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ABSTRACT

In this study, endospore structural and volatile compounds of clostridial species causing late blowing defect
(LBD) in cheese were investigated during sporulation. The species were morphologically identified by Gram
staining, catalase and oxidase tests, and anaerobic growth tests, and were confirmed by 16S tRNA gene
sequence analysis. Strains with high gas production capacity were analyzed by Scanning Electron Microscopy
(SEM) and gas chromatography-mass spectrometry (GC-MS) during sporulation. At the end of sporulation,
alcohols such as butanol, pentanol, ethanol, hexanol, propanol, octanol, as well as sulfite, ester and acid
group compounds were the prominent components. The cell wall residues and endospore structural
components of Clostridium sporogenes strains with a total relative percentage area of >50% sulfite group
compound were observed more intensively than Clostridinm butyricum strains with high butanol production
levels. The information obtained from this study will facilitate studies aimed at identifying endospore
structural and volatile compounds of LBD clostridial species.

Keywords: Clostridinm spp., GC-MS, SEM, late blowing, 16S rRNA

GEC SISME ETMENI CLOSTRIDIAL TURLERIN SPORULASYON SURESINCE
ENDOSPOR YAPISAL VE UCUCU BILESIKLERININ BELIRLENMES]

oz

Bu calismada, cesitli 6rneklerden izole edilen ve peynirde ge¢ sisme kusuruna neden olan clostridial
tirlerin sporulasyon siiresince endospor yapisal ve ugucu bilesikleri arastirilmistir. Gram boyama,
katalaz ve oksidaz testi, anaerobik gelisim testleri ile morfolojik olarak tanimlanan tiirler 16S rRNA
gen sckans analizi ile dogrulanmustir. Sporulasyon stresince, yiksek gaz tiretim kapasitesine sahip
suslar Taramali Elektron Mikroskobu (SEM) ve gaz kromatografisi-kiitle spektrometresi (GC-MS) ile
analiz edilmistir. Sporulasyon sonunda biitanol, pentanol, ethanol, hexanol, proponol, oktanol gibi
alkol bilesikleri; siilfit, ester ve asit grubu bilesikler 6ne ¢ikan bilesenlerdendir. Toplam bagil yiizde
alant >%>50 stilfit grubu bilesige sahip olan Clostridium sporogenes suslarinin hiicre duvari kalintilart ve
endospor yapisal bilesenleri; bltanol tretim duizeyi yiksek olan Clostridium butyricum suslarina gore

* Corresponding author / Yazismalardan sorumlu yazar:
DA<: perturkmen@mehmetakif.edu.tr ©: (+90) 248 213 2278
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daha yogun sekilde gézlemlenmistir. Bu ¢alismadan elde edilen bilgiler ge¢ sisme etmeni clostridial
tirlerin endospor yapisal ve ucucu bilesiklerinin tespitine yonelik ¢alismalara kolaylik saglayacaktir.
Anahtar kelimeler: Clostridium spp., GC-MS, SEM, gec sisme, 16S rRNA

INTRODUCTION

Clostridium  spp. are predominantly obligate
anaerobic, Gram-positive, long rod-shaped
bacteria that form endospores both in vivo and in
vitro, with some being aerotolerant. They are
catalase and peroxidase negative, most are
mesophilic, except for C. perfringens, which is non-
capsulated, motile with peritrichous flagella, and
have a size of 4-6 pm-1 um (Quinn et al., 2004;
Keto-Timonen et al., 20006). Clostridium species are
the only group of microorganisms that can
undergo acetone-butanol-ethanol (ABE)
fermentation, which they can do by various means
during milk processing. Gas chromatography can
be used to determine volatile carboxylic acids,
providing information about ABE fermentation
in case of doubt (Jakob, 2011). ABE fermentation
consists of two phases, acidogenic and
solventogenic. In the acidogenic phase, organic
acids are produced, which are then converted to
acetone and butanol in the solventogenic phase
(Lee et al., 2008). In the solventogenic phase, the
pH increases due to solvent formation, and the
bacteria lose their ability to reproduce and form
endospores (Qureshi and Ezeji, 2008). During
cheese processing, endospores that survive
thermal treatments of milk can transform into a
vegetative form in cheese, fermenting sugars and
producing acetic acid, butyric acid, carbon dioxide
(COy) and hydrogen (Hz) gas (Matijasic et al.,
2007; G6émez-Torres et al., 2014). In particular,
the low solubility of H» gas leads to gas
accumulation and explosions during cheese
maturation, causing large pores, cracks, and
fissures to form, followed by late blowing
problems, and the production of bad odor and
flavor (McSweeney, 2007; Lo pez-Enr'iquez et
al., 2007; D'Incecco et al, 2018). The most
important four bacterial species that cause late
blowing in milk and cheese are C. butyricum, C.
sporogenes, C. bejjerinckii and C. tyrobutyricum (Julien
et al., 2008; Garde et al., 2011).

Although various methods are used for the
species-level identification of late blowing defect
(LBD), etrors can occur in the identification of

isolates in some cases. Accurate identification is
essential for determining which species are
present in the sample under investigation, the
reactions they cause, and for removing or
monitoring the bacteria from the environment.
PCR-based methods that identify the 16S rRNA
region are commonly used molecular methods for
the species-level identification of Clstridium spp.
(Bassi et al., 2013; Chean et al., 2014; Turci et al.,
2016).

The identification of clostridial species
responsible for gas production and the
determination of the structural compounds of
endospores during sporulation are essential for
preventing late blowing problems. For this
purpose, scanning electron microscopy (SEM)
and gas chromatography-mass spectrometry (GC-
MS) were used together to analyze the endospore
structural and volatile compounds of clostridial
strains that were safely identified using PCR
during sporulation.

MATERIALS AND METHODS

Clostridial strains and store conditions

17 clostridial strains isolated from Kashar cheese,
milk and silage samples with phenotypic
descriptions such as Gram-endospore staining,
catalase—oxidase and mobility test by Ertiirkmen
and Oner (2023) which were used as material in
this study. The strains were inoculated into the
Bryant Burkey Broth with Resazurine and Lactate
(BBB, Merck, Germany) and covered with 2 cm
of sterile paraffin and incubated at 37 °C for 3
days by an anaerobic kit (Anaerocult A Merck
1.16275) under anaerobic conditions.

Identification of isolates by the 16S rRNA
gene sequence

Genomic DNA extraction from pure liquid
culture was performed by the GeneMATRIX
Bacterial & Yeast Genomic DNA isolation kit
(EURx  Ltd, Polonia) following  the
manufacturer’s instructions with an initial sample
preparation protocol. Concentration and quality
of DNA samples were measured by Nanodrop
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2000 (Thermo Scientific, USA). 16S rRNA gene
region was amplified with the universal primers
27F and 1492R (Lane 1991). For setting up PCR
reactions were performed using a PCR Kyratec
Thermal Cycler (Australia) and PCR Master Mix
(5 x FIREPol® Master MixSolis BioDyne,
Estonia). Each 35 pL. of PCR reaction contained
3 pLL of DNA template, 20 mM deoxynucleotide
triphosphate, 10 mM primer, 25 mM MgCl,, and
5 U of Taq DNA Polymerase (Solis Biodyne
(Estonia) FIREPol® DNA Polymerase). The
PCR program was 95 °C, 5 min; 35 cycles: 95 °C,
455,57 °C, 45 5; 72 °C, 60 s; and a final extension
at 72 °C for 5 min. A 10-uL aliquot of the PCR
products from each reaction was electrophoresed
in 1.5% agarose gel. Gel images were visualised
using a Gel Viewing System (Vilber Lourmat,
France). Used BigDye Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems, Foster City,
CA) (Macrogen Holland Laboratory) and ABI
3730XL DNA sequencer (Applied Biosystems,
Foster City, California) to sequence the PCR
products (forward and reverse primer). The
generated sequences were compared with those
present in the GenBank database, using BLAST
sequence similarity searching [https:// blast.ncbi
alm  .nih  .gov/ blast.cgi; ribosomal RNA
sequences (bacteria)].

Scanning electron microscopy

SEM was used to observe the morphology of
endospore structures during the sporulation
process. These samples were incubated
anaerobically in BBB at 37 °C for 3 and 7 days.
Cells washed two times in phosphate buffered
saline solution and were centrifuged at 4 °C for 10
min each time. Observations were made using the
gold-plated  technique under
conditions. Images of the samples were taken
using QUANTA 250 FEG scanning electron
microscope at the Energy Technologies Research
Unit Center (ETRUC) of the Suleyman Demirel
University.

low vacuum

The ability of clostridial isolates to produce
volatile compounds

Clostridial isolates were inoculated into BBB for
gas capacity testing. Inoculated tubes were sealed
with sterile paraffin and incubated at 37 °C for 7
days. Strains were analyzed for wvolatile

compounds by GC-MS (Model; QP 2010 ultra-

series, Shimadzu, Tokyo, Japan). Volatile
compounds were extracted by automated solid-
phase  microextraction  (SPME,  Supelco,

Germany). A 5 mL amount of liquid culture was
placed in an amber headspace vial and sealed with
a PTFE coated silicone septum (Supelco,
Bellefonte, PA) that was placed on an
autosampler tray and subjected to solid-phase
microextraction. The equilibration and extraction
phases were carried out at 45 °C for 15 minutes.
Carboxen-Polydimethylsiloxane (CAR/ PDMS)
coated fiber (Supelco, Bellefonte, PA) was used
for headspace extraction. Chromatographic
separation was carried out in a column (Restek
Rx-5 Sil MS 30m X 0.25mm, 0.25pm) with a
helium flow of 1 mL/min. Relative abundances of
compounds were expressed as percentages of
their peak areas over the peak area of the internal
standard cyclohexanone.

RESULTS AND DISCUSSION
Identification results of Clostridium spp.

The identification of 17 Clostridium spp. strains at
the species level and the similarity rates ranging
from 99-100% are presented in Table 1. After
PCR reaction, agarose gel electrophoresis was
performed on the DNA samples, and it was
observed that the Clstridinm strains formed a
single pattern of approximately 1500 bp in size
with reliable bands (Figure 1).

The results showed that sixteen bacterial isolates
were found to be the genus Clostridinum supported
an identification of C. sporogenes using BLAST
analysis and identical (100%) match with a C.
sporogenes (n:11) MF062498.1 and MT356160.1
with 100% and 99.56% of sequence homology
and with other C. sporogenes (m:1) LC153544.1 with
99.71% of homology identify 16S rRNA
sequences in the GenBanks database, correctly.
CL81, CL99 and CL105 were identified as C.
butyricum strain M'T510294.1 with 99.17% and
100% of homology respectively and one isolate
did not result in a species level match either. In
the study conducted by Cremonesi et al. (2012),
the authors identified C. bejjerinckii, C. butyricum, C.
sporogenes and  C. tyrobutyricum from milk, hard
cheese, and silage using a multiplex PCR test, and
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determined that the method had good specificity.
The potential of clostridial species to cause cheese
spoilage can vary among different strains. In our
study, based on the 16S tRNA sequence analysis
of clostridial strains isolated from silage, raw milk,
and Kashar cheese, C. sporggenes was determined

to be the most common species among all of our
isolates. The findings of this study are consistent
with the literature data indicating a high C
sporogenes  prevalence, according to some

researchers (Garde et al., 2011; Bakhtiary et al.,
2018; Olliveira et al., 2018).

Figure 1. Shows the agarose gel image of PCR products of Clostridium spp. strains using 27F and 1492R

universal primers, along with the Marker DNA.

* M: Marker, Strains 1-11 are labeled, 1:CL79, 2:CL81, 3:CL97, 4:CL99, 5:CL101, 6:CL105, 7:CL135, 8:CL130,
9:CLL148, 10:CLL171, 11:CLL177, size of the amplikon; 1500 bp

Table 1. Isolates of Clostridium spp. by sequence 16S rRINA gene sequencing

Total . Nucleotide
Isolate Source  Species similarity” Genbank Number Similarity identi
P v Accession No score v

of Bases (%)
CL5 Cheese  Clostridinm sporagenes L.C153544.1 1382 2531 99.71
CL12 Cheese  Clostridinm sporagenes MF062498.1 1362 2516 100
CLA41 Cheese  Clostridinm sporagenes MF062498.1 1379 2547 100
CL79 Cheese  Clostridinm sporogenes MT356160.1 1372 2534 100
CLS81 Cheese  Clostridium butyricum MT510294.1 1090 1960 99.17
CL54 Milk Clostridinm sporagenes MF062498.1 1378 2545 100
CL64 Milk Clostridinm sporagenes MF062498.1 1378 2545 100
CL68 Milk Clostridinm sporogenes MF062498.1 1264 2335 100
CL97 Milk Clostridinm sporogenes MT356160.1 1356 2505 100
CL.99 Milk Clostridinm butyricum MT510294.1 1090 1960 99.17
CL101 Milk Clostridinm sporogenes MT356160.1 1382 2553 100
CL105 Milk Clostridinm butyricum MT510294.1 1138 2084 100
CL135 Silage Clostridinm sporogenes MT356160.1 1375 2540 100
CL136 Silage Clostridium sporogenes MT356160.1 1364 2468 99.56
CL148 Silage Clostridinm sporogenes MT356160.1 1379 2519 99.57
CL171 Silage Sequence fatled - - - -
CL177 Silage Clostridium sporogenes MT356160.1 1375 2516 99.85

*The species were identified by means of 16S universal primers when sequence similarity was =98% in the
GenBank database, using BLASTn sequence similarity searching (https://blast.ncbi.nlm .nih.gov/Blast.cgi).
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Endospore structure and volatile compounds of clostridial species

Fermentation product of Clostridium spp.

In addition to accurate identification of Clostridium
spp., it is also important to detect fermentation
products during sporulation. After sporulation,
Gas production and displacement of the paraffin

plugs were observed in the tested tubes of the
strains. The volatile compounds highlighted by
GC-MS were sulfite, ester, alcohol, and acid
group compounds (Figure 2).
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Figure 2. The prominent components of clostridial strains causing late-blowing in cheese analyzed by
GC-MS

In a study characterizing volatile metabolites in
Clostridium species using GC-MS-SPME, it was

found that the molecules contained both
saturated and  aromatic  sulfur-containing
heterocyclic  compounds,  sulfides, esters,

carboxylic acids and alcohols (Rees et al., 2016).
The researchers indicated that the butyric acid,
acetic acid, CO2 and H» gases produced by
clostridial strains were responsible for late
blowing in semi-hard and hard cheeses, leading to
unpleasant odors and flavors and causing
significant economic losses for businesses (Doyle
et al.,, 2015; Brindle et al., 2016; Silvetti et al.,
2018). Disulfide, trisulfide, and tetrasulfide
compounds were the most common among the
sulfite group compounds and had the highest
proportion in this study. Butyrate, acetate,
butanoate, valerate, and heptanoate esters were
among the ester group compounds. C. sporogenes
was found to produce butyrate using lactate,
pyruvate, and mostly free amino acids (Le Bourhis
et al., 2007; Rainey et al., 2009).

The organic acids formed in the acidogenic phase
of the ABE fermentation prevent the inhibition
caused by organic acids from reaching critical
levels by turning into acetone and butanols in the
solventogenic phase (Jones and Woods, 19806). In
our study, alcohols such as butanol, pentanol,
ethanol, hexanol, propanol, and octanol, and acids
such as butanoic and acetic acid were commonly
detected in all Clostridium strains (Figure 3).

Butanol was detected in C. butyricum strains as the
highest in CL81 (43.38%) and CL105 (38.11%).
In a study, cultures containing C. #yrobutyricum and
C. begjerinckii were found to produce 0.5 mM - 0.7
mM 1-butanol at low concentrations (Driehus et
al., 2016). It is stated that butanol has a toxic
effect on Clostridinm spp. and stops metabolism at
concentrations above 20 g/L (Qureshi and
Blaschek, 1999). In C. butyricnm CL81 strain, the
production of butyric and acetic acids was
determined as 2.12% and 8.18%, respectively.
The acetic acid production of C. sporogenes CL6S
and CL73 strains was found to be 6.04% and
2.36%, respectively. C. sporggenes C1.54 and CLL177
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strains were also found to produce low levels of
pentanoic and butanoic acids in addition to acetic
acid. Drichuis et al. (2016) stated that C.

m Butanol mPentanol m Ethanol

CL105
CL81
CL75
CL99

CL148

CL177
CL68
CL54
CL73

0 10 20 30

Hexanol = Propanol = Octanol

tyrobutyricum and C. begjerinckii strains completely
consumed lactic acid and produced acetic and
butyric acids using glucose.

m Butanoic acid m Acetic acid

[ ]
40 50 60 70

Figure 3. Alcohol and acid group compounds detected in clostridial strains

Endospore morphology of clostridial strains

Chemical changes such as the release of calcium
dipicolinate from structural components of
endospores and determination of endospore
location can be achieved by SEM imaging
(Cabrera-Martinez et al.,, 2003). In this study,
SEM images taken at the beginning of sporulation
showed that the cells were rod-shaped and
belonged to the genus Bacillus, forming terminal
and subterminal endospores. The length of the

8z

12/18/2020 ‘ det HV spot | O

3:10:58 PM LFD 10.00 kV 3.0 X

cells varied between 3-5 um (Figure 4). The use of
PBS buffer before SEM imaging, observation
under a low vacuum and a gold plating technique
provided a sharp border appearance in the
clostridial cells. The size and range of the isolated
clostridial bacteria were found to be consistent
with the results of other researchers who used
gold coating and buffer solutions (Bassi et al.,
2009).

mode
Low vacuum 11.3 mm

SDU_YETEM

Figure 4. SEM image of C. sporggenes CLO68 strain at the beginning of sporulation



Endospore structure and volatile compounds of clostridial species

During sporulation, SEM imaging and GC-MS
analysis revealed that the cell wall remnants and
endospore structural components of Clostridinm
sporogenes CL177 and CLG8 strains, which have a
total relative percentage area greater than >50%

Figure 5. SEM images of C. sporogenes and C. butyricum strains during sporulation

for the sulfide group compound, were more
intensively present compared to Clostridium
butyricum  CL81  strain  with high butanol

production (Figure 5).

*a: C. butyricum CL81 strain at the beginning of sporulation; b: C. butyricum CL81 strain at the end of sporulation; c:
C. sporogenes CL68 strain at the beginning of sporulation; d: C. sporggenes CLG8 strain at the end of sporulation

During the final stage of sporulation, SEM
imaging revealed that sporulation had progressed
and spores had changed in size to approximately
1 um in width and 1.7 um in length. Some cells
had started to form nuclei and exosporium
(Figure 5). In a study on SEM imaging of C.
sporogenes, it was found that the exosporium
surrounds all the spores and has a rough, oval
appearance with a typical length of 3 mm. It was
also observed that exosporium played a role in
adhering to cells after sporulation. Some studies
on SEM imaging support this finding (Faille et al.,
2007; Lequette et al., 2011).

CONCLUSION

This study investigated LBD clostridial strains
isolated from different sources through 168
rRNA sequence analysis, and the strains were
identified as C. sporogenes and C. butyricum at the
species level. The GC-MS analysis of volatile
compounds produced by clostridial strains during
fermentation revealed that these strains produce a
range of products such as acids, alcohols, sulfites,
esters that can cause significant product loss in
hard and semi-hard cheeses. During SEM
imaging, the use of PBS buffer, low vacuum
observation, and gold coating technique provided
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a sharp boundary appearance in clostridial cells,
allowing successful observation of endospore
structural compounds. In future studies, SEM can
be used as a sensitive tool to gain more
information about chemical changes in LBD
clostridial strains, such as internal spore structure
and calcium dipicolinate release, with additional
techniques for evaluation.
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ABSTRACT

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

Due to its high price and consumer demand, virgin olive oil is an essential product vulnerable to deception
for unfair economic gain. In our research, sunflower, palm olein and cottonseed oil were used as adulterants
in different amounts for the preparation of adulterated samples. Sterol composition, the difference in
theoretical and actual equivalent carbon number 42 triglycerides (AECN42) value and FTIR spectra were
used to classify the adulterated and virgin olive oil samples. Decision trees on A7-stigmastenol and
campesterol allowed the detection of 10% and higher adulteration. AECN42 ad FTIR provided good
detection of the adulterated samples, even for the mixed oils at 1% concentration. However, the detecting
performance of the FTIR decreased as the virgin olive oil sample set expanded with different seasons and
varieties. Correct multivariate approach and FTIR data selection significantly influence the performance of
FTIR spectroscopy for detecting VOO adulteration.

Keywords: Virgin olive oil, adulteration, fatty acid composition, sterol composition, AECN42, FTIR, LDA

NATUREL ZEYTINYAGI TAGSISININ TESPITINDE STEROL
KOMPOZIiSYONU, ECN42 FARKI VE FTIR SPEKTROSKOPISININ
KULLANIMININ KARSILASTIRMALI OLARAK INCELENMESI

oz

Nattrel zeytinyagi, yiiksek titketici talebi ve fiyati nedeniyle haksiz ekonomik kazang saglamak icin
yapilan hileli uygulamalara agik bir tiriindiir. Arastirmamizda aygigek yagi, palm olein ve pamuk yag1
natiirel zeytinyagina farkll oranlarda kamstrilmistr. Hazirlanan  karisim  yaglarin - nattrel
zeytinyagindan ayriminin incelenmesi i¢in 6rneklerin sterol kompozisyonu, AECN42 degeri ve FTIR
spektrumlar1 kullanidmis ve sonuglar karsilastirilmistir. Mevzuatta belirtilen A7-stigmastenol ve
kampesterol tizerindeki karar agaglari, %10 ve daha ytlksek tagsisin saptanmasini miimkin kilmistir.
AECN42 ve FTIR spektroskopisi ile %1 konsantrasyonda hazirlanan karisim yaglar bile, nattrel
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zeytinyagl numunelerinden ayrilmistir. Ancak, natiirel zeytinyagt numune sayisi, farklt mevsimler ve
cesitlerle genisletildiginde, FTIR spektroskopisi ile gerceklestirilen ayrimin hassasiyeti azalmis ve
ozellikle dusik konsantrasyonlu karisim yaglarin ayrimi zorlasmistir. Dogru ¢ok degiskenli yaklagim
ve FTIR veri se¢imi, natiirel zeytinyagi tagsisini saptamak icin FTIR spektroskopisinin performansini

o6nemli 6lctide etkilemektedit.

Anahtar kelimeler: Natiirel zeytinyagi, tagsis, yag asidi kompozisyonu, sterol kompozisyonu,

AECN42, FTIR, LDA

INTRODUCTION
Olive oil is a product having high economic
importance  for  Mediterranean  countties,

obtained from the fruit of the olive tree (Olea
enropaea 1..). Considering the costs of cultivation,
production and storage periods, extra virgin olive
oil, which is the highest quality class, is expected
to have a higher price than virgin and lampante
olive oils (Balkan and Meral, 2017; Anonymous,
2022; Filoda et al., 2019; Tsimidou et al., 2015;
Uncu et al., 2017). In addition, consumer demand
for extra virgin olive oil is increasing due to its
unique flavor and high amount of natural
antioxidants (Mariotti and Peri, 2014; Vitaglione
et al, 2015). Because of its high price and
increasing demand, extra virgin olive oil has
become most vulnerable to fraudulent activities
(Pan et al, 2018; Uncu et al, 2017). These
fraudulent activities, generally called adulteration,
are practiced to obtain unfair economic benefits
by misleading the consumer about the origin,
quality class or product content of virgin olive oil
(VOO) by presenting false information on the
label. The most common form of adulteration for
VOO is mixing different vegetable oil with lower
economic value into VOO (Tsimidou et al., 2015).

European Union legislation and Codex
Alimentarius criteria set the VOO quality and
purity limits to determine the quality classes and
present the right product to be audited to the
consumer (Anonymous, 2017; Anonymous,
2022). In particular, sterol composition and the
difference between contents of theoretical and
actual triglycerides having 42 equivalent carbon
numbers (ECN) are the most examined purity
criteria for adulterations made by mixing seed oils
with  VOO. On the other hand, sterol
composition and AECN42 techniques have many
disadvantages, such as requiring labor and
chemicals and generating a significant amount of
chemical waste in the analysis process. Applying

rapid measurement techniques coupled with
advanced statistical methods stands out in terms
of efficient labor and time use by overcoming
sample loss and the excessive use of chemicals
recently (Uncu et al,, 2019).

Chemometrics was defined as a multidisciplinary
assessment technique in which mathematics,
statistics and computer science are integrated to
determine the most influential variables from
extensive data obtained from chemical analysis to
apply statistical evaluation (Massart et al., 1998).
In this respect, chemometric techniques include
using multivariate analysis methods to evaluate
analytical or spectroscopic results and examine

the possible differences and classifications
between sample groups. Principal component
analysis (PCA), linear discriminant analysis

(LDA), hierarchical clustering analysis (HCA),
and partial least squares (PLS) are widely used for
chemometric assessment of VOO adulteration
(Esteki et al., 2018; Gémez-Caravaca et al., 2010).

Various fast-measurement techniques have been
used to detect VOO adulteration or predict
adulterant concentration. UV-Visible (UV-Vis)
spectroscopy, Near Infrared Spectroscopy (NIR),
Raman Fluorescence Spectroscopy, Fourier
Transform Infrared Spectroscopy (FTIR),
Nuclear Magnetic Resonance (NMR) method and
Differential Scanning Calorimetry (DSC) are the
most used techniques in VOO adulteration
studies (Aroca-Santos et al., 2016; Chiavaro, 2014;
Lia et al., 2018; Milanez et al., 2017; Nigri and
Oumeddour, 2013; Ordoudi et al., 2022; Oztiirk
et al, 2010; Zhang et al., 2011). Studies were
mainly carried out with model samples prepared
by mixing one or more selected VOO and
adulterant oil. In most studies, VOO /
adulteration oil ratios are generally designed
between 0% and 100% to efficiently determine
the mathematical relations between the
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concentration of the adulteration and the
spectroscopic responses. However, detection
becomes more difficult as the proportion of
adulteration oil in VOO decreases (<10%), which
makes  detecting  adulterations in  lower
concentrations the main challenge. In addition,
most of the purity criteria specified in the
legislation can quickly reveal VOO adulteration
containing 10% or more vegetable oil (Baeten et
al., 2005; Green et al., 2020). In that manner, the
detection performance of the spectroscopic and
chromatographic ~ methods  became
significant when VOO adulteration in low
concentrations was considered. Few studies
compare the commonly used spectroscopic
methods with traditional chromatographic
techniques in detecting VOO adulteration.

more

In this study, the detection performances of the
sterol composition, AECN42 values and FTIR
spectral data were compared for the prepared
adulterated VOO samples using sunflower oil,
palm olein and cottonseed oil at low ratios (1-4-7-
10-13%). Moreover, change in the detection
performance of FTIR was evaluated by expanding
the database size of VOO with different varieties
and regions.

MATERIAL AND METHOD

Material

Thirty geographically indicated (GI) VOO
samples were obtained from related Chamber of
Commerce bureaus representing the 2019-2020
and 2020-2021 harvest seasons (at least five
samples from each season) as VOO samples. Gl
VOO samples were, namely, Ayvalik Zeytinyagt,
Edremit Zeytinyagt and Milas Zeytinyagi,
registered by Turkish Patent and Trademark
Office with dossier numbers C2004/003,
C2017/048 and C2014/043, respectively. Among
these, only VOO samples that fit "extra virgin
olive oil" criteria according to FFA, PV and
specific absorption values were used to reduce the
variation due to the quality criteria and obtain
comparable results. Olive oil samples were
abbreviated as VOO as an indication of the main
category name of the olive oils.

To prepare mixtures (will be mentioned as
"adulterated samples" in the text), three different
vegetable oil samples (will be mentioned as
"adulterants" in the text) were used. For this
purpose, as adulterant samples, refined sunflower
oil, cottonseed oil, and palm olein were obtained
from various companies in Izmir, Tirkiye.

Adulterated samples were prepared by mixing a
selected VOO sample (Ayvalik Zeytinyagt from
the 2019-2020 season) and adulterants with the
binary combination. The adulterant ratios were
maintained as 1-4-7-10-13% in adulterated
samples for each adulterant. In this way, 15
adulterated samples were prepared separately for
each adulterant.

Samples were coded representing the adulterant
used and its percentage in the mixture. The
adulterated samples containing sunflower oil,
palm olein, and cottonseed oil were coded as
SOVO, POVO, and CSVO, respectively. The
adulterant concentration in the mixture was
indicated as a percentage right after the sample
code.

VOO, adulterant and adulterated samples were
placed in 150 ml brown bottles without leaving
any headspace and stored at -40°C untl the
analyzes were carried out.

The chemicals and standards used in the analyzes
were obtained directly from the local distributors
of Merck and Sigma-Aldrich brands at the purity
level specified in the analysis methods.

Methods

Determination of sterol composition

The sterol composition of the samples was
determined according to the Turkish Food Codex
Communiqué on Olive Oil and Olive Pomace Oil
Analysis Methods (Communiqué No: 2014/53),
and the peak areas were expressed as a percentage.
This method refers to the thin layer
chromatography method for determining the
sterol fraction of animal and vegetable oils and
fats composition. Analysis was carried out by
saponification of the sample, extraction of the
unsaponifiable matter and separation of the
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sterols using thin layer chromatography, and
determining  sterol  composition by  gas
chromatography. For this purpose, 0.5 ml of 0.1%
concentration 5a-cholestan-33-ol internal
standard was added to 2-2.5 grams of oil sample.
This sample was subjected to saponification using
20 ml of 2 N ethanolic potassium hydroxide
(KOH) solution in a water bath at 98°C for 20
minutes. The saponification reaction was
terminated with 20 ml of distilled water, the
unsaponifiable fraction extracted from the soap
fraction with 20 ml of diethyl ether, and the
residual soap was removed with approximately 80
ml of distilled water. This unsaponifiable fraction
was fractionated on Silica gel 20X20 cm (Sigma
Aldrich, Germany) Thin Layer Chromatography
(TLC) plates and with 110 ml of hexane and 65
ml of diethyl ether for 70 minutes. The sterol
band marked with 0.2% 2',7' dichlorofluotrescein
dye, and sterol fraction were scraped from the
plate. The sterols were derived for gas
chromatography (GC) with a mixture of N,O-
Bis(trimethylsilyl) ~ trifluoroacetamide reagents
containing Pyridine and trimethylchlorosilane at
1:1 ratio. A SE-54 column (5%-phenyl-1%-
vinylmethylpolysiloxane, 30 m X 0.32 mm X 0.25
um) was used for chromatographic analysis. GC
conditions were selected as follows; carrier gas:
helium, the flow rate of carrier gas: 0.9 ml/min.,
flame ionization detector (FID) temperature:
290°C, injector temperature: 280°C, furnace
temperature: 260°C 1:40 split ratio.

Determination of fatty acid composition

The fatty acid composition of samples was
determined according to the International Olive
Council I0OC) standard method (Anonymous,
2017b). For this analysis, 0.1 grams of sample was
mixed with 2 ml of heptane, and the mixture was
transesterified with 0.2 ml of 2N methanolic
KOH solution. The upper phase containing
methyl esters was injected into GC (Agilent 7820).
The GC oven temperature was maintained at an
initial temperature of 165 °C and then gradually
increased to 200 °C. The injection block
temperature was set at 250°C and the FID
detector temperature at 280°C. The flow rate of
the carrier gas will be 1.2 ml/min. The injection
volume was 2 ul. The peak areas were determined,

and fatty acid composition was expressed as
percentages.

Determination of the difference between the actual and
theoretical  content of  triacylglycerols with ECN42
(AECN42)

Triglyceride profile analysis and determination of
the actual content of triglycerides with ECN42
(AECN42) od adulterated samples was carried out
with HPLC Agilent 1200 (California, USA)
utilized with Refractive Index Detector (RID)
using the method specified by the 10C
(Anonymous, 2017c). For this analysis, 0.05
grams of oil sample was dissolved in 1 ml of
acetone. The mobile phase was prepared to
contain 63.6% acetone and 36.4% acetonitrile,
filtered and degassed in an ultrasonic bath.
Analysis was conducted with a mobile phase flow
rate of 1.5 ml/min and an RI detector
temperature of 40°C. TG rates are given in
percent (%). The AECN42 values were calculated
via the excel file provided under the so-called
method appendices of IOC.

Determination of Fourier Transform Infrared Spectroscopy
(FTIR) spectra

FTIR spectra of the samples were measured on
the Shimadzu (Kyoto, Japan) IRAffinity-1S
spectrometer system. The detector consists of a
DLATGS detector with a temperature control
mechanism and a beam splitter germanium-
coated KBr. Two drops of oil samples were
placed directly on the ATR cell, and spectra were
taken in the mid-infrared region (4000 — 600 cm-
) at 2 cm! resolution with 32 interferograms.
Before each measurement, the atmospheric
measurement was taken and subtracted from each
spectrum. After each reading, the ATR crystal was
cleaned with hexane and acetone to ensure no
residue from the previous sample remained on the
crystal surface.

All spectra were imported to the IR Solution v1.5
software, and some pre-processing procedures
followed to minimize uninformative
distribution among samples. First, spectra were
manipulated with ATR Correction at 650 cm™ !
reference value. Then, 11-point smoothing was
applied according to the Savintzky-Golay

were
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algorithm, and 2rd-degree derivatization was
carried out. The spectral regions over 650 cm™!
and below 3100 cm~ ! were eliminated with the
cut function, and a new data set was obtained.

Statistical analysis and chemometric method
Pre-processed FTIR data were imported into
SPSS 26 (IBM, USA) and then classified
according to the purity level as VOO, SOVO,
POVO, and CSVO with percentages. For the
second LDA, in addition to the VOO sample
used in the preparation of the adulterated
samples, five 2020-2021 Ayvalik, five 2019-2020
Edremit and five 2019-2020 Milas samples were
defined as VOO, and the LDA data set was
expanded. The expanded VOO sample set was
labeled as VOO-EXT for the repeated LDA.

RESULTS AND DISCUSSION

Chemical characteristics of VOO, sunflower
oil, cottonseed oil and palm olein samples
The fatty acid, triglyceride, and sterol
compositions of the VOO, refined sunflower oil,
cottonseed oil, and palm olein samples used to
prepare adulterated samples are given in Table 1,
Table 2 and Table 3. The quality criteria and
compositional properties of all oil samples (VOO,
refined sunflower oil, cottonseed oil and palm
olein oil) included in this study met the purity
ctitetia  defined in the related Codex

Alimentarious standards

2017).

According to the fatty acid compositions in Table
1, the C14:0 value of palm olein had a higher level
(1.10%) than the other vegetable oils in our study.
Also, it was observed that palm olein and
cottonseed oil had a higher percentage of C16:0
than the other two oils, 41.47% and 22.93%,
respectively. In contrast, sunflower oil had the
lowest content, with 6.19% of C16:0. Calislar et
al. (2018) similarly stated that palm olein is a high
source of palmitic acid (C16:0) (Calslar et al.,
2018). It can be noted that the margaric acid
(C17:0) values are similar in all pure vegetable oils
in this study. Still, VOO's heptadecenoic acid
(C17:1) level stands out at 0.24%. The level of
stearic acid (C18:0), a saturated fatty acid, in
sunflower oil and palm olein was higher than in
cottonseed oil. In parallel, Anushree et al. (2017)
stated that sunflower and palm oil are high
sources of steatic acid. It was claimed that some
types of sunflower oil obtained from improved
and/or biotechnologically treated sunflower
seeds would be an alternative to palm oil
(Anushree et al., 2017). VOO was characterized
by high oleic acid (C18:1) content, as seen in
Table 1. VOO had the highest oleic acid value at
69.38%, followed by palm olein oil at 41.68%.
Sunflower oil has the highest linoleic acid (C18:2)
content of 68.44%.

(Anonymous, 1999,

Table 1. Fatty acid compositions of VOO, sunflower oil, cottonseed oil and palm olein samples

VOO Sunflower oil Cottonseed oil Palm olein
C14:0 0.02%0.00 0.06%0.00 0.69%0.01 1.10£0.02
C16:0 13.78+0.27 6.1910.21 22.93+0.57 41.47+1.12
C16:1 0.88%0.02 0.09£0.00 0.55%+0.01 0.21£0.00
C17:0 0.160.00 0.03%0.00 0.08£0.00 0.08%0.00
C17:1 0.24%0.00 0.03%0.00 0.03%+0.00 0.04%0.00
C18:0 2.8410.05 4.01£0.08 2.4210.05 3.8910.10
C18:1 69.3812.48 21.94%0.76 16.2710.34 41.68%1.08
C18:2 11.2910.26 68.4411.54 57.67%£1.07 10.78%+0.22
C20:0 0.4910.01 0.2310.01 0.18£0.00 0.27£0.01
C18:3 0.68%+0.02 0.09%0.00 0.13£0.00 0.21£0.00
C20:1 0.3110.01 0.1210.00 0.04£0.00 0.13£0.00
C22:0 0.14%0.00 0.05%0.00 0.08£0.00 0.06%0.00
C24:0 0.070.00 0.02%0.00 0.10£0.00 0.05%0.00
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Table 2. Triglyceride compositions of VOO, sunflower oil, cottonseed oil and palm olein samples

VOO Sunflower oil Cottonseed oil Palm olein
LLL 0.16%0.00 0.13%0.00 0.54%0.01 0.49%0.02
OLLn+PoLL 0.23%0.01 0.03%0.00 0.40%0.01 2.41%0.04
PLLn 0.05%0.00 0.22%0.01 0.10%£0.00 0.39%0.01
OLL+OLPo 2.91+0.09 35.79£0.73 20.67%0.33 0.34%0.01
OOLn 1.11+0.02 0.14%0.00 0.80%0.01 0.17%0.00
PLL 0.98%0.01 0.23%0.00 0.16%0.00 0.06%0.00
OOL+PoOO 0.56%0.02 0.17%0.00 0.19%0.00 0.03x0.00
OOLA+LnPP 14.85+0.38 26.97£0.86 14.08+0.34 2.21+0.05
OOQOPo 0.82%0.03 0.36%0.01 0.00£0.00 12.43%0.32
PLO+SLL 8.13%0.28 10.92%0.19 26.9710.81 0.54%0.02
PoOP 0.44%0.01 0.26%0.00 0.00£0.00 10.70£0.22
PPL 1.17£0.02 0.08%0.00 0.56%0.02 0.17%£0.00
000 35.22%0.99 7.39%0.19 4.1020.04 4.79%0.09
OOP 25.05%0.61 11.50£0.20 15.13£0.30 28.39%0.50
POP 4.31£0.07 1.03%0.02 8.96%+0.15 33.28+0.71
SOO 4.81%0.13 3.85+0.11 3.2910.13 0.4910.01
POS 0.00£0.00 0.98+0.03 4.26x0.14 2.1410.06
AECN42 0.06x0.02 30.57£1.05 16.31£0.18 3.12%0.02

Table 3. Sterol compositions of VOO, sunflower oil, cottonseed oil and palm olein samples

Sunflower oil Cottonseed oil Palm olein
Cholesterol 0.05%0.00 0.13%+0.00 0.35%0.01 3.38%0.11
brassicasterol 0.02%0.00 0.02x0.00 0.06£0.00 0.07x0.00
ergosterol 0.03£0.00 0.00x0.00 0.00£0.00 0.00x0.00
24-methylene-cholesterol 0.06£0.00 0.00x0.00 0.00£0.00 0.00x0.00
campesterol 3.29%0.05 10.25%+0.29 7.71£0.19 21.70£0.27
campestanol 0.01%0.00 0.00£0.00 0.00%0.00 0.00%0.00
stigmasterol 0.35%0.00 7.15%£0.03 1.01£0.02 12.61x0.16
A5.23-stigmastadienol 0.06x0.00 0.00£0.00 0.00%0.00 0.00%0.00
clerosterol 0.77£0.02 0.55x0.01 0.90£0.01 0.00x0.00
B-sitosterol 81.231£0.97 59.41%£1.46 87.02x0.81 57.90%1.52
sitostanol 1.19£0.02 0.00x0.00 0.00£0.00 0.00£0.00
Ab5-avenasterol 10.10£0.36 1.39£0.02 1.08%0.02 0.91+0.02
A5.24-stigmastadienol 0.43%0.00 1.6520.05 0.18%0.00 1.09%0.01
Appatent B-sitosterol 93.77+1.11 63.00+1.45 89.18+0.82 59.90+1.54
A7-stigmastenol 0.24%0.00 11.71£0.25 0.06x0.00 0.79%0.02
A7-avenasterol 0.33%0.01 6.68%+0.13 0.25%+0.01 0.96%0.02
eritrodiol 1.24%0.05 0.00£0.00 0.00%0.00 0.00£0.00
Uvaol 0.05%0.00 0.00£0.00 0.00%0.00 0.00£0.00

The characteristic triglyceride trilinolein (LLL) is
as low as 0.16% and 0.13% in VOO and
sunflower oil, respectively. The highest total value
of OLL+OLPo triglycerides was measured in
sunflower oil at 35.79%, followed by cotton oil at
20.67%. OOL+LnPP total has differed between

2.21% (palm olein) and 26.97% (sunflower oil).
Palm olein has the highest OOPo triglyceride
content at 12.43%. On the contrary, palm olein oil
has the lowest content of PLO+SLLL
triglycerides compared to other vegetable oils.
The PoOP was not detected in cottonseed oil,
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while palm olein had 10.70%. It is known that the
major characteristic triglyceride of VOO is
triolein (OOO) (Ben Hmida et al, 2022).
Similarly, in our study, VOO had 35.22% of
OO0O0. Again, OOP levels, one of the triglycerides
rich in oleic acid, were high in VOO and palm
olein oil.

Phytosterols constitute a significant part of the
unsaponifiable fraction of oils and the sterol
composition shapes during the maturation of the
olive (Bozdogan Konuskan and Mungan, 2016).
The hydrolytic and oxidative progress may affect
the fatty acid composition. Therefore, the sterol
composition of vegetable oil act as a fingerprint
and is more reliable in the assessment of
adulteration than fatty acid composition (Aloisi et
al,, 2020; Saygin Gumiiskesen and Yemiscioglu,
2010). The sterol composition of VOO,
sunflower oil, cottonseed oil and palm olein
samples were given in Table 3. VOO has low
content of campesterol and stigmasterol. The
highest amount of sterol in VOO was §-sitosterol
with 81.23%, while it was determined at 87.02%
in cottonseed oil. The B-sitosterol level was
relatively low in sunflower oil and palm olein
(59.41% and 57.90%, respectively). A5-
avenasterol was highest in VOO at 10.10%.
According to the Codex Alimentarius, apparent [3-

sitosterol  which is the sum of A523-
stigmastadienol, clerosterol, B-sitosterol,
sitostanol, A5-avenasterol and A524-

stigmastadienol should be higher than 93% for
VOO. The apparent B-sitosterol content of VOO
was 93.77% in our study.

The differences in chemical properties of
adulterated samples and detection using
AECN42 and sterol composition

Table 4 depicts the fatty acid composition of the
adulterated samples prepared by mixing refined
sunflower oil, cottonseed oil and palm olein with
1%, 4%, 7%, 10% and 13%. Palm olein was richer
in C16:0 fatty acid at 41.47%, compared to VOO
at 13.78%. Therefore, the adulterated samples
with palm olein had higher C16:0 content even at
1% concentration. It was determined that as the

palm olein concentration of the adulterated
sample increased, C16:0 fatty acid content
gradually increased to 15.21%, 16.13%, 17.29%
and 18.17%. Since the C16:0 content of sunflower
oil was lower than the VOO, the C16:0 content
of adulterated samples with sunflower oil
decreased gradually to 14.17, 13.55, 13.50, 12.97
and 12.81%. Similarly, Dourtoglou et al. (2003)
stated that the C16:0 content was reduced when
VOO was adulterated with sunflower oil. This
study also reported an increase in C16:0 content
when VOO was adulterated with cottonseed oil.
Another distinctive change was in C18:1, the
major fatty acid of VOO (Dourtoglou et al,
2003). The percentages of C18:1 decreased as the
amount of sunflower oil in adulterated samples
increased. As the percentage of adulteration with
sunflower oil increased, C18:2 content gradually
increased to 12.34%, 13.64%, 15.69%, 17.54%
and 19.69%. Similarly, C18:2 content increased as
the percentage of adulteration with cottonseed oil
increased. The sterol compositions of adulterated
samples using cottonseed, palm olein, and
sunflower oil are shown in Table 5. Stigmasterol
levels of adulterated samples have increased as the
percentage of adulteration has risen. Along with
the increase in the adulteration proportion, the
campesterol  content also  elevated. The
campesterol contents of; SOVO10, SOVO13,
CSVO10, CSVO13, and POVO13  were,
respectively, 4.09%, 4.37%, 4.11%, 4.16%, and
4.22% were lied outside of the codex limits. The
campesterol decision tree approach should be

applied when the sample's campesterol
percentage is between 4% and 4.5%, per
European Union's olive oil requirements

(Anonymous, 2022). According to this decision
tree, A7-stigmastenol should be < 0.3% and
stigmasterol should be =< 1.4% to decide the
sample is not adultered. The stigmasterol
percentages of the samples were lower than 1.4%,
but the A7-stigmastenol values of some samples
were greater than 0.3% (Table 5). Therefore, only
those with a 10% and 13% mixtute ratio among
the adulterated samples could be determined
using the campesterol decision tree.
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Table 4. Fatty acid compositions of adulterated samples

SOVO CSVO POVO
1% 4% % 0%  13% 1% 4% % 0%  13% 1% 4% % 0% 13%
Cl40 004 002 002 003 003 004 005 007 009 012 0.03 007 010 014 017
©0.00)  (0.00) (0.00) (0.00)  (0.00) ©0.00) (000 (0.00) (0.00)  (0.00) ©0.00)  (0.00) (0.00) (0.00)  (0.01)
Cle0 1417 1355 1350 1297 1281 1397 1391 1492 1461 1472 1400 1521 1613 1729 1817
©030) (055 (029 (046  (0.33) 022 (023 (0.30) (0.24)  (0.30) ©027) (0200 (041) (038  (0.56)
clel 081 087 086 081 078 091 090 088 088 085 084 08 08 08 082
002 (0.02) (003 (001)  (0.03) 002 (002 (002 (003  (0.03) 0.03)  (0.02) (003 (002  (0.02)
C170 016 015 016 016 0.4 017 015 015 016  0.15 0.16 016 016 016 014
©01)  (0.00)  (0.00)  (0.00)  (0.00) ©.00) (001  (0.00)  (0.00)  (0.01) ©.01)  (0.00)  (0.00)  (0.00)  (0.00)
C17:1 025 023 023 023 021 026 024 023 023 022 025 024 023 021 021
©01)  (001)  (0.00)  (0.00)  (0.01) ©01) (000 (0.01)  (0.00)  (0.01) ©01)  (©001) (000 (000  (0.01)
C180 287 286 287 299 297 282 279 281 276 276 2.75 296 292 292 295
©007) (006  (0.11) (005  (0.11) ©0.03) (006 (005 (0.11)  (0.10) 004 (007 (009 (0.07)  (0.08)
C181 6839 6679 G465 6259 6173 67.86 6736 6491  63.86  61.96 69.09 6681  69.05 6660 6451
084 (166 (138  (1.81) (211 (1.88) (044 (1.01) (195  (1.32) (205 (190  (130) (203  (0.94)
C18:2 1234 1364 1569 1754  19.69 1191 1296 1479 1608  17.63 1088 11.04 1128 1110 1097
037) (043 (042  (041)  (0.38) 027) (035 (047) (042  (0.59) 021)  (027) (023 (039)  (0.27)
C20:0 041 042 042 039 039 040 042 041 039 036 0.36 043 043 041 043
©001)  (0.02) (001) (0.01)  (0.01) ©01) (001  (001)  (0.01)  (0.01) 001)  (0.00) (0.01) (0.01)  (0.02)
C183 069 063 064 060 061 070 066 063 062 062 0.61 066 066 062 061
©01)  (©01) (001) (002  (0.01) 002 (002  (001)  (001)  (0.02) 002 (©001) (002 (001  (0.01)
€201 027 026 026 026 026 029 026 025 024 023 024 027 027 026 025
©0.00)  (0.00) (0.00) (0.01)  (0.00) ©001) (000 (001)  (0.00)  (0.01) ©001) (001  (0.01) (0.00)  (0.01)
Cc220 012 012 014 016 017 010 011 010 009 0.0 0.09 010 010 010  0.09
©.00)  (0.00)  (0.00)  (0.00)  (0.01) ©.00)  (0.00  (0.00)  (0.00)  (0.00) ©.00)  (0.00)  (0.00)  (0.00)  (0.00)
C240 005 006 006 006 005 006 005 005 005 005 004 005 005 006 004
©0.00)  (0.00)  (0.00)  (0.00)  (0.00) ©0.00)  (0.00  (0.00)  (0.00)  (0.00) 0.00)  (0.00)  (0.00)  (0.00)  (0.00)

Table 5. Sterol compositions of adulterated samples

SOVO CSVO POVO

1% 4% % 10%  13% 1% 4% % 10%  13% 1% 4% 1%  10%  13%

k.terol 023 010 008 008 007 012 012 008 006 012 011 014 008 004 025
001 (0.00) (0.00) (0.00) (0.00) ©0.00)  (0.00)  (0.00) (0.00)  (0.00) 0.00)  (0.00) (0.00) (0.00) (0.01)

b.sterol 001 001 001 001 002 002 005 009 002 003 000 001 001 000 001
©0.00)  (0.00) (0.00) (0.00)  (0.00) ©.00)  (0.00)  (0.00) (0.00) (0.00) 0.00)  (0.00) (0.00) (0.00)  (0.00)

e.sterol 004 004 004 005 006 005 005 003 004 006 089 005 006 108 006
©0.00)  (0.00) (0.00) (0.00)  (0.00) ©.00)  (0.00)  (0.00) (0.00)  (0.00) 003 (0.00) (0.00) (0.04) (0.00)

24mkstl 009 008 009 009 012 010 008 005 006 006 012 008 007 018 012
0.00)  (0.00) (0.00) (0.00)  (0.00) ©.00)  (0.00)  (0.00) (0.00)  (0.00) 0.00)  (0.00) (0.00) (0.00)  (0.00)

kmpsterol  3.62 400 398 409 437 355 379 381 411 416 253 374 395 314 422
005  (0.03) (0.02) (0.09) (0.09 008 (0.05  (0.04 (0.09 (0.10) 006 (0.16)  (0.06) (0.04) (0.11)

kmpstanol ~ 0.01 001 007 003 003 002 001 002 005 003 000 002 000 000 012
0.00)  (0.00) (0.00) (0.00)  (0.00) ©.00)  (0.00)  (0.00) (0.00)  (0.00) 0.00)  (0.00) (0.00) (0.00) (0.00)

stg.sterol 056 070 08 102 131 037 041 040 043 044 044 053 057 092 097
©01) (002 (003 (0.01) (0.02) ©01)  (0.01)  (0.01) (001 (0.01) ©01)  (0.00) (0.02) (0.01) (0.02)

A523 014 028 033 036 051 011 009 009 151 024 002 001 001 001 000
©.00)  (0.01)  (0.00) (0.01)  (0.00) ©.00)  (0.00)  (0.00) (0.03) (0.00) 0.00)  (0.00) (0.00) (0.00) (0.00)

Kleres 091 091 067 064 079 094 086 071 045 063 055 086 072 040 084
002 (002 (001 (0.01) (0.03) 003 (002 (002 (001 (0.02) ©01) (002 (0.02) (0.01) (0.03)
Bs.sterol 80.80 8171 7682 7771 7483 8049  81.66 8116 80.09 81.06 8312 8125 8114 8182 79.84
(1.86) (191) (257 (227) (1.86) @57)  (124)  (247) (0.66) (2.42) @21)  (230) @11 (139 (119

s.stanol 134 102 142 142 161 139 129 128 140  1.99 053 095 072 084 139
002 (0.01) (007 (0.05 (0.05) 005  (0.04) (0.03) (0.03) (0.06) ©01) (002 (0.00) (0.03) (0.03)

ASavena 908 939 1128 1096 11.22 942 907 972 892 897 687 868 872 699 883
023 (018 (030) (0.33) (0.31) 016y (021)  (0.06) (0.12) (0.08) 016) (025 (022 (0.07) (0.19)

A5.24 08 079 08 072 08 089 076 068 065 064 059 082 096 062 091
002 (0.03) (002 (0.02) (0.01) 003 (0019 (0.01) (001 (0.02) ©01)  (0.00) (0.01) (0.01)  (0.02)

SBssterol 9313 9400 9141 9181  89.81 93.24 9372 9364 9302 9352 91.67 9258 9226 90.67 9181
(165 (195 (235 (208 (213) (@65  (1.35) (254 (058) (2.33) @33 (@54 (219 (141)  (1.06)

Astig 038 044 048 043 056 047 049 054 045 057 029 047 042 034 055
©01)  (001) (0.02) (0.02) (0.01) ©01)  (0.01) (002 (0.02) (0.02) 0.00) (0,02 (0.02) (0.01) (0.01)

ATavena 068 086 134 158 235 038 035 032 032 031 032 041 040 035 037
002 (0.01) (0.05 (0.04) (0.05) ©01)  (0.01)  (0.01) (001 (0.01) ©01)  (0.00) (0.01) (0.00) (0.01)

etit 145 134 120 122 128 139 142 168 163 167 163 165 166 144 154
003  (0.03) (003 (0.02) (0.03) 002 (005  (0.05 (0.04) (0.02) 006  (0.01) (004 (0.02)  (0.04)

uva 002 001 012 002 001 001 002 001 002 001 001 002 001 003 002
©0.00)  (0.00)  (0.00)  (0.00)  (0.00) ©0.00)  (0.00)  (0.00) (0.00)  (0.00) 0.00)  (0.00)  (0.00) (0.00) (0.00)

k.terol: kolesterol, b.sterol: brassikasterol, e.sterol: ergosterol, 24m.k.strl: 24-metilen-kolesterol, kmpsterol: kampesterol, kmpstanol:
kampestanol, stg.sterol: stigmasterol, A5,23: delta-5.23-stigmastadienol, kleres: kleresterol, Bs.sterol: beta-sitosterol, s.stanol: sitostanol,
Abavena: delta-5-avenasterol, A5,24: delta-5.24-stigmastadienolXp.Bs.sterol: apparent b-sitosterol, A7stig: delta-7-stigmastenol, A7avena: delta-
7-avenasterol, erit: eritrodiol, uva: uvaol.
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Table 5 depicts that stigmasterol percentages
increase as the percentage of adulteration
increases for all adulterated samples. However,
since the campesterol percentage of all
adulterated samples is higher than the
stigmasterol percentage, all adulterated samples
comply with the purity criteria specified in the
relevant codex. Similatly, it was observed that all
adulterated samples' cholesterol and
brassicasterol values were within the limits of
VOO specified in the relevant regulation. When
AT7-stigmastenol amounts are considered, it is
seen that only 13% of adulteration ratios were
detected among all adulterated samples. Similarly,
Jabeur et al. (2014) determined that a 10%
sunflower oil mixture is required for the samples
to be out of standard with the increase in A7-
stigmastenol in VOO adulteration (Jabeur et al.,
2014). Apparent B-sitosterol contents of the
samples adulterated with sunflower oil were
determined as 91.41, 91.81 and 89.81% at 7-10-
13% adulteration rates, respectively. Thus, the
adulterated samples containing 7% or more
sunflower oil remained outside the limits.
Apparent [-sitosterol contents of all samples
adulterated with palm olein were found out of the
limit according to the relevant communiqué. Still,
it was observed that the apparent [-sitosterol
contents of none of the adulterated samples
containing cottonseed oil were out of this limit.

The AECN42 is an important parameter used to
detect VOO adulteration. Actual ECN42
triglyceride content (LLL + OLnL + PLnl) was
higher in all refined adulterants than in VOO
samples. The limit in AECN42 1s 0.20 for VOO
and 0.30 for lampante and refined olive oil
(Anonymous, 2017). The AECN42 value,
characterized by the detection of the adulteration
of seed oils in olive oil, was measured in olive oil
with 0.06 in this study. The AECN42 value was
determined as 30.57 in sunflower oil and 16.31 in
cottonseed oil, and 3.12 in palm olein oil in this
study. Table 6 shows the triglyceride composition
of adulterated samples with sunflower oil,
cottonseed oil, and palm olein. LLL values
increased with the increase in adulteration rate for
all samples. OLL+OLPo percentages increased as
the adulteration rate of cotton oil and sunflower

oil increased. OOO tended to decrease as the
percentage of adulteration increased. The
AECN42 value enabled the detection of
adulteration in all samples except the one having
1% cottonseed oil. Jabeur et al. (2014) stated that
adulterated VOO samples containing 1%
sunflower oil, 3% soybean oil and 3% corn oil
using AECN42 values could be detected (Jabeur
etal., 2014).

Discrimination of adulterated samples
according to LDA performed using FTIR
data

Infrared spectroscopy exploits the fact that
molecules absorb frequencies characteristic of
their molecular structure. These absorptions
are resonant frequencies, ie., the absorbed
radiation's frequency matches a molecule's
vibrational frequency. The atoms in organic
compounds can vibrate in nine ways; symmetric
and  antisymmetric  stretching,  scissoring,
rocking, wagging and twisting. The range of
1500cm!  to 650cm™ is specified as the
"fingerprint" region of the FTIR spectra of
vegetable oils, where vibrational modes of the
organic compounds of vegetable oil significantly
affect the spectral shape in this region (Movasaghi
et al., 2008; Squeo et al., 2019).

For instance, 1464-983cm™! region is assigned to
bending vibrations of -CH» and -CHj3 aliphatic
groups and rocking vibrations. Symmetric H-C-H
bending at 1377 cm~! could be attributed to
glycerol group O-CHz (mono-, di- and
triglycerides). CHa scissoring are observed at 1462
cm~! whereas band between 1125 and 1095 cm™!
depend on the stretching vibration of C=O ester
groups and -CH» wagging. The last major peak
located near 723 cm~! could be associated with
ovetlapping of the (CHz). rocking vibration and
out-of-plane vibration (-CH wagging) of cis-di-
substituted olefins (Uncu et al., 2019). In addition,
as used in the AOCS Official Method 14-61, the
trans-isomer content can be reached through the
peak structure of 966cm-1.

Figure 1 presents the FTIR spectra of adulteration
samples prepared with sunflower, palm olein and
cotton oils, pure oils and VOO, respectively, in
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untreated form. In particular, the morphological
similarity of the fingerprint regions in the FTIR
spectra of palm olein and VOO given in Figure
1b is remarkable. Some deviations and differences
can be seen in the fingerprint region in the FTIR
spectra of sunflower oil and VOO given in Figure
1a and cotton oil and natural olive oil given in
Figure 1c. LDA was applied after this spectrum
data were pre-processed as explained under the
title of material and method.

Figure 2 depicts the LDA results of adulterated
olive oil samples obtained with sunflower, palm
olein and cotton oils and their blends (1-4-7-10-
13%) of the selected VOO sample. When the
LDA graph of VOO and sunflower oil mixtures
was examined (Figure 1a), it was seen that the first
two functions obtained at the end of LDA explain
the difference between the samples at a total rate
of 92.1%. It has been determined that the VOO
and sunflower oil are separated on the first
function. The adulteration samples prepared with
these two oils show a distribution between VOO
and sunflower oil on the graph, depending on the

sunflower oil content. The LDA graph shows that
even the adulteration sample containing 1% of
sunflower oil can be easily separated from the
VOO sample.

The LDA graph showing the separation of
adulterated samples prepared with palm olein
from VOO is given in Figure 2b. According to the
LDA results, the first two functions explained the
difference between the sample groups at the rate
of 94.9%. Although adulterated samples
containing sunflower oil were effectively
separated on the LDA graph, it was observed that
VOO and palm olein samples overlapped on the
LDA graph, especially adulteration samples
containing 10% and 13% palm olein could not be
separated from VOO. For this reason, it is
thought that the differences seen in samples with
lower palm olein content are not justifiable. This
result means that the fingerprint region in the
FTIR spectra does not provide sufficient
information for the detection of olive oil
adulteration with palm olein.

Table 6. Triglyceride compositions and AECN42 values of adulterated samples

SOVO CSVO POVO

1% 4% 7% 10% 13% 1% 4% 7% 10% 13% 1% 4% 7% 10% 13%

LLL 0.76 1.88 3.13 4.43 5.42 0.44 1.27 1.83 2.33 3.08 0.25 0.30 0.26 0.24 0.16
(0.01) (0.05) (0.09) (0.08) (0.14) (0.01) (0.02) (0.06) (0.04) (0.05) (0.01) 0.01) 0.01) (0.00) 0.01)

OLLn 0.37 0.28 0.25 0.31 0.33 0.21 0.51 0.28 0.19 0.25 0.44 0.57 0.56 0.57 0.65
+PoLL  (0.00) (0.01) (0.01) (0.00) (0.01) 0.01) (0.02) (0.00) (0.00) 0.01) 0.02) (0.01) (0.01) 0.01) (0.00)
PLin 0.11 0.09 0.07 0.09 0.09 0.09 0.29 0.04 0.13 0.36 0.12 0.23 0.07 0.10 0.23
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.01) (0.00) (0.00) (0.01) (0.00) 0.01) (0.00) (0.00) (0.00)

OLL+ 3.22 412 5.07 5.94 6.71 3.07 3.01 4.13 4.41 4.84 295 297 3.03 279 2.56
OLPo (0.05) (0.09) (0.15) 0.16) (0.16) 0.07) (0.10) (0.08) (0.07) 0.13) (0.04) (0.05) (0.05) 0.07) (0.04)
0OIn 1.16 1.27 1.06 0.95 1.04 1.36 1.32 1.22 1.25 1.15 1.23 1.31 1.04 1.24 0.98
) (0.03) (0.03) 0.02) 0.02) (0.03) (0.05) (0.04) 0.02) (0.03) (0.03) (0.04) (0.03) 0.02) (0.04) 0.02)
PLL 1.12 1.56 1.75 2.08 2.49 1.51 227 298 3.92 4.96 0.95 1.11 1.07 1.21 0.92
(0.02) (0.04) (0.03) (0.04) (0.06) (0.05) (0.04) 0.13) (0.13) (0.10) (0.03) (0.03) (0.02) (0.03) (0.00)

OOL+ 0.54 0.63 0.54 0.42 0.40 0.90 0.60 0.59 1.18 0.62 0.69 0.56 0.69 0.76 0.35
PoOO  (0.01) 0.02) 0.02) 0.01) (0.01) 0.01) (0.01) 0.01) (0.03) 0.02) 0.01) (0.01) 0.02) 0.02) (0.00)
OOL+  14.82 14.77 14.55 14.14 13.67 15.11 14.42 14.64 13.92 13.92 14.86 14.90 14.19 14.08 13.60
LaPP (0.23) 0.29) (0.24) 0.37) (0.28) (0.53) 0.19) 0.47) (0.36) (0.45) (0.39) (0.37) (0.26) (0.35) 0.29)
OOPo 1.16 0.77 0.85 0.64 0.82 0.85 0.73 0.75 0.74 0.82 0.91 0.83 0.76 0.61 0.84
(0.03) (0.02) (0.01) (0.01) (0.01) (0.01) (0.02) 0.02) (0.02) 0.02) 0.02) (0.02) (0.02) 0.02) (0.02)

PLO+ 8.15 8.02 8.57 8.55 8.59 8.14 8.41 8.56 9.01 9.19 7.99 8.55 8.42 8.46 9.36
SLL (0.18) 0.27) (0.14) (0.03) 0.11) 0.19) (0.24) 0.16) (0.18) 0.16) 0.19) 0.21) (0.10) 0.16) 0.17)
PoOP 0.72 0.42 0.48 0.33 0.40 0.44 0.48 0.30 0.41 0.42 0.50 0.57 0.41 0.57 0.44
(0.01) (0.01) (0.02) (0.00) (0.01) (0.01) (0.02) (0.01) (0.01) (0.01) (0.01) (0.02) 0.01) (0.03) (0.01)

PPL 1.08 0.93 0.95 0.96 0.99 0.98 1.36 1.45 1.78 2.02 1.09 1.10 1.36 2.02 2.03
(0.04) (0.02) (0.02) (0.03) (0.01) (0.02) (0.02) (0.06) (0.04) (0.04) (0.03) (0.03) (0.03) (0.08) (0.03)
000 33.96 33.04 31.87 31.78 29.59 34.17 33.27 32.85 31.01 30.64 34.36 34.12 34.53 32.31 31.60
(0.74) 0.67) (0.61) (0.93) (0.70) (0.806) (0.81) (0.81) (0.75) (0.88) (0.96) (0.51) (1.03) (1.06) (0.81)
00OP 23.35 22.94 22.98 22.06 21.09 23.99 23.24 23.37 22.14 21.59 24.55 25.41 25.14 24.70 25.63
(0.33) (0.52) (0.65) (0.58) (0.44) 0.71) (0.46) (0.87) (0.48) (0.58) (0.52) (0.40) (0.74) (0.90) (0.74)

POP 3.7 3.17 3.27 3.30 3.17 3.78 3.14 3.40 3.57 3.98 3.75 4.43 5.39 6.67 6.87
(0.10) 0.13) 0.09) (0.08) (0.03) (0.06) (0.06) 0.07) (0.04) (0.10) (0.10) (0.08) (0.11) 0.07) (0.25)

SO0 4.77 4.74 4.23 4.07 4.05 4.14 4.48 4.01 3.70 297 4.13 3.23 3.48 3.37 3.70
(0.18) (0.14) (0.08) 0.07) 0.11) 0.11) (0.05) (0.06) 0.07) (0.10) 0.11) (0.13) (0.09) 0.02) (0.06)

AECN 0.56 1.48 2.48 3.66 4.40 0.06 1.34 1.29 1.66 252 0.27 0.52 0.34 0.37 0.51
42 (0.03) (0.05) (0.10) (0.09) (0.06) (0.00) (0.00) (0.06) (0.03) (0.10) (0.01) 0.01) (0.01) (0.03) (0.01)

P: Palmitic acid, Po:Palmitoleic acid, S: Stearic acid, O: Oleic acid, 1: Linoleic acid, Ln: Linolenic acid,
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Figure 2. LDA results of adulterated oils and pure oils; a) VOO-sunflower oil, b) VOO-cottonseed olil,
¢) VOO-palm olein. Values in parentheses next to the functions are the percentage of explanation of
the difference between the sample groups.

The LDA graph showing the separation of
adulterated samples consisting of cottonseed oil,
VOO and their mixtures is given in Figure 1c. It
is seen that cottonseed oil and VOO samples are
clearly separated, and the adulterated samples are

1%.

also clustered in different locations on the LDA
(Figure 3.)
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graph. Although no sequence was observed
depending on the mixing ratio, it was determined
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separated from natural olive oil even at a rate of
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functions are the percentage of explanation of the difference between the sample groups.

As it is known, the chemical composition of
VOOs can vary depending on many factors such
as variety, climatic conditions, soil structure,
agricultural practices and harvest season. This
variability is likely to complicate the detection of
adulterated samples and is assumed to be the
major obstacle to standardizing spectroscopic
techniques such as FTIR in detecting VOO
adulteration. Therefore, in our study, the VOO
sample set was expanded, and the LDA was
repeated in order to evaluate the possible effects
of the harvest season (year), variety and
geographical region differences in VOOs on the
detection of VOO adulteration over the FTIR
spectrum - LDA. In addition to the VOO sample

used in preparing the adulterated samples, five
2020-2021 Ayvalik, five 2019-2020 Edremit and
five 2019-2020 Milas samples were defined as
VOO, and the LDA data set was expanded. For
the repeated LDA, the expanded VOO sample set
was labeled VOO-EXT (Figure 3).

The LDA graph in Figure 3a, depicts the
differentiation of adulteration samples prepared
with sunflower oil from the expanded VOO set.
The adulterated samples containing 1% sunflower
oil overlapped with VOOs, while adulterated
samples with higher sunflower oil concentrations
were located away from the VOOs. According to
the LDA results, it was observed that the samples
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containing 1% sunflower oil could be separated
only from the geographically indicated Ayvalik
VOO samples of the 2019-2020 season. (Figure
1a). However, the chemical diversity due to the
expansion of the VOO sample set made this
discrimination impossible in the latter case.
Similatly, the enlargement of the VOO sample set
weakened the discrimination of cottonseed oil
adulterated samples and especially the samples
containing 7, 10 and 13% cottonseed oil located
closer to the VOO samples. Nevertheless,
adulterated samples prepared with cottonseed oil
were close but did not overlap with VOOs.

CONCLUSION

Identifying frauds classified as adulteration is
essential to preserve VOO's authenticity and
actual economic value. The legislation establishes
the standards for judging the purity of VOO, but
chromatographic  methods, which require
substantial amounts of chemicals, time, and labor,
are used to determine the chemical qualities.
Numerous research has examined the possibility
of detecting VOO adulteration using quick and
non-destructive approaches like FTIR. However,
the most significant barrier to the widespread use
and standardization of spectroscopic methods has
been the practicality issues related to varying
validity performance at varied data sizes. The
findings of our study showed that when
sunflower oil, palm olein, and cottonseed oil were
used as partial substitutes for VOO, the AECN42
value was a valid approach to detect adulteration.
Using the AECN42 value, 1% palm oil, 1%
sunflower oil and 4% cottonseed oil adulterated
samples were discriminated from VOO. LDA
results of FTIR data showed identical results to
those of AECN42 except for palm olein
adulterated samples. However, when VOO data
was expanded to include VOO samples from a
new variety, region, and season (Milas, Edremit
samples, and 2020-2021 Ayvalik samples), the
discrimination in LDA between VOO and
adulterated samples prepared with cottonseed oil
was diminished. Correct multivariate approach
and FTIR data selection significantly influence the
performance of FTIR spectroscopy for detecting
VOO adulteration.
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ABSTRACT

Microalgae are an enormous biomass used for fortification in foods that represent a promising source of
protein. Enrichment of baked foods with microalgae is a challenge for its textural and structural impacts. In
this study, dough rheology, physical, textural and sensorial properties of low-fat cookies with Chlorella vulgaris
at various concentration (0.5, 1.5 and 3.0 %) were evaluated. Dry matter (93.20 to 94.89, %), protein (5.55
to 7.08, %), ash (0.47 to 0.55, %) and fat (12.35 to 13.37, %) contents of cookies were significantly increased
with increasing microalgae concentration, whereas carbohydrate amount did not change significantly. The
creep parameters, recovery behavior and viscoelasticity were increased with the addition of Chlorella
biomass where results clearly showed more stiff dough structure. As the microalgae concentration increased,
a significant color change (33.25, AE) with high hardness (198.69 up to 330.86, N) and fracturability (88.66
up to 165.18, N) properties were observed.

Keywords: Low-fat cookie, Chlorella vulgaris, microalgae, theology, textural properties

CHLORELIA VULGARISTCEREN AZ YAGLI KURABIYELER: HAMUR
REOLOJISI, FIZIKSEL, DOKUSAL VE DUYUSAL OZELLIKLER UZERINE
ETKILERT

oz

Mikroalgler, umut verici bir protein kaynagini temsil eden gidalarda zenginlestirme icin kullanilan
muazzam bir biyokitledir. Firinlanmis gidalarin mikroalglerle zenginlestirilmesi, dokusal ve yapisal
etkileri nedeniyle zorlu bir istir. Bu ¢alismada, cesitli konsantrasyonlarda (%0.5, 1.5 ve 3.0) Chlorella

vulgaris iceren az yagll kurabiyelerin hamur reolojisi, fiziksel, dokusal ve duyusal 6zellikleri
degerlendirilmistir. Kurabiyelerin kuru madde (%93,20 ila 94,89), protein (%5,55 ila 7,08), kil (%0,47
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ila 0,55) ve yag (%12,35 ila 13,37) igerikleri artan mikroalg konsantrasyonu ile 6nemli 6l¢tide artarken,
karbonhidrat miktart 6nemli 6l¢tide degismemistir. Sirlinme parametreleri, toparlanma davranist ve
viskoelastisite, sonuglarin daha sert hamur yapisini agtkca gosterdigi Chlorella biyokiitlesinin
cklenmesiyle artmustir. Mikroalg konsantrasyonu arttikca, yiksek sertlik (198.69 ila 330.86, N) ve
kirilabilirlik (88.66 ila 165.18, N) 6zellikleri ile 6nemli bir renk degisimi (33.25, AE) gbzlenmistir.
Anahtar kelimeler: Az yagli kurabiye, Chlorella vulgaris, mikroalg, reoloji, tekstiirel 6zellikler

INTRODUCTION

“Functional foods” include foods and/or food
ingredients that exert a positive effect on human
health with reduction in the risk of chronic
diseases, besides its nutritional functionality.
Functional food development is progressing
widely all around the world and, for the last two
decades, microalgae have received an increasing
interest and attention due to be a promising
source for protein, fatty acids and other
biologically active functional ingredients with
significant therapeutic applications such as
protective effect against diabetes and obesity.
These advantages make microalgae a good raw
material and ingredient for food production.
Chlorella sp., with Spirulina sp., is the mostly
cultivated microalgae for food applications all
around the world. According to the WHO, using
Spirulina and Chlorella biomasses together can
provide high quality proteins for human
consumption according to their basic amino acid
profiles. Chlorella sp. provide nutrients including
protein (11-58 %), carbohydrate (12-28 %) and
lipid (2-46 %). They also contain important
vitamins for the human body such as provitamin
A, [-carotene, vitamin E, thiamine (B1),
riboflavin (B2), niacin (B3), vitamin (B6), B12,
biotin and folic acid. These nutritional benefits
make the microalgae a valuable and innovative
ingredient and can significant and
interesting  physicochemical ~ changes  and
nutritional improving in food products (Uribe-
Wandurraga, vd., 2020).

causc

With the increase in the awareness of healthy
foods, it has been understood that most of the
main nutritional problems today are serious
health  problems  associated  with  high
consumption of fat and energy. The reduction of
dietary fat has become a public health issue and a
concern for most consumers. While fat
consumption in the USA and Europe accounts
for approximately 40% of the total daily calories,

health experts recommend it not to exceed 30%
(Zoulias, vd., 2002). This recommendation is
made due to the association of high fat intake with
obesity, cancer, high blood cholesterol, and
coronary heart disease disorders. The WHO
stated that the fat content of the processed food
should be reduced by the food producers in order
to reduce the rate of obesity in the world (Laguna,
vd., 2012).

Cookies, containing high amount of sugar and fat
and low water, are widely consumed among the
baked food products all around the world. Cookie
doughs mainly consist of high amount of
shortening (20-30% on flour weight basis), which
is not desirable for a healthier nutrition.
Therefore, replacement and/or reduced fat
cookies are more acceptable for consumers caring
about their health. However, higher hardness and
lower brittleness can be obtained from fat
replaced or reduced cookies when compared to
full fat counterparts (Laguna, vd., 2012). There are
many studies focusing on the production of
reduced-fat (low-fat) cookies by reducing the
shortening amount. In the study of Zoulias, vd.
(2000), the effect of sucrose replacement with
polyols or fructose on dough rheology and
properties of reduced-fat cookies were
investigated. In another study, in order to
investigate the effect of fruit powder addition
(apple or apricot powder) on the quality of low-
fat cookies, 10, 20, and 30% of fruit powders were
used instead of wheat flour. The replacement of
flour by apple and apricot powders in wire-cut
cookie formulation resulted that the physical
characteristics, total dietary fiber contents and
textural properties of the cookies were
significantly improved (Ozboy-Ozbas, vd., 2010).
Sokmen, vd. (2022) examined the bee pollen (BP)
in the production of reduced-fat cookies
(shortening amount was reduced by 30%), and
wheat flour was replaced by 5, 10, 15% BP, and
results revealed that the addition of BP increased
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the nutritional value, total phenol content and
antioxidant capacity of reduced-fat cookies. As
can be seen from the literature, the reducing of
shortening amount of cookies is called “reduced
or low fat” cookie production. In these studies,
fat replacers were not used, and the additives such
as bee pollen, fruit powders, polyols etc. were
replaced with wheat flour, and the resulting
cookies defined as “low-fat”. It is well known that
it is hard to produce low-fat cookies without
affecting the structural, visual, color and sensorial
properties of cookies. In addition, healthy
ingredients such as proteins, fibers, antioxidants,
vitamins, and minerals are included in the cookie
production for healthier end-product (Fradinho,
vd., 2015; Saponjac, vd., 2016).

In previous studies, the microalgae biomass such
as Chlorella vulgaris, Isochrysis galbana, Dunaliella
salina and Spirulina platensis were used for coloring
agent and functional food production purposes in
cookies (Batista, vd., 2017; Gouveia, vd., 2007,
Gouveia, vd., 2008; Sahni, vd., 2019; Sahin, 2020).
To the best of our knowledge, rheological
properties of reduced-fat cookie doughs with
Chlorella vulgaris have not been studied so far, and
in this study, the use of Chlorella vulgaris at various
concentrations for the production of reduced-fat
cookies was carried out. The detailed rheological
characterization of cookie doughs, as well as
color, physical, textural and sensory attributes of
the cookies, were examined.

MATERIALS and METHODS

Materials

Chlorella  vulgaris UTEX ~ 26)  strains  were
purchased from the Culture Collection of Algae,
Texas University (Austin, Texas, USA). Wheat
flour consisting of 13.0% moisture, 9.80%
protein, 0.65% ash and 24.0% wet gluten was
kindly provided from Toru Un Inc. (Turkey).
Other ingredients used in the formulation of
cookies (powdered sugar, brown sugar, sodium
bicarbonate, salt, skimmed milk powder,
shortening) were purchased from the local
market. All the chemicals used both for the
analysis and microalgae medium were of analytical
grade.

Production of Chlorella vulgaris biomass
Chlorella vulgaris (UTEX 26) in Proteose Medium
was pre-cultured for 7 days and then cultivated in
batch mode for 15 days in photobioreactor (PBR)
at 25 °C with 12/12 lightening period at 3200 lux.
The used medium was prepared with 2.94 mM of
NaNOs;, 043 mM of KHPO,; 129 mM
K:HPO,, 0.3 mM of MgSO4.7HO, 0.17 mM of
CaCl,.2H20, 0.43 mM of NaCl, and 1 g/L of
proteose peptone. The biomass was harvested
when the growth of microalgae achieved a
stationary phase, centrifuged at 6000xg and then
freeze dried (Teknosem, TRS2/2V, Turkey). The
freeze-dried algal biomass was grounded with a
coffee grounder and sieved from 212 um. The
freeze-dried biomass consisted of 5.831+0.08%
moisture, 9.8520.02% ash, 53.75£0.09% protein,
14.09£0.45% lipid and 16.48£0.07%
carbohydrate (Aguirre ve Bassi, 2013).

Preparation of cookies

The cookies were prepared by AACC Method
No: 10-54 (AACC, 1990). The baked cookies
were left to cool before they were wrapped in
aluminum foil and allowed to stand at room
temperature until the analysis. For the production
of low fat cookies, the amount of shortening in
the cookie formulation was reduced by 30%.
Cookies were prepared using the ingredients as
indicated in Table 1. The dry ingredients except
for flour were mixed thoroughly and the prepared
dry mixture and shortening were transferred to
the bowl of the mixer (Kitchen Aid,
S5KSM150PSEAC model, USA) and mixed for a
total of 3 minutes by stripping every 1 minute, and
thus the cream was obtained. The cream was
mixed for a total of 1 minute by stripping every
15 seconds. Flour or flour-biomass mixture was
added to this mixture and stripped every 10
seconds, and the cookie dough was obtained by
mixing for a total of 30 seconds. The dough was
taken from the bowl of the mixer and rolled to 10
mm thickness by a roller. The rolled cookie dough
was cut into 40 mm diameter and 10 mm height
circle disks, and then cooked in the oven at 205 £
2 °C for 11 minutes. After cooling, cookies were
stored in polyethylene bags in dark conditions at
room temperature.
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Table 1. The ingredients used for production of cookies (g/100 g of cookie dough).

Ingredients Cnt 0.5% 1.5% 3.0%
Flour 50.42 49.91 48.90 47.39
Sucrose (fine granulated) 16.15 16.15 16.15 16.15
Brown sugar 5.79 5.79 5.79 5.79
Skimmed milk powder 0.50 0.50 0.50 0.50
Salt 0.63 0.63 0.63 0.63
Sodium bicarbonate 0.50 0.50 0.50 0.50
Shortening 13.41 13.41 13.41 13.41
Water 12.60 12.60 12.60 12.60
Chlorella spp. 0.00 0.50 1.51 3.02

Rheological characterization of cookie dough
The effect of Chlorella vulgaris incorporation on
dynamic shear, creep-recovery and three intervals
thixotropic tests (3ITT) of cookie dough were
characterized at 25 °C, using a rheometer (Anton
Paar, MCR302 model, Austria) equipped with
parallel plate geometry (diameter 25 mm, gap
3 mm) and heating Peltier system. The dough was
rolled with a pin until it reached a thickness of 3
mm and cut with a circular shape at 25 mm
diameter. Dough samples were placed between
plates and rested for 5 min to allow relaxation and
stabilize temperature. Prior to dynamic shear
analysis, stress sweep tests between 1 and 100 Pa
were performed at a constant frequency (1 Hz)
and temperature (25 °C) to determine the linear
viscoelastic region, which was selected as 10 Pa
(data not shown). Storage (G") and loss modulus
(G'") were recorded between 1 and 100 rad/s
angular frequency. During measurements, the
moisture loss from the samples was prevented
with a lid fitted on to measuring apparatus. The
obtained results of G' and G' values were
subjected to non-linear regression analyses by
power model, by which the viscoelasticity of food
materials are widely described:

G' =K' ()" )
GII — Kll(w)n” (2)

where K’ and K'' (Pas ), n' and n'’ and w are
constants,  frequency  exponents, angular
frequency (rad s1), respectively (Rao ve Cooley,
1992).

The 3ITT of the cookie doughs was performed
with the methodology of Saricaoglu, vd. (2019)
for determination of deformation kinetics of
cookie doughs. For this purpose, cookie doughs
were tested at three intervals. The first interval
was applied to cookie doughs as 10 Pa stress and
1 Hz frequency in which to LVR. High rotational
shear deformation at 1000 s was carried out for
30 sec in the second interval, and lastly, in the
third interval, regeneration interval, the same
parameters as to be in the first interval were
applied. During the second interval, the sample
did not slip away between the plate and probe.
The following equations were used for the
calculation of deformation (%D,) and recovery
(%R) degree at 30 sec after the last interval:

x 100 3)
2139 %100 )

where G';, G'y and G'3 are storage modulus
values of initial, immediately after second interval
and within the first 30 sec of third interval,
respectively. Non-linear regression model (Eq. 5)
was applied to data obtained from the third
interval using Sigma Plot software (version 10,
Systat Software Inc., CA, USA). An exponential
function was well fitted to data and equilibrium
storage modulus (G,) and maximum recovery
time were estimated successfully.

G =y +ax(1—eFN) ()

where Yy and a are constants and 8 is recovery
rate constant.
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Creep-recovery test was performed at 25 °C and
a constant shear stress of 100 Pa for 5 min, which
was applied beyond the LVR (Pulatsu, vd., 2021).
The applied stress was suddenly removed and the
dough samples were monitored for 5 min for the
recovery phase. All the rheological measurements
were carried out in triplicate. The rheological data
analysis was performed by the device software
(Anton Paar, RheoCompass, v1.25, Austria) and
Sigma Plot (Systat Software Inc., v10.0, CA, USA)
was used for non-linear regression fitting of the
data.

Characterization of cookies

Proximate Analysis

The protein, lipid, ash and moisture content of
cookies were determined according to the AACCI
(1990) and AOAC (1990) methods. Carbohydrate
values were calculated using Atwater general
factor system according to FAO (2003). All
proximate analyses were repeated, at least in
triplicate, and were performed after cookie
preparation.

Spread ratio and color of cookies

Diameter and thickness of the cookies were
determined immediately after baking the cookies
using a digital caliper (Insize 102 model, China)
and the spread ratio of the cookies was
determined by calculating the ratio of diameter to
thickness for each cookie according to AACC 10-
50.5. (2000).

Color measurements based on triple scale of L%
a*, b* values were determined with a colorimeter
(Konica Minolta CR-400/CR41, Japan). [.*is the
lightness, * and /* range from green (-a*) to red
(+a* and blue (-6®) to yellow (+5%), respectively.
Total color differences of baked cookies were
evaluated by using control sample as reference
with following equation:

AE = \/(AL*)? + (Aa*)? + (Ab*)? (©)

The triplicated measurements were taken from
both inner and outer layer of cookies and the
instrument was calibrated by using a standard
white and black plate.

Texture profile analysis

Texture profile analysis of cookies were made by
using a texture analyzer (Stable Micro Systems,
TA HD Plus model, Godalming, UK) with a 100
kg load cell. All the tests were performed with a
cylindrical probe at 36 mm diameter (P/36R). The
pre-test and post-test speeds were 5 mm s~! and
the test speed was 1.0 mm s~!. Compression
distance was arranged as 7 mm and the maximum
peak force determined from the first cycle was
related to hardness (Hajas, vd., 2022; Soares, vd.,
2023). Measurements were carried out at least
with eight replicates from duplicated cookies at
room temperature (25 °C).

Sensory evaluation

Baked cookie samples were evaluated in terms of
sensorial properties by the panelists (n =40, 15
men and 25 women aged 19-50 years) recruited
among staff and students of Bursa Technical
University. Cookies were placed in a plate and
coded with three random digits, and offered to
panelists in random order with the product
evaluation sheet. The taste-free water was used
for palate cleansing. Cookies were evaluated in
terms of surface and cross-section appearance,
taste, texture, overall acceptance and affordability
using 9-point hedonic scale (1= dislike extremely;
2=dislike very much; 3=dislike moderately;
4=dislike slightly; 5=neither like nor dislike;
6=like slightly; 7=like moderately; 8=like very
much; 9= like extremely) (Everitt, 2009).

Data analysis

The results of analyses were illustrated as mean £
standard deviation. All analyses were performed
at least in triplicate per duplicated cookie samples.
The statistical ~differences between cookie
samples were evaluated by one-way Analysis of
Variance (ANOVA) and mean differences were
determined using Duncan’s multiple comparison
at a significance level of 5% with SPSS program
(IBM Corp., version 21.0, USA). The non-linear
regression analyses of rheological data were
performed with Sigma Plot program (Systat
Software Inc., v10.0, CA, USA).
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RESULTS and DISCUSSIONS

Rheological properties of cookie dough

The rheological properties of cookie dough have
high impact on the process ability and quality of
cookies. The results of dynamic shear properties,
elastic (G', Pa) and viscous (G", Pa) modulus,
give significant information about mechanical
strength and extrusion capacity of cookie dough
(Huang, vd., 2020). The dynamic shear spectra of
Chlorella vulgaris incorporated cookie doughs is
illustrated in Fig. 1. G’ was greater than G’ in the
entite measured frequency range indicating the
prevalence of elastic properties over viscous
properties. The dynamic spectra of cookie
samples showed no cross-over point throughout
the measured frequency range revealing the
nature of solid-like behavior (Yang, vd., 2019).
Control sample showed the lowest G’ and G"
values for entire frequency range when compared

G' and G" values of cookie doughs showed an
increasing tendency with rising oscillation
frequency, and thus, it was possible to model
these modulus as a power function of oscillatory
frequency (Eq. (1) and (2)), and results are
illustrated in Table 2. It is clear that the R? values
of equations were higher than 0.97 which
indicates that this power function can successfully
describe the dynamic mechanical spectra of
cookie doughs. The incorporation of microalgae
at 0.5% did not significantly affect the K’ values,
whereas it was significantly increased when

with the values of microalgae enriched cookie
doughs, which indicated that viscoelastic behavior
was modified by additives, but elastic solid-like
behavior was improved predominantly. This
means that microalgae incorporated cookie
doughs can more easily recover energy from
deformation. The increase of microalgae
concentration caused the increase of both G and
G" values, considering that microalgae are a
source of hydrocolloids, mainly proteins, which
are generally recognized for their ability to
enhance water absorption in doughs (Rosell, vd.,
2001). It was also reported by Graga, vd. (2018)
that the addition of 3.0 g Chlorella vulgaris based on
wheat flour increased G’ values, showing a
possible strengthening of the dough structure due
to viscoelastic protein matrix reinforcement
depending on high protein content of microalgae.

Chlorella vufgaris concentration increased to 1.5%
and 3.0%. However, 0.5% microalgae addition
increased the K" wvalues significantly, when
compared to control. These results showed that
elastic and viscous properties of cookie doughs
were enhanced with the incorporation of Chlorella
vulgaris. The slopes (n' and n'") of both moduli
did not significantly affect from the addition of
microalgae, and n'’ values were higher than n’ for
all samples, which means loss modulus is more
dependent on frequency change.

Table 2. Dynamic shear parameters of powet-law functions desctibing the G' and G" values of
microalgae incorporated cookies.

G" = Kll(w)n”

G' =K' ()"

Samples K’ n K" n'" R2

Cnt 7.72%0.10¢ 0.26%0.01 0.998 2.9940.04< 0.29£0.04 0.980
0.5% 7.94£0.12¢ 0.27£0.01 0.997 3.21£0.05b 0.28%0.04 0.984
1.5% 8.4410.14> 0.27£0.02 0.995 3.10£0.06b<  0.30£0.08 0.979
3.0% 9.53+0.13» 0.27£0.03 0.997 4.0220.082 0.28%0.06 0.979

Values are means * Standard Deviation. a-c Refers the significant differences between the values in the same column (p<0.05).
Cnt: Control; K’ and K'": constants; n’ and n'’: frequency exponents; w: angular frequency (rad/s) R% determination coefficient

of Eq. (1) and Eq. (2).

The complex viscosity (*, Pa.s), which can be
obtained from dynamic shear measurements, is
called as resistance against the flow of viscous
liquid materials (Dimitreli ve Thomareis, 2008).

The viscosity of cookie doughs should be low
enough at high shear rates for processing and
shaping, but the doughs should recover its high
viscosity value after processing and shaping
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(Uribe-Wandurraga, vd., 2020). It is clear in Fig. 2
that the complex viscosity of all cookie doughs
decreased with increasing angular frequency,
showing shear-thinning behavior, and microalgae
incorporation increased the complex viscosity
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—~— 0.5%

300 -
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200 -

G' (x10° Pa)
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100 1 ff

values of dough samples over the analyzed
angular frequency ranges. The shear-thinning
behavior of cookie doughs could be desired for
better shaping and faster recovery after shaping
(Huang, vd., 2019).
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Fig. 1 Dynamic mechanical spectra of low-fat cookie doughs enriched with Chlorella vulgaris
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Fig. 2 The effect of microalgae concentration on complex viscosity of cookie dough

Three interval thixotropic test (BITT) mainly
consists of 3 different analyses stages containing
reference, high shear deformation and
regeneration. This test simulates the behavior of
food materials during transporting, handling and
processing (Saricaoglu, vd., 2019). As seen in Fig.
3, G' was higher than G"' indicating that cookie
doughs, either control or microalgae enriched,
had elastic character rather than viscous one. At
the beginning of the third interval, 1.5%
microalgae incorporated cookie doughs showed
higher G"' than G', and then G’ increased rapidly
and showed higher values than G"'. This result
indicated that viscous character immediately after
the second interval was dominant for cookie
dough containing 1.5% microalgae, and this could
be attributed to broken internal structure.
Microalgae incorporated cookie dough at 0.5%
showed the highest decrease both for G’ and G
probably due to the ecasily destroyed weak
electrostatic and hydrophobic bonds with high
shear deformations (Isanga ve Zhang, 2009).

The results related to 3ITT as well as non-linear
regression analyses (Fig. 4) of 31 interval are given
in Table 3. Storage modulus of samples before
deformation (G;) significantly increased with the
addition of Chlorella vulgaris up to 1.5%, and then
increased insignificantly. The addition of protein
rich component in cookie dough caused a

significant increase due to binding water as
observed before in dynamic shear properties.
After high shear deformation, the lowest initial
storage modulus (Gg) was observed from 0.5%
Chlorella supplemented sample, and the increase
of concentration from 1.5 to 3% significantly
increased the Gy values. This means that the
addition of Chlorella to cookie doughs improves
the recovery of samples after high shear
deformations such as processing, shaping and
handling. The lowest D, value (58.69%) was
observed from control sample, and the addition
of Chlorella vulgaris at 0.5 and 1.5% significantly
increased the D, values, whereas control and
1.5% microalgae added samples displayed similar
values with 3% addition. The cookie doughs are
prepared with mixing in a bowl and then the
doughs are shaped prior to cooking. Considering
the findings of present study, the addition of
microalgae caused higher relative deformation,
probably due to binding of water by proteins of
Chlorella  vulgaris, and hence displayed higher
deformation after mixing. However, after 30 s of
high shear deformation, samples showed high D,
values had high recovery percentage. This means
that microalgae incorporated cookie doughs can
be mixed with higher speed and/or longer time
for better homogenization, because they can
show high recovery after 30 s of deformations
such as mixing, shaping. The results of 3 interval
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were subjected to non-linear regression with high
R? ranging from 0.946 to 0.961.
Equilibrium storage modulus (Ggq), maximum
storage modulus can be reached at maximum time
(%), increased insignificantly with increasing
concentration. Time for reaching Ggq was firstly
decreased when compared to control, and

values
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increased to 3231 min at 3% microalgae
concentration. The maximum recovery rates
(Recna) of samples increased insignificantly, and
the highest value was observed at 3% addition.
These results show that 0.5 and 1.5% Chlorella
vulgaris incorporated cookie doughs can recover
higher and faster than control and 3% microalgae
added samples after high shear deformation.
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Fig. 3 Effect of Chlorella vulgaris addition on structural deformation and regeneration of low-fat cookie
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Table 3. Effect of Chlorella concentration on 3ITT results and non-linear regression parameters of 3t

interval.
Concentration (%)

Parameters Cnt 0.5 1.5 3.0
G; (kPa) 124.2712.69¢ 151.66%£3.27b 164.211+2.632 169.61%3.822
G (kPa) 51.34+2.86P 41.14%2.45¢ 55.87%3.56P 65.87%3.392
D, (%) 58.69+1.41¢ 72.8712.202 65.98+1.63p 61.16£2.88bc
Ree (%) 66.95+2.91 72.88%+1.39 68.12£3.01 66.1213.18
Yo x10% -4.05%0.09 -6.7410.18¢ -7.861+0.144 -3.541+0.17a
ax10P 5.6910.04¢ 8.521+0.13b 9.68+0.162 5.42%0.07¢
b 0.014%0.001 0.015%0.001 0.016%0.001 0.012%0.001
R2 0.961 0.957 0.957 0.946
Géq (kPa) 163.991+14.14 177.9915.66 181.99+1.41 187.991+9.90
tog (min) 28.63+1.51 26.30%£2.50 24.77+2.21 32.31%+3.83
Recnas (o) 76.13%8.20 85.21+0.87 90.23+0.74 90.29+2.72

Values are means & Standard Deviation. Values are means * Standard Deviation. a-d Refers the significant differences between
the values in the same row (p<0.05). Cn#: Control; G;: Storage modulus of the sample before deformation; Gy: Initial storage
modulus after high shear deformation; Dr: Relative deformation; Ree: Recovery percentage of sample after 30 s of 3rd interval;
Gegq: Equilibrium storage modulus at 7g; 7eg: Time required to reach equilibrium storage modulus; Reczax: Recovery petcentage
of sample at equilibrium storage modulus. a-d Means within the same row with different letters are significantly different at P<

0.05.

Creep and recovery tests can give significant
information about internal structure of a system
consisting of proteins and carbohydrates.
Information about softness of a material can be
estimated with creep compliance (J/#)) values, and
the higher the J(#) value, the weaker the material
structure, and vice versa (Sozer, 2009). Dynamic
rheological measurements including creep-
recovery tests at small-strains reveal the material
characteristics of samples in the LVR where no
structural deformation occurred. However, it is
also necessary to determine the mechanical
behaviour of the cookie dough outside the LVR
since high shear forces act on the cookie dough
during further processing. Hence, creep-recovery
tests were performed outside the LVR. Creep-
recovery results are illustrated in Fig. 5, and the
increasing concentration of Chiorella  vulgaris
decreased the [(z) values which means stronger
internal structure occurred. The addition of
microalga biomass which is rich in proteins and
polysaccharides caused the occurrence of a
complex matrix. Proteins and carbohydrates are
responsible from the water absorption in dough,
and also dough firmness (Egea, vd., 2014;
Gouveia, vd., 2007; Vieira, vd., 2020). Elastic and
viscous parameters of cookie doughs were
obtained by the application of four components

Burgers model which is the most widely used
model for foods such as ice cream mixes (Kurt,
vd., 2016), emulsions (Dolz, vd., 2008), and
cookie doughs (Uribe-Wandurraga, vd., 2020).
The following equation called as Burgers model
can be used for describing the relationship
between creep compliance and time:

1,1 —tG, ¢
](L‘)—G—O+G—1[1—exp(n1 )]+% (7
where J#), Gy, Mg, Gy and 1y are overall
compliance at any / time, instantaneous elastic
modulus of Maxwell spring, Maxwell dashpot
residual viscosity, elastic modulus of Kelvin-Voigt
and internal viscosity of Kelvin-Voigt dashpot,
respectively (Steffe, 1996). The creep parameters
are summarized in Table 4, and as seen the
Burgers model could be well used for describing
the creep data due to high R? values. All the creep
parameters were significantly increased with the
increasing microalgae addition (p<<0.05). The
increasing Gg and Gy values, as well as 17, showed
that cookie doughs formed a highly elastic
network upon increase of Chlorella  vulgaris
concentration. Internal viscosity (1) of samples
displayed high values and it could be related with
the interaction of ingredients. In addition, the
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increasing microalgae concentration resulted in
the higher 77y values probably due to high
interaction between proteins of Chlorella vulgaris
and wheat flour. Similar results were also

Table 4

C
0.5%

5

Cmd4 e

Compliance Jx/ e

determined by Peressini ve Sensidoni (2009) for
inulin enriched cookie dough and by Pulatsu, vd.
(2021) for pomace and insoluble dietary fiber
added cookie doughs.

Time (s)

Fig. 5 Creep-recovery curves of low-fat cookie dough containing various amount of Chlorella vulgaris

Table 4. Burgers model parameters from creep data of cookie doughs

Creep parameters

Samples

Go (£Pa) 1o (Pa.s) Gy (kPa) 11 (Pa.s) R?
Cnt 33.67+0.12 3.68+0.304 9.0120.194  179.61%5.65¢ 0.999
0.5% 42.19+0.26¢ 6.1310.21¢ 14142005 298.78%3.95¢ 0.999
1.5% 61.73%0.37> 7.7140.62b 19.6510.29>  391.36+9.89b 0.999
3.0% 83.1320.17= 9.3940.11 32374028 726.34+10.08 0.999

Values are means F Standard Deviation. a-d Means within the same column with different letters are significantly

different at p<0.05. Cnt: Control; GO: instantaneous elastic modulus of Maxell spring; 17¢: residual viscosity of
Maxwell dashpot; G7: retarded elastic modulus of Kelvin-Voigt; 771 : internal viscosity of Kelvin-Voigt dashpot; R2:

determination coefficient of Eq. (7).

The recovery behavior of cookie doughs was also
illustrated in Fig. 5, and the increasing microalgae
concentration caused the decrease of recovery
compliance. The recovery phase of cookie doughs
was well fitted to following model:

J(®) = Jeo + Jkvexp (=Bt) ®)

whete 7, §, C, Joo and Jgy ate time, parameters for
determining the speed of recovery, the recovery
compliance of Maxwell dashpot and Kelvin—
Voigt element, respectively. When t = 0, J(#) is

equal to Jo + Jgy which means the maximum
deformation of the dashpots in the Burgers
model. However, for £ = o0, J(#) is equal to Jo,
which corresponds to the irreversible sliding of
the Maxwell dashpot (Dolz, vd., 2008). Table 5
summarizes the results of recovery parameters, as
well as the maximum compliance of creep phase
and final recovery percentage. The maximum
compliance Jyax and Jo of samples were
significantly decreased with increasing microalgae
concentration. However, when compared with
control Jgy and f were significantly decreased
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while C increased with the microalgae addition.
The lowest final recovery percentage (23.30%)
was observed from control while the highest value
(33.79%) was 3% added cookie dough. These
results clearly showed that the addition of Chlorella

vulgaris to cookie dough caused more stiff dough
structure, and take more time to recover. Similar
results were also reported by Vieira, vd. (2020) for
cookie doughs fortified with microalgae of
Arthrospira platensis.

Table 5. Compliance of each element in the Burgers model, together with the final percentage recovery

[R).

J Recovery parameters R (%)
Samples 00 4 1y e Jxv -1
X107 Pa™) P 0-4pam)  x10~*(Pat)  PET ¢ ke
Cnt 2.19£0.06 1.68£0.06 4.57%0.31» 0.143%£0.012*  0.689+0.019>  0.992  23.30%0.60>
0.5% 1.42+0.07° 1.03£0.08> 0.53%0.06> 0.026£0.003>  0.937£0.011=  0.990  27.52%2.37b
1.5% 1.05£0.09¢ 0.73%0.03¢ 0.23£0.03> 0.017£0.004>  0.989£0.009=  0.989  30.29%3.882
3.0% 0.7420.08¢ 0.49£0.06¢ 0.30£0.04> 0.018£0.004>  0.998%£0.045*  0.986  33.79£0.05

Values are means + Standard Deviation. a-d Means within the same column with different letters are different (p<0.05). Cut:
Control; Jyax: maximum deformation; Jo: viscous part attributed to itreversible sliding of Maxwell dashpot; Jxy: elastic part
related with Kelvin-Voigt unit; B and C: the parameters determining the recovery speed of system; R% determination coefficient

of Eq. (8); R: final percentage recovery of system

Proximate composition, spread ratio and
color of cookies

The proximate composition, diameter, spread
ratio and color results of Chlorella  vulgaris
incorporated cookies are given in Table 6. As
expected, dry matter, protein, ash and fat content
of cookies were significantly increased with
increasing microalgae concentration (p<<0.05),
whereas carbohydrate amount did not change
significantly. The freeze dried biomass consisted
of 5.83%£0.08% moisture, 9.85£0.02% ash,
53.75%£0.09% protein, 14.09£0.45% lipid and
16.48£0.08%  carbohydrate. The moisture
content of cookies which ranged from 5.11 to
6.80% was typical such a dried product. The main
effects of microalgae biomass addition were
observed from protein, ash and fat content, since
freeze dried biomass was rich in protein, ash and
lipid. The diameter and spread ratio of cookies
significantly increased by the microalgae addition,
but increasing microalgae concentration did not
affect the diameter and spread ratio. Abboud, vd.
(1985) reported that the spread ratio of cookies
was not affected by fat type. However, in another
study the replacement of shortening with flaxseed
oil significantly increased the spread ratio of
cookies (Rangrej, vd., 2015). In our study, 13.41%
shortening was used for cookie production and
this amount is very low when compared to other
methods (Egea, vd., 2014; Gouveia, vd., 2007;
Rangrej, vd., 2015; Uribe-Wandurraga, vd., 2020).

Although we decreased the shortening amount
during the production cookies, the increased
spread ratio was probably due to the high fat
content of the microalgae. Ding, vd. (2014) stated
that higher palmitic acid (C16:0) content made
possible to interesterification and by this way
palmitic acid had the tendency to crystallize in 8’
form which resulted in higher spread ratio. Large
amounts of liquid oil in the crystal network can
incorporate with 8' crystals due to their relatively
small size and therefore, smooth, continuous and
homogenous products can be obtained (DeMan,
1994). It is eatlier reported that Chlorella sp.
consisted of 19.6% palmitic acid (Zhukova ve
Aizdaicher, 1995), and therefore the addition of
Chlorella vunlgaris improved the spread ratio. The
effect of defatted Chlorella sp. on spread factor of
cookies was also reported by Sahni, vd. (2019),
and they stated that the spreading of cookies can
be attributed to the formation of syrup in the
cookie dough during baking.

The surface and cross-sectional appearances of
cookies were depicted in Fig. 6. It is clearly
obvious that the addition of Chlorella vulgaris
caused an apparent increase in green tonality. The
color L*, a*and b* values of Chlorella vulgaris were
determined as 20.69%1.59, 0.47%£0.08 and
3.57%0.25, respectively. The control cookies
presented a dominant yellow chromaticity
(positive &%) for both inner and outer layer. The
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incorporation of Chlorella biomass resulted in a
darker and green color parameter. By increasing
the Chlorella biomass concentration, lightness (L.*)
of inner and outer layer significantly decreased
(p < 0.05), which means that darker cookies were
occurred. The increased level of Chlorella biomass
significantly decreased the * value at inner layer,
and green color (-a* value) was dominant at 3%.
However, at the inner layer of cookies, only
control sample displayed positive a* value, and
the shift from positive to negative «* value was
observed depending on  Chlorella  biomass
addition, and the greenness increased significantly
(p < 0.05). The higher - a* value is typical due to
high chlorophyll content of Chlorella sp., as
reported earlier by Batista, vd. (2017) and the
addition of green and blue-green microalgae
biomass decreases not only the red color (2% but
also the luminosity (L.¥) (Achour, vd., 2014;
Figueira, vd., 2011). These results are similar
to Chlorella  vulgaris and Isochrysis - galbana biomass

added cookie samples in which microalgae
biomasses were used as colorants in cookies
(Gouveia, vd., 2007, Gouveia, vd., 2008). As
expressed by Sahin (2020), high carotene and
chlorophyll content increased the 4* values of
cookies. The b* values of inner layer increased
significantly when compared to control samples,
whereas Chlorella addition did not cause a
significant change. The total color changes (AF)
of Chlorella incorporated cookies are also given in
Table 6. Control sample without microalgae
addition was used as reference and as seen, the
addition of Chlorella biomass significantly
increased the color change. AE value can be
classified as not noticeable (0-0.5), slightly
noticeable (0.5-1.5), noticeable (1.5-3.0), well
visible (3.0-6.0) and great (6.0-12.0) (Cserhalmi,
vd., 2006). According to this classification, the
inner and outer layers of cookie samples showed
great color change ranging from 12.81 to 29.16
and 15.54 to 33.25, respectively.

Table 6. Proximate composition, spread ratio and color results of cookies

Cookies
Parameters Cnt 0.5% 1.5% 3%
Proximate composition
Moisture (%o) 6.80£0.16¢ 5.86£0.28" 5.631£0.84 5.11%0.582
Ash (%) 0.470.014 0.49£0.01¢ 0.53+0.01b 0.55+0.012
Protein (%) 5.55%0.054 5.70£0.02¢ 6.18+0.02b 7.08%0.032
Fat (%) 12.35£0.014 12.51+0.01¢ 12.81£0.06° 13.37£0.11»
Carbohydrate (%) 74.83%0.23 75.45%0.30 74.85£0.72 73.89£0.77
Physical characteristics
Diameter (cm) 6.18£0.13" 6.43£0.042 6.53%0.032 6.54£0.08
Spread ratio 3.65£0.08" 4.14£0.202 4.16£0.102 4.19£0.142
Color
g L* 73.97£0.98 64.00£0.45> 53.29£0.75¢ 47.52%0.204
é: a* 10.92+0.65 3.19£0.52b 2.59£0.39> -0.51£0.05¢
= b* 28.7610.712 26.9910.41> 25.90%0.73b¢ 24.5910.66¢
O AE - 12.81£0.86¢ 22.51+0.75b 29.16%0.352
) L* 80.9112.022 71.9210.34b 56.61+1.13¢ 50.66%0.714
= a* 2.211+0.827 -3.93£0.30b -5.11£0.50P -7.90£0.66¢
?g b* 19.65£1.09b 30.51%£0.94 29.78%1.202 28.88+1.08
K= AE - 15.54£0.83¢ 27.39+0.58b 33.25%+1.322
Texture profile analysis
Hardness (N) 198.69£10.81¢ 245.861+20.87° 273.84106.62b 330.86%33.962
Fracturability (N) 88.66+3.06" 102.28+9.96> 151.09+16.09 165.18+16.54
Springiness 0.372£0.025> 0.370£0.038> 0.386%0.016° 0.441£0.017»
Cohesiveness 0.030£0.006¢ 0.062£0.018> 0.079£0.007b 0.101£0.008#
Gumminess 5.86+0.82¢ 14.961+3.43b 21.61£1.30° 33.25£6.08
Chewiness 2.1940.38¢ 5.53%1.41b¢ 8.36%0.80° 14.73£3.29
Resilience 0.011+0.003b 0.014%0.007> 0.020£0.0032> 0.02410.004

Values ate means & Standard Deviation. a-d Means within the same row with different letters are different (p<<0.05).
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Fig. 6 Surface and cross-section visual appearances of baked low-fat cookies containing various
amount of Chlorella vulgaris

Texture profile analysis

The effect of Chlorella vulgaris on the textural
properties of cookies is also illustrated in Table 6.
Hardness and fracturability are important
parameters for consumer acceptability of baked
cookies, and can be determined as the peak force
that occurs during the first compression.
Springiness denotes how well a product physically
springs back after the first deformation, whereas
cohesiveness is defined as how well the product
withstands a second deformation relative to
resistance under the first compression.
Gumminess and chewiness are applicable for
semi-solid and solid products, respectively and
they are calculated using the hardness scores of
samples. Resilience is defined as how well a
product fights to regain its original height
(Anonymous, 2021). The lowest hardness (198.69
N) was observed from the control, while the
highest value (330.86 N) was determined from 3%
microalgae added sample. The increasing Chlorella
concentration caused higher hardness, but

increasing concentration from 0.5 to 1.5% did not
significantly increase the hardness. A linear and
significant increase in hardness was also
determined by Gouveia, vd. (2007) for cookies
enriched with Chlorella vulgaris between 0.5 and 3%
concentrations. Authors stated that protein and
carbohydrate molecules of microalgae can play an
important role on the water absorption, which
promotes the firmness of cookies. In another
study, the increasing concentration of defatted
microalgae resulted in higher cookie hardness
related with the ash content of cookie dough
(Sahni, vd., 2019). Authors stated that gluten
proteins in wheat constitute one third of
glutamine and low content of acidic and basic
amino acids which results in low charge density
on protein surfaces. This low charge density
surfaces of proteins makes them sensitive to
mineral salts and mineral ions result in
suppression of charge and allow molecular
interactions via hydrogen bonding (Gujral, vd.,
2008). Fracturability of cookies also increased
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with microalgae addition. However, fracturability
values were statistically similar for control and
0.5%, and 1.5 and 3%. Similar fracturability
results were also reported by Bashir, vd. (2020) for
cookies produced with pearl millet and flaxseed
flour. The highest springiness, cohesiveness,
gumminess and chewiness values were observed
trom 3% Chlorella incorporated sample, whereas
the lowest values were determined from control.
Resilience  results of  cookies increased
insignificantly up to 3% microalgae addition, and
these results were also in accordance with the
recovery percentage (Table 5) which 3% Chlorella
vulgaris added cookie dough showed the highest
%R value.

Sensory properties

The sensorial evaluations of cookies produced
with Chlorella vulgaris at various concentrations are
provided in Fig. 7. Cross-section appearance,
taste, overall acceptability and affordability scores
of cookies containing 0.5 and 1.5% microalgae
did not significantly change when compared with

control. However, the highest surface appearance
was detected from the sample containing 0.5%
Chlorella. 'The increasing concentration of
microalgae at 3% significantly decreased all the
sensorial properties, except for texture which
decreased insignificantly. It is clear in the Fig. 7
that Chlorella vulgaris addition at 0.5 and 1.5%
reached nearly 7 point for all sensorial attributes
which shows consumers decided as “/ike
moderately”. Texture scores of samples were
negatively in accordance with the hardness which
increased with microalgae concentration while
texture decreased. It can be concluded from the
sensorial scores that 0.5 and 1.5% of Chlorella
could be well used for the production of low-fat
cookies, whereas 3% addition is less acceptable.
The results of sensory analyses of microalgae
based products such as cookies (Egea, vd., 2014;
Sahni, vd., 2019), pasta (Fradique, vd., 2013;
Zouari, vd., 2011) and yoghurt (Dubey ve
Kumari, 2011) were in accordance with our
findings.

Surface appearance

9.0

3.0
r 4 Sy .

.x;f

Affordability

Overal acceptability

Texture

Cross-section

appearance ~+C
--0.50%
1.50%
3%
Taste

Fig. 7 The effect of Chlorella vulgaris addition on sensorial properties of low-fat cookies
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CONCLUSIONS

Different concentrations of microalgae addition
to the reduced-fat cookies significantly affected
the properties of both cookie dough and cookies.
Cookie doughs displayed viscoelastic
characteristic due to higher G’ than G'', and the
increasing microalgae concentration significantly
improved the viscoelasticity of doughs. Non-
linear regression results and cutves of 3ITT
showed that the addition of Chlrella to cookie
doughs improved the recovery of samples after
high shear deformations such as processing,
shaping and handling. Burgers and exponential
decay models well explained the creep and
recovery data, and via these tests the internal
structure and elastic and viscous behavior of
cookie doughs were better understood, and also
the recovery results were in accordance with 3ITT
results. Microalgae incorporation significantly
increased the protein, ash and fat content of
cookies, as well as spread ratio. C. wulgaris
incorporated cookies presented mainly green
tonalities that became significantly darker (I.%),
greener (2%) and less yellow (4% when increasing
biomass concentration, and the inner and outer
layers of cookies showed great total color
differences (AE>12). Chlorella incorporation
provided a significant structuring effect, in terms
of cookies texture. Moreover, 0.5 and 1.5%
microalgae added cookies sensorial pointed as
nearly 7 for all sensorial attributes which means
consumers “/iked moderately” to cookies. This study
suggests that low-fat cookies could be produced
by using Chilorella vulgaris at 0.5 or 1.5%, and
microalgae can also be considered as a suitable
ingredient, enhancing textural, rheological and
physical properties of low-fat cookies. In
addition, with the improvement of sensory
qualities with increasing microalgae concentration
up to 1.5%, microalgae based low-fat cookies may
become widely appreciated and consumed
functional foods in the future.
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Seker ekstraksiyonunda yaygin olarak kullanilan 1sil islem, yiiksek enerji titketimine ve 1stya baglt bazi
istenmeyen reaksiyonlarin olusumuna yol acmaktadir. Ozellikle, kullanilan enerji miktart ve 1stya baglt
safsizliklar serbetten uzaklastirmak icin ek bir saflastirma isleminin gerekliligi, nihai trtintin fiyatina olumsuz
katkida bulunmaktadir. Vurgulu elektrik alanlart (PEF), bu olumsuz sonuglart azaltmanimn bir aract olarak
ekstraksiyonda kullanilmak tizere 6nerilen termal olmayan ve distik enetjili bir doku parcalanma yontemidir;
Bu alandaki calismalar giintimiize kadar artarak devam etmektedir. Bu derlemede, PEF tekniginin altnda
vatan temel ilkelerin yami sira seker ekstraksiyonundaki potansiyel uygulama yontemleri ve bunlarin
ekstraksiyon tizerindeki etkileri hakkinda genel bir bakis sunmak i¢in 6nceki aragtirmalarn bulgulart
6zetlenmektedir.

Anahtar kelimeler: Vurgulu elektrik alan, seker pancari, stvi-kat1 ekstraksiyon, elektroporasyon

POTENTIAL USE OF PULSED ELECTRIC FIELDS IN SUGAR EXTRACTION
ABSTRACT

Widespread use of heat treatment in sugar extraction results in high energy consumption and some
undesirable reactions due to the heat. In particular, the amount of energy used and the necessity of
an additional treatment process to remove heat-related impurities from the sorbet contribute
negatively to the price of the final product. Pulsed electric fields (PEF) are a non-thermal and low-
energy tissue breakdown method that has been proposed for use in extraction as a means of reducing
these negative outcomes; studies into this area have been expanding to the present day. This review
summarizes the findings of prior research to present an overview of the fundamental principles
underlying the PEF technique, as well as its potential application methods in sugar extraction and
their effects on extraction.
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GIRIS

Bitkisel dokulardan seker gibi hiicre i¢i bilesikleri
ekstrakte etmede tiriin maliyetine etki eden 6nemli
faktorlerden biri doku bozundurma veya hiicre
parcalama yontemidir. Isil islem ile dokunun
bozundurulup,  ekstraksiyonun = saglanmast
geleneksel seker dretiminde yaygin  olarak
kullanilmaktadir (Dastangoo vd. 2020). Bununla
birlikte 1s1l islem Ozellikleri itibariyla yitksek enerji
sarfiyatt gerektirmesinden ve ayrica saflastirma
asamasinda cesitli zorluklara yol agmasindan (1s1l
islem nedeniyle serbet renginde koyulasma ve
pektin gibi bilesenlerin serbete gegisiyle serbet
saflizliginin artmasi) Urin maliyeti icinde Snemli
bir yekan olusturmaktadir (Putnik vd., 2019;
Timmermans vd., 2022). Isil islemle ortaya ctkan
bu dezavantajlart azaltmaya yonelik seker
endustrisi daha ekonomik, daha verimli, daha az
kimyasal ~ kullanimi  gerektiren  bir  doku
bozundurma prosesi arayist icerisindedir. Son
yillarda ortaya ¢tkan PEF tekniginin enerji maliyeti
distik ve 1sisal olmayan bir doku bozundurma
yontemi oldugu bircok calismada gosterilmis ve
seker ckstraksiyonundaki bu  olumsuzluklari
azaltmaya yoOnelik potansiyel tasidigt  One
strtlmistir ( Xi vd., 2021; Vorobiev ve Lebovka,
2022).

Taze meyve ve sebzelerden, seker gibi degerli
intraselltiler bilesenlerin dis ortama aktarilmast
(ekstraksiyon) istenildiginde, aktarim bir takim
yapisal unsurlar tarafindan  engelleme ile
karsilasmaktadir. Doku kalinligi, hiicre duvart gibi
bazi unsurlar aktarima belli dizeyde engel
olurken, esas diren¢ saglam hiicre zarindan
kaynaklanmaktadir (Khan vd., 2018). Diger bir
deyisle, aktarimin baglamasi icin, fizyolojik
sartlarda gecirgen olmayan dig hiicre zarnin
oncelikle bozundurulmast gerekmektedir. Bir
genelleme yapilirsa, zarda tahribat diizeyi ne kadar
fazla olursa, bu hiicre disina cikist kolaylastirip,
verime olumlu yansimaktadir. Bu sebepten, taze
meyve sebzelerden ekstraksiyonu hedefleyen
kurutma ve kati stvi ekstraksiyonu gibi bircok
prosesden Once bir hiicre parcalama/doku
bozundurma 6n isleminin gerekliligi ortaya
ctkmaktadir (Fincan, 2015; Chaves vd., 2020;
Baoguo vd., 2022). Isil islem, dondurup
¢ozliindiirme ve 6giitme gibi geleneksel 6n islem

yontemleri eskiden beri kullanilmakta iken son
yillarda ylksek basing (Duan vd., 2022; Li vd.,
2020; Limsangouan vd., 2020), mikrodalga
(Mirzadeh vd., 2020; Shashikant ve Mayur, 2021,
Oroian vd.,2020), ultrases (Mari¢ vd., 2018; Xu
vd., 2021; Kumar vd., 2021) ve vurgulu elektrik
alan1 (Barros vd., 2022; Visockis vd., 2021; Jiang
vd., 2022) gibi yeni yontemlerin etkileri de yogun
olarak arastirilmaktadir. Bu 6n islemlerin her biri
hiicre zarini tahrip etkisi yaninda, istenmeyen bazt
yan etkiler de dogurabilmektedir. Bu etkilerin
duzeyi, genellikle 6n islem yonteminin ¢esidi ve
siddeti ile ilintili olmakla beraber, uygulandig
stire¢ ve doku ¢esidine de baglt olarak degismekte,
avantajlar veya dezavantajlar ortaya ¢ikmaktadir
(Chemat, 2017; Xin vd., 2020; Deng vd., 2022).
Ornegin; 80-100 9C’de 1-10 dakika siiren 1sil
islem, hucre zatlarinin etkin bir bozunumunu ve
enzimlerin inaktivasyonunu saglarken, eger
ekstrakte edilmek istenen madde st ile
bozunuyorsa, ckstraksiyon veriminde azalmaya
yol acmaktadir (Sengiil ve Topdas, 2019; Zia
vd.2020; Garcia ve Raghavan, 2021).

SEKERIN EKSTRAKSIYONUNDA ISIL
ISLEMIN DEZAVANTAJLARI

Seker ekstraksiyonunda hiicre bozundurma islemi
kullanilan dretim teknolojisine gore degisiklik
gosterebilmektedir. Gegmis calismalara
bakildiginda iki farkli yontem 6ne ¢tkmaktadir.
Bunlardan biri yaygin olarak kullanilan geleneksel
seker dretim teknolojisinde 1s1l islem ile
bozundurma, digeri daha seyrek kullanilan
mekanik presleme yolu ile hiicre zarlarinin
bozundurulmasidir. Sonraki yontemde presden
elde edilen doku sivisi rafine edilirken, birinci
yontem 1sil  islem esliginde bir  sivi-katt
ekstraksiyon yontemidir. Bu yontemde, pul haline
getirilmis dokular 6nce 85-90 °C’de yaklasik 10
dakika  1sil isleme = maruz birakilarak
bozundurulmakta, sonra 70-75 °C’deki ters akimli
su icerisinde yaklastk 60-90 dakika daha 1s1l isleme
ugratildiklarinda, seker ve seker dist safsizliklar su
icerisine difize olmakta ve rafine edilecek serbet
elde edilmektedir. Seker dist bu safsizliklarin
(pektin, amino asitler, mineraller vb.) daha sonraki
bir rafinasyon basamaginda kire¢ kullanilarak
ayristirtlip, uzaklastirilmaktadir  (Muir, 2022).
Dolaysiyla sivi-katt ekstraksiyon basamaginda
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olusan safsizliklar, bir sonraki rafinasyon
basamagini  etkilemekte, safsizliklar arttikca
ayristirmalart icin gereken kimyasal ihtiyact da
artmakta, bu da Urlin maliyetine yansimaktadir
(El-Belghiti vd., 2005; Vu vd., 2020). Ekstraksiyon
soguk yontemle yapilsa bile, serbette safsizliklarin
olacagt asikardir, bununla birlikte bu geleneksel
sicak yontemde 1sinin tetikleyerek olusturdugu
safsizliklar 6ne cikmaktadir. Isil islem Ozellikle
hticre duvari bilesenlerinde zincitlerin kirilmast ve
bazi  polisakkarit  tnitelerinin  ayrismasina
(hidrolitik ~ degradasyon)  yol = a¢maktadir
(Bhattacharjee vd., 2019; Loginova vd., 2011).
Orta lamel ve hiicre duvarinda bulunan pektin
kolaylikla serbet iceresine ge¢meye baslamaktadir.
Maillard ~ reaksiyonlart ~ meydana  gelerek
melanoidin gibi renk maddeleri olugsmakta ve
serbete gecen bu renk maddelerini ayristirmak icin
saflastirma asamasinda ilave yiksek miktarda
kire¢ kullanimt gerekmektedir (3-3.2 kg kireg/100
kg seker pancart) (Wang vd., 2020; Loginova vd.,
2011). Ayrica 1sil islem sakkorozu parcalayan
termofilik mikrorganizmanin gelisimini
destekleyerek verimde dismelere yol agmaktadir
(Lopez vd., 2009). Bundan baska, 1s1l islem bazli
ekstraksiyonun diger bir dezavantaji yiiksek enerji
sarfiyatina sahip olmasidir, buda dogrudan iriin
maliyetine artis olarak yansimaktadir. Istyla hem
doku bozundurma hem de ekstraksiyon
basamaklart dahil edildiginde, enerji sarfiyatt
yaklagtk 175 kJ/kg islem gérmis pancar olarak
hesaplanmistir (Schultheiss vd., 2002; Nakthong
ve Eshtiaghi, 2020). Isil islemli, sicak
ekstraksiyonun ortaya ¢ikardigt bu dezavantajlarin
istesinden gelebilmek igin, soguk ekstraksiyon
alternatifi gecmiste farkli kimyasallar kullanarak
cesitli calismalara konu olmustur. Bu calismalarda
soguk ekstraksiyon ortaminda hiicre
bozunumunu gerceklestirmek icin, asitlik veya
alkalilik seviyesi artirilmis ve/veya sivi amonyak,
elektrik alan uygulamast denenmistir. Ilaveten,
seker pancart dilimlerinden kati-stvi ekstraksiyon
(presleme) 50-100 bar (Bliesener vd., 1991a) veya
alkali ortam sartlart altinda da test edilmistir
Ponant vd., 1988). Yetersiz doku bozunma orani,
serbete gecen kire¢ tuzunun ylksekligi ve melas
da kotilesme gibi cesitli sebeplerden, bu farklt
yontemler basartll olmamistir (Loginova vd.,
2011). Seker ekstraksiyonunu iyilestirmek icin

yapilan diger bir calismada; ultrasonik destekli
ekstraksiyon ile ekstraksiyon siire ve sicakliginda
dusiis ve daha yiksek saflikta ve verimde ham
serbet elde edilmistir (Xiong Fu vd., 2013).

Yeni doku bozundurma yoéntemlerinden, vurgulu

elektrik alan (PEF) tekniginin, 1s1l islemin
olusturdugu  bu  olumsuz  etkileri  seker
ekstraksiyonunda da  azaltabilecegine  dair

calismalar son yilarda bircok calismaya konu
olmustur. Etkinin daha cok PEF in hucreleti 1sisal
olmayan bir sekilde, diistik enerji sarfiyat ile etkin
bir sekilde parcalama 6zelliginden kaynaklandigt
ileri surulmustiir. Calismalarin bir kisminda, PEF
islemi gérmis dokudan sekerin eldesi sivi-kati
ekstraksiyon sisteminde incelenirken (Jemai ve
Vorobiev, 2003; El-Belghiti vd., 2005; Loginova
vd., 2011) diger bir kisminda mekanik presle elde
edilen pancar suyunda seker yilizdesi konu
edinilmistir (Eshtiaghi ve Knorr 2002; Mhemdi
vd., 2016). Bir¢ok ¢alismada, PEF in ekstraksiyon
verimini artirdi@l, enerji sarfiyatini azalttu@ ve
saflastrma  asamasinda  kimyasal  kullanim
gerekliligini distirdigt vurgulanmustir (Jemai ve
Vorobiev 2006; Mhemdi vd., 2016).

VURGULU ELEKTRIK ALAN
TEKNIGI

Gida islemede PEF teknigi terimi aslinda ge¢miste
gen aktariminda kullanilan yontemlerden biri olan
ve elektroporasyon olarak bilinen teknigin daha
genis anlamda kullanimini ifade etmektedir. Basit
anlamda PEF elektrotlar arasina alinan hucre
sistemlerine  kesikli/vurgulu ~ DC  voltaj
uygulamasidir (Tylewicz, 2020). Etki mekanizmast
halen tam olarak aciklanamasa bile, uygulamanin
hiicre zarinda kalict veya gecici bozunuma yol
actig gOsterilmis, bozunumun elektriksel ve
ortam Ozelliklerinden etkilendigi belitlenmistir
(Ricci vd., 2018; Genovese vd.,2021).

(PEF)

PEF Uygulamasinda Hiicre Bozunumu

En yaygin kabul edilen dielektrik parcalanma
teorisine gore; PEF uygulamast siirdikee,
dielektrik hiicre zarinin i¢ ve dis yiizeylerinde zit
yukler polarize olarak, transmembarn potansiyeli
(TMP) artistna  yol agmaktadir. TMP 1V’u
astiginda, zit yiklerin zar sikistirmast gézenek
olusumu ile sonuclanmaktadir. Gézenek olusumu
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ilk asamada gegcici olurken, PEF isleminin
sirdirilmesi halinde hiicre zari kalict mekanik
hasara ugrayarak, kalict gbzenek olusumu
meydana gelmektedir (Zimmerman, 1974; Zhang
vd,,  2021).  Ogzellikle dokularn  kalict
elektroporasyonu s6z konusu oldugunda, hiicre
zar1 deformasyon derecesi veya gézenek bitytiklik
seviyesi kritik olmaktadir, cinki deformasyon
arttikca intraselltler maddelerin cikist
kolaylagsmaktadir (Mman vd., 2021).
Deformasyon derecesi basta PEF in elektriksel
parametrelerinden, (elektrik alan siddeti, vurgu
saylst, vurgu genisligi ve vurgu frekansi)
etkilenirken (Giteru vd., 2018; Roobab vd., 2022),
sicaklik ve elektriksel iletkenlik gibi ortam
parametrelerinden de etkilenmektedir (Gabric vd.,
2018; Ruzgys vd., 2019). Ornegin, milisaniye
Olgekli vurgu genisliklerinin, mikro saniyeli
olanlardan htcre zarinda daha biyiik gbzenek
olusturdugu gézlenmis, benzer bir sonug¢ vurgu
sayist artirildiginda  bulunmustur (Ghosh vd.,,
2019; Semenoglou vd., 2020). Bundan baska, PEF
uygulamada 6nemli bir oranda 1s1 olusturmamast
icin ortam elektriksel iletkenligi de Onem
tasimaktadir.  Yiksek iletkenlige sahip ortama
PEF uygulamasinda, ohmik 1s1 artis1 yitkselirken,
distik hiicre parcalama orant ve elektroliz gibi
elektrolitik etkiler ortaya ctkmaktadir
(Zimmerman, 1986; Astriin-Redin vd., 2022).
Ortam sicakligi 55 °C dereceye kadar artuginda,
hiicre bozunumu icin gereken PEF siddeti
azalmaktadir. Sicakligin hiicrenin lipit kismint
yumusatarak, bozunmaya karst direncinin azalttig
seklinde aciklanmaktadir. 55 °C Uzerinde ki
sicakliklarda hiicre zarlarina kalict bozunum
artugindan PEF in etkiside azalmaktadir (Stanley,
1991; Vorobiev ve Lebovka, 2019). Hiucre
bozunumu ic¢in gereken PEF siddeti, genellikle
hiicre ¢ap1 kigtlditkce artmaktadir. 50-300 um
capidaki bitkisel hiicreler icin, 0.5-2 kV/cm alan
siddeti  yeterli iken 1-10 pm  caph
mikroorganizmalarin inaktivasyonu icin gereken
elektrik alan siddeti 10-60 kV/cm degetlerine
ctkmaktadir (Niu vd., 2020; Soltanzadeh vd.,
2020). PEF siddetinin bu araliklarda degismesi,
ortam ve elektriksel sartlara bagli olarak da
degismekte olup, Ornegin benzer ortam
sartlarinda tam parcalama bircok farklr elektriksel

degisken kombinasyonunda saglanabilmektedir
(Khursheed vd., 2021; Dastangoo vd., 2020).

Hiicre parcalamayr amagclayan bircok gida
prosesinde, 6rnegin pastdrizasyonda (Kantala vd.,
2022; Salagevicius vd., 2021; Wu ve Chang, 2022)
bitkisel/hayvansal ~dokulardan ekstraksiyonda
(Visockis vd., 202; Bocker ve Silva, 2022;
Einarsdottir vd., 2022), kurutmada ( Rahaman vd.,
2019; Yamakage vd., 2021; Shorstkii vd., 2020) ve
enzim inaktivasyonunda (Fujivara vd., 2021;
Samaranayake vd., 2022; Manzoor vd., 2020),
PEF tekniginin tirtin ve proses verimi iyilestirici
potansiyeli tizerinde durulmaktadir. Bu yararlarin
bircogu PEF in hiicre zarinda 6nemli bir 1s1 artist
olmadan ve distk enerji sarfiyatt ile gézenek
olusturma Ozelligine baglanmaktadir. Genellikle
enetji sarfiyattnin en dustik seyrettigi seviye g6z
ontine alinarak tam parcalamayr saglayacak
elektriksel degiskenlerin optimizasyonu

calismalarda gbz Oniine alinmaktadir (Martinez
vd., 2020; Mahn vd., 2022).

Kirmizi  pancardan PEF yolu ile betanin
ekstraksiyonunu konu edinen diger bir ¢alismada,
1 kV/ecm de 10 ps’lik karesel monopolar
vurgulardan 270 adet kullanildiginda, doku
biitiine yakin parcalanmis, toplam enerji sarfiyatt
7 kJ /kg olarak hesaplanmistir (Fincan vd., 2004).
Benzer seckilde 2 kV/em’de 3 adet vurgu
kullanildiginda 2.53 kJ/kg enerji satfiyatiyla oda
sicakliginda 60 dakikada mevcut betaninlerin
%70 1mn1in  ekstrakte edilebilecegi gOsterilmistir
(Visockis vd., 2021). Bagka bir calismada,
silindirik pancar dokusuna 4.38 kV/cm’de 20
vurgu sayisiyla ve toplam enetji sarfiyatt 4.10
kJ/kg olan PEF uygulamasiyla betanin ve
vulgaksantin ekstraksiyonunda kontrole kiyasla
verimlerde sirastyla %329 ve %244 oraninda bir
artisin  gozlendigi  bildirilmistir (Nowacka vd.,
2019).

Doku Bozunum Oraninin Belirlenmesi
Enerji sarfiyattnin  yaninda, PEF veya diger
herhangi bir 6n islem uygulamasinin dokuyu

hangi oranda bozdugu veya dokudaki n adet

hitcrenin yuzde kacinin bozundugu/
gecirgenlestirildiginin - belirlenmesi ekstraksiyon
veriminin  optimizasyonu  agisindan  Gnem
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tastmaktadir. Ideal sartlarda, 6n islemin biitiin
hicreleri bozundurmasi, bdylece hiicre ici
muhtevanin hticre zarindan kaynaklt engeline
ugramadan dis ortama ctkabilecek hale gelmesi
genellikle istenen bir durumdur. Bu sebepten,
herhangi bir siddetteki 6n islemin dokuyu hangi
oranda bozdugunu belirlemek icin  cesitli
yontemler gelistirilmis, bunlar sik stk doku
parcalama endeksi (Z) olarak adlandirilmiglardir
(Zhang vd., 2023). Doku parcalama endeksinin
belirlenmesinde bircok farklt yontem
kullanilmustir.  Konsantrasyon degerini baz alan

yontemde, dokulart bitiine yakin  olarak
parcaladigi  bilinen bir ydntemden sonra
ckstraksiyonda elde edilen bir metabolit

konsantrasyon degerinin 6n islemden elde edilene
orant seklinde olmaktadir. Bununla birlikte, PEF
calismalarinda elektriksel iletkenlik degisimini baz
alan yontemleri kullanmak daha yaygindir.
Bunlarin bir kisminda, konsantrasyon yonetimine
benzer sekilde, dokulart butiine yakin olarak
parcaladigi bilinen bir yontemden sonra gelisen
elektriksel iletkenlik degerinin 6n islemden elde
edilene orant seklinde belirlenmektir. Bu yontem
genelde hiicre ici elektriksel iletkenligin hiicreler
arasindakinden c¢ok daha yiksek olmast ve
dolaysiyla ~ doku  parcalandiginda  doku
iletkenliginde 6nemli bir artis gosterecegi ilkesine
dayanmaktadir. Tlaveten bu yontemin gegerli
olabilmesi Olcim frekansin hucre zarlarinda
onemli bir gecirgenlik olusturmayan o-frekans
domeyninde veya tercthen 1-5 kHz olmast
gerekmektedir. Ornegin, Vorobiev ve Lebovka
tarafindan  kullanilan endeks degeri denklem

I’deki gibi tanimlanmistur  (Fincan, 2015;
Vorobiev ve Lebovka, 2020).
Z=0—0;/04— 0; (Denklem 1)

Burada o, dusik frekansta (1-5 kHz) 6lgllen
elektriksel iletkenlik degeridir ve i ve d alt
simgeleri sirastyla saglam ve tamamen parcalanmis
(dondurup-¢oziindiirme, mekaniki 6glitme veya
11l islem) dokunun iletkenliklerini belirtir. Bu
tanim, saglam doku icin Z= 0 ve tamamen
parcalanmis doku icin Z=1 degerlerini verir.

Parcalanma  endeksini  elektriksel  iletkenlik
tahmininde kullanilan diger bir yéntem, htcre
zarlarinin distk ve yitksek 6lctim frekansina karst

gosterdikleri davranis farkina dayanmaktadir.
Buna gore saglam dokunun iletkenligi dusik o
frekans domeyninde (1-5 kHz) 6lgildigiinde,
hiicre zarlan dielektrik 6zelliklerini korumakta

oldugundan Ol¢im intereselliiller  bolgedeki
iyonlarin bir 6l¢iisti olmaktadir. Diger bir deyisle,
hticre zarlar yalitkan Ozelliklerini

koruduklarindan, intraselliler bolgedeki iyonlar
Ol¢imde buylik oranda algilanamaktadir. Fakat
Olctim, yerince yiksek 3 frekans domeyninde (3-
50 MHz) yapildiginda, hiicre zarlart dielektrik
Ozelliklerini  yitirdiklerinden ~(Maxwell-Wagner
etkisi), Olcim interselliler ve intraselller
iyonlarin bir 6l¢iisti olmaktadir. Diger bir ifade ile
saglam  dokunun iletkenligi bu domeynde
yapildiginda, hiicre zarlart (herhangi bir yolla)
biitine yakin parcalanmis dokunun iletkenligine
yaklasmaktadir. Buna iliskin doku patrcalanma
endeksi, Knorr ve Angersbach (1998), tarafindan
denklem 2°deki tanimlanip kullanilmustir.

i
On\ t_ i
<J_t>al_al
Z, = ~——

P ol o] (Denklem 2)
of Ve o} sirasiyla o frekans domeyninde (1-5
kHz) islem gérmis ve islem gérmemis (saglam)
dokunun of ve 0',1'1 ise sirastyla B frekans
domeyninde (3-50 MHz) islem gbrmis ve islem
gérmemis dokunun elektriksel iletkenligidir Buna
gore saglam doku i¢in Zp=0, tam pargalanmig
doku icin Z; =1 olmaktadir.

PEF IN SEKER EKSTRAKSIYONUNDA
POTANSIYELI

PEF uygulamasinin seker ekstraksiyonundaki
etkileri pek ¢ok bilim insani tarafindan uzun
yillardir arastirilmaktadir. Anatolii Zagorul'ko
uzun yillar yaptigi calismlarla (1949-1957) PEF
tekniginin seker pancart hiicrelerini parcalamada
kullanilabilecegini gbstermis ve doktora tezinde
yaptigt calismast ile ilk kez soguk ve secici
elektroplazmoliz kavramini gelistirmistir. 1980'ler
ve 1990'arin ortalarinda AC ve DC elektrik
alanlarinin (E= 30-100 V/cm) seker pancart
dilimlerinin elektroplazmolizi tzerindeki etkileri
arastirilmis ve elektrik destekli islemler ile yitksek
saflikta serbet elde edilebilecegi gosterilmis ve
ayrica seker pancart dokusunun parcalanma
derecesinin  elektrik alan  kuvveti ve islem
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stresinden etkilendigi bildirilmistir  (Sitzmann,
Vorobiev ve Lebovka, 2017). PEF ile sekerce
zengin bitkisel dokularin bozundurulmas: ve
sekerin ekstrakte edilebilirligi hakkinda calismalar
2000’li yillardan itibaren artarak devam etmistir.
Yapilan calismalara bir biitiin olarak bakildiginda,
PEF in etkisi farklt sekilde ve alanda incelenmistir.
Bir grup calisma alaninda, PEF in elektriksel ve
ortam parametreleri degistirildiginde,
dokunun pargalanma derecesi ve ekstraksiyon
verimi izerine etkilerinin ¢alisildigt gorillmektedir.
Ekstraksiyon verimi incelenirken, tam doku
bozunumu veya hiicre zarinin deformasyon
derecesi (gézenek buytkligi gibi) ekstraksiyon
oncesi  belirlenmesi  gerekmektedir, bununla
beraber, bu belirlenmeden  yapilan
calismalara da rastlanmaktadir (Eshtiaghi ve
Knorr, 2002; Lebovka vd., 2007). Ekstraksiyon
verimi disinda veya yaninda, PEF ve ortam
degiskenlerinin stvi-katt ekstraksiyonda
safsizhiklar Gzerine etkileri daha az oranda
calisildigr goriilmektedir. Her iki alanda, PEF
degiskenlerinin etkisi elektriksel iletkenlik ve
sicaklik  gibi ortam parametreleri ile de
etkilesmektedir. Buna gére ¢alismalar, dokunun
bulundugu ortam ve o&zelliklerine de goére de
farkliliklar gostermektedir. Bir grup calismada,
tim pancar dokusu ¢esme suyu veya distile su
igeresinde iken PEF uygulanip, akabinde kiyilip,
pul haline getirilmis dokudan ekstraksiyon ve
safsizliklar incelenmistir (Schultheiss vd., 2002).
Diger uygulama seklinde ise, pancar dokulati pul
haline getirildikten sonra, su igerisinde uygulama

bunun

unsur

yapilmstir. Bu sonrakinde, ylizeyde kesilerek
bozulan htcrelerden su icerisine iyon salinimi
sonucu ortam elektriksel iletkenligi artmakta buna
gore de PEF in etkileri degisiklik gostermektedir.
Bunun en 6nemli etkisi PEF uygulamast
esnasinda  ortaya ctkan  sicaklik  artisinda
olmaktadir, cunki elektrik alan etkisi altinda
suriiklenen iyon miktar1 artttk¢a sirtinmede
artmaktadir  (Bazhal vd., 2003). Bu tip
calismalarda, PEF in yaninda ortaya cikan sicaklik
artist da bozunum duzeyi, ekstraksiyon verimi ve
safsizliklar Gizerine etkide bulunmaktadir. PEF ile
isisal  olamayan  bir swvi-kati  ekstraksiyon
amagclanip, sagladigi enerji tasarrufu hakkinda bir
genelleme yapilirsa, ortam ve PEF degiskenlerine
bagli olarak, 10-20 kJ/kg civarinda enetji sarf
edilmektedir. Bu 1sil islemdekine (175 kJ /kg) kiyas
edildiginde %80-90 araliginda tasarrufa tekabiil
etmektedir (Schultheiss vd., 2002). Bundan bagka,
PEF 6n islemi ile seker ekstraksiyonunu konu
edinen calismalara  bakildiginda, Onislemin
uygulama asamasinda da farkhiliklar
gorilmektedir. Presleme ile ekstraksiyonda,
genellikle doku boyutlart  kigtltilip, su
eklendikten sonra presleme gerceklestirilmektedir
(Eshtiaghi  ve  Knorr,  2002).  Sivi-kati
ekstraksiyonda ise PEF 6n islemi ya bitin
(dilimlenmemis)  pancara uygulanip, sonra
dilimlenmekte veya dilimlenmis dokular su
icerisine alintp 6n islem uygulandiktan sonra
ekstraksiyona gonderilmektedir (Schultheiss vd.,
2002; Rezaee vd., 2019; Nakthong ve Eshtiaghi,
2020).

PEF
Sivi-kati
Pancar Hasadi | _, On islemler e Dilimleme — ekstraksivon
(Kiyim) l
istali istali E Rafinasyon
Kristalize Seker Kristalizasyon vaporasyon p— y

Sekil 1. Geleneksel yontemle seker tiretiminde proses akis diyagrami ve ¢alismalarda PEF in
uygulandigt farkli yerler



Seker ekstraksiyonunda vurgulu elektrik alan

Cizelge 1. Farkli calismalarda seker ekstraksiyonunda PEF uygulamasinin yapildigi calismalarin 6zeti

Uygulama

PEF
islem kosullart

Etkileri

Referanslar

Seker pancart dilimlerine (2
cm X 1.2 cm)) veya rendelerine
PEF uygulama ve presleme

Butin seker  pancarina
(dilimlenmemis) PEF
uygulama sonrast presleme (32
bar, 15 dakika) veya soguk
stvi-katt ekstraksiyon

Seker pancart dilimlerine (1.2
mm X 2.2 mm, 3-4 cm) PEF
uygulama ve soguk katr sivi
ekstraksiyon)

Seker pancart dilimlerine (30
mm X 8.5 mm) PEF uygulama
soguk kati-stvi  ekstraksiyon
optimizasyonu

Seker pancart dilimlerine (6

mm X 1.5 mm) farkh
kogullarda PEF uygulama ve
farkl sicakliklarinda
ekstraksiyon

Seker pancart dilimlerine ( 1.5
mm X 10 mm X 10 mm) PEF
uygulama ve 20-70 °C sicakhk
araliginda ekstraksiyon

Seker pancart dilimlerine (1
cm X 2.5 cm) PEF uygulama

2.4 kV/cm elektrik alan
kuvveti, vurgu sayst 20,
frekans 1 Hz

12 kV/cm elektrik alan
siddeti, 1 us mono polar
vurgu, 10 Hz frekans

160-780 V/cm elektrik
alan  siddeti, 100 s
vurgu genisligi, 10 ms
vurgu araligl, vurgu sayisi
1000

940 V/cm elektrik alan
siddeti, vurgu sayst 250,
spesifik enerji girisi 6-7
KJ/kg

300-800 V/cm elektrik
alan siddeti, kare mono

polar vurgular, vurgu
sayist 50-1000 araliginda,
vurgu stresi 100 ps,

frekans 1000 Hz

100- 400 V/cm elekerik
alan siddeti araliginda,
toplam islem siresi 0.1
S.,
vurgu sayist 4, vurgu
siresi 9.9 ms, wvurgu
araligt 10 ms, bipolar

kare vurgu

Kare

eksponansiyel vurgular,
1-7 kV/cm elektrik alan
siddeti, 540 vurgu sayist
spesifik  enerji  girisi
0.006-0.19 kJ/kg, 1-10
Hz frekans araligi, vurgu
genisligi 2-5 ps, sicaklik
20°-70 °C

2 veya 5 MPa’da, sekerin bitiine
yakin ekstraksiyonu, posada 1sil
isleme (~%15) gére daha yiiksek
kuru madde (~%30) kalintist
PEF ve 1sil iglem ile hiicre
bozundurmada enerji sarfiyati 2-
10 kJ/kg ve 174 kJ/kg (~%94
enerji  tasarruf),  Preslemede
benzer verim, (~%3)

PEF isleminin ardindan ¢oéziinen
madde  miktarinin  elektriksel
iletkenlikle orantili artigt

Optimal PEF parametreleri 940
V/cm elektrik alan siddeti, 250
vurgu spesifik enerji girisi 6-7

k] /kg

PEF islemi ile 1sil islemden daha
az renkli ve daha yitksek saflikta
serbet eldesi (PEF %94, termal
islem %89)

PEF 6n islemiyle oda sicakliginda
70 dakika elde edilen verimin 50
°Cde 40 dakika da elde
edilmesiyle ekstraksiyon siiresinde
~ %45 dusus

40 °C ckstraksiyonda PEF ile
serbet brix degerinde ~ 2 kat artus,
80 °C’de ise benzer brix degeri, 20
°C PEF li 6rnek ile 70 °C islem
gbrmemis 6rnek arasinda serbet
safliginda yaklagtk ~ 5 birimlik
fark (%96- %91)

Stikroz verimi, frekanstan, vurgu
genisliginden ve vurgu seklinden
bagimsiz, elektrik alan
kuvvetinden ve  ckstraksiyon
ortaminin  sicakligina  bagimly,
PEF uygulamastyla (7 kV/cm-20
vurgy)  20° ve 40 °Cde
ekstraksiyonlarda sirastyla 7 ve 1.6
kat verim artist

(Eshtiaghi ve
Knorr,
2002)

(Schultheiss
vd., 2002)

(Jemai ve
Vorobiev,
2003)

(El Belghiti
ve Vorobieyv,
2004)

(El-Belghiti
vd., 2005)

(Lebovka
vd., 2007)

(Lopez vd.,
2009)
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Cizelge 1. devam

Uygulama PEF Etkileri Referanslar
islem kosullart
Seker pancart dilimlerine PEF  100-600 V/cm elektrik 30 °C’de ekstraksiyonda PEF li  (Loginova
uygulama sonrast degisen alan siddeti, toplam G&rneklerden yaklastk 2 kat daha vd., 2011)
(30°-70  °C)  sicakliklarda uygulama stresi 50 ms. fazla  sikroz  eldesi, PEF
ekstraksiyon ve 6 bar da Vurgu sayist 500, vurgu uygulamasinin  ~ 10 kat daha
presleme stresi 100 ps, vurgular dusik enerji tiketimi, 1sil isleme
arast stire 5 ms, Sicaklik  gbre ~ 2 kat daha kuru posa eldesi
30°-70 °C
Seker pancart dilimlerine (4-9 600 V/cm elektrik alan  Klasik ekstraksiyon ile benzer brix ~ (Loginova
cm X 3 mm) PEF uygulamast  siddeti, vurgu sayist 500, degeri, PEF ile yaklastk 14 kat wvd., 2011)
ve 30° ve 50 °C’de katt stvi  vurgu sturesi 100 us, dusik pektin igerigine sahip serbet
ekstraksiyon frekans 200 Hz eldesi, sicakligin 70 °C ¢ikmastyla
bulaniklikta ~ %10 ve serbet
renklenmesinde ~ %27 artis
Seker pancari dilimlerine PEF 600 V/cm elektrik alan 70 °C sicak ekstraksiyonda (15 (Loginova
uygulama ve ekstraksiyon, sidded, toplam islem kg/m’ PEF 1li orneklere (8 wvd., 2012)
farkl konsantrasyonlarda  stresi 50 ms kg/m? kiyasla ham serbetin
kirec kullanarak saflastirma saflastirilmast icin  ~ 2 kat fazla
CaO ihtiyact
Seker pancart dilimlerine (1  0.5-6 kV/cm elektrik PEF ve 1sil islem (80 °C 10 dk) ile  (Maskooki ve
cm X 3 cm) PEF uygulama ve  alan siddeti 0.5, 0.8, 32 hiicte = bozundurmada  enertji Eshtiaghi,
soguk kati-stvi ektraksiyon pF; vurgu sayist 1-100; sarfiyatt 8 kJ /kg ve 156 kJ/ kg (~  2012)
frekans 1Hz. 20 kat tasarruf)
1 kg seker pancatt dilimlerine 600 V/cm elektrik alan  Sivi-katt  ekstraksiyon sonunda  (Mhemdi vd.,
PEF uygulama sonrast 5 bar siddeti, toplam islem PEF li 6rneklerin serbetinde 1sil  2010)
da presleme ve 30°-70 °C’de  siiresi 5 ms, vurgu siitesi  isleminkinden daha fazla seker
stvi-kati ekstraksiyon 100 ps, vurgu genisligi 10 orant  (~%1,1) posada kalan
ms, Spesifik enerji girisi sakkaroz miktarinda ~ %33 disiis
2.76 £0.16 W h/kg (%1.2 -%0.8)
Seker pancari dilimlerine (1 0.5, 0.75 ve 1.5 kV/cm  Membran hasatinin artan elektrik — (Rezaee vd.,
cm X 3.5 cm) farkl kosullarda  elektrik alan siddeti, Gistel ~alan siddeti ve darbe sayisina 2019)
PEF uygulamast azalan mono  polar bagimliligi ve PEF sonrast dokuda
vurgular (10-20-30), yumusama
vurgu stiresi 10 ps
Seker pancari dilimlerine (5-6 0.9 kV/cm elektrik alan 50 °C’de ekstraksiyon sonrast  (Nakthong
mm X 50-80 cm) PEF siddeti, 10 Hz, vurgu PEF li 6rneklere kiyasla pres suyu  ve Eshtiaghi,
uygulama ve 35-50 °C’de stvi-  stresi 0.5 ms, spesifik  brix degerinde ~ 4 kat diistis, 30 2020)
kat  ektraksiyon  sonrast enetji girisi 10 kJ /kg ve 70 dk stvi-katt ekstraksiyon

presleme ve posa kurutma

sonunda PEF li 6rneklerde 1sil
islemden daha yiksek verim (~ 6
birim artis)




Seker ekstraksiyonunda vurgulu elektrik alan

Eshtiaghi ve Knorr (2002) seker pancarlarinin
PEF ile bozunumunu elektriksel iletkenlik bazlt
bir parcalanma edeksi (Z,) ile degerlendirip,
sonrasinda PEF in preslemedeki etkilerini farkli
ornek iriliklerinde , kuru madde, sakkoroz ve
ckstraksiyon verimi agisindan incelemistir. 2.4
kV/cm ve 3.5 puF 20 vurgu sayisinda Z,=0.5 iken
100 vurguda 0.65 ytkseldigi ancak, 200 vurgudan
sonra 6nemli bir artis olmadigini bildirilmistir. 2.4
kV/em da 20 vurguluk uygulama ve 2 veya 5 MPa
presleme sonrasi, sekerin %100 yakin oranda
ekstrakte oldugunu, ve posanmn 1sil islem arti
preslemeden yaklasik %50 oraninda daha fazla
kuru madde igerdigini rapor etmis ve PEF 6n
isleminin 1s1l isleme gbre enerji tasarruflu bir
uygulama oldugunu belirtmistir.

Schultheiss vd. (2002) endustriyel 6lgekli PEF
uygulamast tasarlayarak, tim (dilimlenmemis)
seker pancarina 12 kV/em  elektrik  alan
kuvvetinde 1us lik monopolar vurgulart 10 Hz
frekans da uygulamis, sonrasinda dokular kiiciik
parcalar halinde kesip presde ( 32 bar, 15 dakika)
pancar suyu/serbet verimini veya soguk stvi-katt
ekstraksiyonunda (serbette ve kiispede ) sakkaroz
oranini incelemistir PEF 6n islemi ve 1si 6n
islemleri (72 °C) benzer oranda (preste) pancar
suyu verimi verirken PEF (2-10 kJ /kg) isleminin
enetji sarfiyatt (174 kJ /kg), 1s1l isleme gore 6nemli
derecede  diusik  bulunmustur. Stvi-kati
ckstraksiyonda serbette sakkoroz verimi PEF

islemli  Orneklerde 1sil  islemli  6rneklerden
ortalamada ~%3 daha fazla oldugu rapor
edilmistir.

Vorobiev (2003) Pancar dilimlerini 50 dakika su
iceresinde tuttuktan sonra, PEF uyguladiginda,
¢oziinen madde miktarinin  ve elektriksel
iletkenlikle  beraber anltk olarak  arttigint
gOstermis, elektriksel iletkenligin ekstraksiyon
derecesini gostermede kullanilabilecegine isaret
etmistir.

El Belghiti ve Vorobiev (2004) silindirik seker
pancart  dilimlerine  farklt  elektrik  alan
siddetlerinde ve vurgu sayilarinda PEF islemi
uygulamis ve stvi-kati ekstraksiyon optimizasyonu
yapilmigtit. 940 V/cm elektrik alan siddetinde
vurgu sayisinin 250 lzerine ¢tkmasinin verimde

herhangi bir artisa neden olmadigi, karistirma
isleminin ekstraksiyon icin 6nemli bir parametre
oldugu sonucuna varilmistir. PEF ile seker
pancarindan seker ekstraksiyonu icin hedeflenen
minimum enerji tiketimiyle maksimum verim igin
sartlarin; 940 V/cm elektrik alan siddeti, 250
vurgu, 250 rpm karistirma hizi ve spesifik enerji
girisinin kg seker pancart basina 6-7 k] oldugu
rapor edilmistir.

El-Belghiti vd. (2005) farkli PEF kosullari ve
ekstraksiyon sicakliklart altinda seker pancart
dokusundan seker ekstraksiyonunun kinetigini
incelemis ve PEF isleminden sonra ham serbet
safligi termal islemle karsilastirlmistir. 670 V/cm
elektrik alan kuvveti ve 250 vurgu sayisinda
ekstraksiyon veriminin maksimum oldugunu
rapor, oda sicakliginda 70 dakika elde edilen
verimin 50 °C’de 40 dakika da elde edildigi
gorilmis ve orta dereceli sicakliklarla PEF
isleminin kombine edilmesinin yararli olacagi
sonucuna vartdmustir. Ayrica PEF isleminin 1sil
islemden daha az renkli ve daha yiksek saflikta
serbet verdigini rapor etmistir (PEF %94, termal
islem %89).

Lebovka vd. (2007) farkli PEF kosullarinin ve
ekstraksiyon sicakliklarinin etkisinin
kargilastirildigt calismada 100 V/cm elektrik alan
kuvvet; seker pancarit hicrelerinin verimli bir
sckilde parcalanmasi saglanmis ve 40 °C
ekstraksiyonda islem g6rmemis Orneklerden
yaklastk 2 kat daha fazla brix degerine sahip serbet
elde edildigi ve 80 °Cde ekstraksiyonda
orneklerin  brix degerleri arasinda bir fark
gbzlemlenemedigi rapor edilmistir. Ayrica 20
°C’de PEF uygulamast ile 70 °Cde islem
gormemis 6rneklerin serbet safliginda yaklasik 5
birimlik fark (~%96 - ~%91) oldugu bildirilmistir.

Lopez vd. (2009) farkli PEF kosullart ve
ekstraksiyon sicakliklart altinda seker pancart
dokusundan seker ekstraksiyonunun kinetigini

incelemis ve PEF parametrelerinin = stkroz
ekstraksiyon kinetigine etkileri arastirlmistir.

Calisma sonuclarina gore; sivi-katt ekstraksiyonun
verimi, frekanstan, vurgu genisliginden ve vurgu
seklinden bagimsiz iken uygulanan elektrik alan
kuvvetine ve ekstraksiyon ortamimnin sicakligina
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bagimli oldugu bildirilmistir. 7 kV/cm'de (3.9
kJ/kg) 20 atimin uygulanmasi, PEF islemi
uygulanmamis Srneklere kiyasla sirastyla 20° ve 40
°C'de yaklagik 7 ve 1.6 kat verimi artturdift rapor
edilmistir.

Loginova vd. (2011) endustriyel 6lcekli tesis
tasarlayarak PEF uygulamasinin ve sicakligin
secker ekstraksiyonu, serbet ve posa kalitesi
tzerindeki etkileri arastirdmistir. Calismada, 30-70
°C araligindaki sicakliklarda ekstraksiyon ve
posaya 6 bar’da 30 dakika presleme yapilmistir.
Sonugta, 30 °C’deki ekstraksiyonda PEF
uygulamastyla elde edilen stkroz igeriginin
yaklasik 2 kat daha fazla oldugu (%13 - %6), PEF
li 6rneklerden presleme sonrasi yaklagik 2 kat daha
kuru posa eldesi ve ektraksiyon stresinin 70
°Cden 30 °Cye dusurilmesiyle yaklasik 46.7
kW.h/t enerji tasarrufu saglanabilecegi fakat PEF
isleminin (5.4 kW.h/t ) yaklasik 10 kat dustk
enetjiye ihtiya¢ duydugu rapor edilmistir.

Loginova vd. (2011) PEF destekli “soguk” (30
°C), hafif termal (50 °C)  swvi-katt
ekstraksiyonundan  elde edilen  serbetlerin;
cozunir kat1 konsantrasyonu, saflik, renklenme ve
filtre edilebilirlik gibi parametreleri termal sivi-katt
ekstraksiyon (70 °C) ile karsilastirilmistir 500 g
scker pancatt dilimlerine, 600 V/cm elektrik alan
siddeti, vurgu sayist 500, vurgu stresi 100 ps,
frekans 200 Hz, PEF islemi uygulanmis, 30 °C ve
50 °Cde ckstraksiyon gerceklestitilmistir.
Sonuglar  klasik  sivi-katt  ekstraksiyon ile
karsilastirldiginda;  %brix  degerinde  benzer
sonuglar, PEF uygulamasiyla elde edilen
serbetlerin daha saf ve pektin iceriginin yaklagik
14 kat daha distk oldugu bildirilmistir. Ayrica
cktraksiyon sicakliginin 30 °C’den 70 °Clye
yikselmesiyle serbet bulanikhiginin yaklasik %10
ve serbet renklenmesinin yaklagik %27 arttu@
rapor edilmistir.

Loginova vd. (2012) 6nceki ¢alisma sartlarina gore
(Loginova vd., 2011) PEF islemi uygulanmis ve 30
°C’de sivi-kat1 ektraksiyon islemi gerceklestirilmis
sonrasinda kire¢-karbondioksit islemi uygulanmis
ve sonuglart 70 °C sivi-kati ekstraksiyon ile
kargilagtirilmigtir. 30 °C'de ekstrakte edilen ham
serbetin  saflastirlmasinin, ilk karbonatlamada

daha hizli stzildigi ve elde edilen son serbetin
daha az renkli oldugu gbrillmis ayrica verimli ham
serbet saflagtirmast icin gerekli olan CaO
miktarinin 70 °C geleneksel ekstraksiyon da (15
kg/m3) 30 °C’de PEF destekli ekstraksiyona (8
kg/m3) kiyasla yaklastk 2 kat fazla oldugu
bildirilmistir.

Maskooki ve Eshtiaghi (2012) seker pancari seker
ekstrakraksiyonunda optimum PEF kosullarint
belirlemek icin yaptiklari calisgmada; seker pancart
dilimlerine 0,5-6 kV/cm elektrik alan kuvvetinde,
vurgu sayist 1-100 arahiginda olacak sekilde PEF
islemi uygulanmistir. Seker pancarindaki doku
hasarinin en ¢ok toplam enerji girdisi ve elektrik
alan kuvvetinden etkilendigi ve maksimum
bozunum i¢in 60 vurgu sayisindan sonrasinin
belirgin bir etki gostermedigi rapor edilmistir.
PEF 6n islemi uygulanmis seker pancarindan (1
veya 2 kV/cm) oda sicakliginda katilarin transferd,
75 °Cde islem g6rmemis orneklerden daha
yiksek oldugu ve 10 dakika boyunca 80 °Clye
kadar yiiksek sicaklikta 1sil islem seker pancart
hiicrelerini  tamamen parcalamasina ragmen,
enetji titketiminin PEF isleminden yaklagik 20 kat
daha fazla oldugu bildirilmistir.

Mhemdi vd. tarafindan 2016 yiinda yapilan
calismada, PEF destekli yeni bir proses
tasarlanmis ve diflizyon parametreleri, ham
serbetin kalitatif 6zellikleri ve posa tizerindeki
etkileri termal sivi-katt ekstraksiyon isleminin
sonuclartyla karstlastirilmistir. Rendelenmis seker
pancatlart; ortam sicakliginda mono polar, 600
V/cm elektrik alan siddeti, uygulama siiresi 5ms,
vurgu suresi 100us, vurgu genisligi 10ms olacak
sekilde PEF ile 6n isleme tabi tutulmus, sontra
preslenmis (4 dakika), kalan sakarozu ekstrakte
etmek icin preslenmis dilimler siirekli bir pilot
diftizére (10 kg/sa) iletilmistir. Yeni proses ile elde
edilen ham serbetin daha berrak (%092.8 - %91.8),
daha konsantre (16.2 °Bx -14.6 °Bx ) ve posada
kalan sakaroz miktarinin daha disik ( %1.2-
%0.8) ve sistemin geleneksel yénteme kiyasla daha
az enerji tiikettigi rapor edilmistir.

Rezaee vd. (2019) PEF uygulamasinin seker
pancart  dokusunun viskoelastik  6zelliklerine
etkisini inceledikleri calismada; seker pancart
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dilimlerine 0.5, 0.75 ve 1.5 kV/cm elektrik alan
siddeti, distel azalan mono polar vurgular (10-20-
30), vurgu siiresi 10 ps PEF islemi uygulanmis ve
dokuda PEF kaynakls etkilerin artan alan glict ve
darbe sayisindan etkilendigi, hiicre parcalanma
indeksinin (Zp) artmasiyla elastik modilde ve
gevseme sirelerinde azalma oldugu ve bu
sonuclarinda seker pancart dokusunda sadece
hticre mebraninin degil hiicre duvarinin da PEF
uygulamasindan etkilendigi bildirilmistir.
Nakthong ve Eshtiaghi (2020) stirekli pilot 6lcekli
seker ckstraksiyonu tzerine PEF etkisinin
arastirldig calismada; seker pancari dilimlerine,
0.9 kV/cm elektrik alan siddeti, 10 Hz frekansta,
vurgu stresi 0.5 ms, spesifik enertji girisi 10 kJ /kg
sartlarinda PEF islemi uygulanmis ve sonrasinda
35 © ve 50 °C’deki sonuglar 70 °C’de sivi-kati
ekstraksiyon ile karsilastirilmistir. PEF ile 6n
isleme tabi tutulmus 6rneklerin seker ekstraksiyon
verimi islem gérmemis Orneklerden yaklastk 6
birim daha fazla oldugu ve dusiik enerji sarfiyatt
(vaklasik 10 kJ /kg) rapor edilmisti.

SONUCLAR

Yapilan calismalarin sonuclari, PEF
uygulamasinin seker endistrisinde kullaniminin
onemli avantajlar saglayabilecegini

gostermektedir. Bu avantalar arasinda, Gzellikle
PEF in doku bozundurmada, 1sd isleme gore
%80-90 oraninda enerji tasarrufu saglamasi ve
safsizliklart azaltarak daha az kimyasal kullanimina
elvermesi 6ne ¢tkmaktadir. Bu acidan, geleneksel
seker Uretim proses zincirinde, PEF in etkide
bulunabilecegi  prosesler  ekstraksiyon — ve
rafinasyon prosesleri olmaktadir. Bununla birlikte,
su ana degin yapilan ¢alismalarin ¢ogu laboratuvar
Slgeklidir ve yontemin endustride kullanilabilmesi
i¢in, daha fazla pilot ve endiistriyel 6l¢ekli, yatirim
maliyet analizini de igeren c¢alismalara ihtiyag¢
bulunmaktadur.

CIKAR CATISMASI BEYANI

Yazatlar arasinda cikar catigsmast
bulunmamaktadir.

YAZAR KATKILARI

Makalenin  derlenmesinde, yazilmasinda ve

yayinlanmasinda tim yazatlar katki saglamislardir.
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oz

2-fazl pirinanin 6n kurutma islemi; seri tiretime uygun, kisa kurutma stiresine sahip, yliksek miktarda pirina
kurutabilmeye imkan saglayan valsli kurutucuda gerceklestirilmistir. Valsli kurutucu islem degiskenlerinden
farkli buhar basinei (1, 2, 3 ve 4 bat) degetlerine karsilik, farkli vals donme hizlarinda (1, 3 ve 6 devir/dakika)
2-fazli pirinanin kurutulmast denemeleri gergeklestirilmistir. Valsli kurutucuda buhar basmncinin artmast
ve/veya vals donme hizinin azaltilmast ile yart kurutulmus 2-fazh pirinanin % titrasyon asitligi, peroksit,
serbest yag asitligi ve K232, K270 degetlerinde artis goriliirken, Griiniin nem igerigi, su aktivitesi ve pH
degetleti ise azalmistir. Valsli kurutucuda yiiksek buhar basincinda ve donme hizinda (4 bar 6 dev/dak)
gerceklestirilen kurutma denemesinin diger denemelere kiyasla daha ylksek enetji verimliligi ve etkin bir
kuruma performansina sahip oldugu belirlenmistir. Kurutucu sistemlerde etkin kurutma performansinin ve
yiksek enetji verimliliginin saglanabilmesi i¢in; maksimum 6zgll nem alma hizi (SMER), maksimum nem
alma hiz1 (MER) ve minimum &zgtl enetji titketimi (SEC) degerlerine sahip olmasi beklenmektedir.
Anahtar kelimeler: 2-faz pirina, valsli kurutucu, enetji verimliligi, attk degerlendirme, kalite

THE NECESSITY OF PRE-DRYING 2-PHASE OLIVE POMACE AND THE
USAGE OF DRUM DRYER

ABSTRACT

Pre-drying of 2-phase olive pomace was carried out by parametric drying using a drum dryer
supplying continuous mass production with a short drying time and obtaining the high amount of
drying sample. Drying experiments of 2-phase pomace were performed at different valse rotational
speeds (1, 3, and 6 rev/min) and different vapor pressutre values (1, 2, 3, and 4 bar) as drum dryer
process variables. Increasing the vapor pressure and decreasing the valse rotational speed increased
the titratable acidity, peroxide value, free fatty acid and K232, K270 values of pre-dried 2-phase olive
pomace whereas decreased the moisture content, water activity and pH value. The effective
conditions of the drum dryer were determined at high vapor pressure and high valse rotational speed
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(4 bar and 6 rpm). Maximum specific moisture extraction rate (SMER), moisture extraction rate
(MER) and minimum specific energy consumption (SEC) values were expected to determine the high

performance and energy efficient dryer system.

Keywords: 2-phase olive pomace, Drum dryer, energy efficiency, waste valorization, quality

GIRIS

Akdeniz uygarliklarinin vazgecilmez parcast olan
zeytin; Anadolu’nun en eski kiltir bitkilerinden
biridir  (Vural vd., 2021). Akdeniz tarz
beslenmeye olan ilginin giin gectikce artmasiyla
insanlarin zeytinyagina olan taleplerinde de artis
gorilmektedir. Bu artis sonucunda zeytinin yagini,
cekirdegini ve etini iceren degerli bir atik olan
pirina miktarinin artacagr 6ngorilmektedir (Kilsg,
2020; Arslan vd., 2021). Zeytinyagi stirekli iretim
sistemleri, agiga ctkan atik ¢esidine gére; 3-faz ve
2-faz ekstraksiyon sistemleri olarak isimlendirilir.
3-faz ekstraksiyon sistemlerinde ti¢ fazli santrifdj
sistemleri sayesinde zeytin hamurundan yag, su ve
pirina ayri ayrt elde edilir (Ranalli ve Martinelli,
1995). Proses suyu kullanilmayan 2 faz
ekstraksiyon sistemlerinde ise zeytinin tim meyve
suyu pirina iginde yer almaktadir. Ug fazh
sistemlerde kullamilan suyun cevre kirliligine yol
acmasl sebebiyle; proses suyunun kullanilmadan
veya zeytinin nem icerigine bagl olarak cok az
kullanilmasi ile yag fazinin ayrilmasini saglayan 2
faz ekstraksiyon sistemi gelistirilmistir. Ekolojik
sistemler olarak da adlandirilan bu sistemin giin
gectikce  kullanimi  yayginlasmakta ve Onem
kazanmaktadir (Ranalli ve Martinelli, 1995).
Zeytinyag uretim sistemlerindeki ekstraksiyon
tekniginin farkliligy, olusan atik suyun miktar1 ve
kirlilik o6zelliklerinde ve pirinanin
kompozisyonunda farkliliklara sebep olmaktadir.

Pirina genellikle hayvan yemi katki maddesi
olarak, bahge bitkilerinin  yetistitilmesinde
(Dermeche  vd,  2013) ve  topragin
gliclendirilmesinde giibre olarak (Paredes vd.,
2001) ve kikirt icermeyen alternatif yakit olarak
kullantlmaktadir  (Celen vd., 2015). Ayrica,
pirinadan fermantasyon yoluyla lipaz enzimi,
hidroliz ile aktif karbon (Lama-Mufioz vd., 2019;
Borjan vd., 2020) ve biodizel (Hernandez vd.,
2014) de elde edilmektedit (Temur ve Temiz,
2018; Kaya ve Demir 2020, Salik ve Cakmaket
2021). Pirinanin direkt olarak dogaya salinimi
yerine katma degeri yiiksek bir yan iriin olarak
degerlendirilmesi icin pirinanin  kurutulmast

gerekmektedir. Pirinanin  islenebilitligini  ve
dayanukliigint  artirmak  kurutma  islemiyle

mumkin kilinabilmektedir. Yiksek tonlarda trtin
kurutmaya ve seri Giretime uygun olmasi nedeniyle
pirina  kurutma  islemi  genellikle doner
kurutucularda 400 ile 800°C  araliginda
gerceklestirilir. Bu tip kurutma sistemlerinde sicak
kurutma gazi farkli yontemler ile elde edilmekte;
son yagl da cekilmis olan pitinanin ve/veya
triinden ayrilan cekirdeklerin yakilmasi ile elde
edilen sicak gaz ve kojenerasyon sistemlerindeki
tirbin veya gaz motorlarindan elde edilen atik gaz
kullanilmaktadir (Moral ve Méndez, 2000). 2-fazli
pirinanin nem igeriginin yiiksek olmast kurutma
strasinda nemli bolgelerin kalmasina ve trinin
dustik 1s1l stabilitesinden kaynakli olarak kurutucu
duvarlarina yapismasina neden olmaktadir. Bu
durum  kurutucuda alevlenme riskini  de
beraberinde getirmektedir (Arjona vd., 2005). Bu
sebeplerden dolayt 2-faz pirina direkt olarak
kurutuculara beslenememektedir. Sanayide kalict
olmayan ¢Oziimlerle 2-faz pirina  kurutma
calismalart stirdirilmektedir. 2-faz pirina ile 3-faz
pirina  kanstirlarak;  karistm  kurutucuya
beslenmektedir. Bu yontemde ilk olarak 3-fazl
pirina % 20-25 nem igerigine kadar kurutulur daha
sonra 2-fazli pirinayla karistirlarak nem icerigi %
50-55 civarina getirilir ve daha sonra kurutucuya
beslenerck kuruma gerceklestirilic (Atjona vd.,
2005). Kurutma sicakliginin ¢ok yitksek olmasi,
kurutma isleminde baca gazlarinin 1sitici ortam
olarak kullanilmasi ve pirinanin tekrar tekrar
kurutma islemine maruz birakilmasindan dolay1
elde edilen kuru pirinanin  katma degeri
azalmaktadir.

Torrecilla vd. (2005) 2-faz pirinayt kurutmak icin
akiskan yatak kurutucu kullanmuglardir. 2-faz

pirinayt  direkt olarak  kurutma islemini
gerceklestitemeyip, ¢oztimi 70/30 ve 90/10
yas/kuru  pirina  oranlarinda  karistirmada

bulmuglardir. Bu kurutma isleminde pirinanin
nem igerigini %65den %8’e kadar diistirmeyi
basarmuslardir. Akigkan yatak kurutucunun hem
kurutucu maliyetinin ylksek hem de 6n islem
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gereksinimi  olmast  dezavantajlart  arasindadir
(Torrecilla vd., 2005). Arjona vd. (2005) déner tip
kurutucuda 2-faz pirinayt kurutma islemini
gerceklestirmistir. 2-faz pirinanin yiksek nemlilik
ve seker iceriginden dolayt islem siiresinin ¢ok
uzadigini ayni zamanda tam etkin bir kurutmanin
gerceklestirilemedigini vurgulamuslardir  (Arjona
vd., 2005). Milczarek vd. (2011); mikrodalga ve
geleneksel  kurutma yontemlerinin - kombine
calismasina olanak saglayan kurutucu sistem
kullanmiglar ~ ve  kurutma  karakteristigini
incelemislerdir.  Calismada  islem  siiresinin
uzunluguna dikkat cekilmistir. Ince tabaka halinde
kurutma gerceklestirildiginde 70°C ve altindaki
sicaklik uygulamalarinda pirinanin blzlsmesinin
ihmal edilebilit oldugu belirtilmistir (Milczarek
vd., 2011). Mevcut kurutucu sistemler ile 3-fazl
ckstraksiyon yontemiyle elde edilen pirinanin
kurutulmasi gerceklestirilmesine karsin; 2-fazl
pirinanin 6n islem (3-fazli pirina ile kargtirmak
veya santrifij ile karasuyu ayirmak  gibi)
gereksinimi duymaksizin %8-10 nem igerigine
kadar  kurutulmast  etkin  bir  sekilde
gerceklestirilememektedir. Bu calismada; 2-faz
pirinanin 6n kurutma islemi gerceklestirilerek 3-
fazli pirinanin  etkin  kurutulmasint - saglayan
kurutuculara beslenmeye uygun hale getirilmesi
amaglanmaktadir. Seri idretime uygun, kisa
kurutma stiresine sahip ve ylksek miktarda pirina
kurutabilmeye imkéin saglayan valsli kurutucuda
kurutma denemeleri gerceklestirilmistir. Valsli
kurutucuda gergeklestirilen 2-faz pirina kurutma
denemelerinde buhar basinct ve vals dénme hizt
bagimsiz degiskenlerinin pirinanin kalitesine ve
enerji verimliliklerinin Gizerine etkisi incelenmistir.

MATERYAL YONTEM

Materyal

2- faz pirina Aydin ili ¢evresinde 2-faz zeytinyagi
Uretimi gerceklestiren yerel bir firmadan temin
edilmistir. 2-faz pirina kurutma islemine kadar -
25°C sicaklikta muhafaza edilmistir. Depolanan
pirinalar kurutma denemesinin 1 giin 6ncesinde
buzdolabinda (4°C) c¢oézundirilerek denemeler
icin uygun sicakliga getirilmistir.

Kurutma Denemeleri
2-faz pirinanin 6n kurutulmast c¢alismalart valsli
kurutucuda (drum dryer-vapor, Carter, USA)

gerceklestirilmistir (Sekil 1). Valsli kurutucu 2 adet
valsten olusmakta ve her bir valsin dis ¢ap1 26 cm
ve genisligi 20 cm’dir. 2 vals arasindaki vals acikligt
6n denemeler sonucunda pirinanin ¢ekirdegine
zarar vermeyecek sekilde 3 mm olarak belirlenmis
ve tim denemelerde sabit tutulmustur. Her
deneme icin 2-faz pirinadan 1 kg alinarak valsli
kurutucuya beslenip kurutma islemi
gerceklestirilmistir. Valsli kurutucuda bagimsiz
degiskenler buhar basinct ve vals dénme hizt
olarak belirlenmistir. Buhar basinct degerlerinin
(1,2, 3 ve 4 bar) her biri i¢in farkli vals donme hizt
degetlerinde (1,3 ve 6 dev/dak) 2-fazli pirina
kurutma islemine tabi tutulmustur. Her kurutma
denemesi 2 tekrar seklinde gerceklestirilmistir.
Kurutma prosesleri esnasinda, buhar basinct ve
tiketimleri (kondenstop ¢ikisinda yogusan su
Olgimi ile), kurutmaya harcanan enerji icin de
baslangic ve son pirina nem icerikleri, kiitle debisi
ve kurutma zamani Slctimleri ile belirlenmistir.
Enerji ve performans gostergesi analizlerinde bu
veriler kullanilmistit.

Analizler

Pirinaya nygnlanan analizler

Nenr igerigi: Yas ve kurutulmus pirina 6rneklerinin
nem igerikleri vakumlu etiiv yontemi ile
belitlenmistir AOAC, (1980). Nem miktarlart %
yas temel olarak ifade edilmistir.

Su aktivitesi (ay): Pirinanin su aktivitesi, 0.001
hassasiyete sahip su aktivitesi Olciim probu
(Testo- AG 400, Germany) kullanilarak
belitlenmistir.

PH: pH degerinin elektrometrik olarak dijital pH
metre (inoLab pH/Cond 720, WTW, Germany)
ile 6lctimi yapilmustir (Cemeroglu, 2007).

% Titrasyon asitligi: Yas ve kuru pirinalarin %
titrasyon asitligi degerleri NaOH ¢6zeltisiyle titre
edilerek beliflenmistit. Sonu¢ % oleik asit
cinsinden belirtilmistir (Cemeroglu, 2007).

Pirinadan Elde Edilen Yaga Uygulanan
Analizler
Pirinadan elde edilen yag analizleri icin 6ncelikle

pirinadan  yagin  ekstrakte islemi  soguk
ekstraksiyon  uygulanarak  gerceklestirilmistir.
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Soguk ekstraksiyon sonucunda elde edilen
cozgen-yag  kargimlari  50°C’de  doéner
buharlastiricida  (Heidolph, Germany) evapore

edilmistir. Elde edilen yaglar analizlere tabii
tutulmustur.

Besleme Tanlka

Siyirica

-

Stvirict

H

Gift Valsli

Sekil 1. Valsli Kurutucu Sematik Gosterimi
Figure 1. Diagram of Drum Dryer

Peroksit: Yag elde edildikten sonra peroksit analizi
icin 0.5 gt yag 3 ml asetik asit/kloroform (3:2 v/v)
ile ¢6ztlmis ve tzerine 50 pl doygun potasyum
iyodiir  ¢Ozeltisi ilave edilip, 1 dakika
karistirildiktan sonra 5 dakika oda sicakliginda ve
karanlkta bekletildikten sonra tzerine 3 ml su
ilave edilmistir. Indikator olarak 0.2 ml nisasta (1
gt/100 ml) eklenip ve mavi renk elde edilerek;
0.01 N standardize sodyum tiyosiilfat ¢ozeltisi ile
mavi renk kaybolana kadar titrasyon islemi
gerceklestirilmistir. Peroksit degerinin
hesaplanabilmesi i¢in kér deneme de yapildiktan
sonra hesaplama yapimistir (AOAC, 1990).

Serbest yag asitligi: Yagin ekstrakte edilmesinin
ardindan serbest yag asitliginin belirlenebilmesi
icin 1.25 ml saf etanole 1-2 damla yag ve 50 ul
fenolftalein  ilave edilerek noétralize  alkol
hazitlanmigtir. Bu karisim 60°C su banyosunda
wsitilip ve 0.01 N KOH ile agik-sabit pembe renk

elde edilinceye kadar titre edilmistir. Titrasyondan
sonra 1.41 gr yag Ornedi nétralize alkol tizerine
ilave edilip ve ayni renk elde edilinceye kadar 0.01
N KOH ile tekrar titre edilmistit. Sonug,
Ornegimiz  zeytinyagt oldugu icin oleik asit
cinsinden ifade edilmistir (Gogis vd., 2009).

UV Lsiginda ozgiil sogurma degerleri (K232, K270):0.5 g
yag 50 mllik balonjojeye 0.0001 duyarlilikta
tartldiktan  sonra  siklohekzanla 50 mlye
tamamlanip calkalanmistir. 1 cm  kalinligindaki
kuvartz kuvetler kullanarak, siklohekzana katsi
232 nm ve 270 nm’de absorbans 6l¢tim yapilmistir
(Gogis vd., 2009).

Kurutma Sistemlerinde Verim Tanimlamalari
Kurutucu sistemlerin etkinliginin belirlenebilmesi
icin 6zgll nem alma hiz1, nem alma hizt ve 6zgtl
enerji titketimi kriterlerinden yararlanilmugtir.

565



566

U. Baysan, M. Kog, A. Glngor, F. Kaymak Ertekin

Ozgiil nem alma hize (SMER): Kurutucularin enetji
verimliligi genellikle 6zglil nem uzaklagtirma
(SMER: Specific Moisture Extraction Rate) hizt
ile beliflenmektedir. 1 kg nemli havadan nemi
cekmek icin harcanan enerji miktar1 “6zgiil nem
¢ekme orant (SMER)” olarak tanimlanir. Bu
buyiklik birim £Wh enerji  kullanimi igin,
kurutulacak triinden uzaklastirilan su kiitlesini
gosterir (kg, /&Wh). Esitlik (1) kullanilarak 6zgul
nem alma hizi hesaplanmistir (Hawlader ve
Jahangeer, 2000).

Uriinden Uzaklastirilan Nem Kiitlesi

kgw
(kWh

Q)

New  alma  hizp (MER): Kurutucudan birim
zamanda uzaklastirilan nemin kutlesi olarak
tanimlanir (MER: Moisture Extraction Rate) ve
Esitlik (2)’ye gbre hesaplanmustir (Gitlek vd,,
2015).

SMER =

Enerji Girisi

MER = Uriinden Uzaklastlrll“an N.em (kg_w)
Kuruma Siiresi h
©)
Ozgiil ~ enerji ~ tiiketimi  (SEC:  Spesific Energy

Consumption): Ozgil enerji tilketimi 6rneklerin
kurutulmasi sirasinda, 6rneklerden birim miktarda
suyu uzaklastirmak icin gerekli enerji miktari
olarak tarif edilerek, kJ/kg olarak ifade edilmistir
ve asagidaki esitlikten (Es.(3)) hesaplanmustir
(Sadi vd., 2015).

SEC = Sisteme Giren Toplam Enerji (k]
" Uriinden Uzaklastirilan Suyun Kiitlesi “kg
€
Istatistiksel Analiz

Bagimsiz islem degiskenleri olarak belirlenen
buhar basinct ve vals dénme hizinin pitinanin
kalite 6zellikleri ve enerji verimliligi tizerine olan
etkisi Design Expert Ver. 7.0.0 (Stat-Ease, 2005)
paket  program  kullanidarak  incelenmistir.
Olusturulan ~ modellerin =~ deneysel  veriler
lzerindeki etkisi varyans analizi (ANOVA) ile
belirlenmistir. Her bir bagimsiz degiskenin tiim
deneysel veriler i¢in lineer, quadratik ve
interaksiyon etkileri incelenmis ve her yanit icin
regresyon katsayilari bulunmustur. Tstatistiksel
analizler SPSS, 2006 (15.0 for Windows) paket
programi kullanilarak gerceklestirilmistir. Model
uygunluklarinin kontrol edilmesi i¢in de R2 ve adj-
R? terimlerinden yararlanilmistir.

BULGULAR VE TARTISMA

Nem Igerigi

Baslangic nem icerigi % 66.4 olan 2-faz pirina
Cizelge 1’de verilen farkli islem kosullarinda valsli
kurutucuda kurutulmustur. Yart kurutulmus 2-faz
pirinalarin fiziksel ve kimyasal analiz sonuglart
Cizelge 1’de ve bu analizlerin ANOVA sonuglar
da Cizelge 2 de verilmistir.

Cizelge 1. Valsli kurutucuda yart kurutulmug 2-faz pirinanin fiziksel ve kimyasal analiz sonuglart
Table 1. Results of the physical and chemical analysis of semi-dried 2-phase pomace by drum dryer

Pirinada Yapilan Analizler Yagda Yapilan Analizler
Nem % Per(iks%t Serb. AYag
No 81 B2 Tgerigi ay pH Titrasyon Degeri Asit . Koz Ka7o
(%)b Asitligi (meqO2 (% Oleik ‘
/kg vag) Asit)
1 1 1 45068%0.72 0.964£0.003 521£0.01 0.38%£0.01 8.40+0.20  0.17£0.01  0.35£0.02 0.19£0.01
2 1 3 5621£0.79 0.981+0.003 5.26+£0.01 0.36+£0.02 7.26%0.73  0.16£0.01  0.30£0.01 0.18£0.01
3 1 6 5994£1.16 0.990£0.000 5.30£0.02 0.32£0.01  5.02£0.03  0.13+0.01  0.28+0.01 0.17%0.01
4 2 1 3983%£0.73 0.945£0.005 5.19£0.03 0.39£0.04 9.15£0.51  0.23£0.01  0.42%£0.01 0.22%+0.01
5 2 3 49.12%152 0.969+0.003 5.29%0.01 0.38%£0.01 7.86£0.34  0.22£0.01  0.39£0.01 0.20£0.01
6 2 6 5670£0.30 0.973+0.002 5.32%0.01 0.32£0.01 547£0.01  0.20£0.01 0.33£0.01 0.19£0.01
7 3 1 2792076 0.930%£0.002 5.16£0.02 0.40£0.06 9.81£0.74  0.29+0.01  0.49+0.01 0.25+0.01
8 3 3 4154%£0.11 0.947£0.002 5.24%£0.01 0.38£0.03 8.58+0.10  0.28+0.01  0.40+0.01 0.23+0.01
9 3 6 5282£1.10 0.964+0.003 5.25%£0.01 0.33£0.03 6.00£0.17  0.24£0.01  0.36£0.01 0.22%0.01
10 4 1 2288%f1.41 0.877+0.004 5.12%0.01 0.44£0.02 10.73£0.74 0.37£0.01  0.53%£0.01 0.33%£0.02
11 4 3 37.35%£0.61 0.924+0.004 5.20£0.01 0.40£0.06 9.55%£0.44  0.32£0.01  0.48%£0.02 0.29%0.02
12 4 6 4597£0.52  0.944%0.003 5.2240.01 0.35£0.07  6.431£0.14  0.29+0.01  0.384+0.02  0.2540.02

B1 : Buhar basinci (bar); 82: Donme hizi (dev/dak)
B1 : vapor pressure (bar); B2 :V alse rotational speed (rpm)
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Cizelge 2. Valsli kurutucuda yart kurutulmus 2-fazlh pirinanin fiziksel ve kimyasal analiz sonuclarina ait
ANOVA sonuglart
Table 2. ANOVA results of the physical and chemical analysis results of semi-dried 2-phase pomace by drum dryer

P-degerleri

Pirinada Yapilan Analizler Yagda Yapilan Analizler

N % Peroksit Serbest Yag

em . L o

Varyasyon fcerigi ~ TltI'?.lS}’O'n Degeri ASlthg'l

Kaynagi ) N pH Asitligi (meq O (% Oleik Koz Koo
/kg yag) Asit)

Model <0.0001  0.0001*  0.0006* <0.0001*  <0.0001* <0.0001*  <0.0001* <0.0001*

B1 <0.0001  <0.0001* 0.0007*  0.0002* <0.0001* <0.0001*  <0.0001*  <0.0001*

B2 <0.0001  0.0002*  0.0001* <0.0001*  <0.0001* 0.0004* <0.0001*  0.0007*

B1 B2 0.0139  0.0251*  0.8909 0.0890 0.0041* 0.0491* 0.0120*  0.0135*

B12 0.9874 0.0947 0.0598  0.0496* 0.2011 0.8881 0.1901 0.0298*

322 0.0060  0.0375*  0.0154*  0.2686 0.0034* 0.6804 0.2400 0.2053

R? 0.9895 0.9739 0.9552 0.9838 0.9982 0.9896 0.9843 0.9790

Adj-R? 0.9808 0.9522 0.9179 0.9703 0.9966 0.9808 0.9712 0.9614

B1 : Buhar basinct (bar); 82 : Dénme hizt (dev/dak)
B1 : vapor pressure (bar); B2 :V alse rotational speed (rpm)

*P<0.05 diizeyinde 6nemli
*significant at P<0.05

Denemeler sonucunda kurutulmus pirinanin nem
icerigi %22.88-59.94 araliginda degismektedir
(Gizelge 1). Dugik buhar basincinda ve ytksek
vals doénme hizinda (1 bar, 6 dev/ dak)
kurutulmus pirina en yiksek nem icerigine
sahipken, yiiksek buhar basinct ve digik wvals
donme hizinda (4 bar, 1 dev/dak) ise en dugik
nem icerigine sahiptir. Kuruma denemelerinde
trtiniin sicak ylzeyle temas etme stiresi valslerin
dénme hizina bagh olup, vals dénme hizinin
yikselmesiyle birlikte kurutma isleminin stiresi

ve Taseri, 2015). 2-faz pirinalarin 6n kurutma
islemi  uygulanmastyla su  aktivitesi (aw)
degerlerinin degisimi biiyiik 6nem arz etmektedir.
Farkli iglem kosullatinda walsli kurutucuda
kurutulmus 2-faz pirinalarin su aktivitesi degerleri
0.877-0.990 arasinda degisim g6stermektedir
(Gizelge 1). Bu araliktaki degetler
mikroorganizmalarin  faaliyetinin -~ durdurulmast
icin yeterli degildir. Fakat 2-fazli pirinaya
uygulanan kurutma isleminin 6n kurutma islemi
oldugu g6z Oniinde bulundurulmahdir. Yar

azalmaktadir. Bu nedenle valsin dénme hizt kurutulmus 2-fazli pirinanin a, degerleri buhar
artttk¢a  driiniin - nem igerigi daha yuksek basincinin artmastyla artis gésterirken; vals ddnme
degerlerde  kalmaktadir. Buhar basinct ise  hiziin  artmastyla  azalmaktadir  (Sekil  2).

kurutucu yiizey sicakhigini artirmast nedeniyle
buhar basinct arttkca 2-faz pirinanin kurumast
hizlanmakta ve nem igerigi daha distik triin elde
edilmektedir  (Sekil 2). Valsli kurutucuda
gerceklestirilen  kurutma  islemlerinde; buhar
basinct ve vals donme hizinin pirinanin nem
icerigi Uzerine etkisinin istatistiksel olarak 6nemli
oldugu ANOVA analizi (Cizelge 2) ile
belirlenmistir (P<0.05).

Su Aktivitesi

Kurutma isleminin birincil amaglarindan biri de
drinin  su  aktivitesi  degerini
mikroorganizma gelisimini engellemektir (Seckin

azaltarak

Kurutulmug pirinanin  su  aktivitesinin buhar
bastinct ve vals dénme hizina baglt olarak degisimi
nem igerigi ile olduk¢a benzerdir. ANOVA
sonugclarina gére buhar basincinin ve vals dénme
hizinin 2-fazli pirinanin su aktivitesi degerleri
tzerine de ectkisinin istatistiksel olarak Gnemli
oldugu gorilmektedir (Cizelge 2, P<0.05).

Titre Edilebilir Asitlik ve pH

Titre edilebilir asitlik ve pH mikrobiyal gelismeyi
ve olusan son urindeki kimyasal ve fiziksel
degismeleri etkileyen 6nemli faktérlerden biridir
(Erbay vd., 2010). Valsli kurutucuda vyarn
kurutulmus 2-fazli pirina icin pH degetleri ile %
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titrasyon asitligi degerleri paralellik
gostermektedir. Yiksek buhar basincinda ve
disiik vals donme hizinda yapilan kurutma islemi
sonucunda elde edilen triin en diigtik pH degerine
(5.12) ve en yiksek % titre edilebilir asitlik
degerine (% 0.443) sahiptir. En yiiksek pH degeri
(5.30) ve en disiik % asitlik degeri (% 0.322) ise 1
bat ve 6 dev/dak kurutma uygulamasinda
belirlenmistir (Cizelge 1). Yar1 kurutulmus 2-fazlt
pirinanin pH degerleri ve % titrasyon asitligi
degerlerinin bu kosullar altinda dar bir aralikta

<
&
Tt
Y
=
§ RERIIAIK KRR
SRR
1.75 —~
250 e 350
5 2.25 -
Buhar Basmci 4.001.00 Vals Donme Hizi
(Bar) (dev/dak)

532

5.27

5.22
=

= 516
5.11
7
1.00 6.00
L75 o, 4.75
- 3.50
Buhle;'B;sma 3.25 400 1.00 5 Vals Donme Hiz1
ar N N

(dev/dak)

degisim  gosterdigi  gbzlenmistir.  Kurutma
isleminde  bagimsiz  degiskenlerden  buhar

basincinin artmast ile pH degerinin azaldigi ve %
titrasyon asitligi degerinin arttigi; vals dénme
hizinin artmast ile pH degerinin arttugt ve %
titrasyon asitligi degerinin azaldig tespit edilmistir
(Sekil 2). Tstatistiksel olarak da buhar basincinin ve
vals donme hizinin hem pH degerleri hem de %
titrasyon  asitligi degerleri lzerine etkisinin
istatistiksel olarak 6nemli (P<0.05) oldugu
bulgulanmstir (Cizelge 2).

3
3
’Q‘.‘.‘:"‘Q:>0'$'Q‘
RIS
SISO SOOI TIRIITSSTISTIRED
e e T

SSRBIICTIN S SRRINS

Vals Donme Hizi
(dev/dak)

Buhar Basmci
(Bar)

" 4.00 1.00

% Titrasyon Asitligi

2.50

3.50
1.75 4.75
Buhar Basmci 1.00 6.00 Vals Donme Hiz1
(Bar) (dev/dak)

Sekil 2. Valsli kurutucuda yart kurutulmus 2-faz pirinanin nem icerigi (%), ay, pH, % titrasyon asitligi
degerlerinin degisiminin 3 boyutlu gsterimi
Figure 2. 3-D representation of the change in moisture content (%), aw, pH, % titration acidity values of semi-dried 2-
phase pomace in drum dryer

Peroksit

Peroksit degeri kurutma islemi sirasinda yagin
oksidasyon derecesini belirlemeyi saglayan bir
gostergedir (Sun-Waterhouse vd., 2011). Valsli
kurutucu islem degiskenlerinden buhar basincinin
artmast kurutucu yiizey sicakliginin artmasina
sebep olmaktadir. Bunun sonucunda yiiksek
kurutucu ylzey sicakligt uygulamasiyla yart
2-fazli  pirinalardan elde edilen
yaglarin peroksit degetleri artmaktadir. Genellikle

kurutulmus

isil islemin artmastyla peroksit degeri artis
gostermektedir (Zungur vd., 2014). Vals dénme
hizinin yikselmesi ise vals kuruma yiizeyi ile 2-
fazli pirinanin  temas slresinin  azalmasini
saglayarak yar1 kurutulmus irinlerin  peroksit
degerlerinin = azalmasina neden  olmaktadir
(Cizelge 1 ve Sekil 3). Buhar basinci ve vals dénme
hizinin peroksit degetleri tzerine istatistiksel
olarak etkili oldugu bulunmustur (Cizelge 2,
P<0.05). Vals dénme hizinin ise buhar basincina
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gore daha etkin bir parametre oldugu
belitlenmistir.
Serbest Yag Asitligi

Serbest yag asidi genellikle yag bozunmalarinin
gostergesi olarak kabul edilmektedir (Kivrak vd.,
2016). Genellikle ylksek sicakliklarda yagda
gerceklesen hidroliz sonucunda  trigliseridlerin
parcalanmast ile olusmaktadir (Bensmira vd.,
2007). Turk Gida Kodeksi Zeytinyagt ve Prina
Yagt Numune Alma ve Analiz Metotlar
Tebligi'ne gore (TGK, 2014); pirina yaginin
serbest asitliginin (oleik asit cinsinden) % 1’in
altinda olmasi istenmektedir. Valsli kurutucuda
kurutulmus pirinadan elde edilen yaglarin serbest
yag asitligi degerleri % 0.135 ile % 0.373 degerleri
arasindadir (Cizelge 1). Bu degerin % 1 in altinda
olmast tam kuruma isleminin
gerceklestirilmemesinin yani sira pirinanin kalite
kayiplarinin minimumda tutuldugunu

gostermektedir. Serbest yag asitligi degerleri buhar
basincinin artmastyla artis géstermekte ve vals
dénme hizinin artmastyla ise azalis géstermektedir
(Sekil 3). Buhar basincinin serbest yag asitligi
parametre

lzerine daha etkin bir oldugu

Peroksit Degeri

Buhar Basmci 75 ~4.75
(Bar) 1.00 6.00

(dev/dak)

475 S P
5 = <
Vals Dﬁnmg H?zn 2.25 ) 00—/1/001 75 Buhar Basmcl
(dev/dak) . . (Bar)

"Vals Dénme Hiz1

belirlenmesine ragmen; istatistiksel olarak her iki
parametre buhar basinct ve vals dénme hizinin
serbest yag asitligi tzerine etkili oldugu
bulgulanmstir (Cizelge 2, P<0,05).

Kos2 ve Kazo degerleri

Yag 6rneklerinin Koz ve Koz degerleri, konjuge
dien ve trien niceliklerinin ve oksidasyon
seviyelerinin gostergesi olarak kullanilmaktadir
(Késeoglu,  20006). 2-faz  pirinanin ~ valsli
kurutucuda gergeklestirilen 6n kurutma isleminde
yart kurutulmus pirinadan elde edilen yaglarin Kos,
degerlerinin 0.281-0.531 ve Koo degerlerinin ise
0.173-0.288 araliginda olduklar1 belirlenmistir
(Gizelge 1). Buhar basincinin artmasi ve vals
dénme hizinin  azalmasi ile Kz ve Koo
degerlerinin arttigt bulgulanmistir (Sekil 3). En az
stire kurutma yiizeyine maruz kalmis ve en disiik
buhar basincinda yapilan deneme (1 bar, 6
dev/dak) sonucunda kurutulan pirinalarin K3, ve
Koo degerleri daha disiktir. Iki  bagimsiz
degiskenin de K degerleri tizerine istatistiksel
olarak etkisi oldugu belirlenmistir (Cizelge 2,
P<0.05).

Serbest Yag Asitligi
(% Oleik Asit)

4.00
325
2.50
1.75 Buhar Basma
1.00 1.00 (Bar)

3.50
Vals Dénme Hiz12-25
(dev/dak)

4.00

3.25

1.75 Buhar Basmc1

Vals Dénme Hiz1 2.25 -
1.00 1.00 (Bar)

(dev/dak)

Sekil 3. Valsli kurutucuda yar1 kurutulmus 2-faz pirinadan elde edilen yagin peroksit degeri, serbest yag
asitligi, Kas ve Ko degerlerinin degisiminin 3 boyutlu gosterimi
Figure 3. 3-D representation of the change in peroxide value, free fatty acidity, Kos2 and Kazo values of oil obtained from
semi-dried 2-phase pomace in drum dryer
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Valsli Kurutucu Sistemin
Verimliliginin Incelenmesi

Yari kurutulmug 2-faz pirinanin valsli kurutucu
sistem etkinliginin belirlenmesi icin Esitlik (1), (2)

Enerji

ve (3)te verilen 6zgll nem alma hizt (SMER),
nem alma hizi (MER) ve 6zgtl enerji tuketimi
(SEC) sonuglari Cizelge 3’de ve bu sonugclara ait
ANOVA degerlendirmesi Cizelge 4’de verilmistir.

Cizelge 3. Valsli kurutucu sistem verimliligi sonuglar
Table 3. Drum dryer system efficiency results

Bagimsiz Degiskenler Kurutma Sistemlerinde Verim Tanimlamalar
No 8 8, SMER MER SEC
(kg /KWh) (kgu/h) (&]/ £9
1 1 1 0.102 £0.001 6.22 £0.51 9.77 £0.71
2 1 3 0.092 £0.001 6.90 £0.21 10.90 +£0.12
3 1 6 0.247 £0.001 5.94 +0.18 4.04 £0.32
4 2 1 0.079 £0.002 7.23 £0.36 12.58 £0.63
5 2 3 0.091 £0.001 10.24 £0.12 11.00 +0.67
6 2 6 0.235 £0.001 8.43 £0.09 4.26 £0.11
7 3 1 0.073 £0.001 8.78 £0.04 13.64 £0.45
8 3 3 0.087 £0.001 12.91 £0.43 11.48 +0.77
9 3 6 0.232 +0.002 10.97 £0.29 4.31 £0.34
10 4 1 0.062 £0.001 9.29 £0.31 16.06 £0.61
11 4 3 0.076 £0.002 14.11 £0.14 13.09 £0.58
12 4 6 0.247 £0.001 14.56 £0.16 4.04 £0.13

Cizelge 4. Valsli kurutucu sistem verimliligi sonuglarina ait ANOVA analiz sonuglart
Table 4. ANOVA results of drum dryer system efficiency values

Kurutma Sistemlerinde Verim Tanimlamalart

SMER MER SEC

Varyasyon Kaynagi (kg /KWh) (kg /M) (k]/ &9)

Model < 0.0001* 0.0002* < 0.0001*

B 0.0131* < 0.0001* 0.0013*

B2 < 0.0001* 0.0053* < 0.0001*

B1 B2 0.0218* 0.0086* 0.0017*

B2 0.2180 0.5471 0.7512

B22 < 0.0001* 0.0016* 0.0009*

R? 0.9966 0.9704 0.9905

Adj-R? 0.9938 0.9457 0.9826
81 : Buhar basinci (bar); 82 : Dénme hizi (dev/dak)
Bi1: vapor pressure (bar); B2 :V alse rotational speed (rpm)
*P<0.05 diizeyinde 6nemli
*significant at P<0.05
Toplam endustriyel enerji tiketiminin % 10- tanimlamalart  kullanilmaktadir  (Phahom  vd.,
25’ini, gidalarda kurutma islemi sirasinda 2017). Bu calismada da belirtilen performans
harcanan enerji olusturmaktadir (Eroglu ve Yildiz, gostergeleri  hesaplanarak  karsidastirilmistir.

2011). Gudalarin kurutulmasinin yogun bir enerji
titketimine yol ag¢masy; etkin enerji kullanimina
sahip  kurutma  slreglerinin  gelistirilmesini
gerektirmektedir (Chua vd., 2002). Kurutucularin
performansini tanimlamak ve karsilastirmak icin
Ozgil nem alma hizt (SMER), nem alma hizt

(MER) ve Ozgil enerji tiketimi (SEC)

SMER degerleri valsli kurutucuda gerceklestirilen
kurutma denemelerinde 0.062 ile 0.247 £g, /£Wh
araliginda degisim gostermektedir (Cizelge 3).
Buhar basincinin artmastyla SMER degerlerinde
belirgin bir fark tespit edilmemistir. Fakat vals
dénme hizinin artmastyla SMER degetleri artis
gostermektedir (Sekil 4). Disiik buhar basinct (1
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bat) uygulamalarinda 3 dev/dak kosullarinda
gerceklestirilen denemelerin SMER degerlerinin 1
dev/dak olan denemeden daha distik oldugu
belirlenmistir. Bunun sebebi; sistemde uygulanan
kuruma siiresinin, vals dénme hizina baglt toplam
enerji girdisine olan etkisidir. SMER degerinin
maksimum degerde olmast kurutucu sistemin
performansinin artmast i¢in istenmektedir. SMER
degerinin maksimum degere ulastigt denemeler; 1
bar, 6 dev/dak ve 4 bar, 6 dev/dak kosullarinda
olmustur. Sonuglara gére SMER  degerleri
actsindan buhar basincina kiyasla vals dénme
hizinin daha etkin bir parametre oldugu tespit
edilmistir (Cizelge 4, P<0.05). Valsli kurutucuda
2-faz pirinanin 6n kurutulmast denemelerinde
nem alma hizi (MER) degerlerinin 5.94 ile 14.56
kg, /b degetleri arasinda oldugu tespit edilmistir
(Cizelge 3). MER degerinin en disiik oldugu
nokta 1 bar, 6 dev/dak kosullarinda
gerceklestirilen kurutma denemesi ve en yiksek
oldugu nokta ise 4 bar, 6 dev/dak kogulundaki
denemedir. Buhar basmncinin artmastyla kurutma
MER  degerleri artis gostermektedir.  Yiiksek
buhar basinct (4 bar) hari¢ diger buhar basinct
uygulamalarinda vals dénme hizt 3 dev/dak
kosuluna kadar MER degerleri artis gosterirken; 3
dev/dak kosulundan 6 dev/dak koguluna kadar
ise dustis gostermektedir. 4 bar’da gerceklestirilen

SMER(kg, /kWh)

250
Buhar Basmci
(Bar)

2.25 1.75
1.00 1.00

Vals Dénme Hizi
(dev/dak)

17.00

13.75

10.50

SEC (ki/ kg)

5
Buhar Basmci 178

Bar)

1.00 6.00

denemelerde ise kuruma stirelerindeki farklidiklar
yitksek enerji girdisiyle birlikte; vals dénme hizinin
artmastyla MER degerinin artmasina yol a¢cmistir
(Sekil 4). Yiksek kurutucu performanst icin MER
degerinin maksimum degerde olmast
istenmektedir ve bu kosullar altinda 4 bar 6
dev/dak denemesi maksimum degere sahiptir.
Ayrica valsli kurutucu bagimsiz degiskenlerinden
buhar basinct ve vals dénme hizinin MER
degerleri tizerine istatistiksel olarak da etkisinin
6nemli dizeyde oldugu belirlenmistir (Cizelge 4,
$<0.05). Ozgiil enerji tikketimi (SEC) degetlerinin
ise minimum degeri (4.04 £]/4g) 1 bat, 6 dev/dak
ve 4 bar 6 dev/dak kosullarindaki kurutma
denemelerinde ortaya ¢ikarken, maksimum SEC
degerine (16.06 £J/kg) ise 4 bar, 1 dev/dak
kosulundaki kurutma denemelerinde ulasilmistir
(Cizelge 3). Yiksek enerji verimiyle valsli
kurutucuda kurutma isleminin gerceklestirilmesi
icin  SEC  degerinin  minimum  olmasi
beklenmektedir. Sekil 4’de gorildigh tzere
bagimsiz islem degiskenlerinden buhar basincinin
artmasiyla SEC degerinde artis; vals dénme
hizinin artmast ise SEC degerinde bir azalisa
sebep olmaktadir. Valsli kurutucu bagimsiz islem
degiskenlerinin SEC degerleri tizerine etkisinin de
istatistiksel olarak 6nemli oldugu gorulmistir
(Gizelge 4, P<0.05).

MER(kg,/ )

4.00

—

3.25
2.50

4.75
350~

Vals Dénme Hiz

75
(dev/dak) ! Buhar Basmal

(Bar)
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475 Vals Dénme Hizx
(dev/dak )

Sekil 4. Valsli kurutucuda 2-faz pirinanin 6n kurutulmasi agsamasinda SMER, MER, SEC degetlerinin
degisiminin 3 boyutlu gésterimi

Figure 4. 3D representation of the change of SMER, MER, SEC values during the pre-drying phase of 2-phase pomace

in drum dryer
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SONUC

Bu calismada, Valsli kurutucu bagimsiz
degiskenlerinden buhar basinct ve vals dénme
hizinin pirinanin  kalitesi ve enerji verimliligi
uzerine etkisi incelenmistir. Yari kurutulmus
pirinanin fiziksel ve kimyasal kalitesini belirlemek
icin yapilan; % titrasyon asitligi, peroksit degeri,
serbest yag asitligi ve UV 1s1ginda 6zgll sogurma
degerleri (K232, K270) buhar basincinin
artmastyla  artmakta; vals dénme hizinin
arttirilmast ile azalmaktadir.  Yart kurutulmus
trtiniin nem icerigi, su aktivitesi ve pH degerleri
ise buhar basincinin artmasiyla azalig; vals dénme
hizinin artmasi ile de artis egilimindedir. Yiiksek
buhar basinct ve disik wvals dénme hizt
uygulamasinin pirinada kalite kayrplarina yol agtig
belirlenmistir. Valsli kurutucunun yiiksek kurutma
performanst ve enerji verimliligini saglayabilmesi
icin maksimum degerlere ulasmast istenen SMER
ve MER degerleri ile minimum SEC degetlerinin
deneme planina goére; yiksek barda ve yiksek
devirde (4 bar, 6 devir/ dakika) gerceklestigi tespit
edilmistir.

Bu calisma 1s18inda; 2-faz pirinanin 6n kurutma
isleminde wvalsli kurutucunun etkin bir sekilde
kullanabilir ~ oldugu  gérilmektedir.  Pirina
kurutmak icin kullanidan hali hazirdaki kurutucu
sistemlerde 2-faz pirina yitksek seker ve nem
igeriginden dolay1 direkt olarak
kurutulamamaktadir. 2-faz pirinanin - kurutma
sorunlarint ortadan kaldirmak icin 6n kurutma
isleminin  uygulanmast  buyik Onem arz
etmektedit. Gida kurutma c¢alismalarinda da
gidalarin  kalitesinin incelenmesinin  yani sira
kurutucu  sistemlerin  enerji  verimliliklerinin
incelenmesinin gerekliligi de bu ¢alisma ile ortaya
konmustur. 2-fazli pirinanin degerlendirilmesinde
6n kurutma isleminin etkin bir sekilde saglanmasi
ile birlikte 6n kurutulmus pirinanin; hayvan yemi
katki maddesi, bahge bitkilerinin yetistirilmesi,
topragin glgclendirilmesinde glibre gibi alanlarda
kullaniminin  arastirldlmast ve  yayginlastirilmast
biiyik 6nem tagtmaktadir.

CIKAR CATISMASI
Yazarlarin makale ile ilgili herhangi bir kisi veya
kurum ile ¢cikar catismast bulunmamaktadir.

YAZARLARIN KATKISI

Bu calismada Ulas BAYSAN, calismada
gerceklestirilen  tretim, analizler, sonuclarin
dizenlenerek  yorumlanmast ve  makalenin
yaziminda gorev  almistir.  Ali  GUNGOR
calismanin  kurgulanmast  ve sonuglarin
yorumlanmasinda  katkida  bulunmuslardir.

Mehmet KOC ve Figen KAYMAK-ERTEKIN,
calismanin planlanmasi ve yirttilmesi streci ile
sonuclarin  degerlendirilmesi ve  makalenin
yaziminda katkida bulunmuslaridir.

Tegekkiir: Bu calisma Ege Universitesi Bilimsel
Aragtirma Projeleri tarafindan desteklenmistir
(proje numarast 16-MUH-024).
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oz

Canakkale semt pazatlarinda satilan 96 adet yesil sebze 6rneginde beta-laktam direncli Enserobacterales
suslarinin varhig arastrlmustir. Govde, yaprak kisimlarindan alinan 6rneklerden Violet Red Bile Glucose
(VRBG) Agara ekilmistit. Enterobacterales yikleti <1 log KOB/gile 6.11 log KOB/g arasinda tespit edilmistir.
Kromojenik GSBL Agar ve 2 mg/ml meropenem iceren EMB Agarda tireyen 129 adet izolat MALDI-TOF
MS yontemine gore Servatia liguefaciens (n=35), Serratia plymuthica (n=31), Kiebsiella oxytoca (n=25), Klebsiella
preumonia (n=0), Raoultella ornithinolytica (n=14), Raoultella terrigena (n=>3), Enterobacter cloacae (n=11), Enterobacter
Indwigii (n=4), Enterobacter asburiae (n=1), Lelliottia amnigena (n=106), Escherichia coli (n=2), Escherichia hermannii
(n=1), Leclercia adecarboxylata (n=3), Pantoea agglomerans (n=3), Kluyvera intermedia (n=2), Kosakonia cowanii (n=1)
ve Hafnia alvei (n=1) olarak tanimlanmustir. Disk diftizyon yontemine gore izolatlarin %011.62’sinin (#»=15)
Genislemis Spektrumlu Beta-Laktamaz (GSBL), %4.65’inin (#»=0) karbapenemaz porzitif oldugu
belirlenmistir. Yesil sebzelerde GSBL ve karbapenem direngli izolatlarin varligt 1sil islem gérmeden tiiketilen
bu gidalardaki halk sagligt riskini ortaya koymaktadir.

Anahtar kelimeler: Enterobacterales, GSBL, karbapenemaz, antimikrobiyal direng

INVESTIGATION OF EXTENDED SPECTRUM BETA-LACTAMASE AND
CARBAPENEMASE PRODUCING ENTEROBACTERALES STRAINS IN
GREEN VEGETABLES

ABSTRACT

The presence of beta-lactam resistant Enferobacterales strains was investigated in 96 green vegetable
samples sold in Canakkale neighborhood markets. Samples taken from stem and leaf parts were
inoculated in Violet Red Bile Glucose (VRBG) Agar. Enterobacterales loads were determined
between <1 log CFU/g and 6.11 log CFU/g. One hundred twenty-nine isolates grown on EMB Agar
containing 2 mg/ml meropenem and chromogenic ESBL Agar were identified as, Servatia liguefaciens
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(n=35), Serratia plymuthica (n=31), Klebsiella oxytoca (n=25), Klebsiella pnenmonia (n=0), Raonltella
ornithinolytica (n=14), Raoultella terrigena (n=3), Enterobacter cloacae (n=11), Enterobacter Indwigii (n=4),
Enterobacter asburiae (n=1), Lelliottia amnigena (n=10), Escherichia coli (n=2), Escherichia hermannii (n=1),
Leclercia adecarboxylata (n=3), Pantoea agglomerans (n=3), Kluyvera intermedia (n=2), Kosakonia cowanii (n=1)
and Hafnia alvei (n=1) with MALDI-TOF MS method. According to the disk diffusion method,
11.62% (#=15) of the isolates were found to be Extended Spectrum Beta-Lactamase (ESBL) and
4.65% (n=06) carbapenemase positive. ESBL and carbapenem-resistant isolates in green vegetables
reveal the public health risk in these foods consumed without heat treatment.

Keywords: Enterobacterales, ESBL, carbapenemase, antimicrobial resistance

GIRIS
Gram negatif bakterilerin  neden  oldugu
hastaliklarin  tedavisinde kullanilan en genis
antibiyotik ~ grubu  beta-laktamlardir.  Bu
antibiyotiklerin ~ gittikce  artan  kullanimi,
bakterilerin ~ diren¢  gelistirmesine ve bu
antibiyotiklerin  etkilerinin  azalmasina neden

olmustur. Beta-laktam antibiyotiklere kars1 direng
mekanizmasinin temeli, beta-laktamaz
enzimleridir  (Poirel vd., 1999). Genislemis
spektrumlu beta-laktamaz (GSBL) Gram negatif
bakterilerde sefalosporinlere diren¢te 6ne ¢tkan
bir mekanizma olmus ve klinikte 6nemli bir sorun
haline gelmistir. GSBL’ler icerisinde en 6nemli
grup CTX-M enzimleridir. Bu grubu, SHV ve
TEM-tirevi GSBL’ler izlemektedir. Beta-
laktamaz genleri bakteri kromozomunda veya
plazmid, transpozon ve integron gibi hareketli
genetik elemanlarda bulunabilmektedir. (Canton
vd., 2008). Enterobacteriaceae tiitleti arasinda GSBL
tretiminin hizi tim diinyada hizla artmaktadir.
GSBL direnci tastyan tiirlerin basinda Kiebsiella
prenmonia ve Escherichia coli gelmektedir.

Karbapenemler beta-laktam sinifi igerisinde en
genis spektruma sahip, hizli bakterisidal etki
gbsteren antibiyotiklerdir  (Budak vd., 2012).
Karbapenemleri hidrolize eden karbapenemazlar,
nerdeyse tim beta-laktamlart hidrolize edebilen
en gicli beta-laktamazlar olup bu enzimin
Enterobacteriaceae ailesi Uyeleri arasinda diinya
capindaki artigt endise yaratmaktadir.
Karbapenemaz Uretimi en sik K. puenmoniae’de
goriilmekle birlikte Enterobacter cloacae, E. coli, ve
diger Enterobacterales tyelerinde de
saptanabilmektedir (Nordmann ve Poirel, 2002).

Taze sebzeler tarladan sofraya kadar pek cok
noktada mikroorganizmalar ile temas etmektedir
(Taormina ve Beuchat, 1999). Sebzelerin

kontaminasyonu yetistirme, hasat, ayirma ve

dagitma  sirasinda  meydana  gelebilmektedir.
Enterobacterales  tirleri  icerisinde insan  ve

hayvanlarin bagirsaklarinda dogal konak olarak
ifade edilen baz tirler de mevcuttur. Bu
bakterilerin attksu yoluyla ve fekal kontaminasyon
sonucu yayilabilecegini bildirilmistir (Bain vd.,
2014). Sulama suyu taze sebzelerin bakteriyel
kontaminasyonunda ana etken olarak
belirlenmistir. Taze sebzelerin icerdigi besin
Ogelerinden daha fazla yararlanmak icin genellikle
¢ig tiiketilmeleri bir¢ok mikroorganizmanin da
sindirim sistemine girisine olanak saglamaktadir
(Franz vd., 2008; Van Hoek vd., 2015).

Gunimiizde gida kaynakli mikroorganizmalar
aracthigt ile antibiyotik direnc yayilimi ciddi bir
halk  sagligr riski olusturmaktadir. Yapilan
calismalarin bircogu hayvansal gidalardan izole
edilen mikroorganizmalar ile ilgili olsa da ¢ig
titketilen sebze ve meyvelerin de bu konuda risk
teskil ettigi bildirilmektedir (Ayhan vd., 2020; Kisa
ve Tuncer, 2021). Antibiyotiklerin hayvanlara
profilaktik, kemoterdpatik ve bliylimeyi tesvik gibi
amagclar icin kullanildig1 bilinmektedir (Demirer
ve Ozdemir 2021). Giibre olarak hayvan
diskilarinin - kullaniliyor olmast da  antibiyotik
direngli bakterilerin ve antibiyotik kalintilarinin
sebze  ve meyvelere ge¢cmesine  neden
olabilmektedir (Tien vd., 2017; Hudson vd.,
2017). Ozellikle taze tiiketilen yesil sebzelerde
antibiyotik direncli bakterilerin varhigt halk saglhgt
acisindan Onem tasimaktadir (Wadamori vd.,
2017; de Oliveira Elias vd; 2018; Saksena vd.,
2020).

Cig tiiketilen sebzelerde GSBL ve Karbapenem
direncli bakteri prevalanst ile ilgili calismalara
rastlanmakla  birlikte, llkemiz verilerinin bu
konuda kisitlt kaldigt gbriilmektedir. Antibiyotik



Yesil sebzelerde antibiyotik direngli suslarin varhgi

direncli bakterilerin yayiliminin izlenmesine katk:
saglayacagi distntlen bu calismada; Canakkale’de
tiketilen  yesil  sebzelerdeki — Enterobacterales
tirlerinin ve beta-laktam antibiyotiklere direnclilik
durumlarinin belitlenmesi amaglanmistir.

MATERYAL VE YONTEM

Canakkale merkez ve bazt ilgelerinde kurulan semt
pazarlarindan temin edilen dereotu (#=10), marul
(#n=10), roka (#=15), maydanoz (#=13), yesil
sogan (#=8), 1spanak (#=8), brokoli (#=8), pirasa
(n=0), nane (#=5), semizotu (#=7), tere (n1=4) ve
kuzukulagindan (#=2) olusan toplam 96 adet
sebze 6rnegi incelemeye alinmistir.

Sebzelerde
saptanmasl
Govde ve yaprak kisimlarindan alinan 25 gram
ornek 225 mlL tamponlanmis peptonlu su ile 2
dakika  stomacher  cihazinda  homojenize
edilmistir. Homojenizattan Maksimum Recovery
Broth (MRB) kullanilarak seri dilasyonlar
hazirlanmistir. Yayma plak yontemine gére Violet
Red Bile Glucose Agar (VRBG, Merck)
besiyerlerine aktarilarak ekim yapilmistir. Petriler
37°C’de 24-48 saat inkiibasyona birakildiktan
sonra 30-300 arasinda ireme gOsteren petriler
dikkate  almarak  muhtemel  Enterobacterales
tirlerine ait bakterilerin sayiart saptanmistir
(Unliitiirk ve Turantas, 2015).

Enterobacterales  yiikiiniin

Izolatlarin tanimlamast

Yesil sebze Orneklerinden izole edilen izolatlara
gram boyama, oksidaz, katalaz, IMVIC dndol,
Metil red, Voges proskauer, Sitrat), Triple Sugar
Iron Agarda (TSI) karbonhidrat fermantasyonu
ve HaS testleri uygulanmustir. {zolatlar %20 lik
gliserollii buyyon igerinde -20 °C saklanmistir.
Ayt izolatlar MALDI-TOF MS  (Bruker
Microflex LT, Almanya) ile Halk Sagligi Genel

Mudurligii  Ulusal Molekiller  Mikrobiyoloji
Referans Laboratuvarinda tanimlanmustir.
Tanmmlamada Flex Control 3.0  yazilimi

kullanilmistir. Orneklerin hazirlanmasinda direkt
transfer metodu kullanilmistir. 24-48  saatlik
inkiibasyon sonunda tek koloniden kugiik bir
miktar kiirdan ile plakaya stiriilmis ve tGzerine 1 pul
matriks (50% asetonitril varliginda 12.5 mg/ml o-
cyano-4-hydroxycinnamic ~ asit  ve %25

trifloraasetik asit karisimzi) solisyonu eklenmistir.
Sistemle calisirken, lineer pozitif iyon modunda
2000-20.000 Da kiitle araliginda, mikroorganizma
tanimlama i¢in optimize edilmis uygun yontem ile
cift olgtimler gerceklestirilmistir. Iyon kaynagi
olarak 340 nm’de 60 Hz nitrojen lazer
kullantlmistir. Spektrumlart elde etmek icin her
ornegin Slctimiinde toplamda 240 olacak sekilde
40’arll  paketten  olusan  lazer  darbeleri
uygulanmistir (Cheng vd. 2016., Encu vd. 2022.,
Firinciogullart vd. 2022).

GSBL tarama testi

Enterobacterales  izolatlar1  ESBL  kromojenik
besiyerinde (Hichrome, Ingiltere) ve 2mg/ml
meropenem iceren Eosin Metilen Blue Agar
(EMB, Merck, Almanya) besiyerine cizilerek
muhtemel Genislemis Spektrumlu Beta-Laktamaz
ve karbapenemaz tiretici olanlar belirlenmistir.

Antibiyotik duyarhlik testi Kirby-Bauer disk
diftizyon testi ile yapdmistur. Nutrient Agar
besiyerine (Merck, Almanya) tek dustrme
teknigine gore ekim yapilan kiltirler 37°C de 18-
24 saat inkiibe edilmistir. Tzolatlarin disk difiizyon
yontemi ile sefotaksim (5 ng) ve seftazidim (10 pg)
antibiyotiklerine  karst  duyarliiklart  Avrupa
Antimikrobiyal Duyarliik Testleri Komitesi
(EUCAST, 2022) onerileri dogrultusunda analiz
edilmistir. Inhibisyon zon c¢apt sefotaksim icin
21mm, seftazidim i¢in 22 mm’den kiiciikk olmast
durumunda fenotipik dogrulama testi yapilmustir.
Kontrol suslari olarak E. cw/ii ATCC 25922, K.
preumoniae ATCC 700603 kullanilmistir (Ttrkiye
Halk Saglgt Kurumu, Mikrobiyoloji Referans
Laboratuvarindan temin edilmistir).

GSBL dogrulamasi icin kombine disk diftizyon
testi ve cift disk sinerji testi uygulanmustir.
Sefotaksim ve seftazidim disklerinden birine veya
her ikisine birden direncli olan bakterilerin
sefotaksim/klavulanik asit, seftazidim /klavulanik
ve sefepim/klavulanik asit disklerine karst
duyarliliklart incelenmistir (EUCAST, 2022).

Karbapenemaz tarama testi

Izolatlarin disk difiizyon yontemi ile meropenem
(10 pg), ertapenem (10pg) antibiyotiklerine karsi
duyarliliklarina bakidmustir. Inhibisyon zon capt
meropenem i¢in 22 mm, ertapenem icin 25
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mm’den  kigik  olmast  direncli  olarak
degerlendirilmis ve fenotipik dogrulama testi
yapimustir  (EUCAST. 2022). Kontrol suslart
olarak E. co/i ATCC 25922 (karbapenem negatif)
ve K. pneumoniae ATCC BAA-1705 (Karbapenem
pozitif) kullanilmistir  (Ttrkiye Halk Saghg
Kurumu, Mikrobiyoloji Referans Laboratuvarr).

Karbapenemaz dogrulama testi
Karbapenemaz (KPC) varhginin
dogrulanmasinda EUCAST 2022 kritetlerine gbre
kombine disk yontemi kullandmistur. Disk
diftizyon yontemiyle azalmis zon c¢ap1 gosteren
izolatlara PBA (Sigma) ve APBA (Sigma)
kullanilarak kombine diskler hazirlanmis ve KPC
varligr  arasgtirdmustir.  Meropenem 10 pug,
meropenem+APBA ve meropenem+PBA ile
disk diftizyon testi yapilmstir (Giske vd. 2011;
Coudron vd., 2005). KPC pozitif kontrol susu
olarak K. pmeumoniae ATCC BAA-1705, KPC
negatif kontrol susu olarak da E. ¢co/f ATCC 25922
kullanilmugtir.

Istatistiksel analizler

Sebzelerde tespit edilen Ewnferobacterales yiki
verilerinin  tanimlayict  istatistikleri (Minimum,
Maksimum  ortalama ve standart sapma
degerlerinin  hesaplanmast), Minitab programi
2017 strimd ile belirlenmistir

SONUC VE TARTISMA
Yesil sebze orneklerinden izole edilen Gram
negatif basil, oksidaz negatif, katalaz pozitif

izolatlar 6nce fenotipik testlerle ardindan
MALDI-TOF MS yontemine gore
tanimlanmistir.  Incelemeye  alinan  sebze
orneklerinin - Enterobacterales  yukleri <1 log

KOB/g ile 6.11 log KOB/g arasinda tespit
edilmistir. En ylksek Ewferobacterales yikintn
dereotunda oldugu belitlenmis (6.11 log KOB/¢g),
onu roka ile maydanoz (5.98 log KOB/g)
izlemistir (Cizelge 1).

VRBG Agarda izole edildikten sonra saflagtirilan,
2mg/ml meropenem iceren EMB ve Kromojenik
ESBL Agarda itreyen toplam 129 adet izolat
incelemeye alinmistir. Bu izolatlar sebze tirlerine
gbre strastyla; maydanozdan 33, rokadan 32,
maruldan 27, 1spanaktan 14, yesil sogandan 8,

semiz otundan 4, brokoli ve naneden 3, pirasadan
2, tere, kuzukulagi ve dereotundan 1’er izolat
olmak tzere dagilim g&stermistir. Sebzelerden
izole edilen Enterobacterales tyesi bakterilerin
dagilimi Cizelge 2’de gosterilmistir.

Elde edilen 129 izolat MALDI-TOF MS
yontemine gore; Serratia liguefaciens (n=35), Serratia
plymuthica (n=31),  Klebsiella oxytoca (n=25),
Klebsiella pnenmonia (n=06), Raoultella ornithinolytica
(n=14), Raoultella terrigena (n=3), Enterobacter cloacae
(n=11), Enterobacter Indwigii (n=4), Enterobacter
asburiae  (n=1),  Lelliottia  amnigena  (n=10),
Escherichia coli (n=2), Escherichia bermannii (n=1),
Leclercia adecarboxylata (n=3), Pantoea agglomerans
(n=3), Kinyvera intermedia (n=2), Kosakonia cowanii
(n=1) ve Hafnia alvei (n=1) olarak tanimlanmustir.
MALDI-TOF MS yontemine gbre Enterobacterales
tirlerinin dagilimi ve skor arahiklar Cizelge 3’te
goOsterilmistir.

Sebzelerden izole edilen 129 izolattan 13’Untn
sefotaksime, 71’inin seftazidime, 7 adet izolatin
meropeneme direngli ve 42 adet izolatin
ertapeneme direngli oldugu belirlenmistir. Dort
cesit antibiyotige (CTX, SFZ, MRP, ERT) aynt
anda direnc gosteren izolat sayisinin ise 5 adet
oldugu belirlenmistir. Incelen 55 adet izolatin
hicbir antibiyotige diren¢ gdstermedigi ve 74 adet
izolatin en az bir antibiyotige diren¢ gosterdigi
tespit edilmistir. Buna gére, elde edilen
izolatlardan 15 adedi (% 11.62) GSBL pozitif
bulunurken 6 adedi (% 4.65) karbapenemaz
pozitif bulunmustur. GSBL fenotipik dogrulama
testleri sonuglarina gore farklt sebzelerden elde
edilen Klebsiella oxytoca (n=5), Klebsiella pnenmoniae
(n=2), Enterobacter ndwigii (n=2), Enterobacter cloacae
(n=1), Raoultella terrigena  (m=2),  Raoultella
ornithinolytica (n=1), Hafnia alvei (n=1) ve Pantoea
agglomerans (n=1) lzere toplam 15 (% 11.6)
izolattn ~ GSBL  dreticisi oldugu fenotipik
dogrulama testi ile dogrulanmistir. Sebzelerden
izole edilen GSBL pozitif Enterobacterales turleri
Cizelge 4’te verilmistir. Karbapenemaz dogrulama
testi sonuglarina gére 2 adet Ewferobacter spp., 1
adet Klebiella spp. ile 1 adet Pantoea spp.’nin
MBLA+KPC treticisi, 2 adet Enterobacter spp.’nin
KPC treticisi oldugu belirlenmistir (Cizelge 5).
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Cizelge 1. Sebze 6rneklerinin Enterobacterales yikleri.
Table 1. Enterobacterales connts of the vegetable samples.

Sebze 6rnekleri (n)
Vegetable samples (n)

Enterobacterales yuki

log kob/g
Number of Enterobacterales
log kob/ g

Ortalama * standart

I\Z/\[/}ZZZZ sapma Maksimum
Mean * standard Maxcimum
deviation

g;ﬁ%‘j <1 2.84+2.60 6.11
ﬁz‘; " <1 3.90+ 2,19 5.93
%jflj;; 5 <1 4.7141.40 5.98
ﬁjﬁgﬁfg 2.78 4.85+0.99 5.98
}{;i;a;‘)%jn <1 3.97+2.47 5.82
3@2211‘(8) 4.59 5.06+0.33 5.43
gz&;}l 5 <1 0.50+1.40 3.94
EI;ZZ?@ <1 3.16+2.46 5.08
?4?26(5) <1 1.97+2.70 5.04
ISDZZZZ‘;D <1 2.3042.30 5.18
E:; (4) <1 1.7942.07 3.66
f;‘if;l;;jagl 3.32 3.9540.89 4.58
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Cizelge 2. Sebze tiirlerine gére Enterobacterales tiyesi bakterilerin dagihma.
Table 2. Distribution of Enterobacterales member bacteria by vegetable species
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& ‘ =%
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S 8 2 5 4 5 4 = R SEEE Z§
Maydonoz 14 4 6 - 2 - 2 2 - - 33
Parsley (13)
Roka 8 11 6 3 1 1 - - - 1 1 32
Rocket (15)
Marul 10 3 - 3 11 - - - - - - 27
Lettuce (10)
Ispanak - 4 2 4 - - 3 1 - - - 14
Spinach (8)
Yesil sogan - 4 2 2 - - - - - - - 8
Scallion (8)
Semizotu - - - 4 - - - . - - . 4
Purstane (7)
Brokoli 1 1 1 - - - - - - . - 3
Broceoli (8)
Nane - 2 - - 1 - - - - - . 3
Mint (5)
Pirasa - 2 - - - - - - - - - 2
Leek (6)
Tere 1 - - - - - - - - - - 1
Cress (4)
Kuzukulagt 1 - - - - - - - . - - 1
Sorrel (2)
Dereotu 1 - - - - - - - - - - 1
Ddll (10)
Toplam 36 31 17 16 16 3 3 3 2 1 1 129
Total (96)
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Cizelge 3. Enterobacterales tiitlerinin MALDI -TOF skor araliklars.
Table 3. MALDI-TOF score ranges of Enterobacterales species

Izolat say1si Skor Degeri
Bakteri (n) (Min- Maks)
Bacterinm Number of isolates(n) Score Valne
(Min-Max)
Serratia liquefaciens 35 1.692 - 2.369
Serratia plymuthica 1 2.16
Klebsiella oxytoca 25 1.552 - 2.325
Klebstella pnenmoniae 6 1.702 - 2.265
Raoultella ornithinolytica 14 1.778 - 2.364
Raoultella terrigena 3 1.853 - 2.111
Enterobacter cloacae 11 1.678 - 2.287
Enterobacter lndwigii 4 1.784 - 2.205
Enterobacter asburiae 1 2
Lelliottia amnigena 16 1.99 - 2.478
Escherichia coli 2 2.247 - 2.327
Escherichia hermannii 1 2.067
Leclercia adecarboxylata 3 2.076 - 2.407
Pantoea agglomerans 3 1.935-2.123
Kinyvera intermedia 2 2122 - 2.282
Hafnia alvei 1 1.648
Kosakonia cowanii 1 1.804
Toplam
Total 129 1.552-2.478
Cizelge 4. Sebzelerden izole edilen GSBL pozitif Enterobacterales tirleri.
Table 4. ESBL positive Enterobacterales strains isolated from vegetables
N
N 3 N = IR £ N B S RS =
3% $T % I §: $E @ o Y% e
O LN L0 L LR L L B
Marul 1 (6.6) - - - - - - - 1 (6.6)
Lettuce
Roka - 3200 2(133) - 2(13.3) - 1(6.6) - 8(53.3)
Rocket
Maydonoz - - - - - 1(6.6) - 1(6.6) 2(13.3)
Parstey
Ispanak 1(6.6) - - 1 (6.6) - : : - 2 (13.3)
Spinach
Nane - 23133) - - - - - - 2 (13.3)
Mint
Toplam  2(13.3) 5(333) 2(133) 1(66) 2(133) 1(66) 1(66)  1(66  15100)
Total

GSBL: Genislemis Spektrumlu Beta-Laktamaz

ESBL.: Extended Spectrum Beta-Lactamase
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Cizelge 5. Sebzelerden izole edilen karbapenemaz pozitif Enterobacterales tirleri.
Table 5. Carbapenemase positive Enterobacterales strains isolated from vegetables.

Sebze Bakteri Metallo Beta-Laktamaz Karbapenemaz
Vegetable Bacterium Metallo Beta-1actamase Carbapenemase
Marul Enterobacter cloacae + +
Lettuce

Roka Klebsiella oxytoca + +
Rocket

Maydonoz Pantoea agglomerans + +
Parstey

Yesil sogan Enterobacter lndwigii + +
Scallion

Ispanak Enterobacter cloacae - +
Spinach

Semizotu Enterobacter cloacae - +
Pursiane

Tarimda kullanilan hayvan glibreleri gida kaynaklt
patojenler icin 6nemli bir risk faktérudir. Yapilan
calismalar bagirsak kaynakli insan ve hayvan
patojenlerinin giibrede ve glibre ile karigtirilmig
toprakta sire  canh  kalabildigini
gostermektedir  (Jiang ve Shepherd, 2009,
Szctzech vd., 2018). Sebzeler sulama suyuna
karisgan  glbre,  kanalizayon  vb.  kirlilik
kaynaklariyla dogrudan temas yolu ile kontamine
olmabilmektedir. Ispanya’da, sebzelerde
Enterobacterales taramast yapilan bir calismada E.
coli, K. pneumoniae, K. oxytoca, S.  marcescens, S.
rubidaea, E. cloacae, Kiuyvera ascorbata, E. aerogenes, .
cancerogenus, E.  gergoviae, E. sakazakii, ve A.
banmannii suslarina rastlanmistir (Rico ve vd.,,
2013). Kuzey Afrika’da yapilan bir ¢alismada 97
adet meyve ve sebze 6rneginden 108 adet gram
negatif bakteri izole edilmigtir. Bu izolatlar
MALDI-TOF MS ile tanimlandiginda 44’tniin
(%40.74)  Enterobacteriaceae familyasina ait
oldugu tespit edilmigtir (Mesbah Zekar vd., 2017).

uzun

Usui vd. (2019) tarafindan yapilan bir ¢alismada
130 sebzeden 681 bakteri izole edilmistir. Baskin
tir olarak 587 adet (%806) Pseudomonas spp.
tanimlanmustir.  Geriye  kalan  tirlerin  ise
Acinetobacter (n=14) Rabnella (n=11), Enterobacter
(n=4), Stenotrophomonas (n=4), Ochrobactrum (n=2),
Pantoea (n=1) ile Serratia (n=1) cinslerine ait
oldugu tespit edilmistir. Bizim yapmis oldugumuz
calismada ise en fazla rastlanan bakteti Servatia

spp. (#=36) ardindan Klebsiella spp. (n=31)
olmustur.

Nousiainen vd., (2016) tarafindan satilan taze
yapraklt sebzelerin mikrobiyolojik kalitesinin
arastirddigt bir calismada, marul ve ispanaktan
alinan toplam 100 6rnekte toplam canli sayisinin
ortalama 8.6 log KOB/g, koliform bakteri
saytsinin ise 6.3 log KOB/g oldugu belitlenmis,
orneklerin  %15’inde E. /i tespit edilmistir.
Yapmis oldugumuz ¢alismada marul ve
ispanaktan almis oldugumuz toplam 18 6rnekte
toplam  Enferobacterales yiki ortalama olarak
marulda 3.90£2.19 log KOB/g ve ispanakta
5.0610.32 log KOB/g olarak belitlenmistir. Ttirk
Gida Kodeksi Mikrobiyolojik Kriterler tebliginde
hazir salatalar icin verilen kriterlerde indikator
mikroorganizmalar igin bir kriter bulunmazken,
Salmonella spp., Listeria monocytogenes ve E. coli
O157:H7 bulunmamast istenmistir (Anonim,
2011). Elde edilen izolatlar arasinda Salmonella
spp. bulunmamasina karsin Escherichia spp.’nin %o
2.23 oraninda saptanmis olmast bu 6rneklerin risk
tasidiginin bir géstergesi kabul edilebilir.

GSBL ireten Enterobacterales ile ilgili yapilan
farkll calismalarda, bu bakterilerin sadece hastane
ortamindan izole edilmedigi sebzelerde, ciftlik
hayvanlarinda ve bunlardan Uretilen gidalarda
cikabilecegi tespit edilmistir (Ben Sallem vd.,
2012; Poeta vd., 2009). Sebzelerde antibiyotik
direncli Enterobacteriacea bakterilerinin
arastirilmast  iizerine Ingiltere’de yapilan  bir
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calismada; havuclar ile ¢ig salata sebzelerinden
alinan toplam 73 6rnekten izole edilen bakterilerin
%37.5’inin  Enterobacteriaceac familyasina  ait
oldugu tespit edilmistir. Suslarin %70'inden fazlast
ampisilin ~ yanisira  birinci  ve ikinci kusak
sefalosporinlere, suslarin  %33%inin  ise ko-
amoksilav, sefotaksim veya trimetoprim'e direncli
oldugu tespit edilmistir (Hamilton-Miller ve Shah,
2001). Tunus’taki pazarlardan toplanan maydanoz
ve domateslerle ilgili yapilan bir calismada da
GSBL pozitif E. co/i suslart saptanmustir (Said vd.,
2015). Bizim ¢alismamizda elde edilen 2 adet E.
colive 1 adet . hermannii izolat1 ise GSBL negatif
olarak tespit edilmistir

Romanya'da perakende olarak satilan taze
triinlerde 3-laktamaz tireten Enterobacterales varhigt
arastirilmistir. Sebzelerden elde edilen izolatlarin
%7.9'u GSBL, %5.51 GSBL/AmpC ve %2.4"4
Karbapenemaz fUreticisi oldugu bildirilmistir
(Colosi vd. 2020). Cezayit'in Batna kentindeki taze
sebzelerde GSBL, karbapenem ve kolistin direngli
Gram negatif bakterileri taramak amactyla 400
taze sebze Orneginden 67 izolat incelenmistir.
MALDI-TOF MS yontemiyle tanimlanan
tirlerden C. freundii, K. pneumoniae, E. cloacae, S.
maltophilia, E. coli ve C. braakii baskin tirler
arasinda yer almustir. Izolatlardan 27’sinin GSBL
geni, 5’inin karbapenemaz geni tasidigi tespit
edilmistir (Chelaghma vd. 2022). Cig sebzeden
GSBL prevalansinin  incelendigi  baska  bir
calismada, pazardan toplanan 305 Ornegin
14'inde (%4.6) GSBL dtreten E. i ve K
prenmoniae izole edilmistir. Cig sebzelerin, c¢ig
sebze almi yoluyla insanlara potansiyel olarak
bulagabilen GSBL'ye direncli E. w/# ve K
preumoniae'nin - 6nemli  bir  kaynagt oldugu
gosterilmistir (Romyasamit vd. 2021).

Tarim ortaminin, taze sebzelerde GSBL lreten
Enterobacteriaceae  kaynagt olup olmadigint
belirlemek i¢cin yapilan c¢alismada, pismemis taze
triinlerin tiketimi yoluyla GSBL ve AmpC treten
bakterilerin yayilmast halk sagligi acisindan risk
olusturdugu saptanmustir (Blaak vd, 2014). Giiney
Afrika’da yapilan ¢alismada, sulama suyundaki ve
sebzelerdeki E. co/i suglarinda GSBL, AmpC
varligt ve genetik benzerlik filogenetik olarak
arastirdmistir. Calismada elde edilen izolatlarin

%76’sinin GSBL ya da AmpC ireticisi oldugu,
bunlardan 14’tntin hem GSBL hem de AmpC
treticisi oldugu belirlenmistir. Ayrica, sulama
suyundan ve maruldan izole edilen E. co/7lerin
yiksek genetik benzerlik icerdigi, marula gecen
GSBL porzitif E. coli suslarinin sulama suyu
kaynakli olabilecegi ifade edilmistir (Njage ve
Buys, 2015).

Sonug olarak; yesil yaprakli sebzeler lagim
sularinin  sulama suyuna karismasi, hayvan
barinaklarina yakin bolgelerde yapilan tretim,
insan ve hayvanlar tarafindan olusan fekal bulaslar
gibi  kontaminasyon  kaynaklarina  maruz
kalabilmektedir. Gida ¢alisanlari araciligiyla capraz
kontaminasyon  ve  kontamine  gidalarin
tiiketilmesi yoluyla patojen bakteriler toplumda
yayilabilir. Ozellikle  antibiyotik  direng
mekanizmalarina sahip olan suslarin yayilmast
toplum sagligt acisindan ¢ok Onemlidir.  Yesil
sebzelerde rastalanan GSBL ve karbapenemaz

Ureticisi ~ Enterobacterales  tirlerinin  varhgt
antimikrobiyal diren¢ sorunu konusunda gerekli
tedbirlerin alinmasi gerektigini ortaya
koymaktadir.

TESEKKUR

Bu calisma; Canakkale Onsekiz Mart Universitesi
Bilimsel Arastrma  Projeleri Koordinasyon

Birimince Desteklenmistir. Proje numarast: FYL-
2019-2808.

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

YAZAR KATKILARI

Makale, Vasfi Mehmet Balki’nin Nikhet Nilufer
Demirel Zorba ve Nesrin Cakict danismanliginda
yurittigt  yiksek lisans tez calismasindan
uretilmistit. Calisgma Nukhet Nilifer Demirel
Zorba ve Nesrin Cakici tarafindan planlanmis,
Vasfi Mehmet Balki laboratuvar calismalarint
gerceklestirmis, antibiyotik direncin dogrulanmasi
ve makale taslaginin olusturulmas: kismimnda her
¢ yazarda katk: vermistir. Yazarlar makalenin son
halini okuyarak onaylamuslardir.

583



584

V.M. Balki, N.N. Demirel Zorba, N. Cakici

KAYNAKILAR

Anonymous (2011). Turk Gida Kodeksi.
Mikrobiyolojik Kriterler Yonetmeligi, 29 Aralik
2011 tarih ve 28157 sayili Resmi Gazete, Ankara.

Ayhan, S., Kahve, H. I, Aydin, F., Ardig, M.
(2020). Antibiotic resistance and hemolytic
activity in enterococci isolated from tulum cheese
sold in Aksaray province. GIDA, 45(4): 689-698.
https://doi.org/10.15237 / gida.GD20068

Bain, R., Cronk, R., Hossain, R., Bonjour, S,
Onda, K., Wright, J., Yang, H., Slaymaker, T.,
Hunter, P., Priss-Ustiin, A., and Bartram, J.
(2014). Global assessment of exposure to faecal
contamination through drinking water based on a
systematic review. Tropical Medicine & International
Health, 19: (8), 917-927.
https://doi.org/10.1111/tmi.12334

Ben Sallem, R., Ben Slama, K., Saenz, Y., Rojo-
Bezares, B., Estepa, V., Jouini, A., ... & Torres, C.
(2012). Prevalence and characterization of
extended-spectrum beta-lactamase (ESBL)-and
CMY-2—producing Escherichia coli isolates from
healthy food-producing animals in
Tunisia. Foodborne Pathogens and  Disease, 9:(12),
1137-1142. 4. https://doi.org/10.1089/
fpd.2012.1267

Blaak, H., van Hoek, A. H., Veenman, C., van
Leeuwen, A. E. D., Lynch, G., van Overbeck, W.
M., & de Roda Husman, A. M. (2014). Extended
spectrum B-lactamase-and constitutively AmpC-
producing Enterobacteriaceae on fresh produce
and in the agricultural environment. International
Journal  of Food  Microbiolegy, 168, 8-16. 4.
https://doi.org/10.1016/j.ijfoodmicro.2013.10.0
06

Budak, S., Aktas, Z., & Erdem, H. (2012). Enterik
Gram-negatif bakterilerde laboratuvardan klinige
karbapenemazlar. Mediterranean Jonrnal of Infection
Microbes and Antimicrobials, 1,1-11.

Canton, R., Novais, A., Valverde, A., Machoda,
E., Peixe, L., Baquero, F., Coque, TM. (2008).
Prevelence and spread of extended-spectrum (-
lactamases-producing Enterobacteria In Europe.
Clin - Microbiol - Infect, 14 (Suppll), 144-153.
https://doi.org/10.1111/7.1469-
0691.2007.01850.

Chelaghma, W., Loucif, L., Bendjama, E., Cherak,
Z., Bendahou, M., Rolain, J.M.
(2022). Occurrence of Extended Spectrum
Cephalosporin-, Carbapenem- and Colistin-
Resistant Gram-Negative Bacteria in  Fresh
Vegetables, an Increasing Human Health
Concern  in  Algeria. Antibiotics. 11,  988.
https://doi.org/10.3390/antibiotics 11080988

Cheng, K, Chui, H., Domish, L., Hernandez, D.,
Wang, G. (2016). Recent development of mass
spectrometry and proteomics applications in
identification and typing of bacteria. Proteomics
Clin App, 10:(4), 346-357.
https://doi.org/10.1002/prca.201500086

Colosi, L.A., Baciu, A.M., Opris, R.V., Peca, L.,
Gudat, T., Simon, ..M., Colosi, H.A., Costache,
C. (2020). Prevalence of ESBL, AmpC and
carbapenemase-producing Enterobacterales isolated
from raw vegetables retailed in Romania. Foods. 9,

1726. https://doi.org/10.3390/foods9121726

Coudron, P. E. (2005). Inhibitor-based methods
for detection of plasmid-mediated AmpC B-
lactamases in Klebsiella spp., Escherichia coli, and
Protens mirabilis. Journal of Clinical Microbiology, 43:
(8),  4163-4167.  https://doi.org/10.1128/
JCM.43.8.4163-4167.2005

De Oliveira Elias, S., Tombini Decol, L., and
Tondo, E. C. (2018). Foodborne outbreaks in
Brazil associated with fruits and vegetables: 2008
through 2014. Food Quality and Safety, 2 (4), 173-
181. https://doi.org/10.1093/fqsafe/fyy022

Demirer, B. ve Ozdemir M. (2021). Gidalardaki
Antibiyotik Kalintdart. Academic Platform Journal of
Halal Lifestyle, 3:(1), 17-25.

Encu, S. B, Soykut, E. A., Cakir, 1. (2022).
Gelencksel yogurtlardan izole edilen laktik asit
bakterilerinin maldi tof ms biotyper sistemi ile
tanimlanmasi ve bazi starter kiiltiir 6zelliklerinin
belitlenmesi. ~ Guda, 47  (6),  1059-1082.
https://doi.otg/10.15237 /gida.GD22088

EUCAST. 2022. European Committee on
Antimicrobial Susceptibility Testing breakpoint
tables for interpretation of MICs and zone
diameters, version 7.1. https://www.eucast.org/
fileadmin/src/media/PDFs/EUCAST_ files/Bre
akpoint_tables/v_12.0_Breakpoint_Tables.pdf



Yesil sebzelerde antibiyotik direngli suslarin varhgi

Firinciogullart, B., Oner, Z. (2022). Kolesterol

dastriici  etkilere  sahip lactobacillus  spp.
suslarinin ~ peynirde baglatici  kdltir olarak
kullanimi. GIDA, 47(2), 266-276.

https://doi.ore/10.15237 /gida.GD21141

Franz, E., Semenov, A. V., & van Bruggen, A. H.
C. (2008). Modelling the contamination of lettuce
with Escherichia coli O157: H7 from manure-
amended soil and the effect of intervention
strategies. Journal of Applied Microbiology, 106 (5),
1569-1584. https://doi.org/10.1111/1.1365-
2672.2008.03915.x

Giske, C. G., Gezelius, L., Samuelsen, ., Warner,
M., Sundsfjord, A., & Woodford, N. (2011). A
sensitive and specific phenotypic assay for
detection of metallo-B-lactamases and KPC in
Kilebsiella pnenmoniae with the use of meropenem
disks supplemented with aminophenylboronic
acid, dipicolinic acid and cloxacillin. Clinical
microbiology  and  infection, 17(4),  552-556.
https://doi.org/10.1111/}.1469-
0691.2010.03294.x.

Gupta, G, Tak, V., Mathur, P. (2014). Detection
of AmpC { lactamases in gram-negative
bactetia. Journal of Laboratory Physicians, 6: 1-6.
https://doi.org/10.4103/0974-2727.129082

Hamilton-Miller, J. M. T., & Shah, S. (2001).
Identity and antibiotic  susceptibility —of
enterobacterial flora of salad
vegetables. International ~ Journal —of Antimicrobial
Agents, 18(1), 81-83. https://doi.org/10.1016/
S0924-8579(01)00353-3

Hudson, J. A., Frewer, L. ]., Jones, G., Brereton,
P. A., Whittingham, M. J., Stewart, G. (2017). The
agri-food chain and antimicrobial resistance: A
review. Trends in Food Science & Technology, 69, 131-
147. https://doi.org/10.1016/].tifs.2017.09.007

Jiang, X., Shepherd, M. (2009). The role of
manure and compost in produce safety. X. Fan,
B.A. Niemira, C.J. Doona, F.E. Fecherry, R.B.
Gravani (Eds.), Microbial Safety of Fresh
Produce, Wiley-Blackwell Publisher, pp. 143-166.

Kisa, C., Tuncer, Y. (2021). Kanatli etlerinde
staphylococcus aureus yaygmnligt ve antibiyotik
diren¢  profillerinin, antibiyotik diren¢ ve
enterotoksin  genlerinin  belitlenmesi. GIDA,

46(3),  692-706.
0ida.GD21048

Mesbah Zekar, F., Granier, S. A., Marault, M.,
Yaici, L., Gassilloud, B., Manceau, C., Touati, A.,
and Millemann, Y. (2017). From farms to
markets: Gram-negative bacteria resistant to
third-generation cephalosporins in fruits and
vegetables in a region of north africa. Frontiers in
Microbiology, 8, 1569. https://doi.org/10.3389/
fmich.2017.01569

Njage, P. M., Buys, E. M. (2015). Pathogenic and
commensal E scherichia coli from irrigation water
show potential in transmission of extended
spectrtum and AmpC [-lactamases determinants
to isolates from lettuce. Microbial
Biotechnology, 8(3), ~ 462-473.  https://doi.org/
10.1111/1751-7915.12234

Nordmann P, Gniadknowski M, Giske CG, Poriel
L, Woodford N, Miriagou V. (2012).
Identification and screening of carbapenemase-
producing Enterobactetiaceae. Clinical Microbiology
and Infection 18(5): 432-8.
https://doi.org/10.1111/§.1469-
0691.2012.03815.x

Nordmann, P., Poirel, L. (2002). Emerging
carbapenemases in Gram-negative
aerobes. Clinical Microbiology and Infection, 8(6), 321-
331. https://doi.org/10.1046/7.1469-
0691.2002.00401.x

https://doi.org/10.15237/

Nousiainen, L. L., Joutsen, S., Lunden, J.,
Hinninen, M. L., & Fredriksson-Ahomaa, M.
(2016). Bacterial quality and safety of packaged
fresh leafy vegetables at the retail level in
Finland. International Journal of Food
Microbiology, 232, 73-79. https://doi.org/
10.1016/j.jjfoodmicro.2016.05.020

Poeta, P., Radhouani, H., Pinto, L., Martinho, A.,
Rego, V., Rodrigues, R., Gongalves, A,
Rodrigues, J., Estepa, V., Torres, C., and lgrejas,
G. (2009). Wild boars as reservoirs of extended-
spectrtum  beta-lactamase (ESBL) producing
Escherichia coli of different phylogenetic groups.
Journal of Basic Microbiology, 49(6); 584-588.
https://doi.org/10.1002/jobm.200900066

Poirel, L., Naas, T., Guibert, M., Chaibi, E. B,
Labia, R., & Nordmann, P. (1999). Molecular and

585



586

V.M. Balki, N.N. Demirel Zorba, N. Cakici

biochemical characterization of VEB-1, a novel
class A extended-spectrum {-lactamase encoded
by an Escherichia coli integron gene. Antimicrobial
Agents  and  Chemotherapy, 43:(3), ~ 573-581.
https://doi.org/10.1128/AAC.43.3.573

Rico, H., Gozalbo, D., Sebastia, C., & Falomir,
M.P. (2013). Enterobacter cloacae in fresh
vegetables: A potential carrier of antibiotic
resistances to consumers. Food Studiess An
Interdiscipl |, 2, 1-7.

Romyasamit C, Sornsenee P, Chimplee §,
Yuwalaksanakun S, Wongprot D, Saengsuwan P.
2021. Prevalence and characterization of
extended-spectrum B-lactamase-producing
Escherichia coli and Klebsiella pneumoniae isolated
from raw vegetables retailed in Southern
Thailand.  Peet] 9:¢11787  https://doi.org/
10.7717/peerj. 11787

Said, L. B., Jouini, A., Klibi, N., Dziri, R., Alonso,
C. A, Boudabous, A., Torres, C. (2015).
Detection of extended-spectrum beta-lactamase
(ESBL)-producing Enterobacteriaceae in
vegetables, soil and water of the farm
environment in Tunisia. International Journal of Food
Microbiology, 203, 86-92. https://doi.org/
10.1016/j.ijjfoodmicro.2015.02.023

Saksena, R., Malik, M., Gaind, R. (2020). Bacterial
contamination and prevalence of antimicrobial
resistance phenotypes in raw fruits and vegetables
sold in Delhi, India. Journal of Food Safety, 40, (1),
¢12739. https://doi.org/10.1111/fs.12739

Szczech, M., Kowalska, B., Smolinska, U.,
Maciorowski, R., Oskiera, M., Michalska, A.
(2018). Microbial quality of organic and
conventional vegetables from Polish
tarms. International Jonrnal of Food Microbiology, 286,
155-161. https://doi.org/10.1016/
jijfoodmicro.2018.08.018

Taormina, P. J., Beuchat, L. R. (1999).
Comparison of chemical treatments to eliminate
enterohemorrhagic Escherichia coli O157: H7 on
alfa seeds. Journal of food protection, 62 (4), 318-324.
https://doi.org/10.4315/0362-028X-62.4.318

Tien, Y. C, Li, B., Zhang, T., Scott, A., Murray,
R., Sabourin, L., Topp, E. (2017). Impact of dairy
manure pre-application treatment on manure
composition, soil dynamics of antibiotic
resistance genes, and abundance of antibiotic-
resistance genes on vegetables at harvest. Science of
the Total Environment, 581, 32-39.
https://doi.org/10.1016/j.scitotenv.2016.12.138

Usui, M., Ozeki, K., Komatsu, T., Fukuda, A., and
Tamura, Y. (2019). Prevalence of extended-
spectrtum  B-lactamase—producing bacteria on
fresh vegetables in Japan. Journal of Food Protection,

82, (10), 1663-1666. https://doi.org/
10.4315/0362-028X.JFP-19-138
Unlitirk  A., Turantas F. (2015). Guda

Mikrobiyolojisi, Meta Basim, Izmir, s:16.

Van Hoek, A. H., Veenman, C., van Overbeek,
W. M., Lynch, G., de Roda Husman, A. M., &
Blaak, H. (2015). Prevalence and characterization
of ESBL-and AmpC-producing
Enterobacteriaceae on retail
vegetables. International ~ Jouwrnal — of  Food
Microbiology, 204, 1-8. https://doi.org/10.1016/
jijfoodmicro.2015.03.014

Wadamori, Y., Gooneratne, R., Hussain, M. A.
(2017).  Outbreaks and factors influencing
microbiological contamination of fresh produce.
Journal of the Science of Food and Agriculture, 97 (5),
1396-1403. https:/ /doi.org/10.1002/isfa.8125



Aragtirma / Research
GIDA (2023) 48 (3) 587-601
doi: 10.15237/¢gida.GD23032

FARKLI AMBALAJ] MATERYALLERI ve VAKUM/MODIFIYE ATMOSFER
AMBALAJLAMANIN DIiLIMLENMIi$ HATAY PEYNIRININ KALITESI VE RAF
OMRUNE ETKISi

Bengisu Toplu', Hatice Sigramaz?’, Zehra Ayhan >*
"Mustafa Kemal Universitesi, Ziraat Fakiiltesi, Gida Mithendisligi Béliimii, Hatay, Ttrkiye
2Sakarya Universitesi, Mithendislik Fakiiltesi, Gida Miihendisligi Boliimdi, Sakarya, Tiirkiye

Gelis/Recerved: 07.03.2023; Kabul/ Accepted: 24.04.2022; Online baski/ Published online: 10.05.2023

Toplu, B., Sigramaz, H., Ayhan, Z. (2023). Farklt ambalaj materyalleti ve vakum/modifiye atmosfer
ambalajlamanin dilimlenmis Hatay peynirinin kalitesi ve raf émriine etkisi. GIDA (2023) 48 (3) 587-601
doi: 10.15237/gida. GD23032

Toplu, B., Swramaz, H., Ayhan, Z. (2023). The effects of different packaging materials and vacnum/ modified atmosphere
packging methods on the quality and shelf life of sliced Hatay cheese. GIDA (2023) 48 (3) 587-601 doi:
10.15237/ gida. GD23032

0z

Bu calismada ambalajsiz olarak satisa sunulan ve yoresel bir peynir ¢esidi olan Hatay peynirinde uygun
ambalaj malzemesi ve teknolojilerinin kullanimu ile daha kaliteli ve uzun raf dmriine sahip bir Griin elde
edilmesi hedeflenmistir. Bu nedenle dilimlenmis peynir érnekleri modifiye atmosfer (%50 CO2 ve %50 No),
hava (%21 Oz ve %79 Ny) ve vakum altinda t¢ farkli gecirgenlikte ambalaj malzemeleri (Koekstrude PA/PE,
OPET/OPA/CPP ve PP/PA/EVOH/PE) ile ambalajlanmis ve 4°C’de 60 gln streyle depolanmustir.
Depolama siiresince tepe boslugu gaz oranlart (%O: ve COy), fizikokimyasal ve duyusal analizler yapilmustur.
Depolama stiresince ambalajli uygulamalarda triin beyazligi ve tekstiir daha iyi korunmus, duyusal nitelikler
kabul edilebilir bulunmustur. Tm uygulamalarin titrasyon asitligi ve TBARS degerleri artmis ve pH degerleri
azalmistir. Ancak depolama boyunca en iyi sonuglar gaz gecirgenligi en diigiik olan PP/PA/EVOH/PE’de
vakum uygulamasinda ve ylksek karbondioksitli MAP uygulamalarinda alinmistir. Sonug olarak, ambalajstz
trinde raf 6mri 5 giin, ambalajli peynitlerde raf 6mrii 60 giin olarak Snerilmektedir.

Anahtar kelimeler: Ambalaj materyali, Hatay peyniti, modifiye atmosfer paketleme (MAP), fizikokimyasal
ozellikler ve raf 6mri

THE EFFECTS OF DIFFERENT PACKAGING MATERIALS AND
VACUUM /MODIFIED ATMOSPHERE PACKGING METHODS ON THE
QUALITY AND SHELF LIFE OF SLICED HATAY CHEESE

ABSTRACT

The aim of this study is to determine quality and shelf life for a regional unpackaged Hatay cheese
by the use of appropriate packaging materials and technologies. The sliced cheese was packaged under
a modified atmosphere (50% COz and 50% Ny), air (21% O and 79% N3z) and vacuum using three
different packaging materials with different permeabilities (Coextruded PA/PE, OPET/OPA/CPP
and PP/PA/EVOH/PE) and stored at 4°C for 60 days. Headspace gas concentration (Ozand CO>
%), physicochemical and sensory analysis were performed during storage. Whiteness and texture of
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packaged cheese were preserved better than unpackaged product, and were sensorially acceptable
during entire storage. Titratable acidity and TBARS increased and pH decreased at all applications
during storage. However, the best results were obtained for PP/PA/EVOH/PE with the lowest gas
permeability under vacuum and high carbon dioxide-MAP applications. The shelf life of unpackaged
and packaged product was 5 days and 60 days, respectively.

Keywords: Packaging material, Hatay cheese, modified atmosphere packaging, physicochemical

properties and shelf life

GIRIS

Hatay peyniri, starter kiltir eklenmeden stite
yalnizca rennet enzimi ilavesi ile retilen, Hatay
linin geleneksel bir peynir c¢esididir. Cografi
olarak heniiz isaretlenmedigi icin Gretim yontemi
isletmeden isletmeye degisebilmektedir.
Genellikle yalniz inek sutlinden Uretilirken,
dénemsel olarak koyun ve keci sitleri de
karistirilabilmektedir (Cayir ve Guizeler, 2020).
Uretiminde, az yaglt pastorize siite enzim ilave
edilerek pihtilasma saglanmakta ve peynir suyu
yeterince stizlilditkten sonra tuzlanarak taze halde
tilketime sunulmaktadir. Uriiniin standart tiretim
prosesi  bulunmadigi  gibi, = ambalajlama
yonteminin ve ambalaj materyalinin Giriine etkileri
tzerine de herhangi bir ¢alisma yapilmamistir.

Ambalaj, giday1 hava, nem, koku,
mikroorganizmalar gibi triin kalitesini distren
dss etkilere karst korumaktadir. Mikrobiyal ve olast
kimyasal bulagilara karst hijyen sagladigt gibi
trinin duyusal kalitesini korumakta, Urtinden
aroma kayb1 gerceklesmesini 6nlemektedir. Aynt
zamanda depolanmasini ve
taginabilirligini  saglamaktadir. Bu amaclarla
kullanilan ambalaj filminin, gidamin &zelliklerine
uygun olarak se¢ilmesi 6nemlidir. Gidanin kalite
Ozelliklerinin  korunmasinda ambalaj i¢ci gaz
karigimi da  Onemlidir. Ambalaj filminin 1s1l
yapistirilmasi 6ncesinde, ambalaj i¢inde bulunan
hava atmosferi negatif basingla uzaklastirilarak
vakum ambalajlama yapilabilmektedir. Modifiye
atmosfer ambalajlama (MAP) yonteminde ise,
giday1 cevreleyen tepe boslugunda bulunan hava
atmosferi, oksijen orani disiirtilerek, azot ve/veya
karbondioksit orani yiksek olan farkli bir gaz
karisimi ile degistirilir. Peynirin
ambalajlanmasinda uygulanan oksijensiz MAP ile
oksidasyona baglt reaksiyonlar Onlenmis olur;
anaerobik mikroorganizma gelisimi ve lipoliz
reaksiyonlari yavaglar, triiniin raf Omrl artar
(Ayhan, 2022). Peynirlerde MAP uygulamasinin

uranun

daha yumusak ve begenilen tekstiir sagladigt da
belirtilmistir ~ (Jafarzadeh vd., 2021). MAP
uygulamast dogru sekilde yapilmadigt takdirde
istenmeyen sonuglara da yol acabilir. Bu nedenle,
ambalajlama isleminde kullanilan gaz karisimi ve
oranlarinin  dogru ayarlanmasi i¢in  bilimsel
calismalara ihtiyac vardir (Lee vd., 2008).

Ambalaj i¢i  gaz kamgiminin  yani  sira,
ambalajlamada  kullanilan ~ materyalin ~ gaz
gecirgenligi (oksijen ve karbondioksit) ve diger
mukavemet Ozellikleri, gidanin raf Smriing
belirlemede 6nemlidir. Ambalaj materyali secimi,
ambalajlanacak triiniintin ézelliklerine, depolama
ve tasima kosullarina, ambalajlama yontemine ve
tiiketicinin gereksinimlerine baglt olarak belitlenir.
Uzun raf 6mri istenilen drinlerde 6zellikle
gecirgenligi  distirmek amaciyla  laminasyon
teknikleriyle Uretilen ¢ok katmanh ambalajlar
tercih edilmektedir. Polietilen-poliamid
malzemeler (PA/PE), gidalarin oksijen, nem ve
aroma kaybi1 Onlemek icin yaygin olarak
kullantlmaktadir. Etilenvinil alkol (EVOH) ya da
polivinilden klorir (PVDC) iceren bariyerli
filmler, oksidasyona ve neme duyarlt trinlerin
ambalajlanmasinda ytksek koruyuculuk gésteren
¢ok katmanl ambalaj malzemeleridir. EVOH™un
oksijen bariyeri 6zellifine karsilik, neme hassas
olmast nedeniyle gidaya direk temas etmesi uygun
olmayip, baska materyaller arasinda lamine
edilmektedir (Ayhan, 2022). Polietilen tereftalat /
poliamid / polipropilen laminasyonundan olusan
OPET/OPA/CPP filmleri de vyine gida
ambalajlamada yaygin olarak kullanilmaktadur.
Bilesimindeki OPET, yiiksek mekanik dayanimi
ve disik su buhart gecirgenligi nedeniyle
kullantlirken, OPA yiiksek bariyer &zellikleri ve
termal dayanimi nedeniyle kullanilir. CPP ise
esnekligi ve sizdirmazlik 6zellikleri nedeniyle
tercih edilir (Morris, 20106).



Ambalajlamanin Hatay peynirinin kalitesi ve raf émrine etkisi

Dogru  ambalajlama,  gidanin  kalitesinin
korunmasina, tazeliginin ve raf Omrlnln
uzatimasina ve titketicilere giivenli bir sekilde
sunulmasina yardimct olur. Hatay peynirinin
dustik asitlikte bir taze peynir olmast, olgunlasmis
peynirlere kiyasla kisa raf dmriine sahip olmasi ve
acitkta satlmast nedeniyle uygun sekilde
ambalajlanmasi riin kalitesini korumada ve raf
omrunt arttirmada ¢cok 6nemlidir.

Bu calisma kapsaminda, Hatay peyniri t¢ farklt
ambalaj materyaliyle t¢ farkli gaz karigiminda
ambalajlanarak  4°Cde 60 gin  sureyle
depolanmustir. Depolama stiresince Urlnlerin
kalitesi fizikokimyasal ve duyusal analizlerle
incelenmis ve raf Omri tespit edilmistir.
Geleneksel gidalarin kendine 6zgl 6zelliklerinin
korunarak raf Omrinin uzatmast daha fazla
taninmasina, kiltiirel mirasin devamliligina ve
ekonomik gelisime katk: saglayacaktir.

MATERYAL VE YONTEM

Hatay Peyniri Uretimi

Ambalajlamada kullanilacak olan peynir, giinlik
olarak uretilmistir. Cig sut, 70°C’de 20 dk
pastorize edildikten sonra 35°C’ye sogutulmustur.
Siite 1:10000 oraninda kalsiyum klortr (Caso-Fcc
Flakes, Belcika) eklenmis ve mayalanma 60 dk'da

tamamlanacak sekilde 1:16000 kuvvetindeki
mayadan (Maysa Mysecoren 200, Tirkiye) ilave
edilmistir. Ardindan pthtt kirldmis ve peynirin fazla
suyu, baskit plakalari yardimiyla uzaklastirilmigtir.
1,5 saat baskida kalan pithtt 2 cm’ boyutunda
dilimlenmis ve 20°C’deki 12°Bomelik salamura
suyunda 2 saat bekletilmistir. Ambalajlama 6ncesi

16 saat 4°Cde 10°Bomelik  salamurada
bekletildikten sonra salamura suyu
uzaklastirilmistir.

Peynirin Ambalajlanmast

Uretilen dilimli Hatay peyniri, 3 farkli malzemede
ve 3 farkhh atmosferde ambalajlanmistir.
Ambalajlanan drtnlerin ambalaj materyali ve
ambalaj ici gaz karisimlarina ait 6zellikler Cizelge
1’de verilmistir. Cok katmanli PA/PE torba
ambalaji (M1) ve OPET/OPA/CPP filmleri (M2)
Apack Ambalaj Makine San. Tic. Ltd. St.
(Istanbul)’den, EVOH bariyerli
PP/PA/EVOH/PE film (M3) ise Superfilm A.S.
(Gaziantep)’den temin edilmigtir. Film halinde
temin edilen ambalajlar da 15x25 cm boyutunda
kesilerek  torbalar  olusturmak  {zere  1sil
yapistirictyla  yapistirilmistir.  Hazirlanan  torba
ambalajlar  %96’Lik etanolle (v/v) dezenfekte
edildikten sonra aseptik kosullarda 35°C’de 2 saat
kurumaya birakilmustir.

Cizelge 1. Hatay peynirine uygulanan ambalaj malzemeleri ve teknik 6zellikleri
Table 1. Technical properties of packaging materials applied to Hatay cheese

Ambalaj materyali 6zellikleri

Ambalajl . Properties of packaging material
aterial code Thickness OTR* CO;TR*

(Lm) (cm®/m?2-giin) (cm?/m?2-glin)
M1 PA/PE 95 50.0 180.0
M2 OPET/OPA/CPP 88 22.7 95.6
M3 PP/PA/EVOH/PE 115 2.0 -

0

Ambalaj atmosferi kodu Gaz oraqlarl (%)
Packaging atmosphere code Gas ratios (1)

N» O2 CO;
ATM 79 21 0
MAP 50 0 50
VAK 0 0 0

ATM: hava atmosferi, MAP: modifiye atmosfer paketleme, VAK: vakum
* OTR: Oksijen gecis hizi, CO2TR: Karbondioksit gecis hizt

ATM: air atmosphere, MAP: modified atmosphere packaging, VAK: vacunm

* OTR: Oxygen transmission rate, CO;TR: Carbon dioxide transmission rate

589



590

B. Toplu, H. Sicramaz, Z. Ayhan

Suyu stiziilen dilimlenmis peynirler daha 6nceden
hazirlanan ve dezenfekte edilen torba ambalajlara
200 g olacak sekilde yerlestirilmistir. Uriin iceren
torba ambalajlar, tek odali ambalajlama
makinesine  (Reepack, RV 300, Almanya)
kombine edilen t¢li gaz mikseri (KM60-3, Witt,
Almanya) yardimiyla ambalaj ici gaz karisimi
ayarlanarak  kapatlmistir.  Ug  farkh  gaz
ortamindan hava atmosferiyle ambalajlananlar
ATM, modifiye atmosfer ile ambalajlananlar
MAP, vakum ambalajlananlar VAK olarak
adlandirdmis ve uygulanan bu gaz bilesimleri
Gizelge 1’de verilmistir. Ambalajsiz peynitler ise
kontrol grubu olarak depolama siiresince analiz
edilmistir. ~ Uretimler  iki  tekrarli  olarak
gerceklestirilmistir. Depolamanin 0., 5., 10., 20,
30., 45. ve 60. giinlerinde peynitler fizikokimyasal
ve duyusal 6zellikleri acisindan analiz edilmistir.
Analiz  glnlerinde ayrica ambalaj ici gaz
kompozisyonu, tepe boslugu gaz analiziyle
belitlenmistir. Analizler en az iki tekrarli olarak
gerceklestirilmistir.

Tepe Boslugu Gaz Analizi

Gaz  kanisimi  igeren  ambalajlarin tepe
boslugundaki %O; ve CO; (v/v) oranlari, ambalaj
acilmadan Once torba ambalaj ylizeyine
yapistirlan septumdan bir igne ile gaz analizori
(Witt-Oxybaby, Gasetechnik, Germany)
kullanilarak belitlenmistir. Vakum ambalajlarda

tepe boslugu bulunmadigt icin gaz analizi
yapilmamustir.
Fizikokimyasal Analizler

Renk (Beyazlik indeksi)

Dilimlenmis peynir 6rneklerinin rengi Minolta
(CR-400, Osaka, Japonya) renk 6l¢iim cihazi ile
CIE L*a*b* 6l¢egi kullanilarak dl¢tlmiistiir. Alet
fllumina Clye ayarlanmus ve standart beyaz
yansitict levha kullanilarak kalibre edilmistir.
Ortalama L*, a* ve b* degerleri, Judd ve Wyszecki
(1975) tarafindan Onerilen asagidaki formiile
yerlestirilerek beyazlik indeksi (WI)
hesaplanmistir.

Beyaziik indeksi W1)= 100 - [(100-L) + o> + b?] -

Tekstiir (Sertlik ve Elastikiyet)
Peynirlerde tekstiir profil analizi TA-XT Plus
(Stable Micro System, Ingiltere) doku analiz6rii ile

gerceklestirilmistir.  2x2  cm  boyutlarinda
dilimlenmis drinlerin = sertlik ve elastikiyet
Ozellikleri, Gunasekaran ve Ak (2002) tarafindan
Onerildigi sekilde, 5 cm ¢apindaki silindir prob ve
30 kg yuk hucresi kullantlarak 2 mm/s test hizinda
16 mm uzaklginda baski uygulanarak test
edilmistir.

PH ve Titrasyon Asitligi

10 g peynir 6rnegi aynt oranda suda homojenize
edilerek pH degeri o6l¢ulmustir (WIW-315,
Weilheim, Almanya). Titrasyon asitligi analizi,
AOAC (2000)’e gore yapilmis, sonuglar laktik asit
cinsinden hesaplanmistir.

Lipid Oksidasyonu

Depolama  stiresince  lipid  oksidasyonu
tiyobarbitiirik asit reaktif madde (TBARS) analizi
ile belirlenmistir. King (1962)’de belirtilen TBARS
yontemi modifiye edilerek uygulanmustir. 10 ¢
peynir Ornegi, 25 mlL distile suda homojenize
edildikten sonra su banyosunda 30°Clye
wsitlmustir. Uzerine 1 mL TCA (1 g/ 1 mL) ve 2
mL %95’lik etanol (v/v) eklenmistir. 30°C’lik su
banyosunda 5 dk bekletildikten sonra filtre
kagidindan (Whatman No. 4) stiztilmiistiir. Filtrat,
saf su ile 50 ml’ye tamamlanmus ve 4 ml’si deney
tiptine alinmustir. Uzerine 1 mL %1,4’lik TBA
cozeltisi  (%951ik  etanolde  hazirlanmis)
cklendikten sonra tiipler vortekslenerek 60°C’de 1
saat inkiibe edilmistir. 532 nm’de kor ¢ozeltiye
karst absorbans (UV-160A, Shimadzu, Kyoto,
Japonya) Ol¢imi yapilmistir. Sahit olarak %2
TCA (w/v) ve %4 etanol (v/v) igeren ¢ozelti
kullandmistir.  Standart malonaldehit (MDA)
kalibrasyon egrisi icin 1,1,3,3-tetractoksipropan
(TEP) kullanilmustir. 532 nm’de  okunan
absorbans degerleri, ekstraksiyon katsayisi ile
carptlarak TBARS degerleri (mg MDA / kg
ornek) elde edilmigtir. Ekstraksiyon katsayisinin
hesaplanmasinda filtrat yerine sahit (% 2 TCA +
% 4 etanol) kullanilmistir (Pikul vd., 1989).

Duyusal Analizler

Dilimlenmis  peynir 6rneklerinin =~ depolama
stresince duyusal degerlendirmesi 12 kisilik
deneyimli panelist grubu ile yapilmistir. Oda
sicakliginda renk, tat, tekstiir ve genel begeni 9’luk
skala kullanilarak degerlendirilmistir. Puanlama,;



Oksijen (%)

Ambalajlamanin Hatay peynirinin kalitesi ve raf émrine etkisi

1=c¢ok koétu (sart renkte, ransid tatta, yumusak
yapida), 5=kabul edilebilir, 9=cok iyi (beyaz
renkte, begenilen tat ve tekstiirde) olacak sekilde
duyusal degerlendirme formunda belirtilmistir.
Uriiniin genel kabul edilebilirligi 9 noktali hedonik
Olcekte degerlendirilmis ve 1=hi¢ begenmedim,
9=cok begendim olarak puanlanmistir.

Istatistiksel Analiz

Iki tekrarlt {retimin ikiser tekrarli —analiz
sonugclariyla elde edilen deneysel veriler, 3-yonli
ANOVA ve Duncan c¢oklu kiyaslama testleri ile
%95 gliven araliginda SAS (ver.8.02, SAS
Institute, Cary, NC, ABD) kullaniarak analiz
edilmistir. Deneysel faktérler (ambalaj filmi,
ambalaj i¢ci gaz kompozisyonu ve depolama
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0C)
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stresi) ile bunlarin etkilesimlerinin fizikokimyasal
ve duyusal kalite parametreleri Uzerindeki etkileri
belitlenmistir.

BULGULAR VE TARTISMA

Calismada uretilen peynirin kuru madde, protein,
yag ve tuz oranlar sirastyla %42.6, %15.2, %17.0
ve %7.3 olarak Olcilmis ve peynir Cizelge 1°de
verildigi sekilde 9 farkli grupta ambalajlanmistir.

Tepe Boslugu Gaz Oranlari

Peynir ambalajlarinin tepe boslugundaki %0O; ve
%CO2 gaz oranlartin 60 ginlik depolama
stiresince degisimi Sekil 1’de verilmistir.
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Sekil 1. Farkli ambalaj materyali ve atmosferde ambalajlanan peynir dilimlerinde depolama stirecinde
ambalaj tepe boslugunda 6l¢iilen oksijen ve karbondioksit oranlart (%) (M7: Koekstrude PA/PE, M2:
OPET/OPA/CPP, M3: PP/PA/EVOH/PE, ATM: %21 Oz + %79 N2, MAP: %50 CO2 + %50 Ny)
Figure 1. Oxcygen and carbon dioxide ratios (Vo) measured in the packaging headspace during the storage period of sliced

cheese packed in different packaging materials and atmospheres

Tim malzemelerin hava (ATM) uygulamalart
%20.9 Oz ve %0.0 CO2 gaz bilesimi ile baglamustr.
Depolama oksijen  orant  tim
uygulamalarda azalan bir egilim gOstermistir.
Depolama sonunda ambalajlarin tepe
boslugundaki oksijen oranlart M1’de %17.0,
M2de %169 ve M3te %06.7 olarak tespit
edilmistir. M3’tin oksijen gecis hizinin (OTR) ¢ok
dusiik oldugu ve ambalaj malzemesinden dis
atmosfere gaz gecisinin ihmal edilecek diizeylerde
oldugu dusunildigiinde, ambalaj icindeki
oksijenin Urtn tarafindan kullanildigi ve bu

boyunca

nedenle oksijen oraninin depolama boyunca diger
ambalaj malzemelerine kiyasla daha belirgin bir

azalis gOsterdigi  belirtilebilit. M1  ve M2
malzemelerinin  tepe bosluklarindaki  oksijen
oranlarinda depolama boyunca azalma s6z

konusu olsa da bu malzemelerdeki OTR’lerin
daha yitksek olmast nedeniyle i¢ atmosferdeki
oksijen  oranlarinda  S6nemli  bir  degisim
gozlenmemistir. Bu durum  belitli dizeyde
oksijenin bu ambalajlarda da urln tarafindan
kullanildig1 g6z Oniine alindiginda, i¢ atmosferde
azalan oksijen yerine dis atmosferden malzeme
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gecirgenligine baglt olarak iceriye oksijen gecisi ile
aciklanabilir. Tim ambalaj malzemelerinin tepe
boslugundaki oksijen azalisi, oksijenin oksidasyon
ve mikrobiyal faaliyetlerde  kullanilmasiyla
iliskilendirilebilir. ATM uygulamalarinin  CO»
oranlart depolama siiresince artan bir egilim
gOstermistit. Depolama sonunda tim ambalaj
malzemelerinde birbirlerine yakin karbondioksit
oranlart tespit edilmis olup en yliksek deger M2
malzemesinde kaydedilmistir.

MAP uygulamasinda tiim ambalajlarda baslangic
Oz orant %0.0 ve CO2 orant %50.0°dir. Depolama
stiresince O orant tim ambalaj malzemelerinde
artty gOstermistir. Depolama sonunda O» orant
M1, M2 ve M3’te strastyla %19.0, %17.2 ve %2.6
olarak tespit edilmis olup, bu durumun da yine
malzemelerin ~ Cizelge 1’de  verilen OTR
degetleriyle iliskili oldugu tespit edilmistir. Tim
ambalaj malzemelerinin CO; oranlarinda 6zellikle
ik 5 gunlik depolamada hizli bir dists
gOrilmistir ve bu durum karbondioksitin yagda
ve suda ¢Ozinirligd ie iliskilendirilebilir.
Depolamanin geri kalan siirecinde ambalajlarin
CO; oranlarinda 6nemli bir degisim olmamustir.
Depolama sonunda CO» oranlart M1, M2 ve
M3’te sirastyla %15.4, %15.7 ve %16.2 olarak
tespit  edilmistir ve bu durum ambalaj
malzemelerinin CO2TR’leri ile iligkilendirilebilir.

Eliot vd. ( 1998) tarafindan Mozzarella peyniri ile
yapilan calismada, vakum, hava atmosferi ve farkl
oranlarda CO2-N; iceren MAP denemelerinin
timunde tepe boslugundaki CO; orani depolama
boyunca artis gostermistir. Bu artisin peynirde
meydana gelen aerobik mikrobiyal aktiviteden
kaynaklandigt ve depolama siiresi ile kullanilan
ambalaj filminin  karbondioksit  gecirgenlik
oraninin  (CO,TR) da tepe boslugundaki gaz
bilesiminde etkili oldugu belirtilmistir. Cottage
peynirinde yapilan bir c¢alismada ise mikrobiyal
solunum hizt ile ambalaj malzemesinin oksijen
gecirgenligi arasinda denge saglanmast nedeniyle
tepe boslugundaki O konsantrasyonu depolama
boyunca nispeten sabit kalmistir (Maniar vd.,

1994). Hava  atmosferinde  ambalajlanan
peynirlerde oksijen konsantrasyonunun dismesi
ise, oksijenin  aerobik  mikroorganizmalar

tarafindan tiiketilmesiyle iliskilendirilmistir (Fedio

vd., 1994; Eliot vd., 1998). Ambalaj ici gaz
konsantrasyonunun etkisi tzerine yapilan baska
bir calismada, MAP uygulanan Domiati
peynitlerinden tepe boslugundaki CO2 orant en
yiksek olanin hem kimyasal hem de duyusal kalite

acisindan  en iyl Ozellikteki Uriin  oldugu
belirlenmistir (Atallah vd., 2021).

Fizikokimyasal Ozellikler

Beyazlik Indeksi
Beyaz peynirlerde beyazlik karakteristik bir
Ozelliktir. Bu nedenle depolama siiresince

dilimlenmis peynitlerde beyazlik indeks degeri
(WI) incelenmis ve sonuglar Cizelge 2’de
verilmistir.  Baglangic W1  degeri  85.9°dir,
depolama siiresince tiim uygulamalarda azalmistir.
En biytk dists kontrol grubunda tespit edilmis
olup, 60. ginde WI degeri 78.3 olarak
Olgiilmustir. Depolamanin son giintinde ambalajl
orneklerin - WI  degerleri arasinda istatistiksel
acidan Snemli bir fark tespit edilmemistir (P >
0.05). Sonug olarak depolama siiresinin W1 degeri
tzerinde daha etkili oldugu tespit edilmistir.
Favati vd. (2007) tarafindan yapilan arastirmada,
bizim ¢alisgmamizda oldugu gibi, farkhi gaz
karisimlart uygulandiginda Provolone peynirinin
renk degerlerinin  etkilenmedigi belirlenmistir.
Peynirlerin 6zellikle 1518a maruz kalarak okside
olmast sonucu renginin sararmast, tlketicilerin
triin begenisini azaltmaktadir. Bu durumun MAP
ile kontrol altina alinabilecegi belitlenmistir
(Kristensen vd., 2000). Bir calismada, kagit
ambalajda ambalajlanan peynirlerin %1-3 Os ve
%19-21  CO;  bilesimindeki ~ MAP ile
ambalajlanmasi halinde raf émriintin arttigl ve
depolama sonunda MAP uygulanan Srneklerde
daha yitksek WI degeri 6lgildigi belirlenmistir
(Rodriguez-Aguilera vd., 2011). Farkli ambalaj
malzemelerinin -~ depolama  sirasinda  renge
etkisinin incelendigi bir calismada, koekstriide
PE/EVOH/PA/PE  filmlerin 65  gunlik
depolama siiresince peynir rengini oldukca iyi
korudugu belirlenmistir (Piscopo vd., 2019).

Tekstiir

Gidalarin  tekstirel niteliklerinin, tiiketicilerin
satin alma kararinda 6nemli bir rol oynadigi ve
Ozellikle peynir gibi gidalarda tekstiirtin, renk ve
kokudan daha o6ncelikli oldugu bilinmektedir
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(Gunasekaran ve Ak, 2002). Farkli ambalaj
malzemeleri kullanilarak farkli atmosferlerde
ambalajlanan Hatay peyniri dilimlerinin depolama
stresince gbzlenen sertlik ve elastiklik degerleri
Cizelge 2’de verilmistir. Kontrol 6rnekleri, acikta
depolanan iriini temsil ettigi i¢in depolama
strastnda kuruyarak kirilgan yapt kazanmis ve bu
nedenle tekstlr analizi ancak 20. giine kadar
yapilabilmistir.

Depolama 6ncesi trtntn sertlik degeri 0.07 N,
elastiklik degeri 0.26 mm olarak Ol¢ilmustir
(Gizelge 2). Depolama sonunda yapilan
istatistiksel incelemeye gore, ambalaj
materyalindeki degisimin ve ambalaj i¢ci atmosfer
bilesiminin driinlerin  genelinde  sertlige ve
elastiklige etkisinin bulunmadigr belirlenmistir.
Sertlik ve elastiklik tizerine depolama siiresinin
etkisi incelendiginde ise ambalajli Srneklerin
sertlik  degerlerinin =~ 6nemli  bir  degZisime
ugramadigi, elastiklik degerlerinin ise depolama
sonunda trinlerin genelinde dastigi
belitlenmistir. Ambalajlanmamug kontrol
orneginde sertlik, peynirin kurumastyla birlikte 20
glnlik depolama siiresince artmis ve 20. giinde
0.08 Na ulagsmstir. Ambalajlamanin  Grin
tekstiiriini  korumadaki 6nemi, yaptigimiz bu
calismayla da ortaya konulmustur.

Minas Frescal peyniri Uzerine vyapian bir
calismada ambalaj ici farkll gaz karigimlar
denenmistir. Calisma sonucunda, vakum, hava
atmosferi ve farkli oranlarda CO2-N: kartsimli
MAP ile ambalajlanan peynitlerin, bizim
calismamizda da oldugu gibi, ambalaj i¢i gaz
karisiminin ve 21 giinliik depolama stiresinin trtin
sertliginde  bir degisiklise neden olmadig
belitlenmistir ~ (Silva vd., 2021). Baska bir
calismada ise, vakum ambalajlanmis triinlerin
depolama strasinda Slciilen sertlik degerleri MAP
ile ambalajlananlardan daha yiiksek elde edilmistir
(Romani vd., 2002). Farkli ambalaj materyallerinin
denendigi bir calismada, duistik yogunluklu PE
filmlerle ambalajlanan beyaz peynirlerin, polilaktik
asit (PLA) filmlerden daha az nem kaybina
ugradigt ve bu nedenle daha yumusak yapida
kalabildigi bildirilmistir (Li vd., 2018).

PH ve Titrasyon Asitligi

Peynitlerde en 6nemli kalite kriterlerinden olan
pH ve asitlik, peynirin aromasi, tekstird, kalan
depolama siiresi, mikrobiyal durumu gibi bir¢ok
konuda 6n bilgi saglamaktadir. Ambalajlama
farkliliklarinin, peynirin pH ve asitligi {izerine
o6nemli etkisinin bulunacag: 6ngorilerek yapilmis
olan analiz sonuglart Cizelge 2’de verilmistir.
Sonuglar istatistiksel olarak incelendiginde tim
parametrelerin (ambalaj materyali, atmosfer ve
depolama siiresi) peynirin pH’st tizerinde etkili
oldugu belirlenmistir. Uretilen Hatay peynirinin
depolama 6ncesi pH degeri 6.5 olarak dl¢tlmiistiir
deger depolama  sirasinda
uygulamalarda digtis gostermistir. Son analiz
gintinde ambalajli 6rneklerin pH degerleri 6.1 —
6.5 arasinda iken kontrol grubunun pH’st 6.3
olarak 6l¢ilmistir. Cizelge 2’de verilen sonuglar
incelendiginde PP/PA/EVOH/PE  (M3) ile
ambalajlamanin, pH degisimini engelledigi ve
vakum ambalajlama uygulamasinin (VAK) pH’y1
Ozellikle hava atmosferiyle ambalajlamaya gore
daha iyi korudugu tespit edilmistir.

ve bu tim

Peynirde meydana gelen asitlik gelisimi pihtilasma
sirasinda  baglamakta ve olgunlasma sirasinda
devam etmektedir. Laktozun mikroorganizmalar
tarafindan fermentasyonu sonucu olusan laktik
asit ve diger asitler ile lipoliz sonucu olugan yag
asitleri, peynirdeki titrasyon asitliginin artmasina
neden olmaktadir. Calisma kapsaminda Uretilen
Hatay peynirinin farkli ambalaj malzemesi ve
farkli atmosferler icinde ambalajlanmasi sonucu
titrasyon asitligi degerinde depolama siiresince
meydana gelen degisim Cizelge 2’de verilmistir.

Ambalaj malzemesinin, MAP1n, depolama
siresinin ~ ve bu faktOrlerin  ikili  Ggld
etkilesimlerinin  tamaminin  titrasyon  asitligi
tzerinde  6nemli  bir  etkisinin  oldugu

gorilmektedir (P < 0.05). Peynirin baslangic
titrasyon asitligi degeri, laktik asit cinsinden %0.2
olarak analiz edilmistir. Depolama siiresince tim
uygulamalarda  asitlik  artist  gbzlenmistir.
Depolama sonunda en yiiksek asitlik artist kontrol
Orneklerinde tespit edilirken, onu tim ambalaj
malzemelerinin  hava atmosfer uygulamalart
(ATM) takip etmistir. Depolama sonundaki en
distik asitlik degeri ise vakum ambalajlanan
urinlerde (VAK) 6lctilmistiir.

593



594

B. Toplu, H. Sicramaz, Z. Ayhan

Papaioannou  vd.  (2007)nin  Anthotryros
peyniriyle  yaptiklari  calismada da, bizim
sonuclarimizda oldugu gibi, depolama siiresince
pH’nin tim trtnlerde distigd, fakat bu disisin
farkli oranlarda CO2-N; ile ambalajlanan MAP
uygulamasinda vakumlu irtinlerden daha belirgin
oldugu belirtilmistir. Myzithra peynirinde yapilan
bir calismada da yine bizim elde ettigimiz
sonuglarda oldugu gibi, hava atmosferiyle
ambalajlanan peynitlerin pH degetlerinin MAP
driinlerine gére daha hizli distigi tespit edilmis
ve bu durumun, oksijen oraninin yiiksek olmasi
nedeniyle hava atmosferinde hizli gerceklesen
proteoliz ve lipoliz reaksiyonlarindan
kaynaklandigi belirtilmistir (Dermiki vd., 2008).
Pintado ve Malcata (2000) Requeijao peynirinde,
Gonzalez-Fandos vd. (2000) Cameros peynirinde
COz gazinin peynir pH’sinda digiise sebep
oldugunu belirtmislerdir. Karbondioksidin, peynir
yuzeyinde ¢éztnerek karbonik aside déntismesi
nedeniyle peynirin pH degerinde dusis, titrasyon
asitliginde ise artis tespit edilmesinin beklenen bir
sonug oldugunu vurgulamuglardir. Caligmamizda
elde edilen sonuglar da bu tespiti dogrulamaktadir;
MAP  uygulamasiyla ~ ambalajlanan  Hatay
peynirlerinin  pH  degerleri, vakum uygulanan
peynirlerden daha hizli diismustir.

Lipid Oksidasyonu

Lipid  oksidasyonu  peynitlerin  kalitesinin
bozulmasinda énemli bir faktSrdiir ve oksidasyon
sonucu olusan kisa zincirli yag asitleri, peynirde
ransid tat olusumundan sorumludur (Wolf vd.,
2009). Oksidasyonun kontrolstiz hizda artii,
trtinin  besin degerini olumsuz etkilemekte,
duyusal ve tekstiirel kalite kayiplarina neden
olmakta ve depolama suresini kisaltmaktadir.
Oksidasyonun  kontrolinde  ise  ambalaj
materyalinin oksijen gecirgenligi ve ambalaj
icindeki gaz kompozisyonu, depolama sicakligi ve
stresi oldukca 6nemlidir.

Farkli ambalaj malzemeleri kullanidarak farkl
atmosferlerde ambalajlanan peynitlerin depolama
stiresince gozlenen lipid oksidasyonu degisimleri
mg MDA /kg cinsinden Cizelge 2’de verilmistit.
Yapilan inceleme sonucunda, ambalaj materyali X
MAP etkilesimi disinda tim faktorlerin, ikili ve
Uclu etkilesimlerinin TBARS degerleri tizerindeki

etkisi istatistiksel agtdan 6nemli bulunmustur (P <
0.05). Peynir o6rneklerinde baglangic TBARS
degeri 0.3 mg MDA /kg olarak kaydedilmis ve
depolama siiresince tim uygulamalarda bu
degerin  farkli dizeylerde artis  gOsterdigi
belirlenmistir. Depolama siiresince en yitksek
oksidasyon orani, acikta depolanan kontrol grubu
ornekler ile yiiksek gaz gecirgenligine sahip M1
ambalaj malzemesi ve hava atmosferiyle
ambalajlanan (ATM) grupta tespit edilmistir. Bu
durum PA/PE  (Ml)nin yiksek oksijen
gecirgenligi ve hava atmosferinde bulunan yitksek
oksijen diizeyi ile iliskilendirilmistir. EVOH
katmanli M3 malzemesinin vakum ve CO2+N3
(50:50) gaz karisimi iceren MAP uygulamalarinda
depolama sirasinda lipid oksidasyonu daha iyi
kontrol edilebilmistir (Cizelge 2).

Farkli ambalaj materyallerinin krem peynirin
oksidasyonuna  etkisi izerine yaptdan bir
calismada, krem peyniri farkli derinliklerde
PET/PE, PS/EVOH/PE, PP/PE termoform
tabaklarda ambalajlanmis ve PET/AIOx/PE film
ile 1s1l yapistirma yapdmistir. Farkli ambalajlarin
derinlikleri ve farklt oksijen gecis hizinin oksidatif
stabilite (TBARS) tizerinde 6nemli bir etkisinin
olmadigt rapor edilmistir (Pettersen vd., 2005).
Ancak tabak ambalajlarda tam vakum yapilmast
teknolojik olarak miimkiin olmayacag icin
ambalajlama metodunun ¢ok efektif olmadig
distntlmektedir. Farkli ambalaj materyalleriyle
peynirin raf Omri Uzerine yapilan bir bagka
calismada ise OTR’si yiiksek ambalajlarin daha
yiksek oranda oksidasyona neden oldugu
kanitlanmistir (Piscopo vd., 2015).

Duyusal Kalite

Uriinlerin duyusal kalitesi depolama siiresince test
edilmis ve sonuglar Cizelge 3’te verilmistir.
Ambalajlanmamis olan kontrol grubu 6rneklerin
depolama sirasinda kurumasi ve mikrobiyal agidan
da uygun olmayacagt 6ngdriisi nedeniyle 20.
giinden sonra tat degerlendirmesi yapilmamistir.
Derecelendirmede 9 puan izerinden 5 ve
tzerinde puan alan Urlnler “kabul edilebilir”
olarak degerlendirilmistir. Sonu¢ olarak, tim
duyusal nitelikler tzerinde depolama stiresinin
onemli Olciide etkili oldugu belitlenmistir (P <
0.05).
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Cizelge 2. Farkli ambalaj malzemesi ve atmosferde ambalajlanan Hatay peynirinin depolama siiresince
fizikokimyasal 6zellikleri

Table 2. Physicochemical properties of Hatay cheese packed in different packaging materials and atmospheres during storage

Beyazlik Indeksi / Whiteness Index

Ambalaj  Ambalaj
malzemesi atmosferi 0. giin 5. glin 10. giin 20. giin 30. giin 45. giin 60. giin
Packaging  Packaging day 0 day 5 day 10 day 20 day 30 day 45 day 60
material atmosphere
Beyazlik Indeksi (WI)
Whiteness Index (W1)
Kontrol ~ Ambalajsiz 85.910.4% 80.4£2.38b 75342784 74942284 7554+1.7¢d 76.3£2.08d 78.3%2.4Bc
M1 ATM 85.910.4% 83.7+0.6Abc 84,0+0.94b 83.3+0.54«d  85.3+(0.682 85.7+0.742 83.0%0.8Ad
MAP 85.910.4% 83.4+0.54d 83.440.540d 83,9+0.6Ac 85.3+0.38> 855+(.743b 82.9+(0.54¢
VAK 85.910.4% 83,5+0.44b 83,5+(0.7Ab 83.7+0.7Ab  85.4+0.682 85.5+0.842 82.8+(0.8Ac
M2 ATM 85.910.4% 83.4+0.54b 83,6+0.64b 83.6+0.4Ab 855+0.7ABa  857+0.84 83.3+(.7Ab
MAP 85.91+0.4% 83.4+0.3Abc 83.84+0.6A 84.0+0.7Ab  85.3+0.8Ba  85.7+0.64 82.9+1.2Ac
VAK 85.9+0.4% 83.6+0.54P 83.610.8Ab 83.94+0.94b  86.2+0.5% 85.8+1.04 82.9+(0.7Ac
M3 ATM 85.9+0.4% 83.3+0.3Abc 83,8+(0.9Ab 83.5+(0.94bc 85.61+0.94Ba  853+0.64 83.0%0.8Ac
MAP 85.9+0.4% 83.4+0.6Ac 83.4+0.44c 84.010.6AP 85.6+0.84Ba  85.6+0.44 83.0%0.6Ac
VAK 85.910.4% 83.2+(0.54«d 83,5+(0.7Ac 83.4+0.94c 85.1%0.58> 85.6+0.742b 82.8+0.6Ad
M1: Koekstrude PA/PE  M2: OPET/OPA/CPP  M3: PP/PA/EVOH/PE  ATM (hava atmosferi): %21 Oz +
%79 N2 MAP: %50 COz + %50 N2 IAK: Vakum
Tekstur / Texture
Ambalaj Ambealaj
malzemesi atmosferi 0. glin 5. giin 10. giin 20. giin 30. glin 45. glin 60. glin
Packaging  Packaging day 0 day 5 day 10 day 20 day 30 day 45 day 60
material atmosphere
Sertlik (N)
Hardness (N)
Kontrol Ambalajsiz  0.07£0.01%  0.06+0.038> 0.08£0.014a 0.08£0.014
M1 ATM 0.07£0.0142 0.07£0.0342 0.07£0.01% 0.07£0.01482  0.07£0.014  0.07+0.014BC  0.07£0.014Ba
MAP 0.07£0.01Aab 0.041£0.038¢ 0.07£0.014>  0.06£0.038b  (0.08+0.024a>  (0.06+0.02Pbc 0.08£0.024a
VAK 0.07£0.0144bc  (0,06+0.03ABc 0.08£0.0142>  (0.07£0.028b  0.08%0.0142bc  (0.08%0.01482  (.08+0.02ABabe
M2 ATM 0.07£0.014 0.04£0.038> 0.08£0.014a 0.07£0.014B2  0.07£0.02%  0.08+0.01ABCa 0.08£0.024a
MAP 0.07£0.0142 0.08%0.0142 0.08%0.0212 0.07£0.01482 (0.07£0.0242 0.08%0.014Ba 0.07£0.0148a
VAK 0.07£0.014a>  (0.07£0.02Aab 0.07£0.02Aab 0.06£0.038>  0.07£0.014>  0.08+0.01AB2 0.06£0.038>
M3 ATM 0.07£0.0142 0.07£0.0342 0.08%0.0212 0.07£0.01482 (0.08%0.0142 0.06%0.02¢Pa 0.07£0.02A8a
MAP 0.07£0.014 0.07£0.0342 0.0810.024A2 0.07£0.01AB2  (0,07£0.014a 0.09£0.01A2 0.07£0.01ABa
VAK 0.07£0.0142 0.07£0.0142 0.07£0.0212 0.07£0.02282 (0,07£0.024  0.07£0.028Cba (.07£0.024B2
Elastiklik (mm)
Elasticity (mm)
Kontrol Ambealajsiz 0.26+0.06Aa 0.09£0.01Pe 0.18£0.07AB> 0.30£0.06A
M1 ATM 0.2620.064  0.12%0.03¢Pa 0.12£0.04¢Da 0.12£0.038  0.13£0.0642 0.10£0.02%2 0.18%0.16%
MAP 0.26£0.06A 0.09£0.04Pb 0.11£0.03Pb 0.10£0.028>  0.12+0.03A> 0.11£0.02A0 0.12£0.03Ab
VAK 0.2610.0642 0.10£0.01Pc  0.14£0.048CPbe  (,11£0.028¢  0.11£0.024¢ 0.12%0.024¢ 0.18%0.094b
M2 ATM 0.26£0.06A 0.11£0.02¢Pe 0.14£0.03BCDbe  (),1140.03B¢ 0.12£0.03A¢ 0.12£0.03A¢ 0.18%0.14Ab
MAP 0.2620.064  0.12£0.01¢Pbe  (,12+0.03¢Pbe  (,13£0.038bc  0.11£0.034be 0.10£0.014¢ 0.13%0.034b
VAK 0.26£0.06A 0.14£0.02BCa 0.19£0.054a 0.12£0.02B2 0.11£0.014 0.11£0.014a 0.13£0.034a
M3 ATM 0.2620.0642 0.15%0.0452 0.17£0.0628¢  0.10£0.0282  0.11£0.0242 0.11£0.03% 0.11£0.014
MAP 0.26£0.064  0.1410.03BCbe 0.11£0.01Pe 0.11£0.02Bbc  (0.13+0.014bc 0.10£0.02A¢ 0.15£0.05AP
VAK 0.2620.0642 0.19£0.0842 0.13£0.028¢Pa (,12+0.028+  0.12£0.0242 0.1220.0242 0.12£0.03%2

M1: Koekstrude PA/PE  M2: OPET/OPA/CPP  M3: PP/PA/EVOH/PE  ATM (bhava atmosferi): %21 Oz +
MAP: %50 CO2 + %50 N2

%79 N2

VAK: Vakum
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pH ve Titrasyon Asitligi pH and Titration Acidity
Ambalaj  Ambalaj

malzemesi atmosferi 0. glin 5. glin 10. giin 20. giin 30. glin 45. glin 60. gin
Packaging  Packaging day 0 day 5 day 10 day 20 day 30 day 45 day 60
material atmosphere
pH pH
Kontrol ~ Ambalajsiz  6.520.034  6.5£0.02BC2  6.3+0.01¢>  6.3£0.01P<«d  6.320.038C  6.3+0.02BC<d  6,340.02Dd
M1 ATM 6.5%£0.034  6.520.024B2  6.520.0142  6.4+0.018>  6.420.044Bb  6.240.02Cc  6.1+0.04Fd
MAP 6.5£0.034  6.5%0.01¢2  6.520.0142  6.5£0.0142  6.420.144Bb  6.420.04ABb  6,31+0.03¢>
VAK 6.520.034%b  6,5+0.0142  6.520.01AB2>  6.5£0.014c  6.5%0.044bc  6.4+0.03Ac  6.41+0.02¢d
M2 ATM 6.510.034  6.5£0.014  6.5£0.014B2  (6.3+0.02P>  6.2+0.21Cc  6.1£0.10P¢  6.220.05Fbc
MAP 6.510.03A2  6.520.01BC>  6.5+0.0182>  6.44+0.01Babc  (6.3+0.238Cbed  6,24(0.27Cd  6.14+0.03G4
VAK 6.5£0.034  6.5+0.0142  6.520.0382  6.4£0.018b  6.3+0.16BC>  6.4£0.034  6.5+0.0242
M3 ATM 6.5£0.034  6.5+0.0242  6.5£0.034B2  6.31+0.04Pc  6.420.084Bb  6.240.06CPd  6.3+0.02C¢
MAP 6.510.034  6.5£0.014  6.5£0.03AB2  6.5£0.024>  6.3+0.184B>  6.5£0.004>  6.520.01A2>
VAK 6.510.0342  6.5£0.01BC  6.5£0.01AB2  6.5+0.024b  6.5£0.034  6.5£0.0142  6.4£0.01Bb

Titrasyon Asitligi (%o Laktik Asit) Titration Acidity (Lactic Acid %)
Kontrol ~ Ambalajsiz  0.240.00A¢  0.4£0.0242>  0.3£0.02A>  0.4£0.014>  0.4+0.0642>  0.4£0.0142>  0.42£0.032

M1 ATM 0.2£0.00Ad  0.2£0.02€Pc  0.2£0.00¢  0.2+0.01F  0.3£0.048>  0.3+£0.01€¢P>  0.3+0.01¢=
MAP 0.2£0.004¢  0.2£0.01P¢  0.2£0.01BC  0.2£0.01PEc  0.3+0.02B>  0.3+0.01¢Pab  (0.3£0.02DPa
VAK 0.2£0.004¢  0.3£0.00B2  0.2£0.01B¢  0.2+£0.00Ed ~ 0.3£0.01B2  0.3+0.02CPa  (.3+0.01Db
M2 ATM 0.2£0.00Ad  0.2£0.01€Pe  0.2£0.008¢  0.3£0.01¢Pc  0.3£0.028>  0.3+0.01¢>  0.3+0.04BC2
MAP 0.2£0.00Af  0.3£0.01B¢  0.2£0.01BC  0.3£0.01¢d  0.3£0.024>  0.3£0.02B>  0.4£0.01B2
VAK 0.2£0.00Ad  0.3£0.00¢>  0.2+0.01BC  0.3+0.00¢¢  0.3£0.01B2  0.3+0.00P=  0.3+0.01Dab
M3 ATM 0.2£0.00Ad  0.3£0.00Bab  0.2+0.018C  0.3£0.02B>  0.3£0.01B>  0.3+0.01¢Pb  0.3£0.01C=
MAP 0.2£0.00A¢  0.3£0.03C>  0.2£0.01B>  0.3£0.02€Pab  (0.3£0.02B2b  (0.3£0.02P2>  0.3£0.01Pa
VAK 0.2£0.00Ac  0.2+£0.01€P>  0.2£0.01BC  0.3£0.02¢2  0.3£0.02B2  0.3+0.02D2  0.3£0.01P=

M1: Koekstrude PA/PE  M2: OPET/OPA/CPP  M3: PP/PA/EVOH/PE  ATM (hava atmosferi): %21 Oz +
%79 N2 MAP: %50 CO2 + %50 N2 7AK: Vakum

Lipid Oksidasyonn Lipid Oxidation

Ambalaj Ambalaj

malzemesi atmosferi 0. giin 5. glin 10. gtin 20. giin 30. giin 45, giin 60. giin
Packaging  Packaging day 0 day 5 day 10 day 20 day 30 day 45 day 60
material — atmosphere

TBARS (mg MDA /kg) TBARS (mg MDA/ kg)

Kontrol  Ambalajsiz 0.310.0444 0.6£0.034b¢ 0.5£0.058¢  0.6+0.024>  0.7£0.064  0.7£0.0542 (0.7£0.034b2
M1 ATM 0.31£0.044¢ 0.42£0.108¢d 0.6+0.02B¢ 0.520.03P<d (0.7£0.034>  0.8+0.1242>  (0.81+0.1042
MAP 0.31£0.04Ad 0.5£0.028C 0.6£0.044> 0.6+0.034>  0.7+£0.034  0.6+0.03B>  0.6+0.04>
VAK 0.31£0.044¢ 0.420.05¢4 0.6+0.03B¢ 0.6+0.03PB> (.6+0.03¢b¢  0.5+0.01CPc  0.71+0.058=
M2 ATM 0.3£0.044> 0.31£0.04™ 0.6+0.03B2 0.5+0.03%* 0.6+0.02B¢ 0.6+0.02% 0.6£0.14P=
MAP 0.3£0.0444 0.5£0.048¢ 0.520.03B> 0.6+0.018¢  0.6£0.0682 0.6£0.03P2> (0.5+0.01FF¢
VAK 0.3£0.044¢ 0.4+0.02PFd 0.5+0.04%¢  0.520.03E¢  0.5£0.03PE (0.51+0.07EFc 0.5+0.03PF
M3 ATM 0.3£0.04A4 0.420.05P¢ 0.4£0.05> 0.520.03FP2b (0.5£0.02PF2 0.5+0.04CPE2 0.5+0.05FF2
MAP 0.3£0.044¢ 0.3+0.02FF¢ 0.5£0.08%> 0.5+0.09¢* 0.6£0.03¢P2 (0.5£0.03PFab  (.510.04F>

VAK 0.3£0.0444 0.3£0.03F¢ 0.4£0.02¢> 0.4£0.06F  0.5£0.03%>  0.5+0.04"> 0.5£0.05PF=

M1: Koekstrude PA/PE  M2: OPET/OPA/CPP  M3: PP/PA/EVOH/PE  ATM (hava atmosfers): %21 Oz + %79 N
MAP: %50 CO2 + %50 N2 VAK: Vakum

Ayt stitunda, verilen depolama giliniinde, ayni biiyiik harfe sahip uygulamalar arasinda istatiksel acidan bir fark yoktur (P >
0.05). Aynt satirda, verilen uygulamada ayni kiictik harfe sahip depolama siireleri arasinda istatiksel agidan fark yoktur (P > 0.05).
There is no statistical difference between applications with the same capital letter in the same column on a given storage day (P > 0.05). There is no
statistical difference between the storage times with the same lowercase letter in the same line (P > 0.05).
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Renk acisindan peynir 6rnekleri en yiiksek puant
0. ginde almis olup depolama stresince renk
kalitesi azalmistir. Renkteki en buytik kalite kaybt
kontrol grubunda ortaya ¢ikmustir ve bu 6rnekler
20. glinden sonra kabul edilebilir limitin altinda
bulunmustur. Ambalaj materyali ve ambalaj i¢i gaz
karisimi, rengi etkilememis olup, ambalajlt
tdrinlerde renge etki eden tek faktoriin depolama
stiresi  oldugu  belirlenmistir  (Cizelge  3).
Depolamanin sonunda tiim ambalajli uygulamalar
7.0-7.8 puan alirken, kontrol grubu 6rnekleri 3.0
puan almustir.

Duyusal analiz kapsaminda dilimlenmis peynirde
tekstiirel olarak, Ozellikle depolama boyunca
meydana gelen yumusama ve yapiskan yapt varligt
belirlenmeye  caligtlmistir.  Duyusal — nitelikler
arasinda ambalajli Srnekler ile kontrol grubu
kiyaslandiginda en buytk farklilik tekstiirde tespit
edilmigtir (Cizelge 3). Acikta depolanan kontrol
grubu 6rnekler hizla sertleserek depolamanin 5.
giniinde yapilan analizde teksttrel acidan kabul
edilebilir limitin alttna diigmustiir. Depolamanin
ilk 45 glintinde ambalaj materyali ve ambalajlama
yontemi triiniin tekstirind etkilememis olup, son
analiz giniinde (60. giin) gaz gecirgenligi diger
ambalajlardan yiiksek olan koekstride PA/PE
materyali ile hava atmosferinde ambalajlanan
peynir (M1-ATM), diger ambalajli triinlerden
daha dustik puan almistir.

Tat degerlendirmesinde ise 6zellikle oksidasyona
bagli ransid tat olusumu belitlenmeye calisiimustir.
Ambalajsiz  olarak depolanan kontrol grubu
peynirler tat acisindan 10. giinden sonra kabul
edilebilir limitin altina dismistir. Ambalajli
peynitlerden EVOH  bariyerli ve vakumlu
ambalajlar (M3-VAK) disindaki tiim Grlinlerin tat
puanlart depolama boyunca azalmigtir. M3-VAK
trtininde raf Omrd boyunca tat farklihg
gozlenmemistir. Diger ambalajli triinlerde ise,
depolamayla tat puanlari disse de, 60 gunlik
depolama stiresince tim ambalajlh Grtinler “kabul
edilebilir” limitin Uzerinde bulunmustur. Hava
atmosferinde ambalajlanan Urlnler vakum ve
MAP uygulanan irinlerden daha duisiik puan
almustir.

Genel triin begenisinde tim UrGn nitelikleri
birlikte degerlendirilerek  panelistlerin ~ Grln
hakkindaki begeni dereceleri hedonik skala ile
belirlenmistir. Genel trtin begenisi diger duyusal
niteliklerle uyumludur; depolamayla genel begeni
azalmistir. Kontrol 6rnekleri 60. giinde 2.1 puan
alirken, ambalajli 6rnekler 6.7-7.8 arasinda puanlar
almistir. Bu farklidik Hatay peynirinin duyusal
kalitesini korumada ambalajlamanin  6nemini
ortaya koymustur. Son analiz glntne kadar
ambalajli Ornekler arasinda istatistiksel olarak
o6nemli bir farklilik tespit edilmemistir. Son analiz
giniinde ise ATM uygulamasi, MAP ve VAK
uygulamalarina  kiyasla daha ddsik puanlar
almistir. Depolama siiresince genel tiriin begenisi
acistndan  en  bagarih  uygulama M3-VAK
uygulamast olmustur.

San Simén da Costa peyniri ile yapilan bir
calismada benzer sekilde tat ve genel Uriin
begenisinde ambalajsiz kontrol grubuna ve MAP
uygulanan peynirlere kiyasla en iyi sonuglar vakum
ambalaj uygulamasinda kaydedilmistir (Garabal
vd., 2010). Peynirin MAP ile ambalajlanmasinda
%100 CO: uygulamasimnin cksimsi tada neden
oldugu belirlenmis ve peynitlerin mikrobiyal
givenligini  saglarken duyusal kalitesini de
koruyabilmek icin karbondioksidin azot ile
karistirilmast  gerektigi  belirtilmistir (Erkan ve
Aksu, 2000). Lamine edilmis PE/PA termofor
ambalajin kullanildigi bir MAP calismasinda farkls
oranlarda CO; ve Nz atmosferleri ile ambalajlanan
peynitler i¢in %100 COs kullaniminin tekstirel
acidan da uygun olmadigi, peyniri kirilgan ve eksi
hale getirdigi belitlenmistir (Juric vd., 2003).
Hotchkiss vd. (2000), peynitlerin = duyusal
Ozelliklerinin  korunmasi i¢in en uygun gaz
konsantrasyonunun yitksek miktarda azot (>%50)
icermesi gerektigini  vurgulamustir.  Myzithra
peynirinde yapilan calismada da peynirin duyusal
Ozelliklerinin korunmasi icin oksijen icermeyen
MAP uygulamasinin, aerobik ambalajlamaya gére
daha etkili oldugu tespit edilmistir (Dermiki vd.,
2008). Graviera peynirinde de en iyi duyusal
sonuglar %100 Nz ve %50 CO2 + %50 N2 gaz
karisimlariyla  ambalajlanmis  6rneklerde  tespit
edilmistir (Trobetas vd., 2008).
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Cizelge 3. Farkli ambalaj malzemesi ve atmosferde ambalajlanan Hatay peynirinde depolama siiresince

duyusal nitelikler
Table 3. Sensory attributes during storage in Hatay cheese packaged in different packaging materials and atmospheres
Renk Color
Ambalaj . . . . . . . . .
malzemesi Ambalaj atmosferi 0. giin 5. giin 10. giin 20. giin 30. giin 45. gin 60. giin
Pac ,éagz'ﬂgxmuterm / Packaging atmosphere day 0 day 5 day 10 day 20 day 30 day 45 day 60
Kontrol Ambalajsiz 8.4£0.74 7.0£1.28b 6.411.38b 5.1£1.580 4.012.18ed 424248 3.0+1.7¢4
M1 ATM 8.310.94 8.011.44 8.311.0% 7.8£0.94b  7.6120.8Mb  7.7+0.94b 7.0£0.68°
MAP 8.6£0.5% 8.2£0.74b  8.0+0.94bc  7.6+0.84bc 7.3£0.94¢ 7.3£1.0% 7.5%0.578¢
VAK 8.310.84  7.910.8MBb  8,0£1.0Mb 7.5£1.04 7.310.840 7.3£0.84>  7.4+0.948b
M2 ATM 8.31£0.9%  7.811.4ABb 831064 7.7£0.84b 7.5£0.840 7.5£0.9%b  7.240.6A8>
MAP 8.61£0.5%  7.8+1.0MBbc  83+0.8%b  7.9£(.9Abe 7.4£0.8%¢ 7.4£0.8%¢ 7.4£0.548¢
VAK 8.310.84 8.2£0.94 8.2£0.8% 8.0£0.742 7.3£0.74% 7.2£0.7%  7.6£0.9A8b
M3 ATM 8.310.94 8.1£0.8% 8.310.9% 7.8£0.74b 7.3£0.940 7.7£0.94b 7310578
MAP 8.6£0.5%  7.8k1.14B  81£(0.9%b  7.8+0.64bc 7.4£0.7%¢ 7.3£0.94¢ 7.3%0.678¢
VAK 8.310.84  7.8+1.1ABb  8140.7Mb  7.7£0.94b 7.5£0.740 7.6£0.84>  7.840.8M0
Tekstiir Texture
Ambalaj . . .. .. .. .. .. . .
malzemesi Ambalaj atmosferi 0. glin 5. glin 10. giin 20. glin 30. gin 45. glin 60. gin
Packaging material Packaging atmosphere day 0 day 5 day 10 day 20 day 30 day 45 day 60
Kontrol Ambalajsiz 8.3%1.0% 3.5%1.65 3.311.18b 2.711.48b¢ 1.9£1.0Bd 1.6£1.084 1.3£0.5¢4
M1 ATM 8.210.9% 7.8£0.94 8.0+1.1% 7.9£0.8% 7.6£0.9% 7.6£1.1% 6.7£0.9%°
MAP 8.4£0.94 7.9£0.944b 8.5+0.5% 7.7£1.1% 7.5£0.840 7.8£0.74b 7.4%0.5%
VAK 8.3%1.14 7.9£0.84b  8.240.9A 7.3£0.940 7.4£1.1%0 7.5£1.34b 7.310.840
M2 ATM 8.2£0.94 7.5%1.24 8.0£1.0% 7.511.0% 7.5%1.14 7.6£1.2% 7.3£0.548
MAP 8.410.9%  7.7£1.2Mbe  83%0.7Mb  7.9%1.0%bc  7.3%1.24c 7.5£1.04b 7.3£0.8%¢
VAK 8.3%1.14 7.5£1. 780 79£1.50b  7.9+094b 7441140 7581380 7,0£0.6M8P
M3 ATM 8.210.9% 7.6£1.24b 8.1£1.0% 7.9£1.2% 7.5%1.000  7.5£1.0M0  6.9£0.7A8b
MAP 8.4£0.94 7.611.24b 8.1£0.5% 7.8£0.9%b 7,541,240 7.9£1.2% 7.0£0.9A8b
VAK 8.3%1.1M 8.0£0.74b  8.0£0.9M>  7.8k1.3Mb 7741200 8,0£0.94b 7.4£0.840
Tat Taste
irilzagrlx?esi Ambalaj atmosferi 0. glin 5. glin 10. giin 20. glin 30. gin 45. glin 60. gin
Packaging material Packaging atmosphere day 0 day 5 day 10 day 20 day 30 day 45 day 60
Kontrol Ambalajsiz 8.310.74 5.2+1.08b 5.3%1.3¢ 3.1£1.78¢
M1 ATM 8.3%1.0% 7.521.28b 7.8+, 748 7.620.9% 771114 8.0+1.1%  6.8+0.9¢Pb
MAP 8.4£0.74 7.810.6%b  7.810.6AB>  7.7+0.97 7.60.820 7.9£0.74b 7.81+0.6A8>
VAK 8.310.6M 741094 7.9£0.948b  7.34(.7Ab 7.6£1.00b  7.81124b 7,840,678
M2 ATM 8.311.0M 7.7£0.9%b  7.5£0.7ABb 710,500 75+].1Mb 7541 44 6.4£0.70¢
MAP 8.4£0.74 734094 81£0.7ABb>  7.540,94bc 734130 744114 (6,810.8¢Dc
VAK 8.310.61 7.7£1.0Mb 7.4£1.080 7.8£0.94ab 7.5£0.840 7.8£0.64>  7.111.48CDb
M3 ATM 8.3%1.0% 7741100 8120748 7.340,940  7.6+0.8%b  7.8£0.84>  6.6H1.4¢De
MAP 8.4£0.74 7.5%1.2A¢ 8.3+0.67 7.3£0.8%¢ 7.5£0.8%¢ 7.7£0.84  7.441.1ABC
VAK 8.310.6M 7.840.9 7.9£0.8A8 7.541.3% 7.811.0M 8.1£0.8% 8.241.0M
Genel Uriin Begenisi Overall acceptance
ﬁn}fa_rlz] ; Ambalaj atmosferi 0. giin 5. glin 10. giin 20. gin 30. giin 45. giin 60. giin
P;[ /é;in(egsmm‘erz'a y Packaging atmosphere day 0 day 5 day 10 day 20 day 30 day 45 day 60
Kontrol Ambalajsiz 8.1£0.94 4.81+1.58> 5.2£1.08 3.311.38b 2.3+1.08> 2.31+1.08b 2.1+1.280
M1 ATM 8.210.9% 7.7+1.2M 8.1£0.9% 7.8£0.61 7.6£0.9% 7.7£1.04  6.8£0.8CPb
MAP 8.3%1.0% 8.0£0.74>  8.0£0.04 7.6£0.840 7.520.84 7.810.8%b  7,510.54BCh
VAK 8.0£1.04 7.9£0.9Ab 8.240.84 7.3£0.8> 7.5£0.9Ab 7.5£1.3Mb  7.7+(.5A80
M2 ATM 8.240.94 771114 8.0£0.742 7.3£0.74b  7.6E1.1A0 7541300 6,840.4C0b
MAP 8.311.0M 7.7£1.0A0 8.310.84 7.6£0.942> 7.3£1.2A0 7.3£1.040 7.0£0.98¢Db
VAK 8.0£1.0% 7.611.4% 7.8£1.2% 7.8£0.7% 7.5£0.74 7.810.5%  7.3£(.8ABCDa
M3 ATM 8.2£0.9A2 7.8%1.14 8.310.64 7.6£0.8A 7.6£0.8A2 7.8£0.6M 6.7£1.1Pb
MAP 83%1.0%  7.811.2Mbc  8140.5%b  7.4£0.84  7.510.74bc  7.610.8be  7.1140,94BCDe
VAK 8.0£1.0M 8.1£0.74a 8.0£0.44 7.6£1.1M 7.8£0.9A2 8.240.8A 7.8£0.8M

M1: Koekstrude PA/PE  M2: OPET/OPA/CPP  M3: PP/PA/EVOH/PE  ATM (hava atmosfers): %21 Oz + %79 Na
MAP: %50 CO2 + %50 N2 VAK: Vakum

Aynut siitunda, verilen depolama gliniinde, ayni biiyiik harfe sahip uygulamalar arasinda istatiksel agidan bir fark yoktur (P >
0.05). Aynt satirda, verilen uygulamada aynu kiictik harfe sahip depolama siireleri arasinda istatiksel agidan fark yoktur (P > 0.05).
There is no statistical difference between applications with the same capital letter in the same column on a given storage day (P > 0.05). There is no
statistical difference between the storage times with the same lowercase letter in the same line (P > 0.05).
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SONUC
Tuketime hazir dilimlenmis Hatay peyniri
ambalajsiz  muhafaza edildiginde raf Omrii

kuruma, ufalanma, sararma ve tadinin bozulmasi
nedenleriyle 5 giin olarak belirlenmistir. Ambalajlt
uygulamalarda ise Griinin tim duyusal nitelikleri
(renk, koku, tekstir ve tat) 60 giin boyunca kabul
edilebilir bulunmugtur. Ozellikle en diisikk gaz
gecirgenligine sahip malzemenin
(PP/PA/EVOH/PE) vakum  uygulamasi
dilimlenmis Hatay peynirinin baslangi¢ kalitesini
60 giin boyunca korumada en basarili uygulama
olmugtur. Ancak vakumlu peynir dilimlerinde
damlama kayb:t problemi ortaya ¢tkmustir. Bu
olumsuz durum, iriiniin duyusal niteliklerinin
tamaminin korundugu ve depolama sonunda lipid
oksidasyonunda en dusik TBARS degerinin
kaydedildigi ayn1 malzemenin yiiksek CO2 (%050
CO2 + %50 N») uygulamastyla bertaraf edilebilir.
Sonu¢ olarak, ambalajsiz dilimlenmis peynir
orneklerinin raf 6mrii su kaybma baglt asir
kuruma nedeniyle 5 glin, ambalajli dilimlenmis
peynitlerde vakum ve oksijensiz MAP altinda ise
60 glin olarak 6nerilmektedir.

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

YAZARLARIN KATKISI

Bengisu Toplu: Deneysel tasarim, formal
analizler, taslak metnin yazimi. Hatice Sigramaz:
Taslak metnin yazimi ve revizyonu. Zehra Ayhan:
Hipotezin kurulumu, deneysel tasarim, taslak ve
metnin revizyonu. Yazarlar makalenin son halini
okumus ve onaylamistir.

TESEKKUR

Bu calisma MKU Bilimsel Arastirma Projeleri
Komisyonu tarafindan desteklenmistir (Proje no:
9164). Calismaya katkilarindan dolayr Gines Siit
Uriinleri Tsletmesi’ne (Antakya, Hatay) ve ambalaj
malzemelerinin temin edildigi Apack Ambalaj
Makine Sanayi ve Tic. Ltd. Sti. (Istanbul) ve
Stperfilm A.S.’ye (Gaziantep) tesekkiir ederiz.
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ABSTRACT

In this study, changes in angiotensin-I converting enzyme (ACE) inhibitory, a-amylase inhibitory and
antioxidant activities, total phenolic content (TPC), total monomeric anthocyanin content (TMAC) of
ultrasonic phenolic extracts from pulp and seed of Ziziphus jujuba were investigated during in vitro digestion.
Bioaccessible fractions of phenolics in seed and pulp extracts were calculated as 23.24%4.46% and
9.43%0.24%, respectively. Moreover, bioaccessibility for TMAC in seed extracts (147.831£9.20%) was higher
than pulp (15.761+3.89%) (P<0.05). A decrease in the antioxidant activity of the extracts occurred after in
vitro digestion (P<0.05). The ACE inhibitory activity of undigested extracts from seed (86.04+0.00%) was
higher than that of the undigested pulp extract (42.74%8.57%) (P<0.05). The a-amylase inhibitory activity
of seed and pulp extracts was determined as 49.18%0.35% and 36.07£5.83%, respectively. The results of
the study showed that ACE inhibitory activity and a-amylase inhibitory activity of the polyphenolics from
pulp increased after in vitro digestion.

Keywords: Zigiphus jujuba, antioxidant activity, ACE inhibitory activity, a-amylase inhibitory activity,
anthocyanin

ZIZIPHUS JUJUBE (HUNNAP) iC VE CEKIRDEK DOKULARINDAN
FENOLIKLERIN IN VITRO SINDIRIM SIRASINDA BAZI BiYOAKTIF
OZELLIKLERINDEKI DEGISIMIN ARASTIRILMASI

0z
Bu calismada, Ziziphus jujuba ic ve cekirdeklerinden elde edilen ultrasonik fenolik ekstraktlarin in vitro
sindirim sirasinda anjiyotensin-1 doénistirici enzim (ADE) inhibisyon, a«-amilaz inhibisyon ve

* Corresponding author / Yazismalardan sorumlu yazar
D<: aysunyucetepe @aksaray.edu.tr 78 (+90) 382 288 3502

Eda Sensu; ORCID no: 0000-0002-6240-8381
Ayhan Duran; ORCID no: 0000-0002-4042-0988
Beraat Ozcelik; ORCID no: 0000-0002-1810-8154
Aysun Yucetepe; ORCID no: 0000-0002-3800-4774



Phenolic extracts from pulp and seed fractions of Ziziphus jujuba

antioksidan aktivitesi ile toplam fenolik madde (TFM) ve toplam monomerik antosiyanin miktari
(TMAM) uzerindeki degisiklikler incelenmistir. In vitro sindirim sonrasinda, ¢ekirdek ve ic
ckstraktlarindaki biyoerisilebilir fenolik fraksiyonlar sirastyla %23.241+4.46 ve %9.431£0.24 olarak
hesaplanmistir.  Ayrica, cekirdek  ekstraktlarinda  toplam  monomerik  antosiyaninlerin
biyoerisilebilirligi  (147.83%£9.20%) i¢ ekstraktlarin toplam monomerik antosiyaninlerinin
biyoerisilebilirliginden (15.76%£3.89%) daha yiksek bulunmustur (P<0.05). In vitro sindirim
sonrasinda ekstraktlarin antioksidan aktivitesinde azalma meydana gelmistir (P<0.05). Cekirdek
ekstraktlarinin sindirim éncesi ADE inhibisyon aktivitesi (%86.0410.00), sindirim 6ncesi i¢ ekstraktin
ADE inhibisyon aktivitesinden (%42.74£8.57) daha yitksektir (P<0.05). Cekirdek ve i¢ ekstraktlarin
a-amilaz inhibisyon aktivitesi sirastyla %49.18%£0.35 ve %36.07£5.83 olarak belirlenmistir.
Calisgmanin sonuglarina gore ic fraksiyonundan elde edilen ekstraktlarin ADE inhibisyon ve a-amilaz
inhibisyon aktivitesi in vitro sindirimden sonra artmigtir.

Anahtar kelimeler: Ziziphus jujnba, antioksidan aktivite, ADE inhibisyon aktivite, o-amilaz

inhibisyon aktivite, antosiyanin

INTRODUCTION

Ziziphus jujuba, also known as jujube, is an
orangish-burgundy, brown fruit with aromatic
flavor which grows mainly in warm and
subtropical regions such as Southeast Asia, China
and the Mediterranean (Hoshyar et al., 2015).
Jujube, which has approximately 900 species, is
grown intensively in the western and southern
parts of Anatolia in Turkiye (Imamoglu, 2016;
Naik et al, 2013). It has been used in the
treatment of intestinal diseases and anxiety in
traditional medicine for a long time (Imamoglu,
2016; Choi et al., 2012). The recent studies have
also shown that jujube has various bioactive
properties such as antioxidant (Wang et al., 2012;
Wu et al., 2012; Zhang et al., 2010), antiallergic
(Naik et al., 2013), antimicrobial (Hamedi et al.,
2015), anti-inflammatory (Goyal et al., 2011;
Kumar et al., 2004), immunostimulant (Ganachari
et al., 2004), antidiabetic (Hemmati et al., 2015b;
Shirdel et al., 2009), antiobesity (Hemmati et al.,
2015a), sedative, hypnotic (Jiang et al., 2007) and
hypoglycemic activities (Shirdel et al., 2009).
Anthocyanins are pigments attached to the
flavonoid group found in many plants and fruits.
They are natural colorants with antioxidant
properties that are easily soluble in water and give
color in a wide area between orange, red, purple,
and blue (Shi et al., 2018; Castafieda-Ovando et
al., 2009).

There is a widespread understanding that plants
with greater polyphenolics have better antioxidant
effects (Chel-Guerrero et al., 2018). Antioxidants
are various natural metabolites synthesized by

plants against free radicals to protect themselves
(Angerhofer et al., 2009). Free radicals cause many
degenerative  diseases such as  diabetes,
cardiovascular diseases, and cancer (Sarmadi and
Ismail, 2010). The jujube is a good source of
polyphenolics ~ and  anthocyanins  which
responsible antioxidant activity (Li et al.,, 2005;
Koley et al., 2016; Liu et al., 2020).

Hypertension is an important risk factor for
cardiovascular diseases. Angiotensin-I-converting
enzyme (ACE) plays a key role in regulating blood
pressure and inhibition of this enzyme is required
to treat hypertension. The ACE inhibitors are
widely used to control hypertension. Synthetic
drugs used for this purpose have some side effects
such as dry cough and skin rash (Daskaya-
Dikmen et al., 2017). Therefore, researchers have
investigated the effect of natural sources like plant
extracts on hypertension in recent years (Sensu et
al., 2021; Rawat et al., 2016). For instance, Kumar
et al. (2011) reported that vanillic acid, a phenolic
compound, exhibited antihypertensive effect in
hypertensive mice.

Diabetes, which is one of degenerative diseases,
causes various damages including retinopathy,
nephropathy, and neuropathy on the related
organs due to the inability to regulate the sugar
rate (glycemia) in the blood (Al-Azzawie and
Alhamdanii,2006). According to a report in 2019,
approximately 463 million people in the world are
known to have diabetes and it is estimated that
this number will reach 700 million by 2045
(Senevirathne et al., 2021). Adefegha et al. (2015)
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showed that phenolic extracts obtained from
Annona have antidiabetic  and
antihypertensive effects. It has been also reported
that the jujube fruit extracts exhibited antidiabetic
effect exerting inhibitory activity against o-
amylase by Mourya et al., 2017; Hemmati et al.,
2015a; Marmouzi et al., 2019.

muricata

There are a lot of studies about antioxidant,
antihypertensive and antidiabetic activities of
whole jujube fruit in the literature. However, to
our knowledge, there is no study on the changes
in angiotensin-1 converting enzyme inhibitory, o-
amylase inhibitory and antioxidant activities and
total phenolic content and total monomeric
anthocyanin content of seed and pulp fractions
from jujube without peel tissue during in vitro
digestion. Therefore, in the present study,
changes in these bioactive properties were
investigated during in vitro digestion. Moreover,
seed and pulp fractions were compared in terms

of angiotensin-1 converting enzyme inhibitory, a-
amylase inhibitory and antioxidant activities and
total phenolic content and total monomeric
anthocyanin content. Thus, it was aimed to reveal
the bioactive potential of seed and pulp fractions
from jujube grown in Tirkiye.

MATERIALS AND METHOD

Materials

The jujube fruit was collected from an orchard,
which is located at coordinates of 38°15’56” N
and 34°04°00” E, in Aksaray province in Tirkiye.
The surface contaminants of the fruits were
removed by washing under tap water, pulp and
seed fractions were carefully separated by hand
using a knife. Then, they were freeze-dried and
the lyophilized samples were stored without
exposure to light and oxygen at -20 °C until the
extraction process. The visual appearance of the
lyophilized pulp and seed fractions was given in
Figure 1.

Figure 1. Visual observation of liyofilized pulp and seed fractions from Zzziphus jujube.

Folin-Ciocalteu’s reagent and gallic acid were
purchased from (Merck, Darmstadt, Germany).
Sodium carbonate, 2,2-diphenyl-1-picrylhydrazyl
(DPPH), copper (II) chloride, Trolox, neocuprin,
potassium chloride, sodium acetate, ammonium
acetate, dimethyl sulfoxide (DMSO), sodium
phosphate, starch, 3,5-dinitrosalicylic acid (DNS),
sodium chloride, sodium hydroxide, ethyl acetate,
a-amylase, hippuryl-his-leu (HHL), angiotensin-
converting enzyme (ACE), methanol, pepsin, bile
salts and pancreatin were purchased from Sigma-
Aldrich  (Sigma-Aldrich Chemie, St. Louis,
Missouri, USA). All of the solvents and chemicals
utilized were of the analytical grade.

Method

Ultrasound-assisted exctraction

Ultrasound-assisted extraction of polyphenolics
from seed and pulp fractions of jujube without
peel fraction was carried out using the method of
Ersan et al. (2017) with slight modification.
Accordingly, 0.5 g lyophilized sample was mixed
with 5 mL of extraction solvent (methanol: Milli-
Q water:formic acid (80:19:1, v/v/v)). The
ultrasound procedure was applied to the mixture
for 20 seconds at 65% power using an ultrasound
device  (Sonopuls HD 2200  ultrasonic
homogeniser, Bandelin Electronic GmbH & Co.
KG, Berlin, Germany) with a titanium type probe
(Bandelin Titanium Long Tip Probe VS 70 T, 13
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mm diameter). Ultrasonication application was
performed by immersing the probe to a depth of
2.5 mL into a 50 mL beaker including the sample.
During the ultrasonication application, in order to
prevent heating of the sample, the beaker
containing the sample was placed in a beaker with
a water-ice mixture, and temperature of the
samples was kept between 20-25 °C. After
ultrasonication, the samples were centrifuged at
6000 rpm for 5 minutes. The supernatant was
discarded and the pellet was extracted two more
times using the same amount of extraction
solvent. The extracts were combined and
evaporated by using a rotary evaporator (IKA
RV10, Germany) at 40 °C. Then, the extracts were
stored at -20 °C further analysis.

Total phenolic content (I'PC)

The TPC of the samples was performed
according to the Folin-Ciocalteu method (Toor
and Savage, 2000). Briefly, 200 uL sample was
mixed with 1.5 ml of 10-fold diluted Folin-
Ciocalteu’s reagent and 1.2 mL of sodium
carbonate solution. The mixture was left to stand
in the dark for 90 min. The absorbance was read
at 765 nm by using a microplate reader (Synergy
HT, BioTek Instruments Inc., Winooski, VT,
USA). The results were expressed as mg gallic acid
equivalent (GAE)/g sample in dry weight (dw).

Total monomeric anthocyanin content (IMAC)
Analysis of total monomeric anthocyanin was
carried out according to the pH differential
method (AOAC method 2005.02). Briefly, the
samples were diluted with 0.025 M KCI (pH 1.0)
and 04 M CH;COONa (pH 4.5) and the
absorbance was measured at 530 nm and 700 nm
TMAC was determined by following formula:

TMAC (cyanidin-3-O-glucoside equivalent, ug/g

A XMW x DF x 103
dw) = ex L M

Whetre A= (As20 — Awo)pt 1.0 — (As20 — Az00)pH 4.5,
MW is the molecular weight of cyanidin-3-O-
glucoside (449.2 g/mole), DF is the dilution
factor, e is the molar extinction coefficient of
cyanidin-3-O-glucoside (26,900 L/cm.mole) and
L is the path length (0.75 cm).

Determination of antioxidant activity (AOA)
2,2-diphenyl-1-picrylhydrazyl ~ free radical  scavenging
(DPPH) method

The antioxidant activity of the samples was
determined by DPPH method (Kumaran and
Karunakaran, 2000). Briefly, 100 ul. sample was
diluted with 2 mL of 0.1 mM DPPH (in
methanol). After shaking for 10 seconds, the
sample was kept at room temperature in the dark
for 30 min and absorbance was measured at 517
nm. The results are expressed in mg Trolox
equivalent (TE)/g sample dw.

The cupric ion  reduction  antioxidant

determination (CUPRAC)

The antioxidant activity of the samples was
determined by CUPRAC method (Apak et al.,
2004). Accordingly, 100 pL sample was mixed
with 1 mL of 102 mM copper (II) chloride,
neocuprine (in ethanol), ammonium acetate
buffer (pH=7.0) solutions and Milli-QQ water.
After standing for 30 min at room temperature,
absorbance was recorded at 450 nm and the
results were expressed as mg TE/g sample dw.

capacity

The «- amylase inhibitory activity

The a-amylase inhibition analysis was performed
according to the method by Yu et al. (2012) with
slight modification. Accordingly, 30 pL. sample
(in 10% DMSO), 120 uL. Milli-Q water, 300 uL of
starch solution in 20 mM sodium phosphate
buffer (pH 6.9) and 150 pL a-amylase solution
(1 U/mL) was pre-incubated at 25 °C for 10 min.
Then, 300 uL of the DNS reagent (1% 3,5-
dinitrosalicylic acid, 12% Na-K tartrate in
0.4 MNaOH) was added to terminate the
reaction. Enzymatic inhibition was carried out at
85 °C for 10 min. After adding 675 pL deionized
watetr, the mixture was cooled down to room
temperature. The a-amylase activity was measured
at 540 nm and calculated by the following
formula:

o — amylase inhibitory activity = @ x 100

©)

Where A represents the absorbance in the
presence of buffer solution and B represents
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absorbance in the presence of the a-amylase and
sample solution.

Angiotensin-converting enzyme inhibitory
activity

The ACE inhibitory analysis was performed by
the method of Ahn et al. (2012). Briefly, 50 pL
ACE solution (25 mU/ml.) was added to 50 pL
of diluted sample which was dissolved in borate
buffer and pre-incubated at 37 °C for 10 min.
Then, 150 ul. of HHL substrate (5 mM, pH 8.3)
was added to the mixture and incubated at 37 °C
for 30 min. The reaction was stopped by adding
250 pL of 1.0 M HCL. To extract hippuric acid, 0.5
mL of ethyl acetate was added and the test tubes
were centrifuged at 3200 rpm for 15 min. After
centrifugation, 0.2 mL of the supernatant was
evaporated at room temperature for 12 h. The
hippuric acid was dissolved in deionized water
and the ACE inhibition activity was measured at
228 nm calculated by the following formula:

ACE inhibition activitiy (%) =

Acontrol_Asample X 100 (3)
Acontrol—Ablank
Where Apank  represents absorbance in the

presence of Milli-Q water, Aconwol represents
absorbance in the presence of buffer solution and
Aqmple Tepresents absorbance in the presence of
the ACE and sample solution.

In vitro gastro-intestinal digestion and
bioaccessibility

Bioaccessibility analysis by in vitro gastro-
intestinal digestion was performed according to
the INFOGEST method developed by Minekus
et al. (2014) with some modifications. Briefly, 15
mL of salivary solution and 1 g of samples were
mixed and the mixture was pre-incubated at 37 °C
and 100 rpm for 15 min. After 15 min, 20 mL of
stomach solution was added to this mixture and
incubated again at 37 °C and 100 rpm for 1 h.
Then, 10 mL of the mixture was collected as post-
gastric (PG) digestion. Then, 5 mL of 120 mM
NaCl, 5 mL of 120 mM KCI and 4.5 mL of
intestinal solution were added to the remained
mixture and reincubated again at 37 °C and 100
rpm for 2 h. At the end of the time, the mixture
was collected as post-intestinal (PI) digestion. The
PG and PI samples were centrifuged 10,000 rpm

for 15 min and the supernatants were stored at -
20 °C until further analysis. Bioaccessibility (%) of
the samples was calculated by
the following formula:

Bioaccessibility (%) =

Bioactive content of digested samples

X100 (4)

Bioactive content of undigested samples

Statistical analysis

Experimental data were given as mean T standard
deviation. Statistical analysis was carried out using
a IBM SPSS software (version 22.0, SPSS,
Chicago, 1L, USA). The differences were
compared using Tukey test and p< 0.05 was
considered to be significant.

RESULTS AND DISCUSSION

Change in TPC during in vitro digestion
According to the results, the differences between
TPCs of the undigested seed and pulp extracts
were determined as 3.4410.66 mg GAE/g dw
and 10.7210.48 mg GAE/g dw, tespectively
(P<0.05, Table 1). On the other hand, Wang et al.
(2011) reported that TPCs of jujube pulp and seed
extracts were 38.98 mg GAE /g dw and 30.95 mg
GAE/g dw, respectively. Gao et al. (2012)
determined that TPC of jujube between 27.56 mg
GAE/gand 54.18 mg GAE/g fruit weight. These
differences among the results can be associated
with fruit variety, growing conditions, ripening
level of the fruit, and the extraction conditions
applied for the extraction of phenolics (Wang et
al., 2011).

In the present study, TPC in the pulp extract was
found to be higher than that of the seed (P<0.05).
Furthermore, the presence of phenolic
compounds in different forms in jujube pulp and
seed tissues may cause the differences in the
phenolic levels in these tissues. For instance, the
phenolic compounds in jujube seed tissues ate
mainly in insoluble-bound form whereas they are
found in glycoside form in fruit pulp (Gao et al.,
2013).

A decrease in TPCs of jujube seed and pulp
fractions was observed after in vitro gastric and
intestinal digestions (P<0.05, Table 1). The
bioaccessibility (%) of seed and pulp extracts after
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in vitro gastric digestion was determined to be
48.7317.02% and 25.50%0.68%, respectively
(P<0.05). After in vitro intestinal digestion, the
bioaccessibility (%o) of seed and pulp extracts was
calculated as 23.24+4.46% and 9.4310.24%,
respectively. Similarly, Ma et al. (2020) reported

that TPC of the soup obtained from bamboo
leaves decreased approximately by 20% after in
vitro digestion. According to Ma et al. (2020), this
decrease may result from the loss in the stability
of phenolic compounds under high pH values
during intestinal digestion (Ma et al., 2020).

Table 1. Changes in total phenolic content, total monomeric anthocyanin content, antioxidant activity
of jujube seed and pulp extracts during in vitro gastrointestinal digestion.

Sample Initial

In vitro gastric In vitro intestinal

digestion digestion

Total phenolics Seed 3.4410.66b 1.63%0.08>~ 0.7720.00b=
(mg/g)-TPC Pulp 10.72:+0.482 2.73%+0.05% 1.01£0.0202
Total anthocyanin Seed 1.25+0.58 8.39£0.00%= 1.45£0.00%

content (ug cyn-3-
aly/9)-TMAC Pulp 2.23%0.55u 0.32+0.00b 0.330.00b
Seed 4,0420.18bx 4.7240.48 0.58+0.46b

DPPH (mg TE/¢)
Pulp 7.34£0.1925 4.80+0.212y 4.21£0.300
Seed 4.1530.44bx 5.93%2.430 3.7940.30%

CUPRAC (mg TE/¢g)

Pulp 9.3840.51x 6.9840.12s 2.9940.444

All the values were expressed as mean * standard deviation. The mean is an average of three samples (n = 3)
obtained from triplicated experiment. Different superscripts letters within the same line (x, y, z) and column (a, b)

indicate significant difference (P< 0.05, Tukey).

Change in TMAC during in vitro digestion
The TMAC of pulp extract (2.23%0.55 pg cyn-3-
gly/g dw) was higher than the TMACs of seed
extract (1.2530.58 pg cyn-3-gly/g dw) before in
vitro digestion (P<0.05, Table 1). After gastric
digestion, TMACs of the seed extract (8.39+0.00
ug cyn-3-gly/g dw) were higher than that of pulp
extract (0.32+0.00 pg cyn-3-gly/g dw) (P<0.05).
As seen in Table 1, the increase in TMAC of seed
extract after in vitro gastric digestion was
statistically significant (P<0.05). Pérez-Vicente et
al. (2002) stated that there was a significant
increase in the concentration of anthocyanin
compounds in pomegranate juice after in vitro
gastric digestion. According to Koh et al. (2020),
anthocyanin compounds are converted from the
hemiketal form to the flavylium cation, which is
more stable form, during gastric digestion where
the pH was 2.0.

After intestinal digestion, TMACs of the seed and
pulp extracts were determined as 1.45%0.00 pg

cyn-3-gly/g dw and 0.3310.00 pg cyn-3-gly/g dw,
respectively (P<0.05). Moreovert, the
bioaccessibility (%) value of TMAC in seed
extract (147.8319.20%) was higher compared to
pulp extract (15.76+3.89%) after in vitro
intestinal digestion. As seen in Table 1, there was
a decrease in TMAC of pulp extracts after in vitro
intestinal digestion (P<0.05). Likewise, de la
Fuente et al. (2019) reported that anthocyanin
compounds in broccoli and radish could not
detect after in vitro digestion. In the study of Ma
et al. (2020), anthocyanin compounds were
degraded during in vitro digestion. Similarly, Koh
et al. (2020) showed that there was a decrease in
TMAC during in vitro intestinal digestion, due to
the decreasing trend in all individual anthocyanin
compounds. According to Pérez-Vicente et al.
(2002), the decrease in TMAC is associated with
conversion of flavylium cations to colotless
chalcones during in vitro intestinal digestion. It
has been stated that these “colorless anthocyanin
pseudobases" are stable and in equilibrium with
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the colored cationic forms in an acidic
environment, however the anhydrobases
gradually become more stable with the increase in
pH after pH 5.0 (Pérez-Vicente et al. 2002).

Change in AOA during in vitro digestion

As shown in Table 1, the pulp extract exhibited
higher AOA than that of the seed fraction
because the pulp extract had the highest TPC than
that of the seed extract (P<0.05). According to
Chel-Guerrero et al. (2018), plants with higher
level of polyphenolics also exhibit higher
antioxidant activity. Zhang et al. (2010) found
that jujube juice contained higher levels of
ascorbic acid than other fractions. In the present
study, the higher antioxidant activity of jujube
pulp tissue may be associated with the higher
concentration of ascorbic acid in jujube pulp.
Also, it might be thought that the carbohydrates
in the pulp fraction may have increased AOA. In
the study of Li et al. (2011), polysaccharide
extracts obtained from jujube fruit had
antioxidant activity. Additionally, Wang et al.
(2011) stated that the ripening level and variety of
jujube and differences in its growing conditions
may lead to discrepancy in TPC and AOA of
jujube.

Antioxidant activity of the extracts decreased after
in vitro digestion, in parallel with the decrease in
both TPC and TMAC (P<0.05, Table 1). The
bioaccessibility for AOA was determined to be as
24.65%1.76% and 91.581+2.48% for seed extract
and 57.29%2.60% and 31.71£2.97% for pulp
extract by DPPH and CUPRAC methods,
respectively. Similarly, Vinholes et al. (2018) and
Goulas and Hadjisolomou (2019) showed that
antioxidant activity of some fruits and vegetables
decreased significantly after in vitro digestion.
This decrease was associated with the fact that
antioxidant compounds such as total phenolics
and total anthocyanins ate less reactive at the pH
value of the intestinal environment, which is
about 7.4 (Puangkam et al., 2017; de la Fuente et
al., 2019).

Change in ACE inhibitory activity during in
vitro digestion

The ACE inhibitory activity of the seed and pulp
extracts was 86.0410.00% and 42.74%8.57%,
respectively (P<0.05, Figure 2). Similary, it was
shown in other studies that polyphenolics can
exhibit ACE inhibitory activity. For instance,
Mohebbati et al. (2017) investigated the
antihypertensive activity of jujube fruit in mice
with high blood pressure and reported that
hydroalcoholic extracts obtained from jujube fruit
exhibited an antihypertensive effect in mice.
Likewise, Nho et al. (2010) showed that ACE
inhibitory activity of phenolic extracts from the
leaves of Boehmeria nivea ranged from 14.47% to
80.31%. Also, Lépez-Fernandez-Sobrino et al.
(2021) reported that wine sediments had
antihypertensive potential in mice due to
flavonols and anthocyanins in its composition.

100 X
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mInitial Gastric digestion Intestinal digestion

Figure 2. Changes in ACE inhibitory activity of
jujube seed and pulp extracts during in vitro
gastrointestinal digestion. Different letters (x, y)
indicate significant difference (P< 0.05, Tukey).

The ACE inhibitory activity of bioaccessible
fraction of the seed extract in the intestinal phase
was 99.04£4.95%, while it was 157.82227.90%
for the pulp extracts. Similarly, Fernandez et al.
(2013) reported that ACE inhibitory activity of
grape extracts was >90% before in vitro digestion
and was >80% after in vitro digestion. Likewise,
Sensu et al. (2020) reported that red Berberis fruit
had 73.84% ACE inhibitory activity before in
vitro digestion and ACE inhibitory activity
decreased to 65.51% after in vitro digestion.
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Change in o-amylase enzyme inhibition
activity during in vitro digestion

The a-amylase enzyme inhibition activity of the
undigested seed and pulp extracts were found to
be 49.1810.35% and 36.07%£5.83%, respectively
(p=0.05, Figure 3). The o-amylase enzyme
inhibition activity after in vitro intestinal digestion
of the pulp extract was statistically higher than
that of the seed extract (P<0.05). Zhao et al.
(2014) showed that polysaccharides extracted
from jujube fruit had a significant 7 wvivo
antidiabetic activity by reducing the plasma
glucose level. Similarly, Benammar et al. (2014)
investigated the antidiabetic activities of extracts
from leaves, roots and seeds of Zigyphus lotus in
diabetic mice and reported that these extracts
exhibited a reducing effect on the glucose level in
mice. Furthermore, other studies in the literature
have reported that natural polyphenols had an
inhibitory effect on a-amylase activity (Quesada et
al., 1996; McDougall et al., 2005; Ghosh et al,,
2012; Liu et al., 2013; Zaidan et al., 2019).
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Figure 3. Changes in a-amylase enzyme
inhibition activity of jujube seed and pulp
extracts during in vitro gastrointestinal digestion.
Different letters (x, y, z) indicate significant
difference (P< 0.05, Tukey).

The bioaccessibility (%) value for w«-amylase
enzyme inhibition activity of the pulp extract
increased after in vitro digestion (P<0.05, Figure
3). Similarly, in the study of Ng and See (2019) it
was showed that in vitro digestion caused a
positive effect on the o-amylase enzyme
inhibition activity of plant extracts. According to
Ng and See (2019), this increase in the
carbohydrate hydrolyzing enzymes inhibitory

activity of the digested extracts may be because of
the release of aglycones phenolic from the
glycosides throughout the digestion process.

CONCLUSION

In the present study, the changes in angiotensin-I
converting  enzyme inhibitory, o«-amylase
inhibitory and antioxidant activities, total
phenolic content, total monomeric anthocyanin
content of the extracts from the pulp and seed
tissues of Zzziphus jujuba were investigated during
in vitro gastro-intestinal digestion. It was found
that, the pulp parts of the jujube fruit exhibited
higher antioxidant activity compared to the seed
since the total phenolic and anthocyanin contents
in these plant tissues were higher than the seed
part. Also, the results of the study showed that
angiotensin-1 converting enzyme and a-amylase
inhibitory activities of the pulp extract increased
after 7n vitro digestion. Consequently, it was
concluded that jujube fruit can be used as a
natural functional compound by food industry.
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ABSTRACT

Nowadays, the demand for the consumption of healthy foods is increasing day by day. Although fruits,
vegetables, and foods made from them come first among these foods, meat and meat products are of great
importance. However, there have been reports of food poisoning from such meals. Furthermore, problems
are encountered in exports due to the microbial load of many such products. Different chemicals are used
to reduce the microbial load of these products. However, due to the residue, these compounds are not
utilized in many countries. Therefore, different methods are being investigated, and new technologies are
being developed. Hydrostatic pressure, ultrasound, pulsed electric fields, irradiation, and pulsed light are
some of these technologies. The purpose of this review is to investigate the possibilities of using the cold
plasma system, which is one of these technologies, for the sterilization of foods. In simple terms, cold plasma
is the fourth state of matter and is defined as a gaseous composition of ionic gas, polar ions, and gas atoms
produced under atmospheric or low-pressure conditions. In addition to the many advantages of cold plasma,
it has the possibility of being used for different purposes. Besides surface disinfection and detoxification, it
is also used in the sterilization of packaged products, fresh fruits and vegetables, liquid foods, and meat and
meat products.

Keywords: Cold plasma, non-thermal technology, food safety, sterilization, new technology

SOGUK PLAZMA TEKNOLOJISININ GIDA GUVENLIGI ALANINDAKI
POTANSIYEL UYGULAMALARININ ARASTIRILMASI

074

Giniimiizde saglikli gidalarin titketimine yonelik talep giderek artmaktadir. Her ne kadar bu gidalarin
basinda meyve, sebzeler ve onlardan yapilan gidalar gelse de et ve et Uriinlerinin de énemi biyik
olmaktadir. Ancak bu gidalardan meydana gelen gida zehirlenme vakalari bulunmaktadir. Ayrica pek
¢ok uriiniin mikrobiyal yliki sebebinden dolay1 ihracatta sorunlar ile karsilasimaktadir. Bu triinlerin
mikrobiyal yikinin azaltilmasi icin farkli kimyasallar kullanilmaktadir. Ancak bu kimyasallarin
biraktiklart kalint1 sebebi ile pek ¢ok iilkede kullanilmamaktadir. Dolayisiyla farkli yéntemler arastirtlip
yeni teknolojiler gelistirilmektedir. Bu teknolojilerden bazilart hidrostatik basing, ultrases, vurgulu
elektrik alan, 1sinlama ve vurgulu 1sik gibi yontemlerdir. Bu derlemenin amaci ise bu teknolojilerden
biri olan soguk plazma sisteminin gidalarin sterilizasyonu amact ile kullanim olanaklarinin
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The application of cold plasma in food safety

arastirilmasidir. Basit bir ifadeyle, soguk plazma maddenin dérdiincii hali olup atmosferik veya disiik
basing kosullari altinda tretilen iyonik gaz, polar iyonlar, gaz atomlarindan olusan gaz bilesimi olarak
tanimlanabilmektedir. Soguk plazmanin pek ¢ok avantaji bulunmasinin yani sira, farkli amaclar icin
kullanim olanagi da bulunmaktadir. Yiizey dezenfeksiyonu ve detoksifikasyonun yant sira ambalajli
Urinlerin, taze meyve ve sebzelerin, sivi gidalarin, et ve et Uriinlerinin sterilizasyonunda da

kullanilmaktadir.

Anahtar kelimeler: Soguk plazma, 1s1l olmayan teknoloji, gida givenligi, sterilizasyon, yeni teknoloji

INTRODUCTION

In the globalizing world, satisfying customer
needs, responding to expectations, and food
safety, which concerns human health, are the
main topics that come up (Dalgig, 2021). Thermal
inactivation has traditionally been applied to
protect food safety. However, thermal
inactivation methods may have negative effects
on components such as color, taste, and aroma.
In recent years, foods to which non-thermal
methods are applied have gained economic
importance depending on the combination of
factors such as ease of use, nutritional value,
desired sensory properties, and environmental
friendliness (Korkmaz and Giindiiz, 2018, Dinger
and Topuz, 2018, Bhatt et al., 2018). For all these
reasons, studies on cold plasma applications,
which is a sustainable technology among non-
thermal methods, have increased (Giindiz and
Kisla 2014; Goéc¢men et al., 2017, Yiksel and
Karagézli, 2017). Cold plasma technology
provides microbial inactivation, does not cause
significant changes in the structure of food, and
its applicability for safe food production is being
investigated (Fernandez et al,, 2013, Bozkurt,
2014, Sen, 2015, Firatoglu, 2015, Dasan, 2016,
Aktop, 2016, Devi et al,, 2017, Kim and Min,
2018, Mehta et al.,, 2019). Cold plasma can be
formed by many methods in terms of
characteristics and applications. Some of these
methods can be counted as dielectric bartier
discharges (DBD), atmospheric pressure plasma
jets, radio frequency and microwave plasmas
(Scholtz et al, 2015, Keskin, 2017). The
environmental friendliness of cold plasma
technology increases its potential applications
(Yiksel and Karagozli, 2017). For the creation of
plasma, environmental parameters such as
pressure are important. However, depending on
the plasma device, plasma may be generated in a
variety of pressure conditions. It is still preferred
in some applications due to the ease of forming

plasma in a low pressure environment. However,
although plasma formation under atmospheric
pressure can be performed under higher voltage,
it is preferred because of the advantages it
provides in terms of applicability to industry. This
study was conducted to investigate the
possibilities of using the cold plasma system,
which is an alternative method to reduce the
microbial load in foods, and to be a source for
researchers.

COLD PLASMA TECHNOLOGY

There are different methods for generating
plasma. Some of the most commonly used ones
for sterilization of foods can be categorized as
dielectric barrier discharge (DBD), plasma jet
(P)), radio frequency (RF), and microwave (MW).

DIELECTRIC BARRIER DISCHARGE
(DBD)

The DBD plasma consists of two metal
electrodes, one or both of which are coated with
a dielectric material such as polymer, glass, quartz,
or ceramic (Fig.1). By applying high voltage, cold
plasma is formed in this device, which has a
changeable gap ranging from 0.1 mm to a few
centimeters (Kogelschatz, 2003, Chizoba et al.,
2017). Commonly used gases in DBD plasma are
atmospheric air, nitrogen, argon and helium (Kim
et al., 2018, Srangsomjit et al., 2022, Roy et al.,
2023). Furthermore, this system is one of the
most suitable forms of plasma production due to
the dielectric material configuration and flexibility
used (Ziuzina et al., 2013).

PLASMA JET (P])

In this system, which has various configurations,
the outer electrode is grounded, the central
electrode is excited by RF, and the gas flowing at
a high flow rate pushes the formed plasma out of
the electrode region (Nishime et al., 2017) (Fig.1).
This system, which is not suitable for application
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to a wide area, produces a stable, homogeneous,
and smooth discharge at atmospheric pressure
(Nehra et al., 2008, Bermudez-Aguirre, 2020).

RADIO FREQUENCY (RF)

Radio frequency plasma is usually obtained by
oscillating gas in an electromagnetic field (Fig.1).
Radio frequency plasma operating at frequencies
between Hz and MHz is produced by an
induction coil or different electrodes kept outside
the reactor (Ekezie et al., 2017).

Figure 1

Reaction
Ch?ber

Reaction
Chamber

MICROWAVE (MW)

Microwave  discharges are produced by
electromagnetic waves released by a magnetron in
microwave plasma generators (Fig. 1). Thus, cold
plasma is created in the microwave electric field
without electrodes. In this system, where plasma
is produced at low and atmospheric pressure, gas
requirements are low and generally large
quantities of reactive species are released
(Thomas and Mittal, 2013, Ekezie et al., 2017).

Gas|inlet

I e
—
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Power Supply

b)

Vacum

Pomp
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Fig.1. A type of DBD plasma configurations (a), A type of plasma jet configuration (b), A type of
Radio Frequency plasma configuration(c), A type of microwave plasma configuration (d)

PENETRATION POWER OF COLD
PLASMA

Gelatin gel and agarose gel are commonly
employed to investigate the penetration of
plasma-induced reactive oxygen species (ROS). It
was stated that inactivation depths of up to 3.2
mm were reached with plasma application. It has
been reported that the depth of plasma
penetration varies depending on both the plasma

application time and the type of microorganism
(Guo etal. 2020). Yadav et al. (2019) reported that
180 seconds of plasma applied to 2 mm thick
slices of ham (1 cm?) significantly decreased the
number of Listeria innocna (1.43 log CFU/cm?). In
another study, there was a significant decrease in
the total number of aerobic mesophilic bacteria
with 60 kV-5 min of cold plasma applied to 1 cm-
thick pitaya fruit slices (Li et al., 2019).
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Roh et al. (2020), reported that chicken breast
samples were boiled for 90 minutes, cut into
cubes (1.5 X 1.5 X 1.5 cm), covered with an edible
coating (whey protein), and then plasma was
applied to the samples for 39 kV-3.5 minutes. In
chicken breast samples, the number of E. co/i
O157: H decreased by 3.90, Salmonella by 3.70, and
L. monocytogenes by 3.50 logarithmic units as a result
of the application. In a study, Escherichia coli
inoculated lettuce was placed in different layers
and exposed to cold plasma (Min et al., 2017). In
their other study, they arranged two tomatoes
inoculated with Salmonella in a two-layer and then
applied cold plasma (Min et al., 2018). In these
studies, it was stated that a significant logarithmic
unit reduction was achieved in each
microorganism due to the spaces between both
lettuce and tomatoes. Thus, in future studies, a
clearer result could be obtained by applying cold
plasma to thicker foods.

THE MECHANISM OF ACTION OF
COLD PLASMA IN STERILIZATION

In the cold plasma environment, positive and
negative ions, photons, electrons, free radicals,
active or unactived molecules and atoms, and
their use in combination lead to microbial
inactivation (Fig.2) (Moisan et al., 2002, Laroussi,
2005). These reaction species erode cell materials

such as the shell lipoprotein on the bacterial cell
surface and the inner fat amylase of the cell
membrane. Thus, the cell membrane ruptures and
the contents flow out, which eventually leads to
the death of the bacteria (Miao and Yun, 2011).
Several researchers have claimed that UV
radiation in the cold plasm ambient causes the
splitting of DNA strands by inducing the
development of thymine dimers (Laroussi, 2005,
Gallagher et al, 2007, Wunderlich and
Langowski, 2010, Fernandez and Thompson,
2012). However, other studies suggest that the
power density of UV radiation emitted in the cold
plasma ambient is very low and does not directly
affect the sterilization process (Laroussi and
Leipold, 2004, Boudam et al., 20006). It has also
been reported that reactive oxygen species were
more effective on the outer surface of microbial
cells by causing significant oxidative stress
conditions, which resulted in cell damage, enzyme
deactivation, and DNA rupture (Misra et al., 2011,
Pankaj and Keener, 2017). In another study, it was
stated that the effect of plasma is largely
dependent on the presence of water, with a
stronger effect in moist organisms (minute
amount of non-liquid water) than in dry
organisms (complete drying of a drop with
bacteria in a biological hood) (Thirumdas et al.,
2015).

Reactive
species

Lipid oxidation

Effect on ribosome

~ Cellwall _

Protein denaturation

Damage to DNA and RNA B ——
Enzyme inactivation

Fig.2. Mechanism of microbial inactivation by cold plasma treatment.

617



J.H. Zadeh, F. Pazir

THE USE COLD
TECHNOLOGY FOR
STERILIZATION OF FOODS
Due to the limited depth of penetration of plasma
technology, it is considered to be advantageous,
especially for foods with a high surface/volume

OF PLASMA

THE

provided on the product surfaces with the
application of plasma, while the low penetration
depth prevents the damage of important nutrients
in the food (Surowsky et al., 2016). The effects of
various cold plasma systems on different products
have been investigated (Table 1).

ratio. Hence,

microbial decontamination is

Table 1. The effect of various plasma systems on different products

Plasma type

Food matrix and
Microorganisms

Observation

References

Atmospheric Pressure
Fluidized Bed Plasma Jet
DBD Plazma

Atmospheric Pressure
DBD

Low Pressure Plasma
with Microwave Power

Microwave-Assisted
Cold Plasma

Radiofrequency Assisted
Low Pressure
DBD Plasma

Atmospheric Pressure
Plasma Jet

DBD system with radio

frequency power source

DBD Plasma

DBD Plasma

Microwave-Assisted
Atmospheric Pressure
Plasma Jet

Cold Atmospheric
Plasma (CAP)

Atmospheric Cold
Plasma

Cold Atmospheric
Pressure Plasma

Cold plasma jet

DBD Plasma

Hazelnut And Corn
(molds and yeasts in the
natural flora)

Ground Almond Milk
(molds and yeasts)
Tomato-Based Beverage
(Mold and yeast)

Red Pepper Powder
(Aspergillus flavus)
Onion Powder
(Aspergillus brasiliensis
spores)

Peanuts
(Aspergillus brasiliensis)

Hazelnut

(Aspergilus parasiticus and
Aspergilus flavus spor)
Peanuts

(Aflatoxin)

Corn
(Aflatoxin)

Hazelnut
(Aflatoxin)

On the petri dishes
(Aflatoxin)

Chicken breasts
(Pseudomonas aeruginosa)

Apple Cider
(Acid-adapted E. coli K12)

Tiger Nut Milk
(Bacillus cereus)

On the petri dishes
(Pseudomonas aeruginosa)
Apple juice
(Alicyclobacillus
contaminants)

3.84 and 3.45 CFU/¢

Below the
Determination Limit

1 log CFU/ml

2.5 CFU/g

1.6 log spores/cm?

3.5log CFU/g

5.6 and 4.7 log CFU/¢g
%97.9 and %99.3
%062 and %82

%70

Completely Removed
Aflatoxins

100 % inactivation
efficiency

5log CFU/mL

5.28 log CFU/mL

100 % inactivation
efficiency

4.5 log CFU/mL

(Mutlu., 2014)

(Muhammad et al. 2019).
(Metha et al., 2019)

(Kim et al., 2014)

(Kim et al., 2017),

(Pignata et al., 2014)

(Sen et al., 2019

(Devi et al,, 2017)

(Shi et al., 2017)

(Siciliano et al, 2016)

(Park et al., 2007)

(Zhao et al., 2022 2)

(Ozen et al., 2022)

(Muhammad et al., 2019)

(Zhao et al., 2022 b)

(Wang et al., 2023)




The application of cold plasma in food safety

In the literature, there are atmospheric cold
plasma applications created with different systems
(DBD, plasma jet) (Surowsky et al., 2013, Pankaj
et al., 2013, Bozkurt, 2014, Almeida et al., 2015,
Kim et al., 2018, Filho et al., 2019, Li et al., 2019,
Amanpour et al., 2019). In the studies, enzyme
inactivation (Pankaj et al., 2013, Khani et al., 2017,
Amanpour et al., 2019, Chutia et al., 2019) and
microbial inactivation (Basaran et al., 2008, Mutlu,
2014, Sen, 2015, Firatoglu, 2015, Gék et al., 2019)
experiments were carried out on different
products. For these purposes, cold plasma
application has been researched for fresh fruits
and vegetables such as tomatoes, spinach, kiwi,
strawberries, mango, melon, and tangerines
(Niemira and Sites, 2008, Perni et al., 2008, Mista
et al.,, 2014, Ramazzina et al., 2015, Won et al.,
2017, Jiang et al., 2017), fruit juices such as orange
juice and cherry juice (Almeida et al, 2015,
Garofulic et al., 2015), and dried products such as
hazelnut, corn, wheat, paprika, black pepper,
dried figs, and dried apples (Selcuk et al., 2008,
Mutlu, 2014, Lee et al., 2015, Bubler et al., 2017,
Choi et al., 2018). When the studies in the
literature are examined, there are some studies
that determine the effects of cold plasma
application on mold and aflatoxin.

As a result of the studies conducted by Mutlu
(2014), the use of atmospheric pressure fluidized
bed plasma jet reduced the number of molds and
yeasts in the natural flora of hazelnut and corn by
3.84 and 3.45 logarithmic units, respectively. As a
result of the 12-minute DBD plasma applied to
the ground almond milk, it was determined that
the total number of molds and yeasts fell below
the determination limit (Muhammad et al., 2019).
Also, 1 log CFU/ml reduction was achieved in
mold and yeast numbers by using the atmospheric
pressure DBD system in a tomato-based beverage
(Metha et al., 2019).

Aspergillus flavus number decreased by 2.5 log
CFU/g in red pepper powder, in which low
pressure plasma with microwave power source
was applied (Kim et al., 2014). In other studies, in
which microwave-assisted cold plasma was
applied, 1.6 log spores/cm? reduction was
achieved in the number of Aspergillus brasiliensis

spores inoculated into onion powder (Kim et al.,
2017), while Penicillium italicum in orange peel was
reduced by 84% (Won et al.,, 2017). As for the
number of Aspergillus brasiliensis inoculated on
peanuts, a 3.5 log CFU /g reduction was achieved
with radio frequency assisted low pressure DBD
plasma application (Pignata et al., 2014). As a
result of the application of the atmospheric
pressure plasma jet, a decrease of 5.6 and 4.7
logarithmic units was detected in the numbers of
Aspergilus parasiticns and _Aspergilus flavus spores
inoculated into the hazelnut sample, respectively
(Sen et al., 2019).

In apple cider vinegar inoculated with acid-
adapted E. /i K12, 5log CFU/mL reduction was
achieved as a result of atmospheric cold plasma
application (Ozen et al., 2022). In another study,
there was a dectrease of 5.28 log CFU/ml in tiger
nut milk inoculated with Bacillus cereus after
atmospheric cold plasma application
(Muhammad et al., 2019). Also, 4.5 log CFU/ml
reduction was achieved as a result of DBD
application to Alicyclobacillus contaminans inoculated
into apple juice (Wang et al., 2023). In another
study, the effect of cold plasma on the total
bacterial count in sheep milk was compared with
that of pasteurization (65 °C £ 2 °C for 30 min).
According to this study, cold plasma application
for 5 minutes resulted in 1.7 log reduction, while
pasteurization resulted in 2.1 log reduction. There
was no statistical difference between the two
applications (Wang et al., 2022). In addition, after
3 minutes of high-voltage atmospheric cold
plasma application, the amount of Listeria
monocytogenes inoculated Queso Fresco cheese was
significantly reduced (Ott et al., 2022). In a study
examining the effect of cold plasma on chicken
meat samples inoculated with Staphylococcus anreus,
a 2-log reduction was achieved after 5 minutes of
application (Abdel-Naecem et al, 2022). In
another study, 100% inactivation was achieved
after 5 minutes of cold plasma application to
chicken breasts inoculated with Psexdononas
aeruginosa (Zhao et al., 2022 a).

With the DBD system, whose power source is
radio frequency, 97.9%-99.3% reductions were
achieved in the number of aflatoxins in peanuts,
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in which cold plasma was applied. In the same
study, the samples were kept at 30°C for 5 days
after the plasma application, and a decrease of
65%-95% was achieved in the amount of
aflatoxin Bl production depending on the
strength and duration of the plasma application
(Devi et al, 2017). While low-pressure cold
plasma jet treatment provided a 2 log CFU/g
reduction in 10 minutes for aflatoxins inoculated
into hazelnut, peanut, and pistachio, it was said
that 20 minutes of plasma treatment resulted in a
50% reduction in overall aflatoxin content
(Basaran et al., 2008). Another study found that
microwave-assisted atmospheric pressure plasma
jet treatment for 5 seconds completely removed
aflatoxins placed on the slide (Park et al., 2007).
When DBD plasma was applied to aflatoxin-
added corn sample for 1 and 10 minutes, the
amount of aflatoxin was reduced by 62% and
82%, respectively (Shi et al., 2017). Another study
found that applying DBD plasma to an aflatoxin-
added hazelnut sample reduced it by 70%
(Siciliano et al, 2016). In particular, the
employment of such technologies in dry foods is
of great importance. Because in the dried fruit and
vegetable sector, besides thermal processes, non-
thermal technologies such as chlorine-based
disinfectants, ozonated water, and electrolyzed
oxidizing water (EYS) are carried out, in order to
reduce the microbial load (Oztekin et al., 20006,
May and Fickak, 2007, Zorlugenc et al., 2008).
The use of these non-thermal technologies has
some disadvantages, such as the product's water
intake and subsequent drying requirement. For
these reasons, such technologies come to the fore.

CONCLUSION

The demand for healthy nutrition, respect for
nature, and therefore green technology is
increasing in the world. Due to this awareness
among most people, green technologies are
gaining more importance. It is known by everyone
that the chemicals used in the disinfection of
fruits and vegetables leave a residue. Although
laws impose restrictions on the use of these
chemicals, it is known that they are still used
today. However, the new technologies
being developed can be an alternative to these
chemicals. The cold plasma system is a green

technology that is utilized in food safety. Despite
having a high initial cost, cold plasma has
numerous advantages, such as providing strong
sterilization at low temperatures, not affecting the
structure of the packaging, working continuously
at atmospheric pressure, and not containing
chemicals.

Cold plasma is produced by different methods.
However, the most commonly used methods in
foods are jet plasma, DBD, and cold plasma
produced by radiofrequency and microwave.
Studies show that these methods can be used for
surface disinfection, detoxification, liquid foods,
meat, and meat products, as well as the
disinfection of packages. When the studies are
examined, it is seen that all of the cold plasma
methods can be used with both liquid and solid
foods. However, there is no clear information
about which method is used for which foods. This
shows that there are few studies on the
penetration power of cold plasma. Although it is
thought that the penetration power of the plasma
jet is higher than other methods, there is no clear
information. For the reasons mentioned above, it
is necessary to investigate the possibilities of using
this system in the industry.
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o0z

Arastirmada ketencik tohumundan farklt sicaklik (30, 45, 60°C), stire (15, 30, 45 dk) ve gii¢ (%030, 65, 100)
kosullarinda ultrasonikasyon yontemi ile yag ekstraksiyonunun optimizasyonu amaclanmistir. Optimum
kosullarda elde edilen yag, soksalet ekstraksiyonu ile elde edilen yag 6rnegi ile verim, yag asidi kompozisyonu
ve oksidasyon 6zellikleri bakimindan karsilastirilmistir. Ultrasonikasyon yonteminde yag verimi agisindan
optimum kogullar 38.16°C, 15 dk ve %30 ultrasonikasyon giicii ve bu kosullarda yag verimi 24.44 g/100g
olarak bulunmugtur. Oksidasyon analizleri sonuglarina gére ise soksalet ve ultrasonikasyon yéntemleri ile
elde edilen yaglarin peroksit degetlerinin sirastyla 3.39-69.25 ve 2.15-54.19 meqO»/kg yag, konjuge dien
degerlerinin ise sirastyla 2.14-9.71 ve 1.79-7.22 oldugu belitlenmistir. Ayrica uygulanan ekstraksiyon
yontemleri ketencik yaginin yag asidi kompozisyonunda énemli bir farkliliga neden olmamustir. Ketencik
yaginin ekstraksiyonunda ultrasonikasyon tekniginin bir alternatif olabilecegi ve bu yagin fonksiyonel
gidalarin Gretiminde kullanilma potansiyelinin bulundugu degerlendirilmistir.

Anahtar kelimeler: Canelina sativa, optimizasyon, peroksit, linolenik asit

DETERMINATION OF THE OXIDATION PROPERTIES OF CAMELINA SEED
OILS EXTRACTED BY ULTRASONICATION AND SOXHLET METHODS

ABSTRACT

In the study, it was aimed to optimize oil extraction from camelina with ultrasonication at different
temperature (30, 45, 60°C), time (15, 30, 45 min) and power (30, 65, 100%) conditions. The oil
obtained under optimum conditions was compared with the oil by soxhlet extraction for yield, fatty
acid composition and oxidation properties. The ultrasonication optimum conditions were 38.16°C,
15 min, and 30% ultrasonication power, and oil yield was 24.44 ¢/100g. The peroxide values of the
oils obtained by soxhlet and ultrasonication methods were 3.39-69.25 and 2.15-54.19 meqO2/kg oil,
respectively. The conjugated diene values of oils obtained by soxhlet and ultrasonication methods
were 2.14-9.71 and 1.79-7.22, respectively. Moreover, the applied extraction methods did not cause
a significant difference in the fatty acid composition of camelina oil. Ultrasonication technique can
be an alternative for the Camelina sativa oil extraction and this oil has potential for using in the
functional food production.

Keywords: Camelina sativa, optimization, peroxide, linolenic acid
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GIRIS
Ketencik  [Camelina (L)  Crantz],
Brassicaceae familyasinin bir {iyesi olup, kékeni
Dogu Avrupa ve Orta Asya bolgelerine dayanan
onemli bir yag bitkisidir (Vollmann ve Eynck,
2015; Sydor vd., 2022;). Ulkemizde <“yalanct
keten”, “Alman susami” veya “Sibirya yaglt
tohumu” gibi farkll isimlerle de bilinmektedir
(Kurt ve Seyis, 2008). Ketencik farkli iklim
kosullarina ve toprak yapisina uyum saglamasiyla
beraber su, glibre ve ila¢ ihtiyacinin da az olmast
sebebiyle diger yaglt tohum bitkilerine gére
o6nemli bir potansiyele sahiptit (Mondor ve
Hernindez-Alvarez, 2021). Ketencik, bagta
omega-3 olmak lizere esansiyel coklu doymamis
yag asitleri, tokoferoller ve fitosteroller gibi
onemli biyoaktif bilesikleri icermesi sebebiyle son
yillarda ilgi ceken bitkisel kaynaklardan biri haline
gelmistir (Abramovi¢ vd., 2007; Piravi-vanak vd.,
2022).

sativa

Yetistirildigi ¢evre kosullarina, ¢esidine ve
ekstraksiyon yontemine gore ketencik tohumlart
%30-49 araliginda yag icerigine sahip olup, yag
asitlerinin - %30-40’1 a-linolenik asit, %15-25’1
linoleik asit, %10-251 oleik asit ve yaklagik %3t
ise erusik asitten olusmaktadir (Abramovic¢ vd.,
2007; Betti vd., 2016; Mondor ve Hernindez-
Alvarez, 2021). Kendine 6zgii bilesimi sayesinde
ketencik yagi enerji, kimya (kozmetik, deterjan
gibi) ve gida sanayinde hammadde olarak
kullanddmaktadir (Leclere vd., 2021; Sydor vd.,
2022). Ozellikle elzem yag asitlerinden olan o-
linolenik ve linoleik asitleri yiksek dizeyde
icermesi nedeniyle ketencik, insan beslenmesi icin
degerli bir yag kaynagr olarak gorilmektedir
(Popa, 2017, Mondor ve Hernandez-Alvarez,
2021). Genel olarak ketencik yagi ylksek sicaklikta
kizartmaya uygun olmasa da salata veya yemeklik
yag olarak tiketilmektedir (Berti vd., 2016). Ayrica
ketencik, fonksiyonel gida ve besin takviyesi
olarak da kullanilabilmektedir (Sydor vd., 2022).
Ketencik yaginin fonksiyonel 6zellikleri yapisinda
bulunan ¢oklu doymamus yag asitlerinden ve bu
yag asitlerinin de yarisindan fazlasinin omega-3
(%30-40) ve omega-6 (%15-20) yag asitleri
olmasindan ileri gelmektedir (Terpinc vd., 2012;
Sydor vd., 2022). Bununla birlikte ketencik
yaginda tekli doymamis yag asitleri, bitki sterolleri,
cesiti  fenolik  bilesikler (rutin, katesin ve

kuersetin) ve vitaminler (E, A ve B vitaminleri)
olmak Uzere cesitli biyoaktif bilesenler de
bulunmaktadir (Terpinc vd., 2012; Sydor vd.,
2022).

Genel olarak ketencik tohumundan mekanik
presleme, enzimatik ve solvent ekstraksiyon
yontemleri ile yag ekstraksiyonu
gerceklestirilmektedir (Popa, 2017). Mekanik
presleme yontemi ile yitksek kalitede yag elde
edilebilse de ekstraksiyon verimi diigiik ve enetji
ihtiyact  yuksektir  (Liu  vd., 2009). Solvent
ekstraksiyon yonteminde kullanilan  hekzan,
metanol, etanol ve petrol eteri gibi ¢ozlcilerin
cevreye olast zararli etkilerine ek olarak
ekstraksiyon sicakliginin yiiksek ve siiresinin uzun
olmast birtakim dezavantajlar olusturmaktadir
(Tian vd., 2013). Enzimatik ekstraksiyon yontemi
de cevre dostu ve uygulamasi kolay bir yéntem
olmast sebebiyle yag ckstraksiyonunda alternatif
bir yontem olarak kullanilmaktadir. Ancak bu
yontemde hem  ekstraksiyon strede
gerceklesmekte hem de distik yag verimi elde
edilmektedir (Hu vd., 2020). S6z konusu bu
yontemlerin  dezavantajlart  nedeniyle  yag
ekstraksiyonunda alternatif yontemlerin
gelistirilmesine ihtiya¢ duyulmustur (Tian vd.,
2013). Bu dogrultuda son yillarda 6zellikle
ultrason destekli yag ckstraksiyonu izerine
calismalar yogunlasmustir  (Wang vd., 2020).
Ultrases  dalgalarinin = olusturdugu  akustik
kavitasyonlar sonucu a¢iga ¢tkan enerji ve basing,
bitkisel materyalin yiizeyinde yapisal degisimlerin
meydana gelmesine neden olmaktadir. Béylece

uzun

kullantlan ~ ¢6ziictiniin =~ materyale  transferi
kolaylasmakta ve  ekstraksiyonun  etkinligi
artmaktadir.  Sonu¢  olarak, bu ybntem

ekstraksiyon stiresinin ve solvent kullaniminin
azalmasing; enerji ve Uretim verimliliginin ise
artmasint saglamaktadir (Senrayan ve
Venkatachalam, 2020; Wang vd., 2020; Oprescu
vd., 2022). Ayrica ultrasonikasyon uygulamasi
daha iyi kalitede yag elde edilmesini de
saglamaktadir (Rajendran vd., 2021; Li vd., 2023).

Literatiirde kanola (Jalili vd., 2018), ay cekirdegi
(Moradi vd., 2018), kolza tohumu (Pertrier vd.,
2017), kabak cekirdegi (Hernandez-Santos vd.,
2016), nar cekirdegi (Goula vd., 2018; Rojo-
Gutiérrez vd., 2021), fisuk (Haji Heidari ve
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Taghian Dinani, 2018) ve  kapok c¢ekirdegi
(Senrayan ve Venkatachalam, 2020) gibi farkl
bitkisel =~ materyallerden  yag  ekstraksiyonu
konusunda hem ultrasonikasyon glct, ¢6zici-
kati orani, ekstraksiyon sicakligt ve stresi gibi

faktorlerin  etkilerinin  incelendigi hem de
ultrasonikasyon destekli yag ekstraksiyonun diger
yontemlerle kiyaslandig calismalar
bulunmaktadir.  Ancak  yapilan  literatir
arastirmasinda ketencik tohumlarindan
ultrasonikasyon  yontemi  kullanilarak  yag
ckstraksiyonu  konusunda  bir  calisgmaya

rastlanilmamistir. Bu baglamda yapilan ¢alismada,
ketencik tohumundan ultrasonikasyon yéntemi ile
yag ekstraksiyonu parametrelerinin (ekstraksiyon
sicaklk ~ ve  suresi ve ultrason  giici)
optimizasyonun yapilmast ve belirlenen optimum
kogullarda ckstrakte edilen yagin oksidasyon
ozelliklerinin belirlenmesi amaclanmistir.

MATERYAL VE METOT

Materyal

Arastirmada materyal olarak kullanidan ketencik
|Camelina sativa (1..) Crantz.] tohumlart Denizli’de
bulunan Tanoglu Enetji ve Tarim Uriinleri
firmasindan temin edilmistir. Yag ckstraksiyon
islemlerinden hemen 6nce tohumlar bir §gitici
(Sinbo, SCM-2910, Cin) yardimtyla 6gttilmis ve
1 mm’lik elekten gecirilmistir.

Arastirmada kullanilan kimyasallar ise Honeywell
(Hessen, Almanya) ve Sigma-Aldrich
(Taufkirchen, Almanya) firmalarindan tedarik
edilmistir.

Metotlar

Ketencik tohumundan yag ekstraksiyonu
Arastirmada,  ketencik  tohumundan  yag
ckstraksiyonunda  ultrasonikasyon  destekli
ekstraksiyon ve soksalet ekstraksiyon olmak tizere
2 farklt ydntem kullanilmustur.

Ultrasonikasyon destekli yag ekstraksiyonu
Tontul vd. (2018)’in belirttigi yonteme gore
yapilmustir. Ekstraksiyon 13 mm ¢apinda prob
kullanilarak ultrasonik homojenizatér (Bandelin,
Sonopuls HD  2200.2, Almanya) vasitasiyla
gerceklestirilmistir. Ayrica ekstraksiyon sirasinda
hekzan kaybimun en distk diizeyde olabilmesi
amaciyla  kapaginda  ultrason  probunun

girebilecegi kadar aciklik bulunan vida kapaklt
cam bir kap (250 mL) kullanilmistir. Ornek (15
@), Uzerine hekzan (90 mL) ilave edildikten sonra
stcakligt ayarlanmis su banyosu (Jeio Tech, Water
Bath BW-20B, Kore) igerisine alinmis ve ardindan
icerisine ultrason probu daldirlarak  farkls
ultrasonikasyon giicti ve sirelerde ekstraksiyon
islemi gerceklestirilmistir. Arastirmada
uygulanacak ekstraksiyon sicakligl, stresi ve
ultrasonikasyon giicti, Design Expert 10 (Stat-
Hase Co., Mineapolis, ABD) istatistik programt1
kullanilarak belitlenmistir. Ekstraksiyon sonunda
elde edilen misella (ketencik, yag ve ¢Ozgen
karisimi) 5800 rpm hizla 15 dakika santriftj
(Centurion, Benchtop  centrifuges  C2000,
Ingiltere) edilerek kati faz ayrilmistir. Ardindan
st fazda bulunan hekzan, rotary evaporatérde
(Heildolph, Hei-VAP(EU), Almanya) ucurulmus
ve daha sonra elde edilen ketencik yaginda mevcut
olabilecek ¢bzgen kalintilarini  uzaklagtirmak
amactyla  6rnekler  50°C  sicakliktaki etiivde
(Daihan, Wisecube WIG-105, Kore) 2 saat
bekletilmistir.

Soksalet yontemi ile yag ekstraksiyonu AACC
Metot 30-25’te belirtilen yénteme gore yapilmugtir
(AACC, 2000).

Ketencik tohumundan yag ekstraksiyonu
deneme deseni

Arastirmada uygulanan ultrasonikasyon destekli
ekstraksiyon yonteminde bagimsiz degiskenler
olarak ekstraksiyon sicakligi (X7), siiresi (X2) ve
ultrasonikasyon giicii (X5) secilmis olup, deneme
plant ise ylzey merkezli merkezi kompozit
tasarima (face-centred central composit design,
FCCD) gore olusturulmustur. Buna gére bagimsiz
degiskenlerin  maksimum, minimum ve orta
noktalart Cizelge 1°de gosterilmistir. Bagimsiz
degiskenlerin  sinir  degerlerine  literatiirde
bildirilen ¢aligmalar g6z 6ntinde bulundurularak
karar verilmistir (Samaram vd., 2015; Tekin vd.,
2015; Tontul vd., 2018). Ug faktor ile ¢ seviyeli
olusturulan tasarimin merkez noktasinda yapilan
¢ tekrarla birlikte toplam 17 farkl ekstraksiyon
islemi gerceklestirilmistir. Arastirmada yag verimi,
peroksit sayist ve konjuge dien degetleri bagimlt
degiskenler olarak secilmistir.
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Cizelge 1. Ketencik yaginin ultrason destekli ekstraksiyonunda kullanilan parametrelerin degerleri
Table 1. Valnes of parameters used in ultrasound assisted extraction of camelina oil

Bagimsiz degiskenler En digtk (-1) Merkez (0) En yiksek (+1)
Independent variables Minipnm (-1) Center (0) Mascimum (+1)
Sicaklik/ Temperature (°C) X 45 60
Sure/ Time (dk/ min) X5 30 45
Gug/Power (%) X5 65 100

Yag veriminin belirlenmesi

Yag verimi, uygulanan ekstraksiyon islemi
sonunda elde edilen yag agirhiginin baslangicta
kullantlan tohumun agithgina orant seklinde
degerlendirilmis ve tohumlarn kuru madde
miktart  dikkate  alnarak  g/100g  olarak
hesaplanmustir.

Peroksit sayis1 analizi

Ketencik yag1 6rneklerinin peroksit sayist degerd,
AOCS Metot Cd8-53te belirtildigi sekilde 1 kg
yagda bulunan peroksit oksijeninin mili esdeger
oksijen cinsinden degeri (meqO.,/kg yag) olarak
hesaplanarak verilmistir (AOCS, 2004).

Konjuge dien analizi

Ketencik yagt 6rneklerinin konjuge dien (Koso)
degeri AOCS Metot Ch5-91°de belirtildigi sekilde
UV/VIS spektrofotometre (Shimadzu, UV-VIS
Spektrofotometre, UV-1280, Japonya)
kullanilarak 232 nm dalga boyunda belirlenmistir
(AOCS, 2004).

Yag asidi profili analizi

Orneklerin yag asidi metil esterleri ISO metot
12966-2:2017°de belirtildigi sekilde hazirlanmigtir
(ISO, 2017). Buna gore yaklasik 0.1 g yag 6rnegi
tartilarak Gzerine 10 mL #-hekzan ve 0.5 mL 2N
metanol ile hazrlanmis KOH  ¢6zeltisi
eklendikten sonra karistirimistir. Karisimin ast
faz kismu berrak bir goérinim alincaya kadar
karanlk bir ortamda oda sicakliginda bekletilmis
ve berrak kistmdan alinan 6rnek analiz edilmistir.
Ketencik yag asidi profili gaz kromatografi
sisteminde  (Shimadzu, GC-2025, Japonya),
kapiler kolon (60 mX0.25mmx0.20 pum, Rtx-
2330, USA) ve FID dedektér kullanidarak
belitlenmistir. Analizde kolon sicakligi 190°C,
enjeksiyon blogu sicakligs 230°C ve dedektor
sicaklig1 250°C olarak ayatlanmugtir. Ayrica tagiyict

gazin (helyum) akis hiz1 0.67 mL/dk ve split orant
25:1 olarak uygulanmustir.

Hizlandirilmig oksidasyon analizi
Hizlandirilmis oksidasyon testi Kiralan vd. (2018)
tarafindan  belirtilen  yonteme gére  60°C
sicakhigindaki  etlivde 10 gin  siresince
gerceklestirilmistir. Yag 6rnekleri (yaklasik 2.50 g)
her bir depolama siiresi i¢in ayrt ayri tiiplere
konulmus ve agizlari hava almayacak sekilde
kapatilmistir. Depolama stresince 6rneklerin
peroksit sayist ve konjuge dien degerlerindeki
degisimleri takip edilmistir.

Istatistiksel analiz

Belirtilen  deneme  tasartmi  kullanilarak
gerceklestirilen optimizasyon ¢alismasinda, her bir
bagimli degisken icin dogrusal, 2FI, kuadratik ve
kiibik modellere gére Design Expert 10 (Stat-
Ease Inc. USA) programi  kullanilarak
degerlendirme yapilmustir. Modellerin
degerlendirmesinde p degeri, uyum eksikligi degeri
(lack-of-fit), R2? ve duzeltilmis R2 degerleri
kullamlmis ve p degeri istatistiksel olarak 6nemli
(p<0.05), uyum ecksikligi degeri istatiksel olarak
onemsiz (p>0.05) ve R? degerleri 1’e ve birbirine
yakin olan model en uygun model olarak
belirlenmistir. Ayrica, belitflenen modelin tahmin
gliciinin arttrilmast amactyla modelde bulunan ve
istatistiksel olarak Onemsiz  (p>0.05) olan
katsayllar modelden ctkarilmistir.  Optimum
ultrasonikasyon destekli ekstraksiyon kosulu
olarak; verimin maksimize, konjuge dien
degerinin minimize olacagl ve uygulanacak
sicaklik degerinin deneme deseninde kullanilan
aralikta (30-60°C), siirenin ve ultrasonikasyon
gicinin  ise  minimize  olacagl  sartlar
belirlenmistir. Belirlenen bu sartlarda ketencik
yagl ekstrakte edilmis ve verim ile konjuge dien
degerleri deneysel olarak belirlenerek optimum
kosula ait teorik deger ile karsilagtirlmustur.
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Calismadaki tim analizler en az 2 paralelli olarak
yapilmis ve tutatll bulunmayan tim sonuclar
tekrarlanmistir. Sonuglar 6rnek kuru maddesi
tzerinden hesaplanmis ve “ortalama * standart
hata” olarak sunulmustur.

BULGULAR VE TARTISMA

Yag ekstraksiyonu optimizasyonuna ait
bulgular

Ketencik tohumundan ultrasonikasyon yontemi
ile yag ekstraksiyonu icin uygulanan merkezi

kompozit deneme deseni ve analiz verileri Cizelge
2’de verilmistir. Deneme deseninin yanit1 olan ve
Cizelge 2’de verilen verilere ait istatistiksel analiz
sonuglart degerlendirildiginde kuadratik modelin
deneme  sartlarinda  verim  degetleri  i¢in
istatistiksel olarak énemli (p<<0.07) oldugu, ancak
orneklere ait peroksit ve konjuge dien
dizeylerinin = uygulanan  farkli  kosullardan
istatistiksel olarak 6nemli diizeyde etkilenmedigi
(p>0.05) tespit edilmistir.

Gizelge 2. Ketencik tohumundan ultrasonikasyon yontemi ile yag ekstraksiyonu icin uygulanan merkezi
kompozit deneme deseni ve analiz verileri
Table 2. Central composite trial design and analysis data applied for il exctraction from camelina seed by ultrasonication

method
Deneme Sicaklik /X4 Sire/X,  Glig/Xs Verim Peroksit Konjuge
no ) (dk) (%) (g/100g)  (meqO2/kg yag) dien
Run Temperature/ Xy Time/X>  Power/ X Yield Peroxide Conjugated

(°C) (min) (%) (¢/ 100g) (m2¢gO:/ kg 0il) diene

1 30 45 100 29.21 3.19 1.81

2 60 45 100 20.48 4.28 2.21

3 60 30 65 25.84 2.47 1.91

4 45 30 100 30.80 2.85 1.84

5 30 45 30 27.56 3.58 1.83

6 30 15 100 26.97 2.85 1.30

7 45 30 65 29.65 3.19 1.94

8 60 15 30 27.61 3.20 2.00

9 45 15 65 28.78 3.19 1.83

10 45 30 65 28.95 3.18 1.92

11 30 30 65 27.74 2.14 1.86

12 45 30 65 29.10 3.21 1.90

13 45 45 65 28.43 2.49 2.12

14 45 30 30 27.53 2.11 2.03

15 30 15 30 27.43 1.40 1.78

16 60 15 100 23.86 2.47 2.10

17 60 45 30 27.40 2.30 2.00
Elde edilen analiz sonuclarina gére; yag glct kosullarinda elde edildigi bildirilmistir (Tian
ekstraksiyonu dretim veriminin  20.48-30.80  vd., 2013). Bir diger c¢alismada ise ¢iya
g/100g araliginda degistizi ve en yuksek tohumundan  45°C  sicaklik, 20  dakika

ekstraksiyon veriminin 45°C sicaklikta, 30 dakika
stresince ve %100 glc¢ ile gergeklestirilen 4
numarali deneme ile saglandig: tespit edilmistir.
Yapilan bir calismada nar cekirdeginden
ultrasonikasyon teknigi ile elde edilen en yiiksek
yag veriminin %19.53-25.17 araliginda degistigi ve
en yiksek verimin 40°C ekstraksiyon sicakligi, 36

dakika ckstraksiyon siiresi ve 140W ultrasonik

ekstraksiyon siiresi ve %80 ultrasonikasyon giicii
uygulamasinda %49.45 degeri ile en yuksek
dizeyde yag veriminin elde edildigi rapor
edilmistir  (Tontul vd., 2018). Optimizasyon
kosullart  arasindaki  farkliiklarin = Srnekler
arasindaki yapisal ve kimyasal farkliliklardan
kaynaklandigr  dustiniilmektedir. Ekstraksiyon
veriminin sicaklik, giic, stire gibi uygulanan farklt
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kosullarin yani sira 6rnegin nem igerigine, 6rnek
matriksinin dogasina, ekstrakte edilen analitin
matriks i¢indeki durumuna, Ornek partikil
boyutuna, 6rnek miktarina ve kullanilan cihaza
baglt olarak farklilik gésterebildigi belirtilmistir
(Buytktuncel, 2012).

Peroksit ve konjuge dien degetleri yaglarda
birincil oksidasyonun belirlenmesi  amaciyla
kullanilan parametreler olup (Pratap Singh vd.,
2020), bu degetlerin oksidasyon duzeyindeki
artisa bagl olarak yikseldigi ifade edilmigtir
(Kiralan ~ vd., 2019). Farkli  kosullarda
gerceklestirilen  denemelere ait  peroksit  ve
konjuge dien analiz sonuglarinin sirasiyla 1.40-
4.28 meqO»2/kg yag ve 1.30-2.21 araliklarinda
oldugu belirlenmistir. En diisiik peroksit sayisi ve
konjuge dien degerlerinin en disiik sicaklik ve
sire uygulamalarinda elde edildigi, ancak
uygulanan parametrelerin  peroksit sayist ve
konjuge dien degerleri tizerinde 6nemli bir
farklilik  olusturmadigt belitlenmistir  (p>0.05).

Yapilan bir ¢alismada ultrasonikasyon ile papaya
cekirdeklerinden yag ekstraksiyonunda peroksit

degerinin  sicaklik, ultrasonikasyon glici ve
¢cozlclu-6rnek  orant  ve bu  degiskenlerin
interaksiyonlarindan  etkilenmedigi,  yalnizca

ekstraksiyon siiresinin peroksit degeri {izerinde
6nemli  bir etki g6sterdigi  bildirilmistir.
Ekstraksiyon — suresinin  kuadratik  etkisinin
peroksit degerlerini negatif yonde etkiledigi ifade
edilmigtir  (Samaram vd., 2015). Bir diger
arastirmada ise DPelvetia canaliculata katkilanmis
aygicegi yaglarina uygulanan ultrasonikasyon
islem siiresinin konjuge dien degerleri tizerinde
istatisttksel ~ olarak  Onemli  bir  etkisinin
bulunmadigt belirtilmistir (Sousa vd., 2021).

Verim degerlerine uygun olarak belirlenen
kuadratik modelin ve istatistiksel olarak Gnemli
olan bagimsiz degiskenlerin  secilmesi ile
gerceklestirilen varyans analizi ve ¢coklu regresyon
istatistik degerlerine ait sonuclar Cizelge 3’te
verilmistir.

Cizelge 3. Bagimsiz degiskenlerin yag ekstraksiyon verimi iizerine etkisini gdsteren varyans ve regresyon
analizlerine ait bulgular
Table 3. Results of variance and regression analyzes showing the effect of independent variables on oil exctraction efficiency

Varyasyon kaynagi/ Variation KT/ Sumof  SD/Standard KO/Mean — p-degeti/p-value

source squares deviation of squares

Model 68.63 4 17.16 0.0013%*

Xi 18.83 1 18.83 0.0083*

X 3.87 1 3.87 0.1779

X1 X5 17.57 1 17.57 0.0101*

X7 28.36 1 28.36 0.0022%*

Artik hata/Residnal 22.66 12 1.89

Uyum eksikligi/ Lack of fi 22.39 10 2.24 0.0587
Deget/ Value

R? 0.75

Duzeltilmis R2/Adjusted R2 0.67

Tahmin edilen R2/Predicted R2 0.42

Yetetli  hassasiyet/ — _Adequate 9.02

precision

Xi: sicaklik/temperature, Xo: stire/time, X3: giic/power, KT: kareler toplami, SD: setbestlik derecesi, KO: kareler

ortalamast, *: p<0.05, **: p<0.01

Cizelge 3’te verilen varyans analizi verilerine gére
ekstraksiyon  sicakliginin,  sicakllk  ve gli¢
interaksiyonunun ve kuadratik olarak sicakligin
yag ekstraksiyon verimi tizerinde 6nemli dlizeyde
etkili (p<0.07; p<<0.05) oldugu belirlenmistir.

Kullanilan deneme deseninde yag ekstraksiyon
veriminin kuadratik model ile iyi bir uyum (R2 =
0.75) igerisinde oldugu degerlendirilmistir.
Modelin anlamliligt ve kabul edilebilitligi icin
regresyon katsayisinin 0.75 degeri ve uzerinde
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olmast gerektigi bildirilmistir (Mohammadpour
vd., 2019). Yeterli hassasiyet degerinin 9.02 ile
sinir deger olan 4 degerinden biiyiik olmast da
modelin uygunlugunu ve guriltiiden
etkilenmedigini  ifade etmektedir. Deneme
kosullarinda 6nemsiz bulunan degiskenler ithmal
edildikten sonta Onemli bulunan bagimsiz
degiskenlere gére olusturulan yag verimi esitligi
ise Esitlik 1°de verilmistir.

Verim  (g/100g) =
1.48X,X5-2.62X/?

29.03-1.37X-0.62X -
Esitlik 1

Bagimsiz degiskenlerin yag ekstraksiyon
verimi tizerine etkileri

Ultrasonikasyon  yonteminde  ekstraksiyon
etkinliginin, ¢6ziiciiniin tird ve konsantrasyonu
ile islem sicakligi, stiresi ve ultrason dalgalarinin
frekanst  gibi  faktorlere  baglt  olabilecegi
bildirilmistir (Mwaurah vd., 2019). Uygulanan

deneme kosullarinda ise yag ekstraksiyon verimi
tzerine ekstraksiyon sicakhiginin, sicaklik-giic
interaksiyonunun  ve  sicakhigin  karesinin
istatistiksel olarak 6nemli (p<<0.07; p<0.05) bir
etkisinin oldugu, ancak ekstraksiyon stresinin
ekstraksiyon  verimini  etkilemedigi  tespit
edilmistir. Yapilan bir ¢alismada ultrasonikasyon
stresinin 5 dakikadan 15 dakikaya cikarilmasinin
Moringa oleifera cekirdeklerinden yag ekstraksiyon
verimini artrdigl ancak verim degerinin 5
dakikadan sonra 6nemli bir oranda degismedigi

belirtilmistir  (Zhong vd., 2018). Bir diger
aragtirmada ise 20 dakika ultrasonikasyon
uygulama  stresinden sonra  perilla  yagt

ekstraksiyon veriminin yaklasik aynt oldugu rapor
edilmistir  (Li vd., 2015). Onemli bulunan
bagimsiz degiskenlerin yag ekstraksiyon verimi
tzerine etkisi Sekil 1°de wverilen grafiklerde
gOsterilmistir.

Verim/Yield (g/100g)
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Sekil 1. Bagimsiz degiskenlerin yag ekstraksiyon verimi izerine etkisi
Figure 1. Effect of independent variables on oil extraction efficiency

Yag ckstraksiyon veriminin sicaklik artirildikea
yaklasik orta nokta degerine dogru arttig1 ancak bu
degerden sonra egilimi  gOsterdigi
belirlenmistir. Ayrica sadece giic degisimi ile

azalma

onemli diizeyde farklilik gOstermeyen yag
ekstraksiyon  veriminin, ortalama  sicaklik

degerinde uygulanan ultrasonikasyon giiciiniin
yukseltilmesi ile artig gosterdigi tespit edilmistir.

Sicakligin verim tizerindeki bu degisen etkisinin
akustik  kavitasyonun yogunlugunu etkileyen
buhar basincindaki degisim ile iliskili oldugu
belirtilmistir. Ultrasonikasyon dusiik —sicaklik
degerlerinde daha az kabarcik ve buhar basinct
olusumuna neden olutken, bu durumun
sonucunda kabarcik ara ylzeylerinde olusan
yiksek basing farki nedeniyle kabarciklarda daha
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buytk bir kuvvetle patlama gercekleserek bozulan
hiicre dokularindan daha fazla yag ekstrakte
edilebilmektedir. Ancak daha yiksek sicaklik
degerlerinde kabarciklarin i¢i ve digt arasinda
kiictik bir basing farki meydana geldiginden
kabarciklar daha az kuvvetle patlamakta ve hiicre
dokusunun daha digik dizeyde tahrip edilmesi
ile yag ekstraksiyonu azalmaktadir
(Mohammadpour vd., 2019). Yapilan bir
calismada ultrasonikasyon islem sicakliginimn 20°C
degerinden 40°C  degerine artirlmast  ile
ckstraksiyon veriminin yukseldigi, ancak 40°C
degerinden 60°C degerine yapian artis ile yag
ckstraksiyon veriminde azalma meydana geldigi
rapor edilmistir (Li vd., 2015).

Ultrasonikasyon  glicindeki  artisin ~ yag
ckstraksiyon verimini arttirmasinin, ultrason
probunun mekanik titresimi ile kat1 ve sivi fazlar
arasinda daha genis temas ylzey alaninin
olusmasinin sonucu olabilecegi rapor edilmigtir
(Samaram  vd., 2015). Ultrasonikasyon ile
meydana gelen titresim, ¢oziicinin numune
matrisine daha fazla ve daha kolay ntifuz etmesine
neden olmakta ve artan hidrodinamik kuvvet
etkisiyle hiicre duvart kolayca bozularak yag

ekstraksiyon veriminde artis olmaktadir (Pan vd.,
2012; Samaram vd., 2015). Yapilan bir calismada
ultrasonikasyon glictintin 300W degerinden 400W
degerine artirilmast ile ekstraksiyon veriminin
yikseldigi, ancak 400W degerinden 500W
degerine vyapian artis ile yag ekstraksiyon
veriminde bir miktar azalma ile birlikte 6nemli bir
farklilik olmadigs bildirilmistir (Li vd., 2015). Bir
diger calismada ise papaya cekirdeklerinden yag
ekstraksiyonunda ultrasonikasyon glictintin 700W
degerine kadar ylkseltilmesinin ekstraksiyon
verimini artirdigi rapor edilmistir (Samaram vd.,
2015).

Optimum yag ekstraksiyon kosullarinin
belirlenmesi, dogrulanmasi ve analiz
sonuglari

Ketencik tohumundan ultrasonikasyon ile yag
ekstraksiyonu icin bagimsiz degiskenler olarak
kullandan  sicaklik, ultrasonikasyon
glicliniin yag verimi lizerine etkileri ve en yiiksek
istenebilirlik degeri istatistiksel olarak
degerlendirildiginde  elde edilen  optimum
ekstraksiyon kosullar1 ile elde edilmesi tahmin
edilen ve denemeler sonucunda elde edilen yag
verimleri Cizelge 4’te verilmistir.

sure ve

Cizelge 4. Optimum yag ekstraksiyon kosullart ve elde edilmesi tahmin edilen ve denemeler sonucunda
elde edilen yag verimleri
Table 4. Optimum oil extraction conditions and estimated oil yields and obtained oil yieids as a result of experiments

o Sire Gig Yag verimi Peroksit . . ; g
Kosullar  Sicaklik (°C) (k) ) (2/1009) (meqOy/ke yag) Konjuge dien  Istenebilirlik (%)
Temperature  Time — Power Yield DPeroxcide (meqO./ kg . . Desirability
Run °C) (min) %) 2/ 1009) oil) Conjugated diene %)
Optimum 38.16 15.00  30.00 29.06 2.18 1.83 92.80
Deneme 38.16 15.00  30.00 24.44 2.15 1.79 -
Yag verimi agisindan optimum kosullarin 38.16°C ~ 41.26°C  sicaklik ve 17.11 dakikalik bir

sicaklik, 15 dakika ekstraksiyon siresi ve %30

ultrasonikasyon giici  oldugu  belirlenmistir.
Bitkilerden ultrasonikasyon teknigi ile yag
ekstraksiyonunun  cevap-ylzey —metodu ile

optimize edildigi farkli calismalarda papaya
cekirdek yagt icin optimum ultrasonikasyon
sicaklik, gii¢ ve siiresinin strastyla 62.5°C, 700W
ve 38.5 dakika olarak belirlendigi (Samaram vd.,
2015), perilla bitkisinden %36.27 verimle elde
edilen yag i¢in optimum ekstraksiyon kosullarinin

ekstraksiyon stirest oldugu (Li vd., 2015), Moringa
peregrina  bitkisinden  yag  ekstraksiyonunun
optimizasyonunda en uygun siirenin 26.3 dakika
oldugu (Mohammadpour vd., 2019) ve kapok
tohumlarindan yag ekstraksiyonu icin ise %82.6
genlik seviyesinde, 43.50°C sicakliginda ve 9.8
dakika siiresince yag ekstraksiyonunun optimum
sekilde  gerceklestirilebilecegi bildirilmistir
(Senrayan ve Venkatachalam, 2020).
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Optimum kosullarda gerceklestirilen
denemelerden elde edilen yag veriminin tahmin
edilen degerden biraz daha dustik, konjuge dien ve
peroksit degetlerinin ise tahmin edilen degetlere
yakin oldugu belitlenmistir. Ayrica belirlenen

optimum kosullarda ekstrakte edilen yag, soksalet
ekstraksiyonu ile elde edilen yag 6rnegi ile verim,
peroksit, konjuge dien ve yag asidi profili
Ozelikleri acisindan karsilastirilmistir. Elde edilen
karsilastirma bulgulart Cizelge 5’te verilmigtir.

Cizelge 5. Soksalet ve ultrasonikasyon yontemleri ile ekstrakte edilen ketencik tohumu yagina ait bazi
ozellikler
Table 5. Some properties of camelina seed oil extracted by soxhlet and nltrasonication methods

Analizler/ Analyses Soksalet/ Ultrasonikasyon/
Soxhlet Ultrasonication
Verim (g/100g)/ Yield (g/100g) 38.83 + 281 24.44>  + 4.39
Peroksit (meqO2/kg yag)/ Peroxide (n2¢gO2/ kg vil) 3.392 £+ 0.19 215>+ 0.01
Konjuge dien/Conjugated diene 214 £ 001 1790 £ 0.03
Yag asidi profili (%)/ Fatty acid profile (%)

Miristik asit/ Miristic acid 0071 £ 000 007 T 000
Palmitik asit/ Palwitic acid 6.60Ea  +  0.01 6.42Fa  + 0.02
Palmitoleik asit/ Palmitoleic acid 0.11H2 = 0.00 0.11Ha =+ 0.00
Heptadekanoik asit/ Heptadecanoic acid 0.05H=  + 0.00  0.05H2 +£ 0.00
cis-10-heptadekanoik asit/ cis-10-heptadecanvic acid 0.04= + 0.00  0.0412 =+ 0.00
Stearik asit/ Stearic acid 2.80Fa +  0.00 2.77Fa  + 0.00
Oleik asit/ Oleic acid 20.89¢a  +  0.07 20.84¢ =+ 0.03
Linoleik asit/Iinoleic acid 239582 +  0.09 23.61Ba =+ 0.00
Arasidik asit/ Arachidic acid 1.746a £+ 0.01 1.75G=  + 0.00
Linolenik asit/Linolenic acid 28,564  + (.11 28.784a £ 0.03
cis-11-eikosenoik asit/ cis-11-eicosecoic acid 15.19ba  +  0.07  15.55Da =+ 0.02

Verilerde aynt stitunda yer alan ortalamalar arasindaki farkliliklart belirtmek icin biyik harfler (A, B, C vd.), aynt
satirda yer alan ortalamalar arasindaki farkliliklart belirtmek icin ise kigiik harfler (a, b, ¢ vd.) kullanilmugtir.
Capital letters (A, B, C, etc.) were used to indicate the differences between the means in the same column, and
small letters (a, b, ¢, etc.) were used to indicate the differences between the means in the same row in the data.

Soksalet yontemi ile elde edilen yagin verim,
peroksit ve  konjuge dien  degerlerinin,
ultrasonikasyon ile elde edilen yaga iliskin
degerlerden daha yiksek oldugu belirlenmistir.
Ultrasonikasyon ekstraksiyonundan elde edilen
papaya tohumu yaginin maksimum ekstraksiyon
veriminin,  uygulanan  farkll  ekstraksiyon
kosullartnin ~ bir  sonucu  olarak  solvent
ekstraksiyonundan elde edilen verimden daha
dustik oldugu bildirilmistir (Samaram vd., 2013;
Samaram vd., 2015). Ayrica vyapilan bir
aragtirmada ultrasonikasyon yontemi ile elde
edilen Moringa peregrina yaginin peroksit degerinin,
soksalet yontemi ile elde edilen yaga gore nispeten
daha  dusik oldugu ve bu  durumun
ultrasonikasyon ile ekstrakte edilen yagin
antioksidan aktivitesinin ve toplam fenolik madde

iceriginin de daha yitksek olmasi ile iligkili oldugu
rapor edilmistir (Mohammadpour vd., 2019).

Yag asidi profiline ait sonuglar incelendiginde
ultrasonikasyon yontemi ile ekstrakte edilen
ketencik tohumu yaginda miristik (%0.07),
palmitik  (%06.42),  palmitoleik  (%0.11),
heptadekanoik  (%00.05), cis-10-heptadekanoik
(%00.04), stearik (%2.77), oleik (%20.84), linoleik
(%23.61), arasidik (%1.75), linolenik (%28.78) ve
cis-11-eikosenoik (%15.55) asitlerin bulundugu ve
hakim yag asitlerinin ise sirasiyla linolenik,
linoleik, oleik ve cis-11-eikosenoik asitlerin
oldugu belirlenmistir. Ayrica her iki ekstraksiyon
yontemi arasinda ise yag asidi kompozisyonu ve
bu asitlerin oranlart arasinda énemli bir farkldik
olmadigt (p>0.05) tespit edilmistir. Yapian bir
calismada ketencik yaginin soguk stkim ve hekzan
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ekstraksiyonu yontemleri ile ayrilmast sonucu yag
asidi kompozisyonunda bir degisiklik olmadigi,
ketencik yaginin o-linolenik (%32.50), linoleik
(%18.10) ve oleik (%14.80) asitler acisindan
zengin oldugu ve linolenik asitce zengin olmast
nedeniyle ketencik yaginin saghgr gelistirici
Ozellikler acisindan  bir  potansiyel  tasidigt
bildirilmistir (Kiralan vd., 2018).

Oksidasyon analiz sonuglar1

Soksalet ve ultrasonikasyon yontemleri ile
ekstrakte edilen ketencik tohumu yagmna ait
oksidasyon sonuglart Sekil 2’de verilmistir. Elde
edilen bulgulara gére 6. giine kadar her iki yéntem
ile elde edilen yaglarin oksidasyon seviyelerinde
o6nemli bir farklilk meydana gelmezken, 6.

giinden sonraki giinlerde yag 6rnekleri hizli bir
sekilde oksidasyona ugramistir. Ketencik tohumu
yaginin oleik, linoleik ve linolenik asitler gibi
doymamis yag asitleri agisindan zengin olmast
nedeniyle oksidasyona karst hassas oldugu
degerlendirilmistir. Ayrica soksalet yontemi ile
ekstrakte edilen yaglarin oksidasyon seviyelerinin,
ultrasonikasyon yontemi ile elde edilen yag
Orneklerine gbre daha yiksek oldugu tespit
edilmistir. Ekstrakte edilen yaglar arasindaki
oksidasyon farkliliklarinin  yag  ekstraksiyonu
strasinda yag ile birlikte ayridan polar lipidler,
steroller, tokoller ve fenolik bilesikler gibi
antioksidatif etkiye sahip biyoaktif bilegiklerin
miktarlarindaki  farkliiklar ile iligkili oldugu
belirtilmistir (Kiralan vd., 2018).
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Sekil 2. Soksalet ve ultrasonikasyon yontemleri ile ekstrakte edilen ketencik tohumu yagina ait
oksidasyon sonugclari
Figure 2. Oxidation results of camelina seed oil extracted by soxhlet and ultrasonication methods
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Soksalet yontemi ile elde edilen yaglarin peroksit
ve konjuge dien degetlerinin sirastyla 3.39-69.25
meqO2/kg yag ve 2.14-9.71 ve ultrasonikasyon
metodu ile elde edilen yaglarin peroksit ve
konjuge dien degerlerinin ise sirastyla 2.15-54.19
meqOz/kg yag ve 1.79-7.22 araliklarinda oldugu
belirlenmistir. Yapilan bir calismada soguk stkim
ve hekzan ekstraksiyonu ile elde edilen ketencik
tohumu yaglarinin oksidasyonlatinin depolama ile
artis gosterdigi, soguk sikim ile elde edilen yaglarin
10 ginlik depolama sonunda  peroksit
degerlerinin  3.57 meqO2/kg yag degerinden
107.30 meqO2/kg yag degerine ve hekzan
ckstraksiyonu ile elde edilen yaglarin depolama
sonunda peroksit degetlerinin ise 4.32 meqO2/kg
yag degerinden 11.20 meqO»/kg yag degerine
yukseldigi rapor edilmistir (Kiralan vd., 2018). Bir
diger arastirmada ise ketencik yaginin baslangicta
3.00 meqO2/kg olan yag peroksit degetlerinin 10.
gunin sonunda 48.10 meqO»/kg yag degerine
yikseldigi, konjuge dien absorbans degerinin ise
sekizinci depolama giiniinden sonra belirgin bir
artts gosterdigi ve bu degerlerin kolza tohumu,
susam, aycicegi, musir ve zeytin yaglarina gore
daha yiksek oldugu bildirilmistir (Eidhin vd.,
2003).

SONUC

Esansiyel yag asitlerini ve ¢esitli biyoaktif
bilesikleri yuksek diizeyde igermesi sebebiyle
ketencik yagi, insan beslenmesi icin degerli bir
kaynak olarak gorilmektedir. Son yillarda
ketencik yagina artan ilgi sebebiyle, tohumdan
daha yitksek verim ile yag elde edilebilmesi 6nemli
bir konu haline gelmistir. Bu dogrultuda
gerceklestirilen ¢alismada, ketencik tohumundan
yiksek verim ile iyi kalitede yag elde edilebilmesi
amaciyla ultrasonikasyon yontemi kullanilmustir.
Cevap yiizey metoduna gére verimin en yiksek
oldugu  (%24.44)  optimum  ekstraksiyon
parametrelerinin;  38.16°C  sicaklik, 15 dk
ekstraksiyon stiresi ve %30 ultrasonikasyon giicii
oldugu belirlenmistir. Bu kosullarda elde edilen
ketencik yaginin peroksit ve konjuge dien
degetleri ise strastyla 2.15 meqO2/kg yag ve 1.79
olarak bulunmustur. birlikte,
ultrasonikasyon yontemi ile elde edilen yagin
verim, peroksit ve konjuge dien degerlerinin;
soksalet yontemi ile elde edilen yaga iliskin

Bununla

degerlerden daha disiik oldugu belirlenmistir.
Diger yandan, soksalet yontemi kullanilarak elde
edilen ketencik yag ile karsiastirildiginda,
ultrasonikasyon yontemi ile ekstrakte edilen yagin
daha yavas oksidasyona ugradigi gbzlenmistir.

Sonug olarak, bu calisma ile ketencik tohumundan
yag ekstraksiyonunda ultrasonikasyon yonteminin
alternatif bir ydntem olarak kullanilabilecegi ve bu
yagin oksidasyon 6zellikleri ve omega yag asidi
icerigi  bakimindan  fonksiyonel — gidalarin
tretiminde kullanilma potansiyelinin bulundugu
degerlendirilmistir.

CIKAR CATISMASI
Yazarlarin bu arastirma ile ilgili olarak herhangi bir
kisi veya kurum ile ¢tkar ¢catismasi yoktur.
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Bu  arastirmanin  yurttilmesinde, — iretim
denemeleri ve analizlerin gergeklestirilmesinde ve
makalenin yazilmasinda yazarlar esit olarak katki
saglamustir.
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Bu calismada, Anadolu mandasi siitlerinin bazt fiziko-kimyasal 6zellikleri ve bu 6zelliklerde laktasyon
boyunca meydana gelen degismeler incelenmistir. Calisma, Diizce’de yetistirilen 30 Anadolu manda sttleri
tzerinde yuriitilmis ve toplamda 462 stt 6rnegi analiz edilmistir. Analiz edilen manda st 6rneklerinin
genel ortalama kuru madde orant %15.74, yag orani %6.49, protein orant %4.30, siit tuzlart orant %60.77,
laktoz orant %05.40, pH’st 6.72, 6zgil agirligt 1.030, donma noktast -0.62°C, elektrik iletkenligi 2.73 mS/cm
ve somatik htcre sayist 152760 hticre/mL olarak bulunmustur. Manda sitlerinin kuru madde degetleri
laktasyonun sonlarinda yiiksek cikmistir (P <0.05). En yiiksek yag degeri Eylil ve Ekim aylarinda
gdzlenmistir (P <0.05). Laktoz degerleri Temmuz ayinda yiksek ctkmistir. Ozgiil agirlik degerleri 1.029 ile
1.033 arasinda degismistir. Iletkenlik degerleri Agustos ayinda 2.95 mS/cm’ye cikmistir. Donma noktast
degerleri Temmuz ayina kadar diismiis, sonraki aylarda artmustir (P <0.05). Somatik hiicre sayilart en yiksek
Mayis ayinda tespit edilmistir (P <0.05).

Anahtar kelimeler: Manda siiti, kimyasal 6zellikler, fiziksel 6zellikler, somatik hiicre sayist

CHANGES IN THE MILK OF ANATOLIAN BUFFALO RAISED IN DUZCE
DURING LACTATION PERIOD

ABSTRACT

In this study, changes in some physico-chemical properties of Anatolian buffalo milk during lactation
were investigated. The study was carried out on 30 Anatolian buffalos and 462 milk samples were
analyzed. As a result, the general average dry matter value of buffalo milk samples analized was
15.74%, fat content 6.49%, protein 4.30%, milk salts 0.77%, lactose 5.40%, pH 6.72, specific gravity
1.030, freezing point -0.62°C, electrical conductivity 2.73 mS/cm and somatic cell count 152760
cells/mL. Dry matter values of the samples were higher at the end of lactation (P <0.05). The highest
fat value was observed in September and October (P <0.05). Lactose values were high in July. Specific
gravity ranged from 1.029 to 1.033. The conductivity values increased up to 2.95 mS/cm in August.
Freezing point values decreased until July and increased in the following months (P <0.05). Somatic
cell counts were highest in May (P <0.05).
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GIRIS
Diger hayvanlarla kiyaslandiginda, ¢ogu ilkede
oldugu gibi tlkemizde de manda yetistiriciligi
olmast gereken diizeyde degildir. Ulkemizde
1970-80’11 yillarda bir milyondan daha fazla olan
manda sayist 1984 yiinda 544000 basa, 2002
yilinda ise 120000 basa kadar dusmistiir. Sayt
2010 yiinda en dusik seviyeyi (84726 bas)
gérmiustir. Bu tarihten itibaren sayi tekrar artisa
gecmis ve 2017 yilinda 161.439 basa ve 2022
yilinda 171835 basa kadar c¢ikmustir. Sayinin
artmasinda manda yetistiriciligine verilen devlet
desteklerin etkisi oldugu sOylenebilir. Ancak
tlkemizde yetistirilen manda sayimiz olmast
gereken duzeyde degildir. Zira sayidaki artiga
ragmen, 2016 yilindan beri manda sayilarimiz
Ulusal Siit Konseyinin siit raporlarinda bile yer
almamaktadir. Bu da tilkemizdeki manda saysinin
dustik oldugunun bir gdstergesidir. Turkiye’de
uretilen toplam siit miktar1 yaklasik 23 milyon
tona c¢ikmis, bunun ancak %0.3’0 manda
sutinden olusmustur (Sahin, 2015; Ergoz, 2017,
USK, 2016, Anonim, 2019a; Aydin ve Gineset,
2021). Sutin icerigi acisindan manda sttd inek
sttiine oranla daha zengindir (Aydin ve Guneser,
2021). Manda sitl, basta yogurt olmak tzere
krema ve peynir vb. triinler i¢cin mikemmel bir
hammaddedir. Manda sttd, trin ¢esitliligi ve
alternatif kaynak olmas: bakimlarindan 6nem
tagimaktadir.

Manda ilkemizde farklt bélgelerde camis, camiz,
dombey, kémis  isimleriyle  anilmaktadir
(Sckerden, 2001). Gerek diinyada ve gerekse
tlkemizde ¢ok sayida manda tiirti bulunmaktadir.
Evecil mandalar bataklik mandasi ve nehir mandast
olmak tzere iki alt kategoride incelenmektedir
(Metry, 1996; Topaslan ve Mercan, 2018).
Anadolu Mandast da bu grupta olup cogunlukla
temiz sulart tercih edetler (Cockrill, 1974).
Anadolu Mandasi, Anadolu’da uzun yillar
yetistiriciligi yaptlan Akdeniz Mandas’'nin alt
iwkidir ve Tirkiye ile aniddmaktadir. Turkiye’de
manda  yetistiriciligi, Marmara Bolgesi’nde
Istanbul; Karadeniz Bolgesi'nde Corum, Sinop,
Amasya, Samsun ve Tokat; Ege Bolgesi'nde
Afyon; I¢ Anadolu Bolgesi'nde Yozgat ve Sivas;
Giineydogu Anadolu Bolgesi'nde Diyarbakir;
Dogu Anadolu Bolgesi’nde Mus illerimizde yaygin

olarak yapilmaktadir (Saribzkan, 2011; Kinik ve
Yerlikaya, 2015).

TUIK (2022) verilerine gore Tirkiye genelinde
171835 bas manda bulunmaktadir. Diizce’de ise,
2019 yiinda yayinlanan raporlara gbre toplam
manda varligt 3867 bas, manda yetistiren isletme
sayist 225 adet ve Uretilen manda stti miktart
1113 tondur (TUIK, 2019; USK, 2020).

Genel olarak manda siitli bilesiminde yaklastk
%17.5 kuru madde, %8.5 yagsiz kuru madde,
%7.5 yag, %5.5 protein, %4.8 laktoz, %0.8
mineral madde ve %0.22-0.40 arasinda asitlik
bulunmaktadir (Sezgin, 2010). Soysal vd. (2015)
Anadolu mandalarinin sttleri tizerinde yaptiklar
bir calismada sirastyla laktoz, yag ve toplam kuru
madde oranlarint %5.14, %7.92 ve %18.19 olarak
tespit etmislerdir. Yilmaz vd. (2017) Bitlis
Anadolu Manda sttlerinin toplam kuru madde
oranint %16.18, yag oramimi %7.10, protein
oranint ise %34.1 seklinde bulmuslardir. Tokat
Anadolu  Mandalar1  tizerine  yapilan  bir
arastirmada manda siitlerinde yagsiz kuru madde
%10.88, protein %4.85, laktoz %5.17 ve yag
%5.98 olarak saptanmustir (Sahin vd., 2010).
Sekerden ve Avsar (2008) yaptiklart bir calismada
manda sttlerinin 6zgil aguhgim 1.028 ve pH
degerini ise 6.61 olarak Olgmislerdir. Manda
stutlerinde ortalama somatik hiicre sayist (SHS)
ilkbaharda 10500 hiicre/ml, yazin 233500
hiicre/ml, sonbaharda 207000 hiicre/ml ve kisin
44700 hiicre/ml olarak bulunmustur (Gitler vd.,
2021).

Siit verimi ile sttteki bilesenlerin miktart tizerine
pek cok faktdr etki etmektedir. Bunlar arasinda
hayvanin tird, yasy, itk ve kaliim oSzellikler,
bakim, mevsimsel farkhiliklar, sagim stiresi ve
sayisi, hastaliklar, aclhk, kuraklik, heyecan,
egzersiz, mastitis ve laktasyon doénemi yer
almaktadir. Laktasyon dénemi siit bilesenlerini ve
miktarlarint  etkileyen  faktSrlerin - baginda
gelmektedir. Laktasyonun ilk 1.5 ayina kadar siit
verimi artar, ancak protein ve yag oraninda
azalmalar meydana gelir. Sonraki dénemlerde yag
ve protein oranlarinda artis meydana gelmektedir
(Kurt, 1977).
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Gitler vd. (2013) yapuklar bir calismada yagsiz
kuru madde oraninin kis mevsiminde en yitksek
oldugunu; yag oraninin ise en distik ilkbahar ve
yaz aylarinda, en ylksek sonbahar ve kis aylarinda
oldugunu rapor etmislerdir. Aragtirmacilar ayrica
mevsim sicakliklarinin artmasi, siitiin yag orant ile
ters orantill olarak degistigini belirtmislerdir.
Foltys vd. (1995) manda stitiiniin yag ve protein
oranlarinin yaz aylarinda, kis aylarina oranla, daha
dustik seviyede oldugunu tespit etmislerdir.

Yapilan bir ¢alismada, mandalarda laktasyon
stresi 240 giin, sut verimi 1000-1200 litre ve
ginlik stt verimi 5 litre olarak kaydedilmistir.
Ayrica, arastirilan hususlarda hayvanin yasinin,
bakim ve besleme kosullarimin etkili oldugu
belirtilmistir (Koyuncu vd., 2021). Giiven ve
Soysal (2014) tarafindan yapian bir galismada,
Anadolu mandalarinin laktasyon stireleri 150-355
glin arasinda ve ortalama 270 giin, siit verimleri ise
1570 kg/gtin olarak tespit edilmisti.

Han vd. (2012) tarafindan yapilan bir ¢alismada,
bir yil boyunca her ay farkli manda (Riverine,
Murra, Nili-Rivi ve Jafrabadi) kazan stitlerinden
Ocak ayinda alinan Orneklerde kuru madde
degerini %18.45, Nisan’da %16.39 ve laktasyon
stiresi  sonunda  (Aralik) %1840  olarak
bulmuglardir. Arastirmacilar manda siitlerinin yag
degerlerini %06.57-7.97 arasinda ve %7.97 ile en
yuksek Kasim ayinda tespit etmiselerdir. Alinan
orneklerin  protein oranimt  Ocak’ta  %5.37,
Nisan’da %4.65, Temmuz’da %4.70, Ekim’de
%05.10 ve Aralik’ta %4.97; laktoz oranint %4.49-
4.73 arasinda; kil orantnt Nisan, May1s ve Haziran
aylarinda %0.91, diger aylarda 9%0.92 seklinde
bulmuslardit.

Salari vd. (2013) Akdeniz mandast tzerinde
yaptiklart bir calismada; manda sitlerinde yag
miktarinin laktasyonun 61. giiniinden itibaren
strekli artarak laktasyon sonunda en yiiksek
degere (%8.64) ulastigini beyan etmislerdir.
Protein oranimnin laktasyonun baslangicinda ve
sonunda sirastyla %04.84 ve %4.93’¢ cktging
somatik hiicre sayisinin ise laktasyon periyodunun
pik déneminde ve sonunda daha yliksek oldugunu
rapor etmislerdir.

Yadav vd. (2013) Hindistan’da yaptiklar
calismada, laktasyonun siit verimi, laktoz ve yag
oranlart Uzerine ekisinin istatistiki olarak 6énemli
oldugunu bildirmislerdir. Yaz mevsiminde
6zellikle nemli ve ¢ok sicak aylarda sicakligin da
etkisiyle stit veriminin %9 oraninda azaldigin, kis
mevsiminde ise %10.6 oraninda artis gdsterdigini
bildirmislerdir. Protein miktart ve yag oraninin kis
aylarinda daha ylksek oldugunu bulmuslardit.

Dogu Azerbaycan’da yapilan bir arastirmada siit
verimi, laktasyon ve malaklama mevsiminin stitiin
bilesimine etkisinin 6nemli oldugu; malaklama
mevsiminin yag oranina etkisinin yiiksek oldugu
tespit edilmistir (Khosroshahi vd., 2011).

Sekerden ve Avsar (2008) Anadolu Mandalar
lzerine yaptiklart bir calismada; toplam kuru
madde ve protein oraninin incelenen ¢evresel
unsurlardan etkilenmedigini; Sekerden (1999) ise
yag ve yagsiz kuru madde miktarlarinin dogum
mevsiminden  ve  laktasyon  déneminden
ctkilendigini  tespit etmistir.  Sekerden ve
Kigctikkebapet (1999) yag ve toplam kuru madde
oraninin laktasyon déneminden istatistiksel olarak
etkilendigini tespit etmistirlerdir.

Diizce’de yetistiriciligi yapilan Anadolu manda
sutleri ve Ozellikleri tzerine herhangi  bir
aragtirmaya  rastlanmamustir.  Bu  calismada,
Diizce’de ‘Mandac: Ilyas Ciftliginde  vyetistirilen
Anadolu mandalarinin  siitlerinin - genel bazt
fizikokimyasal ~Ozellikleri ve bu 6zelliklerde
laktasyon siresi boyunca meydana gelen
degismelerin  ortaya konmasi amaclanmustir.
Calismadan elde edilen sonuclar manda
yetistiricili§i ve manda siitiiniin degerlendirilmesi
bakimindan 6nemlidir.

MATERYAL VE YONTEM

Calismada materyalini, Diizce’de faaliyet gbsteren
‘Mandac:  has  Ciftliginde vyetistirilen Anadolu
mandalarinin siitleri  olusturmustur. Laktasyon
boyunca ciftlikteki toplam 30 mandadan 462 siit
ornegi alinmis ve analizleri yapilmugtir. Siit
Ornekleri  Nisan 2020 tarihinde alinmaya
baslanmis ve 27 hafta devam etmistir. Analizlerin
yapildigi bahar aylarinda ortalama hava sicakligi 20
°C ve havanin nemi ortalama 68 g/m? yaz
aylarinda ortalama sicaklik 28 *°C ve havanin nemi
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60 g/m?, sonbahar aylarinda sicaklik ortalama 23
°C ve havanin nemi 65 g/m? olarak dl¢tulmustr.
Calismanin yapildigt donemde ciftlikte kapalr alan
yetistiriciligi ~ yapildigindan mandalar meraya
¢tkmamaktaydi. Hayvanlar saman ve silaj ile
yemlenmekteydiler. Ayrica hayvanlara siit yemi ile
de takviye yapilmaktaydi. Bu yemin igeriginde
agirliklt olarak bugday ve cesitli baklagil tohumlart
bulunmaktayd:.

Almnan sit 6rneklerinde bazt kimyasal (kuru
madde, yagsiz kuru madde, yag, protein, tuz
bilesenleri ve laktoz) ve fiziksel analizler (pH,
Ozgul agirlik, donma noktast ve iletkenlik)
Lactoscan Milk Analyser (Milkotronik Ltd., 4,
Narodni Buditeli Str. 8900 Nova Zagora,
Bulgaria) cihazi kullanilarak yapilmistir. Analizler

icin cihazin digmesi agtlarak bir middet
beklenmistir. Analiz modu manda sitiine
ayarlanan  cihazin ik kullantminda  pH

kalibrasyonu yapimistir.  Daha sonra cihazin
ornek kabina manda siitii 6rnegi konarak sonuglar
okunmugstur. Her Ornek i¢in 3 paralel Sl¢tim
yapilmustir (Anonim, 2019b).

Somatik hticre sayiminda (SHS) (hiicre/mL)
‘Milkana® Somatic Scan’ (MAYASAN® biotech,
Omerli Cad. No:18 Hadimkéy, Istanbul 34555)

cihazt kullandmistir. SHS sayimu igin 3.5 ¢
milkoprim tartildi ve bir erlene konuldu. Uzerine
stcakligt 30-35 °C olan distile sudan 100 mL su
flave edildi, iyice kangtrildi ve 20-22 °Clye
sogutuldu. Raf 6mri 5 gin olan bu c¢ozelt
kullanim boyunca 4-8 °C’de muhafaza edilmistir.
Sit Orneklerinin  sicaklign 20-22 °C  arasinda
olmasmna dikkat edilmistir. Siit bir sizme bezi
yardimiyla  stzildikten sonra 15-20 defa
calkalanmis ve kullanim kilavuzunda belirtilen
islemler takip edilerek somatik hiicre sayist tespit
edilmistir (Anonim, 2022).

Veri ortalamalart arasinda fark olup olmadigini
kontrol etmek icin ANOVA testi, farkliligin hangi
aylar arasinda oldugunu tespit etmek amactyla da
Waller-Duncan  ¢oklu  karsilastirma  testi
kullanilmistir (Devore ve Peck, 1993). Istatiksel
analizler SPSS 21.0 paket programi kullaniarak
yapilmustir.

BULGULAR VE TARTISMA

Manda siitii 6rneklerinin genel bazi fiziko-
kimyasal 6zellikleri

Toplam 462 manda stitli rnedine ait bazt fiziko-
kimyasal Ozellikler Cizelge 1°de bir araya
getirilmistir.

Gizelge 1. Analiz edilen manda sitl 6rneklerinin genel bazi fiziko-kimyasal 6zellikleri
Table 1. Some general physico-chemical properties of the analyzed buffalo milk samples

o ) En diistik/ En yuksek/ Ortalama + SD
Ozellikler/ Properties n Minimum Maxcimum Meant SD
Kuru madde/ 462 10.97 24.13 15.74+0.702
Dry matter (%)

Yagsiz kuru madde/

+
Now fot sold (Vs 462 321 12.26 9.25+0.971
Yag/ Fat (%) 462 1.44 20.92 6.49+2.114
Protein/ Protein (%) 462 1.21 4.49 3.3840.368

Siit tuzlar/ Milk salts (%) 462 0.28 0.99 0.77+0.074
Laktoz/ Lactose (%) 462 1.81 6.95 5.14+0.510
pH 462 6.00 7.16 6.72+0.184
Ozgil agaelke/ 462 1.009 1.040 1.030£0.005
Specific gravity
Donma noktasi/ 462 0.82 0.25 0.6220.062
Freezing point (°C)

Tletkenlik/
+

Conduatvity (S cxm) 462 1.19 6.19 2.73+0.599
SHS/ SCC (x1000 hiicre/mL) 462 90 1500 152.76+141.098

n: Analiz edilen toplam 6rnek sayist/ Total number of samples analyzed, SD: Standart sapma/ Standard deviation, SHS/ SCC:

Somatik hiicre sayst/ Somatic cell count
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Elde edilen sonuglara gore analiz edilen
Orneklerde kuru madde degerleri en dusik
%10.97, en yitksek %24.13 olarak (ortalama deger
%15.74) bulunmustur (Cizelge 1). Genel olarak
manda sitlerinde kuru madde oranlart %17.5
civarindadir (Sezgin, 2010). Manda siitl icerigi,
yasadigi bolge, melez tipi, yetistirme sartlari,
besleme ve c¢evresel faktorlere bagli olarak
degismektedir (Kinik ve Yerlikaya, 2015).

Analiz edilen manda siitii 6rneklerinin yagsiz kuru
madde oranlart en dustk %3.21, en yiksek
%1226 ve ortalama %9.25 seklinde tespit
edilmistir (Cizelge 1). Girler vd. (2013) yaptiklar
bir ¢aligmada, yagsiz kuru madde oranint %8.56
olarak bulmusglardir. Elde edilen ortalama deger
arastirmacinin  elde ettigi ortalama degerden
yuksektir.

Manda stti 6rneklerinde yag oranlart %1.44 ile
20.92 arasinda degisim gostermis ve ortalama
%06.49 degerini almistir (Cizelge 1). Elde edilen
ortalama deger, Sezgin (2010)’nin manda stti i¢in
belirledikleri ortalama yag (%7.5) degerinden
diisiikeiir.

Manda sttii 6rneklerinin protein degerleri en az
%1.21, en fazla %4.49 ve ortalama %3.38 olarak
tespit edilmistir (Cizelge 1). Genel olarak manda
sutlerinde  protein orami ortalama  %4.30
seklindedir (Sezgin, 2010). Sahin vd. (2016)
yaptiklart bir calismada protein oranini %04.95
olarak rapor etmislerdir.

Analiz edilen 462 manda siitii 6rneklerinde tespit
edilen sit tuzlarina ait degetler %0.28-0.99
arasinda degismis ve ortalama %0.77 olmustur
(Gizelge 1). Sit tuzlari, sttteki toplam mineral
madde miktarina denk gelmese de (Jennes, 1988),
kiyaslama yapmak bakimindan Yimaz vd.
(2017)’nin Anadolu 1rki1 manda sitii 6rneklerinde
buldugu mineral madde miktarindan (%0.67)
yuksektir.

Manda stti Srneklerinde laktoz degerleri %01.81-
0.95 arasinda degismis ve ortalama %5.4 olarak
bulunmustur (CGizelge 1). Gtler vd. (2021) laktoz
degerini yaz siitlerinde %1.08-4.98 arasinda, kis
stutlerinde %1.20-5.53 arasinda tespit etmislerdir.
Tespit edilen en distik laktoz degeri sadece bir

Ornege aittir ve bu 6rnekte somatik hiicre sayist
(SHS) 1500000 hticre/mlI.’dir. Alessio vd. (2021)
sttte SHS arttikea laktoz oraninin dustiigini, bu
ikisi arasinda negatif bir iliskinin bulundugunu ve
bunun mastitis hastaliginin bir belirtisi olarak
degerlendirilmesi gerektigini, netice olarak da
laktoz sentezinin azaldigini ifade etmektedi.

Manda sitii 6rneklerinin pH degetleri en dusik
6.00 ve en yiksek 7.16 olarak kaydedilmistir.
Ortalama olarak da 6.72 seklinde tespit edilmistir
(Gizelge 1). Yimaz vd. (2017) Anadolu manda
sttleri izerinde yurittiikleri bir calismada sttlerin
pH degerini 6.68 olarak rapor etmislerdir.
Sekerden ve Avsar (2008), mastitis ve laktasyon
déneminin pH tzerinde 6nemli etkileri oldugunu
ifade etmislerdir.

Manda stitii 6rneklerine ait 6zgiil agirlik degerleri
1.009-1.040 arasinda degismis ve ortalama 1.030
degerini almustir (Cizelge 1). Normal sartlarda
manda sttlerinin  6zgll agirligy, inek sttiinin
6zgll agirligindan yiksektir (Kintk ve Yerlikaya,
2015). Sttin 6zgil agithgt icerisinde bulunan su,
yag, protein, seker ve mineral madde miktarina
baglt olarak degismektedir (Kurt vd., 1996). Elde
edilen ortalama deger Adam (1975)1in bildirdigi
ortalama degerlerden distiktir.

Analiz edilen 6rneklerde donma noktast -0.82 °C
ile -0.25 °C arasinda degismis ve ortalama -0.62 °C
degerini almistir (Cizelge 1). Manda stitlerinin
genel olarak donma noktast mevsim ve yetistirme
yontemlerine baglt olarak -0.518 ile -0.590 °C
arasinda degismektedir. Manda sttlerinin donma
noktasinin ~ mevsimlerden  ve  yetistirme
yontemlerinden etkilendigi belirtilmistir (Kintk ve
Yerlikaya, 2015).

Manda siiti 6rneklerine ait elektrik iletkenligi en
dustik 1.19 mS/cm, en yiksek 6.19 mS/cm ve
ortalama 2.73 mS/cm olarak ol¢ulmustir (Cizelge
1). Sitin elektrik iletkenligi, Na ve Cl igerigine
baglt olarak degismekte ve bu miktarlardaki artis
iletkenligi de artirmaktadir (Giirsoy, 2007). Inek
irklarindaki farkliligin stitlin iyon icerigine etki
ettigi ve bunun da elektrik iletkenligine yansidig
ifade edilmekte ve iletkenlik degerlerinin saglikls
ineklerde 4.5-5.6 mS/cm  arasinda  degistigi
belirtilmektedir (Hamann ve Zecconi, 1998).
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Siitte bulunan ve 6nemli kalite parametrelerinden
biri olan somatik hiicre sayist manda sttd
orneklerinde en disiik 90000 hiicre/ml, en
yiksek 1500000 hicre/mlL ve ortalama 152760
hicre/mL olarak bulunmustur (Cizelge 1). En
yuksek somatik hiicre sayisina Mayis ve Haziran
aylarinda rastlanmistir. Somatik hiicre saysinin
yitkselmesine meme bezi enfeksiyonu, buzagilama
sirast, laktasyon donemi, stres, mevsim gibi
faktorler etki etmektedir (Rodriguez-Zas vd.,
2000).

Laktasyon boyunca manda siitlerinde
meydana gelen kimyasal degismeler
Laktasyon siitesi boyunca manda sttlerinin
kimyasal 6zelliklerinde meydana gelen degismeler
Cizelge 2’de sunulmustur. Cizelge 2’den
goriilecegi tizere manda siitl Orneklerinin kuru
madde degerleri laktasyonun ilk iki ayinda %15.5
civarinda seyretmis, Uclncii aydan itibaren
%16 nin tzerine ¢tkmis ve son ayda ise dusis
egilimine girmistir. Kuru madde degeri Temmuz
ayinda en Ust noktaya (%16.28) ulagsmustir.

Cizelge 2. Laktasyon boyunca manda siitlerinin kimyasal 6zelliklerinde meydana gelen degismeler
Table 2. Changes in chemical properties of buffalo milk during lactation

Aylar/ Months Genel
Ovzellikler/ ; - . _ : ortalama/
o Nisan/ Mayis/ Haziran/  Temmuz/ Agustos/ Eylil/  Ekim/ General
Properties () April May June July Auwgust Sept. October mean
(0=60)  (n=116) (=108)  (n=75) (n=58) (n=32) (0=13)  (n=462)
I\K/[Zfllile/ D 15.51 15.52 15.33 16.28 16.18 16.21 15.90 15.74
Matter D 41.379abr +1.8609 +1.967° +1.390¢  £1.282¢ £1.634c £1.524 11.704
Yag/ Fat 6.71 6.59 5.78 6.51 6.87 7.20 7.08 6.49
+1.887¢  +2.463e +2.466° +1.421e  £1.617¢ £1.751¢  £1.440¢° 12.116
;\;ﬁfj:fe /KZ%Z; 8.80 8.94 9.55 9.78 9.31 9.01 8.82 9.25
. +1.011¢ +0.9379 +1.071< +0.8274  £0.648> +0.699% +0.514¢ +0.972
fat solid
Protein 3.23 3.25 3.48 3.57 3.42 3.28 3.23 3.38
10.402¢ +0.356¢ 10.398¢ +0.297¢  +0.254 +0.303> +(.225° 10.368
Laktoz/ 4.86 4.93 5.24 5.43 5.32 5.13 4.99 5.14
Lactose +0.5074 +0.482¢d +0.580q +0.428¢  +0.297% +0.337¢ +(0.282¢ +0.510
Siit  tuzlart/ 0.73 0.74 0.79 0.81 0.79 0.76 0.76 0.77
Milk salts +0.082¢ 10.074¢ +0.086 +0.050¢  +0.04290 +0.055 +0.045b +0.074
o 6.63 6.70 6.75 6.74 6.79 6.73 6.76 6.72
p +0.241b +0.1739 +0.175¢ +0.166¢  £0.160¢ =£0.164¢ =+0.108« 10.184

n: Analiz edilen manda sttii 6rnek sayist, SD: Standart sapma, *: Farkli harfler tastyan ortalamalar birbirinden farkli (P <0.05),

aynt harf tagtyanlar farksizdir (P >0.05).

n: Number of samples of buffalo milk analyzed, SD: Standard deviation, *: Means with different letters are different from each other (P <0.05),

those with the same letter are not different (P >0.05).

Genel olarak bakildiginda kuru madde degerleri
laktasyonun ilk aylarinda dusik ve sonlarina
dogru yuksek bulunmustur. Aylar itibartyla kuru
madde degerleri arasindaki fark 6nemli (P <0.05)
bulunmustur. Haziran ay1 ile Temmuz, Agustos ve
Eylil aylart arasinda farkliligin 6nemli (P <0.05),
diger aylar arasinda farkin 6nemsiz (P >0.05)
oldugu tespit edilmistir. Han vd. (2012)’nin
yapmis oldugu bir ¢alismada toplam kuru madde
degerlerini %16.39-18.48 arasinda bulmuslardur.

Hashmi ve Saleem (2015) ise ortalama toplam
kuru madde degerini %16.38 olarak rapor
etmistir. Kuru maddde degerlerinin ilkbahar ve kis
aylarinda birbirine benzedigi, sonbahar ve yaz
aylarinda farkli oldugu saptanmugtir (Gitler vd.,
2021). Siutlerin toplam kuru madde oranlarina
laktasyon donemi ve mevsim gibi faktorler
dogrudan etki etmektedir (Sekerden ve
Kictkkebapet, 1999; Sekerden ve Avsar, 2008).
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Laktasyon  boyunca alinan manda  sitd
orneklerinde yag oranlar ilk ayda %06.71 iken,
Uctincli aya kadar bu oran %5.78%¢ dismustiir.
Ucglincii aydan sonra yag degerleri laktasyonun
sonuna kadar yukselmistir. Diger yandan en disiik
yag degeri Haziran ayinda goézlenirken, en yitksek
yag degeri Eylil ve Ekim aylarinda gbzlenmistir.
Haziran ay1 (en dusiik yag degeri) ile Agustos,
Eylil ve Ekim aylart arasindaki fark istatiksel
olarak 6nemli (P <0.05); Haziran ile Nisan, May1s
ve Temmuz aylart arasinda fark 6nemsiz (P >0.05)
bulunmustur. Calismamizdan elde edilen degerler
Han vd. (2012) tarafindan ortaya konan
degerlerden distik ¢tkmustir. Foltys vd. (1995) yag
iceriklerinin kis aylarina oranla yaz aylarinda daha
dustik ciktigint ifade etmislerdir. Hayvanlarin
beslenme durumlart yag ve protein oranlar
tzerinde etkili bir fakérdir. Yemlemenin yag
degeri tizerinde %3’lik bir birim degisim etkisine
sahip oldugu ifade edilmektedir. Siit yaginin
yemlemeye karst ¢ok hassas bir degisim
gOstermesi yaninda, stitiin bilesimi tizerine genetik
faktotler, cevre, sit Uretim dizeyi, laktasyon
evresi, mastitis, mevsim ve hayvanin yasi da etki
etmktedir (Waldner vd., 2003).

Manda sttii 6rneklerinde yagsiz kuru madde
degeri Nisan ayinda ortalama %8.80 ile baslamus,
bu aydan itibaren artarak Temmuz ayinda
%9.77°ye ulagmis, ancak Ekim aymnda %08.82ye
kadar gerilemistir (Cizelge 2). Haziran ve Temmuz
ayina ait yagsiz kurumadde oranlart benzer (P
<0.05), Haziran ve Temmuz ile diger aylar
arasindaki fark 6nemli (P <0.05) bulunmustur.
Turk Gida Kodeksi Yénetmeligi (TGKY)’ne gbre
manda stitlerinde yagsiz kuru madde miktari en az
%8.50 olmalidir. Calismamizdan elde edilen en
dustik deger TGKY’nde Ongorilen en az
degerden yiiksektir.

Manda siitlerinde protein degerleri Nisan ayindan
itibaren Temmuz aymna kadar yikselmis, ondan
sonraki aylarda dustise gecmistir (Cizelge 2).
Haziran, Temmuz ve Agustos aylari arasinda
protein degerlerindeki fark 6nemsiz (P >0.05); bu
aylar ile diger aylar arasindaki fark ise 6nemli (P
<0.05) bulunmustur. Giitler vd. (2021) Anadolu
manda sttleri tzerinde yaptiklart bir calismada
Bahar ve Yaz aylarinda protein oranini dusiik,

Sonbahar ve Kis aylarinda daha yiiksek
bulmuslardir. Nili-Ravi irkinda  yapilan  bir
calismada protein orant %3.30 olarak tespit
edilmistit (Javed vd.,2013). Yilmaz vd. (2017)
Anadolu mandast siitlerinde protein oranin
%3.40 olarak tespit etmislerdir. Bu calismadan
elde edilen sonuglar Javed vd. (2013) ile Yilmaz
vd. (2017)nin elde ettikleri sonuglara benzerlik
gostermektedir.

Laktoz degerleri Nisan ayindan Temmuz ayina
kadar artts, Temmuz ayindan Ekim ayina kadar
dists gostermistir. Haziran, Temmuz ve Agustos
aylarina ait laktoz degerleri arasinda fark 6nemsiz
(P >0.05); bu aylar ile diger aylar arasindaki fark
ise 6nemli (P <0.05) bulunmustur. Soysal vd.
(2015) Anadolu mandast sttlerinin laktoz oranini
%5.14 olarak bildirmislerdir. Ceron-Mufioz vd.
(2002) somatik hiicre sayisinin artmastyla laktoz
oraninin azaldigini, Yadav vd. (2013) laktasyonun
laktoz icerigine etkili oldugunu ifade etmislerdir.

Manda sitl Orneklerinin tuz oranlart Nisan
ayindan itibaren Temmuz aymna kadar hizlica
artmis, Temmuz ayindan sonra ise dislse
gecmistir (Cizelge 2). En ytksek tuz bilesenlerinin
elde edildigi Haziran, Temmuz ve Agustos aylari
arasinda fark 6nemsiz (P >0.05), bu g aya ait
degerler ile Nisan ve Mayis aylarina ait degerler
arasinda fark S6nemlidir (P <0.05). Siit tuzlan
molekil agirligt 300 veya daha az iyonize veya
iyonize olabilit maddeler olarak  dikkate
alinmaktadir. Sit tuzlart organik ve inorganik
maddeleri igine alir. Béylece siit tuzlari denince
sutteki mineral maddelere veya kiile denk
gelmezler. Baslica katyonlar olarak Na, K, Ca ve
Mg; anyonik bilesenler olarak da fosfatlar,
sitratlar, kloriir, karbonat ve stlfatlar sayilabilir
(Jennes, 1988). Mastitis durumlarinda meme kan
kilcal damarlarinda gecirgenlik artar. Somatik
hticre sayist yliksek siitlerde P ve K icerigi dustk,
Na ve Cl igerigi ylksektir. Boylece somatik
hicrelerdeki artis, kazeindeki mineral oranlarinda
bir degisiklige neden olmamaktadir (Summer vd.,
2009).

Incelenen érneklerin pH degerleri 6rneklerin ilk
alindig1 Nisan ay1 ile, May1s ay1 harig, diger aylara
ait pH degerlerinden farkli (P <0.05)
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bulunmustur. Anadolu mandalart  Gzerinde
yapilan bir arastirmada en yiksek pH degerinin
laktasyonun baslarinda, en distik ise laktasyonun
sonlarinda elde edildigi kaydedilmistir (Sekerden
ve Avsar, 2008).

Laktasyon boyunca manda siitlerinin fiziksel
ozelliklerinde ve somatik hiicre sayisinda
meydana gelen degismeler

Laktasyon boyunca manda stitlerinin bazi fiziksel
ozelliklerinde ve somatik hicre sayisinda (SHS)
meydana gelen degismeler Cizelge 3’de bir araya
getirlmistir.

Cizelge 3. Laktasyon boyunca manda siitlerinin fiziksel 6zelliklerinde ve somatik hiicre sayisinda
meydana gelen degismeler
Table 3. Changes in physical properties and somatic cell connt of buffalo milk during lactation

Aylar/ Months Genel
. . . ) talama/
w . Nisan/  Mayis/ Haziran/ Temmuz Agustos/ Eylil/ Ekim/ o .
Ozellikler/ Properties April May June / July Aungust Sept. October C}ZZZZ/
n=60) (n=116) ([n=108) (n=75) (n=58) (n=32) (n=13) (n=462)
g‘ziﬁt/ 1.029 1.029 1.032 1.033 1.032 1.030 1.030 1.031
ST . +0.04>  +0.05° +0.04¢ +0.03¢ +0.03¢ +0.03b +0.03b +0.04
Specific gravity
Tletkenlik/ 2.40 2.55 2.89 2.84 2.95 2.87 2.72 2.73
Condunctivity (mS [ cm) +0.68<  £0.76><  £0.57¢ +0.36° +0.31¢ +0.39¢  £0.219® +0.60
Donma noktast/  -0.59 -0.60 -0.63 -0.66 -0.64 -0.61 -0.61 -0.62
Freezing point (°C)  £0.060¢ +0.063®® +0.070*¢  +0.055¢ +0.037%¢ £0.039%bc +0.035%c  +0.063
152.37  191.34 144.35 130.39 143.98 123.78 119.77 152.76
SHS/ SCC (x1000) +63.6° +217.29¢ £166.90® +31.16% £56.72¢b +£28.82¢ £20.10> £141.25

n: Analiz edilen manda siiti 6rnek sayisy, SD: Standart sapma, *: Farkli harfler tasiyan ortalamalar birbirinden farkh (P <0.05),
aynt harf tastyanlar farkstzdir (P >0.05), SHS: Somatik hiicre sayist.

n: Number of samples of buffalo milk analyzed, SD: Standard deviation, *: Means with different letters are different from each other (P <0.05),
those with the same letter are not different (P >0.05), SCC: Somatic cell count

Manda sttii 6rneklerinin 6zgtl agirlik degerleri
Nisan ayindan Temmuz ayina kadar artmis,
Temmuz ayindan Ekim ayina kadar disis egilimi
gostermistir (Cizelge 3). Haziran, Temmuz ve
Agustos aylarina ait 6zgil agithk degerleri diger
aylardan farkli (P <0.05) bulunmustur. Sekerden
ve Avsar (2008) laktasyonun basinda Gzgil
agitligin en disiik degerde, laktasyonun sonuna
dogru  en  yiksek  degerde  oldugunu
bildirmislerdir. Sahin vd. (2016) 6rnekleme
zamaninin, dogum sayisinin, besleme kogullarinin,
laktasyon durumunun ve dogurma yasinin; manda
sttinin yogunluk, donma noktasi, kuru madde,
yagsiz kuru madde, yag, protein, laktoz ve kazein
icerigine 6nemli etkisi oldugunu vurgulamuslardir.

Elektrik iletkenlik degerleri siit Grneklerinde
Nisan ayinda 2.40 mS/cm, Agustos ayinda 2.95
mS/cm ve laktasyon sonunda 2.72 mS/cm
olmustur (Cizelge 3). Nisan ayinda elde edilen
deger, diger aylardan farkli ¢tkmustir (P <0.05).

Hamann ve Zecconi (1998) iletkenlik degerinin
laktasyon boyunca artabilecegini  veya
azalabilecegini; iletkenlik degerinin <5.50 mS/cm
olmast durumunda mandalarin mastitis yoniinden
sagliklt olabilecegini beyan etmislerdir.

Manda stitii 6rneklerinin donma noktasi degerleri
en yiksek Nisan ayinda ve en diisik Temmuz
ayinda kaydedilmis (Cizelge 3) ve bu degerler
Nisan aymndan Temmuz ayma kadar disis
gOstermis, sonraki aylarda artmustir. Temmuz
ayina ait donma noktasi degerleri ile diger aylara
ait donma noktast degerleri arasindaki fark
onemlidir (P <0.05). Elde edilen degerler Sahin ve
Ulutas (2014) tarafindan kaydedilen degerlerden
daha dustktir. Cig sttiin donma noktast laktoz ve
st tuzlarinin konsantrasyonuna gore degisiklik
gosterir (Metin, 2005).

Meme sagligt hakkinda 6nemli bilgi veren somatik
hticre sayidart normal diizeylerdedir denebilir
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(ortalama 152760 hticre/mL), zira ilgili mevzuatta
<500.000 hiicre seklindedir. Ekim ayinda elde
edilen en dustk sayt (119770 hiicre/mL) ile Mayis
ayinda elde edilen en yiksek sayt (191340
huicre/ml) arasindaki fark 6nemlidir (P <0.05).
Sahin  vd. (2012) Anadolu mandast siit
Orneklerinde somatik hiicre sayisint 166056
hiicre/ml olarak tespit etmislerdir. Tokat'in
Etbaa, Turhal, Pazar, Niksar ve Almus ilcelerinde
bulunan 112 isletmeden 250 bas Anadolu
mandasindan alinan stt Orneklerinde yapilan
analizler sonucunda, somatik hticre sayist 166100
hiicre/mL olarak tespit edilmistir (Sahin vd.,
2012). Arastrmactlarin elde etmis oldugu bu
deger, calismamizdan elde edilen ortalama
degerden yiksektir. Laktasyon sayist, laktasyon
evresi, kizginlk ve hafif egzersiz gibi fizyolojik
veya ¢evresel faktorlerin, enfekte olmamis
(bakteriyolojik olarak negatif) meme
bélimlerinden gelen somatik htcre  sayist
tzerinde matjinal etkileri oldugu ifade edilmistir
(Brahma vd., 2017).

SONUC

Bu calismada; Diizce’de faaliyet gosteren ‘Mandac:
Ihyas Ciftligrnde yetistirilen Anadolu mandalarinin
sutlerinin  bazt Ozellikleri ve bu Ozelliklerde
laktasyon boyunca meydana gelen degismeler
incelenmistir. Calismadan elde edilen sonuclara
gore; manda siitlerinde ortalama kuru madde
%15.74, yag %06.49, protein %3.38, siit tuzlart
%0.77, laktoz %05.14, pH 6.72, 6zgtl agirlik 1.030,
donma noktast -0.62 C, iletkenlik 2.73 mS/cm ve
somatik hiicre saytst 152760 hiicre/ml. seklinde
bulunmustur. Ayrica, kuru madde degerleri
laktasyonun ilk aylarinda dusik ve sonlarina
dogru yiksek bulunmustur. Laktasyon boyunca
en disik yag degeri Haziran ayinda, en yiiksek yag
degeri Eylil ve Ekim aylarinda gézlenmistir.
Yagsiz kuru madde degeri Temmuz aymna kadar
artmis, ancak Ekim ayinda dismiustir. Protein
degeri Nisan ayindan itibaren Temmuz ayina
kadar yikselmis, ondan sonraki aylarda digtse
gecmistir. Laktoz degerleri Nisan aymndan
Temmuz ayina kadar artmug, sonra diisis seklinde
gerceklesmistir. Tuz bilesenleri Temmuz ayina
kadar hizlica artig gbstermis, Temmuz ayindan
sonra ise diigmustir. Manda sttii 6rneklerinde pH
degerleri Haziran ayindan sonra dalgalanma

gostermistir. Ozgiil agirlik degerleri Nisan ayindan
Temmuz ayina kadar artmig, daha sonra
diismistiir. Iletkenlik degerleri Agustos ayina
kadar artmis, sonta azalmistir. Donma noktast
degerleri Temmuz ayina kadar diisis gOstermis,
sonraki aylarda artmistir. Somatik hiicre sayilari
Mayts ayina kadar artmus, bilehare diists egilimine
girmistir. Sonuglar manda yetistiricileri ve manda
sutd  isleyen isletmeler icin Onemli bilgiler
icermektedir. Ulkemizde gecmise kiyasla sayilart
azalmis bulunan ve alternatif bir stt kaynagt olan
manda, manda yetistiriciligi ve manda sutleri
lzerine ileri arastirmalar yapmaya ihtiyag vardur.

CIKAR CATISMASI BEYANI

Yazarlar bu makalede, diger kisiler ve kurumlar
arasinda  herhangi  bir c¢tkar  catismasinin
olmadigint beyan eder.

YAZAR KATKILARI

Yeter Sanli Orneklerin toplanmasi, analizlerin
yapilmasi ve yaziminda; Hayri Coskun calismanin
yonetilmesi, verilerin yorumlanmas: ve makalenin
yaziminda katkilari olmustur.

TESEKKUR

Ornek almada, analizler igin gerekli cihazlarin
kullandirilmasinda ve ¢alismaya verdigi diger tim
desteklerden dolayt “Mandac: Ilyas  Ciftligi’ne
tesekkiir ederiz.
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ABSTRACT

The aim of this study was to search vegetable oil bleaching abilities of 30 different adsorbent materials placed
into four groups (natural clay, acid-activated natural clay, synthetic adsorbent, metal-organic frames). After
oil treatment against control sample, oil color (L, a*, b* values), oil weight loss (%0), free fatty acidity (FFA),
peroxide value (PV), and the specific extinctions of Kysz and Koz were measured. Based on the data analysis,
natural montmorillonite, acid-activated halloysite, Dowex, and Ti-MOF wete selected, and tested in the same
way against two commercial bleaching earth (C.B.E.) samples. Finally, an equal weight portion mixture of
the four selected adsorbents were prepared and tested against C.B.Es. Results indicated that acid activated
halloysite and Dowex had certain potentials to be implemented in oil bleaching. In conclusion, some other
clay modification techniques suggested being applied to those potential adsorbents to improve their
bleaching activity for potential commercial applications.

Keywords: Natural clays, synthetic adsorbents, MOF, bleaching, screening

BAZI NATURAL VE ASIT-AKTIiVE NATURAL KILLERIN, SENTETIK
ADSORBANLARIN VE METAL-ORGANIK CERCEVELERIN ALKALI-
NOTRALIZE AYCICEGI YAGI AGARTMA YETENEKLERININ INCELENMESI

(074

Bu calismanin amaci dért grup altinda (natiirel kil, asit-aktive natirel kil, sentetik adsorban, metal-
organik kafes) toplanmis 30 farkli adsorbentin bitkisel yag agartma kapasitelerinin arastirilmasidir.
Agartma islemi sonrasinda yaglarda, yag rengi (L, a*, b* degerleri), yag agirlik kayb1 (%), serbest yag
asitligi (SYA), peroksit degeri (PD), ve K3z ile Ka7o 6zgiil soniimleme katsayilart Slgiilmiistir. Veri
analizi sonucunda, dogal montmorollonit, asit-aktive halloysit, Dowex ve Ti-MOF secilmis, ve aynt
yolla ticari agartma topraklarina kars: test edilmistir. Nihayet, se¢ilmis adsorbanlarin esit agirliklt bir
karisimi hazirlanmis ve yine ticari 6rneklere karsi test edilmistir. Asit-aktive halloysit ve Dowex’in
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digerlerinden daha yitksek agartma potansiyeli oldugu gorilmistir. Sonug olarak, bazi kil
modifikasyon tekniklerinin bu potansiyel adsorbanlara uygulanarak ticari uygulamalar igin

kapasitelerinin artirilabilecegi degerlendirilmistir.

Anahtar kelimeler: Dogal killer, sentetik adsorbanlar, MOF, agartma, tarama

INTRODUCTION

The massive edible vegetable oil production
system relies on extraction of crude oils from the
oil seeds by pressing, solvent extraction or
combination of both techniques. The generated
crude oils contain some impurities (residual
solvents, pesticides, Maillard products, etc.) which
prevent their immediate acceptance by the
consumers due to their health risk and sensory
taints. Consequently, the crude oils have been
refined by classical processes or physical refining
operations. Usually classical refining involves
consequent unit operations of degumming, alkali
neutralization, bleaching, deodorization,
winterization and polishing. Sometimes, one or
two of these processes could be omitted
depending on the condition of the crude oil being
refined (Anderson, 1996; O’Brien, 2004).

Bleaching is the adsorptive removal of color
pigments from the crude vegetable oils by
adsorbent clays. The oil mixed with selected
adsorbents (natural clays, activated clays and
carbons, synthetic silicates, silica gel and others)
at around 75-110 °C, mixed for 15-30 min under
vacuum, and filtered. By this process not only
color pigments (carotenoids, chlorophylls,
gossipol, Maillard compounds etc.), but also some
residual soaps and phosphatides, oxidation
products, trace metals, the polyaromatic
hydrocarbons (PAH) if present, and some
pesticides were removed by adsorption principle
onto and inside the adsorbent material used, and
removed by filtration. The ratio of oil and
adsorbent clay, efficient mixing, duration of
mixing, process temperature, efficiency of the
filters are the most important factors in addition
to the adsorptive capacity and affinity of the clays
used (Hodgson, 1996; Zschau, 2001).

Thereby, one research challenge is to find
effective new adsorbents and/or modify them for
the best bleaching with affordable feasibility.
Further, minimization of neutral oil losses and
highest possible retention of minor nutrients like

phytosterols and tocopherols were anticipated.
Activated catbon, natural and activated clays
(bentonite, palygorskite, sepiolite,
montmorillonite, alumina and magnesium
silicates, Fuller’s earth, silica gel, etc.), and filter
aids like kieselguhr, perlite, pulp, and organic
powders have been implemented in oil bleaching
industry (Boki et al., 1992; Zschau, 2001; O’Brien,
2004). Further, acid modified bentonite (Didi et
al., 2009), modified kaolin (Worasith et al., 2011),
and sepiolite (Sabah et al., 2007), active carbon
(Zhang et al., 2018), silica gel and silicates (Gil et
al., 2014), Magnesol XL (Srimiati et al., 2015),
chitin (Samonin et al., 2021), and amberlite (Jamal
and Boulanger, 2010) have searched for crude oil
bleaching abilities. New adsorbent materials like
synthetic porous materials, the metal-organic
frameworks (MOFs), have tested for crude oil
bleaching (Vlasova et al., 2016; Yimaz et al,
2019). Since the material scientists and mining
engineers develop new clays and adsorbents,
more research will be done for better crude edible
oil bleaching.

In this study, selected natural clays (halloysite,
zeolite, bentonite, sepiolite, kaolin,
montmorillonite) and their acid modified
versions, some selected synthetic adsorbents
(molecular sieve A, Magnesol XL, amberlites
IR400, IR120, and XAD?7, silica gel blue, silica gel
60, Dowex, chitin, and active carbon), and some
selected metal-organic frameworks (Ti-MOF, y-
CD-MOF, Ct-MOF, Al-MOF, Zn-MOF, Mg-
MOF, HKUST-MOF, MIL-53-MOF) were
screened for edible oil bleaching ability. As far as
we searched, the halloysite, molecular sieve A, the
amberlites selected, silica gel blue, Dowex,
HKUST-MOF, and MIL-53-MOF were screened
for bleaching purpose for the first time in this
study. Further, others were included together with
two different commercial bleaching earths for
comparison purpose.

The aims of this study were to screen various
potential adsorbent materials for their ability for
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crude vegetable oil bleaching, and compare them

among themselves and with commercial
bleaching earths to select the best performing
candidates under laboratory  experimental

conditions for further studies.

MATERIALS AND METHODS

Materials

Degummed and alkali-neutralized, unbleached
crude sunflower seed oil was provided by the
Trakya Birlik Oil Co. (Corlu, Tirkiye). The
adsorbent materials used in this study with their
source firms were following: Halloysite (Esan Co.,
Eskisehir, Turkiye), Zeolite (Turkzeolit Mining
Co., Balikesir, Turkiye), Bentonite (Rota Mining
Co., Istanbul), Sepiolite (Madkim Mining and
Chem. Co., Istanbul), Kaolin (Kaolin Industrial
Mines Co., Istanbul), Montmorillonite (Rota
Mining Co., Istanbul), Molecular Sieve A (Sigma,
St. Louis, USA), Magnesol XL (The Dallas Group
of America, Inc., Jeffersonville, IN, USA),
Ambetlite IR-400, Amberlite IR-120, and
Amberlite XAD-7 (Sigma, St. Louis, USA), Silica
Gel Blue and Silica Gel 60 (Merck, Darmstadt,
Germany), Dowex (Sigma, St. Louis, USA),

Chitin (Jinan Qinmu Fine Chem. Co. Ltd., China),
and Active Carbon (Zag Kimya, Istanbul). In
addition, the 8 different MOF's were synthesized
in our laboratory following the procedure given in
the references. The Ti-MOF (Vlasova et al,
2016), y-CD-MOF (Smaldone et al., 2010), Ct-
MOF (Li et al,, 2014), AI-MOF (Ma et al., 2014),
Zn-MOF  (Bu et al, 2012), Mg-MOF
(Spanopoulos et al,, 2015), HKUST-MOF
(Naeimi and Faghihian, 2017), and MIL-53-MOF
(Pu et al.,, 2018) were synthesized. Lastly, two
commercial bleaching earths, the Amcol 930
(from Trakya Birlik Oil Co.) and Pure-Flo
Supreme B81 (from Ata Endistriyel Prod.
Industry and Trade Ltd. Co., Istanbul) were
provided. The adsorbent materials used in this
study could be observed from Figure 1. The
adsorbents were used as they received from the
firms or sythesized in our laboratory. Their
particle size were not measured, but they were
ranged from fine dust to gritty small spheres. All
other chemicals, standards and solvent used in the
analyses were of analytical grade, and purchased
from Sigma Chem Co. (St. Louis, USA) and
Merck (Darmstadt, Germany).

& iy

Figure 1. The natural (A) and acid-modified natural (B) adsorbents (1.Halloysite, 2.Zeolite, 3.Bentonite,
4.Sepiolite, 5.Kaolin, 6.Montmorillonite), synthetic (C) adsorbensts (1.Molecular Sieve A, 2.Magnesol
X1, 3.Ambetlite IR400, 4. Ambetlite IR120, 5.Amberlite XAD7, 6.Silica Gel Blue, 7.Silica Gel 60,
8.Dowex, 9.Kitin, 10.Aktive Carbon), metal-organic frameworks (D) (1.Ti-MOF, 2.y-CD-MOF, 3.Ct-
MOF, 4.AI-MOF, 5.Zn-MOF, 6.Mg-MOF, 7.HKUST-MOF, 8. MIL 53-MOF ), and commercail
bleaching earths (E, 1. Amcol 930, 2. Pure-Flo Supreme B81) used in this study.
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Activation of the Natural and
Amberlites

The acid-activation of the six natural clays were
completed by first mixing each clay with 30% HCIl
at 1:5 (w/v) ratio and mixing under vacuum hood
for 30 min. After that, the clay slurry were
decanted, and washed with 10-fold pure water as
many times as required to reach a decantation
liquid with neutral pH. Finally, activated clays
were dried at 150 °C for 5 h inside a vacuum
incubator. These six clays were grouped as acid-

activated natural clays.

Clays

The three amberlite resins studied under the
synthetic adsorbents group were also activated
before applications. The Ambetlite IR400 were
placed in 4 N HCI, and slowly mixed for 24 h,
before filtration and washing until the collected
washing liquid reached to pH 7.0. Finally, it was
dried in the same way explained above (Mishra
and Kar, 2003). The Amberlite IR120 was
activated in a similar procedure but in 4 N NaOH
solution (Mishra and Kar, 2003). Lastly, the
Amberlite XAD7 was activated by washing it with
plenty of pure water at room temperature for 4
times before drying it at 40 °C under vacuum for
48 h (Ribeiro et al., 2002).

Treatment of the Crude Sunflower Oil with
the Adsorbents

There were 4 treatment groups; the first group
was named the natural clays, and included natural
halloysite, zeolite, bentonite, sepiolite, kaolin, and
montmorillonite. The second group was the acid-
activated natural clays and included the same six
clays after the modifications. The third group
included 10 adsorbents (molecular sieve A,
Magnesol XL, Ambetlites IR400, IR120, XAD7,
silica gel blue, silica gel 60, Dowex, chitin, and
active carbon), and named the synthetic
adsorbents group. Lastly 8§ MOFs (Ti-MOF, y-
CD-MOF, Cr-MOF, Al-MOYF, Zn-MOF, Mg-
MOF, HKUST-MOF, MIL-53-MOF) included
the metal-organic frameworks group. In addition,
there were two commercial bleaching earth
(Amcol 930 and Pure-Flo Supreme B81), one
adsorbent mixture prepared after the first part of
this study, and one control sample treated in the
same way.

The adsorbent treatment procedure briefly was as
following; 10 g of crude oil was weighed into a
glass beaker, and 0.3 g of the adsorbent was
weighed and added into the oil. The mixture was
stirred at 280 rpm at room temperature for 1 h.
Finally, the oil-adsorbent slurry was filtered
through Whatman no. 40 filter paper under
natural gravity. The collected oil was placed into
tubes, flashed with nitrogen gas before tightly
capping. Finally, the tubes stored in refrigerator
during the analyses. The effect of treatment
temperatures were not studied in this study, and
temperature as a factor could be considered in
future studies.

Selection of the Best Performing Adsorbents
and Preparation of the Adsorbent Mixture
After the treatments, the oils were analyzed for
instrumental color, weight loss, free fatty acidity
(FFA), peroxide wvalue (PV), and specific
extinction (Koszz and Kam) values. All treatments
were compared with control sample (no
adsorbent treatment) and among themselves
within each group to select the best one adsorbent
from each of the 4 treatment groups. Selection
was based on judgement of the analyses results
yielding the best bleaching activity with minimal
oil loss and lowest possible free fatty acidity and
oxidation values. Consequently, montmorillonite
from natural clays group, halloysite-AA from
acid-activated natural clays group, Dowex from
synthetic adsorbents group, and Ti-MOF from
the MOF group were selected. These selected 4
adsorbents and the two commercial bleaching
earths (C.B.E.-1 and C.B.E.-II) were treated in the
same way against control sample (no adsorbent
treatment) to get a comparison among
themselves. Finally, the 4 selected adsorbents
were mixed in 1:1 weight ratio to prepate the
‘adsorbent mixture’ as a new adsorbent. This new
adsorbent was also compared with the C.B.E.s
and control sample in the same way.

Analyses of the Treated Oil Samples

After each treatment, the oil was weighed by a
Sartorius EIDD2245 scale (Sartorius, Germany),
before placing it into glass tubes, and the weight
loss (%) values were calculated, since the initial
weight was known. The color of the treated oil
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samples was assessed with a Minolta CR-400
colorimeter (Minolta Camera Co., Osaka, Japan).
The oil sample was placed into the liquid sample
holder of the instrument and several readings of
color values (CIE standards) were recorded. The
L value indicating brightness/darkness, a* value
indicating redness (+) / greenness (-), and b*
value indicating yellowness (+) / blueness (-) were
measured.

The FFA of oil samples was measured following
American Oil Chemists’ Society (AOCS) method
Ca 52-40, and the PV was measured following
AOCS method Cd 8-53 (AOCS, 1998),
respectively. Finally, the specific extinction values
of Ko and Koz were measured according to
AOCS method Ch 5-91 (1998) with a UV-Vis
spectrophotometer (Shimadzu UV-1800,
Shimadzu Co., Japan).

Statistical Analysis

In this study all experimental layouts were
completed two times as two replicates. Within
each replicate the analyses were done for three
times. The data were reported as the mean with
standard deviation of the six measurements.
Comparison of the samples were accomplished by
means of one-way ANOVA and Tukey’s test at P
< 0.05. The Minitab v.16.1 software (Minitab,
2010) was used for the statistical analyses.

RESULTS AND DISCUSSIONS

The Oil Bleaching Ability of the Natural
Clays

Analytical values of the crude oils treated with the
six natural adsorbents against control sample are
presented in Table 1. The treated oil samples
could be observed in Figure 2. The CIE color
dimension of the L value indicates the brightness
level of a sample and takes values from 0 (full dark
or black) to 100 (full bright or white) (Pomeranz
and Meloan, 1994). Compared with the control
sample (30.28), zeolite (31.78) and kaolin (31.25)
treated samples showed some improvements
(lightening), but most importantly the other
natural clays (halloysite, bentonite, sepiolite, and
montmorillonite) yielded small decreases of
brightness after treatment. This is an unexpected
finding, but might be due to inefficient filtering of

the very fine clay dusts at the laboratory
conditions (Whatman no. 40 filter paper). Some
small particles of the clays could not be separated
from oil, and hence may caused little increments
of the L values. The a* value shows the level of
redness in the positive number direction, and
greenness in the negative number direction
(Pomeranz and Meloan, 1994). Compared with
control sample (- 1.35), all samples had a little
higher a* values. Green tone was dominant in
montmorillonite and bentonite treated samples.
In vegetable oils, green color is caused by the
presence of chlorophyll, while red-yellow tones
are resulted from various carotenoids (O’Brien,
2004). Generally, decrease in one class pigments
causes enhancement of the visibility of the other
group, if both have not decreased together. It
could be concluded that montmorillonite and
bentonite removed most of the red color
pigments, but not the green color pigments.
Similarly, the b* color value shows yellow (+ b*)
and blue (- b*) colors. Cleatly, all samples had
some yellowness, but treatments with bentonite,
kaolin, and montmorillonite yielded higher
yellowness, and treatment with sepiolite resulted
significantly lower yellowness. This might be due
to their inefficiency to remove the yellow colored
pigments or most possibly their efficient removal
ability for the red pigments. Contrarily, sepiolite
was quite efficient to remove yellow colored
pigments. Overall, as long as pigment removal
ability considered, the most efficient natural clays
were montmorillonite, bentonite and sepiolite. It
was indicated that natural clays with layers of
silicates such as bentonite, palygorskite, and
sepiolite had high surface area, and could be used
for oil decolotization, but also it was indicated
that highest surface area was not yielded the
highest bleaching (Zschau, 2001). In an early
study (Boki et al, 1992), natural bentonites,
sepiolites and montmorillonites were compared
and sepiolites were suggested as the best
adsorbents.

After the treatment, the total oil weight loss (%0)
values was also calculated (Table 1). The
halloysite, bentonite and montmorillonite had
lower weight loss values than zeolite, sepiolite and
kaolin treatments. Generally, all weight loss values
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were above 18%. This is an important quantity,
which cause economical losses. Weight loss of
bleached oils has been indicated as an important
factor in selecting optimum bleaching technique,
and numbers ranging from 5% to 40% have been

reported. It was also indicated that weight loss
was related with the adsorbents affinity to bind
neutral oil as well as to adsorbent addition level,
process duration and filter efficiency (Hodgson,
1996; Zschau, 2001; O’Brien, 2004).

Table 1. The color and weight loss values, and chemical parameters measured for the oil samples

treated with the natural clays.

L Value a* Value b* Value Weight Loss (%0)
Control 30.28%0.44= -1.35£0.07¢ 6.23%£0.27> _
Halloysite 29.7310.63> -1.51£0.13¢ 6.3711.04> 18.86£0.21¢
Zeolite 31.78%0.752 -1.47£0.054 6.53%0.35> 19.06£0.33 »
Bentonite 28.10%0.29> -1.70£0.06b 7.69£0.502 18.21£0.21¢
Sepiolite 29.431+0.04> -1.44£0.084 4.41%0.19¢ 20.0810.382
Kaolin 31.25%+1.332 -1.45£0.084 7.05%0.292 19.01£0.27°
Montmorillonite 28.30+1.11> -1.76£0.152 7.97£0.76 18.19£0.15¢
Free Fatty Acidity =~ Peroxide Value Specific Specific Extinction
(% Linoleic) (meqO2/kg) Extinction (Kzs2) (Ka70)

Control 1.01£0.00#t 17.73£0.20¢ 2.49%0.00f 0.41%0.004
Halloysite 0.62%0.054 17.74£0.28¢ 3.51%0.01~ 0.83£0.007
Zeolite 0.96£0.05> 20.65%0.74 3.1810.02¢ 0.48%0.00>
Bentonite 0.89%0.01¢ 19.44£0.45b 3.20%0.01¢ 0.44£0.00¢
Sepiolite 0.50%0.05¢ 18.631£0.29b 3.33£0.02> 0.50£0.00>
Kaolin 0.96%0.05> 20.15%0.21~ 3.15%0.024 0.41%0.004
Montmorillonite 0.44%0.01f 19.38£0.35b 3.0210.02¢ 0.31£0.00¢

*Small uppercase letters indicate the statistically significant differences within each column for the mean®SD values

calculated from four determinations by one-way ANOVA and Tukey’s test (p < 0.05).

Figure 2. The oil samples treated with natural adsorbents (1. Halloysit, 2. Zeolite, 3. Bentonite, 4.
Sepiolite, 5. Kaolin, 6. Montmorillonite).
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Some chemical quality parameters of the treated
oil samples were also measured (Table 1). The free
fatty acidity (FFA) of control sample was 1.01%
linoleate, and all treated samples had lower FFA
values than the control sample. FFA reduction
was the most with montmorillonite treated
sample (0.44%) followed by sepiolite (0.505), and
halloysite (0.62%) treated samples, respectively.
Since the control oil sample was alkali-neutralized
one, its low FFA was expected, and further
reduction after adsorbent treatments could be
accounted a good side benefit. Generally natural
clays were found good adsorbents in terms of
adsorbing the free fatty acids. Similar findings
were reported previously for various natural
adsorbents (Zschau, 2001; O’Brien, 2004). The
peroxide values (PV) indicated a different trend,
and all treated samples had PVs higher than that
of the control sample (Table 1). PV indicates the
level of active oxygen compounds in an oil
sample, and it is limited in refined vegetable oils
to a max value of 10 meq O2/kg oil sample (TGK,
2012). All treated samples and the control sample
had PVs higher than the codex limit for refined
oils. Since we wused alkali-neutralized crude
sunflower oil, this finding is quite expected. After
all adsorbent treatments, the PV of samples
enhanced compared to control sample (17.73 meq
O/kg oil) possibly due to long duration of the
treatments including filtration time open to
atmosphere. Since it was not possible to use a
closed vacuum vessel in laboratory, the
treatments were completed under atmospheric
pressure, and consequently some oxidation were
occurred. Among the treatments, some enhanced
PV more than the others, and this might be due
to some catalytic effect for oxidation or some
physical effect of oxygen distribution in the oil. It
is well known that under industtial conditions,
bleaching process is always done under hermetic
condition with full vacuum. Consequently, one
adsorbent with the best quality parameters and
the lowest oil loss value could be selected omitting
the PV, since in real applications PV will not be a
problem because of the full vacuum application.
The specific extinctions of Kasz and Ka7 were also
measured (Table 1). These parameters indicate the
level of dienoic (hydroperoxides and conjugated
dienes) and trienoic (carbonyl compounds and

conjugates) acids as the primary and secondary
oxidation compounds. These parameters were
defined for virgin olive oil as acceptable limits of
2.5-2.6 for I<232 and 0.22-0.25 for I<27o,
respectively (TGK, 2017). Clearly, there are some
primary oxidation products present in the treated
samples in accordance with PV data. Further,
secondary oxidation products were also present in
the treated samples. Overall, for any adsorbent
treatment or bleaching process, vacuum seems
inevitable. When all findings were considered
together (Table 1), montmorillonite was selected
as the best one among the natural clays for
bleaching treatment.

The Oil Bleaching Ability of the Acid-
Activated Natural Clays

The six natural clays were acid-activated as
explained in the method section, and oil
treatments were done in the same way. The
analytical results of the oil samples are presented
in Table 2, and the oils could be observed from
Figure 3. Evaluation of the data will be in the
same way as completed above to select one best
adsorbent among the samples. All acid-activated
natural clays enhanced the brightness level of the
oil, but the highest brightness (L value) was
observed in zeolite (34.79) treatment followed by
halloysite (34.76). Similarly, green tones reduced
most by sepiolite (- 0.92 a* value) followed by
halloysite (- 1.13 a* value) treatment. The same
trend was evident for yellowness, and b* value
was 2.61 for sepiolite and 3.88 for halloysite
treatments.  Clearly acid-activated — sepiolite,
halloysite and zeolite were better in color
correction among others. The lowest weight loss
value (12.08%) was with halloysite, and the
highest (19.51%) was with sepiolite treatment.
Further, if the acid-activated clays (Table 2) were
compared to their natural forms (Table 1), it could
be observed that acid activation enhanced their oil
brightening ability and reduced oil loss values.
Generally, acid activation could be accepted as a
good strategy for natural clays to be used as oil
bleaching agents. In this study, one type acid-
activation treatment was applied to all clays, but
in literature acid-activation with different factors
were studied for individual clays. For example, the
optimum activation process for bentonite was
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determined as 31% acid concentration, 10 h
contact time, and solid to acid ratio of 320 g/L for
sulfuric acid (Didi et al., 2009). Likewise, 1 N 65%

HNO:; acid-activation at room temperature for 1
h with 1:10 solid: liquid ratio yielded a significantly
better sepiolite (Sabah et al., 2007).

Table 2. The color and weight loss values, and chemical parameters measured for the oil samples
treated with the acid-activated natural clays.

L Value a* Value b* Value Weight Loss (%)
Control 30.28%0.444" -1.35£0.074 6.23%0.27¢ _
Halloysite-AA 34.76£1.44 -1.13£0.07¢ 3.88£0.184 12.08%0.214
Zeolite-AA 34.7912.47x -1.63£0.24¢ 7.14%0.32b 13.57£0.19¢
Bentonite-AA 31.59£0.54¢ -1.95£0.082 8.71+0.392 12.88%+0.20 ¢
Sepiolite-AA 33.6210.65 -0.92£0.07¢ 2.61%0.02¢ 19.51£0.49»
Kaolin-AA 33.4210.627 -1.77£0.03b 7.55%0.522 16.64% 0.24°
Montmorillonite-
AA 32.13£1.09> -1.78%0.13b 7.8710.46 13.73+0.16¢
Free Fatty Acidity =~ Peroxide Value Specific Specific

(% Linoleic) (meqO»/kg) Extinction (Kps)  Extinction (Kam)
Control 1.0120.002t 17.73£0.20» 2.49%0.00f 0.41%0.008
Halloysite-AA 0.92£0.00> 7.83+0.35F 3.99£0.00> 1.68%0.004
Zeolite-AA 0.99£0.042 11.07£0.33¢ 4.00£0.007 2.18%0.00"
Bentonite-AA 0.91%0.01¢ 10.25£0.394 3.1620.00¢ 0.57£0.00f
Sepiolite-AA 0.92£0.00> 13.94%0.12b 3.51£0.014 1.40£0.00¢
Kaolin-AA 0.9220.00> 11.20£0.43¢ 4.00%0.01~ 2.07£0.00¢
Montmorillonite-
AA 0.9240.01> 9.432£0.35¢ 3.7520.02¢ 2.47%0.00

*Small uppercase letters indicate the statistically significant differences within each column for the mean*SD values
calculated from four determinations by one-way ANOVA and Tukey’s test (p < 0.05).

Figure 3. The oil samples treated with acid-activated natural adsorbents (1. Halloysit-AA, 2. Zeolite-
AA, 3. Bentonite-AA, 4. Sepiolite-AA, 5. Kaolin-AA, 6. Montmorillonite-AA).
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After the treatments, all FFA values were reduced
compared to control sample (Table 2). There were
small differences among the treatments, and FFA
adsorption capacity was highest with bentonite
treatment. The PV of all treated samples were
lower than that of the control sample (Table 2),
indicating that acid-activated clays were able to
adsorb some peroxides. This was not evident with
the natural clays (Table 1). PV reduction was
highest with halloysite (8.83 meqO./kg)
treatment. This situation was not confirmed with
the specific extinction values. There were some
enhancement in both K232 and Kz7 values for the
treatments compared with control sample.
Consequently, some secondary oxidation must
have taken place during the treatment duration.
Similatly, vacuum or neutral gas atmosphere must
be present during oil bleaching treatment.

After considering all findings together, the acid-
activated halloysite was selected the best one
among this group for further evaluation. Since
there is no study in literature for halloysite for oil
bleaching purpose, this finding could be
important for further studies.

The Oil Bleaching Ability of the Synthetic
Adsorbents

Ten different synthetic adsorbent were tested for
oil bleaching purpose and the results of the

treated oil samples are summarized in Table 3.
The treated oil samples are shown in Figure 4.
Compared to control sample, some treatments
enhanced oil brightness (Amberlite IR120,
Ambetlite XAD7, Dowex, Ambetlite IR400 and
molecular sieve A), while some others (active
carbon, chitin, silica gel 60, silica gel blue,
Magnesol XL) decreased it. The negative a* value
in control sample (- 1.35) were increased in all
treated samples. The highest a* values were
measured with Ambetlite XAD, Amberlite IR400
and Dowex treated samples. In these samples, the
level of greenness increased. This might be due to
proportional decrease of pigments giving red
color. The level of yellowness (b* value) were
mostly increased, only active carbon treatment
decreased it. This is unexpected because
adsorbents usually remove the yellow carotenoid
pigments. It must be remembered that the
carotenoid pigments yield colors from yellow to
dark red and even to brown-red. Consequently,
proportional decrease of a pigment could result a
higher color value reading of the other pigment.
For color correction activity, it seems that
amberlites and Dowex were better among others.
The oil weight loss values were also varied (Table
3). The lower weight loss values were in the order
of Amberlite IR120 < Dowex < Ambetlite IR400,
respectively.

Figure 4. The oil samples treated with synthetic adsorbents (1. Molecular Sieve A, 2. Magnesol XL, 3.
Amberlite IR400, 4. Amberlite IR120, 5. Ambetlite XAD?7, 6. Silica Gel Blue, 7. Silica Gel 60, 8.
Dowex, 9. Kitin, 10. Aktive Carbon).
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Table 3. The color and weight loss values, and chemical parameters measured for the oil samples
treated with the synthetic adsorbents.

L Value a* Value b* Value Weight Loss (%0)

Control 30.28+0.44< -1.35%0.07f 6.231+0.274 _
Molecular

Sieve A 30.57£0.95¢ -1.76%0.194 7.27+0.28¢ 16.911+0.24b
Magnesol XL 29.45%0.834 -1.80%0.13¢ 6.731+0.584 16.77+0.11b
Amberlite

1R400 31.46%0.80> -2.10£0.152 9.421+0.71» 11.9910.16¢
Amberlite

IR120 33.1910.612 -2.01£0.04b 9.191+0.25# 11.08%0.09¢
Amberlite

XAD7 32.68+0.88~ -2.13%20.11» 8.30+0.61b 16.361+0.28P
Silica Gel Blue 27.77£0.35¢ -1.81£0.05¢ 7.78+0.35¢ 15.15%0.30¢
Silica Gel 60 27.77£0.36¢ -1.67£0.094 6.7010.684 14.9810.66¢
Dowex 32.28+0.20> -2.03£0.07° 8.4410.38p 11.88%0.19¢
Chitin 27.39£0.04¢ -1.97£0.09v 7.92+0.17¢ 17.4410.212
Active Carbon 27.41£0.31¢ -1.48%0.03¢ 5.21+0.20¢ 13.461+1.03d

Free Fatty Acidity Peroxide Value Specific Specific
(% Linoleic) (meqO2/kg) Extinction (K232)  Extinction (Kz)

Control 1.01£0.002" 17.73£0.20¢ 2.49£0.00f 0.41£0.00f
Molecular

Sieve A 0.87£0.06¢ 26.30£0.47~ 3.25£0.02¢ 0.35£0.00"
Magnesol XL 0.86£0.05¢ 22.70£0.224 3.4810.004 0.38 £0.00s
Amberlite

1R400 0.97£0.06 24.21£0.01¢ 3.93+0.01° 0.49£0.00 ¢
Amberlite

IR120 1.03£0.01» 21791047 4.00£0.007 0.56%0.00¢
Amberlite

XAD7 0.95£0.03> 26.10£0.06 > 4.00£0.007 0.52£0.004
Silica Gel Blue 0.92£0.01> 21.56%0.19°¢ 3.93£0.07°b 0.41£0.00f
Silica Gel 60 0.96£0.05# 22.18%0.44¢ 4.00£0.007 0.44£0.00¢
Dowex 0.80£0.004 8.4710.33] 3.98%0.007 0.49£0.00 ¢
Chitin 0.91£0.00> 12.58+0.32h 3.56%0.04 ¢ 0.59£0.00>
Active Carbon 0.91£0.00> 10.71£0.041 3.42£0.044 0.79%0.007

*Small uppercase letters indicate the statistically significant differences within each column for the mean®SD values
calculated from four determinations by one-way ANOVA and Tukey’s test (p < 0.05).

Compared to the control sample (1.01%), the
lowest FFA value (0.80%) was measured in
Dowex treated sample, followed by Magnesol XL
(0.86%), respectively. A similar trend was evident
for PV data. The lowest PV (8.47 meqO2/kg) was
measured in the Dowex treated sample, and the
highest (26.30 meqO2/kg) for molecular sieve A
treated sample compared with control (17.73 meq
O:/kg). There was no similar study in literature
for Dowex, and these findings could be important
for further evaluations. Similar to the natural and

acid-modified natural clays groups, secondary
peroxides adsorption patterns were not similat,
and almost all treatment resulted higher specific
extinction values than control sample.

Two mixed bed ion-exchange resins (Dowex
Monosphere MR-450 UPW and Amberlite MB-
150) were used to remove oleic acid from a
laboratory-prepared 5% (w/w) oleic
acid/soybean oil mixture (Jamal and Boulanger,
2010). Results indicated over 93% of free oleate
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removal. Although there was no bleaching study,
FFA removal ability of Dowex and amberlite
resin was confirmed. Possibility of using chitin as
ion exchange resin was discussed (Samonin et al.,
2021), but application of chitin in oil bleaching
has not been investigated. Silica gel 60 and
activated carbon among some other adsorbents
were studied to bleach soybean oil. Adsorption of
FFA and lutein was highest with silica gel 60 (Gil
etal, 2014). After evaluating the data presented in
Table 3, the Dowex was selected as the most
promising synthetic adsorbent for oil bleaching
activity, and further analyses were completed.

The Oil Bleaching Ability of the Metal-
Organic Frameworks

Eight different metal-organic frameworks (MOF)
were investigated for oil bleaching capacity
evaluation in this study, and the analytical results
of the treated oil samples against control are
shown in Table 4, and the oils are presented in
Figure 5. The highest L. values were detected in
Al-MOF (33.56), MIL-53-MOF (33.42) and Mg-

MOF (33.28) treated samples. These MOFs
enhanced oil brightness, while only Ti-MOF
treated sample a little decreased (29.59) it
Considering the a* values, all treatment enhanced
the level of greenness, or in other word they all
reduced the amount of some red pigments. The
yellow color reduction capacity of AI-MOF (5.20)
and Ti-MOF (5.79) samples were higher than the
rest. As color change respect, it seems that Al-
MOF and Ti-MOF yielded the better results. On
the other hand, AI-MOF yielded a very
significantly higher (32.10%) oil loss value
compared to the lower values of Cr-MOF
(12.05%) and y-CD-MOF (12.98%)), respectively.
The FFA reduction was highest in Al-MOF
(0.64%), y-CD-MOF (0.67%), and Ti-MOF
(0.68%), respectively. The PV values from lower
to higher were ordered as y-CD-MOF < Ti-MOF
< Cr-MOF, as could be observed from Table 4.
There was no clear trend for secondary oxidation
compounds, but the specific extinction of Kas
showed an increase in all treated samples, and
K270 values also indicated some enhancements.

Figure 5. The oil samples treated with metal-organic frameworks (1. Ti-MOF, 2. y -CD-MOF, 3. Cr-
MOF, 4. AI-MOF, 5. Zn-MOF, 6. Mg-MOF, 7. HKUST-MOF, 8. MIL-53-MOF).
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Table 4. The color and weight loss values, and chemical parameters measured for the oil samples
treated with the metal-organic frameworks.

L Value a* Value b* Value Weight Loss (%0)
Control 30.28%0.44< -1.35£ 0.074 6.23% 0.274 _
Ti-MOF 29.59%0.674 -1.35£0.044 5.79£0.38¢ 16.08£0.80¢
y-CD-MOF 32.66%1.08> -1.55%+0.15b 8.15+0.16b 12.9810.45f
Ct-MOF 30.91£0.19¢ -1.52£0.02b 6.41£0.404 12.05 +0.13f
Al-MOF 33.5610.80~ -1.46£0.05¢ 5.20%0.34¢ 32.10£1.822
Zn-MOF 32.72%0.62> -1.90£0.04» 8.83%0.65¢ 14.59£0.42¢
Mg-MOF 33.281+2.03x -1.36£0.164 7.11£0.21¢ 15.12£0.4064
HKUST-MOF 32.38%+0.81P -1.90£0.062 7.80%0.55> 17.01£091 b
MIL-53-MOF 33.4240.722 -1.51£0.11b 8.12+0.22b 16.21£0.25¢
Free Fatty Acidity Peroxide Value Specific Specific
(% Linoleic) (meqO»/kg) Extinction (Kzs2)  Extinction (Kz7o)
Control 1.01£0.002 17.73£0.20b 2.49%0.00s 0.4120.00¢
Ti-MOF 0.68%0.014 12.50£0.16¢ 3.28%0.02f 0.55%0.00¢
y-CD-MOF 0.67%0.004 9.31 £0.25k 3.83%0.10° 2.26%0.007
Ct-MOF 0.85%0.05¢ 12.62 £0.31¢ 3.2520.04f 0.4120.00¢
Al-MOF 0.64 £0.024 13.84 £1.24¢ 3.56£0.074 0.58%0.00¢
Zn-MOF 0.90£0.00> 14.41 +£0.254 3.48%0.08¢ 0.5720.00¢
Mg-MOF 0.97£0.05 13.10 £0.14f 3.62%0.10¢ 0.50%0.004
HKUST-MOF 0.90£0.00> 26.31 £0.45 3.91£0.05 0.6620.00>
MIL-53-MOF 1.05£0.05# 16.28 £0.58¢ 3.9240.072 0.55%0.00¢

“Small uppercase letters indicate the statistically significant differences within each column for the mean+SD
values calculated from four determinations by one-way ANOVA and Tukey’s test (p = 0.05).

In literature, there are some studies with selected
MOFs to purify crude vegetable oils. In an early
one (Li et al., 2014), some herbicides from soy,
sunflower, corn and peanut oils were adsorbed by
MIL-101 MOF, and successfully removed. In
another one (Vlasova et al., 2016), MIL-53 (Al),
Zn-MOF and MIL-125 (Ti) MOFs were used to
remove FFA, peroxides, and color pigments from
crude vegetable oils, and some success were
achieved. In one of our study (Yilmaz et al., 2019),
seven different MOFs were used to purify crude
sunflower oil, and Ti-MOF and y-CD-MOF have
shown to be quite effective. The difference of this
study from our previous study is that we included
the HKUST-MOF, and MIL-53-MOF first time
for this purpose in addition to the potentially
good MOFs studied before to get a comparison.
Theoretically there are many types of MOFs
could be synthesized, but we select non-toxic and
potentially safe candidates applicable in food
processing. After evaluating all data in the MOF
group, we selected the Ti-MOF to be included in
further comparisons.

Comparison of the Selected Adsorbents with
Commercial Bleaching Earths

Montmorillonite from the natural clays group,
Halloysite-AA from the acid-activated natural
clays group, Dowex from the synthetic
adsorbents group, and Ti-MOF from the metal-
organic frameworks group were selected based on
their bleaching performance, and they were
compared with two different commercial
bleaching earths (C.B.E.-I and CB.E.-II) in
another set of experiment. The findings of this
comparison study were presented in Table 5.
Halloysite-AA brightened the oil most with 34.76
L value compared to 30.28 L value of the control.
It was even higher than the C.B.E.-I which had a
33.35 L value. This indicates a certain potential of
Halloysite-AA. Similarly, the lowest — b* value (-
1.13) was measured for Halloysite-AA treated
sample, indicating that some green pigments were
removed. Contrarily, Dowex treated sample had
the highest —a* value (- 2.03) showing that the
level of greenness enhanced or the level of red
color reduced significantly to get green pigment
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more measurable. Yellow color decreased most
with C.B.E.-II treated sample (3.20), followed by
Halloysite-AA treated (3.88) sample. Cleatly
Halloysite-AA had certain potential to remove
yellow pigments as well. Oil weight loss values

were varied, and the lowest (11.88%) was with
Dowex treatment fallowed by Halloysite-AA
(12.08%) treated sample. Both were lower than
the commercial bleaching eatths to again indicate
certain potentials.

Table 5. The color and weight loss values, and chemical parameters measured for the oil samples
treated with the commercial bleaching earths and the selected adsorbents.

L Value a* Value b* Value Weight Loss (%0)

Control 30.28£0.44< -1.3520.07¢ 6.23+0.27> _

CB.E-I 33.35£0.55> -1.2620.024 4.16%0.36¢ 14.2410.16¢
CB.E.-II 32.79£0.37> -1.09£0.11¢ 3.20+0.274 14.95%0.10¢<
Montmorillonite 28.30+1.114 -1.76£0.15b 7.97+0.762 18.1910.152
Halloysite-AA 34.7611.44 -1.13 £0.07¢ 3.88%0.18¢ 12.08£0.214
Dowex 32.28%0.20° -2.03£0.072 8.44%0.38¢ 11.88%0.19¢
Ti-MOF 29.59£0.674 -1.3520.04¢ 5.79%0.38p 16.08%0.80P

Free Fatty Acidity =~ Peroxide Value Specific Specific Extinction
(0/0 Linoleic) (rnerz / kg) Extinction (I<232) (I<27())

Control 1.01£0.004t 17.73£0.20v 2.49%0.00s 0.41£0.00f
CB.E.-1 0.76£0.03 4 7.94%0.52f 3.76%0.05¢ 2.68%0.007
CB.E-II 0.85+0.04"b 10.19%0.374 3.56%0.004 2.27£0.00>
Montmortillonite 0.44%0.01 ¢ 19.38+0.352 3.02£0.02f 0.3120.00s
Halloysite-AA 0.92£0.00> 7.83£0.35¢ 3.99%0.00# 1.68%0.00¢
Dowex 0.80£0.00¢ 8.47£0.33¢ 3.98%0.00> 0.49%0.00¢
Ti-MOF 0.68%0.014 12.50%0.16¢ 3.28%+0.02¢ 0.55£0.004

*Small uppercase letters indicate the statistically significant differences within each column for the meanSD values
calculated from four determinations by one-way ANOVA and Tukey’s test (p < 0.05). C.B.E.: commercial

bleaching earth

FFA reduction capacity of montmorillonite
treated sample (0.44%) was the best among all,
and followed by Ti-MOF treated (0.68%) sample.
Halloysite-AA treated sample had higher FFA
(0.92%) among all samples. The lowest PV was
with halloysite-AA treated sample (7.83 meq
O,/kg), followed by C.B.E.-I (7.94 meq O./kg),
and Dowex (8.47 meq O2/kg), respectively. The
specific  extinction values indicated some
enhancement to prove that some secondary
oxidation took place during the treatments, and
precautions suggested as previously.

Comparison of the 4 selected adsorbents with the
commercial bleaching earth under the same
conditions proved that Halloysite-AA and Dowex
had certain potentials to be improved for oil
bleaching applications.

Comparison of the Adsorbent Mixture with
Commercial Bleaching Earths

To compare the commercial bleaching earths
(C.B.E.s) with the adsorbent mixture we prepared
by mixing equal proportions of natural
montmortillonite, halloysite-AA, Dowex, and Ti-
MOF, the same experiments were completed and
the results are collected in Table 6. The purpose
was to include individual beneficial effects of the
4 selected adsorbents together, and to compare it
with the C.B.E.s. The L wvalue of adsorbent
mixture was the lowest (27.99), unfortunately.
Cleatly this mixture enhanced some turbidity
components (Figure 6). This might also be due to
inefficient filtering of the small particles present
in the mixture. Obviously C.B.E.-I yielded the
most bright sample. While C.B.E.s reduced —a*
value compared to control (- 1.35), the adsorbent
mixture enhanced it to — 1.41 value. Clearly after
adsorbent mixture treatment, level of greenness
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enhanced. This could be due to some removal of
red pigments, since a* value indicates the
proportional changes of redness and greenness.
Similar trend was evident with the b* values, and
adsorbent mixture treatment resulted significantly
higher (6.04) b* value than others (3.75 and 3.03).
Since +b* value indicate level of yellowness,
clearly adsorbent mixture was ineffective in
removing yellow pigments. Overall, adsorbent
mixture was not as good as the C.B.Es in
correcting oil color values. The oil loss value of

the adsorbent mixture was also the highest among
all, showing another negative aspect of it. The
FFA value and PV of the adsorbent mixture were
lower than the C.B.E.s, indicating that the mixture
was more effective in removing free fatty acids
and peroxides from the oil. Specific extinction
values were also proved this finding (Table 0).
Obviously, the adsorbent mixture was not worked
as expected to be better an adsorbent for
bleaching than the commercial earths.

Table 6. The color and weight loss values, and chemical parameters measured for the oil samples
treated with the prepared adsorbent mixture and commercial bleaching earths.

L Value a* Value b* Value Weight Loss (%0)
Control 30.28£0.44>" -1.35£0.072 6.23+0.27¢ _
Adsorbent 18.49£0.12»
Mixture 27.9910.054 -1.41£0.03 = 6.04%0.092
CB.E.-1 33.07+0.11» -1.22£0.00v 3.75%0.03> 14.29£0.13¢
CB.E.-II 30.11£0.02¢ -1.02£0.00¢ 3.03£0.01¢ 15.74£0.03b
Free Fatty Acidity Peroxide Value Specific Specific

(% Linoleic) (meqO,/kg) Extinction (Kpz)  Extinction (Kav)
Control 1.01£0.00+ 17.73%0.204 2.49£0.004 0.41%0.004
Adsorbent 3.3610.01¢
Mixture 0.9220.00¢ 18.33%0.17¢ 0.57%0.02¢
CB.E.-1 0.94%0.03> 20.1£0.18> 3.88 £0.022 2.56%0.022
C.B.E.-II 1.02£0.01» 23.4310.17+ 3.6720.02b 2.2620.01>

*Small uppercase letters indicate the statistically significant differences within each column for the mean®SD values
calculated from four determinations by one-way ANOVA and Tukey’s test (p < 0.05). C.B.E.: commercial

bleaching earth

Figure 6. The oil samples treated with adsorbent mixture and commercial bleaching earths (1. Adsorbent
mixture-I, 2. Adsorbent mixture -II, 3. C.B.E.-I-1, 4. CB.E.-I-2, 5. CB.E.-1I-1, 6. C.B.E.-1I-2).
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CONCLUSIONS

The aims of this study were to screen and select
some potential adsorbent materials for oil
bleaching activity. There were four main groups
tested. In the first group, 6 different natural clays
were screened after adsorbent treatment and oil
color, weight loss, FFA, PV, and specific
extinctions measurements. Natural
montmorillonite was elected the best one among
the six clays. In the second group, the same six
natural clays were acid-activated and tested in the
same way. From this group, acid-activated
halloysite yielded the most promising results. In
the third group, 10 synthetic adsorbent materials
were tested, and Dowex was selected based on its
performance. Lastly, 8 different metal-organic
frameworks (MOF) were screened and Ti-MOF
was chosen. Then, the selected 4 potential
adsorbents (natural montmorillonite, halloysite-
AA, Dowex, and Ti-MOF) were tested against
two commercial bleaching earths (C.B.E.) under
the same condition to possibly observe their
potential oil bleaching ability. Acid-activated
halloysite and Dowex had certain potential to be
enhanced with further studies. In the last part of
this study, an adsorbent mixture of the selected 4
adsorbents with equal proportions were prepared
and tested against the C.B.E.s. Unfortunately, this
mixture not yielded better results.
Consequently, mixing selected adsorbents could
not produced a better new adsorbents. The
literature is lack for halloysite for oil bleaching
studies, and this study firstly put this potential to
be further studied. Different modification
techniques, or acid-activations with different
acids at various concentrations and durations
must be searched to improve oil bleaching
capacity of halloysite. Further, Dowex could be
studied for the same purpose in upcoming
studies. Although Ti-MOF was selected among
the 8 materials, more new MOFs could be
synthesized and tested for this purpose, as an
open research challenge. More researches are
expected to find out or to create new adsorbent
materials for optimum crude vegetable oil
bleaching.
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ABSTRACT

The objective of this study is to develop a dairy dessert produced with whey at different ratios and carob
powder (5%). Five dessert samples prepared by different milk: whey (v/v) ratios wete as follows: 100:0,
75:25, 50:50, 25:75 and 0:100. Dessert samples were analyzed in terms of some physiochemical, color,
textural and sensory properties on the 1st, 7th and 14th days of storage. It was determined that the use of
whey significantly affected the titratable acidity, water holding capacity, color parameters (L¥, 4* and AE
values) and textural qualities of the milk dessert samples produced by adding carob powder. Significant
differences were also observed in terms of sensory characteristics. As a result of the evaluations, the C
sample, which was produced at 50% milk and 50% whey ratios, received the highest scores by the panelists
compared to the other samples and became the most liked sample. According to the results obtained, it was
determined that the use of whey in milk-based dessert formulations produced with the addition of carob
powder contributed positively to the product in terms of sensory and physical properties.

Keywords: Dairy dessert, whey, carob powder, functional food

KECI BOYNUZU TOZU ICEREN SUT ESASLI TATLI
FORMULASYONLARINDA PEYNIRALTI SUYU KULLANIMININ
ARASTIRILMASI

0z

Bu ¢alismanin amaci, farklt oranlarda peynir altt suyu ve ke¢iboynuzu tozu (%5) ilavesi ile iiretilen bir
stutlt tatlt gelistirmektir. Stt:peynir altt suyu (v/v) oranlart 100:0, 75:25, 50:50, 25:75 ve 0:100 olacak
sckilde bes tatlt 6rnegi Uretilmistir. Tath 6rnekleri fizikokimyasal, renk, tekstiir ve duyusal ézellikler
acisindan depolamanin 1., 7. ve 14. giinlerinde analiz edilmistir. Peynir alti suyu kullaniminin kegi
boynuzu tozu ilave edilerek tretilen sttld tath érneklerinin titre edilebilir asitlik, su tutma kapasitest,
renk parametreleri (L*, /* ve AE degerleri) ve tekstirel niteliklerini 6nemli 6lciide etkiledigi
belirlenmistir. Duyusal = Ozellikler acisindan da  6nemli  farkliiklar  gézlenmistir.  Yapilan
degerlendirmeler sonucunda, %50 siit ve %50 peynir alt1 suyu oranlarinda tretilen C 6rnegi, diger
Orneklere kiyasla panelistler tarafindan en yiiksek puanlart alarak en begenilen 6rnek olmustur. Elde
edilen sonuglara gore, keci boynuzu tozu ilavesi ile tiretilen siit esasl tatlt formiilasyonlarinda peynir
altt suyunun kullaniminin Grine duyusal ve fiziksel Ozellikler acisindan olumlu katki sagladigt
belirlenmistir.

Anahtar kelimeler: Siitlt tatli, peyniraltt suyu, ke¢i boynuzu tozu, fonksiyonel gida
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Utilizing whey in dairy-based dessert

INTRODUCTION

Nowadays, an increasing interest exists for food
enrichment in ways that providing health benefits
to the consumers (Zarzycki et al.,, 2019). These
products are known as functional foods
promising improvement in consumers’ targeted
physiological functions (Sun et al., 2007; Almeida
Neta et al,, 2018). In this regard, dairy-based
desserts, with worldwide consumption capacity,
can be a good option for consumers interested in
functional foods (Damian, 2012; Zarzycki et al.,
2019) in day by day growing dessert market with
new products (Granato et al., 2012; Barros et al.,
2017).

Dairy desserts are usually formulated with milk,
sugar, starch, hydrocolloids, aroma and coloring
agents. They are semisolid foods and the texture
of them mainly results from between interaction
of proteins and other ingredients such as starch
and/or several hydrocolloids. These interactions
contribute to their physical stability and sensory
properties. Therefore, it is necessary to obtain a
balance between ingredients in these formulated
products to improve textural properties and to
ensure consumer acceptability (Tarrega and
Costell, 2007; Damian, 2012; Staffolo et al., 2017,
Zarzycki et al., 2019). However, adding different
ingredients to the basic formulation of dairy
desserts could also lead to positive changes in the
rheological and textural properties of the
products (Zarzycki et al., 2019). The effects of the
different ingredients used in dairy dessert has
been the subject of several studies (Granato et al.,
2012; Staffolo et al., 2017; Almeida Neta et al.,
2018; Innova et al., 2018).

Whey, a by-product from cheese manufacture is
considered as functional ingredient for food
industry because of its valuable composition. Two
main whey varieties produced are sweet and acid
whey according to the procedure used for casein
precipitation. Sweet whey (pH 5.8-6.6) is a by-
product of rennet-induced coagulation of casein,
whereas acid whey (pH 3.6-5.1) is obtained from
acid coagulation of casein (Krélczyk et al., 2016).
Further to their nutritional contribution, it can
improve the quality properties of whey-based
products (Evdokimov et al, 2015). Whey

components, particularly the proteins and
peptides, will increasingly be preferred as
ingredients for functional foods. In recent years,
studies on the use of whey in food system have
attracted attention (Sabokbar and Khodaiyan,
2015; Evdokimov et al., 2015).

Carob is the fruit of long-lived evergreen tree
(Cretonia  siligna L.), which is cultivated in
Mediterranean regions (Srour et al., 2016; Moreira
et al., 2017). It is composed of two major part,
pulp (90%) and seed (20%). The seeds are used to
produce the carob bean gum which is widely used
as stabilizer in food industry. Carob can be
processed into powder and syrup for food
applications. After the removal of seeds carob
pulp is processed to obtain carob powder (Srour
et al,, 2016; Yatmaz and Turhan, 2018). The pulp
contains high amounts of protein (3-4%) and low
levels of fat (0.2-0.6%) (Sahin et al., 2009; Ibrahim
et al., 2015). Due to its high sugar content (40-
55%), limited amount of sugar is required in
products where carob pulp is used (Loullis and
Pinakoulaki, 2018). In addition, it contains
considerable amount of dietetic fibers (Srour et
al., 2016; Moreira et al., 2017). Carob has several
beneficial effects on health, such as cholesterol-
lowering, antibacterial and antioxidant properties.
Recently, researchers are focused on its utilization
as a valuable ingredient in production of different
foods (Ibrahim et al., 2015; Rosa et al., 2015;
Srour et al, 2016; Aydin and Ozdemir, 2017;
Moreira et al., 2017; Villarreal 2017; Cervenka, et
al., 2019). However, there is limited literature
concerning the formulating dairy dessert
containing carob.

The aim of this study was to investigate the
combined effects of whey utilization and carob
powder use in dairy dessert formulation, besides
that to observe the physicochemical, textural and
sensorial effects of wusing these nutritious
compounds in dairy-based dessert formulation.

MATERIALS AND METHODS

Ingredients and whey-based dairy dessert
preparation

Sugar, tapioca starch, vanillin and carob fruit were
obtained from local market. Carrageenan was
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supplied by CoPkelco (A Huber Company,
Denmark). Raw milk (total solid 8%, fat 0.5%,
protein 3.5%, ash 0.6% and 6.8 pH) and rennet-
whey (total solid 6%, fat 0.1%, protein 0.8%, ash
0.7% and 5.7 pH) was used for the production of
whey-based dairy dessert. Carob powder was
obtained from the dry fruit pod after the removal
of the seeds (Figure 1). Pods were milled using
laboratory type mill (Mateka, Mutbex.com,
Turkey) and stored at room temperature until use.
Dessert samples formulated by mixing different
ratios of milk and whey (v/v) were given in Table
1. The amounts of compounds exist in dessert
formulations were determined by preliminary
studies that got acceptable sensory scores were

Carob fruit

given as follows: sugar (3%, w/v), starch (4%,
w/v), catrageenan (0.2%, w/v), vanillin (%0.03,
w/v) and carob powder (5%, w/v). First, all
ingredients were weighed, according to
formulation and were mixed thoroughly with the
required milk and whey ratio by using blender.
Subsequently, the mixture was heated up to 85 °C,
kept for 15 min by stirring on a laboratory water
bath and all samples (A, B, C, D, and E) were
allowed to cool until reaching room temperature.
After that, 100 g desserts were put into individual
plastic cups, closed with cap to prevent drying and
were stored at refrigerated conditions (4 + 1°C)
for 14 days. Appearance of the samples were
given in Figure 2.

Carob powder f

Figure 1. Carob fruit, seeds and carob powder

Figure 2. Appearance of carob powder added dairy-based dessert samples with different milk:whey ratios
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Table 1 Dessert samples with different milk and
whey ratios

Sample code Milk Whey
(Yo,v/V) (Yo,v/v)
A (control) 100 -
B 75 25
C 50 50
D 25 75
E - 100

Physiochemical analyses

The fat, titratable acidity, total solids and ash
contents of the whey-based dairy desserts were
determined according to the methods reported by
Hoot et al., (2004). pH values were measured by
digital pH meter (Ohaus, ST 300, USA). The
protein content was calculated using the
conversion factor 6.38, from the analysis of total
nitrogen contents by the Kjeldahl method as
described in the IDF Standard 20B (IDF, 1993).
The water holding capacity (WHC) of the samples
was measured by weighing about 20 g of dessert
(DE) into cylindrical plastic tube and
centrifugation (SIGMA Model 3-18K, Osterode
am Harz, Germany) at 4°C for 40 min at 5000
rpm. After centrifuged the whey expelled (WE)
was carefully removed and weighed. The WHC,
% was calculated according to fallowing Equation
(1). The WHC was determined in duplicate from
independent samples (Granto et al., 2012).

WHC (%) = 100 [(DE — WE) /DE] 0

Texture analysis

Textural properties of samples were determined
by using back extrusion test by Texture Analyzer
TA-XT Plus (Stable Micro Systems, UK) with 5
kg load cell (Almedia Neta et al, 2018).
Compression test was applied by using 35 mm
disc (A/BE-d35, Stable Micro Systems, UK) on
approximately 100 g samples in plastic cups. The
parameters firmness, consistency, cohesiveness
and viscosity index were recorded using
Exponent software (Version 6.1.16.0, Stable
Micro Systems). During the analysis, penetration
distance, penetration speed and return speed were
applied 30 mm, 1 mm/s and 10 mm/s,
respectively. All determinations were carried out
in triplicate.

Sensory evaluation

Sensory evaluation was performed by hedonic 5-
point scale changing in “I dislike extremely” to “I
like extremely and centered “neither like nor
dislike” scale with a trained group of 10 panelists
(Altug-Onogur and Elmaci, 2015). The panelists
were selected from staff members and graduate
students of Dairy Technological Department
(Ankara University). The sensory attributes taken
into consideration were color-appearance, flavor,
textural, and overall acceptability. Approximately
20 g of each sample was presented to the panelists
at refrigeration temperature in odotless plastic
cups with three-digit random numbers coded.
Water and cracker were provided to each panelists
for palate cleansing between samples.

Color evaluation

Color measurement was performed in the
samples by using a colorimeter Konica Minolta
(CR 410, Sensing Inc., Osaka, Japan) and was
reported as L" (lightness), 4° (intensity of red to
greenness) and /° (intensity of yellow to blue)
values. In addition, total color differences (AE)
were calculated using the equation below, where
Lo, ap, and by are the values measured for control
(sample A) and used in Equation 2 (Chudy et al.,
2020).

AE = /(AL %)2 + (da )2 + (4b *)2 )

Statistical analysis

Statistical analysis of the data was performed
using Statistical Package for the Social Science
(SPSS) software program (SPSS Version 20.0,
IBM Cotp. Armonk, NY, USA, 2011). All whey-
based dairy desserts were manufactured twice.
Thus, results ate mean + standards deviation (SD)
of n = 4. The two-way analysis of variance
(ANOVA) was used to determine the effects of
factors (sample type and storage time) on the
measured parameters. Tukey comparison test was
used to determine the statistically significant
differences between means.

RESULTS AND DISCUSSION
Physiochemical properties

Table 2 shows the mean composition of dessert
samples on the 1t day of storage. No significant
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differences (P>0.05) in dry matter and ash
contents of whey-based dairy dessert samples
were observed. However, there were significant
differences (P<0.05) in protein contents of the

samples. As expected the protein content in
samples A and B were higher than the other
samples since they contain higher amount of milk
(Table 2).

Table 2 Mean composition of whey-based dairy dessert samples

Parameters (%o, Samples

8/1008) A B C D E

Dry matter 19.65%0.402 18.40%+1.322 19.39%0.78 18.01£0.182 18.60%0.472
Protein 4.301£0.142 3.75£0.07+ 3.00£0.712> 2.11£0.02> 1.47%0.46P
Ash 0.99%0.14 0.90%0.12= 0.89%0.012 0.93%0.032 0.87%0.01=

Lower cases (*) indicate that the values in the same line differ significant at P<0.05.

The pH and titratable acidity analysis results for
whey-based dairy dessert samples are presented
Figure 3. The pH values of dessert samples ranged
between 4.74 and 6.12 at day 1 and there was no
significant difference (P>0.05) in the pH values
during 14 days of storage. This indicates that the
addition of whey and carob powder results in a
stable pH in the dairy dessert samples under
refrigerated conditions. However, differences in
terms of pH values between whey-based dairy
dessert samples were statistically significant
(P<0.05). Lower pH wvalues were obtained in
samples (B, C, D and E) in accordance with added
whey level. On the other hand, during the storage

pH values

period some changes were observed in the
titratable acidity of samples compared to pH
values. The presence of exogenous buffer
constituents in samples derived from milk and
whey can cause the variations in pH were less
pronounced than the variations in acidity
(Tamime and Deet, 1980). The effect of addition
of whey in different ratios and storage time on the
titratable acidity values of dairy dessert samples
were found to be statistically significant (P<0.01).
Titratable acidity values of all dessert samples
decreased until day 7 but increased at the end of
14 days of storage.

mA
=B

mC

mE

Day 1

Day 7
Storage time

Day 14
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Figure 3. pH and titratable acidity of whey-based dairy desert samples
Error bars denote standard deviations. Different letters above the bars indicate significant differences (P<0.05)

between dessert samples.

WHC is a useful tool to describe the ability of a
food matrix to retain free water (Granato et al.,
2012). WHC of the whey-based dairy dessert
samples ranged from min 85.89% (sample E) to
max 92.42% (sample A). In Figure 4, it is
observed that the WHC was negatively affected
(P< 0.05) by whey addition. The lowest WHC
was determined in the E sample, which contains
100% whey with lower acidity. The highest value
of WHC was determined in the dessert sample
with no whey (sample A). However, WHC values
of whey-based dessert samples formulated carob
powder were not affected significantly (P>0.001)
by the storage time and no significant difference

Day 1

Day 7

was observed in sample and storage time
interaction (P>0.05). This result may be due to
effect of the carob powder which is a rich source
of fiber (Srour et al., 2016; Moreira et al., 2017). It
is known that the water absorption and water
holding characteristics of fiber in food
formulation would not only enhance nutritional
value but also improve stability of the food during
storage (Loullis and Pinakoulaki, 2018). These
results were in agreement with the results
obtained by Staffolo et al. (2017) who studied
effect of plant fibers on some properties of low-
calorie dairy dessetts.

A
=B

nC

mE

Day 14

Storage time

Figure 4. Water holding capacity (WHC) of whey-based dairy desert samples

Error bars denote standard deviations. Different letters above the bars indicate significant differences (<0.05)

between dessert samples.
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Color evaluation

Color properties have a remarkable influence on
consumer acceptance (Chudy et al.,, 2020). The
changes in instrumental color parameters
determined using %, 2" and 4" values are presented
in Table 3. As can be seen, L* (lightness) and
U (yellow/blueness) values of whey-based dairy
dessert samples were significantly different. The
highest L" value (41.45) was determined in sample
A containing 100% milk, while the lowest L~
value (34.69) was found in sample E 100% whey.
Depending on the amount of added whey, B, C,
D and E samples exhibited lower L* values.
Carob powder resulted in darkening effect in
color of the samples depending on its original
color. The results for 4 values of dessert samples
were ranging from 5.36 to 06.59, which
represented a color in the yellow region. The

negative 4" values of the samples changed between
-3.65 and -4.70 were perceived as green. No
significant (P>0.05) difference was observed
among 4 (red/greenness) values of samples. But
use of different whey ratio in the formulation
created a significant difference in both L* and /*
values of the samples (P<0.05) (Table3). The
values of [, 4 and b/* were not affected
significantly (P>0.05) by the storage time.
Consequently, the total color difference (AE) for
samples was significantly influenced by whey
addition and storage time (P<0.05). Higher total
color difference values (AE) were obtained in
dessert samples with increasing whey ratios, but
samples became less different than control (A) in
terms of color; that is AE decreased from day 1 to
day 14 in the samples. (Figure 5).

Table 3 Color parameters of whey-based dairy desert samples

Samples ANOVA
[0}
Storage g
Parameters | time g é’ b
A B C D E Sl E| <
(days) 5|38
)8
S0
A,
1 41.45%20.14% | 39.69%0.87* 37.53+1.05> | 36.82+0.81" | 34.691+0.66¢
L 7 40.9840.812 | 39.13£0.352 36.28+0.11> | 37.81%£1.04¢ | 35.19£1.10b | *** | NS | NS
14 39.424+1.012 | 38.36+0.572> | 36.72%1.41bc | 37.34+0.81¢ | 35.87+1.53bc
1 -4.49%0.32 | -4.4910.32 -4.50%0.49 -4.38%+0.13 | -4.70+0.24
a 7 -3.91+0.48 | -3.91+0.91 -4.29%0.34 -4.51+0.21 | -4.39+0.13 | NS | NS |NS
14 -3.6510.28 | -4.25+0.50 -4.25+0.50 -4.41+0.23 | -4.35+0.12
1 5.78+£0.33> | 6.01£0.23b 6.37%0.112 6.54+0.12 | 5.36%+0.38>
b 7 6.12+£0.35* | 6.37£0.232 6.01+0.112 6.59%+0.0¢ | 5.37%£0.09> |**€|NS | NS
14 5.47%£0.12> | 6.09%+0.68* 5.54%0.25P 6.40%£0.0¢ | 5.49%0.16P

Lower cases (*><) indicate that the values in the same line differ significant at P<0.05.

k% P<0.0001, NS: not significant P>0.05, group: sample, time: storage time, group X time: interaction between

sample and storage time

Texture properties

It is well recognized that the structure of foods
greatly affects their textural properties (Almeida
Neta et al, 2018). The results for textural
parameters of whey-based dairy dessert samples
were presented in Table 4. There were significant
differences in textural properties between whey-

based dairy desserts (P<0.05) Firmness is defined
as the force necessary to achieve a given
deformation in the product (Rosa et al., 2015).
The firmness, consistency and viscosity index
values of samples ranged from 2.65 to 6.04 (N),
from 66.98 to 149.34 (N x s) and from 1.22 to 2.27
(N x s), respectively. In Table 4, it can be seen that
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dessert sample A (100% milk) got the highest
values in terms of texture parameters except
cohesiveness. Similarly, all texture parameters
decreased in the samples associated with amount

Table 4

4E
O R, N W A OO N o ©

of whey used. As the amount of whey used in the
formulation increased, texture values decreased
and a softer structure was obtained in the samples

(e.g. sample E with 100% whey).

Q
(o

=B
uC

Day 1

Day 7
Storage time

Day 14

Figure 5. Total color difference values (AFE) of whey-based dairy desert samples

Error bars denote standard deviations. Different letters above the bars indicate significant differences (P<0.05)

between dessert samples.

Table 4 Textural parameters of whey-based dairy desert samples

Samples ANOVA
Q
Storage o g
Parameters time 8 g ;2&
(days) A B c D E B F | g
S B S
&
AN
_ 1 55040138 | 4.75+0.13C | 3.5+0.14Cc | 2.81+0.048d | 2.65+0.138d
l&t)mness 7 6.0440.01% | 563+0.09% | 4.3+0.06% | 3.48F10.41Ad | 3.34+0.06Ad | kx| sork | ek
14 49510.04C2 | 52010.14B2 | 3.86+0.008> | 3.54+0.147c | 3.29+0.03B¢
. 1 134.54+3.528 | 115.57+2.09b | 96.97+10.518¢ | 70.47+1.4384 | 68.71+3.148d
(%)ffl;;ency 7 1493442164 | 142.38+0.0442 | 106.7740.044b | 73.79+0.744¢ | 86.20+1.36Ad | ik | sork |
14 | 126.02+4.74C | 129.0510.768 | 92.91+4.568> | 66.98+0.528¢ | 83.84+1.344d
_ 1 1.1140.022 1.06%0.05 1.1140.09 1.09+0.01 | 1.1140.03A
(CI\‘I’;“WC“C” 7 11240015 | 1.094004 | 1.04£0.04 | 1.08£0.05 | 1.05+0.015 |NS| * | NS
14 1.02+0.018 1.07£0.03 1.06+0.02 1.05+0.01 | 1.04+0.018
- 1 2274013 | 1.97+0.044 | 1.82+0.024c | 1.7010.03Ac | 1.65+0.06A
?gsi";;tymdex 7 21940.012 | 1.810.048> | 1.75+0.06A> | 1.6710.034c | 1.5240.06Bd | %k | ek | %
14 216+0.000 | 1.79+0.04%> | 1.59+0.06B | 1.42+0.0284 | 1.2240.06C¢

Upper cases (BC) indicate that the values in the same column differ significant at P<0.05
Lower cases (*P<d¢) indicate that the values in the same line differ significant at P<0.05.

* P<0.05, ** P<0.001, *** P<0.0001, NS: not significant P>0.05, group: sample, time: storage time, group x time:

interaction between sample and storage time
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Cohesiveness is an important textural property of
dairy products and depends on the internal
structure of the products. It is defined as ratio of
positive force area during the second
compression to that during the first compression
(Rosa et al., 2015). The cohesiveness of dessert
samples determined in this study range from 1.02
to 1.11 (N). Differences in cohesiveness values
were not significant (P>0.05) between the whey-
based dairy dessert samples.

The texture values obtained for carob powder
added whey-based desserts were remarkably
higher than determined in studies carried out on
dairy desserts by Zarzycki et al., (2019), Rosa et
al,, (2015) and Almeida Neta et al., (2018). It is
believed that the difference was related to
presence of fiber-rich carob powder in the
formulations.

There were significant increases in firmness,
consistency and cohesiveness values of all dessert
samples on day 7 and decreases were observed
significantly at the end of storage. These results
were similar those obtained by Almeida Neta et
al., (2018) who carried out a study on fermented
dessert with whey for 21 day. However, it was
found that viscosity index values of all dessert
samples were maximum on 1 day and decreased

slightly during storage period (Table 4).

Sensory evaluation

The results of sensory analyses were given in
Figure 6. Although, statistical data not shown in
the figure; the flavor, color - appearance, textural
and general acceptability scores of samples were
detected as significantly different statistically
(P<0.001). Results showed that the flavor scores
of dessert samples were significantly affected by
storage time (P<0.05). Besides that, the
interaction between sample type and storage time
significantly affected the flavor scores of dessert
samples (P<0.001). Storage time was not found
statistically significant in terms of appearance,
textural and overall acceptability characteristics of
the samples (P>0.05). The highest flavor scores (5
like extremely) were given for sample C (%050 milk
and %50 whey) at days 1 and 7 of storage time.
On the other hand, for samples C and D slight

decrease were observed in flavor from day 7 to
day 14, while there were significant increase in
flavor scores of samples A, B, and E (P <0.05).
Generally, flavor scores of samples A and E were
remarkably lower than others (Figure 6).

(b) Day 7
Color/
Ap?em‘ance
4
3
i A
e B
General ‘
acceptability Flavor :;
——
Texture
(a) Dayl
Color/
A]%pearance
4
3 A
A
b B
General
acceptability \ O . Flavor c
D
v o E
Texture
(c) Day 14
Color/
Appearance
4
—t— A
—3
General \
: o c
acceptability /l Flavor ‘
——F

Texture

Figure 6. Sensory scores of whey-based dairy
dessert samples with carob powder
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Color-appearance attributes of sample C (50%
milk and 50% whey) and D (25% milk and 75%
whey) received higher scores and rated as “like”
in 5-point scale. Although highest L* (lightness)
were obtained in instrumental color
analysis of sample A and sample B containing
larger amount of milk (>50%), appearance scores
were remarkably lower (Figure 6). This result
indicated that darker color in whey-based dairy
dessert with carob powder were more appreciated
by panelists. The texture scotes given for A, B, D
and E with different milk and whey ratios (Table
1) were lower than sample C. The lowest texture
scores were given for sample A and sample E but
the highest and lowest firmness in instrumental
texture analysis were also observed for sample A
and sample E, respectively. In overall assessment,
sample C, whey-based dairy dessert with equal
amounts of milk and whey, exhibited better
overall acceptability compared to other samples
containing more than 50% of whey in the
formulation.

values

CONCLUSION

This study focused on probability of using whey
in dairy dessert production with different ratios
together with carob powder and determining the
characteristics of desserts during storage period.
The use of whey in dairy dessert did not cause
difference in mean composition of the product
except protein content. Whey use in dessert
formulation affected WHC, L 5" and AE values
of dairy dessert samples. However, carob powder
use in the formulation was thought to improve
WHC of whey-based dairy desserts during storage
period. In general, the sensory analysis of whey
based dairy with carob powder dessert indicated
that sample C (50% milk and 50% whey) was
more acceptable for panelists in terms of color-
appearance, textural, flavor and overall
acceptability. The results of this study
demonstrated that, it is possible to use whey in
proper ratios in dairy dessert formulations and
also carob powder can be a good healthy
ingredient alternative for dairy desserts. In further
studies, it is valuable to examine the functional
properties of the whey-based dairy desserts’
characteristics with regarding health effects.
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