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ABSTRACT

Our study aimed to determine the solvent and extraction method that reveals the biological activ-
ities and phenolic contents of the plant Equisetum arvense at the maximum rate. Leaf and stem
extracts of Equisetum arvense were prepared using the soxhlet and maceration method in the pres-
ence of 5 different solvents. The extracts' total phenolic content (TPC) was determined using the
Folin-Ciocalteu method, the antioxidant activity by the DPPH radical scavenging test, and the
antimicrobial activity by the disc diffusion method. When the antibacterial activity results were
examined, the methanolic leaf extract prepared by the maceration method showed the inhibition
zones as 14.5 mm on S. aureus, 14.2 mm on S. epidermidis and 14 mm on E. faecalis. From leaf
parts, it was determined that the methanolic extract prepared by the soxhlet method was 85.1%,
the acetonic extract 84.5%, the methanolic extract prepared by the maceration method 83%, and
the acetonic extract 84.1% scavenged DPPH radical. As a result of the study, it was determined
that the maceration method showed better results in evaluating the total phenolic substance amount
and antimicrobial activity and the soxhlet method in determining the antioxidant activity. It has
been determined that methanol and acetone were the ideal solvents for TPC antioxidant and anti-
microbial activity studies to be carried out with E. arvense plant. In this study, plant leaves and
stems were studied separately for the first time and their biological activities were compared. In
addition, our study provides integrative data investigating and comparing the antioxidant and an-
timicrobial activities of the E. arvense plant in detail with various solvents and methods.

Keywords: Equisetum arvense, Antibacterial activity, DPPH radical
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Introduction

It has been known for many years that plants, fruits and veg-
etables have antioxidant, antimicrobial and anti-inflamma-
tory effects due to their phytochemical composition. They are
used in medicine and nutrition, including the cosmetic indus-
try (Tan & Lim, 2015; Pallag et al., 2018). Herbaceous plants
of Equisetum (horsetail) are widely distributed worldwide,
excluding Australia. E. arvense L. is a perennial fern from the
Equisetaceae family. In traditional medicine, horsetail plants
have long been used (Patova et al., 2019). As a skin antisep-
tic, E. arvense is used in folk medicine to treat kidney and
stomach diseases (Badole & Kotwal, 2015). Many E. arvense
herbal products are mainly used against urinary and kidney
disorders. It is also used in skin, hair and nail care due to the
species' potentially high silica content (Saslis-Lagoudakis et
al., 2015).

The antioxidant activities of plant extracts depend on the ex-
traction efficiency of the bioactive components and the com-
position of the extract. Extraction with solvents is frequently
used for the isolation of antioxidant compounds, and both the
extraction efficiency and antioxidant activity of the extracts
are closely related to the used solvent, mainly due to the dif-
ferent polarities of the obtained compounds (Moure et al.,
2001; Tran et al., 2020). Organic solvents (petroleum ether,
hexane, chloroform, methanol, etc.) are widely used to extract
phenolic compounds as antioxidants (Oniszczuk et al., 2014).
The choice of the most suitable solvent is a determining factor
of the extract properties, and due to the different composition
and structure, each matrix-solvent system exhibits a specific
unpredictable behaviour (Fu et al., 2016).

There are various studies on the active ingredient contents
and biological effects of E. arvense. The effect of extraction
parameters on extract composition has been evaluated in the
literature. Still, differences in biological activity based on
composition changes have rarely been considered in extrac-
tion studies. Active phenolic compounds and the effect of
these parameters on biological activities can be altered by
changing the extraction method and the solvent used. Exten-
sive studies comparing extractions and biological activities
are needed to isolate active phenolic compounds of extracts
and elucidate their effects on biological activity. In this con-
text, the study aims to evaluate the effect of the total phenolic
content antimicrobial and antioxidant activity of 20 different
extracts obtained from the leaf and stem of E. arvense (using
two different extraction methods and five different solvents).

Materials and Methods
Chemicals and Reagents

All the chemicals used in this study (petroleum ether, ethyl
acetate, chloroform, methanol and acetone) and reagents (2,2-
diphenyl-1-picrylhydrazyl (DPPH), Folin-Ciocalteu, Mueller
Hinton Agar, Tryptic Soy Broth, Ascorbic Acid, Sodium Car-
bonate, Gallic Acid) were of analytical grade and obtained
from Sigma or Merck Company, Germany.

Plant Material and Preparation of Plant Extracts

Plant samples were collected by Sule Baran in May-June
2021 (Kazimpasa-Serdivan/Sakarya). After the samples were
sorted and cleaned, they were dried at room temperature in
the shade for seven days. The dried stem and leave samples
were grinded separately in an electric grinder. Scanning elec-
tron microscopy revealed a morphological examination of
dried leaf samples (Figure 1).

The dried samples were extracted by soxhlet and maceration
method. Maceration method: 15 grams of sample was mixed
with 150 mL of solvent (ethyl acetate, petroleum ether, chlo-
roform, methanol and acetone) and kept at room temperature
in the dark for 72 hours. Then, the extracts were filtered on
filter paper. Soxhlet method: Powdered samples (15 g) were
put into soxhlet cartridges and extracted in 150 mL of sol-
vents (petroleum ether, ethyl acetate, chloroform, methanol
and acetone) for eight hours. All extracts were evaporated un-
der a vacuum at 45°C, and the obtained extracts were stored
at -20°C until performing chemical and biological analyses.
The extracts' yield was calculated as the dry weight of the
extract relative to the raw material weight: yield (%) =
m/Mx100 (M is the raw material weight, and m is solvent-
free extract mass).

Determining of Total Phenolic Content

TPC (Total phenolic content) determination was done using
the Folin-Ciocalteu method developed by Singleton and
Rossi (1965). 0.1 mL of the prepared extract (1mg/mL) was
taken, 0.2 mL of 50% Folin Ciocalteu reagent was added and
left for 3 minutes. 1 mL of 2% Na,COj3 solution was added to
it, and it was left to rest in the dark for 1 hour. At the end of
the period, absorbances were measured at 760 nm in the spec-
trophotometer. A calibration curve was employed for gallic
standard, and TPC extract was expressed as mg per gr (mg
GA/g).



Food and Health 10(1), 1-11 (2024) e https://doi.org/10.3153/FH24001

s b
- 1Sk

s
"
p Boa - F ae
g A ¥ =
= o
B i by

Figurel. a) General image b) SEM image of E. arvense leaf surface (X100)

Antioxidant Activity

The modified Blois method was used to investigate the anti-
oxidant activity of E. arvense extracts. (Blois, 1958). 1 mL of
0.004% solution of DPPH radical in ethanol was mixed with
1 mL of extract solution (100 ng/mL). The mixture was held
in a dark place for 30 minutes, and then optical density was
measured at 517 nm in a spectrophotometer. Ethanol was
used as a blank. For determination of the % DPPH radical
scavenging activity the following equation was used:
%DPPH radical scavenging = [(control absorbance-extract
absorbance)/control absorbance] x 100

Antibacterial Activity

Staphylococcus epidermidis ATCC 12228, Bacillus subtilis
ATCC 6633, Escherichia coli ATCC 8739, Enterococcus
faecalis ATCC 29212, Staphylococcus aureus ATCC 29213,
Salmonella typhimurium ATCC 14028 were used as test mi-
croorganisms for determination of antibacterial of E. arvense.
Overnight bacterial cultures were utilised to prepare the bac-
terial suspensions (adjusted to 0.5 McFarland using a densi-
tometer). The disc diffusion method absorbed 20 pL of the
previously prepared extracts (1 mg/mL concentration) into a

Research Article

6 mm diameter sterile disc. density-adjusted bacteria suspen-
sions were inoculated to Mueller Hinton Agars (MHA) using
sterile swabs. Impregnated discs were periodically placed on
inoculated MHA. After a 24-hour incubation at 37°C, the in-
hibition zone (IZs) diameters were measured with a digital
calliper. Solvent (petroleum ether, ethyl acetate, chloroform,
methanol and acetone) impregnated discs were used as a neg-
ative control, and commercial antibiotic discs (Gentamicin
(10 mcg) were utilised as a positive control.

Statistical Analysis

All analyses were carried out in triplicate, and results were
given as mean + SD. Statistical analyses were performed us-
ing the SPSS 20.0 program. Statistical data analyses were ob-
tained using the Duncan test (P <0.05) and One-way
ANOVA.

Results and Discussion

Various methods of extraction of natural compounds have
different extraction yields and efficiency. Our extraction
yield results, which were evaluated with E. arvense stem and
leaf parts using 2 different extraction methods and 5 different
solvents, are shown in Figure 2.
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Figure 2. Extraction yield (%) of applications with maceration and soxhlet method (PeL: petroleum ether leaf, PeS: petroleum
ether stem, ChL: Chloroform leaf, ChS: Chloroform stem, EaL: Ethyl acetate leaf, EaS: Ethyl acetate stem,
MeL: Methanol leaf, MeS: Methanol stem, AcL: Acetone leaf, AcS: Acetone stem)

When the soxhlet and maceration extraction methods were
compared, it was determined that ethyl acetate and chloro-
form solvents produced higher yields in the soxhlet method.
For E. arvense plant, the Soxhlet method produced higher
yields than the Maceration method. It has been shown once
again in our study that the solute used directly affects the
yield during extraction. When the extract yields were com-
pared in both methods, it was seen that the yield increased in
the form of petroleum ether, chloroform, ethyl acetate, meth-
anol and acetone, respectively. This indicates that the yield in

the extracts in our study is related to the polarity of the solu-
tion used and that the efficiency increases depending on the
increasing polarity, and this supports us in the data in the lit-
erature (Do et al., 2014; Ng et al., 2020). Differences in ex-
tract yields from the plant leaf and stem parts tested in the
present analysis may be due to the production and storage of
various chemical compounds in different parts of the plant
(Sultana et al., 2009).
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It is admitted that phenolic compounds of plants can play an
essential role in shaping the biological properties of the plant,
including antioxidant properties (Zlotek et al., 2016). The to-
tal phenolic content (TPC) of the extracts obtained from the
leaf and stem of E. arvense are given in Table 1.

It was seen in Table 1 that the extracts using the maceration
method contained higher TPC values. The maceration tech-
nique is an extraction method at room temperature without
any heating. It can prevent phenolic degradation but may not
produce a high yield, as seen in our study (Dahmoune et al.,
2015; Dewi et al., 2022). However, although the efficiency of
the soxhlet method is high, the extracted phenolic substances
may have been adversely affected since it was extracted un-
der reflux at temperature.

In a study conducted in Serbia, the TPC values of the extracts
obtained from the plant E. arvense were reported as: petro-
leum ether 0 mgGA/g, chloroform 2.86 mgGA/g, Ethyl ace-
tate 43.6 mgGA/g, and methanol 79.52 mgGA/g (Cetojevié-
Simin et al., 2010). In another similar study, TPC amounts
were shown to be petroleum ether < chloroform < ethyl ace-
tate in the solvents. Studies have shown that the solvent's po-
larity affects phenolic compounds' solubility. Phenolic com-
pounds generally show polar properties depending on the -
OH groups in their structure (Boungo Teboukeu et al., 2018;
Aryal et al., 2019). Our study results observed that the phe-
nolic substance increased as the polarity of the solvent used
in the extraction increased. In addition, it was determined that
the extracts prepared with petroleum ether from the plant E.
arvense were unsuitable for TPC isolation.

A wide variety of in vitro assays are used to determine the
antioxidant activity of the plant extract. The DPPH radical
scavenging activity test is one of them. DPPH radical is one
of the most commonly used substrates for rapid antioxidant
activity evaluation because of its stability and simplicity of
the assay (Bozin et al., 2008). It was determined that petro-
leum ether, ethyl acetate and chloroform extracts obtained in
the soxhlet method showed higher antioxidant activity (Fig-
ure 3). When the leaf and stem extracts obtained with the
same solvent were compared, it was determined that they
showed higher antioxidant properties. The highest DPPH
scavenging activity was determined in leaf methanolic extract
(85%). Notably, leaf methanol and acetone extracts show an-
tioxidant activity close to ascorbic acid, which we use as a
standard antioxidant. Methanol and acetone solutions were
the most suitable solvents to reveal the antioxidant properties
of the plant. On the other hand, the antioxidant activity rates
of petroleum ether and chlorophyll solvents remained the
lowest.

There are some studies on the antioxidant activities of E. arv-
ense plants in the literature. However, it is impossible to make
a healthy comparison due to differences in used methods, sol-
vents and plant parts. In this respect, in our study, by compar-
ing the antioxidant activity of the extracts prepared using two
different methods and 5 different solvents, significant com-
plementary information is provided to the literature. In the
literature, studies evaluate the DPPH scavenging and antiox-
idant activity of the plant E. arvense, some of which are given
in Table 2.

Table 1. TPC values of prepared E. arvense extracts

TPC (mgGA/g)

Extract Maceration Soxhlet
Leaf Stem Leaf Stem
P. ether 18.3%1.2 24.5%4+0.2 20.47°+0.5 23.8%4+4.8
Chloroform 156.21°+2 59.1°+0.8 134.04°+2.20 63.09°+0.2
Ethyl acetate 219.76°+1.6 114.28°+1.6 213.3°+4.6 150.47°42.9
Methanol 234.04°+0.9 238.09%+4.3 139.52%+0.7 135.23°+3.2
Acetone 507.61448.3 471.42°40.5 252.1%46.2 466.6'+4.6

The results were performed in triplicate, and the average was calculated. Using the ANOVA Duncan test, different letters symbolised significant
differences (P <0.05).
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Table 2. DPPH scavenging activities of E. arvense extracts in the literature

Used of Methods Solvents Antioxidant Reference
parts activity (DPPH methods)
Stem Maceration Ethyl acetate IC50=2.37pug/mL Mimica-Dukic et. al.2008
Butanol IC50=7.16 pg/mL
All parts Microwave-assisted extraction | Ethanol-water 1 mg/mL for" %33 Milutinovi¢ et al 2014
Stem Modified of Methanol 1 mg/mL for * %87.5 Pallag et al. 2016
Maceration
Aerial parts Maceration Ethyl acetate Img/mL for” %10 %70 Canadanovi¢-Brunet et al
Biitanol 2009
All parts Maceration Methanol 0.2 mg/mL for* %52.4 Necip and Isik 2019

*: %DPPH radical scavenging, IC50: concentration required for 50 percent DPPH radical scavenging
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In the study of Canadanovi¢-Brunet et al. (2009), in parallel
with our study, it was observed that the extract obtained from
ethyl acetate showed deficient antioxidant activity compared
to alcohol. In the given literature, it has been reported that .
arvense plant shows antioxidant activity. As in our study, ex-
tracts prepared with alcohol groups such as methanol are
more effective in revealing antioxidant activity (Table 2). As
seen from Table 2, there are different results among some
studies in the literature, depending on the different parts of
the plant used. Depending on the place where the plants are
collected, the collection time, and the environmental condi-
tions of the area where they are collected, secondary metabo-
lites of different types and rates can be produced. Accord-
ingly, there may be differences in biological activities.

The presence of antioxidant activity of E. arvense, which has
been represented in the literature to contain many bioavaila-
ble, bioactive compounds such as vitamins B1, B2, B6, C, E,
nicotinic acid, folic acid, pantothenic acid (Nagai et al.,20006),
was also confirmed in our study.

Recently, there has been a growing interest in herbal products
and plant compounds. It is known that many diseases, includ-
ing infectious diseases, have been treated with herbal medi-
cines throughout human history. Standardised and reliable
antimicrobial activities are needed to examine the potential
antimicrobial properties of plant-derived phytochemicals
(Othman et al., 2011; Vanlalveni et al., 2021). In order to ob-
tain bioavailable compounds such as phenolic compounds in

herbal extracts at a maximum rate and with minimum degra-
dation, an effective extraction method and solvent selection
should be made.

In our study, the antibacterial activity results of the extracts
obtained from the plant E. arvense by maceration and soxhlet
method are given in Tables 3 and 4. When the study results
were examined, it was seen that the highest antibacterial ac-
tivity was in the methanolic leaf extract prepared by the mac-
eration method. This extract had a broad-spectrum effect on
the test bacteria (S. aureus 14.5 mm, S. epidermidis 14.2 mm,
E. faecalis 14 mm, B. subtilis 13.5 mm inhibition zone diam-
eter). This extract was comparable to gentamicin, a standard
antibiotic on S. aureus, E. faecalis and S. epidermidis. Its vig-
orous antibacterial activity on S. aureus, one of the most com-
mon Gram-positive bacteria in food poisoning, is valuable
data for the literature. The extract obtained from the leaf part
of the E. arvense plant was more effective on the test bacteria
than the stem extracts. It was determined that the acetonic ex-
tract prepared by the maceration method among the extracts
obtained from the stem produced the highest activity in S. au-
reus with an inhibition zone diameter of 11 mm. In addition,
it was determined that only methanolic and acetonic stem ex-
tracts prepared by the maceration method showed activity on
S. aureus. In the soxhlet method, it was observed that only
the methanolic extract formed a 10 mm inhibition zone on E.
faecalis.

Table 3. Antibacterial activity of extracts obtained by maceration method

Test bacteria (Inhibition Zones (mm) (£SD))

Extracts Bs |Ee| Ef Sa se | st

P. ether 0 0 0 8 0 0

« | Ethyl acetate 0 0 0 0 0 0
E Chloroform 0 0 0 0 0 0
Methanol 135405 | 0 14 £0.1 145+04 | 142402 | 0
Acetone 8 +0.1 0] 9.5+0.5 9.5 0.5 8 £0.3 0

P. ether 9 +0.1 0 8 0 0 0

£ Ethyl acetate 0 0 0 0 0 0
2 | Chloroform 0 0 0 0 0 0
# | Methanol 0 0 0 9 0 0
Acetone 0 0 0 11+0.9 0 0
Gentamicin 10 mcg 20 18 19 22 21 20
N. Control 0 0 0 0 0 0

Bs-Bacillus subtilis, Ec-Escherichia coli, Ef-Enterecoccus faecalis, Sa-Staphylococcus aureus,
Se-Staphylococcus epidermidis, St-Salmonella typhimurium.
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Table 4. Antibacterial activity of extracts obtained by Soxhlet method

Test bacteria (Inhibition Zones (mm) (=SD
Extracts Bs Ec ( Ef Sa m (Se ) St
P. ether 0 0 0 0 0 0
— Ethyl acetate 0 0 9.5+04 0 0 0
§ Chloroform 0 0 0 0 0 0
Methanol 9 +0.1 0 8 0 0 0
Acetone 0 0 8 0 0 0
P. ether 0 0 0 0 0 0
£ Ethyl acetate 0 0 0 0 0 0
) Chloroform 0 0 0 0 0 0
“ | Methanol 0 0 10 +0.1 0 0 0
Acetone 0 0 0 0 0 0
Gentamicin 10 mcg 20 18 19 22 21 20
N. Control 0 0 0 0 0 0

Bs-Bacillus subtilis, Ec-Escherichia coli, Ef-Enterecoccus faecalis, Sa-Staphylococcus aureus, Se-Staphylococcus
epidermidis, St-Salmonella typhimurium

It is determined that all the extracts used in the study don’t
have antibacterial activity on the gram-negative bacteria E.
coli. Canadanovi¢-Brunet et al. (2009) reported that chloro-
form and petroleum ether extracts, which they extracted from
the plant E. arvense by the maceration method, did not have
antibacterial activity on the bacteria they used; our data also
support this. In another study, E. arvense extract was shown
to be ineffective on E. coli (Pallag et al., 2018). The differ-
ence in cell wall structure and permeability of Gram-positive
and Gram-negative bacteria causes different sensitivities
(Kosanic et al., 2015). In Gram-negative bacteria, the outer
membrane is a barrier to many substances, including antibi-
otics. Gram-negative bacteria have an outer phospholipidic
membrane that carries the lipopolysaccharide components.
Gram-positive bacteria, on the other hand, only have an outer
peptidoglycan layer that does not have an effective permea-
bility barrier (Kosanic et al., 2012; Albouchi et al., 2013).

Recent studies have confirmed the in vitro antimicrobial ac-
tivity of the plant E. arvense (Radulovi¢ et al., 2006; Cana-
danovi¢-Brunet et al., 2009; Uslu et al., 2013). Studies have
also reported that Petroleum ether and chloroform solvents
are unsuitable for antibacterial activity studies of E. arvense.

Conclusion

As a result of the study, it was determined that the method
and solvent used in preparing the extract are essential in re-
vealing the chemical content and exhibiting the activity. Gen-
erally, extracts produced by the maceration method exhibited
higher antibacterial activity, while those obtained by the
soxhlet method showed higher antioxidant activity. It was de-

termined that the qualitative efficiency was not directly re-
lated to the extract yield values. Leaf extracts generally
showed higher antioxidant and antibacterial activity than
stem extracts. In addition, the highest antioxidant and anti-
bacterial activity was found in the methanolic leaf extract. It
has been determined that methanol and acetone are the ideal
solvents for TPC antioxidant and antimicrobial activity stud-
ies to be carried out with E. arvense. In addition, the im-
portance of pre-experiment optimisation to find the appropri-
ate method and solvent while investigating the biological ac-
tivities of herbal extracts has been demonstrated in our study.
As a result, horsetail is not only healthy food but also helpful
in protecting from various diseases due to its antioxidant and
antibacterial activity. We believe it will bring a high added
value to the scientific world by examining the effects of the
bioactive components on various diseases in detail in future
studies.
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Food handlers' poor food safety practices increase the risk of foodborne diseases. In this study,
food safety practices varied significantly according to gender, age, grade level (student or gradu-
ate), and internship status but did not differ according to marital status and income. Correct cutting
board use received the highest score (92.6%) among student and graduate food handlers. Double
tasting, hand cleaning before food contact, and expiration date/first in-first out rule were scored
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Introduction

Food safety is a global issue in terms of consumers and food
handlers. Unsafe foods containing biological (pathogens) and
chemical hazards cause more than 200 illnesses, ranging from
diarrhoea to cancers (WHO, 2022). The World Health Organ-
ization reported that almost one in ten people fell ill after con-
suming contaminated food. This causes a loss of 33 million
healthy life years (disability-adjusted life years [DALYs])
each year. Meanwhile, foodborne diseases strain health sys-
tems and harm countries’ economies, especially in tourism
and trade. For the health system, about 110 billion USD is
lost yearly in productivity and medical expenses resulting
from unsafe food in underdeveloped and developing coun-
tries (WHO, 2022). The situation is similar in developed
countries. In 2021, 4,005 foodborne diseases were diagnosed
in the European Union, 29.8% more cases than in 2020
(EFSA, 2023). According to PAHO (2023), foodborne dis-
eases can be eliminated mainly if food handlers follow food
hygiene and other safe food preparation guidelines because it
is known that food handlers’ practice causes 20% of food-
borne diseases (Michaels et al., 2004). A previous study
(Schwartz, 1975) suggested a relationship among food han-
dlers' knowledge, attitude, and practice (KAP). Food safety
practice has been demonstrated as a consequence of
knowledge and attitude. This makes food handlers’ practices
the most influential determinant of food safety.

To the author’s knowledge, the food safety practices of gas-
tronomy and culinary arts students and recent graduates have
not been studied so far. Limited studies investigate students'
food safety practice levels (Ali et al., 2023; Giritlioglu et al.,
2011; Hassan & Dimassi, 2014; Ovca et al., 2018). Giritlioglu
et al. (2011) and Ovca et al. (2018) were conducted among
undergraduates professionally engaged in food handling.
However, neither of these studies examined what demo-
graphic characteristics determine the food safety behaviour
of food handlers and to what extent. Internship status and
grade level (student or recent graduate) might change the
food handlers’ behaviours and food safety practices in com-
mercial food establishments. On a commercial scale, identi-
fying risky demographic groups is essential for designing
monitoring systems and targeted food safety training. An-
other point is that these findings will contribute to improving
the food safety education curriculum at the university.

Therefore, this study focuses on the self-reported evaluation
of food safety practices regarding the demographic profiles
of young Turkish food handlers from culinary programs. The
objectives are (1) to evaluate the proportion of correct re-

sponses among these educated young food handlers to ques-
tions about food safety practices; (2) to compare the levels of
food safety practice according to socio-demographics; (3) to
determine the socio-demographic predictors of food safety
practice.

Materials and Methods

Survey

In this study, a 3-point Likert scale was used, with each state-
ment scored as (1) incorrect, (2) not sure, and (3) correct. The
survey comprised socio-demographics (6 questions) and self-
reported food safety practices (19 statements). Gender, age,
monthly income, marital status, grade level, and internship
status were the questions determining the socio-demographic
profile of the respondents. Celen and Avcikurt (2017) pro-
vided the framework of the survey statements. For a pilot
study, the survey form was sent to 30 young food handlers
who did not participate in the main study. The form was cor-
rected by the feedback of the handlers about typos and the
intelligibility of the text. Then, the consistency of the final
version of the survey was measured using Cronbach’s Alpha
as 0.8. This value is greater than the acceptable level (0.7)
according to Cortina (1993), showing that the food safety
practice survey has good internal consistency.

Sampling and Data Collection

Using G*power software (3.1.9.4 version, 2019, Heinrich-
Heine-Universitit Diisseldorf, Diisseldorf, Germany), the
minimum sample size was calculated as 200 (Figure S1) at
the alpha level of 0.05, power level of 0.80, and effect size
0.25. However, 403 randomly selected participants with ex-
perience in food handling were involved in the study.

The data were collected online from culinary program gradu-
ates and students using convenience sampling. As the survey
was voluntary, each respondent signed a voluntary participa-
tion form before scoring. All procedures were carried out by
the World Medical Association Declaration of Helsinki and
the ethical standards of the Turkish National Research Com-
mittee.

Statistical Analysis

The statistical analysis was performed using SPSS 23 (IBM,
New York, USA). A frequency test was used for incorrect,
not sure, and correct scores, cross-tabulation to show good
practice levels with rates according to the socio-de-
mographics, and variance analyses (Independent-samples t-
test and ANOVA) to compare the survey scores of the young
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food handlers. Binary logistic regression was carried out to
find the socio-demographic predictors of food safety practice,
and the results were interpreted using odds ratio (OR). Mi-
crosoft Excel (version 365, Microsoft Corporation, Washing-
ton, US) was also used to determine the young food handlers’
food safety practice levels as “good” if they had a correct
score rate of 60% or more. The results were considered sig-
nificant for p < 0.05 at the 95% confidence interval.
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Figure S1. Sample size calculation in G*power

Results and Discussion

The socio-demographics of the young food handlers are pre-
sented in Table 1. 58.1% (n = 234) of the respondents were
male; 56.3% (n = 227) were between 18-24 years old; 63.0%
(n = 254) had an income of less than $425; 69.7% (n = 281)
were single; 55.3% (n = 223) were graduates and 74.9% (n =
302) had fulfilled their internship requirement.

The distribution of the practice scores is summarised in Table
2. The highest correct score (92.6%) was found in the state-
ment, “It is enough to turn the same cutting board upside
down to prepare raw and cooked foods in succession”. Other

ate
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statements with a correct score rate higher than 90% were
“Since the food is cooked, there is no harm in tasting it with
a stirring spoon” with 90.8%; “I clean appliances after use”
with 90.6%; “I wash my hands with hot water and soap before
touching food” with 90.6%; and “I store food by the time of
purchase, not the expiration date” with 90.1%.

Table 1. Socio-demographics of the young food handlers

(n=403)
Variables Frequency Percentage
Gender
Female 169 41.9
Male 234 58.1
Age (years)
18 -24 227 56.3
25-30 176 43.7
Monthly income
Less than $ 425 254 63.0
$425-9% 637 41 10.2
$638-5850 62 15.4
More than $ 850 46 11.4
Marital status
Married 122 30.3
Single 281 69.7
Grade Level
Student 180 44.7
Graduate 223 55.3
Internship status
No 101 25.1
Yes 302 74.9

Similarly, in the Al-Kandari et al. (2019) study, food handlers
strongly agreed with changing the cutting board (89.6%) after
use for raw foods, and 93% of the food handlers avoided
cross-contamination by using cutting boards correctly during
food preparation. Another instance of high awareness about
the use of kitchen utensils is that the stirring spoon is not used
repeatedly to taste food. Double dipping, however, is widely
observed in European TV cooking shows (Geppert et al.,
2019). It is a disgusting habit and causes microorganisms to
be transferred to food. This poor habit can be avoided mainly
by having tasting spoons of a different shape from stirring
spoons and keeping them readily available while cooking, as
the food handlers of this study did. Therefore, the correct
score may be high.

Considering awareness of appliance cleaning, it was reported
that kitchen appliances were cleaned periodically (e.g., refrig-
erator cleaning at least once a month) by 58% of food han-
dlers (Gilbert et al., 2007). Byrd-Bredbenner et al. (2007)
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found that young food handlers scored less than 60% on ap-
pliance cleanliness, which was in line with their practice, as
nearly half of the handlers were observed to have dirty
kitchen appliances during the food safety audit. A double
check at the end of the shift using a checklist can resolve these
cleaning issues, and the participants of this study solved the
problem with this control method.

From another aspect, cleaning appliances is necessary to pre-
vent food from allergen contamination. The finding of the
Galan-Malo et al. (2019) study is consistent with the effec-
tiveness of cleaning on the removal of allergens, and it has
been reported that cleaning with conventional detergents on
food contact surfaces can remove 91% of remaining milk and
100% of egg and gluten residues.

As another cleaning practice, hand hygiene is an essential fac-
tor in controlling pathogens and cleaning the food preparation
area. Still, hand washing with soap prevents food contamina-
tion (Codex Alimentarius, 2023). As in the present study, in
the Moreb et al. (2017) study, most food handlers (85%)
agreed that soap and warm water were necessary for proper
hand washing, and likewise, Hassan and Dimassi (2014)

found that 87% of food handlers followed correct hand wash-
ing procedures.

As a high-scored food safety practice, the expiration date in-
dicates freshness. Consumers feel safe consuming "fresh"
products that do not contain microorganisms that degrade
food quality or pathogens that cause foodborne disease (For-
tin et al., 2009). Controlling expiration dates reduces the risk
of purchasing a stale, degraded, or possibly spoiled product
that may hurt the consumer's health. Some people, however,
might deal with the sensory characteristics of foods rather
than their expiration dates (Barone & Aschemann-Witzel,
2022). In some cases, since the expiration dates are not in the
same place on every package, significantly visually impaired
or elderly individuals cannot find or read the date on the label.
According to Shiferaw et al. (2000), 50% of the individuals
studied noticed food labels, and 87% were able to read them
properly. However, the findings of this study do not coincide
with these arguments; the food handlers note the opening date
of the package next to the expiration date before using food-
stuffs; thus, they are considered to have checked the expira-
tion dates simultaneously. Therefore, the rate of correct scor-
ing may have been unrealistically high.

Table 2. Score rates of food safety practice items

Statements Correct (%) Incorrect (%) Not sure (%)
The food I prepare does not cause disease. 79.1 10.7 10.2
All the food I prepare is safe. 59.3 21.6 19.1
Nobody has ever become ill from the food I prepared. 67.0 9.4 23.6
I cook food at the right temperature. 87.6 2.2 10.2
I store food at the appropriate temperature. 87.1 2.2 10.7
I clean appliances after use. 90.6 1.7 7.7
I can explain with inner peace to the guests how I prepare the food. 77.2 9.6 13.2
I wash my hands with hot water and soap before touching food. 90.6 3.2 6.2
I wash my hands with hot water and soap after touching raw food. 85.9 3.2 10.9
Using expired food does not pose a risk. (-) 86.2 6.9 6.9
It is enough to turn the same cutting board upside down to prepare raw and 92.6 2.4 5.0
cooked foods in succession.(-)

Vegetables to be cooked do not need to be washed.(-) 45.7 39.0 15.3
I wear gloves if I have cuts, wounds, or burns on my hand. 84.4 5.0 10.6
Since the food is cooked, there is no harm in tasting it with a stirring spoon.(-) 90.8 4.0 5.2
I store food by the time of purchase, not the expiration date. (-) 90.1 4.7 5.2
I can reduce the microorganism load by drying the utensils after washing them. 80.4 3.2 16.4
I do not keep raw meat at room temperature for over 2 hours. 85.1 32 11.7
If I am busy, I can skip washing my hands. (-) 43.9 49.4 6.7
I taste food with my finger. (-) 84.4 12.9 2.7

(-): Reverse-coded statements
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On the other hand, the lowest correct score rates were calcu-
lated for the statements “If I am busy, I can skip washing my
hands” (43.9%) and “Vegetables to be cooked do not need to
be washed” (45.7%), respectively. The Clayton et al. (2015)
study stated that the first food safety rule that some food
workers skipped due to their workload was hand washing and
changing gloves. In other words, the first rule food handlers
bend when they are rushed has to do with personal hygiene.
However, hand washing is critical to prevent 33% of gastro-
intestinal diseases (Food Safety, 2021) and many foodborne
diseases caused by norovirus, Campylobacter, Salmonella,
and Escherichia coli (CDC, 2022). For this reason, the aware-
ness of food handlers should be increased by refresher hy-
giene training or by reminding handlers of the importance of
handwashing while preparing food.

For the issue of washing raw materials, it was observed that
the chefs in TV cooking shows also did not wash plant-based
foods properly (Geppert et al., 2019). Physical (dust and soil),
chemical (trace metals), and biological (spores of Clostridium
botulinum, Clostridium perfringens, and Bacillus cereus)
hazards can be eliminated via proper washing practice (Kays-
ner, 1999). Moreover, Badri et al. (2022), Dardona et al.
(2021), and Dixon et al. (2013) reported a possible risk of in-
fection by protozoan parasites (Entamoeba histolytica, Cryp-
tosporidium spp., Giardia lamblia, Toxoplasma gondii, Plas-
modium falciparum) in improperly washed vegetables and
fruits.

Another point to consider for washing is that accumulation of
trace metals, such as lead (Pb) and chromium (Cr), in the
body causes systemic severe health problems due to their cel-
lular and neurological effects, in addition to oxidative stress
induced by metal triggering free radical formation (Jaishan-
kar et al., 2014; Martin & Griswold, 2009; Rai et al., 2019).
The Nabulo et al. (2010) study also revealed a risk of trace
metals in unwashed garden stuff. 90% of Pb traces are meas-
ured in edible portions of vegetables, and Pb is found 9 times
more in unwashed vegetables than in washed ones. In addi-
tion, Nabulo et al. (2010) found that more than 30% of un-
washed vegetables contained higher Pb concentration than
the maximum limit (0.3 mg kg~ '), which is permitted in the
EU (European Union, 2001). Like Pb, Cr concentration can
be reduced by 21% by washing (Nabulo et al., 2010). There-
fore, it is possible to reduce trace metal residues below the
maximum permitted value by washing. This finding demon-
strates that washing vegetables before preparation and con-
sumption is critical for preventing physical, chemical, and bi-
ological hazards. Unfortunately, this process is not given
enough attention by food handlers in this study. For overall
assessment, all low-scoring practice statements are simple but
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common mistakes in the commercial kitchen; however, it
should be remembered that most foodborne diseases result
from poor practice rather than poor food safety knowledge.

Levels of food safety good practice according to the socio-
demographic profiles of the respondents are shown in Table
3. The rate of good practice of food safety among females
(15.84 £1.98) is significantly higher than that of males (14.53
+3.40) at the conditions of t (341.41) =5.29 and p = 0.000. In
general, females prepare food more safely than males. This
argument is in line with the research findings of the Sanlier
(2010) study. This result may be because females perform
more food preparation at home than males, making them
more knowledgeable and experienced in safe food practices
(Sanlier, 2010).

Considering the age groups, a significant difference was
found between the respondents in the 18-24 (15.50+2.23) age
group and the 25-30 (14.53 +3.63) age group [t (228.38) =
5.53, p = 0.000]. Most (55.5%) of respondents in the 18-24
range are still students. These individuals are still taking ap-
plied food safety courses at university; this may explain this
difference. Similar findings obtained in the Kang et al. (2010)
study indicated that there was a negative correlation between
age and food safety practice scores (p<0.05). It was reported
that food handlers aged 18-24 scored higher in the correct
practice of food hygiene than individuals aged 25-35 (Islam
et al., 2023).

In terms of grade level, the excellent practice levels of stu-
dents (15.78 £1.96) were higher than those of graduates
(14.51 £3.46), with values of t (341.80) = 4.76 at p = 0.000.
It was an expected result that the correct food safety practice
rates of students would be higher than those of graduates
since the students had recently updated food safety
knowledge and have been using this while preparing food at
the university; education ameliorates the food safety practices
of food handlers. Stein et al. (2010) also showed that the cor-
rect food safety practice level increased after individuals re-
ceived training. In addition, these findings parallel the Nik
Husain et al. (2016) study, which declares that safer food will
be prepared through food safety training and that food han-
dlers will be more competent in practice. When training is not
carried out with practice, food safety rules are replaced by
other priorities, such as the pressures of event, banquet or buf-
fet meals, which should be prepared in food establishments
with limited personnel, excessive workload, overtime, and
extended working hours. For this reason, graduates' good
food safety practice levels may be low. This context is also
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revealed by Adesokan and Raji (2014), which show the neg-
ative relationship between working experience and food
safety.

Another point to consider is that internship status signifi-
cantly influences good practice levels. The levels of the re-
spondents who did not fulfil an internship (15.43 £2.08) were
higher than the levels of those who had completed an intern-
ship (14.96 £3.19) with values of t (275.20) = 3.04 at p =
0.003, although internship is the best way to turn theoretical
knowledge into practice. Lema et al. (2020) showed that in-
ternship experience improves food safety practices. Astound-
ingly, this study determined that the internship negatively af-
fected the food handlers' behaviour towards safe food prepa-
ration. When the places where the trainees had completed
their internships were examined, it was seen that cafes and

restaurants were in the majority (60%). In addition, it was de-
termined that some students (5%) were exempted from in-
ternships, while some (5%) did their internship in the cafete-
ria within the university. Accordingly, only 30% of these
food handlers had internships in hotels and corporate catering
companies. In other words, it can be said that the place of
internship  significantly affects the level of food
workers’ food safety practices. Jeinie et al. (2016) also
emphasised the importance of the internship location and
even the hotel type (business, resort, or boutique).

In contrast to these socio-demographic factors that change the
levels of food safety practices of food handlers, food safety
practice scores did not vary by income or marital status. Con-
sequently, the best scores on safe food preparation in the cur-
rent study were female students aged 18-24 who have not yet
fulfilled their internship requirements.

Table 3. Comparison and logistic regression results for good practice level on food safety

Variables Good practices of B S.E. OR (95% CI) Significance
food handlers (%)
Gender
Female 97.0° 1.0
Male 82.1° -1.6 0.5 0.2 (0.1, 0.6) 0.002%**
Age (years)
18 -24 96.5° 1.0
25-30 77.8° -1.9 0.4 0.1(0.1,0.3) 0.000%**
Monthly income
Less than $ 425 87.0 1.0
$425-9%637 85.4 0.3 0.6 0.8 (0.3,2.4) 0.649
$ 638 -3 850 91.9 0.3 0.6 1.3(0.4,4.2) 0.618
More than $ 850 93.5 1.2 0.7 3.3(0.8,13.2) 0.089
Marital status
Married 86.1 1.0
Single 89.3 0.6 0.4 1.8 (0.8, 3.8) 0.145
Grade Level
Student 96.1° 1.0
Graduate 82.1° -2.1 0.8 0.1 (0.0, 0.6) 0.007%**
Internship status
No 95.0° 1.0
Yes 86.1° 1.5 0.9 4.5 (0.8, 27.6) 0.100

***The values are significantly different at p <0.01.
Omnibus Test of Model Coefficients: y*>= 70.9, df =8, p = 0.0.
Hosmer and Lemeshow Test: y*>=14.4 df =8, p=0.1.
Nagelkerke R?>= 0.3
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As shown in Table 3, the regression model for safe food prep-
aration was utilised to find the influence of socio-demo-
graphic characteristics on the levels of good practice among
young food handlers. The model was checked using Omnibus
Tests of Model Coefficients (x*= 70.9, df = 8, p = 0.0). The
Hosmer and Lemeshow Test (x> = 14.4 df =8, p = 0.1) is the
most reliable tool to test the goodness of model fit. The model
could be accepted to predict sound practice effects because
the p-value is more significant than 0.05 (Pallant, 2020). The
model explains 31.4% (Nagelkerke R?) of differences in
young food handlers' good practices in safe food preparation.
The model correctly predicted 88.1% (classification table
value) of the observed poor or good practice levels. The re-
sults of binary regression showed that good practice levels for
safe food preparation significantly varied according to gen-
der, age, and grade level (p < 0.01). For gender groups, males
were 0.2 times less likely than females to observe safe food
practices. Likewise, Buccheri et al. (2007) predicted that fe-
males were more likely to behave safely while preparing
foods because protective practices and risk perception are
higher in females than in males (Shiferaw et al., 2000). For
age groups, food handlers aged 25-30 were 0.1 times less
likely to prepare food safely than those aged 18-24. Chuang
et al. (2021) determined that young adults have more risky
food practices due to inadequate cleaning habits and engaging
in practices that cause cross-contamination. Older individu-
als' safer food preparation than younger ones was attributed
to their exposure to more food safety education and practices
over time in previous studies (Zorba & Kaptan, 2011). The
results of this study follow the same rationale but in the op-
posite direction; since most individuals between the ages of
18-24 are students, continuing food safety education may
have improved their level of safe food practice. On the other
hand, these results suggested that food handlers aged 25-30
did not receive satisfactory food safety training in the food
premises where they work. Similar to the results comparing
age groups, the OR of 0.1 for the graduate level showed that
the graduates were 0.1 times less likely to practice safe food
preparation than the students. Moreover, income, marital sta-
tus, and internship status were not predictors in the good prac-
tice model for food safety.

Conclusion

In the study, the safe food preparation levels of the students
and graduates of the culinary programs who have taken theo-
retical and applied food safety courses at the university and
who were at most 30 years old were evaluated by self-re-
ported practice. The excellent practice rates of food handlers
differed significantly according to gender, age, grade level

Research Article

(student or graduate), and internship status. Still, no signifi-
cant difference was found according to income or marital sta-
tus. Gender, age, and grade level predicted the levels of food
safety practice of the food handlers. In summary, it was de-
termined that female students aged 18-24 were more likely to
have good practice in food safety. These findings are essential
in identifying risk groups of food handlers in the food sector
and providing training on hazards. In further research, the
sample can be divided into educated- and non-educated food
handlers, and length of employment can be included in the
demographics. Thus, the effect of experience on food safety
practice will be examined. In addition, the results might be
consolidated with one-on-one interview outputs using quali-
tative research methods.
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Bolimi, Kastamonu, Tiirkiye Bu galismada kestane bali kovanlarindan temin edilen propolislerde maserasyon, refluks ve ultrasonik destekli ekstraksiyon yontemleri

uygulanarak etanolik propolis ekstraktlari elde edilmistir. Her ti¢ yontem ile hazirlanan kestane propolis ekstraktlari 1s1l islem uygulanmamis
gida modeli olarak ¢icek ve kestane ballarina 4 farkli oranda (%0, 1, 2 ve 4) ilave edilerek, bal karigimlarinin antioksidan aktivite, toplam

ORCID IDs of the authors: fenolik, renk ve duyusal analizleri yapilmistir. Kestane balinin antioksidan aktivite (AO) (%82.96) ve toplam fenolik madde (TFM) igerigi

(412.50 pg GAE/g), ¢igek balindan (AO: %49.69, TFM:127.50 ng GAE/g) daha yiiksek olmasina ragmen, %4 propolis ilavesiyle ¢icek bali
S.N.§.Y. 0000-0002-4557-592X biyoaktif niteliklerinin (AO: %90.00, TFM: 713.60 ug GAE/g) kestane balna (AO: %89.08, TFM: 849.17 ng GAE/g) yakn diizeye geldigi
M.H.E. 0000-0003-4300-7790 belirlenmistir. Yiiksek renk yogunluguna (1803.5 mAU) sahip kestane balinin renginin ¢igek balindan (378.5 mAU) gorsel olarak da 6nemli

diizeyde koyu olmasi nedeniyle, kestane balina propolis ilavesinde farkl ilave orani ve ekstraksiyon yontemi son iiriin renk yogunlugunu
onemli diizeyde etkilenmemistir (p>0.05). Ancak ¢igek ballarinda propolis ilavesi renk yogunlugunu 6nemli diizeyde (p<0.05) artirmigtir.
Ug ekstraksiyon yontemiyle hazirlanan propolis ekstraktlar1 4 farkli oranda (%0, 1, 2 ve 4), 1s1l islem uygulanmis ve goklu bilesene sahip
bir gida modeli olarak temel kek formiilasyonuna ilave edildiginde ise, iiriin biyoaktif niteliklerinin (AO: %11.97, TFM: 285.0 ug GAE/g)
artan propolis ilave oranina bagli olarak arttig1 belirlenmistir. Propolis yiiksek biyoaktif nitelikleri itibariyle ilave edildigi gida modellerinin
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Use of chestnut propolis extract produced by maseration, reflux and ultrasound-assisted extraction methods in different food

Miige HENDEK ERTOP models: Effect on physicochemical, sensory and bioactive properties
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This study obtained ethanol-extracted propolis by applying maceration, reflux, and ultrasound-assisted extraction methods to propolis obta-
ined from chestnut honey hives. Chestnut propolis extracts prepared by the methods were added to flower and chestnut honey at four different
rates (0, 1, 2 and 4%) as a food model without heat treatment, and antioxidant activity, total phenolic content, colour, and sensory analysis
of honey mixtures were made. Although the antioxidant activity (AO) (82.96 %) and total phenolic content (TPC) (412.50 pg GAE/g) of
chestnut honey were higher than that of flower honey (AO: 49.69%, TPC: 127.50 ng GAE/g), it was determined that the bioactive properties
of flower honey (AO: 90.00%, TPC:713.60 ug GAE/g) rose close level to that of chestnut honey (A0:89.08%, TPC: 849.17 ug GAE/g)
thanks to the addition of 4% propolis extract. Because the colour of chestnut honey with high colour intensity (1803.5 mAU) is significantly
darker than flower honey (378.5 mAU), the different addition rates and extraction method of propolis did not significantly affect the final
product colour intensity of chestnut honey (p>0.05), the addition of propolis in flower honey increased the colour intensity significantly
@ ® (p<0.05). When propolis extracts prepared with three extraction methods are added to the basic cake formulation as a heat-treated food

model in 4 different ratios (0, 1, 2 and 4%), the bioactive properties of the products (AO: 11.97%, TFM: 285.0 pg GAE/g) were determined
to increase depending on the increasing propolis addition rate. Although propolis increases the antioxidant activity and phenolic substance
© 2023 The Author(s) content of the food models to which it is added due to its rich bioactive content, sensory properties of the food models were analysed due to
propolis extracts' unique, intense taste, colour and flavor, and the results were evaluated with Principal Component Analysis. In terms of
both food models, the products with propolis produced by maceration extraction had higher sensory evaluation scores. In contrast, the control
samples without propolis were found to be similar to the products with 1% and 2% propolis added, respectively. The products with 4%
Avai . propolis added showed separate clustering with low evaluation scores.
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Giris

Ispanya’da milattan 6nce 7000’lerde “Cuevas de la Arena”
daki kazilarda ortaya ¢ikan resimler, insanlarin oldukca eski
donemlerden bu yana ar1 ve ari iiriinleri ile ilgilendigini gos-
termektedir. Ariciligin baslangici insanlarin arilara zarar ver-
meden aga¢ kovuklarinin igindeki balin bir miktarini arilara
birakip geriye kalan kismin1 hasat etmeleriyle basglamistir.
Daha sonra aga¢ govdelerinin ici oyularak arilara barmak
olusturmak i¢in ariliklar yapilmistir. Son zamanlarda ise ari-
cilik faaliyetleri is¢i ar1 koloni sayisinin artirtlmasi, bu kolo-
nilerden yalnizca bal degil polen, ar1 siitli ve propolis gibi di-
ger an Uriinlerinin tiretimi gibi katma degerli {iriinlerin elde
edilmesine yonelik tarimsal bir etkinlige dontismiistiir (Cos-
kun ve Inci 2020).

Propolis; arilarin alt ¢eneleriyle ¢igeklerin ve bitkilerin (cam,
kestane, okaliptus, kavak) tomurcuk, yaprak ve koruyucu re-
¢inelerini zamk, polen gibi maddelerle karistirip alt ¢enele-
riyle kaziyarak toplamast, agizlarinda nemlendirip salgiladik-
lar1 ¢esitli enzimler ve balmumu ile yumusatarak pelet sekline
getirmesi ve arka ayaklarindaki polen sepetine iletmeleriyle
olusur (Ghisalberti, 1979; Burdock, 1998; Castaldo ve Ca-
passo, 2002; Bayram, 2015). T.C. Tarim ve Orman Bakanligi
Tiirk Gida Kodeksi Ar1 Uriinleri Tebligi Mevzuat Taslag
(No: 2020/07)’ na gore propolis “Bal arilarinin, bitkilerin
gbvde, yaprak ve tomurcuk gibi kisimlarindan topladigi regi-
nemsi maddeler ile bitki nektar ve polenlerini, balmumu ve
enzimleri ile karistirarak olusturduklari islenmemis {iriin”
seklinde tanimlanmustir.

Propolisin kimyasal bilesimi, cografi kdkeni, bitkisel kdkeni,
kovan cevresindeki flora, iklim ve cografi kosullar, bal arila-
rinin gesitleri ve hasat zamani gibi cesitli faktorlere bagli ola-
rak degisim gosterir. Genel olarak polifenoller (flavonoidler,
fenolik asitler ve esterler), fenolik aldehitler ve ketonlar gibi
300'den fazla farkli bilesenden olusur. Recineler ve bitkisel
balsam (%50), balmumu (%30), polen (%5), esansiyel ve aro-
matik yaglar (%10) ve diger bazi organik bilesikleri igerir
(Anjum ve ark., 2019). Propolisin biyoaktivitesindeki degi-
simler ise kimyasal yapisindaki bilesenlerin farkliligindan
kaynaklanmaktadir (Moreno ve ark., 2000; Silici ve Kutluca,
2005; Ahn ve ark., 2007).

Propolisin antibakteriyel, antifungal, antiviral, antienflamatu-
var, antiiilser ve antitlimor 6zellikleri gibi faydali biyolojik
aktiviteye sahip olmasi tipta ve kozmetikte yaygin olarak kul-
lanilmasina neden olmustur (Yildiz ve ark., 2014; Bankova
ve ark., 2019; Chi ve ark., 2020; Mendonga ve ark., 2020).
Propolis iceren kozmetik iiriinleri; sabun, losyon, sampuan,
cilt kremi, antiseptik soliisyon, burun spreyleri, dis macunu

ve yiiz maskeleri seklinde siralanabilmektedir (Nori ve ark.,
2011; Jung ve ark., 2020). Gida alaninda ise ¢ikolata, sakiz,
seker, konserve gidalar ve diyet iriinlerinde de kullanimi
yaygilagmistir (Coskun, 2020). Propolis antioksidan icerigi
sayesinde lipit peroksidasyonunu 6nlemekte, bu sayede gida-
larin raf Omriinii de uzatabilmektedir (Halliwell ve Gutte-
ridge, 2015).

Bal basta olmak {izere diger ar1 liriinlerinde kovanlarin bulun-
dugu flora, iirlinlerin baskin, sekonder ve mindr polen igeri-
gini belirlediginden hem iiriin karakteristigi hem de biyoaktif
nitelikleri birbirinden tamamen farkli olmaktadir. Ornegin
Kastamonu, Diizce, Zonguldak gibi Karadeniz bolgesinde
kestane agaclarinin yogun oldugu lokasyonlarda yapilan ari-
cilik faaliyetlerinden elde edilen bal, ar1 ekmegi, propolis, po-
len gibi aricilik iiriinlerinin baskin polen igerigi kestane oldu-
gundan bu lokasyondaki kovanlardan elde edilen ar1 {irlinleri
kestane propolisi, kestane bali seklinde adlandirilmaktadir
(Y1ildiz, 2011).

Propolis ham halinde i¢inde zamks1 maddeler ve regine bu-
lunmasi sebebiyle direkt olarak kullanilamadigindan igindeki
biyoaktif bilesiklerin uygun bir ekstraksiyon yontemiyle alin-
masi gerekir. Propolis ekstraktlarinin hazirlanmasi i¢in farkl
ekstraksiyon yontemleri vardir. Maserasyon yontemi, drne-
gin uygun boyuta kiiciiltiilmesinin ardindan genellikle oda s1-
cakliginda, uygun ¢oziicii igerisinde ve uygun kapali bir kapta
belli bir zaman bekletilmek ve karigtirllmak suretiyle ekst-
rakte edilmesini temel alan bir yontemdir (Silici ve Kutluca,
2005). Refluks ekstraksiyonda ise hazirlanan ¢ozeltiye ekst-
raksiyon esnasinda sicaklik uygulanmakta olup ¢ozelti su
banyosunda belirli sicaklik ve siirede tutulmaktadir (Marge-
retha, 2012). Gida sanayisinde filtrasyon, homojenizasyon,
kopiik olusturma gibi alanlarda yenilik¢i bir yontem olarak
kullanim yeri bulan, ultrasonik destekli ekstraksiyonda ise ses
dalgalarinin molekiilleri birbirine dogru itip uzaklastirmasi
sonucu olusan kavitasyon sayesinde hiicre zarii tahrip et-
mesi bdylece ekstraksiyon etkinligini artirmak amaglanmak-
tadir (Gallo ve ark., 2018; Biiyiiktuncel, 2012; Dedebas ve
ark., 2021).

Literatiirde propolisle zenginlestirilmis balin fenolik madde
ve antioksidan aktivite 6zellikleri (Habryka ve ark., 2020),
bal ve propolise ilave olarak farkli bitki ve ekstrakt karisim-
larinin biyoktif ve fizikokimyasal niteliklerinin (Soylu ve
Bayram, 2020) incelendigi sinirli sayida ¢aligma bulunmak-
tadir. Bu ¢calismanin amaci Kastamonu kestane propolis ekst-
raktlarinin farkli gida modellerinde kullanimi ve {iriinlerin bi-
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yoaktif, fizokokimyasal ve duyusal niteliklerinin belirlenme-
sidir. Bu amagla ham kestane propolisine maserasyon, refluks
ve ultrasonik destekli ekstraksiyon yontemleri uygulanmistir.
Ekstraktlarin fonksiyonel karakterizasyonunu belirlemek i¢in
ckstrakte edilen kestane propolislerinin 1si1l islem gérmemis
(bal) ve 1s1l islem gormiis (kek) 2 tip gida modelinde dene-
mesi yapilarak renk, antioksidan aktivite, toplam fenolik ige-
rikleri ile duyusal analizleri gergeklestirilmistir. Kestane ve
cigek ballari ile kek orneklerine %0, 1, 2 ve 4 oranlarinda kes-
tane propolis ekstraktlari ilave edilerek iiriin analizleri ger-
ceklestirilmisgtir.

Materyal ve Metot

Calismada hammadde olarak kullanilan ham kestane propolis
ornekleri Kastamonu kestane orman bolgesi sinirlarini i¢ine
alan Azdavay, Bozkurt, Cide, Doganyurt, Inebolu, Kiire ilce-
lerindeki ariliklardan, Kastamonu Ar1 Yetistiricileri Birligi
araciligryla 2021 hasat doneminde temin edilmistir. Bal-pro-
polis karisimlarinda hammadde olarak Kastamonu Dogan-
yurt ilgesinde {iretimi yapilan ve primer polen igerigi >%70
kestane poleni olan kestane bali ile polifloral ¢igek bali kul-
lanilmigtir. Ballar Kastamonu Ar Yetistiricileri Birligi’nden;
kek yapiminda kullanilan bugday unu (%14.29 protein,
%0.76 kil), seker, siit, yaumurta, tuz ve kabartma tozu (Dr.
Oetker) yerel bir siipermarketten; analizlerde kullanilan kim-
yasallar ise Merck ve Sigma (Darmstadt, Germany) firmasin-
dan temin edilmistir.

Kestane Propolis Ekstraktinin Hazirlanmast

Propolis ekstraksiyon islemi igin farkl ilgelerden temin edi-
len propolisler -18°C’de derin dondurucuda bekletildikten
sonra Ogiitiiliip, homojen toz propolis haline getirilmis, ana-
lizlere kadar -18°C’de muhafaza edilmistir. Senol Yazkan
(2022) tarafindan yapilan ¢alisma sonucu kestane propolis
ekstraktlarinin antioksidan aktivite ve toplam fenolik madde
igerigini en yiiksek diizeyde saglayan ve yiizey yanit metodu
ile optimize edilen proses parametreleri; maserasyon ekstrak-
siyon i¢in etanol konsantrasyonu %78.46; ekstraksiyon siiresi
71.05 saat; refluks ekstraksiyon igin etanol konsantrasyonu
%80.64; ekstraksiyon siiresi 117.44 dak ve sicaklik 38.38°C;
ultrasonik destekli ekstraksiyon ig¢in ise etanol konsantras-
yonu %79.60, ekstraksiyon siiresi 53.03 dak ve sicaklik
37.42°C olarak belirlenmistir. Ekstraksiyon icin, -18°C’de
151k ve hava almayacak sekilde muhafaza edilen toz propolis
numuneleri {i¢ farkli ekstraksiyon yontemi i¢in belirlenen pa-
rametrelere gore hazirlanmigtir. Her {i¢ yontem iginde 5’er g
toz propolisin tizerine her metot i¢in optimize edilen konsant-
rasyonda tarimsal etil alkol ¢6ziicli olarak ilave edilmis ve
yukarida verilen parametrelere gore ekstraksiyon islemleri
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gerceklestirilmistir. Ekstraksiyon sonrasi tirlinler filtre edile-
rek, 1200 rpm’de 10 dak santrifiijlenmis siipernatant kisim-
lar1 ayrilarak kullanilincaya kadar -18°C de muhafaza edil-
mistir.

Isul islem Gormemis Uriin Modeli

Bu amagla bal-propolis karigimlar1 hazirlanmigtir. Kestane
propolis ekstraktlar1 gicek ve kestane ballarma %0, 1, 2 ve 4
oranlarinda ilave edilerek homojen karigimlar elde edilmistir.
Uriinler analize kadar cam kavanozda oda sicakhiginda ve
tizerleri aliminyum folyo ile sarilarak muhafaza edilmisler-
dir. Hazirlanan bal karigimlarimin antioksidan aktivite, top-
lam fenolik madde, renk ve duyusal nitelikleri belirlenmistir.

Isil Islem Gormiis Uriin Modeli

Calismada 1s1l igslem uygulanmis {irtin modeli olarak kek ter-
cih edilmistir. Kestane propolis ekstraktlariin etkilerini
coklu bilesene sahip bir gida modelinde belirlemek, aym za-
manda 1s1l iglemin biyoaktivite lizerindeki etkisini tespit et-
mek amaciyla, propolis ekstraktlart %0, 1, 2 ve 4 olmak iizere
farkli oranlarda temel kek formiilasyonuna ilave edilerek ho-
mojen karigimlar elde edilmis ve tiriinler ayn1 proses kosulla-
rinda pigirilerek hazirlanmigtir. Elde edilen iirlinlerin antiok-
sidan aktivite, toplam fenolik, renk ve duyusal analizleri ger-
ceklestirilmistir.

Kek Yapimu

Kek yapimi i¢in Seker ve ark. (2016)’nin kullandiklar1 metot
modifiye edilerek uygulanmistir. Keklere her 3 yontem ile
elde edilen ekstraktlar %0 (kontrol 6rnegi), 1, 2 ve 4 oranla-
rinda ilave edilmistir. 60 gr seker 58.9 gr yumurta ile mik-
serde (Kitchenaid, KSAi USA) 2 dak 65 rpm'de karistirilmis-
tir. Uzerine 40 mL aygicek yag1, 45 mL siit ve propolis ekle-
nerek karistirmaya devam edilmistir. 100 g un ve 5.78 g ka-
bartma tozu eklenerek olusan kek hamuru kek kaliplarina ali-
narak onceden 1sitilmig firinda 175°C' da ortalama 25 dak sii-
rede pisirilmistir.

Antioksidan Aktivite

Ekstraksiyon: Antioksidan aktivitenin tespiti i¢in serbest ra-
dikallerin siipiiriilmesine dayanan DPPH metodu kullanilmas,
Atasoy ve Hendek Ertop (2021) tarafindan kullanilan yontem
modifiye edilmistir. Kek ve bal 6rneklerinin ekstraksiyonu
icin 2 g 6rnek iizerine 20 mL %80°lik metanol ¢ozeltisi ilave
edilerek 37°C’de 2 saat manyetik karistiricida karigtirilmistir.
Ornekler 15 dak 10000 rpm’de santrifiijlenmis, filtre kAgidin-
dan siizlilmiis ve antioksidan aktivite tayininde kullanilmak
lizere cam siselere alinmislardir.
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Propolis ekstraktlarinin igerisindeki fenolik bilesiklerin
DPPH radikali tizerindeki siipiiriicii etkisini tespit etmek
amaciyla 75 uL ekstrakt (ekstraksiyon ¢ozeltisi ile 100 kat
seyreltilmis) ve 1500 puL taze hazirlanmig DPPH c¢ozeltisin-
den olusan karisim 15 s vortekste karigtirilip, 30 dak karan-
likta oda sicakliginda bekletilmistir. Stire sonunda UV-VIS
spektrofotometrede 517 nm’de absorbanslar1 okutulmus ve %
inhibisyon degerleri asagidaki esitlik (Esitlik 1) ile tespit edil-
mistir.

Kek ve bal 6rneklerinden 400 pl ekstrakt, 490 ul DPPH ¢6-
zeltisi ve 1 mL metanol (%80°lik) ¢ozeltisinden olusan kari-
sima da propolis ekstraktlari ile ayn1 prosediir uygulanmistir.

Inhibisyon degeri % =[1 ~( %)]*100 (1)
AS: Ornek ekstraktina ait absorbans degeri
AO0: Sahit DPPH ¢6zeltisinin absorbans degeri

Toplam Fenolik Madde Miktart

Orneklerin toplam fenolik madde igeriginin tespiti amaciyla
Folin-Ciocalteau yontemi (Shahidi ve Naczk, 1995) kullanil-
mistir. Antioksidan aktivitenin tespiti amaciyla hazirlanan
ekstraktlardan 0.1 mL alinarak sirasiyla, 0.5 mL Folin-Cio-
calteu reaktifi ile (reaktif:su karigimi 1:10 v/v) karistirilmius,
5 dak karanlikta bekletilmistir. Daha sonra 0.4 mL doymus
sodyum karbonat ¢ozeltisi ve 4 mL saf su ile karigtirilmistir.
Karigim yaklagik 1 saat oda kosullarinda karanlik ortamda
bekletilmis ve 760 nm’de UV-VIS spektrofotometrede absor-
banslar1 6l¢iilmiistiir. Orneklerin fenolik madde igerikleri gal-
lik asit esdegeri (GAE) iizerinden verilmistir (Mattila ve ark.,
2005; Michalska ve ark., 2007, Hayta ve Hendek Ertop,
2017). Farkli konsantrasyonlarda gallik asit standartlar1 kul-
lanilarak hazirlanan gallik asit kalibrasyon egrisi Sekil 1’de
verilmistir.

Renk

Renk degerleri kolorimetrik olarak (3nh Colorimeter,
NR145, China) kek yiizeyinde 5 noktadan 6l¢iim yapilarak ve
degerlerin ortalamasi aliarak belirlenmistir. Olgiimlenen L *
a* ve b* degerleri kullanilarak orneklerin L* (parlaklik-ko-
yuluk), a* (kirmizilik-yesillik), 6* (sarilik-mavilik) degerle-
rindeki degisimler belirlenmistir (Rizzello ve ark., 2014).

Kestane propolisi ilaveli bal 6rneklerinin renk yogunlugunun
belirlenmesinde Beretta ve ark., (2005) tarafindan gelistirilen

bal drneklerinin net absorbansinin belirlenmesi metodu kul-
lanilmigtir. %80°lik metanol ile %50’li konsantrasyonda ha-
zirlanan propolisli bal numunelerinin ekstraktlari, Whatman
1 filtre kagidindan siiziildiikten sonra spektrofotometre 450
ve 720 nm’de absorbanslar1 6l¢iilmiis ve asagidaki esitlik
(Esitlik 2) kullanilarak renk yogunlugu (mAU) hesaplanmis-
tir.

Renk Yogunlugu (mAU) = (ABS4s0-ABS70) x 1000 (2)

Gallik asit kalibrasyon egrisi
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Sekil 1. Gallik asit kalibrasyon egrisi
Figure 1. Gallic acid standard curve

Duyusal Degerlendirme

Kek iiretimi sonras1 12 adet propolis ilaveli kekin duyusal de-
gerlendirilmesi yapilmistir. Bu amagla duyusal degerlen-
dirme kriterlerine dair bir form hazirlanmis, 6rneklerin genel
yap1 ve lezzet profiline ait sonuglar karsilagtirilmistir. 10 yar1
egitimli panelist se¢ilerek, drneklerin duyusal degisimleri de-
gerlendirilmistir. Degerlendirme formunda 5 puanlik hedonik
skala (1: Hi¢ begenmedim, 5: Cok begendim) kullanilmistir.
Istenen kek kalite 6zellikleri Tablo 1°de verilmistir.

Ug farkli ekstraksiyon yontemi ile hazirlanan propolislerin
farkli oranlarda kestane ve cicek balina ilavesiyle hazirlanan
bal-propolis karisimlarinin duyusal degerlendirmesi ama-
ciyla da ayn1 duyusal degerlendirme yontemi uygulanmis, ¢i-
cek ve kestane bali panelleri ayr giinlerde yapilmistir. Pane-
listlerden iiriinleri, goriinlim-renk, kivam, aroma-koku, lez-
zet, agizda biraktig1 his ve genel kabul edilebilirlik nitelikleri
acisindan 5 puanli hedonik skala ile degerlendirmeleri isten-
mistir.
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Tablo 1. Duyusal degerlendirmede kullanilan kek kalite 6zellikleri

Tablo 1. Cake quality properties used in sensory evaluation

Dis ozellikler

Sekil Simetrisi

Diizgiin ve simetrik olmali, basiklik ve ¢6kme olmamali

Renk Kendine 6zgii ve uniform renkte olmali
Pisme diizgiinliigi Tilim yiizeyler diizgiin ve esit kizarmis olmali
Gortiniis Ince ve kolay pargalanabilir olmali
i¢ o6zellikler
Tatlilik Orneklerin damakta biraktig1 tathiligin hissedilme diizeyi
Doku (Gozenek Yapisi) Kiigiik, ince, homojen olmali
Cigneme ozellikleri Hamurumsu ve yapiskan olmamali
I¢ renk Kendine 6zgii ve uniform renkte olmali
Lezzet Orneklerin yuttuktan sonra agizda biraktigi lezzetin genel begenisi

Genel kabul edilebilirlik Uriiniin tiiketilebilirligi ve tiim ydnleriyle begenilirlik diizeyi

Istatistiksel Analiz

Deneylerde elde edilen analiz sonuglarinin istatistiksel deger-
lendirmesi SPSS 17.0.1 paket programi (SPSS Inc., Chicago,
Ilinois, US) kullanilarak yapilmistir. Analiz degerlendirme-
lerinde ¢oklu varyans analizine (ANOVA) tabi tutulan veri
ortalamalar1 arasindaki fark p<0.05 anlamlilik diizeyinde Tu-
key ¢oklu karsilastirma testi yapilarak belirlenmistir. Duyusal
degerlendirme sonuglarina dair begeni skorlar1 ¢oklu varyans
analizine tabi tutulurken, begeni skorlarina gore {iriin benzer-
lik ve kiimelenme egilimlerinin tespiti i¢in Temel Bilesen
Analizi (Principal Component Analysis-PAST 4.03 Statisti-
cal Analysis App For Windows) uygulanmustir.

Bulgular ve Tartisma

Kestane Propolis Ekstrakti Ilaveli Bal Karisimlarinin
Ozellikleri

Propolis bagta olmak {izere ar1 liriinleri biyolojik olarak aktif
maddelerin zengin bir kaynagidir. Propolisi insan beslenme-
sine dahil etmenin yollarindan birisi de propolisin bala ilave-
sidir. Kestane bali, ¢i¢ek balina gore biyoaktif nitelikleri daha
yliksek bu 6zelligi itibariyle de apiterapik bir baldir (Tas-Kii-
clikaydin ve ark., 2023). Bu ¢aligmanin amaglarindan biri de
cicek bali ve kestane balini1 bu agidan karsilastirmak, diger
taraftan hem ticari olarak daha ucuz hem de biyoaktif niteligi
daha diisiik olarak bilenen ¢igek balina propolis ilavesinin bi-
yoaktif nitelikler, renk ve duyusal 6zellikler lizerindeki etki-
sini belirlemektir. Ug farkli ekstraksiyon yontemi ile elde edi-
len kestane propolis ekstraktlari, ¢icek ve kestane ballarina
farkli oranlarda ilave edilerek homojen karigimlar elde edil-
mistir (Sekil 2).

Bal Orneklerinde Renk Degisimi

Maserasyon, refluks ve ultrasonik destekli ekstraksiyon ile
elde edilmis kestane propolis ekstraktlar1 kestane ve ¢igek
ballarina %0, 1, 2 ve 4 oranlarinda ilave edilmis ve bal pro-
polis karigimlarinin renk yogunlugu 450 ve 720 nm’de 6l¢lim
yapilarak bulunmustur. Sonuglar Tablo 2’de verilmistir. Kes-
tane propolis ekstraktlarinda ultrasonik destekli ve reflluks
ekstraksiyon renk yogunluklart arasindaki fark 6nemli bulun-
mazken (p>0.05), maserasyon ekstrakte propolisin renk yo-
gunlugu daha diisiik (p<0.05) bulunmustur. Kestane balinin
renk yogunlugunun (1803.5 mAU) ise ¢igek balinin yogunlu-
gundan (378.5 mAU) daha yiiksek oldugu belirlenmistir. Ci-
cek ballarina kestane propolisi ilave edildiginde renk yogun-
luklarinin belirgin diizeyde arttigi tespit edilmis, propolis
ilave oraninin ¢igek bali renk yogunlugu {izerindeki etkisi
onemli (p<0.05) bulunmustur. Kestane ballarinda da benzer
etki goriilmekle birlikte, kestane balinin renk yogunlugunun
zaten yiiksek olmasindan dolayi, daha agik renkli ¢igek balin-
daki belirgin artiglar gézlenmemistir. Ayni konsantrasyon-
daki ekstraksiyonlar arasi fark ¢icek bali karisimlari arasinda
degerlendirildiginde, ultrasonik destekli ekstraksiyona ait or-
neklerin renk yogunlugu daha yiiksek bulunurken, maseras-
yon ekstrakte propolis igeren orneklerin renk yogunluklari
daha diisiik (p<0.05) bulunmustur. Kestane bali igerikli or-
neklerde ayni konsantrasyondaki ekstraksiyonlar arasinda an-
laml1 bir iliski bulunamamustir ki bu durum iizerinde kestane
balinin baslangi¢ renk yogunlugunun zaten yiiksek olmasinin
etkili oldugu diisiiniilmektedir. Cigek bali karisimlari (463.38
mAU) ve kestane bali karisimlarmin (1883.42 mAU) orta-
lama renk yogunluklar karsilastirildiginda ise aralarindaki
fark (p<0.05) 6nemli bulunmustur. Elde edilen sonuglara
goére hammadde olarak kullanilan balin renk yogunlugu ve



Food Health 10(1), 22-39 (2024) e https://doi.org/10.3153/FH24003

propolis ilave oraninin nihai {irliniin renk yogunlugu iizerin-
deki etkisinin 6nemli, propolis iiretiminde kullanilan ekstrak-
siyon yonteminin ise ¢i¢ek balli karigimlarda 6nemli oldugu
tespit edilmistir.

Bal Orneklerinin Biyoaktif Nitelikleri

Antioksidan, kimyasal bir bilesenin oksitlenme o6zelligini
durduran ya da yavaslatan bir molekiildiir (Moon ve Shiba-
moto, 2009). Yapilan arastirmalarda bal igerisindeki antiok-
sidan ve fenolik madde arasinda birbirleri ile baglantili olduk-
lan tespit edilmistir (Zalibera ve ark., 2008). Bal igerisinde
bulunan fenolik maddeler bala aroma, tat, renk verirken ayni
zamanda fonksiyonellik agisindan 6nemli etkiye sahiptirler
(Estevinho ve ark., 2008). Yapilan ¢alismalarda balin antiok-
sidan 6zelliginin kimyasal yapisina bagl oldugu ve kalp has-
taliklari, immiin sistem ve kanser iizerinde etkili oldugu be-
lirtilmistir (Khalil ve ark., 2012). Koyu renkli ballarin antiok-
sidan madde igeriginin daha yiiksek oldugu da bildirilmistir
(Baltrusaityte ve ark., 2007). Balin antioksidan 6zelligini ba-
lin kaynagi, bal elde edilirken uygulanan yontem, balin elde
edildigi bolgenin cografi yapisi ve depolama kosullari etkile-
mektedir (Silici ve ark., 2010; Khalil ve ark., 2012). Baldaki
fenolik bilesenler incelendiginde balin florasi hakkinda bilgi
edinilebilmektedir. Kestane bali icerisinde p-kumarik asit,
kafeik asit bulunurken ¢icek balinda protokatekuik asit bu-
lunmasi ballarin florasina ait bir tiir parmak izidir (Kassim ve
ark., 2010).

Cigek ve kestane ballari, farkli yontemlerle ekstrakte edilmis
propolisler ve farkli oranlarda propolis ilave edilmis bal kari-
simlarinin antioksidan aktivite ve toplam fenolik igerikleri
Tablo 2’de verilmistir. Kestane propolis ekstraktlarinin tireti-
minde kullanilan ekstraksiyon yontemlerinin biyoaktif nite-
likler lizerinde 6nemli etkiye sahip oldugu, en yiiksek antiok-
sidan aktivite ve toplam fenolik madde igerigine sahip propo-
lis ekstraktinin maserasyon yontemi ile elde edildigi belirlen-
mistir (Tablo 2a). Hammadde olarak kullanilan kestane bali-
nin antioksidan aktivitesi (82.96 %inhibisyon) ve fenolik
madde iceriginin (412.5 pg GAE/g) ise ¢igek balinin antiok-
sidan aktivite (49.69 %inhibisyon) ve fenolik iceriginden
(127.50 pg GAE/g) daha yiiksek oldugu ve aralarindaki far-
kin da 6nemli oldugu belirlenmistir. Diger taraftan ¢icek balli
ve kestane balli karisimlar kendi i¢inde degerlendirildiginde,
ayn1 konsantrasyondaki ekstraksiyonlar arasi fark antioksi-
dan aktivite agisindan anlamli bulunmazken, toplam fenolik
madde agsindan her iki bal ¢esidinde de dnemli (p<0.05) bu-
lunmustur. (Tablo 2b).

Ug ekstraksiyon yontemiyle de elde edilen propolislerin gigek
ballarma artan (% 0, 1, 2 ve 4) oranlarinda katilmas1 duru-
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munda antioksidan aktivitenin 6nemli diizeyde (p<0.05) art-
t1g1 belirlenmistir. Cigek balinin %49.69 inhibisyon seviyesi
propolis ilavesine paralel olarak artis gostermis ve tiim ekst-
raksiyon yontemleri i¢in %4 propolis ilavesi durumunda yak-
lasik iki katina kadar ¢ikarak %89-90 inhibisyon seviyesine
yiikselmistir. Ayni durum fenolik madde miktarinda da tespit
edilmistir. Cigek balinin baglangigtaki fenolik madde miktari
127.50 ug GAE/g iken, %4 oraninda maserasyon ile iiretilen
propolis ilavesi sonucu 917.50 pg GAE/g, refluks yontemi ile
iiretilen propolis ilavesi sonucu 862.50 ng GAE/g, ultrasonik
destekli yontemle iiretilen propolis ilavesi sonucu 360.80 pg
GAE/g diizeyine ylikselmistir. Elde edilen sonuglara gore ¢i-
cek balmin biyoaktif nitelikleri {izerinde en etkili yontemin
maserasyon ekstraksiyon yontemiyle elde edilen sivi propo-
lisin %4 oraninda ilavesi oldugu, fenolik madde miktar1 yak-
lasik 7 katina yiikselirken antioksidan aktivitenin diger yon-
temlerle benzer sekilde yaklasik 2 katina ¢iktig1 belirlenmis-
tir. Kestane balinin antioksidan aktivitesi %82.96, fenolik
madde miktar ise 412.50 ug GAE/g olmasi itibariyle, ¢icek
balina kiyasla daha yiiksek biyoaktiviteye sahiptir. Propolis
ilavesi ilk orandan itibaren kestane balinin antioksidan akti-
vitesini dnemli diizeyde (p<0.05) artirmis olmakla birlikte
ozellikle %2 ve 4 ilave oranlarinda %89 inhibisyon diizeyine
ulagilmis ve onemli bir degisim belirlenmemistir (p>0.05).
Bu durum zaten yiiksek biyoaktiviteye sahip kestane balinda
%1-2 propolis ilavesinin yeterli olacagi seklinde yorumlana-
bilir. Diger taraftan toplam fenolik madde miktarlarinda ise
propolis ilavesine paralel olarak dnemli diizeyde artig tespit
edilmistir. Bu artis ¢igek balindaki sonuglara benzer nitelikte
olup %4 propolis ilavesi durumunda en etkili yontem mase-
rasyon yontemi olup (975 ug GAE/g) bunu sirasiyla refluks
(880 nug GAE/g) ve ultrasonik (692.5 ng GAE/g) yontemleri
izlemistir.

Farkl1 bal ¢esitlerine bitkisel ekstraktlar, tibbi aromatik bitki-
ler ilavesi ile fonksiyonel nitelik kandirilmasia yonelik
iiriinler ulusal pazarda yer almakla birlikte, biyoaktif nitelik-
lerinin arastirilmasina yonelik ¢alismalar olduk¢a kisithidir.
Yapilan bir ¢alismada (Soylu ve Bayram, 2020) kestane bali,
propolis, ekinezya ve ¢ivan percemi karigiminin biyokimya-
sal ve fizikokimyasal 6zellikleri incelenmis, kestane balinin
antioksidan aktivitesi % 19 (%inhibisyon) bulunurken, yapi-
lan bal karisiminin % 64.49 olarak bulunmus, bu artis ilave
edilen hammaddelerin biyoaktivitesi ile iligkilendirilmistir.
Farkli bir ¢calismada ise, bala propolis ilavesinin toplam feno-
lik madde miktarinda dénemli diizeyde artisa yol actig1, anti-
oksidan aktivite miktarinin propolis ilaveli bal 6érneklerinde
artan bir antiradikal aktivite gosterdigi bulunurken, propolis
ekstraktlarinin antioksidanlar da dahil olmak iizere biyolojik
olarak aktif maddelerin milkemmel bir kaynagi oldugu belir-
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tilmigtir (Oses ve ark., 2016). Habryka ve ark. (2020)’de pro-
polis ile zenginlestirilmis balin antioksidan aktivite, duyusal
ozellikler ve kalite parametreleri lizerine etkisini inceledikleri
caligmada, bala propolis ekstrakti ilavesinin, antioksidan ak-
tivite miktarini ve fenolik madde miktarimi artirdigi, balda
krisin, pinosembrin, p-kumarik asit ve ferulik asit bulunan
flavonoidler ve fenolik asitler de dahil olmak {izere polifeno-
lik bilesiklerin igeriginde Onemli bir artisa neden oldugunu
tespit etmislerdir.

Bal Orneklerinin Duyusal Ozellikleri

Maserasyon, refluks ve ultrasonik destekli ekstraksiyon ile
ekstrakte edilmis optimize kestane propolisleri kestane ve ¢i-
cek ballarma 4 farkli oranda (%0, 1, 2 ve 4) ilavesiyle elde
edilen bal-propolis karisimlarinin duyusal degerlendirme so-
nuglart Tablo 3’de verilmistir.

Kestane propolisi ilave edilmis kestane ve ¢igek ballarmin
duyusal degerlendirme sonucunda; goriiniis-renk ile kivam
begeni skorlar1 agisindan en yiiksek puani propolis ilavesiz
ballarin aldig1, %1 propolis ilavesinden sonra tiim ekstraksi-
yon yontemlerine gore kestane ve ¢igek ballarindaki begeni
skorlariin 6nemli diizeyde diistiigii belirlenmistir. Kestane
balina propolis ilavesi durumunda aroma-koku begeni skor-
larindaki rakamsal diisiis istatistiksel olarak 6nemli bulunma-
mustir. Cigek ve kestane balli karisimlar kendi icinde deger-
lendirildiginde, aym konsantrasyondaki ekstraksiyonlar arasi
fark duyusal nitelikler agisindan anlamli bulunmamistir
(p>0.05).

Kestane balina propolis ilavesi, ekstraksiyon yontemleri ve
propolis ilave oranlar agisindan bal-propolis karigimlarmin
lezzet, ag1zda biraktig1 his ve genel kabul edilebilirlik nitelik-
lerinde 6nemli bir fark olusturmamistir. Bu durum, kestane
balinin kendine 6zgii keskin ve aromatik yapisi icerisinde
propolis lezzetinin hissedilmedigi veya olumsuz bir lezzet
profili olusturmadigi seklinde yorumlanabilir. Cigek balina
propolis ilavesi, her 3 ekstraksiyon yonteminde de lezzet,
agizda biraktig his ve genel kabul edilebilirlik nitelikleri agi1-
sindan %?2 ilave oraniyla birlikte diismiis (p<<0.05) ve bu oran-
dan sonraki degisimler istatistiksel olarak 6nemli bulunma-
mistir.  Ekstraksiyon yontemlerinin etkisi ise Onemsiz
(p>0.05) bulunmustur. Genel kabul edilebilirlik agisindan
kestane bali karigimlarinin begeni skoru iizerinde propolis
ekstraksiyon yontemi farklilig1 ve oraninin etkisi 6nemli bu-
lunmamuistir (p>0.05).

Her iki bal ¢esidi i¢in, ekstraksiyon yontemleri ve propolis
ilave oranlarina gore hazirlanan karisgim iriinlerin duyusal
analiz skorlarina gore kiimelenme egilimi ve benzerliklerinin
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ifadesi i¢in sonuglar Temel Bilesen Analizi ile yorumlanmis
ve grafikleri Sekil 3’de verilmistir.

Sekil 3a’da goriildiigii tizere, kestane balinda tiim ekstraksi-
yon yontemleri i¢in %4 propolis ilaveli KM4, KR4 ve KU4
ornekleri benzer ve incelenen duyusal nitelikler agisindan en
diisiik bulunmustur. Kivam ve Goriiniis-Renk nitelikleri agi-
sindan propolis ilave edilmemis KMO, KRO ve KUO numu-
neleri benzer nitelikte ve en yliksek begeni skorlarina sahip
olduklar tespit edilmistir. Lezzet, Aroma-Koku, Agizda bi-
raktig1 his ve Genel kabul edilebilirlik agisindan ise KM1,
KR1, KU1 ve KM2 6rnekleri benzer nitelikte bulunmuslar-
dir. Bu durumda genel olarak tiim ekstraksiyon tipleri agisin-
dan kestane balina %1 propolis ilavesinin duyusal begeni agi-
sindan limit deger olarak alinabilecegi yorumu yapilabilir.
Cicek balinda (Sekil 3b) ise, tiim duyusal nitelikler agisindan
CMO, CRO, CUO ve CM1 benzer nitelikte daha yiiksek bege-
niye sahip bulurken, CU1 ile CR1 kendi aralarinda benzer,
diger numunelerin ise duyusal begenisi diisiik ve benzer bu-
lunmugslardir.

Kestane Propolis Ekstrakti Ilaveli Kek Uriinlerinin
Ozellikleri

Kestane propolis ekstraktlarinin etkilerini ¢oklu bilesene sa-
hip bir gida modelinde belirlemek, ayn1 zamanda 1s1l igslemin
biyoaktivite lizerindeki etkisini tespit etmek amaciyla, ekst-
raktlar 4 farkli oranda temel kek formiilasyonuna ilave edile-
rek homojen karigimlar elde edilmis ve iirlinler ayni proses
kosullarinda pisirilerek hazirlanmistir.

Kek Orneklerinde Renk Degisimi

Kestane propolisi ilave edilmis kek 6rneklerinin hem i¢ hem
de dis yiizeylerinden 6l¢iim yapilmustir (Tablo 4). Keklerin i¢
ve dig ylizey L* parlaklik degerleri kestane propolisi ilavesin-
deki artisa bagli olarak azalirken, ekstraksiyon metoduna
gbre bu azalmalar istatistiksel olarak anlamli bulunmamaistir
(»>0.05). Acun ve Giil (2021) tarafindan yapilan bir calis-
mada mikroenkapsiile cam propolisi top kek iiretiminde 3
farkli oranda (%6, 9, 15) kullanimi1 durumunda ilave oranin-
daki artiga bagl olarak L* parlaklik degerinin azaldig1 belir-
tilmistir.

Keklerin i¢ yiizey a* kirmizilik degerleri ekstraksiyon yonte-
minden etkilenmezken, propolis ilave oranina bagli olarak a *
degerlerinin arttig1 (p<0.05) belirlenmistir. Tiim ekstraksiyon
yontemlerinde %4 oraninda kestane propolisi ilaveli kekler
diger orneklerden daha koyu renkli bulunmustur. Propolis
ilave edilmemis kontrol keki (%0) i¢ ylizey a* degeri (2.54)
en diisiik iken, refluks ekstraksiyon ve %4 propolis ilaveli kek
ornegi, a* degeri (4.59) en yiiksek tiriin olarak belirlenmistir.
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Benzer sekilde keklerin dis yiizey a* degerleri de ekstraksi-
yon yonteminden etkilenmezken, propolis ilave oranina baglh
olarak a* degerlerinin artt1ig1 ancak bu artigin yalnizca ultra-
sonik destekli propolis ilaveli keklerde oldugu belirlenmistir
(p<0.05). Ultrasonik destekli ekstraksiyon ve %4 propolis ila-
veli kekte en yiikse a* degerine (21.13) ulagmustir.

Keklerin tiimiiniin i¢ ylizey b * degerlerinin kestane propolisi
ilavesindeki artiga bagli olarak arttigi goriilmekle birlikte
hem propolis ilave oranina hem de ekstraksiyon metoduna
gbre bu artiglar istatistiksel olarak anlamli bulunmamistir
(p>0.05). Propolis ilave oranina bagl olarak b* degerlerinin
arttig1 ancak bu artisin yalnizca ultrasonik destekli propolis
ilaveli keklerde oldugu belirlenmistir (p<0.05). Acun ve Giil
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(2021) tarafindan yapilan calismada mikroenkapsiile ¢cam
propolisinin top keklere 3 farkli oranda (%6, 9, 15) ilavesi
sonucu i¢ ve dis yiizey a* ve b* degerlerinin kontrol gurubu
ornege gore daha yliksek oldugu bulunmustur. Yapilan farkh
bir calismada da yogurda farkli oranlarda (%0, 0.25, 0.5 ve
0.75) propolis ilavesi sonucu, propolisli yogurtlarin depo-
lama stiresi ve propolis ilave orani arttik¢a L* ve a* degerle-
rinin diistiigli, b* degerinin ise arttig1 gdzlemlenmistir (Ciftei,
2015).

Kek Orneklerinin Biyoaktif Nitelikleri

Elde edilen iriinlerin antioksidan aktivite, toplam fenolik,
renk ve duyusal analizleri gerceklestirilmistir (Tablo 5).

Cicek bali1 karigimlar:

Kestane bali karisimlar:

Sekil 2. Maserasyon (a), Refluks (b) ve Ultrasonik destekli (c) ekstraksiyon ile iiretilen propolis ekstraktlarinin farkli oran-
larda ilavesi ile hazirlanan ¢i¢cek ve kestane bali karisimlari

Figure 2. Flower and chestnut honey mixtures prepared by adding different rates of propolis extracts produced by maceration (a), reflux
(b) and ultrasonic assisted (c) extractions

29



30

Food Health 10(1), 22-39 (2024) e https://doi.org/10.3153/FH23003

Research Article

Tablo 2. Kestane propolis ekstraktlari (a) ve ilave edildigi bal érneklerinin (b) renk yogunlugu, antioksidan aktivite ve toplam
fenolik madde igerikleri
Table 2. Color intensity, antioxidant activity and total phenolic contents of chestnut propolis extracts (a) and added honey samples (b)

-~ . . Antioksidan aktivite**  Toplam fenolik madde** Renk yogunlugu
Ornek Ekstraksiyon tipi (%inhibisyon) (ug GAE /g) (mAU)
M 88.61+2.052 977.5+4.112 2446.0°
Propolis ekstrakti R 79.50£1.95% 917.5+11.02° 2494.0°
U 75.224£2.17° 812.5+£10.18°¢ 2508.0°
(a)
) Ekstraksi- Propolis  Antioksidan akti- Toplam fenolik Renk yogunlugu
Ornek on tipi icerigi vite AQOor madde TFMor (mAU) RY ort
Y (%) (%inhibisyon) (ug GAE /g)
0 49.69+0.6044 127.50+2.5044 378.5+0.7144
M 1 56.70+1.264¢ 402.50+£8.204¢ 424.5+6.365°
2 80.00+0.02 Ab 432.50+2.008° 451.0+1.418b
4 89.86+0.0242 917.50+4.204 534.5+3.54B8
0 49.69+0.60 A4 127.50+2.5044 378.5+0.7144
Cicek 1 57.98+0.204¢ s 422.50+3.15%¢ s 425.5+0.718¢ B
bal R 2 64.30:0.04% 06397 4s5g0aygore 496537 g970u566n0 40338
4 89.88+0.0442 862.50+9.408 585.0::4.2442
0 49.69+0.604° 127.50+£2.504° 378.5+0.7144
U 1 58.75+0.304° 292.50+2.108° 455.5+2.834¢
2 59.89+0.08° 350.00+£4.30<® 484.0+£7.214°
4 90.26+0.5042 360.80+£1.50<® 568.5+6.3642
0 82.96+0.704¢ 412.50+0.9844 1803.5+3.5414
M 1 85.57+0.5440 620.00£12.004° 1828.543.548¢
2 89.14+0.0042 900.00+2.804° 1990.0+£1.4142
4 89.34+0.0842 975.00£5.504 1881.5+9.198°
0 82.96+0.704° 412.50+0.9844 1803.5+3.544¢
Kestane 1 86.69+0.464 522.50£1.608¢  649.58% 1908.0+15.564®
bal R 2 88.16:0.02¢+ 5080 69 50.60.85m 1804.0+5.56% 88342
4 88.74+0.0282 880.00+11.0082 1938.0+4.2442
0 82.96+0.70A° 412.50+0.984° 1803.5+3.541°
U 1 86.90+0.4142 597.50+3.904° 1921.543.5442
2 89.01+0.0082 677.50+7.208¢ 1907.5+9.1982
4 89.16+0.064% 692.50+2.00<® 1921.5+13.444A82
(W]

*  Aymi siitunda kiigiik harflerdeki farklilik (a-d) ayn1 ekstrakiyonda (M: Maserasyon ekstraksiyon, R: Refluks ekstraksiyon, U: Ultrasonik destekli ekstraksiyon) konsant-
rasyonlar arasi farkin, biiyiik harflerdeki farklilik ise ayni konsantrasyondaki ekstraksiyonlar arasi farkin istatistiksel olarak dnemli (p<0.05) oldugunu gostermektedir.
** Propolis ekstraktlari antioksidan aktivite ve fenolik madde analizi i¢in 100 defa seyreltilmistir.

Keklere artan oranlarda (%0, 1, 2 ve 4) propolis eklenmesi ile
antioksidan aktivite degerlerinin ve toplam fenolik madde
miktarlarinin istatistiki olarak anlamli 6l¢iide (p<0,05) artma-
sina neden olmustur. Tiim ekstraksiyon yontemlerine gore en
yiiksek biyoakitf niteliklere %4 propolis ilavesi durumunda
ulasilmistir. Ayni konsantrasyondaki ekstraksiyonlar arasi
farkin istatistiksel olarak 6nemli (p<0.05) oldugu, antioksi-
dan aktivite a¢isindan en yiiksek degerlerin maserasyon ekst-
raksiyon ile elde edildigi, en yiiksek antioksidan aktivite ve
fenolik madde igerigine %4 oraninda maserasyon ekstraksi-
yon ile iiretilmis propolis ilavesi ile ulagildig1 belirlenmistir.
En disiik fenolik madde igeriginin ise ultrasonik destekli

ekstraksiyonla elde edilen propolisli kek orneklerinde oldugu
tespit edilmistir.

Bazi gida modellerine propolis basta olmak iizere farkli ar
tiriinlerinin ilavesi ve biyoaktivite lizerine sinirli sayida yapil-
mis bazi caligmalar bulunmaktadir. Yapilan bir ¢alismada
meyveli yogurt orneklerine farkli oranlarda propolis ilavesi
yapilmasi durumunda, propolis oranina bagli olarak DPPH
%inhibisyon oranin ve toplam fenolik madde miktarinin art-
t181 tespit edilmistir (Giiney, 2016). Farkli bir ¢aligmada ise
yogurda propolis ve bal ilave edilmesi durumunda antioksi-
dan aktivite (% inhibisyon) ve toplam fenolik madde mikta-
rini artirdig belirtilmistir (Kiran, 2021).
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Kek Orneklerinin Duyusal Ozellikleri

Farkli metotlar ile ekstrakte edilen kestane propolisi ilave
edilmis kek oOrneklerinin duyusal degerlendirme sonuglari
Tablo 6’da verilmistir. Maserasyon ekstrakte propolis ilaveli
kek 6rneklerinde, propolis ilavesindeki artiga bagli olarak kek
orneklerinin duyusal begeni skorlarinda diisiis olmakla bir-
likte, bu durum istatistiksel olarak onemli bulunmamuistir
(p>0.05). Bu durum, maserasyon yontemi ile elde edilen pro-
polisin dort farkli oranda kullaniminin da kabul edilebilir ol-
dugu, kekin duyusal niteliklerinde énemli bir degisime neden
olmadigr seklinde yorumlanabilir. Refluks ekstrakte propoli-
sin farkli oranlarda kullanimi durumunda lezzet ve ¢igneme
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ozelliklerindeki degisimler 6nemsiz bulunmakla birlikte, %4
propolis ilavesiyle renk, sekil simetrisi, goriiniis, doku, tatli-
lik ve i¢ renk; %2 propolis ilavesiyle birlikte de pisme diiz-
giinliigii ve genel kabul edilebilirlik niteliklerinde énemli de-
gisim (p<0.05) tespit edilmistir. Ultrasonik destekli ekstrak-
siyonla iiretilen propolis ilaveli kek 6rneklerinde, sekil simet-
risi goriinlis ve genel kabul edilebilirlik niteliklerine ait be-
geni skorlar1 %1 kullanimla birlikte; renk ve doku %2 ilave
orant; pisme diizgiinliigd, tathlik, i¢ renk ve lezzet ise %4 kul-
lanim orani ile birlikte 6nemli (p<0.05) degisim gostermistir.
Bu durum ultrasonik destekli ekstraksiyonla elde edilen pro-
polisin kekte kullanimini sinirlandirmakta %1 kullanimda
dahi duyusal begeni skorlarindaki diisiis 6nemli olmaktadir.

Tablo 3. Kestane propolisi ilave edilmis kestane ve ¢icek balinin duyusal degerlendirme sonuglari

Table 3. Sensory evaluation results of chestnut and flower honey added with chestnut propolis

Propolis

Ekstraksiyon e e Goriiniis- Agizda Genel kabul

Bal tipi ' “?(‘f,;o‘;g‘ Renk | Kivam — Aroma-Koku  Lezzet blral%tlgl his edilebilirlik
0 5.00£0.00 A*  4.80£040 A  2.600049 A 2.0040.63 * 2.0020.63 **  1.80:0.40 A

1 3.60£0.49 A  4.00£0.63 A 2.60£049 A  2.60£0.494A  220£0.404  2.00£0.63 At

M 2 3.60:0.49 4  3.80+040A°  2.80+0404 2.80+0404  220£0.404  1.80+0.40 As

4 2.60£0.49 A 2.80+040A°  3.00£0.63 A  2.00£0.63 A"  1.60+0.49 A [ .80+0.40 As

= 0 5.000.00 ' 4.80£040 A  2.60£0.49 A® 2.0020.63 A°  2.00£0.63 **  1.80+0.40 A@
2 1 3.60:0.49 4  3.80£0.40A°  3.00£0.00 A  3.00£0.00A  2.60£0.49 At  2.00£0.00 At
g R 2 3.00:0.63A%  3.60£049A  220£0.40 A% 2.00£0.00A° 1.80+0.40A%  2.00£0.00 At
7 4 2.60£0.49 A 2.60+049 A 2.00:0.63 A 1.60:049A°  1.60£049°  1.80+0.40 At
4 0 5.000.00 ' 4.80£040 A  2.6000.49 A 2.00£0.63 A  2.00£0.63 **  1.80+0.40 A@
1 4000008  3.60:049 A  2.80+0404A% 220£0404  2.40£0.494A  2.00£0.63 At

U 2 3.00£0.00 A 3.00:0.63A°  2.0040.63 A%  2.00:040°  1.60:0.49 A  1.80+0.40 A¢

4 220404024 3.00:0.63 4 2.00£0.63 A  1.80£0.004 1.60£0.49 A%  1.60+0.49 As

0 4.60£0.49 A 48030404  440£049 A  420£0.40 A  4.00£0.63 A*  4.00£0.63 A*

1 4400494 4.60:049 4 4.00£0.00 A  4.00£0.63 A  4.00£0.63 A+  3.80+0.75 As

M 2 3.60:049 A% 4.40£0.49 A% 320:040 A"  2.80+0.40A°  2.60£0.49 A  3.00+0.63 As

4 3.00:0.63 4 3.60+0.49A°  2.80:040A° 2.40:049 A%  2.00:0.63 A  1.60+0.49 A®

= 0 4.60:0.49 A 48010404  440£049 A  420£0.40 A  4.00£0.63 A  4.00£0.63 A*
S 1 4.40+0.49 A 3.80+0.40 A0  3.80£0.40 A 3.80+0.40 A 3.80£0.40 A 3.40:£0.49 As
S R 2 3.60:0.49 A 320£0.40A°  3.20£040A°  3.00£0.63 A 2.80+0.75 Ab  2.20+0.40 A
! 4 2.60£0.49 A 3.00£0.63 A"  3.00£0.63 A 3.40£0.49 AP 2.40+0.49 A 2.00+0.63 A
0 4601049 A 48010404  440£049 A  420£0.40 A  4.00£0.63 A*  4.00£0.63 A*

1 42040404 4.00:0.00 4  3.20:040° 3.80£0.404% 3.00£0.63 A  3.00+0.63 A

U 2 3.00:0.63 4 3.00£0.63 A"  2.60:0.49 AP  2.60:0.49 A 2.40+0.49 Ab  1.60+0.49 A

4 2.80£0.40 A 3.00:0.63 A  2.40+0.49A°  2.00£0.63 A  1.80+0.40 A  1.600.49 Ab

* Ayni siitunda kiigiik harflerdeki farklilik (a-d) ayni ekstrakiyonda (M: Maserasyon ekstraksiyon, R: Refluks ekstraksiyon, U: Ultrasonik destekli ekstraksiyon) konsantras-
yonlar arasi farkin, biiyiik harflerdeki farklilik ise ayni1 konsantrasyondaki ekstraksiyonlar arasi farkin istatistiksel olarak énemli (p<0.05) oldugunu gostermektedir.
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Sekil 3. Kestane propolis ekstraktli Kestane (a) ve Cigek bal1 (b) karigimlarinin duyusal 6zelliklerinin temel bilesen analizi

grafikleri

Figure 3. Principal component analysis graphs of sensory properties of mixtures of Chestnut (a) and Flower honey (b) prepared with
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Tablo 4. Kestane propolis ekstrakti ilaveli kek drneklerinin renk degerleri

Table 4. Color values of chestnut propolis extract added cake samples

Ic Dis
Ekstraksiyon Propolis igerigi L* a* b L* a* b
tipi (%)
0 59.42+1.81 A 2.54+0.21 Ac 23.38+0.65%2 42.1240.33 Aa 17.88+0.27 Aa 30.78+0.60 A2
M 1 61.79+1.83 A2 3.21+0.46 A0 24.70+0.60 A2 42.20+0.83 Asb 18.67+0.57 A2 31.34+0.81 42
2 61.2042.80 Aa 3.35+0.40 AP 25.0740.62 A 41.6540.50 Ab 19.0940.43 Aa 31.9840.33 A
4 56.26+2.17 Ab 4.36+0.22 A 26.01+0.45 Ae 39.02+0.37 AP 19.82:+0.3142 32.54+0.6] ABa
0 59.42+1.814a 2.5440.21 Ad 23.38+0.65%2 42.12+0.33 Aab 17.88+0.27 Aa 30.78+0.60 A2
R 1 57.17+1.66 Ab 3.36+0.20 Ac 24.79+0.80 A2 43.7940.99 Aa 18.84:£0.5142 20.80+0.91 Bb
2 55.2241.69 Ab 4.05+0.18 A 25.01+0.48 A 41.88+0.29 Ab 18.75+0.55 A2 28.19+0.35 A2
4 54.1140.27 Ab 4.59+0.23 A2 25.98+0.70 A 39.09+0.71 AP 19.81+0.28 A2 31.19+0.29 B2
0 59.42+].8] As 2.54+0.21 Ad 23.38+0.65 A2 42.12+0.33 Aab 17.8840.27 Ab 30.78+0.60 Ab
U 1 62.49+]1.57 Aa 3.13+0.15 A¢ 24.36+0.41 A 44.08+0.36 A 18.44+0.45 Ab 32.76+0.64 A
2 60.46+1.63 A 3.50+0.17 Ab 25.01+0.50 Aa 43.17+0.58 Ab 20.16+0.70 Aab 34.20+0.67 A
4 58.63+0.82 A2 4.26+0.24 A2 25.71+0.54 A 40.97+0.31 Ab 21.1340.30 A2 34.9540.44 A

* Ayni siitunda kiiciik harflerdeki farklilik (a-d) ayni ekstrakiyonda (M: Maserasyon ekstraksiyon, R: Refluks ekstraksiyon, U: Ultrasonik destekli ekst-
raksiyon) konsantrasyonlar arasi farkin, biiyiik harflerdeki farklilik ise ayni konsantrasyondaki ekstraksiyonlar arasi farkin istatistiksel olarak 6nemli
(p<0.05) oldugunu gostermektedir.

Tablo 5. Kestane propolis ekstrakti ilaveli kek drneklerinin antioksidan aktivite ve toplam fenolik madde igerikleri

Table 5. Antioxidant activities and total phenolic contents of chestnut propolis extract added cake samples

Ekstraksiyon tipi Propolis igerigi Antiolfsic.iat.l aktivite Toplam fenolik madde

(%) (%inhibisyon) (ng GAE /g)

0 11.97+0.904 285.0+3.20

M 1 25.734+0.254¢ 402.5+1.808¢
2 37.48+1.204° 432.5+2.005°

4 47.67+0.854 917.5+0.9548

0 11.97+0.90%¢ 285.0+3.20

R 1 18.65+0.905° 422.5£1.704¢
2 24.64+1.208° 455.0+2.204°

4 35.6242.308 862.5+0.9052

0 11.97+0.90%¢ 285.0+3.204¢

U 1 24.18+0.704° 292.5+0.25¢¢
2 26.83+0.508® 350.0+0.60<°

4 30.2940.9082 360.84+0.40“*
* Ayni siitunda kiiciik harflerdeki farklilik (a-d) ayni ekstrakiyonda (M: Maserasyon ekstraksiyon, R: Refluks ekstraksiyon, U: Ultrasonik destekli ekst-
raksiyon) konsantrasyonlar arasi farkin, biiyiik harflerdeki farklilik ise ayni konsantrasyondaki ekstraksiyonlar arasi farkin istatistiksel olarak 6nemli
(p<0.05) oldugunu gostermektedir.
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Tablo 6. Kestane propolisi ilave edilmis kek 6rneklerinin duyusal degerlendirme sonuglari

Table 6. Sensory evaluation scores of chestnut propolis extract added cake samples

Dis bzellikler ic 6zellikler

Ekstraksiyon l).rOPf)}.is S .. Pisme P Doku Cigneme . Genel kabul
tipi 1g:(?;01;gl Sekil simetrisi Renk diizgiinliigii Goriiniis (Gozenek) ozellikleri Tathhk I¢ renk Lezzet edilebilirlik
0 4,80£0,45*  4,80+0,45* 5,00£0,00° 4,60+£0,55* 4,80%0,45* 5,00+0,00®° 4,80+0,45* 4,80+0,45* 4,80+0,45* 5,00+0,00°

1 4,40+0,55*  4,60+0,55* 4,80+0,45* 4,60+£0,55* 4,60+0,55° 4,40+0,55* 4,60+0,55® 4,80+0,45* 4,60+0,55° 4,80+0,45°

M 2 4,40+0,55*  4,60+0,55* 4,80+0,45* 4,00£0,71* 4,40+0,55* 4,60+0,55* 3,80+0,45%® 4,40+0,55* 4,20+0,45°  4,40+0,45°
4 4,60£0,55*  4,40+0,89* 4,40+0,55* 4,20+0,84* 4,20+0,84* 4,20+1,09° 3,80+0,45% 3,80+1,10° 4,00£1,00° 4,20+0,84°

0 4,80+0,45*  4,80+0,45* 5,00£0,00° 4,60+£0,55* 4,80%0,45* 5,00+0,00®° 4,80+£0,45* 4,80+0,45* 4,80+0,45* 5,00+0,00°

1 4,00£0,71%  4,40+0,55° 4,20+0,84%° 4.20+0,84% 4,40+0,55®° 4,40+0,89* 4,40+0,55® 4,20+0,45° 4,00=1,00*° 4,20+0,84%

R 2 4,60+0,55®  4,60+0,55° 3,80+0,84° 4,00+0,71% 4,20+0,45® 4,40+0,55* 4,20+0,45® 4,00+1,00° 4,00+£0,71*  4,00+0,00°
4 3,80+0,45°  3,20+0,84° 3,60+0,55° 3,20+0,84* 3,60+0,55° 3,80+0,84° 3,60+0,55° 2,80+0,45" 3,60+0,55* 3,40+0,55°

0 4,80£0,45*  4,80+0,45* 5,00£0,00° 4,60+£0,55* 4,80%0,45* 5,00+0,00®° 4,80+0,45* 4,80+0,45* 4,80+0,45* 5,00+0,00°

1 4,00£0,00°  4,20+0,83®® 4,20+0,45® 3,60+0,55° 4,20+0,45%® 4,00£0,71* 4,20+0,45% 4,20+0,84* 4,00+£0,71® 4,00+0,71°

U 2 3,80+0,45°  3,60+0,55° 4,00+0,70®® 3,60+0,55° 3,60+0,55° 4,20+0,45* 4,20+0,45%® 4,00+0,00*° 4,00+1,00® 3,60+0,55°
4 3,40£0,55°  3,20+0,45° 3,80+0,84° 3,40+0,55" 3,40+0,55° 4,00+£1,00° 3,60+0,55° 2,80+0,45" 3,40+0,55° 3,20+0,45°

* Ayni stitundaki farkli harfler (a-c) veriler arasi farkin istatistiksel olarak énemli (p<0,05) oldugunu gdstermektedir.
** M: meserasyon ekstraksiyon, R: Refluks ekstraksiyon U: Ultrasonik destekli ekstraksiyon
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Figure 4. Principal component analysis graphics of sensory analysis results of crust (a) and crumb (b) properties of chestnut propolis

extract added cake samples
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Panelistler tarafindan, 6zellikle %4 propolis ekstrakt1 ilavesi
sonucu kek i¢ rengindeki degisim panelistlerce begenilme-
mistir. Hem i¢ hem de dis renk a¢isindan maserasyon ekst-
rakte propolis ilaveli keklerin renkleri refluks ve ultrasonik
destekli propolis ekstrakti ilaveli 6rneklere gore daha koyu
bulunmustur. Tatlilik a¢isindan en yiiksek degeri kontrol keki
alirken, %4 propolis ilaveli keklerde tatliligin azaldig: belir-
tilmistir ki, bu durum belirli oranin iizerinde propolis ilavesi-
nin kekteki tatliligi baskilamasi olarak yorumlanmistir. Genel
bir sonug olarak keklerin kabul edilebilirligi tizerinde propo-
lis ekstraksiyon yonteminin ve propolis ilave oraninin etkili
oldugu goriilmiistiir. Acun ve Giil (2021), tarafindan yapilan
bir ¢alismada mikroenkapsiile ¢gam propolisinin top kek iire-
timinde kullanimi duyusal 6zellikler agisindan incelenmis,
propolis kullanim oraninin artmasiyla keklerin i¢ renklerine
dair tiiketici begenisinin azaldigi tespit edilmistir. Tekstiir,
cignenebilirlik, agi1zda dagilma, koku, aroma, tat/lezzet ve ge-
nel kabul edilebilirlik puanlarinin da mikro-enkapsiile ¢cam
propolisi ilave edilme oraninin artmasiyla azaldigini belirt-
mislerdir. Duyusal 6zellikleri bir biitiin olarak inceledikle-
rinde ise %6 oranma kadar mikroenkapsiile cam propolisi
ilave edilerek iiretilen fonksiyonel 6zellikteki keklerin duyu-
sal ozellikler agisindan énemli bir farklilik olugturmadigi so-
nucuna varmiglardir.

Panele alinan {iriin ¢esitliligi ve incelenen niteliklerin sayisin-
daki fazlalik g6z onilinde bulundurularak propolis ekstraksi-
yon metodu ve ektrakt kullanim oraninin iirtin duyusal kalite
nitelikleri agisindan kiimelenme egilimini ifade edebilmek ve
benzer {iirlin gruplarini tespit edebilmek icin Temel Bilesen
Analizi teknigi uygulanmis ve elde edilen grafikler Sekil 4’de
verilmistir.

Sekil 4a’da goriildiigi lizere, dis duyusal 6zellikler (pisme
diizglinligli, goriiniis, renk ve sekil simetrisi) acisindan en
yliksek skora sahip iiriinler propolis ilave edilmemis kontrol
ornekleridir (M0, RO ve UQ) ve grafikte bir arada kiimelen-
dikleri goriilmektedir. Bu iiriinlere en yakin kek 6rnekleri si-
rastyla M1, M2 ve M4 olarak belirlenmistir. Grafikte birbir-
lerine yakin olarak kiimelendikleri goriilmektedir ki begeni
skoru ac¢isindan benzer bulunduklar seklinde yorumlanabilir.
Diger ornekler ise farkli dagilimlar gostermis, begeni skoru
en diisiik kekler %4 propolis ilaveli R4 ve U4 ornekleri bir
arada kiimelenmis ve benzer nitelikte olduklar1 yorumlanmis-
tir. Program tarafindan, i¢ duyusal 6zelliklerinden “Doku,
Cigneme Ozellikleri, Genel kabul edilebilirlik” bir arada de-
gerlendirilirken, lezzet ayr, tatlilik ve i¢ renk ise bir arada
gruplanmis ve kek 6rnekleri aldiklar1 begeni skorlar1 dogrul-
tusunda Sekil 2b’de kiimelenmislerdir. I¢ 6zellikler agisindan
da propolis ilave edilmemis M0, RO ve U0 6rnekleri en yiik-
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sek begeni skorlarina sahip 6rnekler olarak bir arada kiime-
lenmiglerdir. Kontrol 6rneklerine en yakin yani en benzer
olan 6rnek M1 Ornegi olarak grafikte konumlandirilirken,
bunu R1 ve M2 6rnekleri takip etmistir. I¢ duyusal 6rneklerde
de en diisiik begeni skoruna sahip %4 propolis ilaveli R4 ve
U4 ornekleri benzer olarak bir arada kiimelenmislerdir.

Sonuc¢

An iriinleri insanlar igin yiizyillardir ilgi odagi olmus hem
giinliik diyet icerisinde onemli bir besin maddesi olarak hem
de fonksiyonel nitelikleri itibariyle apiterapik amagli tiiketil-
mistir. En ¢ok bilinen ar1 {iriinii bal olmakla birlikte, antiok-
sidan, antibakteriyel, antienflamatuvar gibi dzellikleri agisin-
dan propolis ge¢misten giiniimiize en dnemli bal dis1 ar1 liriin-
leri arasinda yer almistir. Propolisin bu metabolik etkileri ya-
pisinda bulunan mineraller, esansiyel yaglar, organik madde-
ler ve polifenoller gibi bilesenlerden kaynaklanirken, bu bile-
senler de propolisin elde edildigi bolgenin ekolojik kosullari,
toplama sekli ve bolgenin sahip oldugu flora ile direkt iliski-
lidir. Bu ¢alismada kestane florasindaki ar1 kovanlarindan ha-
sat edilmis ve baskin polen igerigi kestane olan, ham propo-
lisden elde edilmis s1v1 ekstraktlarin iki farkli gida modelinde
kullanimiyla {irlin biyoaktif nitelikleri ve duyusal begenisine
etkisi bir arada degerlendirilmistir. Calisma sonucu kestane
balinin propolis ilavesiz haliyle de antioksidan aktivite ve
toplam fenolik madde miktar1 agisindan ¢igek balindan daha
yiiksek oldugu, ¢igek balina propolis ilavesi sonucu, poliflo-
ral ¢igek balinin biyoaktif niteliklerinin monofloral bir bal
olan kestane balina esit diizeye ¢ikarilabildigi belirlenmistir
ki bu sonug aycicegi bali gibi kismen besinsel ve aromatik
acgidan zayif ve nispeten daha az degerli goriilen ballarin be-
sinsel acidan takviyesi ve zenginlestirilmesi nedeniyle nem-
lidir. Kestane bal1 renk yogunlugu yiiksek ve koyu renkli bir
bal olmasi nedeniyle propolis ilavesi hem gorsel hem de renk
yogunlugu 6l¢limii agisindan 6nemli bir fark olusturmazken,
cok daha acik renkli ¢igek balinda renk yogunlugunu 6nemli
derecede artirdig1 belirlenmistir. Cigek ve kestane balina pro-
polis ilavesi karigimin antioksidan ve fenolik madde degerini
artirdigindan, bal-propolis karisimiin giinliik diyete dahil
edilerek apiterapik bir {iriin olarak kullanimi tavsiye edilebi-
lir. Hem biyoaktif nitelikler hem de iirtin modellerinin tiike-
tici begenisi acisindan ekstraksiyon yontemlerinin farklilik
gosterdigi tespit edilmistir. Propolis, polifenollerce zengin ve
buna bagli yiiksek antioksidan aktivitesiyle hem ilave edildigi
gida maddesine depolama siirecinde antioksidan ve antimik-
robiyal aktivite saglayabilecegi gibi, hem de tiiketici grubu
icin iiriine fonksiyonel nitelik saglayacaktir. Bu calismada
pismis iiriin modeli olarak ele alinan keklere propolis ilavesi
biyoaktif ve duyusal begeni nitelikleri agisindan incelenirken,
kek iiretiminin en 6nemli problemi olan raf 6mrii siiresince
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kiiflenme sorununa etkisi incelenebilecek ayr1 bir konu olarak
gorilmektedir. Bu nedenle ileride yapilacak ¢alismalarda,
propolisin ilave edildigi gida modellerine saglayacagi biyo-
aktif, besinsel ve fonksiyonel niteliklerin yam sira gida raf
omrii ve depolama nitelikleri tizerindeki etkilerinin de ince-
lenmesi faydali olacaktir.

Etik Standartlar ile Uyumluluk

Cikar catismasi: Yazarlar bu yazi igin gergek, potansiyel veya al-
gilanan ¢ikar ¢atigmasi olmadigini beyan etmislerdir.

Etik izin: Calisma etik izin gerektirmemektedir.

Veri erisilebilirligi: Veriler talep tizerine saglanacaktir.

Finansal destek: Kastamonu Universitesi Bilim§e1 Arastirma Pro-
jeleri Koordinatorliigii (KUBAP) tarafindan KU-BAP01/2021-14
numarall proje kapsaminda desteklenmistir.

Tesekkiir: Yazarlar desteginden dolayt KUBAP’a tesekkiir eder-
ler.

Agiklama: Bu ¢aligma Sevde Nur SENOL YAZKAN’1n yiiksek li-
sans tez verilerinden hazirlanmistir.
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Bu caligmanin amaci, zeytinyagi oleojelinin kek iiretiminde kati yag (sortening) ikamesi olarak kullanim po-
tansiyelini aragtirmaktir. Bu amagla, kek formiilasyonundaki sortening miktart % 25 (% 25 Oleojel-kek) ve
% 50 (% 50 Oleojel-kek) oranlarinda oleojel ile ikame edilmistir. Kontrol 6rneginde (Kontrol-kek) ise yag
olarak sadece sortening kullanilmigtir. Kontrol-kek, % 25 Oleojel-kek ve % 50 Oleojel-kek hamurlarinin
ozgiil agirliklari, sirastyla, 0.90 +0.00, 0.98 +0.00 ve 1.06 +0.01°dir. Kek hamurlarinin tamami kaymayla
azalan akis 6zelligi (n < 1, psddoplastik) sergilemis ve Herschel-Bulkley modeline uygunluk gostermistir (R?,
0.9975-0.9950). Oleojel iceren kek hamurlarinin gériiniir viskozite degerleri Kontrol-kek drnegine gore daha
disiiktiir (p <0.05). Kek hamurlarinin G' degerleri, G” degerlerinden daha yiiksektir ve bu durum 6rneklerin
kat1 benzeri yap1 sergiledigine isaret etmektedir. En yiiksek sertlik degeri Kontrol-kek ornegine (403.92
+14.84 g) ait iken en disiik sertlik degeri % 50 Oleojel-kek drnegine (303.11 +£12.10 g) aittir (p < 0.05).
Formiilasyona ilave edilen oleojel miktart arttikga keklerin elastikiyeti artmistir (p < 0.05). Duyusal analiz
parametreleri agisindan 6rnekler arasindaki farkliliklar, istatistiksel olarak 6nemsiz bulunmustur (p > 0.05).
Elde edilen sonuglar, kek yapiminda sortening yerine oleojel kullaniminin umut vadeden bir geleceginin ol-
dugunu gostermektedir.

Anahtar Kelimeler: Zeytinyagi, Oleojel, Sortening, Kek, Yag ikamesi
ABSTRACT

Determination of the effect of olive oil oleogel as a shortening replacer on quality
properties of cake

This study investigates the potential of using olive oil oleogel as a solid fat substitute in cake production. For
this purpose, the shortening content in the cake formula was replaced with 25% (25% Oleogel-cake) and 50%
(50% Oleogel-cake) of the oleogel. Only shortening was used as oil in the control sample (Control cake). The
specific gravity values of the Control-cake, 25% Oleogel-cake, and 50% Oleogel-cake batters were 0.90
+0.00, 0.98 +0.00, and 1.06 +0.01, respectively. All cake batters displayed shear thinning behaviour (n <1,
pseudoplastic) and conformed to the Herschel-Bulkley model (R2, 0.9975-0.9950). The apparent viscosity
values of the cake batters containing oleogel were lower than those of the control cake. G’ values were higher
than G"” values in all cake batters, indicating that all samples had solid-like structures. The highest hardness
value belonged to the Control-cake (403.92 +14.84 g), while the lowest belonged to the 50% Oleogel-cake
(303.11 £12.10 g). As the amount of oleogel added to the cake formulation increased, the elasticity of the
cakes increased. Differences between the samples regarding the sensory analysis parameters were statistically
insignificant (p > 0.05). The results show that using oleogel as a substitute for shortening in cake preparation
has a promising future.

Keywords: Olive oil, Oleogel, Shortening, Cake, Fat replacement
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Giris

Son yillarda saglik bilincinin artmasina paralel olarak gida
endiistrisi, saglikli iiriin yelpazesini genisletmektedir. Beslen-
meye daha az zaman ayirmak zorunda kalan ve atistirmalik
seven bireylerin tercih ettigi kek, kraker, biskiivi ve gofret
gibi Uriinlerde de glinden giine saglikli iirlin aray1s1 artmakta-
dir (Dogan ve ark., 2012). Lezzeti, ¢esitliligi, besleyicilik de-
geri ve tiiketim kolaylig1 ile yumusak bugday {irtinii olan kek,
unlu mamiiller endiistrisinin en 6nemli tiriiniidiir (Baltacioglu
ve Uyar, 2017). Kek iiretiminde un ve sekerden sonra temel
bilesen olarak yag kullamlmaktadir. Kekin ¢esidine gore kul-
lanilan yag miktar1 % 10-30 arasinda degismektedir ve iste-
nilen yapisal dzellikleri saglamak i¢in yiiksek oranda doymus
yag iceren kati yaglar kullanilmaktadir (Zhou ve ark.,
2011). Endiistriyel kek iiretiminde daha ¢ok palm, pamuk,
aspir, ay¢igegi ve kanola yaglarindan hidrojenasyon, interes-
terefikasyon ve fraksiyone kristalizasyon gibi yontemlerle
elde edilen sortening tercih edilmektedir (Kagar, 2010).

Doymus ve trans yag asitleri bakimindan zengin olan bes-
lenme bi¢imi; kardiyovaskiiler hastaliklar, tip-II diyabet, bir-
cok metabolizma bozuklugu ve obezitenin dnde gelen sebep-
lerinden biri olarak goriilmektedir (Roche, 2005). Diinya
Saglik orgiitii (WHO), 2018’de yaymladigi REPLACE poli-
tikasi ile 2023 yilina kadar endiistriyel trans yaglarin gida en-
diistrisinde kullanimimin kaldirilmasini hedeflemistir (Silva
ve ark., 2023). Stender (2020) tarafindan yapilan bir ¢alis-
mada; Iran, Tiirkiye, Yunanistan, Ermenistan, Kirgizistan,
Giircistan, Sirbistan, Hirvatistan ve Slovenya’nin baskentle-
rinde bulunan biiylik marketlerden kek, biskiivi ve gofret or-
nekleri toplanmis ve bu 6rneklerin trans yag icerikleri belir-
lenmistir. Ulkemizden 32 adet 6rnek toplanmis olup bunlarin
6 tanesinde toplam yagin % 2 ile % 5'i arasinda trans yag asidi
tespit edilmistir.

Yaglar1 yapilandirmak ic¢in yukarida bahsedilen yontem-
ler yerine daha yenilik¢i ve saglikli yontemler arastirilmakta-
dir. Bunlardan birisi olan oleojelasyon tekniginde; bir oleo-
jelator (jel ajan1) yardimu ile sivi bitkisel yag, ii¢ boyutlu jel
aginda tutulur ve oleojel adi1 verilen yar1 kat1 bir madde olus-
turmak tizere jellesir (Yu ve ark., 2022). Oleojelator olarak
bitkisel mumlar, yag asitleri, yag asidi esterleri, fitosteroller,
lesitin ve seliiloz tiirevleri gibi maddeler kullanilmaktadir.
(Demirkesen, 2017; Badem ve Bastiirk, 2023). Oleojelasyon
teknigi zeytinyagi gibi degerli yaglarin yapilandiriimasinda
da kullanilmaktadir. Zeytinyagimin % 80’ini trigliseritler
olusturmakta ve zeytinyagi esansiyel yag asitlerinin tama-
min1 blinyesinde bulundurmaktadir. Yagda ¢dziinen vitamin-
lerin kaynagi olarak goriilen zeytinyagi, doymamis yag orani
yiiksek bir meyve yagi olarak kardiyovaskiiler hastaliklara

kars1 koruyucu etkiye sahiptir. Ayrica iceriginde bulunan fe-
nolik bilesenler, squalen ve oleoropein gibi maddelerle anti-
kanserojen, antibakteriyel ve anti-inflamatuar etkilere de sa-
hiptir (Armutgu ve ark., 2013). Alongi ve ark. (2022) farkli
oleojelatorler kullanarak, zeytinyaginin oleojel kapasitesi ve
biyokimyasal ozelliklerini incelemistir. Caligmada; zeytin-
yag1 oleojelinin, zeytinyagmin farkli alanlarda fonksiyonel
olarak kullanimini yayginlastirabilecegi vurgulanmistir ve
zeytinyaginda bulunan biyoaktif bilesenlerin, oleojel for-
munda korundugu belirtilmistir.

Oleojellerin doymus yag yapilarina benzer 6zellikler goster-
meleri nedeniyle margarin, siiriilebilir iiriinler, et Girlinleri, se-
kerleme ve unlu mamullerde kullanimu ile ilgili yapilan ¢alis-
malar giinden giline artmaktadir (Ferro ve ark., 2021; Roy ve
ark., 2022). Oleojellerin toplumun bir¢ok kesimi tarafindan
sevilerek tiiketilen bir iirlin olan kekin iretiminde de kulla-
nimi1 s6z konusur. Malvano (2022) tarafindan yapilan bir ¢a-
lismada; zeytinyagi oleojeli, peyniraltt suyu proteinleri ve
emiilgatorlerle karistirilarak kek yapiminda tereyagi yerine
kullanilmistir. Elde edilen karisim oraninda tereyagi yerine
kullanilmis ve karisimdaki oleojel orani arttik¢a, kek drnek-
lerinin sertlik degerlerinde diisiis gorilmustiir. Ayrica, bu
riinlerin depolamada kiiflere kars1 daha dayanikli oldugu
tespit edilmistir. Farkli bir ¢alismada; kandelila vaksi kulla-
nilarak hazirlanan kanola yag1 oleojeli, pandispanya kekleri-
nin iiretiminde tereyagina ikame olarak kullanmilmigtir. Kek
formiilasyonlarinda kullanilan oleojel miktar1 arttik¢a, kekin
tekstiirel 6zelliklerinin iyilestigi ve nisastanin sindirilebilirli-
ginin arttig1 belirtilmistir (Alvarez-Ramirez ve ark., 2020).

Bu ¢aligmada gida endiistrisinde yaygin olarak kullanilan bir
oleojelator olan balmumu yardimi ile zeytinyagi oleojeli iire-
tilmistir. Daha sonra, elde edilen oleojel belirli oranlarda sor-
tening ile ikame edilerek (% 25 ve % 50) kek yapiminda kul-
lanilmigtir. Calismanin amaci, zeytinyagi oleojelinin sorte-
ning ikame maddesi olarak kullanilmasinin kek hamuru reo-
lojisi ve kekin fiziksel ve tekstiirel 6zellikleri {izerine etkisi-
nin belirlenmesidir.

Materyal ve Metot
Materyal

Balmumu (KahlWax 8108 White Food Beeswax, Apis melli-
fera'nin peteklerinden elde edilmistir, E901 kodlu gida katki
maddesidir.) IMCD Tiirkiye (istanbul, Tiirkiye) firmas: tara-
findan {icretsiz olarak temin edilmistir. Sortening yerel bir
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pastaneden satin alinmistir. Calismada kullanilan biitlin kim-
yasallar analitik safliktadir. Analizler en az 2 tekerriir halinde
yiirtitilmistiir.

Oleojel Uretimi

Oleojel iiretiminde daha 6nce yapmis oldugumuz ¢alisma baz
alinmis olup, yontemde kiigiik degisiklikler yapilmistir (Or-
han-Ozdemir ve Eroglu, 2022). Zeytinyagi uygun bir behere
almmis ve 1sitic1 yardimi ile 70°C’a 1sitilmistir. Daha sonra
iizerine balmumu ilave edilmis (zeytinyagi: % 90, balmumu:
% 10, m/m) ve manyetik karistirict yardimiyla 5 dk. karisti-
rilmistir. Ardindan, zeytinyagi-balmumu karigimi sicakligi
70°C’a sabitlenmis olan su banyosunda 1 saat boyunca ¢al-
kalanmigtir (200 rpm). Su banyosundan alinan karisim oda si-
cakliginda sogutularak zeytinyagi-balmumu oleojeli elde
edilmistir. Elde edilen oleojel buzdolabinda (4°C) saklanmis
olup analizden 1 saat 6nce buzdolabindan ¢ikarilmistir.

Yag Baglama Kapasitesinin Belirlenmesi

Zeytinyagi-balmumu oleojeli 70°C sicakliktaki su banyo-
sunda eritilmistir. Eritilen oleojelden 1 mL alinarak agirlig
onceden kaydedilmis olan Eppendorf tiiplerine aktarilmistir.
Daha sonra Eppendorf tiipleri buzdolabinda sogumaya bira-
kilmistir (24 saat). Ardindan, igerisinde oleojel bulunan tiip-
lerin agirlhigi tartilmis ve oda sicakliginda santrifiij edilmistir
(6000 rpm / 15 dk). Santrifiij isleminden sonra oleojel yapi-
sindan ayrilan sivi yag alinmis ve tliptin agirligi tekrar tartil-
mistir (Choi ve ark., 2020). Oleojelden salinan yag miktar1 ve
buna bagli olarak da oleojelin yag baglama kapasitesi asagida
verilmis olan esitlikler kullanilarak hesaplanmastir.
Salinan yag kiitlesi (g)

Sal g (%) = x 100
alinan yag (%) Numunenein toplam kiitlesi (g)

Yag baglama kapasitesi (%) = 100 — Salinan yag (%)
Kek Yapimi

Kek yapiminda 100 g un i¢in; 120 mL su, 80 g seker, 50 g
sortening, 12 g yagsiz siit tozu, 8 g yumurta aki tozu, 3 g ka-
bartma tozu, 1 g vanilin ve 1.5 g tuz kullamlmistir (AACCI,
2010). Formiilasyonun bu haliyle kontrol 6rnegi (Kontrol-
kek) hazirlanmisg olup, sortening miktarinin % 25 ve % 50’si-
nin yerine zeytinyagi oleojeli kullanilarak, sirasiyla, % 25
Oleojel-kek ve % 50 Oleojel-kek formiilasyonlar1 hazirlan-
mistir. Bu oranlar daha 6nce yapilan ¢aligmalar goz oniinde
bulundurularak belirlenmistir (Khiabani ve ark., 2020; Adili
ve ark., 2020; Kim ve ark., 2017). Su disindaki biitiin malze-
meler karistirma kabina alinmig (Cookplus Promix Ef802,
Karaca Ziiccaciye Tic. ve San. A.S., Tirkiye) ve iizerine for-
miilasyonda belirtilen suyun % 60’1 ilave edilmistir. Karigim,
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once diisiik devirde (devir 3) 30 s ve ardindan hizli devirde
(devir 6) 4 dk. kanistirilmistir. Ardindan kalan suyun yarisi
ilave edilmis ve aym karistirma islemi tekrarlanmistir. Son
olarak, kalan su ilave edilip malzemeler tekrar ayni sekilde
karigtirilarak kek hamuru elde edilmistir. Kek hamuru orta-
lama 4 cm c¢apa sahip metal kek kaliplarma doldurulup
200°C’da 25 dk. pisirilmistir. Pisirilen kekler oda sicakli-
ginda sogumaya birakilmis (1 saat) ve ardindan analizler ya-
pilmstir.

Hamurun Ozgiil Agirlig

Sabit agirliga getirilerek darasi alinan bir kap igerisine saf su
ilave edilerek kabin hacmi belirlenmistir. Ardindan ayni kaba
kek hamuru ilave edilmis ve agirhigi kaydedilmistir. Asagi-
daki formiil kullanilarak kek hamurunun 6zgiil agirlig1 hesap-
lanmistir (AACCI, 2010).

Bilinen hamur hacminin agirligi (g)

Ozgiil agurlik =
Zgut agtrdt Esit hacimdeki suyun agirligi (g)

Hamurun Reolojik Analizi

Kek hamurlarinin reolojik 6l¢timlerinde sicaklik kontrol iini-
tesi ile kombine edilmis Anton Paar MCR 102 reometre (An-
ton Paar Gmbh, Graz, Avusturya) kullanilmistir. Tiim 6l¢iim-
ler 25°C’da yapilmistir. Analiz igin paralel plaka konfigiiras-
yonu kullanilmig olup, plakalar arasindaki bosluk 1 mm ola-
rak ayarlanmustir.

Sabit Kayma Akis Davramis Ozelliklerinin Belirlenmesi

Kek hamurlarinin viskozitesi 1-100 s kayma hiz1 araliginda
elde edilmis ve dlgiimler 25°C’da gerceklestirilmistir. Analiz
esnasinda 10 s araliklar ile toplam 30 veri alinmigtir. Elde edi-
len veriler Herschel-Bulkley modeline uygunluk gdstermis-
tir.

T=1y+K.y"

Burada t: kayma gerilimi (Pa), 0: akma gerilimi (Pa), K: ki-
vam indeksi (Pa.s), y: kayma hiz1 (s!) ve n: akis davranis in-
deksidir.

Dinamik Kayma Akis Davranis Ozelliklerinin Belirlenmesi

Kek hamurlarmin bulundugu lineer viskoelastik bolge
(LVB), sabit bir frekansta (1 Hz) stres tarama testi (stress
sweep, 0.01-10 Pa) yapilarak belirlenmistir. LVB; modiil de-
gerlerinin sabitlendigi bolgedir ve bu bolgede belirlenen kri-
tik stres degeri frekans kayma analizinde kullanilir. Kek ha-
murlarmin kritik stres degerleri; Kontrol-kek, % 25 Oleojel-
kek ve % 50 Oleojel-kek hamurlari i¢in, sirastyla, 1.75, 0.6
ve 0.3 Pa olarak belirlenmistir. Bu sonuclara gore, dinamik
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kayma davranis ozelliklerinin belirlenmesi i¢in kullanilacak
degerler; sirasiyla, 1, 0.5 ve 0.2 Pa olarak se¢ilmistir. Daha
sonra Orneklerin viskoelastik 6zelliklerinin belirlenmesi i¢in
frekans taramasina gecilmistir ve bu islem 0.1-10 Hz arali-
ginda 25°C sicaklikta gergeklestirilmistir. Frekans taramasin-
dan 6nce ornekler 5 dk. bekletilerek sicakliklarinin dengelen-
mesi ve Orneklerin rahatlamasi saglanmistir. Anton Paar's
RheoCompass™ yazilim1 kullanilarak drneklerin elastik mo-
diilii (G') ve viskoz modiilii (G"') degerleri elde edilmistir.

Pisme Kaybi Analizi

Kek yapiminda kullanilan kaliplarin darasi alinmis ve kaliba
ilave edilen hamurun agirligi kaydedilmistir. Ardindan pi-
sirme islemi uygulanmis ve kekler sogumaya birakilmistir.
Soguma igleminin ardindan pisen keklerin agirligi kaydedil-
mis ve asagida verilen formiil kullanilarak pisme kayb1 he-
saplanmistir (Yang ve ark., 2021).

Hamur agirligi — Kek agirligt
girlig (g) g g(g)xmo

P . K b 0, =
isme Kaybt (%) Hamur agirlig (g)

Nem Analizi

Keklerin nem igeriginin belirlenmesi i¢in 2 g ufalanmis 6rnek
tartilmig ve 102°C’da etiivde sabit agirliga gelinceye kadar
bekletilmistir. Agirlik farkindan yararlanilarak érneklerin sa-
hip oldugu nem hesaplanmistir (AOAC, 2000).

Renk Analizi

Kek orneklerinin renk degerleri Minolta CR-400 model renk
cihazi kullanilarak Olgiilmiistiir (Konica Minolta CR-400,
Tokyo, Japan). Cihaz dlglimlerden 6nce Minolta kalibrasyon
plakasi kullanilarak kalibre edilmis olup, sonuglar L*, a* ve
b* degerleri seklinde verilmistir. L* degeri 0 (siyah) ile 100
(beyaz) arasinda degisen degerlerle parlakligi; a* degeri kar-
mizi (+a) ve yesilligi (-a); b* degeri ise sarilik (+b) ve mavi-
ligi (-b) ifade etmektedir.

Tekstiir Analizi

Kek orneklerinin tekstiirel 6zelliklerinin belirlenmesinde si-
lindirik prob (¢ap: 36 mm) ile kombine edilmis tekstiir analiz
cihazi kullanilmistir (TA.XT2i, Stable Micro Systems, Sur-
rey, Ingiltere). Test parametreleri; &n test hizi: 1 mm/s, test
hizi: 1 mm/s, test sonrasi hiz: 10 mm/s, sikistirma derinligi %
25 (strain), tetikleme tipi: otomatik 0.049 N ve temas siiresi
(hold time): 60 s olarak se¢ilmistir. Analizde sikistirma me-
todu kullanilmis olup, sertlik (hardness) ve elastikiyet (sprin-
giness) degerleri tekstiir cihazinin yazilimi kullanilarak he-
saplanmistir (Texture Exponent Software, ver: 6.1.18.0,
Stable Micro System, Surrey, Ingiltere). Analiz 25°C’da ya-
pilmustir.

Duyusal Analiz

Kek omneklerinin duyusal analizinde en az 10 adet egitimli
panelist yer almistir. Kekler goriinis, renk, koku, tat, tekstiir
ve genel kabul edilebilirlik agisindan degerlendirilmis olup,
degerlendirmede 9 puanli hedonik skala kullanilmistir (1 =
cok kotii, 9 = cok iyi). Ornekler 3 haneli rakamlar ile rast-
gele numaralandirilmis ve servis esnasinda rastgele dizilmis-
tir. Panelistlerin drnekleri tattiktan sonra tat algisini yenile-
meleri ve agizlarini ¢alkalamalari i¢in galeta ve su servis edil-
mistir.

Istatistiki Degerlendirme

Verilerin istatistiksel analizinde SPSS yazilimi (Windows,
siirim 16; IBM Corp., Armonk, NY, ABD) kullanilarak tek
yonlii varyans analizi (ANOVA) kullanilmistir. Degiskenler
arasindaki anlamli farklar1 saptamak icin Duncan testi kulla-
nilmistir (p <0.05).

Bulgular ve Tartisma
Yag Baglama Kapasitesi

Bu analiz sonucunda zeytinyag1 oleojelinde herhangi bir yag
salinimi gozlenmemis ve buna bagl olarak yag baglama ka-
pasitesi % 100 olarak bulunmustur. Ghazani ve ark. (2022)
¢esitli mumlar ve bunlarm farkli kombinasyonlarini kullana-
rak zeytinyagi oleojelleri elde etmistir. % 3 oraninda bal-
mumu ilave edilerek hazirlanan oleojelde meydana gelen yag
kaybinin oldukga yiiksek oldugu rapor edilmistir (% 28). Ca-
lismada mum oleojellerinin yag baglama kapasitesinin, mum-
larin kimyasal bilesimi ve blinyesinde bulunan minér bilesen-
ler (safsizliklar) ile iligkili oldugu belirtilmistir. Tarafimizca
yapilan ¢alismada elde edilen zeytinyagi oleojelinin daha
yiiksek yag baglama kapasitesine sahip olmasi, kullanilan
mumlarin kimyasal bilesimlerinin farkli olmasindan kaynak-
lanabilir. Ayrica kullanilan mum miktarmin farkli olmasi da
yag baglama kapasitesini etkileyen 6nemli bir etkendir. Daha
once tarafimizca yapilmis olan bir calisgmada; ¢orekotu yagi-
balmumu (90:10, m/m) oleojelinin % 3.88 oraninda yag sal-
di1g1 goriilmiistiir (Orhan-Ozdemir ve Eroglu, 2022). Bu du-
rum oleojel yapiminda kullanilan yaglarin da farkli 6zellik-
lerde ve kimyasal bilesimde olmasi nedeniyle jel yapisini et-
kiledigini gostermektedir.
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Hamurun Ozgiil Agirlig

Ozgiil agirhik, hamurun hava tutma kapasitesini belirlemede
kullanilmaktadir (Khalil, 1998; Willett ve Akoh, 2019). Kek
hamurlariin 6zgiil agirliklart Tablo 1°de gosterilmistir. En
diistik 6zgiil agirlik degeri kontrol drnegine ait iken en yiiksek
deger % 50 Oleojel-kek ornegine aittir (p < 0.05). Sortening
yerine kullanilan oleojel miktar1 arttiginda, kek hamurunun
ozgiil agirhiginin arttig1 goriilmektedir. Hava kabarciklar ha-
mur sisteminin yag fazinda hapsolmaktadir (Jeong ve ark.,
2021) ve sortening gibi kati kristallere sahip olan yaglar hava
kabarciklarini adsorbe edebilmekte ve onlar1 stabil hale geti-
rebilmektedir (Willett ve Akoh, 2019). Calismamizda kulla-
nilan oleojeller hamurun hava hiicrelerini tutma yetenegini
olumsuz etkilemistir. Bu durum da hamur hacminin azalma-
sia ve 0zgiil agirligin artmasina neden olmustur. Ayrica, ole-
ojel igeren kek hamurlarimin yiiksek 6zgiil agirliga sahip ol-
masi, bu hamurlarin diisiik viskozitesi ile de ilgili olabilir.
Diisiik hamur viskozitesi, hava kabarciklarinin hamur yiize-
yine gd¢ etmesini 6nleyemeyebilir ve boylece hava kabarcik-
larinin hamur igerisinde tutulmasi giiclesir (Kim ve ark.,
2017).

Jeong ve ark. (2021) tarafindan yapilan ¢calismada elde edilen
bulgular ¢calismamizda elde edilen sonuglar1 desteklemekte-
dir. Bahsi gecen calismada yag fazi olarak aycicek yagi kul-
lanilmis olup oleojelatdr olarak da farkli kombinasyonlarda
kandelila mumu ve gliserol monostearat kullanilmistir. Daha
sonra elde edilen oleojellerin sortening ikamesi olarak muffin
yapiminda kullanimi arastirilmistir. Sortening kullanilan ha-
murun 0zgiil agirhigi, oleojellerin kullanildigi hamurlarin 6z-
giil agirligindan daha diisiik bulunmustur.

Hamurun Reolojik Yapisi
Sabit Kayma Akis Davranis Ozellikleri

Kek hamurlarinin sabit kayma hizinda gostermis oldugu akis
davranig ozellikleri Sekil 1°de gosterilmistir. Orneklerin ta-
mami kaymayla azalan akis 6zelligi (psddoplastik) gostermis
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olup, kayma hiz1 arttikga kek hamurlarinin viskozitesi azal-
mistir. 25°C’da kek hamurlarinin kayma gerilimi ve kayma
hiz1 verileri Herschel-Bulkley modeline uygunluk géstermis-
tir (R2, 0.9975-0.9950). Bu modele ait 1, (akma gerilimi), K
(kivam indeksi), n (akis davranis indeksi) ve R? (determinas-
yon katsayis1) parametreleri Tablo 1°de verilmistir.

En ytiksek n degeri % 25 Oleojel-kek hamuruna ait iken (0.72
+0.01) en diisiik n degeri Kontrol-kek hamuruna aittir (0.56
+0.02) (p <0.05). Bu durum kek hamurlarinin kaymayla aza-
lan akis 6zelligi (psodoplastik) gosterdigini kanitlamaktadir
(n <1). Akma gerilimi (t,), kayma stresi belirli bir seviyeye
gelinceye kadar kati 6zellik gosteren akiskanlarda var olan bir
degerdir ve akisin baslamasi i¢in ihtiya¢ duyulan en diisiik
kayma stresine denir (Ramaswamy ve Marcotte, 2006; Ari-
kan 2008). En yiiksek 1, degerinin Kontrol-kek hamuruna ait
oldugu (p < 0.05) ve kek formiilasyonundaki oleojel orani art-
tikca da bu degerin distligli goriilmektedir. Demirkesen ve
Mert (2019) tarafindan yapilan ¢aligmada; balmumu-aycicek
yag1 oleojeli elde edilmis ve gesitli oranlarda sortening ile
ikame edilerek glutensiz kek yapiminda kullanilmistir. Bu ¢a-
lismadaki bulgular bizim ¢alismamizda elde edilen bulgulari
desteklemektedir. Demirkesen ve Mert (2019) tarafindan ya-
pilan kek hamurlar1 kayma ile azalan akis 6zelligi sergilemis
ve Herschel-Bulkley modeline uygunluk gdstermistir. Ornek-
lerin 7, degerleri de oleojel igeren hamurlarda diismiistiir. Oh
ve ark. (2017) tarafindan cesitli mum bazli (piring kepegi
mumu, kandelila mumu ve balmumu) aygicek yagi oleojelleri
elde edilmis ve bu oleojeller yag ikame maddesi olarak kek
yapiminda kullanilmigtir. Mum bazli oleojelleri igeren kek
hamurlarmin da kaymayla azalan akis 6zellikleri gosterdigi
belirtilmistir. Benzer sonuglar Kim ve ark. (2017) tarafindan
da rapor edilmistir. Ancak bu ¢aligmalarda kek hamurlarinin
Power Law modeline uygun oldugu belirtilmistir. Bu farklilik
kek hamurlariin formiilasyonlarinin farkli olmasindan kay-
naklanabilir.

Tablo 1. Kek hamurlarinin 6zgiil agirlik degerleri ve Herschel-Bulkley model parametreleri

Table 1. Specific gravity values and Herschel-Bulkley model parameters of cake batters

Ozgiil Agirhk 7, (Pa)
Kontrol-kek hamuru 0.90 +0.00 *
% 25 Oleojel-kek hamuru 0.98 £0.00°
% 50 Oleojel-kek hamuru 1.06 £0.01°¢

49.14 +0.27°¢

42.14 £1.26°

32.7542.15*

K (Pa.s)
2424 £042°% 0.56+0.02*  0.9975  5.66+0.24°
9.84+0.66%  0.72+0.01®  0.9960  4.11+0.13°
10.41+£0.58%  0.67+0.03®> 0.9950  3.50+0.13¢

To: Akma gerilimi, K: kivam indeksi, n: akis davranis indeksi, R%: determinasyon katsayisi, N50: goriiniir viskozite
Ayni siitunda yer alan “a-c” harfleri 6rnek gruplari arasindaki farkin istatistiki olarak 6nemli oldugunu ifade etmektedir (p < 0.05).
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Sekil 1. Kek hamurlarinin goriiniir viskozite-kayma hiz1 davraniglar

Figure 1. Apparent viscosity-shear rate behavior of cake batters

Kontrol-kek hamurunun K degerinin oleojel ilaveli kek ha-
murlarindan daha yiiksek oldugu gorilmektedir. Bu durum,
Kontrol-kek hamurunun daha viskoz ve daha giiclii emiilsi-
yon yapisinda olduguna isaret etmektedir (Ng ve ark., 2014).
Orneklerin goriiniir viskozite (1s0) sonuglar1 da Kontrol-kek
hamurunun oleojel i¢eren hamurlara gore daha viskoz yapida
oldugunu kanitlamaktadir. Bu durum mum bazli oleojellerin
giicli jeller olmalarina ragmen, yapilar1 deforme oldugu za-
man sertlik degerlerinin hizla azalmasi ile ilgili olabilir (De-
mirkesen ve Mert, 2019).

Dinamik Kayma Akis Davrams Ozellikleri

Kek hamurlarinin elastik modiilii (G"), viskoz modiili (G")
ve tan § (G"/G') degerleri Sekil 2°de gosterilmistir. Ornekle-
rin viskoelastik 6zelliklerini belirlemek amaciyla frekans
kayma (Frequency Sweep) testi uygulanmistir. Biitiin kek ha-
murlarimin G’ degerleri, G” degerlerinden daha yiiksektir ve
bu durum kat1 benzeri bir yap1 sergilediklerini gostermektedir
(Demirkesen ve Mert, 2019). Kontrol-kek hamurunun G’ de-
gerlerinin oleojel igeren kek hamurlarina gore daha yiiksek
oldugu goriilmektedir. G’ degerleri iirliniin esnekligini ve de-
formasyona karsi olan direncini gostermektedir (Brito ve
ark., 2022) ve bu nedenle, Kontrol-kek hamurunun oleojel
iceren kek hamurlarina gore deformasyona karsi daha giiglii
oldugu sdylenebilir. Oh ve Lee (2018) tarafindan yapilan ¢a-
lismada da benzer sonuglar elde edilmistir. Kek hamurlarin-

daki oleojel oran1 arttikca G’ degerleri azalmistir. G” deger-
lerine bakildiginda, biitiin kek hamurlarinda artan frekans ile
birlikte bu degerde artis s6z konusudur. Sorteningin oleojel
ile ikame edilmesi sonucunda elde edilen hamurlarin G” de-
gerlerinin, Kontrol-kek hamuruna gore daha diisiik oldugu
goriilmektedir. G” degerinin diisiik olmasi ise emiilsiyonun
akmasi i¢in daha az strese ihtiya¢ oldugunu ifade eder (Di
Mattia ve ark., 2015).

Kek hamurlarinin tan 6 degerlerinin 1°den kii¢iik olmas1 (tan
0<1) durumu yine kek hamurlarinin kati1 benzeri bir davranig
sergilediklerini gostermektedir (Guadarrama-Lezama ve ark.,
2023). Kek hamurlarimin tan & degerleri oleojellerle daha
fazla sortening ikame edildiginde artmistir. Bu durum oleojel
igeren kek hamurlarinin daha viskoz yapida oldugunu goster-
mektedir. Kim ve ark. (2017) ve Oh ve ark. (2017) tarafindan
yapilan ¢aligmalarda da kek hamurlarina belirli oranlarda ole-
ojel ikame edildiginde tan & degerlerinin arttig1 bildirilmistir.

Kek orneklerinin pisme kaybi analizi sonuglar1 Tablo 2’de
gorlilmektedir. Kek yapiminda kullanilan sorteningin oleojel
ile ikame edilmesi durumunda, 6rneklerin pisme kayb1 deger-
lerinin azaldig1 goriilmektedir. Bu durum; oleojelin, keklerin
pisirilmesi esnasinda nem kaybina kars1 bariyer goérevi gor-
mesinden kaynaklanabilir. Benzer sonuglar hayvansal yag
yerine oleojel kullanilan burger koftesi gibi et iiriinlerinde de
goriilmustiir (Moghtadaei ve ark., 2021; Moghtadaei ve ark.,
2018).
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Pisme Kaybi icerdigini gostermekte olup, hamur icerisinde bu globiilleri
sarmak i¢in de daha fazla proteine ihtiya¢ olduguna isaret et-
mektedir. Boylece, ortamda daha fazla hidrofilik grubun bu-
lunmas1 ve bu gruplarin daha fazla suyu absorbe etmesi s6z

konusu olabilir (Moghtadaei ve ark., 2021).

Kek hamurlarinin reolojik analiz sonuglarina bakildiginda
kontrol 6rneginin elastik modiilii degerlerinin oleojel igeren
kek hamurlarindan ¢ok daha yiiksek oldugu goriilmektedir.
Bu durum oleojelin sorteninge gore daha fazla yag globiilleri
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Sekil 2. Kek hamurlarinin viskoelastik 6zellikleri: (a) elastiklik modiilii (G"); (b) viskoz modiilii (G"); (c¢) tan &

Figure 2. Viscoelastic properties of cake batters: (a) storage modulus (G'); (b) loss modulus (G"); (c) tan 6

Tablo 2. Kek 6meklerinin pisme kayb1 ve nem igerigi degerleri
Table 2. Cooking loss and moisture content of cake samples

Nem Icerigi (%)

Pisme Kaybi (%)

Kontrol-kek 17.45+£0.93° 18.08 £0.55¢
% 25 Oleojel-kek 16.12 £0.24¢ 20.09 £0.53°
% 50 Oleojel-kek 15.94 £0.04* 20.03 £0.75°

Ayni siitunda yer alan “a-b” harfleri 6rnek gruplari arasindaki farkin ista-
tistiki olarak onemli oldugunu ifade etmektedir (p < 0.05).
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Nem Igerigi

Kek orneklerinin nem igerigi sonuglar1 Tablo 2°de verilmis-
tir. Pisme kaybi analizinde elde edilen sonuglarin nem analizi
sonuclarini destekledigi goriilmektedir. Oleojel igeren kek or-
neklerinde suyun daha iyi tutulmasina bagli olarak, kontrol
ornegine gore daha yiiksek nem degerleri elde edilmistir (p <
0.05). Calismamizda elde edilen sonuglar konu ile ilgili daha
once yapilmis olan c¢aligmalar tarafindan desteklenmektedir.
Giacomozzi ve ark. (2018) yag faz1 olarak yiiksek oleik asitli
aycigek yagi ve jelator olarak da monostearin and monopal-
mitin karisimimi kullanarak farkli oleojel formiilasyonlari
elde etmistir. Yapilan optimizasyonda en iyi sonucu veren
oleojelleri, muffin yapiminda ticari margarin yerine kullan-
mustir. Oleojel kullanilan muffinlerin nem oranlarinin kontrol
ornegine gore daha yiiksek oldugu bulunmustur. Baska bir
calismada kitosan-kanola yagi oleojeli, sortening ikamesi
olarak kurabiye yapiminda kullanilmis ve oleojel igeren ku-
rabiyelerin nem igeriginin sortening igeren Orneklere gore
daha yiiksek oldugu belirtilmistir (Brito ve ark., 2022).

Renk Analizi

Kek 6rneklerinin renk analizi sonuglar1 Tablo 3’de verilmis-
tir. Aydinlik degeri olarak bilinen L* degerinin oleojel igeren
kek 6rneklerinde azaldigi goriilmektedir (p < 0.05). Bu durum
zeytinyag1 oleojelinin (L = 54.80 £+ 1.77) sorteninge (L =
93.52 £ 0.26) gore daha koyu renkli olmasindan kaynaklan-
maktadir (veri tabloda gosterilmemistir). Kek formiilasyo-
nunda zeytinyagi oleojeli kullanimi, zeytinyagmin sarimsi
renge (b* = 33.71 £ 1.44) sahip olmasi nedeniyle b* deger-
lerinde artigsa neden olmustur (p > 0.05).

Oh ve Lee (2018) tarafindan yapilan ¢aligmada elde edilen
bulgular, calismamizda elde edilen sonuglar1 desteklemekte-
dir. Kek yapiminda sortening ikamesi olarak kullanilan aygi-
cek yagi-hidroksipropil metilseliiloz oleojeli, L* degerinin
azalmasina ve b* degerinin artmasina neden olmustur. Baska
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bir calismada glutensiz kek yapiminda sortening ikamesi ola-
rak balmumu-ay¢icek yagi oleojeli kullanilmistir. Oleojel
kullanimi keklerin L* degerlerinde azalmaya neden olurken
a* ve b* degerlerinde ise dnemli bir degisiklige neden olma-
mistir (Demirkesen ve Mert, 2019). Bu farkliliklar muhteme-
len oleojel yapiminda kullanilan yag ve oleojelatorlerin farkli
olmasindan kaynaklanmaktadir.

Tekstiir Analizi

Kek orneklerinin tekstiirel 6zellikleri Tablo 3’de verilmistir.
Kek yapiminda kullanilan sorteningin % 25 ve % 50 oraninda
oleojel ile ikame edilmesi durumunda, elde edilen keklerin
sertlik degerlerinin azaldigi goriilmektedir (p < 0.05). Bu du-
rum, oleojel igeren kek hamurlarmin 6zgiil yogunlugunun
daha yliksek olmasina bagli olarak, daha yogun yapiya ve
daha diisiik hava tutma kapasitesine sahip olmalarindan kay-
naklanabilir (Oh ve Lee, 2018). Oleojel ikamesi ile sertligi
azalan kekler daha yumusak olmus ve buna bagh olarak elas-
tikiyet degerleri artmistir (Faber ve ark., 2017).

Oleojelatdr olarak hidroksipropil metilseliiloz kullanilarak
ay¢icek yagi oleojelinin elde edildigi bir ¢alismada; elde edi-
len oleojel, kruvasan yapiminda farkli oranlarda sortening
ikame maddesi olarak kullanilmistir (% 50, % 60, % 70 ve %
100) (Espert ve ark., 2023). Oleojel ilaveli kruvasanlarin sert-
lik (penetrasyon testi) degerlerinin azaldig1 goriilmiistiir. Bu
durum, oleojel igeren drneklerde kat1 yag kristallerinin az bu-
lunmasina veya hi¢ bulunmamasina baglanmistir. Ayrica ole-
ojel iceren kruvasanlarin tekstiir profil analizinde elastikiyet
degerlerinin de artti§1 ifade edilmistir. Oh ve Lee (2018) ta-
rafindan yapilan bagka bir ¢alismada; kek yapiminda farkl
oranlarda sortening ikame maddesi olarak ay¢icek yagi oleo-
jeli kullanilmistir (% 25, % 50 ve % 100). Tarafimizca yapi-
lan ¢aligmada oldugu gibi, yag igeriginin % 25 ve % 50’si
oleojel ile ikame edilen keklerin sertlik degerlerinin diistiigii
elastikiyet degerlerinin de arttig1 belirtilmistir.

Tablo 3. Kek 6rneklerinin renk parametreleri ve tekstiir 6zellikleri
Table 3. Color and texture parameters of cake samples

Kontrol-kek 79.04 £1.99° -1.02+0.10%
% 25 Oleojel-kek 76.91 £1.05% -1.02 £0.05*
% 50 Oleojel-kek 72.67 £2.26* -0.92+£0.01°

Sertlik (g) Elastikiyet (%)
18.79 £0.60* 403.92 +14.84 ¢ 42.29 £1.992
20.42 £0.28% 338.36 +28.60° 45.64 £1.57°
21.00+1.63* 303.11 £12.10° 46.31+£3.37"

Ayni slitunda yer alan “a-c” harfleri 6rnek gruplar1 arasindaki farkin istatistiki olarak 6nemli oldugunu ifade etmektedir
(» <0.05).
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Duyusal Analiz

Kek orneklerinin duyusal analiz sonuglar1 Tablo 4’ de veril-
mistir. En yliksek goriiniis degerine % 50 Oleojel-kek 6rnegi
sahiptir. Kekler renk ag¢isindan degerlendirildiginde, oleojel
ikamesinin renk begenisini diislirdiigii goriilmektedir. Ancak,
bu farkliliklar istatistiksel olarak onemli bulunmamuistir.
Renk analizi sonuglar1 da 6rnekler arasindaki farkliligi dog-
rulamaktadir. Kek formiilasyonunda zeytinyagi oleojeli kul-
lanimina bagl olarak, aydinlik degerinin azalmas1 ve sarilik
degerinin artmasi panelistler agisindan standart kek goriintii-
stinden farkl algilanmis olabilir.

Koku degerlerine bakildiginda ise en ¢ok begenilen 6rnegin
% 25 Oleojel-kek oldugu goriilmektedir (p > 0.05). Zeytin-
yag1 kokusu % 25 Oleojel-kek 6rneginde begenilmis iken %
50 Oleojel-kek 6rneginde tam tersi bir etki gostermistir. Bu
durum sortening ile ikame edilmis oleojel miktarinin artma-
sindan kaynaklanabilir. Miktar artigina bagh olarak zeytin-
yagi1 kokusu baskin hale gelmis ve diger drneklere gore daha
diisiik puan almistir. Kontrol-kek ve % 25 Oleojel-kek 6rnek-
leri lezzet agisindan en yiiksek puanlara sahip iken, % 50 Ole-
ojel-kek Ornegi en az begenilen 6rnek olmustur (p > 0.05).
Kek ornekleri tekstiir agisindan degerlendirildiginde ise lez-
zet ile benzer sonuglarin almdigr goriilmektedir. % 25 Oleo-
jel-kek 6rnegi genel begeni acisindan en yiiksek degeri alir-
ken, kontrol 6rnegi en diisiik degeri almistir (p > 0.05). % 50
Oleojel-kek 6rnegi; renk, koku, lezzet ve tekstiir bakimindan
kontrol 6rneginden daha diisiik puanlar almasina ragmen ge-
nel begeni degerlendirmesinde kontrol 6rneginden daha yiik-

sek puan almistir (p > 0.05). Bu durum zeytinyag: oleojelin-
den gelen renk, koku, lezzet ve tekstiir farkliliginin tiikketicide
kot olarak algilanmadiginin gostergesi olabilir. Wettlaufer
ve Floter (2022) tarafindan benzer sonuglar elde edilmis ve
mum bazli oleojellerin kek formiilasyonunda iyi performans
sergiledigi belirtilmistir.

Sonuc¢

Kek yapiminda kullanilan sorteningin % 25 ve % 50 oranla-
rinda zeytinyagi oleojeli ile ikame edilmesi, hem kek hamu-
runda hem de kek orneklerinde bir takim degisikliklere neden
olmustur. Oleojel ilavesi ile kek hamurlarinin hava tutma ka-
pasitesi azalmis, ancak oleojellerin nem kaybina karsi bariyer
gbrevi goérmesi ile pisme kaybi azalmistir. Kek yapiminda
oleojel kullanimu ile tekstiirel agidan daha yumusak ve daha
elastik kekler elde edilmistir. Duyusal degerlendirmede oleo-
jel ilave edilen kekler, genel begeni kategorisinde panelistler
tarafindan daha ¢ok begenilmistir. Ozellikle % 25 Oleojel-
kek 6rnegi lezzet agisindan Kontrol-kek 6rnegi ile ayni puani
aldigindan, kek formiilasyonundaki sorteningin % 25 ora-
ninda zeytinyagi oleojeli ile ikame edilmesi onerilmektedir.
Bu durum, firmeilik iiriinlerinde sortening yerine oleojel kul-
laniminin biiyiik bir potansiyele sahip oldugunu gostermek-
tedir. Bu {irlinlerde oleojel kullanimi ile doymus yag kulla-
nimi sinirlandirilmis olacak ve daha saglikli iirtinler tiiketime
sunulacaktir. Bundan sonra yapilacak olan ¢alismalarda, zey-
tinyagi oleojeli kullanimindan kaynakli iirtine kazandirilmis
olan fonksiyonel oOzellikler irdelenmelidir. Ayrica, oleojel
kullaniminin triiniin raf 6mriine olan etkisi arastirilmalidir.

Tablo 4. Kek 6rneklerinin duyusal 6zellikleri

Table 4. Sensory evaluation results of cake samples

Renk

Goriiniis

Kontrol-kek

% 25 Oleojel-kek  7.10£0.42 7.45+0.21

% 50 Oleojel-kek  7.35+0.64 7.30+0.00 6.85+0.21

7.15+0.07 7.50+0.28 6.95+0.35 7.35+0.35 6.75+0.49

Lezzet Tekstiir  Genel Begeni
7.00 £0.14
7.10£0.00 7.35+0.07 6.75+0.35  7.35+0.21
6.65+0.64 6.60+0.14  7.25+0.21

Ornekler arasindaki fark istatistiki olarak énemli degildir (p > 0.05).
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Etik Standartlar ile Uyumluluk

Cikar catismasi: Yazarlar, bu yazi icin gercek, potansiyel veya al-
gilanan ¢ikar ¢atigmasi olmadigini beyan etmislerdir.

Etik izin: Calisma etik izin gerektirmemektedir.

Veri erisilebilirligi: Veriler talep ilizerine saglanacaktir.

Finansal destek: Bu ¢aligma herhangi bir fon tarafindan desteklen-
memistir.

Tesekkiir: -
Aciklama: -
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Uziim posast, icecek endiistrisinin bir yan iiriiniidiir. Bu calismada 595 um’den biiyiik, 298-595
pm, 150-297 pm, 149-106 pm, 75-105 um ve 74 um’den kiiciik partikiile sahip {iziim posasinin
kompozisyon, hidrasyon, yag tutma, termal ve bazi teknolojik 6zellikleri ile renk degerlerinin
farkli oldugu bulunmustur. 595 pm’den biiyiik partikiillii 6rneklerde kiil, ham yag, karbonhidrat
icerigi, suda ve yagda ¢okelti hacim fraksiyonu, pH, 1sil yayillma ve renkte agiklik (L) degeri diger
orneklerden yiiksek olglilmistiir. Su tutma kapasitesi, su absorpsiyon indeksi, yag tutma kapasi-
tesi, yagda sisme giicii ise 150-297 um partikiil biyiikliigiine sahip 6rneklerde en yiiksek olarak
bulunmustur. Nem, ham protein igerigi, ¢oziiniirliikk indeksi, suda sisme giicii, hacimsel ve sikigti-
rilmig yogunluk, su aktivitesi, briks, refraktif indeks, 1s1l iletkenlik, 6zgiil 1s1, kirmizilik (a), sarilik
(b) ve renk farkliligi (AE) 6zellikleri ise 74 um’den kiigiik partikiilli 6rneklerde en yiiksek olarak
belirlenmistir.

Anahtar Kelimeler: Partikiil, Ogiitme, Boyut, Atik, Su tutma, Isil, Briks

ABSTRACT

The effect of particle size on the composition and the hydration, oil holding, thermal, and
technological properties of grape pomace

Grape pomace is a by-product of the beverage industry. In this study, composition, hydration, oil
holding, thermal, and some technological properties, in addition to the colour values of grape po-
mace with particles larger than 595 pum, 298-595 pum, 150-297 um, 149-106 um, 75-105 um and
smaller than 74 pm were found to be different. In the sample with particles larger than 595 pum,
ash, crude fat, carbohydrate content, sediment volume fraction in water and oil, pH, thermal dif-
fusivity, and colour lightness (L) were measured higher than in the other samples. The water hol-
ding capacity, absorption index, oil holding capacity, and swelling power in oil were the highest
in samples with 150-297 um particle size. Moisture, crude protein content, solubility index, swel-
ling power in the water, bulk and packed density, water activity, brix, refractive index, thermal
conductivity, specific heat, redness (a), yellowness (b) and colour difference (AE) properties were
determined to be the highest in samples with particle sizes smaller than 74 pm.

Keywords: Particle, Grinding, Size, Waste, Water holding, Thermal, Brix
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Giris

Diinya’da tiretilen gidalarin yaklasik iicte biri (1.3 milyar ton)
atik olmaktadir (World Economic Forum, 2019). Bu miktar
endiistriyel diizeyde azaltilmaya calisilsa da atiklarin biiytik
kismi toprak altina gémme, kompostlama ya da evsel atik
bertaraf metotlari ile yok edilmeye calisilmaktadir. Bu durum
ekonomik kaybin yani1 sira dekompozisyon sirasinda oksijen
ihtiyaci ve doniisiim sonucu olugan iiriinler nedeni ile ekolo-
jik dengeye bir yiik olusturmakta bu da iklim krizini tetikle-
mektedir.

Yilda 74 milyon ton ile tiim diinyada en cok iiretilen gida
maddelerinden biri iiziimdiir (Faostat, 2021). Uziim, taze ola-
rak tiiketilse de esas olarak meyve suyu, regel, sirke, jole,
kuru liziim, meyve suyu, sira, sarap ve tohum yagi iiretiminde
kullanilan gida endiistrisinin 6nemli bir hammaddesidir. Fa-
kat endiistriyel olarak islenen {iziimiin % 20'den fazlas1 atiga
doniismektedir (Garcia-Lomillo ve Gonzalez-SanJos€,
2017). Bu atigin biiyiik kismin1 meyve eti (posa) olusturmak-
tadir. Posa, meyvenin 6zelliklerini tasir ve yapisinda meyve-
deki protein, diyet lif, fenolik maddeler, antosiyaninler, fla-
vonoidlerin yaklasik % 60’1n1 bulundurur (Rockenbach ve
ark., 2011; Rodriguez Montealegre ve ark., 2006). Bu biyo-
aktif bilesenler sayesinde iiriin antioksidatif, anti-enflamatuar
ve anti-kanser etkiler gostermektedir (Yang ve ark., 2022).

Uziim posasi uzun yillardir sarap alkolii iiretiminde, hayvan
yemi katkis1 olarak veya giibreye doniistiiriilerek kullanil-
maktadir (Garcia-Lomillo ve Gonzélez-SanJosé, 2017). Di-
ger taraftan gida endiistrisinde sentetik maddelerin yerini ala-
bilecek saglikli ve dogal gida katki maddelerine olan ihtiyag
devam etmektedir (Garrido ve ark., 2011). Uziim posasinin
biyoteknolojik potansiyele sahip olmasi, bu yan iirliniin gida
zenginlestirmede kullanilmasina imkan saglamaktadir. Bu
sayede eklenen {iriiniin besin profili iyilestirilerek fonksiyo-
nel 6zellikleri artirilabilir (Ianni ve ark., 2019). Yapilan calis-
malarda iiziim posasi; et lirtinleri (Bennato ve ark., 2020; Gar-
rido ve ark., 2011), yogurt (Marchiani ve ark., 2016), cay
(Bekhit ve ark., 2011), igecek zenginlestirme (Gerardi ve
ark., 2020), kek (Bender ve ark., 2017), biskiivi (Maner ve
ark., 2017; Theagarajan ve ark., 2019), biyo rafineri (Sirohi
ve ark., 2020) gibi proseslerde hammadde olarak kullanilmis
ve olumlu sonuglar elde edilmistir.

Ogiitme islemi iiriin islenebilirligini artirmak, homojenligi
saglamak, iiriin kalitesini belirleyebilmek ve materyalin fonk-
siyonelligini artirmak icin uygulanan bir 6n islemdir. Ogiitme
sonrasinda yapilan eleme iglemi ise birbirine benzer 6zellik
gosteren, yakin partikiil biyiikligiine sahip 6rneklerin elde
edilmesi i¢in uygulanmaktadir. Degisen partikiil biiyiikliigi
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materyalin teknolojik, fonksiyonel ve bazi fiziksel 6zellikle-
rini dogrudan etkilemektedir (Zhao ve ark., 2018). Hatta
iiriinlerin besin degerini artirmak, fonksiyonel 6zelliklerini
iyilestirmek i¢in eklenen katki maddeleri, partikiil biiyiiklii-
giine bagl olarak islem verimini ve son iirlin kalitesini diisii-
rebilir. Jacobs ve ark. (2015); Robin ve ark. (2012); Zhao ve
ark. (2018)’nin yapmis olduklar1 ¢aligmalar, materyalin su ve
yag fazindaki davranisi ve eklendigi lirliniin reolojik, tekstii-
rel ve duyusal 6zelliklerinin belirlenmesinde partikiil biiyiik-
liigiiniin 6nemini agikca ortaya koymaktadir.

Son zamanlarda meyve-sebze posalarinda partikiil biyiiklii-
giinilin etkisi yaban mersini (Calabuig Jiménez ve ark., 2018;
Mayer-Miebach ve ark., 2019), seker pancar1 (Huang ve ark.,
2018), armut (Rocha-Parra ve ark., 2019b), elma (Rocha
Parra ve ark., 2019a), havug (Feng ve ark., 2021), narenciye
(Feng ve ark., 2023), turp (Gupta ve Premavalli, 2010), liziim
(Troilo ve ark., 2022), findik zar1 (Putra ve ark., 2018), pata-
tes (Waliullah ve ark., 2021) i¢in arastirilmistir. Ancak bu ¢a-
lismalarda 6rneklerin sinirlt 6zelliklerine yer verilmis ya da
eklendigi tirliniin 6zellikleri 6l¢iilerek partikiil biiyiikliigiiniin
etkileri raporlanmgtir. Uziim ile ilgili yapilan ¢alismalar da
¢ogunlukla elde edilen posanin potansiyel kullanim alanlari
iizerine gergeklestirilmistir (Brahim ve ark., 2014; Lachman
ve ark., 2013). Uziim posasinin dzellikleri iizerine yapilan ga-
lismalar ise toplam polifenoller, tokoferoller, antosiyaninler
ve flavan-3-ollerin ekstraksiyonu gibi baz1 fonksiyonel bile-
senlerin geri kazanilmasina yoneliktir (Brahim ve ark., 2014;
Lachman ve ark., 2013; Zhao ve ark., 2015). S6z konusu ¢a-
lismalarin higbirinde partikiil biiyiikliigiine gére degisen tek-
nolojik, fonksiyonel, termal ve fiziksel 6zelliklere kapsamli
sekilde yer verilmemistir. Bu arastirmada literatiirdeki calis-
malardan farkli olarak degisen partikiil biiyiikliigiine gore
iiziim posasi karakterize edilerek belirtilen 6zelliklerdeki de-
gisimler birbiri ile iligkilendirerek tartigilmistir. Bu agilardan
literatiirdeki sinirlt ¢aligmalarin a¢igini kapatacag diisiiniil-
mektedir. Ayrica ¢aligmadan elde edilen bulgular endiistriyel
ve laboratuvar 6lgekte islenen meyve posalariin islem para-
metrelerinin belirlenmesine, 6n denemelerin yapilmasina ya
da optimum kosullarin belirlenmesinde kullanilacak degisken
araliklarmin secilmesine yardimci olacaktir. Literatiirde
farkl1 meyve posalarinin kompozisyonu ve buna bagl fiziksel
veya fonksiyonel 6zelliklerinin benzerlik gdsterdigi belirlen-
mistir (Liang ve ark., 2016; Reifiner ve ark., 2019; Yan ve
ark., 2023). Bu nedenle igecek endiistrisinin atiklardan biri-
nin partikiil biiytikliigiine bagh 6zelliklerinin belirlenmesi di-
ger atiklar icin de fikir verecektir. Bu ¢aligmanin asil amaci,
farkli partikiil biiyiikliiklerindeki tiziim posasinin 25 °C ve
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70°C’ deki hidrasyon 6zelliklerinin, yag ortamindaki davra-
niglarinin, 6rnek kompozisyonunun, termal 6zelliklerinin, su
aktivitesinin, yogunlugunun, pH degerinin, ¢oziilebilir
madde igeriginin ve renk ozelliklerinin karsilastirilmasidir.
Caligmanin ikincil amaci ise {iziim posasinin 6zelliklerini de-
gistirmede hangi partikiil bityiikliigiiniin kritik oldugunu be-
lirlemektir. Boylece katki maddesi potansiyeli olan bu mater-
yalin iirlin zenginlestirmede ve ikame iiriin olarak kullani-
minda partikiil boyutu se¢imi kolaylasabilir.

Materyal ve Metot
Ornek Hazirlama

Meyve suyu fabrikasindan temin edilen iizlim posalar1 sicak
hava yardimi ile % 30 bagil nemde ¢aligan tepsili kurutucuda
(R5A, Harvest Saver, Oregon, ABD) 60°C’de 24 saat bo-
yunca kurutulmugtur. Kurutulan 50 gram ornek, tezgah tistii
ogiitiiciide (KG7070, Braun, Hong Kong, Cin) 30 saniye bo-
yunca dgiitiilmiistiir. Ogiitiilen 6rnekler 30, 50, 100, 140, 200
ve 230 mesh agikliga sahip standart elek sisteminden (Ende-
cotts, Londra, Ingiltere) gecirilmistir. Elde edilen farkli parti-
kiil biiyiikliigiine sahip 6rnekler >595 pm (+30 mesh), 298-
595 pm (—30 mesh; +50 mesh), 150-297 um (=50 mesh; +100
mesh), 149-106 pm (=100 mesh; +140 mesh), 75-105 um
(—140 mesh; +200 mesh) ve <74 um (—200 mesh; +230 mesh)
olarak kodlanmigtir. Buna ek olarak ¢giitiilen ama elenmemig
orneklerin sonuclari da tablolarda sunulmustur. Ornekler ha-
zirlandiktan sonra hava almayacak bir kapta 4°C’de analizler
gerceklestirilene kadar saklanmugtr.

Kompozisyon Analizi

Uziim posasit érneklerinin kompozisyonlari, AOAC (2003)
prosediirii kullanilarak 6l¢lilmiis ve nem, kiil, ham protein,
ham yag ve toplam karbonhidrat miktarlar1 belirlenmistir.

Hidrasyon Ozellikleri

Uziim posasmin su tutma kapasitesi (STK), su absorpsiyon
indeksi (SAI), suda ¢okelti hacim fraksiyonu (SCHF), ¢ozii-
niirliik indeksi (CI), suda sisme giicii (SSG) 25 °C ve 70 °C'de
santrifiij teknigi kullanilarak Slctilmiistiir (Raungrusmee ve
Anal, 2019). Buna gore 0.5 g drnek 20 mL distile su ile 60
saniye vortekslenmistir. Dispersiyon giin boyunca 25 °C'de
bekletilmistir. Daha sonra 2500 x g'de 30 dakika santrifiijlen-
mistir (Beckman GS-6R, Kaliforniya, ABD). Ust faz, once-
den agirlig1 kaydedilmis behere aktarilarak 120 °C'de buhar-
lagana kadar tutulmustur. Sonuglar asagidaki denklemler ile
hesaplanmustir.
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__ornegin absorbe ettigi su miktari (g)

STK (%) = Kuru ornek agrlg (2) x 100 [1]
g
SCHE (00~ etmeseatien —xi00 [
Cl 0 - b 01109 g
SSG = sediment agirhg (g) (5]

* kuru érnek agirhg: (g)
Yag Tutma Ozellikleri

Orneklerin yag tutma ozellikleri, Raungrusmee ve Anal
(2019)’de uygulanan yontem ile belirlenmistir. Bunun igin
10 mL aygicek yagi, 50 mL'lik bir santrifiij tlipiindeki 100 mg
ornekle karistirilarak 30 dakika boyunca 2500 x g'de santri-
fiijlenmistir (Beckman GS-6R, CA, US). Yag tutma kapasi-
tesi (YTK); denklem [1], yagda ¢okelti hacim fraksiyonu
(YCHF); denklem [3], yagda sisme giicii (YSG) ise denklem
[5] kullanilarak yag i¢in hesaplanmustir.

Fizikokimyasal Ozellikler

Orneklerin su aktivitesi (ay) bir masaiistii su aktivitesi dlger
(AquaLab, Decagon, ABD) ile belirlenmistir. Hacimsel yo-
gunluk (p) 100 mL dereceli bir silindire 6rnegin doldurulmasi
ile dl¢tilmiistiir. Sikistirilmig yogunluk (p;) ise 100 mL dere-
celi bir silindire dokiilen 6rnegin sikigtirllmasindan sonra he-
saplanmis ve sonuglar g-mL™" olarak sunulmustur. Orneklerin
pH degerleri, % 10 (w:v) ornek:distile su dispersiyonunun 30
saniye vortekslenip 30 dakika bekletilmesinden sonra ayrilan
iist fazda Sl¢lilmiistiir (7110, Thermo Scientific, Ohio, ABD).
Orneklerin ¢oziiniir madde igerikleri, refraktometre (Anton
Paar, Virginia, ABD) yardimi ile refraktif indeks (kirilma in-
disi) ve briks olarak belirlenmistir.

Termal Ozellikler

Orneklerin 1s1l iletkenlik (k [W-mK™]), 6zgiil 1s1 (C, [J-kgK
') ve 1s1l yayilma (a [m?-s']) ézellikleri gegici diizlem kay-
nag1 (transient plane source) yontemi ile termal iletkenlik
analiz cihaz1 (HotDisk TPS 500, Géteborg, Isveg) kullanila-
rak Ol¢tilmiigtiir.

Renk

Orneklerin renk degerleri kolorimetre (Color Flex, Hunter,
Reston, ABD) ile belirlenmistir. Cihaz, standart karolarla
kalibre edilerek beyaz karonun renk degerleri (L, = 93.45, a,
= -1.03, b, = -0.48) renk degisimi i¢in referans alinmig ve
denklem [6] ile hesaplanmistir.
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AE = \/(Lo - L)Z + (ao - a)z + (bo - b)z [6]
Istatistiksel Analiz

Bulgularin istatistiksel analizi SPSS programi (versiyon 23,
2018, IBM Corp., New York, ABD) ile hesaplanmistir. Or-
nekler arasindaki karsilagtirmalar i¢cin ANOVA ve Tukey
HSD araci kullanilmistir. Ug paralelli olarak gerceklestirilen
Ol¢lim sonuglar1 ortalama = SD olarak sunulmus, istatistiksel
harflendirme p < 0.05 kosuluna gore yapilmistir.

Bulgular ve Tartisma

Tablo 1’de goriildiigii gibi posalarin major bilesen icerikleri,
partikiil biiytikliigiine gore degismistir (p < 0.05). En yiiksek
nem ve protein igerigi 74 um’den kiiciik partikiil biiytiklii-
gline sahip Ornekte bulunurken en diigiik degerler 595
um’den biiyiik partikiillii 6rnekte bulunmustur. En yiiksek
kiil, yag ve karbonhidrat miktar1 595 pm’den biiyiik partikiil
biiyiikliigiine sahip 6rnekte ol¢lilmiistiir.

Bu farklilik, gorsel degerlendirmede de belirlendigi gibi 595
um’den biiyiik partikiil biiyiikligiine sahip 6rneklerin ¢ekir-
dek oranmnin fazla olmasindan kaynaklanabilir. Bu durum,
kiil ve yag miktariin yiiksek olmasi ve nem miktarinin diisiik
olmasi ile desteklenmektedir. Partikiil boyutu ile nem degeri
arasindaki iliski ise kiigiik partikiillerin aglomerasyon nedeni
ile kiimelenerek daha fazla nem tutmasi ile agiklanabilir. Bec-
kett (2008) partikiillerin sinirlt miktarda su bulunan ortam-
daki davranisini benzer sekilde agiklamistir. Jozinovié ve ark.
(2012) ise kiigiik partikiillerin yiiksek nem icerigine sahip ol-
dugunu belirlemistir. Tablo 2’deki 595 um’den biiyiik parti-
kiillii 6rneklerin su tutma kapasitelerinin diisiik olmas1 da bu
sonucu desteklemektedir.

Tablo 2 verilerine gore posalarin oda sicakligindaki hidras-
yon Ozellikleri partikiil biiyiikliigiine gore degisiklik goster-
mistir (p < 0.05). En diisiik degerler ¢okelti hacim fraksiyonu
(SCHF) hari¢ 595 um’den biiyiik partikiile sahip 6rnekte bu-
lunmustur. Su tutma kapasitesi, su absorpsiyon indeksi i¢in
en yliksek degerler; 150-297 um 6rneginde, en yiiksek ¢okelti
hacim fraksiyonu ise 595 um’den biiyiik partikiile sahip or-
nekte 6l¢iilmistiir. 74 um’den diisiik partikiile sahip 6rnegin
ise ¢oziiniirliik dzelliginin (CI) ve suda sisme giiciiniin en iyi
oldugu belirlenmistir. Auffret ve ark. (1994); Suksomboon ve
ark. (2011); Zhang ve Moore (1997) biiyiik partikiillerin daha
fazla su tutma egilimi gosterdigini raporlamigtir. Zhao ve ark.
(2015) ise ince dgiitmenin gidanin (zencefil posasi) su tutma
ozelligini % 41 azalttigin1 bildirmistir. Biiyiik partikiillerde
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one cikan etken, 6giitme nedeni ile bozulmamig mikropor ve
kapiler diizeyindeki yapilar olabilir. Ciinkii suyun kilcal ya-
pilara g¢ekilebilmesi ve mikro bosluklarda hapsolmasi mater-
yalin su baglama Ozelliklerini dogrudan etkiler. Chaplin
(2003); Jacobs ve ark. (2015) de biiyiik partikiillerin su ile
olan etkilesimini benzer mekanizma ile agiklamistir. Tablo
2’de bu kritere uymayan 297 um’den biiyiik partikiillerin ise
su tutabilecek dzellikte bilesen konsantrasyonu az olan ¢ekir-
dek kalintilarindan olustugu sdylenebilir. 297 pm’den biiyiik
partikiillii 6rnekler arasindaki partikiil boyutundaki azalmaya
bagl su tutma Ozelliklerindeki artis ise De la Hera ve ark.
(2013)’nin ifade ettigi gibi yiizey alanindaki artiga bagh ger-
ceklesmis olabilir. Benzer sekilde Raghavendra ve ark.
(2006) da hindistan cevizi posasinin parcacik boyutundaki
azalmanin (1127 pm'den 550 pum'ye) artan hidrasyon 6zellik-
leriyle sonuglandigini, 550 pm'den daha diisiik partikiil bii-
yiikliigline ait 6rneklerde ise hidrasyon 6zelliklerinin zayifla-
digin1 goézlemlemistir. 297 pm'den diigiik partikillii 6rnek-
lerde partikiil boyutu azaldik¢a hidrasyon &zelliklerinin za-
yiflamasi su tutma kabiliyeti olan yapilarin ve hidrojen, van
der Waals gibi kovalent olmayan zayif yapidaki ama su bag-
lamada aktor olan baglarin zarar gormesi ile agiklanabilir.
Raghavendra ve ark. (2004) kiigiik parcaciklarda 6giitmeye
bagli lif matrisinin zarar gormesi nedeni ile hidrasyon 6zel-
liklerinin zayifladigini belirlemistir. Grover ve ark. (2003) da
boyut kiiciiltme iglemlerinin yiizey 6zelliklerini degistirdigini
ve bunun hidrasyon 6zelliklerine belirgin etkisi oldugu tespit
edilmistir. Bu nedenle 6giitme siirenin hidrasyon 6zellikleri-
nin bir belirleyicisi oldugu diisiiniilmektedir. Proseslerde kul-
lanilacak materyalin 6glitme siiresinin optimize edilmesi
giiclii hidrasyon o6zellikleri elde etmek i¢in 6nemli olacaktir.

Uziim posasmin oda sicakligindaki ve yiiksek sicakliktaki
hidrasyon 6zellikleri benzer sekilde degismistir. Tablo 3 ve
Tablo 2’deki degerlerin ortalamalarina gore Orneklerin
70°C’deki sonuglar1 25°C verilerine gore su tutma kapasitesi
icin % 21, su absorpsiyon indeksi % 46, suda ¢okelti hacim
fraksiyonu % 15, ¢oziiniirliik indeksi % 15, suda sisme giicii
% 39 artmistir. Buna gore sicaklik artisinin en ¢ok su absorp-
siyon indeksini arttirdig1 en az ise suda ¢okelti hacim fraksi-
yonu ve ¢0ziiniirliik indeksinde artig meydana getirdigi goriil-
mektedir. Yiizey yapisit materyalin 1slanabilirlik ve yiizey ge-
rilimini dogrudan etkilemektedir (Bledzki ve ark. 2010). Do-
layisiyla su absorpsiyonunun yiizey ozellikleri ile iligkili ol-
dugu distiniilmektedir. Sicaklik artisinin olusturdugu defor-
masyon sonucu yiizey alanindaki genisleme ve materyal mor-
folojisinde pordz bir yap1 olusturmasi ile su absorpsiyonunun
diger 6zelliklerden daha ¢ok artis gosterdigi ifade edilebilir.

55



Research Article

Food Health 10(1), 52-63 (2024) e https://doi.org/10.3153/FH23005

Tablo 1. Kompozisyon profilleri (%)
Table 1. Composition profiles (%)

Parcacik boyutu (um) Nem Kiil Ham protein Ham yag Karbonhidrat
Particle size (um) Moisture Ash Crude Protein  Crude fat Carbohydrate
>595 2.49+0.21°  3.3740.12° 4.63+0.17°  7.59+0.04° 81.92+0.53°
298-595 3.2440.27¢  3.06+0.08° 7.62+0.18¢  5.30+0.04° 80.79+0.21%
150-297 5.05+0.04°  2.48+0.04° 9.70+0.25°  4.54+0.12° 78.2440.34¢
106-149 5.66+0.28°  2.02+0.15¢ 9.53+0.20°  2.93+0.04¢ 79.86+0.57%
75-105 5.72+0.16°  0.46+0.02¢ 10.91£0.57°  1.8440.12° 81.06+0.61%
<74 6.75+0.10*  0.11+0.04° 11.79+40.30*  0.86+0.11° 80.50+0.30°
Elenmemis 6rnek 470+0.23°  2.1240.07¢ 9.40+0.17°  4.76+0.10° 79.02+0.34%
Unsieved sample
Tablo 2. Hidrasyon 6zellikleri (25°C)
Table 2. Hydration properties (25°C)
Parcacik boyutu (um) STK (%) SAI SCHF (%) Cl (%) SSG
Particle size (um) WHC (%) WAl SVFW (%) ST (%) SPW
>595 147.5244.08"  1.79+0.117  45.94+4.58" 16.20+£0.40°  2.42+0.22°
298-595 186.8249.85°  2.23+0.06° 41.0842.28% 18.31+0.19°  3.30+0.09°
150-297 440.54+3.55*  4.46+0.16° 36.90+0.65" 24.16+0.57°  5.48+0.25¢
106-149 391.77+£7.04°  3.8240.17° 34.31£0.11° 25.21+0.36® 6.56+0.45°
75-105 350.24+3.65°  3.40+0.07° 17.93+0.70% 26.56+0.29*  8.50+0.12°
<74 275.3542.59¢  3.19+0.07¢ 13.80+2.29¢ 26.70+0.91° 10.54+0.16°
Elenmemis 6rnek 426.56+7.48*  3.62+0.03% 36.12+0.69*° 24.984+0.69° 5.99+0.38%
Unsieved sample

STK: Su tutma kapasitesi, SAI: Su absorpsiyon indeksi, SCHF: Suda ¢&kelti hacim fraksiyonu, CI: Coziiniirliik indeksi, SSG:

Suda sigme giicii

WHC: Water holding capacity, WAIL: Water absorption index, SVFW: Sediment volume fraction in water, SI: Solubility index,
SPW: Swelling power in water

Tablo 3. Hidrasyon 6zellikleri (70°C)
Table 3. Hydration properties (70°C)

Parcacik boyutu (um STK (%) SAI SCHF (%) CI (%) SSG

Particle size (um) WHC (%) WAl SVFW (%) SI (%) SPW
>595 171.57£7.22F  1.63+0.13¢  49.05+0.86* 15.33+0.21"7  3.86+0.09°
298-595 228.34+9.41°  2.36+0.27% 42.14£020" 17.56+0.28° 4.77+0.13°
150-297 548.38+2.31°  6.58+0.23* 40.25+1.33° 25.06+0.66% 7.75+0.38¢
106-149 480.41+3.74°  6.43+0.25° 36.53+0.27¢ 28.82+0.30° 9.59+0.28°
75-105 412.90+4.05°  5.62+0.30° 29.44+1.35° 31.96+0.55" 11.54+0.44°
<74 350.7242.77¢  4.59+0.51¢ 24.32+0.12f 38.67+0.45* 12.55+0.77*

Elenmemis 6rnek 486.28+4.07°  5.57+0.13% 38.47+0.14° 29.47+0.92° 9.53+0.17°

Unsieved sample

STK: Su tutma kapasitesi, SAI: Su absorpsiyon indeksi, SCHF: Suda ¢okelti hacim fraksiyonu, CI: Coziiniirliik indeksi,
SSG: Suda sisme giicii

WHC: Water holding capacity, WAI: Water absorption index, SVFW: Sediment volume fraction in water, SI: Solubility
index, SPW: Swelling power in water
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Orneklerin hidrasyon kabiliyetlerindeki bu iyilesme, posala-
rin yiiksek sicaklik ile olusan yiizey alani ve buna bagl ha-
cimsel genlesmenin yani sira nem gecirgenligindeki artigtan
kaynaklanabilir. Khazaei ve Mohammadi (2009); Sharanagat
ve ark. (2018) da sicaklik ile hidrasyon 6zelliklerinin giiglen-
digini gozlemlemistir. Hatta Sharanagat ve ark. (2018) sicak-
ligin 55°C’ye ylikselmesi ile hidrasyon 6zelliklerinin % 54
artis gosterdigini belirlemistir. Chen ve ark. (2014) 6n islem
sicakliginin artmasi ile soya fasulyesi atiklarinin yiizey bii-
tiinliigliniin bozuldugunu, biitiinden ayrilan pargalarin hidro-
jen bagi ve/veya dipol olusumuna zemin hazirladigini bu sa-
yede de daha fazla su molekiiliiniin etkilesimine olanak tani-
digini belirtmistir. Etkilesim sonucunda materyalin suda ¢o-
ziniirliik, su tutma kapasitesi ve sigsme giicii gibi 6zellikleri-
nin geligebilecegi ifade edilmistir. Benzer sekilde Ullah ve
ark. (2018) da 1s1l islem ile soya fasulyesi atiginin yiizeyinde
parcalanmalarin olustugunu ve bunun diizensiz yap1 meydana
getirdigini tespit etmistir. Bulgular degerlendirildiginde hid-
rasyon Ozelliklerinin sicaklik ile iyilesebilecegi 6n goriilmiis-
tiir. Elde edilen sonuglara gore 25°C — 70°C araligindaki is-
lem sicakliklarinda posa materyalinin hidrasyon ozellikleri
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giiclendigi icin bu 1limli sicakliklarda calisilarak posa ve
kompozisyon olarak benzer materyallerin diisiik sicakliklara
gore iyilesmis Ozelliklerinden yararlanilabilinir. 70°C’nin
iizerindeki 1s1l islemlerde beklenenden farkli olarak gergekle-
sen hidrasyon Ozelliklerinin zayiflama olasiligia kars1 6l-
climlerin yenilenmesi onerilir. Ciinkii yiiksek sicakliklarda
hiicre duvarinin agir1 biiziilmesine bagli meyve posasinin hid-
rasyon Ozelliklerinin azaldig1 bilinmektedir (Rana ve ark.,
2015).

Tablo 4’teki verilere gore 297 pm’den daha biiyiik partikiillii
orneklerde yag tutma kapasitesi, yagda sisme giicii degerleri
diger omeklere gore diisiiktiir. Yagda c¢okelti hacim fraksi-
yonu ise partikiil boyutu ile azalmis ve en diislik degerler 297
um’den kii¢iik partikiillii 6rneklerde lglilmiistiir. Benzer de-
gisim trendi su tutma 6zelliginde de meydana geldigi i¢in bu
durumun muhtemel nedeni asir1 boyut kiiciilmesine bagh
hiicre yapilarinin zarar gérmesinden kaynakli yagi tutma ka-
biliyetinde zayiflama meydana gelmesidir.

Tablo 4. Yag tutma 6zellikleri (25°C)
Table 4. Oil holding properties (25°C)

Parcacik boyutu (um) YTK (%) YCHF (%) YSG
Particle size (um) OHC (%) SVFO (%) SPO
>595 259.60+33.14*  26.28+1.22*  3.41+0.34°
298-595 279.55434.41* 25.58+0.04® 3.61+0.34°
150-297 308.22+15.77*  24.19+1.20%™ 3.97+0.22°
106-149 309.45+18.74*  22.12+1.18*¢ 3.91+0.15°
75-105 292.72425.58*  20.73+1.22¢  3.74+0.25°
<74 286.17+16.92*  21.39+2.07°  3.68+0.23°
Elenmemis 6rnek 290.98+14.32* 24.84+1.23%™° 3.85+0.12°
Unsieved sample

YTK: Yag tutma kapasitesi, YCHF: Yagda ¢okelti hacim fraksiyonu, YSG: Yagda sisme giicii
WHC: Oil holding capacity, SVFO: Sediment volume fraction in oil, SPO: Swelling power in oil

Tablo 5. Fizikokimyasal 6zellikler
Table 5. Physicochemical properties

Parc¢acik boyutu (um)  ay p@mL') pyemL') pH  °Briks Refraktif indeks
°Brix Refractive index
>595 0.32+0.00  1.02+0.00¢ 1.10+£0.02¢  4.56* 4.70+0.03¢ 1.75+0.01°
298-595 0.3240.009  1.01£0.02¢ 1.17+0.01°  4.43° 4.8240.02° 1.83+0.01°
150-297 0.34+0.01°  1.09+0.01° 1.19+0.02°  4.44® 4.91+0.01° 1.86+0.01*
106-149 0.35+0.00° 1.10+£0.01° 1.26+0.01°  4.44® 4.94+0.03®® 1.87+0.00%
75-105 0.3740.01* 1.16+£0.01° 1.3240.00°  4.43" 4.9840.03* 1.87+0.01%
<74 0.3740.00*  1.24+0.01* 1.3540.02°  4.44° 4.99+0.04* 1.88+0.00%
Elenmemis 6rnek 0.36+0.00°  1.19+0.03% 1.24+0.00°  4.42° 4.92+0.01®® 1.88+0.02%
Unsieved sample

aw. Su aktivitesi, p: Hacimsel yogunluk, ps: Sikistirilmig yogunluk, °Brix: Coziilebilir madde igerigi
aw: Water activity, p: Bulk density, ps: Packed density, °Brix: Soluble solid content
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Huang ve ark. (2020); Qiu ve ark. (2022) calismasinda da
fazla 6glitmenin, materyalin su ve yag ile olan iliskilerine za-
rar verdigini gdzlemlemistir. Elleuch ve ark. (2012) ¢alisma-
sinda da partikiil boyutunun azalmasi ile yag tutma kapasitesi
arasinda pozitif korelasyon belirlenmistir. Orneklerin yag
tutma 6zelliklerinin su tutma 6zelliklerine gére daha zayif ol-
dugu belirlenmistir. Tablo 2 ve Tablo 4’deki degerlerin orta-
lamalar1 kargilastirildiginda 6rneklerin yag tutma kapasitesi
su tutma kapasitesine gore % 9, yagda sisme 6zelligi suda
sisme Ozelligine gore % 39, yagda cokelti hacim fraksiyonu
suda ¢okelti hacim fraksiyonuna gore % 27 oraninda daha dii-
stik bulunmustur. Bu sonuglara gore posalarin lipofilikten zi-
yade hidrofilik oldugu soylenebilir.

Orneklerin bazi fizikokimyasal dzellikleri Tablo 5°te sunul-
mustur. Buna gore, su aktivitesi degerleri nem oranlan ile
benzer sekilde degisiklik gostermistir. Hacimsel yogunluk ve
sikistirtlmis yogunluk degerleri partikiil kiiciildiikge artmis-
tir. Bunun nedeni, partikiil arasindaki bosluklarin daha az ol-
masindan dolay1 kiiglik partikiillii 6rneklerin ayni hacimde
bulunabilecek miktarinin daha fazla olmasindandir. Sikistiril-
mis yogunluk degeri de ayni nedenden dolay1 partikiil kiiciil-
diikkge artmis ve sikistirmanin etkisi ile birim hacimde yer
alan kiitlenin artmasi ile hacimsel yogunluktan daha yiiksek
Olgiilmiistiir.

Ornekler arasinda 595 um’den biiyiik partikiillii drneklerin
pH degeri (4.56) diger posalardan daha yiiksek bulunmus fa-
kat diger 6rneklerin pH degerleri istatistiksel olarak ayni bu-
lunmustur (p > 0.05). Bunun nedeni, 6rneklerin ¢ekirdek icer-
mesinden kaynakli meyve etinin asiditesini diigiirmesi olabi-
lir. Tablo 5°te ayrica 6rneklerin ¢oziilebilir madde miktari
briks ve refraktif indeks olarak sunulmustur. Iki degerde de
partikiil biiyiikliigiine gore benzer degisiklikler gdzlemlen-
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mistir. Coziilebilir madde iceriginin kiiciik partikiiller saye-
sinde artig gostermesi beklenen bir sonuctur. Ciinkii, ylizey
alaninin artmasi ile ekstakte olan madde miktar1 artis goster-
mis olabilir. Ayrica dgiitmeye daha fazla maruz kalmasindan
dolay1 kii¢iik partikiillerin hiicreleri (duvarlari) zarar gérerek
¢oziilebilir maddelerin hiicre disina daha ¢ok salinimi gergek-
lesmis olabilir.

Tablo 6, orneklerin termal 6zelliklerini sunmaktadir. Buna
gore, posalarin 1s1l iletkenlik ve 6zgil 1s1 degerleri partikiil
biiyiikligli azaldik¢a artmaktadir. Burada yine 297 um’den
biiyilik partikiiller i¢in diger 6zelliklerde de goriilen gekirdek
igerigine bagli sonug sapmalari s6z konusu olup ¢ekirdeklerin
bulundugu >595 ve 298-595 um gruplari arasinda istatiksel
farklilik mevcuttur. Orneklerin 1s11 yayilma &zelliklerini 1s11
iletkenlik, 6zgiil 1s1 ve yogunluk parametreleri dogrudan et-
kiledigi icin 1s1l yayilmadaki degisim trendi diger termal 6zel-
liklerin tam tersi yonde bulunmus; partikiil biiyiikligii azal-
dikga 1s11 yayillma degerleri azalmistir. Ozgiil 1s1daki artis ise
parcacik boyutunun kii¢iilmesinden kaynakli 1sinin depolana-
bilecegi yiizey alaninin genislemesi ile aciklanabilir. Yiizey
alanina bagh 6zgiil 1s1 degisimini Raigar ve Mishra (2015) da
gozlemlemistir. Diger taraftan, termal 6zelliklerdeki degisi-
min baska bir nedeninin, partikiil biiyiikliiglinden ziyade par-
tikiil boyutuna bagli nem igeriklerine bagli oldugunu sdyle-
mek miimkiindiir. Aviara ve Haque (2001); Raigar ve Mishra
(2015) da partikiil boyutunun azalmasi ile artan nem igerigine
bagl termal 6zelliklerin arttigini belirtmistir. Lewicki (2004)
de donma noktasimin iistiindeki sicakliklarda, 1s1l iletkenligin
nem igerigi ile arttigini ifade etmistir. Buna gére nem igerigi
yiiksek olan 6rneklerin 1s1l iletkenlik ve 6zgiil 1silarinin yiik-
sek Olctildiigi, 1s1l yayilma 6zelliklerinin ise nem artis1 ile za-
yifladigi belirlenmistir. Sonuglar Greiby ve ark. (2014)’de
oOne siiriilen etki mekanizmalari ile uyumludur.

Tablo 6. Termal 6zellikler

Table 6. Thermal properties

Parcacik boyutu (um) k(W-mK') C,(J-'kgk’) a(m?s?)
Particle size (um)

>595 4.08+0.15° 2.12+0.02f 1.88+0.01°

298-595 4.09+0.12° 2.73+0.08° 1.454+0.02°

150-297 4.37+0.19" 2.914+0.06" 1.360.01¢

106-149 4.54+0.19° 3.59+0.08" 0.63+0.01°

75-105 4.68+0.11° 3.74+0.07®®  0.62+0.00°

<74 5.7340.01° 3.8540.04° 1.17+0.004

Elenmemis 6rnek 4.49+0.05° 3.36+0.04° 1.11+0.01°
Unsieved sample

k: Isil iletkenlik, Cp: Ozgiil 151, a: Is1l yayilma
k: Thermal conductivity, Cp: Specific heat, a: Thermal diffusivity
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Tablo 7. Renk degerleri
Table 7. Color values
Parcacik boyutu (um) L a b AE
Particle size (um)
>595 56.64+0.90*° 14.94+0.10" 13.45+0.20" 42.47+0.87"
298-595 50.5840.49° 16.50+0.29° 14.254+0.24° 48.61+0.46°
150-297 47.69+0.14° 17.94+0.17¢ 15.4240.39¢ 52.02+0.16°
106-149 44.72+0.09¢  19.74+0.55° 16.76+£0.21° 55.71+0.22°
75-105 42.64+0.30° 22.50+0.36° 19.41+£0.20° 59.43+0.17°
<74 40.64+0.38" 23.25+0.23* 20.66+0.26* 61.85+0.37°
Elenmemis 6rnek 48.31+0.24° 21.20+0.15> 15.31£0.259 52.74+0.34¢
Unsieved sample

L: Aciklik/parlaklik indeksi, a: Kirmizilik (+)-yesillik (-) indeksi, b: Sarilik (+)-mavilik (-) indeksi, AE: Renk farklili1
L: Lightness/brightness index, a: Redness (+)-greenness (-) index, b: Yellowness (+)-blueness (-) index, AE: Color difference

Omneklerin renk degerleri Tablo 7°de gosterilmistir. Partikiil
kiigiildiikge kirmizilik (a) ve sarilik (b) degerlerinde artis par-
laklik indeksinde (L) ise diisiis meydana gelmistir. Bunun ne-
deni renk pigmentlerinin 6giitme giicii ile hiicre digina ¢ikisi-
nin kolaylagmasi olabilir. Diger taraftan, parlaklik (L) dege-
rindeki diisiis ile sarilik (a) degerindeki yiikselisin nedeninin,
partikiil boyutunun azalmasi ile yiizey alaninin genislemesi
ve dolayisiyla oksidasyon maruziyeti ile rengin koyulasmasi
oldugu soylenebilir. Benzer sekilde Rocha Parra ve ark.
(2019a) da kiiciik partikiillii elma posas1 eklenen biskiivilerin
daha kirmizi renkte oldugunu belirlemistir.

Sonuc¢

Calismanin 6nemi, yeniden islenerek degerlendirilen ve {iriin
zenginlestirmede kullanilan bir atik iiriiniin kompozisyonu-
nun, hidrasyon, termal ve fizikokimyasal 6zelliklerinin parti-
kiil biiyiikligiine gore degistiginin tespit edilmesidir. Baska
bir ifade ile; materyale uygulanacak islemlerde, yapilacak
proses hesaplamalarinda ve iiriin formiilasyonlarina eklene-
cek materyal se¢iminde partikiil biiyiikliigiiniin 6nemli ol-
dugu belirlenmistir. Elde edilen sonuglara gore 297 um ve 74
um partikiil boyutu kritik bulunmustur. Su tutma kapasitesi,
su absorpsiyon indeksi, yag tutma kapasitesi, yagda sisme
giicii 150-297 um partikiil biiyiikliigiine sahip drneklerde en
yiiksek bulunmustur. Nem, protein igerigi, ¢oziiniirlik in-
deksi, suda sigsme giicii, su aktivitesi, hacimsel ve sikigtirilmig
yogunluk, briks, refraktif indeks, 1s1l iletkenlik, 6zgiil 1s1, kir-
muzilik, sarilik ve renk farkliligi 6zellikleri ise 74 pm’den kii-
ciik partikiillii 6rneklerde en yiiksektir. Calisma verileri, ma-
teryalin Uriin katkis1 olarak kullanilacagi calismalarda zen-
ginlestirme oranlarinin belirlenmesine ve zenginlestirilmis
tiriin 6zelliklerinin agiklanmasina yardimer olabilir. Gelecek
calismalarda farkli partikiil biiylikligiiniin ekstraksiyon son-
ras1 saflastirma asamalarinin verimine etkisi arastirilabilir.
Farkli boyutlardaki posalara uygulanan yiiksek basing, ¢ok

diisiik veya ¢ok yiiksek sicaklik ile bu materyalin basing-si-
caklik kombinasyonlarina verdigi yanit incelenebilir. Ayrica
bu ve benzer materyallerin partikiil biiyiikligiine bagh degi-
sen antioksidan aktivitelerinde, eklendigi iirliniin raf dmriine
etkisinde, mikrobiyal yiikiinde ve duyusal o6zelliklerinde
meydana getirdigi degisim belirlenebilir.

Etik Standartlar ile Uyumluluk

Cikar catismasi: Yazarlar, bu yazi igin gercek, potansiyel veya al-
gilanan ¢ikar ¢atigsmasi olmadigini beyan etmiglerdir.

Etik izin: Arastirma etik izin gerektirmemektedir.

Veri erisilebilirligi: Veriler talep tizerine saglanacaktir.

Finansal destek: Bu ¢alisma herhangi bir fon tarafindan desteklen-
memistir.

TesekKkiir: -
Aciklama: -
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Bu calismada, modifiye atmosfer paketlemenin buzdolab1 kosullarinda muhafaza edilen etli mantilarin raf 6mrii ve kalite
ozellikleri {izerine etkilerinin arastirilmasi amaglanmstir.

Bu dogrultuda, 6n kurutma islemi (180°C’de 4 dakika) ile nem degeri %34’e diisiiriilen mantilar farkhi gaz karisimlar1
(ortam havasi, %80 CO, + %20 N,, %60 CO, + %40 N,, %40 CO, + %60 N, %20 O, + %40 CO, + %40 N,) ile paketlenmis
ve 90 giin siireyle soguk muhafaza altinda tutulmustur. Mant1 6rnekleri bu siiregte fiziko-kimyasal, mikrobiyolojik ve du-
yusal parametreler yoniinden analiz edilmistir. Elde edilen bulgulara gore, higbir mant1 6reginde Escherichia coli, silfit
rediikte eden anaerob bakteri ve Salmonella spp. tespit edilmemistir. Toplam aerobik mezofilik mikroorganizma ve kiif-
maya sayilar tiim muhafaza siiresince artis gosterirken, %80 CO, i¢eren paketlerde en diisiik seviyede seyretmistir. Ortam
havast ile paketlenen 6rneklerdeki yiiksek mikroorganizma sayisi lipid oksidasyon degerleri ile de paralellik gostermis
olup, muhafazanin 60. giiniinden itibaren duyusal olarak {iriinlerin kabul edilebilir sinirlarm altinda kalmasina yol agmistir.
Modifiye atmosfer paketleme uygulamasinda paket i¢indeki artan karbondioksit miktari, mantilarin raf émrii siiresince
tekstiir ve lezzet 6zelliklerinin ilk giine yakin degerlerde olmasina katkida bulunmustur.

Sonug olarak, modifiye atmosfer paketleme uygulamasi etli mantilarin uzun siire kalite 6zelliklerini koruyarak reyonda
kalma siirelerini arttirmis ve tiiketiciler tarafindan kabul edilebilir olmasina olanak saglamustir. Ozellikle gaz bilesimindeki
artan CO, miktar ile koruyucu etki yiikselirken, iirliniin duyusal 6zellikleri de muhafaza siiresince korunmus ve ekonomik
kayiplar 6nlenebilmistir.

Anahtar Kelimeler: Manti, MAP, Raf 6mrii, Kalite ozellikleri

ABSTRACT

Effect of modified atmosphere packaging on shelf-life and quality characteristics of meat pasty (manti)

This study aimed to evaluate the effects of modified atmosphere packaging on the shelf-life and quality characteristics of
mant1 (a meat-filled pasta product) stored in refrigerator conditions.

In this direction, mant1, whose humidity value is reduced to 34% with the pre-drying process, were packaged with different
gas mixtures (ambient air, 80% CO, + 20% N, 60% CO; + 40% N, 40% CO,+ 60% Nz, 20% O, + 40% CO, + 40% N)
and kept in cold storage for 90 days. In this process, mant1 samples were analysed regarding physico-chemical, microbio-
logical, colour and sensory parameters. According to the findings, Escherichia coli, sulfide-reducing anaerobic bacteria
and Salmonella spp. were not detected. While total aerobic mesophilic microorganism and mould yeast counts increased
throughout storage, they were lowest in packages containing 80% CO,. The high count of microorganisms in the samples
packaged with ambient air also showed parallelism with the lipid oxidation values, causing the products to remain below
acceptable sensory levels starting from the 60" day of storage. In the modified atmosphere packaging application, the
increased amount of carbon dioxide in the package ensured that the texture and flavour properties of the mant1 were pre-
served close to the first day during their shelf life.

As a result, the modified atmosphere packaging application preserved the quality characteristics of mant1 for a long time,
increased their stay in the aisle and allowed them to be acceptable to consumers. While the protective effect increased,
especially with the increasing amount of CO, in the gas composition, the product's sensory properties were also preserved
during storage, and economic losses could be prevented.

Keywords: Manti, MAP, Shelf-life, Quality characteristics
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Manti, cesitli baharatlar ile karigtirilan krymanin kiiglik ha-
mur parcalarina konulduktan sonra hamurun farkli sekillerde
kapatilmasiyla elde edilen ve haglanarak tiiketilen geleneksel
bir Tiirk yemegidir (Gokmen, 2021; Kasar, 2022). Ulkemizde
farkli yorelere 6zgii olarak degisik boyut ve formlarda iireti-
len manti1, besleyici 6zelligi ve kendine 6zgii lezzetiyle yay-
gin olarak tiiketilmektedir (Yiicetepe, 2011; Aygiin, 2021).

Manti, yiiksek nem icerigi ve liretiminde kullanilan kiyma ne-
deniyle mikroorganizma gelisimine ve hizli bozulmaya elve-
rigli bir iiriindiir. Soguk muhafaza altinda tutulan mantinin raf
omrii, temelde mikrobiyal bozulma ve lipid oksidasyona
bagli olarak sinirlanmaktadir. Bu baglamda, endiistriyel
manti iiretiminde kurutma ve dondurma gibi islemlerden ya-
rarlanarak iiriinde olusabilecek mikrobiyolojik ve kimyasal
bozulmanin engellenmesi, bdylece tirtiniin raf dmriiniin artti-
rilmas1 hedeflenmektedir. Ancak bu uygulamalar raf dmriini
uzatirken, {irlinde renk, lezzet ve tekstiir gibi duyusal kalite
ozelliklerinde kayiplara yol agmaktadir (Yiicetepe, 2011; Yii-
cetepe ve Giines, 2016; Uzunlu, 2019; Gokmen ve Caglar,
2021). Bu noktada, mant1 gibi yumusak unlu gidalarin duyu-
sal 6zelliklerini koruyarak raf 6mriinii arttirmak amaciyla ge-
sitli ambalajlama yontemlerinden faydalanilmaktadir (Sitti,
2011).

Modifiye atmosfer paketleme (MAP), gidalardaki enzimatik
ve oksidatif bozulma reaksiyonlarini en aza indirmek, mikro-
biyal {iremeyi yavaslatmak ya da durdurmak ve bu sayede
iiriiniin raf Omriinii uzatmak amaciyla ambalaj igerisinde
iiriinii ¢evreleyen hava bilesiminin degistirilerek uygun am-
balaj materyalleri ile {iriiniin ambalajlanma teknigidir (Han,
2005; Kizilirmak Esmer ve ark., 2011). MAP uygulamasi
iiriinlerin raf dmriinde %50-400 civarinda artis ile depolama
ve dagitiminda kolaylik saglamakta, kimyasal katki kullani-
min1 minimize ederek veya tamamen kaldirarak kaliteli {irii-
niin tiiketiciyle bulugsmasini miimkiin kilmaktadir (Han,
2005).

Modifiye atmosfer paketlemede kullanilan gazlar gidanin ya-
pisma gore degismekle birlikte, oksijen (O.), karbondioksit
(COz) ve azot (N2) en yaygin kullamilan gazlardir (Han,
2005). Modifiye atmosfer paketlemede kullanilan CO,, bak-
teriyostatik ve fungistatik etkileri ile firmeilik irlinlerinde ae-
robik bozulmay1 6zellikle de kiif gelisimini engellemektedir
(Yiicetepe, 2011).

Etli mantilarda azaltilmisg O ve yiiksek CO; iceren modifiye
atmosfer paketleme ile mikrobiyal iiremenin baskilanmasi ve
lipid oksidasyonun azaltilmas1 miimkiin olmaktadir (Yiice-

tepe ve Giines, 2016). Ayrica, MAP uygulamasi soguk mu-
hafaza ile birlestirildiginde gidalarin kalite 6zelliklerini koru-
yarak daha uzun siireli depolanmasini saglamaktadir (Uzunlu
ve Var, 2016).

Bu dogrultuda, modifiye atmosfer paketleme uygulamasi so-
guk muhafaza altindaki mantilarin raf 6mriinii uzatmanin
yani sira, iretim formlarini da koruyarak kalite 6zelliklerinin
stirdiiriilmesini saglayan bir ambalajlama teknigi olarak go-
rilmektedir (Uzunlu ve Var, 2016; Yicetepe ve Giines,
2016).

Bu ¢alismada, farkli gaz karisimlari ile modifiye atmosfer pa-
ketlenen etli mantilarin buzdolabi kosullarinda depolanma
stiresi boyunca fiziko-kimyasal, mikrobiyolojik, renk ve du-
yusal 6zellikleri ile raf 6mriinde gézlenen degisikliklerin be-
lirlenmesi amaglanmustir.

Materyal ve Metot
Mant: Orneklerinin Hazirlanmasi

Manti 6rmeklerinin hazirlanmasinda kullanilan bugday unu,
kiyma, kuru sogan ve baharatlar Istanbul’daki yerel bir mar-
ketten temin edilmis olup, iiretim siirecine kadar Istanbul
Universitesi-Cerrahpasa Veteriner Fakiiltesi Gida Hijyeni ve
Teknolojisi Boliimii laboratuvarlarinda uygun kosullarda mu-
hafaza edilmistir.

Calismada kullanilacak etli mant1 6rneklerinin iiretimi labo-
ratuvar kosullarinda oda sicakliginda (20+£2°C) gergeklestiril-
mistir. Mant1 hamurunun hazirlanmasinda kullanilan bugday
unu (Tip 550, Yiiksel Un, Corum) agirliginin %35-40’1 ora-
ninda su ve %?2’si oraninda tuz ile karistirilarak manuel ola-
rak yogrulmustur. Yaklasik 10 dakika siireyle dinlendirilen
hamur, merdane ile agilarak kare (1.5x1.5 c¢cm) pargalar ha-
linde kesilmistir. Mantinin dolgu malzemesi olarak kullanila-
cak harg; kiyma (%10-15 yag iceren dana eti), kuru sogan,
tuz ve karabiberin karistirllmasiyla hazirlanmigtir. Harg yak-
lasik 1 gram olacak sekilde kesilen hamur pargalar iizerine
yerlestirilerek manuel olarak kapatilmistir. Hazirlanan manti
ornekleri, oda sicakliginda 10 dakika siireyle havalandirildik-
tan sonra, 180°C’deki firinda 4 dakika siire ile kismi kurutma
islemine tabi tutulmustur. Oda sicakliginda 30 dakika siireyle
sogutulan ve nem degeri %34’ e disiiriilen mant1 6rnekleri pa-
ketleme islemi i¢in hazir hale getirilmistir.

Mant: Orneklerinin Paketlenmesi ve Muhafazast

Modifiye atmosfer paketleme uygulamasma tabi tutulacak
olan mant1 Ornekleri, diisik O, gecirgenligine (812
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cm?®/m?/24 sa) sahip polietilen kaplar igerisine yerlestirilmis
ve diisiik O, gegirgenligindeki (3 ¢cm’/m?/24 sa) kaplama
filmi ile Tablo 1’de verilen farkli gaz karisimlari kullanilarak
vakumlu kapama makinas1 (VTK 40 SC, Ponapack, Istanbul,
Tiirkiye) araciligiyla paketlenmistir. Paketlenen mantilar, 90
giin siire ile buzdolabi sicakliginda (4 +£1°C) muhafazaya alin-
mis ve depolamanin 15., 30., 45., 60., 75. ve 90. giinlerinde
ilgili analizlere tabi tutulmustur. Deneysel manti {iretimi,
farkl: tarihlerde ii¢ tekrar halinde gergeklestirilmistir.

Tablo 1. Mant1 6rneklerinin paketlenmesinde kullanilan gaz
karisimlari

Table 1. Gas mixtures used in packaging of manti samples

Grup Gaz karisimlar

Hava Ortam havasi
MAP-1 %80 CO2+ %20 N,
MAP-2 %60 COz+ %40 N,
MAP-3 %40 COz+ %60 N,
MAP-4 %20 O2+ %40 CO,+ %40 N>

Fiziko-Kimyasal Analizler

Manti 6rneklerinin pH ile nem miktarlart AOAC (2005) tara-
findan 6nerilen metotlara gore dl¢iilmiistiir. Homojenize edil-
mis mant1 6rneklerinin (10 g/100 mL distile su) pH degerleri,
dijital bir pH metre (Hanna HI 9321, ABD) ile oda sicakli-
ginda belirlenmistir. Kiigiik parcalar haline getirilen mant1 6r-
neklerinin su aktivitesi degerleri (aw), ay metre (Decagon
AquaLab LITE, ABD) kullanilarak 6l¢iilmiistiir. Nem igerigi,
2 g homojenize ornegin dijital nem tayin cihazinda (Sarto-
rious MA45, Germany) 105°C’de sabit tartima kadar kurutul-
mastyla saptanmustir.

Muhafaza siirecindeki mant1 orneklerinin lipid oksidasyon
diizeyi, tiyobarbitiirik asit reaktif maddeler (TBARS) degeri-
nin &lgiilmesi ile belirlenmistir. Orneklerin absorbanst,
Shrestha ve Min (2006) tarafindan gelistirilen yonteme gore
530 nm’de T80+ UV/VIS spektrometre (PG Instruments Ltd.,
Londra, Ingiltere) aracihgiyla dlgiilmiistiir. TBARS degeri,
asagida verilen formiile gore kg basina mg malondialdehit
(MDA) olarak hesaplanmistir:

TBARS degeri
[(absorbans — 0.0121) X (72.06 = 94))

0.1379 mg MDA/kg
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Mikrobiyolojik Analizler

Manti 6rneklerinden her bir grup igin aseptik kosullar altinda
steril posetlere 25 g ornek alinarak, iizerine 225 mL steril
peptonlu su (Oxoid, CM0061) ilave edilmis ve stomacherde
(Interscience, Fransa) homojenize edilmistir. Ana
dilisyondan sulandirici  kullanilarak seri diliisyonlar
hazirlanmig ve ilgili mikroorganizmalar yoniinden analize
tabi tutulmustur (ISO 6887-1, 2017).

Mantt 6rneklerinin toplam aerobik mezofilik mikroorga-
nizma sayisi, Standard Plate Count Agar (Oxoid, CM0463)’a
yapilan ekimi takiben 30°C'de 72 saat siireyle inkiibe edil-
mesi sonucunda {ireyen tiim kolonilerin sayilmasiyla belir-
lenmistir (ISO 4833-1, 2013).

Koliform bakteri sayiminda, Violet Red Bile Agar (Oxoid
CMO0107)’a ¢ift tabaka dokme ekim yontemiyle inokiile edi-
len 6rnekler 37°C’de 24 saat inkiibe edildikten sonra iireyen
tipik koloniler koliform mikroorganizmasi yoniinden deger-
lendirilmistir (ISO 4832, 2006).

Staphylococcus aureus koloni sayisinin belirlenmesi igin, Ba-
ird—Parker Agar (Oxoid CM0275)’a yayma plak yontemiyle
ekim yapildiktan sonra 35°C’de 24-48 saat inkiibe edilmistir.
Inkiibasyon sonunda, siipheli goriilen koloniler DNase, koa-
gulaz ve katalaz testlerine tabi tutulmustur (ISO 6888-1,
2021).

Kiif-maya sayisi, Yeast Extract Glucose Chloramphenicol
Agar (Oxoid PO5032A)’a yayma plak yontemiyle inokiile
edilen 6rneklerin 25°C’de 5 giin inkiibasyonun ardindan {ire-
yen kolonilerin degerlendirilmesiyle belirlenmigtir (ISO
21527-1, 2008).

Escherichia coli sayimi, Tryptone Bile X-glucuronide Agar
(Oxo0id, CMO0945) besiyerine inokille edilen orneklerin
44°C’de 24 saat inkiibe edilmesi sonucunda iireyen tipik ko-
lonilerin  degerlendirilmesiyle gergeklestirilmistir  (ISO
16649-2, 2001).

Siilfit rediikte eden anaerob bakteri sayisinin belirlenmesi
icin, Tryptose Sulphite Cycloserine (TSC) Agar (Oxoid
CMO0587)’a ¢ift tabaka ekimin ardindan plaklar 37°C’de 20
+2 saat anaerobik kosullarda inkiibe edilmistir. inkiibasyonun
ardindan tespit edilen tipik siyah kolonilerin dogrulamasi igin
stlfit, gelatinaz ve hareketlilik-nitrat testleri yapilmistir (ISO
7937, 2004).

Salmonella spp. varligimin aranmasi, ISO 6579-1 (2017) me-
toduna gore gerceklestirilmistir. Bu dogrultuda, tamponlan-
mis peptonlu su (Oxoid CM1049) ilave edilen mant1 drnek-
leri 37°C’de 18+2 saat inkiibe edilerek 6n zenginlestirmeye
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tabi tutulmustur. Inkiibasyon sonunda 0.1 mL &n zenginles-
tirme s1vis1 10 mL Rappaport-Vassiliadis Soya Peptone Broth
(Oxo0id CMO0866)’a, 1 mL 6rnek ise 10 mL Muller-Kauff-
mann Tetrathionate-Novobiocin Broth (Oxoid CM 1048)’a
gecilerek sirasiyla 41.5°C’de 24 +3 saat ve 37°C’de 24 3
saat inkiibe edilmistir. Akabinde oOrnekler XLD (Oxoid
CMO0469) ve Hektoen Enteric (Oxoid CM 0419) agarlara ino-
kiile edilerek, 37°C’de 24 £3 saat inkiibe edilmistir. Dogru-
lama i¢in Nutrient Agar’a gegilen siipheli koloniler 37°C’de
24 £3 saat inkiibasyonun ardindan biyokimyasal ve serolojik
(O ve H-Vi polyvalent antiserumlar ile) testlere tabi tutulmus-
tur.

Renk Analizi

Kismi kurutma iglemine tabi tutulmus ¢ig manti 6rneklerinin
renk analizi, CIE L*, a*, b* renk sistemine gore HunterLab
ColorFlex renk 6l¢iim cihazi (Hunter Associates Laboratory,
Inc., ABD) kullanilarak gergeklestirilmistir. Biitiin renk 6l-
¢limleri, cihazin “giin 15181 modunda 8 mm goriis agiklig1 ve
25 mm baglant1 noktas1 boyutu ile diffiiz aydinlatma (D65 2°
observer) kullanmilarak degerlendirilmistir. Her analiz gii-
niinde her bir gruba ait bes farkli mant1 6rneginin 6l¢iimii ya-
pilmis ve elde edilen sonuglarin aritmetik ortalamalar1 hesap-
lanmigtir (AMSA, 2012).

Duyusal Analiz

Manti 6rneklerinin organoleptik 6zellikleri, egitimli 12 pane-
list tarafindan duyusal olarak degerlendirilmistir (ISO 8586,
2023).

Panelistler, her bir gruba ait mant1 6rneklerini ¢ig ve haslan-
mis (kaynamakta olan suya atilan mantilar, 12-15 dakika sii-
reyle pisirilmistir) olarak goériiniim, koku, tekstiir (parmak ve
agiz hissi), lezzet (sadece pismis orneklerde) ve genel kabul
edilebilirlik yoniinden 5 puanlik bir skala (1: ¢ok kétii; 5: ¢ok
iyi) lizerinde puanlama testi ile degerlendirmistir.

Istatistiksel Analiz

Verilerin varyans analizleri, zaman periyoduna gore gruplar
arasindaki istatistiksel karsilagtirmanin SPSS 21.00 (SPSS
Inc., Chicago, IL, USA) programinin General Linear Model
(GLM) prosediirii kullanilarak hesaplanmstir.
Interaksiyonlarin  6nemli ¢iktigi  durumlarda  gruplar
arasindaki farkin 6nem kontrolii icin ANOVA (tek yonli
varyans analizi) ve Duncan testleri uygulanmustir.

Bulgular ve Tartisma
Fiziko-Kimyasal Ozelliklerdeki Degisimler

Farkl1 gaz karisimlari ile modifiye atmosfer paketlenen manti
orneklerinin muhafaza siiresi boyunca fiziko-kimyasal para-
metrelerinde gozlenen degisimler Tablo 2’de verilmistir.

Muhafaza periyodu boyunca biitiin gruplara ait pH degerle-
rindeki degisimler istatistiksel olarak anlamlilik gosterirken
(p<0.001), gruplar arasindaki farlilik da 6nemli bulunmustur.
Ozellikle ortam havast ile paketlenen érneklerin pH degerleri
baslangi¢ diizeylerine yakin bir seyir gostermis olsa da modi-
fiye atmosfer paketleme uygulanan 6rneklerde muhafazanin
ilk giiniinden itibaren anlamli bir azalma kaydedilmistir. Ay-
rica, CO; oram1 daha yiiksek olan (%80-60 CO,) paketlerin
pH degerleri, diger modifiye atmosfer paketlenen gruplardan
daha diistiik bulunmustur.

Uzunlu ve Var (2016), modifiye atmosfer paketlemenin so-
guk muhafaza altindaki mantilara etkilerini arastirdiklari ¢a-
lismalarinda pH degerlerinin muhafazanin 119. ve 126. giin-
lerinde anlamli bir farklilik (p<0.05) gosterdigini ve en fazla
diisiisiin (6.52'den 6.04'¢) %80 CO; igerigine sahip MA pa-
ketli 6rneklerde gozlendigini belirtmiglerdir. %40 ve %60
CO; ile paketlenen mant1 6rneklerinde de azalma tespit edi-
lirken, hava ile paketli 6rneklerde muhafazanin 21. giiniinde
pH degeri 6.54'ten 6.95'e yiikseldigi bildirilmistir. Sitti
(2011), MAP (%30 CO; + %70 N») uygulanan mantilarin pH
degerlerinde muhafazanin 30. giiniine kadar anlaml1 (p<0.05)
bir azalma belirlerken, 90. giinde bir artis ile birlikte 7. giin
seviyesine ulasildigini ifade etmistir. Yiicetepe ve Giines
(2016) ise ortam havasi ile paketlenen mant1 6rneklerine ait
pH degerinin 35 giinliik depolama boyunca degismedigini
(p>0.05), %70 CO; igeren paketlerdeki mantilara ait pH de-
gerinin kademeli olarak arttigini (p<0.05) belirtmislerdir.
Aksu ve ark. (2005), baz1 et Uriinlerinde muhafaza sirasinda
proteoliz nedeniyle olusan azotlu bilesiklere bagli olarak pH
degerinde bir artis olabilecegini vurgulamaistir.

Kismi kurutma islemi uygulanmadan 6nce 0.967 olan su ak-
tivitesi degeri, kurutma sonrasinda 0.915’e diismiistiir. Mu-
hafaza siiresinin 75. gliniine kadar mant1 6rneklerinin su akti-
vitesi degerleri gruplar arasinda istatistiksel olarak anlamli
farklilik gosterirken (p<<0.05), ortam havasi ile paketlenen 6r-
neklerin ay, degerleri diger gruplara gore tiim muhafaza peri-
yodu boyunca daha yiiksek olarak kaydedilmistir. Paket ice-
risindeki CO; oraninin artisi ile manti 6rneklerinin ay deger-
lerinde azalma tespit edilmistir. Ancak, muhafazanin son
giinii ortam havas1 ve farkli gaz karigimlan ile modifiye at-
mosfer paketlenen manti 6rnekleri arasindaki farklilik anlam-
lilik gdstermemistir.
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Tablo 2. Farkli gaz karisimlar ile paketlenen mantilarin 90 giinliik muhafaza siiresince fiziko-kimyasal 6zelliklerindeki degisimler

Table 2. Changes in physico-chemical properties of mant1 packaged with different gas mixtures during 90-day storage

Ozellik Paketleme 0. GUN 15.GUN 30.GUN 45.GUN 60. GUN 75.GUN 90.GUN P

pH Ortam havasi 6.200F  6.320% 6.390°°  6.460* 6.440°® 6.380°° 6.290°* 0.000
%80 CO2+ %20 N2 6.2004  6.100°B 6.020%¢  5.890% 5710 5620 5350°C  0.000
%60 CO2+ %40 N2 6.2004  6.110°B 6.050¢  5.930%° 5760 5680 5.320°C  0.000
%40 CO2+ %60 N2 6.2004  6.140°® 6.060°¢ 5970 5.880°F  5.730°F 5.480°C 0.000
%20 02+ %40 CO2+ %40 N2 6.200%  6.150** 6.090°8  6.000°C  5.910°¢ 5.790°®  5.680°t  0.000
SE - 0.017 0.012 0.023 0.029 0.015 0.046 -
p - 0.001 0.000 0.000 0.000 0.000 0.000 -
aw Ortam havasi 0.9154  0.902*  0.897°8¢  0.894*P (.890*® (0.888PF  (.882F  0.000
%80 CO2+ %20 N2 0.915%  0.886°®  0.883°BC  0.879°C 0.876°P 0.8709°F  0.868%  0.000
%60 CO2+ %40 N2 0.915%  0.893% 0.882¢C  (0.880°¢ 0.878°P (0.8719PE  (0.869F  0.000
%40 COz2+ %60 N2 0.915%  0.892°%8 0.889°8  (.885>EC (.880°C (.875PE  0.871E  0.000
%20 02+ %40 COz2+ %40 N2 0.9154  0.893°8  (.892°BC (.888%°BCD (.885%°CD ().881°PE  (.875F  0.000
SE - 0.002 0.002 0.003 0.005 0.007 0.008 -
p - 0.001 0.000 0.006 0.038 0.000 0.268 -
Nem  Ortam havasi 34.6204 32.210%  30.550°C 29.240°C 28.5509F 24.240%F 21.790°¢ 0.000
(%) %80 CO2+ %20 N2 34.620% 34.590°*  33.840°  32.960°C 31.840°° 28.960°F 24.030°F 0.000
%60 CO2+ %40 N2 34.620 34.280°®  32.910°¢ 32.290°C 30.910%°° 28.290°F 23.400°F 0.000
%40 CO2+ %60 N2 34.620 34.090°®  32.820¢ 31.890C 30.320°E 27.890F 22.900°¢ 0.000
%20 02+ %40 CO2+ %40 N2 34.620* 33.310°®  31.7509C 31.5809° 29.750F 26.580%F 22.720°¢ 0.000
SE - 0.248 0.127 0.081 0.202 0.185 0.277 -
p - 0.000 0.000 0.000 0.000 0.000 0.002 -
TBARS Ortam havasi 0.1155  0.286%° 0.494:¢  0.625°° 0.8948 1.162*A 1.732**  0.000
%80 CO2+ %20 N2 0.1155  0.139PE  0.174°PE 0.206°P 0.266°B¢ 0.317°AB  0.375°4  0.000
%60 CO2+ %40 N2 0.1155  0.158PE  0.202¢C0  0.238%C  0.274%C  0.346>B (.409%>4 0.000
%40 COz2+ %60 N2 0.1155  0.186°PE  0.242°CD  (.304%BC (.356%E  (.362°8  (0.438"4  0.000
%20 02+ %40 CO2+ %40 N2 0.1155  0.195°"  0.251°°0 (.313%BC (.365°B (.378°8 0.464°°* 0.000
SE - 0.017 0.012 0.023 0.029 0.017 0.046 -
P - 0.001 0.000 0.000 0.000 0.000 0.000 -

ad: Ayni siitundaki farkl kiigiik harfler, farkli gaz karisimlariyla paketlenen uygulama gruplar arasindaki istatistiksel farkliligt
gostermektedir (p<0.05)

AG: Aymi satirdaki farkli bilyiik harfler, ilgili paketleme grubunun muhafaza giinleri arasindaki istatistiksel farkliligt
gostermektedir (p<0.05)
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Uzunlu ve Var (2016), muhafaza periyodunun ve farkli gaz
karigimlari igeren modifiye atmosfer paketlemenin drneklerin
aw degerleri iizerinde anlamli bir farklilik olusturmadigini bil-
dirmislerdir (p<0.05). Buna karsin, Sitti (2011), modifiye at-
mosfer paketlenen (%30 CO: + %70 N») mantilarda muhafa-
zanin 30. gilinline kadar a, degerinde anlamli bir artis
(p<0.05) oldugunu, 90 giinlik muhafazanin sonuna kadar
olan depolama siirecinde ise a. degerlerinin diistiigiinii belirt-
mistir.

Gidalardaki yiiksek su aktivitesi degeri hem mikrobiyolojik
hem de kimyasal bozulma riskini arttirarak, tiriiniin giivenli
bir sekilde muhafazasini engellemektedir. Mant1 gibi kiyma

igeren unlu mamullerde su aktivitesi degerinin diisiiriilmesi
ve Uriiniin uygun sicaklikta, uygun paketleme kosullariyla
muhafazasi, mikrobiyal iiremeyi ve kimyasal reaksiyonlari
sinirlandirarak raf dmriinii arttirmaktadir (Sitti, 2011; Kizilir-
mak Esmer ve ark., 2011).

Manti drneklerinin baslangi¢ %45 olan nem degeri, uygula-
nan kismi kurutma islemi ile %34.62’e diismiistiir. 90 giinliik
muhafaza siiresi boyunca buzdolab1 kosullarinda saklanan
manti1 6rneklerinin nem degerleri, %21.79 - %24.03’e kadar
azalmistir. Muhafaza periyodu boyunca biitiin uygulama
gruplariin nem degerlerinde gozlenen degisimler istatistik-
sel olarak 6nemli bulunurken, tiim analiz giinlerinde gruplar



Research Article

Food Health 10(1), 64-76 (2024) e https://doi.org/10.3153/FH24006

arasindaki farkliliklar da anlamli bulunmustur (p<0.01).
Farkli gaz karisimlari ile modifiye atmosfer paketlenen manti
orneklerinin nem degerleri, ortam havasi ile paketlenen Gr-
neklerden daha yiiksek seyrederken, %80 CO, iceren paket-
lerde muhafaza siiresi boyunca en yiliksek nem igerigi tespit
edilmistir.

Uzunlu ve Var (2016), farkli gaz karisimlariyla modifiye at-
mosfer paketlenen mantilarin nem degerleri arasinda muha-
fazanin 98., 119. ve 126. giinlerinde anlamli bir farklilik tes-
pit etmislerdir. Benzer olarak, Sitti (2011), modifiye atmosfer
paketli (%30 CO: + %70 N») mantilarin nem degerlerinde de-
polamanin 30. giiniinden itibaren anlaml bir artig (p<0.05)
gozlendigini belirtmistir.

Nem igerigi, mantinin bozulmasi tizerine etkili faktorlerden
biridir. Bu nedenle, manti gibi neme duyarli unlu mamullerin
paketlenmesinde atmosfer neminin engellenmesi esas alin-
makta ve paketlemede kullanilan nem engelleyici bariyerler
ile iirine dagitim, depolama gibi asamalarda nem ge¢isi en-
gellenmelidir (Biger, 2011; Sitti, 2011).

Lipid oksidasyonu, yag ihtiva eden gidalarin kalite ve raf 6m-
riinii etkileyen faktorlerin baginda gelmektedir. Mant1 6rnek-
lerinin TBARS degerleri biitiin paketleme gruplarinda muha-
faza periyodu boyunca zamana bagli olarak anlamli bir artis
gostermistir (p<<0.001). Ortam havasiyla paketlenen mant1 6r-
neklerinin TBARS degerleri, modifiye atmosfer paketli grup-
lara kiyasla 6nemli 6lgiide yiliksek bulunmustur. Bununla bir-
likte, et ve et lirlinleri i¢in lipit oksidasyon diizeyi bakimindan
kritik limit olarak kabul edilen 1 mg/MDA kg degerinin (Bin-
gol ve ark., 2012), sadece ortam havasi ile paketlenen 6rnek-
lerde muhafazanin 75. giiniinden itibaren gegildigi gozlen-
mistir. Tiim muhafaza siiresi boyunca farkli gaz karisimlari
ile paketlenen mant1 6érneklerinin TBARS degerleri, 0.464
mg/MDA kg’1 asmamustir.

Manti igerisinde bulunan kiyma ve yaglar sebebiyle raf dmrii
kisa bir iiriindiir ve oksidasyona oldukga yatkindir. Fiziksel,
kimyasal ve biyolojik faktorlerin neden oldugu lipid oksidas-
yon sonucu gidalarda meydana gelen acilagma, iiriinde isten-
meyen degisikliklere yol agmakta ve gida bozulmasimin bir
isareti olarak kabul edilmektedir. Lipid oksidasyonun bir gos-
tergesi olan TBARS degerinin artisi, et ve et bazli gida iiriin-
lerinde raf 6mriinii kisaltmaktadir (Gokmen ve Caglar, 2021).

Uzunlu ve Var (2016), farkli gaz karisimlar ile paketlenen
mant1 drneklerinin TBARS degerleri arasinda depolamanin
98. giiniine kadar anlamli bir farklilik tespit etmezken
(p<0.05); 21 giinliik muhafaza siiresi boyunca hava ile paket-
lenen 6rneklerde modifiye atmosfer paketlenen mant1 6rnek-
lerine kiyasla daha yiiksek TBARS degerleri saptadiklarini

belirtmiglerdir. Yiicetepe (2011), modifiye atmosferde amba-
lajlamanin etli mantilarin TBARS degeri {izerine etkisinin
onemli (p<0.05) oldugunu ve hava ile ambalajlanan mant1 6r-
neklerinin TBARS degerinin, modifiye atmosferde ambalaj-
lanmig 6rneklere gore 6nemli dlgiide yiiksek oldugunu bildir-
mistir. Yiicetepe ve Glines (2016), modifiye atmosfer kosul-
lar1 altinda paketlenen mant1 rneklerindeki lipid oksidasyon
diizeyinin paket list boglugundaki O, konsantrasyonuna bagl
olarak arttigini; paket {ist boglugunda yaklasik %20 oraninda
O, bulunan 6rneklerin TBARS degerlerinin, CO; ve diisiik O
(%>5) iceren modifiye atmosfer paketlenmis mantilara kiyasla
daha yiiksek oldugunu ifade etmislerdir. Azaltilmis O, igeren
modifiye atmosfer paketleme kullanimi az yagli et iiriinle-
rinde diisiik TBA degerine yol acarken, mant1 gibi bilesi-
minde yag oram yiiksek kiyma kullanilabilecek iiriinlerde
muhafaza siiresince yiiksek lipid oksidasyon olusumuna ne-
den olabilecegi bildirilmistir (Yiicetepe, 2011; Uzunlu ve
Var, 2016). Ozellikle gidalarda TBA degerinin 3 mg/kg'dan
fazla olmasi iiriinde k&tii koku ve tat olusumunun algilanmasi
ile sonug¢lanabilecegi vurgulanmistir (Yilmaz ve Demirci,
2010; Kocabas ve Gokmen, 2017). Mant1 iiretiminde gozle-
nen yiiksek lipid oksidasyon diizeyi etin yag oraninin yani
sira, dolgu malzemesinin uzun siire bekletilmesi, igerigin
kavrulmasina bagl oksidasyon stabilitesinin azalmasi, dolum
ve kapama agamalarinda 151k ve oksijene maruziyet gibi du-
rumlara bagl olarak olusabilmektedir (Yiicetepe, 2011).

Mikrobiyolojik Degerlendirme

Farkli gaz karigimlari ile modifiye atmosfer paketlenen man-
tilarin muhafaza siiresi boyunca mikrobiyolojik parametrele-
rinde gozlenen degisimler Tablo 3’de verilmistir.

Biitlin paketleme gruplarindaki mant1 drneklerinin toplam ae-
robik mezofilik mikroorganizma sayis1 zamana bagl olarak
90 giinliilk muhafaza siiresince anlamli bir artig géstermistir
(p<0.01). Muhafaza siiresi boyunca tiim paketleme gruplar
arasindaki farklilik istatistiksel agidan anlamli bulunurken,
ortam havasi ile paketlenen manti 6rneklerinin toplam aero-
bik mezofilik mikroorganizma sayis1 modifiye atmosfer pa-
ketlenen mantilara gore daha yiiksek seyretmistir. 90 giinliik
muhafaza siiresince en diisik TAMB sayisi, 80/20 CO2:N»
gaz igerigine sahip modifiye atmosfer paketleme uygulanan
orneklerde tespit edilmistir. Ortam havasi ile paketlenen
mant1 drneklerinin TAMB sayisi, 90 gilinlilk muhafaza siiresi
boyunca baslangi¢ degerinden yaklasik 5 log kob/g artig gos-
termisken, yiiksek CO» igeren modifiye atmosfer paketli or-
neklerde yaklasik 3 log kob/g artis gbzlenmistir (Tablo 3).

Tiim paketleme gruplarindaki mant1 6rneklerinin koliform ve
S. aureus sayilarindaki degisim muhafaza siiresi boyunca an-
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laml1 bulunurken (p<0.05 ve p<0.01), paketleme gruplar ara- hafazanin bugiiniinden itibaren 90. giine kadar azalma goster-
sindaki farkliliklar muhafazanin 30., 45., 60. ve 75. giinle- mistir. Mant1 6rneklerine ait S. aureus sayilar ise muhafaza-
rinde 6nemli bulunmustur. Muhafazanin 60. giiniine kadar nin 45. giniine kadar artarken, depolamanin devam eden giin-
biitiin gruplarda artis gosteren koliform bakteri sayilari, mu- lerinde azalma trendine girmistir (Tablo 3).

Tablo 3. Farkli gaz karisimlar ile paketlenen mantilarin 90 giinlilk muhafaza siiresince mikrobiyolojik 6zelliklerindeki degi-

simler (log kob/g)

Table 3. Changes in microbiological properties of mant1 packaged with different gas mixtures during 90-day storage (log cfu/g)
Ozellik Paketleme 0. GUN15. GUN 30. GUN 45. GUN 60. GUN 75. GUN 90. GUN P
TAMB Ortam havasi 2.534F 4,099  5.644%0  6.014°C 6.724°B  7.248% 7.396%4 0.000

%80 CO2+ %20 N2 2.534F 2,633 30560 3.715C 41328 5.124%  5654%  0.000
%60 CO2+ %40 N2 2.534F 2.792¢F 3220950 3.968C 43158 56134 5.949¢°A 0.000
%40 CO2+ %60 N2 2.534F 2.869F  3.368° 4.363°C 5206°® 5.886A 6.158% 0.000
%20 02+ %40 CO2+ %40 N2  2.534F 3.114*F  3.500°° 4.538°C 55368 6276  6.531°  0.000
SE - 0.233 0.115 0.231 0.289 0.119 0.162 -
p - 0.000 0.000 0.000 0.001 0.002 0.002 -
Koliform Ortam havasi 1.000F 2.000F 2.230%°® 2.929%C 3.64234 3.230% 2.342P 0.000
%80 CO2+ %20 N2 1.000E 1.301¢ 1.505®  1.579B 1.699% 1.208 1.000% 0.000
%60 CO2+ %40 N2 1.000F 1.380P 1.579%C  1.699B 1.845°4 1.699°" 1.000% 0.000
%40 CO2+ %60 N2 1.000F 1.447° 1.645%<C 1.845°B 2,000 1.8458 1.208E 0.000
%20 02+ %40 CO2+ %40 N2  1.0005 1.580° 1.845%C 2,000°® 2.342%* 20008 1.699¢ 0.000
SE - 0.208 0.139 0.266 0.087 0.289 0.358 -
p - 0.213 0.026 0.032 0.000 0.007 0.102 -
8. aureus Ortam havasi 1.000E 1.602° 2301 2.778%4 2.699*A 24778 1.778P 0.000
%80 CO2+ %20 N2 1.000F 1.182P  1.238C 1.565% 1.4779% 1.301 1.000% 0.000
%60 CO2+ %40 N2 1.000F 1.2385  1.323°P 16024 1.566°8 1.477°BC¢ 1.206% 0.000
%40 CO2+ %60 N2 1.000F 1.301¢P 1.500°B€ 1.878°A 1.644°® 1.500°B¢ 1.339¢ 0.000
%20 02+ %40 CO2+ %40 N2  1.000° 1.477¢  2.000°®  2.301°* 2.078°®  2.000B 1.500¢ 0.000
SE - 0.115 0.173 0.058 0.144 0.115 0.173 -
p - 0.131 0.006 0.000 0.001 0.000 0.078 -
Kiif-Maya Ortam havasi 1.698F 2.596°° 3.516°C 4.12288 52568  6.044% 6.945% 0.000
%80 CO2+ %20 N2 1.698E 1.9330  2.342°C  3,07998 3.9449AB 43044 5058  0.000
%60 CO2+ %40 N2 1.698E 2.047°C  2.477°C  3.263°C 4.176°B  4.682A 5.223¢A 0.000
%40 CO2+ %60 N2 1.698F 2.109°° 2.623P  3316°C 42018 5.033°A  5.587°A 0.000
%20 02+ %40 CO2+ %40N2  1.6987 2513 2,876 3.704°C 45038 5380**  6.024**  0.000
SE - 0.233 0.115 0.231 0.087 0.144 0.242 -
p - 0.031 0.000 0.000 0.000 0.000 0.001 -

ad: Aym siitundaki farkl kiigiik harfler, farkl1 gaz karisimlariyla paketlenen uygulama gruplar arasindaki istatistiksel farklihig gostermektedir (p<0.05)

AF: Aym satirdaki farkli bityiik harfler, ilgili paketleme grubunun muhafaza giinleri arasindaki istatistiksel farklihgi géstermektedir (p<0.05)
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Mant1 6rneklerinin kiif ve maya sayilari tiim paketleme uygu-
lamalarinda muhafaza siiresi boyunca anlamli bir artig goster-
mistir (p<0.05). Ortam havasi ile paketlenen manti érnekleri-
nin kiif ve maya sayilarinda 90. giinde baslangi¢ mikroorga-
nizma yiikiine gore 5 log kob/g artis kaydedilirken, muhafaza
periyodu boyunca en diisiik kiif ve maya sayisi, %80 CO; ice-
ren modifiye atmosfer paketleme uygulanan mant1 6rnekle-
rinde tespit edilmistir (Tablo 3).

Sitti (2011), modifiye atmosfer paketlenen (%30 CO, + %70
N») mantilarin toplam aerobik mezofil bakteri sayilarinda 90
giinliik muhafaza siiresince anlamli (p<0.05) bir artis tespit
ettigini bildirmistir. Bunun yani sira, 3 aylik muhafaza siiresi
boyunca Clostridium perfringens, Staphylococcus aureus ve
Salmonella spp. gelisimi gozlenmedigini ifade etmistir.

Yiicetepe ve Giines (2016), modifiye atmosfer paketlenen
mant1 6rneklerinin kiif-maya sayisinin 35 giinliik depolama
boyunca ortam havasi ile paketlenen 6rneklerden diisiik sey-
rettigini; MAP uygulanan orneklerde kiif-maya sayisinin 2
log kob/g’in altinda kaldigini, hava paketli 6rneklerde ise
4.62 log kob/g'a yiikseldigini bildirmislerdir. Bu durum,
CO;’in mikroorganizmalar {izerindeki inhibe edici etkisi ve
modifiye atmosfer paketler igerisindeki O’in sinirlandiril-
mast ile iligkilendirilmistir. Ayrica, unlu mamullerde 6zel-
likle kiiflere bagli bozulmanin, a, degerinin 0.80'e diisiiriil-
mesi ve paketlemede %70 CO; kullanilmasi ile 6nlenebile-
cegi bildirilmistir (Giorni ve ark., 2008).

Renk Ozelliklerdeki Degisimler

Farkli gaz karisimlari ile modifiye atmosfer paketlenen man-
tilarin muhafaza siiresi boyunca parlaklik (L*), kirmizilik
(a*) ve sarilik (b*) degerlerindeki degisimler Sekil 1°de ve-
rilmisgtir.

Mant1 6rneklerinin L* degeri ortam havasi ile paketlenen
mantilarda muhafaza siiresi boyunca zamana bagl olarak an-
lamlilik gosterirken, modifiye atmosfer paketlenen 6rnek-
lerde 90 giinlik muhafaza boyunca istatistiksel olarak bir
farklilik sekillenmemistir. Paketleme yontemine bagli olarak
gruplar arasindaki farklilik sadece muhafazanin 90. giiniinde
anlamli bulunurken (p<0.01), diger giinlerde L* degeri baki-
mindan paketlemenin etkisi dnemli bulunmamistir (p>0.05).
Biitlin paketleme gruplarindaki mant1 6rneklerinin parlaklik
degerleri muhafazanin 30. giiniine kadar artig gosterirken, 30.
giinden itibaren muhafazanin sonuna kadar bir azalma sekil-
lenmistir. Muhafaza periyodu boyunca en yiiksek L* deger-
leri, %80 CO; igeren modifiye atmosfer paketlenmis manti
orneklerinde kaydedilmistir (Sekil 1).

Research Article

Mubhafaza siiresi boyunca, manti drneklerinin a* ve b* deger-
lerindeki degisimler higbir paketleme uygulamasinda istatis-
tiksel olarak anlamli bulunmamustir (p>0.05). Mant1 6rnekle-
rinin kirmizilik degerleri biitiin gruplarda muhafazanin 30.
gilinline kadar artarken, 45. glinden itibaren azalmaya basla-
mistir. Manti orneklerinin sarilik degerleri ise biitiin grup-
larda muhafazanin 60. giiniine kadar artmis, bugiinden itiba-
ren muhafazanin sonuna kadar azalmigtir. Muhafaza siiresi
boyunca en yiiksek kirmizilik ve sarilik degerleri, ortam ha-
vast ile paketlenen manti 6rneklerinde gézlenmistir (Sekil 1).

Sitti (2011), modifiye atmosfer paketlenen mantilarin L* de-
gerinin 90 giinliikk muhafaza siiresi boyunca nispi bir artig
gosterdigini, ancak bu artigin istatistiksel agidan 6nemli ol-
madigini vurgulamistir (p>0.05). Mantinin yapildigi andaki
parlak beyaz rengini korunmasinin tiiketici tercihi agisindan
etkili oldugu ifade edilirken, modifiye atmosfer paketleme
uygulanan mantilarin baslangi¢ renk degerlerinin muhafaza
stiresince korundugu ve beyaz parlak renkte bir degisim goz-
lenmedigi bildirilmistir. Ayrica, depolama siiresince mantila-
rin a* degerinde bir degisim gozlenmedigi ve b* degerinde
gdzlenen degisimlerin de anlamli bulunmadig: belirtilmistir.

Duyusal Degerlendirme

Mubhafaza siiresi boyunca manti érneklerine ait duyusal degi-
simler Sekil 2°de gosterilmistir. Biitiin paketleme gruplarin-
daki mant1 6rneklerinin goriiniim, koku, lezzet ve tekstiir de-
gerleri muhafaza siiresince azalma gostermistir.

Ortam havasi ve farkli gaz karisimlari ile paketlenen manti
orneklerinin goriiniim degerleri, artan muhafaza siiresine
bagli olarak panelistler tarafindan baslangic degerlerinden
daha diisiik puanlanmistir. Muhafazanin 45. giiniinden sonra
gruplar arasindaki farklilik anlamli bulunmus, ortam havasi
ile paketlenen mantilar 60. giinden, %20 O, iceren MAP
grubu 75. giinden itibaren kabul edilebilirlik sinirinin altina
inmeye baslamistir. Buna karsin, yliksek CO; igeren paketler
muhafazanin son giinii bile gorlinim kriterleri bakimindan
kabul edilebilir olarak degerlendirilmistir.

Manti 6rneklerinin koku degerleri tiim paketleme gruplar
i¢in muhafazanin 45. giinline kadar istatistiksel olarak farkli-
lik géstermezken, bugiinden sonra ortam havasi ve modifiye
atmosfer ile paketlenen mant1 6rnekleri arasinda anlamli bir
farklilik saptanmistir (p<<0.05). Bakteriyel tireme ve lipid ok-
sidasyona bagli olarak paket i¢erisinde olusan nahos koku pa-
nelistler tarafindan ortam havasi ile paketlenen mant1 6rnek-
lerinde 60. giinden itibaren algilanmistir. Buna karsin, CO;
igeren paketler muhafazanin son giiniinde bile kabul edilebilir
koku profiline sahip olarak degerlendirilmislerdir (Sekil 2).
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Sekil 1. Farkli gaz karisimlari ile paketlenen mantilarin 90 giinliik muhafaza siiresince CIE L*, a*, b* degerlerindeki degisimler

Figure 1. Changes in CIE L*, a*, b* values of mant1 packaged with different gas mixtures during 90-day storage
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Sekil 2. Farkli gaz karisimlari ile paketlenen mantilarin 90 giinliik muhafaza siiresince duyusal 6zelliklerindeki degisimler

Figure 2. Changes in sensory properties of manti packaged with different gas mixtures during 90-day storage
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Panelistler tarafindan tekstiirel 6zellikler ¢ig ve haslanmis
mant1 drnekleri i¢in muhafazanin 60. giiniine kadar kabul edi-
lebilir sinirlar igerisinde puanlanmistir. Cig iiriinde yapilan
parmak hissi degerlendirmesi ortam havasi ve %20 O i¢eren
manti 6rnekleri igin 75. giinden itibaren arzu edilmeyen teks-
tiirel yapiy1 isaret ederken, muhafazanin son giinii sadece
%80 CO, igeren modifiye atmosfer paketli mant1 6rnekleri
kabul edilebilir olarak nitelendirilmistir (Sekil 2).

Farkli gaz karisimlari ile modifiye atmosfer paketlenen manti
orneklerinin lezzet degerleri ortam havasi ile paketlenen or-
neklere gore daha yiiksek puanlanirken, modifiye atmosfer
uygulamasinda kullanilan CO, orani arttik¢a, lezzet puanlari-
nin da yiikseldigi gozlenmistir. Panelistler tarafindan %80
CO; + %20 N, gaz karisimi ile paketlenen manti 6rneklerinin
lezzet profilleri 60 giinliik degerlendirmede hemen hemen ilk
giinkii kalite 6zelliklerini korudugu belirtilmis, sadece ortam
havasi ile paketlenen mantilar 60. giin degerlendirmesinde
kabul edilebilir stnirin altinda bulunmustur (Sekil 2). Ortam
havasi ve diisiik CO, ile modifiye atmosfer paketlenen manti
orneklerinde muhafazanin 60. glinlinden sonra paket i¢erisin-
deki bazi orneklerde kiif olusumuna rastlanmasi nedeniyle
lezzet degerlendirmesi yapilmamustir.

Mant1 6rneklerinin genel kabul edilebilirlik degerleri muha-
fazanin 45. gilinline kadar birbirine yakin seyrederken, 45.
gilinden sonra gruplar arasinda anlamli bir farklilik belirlen-
mistir. Ortam havasi ile paketlenmis manti 6rnekleri muhafa-
zanin 60. gliniinden itibaren genel kabul edilebilirlik sinirla-
rinin altinda kalmigtir. Panelistler tarafindan kabul edilmez
olarak degerlendirme %40 CO, igeren gruplarda 75. giinde,
%60 CO; iceren grupta ise 90. giinde olurken, %80 COs ige-
ren grup 90 giinliikk muhafaza boyunca kabul edilebilir sinir-
lar igerisinde puanlanmistir (Sekil 2).

Sitti (2011), modifiye atmosfer altinda paketlenen (%30 CO,
+ %70 N2) mantilarin koku, goriiniis, tat ve agiz hissi puanla-
rinda muhafaza siiresi boyunca anlamli (p<0.05) bir azalma
saptadigini belirtirken, muhafazanin 90. giiniinde duyusal de-
gerlendirmenin belirlenemedigini ifade etmistir. Uzunlu ve
Var (2016), pismis mant1 drneklerine ait goriiniim, tat, koku
ve tekstiir puanlarinin muhafazanin 126. giiniine kadar benzer
bir egilim gosterdigini tespit etmislerdir. pH degerleri ve lipid
oksidasyonda gdzlenen degiskenligin duyusal algiy1 olumsuz
etkilemedigini vurgulamislardir. Benzer sekilde Gokmen ve
Caglar (2021), mant1 6rneklerinin lipid oksidasyon degerin-
deki artisin duyusal kalitede olumsuz bir degisiklige yol ag-
madigim bildirmislerdir. Ayrica Uzunlu ve Var (2016), ¢ig
orneklere ait puanlarin, buzdolabi kosullarinda muhafaza sii-
resince benzer bir azalma gosterdigini belirtmislerdir. Duyu-
sal degerlendirme sonucunda, muhafaza siiresince pismis
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mant1 6rnekleri i¢in en ¢ok %40 CO; + %60 N igeren modi-
fiye atmosfer paketli 6rneklerin tercih edildigini, ¢ig manti
ornekleri i¢in en yiiksek puanlar1 %80 CO, + %20 N, iceren
modifiye atmosfer paketli 6rneklerin aldigini bildirmislerdir.
Bu dogrultuda, modifiye atmosfer paketlemenin ¢ig mantila-
rin buzdolab1 kosullarinda saklanmasini ortam havasi ile pa-
ketlemeye kiyasla alt1 kata kadar uzatabildigi ve %80 CO; +
%20 N> bilesenini iceren modifiye atmosfer paketli mantila-
rin 126 giinliik depolama siiresinin sonuna kadar kalite 6zel-
liklerini koruyabildigi sonucuna varmislardir (Uzunlu ve Var,
2016). Yiicetepe ve Giines (2016) ise modifiye atmosfer pa-
ketlenen ¢ig manti orneklerinin 35 giinliik muhafaza siire-
since taze orneklere benzer bir duyusal kaliteye sahip olduk-
larini, ancak ortam havasi ile paketlenen ¢ig mantilarin duyu-
sal kalitesinin muhafazanin 21. giinlinden itibaren kabul edi-
lebilir sinirin altina diistiigiinii bildirmislerdir. Bununla bir-
likte, %70 CO; igeren modifiye atmosfer paketli pismis manti
orneklerinin muhafazanin 35. giiniinde kabul edilebilir duyu-
sal kalite 6zelliklerine sahip oldugunu ve taze drneklere ben-
zer puanlar aldiklarimi ifade etmislerdir.

Sonuc¢

Bu calismada, farkli gaz karisimlar ile modifiye atmosfer pa-
ketlenen etli mantilarin 90 giinlilk muhafaza siiresi boyunca
fiziko-kimyasal, mikrobiyolojik, renk ve duyusal 6zellikle-
rindeki degisimler belirlenmistir. Yiikksek CO; ile modifiye
atmosfer paketlenen mant1 6rneklerinin kalite 6zelliklerinin
muhafaza siiresi boyunca ortam havasi ile paketlenen 6rnek-
lere kiyasla 6nemli dl¢iide yiiksek oldugu saptanmistir. Farkli
gaz karisimlan ile modifiye atmosfer paketlenen mant1 6r-
neklerinin duyusal 6zellikleri ortam havasi ile paketlenen 6r-
neklere gore daha yiiksek puanlanmis ve modifiye atmosfer
uygulamasinda kullanilan CO; orani arttik¢a, drneklerin go-
riniim, tekstiir ve lezzet puanlarinin da yiikseldigi gozlenmis-
tir. %80 CO; + %20 N, ile modifiye atmosfer paketlenen
mant1 6rneklerinin 90 giinliik muhafaza siiresi boyunca kalite
Ozelliklerini korudugu belirlenmistir. Sonug olarak, yiiksek
CO; igeren modifiye atmosfer paketleme uygulamasi ile etli
mantilarin kalite 6zellikleri korunarak, raf dmriiniin uzatila-
bilecegi ve ekonomik kayiplarin oniine gecilebilecegi belir-
lenmistir.
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Etik Standartlar ile Uyumluluk

Cikar catismasi: Yazarlar, bu yazi i¢in gercek, potansiyel veya al-
gilanan ¢ikar ¢atigmasi olmadigini beyan etmislerdir.

Etik izin: Arastirma niteligi bakimindan etik izne tabii degildir.

Veri erisilebilirligi: Veriler talep ilizerine saglanacaktir.

Finansal destek: Bu ¢aligma herhangi bir fon tarafindan desteklen-
memistir.

Tesekkiir: -
Aciklama: -
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ABSTRACT

Ice cream is a widely consumed refreshing food, especially in the summer months, and it creates
a suitable environment for microbial growth due to its high nutritional value, appropriate pH, and
long storage time. This study aimed to evaluate the incidence of enterotoxigenic and meticillin-
resistant Staphylococcus aureus in unpackaged ice cream samples sold in Istanbul, Turkey.

For that purpose, 101 unpackaged ice cream samples were collected and evaluated for coagulase
activity, DNase activity, and methicillin resistance. Staphylococcus aureus is determined in 66
(65.3%) samples with a mean load of 3.2+1.0 log cfu/mL. 34.6% of samples exceeded the Turkish
Food Codex (2009) limit, which ranged between 10% — 103 cfu/g. It was found that 61 (64.8%) of
the S. aureus strains were coagulase positive, 21 (22.3%) were DNase positive, and 18 (19.1%)
had methicillin resistance. The present study's findings revealed that unpackaged ice cream sam-
ples in Istanbul have high enterotoxin-producing potential with a high S. aureus load. The presence
of Methicilin-resistant strains may represent a potential hazard to public health.

Keywords: Ice cream, Staphylococcus aureus, Coagulase, DNase, Methicillin resistance
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Introduction

Ice cream is a dairy product obtained by freezing pasteurized
milk, cream, skimmed milk solids, sugar, emulsifier, stabi-
lizer, colour, and flavouring mixtures (Fetsch et al., 2014).
High nutritional value, nearly neutral pH, and extended stor-
age conditions are convenient factors for microbial growth in
ice cream (Giiciikoglu et al., 2013). The increased consump-
tion of ice cream in summer can create a suitable environment
for producing pathogens and mediate the transmission of
pathogenic microorganisms in forming food-borne diseases
(Zhang et al., 2022). Microbial contamination may occur due
to insufficient pasteurization during the ice cream production
process, the use of contaminated raw materials and additives,
tools and equipment, and the lack of hygienic conditions dur-
ing distribution (Salehian et al., 2013). Several studies
pointed out that Staphylococcus aureus is among the most
common microorganisms in ice cream (Zhang et al., 2022).

Staphylococcus aureus is a Gram-positive, coagulase-posi-
tive, facultative anaerobic bacterium and can tolerate 0-20%
salt concentration at a temperature of 6-48 °C, pH 4-10
(Cretenet et al., 2011). Although it is a pathogenic microor-
ganism, it is naturally found in humans' skin flora and nasal
mucosa, the main factors in contamination are humans and
milk obtained from human animals with mastitis (Al-Bahry
et al., 2014). Staphylococcus aureus is considered the most
common cause of food poisoning worldwide due to the po-
tential of enterotoxigenic strains to produce staphylococcal
enterotoxins in food. Enterotoxin-producing S. aureus strains
also have lecithinase, coagulase, thermonuclease and DNase
enzyme activities (Sergelidis & Angelidis, 2017). Food poi-
soning symptoms begin 2-5 hours after ingestion of the toxin,
and the main symptoms are nausea, vomiting, abdominal pain
and fatigue (Fetsch et al., 2014). The occurrence of S. au-
reus in foods above 10° cfu/g can present a potential risk to
public health due to enterotoxin production that can cause
food poisoning (Martin et al., 2016).

The type of strain, food composition, temperature, physical
and chemical parameters and the presence of inhibitors play
a role in the formation of toxins (irfan & Iseri, 2004). Dairy
products, including cheese, milk, and ice cream, are often
contaminated by antibiotic-resistant and enterotoxigenic S.
aureus. Zhang et al. (2022) found the rate of Staphylococ-
cus enterotoxins in dairy products as 39.31% in a meta-anal-
ysis study. Besides, the pathogenicity of S. aureus strains
could be related to the secretion of extracellular toxins and
enzymes such as DNAse and coagulase (Zhang et al., 2022).
Giindogan et al. found DNAse activity in 94.5% of S. au-
reus in ice cream samples (Giindogan et al., 2006). Hunt et
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al. reported 49 of 63 coagulase-positive S. aureus in raw milk
(Hunt et al., 2012).

Antibiotic resistance is a worldwide health problem (Lee et
al., 2018). The development of antibiotic resistance in patho-
genic microorganisms has been associated with the therapeu-
tic overuse of antibiotics and their use as growth promoters
in animal production (Samir et al., 2018). Methicillin-re-
sistant S. aureus (MRSA) is an essential cause of hospital-ac-
quired infections, which can be transmitted through the con-
sumption and processing of unpasteurized dairy products;
identifying MRSA strains in contaminated food is of great
importance in public health. (Algammal et al., 2020). Several
studies indicated the presence of Methicillin-resistant S. au-
reus strains in dairy products (Al-Ashmawy et al., 2016;
Gliciikoglu et al., 2013; Giiglii et al., 2022; Perry et al., 2004;
Zhang et al., 2022).

This study aimed to investigate the enterotoxigenic and meti-
cillin-resistant potential of Staphylococcus aureus strains
isolated from unpackaged ice cream samples sold in the Is-
tanbul markets.

Materials and Methods

In the study, 101 unpackaged ice cream samples, including
milk (n=25), chocolate (n=23), lemon (n=18), caramel
(n=17), strawberry (n=15), banana (n=2) and cherry (n=1)
were obtained from different manufacturers in district of Is-
tanbul where are Beykoz, Umraniye, Uskudar, Sariyer and
Besiktas, between August-September 2015 with random
sampling method. All samples were preserved in ice
packs (4- 8 °C) and transported to the laboratory. The micro-
biological analyses began immediately upon arrival under
aseptic conditions. Microbiological analyses were performed
in the Istanbul Medipol University Food Microbiology La-
boratory.

Isolation and identification of Staphylococcus
aureus strains

The isolation and analyses of S. aureus were performed by
the methodology referred to by Normanno et al. (2005) with
minor modifications. Ten grams of each ice cream sample
were diluted with 90 mL physiological saline solution and
homogenized with a stomacher (Interscience-Bag Mixer®
400) for 60 seconds. Further dilutions were also obtained
from the homogenate. 0.1 mL of dilutions were inoculated
onto sterile Baird Parker Agar (BPA, Fluka) medium contain-
ing egg-yolk tellurite (Merck) and incubated at 37 °C for 24-
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48 hours under aerobic conditions. Black, shiny, convex col-
onies with clear and dull halos were considered typical of S.
aureus, whereas colonies with black colour without zones
were atypical of S. aureus. Typical and atypical colonies were
selected and purified in Tryptic Soy Broth medium and stored
at -20°C in media containing 30% glycerol. Gram stain, cat-
alase, and mannitol fermentation tests were performed to
identify the isolates (Normanno et al., 2005).

Coagulase Test

The coagulase test was performed on typical and atypical S.
aureus isolates. 0.5 mL of rabbit blood plasma with EDTA
(diluted 1:5) and 0.1 mL of isolates placed into the sterile tube
and incubated at 37 °C. The tubes were observed for 6 hours
for clot formation. Isolates where clotting did not occur were
incubated for an additional 24 hours. Clotted samples were
evaluated as coagulase-positive S. aureus (Sperber & Tatini,
1975). Staphylococcus aureus ATCC 25923 strain was used
as a positive control.

DNase Test

A deoxyribonuclease (DNase) test was performed to confirm
the isolates' pathogenicity potential. 24-hour active cultures
were inoculated into DNase Test Agar (Merck) medium and
incubated for 24-48 hours at 37°C under aerobic conditions.
After incubation, 1 mL of 30% HCI solution was transferred
onto the colonies. Clear zones around the bacterial colonies
indicated DNase-positive colonies (Winn et al., 2006).

Table 1. Prevalence of S. aureus in the ice cream samples.

Meticillin Resistance Test

In order to control the methicillin resistance properties of typ-
ical and atypical S. aureus isolates, 25-hour active cultures
inoculated into Orsab (Oxoid) Agar medium and incubated at
37°C for 24-48 hours. Following incubation, the isolates that
produced blue colonies were evaluated as methicillin-re-
sistant (Perry et al., 2004).

Results and Discussion

In the present study, out of 101 ice cream samples, the inci-
dence rate of S. aureus was 65.3% (n=66). and the load were
ranged between <2 and 6.02 log cfu/g with a mean 3.2+1.0
log cfu/g. The prevalence of S. aureus strains in the examined
ice cream samples, including milk, chocolate, lemon, cara-
mel, strawberry, banana and cherry species, were represented
in Table 1. According to the Turkish Food Codex Communi-
qué on Microbiological Criteria (28157), the maximum num-
ber of S. aureus in ice creams should not exceed 10* — 10°
cfu/g. The latest communiqué on microbiological criteria for
ice cream was published in 2011. According to the 2011 cri-
teria, Enterobacteriaceae, Salmonella and L. monocyto-
genes bacteria species are expected to be detected in ice
creams. However, there is no declared data for S. aureus;
therefore, the data were obtained from 2009 criteria (Turkish
Food Codex, 2011; Anonymous, 2009). As seen in Table 1,
65.3% of samples contain S. aureus strains, whereas 34.6%
of samples (n=35) exceed the Turkish Food Codex limit.

Samples above

Examined samples Number Positive samples Log cfu/g Turkish Food Codex
of samples No. Proportion Min Max Mean no % Coagulase DNase Methicillin
+SD (%) (%) Resistance
(%)
Ice cream, milk 25 19 0.76 <2 54 3.3+0.97 9 36.0 64.0 12.0 20.0
Ice cream, chocolate 23 19 0.82 <2 6.02 349+1.17 13 56.5 53.8 38.4 23.0
Ice cream, Lemon 18 8 0.44 <2 3.7  2.65+0.67 2 11.1 63.6 18.1 18.1
Ice cream Caramel 17 14 0.82 <2 55 3.25+1.19 8 47.0 68.4 21.0 5.2
Ice cream Strawberry 15 4 0.26 <2 4.6 3.440.85 2 133 71.4 14.2 42.8
Ice cream, banana 2 1 0.50 <2 351 2.75+1.06 1 50.0 100 0 0
Ice cream, cherry 1 1 1 23 23 2.3 0 0 100 0 0
Total 101 66 0.65 <2 6.02 32+£1.0 35 34.6 64.8 22.3 19.1




80

Food and Health 10(1), 77-84 (2024) e https://doi.org/10.3153/FH24007

The high occurrence of S. aureus strains in unpackaged ice
cream samples may be related to inadequate pasteurization of
milk, use of contaminated raw materials, additives, tools and
equipment, ambient air, working personnel, packaging mate-
rials, and failure to provide appropriate conditions during dis-
tribution (Shaheen et al., 2018). The presence of S. aureus in
ice cream is an essential issue for public health, and research-
ers worldwide from different countries have focused on this
field. Gucukoglu et al. (2013) reported that 23% of ice creams
contained S. aureus between 2.0x10? and 4.0x10* in Samsun
province, Turkey (Giiciikoglu et al., 2013). Giiglii et al. inves-
tigated the microbiological quality of ice creams in Turkey
during the COVID-19 pandemic. They found that the S. au-
reus load ranged between 0 - 3.2x10%, and 5.3% of ice cream
samples exceeded the upper limit according to the Turkish
Food Codex limit. The results also concluded that despite
COVID-19 hygiene rules, high contamination was observed
in ice cream samples (Gii¢lii et al., 2022).

Similarly, Samir et al. (2018) determined that 22% of ice
cream samples were positive for S. aureus in Qena City,
Egypt (Samir et al., 2018). Rahimi et al. detected no strains
of S. aureus in commercial ice cream, whereas 9.1% of tradi-
tional ice cream samples contained S. aureus in Iran (Rahimi,
2013). Consistent with our results, Ahmed et al. found a prev-
alence of S. aureus in ice cream, 74%, with a mean load of
3.74 £ 1.03 log cfu/g (Ahmed et al., 2019). The researchers
of these studies indicated that the S. aureus loads of the ice
creams may attributed to contamination of milk during milk-
ing, environmental contamination with animal wastes, unsan-
itary production and storage conditions, unpasteurized milk
from the infected mammary glands of dairy animals (Ahmed
et al., 2019; Giiciikoglu et al., 2013; Rahimi, 2013; Samir et
al., 2018). Zhang et al. examined 240 ice cream samples in
Shaanxi, China, and only 4.2% contained S. aureus; however,
no sample exceeded the permissible limits of Chinese Stand-
ards. Zhang et al. also noted that, despite the low detecting
rate of S. aureus (0.8%), its spreading potential in the food
chain should not be ignored, especially regarding MRSA in-
fection (Zhang et al., 2022). In addition to all these results,
evaluating the S. aureus presence and load in terms of ice
cream species and location is essential. Gucukoglu et al. in-
dicated chocolate species had the lowestS. aureus load,
whereas Giiglil et al. reported no S. aureus in fruit species.
Like Giiglii et al., ice cream samples with lemon and cherry
had the lowest S. aureus load among all samples, which can
be attributed to the acidity of fruits. Also, no S. aureus was
reported in commercial ice creams, whereas S. aureus pres-
ence was reported by Ahmed et al. (74%) in Egypt, Gucu-
koglu et al. (23%) in Turkey, Samir et al. (22%) in Egypt,
Rahimi in Egypt (9.1%) and Zhang et al. in China (4.2%).
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The high prevalence rate reported by Ahmed et al. in Egypt
may attributed to handling operations and improper storage
conditions. Although Zhang et al. stated low prevalence in
China, MRSA strains may represent a health hazard due to
pathogenicity potential (Ahmed et al., 2019; Giiciikoglu et al.,
2013; Rahimi, 2013; Samir et al., 2018; Zhang et al., 2022).

This study isolated 36 typical and 58 atypical S. au-
reus strains from 66 (65.3%) ice cream samples. It was found
that all (n=94) S. aureus isolates obtained from ice cream
samples were Gram-positive, had typical staphylococcal
(grape cluster) appearance in microscopic examination and
also catalase positive.

In addition to these results, to evaluate the pathogenicity po-
tential of S. aureus strains is important. DNase, coagulase
and Methicillin resistance test results were also given in Ta-
ble 1. The positive reactions for DNase and methicillin re-
sistance tests were also given in Figure 1 and Figure 2, re-
spectively.

DNase measures the ability of microorganisms to synthesize
the heat-stable DNase enzyme. The enzyme decomposes de-
oxyribonucleic acid (DNA) in the cell nucleus by depolymer-
izing it. DNase activity distinguishes pathogenic staphylo-
cocci from nonpathogenic resident flora members (Kateete et
al., 2010). DNase activity was tested in isolated strains in the
present study (Table 1) for that purpose.

DNase activity was shown in 22.3% (n=21) of S. aureus iso-
lates. DNase-positive isolates may pose a threat to public
health in terms of enterotoxin production potential. Meyrand
et al. found an excellent correlation between DNase activity
and enterotoxin production potential and suggested the test to
confirm enterotoxin results (Meyrand et al., 1999). Bar-
telomeoli et al. also reported DNase activity in all S. au-
reus strains isolated from raw milk (Bartolomeoli et al.,
2009). Besides DNase activity, coagulase-positive staphylo-
cocci strains also potentially produce enterotoxins (Bingol &
Togay, 2017). It was seen that 64.8% of S. aureus isolates
were coagulase-positive. Staphylococcal intoxication occurs
after enterotoxigenic staphylococci reach at least 10° cfu/g
(Veras et al., 2008). In this study, S. aureus growth over 10°
cfu/g was observed in 5 samples, and these strains were co-
agulase-positive. Enterotoxins production risk of S. aureus is
higher in these five samples than in all.

As presented in Table 1, the present study detected MRSA in
19.1% of S. aureus isolates in ice cream samples. Addition-
ally, 4.25% of isolates were Methicillin-resistant, coagulase-
positive and DNase-positive, which indicates the pathogenic-
ity potential.
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Figure 2. Methicillin resistance test results in S. aureus isolates.

Similar to our results, Ahmed et al. (Ahmed et al. 2019) also
found MRSA in 15.4% of dairy products, whereas Al-
Ashmawy et al. found 53%, which was relatively high (Al-
Ashmawy et al., 2016). On the contrary, Zhang et al. detected

only 2 MRSA isolates from 240 ice cream samples. However,
Zhang et al. indicated that even though the detection rate was
low (%0.8), it can not be ignored because of its spread in the
food chain (Zhang et al., 2022). Masihinejad et al. reported a
significant correlation between the number of enterotoxin
genes and antibiotic resistance in S. aureus isolates in creamy
pastries. (Masihinejad et al., 2023). Since ice cream is not
heated before consumption, MRSA can enter the digestive
tract by ingesting contaminated foods and may colonize the
digestive tract (Lee, 2003). MRSA also can complicate the
treatment of S. aureus strains in foods and increase the risk of
infection. Therefore, it is essential to apply food safety
measures, hygiene practices, and appropriate food processing
methods. Controlling the use of antibiotics can limit the oc-
currence of methicillin resistance (Lee et al., 2018). Antibi-
otic use regulation is essential in controlling pathogens given
the human-animal-food environment. Suggested solutions to
reduce the demand for antibiotics may include Antimicrobial
Management Programs, determining the dose and status of
inappropriate antibiotic use, reducing unnecessary antibiotic
use, prescription, and developing new antibiotics (Findik,
2022). Food safety problems should be solved given the 'One
Health' approach, which involves cooperation and collabora-
tion among the many professional disciplines and organiza-
tions with the intersection of human, animal, and environ-
mental health (Qian et al., 2023).

Conclusion

In conclusion, the present study revealed a high presence of S.
aureus strains isolated from different ice cream samples in
Istanbul, Turkey. The presence of S. aureus in ice creams
may attributed to insufficient pasteurization, contaminated
equipment, poor personnel hygiene, or inappropriate storage
conditions. Also, it was determined that some of the S. au-
reus isolates were coagulase positive and DNase positive, in-
dicating the potential to produce enterotoxin and was Methi-
cillin-resistant. MRSA-containing ice creams increase the
risk of food poisoning and MRSA infections and may pose
risks to the community. Regulating the use of antibiotics in a
human-animal-food-environment context and establishing
solutions based on the One Health perspective is required.
These results represent health hazards for consumers and in-
dicate the need for improved hygiene standards in the produc-
tion and distribution process. It was concluded that the appli-
cation of the Hazard Analysis and Critical Control Points
(HACCP) system is essential in the ice cream production pro-
cess.
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ABSTRACT

Breast cancer is one of the most predominant types of cancer. Although assorted treatment options
are available to cope with breast cancer (e.g. chemotherapy, radiotherapy, surgery, hormone
therapy, targeted therapy), chemotherapy regimens still hold vital importance. Studies on the
discovery of drug-candidate molecules that can create an alternative in the treatment of breast
cancer continue at full speed. At this point, nature has a substantial place offering great diversity.
Natural products may exhibit anticancer properties directly through molecular targets such as
genes or indirectly through metabolic pathways. Moreover, they may be adjuvant agents and
contribute to conventional therapy, and thus, they can enhance the efficacy of chemotherapeutics
or even ease their side effects. Green tea, a critical dietary source of polyphenols and flavonoids,
is obtained from the minimally fermented or unfermented leaves of the Camellia sinensis L. plant
and is used in traditional Chinese medicine for many important conditions, including cancer. The
phytochemical content of green tea is extremely rich, including (-)-epigallocatechin-3-gallate
(EGCQ), (-)-epigallocatechin (EGC); (-)-epicatechin-3-gallate (ECG) and (-)-epicatechin (EC) as
the main catechins in the composition of green tea. Within the scope of our study, we proposed
the cytotoxicity and toxicity comparison of the water and 80% ethanolic extract of the green tea
extracts as well as of (-)-epicatechin (EC) and (-)-epigallocatechin (EGC) in terms of their
cytotoxicity and toxicity based on the structure-activity relationship on breast cancer. Therefore,
we tested aqueous and 80% ethanolic extracts of green tea and EGC and EC on MDA-MB-231,
MDA-BMB-468, MCF-7 and SK-BR-3 breast cancer cells. Their toxicity on healthy rat
myoblastoma H9c2 cells was further examined. Resazurin reduction assay was used to detect
cytotoxicity and toxicity. Both water and 80% ethanolic extract of green tea exhibited remarkable
cytotoxicity on MCF-7 cancer cells deserving further investigation, including phytochemical
characterization of the extract. Epigallocatechin was also cytotoxic on MCF-7 cells with an ICso
value of 20.07 uM. The possible therapeutic potentials of green tea extracts and their substantial
catechin derivatives were assessed for breast cancer therapy.

Keywords: Breast cancer, Epicatechin, Epigallocatechin, Cytotoxicity, Green tea, Toxicity
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Introduction

Breast cancer is among the most prevalent cancer types in the
world causing 685000 deaths in 2020 (WHO, 2023). Assorted
treatment regimens are available for breast cancer, such as
targeted therapy, hormonal therapy, radiation therapy,
surgery and chemotherapy (Akram et al., 2017; WHO, 2023).
Chemotherapy, a substantial treatment option in cancer
therapy, varies based on different factors such as the cancer
type (i.e. if it is estrogen receptor (ER), progesterone receptor
(PR) or human epidermal growth factor receptor 2
(HER2)/neu dependent or not), stage and grade of cancer,
patient’s overall health (WHO, 2023). Cyclophosphamide,
cisplatin, and doxorubicin are among the common
chemotherapeutics against breast cancer, but their effects on
healthy cells also cause serious side effects (WHO, 2023;
Waks & Winer, 2019). At this point, nature provides
undeniable options for the discovery of new agents that can
either become potential drug candidates against cancer or
may support cancer therapy by alleviating the side effects of
chemotherapeutics, boosting the immune system. The search
for less toxic, more effective, and less costly natural
compounds with anticancer therapeutic potential has been
maintained for decades. Newman and Cragg (2020) reported
that only 29% of small molecule drugs approved between
1981 and 2019 were totally synthetic drugs while others were
natural products, their mimics or derivatives (Newman &
Cragg, 2020). Therefore, phytochemicals hold great potential
to prevent or cure cancer. They can act directly through
molecular targets such as genes or indirectly through
metabolic pathways (Saldanha & Tollefsbol, 2012).

Green tea, an important dietary source of polyphenols and
flavonoids, is obtained from the minimal or unfermented
leaves of the plant Camellia sinensis L.. and its production is
characterized by a heating process that kills the enzyme
polyphenol oxidase, which is responsible for the conversion
of leaf flavanols into dark polyphenolic compounds (Ranjan
et al, 2019; Ruchika & Sehgal, 2022). Green tea
consumption first started in China and spread quickly to
different cultures. Its use increased when its health benefits
became clear. In traditional Chinese medicine, green tea has
been considered to have cardioprotective, anti-cancer, and
anti-infective effects. The chemical composition of green tea
includes proteins, amino acids, carbohydrates, lipids, sterols,
vitamins, pigments such as chlorophyll and carotenoids,
alcohols, esters, aldehydes, hydrocarbons, and lactones. It
further consists of minerals and trace elements. Green tea is
rich in catechins; the four main catechins in its composition,
(-)-epicatechin-3-gallate (ECG) (about 13.6%), (-)-
epicatechin (EC) (approximately 6.4%), (-)-epigallocatechin
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(EGC) (about 19%) and (-)-epigallocatechin-3-gallate
(EGCG) (about 59%) (Chacko et al., 2010). Polyphenols,
including catechins, directly activate copper bound to
chromatin and induce the formation of reactive oxygen
species, leading to cellular DNA breaks (Farhan et al., 2015).
Moreover, due to their antioxidant capacity, catechins are
also involved in the prevention/treatment of diseases
associated with free radical damage, such as cancer,
Alzheimer's disease, cardiovascular diseases, Parkinson's
disease, and diabetes (Braicu et al., 2013).

Tea polyphenols are chelators of metal ions, and the
polyphenolic structure provides scavenging of free radicals
by electron delocalization. It suggests that both antioxidant
and prooxidant activities of catechins are important against
malignancy, especially for the prevention of cancer
(Shirakami & Shimizu, 2018). The oxidant and pro-oxidant
nature of EGCG is important in terms of its antitumor effect.
EGCG leads the generation of reactive oxygen species to
activate pro-oxidative pathways by covalently bonding with
antioxidants and induces the death of cancer cells. EGCG has
been shown to inhibit cell proliferation by suppressing
STAT3, ERK1/2, Akt/PI3K, Wnt and NF-KB pathways
(Alam et al., 2022). MCF-7 cells under the treatment of
EGCG showed that both p21 and p27 proteins were
overexpressed, with an increased proportion of cells arrested
at G1. EGCG has been shown to be effective in both estrogen
receptor (ER) negative and positive cell lines (Stuart et al.,
2006). EGCG has also been found to exhibit significant
chemopreventive effects and anti-cancer stem cell activity in
a variety of ways (Abd El-Rahman et al., 2017). In another
study, human breast cancer cells when treated with EGCG,
the protein expression, mRNA expression level, and the
activity of MMP-2 lessened. It is a beneficial situation.
Because MMP-2 overexpression was reported to be linked to
many cancers' malignant and invasive phenotypes (Chen et
al., 2011).

Similar to EGCG, EGC and EC (Figure 1) are phenolic
compounds, and their possible antioxidant potentials, as well
as their structural similarities with EGCG, make us think that
they may be important molecules in anticancer drug
discovery. Within the scope of our project, we planned to
evaluate the antitumor potentials of green tea extracts (water
and 80% ethanolic extracts), EGC and EP on breast cancer
cells, as well as their toxicity on healthy H9c2 rat
myoblastoma cells.

In our project, the cytotoxic effects of aqueous (infusion) and
80% ethanolic extracts of green tea and EGC and EC, which
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are intensely found in green tea, on breast cancer cells with
different origin and their toxicity on healthy rat myoblastoma
cells were investigated. Thus, we aimed to unravel the
possible antitumor potentials of the extracts and catechin
derivatives in breast cancer.

OH

OH HOy,

HO

(-)-Epicatechin (-)-Epigallocatechin

Figure 1. Chemical structures of (-)-epicatechin and (-)-
epigallocatechin. The structures were drawn by using
ChemDraw® (Cambridge, MA).

Materials and Methods

Chemicals

(-)-Epicatechin, (-)-epigallocatechin and doxorubicin were
purchased from Cayman Chemical, Tiirkiye. The media used
in the present study were commercially purchased.
Dulbecco’s Modified Eagle’s Medium (DMEM) and
Minimum Essential Medium (MEM) were obtained from
Sigma, Tirkiye. McCoy’s 5A media, Fetal Bovine Serum
(FBS) and Penicillin-Streptomycin Solution were purchased
from Biowest, Tiirkiye.

Cell Culture

The cell lines used in the present work, their origins, and
sustainment were previously reported (ATTC, 2023). In brief,
various breast cancer cells with different origins (MCF-7,
MDA-MB-231, MDA-MB-468 and SKBR-3) and healthy rat
myoblastoma cells (H9c2) were used for experimental
studies.

Preparation of the Extracts

Green tea is commercially obtained from the market. To
obtain 80% ethanolic extract of green tea leaves, green tea
leaves (20 g) were extracted with 80% ethanol (2 x 100 mL)
in a water bath at 40 °C, concentrated to dryness under
decreased pressure and lyophilized in vacuo.

To acquire the water extract from green tea leaves, boiling
water (2 x 100 mL) was poured on green tea leaves (20 g) for

30 min. each, concentrated to dryness under decreased
pressure and lyophilized in vacuo.

The extracts were dissolved in DMSO to prepare the stock
solutions. The stock solutions of the extracts and catechin
derivatives were prepared as 10 mM. Then, the required
concentrations were prepared via stock solution.

Cytotoxicity and Toxicity Determination

We performed a resazurin reduction assay to test the
cytotoxicity. In this case, the resazurin is reduced to resorufin
by viable cells (O’Brien et al., 2000). Non-viable cells do not
display blue staining due to losing their metabolic capacity.
Briefly, aliquots of 5x10° adherent cells were seeded in 96-
well plates and were allowed to attach overnight. In the
following, the cells were incubated with or without the
addition of varying concentrations of the test substance to get
a total volume of 200 pL/well. After 72 h incubation and the
addition of resazurin (Sigma-Aldrich, Turkey) for 4 h,
staining was measured by an Infinite 200 M Plex plate reader
(Tecan, Turkey) using an excitation wavelength of 544 nm
and an emission wavelength of 590 nm. Each assay was
independently performed thrice, with six parallel replicates
each. The protocol has been recently reported (Kuete et al.,
2016). GraphPad Prism v6.0 software (GraphPad Software
Inc., San Diego, CA, USA). It was used to prepare dose—
response curves of the extracts and catechin derivatives. The
50% inhibition concentrations (ICso) were calculated by
nonlinear regression using Microsoft Excel. The results were
expressed as = standard deviations (SD).

Results and Discussion

Cytotoxicity of the Green Tea Extracts and of Catechin
Derivatives in a Variety of Breast Cancer Cells

We investigated the cytotoxic activity of the water and 80%
ethanolic extracts of green tea as well as of epicatechin and
epigallocatechin on assorted breast cancer cells with different
origins. Therefore, we tested the cytotoxicity of the water and
80% ethanolic extracts of green tea at ranging concentrations
from 1 to 100 pg/mL. Moreover, we treated the breast cancer
cells with ranging concentrations of epicatechin and
epigallocatechin from 1 to 100 uM to evaluate their potential
cytotoxic activity on these cells. We treated the breast cancer
cells MDA-MB-231, MDA-MB-468, MCF-7 and SK-BR-3.
The cell viability percentages of the breast cancer cells under
the treatment of the water and 80% ethanolic extracts of green
tea as well as of epicatechin and epigallocatechin are shown
in Figures (2-4) below.
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Figure 2. The effect of 80% ethanolic extract of green tea on a variety of breast cancer cells. GraphPad Prism v6.0 software
(GraphPad Software Inc., San Diego, CA, USA) was used to generate dose—response curves of the extracts. The
results were expressed as + standard deviations (SD).
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As seen in Table 1 and Figure 2, 80% ethanolic extract of
green tea exhibited greater cytotoxicity than that of water
extract (Table 1, Figure 3). The hydroethanolic extract of
green tea displayed the strongest cytotoxicity on MCF-7 cells
with an ICso value of 21.58 pg/mL in addition to possessing
moderate cytotoxicity on SK-BR-3 cells with an ICso value of
55.94 pg/mL. Likewise, the water extract of green tea
presented greater cytotoxicity on MCF-7 and SK-BR-3 cells,
respectively with 1Cso values of 22.38 (MCF-7) and 58.81
pg/mL (SK-BR-3). The green tea extracts were not cytotoxic
enough on MDA-MB-231 and MDA-MB-468 cells that the
cell viability of these cells did not even go down below 50%
at 100 ug/mL. The comparison of the cytotoxic properties of
the catechin derivatives indicated the cytotoxic activity of
epigallocatechin (Table 1, Figure 4) on MCF-7 and SK-BR-
3 cells, while no cytotoxic activity profile was observed in
epicatechin (Table 1, Figure 5). The ICso values of the
extracts and catechin derivatives are summarized in Table 2.

Toxicity of the Green Tea Extracts and of Catechin
Derivatives in a Variety of Breast Cancer Cells

We also demonstrated the toxicity of the water and 80%
ethanolic extracts of green tea as well as of epicatechin and
epigallocatechin on healthy rat cardiac H9¢2 myoblastoma
cells. Therefore, we treated the healthy rat cardiac H9c2
myoblastoma cells with diverse concentrations of the extracts
(1 to 100 pg/mL) and catechins (1 to 100 uM). We observed
that neither extracts nor catechin derivatives exhibited potent
toxicity on H9c2 cells (Table 1, Figure 6), confirming their
safety profile in comparison to clinically used doxorubicin
which killed nearly half of the cells at the lowest
concentrations tested (0.003 uM) (Figure 6).

Cardiotoxicity is a critical adverse effect of clinically used
chemotherapeutics such as doxorubicin (Chatterjee et al.,
2010; Rawat et al.,, 2021; Volkova & Russell, 2011).
Therefore, discovering potential anticancer agents with
remarkable cytotoxicity and minimal toxicity is a primary
objective in anticancer drug development. Drug discovery is
a long and tough process in which preclinical studies hold
great importance. Identification of agents with potent
cytotoxic activity and lessened toxicity is vital in that they
may hold potency as potential drug leads or as a part of drug
combination regimens in cancer therapy.

Emerging literature data has pointed out that botanicals are
considered efficient cytotoxic agents if their ICso values are
lower than 20 ug/mL following the 72 h incubation period
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(Mbaveng et al., 2019). Besides, according to the National
Cancer Institute USA (NCI), botanicals yielding 1Cso values
below or around 30 ug/mL should be applied to purification
to acquire cytotoxic substances (Mbaveng et al., 2019;
Stiffness et al., 1990). Assessed the cytotoxicity of the water
and 80% ethanolic extracts of green tea, both extracts
exhibited strong cytotoxicity on MCF-7 cells with the ICsg
values of 22.38 upg/mL and 21.58 ug/mL, respectively,
deserving further purification steps to obtain remarkable drug
leads. Having identical ICsy values on MCF-7 cells makes us
think their chemical composition should be similar, probably
due to the polarity of the solvents used for the extraction. On
the other hand, unfortunately, the water and 80% ethanolic
extracts of green tea displayed modest to slight cytotoxic
activity on other breast cancer cells. Green tea infusion
exhibited moderate cytotoxic activity on SK-BR-3 cells (ICso:
58.81 ug/mL) while possessing slight cytotoxicity on MDA -
MB-231 and MDA-MB-468 cells (ICso > 100 pg/mL).

Regarding catechin derivatives, epigallocatechin
substantially repressed the cell viability% of MCF-7 cells
with the ICsy value of 20.07 uM. It inhibited SK-BR-3 cells
with the ICso value of 56.19 uM, unlike its slight cytotoxicity
on MDA-MB-468 and MDA-MB-231 cells (/Csp> 100 puM).
On the other hand, epicatechin was not cytotoxic enough to
affect the tested breast cancer cells. It lessened the cell
viability of MCF-7 and SK-BR-3 up to 52.08% and 64.11%,
respectively, while almost no cytotoxic activity was observed
in MDA-MB-468 and MDA-MB-231 cells.

To sum up the cytotoxic activity profiles of the extracts and
catechin derivatives from a general perspective, the extracts
and catechin derivatives displayed slight or no cytotoxicity
on MDA-MB-231 and MDA-MB-468 cells that are both
triple-negative breast cancer cells and are not ER, PR, or
HER2-dependent cancer cells. On the other hand, assessing
the cytotoxic activities of green tea extracts and catechin
derivatives, MCF-7 was the most sensitive cell line whose
cell viability was significantly inhibited when treated with
green tea extracts and catechin derivatives. The gallo form of
epicatechin, epigallocatechin, demonstrated a greater
cytotoxic capacity, indicating the importance of the presence
of the galloyl group for enhanced cytotoxic activity. MCF-7
cells are ER-dependent and HER2-independent cells
(Holliday & Speirs, 2011), pointing out their anticancer
potential on ER-positive and HER2-negative breast cancer
cells.
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Table 1. The effect of the green tea extracts/catechin derivatives on a variety of breast cancer cells and healthy cells.

The tested Cell survival (%) Cell survival (%) Cell survival (%) Cell survival (%) Cell survival (%)
concentrations MDA-MB-468 MDA-MB-231 MCF-7 SK-BR-3 H9c¢2
cell line cell line cell line cell line cell line
80% ethanolic extract
1 pg/mL 101.87 £ 5.48 93.72+5.14 86.82 £ 10.02 95.09£9.93 93.70 £ 5.98
3 ug/mL 91.74 £ 3.71 92.12 £4.48 87.34 £ 8.84 86.23 £ 1.74 87.82 £3.02
10 pg/mL 92.87 £ 8.85 92.40 £5.04 80.90 £5.53 86.16 + 1.96 82.32+2.27
30 ug/mL 92.18 £ 11.10 91.16 £5.05 27.52+4.72 75.60 £7.39 69.49 £ 6.46
100 pg/mL 65.64 +£13.09 63.66 + 6.45 4.55+0.38 6.52 +0.39 47.04 +4.39
Water extract
1 pg/mL 93.89+10.15 93.44 +£2.28 95.58 £11.32 101.37+£1.99 97.95 +£3.95
3 ug/mL 94.18 £ 13.67 91.92+2.90 86.73 £5.88 96.61 £ 8.48 91.96 £ 4.46
10 pg/mL 89.95 £10.35 93.55+4.36 78.05 £ 7.39 92.87 +£4.07 74.55+0.73
30 pg/mL 79.86 £6.16 94.04 £ 6.66 32.72+7.39 78.90 £5.23 56.93 £ 6.86
100 pg/mL 53.89 +£3.53 87.56 + 1.99 3.60 £ 0.29 8.67+1.31 3438 £4.19
Epicatechin
1 uM 102.32 £2.12 86.47 +10.83 93.09 £7.93 87.47+£9.15 91.29 £13.20
3uM 100.01 £2.04 94.75 £ 13.22 88.48 +7.74 87.19+£9.70 87.47 £ 8.37
10 uM 97.32 £3.71 101.94 + 8.47 88.87 £5.12 86.59 £ 10.54 78.64 £5.89
30 pM 96.65 £ 1.66 10491 +11.3 71.54 £6.23 82.24+10.07 7433 +£8.12
100 uM 81.92 £9.38 9734+ 11.11 52.08 £7.11 64.11 £11.75 51.26 £9.90
Epigallocatechin

1 uM 96.69 + 1.85 88.42 £8.19 92.71 £4.05 9533 £2.75 92.99 £+ 8.46
3uM 92.75+7.58 93.77 £10.45 88.33 £2.98 97.49 +£2.87 91.48 +£7.77
10 uM 90.85 £ 5.44 9548 £ 12.54 87.63 £3.59 98.98 +£2.66 85.74 £ 10.62
30 pM 90.60 £2.98 99.60 £ 14.54 12.92 £2.80 76.77 £ 14.27 78.92 +10.18
100 uM 69.47 £2.69 91.79 £2.44 3.17+£042 5.22+0.77 53.43 +£6.28

Table 2. ICso values of the green tea extracts/catechin derivatives on a variety of breast cancer cells.

Extracts/catechin MCF-7 SK-BR-3 MDA-MB-231 MDA-MB-468
derivatives
80% Ethanolic extract 21.58 pg/mL 55.94 pg/mL >100 pg/mL >100 pg/mL
Water extract 22.38 pg/mL 58.81 pug/mL >100 pg/mL >100 pg/mL
Epicatechin >100 uM >100 uM >100 uM >100 uM
Epigallocatechin 20.07 uM 56.19 uM >100 uM >100 uyM
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We further evaluated the toxicity profiles of green tea extracts
and catechin derivatives on H9c2 healthy rat myoblastoma
cells. Although the toxicity profiles of both extracts and
catechin derivatives appeared similar, the water extract of
green tea extracts displayed the highest toxicity in all,
inducing 34.38% cell viability at 100 pg/mL. Still, compared
to green tea extracts, epigallocatechin exhibited the lowest
toxicity profile, and the cell viability of H9c2 cells was above
80% under the treatment of its corresponding ICso value on
MCEF-7 cells, indicating its relative safety.

In this research, we assessed the cytotoxicity and toxicity
profiles of water and 80% ethanolic extract of green tea
extracts and their containing catechin derivatives epicatechin
and epigallocatechin. We worked on various breast cancer
cells with different origins to test the cytotoxicity. Emerging
evidence has ascertained the anticancer potential of green tea
extracts and catechin derivatives (Chen et al., 2011; Chen et
al., 2022; Cheng et al., 2020; Yu et al., 2019). Even more,
ongoing clinical studies exist about the effects of green tea
extracts and green tea catechins on various cancers, including
breast cancer (ClinicalTrials.gov, 2023). Still, the
investigations mostly focus on either green tea or EGCG.
Therefore, in the present research, our primary focus was
investigating and comparing the cytotoxic and toxic effects
of water and 80% ethanolic extracts of green tea and other
catechin derivatives (EP and EGC) rather than EGCG. Our
study also holds importance because tested breast cancer cells
have different origins. Examining the extracts and the
catechin derivatives towards these cell lines is a rationale
approach enabling the assessment of their efficiency and
selectivity in breast cancer therapy. The breast cancer cells
were selected based on their origin (i.e. whether they carry
ER, PR, or HER2/neu or not), and thereby, unlike much of
the existing knowledge in the literature, which encompasses
the cytotoxic activity of green tea extracts or EGCG on
assorted cancer cells which are usually randomly selected.
We intended to give a general overview of the cytotoxic
evaluation of the extracts and catechin derivatives on breast
cancer cells and their safety profile with a rationale approach.

In addition to the existing literature data, which puts special
emphasis on either green tea or EGCG, we studied and made
a comparable evaluation about the anticancer potential of
water and 80% ethanolic green tea extracts as well as EC and
EGC rather than EGCG on a variety of breast cancer cells
with different origins. Detecting both extracts and EGC with
remarkable cytotoxicity and relative safety, specifically on
hormone-dependent breast cancer cells, makes us think they
are prospective natural agents worthy of being studied in

more detail against future breast cancer regimens connected
to ER/PR.

Conclusion

The present study gave a perspective on the cytotoxic and
toxic characteristics of green tea extracts and catechin
derivatives. Green tea extracts and epigallocatechin exhibited
anticancer potential against hormone-dependent breast
cancer. Our findings were expected to significantly contribute
to assessing and comparing the bioactivities of green tea
extracts and catechin derivatives.
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Instructions to Reviewers and Authors

The journal “FOOD and HEALTH” establishes the highest standards of publishing ethics and
benefits from the contents of the International Committee of Medical Journal Editors

(ICMJE), World Association of Medical Editors (WAME), Council of Science Editors (CSE),

Committee on Publication Ethics (COPE), European Association of Science Editors (EASE),
Open Access Scholarly and Publishers Association (OASPA), and

Directory of Open Access Journals (DOAJ).

The "FOOD and HEALTH" journal provides a platform
for the open public discussion of the journal contents. To
secure accountability and to encourage sincere profes-
sional inputs without incivilities, the system is set up to
require registration and logging for the recording of in-
puts. Some website contents will be available without log-
ging, but no peer review comments can be posted without
disclosing the reviewer’s identity to the journal editors.

The copyright of any open-access article in the “FOOD
and HEALTH" journal published on the "ScientificWeb-
Journals" web portal hosted by "DergiPark" belongs to
the author(s).

Journal Publisher Policy
1. Aims and Scope

Our journal started its publication life as "Journal of
Food and Health Sciences" between 2015-2017. In
2018, its name was changed to "Food and Health". The
journal “FOOD AND HEALTH” publishes peer-re-
viewed (double-blind) original research, communica-
tion and review articles covering all aspects of food sci-
ence and its effects on health. Our journal will be pub-
lished quarterly in English or Turkish language.

2. Scientific Quality and Objectivity

The journal evaluates and publishes research articles
and reviews, adhering to high scientific standards. Ad-
hering to the principle of impartiality, it strictly com-
plies with ethical rules to prevent conflicts of interest
among editors, referees, and authors.

3. Open Access

The journal adopts an open-access policy that supports
open and free access to information. This aims to in-
crease access to scientific knowledge in society at large
by making science available to a wider audience.

Open-access articles in the journal are licensed under
the terms of the Creative Commons Attribution 4.0 In-
ternational (CC BY 4.0) license.
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5. Ethical Standards

The journal maintains a rigorous attitude towards up-
holding ethical standards among authors and review-
ers. The processes of evaluating the effects of research
on humans, animals and the environment are carried
out in full compliance with national and international
ethical rules.

6. Peer Review

The journal employs a double-blind referee system.
Referees are selected among experts and experienced
people in their fields. The peer review process involves
subjecting articles to rigorous review in terms of scien-
tific content, methodology and ethics.

7. Author Rights and Licensing

The journal respects the property rights of authors and
grants appropriate licenses to articles. It allows articles
to be freely shared and used by others using appropriate
licensing models, such as Creative Commons licenses.

8. Diversity and Inclusion

The journal encourages diversity among authors, edi-
tors, and reviewers. It fights against inequalities in the
scientific world, considering gender, geographical
origin, discipline, and other elements of diversity.

9. Communication and Transparency

The journal promotes open communication between
authors, reviewers, and readers. Publisher policies, ar-
ticle evaluation processes and other important infor-
mation are transparently published on the journal's
website.

10. Archiving

Journal archiving is conducted following the Republic
of Tiirkiye Ministry of Industry and Technology
TUBITAK Turkish Academic Network and Infor-
mation Center (ULAKBIM) "DergiPark" publica-
tion policy (LOCKSS).
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Publication Ethics

1. Scientific Neutrality and Objectivity:

All publications must reflect an impartial and objective
perspective. If there are any conflicts of interest, au-
thors must clearly state these conflicts of interest.

. Scientific Soundness:

Articles should be based on a solid methodology and
reliable results. The accuracy of statistical analyses
should be at the forefront.

. Ethical Standards:

The journal supports the principles of the Basel Decla-
ration (https://animalresearchtomorrow.org/en) and
the guidelines published by the International Council
for Laboratory Animal Science (https://iclas.org/). In
this regard, the research must fully comply with the rel-
evant ethical rules and standards. International ethics
committees must conduct studies on humans, animals,
or the environment and must be confirmed by the au-
thors of the journal.

For research submitted to this journal, authors are ad-
vised to comply with the IUCN Policy Statement on
Research Involving Species at Risk of Extinction
and the Convention on Trade in Endangered Spe-
cies of Wild Fauna and Flora for research involving

plants.

. Originality and Plagiarism:

Publications must be original, and appropriate attribu-
tion must be made when quoting other sources. In our
journal, plagiarism is considered a serious crime. For
this reason, all articles submitted to the "Aquatic Re-
search" journal must undergo a preliminary evaluation.
Advanced Plagiarism Detection Software (iThenticate,
etc.) tools will be used.


https://dergipark.org.tr/en/
http://jfhs.scientificwebjournals.com/en/pub/jfhs/lockss-manifest
https://animalresearchtomorrow.org/en
https://iclas.org/
https://www.iucnredlist.org/resources/guidelines-for-appropriate-uses-of-red-list-data
https://www.iucnredlist.org/resources/guidelines-for-appropriate-uses-of-red-list-data
https://www.iucnredlist.org/resources/guidelines-for-appropriate-uses-of-red-list-data
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. Open Access:

The journal adopts open access principles to promote
open and free access to information and complies with
the Budapest Open Access Initiative (BOAI) defini-
tion of open access. Open-access articles in the journal
are licensed under the terms of the Creative Commons
Attribution 4.0 International (CC BY 4.0) license.

All journal processes are free of charge. No article pro-
cessing, submission, or publication fee is charged for
submitted or accepted articles.

Peer Review

1.

Confidentiality:

The peer review process should be carried out per the
principles of double-blind refereeing. Reviewers and
authors should not know each other's identities.

. Expertise:

Referees should be selected among experts and experi-
enced people in relevant fields. Referees must be
trusted to make an impartial and ethical assessment.

Timely Evaluation:

The peer-review process must be completed on time to
publish the articles quickly. Time limits should be set
for referees to evaluate within a certain period.

Open Communication:

Reviewers should be encouraged to provide open and
constructive feedback to authors and editors.
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Author Guidelines

1. Article Format:

Authors must write in the article format determined by
the journal. Sections such as title, abstract, keywords,
introduction, method, findings, discussion, and refer-
ences should be included. All submissions are screened
by similarity detection software. The similarity rate in
the articles sent to the journal should be below 20%.

. Citations and Sources:

Authors must appropriately cite the sources used by
scientific standards.

. Submission Process:

Authors must comply with the specified submission
process when submitting their articles to the journal.
This process should include evaluating, editing and
publishing the article.

Manuscripts can only be submitted through the jour-
nal’s online manuscript submission and evaluation
system, available at

http://dergipark.org.tr/tr/journal/1646/submis-
sion/step/manuscript/new.

“FOOD and HEALTH” journal requires correspond-
ing authors to submit a signed and scanned version of
the copyright transfer, ethics, and authorship contribu-
tion form (available for download at
https://dergipark.org.tr/tr/download/journal-
file/19582)

ICMIJE Potential Conflict of Interest Disclosure
Form (should be filled in by all contributing au-
thors) Download this form from http://www.ic-
mje.org/conflicts-of-interest/ fill and save. Send this
to the journal with your other files.

. Research Funding and Conflicts of Interest:

Research funding sources and conflicts of interest
should be clearly stated. It is important to disclose and
not conceal conflicts of interest.


https://www.budapestopenaccessinitiative.org/
http://dergipark.org.tr/tr/journal/1646/submission/step/manuscript/new
http://dergipark.org.tr/tr/journal/1646/submission/step/manuscript/new
https://dergipark.org.tr/tr/download/journal-file/19582
https://dergipark.org.tr/tr/download/journal-file/19582
http://www.icmje.org/conflicts-of-interest/
http://www.icmje.org/conflicts-of-interest/
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. Language:

Articles should be written to a scientific journal stand-
ard, and care should be taken regarding grammar and
spelling errors.

Editors' Responsibilities

1.

Maintaining High Scientific Standards:

To ensure that the articles published in the journal com-
ply with high scientific standards.

To ensure full compliance with ethical rules and jour-
nal policies.

. Managing the Article Evaluation Process:

To effectively manage the article evaluation process
and support a rapid publication process.

To adopt the principles of double-blind arbitration and
maintain the principles of expertise and impartiality in
selecting arbitrators.

. Making Editorial Decisions:

Consider referee evaluations to make decisions about
accepting or rejecting articles for publication.

Maintaining transparency and openness in the editorial
process.

Contact with Authors:

Maintaining effective and constructive communication
with authors.

They provide authors with regular updates on the status
of their articles, correction requests, and publication
dates.

. Managing Journal Policies:

Keep the journal's policies and guidelines updated and
revise them as needed.

To provide a reliable platform between readers and
writers.
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Responsibilities of Referees

1.

Objectivity and Expertise:

To comply with the principles of double-blind referee-
ing and to evaluate articles impartially.

Evaluating articles by focusing on areas of expertise on
the subject.

. Privacy and Reliability:

To protect the confidentiality of the article evaluation
process.

Provide reliable and constructive feedback to authors,
journal editors, and other reviewers.

. Timely Evaluation:

Evaluating articles by the timelines determined by the
journal.

Informing editors promptly in case of delays.

. Compliance with Ethical Rules:

To ensure full compliance with ethical standards and
journal policies.

Clearly express conflicts of interest and withdraw from
the evaluation process when necessary.

. Constructive Feedback to Writers:

Provide clear and constructive feedback to authors and
suggest improving the article when necessary.
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Preparation of the Manuscript

Manuscripts prepared in Microsoft Word must be con-
verted into a single file before submission. Please start
with the title page and insert your graphics (schemes,
figures, efc.) and tables in the one main text (Word Of-
fice file).

Title (should be clear, descriptive, and not too long)
Full Name(s) and Surname (s) of author(s)
ORCID ID for all author (s) (http://orcid.org/)

Authors complete correspondence Address (es) of af-
filiations and e-mail (s)

Abstract

Keywords (indexing terms), usually 3-6 items

Introduction
Material and Methods
Results and Discussion

Conclusion
Compliance with Ethical Standards

e Conflict of Interest: When you (or your employer or
sponsor) have a financial, commercial, legal, or profes-
sional relationship with other organisations or people
working with them, a conflict of interest may arise that
may affect your research. A full description is required
when you submit your article to a journal.

Ethics committee approval: Ethical committee approval
is routinely requested from every research article based on
experiments on living organisms and humans. Sometimes,
studies from different countries may not have the ethics
committee’s approval, and the authors may argue that they
do not need support for their work. In such situations, we
consult COPE’s “Guidance for Editors: Research, Audit,
and Service Evaluations” document, evaluate the study
with the editorial board, and decide whether or not it needs
approval.

Data availability: The data availability statement/data ac-
cess statement informs the reader where research data as-
sociated with an article is available and under what condi-
tions the data can be accessed, and may include links to the
dataset, if any.
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One of the following should be selected and stated in

the submitted article;

1. No data was used for the research described in the arti-

cle.

The data that has been used is confidential.

The authors do not have permission to share the data.

Data will be made available on request.

The author is unable to specify which data has been

used or has chosen not to.

6. Other (please explain; for example, I have shared the
link to my data in the attached file step).

nhkwn

o Funding: If there is any, the institutions that support the
research and the agreements with them should be given
here.

o Acknowledgment: Acknowledgments allow you to thank
people and institutions who assist in conducting the re-
search.

o Disclosure: Explanations about your scientific / article
work that you consider ethically important.

References
Tables (all tables given in the main text)

Figures (all figures/photos shown in the main text)

Manuscript Types

Original Articles: This is the most essential type of
article since it provides new information based on orig-
inal research. The main text should contain “Title”,
“Abstract”, “Introduction”, “Materials and Meth-
ods”, “Results and Discussion”, “Conclusion”,
“Compliance with Ethical Standards”, and “Refer-
ences” sections.

Statistical analysis to support conclusions is usually
necessary. International statistical reporting standards
must conduct statistical analyses. Information on statis-
tical analyses should be provided with a separate sub-
heading under the Materials and Methods section, and
the statistical software used during the process must be
specified.

Units should be prepared by the International System of
Units (SI).


http://orcid.org/
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Review Articles: Reviews prepared by authors with
extensive knowledge of a particular field and whose
scientific background has been translated into a high
volume of publications with a high citation potential
are welcomed. The journal may even invite these au-
thors. Reviews should describe, discuss, and evalu-
ate the current knowledge level of a research topic
and should guide future studies. The main text should
start with the Introduction and end with the Conclusion
sections. Authors may choose to use any subheadings
in between those sections.

Short Communication: This type of manuscript
discusses important parts, overlooked aspects, or
lacking features of a previously published article.
Articles on subjects within the journal’s scope that
might attract the readers’ attention, particularly edu-
cative cases, may also be submitted as a “Short Com-
munication”. Readers can also comment on the pub-
lished manuscripts as a “Short Communication”. The
main text should contain “Title”, “Abstract”, “In-
troduction”, “Materials and Methods”, “Results
and Discussion”, “Conclusion”, “Compliance with
Ethical Standards”, and “References” sections.

Table 1. Limitations for each manuscript type

Type of Page  Abstract Reference
manuscript word limit limit
Original Article <30 200 40
Review Article no limits 200 60
Short Communication <5 200 20

Tables

Tables should be included in the main document and
presented after the reference list, and they should be
numbered consecutively in the order they are re-
ferred to within the main text. A descriptive title must
be placed above the tables. Abbreviations in the ta-
bles should be defined below them by footnotes
(even if they are defined within the main text). Tables
should be created using the “insert table” command
of the word processing software and arranged clearly
to provide easy reading. Data presented in the tables
should not be a repetition of the data presented within
the main text but should support the main text.
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Figures and Figure Legends

Figures, graphics, and photographs should be submitted
through the submission system in the main document's
Word files (in JPEG or PNG format). Any information
within the images that may indicate an individual or insti-
tution should be blinded. The minimum resolu-
tion of each submitted figure should be 300 DPI. To pre-
vent delays in the evaluation process, all submitted fig-
ures should be clear in resolution and large (minimum di-
mensions: 100 x 100 mm). Figure legends should be listed
at the end of the primary document.

All acronyms and abbreviations used in the manuscript
should be defined at first use, both in the abstract and in
the main text. The abbreviation should be provided in pa-
rentheses following the definition.

When a drug, product, hardware, or software program is
mentioned within the main text, product information, in-
cluding the name of the product, the producer of the prod-
uct, and city and the country of the company (including
the state if in the USA), should be provided in parentheses
in the following format: “Discovery St PET/CT scanner
(General Electric, Milwaukee, WI, USA).”

All references, tables, and figures should be referred to
within the main text and numbered consecutively in the
order they are referred to within it.

Limitations, drawbacks, and shortcomings of origi-
nal articles should be mentioned in the Discussion
section before the conclusion paragraph.

References

The citation style and methods that comply with the
scientific standards that should be used in the “FOOD
and HEALTH?” journal for the sources used by the au-
thors in their works are given below.

Reference System is APA 6™ Edition (with minor
changes)

The APA style calls for three kinds of information to be
included in in-text citations. The author's last name and the
work's publication date must always appear, and these
items must match exactly the corresponding entry in the
references list. The third kind of information, the page
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number, appears only in a citation to a direct quotation.
...(Erkan, 2011).
...(Mol and Erkan, 2009).
...(Ozden et al., 2021).
...(Mol and Erkan, 2009; Erkan, 2011; Ozden et al., 2021).

Citations for a Reference Section:
An article

Olcay, N., Aslan, M., Demir, M.K., Ertas, N. (2021).
Development of a functional cake formulation with purpl
e carrot powder dried by different methods. Food and
Health, 7(4), 242-250.

https://doi.org/10.3153/FH21025

(if a DOI number is available)

A book in print

Harrigan, W.F. (1998). Laboratory Methods in Food Mi-
crobiology. Academic Press, pp. 308. ISBN:
9780123260437

A book chapter

Craddock, N. (1997). Practical management in the food
industry A case study. In Food Allergy Issues for the Food
Industry; Lessof, M., Ed.; Leatherhead Food RA: Leather-
head, U.K., pp 25-38. ISBN: 4546465465

A webpages

CDC (2020). Rift Valley Fever | CDC.
https://www.cdc.gov/vhf/rvf/index.html (accessed
20.08.2020).
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Revisions

When submitting a revised version of a paper, the author
must submit a detailed “Response to the reviewers” that
states point by point how each issue raised by the review-
ers has been covered and where it can be found (each re-
viewer’s comment, followed by the author’s reply and line
numbers where the changes have been made) as well as an
annotated copy of the primary document. Revised manu-
scripts must be submitted within 15 days from the date of
the decision letter. If the revised version of the manuscript
is not submitted within the allocated time, the revision op-
tion may be cancelled. If the submitting author(s) believe
that additional time is required, they should request this
extension before the initial 15-day period is over.

Accepted manuscripts are copy-edited for grammar, punc-
tuation, and format. Once the publication process of a
manuscript is completed, it is published online on the jour-
nal’s webpage as an ahead-of-print publication before it is
included in its scheduled issue. A PDF proof of the ac-
cepted manuscript is sent to the corresponding author, and
their publication approval is requested within two days of
their receipt of the proof.


https://doi.org/10.3153/FH21025
https://www.cdc.gov/vhf/rvf/index.html

	Food and Health Vol 10 Issue 1 (2024)
	Editorial
	Aims and Scope
	Content
	FH24001
	The effects of Equisetum arvense L. extracts prepared using different solvents and extraction methods for antioxidant and antimicrobial activity
	Introduction
	Materials and Methods
	Chemicals and Reagents
	Plant Material and Preparation of Plant Extracts
	Determining of Total Phenolic Content
	Antioxidant Activity
	Antibacterial Activity
	Statistical Analysis

	Results and Discussion
	Conclusion
	9References


	FH24002
	Socio-demographic determinants of good food safety practices for young, educated food handlers in Türkiye
	Introduction
	Materials and Methods
	Survey
	Sampling and Data Collection
	Statistical Analysis

	Results and Discussion
	Conclusion
	References


	FH24003
	Maserasyon, refluks ve ultrasonik destekli ekstraksiyon yöntemleri ile üretilen kestane propolis ekstraktlarının farklı gıda modellerinde kullanımı: Fizikokimyasal, duyusal ve biyoaktif niteliklere etkisi
	Giriş
	Materyal ve Metot
	Kestane Propolis Ekstraktının Hazırlanması
	Isıl İşlem Görmemiş Ürün Modeli
	Isıl İşlem Görmüş Ürün Modeli
	Kek Yapımı
	Antioksidan Aktivite
	Toplam Fenolik Madde Miktarı
	Renk
	Duyusal Değerlendirme

	Bulgular ve Tartışma
	Kestane Propolis Ekstraktı İlaveli Bal Karışımlarının Özellikleri
	Bal Örneklerinde Renk Değişimi
	Bal Örneklerinin Biyoaktif Nitelikleri
	Bal Örneklerinin Duyusal Özellikleri
	Kestane Propolis Ekstraktı İlaveli Kek Ürünlerinin Özellikleri
	Kek Örneklerinde Renk Değişimi
	Kek Örneklerinin Duyusal Özellikleri

	Sonuç
	Kaynaklar


	FH24004
	Zeytinyağı oleojelinin şortening ikame maddesi olarak kullanılmasının kekin kalite özellikleri üzerine etkisinin belirlenmesi
	Giriş
	Materyal ve Metot
	Materyal
	Oleojel Üretimi
	Yağ Bağlama Kapasitesinin Belirlenmesi
	Kek Yapımı
	Hamurun Özgül Ağırlığı
	Hamurun Reolojik Analizi
	Sabit Kayma Akış Davranış Özelliklerinin Beli
	Dinamik Kayma Akış Davranış Özelliklerinin Belirlenmesi
	Pişme Kaybı Analizi
	Nem Analizi
	Renk Analizi
	Tekstür Analizi
	Duyusal Analiz
	İstatistiki Değerlendirme

	Bulgular ve Tartışma
	Yağ Bağlama Kapasitesi
	Hamurun Özgül Ağırlığı
	Hamurun Reolojik Yapısı
	Sabit Kayma Akış Davranış Özellikleri
	Dinamik Kayma Akış Davranış Özellikleri
	Pişme Kaybı
	Nem İçeriği
	Renk Analizi
	Tekstür Analizi

	Duyusal Analiz

	Sonuç
	Kaynaklar


	FH24005
	Partikül büyüklüğünün üzüm posasının kompozisyonuna ve hidrasyon, yağ tutma, termal, teknolojik özelliklerine etkisi
	Giriş
	Materyal ve Metot
	Örnek Hazırlama
	Kompozisyon Analizi
	Hidrasyon Özellikleri
	Yağ Tutma Özellikleri
	Fizikokimyasal Özellikler
	Termal Özellikler
	Renk
	İstatistiksel Analiz

	Bulgular ve Tartışma
	Sonuç
	Kaynaklar


	FH24006
	Modifiye atmosfer ile paketlemenin etli mantının raf ömrü ve kalite özelliklerine etkisi
	Giriş
	Materyal ve Metot
	Mantı Örneklerinin Hazırlanması
	Mantı Örneklerinin Paketlenmesi ve Muhafazası
	Fiziko-Kimyasal Analizler
	Mikrobiyolojik Analizler
	Renk Analizi
	Duyusal Analiz
	İstatistiksel Analiz

	Bulgular ve Tartışma
	Fiziko-Kimyasal Özelliklerdeki Değişimler
	Mikrobiyolojik Değerlendirme
	Renk Özelliklerdeki Değişimler
	Duyusal Değerlendirme
	Sonuç
	Kaynaklar



	FH24007
	Pathogenic potential of Staphylococcus aureus strains isolated from unpackaged ice cream samples sold in Istanbul
	Introduction
	Materials and Methods
	Isolation and identification of Staphylococcus aureus strains
	Coagulase Test
	DNase Test
	Meticillin Resistance Test

	Results and Discussion
	Conclusion
	References


	FH24008
	Green tea extracts and substantial catechin derivatives: Evaluation of their potential against breast cancer
	Introduction
	Materials and Methods
	Chemicals
	Cell Culture
	Preparation of the Extracts
	Cytotoxicity and Toxicity Determination

	Results and Discussion
	Cytotoxicity of the Green Tea Extracts and of Catechin Derivatives in a Variety of Breast Cancer Cells
	Toxicity of the Green Tea Extracts and of Catechin Derivatives in a Variety of Breast Cancer Cells

	Conclusion
	References


	Instructions to Authors


