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Editordentl Edi-

Akademik Gida dergisinin 20. yayin yilinin ikinci sayisinda yine sizlerle birlikteyiz. Bu
sayimizda 7 arastirma ve 4 derleme c¢alismasi olmak Uzere toplam 11 makale yer
almaktadir.

Makale yazarlarindan zaman zaman gelen sorular nedeniyle makale kabulu ile ilgili
daha dénce yaptigimiz bilgilendirmeyi tekrar etmek istiyoruz. Dergimize yayimlanmak
Uzere gonderilen makalelerin kabull halen http://www.academicfoodjournal.com
adresinden yapilmakta olup, DergiPark Uzerindeki makale kabul silreglerini iceren
sistem heniz kullaniimamaktadir.

Yazarlarimiza hatirlatmak istedigimiz diger énemli bir husus 2020 yilindan itibaren
dergimize gonderilecek makalelerde Etik Kurul izni gerektiren galismalarin ilgili izni
aldiklar ile ilgili bilgi ve belgelerini dergimize (makalelerini dergimize gdénderme
asamasinda) sunmalari gerekliligidir.

Dergimizin etik hususlarla ilgili detayli etik beyanina web sayfamizdan
(https://dergipark.org.tr/tr/pub/akademik-gida/page/6477) ulasilabilir.

Ayrica dergimizde arastirma makalelerinin ve Ingilizce olarak yazilan makalelerin
degerlendirme ve yayinlanma sirelerinin diger makalelere kiyasla oldukga kisa
oldugunu yazarlarimiza tekrar hatirlatmak istiyoruz.

Daha fazla ulusal ve uluslararasi veri tabani ve indekste dizinlenmek ve derginin
uluslararasi dizeyde taninirhdini arttirmak icin calismalarimizi strdirdigumuzi
zaman zaman sizlere iletiyorduk. Bu c¢alismalarimiz sonucunda dergimizin 15 Subat
2022 tarihi itibariyle SCOPUS veri tabanina kabul edildigini sizlerle paylagsmaktan
mutluluk duyuyoruz.

(https://lwww.elsevier.com/__data/assets/excel_doc/0015/91122/extlistJuly2022.x
Isx). Dergimizin 2022 yili ilk sayisinda yer alan makalelere Haziran ay: itibariyle
SCOPUS veri tabani Gizerinden ulasilabilmektedir (Tim makalelere erisim i¢in Source
Title kismina Akademik Gida yazilmasi gerekmektedir). Dergimizin kalitesini ve
uluslararasi alanda sayginhgini arttirabilmemiz igin etki faktérunin yukseltiimesi
baslica hedeflerimiz arasindadir. Bu nedenle siz degerli bilim insanlarindan gerek
dergimize ve gerekse dider ulusal ve uluslararasi dergilere gonderdiginiz makalelerde
Akademik Gida dergisinde yayimlanan makalelere mimkun oldugunca atif yapmanizi
tekrar rica ediyoruz.

Katkilarinizla dergimizin daha iyi noktalara gelecegine ylrekten inaniyoruz. Bu sayinin
olusmasinda katkida bulunan; ¢alismalarini yayimlanmak tzere dergimize gonderen
yazarlara ve bu c¢alismalar titizlikle degerlendiren yayin kurulu UGyelerimiz ve
hakemlerimize tesekkirlerimizi sunuyoruz.

Saygilarimizla.

Prof. Dr. Oguz Giirsoy
Bas Editor

Prof. Dr. Ozer Kinik

Prof. Dr. Ramazan Gokge
Prof. Dr. Yusuf Yilmaz
Editorler
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ABSTRACT

The effect of osmotic and convective drying treatments on main physicochemical properties of frozen sliced red
peppers was investigated. Sliced red peppers were dried partially using either osmotic dehydration or convective hot
air drying before freezing in an air blast freezer at constant air velocity (2 m/s) and temperature (-25°C). The center
temperature of osmo- and convective dehydrofrozen peppers reached -25°C in about 105 min, while it took 270 min
for control samples. Frozen samples were stored at -18+2°C for 60 days, and the color, texture, ascorbic acid,
enzyme activities, antioxidant activity (DPPH and ORAC) and total carotenoid content of samples were monitored
during storage. Results showed that skin puncture values of samples decreased by storage time. The ascorbic acid
content of sliced red pepper decreased by both treatments and storage time. The antioxidant activity values of control
samples were higher than those of convective dehydrofrozen and osmo-dehydrofrozen samples. Both partial drying
treatments reduced carotenoid loss significantly. The losses in total carotenoid contents were 58.0, 47.5 and 46.9% at
the end of the storage period in control, osmo-dehydrofrozen and convective dehydrofrozen peppers, respectively.
Significantly lower energy was used in osmotic dehydration compared to convective drying since no heating required
for osmotic dehydration. Moreover, pre-drying of sliced red pepper required one-third of lower energy for freezing
compared to direct freezing. This study showed that osmo-dehydrofreezing can be an economical method for sliced
red peppers production.

Keywords: Capsicum annuum L., Red pepper, Osmo-dehydrofreezing, Convective dehydrofreezing

Osmotik ve Konvektif Kurutma Sonrasi Dondurma iglemiq_in Enerji Verimliligine ve
Kirmizibiberin Bazi Fizikokimyasal Ozellikleri Uzerine Etkisi

o0z

Ozmotik ve konvektif kurutma islemlerinin kismen kurutularak dondurulmus kirmizibiber dilimlerinin baslica
fizikokimyasal 6zelliklerine etkisi arastiriimigtir. Dilimlenmis kirmizibiberler, ozmotik dehidrasyon veya konvektif sicak
havayla kurutma sonrasinda sabit hava hizinda (2 m/s) ve sicaklikta (-25°C) bir dondurucuda dondurulmustur.
Dondurma isleminde kismen kurutularak dondurulmus biberlerin merkez sicakhg yaklasik 105 dakikada -25°C'ye
ulasirken, kontrol érnekleri bu sicakliga 270 dakikada ulasmistir. Dondurulmus 6rnekler 60 gun sureyle -18+2°C'de
depolanmis olup, bu slregte 6rneklerin renk, yapi, askorbik asit, enzim aktiviteleri, antioksidan aktivite (DPPH ve
ORAC) ve toplam karotenoid igerigi takip edilmistir. Yapi analiz sonuglari 6rneklerin kabuk delinme degerlerinin
depolama suresi ile azaldigini gostermistir. Dilimlenmis kirmizibiberin askorbik asit igerigi hem uygulamalar ile hem de
depolama suresi ile azalmistir. Kontrol 6rneklerinin antioksidan aktivite degerleri, osmo- ve konvektif kurutma ile
kismen kurutulduktan sonra dondurulmus 6rneklerden daha yiksek bulunmustur. Her iki kismi kurutma iglemi de
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karotenoid kaybini énemli Olgiide azaltmistir. Kontrol 6rnegi ile osmo- ve konvektif kurutma islemleriyle kismen
kurutulduktan sonra dondurulmusg kirmizibiberlerde depolama suresinin sonunda toplam karotenoid kayiplari sirasiyla
%58.0, 47.5 ve 46.9 olarak tespit edilmigtir. Ozmotik dehidrasyon igsleminde isitma gerekmediginden, konvekitif
kurutmaya kiyasla daha dusuk enerji girdisi hesaplanmistir. Ayrica dilimlenmis kirmizibiberin kismi kurutma sonrasi
dondurma igleminde, dogrudan dondurmaya kiyasla t¢te bir oraninda daha dusuk enerji kullaniimistir. Bu galisma,
dilimlenmig kirmizibiber uretiminde ozmotik dehidrasyonla kismi kurutma sonrasi dondurma isleminin ekonomik bir

yontem olabilecegini gostermistir.

Anahtar Kelimeler: Capsicum annuum L., Kirmizibiber, Ozmotik kurutma, Konvektif kurutma

INTRODUCTION

Pepper (Capsicum annuum L.) is in the family
Solanaceae as potato, tomato, tobacco and petunia.
The annual global production of pepper is about 30
million tons fresh fruits. Peppers are an excellent source
of vitamin A, C and B. It also contains significant amount
of magnesium, iron, thiamine, riboflavin and niacin [1]. It
is widely used in production of paste, pickle, soups,
ketchup, pizza, baby food, sausage, flavored cheese
and stuffed olive etc.

Freezing is one of the most efficient methods to
preserve food products in better qualities such as color,
flavor, and nutritional value. On the other hand, it
causes some losses especially in textural properties of
the fruits and vegetables due to the formation of ice
crystals. As a consequence of freezing the cellular
membranes lose their semi-permeability and turgor [2].
Additionally, some biochemical deterioration reactions
could occur especially during slow freezing [3]. Thus,
prevention of textural losses and biochemical reactions
is important. Therefore, dehydration pre-treatment have
been applied before freezing to reduce the water
content and limit ice crystal damage in foods [4].
Different drying techniques can be used as a pre-
treatment. One of these techniques is osmotic
dehydration that can be applied prior to freezing which is
named as osmo-dehydrofreezing [5].

Osmotic dehydration is the phenomenon of partial
removal of water from cellular materials by diffusion in a
hypertonic solution [6, 7]. The mass transfer rate and
efficiency of the osmotic process are dependent on
various factors such as type and concentration of
osmotic solution, solution temperature, ratio of the
solution to food, pre-treatments, stirring and raw
material properties [8-11]. As a result of osmotic
dehydration prior to freezing, destruction of the integrity
of cellular membrane is minimized and food quality is
better preserved [12]. Moreover, osmotic pretreatment
improves the texture characteristics [13, 14], reduces
enzymatic browning [15], structural collapse and drip
loss during thawing [16], energy demands for water
freezing, costs of packaging, distribution and storage
[17, 18].

There are many studies on the physicochemical quality
of osmo-dehydrofrozen fruits and vegetables such as
kiwi, pineapple, broccoli, rambutan, cucumber, apple,
strawberry, potato, green pea, tomato, carrot, and
apricot [19-21]. To the best of our knowledge, there is
no study on osmo-dehydrofreezing of pepper.
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Therefore, in the current study, the effectiveness of
osmo-dehydrofreezing on some quality characteristics
and energy efficiency of red pepper (Capsicum annuum
L.) for frozen sliced red pepper production were
comparatively investigated to convective
dehydrofreezing. Additionally, frozen peppers without
any pretreatment, osmo-dehydrofrozen and convective
dehydrofrozen peppers were stored at -18+2°C for 60
days, and some physical (water activity, color, texture)
and chemical (moisture, ascorbic acid, antioxidant
activity, carotenoid, peroxidase, and lipoxygenase
enzyme activity) properties of pepper samples were
determined during storage. Energy consumption during
each of the treatments was also calculated.

MATERIALS and METHODS
Materials

Fresh red peppers (Capsicum annuum L.) without any
physical damage were purchased from a local market.
Undamaged peppers were stored at +4°C in the
refrigerator until the treatments. For sample preparation,
red peppers were cut into discs of 6.0+0.1 mm in
thickness using laser slicing knife after removal of their
stems and seeds. Then, samples were blanched in
water vapor under atmospheric pressure for 5 min to
inhibit enzymatic activity prior to treatments (osmo-
dehydrofreezing, convective dehydrofreezing and direct
freezing).

Methanol (%99.8), metaphosphoric acid, fluorescein
sodium salt, 2,2-diphenyl-1- picrylhydrazyl (DPPH),
Trolox®, 2,2'-azobis (2-amidinopropane) dihydrochloride
(AAPH), acetone (99.5%), sodium phosphate
monobasic monohydrate, sodium phosphate dibasic
heptahydrate, guaiacol (99%), hydrogen peroxide
(50%), linoleic acid (99%) and Tween 20 were obtained
from Sigma-Aldrich (Germany).

Osmotic Dehydration

Osmotic dehydration was performed in 660 mL jars.
Sorbitol and NaCl mixture (2.41:1) were used as
osmotic agents at a total concentration of 27g/100mL.
Approximately 30 g of sample were immersed into 450
mL osmotic solution. Dehydration was carried out in a
thermostatic water bath maintained at 25°C under 140
rpm agitation for 90 min. At the end the osmotic drying
treatment, samples were removed from the solution by
draining, rinsed with distilled water, removed surface
water with an absorbent paper. Then, the moisture
content of osmotically dried red peppers was



H. Basiinal Giilmez, A. Topuz Akademik Gida 20(2) (2022) 103-113

determined. The conditions of osmotic dehydration were
determined by preliminary studies to achieve 70.0% wet
basis (w.b.) moisture content in the final product which
was critical moisture content.

Hot-Air Drying

Hot-air drying pretreatment of the sliced red pepper was
performed in a tray dryer maintained at 60°C air
temperature and 2 m/s air velocity. The samples were
dried until 70.0% (w.b.) final moisture content.

Freezing and Thawing

Freezing was performed in an air blast freezer (Ugur Ucf
10 Sf, istanbul, Turkey) equipped with a fluidized bed air
blower and three stage trays located on the blower.
Freezing was achieved under constant air velocity (2
m/s) and temperature (-25°C). The fresh sliced red
peppers (as control) were also frozen under same
condition. During the freezing, air and sample
temperatures were periodically recorded using type K
thermocouple (Extech SDL 200, USA) at 5-s intervals.
Three of the temperature probes were placed in the
center of sliced red pepper on each tray and the other
probe was located inside the freezer to measure
ambient temperature. After freezing, samples were
stored at -25°C for 2 months and physicochemical
properties of the peppers were determined after frozen
red pepper samples were thawed in a refrigerator at
constant temperature (+4+1°C) overnight.

Color Analysis

The color of sliced red pepper samples was measured
using a colorimeter (UltraScan VIS HunterLab, USA)
throughout the storage and expressed in L
(darkness/whiteness), a (greenness/redness) and b
(bluenesslyellowness) [22]. It was carried out in three
different parts of sliced red peppers and each value was
reported as the mean of three replicates.

Texture Analysis

Skin puncture force of the samples was conducted using
a Texture Analyzer (TAXT plus Stable Microsystems,
Godalming, Surrey, UK) using the method performed by
[23] with slight modification. SMSP/5 probe was used in
the analyses. For each treatment, skin puncture force
was measured at three different samples on four
different parts of each sample.

Ascorbic Acid Content

Ascorbic acid content of the samples was determined by
HPLC (Shimadzu, Tokyo, Japan) according to [24] with
some modifications. For this purpose, approximately 2 g
of sliced red peppers were homogenized in 8 mL
metaphosphoric acid (6%) for a minute using a rotor
stator homogenizer (IKA K18, Germany). Extracts were
centrifuged (Sigma 3-18K, Germany) at 10000 rpm for
10 min at 4°C. The supernatant was filtered through a
0.45 pm filter and 20 pL of supernatant was injected into
the HPLC system. Acidified MilliQ water (pH was
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adjusted to 2.2 with sulfuric acid) was used as mobile
phase at 0.8 mL/min. Separation of the peaks was done
in a Nucleosil 5-C18 column (Macherey Nagel,
Germany). The detection and quantification of the
ascorbic acid were performed at 245 nm using the
external standard of L-ascorbic acid.

Peroxidase Activity

Enzyme extract for the determination of peroxidase
activity was prepared by homogenizing of 5 g of sliced
pepper in 10 mL sodium phosphate buffer (67mM, pH
6). After centrifugation at 12000 g for 10 min, the
supernatant was filtered using Whatman 1 filter paper
and used as enzyme extract in peroxidase activity
assay. The activity of peroxidase was determined
according to the method of [25]. The reaction mixture
was contained 450 pL sodium phosphate buffer (67mM,
pH 6), 1.25 mL H20- (3 mM), 1.25 mL guaiacol (30 mM)
and 50 pyL enzyme extract. Changes in absorbance at
420 nm were measured at 30-s intervals, for 10 min
using spectrophotometer (Shimadzu 160A, Japan). The
slope of linear part in absorbance-time curve was used
in the calculation of the peroxidase activity and it was
expressed as the change in absorbance per minute in
mL enzyme extract.

Lipoxygenase Activity

Enzyme extract was prepared by homogenizing 5 g of
sliced pepper sample in 15 mL sodium phosphate buffer
(50mM, pH 7) and clarified by a similar procedure used
in peroxidase enzyme extract. Lipoxygenase activity
was determined using the spectrophotometric method
performed by [26]. To prepare substrate solution, 0.5 g
Tween 20 and 0.5 g linoleic acid (99%) were shaken in
an ultrasonic bath until its color became white and
transferred into a flask. 1 mL NaOH (2N) was added to
the flask and completed to 25 mL with distilled water
(degassed). After 25 pL enzyme extract, 25 yL substrate
solution and 3 mL sodium phosphate buffer (200mM, pH
6.5) were mixed in a quartz cuvette, absorbance change
was recorded at 234 nm, for 2 min at 6-s intervals. The
slope of linear part in absorbance-time curve was used
in the calculation of the lipoxygenase activity and it was
expressed as the change in absorbance per minute in
mL enzyme extract.

Antioxidant Activity
Free Radical Scavenging Capacity (DPPH)

In order to prepare the extract used in antioxidant
activity assays, 5 g sample was homogenized in 15 mL
ethanol (80%) for a minute and extracted for 30 min at
room temperature in an ultrasonic bath. Then, extracts
were centrifuged at 7000 g for 10 min and the
supernatant was transferred into a test tube. The
residue was reextracted and centrifuged again at the
same conditions and the supernatants were combined
[27, 28].

Free radical scavenging activity of the extracts was
determined using the DPPH method [29]. For this
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purpose, 50 uL extract was added into 950 uL of DPPH
(60 uM, dissolved in methanol) and incubated for 30 min
at room temperature in a dark place. After incubation,
absorbance was measured at 516 nm. The inhibition of
DPPH by the extract was used in the calculation of free
radical scavenging activity using the plot obtained from
the standard solution of Trolox®. The free radical
scavenging activity was expressed as g Trolox®
equivalent/100 g dry matter.

Oxygen Radical Absorbance Capacity (ORAC)

The determination of ORAC was performed according to
[30]. For this purpose, 37 uL of phosphate buffer (75
mM, pH 7.4), 75 pL of the extract and 2750 pL of
fluorescein (0.6136 uM) were mixed and incubated for
30 min at 37°C. 75 pL of AAPH solution (0.32 puM
prepared in phosphate buffer) was then added. The
fluorescence intensity was measured using fluorescence
spectrophotometer (Cary Eclipse, Agilent Technologies,
CA, USA) at excitation and emission wavelengths of 490
and 512 nm, respectively. Fluorescence intensities of

Total carotenoid content (mg/100g fresh pepper) =

Energy Efficiency

The energy consumption during hot-air drying of sliced
red peppers was calculated using equation (3)
described by [32]

E=Axoxpxcyx AT xt 3
The energy consumption during osmotic drying of sliced

red peppers was calculated using below equations (4, 5,
6, 7, 8) according to [33];

Q =Qopt+ Qi+ Ep (4)
Qob = Mmo X CPm X (tr— to) + my % cpy % (tr —to) (5)
Qi=W xr (6)
W = Maop) * (1- (Gm(op) / Gmk)) (7)
Mm©b) = Mmo + My — Mg (kg) ®

The energy consumption during freezing of sliced red
peppers was calculated using below equations (9, 10,
11, 12, 13, 14) used by [34], [35];

Q1 =m X Cpp X AT, (9)
Q=mxL, (10)
Ly =334 x w (11)
Qs=mxcpx AT, (12)
Co1 = 3.35W + 0.84 (13)
Cpz = 1.26W + 0.84 (14)

Statistical Analysis

Treatments were performed triplicate and analyses were
performed duplicate or triplicate. Results were subjected
to variance analysis and appropriate means separation
was conducted using Duncan's Multiple Range Test in
SAS 9.0 (SAS Institute Inc., Cary, NC, USA).
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prepared solutions with phosphate buffer (blank) and
Trolox® standard (100 uM) were also determined. The
oxygen radical absorbance capacity was expressed as
uM Trolox® equivalent/g dm using following equation (1):

ORAC (UM TE) = Df x Ssample -Sblank

STrolox - Sblank

(1)
Total Carotenoid Content

Total carotenoid content was determined using the
spectrophotometric method reported by [31]. 0.5 g of the
sample was extracted with 5 mL acetone-water (9:1, v/v)
and then centrifuged at 3000 rpm for 10 min at 4°C. The
same treatment was continued until extract was
colorless and obtained extracts were combined and
made up to 50 mL with acetone-water mixture. The
absorbance of final solutions was measured by a
spectrophotometer (Shimadzu UV1800, Tokyo, Japan)
against acetone at 472 nm. Total carotenoid contents of
samples were calculated according to the following
equation (2.2):

Abs x50 x100
sample weight

)

RESULTS and DISCUSSION
Color

The color L values of all sliced frozen red peppers were
between 31.09 and 33.73 during storage (Figure 1).
During storage a and b values of frozen red peppers
were between 29.18 and 34.02, 15.58 and 19.31,
respectively (Figure 1). a and b values of control and
convective dehydrofrozen samples were determined
significantly (p<0,05) higher compared to osmo-
dehydrofrozen samples. Control and convective
dehydrofrozen samples presented higher color stability
during frozen storage.

Texture

Results showed that skin puncture forces of the frozen
red peppers changed between 10.10 - 17.83 N and
these values decreased during storage (Figure 2). Skin
puncture force of control and osmo-dehydrofrozen
samples were found to be similar but higher than
convective dehydrofrozen samples. In a similar study, it
was determined that the skin puncture values of the
samples frozen after osmotic drying were high [21]. The
researchers explained these differences in skin puncture
force can be related to the increasing turgor pressure in
the cell. In another study, it was reported that since the
water content before freezing in the dehydrofreezing
process decreases, the texture of the product will be
less damaged by the less amount and small size of ice
crystals [36]. Additionally, during the storage, skin
puncture values were significantly different (p<0.05) in
the control and convective dehydrofrozen samples.
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Figure 1. Changes in the color values of frozen red peppers during storage
The different lowercase letters (a—c) in the same storage time indicate significant
differences within different treatments (p<0.05). The different capital letters (A-C) in the
same treatment indicate significant differences within different storage times (p<0.05).
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Figure 2. Changes in the skin puncture forces of frozen red peppers during storage
The different lowercase letters (a—c) in the same storage time indicate significant differences within
different treatments (p<0.05). The different capital letters (A-C) in the same treatment indicate
significant differences within different storage times (p<0.05).

Ascorbic Acid Loss

The highest ascorbic acid loss was determined in osmo-
dehydrofrozen red peppers. This could be related to the
diffusion of ascorbic acid to the osmotic solution as well
as chemical degradation during the osmotic dehydration
process. Similar results were also reported by several
researchers especially when applying high temperatures
during dehydration [37-40]. Additionally, hot air-drying
causing degradation of high amount of ascorbic due to
oxidation reactions [41-44].
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The ascorbic acid contents of frozen red peppers during
storage were given in Figure 3. Storage test results
revealed that, 78.16%, 84.32% and 97.53% of ascorbic
acid was degraded at the end of 60 days of storage for
the control, convective dehydrofrozen and osmo-
dehydrofrozen samples, respectively. The ascorbic acid
content of control and convective dehydrofrozen
samples was similar to the initial content until the 15"
day of the storage. However, a significant decrease in
ascorbic acid content was determined at longer storage
period. On the other hand, the amount of ascorbic acid
in the osmo-dehydrofrozen samples steadily decreased
from the beginning of the storage. At the end of the



H. Basiinal Giilmez, A. Topuz Akademik Gida 20(2) (2022) 103-113

storage, the highest amount of ascorbic acid was
while

determined in control samples, the osmo-
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0

dehydrofrozen peppers had the lowest ascorbic acid
content.

. Control
%’ Osmodehydrofreezing
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15
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Storage time (day)

Figure 3. Changes in the ascorbic acid content of frozen red peppers during storage
The different lowercase letters (a—c) in the same storage time indicate significant differences within
different treatments (p<0.05). The different capital letters (A—C) in the same treatment indicate
significant differences within different storage times (p<0.05).

There are several studies on the loss of ascorbic
content of frozen red pepper during storage. In a study,
it determined that the ascorbic acid loss was 40% at the
end of 30 days stored at -18°C [45]. However, in another
study, higher ascorbic acid loss (97%) was reported at -
22°C stored frozen peppers for 30 days [46]. The
variations in the studies could be related to the variety of
pepper, pretreatments, and chemical composition of the
samples.

Peroxidase Activity

Results indicate that peroxidase enzyme was
inactivated with the blanching of the samples.
Additionally, no peroxidase enzyme activity was
determined in the samples during storage period which
indicates regeneration of peroxidase did not occur
during storage.

Lipoxygenase Activity

The highest lipoxygenase activity [22.59 AAbs/(min.mL)]
was determined in osmo-dehydrofrozen peppers which
were followed by control and convective dehydrofrozen
samples, respectively. The lowest lipoxygenase activity
[15.35 AAbs/(min.mL)] of the convective dehydrofrozen
samples can be related to the partial inactivation of
enzymes due to applied heat during hot air drying.

The lipoxygenase activity in all frozen sliced red peppers
decreased by the storage (Figure 4). Similarly, [47]
showed that lipoxygenase activity of blanched green
bean samples decreased during storage at -18°C.
Additionally, this decreasing trend was signified in pre-
dried samples. Therefore, it was interpreted that partial
drying treatments reduced the loss of carotenoids
catalyzed by lipoxygenase enzyme. At the end of the
storage, pretreated samples had lower lipoxygenase
activity compared to the control sample.

Storage time (day)
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Figure 4. Changes in the lipoxygenase activity of frozen red peppers during storage
The different lowercase letters (a—c) in the same storage time indicate significant differences within
different treatments (p<0.05). The different capital letters (A-C) in the same treatment indicate
significant differences within different storage times (p<0.05).
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Antioxidant Activity

The antioxidant activity of samples was determined by
DPPH radical scavenging activity and ORAC methods.
According to DPPH and ORAC method, the antioxidant
activity of the frozen red peppers was determined
between 2.33-11.94 g Trolox® equivalent/100g dm and
64.49-197.50 uM Trolox® equivalent/g dm, respectively.
For both methods, the highest antioxidant activity was

convective dehydrofrozen and osmo-dehydrofrozen
samples, respectively (Figure 5-6). The lowest
antioxidant activity of the osmo-dehydrofrozen peppers
could be related to the diffusion of phenolic compounds
with antioxidant activity in red peppers into the osmotic
solution. Additionally, these compounds may undergo
structural changes due to oxidation especially during hot
air drying. It was observed that the antioxidant activities
of the samples changed significantly (p<0.05) depending

determined in control peppers and followed by on the treatment and storage time.
13 -
12 4
11 A
c élo 7
'g o 2 C
59 87 b
e~ 7 1
£Z 6 -
w
=3 2] B
a5 4
a? c
= 3 A i
o 2 4 .
1 N

15

Storage time (day)

+: Control

% Osmodehydrofreezing

# Convective dehydrofreezing

Figure 5. Changes in the antioxidant activity (DPPH radical scavenging activity) of

frozen red peppers during storage

The different lowercase letters (a—c) in the same storage time indicate significant differences
within different treatments (p<0.05). The different capital letters (A-C) in the same treatment
indicate significant differences within different storage times (p<0.05).

250 = Control
200
150

100

ORAC (UM trolox EA/g dm)
(O
o

™ Osmodehydrofreezing % Convective dehydrofreezing

Storage time (day)

Figure 6. Changes in the antioxidant activity (ORAC) of frozen red peppers during storage
The different lowercase letters (a—c) in the same storage time indicate significant differences within different
treatments (p<0.05). The different capital letters (A—C) in the same treatment indicate significant differences

within different storage times (p<0.05).
Total Carotenoid

Total carotenoid content (20.87 mg/100 g fw) of control
samples was higher than the dehydrofrozen samples
soon after processes (Figure 7). This can be explained
by the degradation of carotenoids and pigment migration
to solution during osmotic drying. Percent carotenoid
loss was calculated as 57.97, 47.48, 46.93% control,
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osmo-dehydrofrozen and convective dehydrofrozen
samples at the end of the storage period, respectively.
This could be relate to the lipoxygenase activity of the
samples since lipoxygenase enzyme is catalyzing the
degradation reactions of carotenoids [48]. Hence,
results showed that lipoxygenase activity of control
samples was higher than other samples during storage.
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Figure 7. Changes in the total carotenoid content of frozen red peppers during storage
The different lowercase letters (a—c) in the same storage time indicate significant differences within
different treatments (p<0.05). The different capital letters (A—C) in the same treatment indicate

significant differences within different storage times (p<0.05).

Energy Efficiency

Coefficients used to calculate energy consumption
during osmotic dehydration and hot air drying of red
peppers was given in Tables 1 and 2, respectively. QOD
value was accepted zero since osmotic dehydration was
done at room temperature.

Table 1. Coefficients used
consumption during hot air drying

to calculate energy

Equation constant Value

A 1 (m?)

0 2 (m/s)

o 1.059 (kg/m?)

Cp 1.007 (kJ/kg.°C)
AT 15 (°C)

t 3600 (s)

E 23034.52 (kJ/kg)

Table 2. Constants used to calculate energy
consumption during osmotic drying

Equation variables Value (kg)
Mmo 0.45
My 0.0108
Msm 0.0033
Om(oD) 0.12
Omk 0.27

Table 3. The amount of energy consumption
during osmotic drying

Stages Energy (kJ/kg)
Qi 587.2
Ep 360.0
Q 947.2

Table 4. The removal energy from red pepper slices

during freezing

processes

(frozen directly,

osmodehydrofreezing and convective dehydrofreezing)

Treatments

Energy (kJ/kg)

Convective dehydrofreezing

Osmodehydrofreezing
Control

371.91
368.90
1164.49

When comparing the amount of energy consumption
during pre-drying processes, approximately 25-fold
energy is required for convective drying (23034.5 kJ/kg)
of red pepper slices in comparison to osmotic
dehydration (947.2 kJ/kg). In addition, 3 times higher
energy must be removed for freezing of control samples
(1164.49 kJ/kg) than dried samples (368.90-371.91
kJ/kg) (Tables 3 and 4).

CONCLUSIONS
Sliced frozen red pepper is used in preparing several

meat and vegetable meals, sauces, pizzas, salads in
restaurants, hotels, caterings, or houses. In this
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research, it was aimed to reduce energy consumption
during freezing process of sliced frozen red peppers by
applying convective pre-drying and osmotic dehydration.
Additionally, some physicochemical properties were
tested comparatively to directly frozen peppers.
According to energy consumption calculations, osmotic
dehydration was more advantageous than convective
pre-drying. On the other hand, convective pre-drying
was more successful in preserving physical and
chemical quality characteristics of sliced red peppers.
Moreover, pre-drying of sliced red pepper required one
third of lower energy for freezing compared to direct
freezing. Results indicated that osmotic dehydration is
an economical alternative processing step for sliced
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frozen red pepper. Nowadays, it is thought that osmotic
dehydration can be an alternative to convective drying in
the production of dehydrofrozen products. In addition, it
will be possible to increase production by consuming
less energy by semi-drying before freezing in frozen
pepper production. For this reason, it is thought that
osmotic drying is a preferable method in terms of energy
efficiency and product quality for dehydrofrozen
products. However, further studies are needed to
prevent the diffusion of bioactive compounds to the
osmotic solutions.

NOMENCLATURE

A cross-sectional area of drying chamber (m?)

Cp specific heat of the air (kJ/kgx°C)

CPm specific heat of osmotic solution (kJ/kgxK)

Cpv specific heat of pepper (kJ/kgxK)

Cp1 the specific heat in the temperature above the
freezing point of the pepper (kJ/kgxK)

Cp2 specific heat in the temperature below the freezing
point of the pepper (kJ/kgxK)

Df dilution factor,

E total energy (kJ/kg)

Ep the mechanical energy required for the pump (kJ)

Omop) experimentally measured total solids in the
solution after osmotic drying

Lg freezing latent heat of pepper (kJ/kg)

m amount of frozen pepper (kg)

Mmo amount of osmotic solution (kg)

Mmop) the amount of the solution after osmotic drying (kg)

Msm the amount of dry matter of the solution (SG) (kg)

my amount of the red pepper (kg)

mw the amount of moisture removed from fruits (WL)
(kg)

Q total energy consumption during osmotic drying
(kj)

Qi energy consumption for evaporation of osmotic
solution (kJ)

Qop energy consumption for heating during osmotic
drying (kJ)

Q1 the energy required for the temperature of pepper
to decrease to the freezing point (kJ/kg)

Q2 the energy at the freezing point (kJ/kg)

o air density (kg/m?)

R water-vapor change heat (kJ/kg)

Ssample  fluorescence intensity of sample

Shiank blank

STro|ox TrO|OX

t drying time (s)

tr temperature of osmotic solution (°C)

to ambient temperature (°C)

) air velocity (m/s)

W the amount of water that is removed from the
osmotic solution by evaporation (kg)

w the water content of pepper (g/100g).

AT temperature difference (°C)

ATy difference in temperature between initial
temperature and freezing temperature of pepper
(°C)

AT, difference between the freezing point and the final

temperature (-25°C) of the pepper
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ABSTRACT

In this study, we aimed to find the influence of different levels of doneness (rare, medium, over-cooked) on the
formation of heterocyclic aromatic amines (HCAS) in Turkish fermented beef sausages (sucuk) cooked by pan-frying
method. Six types of HCAs were determined at three different temperatures. Determination of HCA was made using a
high performance liquid chromatography (HPLC). IQ, MelQx and 4,8-DiMelQx were detected and quantified with DAD
detector and PhIP, norharman and harman were determined with fluorescence detector. External standard and
recovery methods were both used for the calculation amount of HCAs to obtain results that are more accurate. HCA
and soluble protein analyses were performed in rare, medium and over-cooked sucuk samples. Moisture, ash,
protein, lipid contents and pH analyses were performed in raw sucuk samples. Total HCA content of sucuk samples
was found between 0.65 and 17.90 ng/g. Total HCA content of over-cooked sucuk samples were higher than rare-
cooked sucuk samples (P<0.05). Norharman was found as the most abundant HCA in sucuk samples, followed by
PhiP, 4,8-DiMelQx and 1Q, respectively.

Keywords: Heterocyclic aromatic amine, HPLC, Sucuk

Sucuk Orneklerinin Heterosiklik Aromatik Amin igerigine Pisme Yénteminin Etkisi
0z

Bu calismada farkl pisirme derecelerinin (az pismis, normal pismis ve ¢ok pismis) tavada kizartma yontemi ile
pisirilen sucuk O©rneklerinin heterosiklik aromatik amin (HCA) icerikleri Uzerine olan etkilerinin belirlenmesi
amagclanmistir. Orneklerde (i¢ farkl sicaklikta, alti farkll HCA belirlenmistir. HCA'larin analizi yiiksek performansli sivi
kromatografisi (HPLC) cihazi ile gerceklestiriimistir. 1Q, MelQx ve 4,8-DiMelQx DAD dedektorde, PhIP, norharman ve
harman floresans dedektérde tespit edilmistir. Dogru sonuglar elde etmek icin HCA miktarlarinin hesaplanmasinda dig
standart ve geri kazanim yontemleri kullaniimigtir. Tim pismis sucuk érneklerinde HCA ve ¢6zinir protein analizleri
gerceklestirilmistir. Pismemis sucuk orneklerinde nem, kil, protein, lipid ve pH analizleri gergeklestiriimistir. Sucuk
orneklerinin toplam HCA igerigi 0.65 ile 17.90 ng/g arasinda bulunmustur. Cok pismis sucuk Orneklerinin toplam HCA
icerigi, az pismis orneklerinkinden fazla bulunmustur (P<0.05). Orneklerde en fazla bulunan HCA norharmandir.
Norharmandan sonra sucuk 6rneklerinde sirasiyla PhIP, 4,8-DiMelQx ve IQ tespit edilmigtir.

Anahtar Kelimeler: Heterosiklik aromatik amin, HPLC, Sucuk
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INTRODUCTION

Heterocyclic aromatic amines (HCAs) occur while
thermal processing of protein-rich foods [1]. These
substances have been reported in thermally processed
muscle tissues [2]. Currently above 25 different types of
HCAs were known in cooked proteinaceous foods such
as meat [3]. The most common HCAs are the thermally
formed ones [4]. For instance, in beef, chicken and fish,
HCAs can be found in higher concentrations, whereas
HCA concentrations were lower in sausages and pork
have upon cooking [5].

The amount of HCAs depends on the meat type,
duration of cooking, cooking temperature, and browning
degree in the course of heating [6]. It was also reported
that heat and mass transfer, fat content, lipid oxidation,
antioxidants, carbohydrates, free amino acids, and
creatine, pH and water activity can affect the formation
of HCAs [7-9]. To decrease the level of HCAs in meat
products, antioxidants (vitamin E) or antioxidant-rich
herbs (sage or thyme) can be added [10]. Type of
cooking; such as grilling, frying, barbecuing, broiling or
roasting; is another parameter that effects the formation
and concentration of HCAs in meat [11].

HCAs have mutagenic and carcinogenic characteristics.
For instance, HCAs can be 100-times and 2000-times
more mutagenic compared to aflatoxin Bl and
benzo[a]pyrene, respectively [7]. Rohrmann et al. [12]
reported that probability of colorectal cancer increased
upon concentration of HCAs more than 41.4 ng per day.
In another study, it was also mentioned that consumed
amount of food and intake frequency of HCAs were
found important, besides the type of food and cooking
method. As these compounds have mutagenic,
carcinogenic or other health related adverse effects, the
intake by human should be decreased as much as
possible [9].

Currently, solid phase and solid-liquid extractions are
used to extract HCAs and HPLC equipped with UV or
fluorescence detectors is used to determine the HCAs.
In addition, electro-spray ionization tandem mass
spectrometry (LC/ESI-MS/MS) was found to detect
HCAs in meat samples with a high accuracy and solid
phase extraction by usage of two different cartridges
was reported as the best sample preparation technic.
Identification of these compounds using high technology
equipment with an increased sensitivity could give rise
to detect novel HCAs that have not been discovered yet
[13].

Fermented meat products gain increasing attention
worldwide and particularly in Turkey, sucuk as a
fermented sausage is the most commonly consumed
type [14]. Sucuk is prepared mainly by mixing lamb and
beef meat with tail fat. Antimicrobials, antioxidants,
starter culture and some spices are also added under
controlled atmosphere to this mixture. When the mix,
which is called sucuk dough, is ready, it is stuffed into
an artificial or natural casing, that allows water
evaporate and then fermentation occurs at a specified
temperature and time [14]. According to Turkish food
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legislation, sucuk contains 16% protein (as minumum)
and the ratio of moisture content to protein content
should be below 2.5. The ratio of fat content to protein
content should be below 2.5. pH values of sucuk
samples are acceptable as 5.4 as maximum value [15].

Because the formation of carcinogens is largely be
affected by cooking methods and temperatures,
recommendations about limiting their production during
cooking could be the best public health protection
system. Sucuk is one of the popular traditional Turkish
meat products. To our knowledge, there is only one
study [16] about the determination of HCA content of
sucuk in literature. These authors studied the influence
of spice and lipid types on HCAs in barbecued sucuk.
However, they gave no data about norharman and
harman content of sucuk samples. Therefore, the
objective of this study was to determine the amounts of
2-amino-3-methylimidazo[4,5-flquinoline (1Q), 2-amino-

3,8-dimethylimidazo  [4,5-fl]quinoxaline  (MelQx), 2-
amino-3,4,8-trimethylimidazo[4,5-f] quinoxaline (4,8-
DiMelQx), 2-amino-1-methyl-6-phenylimidazo  [4,5-

b]pyridine (PhIP), 9H-pyrido[3,4-blindole (norharman)
and 1-methyl-9H-pyrido[3,4-blindole (harman) in ten
fermented beef sausage (sucuk) samples bought from
the markets in Turkey. And also, we aimed to
investigate the effect of doneness (pan frying) levels on
these heterocyclic aromatic amines in sucuk samples for
the first time in literature. Our study is the first study
about making survey about HCAs content of pan-fried
sucuk samples. Pan-frying is the most common way for
consumption of sucuk samples. So this study’s results
give information about prediction of HCAs exposure of
people by consumption sucuk.

MATERIALS and METHODS
Materials
Samples

Ten fermented beef sucuk samples of the different
brand names were analyzed for the determination of
HCA content. Three samples having different production
number from each brand were used for the
determination of HCA content. Sucuk samples were
bought from the markets in Izmir, Turkey at the
beginning of their shelf life. The width of sucuk sample
was adjusted as 5 cm. Sucuk samples were cooked in a
pan with an electrical cooker. These samples were
cooked at 180°C for 90 seconds (rare cooked), 180
seconds (medium cooked) and 300 seconds (over
cooked), respectively. So, for each sucuk sample, three
different levels of doneness (rare, medium and over
cooked) were obtained.

Reagents

HPLC or analytical-reagent grade chemicals were used
in all analyses. The Human Corporation Zeener Power |
water purification system (Seoul, Republic of Korea)
was used for obtaining ultra-pure distilled water.
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The most abundant six HCAs found in cooked meat
products were determined in this study. IQ, MelQx, 4,8-
DiMelQx, PhIP, and harman bought from Toronto
Research Chemicals (Toronto, Canada). Norharman
was purchased from Sigma (Steinheim, Germany). Two
different cartridges (An Oasis MCX cartridge 3 cm?60
mg, Waters, Milford, Massachusetts, USA and
(Accubond Cig cartridge, 3 cm®200 mg, Agilent
Technologies, Santa Clara, CA, USA) were used for
sample preparation. Zinc sulfate heptahydrate was
obtained from Riedel-de Haen (Seeize, Germany).
HPLC-grade methanol and acetonitrile, acetic acid,
Coomassie Brillant Blue G-250, phosphoric acid (85%),
sodium chloride, potassium dihydrogen phosphate,
potassium hydrogen phosphate,
ethylenediaminetetraacetic acid (EDTA), bovine serum
albumin, chloroform, and hydrochloric acid (37%) were
all obtained from Merck (Darmstadt, Germany).

One hundred mg/L stock individual HCA solutions in
methanol were prepared. Standard solutions were
prepared for HCA analyses for plotting calibration curve.
Methods

Heterocyclic Aromatic Amines Content Analysis

The method described by Ozdestan et al. [17] was used
for sample preparation for HCA analysis. Quantification

of IQ, MelQx and 4,8-DiMelQx were made by HPLC
equipped with a diode array detector (DAD) (254 nm for
IQ; 263 nm for MelQx, and 4,8-DiMelQx). BDS Hypersil
Cis (5 ym particle size, 150 mm x 4.6 mm i.d., Thermo
Scientific) column was used for separation of HCAs.
Chromatographic separations were performed by HPLC
using a fluorescence detector (340 nm and 420 nm as
excitation and emission wavelengths) for quantification
of PhIP, norharman and harman. Injection volumes,
mobil phases and flow rates were shown in Table 1.
Two different gradient programs were used for
separation of HCAs given in Table 1 (a) and (b).

Table 1 (a). Gradient elution program for separation of
1Q, MelQx, and 4,8 DiMelQx

Time (minute) Al(%) B (%)
0 100 0
12 100 0
20 70 30
29 70 30
34 0 100
35 0 100
44 0 100
49 100 0
55 100 0

IA: methanol/acetonitrile/water/acetic acid (8:14:76:2, Viv/viv)
at pH 5.0, B: acetonitrile, Injection volume:20 pL

Table 1 (b).Gradient elution program for separation of
PhIP, harman, and norharman

Time (minute) A! (%) B (%) Flow rate (mL/min)
0 90 10 0.5
10 75 25 0.5
15 0 100 0.5
20 0 100 0.5
22 90 10 0.5
27 90 10 0.5

IA: 0.5 M ammonium acetate B:methanol Injection volume:15 pL

Soluble Protein Analysis

Bradford [18]'s method was used for the determination
of soluble protein content. The concentration of soluble
protein in sucuk sample was determined by plotting
calibration curve prepared by albumin fraction V
standard.

Proximate Composition Analysis

Moisture contents of samples were measured in
accordance with Anon. [19]. AOAC [20] method was
used for determination of ash content. Crude fat content
was determined using the methanol-chloroform
extraction method according to Folch et al. [21]. Crude
protein content was analyzed in accordance with the
Dumas method.

pH Determination

For sample preparation, 10 g of sample was
homogenized in 100 mL distilled water. A pH meter
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(Hanna HI-221) was used for the determination pH
value of samples. pH meter was calibrated at 20°C with
buffer solutions [22].

Apparatus

An Agilent 1200 liquid chromatograph (Agilent
Technologies, Santa Clara, CA, USA) was used for
quantification of HCAs. Determination of soluble protein
content  was performed by a UV-visible
spectrophotometer (Cary 50, Varian, UK). pH of
samples were determined with a pH meter (Hanna HI-
221, USA). Crude protein content of samples were
determined by LECO FP-528 (Saint Joseph, USA).
Nive ES500 (Ankara, Turkey) oven was used for the
determination of moisture content. IKA T25 Ultra-Turrax
homogenizer (25,000 rpm, Staufen, Germany) and IEC
CL31-CL31R Multispeed centrifuge (Thermo, San
Diego, CA) were used in the extraction of samples.
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Statistical Analysis

SPSS 24.0 statistics package program was used for
evaluation of results statistically. One-way analysis of
variance (ANOVA), Duncan post-test and Pearson
correlation test were used (P<0.05). All trials were made
as 3 replicates.

RESULTS and DISCUSSION

Moisture, ash, crude fat, crude protein contents and pH
values of raw sucuk samples were given in Table 2.
Similar results for chemical and physic-chemical
analysis of raw sucuk samples were obtained with the

previous studies [16, 23]. And these values were
generally suitable according to Turkish Food Legislation
[15]. pH values of raw sucuk samples were found in the
range of 4.87 and 5.57 with the mean value of 5.23.
Moisture content of raw sucuk samples were between
33.10% and 52.50% with the mean value of 41.12%.
Ash content of raw sucuk samples were found between
2.24% and 3.48% with the mean value of 2.88%. Crude
fat and protein content of samples were between
22.73% and 44.56% and between 15.17% and 21.17%,
respectively. Mean crude fat and protein content of
samples were found as 36.31% and 17.79%,
respectively.

Table 2. Moisture, ash, crude fat, crude protein contents (%) and pH values of sucuk samples (Mean *

standard deviation)

Moisture content

Ash content

Crude fat content Crude protein

Samples PH (%, wiw) (%, wiw) (%, wiw) content (%, w/w)
S1 5.41°+0.00 33.109+0.15 3.48%+0.04 44.56%+0.44 17.44° +0.13
S2 5.29°¢0.03 39.31°+0.84 3.22°+0.00 33.39+0.11 21.17*£0.33
S3 5.472+0.01 52.50%+0.56 2.92¢ £0.00 22.73"+0.02 17.54° +0.58
S4 5.01°+0.01 42.87° £0.58 2.27'+0.03 37.66+0.35 17.71° +£0.41
S5 5.30°+0.01 35.82+0.96 3.28°+0.06 41.83°+0.20 16.449%+0.54
S6 5.119 +0.01 39.19°+0.52 2.24'+0.01 35.57°£0.35 15.17¢+0.01
S7 5.45%°+0.01 38.56°+0.13 3.24°+0.01 38.50°+0.67 19.80° +0.25
S8 5.01° £0.04 40.99° +0.21 2.65°+0.026 34.88°+0.18 16.549 +0.54
S9 4.87+0.03 48.28°+0.39 2.69° £0.04 32.139+0.00 15.98%+0.11
S10 5.44% +0.04 40.55%+0.59 2.85% +0.02 41.89°+0.01 20.15°+0.35

aDifferent matching letters in the same column mean significant differences between the samples according to Duncan

test (P <0.05), All the analyses were performed triplicate

The average recoveries for 1Q, MelQx, 4,8-DiMelQX,
harman, norharman and PhIP were found between 68.9
and 87.8%. Limit of detection (LOD) and limit of
guantification (LOQ) values for this method were found
as 0.27 and 0.80 ng/g for IQ, 0.86 and 2.59 ng/g for
MelQx, 1.40 and 4.40 ng/g for 4,8-DiMelQx, 0.04 and
0.13 ng/g for PhIP, 0.65 and 1.96 ng/g for harman, 0.26
and 0.79 ng/g for norharman, respectively [17].

In Table 3, HCA amounts of sucuk samples prepared at
different temperatures were shown. External standard
and recovery methods were both used for the
calculation amount of HCAs to obtain results that are
more accurate.

IQ was only detected in one of the analyzed cooked
sucuk sample (S3). IQ content of rare, medium and
over-cooked sucuk samples were determined as 1.77
ng/g, 0.84 ng/g and 3.84 ng/g, respectively. These

values were similar with the literature values. But no 1Q
was detected in nine out of ten samples. This could be
related with the matrix and chemical composition of
sucuk. According to Skog et al. [6], IQ was not found in
a solution containing creatine, glucose and amino acids
that was cooked until 150-225°C between 0-120
minutes. On the other hand, Balogh et al. [24] reported
that IQ was found as 0.7 and 1.3 ng/g in meatball
samples cooked for 12 and 20 minutes at 175°C. In
another study, 1Q contents of hamburger meatball
cooked at 170, 200 and 225°C were found as 1.1 ng/g,
5.46 ng/g and not determined, respectively [25]. Oz and
Kaya [8] determined 1Q content of grilled meatball at
175°C and 200°C and found 1.40 ng/g and 5.46 ng/g,
respectively. Unal et al. [16] found IQ contents of
barbecued sucuk samples between 0.85 ng/g and 5.96

ng/g.

Table 3. 1Q, 4,8-DiMelOx, PhIP and norharman contents of cooked sucuk samples (ng/g) (Mean * standard deviation)

Q 4,8-DiMelQx PhIP Norharman Total HCA

Medium Over
cooked cooked

Rare Medium Over Rare Medium Over Rare Medium Over Rare Medium Over Rare
cooked cooked cooked cooked cooked cooked cooked cooked cooked cooked cooked cooked cooked

1.528:0.34 12234115
nd 4.56% £0.27
16.10° £0.69  17.89°:0.46
9.75°+0.98 1.838 +0.05
319770167  3.63 +0.03

§1 nd Nd nd nd nd nd nd nd nd 9.01 £0.20 nd 10.44£0.11 9.74% +0.61
nd Nd nd nd nd nd nd nd nd nd nd 9.62 +0.30 nd

§3 1.77+0.23 0841040 3841059 3.57£056 598£035 2911076 nd nd nd 9441002 0.02+3.02 10.02+0.00 148421078

s4 nd Nd nd nd nd nd nd 9.75+0.98 nd nd nd nd nd

§5 nd Nd nd nd nd nd nd nd nd nd nd nd 3.419 10,01

s6 nd Nd nd nd nd nd nd nd nd 6.21 +0.31 6.01 +£0.30 nd 6.21° +0.30 6.02% +0.26 nd

s7 nd Nd nd nd nd nd nd nd nd nd 6.11 +0.51 10.54+1.41 0.657 +0.01 7.47°+0.44 11.475+0.90

S8 nd Nd nd nd nd nd nd nd nd nd nd nd nd nd nd

s9 nd Nd nd nd nd nd nd nd nd nd nd nd 20821013 nd 2.637 £0.07

s10 nd Nd nd nd nd nd nd 6021071 8531028 nd 9.31 +0.30 6.01 +1.01 nd 12,520 £1.73  17.712:0.57

= Different matching letters in the same column mean significant differences between the samples according to Duncan test (P < 0.05)
nd=not detected, All the analyses were performed triplicate
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MelQx was not detected in any of the analyzed samples
in accordance with literature [6]. MelQx was not
quantified in cooked meatball samples for 8 minutes at
165—200°C by Johansson et al. [26]. Busquets et al. [27]
did not found MelQx in hamburger meatball samples
cooked for 11.2 minutes at 175-200°C. MelQx content
of barbecued sucuk samples were found concentrations
up to 0.21 ng/g by Unal et al. [16].

4,8-DiMelQx was detected in only one of the analyzed
cooked sucuk sample (S3). 4,8-DiMelQx content of rare,
medium and over-cooked sucuk samples were
determined as 3.57 ng/g, 5.98 ng/g and 2.91 ng/g,
respectively. These values were similar with the
previous values reported in literature [28]. But no 4,8-
DiMelQx was detected in nine of the ten samples. This
could be related with the matrix and chemical
composition of sucuk. And also, the occurrence of HCAs
is connected with meat type, pH, temperature and water
activity. Heat and mass transfer, lipids, lipid oxidation,
antioxidants and cooking methods such as barbecuing
and grilling have some effects on the accumulation of
HCAs. Natural or synthetic antioxidants are commonly
used to prevent HCA formation in foods. Sucuk contains
spices having antioxidant activity, this could be the main
reason for detecting any 4,8-DiMelQx in samples. Lipid
content was also an important factor for the formation of
HCAs. The influence of lipids on the formation of HCAs
could be clarified by the enhanced formation of
pyridines, pyrazines and Strecker aldehydes in the
Maillard reaction or by the production of free radicals by
means of thermic oxidation, or both.

Oz and Kaya [8] cooked meatballs containing black
pepper with electrical grill. According to their results,
4,8-DiMelQx was not determined in any samples. But
they found different amounts of 4,8-DiMelQx in control
samples. This shows us that the spices are very
important components affecting HCA amount of
samples so it is normal not to detect 4,8-DiMelQx in
sample like sucuk that contains different spices. Unal et
al. [16] found no 4,8-DiMelQx in seven of the analyzed
twelve sucuk samples. They quantified 4,8-DiMelQx
between 0.08 ng/g and 0.19 ng/g in five of the analyzed
twelve samples.

PhIP was found in only two samples. PhIP concentration
was found between 6.02 ng/g and 9.75 ng/g in
accordance with literature [29]. Oz and Kaya [8] cooked
meatballs containing black pepper with electrical grill.
They did not found PhIP at any samples. PhIP was not
found in five of the analyzed twelve samples by Unal et
al. [16]. The concentration of PhIP was reported in
between 0.36 ng/g and 1.94 ng/g.

Harman could not be detected in any of the cooked
sucuk samples. Ahn and Grin [30] was found 10.88
ng/g harman in cooked meatball samples at 200°C for
20 minutes. However, these cooking temperatures are
very high compared to our cooking temperatures.
Therefore, the reason of formation or measurable higher
concentration of harman could be the degree of heating
temperature and time.
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The concentration of norharman was found between
6.21 and 9.44 ng/g for rare-cooked; 6.01 and 9.31 ng/g
for medium-cooked; and 6.01 and 10.54 ng/g for over-
cooked sucuk samples. However, the concentration of
norharman could not be detected in four samples.
These values were similar compared to the literature
values [30]. Ahn and Griin [30] determined norharman
content of control cooked beef meatball samples as 5.55
ng/g, 0.5% grape seed extract containing samples as
5.38 ng/g and 1% grape seed extract containing
samples as 5.16 ng/g.

Total HCA content of rare, medium and over-cooked
samples were found between 0.65 ng/g and 14.84 ng/g;
1.52 ng/g and 16.10 ng/g; 1.83 ng/g and 17.89 ng/g,
respectively. Mean total HCA content of rare, medium
and over-cooked samples were calculated as 3.69 ng/g,
5.66 ng/g and 6.77 ng/g, respectively. It has been
known that possibility of colorectal cancer increases
upon consumption of HCAs more than 41.4 ng per day
[12]. According to this information, it is recommended to
consume pan-fried sucuk less than 2.3 g/day. Total HCA
contents of rare, medium and over-cooked samples
were significantly different from each other (P<0.05).
The highest total HCA content was belong to over-
cooked sucuk samples and the lowest total HCA content
was belong to rare cooked sucuk samples. According to
Pearson correlation test, no significant correlation was
found between total HCA content and lipid, protein, ash,
dry matter, soluble protein content of rare, medium and
over-cooked sucuk samples (P<0.05). No correlation
was obtained between total HCA content and pH values
of sucuk samples except over-cooked samples
(P<0.05).

In a previous study, beef and chicken meatballs
containing a 0.5% (w/w) pomegranate (PSE) and grape
seed extract (GSE) were cooked using different
methods and 1Q, MelQx, 4,8-DiMelQx, PhIP,
norharman, and harman were detected [31, 32]. In the
control, GSE added and PSE added beef meatballs,
total HCA contents were reported as 154.63 ng/g,
182.65 ng/g and 83.23 ng/g, respectively.

Unal et al. [16] evaluated the contribution of spices and
animal fat to the formation of HCAs in barbecued sucuk
and reported that the highest concentration of individual
HCAs was 5.96 ng/g. They attributed the reason of low
total HCA content in their samples to the presence of
clove and cinnamon as spices. In a similar study,
according to Murkovic et al. [33], spices can decrease
the HCA amount in roasted meat.

There have been many studies about the determination
of HCA content of meat products. To the best of our
knowledge, there was no study about HCA formation in
pan-fried sucuk samples, which were produced in
Turkey. There is only one study on the formation of HCA
in sucuk, which investigated the effects of different
spices and fat types by Unal et al. [16], and in that study
the presence or concentration of harman and
norharman was not studied. However, in our study, we
aimed to close the gap in literature by taking into
account different cooking methods for sucuk preparation
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and also the presence or formation of different HCAs in
sucuk samples. Therefore, we aimed to make a survey
about HCA content of sucuk samples produced and
marketed in Turkey for the first time and also to
investigate the effect of cooking temperature for pan
frying on HCA content of sucuk samples.

Total HCA content of sucuk samples were lower
compared to the most of the meat products. It could be
related with chemical composition and raw materials
(spices, food additives etc.) of sucuk. And also pan
frying was wused for cooking of sucuk samples.
According to the results of different studies by using this
cooking method, lower total HCA content is obtained
compared to oven roasting and charcoal-barbecue.

According to Szterk [34], it was demonstrated that HCAs
formation strongly correlates with the presence of
various amino acids in raw beef as well as that of
glucose and protein (correlation coefficient 0.84-0.93).
Protein is precursor substance of HCA formation.
Therefore, it is important to determine soluble protein
content of sucuk samples. Soluble protein content of
sucuk samples cooked at different temperatures were
given in Table 4. Soluble protein content of samples
were found between 19.00 mg/100 g and 57.60 mg/100
g; 23.90 mg/100 g and 41.80 mg/100 g; 24.40 mg/100 g
and 53.20 mg/100 g for rare, medium and over-cooked
samples, respectively. Statistically significant differences
were found between soluble protein content of rare,
medium and over cooked sucuk samples (P<0.05).

Table 4. Soluble protein content (mg/100 g) of cooked sucuk samples (Mean *

standard deviation)

Samples Rare cooked Medium cooked Over cooked
S1 33.90%+1.70 33.80% +1.50 37.00°+0.60
S2 53.61° +1.81 32.929+1.33 40.31°+0.60
S3 24.60" +0.80 41.00% £1.90 33.10%1.90
S4 31.63% £2.14 34.00% +2.10 37.12°4+0.70
S5 53.10" +1.00 41.80% +1.50 26.60°+0.60
S6 37.40°+0.60 24.50' +3.44 51.902+3.30
S7 57.60% £1.40 38.30" +0.40 29.50°+0.80
S8 19.00¢ £1.30 23.90"+1.70 27.90°+0.90
S9 36.34°+ 3.92 29.00° +0.60 24.40"+2.50
S10 22.907+1.50 36.40° +1.74 53.20%+1.13

2 Different matching letters in the same column mean significant differences between the
samples according to Duncan test (P < 0.05), All the analyses were performed triplicate

Canh [35] determined total HCA content, moisture
content and soluble protein content of 10 beef meatball
samples. According to Pearson correlation test, positive
correlation was obtained between moisture content and
MelQx content; norharman content; PhIP content of
meatball samples (P<0.01). Positive correlation was
obtained between soluble protein content and PhIP
content of meatball samples (P<0.01). Correlations
between chemical characteristics and heterocyclic
amines were given in Table 5.

Choi et al. [36] determined soluble protein content of
dried pork products. Total soluble protein content of low,
medium, high protein containing samples were
determined as 204.92 mg/kg, 184.43 mg/kg, and 142.33
mg/kg, respectively. Canli [35] found soluble protein
content of beef meatball between 1.28 mg/kg and 7.94
mg/kg; beef doner between 2.85 mg/kg and 8.33 mg/kg.
Total soluble protein content of sucuk samples were
higher than the literature values. Sucuk is a fermented
product therefore; this could affect total soluble protein
content of product.

Table 5. Correlations between chemical characteristics and individual and total heterocylic aromatic amine content

of sucuk

Moisture content Crude fat content

Crude protein content

Ash content Total HCA 1 Total HCA 2 Total HCA 3

1Q (1)
4,8-DiMelQx (1)
Norharman (1)
Total HCA (1)
1Q(2)
4,8-DiMelQx (2)
Norharman (2)
Total HCA (2)
1Q (3)
4,8-DiMelQx (3)
Norharman (3)
Total HCA (3)
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=l -l e
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| = =

= o= = e e ) e S
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A means significant positive correlation, m means significant negative correlation, A means no significant correlation. (1) means
rare cooked, (2) means medium cooked (3)over cooked. Correlations were determined by Pearson correlation test at P<0.05 level

CONCLUSION

We have studied the formation and detection of HCAs in
pan-fried sucuk. Norharman, which was the most

abundant HCA in sucuk, was detected up to 10.54 ng/g
in over-cooked sucuk samples, followed by PhIP with a
concentration up to 9.75 ng/g, then 4,8-DiMelQx up to
5.98 ng/g, and lastly IQ up to 3.84 ng/g. Total HCA
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content of sucuk samples were found between 1.52 ng/g

and

17.89 ng/g. HCA was quantified in most of the

analyzed sucuk samples. Over-cooked sucuk samples

had

the maximum total HCA concentration, whereas

rare-cooked ones had the lowest.
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ABSTRACT

Olive leaves have drawn attention because of their contents of bioactive compounds that exhibit antioxidant activity.
The aim of this study was to investigate the impact of irrigation on the phenolic compounds and antioxidant activity of
olive leaves belonged to different varieties collected between September and December in irrigated and rainfed
orchards. Principal components analysis (PCA) was used to explain the effect of variables. The highest total phenolic
content was determined in irrigated Ayvalik leaves (1945 mg/100g). Results showed that olive leaves contained
significant amounts of flavonoids, ranging from 6379 to 159046 mg/100g. However, differences in antioxidant activity
were generally between 1 and 2% regarding irrigation, collection time, and variety. Luteolin-7-glucoside (273-1461
mg/100g) was the main phenolic compound of olive leaves, followed by verbascoside (399-1002 mg/100g). The
influence of irrigation showed differences in the amounts of phenolic compounds among the cultivars.

Keywords: Irrigation, Collection time, Olive leaf, Variety, Phenolic compounds

Zeytin Yapraklarinin Antioksidan Aktivite ve Fenolik Bilesenleri Uzerine Sulama isleminin ve
Toplama Periyodunun Etkisi

o0z

Zeytin yapraklari, antioksidan aktiviteye sahip biyoaktif bilesenleri icermesinden dolayl dikkat ¢cekmektedir. Bu
calismada, sulanan ve sulanmayan bahgelerden Eylil-Aralik aylar arasi toplanan farkl cgesitlere ait zeytin
yapraklarinin antioksidan aktiviteleri ve fenolik bilesenleri Gzerine sulama isleminin etkisi arastiriimistir. Degiskenlerin
etkisini agiklamak icin temel bilesenler analizi (PCA) kullaniimistir. En ylksek toplam fenolik madde igerigi sulanan
Ayvalik yapraklarinda (1945 mg/100g) belirlenmistir. Sonuglar, zeytin yapraklarinin 6379-159046 mg/100g arasinda
onemli miktarda flavonoid igerdigini gostermistir. Ancak cgesit, toplama zamani ve sulama gibi faktoérlere goére
orneklerin antioksidan aktivitelerindeki farklilik genellikle %1-2 arasinda bulunmustur. Zeytin yapraklarinin major
fenolik bileseni luteolin-7-glukozid (273-1461 mg/100g) bulunmus ve bunu verbaskozid (399-1002 mg/100g) izlemistir.
Sulama igleminin fenolik bilesenlerin miktari Gzerine etkisi ¢esitler arasinda farklilik géstermistir.

Anahtar Kelimeler: Sulama, Toplama zamani, Zeytin yapragi, Cesit, Fenolik bilesikler

INTRODUCTION amounts of by-products such as twigs and leaves are

annually about 25 kg/tree, which differ according to age
Olive (Olea europaea L.) is one of the oldest cultivated of tree, culture and pruning applications [2]. Olive leaves
and drought-tolerant trees [1]. After pruning process, the are utilised for feeding animal and healing certain
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diseases in traditional medicine from past to present [3].
In a study, published by Bouaziz et al. [4], it was
informed that the extract of olive leaf can be added to
improve the shelf life and stability of foods. Also, it was
determined that olive leaf extract exhibited better
antioxidant activity in comparison to both vitamins (C
and E) and pure hydroxytyrosol [5]. Herbal teas and
food supplements, which contain leaves or extract, are
consumed throughout the world [6].

Phenolic compounds of olive by-products, especially
olive leaf, has drawn increased attention in recent years
[7]. Several factors as variety, origin, ripening degree
cause significant differences in the phenolic composition
of olive leaves [8-9]. Besides these factors, water stress
is taken into consideration due to limit of the sustainable
agriculture, and also affect the physicochemical
characteristics of plant [10, 11]. The adaptation of olive
leaves to water stress depens on changes in the leaf
regarding morphological, anatomical and physiological
properties [12, 13]. In olive trees, intense water loss is
prevented by regulating tree transpiration through
stomal closure in leaves [14]. However, the availability
of water in the soil affects tree performance, including
fruit development, fruit characteristics and oil quality. In
addition, irrigation can directly influence yield factors as
well as the vegetative growth [15]. Accordingly, the
irrigation process of olive trees has been increasingly
applied all around the world since the 1990s [16].
According to our knowledge, no studies about the effect
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of irrigation on the phenolic compounds of olive leaves
are available. In this study, the influences of primarily
irrigation and also variety and harvest time on
antioxidant activity and phenolic compounds of olive
leaves were investigated.

MATERIALS and METHODS
Collection of Olives Leaves

Olive leaves belonged to Ayvalik, Copasi, Gemlik and
Yaglk varieties grown in irrigated (altitude: 280 m) and
arid (altitude: 307 m) orchards in Mersin location were
collected from each side of the three trees, and at 20
days intervals between Sebtember and December in
2018. Olive trees of different varieties were located in
the same orchard. Samples were transferred to the
laboratory in paper bags and they were dried at room
temperature prior to analyses. The collection times of
olive leaves were September 15th, October 6th, October
27th, November 17th, December 8th, and December
209th, respectively.

Climatic Conditions
The average monthly humidity, temperature, and total

monthly rainfall graphs of the location where the olives
leaves were collected in 2018 are shown in Figure 1.
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Figure 1. Average temperature, total rainfall (a) relative humidity (b) for the collection region of olive leaves in 2018

Irrigation Process

Irrigation was carried out with a drip irrigation system
which was applied once a month for a total of 4 hours.
The total amount of irrigation water was 640 L/month.
Irrigation process was applied till October.

Methods

Moisture Content

Moisture amounts of olive leaves were determined by
drying in an oven (Nive FNO55 Ankara, Turkey) at
105°C until a constant weight was obtained.
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Extraction Process

Olive leaves (0.5 g), which were ground into powder by
a grinder, were mixed with 5 mL of methanol/water
(80:20, v/v). The mixture was stirred for 1 min using
vortex, followed by sonication in water bath for 10 min
and centrifugated at 6000 rpm for 10 min. Supernatant
was removed, and these steps were repeated twice.
Finally, extract was filtered using a 0.45 pm syringe filter
before analysis [17].

Total Phenolic Content

Total phenol contents of olive leaf extracts were
determined using Folin Ciocalteu (FC) reagent [18].
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Extract (0.5 mL) was mixed with 2.5 mL of Folin
Ciocalteu reagent and 1.5 mL of sodium carbonate
solution (7.5%). The absorbance values of the samples,
which were stored for 2 hours at room temperature and
in the dark, were measured at 725 nm. Gallic acid was
used as standard, and results were given in mg
GAE/100g (fresh weight).

Total Flavonoid Content

Total flavonoid contents of olive leaf extracts were
determined spectrophotometrically according to the
method of Hogan, et al. [19]. Extract (1 mL) was mixed
with 0.3 mL of NaNO; (5%), 0.3 mL of AICI; (10%) and 2
mL of NaOH (4%), respectively. The absorbance of
mixture was recorded at 510 nm by a
spectrophotometer. Results were given as mg catechin
(CE)/ 100g of fresh weight.
Antioxidant Activity Free-radical
Scavenging Activity)

(DPPH

The antioxidant activities of olive leaf extracts were
determined using  2,2-diphenyl-1-picrazil (DPPH)
according to method described by Lee, et al. [20]. The
extracts (0.1 mL) were mixed with 2 mL of 0.1 mM
DPPH solution and the absorbance values of the
samples, which kept in the dark for 30 min at room
temperature, were measured at 517 nm. Inhibition
values (%) corresponding to each sample volume were
calculated according to the equation given below.

AntIOXIdant aCthlty (%) = (ACon[ro| - ASamp|e) X 100/ACOMI‘0|
(A: Absorbance)

Determination of Phenolic Compounds

The phenolic compounds of olive leaf extracts were

performed at 280 and 330 nm using HPLC.

Working conditions are presented below:

Instrument Shimadzu LC 10A vp, Kyoto, Japan

Software PC running Class VP
chromatography manager software
(Shimadzu, Japan)

Injection volume 40 pL

Column Inertsil ODS3 analytical column (GL
Sciences, Japan), (5 ym, 25 cm x
4.6 mm)

Mobile phase A (2% formic acid aqueous
solution), B (methanol)

Flow rate 0.85 mL / min

Detector Shimadzu SPD-M20 A Diode Array
Detector

Temperature 40°C

Statistical Analysis

Statistical analyses of the results were performed by
using SPSS-Statistics-22 statistical program. The
means of significant variation sources were compared to
Duncan Multiple Comparison Test with the help of
MSTAT program. The significance level was given as
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p<0.01 unless otherwise stated. The analyses were
repeated three times (n =3). PCA was applied using
XLSTAT software.

RESULTS and DISCUSSION

Moisture contents of olive leaves ranged from 7.94% to
9.68% for Ayvalik variety; from 8.01% to 9.16% for
Gemlik variety; from 7.78% to 8.92% for Yaglik variety;
from 7.77% to 9.48% for Copasi variety, as are shown in
Table 1.

Total phenolic contents of Ayvalik, Gemlik, Yaghk and
Copasi olive leaves collected at different periods
depending on irrigation and rainfed conditions are given
in Table 2. Total phenolic contents of irrigated and
rainfed Ayvalik, Gemlik, Yaglik and Copas| leaves were
determined between 1658.75 and 1945.00 mg/100g,
1418.75 and 1902.50 mg/100g, 1485.00 and 1903.75
mg/100g, 1685.00 and 1835.00 mg/100g, respectively.
The highest total phenolic amount was found in both
irrigated (1945.00 mg@/100g) and rainfed (1910.00
mg/100g) Ayvalik olive leaves collected on December
29 (6th harvest). Collection time of leaves affected the
total phenolic content, and the highest values were
generally observed in 4th (November 17) or 6th
(December 29) harvests. The reason of increase in total
phenolic content was explained as the increase of
polyphenol oxidase (PPO) content and activity in olive
leaves. It was informed that the PPO in leaves
contributed to the synthesis and modification of several
compounds such as phenols during fruit development
[21]. In addition, the effect of irrigation process showed
differences regarding variety and collection time. For
Gemlik leaves, irrigation process caused reduction,
except 4th and 6th harvests, and the major decrease
from 1741.25 mg/100g to 1418.75 mg/100g was
detected in 3rd harvest (October 25). In leaves of Yaglik
variety, there was no significant difference in total
phenolic content for 1st, 2nd, and 4th harvests, while the
highest reduction from 1768.75 mg/100g to 1485.00
mg/100g was observed in 3rd harvest when the leaves
were irrigated. The total phenolic amounts of leaves
belonged to Copasi variety showed decrease in 2nd, 4th
and 5th harvests or no change in 1st, 3rd, and 6th
harvests. In Ayvalik leaves, the irrigation process
caused a fluctuation in total phenolic contents during
collection period. The main difference was determined in
2nd harvest, and total phenolic content of Ayvalik leaves
increased from 1658.75 mg/100g to 1838.75 mg/100g
with irrigation process. In previous study, Salah, et al.
[22] informed that total phenolic contents of olive leaves
belonged to different varieties were found between
73.05 mg GAE/g (Sevillane variety) and 144.19 mg
GAE/g (Limouni variety). In another study, which were in
accordance with current results, total phenolic contents
of olive leaf extracts ranged from 13.23 mg GAE/g to
24.09 mg GAE/g [23]. Total phenolic contents of
Chemlali (464.27 mg/100g) and Neb jmel (270.53
mg/100g) olive leaves collected in January were higher
than leaves collected in October (219.85 mg/100g for
Chemlali and 197.60 mg/100g for Neb jmel) [24].
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Table 1. Moisture contents of olive leaves belonged to different varieties collected from irrigated and rainfed orchards
during olive harvest period (%)*2

Process Variety 1st Harvest 2nd Harvest 3rd Harvest 4th Harvest 5th Harvest 6th Harvest
Ayvalik 8.25:0.06 8512013 8.98+0.67 8.84:0.66 8.67:0.29 9.59+0.25

geted Gemlik 8.82:0.16 8.70+0.06 8.50+0.00 8.46:0.06 8.21:0.30 8.95+1.34
Yaglik 8.00£0.47 7.99+0.22 8.5240.68 8.19:0.33 8.92:0.70 8.48+0.67

Copasi 8.57+0.11 7.77+0.41 8.36£0.15 8.42+0.06 9.48+0.04 8.21£0.30

Ayvalik 8.79+1.08 8.78+0.08 8.44+0.03 7.94:0.08 8.13:023 9.68+0.25

, Gemlik 8.30£0.39 8.01£0.30 9.16£0.29 8.73:0.32 8.21:0.30 8.98+0.67
Rainfed Yaglik 8.83:0.31 7.7840.57 8.46+0.64 7.98+0.03 8.42:0.76 8.23+0.33
Copasi 8.41:0 49 8.13+0 81 8.68+0.32 9.09+0 31 8.44+003 8.0040.71

!mean # standard deviation (n=3). 2Average values were found statistically insignificant (p>0.05).

Table 2. Total phenolic contents of olive leaves belonged to different varieties collected from irrigated and rainfed
orchards during olive harvest period (mg/100g)*?

3rd Harvest

4th Harvest

5th Harvest

6th Harvest

1745.0046.9748C0
1418.75+9.247
1485.00+6.915F
1705.00+5.6845C0=

1792.50+4.25"5¢
1902.50+7.8748
1873.75+5.33"8
1752.50+4.4448CD

1786.25+8.88"6¢
1503.75+6.7305°
1761.2546.2078¢
1685.00+5.5448C0

1945.00+5.28*
1786.25+4.9578¢C
1903.75+5.56%8
1771.2544.1478C

Process Variety 1st Harvest 2nd Harvest
Ayvalik 1718.75+7.01A8¢0  1838.75+5 538
. Gemlik 1662.50+7.395C0F  1538.75+7.99C0EF
mgated  yogik 1845001693  1807.50:6.64%
Copasl 1835.0016.9748 1745.00+4.4248C0
Ayvalik 1871.25+8.2148 1658.75+8 878C0E
. Gemlik 1755.00+11.4848C  1751.2549.9248CD
Rainfed
Yaglik 1843.75+5.34"8 1796.25+7.878
Copasl 1822.50+8.76"2 1822 5047 498

1706.25+7.18ABCDE
1741.25+8.2748CD
1768.75+8.2178¢
1698.75+6.96/5C0E

1818.75+5.22/8
1846.25+5.2148
1876.25+7.39/8
1835.00+4.14%8

1886.25+4.47/8
1781.2546.15"6¢
1671.25+4.108C0F
1768.75+3.76"6¢

1910.00+7.30%8
1747.50+6.8875CD
1777.50+£9.5148¢
1791.25+4.42#8¢

'mean * standard deviation (n=3). >The properties in the line of harvest applications (1st-6th harvests) were compared with Duncan

test, and average values indicated with different letters between A and F were found statistically significant (p<0.01).

In Table 3, total flavonoid contents of leaves collected
from Ayvalik, Gemlik, Yaghk and Copasi varieties
ranged between 58156.66 mg/100g and 159045.56
mg/100g, 6378.89 mg/100g and 118378.89 mg/100g,
37267.78 mg/100g and 134267.78 mg/100g, 34378.89
mg/100g and 132712.22 mg/100g, respectively. Olive
leaves of irrigated Ayvalik variety collected on
December 29 (6th harvest) had the highest total
flavonoid content (159045.56 mg/100g), followed by
rainfed Yaglik olive leaves (134267.78 mg/100g) picked
at 4th harvest (November 17). Similar to the results of
total phenolic content, there are notably differences in
total flavonoid amounts regarding to variety and
collection time. It could be seen that the maximum total
flavonoid contents of Ayvalik, Gemlik and Cdpasi olive
leaves were found in both irrigated and rainfed samples
picked on December 29. In Yaglk olive leaves, the
highest total flavonoid content was determined in 5th
harvest (113356.08 mg/100g) for irrigated samples; in
4th harvest (134267.78 mg/100g) for rainfed leaves. The
increase in phenolic compounds of olive leaves could
originate from L-phenylalanine ammonia lyase (PAL)
enzyme activity, which increases in cold [26].
Concerning the effect of irrigation, the major decrease
from 103490.00 mg/100g to 6378.89 mg/100g was
detected in Gemlik olive leaves collected on December
8 (6th harvest). For Ayvalik and Copasi olive leaves
when the influence of irrigation was evaluated, total
flavonoid content fluctuated in regard to collection time.
However, irrigation caused a reduction in both Gemlik
(except 1st harvest) and Yaglk (except 5th and 6th
harvests) olive leaves. A study of the olive leaves

belonged to different olive varieties indicated that total
flavonoid amounts were found as 125.65 mg CE/g
(Gerboua variety), 120.88 mg CE/g (Limouni variety),
94.03 mg CE/g (Chetoui), 82.74 mg CE/g (Chemlali),
56.75 mg CE/g (Sevillane), 97.74 mg CE/g (Lucques),
76.01 mg CE/g (Rosicola), and 91.32 mg CE/g (Meski)
[22]. Abaza, et al. [23] reported that total flavonoid
contents of olive leaf extracts varied from 11.78 mg
CE/g to 21.47 mg CE/g. Total flavonoid content of
Chemlali olive leaves (98.4 mg CE/100g) was lower
than Neb jmel olive leaves (119.28 mg CE/100g) when
collected in October, while Chemlali olive leaves (377.06
mg CE/100g) had higher total flavonoid content than
Neb jmel (147.96 mg CE/100g) when collected in
January [24]. In another study, total flavonoid contents
of irrigated and rainfed olive leaves were reported as
53.94-92.14 mg QE/g for Kilis Yaglik variety and 58.13-
89.79 mg QE/g for Gemlik variety; 54.79-89.74 mg QE/g
for Kilis Yaglk variety and 34.53-88.01 mg QE/g for
Gemlik variety, respectively [25]. Moreover, similar to
current results, total flavonoid contents were higher than
total phenolic contents in olive leaves (422.9 mmol
RE/kg and 353.6 mmol GAE/kg) studied by Lama-
Mufoz, et al. [27]; in leaves of Timonius celebicus
(721.39 mg QE/g and 258.76 mg GAE/g), Psychotria
celebica (288.91 mg QE/g and 157.40 mg GAE/g), and
Gardenia mutabilis 426.82 mg QE/g and 89.486 mg
GAE/qQ) reported by Pratiwi, et al [28].
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Table 3. Total flavonoid contents of olive leaves belonged to different varieties collected from irrigated and rainfed
orchards during olive harvest period (mg/100g) *?

3rd Harvest

4th Harvest

5th Harvest

6th Harvest

66045.56+50.75'2
14045.55+16.44R
88601.111£31.20¢+
105490.00+57.665%

65490.00+52.44"9
61712.22+58.15KC
110823.33+76.285
117156.67+75.205C

63378.89+79.57%C
6378.89+18.59%
113356.08+67.635"
34378.89129.710R

159045.56+76.15"
87823.33144.58°+
110045.5651.645
132712.22166.88°5C

Process Variety 1st Harvest 2nd Harvest
Ayvalik  91712.22+59 468L 100934.44+44 885

Irrigated Gemlik 42156.66+26.33YR 23490.00+15.009R
Yaghk 102712.22+61.925%  63601.11+46.80%2
Copasi 105267.78+42.018%  39045.56153.61MR
Ayvallk  58156.66£53.221Q 80601.11£45.537N

Rainfed Gemlik 30378.89:£16.16°2R  57045.56+37.11-2
Yaghk 108490.00+72.83%Y  81378.89+66.927M
Copasi 95156.66+43.635% 89712.221+54.395L

70045.56128.06-"
70934.44124.647F
109490.00+70.785%
77378.89+63.265°

92601.1164.555+

106156.67+88.765%
134267.78+90.44%3
105378.89+84.195X

122601.11+86.26~7
103490.00+61.89%%
37267.78+38.31NR
87378.89147.84P+

126601.11£81.78~F
118378.89+91.70~C
82156.67+65.135M

127156.67+66.67°

!mean + standard deviation (n=3). The properties in the line of harvest applications (1st-6th harvests) were compared with Duncan
test, and average values indicated with different letters between A and R were found statistically significant (p<0.01).

Table 4. Antioxidant activities of olive leaves belonged to different varieties collected from irrigated and rainfed
orchards during olive harvest period (%)?

Process Variety 1st Harvest 2nd Harvest 3rd Harvest 4th Harvest 5th Harvest 6th Harvest
Ayvalik 78.85+£0.08*"  76.17+0.40° 78.43+0.15~F  77.59+0.23FF 78.17+0.45%F  79.17+0.23*F
Inigated Gemlik 78.70£0.08F  78.59+0.15°F 78.96+0.09A°  78.91x0.30~P 79.01+£0.10%%¢  78.64+0.50*F
Yaghk 78.01£0.24~F  73.86+0.17" 78.28+0.15~4F  77.96+0.32~F 78.70+0.08~%  78.17+0.24*F
Copasl 77.75+0.18°%F  77.85+0.08%F 78.43+0.150F  78.49+0.23~F 77.90+0.23%F  79.11+1.73"8
Ayvalik 77.96+0.31~F  77.59+0.23% 76.12+0.50¢ 78.59+0.42~F 79.06+0.2778¢  78.80+0.39~F
. Gemlik 78.80+£0.17~4F  78.70+0.32~F 78.96+0.09°  78.80x0.24~F 78.43+0.41~4%  78.69+0.65*F
Rainfed Yaghk 78.96+£0.17~4P  78.01+0.39~F 78.80+£0.32~¢F  78.70+0.08~F 78.48+0.41~4%  78.75+0.28~F
Copasl 77.86+£0.10%F  77.17+0.31F 78.43+0.15~F  77.75+0.18PFF 78.54+0.23~F  T78.17+0.70~F

'mean + standard deviation (n=3). >The properties in the line of harvest applications (1st-6th harvests) were compared with Duncan
test, and average values indicated with different letters between A and G were found statistically significant (p<0.01).

Antioxidant activities of olive leaves belonged to
different olive varieties are shown in Table 4. The
antioxidant activity values ranged from 76.12% to
79.17% for Ayvalik leaves; from 78.43% to 79.01% for
Gemlik leaves; from 73.86% to 78.96% for Yaglk
leaves; from 77.17% to 79.11% for Codpasi leaves.
Similar to total phenolic and flavonoid results, Ayvalik
leaves exhibited the best antioxidant activity (79.17%)
when collected on December 29 (6th harvest). The
factors such as variety, collection time and irrigation
process caused minor differences on antioxidant activity
of olive leaves. The highest reduction in antioxidant
activity when the irrigation was applied was observed in
Yaglik olive leaves (from 78.01% to 73.86%) collected
on October 6. The radical scavenging activities
determined using DPPH of Arbequina, Sikitita and
Picual olive leaves were reported as 7.2 pg/mL, 11.3
pg/mL and 12.3 ug/mL, respectively [17]. In another
study, published by Brahmi, et al. [24], the olive leaves
harvested in January showed higher antioxidant activity
(98.2% for Chemlali and 97.5% for Neb jmel) than
leaves collected in October (79.8% for Chemlali and
58.75% for Neb jmel).

The phenolic compounds of irrigated and rainfed olive
leaves are illustrated in Figure 2. The hydroxytyrosol
contents of Ayvalik, Gemlik, Yaglik and Cdpasi olive
leaves varied between 149.05 mg/100g and 361.05
mg/100g; 217.02 mg/100g and 427.59 mg/100g; 240.61
mg/100g and 522.77 mg/100g; 195.53 mg/100g and
525.29 mg/100g, respectively. Copasi olive leaves
contained the highest amount of hydroxytyrosol (525.96
mg/100g) collected in rainfed tree on September 15 (1st

harvest), followed by Yaghk olive leaves (522.77
mg/100g). The rainfed Yaglik and Copasi olive leaves
collected in early-season had higher hydroxytyrosol
content than those in late-season leaves. Additionally, a
decrease was observed in Yaglik olive leaves, while an
increase was mostly determined in Ayvalik, Gemlik and
Copas! olive leaves with irrigation. In a previous study,
the hydroxytyrosol content was found as 0.67 mg/100g
in Neb jmel olive leaves collected in October; 0.74
mg/100g in the same variety collected in January [24].
Ghomari, et al. [29] revealed that olive leaves had 0.02
mg/g hydroxytyrosol contents obtained by maceration;
15.17 mg/g hydroxytyrosol contents obtained by
sonication. The tyrosol amounts of olive leaves ranged
from 134.49 mg/100g to 328.72 mg/100g for Ayvalik
variety; from 166.34 mg/100g to 346.44 mg/100g for
Gemlik variety; from 190.66 mg/100g to 305.30 mg/100g
for Yaglik variety; from 158.71 mg/100g to 324.71
mg/100g for Copas! variety. Irrigation process caused
an increase in tyrosol concentration of olive leaves.
Moreover, no regular increase or decrease was
determined in tyrosol content during collection time.
According to the study of Lorini, et al. [30], tyrosol
contents of Arbequina, Manzanilla, and Picual olive
leaves were recorded as 6.43 ug/g, 13.11 ug/g, and
10.82 pg/g in autumn; 7.40 ug/g, 9.94 ug/g, and 7.26
Mg/g in winter; 9.20 ug/g, 12.20 pg/g, and 9.70 ug/g in
spring; 4.55 ug/g, 7.99 ug/g, and 1.29 ug/g in summer,
respectively, and these results were lower than current
study. The highest caffeic acid contents of Ayvalik
(185.93 mg/100g), Gemlik (183.20 mg/100g), Yaghk
(191.91 mg/100g) and Copasi (217.38 mg/100g)
varieties were detected in irrigated leaves collected

126



N. Uslu, M.M. Ozcan Akademik Gida 20(2) (2022) 122-131

500 I-H 600 R-H 400 I_T 400 R_T
- 500 R
400 300 300
300 g
300 200 / 200 =
O k=3
200 200 v Tt
B T 100 100
100 100
0 0 0 0
5 ; 15 Sept 6 Oct 27 Oct 17 Nov 8 Dec 29 De 15 Sept 6 Oct 27 Oct 17 Nov § Dec 29 Dy
15 Sept 6 Oct 27 et 17 Nov 8 Dec 29 Dec 15 Sept 6 Oct 27 Oct 17 Nov 8 Dec 29 Dec ept 6 ov § Dec < ep ! ! ov e ec
250 I-C 200 R-C 200 I-S 200 R-S
200 150 - P—— Am‘ﬁ 150 150
150 o | MN;M
100 100 100
100
50 50 5
30 0
0 0 0 0
15 Sept 6 Oct 27 Oct 17 Nov § Dec 29 Dec 15 Sept 6 Oct 27 Oct 17 Nov 8 Dec 29 Dec 15 Sept 6 Oct 27 Oct 17 Nov 8 Dec 29 Dec 15 Sept 6 Oct 27 Oct 17 Nov 8 Dec 29 Dec
1000 1000 200 1200

600

800 800 & A 1000

A w oty L\

o é o 4o : 500 AZ\,

100 100 A 300 M
= 100

200
200 200
100 200
0 0 0 U
15 8ept 6 Oct 27 Oct 17 Nov & Dec 29 Dec 15 Sept 6 Oct 27 Oct 17 Nov 8 Dec 29 Dec 15 Sept 6 Oct 27 Oct 17 Nov § Dec 29 Dec 15 Sept 6 Qct 27 Oct 17 Nov 8 Dec 29 Dec
I-Lu R-Lu I-A R-A
700 500 350 350

600 300 MR A 300 )\ a
400 P » A4
500 N 250 ('Qu% 250 N0
w S 'y 300 200 200
300 W 200 150 150

200 100 100
100 . 50 50
0 0 0 0 .
15 Sept 6 Oct 27 Oct 17 Nov 8 Dec 29 Dec 15 Sept 6Oct 27 Oct 17 Nov 8 Dec 29 Dec 15 Sept 6 Oct 27 Oct 17 Nov 8 Dee 29 Dec 15 Sept 6 Oct 27 Oct 17 Nov & Dec 29 Dec
400 I-0 600 R-O 200 I-L 185 R-L
500 190 180
300 L /\ i3
— 400 e 175
_— A\ R 150 P
w0 30 M 1o
170
200 165
100
100 160 160
0 0 150 155
15 Sept 6 Oct 27 Oct 17 Nov 8 Dec 29 Dec 15 Sept 6 Oct 27 Oct 17 Nov 8 Dec 29 Dec 15 Sept 6 Oct 27 Oct 17 Nov § Dec 29 Dec 15 Sept 6 Oct 27 Oct 17 Nov 8 Dec 29 Dec
I-Ci R-Ci

099 101

RO Ay

o7 96
06 93
96 94 :
15 Sept 6 Oct 27 Oct 17 Nov 8 Dec 29 Dee 15 Sept 6 Oct 27 Oct 17 Nov § Dec 29 Dec

Figure 2. Phenolic compounds of olive leaves belonged to different varieties collected from irrigated and rainfed orchards
during olive harvest period (mg/100g). ¢:Ayvalik, A: Gemlik, * : Yaglik, o: Copasl, I: Irrigated, R: Rainfed, H: Hydroxytyrosol,
T: Tyrosol, C: Caffeic acid, S: Syringic acid, R: Rutin, V: Verbascoside, Lu: Luteolin-7-glucoside, A: Apigenin-7-glucoside, O:
Oleuropein, L: Luteolin and Ci: cinnamic acid. Values are the average of 3 measurements (n=3).
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November 17 (4th harvest), while the syringic acid
amounts of Ayvalik (154.05 mg/100g), Gemlik (156.97
mg/100g), Yaglik (140.22 mg/100g) and Cdpas! (164.64
mg/100g) olive leaves were found the maximum when
collected from irrigated trees on October 6 (2nd
harvest). For caffeic and syringic acid, there is no
significant differences in regard to variety, collection
time and irrigation process (p>0.05). Pereira, et al. [31]
informed that olive leaves contained 220.5 mg/kg caffeic
acid. According to Medina, et al. [32], the commercial
olive leaf extracts contained 0.04-0.10 g/kg caffeic acid.
The rutin content of Ayvallk olive leaves (914.64
mg/100g) collected from irrigated trees on November 17
(4th harvest) was found higher than other varieties,
followed by Yaglik olive leaves (780.18 mg/100g) picked
from rainfed trees on December 8 (5th harvest). In
Copasl olive leaves, irrigation reduces the rutin amount
during collection period. Additionally, the rutin content
significantly increased from 331.71 mg/100g to 914.64
mg/100g in Ayvalik olive leaves and also decreased
from 780.19 mg/100g to 333.64 mg/100g in Yaglik olive
leaves because of irrigation process. The rutin contents
of olive leaves were detected as 0.651 mg/kg for
Arbequina variety; 0.319 mg/kg for Sikitita variety; 0.289
mg/kg for Picual variety in a study recorded by Talhaoui,
et al. [17], while Pereira, et al. [31] determined the
content of rutin as 495.9 mg/kg. The verbascoside
concentrations of Ayvalik, Gemlik, Yaglik and Copasi
olive leaves varied between 420.24 mg/100g and
659.61 mg/100g; 399.09 mg/100g and 556.51 mg/100g;
446.69 mg/100g and 1001.94 mg/100g; 482.02 mg/100g
and 777.23 mg/100g, respectively. It was observed that
the richest leaves in terms of verbascoside content
belonged to Yaglik variety and the highest amount of
this hydroxycinnamic acid was found in leaves collected
from rainfed trees on September 15. Moreover, irrigation
process caused the reduction from 1001.94 mg/100g to
503.91 mg/100g in the same variety and collection time.
Looking to similar studies in literature, the verbascoside
contents of olive leaves were recorded as 1.127-4.069
mg/kg [17] and 966.1 mg/kg [31]. In another study,
verbascoside contents of commercial olive leaves were
determined between 0.36 and 2.31 g/kg [32]. The
Ayvalik olive leaves contained the highest amount of
luteolin-7-glucoside (1460.95 mg/100g), followed by
Yaglik olive leaves (1345.08 mg/100g) when both of
them were collected from rainfed trees. A significant
reduction from 1460.95 mg/100g to 374.48 mg/100g for
Ayvalik, and from 1345.08 mg/100g to 372.65 mg/100g
for Yaglk olive leaves was detected with irrigation.
Generally, the irrigation application increased the
luteolin-7-glucoside contents of Copasi olive leaves,
while it was observed the opposite trend in Yaglk olive
leaves during harvest period. In previous studies,
luteolin-7-glucoside amounts of olive leaves were found
as 0.94-4.65 g/kg [27]; 4208.9 mg/kg [31]; 8.27-819.32
mg/kg [33]. Apigenin-7-glucoside concentrations of
Ayvalik, Gemlik, Yaglk and Copas! olive leaves were
determined as 220.52-297.22 mg/100g, 219.52-326.42
mg/100g, 214.20-323.81 mg/100g and 230.56-309.34
mg/100g, respectively. The apigenin-7-glucoside levels
showed a minor differences according to collection time
and irrigation process.
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In an experiment carried out by Pereira, et al. [31],
apigenin-7-glucoside amount of olive leaves was found
as 2333.1 mg/kg. Moreover, a similar apigenin-7-
glucoside content (2475.53 mg/kg) in olive leaf belonged
to Zalmati Zarzis cultivar was identified by Ben
Mohamed, et al. [33]. The highest oleuropein contents of
Ayvalik, Gemlik, Yaghk and Cdpasi olive leaves were
detected as 317.53 mg/100g (1st harvest), 317.08
mg/100g (3rd harvest), 397.85 mg/100g (1st harvest),
and 499.72 mg/100g (5th harvest), respectively. The
oleuropein amounts of early-season leaves collected
from irrigated trees were higher than late-season leaves.
However, there is no regular increase or decrease in
oleuropein levels of olive leaves picked from rainfed
trees. The CoOpas! olive leaves affected from irrigation
process, especially in the last three harvest, and the
maximum reduction from 499.72 mg/100g to 245.87
mg/100g was determined when collected on December
8. Similar oleuropein contents were obtained by Ben
Mohamed, et al. [33] who dedected as 3146.06 mg/kg in
Dokhar el Gorthab cultivar, and 4741.62 mg/kg in Fougi
cultivar. Salah, et al. [22] determined the oleuropein
contents between 30.76 mg/g and 57.24 mg/g. The
oleuropein concentrations were found as 25.08 mg/100g
in Neb jmel olive leaves collected in October; 19.93
mg@/100g in the same variety collected in January [24]. In
another study, oleuropein contents of dry olive leaves
were recorded as 2.337 mg/kg for Arbequina variety;
2.110 mg/kg for Sikitita variety; 2.100 mg/kg for Picual
variety [17]. The oleuropein content of olive leaves was
reported as 26471.4 mg/kg by Pereira, et al. [31].
Luteolin contents of olive leaves varied from 166.30
mg/100g to 179.14 mg/100g for Ayvalik variety; from
165.63 mg/100g to 176.64 mg/100g for Gemlik leaves;
from 164.83 mg/100g to 181.53 mg/100g for Yaglk
samples; from 168.51 mg/100g to 188.55 mg/100g for
Copas! leaves, while cinnamic acid contents of olive
leaves were determined between 96.58 mg/100g and
99.84 mg/100g. The collection time and irrigation did not
significantly affect both luteolin and cinnamic acid
contents of olive leaves. In a previous study, luteolin
contents of Arbequina, Sikitita, and Picual varieties were
recorded as 0.394 mg/kg, 0.367 mg/kg, and 0.497
mg/kg, respectively [17]. Ben Mohamed, et al. [33]
reported that luteolin amounts of olive leaves of 21
studied genotypes varied between 1.79 mg/kg (Chemlali
djerba) and 273.96 mg/kg (Zalmati zarzis). Olive leaves
have been found to be rich in phenolic compounds and
a comparison of their values with those in literature
reveal differences. These differences can be attributed
to growing temperature of plant, variety, ecological
factors, collection period, maturation, soil structure, and
analytical factors. Additionally, the structure or
properties of the plant material and bioactive
compounds may likely cause differences in the effects of
the irrigation and collection period on phenolic
compounds. Also, biochemical reactions and enzymatic
activities in growing period of olive leaves depending on
irrigation and dry agriculture applications can cause
differences in phenolic compound types, and amounts.
The varitial difference among plants can also be an
important contributing factor for determining the phenolic
profile. The presence of these important phenolic
compounds having important biological activities show
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the importance of leaves from different olive varieties for
use in the development of functional and nutraceutical
products.

Principal Components Analysis of Bioactive
Properties

Concerning eigenvalues, the first two components
accounted for 36.24% of total variance (22.63% for PC1,
13.61% for PC2). Phenolic compounds, total phenolic
and total flavonoid contents were placed in positive side
of PC1, as is illustrated in Figure 3a. Antioxidant activity
showed a negative correlation with PC1; positive
correlation with PC2. Additionally, the samples of YR-1,
CR-1, CI-1 and C1-4 were located in positive area of
both PC1 and PC2. GI-1, GI-3, GI-2 and GI-5 samples
were found in negative area of PC1 and PC2 (Figure
3b). It can be concluded that there was a positive
correlation between all of the phenolic compounds and
Copas! leaves, while negative area of PC1 axis was
correlated with Gemlik leaves (except Gl-4).

Table 5. Eigenvalues and correlations between bioactive
properties and principal components (PC1 and PC?2)

PC1 PC2

Eigenvalue 3.168 1.906
Variability (%) 22.630 13.612
Cumulative (%) 22.630 36.242
Correlations PC1 PC2

Hydroxytyrosol 0.487 -0.113
Tyrosol 0.313 -0.373
Caffeic acid 0.437 0.350
Syringic acid 0.111 -0.358
Rutin 0.203 -0.089
Verbascoside 0.585 -0.112
Luteolin-7-glucoside 0.542 0.117
Apigenin-7-glucoside 0.601 -0.080
Oleuropein 0.601 -0.052
Luteolin 0.720 0.073
Cinnamic acid 0.755 -0.143
TPC 0.233 0.804
TFC 0.124 0.839
AA -0.270 0.288

CONCLUSION

Irrigation process is applied in several olive orchards on
account of the fact that it causes positive differences in
certain properties (such as fruit growing) of olives,
although the olive tree is drought resistant. The effect of
irrigation on the physicochemical properties and
bioactive compounds of olives was reported in several
studies. However, there is no study on the influence of
irrigation on the phenolics of olive leaves, which are rich
in bioactive compounds and are consumed as extracts
or leaves. According to results obtained, not only variety
and harvest time, but also irrigation significantly affected
the total phenolic content, total flavonoid amounts, and
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Figure 3. Principal components analysis (a: Loading
plot, b: Score plot) of bioactive properties of olive leaves
belonged to different varieties collected from irrigated
and rainfed orchards during olive harvest period. AA:
Antioxidant activity, TFC: Total flavonoid content, TPC:
Total phenolic content, Caff: Caffeic acid, Lut-7-glu:
Luteolin-7-glucoside, Lut: Luteolin, Api-7-glu: Apigenin-
7-glucoside, Oleu: Oleuropein, Cin: Cinnamic acid,
Verb: Verbascoside, Hyd: Hydroxytyrosol, Tyr: Tyrosol,
Syr: Syringic acid, A: Ayvalik, G: Gemlik, C: Copasl, Y:
Yaglik, R: Rainfed, I: Irrigated.

antioxidant activities of olive leaves. In addition, the
irrigation process increased the rutin and luteolin-7-
glucoside contents of Copas! leaves, and hydroxytyrosol
amounts of Yaglhk variety, while the reduction was
observed in tyrosol and luteolin-7-glucoside contents of
Yaglik leaves; hydroxytyrosol and oleuropein contents of
Copasi leaves, and tyrosol contents of Gemlik variety
during the harvest period from September to December.
In Ayvalik variety, the concentrations of phenolic
compounds fluctuated regarding to collection time. In
view of the results, responses of olive leaves to irrigation
process showed differences according to variety during
harvest period.
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ABSTRACT

Rotavirus and astrovirus are two important foodborne pathogens for humans. This study was aimed to investigate the
presence of viruses in four slaughterhouses. In the study, swab samples were obtained from both hands of sixty
butchers working in slaughterhouses and different sections of meat processing plants and twenty-nine tools and
equipment used in slaughterhouses to determine rotavirus and astrovirus antigens by ELISA. Personnel interviews
were also held with the butchers to obtain information regarding their gender, age, education level, hygiene training,
smoking status, habits of glove use during working as well as whether they had digestive problems in the period of
study. Results of swab analyses indicated that rotavirus antigen was found in a butcher of a slaughterhouse. There
was no rotavirus antigen in any tool and equipment used in slaughterhouses. Also, there was no astrovirus antigen in
neither employee nor tool and equipment. Results showed that there was a risk of rotavirus contamination from
personnel working in slaughterhouses where general hygiene rules were not fully implemented. It can be concluded
that personal health consciousness and hygiene practices before and during working in a slaughterhouse are crucial
for personnel protection against rotavirus or astrovirus infections.

Keywords: Astrovirus, Food, Rotavirus, Hygiene, Slaughterhouse

Mezbahalar ve Et isleme Tesislerinin Galisanlar ile Alet ve Ekipmanlarinda Rotavirus ve
Astrovirus Varhgi

o0z

Rotavirus ve astrovirus, insanlar igin gida kaynakli iki 6nemli patojendir. Bu galismada, dort mezbahada rotavirus ve
astrovirus varliginin arastirilmasi amacglanmistir. Bu amagla; mezbahalarda kullanilan 29 alet ve ekipmanin yani sira
mezbahalarda ve et isleme tesislerinin farkli bélimlerinde ¢alisan 60 kasabin elinden alinan surinti érneklerinde
rotavirus ve astrovirus antijenlerinin varligi ELISA yontemi ile incelenmistir. Ayrica cinsiyet, yas, egitim durumu, hijyen
egitimi, sigara igme durumu, calisirken eldiven kullanma aligkanlklar ve c¢alisma déneminde sindirim sorunlari
yasayip yasamadiklari hakkinda bilgi almak igin kasaplarla kisisel gorismeler yapilmistir. Swap analizlerinin
sonucunda, bir mezbaha kasabinda rotavirus antijeni tespit edilmistir. Mezbahalarda kullanilan alet ve ekipmanlarda
rotavirus antijeni bulunmamistir. Ayrica ne cgalisanlarda ne de arag ve gereclerde astrovirus antijeni tespit
edilmemistir. Sonuglar, genel hijyen kurallarinin tam olarak uygulanmadigi mezbahalarda galisan personelden
rotavirus kontaminasyonu riski oldugunu goéstermistir. Mezbahada c¢alisma Oncesi ve sirasinda kisisel saglk
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farkindaliginin ve hijyen uygulamalarinin, personelin rotavirus ve astrovirus enfeksiyonlarina karsi korunmasi

acisindan oldukga 6nemli oldugu sonucuna variimistir.

Anahtar Kelimeler: Astrovirus, Gida, Rotavirus, Hijyen, Mezbaha

INTRODUCTION

Foodborne diseases caused by the contamination of
foods with pathogens may occur at any stage during the
food production, delivery and consumption chains, and
may result from a variety of factors such as pollution in
water, soil or air, unsafe food storage and processing
conditions [1]. Noroviruses, rotaviruses, hepatitis A and
E viruses and astroviruses have been reported as the
major agents of foodborne diseases [2].

Rotaviruses, classified under the family of Reoviridae,
are a genus of non-enveloped, segmented double-
stranded RNA genome-containing viruses [3]. The fecal-
oral route is the viral transmission of rotaviruses, and
foodborne disease arises from the direct contact of
processed and unprocessed foods with fecal material or
due to poor hygiene of food handlers [2].

Astroviruses, non-enveloped positive-strand RNA
viruses, have been previously isolated from human and
animal species [4]. Human volunteer studies indicated
that the transmission route for human astroviruses is the
fecal-oral route [5]. Also, astroviruses are shown to be
stable during vehicular transmission through drinking of
fresh, marine waters and sewage [6, 7].

Diseases caused by foodborne pathogens such as
bacteria, viruses, and parasites may influence human
health and the local/global economy significantly.
Recently, pathogenic factors in slaughterhouses for
foodborne diseases have been studied extensively [8,
9]. Since contamination risk from foods, water, fomite,

environment, and wastes is always possible for these
pathogens, studies, especially in enterprises producing
raw meat, on these pathogens have become very
important for human health [10]. A number of studies
have been conducted on outbreaks related to water and
food-borne rotavirus and astrovirus in the world [11-16].

The aim of this study was to determine the presence of
rotavirus and astrovirus, which are important biological
contaminants, on the tools, equipment and surfaces
used by personnel at different stages of meat production
and processing from slaughtering to packaging in
various subunits of slaughterhouses.

MATERIALS and METHODS
Materials

In this study, swap samples were taken from private
slaughterhouses in the cities of Burdur (n=3) and
Istanbul (n=1) in Turkey. Swabs with sterile cotton
containing 2 mL of phosphate buffer saline (Capricorn
Scientific, PBS1A) were taken from both hands (palm,
upper part and sides of fingers and fingernail tips) of
personnel  working in different sections  of
slaughterhouses (Table 1). Personnel interviews were
also held with the employees of slaughterhouses to
obtain information regarding their gender, age,
education level, hygiene training, smoking status, habits
of glove use during working as well as whether they had
digestive problems (diarrhea, vomiting and abdominal
pain) in the period of study.

Table 1. Distribution of sampling from slaughterhouse employees and different locations

Slaughterhouse of employees (N)

Number of swap samples from hands

Locations of sample collection in a
slaughterhouse

Burdur-1 21
Burdur-2 4
Burdur-3 14
Istanbul 21

Storage, Cutting & Deboning,
Packaging, Slaughterhouse, Offal
Cutting & Deboning, Packaging
Slaughterhouse, Offal
Slaughterhouse, Offal

In this study, sterile cotton swabs containing 2 mL PBS
were taken from all surfaces of the tools and equipment
in the working areas of slaughterhouses (Table 2).
Sampling was done only in slaughterhouses in the city
of Burdur.

Rotavirus and Astrovirus ELISA Antigen Tests

Swabs taken from both hands (palm, upperparts and
sides of fingers and fingernail tips) of employees
working in different sections of slaughterhouses and
PBS containing swabs taken from all surfaces of the
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tools and equipment in the working areas of
slaughterhouses were used in antigen tests. Qualitative
ELISA tests of rotavirus antigen (R-biopharm,
Ridascreen® Rotavirus, Germany) [17] and astrovirus
antigen (R-biopharm, Ridascreen®  Astrovirus,
Germany) [18] were used in this study. Both tests were
prepared by a sandwich-type method, which was
originally designed for the detection of viral presence in
fecal samples. Antigen tests were performed and
evaluated according to the procedures supplied by their
manufacturers.



H. Yalcin, M. Kale, O. Gursoy, H.S. Saltik, Y. Yilmaz Akademik Gida 20(2) (2022) 132-137

Table 2. Sampling distribution of the tools and equipment used in slaughterhouses in

Burdur, Turkey

Slaughterhouse

Name of tools or equipment

Number of tools or
equipment (N)

Knife

Cutting board
Packaging line
Meat apron
Hammer meat

Burdur-1

Knife

Cutting board
Meat apron
Steel glove
Chopper knife
Handle of faucet

Burdur-2

Walls of warehouse

Knife

Cutting board
Meat apron
Saw

Burdur-3

P BANNNRPRPRPPRPOWOWREFEPNEDNN

RESULTS and DISCUSSION

Results of personnel interviews including the gender,
age, educational and hygiene training status of
personnel, their habits of glove use and smoking, and
their symptoms of diarrhea, vomiting and abdominal
pain in the different sections of slaughterhouses are
given in Table 3. In this study, 86.7% (52/60) of all
slaughterhouse personnel were male and 13.3% (8/60)
were female. Their average age was between 33 and 38
years old. In terms of the education level of the

personnel participating in the study, the highest level
was high school. All employees had previously received
hygiene training. The use of gloves during working was
complete with an exception for only one slaughterhouse
(Burdur-1) (21.6%). The average smoking rate among
employees was 20% in these enterprises. It was found
that all employees did not have symptoms of diarrhea,
vomiting and abdominal pain, except for a person, who
was positive only for rotavirus, and showed the symptom
of abdominal pain.

Table 3. Demographic information of employees and their interview results in different slaughterhouses

Education Hygiene Habits of Smoking . » Abdominal
Gender  Age ) Diarrhea  Vomiting

Slaughterhouse Level* Training Glove Wearing Status Pain
72 Mean E M H Y** N Y N Y N Y N Y N Y N
Burdur-1 21 - 372 10 9 2 21 - 8 13 19 2 - 21 - 21 1 20
Burdur-2 3 1 38.0 - 2 4 - 4 - 1 3 - 4 - 4 - 4
Burdur-3 14 - 33.0 3 14 - 14 - 10 4 - 14 - 14 - 14
Istanbul 14 7 362 12 2 21 - 21 - 18 3 - 21 - 21 - 21

*E: Elementary school, M: Middle school, H: High school
*Y: Yes, N: No

It has been reported that viral agents such as Hepatitis
A virus, Adenovirus, Astrovirus, Hepatitis E virus,
Enterovirus, foot and mouth disease virus, Norovirus,
Rabic virus and Rotavirus pose a risk, as well as
bacterial and parasitic agents during the stages of meat
slaughtering, processing and consumption [19]. The
presence of rotavirus has been previously determined in
meat products such as minced meat, meatballs and
sausages prepared from beef and dairy products such
as milk, ice cream and cheese consumed in the different
regions of Egypt [20]. It has been stated that
Rotaviruses and Astroviruses are zoonotic in their
nature and that they are transmitted from person to
person or food via fecal-oral route through the hands of
people [21, 22]. Food-borne Astrovirus, Rotavirus and
Sapovirus infections have been previously reported to
provide less than 1% transmission by Scallan et al. [23],
and as a matter of fact, the results of the present study
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were found to support their conclusion. In this study,
among the samples taken from both hands of the
workers in different parts of the slaughterhouse of
Burdur-1, rotavirus antigen positivity was detected only
in a male employee with smoking and glove-wearing
habits, a high school degree, and abdominal pain
symptoms. This person was astrovirus antigen negative.
Apart from this employee, rotavirus and astrovirus
antigens were found negative in workers of other
slaughterhouses. In addition, rotavirus and astrovirus
antigens were found negative in samples taken from
tools and equipment in the working areas of all
slaughterhouses.

There are different types of viruses causing
gastroenteritis. These are usually rotavirus, Norwalk
group viruses, astrovirus and adenoviruses. Several
symptoms such as malaise, abdominal pain, pyrexia,
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diarrhea and vomiting may occur in viral gastroenteritis.
A particular hazard may present when prepared foods
are laid out since the virus can be disseminated over a
wide area in the form of aerosol droplets. These viruses
are usually transmitted via the fecal-oral route by
contaminated foods and waters [24].

Rotaviruses can replicate in mature epithelial cells at the
tips of the villi in small intestines. Virus replication is
rapid and reaches its peak within a short period [25].
Following virus replication, mature particles are released
from cells by lysis. The vehicles of viral transmission
include food, water, and person-to-person. It is
estimated that only 1% of rotavirus cases may be
foodborne [26]. ELISA is widely used in the diagnosis of
rotavirus and is a reliable and inexpensive test [27]. It
has been stated that it may give positive results in a
load of at least 10*107 virions and give false positivity
between 3-5% [28].

The capsid proteins of human and turkey astroviruses
may act like an enterotoxin and induce intestinal
epithelial barrier dysfunction according to studies on in
vitro and animal models, respectively [29]. Astrovirus
can be recovered in the feces of asymptomatic children
[30] and mammals [31], and this may reflect astroviruses
prolonged shedding or nucleic acid persistence, or
astrovirus virions can endure in the gastrointestinal tract,
and be part of the gut virome. Factors influencing a
persistent infection need to be explored, as well as
those that can trigger an increase in viral replication or a
recurrent pathogenic infection, since this can possibly
lead to severe local or disseminated infection [32].
Astroviruses and other enteric viruses are spread by the
fecal-to-oral route. Majority of illnesses from hepatitis A,
rotavirus and astroviruses are a result from water and
person-to-person transmissions [24].

Rotavirus antigen positivity was detected only in a male
employee with smoking and glove-wearing habits, high
school degree, and abdominal pain symptoms in the
slaughterhouse of Burdur-1, and this person was
astrovirus antigen negative. Interestingly, in the Burdur-
1 slaughterhouse, rotavirus or astrovirus was not
detected in the hands of employees who had a habit of
glove use while working. This result could be either
because other employees were not infected or their viral
load (10%-107 virion load) was not at a level to be
detected in the ELISA test. Rotavirus infections are
common in children under 5 years of age. Diarrhea is
usually observed in around 25% of infections according
to hospital records of developing countries [33]. General
clinical symptoms in rotavirus infections in all age
groups include fever, vomiting and non-bloody diarrhea
for 2-3 days [25]. In a rotavirus epidemic that occurred in
college students; diarrhea, abdominal pain, loss of
appetite, nausea and fatigue, vomiting, headache, chills,
low fever and myalgia symptoms were observed [34].
Symptoms of rotavirus infections in adults can be seen
in a wide spectrum. While some studies [35] reported
that abdominal pain symptoms could be observed
together with other symptoms, there were also results of
experimental studies in which no symptoms were
observed [36]. The most effective way of protection from

135

rotavirus infections is to prevent fecal-oral transmission.
For this, direct contact with the infected person should
be minimized, and contaminated food and water should
be avoided. Since 43% of rotavirus virions on human
fingers can remain alive for 60 minutes, it has been
stated that hand washing is critical in protection [37].
American Academy of Pediatrics [38] has emphasized
that the use of gloves and gowns, isolation and careful
hand washing practices are crucial in individual
protection from rotavirus infection.

Meat and meat products usually lead to intense
activities in slaughterhouses. The type of slaughtered
animals differs between countries [39]. Generally,
because of variations in practices used in
slaughterhouses, there is a continuous need for facilities
and equipment that assure a safe production of meat
and meat products for human consumption besides the
safety of the workers [40]. A slaughterhouse can have
several contaminants. The accretion of pathogens is
affected by how the animals are slaughtered,
eviscerated, and stored, and the contamination risk for
meat and meat production is high [41]. Rotavirus can
stay alive under various environments such as low
humidity level, room temperature and cold, and on
smooth surfaces for a long time [42]. It is recommended
to use hypochlorite, sodium dichloroisocyanurate and
70% ethanol solutions as disinfectants to prevent the
spread of rotaviruses [38]. Widespread vaccination can
be used for protection against rotavirus infection in
children. On the other hand, although vaccine trials are
conducted in adults, they may not be used for protection
purposes. Vaccination becomes an option only for
individuals who have a weak immune system, exhibit
diarrhea symptoms and/or are about to travel to some
countries [27].

CONCLUSION

In this study, rotavirus and astrovirus antigens were
found negative in samples taken from tools and
equipment in the working areas of Burdur
slaughterhouses. Particular attention was paid to
cleanliness and hygiene rules in the sampling areas
(ground, floor and cutting surfaces) and equipment used
in these slaughterhouses. It was observed that the
equipment and surfaces in slaughterhouses were heat-
treated at a temperature of 70°C for 5 min, and cutting
surfaces were made of either stainless steel or wood. In
addition, it could be concluded that whether employees
receive hygiene training or they generally use gloves
during working could be effective in the protection of
employees against rotavirus and astrovirus infections.
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ABSTRACT

In this study, the effect of green tea powder (GTP) in ice cream production on the ice cream properties and viability of
probiotic bacteria [Bifidobacterium animalis ssp. lactis (Bifidobacterium BB-12) (P)] was investigated. Four ice cream
groups (Control, C: without GTP and P; Probiotic Control (PC): with P; P+1% GTP; P+3% GTP samples) were
produced. Bifidobacterium BB-12 (P) was added at 108 cfu/mL. pH, overrun, color, first dripping time, complete
melting time and sensory properties were carried out on the second day. P was counted at 2, 15, 30, 45, 60, 75 and
90 days of storage. Bifidobacterium BB-12 number of PC was 6.54 log cfu/g at the 90" day. Bifidobacterium BB-12
number of PC was 7.10 log cfu/g, P+1% GTP sample was 6.48 log cfu/g and P+3% GTP sample was 5.84 log cfu/g at
the 75" day. Bifidobacterium BB-12 number of PC was 7.24 log cfu/g, P+1% GTP sample was 6.59 log cfu/g and
P+3% GTP sample was 6.69 at the 60" day. Sensory properties and probiotic counts showed that P+1% GTP sample
could be accepted as a probiotic ice cream until day 75. Hence, GTP could be successfully used as a functional
ingredient in the production of probiotic ice cream.

Keywords: Ice cream, Bifidobacterium BB—12, Green tea powder, Shelf life, Functional food

Yesil Cay (Camellia sinensis L.) Pudrasi ve Probiyotik Bakteri Kullaniminin Dondurmanin
Probiyotik Raf Omrii ve Kalite Ozelliklerine Etkisi

o0z

Bu calismada, dondurma uretiminde yesil cay pudrasi (YCP) kullaniminin probiyotik bakterinin (Bifidobacterium
animalis ssp. lactis, Bifidobacterium BB-12) (P) canliigi ve dondurma &zelliklerine etkileri arastiriimistir. Bu amagla
dort gesit dondurma 6rnegi [(Kontrol: YCP ve probiyotik bakteri icermeyen 6rnek; Probiyotik Kontrol (PK): probiyotik
bakteri iceren 6rnek; probiyotik bakteri ve %1 YCP iceren érnek (P+%1 YCP); probiyotik bakteri ve %3 YCP iceren
ornek (P+%3 YGP) uretilmistir. Probiyotik grup orneklerin Gretiminde 10® kob/mL Bifidobacterium BB-12 ilave
edilmistir. Orneklerde pH, hacim artisi, renk, ilk damlama siiresi ve tam erime siiresi ile duyusal ézellikler Uretimin 2.
gunidnde belirlenmistir. Probiyotik bakteri sayisi depolamanin 2, 15, 30, 45, 60, 75 ve 90. glnlerinde tespit edilmistir.
PK 6rneginde 90. gliinde Bifidobacterium BB-12 sayisi 6.54 log kob/g olarak bulunmustur. Probiyotik bakteri sayilar
75. ginde PK kodlu érnekte 7.10 log kob/g, P+%1 YCP kodlu 6rnekte 6.48 log kob/g ve P+%3 YCP kodlu érnekte
5.84 log kob/g olarak saptanmistir. Depolamanin 60. giiniinde ise PK kodlu érnekte 7.24 log kob/g, P+%1 YCP kodlu
ornekte 6.59 log kob/g ve P+%3 YCP kodlu 6rnekte 6.69 log kob/g olarak bulunmustur. Sonug olarak; duyusal
ozellikler ve probiyotik bakteri sayilari dikkate alindiginda P+%1 YCP kodlu 6rneginin 75. gline kadar probiyotik raf
omriani korudugu ve yesil cayl probiyotik dondurma olarak kabul edilebilecegini gostermistir. Bu nedenlerle, YCP’nin
probiyotik dondurma uretiminde fonksiyonel bir bilesen olarak basariyla kullanilabilecegi sdylenebilir.

Anahtar Kelimeler: Dondurma, Bifidobacterium BB-12, Yesil cay pudrasi, Raf 6mri, Fonksiyonel gida
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INTRODUCTION

Consumer perceptions to foods are important in the
development and marketing of products [1]. Because
the relationship between nutrition and health has a huge
impact on consumer’s nutrition preference, this has led
to the development of functional food concepts, which
have positive health effects as well as nutritional value
[2]. For this reason, consumers use foods containing
natural antioxidants, dietary fibers, natural colorants, low
calories, low fat and other natural additives. In addition,
prebiotic or probiotic bacteria supplementation to ice
cream provides functional properties and can increase
the nutritional value and health benefits of ice cream [3].
Dairy products are in the appropriate composition for the
survival of probiotics [4-6]. The viability of probiotic
culture in the food product should be adequately high,
108-108 cfu/mL or g during the shelf life [6-8]. During the
production of ice cream, the viability of probiotic strains
is significantly preserved. In particular, the effect of low-
temperature  storage  and probiotic  bacteria
supplementation on flavor, texture and other sensory
properties is very low [9]. Ice cream mix basically
include fat, protein, sugar, stabilizers, and emulsifiers
[10]. It can be supplemented with probiotics and other
active components providing additional functional
properties. So, nutritional enrichment of ice cream is an
effective way to increase the perception of health [1] and
adding green tea is thought to be a good way for
producing a new kind of ice cream. Tea is used in
green, oolong and black tea forms, obtained from the
leaves of the Camellia sinensis L plant. Green tea is
healthier because it is the least processed form. Green
tea is very beneficial because of the phenolic
compounds, especially catechins, which is powerful
antioxidant effects and health benefits [11-14]. The
nutritional significance of green tea is attributed to the
phenolic compounds (30% dry weight). Green tea
contains proteins (15-20% dry weight, dw), fiber (26%
dw), carbohydrates (5-7% dw, such as cellulose, pectin,
glucose, fructose, sucrose), lipids (7% dw), linoleic and
a-linolenic acids, minerals (5% dw, such as Ca, Mg, Mn,
Fe, Zn, etc.) and vitamins (such as B, C, E), chlorophyll
and carotenoids, volatile compounds and etc. [11].

This study aim was to investigate the effect of green tea
powder (GTP) supplementation on the viability of
Bifidobacterium BB-12 added during the freezing
process of ice cream. It was also to determine the
physical and sensory properties of ice cream samples.
In this way, the development of a new type of ice cream
with natural antioxidant, natural green color and probiotic
bacteria will be more nutritious and functional in addition
to developing different ice cream formulations.

MATERIALS and METHODS
Materials

Whole cows’ milk and cream were supplied from the
Dairy Plant of Atatlrk University (Erzurum, Turkey).
Green tea (C. sinensis) powder (GTP) was purchased
from Atatirk Tea and Horticultural Research Institute
(Rize, Turkey). The particle size of GTP used as
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supplement was less than 355um. The average dry
matter (%), ash (%), protein (%) and pH of GTP were
found, respectively, as follows: 95.47, 4.13, 21.50 and,
5.20. The GTP found in glass bottle was pasteurized in
a water bath at 65°C for 30min and stored in the
refrigerator (4°C) until use. After pasteurization, no
coliform bacteria were detected in the GTP sample (<1
log cfu/g). The freeze-dried lactic culture for Direct Vat
Set (DVS) Bifidobacterium animalis ssp. lactis BB-12,
Bifidobacterium BB-12 (NuTrish® BB-12®) (P) was
obtained from Chr-Hansen (istanbul,  Turkey).
Commercial sugar, stabilizer (salep) and emulsifier
(mono glyceride) were supplied from a local market
(Erzurum, Turkey) and skimmed milk powder by Pinar
Dairy Products Co. (Izmir, Turkey).

Ice Cream Mix Preparation and Production of Ice
Cream Samples

Whole cow milk was divided into four equal parts of 4 kg
each. The fat content of ice cream mix samples was
adjusted to 5%. The dry matter ratio of milk was
increased by the addition of nonfat milk powder. The
content of sugar (15%), fat (5%), non-fat milk solids
(11%), stabilizer (salep, 0.7%) and emulsifier
(monoglyceride, 0.2%) were the same in all ice cream
mixes. For all the parts mix preparation procedure and
pasteurization were same. One part was control sample
(C) (without GTP and P), the second one was probiotic
control (PC) (containing only P), the third one was
containing P and 1% GTP (P+GTP1 sample) and the
fourth part was containing P and 3% GTP (P+GTP3
sample) (Figure 1). Mixes were frozen in the ice cream
machinery (-5°C) (Ugur Co., Nazill, Turkey). The
cylinder capacity of the freezer was 6 L and 4 L mix was
added to allow for overrun development. The whipping
time was 15 min to get to -5°C.

Analyses

Physical, chemical, color and sensory analyses were
done after two-day storage but probiotic bacteria
evaluation was conducted for 90 days. The experimental
procedure was duplicated.

Physical and Chemical Analyses

For overrun (OR), A 100-mL cup was used and values
were calculated using the following formula [15]:

Overrun (%) = (weight of the ice cream mix — weight of
same volume of the ice cream sample) / (weight of same
volume of the ice cream sample) x 100

First dripping time and complete melting time were
determined according to Guven and Karaca [16]. pH
values of the samples were determined according to
AOAC [17]. The chemical parameters evaluated were
protein (Kjeldahl method), and Fat (Gerber method) of
ice cream samples were determined according to Gursel
and Karacabey [18].
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Color Measurement

The color measurements of the ice cream samples were
determined with a Minolta colorimeter CR-200 (Minolta

Camera Co., Osaka, Japan) according to the method
suggested by Cakmakci et al. [19].

Raw cow milk and sugar

\

Heating (40 “C)

\

Adding of cream

v

Addition of skim milk powder, emulsifier,
sahlep with rapid stirring

Pasteurization at 80 °C for 20 min

v

Cooling to 4 *C for 18-20 h for aging of mix

Control Adding of probiotic®

hardening at -20 °C

v

Packaging (sterile bottles for probiotic bacteria
enumeration and polvethylene bowls and for
other analysis/100 g)

Adding of probiotic

Adding of probiotic

and 1% GTP**

+ and 3% GTP
Batch freezing batch with ice cream mak‘ex T

Pasteurization at 65 °C
for 30 min

t

GTP

Storage at-18 °C

+

Analysis

Figure 1. Processing steps for ice cream production
*Probiotic: Bifidobacterium animalis ssp. lactis (Bifidobacterium BB-12)
*GTP: Green tea powder

Bifidobacterium BB-12 Count

The number of viable probiotic bacteria was determined
at 2, 15, 30, 45, 60, 75 and 90 days of frozen storage at
-20+1°C. 10 g ice cream sample were serially diluted
(WA)) up to 107 with sterile 0.85% NaCl solution. Then,
spread-inoculated in duplicate onto plates of de Man,
Rogosa, Sharpe agar (MRS agar, Merck) for
Bifidobacterium BB-12. The inoculated plates were
incubated in anaerobic jars for 72h at 35+1°C
anaerobically using Anaerocult A (Merck, Darmstadt,
Germany).

Sensory Analysis

For the sensory assessment of the ice cream samples,
fifty consumer panelists were chosen. The panel of
assessors was an external panel of non-smokers who
were very familiar with ice cream products [20].
Panelists were students or academic staff of Ataturk
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University Food Engineering Department (Erzurum,
Turkey). The samples were assessed for color,
gumminess, texture, flavor, sweetness, and general
acceptability. Point scale ranging from poor (1) to
excellent (9) was used for sensory evaluation. For color,
texture, flavor, and general acceptability criteria; A score
of 9-8 means very good, 7-6 is good, 5-3 is average and
2-1 means bad. For the chewiness and sugariness
criteria, 9-8 means normal/ideal, 7-6 means less, 5-3
means more, and 2-1 means no/not enough. During the
sensory analysis, panelists drank warm water to
neutralize the mouthfeel between samples.

Statistical Analysis

Completely randomized factorial design was used to
conduct the experiments, which included the four ice
cream sample types (C, PC, P+GTP1 and P+GTP3),
seven storage periods (2, 15, 30, 45, 60, 75, 90 days)
and two replicates. Statistical analyzes were performed
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using SPSS 22.0 (SPSS Inc.,
software.

Chicago, IL, USA)

RESULTS and DISCUSSION
Physical and Chemical Properties

The pH, protein and fat content results of ice cream
samples are shown in Table 1. The pH values of PC and
P+GTP1 samples were not different statistically but the
other samples were different (p<0.05). GTP and
probiotic bacteria addition decreased pH when
compared to the Control sample. Probiotic bacteria are
lactic acid bacteria and they lower the pH of the ice
cream as they are added to the mix. The pH of the GTP

used in the research is also 5.2 and it is lower than the
pH of the mix. For these reasons, the pH of the samples
can be listed as follows: C > PC > P+GTP1 > P+GTP3.
GTP addition caused increases in the protein content as
the relative of ice creams compared to the Control and
Probiotic Control samples. As the amount of GTP added
increased, the protein content of the ice cream also
increased. This result can be explained by the high ratio
of dry matter (95.47%) and protein (21.5%) of GTP. As
the amount of GTP added increased, the fat content of
the ice cream decreased (Table 1). Since it has been
reported in the literature that green tea contains 7% lipid
[11], it is thought that this amount may cause a slight
decrease in the fat content of ice creams.

Table 1. The physical properties of ice cream samples produced

Ice cream Properties?

samples? pH Protein (%) Fat (%)

C 6.48+0.03% 5.14+0.19° 5.15+0.0.072°
PC 6.27+0.01° 4.79+0.04° 5.20+0.142
P+GTP1 6.25+0.01° 5.36+0.14% 5.05+0.07%
P+GTP3 6.19+0.01° 5.68+0.04% 4.93+0.04°

1C, Control sample (no GTP and P); PC, Probiotic control (containing
only P); P+GTP1: containing P and 1% GTP; P+GTP3: containing P
and 3% GTP; ?Means * standard deviation followed by different letters
in the same column are significantly different (p<0.05).

Overrun is a defined an increase in volume of ice cream
during processing and is related to yield and profit to the
producer [21]. Overrun values were significantly different
between samples (p<0.05) and varied from 18 to 40 %
(Table 2). The lowest overrun was obtained in P+GTP1
whereas the highest was in the PC sample. The
increased level of GTP decreased the overrun value.
This result was similar to studies by Goraya and Bajwa
[21] who added ‘Indian gooseberry’, Cakmakgl et al. [19]
who added oleaster flour and crust, and Yangilar [22]
who added banana flour and pulp in ice cream. Goraya
and Bajwa [21] explained that the increasing level of
gooseberry decreased overrun by weakening air
incorporation. Akalin et al. [23] reported that low overrun
values (varied 20.7-39.2%) could be because of using a
batch type freezer for freezing process and composition
of ice creams. In another study, the increased cassava

bagasse content decreased the overrun and could be
the reason for the increase in viscosity of the mix,
decreasing the molecular mobility, which made
incorporation and uniform distribution of the air cells
difficult [24]. Bahramparvar et al. [25] found that the
overrun value of ice creams produced with some gums
was changed between 18.8% to 28.6% and they thought
that the low overrun could be related to the inefficiency
of the ice cream maker in air incorporation and
excessive time required for freezing. On the other hand,
air in ice cream gives a light texture and effects the melt
down and hardness; not only amount of air incorporated
but also the distribution of size of the air cells influences
these parameters [26]. The properties of ice cream
depend mostly upon the components used as well as
manufacturing parameters and storage [26-28].

Table 2. The technological and color properties of ice cream samples

Technological Properties?

Color parameters

Ice cream - _ -
samplest Overrun First dropping Complete melting L* a* b

(%) time (s) time (s)
C 37.9+0.11° 3620+84.8° 5430+42.42 85.62+0.90% 3.16+0.09° 9.42£0.01°
PC 40.5+0.10% 2040+28.3° 5005+21.2° 84.19+0.95% 3.07+0.06° 9.61+0.28°
P+GTP1 29.0+1.00¢ 2610+42.4° 3900+84.8¢ 65.00:+0.99° 6.20+0.03° 25.10+0.44°
P+GTP3 18.4+0.54° 2760+84.8" 4080+84.8° 54.06+0.35° 5.08+0.72° 26.14+0.10%

¢, Control sample (no GTP and P); PC, Probiotic control (containing only P); P+GTP1: containing P and 1% GTP;
P+GTP3: containing P and 3% GTP; 2Means + standard deviation followed by different letters in the same column are

significantly different (p<0.05).

The first dropping and complete melting time values are
given in Table 2. The highest first dropping time
belonged to the control sample and the lowest one was
the probiotic control sample. GTP caused longer first

dropping time to the PC sample and but the samples
with GTP melted more rapidly than the PC and P
samples, respectively. As the GTP ratio increased, the
first dropping time and complete melting time became
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longer in P+GTP1 and P+GTP3 samples (Table 2). The
adding of banana peel flour affected the first dropping
time positively and increasing of banana pulp caused
longer first dropping times [21]. P+GTP3 sample had
more protein content than P+GTP1 due to high protein
content (21.5%) of GTP used in this study and this
protein content can be reason for difference in melting
properties. It was reported that protein structure may
influence the viscosity of the ice cream mixes although
total solid, fat, and protein concentrations were held
constant in ice cream mix [29,30]. In addition to high
protein content of green tea, drying of the leaves at high
temperatures (above 100°C) can be another reason.
Because of being partially denatured proteins often
show important hydrophobic interactions, and the
structure of the continuous phase is strengthened,
causing increased amounts of bound water. Two
different stevia varieties (Stevia rebaudiana Morita and
Criolla) and extract concentrations (5% and 8%), which
were used in ice cream production, had significant
influence on overrun and it was shown that the higher
the concentration of extract, the lower the percentage of
yield of whipping in both varieties. In the same study,
the ice cream made with S. rebaudiana Criolla sowed
less tendency to melt. Authors stated that the low or
rapid melting was generally linked to the amount of
sweetener, stabilizer and/or emulsifier [30]. Muse and
Hartel [32] showed that the extent of fat destabilization
and ice crystal size had the largest effect, but overrun
was not an effective factor in the melting rate and it was
caused by the thickener and plasticizer effects of high
levels of sugar in solution. Although slower melting rate
in the ice creams with higher overruns was attributed to
a lower heat transfer rate due to the larger air volume, it
was also stated that it could be due to the more
circuitous flow of the melting liquid [32]. Sakurai et al.
[33] also reported that ice cream with high overrun
began to melt slowly and showed good resistance to
melting.

Color Properties

Consumers prefer natural colors, especially processed
foods. Table 2 shows the color values (L*, a*, b*) of the
ice cream samples. The L*, a*, and b* color values were
influenced by the addition of GTP. These values
significantly differed between samples (p<0.01). As

expected, the addition of GTP increased the redness
and yellowness of ice creams but decreased the
lightness. Similarly; Hezer [34] determined that the
addition of purslane (Portulaca oleracea L.) (5, 10 and
15%) decreased L* and a* values and increased b*
values in ice cream samples. According to Silva Faresin
et al. [35], the addition of Spirulina platensis powder
(1%) decreased the L* (53.95-57.17), a* (-9.02 and -
7.40), and b* (17.99-22.11) values of ice cream
samples. On the other hand, there was no statistically
significant difference in control samples (C and PC). The
most similar L* value to the control samples was found
in P+GTP1 sample. In sensory analysis, P+GTP1
sample with a light green color was preferred than
P+GTP3 sample (Table 2).

Viability of Bifidobacterium BB-12

The viable Bifidobacterium BB-12 counts are shown in
Table 3. Bifidobacterium BB-12 count showed significant
differences (p<0.05) among the samples and ranged
from 7.50 to <2 log cfu/g among the samples. The
highest average Bifidobacterium BB-12 count was found
in the PC group. PC samples retained probiotic
characteristics during 90 days (>10° cfu/g). Probiotic
bacteria generally show good survivability in ice cream
up to the end of shelf life [5,9]. Generally, the addition of
GTP reduced the number of Bifidobacterium BB-12
according to the PC sample, but probiotic properties
were retained up to 75 days with P+GTP1 and 60 days
with P+GTP3. Perhaps, probiotic viability may have
decreased during the ice cream processing, due to the
lengthening of the process for more homogeneous
mixing of the green tea powder. The researches have
shown that the counts of probiotic bacteria decrease
significantly throughout storage. However, it was stated
that mixing and freezing processes during the
conversion of the mixture into ice cream had a greater
effect on the reduction of probiotic bacteria viability [9].
When the results are evaluated collectively; It can be
said that the ice cream sample (P+GTP1) produced with
the addition of 1% GTP and Bifidobacterium BB-12
preserves the probiotic ice cream criteria for 75 days
(Table 3). As probiotic ice cream samples, PC>90 days,
P+GTP1 =75 days and P+GTP3 = 60 days were found
to have probiotic properties (Table 3).

Table 3. Bifidobacterium BB-12 counts of ice cream samples (log cfu/g)

Ice cream samples?

Storage (day)

pC? P+GTP1 P+GTP3
2 7.50+0.50° 7.00£0.03%° 7.00+£0.00%*
15 7.30£0.30% 7.00£0.00%° 6.85+0.15¢
30 7.49+0.09° 6.95+0.05%° 6.89+0.11°¢
45 7.39+0.05% 6.93+0.08° 6.93+0.07¢
60 7.24+0.247 6.59:+0.11% 6.69+0.09°°
75 7.10£0.02%¢ 6.48+0.00° 5.84+0.09"
90 6.54+0.27%° 5.860.09' -

!Means * standard deviation followed by different letters in the same column are significantly different
(p<0.05); 2PC, probiotic control (containing only P); P+GTP1: containing P and 1% GTP; P+GTP3: containing

P and 3% GTP
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Sensory Properties

The sensory characteristics of ice cream samples are
shown in Table 4. The ice creams with probiotic bacteria
has been found to have little effect on its flavor, texture
or other sensory characteristics. A similar result was
also reported by Mohammadi et al. [9]. But, the addition
of the GTP significantly affected the sensory qualities of
the samples. Color scores were significantly different,
between 6.52 and 8.32. The highest score was
determined in Control. Other samples are different
statistically. GTP gave a greenish color to ice cream that
was desirable for some panelists, especially 1% GTP
addition. The samples containing GTP showed relatively

Table 4. Sensorial properties of ice cream samples

low scores in terms of organoleptic qualities compared
to the C and PC groups. However, in general, PC and
P+GTP1 samples were found to be statistically similar
(Table 3). The C sample is considered to have higher
scores due to the usual color, texture, sweetness, etc. of
the ice cream. Panelists reported that P+GTP3 sample
had a mild texture and melted easily. Also, 3% GTP
negatively affected all the sensorial properties. Panelists
indicated that as GTP amount increases in the ice
cream samples, they felt bitterness; especially the 3%
GTP was more bitter. This bitterness is due to the
composition of green tea and it is felt more as the usage
rate increases. P+GTP1 sample was favored by the
panelists after C and PC samples.

Ice crearP Color? Texture Gumming Flavor Sweetness General
samples structure acceptability
C 8.3+0.02 7.8+0.02 7.5+0.22 7.6+0.12 8.0£0.0% 7.8+0.32
PC 8.2+0.2% 7.6+0.22 7.1%0.1° 7.0£0.5% 7.6£0.23° 7.5£0.2%
P+GTP1 7.6+0.2° 7.7+0.02 7.1%0.2° 6.1£0.5° 7.4£0.2° 6.8+0.2%
P+GTP3 6.5+0.3° 7.34+0.1° 6.6£0.1°¢ 4.4+0.3° 6.1£0.1° 4.8+0.8°

1C, control sample (no GTP and P); PC, probiotic control (containing only P); P+GTP1: containing P and 1% GTP;
P+GTP3: containing P and 3% GTP; ?Means * standard deviation followed by different letters in the same column are

significantly different (p<0.05).
CONCLUSIONS

In the production of probiotic ice cream with
Bifidobacterium BB-12, and 1% GTP supplement, the
probiotic property of the ice cream was preserved for up
to 75 days. The ice cream containing 1% GTP were
preferred by the panelists in respect to sensorial
properties following the C and PC samples. In general,
PC and P+GTP1 samples were found to be statistically
similar. Given GTP’s nutritive content and functional
properties, it may be used as a suitable of natural
additive in ice cream production to enhance nutritional
value, antioxidant capacity and natural greenish color.
Overall evaluation of the results led to the conclusion
that 1% GTP may be a suitable natural additive in
probiotic ice cream formulation in spite of its slight
bitterness. However, conscious consumers, who know
the benefits of green tea, probiotics, and health effect
said that a slight bitterness caused by tea in ice cream
with 1% GTP is not important.
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Bu galismada, kurumaddesi slt tozu, peyniraltl suyu izolati veya inilin kullanilarak arttirilan sutler gerek kalsiyum
kloriir ilave edildikten sonra gerekse ilave edilmeden probiyotik yogurt iretiminde kullanilmistir. Uretilen probiyotik
yogurt ornekleri 4°C'de 30 glin suresince depolanmis ve depolamanin 1., 15. ve 30. ginlerinde 6rneklerin
fizikokimyasal, duyusal ve mikrobiyolojik 6zellikleri belirlenmistir. Kalsiyum klorlr ilavesinin sitlerin pH degerlerini
disirdigi ve inkibasyon suresini arttirdidi tespit edilmistir. Peyniralti suyu izolati ilave edilen sitlerden retilen
probiyotik yogurt orneklerinin serum ayrilmasi degerlerinin sit tozu ve inilin ilave edilen sltten Uretilen yogdurt
orneklerinden disik; gorindr viskozite, kivam katsayisi ve tiksotropi degerlerinin yiksek oldugu belirlenmistir. Site
kalsiyum klorUr ilavesinin probiyotik yodurt érneklerinin serum ayrilmasi degerlerini ve reolojik dzelliklerini istatistiksel
olarak 6nemli duzeyde etkiledigi saptanmigstir. Peyniralti suyu izolati ile kurumadde miktari arttirilan sitten Uretilen
probiyotik yogurt orneklerinde en yuksek granul sayisi, granul ¢evre uzunludu ve gorsel purizlllik degerleri
belirlenirken, kalsiyum klorur ilavesinin probiyotik yogurtlarin gorsel niteliklerini gelistirdigi tespit edilmistir. Depolama
sliresince probiyotik yodurt érneklerinde Lactobacillus paracasei sayisinin 7.71-8.98 log kob/g arasinda degistigi ve
sute kalsiyum klorur ilavesinin probiyotik bakteri canlihdini etkilemedigi belirlenmistir.

Anahtar Kelimeler: Iniilin, Kalsiyum kloriir, Peyniralti suyu izolati, Probiyotik yogurt, Siit tozu

Some Physicochemical, Microbiological and Sensory Properties of Probiotic Yoghurts
Produced from Milk with Increased Dry Matter Content by Addition of Milk Powder, Whey
Isolate or Inulin before and after Calcium Chloride Incorporation

ABSTRACT

In this study, probiotic yoghurt was produced after adding calcium chloride to the milk whose dry matter content was
increased with milk powder, whey isolate or inulin. Probiotic yoghurt samples were stored at 4°C for 30 days and the
physicochemical, sensory and microbiological properties of samples were determined on the 1%, 15" and 30" days of
storage. The addition of calcium chloride decreased the pH values of milks and increased incubation time. Syneresis
values were determined in probiotic yoghurt samples produced from milk whose dry matter content was increased
with whey isolate were lower than probiotic yoghurt samples produced from milk whose dry matter content was
increased with milk powder and inulin, while apparent viscosity, consistency coefficient and thixotropy values were
high. The addition of calcium chloride influenced the syneresis values and rheological properties of probiotic yoghurt
samples significantly (p<0.05). While the highest number and perimeter of grains and visual roughness values were
determined in probiotic yoghurt samples produced from milk with increased dry matter content by the addition of whey

isolate, the addition of calcium chloride improved the visual properties of probiotic yoghurts. The number of

145


https://orcid.org/0000-0002-9751-1020

F. Ergin Akademik Gida 20(2) (2022) 145-160

Lactobacillus paracasei in probiotic yogurt samples during storage varied between 7.71 and 8.98 log cfu/g, and the
addition of calcium chloride did not adversely influence the number of probiotic bacteria.

Keywords: Inulin, Calcium chloride, Whey isolate, Probiotic yoghurt, Milk powder

GIRiS

GlUnUimuzde saglikl ve uzun yasam beklentisi, gida-
saglik arasindaki iligki ile ilgili bilincin artmasi, tiketicileri
dogal besin kaynaklari ve fonksiyonel gidalara
yonlendirmektedir [1]. Fonksiyonel gidalar, temel besin
Ogelerini karsilamalarinin yani sira, bazi hastaliklara
yakalanma riskini azaltan ve bazi hastaliklarin
iyilesmesinde rol alan, biyoaktif bilesenleri iceren gida
veya gida bileseni olarak tanimlanmaktadir [2].
Tuketicilerin fonksiyonel gidalara ilgisinin artmasi sut
endustrisinde ekonomik degeri yuksek yeni yogurt
cesitlerinin Uretiimesine neden olmaktadir [3]. Sitin
Streptococcus thermophilus ve Lactobacillus delbrueckii
subsp. bulgaricus bakterileriyle fermantasyonu sonucu
uretilen yogurt, besleyici ve sagliga faydali &zellikleri
nedeniyle en cok tuketilen sut Grlnlerinden biridir [4].
Yogurdun s6z konusu Ozelliklerinin gelistiriimesi igin
Uretiminde mineral madde ve vitamin zenginlestirmesi
yapilabilmekte ve probiyotik bakteri kullanilabilmektedir

[5].

insan viicudunda en ¢ok bulunan mineral madde olan
kalsiyum, kemiklerin olusmasinda ve gulglenmesinde,
kas ve sinir sisteminin calismasinda, hormonlarin
salgilanmasinda ve enzimlerin aktivasyonda goérev
almaktadir. insanlarin yas ve fizyolojik durumlarina bagl
olarak diyetle giinde 1000-1300 mg kalsiyum almasi
onerilmektedir. Kalsiyumun vicuttaki emilimi ilerleyen
yaslarda azalmakta ve kalsiyum yetersizligine bagh
hastaliklar ortaya ¢ikmaktadir [6]. Kalsiyum kaynaklari;
kurubaklagiller, sert kabuklu yemisler, yagh tohumlar,
bazi meyve ve sebzeler ile sut ve sut Grunleri olarak
siralanabilmektedir [7]. Gidalarla viicuda alinan
kalsiyumun emilimi kaynagina goére degismektedir.
Vicuda sut ve sit Granleriyle alinan kalsiyumun emilim
oraninin, okzalik asit ve fitik asit bakimindan zengin olan
kurubaklagillerle alinan kalsiyumun emilim oranina gére
daha yuksek oldugu bildiriimektedir [7]. Fermente st
Urtnlerinde bulunan kalsiyumun emilim oraninin ise site
gbre daha yuksek oldugu ve bu nedenle yogurt gibi
fermente sut drtnlerinin kalsiyum ile
zenginlestiriimesinin énemli oldugu belirtiimektedir [8].
Kalsiyum saglikla ile ilgili olumlu 6zelliklerinin yani sira
yogurdun jel yapisinin olusumunda da rol oynamaktadir
[9]. Sutteki kalsiyum ¢ozindr veya kolloidal formda
(kolloidal kalsiyum fosfat) bulunmaktadir. Yogurt jeli,
sutte kalsiyum dagiliminin dengesindeki degisiklikler ve
sut proteinleri arasinda hidrofobik etkilesimler sonucu
olusmaktadir. Sitiin pH degerindeki degisiklikler, site
uygulanan isil islem veya ilave edilen kalsiyum tuzlarn ya
da selat ajanlan, sitteki kalsiyum dagihmindaki
dengenin degismesine ve sutln islenmesi sirasinda
kazein sisteminin stabilitesinin etkilenmesine neden
olmaktadir.  Sutin  yogurt  bakterileri  tarafindan
fermantasyonu sirasinda olugan laktik aside bagl olarak
kazein  misellerindeki  kolloidal  kalsiyum  fosfat
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¢6zinmekte ve kazein miselleri yogurdun jel yapisini
olusturmak Uzere bir araya gelmektedir [10].

Yogurdun yapisini, besleyici degerini ve raf omrinu
etkileyen bir diger islem basamagi da sutteki kurumadde
miktarinin sut bazh tozlarin ilavesi, evaporasyon ve
membran filtrasyon sistemleri gibi  yontemlerle
arttinlmasidir [3,11]. Yagsiz sut tozu, peyniralti suyu
tozlari (peyniraltt suyu konsantrati, peyniralti suyu
protein izolati, polimerize peyniralti suyu tozu) ve kazein
tozlari (kalsiyum kazeinat, sodyum kazeinat) ile cesitli
karbonhidrat yapidaki prebiyotikler (indlin, laktuloz,
glukan, maltodekstrin) yogurda islenecek sutiin
kurumaddesinin arttinimasinda kullanilabilmektedir [12,
13]. Peyniralti suyu protein izolatinin kullanimi, siki bir
yogurt jeli elde etmek ve igerdigi ylksek orandaki
peyniralti suyu proteinleri ile yogurdun besin degerini
artirmak amaciyla tercih  edilebilmektedir  [14].
Prebiyotik olarak kabul edilen indlin sut Grinlerinin
kimyasal, fonksiyonel ve duyusal &zelliklerini
gelistirmekledir [15]. indilin, fruktoz ve glukoz birimlerinin
B-1,2 glikozidik baglarla bir araya gelmesiyle olusan
dusuk kalori degerine sahip bir oligosakkarittir. Yogurt
uretiminde yag ve seker ikame maddesi olarak
kullanilabilen inllin, insan bagdirsaginda probiyotik
bakterilerin canhligini  desteklemekte ve bdylelikle
gastrointestinal hastaliklarin 6nlenmesinde, kalsiyum
emiliminin  artmasinda ve  bagisikhk  sisteminin
guglendiriimesinde rol almaktadir [15].

Probiyotikler, yeterli miktarda alindigi zaman konakgi
Uzerinde saghga vyararh etkiler saglayan canli
mikroorganizmalar olarak tanimlanmaktadir. Probiyotik
bakterilerden beklenen yararlarin saglanabilmesi igin
rbnlerin raf 6mdrlerinin sonuna kadar en az 107-10°
kob/g diizeyinde probiyotik bakteri bulundurmasi
gerektigi belirtiimektedir [16]. Probiyotik bakterilerin
canliliklarini fermente sut Grtinlerinin pH degeri, hidrojen
peroksit ve ¢dzinmus oksijen igerigi, laktik asit ve asetik
asit gibi metabolitlerin konsantrasyonu, Uretiminde
kullanilan dogal bilesikler, ortamin tampon kapasitesi ve
depolama sicakhgi gibi faktorler etkileyebilmektedir [17].
Son yillarda vyapilan klinik c¢alismalarla probiyotik
bakterilerden biri olan Lactobacillus paracasei’nin
hipokolesterolemi, antihipertansif, antiosteoporoz,
antimutajenik, antioksidan, antikanser ve antiiflamatuar
gibi insan saghgina faydal etkileri oldugu belirlenmistir
[18]. Ayrnica, L. paracaseinin fermente sut Grlnlerinin
Uretiminde, depolanmasinda ve tiketimindeki olumsuz
kosullara karsi canliligini koruyabildigi bildirilmistir [19].
Bu calismada stz konusu bilgiler 1siginda probiyotik
yogurt Uretiminde L. paracasei kullaniimistir.

Farkh kalsiyum tuzlar ilave edilen sttlerden yogurt,
meyveli yogurt, probiyotik yogurt ve probiyotik fermente
iceceklerin Uretildigi ¢calismalarda [8, 10, 20] kalsiyumun
ilavesinin s6z konusu Urlnlerin yapisal, duyusal ve
mikrobiyolojik ~ 6zellikleri ~ Uzerine  etkisi  ortaya
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konulmustur. Bununla birlikte yapilan c¢alismalarda,
sutteki kalsiyum miktari degisikliginin [10] ve kurumadde
artirminda kullanilan bilesenlerin [14, 15] yogurdun
Ozelliklerini etkiledigi ortaya konulmakla birlikte her iki
varyasyonun birlikte etkisini incelememistir. Yapilan bu
calisma, probiyotik yodurdun bazi Ozellikleri (zerine
kalsiyum miktarinin ve kurumadde artirnminda kullanilan
bilesenlerin etkisinin bir arada incelenmesi agisindan
o6zgundur. Bu baglamda c¢alismada, kurumadde miktari
yagsiz suUt tozu, peyniralti suyu izolati ve inulin ile
arttirlan sutlerden kalsiyum klorir ilave edilerek ya da
ilave edilmeksizin Lactobacillus paracasei kullanilarak
probiyotik yogurt Uretilmistir. Calismada, kurumadde
artinminda kullanilan bilesenlerin ve kalsiyum klorGrin
probiyotik yogurt o6rneklerinin  bazi fizikokimyasal,
mikrobiyolojik ve duyusal o6zellikleri Uzerine etkisi
depolama suiresince belirlenmistir.

MATERYAL ve METOT
Materyal

Probiyotik yogurt dretimlerinde kullanilan inek siti AAA
Universitesi Ziraat Fakiiltesi Déner Sermayesi'ne bagl
Sigir Ciftliginden, yogurt starter kultirii (YOFLEX®
M790) ve probiyotik bakteri Lactobacillus paracasei (L.
CASEIl 431® Chr. Hansen Gida San. Tic. A.S.den
(istanbul, Tirkiye), yagsiz sit tozu (%95 kurumadde,
%40 laktoz) Ekso Sut ve Gida Mam. San. ve Tic.
A.S.’den (Antalya, Turkiye), peyniraltt suyu izolati
(Hardline Nutrition, %96 protein) Kavi Gida San. Tic.
Ltd. Sti.’den (istanbul, Tirkiye), iniilin (Frutafit HD, %90
indlin) Sensus’dan (Roosendaal, Hollanda), kalsiyum
klorir (Calcium chloride anhydrous powder, 110.98
g/mol) ile fizikokimyasal ve mikrobiyolojik analizlerde
kullanilan kimyasallar Merck ilag Ecza ve Kimya Tic.
A.S.den (istanbul, Tirkiye) temin edilmistir.

Probiyotik Yogurt Uretimi

Probiyotik yogurt Uretimlerinde kullanilan inek sitl
(kurumadde %12.0, yag %3.4, protein %3.3, kil %0.7)
55°C’ye 1sitilarak yag orani separatér (G140 model,
SMS Ltd. S$ti., Kayseri, Turkiye) yardimiyla %0.1’e
ayarlanmistir. Yagsiz sutiin kurumadde miktari yagsiz
sut tozu, peyniralti suyu izolati ve indlin kullanilarak
yaklasik %12 olacak sekilde ayarlanmigtir. Kurumaddesi
standardize edilen suitler iki kisma ayrilmis ve ilk kisma
kalsiyum miktari 50 mg/100 mL st olacak sekilde
kalsiyum klorur ilave edilmistir [19]. Sdtlerin kalan
kismina ise kalsiyum klorir ilavesi yapilmamistir.
Yapilan 6n denemelerde kurumadde miktari peyniralti
suyu izolati kullanilarak arttirilan ve kalsiyum klorir ilave
edilen sutlerde 90°C’de 5 ve 10 dakika uygulanan isil
islemler sonucunda koagulasyon yapi tespit edilmistir.
S6z konusu nedenle peyniraltt suyu proteinlerinde
%5'den az denatlrasyona neden olan 80°C'de 10
dakika 1s1l islem sicakligi ve suresi secilmistir [21]. Sttler
80°C’de 10 dakika suresince isil islem uygulandiktan
sonra 42°C’ye sogutulmustur. Sogutulan sttlere liyofilize
olarak satin alinan 0.04 g/L oraninda yogurt starter
kiltart ile 0.05 g/L oraninda L. paracasei asilanmis ve
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sitler 42°C'de pH’si 4.6’ya ulasincaya kadar inkibe
edilmisti. Calismada probiyotik yogurtlar  pihtis
pargalanmig (stirred) tipte Uretilmigtir. Bu dogrultuda,
inkibasyon sonunda elde edilen probiyotik yogurtlar
4°C’ye sogutulmus ve analizler sirasinda homojen
yapinin saglanmasi igin mikser (Bosch Mixxo Quattro,
Jesenice, Slovenia) ile 30 saniye karistirnlmistir. Daha
sonra probiyotik yogurt 6rnekleri 200 mllik kapakh
plastik ambalajlar icerisine dolduruimus ve 30 gln
slresince 4°C’de depolanmigtir. Probiyotik yogurt
Uretimine ait akis semasi Sekil 1’de verilmistir.

Analizler
Sitte Yapilan Analizler

Probiyotik yogurt tretiminde kullanilan sitin kurumadde
[22], protein [23], yag [24] ve kil [25] miktarlar sirasiyla
gravimetrik yontem, Gerber yontemi, Kjeldahl yontemi
ve gravimetrik yontem kullanilarak tespit edilmistir.
Calismada kullanilan sutlerin ve probiyotik yogurt
orneklerinin pH degerleri pH metre (Orion 2 Star,
Thermo Scientific, Ayer Rajah Crescent, Singapore) ile
Olgllirken, titrasyon asitligi degerleri % laktik asit
cinsinden titrimetrik yontem kullanilarak belirlenmistir
[26].

Probiyotik Yogurtlarda Fizikokimyasal Analizler

Probiyotik yodurt érneklerinin toplam kurumadde ve kdl
miktarlari Uluslararasi Sutgllik Federasyonu (IDF)’nin
verdigi referans metoda go6re gravimetrik yontem
kullanilarak tespit edilmistir [27]. Protein miktari Kjeldahl
metodu ile belirlenmis olup [28], serum ayrilmasi degeri
ise Arango ve ark.nin [29] bildirdikleri yoénteme gore
saptanmigtir.

Probiyotik Yogurtlarda Goriintiileme Analizleri

Probiyotik yogurt drneklerindeki granulli  yapinin
belirlenmesinde, granil sayisi ve granll ¢gevre uzunlugu
olmak Uzere iki parametre kullaniimistir. S6z konusu
parametreler, gortntileme analizi ile Kigukcetin ve ark.
[30] belirttikleri  yontem kullanilarak  belirlenmistir.
Goruntileme analizinde BAB Bs200 (BAB Image
Analysing Systems Inc., Ankara, Turkiye) yazilimi
kullanilmig, granudl sayisi belirlenmesinde 3 mL
probiyotik yogurt érneginde ¢evre uzunlugu 1.0 mm’den
blyik olan granuller dikkate alinmistir. Géruntileme
analizinde kullanilan fotograflar, dijital goérintileme
kabini (B430, Sanoto, Guangdong, Cin) icinde sabit 11k
altinda dijital fotograf makinasi (EOS 450D, Canon,
Tokyo, Japonya) ile cekilmistir (Sekil 2). Probiyotik
yogurt Orneklerinde gorsel purdzliliginin
belirlenmesinde yogurttaki granulli yapi analizinde elde
edilen dijital gorintiler kullaniimigtir. S6éz konusu
probiyotik  yogurt  goérintilerinin - renk  yogunluk
dagiliminin  belirlenmesi prensibine dayanan gorsel
purdzlilik analizinde Kigukcetin [31] gelistirdigi esitlik
kullaniimigtir.
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Sekil 1. Kurumadde miktari yadsiz sut tozu, peyniralti suyu izolati veya inilin ile arttirilan sitlerden kalsiyum klorir
ilave edilerek ya da ilave edilmeksizin probiyotik yogurt tretimi

Figure 1. Production of probiotic yoghurt which was produced after adding calcium chloride to milk with increased dry
matter content by the addition of milk powder, whey isolate or inulin

a b
Sekil 2. Gorintlleme analizinde kullanilan cihazlar (a) ve probiyotik yodurt érnegine ait gorunti (b)
Figure 2. Devices used in imaging analysis and image of probiotic yogurt sample
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Probiyotik Yogurtlarda Reolojik Analizler

Probiyotik yogurt Orneklerine ait reolojik parametreler
Koksoy ve Kilic [32]'un belirttikleri ydénteme gore
belirlenmistir. Orneklerin reolojik 6lglimleri Brookfield
R/S plus reometre kullanilarak (Brookfield, Middleboro,
MA, ABD) vyapilmistir. Olciimlerde ¢ift bosluklu es
merkezli silindir geometrisine (double gap concentric
cylinder geometry) sahip DG3 numarali prob
kullaniimigtir. Olglim sirasinda su banyosu (Brookfield
TC-502) kullanilarak &rneklerin sicakligi 10°C'de sabit
tutulmustur. Isil dengenin saglanabilmesi igin 6rnekler
Olcim kabinda yaklasik 2 dakika bekletildikten sonra
Olcimlere baslaniimistir. Kontrolli artan ve azalan
kayma hizinda drneklerin kayma gerilimleri lglimastar.
Kayma hizi 0.1'den 300’e 1/saniye arttirilarak 5 dakika
cikis ve 300’den 0.1’e 1/saniye azaltilarak 5 dakika inis
egrileri belirlenmistir. Orneklerin reolojik dzelikleri, ¢ikis
ve inis egrilerine ait veriler kullanilarak, Usli yasa
modeline gére Rheo3000 (Rheotec Messtechnik GmbH,
Berlin, Germany) yazilimi ile belirlenmistir. Orneklerdeki
tiksotropi inis ve c¢ikis egrilerinin arasinda kalan alanin
Rheo3000 yazilimi kullanilarak hesaplanmasi ile tespit
edilmistir.

Probiyotik Yogurtlarda Mikrobiyolojik Analizler

Probiyotik yogurt Orneklerinde mikrobiyolojik analizler
Tharmaraj ve Shah [33]in kullandiklari yénteme gore
gergeklestirilmistir. Streptococcus thermophilus
sayiminda %1 laktoz ilave edilmis M-17 agar besiyeri
kullaniimistir.  Uygun  dilisyonlarin  her  birinden
besiyerine dékme plak yontemi ile ekim yapilmis ve petri
kutulari 37°C'de 48 saat inkiilbasyona birakilmistir.
Lactobacillus delbrueckii subsp. bulgaricus sayimi igin
pH degeri 5.2'ye ayarlanmis MRS agar besiyeri
kullaniimistir. Uygun dilisyonlardan dokme plak yontemi
ile ekim yapilaran petri kutulari anaerobik jara
yerlestiriimis ve Anaerocult® A (Merck, Darmstad,
Almanya) anaerobik kit varliginda 43°C'de 72 saat
inkibe edilmistir. Lactobacillus paracasei sayiminda
MRS agar besiyerine 1 mg/L olacak sekilde vankomisin
eklenmistir. Analiz dokme plak sayim yontemi ile
yapiimis olup, inkibbasyon anaerobik ortamda 37°C’de
72 saat suresince gergeklestirilmistir.

Probiyotik Yogurtlarda Duyusal Analizler

Probiyotik yogurt érneklerinde duyusal analiz, Mkadem
ve ark. [34]'nin galismalarinda fermente st Grtnleri igin
kullandiklari yontem ile yapilmistir. Probiyotik yogurt
ornekleri, gérinus, tat, yapi ile genel begeni bakimindan
5 puanlik hedonik skalaya (1-cok koétu, 2-kéta, 3-orta, 4-
iyi ve 5-¢ok iyi) gore degerlendirilmistir. Duyusal analizin
gerceklestiriimesi  icin  AAA  Universitesi  Gida
Mihendisligi Bolimu lisanststi égrencilerinden dizenli
fermente sut drlnleri tiketen 30 kisilik panelist grup
olusturulmustur. Probiyotik yogurt 6rnekleri panelistlere
tesadufi G¢ haneli kodlu olarak sunulmustur. Calismada,
probiyotik yogurt érneklerinin kurumadde, protein ve kil
icerikleri ile gorsel Ozellikleri depolamanin 1. glninde;
pH, titrasyon asitligi, serum ayrilmasi degerleri ile
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reolojik, mikrobiyolojik ~ ve  duyusal  Ozellikleri
depolamanin 1, 15 ve 30. gunlerinde belirlenmistir.

istatistiksel Analizler

Arastirma 2 tekerrrli yapilmis olup, analizler paralelli
olarak gergeklestiriimistir. Arastirma sonuglari varyans
analizine tabi tutulmus ve farkli bulunan sonuglar
Duncan Coklu Karsilastirma Testi ile karsilastiriimistir.
Veriler %95 glven araliginda, p<0.05 anlamhhk
dizeyinde degerlendirilmistir [35].

BULGULAR ve TARTISMA

Probiyotik Yogurt Orneklerinin Fizikokimyasal
Ozellikleri

Probiyotik yodurt Orneklerinin kurumadde degerlerinin

ortalama  %12.04 ile12.31 arasinda  degistigi
belirlenmigtir. Peyniraltt suyu izolati ilave edilerek
Uretilen probiyotik yogurtlarin  protein iceriklerinin

istatistiksel olarak sut tozu ve indlin ilave edilerek
uretilen probiyotik yodurt 6rneklerinden yiiksek oldugu
saptanirken (p<0.05), sit tozu ilave edilerek Uretilen
probiyotik yogurt érneklerinin kil iceriklerinin peyniralti
suyu izolati ve indlin ilave edilerek Uretilen probiyotik
yogurt orneklerinden yuksek oldudu tespit edilmigtir
(p<0.05) (Sekil 3a). Probiyotik yogurtlarin Gretiminde
kullanilan kalsiyum klortrin o6rneklerin kurumadde,
protein ve kil icerikleri Gzerine etkisinin istatiksel olarak

onemli olmadigi belirlenmistir.  Probiyotik  yogurt
orneklerinin bilesimleri arasindaki farkhili@in
kurumaddeyi  arttirmak  igin  kullanilan  tozlarin
bilesimlerinin farkh olmasindan kaynaklandigi

dislnidlmektedir. Tirk Gida Kodeksi Fermente Sit
Uriinleri Tebligine gore yogurdun protein miktarinin en
az %3 olmasi gerekmektedir [36]. Elde edilen sonuglara
goOre calismada Uretilen probiyotik yogurtlarin, standart
ve teblig ile uyumlu oldugu géralmastar.

Probiyotik yogurt drneklerinin pH degerlerinin yaklasik
4.6'ya gelmesi igin gereken inkiilbasyon sureleri Sekil
3b’de verilmistir. Kalsiyum klorGr ile zenginlestirilen
sutlerin pH degerlerinin 6.32 ile 6.53 arasinda degistigi
ve Kkalsiyum klorlr ilavesinin sitin pH degerini
dislrdigu  belirlenmistir.  Kalsiyum  klortrin  sutte
¢ozinmesiyle serbest hale gelen kalsiyum iyonlari
sutteki hidrojen fosfat ile birlesmekte ve serbest hidrojen
iyonlari olusmaktadir. S6z konusu durum sutin pH
degerinin dismesi ile sonuglanmaktadir [9]. Bununla
birlikte, kalsiyum klorlr ile zenginlestirilen sutlerin pH
degerlerinin fermantasyon ile yaklasik 4.6’ya gelmesi
icin gecen surenin kalsiyum klorlr ilave edilmeyen
sutlere gbre fazla oldugu tespit edilmistir.
Calismamizdaki sonuglara benzer olarak Kaushik ve
Arora’nin [37] yaptiklari c¢alismada, kalsiyum tuzlari
(fosfat dibasik ve kalsiyum sitrat tetrahidrat) ilave ettikleri
ve ilave etmedikleri sutlerin fermantasyonu sirasinda pH
degerlerinin 4.4-4.8’'e gelmesi igin gereken surelerin
siraslyla yaklasik 8 ve 4 saat olduklarini saptamiglar ve
kalsiyum tuzlari ilavesinin  sitin  tamponlama
kapasitesini degistirebilecegini bildirmiglerdir.
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Sekil 3. Probiyotik yogurt 6rneklerine ait kurumadde, protein, kil miktarlari (a), Probiyotik yogurt érneklerine ait
inklibasyon sureleri (b). ST-Ca, sut tozu kullanilarak kurumaddesi arttirilan ve kalsiyum klorir eklenen sttten Uretilen
probiyotik yogurt. ST, sit tozu kullanilarak kurumaddesi arttirilan sit ile Uretilen probiyotik yodurt. IN-Ca, inllin
kullanilarak kurumaddesi arttirilan ve kalsiyum klorur eklenen sutten uretilen probiyotik yogdurt. IN, indlin kullanilarak
kurumaddesi arttirilan sut ile Uretilen probiyotik yogurt. PSI-Ca, peyniraltl suyu izolati kullanilarak kurumaddesi
arttinlan ve kalsiyum klorlir eklenen sitten Uretilen probiyotik yodurt. PSI, peyniralti suyu izolati kullanilarak
kurumaddesi arttirilan sit ile Uretilen probiyotik yodurt. Hata ¢cubuklari standart sapma deg@erlerini gdstermektedir.

Figure 3. Dry matter, protein, and ash contents of probiotic yoghurt samples (a), incubation time of probiotic yoghurt
samples (b). St-Ca, probiotic yoghurt produced from milk whose dry matter was increased with milk powder and
calcium chloride-added. St, probiotic yoghurt produced from milk whose dry matter was increased with milk powder.
IN-Ca, probiotic yoghurt produced from milk whose dry matter was increased with inulin and calcium chloride-added.
IN, probiotic yoghurt produced from milk whose dry matter was increased with inulin. PSI-Ca, probiotic yoghurt
produced from milk whose dry matter was increased with whey isolate and calcium chloride-added. PSI, probiotic
yoghurt produced from milk whose dry matter was increased with whey isolate. The error bars represent standard

deviation of the mean.

Probiyotik yogurt 6rneklerine ait pH ve titrasyon asitligi
degerleri Sekil 4'te verilmistir. Depolamanin sonunda st
tozu ile kurumaddesi arttinlan sitlerden Uretilen
probiyotik yogurt 6rneklerinin pH degerlerinin indlin ve
peyniralti suyu izolati kullanilarak kurumaddesi arttirilan
sutlerden Uretilen probiyotik yogurt Orneklerine gore
dusik oldugu tespit edilmigstir. (p<0.05) Bununla birlikte
peyniralti suyu izolati ilave edilen sitlerden Uretilen

probiyotik  yogurt  Orneklerinin  titrasyon  asitligi
degerlerinin indlin ilave edilen sutlerden Uretilen
probiyotik  yogurt  &6rneklerinden  ylksek oldugu
belirlenmigtir. Suatteki laktozun laktik asit bakterileri
tarafindan laktik aside donustirilmesiyle asitlik
gelismekte ve yogurt Uretilmektedir [38]. Probiyotik

yogurt Uretiminde kullanilan sut tozunun laktoz igeriginin
indlin ve peyniralti suyu izolatina gore ylksek olmasinin
st tozu ile kurumaddesi arttirilan sutlerden dretilen
probiyotik  yogurt  Orneklerinin  titrasyon  asitligi
degerlerinin indlin ve peyniralti suyu izolati ilave edilerek
uretilen probiyotik yogurt Orneklerine goére yiksek
olmasina neden olabilecedi degerlendirilmistir. Rashid
ve ark. [39] sute %5, 10, 15, 20, 25 ve 30 oranlarinda
konsantre peyniraltt suyu ilave ederek yogurt
uretmislerdir. Konsantre peyniralti suyu oraninin artisina
bagli olarak yogurtlarin pH degerlerinin distagund,
titrasyon asitligi degerlerinin ise arttigini belirlemigler ve
bunun konsantre peyniralti suyu ile birlikte laktoz
oraninin artmasindan kaynaklanabilecegini
belirtmiglerdir. Yapilan bagka bir ¢calismada ise %2 ve 4
oranlarinda laktuloz, fruktooligosakkarit ve
galaktooligosakkarit ilave edilen siitler ile sadece sit
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tozu ilave edilen sltlerden yogurt Uretilmistir. Satlerin
inklbasyonu ve depolama suresince en dusik pH ile en
yuksek laktik asit degerlerinin prebiyotik icermeyen ve
sadece sut tozu ilave edilen sutlerden Uretilen yogurt
orneklerine ait oldugunu tespit edilmistir [40]. Kalsiyum
kloririn probiyotik yogurt drneklerinin pH ve titrasyon
asitligi degerleri Uzerine istatistiksel olarak o6nemli
dizeye etki etmedigi belirlenmistir (p>0.05). Singh ve
Muthukumarappan [20] ile Kausik ve Arora [37]
yaptiklari ¢alismalarda kalsiyumla zenginlestirdikleri
sutten Urettikleri yogurtlarin pH ve titrasyon asitligi
degerleri ile sute kalsiyum ilave etmeden Urettikleri
kontrol yogurtlarinin pH ve titrasyon asitligi degerleri
arasindaki farkin istatistiksel olarak 6nemli olmadigini
tespit etmislerdir. Depolama suresince laktik asit
bakterilerinin aktivitesine [38] bagli olarak probiyotik
yogurt orneklerinin pH degerleri azalirken titrasyon
asitligi degerlerinin arttigi saptanmistir (Tablo 1).

Probiyotik yogurt érneklerinin serum ayrilmasi degerleri
incelendiginde, en yuksek serum ayrilmasi degerleri
indlin ilave edilen sutten dretilen probiyotik yogurt
orneklerinde saptanirken, en distik serum ayriimasi
degerlerinin peyniralti suyu izolati ilave edilen sitlerden
Uretilen probiyotik yogurt o&rneklerine ait oldugu
belirlenmistir (Sekil 4c). Guven ve ark. [41] yaptiklari
calismada, %1.0 inulin+%4.3 yagsiz sut tozu, %2.0
indlin+%3.3 yagsiz sut tozu ve %3.0 inllin +%2.3 yagsiz
sut tozu ilave ettikleri yagsiz sutlerden kurumadde
degeri yaklasik %13.5 olan yogurtlar Uretmigler ve
yogurt orneklerindeki serum ayrilmasi degerlerini
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depolamanin 1. giiniinde sirasiyla 23.8 g/100 g yogurt,
29.64 g/100 g ve 33.32 ¢g/100 g olarak belirlemiglerdir.
Satin  kurumaddesinin arttinimasinda prebiyotik ve
stabilizatorler gibi polisakkarit yapidaki maddelerin
kullaniminin - yodurdun jel vyapisi igcinde yeniden
duzenlemelere neden oldugu ve bunun da jel dengesini
bozabildigi bildirilmistir [42, 43]. Yapilan baska bir
calismada tam yagh slte %2 oranlarinda yagdsiz st
tozu, sodyum kalsiyum kazeinat ve peyniralti suyu
protein konsantrati ilave edildikten sonra probiyotik
yogurt Uretilmistir. Depolama suresince en duisik serum
ayrilmasi degerlerinin peyniraltt suyu konsantresi ilave
edilmis sltten Uretilen probiyotik yogurt 6rneklerine ait
oldugu saptanmistir [44]. Puvanenthiran ve ark. [45]
site eklenen peyniralti suyu konsantrati miktarinin
artmasiyla birlikte yogurt jelinin yogunlugunun arttigini,
jeli olusturan pihti pargaciklarinin  boyutlarinin  ve
gbzeneklerin klguldiginu ve buna bagh olarak da
yogurttan ayrilan  serum  miktarinin  azaldigini
belirtmiglerdir. Ayrica, yogurt (Uretiminde kullanilan
sltlerin protein oraninin artmasina bagh olarak
yogurtlarda serum ayrilmasinin azaldidi bildirmiglerdir.
Mevcut calismada tespit edilen probiyotik yogurt
orneklerinin - serum ayrilmasi  degerleri arasindaki
farkhh@in Gretimde kullanilan sitlerin  bilesimlerinin
Ozellikle de protein iceriklerinin farkli olmasindan
kaynaklanabilece@i dusunulmektedir.

Kalsiyum ilavesinin probiyotik yogurt 0Orneklerindeki
serum ayrilmasi de@erleri Uzerine etkisi Tablo 1'de
verilmistir. Szajnar ve ark. [46] kalsiyum Klorir ile
zenginlestirilen sutlerden Uretilen yogurt o6rneklerinin
ortalama serum ayrilmasi de@erlerinin yaklasik %45;
kalsiyum klorlr icermeyen sutlerden Uretilen yogurt
orneklerinin ise ortalama serum ayrilmasi degerinin
yaklasik %37 oldugunu saptamiglardir. Bagka bir
calismada ise kalsiyum Kklorur ile zenginlestirilen ve

zenginlestirimeyen  sutlerden  Uretilen  probiyotik
fermente  Grlinlerin  ortalama  serum  ayriimasi
degerlerinin  sirasiyla  %69.5 ve %63.1 oldugu

belirlenmistir [8]. Mevcut calismada belirlenen serum
ayrilmasi degerleri yukarida paylasilan calismalarin
sonuglari ile benzerlik gostermis ve diger islem
kosullariyla birlikte kalsiyum ilavesinin de serum
ayrilmasi degerlerini etkileyebilecegi degerlendirilmistir.
Ayrica vyapilan bu calismada probiyotik yogurt
orneklerinin serum ayrilmasi degerlerinin depolama
suresince arttigi tespit edilmistir. Depolama siresince
serum ayrilmasi degerlerinin dismesinin yogurtlarin
titrasyon asitligi degerlerinin artmasi ve buna bagh
olarak proteinlerin yapisal olarak yeniden
dizenlenmesiyle ilgili olabilecegi bildirilmistir [47].

Sekil 4'te goruldigu Gzere probiyotik yodurt drneklerine
ait goranur viskozite, kivam katsayisi ve tiksotropi
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degerlerinin sirasiyla 0.25 ile 1.52 Pa.s, 1.38 ile 21.82
Pa.s" ve 1879.04 ile 7760.80 Pa.s® arasinda degistigi
belirlenmisgtir. Ayrica calismada, akiskanlarin
Newtoniyen akis davranisa yonelik egilimini gosteren
akis davranis indeks (n) degerlerinin 0.18 ile 0.46
arasinda degistigi belirlenmigtir. Uretilen probiyotik
yogurt  orneklerinin  Newtoniyen olmayan (n<1)
psodoplastik akis davranigi g0Osterdidi sonucuna
ulagiimigtir.  Probiyotik yogurt o6rneklerinin  reolojik
OlcUimlerine ait ¢ikis ve inis egrilerindeki kayma gerilimi
ve kayma hizi degerlerine Usli yasa modeli uygulanmis
ve model igin elde edilen regresyon katsayilarinin 0.89
ile 0.96 arasinda degistigi saptanmistir. Site kalsiyum
ilavesinin yogurdun reolojik Uzerine etkisinin incelendigi
calismalarda; akis davranis indeksi degerlerinin
probiyotik yogurt 6érneklerinde, 0.11-0.27 [17], yogurt
orneklerinde ise 0.31-0.39 [48] arasinda degistidi ve
yogurt orneklerinin sl yasa modeline uydugu
belirtilmistir. Mevcut galismanin sonuglarinin
literatlirdeki benzer calismalarin sonuglariyla uyumlu
oldugu goralmustar.

St tozu ve inllin ile kurumaddesi arttinlan sutlerden
Uretilen probiyotik yogurt drneklerinin goranur viskozite
ve kivam katsayisi degerleri arasindaki farkin
istatistiksel olarak 6nemli olmadigl (p>0.05), peyniralti
suyu izolati ile kurumadde degeri arttirilan sitten
Uretilen probiyotik yogdurt oOrneklerinin ise goérlindr
viskozite, kivam katsayisi ve tiksotropi degerlerinin diger
Orneklere godre istatistiksel olarak ylksek oldugu
saptanmistir (p<0.05). Yogurt Uretiminde Isil iglem
sirasinda denatlirasyona ugrayan p-laktoglobulinin
yapisinda bulunan kovalent disulfid baglar agiimaktadir.
Fermantasyon suresince ortam asitliginin yukselmesi
sonucunda hidrofobik ve disilfid baglarn yoluyla B-
laktoglobulin/k-kazein kompleksleri olusmaktadir. S6z
konusu kompleksler sonucunda kiguk gbzenekli, daha
stki  ve homojen vyapida yogurt jelleri elde
edilebilmektedir [49, 50]. Yapilan bu c¢alismada
peyniralti suyu protein izolati ilave edilen sltlerden
Uretilen probiyotik yogurt 6rneklerinin yuksek goérindr
viskozite, kivam katsayisi ve tiksotropi degerlerine sahip
olmasi 1sil islem ve fermantasyon islemleri sonucunda
sut proteinlerinde meydana gelen degisikliklerle
aciklanabilecedi degerlendirilmistir. Ayrica, sut tozu ilave
edilen sitlerden Uretilen probiyotik yogurt érneklerinin
tiksotropi degerlerinin kurumaddesi indlin ile arttirilan
sutlerden dretilen o6rneklere gore istatistiksel olarak
yuksek oldugu belirlenmistir (p<0.05). Sat tozu ilave
edilen sutlerin protein oraninin indlin ilave edilen
sutlerden yuksek olmasinin [51] ve ayrica protein ile
polisakkarit arasindaki etkilesimlerle olusan
komplekslerin ¢OzUunurligindn ve hidrasyon
kapasitesinin dusik olmasinin [52] s6z konusu duruma
neden olabilecegi degerlendirilmistir.
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Sekil 4. Probiyotik yogurt orneklerine ait pH (a), titrasyon asitligi (b), serum ayrilmasi (c), gorinir viskozite (d), kivam
katsayisi (e), tiksotropi (f) degerleri. ST-Ca, sut tozu kullanilarak kurumaddesi arttirilan ve kalsiyum klorir eklenen
sutten Uretilen probiyotik yogurt. ST, sut tozu kullanilarak kurumaddesi arttirilan st ile dretilen probiyotik yogurt. IN-
Ca, inllin kullanilarak kurumaddesi arttirilan ve kalsiyum klorir eklenen sutten Uretilen probiyotik yogurt. IN, indlin
kullanilarak kurumaddesi arttirilan sit ile uUretilen probiyotik yogurt. PSI-Ca, peyniralti suyu izolati kullanilarak
kurumaddesi arttirilan ve kalsiyum klorir eklenen sutten dretilen probiyotik yogurt. PSI, peyniraltt suyu izolati
kullanilarak kurumaddesi arttirilan sut ile Uretilen probiyotik yogurt. Hata cubuklar standart sapma degerlerini
goOstermektedir.

Figure 4. pH (a), titratable acidity (b), syneresis (c), apparent viscosity (d), consistency coefficient (e), thixotropy (f)
values of probiotic yoghurt samples. St-Ca, probiotic yoghurt produced from milk whose dry matter was increased with
milk powder and calcium chloride-added. St, probiotic yoghurt produced from milk whose dry matter was increased
with milk powder. IN-Ca, probiotic yoghurt produced from milk whose dry matter was increased with inulin and calcium
chloride-added. IN, probiotic yoghurt produced from milk whose dry matter was increased with inulin. PSI-Ca,
probiotic yoghurt produced from milk whose dry matter was increased with whey isolate and calcium chloride-added.
PSI, probiotic yoghurt produced from milk whose dry matter was increased with whey isolate. Error bars represent the
standard deviation of means.

Kalsiyum  klorir  eklenerek  kalsiyum agisindan dislk, akis davranis indeksi degerlerinin ise ylksek
zenginlestirilen sitlerden Uretilen probiyotik yogurt oldugu belirlenmigtir. Site kalsiyum klortr eklenmesinin
orneklerinin  goérinur viskozite, kivam katsayisi ve yogurtlarin gérinir viskozitesini arttirmasi ve reolojik
tiksotropi degerlerinin kalsiyum klortr ilave edilmeyen Ozelliklerini gelistirmesi beklenmekte ve bu durumun
sutlerden Uretilen probiyotik yogurt 6rneklerine gore mekanizmasi kalsiyumun kazein miselinde ve serum
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fazda bulunmasiyla iligkilendirilerek su  sekilde
aciklanmaktadir: Isil islem sirasinda sutteki kalsiyumun
¢6zUnurligu azalmakta ve kalsiyum, kazein misellerinin
yapisina Kolloidal kalsiyum fosfat olarak katiimaktadir.
Satun fermantasyonu sirasinda asitligin artmasina bagl
olarak kolloidal kalsiyum fosfatin ¢ézUnUrligu artmakta
ve sutin serum fazinda serbest halde daha fazla
kalsiyum iyonu bulunmaktadir. Serum fazda bulunan
serbest haldeki kalsiyum, kazein misellerinde bulunan
glutamat ve aspartat aminoasitlerinin  karboksil
gruplarina baglanmakta ve negatif yikli kazein miselleri
arasinda bag olusmasi saglanmaktadir. Ayrica isil iglem
peyniralti suyu proteinlerinin denatiire olmasina neden
olmaktadir. p-laktoglobulin ile k-kazein, a-laktaloumin ve
diger B-laktoglobulinler arasinda yeni silfidril baglar
olusmakta ve sonug olarak sert yogurt jelleri elde
edilebilmektedir [53]. Bununla birlikte, kalsiyumun
miktari, farkh  kalsiyum tuzlarinin  kullaniimasi,
kalsiyumun 1sil islemden 6nce veya sonra eklenmesi,
sutin bilesimi ve slte uygulanan isil islem sutteki
kalsiyum-fosfat-kazein-peyniralti suyu protein dengesi
ile sttlin yapisini etkilemekte ve s6z konusu durum bu
sutlerden uretilen yogurtlarin fizikokimyasal 6zelliklerini
degistirebilmektedir [54, 55]. Koutina ve ark. [53] 30 mM
kalsiyum klorir ilave ettikleri siitlerde 90°C’de 10 dakika
Isil islem 6ncesi ve sonrasinda kazein miselindeki ve
serum fazdaki kalsiyum miktarini élgmusler ve pH 6.0’a
ayarladiklari sutlerde isil islem O©ncesinde kazein
miselindeki ve serum fazdaki kalsiyum miktarini sirasiyla
24.0 ve 32.7 mM olarak belirlerken; yukaridaki genel
bilginin aksine 1sil igslem sonrasinda kazein miselindeki
kalsiyum miktarinin azalarak 20.5 mM’a, serum fazdaki
kalsiyum miktarinin ise artarak 36.1 mM ulastigini tespit
etmiglerdir. Mevcut ¢calismaya benzer olarak yapilan bir
calismada, jelatin, indlin ve beyaz seker eklenen sitlere
Isil iglemden (92°C’de 7 dakika) once farkli oranlarda
(2.00, 1.70, ve 2.37 mM) kalsiyum klorur ilave edilerek
probiyotik  yogurt Uretilmis ve kalsiyum  klorlr
eklenmeyen sutlerden Uretilen probiyotik yogurtlar ile
1.00, 1.70 ve 2.37 mM Kkalsiyum Kklorir eklenerek
uretilen probiyotik yogurt dérneklerinin gorinur viskozite
degerlerinin sirasiyla 22.20 ile 20.52, 20.44 ve 19.14 cP
oldugu belirlenmigtir. Site kalsiyum Kklorlr ilavesinin
probiyotik yogurtlarin viskozite degerlerinin dismesine
neden oldugu bildiriimistir [10]. Baska bir calismada,
sutlere 80 mg/100 g farkh kalsiyum tuzlari (kalsiyum
karbonat, kalsiyum laktat, kalsiyum sitrat, kalsiyum
bisglisinat, kalsiyum glukonat, kalsiyum klorir) ilave
edilerek veya edilmeksizin isil islem (72°C’de 15 s)
uygulanmig ve 37°C’ye sogutulan sutlere
Bifidobacterium animalis ssp. lactis Bb-12 veya
Lactobacillus rhamnosus asilanarak fermente Urinler
Uretilmistir. Her iki bakteri icin de depolama slresince
kalsiyum klorur ilave edilmeksizin Uretilen Urlnlerde jelin
sertlik degerlerinin kalsiyum klorir ilave edilen sitlerden
uretilen 6rneklere gore yuksek oldugu belirlenmistir [8].
Baska bir calismada, kalsiyum laktak eklenen sitlerden
Uretilen meyveli yogurt 6rneklerinin gorinur viskozite ve
kivam katsayisi degerlerinin sirasiyla ortalama 1.75

153

Pa.s ve 23.2 Pa.s"; kalsiyum ilave edilmeyen sutlerden
uretilen kontrol érneklerinde ise bu degerlerin sirasiyla
ortalama 1.67 Pa.s ve 40.6 Pa.s" oldugu belirlenmigtir.
Meyveli yogurt érneklerinin dinamik reolojik davraniglari
incelendiginde ise, kalsiyum laktak ilavesinin meyveli
yogurt érneklerinin viskoelastik 6zelliklerini etkilemedigi
ve yogurt jelinin olusumunda benzer kimyasal baglarin
gorev aldig belirtilmigtir [17].

Probiyotik yogurt Orneklerine ait granul sayisi, granul
cevre uzunlugu ve gorsel purizlilik degerleri Sekil 5'te
verilmisti. En yiksek granul sayisi, granil gevre
uzunlugu ve gorsel purtzlilik degerleri kurumadde
miktari peyniralti suyu izolati ile arttirilan sutlerden
uretilen probiyotik yodurt érneklerinde belirlenmistir. Stt
tozu ile kurumaddesi arttirilan sutlerden Uretilen
probiyotik yogurt Orneklerindeki granil sayisinin
kurumaddesi indlin ilave edilerek arttirilan sitlerden
Uretilen probiyotik yogurt Orneklerine goére yiksek
oldugu saptanirken (p<0.05), granul gevre uzunlugu ve
gorsel  purazlGlik  degerleri  acisindan  Ornekler
arasindaki farkhliklarin istatistiksel olarak 6nemli
olmadigi tespit edilmistir (p>0.05) (Tablo 2). Jergensen
ve ark. [51] yogurtta protein miktari artisina bagl olarak
granul sayisinin ve puruzlalagun arttigini bildirmislerdir.
Yapilan bagka bir calismada ise peyniralti suyu proteini
kazein oraninin artmasina bagh olarak yogurtta grandl
sayisl, granudl cevre uzunlugu ve gorsel purazlGluk
degerlerinin arttigi  belirlenmistir [30]. Bu baglamda,

mevcut calismanin sonuglarinin literatlrdeki diger
calismalarla uyumlu oldugu deg@erlendirilmistir.
Kalsiyum  kloriir  eklenerek kalsiyum agisindan

zenginlestirilen sitlerden Uretilen probiyotik yogurt
orneklerinin grandl sayisi, granil cevre uzunlugu ve
gorsel purazlilik degerlerinin kalsiyum klorlr ilave
edilmeyen sutlerden Uretilen  probiyotik  yogurt
Orneklerine goére dusuk oldugu tespit edilmistir (Tablo 2).
Kalsiyum Kklorlr eklenen ve farkl yontemlerle kalsiyum
miktari azaltilan sutlerden yogurt Uretilen bir calismada,
kalsiyum klorGr miktarindaki artis veya azalma ile birlikte
yogurttaki granul sayisinin arttiyi saptanmistir [10].
Sitte kalsiyum miktarindaki artisin  peyniralti  suyu
proteinlerinin denatlrasyonunu arttirarak kazein ile
iliskisinin  desteklenmesine, kalsiyum miktarindaki
azalisin ise kolloidal kalsiyum fosfat ¢ozindrlGgundn
artmasina baglh olarak kazein parcaciklarinin sitin
serum fazinda serbest hale gegmesine neden oldugu ve
s6z konusu iki durumun da yogurtta granil sayisinin
artmasinda etkili olabilecegi bildiriimistir [10]. Bununla
birlikte, Nguyen ve ark. [54] kazein ve peyniralti suyu
proteinlerin kalsiyuma yarismali olarak baglandigini,
ortamdaki peyniralti suyu izolati, sodyum kazeinat ve
kalsiyum klortr miktarina bagl olarak baglanma seklinin
ve jel vyapisinin degistigini belirtmislerdir. Mevcut
calismadaki sonuglarin diger c¢alismadan farkhlik
gOstermesinin yogurt Uretimlerinde kullanilan sdtlerin
bilesimlerinin farkh olmasindan kaynaklanabilecegi
degerlendirilmistir.
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Tablo 1. Probiyotik yogurt érneklerinde depolama suirecinde belirlenen pH, titrasyon asitligi, serum ayrilmasi, gérinar
viskozite, kivam katsayisi ve tiksotropi degerlerine ait ortalamalarin varyans analiz ve Duncan Coklu Karsilastirma
Testi sonuglari

Table 1. Variance analysis and Duncan Multiple Comparison Test results of the averages of pH, titratable acidity,
syneresis, apparent viscosity, consistency coefficint and thixotropy values in probiotic yoghurt samples

g Tmemen S S Keww  Thaoron
kaynaklari asitligi (%) (%) (Pa.s) (Pa.s") (Pa.s™)
Kurumadde artirminda x x x x . x
kullanilan tozlar

Sit tozu 4.35+0.16b  1.40+0.22a  69.86+2.40b  0.32+0.05b 2.33+0.28b 2349.08+336.05b
indlin 4.46+0.11a  0.89+0.12¢c 73.47+3.37a 0.27+0.01b 1.97+0.53b 1762.66+145.43c
Peyniralti suyu izolati 4.45+0.11a  1.13+0.13b 39.82+4.53c 1.31+0.20a 16.32+3.10a 6528.01+840.05a
Kalsiyum ilavesi - - il il il el

Var 4.40+0.15a 1.13+0.30a 62.48+14.77a  0.56+0.43b 6.02+5.96b 3218.64+2031.73b
Yok 4.43+0.12a 1.12+0.23a 59.62+16.40b  0.71+0.55a 7.73+7.81a 3874.53+2332.86a
Depol am a * %% * %% * %% - *kk *kk

1. glin 4.58+0.03a  0.95+0.17c  57.54+16.61c  0.66+0.55a 7.83+8.26a 3833.15+2556.97a
15. glin 4.37+0.05b 1.19+£0.25b 61.28414.94b  0.64+0.51a 6.72+6.70b 3541.79+2134.49b
30. glin 4.30+£0.09c 1.25+0.27a 64.32+15.47a 0.60+0.46a 6.08+6.15b 3264.82+1988.05¢c

-Istatistiksel olarak dnemsiz, * p<0.05, **p<0.01, ***p<0.001 diizeyinde énemlidir. Ayni siitundaki farkli harfler istatistiksel olarak
p<0.05 diizeyinde 6nemliligi belirtmektedir.
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Sekil 5. Probiyotik yodurt érneklerine ait granil sayisi (a), granil ¢evre uzunlugu ve gorsel purizlilik degerleri (b).
ST-Ca, sut tozu kullanilarak kurumaddesi arttirilan ve kalsiyum klorir eklenen sitten uretilen probiyotik yogurt. ST, sut
tozu kullanilarak kurumaddesi arttirllan sit ile dretilen probiyotik yodurt. IN-Ca, inllin kullanilarak kurumaddesi
arttinlan ve kalsiyum klorir eklenen sitten Uretilen probiyotik yogurt. IN, indlin kullanilarak kurumaddesi arttirilan sut
ile Uretilen probiyotik yogurt. PSI-Ca, peyniralti suyu izolati kullanilarak kurumaddesi arttirilan ve kalsiyum klortr
eklenen sutten uretilen probiyotik yogurt. PSI, peyniralti suyu izolati kullanilarak kurumaddesi arttirilan sit ile Gretilen
probiyotik yogurt. Hata gubuklari standart sapma degerlerini gdstermektedir.

Figure 5. Number of grain (a), perimeter of grain and visual roughness (b) values of probiotic yoghurt samples. St-Ca,
probiotic yoghurt produced from milk whose dry matter was increased with milk powder and calcium chloride-added.
St, probiotic yoghurt produced from milk whose dry matter was increased with milk powder. IN-Ca, probiotic yoghurt
produced from milk whose dry matter was increased with inulin and calcium chloride-added. IN, probiotic yoghurt
produced from milk whose dry matter was increased with inulin. PSI-Ca, probiotic yoghurt produced from milk whose
dry matter was increased with whey isolate and calcium chloride-added. PSI, probiotic yoghurt produced from milk
whose dry matter was increased with whey isolate. Error bars represent the standard deviations of means.

Probiyotik Yogurt Orneklerinin Duyusal Ozellikleri konusu 6rnegin granil sayisi, granul ¢evre uzunlugu ve
gorsel purazlilik degerlerinin yiksek olmasinin yapi
Probiyotik yogurt orneklerine ait goérinus, tat, yapi ve puanlarini olumsuz etkilemis olabilecegi

genel begeni puanlar Sekil 6’de verilmistir. En ylksek degerlendirilmistir.
gorunlis ve tat puanlari depolamanin 1. glninde st

tozu ile kurumaddesi arttirilan ve kalsiyum agisindan Probiyotik yogurt érneklerinin gérinis, tat, yapi ve genel
zenginlestirilen  sitten  Uretilen  probiyotik  yogurt begeni puanlarinin site kalsiyum klorir ilavesinden
orneklerinde belirlenmistir. Peyniralti suyu izolati ilave istatistiksel olarak 6nemli dizeyde etkilenmedigi

edilen sutten dretilen probiyotik yogurt 6rneginin yapi ve belirlenmigtir (p>0.05) (Tablo 3). Bununla birlikte,
genel begeni puanlarinin depolamanin tim gdnleri igin kalsiyum klortr ilavesi yapilan sitlerden Uretilen
diger orneklerden diisik oldudu tespit edilmistir. S6z probiyotik yogurt érneklerinde gorinus, yap! ve genel
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bedeni puanlarinin kalsiyum klorur ilave edilmeyen
sutlerden uretilen yogurt 6érneklerinden yiiksek oldugu,
s6z konusu durumun kalsiyum ilavesinin probiyotik
yogurt orneklerindeki granul sayisi, granll gevre
uzunlugu ve gorsel purizlilik degerlerini azaltmasindan
kaynaklanabilecegi degerlendirilmistir. Santillan-Urquiza
ve ark. [48] yaptiklar galismada kalsiyum agisindan
zenginlestirilen sutlerden Uretilen yogurtlar ile kalsiyum
ilave edilmeyen sltten (Uretilen kontrol yogurtlarinin

tiketici tarafindan genel kabul edilebilirlik puanlarinin
benzer oldugunu; Singh ve Muthukumarappan [20] ise
slte kalsiyum ilavesinin meyveli yogurtlarin tat, yapi,
gorinis ve kabul edilebilirlik puanlari  Gzerine
istatistiksel acidan o6nemli dizeyde etki etmedigini
bildirmiglerdir. Yapilan bu calismada probiyotik yogurt
Orneklerinin depolama silresince goérinus, tat, yapi ve
genel begeni puanlarinin azaldigi tespit edilmigtir.

Tablo 2. Probiyotik yogurt érneklerindeki granil sayisi, granul gevre uzunlugu ve gorsel pirtzlilik degerlerine ait
ortalamalarin varyans analiz ve Duncan Coklu Karsilastirma Testi sonuglari

Table 2. Variance analysis and Duncan Multiple Comparison Test results of the averages of grains number, grain
perimeter and visual roughness values in probiotic yoghurt samples

Ana varyasyon " g . o Goérsel purizltluk
kaynaklari Granul sayisi/3 mL yogurt  Granul gevre uzunlugu (mm) (Oltys)

Kurumadde artirrminda - Tk -
kullanilan tozlar

Sit tozu 85.08+17.98b 2.6310.21b 1.94+0.36b
Indlin 20.67+11.99c 2.4610.46b 1.46+0.34b
Peyniralti suyu izolati 128.83+13.61a 3.98+0.55a 9.76+4.79a
Kalsiyum ilavesi * ok ek

Var 71.94+47.42b 2.78+0.57b 2.69+1.76b
Yok 84.44+45.34a 3.27+0.92a 6.08+5.97a

-Istatistiksel olarak dnemsiz, * p<0.05, **p<0.01, ***p<0.001 diizeyinde énemlidir. Ayni siitundaki farkli harfler istatistiksel olarak

p<0.05 diizeyinde 6nemliligi belirtmektedir.

Tablo 3. Probiyotik yogurt 6érneklerinde depolama surecinde belirlenen goériinus, tat, yapi ve genel begeni puanlarina
ait ortalamalarin varyans analiz ve Duncan Coklu Karsilastirma Testi sonuglari

Table 3. Variance analysis and Duncan Multiple Comparison Test results of the averages of apparence, taste, texture
and overall appreciation scores in probiotic yoghurt samples

Ana varyasyon kaynaklari GOrlints puani (Tam

Tat puani

Yapi puani (Tam Genel begeni puani

puan=5) (Tam puan=5) puan=5) (Tam puan=5)
Kurumadde artirrminda . ) Tk i
kullanilan tozlar
Sut tozu 3.62+0.64a 2.85+0.63a 3.07+0.64a 2.67+1.13a
indlin 3.41+0.53ba 2.80+0.54a 3.10+0.51a 2.71+0.88a
Peyniralti suyu izolati 3.12+0.88b 2.65+0.54a 2.36+0.70b 2.26+1.22a
Kalsiyum ilavesi - - - -
Var 3.54+0.60a 2.77+0.53a 2.95+0.54a 2.65+1.09a
Yok 3.23+0.81a 2.76+0.61a 2.73+0.84a 2.44+1.11a
Depolama *k%k *kk *kk *%k%k
1. gun 3.89+0.75a 3.36+0.35a 3.26+0.84a 3.00+1.03a
15. glin 3.33+0.48b 2.62+0.30b 2.69+0.49b 2.52+0.97b
30. giin 2.93+0.57¢ 2.32+0.44c 2.58+0.55b 2.12+1.11b

-Istatistiksel olarak dnemsiz, * p<0.05, **p<0.01, ***p<0.001 diizeyinde dnemlidir. Ayni siitundaki farkli harfler istatistiksel olarak

p<0.05 diizeyinde 6nemliligi belirtmektedir.

Probiyotik Yogurt Orneklerinin  Mikrobiyolojik
Ozellikleri

Probiyotik yogurt 6rneklerindeki S. thermophilus, L.
delbrueckii subsp. bulgaricus ve L. paracasei sayilarinin
depolama suresince sirasiyla 7.67-9.23-, 6.14-8.26-ve
7.71-8.98 log kob/g arasinda degistigi belirlenmistir
(Sekil 7). Kurumadde artirrminda kullanilan sit tozu,
indlin ve peyniraltt suyu protein izolatinin probiyotik
yogurt Orneklerindeki S. thermophilus ve L. paracasei
sayilarini istatistiksel olarak 6nemli dizeyde etkilemedigi
(p>0.05); L. delbrueckii subsp. bulgaricus sayisinin ise
sut tozu eklenen sitten dUretilen probiyotik yogurt
orneklerinde diger 6rneklere gore daha ylksek oldugu
belirlenmistir (p<0.05). Glusac ve ark. [56] ile Annutes
ve ark. [57] yaptiklari galismalarda slte peyniralti suyu
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konsantrati ekledikleri sutten yogurt CUretmigler ve
peyniralti suyu  konsantrati ilavesinin  yogurt
orneklerindeki S. thermophilus ve L. delbrueckii subsp.
bulgaricus sayilarini  degistimedigini  bildirmislerdir.
Canbulat ve Ozcan [58] yaptiklan c¢alismada indlin
ekledikleri sutlerden Urettikleri yogurtlarda Lactobacillus
rhamnosus sayisi Uzerine indlinin istatistiksel olarak
onemli dizeyde etkisinin olmadigini belirlemiglerdir.
Helal ve ark. [52] %1, 2 ve 3 oraninda inllin ekledikleri
sutlerden urettikleri yogurtlarda intlinin S. thermophilus
canlihgi Gzerine istatistiksel olarak etki etmedigini, L.
delbrueckii subsp. bulgaricus canhhdinin %1 ve 2
oranlarinda inllin ilavesinden olumlu, %3 indlin
ilavesinden ise olumsuz etkilendigini tespit etmislerdir.
Yapilan galismada kalsiyum klorir ilavesi ile kalsiyum
acisindan zenginlestirilen sutlerden Uretilen probiyotik
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yogurt 6rneklerdeki S. thermophilus sayisinin kalsiyum delbrueckii subsp. bulgaricus ve L. paracasei canliidinin
klorir ilave edilmeyen sutlerden Uretilen probiyotik kalsiyum  klorlr ilavesinden etkilenmedidi tespit

yogurt orneklerine gore dusuk oldugu saptanirken, L. edilmigtir.
a ) ) ) b ) ) )
e=ff=—1.glin ==l=15gln 30.gun e=ff=—1.gln === 15gln 30.gln
ST-Ca ST-Ca
pSI, ST
PSI-Ca‘._ " IN-Ca
IN IN
c —8—1gin =—@=15gin 30.giin d efl=—1.gln === 15gln 30.giin
ST-Ca
ST
7 _IN-Ca
IN IN

Sekil 6. Probiyotik yodurt érneklerine ait goriinis (a), tat (b), yapi (c) ve genel begeni puanlan (d). ST-Ca; sit tozu
kullanilarak kurumaddesi arttirilan ve kalsiyum klorGr eklenen sitten Uretilen probiyotik yodurt, ST, sut tozu
kullanilarak kurumaddesi arttirilan st ile Gretilen probiyotik yogurt. IN-Ca, inilin kullanilarak kurumaddesi arttirilan ve
kalsiyum klordr eklenen sitten uretilen probiyotik yogurt. IN, indlin kullanilarak kurumaddesi arttirilan sut ile tretilen
probiyotik yogurt. PSI-Ca, peyniralti suyu izolati kullanilarak kurumaddesi arttirilan ve kalsiyum klorir eklenen siitten
uretilen probiyotik yodurt. PSI, peyniralti suyu izolati kullanilarak kurumaddesi arttirilan st ile Uretilen probiyotik
yogurt. Hata gubuklari standart sapma degerlerini géstermektedir.

Figure 6. The appearance (a), taste (b), texture (c) and overall appreciation (d) scores of probiotic yoghurt samples.
St-Ca; probiotic yoghurt produced from milk whose dry matter was increased with milk powder and calcium chloride-
added. St; probiotic yoghurt produced from milk whose dry matter was increased with milk powder. IN-Ca; probiotic
yoghurt produced from milk whose dry matter was increased with inulin and calcium chloride-added. IN; probiotic
yoghurt produced from milk whose dry matter was increased with inulin. PSI-Ca; probiotic yoghurt produced from milk
whose dry matter was increased with whey isolate and calcium chloride-added. PSI; probiotic yoghurt produced from
milk whose dry matter was increased with whey isolate. Error bars represent the standard deviations of means.

Farkh bir galismada, kalsiyum klorir ilave edilen ve uretilen yogurtlarda jel olusumunun daha geg
edilmeyen sutlerden Bifidobacterium animalis ssp. lactis olmasindan kaynaklanabilecegini belirtmislerdir. Mevcut
Bb-12 ve Lactobacillus rhamnosus ile fermente igecekler calismada  probiyotik  yogurt  Orneklerindeki  S.
Uretilmistir.  Kalsiyum klordr ilavesinin 21 glnlik thermophilus, L. delbrueckii subsp. bulgaricus ve L.
depolama stresinin sonunda probiyotik bakterilerinin paracasei sayilarinin depolama stresince dustigu tespit
gelisimini  etkilemedigi saptanmistir [8]. Bagka bir edilmistir. Depolama slresince artan asitlikle birlikte
calismada, 400, 600 veya 800 mg/100 g dizeylerinde laktik asit bakterilerinin sayisinda azalma olabilecegi
kalsiyum laktak ilave edilen ve sukroz ile misir nisastasi degerlendirilmistir [60].

iceren  sitlerden yogurt dretilmis ve  Uretilen

yogurtlardaki laktik asit bakteri sayisinin kalsiyum laktak

icermeyen kontrol ornekleri ile benzer oldudu tespit

edilmigstir [59]. Bununla birlikte Kaushik ve Aroara [37]

yaptiklari galismada, site kalsiyum fosfat ilavesinin S.

thermophilus canliigini olumsuz etkiledigini belirlemisler

ve s6z konusu durumun kalsiyum ilave edilen stitlerden
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Sekil 7 Probiyotik yogurt érneklerindeki Streptococcus thermophilus sayisi (a), Lactobacillus delbrueckii subsp.
bulgaricus sayisi (b) ve Lactobacillus paracasei sayisi (c). ST, sut tozu kullanilarak kurumaddesi arttirilan sut ile
uUretilen probiyotik yogurt. IN-Ca, intlin kullanilarak kurumaddesi arttirilan ve kalsiyum klorir eklenen sutten Uretilen
probiyotik yogurt. IN, inlin kullanilarak kurumaddesi arttirilan sut ile Gretilen probiyotik yogurt. PSI-Ca, peyniralti suyu
izolati kullanilarak kurumaddesi arttirilan ve kalsiyum klorir eklenen sttten Uretilen probiyotik yogurt. PSI, peyniralti
suyu izolati kullanilarak kurumaddesi arttirilan sut ile Gretilen probiyotik yogurt. Hata gubuklari standart sapma
degerlerini gostermektedir.

Figure 7. Enumaration of Streptococcus thermophilus (a), Lactobacillus delbrueckii subsp. bulgaricus (b) and
Lactobacillus paracasei (c) in probiotic yoghurt samples. St-Ca; probiotic yoghurt produced from milk whose dry
matter was increased with milk powder, and calcium chloride-added, St; probiotic yoghurt produced from milk whose
dry matter was increased with milk powder. IN-Ca; probiotic yoghurt produced from milk whose dry matter was
increased with inulin and calcium chloride-added. IN; probiotic yoghurt produced from milk whose dry matter was
increased with inulin. PSI-Ca; probiotic yoghurt produced from milk whose dry matter was increased with whey isolate
and calcium chloride-added. PSI; probiotic yoghurt produced from milk whose dry matter was increased with whey
isolate. Error bars represent the standard deviations of means.
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SONUG

Yapilan bu galismada, sit tozu, inllin veya peyniralti
suyu izolati kullanilarak Uretilen probiyotik yogurt
Orneklerinin birbirlerinden farkli fizikokimyasal 6zelliklere
sahip oldugu belirlenmistir. Peyniralti suyu izolatinin
probiyotik yogurt Orneklerinin  reolojik  6zelliklerini
gelistirdigi  saptanirken, gorsel nitelikleri ile duyusal
Ozellik olarak yapi puanlarini olumsuz yénde etkiledigi
tespit edilmistir. SGtin kurumadde artinminda st tozu,
indlin veya peyniralti suyu izolati kullaniminin probiyotik
yogurt orneklerinin  mikrobiyolojik 6zellikleri Gzerine
istatistiksel olarak etki etmedigi belirlenmistir (p>0.05).
Sute kalsiyum Kklorur ilavesinin probiyotik yogurtlarin
gobrsel nitelikleri ile duyusal ve mikrobiyolojik 6zellikleri
acisindan herhangi bir etkisinin olmadigi saptanmistir.
Kalsiyum klorir ilavesinin probiyotik yogurt érneklerinin
serum ayrilmasi, gorinir viskozite, kivam katsayisi ve
tiksotropi  degerleri  lzerine etkisinin  olabilecegi
degerlendiriimekle birlikte konu ile ilgili yapilacak
calismalarda miktar da dikkate alinarak farkh kalsiyum
tuzlar ilave edilmig sutlerden Uretilen probiyotik
yogurtlarin 6zelliklerinin belirlenmesine ve sute kalsiyum
ilavesinin etkisinin net olarak ortaya konmasina ihtiya¢
duyulmaktadir. Sonu¢ olarak, konu ile ilgili olarak
bundan sonra yapilacak c¢alismalarda sute peyniralti
suyu izolati ile  kalsiyum  klorGr ilavesinin
optimizasyonunun gerceklestirilerek reolojik ve gorsel
ozellikleri gelistirilmis probiyotik yogurt Uretilebilmesinin
muUmkun olacag! degerlendirilmigtir.
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Bu calismanin amaci, beta karoten ve klorofil katilarak hazirlanan model yagdan bu pigmentlerin verdigi rengin
uzaklastiriima kapasitelerinin 9 dogal kil ve 2 ticari agartma topragi (T.A.T.) agisindan karsilastiriimasidir. Halloysit,
zeolit, bentonit, sepiyolit, diatom topragi, Magnesol XL, kaolin, montmorillonit ve perlit model yaga agirlikga %0.5
oraninda katiimis ve 80°C’de 30 dakika karistirmayi takiben yag filtre edilerek, aletsel renk, yad kaybi, serbest yag
asitligi (SYA), asit sayisI ve peroksit sayisi (PS) tespit edilmistir. Beta karoten rengi icin kontrole gére toplam renk
farki (AE) en yuksek ornekler 2.3, 2.1 ve 1.8 degerleriyle T.A.T.-1, T.AT.-2 ve halloysit ile muamele edilmis
Orneklerde Olglimistir. Bu grup orneklerde agirlik kaybi en az %22.1 ile bentonit ve en fazla %45.3 ile perlit
muamelelerinde gérulmistir. Ayrica serbest yag asitligini en fazla dustren (%7.7) Magnesol XL kili olmustur. Benzer
sekilde T.A.T.-1 ve sepiyolit ile muamele edilmis 6rneklerde PS degeri sifir iken kaolin ile muamelede 79.1 meqO2/kg
yag olarak ol¢lulmistir. Bu grupta sepiyolit ve Magnesol XL en basarili sonuglar saglamistir. Klorofil katilan
orneklerde yesil renk en basarili olarak sepiyolit tarafindan (AE=6.2) uzaklastiniimistir. Bu grup 6rneklerde agirlik
kaybi en fazla perlit (%52.9), en az bentonit (%23.5) ile muamele edilmis 6rneklerde ol¢ilmustir. SYA en fazla
Magnesol XL (%5.9), ve PS en fazla T.A.T.-2 ve zeolit (0 meqOx/kg yag) tarafindan azaltiimis olup bentonit ve
Magnesol XL érnekleri bu grupta dne ¢ikmistir. Daha 6énce bu amagla calisiimamis olan halloysit ile genelde iyi
sonuglar saglamistir. Tim killer igin asit aktivasyonu, boyut kiigiltme, nano boyutta kil olarak hazirlama ve sonikasyon
gibi modifikasyon teknikleri 6nerilmistir.

Anahtar Kelimeler: Dogal kil, Model yag, Beta karoten, Klorofil, Adsorpsiyon

Effect of Natural Clays on Color and Physico-Chemical Properties of Model Oil
ABSTRACT

The objective of this study was to compare the color removal capacities of 9 natural clays and 2 commercial bleaching
earths (C.B.E.) for beta carotene and chlorophyll pigments added model oil. Halloysite, zeolite, bentonite, sepiolite,
diatom earth, Magnesol XL, kaolin, montmorillonite and perlite were added at 0.5% weight ratio into model oil and
mixed for 30 min at 80°C, before filtering and analyzing for instrumental color, oil loss, free fatty acidity, acid number
and peroxide values. The total color difference (AE) for beta carotene were highest with 2.3, 2.1, and 1.8 for C.B.E.-1,
C.B.E.-2 and halloysite treated samples. In this group, weight loss was minimum at 22.1% for bentonite, and
maximum at 45.3% for perlit treatments. Also, free fatty acidity (FFA) was reduced at most (7.7%) with Magnesol XL
treatment. Similarly, C.B.E.-1 and sepiolite treated samples yielded 0, and kaolin treated sample yielded 79.1
meqO./kg oil peroxide values (PV). In this group, sepiolite and Magnesol XL were the most successful clays. In
chlorophyll added samples, the color was most successfully removed by sepiolite (AE=6.2). The maximum weight loss
(52.9%) was with perlit, and the minimum was (23.5%) with bentonite treated samples. FFA was reduced at most
(5.9%) with Magnesol XL, and PV was lowered at most (0 meqO./kg oil) with C.B.E.-2 and zeolite clays. In this group,
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bentonite and Magnesol XL were most successful. Halloysite, which was not studied for this purpose, had generally
good results. For all clays, acid activation, grinding, preparing as nano clays, and sonication were suggested as

modification techniques.

Keywords: Natural clay, Model oil, Beta carotene, Chlorophyll, Adsorption

GIRiS

Yemeklik bitkisel yaglar renklerini bitki yapisinda dogal
olarak bulunan ve yaga gecen lipokromlar olarak
gruplandirilan yagda ¢bzlinen pigmentlerden
almaktadirlar. Lipokrom grubu iginde en yaygin olanlar
karotenoitler ve klorofildir. Bunlarin disinda, pamuk
yaginda bulunan gossipol, bazi yaglarda bulunabilen
antosiyaninler ve ayrica yagda olusan bazi kimyasal
reaksiyonlar sonucu ac¢iga cikan koyu renkli bilesenler
de renk olusumuna katkida bulunurlar. Ayrica yagda
bulunan veya bulasan bakir, demir, mangan ve bu
metallerin tlrevleri de renk degisimlerine neden
olmaktadirlar [1].

Yemeklik ham yaglardaki koyu ve istenmeyen renkler
yag rafinasyonunun bir iglemi olan ‘agartma veya

dekolorizasyon’ ile  yagdan  uzaklastiriimaktadir.
Agartmanin esasi renk veren pigmentlerin yaga katilan
kilere adsorbe edilmesi ve suzme ile yagdan

uzaklastiriimasidir. Agartma islemi ile istenmeyen renk
duzeltilirken, ayrica yagda bulunan diger bozunma
arGnleri de (serbest yag asitleri, sabunlar, oksidasyon
arGnleri, vb.) kismen uzaklastiriimaktadir. Agartma
islemi boylece yagin duyusal 6zelliklerinin iyilesmesine
ve daha dayanikli hale gelmesine de yardimci
olmaktadir [1, 2].

Yemeklik yaglarin agartiimasi igin uzun zamandan beri
agartma Kkilleri kullaniimaktadir. Genellikle dogal olarak
uretilen Killer, belli tanecik boyutuna indirgenip, asitle
yikanarak organik kalintilar uzaklastiriimakta ve tek
olarak veya birkac kilin karisimi olarak
kullaniimaktadirlar. Bunlardan dogal aktif ve belirli bir
renk agma gucunde olan killer, Atapulgit, Montmorillonit,
Baydellit, Nontronit, Hektorit ya da benzeri mineral
yapisina sahip killer olarak tanimlanmaktadir [1, 3].

Daha etkili Killeri bulmak veya teknolojik olarak
olusturmak icin bircok calisma yapiimaktadir. Ozellikle
yeni kil kaynaklarinin denenmesi, bilinen Killerin belli
modifikasyonlara (nano boyuta indirgeme, ylzey
kimyasal gruplarin degistiriimesi, kombinasyonlarin
bulunmasi, vb.) ugratildiktan sonra denenmesi ilgiyle
karsilanan arastirma konulandir. Onen ve Gékay [4]
tarafinda yapilan bir gcalismada sepiyolit aygicegi yaginin
agartimasinda  kullamilmistir.  [ki  farkhi  agartma
sicakh@inin (90-100°C), dort farkh agarma siresinin (15,
30, 45 ve 60 dakika) ve 7 farkli yag/kil oraninin (%0.5;
0.65; 0.8; 0.95; 1.1; 1.25 ve 1.4) denendigi ¢alismada,
Tonsil optimum 210 FF kili kontrol grubu olarak tercih
edilmistir. Deneysel ¢alismalar, ham sepiyolit ve Tonsilin
birbirine yakin agartma verimi sagladigi, ancak
sepiyolitle adsorpsiyon hizinin daha yavas oldugunu
goOstermigtir.  GuUrpinar tarafindan yapilan calismada,
Trakya bolgesinden elde edilen dogal bentonitin
aygicegi yaginin agartma prosesinde etkisi arastiriimistir
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[5]. Bu arastirmada ham bentonit killerinin uygun asit
aktivasyon kosullarini belirlemek amaciyla 2N, 4N ve 8N
H.SO,4, HCI ve H3PO, ¢ozeltileri kullanilarak 1 saat, 3
saat ve 5 saat surelerinde aktivasyon islemi yapiimistir.
Asitle aktivasyon igsleminde en ylksek agartma verimleri,
4N H,SO, ile 5 saat, 4N HCl ile 3 saat ve 8N H3PO, ile 5
saat aktivasyon uygulanan killerde elde edilmis ve
agartma verimleri sirasiyla %68.65, %62.41 ve %49.35
olarak bulunmustur. Bir diger calismada, aktiflestirilmis
bentonit kanola yaginin agartma isleminde kullaniimigtir.
Ayrica aktiflestirilen  bentonit; aliminyum, demir,
mangan ve kobalt ile 500°C’de kalsinasyon islemine tabi
tutularak tabakalandiriimistir. Sonuglar tabakalandiriimis
bentonitin digerinden daha etkili bir agdartma Kili
oldugunu gostermistir [6].

Bu calismada bazilari daha énce hi¢ ¢alisiimamis dokuz
farkli dogal kil ve iki adet ticari agartma topragi
hazirlanan model bir yagdan beta karoten ve klorofilin
uzaklastirimasi igin kullaniimistir. Calisma hem bazi
killeri bu amagla ilk defa test ettigi hem de galismanin bir
model yag sisteminde yapilmasi nedeniyle vyenilik
icermektedir. Bu c¢alismanin amaci model yagda
¢b6zindirllen beta karoten ve klorofil pigmentlerinin
adsorpsiyon etkenliginin renk degisimlerinin dlgtlmesiyle
dogal killer ve ticari agartma topraklar igin
karsilastiriimasidir.

MATERYAL ve METOT
Materyaller

Bu galismada kullanilan soguk pres findik yagi (Tito
marka) piyasadan satin alinmistir. Kullanilan yagdin
serbest yag asitligi oleik asit cinsinden %8.1+0.7 olarak
ve peroksit sayisi da 11.1+0.8 meqO./kg yad olarak
Olgulmustir. Model yagi hazirlamak i¢in kullanilan -
Karoten (%30’luk, Yagda ¢ozunar, Tito marka) ve
Klorofil (%3’luk, Yagda ¢6zundr, Tito marka) piyasadan
satin alinmigtir. Ticari agartma topragi-1 (T.A.T.-1)
(Pure-Flo Supreme B-81 marka), Ata Endustriyel
Uriinler Ltd. (Istanbul) firmasi tarafindan, ticari agartma
topragi-2 (T.A.T.-2) (Amcol 930 marka), Trakya Birlik
Yag fabrikasi (Corlu, Tekirdag) tarafindan saglanmistir.
Kullanilan dogal killer olan Halloysit (Esan A.$.,
Eskisehir), Zeolit (Turkzeolit Madencilik, Balikesir),
Bentonit (Rota Madencilik A.S., Istanbul), Sepiyolit
(Madkim Maden ve Kimya Ltd. Sti., istanbul), Diatom
Topragi (CMM Kimyevi Maddeler, Mineraller Sanayi ve
Ticaret A.S., istanbul), Magnesol XL (The Dallas Group
of America, Inc., Jeffersonville, IN, ABD), Kaolin (Kaolin
Endistriyel Mineraller San. ve Tic. A.S., istanbul),
Montmorillonit (Rota Madencilik A.S., istanbul), ve Perlit
(Genper A.S., Istanbul) piyasadan temin edilmistir. Tim
dogal killer 100 mikron elekten gegirilmis ve elek alti
kisim (pargacik boyutu 100 mikrondan kuglik olan)
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kullaniimistir. Calismada kullanilan killer Sekil 1’de
gOsterilmistir.  Analizler sirasinda  kullanilan  tim
solventler, standartlar ve kimyasal maddeler Sigma
Kimyasallar $ti. (St. Louis, ABD) ve Merck (Darmstadt,
Almanya) firmalarindan satin alinmistir.

Model Yagin Hazirlanmasi

Satin alinan soguk pres findik yagi once adi filtre
kagidindan suzilerek igerisinde bulunmasi muhtemel
olan tim safsizliklardan arindiriimistir. Oldukga berrak
ve nerdeyse renksiz olan bu yad model yaglar
hazirlamak igin kullaniimistir. Soguk pres findik yagina,
100 g yaga 0.092 g klorofil veya 100 g yaga 0.035 g
beta karoten olacak sekilde pigmentler katilmis, daha
sonra yag 50°C’de isitilarak 15 dakika karistiriimis ve
pigmentlerin tam olarak c¢dzinmesi ve dagiimasi
saglanmistir. Model yaga katilacak pigment miktarlarini
belirlemek icin 6n denemeler yapiimis ve yemeklik
yaglarda gorulen renk tonlarina benzer rengi veren
pigment konsantrasyonlari segilmistir. Bunun icin
elimizde bulunan natlrel zeytinyaginin yesil tonuna
yakin deger saglayan klorofil ve ham misirézi yaginin

sari-turuncu tonuna yakin renk veren beta karoten katim
orani secilmigtir. Model yag her tekerrir calismasinda
250 g olarak hazirlanmis ve bekletimeden
muamelelerde kullaniimigtir.

Model Yagin Adsorban Killer ile Muamelesi

Model yagdan 10’ar g 6rnek 12 adet behere tartilmistir.
Her yagd 6rneginin Gzerine yag agirhdinin %5'i kadar (0.5
g) kil eklenmistir. Beherler isiticii manyetik karistirici
Uzerinde 80°C’de 0.5 saat kanstiriimistir.
Muamelelerden sonra yag:adsorban karisimi Whatman
no. 40 filtre kagidindan yer g¢ekim ivmesi altinda
stzulmuUstur. Ticari agartma topraklariyla da ayni katim
onarinda ve ayni kosullarda deneyler gergeklestiriimistir.
Tapler igerisine toplanan orneklerin analizleri hemen
yapiimistir. Analizler suresince tipler buzdolabinda
tutulmustur. Muamele edilen yag ornekleri Sekil 2 ve
3'de g0sterilmistir. Kontrol 6rnedi, adsorban kil katimi
hari¢ diger tim islemlere benzer sekilde tabi tutulmus
(1sitma, karistirma, slizme) ve onun da tim analizleri
yapimisgtir.

Sekil 1. Calismada kullanilan ticari agartma topraklari ve dogal
killer (1-T.A.T.-1, 2-T.A.T.-2, 3-Halloysit, 4-Zeolit, 5-Bentonit, 6-

Sepiyolit, 7-Diatom Topragi,
Montmorillonit, 11-Perlit)

8-Magnesol

XL, 9-Kaolin, 10-

Figure 1. The commercial bleaching earths and natural clays used
in this study (1-C.B.E.-1, 2-C.B.E.-2, 3-Halloysite, 4-Zeolite, 5-
Bentonite, 6-Sepiyolite, 7-Diatom Earth, 8-Magnesol XL, 9-Kaolin,

10-Montmorillonit, 11-Perlit)
Yagda Agirik Kaybi Olgiimii

Muameleler sonunda yagda olusan toplam agirlik
kaybini bulmak igin, filirasyon sonrasi tipte toplanan
yag tekrar tartiimistir. Baglangigta tim muameleler
icin 10 g yag tartildigi icin son tartim ve ilk tartim
degerleri kullanilarak, agirlik kaybi ylzde deger
olarak hesaplanmistir.
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Yagda Aletsel Renk Olgiimii

Kontrol ve muamele edilmis yag orneklerinin aletsel
renk degerleri  Minolta CR-400 Reflektans
kolorimetresi (Japonya) ile belirlenmistir. Cihaz 6nce
kendi beyaz seramigine karsi kalibre edilmis ve
Olcimler cihazin sivi 6rnek kabi kullanilarak
yapiimistir. Yapilan analiz sonucunda, aletsel rengin
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L, a* ve b* degerleri kaydedilmistir. L degeri, renk agisindan bir farkinin olup olmadiginin bir
parlakligi ifade etmekte olup, tam koyuluk (L=0) ile Olgutidir. Hesaplamada kullanilan Denklem 1
tam berraklik (L=100) arasindaki degeri asagida verilmigtir;

gostermektedir. Aletsel rengin a* degeri, kirmizilik

(+a*) ile yesilik (-a*) miktarini ifade etmektedir. AE = (AL)? + (Aa*)? + (Ab*)? (Denklem 1)

Benzer sekilde b* degeri ise sarilik (+b*) ile mavilik (-

b*) degerini géstermektedir. Olgiimler her yag 6rnegi Eger AE=1 ise renk farki 6nemli,

icin rastgele bircok noktada yapilmis olup, ortalama Eger AE>1 ise renk farki gok énemli,

degerler rapor edilmistir. Ayrica kontrol érnegine gére Eder AE<1 ise renk farki 6nemsiz olarak

toplam renk farki (AE) degerleri de hesaplanmigtir. ~ degerlendiriimektedir.

Toplam renk farki her bir 6rnegin kontrol drneginden

1la
¥ W

Sekil 2. Beta karoten igeren kontrol ve muamele edllmls yag ornekleri (Kontrol 1-T.AT.-1, 2-T AT.
-2, 3-Halloysit, 4-Zeolit, 5-Bentonit, 6-Sepiyolit, 7-Diatom Topradi, 8-Magnesol XL, 9-Kaolin, 10-
Montmorillonit, 11-Perlit)

Figure 2. Control and treated oil samples containing beta carotene (Control, 1-C.B.E.-1, 2-C.B.E.-2,
3-Halloysite, 4-Zeolite, 5-Bentonite, 6-Sepiyolite, 7-Diatom Earth, 8-Magnesol XL, 9-Kaolin, 10-

3

T

Montmorillonit, 11-Perlit)
=N

Iij]

i
» v

3-Halloysit, 4-Zeolit, 5-Bentonit,
10-Montmorillonit, 11-Perlit)

6-Sepiyolit,

Figure 3. Control and treated oil samples containing chlorophyll (Control,
6-Sepiyolite,

3-Halloysite, 4-Zeolite, 5-Bentonite,
10-Montmorillonit, 11-Perlit)

Yagda Serbest Yag Asitligi ve Asit Sayisi Analizi

Kontrol ve muamele edilmis yag o6rneklerinin serbest
yag asitligi degerleri AOCS’nin Ca 5a-40 metodu takip
edilerek, oleik asit cinsinden belirlenmistir [7]. Benzer
sekilde asit sayisi analizi de AOCS’nin Cd 3d-63
metoduna uygun olarak gergeklestirilmigtir [7].

Yagda Peroksit Sayisi Analizi

Yag orneklerinin peroksit sayisi degerleri AOCS Cd 8-53
metodu esas alinarak belirlenmistir [7].

1
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Sekil 3. Klorofil iceren kontrol ve muamele edilmis yad oOrnekleri (Kontrol,
7-Diatom  Topragu,

1-TAT.-1, 2-TAT.-2,

8-Magnesol XL, 9-Kaolin,
1-C.B.E.-1, 2-C.B.E.-2,

7-Diatom Earth, 8-Magnesol XL, 9-Kaolin,

istatistiksel Analizler

Bu arastirmadaki yaglarin killerle agartma muamele
islemleri 2 tekerrirlli olarak yapilmistir. Her bir tekerrir
icin olgimler 3 paralel olarak gergeklestirilmistir.
Dolayisiyla ortalama deger olarak sunulan her bir veri 6

olcimiUm ortalamasini ve standart hatasini ifade
etmektedir. Ornekleri karsilastirmak igin tek-yonli
ANOVA ve Tukey testi kullaniimigtir. Analizlerdeki

guvenlik seviyesi en az %95 olup, Minitab bilgisayar
paket programiyla gerceklestirilmistir [8].
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BULGULAR ve TARTISMA
Beta Karoten Renginin Uzaklagtiriimasi

Arastirma kapsaminda 9 dogal kil ve 2 ticari agartma
topragiyla muamele edilen ve ayni kosullarda higbir kille
muamele edilmeyen (kontrol) beta karoten ile
hazirlanmis model yag érneklerinin (Sekil 2) aletsel renk
degerleri Tablo 1’de sunulmustur.

Renk dlgiiminde L degeri parlakhidin bir élgtti olup 100
(tam parlak, berrak, beyaz) ile 0 (tam mat, koyu, siyah)
degerleri arasinda degismektedir. Ornekler arasinda
kiguk farkliliklar olusmustur. En yiksek L degeri (29.8)
kaolin ile muamele edilmis 6rnekte ol¢ilimustir. Kaolinin
berraklastirmada daha etkili oldugu goériimastir. En
disik L degeri (27.5) T.AT.-2 agartma topradi ile
muamele edilmis 6rnekte dlgilmustir. T.A.T.-2, halloysit
ve bentonit ile muamele edilmis yagdlar disinda tim
muamelelerde kontrol érnegine gore bir miktar artis,
yani renkte bir miktar berraklasma saglanmistir. Bazi
orneklerin artis gostermemesi agartma isleminde etkili
olan bazi olumsuz etmenlerin varligini géstermigtir. Bazi
orneklerde  kontrol 6rnedinden daha duasik L
degerlerinin gézlenmesi pigmentlerin oksidasyonu veya
muameleden sonra yagda bir miktar bulanikligin
olusmasi ile agiklanabilir. Ayrica muameleden sonra

yapilan filtrelemenin de basit bir islem oldugu ve
endistride uygulanan filtrelemeden farkh oldugu
unutulmamalidir. Ancak tim muameleler es kosullarda
yapildigi icin Killeri kiyaslamak mimkdnddir.

Tablo 1’de verilen a* ve b* degerleri renk 6lgiminde
sirasiyla kirmizi/yesil ve sari/mavi koordinat degerlerini
gostermektedir. Degerlerde +a* kirmiziyl, —a* ise yesili
ve +b* sariyl, —b* ise maviyi belitmektedir [9, 10].
Muamele edilen killerle yagdaki kirmizi renk pigmentinin
azalmasi ve a* degerinin kontrol degerinden daha dusuk
degere gelmesi amaglanmistir. Kontrol érnegi a* degeri
(1.5) muamele edilen O&rneklerin  degerleri ile
kiyaslandiginda, a* degerinin en duslk olarak elde
edildigi deger (-1.4) ile T.A.T.-1 agartma toprag! ile
muamele edilen o6rnek oldugu goérilmustir. Ticari
agartma topraklari hari¢ tutuldugunda ise, halloysit
kilinin en distik a* degerini sagladigi, yani beta karoteni
en etkili sekilde adsorbe ettigi gorilmektedir. Tabloda en
dustk olgulen b* degeri (4.5) halloysit ile muamele
edilen drnekte olgulmustur. Yani halloysit kili sari renkli
pigmentleri de daha etkili bir sekilde uzaklastirmistir. En
yiuksek deger (8.3) ise T.A.T.-1 agartma topraginda

Olgulmustur. Bu kilin sari renk veren pigmentlerin
uzaklastinimasinda yeterince etkili olmadig
anlasiimistir.

Tablo 1. Ticari agartma topraklari ve dogal killer ile muamele edilmis beta karoten ile hazirlanmis model

yag Orneklerinin renk degerleri

Table 1. Color values of model oils prepared with beta carotene and treated with commercial bleaching

earths and natural clays

- L s .~ Toplam Renk
Ornek L Degeri a* Degeri b* Degeri Farki (AE)
Kontrol 28.9+0.52 1.5+0.2° 6.3+0.0¢ -
TAT.-1 29.5+0.3% -1.4+0.0¢ 8.310.2° 2.1°
TAT.-2 27.5+0.5° -0.03£0.0f 6.7+0.1¢ 232
Halloysit 28.6+0.4° 0.740.2¢ 4.5+0.1° 1.8°
Zeolit 29.2+0.5% 1.6£0.2° 6.4+0.0¢ 0.3¢
Bentonit 28.9+0.2% 1.6£0.1° 6.6+0.0¢ 0.4'
Sepiyolit 29.1+0.4% 1.8+0.0° 7.6+0.1° 16°
Diatom Topragi 29.2+0.4% 1.4+0.1° 6.9+0.2° 0.7¢
Magnesol XL 29.3+0.5% 2.6+0.2° 7.5+0.0° 1.6°
Kaolin 29.8+0.5% 1.5+0.0° 6.7+0.0¢ 0.9¢
Montmorillonit 29.5+0.22 1.5+0.1° 6.5+0.1¢ 0.6
Perlit 29.6+0.3% 1.1£0.0¢ 7.1£0.0° 1.1¢

IAyni siitunda farkli kiiglik harflerle gésterilen drnekler istatistik olarak birbirlerinde farkhdir (p<0.05)
1Samples with different superscripts in the same column indicate statistically significant differences (p<0.05)

Toplam renk farki (AE) renk metodunun boyutunu
gésteren sayisal bir degerdir. Tki maddenin rengini
kiyaslamak igin kullanilir. Tablo 1’de verilen toplam renk
farki degerleri kontrol 6rnegi ile agartma topragi ve
killerle muamele edilen 6rnekler arasindaki kargilagsmayi
vermektedir. Olciilen en disiik toplam renk farki degeri
(0.3) zeolit ile muamele edilen 6rnektir. En yiksek deger
(2.3) T.AT.-2 agartma topradl ile muamele edilen
ornekte olgulmustir. T.A.T.-2 agartma topraginin renk
agma isleminde daha etkili oldugu anlagiimaktadir.
Dogal killerden ise halloysitin ve sepiyolitin digerlerinden
daha etkili oldugu gortlmektedir.

Genel olarak, model yagdan beta karoten pigmentinin
uzaklastiriimasinda ticari agartma topraklarinin (T.A.T.-1
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ve T.A.T.-2) diger dogal killerden daha etkili oldugu
ortaya ¢ikmistir. Dogal killer arasinda ise halloysitin belli
bir kapasiteye sahip oldugu ve bazi modifikasyonlarla
(ince o6gutme, asitle yikama vb.) kapasitesinin
gelistirilebilecegi degerlendirilmistir.

Kontrol ve muamele edilmis yag orneklerindeki agirlik
kaybi ve bazi 6nemli fiziko-kimyasal 6zellikleri dlgilmus
ve Tablo 2'de verilmistir. Orneklerdeki agirlik kaybi, ne
kadar yagin kile tutularak veya baglanarak ana kitleden
uzaklastinldiginin bir o6lgitidir. Genel olarak agirlik
kaybinin kullanilan kilin toplam por alani, ylzey alani ve
noétral yaga kargl baglama affinitesinin bir sonucu oldugu
dislnidlmektedir [9]. Kontrol 6rnegi kille muamele
edilmesi disinda ayni islemlere (isitma ve filtre
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kagidindan slizme) tabi tutulmustur. Dolayisiyla kontrol
orneginde hesaplanan agirlik kaybi aslinda sadece filtre
kagidi tarafindan tutulan yag miktarini belirlemektedir.
Muamele edilen Orneklerdeki rakam ise ayrica o Kil
tarafindan baglanan yag miktarini gostermektedir.
Endistriyel uygulamalarda yag kaybinin en az olmasi
istenmektedir. Bunun icin adsorban kil katim orani
mumkin oldugunca dusurilmekte ve etkili sizme iglemi
yapillmaya calisiimaktadir. Bu ¢alismada tim orneklere
standart ve ayni muamele uygulandigi igin olugan yag
kaybr kullanilan kil farklihlgindan kaynaklanmaktadir.
Tablo 2’den de gdrllecedi gibi en fazla agirlik kaybi
perlit (%45.3) ile muamele edilen 6rnekte, en az agirlik
kaybi ise bentonit (%22.1) ile muamele edilen 6rnekte
Olgllmustir. Kontrol 6rneginde sadece filtrenin %22’lik
yag kaybina neden oldugu anlagiimaktadir.

Yag kaybinin minimum dizeyde tutulmasini sagladigi
icin bentonit agartma isleminde kullanilabilecek verimli
bir kildir. Perlit igslem maliyeti ve kazanci igin verimli
olmayacaktir. Bentonit, zeolit ve halloysit ticari agartma
topraklarindan daha dusuk yag kaybi verdigi icin Gmit
verici olarak degerlendirilmislerdir. Adartma muamele
islemi yapilirken belli sicaklk (80°C), sire (0.5 saat) ve
basing (atmosfer basinci) kullaniimis olup, filtreleme
islemi de dogal yer ¢ekimi ivmesi altinda 6-8 saat kadar

sirmistir. Bu kosullarin yagda baz istenmeyen
hidrolitk ve oksidatif reaksiyonlari katalizleyebilecegi
degerlendirildigi icin, drneklerde serbest yag asitligi ve
asit sayisi ile peroksit sayisi degerleri de Olgllmus ve
sonuclar Tablo 2'de verilmigtir. Serbest yag asitligi ve
asit sayisi, yemeklik yaglarin tliketici kabuli i¢in oldukga
Onemlidir. Asitligi belli dederlerin Ustline gikan yagdin tadi
eksi olacag icin tlketilmesi zorlasmaktadir [1, 2]. Turk
Gida Kodeksi Bitki Adi ile Anilan Yaglar Tebligine [11]
gore findik yaginin yag asitleri kompozisyonunda oleik
asit baskin konumdadir ve toplam yag asidi ylzdesinin
%74.2-86.7’sini olusturmaktadir. Teblige gore asit sayisi
rafine yaglarda en ¢ok 0.6 mg KOH/g yad, soguk
preslenmis ve natirel yaglarda en ¢ok 4.0 mg KOH/g
yag olarak belirlenmistir. Tablo 2'deki degerlere
bakildiginda agartma muamelesi uygulanan ham findik
yaginin kontrol érneginin asit sayisi degerlerinin bile
tebligde  belirtilen  degerlerden  yilksek oldugu
gorilmistir. Bu durum dikkate alinarak nisbi azalma ve
artis degerleri belirlenmistir. Kontrol érneginin asit sayisi
degerine (17 mg KOH/g yag) bakilarak en duistk asit
sayisi degeri (15.3 mg KOH/g yag) Magnesol XL ile
muamele edilen drnekte Olgliimustir. Perlit, sepiyolit ve
zeolit killeri de digerlerinden biraz daha dusuk asit sayisi
degderleri vermiglerdir.

Tablo 2. Ticari agartma topraklari ve dogal killer ile muamele edilmis beta karoten ile hazirlanmis model yag
orneklerinin agirlik kaybi ve bazi kimyasal dlgim degerleri
Table 2. Weight loss and some chemical properties of model oils prepared with beta carotene and treated

with commercial bleaching earths and natural clays

Arnek Agirlik Kaybi*  Serbest Yag Asitligi Asit Sayisi (mg Peroksit Sayisi
(%) (% oleik) KOH/g yag) (meqO./kg yag)
Kontrol 22.0+£0.59 8.4+0.1° 17.0+0.1? 21.8+0.8¢
TAT-1 26.7+0.2° 8.0+0.0 16.0£0.2° 0.0£0.0'
T.AT.-2 26.0+0.3° 8.6+0.02 17.2+0.0? 3.31£0.19
Halloysit 25.4+0.2 8.4+0.2° 16.8+0.1° 2.7+1.09
Zeolit 23.6%0.2 8.1+0.0° 16.2+0.0° 11.2+0.3f
Bentonit 22.1+0.09 8.6+0.1° 17.3+0.0? 0.6+0.3'
Sepiyolit 28.3+0.0¢ 8.1+0.2° 16.2+0.2° 0.0£0.0'
Diatom Topragi 33.7+0.5° 8.6+0.02 17.2+0.22 17.1+0.2¢
Magnesol XL 30.9+0.0° 7.7£0.39 15.3+0.3° 23.1+0.3°
Kaolin 26.8+0.2° 8.3+£0.0° 16.7+0.12 79.1+1.32
Montmorillonit 26.0+0.0° 8.2+0.0¢ 16.4+0.2° 33.0£0.1°
Perlit 45,3+0.02 8.0+0.1 16.0+0.3° 1.3+0.1"

IAyni siitunda farkli kiiglik harflerle gésterilen drnekler istatistik olarak birbirlerinde farklidir (p<0.05)
1Samples with different superscripts in the same column indicate statistically significant differences (p<0.05)

Serbest yag asitligi degerleri incelendiginde (Tablo 2),
en dustuk degerin (%7.7) Magnesol XL ile muamele
edilmis 6rnekte oldugu gorulmustir. Bundan sonraki
dustik degerler sirasiyla T.A.T.-1, perlit, zeolit ve
sepiyolit ile muamele edilmis 6rneklerde olgtimuagtar.
Suphesiz yagin agartiimasi esnasinda serbest yag
asitlerinin de uzaklastirilmasi bir avantaj saglamaktadir.
Ancak bu durumun toplam agirhik kaybiyla birlikte
degerlendiriimesinde fayda vardir.

Yemeklik  yaglarda  oksidasyonun en  gegerli
Olgutlerinden birisi  peroksit sayisidir.  Kontrol ve
muamele edilmis Orneklerin peroksit sayisi degerleri
Olgilmis ve sonuglar Tablo 2'de sunulmustur.
Peroksitler yaglarin birincil oksidasyonu sonucu olusan
bilesiklerdir. Yaglarin bozulmuslugu ile dogru orantili bir
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iliskisi vardir [1, 2, 9]. Yaglarin peroksit igerikleri Turk
Gida Kodeksinde belli degerler ile sinirlandiriimigtir.
Tiirk Gida Kodeksi Bitki Ad1 ile Anilan Yaglar Tebligi'nde
rafine yaglarda en ¢ok 10 meqO./kg yag, soguk
preslenmis ve natirel yaglarda en ¢ok 15 meqO./kg yag
olarak peroksit sayisi degerleri belirlenmigtir [11].
Kontrol 6rneginde Olgilen peroksit degeri (21.8
meqO./kg) standardin tzerindedir. Bu durumun yiksek
1sida karistirma ve uzun suren filtreleme iglemi sirasinda
yag orneklerinin  havaya maruz  kalmasindan
kaynaklandigi degerlendirilmistir. Laboratuvar ortaminda
uygulanamamis olmakla birlikte, endustriyel agartma
islemleri tam vakum altinda ve hermetik ortamda hava
temasi olmadan yapilmakta ve oksidasyonun o6nline
gecilmektedir. Bu c¢alismada karsilastirma amagl es
kosullar altinda agartma kapasitesi arastiriimigtir.
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T.AT.-1 topragi ve sepiyolit ile muamele edilen
orneklerde peroksit saptanmamistir. Bu killerin olusan
peroksitlerin tamamini adsorbe ettigi veya olusan
peroksitlerin parcalandigi anlasiimaktadir. Bu durum
avantajli bir sonug¢ olarak degerlendirilebilir, ancak
oksidasyonun ikincil drtnleri dlglilmedigi igin, peroksit ve
pargalanma Urlnlerinin adsorpsiyonla ne kadarinin
uzaklastinldigr bilinmemektedir. Bentonit ile muamele
edilen Ornekteki deger (0.6 meqO./kg yagd) de disuk
olup, bu Kkilin de peroksit baglamada etkili oldugu
gorulmistir. Olglilen en yiksek deger (79.1 meqO./kg
yag) kaolin ile muamele edilen 6rnekte goérilmustir. Bu
kilin yag oksidasyonunu katalizleyen iz metal kalintisi
icermesi olasihgi disundlmustir. Peroksit degerlerindeki
azalma  adsorban  Kkillerin  yagdaki  peroksitleri
adsorplayip yagdan uzaklastirmasi ile aciklanmistir.
Ancak olugan birincil oksitlerin kendiliginden par¢alanma
ihtimali de bulunmaktadir. Serbest yag asitligi ve
peroksit sayisi Olgimleri birlikte degerlendirildiginde,
ticari agartma topraklariyla kiyaslama yapilirsa,
halloysit, sepiyolit ve bentonitin umut verici oldugu
anlagiimaktadir. Ayrica bu calismada killer dogal
formlariyla arastirlmis olup, asitle yikama, yakma,
kalsinasyon vb. modifikasyon islemleri yapiimamistir.
Killerin dogal formlarinda birbirleriyle karsilastiriimasi
amaglanmistir. Bir galismada [12], okzalik ve siiffirik
asitle modifiye edilmis kaolin kilinin piring kepegi yagini

agartmada dogal formuna gore daha etkili oldugu ve
dekolorizasyon kapasitesinin yaklasik %80-90 arttigi

belirlenmistir. Bizim c¢alismamizda kaolin modifiye
edilmemistir, ancak belli seviyede dekolorizasyon
etkenliginin oldugu ve yagda oksidasyonu artirdigi
belirlenmistir.  Bir  diger c¢alismada [13] asitle
aktiflestiriimis  sepiyolitin  beta-karoten adsorplama
mekanizmasi c¢alisiimistir.  Calisma sonunda, beta-

karotenin, sepiyolit kilinin disindaki mezo-yuzeylere ve
kristaller-arasi kanal ve tlnellere gegerek adsorbe
oldugu ortaya konulmustur. Bizim calismamizda da
sepiyolitin beta-karoten rengini uzaklastirmada etkili
oldugu ve daha da 6nemlisi peroksitleri de oldukga etkili
bir sekilde adsorbe ettigi ortaya konulmustur.

Klorofil Renginin Uzaklagtiriimasi

Klorofil pigmenti ile hazirlanmis model yagda da ayni
islemler yapilmis ve sonuglar Tablo 3 ve Tablo 4'de
sunulmustur. Genel olarak beta karoten ve Kklorofilin
kimyasal yapilari birbirlerinden farkl lipokromlar oldugu
bilindigi icin, bunlarin killer tarafindan farkli sekillerde
adsorplanacag! hipotez edilmistir. Her iki lipokrom da

farkli  bitkisel ham vyadlarda bulunabilmektedir.
Dolayisiyla arastirmaya konu olmalari olagan bir
beklentidir.

Tablo 3. Ticari agartma topraklari ve dogal killer ile muamele edilmis klorofil ile hazirlanmis model

yag Orneklerinin renk degerleri

Table 3. Color values of model oils prepared with chlorophyll and treated with commercial

bleaching earths and natural clays

- — .~ .~ Toplam Renk
Ornek L Degeri a* Degeri b* Degeri Farki (AE)
Kontrol 27.5+0.0° -1.9+0.0° 5.04£0.19 -
TAT.-1 29.9+0.0° -1.5+0.1¢9 3.3+0.0' 2.9¢
TAT.-2 29.2+0.0° -1.8+0.01 4.0£0.1" 1.9f
Halloysit 29.3+0.1° -2.2+0.0¢ 5.2+0.0° 1.89
Zeolit 29.9+0.0° -2.3£0.1° 5.6+0.1°¢ 2.5¢
Bentonit 29.1+0.1° -2.2+0.0¢ 5.5+0.1¢ 1.6"
Sepiyolit 32.6+0.02 -1.5+0.0¢ 1.4+0.0 6.22
Diatom Topragi 29.5+0.0° -2.340.1° 5.7+0.0° 2.1°
Magnesol XL 29.4+0.0%° -2.0£0.0¢ 2.410.0 3.1°
Kaolin 29.2+0.0° -2.4+0.12 5.840.1° 1.9
Montmorillonit 28.5+0.1¢ -2.320.1° 5.7+0.0° 1.2
Perlit 29.5+0.1° -2.2+0.0° 5.44+0.1° 2.1°

IAyni siitunda farkli kiiglk harflerle gésterilen drnekler istatistik olarak birbirlerinde farklidir (p<0.05)
1Samples with different superscripts in the same column indicate statistically significant differences (p<0.05)

Tum orneklerde, kontrolle karsilastirildiginda toplamda
bir renk farkinin meydana geldigi gérulmektedir (AE > 1).
Olusan toplam renk farkinin sepiyolitle muamelede en
fazla (6.2) ve montmorillonitle muamelede ise en az
(2.2) oldugu anlasiimaktadir (Tablo 3). En ylksek L
degeri (32.6) sepiyolit ile muamele edilmis O6rnekte
olgilmastir. Sepiyolit kilinin klorofil pigmentinin rengini
agmada oldukga etkili oldugu gorilmustir. En disuk L
degeri ise (28.5) montmorillonit ile muamele edilmis
ornekte Olgllmustir. Tim muamelelerde L degerinde
kontrol ornegine gore bir miktar artis, yani renkte bir
miktar berraklagsma saglanmistir (Tablo 3).

Orneklerin a* degerleri Tablo 3'te verilmistir. Renk dlgiim
sisteminde +a* degeri kirmizi renk miktari olup, —a* ise
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yesil renk miktarini ifade etmektedir. Ornekler arasinda
istatistik farkliliklar meydana gelmis olup en yiksek -a*
degeri (-2.4) kaolin ile muamele edilmis Ornekte
Olgulmustir. Bu Ornekte kontrole gore yesillik degeri
yukselmistir. Bunun nedeni diger pigmentlerin kaolin
tarafindan adsorplanmasi ve klorofilin ise
adsorplanamamasi olabilir. Bodylece nisbi bir artis
gerceklesmis olabilir. Kontrolle kiyaslandiginda T.A.T.-1
ve sepiyolitin  yesilligi disurdigld anlasiimaktadir.
Sepiyolitin - model yadda bulunan yesil rengin
acilmasinda ve —a* degerinin azalmasinda daha etkili
oldugu gorilmustir. Cogunlukla tim muamelelerde
kontrol drnegine goére —a* degerinde artis saglanip yesil
renk korunurken birkag 6rnekte —a* degerinde azalma
olup renk agilmasi gorilmdastir. Genel olarak kullanilan
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killerin 6nemli ¢ogunlugunun klorofili baglamada g¢ok
etkili olmadiklari anlasiimaktadir.

Benzer sekilde Orneklerde o&lgllen b*  degerleri de
tabloda verilmistir. Renk Olgim sistemindeki +b* sari
renk miktarini, -b* ise mavi renk miktarini ifade
etmektedir. Kontrolle karsilastiriidiginda bazi érneklerin
b* degerleri azalirken vyani sari renkli pigmentler
azalirken, bazilarinda ise artis olugsmustur. Artisin
aslinda klorofilin baglanisina bagh nisbi bir olgu oldugu
anlagiimaktadir. En yuksek b* degeri (5.8) kaolin ile
muamele edilmis 6rnekte Oolculmastir. En disuk b*
degeri ise (1.4) sepiyolit ile muamele edilmis Ornekte
Olgllmustir. Bu deneme grubunda model yag klorofil ile
hazirlandi@r igin, rengin yesil disindaki tonlarinda
meydana gelen degismeler Kkillerin diger pigmentleri
baglamasinin bir sonucudur [5, 9]. Genel olarak yesil
rengi azaltmada sepiyolit Kilinin ticari agartma topraklari
kadar etkili oldugu anlagiimigtir. Bir aragtirmada, asitle
aktiflestiriimis  sepiyolitin, kolza yagindan klorofil-a
uzaklastirmadaki etkenligi test edilmistir. Calisma
sonunda klorofil-a’nin hem kilin dis ylizeyine adsorbe
oldugu hem de oktahedral tabakalarda Mg*? iyonunun
yerine gecgerek i¢c kanallara ve tuplere yapistigi
belirlenmistir [14]. Bizim ¢alismamizda da klorofil
uzaklastirmada ve yesil rengi agmada en bagaril kilin
sepiyolit oldugu dogrulanmisgtir.

Kontrol ve muamele edilmis yag orneklerindeki agirlik
kaybi deg@erleri hesaplanmis ve Tablo 4’de sunulmustur.
Yag kaybi hem muamele esnasinda killere yapismadan
hem de sizme islemi sirasinda filtre kagidinda
tutulmadan kaynaklanmaktadir. Endistriyel
uygulamalarda da vyad kaybinin en az olmasi
istenmektedir. Bunun icin adsorban kil katim orani
muUmkuin oldugunca dusurulmekte ve etkili sizme islemi
yapiimaya calisilmaktadir. Bu ¢alismada tum Orneklere
standart ve ayni muamele uygulandigi i¢in olusan yag
kaybi kullanilan kil farklihgindan kaynaklanmaktadir.
Yapilan olgimler sonucunda kontrol 6rnegdinin agirlik
kaybi %26.6 olarak belirlenmistir. Kontrol &rneginde
g6zlenen bu kaybin filtre kagdidindan kaynaklandigi
aciktir, clinkl bu 6rnekte zaten bir adsorban muamelesi
bulunmamaktadir. Diger ornekler incelendiginde kontrol
ornegine gore en fazla agirhik kaybi perlit (%52.9) ile
muamele edilmis érnekte dlglimustir. Kontrol érnegine
goére en az agirlik kaybi bentonit (%23.5) ile muamele
edilmis 6rnekte olclimustir. Hatta bentonit ile muamele
edilen drnekte kontrol érneginden de daha az agirlik
kaybi gozlenmistir. Bu durum ise oldukga ilging bir
sonugtur. Bu muamele sonrasinda yagin hi¢ adsorbe
olmadigi veya filtreden daha etkili stzuldigd anlamina
gelmektedir. Bir miktar pigmentin adsorbe oldugu
bilindigine goére, bu muamele yagin filtre kagidina
tutunmasini azaltan bir etki gdstermistir. Bu durumun
mekanizmasi bilinmemesine ragmen, sonug yag verimi
agisindan oldukga olumludur. Verilere bakildiginda perlit
ile muamele edilen 6rnekte bu kadar fazla agirlik kaybi
olmasinin nedeni perlitin yag! oldukga fazla tutmasindan
kaynaklanmaktadir. Bentonitin yag tutma o6zelligi daha
az oldugundan sitzme isleminde yag bentonitten
kolayca ayrilarak agirhk kaybini en aza indirmistir.
Killerin yagi tutma dereceleri farkli oldugundan agirlk
kayiplarinda da go6zle gorulir (Sekil 2) farkhliklar
meydana gelmistir.
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Kontrol ve muamele edilen yad 6rneklerinin en énemli
kalite kriterlerinden olan serbest yad asitligi ve asit
sayisi degerleri dlgilmis ve sonuglar Tablo 4'de
verilmistir. Serbest asitlik ve asit sayisi, yemeklik
yaglarda tlketici kabulli agisindan oldukga 6nemlidir.
Asitligi belli deg@erlerin Ustline ¢ikan yadin duyusal tat
begeni degeri azalmaktadir [1, 2]. Turk Gida Kodeksi
Bitki Adi lle Anilan Yaglar Tebligine [11] gére soguk
preslenmis ve natlrel yaglarda serbest yag asitligi en
fazla %0.6 olarak belirlenmistir. Asit sayisi ise en ¢ok
4.0 mgKOH/g yag olarak verilmistir. Yapilan analizlerde
kontrol 6rneginin serbest yag asitligi %8.3 £ 0.3 oleik
asit olarak olglimustir. Kontrol 6rneginin asit sayisi ise
16.6£0.1 mgKOH/g yagd olarak o&lgilmustir. Kontrol
Ornegi de dahil olmak Uzere muamele edilen tim yag
orneklerinde kodekse uygunluk derecesine
rastlanmamistir. Buna sebep olarak model yaga yapilan
muamele kosullarinin oldugu distiniimistir. Ozellikle
yiuksek 1sida karistirma ve slUzme isleminin uzun
slirmesi bu analitik degerlerin yikselmesine neden
olmustur. Farkli killerle muamele edilen yag o6rnekleri
kontrol 6rnegi ile karsilastinldiginda serbest yag asitligi
ve asit sayisinda en iyi azalma sonucunu Magnesol XL
ile muamele edilen 6rnek vermis ve serbest yag asitligi
(% oleik asit) 5.9 iken asit sayisi 11.9 mgKOH/g yag
olarak 6lgtiimistir. Kontrol 6rnegine goére en fazla artis
ise diatom topragi ile muamele edilmis 6rnekte serbest
yag asitligi (% oleik asit) 10.1 ve asit sayisi 20.2
mgKOH/g yag olarak Olglimistir. Bu kilde yag
hidrolizini  artiran  bir  bilesenin  bulunabilecegi
degerlendiriimesi yapiimistir. Magnesol XL'in ¢ok iyi bir
serbest yagd asidi giderici adsorban  oldugu
dogrulanmistir. Ayrica halloysit de bu konuda belli bir
potansiyel tasimaktadir ve ileride daha fazla arastirma
yapilmasi gerekmektedir.

Yemeklik  yaglarda  oksidasyonun en  gegerli
Olgutlerinden birisi peroksit sayisidir. Kontrol ve
muamele edilmis Orneklerin peroksit sayisi degerleri
Olgllmuis ve sonuglar Tablo 4’te sunulmustur. Tirk Gida
Kodeksi Bitki Adi ile Anilan Yaglar Tebligine [11] gére
soguk preslenmis ve naturel yaglarda en g¢ok 15
meqO2/kg yag olarak peroksit sayisina izin verilmigtir.
Yapilan analiz sonucunda kontrol 6rneginin peroksit
sayisi 11.1 meqO./kg yagd olarak o6lgiimuistir. Kontrol
ornegi ile kiyaslandiginda peroksit sayisinda en fazla
artis zeolit ile muamele edilmis 6rnekte Olgiimis ve
peroksit sayisi 24.3 meqO./kg yag olarak belirlenmistir.
Kontrol &rnegine goére peroksit sayisinda en fazla
azalma sonucu ise T.A.T.-2 ile muamele edilmis 6rnekte
Olgilmus ve peroksit sayisi 0.0 olarak belirlenmistir.
T.A.-T.-2 kilinin g¢ok etkili bir peroksit adsorplayicisi
oldugu anlasiimaktadir. Peroksit sayisi oksidasyon
derecesini goOsteren 6nemli bir parametredir. Zeolitin
yagdaki peroksitleri adsorplayip yagdan uzaklastirma
etkisinin az oldugu analiz sonucu ile belirlenmistir.
Ayrica, yaga katillan klorofilin pro-oksidan 6zellik
gOsterebilecedi ve zeolitin bununla birlikte oksidasyonu
katalizleyebilecegi dusinulmuastar [1, 2, 9]. T.A.T.-2 ise
yagda bulunan peroksitleri uzaklastirdigi igin peroksit
degerinde ciddi bir azalma gorilmustir. Kodeksle
karsilastirildiginda ise perlit ve zeolit ile muamele edilen
ornekler belirlenen degere uymazken diger muamele
edilen ornekler kontrol 6rneginin de peroksit sayisinda
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azalma saglayip kodekse uygunluk gdstermektedirler.
Ayrica yagdan oksidasyon drlnlerini uzaklastirmada

halloysitin de oldukga etkili oldugu gériimustar.

Tablo 4. Ticari agartma topraklari ve dogal killer ile muamele edilmis Kklorofil ile hazirlanmis model yag
Orneklerinin agirlik kaybi ve bazi kimyasal él¢cim degerleri

Table 4. Weight loss and some chemical properties of model oils prepared with chlorophyll and treated
with commercial bleaching earths and natural clays

-- < 100 Serbest Yag Asitligi Asit Sayisi Peroksit Sayisi
Ornek Agirlik Kaybi* (%) (% oleik) (mg KOH/g yag)  (meqOs/kg yag)
Kontrol 26.6+0.5" 8.3+0.34 16.6+0.1° 11.1+0.5°¢
TAT.-1 30.1+0.1f 8.8+0.1° 17.7+0.2° 4.0+0.1"
T.AT.-2 32.0+0.2° 8.3+0.2° 16.7+0.0" 0.0+0.0'
Halloysit 28.7+0.09 7.6+0.1° 16.1+0.0° 2.71£0.0'
Zeolit 43.9+0.1° 8.1+0.0¢ 16.2+0.1° 24.310.12
Bentonit 23.5+0.1' 8.0+0.2¢ 16.1+0.5°¢ 5.3+0.09
Sepiyolit 45.8+0.3° 8.0+0.2¢ 16.1+0.2° 6.0+0.1°
Diatom Topragi 33.840.5° 10.1+0.52 20.2+0.5% 5.1+0.29
Magnesol XL 46.6%0.0° 5.9+0.1 11.9+0.0° 4.0£0.0"
Kaolin 38.4+0.0° 8.5+0.0° 17.1+0.0° 9.1+0.1¢
Montmorollonit 29.3+0.1° 8.40.2° 16.8+0.1° 5.8+0.0
Perlit 52.9+0.22 7.7+0.1° 15.5+0.1¢ 15.8+0.2°

1Ayni siitunda farkli kiiglik harflerle gésterilen érnekler istatistik olarak birbirlerinde farklidir (p<0.05)
1Samples with different superscripts in the same column indicate statistically significant differences (p<0.05)

SONUG

Bu galismada soguk preslenmis ve filtrelenmis findik
yagina belli miktarlarda beta karoten ve klorofil katilarak
model yaglar hazirlanmis ve hazirlanan bu yaglara iki
ticari agartma topragdi ve dokuz adet dogal kil ile
agartma islemi uygulanmigtir. Muamele edilen
orneklerde aletsel renk, toplam agirlik kaybi, serbest
yag asitligi ve asit sayisi ile peroksit sayisi dlguimustar.
Genel olarak model yadin renginin agilmasinda ticari
agartma topraklarinin basarili oldugu goéralmuagtar.
Ancak toplam yag kaybi, serbest asitlik ve peroksit
sayisi deg@erleri de dikkate alindiginda, dogal killerden
bentonit, halloysit ve sepiyolitin de belli kapasitelere
sahip oldugu gorilmistir. Ozellikle daha énce bu
amagcla pek galisiimamis olan halloysit kilinin énemli bir
alternatif olma potansiyeli tasidigi  belirlenmisgtir.
Ulkemizde de (Uretilen bu kilin asitle yikama, ince
6gutme, nano 6gutme islemlerinden sonra bu veya
benzer amaglar icin arastiriimasi énerilmigtir.
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ABSTRACT

Plant-based milk industry has been enlarged with increasing demand for plant milk types and their products. Demand
is based on some factors such as vegan consumption, nutritional content, carbon emissions, lactose intolerance, and
other factors. According to raw material, plant-based vegetable milk types can be divided into five categories as
cereal-based (oat, rice, corn and spelt milks), legume-based (soy, peanut, lupine and cowpea milks), nut-based
(almond, coconut, hazelnut, pistachio, walnut and cashew milks), seed-based (sesame, flax, hemp and sunflower
milks) and pseudo-cereal based (quinoa, teff, amaranth and buckwheat milks). Hemp seed milk is one of the seed-
based milks and it has high nutrition values because it is composed of lipids (1.25-5.00%), proteins (0.83-4.00%),
carbohydrates (2.5-20.0%), vitamin E, minerals (sodium, phosphorus, potassium, magnesium, calcium, sulfur, iron,
and zinc) and all essential amino acids with high in polyunsaturated fatty acids (linolenic acid and linoleic acid). This
review evaluated hemp seed milk in comparing with other plant milk types, presented its nutritional aspect, and
formed a perspective with current studies.

Keywords: Hemp, Hemp seed milk, Seed based milks, Plant based milks

Bitkisel Siitlerden Biri: Kenevir Tohumu Siitii
0z

Bitkisel sut endustrisi, bitkisel sutlere ve Urlinlerine olan talebin artmasina bagl olarak genislemektedir. S6z konusu
talepler temel anlamda vegan tiketim, besinsel icerik, karbon emisyonu, laktoz intoleransi ve diger faktorler olmak
Uzere bazi hususlara baghdir. Bitkisel sutler hammaddelerine goére tahil bazli (yulaf, piring ve misir siti), baklagil
bazl (soya, yer fistigi, aci bakla ve boérilce suti), yemis bazli (badem, hindistan cevizi, findik, fistik, ceviz ve kaju
sutl), tohum bazh (susam, keten, kenevir ve aygigedi sutu) ve yari-tahil bazli (kinoa, teff, amaranth ve karabugday
sutl) olmak Uzere bes kategoriye ayrilmaktadir. Kenevir tohumu sitd, tohum bazh sutlerden biri olup; yag (%1.25-
5.00), protein (%0.83-4.00), karbonhidrat (%2.5-20.0), E vitamini, mineraller (sodyum, fosfor, potasyum, magnezyum,
kalsiyum, kukuart, demir ve ginko), coklu doymamis yag asitleri (linolenik asit ve linoleik asit) ve esansiyel amino asit
icerigi ile ylksek besinsel degere sahiptir. Bu ¢alisma, kenevir tohumu suttinin besleyici yoniniin ortaya gikariimasi,
diger bitkisel sitlerle karsilastiriimasi ve guncel ¢calismalarla bir bakis agisi olusturulmasi igin derlenmisgtir.

Anahtar Kelimeler: Kenevir, Kenevir tohumu siti, Tohum bazl sitler, Bitkisel sutler
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INTRODUCTION

Today, the increasing demand for plant-based milk
expands the product variety and market size. The
demand for the plant-based milk market was expected
to reach a value of US$ 13.24 billion in 2021 and is
expected to reach an overall market value of US$ 30.79
billion by 2031 [1]. Plant-based milk is one of the most
popular vegan products due to various factors and
perspectives. The factors are health issues, plant-based
milk contains no lactose sugar, making it a favored
alternative for customers with lactose intolerance, and it
is free of animal hormones and cholesterol. Moreover,
recent studies have established the significant role of
plant-based milk in improving or enhancing the immune
system, having potential antimicrobial effects, lowering
the risk of cardiovascular and gastrointestinal diseases,
lowering the risk of low bone mass, and having
extremely high antioxidant levels with free radical
scavenging properties [2]. Concerns regarding the use
of animal products have also spurred ethical
discussions. In terms of environmental concerns, it has
been determined that the carbon emissions produced by
the production of plant-based milk are significantly lower
than those created by dairy milk production [3].

The sources of plant-based milk, can be divided into five
categories as cereal-based (oat milk, rice milk, corn
milk, spelt milk), legume-based (soy milk, peanut milk,
lupine milk, cowpea milk), nut-based (almond milk,
coconut milk, hazelnut milk, pistachio milk, walnut milk,
cashew milk), seed-based (sesame milk, flax milk, hemp
seed milk, sunflower milk) and pseudo-cereal based
(quinoa milk, teff milk, amaranth milk, buckwheat milk)
[4, 5].

Over the last several years, hemp and its derivatives
(both edible and non-edible) have grown in popularity.
The global hemp seed drink market was approximately
USD 185 million in 2018 [6]. Since hemp and marijuana
are both derived from the same plant, the Latin name
Cannabis Sativa is used to describe useful or industrial
hemp [7]. Industrial hemp contains only about 0.3% to
1.5% of delta-9 tetrahydrocannabinol (THC), the
principal psychoactive compound, whereas marijuana
contains 5% to 10% or more, and this is the main
difference between both types [7]. Thus, the production
of all these products from industrial hemp can be carried
out with no issue related to illegality. This plant is used
for many purposes, like the production of rope and
textile [8], roof and wall materials [9], surgical materials
[10], paper [11] food and medicine [12]. In addition,
hemp seed can be used for producing different products
with its sufficient nutrional value but without any illegal
compounds.

Hemp seed milk is one of the important seed-based milk
products; it is produced from industrial hemp. As
previously said, demand for plant-based milk is
increasing every day, but due to a lack of information
and a generally unfavorable attitude toward
discriminating between hemp and other cannabis types,
the demand for hemp seed milk is insufficient and
limited. The prejudice against hemp products has been
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eliminated by studies in which THC analyzes hemp
products in the market available. In the study conducted
by Pisciottanoet al. [13] the THC content of hemp seed
milk was determined as <LOQ.

The primary goal of this study is to have a general
perspective about hemp seed milk nutrient components
and nutritional qualities, compare hemp seed milk
characteristics to those of other plant-based milks and
cow milk, as well as to discuss the methods and
techniques employed in hemp seed milk production as
have been explored in the literature. Moreover, to
generate a future perspective for this promising product.

MANUFACTURE AND STABILIZATION PROCESS
OF HEMP SEED MILK

Plant-based milks are basically produced by extracting
different raw materials (cereal, legume, nut, pseudo-
cereal and seed) in water followed by homogenization
and thermally treated to increase shelf life and to
improve stabilization. Hemp seeds are marketed as
hulled or whole. Furthermore, its derivatives such as its
flour and oil are used worldwide as food and/or food
additives [12, 14].

Hemp seed milk is made by homogenizing ground
seeds in water (1.5 w/v), and the filtered milk, is
generally heated for extended shelf life [15, 186].
Schematic presentation of hemp seed milk production is
shown in Fig 1. Commercial stable hemp seed milk
production is challenging since hemp seed milk as an
oil-in-water (O/W) emulsion is unstable and prone to
flocculation, coalescence, and creaming. This will result
in a low-quality product with a short shelf life and lower
consumer acceptance [15]. Therefore, exogenous
emulsifiers and stabilizers are often used to improve the
stability of emulsions to get stable hemp seed milk;
however, using these additives is not cost-effective
because it raises production costs and has some health
concerns, such as chronic inflammatory diseases,
obesity-related diseases, and metabolic disorders [2].
Therefore, there is a pressing need to produce hemp
seed milk free of added chemical substances.

Hemp protein has a low emulsifying capacity since its
structure is compact and it has poor water solubility [15],
low emulsion stability index, and water-holding capacity
[17]. In consequence, there have been many attempts to
improve the emulsifying capacity of hemp protein by
altering its original structure, such as 1) enzymatic
hydrolysis [17] as they have noticed an improvement in
the protein solubilty of hemp protein after the
application of limited enzymatic hydrolysis by trypsin
enzyme, but there was a remarkable decrease in the
emulsifying activity index [17]; 2) acylation, it has been
reported that acetylation treatment improved the
emulsifying activity indexes of hemp protein and aided in
the formation of more soluble protein aggregate [17].
Further, hemp seed proteins have low heat stability and
are affected and started to aggregate when exposed to
heat treatment at 80°C or above for 10 min [18]. Since
high temperatures induce denaturation and trigger the
formation of large insoluble protein aggregate, literature
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demonstrated that heating causes changing in the
molecular structure of proteins, unfolding of the native
tertiary structure, exposing of hydrophobic groups, and
subsequent aggregation of the denatured molecules.

Hemp seeds Water

N/

Mixing
;

Filtration

.

Homogenization

’

Cooler

N
Dryer
v

Dry base

!

Liquid base

Add water, sweeteners, and/or flavorings

!

Hemp seed milk

However, many factors affect the occurrence of protein
aggregation, including protein concentration and heating
conditions [18].

Figure 1. Flow chart of hemp seed milk production [16]

Accordingly, if heat stability and solubility of hemp
proteins are to be preserved, heat treatments should
ideally be kept below 80°C, according to the findings
[18]. Thereupon these poor functional properties of
hemp protein, the potential of producing stable
commercial hemp seed milk is limited, as hemp seeds
have approximately 25% protein of its total content [18].

Mitchell and Shammet [16] invented a novel method for
producing commercial hemp seed milk. First, the
production is carried out using seeds that have low
levels of tetrahydrocannabinol (THC) (less than 0.3%).
The hemp seeds have been mixed with water and
hydrated into a slurry by absorbing water and being
softened. After being waited in the mixing tank for a
certain period, the hemp seed slurry is applied to wet
milling, and the resulting slurry is recovered and
circulated back to the mixing tank over and over for
around ten minutes until reaching the desired
consistency and maximum yields. Then a filtration step
removes the shells, fibers, and other solid materials.
After that, the filtered hemp slurry or milky mixture with
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about 16% solids is homogenized for increasing the
stability and resulting white creamy hemp seed milk. To
stop the vitamins and oil oxidation, the hemp seed milk
temperature was reduced in a cooler to under 10°C.
Water, emulsifiers, stabilizers, sweeteners, and/or
flavorings can be added. Finally, to extend the hemp
milk's shelf life, aseptic processing involves sterilizing
the product using an ultra-high temperature (UHT)
treatment followed by sterile packaging. The advantage
of the current invention is that it provides milk that is
liquid, white, and high in essential fatty acids Omega 3
and 6, low in carbohydrate, and has a good flavor [19].

Berghofer et al. [20] hold a patent for the manufacturing
of hemp seed milk. According to their method, to obtain
hemp seed milk that has a stable color (never becomes
grey), is free of bitter taste, and can be pasteurized and
sterilized, the whole hemp seeds in a ratio of 15-25%
are soaked for 5-12h in water at a temperature between
5-35°C. Then, water is used for the extraction, and the
resulting raw hemp seed milk is separated from the
remained solids of the hemp seeds [20]. A lot more
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plainly, hemp seed milk has been produced in two
different ways, 1) the hemp seeds are immersed in
water for 5-12h and then grounded around 15 minutes.
Afterward, milk extraction is carried out at a temperature
below 80°C, or 2°C). Hemp seeds are crushed at
temperatures ranging from 0°C to 80°C. After the
extraction, obtained milk for 3-4 hours, additional cold
extraction at a temperature between 0-10°C has been
carried out. Latterly, the obtained extracted hemp seed
milk is separated into peeling part which contains
proteins and other hemp seeds patrticles, and raw hemp
seed milk which can be sold directly to consumers or
processed further, like applying homogenization, the
addition of emulsifiers and flavors, pasteurization (60-
93°C), or sterilization at a temperature above 100°C
[20]. However, it is established that when performing
mashing and extraction of milk at temperatures of 80°C
and above, the coagulated proteins during the process
do not extrude from the beginning; however, they are
separated at the end of the line with other divided solid
substances [20].

Recently, another novel processing method for
producing non-thermally hemp seed milk without
emulsifiers or stabilizers has been discussed in the
literature. Wang et al. [15] applied the pH treatment
combined with the high-pressure homogenization (HPH)
process for producing hemp seed milk with high
oxidative stability. This process disrupts the tertiary
structure and generates a molten globule conformation
with unique surface properties [2, 19]. Hence, this
modifying method has been successfully applied before
to improve different plant isolated proteins, such as soy
protein [21], which demonstrated enhancement in the
emulsifying activity and emulsion stability and pea
protein [22].

In recent years, to produce stable O/W food emulsions,
high-pressure  homogenization (HPH) has been
introduced [15]. The main principle of HPH is
mechanically reducing the size of oil droplets, providing
a uniform size distribution, and increasing the surface
area, which all result in improved stability. Jiang et al.
[22] examined the efficiency of combining pH
arrangement and HPH techniques under 70 MPa high
pressure to prepare pea protein-sunflower oil emulsions,
and data showed an optimum physical and oxidative
stability [22]. On the other hand, ultrasonic treatment
has improved the extraction of phenolic and flavonoids
from defatted hemp. The results indicated a two-fold
increase in polyphenol extraction yield and antioxidant
capacity compared to the traditional extraction
approach. As a result, this technology helps industries
reduce chemical consumption and extraction time while
also extending the shelf life of hemp seed milk [23].

NUTRITION PROFILE OF HEMP SEED MILK

In recent years, hemp seeds' nutritional content and
minimal allergenicity have led to an upsurge in hemp
product consumption. Hemp seed milk has been
produced from the whole grain to get maximum
nutritional value. Table 1 shows the composition of
hemp seed and hemp seed milk. Hemp seeds contain
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all essential amino acids and are high in
polyunsaturated fatty acids such as a-linolenic acid and
linoleic acid, making them one of the best sources.
Further, hemp seeds are mainly composed of lipids (25-

35%), proteins (20-25%), carbohydrates (20—30%),
insoluble fibers (10-15%), vitamin E (90 mg/100 gm)
and minerals (sodium, phosphorus, potassium,

magnesium, calcium, sulfur, iron, and zinc) [2]. The
amount of B vitamins in hemp seeds is similar to that of
other grains, but the quality and content of protein and
fatty acids distinguish them [7].

Hemp seed milk contains around 0.83- 4% protein, 1.25-
3% fat, and 2.5- 20% carbohydrate [19]. However, hemp
seed milk's total saturated and polyunsaturated fatty
acids are 0.428% and 4.173%, respectively [2].

Hemp seed protein is made of 65% high-quality edestin
(globulin) protein, which is known as the most efficient
plant-derived protein, with albumin protein and essential
amino acids accounting for the other 35% [7]. All nine
essential amino acids exist in hemp seeds, with a high
abundance of sulfur-containing amino acids such as
cysteine and methionine, which are often lacking in
vegetable proteins. Further, the 3:1 omega-6 to omega-
3 fatty acid (FA) ratio in hemp is nearly ideal for health
and a good choice for vegans who don't eat animal
products. Though linoleic acid and a-linolenic acid are
the most abundant fatty acids (80—90 g/100g of their
total fatty acids) [2] hemp also contains both
polyunsaturated gamma-linolenic acid (GLA; omega 6)
and stearidonic acid (omega-3). As well as, it's worth
mentioning that hemp seed is mercury-free [7].

Hemp seed milk is unsweetened and unflavored and
has roughly 60 calories per serving, which is less than
cow's milk [24]. On the other hand, one cup (244 gram)
of cow milk contains 12 g of carbohydrate from the
naturally occurring sugar lactose [24]. However, hemp
seed milk's general characteristics have a thick and
creamy structure, a nuttier taste or flavor, which is
similar to the taste of soy or rice milk. Besides, hemp
seed milk is free of soy, gluten, cholesterol, trans fat and
lactose and is low in sodium [7]. Hemp seeds have been
used for human nutrition in various ways, such as hemp
seeds products (oil, flour, milk, bakery products,
chocolate, beer, etc.).

COMPARISON OF HEMP SEED MILK WITH
OTHER PLANT MILK TYPES

Plant-based milks are naturally lactose-free, cholesterol-
free and animal protein-free, making them a good
alternative for people fed with some special diet. In
addition, thanks to the bioactive components,
antioxidants, monounsaturated and polyunsaturated fats
components they contain, they are considered
functionally valuable products as well as nutritional
value. Contrary to all these positive features, they
reduce the nutritional value of foods because of anti-
nutritional factors included. They are enhanced with
vitamins and minerals because of low vitamin and
mineral content [25]. Although they are called milk
because they often resemble cow's milk in appearance,
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plant-based milks may have different nutritional content
in cow's milk depending on the type of raw material from
which they are derived, the method of production and
whether they are enriched or not. For this reason, plant-

based milk should not be considered as a cow's milk
alternative without proving its nutritional quality and
bioavailability [26].

Table.1. Composition of hemp seed and hemp seed milk [2, 19]

Hemp Hemp Hemp Hemp
. seed
seed seed milk seed milk
Ash 6.99 0.47 Alanine 4.26 5.20

- Protein 25 0.83-4 Arginine 13.93 13.56
2 Carbohydrate 20 0.3-20 = Cysteine 6.15 n.d.*

K3 Fat 30 1.25-461 | © Glutamic acid 14.68 16.49
o Crude fiber 8.3 0.4 g Glycine 4.4 4.74
S Moisture content 6.0 91.6 o Histidine 3.89 3.62
O Energy value Kcal/100g 456.84 19-53.09 =4 Isoleucine 3.85 4.07
E 30.1 0.42 d Leucine 6.78 6.46
E C 14.4 21 2 Lysine 3.31 3.62
g B, 9.3 1.1 3 Methionine 6.7 5.42
€ B, 10.7 0.8 & Phenylalanine 3.96 4.07
£3 Bs 251 24 9 Proline 3.96 4.97
- 3.1 0.03 = Serine 3.65 3.84
Palmitic (C 16:0) 6.2 6.5 < Threonine 2.84 3.39
— Stearic (C 18:0) 25 24 Tyrosine 2.94 3.62
£ Oleic (C 18: 1) 9.9 10.2 Valine 4.43 5.65
S  Linoleic (C 18:2) 55.2 57.1 Cu 1575  0.09
.5 Gammalinolenic (C 18:3 n-6) 2.8 2.1 -G Cd 0.12 0.01
S £ Alfalinolenic (C1 18: 3 n-3) 21.3 19.8 SE< Pb 1.50 0.02
i S  Stearidonic (C 18:4 n-3) 1.2 12 £ g g Zn 55.35 5.96
£ E  Arachidic (C 20:0) 0.6 0.4 =~ Hg 0.02 0.01

L ©  Ejcosenoic (C 20: 1) 0.3 0.25

*n.d.: Not detected.

With the increasing interest in hemp, hemp products are
also being researched. In addition to representing a food
on its own, plant-based milk may have more potential to
be purchased than other product types since it is used
as a basic raw ingredient in the manufacture of many
foods (coffee, tea, smoothies, ice cream, yogurt,
cheese, butter, cake, desserts). Since plant-based milk
are enriched with different components, it is not easy to
compare the nutritional composition. This study has
been tried to create a general point of view by giving the
minimum and maximum values obtained by some
studies in the tables.

Proteins are essential structures for cells and play an
important role in the progress of life by participating in
the structure of enzymes, hormones, nucleic acids, and
many other molecules. Compared to cow's milk, soy
milk and hemp seed milk are the closest to cow's milk in
terms of protein ratio (Table 2). Oat milk has the highest
average protein content among plant-based milk.

Singhal et al. [26] compared the nutrient content of non-
dairy beverages to that of cow's milk according to the
recommended dietary allowance (RDA) or adequate
intake for toddlers (1-3 years) and young children (4-6
years). While one serving (240 mL) of cow's milk
provides protein equivalent to 59% of the RDA in
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toddlers (1-3 years) and 40.4% of the RDA in young
children (4-8 years), soy milk, which is closest to cow's
milk, ensures protein equivalent to 53% and 36.8% of
RDA in toddlers and young children, respectively. Hemp
seed milk provides protein equivalent to 15% of the RDA
in toddlers and 10.5% of the RDA in young children.

The nutritional importance of proteins is measured by
their quality, which depends on the amino acid
composition, digestibility, and bioavailability. PDCAAS
(protein digestibility-corrected amino acid score) and
DIAAS (digestible indispensable amino acid score)
introduced by WHO in 1998 and by FAO in 2013,
respectively, are used to assess protein quality based
on in vivo experiments. While the PDCAAS and DIAAS
value closest to cow protein is in soy protein, the DIAAS
value of de-hulled hemp seed protein has been reported
as 66.5%. Materials with a DIAAS value of 75 are
qualified as a "good protein source," while those with a
value above 100 are considered an “excellent source of
protein” by the FAO [34]. While cow’s milk has >100%
DIAAS values, plant-based milk is likely to have a low
PDCAAS or DIAAS due to the limiting amino acid
contents of methionine, cysteine, and/or lysine [34].
Hemp seed protein has lower PDCAAS values than soy
milk but higher than almond and oat milk (Table 3).
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Table 2. General composition of plant-based milks

Hemp seed milk  Oat milk Soy milk Almond milk  Quinoa milk  Cow milk
Protein, % 0.83-6.96 0.78-17.30 2.6-3.98 0.42-2.50 0.49-2.9 2.9-3.32
Fat, % 1.25-18.02 0.28-12.40 1.47-13.92 1.04-8.26 0.91-2.40 3.40-6.40
Total carbohydrate % 0.3-30.21 4.44-50.01 4.14-5.06 0.58-9.38 3.5-12 3.20-5.40
Ash, % 0.47 0.48 0.71-0.87 3.04 0.11-0.22 0.67-1.9
Energy (kcal) 19-53.09 66-607.10  43-95 15-55.90 29-62 63-118
Total sugar, % 2.5 1.27 3.65 0 9.7 3.38
Total Fiber, % 0-0.4 0.8-20.07 0.2-0.74 0-1.35 0.5 0

Data from Paul et al. [2], Rasika et al. [27], Reyes-Jurado et al. [4], Chichowska et al. [19], Aydar et al. [28], McClements et
al. [29], Kanberoglu [30], Martinez-Padilla et al. [31], Pineli et al. [32], Makinen et al. [33], Reyes-Jurado et al. [4].

Table 3. Comparative overview of the essential amino acid profile of plant-based milk

Hemp seed milk  Oat milk Soy milk Almond milk ~ Cow milk
Essential Isoleucine 3.90-4.40 4.15-4.41 1.41-2.47 29.8-39 25-62
amino acid Leucine 6.50-7.10 7.89-9.17  2.94-4-24 83-83.20 90-108
(mg/100g)* Lysine 4-4.60 3.79-3.91 0.88-3.92 36.20-57.4 49-96
Methionine 2.10-2.80 1.73-1.93 0.31-0.85  27.10-27.95 17-27
Phenylalanine 4.6-4.90 5.46-5.48 1.86-2.79  50.90-50.55 38-56
Threonine 2.60-3.90 3.25-4.30 0.87-2.09 30.2-43.4 23-41
Tryptophan 0.70-0.90 3.61-4.09 0.3-0.8 13.9-13.98 N.R.
Valine 5-5.70 5.34-6.01 1.32-2.59  38.30-73.60 33-53
In vitro based = PDCAAS, % 63-66 58-69 86-100 23 100
values (%)** DIAAS, % N.R. 56-67 84-90.6 N.R. 118-120
In vitro protein  Pepsin 1h digestibility 4.70 5.55 5.96 4.82 5.06
digestibility Pancreatin 1h digestibility 17.03 19.39 14.61 20.28 21.37
(%) *** Total 2 digestibility 21.73 24.95 20.56 25.19 26.43

Data from *Paul et al. [2], **Chalupa-Krebzdak et al. [34], **Abelilla et al. [35], ***Martinez-Padilla et al. [31]

Martinez-Padilla et al. [31] researched in vitro protein
digestibility (IVPD) of selected commercial plant-based
milk alternatives. After 1-h incubation with the pepsin
enzyme, the IVDP value of soy milk was significantly
higher than hemp seed milk. However, IVDP of hemp
seed milk is not statistically different from cow's milk. As

a result of digestion with pancreatic enzyme after gastric
phase, soy milk had the lowest IVDP value followed by
hemp drink. That study showed that after pepsin and
pancreatin digestion (total 2 hours), the IVDP value of
soy drink and hemp drink were the lowest.

Table 4. Fatty acid profiles of commercial plant-based milk alternatives (g/100 g total fatty acids by product)

Compounds  Hemp seed milk Oat milk Soy milk Almond milk Quinoa milk ~ Cow milk
SFA 12.32 18.88 14.34 22.64 10.1 68.4
MUFA 13.94 37.26 22.64 59.14 65.48 23.8
PUFA 73.73 43.85 63.02 18.21 24.42 2.21
w-6/w-3 =~ 3.43 = 24.64 =~7.52 =~ 133 =19.34 ~3.43

Data from Martinez-Padilla et al. [31]. SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA:

polyunsaturated fatty acids

Like other members of its group, hemp seed milk is
higher fat milk than other plant-based milk (Table 2).
Compared to cow's milk, plant-based milk has lower
saturated fatty acids but a higher unsaturated fatty acid
profile (Table 4). It is reported that a food with a higher
ratio of unsaturated fatty acids instead of saturated fatty
acids is beneficial for LDL cholesterol. It is known that
decreasing blood lipid concentration has a positive
effect in treating Alzheimer's disease [28, 34]. Martinez-
Padilla et al. [31] conducted a study to determine the
fatty acids profile and in vitro protein digestibility (IVPD)
score of eight commercially available plant-based milk
(almond, coconut, oat, hazelnut, quinoa, rice, soy, and
cow milk). Among plant-based milk, hemp seed milk
contains high levels of unsaturated fatty acid. Hemp
seed milk is characterized by a low content of saturated
fats and a good percentage of polyunsaturated fatty
acids (PUFA) with a content of 74%. Oleic acid (C18:1,
w-9, omega 9) linoleic acid (C18:2, w-6, omega 6) were
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the greatest source of fatty acids for hemp drinks.
Additionally, they reported that hemp drink was the only
milk among the analyzed milk that had a source of a-
linolenic acid (C18:3, w-3, omega 3) with a content of
16% . Considering the w-6/w-3 ratio (recommended by
EFSA in the ranges from 1:1 to 5:1 for a healthy diet),
hemp drink was the most similar drink to cow's milk with
a ratio of 3.43 (Table 4). Imbalance in the w-6/w-3 ratio
can cause some chronic degenerative diseases, such
as cardiovascular disease and obesity, mental disease
specifically with mood disorders and depression in
adults [36, 37]. When examined in terms of fiber
content, oat milk has a higher dietary fiber content
(especially B-glucan) than other milk [5].

Table 5 shows major minerals of some plant milks.
Astolfi et al. [38] had a study in which major, minor, and
trace elements were determined in dairy milk and plant-
based milk alternatives from an Italian market.
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According to their study, soy milk contains the closest Additionally, The most common ingredients used for the
major elements to cow's milk. They reported that soy fortification of hemp seed milk were tricalcium
milk for Fe and Cu and hemp milk for Mo had a good phosphate, vitamin A palmitate, vitamin D2
contribution to the daily nutrition of consumers in terms (Ergocalciferol), vitamin B12 [4]. As can be seen in
of minor elements intake. When hemp seed milk was Table 5, among the plant milks, hemp seed milk can be
examined in terms of major elements, element K was shown as a good source of calcium. However, when
found at the highest rate. The closest K ratio to cow's hemp seed milk is to be consumed as an alternative to
milk was in soy milk, followed by hemp seed milk. In cow's milk, it should be enriched in minerals, especially
addition, plant-based milk containing the most Mg major calcium elements [4].

element after soy milkk was hemp seed milk [6].

Table 5. Major minerals of some plant milks (ppm)

Mineral  Hemp seed milk  Oat milk Soy milk Almond milk  Quinoa milk Cow milk
Ca 120-1250 174-856 1200-1230 130.5-202 118.9 1220-1340
K 982-1265.8 394-6710  1000-2150 230-670 224 1490-1810
Mg 121-170.8 60-420 142-150 70-95 32.7 111

Na 130-1400.1 364 22-470 383-710 410 346-580
P 212-639.8 147-8163 311-626 214-750 73.5 481-1210

Data from Astolfi et al. [38], Paul et al. [2], Reyes-Jurado et al. [4]

Color is a feature that should be considered in the can be used as a good indicator for comparison. While

formulation development of new plant-based milk. the closest whiteness index value to cow's milk is in
Especially if the product is to be recommended as a cow quinoa milk, natural pigments in raw materials used are
milk replacer, it should have similar values to cow's milk. shown as the reason for the difference in other milk

The white index calculated using color values (L, a, b) types (Table 6) [29].

Table 6. Comparison of physicochemical properties for plant milk types

Properties Hemp seed milk  Oatmilk Soy milk  Almond milk  Quinoa milk Cow milk
Viscosity, mPas (10s™) 25 6.77 491 13.48 13.20-23.8 3.15
Whiteness Index 68.49 60.21 72.17 67.36 73.52 81.89-89.18
pH 6.81-6.92 7.16 6.8-7.39 5.72-6.92 5.9-6.5 6.42-6.83

Data from McClements et al. [29], Gram [39], Kanberoglu [30], Huang et al. [40], Jeske et al. [41], Makinen et al. [33], Lai et al. [42]

Vaikma et al. [43] investigated the volatile compounds characteristics, as was described by the sensory
and sensorial characteristics of 90 different plant- analysis. Hemp drink also stands out with p-cymene
derived milk in Estonian markets. Hemp beverage (spicy, phenolic, clove) content, known as phenolic and
possessed a hay-like odor and astringent taste. With spicy in odor. This compound may increase astringency
GC-O analysis, the highest alcohols and ketones and intensify the aftertaste. Furthermore, it was
content were determined in hemp drinks. These suggested that the specific hemp flavor was caused by
compounds may have affected odor by causing hay-like different terpenes in that study (Table 7).

Table 7. The number of volatile compounds of plant milks

Compound Hemp seed milkk Oat milkk Soy milk Almond milk  Quinoa milk
Acids 0 20 11 3 11
Alcohols 915 134 263 248 26
Aldehydes 359 170 129 3195 124
Ketones 91 44 61 48 8
Esters 9 35 52 57 1
Lactones 0 0 19 39 0
Aromatic/cyclic comp. 48 48 756 342 106
Sulfur compound 2 2 2 1 0

Data from Vaikma et al. [43]

Nissen et al. [6] conducted a study to improve the taste pelargonic acids were detected in hemp seed drink
and aroma of hemp seed drinks by fermentation with matrices.

beneficial lactobacilli and or probiotic bifidobacteria. The

aldehyde ratio was found to be highest in unfermented No study was found in which antinutritional factors were
hemp seed milk. While the alcohol, alkane, and ketone detected in direct hemp seed mik. However,
ratios increased, the aldehyde ratios decreased with the antinutritional components such as phytic acid, trypsin

fermentation process. According to GC-MS analysis 2- inhibitors, condensed tannins, cyanogenic glycosides,
heptanol, 2-methyl, 2,4-decadienal, 2-butanone, 3- and saponins have been reported in hemp seeds as in
hydroxy, 2,3-butanedione, 2-methyl, 1-octen-3-ol, other edible seeds [44]. Table 8 shows the limitation and

cyclohexanol, propanoic acid, caprylic acid and antinutrients factors of plant-based milk types. Phytic
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acid is considered as an antinutritional factor in cereal
and legume-based milk because it reduces the
bioavailability of some minerals (calcium, zinc, iron,
magnesium, and copper), creating insoluble complexes.

Table 8. Limitation factors for plant milk types

Since lectins prevent glucose absorption and saponins
form saponin-protein complexes in foods included, they
are also shown as antinutritional factors [34].

Hemp seed

Quinoa

milk Oat milk Soy milk Almond milk milk Cow milk
-Lacks calcium  -Formation of oo
content hormone- -Limited cariog)énic
-Poor emulsion  responsive roperties in t%e
stability due to tissues prop
high starch -Reduce presence of sucrose -Lactose
content testosterone -Very low protein intolerance
-Contain concentration ~Supports growth of -Limited
~Toxicity in otential in men pathogenic micro- availabilit
high dosage gller ens -Undesirable organism -Bitter -Iron vita)r/nins
2 and act 9 -Presence of taste due . .
<} . -Presence of beany flavor : . like folate, and
g aganst inhibitors due to proteins with to the some amino
-‘E inhibiting hvtates linoxvoenase allergenic potential.  presence acids deficienc
5 inflammatory PLysine is a agtivi);g on -Methionine and of -High price y
cytokines Iim)i/tin amino unsatl)J/rate d cysteine are limiting  saponins -Prgser:wce of
production acid ’ fatty acids amino acids athogens
-Low calcium -Pr()a/sence of -Susceptibility to E)Cow’g milk
content inhibitors rancidification due protein allergy
-High amount of  -Methionine L%Eiehri?rgtion of
lipases that can  and cysteine olvunsaturated
promote its are limiting 1|‘Oatty acids
rancidification amino acids y )
o -Tkr]yé)sin S
E . . inhibitor -Saponin
é’ E (zggg)c acid -Phytic acid -Phytic_acid, -Phytic
g -Saponin acid
-Lectin

Data from Sethi et al. [5], Paul et al. [2], Silva et al. [45], , Bocker et al. [25], Chalupa-Krebzdak et al. [34]

When considering about the effects of foods on health,
this effect is associated with the bioactive components
they contain. It is the cannabinoids that stand out as the
bioactive component of hemp seeds. However, the
number of available research on examining the health
benefits of consuming hemp seed milk is very limited
and the scientific literature on this milk is hardly
available. Table 9 shows bioactive components and
health-related substances of plant based milks.

In general, hemp seeds have medicinal properties in
four areas: cardiovascular, mental health,
dermatological, and the immune system [24]. Besides,
hemp seeds have a low glycemic index for diabetics due
to their low carbohydrate content. Hemp has many
health benefits, the most notable of which are increased
energy, cholesterol regulation, improved circulation,
immunological and nervous system strengthening, rapid
recovery from injuries, reduced stress, and reduced
symptoms of atopic dermatitis and allergies [24]. The
high hemp content of soluble fiber helps to maintain the
digestive tract healthy and clean [16]. Studies also
showed that hemp seeds have anti-cancer properties
because it contains many plant sterols and antioxidants
(useful in reducing the risk of colon, breast, and prostate
cancer) [24]. Additionally, hemp has been shown to help
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prevent illnesses like Parkinson's and Alzheimer's and
boost memory. Also, hemp is recommended for the
treatment of premenstrual syndrome (Menopause)
because of its gamma-linoleic acid content, for Joint
diseases, reducing stress because of its magnesium
and high-quality proteins. Skin health like treating
psoriasis or eczema, etc., further, hemp has been found
to be effective in maintaining nervous system
homeostasis [24]. Hemp seed milk has the advantage of
not containing any milk proteins or the milk sugar
lactose, making it suitable for people with cow's milk
allergies or intolerances [4]. Chichowska et al. [19]
investigated the effect of hemp seed milk consumption
on body weight gain, internal organs weight, insulin and
thyroid hormones serum concentration and blood lipid
indices in rats. The study was carried out on 40 female
Wistar rats for 21 days. The findings revealed that
consumption hemp seed milk lowers blood triglycerides
and cholesterol levels. Furthermore, thyroid hormone
levels in experimental rats were found to be much lower
[7]. Based on what has been mentioned, hemp and
hemp seed milk are thought to be a promise for the
future as a nutritious and healthful non-dairy alternative
milk. However, more research is still needed and
encouraged to understand its positive benefits on
human health better.
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Factors geizlrknp seed Oat milk Soy milk Almond milk Quinoa milk  Cow milk
Beta-sitosterol,
campesterol,
Linolenic acid, Genistein, stigmasterol
. . Linoleic acid B-glucan, . Daidzein folate, vitamin
Bioactive -toco heroll Phytochemicals: Gl citein’ E nia'cin 109G, IgA,
componen \C(:annari)idioli;: Avenanthramides(AV Isgg‘lavonles ar’abinos;a Casein,
ts . As), Avenacosides A ' o Lactoferricin
acid, and B. Phvtosterols Phytosterols, flavonoids and
Lignanamides Y a-tocopherol phytosterols,
alpha-
tocopherol
-Decrease blood -Considered
pressure level as a
-Hypolipidemic wholesome
i effects -Powerful complete
Hvpocholesterolaemic -Effective against  antioxidant food
-Reduce both -Fggduce blood chronic disease -Low calorie -
motion- and lucose level -Recommended -Highin Vit E Antimicrobial
S 9 . against -Prebiotic activity
toxin- induced  -Increases solution osteoporosis and roperties Helos in
vomiting viscosity and can op prop p
: . cardiovascular -Lowers plasma overall
-Anti- delay gastric ;
. A diseases LDL cholesterol growth and
thrombotic, emptying time . A
Health . : . -Higher bone level maintenance
: anti- -Anti-pathogenic .
benefits vasoconstricti  effect density and lower  -Decreases of the body
. . rates of fracture plasma LDL system
ve, anti- -Reduction of .
inflammator ostprandial glycemic - level -Helps in
; Y, postp gy galactosidaseacti  -Decreases decreasing
anti-neuro- response because of vit livid blood
inflammation the increasing of -AI)I/eviate ICéroxidation cholesterol
activity gastrointestinal transit P levels d
“Reduction of total menopause -Improves | Eves ue to
and LDL cholesterol symptoms _ gastrointestina the presence
-Decrease the risk  health of
of prostate, hypocholest
breast, and colon erolemic
cancer peptides
-8.79 mg
Total GAE/100g (Folin— 439m
phenolic Ciocalteu) 1.24 mg GAE/L GAE/kg
content -61.4 mg/100 mL 9
(Folin—Ciocalteu)
Antioxidan %2 (serum 0.34 mM
t activity %17 (DPPH) retention Trolox
capacity) (DPPH)

Data from Paul et al. [2], Reyes-Jurado et al. [4], Aydar et al. [28], Sethi et al. [5]

RECENT STUDIES RELATED TO HEMP SEED
MILK

Szparaga et al. [46] investigated whether hemp and
coconut milk could be a suitable food matrix for probiotic
bacteria. They reported that the fermentation process (at
37°C for 6 h) contributed to the increased survival rates
of Lactobacillus casei subsp. Rhamnosus in both
coconut and hemp seed milk. After the fermentation
process the total count of viable lactic acid bacteria
(LAB) cells increase from 11.72 log (cfu/mL) to 13.26 in
coconut beverage and from 8.41 log (cfu/mL) to 10.92
log (cfu/mL) in hemp beverage. On day 21 of cold
storage (+4°C), the number of viable Lactobacillus casei
cells in the fermented coconut and hemp seed milk
ensured meeting the therapeutic criterion (>6 log
(cfu/mL). Zhu et al. [47] examined the effect of heat
treatment on the stability and protein structure of hemp
seed milk. They showed that with the increase in heat
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treatment temperature (55-95°C), the nitrogen solubility
index (NSI) decreased from 58.55% to 39.81%, the
centrifugal precipitation rate increased from 16.58% to
34%, and the average particle size increased from 192.2
nm to 304.6 nm. When they examined the results of
FTIR analysis, they understood that the secondary
structures of hemp seed milk proteins changed with the
increase in heat treatment temperature. Furthermore,
they observed the maximum absolute value of zeta
potential of 20.57 mV when hemp seed milk was treated
at 65°C, accompanied by the best stability and the
highest emulsification activity and emulsification stability
with emulsifying activity index (EAI) of 0.357 m?/g and
emulsion stability index (ESI) of 43.74%. Lai et al. [42]
conducted a process optimization study to produce
fermented hemp seed milk. As a result of the research,
they suggested the best fermentation conditions as
follows: the ratio of Lactobacillus bulgaricus:
Streptococcus  thermophilus:  Lactobacillus  casei:
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Streptococcus  acidophilus  was  2:2:1:1.78, the
inoculation amount was 6.21%, the fermentation
temperature was 39.42°C, and the fermentation time
was 7.12 h. At the proposed point, they found that the
viable count was 1.9%x10 8 CFU/mL, the acidity value
was 78 T°, and the sensory score was 8.74. The total
sugar and total solid content of fermented hemp seed
milk were determined 69.29 mg/mL and 6.08+0.22
0/100 g, respectively. They reported that the contents of
flavonoids and the antioxidant activity was significantly
improved. While hemp seed milk contains most of the
original nutrients, hemp protein is known for its low
emulsifying capacity due to its compact structure and
poor water solubility. In order to improve this negative
feature, Bartkiene et al. [48] produced fermented hemp
drinks by fermenting hemp seed paste emulsion with
different microorganisms (Pediococcus acidilactici
LUHS29, P. pentosaceus LUHS183, Lactobacillus casei
LUHS210 and L. uvarum LUHS245 strains) and
applying ultrasonication at the same time. They
proposed that hemp seed beverages, with more stable
emulsion and the highest overall acceptability (9.6
points), can be obtained using LUHS245 strain and
ultrasonication treatment.

Gram [39] was applied ultrasound and homogenization
process to hemp seed milk to prevent or delay the
phase separation problem without adding additives. It
was reported that the lowest amount of serum
separation achieved was found applying
homogenization (40 MPa) combined with ultrasonication
(20% amplitude for 2 minutes). When it was examined
the effects of ultrasound and homogenization process
separately, the optimum parameters of the ultrasound
process was determined as 50.2% amplitude and 6.40
minutes. Furthermore, it was reported that ultrasound
application increased the L* value of hemp seed milk
and decreased the amount of syneresis and serum
separation statistically (p<0.05). When homogenization
application was evaluated, it was reported that while L*
value increased, a*, b* value, serum separation (%)
(phase separation by gravity force), syneresis (%)
(phase separation by centrifuge force), and particle size
decreased (p<0.05) also color and physical stability
were positively affected. Wang et al. [15] wanted to
produce a non-thermally processed, physically and
oxidatively stable hemp seed milk. For this purpose,
they researched the effects of high-pressure
homogenization (HPH) combined with pH shift treatment
on hemp seed milk. According to their results, applying
pH shift combined with HPH the formation of
hydroperoxides and malondialdehyde was delayed and
the microbial population was decreased. Nissen et al. [6]
produced innovative prebiotic and probiotic plant-based
drinks based on hemp seed and fermentation process.
In that study, the new formulations of commercial hemp
seed-derived drink to be fermented with probiotics
(Lactobacillus  fermentum, Lb. plantarum, and
Bifidobacterium bifidum). They also blended hemp seed
milk with some other plant-based milks (soy and rice
milk) to meet the demand for alternative and possibly
healthier novel matrices. Zhu et al. [47] investigate the
effect of heat treatment (55-95°C) on hemp seed milk's
stability and protein structure. It has been reported that
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as the temperature is increased, the structure of the
proteins changes with a decrease of the relative content
of a-helix. In addition, as the temperature is increased,
the centrifugal precipitation rate and the average particle
size increase while the nitrogen solubility index
decreases. Although there are studies (but not enough)
examining how the technological properties of hemp
seed milk change with some processes, there are still
very few studies on its bioavailability by human and
animal experiments. A study made by Chichowska et al.
[19] demonstrated that hemp seed milk leads to a
significant decrease in triglycerides and cholesterol
blood content of intragastric treated rats.

CONCLUSION

Although soy milk is the most known milk type, the
market in question is expanding with new plant-based
milk and dairy products day by day. Nowadays, the
consumption of animal milk and its market values is
decreasing. However, the decrease in question is not
the problems in accessing animal milk or the decline in
purchasing power but the increase in consumption of
plant-based milk. Hemp seed milk is one of the products
of this product range and it has become popular with its
high nutritional values. Although the presence of the
psychoactive  substance adversely affects the
consumption of hemp seed milk, it is understood over
time that the reservation in question is unfounded, as
the consumer is informed. Getting more knowledge of
hemp seed milk can ensure its enlarged market. New
research should have occurred about hemp seed milk
and hemp seed milk products from this perspective.
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ABSTRACT

Dairy products, which have been used for many years in the nutrition of individuals, have many benefits for human
health. Due to recent developments such as climate changes, raw material deficiency and increased population,
humankind has been forced to seek alternative resources from the space in the latest decades. Yet, in the space,
feeding has for so long been world-centered and effectuated short term. Due to swift rise of 3-dimensional and
4-dimensional printer technologies at the end of 20th century, onset of 21st century, quick expansion, and wide use of
such technologies, their use in space missions and space-food production has come to the surface. Within the context
of this study, data related to utilizing dairy products as a space food and data on using 3-dimensional (3D) and
4-dimensional (4D) printers to generate these products in space mission were collected and evaluated in the review.

Keywords: Space Food, Dairy Products, 3D Printer, 4D Printer, Novel food processing

Uzayda Beslenmede Siit Uriinleri ve 3D/4D Yazicilarla Uretilecek Siit Uriinlerinin Uzay Gidasi
Olarak Kullanim Olanaklari
0z

Bireylerin beslenmesinde ¢ok uzun yillar boyunca kullanilan sit Grinlerinin insan sagligi agisindan birgok faydasi
bulunmaktadir. insanligin son yillarda gerek iklim krizi, gerek hammadde yetersizligi gerekse de artan niifus etkisi ile
farkli kaynaklari uzaydan arama galismasi hiz kazanmigtir. Uzayda beslenme ise; uzun yillar boyunca dinya kaynakli
ve kisa sureli olarak gergeklestiriimistir. 3 boyutlu ve 4 boyutlu yazici teknolojilerinin 20. yGzyilin sonu ve 21. yazyilin
basinda ortaya ¢ikmasi ve hizli bir sekilde yayilip, genis kullanim alani bulmasi sebebiyle uzay goérevlerinde ve uzay
gidalan uretiminde de kullanimi s6z konusu olmustur. Bu ¢alisma kapsaminda, uzay gidasi olarak sut Urtnlerinin
degerlendirilmesi, 3 boyutlu (3D) ve 4 boyutlu (4D) yazicilarin bu Urlnlerin uzay goérevi sirasinda uretilmesi igin
kullaniimasi konusunda bilgiler derlenmis ve degerlendirmeler yapilmistir.

Anahtar Kelimeler: Uzay gidasi, Sut Grtnleri, 3 boyutlu yazici, 4 boyutlu yazici, Yenilikgi gida islemesi

INTRODUCTION launching of the first artificial satellite Sputnik by Russia

became a major turning point for humanity and humanity
Throughout history one of the greatest wonders of thus began to explore the space by the tools it
humanity has been cosmos and sky objects. That is the generated and gained novel insights from this
exact point that researches of many civilizations focused exploration [1]. Since the start of 1960, significant
on and in result of these researches, a good number of developments have been achieved in space flight
scientific discoveries have also blossomed. In 1957 technologies. Such developments helped to extend the
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time spent in the space from minutes to days first, then
from months to years as can be seen in our age [2]. In
the post 2nd World War, preparation of NASA for space
mission and ground steps Soviet Union took in this
attempt accelerated the researches about living and
trading in space and as expected, humanity began to
wonder if “life in space is possible”. That perspective
gave rise to develop varied foods for astronauts and
cosmonauts on a long- term space mission. Since the
108-minute flight of Yuri Gagarin in 1961 they have
been eating food in space. With the advent of 1961 both
the USA and Russia conducted researches to develop
safe, instantly-made, instantly-consumed, compact and
packaged foods with minimum waste while also
appealing and nutritious to be consumed in space.
Humanity's products in their space adventure consist of
foods that were already widely consumed by astronauts
and cosmonauts and reflect traditional traces from their
diet on earth [3]. Besides the most vital issue in that
matter is to provide the ingredients that humans at
space mission need and prepare foods by taking space
conditions into account. Milk, by virtue of many
ingredients in its composition, is a food type with high
digestibility. At the same time it is a vital resource for the
items that must be taken on a daily basis. Carbohydrate
group corresponds to around 30% of the dry matter of
milk and cow milk that refers to most of the drinking
milk. Main carbohydrate of milk is a form of
disaccharide; lactose. Milk fats contain specific fatty
acids with saturated and unsaturated traits; furthermore
it plays active role in dissolving some of the vitamins
contained in milk. Building and repairing effect of milk
proteins for nutrition and muscle growth (adequate ratios
of essential amino acids) is also an emphasis on the
value of milk in terms of essential nutrients [4, 5].
Fermented milk constitutes another group and can be
categorized as a microorganism source with probiotic
features. Hence milk and milk products provide great
health benefits and offer substantial benefit in human
nutrition [6]. In modern age, consumption habits shifted
towards fast consumption and production periods
shortened. In parallel with these objectives exponential
transformations also took place in production stages. In
that aspect, inclusion and integration of 3-dimensional
printers to production process and inclusion of 4-
dimensional printers to this process too in near history
came to the surface. As a consequence of evolution of
space mission into life in space, the possibility of
producing in stages our traditional and popular foods -
milk and dairy products- in space territory has been
examined within the scope of this study.

SPACE ADVENTURE OF HUMANITY AND FOOD
CONSUMPTION IN SPACE

Space journey that first began as Russia launched to
space Sputnik satellite and first living being to space [7]
continues full speed in present age and it is envisaged
that in the 21st century, a tiny colony will be set up in the
planet and first steps to a new life will thus be taken.
Initiated by Soviet Russia before the appearance of
space programs led by the USA in 1961, space
adventure of humanity has gained further impetus. First
consumption of food, however, took place in 1961 in
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space [8]. In space adventure USA alone managed to
take huge steps at certain intervals and particularly with
the initiatives of International Space Station (ISS) an
extensive research process uniting researchers from
entire world started. In the advancement of space
researches early steps taken by Soviet Russia and
modern Russian cosmonauts and researchers
contributed immensely to building the process as it is
now. It is witnessed that certain space programs in
particular hold up a critical position in the space
adventure of humankind. Within the context of this
analysis, programs developed by NASA have been
investigated. Chronological order of these programs is
such; Mercury, Gemini, Apollo, Skylab, Space Shuttle
and International Space Station. Mercury program took
place from 1961 to 1963 and it was in this 34-hour
journey when after Yuri Gagarin food consumption
(1962) in the space happened at first [9,10]. Within this
space adventure having these two diverse features
together; products in liquid form and preserved in easily-
opened tube packages. Gemini program: Within the
scope of this space program with varied missions
between 1965-1966, a food menu was used in space for
the first time and HACCP (Hazard Analysis and Critical
Control Point) concept and practices that lay the ground
for food safety in modern age was initiated. Apollo
program took place between 1968-1972 with an aim to
stay in space longer and in this program there were also
researches on how to improve food quality and variety,
Similar to Gemini program, foods in this program were
inside simple and easy-to-open packages and could be
consumed in dry, solid or liquid form to be heated in
water or consumed in liquid form for the use of
researchers [11]. Skylab program that took place
between 1973-1974 was the space program containing
the most comprehensive metabolic research till then and
it is at the same time the program offering richest menu
selection. As years passed, time spent in the space
increased and dining turned into a serious activity; thus
it was suggested to improve the presentations in food
halls. It has been reported that in Skylab program, for
the first time, freezer, heater units, sophisticated dining
tables and cooking utensils for the astronauts were
available. Space Shuttle program is a program that
started in 1981 and continued even in the 2000s. Being
a program with the greatest product selection, designs
aiming to minimize waste were also presented within the
context of this program. Additionally this is the first
program in which all of the products chosen by
astronauts were put on the menu that had reflected
varied dietary choices. Russia became the partner
country in a certain part of this program [12]. However,
in essence, International Space Station is the most
extensive and universal program. International Space
Station program: It partially started with Space Shuttle
program and in this program main goal is to spread
globally the joint initiative with Russia and attain a truly
international character and to make it easy to build a
common future and solution for the humanity by
integrating it to space researches from other countries
[13, 14]. In line with this aim centers established in
Europe, Japan and Canada now provide support to
ongoing researches. In this active program, researches
on the agricultural processes in space were also
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initiated. In this program food systems and food diversity
was truly left to the astronauts' preferences and cultural
effects. Currently the same program evolved into a
global program enlightening space wonder of
humankind [10, 15].

DIETARY NEEDS
DAIRY PRODUCTS

IN SPACE AND PLACE OF

The fact that space flights last long in many instances
and there are longer stays in the space due to extended
missions it is likely to witness different effects on
humans. A grownup human being's basic daily needs
under the conditions of earth differ from the ingredients
required under space conditions. Space conditions may
result in a myriad of physiological and psychological
outcomes which can also affect their nutritional state. In
the space nutrition plays vital role for both physical,
psychological and overall health  (immunity,
musculoskeletal system) of humans [16]. Another
variance related to dietary needs in space is the change
in iron metabolism. Increased need for iron mineral in
space environment could also give rise to hematological
stages. A human being's iron need on earth is ~10 mg;
in space however this ratio may escalate to the range of
15-18 mg though also dependent on the length of stay,
gender and overall body form and some other factors
[17]. In the same vein, elevated radiation and oxidative
stress levels during flight could trigger diminished
antioxidant levels during or after a space flight.
Furthermore during this stage some of the other
occurrences are decrease in blood cells, problems in
physical movement, rise in dehydration and troubles in
electrolyte/mineral balance [18]. Such lengthy space
journeys can also have an effect on vitamin mineral
need. Normally a human being's daily Calcium mineral
(Ca) need is approximately 1000 mg whilst in space
s/lhe required to consume around 20% more Ca
because during these missions there is degradation in
Ca absorption activity and a similar case also holds true
for potassium intake. One of the biggest problems
experimented after space flights is physical movement
problems related to bone stability and it is attributed to a
diet low in animal protein and potassium intake. This
hypothesis also leads to claim that it could also be
critical to preserve bone health also on Earth; that high
protein intake could indirectly escalate body acidity
whereas potassium mineral could, by bringing out the
ingredients which would create basic effect indirectly,
restore acid-base balance in human body [17]. One of
the most salient problems experienced during space
travels and during the time spent in space is bone loss
and deterioration. Flexibility and weakness created on
bones during the time spent in space cannot be cured
only through Ca and vitamin D supplements. Yet adding
the foods with higher ratios of Ca mineral and vitamin D
to diet is reported to have lowering effects on bone loss
and related ailments [19]. Endocrine system and
gastrointestinal-immune system problems are also other
frequent complaints related to space travels. In
particular, systemic problems are more widely witnessed
in space missions lasting 3 months and longer.
Increasing probiotic and prebiotic ingredients in diet is
one of the topics analyzed in this process. Although it

184

has been reported that taking probiotic and prebiotic
ingredients could relatively be helpful for immune
system, there is not any sound data detected in
literature [20]. Despite that, it is reasonable to claim that
from a holistic perspective Ca mineral in particular,
vitamin D, vitamin K, vitamin C, Fe mineral and relevant
minerals and vitamins combined with probiotic
supplements that a normal grownup would require on a
daily basis could similarly play a vital role in meeting the
nutritional needs in space. By including a wide range of
nutrients, milk has been on front stage since ancient
times as a fulfilling and nourishing product. Although a
great composition of milk is water, remaining dry matter
is reported to include more than 100 ingredients. Since
its fat contains substantial fatty acids, milk fat is a
valuable component. In the most common drinking milk,
cow milk, there is 3-4 (m/m)% of fat though changeable
with respect to regions [21]. More to that, milk can be
classified as one of the biggest sources of calcium
mineral in nature and milk is also a great source to get
vitamin D [22]. Both of these ingredients offer sound
benefits for a better bone health and overall
development, growth and regulatory activities. Further to
that vitamin B12 that is only available in animal products
and endowed with a great number of functional effects;
vitamin A, other B group vitamins and various mineral
resources are also naturally available in milk. Added to
that, in terms of proteins that have gained commercial
popularity lately and also nutritional deficiencies, milk
once again offers a great resource. It has been attested
that carbohydrate intake combined with a specific ratio
of protein resource is critical in achieving optimal body-
fat ratio and regulated blood pressure [23]. Besides it
has been acknowledged in many researches that
essential amino acids within milk protein are critical in
nutrition and muscle growth and biological value of milk
protein is among the highest proteins on Earth [24, 4].
Another asset of milk products in particular fermented
ones that can be defined as functional is probiotics,
which add great nutritional value to milk when
consumed enough daily intake values. Probiotics can be
defined as the microorganism group offering benefits for
the host agent once taken into body [25]. Many of the
microorganisms forming probiotics belong to lactic acid
bacteria and Lactobacillus and Bifidus are some
examples to such bacteria. It has been reported that
these bacteria render regulatory effects on
gastrointestinal region and promote immune system. A
vast majority of such bacteria already exist in the natural
fermentation of dairy products. Yoghurt, kefir and
specific types of cheese can also be considered to have
such features. Supporting vitamin production and
storing, anti-viral effect, anti-mutagen effect are some of
the assets attributed to probiotics. Integral to these
foods, probiotics provide benefits directly on the
intestines and indirectly on immune system [26]. Dairy
products are vital for human nutrition. However, dairy
products are also needs to be enriched with different
functional ways for human necessities. It is hard to
enriched in particular cheese type of foods easily. In
modern age, production technologies are changing and
3D production of dairy products and enriching of them
would be easier than present production technologies.
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EVALUATION OF DAIRY PRODUCTS IN SPACE
FOOD PRODUCTION VIA 3D (3-DIMENSIONAL)
AND 4D (4-DIMENSIONAL) PRINTERS

3-dimensional printer technologies seem to be a
relatively novel technology but in reality, it stands before
us as a technology with influences in the 20th century
too. In relation to this technology, the very first
application for patent belongs to Japanese Doctor Hideo
Kodama in 1980 [27]. 3D printer technologies are a
novel technology mainly having emerged in the field of
material engineering, yet in modern age it became an
attraction point for the products in many domains such
as textile, food, health, electronics, automotive and
fashion and by growing ever more, it turned into a
technology inspiring both the academia and industry
[28]. In 3-dimensional printers key principal of operation
is forming basic configuration of the product to be
applied by the assistance of a computer program
through a specific modeling and performing printing
stages by following critical process steps. The most
critical and basic components of 3-dimensional printers
are; sigma profiles (structure named as external
skeleton), step motors (parts that facilitate movement of
printer), nozzle (printer end to melt the filament),
filament (material to be poured after melting) and hot
bearing (the surface where the filament would be poured
to form the desired material). Further to that, to achieve
smooth operation of the system required stoppers,
various mechanical and software parts are also
available. Thus it is feasible to print the product if
optimal dimensions and temperature are present and
can be stopped if a problem occurs and reprogramming
can be achieved [29, 30]. In addition to popular use of 3-
dimensional printers, in almost all domains of life, there
are ongoing technological researches that allow reuse of
a material in different features and dimensions in the
aftermath of its production in a single step. In the 1980s,
advancement in three- dimensional (3D) printing
technologies- also known as additive production or rapid
prototyping- have brought with itself new developments
too [31]. NASA is supporting a current project that is
aimed to produce 3D foods for space missions. 3D food
printing can be allowed nutrition enrichment and any
shape of product with any ingredients and these
products will be fresh that is very crucial for astronauts
and their needs and requires [39]. Le Tohic et al. (2018)
have been studied 3D cheese processing and its
textural properties. In the study processed cheese were
melted to prepare the base material to the printing
process at 75°C. It was found that the hardness was
less and meltability was higher for the printed cheese
when it compared to commercial processed cheese [32].
Ross et al. (2021) were also obtained 3D printed
cheese. In the study, different parameters (filling
temperature, cheddar cheese ripening time etc.) effects
on 3D printing were determined. Higher cheese pH
values were found softer texture after printing and at
higher temperatures (60°C) were also found softer and
the texture was more resilient [40]. Another 3D printed
dairy study was about high protein yoghurt production.
10% fat Greek type yoghurt was used and protein
enrichment (7.5-12.5%) and using gelatine, WPI (whey
protein isolate) effects on the physical and sensory
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properties were determined. It was found that WPI and
gelatin were significantly affected the printability and the
rheology. 12% of WPI addition was found more resilient.
Gelatine addition was provided stable shape to printed
product [41]. Introduced for the first time in 2013, there
are current researches conducted in different domains
on 4- dimensional printers. Dairy-product category
represents a group with wide assortment and content of
products and ingredients in dairy products and
components with different characters related to such
products can exhibit the feature of raw-material in 3-
dimensional food production. To ensure that dairy
products can be generated via 3-dimensional printers, it
is of utmost importance to characterize these product
formations quite well. At this stage, by identifying
different formulations and providing best
characterizations, it is essential to produce optimized
products [32]. Production of dairy products with intense
texture like yoghurt and cheese and based on this key
principle under normal conditions, with different inputs
that are particularly limited in cheese production. it
appears to feasible to process-orientation and enriching
stages via 3-dimensional (3D) printers. Producing of
dairy products in 3-dimensional printers, it is important
that present formulation be transferred to the system via
nozzle under appropriate heat and viscosity. Heat is
responsible from reactions such as Maillard that is
expected in the final form of protein denaturation and
product; thus it is vital to arrange heat in 3D production.
Likewise, as for viscosity criteria, it can give insights
about final product format and reticular structure to be
formed by the proteins [33]. From that viewpoint, in the
process of manufacturing dairy products by 3D printers
building a widely comprehensive model that integrates
such criteria as well as major parameters like
microbiology and oxidation level are substantial for final
product. While manufacturing industry is yet working on
new applications, new materials and new 3-dimensional
printers; Skylar Tibbits teaching at MIT (Massachusetts
Institute of Technology) used for the first time “four-
dimensional (4D) printing” term in his 2013 dated TED
talk. It can allow static 3D printing objects to change
their forms in time and thus introducing 4D
printing/printer technologies [34]. The first paper on this
topic was written before the end of same year. In this
paper key objectives of 4-dimensional software were
mentioned. In an age when 4-dimensional printing
technologies were first mentioned, there was a
description as 3D printing + time. In here it was stated
that time was the fourth dimension but for the last few
years, there has been another description joined with
this one. The fact that form, feature and functionality of a
3D printing structure could change in time when
exposed to a predetermined external stimulus such as
heat, water, light, pressure, pH, sound etc. it became
one of the most comprehensive definitions of 4-
dimensional printers to present date [31]. The said
situation is indeed related to building smart materials
[35], key mechanism definitions for 4-dimensional
printers are categorized below 5 different headings such
as:
. 3-dimensional printing technologies:
External stimulus
Smart materials
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Interaction mechanism
Mathematical model

To perform 4-dimensional software there is need for a
material that would, under different operational
conditions, undergo physical change leading to
transformation in geometry and functionality. It is a must
that relevant material would undergo change after being
stimulated by a predefined external stimulus (heat,
pressure, pH, light, UV etc.) so that this change would
be performed by predefined stimulus parameters. This
condition is essential to ensure that external stimulus
feature and the material would take place within the
framework of a specific mathematical expression [36].
To that end operation to take place (such as geometrical
change under heat) must be defined in a mathematical
model so that printer and material can provide proper
function against the said external stimulus in that way.
At the same time it is necessary to detect in what way
and form the stimulus could be effective. This definition
is known as effect mechanism of external stimulus. In
defining all of them, to assure that the material would be
produced in optimal forms and meet the desired
conditions it is necessary that production be made by
generating the best fitting 3-dimensional design [35].
Within that scope the most salient factor to consider is
that if materials are appropriate for 4-dimensional (4D)
printing, then, they are named as smart materials. Smart
material concept refers to the kind of materials
undergoing mostly physical, formal and occasionally
physiochemical changes by reacting to the effects of an
external stimulus. Although they undergo change as an
effect of external stimulus (heat, pressure, light, pH, UV
etc.) the main form of these materials is stored in their
early memory. Yet these materials' shape memory effect
and features defined as superelastic are critical for 4D
software. Materials that have shape memory are listed
below 5 main groups and these material groups includes
materials with shape memory and performs alloy,
ceramic, polymer, hybrid and gel features [37]. Although
currently there are not any materials defined as to have
smart features, it is estimated that in near future there
will be a potential to manufacture food materials or food
packages via 4-dimensional printers. At this stage it is
suggested to emphasize particularly the value of shape
memory polymer groups for the future. Shape memory
polymers are elastic polymeric reticular structures
composed of fixed points where there is molecular level
cross linking and transition points that gain macroscopic
shape by interconnecting these points. In these products
fixed points allow to recall chemical or physical linking in
the structure and entropic features of the polymer
segments between them and its permanent shape. After
ensuring that polymer structure gains permanent form,
the order of processes is heating, deformation and
cooling to give the product its temporary form [31, 38]. In
order to produce relevant materials it is sufficient to
have certain filament and basic raw materials and it
appears that by following optimal modeling studies, it
can be feasible to produce package materials with
desired features and manage waste reduction as
required. It has been agreed that in space 3-
dimensional printers can be advantageous in developing
different kinds of products and despite applications in a
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limited area with fewer number of materials, it is still
viable to obtain a variety of products. Added to that in
order to minimize the size of product packages it seems
appropriate to make use of 4-dimensional printers (4D)
in their design. By using limited place and energy with
same-ingredient materials it is feasible to provide food
for the astronauts/cosmonauts and residents in space
setting and also to produce foods particularly cheese,
yoghurt and similar dairy products. Hence it will be
possible to produce the kind of processes with high
nutritional value in lower cost and energy but also
demanding higher costs and energy in a setting under
harsh conditions such as space so that there will be a
chance to shape the future of humanity.

CONCLUSION

It is an acknowledged fact that humanity has long been
curious about space and has a past in which their future
life was based on observing the sky. In near past there
has been a great effort to satisfy their sky curiosity,
establish life in sky and conduct trade operations as
well. In the 2000s, steps were taken to meet humanity
with this aim and agricultural operations already took
place in space [13]. Researchers aiming to build a new
life in the new age not only want to adapt their life on
earth to their new habitat but also seek to keep their diet
almost the same. Nevertheless considering the effects
of space on human lives the fact that milk and dairy
products also play a vital role becomes evident. Since it
is infeasible to send tons of liters of milk from earth, it is
more reasonable to consume products such as milk
powder that is easy to transfer and store, and can be
changed into milk form when needed. If combined with
different technologies products such as cheese and
yoghurt we consume on earth could also be offered in
space for human consumption. As 3-dimensional
printers can be used in product manufacturing and 4-
dimensional printers in product packaging it will be
possible to consume traditional earth foods in space and
also to produce the kind of foods integrating ingredients
essential in space could be procured in a practical way.
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Dunya genelinde artan nifusla beraber beslenme yetersizlikleri de artmaktadir. Beslenme yetersizlikleri hastaliklar ve
olimlerin 6nemli nedenlerindendir. Sentetik et agligin dnlenmesi ve sirdurilebilir beslenme icin gelecege yonelik gida
kaynaklari arasinda gosterilmektedir. Sentetik et laboratuvar ortaminda ileri teknoloji ile hayvanlardan alinan dokularin
cogaltiimasina dayanir. Bu sayede hayvancilik sektorinin cevreye vermis oldugu zararlarin ve hayvanlarin
kesilmesinden dogan etik sorunlarin azalacagi distnulmektedir. Sentetik et teknolojisi gelismekle beraber birgok konu
tam anlamiyla aydinlatilamamigtir. Et Gretim asamasinda istenen lezzet, doku ve goriinise sahip etler tam olarak
uretilememistir. Uretilen etler ise ¢ok pahali olmaktadir. Ayni zamanda cesitli sosyokiiltiirel nedenlerle bu etin
toplumlar tarafindan kabulli konusunda sikintilar bulunmaktadir. Sentetik et konusunun net anlasilabilmesi i¢in bu
alanda galismalarin arttirilip, mevzuat ve politikalarin gelistiriimesi gerekmektedir. Bu derleme sentetik et konusunda
guncel bilgilerle en son durumu ortaya koymayi amagclamaktadir.

Anahtar Kelimeler: Sentetik et, Kltlr eti, Strdirilebilir beslenme

An Alternative Source for Sustainable Nutrition and Protein Needs: Synthetic Meat
(Cultured Meat)

ABSTRACT

Nutritional deficiencies increase with an increase in population worldwide. They are important causes of diseases and
deaths. Synthetic meat is among the future food sources for hunger prevention and sustainable nutrition. Synthetic
meat is based on the reproduction of tissues from animals with advanced technology in a laboratory environment. In
this way, it is thought that damages caused by the livestock sector to the environment and ethical problems resulting
from slaughtering could be reduced. Although synthetic meat technology has improved, many issues have not been
fully solved yet. Moreover, production of synthetic meats with desired flavor, texture and appearance have not been
fully achieved. Producing this type of meats is very expensive. There are also other problems with the acceptance of
this meat by communities for various sociocultural reasons. In order to understand the synthetic meat issue clearly,
studies in this field should be increased and legislation and policies should be developed. This review aims to present
the latest situation with updated information about synthetic meat.

Keywords: Synthetic meat, Cultured meat, Sustainable nutrition
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GiRiS

Dunya genelinde 6nemli saglik sorunlarindan biri enerji
ve protein yetersizligine badlh olarak gelisen
malnutrisyondur. Beslenme vyetersizligine bagh olarak
gelisen hastaliklar 6zellikle anne ve gocuk olumleri
basta olmak lzere sekonder hastaliklar ve is glici kaybi
gibi dnemli sorunlara neden olmaktadir. Gunimuzde
diinya nifusu 7 milyarin Gzerindedir ve her 9 kisiden biri
aclik cekmektedir. Tahminlere gére 2050 yilinda diinya
nifusu 9.7 milyara ulasacaktir. Bu nedenle dinya
nufusunu besleyebilmek ve hastaliklari 6nlemek igin
alternatif gida kaynaklari arastiriimaktadir [1, 2]. 2050'de
biylyen nifusun talebini karsilamak icin %70 daha
fazla gidaya ihtiyag olacagdi tahmin edilmektedir. Kaynak
ve ekilebilir arazi sinirlamalari nedeniyle buyuk
zorluklarin ortaya ¢ikmasi beklenmektedir. Gelismis
Ulkelerde et tlketimi azalsa bile, 6zellikle Cin, Hindistan
ve Rusya gibi gelismekte olan Ullkelerde tiketim arttigi
icin kiiresel tiketim artmaktadir [3].

Sentetik et, doku mihendisligi teknolojisine sahip
laboratuvarlarda in vitro olarak Uretilen et anlamina
gelmektedir. Hayvanlardan alinan bir miktar dokunun bu
ortamda cogaltilarak et elde edilmesine dayanmaktadir
[4, 5]. Sentetik etin; et tiketimi ve pazarlanmasi
sUresince ortaya gikan hayvan haklari sorunu, ekonomik
sorunlar, kaynak kitlidi, ¢cevre sorunlari ve halk saghgi
gibi bircok konuda ¢6zim olusturabilecegi
disinilmektedir [5]. Sentetik et Gretiminin geleneksel
uretime karsi bir alternatif olabileceg@i fikri ilk olarak
Frederick Edwin Smith ve Winston Churchill tarafindan
1930'larda ortaya atilmistir [6]. 1943'te bir bilim kurgu

yazart Ravage adli romaninda sentetik etin
restoranlarda kullaniimasini iglemistir [7]. 1999'da
Hollanda'dan gelen Willem van Eelen, et kultard

teknigini kullanarak et isleme kavrami ic¢in uluslararasi
ve Amerika Birlesik Devletleri (ABD) diizeyinde patenti
alan ve wuygulayan ilk bilim insani olmustur [8].
Laboratuvar ortaminda incelenmesi ve Uretim amaciyla
calismalarin baglamasi ise Ulusal Havacilik ve Uzay
Dairesi (NASA) tarafindan uzay uguslarinda
surdurulebilir bir besin tedarik sisteminin olusturulmasi
amaciyla desteklenen Benjaminson ve ark. [9]
tarafindan petri kabinda bir baligin (Carassius auratus)
kas dokularinin Uretiimesiyle baslamistir. in vitro
ortamda ilk burger kofte Uretimi farmakolog Dr. Mark
Post tarafindan 2013 yilinda gergeklestirilmistir. Uretilen
bu etin geleneksel ete benzemesiyle insanlarin
tuketilebilir etleri laboratuvar ortaminda Uretebilecegi fikri
giic kazanmistir [10, 11]. Uretilen bu etin yaklasik 142
grami (5 ons) 330.000 dolara duretilmis ve Uretimi
yaklasik 3 ay strmistir. Uretiminin uzun siirmesi ve
yuksek maliyetli olmasi nedeniyle ticari olarak tlketimi
uygun goriilmemistir [12, 13]. Uretilen bu et kirmizi
yerine sarimsi renktedir ve tadi eti andiran dizeydedir.
Goranisund bir sigir eti gibi gostermek igin kirmizi
pancar suyu ve safran eklenmistir. Eti ilk deneyen Kisiler
etin tat ve kivaminin gergek ete benzedigini belirtmistir
[14]. Artan ilgi ile sentetik et aragtirmalar devam etmis
ve gelismistir. Son dénemlerde sentetik et arastirma
tarihi incelenmis ve bir bibliyometrik galisma
yayinlanmigtir [15, 16].
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SENTETIK ETiN URETiMi

Sentetik et canli hayvanlardan biyopsi ile alinan kok
hicrelerini yag ve kas hicrelerine dontusmesine
dayanan bir teknoloji ile uretilmektedir [11]. Alinan kok
hiicre tipi, kultir kaynadi ve kdiltir ortamina gore U¢
farkli agcidan degerlendiriimektedir. Secilen kék hucreler
sinirsiz Ureme potansiyeli olan embriyonik kok hicreler
veya yetiskin kok hicreler olmaktadir. Embriyonik kok
hiicreler cesitli sinyallerle uyarilarak farkli dokularda
buylir ve farkl dokulara ddnusebilir. Embriyonik kok
hicre kullanimi hayvan embriyolarindan alinmalar
nedeniyle etk  sorunlara neden  olmaktadir.
Yetigkinlerden alinan myosatellit hicreleri ise kas
dokusunda buytimek ve déniismek igin sinyallere ihtiyag
duymazlar ama hayvanlardan izolasyonlari zordur ve
biyopsi gerektirmektedir. Ayrica uzun sire boélinmeleri
nedeniyle Hayflick limiti denen telomerlerin kisalmasina
bagh boélinme 6zelliklerini kaybetme goérulir [15]. Alinan
bu koék hicreler besin, hormon ve blylume faktorleri
saglanarak kultir ortamlarinda c¢ogaltiimaktadir. Bu
etmenlerin saglanmasi i¢in OlU buzad kanindan elde
edilen fetal sigir serumu (FSS) kullaniimaktadir.
Blylyen hucreler 0.3 mm'den daha uzun olmayan
miyotUpler olusturmak Uzere birlestirilir. Daha sonra
miyotUpler, kuglk bir kas dokusu parcasi halinde
blydyen bir halkaya yerlestirilir. Burada bir trilyondan
fazla lif olusturulabilir. Olusan liflerin, besin maddeleri ile
dolduran ve mekanik olarak geren bir iskelet Gzerine
baglanarak gelismeleri saglanir. Bu Uretim prosediru
hayvanlarin  kullanilmamasina  dayanan  vaatler
konusunda sikinti yaratmaktadir. FSS kullanimi vegan
ilkelerle gelismektedir [17, 18]. Bununla birlikte Gretilen
et, organize liflerden, kan damarlarindan, sinirlerden,
bag dokusundan ve yag hucrelerinden olusan gercek
kasa hala tam anlamiyla benzememektedir [19]. Etin
duyusal kalitesi (lezzet, tat, goriintl), tlrler arasinda
(s1gir, tavuk, koyun) ve tir iginde (geng, yash) , cinsler,
cinsiyetler, beslenme kosullari ve esas olarak farkl
anatomik konuma sahip kas tirleri arasinda farkhlk
gostermektedir. Suan igin sentetik et geleneksel etin
istenen dzelliklerini saglayamamaktadir [20].

SENTETIK ETTEN BEKLENEN FAYDALAR

Hayvan haklari konusu son doénemlerde 6zellikle
gelismis Uulkelerde buyuk bir elestiri konusu haline
gelmistir. Bu konu ile ilgili birgok vegan kurulus ve
aktivist cesitli faaliyetler yuritmekte ve yazilar
yazmaktadir [11]. Bu nedenle sentetik et bazi aktivistler
tarafindan desteklenirken bazilari tarafindan Uretim
strecinde kullanilan hayvan embriyo veya serumlari

nedeniyle elestiriimektedir. Buna ragmen
laboratuvarlarda sentetik et dretiminin artmasiyla
hayvanlarin Oldirdlmesinin onlne gececegi

beklenmektedir. Bdylece 6zellikle hayvan haklari ihlalleri
ile ilgili birgok sorunun g¢ozilebilecegi dusuntlmektedir
[7, 21].

Geleneksel et Uretimi igin hayvancilik sistemleri hayvan
hastaliklari, salgin hastaliklar ve antibiyotiklerin yanhsg
kullanimi  riskini  beraberinde getirmektedir [22].
Geleneksel kosullarda Uretilen etlerde hayvansal bulas
kaynakli E. coli, Salmonella ve Campylobacter gibi her
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yiIl milyonlarca mikroorganizma Ureyebilmektedir [23].
islenmis et Uretimi sirasinda %0.08 ile %0.25 arasinda
sodyum benzoat kullanimi ile etlerde mikrobiyal risk
azaltiimaktadir [24]. Sentetik etler ise laboratuvar
kosullarinda her agsamasi ileri teknoloji ile analiz edilerek
uretilmektedir. Uretilen etin lezzet, koku, renk, igerik gibi
kalitesini belirleyen 6zellikleri en st seviyede tutulmaya
calisiimaktadir [21].

Geleneksel hayvancilikta, hayvanlarin yenilebilir et orani
degismekle birlikte o6zellikle bulyikbas hayvanlarda
%50’nin altindadir. Bu durum geleneksel et Uretimi igin
dusuk bir dénlisim orani saglamaktadir [21, 25]. Sera
gazi emisyonlarinin olugsmasinin, arazi kullaniminin, su
ve enerji tiketiminin dnemli bir kismi ile ilgili sorunlar
hayvancilik kaynaklidir [26, 27]. Avrupa Birligi tarafindan
yapllan c¢alismalarla, sigir ve tavuk gibi giftlik
hayvanlarinin yetistirilmesinin gevre kirliligine yol actig
bilinmektedir. Ornegin olusan sera gazinin %9.1'i ve
arazi kullaniminin %12.8'i hayvancilik sektoriine aittir
[28]. Bu istatistiklere dayanarak, sentetik et Avrupa
genelinde pazara yaygin bir sekilde nlfuz etmeyi
basarirsa, sera gazi, arazi kullanimi ve suyun Kirlilik
oranini sirastyla %78-96, %99 ve %82-96 oraninda
azaltmasi beklenmektedir [29, 30].

SENTETIK ET ILE iLGILI SORUNLAR

Sentetik et ile ilgili sorunlar genel olarak maliyet ve
kaynak gibi teknik sorunlar, etin tiketilebilirliligini
etkileyen kalite sorunlari ve etin kabulini etkileyen
sosyokdltirel sorunlardan olugsmaktadir [7, 31]. Sentetik
et Uretimi surecinde hala tam olarak geleneksel et
Ozelliklerini taglyan et Uretilememistir. Lezzet, tat, koku
gibi kalite ile ilgili problemler hala siirmektedir. Uretilen
etler cok uzun slUrede yuksek maliyetle Uretildigi icin
suan geleneksel etin yerini alacadi dustunudlmemektedir
[32]. Bazi kesimler ise protein kaynagi olarak bitkisel
protein Uretim teknolojilerinin ilerledigini ve tercih olarak
bu kaynaklarin secilmesi gerektigini savunmaktadir. Bu
nedenle sentetik et Uretimini desteklememektedir [33].
Sentetik et agisindan tartisilan farkli bir konu da
gercekten et statlslinde degerlendirilip
degerlendiriimeyecegidir. Bu konuda bazi kesimler
tarafindan sahte et olarak damgalanmaktadir. Bu da
tuketici algisi agisindan olumsuz sonuglar
dogurmaktadir [34]. Yapilan bir galismada tuketicilerin
dogal olmayan terimleri ile anildiginda Urinleri tiketmek

istemedikleri  bildiriimistir. Bu nedenle sentetik et
konusunda uygun bir isimlendirmenin yapilmasi
gerekmektedir [35].

Geleneksel hayvancilik yontemlerinde hayvanlarin

beslenmesi dizenlenerek elde edilen etlerin bazi besin
dgesi icerikleri arttirilabilmektedir. Ozellikle et tiiketimi
sirasinda saglik problemleri nedeniyle yag asitleri
tartisiimaktadir. Gelisen yem teknolojisi ile bu sorunlara
¢cozumler getiriimektedir. Sentetik et Uretiminde istenen
besin o6gelerinin  saglanmasi konusu tam olarak
aydinlatilamamistir. Fazla miktarda eklenecek mineral
veya farkl 6geler sentetik eti kimyasal bir besin haline
donasturebilir [15, 36]. Sentetik et Uretiminde hiicrelerin
¢ogalmasi saglanirken tim kontrol dreticilerin elinde
olmayabilir. Etin Uretimi sirasinda kontrol kosullari iyi
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saglanamadiginda kanser hucreleri
olusma ihtimali bulunmaktadir. Bu
konusunda sikinti yaratabilmektedir [19].

gibi  yapilarin
ihtimal saghk

Geleneksel et (Ureticiligi 6zellikle ciftcileri kapsayan
birgok insanin ¢alistig bir sektérdir. Hayvancilik et, sit,
yumurta gibi hayvansal besin kaynaklari yaninda yun, lif
ve deri gibi farkli endustriyel Grlinleri de saglamaktadir.
Hayvancilik sektori  kirsal kesimin  kalkinmasinin
yaninda birgok endistriye ham madde saglamaktadir.
Hayvan eti Uretimi laboratuvarlarda gergeklesirse bu
alanda ekonomik problemler dogmasi beklenmektedir
[37]. Bir diger konu ozellikle islam ve Yahudi
topluluklarinda tuketimi etkileyecek din temelli helal veya
koser sorunudur. Hamdan ve ark. [15] yaptigi bir
calismada sentetikk etin islam hukuku acisindan
degerlendirilmesi yapilmistir. Bu derlemede Uretilen etin
helal kabul edilebilmesi igin etin kiltlir ortami ve segilen
hiicrelerin tanimlanmasi gerekliligi vurgulanmistir. Helal
bir et kiltirini kék hiicre islami usullere gére kesilmis
bir hayvandan alindidi ve iglem sirasinda kan ve
serumun kullaniimadigr kiltar olarak belirtmigtir.

SENTETIK ET ve BEKLENTILER

Dunya genelinde artan protein ihtiyacini kargilamak igin
cesitli alternatif yollar aranmaktadir. Sentetik et GUretimi
bu alternatifler arasinda gézikmektedir. Bununla birlikte
daha birgok konuda aydinlatilamamis  yonleri
bulunmaktadir. Bu nedenle bu alanda cesitli pazar
arastirmalarinin yapilmasi, tuketici profillerinin
belirlenmesi, Uretim sirecleri ile ilgili mevzuatlarin
belirlenmesi ve politikalarin gelistirimesi gerekmektedir
[13]. Sentetik et ile ilgili ABD ve Avrupa Birligi icinde
yapilan kisa mevzuat galismalari vardir ancak genel bir
calisma bulunmamaktadir [13, 38]. Sentetik et Uretimi
konusunda calisan bazi bilim insanlar ve kuruluslar
sentetik et teknolojilerinin gelistigini ve yakin zamanda
genelin tiketebilecegi ekonomik kosullarla
pazarlanabilecegini  belitmektedir.  Artan  protein
ihtiyacinin  karsilanmasi yoninde desteklenmesi ve
gelistirilmesi  gerektigi  vurgulanmaktadir.  Ozellikle
vejetaryenler igin iyi bir kaynak olacagi savunulmaktadir
[15]. italya’da yapilan bir calismada 525 katilimcinin
%54’ sentetik eti denemek istedigini belirtmistir. Ayni
zamanda sentetik et tiketicilerini et tliketmeyi azaltmaya
calisan, vylksek egitimli ve genc¢ ifadeleri ile
tanimlamiglardir  [39]. Cin, Hindistan ve ABD'yi
kapsayan farkli bir calismada ise %64,6'sinin denemek
istedigi, %49,1'i dizenli olarak satin almak ve
geleneksel et yerine yemek istediklerini belirtmistir. Bu
calismalar ileride sentetik et tlketiminin toplumlar
tarafindan kabullenebilecegini belirtmektedir [40].

SONUG

Sentetik et hayvan Olumlerini azaltabilmesi, cevresel
zararlarinin  az olmasi ve mikrobiyolojik koruma
saglamasi gibi nedenlerle gelecege yonelik protein
alternatifleri arasinda gorinmektedir. Bununla birlikte
etin laboratuvar kosullarinda Uretimi ile ilgili birgok konu
tam olarak aydinlatilamamistir. Ayrica hayvan serum ve
embriyolarinin  kullanimi etk ve dini nedenlerle
elestiriimektedir. Ylksek maliyet, verimlilik sorunu,
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toplum tarafindan kabul edilebilirlik duzeyi ve etik

problemlerin ¢o6zlime ulagmasi

gerekmektedir. Bu

nedenle sentetik et ile ilgili bilimsel yayinlarin artmasi,

pazar
cikariimasi

mevzuatlarin
olusturulmasi

arastirmalarinin
ve global

gelismesi,
politikalarin

gerekmektedir.
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Bakteriyosinler gesitli bakteri tirleri tarafindan dretilen ve diger mikroorganizmalar tizerinde inhibe edici veya oldirici
etki gosteren peptitlerdir. Sahip olduklari bu etkiler nedeniyle, bakteriyosinler gida muhafazasinda da kullaniimaktadir.
Bu derlemede, bakteriyosin Ureten bakteri tirleri, bakteriyosinlerin siniflandiriimasi, etki mekanizmalari, laktik asit
bakterilerinin Urettigi bakteriyosinler ve bakteriyosinlerin gida muhafazasinda kullanimi konulari ele alinmistir.

Anahtar Kelimeler: Bakteriyosinler, Laktik asit bakterileri, Gida muhafazasi

Bacteriocins: Their Classification, Mechanisms of Action and Use in Food Preservation

ABSTRACT

Bacteriocins are peptides produced by various bacteria species and having inhibitory or killing effect on other
microorganisms. Because of these effects, bacteriocins are also used in food preservation. In this review, bacteria
species producing bacteriocins, classification of bacteriocins, their mechanisms of action, bacteriocins produced by
lactic acid bacteria and use of bacteriocins in food preservation were discussed.

Keywords: Bacteriocins, Lactic acid bacteria, Food preservation

GIRIS

Tdm canli organizmalar, nispeten kiguk boyutlarindan
dolaylr birgoguna antimikrobiyal peptitler denilen
antimikrobiyal proteinler Uretirler. Okaryotlarin bagisiklik
sisteminde,  antimikrobiyal  proteinlerin  konakgiyi
dismanlara karsi korumada ilk savunma hatti olarak

gérev yaptigina inaniimaktadir. Bakteriler iki tir
antimikrobiyal protein  Uretirler:  ribozomal olarak
sentezlenenler (bunlar bakteriyosinler olarak da

bilinirler) ve yapisal gen kodlamasi olmayan, ribozomal
olarak  sentezlenmeyen antimikrobiyal proteinler
(6rnegin e-poli-L-lisin) [1]. Bakteriyosinler; bakteriler
tarafindan ribozomal olarak sentezlenen ve diger ilgili
olan veya olmayan mikroorganizmalari inhibe eden ya
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da Olduren  peptitler olarak

tanimlanmaktadir [2].

veya  proteinler

Laktik asit bakterileri, gida fermantasyonlarinin yani
sira, fermente gida Urlnlerinde tat ve tekstiru
gelistirmede kullanilan en 6nemli mikroorganizmalar
arasindadir [3]. Glikozdan baslica Uriin olarak laktik asit
ve gidalarin bozulmasina yol acgan bakteriler ve
patojenlerin  Uremesini engelleyen bakteriyosinler,
hidrojen peroksit, diagiller vb Greme Onleyici maddelerin
Uretimi ile karakterize edilirler [4].

BAKTERIiYOSIN URETEN TURLER

Bakteriyosinler cesitli
bakteri tlrleri

Gram-pozitif ve Gram-negatif
tarafindan Uretilebilmektedir: toprak
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bakterileri Bacillus brevis Bb ve Pseudomonas
aeruginosa Pa tarafindan Uretilen bacillocin Bb ve
pyocin Pa bakteriyosinleri; Staphylococcus aureus
suslari tarafindan Uretilen aureocin A 53 ve aureocin A
70 bakteriyosinleri; gevis getiren hayvanlarla ilgili bakteri
Streptococcus bovis tarafindan Uretilen gevis getiren
hayvan bakteriyosinleri; Rhodobacter capsulatus ATCC
17016 tarafindan Uuretilen bakteriyosin; laktik asit
bakterilerinin urettigi farkh isimlerle anilan
bakteriyosinler [5]. Bakteriyosinler taksonomik olarak
yakin bakterileri inhibe edecek sekilde dar spektrumlu
ya da ¢ok cesitli bakterileri inhibe edecek sekilde genis
spektrumlu olabilmektedirler [6].

Bakteriyosinlere iliskin bilgi ik olarak 1925'te
arastirmacilar Escherichia coli V susu tarafindan uretilen
biyolojik olarak aktif bir maddenin, ayni turin diger bir
susuna (E. coli F) karsi antagonistik etkiye sahip
oldugunu belirlediklerinde yayinlanmistir. Daha sonra,
E. coli tarafindan (Uretilen benzer antimikrobiyal
maddeler bulunmus ve bunlara “kolisinler” adi verilmistir
[5]. Bakteriyosinler ilk olarak Gram-negatif bakterilerde
tanimlanmistir. E. coli’'nin kolisinleri, Uzerinde en ¢ok
galisiimis olan bakteriyosinlerdir. Kolisinler; hiicre duvari
sentezini 6nleme, hedef hiicre zarini gegirgenlestirme
veya RNaz ya da DNaz aktivitesini dnleme gibi cesitli
mekanizmalarla yakindan ilgili bakterileri dlduren, farkli
bir antibakteriyel proteinler grubunu olusturur [7].

Laktik asit bakterileri; disik pH degerlerine yiksek
tolerans gdsteren, Gram-pozitif, spor olusturmayan, kok
veya gubuk seklinde, katalaz-negatif ve zor begenen bir
mikroorganizmalar grubudur [4]. Laktik asit bakterileri
son elektron alicisi olarak oksijen yerine endojen karbon
kaynaklarini kullanarak, enerji elde etmek amaciyla
karbonhidratlari fermente ederler. Fermente edilen
karbonhidratlarin urtnlerine bagh olarak
homofermentatif ve heterofermentatif mikroorganizmalar
seklinde siniflandirilirlar. Homofermentatif laktik asit
bakterileri sekerlerden baslica laktik asit Uretirken,
heterofermentatif laktik asit bakterileri laktik asit, asetik
asit veya alkol ve karbondioksit Uretirler. Ayrica, bazi
laktik asit bakterileri bakteriyosin Uretirler [8]. Genel
olarak bakteriyosinler; belirli konsantrasyonlarda belirgin
antimikrobiyal aktiviteye sahip, ribozomal olarak uretilen,

cok iglevli protein yapida maddeler olarak
tanimlanabilmektedir  [1]. Gram-pozitif  bakteriler
arasinda laktik asit bakterilerinden, gida

uygulamalarinda antimikrobiyal peptit kaynagi olarak
genis olgude yararlaniimaktadir [7].

BAKTERIYOSINLERIN SINIFLANDIRILMASI

Bakteriyosinler primer yapilari, molekul agirliklari,
translasyon sonrasi degisiklikleri ve genetik 6zelliklerine
gore siniflandirilirlar [8]. Genellikle tg¢ veya dort gruba
ayrilirlar. Ancak, bakteriyosinlerin siniflandirilmasi, yeni
molekillerin bulunmasiyla ortaya c¢ikan benzerlik ve
farklihklara bagh olarak sirekli glincellenmektedir [7].

Sinif | Bakteriyosinleri

Bu siniftaki bakteriyosinler, kiigik peptitlerdir (<5 kDa,
19-37 amino asit) [9]. Sinif | bakteriyosinlerine
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lantibiotikler denmektedir ve bunlar translasyon sonrasi
modifikasyonlarina goére ayirt edilirler [10]. Bu siniftaki
bakteriyosinler lantionin, metillantionin, dehidrobditirin ve
dehidroalanin gibi ender amino asitleriyle karakterize
edilirler [7]. Nisin ve lactocin bu sinifin tipik drnekleridir
[10]. Yaklasik 60 lantibiotik bilinmektedir ve bunlarin
%30'u laktik asit bakterilerinden saflagtirnimistir [11]. Bu
bakteriyosinler translasyon sonrasi modifiye olmus, isiya
dayanikli peptitlerdir ve 6zelikle Gram-pozitif bakteriler
olmak Uzere genellikle patojenlerin hiicre duvarinin
iskeletini hedefleyerek etkilerini gosterirler [9]. Sinif |,
Sinif la ve Sinif Ib’ye ayrilir [7].

Sinif la Bakteriyosinleri

Bu peptitler, bakterileri gbzenek olusumu ile &lduren,
pozitif yiklli, uzun bakteriyosinlerdir. Prototip antibiyotik
nisin bu grubun bir Gyesidir [12]. Sinif la bakteriyosinleri,
hedef hiicre zarlarinda gézenekler olusturan ve daha rijit
yapidaki Sinif Ib’ye kiyasla esnek bir yapiya sahip olan
katyonik ve hidrofobik peptitlerden olusur [7].

Sinif Ib Bakteriyosinleri

Bu sinif lacticin 481, cytolysin ve salivaricin’i igerir [12].
Kure seklinde peptitler olan Sinif Ib bakteriyosinleri, net
ylke veya net negatif ylike sahip degildirler [13]. Bunlar,
duyarh bakterilerin yasamlarini destekleyen proseslerin
yerine getirilmesi igin gereksinim duyulan cgesitli katalitik
enzimleri inhibe ederler [12].

Sinif Il Bakteriyosinleri

Sinif 1l bakteriyosinleri i1siya dayanikl, kiigik (<10 kDa),
lantibiotik olmayan veya modifiye olmamis ya da
pediocin benzeri antibiyotiklerdir [14]. Bunlar katyonik,
hidrofobik peptitlerdir [8]. izoelektrik noktalari 8.3 ile 10.0
arasinda degisir ve yapilarinda Tyr-Gly-Asn-Gly-Val-
Xaa-Cys [YGNGV(X)C(X)4C(X)V(X)4A]  seklindeki
hidrofilik ~ 6zellikte N-terminal konsensus dizisinin
bulunmasi ile ayirt edilirler [14]. Sinif Il de alt siniflara
ayrilr [7].

Sinif lla Bakteriyosinleri

Geleneksel siniflandirmaya gére, Sinif lla pediocin
benzeri, Listeria’'ya karsi etkili peptitleri icerir [7]. Bu
grubun tipik bakteriyosinleri leucocin A, acidocin A,
mesentericin, pediocin PA1 ve sakacin P’dir [9].
Fermente et, fermente sebze, sit Urdnleri, tutstlenmis
somon ve insan sindirim sisteminden yaklasik 50 farkli
Sinif lla bakteriyosini izole edilmistir. Sinif lla peptitleri,
pediocin PA1 ve leucocin A gibi o6rnekleriyle gida
muhafazasinda dikkat gekmektedir [8].

Sinif llb Bakteriyosinleri

iki farkll peptitten meydana gelen bakteriyosinler, Sinif
lIb’yi olusturur. Iki peptitli bakteriyosinler her iki peptitin
de tamamen aktif olmasina gereksinim gosterir.
Peptitlerin primer amino asit diziligleri farkhdir. Her biri
kendisine bitisik genler tarafindan kodlanmasina karsin,
yalnizca bir bagisiklik genine gereksinim duyulur [7].
Sinif llb bakteriyosinleri genellikle sinerjistik sekilde
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gbrev yaparlar. Bu peptitler ayri ayr incelendiginde ya
az miktarda aktivite gosterirler ya da hi¢ aktivite
gOstermezler. Lactococcin G ve plantaricin’ler bu sinifin
ornekleridir [15]. Bu siniftaki bazi peptitler bireysel
olarak antimikrobiyal aktivite gdsterebilmelerine ragmen,
tamamlayici peptit ilavesi bu aktiviteyi buyik Olglide
arttirmaktadir. Tamamlayici peptit ¢ifti nanomol ile
pikomol araligindaki duzeylerde aktiftir. Bireysel Sinif Ilb
bakteriyosinleri amfifilik (suda ¢éziinen ve ¢éziinmeyen
fonksiyonel gruplari birlikte iceren) ve hidrofobik bdlgeler
icerirler ve gogunlukla katyoniktirler. iki farkli peptidi
kodlayan genler genetik olarak yakindan ilgilidirler ve bu
peptitler ayni kalit bélgede kodlanirlar [16].

Sinif llc Bakteriyosinleri

Bunlar kuguk, i1siya dayanikh peptitler olup, &éncu
peptitler tarafindan tasinirlar. iki gruba ayrilirlar:
thiolbiotikler ve sistibiotikler. Thiolbiotikler iki sistein
kalintisina, sistibiotikler ise bir sistein kalintisina sahip
bakteriyosinlerdir. Lactococcin A, divergicin A ve
acidocin B, Sinif lic’de bulunan bakteriyosinlerdir [9].
Baslangigta Sinif lic’nin, genel salgi sistemi tarafindan
salgilanan bakteriyosinleri icerdigi 6ne surtlmekteydi.
Daha sonra, Sinif lla bakteriyosinlerinin bu salgi
sistemini kullanabildigi goésterilmis ve bu nedenle lic alt
sinifi iptal edilmigtir [7].

Sinif lll Bakteriyosinleri

Blyilk ve 1silya dayaniksiz bakteriyosinler, haklarinda
¢ok az bilgi bulunan Sinif Il bakteriyosinlerini olusturur
[7]. Sinif 11l bakteriyosinleri buylk (>30 kDa) peptitlerdir,
ornegin zoocin A, lysostaphin, helveticin J ve helveticin
V. Bu bakteriyosinler i1siya duyarl litik bakteriyosinler ve
Istya duyarl litik olmayan bakteriyosinler seklinde
siniflandirilirlar. Litik bakteriyosinler genellikle
bakterilerin hicre duvarini enzimatik yolla lize eden
(eriten) endopeptidaz peptitleridir. Litik bakteriyosinlerin
yani sira i1sitya duyarli, yiksek molekdl agirlikh, litik etki
sekline sahip olmayan bazi bakteriyosinler de
bulunmustur, 6rnegin Lactobacillus helveticus 481’in
urettigi helveticin J, Streptococcus dysgalactiae subsp.
equisimilis W2580’in Urettigi dysgalacticin, streptococcin
A-M57 [9].

Sinif IV Bakteriyosinleri

Daha 6nceden Sinif IV olarak adlandirilan bakteriyosin
sinifi, proteinlerin diger makromolekdllerle olusturdugu
blyidk komplekslerden meydana gelmektedir [8]. Lipit
veya karbonhidrat kisimlari iceren bu kompleks
bakteriyosinler glikolitik veya lipolitik enzimlere karsi
hassastirlar, érnegin plantaricin S ve leuconocin S [9].
Ancak halihazirda bu tir herhangi bir bakteriyosin
saflastinilmamigtir ve bu tir bir bakteriyosinin,
bakteriyosinlerin  ham  ekstrakt igerisindeki diger
makromolekullerle kompleks olusturmasi ile sonuglanan
katyonik ve hidrofobik 0Ozelliklerinden kaynaklanan
yapay bir madde oldugu disiunulmektedir [7].
Dolayisiyla, bu sinif kaldiriimistir ve igerdigi peptitler
bakteriolisinler, yani hidrolitik polipeptitler olarak yeniden
siniflandiriimigtir. Sonug olarak gunimuizde, igerdigi
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bakteriyosinlerin genetik ve biyokimyasal &6zelliklerine
gore ug bakteriyosin sinifi bulunmaktadir [8].

BAKTERIiYOSINLERIN ETKi MEKANIZMALARI

Bakteriyosinler farkli etki mekanizmalarina sahiptirler ve
hiicre lizisine neden olarak veya olmaksizin bakterisit
etki gosterenler ve hiicre ¢ogalmasini 6nleyerek
bakteriyostatik etki gdsterenler olarak ikiye ayrilabilirler
[17]. Laktik asit bakterilerinin Urettigi bakteriyosinlerin
cogu, Ozellikle Gram-pozitif bakterileri inhibe edenler,
antibakteriyel etkilerini hticre zarfi ile ilgili mekanizmalari
hedefleyerek ortaya koyarlar [18]. Bazi lantibiotikler ve
bazi Sinif 1l bakteriyosinleri, bakteri hicre zarfi
icerisindeki peptidoglikan biyosentez mekanizmasinda
bir ara Urin olan Lipid II'yi hedeflerler ve bu yolla
peptidoglikan sentezini &nlerler [19]. Diger bazi
bakteriyosinler  Lipid II'yi  gbzenek  olugsumunu
kolaylastirmak igcin kenetlenme molekili olarak
kullanirlar. Bu durum sitoplazma membran
potansiyelinde degisime ve sonunda da hilcre dlumine
neden olur [20]. Uzerinde en gok calisiimis lantibiotik
olan nisin ise her iki mekanizmayr da
gerceklestirebilmektedir [2]. Bazi bakteriyosinler, hiicre
zarfiyla ilgili mannoz fosfotransferaz sistemine baglanip,
ardindan hicre zarinda gbézenekler olusturarak hedef
hiicrelere zarar verirler veya onlari éldururler [18]. Bazi
bakteriyosinler ise hedef hucrelerini, gen ekspresyonunu
ve protein Uretimini dnleyerek dldirebilirler [19].

LAKTIK ASiT _BAKTERiLERiNiN URETTIGI
BAKTERIYOSINLER

Laktik asit  bakterileri  tarafindan  bakteriyosin
sentezlenmesi ilk olarak 1928de bildirilmistir. Bu
biyolojik olarak aktif madde daha sonra kimyasal agidan
polipeptit olarak tanimlanmis ve nisin adi verilmistir.
Cesitli laktik asit bakteri cinsleri tarafindan Uretilen
bakteriyosinlere iliskin artan bir ilgi s6z konusudur ve
surekli olarak yeni bilgiler ortaya konmaktadir [5].

Laktik asit bakterileri fermente gidalarin Uretiminde
yaygin olarak kullanilmaktadir ve Uzerinde en ¢ok
¢alisilan mikroorganizmalar arasindadir [5]. Laktik asit
bakterileri, laktozu laktik aside ¢evirmenin yani sira,
diger organik asitler, diasetil, asetoin, hidrojen peroksit,
antifungal peptitler ve bakteriyosinler gibi antimikrobiyal
molekuller Uretmek Uzere uzun zamandan beri gesitli
gida fermantasyonlarinda  kullaniimaktadir  [21].
Geleneksel fermente Urinlerdeki yaygin kullanimlarinin
sonucu olarak, ¢ogu laktik asit bakterisi FDA tarafindan
GRAS (genel olarak gulvenilir kabul edilen) kabul
edilmektedir. Avrupa Gida Guvenligi Otoritesi (EFSA) de
Lactococcus, Lactobacillus, Leuconostoc, Pediococcus
ve bazi Streptococcus’lar gibi ¢odu laktik asit bakterisi
cinsine Nitelikli Guvenilirlik Varsayimi (QPS) statlsuni
vermistir. Ancak, Enterococcus cinsine ait tirler ve bazi
Streptococcus’lar  patojendir, bu nedenle GRAS
statisiine sahip degildirler ve QPS statlst igin
onerilmemiglerdir [19].

Laktik asit bakterilerinin bakteriyosinleri ¢ogunlukla
cesiti pH degerlerinde aktiftir, yiksek sicakliklara
dayaniklidir ve gidalardaki ¢esitli patojen ve bozulmaya
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neden olan bakterilere karsi etkilidir [9]. Ayrica, bu
bakteriyosinler  pankreatin  kompleksi, tripsin ve
kimotripsin gibi sindirimle ilgili proteazlara karsi

hassastir ve bu nedenle bagdirsak mikroflorasini olumsuz
etkilemez [21]. Laktik asit bakterileri tarafindan uretilen
bazi bakteriyosinlerin 6zellikleri Tablo 1’de verilmistir [8].

Tablo 1. Laktik asit bakterilerince uretilen bakteriyosinlerin sinif ve dzellikleri
Table 1. Class and properties of bacteriocins produced by lactic acid bacteria

Sinif  Bakteriyosin Ureten Tipik tir Ozellikler Ornekler
| Lactobacillus lactis subsp. Ender amino asitler (lantionin ve Nisin, lactocin,
lactis metillantionin) icerir; <5 kDa mersacidin
Isiya dayanikli, modifiye olmamis,
la Leuconostoc gelidum katyonik, hidrofobik peptitler; gift- Pediocin PA1, sakicin A,
glisinli dncu peptit igerir; pediocin leucocin A
benzeri peptitler; <10 kDa
Birbirini tamamlayici iki peptidin .
: L L R Lactococcin G,
b Enterococcus faecium sinerjisine gereksinim gdsterir; plantaricin A, enterocin X
cogunlukla katyonik peptitler !
Il Lactobacillus acidophilus Hucre zari gegirgenligini ve hiicre Acidocin B, enterocin P,

duvari olusumunu etkiler

reuterin 6

1] Lactobacillus helveticus

Istya duyarli; blyuk molekil agirlikli
peptitler; >30 kDa

Lysostaphin, enterolysin
A, helveticin J

BAKTERIYOSINLERIN GIDA MUHAFAZASINDA
KULLANIMI

Gidalara raf émrinid uzatmak amaciyla, mikrobiyal
gelisimi  ve olasi bozulmalari geciktirmek igin
antibiyotikler veya gida koruyuculari (6rnegin nitrit ve
kikart dioksit) ilave edilmektedir. Ancak, ¢ogdu ticari
koruyucu kimyasal sentez yoluyla Uretiimektedir ve
sentetik koruyucularin uzun sdreli tuketimi insan
vicudunda olumsuz etki gosterebilmektedir. Ayrica,
gida Urunlerinde antibiyotiklerin kullanimi yasal degildir.
Gram-pozitif veya Gram-negatif bakteriler tarafindan
uretilen bakteriyosinler genler tarafindan kodlanmis,
gida Urunlerinde dogal koruyucular olarak kullanimi
uygun olan peptit veya proteinlerdir [22].

Gidalara uygulanacak bakteriyosinlerin segimi bazi
onemli  kriterlerin  yerine  getirilmesini  gerektirir.
Bakteriyosin Ureten suslar gidada kullanilabilir olmalidir
(GRAS veya QPS), genis bir inhibisyon spektrumu
sergilemelidir, yilksek spesifik aktivite gostermelidir,
saglik riski tasimamalidir, yararli etkiler gostermelidir
(6rnegin, gidalarin givenilirligini, kalitesini ve lezzetini
arttirmalidir), belirli bir gida igin 1s1 ve pH stabilitesine,
optimum ¢ozunurlige ve stabiliteye sahip olmahdir [2].
Cesitli  gida kaynakh  patojenlerin  bakteriyosinler
tarafindan inaktive edilmesinin, kullanilan gida matrisine
bagl olarak bulyuk o6lgide farkhlik gosterebilecegi
belirtimektedir. Bu nedenle, farkli bakteriyosinlerin gida
kaynakli  patojenlere  karsi etkinligi tim gida
sistemlerinde denenmelidir [19].

Gidalara Uygulama Yoéntemleri

Bakteriyosinleri igeren gida uygulamalarinin gogu g
sinifa ayrilabilir: Kismen saflagtirilmis bakteriyosinler
(6rnegin %2.5 nisin iceren Nisaplin®), bakteriyosinleri
ham fermentat seklinde iceren fermente sut ve diger
fermente gida  Grinleri  (6rnegin - Micro-GARD®
bakteriyosin igceren Urtinler grubu) ve bakteriyosin Ureten
koruyucu kdltarler [1]. Bakteriyosin Ureten laktik asit
bakteri suslarini antibakteriyel starter kulttir ve koruyucu
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kiltir olarak uygulamak, yari saflastiriimig/saflastiriimis
bakteriyosinlerin kullanimina gére avantaj olusturabilir.
Cogu durumda, bakteriyosinler gida matrisine adsorbe
ediimekte ve kolayca bozulmakta, bu durum
antibakteriyel aktivitede kayba yol acgmaktadir. Bu
nedenle, alternatif bir ydntem bakteriyosinleri gida
ambalajlama filmlerine/kaplamalarina dahil ederek,
karmasik gida sistemlerindeki aktivite ve stabilitelerini
arttirmaktir [19].

Ticari Bakteriyosinler

Bakteriyosinler et ve siit Grlinleri gibi normalde laktik asit
bakterilerini iceren gidalardan izole edildikleri i¢in, bunlar
farkinda olmaksizin yizlerce vyildir tiketiimektedirler.
Lactococcus lactis’in 40 yabani susu Uzerinde yapilan
bir calismada, bu suslarin 35’inin nisin  Urettigi
belirlenmigstir [7]. Nisin, FDA onayll GRAS statiisiine
sahip olan bir bakteriyosindir [1]. Nisin kullanimi 40’tan
fazla Glkede onaylanmistir ve 50 yildan uzun bir suredir
bir gida koruyucusu olarak kullanimdadir. Ancak, nisin
Ureten bir starter kiltur ile dogal olarak fermente edilmis
bir gidada bulunandan daha ylksek konsantrasyonlarda
uygulandiginda “dogal” kabul edilmez [7].

Listeria monocytogenes buzdolabi sicakliklarinda bile
disik nem igeriginde gelisen yaygin bir et patojenidir.

Bu konuyla ilgili ABD’de c¢ok kati bir politika
yuratdlmekte olup, hazir gidalarda Listeria
monocytogenes i¢cin tolerans dizeyi sifir olarak

belirlenmigstir [9]. Pediocin PA1 et Urlnlerinde Listeria
monocytogenes gelisimini dnleyen bir bakteriyosindir ve
Alta® 2341 adiyla piyasada bulunmaktadir [23]. Halen,
sadece nisin (Nisaplin, Danisco) ve pediocin PAl
(Microgard™, ALTA 2431, Quest) gida koruyucusu
olarak ticari anlamda kullaniimaktadir [24].
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Arastirma notu, mini derleme, goéris ve editére mektup
gibi yazilar da yayin igin degerlendirilir. Dergi 3 ayda bir
basiimakta olup 4 sayida bir cilt tamamlanir. Dergide
Turkge ve ingilizce makaleler yayinlanir.

Akademik Gida dergisinde yayinlanmasi istenen
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Guidelines to Authors

Akademik Gida® (Academic Food Journal) is a peer
reviewed journal where original research and review
articles are published in the field of food science and
technology. Research notes, mini-reviews, opinions and
letters to the editor are also considered for publication.
The journal is published trimonthly and each volume is
composed of 4 issues per year. Journal articles are
published either in Turkish or English. Manuscripts in
either good American or British English usage are
accepted, but not a mixture of these.

Manuscripts for the Akademik Gida® (Academic Food
Journal) must be sent via the electronic article
submission system, which can be located in the official
website of the journal, www.academicfoodjournal.com.
Manuscripts sent by e-mail are not considered for
evaluation. For questions related to the electronic article
submission system, contact the editor via e-mail at
ogursoy@yahoo.com.

» Authors must specify the type of the manuscript
(research articles, review articles, research briefs,
mini-review articles, comments and letters to the
editor).

» Authors should provide at least 3 potential referees
and their contact information (mailing address, e-mail
address and phone number).

» Manuscripts to be submitted should be free from any
spelling or grammatical error.

» Authors must guarantee that the submitted manuscript
is not published anywhere previously and will not be
submitted to anywhere before the editorial board
makes a final decision on the manuscript.

» The editorial board is authorized to make necessary
changes in manuscripts accepted for publication.

Peer review policy

Manuscripts pass through initial screening in the
editorial office followed by internal review by Editors.
After the first evaluation, manuscripts are double-blind-
reviewed by a peer review system involving at least two
independent reviewers to ensure high quality of
manuscripts accepted for publication. The Editors have
the right to decline formal review of a manuscript if it is
(i) on a topic outside the scope of the Journal, (ii) lacking
technical merit, (iii) fragmentary and providing
marginally incremental results or (iv) poorly written.

Publication fee
Akademik Gida® (Academic Food Journal) welcomes

article submissions and does not charge a publication
fee.
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Ethics Statement

Detailed information about journal publication policy,
evaluation of manuscripts and ethical issues can be
found in the Ethics Statement section.

Preparation of a manuscript

1. Manuscripts should be prepared in A4 size, and the
text must be prepared in a single column format. The
text must be double-spaced, and a single space should
be left between paragraphs. All lines and pages must be
continuously numbered.

2. The title must be 14pt Arial, bold, small letters and
centered. A blank line should be left after the title, and
the names of authors should be given in 10pt Arial and
centered. In addition to each author’s contact address,
the phone and fax numbers and e-mail address of the
corresponding author should be provided. If the
institutions of the authors are different, superscript
numbers should be used to indicate their addresses.

3. The headings (e.g. Abstract, Introduction, Materials
and Methods etc.) must be 10pt Arial, and should be
typed in bold capital letters. Each heading should
appear on its own separate line. A blank line should be
left after each heading. A list of keywords, a maximum
of 5, should be provided below the abstract section of
the manuscript.

4. The main text should be prepared in 9.5pt Arial.

5. Typical articles mainly consist of the following
divisions: Title, Author Names, Addresses, Contact
Information, Corresponding author’s e-mail address,
Abstract, Main text (Introduction, Materials and
Methods, Results and Discussion, Conclusions),
Acknowledgements (if necessary), Abbreviations (if
necessary) and References.

6. The abstract should not exceed 250 words, and the
main purpose and method and the most significant
result and conclusion should be presented in the
abstract. The abstract should be prepared as a single
paragraph, and should not include any citation.

7. Latin names in the text should be in italics, and
names and abbreviations should follow international
rules. If abbreviations that are not standard are
unavoidable, they must be defined at their first mention
in the text. Consistency of abbreviations throughout the
article must be ensured. Internationally accepted rules
and conventions must be followed, and the international



system of units (SI) must be used. If other units are
mentioned, their equivalents in S| must be provided.

8. Table headings should be on the top of each table
and figure captions below each figure. Each table or
figure must be numbered consecutively in accordance
with their appearance in the text. All figures and tables
should be cited in the text. The data presented in the
tables and figures should not be repeated in the text.
Table headings and figure captions should be self-
explanatory. Figures and pictures must be provided in
high resolution, and pictures (and, if necessary figures)
should be included in the text as *. jpg format.

9. References in the text should be cited in numbers in
square brackets [1] and details of the citations must be
provided in the Literature or References section with
their respective numbers.

10. Mathematical equations should be numbered and
cited in the text.

11. References should be given according to the APA
manual of style. The following formats should be used
for the details of cited references, and the journal names
must be typed in italics. References to the Web
addresses (if necessary, the official web pages should
be preferred) must include full web address and the date
of access.

Article
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cream during storage. Akademik Gida, 9(2), 6-12.

Book

[2] Kilic, S. (2001). Lactic Acid Bacteria in Dairy
Industry. Ege University Faculty of Agriculture
Publications, Ege University Press, Bornova, lzmir,
Turkey.

Book Chapter

[3] Gibson, G.R., Saavedra, J.M., MacFarlane, S.,
MacFarlane, G.T. (1997). Probiotics and Intestinal
Infections. In Probiotics 2: Applications and
Practical Aspects, Edited by R. Fuller, Chapman &
Hall, 2-6 Boundary Row, London, England, 212p.

Proceedings of the Congress-Symposium

[4] Gursoy, O., Akdemir, O., Hepbasli, A., Kinik, O.
(2004). Recent situation of energy consumption in
dairy industry in Turkey. International Dairy
Symposium: Recent Developments in Dairy Science
and Technology, May 24-28, 2004, Isparta, Turkey,
Book of Proceedings, 10-16p.

12. A list of the corrections requested by the referees
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the editorial office.
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Etik Beyani

Akademik GIDA®, gida bilimi ve teknolojisi alaninda
orijinal arastirma ve derleme makalelerinin yayinlandigi
hakemli bir dergidir. Dergi U¢ ayda bir Sidas Medya Ltd.
Sti. (Cankaya, izmir, Turkiye) tarafindan
yayinlanmaktadir. Derginin genel bilimsel kalitesini
iyilestirmek igin yayinci tarafindan asagdidaki yonergeler
belirlenmigtir.

Yayin Politikasi

Akademik Gida dergisine gonderilen tim makaleler
Dergi Editérleri icin Davranis Kurallari ve En lyi
Uygulama Kilavuzlari ve Dergi Yayincilari igin Davranis
Kurallarinda (Code of Conduct and Best Practice
Guidelines for Journal Editors and Code of Conduct for
Journal Publishers) belirtilen Genel Kilavuzlara uygun
olarak degerlendiriimektedir. Bilimsel yazilar dergiye
gonderiimeden o6nce derginin  Yazim Kurallarinin
okunmasini 6nemle tavsiye ederiz. Yazarlar ayni
zamanda Avrupa Bilim Editorleri Birligi'nin (EASE)
(European Association of Science Editors) Ingilizce
olarak basilacak makaleler igin “Bilimsel Makalelerin
Yazarlari ve Cevirmenleri igin Rehber’e uymalidir.
Yazarlar, insan veya hayvan verilerini iceren
arastirmalari igin Uluslararasi Tip Dergisi Editorleri
Komitesinin (International Committee of Medical Journal
Editors) dnerilerini takip etmelidir.

Makalelerin Degerlendirilmesi

Dergiye gonderilen tim makaleler, bilimsel igeriklerinin
0zglnlugu ve kalitesi Olgutlerine gore degerlendirilir.

Dergiye gonderilen tim yazilar, ilk olarak yayin
ofisindeki (teknik ve genel kalite degerlendiriimesi
acisindan) eleme isleminden geger ve ardindan
teknik ve bilimsel editorler tarafindan degerlendirilir.
ilk degerlendirmeden sonra, editérler (i) dergi
kapsami disinda kalan bir konu hakkinda
hazirlanmis  makaleleri (i) teknik  olarak
eksik/yetersiz makaleleri, (i) kismi ve marjinal artan
sonuglari iceren makaleleri veya ( iv) kotl yazilmis
makaleleri reddetme hakkina sahiptir.

ilk inceleme  sonucunda makalenin ileri
degerlendirme igin uygun olduguna karar verilirse,
dergide yayimlanmak Uzere kaliteli makalelerin
secimini yapmak amaciyla, makaleler gift-korll
(hakemin ve yazar/yazarlarin birbirlerini
gormedikleri) degerlendirme sistemi ile en az iki
bagimsiz hakemden olusan bir degerlendirme
surecinde bilimsel incelemeye alinir.

Hakemler tarafindan talep edilirse, makalenin
hakem gorusleri dogrultusunda yazarlar tarafindan
revize edilmis versiyonu orijinal hakemler tarafindan
tekrar degerlendirilir. Degerlendirmelerin ardindan
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editorler hakem Onerileri dogrultusunda makale
hakkindaki nihai kararlarini verirler. Gerekirse
editorler, hakemlerin istedikleri tim sartlarin yerine
getirilmesi igin yazarlardan ilave revizyon isteyebilir.
Kabul edilen makalelerin son versiyonu, yayin
oncesi taslagin (galley proof) hazirlanmasi igin
teknik editorlere gonderilir. Yazarlardan,
makalelerinin dizgisi hazirlanmig taslaklarini son
kontrol i¢in yayin dncesinde incelemeleri istenir.
Tim makaleler, nihai formlarinda DOI numarasi
almis ve cevrimici olarak pdf dosyalari halinde
yayimlanir. ligili veritabanlarinda bu sekilde
indekslenir.

Yayin Ucreti

Akademik Gida dergisinde makalelerin yayinlanmasi
icin herhangi bir yayin lcreti talep edilmemektedir.

Gizlilik

Editorler, Akademik Gida'ya gonderilen tim makaleleri
tam bir gizlilikle ele alr. Editérler, hakemler haricinde,

COPE tavsiyelerine uyulmadidi takdirde, Uglncu
sahislara makale ile ilgili higbir bilgi vermezler.
Yayinlanmak Uzere dergiye gonderilen makaleler

hakemler icin de gizlidir ve bilimsel degerlendirme igin
aldiklari makalelerin herhangi bir boliminid Gglncl
sahislarla paylagsmalarina veya dagitmalarina izin
verilmez. Suiistimal suphesi oldugunda, hakemlerin
derhal gizli bir sekilde yayin ofisine bagvurmalari nerilir.
Hakemler ayrica, Dergi Editorleri Igin Davranis Kurallari
ve En lyi Uygulama Kurallar ile Dergi Yayincilari igin
Davranis Kurallar'ni (Code of Conduct and Best
Practice Guidelines for Journal Editors and Code of
Conduct for Journal Publishers) takip ederek editore
gizli yorumlarinda belirli bir eylem Onerebilirler.

Akademik Gida, ¢ift-kér bir hakem inceleme sureci
yuratdr, yani calismanin elestirel degerlendirmesini
saglamak i¢in hakemlerin isimleri gizlidir. Hakemlerden,
raporlarinda adlarini veya irtibat bilgilerini
aciklamamalari istenir. Hakem raporlari yazarlara
gonderilemeden énce bu agidan kontrol edilir.

Yazarlik

Bir yazar, bir arastirmanin fikrine veya tasarimina,
verilerin elde edilmesine, verilerin analizine veya
yorumlanmasina blyluk Olgiide katkida bulunan,
makalenin hazirlanmasinda, yazilmasinda veya gézden
geciriimesinde entelektiel igcerige elestirel katki yapan
bireydir. Katkida bulunanlar diger kisiler makalenin
Tesekkir boliminde belirtiimelidir ve galismanin yazari
olarak kabul edilemez. Tim yazarlarin dogru ve tam
isimleri ile ORCID kimlikleri dergiye gonderilen
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makalenin bagslik sayfasinda yer almalidir. Yazarlarin
isimlerinin yaninda calistiklar kurumlar ve
yazigsmalardan sorumlu yazarin gegerli bir adresi
verilmelidir. Yazismalardan sorumlu yazarin telefon ve

faks numaralari ile e-posta adresi makalenin ilk
sayfasinda belirtiimelidir. Tdm yazarlar, goénderilen
makalenin  daha 6nce herhangi bir yerde

yayinlanmadigini ve makale hakkinda Akademik Gida
dergisi nihai bir karar vermeden 6nce makaleyi baska bir
dergiye gondermeyeceklerini garanti etmelidir.

Destekleyen/Finans Saglayan Kuruluglar

Arastirmanin tim finans kaynaklarina iligskin detaylar,
Tesekklr boliminde belirtiimelidir. Yazarlar, resmi
finansman kurum/larinin tam isimlerini ve proje/hibe
numaralarini belirtmelidir.

Yazarlarda Degisiklik

Makalenin Akademik Gida'ya sunulmasindan sonra
yazar isimlerinde degisiklik ancak revizyon sirasinda
gerekli olan ek galismalar durumunda olabilir. Makalenin
yayina kabul edilmesinden sonra herhangi bir
degisiklige izin verilmez. Yazarliktaki degisiklik, hakem
géruglerine verilen cevaplar sirasinda yazismalarda
belirtiimeli ve tim yazarlar tarafindan kabul edilmelidir.
Yazigmalardan sorumlu yazar, yazarlarin sirasi da dahil
olmak Uzere makalenin revize edilmis versiyonundaki
degisikliklerden sorumludur.

Calisma Verilerinde Duzeltme

Yayinlanan verilerin  dogrulugundan tim yazarlar
sorumlu olmalidir. Verilerin dizeltiimesi icin,
yazigsmalardan sorumlu yazardan yayin 6éncesi taslagi
(galley proof) incelemesi ve makalenin
yayinlanmasindan 4 gin &nce dikkatlice duzeltmesi
istenir.

Makalenin Geri Gekilmesi

Bir makalenin geri c¢ekilmesi, gonderim veya yayin
hatalarini dizeltmek igin kullanilir. Yazarlar makaleyi
geri ¢ekebilir ve bu durumda Yayin Etigi Komitesi
(COPE) Geri Cekme Kurallarina [(COPE) retraction
guidelines] uymalidir. Tekrarlanan veya benzerlik orani
yuksek bir yayin, verilerin hileli kullanimi, intihal veya
etik disi arastirma yapilmasi durumunda, makale editor
tarafindan geri c¢ekilecek ve geri c¢ekilen makale
linklerine baglanti korunacak ancak elektronik veri
tabanina (makale sayfasina) bir geri ¢ekme bildirimi
eklenecektir.

Etik Hususlar

Cikar gatismasi.

Yazar/lar basgvuru sirasinda herhangi bir c¢ikar
catismasi varsa beyan etmelidir. Yazar/larin
basvuru sirasinda bilimsel dederlendirme igin en az
lic potansiyel hakem &nermeleri istenir. Onerilen
hakemler calisma arkadaslari, ortak calistiklari
kisiler veya galistiklari kurumlarin Uyeleri olamazlar.
Hakemler makaleyi degerlendirmelerini &nleyen
herhangi bir cikar c¢atismasi olmasi durumunda
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Editorleri bilgilendirmesi ve bu konuda COPE
kurallarina uymasi tavsiye edilmektedir.
Editorler Kurulu Gyeleri veya kurul Gyelerinin ortak

calistiklar  kigiler tarafindan dergiye gonderilen
makaleler icin, degerlendirme sirasindaki
Onyargillart en aza indirgemek amaciyla,

degerlendirme sireci ilgili kurul Gyelerini disarida
tutacak sekilde degistirilerek uygulanir.

Duzeltmeler (revizyonlar) sirasinda, editérler Dergi
Editérleri igin Davranis Kurallari ile En lyi Uygulama
Kilavuzu ve Dergi Yayincilari Igin Davranig
Kurallarini (Code of Conduct and Best Practice
Guidelines for Journal Editors and Code of Conduct
for Journal Publishers) takip ederler.

insan denekleri, hayvan veya bitki igeren
arastirmalar
e Arastirmanin insan denekleri veya hayvanlari

icermesi durumunda, yazarlarin Uluslararasi Tip
Dergisi Editorleri Komitesinin (the International
Committee of Medical Journal Editors) yonergelerini
izlemeleri 6nerilir.

insan denekleri iceren calismalarda, deneklerin
calismaya katilmak igin imzaladiklari onamlar
yazarlar tarafindan saglanmalidir. 18 yasin altindaki
deneklerin galismaya katilmalari igin ebeveyn veya
velileri tarafindan izin verilmelidir.

Test edilen tim denekler igin, makalenin, ilgili
kurallara vel/veya uygun izinlere veya lisanslara
uyumunu gosteren belgelerin sunulmasi gerekir.
Hayvanlar Uzerinde yapilacak her turli arastirma
kurumsal, ulusal veya uluslararasi kurallara uygun
olmali ve etik kurul tarafindan onaylanmalidir.

Bitki materyallerinin toplanmasi dahil, bitkiler
Uzerinde yapilan deneysel arastirmalar, kurumsal,
ulusal veya uluslararasi kurallara uygun olmalidir.
Saha calismalari yerel mevzuata uygun olarak
yapilmali ve uygun izinleri ve/veya lisanslari belirten
bir agiklama makalede yer almalidir.

Yayin suistimali

Akademik Gida dergisi, Dergi Editorleri igin
Davranis Kurallari ile En lyi Uygulama Kilavuzlari ve
Dergi Yayincilar igin Davranis Kurallarini (Code of
Conduct and Best Practice Guidelines for Journal
Editors and Code of Conduct for Journal Publishers)

takip eder.

e Makalenin ayni anda birden fazla dergiye
génderilmesi, intihal, yaymlanmig  makalenin
yeniden yayinlanmasi, etik kurallarin ihlali vb.

supheli bir suiistimal durumunda, arastirmacilar,

hakemler veya okuyucular  Yayin Ofisi
(ogursoy@yahoo.com) ile iletisime gecmeye tesvik
edilir.

e Makaledeki benzerlik orani tek bir kaynaktan

%10'dan fazla olmamak Uzere en fazla %25 ile
sinirflandinimigtir. Bu kosula uymayan makaleler
reddedilir. Bu sartlarin ihlal edilmesi durumunda,
COPE (COPE recommendations) tavsiyeleri
izlenecek ve ilgili tm taraflara bildirilecektir.
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Telif Hakki

Akademik Gida, yayinlanan butin makalelere orijinal
eserin uygun sekilde belirtiimesi ve ticari amagclarla
kullaniimamasi  sartiyla, herhangi bir ortamda
kullanilmasina, dagitilmasina ve ¢ogaltilmasina izin
veren “Creative Commons Attribution 4.0 CC BY-NC”
lisansini  (Creative  Commons  Attribution  Non-
Commercial 4.0 CC BY-NC) tum vyayinlanmis
makalelere uygular. Yayimlanmadan once, Telif Hakki
Devir Formu yazigsmalardan sorumlu yazar tarafindan
imzalanmali ve derginin yayin ofisine goénderilmelidir.
Yayinlanan yazilarin telif hakki Sidas Medya Limited
Sirketi'ne (Cankaya, izmir) aittir. Yazarlar, yayinladiklari
makaleleri serbestge ve ticari olmayan amaglarla,
bltinligu korundugu ve yazarlari, alinti detaylarini ve
yayincilari agik¢a belirtildigi strece kullanma hakkina

sahiptir. Bireysel kullanicilar, yazarlarin fikri ve ahlaki

haklarinin, sayginhiginin ve batanligunin tehlikeye
atimamasi sartiyla, Akademik Gida'da yayinlanan
yazilara erisebilir, indirebilir, kopyalayabilir,

goruntileyebilir ve uyarlayabilir. Kullanicilar herhangi bir
yeniden kullanimin, sahiplerin telif hakki politikalarina
uygun olmasini saglamahldir. Yayinlanan yazilarin
icerigi, ticari olmayan arastirma ve egitim amacli
kopyalanir, indirilir veya baska bir sekilde yeniden
kullanilirsa, uygun sekilde bir atif yapiimali ve ilgili
makaleye bir link [yazarlar, dergi unvani, el yazmasi adi,
cilt, yil ve sayfa numaralari ve yayinlanan link) Derginin
web sitesinde surim] saglanmalidir. Telif hakki
bildirimleri ve feragatnameler silinmemelidir.
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plants:
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