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Editorden,

Merhaba,

GIDA Dergisi'nin 41. yayin yilinin 5. sayisinda 12 makale bulunmaktadir. Bunlardan 6 adedi Ingilizce
ve 6 adedi Turkge arastirma makalesidir.

GIDA Dergisinin kagit baskisindan vazgectikten sonra pek cok ilkleri de yasadik. Onceki sayida derleme
makale sayist Ingilizce ve Tiirkce arastirma makale sayisini gecmisti ama bu sayida, ilk kez, 6 Ingilizce
arastirma makalesi yayimladik ve bu sayida hi¢ derleme makale yok.

Bu sayida derleme makale olmamast bizim acimizdan 6viiniilecek bir sey degildir. GIDA Dergisi 2016
yili 41. cilt 6. sayisinda ve ilerisinde de derleme makaleler olacaktir. Temmuz 2016 tarihinde
www.gidadernegi.org sayfasinda yayimlanan GIDA Dergisinin 2016 yili 41. cilt 5. sayisinda (Eylul-Ekim
2016), baskiya hazir makaleler icerisinde derleme makaleler oldugu goriilmektedir.

GIDA Dergisinde su kurali hi¢c ihmal etmedik: Bask: onceligi Ingilizce arastirma, Tiirkce arastirma ve
Turkce derleme seklindedir. Bu sayida baskiya hazir hi¢ derleme makale yoktu ve biz yine 8 makale
sinirint asarak 12 makale yayimladik. 6. say1 icin 11 makalemiz var, bunlardan 8 adedi sayr numarasi
verilmis sekilde elektronik ortamda yayimlanmistir, diger 3 adedinde islemler stirmektedir. Elektronik
ortamda 2017 yil1 42. cilt olarak kiinye verilmis 4 makalemiz de vardir.

Turkiye 12. Ulusal Gida Kongresi icin kayitlar devam ediyor. Devaminda, Kapadokya’da yapmayi
planladigimiz 3. Uluslararas: Gida Teknolojisi Kongresi icin 2018 yili sonbaharint kursun kalemden
biraz daha silinmez bir kalem ile ajandaniza kaydedin.

Sevgi ve saygilarimla,

Prof. Dr. A. Kadir Halkman



A Message from the Editor-in-Chief

Hello,

There are 12 articles in the 5" issue of the 41* volume of FOOD Journal. Six of them are research articles
in English and the rest are research articles in Turkish.

We have lived many firsts after we gave up the printing of the journal in paper form. The number of
review articles passed the number of research articles both in English and in Turkish in the previous
issue, but in this issue, for the first time, we published 6 research articles in English and there is not any

review article in this issue.

According to us, having not any review article in this issue is not a something to be proud of. There
will be review articles both in the 6 issue of the 41* volume and in the further issues of FOOD Journal.
It can be seen that there are review articles in ready-to publishing articles in the 5" issue (September-
October 2016) of the volume 41 of the year 2016 of FOOD Journal which was printed at the web page
www.gidadernegi.org in July 2016.

We have never neglected this rule in FOOD Journal: The main priority in publishing articles is in the
form of research articles in English, then research articles in Turkish, and the latest is the review articles
in Turkish. There was not any ready-to publishing review article in this issue and we published 12
articles by exceeding the limit of 8 articles again. We have 11 articles for the 6" issue, 8 of them have
been printed in electronic form with the issue number, the reviewing process has been continuing at
the other 3 articles. We have 4 articles given a tag as "volume 42 of the year 2017" in electronic form as
well.

The registration for the 12" National Food Congress continues. Subsequently, note the fall of the year
2018 by a ball-point pen to your calendar for the 3 International Congress on Food Technology which
we plan to do in Cappadocia.

Best Regards,
Prof. A. Kadir Halkman
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Abstract

In this study, production and characterization of pine cone powder (PCP) and its utilization as alternative
dietary fiber source in cake and cookie formulations at 10, 20, and 30% levels were investigated. Total
dietary fiber (TDF) content of PCP was found as 62.0%. TDF contents of fiber-rich PCP supplemented
products increased with increasing addition levels and reached to 8.3% in cake and 11.8% in cookie by
30% addition. PCP addition did not cause deterioration on physical properties of cakes. Cookies had
better (10% PCP) or same (20% PCP) spread ratio values as compared to control one. The hardness of
the products increased by 30% PCP addition. The PCP supplemented products had darker but acceptable
color. According to sensory score, the PCP added products were accepted up to 20% addition level.
The pine cone has potential using as a source of dietary fiber for bakery products.

Key Words: Pine cone, dietary fibers, cake quality, cookie quality

ALTERNATIF BIR BESINSEL LIF KAYNAGI OLARAK
CAM KOZAILAGININ KEK VE BiSKUVi KALITESINE ETKiSi

Ozet

Bu c¢alismada, ¢cam kozalag: tozu (CKT) tiretimi ve karakterizasyonu ile alternatif bir lif kaynagi olarak
kek ve biskiivi formulasyonunda %10, 20 ve 30 oranlarinda kullanimi arastiridmistir. CKT’nin toplam
besinsel lif (TBL) icerigi %62.0 olarak bulunmustur. Lifce zengin CKT ilaveli tirtinlerde, artan ilave
oraniyla TBL miktari artmis ve %30 ilave ile kekte %8.3, biskivide ise %11.8 degerlerine ulasilmustir.
CKT ilavesi keklerin fiziksel ozelliklerini bozmamustir. Bisktvilerin yayilma orani degerleri kontrole gore
daha iyi (%10 CKT) ya da ayn1 (%20 CKT) bulunmustur. Uriinlerin sertligi, %30 CKT ilavesi ile artmustir.
CKT ilaveli trtinler daha koyu ancak kabul edilebilir renklere sahiptir. Duyusal analiz sonucuna gore,
CKT ilaveli trtinler %20 ilave oranma kadar kabul edilebilir bulunmustur. Cam kozalagi, firncilik
urtinlerinde besinsel lif olarak kullanilma potansiyeline sahiptir.

Anahtar kelimeler: Cam kozalagi, besinsel lifler, kek kalitesi, bisktivi kalitesi

*Yazigmalardan sorumlu yazar / Corresponding author,
@0 sozturk@sakarya.edu.tr, ® (+90) 264 295 5926, (+90) 264 295 5601
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INTRODUCTION

Dietary fiber (DF) is the edible parts of plants or
analogous carbohydrates that are resistant to
digestion and absorption in the human small
intestine with complete or partial fermentation in
the large intestine. DF includes polysaccharides,
oligosaccharides, lignin, and associated plants
substances (1, 2). The health benefits of DF were
generally reported by many researchers. It has
been supposed to have a role in prevention of
certain diseases such as diverticulitis, colon
cancer, hemorrhoids, arteriosclerosis, varicose
veins, and appendicitis (1, 3-6). An increase in
level (25-30 g/day) of DF in the daily diet has been
recommended by World Health Organization.

Different plant fibers are added to various baked
food products in order to increase their fiber
content. Whole grains, cereal bran, legumes
(soy) and fruit fibers (apple, apricot), sugar beet
fiber and brewer’s spent grain are common some
used for fiber supplementation of foods (7-13).
Although, increasing DF content in food
products confers health benefits, the sensory and
textural properties generally deteriorate (14, 15).
In the last decades, there is a trend to find new
sources of DF. Dietary fibers from different sources
such as pea, mango, hazelnut, banana and cocoa
have been used to replace wheat flour in bakery
products (16-20).

In East-Asian countries various parts of pine trees,
including pine needles, cones, cortices and pollen,
are widely consumed as food or dietary
supplements to promote health. Consumption of
pine tree parts is supposed to affect gastrointestinal
diseases and neuronal problems beneficially,
and believed to prevent chronic diseases such as
hypertension, atherosclerosis, and diabetes (21).
Extracts from pine cones have been reported to
be effective scavengers of reactive oxygen and
lowering serum lipids. Anti-mutagenicity and
anti-influenza virus activity of substances of pine
cone extract were also determined (21-206). It
was shown that a natural product extracted from
pine cones inhibited the replication of human
immunodeficiency virus (HIV) type 1 (27).

Cakes and cookies are highly consumed bakery
products. The qualities of these products are
affected by the quality and level of ingredients
used (28). Generally dietary fiber sources cause

deteriorations in quality properties, especially in
volume and texture. Fiber content of pine cone
is also high and therefore appears as an alternative
dietary fiber source. To the authors’ knowledge,
there is no published research investigating the
possible use of pine cone as a fiber source in
foods. Thus, the current work investigated the
production and characterization of fiber-rich pine
cone powder (PCP) and evaluated the effects of
PCP addition into cake and cookie formulations.

MATERIALS and METHODS
Materials

Commercial soft wheat flour was used in cake
and cookie production. All of the other ingredients
were supplied from a local market. Pine cone
samples were obtained from Kastamonu, Turkey.
The wheat flour used in the study contained
13.4% moisture, 8.4% protein, 22.1% wet gluten,
0.65% ash and 1.1 % total dietary fiber with 1.0%
insoluble and 0.1% soluble forms.

Preparation and properties of pine cone
powder

Pine cones were collected as immature forms
(green, young buds) with a length of 20-25 mm.
They were cut into two parts and dried in oven
at 50°C until reaching moisture content below
10%. The dried samples were ground and sieved
(425 pm) to obtain pine cone powder (PCP). The
dried PCP was kept in glass jar and stored at 4°C
until used.

The PCP sample was analyzed for moisture and
ash by using AACC Approved Methods No. 44-15A
and No. 08-01, respectively (29). Soluble (SDF),
insoluble (IDF) and total dietary fiber (TDF)
contents of PCP sample were determined according
to AACC Approved Method No.32-07 (29). The
bulk density value of PCP sample was determi-
ned (30). Solubility (%), water binding capacity
(%), swelling power (g water/g sample) and fat
binding capacity (mL 0il/100 g sample) values of
the PCP sample were determined as functional
properties (31-33).

Cake and cookie production

Cakes and cookies were prepared according to
AACC Approved Methods No.10-90 and No.10-54,



respectively (29). The PCP was added into
formulations at 10, 20, and 30% (in flour basis).
Control cake and cookie were also produced
without PCP. In preliminary studies, it was observed
that the PCP addition caused very low batter
consistency. Therefore, in cake formulation
water was added at 90, 80, and 70% for 10, 20,
and 30% PCP levels, respectively. Four cookies
and two cakes were baked at a time and baking
was done in duplicate.

Evaluation of cakes and cookie quality

Soluble, insoluble and total dietary fiber contents
of cake and cookie samples were determined by
using AACC Approved Method No.32-07 (29).

Weight loss (%) values of cakes were determined
after cooling of 2 hours. Volume, symmetry and
uniformity index values of cakes were calculated
(29). After cooling of the cookies, diameter (D)
and thickness (T) were measured and spread
ratio values (D/T) were calculated. Color values
(L*, a*, and b*) of the products were examined
by using Lovibond RT300 (UK). Texture analyzer
(Brookfield CT3, USA) was used for determination
of the hardness of products. The maximum force
(N) required to compress the cake samples by
25% of its initial height and the maximum force
required breaking cookie sample with a three-point
bending jig were determined.

The sensory characteristics (appearance, texture
and taste) of the products were screened by panel
members by giving the scores ranging between 1
and 5; 5 being the most desirable.

Statistical analysis

The tests were performed in duplicate and mean
values were reported. Data were analyzed for
variance using the one-way analysis of variance

Table 1. Dietary fiber contents of cakes and cookies

(ANOVA). When significant (P<0.05) differences
were found, Duncan’s test was used to determine
the differences among means.

RESULTS and DISCUSSION
Properties of pine cone powder

The moisture and ash contents of the PCP sample
were found as 8.8% and 3.45%, respectively.
Total dietary fiber content of PCP sample was
determined as 62.0% (in dry basis), which was
mostly insoluble dietary fiber (61.6%, db).
Dietary fiber contents varied between 35-60% in
apple, 35-74% in orange, 35-87% in pea, 70-73%
in sugar beet, 30-36% in peach and 6-64% in nuts
(34). The data in the present study revealed that
the PCP sample was rich in dietary fiber and
could be used to supplement cereal based foods.

Bulk density of PCP was found as 0.5 g/mL.
Solubility, water binding capacity, swelling power
and fat binding capacity values of PCP sample
were measured as 17%, 335%, 4.5 g/g and 15 mL
0il/100 g sample, respectively.

Dietary fiber contents of cakes and cookies

Soluble (SDF), insoluble (IDF) and total (TDF)
dietary fiber contents of cakes and cookies are
presented in Table 1. Control samples did not
have IDF and had very low TDF contents.

Insoluble dietary fiber of wheat flour was higher
than SDF. However, control cookie and cake
samples did not have IDF and had low SDF
contents. Baking of the products caused changes
in fiber structures and also increases in resistant
starch by heating. Resistant starch is indigestible
form of starch which is considered as soluble
dietary fiber (35). Therefore, formation of resistant
starches in products could be the reason of higher
SDF than IDF values.

Cakes Cookies
PCP level SDF IDF TDF SDF IDF TDF
(%) (%) (%) (%) (%) (%) (%)
0 0.6* 0.0° 0.6° 0.72 0.0¢ 0.7°
10 0.3 3.5° 3.8° 0.2* 4.1° 4.3°
20 0.6° 5.7° 6.3 0.3 8.4° 8.7
30 0.6 7.7° 8.3 0.3 11.52 11.8%

Means with different letters within each column are significantly different (P<0.05)
PCP: Pine cone powder, SDF: Soluble dietary fiber, IDF: Insoluble dietary fiber, TDF: Total dietary fiber
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IDF and TDF contents of the products increased
significantly (£<0.05) as the PCP level increased.
TDF content reached up to 8.3% in cake and
11.8% in cookie by replacing 30% of flour with
pine cone powder. SDF content of pine cone
powder was very low (0.4%), therefore SDF
contents of the products were also found as low
levels and there was no statistically difference in
SDF values with PCP levels.

In the related literature, similar results were
obtained for fiber enriched bakery products. It
was reported that the TDF content of cookies
reached to 11.74% and 12.55% by replacing 25%
of flour with brewer’s spent grain (12) or sugar
beet fiber (36) and increased to 11.3% and 10.6%
with 40% addition of apple and apricot powder,
respectively (13). The cakes prepared with 25%
of apple pomace had a dietary fiber content of
14.2% (37).

Quality parameters of cakes and cookies

Volume and symmetry index values of the cake
samples were in the range of 75-79 and 10.0-11.3,
respectively (Table 2). The PCP addition had
negative effect on uniformity index of the cakes.
Weight loss of the cakes decreased with
increasing PCP level (Table 2) which was
probably caused by high water binding capacity
of the PCP. The hardness values of the 10% and
20% PCP supplemented cakes were lower than
control sample while the differences were not
significant. Low water content in formula
could be the reason of the higher cake hardness
with higher level (30%) of PCP addition. During
baking, PCP can absorb more water by
increasing of temperature. At 10 and 20% PCP
addition levels in cake, water content was
adequate for all components and also PCP could
hold more water to maintain soft products. At
higher PCP level in cake, water content in formula

was not sufficient for hydration of gluten and
starch that could be the reason of hard texture
after baking. Therefore, this level might possibly
be limited level for the PCP sample produced in
this study to obtain good texture in cake.

Spread ratio (SR) value of 10% PCP supplemented
cookie increased as compared to control (Table 2).
However, at high addition level (30%) SR value
decreased. The hardness values of cookies
increased with increasing PCP levels and the
increases were significant (P<0.05) at 20% and
30% addition levels (Table 2).

The color of the food product is one of the
characteristics which are firstly perceived by the
consumer and affect the acceptability. The PCP
sample had color of 44.5 L*, 9.4 a* and 33.2 b*
values. Changes in color values were caused by
natural dark color of the PCP sample (Table 3).
The crumb L* values decreased while a* and b*
values increased by adding PCP into cakes. The
surface L* values of the PCP added cookies
decreased significantly (£<0.05) with increasing
level. Cookies supplemented with PCP gave higher
a* and lower b* values as compared to control
sample, especially for higher PCP addition levels.

In related literature, negative effects have been
reported for bakery products when flour was
substituted with various fiber sources. Addition
of fibers has been shown to reduce loaf volume
and generate harder and darker crumb in cakes
(37, 38). Similarly, increased hardness, loss of
crispness and reduced spread ratio were observed
in cookies (34). Studies have shown that baked
products with high level of fiber were not well
accepted. Acceptable levels of fiber inclusion
varied between 5 and 15% (12, 17, 18, 39). It was
compatible with the findings of this study.

Sensory properties of the PCP supplemented

products are presented in Figure 1. General
appearances of the PCP supplemented cakes were

Table 2. Physical properties and hardness values of cakes and cookies

PCP level Volume Symmetry Uniformity Weight loss Cake hardness Spread Cookie hardness
(%) index index index (%) (N) ratio (N)

0 75° 10.3° 1.0° 19.0° 2.35° 9.5® 55.1°

10 78° 10.8° 2.6° 17.2° 1.63° 10.3° 60.6°

20 79° 11.3° 2.6° 17.8™ 1.75° 9.2® 97.4°

30 78° 10.0* 4.4° 18.1° 3.48° 7.5° 97.5°

Means with different letters within each column are significantly different (P<0.05)

PCP: Pine cone powder, N: Newton
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Table 3. Color values of the cakes and cookies

PCP level Cake color values Cookie color values

(%) L* a* b L* 2t b*
0 73.9° 0.8° 29.8° 70.5° 8.5° 44.5°
10 54.9° 7.9° 31.9° 54.7° 10.9® 36.3°
20 54.3° 11.12 35.4% 49.9% 11.6° 34.0°
30 54.4° 11.4° 35.8° 45.7° 12.1° 32.0°

Means with different letters within each column are significantly different (P<0.05)
PCP: Pine cone powder; L*: Lightness; a*: Redness; b*: Yellowness

higher than that of control cake. The softness of the products. The PCP included cakes and cookies
PCP supplemented cakes were not significantly had darker color because of the natural dark
(P>0.05) different from that of control sample up color of PCP, but they were found as acceptable.
to 30% addition level. However, the cookies
supplemented with PCP were accepted by the
panelists up to 20% level. Crispness of cookies
decreased significantly by adding PCP. Above
20% addition level, sensory scores deteriorated
significantly (£<0.05), especially for taste. Above
20% level, bitter taste was detected in cakes and
cookies.

Cake
6
5
28 B I
#
;E 3 W Appearance
E T O Softness
@ 2 OTaste
1
04 : ‘ : : : x Control 10% 20% 30%
0 10 20 30 _ _ —
PCP level (%) Figure 2. Cakes and cookies supplemented with pine cone
powder (PCP)
Cookie Control: not supplemented with PCP; 10, 20 and 30%:
6 PCP levels
3 Eal
CONCLUSION
24
g The importance of dietary fibers in human diet is
g3 " Appearance well-understood and accepted by many researchers.
g2 0 Crispress Extensive studies have been carried out regarding
O Taste . . . .
. to the fortification of food products with different
fibers. Enrichment of bakery products with new
0 0 T T T sources of fiber other than common ones (whole
PCP level (%) grains, wheat bran, oat, barley, etc.) has been

interested nowadays. The current work
investigated, the first time, the production and
characterization of pine cone powder (PCP) and

Figure 2 shows the photos of the cakes and  evaluated the effects of fiber-rich PCP incorporation
cookies supplemented with different levels of  n cake and cookie quality.

PCP. Addition of PCP did not have substantial
deteriorative effect on external appearance of the

Figure 1. Sensory scores of the cakes and cookies
PCP: Pine cone powder

Total dietary fiber (TDF) content of PCP was
found as 62.0%, which was very high level as
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compared to fiber sources commonly used. TDF
contents of the PCP supplemented products
increased with increasing addition levels and
reached up to 8.30% in cake and 11.80% in
cookie with 30% addition. The PCP did not have
substantial deteriorative effect on external
appearance of cakes and cookies. Generally
dietary fiber sources caused lower volume and
harder texture in cakes. In the present study, 10
and 20% PCP addition gave softer cake than
control sample without decreasing volume of the
products. Also spread ratio, the most important
physical parameter of cookies, was not negatively
affected by adding PCP up to 30% level, moreover
improved by 10% addition.

The color of the food product is one of the
characteristics which affect the consumer
acceptability. The PCP included products had
darker color, but the changes in color were not
substantial to make the products unacceptable
according to sensory evaluation. Acceptable PCP
addition level was found as 20% according to
taste of the cakes and cookies. Above the level,
bitter taste was detected in products. However,
there was no flavoring agent in formulations of
products to observe the effect of PCP better.
Bitter taste caused by high level of PCP addition
could be enhanced by adding flavoring such as
vanilla or the formulation could be fortified with
fruit fibers such as apple pomace or orange peels
that have rich fine flavor. Therefore, pine cone
powder sample produced in this study has great
potential in baking industry and can be used as
an alternative dietary fiber source in cake and
cookie formulations.
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Abstract

Rhizopus group organisms produce a variety of fermented foods and industrial products including
enzymes, organic acids, lipid derivatives, pesticides, herbicides, antibiotics. Some strains of Rbizopus
are good lactic acid producers, with many advantages over lactic acid producing bacteria. Lactic acid
has a wide range of application in food processing industry. In this study, growth and lactic acid
production of Rhizopus oryzae in response to different NaCl and KCI concentrations in the culture were
investigated. The growth and lactic acid production depended on the salt concentration, they decreased
as the salt concentration increased. The type of salt did not result in significant differences in terms of
growth and lactic acid production.

Key Words: Rhizopus oryzae, lactic acid, salt

NaCl VE KCl TUZLARININ RHIZOPUS ORYZAE’NIN
BUYUMESINE VE LAKTIK ASIT URETIMINE ETKIiSi

Ozet

Rhizopus grubu organizmalar enzimler, organik asitler, lipit tiirevleri, pestisitler, herbisitler ve antibiyotikleri
iceren endistriyel trtnler ile c¢esitli fermente gidalart da tretirler. Rhizopusun bazi suslart laktik asit
treten bakterilere gore daha avantajli laktik asit treticisidirler. Laktik asit gida isleme endustrisinde
genis bir uygulama alanina sahiptir. Bu calismada Rbizopus oryzae'nin besiyerindeki farklt NaCl ve KCl
derisimlerine cevaben buytime ve laktik asit Giretimi arastirilmistir. Biiylime ve laktik asit Gretimi tuz
derisimine baglidir, tuz derisimi arttikca azalmislardir. Tuzun tiri biiyiime ve laktik asit tiretimi agcisindan
kayda deger bir farka neden olmamustir.

Anahtar kelimeler: Rhizopus oryzae, laktik asit, tuz
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INTRODUCTION

Fungi are able to synthesize many materials
important to food, drug and chemical industries.
Rhizopus group is important in the production of
fermented food products like bongkrek, khaomak,
lao-chao, oncom, tape ketan, tapuy, tauco,
tempeh (1, 2). Some properties of Rhizopus species
make them preferred in food production. They
can grow in a wide range of temperature, between
25 and 45 °C (3, 4). Moreover they produce a
high number of secondary metabolites with
sensorial and nutritional interest like -carotene,
ergesterol, lactic acid (5, 6). Also they can produce
anti-fungal and anti-bacterial compounds (7).
R. oryzae is considered GRAS by the U.S FDA.
R. oryzae does not produce any mycotoxin (8),
even though some of Rhizopus species have
been reported to produce mycotoxins (9). In fact,
Rhizopus species can be used as a detoxifying
agent against food toxins, like Ochratoxin A (10)
and on the other hand, to increase the digestibility
of certain legumes (11).

R. oryzae was first described in 1936 as a lactic
acid producer. Lactic acid is a naturally occuring
multifunctional organic acid. It is found in many
food products, mainly in fermented food items. It
is used in a wide range of food processes from
soda to sausages production and in non-food
industrial applications because it preserves,
enhances flavour or imparts desired acidity (6).

In the literature, there are studies on the effect of
oxygen rate, pH of medium, CaCOj; addition,
inoculum size, concentration of nitrogen source,
agitation speed and aeration rate on the morphology
and lactic acid production. Indeed morphology
and lactic acid production of R. oryzae are
interdependent, since the growing mycelia causes
highly viscous broth and a dramatic decrease in
oxygen and mass transfer rate. Therefore,
controlling mycelia morphology is important in
order to get higher production rates (12, 13).

In this study, the effect of salt type and concentration
on the growth and lactic acid production
of R. oryzae was investigated. To the best of our
knowledge, there are currently no reports in the
literature published on the relationship between
salt and growth in R. oryzae. Throughout
the study, macroscopic and microscopic images
of mycelia were examined in addition to dry we-

ight determination and lactic acid production to
define the growth characteristics and product
formation.

MATERIALS AND METHODS
Microorganism and growth conditions

R. oryzae (ATCC 9303) was used in this study. It was
sporulated on streaked agar plates containing
Potato Dextrose Agar for 4-5 days at 30 °C. After
sporulation, the plates were stored at 4 °C until
preparation of spore suspension. For fermentation
study, agar plates containing sporulated fungus
were washed by sterile water to obtain spore
suspension. For each inoculation, spore concentration
in the suspension was determined by counting
the spores on hemocytometer. R. oryzae was
inoculated into the liquid media composed of
(all w/v) 2% glucose, 0.2% (NH,),SO,; 0.065%
KH,PO4; 0.025% MgSO4,.7H,O and 0.005%
7ZnSO,.7H,O and then the cultures were incubated
in shaker- incubator at 35 °C and 150 rpm.

R. oryzae secretes significant amounts of lactic
acid to the growth media, which leads to the
decrease in pH down to 2.0-2.3 after 24 h. Hence,
1% CaCO; was also added to the cultures
to neutralize the secreted lactic acid; buffering
capacity of CaCOj is sufficient to keep pH
between 6.1-6.5 in the cultures.

In order to examine the effect of salts on the
growth of R. oryzae, salt ((w/v) 4%; 2%; 1%;
0.5% of NaCl and (w/v) 4%; 2%; 1%; 0.5% of KCI)
were added to the growth media.

250 ml-Erlenmeyer flasks containing 100 ml of
medium were used. The cultures were inoculated
with 10° spores/ml. Fermentation duration was
six days, glucose was totally consumed in the
cultures by then.

Analytical methods

Glucose and lactic acid concentration was
determined by HPLC. The HPLC method is based
on a normal chromatography procedure, using
Phenoemenex (California, USA), Rezex Cal organic
acid column column size of which is 300x7.8
mm. and a refractive index detector. Eluent was
5 mM H,SO, flowing at 0.6 ml/min. The volume
of injection for both standard solutions and
sample extracts was 20 pl.
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The morphology was characterized by macro-
and microimaging. For macro imaging, a generic
digital camera was used. For micro imaging, a
digital microscope imager (Celestron, CA, USA),
mounted on a light microscope (Bresser,
Germany) was used to capture the images.

Dry weight measurements

Mycelia were harvested by filtering the media,
washed with distilled water, filtered again, dried
in pre-weighed aluminum folia for 24 hours at
90 °C, and finally were weighed to obtain the
dry weights.

The student's t-test was used for statistical analysis.

RESULTS AND DISCUSSION

Physiological conditions of media like pH, type
of carbon and nitrogen source and their amounts,
minerals, size of inoculum are well known to have
great influence on morphology of R. oryzae (12,
14). Besides these conditions, salt effect on the
morphology and growth should be determined.
Therefore, a study was conducted which included
two types of salts (NaCl and KCD with different
concentrations.

A salt-free control flask and NaCl containing
flasks were inoculated and incubated in shaker
incubator. As shown in Figure 1a, the macroscopic
appearances of the mycelial growth can be
defined as non-uniform size pellet in cultures
containing 0.5 and 1% NaCl, pellet in culture
containing 2% NaCl, uniform size pellet in culture
containing 4% NaCl, and congealed mass in the
control culture. Biomass dry weights obtained
were 65, 50, 26, 8 and 3 mg/L for 0%, 0.5%, 1%,
2% and 4% NacCl containing cultures, respectively
(Figure 2).

Tart et. al. (2011) reported the effects of the
different concentrations of Mg* and Zn* salts on
the morphology of R. oryzae; small clumps became
fluffy pellets with mycelium in response to an
increase of Mg* concentration, changing Zn*
concentrations in growth media did not cause
any difference (15). In the literature there are
many studies on the physiological responses of
yeasts (especially S. cerevisiae) to salt stress (16).
However, the available researchs on molds focus
on the molecular mechanisms and morphological
changes in halotolerant/ halophilic/ xerophilic
strains (17, 18).
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Figure 1. The morphological differences in R. oryzae at different NaCl concentrations. a) macroscopic appearances, b)

microscopic appearances.
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Figure 2. The effect of different NaCl (Black bars) and KCI
(Gray bars) percentages on growth of R. oryzae.

In the case of KCI containing media, after the
inoculation and incubation, the macroscopic
appearances of the mycelial growth can be defined
as non-uniform size pellet in cultures containing
0.5 and 1% KClI, dispersed in culture containing
2% KCl, pellet in culture containing 4% KCl, and
congealed mass in the control culture (Figure
3a). Biomass dry weights obtained were 65, 57,
29, 11 and 5 mg/L for 0%, 0.5%, 1%, 2% and 4%
KCl containing cultures, respectively (Figure 2).

The microscopic appearances (i.e. number of
tips, hyphal length) were comparable and did

not differentiate in both NaCl and KCI containing
cultures (Figure 1b and 3b).

According to these results, it can be suggested
that the type of the salt used (NaCl/KCD did not
result in significant differences (P>0.05) in the
final mycelia dry weights, however the salt
concentration affected the biomass dry weights
considerably. The effect may be attributed to the
increase in the osmotic stress by the increasing
salt concentration (19).

After the discovery of R. oryzae being a producer
of optically pure L(+) lactic acid, many studies
were made to understand its lactic acid production
mechanism and the conditions affecting the
production rate of lactic acid (20-24).

In our study it was found that the lactic acid
production depended on the salt concentration,
not on the type of the salt (Figure 4). The lactic
acid production was in the same range up to 1%
salt concentration, after which it decreased as the
salt concentration increased, for both salt types
studied, most possibly due to the repressive effect
of salts on the growth and lactic acid formation.

Non-uniform
size pellet

Congealed
mass

»

Non-uniform
size pellet

Dispersed Pellet

Figure 3. The morphological differences in R. oryzae grown at different KCI concentrations. a) macroscopic appearances, b)

microscopic appearances.
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Figure 4. The effect of different NaCl (Black bars) and KCI
(Gray bars) concentrations on the lactic acid production by
R. oryzae.
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Abstract

In this study, red beet juice (RBJ) was produced by lacto-fermented method in order to facilitate preservation
and enhance the flavor of beet juice. RBJ was inoculated with Lactobacillus plantarum 12-1 and
incubated at 30 °C for 72 hours. The viable cell counts of L. plantarum culture reached 1.3x10* CFU/ml
after fermentation. Quality characteristics such as pH, titratable acidity, total soluble solids, total sugar,
invert sugar, sucrose content and color of fermented RBJ were determined. In order to extend the shelf
life of product, the powder of RBJ was produced by using a spray and drum dryer. The effects of
maltodextrins with different dextrose equivalent (25% and 50%) were evaluated during drying process.
Then, the total dry matter, particle size, and bulk density were analyzed to determine the quality of
powder product. According to sensory analysis of reconstituted products, powder product which was
produced with drum dryer was most preferred product than other products.

Keywords: Red beet juice, lacto-fermented method, red beet juice powder, drying

FERMENTE PANCAR SUYU TOZUNUN
PUSKURTMELI VE VALSLI KURUTUCU IiLE URETIMIi

Ozet

Bu calismada, pancar suyunun lezzetini artirmak ve muhafazasini kolaylastirmak icin laktoferment
yontemi ile pancar suyu Uretilmistir. Pancar suyuna Lactobacillus plantarum 12-1 ile inokiile edilmis ve
30 °C’de 72 saat inkiibe edilmistir. Fermantasyondan sonra L. plantarum sayist 1.3x10° KOB/ml olarak
belirlenmistir. Fermente pancar suyunun pH, titrasyon asitligi, suda ¢6zinir kuru madde, toplam
seker, invert seker, sakkaroz icerigi ve renk gibi kalite ¢zellikleri analiz edilmistir. Uriiniin raf émriini
artirmak amacryla puskirtmeli ve valsli kurutucu kullanilarak pancar tozu tretilmistir. Ayrica, kurutma
islemi sirasinda farkli dekstroz esdegerligine sahip (%25 ve %50) maltodekstrinlerin etkisi arastirilmistir.
Daha sonra toz Urtintn kalite 6zelliklerini belirlemek amaciyla toplam kuru madde, partikil boyutu ve
yigin yogunlugu analizleri yapilmistir. Toz Urtinlerin sulandirilmasti ile elde edilen trtinlerin duyusal
analiz sonuclarina gore, valsli kurutucu ile tretilen trtin digerlerinden daha fazla begenilmistir.

Anahtar kelimeler: Pancar suyu, laktoferment yontemi, pancar suyu tozu, kurutma

* Corresponding author /Yazismalardan sorumlu yazar;
@0 tanbay@hotmail.com, ® (+90) 232 311 3043, (+90) 232 342 7592
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INTRODUCTION

Red beet (Beta vulgaris) is a traditional and
popular vegetable in many parts of the world (1).
It contains 87.3% moisture, 1.6% protein, 9.1%
carbohydrates, 0.8% fiber, 0.1% fat, and 1.1%
ash. Red beet is generally processed before
consumption which influences the stability of
betalains in turn which affects the acceptability
and health properties. Betalain pigment mixtures
can be used as a natural additive for food, drugs
and cosmetic products in the form of beet juice
concentrate or beet powder (2). Intense red-colored
beets are most popular for consumption, both
cooked and raw as salads or juice. In order to
improve the red color of tomato pastes, sauces,
soups, desserts, jams, jellies, breakfast cereals,
the powder of red beet is used industrially (3).
The use of betalains as food colorant is approved
by European Union and betalains are labeled as
E-162 (2).

Fermentation is one of the oldest methods of
food preservation, which extend the shelf life of
product and also improves the nutritional value
(4, 5). Tt is difficult to preserve vegetable juices
because of low acidity and high concentration of
spoilage and spore-forming bacteria. Therefore,
vegetable juice can be offered fermented.
Production of fermented vegetable juices cannot
be realized without microorganisms. Fermentation
may be spontaneous by using the red beet’s own
lactic acid bacteria or may be controlled using a
starter culture. Lactic acid bacteria are used as
starter cultures (lactofermentation) (6).

Lactic acid fermentation of vegetables is widely
practiced technology which improves flavour,
healthy effects, and safety (7, 8). Consumption of
lactic acid fermented vegetable juices has increased
worldwide. These juices are mainly produced
from cabbage, red beets, carrots, celery, and

tomatoes, and may be called "new functional
foods" (8).

Red beet is mainly consumed as lactofermented
juice, as pickled preserves or as a cooked
vegetable. To the best of our knowledge, no data
on the production of lactofermented RBJ and
powder and the effects of maltodextrins with
different dextrose equivalent on drying of red
beet juice have been reported in the literature.
The main objective of this study is to carry out

production of lactofermented RBJ and produce
the powder of RBJ by using a spray and drum
dryer in order to minimize transportation, storage
costs, microbial spoilage and deterioration by
chemical reactions. Also, quality characteristics
of lactofermented RBJ and powder products
were determined after production.

MATERIALS AND METHODS
Materials

Red beets (Beta vulgaris) were purchased from
local market in Izmir, Turkey. Red beets were
stored in a refrigerator at +4 °C and 85-90%
humidity before processing. Lactobacillus
plantarum 12-1 (Labor Wiesby, Germany) was
used in the study. Freeze-dried (lyophilized) cultures
were stored at -18 °C until used. The inoculum
was prepared by growing the culture at 30 °C for
24 h in MRS broth (Merck, Germany). Viable cell
counts (CFU/mD of the inoculum were determined
by the standard plate method with MRS medium
after 48 h of incubation at 30 °C.

Methods
Processing methods
Fermented beet juice production

Red beets were washed and peeled by peeling
machine. RBJ was obtained with Moulinex
(JU5000-800 W) juice extractor. Raw RBJ was
heated for 5 min at 90 °C. After heating, the beet
juice was cooled to 30 °C for inoculation with
lactic culture. L. plantarum 12-1 was used as a
starter culture to produce fermented RBJ after
being sub-cultured in MRS broth. Lyophilized
culture was dissolved in saltwater solution for
activation. Then, raw RBJ was inoculated with
activated culture at 30 °C. At the end of the
fermentation period (72 h at 30 °C), fermented
RBJ was subjected to pasteurisation at 90 °C for 5
min and cooled to 25 °C (Figure 1).

Red beet = Washing and peeling = Beet juice
extraction = Raw beet juice =

Heating (90 °C, 5 min) = Cooling = Inoculation
(Lactobacillus plantarum) =

(30 °C, 72 h, pH 3.8-4.2) = Fermented beet juice

Figure 1. Fermented beet juice production



Powder Production

FBJ powders were produced by spray and drum
dryer. Firstly, 50% maltodextrin-containing
product produced with drum dryer. Then, 50%
and 25% maltodextrin-containing product produced
with spray dryer. Drying conditions in spray dryer
were at inlet temperature of 180 °C, outlet
temperature of 100 °C and flow rate of 10 ml/min.
The working parameters of drum dryer were 3
bar pressure and 2.5 min/cycle speed of rotation.

Methods of analysis
pH and total acidity

pH was determined using a pH meter (Inolab
WTW, Weilheim, Germany). Total acidity was
measured by titrating sample up to pH 8.1 with
0.1 N NaOH using digital pH meter (Inolab) and
results were expressed as g/100 mL with reference
to lactic acid (9).

Color

Color of RBJ and powders were measured by
using the Hunter-Lab Colorflex (CFLX 45-2 Model
Colorimeter; HunterLab, Reston, VA) based on
three color coordinates, namely L*, a* and b*.
The cylindrical quartz cell containing the sample
was placed directly into the colorimeter, and post
processing L*, a* and b* values were recorded. The
L* (lightness: L*=0 for black, L*=100 for white), a*
(redness-greenness: a*<0 for green, a*>0 for red)
and b* (yellowness-blueness: b*<0 for blue, b*>0
for yellow) indexes of the CIELAB (Commission
Internationale de I'éclairage, L*, a*, b*) colorimetric
system were used to evaluate the color.

Total soluble matter

Total soluble matter (°Brix) of juice was determined
by an automatic digital refractometer at 20 °C
(Kriiss DR 201, Germany) (10).

Total dry matter

Total dry matter of fermented beet juice powders
was determined by infrared moisture measurement
device (Shimadzu MOC-63U) at 105 °C.

Physical analysis of powders

Particle size and bulk density were analyzed to
determine the quality of powder product (11).

Analysis of carbohydrates

Total sugar, invert sugar, and sucrose content
were determined by Lane Eynon Method (9).

Viable cell counts

Viable cell counts (CFU/ml) were determined by
the standard plate method with Lactobacilli MRS
medium after 48 h of incubation at 30 °C (9).

Sensory evaluation

Samples were given to ten panelists, and they
were asked to rank the samples based on their
preferences for taste, color and smell. The sample
score sheet consisted of 5 scores (from 1:dislike
to 5:like) (12).

Statistical analysis

The mean values and standard deviations were
calculated by Excel (Microsoft Corp., USA). The
results were submitted to ANOVA and Duncan
test to evaluate differences between treatments
using SPSS 15 (SPSS Inc., Chicago, USA); and sig-
nificance level was set at P < 0.05. Statistically
significant differences were compared with treatment
groups. Each experiment was repeated 3 times.

RESULTS AND DISCUSSION

The red beet juice and powders were produced
and changes on quality characteristics such as
pH, total soluble solids, color, titratable acidity
were determined. Also, bulk density, particle size,
total dry matter was analyzed for powder
products.

Fermentation is carried out spontaneously using
microorganisms in vegetables or by the addition
of starter culture (13). During fermentation, pH
decreases and lactic acid increases in vegetable
juices reported in literature (Table 1).

In this study, it was determined that the viable
cell counts of L. plantarum culture reached
1.3x10* CFU/ml after 72 h of fermentation at 30
°C. Similarly, Huang et al. (2005) found that lactic
acid bacteria of red beet juice fermented at 30 °C
for 72 h was 9.2x10° CFU/ml (14).
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Table 1. pH of some vegetables after fermentation

Food Starter culture pH after fermentation References
L. plantarum pH 3.81 (32°C 19 h) Gokmen and
Carrot L. xylosus pH 4.96 (32 °C 19 h) Acar,1992
L. delbrueck pH 3.82 (40 °C 19 h)
Cucumber L. plantarum pH 3.82 (35°C 12 h) Kurtar, 1998
Beet L. plantarum pH 4.2 (30 °C 48 h) Yoon et al. 2004
Cabbage L. plantarum pH 3.6 (30 °C 72 h) Yoon et al. 2005

L. casei

pH 3.4 (30 °C 72 h)

Total sugar, invert sugar, and sucrose content of
fermented red beet juice decreased during
fermentation (Table 2). It means that L. plantarum
consumed the sugar and decreased the lactic
acid concentration in culture medium. In parallel
to our results, Kurtar (1998) reported that total
sugar content of lactofermented vegetable juice
decreased from 3.84 g/100 ml to 1.66 g/100 ml
after fermentation (15). Also, invert sugar content
decreased from 3.1 g/100 ml to 1.64 g/100 ml.
Ozler and Kili¢ (1996) found that invert sugar
content of turnip juice decreased to 0.2-0.4 g/100
ml at the end of fermentation (16). In addition,
Oztiirk (2009) indicated that sucrose content of
turnip juice decreased to 1.14 g/100 ml (17).

Table 3 presents the change in physical and
chemical parameters of fermented beet juice and
reconstituted products. The pH of fermented red
beet juice was found to be 4.15. The pH of
fermented red beet powders were higher than
red beet juice (P<0.05), with values ranging from
4.32 to 4.42. Several previous studies stated a
significant decrease in pH values after fermentation.
Huang et al. (2005) found that pH of red beet
juice. was 6.3 and it decreased to 4.2 after
fermentation (14).

During fermentation, the lowering of pH was
most probably because of accumulation of organic
acids, mainly lactic acid (18-20). The increase in
concentration of lactic acid was because of
bioconversion of starch to sugar and finally to

lactic acid, which resulted in further decrease in
starch and sugar concentration in the fermented
medium (6, 21-22). Yoon et al. (2006) reported a
similar increase in lactic acid concentration and
simultaneous decrease in pH during production of
probiotic cabbage juice by lactic acid bacteria (19).
The titratable acidity of fermented RBJ was 0.55
¢/100 ml, and acidity of reconstituted powders
were changed between 0.17-0.22 (£<0.05). Similar
results were obtained by Huang et al. (2005) in
red beet juice fermentation (14). They reported
that that acidity of red beet juice fermented by L.
plantarum increased from 0.13 g/100 ml to 0.56
g/100 ml after 72-h fermentation. Furthermore,
Kurtar (1998) found that acidity of fermented
cucumber increased from 0.14 g/100 ml to 0.52
/100 ml (15).

The total soluble solids of RBJ and fermented
RBJ were found to be 7.3 and 6.5, respectively.
This is due to the bioconvertion of sugars to lactic
acid. Gokmen and Acar (1992) reported that total
soluble solid content of carrot juice fermented by
L. plantarum decreased from 8.5% to 7.35% (23).

The L* value of RBJ and fermented RBJ were found
to be 0.72 and 4.04, respectively. The L* value of
red beet juice increased after fermentation. This
might be attributed to the decrease in turbidity of
lactofermented red-beet juice. Similarly, Rodrigues
et al. (2011) observed that L* value of apple juice
increased during fermentation (24). The a* value
of RBJ and fermented RBJ were found to be 3.93

Table 2. Total sugar, invert sugar, and sucrose content of fermented red beet juice

Analysis Days

0 2 4
Total sugar 4.42+0.2° 3.60+0.3" 3.14+0.3*
Invert sugar 0.95+0.1° 0.47+0.1° 0.30+0.2*
Sucrose 3.47x0.1° 3.1310.2° 2.85x0.1°

aveDifferent letters within rows are significantly different (P<0.05)




and 18.58, respectively. Increase in a* value after
fermentation might be due to the cell disruption
and intracelluler components passed through the
water. Similarly, Gobbetti et al. (2009) found that a*
value of tomato juice increased during fermentation

(25).

determined. The results indicated that pH, total
sugar, invert sugar, sucrose, total soluble solid
content of red beet juice decreased after fermentation.
Fermentation improved the color of red beet
juice. Juice powders have many benefits and
economic potentials over their liquid counterparts

Table 3. Physical and chemical parameters of fermented beet juice and reconstituted products

Analysis Fermented Reconstituted product Reconstituted product ~ Reconstituted product
beet juice (%25 MD, spray dryer) (%50 MD, spray dryer) (%50 MD, drum dryer)

pH 4.15° 4.32° 4.33° 4.42°

Total soluble solids (°Brix) 6.5° 6.1° 6.1° 6.1°

L* 4.04° 0.21° 0.39° 2.88°

a* 18.58° 0.82° 1.92° 11.96°

b* 4.32° 0.17° 0.47° 2.54¢

Titratable acidity (g/100 mL) 0.55° 0.22° 0.19° 0.17¢

aeeDifferent letters within rows are significantly different (P<0.05)

As shown in Table 4, bulk density of powder
products were changed between 0.33-0.83. There
were significant differences evaluated between
powder products (P<0.05). Powder product
produced by drum dryer and containing 50%
maltodextrin had the lowest particle size value.

Sensory analysis of fermented RBJ and reconstituted
products are presented in Table 5. According to
results of analysis, panelists gave the highest score
to fermented RBJ. In addition, powder product
which was produced with drum dryer was most
preferred product than other powder products.

Conclusion

In this study, red beet juice (RB]) was produced
by lacto-fermented method with ZLactobacillus
plantarum 12-1 and quality characteristics were

Table 4. Some properties of lactofermented red-beet juice powders

such as reduced volume or weight, reduced
packaging, easier handling and transportation,
and much longer shelf life. Powder products were
obtained by drum and spray dryer. Powder
product including 50% maltodexrin produced by
drum dryer has the lowest particle size and also
it was most preferred by panelists compared to

the others.
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Analysis Powder product Powder product Powder product
containing %25 MD containing %50 MD containing %50 MD
(spray dryer) (spray dryer) (drum dryer)
Bulk density 0.59* 0.33° 0.83°
Particle size 300° 333° 229°
Total dry matter 94.03° 92.16° 94.28°

ae<Different letters within rows are significantly different (P<0.05)

Table 5. Sensory analysis of fermented red-beet juice and reconstituted products

Product Taste Color Smell Total effect
Fermented red-beet juice 3.6 4.4 3.8 4.4
Powder product containing %25 MD (spray dryer) 2.4 3.2 2.6 3.2
Powder product containing %50 MD (spray dryer) 2.6 3.6 2.6 3
Powder product containing %50 MD (drum dryer) 3 3 3.4 3.8
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Abstract

Nowadays, there is an increasing demand to reduce the chemical additives and enrich the functional
properties of food with using natural ingredients such as fruit and vegetables. In this study, the objective
was to determine the influence of addition of cornelian cherry, spinach and bee pollen powders on the
total phenolic content and antioxidant capacity of white chocolate. The Folin-Ciocalteu reagent was
used to evaluate the total phenolic content and the antioxidant capacity of samples was measured by
two different assays which were DPPH (2,2-diphenyl-1-picrylhydrazyl) scavenging activity and FRAP
(ferric reducing antioxidant power) tests. The obtained results showed that plain white chocolate
exhibited no phenolic compound. In addition, antioxidant activity of white chocolate was found so
low. However, the addition of cornelian cherry and spinach to chocolates enhanced the total phenolic
content and antioxidant capacity and contribution of pollen powder to functional property of white
chocolate was found as highest among all powders used.

Keywords: White chocolate, antioxidant capacity, cornelian cherry, spinach, pollen.

KIZILCIK, ISPANAK VE POLEN TOZLARI KULLANILARAK
BEYAZ CIKOLATALARIN FONKSIYONEL OZELLIKLERININ
ZENGINLESTIRILMESI

Ozet

Glnlimuzde, meyve ve sebzeler gibi dogal bilesenler kullanilarak gidalarin fonksiyonel ¢zelliklerinin
zenginlestirilmesi ve kimyasal katkilarin azaltilmasina gosterilen talep artmaktadir. Bu ¢alismada amac,
beyaz cikolataya eklenen kizilcik, ispanak ve ari poleni tozlarinin toplam fenolik madde ve antioksidan
kapasiteye etkisini belirlemektir. Orneklerin toplam fenolik maddesini belirlemek icin Folin-Ciocalteu
reaktifi, antioksidan kapasitesini belirlemek icin ise DPPH (2,2-difenil-1-pikrilhidrazil) siptrme aktivitesi
ve FRAP (demir indirgeme antioksidan giicti) testleri kullanilmistir. Elde edilen sonuclar sade beyaz
cikolatada fenolik madde bulunmadigini gostermistir. Ayrica, beyaz cikolatanin antioksidan aktivitesi
de cok dustik bulunmustur. Ancak, cikolatalara eklenen kizilcik ve 1spanak tozu toplam fenolik madde
ve antioksidan kapasiteyi gelistirmis ve beyaz cikolatanin fonksiyonel 6zelliklerine katkist ¢calismada
kullanilan tozlar arasinda en yiiksek polen tozunda saglanmustir.

Anahtar kelimeler: Beyaz cikolata, antioksidan kapasite, kizilcik, ispanak, polen.
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INTRODUCTION

Cocoa and chocolate products have been one of
the most popular foods for thousands of years.
They have been consumed for both energy
source and health benefits. Chocolates are
mainly categorized as dark, milk and white that
differs in contents of cocoa solids, milk fat and
cocoa butter (1). White chocolate is formulated
with sugar, cocoa butter, milk solids, lecithin and
vanillin. It contains sugar and milk solids covered
by a continuous fatty phase. If a chocolate is
named as "white chocolate", it has to include
whole milk powder and cocoa butter in
the formulation (2, 3). Studies about the health
benefits of cocoa and cocoa products are focused
on especially degenerative diseases. Cocoa beans
contain many different biologically active
substances which are enzymes, vitamins, dietary
fibers, minerals, xanthines (caffeine and theobromine)
and polyphenols (4-6). The percentage of cocoa
content determines the amount of polyphenols
in chocolates. Although dark and milk chocolate
contain cocoa mass, white chocolate does not
contain, so it lacks in terms of phenolic subtances.
Because white chocolate has no cocoa solid
content, antioxidant effect of white chocolate is
low. Therefore, enrichment of white chocolate
with fruits and vegetables can enhance its
antioxidant capacity.

Functional foods contain a considerable amount
of bioactive substances. They provide health
benefits and prevent from choronic diseases.
Phytochemicals such as phenolic substances and
antioxidants in fruits and vegetables play an
important role in creating functional foods (7).
Cornelian cherry grown in Asia and Europe
(Cornus mas L.) has bright, red colour and sour
taste. Antioxidant activity of cornelian cherry is high
because it contains ascorbic acid and polyphenolic
compounds. In Turkey, it is consumed as directly
or jam, marmalade, fruit pulp, in syrup or dry
form. In addition, because of high antioxidant
capacity, cornelian cherry can be used as food
additive (8, 9). Spinach (Spinacia oleracea), one
of the most important vegetables is consumed as
fresh in salads or cooked. It involves higher
amount of phenolic compounds, chlorophyll
and B-carotene than many vegetables. Up to
now, spinach powder has been added in bread,
noodles and cheese due to its colour and

nutrients (10-12). Bee pollen includes carbohydrates,
proteins, lipids, vitamins, minerals, micronutrients
and polyphenolic substances which scavenge
free radicals. Therefore, bee pollen can be used
as additivite due to health benefits. (13, 14). In
literature, there are some studies about the
chocolate enriched with raspberry, red pepper,
rosemary and dried fruits like prunes, papaya,
cranberry (15-17). However, there is no study on
functional chocolate using powder of cornelian
cherry, spinach or bee pollen. In addition, there
are studies about the antioxidant capacity of the
cocoa and chocolate products which are milk
and dark chocolate (18-21). However, the number
of studies are limited on antioxidant activities of
white chocolates (22-24).

The purpose of this study was to produce white
chocolate with addition of cornelian cherry,
spinach and bee pollen powders. Coloring of
chocolates and increasing antioxidant activity
were targeted by using powders. The antioxidant
potential of chocolates was determined with total
phenolic content, DPPH scavenging activity and
FRAP analysis by spectrophotometrically.

MATERIALS AND METHODS
Materials
Methanol, Folin-Ciocalteu reagent, sodium

carbonate, ferric chloride hexahydrate, sodium
acetate trihydrate were provided from Merck™
(Darmstadt, Germany). DPPH (2,2-diphenyl-
1-picrylhydrazyl), TPTZ (2,4,6-tris(2-pyridyD-
s-triazine), gallic acid (GAE) and FeCl; x 6H,O
were supplied from Sigma-Aldrich (St. Louis,
MO, USA). Cornelian cherry, spinach, bee pollen
and other ingredients used in chocolate were
taken from local markets (Sakarya, Turkey).

Preparation of chocolate samples

Cornelian cherry and spinach were washed with
tap water then freeze-dried with the freeze drier
(Labconco Freezone 6, USA). Bee pollen was dried
in oven (Jeio Tech ON-12G, Korea) at 40-50 °C
for 2 hours. After drying, all samples were ground
into powder by using grinder (Fakir, Germany).
Ingredients of white chocolate are listed in Table
1. Cocoa butter was melted by bain-marie method,
ingredients in powder form were added and
mixed with a mixer (Fakir-mezza plus, Germany).



Table 1. Ingredients of white and dark chocolate. Powdered sugar was used instead of cornelian cherry/spinach/bee pollen powder

in control samples.

Ingredients Percentage
Cocoa butter 39.00%
Powdered sugar 33.50%
Milk powder 17.00%
Whey powder 7.60%
Lecithin 0.50%
Butter 0.40%
Cornelian cherry/spinach/bee pollen powder 2.00%

The mixture was ground in melanger (Santha,
USA) to gain required particle size for 6 hours.
After counching, lecithin (emulgator) was added
to the mixture. Chocolate mass was cooled to 27
°C, then heated to 32 °C and tempering was
completed. The samples were stored in 4 °C until
analysed.

Preparation of chocolate extracts

Chocolate extracts were prepared according to
Wojdylo (25) with some modifications. 1 g of
each chocolate sample was extracted with 10 ml
of aqueous methanol (70ml/100mD for 15 min in
an ultrasonic water bath (Bandelin Sonorex,
Germany). Then, each sample was centrifuged in
centrifuge (Hettich Univarsal 320R, England) for
10 min at 13,130 x g. The supernatants of samples
were seperated in tubes to use in analysis. Step
of lipid elimination from samples was not applied
due to possibility of loss in powders (cornelian
cherry, spinach and bee pollen) during process.
Although lipids from chocolates have been
removed in most of the studies, there are some
studies in the literature which did not eliminate
lipids from chocolates (18).

Determination of total phenolic content

Total phenolic content of chocolate extracts was
determined according to Singleton et al. (26) by
spectrophotometrically. One hundred microliter
of extract was mixed with 2 ml of distilled water
and 1 ml Folin-Ciocalteu reagent was added to
the mixture. After 3 min, 1 ml of sodium carbonate
solution (20%) was added and incubated for 1
hour. Absorbances of samples were measured at
765 nm in UV-VIS spectrophotometer (Shimadzu
UVmini-1240, North America). Total phenolic
content was expressed as mg GAE/100 g chocolate.

Antioxidant activity assays

DPPH assay

DPPH assay was applied according to the
procedure of Brand and Williams (27) with some
modifications. Two hundred microliter of chocolate
extract was added to 3 ml of 0.051 mM DPPH in
methanol and incubated at room temperature for
30 min. The DPPH scavenging capacity was
evaluated by measuring the decrease in absorbance
at 517 nm. Antioxidant capacity was calculated
by using following equation:

A(control) - A(sample)
x 100
A(control)

% DPPH scavenging activity =

FRAP assay

The ferric ion reducing antioxidant power assay
was done according to modified method of Benzie
and Strain (28). Three hundred milimolar acetate
buffer (pH 3.6), 10 mM TPTZ, 20 mM FeCl, x 6H,0
were prepared as stock solutions. Then, FRAP
reagent was made by mixing 25 ml of acetate
buffer, 2.5 ml of TPTZ and 2.5 ml of FeCl, x 6H,O
solutions. One hundred microliter of chocolate
extract and 1.2 ml of distilled water were added
to 1.8 ml of FRAP reagent. Absorbance was
measured at 593 nm after incubation at 37 °C for
15 min. For calibration curves, aqueous solutions
of FeSO, x 7H,0O were used and the results were
expressed as mmol Fe(ID/L.

Statistical analysis

Analysis were applied in three independent
samples for each chocolate product and all de-
terminations were performed in triplicate in each
chocolate extract. Statistical analyses were done
with the SPSS program (Version 20, Chicago, IL,
USA) and the differences between chocolate
samples were determined using Duncan’s
multiple range test. Results were expressed as
the average + standard deviation.
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RESULTS AND DISCUSSION
Total phenolic content

Total phenolic content of white chocolate samples
are shown in Table 2. The total phenolic content
in control sample was not detected which is not
suprising because white chocolate contains no
cocoa mass. According to literature, there is high
positive correlation between amount of cocoa
solid and phenolic compounds (18, 21).

Tabernero et al (19) determined the total phenolic
content of milk and dark chocolates as 13.10 and
18.16 mg GAE/g, respectively. Miller et al. (20)
also reported that total phenolic content of dark
chocolate was 11.73-14.88 mg GAE/g. These
values are high according to this study due to
difference in chocolate variety. When the white
chocolate samples were compared, as can be
seen from the data in Table 2, cornelian cherry,
spinach and pollen enhanced the phenolic content
of white chocolate. Pollen had the highest effect
on total phenolic compounds (205.15 mg
GAE/100 g) because it contains significant amount
of polyphenolic substances (13). In literature,
there are different results about phenolic contents
of chocolates enriched with fruits and vegetables.
In the study of Komes et al. (17), the effect of dried
fruits (dried prunes, dried papaya, dried apricots,
dried raisins, dried cranberries) on sensory
properties and bioactive content was examined in
samples. It was shown that the prunes increased
the total phenolic content of dark chocolate and
cranberry enhanced the phenolic content of milk
chocolate. In contrast, Todorovic et al. (15)
reported the total phenolic content of dark
chocolate and dark chocolate with raspberry as
11.99 ve 11.56 mg GAE/g, respectively. As a result
of the study, raspberry could not have significant
influence on the dark chocolates. Similarly,
Cervellati et al. (16) added the red pepper and
rosemary in chocolate samples, however, there
was no change on phenolic content. In the literature,

Table 2. Total phenolic content of chocolate samples.

studies have been done with different chocolates,
fruits or spices and amount of ingredients are also
different. Therefore, results may not be similar
with each other.

Antioxidant activity

DPPH and FRAP analysis, which are most frequently
used to determine the antioxidant capacity of foods,
were applied chocolate samples in this research.
As can be seen from Figure 1, DPPH scaveging
activity of plain white chocolate were found as
9.72%. Antioxidant activity of white chcocolate
was found low because the majority of antioxidant
capacity in chocolate is due to the non fat cocoa
solid content which contains important phenolic
substances. When the contribution of powders to
DPPH value of chocolates was examined, cornelian
cherry and pollen powders provided increase in
antioxidant activity of white chocolates. However,
there was no significant difference between
control of white chocolates and white chocolate
with spinach. Todorovic et al. (15) reported that
DPPH scavenging activity of dark chocolate was
higher than the milk chocolate and addition of
raspberry could not affect the activity of dark
samples. Similarly, Komes et al. (17) explained
that the antioxidant capacities of dark chocolates
with dried fruits were higher than the dried fruits
as opposed to total phenolic content. These
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Figure 1. DPPH (2,2-dyphenil 1-picrylhydrazyl) content of
chocolate samples. Values are meant SD, (n=3). Results
followed by the same letter (a—c) are not statistically different
at P<0.05.

Chocolates TPC (mg GAE/100 g) FRAP (mmol Fe(ll)/L)
White chocolate control ND 3,20+0,42a
White chocolate with cornelian cherry 16.03+3.34a 8,14+1,54b
White chocolate with spinach 78.48+14.13b 7,15+0,77b
White chocolate with pollen 205.15+5.67¢ 18,55+2,01¢c

Values are expressed as means + SD (n = 3). Results followed by the same letter (a—c) are not statistically different at P<0.05. ND:

Not detected.



results lead to conclusion that cocoa polyphenols
are major contributor to the antioxidant capacity
instead of polyphenol content of dried fruits.

Ferric reducing antioxidant power (FRAP) is a
method which has been developed to measure
the reduction ability of a compound from Fe* to
Fe™ by Benzie and Strain (25). FRAP value of plain
white chocolate was determined as 3.20 mmol
Fe(ID/L (Table 2). In addition, FRAP values of
enriched chocolates changed between 7.15 and
18.55 mmol Fe(D/L. As it can be understood
from the values, cornelian cherry, spinach and
pollen powders increased the antioxidant capacity
of white chocolates due to high phenolic contents.
Belscak et al. (21) determined the antioxidant
capacity of chocolates with different cocoa solid
content. They found that FRAP value of dark
chocolate (with 88% cocoa solid) was 24.93 mmol
Fe(ID)/L. In the study of Komes et al. (17), FRAP
value of milk and dark chocolates were determined
as 4.00 and 8.06 mmol Fe(D/L. Although all of
powders increased the FRAP values of white
chocolate, the major contributor was bee pollen
as in the DPPH activity assay. Bee pollen contains
important micronutrients and phenolic subtances
which increase the antioxidant capacity of foods.

CONCLUSIONS

This study investigated the contribution of cornelian
cherry, spinach and pollen powders to antioxidant
capacity of white chocolate. It was determined
that white chocolate had no phenolic substances.
Therefore, the antioxidant capacity of white
chocolate was low. However, addition of cornelian
cherry, spinach and pollen powders to the
chocolates increased the phenolic compounds.
Pollen powders on white chocolate was the most
efficient one among three powders used in this
study. When the effect of powders on antioxidant
activity of chocolates were compared, it
was found that the highest antioxidant capacity
also belong to pollen powder. Considering the
limited researches on antioxidant capacity of
enriched chocolates, the findings in current study
may contribute to literature data. Further studies
may be done with adding different powders of
fruit and vegetables to chocolates.
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Abstract

The objective of this study was to determine the levels of certain minerals and heavy metals in 15
samples of locally produced Cami Bogazi cheese collected from cheese shops and district bazaars in
Trabzon province, Turkey and evaluate whether the levels are within the acceptable limits given in the
Turkish Food Codex. Using Inductively Coupled Plasma Optical Emmision Spectrometry, the average
levels of the mineral substance and heavy metals in the Cami Bogazi cheese samples were determined
as; calcium 3573.40+£249.61 mg/kg, potassium 452.13+25.31 mg/kg, sodium 8413.31+506.59 mg/kg,
magnesium 164.23+8.97 mg/kg, iron 0.37+0.17 mg/kg, zinc 27.52+1.85 mg/kg, copper 1.350+0.10
mg/kg, manganese 0.15+0.09 mg/kg, phosphorus 4272+269.90 mg/kg, lead 0.179+£0.03 mg/kg and
cadmium 0.028+0.001 mg/kg. These results show that the mineral content and heavy metal levels of
the cheese samples were within the limits for certain foodstuffs (such as raw milk and heat-treated
milk, hocafish, canned foods, beef and mutton) given in the Turkish Food Codex. This is the first
report on the mineral and heavy metal content in Cami Bogazi cheese.

Keywords: Cami Bogazi cheese, mineral substance, heavy metal, ICP-OES

TRABZON’DA TUKETIME SUNULAN CAMi BOGAZI PEYNIRLERININ
MINERAL MADDE ICERIGi VE AGIR METAL KONTAMINASYONU

Ozet

Arastirma, Trabzon ilindeki peynir pasajlart ve semt pazarlarindan toplanan 15 adet Cami Bogazi peynirinde
mineral madde ve agir metal iceriklerinin belirlenmesi amaciyla yapilmistir. Arastirmada, kiiclik mandira ve
aile tipi isletmelerde tretilip Trabzon ilinde tiiketime sunulan Cami Bogazi peynirinde bazi mineral
madde ve agir metal diizeylerinin belirlenmesi ve Tiirk Gida Kodeksi'nde belirtilen limitlere uygunlugunun
tespit edilmesi amaclanmustir. Mineral madde ve agir metal icerikleri ICP-OES kullanilarak sonuclar
mg/kg cinsinden verilmistir. Ortalama mineral madde ve agir metal icerikleri; kalsiyum 3573.40+249.61
mg/kg, potasyum 452.13+25.31 mg/kg, sodyum 8413.31+506.59 mg/kg, magnezyum 164.23+8.97
mg/kg, fosfor 4272+269.90, demir 0.37+0.17 mg/kg, cinko 27.52+1.85 mg/kg, bakir 1.350+0.10 mg/kg,
mangan 0.15£0.09 mg/kg, kursun 0.179+0.03 mg/kg ve kadmiyum 0.028+0.001 mg/kg olarak tespit
edilmistir. Sonug olarak, peynir numunelerinin agir metal seviyelerinin Tirk Gida Kodeksi'nin ¢ig stit
ve 1sil islem gormis stit, balik, konserve gidalar, sigir ve koyun eti vb bazi gidalar icin belirledigi sinirlar
icerisinde oldugu belirlenmistir. Bu makale, Cami Bogazi peynirindeki mineral madde icerigi ve agir
metal varligr hakkindaki ilk rapordur.

Anahtar kelimeler: Mineral madde, agir metal, Cami Bogazi Peyniri, ICP-OES
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INTRODUCTION

Cami Bogazi cheese is a traditional type of cheese
produced in Trabzon, Turkey. In the production
of this cheese, first, white cheese produced from
cow's milk is melted and kneaded in boiled
whey, then it is chopped and mixed with salt
and cheese curds usually made from buttermilk
and known as Minci (Minzi) in the Black Sea
region (1).

After a maturation period of few months in
wooden barrels, cheese is ready for consumption.
Due to their nutritional content, milk and dairy
products are indispensable for human beings (2).
Cheese is the most commonly produced dairy
product and most people enjoy consuming it.
Almost all types of cheese have a high nutritional
value, being rich in milk fat, fat-soluble vitamins
and minerals. They also contain significant amounts
of calcium and phosphorous; the consumption
of 100 g of hard cheese is sufficient to meet the
daily calcium and phosphorous requirements for
an adult and the same amount of soft cheese
meets 50% of this requirement (3, 4). With regard
to their amounts, minerals in the milk are divided
in two groups: macro elements such as calcium,
magnesium, chlorine and sodium and trace
elements including iron, zinc, copper, chrome,
aluminum, and manganese (2). In the first group,
calcium, phosphorous, magnesium, sodium and
potassium are all of great significance to nutritional
physiology. In addition, these minerals stabilize
the chemical structure of milk proteins, promoting
the effects of the rennin enzyme on the casein
complex, and play an essential role in resistance
to heat treatment and flavor formation in certain
dairy products (5). Furthermore, calcium has
significant involvement in blood clotting, enzyme
activation, regulation of cellular development
and insulin secretion. Magnesium is imperative
for muscle and nerve conduction and phosphorus
is important for bone and teeth structure (5, 6).
The mineral content of cheese varies depending
on the species and breed of the animal, lactation
status, presence of udder diseases, nutrition of
the animal, seasonal variations and genetic
factors (5).

Some of the heavy metals necessary for the
functioning of enzyme systems (eg., iron, copper
and zinc) are of particular importance while the
role of some others is yet to be identified (7). For

example, zinc plays a significant role in major
aspects of maintaining the human body, such as
the preservation of olfaction, development of a
healthy immune system, the production of proteins,
secretion of enzymes, and the production of DNA
(8). Depending on its level, heavy metal intake
during food consumption leads to various
irregularities in functions and damage to the
body. These substances lead to disturbances,
such as a lack of appetite, labored breathing, loss
of memory, sleep and nervous system disorders.
Furthermore, heavy metals are involved in
cardiovascular and circulatory system diseases,
which may lead to cancers, anemia, intoxication
and premature death. The rate of heavy metal
deposition in the body varies, depending on the
chemical forms of heavy metals, age and nutrition
(9, 10). Metal residues are not present in the
natural structure of foods but they contaminate
foods in various ways. This contamination can
result from the equipment used or packaging
materials with which the food products come
into contact during production and storage. The
contamination of these products may also be a
result of the transfer to the raw material from a
contaminated environment. Some heavy metals
can accumulate in plants and then be absorbed
into animal fat (11). Milk and dairy products contain
low levels of heavy metals, which may increase due
to contamination. The heavy metal contamination
in milk and dairy products can result from
contamination in lactating animals or from the
machines and equipment with which dairy
products come into contact during production
and storage (12). Copper, zinc, iron, tin, lead,
arsenic and cadmium are major elements present
in metallic contamination, due to metal canisters
or service water used during the technological
processing or storage of milk and dairy products.
The dissolution of metals in the composition of these
canisters creates a higher risk of contamination
for acidic products such as cheese and milk
when compared with other products (2).

Contaminants from various sources are considered
to be health hazards by environmental organizations.
Among the issues concerning FAO/WHO are
problems created by the contamination of foodstuffs
with heavy metal ions and the increase of
contamination beyond daily tolerance levels
(13). Therefore, this study determined the levels
of calcium, potassium, sodium, magnesium,



phosphorous, manganese, iron, zinc, copper,
cadmium and lead in Cami Bogazi cheese
marketed in cheese shops and district bazaars in
Trabzon.

MATERIAL and METHODS

Sample Collection

Fifteen samples of locally produced Cami Bogazi
cheese were obtained from cheese shops and
district bazaars in Trabzon. The samples were
transported to the laboratory using cold chain,
and stored at 4+1 °C until the time of analysis.

Methods

Sample Preparation:

After being kept in a 1:1 HNOj; solution in glass
jars overnight, the samples were washed first in
distilled, then in bidistilled water, and finally
dried. In order to eliminate the organic compounds
and release the inorganic compounds in a soluble
phase, 1 g cheese samples were placed in Teflon
containers, to which a combination of 5 ml of
65% nitric acid (Merck, 1.00452) and 5 ml of 30%
hydrogen peroxide (Merck, 1.08597) was added.
The Teflon containers were capped and the
samples were ashed in a Mars-5 microwave oven
(Cem Corporation) using a two-stage procedure.
First, the samples were washed in bidistilled water
and complemented to 50 ml with bidistilled water.
In the second stage, the samples were filtered using
S&S blue tape filter papers. A blank solution was
prepared in the same way. In order to avoid metal
contamination, materials used in the dissolution
of the samples were rinsed a couple of times
with 1+9 (v/v) HNO; ultra-distilled water. Then,
the materials were thoroughly washed and rinsed
with ultra-distilled water and dried in the stove.
The levels of mineral substances and heavy metals
in the samples were measured using the ICP-OES
(Thermo scientific ICAP 7400) device (14).

Statistical Analysis

The results obtained from the cheese samples
were analyzed using the SPSS package program
(version 18) to determine the minimum, maximum,
average values and standard deviations (15).

RESULTS AND DISCUSSION

The mineral analyses of our study are given in
Table 1.

As seen from Table 1, in Cami Bogazi cheese
samples, of the calcium and sodium contents,
calcium values are found lower than Yiizbasi and
Demirdzii (16) have determined in the studies
they have conducted in Ankara (7067.00+£3069
and 4334.0+3021mg/kg)) while sodium values
are found higher, and also higher than the values
determined in the studies of Oksiiztepe et
al. (17) in Elaz1g (327.76+36.7 png/kg and
620.40+68.12 pg/kg) and Kili¢ et al. (18) in Izmir
(797.962+200.28 mg/100g and 1212.32+370.66
mg/100 g). Potassium content was recorded rather
lower than the findings obtained by Oksiiztepe
et al. (17) as 1142+512.50mg/kg, and Yuzbasi
and Demir6zi (16) as 1742.00£602 mg/kg. While
average magnesium content of Cami Bogazi
cheeses is determined quite lower than the value
determined by Yizbasi and Demirdzii (16) as
6026.00+908 mg/kg, it was higher than the value
determined by Isleten et al. (19) as 27.42 +60.51
mg/100g. Phosphor content of cheese samples is
recorded considerably higher than the findings
Kilic et al. (18) and Oksiiztepe et al. (17) have
obtained as 448.09+100.27 mg/100 and
67.46%5.83 mg/kg, respectively.

As a result of loss in moisture in cheese with
maturation, a proportional increase specifically
in sodium amount is possible (20). These
differences in mineral substance level in Cami
Bogazi cheeses may be subject to the soil structure
where the animals are raised, seasonal changes,
content of the milk being used and different cheese

Table 1. Mineral substance content in the Cami Bogazi cheese samples (mg/kg) n= 15

Mineral Substances Mean * Min. Max.
Ca 3573.41£249.61 22125 5320
K 452.13+25.305 280.10 571
Mg 164.231£8.97 111.20 214
Na 8413.30+£506.59 4852.5 10520
P 4272+269.90 24125 5485

* Mean + Standard Error
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production techniques. Thus various researchers
have emphasized that cheese production techniques
and environmental conditions may result in
variations in the mineral substance contents of
the cheeses produced (7).

The obtained heavy metal results of our study
and their suitability with Turkish food Codex are
taking place in Table 2.

As clearly seen from Table 2, iron content in
Cami Bogazi cheeses is found lower than the values
determined by Yiizbast and Demir6zi (16) as
3.05+1.27 mg/kg and by Temurci and Guner (21)
as 62.56+3.5 mg/kg, and zinc content is found
lower than the values Yizbasi and Demir6zu
(16) have obtained as 4334.00£3021mg/kg in a
study they’ve conducted in Ankara. Milk and
dairy products are not the main sources for iron.
Iron content in these products is arising from using
iron containing materials during pasteurization
processes applied on milk and process of deriving
products from milk (22). Besides, average zinc
content in Cami Bogazi cheeses is found higher
than the values Yal¢in and Tekinsen (23) have
determined in Konya as 15.96£1.30 mg/kg and
Isleten et al. (19) have determined as 2.12+8.19
mg/100g. Variations detected in zinc content of
cheeses in different researches are thought to be
arising from milk used in cheese production and
tools and equipment used at production stage.
This situation is also expressed by Yal¢cin and
Tekinsen (23). Besides, it is reported that 85% of
zinc in milk is subject to casein micelles and is
separated from curd by becoming free in acidic
pH values (7, 20). Average contents of mineral
substances and heavy metals in the composition
of milk are stated as calcium 1221-1259 mg/L,
potassium 1424-1550 mg/L, sodium 310-523
mg/L, magnesium 89-228 mg/L, iron 0.70-2.40

mg/L, zinc 0.96-4.84 mg/L, copper 0.19-0.29
mg/L, manganese 0.02-0.038 mg/L, nickel 0-0.730
pg/L, lead 4-100 pg/L and arsenic 30-100 pg/L
(2, 24). As mineral substances, heavy metals are
also transferred to milk in a specific ratio. For this
reason, heavy metal level in Cami Bogazi cheese
may change according to the heavy metal
contamination of milk used in cheese production.
In the "Communiqué on Determining Maximum
Limits of Contaminants in Food Products" of
Turkish Food Codex (25, 26), acceptable values
of heavy metals in some foods are determined
although they are not the maximum limits of Cami
Bogaz1 cheese. However, heavy metal quantities
detected in the samples are stated to be within the
limits Turkish Food Codex (25, 26) has determined
in some foods (Table 2).

In conclusion, the results of the study are
favorable in terms of demonstrating that the
heavy metal content of Cami Bogazi cheese is
within acceptable limits. However, since high
levels of heavy metals can lead to serious health
hazards, it is crucial to ensure sustainability in
healthy and safe cheese production. To this end,
cheese production techniques should be
standardized; the tools and equipment used in
production and storage should be in line with
the required standards; and production facilities
and materials used in production should be located
far from chemical wastes and environmental
pollution. Furthermore it is recommended that
chemical feed should not be used in animal
feed preparations where there is a risk of
environmental contamination and livestock feed
should be prepared in isolation from chemical
nutrients.

Table 2. Heavy metal content in the Cami Bogazi cheese samples (mg/kg) n= 15

Heavy metal (mg/kg)

Fe Cu
Mean 0.371x0.177 1.350+0.108
Min - 0.90
Max 0.90 2.04
**Maximum Limit mg/kg 0.2-25 0.05-25
Status Normal Normal

Pb Cd Zn Mn
0.179+0.036 0.028+0001 27.52+1.85 0.313x0.11
- 0.02 11.88 -

0.38 0.035 36.94 0.33
0.02-2 0.05-1 5-50 -
Normal Normal Normal -

* Mean + Standard Error

** Turkish Food Codex Maximum Limits of Contaminants in Food (25, 26)
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Abstract

During the recent years, production of antimicrobial substances by Bacillus strains have been attracted
due to their broad antimicrobial spectrum. In the current study, some Bacillus strains which were
previously isolated from some fermented foods as well as soil have been screened for antimicrobials
production. Six of the isolates have been detected as antimicrobial substance producers. Antimicrobial
activity was determined using disc diffusion assay against eight important food pathogens (Bacillus
cereus, Escherichia coli O157:H7, E. coli, Listeria monocytogenes, Salmonella Enteritidis, Salmonella
Typhimurium, Staphylococcus aureus. and Pseudomonas aeruginosa). The cell-free supernatants of
the isolates used in current study did not inhibit the growth of S. aureus, however all inhibited E. coli
0O157:H7. The results showed that their antimicrobial spectrums were broad including both Gram
negative and Gram positive bacteria. All the isolates produced the maximum amount of antimicrobials
at 24 h and increased incubation periods caused the decrease in the production of antimicrobials.

Keywords: Antimicrobial substances, Bacillus, bacteriocin.

CESITLI KAYNAKLARDAN iZOLE EDILMIiS OLAN BAZI BACILLUS
SUSLARININ ANTIMIKROBIYEL AKTIVITE SPEKTRUMLARI

Ozet

Son yillarda, Bacillus suslari ile antimikrobiyel madde tretimine olan ilgi bunlarin genis antimikrobiyel
aktivite spektrumlarindan dolay1 artmustir. Bu ¢alismada, cesitli fermente gidalar ve topraktan izole edilmis
olan bazi Bacillus suslarmin antimikrobiyel madde tretimleri arastirilmistir. Calisilan mikroorganizmalardan
6'sinin antimikrobiyel madde tireticisi oldugu belirlenmistir. Antimikrobiyel aktivite 8 dnemli gida patojeni
(Bacillus cereus, Escherichia coli O157:H7, E. coli, Listeria monocytogenes, Salmonella Enteritidis,
Salmonella Typhimurium, Staphylococcus aureus ve Pseudomonas aeruginosa) kullanilarak disk
difizyon yontemi ile belirlenmistir. Bu calismada kullanilan izolatlarin stipernantlart S. aureusa etki
etmemis, ancak hepsi E. coli O157:H7’yi inhibe etmistir. Elde edilen sonugclar, mikroorganizmalarin
hem Gram negatif hem de Gram porzitif patojenlere etki eden genis spektrumlu antimikrobiyel maddeler
urettigini gdstermistir. En iyi antimikrobiyel madde 24 saatte tiretilmis ve artan inkiibasyon siirelerinde
antimikrobiyel aktivitenin distigu gozlenmistir.

Anahtar kelimeler: Antimikrobiyel maddeler, Bacillus, bakteriyosin.

* Corresponding author /Yazismalardan sorumlu yazar;
@D aysea@sakarya.edu.tr, ® (+90) 264 295 5464, (+90) 264 295 5608
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INTRODUCTION

Bacteriocins are hydrophobic peptides which are
ribosomally synthesized by generally Gram positive
bacteria (1-3). They have antimicrobial effects on
various microorganisms, including foodborne
pathogens, by Kkilling or inhibiting the growth
(4, 5). Bacteriocins are considered as natural
antimicrobials alternative to antibiotics, as they
have been formed in many fermented foods and
consumed by human for more than thousand
years (6). During the last decades, great attention
has been given for the screening of bacteriocin
producing bacteria owing to their beneficial
effects on food preservation (7, 8). Several
reports are available representing the improved
shelf-life and safety of foods by the help of
bacteriocins as biopreservatives (9, 10).

Due to their natural occurrence in foods, production
of bacteriocin has been extensively studied by
lactic acid bacteria (LAB) including the species of
Lactobacillus, Pediococcus, Leuconostoc, Weisella,
and Enterococcus (1, 7, 8, 11, 12). In addition,
most LAB are regarded as GRAS (generally
recognized as safe) (10). LAB originated from
fermented foods such as Turkish sucuk, boza,
and cheese have been determined to produce
bacteriocins which also contribute to the shelf-life
of these products (13-15). However it has been
reported that antimicrobial spectrum of LAB is
narrow. Especially Gram negative pathogens in
foods are more robust to bacteriocins from LAB

(16).

Various species from Bacillus genus have been
reported as bacteriocin producers such as B.
subtilis, B. coagulans, B. cereus, B. thuringiensis,
B. megaterium. Amongst them B. subtilis, B.
coagulans and B. licheniformis are mostly
investigated ones that produce subtilin, coagulin
and bacitracin, respectively (3, 17). Antimicrobial
spectrum of bacteriocins vary and some strains
of Bacillus were reported as having broad
antimicrobial spectrum (18). Therefore,
bacteriocins by Bacillus spp. are of great interest
for their potential application as food preservatives
and therapeutic agents (19). In this study, we
aimed to screen bacteriocin producing Bacillus
strains which were isolated from different sources
and determining their antibacterial spectrum
over some foodborne pathogens.

MATERIALS AND METHODS
Microorganisms

Twelve Bacillus isolates that were previously
isolated from various sources such as pickles, olives,
and soil were screened for their antimicrobial
effects on some food pathogens. They were defined
as Bacillus spp. based on the morphological and
some biochemical tests. Test organisms used for
antimicrobial activity detection were Bacillus
cereus, Escherichia coli, E. coli O157:H7, Listeria
monocytogenes, Salmonella Enteritidis, Salmonella
Typbimurium, Staphylococcus aureus. They
were obtained from culture collection of Sakarya
University, Food Engineering Department, except
Pseudomonas aeruginosa which was supplied
from Ankara University, Food Engineering
Department.

Cultural conditions

Bacillus isolates were maintained in nutrient
broth (Merck, Darmstadt, Germany) containing
50% glycerol at -18°C. They were activated by
propagating on nutrient agar (Merck, Darmstadt,
Germany) plates followed by incubation at 33°C
for 24 h. Thereafter, single colonies were picked
up and transferred into nutrient broth which was
prepared in 100 mL Erlenmeyer flasks as 30 mL
portions. Incubations were carried out on a
shaking incubator (120 rpm) at 33°C for 24 h.
This liquid culture was used as inoculum for the
production of antimicrobials. In order to determi-
ne production of antimicrobials, Erlenmeyer
flasks (100 mL) containing 30 mL of nutrient
broth were inoculated with 5% (v/v) fresh Bacillus
cultures and incubated aerobically at 33°C for
72 h on a shaking incubator (120 rpm). Separate
samples were collected every 24 h for the
determination of antimicrobial activity and
growth. Analysis were performed at least in
duplicate. Test organisms were maintained in
tryptic soy broth (TSB; Merck, Darmstadt,
Germany) containing 50% glycerol at -18°C. They
were activated in TSB at 37°C for 24 h, except
L. monocytogenes which was incubated at 30°C.

Antimicrobial activity assay

Samples were centrifuged at 10000 rpm for 10
min and supernatants were filtered through 0.45
pm Millex membrane filter (Merck Millipore,



Darmstadt, Germany). The resulting filtrates were
used for antimicrobial activity measurements.
Antimicrobial activity was determined using disc
diffusion method as described by Cadirci and Citak
(20) with some modifications. Briefly, 50 pL of 24 h
actively grown test microorganisms (~10° cfu/mL)
were spread on TSA plates which were
then allowed around 30 min to diffuse cultures.
Sterilized filter paper discs (Whatman No.1; 6
mm in diameter) were placed on the agar plates
containing pathogens. Subsequently, 10 pL of
cell-free supernatants were carefully applied in the
center of the filter papers. Plates were incubated
at 37°C, except L. monocytogenes which was
incubated at 30°C for 24 h. At the end of
the incubations, clear zones were measured by
using a ruler.

Monitoring growth of Bacillus strains

Growth of the Bacillus strains were measured
using UV-VIS spectrophotometer (UVmini 1240;
Shimadzu, Japan). For this, samples containing
bacterial cells were diluted 5-fold with deionized
water and homogenized by vortexing. Optical
densities of cell suspensions were measured at
600 nm.

Growth curve of Bacillus sp. GIT2 and
production of antimicrobials during the growth

Bacillus sp. GIT2 which was one of the best
isolates producing antimicrobials was chosen for
the detection of antimicrobial production during
the growth. Throughout the 48 h incubation time,
periodical samples were taken and optical densities
were measured to construct growth curve.
Separate samples were taken for the determination
of the antimicrobial activity by disc diffusion
method. L. monocytogenes was used as indicator
organism in this experiment.

RESULTS AND DISCUSSION

Antimicrobial activities of 12 Bacillus isolates
have been determined. Six of them (Bacillus sp.
BAST2, Bacillus sp. BMZE4, Bacillus sp. GIT2,
Bacillus sp. ZBP10, Bacillus sp. ZGT3, Bacillus
sp. ZGT9) have shown antimicrobial activity on
various test organisms. All were Gram positive,
rod shaped, catalase positive and spore forming
strains isolated from some fermented foods and
soil samples. Sources of the isolates having
antimicrobial activity are given in Table 1.

Table 1. Origins of the Bacillus isolates possessing antimicrobial
activity.

Isolate

Bacillus sp. BAST2
Bacillus sp. BMZE4

Origin

Homemade cucumber pickles
Homemade fermented olives

Bacillus sp. GIT2 Soil (Istanbul)
Bacillus sp. ZBP10 Soil (Sakarya)
Bacillus sp. ZGT3 Soil (Sakarya)
Bacillus sp. ZGT9 Soil (Sakarya)

The microorganisms were grown in nutrient
broth and daily samples were taken and assayed
for antimicrobial activities using disc diffusion
method. The results obtained after 24 h are
depicted in Table 2. Inhibitory spectrum of the
bacteria varied and inhibition zone ranged from
6.5 to 10.3 mm. Among them Bacillus sp. ZGT9
was the strain having the narrowest inhibition
spectrum which did not inhibit four of the test
organisms. The other strains inhibited the growth
of at least five bacteria over the eight test
organisms.

As a general consideration, bacteriocins from
Gram positive bacteria inhibit Gram positive
bacteria and they are less effective against Gram
negative bacteria [19]. For instance, Khalil et al
(18) reported a B. megaterium strain inhibiting

Table 2. Antimicrobial spectrums of Bacillus isolates that were grown in nutrient broth at 33°C for 24 h on shaking incubator (120 rpm).

Indicator Bacteria

Zone of inhibition (mm)

BAST2 BMZE4 GIT2 ZBP10 ZGT3 ZGT9

Gram Positive B. cereus 10.3£0.4 7.8+0.4 10.0+0.0 7.3£0.4 8.8+£0.4 9.3+0.4
L. monocytogenes N.A* 8.5£0.7 9.5+0.7 8.0+0.0 8.5£0.7 N.A
S. aureus N.A N.A N.A N.A N.A N.A

Gram Negative E. coliO157:H7 8.810.4 8.310.4 9.5+0.7 8.0£0.0 9.5£0.7 9.0£0.0
E. coli 10.0£0.0 10.0£0.0 N.A 8.0+0.0 10.0£0.0 N.A
P aeruginosa 9.0+1.4 N.A 9.5+0.7 8.0+0.0 8.5£0.0 8.8+£0.4
S. Enteritidis 8.5+0.7 8.5+0.7 9.5+0.7 9.0+£0.0 N.A N.A
S. Typhimurium 6.5+0.0 N.A 8.0£0.0 N.A 9.0+0.0 7.0£0.0

*N.A: No Activity
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Gram positive bacteria such as S. Typhimurium,
B. licheniformis ZJU12, but not the Gram negatives.
In another study, Cherif et al. (17) searched
the antimicrobial activity of B. thuringiensis subsp.
entomocidus HD10 against Gram negative bacteria
and found no activity. However in our study, it was
not the case that the action of the antimicrobials
from the Bacillus isolates had different mode
of action which was not attributed to Gram
characteristics of the test organisms. None of the
isolates inhibited the growth of Gram positive S.
aureus. On the other hand, all of the strains
interestingly inhibited the growth of E. coli
0O157:H7 which is Gram negative. On contrary to
general approach, similar findings to our results
were also reported that proves the antimicrobial
activity of bacteriocins from Bacillus against the
bacteria having different Gram reactions (18, 19,
21). Some lactic acid bacteria were also reported
with the same property (10). In the literature, it
was cited that narrow spectrum of bacteriocins
limits the application in foods (21). Thus, discovery
of novel strains with large antibacterial spectrum
would help to expand food applications.

Bacteriocins are mostly effective against closely
related strains (17). It has been argued that
bacteriocins are generally originated from
plasmids which are incidentally produced as a
by-product of protein mechanism. Due to the
incidental mutation on the plasmids, the bacteria
can inhibit the competitive flora and dominate in
the medium (22). Our findings are in accord with
this phenomenon that all of the isolates have

shown antimicrobial activity against B. cereus
(Table 2).

An interesting outcome of this study is that all
the strains had inhibitory effect over E. coli
O157:H7 which is one of the most important
foodborne pathogens causing serious health
problems almost in all regions of the world. Tt is
mainly found in milk and meat products and
have a low infectious dose (~50 CFU) (23). To
our knowledge, there are few studies in the

literature about the effects of bacteriocins on
E. coli O157:H7. Bacteriocins from Enterococcus
feacium, Pediococcus pentosaceus (16), L.
mesenteroides (24), P. acidilactici (25) have been
shown as ineffective on E. coli O157:H7. There
are some reports representing the inhibitory action
of bacteriocins on this pathogen. For instance,
Rodriguez et al. (26) tested the survival of E. coli
0O157:H7 in the presence of bacteriocin producing
LAB in cheese during ripening. They found an
inhibition after 30 days of storage when they used
Lc. lactis CL2 which produces nisin and pediocin.

Antimicrobial activities of the isolates were also
measured after 48 and 72 hours of the production
against the same pathogens. It has been observed
that the most of the strains did not show antibacterial
effects after prolonged incubations, except Bacillus
sp. GIT2 and Bacillus sp. ZBP10. Antimicrobials
from Bacillus sp. GIT2 inhibited B. cereus, E. coli
O157:H7, L. monocytogenes, S. Enteritidis, and S.
Typhimurium after 48 h and 72 h. Those from
Bacillus sp. ZBP10 inhibited B. cereus, E. coli
O157:H7, E. coli, L. monocytogenes, P. aeruginosa
and S. Enteritidis (Results are not shown).

Growths of the isolates were given in Table 3. As
can be seen from the table, cell concentrations of
the strains are distant from each other even
though they were grown in the same conditions.
Bacillus sp. ZGT9 had the highest cell concentration
and Bacillus sp. GIT2 had the lowest. These
results indicate that there is no correlation
between cell concentration and antimicrobial
production. Because Bacillus sp. ZGT9 was the
bacterium having narrowest antibacterial spectrum
that had shown inhibitory effect on only four pat-
hogens (B. cereus, E. coli O157:H7, P. aeruginosa,
S. Typhimurium). In a similar manner, Bacillus
sp. GIT2 which has the lowest growth amongst
the strains had the better zone of inhibition, as
well as inhibition spectrum. Growth decreased at
48 h, as microorganisms entered death phase
and continuous decrease have been observed at
72 h of the incubation.

Table 3. The growth of Bacillus isolates in nutrient broth measured as optical density.

Microorganism Microbial growth (ODgq)

24 h 48h 72h
Bacillus sp. BAST2 4.87+0.25 3.00£0.3 3.22+0.17
Bacillus sp. BMZE4 4.62+0.05 3.40£0.02 2.99+0.13
Bacillus sp. GIT2 3.57+0.03 1.86£0.11 2.02+0.19
Bacillus sp.ZBP10 5.56+0.28 3.16%0.33 2.38+0.35
Bacillus sp. ZGT3 5.79+0.05 4.38%0.01 3.30+0.09
Bacillus sp. ZGT9 7.40£0.29 3.57+0.37 2.92+0.03




As Bacillus sp. GIT2 had possessed better inhibition
zone against L. monocytogenes and E. coli
O157:H7, we have chosen this bacterium to
make further investigations on the relation of
antimicrobials production with the growth. For
this, periodical samples were taken and subjected
to antibacterial activity measurements against
L. monocytogenes and growth curve of the
bacterium was constructed from the optical
density measurements (Figure 1).
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Figure 1. Relation of growth and antimicrobial activity of
Bacillus sp. GIT2. L. monocytogenes was used as test
organism for the determination of antimicrobial activity.

After 4h of lag phase, the bacterium entered
exponential phase at which production of
antimicrobials have started. The first antimicrobial
activity has been observed in the sample taken at
the 9" hour of the growth. It almost reached to
maximum during the exponential phase and
retained until the end of the stationary phase
(30" hour of the growth). Afterwards measured
activities started to decrease. According to the
results, it can be suggested that production of
antimicrobials is associated with growth. Most of
the bacteria, including LAB and Bacillus strains,
generally produce bacteriocins as primary
metabolites (21, 27-30). Decrease in the antimicrobial
activity attributed to the proteolytic enzymes
produced during the growth of the cells (3).

CONCLUSIONS

Antibacterial activities of some Bacillus strains
which were isolated in our lab have been
determined. It has been observed that they had
relatively wide antimicrobial activity spectrum.
Unlike most of the bacteriocin producing bacteria,

they inhibited Gram negative pathogens including
E. coli O157:H7 and S. Typhimurium. This feature
makes these bacteria a potential for use as
biopreservatives. However further investigations
are necessary for the characterization of the
antimicrobials from those strains.
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Ozet

Tavuk burgerlerde donmus depolamada meydana gelen lipolitik reaksiyonlar ve mikrobiyel aktivite
urlin raf oGmriint kisitlayan ve kalite kayiplarina neden olan degisimlerdir. Bu noktadan hareketle, bu
arastirma kapsaminda, burgerlerin kaplanmasinda kullanilan sivi ve kuru sosa ilave edilen yesil cay
ekstraktinin (YCE-%0, %0.5, %1.5, %3) 8 ay stireyle donmus depolanan (-18°C) tavuk burgerlerde lipolitik
reaksiyonlari ve mikrobiyel aktiviteyi sinirlandirmast amaclanmistir. YCE, ilk 3 ay boyunca oksidasyon
reaksiyonlart Gizerine etkili degilken, 4. ay ve sonrasinda oksidatif reaksiyonlari smirlayici bir etki gostermistir
(P<0.05). YCE kullanimiyla, daha koyu ve daha sari renkte tirlin kaplamasi elde edilmis (2<0.05) ancak
bu degisim duyusal panelde negatif yonde degerlendirilmemistir. %0.5 YCE iceren burger, %1.5 ve %3
YCE iceren burgerlere kiyasla daha yiiksek duyusal puan almustir (7<0.05). Tlketime hazir Girtin olmalart
ve donmus depolama sebebiyle burgerlerde mikrobiyel aktivite gdzlenmemistir. Ozetle, YCE, raf émrii
uzun ve kaliteli tavuk burger tiretmek amaciyla kullanilabilecek dogal ve etkili antioksidanlardan biridir.

Anahtar kelimeler: Tavuk burger, yesil cay ekstrakti, donmus depolama, TBARS, antioksidan bilesik,
kaplamali tavuk trtnleri, mikrobiyel aktivite

THE EFFECT OF GREEN TEA EXTRACT AGAINST LIPOLYTIC
CHANGES AND INHIBITION OF MICROBIAL ACTIVITY IN
FROZEN STORED CHICKEN BURGER

Abstract

Lipolytic reactions and microbial activity occurred in chicken burgers during frozen storage cause a
decrease in shelf life and quality losses. From this point of view, the purpose of the current study was
to mitigate lipolytic reactions and microbial activity in chicken burger stored at -18°C for 8 months by
adding green tea extract (GTE-0%, 0.5%, 1.5%, 3%) into batter and breader. Although GTE did not found to
be effective in lipid oxidation reactions during the first three months of frozen storage, it restricted lipid
oxidation at the fourth month and later (£<0.05). Darker and more yellowness color were observed on
the outer surface of burger as a result of GTE usage, but this color change did not evaluate as a fault in
the sensory panel. Chicken burger with 0.5% GTE had higher sensory scores than those of with 1.5%
and 3% GTE (P<0.05). Microbial growth did not observe in ready to eat burgers due to frozen storage
and cooking process. In brief, GTE is suggested as a natural and effective antioxidant to produce chicken
burger with long shelf life and high quality.

Keywords: Chicken burger, green tea extract, frozen storage, TBARS, antioxidant compound, coated
chicken meat products, microbial activity

* Bu calisma 16-17 Ekim 2014 tarihleri arasinda Tokat'ta diizenlenen "Et Uriinleri Uretiminde Inovasyon" konulu 3. Et
Uriinleri Calistayi'nda s6zlii sunum olarak sunulmustur. This study was presented as a oral presentation at 3 Meat
Products Workshop "Innovation in Production of Meat Products" held on 16-17 September 2014 in Tokat.
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GIRIS

Son zamanlarda degisen yasam kosullari, is
hayatinda artan zaman ve kultirel degisikliklere
bagli olarak, tiiketicilerin ayakusti (fast food)
urtnlere olan talepleri de hizla artmaktadir (1).
Ozellikle, kisa stirede tiiketime hazirlanabilme
olanagt sunan kaplamali tavuk trtinleri, ayakisti
gidalar icerisinde her yastan tiiketiciye hitap eden
poptiler Grtin gruplarindan birisidir (2). Ttirkiye’de
2012 yilinda yaptigimiz bir ¢alismada, Ankara,
Bolu, Corum, Istanbul, Manisa, Sakarya illerinden
rastgele secilen bireylerin katildigi bir anket ile
tiiketicilerin kaplamali tavuk eti tiketim algilar ve
satin alma aliskanliklart belirlenmistir. Calismadan
elde edilen sonuglara gore ankete katilan bireylerin
%70.25'inin kaplamali tavuk Urlnlerini tikettigi
ve tiiketilen kaplamali tavuk Urtnlerinden en
yuksek payin %77.48 ile tavuk burgere ait oldugu
ifade edilmistir (3).

Tavuk burger Uretim prosesinin son asamasi
donmus depolamadir.Bu noktada, tavuk burgerlerin
raf dmrinl sinirlandiran en 6nemli faktor lipit
oksidasyonudur. Lipit oksidasyonu sonucunda
urlinde karsinojenik bilesiklerin yani sira Girtintin
duyusal kabul edilebilirligini etkileyen ransit koku
ve tada neden olan bilesikler de olusur. Ayrica,
urinln fonksiyonel 6zelliklerinde, renginde ve
tekstiirinde degisim meydana gelirken, besinsel
degerlerinde de kayip aciga cikar (4, 5).

Uzun yillardan beri gidalarda soguk ve donmus
depolama esnasinda meydana gelen lipit
oksidasyonunu engellemek amaciyla antioksidanlar
kullanilmaktadir. Son dénemde yapilan ¢alismalarda,
karsinojenik  etkilerinden  dolayr  sentetik
antioksidanlarin insan sagligi acisindan zararl
oldugu bildirilmis ve buna bagl olarak tiketici
talepleri de gidalarda sentetik antioksidanlar
yerine dogal antioksidanlarin kullanimi yontinde
degismistir (1, 6). Bu noktada, gidalarin yapisinda
bulunan polifenoller, hem kolay erisilebilirlikleri
hem de guclu antioksidatif etkileri nedeniyle
onemli dogal antioksidanlardir (7). Yesil cay
eksraktt da (YCE) son zamanlarda gidalarda siklikla
kullanilan, poptler ve zengin katesin icerigi
nedeniyle glicli antioksidan aktiviteye sahip
dogal antioksidanlardan birisidir. Arastirmalar,
gida sistemlerinde Ozellikle et ve et Uirlinlerinde
yesil cay ve cay katesinlerinin lipit oksidasyonunu
engellemede veya azaltmada oldukca etkili oldugunu
belirtirken (6, 8-14), bir grup calismada, yesil
cayin bilesiminde bulunan polifenollerin hem
gram pozitif hem de gram negatif bakteriler tizerine
antimikrobiyel etkiye de sahip oldugu bildirmistir
(9, 14-17).

Bu noktadan hareketle, et endustrisi icin 6nemli
bir kalite problemi olan lipit oksidasyonunu tavuk
burgerlerde engellemek amaciyla kaplamaya
ilave edilen yesil cay ekstraktinin 8 aylik donmus
depolama siresince etkisinin  incelenmesi
amaclanmistir. Ayrica tavuk burgerlerde donmus
depolama siiresi boyunca meydana gelen
mikrobiyolojik ve duyusal degisimlerde arastirma
kapsaminda incelenmistir.

MATERYAL VE YONTEM
Tavuk Burger Uretimi

Tavuk burgerlerin tretimi Turkiye'de ticari olarak
tretim yapan bir isletmede (Beypi Beypazart
Tarimsal Uretim Pazarlama Sanayi ve Ticaret
A.S.) gerceklestirilmistir. Tavuk burger tretimi
icin ilk once Urtine 6zgl et hamuru hazirlanmis
ve ardindan hamura burger formu verilmistir.
Burgerlerin kaplanmasinda kullanmak amaciyla
dort farkli oranda yesil cay ekstrakti (%0; %0.5;
%1.5 ve %3 YCE) iceren swvi sos ve kuru sos
hazirlanmustir. Swvi sos, 1 kg toz halindeki materyale
gerekli miktarda YCE eklendikten sonra 1600 ml
su icerisinde ¢coziindurulerek hazirlanmustir. Sivi
sos, bugday unu, bugday nisastasi, tuz ve bezelye
lifi icerirken, kuru sosun bilesimi bugday unu,
tuz, difosfat ((E450), sodyum karbonat (E500),
asetik asit (E260), baharat, maya (S. cerevisiae),
L-sistein (E920), biber ekstrakt1 (E160c) ve aycicek
yagiydi. YCE (Guardian green tea extract 20S)
Burkim Kimya San. Tic. A.S. araciligiyla Danisco
(Kopenhag, Danimarka) firmasindan satin alinmis
ve fenolik madde icerigi Celik ve Gokmen (18)
tarafindan bildirilen yonteme gére HPLC-MS
kullanilarak belirlenmistir. Bir sonraki asamada,
formlanmis burgerler manuel olarak ilk énce sivi
sos ardindan kuru sos ile kaplanarak derin yagda
kizartma hattina yerlestirilmis ve 190°C’de 45 sn
streyle aycicegi yaginda kizartilmistir. Kizartma
sonrast, burgerler %80 buhar altinda 160°C’de 3
dk 15 sn stireyle buharli firinda pisirilmistir. Son
olarak, burgerler -30°C’deki spiral dondurucuda
50 dk icerisinde orta nokta sicakligi -18°C’ye
ulasincaya kadar dondurulmustur. Donmus burgerler
yiksek bariyerli hazir tabaklara yerlestirilerek
ambalajlanmis, soguk zincir kirlmadan Ankara
Universitesi Gida Mithendisligi Boliimii Et Isletmesi'ne
getirilmis ve -18°C’de 8 ay stireyle depolanmustir.
Deneme 2 tekerrtirla olarak kurulmus ve donmus
depolama strecinde mikrobiyolojik ve oksidatif
degisimleri incelemek amacryla aylik periyotlarda
yapilan analizler her bir tekerrlr icin iki paralelli
olarak vyurttilmustir. Genel bilesim, pH ve



serbest yag asitligi (SYA) analizleri bir dograyici
(Tefal Smart, France) kullanilarak homojen hale
getirilen orneklerde yapilmistir. TBARS analizi
ise burgerlerin kaplamalar1 siyrildiktan sonra
et kisminda yuratilmustir. Ayrica burgerlerde
¥, a*, b* renk olcimi, mikrobiyolojik analiz
ve duyusal degerlendirme de yapilmistir.

Genel Bilesim ve pH Analizi

Orneklerin genel bilesimlerini belirlemek amactyla
homojen drneklerde, nem analizi (950.46), Soxhelet
ekstraksiyon yontemine gore yag analizi
(991.30), Kjeldahl yontemine gore protein analizi
(955.04) ve kil analizi (920.153) yapilmustir (19).
Ayrica, 6rneklerin pH degeri de belirlenmistir (20).
Serbest Yag Asitligi (SYA) Analizi

Bligh ve Dyer (21) tarafindan rapor edilen soguk
ekstraksiyon yontemine gore homojen et
orneginden ham yag elde edilmis ve SYA miktari
10 mL etil alkol icerisinde ¢oziindurtilen 1 gram
yagda 0.05 N NaOH ile titre edilerek belirlenmistir.
Burgerlerdeki SYA miktart oleik asit cinsinden %
olarak hesaplanmustir (22).

TBARS Analizi

TBARS analizi Mielnik ve ark. (23) tarafindan
bildirilen yonteme gore yapilmis ve sonuglar TEP
(1,1,3,3 tetraetoksi propan) standard: kullanilarak
cizilen kurve yardimu ile burgerlerin et kaplama
oranlart da dikkate alinarak mg malondialdehyde
(MA)/kg olarak hesaplanmustir.

L*, a*, b* Renk Degerlerinin Ol¢iimii

¥, a*, b* renk olcimu burgerlerin dis yiizeylerinin
6 farkli noktasindan beyaz kalibrasyon plakasi
(Referans no: 1353123; Y=92.70; x=0.3133;
y=0.3193) kullanilarak kalibre edilmis Minolta
kolorimeter (CR 300, Japan) cihazi kullanilarak
gerceklestirilmistir. +Z* aciklik, -I* koyuluk, +a*
kirmizilik, -a* yesillik, +5* sarilik ve —b* mavilik
koordinatlarint simgelemektedir.
Mikrobiyolojik Analiz

10 g burger 6rnegi steril homojenizasyon poseti
icerisinde 90 mL fizyolojik tuzlu su kullanilarak
homojen hale getirilmis ve uygun dilisyonlar
hazirlanmistir. Toplam mezofil aerob bakteri
(TMAB) icin plate count agarda (PCA) 28°C’de 48
saat, toplam psikrofil bakteri icin PCA’da
6.5°C’de 10 giin, Staphylococcus aures i¢in Baird
Parker Agarda 37°C’de 24 saat, toplam koliform
grup bakteri icin VRB Agarda 37°C’de 24 saat, E.
coli icin Chromocult TBX Agarda 44°C’de 18-24
saat, Pseudomonas icin Cetrimide Agarda
37°C’de 48 saat, toplam maya kuf sayist icin
Dichloran Rose Bengal Chloramphenicol (DRBC)

Agarda 28°C’de 4-5 gln inklbasyondan sonra
gelisen koloniler degerlendirmeye alinmis ve
sonu¢ log KOB/g cinsinden hesaplanmistir. Ayrica,
burgerlerde 1SO 11290 yontemine gore Listeria
monocytogenes ve 1SO 6579 yontemine gore de
Salmonella icin var/yok testi yapimistir (24).

Duyusal Degerlendirme

Burgerlerin = duyusal degerlendirmesi  aylik
periyotlarda Ankara Universitesi Gida Miihendisligi
Bolimut Duyusal Analiz Laboratuvarinda deneyimli
8 kisiden olusan bir ekip tarafindan yapilmustir.
Burgerler rastgele belirlenen 3 haneli sayilarla
kodlanarak, 360 Wda 2 dk stireyle mikrodalga firinda
(HMT84G451, Bosch, Germany) isitildiktan sonra
sunum kaplar icerisinde panelistlere sunulmustur.
Ornek gruplart arasinda bir 6énceki drnekten
agizda kalan tad: gidermek amaciyla yagsiz tuzsuz
kraker ve su kullanilmustir. Panelistlerden burgerlerin
duyusal 6zelliklerini belirlemek icin 9'lu hedonik
skala (9=Miikemmel, 1=Son derece koti) kullanarak
puanlama testi yapmalari ve farkli konsantrasyonda
YCE iceren gruplarin goriinis, renk, koku, lezzet,
tekstlir ve genel begeni parametreleri acisindan
degerlendirmeleri istenmistir.

istatistik Degerlendirme

Arastirma, tesadif bloklart faktoriyel deneme
deseninde tekrarlanan olctimler diizenine gore
kurulmustur. Gruplar arasinda incelenen 6zellik
bakimindan fark olup olmadig: SPSS 15 paket
programt kullanilarak belirlenmis ve gruplar
arasindaki farkliligin onemlilik dizeyi (a=0.05)
Duncan’s coklu karsilastirma testi kullanilarak
olctlmustur.

SONUCLAR VE TARTISMA

Donmus depolama stirecinde lipolitik reaksiyonlari
engellemek amaciyla kaplamaya %0; %0.5; %1.5
ve %3 oranlarinda YCE ilave edilerek tiretilen
tavuk burgerlerin besinsel bilesimine ait degerler
Cizelge 1’de verilmistir. %0; %0.5; %1.5 ve %3
oranlarinda YCE iceren tavuk burgerlerin sirastyla
nem degerleri %54.55; %50.86; %49.94 ve
%49.45, kil icerikleri %2.48; %2.94; %3.28 ve
%3.28, protein degerleri %11.64; %10.09; %10.33
ve %10.60 ve yag degerleri %12.36; %11.93;
%11.26 ve %12.35 olarak belirlenmistir. 8 aylik
donmus depolama periyodu boyunca tavuk
burgerlerin  pH degerindeki degisimler de
incelenmis ve sonuclar Cizelge 2’de verilmistir.
Burgerlerin tiretim sonrast pH degerleri 6.59-6.63
arasinda oOlctilirken, 8 aylik depolama sonunda
bu deger 6.53-6.55 araliginda olctilmuistiir. 8 aylik
olctimlere iliskin ortalama degerler incelendiginde,

331



332

E. Demirok Soncu, G. Haskaraca, E. S. Davarcioglu, N. Kolsarici

kaplamaya YCE ilavesinin ve depolama stiresinin
urtinlerin pH degerlerini istatistiksel olarak
onemli oranda etkilemedigi tespit edilmistir (2>0.05).

Donmus depolama stiresince lipitlerde meydana
gelen degisimler lipoliz ve oksidasyon reaksiyonlari
olarak tanimlanir. Lipoliz reaksiyonlart, trigliseritler
ile fosfolipitlerin hidrolizi olarak bilinir ve lipoliz
reaksiyonlart sonucunda oksidasyon reaksiyonlarinin
substratt olan serbest yag asitleri aciga cikar (25).
Tavuk burgerlerin SYA degerleri tizerine 8 aylik
depolama stiresi istatistik olarak énemli bulunmus

Cizelge 1. Tavuk burgerlerin besinsel bilesimi
Table 1. Proximate composition of chicken burgers

ve degisimler Cizelge 2'de gosterilmistir (P£<0.05).
Bu degisimler ilk 3 ay boyunca azalis 4. aydan
itibaren ise artis seklinde ortaya cikmistir. Benzer
sekilde, yapilan bir arastirmada, 3 giin stireyle
4°Cde depolanan kaplamali tavuk trlnlerinde
de SYA degerlerinin artis ve azalis sergiledigi
belirlenmistir (26). Burgerlerin kaplamalarmna ilave
edilen YCE ise trtinde gelisen lipoliz reaksiyonlari
tzerine etkili olmamis ve aymi depolama
periyodunda %0; %0.5; %1.5 ve %3 YCE iceren
ornek gruplarinin SYA degerleri arasinda istatistik

Tavuk burgerler Nem (%) Kl (%) Protein (%) Yag (%)
Chicken burgers Moisture (%) Ash (%) Protein (%) Fat (%)
%0 YCE/0% GTE 54.55+0.26 2.48+0.04 11.64+2.26 12.36+2.23
%0.5 YCE/0.5% GTE 50.86+0.53 2.94+0.35 10.09+1.00 11.93+0.73
%1.5 YCE/1.5% GTE 49.94+0.63 3.28+0.05 10.33x1.22 11.26+1.36
%3 YCE/3% GTE 49.45+1.90 3.28+0.67 10.60+1.67 12.35+1.74
Cizelge 2. Depolama periyodu boyunca tavuk burgerlerin pH, SYA ve TBARS degerlerindeki degisim
Table 2. The changes in pH, FFA, and TBARS values of chicken burgers during frozen storage
Tavuk burgerler / Chicken burgers
Aylar %0 YGE %0.5 YCE %1.5 YCE %3 YGE Ort+SH
Months 0% GTE 0.5% GTE 1.5% GTE 3% GTE Mean+SEM
0 6.63+0.05 6.61+0.08 6.59+0.09 6.59+0.09 6.60+0.03
s 1 6.60+0.04 6.60+0.05 6.59+0.05 6.59+0.05 6.59+0.02
S 2 6.56+0.03 6.53+0.03 6.53+0.04 6.53+0.04 6.54+0.01
3 3 6.54+0.01 6.56+0.02 6.57+0.02 6.56+0.02 6.56+0.01
= 4 6.52+0.03 6.55+0.07 6.51+0.05 6.52+0.05 6.53+0.02
:J.’; 5 6.55+0.02 6.56+0.01 6.54+0.01 6.55+0.01 6.55+0.01
e 6 6.57+0.08 6.53+0.05 6.53+0.05 6.54+0.06 6.54+0.02
o 7 6.59+0.03 6.59+0.01 6.60+0.01 6.58+0.01 6.59+0.01
8 6.53+0.02 6.54+0.04 6.55+0.03 6.55+0.03 6.54+0.01
;\,? = 0 0.53+0.13 0.52+0.01 0.52+0.03 0.62+0.08 0.55+0.03*
< :\3: 1 0.30+0.04 0.27+0.13 0.31+0.13 0.22+0.07 0.28+0.04°
e - 2 0.38+0.13 0.39+0.20 0.28+0.18 0.30+0.17 0.34+0.07°%¢
235 3 0.29+0.14 0.36+0.18 0.37+0.16 0.27+0.13 0.32+0.06°
&8 4 0.46+0.04 0.63+0.13 0.45+0.02 0.44+0.06 0.49+0.04%®
§ %‘ 5 0.60+0.01 0.52+0.05 0.40+0.01 0.47+0.15 0.50+0.04%*®
% o 6 0.42+0.01 0.51+0.03 0.72+0.23 0.67+0.23 0.58+0.08"
S8 7 0.5520.11 0.75+0.14 0.610.13 0.54+0.07 0.61+0.06"
A 8 0.53+0.01 0.49+0.01 0.49+0.04 0.52+0.02 0.51+0.02*®
5 3 0 0.73+0.01 0.71+0.01 1.01£0.01 0.78+0.01 0.81+0.05%
<< 1 1.14£0.01 1.24+0.01 1.05£0.01 1.06+0.01 1.12+0.03"*
5@ i 2 0.99+0.01 0.69+0.01 0.59+0.01 0.64+0.01 0.73+0.06°
EE 3 1.05+£0.18 1.04+0.01 1.04+0.07 1.08+0.01 1.05+0.04"%°
T2 4 1.13+£0.05 0.92+0.22 0.90+0.24 0.75+0.14 0.92+0.09%°
’j’;’ IS 5 1.40£0.25 1.12+£0.17 1.06+£0.17 0.93+0.34 1.13+0.11*
@ 2 6 1.17+£0.04 1.00£0.30 0.81+0.19 0.82+0.24 0.95+0.10°®
= 5 7 0.93+0.14 0.77+0.16 0.75+0.24 0.76+0.30 0.80+0.09°*
= 8 1.04+0.10 0.84+0.12 0.96+0.16 0.82+0.14 0.92+0.06%°

ABCDE Ayni sttunda farkli harfleri tasiyan aylar arasindaki fark istatistik olarak 6nemlidir (P<0.05).
~8CPE Mean values with different uppercase letters in the same column are different due to the main effect of storage time

(P<0.05).

Ort+SH: OrtalamazStandard hata, Mean+SEM: Mean+Standard error of the mean



olarak bir farklilik gozlenmemistir (£>0.05).

Lipoliz reaksiyonlari sonucu ac¢iga cikan ya da
etin yapisinda bulunan serbest yag asitlerinin
molekiiler oksijen ile reaksiyona girmesi sonucu
otokalitik olarak gelisen lipit oksidasyonu tiriinde
karsinojenik bilesiklerin yani sira kalite kayiplart
ile sonuglanir. TBARS analizi de, et ve et Urtinlerinde
meydana gelen lipit oksidasyon diizeyini 6l¢mek
amaciyla uzun yillardan beri kullanilan hassas bir
yontemdir (27, 28). Cizelge 2'de tavuk burgerlerin
8 aylik donmus depolama periyodu boyunca
TBARS degerlerindeki degisim verilmistir.
Baglangicta (0. ayda) 0.73-1.01 mg MA/kg araliginda
degisen TBARS degeri, 8. ayin sonunda 0.82-1.04
mg MA/kg araliginda bulunmustur. Donmus
depolama stiresince aylik Olcimlerde TBARS
degerinde istatistik olarak o©nemli diizeyde
degisimler gozlenmistir (7<0.05). Bununla birlikte
4. ay ve sonrasinda elde edilen TBARS degerleri
incelendiginde YCE icermeyen burgerin TBARS
degerinin, YCE iceren burgerlerin TBARS degerine
kiyasla daha yiiksek oldugu gézlenmistir. Bu sonug,
kaplamaya YCE ilavesinin, donmus depolama
stresince tavuk burgerlerde lipit oksidasyon
reaksiyonlarini sinirlandirdigint gostermektedir.
Benzer sekilde arastirmacilar, aerobik kosullarda,
4°Cde, 616 lux floresan 1sik altinda 10 giin depolanan
domuz, sigir eti ve tavuk koftelerinde (8, 29), 700
lux floresan 151k altinda 7 giin ya da 620 lux floresan
stk altinda 9 giin depolanan burgerlerde (9, 13)
ve aerobik kosullarin yani sira MAP ambalajda
4°C'de 616 lux 1sik altinda 7 giin siireyle depolanan
koftelerde (12) YCE'nin bilesiminde bulunan
katesinlerin lipit oksidasyonunu engelledigini
ifade etmistir. Yapilan calismalar, YCE'nin lipit
oksidasyon reaksiyonlarini inhibisyon mekanizmasini
YCE’nin yapisinda yer alan benzen halkasinin
serbest radikallerle reaksiyona girmesi, katesinlerin
zincir oksidasyon reaksiyonlarint durdurmasi ya
da metal iyonlar ile selat olusturmasi olarak
aciklamaktadir (6). Calismada kullanilan YCE'nin
fenolik madde dagilimi 1.90 mg/g gallik asit, 0.24
mg/g tearubigin, 6.61 mg/g gallokatesin (GC),
0.14 mg/g teofilin, 25.83 mg/g epigallokatesin
(EGO), 18.62 mg/g kafein, 0.75 mg/g epikatesin
(EC), 124.01 mg/g epigallokatesin gallat (EGCG)
ve 20.09 mg/g epikatesin gallat (ECG) olarak
belirlenmistir. Bu bilesikler, antioksidan etki
duzeyleri acisindan ECG>EGCG>EGC>EC seklinde
siralanmakta olup, epikatesin ve katesin ise
lipit sistemlerinde giicli antioksidatif o6zellik
gostermektedir (6). He ve Shahidi (10) de
yurdttikleri arastirmada, 4°C’de 7 glin boyunca
depolanan balik eti model sisteminde lipit

oksidasyonunu inhibe etmek amaciyla ECG,
EGCG ve EGC kullaniminin sentetik antioksidanlara
kiyasla daha basarili oldugunu belirlemislerdir.
Bu bilgiler dogrultusunda, YCE'nin bilesiminde
tanimlanan katesinlerin donmus depolama stiresince
burgerlerde gelisen oksidasyon reaksiyonlar:
tzerine etkili oldugu ifade edilebilir.

Renk tiiketiciler icin trtintin kabul edilebilirligi
acisindan 6nemli bir kalite parametresi olup (7),
ozellikle kaplamali tavuk trtnlerinin karakteristik
amber renginin donmus depolama stiresince
korunmasi bu noktada 6énem tasimaktadir. Tavuk
burgerlerin dis ylizey ¥, a*, b* renk degerlerine
iliskin grafik Sekil 1’de verilmistir. Aylik periyotlarda
yapilan dlctimler, depolama boyunca I* degerinde
istatistik olarak onemli diizeyde bir artis oldugunu
gosterirken, a* ve b* degerlerinde de 6nemli
diizeyde bir azalis tespit edilmistir (£<0.05). Bu
calisma kapsaminda vurgulanmast gereken diger
onemli noktalardan birisi de, kaplamaya ilave
edilen YCE'nin trlin rengi Gizerine negatif etkisinin
belirlenmis olup olmamasidir. Sekil 1’de verilen
grafikler incelendiginde, genel olarak YCE
icermeyen burgerlerin YCE iceren burgerlere
kiyasla daha ylksek I* ve &* degerlerine, daha
dustk a* degerine sahip oldugu gortlebilir. Bu
sonug, kaplamaya YCE ilavesinin daha koyu ve
daha sar renkli tavuk burger liretimine neden
oldugunu gostermektedir. Ancak bu degisim, bir
sonraki paragrafta da aciklandig: gibi duyusal
degerlendirmede orta diizeye yakin puanlar
almis olmasina ragmen kabul edilemeyecek
diizeyde degildir. Benzer sekilde arastirmacilar,
tavuk burgerlere tizim posasi ilavesinin Griin
rengini degistirdigini ancak bu degisimin duyusal
panelde trtnun kabul edilebilirligi iizerine etkili
olmadigimni bildirmistir (7).

Tavuk burgerlerin duyusal degerlendirmesinde
panelistler tarafindan verilen ortalama begeni
puanlari Cizelge 3'de yer almaktadir. 8 aylik donmus
depolama stiresince burgerlere verilen puanlar
cok iyi (8.00) ve orta (5.00) dizeyinde degisim
gostermistir ve 8. ayin sonunda tiim burger gruplart
tuketilebilir diizeyde puan almistir. Kaplamaya
ilave edilen YCE'nin oksidasyon reaksiyonlarini
sinirlandirmasina bagli olarak triintin duyusal
ozelliklerinde koti tat ve koku olusumuna
rastlanmamustir. Ancak, kaplamaya YCE ilavesine
bagli tirtin renginde a¢iga ¢ikan ve enstriimental
olarak olctlen degisim duyusal analizde begeni
puanlarina yansimis ve artan YCE konsantrasyonuna
bagl: olarak ortalama renk puanlari da istatistik
olarak onemli dizeyde azalis gostermistir
(P<0.05). Ayrica, kaplamada YCE kullanimina
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Sekil 1. Depolama periyodu boyunca tavuk burgerlerin L*,
a, b* renk degerlerindeki degisim

Figure 1. The changes in L*, a*, b* values of chicken
burgers during frozen storage

bagli olarak, YCE konsantrasyonu arttik¢a ortalama
gorlinis, koku, lezzet, tekstlir ve genel begeni
puanlart da azalma gostermistir (P<0.05). YCE
iceren gruplar icerisinde en ytiksek puani %0.5
oraninda YCE iceren burger alirken en dustik
puani %3 oraninda YCE iceren burgerler almustir.
Ancak, genel olarak tim gruplarin tiketiciler
acisindan duyusal olarak kabul edilebilir puanlar
aldigt da soylenebilir. Benzer sekilde, énemli bir
sarap endustrisi atigt olan tzim posasinin 9 ay
boyunca vakum paketlenerek donmus depolanan
tavuk koftelerinde kullaniminin renk, koku ve
lezzet degisikliklerine neden oldugu ve bu
degisimin duyusal panelde gozlemlendigi Selani
ve ark. (30) tarafindan yapilan bir arastirma da
belirtilmistir. Genel olarak renkteki bu degisim,
gidalarin ya da bitkilerin yapisinda bulunan
antioksidan bilesiklerin veya ekstraklarinin koyu
renkli olmasi ile iliskilendirilebilir.

Tavuk burgerlerde donmus depolama boyunca
mikrobiyel aktivite de degisim gostermis ve
baslangicta yaklasik 3.13 log KOB/g olan TMAB
sayist azalis gostererek 8 aylik depolamanin
sonunda tim gruplarda 2.5 log KOB/g'in altina
ulasmustir. TMAB saysindaki bu dustise kaplamaya
ilave edilen YCE’nin etkili olmadigi, donmus
depolama esnasinda bakteri hiicrelerinin soguktan
etkilenmesine bagli olarak s6z konusu azalisin
ortaya c¢iktigr diusiinilmektedir. Benzer sekilde,
taze tavuk etinin -10°C ve -18°C’de depolandigi
bir calismada TMAB ve Pseudomonas sayilarinda
azalis rapor edilmistir (31). Koliform, E. coli ve S.
aureus sayist depolama boyunca <1 log KOB/g,
toplam maya kif, Pseudomonas ve psikrofil bakteri
sayist da <2 log KOB/g olarak belirlenmistir. Ayrica
tavuk burgerlerde donmus depolama periyodu
boyunca Listeria monocytogenes ve Salmonelld'ya
rastlanmamustir. Yashoda ve ark. (20) yurtttikleri
bir arastirmada, benzer sekilde, 3 giin siireyle
4°Cde depolanan kizarmis tavuk trinlerinde
koliform, S. aureus, enterococci ve kif olusumuna
rastlanmadigini bildirmistir. Bu baglamda, tavuk
burgerlerin Gretim prosesi geregi tiketime hazir
pismis Grlin olmasinin, son trlinde iyi bir mikrobiyel
kaliteye sahip olmasinda etkili en 6¢nemli faktor
oldugu ifade edilebilir.

SONUC

Donmus depolanan (-18°C) tavuk burgerlerde
%0.5; %1.5 ve %3 oraninda YCE kullanimi oksidasyon
reaksiyonlarini aynt diizeyde sinurlamistir. Duyusal
degerlendirme incelendiginde de, YCE icermeyen
burgere en yakin, YCE iceren burgerler icerisinde
de en vyiksek puana sahip grup %0.5 YCE
katkili burgerlerdir. Bu baglamda, oksidasyon
reaksiyonlarini sinirlandirarak kalite kayiplarini
oOnlemek, raf dmriint artirmak ve duyusal acidan
da YCE icermeyen gruba en yakin triint Gretmek
amaciyla kaplamaya %0.5 oraninda YCE ilavesi
Onerilebilir. Ayrica, lipoliz ve oksidatif reaksiyonlar
tzerine daha etkili sonuclar alabilmek icin
YCE'nin et hamuruna katilmasi bir baska yontem
olarak distinulebilir.

Tesekkiir

Bu arastirma, TUBITAK tarafindan desteklenen
"Kaplamali tavuk trlnlerinde heterosiklik
aromatik amin ve akrilamid olusumu, yesil cay
ekstrakti ve mikrodalga kullanimi ile azaltilma
olanaklar1 (No: 111-O-375)" konulu projenin bir
parcasidir. Ayrica Beypi Beypazar: Tarimsal
Uretim Pazarlama Sanayi ve Ticaret A.S'ye verdigi
teknik destekten dolay: tesekkiir ederiz.



Cizelge 3. Depolama periyodu boyunca tavuk burgerlerin duyusal ézelliklerindeki degisimler
Table 3. The changes in sensory properties of chicken burgers during frozen storage

Aylar Goérlnls Renk Koku Lezzet Tekstir Genel begeni
Months  Appearance Color Odor Taste Texture  Overall acceptability
0 7.62+0.24 7.42+0.29 6.85+0.72 7.54+0.04 7.73+0.02 7.54+0.17
W 1 7.56+0.32 7.38+0.50 6.75+£0.38 7.50+0.25 7.38£0.50 7.331£0.42
V) 2 7.81+0.19 7.83+0.46 7.33+£0.05 7.67+0.04 7.32+0.25 7.55+0.02
§ 3 7.56+0.19 7.63+0.38 7.31+£0.69 7.75+0.63 7.59+0.47 7.66+0.41
~ 4 7.31£0.00 7.38+0.38 7.31+0.07 7.66+0.03 7.22+0.28 7.47+0.03
@ 5 7.38+£0.13 7.50+0.13 7.03+0.72 7.72+0.53 7.06+0.44 7.50+0.44
Z 6 7.69+0.31 7.50+0.50 7.19+£0.44 7.81+0.57 7.41£0.22 7.97+0.09
S 7 6.85+0.28 6.97+0.41 6.38+0.25 6.97+0.41 6.84+0.41 6.72+0.66
8 7.50£0.13 6.94+0.06 6.81+£0.69 7.56+0.57 7.47+0.28 7.56+0.50
Ort+SH 7.48+0.08* 7.40+0.11* 7.00+0.15* 7.58+0.12* 7.34+0.10% 7.48+0.12%
Mean+SEM
w 0 6.60+0.03 6.7210.16 6.62+0.24 6.84+0.41 6.88+0.75 6.85+0.28
o 1 7.41£0.60 7.13+1.13 6.44+0.69 6.97+0.78 6.88+0.63 6.97+0.72
I 2 7.21+0.08 7.25+0.19 6.26£0.12 6.63+0.51 6.71+0.29 6.86+0.36
g 3 7.34+0.35 7.28+0.03 5.94+0.31 6.88+0.50 6.63+0.13 6.47+0.28
0 4 6.75+0.50 6.63+0.38 5.91+0.72 6.69+0.81 6.72+0.41 6.56+0.75
O 5 7.44+0.56 7.75+0.38 6.16+0.85 6.94+0.81 7.16+0.60 6.88+0.75
i'., 6 7.03+0.35 6.81+0.07 6.13£0.25 6.84+0.04 6.63+0.00 6.78+0.03
S 7 7.33+0.05 7.54+0.17 6.35+£0.22 7.19+0.38 6.96+0.33 7.10+0.03
B 8 6.81+0.69 6.63+0.75 5.56+0.69 6.41+0.66 6.38+0.44 6.41+0.66
Ort+tSH  7.10+0.13* 7.08+0.15% 6.15+0.15° 6.82+0.15° 6.77+0.12° 6.76+0.14°
Mean+SEM
w 0 7.02+0.17 7.251£0.25 6.51+£0.63 7.14+£0.15 7.38+0.25 7.10+£0.04
G 1 6.56+0.94 6.41+0.97 6.31+0.82 6.69+0.75 6.91£0.72 6.59+0.79
N 2 6.96+0.33 6.74£0.12 6.74+0.55 6.81+0.12 6.57+0.43 6.74+0.12
"“_’- 3 6.53+0.03 6.28+0.41 5.88+0.38 6.38+0.00 6.44+0.19 6.00£0.00
~ 4 6.69+0.44 6.47+0.16 5.88+0.63 6.31+0.57 6.50+0.38 6.41+0.47
8, 5 7.19+0.06 7.06+0.07 6.25+0.63 6.69+0.81 6.63+0.50 6.63+0.50
: 6 6.00+0.50 6.47+0.72 6.25+0.38 6.78+1.03 6.25+0.63 6.44+0.75
= 7 6.60+0.03 6.51+0.13 6.02+0.27 5.35+0.21 5.99+0.20 5.84+0.09
& 8 6.63+0.88 6.25+0.50 5.75+0.63 6.06+0.57 6.38+0.25 6.13+0.57
OrtztSH  6.69+0.14° 6.61+0.14° 6.18+0.16° 6.47+0.19%¢ 6.56+.14%° 6.43+0.15%
Mean+SEM
0 6.53+0.10 6.26+0.12 6.17+0.54 6.75+0.19 6.89+0.61 6.60+0.18
i 1 5.63+0.00 5.63+0.25 6.13+0.25 6.25+0.06 5.69+0.06 6.25+0.19
G 2 6.62+0.76 6.47+0.47 6.27+0.02 6.68+0.18 6.92+0.28 6.83+0.05
§ 3 6.19+0.56 6.25+0.75 5.97+0.22 6.13+0.25 6.38+0.25 6.16+0.22
3 4 5.91+0.78 5.81+0.82 5.56+0.94 5.69+0.81 6.31£0.57 5.66+0.91
O 5 7.00+0.13 7.13+0.25 6.41+0.35 6.50+0.63 6.47+0.28 6.47+0.47
f,') 6 5.56+0.32 5.63+0.38 5.69+0.44 5.97+0.22 5.44+0.56 5.84+0.10
* 7 6.64+0.65 6.41+0.66 5.85+0.72 5.33+0.96 6.07+1.07 5.4+0.97
8 6.25+0.50 5.88+0.25 5.06+0.44 5.94+0.06 6.19+0.19 5.91+0.10
OrtxSH
Mean+SEM 6.26+1.17° 6.16+0.16° 5.90+0.16° 6.14+0.16° 6.26+0.17° 6.13+0.16°

ABC: Ayni sttunda farkli harfleri tagiyan farkli oranda YGE iceren gruplar arasindaki fark istatistik olarak énemlidir (P<0.05).
48¢: Mean values with different uppercase letters in the same column are different due to the main effect of GTE (P<0.05).
Ort+SH: OrtalamazStandard hata, Mean+SEM: Mean+Standard error of the mean
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Ozet

Domateslere laboratuvar kosullarinda iki farkli pestisit (azoxystrobin ve chlorpyrifos) uygulanmistir. Bu
domatesler daha sonra suda veya ozon uygulanan suda yikanmistir. Uygulamalarin pestisit giderimi,
askorbik asit dizeyi ve renk lzerine olan etkileri incelenmistir. Yapilan uygulamaya bakilmaksizin
chlorpyrifosun azoxystrobine gore cok daha kolay giderildigi gortilmuistiir. Azoxystrobinde su, calkalamali
su ve ozonlu su ile yapilan 5 dakikalik yikama islemi sirastyla %4.4, %13 ve %39 oraninda giderim saglarken
ayni uygulamalar 30 saniye stireli chlorpyrifos uygulamasinda sirastyla %74, %77 ve %86 oraninda giderim
saglamustir. Renk ve askorbik asit icerikleri acisindan suyla ve ozonlu suyla yapilan yikama uygulamalarn
arasinda onemli bir fark gorilmemistir. Yikama islemleri askorbik asitte %7-13’lik, a/b degerinde %2-5’lik
bir azalmaya yol acmistir. Askorbik asitte gortilen kayip yapilan uygulamadan ¢ok vitaminin sudaki
cozunurligu ile ilgilidir.

Anahtar kelimeler: Domates, ozon, pestisit, yikama, giderim, askorbik asit, renk

EFFECTS OF OZONATED WATER WASHING ON PESTICIDE
REMOVAL, ASCORBIC ACID AND COLOUR OF TOMATOES

Abstract

Tomatoes were treated with two different pesticides (azoxystrobin and chlorpyrifos) in a lab scale
study followed by washing in water and ozone bubbled water. The effects of these treatments on
pesticide removal, color (a/b values) and ascorbic acid losses were

evaluated. Chlorpyrifos was degraded more easily compared to azoxystrobin regardless of treatments.
Water and nitrogen or ozone bubbled water treatments resulted in 4.4, 13 and 39% reduction in
azoxystrobin content after 5 min treatment time while same treatments

resulted in 74, 77 and 86% chlorpyrifos reduction in 30 s of treatment time, respectively. The given
treatments had no significant effect on ascorbic acid losses and color changes. The ascorbic acid losses
and color changes were 7 to 13 and 2 to 5%, respectively. Ascorbic acid losses were assumed to be due
to the higher water solubility of it other than the applied treatments.

Keywords: Tomatoes, ozone, pesticide, washing, removal, ascorbic acid, colour
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GIRIS

Tarimsal Gretimin arttirilmast amaciyla glinimiizde
en sik kullanilan tekniklerden biri de kimyasal
savasimdir. Bu amacla kullanilan pestisitler,
tarimsal tretimde sagladigt artisla 6nemli bir girdi
olustururken, ayni zamanda bilin¢siz kullanim
nedeniyle, bir kisminin gidalarda kalarak beslenme
yoluyla insan biinyesine alinmasi bir takim saglik
risklerini de beraberinde getirmektedir. Genellikle
bitkiler ve bitkisel trtinler tizerinde az ya da cok
pestisit kalintis1 bulunmaktadir. Burada énemli
olan kalintinin miktaridir. Kalinti diizeyinin insan
ve hayvan sagligi acisindan risk olusturmadigi sinur,
genellikle maksimum kalintt limiti (tolerans, MRL)
olarak tanimlanir (1). Gidalarda, tarimsal irtinlerde
veya hayvansal yemlerde yasal olarak bulunmasina
izin verilen MRL diizeyleri Diinya Saglik Orgiitii
(WHO) ve Birlesmis Milletler Gida ve Tarim
Organizasyonu’'nun (FAO) biinyesinde bulunan
Kodeks Alimentarius Komisyonu (CAC), ABD
Cevre Koruma Ajanst (EPA), AB Komisyonu gibi
kurumlar tarafindan belirlenmekte ve yonetmelikler
duzenlenmektedir.

Tarimsal savasimda insektisit kullaniminda dikkat
edilecek en 6nemli konu trtiniin MRL degeri
uzerinde kalinti icermemesidir. Gida maddelerinde
bulunan pestisit kalinti diizeyi; gidalara tarladaki
pestisit uygulamalari, evde hazirlanmast/pisirilmesine
kadar uzanan isleme ve depolama parametreleri
ile etken maddelerin fizikokimyasal 6zelikleriyle
dogrudan iligkilidir. Ozellikle yikama ve pisirme
gibi parametreler, pestisit Ozelliklerine bagli olmak
kaydiyla kalinti diizeylerinde dnemli azalmalari
saglayabilmektedir. Ayrica farkli pestisit etken
maddeleri fizikokimyasal parametrelerine gore
farkls stirelerde parcalanmaktadir (2). Urlinlerdeki
kalintdarin giderimi icin suyla yikama, isitma,
buharda pisirme, 1s1ga maruz birakma, asidik
veya bazik ortamlarda bekletme gibi islemler
uygulanmaktadir. Hasat edilmis Urtinlerde su ile
yikamada kalintilarin azalmasi, yitkama suyunda
cesitli  oksidanlarin  kullanimini  giindeme
getirmistir.

Son yillarda, 6zellikle de ozonun 1997'de ABD’nde
GRAS kabul edilmesinden sonra pestisitlerin
ozonla par¢alanmasina dair ¢calismalar hizlanmustir.
Ozon, gida sanayinde cesitli amaclarla
kullanilmaktadir. Bunlar arasinda meyve ve
sebzelerde, mikroorganizmalarin inaktivasyonu,
mikotoksinlerin giderilmesi, hatta trlintn raf

omrinln uzatimasi sayilabilir (3). Meyve-sebze
sektoriinin 6nemli problemlerinden mikotoksin
(4-5) ve pestisit (6-8) kalintilarinin gidalardan
uzaklastirilmasinda da umut veren sonuclar
gostermektedir. Ozon, 2.07 mV’luk oksidasyon
potansiyeline sahipken; hidrojen peroksit
(H,0,), hipokloroz asit (HOCD), klor (Cl,) ve
klordioksitin (ClO,) oksidasyon potansiyelleri
strastyla 1.78, 1.49, 136 ve 1.27 mV'tur. Gorildigu
gibi ozonun oksidasyon potansiyeli diger oksidan
ajanlarin potansiyellerinden oldukea ytksektir (9-10).
GunlUmtze kadar yapilan calismalarda, ozonla
sulu ¢ozeltilerde; 2,4-dichlorophenoxyacetic asit
(1D, phorate (12), dissuloton, terbufos ve dyfonate
(13), malathion (14), atrazine (15), diazinon (16),
pirimiphos-methyl (17) ve chlorophenylurea
pestisitleri (18), pyrimethanil (19) gibi belli
pestisitlerin parcalanabilecegi belirlenmistir. Bir
calismada pH 9’daki sulu ¢ozeltide 30 dakika
ozonlama ile diazinonun hemen hemen tamaminin
parcalandigi belirlenmistir (16). Elmalara iki farkl
diizeyde (1 ve 10 mg/kg) uygulanan mancozeb
kalmtilarmin ozon uygulamalariyla %56-97 oraninda
azaldig1 bildirilmistir (6). Benzer bir calismada 1 ve
3 mg/kg konsantrasyonundaki ozonlu suyun g
farkli pH (4.6, 7.0, 10.7) ve iki farkli sicaklikta (10
ve 21°C) mancozeb degradasyonundaki etkinligi
model sistem calismalarinda incelenmis ve
degradasyonun pH’ya bagli olarak degistigi ve
en hizli degradasyonun pH 7’'de gerceklestigi
saptanmustir (7). Hwang ve ark. (20), mancozeb
uygulanmis ve farkli yitkama uygulamalarina tabi
tutulmus elma ve Urtnlerindeki mancozeb ve
ethylenethiourea (ETU) seviyelerini incelemislerdir.
Sonu¢ olarak, gerek mancozebin, gerekse
kanserojen ETU bilesiginin giderilmesinde 3 mg/kg
konsantrasyondaki ozonlu su, 500 mg/kg klorlu
su ile birlikte en etkin yontem olarak belirlenmistir.
Ozonun etkinligi farkli Grlin gesitleri icin mancozeb
gideriminde %82-100 ve ETU gideriminde %76-100
olarak belirlenmistir. Ozonlu su uygulamasinin
tim meyve, meyve dilimi, kabugu soyulmus ve
soyulmamis elmalardan yapilan soslarda gerek
mancozeb gerekse ETU miktarini tespit edilebilir
limitin altina diistirdigt bildirilmistir. Yapilan bir
calismada; bentazonun ozonla oksidasyon
reaksiyon mekanizmasi ve kinetigi incelenmistir.
Destile su icinde, karanlik kosullarda, 120 giin
sonunda dahi bozunumu gortilmeyen bentazonun,
ozon oksidasyonu ile giderimi kisa siireler icinde



saglanabilmistir (21). Wu ve ark. (8), dusuk
konsantrasyonda ¢oziinmiis ozonun dort farkls
pestisitin  parcalanmasi  Uzerine  etkisini
arastirmiglardir. Calisma sonunda 30 dakika
icinde %60 ila %99 oraninda parcalanma oldugu,
etkinligin suda ¢oziinmiis ozon miktart ve sicaklik
ile dogrudan ilgili oldugu belirlenmistir. Ug farkl
sebzede fenitrothion kalintilarinin gideriminde
farkli tip mikrobaloncuk kullaniminin etkilerinin
incelendigi bir calismada dekompresyon tip
jeneratoriin gaz-su sirkiilasyon tip jeneratore gore
daha etkili oldugu goriilmustir (22). Fenitrothionun
marul ve ceri domateslerindeki kalintisinin
azaltulmasinda 30 0Clik sicaklik uygulamasinin
denenen diger sicakliklara gore daha etkin
oldugu anlasilmistir (23). Hurma yapraklarindaki
fenitrothion ve benomyl kalintilarinin ozonlama
ile uzaklastiridmast tizerinde yapilan bir ¢alismada
mikrobaloncuk uygulamasinin etkin oldugu ve
yapraklarin direnci ile rengi lzerinde olumsuz
etkisinin olmadigi gortilmustir (24). Taze cay
yapraklarinda O,/UV/TiO, uygulamasi ile
cypermethrinde %80, malathionda ise %78
azalma gorilmustiir. Calisma sirasinda taze cay
yapraklarinda ve suda yapilan O,/UV/TiO,
uygulamalarinda pH'nin sudaki denemelerde etkili,
cay yapraklarinda ise etkisiz oldugu gorilmuistir
(25). Bir c¢alismada chlorothalonil kalintisi iceren
portakal 5 dakika boyunca ozonlanmis ve kalinti
miktarinda %100'1tk bir azalis gortilmustir. Ayni
sekilde tetradifon iceren limonda 5 dakika ozonlama
ile kalintt miktarinda %98.6, chlorpyrifos ethyl
iceren greyfurtta ise kalinti miktarinda %94.2
azalma gortlmustiir. Bu Ug¢ pestisit ile yapilan
musluk suyunda gidalarin yitkanmasi denemeleri
ise, ozonlu suda yapilan yikama isleminin musluk
suyuna kiyasla cok daha etkin oldugunu gostermistir
(20). Yapilan bagka bir ¢alismada chlorfluazuron
ve chlorothalonil uygulanan sebzeler ozonla 15
dakika 250mg/saat ve 500mg/saat akis hizt olmak
tizere iki ayri isleme tabi tutulmustur. Uygulanan
islemler sonucunda; 250mg/saat akis hizinda
chlorfluazuron icin %51, chlorothalonil icin %53
azalma gortlmustir. Akis hizi 500mg/saat oldu-
gunda ise chlorfluazuron icin %75, chlorothalonil
icin %77 azalma oldugu belirlenmis ve sebzelerdeki
pestisit kalinti miktarlart "Gidalarda Pestisit Kalinti
Limit Standartlari-Standards for Pesticide Residue
Limits in Foods" seviyesine distrilmustir (27).
Farklt calismalarda elmalardaki mancozeb
kalintilarinin  ozonlama ile % 56-97 oraninda
giderilebildigi (6), tiziimlerin ozon atmosferinde

depolanmast sonucu fenhexamid, cyprodinil ve
pyrimethanilin azalmasinin hizlandig: (28), mum
ile kaplanmis Navel portakallarinin 180-200 ng/L
dizeyinde ozon iceren atmosferde 35 giin
depolanmasi sonucunda imazalil, malathion ve
chlorpyrifos kalintilarinin normal atmosferde
depolamadakine gore ¢cok daha fazla azaldig:
(29) belirlenmistir.

MATERYAL VE YONTEM

Kullanilan Pestisitler ve Domateslerin Ilaclanmast:
Calismada sudaki ¢oziintrliklerinin az olmast
nedeniyle (30) azoxystrobin (fungusit, metoksi-akrilat
grubu) ve chlorpyrifos (insektisit, organik fosforlu)
pestisitleri secilmistir. Bu bilesiklere iliskin bazi
bilgiler Cizelge 1’dedir. Denemede kullanilan
domatesler bir marketten satin alinmistir. Her
tekerrtr icin 8 domates (yaklasik 2 kg) olacak
sekilde toplamda bitki koruma irini (BKU)
uygulanmasi gerekli domates miktant belirlendikten
sonra homojenligin saglanabilmesi icin 6rneklerin
tamami ayni anda BKU uygulamasma alinmistir.
Bu amagcla azoxystrobin (250 SC) ticari preparati
75mL/100L su oranina gore hazirlanmistir. 1 kg
domatesin kapladigi alan yaklasik 1 m? olarak
olctilmiis ve kalibrasyonda puiskiirtme yontemiyle
her bir kg domates basina 200 mL su kullanilacagi
tespit edilmistir. Bu nedenle 6rneklerin tamami
(yaklasik 5 kg domates) icin yaklasik 1000 mL
ilacl su kullanilmus, yaklasik 30 cm uzakliktan el
spreyi ile ila¢ puskirtiilerek uygulanmustir. flaglama
strasinda domatesler izerinde birikim olmamasina
dikkat edilmis, bu amacla ilaclama devam ederken
bir taraftan da domateslerin bulundugu plastik
sepet elle siirekli olarak sallanmustir. Ilaclama
islemi bittikten sonra, tarla kosullarina benzerlik
gostermesi icin domatesler giinesin altina alinmis
ve 3 saat kurumasi beklenmistir. Ornekler, kontrol,
suda bekletme, azot (N,) altinda suda bekletme
ve ozonlama islemlerine tabi tutulmustur.
Chlorpyrifos’ta farkli olarak sebzeler icin tavsiye
dozu esas alinarak gerekli hesaplamalar yapilmis
ve 0.96g aktif madde/400mL su olacak sekilde ilag
cozeltisi hazirlanmustir.

Domateslerin Yikanmasi

ilaclanmis domatesler, her deneme icin 8er tane
olmak lzere dis kismindan sogutucu sivi gecen
ve sicakligt 15°C’de sabit tutulan ve icerisinde
tam olarak 2.5 L ¢esme suyu bulunan ozonlama
tankina, tanka uygun boyuttaki c¢elik bir sepet
icerisinde konulmustur. Suyun i¢ine jeneratorden
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Cizelge 1. Calismalarda kullanilan aktif maddelere iligkin bazi bilgiler

Table 1. Several properties of studied active ingredients

Aktif Madde Adi icerik ve Ticari Adi Ureticisi Onerilen Dozu Sudaki
Active ingredient formulasyonu Commercial Producer Recommended ¢cozuindirlik
Content and name dosage Water solubility
formulation type
Azoxystrobin 250 g/L—-SC' Quadris Syngenta 75 mL/100 L water 6 mg/L (20°C)
Chlorpyrifos 480 g/L- EC? Sarban 4E Safa Tarim 200 mL/da 1.4 mg/L (25°C)

'SC: Suspansiyon konsantre, *EC: Emiilsiyon konsantre
'SC: Suspension concentrate, ?’EC: Emulsion concentrate

(20g/saat kapasiteli Opal OG 20, Ankara) elde
edilen gaz ozon, gaz dagitici paslanmaz celik
pordz dagitict (Fisher Scientific Solvent Inlet Filter,
10pm gozenek caply) ile verilmistir. Ozon miktari
debi olcer (Riteflow flow-meter, 150 mm, size 2,
Bel-Art Products Pequannock, NJ, ABD) kullanilarak
600mL/dak olacak sekilde ayarlanmustir. 5 dakikalik
ozonlama sonucu sudaki ozon diizeyi Palintest
test kitiyle yaklasik 13 mg/kg olarak 6l¢cilmustur.
(Ozon gazinin suya verilmesini takiben domatesler
derhal tanka alinmistir. Domatesler istenilen stirede
ozonlandiktan sonra akis kesilmis, 6n denemelerde
miktarinin 1 mL olmasina karar verilmis reaksiyon
durdurucu (5.2g/L konsantrasyondaki Difco
Neutralizing Buffer, Cat. Nr. 236210, Becton,
Dickinson and Sparks, MD, ABD) eklenmis ve
domatesler sudan hizlica alinmustir. Su ile yapilan
yikama isleminde ise tiim kosullar ayn: tutulmus,
ancak ozon gazi cikisinin calkalama etkisini
elemine edebilmek icin bu kez suya ayni1 baslikla
ve ayni dizeyde azot gazi verilmistir. Her islem
sonunda su yenilenmis ve suyun sicakligt 15°C'ye
ulastiginda bir sonraki denemeye gecilmistir.
Calismada kullanilan pestisitlerin ozona duyarliliklari
birbirinden ¢ok farkli oldugundan ozonlama
sureleri farkli tutulmustur.

Domateslerde Kalint1 Analizleri

Farkli yikama islemleri uygulanan domatesler,
pestisit kalint1 analizleri icin hazirlanmistir.
Kontrol grubu, ozonlanan grup ve suda bekletilen
domateslerde tekerriir edilen her grup icin tger
ekstraksiyon yapilmistir. Ekstraksiyon islemleri
AKSU (1) ve Quechers (31) metotlarina gore
yapimustir. Buna gore; 10 g homojenize domates
ornegi 10 mL asetonitril: diklorometan (1:1) ilave
edilip, bir dakika karistirildiktan sonra tizerine 4
g susuz MgSO, ve 0.5 g NaCl ilavesi yapilarak 2
dakika daha tip karstiricida karistirdlmis ve
homojenat 5000 devir/dak’da 5 dakika stre ile
santrifiij edilmistir. Ekstrakttan 2 mL alinarak,
icinde 0.03 g diamino + 0.03 g PSA sorbentleri ve 0.3 g

susuz MgSO, bulunan tiipe konarak karstirildiktan
sonra aynt devir ve strede tekrar santriftj islemine
tabi tutulmustur. Calismada azoxystrobin HPLC ile,
chlorpyrifos ise GC/PECD cihaziyla belirlenmistir
(1, 30). Azoxystrobin tayininde uygulanan HPLC
kosullari su sekildedir: Sistem, Agilent 1100,
otomatik enjektorld, akis hizi, 1 mL/dak; pompa,
dereceli eliisyon pompast; kolon RP C-18; kolon
firin1 sicakligt, 25°C; detektor DAD (200-400 nm
aralikta); enjeksiyon hacmi 20pL; data analiz
programi, ChemsStation LC 3D (rev. B.01.01).
Chlorpyrifos tayininde uygulanan GC/uECD
kosullari ise su sekildedir: Gaz kromatografisi,
Agilent 6890N GC; oto drnekleyici (ALS), Agilent
6890 serisi; tastyict gaz, helyum (yiiksek saflikta,
9699.999 BOSS); akis hizi, 1 mL/dak sabit akis;
Kapiler kolon, HP-5 (%5 phenyl methyl siloxane)
(30m x 0.25mm x 0.25pm film kalinhigy); bolinmeli/
bolinmesiz enjeksiyon blok sicakligi, 250 °C;
enjeksiyon hacmi,1 pL bolinmeli enjeksiyon;
bolinme oranil:50; kolon sicaklik programu,
70°C (2 dak), 25°C/dak ile 280°C (7 dak), toplam
analiz stresi: 17.40 dak; detektor, pECD; detektor
sicakligt, 300 °C; detektor makeup gazi ve akist,
N2 (%99.999 saflikta) 59 mL/dak.

Domateste Renk ve Askorbik Asit Tayini

Orneklerde Minolta 300 CR kolorimetresi ile
Hunter sistemine gore L, a, b renk 6l¢ctimleri
yapilmustir. Renk tayininde tiim parseller i¢in alinan
domateslerin tamami analize alinmustir. Aygitin
kendi plakasiyla kalibrasyonundan sonra her bir
domates ornegi 4 tekrarli olarak okunmus ve
degerler L, a, b olarak kaydedilmistir. Domateslerde
bulgularin yorumlanmasinda a/b (kirmizilik/sarilik)
degeri dikkate alinmustir.

Askorbik asit analizlerinde Reyes (32) tarafindan
onerilen yontem kullanilmustir. Plastik bir behere
blenderde iyice parcalanmis yaklasik +0,001 g
duyarlilikla 4 g ornek tartilmis ve tzerine %3’lik
sitrik asit ¢ozeltisinden 24 mL ilave edilmistir. Bu



karisim, ultraturrax cihazinda, beherin etrafina
buz posetleri sarilarak homojenize edilmis ve
kaba filtre kagidindan bir santrifij tiiptine stizilmiis
ve stizinti 00C’de 6000 devir/dakika hizda 10
dakika santrifiij edilmistir. Kat1 faz ekstraksiyon
kartuslart (Phenomenex, Strata C18-E, 55um,
70A, 100 mg, Torrance, CA, ABD) vakum manifold
cihazina yerlestirildikten sonra st kisim, islem
oncesinde o6nce 3 mL metanol ve bunu takiben
3 mL su ile sartlandirilip, kartuslarin icinde su
damlast  kalmayacak sekilde vakumlanarak
kurutulmustur. Sartlandirilmis kartuslardan,
santriftij edilen orneklerin Ust fazi gecirilmistir ve
HPLC aygitina enjekte edilmistir. Kullanilan
aygita iliskin bilgiler su sekildedir: Sistem, Agilent
1100, otomatik enjektorli, 100 6rnek tepsili; Akis
hizi, 0.5 mL/dakika; hareketli faz, %2'lik potasyum
dihidrojen fosfat (KH2PO4) c¢ozeltisi [o-fosforik
asit ile pH’s1 2,4’e ayarlanmis], isokratik akis;
kolon, Thermo Scientific Reverse faz-C18 (250 x
4.6mm x 5Sum); kolon firint calisma sicakligs,
25°C; detektor ve calisma dalga boyu, diyot array
detektor, 242 nm; enjeksiyon hacmi, 20plL data
analiz programi, ChemStation LC 3D (rev B.01.01).

L-askorbik asit standardinin (Sigma-Aldrich)
9%3'ltk sitrik asit ¢ozeltisi icerisinde ¢ozdurilmesiyle
askorbik asit stok ¢ozeltisi (500 ppm’lik) elde
edilmistir. Bu stok ¢ozeltiden de 250, 100, 50 ve
25 ppmlik standart ¢ozeltiler yine %31tk sitrik asit
cozeltisi icerisinde hazirlanmis ve HPLC cihazinda
okumalar gerceklestirilerek askorbik asit standart
egrisi c¢izilmis ve egrinin regresyon katsayist
R*= 0,9989 olarak bulunmustur. S6z konusu egri
Sekil 1’de verilmistir. Ayrica hesaplamalarda
kullanilmak tizere domateslerde kuru madde
miktar1 refraktometre ile 6l¢tilmis ve 5,3 briks
olarak bulunmustur. Askorbik asit standart egrisinin
cizilmesiyle 6rneklerdeki C vitamini miktarlarinin
kantitatif hesaplamalari gerceklestirilmistir.

istatistik analiz

Istatistiksel analizler SPSS for Windows (ver.10.1,
USA) paket programi ile gerceklestirilmistir.
Sonuglar ortalama + standart hata olarak verilmistir.
Ornekler arasinda anlamli bir fark olup olmadig:
varyans  analizi  (one-way ANOVA) ile
degerlendirilmis ve farkliligin derecesi Duncan
coklu karsilastirma testi ile belirlenmistir. Analizlerde
P<0.05'lik gliven seviyeleri dikkate almmustir (33).

SONUC VE TARTISMA

Azoxystrobinde suda bekletme ile ozon uygulamasi
arasinda pestisit miktarinda yaklasik 9 katlik bir
azalma ortaya ¢ikmustir (Cizelge 2). Bu durumun
bir kismmin ozonun calkalama etkisinden
kaynaklandigt distintilerek bu kez suda yikama
sirasinda tanka ozonla aynt debide N, gaz
verilmistir. Bu kez fark 3 kata inmis olmasina ragmen
bu azalma da cok ust diizey bir azalma anlamina
gelmektedir. Ozetlenecek olursa calkalamali suda
azoxystrobinde %13 azalma olurken, ozonlu
suda azalma %39’a cikmistir ve rakamlar ozon
uygulamasinin s6z konusu aktif maddenin
giderimindeki etkisini acik bir sekilde ortaya
koymaktadir.  Emilsiyon konsantre  (EC)
formiilasyonlu chlorpyrifosla ilaclanmis domateslerde
ozonlu suyun kalinti miktarini azaltma etkisinin,
suda bekletmeye ya da azot gazi akist altinda suda
bekletmeye gore daha fazla oldugu gorilmustir
(Cizelge 2) ve bu fark ANOVA testi ile dogrulanmustir.
Burada da suda bekletmeye gore calkalama
uygulamasinda %3, calkalamali su ile ozon
uygulamasinda ise yaklasik %13’lik bir fark vardur.
30 saniye gibi kisa bir uygulama stiresinde bile
chlorpyrifos miktart %86 kadar azaltlabilmistir.
Ayrica EC formiilasyona sahip chlorpyrifos aktif
maddeye sahip bitki koruma trtnleri suda
cozlinmeyip, organik ¢oziictilerde ¢coziinebilmektedir.

Cizelge 2. Uygulamalarin azoxystrobin ve chlorpyrifos azalmasina etkileri*

Table 2. Effects of treatments on pesticide reduction*

Domateslere uygulanan islem
Applied treatment on tomatoes

Azalma (%)
Reduction (%)

Azoxystrobin Chlorpyrifos
Suda bekletme Soaking in water 4.40+0.13" 73.54+1.80"
N, altinda suda bekletme Soaking in water with N, flow 13.07+0.28° 76.63+2.80*
Ozonlama Ozonation 39.14+0.02° 86.27+3.21°

* Uygulama siresi azoxystrobin ve chlorpyrifosta sirasiyla 5 dakika ve 30 saniyedir.

* Treatment times for azoxystrobin and chlorpyrifos are 5 min and 30sec, respectively.
A-C: Ayni siitundaki farkh harfler istatistiki olarak farklihgr géstermektedir (P<0.05).
A-C: Different letters in a column indicating a statistically significant difference (P<0.05).
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Chlorpyrifosun sulu ortamda 6zellikle serbest Cl
varliginda hizla degrade oldugu diger calismalarda
gorilmis (34), bu calismada c¢ikan sonuglar bu
durumu dogrular niteliktedir.

Bilindigi tizere ozon ¢ok kuvvetli bir oksidandir
ve askorbik asit ve renk Uzerinde etkisi sz
konusudur. Dolayisiyla pestisit giderimi yapilirken
oksidasyona duyarlt 6gelerin durumunun bilinmesi
onem tasimaktadir. Ozonlanan o6rneklerdeki
renk ve askorbik asit diizeyleri sirasiyla Cizelge 3
ve Cizelge 4’de verilmistir. Cizelge 3'ten gorilecegi
uzere ilaglanan domateslere uygulanan ozonlama
islemi ile azoxystrobinde %39 gibi yiiksek diizeyde
bir pestisit giderimi saglanmasina karsin (Cizelge
2) domateste kirmizilik (a/b) degeri tizerinde
ancak %4’luk sinurli bir azalma olusmustur.
Pestisit giderimi oraninin %20-25’lerde tutulmasi
hedeflenirse bu oranin ancak %1-2’lerde kalacagi
dustnulebilir ki bu 6nemsiz bir renk kaybi
anlamina gelecektir. Chlorpyrifos icin de ayni
durum gecerlidir ve burada domateslerin dogrudan
30 saniye ozonlanmasinda pestisit oraninda %86
azalma soz konusuyken renk kaybt (a/b) ancak
%3 kadardir. Bu stire %20-25’lik azalma icin 5-10
saniyelerde tutuldugunda renk kayb1 azoxystrobinde
oldugu gibi ancak %1-2’lerde olacaktir. Nitekim
gaz ozonla cileklerde pestisit giderimi tizerinde
yapilan bir ¢alismada (37) islem sonrasi 4°C’de
10 giin muhafaza ile meyvelerde pH ve renk
degerlerinde anlamli bir degisim gozlemlenmedigi
bildirilmistir.

Gene gaz ozonla domateslerde yapilan benzer
bir calismada (36), domates meyvelerinde renk,

Cizelge 3. Ozonlama igleminin domateslerde renk tizerine etkileri

Table 3. Effects of ozonation on colour of tomatoes

agirlik, seker miktari, asitlik ve antioksidan kapasitesi
gibi  ozelliklerinde herhangi bir degisim
gozlemlenmemistir.

Azoxystrobin ozonla gideriminin askorbik asit
tizerine etkisi ele alindiginda (Cizelge 4) her ne
kadar askorbik asit diizeyleri arasinda bir miktar
fark gortintiyorsa da Duncan testine gore, ozon
uygulanmis ve uygulanmamis Ornekler ayni
grupta yer almaktadir. Dolayistyla goriilen azalma
BKU uygulamasindan degil, muhtemelen
askorbik asidin sudaki yiiksek ¢coziintrliginden
kaynaklanmaktadir. Benzer durum chlorpyrifos
uygulamast icin de buyuk olcide gecerlidir
(Cizelge 4). Burada ozon uygulamas: ile
uygulanmamasi arasinda ancak %2’lik bir fark
soz konusudur. Cizelge 2’de 30 saniyelik bir
ozon uygulamasiyla bile %86’lik bir chlorpyrifos
gideriminin oldugu gortilmektedir. Dolayisiyla
gene hedeflenen %20-25’lik giderim icin siire 10
saniye civarinda tutuldugunda diizeyleri arasindaki
bu fark da muhtemelen ortadan kalkacaktir ki
kayip ayni kalsa bile % 2'lik bir askorbik asit kaybimnin,
elde edilen ytiksek giderim diistinuldigiinde
onemli olmayacagi aciktir. Yapilan bir calismada da
(35) dilimlenmis domateslere gaz ozon uygulanmasi
ile domateslerin askorbik asit miktart ve renk
degerlerinde belirgin bir degisim gozlemlenmedigi
belirlenmistir. Sonug olarak bu calismada ele alian
iki pestisitin diizeylerinin ozonlama ile etkin bir
sekilde azaltilabilecegi ve yapilan islemin renk ve
askorbik asit tizerinde olumsuz bir etkiye neden
olmadigi ortaya konulmustur.

Aktif madde ve uygulanan islem L a b alb % azalma (a/b)
Active ingredient and treatment Reduction,
% (a/b)
Azoxystrobin
ilagsiz domates Untreated tomatoes 40.2#2.5 31.6£3.1 31.5+£25 1.00" -
Suda 5 dakika ozon uygulamasi 5 min ozone treatment in water 41.2+¢3.0 31.3+3.2 32.6+3.0 0.96* 4.0+1.6"
Suda 5 dakika azot uygulamasi 5 min nitrogen treatment in water 40.2t2.9 30.3t29 30.9+2.9 0.98" 2.010.7°
5 dakika suda bekletme 5 min soaking 414423 31.4+3.1 32528 0.96* 4.010.6*
ilagl kontrol Pesticide applied control 40.3+29 30.3+2.5 31.6£3.0 0.95° 5.0+0.4°
Chlorpyrifos
ilagsiz domates Untreated tomatoes 39.9+2.3 329+2.4 32.7#39 1.00" -
Suda 30 saniye ozon uygulamasi 30 sec ozone treatment in water =~ 38.3t2.5 32.3+3.1  33.2t2.8 0.97*® 3.0£0.8*
Suda 30 saniye azot uygulamasi 30 sec nitrogen treatment in water ~ 39.4+2.4  31.5£3.2 31.9t3.4 0.99 1.0+0.6°
30 saniye suda bekletme 30 sec soaking 39.5+2.1 32.8+43.0 33.3+3.3 0.99" 1.0£0.4°
ilagh kontrol Pesticide applied control 39.5+2.6 31.5+3.2 33.3#2.2 0.95° 5.0+2.3°

A-C: Her bir aktif madde icin sttunlardaki farkli harfler istatistiki olarak farklihg: géstermektedir (P<0.05).
A-C: Different letters in columns indicating a statistically significant difference (P<0.05) for each active ingredient.
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Bu makale TUBITAK tarafindan desteklenen 110
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Ozet

Bu arastirmada pektin metilesteraz enziminin (PME) inaktivasyonunda termosonikasyon (TS) ve
geleneksel 1sitma (T) uygulamalariin etkilerinin kiyaslanmasi amacglanmis ve 6rneklere toplam pektin,
toplam karatenoit, pH, titrasyon asitligi, suda ¢6zlinir kurumadde, renk gibi bazi fizikokimyasal
analizler uygulanmistir. Termosonikasyon ve geleneksel 1sitma uygulamalari 65 °C ve 80 °C'lerde
gerceklestirilmistir. Her iki uygulama icin PME inaktivasyon stireleri geleneksel 1sil islemde 65 °C'de 62
dakika, 80 °C’de 37 dakika ve termosonikasyon uygulamalari icin 65 °C’de 39 dakika, 80 °C'de 20
dakika olarak belirlenmistir. Sonu¢ olarak, havuc suyuna uygulanan termosonikasyon isleminin, geleneksel
termal uygulamaya kiyasla daha fazla PME enzim inaktivasyonunu daha kisa stirede sagladigi, pektin ve
karotenoit konsantrasyonunu arttirdigi ve renk degerlerini de korudugu belirlenmistir.

Anahtar kelimeler: Termosonikasyon, geleneksel 1sitma, havuc suyu, pektin metilesteraz

EFFECTS OF THERMOSONICATION AND CONVENTIONAL THERMAL
TREATMENTS ON CARROT JUICE: PECTIN METHYLESTERASE
INACTIVATION AND PHYSICOCHEMICAL PROPERTIES

Abstract

In this study, it was aimed to compare the effects of thermosonication (TS) and conventional heating
(D) treatments in the inactivation of the pectin methylesterase (PME) and some physicochemical analyzes
(total pectin, total carotenoids, pH, titratable acidity, soluble solids and color) was applied to samples.
Thermosonication and conventional heating were realized in 65 °C and 80 °C. For both treatments PME
inactivation times were determined as 62 minute at 65 °C, 37 minute at 80 °C for conventional heating;
and 39 minute at 65 °C, 20 minute at 80 °C for thermosonication. As a result, it was determined that
thermosonication, provides more PME inactivations compared to the conventional heating in a short
time, and TS applications increased the concentration of carotenoids and pectins; and also color values
were protected in carrot juice.

Keywords: Thermosonication, conventional heating, carrot juice, pectin methylesterase
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GIRIS

Pektin metilesteraz (PME) pek cok bitki, patojen
kuf ve bakteriler ile elma, muz, turuncgiller,
tuzim, armut, domates, fasulye, havug, salatalik,
pirasa, sogan, bezelye ve patateste bulunan bir
enzimdir. PME bitki hiicrelerinden elde edilen
veya bakteri, mantar, maya gibi mikroorganizmalarin
sentezledigi pektik enzimdir (1) ve meyve ve
sebze sularinda bulaniklik stabilitesinin saglanmast
acisindan onemlidir. PME, pektin zincirindeki
esterlesmis karboksil gruplarindaki metoksil
gruplarint aywrarak, pektinin esterlesme derecesini
disturmektedir (2). Esterlesen pektin, kalsiyum
iyonlar ile birleserek coziinmeyen pektat bilesiklerini
olusturmakta ve bunlar da meyve ve sebze sularinda
pulp partikiilleri ile birleserek bulaniklik kaybina
neden olmaktadir (1).

PME enziminin inaktivasyonu icin kullanilan
geleneksel termal yontemler, yogun 1sil
uygulamalar olmalari nedeniyle son trtinde renk
degisimi, vitamin ve aroma kaybi gibi olumsuzluklara
neden olmaktadir. Tiketicilerin minimal islem
gormis taze gidalara yonelmesiyle vurgulu elektrik
alan, ylksek basin¢ ve ultrason (ultrases) gibi
yontemlerle s6z konusu enzimin inaktivasyonu
onem kazanmistir. Bu yontemlerden biri olan
ultrason, ses dalgalarinin saniyede 20 bin veya
daha fazla titresimleri sonucunda uretilen bir
enerjidir. Ultrason ve 1s1 uygulamasinin bir arada
kullanimt ise termosonikasyon adini almaktadir.
Termosonikasyonun amact pastorizasyon ve
sterilizasyon gibi geleneksel yontemlerle elde
edilen letal etkinin ultrases ve 1s1 kombinasyonu
ile daha dusuk sicaklik ve daha kisa siirede elde
edilmesidir (3).

Ultrason ile enzimlerin inaktivasyonu baslica
fiziksel (kavitasyon, mekanik etkiler) ve/veya
kimyasal (sonokimyasal reaksiyon nedeniyle
serbest radikallerin olusumu) islemler tarafindan
gerceklesmektedir. Ultrasonla alkol dehidrojenaz,
katalaz ve lizozim enzimlerinin inaktivasyonu
uzerine yapilan bir arastirmada alkol dehidrojenaz
ve lizozim enziminin inaktive oldugu, ancak katalaz
icin cok disik etkiler gosterdigi belirlenmistir
(4). Bu uygulamanin inaktivasyon mekanizmasinin,
enzimlerin konformasyonel mekanizmas:t ve
aminoasit kompozisyonuna bagli oldugu ve
enzimden enzime degistigi belirtilmistir. Katalaz,
invertaz ve pepsin gibi enzimler, ultrasonik ses
dalgast muamelesine karst direnclidir. Alfa amilaz

enziminin inaktivasyonunun ise termosonikasyon
ile saglandig gosterilmistir. Diisiik sicaklik, distk
basing ve pH gibi uygulamalar ile sonikasyon islemi
kombine edildiginde, ultrasonik yontemlerin
etkinligi artmaktadir (4).

Termosonikasyon; cilek, bogurtlen ve turunggil
suyu gibi meyve sularinin Giretiminde kullanilan 1sil
isleme alternatif bir yontemdir (5). Termosonikasyon
uygulamasinin PME ve PG (poligalaktuturanaz)
gibi enzimlerinin inaktivasyonunu saglamada
geleneksel 1sil islemlerden daha etkili oldugu
belirtilmektedir (6). Arastirmacilar ultrasonun
domates suyu ve portakal suyunda PME
inaktivasyonunu arttirdigint saptamislardir (7).
Havuc suyu pH degerinin yaklasik 6.0 olmasi
nedeniyle 115-121 °C’lerde yogun 1sil isleme tabi
tutulmaktadir ve bu tir islemler de son uriinde
besin icerigindeki ve duyusal 6zelliklerindeki
kayiplart arttirmaktadir (8).

Bu calismada, yukarida bahsi gecen kalite kayiplarini
azaltmak amaciyla daha dustik sicakliklarda PME
enzimin inaktivasyonunun termosonikasyon ve
geleneksel termal uygulamalarla saglanmas: ve
bu kosullarda tretilen havug sularinin toplam
pektin, toplam karotenoit, pH, titrasyon asitligi,
suda ¢cozlinir kuru madde ve renk degerlerinin
belirlenmesi amaclanmustir.

MATERYAL VE YONTEM

Arastirma kapsaminda materyal olarak yerel bir
marketten temin edilen "Nantes" cesidi havucg
(Daucus carota) kullanilmistir. Havuclar, sebze
suyuna islenene kadar +4 °C’de en fazla 48 saat
bekletilmistir.

Sebze suyu uretimi amaciyla havuclar ayiklama,
yikama ve kabuk soyma islemlerinden gecirildikten
sonra havug suyu eldesi amaciyla ekstraktorden
(Maxie 800w, Fakir, Almanya) gecirilmistir. Elde
edilen havuc sularinin 10’ar ml'lik hacimlerine
termosonikasyon ve geleneksel termal 1sitma
islemleri uygulanmistir. Geleneksel termal 1sitma, su
banyosunda 65 °C ve 80 °C’lerde gerceklestirilmistir.
Uygulamaya alinan 6rneklerin sicakligi 6lciilerek
merkez sicakligi istenen sicakliga ulastiktan
sonra sure baslatilmistir. Her bes dakikada bir
ornek alinarak 65 dakika boyunca isil islem
uygulanmistir. Termosonikasyon uygulamasi ise
ultrasonik banyoda (Elmasonic S 100 (H), Elma,
Almanya) termal uygulamadaki sicaklilarda (65



°C ve 80 °C), 5’er dakika arayla 6rnek alinarak 65
dakika boyunca uygulanmistir. Alinan 6rnekler
icin stire termal isitmada oldugu gibi merkez
sicakligr istenen sicakliga ulastiktan sonra
baslatilmistir. Isil uygulamalardan alinan 6rnekler
sogumalari icin 10’ar dakika buzlu suda bekletilmis
ve analiz edilinceye kadar (-80 °C)'de depolanmustir.
Analiz Oncesinde Ornekler, akan su altinda
¢ozindirilmis ve her bir 6rnegin PME aktivitesi
belirlenmis ve en disik PME aktivitesini gosteren
bes dakikalik periyotta tekrar tiretimler yapilarak
her bir dakikada icin PME aktivitesi Olctilerek
PME inaktivasyon streleri belirlenmistir. Bununla
birlikte rapor edilen inaktivasyon stirelerinde
havug¢ sularinin fizikokimyasal 6zellikleri tim
ornek gruplart ile 1sil islem gecirmemis (kontrol)
orneklerde belirlenmistir.

Havu¢ suyu oOrneklerinde PME aktivitesi ve
toplam pektin tayini Cemeroglu (2010) yontemine
gore belirlenmistir. Uygulanan diger analizler suda
¢Ozinir kuru madde, titrasyon asitligi AOAC
(1995) ve pH degeri AOAC (1990) metotlarina
uygun olarak yuritilmustir. Toplam karotenoit
konsantrasyonu ise Rayman (2010)’de havug¢ suyu
icin verilen metot uygulanarak analiz edilmistir.
Ayrica orneklerin renk (L*, a*, b*, AE, AC ve Hue °)
degerleri Hunter-Lab Color Flex model Colorimetre
(Managment Company, USA) kullanarak saptanmustir.
AE ve AC degerlerinin hesaplanmasinda kontrol
grubu (s1l islem gbrmemis) havug sularmnimn L* =44.53,
a*= 15.08 ve b*=35.12 degerleri kullanilarak asagida
verilen formtller kullanilarak hesaplanmastir.

AE = [(L*-me* 2 4 (a*_aw{*)z +(b*_bmf*)z]1/z

AC = [ (3*'31-cf*)2 +(b*_bmf*)2]1 2

Hue acist =tan™ (b*/a*)

Istatistiksel Degerlendirme

Uretimlere ait istatistiksel degerlendirmeler "Tesadiifi
parseller" deneme desenine gore, uygulamalara ait
farkliliklar ise Duncan testi ile %95 giiven araliginda
degerlendirilmistir. Istatistiksel degerlendirmeler
SPSS 13 paket programi kullanilarak ytratilmistr.
Tum analizler 2 paralel ve 2 tekerrtrli olarak
yurttilmustur.

BULGULAR VE TARTISMA

Havuc Sularinda PME Aktivitesi ve inaktivasyon
Sureleri

Havug sularinin calisilan sicaklik degerlerindeki
PME inaktivasyon sureleri Sekil 1’de gosterilmistir.

Baslangicta 0.43 pmol/dak/mL PME aktivitesine
sahip olan havug¢ suyu orneklerinde 65 °C’de
uygulanan geleneksel termal islemde 62. dakikada
ve ayni sicakliktaki termosonikasyon isleminde
37. dakikada PME inaktivasyonu saglanmuistir.
Bunun yaninda 80 °C de geleneksel termal islemde
PME inaktivasyonun 39. dakikada ve ayni sicaklik
derecesindeki termosonikasyon uygulamasinda
20. dakikada oldugu tespit edilmistir. Elde edilen
verilere gore 80 °C de termosonikasyon uygulamasi
ile inaktivasyon siiresi % 48.7 ve 65 °C’de % 40.3
oranlarinda daha kisa stirmuisttir. Bu kosullardaki
sicaklik  uygulamalart  sonucunda  PME
inaktivasyonunun %100 saglandigi ve ultrasonun
1s1l islemle beraber uygulanmasi sonucunda
enzim inaktivasyon stiresinin neredeyse yar1 yartya
distiigli belirlenmistir.

70

65°C(T) 80 °C(T) 65 °C(TS) 80°C(TS)
Geleneksel Isitma (T) ve Termosonikasyon (TS)
Termal heating (T) and Thermosonicakions (TS)

% o
=) =)

N
S

N
=1

PME inaktivasyon Siiresi (dak)
=

PME Inactivation time (min)
&
]

Sekil 1. Isil uygulamalar slresince PME (pmol/dak/mL)
inaktivasyon sureleri

Figure 1. The inactivation period during heating applications
of PME (umol/min/mL)

Literatiirde benzer bir calismada domates suyuna
uygulanan sicakliklarda (60 °C, 65 °C ve 70 °C),
60 °C'deki 1sil islem disinda, 1sitma veya
termosonikasyona maruz kalma siresinin
artmastyla, kalinti enzim aktivitesinin (PME, PG),
onemli Olctide azaldigr ve kalinti aktivitesindeki
azalma hizinin yiiksek sicakliklarda daha fazla
oldugu belirtilmistir (6). Siwach ve Kumar (2012)
mosambi suyunun termosonikasyon ve termal
(60 °C, 70 °C ve 80 °C) uygulamalari ile yaptiklar:
bir ¢alismada termosonikasyon islemlerinin ses
dalgalarinin kavitasyon etkisi nedeniyle 1sisal
islemlerden daha etkili oldugunu rapor etmislerdir.
Calismada 80 °C de 20. dakika sonunda tim
termal ve termosonikasyon uygulamalarinda
PME inaktivasyonunun saglandigt belirlenmistir.
Wu ve arkadaslari domates suyunda PME’nin 1st
(60 °C ve 65 °C) ve termosonikasyon (25 pm, 50 pm
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ve 75 pum, 60 °C ve 65 °C) ile inaktivasyonunu
incelemisler ve termosonikasyonda 60 °C ve 65
°C'de sirayla 41.8 ve 11.7 dakika sonra pektin
metilesteraz aktivitesinde %90 oraninda azalma
oldugunu belirtmislerdir. Ayni orandaki azalmanin
yalnizca 1s1l islem kullanarak elde edebilmesi icin
60 °C ve 65 °C'de sirastyla 90.1 ve 23.5 dakika
uygulanmast gerektigi saptanmustir (14). Yine
domates sulart ile yapilan bir calisma da ultrason
ve 1st kombinesinin inaktivasyon tizerine etkisinin
sinerjitik  oldugunu ve termosonikasyonda
PME’nin inaktivasyon oranlarint arttirdigini tespit
etmislerdir. Bu artisin PME inaktivasyon hizinda
60-70 °C’de 1.5-6 kat oldugu saptanmustir (15).
Sonug olarak tiim sicaklik degerlerinde (65 °C ve
80 °0), termosonikasyon ve geleneksel termal
isitma islemi ile PME enzim inaktivasyonu
saglanmistir. Bunun yaninda termal 1sitmaya gore
termosonikasyon islemi PME inaktivasyon stresini
kisaltmistir. Bunun nedeni olarak 1sil etki ve
ultrasona bagli kavitasyon etkisi gortilmektedir.

Havug Sularinin Fizikokimyasal Ozellikleri

Orneklere ait toplam pektin ve toplam karotenoit
icerikleri cizelge 1’de verilmistir. 80 °C’de 1s1l
islem go6rmis havuce sularindaki pektin icerikleri
kontrol drnegine gore %56 artis gostermistir. 65
°C’de 1sil islem gormiis havug sularinin pektin
iceriginde herhangi bir degisme gortilmemisken,
65 °C ve 80 °C’de uygulanan termosonikasyon
islemlerinin her ikisinde ise artis gozlemlenmistir.
Belirlenen bu sonuclardaki pektin
konsantrasyonundaki artisin sicakliktaki artisla
beraber ultrasonun kavitasyon etkisi nedeniyle
oldugu dusuntilmektedir.

Isil islemler, pektik materyallere direkt ya da
dolayli olarak etki eder. Distik sicaklikta uzun
sture gerceklestirilen 1sil islemler sonucu hicre

zarinin  secici gecirgenliginin zarar gormesi
tetiklenmektedir. Boylece katyonlarin hicre
icinden hticre duvarina dogru niifuz etmesi ile
pektin metilesteraz enzimi aktive olarak pektik
maddelerdeki metil esterlerin hidrolizi ile pektinlerin
kismi de-esterifikasyonunu gerceklestirmektedir.
Sicakligin yaklasik 50 °C’ye erismesi ile hiicre
membranlart zarar gormeye baslamakta, hiicresel
turgor oldukca hizli sekilde bozulmaktadir. Fakat
hiicre duvari pektin molekilleri hentiz bu
durumdan etkilenmemektedir. Isil islemin devam
etmesi durumda ise hiicre duvari ve orta lamel
arasindaki pektinin yapist bozularak, ¢oziintr
hale gecmektedir (16).

Genel olarak 65 °C ve 80 °C’de yapilan termal
1sitma ve termosonikasyon islemleri sonucunda
karotenoit  konsantrasyonlarinda  degisim
gozlemlenmistir. Karotenoit iceriginde en fazla
kayip ise 80 °C’de uygulanan geleneksel termal
1sitma isleminde belirlenmistir. 80 °C'de yapilan TS
uygulamasinda ise karotenoit konsantrasyonunda
artis belirlenmistir. Bu artisin y-karotenin -karotene
dontismesi ile gerceklestigi diistintilmektedir (17).

Arastirma sonucunda elde edilen; pH, titrasyon
asitligi ve suda ¢ozintr kuru madde (SCKM)
degerleri Cizelge 2’de verilmistir. Kontrol gurubu
havuc suyu orneklerinin pH, titrasyon asitligi
degerleri sirast ile 6.71, 0.24 ve SCKM degeri ise
%9 olarak belirlenmistir. Orneklerin pH degerleri
kontrol ¢rnegi ile karsilastirildiginda uygulanan
geleneksel 1sitma ile degismedigi, fakat belirlenen
sicakliklardaki termosonikasyon islemi ile azaldigi
tespit edilmistir. Bunun nedeninin ise ultrason
uygulamasi sirasinda olusan OH-radikalleri ve
hidrojen peroksit oldugu diistintlmektedir (18).
Titrasyon asitliginde ise 80 °C ve 65 °Cdeki
geleneksel 1sitmada ve 65 °C de termosonikasyon

Cizelge 1. Havug suyuna uygulanan termosonikasyon ve geleneksel termal isitma islemlerinin, toplam pektin ve toplam karotenoit

(izerine etkisi

Table 1. Effects of thermal heating and thermosonication applications on PME, total pectin and total carotenoids of carrot juice

Sicaklik Toplam Pektin Toplam Karotenoit
Temperature Total Pectin Total Carotenoids
°C) (Mg/MI) (mg/1)
Kontrol (28.7 °C) 262.91£0.03" 17.19£0.02*
80 °C (T) 411.60£0.01° 1.39£0.01°

80 °C (TS) 290.34+0.01° 21.46+0.03°
65 °C (T) 262.91£0.01° 6.15+0.01¢

65 °C (TS) 352.89+0.01¢ 9.09+0.01°

*2®*harfleri her bir situndaki istatistiksel farklar ifade etmektedir; sonuglar ortalamaxSD olarak gésterilmistir (P<0.05).
= different lower case letter in the same column for each treatment indicates significant differences and results shown as means+

SD (P<0.05).



isleminde genel olarak bir miktar azalma
gortliirken, 80 °C de termosonikasyon isleminde
artis gozlemlenmistir. Bu durumun pH degisimine
de neden olan ultrason uygulamas: sirasinda
olusan OH-radikalleri ve hidrojen peroksit oldugu
diistiniilmektedir. Orneklerin SCKM degerleri ise
8.87-9.12 araliginda belirlenmistir.

Cizelge 3'te havug suyu orneklerinin L* (parlaklik),
a* (kirmizilik) ve b* (sarilik) degerleri verilmistir.
80 °C’de yapilan 1s1l islem wuygulamalarinin
orneklerin L* degerlerinde kayba neden oldugu
ve Orneklerin parlakliklarinin kayba ugradigs;
bunun yaninda a* degerinin termosonikasyon
grubunda daha yiiksek oldugu ancak 6rneklerin
a* degerleri arasinda istatistiksel bir fark olmadig:
belirlenmistir (2>0.05). b* degeri acisindan
termosonikasyon uygulanan kosullarin her
ikisinde de daha vyiiksek b* degerleri elde
edilmistir ve 6rneklerin sarilik degerleri izerine
kullanilan yontemler arasinda istatistiksel olarak
fark varken, sicakligin b* degeri lizerine etkisinin
olmadig saptanmistir (£>0.05). AE (toplam renk
fark) ve AC (doygunluk) degerleri incelendiginde
de istatistiksel bir fark saptanmamistir (2>0.05).

Ancak renk tonu olarak ifade edilen Hue®
degerlerinde TS grubu ve T gruplarinda renk
tonu acisindan sicaklik farkinin 6nemli olmadigi
ancak uygulanan yontemin renk tonu lzerine
etkili oldugu belirlenmistir. Ultasonik etkiye bagli
olarak ultrason uygulanan 6rneklerde daha
ylksek renk tonu degerleri elde edilmistir.

SONUC

Havug suyu Uretiminde kullanilan termosonikasyon
isleminin geleneksel termal yonteme gore cok
daha kisa stirede PME inaktivasyonu sagladig:
belirlenmistir. Orneklerin fizikokimyasal 6zellikleri
karsilastirildiginda 65 °C’de yapilan uygulamalarin
beklenildigi tizere daha az renk ve karotenoit
kaybina neden oldugu saptanmistir. Sonug
olarak elde edilen bulgular termosonikasyon
uygulamasmin geleneksel termal isitmanin yaninda
alternatif bir yontem olarak kullanilabilecegi ve
boylelikle geleneksel isitma sonucunda olusan
1s1l zararlarmin azaltilabilecegi belirlenmistir. Ayrica
bu verilerin dogrulanmasi amaciyla depolama
asamasinda da Orneklerin incelenmesi ve
mikrobiyolojik analizlerle de desteklenmesi
gerekmektedir.

Cizelge 2. Havug suyuna uygulanan termosonikasyon ve geleneksel termal isitma islemlerinin pH, titrasyon asitligi (%) ve SCKM

(%) Uzerine etkisi

Table 2. Effects of traditional heating and thermosonication applications on pH, titratable acidity (%) and soluble solid (%) of carrot juice

Sicaklik pH Titrasyon asitligi SCKM
(Temperature) (Titratable acidity) (Soluble solid)
(°C) (%) (%)
Kontrol (28.7 °C) 6.71+0° 0.24+0.01° 9+0°

80 ‘C (T) 6.73£0.01° 0.1910.02° 9+0°

80 °C (TS) 6.59£0.01° 0.23£0.01* 9+0°

65 °C (T) 6.7+0.02° 0.20£0.01° 8.87+0.01°
65 °C (TS) 6.63+0.01¢ 0.20+0° 9.12+0.01°

*2*harfleri her bir situndaki istatistiksel farklari ifade etmektedir; sonuglar ortalamaSD olarak gdsterilmistir (P<0.05).
= different lower case letter in the same column for each treatment indicates significant differences and results shown as means+

SD (P< 0.05).

Cizelge 3. Havug suyuna uygulanan termosonikasyon ve geleneksel termal isitma iglemlerinin renk tzerine etkisi
Table 3. Effects of traditional heating and thermosonication applications on color values of carrot juice

Sicaklik Renk degerleri

(Temperature) (Color values)

(¢ C)

L ar b* AE AC Hue®

Kontrol (28.7 °C) 44.53+0.8a 15.08+0.7a 356.12¢1.55a - e 66.7+0.02a
80 °C (T) 42.17+0.48b 16.88+1b 31.93+0.96b 4.35+0.83a 3.66+0.67a 61.01+1.4b
80 °C (TS) 43.82+0.9c 18.35+0.04b 36.11+1.26a 3.48+0.72a 3.41+0.72a 63.13+0.95¢
65 °C(T) 44.09+1.05a 17.57+1.16b 32.7+0.72b 3.5£0.95a 3.47£0.94a 61.71£0.72b
65 °C (TS) 44.72+0.02a 18.14£0.7b 36.58+0.52a 3.39+1.34a 3.39+1.02a 63.8940.63c

** harfleri her bir situndaki istatistiksel farklari ifade etmektedir; sonuglar ortalama+SD olarak gdsterilmistir (P<0.05).
= different lower case letter in the same column for each treatment indicates significant differences and results shown as means+
SD (P<0.05).
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Ozet

Bu c¢alismada degisik oranlarda (%10, %20 ve %30) peyniraltt suyu (PAS) ilave edilmis stitlerden Uretilen
kefirlerin nitelikleri arastirilmistir. Arastirmada PAS ilave edilmeyen ¢ig stit (A) ile toplam stit miktarinin
%10 (B), %20 (C) ve %30'u (D) kadar PAS ilave edilen ¢ig stit-PAS karisimindan dort ayrt kefir tGiretimi
yapilmustir. Elde edilen kefir 6rneklerinde depolamanin 1., 7. ve 14. glnlerinde kimyasal (pH deger,
titrasyon asitligi, toplam kurumadde, protein ve yag icerigi), fiziksel (viskozite ve serum ayrilmasi) ve
duyusal analizler (gortnts, yapt, lezzet) yapilmistir. Elde edilen bulgular, PAS katkili stitlerden tretilen
kefir orneklerinin kabul edilebilir nitelikte oldugunu ve kontrol 6rnegine (A) gore ozellikle serum ayrilmast
ve lezzet Ozellikleri acisindan daha iyi sonuglar verdigini gostermistir.

Anahtar kelimeler: Kefir, peyniralti suyu

USE OF WHEY IN KEFIR PRODUCTION

Abstract

In this research, properties of kefir produced from bovine milk including whey in different rates (10%,
20% and 30%) were investigated. In the research, four different kefir samples were manufactured with
raw milk without whey (A) and whey were added in rates of 10% (B), 20% (C) and 30% (C) of total
milk. Chemical (pH, titratable acidity, dry matter, total nitrogen and fat content), physical (viscosity and
phase separation) and sensory analyzes (appearance, structure, taste) of the kefir samples were investigated
on days 1, 7 and 14 of the storage. According to the results, kefir samples produced with whey were
acceptable and they had better results especially for phase separation and taste properties compared to
the control sample (A).

Keywords: Kefir, whey
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GIRIS

Fermente siit trlinleri besin degeri ve saglik
acisindan yararlari nedeniyle oldukc¢a 6nemlidir.
Ulkemizde, yogurt ve ayrandan sonra en yaygin
tiketimi olan kefir, Gretiminde spesifik olarak
Lactobacillus kefiri, Leticonostoc, Lactococcus ve
Acetobacter cinslerinin degisik suslart ile laktozu
fermente eden (Kluyveromyces marxianus) ve
etmeyen mayalar1 (Saccharomyces unisporus,
Sacch. cerevisiae ve Sacch. exiguus) iceren
starter kultiirler veya kefir tanelerinin kullanildig:
fermente stit Grintadir (1-4). Kefir, sarimsi veya
beyaz renkte, viskoz yapida ve hafif asidik tada
sahip, alkol iceren ferahlik verici fermente bir
sut icecegidir (5-8). Etil alkol ve laktik asit
fermantasyonlarinin birarada gerceklesmesi ile
olusan bu urin inek, koyun, keci ve kisrak
stitlerine kefir tanesi eklenerek veya starter kiiltiir
kullanilarak elde edilmektedir (9, 10).

PAS, peynir Uretiminden elde edilen ve ylksek
oranda laktozun yani sira protein, mineral
maddeler ve az miktarda yag iceren bir yan trtindiir
(11). Ulkemizde, PAS genelde toz liriin haline
donustirilerek veya lor peyniri uretiminde
kullanilarak degerlendirilmektedir. Ancak, kurutma
islemi icin ekipman kurulumunun gii¢ olmast ve
yiksek maliyet gerektirmesi, mevcut tesislerin
yetersizligi, peynir tireten mandiralarin kicuk
kapasiteli ve daginik olmast nedeniyle ulasimda
yasanan guclikler gibi faktorler tilkemizde
PAS'in 6nemli bir boliminin atik su olarak
kanalizasyona gitmesine neden olmaktadir.
Yiiksek besin icerigine sahip olan bu yan trtinin
herhangi bir isleme tabi tutulmadan atilmasi,
besin kaybinin yani sira organik bilesik icermesi
sebebiyle cevre kirliligine de yol agmaktadir. Bu
olumsuzluklarin giderilmesi, peynir Uretiminde
yan Urlin olarak tlkemizde yilda ~2 milyon ton (12)
elde edilen PAS'in degisik yontemler kullanilarak
degerlendirilmesiyle miimkiin olabilir. Bu nedenle
calismada, PAS’in 6nemli fermente bir tiriin olan
kefirin tGretiminde kullanilabilirligi arastirilmustir.
Arastirmada PAS’daki besin 6gelerinin kazanilmast,
kefirin daha fonksiyonel bir urtin haline
donusturilmesi ve uretimde randiman artist
saglanmasi ana hedefler olarak belirlenmistir.

MATERYAL ve YONTEM

Calismada, Ankara Universitesi Ziraat Fakiiltesi
Egitim, Arastirma ve Uygulama Isletmesi'nden
temin edilen inek stitd, kefir tanesi ve isletmedeki
Beyaz Peynir uretiminden elde edilen PAS
kullanilmustir.

Kefir drneklerinin tretimi Sekil 1’de verilen akis
semasindaki gibi gerceklestirilmistir (13, 14).
Uretimde kullanilan PAS oranlar1 én denemeler
ile belirlenmistir.

Cig Sut = Seperasyon (50+1°C) = Yag
Standardizasyonu (%1-1.2 yag orant) = A Kontrol;
B %10 PAS iceren o6rnek*; C %20 PAS iceren
ornek*; D %30 PAS iceren ornek* = Isil Islem
(90°C 10 dk) = Sogutma (25+1°C) = Kefir Tanesi
flavesi (%3) = Inkiibasyon (25+1°C); 4.5 pH-
degerine kadar = Stizme = Paketleme = Depolama
(4°0)

Raw milk = Separation (50+1°C) = Fal
standardization (%1-1.2 fat ratio) = A Control;
B Sample containing 10% wbhey*; C Sample
containing 20% whey* D Sample containing
30% whey* = Heat treatment (90°C 10 min) =
Cooling (25+1°C) = Kefir Grain Addition (3%) =
Incubation (25+1°C); until pH-value of 4.5 =
Draining = Packaging = Storage (4°C)

* Stit (hammadde), toplam ¢rnek miktarinin %10,
%20 ve %30’u PAS olacak sekilde seyreltilmistir.

* Raw milk diluted with whey in rates of 10%,
20% and 30% of total milk.

Sekil 1. Kefir 6rneklerinin tiretimi

Figure 1. Manufacture of kefir samples

Kefir 6rneklerinin titrasyon asitligi degerleri (15),
toplam kurumadde degerleri (Gravimetrik
yontem), yag icerikleri (Gerber yontemi), toplam
kil icerikleri (16) ve toplam azot degerleri (17)
belirlenmistir. Orneklerin pH-degerleri birlesik
elektrotlu dijital pH-metre (Mettler Toledo MP
225) ile, viskozite degerleri ise HAAKE VT 181 /
VTR 24 viskozimetresi ile MV II basligi kullanilarak
olctlmustiir. Viskozite dlctimleri 1 ve 4 ayarlarinda
yapilmus, viskozite degerleri asagidaki formiilde
yerine konularak hesaplanmustir.

Viskozite (cP) = Okunan ol¢tim degeri x Okumanin
yapildigi ayar x 3 (Baslik sabiti)



Orneklerin ayrica serum ayrilmas: degerleri
(18)'e gore belirlenmis, duyusal analizler ise 10
panelistin katitlimryla yapilmistir (19).

Arastirma 2 tekrarlt olarak yurttilmustiir. Sonuclarin

istatistiki degerlendirmesi tekrarlanan ol¢cimli
varyans analizi ile gerceklestirilmistir.

BULGULAR ve TARTISMA

Kefir tiretiminde hammadde olarak kullanilan ¢ig
stutiin Ozellikleri standart sapmalariyla birlikte
Cizelge 1’de verilmistir.

Cizelge 1. Hammadde ¢ig sutun bazi nitelikleri (n=2)
Table 1. Some properties of raw milk (n=2)

Nitelikler Degerler
Properties Values
pH degeri 6.80+0.07
pH value

Titrasyon asitligi (°SH) 7.82+0.27
Titratable acidity (°SH)

Yag igerigi (%) 3.75+0.05
Fat content (%)

Protein igerigi (%) 3.35+0.12
Protein content (%)

Toplam kurumadde igerigi (%) 13.25+0.09

Total solid content (%)

Cizelge 2. Peyniralti suyunun bazi nitelikleri (n=2)
Table 2. Some properties of whey (n=2)

Nitelikler Degerler
Properties Values
pH degeri 6.46+0.05
pH value

Titrasyon asitligi (°SH) 4.96+0.07
Titratable acidity (°SH)

Yag icerigi (%) 1.40+0.01
Fat content (%)

Kal icerigi (%) 0.50+0.00
Ash content (%)

Toplam kurumadde igerigi (%) 7.45+0.03

Total solid content (%)

Cizelge 3. Kefir 6rneklerinin bazi nitelikleri (n=2)
Table 3. Some properties of kefir samples (n=2)

Cizelge 1 incelendiginde, hammadde olarak
kullanilan ¢ig siitiin yag, toplam kurumadde,
protein ve titrasyon asitligi degerlerinin, Turk
Gida Kodeksi'nin 2000/6 numarali "Cig Siit ve Isil
Islem Gormiis I¢cme Siitleri Tebligi"'ne uygun
oldugu gorulmektedir (20).

Kefir tiretiminde kullanilan PAS’1n bazi nitelikleri
standart sapmalartyla birlikte Cizelge 2’de verilmistir.

Arastirmada kullanilan maya PAS'in Cizelge 2’de
belirtilen nitelikleri, yapilan cesitli arastirmalarda
bulunan PAS bilesimine yakin degerler gostermektedir
(11, 21). Yalniz, arastirmada kullanilan PAS’1n
yag orani, Oonceki calismalarda bulunan PAS yag
oranlarma (%0.12-0.95) gore biraz yiiksektir. Bu
durumun, PAS’in temin edildigi isletmenin Beyaz
peynir uretiminde kullandigi parametrelerden
(mayalama sicakligs, pthti kesim buyukligi vb.),
ozellikle de tretimde tam yagli stit kullanmasindan
ileri geldigi duistintilmektedir (22).

Kefir 6rneklerinin bazi kimyasal 6zellikleri Cizelge
3’te verilmistir.

Tiirk Gida Kodeksi Fermente Siit Uriinleri Tebligine
(1) gore kefirdeki siit yagt oraninin en fazla %10,
toplam protein oraninin ise en az %2.7 olmasi
gerekmektedir. Ancak, tebligde kurumadde
yoninden uyulmas: gereken bir deger
bulunmamaktadir. Cizelge 3 incelendiginde tim
orneklerin yag ve protein oranlart yoninden teblige
uygun oldugu gorilmektedir. Yalniz, 6rneklerin
kurumadde ve yag oranlart kefir Gizerine yapilan
diger arastirmalardaki degerlerden distik
bulunmustur (13, 23, 24). Denemede yag oraninin,
kalori degeri dusik kefir tretmek amaciyla
yaklasik %1 diizeyine standardize edilmesi ve
PAS ilavesi, yag ve kurumadde oranlarin distk
ctkmasinin en O6nemli nedenleridir. Yapilan
istatistik kontrolde yag, kurumadde, kil ve protein
icerikleri acisindan Ornekler arasindaki fark
onemli bulunmustur (£<0.05).

Yag icerigi (%)

Kurumadde icerigi (%)

Kul icerigi (%) Protein icerigi (%)

Fat content (%) Total solid content (%) Ash content (%) Protein content (%)
A 1.08+0.04° 9.80+0.04* 0.85+0.01* 3.47+0.01*
B 1.20+0.00* 9.51+0.06° 0.72+0.02° 3.14+0.07°
C 1.23+£0.04* 9.38+0.09° 0.70+0.01° 2.94+0.06%°
D 1.20+0.00" 9.02+0.06° 0.67+0.01° 2.76+0.01°

Ayni sttundaki farkli harfler 6rnekler arasindaki farkligin dnemli oldugunu ifade etmektedir (P<0.05)
Different letters in the same column refers to statistically significant difference between samples (P<0.05).
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Kefir orneklerinin pH ve titrasyon asitligi degerleri
Cizelge 4’de verilmistir.

Kefir 6rneklerinin pH degerlerinde depolama
stresince ¢ok kictik artiglar (en biyugi 0.05)
olmakla birlikte genel olarak 6nemli degisiklikler
gozlenmemistir (Cizelge 4). Yogurt gibi fermente
stit Urtinlerinde laktik asit bakterilerinin faaliyetine
bagli olarak depolama siiresince pH degerinde
dismeler gorildigi bilinmektedir. Ancak, benzer
durum kefirde olmayabilmektedir. Arastirma
kapsaminda incelenen 6rneklerdeki duruma
benzer sekilde, yapilan bir baska calismada da
kefir 6rneklerinde pH degerlerinin depolama
stiresince arttigt belirtilmistir (23). Kefir tiretiminde
kullanilan starter kilttirlerinin ve kefir tanelerinin
laktik asit bakterilerine ek olarak maya da
icermesi asitlik gelisimini yavaslatabilmekte, bu
nedenle de pH degerlerinde artislar ve cok
Onemsiz degisimler gorilebilmektedir. Ayrica,
orneklerde gortilen pH artislarinda PAS kullanimimin
neden oldugu kurumadde ve laktoz diizeyindeki
degisimler ile tamponlama o6zelliklerinin etkili
oldugu distintlebilir. Kefir 6rneklerinin titrasyon

asitligi degerleri depolama stiresince az da olsa artis
gostermistir. Kefirin, yogurt, ayran gibi fermente
urinlerden farkli starter kulttrlerle tretilmesi,
asitlik gelisiminin yavas olmasindaki en 6nemli
etkendir. Kefir Gizerine yapilan arastirmalarda da
benzer sonuclar elde edilmistir (13, 25). Ornekler
icerisinde en yuksek titrasyon asitligi degeri
kontrol drneginde gortlmistir (Cizelge 4). Bu
durum da PAS ilavesinin asitlik gelisimi tizerinde
etkili oldugunu gostermektedir.

Yapilan istatistik degerlendirmede, pH degeri
acisindan ornekler ve depolama giinleri arasindaki
interaksiyon ile orneklerin titrasyon asitligi
degerleri arasindaki fark 6nemli bulunmustur
(P<0.05). Ayn1 zamanda 6rneklerin pH ve titrasyon
asitligi degerleri yoniinden depolama guinleri
arasindaki fark istatistiki olarak 6nemli bulunurken
(P<0.05), ornekler ile depolama giinleri arasinda
interaksiyon bulunamamuistir (7>0.05).

Kefir orneklerinin serum ayrilmast ve viskozite
degerleri Cizelge 5’te verilmistir.

Cizelge 4. Kefir érneklerinin pH ve titrasyon asitligi degerleri (n=2)

Table 4. pH and titratable acidity values of kefir samples (n=2)

pH degeri Titrasyon asitligi (°SH)
pH value Titratable acidity (°SH)
1. Gln 7. Gun 14. GUn 1. Gln 7.Gun 14. GUn
Day 1 Day 7 Day 14 Day 1 Day 7 Day 14
A 4.46+0.01% 4.47+0.02" 4.47+0.01% 37.76+0.06* 38.83+0.10% 40.96+0.13*
B 4.39+0.01% 4.44+0.04 4.42+0.02% 35.79+0.05% 36.56+0.28% 37.39+0.45%
C 4.35+0.00% 4.38+0.00° 4.40£0.01° 35.66+0.06" 36.19+0.03% 37.93+0.31%
D 4.40£0.01% 4.43+0.01% 4.39+0.00% 33.95+0.11% 33.68+0.04% 35.71+£0.13%

Ayni satirdaki farkl biylk harfler depolama ginleri arasindaki farkliigin énemli oldugunu ifade etmektedir (P<0.05). Ayni
sttundaki farkl kiigtk harfler érnekler arasindaki farklihgin dnemli oldugunu ifade etmektedir (P<0.05)
Different capital letters in the same row refers to statistically significant difference between storage days (P<0.05). Different
small letters in the same column refers to statistically significant difference between samples (P<0.05).

Gizelge 5. Kefir érneklerinin serum ayriimasi ve viskozite degerleri (n=2)
Table 5. Phase separation and viscosity values of kefir samples (n=2)

Serum Ayrilmasi (mL/100mL)

Viskozite (cP)

Phase separation (mL/100mL) Viscosity (cP)
1. Gln 7. Gun 14. Gin 1. Gin 7. Gun 14. Gun
Day 1 Day 7 Day 14 Day 1 Day 7 Day 14
A 6.50+0.78°% 13.50+0.71" 17.50+0.71% 2225+35.4% 1500+70.7% 1050+70.7%
B 2.50+0.78 7.50£0.71% 27.50+3.54* 2750+70.7" 2350+70.7% 1700+0.00%
Cc 0.50+0.78* 2.50+0.71% 13.00£0.00* 2500+70.7" 1950+70.7% 1075+35.4%
D 1.50+0.78% 6.50+0.71% 7.00+1.41% 1925+35.4* 1525+35.4% 1575+35.4%

Ayni satirdaki farkl blyik harfler depolama ginleri arasindaki farkhihgin énemli oldugunu ifade etmektedir (P<0.05). Ayni
sttundaki farkll kiiglik harfler 6rnekler arasindaki farkliigin 6nemli oldugunu ifade etmektedir (P<0.05)
Different capital letters in the same row refers to statistically significant difference between storage days (P<0.05). Different
small letters in the same column refers to statistically significant difference between samples (P<0.05).



Cizelge 5 incelendiginde gortlebilecegi gibi B
Orneginin 14. gin degeri hari¢, PAS ilaveli
orneklerdeki serum ayrilmast degerleri kontrol
ornegine (A) gore oldukca disik ¢cikmustir. Burada
PAS ilaveli 6rneklerde serum proteini oranlarinda
olan artislarin ve bu proteinlerin kazein ile olan
interaksiyonunun o6rneklerdeki su baglama
kapasitesini artirmasinin etkili oldugu soylenebilir.
Ayrica, laktoz oranindaki artislarin kaldirma kuvveti
yontinden etkili olabilecegi de dustintlebilir.
Kefir lizerine yapilan bir calismada da, PAS
proteini konsantrati ilavesinin, érneklerimizdekine
benzer sekilde kefir drneklerinin pihtt stabilitesini
olumlu yonde etkiledigi ve serum ayrilmasint
azalti@1 belirtilmistir (26). Depolama siirecinde
orneklerde serum ayrilmasi artmistir. Bu durum
kefir ile ilgili yapilan calismalarda da (27, 28)
benzer sekilde olmustur.

Orneklerde belirlenen viskozite degerleri, serum
ayrilmasi degerlerini dogrular niteliktedir (Cizelge 5).
Cunkt PAS katkili 6rneklerin viskozite degerleri
genel olarak kontrolden (A) daha vyuksek
bulunmustur. Bu da serum ayrilmasint olumlu
yonde etkileyen onemli bir faktordir. Cizelge
S5te de gortldigi gibi orneklerin viskozite
degerleri depolama siirecinde azalma egilimi
gostermistir. Bu durum, asitlik gibi faktorlere
bagli olarak su baglama kapasitesinde meydana
gelebilecek degisimlerden kaynaklanabilir. Ayn
konuda vyapilan calismalarda da kefirlerin
viskozitelerinin depolama slirecinde dizensiz
degisimler gosterdigi belirlenmistir (13, 23, 26).

Serum ayrilmasi ve viskozite degerleri acisindan
ornekler arasindaki fark (P2<0.05) ve bu degerlerin
depolama stiresince gosterdigi degerler arasindaki
fark 6nemli bulunmustur (£<0.05). Ayrica serum
ayrilmast degerleri acisindan Ornekler ve depolama

glnleri  arasindaki
bulunmustur (P<0.05).

Cizelge 6’daki duyusal degerlendirme sonuglarina
gore, PAS katkili 6rneklerin panelistler tarafindan
kontrol 6rneginden daha 1iyi bulundugu
gorilmektedir. Ciinkii PAS katkili  6rneklerin
aldigi lezzet puanlart tim periyotlarda kontrol
orneginden daha yuksek olmustur. Ayrica, PAS
katkili 6rneklerin goriinlis ve yapi puanlart da
genel olarak kontrol ¢rneginden daha ytiksektir.
Gorlnts, yapt ve lezzet 6zellikleri bakimindan
ornekler ve depolama giinleri arasindaki interaksiyon
onemli bulunmustur (£<0.05). Orneklerin goriiniis
ve vyapt Ozelliklerinin, depolama slresince
diizensiz degisim gosterdigi gorilmistir (Cizelge
6). Ayrica belirtilen 6zellikler acisindan 6rnekler
arasinda gortlen farkliliklarda da dizensizlikler
vardir. Burada subjektif degerlendirmenin de etkili
oldugu sodylenebilir. Ornekler lezzet agisindan
degerlendirildiginde, PAS iceren 6rneklerin kontrol
ormeginden daha fazla begenildigi gorilmektedir.
Ornegin, depolamanin 7. ve 14. giinlerinde PAS
iceren bitlin 6rneklerin kontrol 6érneginden daha
lezzetli oldugu saptanmistir. Ayrica, drneklerin
tamaminin depolamanin 14. gliniinde, depolamanin
1. ve 7. ginlne gore lezzet bakimindan daha
distik puan aldigi belirlenmistir.

interaksiyon da onemli

Bu calismada, tlkemizde, yogurt ve ayrandan
sonra en yaygin tiiketimi olan kefirin Gretiminde
PAS’in kullanilabilirligi tizerinde durulmustur.
Arastirma sonuclari, hammadde stite degisik
oranlarda (%10, %20 ve %30) PAS ilave edilerek
tretilen kefirlerin fiziksel ve kimyasal 6zellikleri
bakimindan kabul edilebilir nitelikte oldugunu
gOstermistir. Ayrica, PAS ilavesinin kefirin serum
ayrilmasi degerini azaltigi ve pihti yapisin
olumlu yonde etkiledigi belirlenmistir. Duyusal

Cizelge 6. Kefir érneklerinin duyusal degerlendirme sonuglari (n=2x10)

Table 6. Sensory analyzes results of kefir samples (n=2x10)

Gérinis Yap! Lezzet
Appearance Structure Taste
1. Gln 7. Gln 14. Gin 1. Gin 7. Gln 14. Gin 1. Gln 7. Gln 14. Gin
Day 1 Day 7 Day 14 Day 1 Day 7 Day 14 Day 1 Day 7 Day 14
A 4.75+0.03% 4.6410.05" 4.52+0.11%  4.26+0.06* 4.33+0.04%* 4.32+0.02°* 3.85+0.04% 3.39+0.13* 3.08+0.11%
B 4.7610.02" 4.9310.04* 4.80£0.04™ 4.80£0.04™ 4.85+0.07* 4.61+£0.08" 3.79+0.02* 4.15+0.07** 3.59+0.06*
C 4.41£0.04* 4.96+0.06" 4.72£0.07* 4.35+0.02% 4.34+0.06™ 4.32+0.02°* 4.21+0.01™ 4.27+0.09* 3.94:0.08"*
D 4.67+0.01" 4.91+0.01" 4.30£0.11%*  4.06+0.08® 3.79+0.02 4.36+0.04** 3.86+0.03* 4.23+0.04** 3.57+0.03%

Ayni satirdaki farkli biiyik harfler depolama giinleri arasindaki farkliigin 6nemli oldugunu ifade etmektedir (P<0.05). Ayni stitundaki farkli
kiigtik harfler 6rnekler arasindaki farkliigin dnemli oldugunu ifade etmektedir (P<0.05)

Different capital letters in the same row refers to statistically significant difference between storage days (P<0.05). Different small letters in
the same column refers to statistically significant difference between samples (P<0.05).
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degerlendirme sonuclart da PAS ilaveli 6rneklerin
kontrol 6rnegine kiyasla daha fazla begenildigini
ortaya koymustur. Elde edilen bu sonuclar, kefir
tretiminde PAS'in kullanilabilecegini gostermistir.
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bitkisel yag analizleri kurslari, acilis kokteyli

05 Ekim 2016 : Kongrenin baslamast

07 Ekim 2016 : Kongrenin kapanisi ve sosyal program (Edirne Sehir Turu)

08 Ekim 2016 : Sosyal Program

*02 Mayis-01 Eylul 2016 tarihleri arasinda da bildiri basvurusu yapilabilir. Bunlar, icerigi ve
yazarin tercihi her ne olursa olsun poster olarak degerlendirilmek tizere hakemlere gonderilecektir.
Kabul edilenlerin, bildiri 6zeti kitabinda basilacagi garantisi verilmemektedir. Bu bildiriler,
kongre takvimi uyarinca sadece gec kayit ticreti ile kongre kaydina alinabilir.

Kongre programinda bildiri 6zetleri gdnderilmesi asamasinda yeterli bir esneklik oldugu icin
bildiri 6zetlerinin gonderilme ve erken/ standart/ gec kayit Gicreti 6deme tarihlerinde herhangi
bir uzatma yapimayacaktur.

Ayrmuli bilgi: http://gidakongresi2016.org/
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BUYUK MENDERES DELTASINDAN AVLANAN KEFAL VE
LEVREKLERDE Cu, Zn VE Cd DUZEYLERININ BELIRLENMESI
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Ozet

Calismamizda, Biiytik Menderes Deltasindan avlanan 15’er adet kefal ve levregin karaciger ve kas doku
ornekleri mikrodalga firinda ¢oziintrlestirilmis ve ICP-OES ile Cu, Zn ve Cd analizleri yapilmustir. Baliklarin
karaciger dokularindaki metallotiyonin diizeyleri ELISA yontemi ile belirlenmistir. En yiiksek Cu degerleri
levrek karacigerinde (3485.20+543.80 ng/kg), en yiksek Zn diizeyleri kefal karacigerinde
(522.60+91.46 pg/kg), en yiiksek Cd diizeyleri levrek kasimnda (9.43+1.26 pg/kg) tespit edilmistir. Kefal
karacigerindeki metallothionein diizeyi 115.62+571.51 mg/kg, levrek karacigerindeki metallothionein
diizeyi 109.44+159.54 mg/kg'dir. Elde edilen sonuclar; literattr verileri ve ilgili bakanligin aciklamis
oldugu tolere edilebilir sinirlar goz 6ntine alinarak degerlendirildiginde, Biiytik Menderes Deltasindan
avlanan kefal ve levreklerde saglik acisindan tehlike olusturacak bir agir metal kontaminasyonunun
olmadigr anlasimistir. Dokulardaki agir metal ve metallothionein dizeyleri arasindaki iliskinin istatistik
olarak onemli olmadigt gorilmustiir.

Anahtar kelimeler: Kefal, levrek, Cu, Zn, Cd, Buytk Menderes, metallotiyonin

DETERMINATION OF Cu, Zn AND Cd CONCENTRATIONS OF
MULLET AND PERCHS HUNTED IN BUYUK MENDERES DELTA
AND INVESTIGATION OF THEIR RELATIONSHIP
WITH METALLOTHIONEIN*

Abstract

In our study, liver and muscle samples of 15 pieces mullet and perchs fish samples hunted from Buytik
Menderes Delta were solubilised in the microwave and Cu, Zn, Cd analyzes were performed by ICP-OES.
Metallothionein levels in fish liver tissues were determined by ELISA method. The highest Cu values
were found at perch liver (3485.20+543.80 pg/kg), the highest Zn values were found at mullet
liver (522.60+91.46 pg/kg), the highest Cd values were found at perch muscle (9.43+1.26 pg/kg). The
metallothionein level in mullet liver is 115.62 + 571.51 mg/kg and in perch liver is 109.44+159.54
mg/kg. When obtained results are compared to the literature data and related ministry regulations with
considering the tolerable limits, it is concluded that mullet and perchs samples hunted from Buytk
Menderes Delta do not constitude risk for public health in respect to their heavy metal contamination
levels. There was no statistical significance between the levels of heavy metals and metallothionein
concentrations in tissues.

Keywords: Mullet, perch, Cu, Zn, Cd, Biytik Menderes, metallothionein
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GIRIS

Yirmi birinci ylzyilda diinya tlkelerinin en buytk
sorunlarindan biri, gelisen teknolojiye paralel
olarak giin gectikce artan ve yasami olumsuz
etkileyen cevre kirliligidir. Cevre kirliliginin artis
gostermesi ile birlikte yerytiziinde yasayan canlidar
beslenme ortamlarinin ve besin maddelerinin
kirlenmesi nedeniyle tehlike altindadirlar. Dogaya
yayilmis bulunan her turlt kirlilikte metal
kalintillarinin 6énemli bir pay: vardir. Bunlar; bitkiler,
hayvanlar ve besin zinciri icinde son tiiketici olan
insanlar tizerinde toksik etkiler yapmaktadir.

Agir metaller, canlilar tarafindan belirli bir
konsantrasyonun lzerinde alindiginda hiicrenin
metabolizmasimna ve gelisimine zarar verirler.
Cesitli kaynaklardan ortaya cikabilmeleri, cevre
kosullarina dayanikli olmalart ve kolaylikla besin
zincirine girerek canlilarda artan yogunluklarda
birikebilmeleri nedeni ile diger kimyasal kirleticiler
arasinda ilk sirada yer alirlar (1). Cinko, bakir,
kadmiyum gibi agir metallerin, elektrik, kagit,
boya, plastik, metal kaplama ve cam sanayi gibi
cesitli endustri alanlarinda kullanimi, tarimda
verimi arttirmak amact ile yaygin olarak kullanilan
pestisit ve yapay gtibrelerin bilesimine girmeleri,
bu metallerin su ortamindaki derisimlerini arttirir
(2). Bu birikimin sonucu olarak su ortaminda
yasayan canlilar tGizerinde kisa ya da uzun vadede
ortaya cikabilen zararli etkiler meydana gelir
(3). Son yillardaki hizli ntfus artist ve hizli
endistrilesmenin sonucu olarak, o6zellikle
akuatik ortamlardaki toksik agir metal seviyesi
artmaktadir. Buyik Menderes Akarsuyu ve yan
kollar1, cevresindeki yerlesim birimlerinde ve
sanayi tesislerinde olusan atiklar icin bir alict ortam
olusturmaktadir. Bu durum yakin zamana kadar
ciddi bir sorun olusturmamistir ancak kentsel
niifus artist ile birlikte sanayi ve bazi altyapi
yatirimlarindaki artis, Bityik Menderes Akarsuyundaki
kirliligin artmasina neden olmustur (4).

Cevre kirliligine sebep olan ve yasami olumsuz
etkileyen agir metaller organizmada akut ve
kronik cesitli zehirlenme belirtileri meydana
getirmektedirler. Bu sebeple gidalarin agir
metallerle kirlilik dizeylerinin belirlenmesi ve
gerekli tedbirlerin alinmast son derece 6nemlidir.

Metallotiyoninler (MT), stlfirden zengin, enzimatik
olmayan, Zn, Cu ve Cd gibi metallere affiniteli,
htcre ici metal selatlayicilardir. Karaciger, pankreas,

bagirsak ve bobrekte cok yogun olarak bulunurlar.
Kuciik molektl agirlikli (6000-7000 Da), sisteince
zengin proteinler olup, metal iyonlarini diger
proteinlere transfer ederek metallosaperon olarak
davranirlar. Esansiyel iz elementlerden cinko ve
bakirin serbest iyon derisimini kontrol ederken,
ayni zamanda agir metal olan bu elementlerin ve
diger agir metallerin detoksifikasyon ajani olarak
gorevlidirler (5). Bakir, molibden, ¢inko gibi
esansiyel metaller ile kadmiyum, civa, kursun gibi
esansiyel olmayan elementlerin organ, doku ve
hiicrelerde asir1 miktarda birikmesi toksikasyona
sebep olmaktadir. Bu toksikasyonun dnlenmesinde,
MT’ler devreye girmekte ve agir metalleri baglayarak
onlari zararsiz hale getirmektedir (6). Metallotiyoninler
agir metalleri sadece metal baglama kapasiteleri
ile degil aynt zamanda hitcreleri oksidatif hasardan
koruyarak da detoksifiye ederler (7).

Bu calismanin amaci; Bliylk Menderes nehrindeki
kefal ve levreklerin kas ve karacigerlerindeki Cu, Zn
ve Cd duzeylerini belirlemek ve bu elementlerin
en fazla bulundugu organ olan karacigerdeki MT
diizeylerini arastirarak, olast bir agir metal kirliligi
durumunda bu iki balik tiiriiniin detoksifikasyon
kapasitelerini karsilastirmaktir.

MATERYAL VE YONTEM

Bu calismada gerec olarak 15'er adet kefal (Zeuciscus
cepbalus) ve levrek (Perca fluviatilis) baligi
ornekleri kullanildi. Calisma, Biiyiilk Menderes
Deltasinda bulunan Dering6l Lagiiniinden avlanan
bu baliklarin karaciger ve kas dokular ile yapilds.
Baliklar, yaz doneminde, agustos ayinda avlandi.
Buz icerisinde laboratuvara getirilen 6rnekler
numaralandirildi, baliklarin boylart (40-50 cm)
olctldi ve agirliklart (1000-1500 g) tartildi. Kas
ve karaciger 6rnekleri alinarak ¢oziinurlestirme
islemine kadar -18 °C’lik derin dondurucularda
muhafaza edildi.

Orneklerin Céziiniirlestirilmesi

Teflon tiiplere 1’er gram yerlestirilen 6rneklerin
Gzerine 6nce 15 ml % 65’lik HNO; ilave edilip
mikrodalga firinda asitle yakma islemi gerceklestirildi.
Daha sonra 2 ml % 30’luk H,O, ilave edilerek
yakma islemi tekrarlandi. Coziindurtilmis olan
bu ornekler oda sicakliginda sogutulduktan sonra
0.45 pm’lik Whatman filtrelerle stiziilerek 25 ml’lik
balon jojelere alind: ve 25 ml c¢izgisine kadar
deiyonize su ile tamamlanarak analize hazirlandi (7, 8).



Agir metal analizleri

Karaciger ve kaslardaki agir metal diizeyleri
Prism marka (Teledyne Leeman Lab, ABD) ICP-OES
ile okundu. ICP-OES’te kullanilmak tizere her bir
element icin 5 tane standart ve bir tane kor olmak
tizere 6 adet standart ¢ozelti hazirlandi. Bu ¢ozeltiler
kullanilarak 5 noktali kalibrasyon egrileri ¢izildikten
sonra agir metal diizeyleri analiz edildi.

Metallotiyonin Analizi icin Doku
Homojenizatinin Hazirlanmasi

Cam homojenizatore alinan 0.2 gram karaciger
orneginin lUzerine 1 ml PBS ilave edilerek buz
icerisinde homojenizasyon islemi gerceklestirildi.
Sonrasinda ornekler 5 dk ultrasonifikasyona tabi
tutuldu ve 5000 rpm'de 15 dk santrifijj edildikten
sonra slpernatanlart alinarak MT Olcimiine
gecildi (9, 10).

Metallotiyonin Analizi

Karaciger doku orneklerinde MT analizi, Lowry
yontemiyle (11) spektrofotometrede protein
diizeyleri tespit edildikten sonra ELISA (Ivymen
system) yontemi ile yapildi. Bu amacla Fish
Metallothionein ELISA Kit (Katalog no:MBS038414)
kullanildi.

istatistiksel Degerlendirmeler

Calisma sonunda analiz sonuglarina ait ortalamaz+

Cizelge 1. Oreklerden elde edilen agir metal sonuglar
Table 1. Heavy metal results obtained from samples

standart hata (X+SX), minimum, maksimum
degerler verildi. Temel istatistik degerler, gruplar
arasi fark ve oOnemlilik icin SPSS (Statistical
Package for the Social Sciences, version 22.0)
paket programinda T testi ile Man Whitney U testi
kullanild.

BULGULAR VE TARTISMA
Agir Metal Diizeyleri

Elde edilen sonuclarin minimum, maksimum ve
ortalama degerleri hesaplanarak Cizelge 1'de
gosterilmigtir. "n" birey sayisint gostermektedir.

Kas ve karaciger dokusundaki agir metal diizeyleri
Cizelge 2’de gosterilmistir. "n" birey sayisini
gostermektedir.

Baliklarda Gida Tarim ve Hayvancilik Bakanliginimn
acikladigi kabul edilebilir degerler, bakir icin
20.00 mg/kg, cinko icin 50.00 mg/kg, kadmiyum
icin 0.10 mg/kg’ dir (12). Sonuglarimiz bu degerler
dikkate alinarak degerlendirilmistir.

Karacigerdeki Metallotiyonin Diizeyleri

Karacigerdeki MT duzeyleri levrek karacigerinde
109.44 mg/kg kefal karacigerinde 115.62 mg/kg
seklinde olup, sekil 1'de gosterilmistir.

n:15 Kefal-Mullet Levrek-Perch
Min Max Ort deger Min Max Ort deger
Mean value Mean value
X+Sx X+Sx
Cu (ug/kg) Kas-Muscle 8.73 50.81 25.21£3.20 4.74 43.24 25.40+2.98
Karaciger-Liver 133.95 862.84 378.56+57.70 798.93 7492.07  3485.20+543.80
Zn (pg/kg) Kas-Muscle 16.93 211.55 101.83+14.76 23.35 216.98 71.08+12.96
Karaciger-Liver 176.12 1464.85 527.60+91.46 131.20 975.46 550.10+71.59
Cd (ug/kg) Kas-Muscle 1.24 12.47 6.07+0.90 2.07 19.63 9.43+1.26
Karaciger-Liver 3.43 15.09 9.13+0.94 2.82 17.03 8.22+1.21
Cizelge 2. Kas ve karaciger dokularindaki agir metal diizeyleri
Table 2. Heavy metal levels in muscle and liver tissue
n:15 Kefal-Mullet Levrek-Perch Onemlilik
X+SX X+SX Significance
Cu (pg/kg) Kas-Muscle 25.2143.20 25.40+2.98 OD-NS
Karaciger-Liver 378.56157.0 33485.20+543.80 o
Zn (ug/kg) Kas-Muscle 101.83+14.76 71.081£2.96 QD-NS
Karaciger-Liver 527.60+91.46 550.10+71.59 OD-NS
Cd (ug/kg) Kas-Muscle 6.07+0.90 9.43+1.26 OD-NS
Karaciger-Liver 9.13+0.94 8.22+1.21 OD-NS

**P<0.001 OD: Onemli Degil X+Sx : (Aritmetik ortalama + Standart hata) NS: Not significant X+Sx: (Arithmetic mean +

Standart error)
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Sekil 1. Metallotiyonin dizeyleri
Figure 1. Metallothionein levels

Kirleticilerin bir bolimiint olusturan agir metaller,
metal bilesikleri ve cesitli mineraller; goller,
nehirler, korfez ve okyanuslar ile bunlarin
sedimentlerinde genis birikim gosterirler. Bu
birikim sonucunda sularda yasayan baliklar ve
diger canlilarin blinyesinde yogunlasan bu
elementler esik dozlarini astiklarinda, ciddi
hastaliklara hatta dlimlere sebep olabilirler. Ayni
sekilde agir metalle kirlenmis baliklarin insanlar
tarafindan tiketilmesi durumunda ciddi saglik
problemleriyle karst karstya kalinmaktadir (4).

Son yillardaki hizlt artist  ve hizlt
endstrilesmenin sonucu olarak, 6zellikle akuatik
ortamlardaki toksik agir metal seviyesinin arttigini
gosteren calismalarin sayist oldukc¢a fazladir.
Oztiirk ve Bat (14), Kizilirmak nehrindeki Altinkaya
barajinda, bazi agir metalleri (Cd, Cr, Cu, Fe, Ni
ve Pb) su, sediment ve aynali sazanin (Cypnnus
carpio) dokularinda incelemislerdir. Baliklarda
Cr, Pb, Cd, Ni diizeyleri uluslararasi kuruluslar
tarafindan kabul edilebilin limitleri astigini
bildirmislerdir. Brown ve Balls (15), Ege
Denizindeki ekonomik balik tirlerinden sultan
baligt (Mullus barbatus), berlam (Merluccius
merluccius), kupes (Boops boops) turlerindeki
agir metallerin (Cu, Zn, Cd, Pb) kas, solungac,
karaciger ve gonadlardaki diizeylerini arastirmislar
ve bu agir metallerin en fazla karacigerde, en az
kaslarda bulundugunu bildirmislerdir. Kocaman
(16), Marmara Denizindeki farkli istasyonlarda
avlanan demersal baliklarinda (berlam, mezgit,
okstiz, barbunya) bakir ve ¢inko diizeylerini
arastirmis ve tiim tarlerde kabul edilebilir limitlerin
altinda oldugunu, bu agir metallerin organlarda
belirlenen birikim diizeyine gore ise, Cu'in en

nufus

fazla karacigerde, sonra kasta ve son olarak
solungacta bulundugu, Zn'nun ise; en fazla
solungacta, sonra karacigerde ve son olarak kasta
bulundugunu bildirmistir. Wong ve Chu (17), Hong
Kong'daki deniz kultir alanlarindan topladiklar
hamur baligi (Epinephalus areolatus), kirmizi
imparator (Lutjanus russell), cipura (Sparus aurata)
dokularinda, Cu ve Zn diizeylerini incelemislerdir.
Bakirin en fazla karacigerde (4.94-44.1 mg/kg),
daha sonra solungaclarda (0.85-4.84 mg/kg) ve son
olarak kaslarda (0.77-1.41 mg/kg) bulundugunu,
Zn'un ise, yine en ¢ok karacigerde (59.5-174
mg/kg), daha sonra solungaclarda (71.5-116
mg/kg) ve en az olarak kaslarda (20.8-68.3
mg/kg) bulundugunu bildirmisler. Bu dizeylerin
kabul edilebilir limitlerin altinda oldugunu belirtip,
saglik acisindan herhangi bir risk tasimadigini
ifade etmislerdir. Mormede ve arkadaslar
(18), Iskocya'nin batisinda bulunan Rockail
Bogazi'ndaki demersal balik tiirlerinden, fare
baligt (Nezumia aequalis), kuzey atlantik baligi
(Lepidion eques), yuvarlak 1sin baligt (Raja fyllae)
dokularinda, Cu ve Zn dizeylerini arastirmislar;
Cu'in en fazla karacigerde (1.92-3.07 mg/kg),
sonra solungaclarda (0.47-0.93 mg/kg) ve son
olarak kaslarda (0.17-0.33 mg/kg) biriktigini
belirtmislerdir. Zn’nun ise en fazla karacigerde
(15.05-17.97 mg/kg), sonra solungaclarda (12.89-
29.88 mg/kg) ve son olarak kaslarda (2.62-5.53
mg/kg) bulundugunu bildirmislerdir. Demirak ve
arkadaslart (19), Dipsiz Cayinin Yatagan Termik
Santrali etkisindeki bir alaninda yaptiklart ¢alismada,
ak baligin (L. Cephalus) kas ve solungac
dokularindaki Cd, Cr, Cu, Pb ve Zn metallerinin
birikimini incelemisler ve Zn, Cd, Pb ve Cr
metallerinin solungacta, Cu'in ise kas dokusunda
daha yiksek dizeyde oldugunu bildirmislerdir.
Bulunan bu degerlerden Cu ve Cd’un yasal limitlerin
altinda, Cr, Pb ve Zn’nun yasal limitlerin tizerinde
oldugunu ifade etmislerdir. Dural ve Goksu (20),
Tuzla lagtintinden, cipura (Sparus aurata), Avrupa
deniz levregi (Dicentrarchus labrax) ve dubar
(Mugil cephalus) tirlerinin kas, solungac, karaciger
ve gonatlarinda Cd, Pb, Zn ve Fe duzeylerini
incelemislerdir. Agir metal ortalamasinin; en ¢ok
¢ipuranin kaslarinda bulundugu ve bu metallerden
Cd ve Zn'un baharda, Fe, Cu ve Pb’un kisin
arttigint bildirmislerdir. Bu calismada Zn, Cd ve
Pb dizeylerinin bazi mevsimlerde kasta kabul
edilebilir limitlerin Gzerine ¢iktigi gorilmustir.
Yabanl: ve arkadaslari (21), Bafa Goli'nden elde



ettikleri levreklerin (Dicentrarchus labrax) kas
dokularinda Al, Cr, Ni, Cu, As, Cd, Hg ve Pb
diizeylerini arastirmislardir. Agir metallerin kas
dokudaki diizeylerinin Al > Cu > As > Pb > Hg >
Cd > Cr > Ni seklinde oldugu bildirilmistir. Balik
kas dokularinin analizinden elde edilen ortalama
yogunluklarin, sinir degerlerde olan kadmiyum
hari¢ tutulursa, halk sagligi acisindan bir risk
olusturmadigini belirtmislerdir.

Biytuk Menderes Deltasindan avlanan kefal
(Leuciscus cephalus) ve levrek (Perca fluviatilis)
ornekleriyle yaptigimiz bu calismada, baliklarin
yenilebilir kisimlarinda (kas), karacigere nazaran
daha dusik metal diizeyleri tespit edilmistir. Elde
edilen sonuglar; literattir verileri ve Gida Tarim
ve Hayvancilik Bakanliginin aciklamis oldugu
tolere edilebilir sinirlar goz Oniine alinarak
degerlendirildiginde, Biyik Menderes Deltasindan
avlanan kefal ve levreklerde saglik acisindan tehlike
olusturacak bir agir metal kontaminasyonunun
olmadigi anlasidmustir. Baliklarin karaciger ve
kas dokularindaki bakir, ¢inko ve kadmiyum
dizeylerinin gtvenli sinirlar icerisinde olmast,
Kocaman'in (16), Wong ve Chu'nun (17), Mormede
ve arkadaslarmn (18), Brown ve Balls'in (15), Unsal
ve Yemencioglu'nun (1992), Oztiirk ve Bat'in
(14), Yabanli ve arkadaslarinin (21) calismalariyla
uyumludur. Dural ve Goksu (20) ise calismalarinda,
bazi donemlerde metallerin belirtilen limitleri astigini
bildirmislerdir. Demirak ve arkadaslari (19) ise
bakir ve kadmiyumu giivenli sinirlarda, c¢inkoyu
ise sinir degerlerin izerinde tespit etmislerdir.

Metallotiyoninlerin metal baglama 6zelliklerinin
saptanmasit ile birlikte agir metal detoksifikasyonunda
da potansiyel rolleri olabilecegi dustintilmiis ve
bu duistince, yapilan bircok in vivo ve in vitro
calisma ile desteklenmistir. Cesitli metallere
maruziyetten sonra, bobrek, karaciger ve barsak
gibi organlarda MT sentezinin arttigt ve bu
organlarda MT birikiminin oldugu saptanmistir.
MT’ler dogrudan metal tutucu olduklarindan,
metallerin hticre icerisinde serbest halde dolasarak
hiicreye zarar vermelerini engellemektedir.
MT’lerin metal detoksifikasyonlari, maruz kalinan
hiicrenin tipine, metalin 6zelligine ve metalin
konsantrasyonuna gore degismektedir (22, 23).

Bircok tilkede ve Turkiye’nin degisik bolgelerinde,
metallotiyonin proteininin arastirilmasina yonelik
calismalar yapilmustir (24-27). Gurel (24), kadmiyum
ve bakira maruz birakilan sicanlarin karaciger,

bobrek, akciger, kalp ve beyin dokularindaki Cd,
Cu ve metallotiyonin diizeylerini arastirmislardir.
Bu amacla, disi Sprague-Dawley sicanlarindan
olusan ve her biri sekiz hayvan iceren dokuz
grup olusturulmustur. icme suyu ile dort grup
kadmiyuma, dort grup bakira maruz birakidmustir.
Kontrol grubuna ise normal icme suyu verilmistir.
Cd'a maruz birakilan gruplarin karaciger, bobrek,
akciger ve kalp dokularindaki Cu, Cd ve MT
diizeylerinde kontrol grubuna gore anlamli artislar
belirlenmistir.

Van Campenhout ve arkadaslari (25), Belcika’da
10 ornekleme sitesinden 10’ar adet kaya baligi
avlamislar, sudaki metal kontaminasyonunu
belirlemek icin baliklarin farkli dokularindaki
(solungacg, kas, karaciger) kadmiyum, cinko ve
metallotiyonin  dizeylerini  arastirmislardir.
Karaciger dokusunda Cd, Zn ile metallotiyonin
diizeyleri arasinda porzitif korelasyon, solungac
dokusundaki Cd, Zn ile metallotiyonin dizeyleri
arasinda negatif korelasyon gortlmustiir Bobrek
dokusunda ise Cd, Zn ile metallotiyonin dtizeyleri
arasinda bir iliski kurulamamustir. MT diizeylerinin
bobrek ve solungaca kiyasla daha ¢ok karacigerde
olciilmesi gerektigini vurgulamislardir. Kalay ve
Erdem (26), Nil cipurasinin (Tilapia nilotica)
farkli dokularindaki kadmiyum dizeylerini
incelemisler, karaciger, bobrek dokularindaki
kadmiyumun, total protein derisimine etkisini
arastirmiglardir. Solungag, karaciger ve bobrek
dokularinda kadmiyumun ytiksek diizeyde oldugunu
bildirmisler, bu toksik agir metalin 6ncelikle
karaciger dokusunda, daha sonra bobrek
dokusunda yogunlastigini ifade etmislerdir.
Karaciger ve bobrek dokularindaki, kadmiyum
duzeyleri ile total protein diizeyleri arasinda
pozitif korelasyon goruldigtinti bildirmislerdir.
Metabolik olarak aktif olan karaciger ve bobrek
dokularinda, total protein derisiminin artmasini,
kadmiyum diizeyine bagli olarak bu dokularda
artis gosteren MT proteinine baglamislardir.
Bervoets ve arkadaslari (27), Belgika'daki Scheldt
Nehrinde, dere kaya baligi (Gobio gobio), kizilkanat
(Rutilus rutilus) ve levrek (Perca fluviatilis)
baliklarmni bir referans site boyunca 6 ornekleme
ile elde etmislerdir. Sitelerden her tiir icin 10 balik
alimmig, tg¢ tatlh su baliginin karacigerindeki
kadmiyum, bakir ve c¢inko dizeyleri ve
metallotiyonein indiksiyonu arastirdmustir. Tim
Cd ve Zn degerlerinin ulusal smirlart astigi,
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levrek karaciger Cd ve Zn dlzeylerinin, diger
baliklarin karaciger Cd ve Zn diizeylerinden
yiksek oldugu gorilmistir. Karacigerdeki Cu
diizeylerinin ise diisik oldugu belirtilmistir. En
yliksek MT degerlerinin kayabaliginda, en distik
MT degerinin levrekte oldugu bildirilmistir.
Levreklerde gortilen yiiksek Cd ve Zn diizeylerine
ragmen gozlenen disik MT degerleri levreklerin
detoksifikasyon kapasitelerinin distik oldugunu
gostermektedir. Boylece levregin metal kirliligine
duyarliliginin daha fazla oldugu sonucuna
varilmustir. MT seviyeleri ile hepatik cinko duizeyleri
arasinda pozitif korelasyon goriilmiistur.

Buyik Menderes Deltasindan avlanan kefal
(Leuciscus cephalus) ve levrek (Perca fluviatilis)
baliklarinin karaciger dokularinda yaptigimiz MT
analizlerinde, levrek karacigerinde MT diizeyinin
kefal karacigerindeki MT diizeyine yakin bir
degerde oldugu gortlmustiir. Bu degerler, kefal
ve levrek karacigerinde bulunan Cu, Cd, Zn
degerleriyle karsilastirildiginda bir 6nemlilik
gortilmemistir. Baliklarimizin karacigerindeki
agir metal dizeyleri, izin verilen limitlerden cok
daha dustik oldugu icin metallotiyonin degerlerinde
agir metallerle iliskili bir degisiklik olmadig:
distuntlmektedir.

SONUC

Akuatik ortamlar dogal ve antropojenik kirleticilerin
son ugrak yerleri oldugundan, bu ortamlardaki agir
metal birikimi biyolojik yasami tehdit etmektedir.
Baliklar cevreleriyle strekli iliski halinde
yasadiklarindan, fizyolojik ve kimyasal degisikliklere
oldukca duyarlidirlar. Su ekosistemlerinin énemli
bir canli grubu olan baliklar, insanlar icin degerli
bir besin kaynagidirlar. Yapilan bu calismayla,
siklikla tiketilen iki farkli baligin karaciger ve
kas dokularindaki bakir, ¢cinko ve kadmiyum
diizeyleri arastirilmis, ayrica agir metallerin toksik
etkilerini azaltan metallotiyonin proteininin
karacigerdeki diizeyleri belirlenmistir. Kefal ve
levreklerin karaciger ve kas dokularindaki bakair,
¢inko ve kadmiyum diizeylerinin kabul edilebilir
sinirlarin ¢ok altinda oldugu gozlenmistir. Genel
olarak agir metaller, MT proteininin baslica
sentez yeri olan karaciger dokusunda daha fazla
gorilmustiir. Agir metal birikimi ile artis gosteren
MT’ler, kefal ve levreklerin karaciger dokularinda
incelenmis ve her iki balikta benzer degerlerde
bulunmustur. Tolere edilebilir sinirlar goz 6ntine

alarak degerlendirildiginde bakil dokularindaki
agir metal seviyeleri cok dusik oldugu icin
metallotiyonin diizeyleri ile agir metal diizeyleri
arasinda istatistiki olarak anlamli bir korelasyon
bulunamamustir.

Incelenen baliklarda bakir, ¢inko ve kadmiyum
dizeyleri  acisindan  Blyik  Menderes
Akarsuyu’ndan kaynaklanmis olabilecek 6nemli
bir kontaminasyonun olmadigi anlasidmustir. Ancak
sonraki donemlerde yapilacak analizlerde, farkli
sonuclarla  karsilasilabilecegi g6z Oniinde
bulundurulmalidir. Ornegin, suya ya da topraga
karisacak tehlikeli bir sanayi atigi, kisa ya da
uzun vadede ciddi tehlikelere neden olabilir. Bu
acidan bakildiginda ilgili bakanliklarin konuya
gereken hassasiyeti goOstermesi, sanayinin ve
endustrilesmenin yogun oldugu bolgelerde siklikla
gerekli kontrollerin yapilmas: gerekmektedir.
Ozellikle agir metal kirliliginin bulundugu bolgelerde
degisik balik tirlerinin MT duizeyleri arastirilarak
detoksifikasyon kapasitelerinin karsilastirilmasi
yararli olacaktir.
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*Sektdrde 23 yillik tecriibe

CND DANISMANLIK olarak sektorel bazda
aynintih referanslarimizi http://www.cnd.com.tr/
web sayfamizdan gérebilirsiniz.

CND DANISMANLIK, Tark Misavir Mihendis
ve Mimarlar Birligi’'ne (TMMMB) Uye kurulustur.

Siz degerli misterilerimizin Ankara'daki ¢ézim
ortagi olarak yillardir faaliyetlerini sirdiren
CND DANISMANLIK, yine ayni hassasiyetle,
"Memnun musteri en iyi referanstir.” ilkesinden
yola ¢ikarak galismalarina devam etmektedir.

DANISMANLIK ve EGITIM Hizmetlerimiz

Fizibilite Etutleri Hazirlanmasi

Yatinm Tesvik Belgesi Alinmasi

Dahilde isleme izin belgesi Alinmasi

Turizm Bakanhg Yatinm ve isletme

Belgeleri Alinmasi

Yabanci Personel izinleri Ainmasi

Ozel ithal izinleri Alinmasi

ihracat Sertifikalan Alinmasi

AB Hibe Projeleri Hazirlanmasi

Tarim Bakanligi IPARD ve TEDGEM

Hibe Projeleri Hazirlanmasi

10. Marka ve Patent Tescilleri

11. Endustriyel Tasarim Tescilleri

12. Kapasite Raporu Alinmasi

13. Barkod Numarasi Alinmasi

14.Sanayi Sicil Belgesi Alinmasi

15. GSM Ruhsati, Caligma izni Alinmasi

16. Tanm ve Hayvancillk isletmeleri
Ruhsatlar Alinmasi

17. Gida Sicili Alinmasi

18. Kayit ve Onay izni Alinmasi

19.Kontrol Belgesi Alinmasi

20. EPDK’ dan Uygunluk Belgesi Alinmasi
(solvent, bazyag vb.)

21. Gozetim Belgesi Alinmasi

PO =

©Coo~NOU

CND DANISMANLIK olarak, yatinmlarn
projelendiriimesi ve yapilabilirlik etltlerinin
hazirlanmasi  konularinda 23 vyl  6nce
basladigimiz yolculukta, giinimuizde yerli ve
yabanci  sermayeli  kuruluslarin  faaliyet
gOsterdikleri "Tanm, gida, turizm, egitim,
saglk, makine, enerji, tekstil ve muteahhitlik
hizmetleri vb. " cesitli sektoérlerde ylzlerce
kurulusa yatinm danismanlidi, yasal mevzuat
danismanligi,  kalite  ydnetim  sistemleri
danismanligi, marka ve patent danismanhg ile
firmalarin idari mevzuatlara uyumlarn ile ilgili
her turli belgelendirmeleri yaninda Kigisel
Gelisim Egitimleri, Kalite Yonetim
Sistemleri Egitimleri (ISO  9001:2008,
ISO14001:2004, 1SO 22000:2005 ve OHSAS
18001:2007 Standartlan ile Lejyonella vb),
Gida Guvenligi ve Hijyeni Egitimleri vb.
konularda egitim hizmetleri de vermekteyiz.

22. CED Gerekli Degildir/Muafiyet Belgesi
Alinmasi

23. Yabanci  Firmalarin irtibat Biirosu
izinleri

24. ISGUM’den ithal izinleri, Kontrol ve
Uygunluk Belgesi Alinmasi

25. TSE/TSEK Belgelerinin Alinmasi

26. Satis Sonrasi ve Garanti Belgeleri
Alinmasi

27. Ulagtirma Bakanh@ SRC, B3, C2 ve K
Belgeleri Alinmasi

28. Yitksek Ogrenim Kurumu’ndan Denklik
Belgesi Alinmasi

29. Entegre Kalite Sistemleri kurulumlarn
(ISO 9001, I1ISO 22000 (HACCP), I1ISO
14001 Cevre ve OHSAS 18001 is ve
isci Saghg Standartlan Kurulumlari)

30. Kalite, Cevre, Gida Guvenligi ve Gida
Hijyeni Egitimleri

31. is Guvenligi Egitimleri

32. Atom Enerjisi Kurumundan ithal izni ve
lisans Alinmasi

Ve daha fazlasi...

CND MUHENDISLIK MUSAVIRLIK LTD.STi.

Adres: Buyukelgi Sokak No: 18/1 06700 Kavaklidere-GCankaya ANKARA Telefon: 0 312 468 87 02 - 468 86 77
Fax: 0 312-468 86 58 Web : www.cnd.com.tr E-mail : cnd@cnd.com.tr
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Ozet

Calismanin amaci Tirkiye'de yetisen Ak Delice (Olea Europaea L. subsp. Oleaster) yabani zeytininden
elde edilen zeytinyaginin kompozisyonu, kalitesi ve oksidatif stabilitesini belirlemektir. Bu amacla, Ak
Delice zeytini Edremit’te hasat edilip, presleme yontemiyle calisan bir zeytinyagi fabrikasinda yaga
islenmistir. Zeytinyag1 6rnekleri yag asidi, triagilgliserol ve sterol kompozisyonlart yaninda kaliteleri ve
oksidatif stabiliteleri acisindan da incelenmislerdir. Sonuclar, serbest asitlik, peroksit, K,;,, K,;, ve AK
degerlerinin ekstra nattirel sizma zeytinyaglart icin belirlenen sinirlar icinde yer aldigini gostermistir.
Klorofil ve karotenoit icerikleri sirasiyla 7.06 mg/kg ve 5.70 mg/kg olarak belirlenmistir. Yag ornekleri
yiiksek oksidatif stabilite gostermistir (14.6 saat, 120°C). Temel yag asitleri oleik (73.97%), palmitik
(11.48%) ve linoleik (9.25%) asit iken, temel trigliseritler OOO (44.85%), OOP (23.21%), OOL (13.59%)
ve PLO’dur. (6.16%). Toplam sterol icerigi 2069 mg/kg’dir ve temel steroller B-sitosterol (81.87%),
A-5-avenasterol (9.57%) ve kampesteroldir (3.32%).

Anahtar kelimeler: Ak Delice, sterol, triacilgliserol, yabani zeytin, zeytinyagi

CHARACTERIZATION OF VIRGIN OLIVE OILS FROM AK DELICE
WILD OLIVES (OLEA EUROPAEA L. SUBSP. OLEASTER)

Abstract

The objective of the study was to determine the composition, quality parameters and oxidative stability
of virgin olive oils from Ak Delice wild olives (Olea Europaea L. subsp. Oleaster) grown in Turkey. For
this purpose, Ak Delice wild olives were harvested from Edremit, and processed to oil in an olive oil
mill equipped with a pressure system. Olive oil samples were evaluated for their quality and oxidative
stability besides fatty acid, triacyglycerol and sterol composition. Results have shown that free acidity,
peroxide index, K,;,, Ky, and AK values fell within the limits established for extra virgin olive oil.
Chlorophyll and carotenoid contents were 7.06 mg/kg and 5.70 mg/kg respectively. The oil samples
presented high oxidative stability (14.6 h, 120°C). Oleic (73.97%), palmitic (11.48%), linoleic (9.25%)
were the main fatty acids while OOO (44.85%), OOP (23.21%), OOL (13.59%) and PLO (6.16%) were
the major triglycerides. Total sterol content was 2069 mg/kg and B-sitosterol (81.87%), A-5-avenasterol
(9.57%) and campesterol (3.32%) were the main sterols.

Key words: Ak Delice, olive oil, sterol, triacylglycerol, wild olive
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GIRIS

Zeytin bitkisi (Olea Europaea 1..) Olea Europaea
L. subs. Sativa (kilttr zeytini) ve Olea Europaea
L. subs. Oleaster (yabani zeytin-delice) olmak
tizere iki alt tiire ayrilmaktadir. Zeytinyagi, zeytin
meyvesinden sadece mekanik-fiziksel yontemler
(presleme, santriftijleme ve perkolasyon) kullanilarak
elde edilen, kendine has tat ve kokuya sahip
olan bir yagdir. Ayrica saglik Gzerine bircok
olumlu etki gdstermesinden dolayr énemli bir yere
sahiptir (1-3). Ulkemizde bircok kiiltiir zeytinlerinin
yant sira, Ak Delice ve Kara Delice olmak Ulzere
iki yabani zeytin cesidi de mevcut olup Ak Delice
acik renkli ve iri yapraklar, Kara Delice ise kiictik
ve koyu renkli yapraklar ile bilinmektedir.

Zeytinyaginin saglik Gizerine olumlu etkilerinden
dolay1 son yillarda kaliteli zeytinyagina olan talep
artmaktadir (4). Zeytinyagmin kalitesini olusturan
duyusal ozellikler ve kimyasal bilesimi tizerine
yetistirme sartlar, cevresel faktorler, tarimsal
teknikler, olgunluk derecesi, cesit (genetik faktor),
hasat zamani, tasima ve depolama, isleme kosullari,
zeytinyagiin paketlenmesi ve depolanmas: gibi
bircok faktor etkili olmaktadir (5-9). Bu nedenle
kaliteli zeytinyag: tretimine yonelik yeni cesitlerin
kullanilmasi ilgi ¢ceken konulardan biridir. Bu
calisma Ak Delice yabani zeytininden elde edilen
yagin kimyasal karakterizasyonuna iliskin ilk
calisma niteligindedir.

MATERYAL VE METOT
Zeytin 6rneklerinin temini ve zeytinyag eldesi

Olea Europaea L. subs. Oleaster zeytin meyveleri
(Ak Delice) Balikesir ili Edremit ilcesi Dereli ve Haci
Hasanlar koylerinden, tozlasmayi kolaylastirmak
amaciyla ekilmis toplamda 20 agactan hasat
edilmistir. Bu amacla, 80 kg kadar zeytin meyvesi
el ile hasat edilmis olup toplanan oOrnekler
Canakkale ilinde yer alan bir zeytinyag
fabrikasinda, sirasiyla yikama unitesi, kirict,
malaksor ve presleme tnitelerini kapsayan
presleme yontemi ile yaga islenmistir. Isletmede
yapilan Uretim sirasinda malaksiyon stiresi 45
dak ve malaksor ceket sicakligr 30 °C olarak
belirlenmis olup bu asamadan elde edilen yag ve
su karisimi dekantasyon vyoluyla birbirinden
ayrilmis ve yag oOrnekleri analiz edilene kadar
-20°C’de muhafaza edilmistir.

Zeytin meyve ozellikleri

Zeytin meyvelerinin olgunlasma indeksi Uluslararast
Zeytin Konseyi'nin onerdigi yonteme gore (10),
zeytin meyve kabugu ve etinin rengi degerlendirilerek
belirlenmistir. Zeytinlerin nem igeriginin belirlenmesi
amaciyla 10 g zeytin parcalanmis ve 24 saat
boyunca 105 °C’deki etiivde kurutulduktan sonra
tartim yapilmistir. Yag miktart ise AOCS Am 2-93
(11) sokselet yontemine gore n-hekzan kullanilarak
belirlenmistir. Zeytinlerin ortalama agirliklart ve
et/cekirdek oranlar1 10 adet meyvenin dane
agirliklart ile et ve cekirdeklerinin ayri ayri
tartilmalariyla belirlenmistir.

Zeytinyag1 Ozellikleri

Serbest yag asidi, peroksit degeri, ultraviyole
0zgiil sogurma degerleri (K ;5 K,-, AK)
Serbest yag asitligi, peroksit degeri, K,;, ve Ky

degerleri sirastyla AOCS Ca 5a-40, Cd 8-53, Ch 5-91
(1D yontemlerine gore belirlenmistir.

Klorofil ve karotenoit icerigi

Yag orneklerinin klorofil ve karotenoit icerikleri
Ceballos vd. (12)in 6nerdigi spektrofotometrik
yonteme gore belirlenmistir. Bu amacla, yag
orneklerinin 470 ve 670 nm’deki absorbans
degerleri spektrofotometre ile 6lciilmis ve daha
sonra asagida verilen formillerle klorofil ve
karotenoit icerikleri belirlenmistir.

Klorofil miktar1 (mg/kg) = (As,x10%/ (613x100 x d)
Karotenoit miktart (mg/kg) = (A,5,x10°/(2000x 100xd)
Ago : 670 nm’deki absorbans degeri

A+ 470 nmv’deki absorbans degeri

d : Isin yolu

Ransimat testi

Yag orneklerinin oksidatif stabilitesi AOCS Cd
12b-92’de (11) oOnerilen yonteme gore Rancimat
cihaziyla (Metrohm Co., Basilea, Switzerland),
120 °C sicaklik ve 20 L/saat hava akisinda
gerceklestirilmistir.

Yag asidi kompozisyonu
Zeytinyaginin yag asidi metil esterleri ITUPAC

(13)’de oOnerilen yonteme gore hazirlanmis ve
gaz kromatografi cihazinda (GC 2010, Shimadzu,



Kyoto, Japonya) DB-23 kapiler kolon (60 m x
0.25 mm x 0.25 pm, J&W Scientific) kullanilarak
analiz edilmistir. Kolon firini, enjeksiyon blogu ve
dedektor (Alev iyonlastirmali dedektor) sicakliklart
strastyla 195, 230 ve 240 °C olarak belirlenmistir.
Tastyict gaz olarak 1.0 mL/dak akis hizinda helyum
kullanilmistir. Split orant 80:1 olup, sonuglar %
metil esterleri olarak verilmistir.

Trigliserit kompozisyonu

Zeytinyag1 orneklerinin trigliserit kompozisyonlarinin
belirlenmesi icin yag Ornekleri asetonitril:
2-propanol:hekzan (2:2:1) karisiminda %3
oraninda  ¢oziundurildikten sonra yiksek
performans sivi kromatografi cihazinda (Shimadzu,
Kyoto, Japonya) refraktif indeks detektort ile
analiz edilmistir. Kromatografik ayirma Herslof
(14) tarafindan belirlenen yonteme gore Nucleosil
100 C18 (25 cm x 0.46 mm x 5 pm, Teknochroma,
Barcelona, Spain) kolon kullanilarak
gerceklestirilmistir. Mobil faz 1.0 mL/dak akis hizinda
asetonitril:2-propanol:hekzan (500:118:100)
karisimudir. Enjeksiyon hacmi 50 pL’dir.

Sterol miktar: ve Rompozisyonu
Zeytinyaglarinin sterol bilesiminin belirlenmesi
AOCS Official Method Ch 6-91'e (11) gore
gerceklestirilmistir. Trimetilsililleme yontemi ile
ucucu hale getirilen 6rnekler gaz kromatografi
cihazinda (GC 2010, Shimadzu, Japonya), HP-5
kapiler kolon (30 m x 0.25 mm x 0.25 pm)
(Chrom Tech., Apple Walley, MN, USA) kullanilarak
sterol bilesenlerine ayrilmistir. Tastyici gaz olarak
0.8 mL/dak akis hizinda helyum kullanilmistir ve
split orant 50:1°dir. Kolon firini, enjeksiyon blogu ve
detektor (alev iyonlastirmalt detektor) sicakliklart
strastyla 260, 280 ve 290 °C olarak belirlenmistir.

Istatistik analiz

Tim analizler 2 paralelli olarak yapilmis olup
sonuglar + standart sapma seklinde verilmistir.

BULGULAR VE TARTISMA

Zeytin Ozellikleri

Cizelge 1'de goruldigt tizere zeytin meyvelerinin
olgunluk indeksi 6.71 olarak belirlenmis olup

meyvelerin ortalama agirligr 2.12 g, et/cekirdek
orani ise 3.60'tir. Bu degerler sofralik zeytin

tretiminden ziyade genellikle yag tretimi icin
kullanilan zeytinlerin genel ortalamasina uygun
degerlerdir. Zeytinlerin nem icerigi ve yag icerigi
(% kuru madde) sirasiyla %47.57+1.161 ve
%43.70+1.811 olarak belirlenmis olup su icerigi
bakimindan Edremit, Kalamata ve Erkence gibi bazi
Turk zeytin cesitlerinin su icerigiyle uyumludur (15).
Cizelge 1. Ak Delice zeytin meyvesinin ve zeytinyaginin

bazi ézellikleri
Table 1. Some propeties of Ak Delice olive and olive oil

Ozellik Ak Delice Zeytin
Properties Olive
Olgunlasma indeksi 6.71+0.101
Maturation index
Ortalama Agirlik (g) 2.12+0.152
Average weight (g)
Et/Cekirdek orani 3.61+£0.126
Flesh/pit ratio
Nem (%) 47.58+1.161
Water (%)
Yag (kuru maddede, %) 43.70+1.811
Oil (%, d.b.)

Zeytinyagi

Olive Oil

Serbest yag asitligi (% oleik) 0.24+0.003
Free fatty acids (% oleic)
Peroksit sayisi (mg O./kg yag) 4.78+0.0770

Peroxide value (mg Oy/kg oil)

Kogo 1.98940.0012
Ks70 0.1795+0.0003
AK 0.0016+0.00002

Karotenoit icerigi (mg/kg) 5.70+0.005
Carotenoids (mg/kg)
Klorofil igerigi (mg/kg) 7.06+0.017
Chlorophyll (mg/kg)
indiiksiyon siiresi (saat) 14.6120.005

Induction time (hour)

Zeytinyag1 Ozellikleri

Serbest yag asitligi genotipten ziyade, genellikle
zeytinin yaga islenmeden oOnce zeytin sinegi
zarart gormesi, ya da uygun olmayan kosullarda
depolanmast durumunda lipolitik enzim aktivitesi
sonucu artis gostermektedir. Ak Delice zeytinyagimin
serbest yag asidi icerigi ortalama %0.24 olarak
belirlenmis olup ekstra natiirel sizma zeytinyagi
sinifina  girmektedir. Peroksit degeri birincil
oksidasyon urtinlerini gosteren bir parametredir ve
oksijen, 1s1k, sicaklik ve stireden etkilenmektedir.
K,s;, degeri, coklu doymamis yag asitlerinin
konjugasyonunu ifade eden bir indikator gorevi
yapmaktadir. K,,, degeri ise genellikle aldehit ve
keton gibi ikincil oksidasyon urtinlerinin bir
gostergesi olarak kullanilmaktadir. Ak Delice
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zeytinyaginin peroksit, K,s,, K,;, ve AK degerleri
ise sirastyla 4.78 mg O,/kg yag, 1.989, 0.1795 ve
0.0016 olup Kodeks Alimentarius, Tirk Gida
Kodeksi ve Uluslararasi Zeytinyagt Konseyi'nce
ekstra natiirel sizma zeytinyaglar icin belirtilen
degerlerin icinde yer almistir (Cizelge 1).

Klorofil ve karotenoitler zeytinyaginin karakteristik
renginden sorumludur ve Ak Delice zeytinyaginda
5.70 mg/kg karotenoit ve 7.06 mg/kg klorofil
varligi tespit edilmistir. Zeytinyagi Orneginin
klorofil ve karotenoit madde icerigi ayni bolgede
yetisen Edremit cesidi zeytinyagma yakin
bulunmustur (16). Ak Delice zeytinyaginin
indiiksiyon  siiresi ise  14.61+0.005 saat olarak
belirlenmistir (Cizelge 1.

Bitkisel yaglarin yag asidi kompozisyonu cesit,
cografi yetisme bolgesi, iklimsel kosullar ve
meyve olgunluk diizeyi gibi farkli faktorlerden
etkilenmektedir. Ak Delice zeytinyaglarinin yag
asidi oranlart ile bu oranlarin ulusal ve uluslararasi
yasal diizenlemelerde yer alan limitlerle kiyasi
Cizelge 2'de verildigi gibidir. Miristik (C14:0),
palmitik (C16:0), palmitoleik (C16:1), heptadekanoik
(C17:0), heptadesenoik (C17:1), stearik (C18:0),
oleik (C18:1), linoleik (C18:2), linolenik (C18:3),
arasidik (C20:0), gadoleik (C20:1), behenik
(C22:0) ve lignoserik (C24:0) asitlerin yiizde degerleri
ulusal ve uluslararast kuruluslarca belirlenen yasal
sintrlarin icinde yer almustir. Ak Delice zeytinyaginin
yag asidi kompozisyonu Tirk zeytinyaglart icin
tespit edilen degerlerle uyumludur (17, 18).

Ak Delice zeytinyaginda tespit edilen temel
trigliseritler OOO, OOP, OOL, PLO’dir ve sirastyla
% 44.85, % 23.21, % 13.59 ve % 6.16 oraninda
yagda yer almiglardir. Ek olarak, POP, SOO, LLL,
OLLn, PLLn, OLL, OOLn, PLL, POLn, OOPo,
PoOP, PPL ve POS’de yagda varligi belirlenen
trigliseritler olup, ayni sirayla % 2.49, % 4.27, %
0.09, % 0.15, % 0.05, % 1.51, % 0.70, % 0.26, %
0.13, % 1.26, % 0.49, % 0.07, % 0.69 degerlerini
almuslardir (Cizelge 3). Trigliseritler icin belirlenen
ylzde oranlar yag asitleri sonuclari ile paralellik
gostermekte olup literatiirde bulunan sonuglarla
da benzerlik gostermektedir (19). Temel trigliserit
olan triolein (OOO) Turk zeytinyaglari icin belirlenen
limitlerin icinde olup (20), bazi Ispanyol (21),
Fransiz (22), Tunus (23) icin tespit edilen degerlerle
de uyumludur. Benzer sekilde, ikinci Onemli
trigliseridi olusturan OOP orani da, Tirk cesitleri
icin belirlenen degerlere uyum gostermektedir

(19,20).

Ak Delice zeytinyaglarinin sterol miktar1 ve
ylzdesi ile ulusal ve uluslararasi yasal limitlerle
kiyaslanmast Cizelge 4’de verildigi gibidir.
B-sitosterol, A-5-avenasterol ve kampesterol
temel steroller olarak bulunmustur. Ek olarak
kolesterol, brassikasterol, 24-metilen-kolesterol,
kampestanol, stigmasterol, A-7-kampesterol,
klerosterol, sitostanol, A-5-24-stigmastadienol,
A-7-stigmastenol, A-7-avenasterol ve 2 triterpen
dialkol'de (eritrorodiol ve uvaol) dustk oranlarda
tespit edilmistir. Toplam sterol ve bireysel steroller

Gizelge 2. Ak Delice zeytinyaglarinin yag asidi oranlari (%) ve ulusal - uluslararasi yasal limitler
Table 2. Fatty acid composition of Ak Delice olive oil (%) and National-International Limits

Yag asitleri Ak Delice Kodeks Alimentarius Uluslararasi Zeytin Konseyi  Tirk Gida Kodeksi
Fatty acids (%) Codex Alimentarius International Olive Council  Turkish Food Codex

(%) (%) (%)
Miristik asit 0.014+0.0001 <0.05 0.0-0.05 <0.05
Palmitik asit 11.49+0.006 7.5-20.0 7.5-20.0 75-20
Palmitoleik asit 0.99+0.0006 0.3-35 0.3-35 0.3-35
Heptadekanoik asit 0.12+0.0001 <03 0.0-0.3 <0.3
Heptadesenoik asit 0.16+0.0126 <03 0.0-0.3 <0.3
Stearik asit 2.70+0.0015 0.5-5.0 0.5-5.0 0.5-5.0
Oleik asit 73.97+0.042 55.0 - 83.0 55.0 - 83.0 55.0 - 83.0
Linoleik asit 9.25+0.0388 3.5-21.0 3.5-21.0 3.5-21.0
Linolenik asit 0.63+0.012 <1.0 - <1.0
Arasidik asit 0.36+0.008 <0.6 0.0-0.7 <0.6
Gadoleik asit 0.29+0.004 <04 0.0-0.4 <04
Behenik asit 0.10£0.002 <0.2 0.0-0.2 <0.2
Lignoserik asit 0.03+0.002 <0.2 0.0-0.2 <0.2
TDYA/CDYA 7.66+0.033

TDYA: Tekli doymamis yag asitleri, Monounsaturated fatty acids
CDYA: Coklu doymamis yag asitleri, Polyunsaturated fatty acids



Gizelge 3. Ak Delice zeytinyaglarinin triagilgliserol igerigi (%)
Table 3. Triacylglycerol composition of Ak Delice olive oil (%)

Trigliseritler Ak Delice
Triacylglycerols (%)

LLL 0.09+0.035
OLLn+PolLL 0.15+0.078
PLLn 0.05+0.022
OLL+OLPo 1.51+0.345
OOLn 0.70+0.399
PLL 0.26+0.131
POLNn 0.13+0.071
OOL+PPLNn 13.60+0.260
OOPo 1.26+0.084
PLO+SLL 6.17+0.973
PoOP 0.49+0.041
PPL 0.07+0.056
000 44.85+0.523
SOL TE
OO0P 23.22+0.148
POP 2.49+0.407
SO0 4.27+0.379
POS 0.69+0.207

TE: Tespit edilemedi, Not-Detected

icin elde edilen degerler ulusal ve uluslararasi
duzenlemelerle belirlenen limitlerin icinde yer
almaktadir.

Sonug olarak mevcut bulgular, Ak Delice’den elde
edilen zeytinyaginin kimyasal kompozisyonunun
ulusal ve uluslararas: yasal diizenlemelere uyum
gosterdigini ortaya koymaktadir.
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