
]
@ Kontrol Fiteee
_
of 1250 ppm LTOSE R e
Fen |
=~ ozt Pt |
s iy ekt
7 0500 ppm LTOSE ] [raccict
i e
S i e
Z i e
0250 ppm LTOME fred e
o0 s ety
= 0500 ppm LTOME s e
= o] e
< e s
— d 250 ppm LTOPE i e
@ i e
<4 i e
=, 1 500 ppm LTOPE P pi s
& b fis i
[75) e i — - [
s - 1T * i - s
%) s fir i
© et Iy L — L] et B i
- Set! i LI — ey - st
c = e ) P — b - [

- Set! i LI — ey - st —

I} fizza] 1 Y il e —

- Set! i LI — bt g st —

- ezl e — * i s —

— s == ey i —
o -] s — . pT- i
° - e P — b - [
- s — — i — iecied
> - = — et Mty ) ) w— 1 e B, o]
i (i) oo st
Q s I — ezl e — * i s

[72) - Set! i LI — bt g st —

Iy s - * i s 1

o e — P _— 11 1 — ety il [ L] m—

i Rl T — +* ezl e — * i s 1

S R — e P — e He =

et e o el m— g T i — iecied [

e — L ] el B, —] L] et B et M. —

s el e T e B e T
et e o el m— g T i — Bk 11—
3 L L d .o N == L e . D —

Depolama Siiresi (Saat)

Sekil 4. Psendomonas sayisi izerine muamele x depolama siiresi interaksiyonunun etkisi (LTOSE:
Liyofilize Trachystemon orientalis L. su ekstrakti, LTOME: Liyofilize Trachystenon orientalis L. metanol
ekstrakti, LTOPE: Liyofilize Trachystemon orientalis L. petrol eter ekstraktr)

Figure 4. Effect of treatment x storage time interaction on Psendomonas counts (I'TOSE: Lyophilized Trachystemon
orientalis L. water extract, LTOME: Lyophilized Trachystemon orientalis L. methanol extract, LTOPE: Lyophilized
Trachystemon orientalis 1. petroleum ether extract)
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Cizelge 2. Farkli seviyelerde liyofilize Trachystemon orientalis L. su, metanol ve petrol eter ekstrakti ilave
edilerek 221 °C'de 72 saat depolanan sigir kiymalarinda belitlenen Psendomonas ve Enterobacteriaceae
saytlari
Table 2. Pseudomonas and Enterobacteriaceae counts determined in ground beef stored at 2£1 °C for 72 hours by
adding different levels of lyophilized Trachystemon orientalis L. water, methanol and petrolenm ether extract

n Psendomonas (kob/g) / (CFU/g)

Enterobacteriaceae (kob/g) / (CFU/g)

Muamele (M) / Treatments (T)

Kontrol 16 0.15%1.81 a 4.74%0.87 a
250 ppm LTOSE 16 5.7310.75b 3.65£0.80 b
500 ppm LTOSE 16 5.41£1.25 be 4.05£0.72 b
250 ppm LTOME 16 5.43%1.07 bc 4.00£0.58 b
500 ppm LTOME 16 5.32%1.17 ¢ 4.09£0.42 b
250 ppm LTOPE 16 5.31£1.03 ¢ 3.96£0.45 b
500 ppm LTOPE 16 5.38%1.25¢ 3.99£0.58 b
P ok ok
Depolama Suresi (DS, Saat) / Storage Time (ST, hours)
1 28 3.91£0.52d 3.36£0.49 ¢
24 28 5.39£0.22 ¢ 4.01£0.40 b
48 28 5.92%0.64 b 4.39£0.38 a
72 28 6.90£0.52 a 4.49£0.69 a
P ok ok
Interaksiyonlar / Interactions
M x DS (T x ST) Hk OD

a-c: Aymnt sitlin ve seksiyonda farkli harflerle isaretlenen ortalamalar istatistiki olarak birbirinden farklidir (P <

0,05).

a-c: Any means in the same section and column having the same letters are not significantly different at P < 0.05.

+: Standart sapma,

*t: Standard deviation,

P < 0,01,

**: P <0.01,

OD: Onemli degil (P > 0,05)

OD: not significant (P > 0.05)

LTOSE: Liyofilize Trachystemon orientalis su ekstrakti
LTOSE: Lyophilized Trachystemon orientalis water extract

LTOME: Liyofilize Trachystemon orientalis metanol ekstraktt
LTOME: Lyophilized Trachystenon orientalis methanol extract

LTOPE: Liyofilize Trachystemon orientalis petrol eter ekstrakti

LTOPE: Lyophilized Trachystemon orientalis petrolinm ether

SONUC

Sigir kiymasina ilave edilen Trachystemon orientalis 1.
ekstraktlart lipid oksidasyonu ile Pseudomonas ve
Enterobacteriaceae gelisimini  6nlemistit.  Bu
kapsamda en disik TBARS degerleri su (250 ve
500 ppm) ve metanol ekstraktl (500 ppm)
orneklerde tespit edilmistir. Pseudomonas sayist 500
ppm metanol ekstrakti, 250 ve 500 ppm petrol
ckstraktt ilaveli,  Ewnterobacteriaceae  sayisi ise
ekstraktt ilaveli kiyma 6rneklerinde kontrol kiyma
orneklerine gbre daha dustik bulunmustur.
Arastirma  sonuclart Trachystemon orientalis 1. su
ekstraktinin metanol ve petrol eter ekstraktlarina

gore a* renk degerini daha az etkilemesi, lipid
oksidasyonunu o6nlemesi ve  Eunferobacteriaceae
familyasina ait bakterilerin gelisimini engellemesi

bakimindan taze et urinlerinde dogal bir
antioksidan ve antimikrobiyel olarak
kullanilabilecegini gOstermistir. Ancak,

Trachystemon  orientalis L. su ckstraktinin  bu
fonksiyonlarinda etkili olan toplam antioksidan
kapasitesi, toplam fenolik madde, antosiyanin
icerigi ve DPPH* Gzellikleri ile bilesiminin detaylt
olarak belirlenmesi bitkinin gida endustrisinde
degerlendirilmesi ve kullanilabilirliginin
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yayginlastirilmast  bakimimndan  6nem  arz
etmektedit.
CIKAR CATISMASI

Yazarlarin makale ile ilgili baska kisiler veya
kurumlar ile ¢ikar catismast bulunmamaktadir.

YAZAR KATKILARI
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belirleme, projelendirme, yoéntem, sonuglarin
istatistiksel degerlendirilmesi ve yorumlanmast,
makalenin  yaztmi1  ve damigmanlk; Hakan
DERMAN, kaynak  taramasi,  bitkilerin
toplanmast ve kullaniabilir hale getirilmesi,
analizlerin gerceklestirilmesi ve verilerden ¢izelge
ve sekillerin hazirlanmast.
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ABSTRACT

The changes in ascorbic acid-(AA) content, hydroxymethylfurfural-(HMF) content, total color ditference-
(AE* and browning index-(BI) of optimally thermosonicated (59°C-455 J/g) cloudy strawberty nectar
during storage (3 months at 4°C) wete evaluated. Also, the data obtained were modelled. The initial AA
content (104.86 mg/L) decreased ~99% after storage, while HMF level increased from 20.46 to 494.44
ug/L. The significant increases in BI-(0.45-0.56) and AE*-(5.21-11.23) wete consistent with each other and
over storage time. The changes in HMF content-(K?=0.849), BI-(R?=0.942) and AE* were best fitted to
zero-order kinetic model, while decrease in AA content-(R2=0.9755) was described with the first-order
kinetic model. The reaction rate constants of AA, HMF, AE* and BI were determined as 5.58x102 1/day,
4.34 mg/L.day, 6.40x102 mg/L.day and 14x102 mg/L.day, respectively. The highest correlation with the
change in AE* was observed in AA-(R?=0.955) followed by BI-(K2=0.859). Therefore, the greatest effect
on color might be caused by AA degradation.

Keywords: Strawberry nectar, Kinetic modelling, Hydroxymethylfurfural, Ascorbic acid, Total color
difference, Browning index, Storage

DEPOLAMA BOYUNCA TERMOSONIKASYON UYGULANAN CILEK
NEKTARI KALITE OZELLIKLERININ ARASTIRILMASI VE KINETIK
MODELLEME

oz

Bulanik ¢ilek nektarinda  depolama (4°C-3 ay) boyunca askorbik asit-(AA) icerigi,
hidroksimetilfurfural-(HMF) icerigi, toplam renk farki-(AE* ve esmerlesme indeksi-(BI)
degerlerindeki degisimler degerlendirilmis ve modellenmistir. AA igerigi (104.86 mg/L) depolamadan
sonra ~%99 azalirken, HMF icerigi artmustir (20.46 pg/1.-494.44 ug/L). Depolama boyunca, BI (0.45-
0.56) ve AE* (5.21-11.23) degetlerinde meydana gelen 6nemli artiglar birbiri ile ve depolama
stiresince tutarlilik gostermistir. HMF igerigi (R?=0.849), BI (R?=0.942) ve AE* degisimleri sifirinct
dereceden kinetic modele uyum gosterirken, AA icerigindeki azalma birinci dereceden kinetik model
ile agiklanmigtir (R2=0.9755). AA, HMF, AE* ve BI reaksiyon hiz sabitleri sirastyla 5.58x10-2 1/giin,
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4.34 mg/L.gln, 6.40x10-2 mg/L.glin ve 14x10-2 mg/L.gin olarak belitlenmistir. AE* degisimiyle en
ylksek korelasyona sahip olan AA igerigini (R2=0.955), BI (R2=0.859) takip etmistir. Bu sebeple renk
tzerindeki en yitksek etkiye AA parcalanmasinin neden olmast séz konusu olabilir.

Anahtar kelimeler: Cilek nektari, Kinetik modelleme, Hidroksimetil furfural, Askorbik asit, Toplam

renk farki, Esmerlesme indeksi, Depolama

INTRODUCTION

Strawberries (Fragaria x ananassa) have a bright red
color directly affects the consumer perception,
besides nutrients which are effective against
cardiovascular diseases, some cancer types and
neurodegenerative diseases (Giampieri, 2012).
Browning of fruit juices including citrus and
strawberry juice during storage is one of the major
quality deteriorations, which cause a big challenge
in the juice industry (Paravisini et al, 2016;
Wibowo et al., 2015; Buve et al.,, 2018). Juice
browning can occur through enzymatic and/or
non-enzymatic browning pathways. Ascorbic acid
(AA) degradation and Maillard reaction have been
proposed as the reaction pathways responsible for
non-enzymatic  browning of  fruit
Therefore, the most important precursors for
browning reactions can be AA and reactive
carbonyl products that may polymerize and react
with amino acids of the juice to form brown
compounds. The high acidic conditions of juices
(pH < 4.0) may not favor the classical type of
Maillard reactions occurring between reducing
sugars and the free amino group of amino acids
and/or proteins. However, a Maillard-associated
reaction in which reactive carbonyl compounds
resulting from AA condensation with amino acids
could still play an important role in the browning
of juice during storage (Pham et al., 2020; Bharate
and Bharate, 2014).

juices.

Ultrasound energy has been identified as a
potential technology to meet the need of US Food
and Drug Administration for a 5-log reduction in
pertinent microorganisms found in fruit juices
(Salleh-Mack and Roberts, 2007). However,
thermosonication, the combination of heat and
high frequency sound waves (>16 kHz), can be
preferred to eliminate or reduce the unfavourable
effects of thermal treatment on strawberry juice
quality properties (Lafarga et al, 2019).
Thermosonicated juices may have better quality
properties when compared to pasteurized juices
(Nayak et al,, 2018; Oladunjoye et al.,, 2021).

Regarding the PPO inactivation, change in color
and some bioactive components (ascorbic acid,
total phenolic, monomeric anthocyanin), the
optimum thermosonication parameters was
reported as 59°C and 455 J/g (Dundar et al,
2019). There are some other process optimization
studies in the literature. However, to the best of
our knowledge, there is no study focused deeply
on the changing kinetics of ascorbic acid, HMF
contents or color of cloudy strawberry
juice/nectar during storage.

The objective of the study is to determine the
changing kinetics of ascorbic acid content,
hydroxymethylfurfural content, total color
difference and browning index of optimally
thermosonicated strawberry nectar during 3
months of storage at 4°C and to evaluate the
relationship between these quality parameters.

MATERIAL AND METHODS

Strawberries

Strawberries (Fragaria x ananassa Duch.) cv.
Rubygem (10 kg of strawberties harvested in May
2017) at similar maturity and size were used for
producing nectar.

Strawberry nectar production

Strawberry nectar (50% fruit puree content, 0.5
g/L titrable acidity and 10°Brix total soluble
solids) was prepared after determining the initial
acidity level of strawberries and adjusting it with
citric acid solution (50%), sugar and water
additions. The thermosonication of nectar was
conducted at 59°C and 455 J /g ultrasound energy
density according to the results of an optimization
study completed before (Diindar et al., 2019). A
laboratory-scale ultrasonic device (514 standard
sonotrode, UP200S, Hielscher, Germany), a
temperature controller, a digital power-meter and
digital timer to apply optimum processing at a
constant temperature and time were used during
thermosonication treatment (Supplementary File
1). Strawberry nectar (for each run 250 mL) was
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placed in a double-walled glass beaker with a
cooling/heating system with a sonotrode at the
point 1 cm upper than the bottom. Temperature
was controlled by a water-circulator, and the
treated nectar was cooled to room temperature
immediately. All of the thermosonicated nectars
(5 L) were mixed to eliminate the difference from
the material, before filling the dark-colored glass
bottles.

Ultrasound energy density parameter (UED, [/ 9)
and its relationship with ultrasonic power (P, ),
treatment time (4 ) and sample amount (7, g
were explained with following equation (Eq. 1);

P.t
UED = — )
The mean power value was determined as 150 W
during treatment.

Analyses

All the analyses were performed at the 0, 10, 20,
30, 60 and 90. days of storage with at least three
repetitions. Five mlL of the strawberry nectar
samples and 5 mL of 2.5% meta-phosphoric acid
(Merck, Germany) centrifuged (4000 rpm at 4 °C
for 10 min) according to the procedure of Lee and
Coates (1999) to determine ascorbic acid (AA)
content. A 0.5 mL aliquot of the supernatant was
completed to 10 mL with 2.5% metaphosphoric
acid. The mixture was filtered using a 0.45 pm
nylon filter (Millipore, Munich, Germany). HPLC
(Shimadzu LC-20AT, Japan) system was used for
quantification of AA (Sigma-Aldrich, USA) with
UV detector at 244 nm using an external ascorbic
acid standard method (R?=0.998). The identified
peaks were quantified by a calibration curve
(5—50 mg/L AA concentrations, R?2 = 0.998). The
statistical limit of detection (LOD) and limit of
quantification (LOQ) values were calculated as
0.124 and 0.155 ppm, respectively (Akyildiz et al.,
2021).

20 uL of supernatant obtained by using the
method of Goékmen and Acar (1996) wete
injected into a C18 ACE (4.6mmx*250 mm)
HPLC column (Shimadzu LC-20AT, Japan) at 30
°C for HMF analysis. Mobile phase was
methanol/watet/acetic acid (20/79/1, v/v/v),

while the flow rate was 0.5 mL/min.
Quantification of HMF was carried out at 285 nm
using an external standard (Merck, Italy) method
(R?=0.995). The statistical limit of LOD and
LOQ values were calculated as 1.36 and 1.51 ppb
(Akyildiz et al., 2021).

Five mlL of strawberry nectar and the same
amount of ethyl alcohol (96%, Merck, Germany)
centrifuged (6000 tpm, 10 min, at 4 °C) for the
determination of browning index (BI). The
supernatant filtered with a 0.45 um teflon
membrane filter (Millipore, Munich, Germany),
and the absorbance of the supernatant was
determined with a spectrophotometer (Perkin
Elmer Lambda 25-UV/vis, USA) at 420 nm
(Meydav et al., 1977).

The ColorQuest XE Hunter Lab (Virginia, USA)
with 20mm Glass Optical Cell Light Path used for
determination of lightness (LL*), redness (¢*) and
yellowness (4% just after mixing the sample with
vortex for a minute. Then total color difference
values were calculated with following equation

(Eq. 2).

AE* = \/(AL*)2+(Aa*)2+(Ab*)? @)

Kinetic Modelling of Changes in Strawberry
Nectar

The changing kinetics of ascorbic acid, HMF,
AFE* and BI of thermosonicated strawberry nectar
were investigated. The obtained data during the
90 days of storage were used to determine the best
fitted mathematical kinetic model to the changing
(degradation of AA or formation HMF etc.)
kinetics by using Curve Fitting Toolbox, Matlab
ver. 7.10 (The MathWorks Inc., USA, 2010). The
goodness of model fitting to the experimental
data was determined with the aid of correlation
coefficient (R?), adjusted coefficients of
determination (R?q), confidence intervals (Coznfl)
and root mean square error (RMSE) values
(Remini et al., 2015).

The solutions of differential equations for
reaction kinetics with different order (zero (Eq.
(3)), half (Eq. (4)), first (Eq. (5)) and second (Eq.
(6))) were given below, where Cj is initial
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concentration (mg/L), Cis the concentration of
some certain compound which is found in a
certain time (mg/L), #is storage time (day), #/ is
half-life (day) and £ is the reaction rate coefficient
(Labuza, 1984).

@ _ 10 p_ =G mg

a= ke C=Co—kt u=2 (b O

L= —kCoS 2VC= G-kt t1="22 (k1/day)
©)

%= —kC' In(C) =In(C;) —kt t1=""2 (k,1/day)
©)

ac _ ;2 1 _ 1 -t L

i e Co ke t%  Cok (k, mg-day)
©)

Sensory Evaluation

The control (non-processed) and optimally
thermosonicated  strawberry  nectars  were
evaluated according to their taste, aroma, color,
viscosity and overall quality at the first day of
storage by 14 panelists to determine the effect of
optimum  thermosonication  treatment on
sensorial acceptance. The point of the sensory
evaluation was to remove the concerns of
consumers about the sensory properties of
thermosonicated nectar. Sensory analysis was
conducted in laboratory by using a graphic scale
test (between 0 and 10).

Statistical Analysis

The variance and Duncan’s multiple tests of
obtained values during storage were conducted
with SPSS (PASW Statistic 18 for Windows,
Chicago, 1L, USA) packet program to determine
significant differences (P < 0.05) between mean
values, except sensory analysis results. The
obtained sensory analysis results were evaluated
with the aid of independent t-test by using SPSS.

RESULTS AND DISCUSSION

Change of Ascorbic Acid (AA)

The AA contents (104.86 — 0.98 mg/1) of nectar
during storage were given in Fig. l.a. The
significant decrease in AA content continued
during storage until the 60. day. The initial AA
content (104.86 mg/1L) decreased 60% in the first

20 days of storage, while approximately all of
them (~99%) degraded at the 90. day. Chemical
reactions and physical conditions might be
resulted with decrease in AA content of the
nectar. Free radicals, hydrogen ions and
hydroperoxides causing from sonolysis can also
be related with the degradation of AA (Adekunte
et al,, 2010). Ascorbic acid present in juice is
thermodynamically unstable, and it undergoes
deterioration during storage. In addition to loss of
nutritive value, degradation of ascorbic acid could
form undesirable color in juice due to browning
reactions (Bharate and Bharate, 2014). Pham et al.
(2020) indicated that ascorbic acid in orange juice
degraded in two phases during storage: a fast
decline in the first 2 week, and a gradual decrease
until the end of 8. week. These two phases of
degradation were explained with the higher
presence of oxygen in the medium at the first
phase. AA degradation can occur simultaneously
by aerobic and anaerobic mechanisms at the first
phase. However, the latter pathway is slower than
the former. Therefore, these two phases in AA
degradation correspond to the dominance of the
acrobic pathway in the presence of high
headspace and/or dissolved oxygen content at the
beginning of storage. The dominance of the
anaerobic pathway decreases in the later phase
when the oxygen level was lower (Pham et al.,

2020).

Change of Hydroxymethylfurfural (HMF)

HMF contents, a thermal indicator for
determining the quality of food, of nectar were
between the levels of 20.4 pg/L - 494.4 pug/L (Fig.
1.b.). HMF content showed a significant increase
during storage (P < 0.01). When the changes in
the amount of ascorbic acid during storage were
examined, a 95% correlation was determined
between the HMF and AA contents. Kus et al.
(2005) reported that HMF contents of strawberry
concentrates (13-66°Bx) were between 0.4 — 4.5
mg/L. When the lower Brix values of strawberry
nectar produced in this study were considered,
results were found convenient. During storage of
thermosonicated cloudy apple juice, HMF
content (1.30 — 3.02 mg/L) increased after 7 days
at 4°C and it remained unchanged during 21 days
(Illera et al., 2020). Also, HMF contents of red
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and yellow watermelons reported between 0.108
mg/L and 0.244 mg/L after ultrasonication (26
kHz, 50% amplitude, 80 W, 4-16 min) treatment
(Yikmug, 2020). HMF content increase with
storage time in fruit juices, and it was further
reported that HMF formation increased with
storage temperature for all fruit juices (Oral et al.,
2012). This increasing can be caused from
Maillard reaction or ascorbic acid degradation.
The oxidized form of ascorbic acid also might

120 -
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)

|
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(a) Storage Time (days)

0 10 20 30 60 90

(© Storage Time (days)

have had a role as a carbonyl source in Maillard
reaction. Molecules with higher acidic character
might be formed from amines or sugars by
Maillard reaction (Beck et al, 1990). High
temperatures cause significant increase in HMF
content of strawberry nectar. The relation
between temperature of treatment and HMF
content of strawberry nectar is linear, while HMF
content is gradually increased with the increasing
of ultrasound energy density (Diindar et al., 2019).

600 a
__500
2 400
f 300
= 200
T 100
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0 10 20 30 60 90
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Figure 1. The ascorbic acid content (a), Hydroxymethylfurfural content (HMF) (b), browning index (c)
and total color difference (AE*) (d) of strawberry nectar during storage.
+<'The mean values with different letters are significantly different (P < 0.05).

Change of Browning Index (BI)

BI of nectar (0.45-0.56) increased significantly
during storage (P < 0.05), and reached the level of
0.56 (24% increase) at the end (Fig. 2.c.). The
change in BI can be related with the degradation
of ascorbic acid and formation of HMF. BI had
correlations with AA content (98%) and HMF
level (96%). Abid et al. (2015) determined the
non-enzymatic browning (NEB) values of
ultrasound-treated apple juices during storage (30
days at 4°C). It was also reported that there was a
significant increase in NEB values of all samples.
It is possible that the change in AA can be more

effective on the browning of strawberry nectar
than HMF content during storage. The level of
AA in nectar affect the color with browning
reaction which can degrade the AA as substrate,
but also decrease in AA affects the pH of
medium. Consequently, change in pH can be
effective on the color of nectar which contains
anthocyanin compounds, which are causing pH-
depended change in color. In addition,
degradation of anthocyanin can have resulted
with the browning of nectar. Besides AA,
presence of citric acid in the medium has a
stimulation effect on non-enzymatic browning in
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juice (Buve et al., 2021), and citric acid was added
when producing nectar from strawberries as
mentioned in methods of this study.

Change of Total Color Difference (AE%)

The AE*values of nectar changing between 5.21-
11.36 were given in Fig. 2.d.. The color of nectar
changed during storage, especially during the first
month. AE* value showed 23% and 116%
increase in the first 10 days and at the end of
storage, respectively. A high correlation between
AA and AE* values was determined (R2=0.955).
Buglione and Lozano (2002) reported that the
AE* values of grape juices stored at 10, 20 and
30°C for 21 weeks increased during storage.
Similarly, Abid et al. (2015) reported that there
was a significant increase in the AE* value of
ultrasonicated apple juices during storage (P <
0.05). It has been stated that the color change may
have occurted due to the acceleration of
carotenoid isomerization caused from physical
conditions such as cavitation, storage temperature
and high temperature. An increase in the AE*
value of ultrasonicated kiwi juice during 7 days of
storage was also reported by Tomadoni et al

(2016), and this increase was faster in the first 2
days. Cavitation occurs during thermosonication
may accelerate the chemical reactions, increase
diffusion rate, inactivate some enzymes, and
therefore it can also affect color change
(Adekunte et al., 2010). It has been reported that
a small change in pH value is also effective in
increasing the sensitivity of the color to
temperature application as well as the color of
strawberry juice (Wang et al, 2015). Change in pH
value during storage may also have caused color
change in nectars.

Kinetic Parameters

The kinetic parameters rate constant (&), half-time
(1720 or doubling time () as well as the R?
adjusted-R? and RMSE of the zero, half, first and
second-order models through a least square
fitting procedure of the main compounds and
some important quality parameters were given in
Table 1. The content of each compound that was
investigated, and the kinetic model with highest
correlation coefficient is accepted to explain the
order of changing.

Table 1. The correlation coefficients of different degradation/formation orders and kinetic
performance outputs

AA HMF AE* Browning Index
Zero 0.7725 0.8492 0.6784 0.9422
R? Half 0.9136 0.6825 0.6578 0.9338
First 0.9755 0.4958 0.6362 0.9249
Second ~ 0.8989 0.2989 0.591 0.9056
Zero 0.7156 0.8115 0.5979 0.9277
Re. Half 0.892 0.6031 0.5723 0.9173
@ First 0.9694 0.3698 0.5453 0.9062
Second  0.8736 0.2989 0.4888 0.8820
Zero 21.53 69.38 1.670 0.01075
RMSE Half 1.205 3.836 0.3023 0.008068
First 0.3353 0.9155 0.2216 0.02415
Second  1.455x10-! 1.743x10-2 3.084 x102 5.366 x10-2
Reaction Rate 4.34 6.40x10-2 1.14x10-
constant*(k) 558x1021/day mg/L.day mg/L.day mg/L.day
Conflnt 2.46 x102 5.08 1.22 x101 7.87x104
t1/2 or t; (days) 12 2 41 20

AA: Ascorbic acid, HMF: Hydroxymethylfurfural, AE*: total color difference

ti/2: half-life, t: doubling time.

RMSE: root mean square error, Conflnt: confidence interval was calculated with 95% of probability.
*The reaction rate constants and half-lives were determined according to best fitted kinetic model for each

compound/quality parameter.
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The properties directly related browning which
are HMF content, BI and AE* value of strawberry
nectar followed the zero-order kinetic during
storage, while AA degradation was best fitted to
the first-order kinetic model. The half-lives or
doubling times of AA, HMF, AE* and BI were
12, 2, 41 and 20 days, respectively. The half-time
of ascorbic acid in blood orange juice during
storage at 4°C was also 12 days (Remini et al.,
2015), and daily AA intake should be 60 mg/day
(Lukaski, 2004). The obtained results showed that
the consumption of optimally thermosonicated
strawberry nectar at the level of 100 mL can meet
the need of daily AA until the 31. day of storage.
Dhakal et al. (2018) showed that AA degradation
followed the first order kinetic during thermal
treatment only or a thermal treatment combined
with pressure in pineapple juice. In literature,
ascorbic acid degradation has been described by

first order kinetics (Nisha et al., 2004, Polydera
etal,, 2003, Tola and Ramaswamy, 2015, Vieira
etal., 2016). On the other hand, similar to the
results of this study, Wibowo et al. (2015)
indicated that HMF formation during storage of
pasteurized orange juice could be best fitted to
zero-order model (RZ4 = 0.96). Burdurlu et al.
(2016) were also reported zero-order model as the
best fitted to the change of HMF content in
orange juice concentrate. When the relationships
between the quality properties and AE* value of
nectar were evaluated, the strongest relationship
was found with AA (K?=0.955) and followed by
BI (R?=0.859).

Sensorial Evaluation
The sensory evaluation scores of strawberry
nectar changed between 6.39 and 7.70 (Fig. 2).

==@==Control Thermosonicated
Color
8
6
5
4
Overall acceptance ; Aroma
1
0
Viscosity Taste

Figure 2. Spider plot for the sensory score based on the viscosity, taste, aroma, color and overall
acceptance of control and thermosonicated strawberry nectars.

Although thermosonication caused decrease in all
of the rated sensory attributes, the difference
between control and the thermosonicated nectar
was not significant. Therefore, it can be said that
the optimum thermosonication conditions have
no significant adverse effect on the sensorial

properties of strawberry nectar. It has been
reported in the literature that thermosonication
may have positive effects as well as negative
effects on sensory properties of fruit juice
(Walkling-Ribeiro et al., 2009). Conditions caused
by thermosonication such as removal of the gas
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in the nectar, lightening of the nectar color,
decreased enzyme activity, and increased
prevention of ascorbic acid may have caused no
significant difference between the control and
processed nectars in terms of sensory properties.

CONCLUSION

Thermosonication is considered as an alternative
way to conventional thermal treatment in fruit
juices. In this study, the effect of storage (three
months at 4°C) on ascorbic acid, HMF, browning
index, AE*and the changing kinetics of optimally
thermosonicated  strawberry — nectar — were
determined. Ascorbic acid degradation fitted the
first order model. AA was the most sensitive
parameter among them with the half-life of 12
days. The highest correlation with the change of
total color was observed in AA (R?=0.955) and
followed by BI (R?=0.859). Therefore, the
greatest effect on color might be caused by the
AA  degradation among the studied quality
properties. The knowledge gained from this study
could be useful for further shelf-life studies of
strawberry nectar after thermosonication,
evaluating the effect storage on quality parameters
and relations between them. The obtained
degradation kinetics and half-lives could be
suitable for the juice processing industry and
consumers.
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o0z

Biberiye antioksidan &zellikte olan karnosik asit ve karnosol agisindan énemli bir kaynaktir. Biberiyenin
fenolik diterpen yapidaki karnosik asit ve karnosol igerigi bir¢ok parametreden etkilenebilmektedir.
Calismanin amact bitkisel materyalin alindigt lokasyon ve hasat zamanminin bu bilesenlerin miktari Gzerine
etkisini belirlemektir. Calisma kapsaminda kullanilan biberiye 6rnekleri ti¢ farkli lokasyondan (Adana, Mersin,
Antalya) birer aylik periyotlarla alinmistir. Orneklerin karnosik asit ve karnosol icerikleri LC-MS/MS cihazt
ile analiz edilmistir. Karnosol ve karnosik asit icerigi tizerine istatistiksel olarak lokasyon ve hasat zamaninin
etkisi 6nemli olmustur. Karnosol acisindan Antalya-Ddsemealt’'ndan Subat ayinda alinan 6rnek en zengin
icerige (%00.78) sahip iken, karnosik asit acisindan en zengin 6rnek (%00.74) yine aynt lokasyondan Eylil
ayinda alinan olmustur. Calisma bulgulart biberiyenin karnosol ve karnosik asit igeriginin lokasyonun yaninda
hasat zamanina gére de 6nemli farkliliklar gésterebilecegini ortaya koymustur.

Anahtar kelimeler: Rosmzarinus officinalis, karnosol, karnosik asit, hasat zamani, lokasyon

CARNASOL AND CARNOSIC ACID CONTENT OF ROSEMARY (Rosmarinus
officinalis) WITH RESPECT TO LOCATION AND HARVESTING TIME

ABSTRACT

Rosemary is a good source for carnosol and carnosic acid. There are many parameters could affect
the amount of these phenolic diterpenes. It was aimed to determine the effects of location and
harvesting time on carnosol and carnosic acid contents of rosemary. Samples used within the scope
of the study were taken from three different locations (Adana, Mersin, Antalya) in one month
intervals during two years. The carnosic acid and carnosol contents of the samples were analyzed by
LC-MS/MS. Location and harvesting time have statistically important effect on carnosol and carnosic
acid contents of the plant. The highest carnosol content (0.78%) was determined in the Antalya-
Doésemealtt which was harvested at February. And, the highest carnosic acid content (0.74%) was
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found in the same location in September. The study findings revealed that carnosol and carnosic acid
content of rosemary may differ significantly according to harvest time as well as the location.
Keywords: Rosmarinus officinalis, carnosol, carnosic acid, harvesting time, location

GIRIS

Kusdili, piiren, hasalban gibi yoresel isimlerle de
bilinen bibetiye (Rosmarinus officinalis 1..) Labiatae
(Lamiaceae) familyasindan, ¢ali formunda herdem
yesil, ¢cok yillik aromatik bir bitkidir (Davis, 1982).
Biberiye diinyanin bir¢ok bolgesinde 6zellikle de
Akdeniz tlkelerinde yetistirilmektedir. Akdeniz
tlkeleri bitki ¢esitliligi anlaminda  oldukca
zengindir  (Vargas, 2020). Bitki Ispanya,
Yunanistan, italya, Fransa, Cezayir ve Fas’ta
kiiltiire alinmistir (Ayoob vd., 2018). Ulkemizde
de Ozellikle Akdeniz Bélgesi'nde dogal olarak
yetismektedir. Uretimin 6nemli bir kismi ise
Tarsus-Mersin’de  gerceklesmektedir  (Giilbaba
vd., 2002).

Aromatik  Ozelliginin yaninda biberiye = sahip
oldugu fonksiyonel bilesenler nedeniyle oldukca
genis kullanim alanina sahip olup, gida, kozmetik,
ila¢ endustrisi gibi bir¢ok alanda kullanilmaktadir.
Bitkinin fonksiyonel 6zelligi 6zellikle ugucu yag ve
fenolik yapidaki antioksidan bilesenlerden ileri
gelmektedir. Biberiye, ugucu yag iceriginden
dolays, gelencksel tip, modern tp ve
aromaterapide de kullanim alani  bulmusgtur
(Sasikumar, 2004). Bitkinin ugucu yag igerigi 1,8-
sineol, a-pinen, B-pinen, kamfor, borneol gibi
bilesenlerce zengin (Borges vd., 2019) olup bu
alanda bircok calisma yapilmistir. Ttlrkiye’de de
bu alanda bazi ¢alismalar bulunmaktadir (Gilbaba
vd., 2002; Ozcan ve Chalchat, 2008; Baskaya vd.,
2016; Kirpik ve Ozgiiven, 2018; Katar vd., 2019;
Kocak vd., 2021). T1bbi bitkilerden biberiye ugucu
yag iceriginin yaninda karnosol, karnosik asit,
rosmarinik asit gibi antioksidan 6zellik gésteren
fenolik bilesenlerce de zengin dogal bir kaynaktir
(Hidalgo vd., 1998; Genena vd., 2008; Mulinacci
vd., 2011, Gird vd., 2017; Silva vd., 2018; Aziz vd.,
2021). Guda ve kozmetik Grinlerinde oksidasyo-
nun engellenmesi amaciyla  antioksidanlar
kullanidmaktadir (Caracho vd., 2015; Gonzales-
Minero vd., 2020). Bu anlamda da son yillarda
dogal gida katki maddelerine olan ilgi artis
gostermistir (Caracho vd., 2015; Aziz vd., 2021).
Biberiyenin karnosol ve karnosik asit icerigi
tzerine bir¢ok aragtirma yapilmustir (Okamura

vd., 1994; Turker, 2010; Jasmin, 2017, Lesellier
vd., 2021). Karnosik asit yiksek antioksidan
kapasitesi sayesinde gida ve icecek, kisisel bakim,
besin ve saglik gibi bircok endustriyel uygulamada
kullantlmaktadir. Yag, ¢ig ve pisirilmis etler
sentetik antioksidanlara gére daha yiksek verim
veren karnosik asit sayesinde oksidasyondan
korunabilmektedir. Karnosik asit biyosentezi ve
birikimi yapragin gelisimi boyunca
gerceklesmektedir. Biberiye bitkilerinde yer alan
diterpen yapidaki bu bilesenlerin = seviyeleri
mevsimsel  degisikliklerle  beraber  degisim
gOsterebilmekte, cevresel stres kosullarina bagl
olarak  karnosik  asit  konsantrasyonlarinda
diisiisler meydana gelebilmektedir. Ozellikle dogal
kosullarda yetisen biberiye yapraklarinin karnosik
asit konsantrasyonlart yazin yiksek sicakliklarda
ve distik vyagls oldugu durumlarda azalis
gostermektedir (Loussouarn vd., 2017; Anwar ve
Qadir, 2021). Karnosik asidin yanisira karnosol
gibi biberiye yapraklarinda daha az miktarda
bulunan fenolik diterpenler de mevcuttur.
Karnosol karnosik asidin ana oksidasyon uriini
olup giiniimizde biberiyeyi de iceren birgok bitki
tiriinden dogal olarak ekstrakte edilebilmekte ve
bu bilesen de antioksidan 6zellik gdstermektedir
(Chun vd., 2014; Loussouarn vd., 2017). Bu
bilesenlerin ayrica saglik tUzerinde de antikanser,

antianjiyojenik,  antienflamatuar,  karaciger
koruyucu, nérodejeneratif hastaliklardan
koruyucu  gibi  olumlu  etkileri  oldugu

bildirilmektedir (del Pilar Sanchez-Camargo ve
Herrero, 2017; Anwar ve Qadir, 2021).

Ulkemizde biberiye tizetine, 6zellikle de ugucu yag
bilesimi olmak Uzere bazi calismalar bulunmakla
beraber biberiyenin dogal yayilisinin  yaygin
oldugu Akdeniz Bolgesi'nde lokasyon ve hasat
zamanlarina gore karnosol ve karnosik asit icerigi
tizerine yapilmis detaylt bir ¢alismaya rastlandama-
mustir. Calisma kapsaminda tilkemizde biberiyenin
dogal yayiis alani olan Akdeniz Bdlgesi’nde
lokasyonlara ve bitkinin hasat zamanina gore
antioksidan 6zellikte olan diterpenlerin (karnosol,
karnosik  asit) iceriklerindeki ~ degisimin
belirlenmesi amaglanmugtir.
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MATERYAL ve YONTEM

Materyal

Arastirma kapsaminda kullandan biberiye bitki
Ornekleri, bitkinin dogal yayilis alanlart olan
Adana-Karaisali (37° 07° 52" K; 35° 08’ 75" D),
Mersin-Tarsus (36° 58’ 05" K; 34° 48 30" D) ve
Antalya-Désemealtt (36° 58 53" K; 30° 40° 35"
D) olmak tzere t¢ farkll bélgeden 2 yil stireyle
birer aylhk periyotlarla  alinmugtir.  Bitki
orneklerinde birinci hasat 26 Eylil 2017 tarihinde
gerceklestirilmistir. Arastirmada kullanilan bitkisel
materyaller  vejetasyon  gelisim  stresini
tamamlanmis olanlardan herba kismi kesilerek
yapimistir. Hasat edilen 6rnekler analizleri
gerceklestirmek tizere Batt Akdeniz Tarimsal
Arastirma Enstitist Tibbi ve Aromatik Bitkiler
Merkezi Laboratuvar’'na getirilmistir. Analiz
islemlerine ge¢meden 6nce Srnekler hava
sitktilasyonlu (7.272 m3/saat) kurutma firininda
(Venticell-404 Standard, MMM group, Almanya),
nem igerigi ortalama %10 oluncaya kadar kurutma
islemine tabi tutulmustur.

Karnosol ve karnosik asit miktart analizi

Kurutulmus olan materyal 6ncelikle égtitiiciide
(Retsch  GM200, Almanya) 10000 rpm’de 20
saniye boyunca o6gutilmuistir. Daha sonra
ogutilmis materyalden 250 mg hassas terazide
tartilarak falkon tiiplere aktarilmistir. Uzerine 10
mL %99.9 saflikta etil alkol (Merck) eklenmistir.
Vortekste (Daihan, WiseMix VM-10, Giiney
Kore) iyice kamstrildiktan sonra falkon tiipler
ultrasonik su banyosuna (Bandelin Sonorex,
Almanya) konulmus, 15 dak boyunca ekstraksiyon

islemi gerceklestirilmistir. Daha sonra Ornekler
sogutmali ultrasantrifij cihazinda (Sigma, 2-
16KL, Almanya) 5000 rpm’de 4°C’de 5 dak
boyunca santrifiij islemine tabi tutulmustur. Elde
edilen berrak stvi kisim 0.45 um’lik membran
filtrelerden gecirilerek 1.5 mI’lik amber viallere
aktarilmis ve analiz i¢in stvi kromatografisi-kiitle
spektrometresi (LC-MS-MS) cihazina (Agilent,
1290 Infinity (LC)-6430 Tripquadrapol (MS))
enjekte edilmistir (Zabot vd., 2014).

Antioksidan  bilesenler, Fischer vd. (2011)
tarafindan gelistirilen yontem kullanilarak LC-
MS/MS cihazinda Zorbax RRHD Eclipse Plus
C18 kolonu (3 pym 2.1x100 mm) kullanilarak
analiz edilmistir. Bunun icin 6ncelikle karnosol ve
karnosik asidin ana stok c¢ozeltileti hazitlanmustir.
Standart maddeler metanol icerisinde
¢ozillditkten sonra 100 ppm’lik ana stok ¢ozeltileri
hazirlanmigtir. Daha sonra ana stok ¢ozeltilerden
seyreltilerek kalibrasyon ¢ozeltileri (1, 2, 5, 10 ve
20 ppm) hazirlanmistir. LC-MS-MS cihazinda
kantitatif tayin icin Oncelikle MS parametreleri
(polarite, ana iyon, fragmentor voltajt, parcalanma
iyonlari, carpisma enetjisi) belirlenmistir (Cizelge
1). Daha sonra belirlenen bu parametreler ve
kalibrasyon ¢6zeltileri kullanilarak kalibrasyon
egrisi ¢izilmistir. Hazirlanan 6rnek ekstraktlardan
uygun oranlarda seyreltme islemi yapilmis ve
kalibrasyon egrisinden yararlanilarak Grneklerin
icerisinde yer alan karnosol ve karnosik asit
miktarlart  tespit edilmistirt. Analiz  sirasinda
kullantlan MS parametreleri ve cihaz sartlar
asagida verilmigtir.

Cizelge 1. Standartlarin optimizasyon parametreleri
Table 1. MS optimization parameters of the standards

Ana iyon Fragmentor Parcalanma Carpisma
Standartlar Polarite (m/z) voltajt (V) Bl enerjisi (V)
. . iyonlart (m/z) -
Standards Polarity Precursor ion Fargmentor Product ions (] 3) Collision energy
m/3) voltage (V) V)
Karnosol 266.8 18
+
Carnosol 3308 110 284.9 10
Karnosik asit 286.9 18
Carnosic acid i 3309 90 243.9 20
LC-MS/MS kosullari: Metanol (%00,01 formik asit ve 5 uM amonyum

Hareketli fazlar: A; Metanol:Su (5:95(v/v), %0.01
formik asit ve 5 pM amonyum format iceren), B;

format igeren);
Akis hizt: 0.30 mIL./dak
Kolon sicakligt: 35°C
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Hareketli faz akist: Gradient akis
0-3.00 dak %5 hareketli faz B,

3.01- 8.00 dak %30 hareketli faz B,

8.01-12.00 dak %95 hareketli faz B,

12.01-15.00 dak %5 hareketli faz B,

Enjeksiyon hacmi: 3 pL.

Analiz siiresi: 15 dak

Dedektor: MS-MS (analiz pozitif ve negatif iyon
modunda yiritilmistir)

Iyonizasyon, elektron spray iyonizasyon kaynagt
kullanilarak gerceklestirilmistir.

Istatistiksel Analizler

Calisma tesadif parselleri deneme desenine gore
iki  tekerrirli  olarak  gerceklestirilmigtir
(Diizgines vd., 1987). Calisma kapsaminda
analizler de iki paralelli olarak yapilmis ve elde
edilen sonuglar SAS paket programi kullanilarak

istatistiksel analize tabi tutulmustur. Analiz
calismalart kurutulmus bitkisel materyal (yaprak)
kullanilarak gerceklestirilmistir. Bulgular Duncan

Testi ile  P<0.05 o6nem  seviyesinde
karsilastirilmistit. Elde edilen bulgular
ortalamatstandart  sapma  (8S)  seklinde
verilmistir.

BULGULAR VE TARTISMA

Biberiye karnosol ve karnosik asit gibi antioksidan
maddelerce 6nemli bir kaynaktir. Ulkemizde
dogal yayilis gbsteren tretimin yaygin oldugu t¢
farklt lokasyondan aylik olarak iki yil boyunca
temin edilen 6rneklerin karnosol iceriklerine ait
Duncan Coklu Karsilastirma Testi sonugclart
Cizelge 2’de verilmigtir.

Cizelge 2. Biberiye 6rneklerinin hasat zamant ve lokasyonlara gére karnosol icerikleri (%o)
Table 2. Carnasol content of rosemary with respect to location and harvesting time (%)

Hasat z.ama?m Adana Mersin Antalya Ortalan:a/
Harvesting time Mean
Eylal/ September 0.53+0.05 0.61+0.06 0.72+0.18 0.62+0.154
Ekim/ October 0.4510.04 0.4810.04 0.6910.11 0.54+0.158
Kasim/ Nowvenzber 0.41£0.04 0.3710.04 0.57£0.03 0.4510.09¢
Aralik/ Decenber 0.38+0.05 0.4010.03 0.72£0.01 0.501+0.188¢
Ocak/ January 0.38+0.02 0.3310.02 0.74£0.06 0.481+0.198¢
Subat/ February 0.3710.05 0.3110.06 0.78+0.07 0.481+0.228B¢
Mart/ March 0.2910.04 0.30+0.07 0.57£0.05 0.39+0.14DP
Nisan/ April 0.30+0.03 0.2710.04 0.54£0.04 0.37+0.13D
Mayis/May 0.2910.08 0.20+0.04 0.51+0.05 0.33+0.15P
Haziran/ June 0.4010.04 0.4410.02 0.65+0.11 0.501+0.138¢
Temmuz/ July 0.4710.07 0.46 £0.05 0.63£0.06 0.52+0.108
Agustos/ Augnst 0.50%0.06 0.4610.05 0.5410.04 0.501£0.068¢
Ortalama/Mean™ 0.40£0.098 0.39+0.118 0.64%0.134

* Hasat zamanina gote ortalamalar arasindaki fark istatistiksel olarak onemlidit (P<0.05)/ Different letters show
significant differences between mean valnes with respect to harvesting time (P<0.05).
* Lokasyona gore ortalamalar arasindaki fark istatistiksel olarak onemlidir (P<0.05)/ Different letters show significant

differences between mean values with respect to location (P<0.05).

Karnosol ve karnosik asidin yitksek antioksidan
aktivite Ozellige sahip olmasi ve kullanim alanin
yayginligi bu bilesenlere olan ilgiyi arttirmustir. Bu
anlamda biberiye icin karnosol ve karnosik asit
igerigi oldukca 6nemli kalite kriterleri arasi One
ctkmaktadir.  Orneklerin = karnosol  igerikleri
lokasyon ve hasat zamanmna gbre Onemli
farkldiklar gostermistir (P<0.05). Lokasyonlara
gbre bir degerlendirme yapildiginda, calisma
kapsaminda analizi yapilan Ornekler icerisinde

karnosol miktart acisindan Antalya-Désemealtt
lokasyonu 6ne ¢tkmustir. Diger iki lokasyon bu
lokasyona gére karnosol icerigi acisindan daha
distik olup birbirleri ile benzerlik géstermektedir.
Hasat zamanina gore ortalama karnosol igerigi
tzerinden bir degerlendirme yapildiginda en
yiksek karnosol Eyliil ayinda temin edilen 6rnekte
tespit edilmistir. En diisik karnosol igerigine ise
Mayts ayinda alinan Ornek sahip olmustur.
LokasyonXhasat zamanmna gore degerlendirme
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yapildiginda da bu bilesen bakimindan Antalya-
Désemealtt lokasyonundan Subat ayinda alinanin
Ornegin en zengin oldugu gorilmustir. Bu
lokasyondan iki yil sire ile alinan Grneklerin
karnosol igerigi %00.51-0.78, Adana-Karaisalt
%0.29-0.53, Mersin-Tarsus bolgesi Ornekleri ise
hasat zamanina gére %0.20-0.61 gibi daha genis
bir Aralikta dagilim géstermistir.

Jasim (2017) yaptig1 calismada biberiye yapraginda
bulunan karnosol iceriklerini tespit etmistir.
Karnosol seviyesi %00.08 olarak tespit edilmistir.
Turker (2010)’da yaptigi calismada Turkiye’den
topladigt 37 farkli biberiye 6rneginde karnosol
miktarlarint  tespit etmigtir. Yapilan analizler
sonucunda  karnosol miktarlart  %0.08-0.28
arasinda tespit edilmistir. Ispanya’da yetistirilen
biberiye izerine yapilan c¢alismada; hasat
zamaninin bitki etken madde icerigi Gizerine etkisi

incelenmistir. Yapilan ¢alismada, bitkide karnosol
ve karnosik asit iceriginin en  yiksek
konsantrasyonlarina ~ Ekim-Subat  aylarinda

ulastif1, buna karsin Mayis-Agustos aylarinda ise
disiik seviyelerde kaldigt belirtilmistir. Karnosol
iceriginin  %0.05 (Agustos) ve %0.13 (Ekim)

calismada elde edilen degerler genel olarak
literatiirdeki degetlerin tizerinde yer almaktadir.
Lokasyon bazinda degerlendirme yapildiginda en
yitksek karnosol degerleri %0.78 ile Antalya
lokasyonunda Subat ayinda elde edilmistir. Hasat
zamanina gore degerlendirme yapildiginda en
yiksek degerler Adana lokasyonunda Eylil ayinda
(%0.53), Mersin lokasyonunda Eylil ayinda
(%0.61) ve Antalya lokasyonunda Subat ayinda
(%0.78) elde edilmistir. Literatiirde yapraktaki su
miktari, sicaklik ve glines 1s1gina maruz kalma
stresi gibi iklimsel faktorlerin bu degisimin ana
nedeni oldugu ifade edilmistir (Munne-Bosch vd.,
2000). Benzer sekilde calismamizda da bitkinin
karnosol miktarinda mevsimsel etkilere baglt
olarak hasat zamanina gore farkliliklar g6zlemlen-
mistir. Aylar bazinda elde edilen ortalama degerler
incelendiginde en distik (Mayis ayr) ve en yiksek
(Eylil ay1) karnosol degetlerinin literatiirde
yaptlan  calismalar  ile  benzerlik  tasidig
gorilmektedir.

Calisma kapsamunda ¢ farklt lokasyondan aylik
olarak iki yil boyunca temin edilen &rneklerin
karnosik asit iceriklerine ait Duncan Coklu

arasinda  degistigi  tespit edilmistir. Bizim Karsilastirma Testi  sonuglart  Cizelge 3’te

yaptigimiz ¢alismada karnosol igerikleri %00.20- verilmistir.

0.78 arasinda degisim gOstermektedir. Bu

Cizelge 3. Biberiye 6rneklerinin hasat zamani ve lokasyonlara gore karnosik asit icerikleri (%)
Table 3. Carnosic acid content of rosemary with respect to location and harvesting time (o)

Hasat zamani . Ortalama/
Harvesting time Adana Mersin Antalya Mear'
Eylal/ Septentber 0.47£0.09 0.48%+0.11 0.74%0.07 0.561+0.1678
Ekim/ October 0.40£0.06 0.44%0.02 0.73£0.03 0.5240.1648¢€
Kastm/ Novenber 0.45%0.10 0.4620.04 0.5220.07 0.48%0.07¢PE
Aralik/ Decenmber 0.43£0.03 0.51£0.04 0.62%0.03 0.5220.0948¢
Ocak/ January 0.41%0.01 0.4620.04 0.65%0.06 0.51£0.11B¢D
Subat/ February 0.3210.04 0.47%£0.15 0.64%0.04 0.47£0.16<PE
Matrt/March 0.2620.03 0.38+0.10 0.54%0.04 0.39%0.14F
Nisan/April 0.3210.04 0.36£0.08 0.59£0.03 0.42£0.13%F
May1s/May 0.37£0.07 0.29%0.04 0.71£0.08 0.45%0.20PF
Haziran/ June 0.49£0.05 0.48%0.09 0.67£0.07 0.541+0.1148
Temmuz/ July 0.48+0.06 0.49£0.07 0.69£0.05 0.55%0.1148
Agustos/ August 0.51%0.11 0.52%0.05 0.71£0.04 0.58%0.124
Ortalama/Mean™ 0.41£0.09¢ 0.44£0.108 0.65£0.084

* Hasat zamanina gote ortalamalar arasindaki fark istatistiksel olarak onemlidit (P<0.05)/ Different letters show
significant differences between mean values with respect to harvesting time (P<0.05).

** Lokasyona gore ortalamalar arasindaki fark istatistiksel olarak onemlidir (P<0.05)/ Different letters show significant

differences between mean values with respect to location (P<0.05).
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Gida ve kozmetik sektériinde antioksidan olarak
kullanilma potansiyeli olan diterpen yapidaki
karnosik asitin biberiyedeki miktar: da bu bitki icin
Snemli kalite kriterlerinden birisidir. Orneklerin
karnosik asit icerikleri lokasyon ve hasat zamanina
gore 6nemli farkliliklar g&stermistir. Lokasyonlara
gbre bir degerlendirme yapildiginda Antalya-
Désemealtt lokasyonunun bu anlamda 6ne ¢iktigt
goriilecektir. Bu lokasyona ait 6rneklerin karnosik
asit icerikleri Grneklemenin yapiddigt diger iki
lokasyondan yaklagik %50 daha fazladir. Mersin-
Tarsus ile Adana-Karaisali lokasyonu arasindaki
farklilik istatistiksel olarak 6nemli olsa da rakamsal
olarak daha diisiik diizeydedir. Ug¢ lokasyonun
ortalama  verileri izerinden degerlendirme
yapidiginda hasat zamanlarina gbre Onemli
farkliliklar oldugu gérilmistiir. Ortalama verilere
gore en yiiksek karnosik asit icerigine Agustos ve
Eylil aylarinda hasat edilen Ornekler sahip
olmustur. Bu anlamda da en dusik karnosik asit
icerigi Mart ayinda temin edilen Srnekte tespit
edilmistir. LokasyonXhasat zamani tizerinden bir
degerlendirme yapildiginda da Adana-Karaisal ve
Mersin-Tarsus  lokasyonlarinda  en  yiiksek
karnosik asit icerigi Agustos ayinda hasat edilen
ornekte tespit edilirken, Antalya-D&semealtt
lokasyonundan Eylil ayinda araziden alinan
materyalde saptanmistir. Her bir lokasyon icin
hasat zamanina gore kismi farkldiklar olmakla
bitlikte, Adana-Karaisali ve Mersin-Tarsus
lokasyonlarindan temin edilen 6rneklerde benzer
yonde degisim olmustur. Antalya-Dosemealts
lokasyonundan ise hasat zamanmna gore daha
farkli yonde degisim meydana gelmistir (Cizelge
3).

Luis ve Johnson (2005)’de yaptiklari calismada
biberiyede karnosik asidin mevsimsel
degisimlerini  incelemislerdir. Karnosik — asit
miktar1 ortalama olarak %1.22 olarak tespit
edilmistir.  Yapian calismada karnosik asit
seviyelerinin yaz aylarinda %50 kadar distigd,
Aralik ayinda ise maksimum seviyeye c¢iktig
gOrilmustir. Jasim (2017) yaptigt calismada
biberiye yapraginda bulunan karnosik asit
seviyelerini tespit etmistir. Karnosik asit seviyeleri
%1.38 olarak tespit edilmistir. Tirker (2010)’da
yaptgt ¢alismada Tirkiye’den topladigt 37 farkls
biberiye 6rneginde karnosik asit miktarlarini tespit

etmistir. Yapilan analizler sonucunda karnosik asit
miktarlar1 %1.98-5.18 arasinda tespit edilmistir.
Troncoso vd. (2005) tarafindan yapilan ¢alismada
da biberiyenin karnosik asit igeriginin kurumadde
tzerinden %2-8 araliginda degisim gosterdigi
saptanmistir. Hadi  Soltanabad vd. (2018)
yaptiklari calismada Tran’dan topladiklart biberiye
orneklerindeki karnosik asit miktarlarinin  yil
boyunca degisimlerini incelemislerdir. Karnosik
asit icerikleri %5.78 ile %8.51 arasinda degisim
gOstermistir. En yiiksek ve en diistik karnosik asit
miktarlart sirastyla Ocak ve Nisan aylarinda elde
edilmistir. Bizim yaptigimiz calismada karnosik
asit miktarlart %0.26 ile %0.74 arasinda degisim
gOstermistir. Lokasyona gore ortalama degerler
incelendiginde Antalya lokasyonunun ortalama
degeri (%0.65) diger lokasyonlara gbre daha
yitksek bulunmustur. Lokasyon ve hasat zamant
degerleri beraber incelendiginde en yiiksek
karnosik asit miktar1 Antalya lokasyonunda Eylul
ayinda elde edilmistir. Biberiyenin vejetatif
gelisimi  boyunca gerceklesen degisimler ve
yetistirilme kogullarina baglt olarak karnosik asit
miktarinda farkliliklar olusabilecegi
bildirilmektedir ~(Luis ve Johnson, 2005).
Yaptigimiz calismada da buna benzer olarak hasat
zamani ve lokasyona gore farkliliklar oldugu
gbrilmistir.

SONUC
Arastirma sonucunda elde edilen analiz bulgular
degerlendirildiginde, tlkemizde dogal olarak

yetisen biberiyenin karnosol ve karnosik asit
icerigi tizerine bitkinin temin edildigi lokasyon ve
hasat  zamaninin  6nemli  etkisi  oldugu
gbrilmistir. Arastirma bulgulari  biberiyenin
ucucu yag yaninda antioksidan maddelerce de
zengin oldugunu géstermektedir. Kiltiirel tiretim
calismalarinda  arastirma  bulgularnin  katki
saglayabilecegi ortadadir. Biberiyenin endistriyel
alanda bu antioksidan maddeler acisindan
degerlendirilecegi durumlarda da bu verilerden
yararlanilabilecegi  distntlmektedir.  Ayrica
biberiyeden ucucu yag ve antioksidan Uretiminin
entegre bir sekilde yapilip yapilamayacaginin
degerlendirilmesinin de sektorel gelisim icin
yararl olacagl diisintlmektedir.
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CIKAR CATISMASI BEYANI
Yazarlarin makale ile ilgili baska kisiler veya
kurumlar ile ¢ikar catismast bulunmamaktadir.

YAZARLARIN KATKILARI

Haluk Tokg6z konunun belirlenmesi, ¢alismanin
kurgulanmast yuritilmesi,  sonuglarin
degerlendirilmesi ve yazimi; Orcun Cinar ve
Muharrem  Goliketi  analizlerin - yapilmast,
sonuclarin degerlendirilmesi ve makale yazimi;
Fatma Uysal Bayar bitkisel materyallerin temini
kistmlarinda katki saglamislardir. Makalenin son

ve

sekli tim yazarlar tarafindan okunmus ve
onaylanmustir.
TESEKKUR
Bu makale TUBITAK tarafindan 1003
kapsaminda desteklenen 2157647 nolu projenin
bir  kismunt  olusturmaktadir.  Aragtirmay:

destekleyen TUBITAK a tesekkiir ederiz.
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oz

Tuketicilerin temiz etiketli gidalara olan yOneliminin artmastyla birlikte gida endustrisi sentetik gida
bilesenlerine alternatif olarak kullanilabilecek dogal iceriklerin arayisina girmistir. Yemeklik yaglar ve yaglt
gidalarin raf 6mrind kisitlayan temel unsur lipit oksidasyonudur ve bunu engellemek icin gidalara
antioksidanlar ilave edilmektedir. Gidalarin lipit oksidasyonuna dayanikliliklar oksidatif stabilitelerini belirler
ve bu Ozellik yiksek sicakliklarda hizlandirlmis yontemlerle Gletlebilmektedir. Bu ¢alismada, yesil cay
ekstraktinin yaygin tiiketilen bitkisel yemeklik yaglarda (Aygicek, soya ve findik) dogal antioksidan olarak
kullantmiyla oksidatif stabilitelerinde meydana gelen degisimler, kinetik yéntemler kullandarak yitksek
sicakliklarda elde edilen verilerin ortam sicakligina uyarlamalarina da deginilerek ele alinmustir. Sonuglara
gore, yesil cay ckstraktt (YCE) eklenen rneklerde indiksiyon petiyodu beklendigi sekilde daha yiiksek
bulunurken, YCE eklenen 6rneklerde reaksiyon hiz sabiti (k) ve Q1o degetleri, YCE eklenmemis olan bitkisel
yaglara kiyasla daha disiik cikmistir. YCE eklenmis bitkisel yaglarin aktivasyon enerjilerinin (E,) de arttigt
gorulmustiir. Yiksek E, degeri, lipit oksidasyonuna karst direncin yitksek oldugu anlamina gelmektedir.
Anahtar kelimeler: Yesil ¢ay ekstrakty, bitkisel yag, lipit oksidasyonu, ransimat, indiiksiyon petiyodu, dogal
antioksidan

EVALUATION OF THE EFFECT OF GREEN TEA EXTRACT UTILIZATION
AS A NATURAL ANTIOXIDANT IN SUNFLOWER, SOYBEAN AND
HAZELNUT OIL ON OXIDATIVE STABILITY BY KINETIC AND
THERMODYNAMIC STUDIES

ABSTRACT

With the increasing attention of consumers for clean-label foods, the food industry has been in search
of natural ingredients as alternatives to synthetic ones. The main factor limiting the shelf life of edible
oils is lipid oxidation, and antioxidants are added to foods to prevent this. The resistance of foods to
lipid oxidation determines their oxidative stability, which can be measured by accelerated methods at
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Yesil cay ekstraktinin bitkisel yaglarda oksidatif stabilite izerine etkisi

elevated temperatures. In this study, the oxidative stability of widely consumed vegetable edible oils
(sunflower, soybean and hazelnut) and the effect of green tea extract as a natural antioxidant were
discussed, using exploration of data to ambient temperature by kinetic methods. As a result, the
induction period was higher, and the reaction rate constant and Q1o values were lower in the samples
with green tea extract (GTE). Moreover, the activation energies of vegetable oils with added GTE

were higher.

Keywords: Green tea extract, vegetable oil, lipid oxidation, ransimat, induction period, natural

antioxidant

GIRIS
Artan dunya niifusu ile bagsa ¢ikmak adina gida
atiginin minimum seviyeye indirilmesi amaciyla
gidalarin  raf Omirlerinin  uzatilmast oldukca
6nemli bir stratejidir. Yemeklik yaglarin raf
omriini etkileyen en 6nemli unsur, bircok gida
maddesinin aksine mikrobiyolojik bozulma degil
yag actlasmast olarak da  bilinen lipit
oksidasyonudur. Giintimiizde gidalarin  temiz
icerikli ve gida bilesenlerinin dogal kékenli olmast
bircok tiketici icin tercih sebebidir. Gida
endistrisi de tiim gida bilesenlerinde oldugu gibi,
lipit oksidasyonunu geciktirmek amactyla gidalara
katlan  antioksidan maddelerin  de dogal
alternatiflerinin arayist icerisindedir.

Yiksek oranda ¢oklu doymamis yag asidi iceren
yaglar, kotii aroma olusumu ve renk bozulmasina
yol agan oksidatif bozulmaya karst daha hassastur.
Aycicek yagi, toplam yag asidi iceriginin %68-
72'sini olusturan linoleik asit (C18:2) basta olmak
tzere yiksek coklu doymamis yag asitleri (PUFA)
icerigi nedeniyle besleyici olarak kabul edilen bir
bitkisel yagdir (Upadhyay ve Mishra, 2015a,b).
Zayif oksidatif stabiliteye sahip olan soya yaginin
linoleik asit (C18:2) icerigi ise, yaklasik %048dir
(Ivanov vd., 2010; Gerde vd., 2021). Findik yag
ise, %81 oleik asit (C18:1) ve yaklasik %16 linoleik
asit (C18:2) igerigine sahiptir (Karabulut vd.,
2005).

Lipit  oksidasyonu, katt ve sivi  yaglarin
bozulmasinin  6nemli bir nedenidir. Lipit

oksidasyonu sonucunda kalite ve besin degeri
kayiplari ve hos olmayan tatlarin gelisimi meydana
gelir. Oksidatif stabilite, tanimlanmis kosullar
altinda oksidasyona karst direnc olarak bilinir ve
genellikle oksidasyon oranindaki ani bir artisa
karsilik gelir. Oksidasyon normalde bu noktaya
ulasilana kadar ¢ok yavas ilerlediginden, bu zaman
petiyodu indiiksiyon periyodu (IP) olarak bilinir

(Velasco  vd., 2004). Indiiksiyon periyodu,
oksidatif stabilitenin bir 6lcusudur ve bilesiklerin

antioksidan  potansiyelini ~ kanitlamak  i¢in
kullanilabilir (Upadhyay ve Mishra, 2015a,b).
Raf Omri testleri, beliti gida triinlerine

uygulanmasi gereken nispeten pahali analizlerdir.
Yag stabilite indeksi (YSI) yontemi olarak da
bilinen Ransimat yéntemi kullanilarak, yaglarin
oksidatif stabilitesi, birka¢ saat icinde yiksek
sicakliklarda ve oksijen veya hava akist varhiginda
degerlendirilebilir. ~ Numunenin  indiksiyon
periyodunun bitis noktasina ulasmasi icin gereken
siire, Yag Stabilite Indeksi (YSI) olarak adlandirilir
(Pike, 2001). Bitkisel yaglarin ve yagh gidalarin
YSI degeri Ransimat cihaz ile Slgiilebilmektedir.
Ransimat cihaziyla elde edilen YSI verilerinin, test
kosullarindaki yitksek sicakliklara karst dogal
logaritmasinin grafigi cizilerek ve oda sicakligina
ekstrapolasyon  yapilarak, Orneklerin  ortam
kosullar1 da dahil farkh sicaklik araligindaki raf
6mri de tahmin edilebilmektedir (Farhoosh,
2007a; Farhoosh vd., 2008).

Tert bitil hidrokinon (TBHQ), biitil hidrokinon
(BHT) ve bitil hidroksi anisol (BHA) gibi
bilesikler, yaglt gidalarin raf dmiirlerini artirmak
icin kullanimina izin verilmis olan sentetik
antioksidanlardir. Bununla bitlikte, sentetik
antioksidanlarin kullaniminin insan sagligtyla ilgili
endiselere sebep olmast nedeniyle, gida endiistrisi
sentetik antioksidanlar yerine genellikle daha
givenli olan dogal kaynakli alternatifleri
aramaktadir (Umeda ve Jorge, 2021). Gida
driinlerinde  uygulanabilecek  potansiyel — bir
antioksidan kaynagi olarak baharat, cay ve
tohumlar gibi bitkisel kaynaklardan elde edilen
dogal ekstraktlarin  degetlendirilmesiyle ilgili
calismalar mevcuttur (Zhao vd., 2019; Tzima vd.,
2020). Ornegin, sentetik antioksidanlara etkili bir
alternatif olarak biberiye ekstraktinin ve iceriginde
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bulunan karnosol ve karnosik asit bilesiklerinin
potansiyel kullanimi1 soya, musir, piring kepegi, yer
fist1g1 ve pamuk tohumu yaglarinda belitlenmistir
(Frankel vd., 1996; Yang vd., 20106). Ayrica, kekik
yag, flavonoidler (kersetin, kaemferol, mirisetin),
katesinler veya fenoller (rosmanol,
rosamaridifenol) ve fenolik asitler (rosmarinik
asit) gibi cesitli bireysel antioksidanlar iceren bitki

Ozleri  farkll  yemeklik  yaglarin  oksidatif
stabilitesini  arttirmada  kullamilan ~ dogal
antioksidan  alternatifleri  olarak  karsimiza

ctkmaktadir (Yanishlieva ve Marinova, 2001).

Gay  polifenolleri,  6zellikle  flavonoidler,
antioksidan  Ozellige sahiptirler. Yesil c¢ay
polifenollerinin antioksidan aktivitesi, kimyasal
yapilarindaki aromatik halkalar ve hidroksil
gruplarinin  kombinasyonuna ve  ortamdaki
serbest  radikallerin  bu  hidroksil  gruplar
tarafindan baglanmasina atfedilir (Senanayake,
2013). Ayrica, cay katesinleri prooksidan 6zellige
sahip gecis metal iyonlarini selatlayarak lipit
peroksidasyonunu  engeller.  Yesil  cayin
antioksidan kapasitesi, siyah c¢aydan ¢ok daha
yiksektir, ¢linkd yesil cayda epigallokatesin gallat
gibi katesinler ¢ok daha yiiksek miktarda
bulunmaktadir (Lee vd., 2002). Bu nedenle, yesil
cay Ozutd, strilebilir yag Urlnlerinde test
edildiginde geleneksel bir sentetik antioksidan
olan TBHQ ile kargilastirilabilir antioksidan
performanst  gdstermis, ayrica diger dogal
antioksidan kaynaklarindan daha uygun maliyetli
oldugu bildirilmistir (Senanayake, 2013). Yesil cay
ozitd, yitksek oranda ¢oklu doymamus yag asitleri
icerigine sahip olan oksidasyona karst duyarlt
triinler icin ideal bir dogal antioksidan olarak
kullandabilir.

Ransimat test kosullart altinda bir dizi kinetik
parametre olduk¢a hizli sekilde belitlenebilir.
Kinetik veriler, her bitkisel yaglardaki oksidatif
stabilite dahil bir takim farkliliklar1  veya
benzerlikleri karakterize etmek icin kullaniabilir
(Fathoosh wvd., 2008). Ancak, bu konu c¢ok
aragtirdlmamustir ve kullanim  kolayligi, zaman
tasarrufu ve uygun tekrarlanabilirlik saglayan
Ransimat testi ile yaglarda oksidatif bozulma
kinetigine iliskin veriler azdir (Farhoosh vd., 2008;
Giilmez ve Sahin, 2019). Ozellikle findik yag ile

ilgili cok sinurlt veri bulunmaktadir. Bu nedenle, bu
calisma kapsaminda, cesitli bitki kaynaklarindan
elde edilen ve farkli yag asidi profiline sahip baz
bitkisel yaglarin (Aycicek, soya ve findik) nispi
oksidatif stabiliteleri ve bunlarin oksidasyonunun
kinetik parametreleri, Ransimat test kogullari
altinda belirlenmistir. Yapilan ¢alismada, yesil ¢ay
ekstraktinin dogal bir antioksidan olarak yemeklik
bitkisel yaglarda kullanimi da degetlendirilmistir.
Raf 6mrii modeli, sicakligin bir fonksiyonu olarak
indtksiyon periyodu kullanilarak olusturulmustut.

MATERYAL VE YONTEM

Materyal

Rafine findik yag1 ve aycicek yagi Ankara’daki bir
marketten alinmistir. Uretim tarihi en giincel olan
yaglar tercih edilmistir. Rafine soya yagt ise Dia
Bakliyat (Corum) tarafindan saglanmugtir.

On deneme analizlerinde, eklenecek ekstraktin
miktarint belirlemek icin ay¢icek yagina 200, 400
ve 600 mg/kg yesil cay ekstraktt katilmustir.
Calismada, yerel bir marketten alinmis olan sade
yesil cay Ornegi ve etanol (1:10) kullanidarak
Mildner-Szkudlarz vd. (2009) tarafindan belirtilen
sekilde  hazirlandiktan  sonra  dondurarak
kurtulmus yesil cay ekstrakti kullanilmistir. Toz
ekstraktlar tartilarak 10 mL etanol igerisinde 1 saat
oda  sicakliginda  manyetik  karistiricida
karistirdmistir. Ardindan Uzerine bitkisel yaglar
eklenerek 1 saat daha karsturilmistir. Etanol,
rotary evaporatdrde 60°C’de 20 dk sire ile
uzaklastirlmistir. Orneklerin, renk (L, a*, b¥) ve
oksidatif stabilite (Ransimat) analizleri yapilmustir.

Yéntem

Yag asidi kompozisyonu

Yag asidi bilesimi, oda sicakliginda metanol i¢inde
2 M KOH ile yag asidi metil estetlerine
tirevlendirildikten sonra, gaz kromatografisi
(GC-2010,  Shimadzu, Kyoto;  Japonya)
kullanilarak analiz edilmistir (Anonymous, 1987).
Kromatografik analiz, 230 °C'de enjeksiyon
blogu, 1:1 bolme orani ile ¢alisan split enjektor,
DB-23 kapiler kolon (30 m, 0.25 mm i.d. ve film
kalinligi 025 pm) ve 240 °C'de bir alev
iyonizasyon  detektériit  (FID)  kullaniarak
gerceklestirilmistir. Tastyict gaz olarak Helyum
(33.3 mL/dk) kullanilmistir ve 190 °C’de 25 dk’lik
sicaklik programi uygulanmistir. Tanimlama
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islemi, yag asidi metil estetlerinin alikonma
streleri ile referans standartlarin alikonma
strelerinin karsiastirdmast ile gerceklestirilmistir
ve analiz sonuclari, metil esterlerin yiizdesi olarak
verilmistir.

Peroksit degeri

Peroksit analizi AOCS Official Method Cd 8-53’¢
gore yapilmistir ve sonuglar meq Oz/kg olarak
verilmistir (Anonymous 1989a).

Renk dlgiim tayini

Yag oOrneklerinin  renginde meydana gelen
degisimler AOCS Official Method Cc 13e-92’ye
uygun olarak Sl¢tlmistiir (Anonymous, 1989b).
Olgiimler, spektrofotometrik renk 6lcer (PFXi-
195/3, Lovibond, Birlesik Krallik) kullanilarak
CIE L*a*b* renk uzayina gore gerceklestirilmistir.
Toplam renk farki, tek bir deger kullanilarak
bitkisel yaglarin renk yogunlugundaki farkldiklart
karsilastirmak icin su sekilde hesaplanmistir
(McGuire, 1992):

AE = [y — LD? + (a5 — a))? + (b — by)? @)

Ransimat yontemi ile indiiksiyon periyodunun belirlenmesi
Rafine bitkisel yag numunelerinin indiksiyon
stresini degerlendirmek icin ransimat cihazi
(Rancimat 743, Metrohm, Isvigre) kullanilmustir.
Denemeler, 3 g yag numunesi ile 100, 110, 120 ve
130°C sicakliklarda, 20 L/h hava akis hizinda
gerceklestirilmistir.

Kinetik veri analizi

Ransimat yo6ntemi ile yiksek sicakliklarda
(2100°C) elde edilen inditksiyon periyodu
verilerini  kullanarak disik sicakliklardaki raf
omrinin tahminini yapabilmek icin sicakliga (°C)
karst indiksiyon periyodunun (saat) dogal
logaritmasinin  grafi§i  ¢izilmistir.  Boylece,
ckstrapolasyon ile rafine bitkisel yaglarin disiik
sicakliklardaki (20°C) raf omutleri
hesaplanabilmistir. Cizgilerin egimleri sicaklik
katsayilarint vermektedir. Q1o saytlart, T ve T+10
sicakliklarindaki TP’ler kullantlarak, IPr/ 1P 1+ 100c
olarak hesaplanmistir (Kaya vd., 1993; Farhoosh,
2007a,b).

Aktivasyon enetjileti (Ea, kJ/mol), Arrhenius
denklemi kullanilarak 1/T'ye karst In (k)

regresyonu ile olusturulan ¢izgilerin egimlerinden
belirlenmistir (Farhoosh vd., 2008):

In (&)= In (A)- (E./RT) ®)

Burada, k, reaksiyon hizt sabiti (1/saat olarak TP-
1) ve R, gaz sabitidir (8.3143 J/mol K).

Bir kimyasal stirecin termodinamigi, bir sistemin
dogast hakkinda bilgi sahibi olmak i¢in bir
zorunluluktur (Gtlmez ve Sahin, 2019). Bu
nedenle, entalpi (AH**) ve entropi (AS*),
aktiflestirilmis kompleks teorisinden tiretilen
Eyring denklemi kullanilarak 1/T'ye karst In (k/'T)
regresyonu yapilarak belirlenmistir (Farhoosh vd.,
2008; Gilmez ve Sahin, 2019):

In (k/T)= In (ks/b)+ (AS*+/R)- (AH*/RT) (3)

Burada kg, Boltzmann sabitidir (1.380658 x 10-23
J/K) ve b, Planck sabitidir (6.6260755 x 10-34J s).
Dogrularin  egimlerinden ve kesisimlerinden
strastyla AH*+ ve AS*+ hesaplanmistir.

Lstatistiksel Analiz

Arastirmada iki tekerrirli calisilmis olup elde
edilen sonuglarin istatistiksel degerlendirilmesi bir
istatistik programi (SPSS 25, IBM, ABD)
kullanilarak  yapilmustir.  Grup  ortalamalart
arasindaki farkin anlamliligt tek yonli Varyans
Analiz Teknigi (ANOVA), farkliliklarin hangi
gruplardan kaynaklandigi ise (P <0.05) Tukey testi
kullanilarak aragtirilmustir.

SONUC VE TARTISMA

Bitkisel yaglarin fizikokimyasal 6zellikleri
Orneklere ait yag asidi profilleri Cizelge 1’de
verilmistir. Findik yaginin toplam doymamis yag
asidince aygicek ve soya yagina gére OSnemli
6lgiide daha zengin ve tekli yag asidi: ¢oklu yag
asidi oraninin (T:C) ise ¢ok daha yiiksek oldugu
goze carpmaktadir (P <0.05). Farhoosh ve
Hoseini-Yazdi (2013), zeytinyagt Orneklerinde
oksidatif olarak kararhi olan yag numunelerinin
T:C oraninin yuksek bulundugunu
vurgulamaktadir. Calisma kapsaminda temel yag
asidi oleik asit (C18:1) olan findik yag1 (%79.56)
ile temel yag asidi linoleik asit (C18:2) olan soya
yagl (%54.39) ve aycicek yagt (%52.17), oksidatif
stabilite ve sicaklik parametreleri bakimindan ele
alinmustir.
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Cizelge 1. Bitkisel yaglara ait (a) Doymus ve (b) Doymamis yag asidi (y.a.) dagilimi ile (c) toplam yag
asidi oranlar
Table 1. (a) Saturated and (b) Unsaturated fatty acid distribution and (c) total fatty acid (f.a.) ratios of vegetable oils

a. C 14:0 C 16:0 C17:0 C 18:0 C 20:0 C 22:0
Aycicek/ Sunflower 0.08%£0.00=  6.71£0.00>  0.03+£0.01*= 3.11£0.00> 0.04£0.00> 0.20+0.00>
Soya/ Soybean 0.06£0.00> 10.99%£0.04= 0.07£0.02+ 3.82%£0.11= 1.15%£0.01= 0.29%0.002
Findik/ Hazelnut 0.03£0.00c  5.48+0.02¢ 0.02+0.03= 2.02+0.04c 0.03+0.00> 0.10+0.01¢
Her siitun icin farkli harflere sahip veri noktalart birbirinden 6nemli 6lgiide farklidir (P <0.05).
For each column, data points with different letters are significantly different from each other (P <0.05).
b C 16:1 C17:1 C18:1 C18:2 C 183 C22:1 C 20:1

Aycicek/ Sunflower 0.1510.00c 0.04+0.02* 37.3440.01> 52.17+0.02> 0.04+0.00> te./zd.  0.09£0.00

Soya/ Soybean 0.0620.00> 0.05£0.02¢ 23.61£0.20¢ 54.39£0.16* 5.24+0.02* 0.07£0.01> 0.10£0.022
Findik/ Hagelput 0.17£0.010 0.06£0.01* 79.56+0.16* 12.28+0.02¢  te./nd.  0.14£0.00* 0.11+0.022
t.c.:tespit edilemedi, 7.d.:n0t detected
Her siitun igin farklt harflere sahip veri noktalar1 birbirinden 6nemli 6l¢tide farklidir (P <0.05).
For each column, data points with different letters are significantly different from each other (P <0.05).
Toplam Toplam Toplam tekli Toplam ¢oklu Tekli:Goklu
doymus y.a.  doymamis y.a. doymamis y.a. doymamis y.a. ya. oran
‘ / Total / Total / Total / Total /mono:poly
saturated f.a. unsaturated f.a.  mononnsaturated f.a.  polyunsaturated f.a. ﬂ?rzz:;r;;‘ed
Aycicek/ Sunflower 10.18+0.01>  89.82+0.01> 37.62£0.03> 52.20£0.02>  0.72£0.00>
Soya/ Soybean 16.38+0.03=  83.62£0.03¢ 23.98%0.15¢ 59.65+0.18*  0.40£0.00¢
Findik/ Hazelnut 7.6710.11c  92.33+0.112 80.04£0.13# 12.28+0.02¢  6.52£0.022

Her siitun icin farkli harflere sahip veri noktalart birbirinden 6nemli 6l¢iide farklidir (P <0.05).

For each column, data points with different letters are significantly different from each other (P <0.05).

S6z konusu bitkisel yaglarin baglangic peroksit
degerleri aycicek ve soya yagt icin benzer sekilde
ve 1 meq Oz/kg’in altnda, sirastyla, 0.97+0.02 ve
0.89£0.17 meq Oz/kg olarak bulunmustur (P
>0.05). Findik yaginin peroksit degeri ise soya ve
aycicek yagindan Onemli derecede yiksek (P
<0.05), ancak yasal smirin (10 meq O:/kg)
oldukea altindadir (3.45£0.69 meq O2/kg).

Yesil cay ekstraktinin renginin koyu olmasi
sebebiyle, calisma 6ncesi 6n denemelerle bu
rengin yagl nasil etkileyecegi degerlendirilmistir.
Bu amagla aycicek yagina 200, 400 ve 600 mg/kg
konsantrasyonlarda  katdlan  ¢ay  Ozitinin
meydana getirdigi toplam renk degisimi degeri
(AE) giderek artmustir (veriler gOsterilmemistir).
Ancak, en dusik konsantrasyonda dahi aycicek
yaginin 100°C’deki indiiksiyon petiyodu %30°dan
fazla artis gOstermistir (veriler gOsterilmemistir).
Bu nedenletle, calismada farklt yemeklik bitkisel
yaglara (aycicek, soya ve findik yaglart) 200 mg/kg
yesil cay ekstrakt (YCE) katilmast uygun
bulunmustur.

Orneklerin gériiniisiinde ve renginde cay 6ziitii
katildiktan sonra meydana gelen degisim Sekil 1 ve
Cizelge 2’de verilmistir. YCE katildiktan sonra yag
renginde meydana gelen degisimin
karsilastirilmasi adina, 200 mg/kg YCE eklenmesi
sonrast renk degisimi (AE*) degeri hesaplanmustir.
Buna gore aygicek, soya ve findik yaglarindaki
renk degisimi sirastyla, 23.5£0.6, 24.9%£0.3 ve
23.3+0.9 olmustur. Ug¢ yagdaki AE* degerleri
arasinda istatistiki olarak anlamli bir fark
olmamasina ragmen (P >0.05), findik yaginda
nispeten daha belirgin bir renk degisimi meydana
gelmistir. Findik yagin karotenoid igeriginin,
soya ve aycicek yaglarina gére neredeyse 10 kat
daha fazla oldugu bildirilmektedir (Nikolova vd.,
2012). Findik yagina eklenen YCE sonucu optik
gbrinimiin karotenoid etkisiyle daha cok géze
carpmakta oldugu diisinilebilir. Ancak, ¢ yagda
da ekstrakt eklenmesi sonucu herhangi bir
bulaniklik, koku veya hos olmayan gorinti
meydana gelmemistir.
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Aygicek Aygcicek + YCE Soya

Sunflower Sunflower + GTE Soybean

Soya + YCE

- -
— =
- y-
— =
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» >

R

Findik Findik + YCE

Soybean + GTE

Hazelnut

YCE: Yesil cay ekstraktt, GTE: Green tfea extract
Sekil 1. Yesil ¢ay ekstraktt (200 mg/kg) ekleme Oncesi ve sonrast bitkisel yaglar
Figure 1. Vegetable oils before and after the addition of green tea extract (200 mg/ kg)

Cizelge 2. Bitkisel yaglarin renk parametreleri
Table 2. Color parameters for vegetable oils

Hazelnut + GTE

Bitkisel yag/ egetable oil L* a* b*

Aycicek/ Sunflower 92.6+0.12 -8.7£0.1d 31.8£0.1¢
Soya/ Soybean 93.1+0.1» -10.3£0.0¢ 42.3%0.14
Findik/ Hazelnut 84.5+0.6> -4.4%0.1b 73.6£0.3
Aycicek+ YCE/ Sunflower + GTE 71.920.6¢ -5.8%0.2¢ 42.5%0.04
Soya +YCE/ Soy + GTE 69.7£0.54 -5.7£0.1¢ 49.1£0.3¢
Findik + YCE/ Hagelnut + GTE 62.9£0.2¢ 0.9£0.0- 06.7£0.1>

YCE: Yesil cay ekstraktt, GTE: Green tea extract

Her siitun icin farklt harflere sahip veri noktalari birbirinden 6énemli dl¢tide farklidir (P <0.05).
For each column, data points with different letters are significantly different from each other (P <0.05).

Ransimat yontemi ile indiiksiyon
periyodunun belirlenmesi ve Kinetik veri
analizi

Indiiksiyon periyodu (IP), hayvansal ve bitkisel
katt  ve stvi  yaglarin  oksidatif  stabilite
degerlendirmesi i¢in 6nemli bir parametredir.
[P'nin Ransimat yontemiyle 6lcimii, kati ve stvi
yaglar  yiksek  sicakliklarda (2100°C) ve
hizlandirilmis havalandirma (20 L./saat) altunda
oksidasyona ugradiginda kisa zincirli bilesiklerin
olusumuyla suyun elektriksel iletkenliginde
meydana gelen degisikliklerin Sl¢iilmesine dayanir
(Velasco vd., 2004; Upadhyay ve Mishra,
2015a,b). IP ne kadar yiiksekse, oksidatif stabilite

de o kadar yiiksektir. Yani, antioksidan madde
ilave edilen yaglarin IP’sinde bir artts meydana
gelir.

Numunelerin =~ Ransimat  cihazt  ile  farkli
sicakliklarda elde edilen indiksiyon periyodu
sonuglar1 Cizelge 3'te sunulmustur. Buna gore
tim sicakliklarda IP su sira ile azalmaktadir:
findik+YCE>  soya+YCE>  aycicek+YCE>
findik> aycicek™> soya. Findik yaginin oksidatif
stabilitesi daha 6nce de bahsedildigi gibi yitksek
tekli: coklu yag asidi oranina baglanabilir. Aym
sekilde findik yaginin daha az oranda ¢oklu
doymamis yag asidi icermesi de soya ve ay¢icek
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yagina gore daha ylksek oksidatif stabiliteye sahip
olmasinin bir diger sebebi olarak gosterilmektedir

(Javidipour vd., 2017).

Cizelge 3. Yag 6rneklerinin indiiksiyon periyotlart (saat)
Table 3. Induction periods of oil samples (hours)

100°C 110°C 120°C 130°C
Aycicek/ Sunflower 13.79£0.52< 6.7510.25¢  3.40£0.22¢4  1.8910.04¢
Soya/ Soybean 11.30£0.22¢ 5.42+0.11f  3.04£0.25¢  1.65%0.17¢
Findik/ Hazelnut 16.88£0.08¢ 7.63+0.044  3.86%0.08¢ 2.05+0.11¢
Aycicek+ YCE/ Sunflower + GTE 23.01£0.19>  10.88%£0.12¢  5.17£0.13> 2.58+0.03>
Soya +YCE/ Soy + GTE 25.49+1.00>  11.81+0.04> 5.82+0.12> 2.92+0.16P
Findik + YCE/ Hagelnut + GTE 41.49+2.11»  19.25%£0.200  8.95+0.29:  4.38+0.052

YCE: Yesil cay ekstrakti, GTE: Green tea extract

Her siitun igin farklt harflere sahip veri noktalar1 birbirinden 6nemli 6l¢tide farklidir (P <0.05).
For each column, data points with different letters are significantly different from each other (P <0.05).

Literatir incelendiginde, c¢alismada kullamilan
hava akis hizt (20 L/saat) kosullarinda, aycicek
yagt icin IP 100°C’de 2 gram yag érnegi ile 11.95-
12.90 saat olarak bulunmustur (Velasco vd.,
2004). Bu calisgmada ise aynt sicaklikta, 3 gram yag
ornegi ile 13.79 saat bulunmustur. Kaya vd.
(1993), arastrmalarinda 5 gram aycicek yagt
6rneginin 100, 110 ve 120 °C’deki IP’lerini 8.95,
4.38 ve 2.21 saat bulmustur. Diger aragtirmalarda,
yine aygcicek yagt icin IP 5 gram yag érnegi ile 100,
110, 120 ve 130 °C’de strastyla 6.03, 2.74, 1.22 ve
0.54 saat (Upadhyay ve Mishra, 2015b) veya 2.5
gram yag ornegi ile 15.0, 7.1, 3.5 ve 2.0 saat olarak
bulunmustur (Kowalski vd., 2004). Bu calismada
ise Kowalski vd. (2004) ile uyumlu olarak ayni
sicakliklarda sirastyla 13.79, 6.75, 3.40 ve 1.89 saat
olarak bulunmustur. Umeda ve Jorge (2021) 3
gram soya yagt i¢in 110°C’de IP’yi 6.65 saat olarak
rapotlarken bu calismada 5.42 saat olarak
bulunmustur. Jebe vd. (1993) soya yagt icin 110 ve
130°C’de farkli akis hizinda (9 L/saat) 1P’leri
sirastyla 8.18 ve 1.75 saat olarak tespit ederken, bu
calismada kullanilan akis hizinda (20 1./saat)
bulunan degerler 5.42 ve 1.65 saattir. Calismada
findik yaginin 100, 110, 120 ve 130°C’de 1P’leri
sirastyla, 16.88, 7.63, 3.86 ve 2.05 saat olarak
bulunmustur ve bu degerler daha az miktarda yag
Ornegi (2.5 g kullanilarak yapilan bagka bir
calismada strastyla, 20.41, 10.05, 5.19 ve 2.69
saatten  fazla  bulunmustur (Ciemniewska-
Zytkiewicz vd., 2014). Farkli 6rnek agirliklarinin,

Ransimat yontemi ile farkli TP élciilerine sebep
oldugu daha 6nce literatiirde bildirilmistir (Hill
and Perkins, 1995; Farhoosh, 2007a). Arastirma
sonuclart ile literatir arasindaki farkliliklar
calisilan Srnek agirhigindan 6tirt meydana gelmis
olabilir, ¢iinkii calisilan 6rnek agirhigt oksijenle
reaksiyonu etkileyen bir faktérdir. Caligmada
soya yaginin 100, 110 ve 120°C’de 1P’leri sirastyla,
11.30, 5.42 ve 3.04 saat olarak bulunmustur ve bu
degerler birebir aynt kosullarda Li vd. (2019)
tarafindan yapilan baska bir ¢alismada da benzer
sekilde strasiyla, 11.80, 5.87 ve 3.07 saat olarak
bulunmustur.

Beklenildigi Gzere, dogal antioksidan olarak YCE
eklenen Orneklerin  oksidatif stabilitesi daha
yiksek bulunmustur. Yesil cayin antioksidan
6zelligi, bulundurdugu polifenollerin  serbest
radikalleri, demir ve bakir gibi porooksidanlart
baglayarak etkisiz hale getirmesine atfedilmektedir
(Senanayake, 2013). Literatiirde mevcut benzer
aragtirmalar  da, aycicek yagina yesil cay
polifenolleri (katesin, epikatesin ve yesil cay

ekstrakti  olarak)  eklenmesinin ~ Ransimat
metoduyla indiksiyon periyodunda  6nemli
derecede  bir artts meydana  getirdigini

belitlemislerdir (Gramza vd., 2006; Yin vd., 2012).
Yakin zamanda, attk yemeklik yaglardan
sentezlenen biyodizellere YCE eklenmesiyle de
[P’de benzer bir artis etkisi tespit edilmistir (Bharti
ve Singh, 2020).
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Sekil 2’de bitkisel yaglar icin Ransimat cihaziyla
yitksek sicakliklarda elde edilen YSI verilerinin,

meydana gelen degisimler g6sterilmektedir.
Cizelge 3'teki sonuglart yansitan Sekil 2 ve 3

sicakliga karst dogal logaritmast ve oda sicakligina
ekstrapolasyonu gorilmektedir.  Sekil 3’te ise
bitkisel yaglara YCE ilavesi sonrasinda grafikte

Pl

kullanilarak,

orneklerin - distk  sicakliklardaki
eri tahmin edilebilmektedir.
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Figure 2. Extrapolation of induction periods of vegetable oils under accelerated conditions to lower temperatures
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Sekil 3. Bitkisel yaglarin cay ekstraktt eklenmeden 6nce ve sonraki hizlandirdmis kogullardaki
indtksiyon periyotlarinin daha diisiik sicakliklara ekstrapolasyonu (A. Aycicek yagi, B. Soya yagy, C.

Findik yagy)

Figure 3. Exctrapolation of induction periods of vegetable oils under accelerated conditions to lower temperatures before
and after tea extract is added (A. Sunflower oil, B. Soybean oil, C. Hagelnnt oil)
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[P'nin dogal logaritmast ile sicaklik arasindaki
dogrusal ilisgkiden hesaplanan veriler Cizelge 4'te
gosterilmektedir. Oda sicakligindaki raf dmriintin
tahminin  yiksek  sicakliklardaki  verilerden
ekstrapolasyonla yapilmasit zamandan oldukca
fazla tasarruf saglayan bir yontem olarak kullanilsa
da bu yonteme karsit gérisler mevcuttur, ciinkd
Ransimat, oksidasyonu hizlandirmak icin sabit bir
hava akis1 ve yiliksek sicakliklar kullanarak ortam
depolama kosullarindan farkli bir ortamdaki
IP’leri Olcmektedir. Bu sicakliklarda
peroksidasyon mekanizmalari, dusik
sicakliklardakilerden farklt olabilir (Mendez vd.,
1996). Ayrica, bu yaklagim, stabilite testi, duyusal
yontemlerle tespit edilen acilasmanin 6tesinde bir
son noktaya dayaniyor olabileceginden hatalara
yol acabilir. Ayrica, yaglarin yag asidi bilesimine
baglt olarak da gercek raf 6mriniin fazla ya da
eksik tahmin edilmesine neden olabilir (Kaya vd.,
1993; Frankel, 2012; Upadhyay ve Mishra, 2015a).
Bu hususlar dikkate alindiginda, elde edilen
sonugclarin, normal olarak depolama kosullarinda
meydana gelenlerden farkli kosullar altinda elde
edildikleri icin daha dusik sicakliklarda (40-60°C)
ve daha uzun sire ile (21-30 giin) depolama

yaptlan Schaal Firin testi gibi diger hizlandirilmug
testlere kiyasla daha stipheli degerlendirilmesi s6z
konusu olabilir. Kaya vd. (1993), yiksek
sicakliktaki degerlerin oda sicakligina
ekstrapolasyonu yaklasiminin, Aycicek yagt gibi
linoleik asitce zengin yaglarin raf Omriniin
gercekten daha digtk, zeytinyagt gibi oleik asitce
zengin yaglarda ise gercekten daha ytiksek tahmin
edilmesine sebep oldugunu vurgulamaktadir.
Onerildigi gibi, bu ¢alismada ekstrapolasyon ile
tahmin edilen TP, kontrol Aycicek, soya ve findik
yaglarinda strastyla 3.8, 2.4 ve 6.1 ay olarak tahmin
edilmistir ve bu degerler, bitkisel yag isleyen firma
tarafindan  verilen Son Kullanma  Tarihi
(SKT)nden oldukca dusiktir (18-24 ay).
Kisacasi, yaglarin gercek raf émrini belirlemek
icin  oda sicakliginda depolama  deneyleri
atlanmamabdir  (Li  vd., 2019). Ancak, bu
calismanin amact, yiiksek sicakliklarda alinan P
degerleriyle ortam kosullarindaki raf Smriniin
tahmininin yapilip yapilamayacaginn tartisilmast
degil, farkli yag asidi profiline sahip bitkisel

yaglarin  oksidatif ~stabilitelerinin = ve  dogal
antioksidan varligindaki degisimlerin
tartisiimasidit.

Cizelge 4. Ransimat testi ile degerlendirilen IP'nin dogal logaritmast ile sicaklik arasindaki dogrusal
iliskiden hesaplanan sonuglar

Table 4. The results calculated from the linear relationship between the natural logarithm of the IP assessed by the
Rancimat test and the temperature

Bitkisel yag/ 1egetable oil 1Py (saat) Q1o Tc (x102)
Aycicek/ Sunflower 2736.13 1.62 6.65
Soya/ Soybean 1755.84 1.73 6.36
Findik/ Hazelnut 4420.46 1.59 7.02
Aycicek+ YCE/ Sunflower + GTE 7871.47 1.50 7.31
Soya +YCE/ Soy + GTE 7998.43 1.45 7.22
Findik + YCE/ Hagelnut + GTE 16730.69 1.36 7.51

YCE: Yesil cay ekstraktt, GTE: Green tea extract

Sicaklik etkisinin bitkisel yaglarin oksidasyon hizt
lzerindeki gOstergesi olan Q1o degerleri Cizelge
4te gosterilmektedir. Daha 6nce soya yagr icin
Qio degeri ortalama 2.05 ve 2.18 olarak
hesaplanmistir (Farhoosh, 2007a; Farhoosh, vd.
2008). Bu calismada da benzer sekilde 1.73 olarak
hesaplanan Q1o degeri, sicakliktaki 10°C'lik bir
artisin soya yaginin 1P'sini yaklastk olarak yartya
indirdigi anlamina gelmektedir. Aycicek yagt icin
Q1o degeri ise daha 6nce 2.0 ve 2.15 olarak

bildirilmekle beraber (Kaya vd., 1993; Farhoosh
vd., 2008) bu calismada 1.62 olarak bulunmustur.
Findik yag1 icin Q1o degeri daha 6nce 2.05 olarak
bildirilirken (Kochhar ve Henry, 2009) bu
calismada 1.59 olarak hesaplanmistir.  Yag
numunesi 6rnek boyutu, hava akis hizi ve sicaklik,
Ransimat calismalarinda Qi degerinin
belirlenmesini etkileyen operasyonel
parametrelerdir (Farhoosh, 2007b). Bu nedenle
bu degerlerdeki farkliliklar calismalarda kullanilan
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farklt parametrelerden kaynaklaniyor olabilir.
Genel olarak, daha yiksek bir Q1o degeri, lipit
oksidasyonu hizlandirmak icin daha kiiciik bir
sicaklik degisikliginin gerekli oldugu anlamina
gelir  (Fathoosh vd., 2008). YCE eklenen
orneklere ait Q1o degerleri, YCE eklenmemis olan
bitkisel yaglara kiyasla daha digtktir.

Reaksiyon hiz sabiti (k), indiiksiyon stiresinin tersi
ile belirtilir, ¢tinkdi bitkisel yaglarin oksidasyonu,
numunedeki yag miktarina kiyasla oksijen
konsantrasyonun yitksek olmast nedeniyle birinci
dereceden bir reaksiyon olarak ele alinabilir (Tan
vd., 2001; Kowalski vd., 2004). Caligilan
sicakliklarda bitkisel yag Orneklerinin lipit
oksidasyonu igin reaksiyon hiz sabiti (k) degerleri
Gizelge 5’te ve bitkisel yaglarin lipit oksidasyonu
icin k ve T degerleri arasindaki yari logaritmik
iliski ise Sekil 4’te verilmistir. Sekil 4’te gosterildigi
gibi, tim bitkisel yaglarda k ve T degerleri
arasindaki yari logaritmik iligki, artan sicaklikla
lipit oksidasyonu arasinda dogrusal bir artis
gostermistir (R > 0.99). Sicakliktaki artis
oksidasyon isleminin reaksiyon hizi sabitinde (k)
artisa yol acar (Cizelge 5); yani bu iki degisken
arasinda dogrusal bir korelasyon mevcuttur

(Gilmez ve Sahin, 2019). Ancak, yiliksek
sicakliklardaki hizlandirilmis testlere dayalt olarak
distk sicakliklarda kinetik hiz sabitlerinin

tahmininin hatalara yol agabilecegini ve yalnizca
yaklastk degerler olarak kabul edilebilecegini
unutmamak gerekir (Farhoosh vd., 2008).

Arrhenius denklemi, reaksiyon hiz sabiti (k) ile
sticaklik arasindaki iliskiyi tanimlamak icin
kullanilir (Gilmez ve Sahin, 2019). Cizelge 6,
bitkisel yaglara ait Arrhenius degerleri ile
hesaplanan ~ aktivasyon  enerjilerini  (Ey)
gostermektedir. E,, bir kimyasal reaksiyonun
olugsmast icin gerekli olan minimum enerji
miktaridir. Aycicek yagt icin bulunan E, degeri
yaklastk 83.2 kJ/mol olup literatiirde belirtilen
aralikla  (86.8-90.7 kJ/mol) benzer sekildedir
(Kaya vd., 1993; Kowalski vd.; 2004, Farhoosh
vd., 2008). Soya yagi icin bulunan E, degeri
yaklastk 79.6 kJ/mol olup literatiirde belirtilen
aralikla (78.2-92.4 kJ/mol) uyumludur (Tan vd.,
2001; Kowalski vd.; 2004; Farhoosh vd., 2008).
Findik yagi icin bulunan E, degeri yaklastk 87.8
kJ/mol olup literatiirde belirtilen araliktadir (84.7-
94.8 kJ /mol) (Ciemniewska-Zytkiewicz vd., 2014;
Giilmez ve Sahin, 2019).

Cizelge 5. Bitkisel yaglarin farkl sicakliklarda reaksiyon hiz sabitleri (k) (saat™)
Table 5. The reaction rate constants (k) of the vegetable oils at different temperatures(h)

Bitkisel yag/ 1egetable oil 100°C 110°C 120°C 130°C
Aycicek/ Sunflower 0.38 0.52 0.82 1.57
Soya/ Soybean 0.41 0.59 0.90 2.01
Findik/ Hazelnut 0.35 0.49 0.74 1.40
Aycicek+ YCE/ Sunflower + GTE 0.32 0.42 0.61 1.06
Soya +YCE/ Soy + GTE 0.31 0.41 0.57 0.94
Findik + YCE/ Hagelnut + GTE 0.27 0.34 0.46 0.68
YCE: Yesil cay ekstraktt. GTE: Green tea extract
Cizelge 6. Arrhenius parametreleri
Table 6. Arrhenius parameters
Ink=A(1/T)+B

Bitkisel yag/ 1egetable oil A B R2 E. (k] /mol)
Aycicek/ Sunflower -10009 31.118 0.9994 83.218
Soya/ Soybean -9570.9 30.155 0.9988 79.575
Findik/ Hazelnut -10561 32.409 0.9992 87.807
Aycicek+ YCE/ Sunflower + GTE -10994 33.229 0.9999 91.407
Soya +YCE/ Soy + GTE -10856 32.765 1.0000 90.260
Findik + YCE/ Hagelnut + GTE -11302 33.462 0.9999 93.968

YCE: Yesil cay ekstraktt. GTE: Green fea extract
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Sekil 4. YCE eklenmis (A.) ve eklenmemis (B.) bitkisel yaglarin lipit oksidasyonu i¢in k ve T degerleri
arasindaki yar1 logaritmik iligki.
Figure 4. Semi-logarithmic relationship between & and T values for lipid oxidation of the GTE added (A.) and pure
(B.) vegetable oils.
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E. degeri, bitkisel vyaglanin doymamishk
derecesinden etkilenmektedir (Tan vd., 2001;
Farhoosh vd., 2008). Yiksek oranda c¢oklu
doymamus yag asidi (CDYA) iceriginin aktivasyon
enetjisini  dustrdugl, yiksek oranda tekli
doymamus yag asidi (TDYA) ve doymus yag asidi

(DYA) iceriklerinin ise lipit oksidasyonu
aktivasyon  enerjisini  artirdigt  bildirmistir
(Adhvaryu vd., 2000). Benzer sekilde bu

calismada da, E, degeri findik yagi> aycicek yagi>
soya yagl olarak azalirken (Cizelge 6), CDYA
findik yagi< aycicek yagi< soya yagi olarak
artmakta ve TDYA ve DYA da findik yagi>
aycicek yag1> soya yagl olarak azalmaktadir
(Gizelge 1). Yiksek E, degeri, lipit oksidasyonuna
karst  direncin  yiksek  oldugu  anlamina
gelmektedir (Farhoosh vd., 2008). Bu nedenle
YCE eklenmis bitkisel yaglarin aktivasyon
enerjilerinin de arttif1 goriilmektedir.

Bitkisel ~ yaglarin  lipit  oksidasyonu  icin
aktiflestirilmis kompleks teorisine ve karsilik gelen
regresyon parametrelerine dayali olarak tahmini
yapilmis olan aktivasyon entalpileri (AH**) ve

entropileri (AS™*) Cizelge 7’de verilmistir.
Belitlemenin ytuksek korelasyonu (R?>0.99),
aktiflestirilmis kompleks teorisi kullanilarak lipit
oksidasyonunun sicakliga bagimliligini
gostermektedir. Pozitif entalpi degisimi miktari,
kimyasal reaksiyonun endotermik olacagint
gostermektedir. Diger arastirmacilar tarafindan
yapilan ¢aligmalar da farkli bitkisel yaglarin lipit
oksidasyonu  strasinda  benzer  bulgular
gozlemlemistir (Tan vd., 2001; Kowalski vd.,
2004; Farhoosh vd., 2008; Gulmez ve Sahin,
2019). Ayrica, Gilmez ve Sahin (2019)’in gallik
asit ve [B-karoten ilavesi yapilan bitkisel yaglarla
yaptiklari caligmalarina  benzer sekilde,
antioksidan 6zellikteki YCE eklenmesi ile bitkisel
yaglarin entalpilerinde artis meydana gelmistir
(lipit oksidasyonu yavaslar). Pozitif entalpi ile
birlikte entropinin negatif degerde olmasi,
kendiliginden  gerceklesmeyen  reaksiyonun
isaretidir. Tan vd. (2001)’in de belirttigi gibi,
yitksek doymamuslik derecesine sahip bitkisel
yaglarin entropi ve entalpileri daha yiiksek
bulunmustur.

Cizelge 7. Bitkisel yaglarin lipit oksidasyonu icin aktivasyon entalpileri (AH**) ve entropileri (AS*+)
Table 7. Activation enthalpies (AH*Y*) and entropies (AS+*) for lipid oxidation of the vegetable oils
In(k/T)=a(1/T)+b

Bitkisel yag/ 1egetable oil a R2 AH** (kJ]/mol) AS** (J/mol K)
Aycicek/ Sunflower -9621.3  17.249  0.9994 79.994 -54.13
Soya/ Soybean -9183.2  16.287  0.9986 76.352 -62.13
Findik/ Hazelnut -10174 18541  0.9991 84.590 -43.39
Aycicek+ YCE/ Sunflower + GTE ~ -10607  19.360  0.9999 88.190 -36.58
Soya +YCE/ Soy + GTE -10468  18.896  1.0000 87.034 -40.44
Findik + YCE/ Hagelnut + GTE ~ -10941  19.594  0.9999 90.967 -34.64

YCE: Yesil cay ekstraktt. GTE: Green tea extract

Sonu¢ olarak, yesil cay dogal bir antioksidan
olarak yaygin tiiketilen bitkisel yaglara dogal
antioksidan olarak eklenerek yaglarin oksidatif
stabilitelerini artirabilir. Bitkisel yaglarin, Ransimat
yontemiyle 100°C ve uzerindeki sicakliklarda
hizlandirilmis - sekilde elde edilen indiksiyon
periyodu  degetlerinin  digik  sicakliklara
ekstrapolasyonu, oda sicakligindaki indiksiyon
petiyodunun  belirlenmesinde hatalara sebep
olabilir.  Ancak,  bitkisel  yaglarin  lipit
oksidasyonunun sicakliga bagimliligi, Arrhenius

denklemi ve aktiflegtirilmis kompleks teorisinden
mutlak reaksiyon oranlart ile degerlendirilebilir.

CIKAR CATISMASI

Yazar, bu ¢alismada baska kisi ya da kurum ve
kuruluglar ile bir ¢ikar catismasi olmadigint
bildirmektedir.
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ABSTRACT

This is the first study conducted on a variety of rice (Oryza sativa L.) traditionally grown in the Konuralp
region of the Duzce province, in the West Black Sea region of Ttrkiye. It investigated the physico-chemical
composition, phyto-chemical properties, cooking characteristics and bioactive compounds (total phenolic
content, antioxidant activity determined with the methods of ABTS*, CUPRAC, DPPH" and FRAP) of
Konuralp Rice (KR) as well as zz-vitro bioaccessibility. The proximate chemical composition of the rice was
found to be as follows: the moisture content was 13.89%, the protein content was 6.48%, the total dietary
fiber was 0.82%, the energy value was 323.44 kcal and the amount of starch was 59.64%. On the other hand,
the phytic acid content of the sample was found to be 258.69 mg/100g. The total phenolic content of KR
was found to be 2100 mg GAE/100g. The highest antioxidant capacity was found in the method of DPPH*
for extractable (12.73 umol trolox/g) and hydrolyzable phenolics (62.50 pmol trolox/g). The antioxidative
bioaccessibility were found to be 80.19% (ABTS™), 27.96% (CUPRAC), 20.63% (DPPH*) and 0.92%
(FRAP). Due to the its physico-chemical and phyto-chemical properties as well as its high bioactive
component content, more attention should be paid to the traditionally produced KR.

Keywords: Antioxidant capacity, bioaccessibility, chemical composition, cooking properties, rice, total
phenolics

KONURALP PIRINCININ FiZiKO-KIMYASAL BILESENI, FITO-KIMYASAL
OZELLIKLERI, PISME KARAKTERISTIKLERI VE BIYOAKTIF BILESENLERI

oz

Bu calisma, Turkiye'nin Batu Karadeniz boélgesi Diizee ili Konuralp beldesinde geleneksel olarak
yetistirilen piring ¢esidi (Oryza sativa L.) tGzerinde yapilan ilk arastirmadir. Calisma kapsaminda
Konuralp Pirincinin fiziko-kimyasal bilesimi, fito-kimyasal 6zellikleri, pisirme 6zellikleri ve biyoaktif
bilesenleri (toplam fenolik igerik, ABTS**, CUPRAC, DPPH" ve FRAP yontemleriyle belirlenen
antioksidan aktivite) ile in-vitro kosullarda biyoalinabilirligi incelenmistir. Analizler sonucunda
Konuralp Pirincinin nem igerigi %13.89, protein igerigi %6.48, toplam diyet lifi %0.82, enerji degeri
323.44 kcal ve nisasta miktar1 %59.64 olarak tespit edilmistir. Ote yandan érneklerin fitik asit ierigi
ise 258.69 mg/100g olarak bulunmustur. Calismada Konuralp Pirincinin toplam fenolik madde icerigi
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Proximate chemical content and bioactive compounds of Konuralp Rice

2100 mg GAE/100g olarak tespit edilitken, ekstrakte edilebilir (12.73 umol trolox/g) ve hidrolize
edilebilir fenolikler (62.50 pmol trolox/g) icin en yitksek antioksidan kapasite DPPH* yonteminde
bulunmustur. Antioksidatif biyoalinabilirlik degerleri ise %80.19 (ABTS**), %27.96 (CUPRAC),
%20.63 (DPPH") ve %0.92 (FRAP) olarak bulunmustur. Fiziko-kimyasal ve fito-kimyasal
Ozelliklerinin yani sira yiksek biyoaktif bilesen icerige sahip olan ve geleneksel olarak Uretilmeye
devam edilen Konuralp Pirincine daha fazla 6nem verilmelidir.

Anahtar kelimeler: Antioksidan kapasite, biyoalinabilirlik, kimyasal bilesen, pisme 6zellikleri, piring,

toplam fenolikler

INTRODUCTION

Contrast to other cereals, rice is an annual cereal
and hot climate cereal grown in water (Akay,
2020). Rice is a valuable seed that belongs to the
grass family, and 90% of the world population
relies on rice to fulfil their daily nutritional
requirements (Devraj et al., 2020). While a very
small part of the rice is used as a raw material in
food production, most of it is consumed as
cooked rice. Processed rice products can be
produced in various forms including paddy,
brown rice, milled rice, rice, broken rice, dry
milled flour, wet-milled flour, starch (Falade and
Christopher, 2015) as well as rice hull, rice bran
and rice bran oil ate used as a raw material in food
industry (Akay, 2020).

Rice is a unique grain being colorless, having a
soft flavor, a low sodium content, being easily
digested ~ cartbohydrates  and  exhibiting
hypoallergenic effects (Gujral et al., 2003). It is
also a good source of thiamine, riboflavin, niacin
and dietary fiber (FAOSTAT, 2010). Since rice
starch is highly digestible, it can increase blood
sugar satiety, which is a health problem related to
diet (Mohan et al, 2010). In addition to
contributing to human calorie intake, rice also
contains phenolic components with proven
benefits for human health (Zhou et al., 2003).

Regarding its nutritional value, traditional rice
varieties have been reported to contain high levels
of antioxidants, phytochemicals, phytonutrients,
vitamin E, proteins and other nutrients which are
important for the functioning of the immune
system and boosting memory power in children.
Also, it provides support against serious diseases
like cancer due to their rich antioxidant and
anthocyanin contents (Devraj et al., 2020).

It is very difficult to describe the quality in rice
because the quality preference varies from
country to country and even from region to
region. The quality characteristics of rice are
grouped under three main headings: physical,
chemical and cooking properties. These
characteristics of rice change under the influence
of heredity and the environment. Physical
properties, such as whiteness, grinding degree,
transparency, grain sizes, foreign matter and
chalking, change depending on the environmental
conditions, while the chemical properties and
cooking properties of rice change mainly
depending on their hereditary properties (Rice
Quality, 2014).

Since rice is a grain that needs water in its growing
phase, the most suitable region within the
Ottoman Sanjacks is the subdistrict of Konuralp.
Rice agticulture has become widespread in this
region and the rice obtained was classified as the
Sultan’s special. In the 16t century, rice
consumption was very high in Ottoman Palace
Cuisine (Tas, 2017). This rice variety is still
traditionally grown in a small area by the local
people. In this study, the aim was to determine the
quality characteristics (physical, chemical and
cooking) and total phenol, antioxidant capacity
and bioavailability values of Konuralp Rice (KR),
which is based on the Ottoman Palace Cuisine. In
this way, it is aimed to understand the value of KR
which has an important place in the past.

MATERIALS AND METHODS

Materials

For the present study, rice sample was obtained
from a native farmer who product the rice in
Konuralp-Duzce in Tirkiye: 40°53".51" N and
3109".34"E. This rice type called as Kasaba Rice in
locally.
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Methods

Physical properties

To determine the physical properties, the
undamaged rice grains were used in all analyses.
Cereal weight is generally represented by 1000-
kernel weight (Wu et al., 2018). Thousand kernel
weight (TKW) of rice was determined using the
method of Singh et al. (2005). For this purpose,
milled rice was counted randomly and weighed
separately. This procedure was repeated triplicate
and mean of three replications was reported. The
length (L), width (W) and Length/Width (L/W)
ratio were determined using the method of
Odenigbo et al. (2014). Accordingly, longitudinal
and transverse cumulative (mm) measurements of
the rice samples were taken using vernier callipers.
The Length/Width (I./W) ratio was calculated by
dividing the length over the width of rice grains.
In presented study bulk density (BD) of rice were
determined based on a protocol described by Fan
et al. (1998). Broken rice grains were separated
before starting the analysis. To determine the BD,
rice grains were poured from a certain height and
at a certain speed into a container of known
volume. Then the rice grains in the container were
weighed. This process was repeated in three
repetitions. The bulk (mass) density of the rice
samples was calculated in g/mlL.

Cooking properties of Konuralp rice

Minimum cooking time was determined by the
method as described by Chen et al. (2012) with
minor modifications. 2.0 g of whole rice sample
was boiled in 20 mL distilled water. During the
cooking process, a few rice grains were removed
at certain intervals and the cooking level was
determined by pressing them between two glass
plates. As a result of the compression, it was
checked whether there was a white unfired line in
the middle. It was determined as the cooking time
of the rice grain when the uncooked line (no white
core) disappeared. This process was repeated in
three repetitions. Solid loss (cooking loss) in
cooking water was determined the method as
described by Oko et al. (2012) with minor
modifications. 2.0 g of whole rice grain was
cooked with distilled water in a boiling water bath
for the minimum cooking time. The water on the
cooked rice grains was removed by draining the

rice grains. This cooking water was transferred to
the petri dish (W>), which was previously brought
to a constant weighing weight (Wi). This petri
dish was dried in an oven at 98 °C until it reached
a constant weighing weight (Ws3). The amount of
solid in cooking water was calculated as:

Solid Loss=W;-W;

Wi=Weight of empty Petri dish

W> =Weight of empty dish + Dry aliquot (W)
After cooking, the elongation rate in rice grains
was determined according to the method
specified by Oko et al. (2012). First of all, 2.0 g of
whole rice grains were taken randomly. First of all,
the size of these rice grains was measured with a
calliper (Lo). Later, the rice grains were cooked
with 20 mL of distilled water in boiling water for
the minimum cooking time and after the cooking
process, the excess water was drained and the size
of each cooked rice grain was measured using

callipers (L1).

Elongation Ratio=L;-L,

The water absorption (WA) ratio of rice grains
was determined according to the method describe
by Oko et al. (2012). 2.0 g of rice was cooked in
20 mL of distilled water for the minimum cooking
time and the rice grains were filtered and the water
on the rice was removed. The cooked rice grains
were then carefully weighed. The WA ratio of rice
grains was calculated as the ratio of cooked weight
to uncooked weight.

Chemical compositions of Konuralp rice
Moisture (AACC Method No:44-15A), ash
(AACC Method No:08-01.01), protein (AACC
Method No:46-12), fat (AACC Method No:30-
25.01) values of rice samples were determined by
using AACC methods (AACC, 2009). The total
carbohydrate (CHO) and energy values of the rice
sample were determined according to FAO
(2003) and they were calculated using the Atwater
general factor system, according to Equations (1)
and (2):

Total CHO (%) = 100 - [Moisture (%) + Ash (%)
+Protein (%) + Fat (%) + TDF (%)] )
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Energy (kcal) = (9 x Fat %) + (4 x Protein %) +
(4 x CHO %) 2

The macro mineral matters include potassium
(K), magnesium (Mg), phosphorus (P), iron (Fe),
calcium (Ca) as well as the micro mineral matters
include copper (Cu), Zinc (Zn), manganese (Mn)
of rice samples were determined by using ICP-
AES (2100 XL; Perkin Elmer Optima, San Jose,
California, USA) (TSI, 2007, NMKL, 2007). The
emission intensities were obtained for the most
sensitive lines free of spectral interference. The
analyses were performed at the following flow
rates: (a) plasma gas of 15 L/min, (b) auxiliary gas
of 1 L/min, and (c) sample of 0.8 mL/min. The
mineral eluates were monitored at different
wavelengths: 766.5nm-K, 285.2nm-Mg, 214.9nm-
P, 238.2 nm-Fe, 317.9nm-Ca, 327.4 nm-Cu, 206.2
nm-7n, and 257.6 nm-Mn.

The phytic acid (PA) content of the rice was
evaluated by a colorimetric method according to
Haug and Lantzsch (1983). The PA in samples
was extracted with a solution of HCI (0.2 N) and
precipitated with solution of Fe III (ammonium
iron (III) sulphate-12 H»O). The absorbance was
measured at 519 nm and distilled water used as
blank.

Bioactive compounds of Konuralp rice

Extraction of phenolic compounds: In the
presented study extractable and hydrolyzable
phenolics of rice samples were extracted using the
method reported by Vitali et al. (2009), with slight
modifications. Briefly, 20 mL extraction solution
(HClcone./methanol/water=1/80/10, v/v/v) was
mixed with 2.0 g of grounded rice sample and
shaken with laboratory rotary shaker (Heidolph
Multi Reax-Germany) at 250 rpm for 2 h at room
temperature. At the end of the time the extracts
were centrifuged at 3500 rpm for 10 min at 20 °C
(Eppendorf  Centrifuge  5430R-USA).  The

obtained supernatant was used as extractable

phenolies.  For hydrolyzable phenolics, after
extractable phenolic extraction, the residues
which  combined with 20 mL  of

methanol/HzSOuconc. (10:1, v/v) mixtures was
placed in water bath at 85 °C for 20 h and then
cooled at room temperature. The mixtures were
centrifuged at 4 °C for 10 min at 3500¢ in a

centrifuge (Sigma 3K 30). The supernatants
(hydrolyzable phenolics) were stored at -20 °C (dark
condition) until the analyses carried out. Each
extraction was carried out in triplicate.

Determination of total phenolic content:
Extractable and hydrolyzable phenolics were
determined based on the Folin-Ciocalteu
colorimetric method as described by Xu et al.
(2009) with a minor modification. Total phenolic
content (TPC) was calculated as the sum of
extractable and hydrolyzable phenolic contents.
Absorbance of samples were measured
spectrophotometrically at 750 nm and the results
were expressed as milligrams gallic acid
equivalents (GAE) per gram of rice sample. The
determination was carried out three times for each
extract.

Antioxidant capacity: Due to the complexity of
the composition of plant raw materials and
possible reactions between them the antioxidant
capacity cannot be evaluated using only one
method (Valadez-Carmona et al., 20106). For this
reason, in this study; the antioxidant capacity of
rice sample was studied using the four distinctive
methods.

ABTS*: The estimation of 2,2"-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid) (ABTS**)
cation radical decolorization assay was conducted
according to the method of Apak et al. (2007).
The matured ABTS'* radical solution of blue-
green color was diluted with 96% ethanol at a
ratio of 1:10. To 1.0 mL of the radical cation
solution, 4.0 mL of ethanol were added, and the
absorbance at 734 nm (UV-1800
spectrophotometer-Shimadzu, Kyoto, Japan) was
read at the end of the sixth minutes. The
procedure was repeated for the unknown extract
by adding 1.0 mL of the radical cation solution to
(x) mL of antioxidant solution and (4.0-x) mL of
ethanol, and recording the absorbance readings at
the end of sixth minutes. The absotbance
difference was found by subtracting the extract
absorbance from that of the reagent blank. This
was correlated to trolox equivalent antioxidant
concentration with the aid of a linear calibration
curve.
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CUPRAC: The cupric-reducing antioxidant
capacity (CUPRAC) was performed according to
method of Apak et al. (2004). Added 1.0 mL 1.10-
2M CuCly" + 1.0 mL 7.5x103 M neocuproine +
1.0 mL. T M NH4Ac + x mL 103 M antioxidant
neutral solution + (1-x) H:O:VT = 4.0 mlL;
measured final absorbance at 450 nm (UV-1800
spectrophotometer-Shimadzu, Kyoto, Japan).
Antioxidant activity of phenolic antioxidants was
calculated as trolox equivalents antioxidant

capacity (TEAC values) in the CUPRAC method.

DPPH': The 1,1-diphenyl-2-picrylhydrazyl
(DPPH") free radical scavenging assay was
performed according to the modified method of
Brand-Williams et al. (1995). Antioxidant solution
in methanol (0.1 mL) was added to 3.9 mL of a
6x10’mol/L. methanol DPPH" solution. The
extract at various concentrations was added to the
reaction mixtutre, and the decrease in absorbance
was measured at 517 am  (UV-1800
spectrophotometer Shimadzu, Kyoto, Japan)
against the blank at 0 min, 1 min and every 5 min
until the reaction reached a plateau.

FRAP: The ferric reducing antioxidant capacity
(FRAP) assay was conducted according to the
method as described by Benzie and Strain (1996).
For the FRAP estimation, 3.0 mL of freshly
prepared FRAP reagent (incubated at 37 °C) was
mixed with 300 ulL. of distilled water and 100 uL.
of the test sample (or extraction solvent for the
reagent blank). The test samples and blank were
incubated at 37 °C for 40 min. At the end of

incubation, absorbance was measured
immediately  at 595 nm (UV-1800
spectrophotometer-Shimadzu, Kyoto, Japan).

The FRAP reagent was prepared by mixing 25 mL
of 0.3 mol/L acetate buffer (pH 3.6), 2.5 mL of
20 mmol/L FeClsx6H,O and 2.5 mL 10 mmol/L
TPTZ solution in 40 mmol/L HCI. Solutions of
trolox dissolved in extraction solvent, ranging
from 10 to 100 mol/L were used for the
preparation of calibration curve. The final result
was expressed as equivalent concentration (EC)
the concentration (umol trolox/g sample) of a
sample in reaction mixture having the reducing
ability equivalent to that of 1.103 M trolox. It is

important to notice that a lower value indicates
higher antioxidant activity in this case.

In-vitro bioaccessibilities of phenolics and
antioxidants from Konuralp rice: For the
determination of bioaccessible phenolics, the -
vitro digestion enzymatic extraction method was
used that mimics the conditions in the
gastrointestinal tract as previously described by
Bouayed et al. (2012) with slight modifications.
To summatries briefly, 1.0 g of ground rice sample
was mixed with 10 mL distilled water and 0.5 mL.
of pepsin (20 g/L in 0.1 mol/L HCl) and
incubated at 37 °C in a shaking water bath for 1 h.
At the end of the time pH was adjusted to 7.2 and
in this way simulation of gastric digestion was
stopped. Further 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 saltin 0.1 mol/LNaHCO3) and
2.5 mL of NaCl/KCl (120 mmol/L NaCl and 5
mmol/L KCl) and incubated in shaking water
bath at 37 °C for 2.5 h. The sample was
centrifuged at 3500 rpm for 10 min and the
supernatant  (dialysate)  was  used  for
determination of bioaccessible phenolics which
were stored -18 °C until the analyses carried out.
The TPC analysis was performed in the dialysate
obtained as a result of simulated gastrointestinal
digestion. Thus, in the dialysate sample obtained
from in vitro digestion, the TPC content
recovered was calculated and represented the
bioaccessible phenolics. The percentage of
bioaccessibility was also calculated by the ratio of
bioaccessible phenolics to the TPC in the rice
sample prior to digestion (Anson et al., 2009).

Bioaccessible antioxidant capacity of dialysate
sample obtained as a result of simulated
gastrointestinal ~ digestion was analyzed by
ABTS*, CUPRAC (Apak et al., 2007), DPPH"
(Brand-Williams et al.,, 1995) and FRAP assays
(Benzie and Strain, 1996). The results were given
as mg GAE/g for phenolic content, umole TE/g
for antioxidant capacity. Thus, the antioxidant
capacity recovered in dialysate sample obtained
from in-vitro digestion was calculated and
represented the bioaccessible antioxidant capacity
(Anson et al., 2009).



Proximate chemical content and bioactive compounds of Konuralp Rice

RESULTS AND DISCUSSIONS

Physical properties of Konuralp rice

The physical properties of the local rice samples
used in the study are given in Table 1. TKW is
considered as a quality characteristic of grains
which is an important factor for the estimation of
cereal yield, is influenced by genetic factors
(Taser, 2011) as well as climatic conditions.
Heredity and ecological factors are two important
factors affecting TKW. In present study, as a
result of the measurements, the average TKW of
rice was found to be 27.44+0.08 g. Yazman (2014)
determined the average amount of TKW of Baldo
and Osmancik rice to be 24.85g and 20.61 g,
respectively. In the present study, TKW (27.40 g)
of the rice samples was found to be higher than
these values. The reason for this is that the variety
investigated in the present study was a larger size
than the varieties in the other studies.

Table 1. Physical properties of Konuralp rice
Rice (Oryza sativa L)

TKW (g) 27.40£0.08
L (mm) 0.3040.01
W (mm) 0.6610.02
L/W 2.19+0.11
BD (g/mlL) 0.8610.22

* Results are given as the average of 10 repetitions.
TKW: Thousand Kernel Weight, L: Length, W: Width,
L/ W-:Length/ Width, BD: Bulk Density

In the present study, the length, width and L/W
ratios of rice variety was determined as 0.3020.01
mm, 0.66£0.02 mm and 2.19+0.11, respectively
(Table 1). The rice vatiety investigated in the
present study is classified as C type long grain rice,
whose length 6.0< - <6.7 and L/W ratio is 2< -
<3 in the TFC (2010). The L/W ratio is used to
evaluate the shape of rice (Yazman et al., 2020a).
While short and coarse grains are normal, long
and fine grains are more fragile, so grain size and
shape (I./W) are considered to be a quality feature
(Taser, 2011).

In the study by Singh et al. (2005), it was reported
that for 23 kinds of rice, the BD varied from a
maximum of 0.88¢g/ml to a minimum of
0.77g/mL.  When the BD (0.86g/mL

demonstrated in Table 1) of the rice sample
investigated in this current study was compared
with their study, the results were found to be
similar. All in all, some of the differences in
physico-chemical properties could be related to
the rice samples' unique distinctive property and
region differences. The variation in length, width,
and L/W ratio might be due to the difference in
size, shape, and moisture content that vary from
one variety to another (Devraj, 2020).

Cooking properties of Konuralp rice
Commonly rice is consumed immediately after
cooking with this inview its cooking properties
are important. When viewed from this aspect, the
consumers prefer the cooking time of the rice is
short. The cooking time of the rice grain is
generally determined by the loss of the opaque
center in 90% of the starch in the grain (Dipti et
al., 2003). In the present study, the optimum
cooking time in rice sample was determined to
between 15 and 20 minutes. In a similar study,
Koca and Anil (1997) reported that the optimum
cooking time in rice samples varied between 19
and 24.5 minutes. The minimum cooking times of
Osmancik and Baldo varieties of rice, which are
preferred more by the consumers in Turkey, were
reported as 16.81 and 16.11 min, respectively. In
another study, Koca and Anil (2001) reported
that, there is an important and positive
relationship between the quantity of protein and
the cooking time. The rice water absorption ratio
(WA), elongation ratio and solid loss in KR were
depicted in Fig. 1.

2.98%
3
2
0.46
1 0.12%
: » -
Water  Elongation Solid Loss
Absorption Ratio

Figure 1. Cooking properties of Konuralp rice

High WA rate is an important quality criterion in
terms of cooking properties. Water absorption,
water holding capacity, water binding or
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rehydration ability can be used to explain the same
criteria. The amount of WA of KR was found to
be 2.98 % (Fig. 1). The average WA rate of Baldo
and Osmancik rice samples was found to be 1.89
(Yazman, 2014). This variation in WA might be
depend on loss of starch crystalline structure in
rice samples.

In the present study the rice elongation ratio was
found to be 0.46%0.05. In a study reported by
Akay (2020), the elongation ratio was found to be
1.77 and 1.99 % in Baldo and Osmancik rice
varieties, respectively. The outer layer which
include pigments and nutrient components that
supports the volume spread rather than the grain
clongation can cause the decrease in elongation
ratio (Devraj et al., 2020).

Solid loss in rice with cooking is an important
indicator of the cooking quality of rice and
indicates the amount of solid material passed to
the cooking water. From Fig 1, it was observed
that the solid loss 0.12% in KR sample. In study
which determined the solid loss ratio for
Osmancik and Baldo rice types, the values were
found to be 3.90-5.16% (Yazman et al. 2020a) and
3.92-4.81% (Yazman et al. 2020b), respectively.
The lower solid loss ratio can be also indicates the
higher WA ratio.

Chemical properties of Konuralp rice

The chemical composition of KR was analyzed
and presented in Table 2. The moisture content
of KR was found to be 13.89%. The moisture
content of rice is affected by many factors, such
as growing conditions, storage conditions and
storage time, as well as being affected by whether
the product is sold packaged or unwrapped
(Yazman, 2014) as well as different harvesting
seasons. It has been stated in a Turkish Food
Codex Rice Communique (TFC, 2010) that the
moisture content of rice can be at most 14.5%. As
a result of the analysis, it was determined that the
moisture content of the rice investigated in
current study was within the legal limits.

The ash content in food samples plays an
important role in determining the level of
essential minerals (Devraj, 2020). From the Table
2, it was observed that the ash content of 0.43%

was similar to the amount of ash found in
Osmancik rice (0.42%) and Baldo rice (0.41%) in
the study conducted by Yazman (2014). It is
thought that the small differences observed are
due to the low or high bran amount, depending
on the different degrees of peeling of the paddy
sample while being processed into rice (Yazman
et al., 2020a).

Table 2. Chemical composition of Konuralp rice

Chemical Composition  Rice (Oryza sativa L.)

Moisture (%o) 13.89£0.10
Ash (%) 0.431+0.30
Protein™ (%) 7.4810.34
Fat (%) 0.50£0.14
Total Dietary Fiber (%0) 0.82£0.02
Starch (g/100g) 59.64£2.24
Phytic acid (mg/100g) 252.69£3.72
Carbohydrate (%o) 74.7610.42
Energy (kcal) 323.44%0.28

“Caleulated on dry matter (Nx5.70)
“The results are given as the average of 3 repetitions.

In current study the protein content of KR was
determined to be 7.48% (Table 2). This result was
similar to the findings of Yazman (2014) who
determined the protein content of rice 7.98% and
7.55 %, respectively in Baldo and Osmancik
varieties. Contrast to that results, Donduran
(2014) reported that the crude protein ratios of
paddy varieties varied between 5.64 and 8.86 %.
So, it should be taken into account that the
protein content may differ depending on the
variety and environmental conditions.

The fat content of the KR sample was found to
be 0.50% in the present study. Also, Altindag et
al. (2015) determined that the fat content of rice
0.69%. The low-fat ratios detected in these
studies, may be relevant with the grinding step.

The carbohydrate content of KR was found to be
74.76 % (Table 2). Kraithong et al. (2019) worked
with four different rice varieties: Organic White,
Brown Yasmin, Colored and Red Yasmin and
determined the carbohydrate values of these rice
varieties to be 85.58%, 78.19%, 77.06% and
78.07%, respectively. In another study, Reddy et
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al. (2017) compared the carbohydrate content of
raw and polished rice. They determined the
carbohydrate content of the rice to be 74.67% and
82.13%, respectively which shows similarity to
this present study. In the present study, the energy
value of the KR sample was calculated to be
323.44 kcal (Table 2). A similar result was found
by Verma and Srivastav (2017), who calculated
the amount of the energy 348.79 kcal/g in an
aromatic rice variety.

Elbashir (2005) found the fiber contents of rice
samples obtained from America, Pakistan,
Thailand, Egypt and Sudan to be 0.48%, 0.22%,
0.35%, 0.32% and 0.30%, respectively. As
previously mentioned, the Kraithong et al. (2019)
study looked at four different types of rice flour:
Organic White, Brown Yasmin, Colored, and Red
Yasmin varieties. The researchers reported that
the crude fiber amounts in the rice samples were
determined to be 0.81%, 0.91%, 1.66% and
1.35%, respectively. Accordingly, the dietary fiber
content (0.82%) in the present study (Table 2) was
found to be similar to the fiber content of organic
white rice.

The starch content of KR was found to be 59.64
% (Table 2). Elbashir (2005) reported that the

starch contents of rice samples supplied from
America, Pakistan, Thailand, Egypt and Sudan
were 64.22%, 64.27%, 63.16%, 63.57% and
59.82%. The amount of starch in the rice supplied
from Sudan (59.82%) was similar to the starch
content (59.64%) of the KR in the present study.

The phytic acid is an important anti-nutritional
component present in cereals and considered as a
significant inhibitor of mineral absorption
(Bilgicli, 2002). In the present study the phytic
acid content of the KR was found to be 258.69
mg/100g. The phytic acid content of KR was
similar with the results reported by Vunain et al.
(2020) who determined the phytic acid content
between 200.25- 204. 92 mg/100g.

Mineral constituents in Konuralp rice

The mineral constituents of the rice sample are
displayed in Table 3. The macro minerals were
found to be K (1524+59mg/kg), P
(1042 £ 57 mg/kg), Ca (441 + 3 mg/kg) and Mg
(234 £ 1 mg/kg) in KR. The micro minerals; Zn
(19.2£0.9 mg/kg), Fe (13.8£0.6 mg/kg), Mn
(4.41 £ 0.01 mg/kg) and Cu (2.24 + 0.01 mg/kg)

were found.

Table 3. Mineral constituents of Konuralp rice

) K P Ca Mg
Macro Mineral (mg/kg)
1524£59 1042£57 44113 234+1
Zn Fe Mn Cu
Micro Mineral (mg/kg)
19.2040.09 13.80%0.6 4.41£0.01 2.2410.01

* Results are given as the average of 3 repetitions.

In a study conducted by Reddy et al. (2017), K
(1606.6 and 566.1 mg/kg), P (2062.1 and
718.5mg/kg), Ca (136.2 and 53.6 mg/kg), Mg
(3772 and 106.6 mg/kg), Zn (53.9 and
24.6 mg/kg), Fe (88.8 and 26.2 mg/kg), Mn (38.8
and 20.1 mg/kg) and Cu (33.4 and 26.2 mg/kg)
were detected in raw and polished rice,
respectively. According to the obtained results, it
was determined that the amount of some mineral
materials was lower than the literature. It is
thought that the reason for this is due to the

different peeling processes applied during the
processing of rice. In terms of mineral substance
composition, it has been reported that mainly P,
Mg and Ca minerals are found in rice (Rivero-
Huguet et al., 2006). According to the Food and
Drug Administration (FDA), the daily intake of
macro minerals should be 4700, 1250, 1300 and
420 mg for K, P, Ca and Mg, respectively. This
amount should be 11, 18, 2.3 and 0.9 mg for the
microelements Zn, Fe, Mn and Cu respectively
(FDA, 2019). Considering these amounts, it is
seen that the rice used in the present study
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provides an important part of the daily macro and
microelement needs (Table 3).

Phenolic contents and their in-vitro
bioaccessibility

Phenolic compounds present in rice have
important antioxidant activity, which has

subscribed to its potential as a functional food
(Rao et al.,, 2020). The phenolic contents and
phenolic bioaccessibility values were analyzed and
presented in Table 4. According to the results, the
extractable phenolics, hydrolyzable phenolics and
TPC wete found to be 92.26, 2008.327 and 2100
mg GAE/100g, respectively.

Table 4. Total phenolics and bioavailability of
Konuralp rice

Rice (Oryza sativa L.)

Extractable Phenolics* 92.26+3.66

Hdyrolyzable Phenolics* 2008.33+1.17

Total Phenolics* 2100£+1.13

Bioavailable Phenolics* 296.05%+3.89

Bioavailability (%) 14.09£2.92
*mg GAE/100g

* Results are given as the average of 3 repetitions.

Adom and Liu (2002) reported that the major
portion of phenolics in rice grains (62 %) existed
in hydrolyzable form. In this context, results of
presented study showed that the level of
hydrolyzable phenolics was higher than that of
extractable phenolics. Yilmaz (2019) reported
that, the total phenolic content of Osmancik rice
(334.54 ug GAE/g) had higher than that of the
Baldo rice (301.16 wg GAE/g). Studies have
shown that 70 to 90% of the phenolic substances
are separated with the bran layer during the
processing of the paddy crop into rice. Moreover,
it was reported that the amount of phenolic
substances was lower in the light-colored pericarp
varieties and the amount of phenolic substance
can be affected by many factors, such as the type
of paddy, laboratory conditions and sample
preparation conditions (Zhou et al., 2003). The
bioaccessibility of the phenolic content was
observed that 14.10% (Table 4). The processing
and storage of food affects the flavonoid and
phenolic acid content in the foodstuff.

Antioxidant  capacities and  in-vitro
bioaccessibility of antioxidants

Antioxidant substances found in foods are
defined as “substances that are in lower
concentrations than oxidizable substrates and
prevent or delay the oxidation of substrates”
(Becker et al., 2004). Four different methods
(ABTS*, CUPRAC, DPPH" and FRAP) were
used to determine the antioxidant capacity of rice
samples in the present study.

As reported by Devraj et al. (2020), traditional rice
varieties are rich in antioxidant properties. In the
rice sample, the antioxidant capacity (ABTS**) of
extractable phenolic compounds in terms of
Trolox Equavalent (TE) was
17.23£0.61 gmol trolox/g (Fig. 2). The ABTS**
value of hydrolyzable phenolics was found to be
36.33+2.40 umol trolox/g. Consequently, the
ABTS* antioxidant capacity of hydrolyzable
phenols was approximately double the ABTS**
values for extractable phenols.

According to the results of the CUPRAC method,
the antioxidant capacity value of the extractable

and hydrolyzable phenols were 3.01 £0.10 and
4.39 +1.39 gmol trolox/g, respectively (Fig. 2).

In the rice sample, the DPPH" antioxidant
capacity of extractable phenolics was found to be

12.73£0.31 gmol trolox/g (Fig. 2), while that of
hydrolyzable phenols was found to be
62.50%£0.39 gmol trolox/g. According to these
results, the DPPH® antioxidant capacity of
hydrolyzable phenols was found to be
approximately 5 times higher than that of
extractable phenols. Donduran (2014) reported
that the total amount of DPPH* of the Edirne
paddy variety with high antioxidant capacity was
424.20 EC/IC50 (dw).

In some previous studies, antioxidant capacity
results differed between rice varieties. It should be
kept in mind that this difference may vary
depending on a range of factors such as the rice
variety, the hatrvesting period, the cultivated soil
type, germination, the grain processing-polishing
methods as well as the laboratory preparation
time and storage time (Zhou et al., 2003).
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Figure 2. Extractable, hydrolyzable antioxidant capacities and antioxidative bioaccessibility of Konuralp

In presented study, the FRAP antioxidant
capacity of the extractable phenolic compounds
was found to be 10.07+ 0.41 zmol trolox/g, while
that of the hydrolyzable phenols was found to be
21.51£0.32 gmol trolox/g (Fig. 2). The FRAP
antioxidant capacity of hydrolyzable phenolics
were found to be about double that of extractable
phenolics (Fig. 2). Similarly, in previous 7 vitro
studies, hydrolyzable phenolics were found to
have significantly higher antioxidant capacity than
extractable  phenolics  (Chandrasekara and
Shahidi, 2011).

CONCLUSIONS

As a result of the literature reviews, it was
determined that there was no study on the
physico-chemical ~ composition,  nutritional
properties and cooking properties
(characteristics) of Oryza sativa L. type rice based
on the Ottoman Palace Cuisine and traditionally
grown in the Konuralp-Duzce area, and therefore
this study was created to do that. It has been
determined that the traditionally grown rice
sample has values that can compete with
Osmancik and Baldo varieties of rice, which are
the most preferred in Turkey, in terms of physico-
chemical, phyto-chemical and cooking properties.
In this sense, the TKW of the rice samples was
found to be higher than Baldo and Osmancik

rices. Moreover, the results obtained from the
current study, that the rice used in the present
study provides an important part of the daily
macro and microelement needs. Besides, the
results of the present study can be strong
scientific proof to use this traditional rice variety
as a beneficial source of antioxidant referments.
This rice, which is on the verge of being forgotten
and produced by the farmers only to meet their
own needs, has been remembered again for the
last decade thanks to the initiatives of the local
government. As a result, scientific data were
obtained about Konuralp Rice, which is
traditionally grown in this region and whose
chemical, nutritional and é#-vitro bioaccessibility of
antioxidative ~ properties have not been
determined until now. It is thought that the data
obtained will be beneficial for producers,
consumers and the sectot.
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ABSTRACT

The main aim of this study was to evaluate the phytochemical composition of extracts of Mentha piperita var.
citrata obtained by using three different solvents as well as their antimicrobial activity against a panel of Gram
positive and Gram negative bacteria. The antibacterial activities of the extracts (hexane, chloroform, and
70% aqueous methanol) were tested against a panel of bacteria using broth microdilution method.
Rosmarinic acid (10.505 mg/g extract), cynaroside (8.545 mg/g extract) and cosmosiin (8.489 mg/g extract)
appeared to be the major components of methanolic extract, whereas acacetin was the most abundant (8.438
mg/g extract) component of chloroform extract. M. citrata extracts showed significant antimicrobial activity
against Gram positive bacteria at different concentrations. Chloroform extract from M. w#rata showed
antimicrobial activity at concentration of 512-4096 pg/ml., whereas hexane and methanolic extracts had
activity at 1024-4096 ug/mL and 2048-4096 pg/mlL, respectively. This study shows the different chemical
composition and antimicrobial activities of M. ¢ifrata extracts obtained by using different extraction solvents.
Keywords: Mentha citrata, antimicrobial activity, phytochemicals, methanol extract

MENTHA PIPERITA VAR. CITRATANIN FARKLI SOLVENTLER
KULLANILARAK HAZIRLARNAN EKSTRAKTLARININ KIMYASAL
KOMPOZiSYONLARI VE ANTIMIKROBIYAL AKTIVITELERI

oz

Bu calisma farkli ¢6ziictiler kullanilarak Mentha piperita vax. citrate bitkisinden elde edilen ekstraktlarin
fitokimyasal kompozisyonun belirlenmesi, Gram pozitif ve Gram negatif bakterilere karst
antimikrobiyal etkinliginin belirlenmesini amaglamaktadir. Hekzan, kloroform, ve %70’lik metanol ile
hazirlanan ekstraktlarin antimikrobiyal aktiviteleri sivi mikrodilisyon metodu kullanilarak test

edilmistir. Rosmarinik asit (10.505 mg/g ekstrakt), sinarosid (8.545 mg/g ckstrakt) ve kosmosiin
(8.489 mg/g ckstrakt) metanolik ekstraktda baskin olarak bulunan fitokimyasallar olurken, akasetin
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(8.438 mg/g ckstrakt) kloroform ekstrakta en fazla bulunan fitokimyasadir. M. citrata ekstraktlart
Gram pozitif bakterilere karst farkli konsantrasyonlarda antimikrobiyal aktivite g&stermislerdir. M.
citrata bitkisinden elde edilen kloroform ekstraktinin antimikrobiyal aktivite araligt 512-4096 pg/mL
iken, hekzan ve metanolik ekstraktlarinin aktivitelerinin sirasiyla 1024-4096 pg/mlL ve 2048-4096
ug/mL oldugu bulunmugtur. Bu calisma farkli ekstraksiyon ¢ozuctleri kullanddiginda M. citrata
ekstraktlarinin farkli kimyasal kompozisyona ve farkli antimikrobiyal aktiviteye sahip oldugunu

gbstermistir.

Anahtar kelimeler: Mentha citrata, antimikrobiyal aktivite, fitokimyasallar, methanol ekstrakt

INTRODUCTION

Antimicrobial resistance has been identified as
one of the most serious public health threat
wortldwide (Tacconelli and Pezzani, 2019). Goff
vd., (2017) recently estimated that 700.000 people
die from infections globally each year and
somberly warned that annual death toll will keep
going over 10 million by 2050. Therefore, not
surprisingly, it is argued that there is a great need
to find effective alternatives to combat with this
issue (Stanton, 2013). One of these alternatives is
the use of the medicinal plants, which have been
widely used and proven as promising alternatives
as an ancient practice for thousands of years
(Lillehoj vd., 2018; Sumner, 2000). Therefore, in
recent years, extracts and essential oils originated
from plant sources have gained more urgency for
the search of the antimicrobial properties.

Among the potential medicinal plants of
antimicrobial ~properties, the genus Mentha
(Lamiaceae) is of particular interest due to its
essential oil rich characteristics (Iscan vs., 2002).
Mentha piperita var. citrata (Ebrh.) Brig. (M. citrata,
Orange mint), known as Eau de Cologne mint or
bergamot mint, has a citrus fruit scent. Unlike the
commercial Mentha species such as peppermint,
for which the main essential oil patterns are
menthol and menthone (Iscan vd., 2002; Singh
and Pandey 2018), the predominant essential oil
patterns of M. citrata consist of mainly linalool and
linalyl acetate (Hendawy vd., 2015; Murray and
Lincoln 1970). Not only can Mentha citrata be used
commercially for food, cosmetic and fragrance
industries, it can also be used as tea for the
treatment of fevers, headaches, digestive
disorders and various minor ailments (Hendawy
vd., 2015).

Although previous studies have described the
phytochemical properties of other Mentha piperita

extracts and their antimicrobial and cytotoxic
activities (Elansary vd., 2020; Pramila vd., 2012),
no detailed investigation on the antimicrobial
activity of M. citrata extracts has been presented
so far. In view of all these, we aimed to establish
the concentrations of phytochemicals and
antimicrobial activity of M. citrata extracts
obtained by different extraction solvents against
Gram positive and Gram negative bacteria.

MATERIAL AND METHODS

Plant material and extract preparations

M. citrata leaves used in this study were harvested
from the wild and species identification was
carried out by Assoc. Prof. Dr. Yelda Guzel from
Faculty of Arts and Sciences at Hatay Mustafa
Kemal University. Before use, fresh leaf material
was shade dried and sieved (using a sieve mill) to
a particle size 3-5 mm.

Ground leaf material (2.5 g) was extracted with 50
mL of methanol (70% prepared with deionized
water), hexane (100%) and chloroform (100%) in
a glass beaker as described previously (Kemp and
McSweeney, 2010). These mixtures were mixed at
room temperature for 3 hours on a shaker
machine. Extracts were filtered through paper
filter (Wattman No: 2) and the procedure was
repeated two times. All collected supernatants
were combined and organic phases from the leaf
extract was dried with a rotary evaporator under
reduced pressure (Heidolph, Germany). Extracts
were then freeze-dried (Telstar Lyoquest -85,
Austria) and stored in amber glass bottles at 4°C
in the dark until microbiological studies.

Qualitative Analysis of Phytochemicals

The qualitative and quantitative analysis of
phytochemicals in methanol and chloroform
extracts was determined by ultrahigh performance
liquid chromatography (UHPLC) according to
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the method of as previously described by Yilmaz
(2020). The method used herein was previously
validated by Yilmaz (2020). The chromatographic
system  (Shimadzu-Nexera model UHPLC
coupled with a tandem mass spectrometer, Japan)
was composed of an auto-sampler (SIL-30AC
model), a column oven (CTO-10ASvp model),
binary pumps (LC-30AD model) and a degasser
(DGU- 20A3R model). Briefly, chromatographic
separation was conducted on a reversed phase
Agilent Poroshell 120 EC-C18 model (150
mmX2.1 mm, 2.7 pm) analytical column. The
following MS operating conditions were used:
drying gas (N2) flow, 15 L/min; nebulizing gas
(N>) flow, 3 L/min; DL temperature, 250°C; heat
block temperature, 400°C, and interface
temperature, 350°C. The temperature of the
column was maintained at 40°C. Eluent A
(water+5 mM ammonium formate+0.1% formic
acid) and eluent B (methanol+5 mM ammonium
formate+0.1% formic acid) were used to separate
the phytochemicals. The step gradient patterns
were 20-100% B for 0-25 min, 100% B for 25-35
min and 20% B for 35-45 min. The solvent flow
rate was set at 0.5 mL/min and injection volume
was 5 uL. LabSolutions software (Shimadzu,

Japan) was used for LC-ESI-MS/MS data
acquisition and processing.

Antimicrobial activity

The antimicrobial activity of extracts against a
panel of organisms given in Table 1 was tested by
broth microdilution assay as described by Kemp
and McSweeney, (2010). The extracts were
dissolved in dimethyl sulfoxide (DMSO; a stock
concentration of 41 mg/mL). Strains were
cultured from the glycerol stocks in blood agar
plates overnight growth at 37 °C. Bacterial
suspensions (10 ul; 1x10¢ cfu/mL) were
subsequently transferred to U bottom 96 well
plates with increasing concentrations of extract
(from 128 to 4096 ng/mL). Two controls, one
with no bacteria (sterility control) and the other
without addition of extract (bacterial growth
control), were also included in each assay. DMSO
concentration used in the test was 2.5% and this
concentration did not show any antimicrobial
activity for test organisms. After 24 h incubation,
30 uL of resazurin (2.2 mg/mL) was added to
each well. The 96-well plate was incubated at
37°C for 30 min, then the color change was
observed by visually (Sarker et al. 2007). The
experiments were repeated three times.

Table 1. Test microorganisms

Microorganisms

Antimicrobial resistance profile

Escherichia coli ATCC 25922
Escherichia coli NCTC 13476

Escherichia coli NCTC 14476

Escherichia coli NCTC 14477

Kiebsiella pnenmoniae NCTC 13443
Kiebsiella pnenmoniae NCTC 13438
Kiebsiella pnenmoniae NCTC 13440

Gram negative

None

Carbapenamese producer (IMP type)

Plasmid-mediated AmpC beta-lactamase and ESBL
producer, also resistant to quinolones, trimethoprim

ESBL producer

Carbapenamese producer NDM-1 type)
Carbapenamese producer (KPC-3 type)
Carbapenamese producer (VIM type)

Salmonella Typhimurium ATCC 14028 None
Staphylococcus anrens ATCC 25923 None
Staphylococcus anrens NCTC 13552 Methicillin resistant (MRSA)
Staphylococcus anrens ATCC 29213 None

. Enterococcus casseliflavus ATCC 700327  None

Gram positive .

Enterococcus faecinm NCTC 10202 None
Enterococcus faecinm (RSKIK 623) None

Enterococcus faecalis ATCC 51299
Bacillus cerens ATCC 13061

Vancomycin resistant

None
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RESULTS AND DISCUSSION

All the phytochemical components of the extracts
of M. citrata differed significantly between the two
organic solvents, methanol and chloroform, as
presented in Table 2 and Figure 1. 26 and 17
different phytochemicals (out of 56 tested) were
determined in M. citrata methanolic and
chloroform leaf extracts, respectively (Table 2).
Among the different phytochemicals in methanol
extracts, the highest concentration was found to
be rosmarinic acid (10.505 mg/g extract), that was
followed by cynaroside (8.545 mg/g extract) and

cosmosiin  (8.489 mg/g extract). Similar
observations were reported for other Mentha
species such as M. piperita and M. longifolia by
Elansary vd., (2020), who reported that the main
phytochemical found was rosmarinic acid. The
other phytochemicals were also found in high
concentrations, hesperidin (2.878 mg/g extract),
quinic acid (2.243 mg/g extract), acacetin (1.571
mg/g extract), tannic acid (0.877 mg/ g extract),
caffeic acid (0.625 mg/g extract) and luteolin
(0.555 mg/¢g extract).

Table 2. Phytochemical composition (mg analyte/g extract) of extracts of M. citrataleaf

Analyte Methanol Chloraform
Vanillin 0.203 0.259
Coumarin 0.004 0.026
Hesperidin 2.878 0.320
Quinic acid 2.243 N.D.
Fumaric aid 0.204 0.122
Gallic acid 0.051 N.D.
Protocatechuic acid 0.363 0.102
Gentisic acid 0.042 N.D.
Protocatechuic aldehyde 0.048 0.285
Chlorogenic acid 0.125 N.D.
Tannic acid 0.877 N.D.
Vanilic acid N.D. 0.256
Caffeic acid 0.625 0.079
Syringic aldehyde N.D. 0.018
p-Coumaric acid 0.194 0.317
Salicylic acid 0.099 0.102
Cynaroside 8.545 N.D.
Miquelianin 0.101 N.D.
isoquercitrin 0.134 N.D.
Rosmarinic acid 10.505 N.D.
Cosmosiin 8.489 0.634
Astragalin 0.151 N.D.
Luteolin 0.555 0.3
Hesperetin 0.136 0.673
Naringenin 0.161 1.013
Kaempferol 0.009 N.D.
Apigenin 0.387 0.628
Acacetin 1.571 8.438

N.D.: Not detected
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Figure 1. Chromatograms of methanol (A) and chloroform (B) extracts. Peaks: (1: Quinic acid, 2:
Fumaric acid, 4: Gallic acid, 6: Protocatechuic acid, 8: Gentisic acid, 9: Chlorogenic acid, 10:
Protocatechuic aldehyde, 11: Tannic acid, 16: Vanilic acid, 17: Cafteic acid, 19: Vanillin, 20: Syringic
aldehyde, 24: p-Coumaric acid, 28: Coumarin, 29: Salicylic acid, 30: Cynaroside, 31: Miquelianin, 34:

isoquercitrin, 35: Hesperidin, 38: Rosmarinic acid, 40: Cosmosiin, 42: Astragalin, 48: Naringenin, 49:

Hesperetin, 50: Luteolin, 52: Kaempferol, 53: Apigenin, 56: Acacetin)

On the other hand, acacetin was the most
abundant (8.438 mg/ g extract) phytochemical in
chloroform extract of this plant. The following
phytochemicals were also identified; naringenin
(1.013 mg/ g extract), hesperetin (0.673 mg/ g
extract), cosmosiin (0.634 mg/ g extract),
apigenin (0.628 mg/ g extract), hesperidin (0.320
mg/ g extract), p-Coumatic acid (0.317 mg/ ¢
extract) and vanillin (0.259 mg/ g extract) in

chloroform extract. It is well known fact that the
use of different organic solvents (polar and
nonpolar) affected the chemical composition in
extracts (Ghosh vd., 2012; Khanam vd., 2015).
Thus, the different recoveries of phytochemicals
observed in the present study can be explained by
the polar characteristics of the solvents and also
suggests the importance of using different types
of extraction solvent.
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As seen from analysis of the MIC results, the
growth of Gram-positive bacteria was influenced
by all type of extracts (T'able 3). Regardless of the
species, all Enterococcus spp., including vancomycin
resistant, exhibited high susceptibility to
chloroform extract of M. citrata, with a MIC of
512-1024 pg/ml. In contrast, the MICs of
methanol (2048->4096 pg/mL) and hexane
(1024-4096 pg/ml.) extracts for the strains of
Enterococeus were higher. The MIC of chloroform
extract for B. cereus was found to be 1024 pg/ml.,
whereas it was determined to be 2048 pg/mlL for
methanol and hexane extracts. The respective
MICs for the S. anreus strains ranged from 1024 to
4096 pg/mL for all extracts. Several studies have
confirmed that antimicrobial activity has
influenced by the organic solvent used for
extraction and these studies shown that the
antimicrobial activity of chloroform extracts was
superior to aqueous, ethanol and hexane extracts
of different plants (Hassan vd., 2011; Yimaz vd.,

2004), even though there are conflicting data
revealing the different antimicrobial activity of
polar and non-polar solvent extracts (Gul and
Bakht, 2015; Khanam vd., 2015). On the other
hand, Gram negative bacteria tested in the current
study showed resistant to all extract types at the
highest concentration level of 4096 ug/ml.. The
results of the current study agree with Kurekci
vd., (2012) who also reported that Gram negative
bacteria such as E. /i and S. Typhimurium are
less susceptible to antimicrobial activity of
ethanolic extracts of Australian medicinal plants
when compared to Gram positive bacteria like B.
cerens and E. faecalis. Tn addition, Iscan vd., (2002)
reported that the essential oil of M. piperita
exhibited weaker activity against Gram negative
bacteria than Gram positive ones. These
differences in sensitivity to the extract was
previously attributed to the structural and
compositional differences in membranes between
the two groups (Friedman vd., 2002).

Table 3. The minimum inhibitory concentration (ug/mL) of extracts of M. citrata against

microorganism
| | MIC (ug/ml)
Microorganisms
Hexane Methanol Cloroform

S. anrens ATCC 25923 2048 4096 4096
S. anreus NCTC 13552 4096 4096 4096
S. anrens ATCC 29213 4096 4096 4096
E. casseliflavus ATCC 700327 4096 4096 1024
E. faecinm NCTC 10202 4096 NA 512
E. faecinm (RSKK) 2048 2048 1024
E. faecalis ATCC 51299 1024 2048 512
B. cerens ATCC 130061 2048 2048 1024

NA: No activity at the highest concentration (4096 pug/mL), The results for Gram negative otganisms are not
included in the table as there has been no activity obtained at the highest concentration at all.

Extracts and essential oils of Mentha species
including M. piperita and M. longifolia have been
known to exert antimicrobial and antioxidant
activity against a variety of organisms (Elansary
vd., 2020; Gholamipourfard vd., 2021; Iscan vd.,
2002). The results of the current study are higher
than extracts of M. piperita and M. longifolia
(Elansary vd., 2020). It is well-known fact that
biological activities of plants are greatly influenced

by external factors such as extraction types and
products including whole plant, extracts, essential
oils. Additionally, chemical composition alone has
a strong impact on the biological activities of plant
extracts. For example, rosmarinic acid, acacetin
and cosmosiin, highly detected compounds in the
current study, have shown to had antioxidant,

anticancer and anti-inflammatory properties (Al-
Dhabi vd., 2014; Patel, 2021; Singh vd., 2020). A
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recent study conducted by Elansary vd., (2020)
reported the antiproliferative and antibacterial
activities of rosmarinic acid by using u vitro
studies. Since previous studies demonstrated the
effectiveness of Mentha leaves to enhance the
shelf life of food products due to the reduced
microbial growth (Gholamipourfard vd., 2021),
M. citrata extracts might be beneficial as food
preservation agent due to their antimicrobial
activity towards Gram positive organisms, though
antioxidant activity was not investigated.

CONCLUSION

Our findings suggest that the composition and
phytochemical profile of M. citrata are somewhat
influenced by the polarity of extraction solvent. In
addition, the different solvent extracts of M. citrata
have antibacterial properties against Gram
positive bacteria including strains with antibiotic
resistance, but also serve polyphenolic chemicals
such as rosmarinic acid and hesperidin
highlighting the potential of this plant to be used
for food preservation.
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