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A comparative analysis of ten milk samples with differential
scanning calorimetry and Fourier transform infrared
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ABSTRACT

Milk proteins occupy a prominent place in the nutrition of adults and children. Generally, some
commercial dairy contains proteins, lactose, other sugar derivatives, and additives. The propor-
tions of the components that make up the milk are different in commercial milk. For this reason,
analyzing milk correctly is essential for determining these contents. In this research, analyses of
the milk were made by taking differential scanning calorimetry measurements (DSC), and Fourier
transform infrared spectrophotometer (FTIR) measurements. Specific heat values and specific
values of temperature peaks were examined for ten kinds of milk. DSC curves revealed triacyl-
glycerol dissolution, lactose crystallization, and protein denaturation peaks. Wide variations were
observed with the same fat content from 10 milk powders. Most characteristic peaks were not
observed when the samples were re-measured after a year at -20°C. The powder samples were
compared in terms of protein, fat, lactose content, whey protein casein, and caseinate contents
according to differences in FTIR spectra. The FTIR results confirm the DSC curves for most of
the analyzed milk types.

Keywords: Differential Scanning Calorimetry, FTIR, Milk quality, Storage effect, Freeze-Drying
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Introduction

More than six billion people worldwide consume milk and
milk products. Cheese consumption for breakfast and yogurt
consumption for other meals are common in Tiirkiye. Today
nearly all commercial milk is being produced by using milk
powders. More economical transportation, extended storage
conditions, and ease of use make milk powder indispensable
for manufacturing businesses. Milk powder is created simply
by drying methods such as evaporating water from condensed
milk. Milk components' chemical and physical characteristics
undergo modifications during the drying process. These are
the Maillard reaction, protein denaturation, protein-protein
aggregation, protein-fat aggregation, and changes in protein-
carbohydrate bonds. Additionally, physical results such as
lactose crystallization, stickiness, precipitation, and retention
of undesirable aroma (Kaur et al., 2021) are also in these
modifications. The occurrence of these adverse modifica-
tions, which can damage the milk quality, may depend on
many factors, such as the processes applied to milk and their
storage conditions. These modifications may be due to the
changes in lactose, fat, and protein structure, depending on
the storage conditions of the milk (Tsourouflis et al., 1976).

Lactose, a disaccharide, ensures the quality of milk and its
long-term healthy preservation. Lactose is generally observed
as amorphous glass and is stable under the glass transition
temperature (T,) (Herrington, 1934). The T, value of lactose
was determined as 101°C (Roos & Karel, 1990). The amor-
phous glass structure of lactose is hygroscopic, i.e., it attracts
and accumulates water and could lead to plasticization and a
decrease in T, value (Slade et al., 1991). Amorphous lactose
above the T, increases molecular mobility and lowers the vis-
cosity of milk, which can result in stickiness, molding, and
crystallization (Roos & Karel, 1990).

The protein and fat content in milk is also significant for the
quality of the milk. These components are very active in de-
termining milk’s physical and chemical properties, such as
water absorption, glass transition temperature, and crystalli-
zation (Shrestha et al., 2007). Jouppila et al. (Jouppila &
Roos, 1994) demonstrated that proteins in milk powder may
impede the crystallization of lactose, placing a limit on it. In
addition, the denaturation and aggregation of proteins create
endothermic and exothermic peaks, respectively, that can be
determined by differential scanning calorimetry (DSC) meas-
urements (Phosanam et al., 2020). Milk fat, on the other hand,
is characterized mainly by triglycerides and produces endo-
thermic peaks that can vary between -40 and +40°C, which
can be seen in DSC curves (Kim et al., 2005). In one- or two-

component systems, transition links to molecular modifica-
tion can be analyzed more quickly than in multi-element
compounds. Still, the transitions of substances with many
components, such as milk powder, can be more complex and
challenging to understand. This situation is because the ex-
change transitions between the substances in the complex
compounds may overlap (Rahman et al., 2012). For the anal-
ysis of these thermal transitions, the temperature range set by
the DSC must be well defined; it can be concluded that this
temperature should be below 150°C to gain information
about the water content of milk (Jouppila & Roos, 1994).
However, to determine the additives in milk, this temperature
should be measured at temperatures above 200°C. Potassium
nitrate and sodium nitrate are additives in milk, and the DSC
peaks of these substances are at temperatures above 200°C,
even though chemical additives are becoming increasingly
restricted (Smid & Gorris, 2020). Determining the lower limit
can also aid in optimizing the sensitivity of the DSC meas-
urement. Setting the lower limit near the sample's glass tran-
sition temperature (Tg), for example, can improve measure-
ment sensitivity by maximizing the heat capacity change that
occurs in glass transition (Trachenko & Brazhkin, 2011). In
addition, the peak size also gives us the amount of content
information. For this reason, the differential scanning calo-
rimetry (DSC) system is a method recommended to be used
frequently in the quality assessment of foods (Raemy, 2003).
In addition, DSC is a highly effective method for detecting
physical changes in milk dehydration and storage stages
(Vuataz, 2002).

Pellegrino (Pellegrino, 1994) stated that milk oil reduces heat
transfer during heat treatment and has a protective effect on
the components. The shelf life is prolonged with the partici-
pation of various preservatives in the milk, and the essential
condition for using these presents is to be unharmful to
health. Each country has set a severe limit by making legal
regulations regarding the type and quantity of these protec-
tors. In Tirkiye, protective use is not alprohibiteheat-
treatedated (Giiven, 1998). For this reason, it is very im-
portant to trace these additives with different chemical anal-
ysis methods.

Another important point concerning the storage conditions of
milk is that different storage temperatures and times change
the protein structures of milk powders (Anema et al., 2006;
Howard et al., 2015; Tunick et al., 2016). This research also
evaluated this situation by making DSC measurements of
milk powders stored at -20 °C for 12 months under the same
conditions.
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Methodologically, FT-IR spectroscopy is one of the routine
methods that can be used in milk analysis and the determina-
tion of additives that impair the purity of milk. Infrared spec-
troscopy is recommended as a unique detection method for
determining additives in liquid milk (Ali et al., 2020).

This report aims to understand the effect of storage conditions
on milk powders and their composition. Ten different kinds
of milk sold in the markets were freeze-dried. Then their
components, such as fat, protein, and lactose, were analyzed
with DSC, and the same procedure was applied after 12
months. Different amounts of fat and protein were also ana-
lyzed and characterized spectrally.

Materials and Methods

Materials

The cow milk of ten well-known brands of UHT milk sold in
the market was chosen as samples in this study. The fat, pro-
tein, and carbohydrate values given on the milk labels are
shown in Table 1.

Table 1. Fat, milk, and protein ratios of milk

(grams/100mL)
Fat Protein Carbohydrate

LM1 3.0 2.9 4.7
LM2 33 2.8 4

LM3 2.5 3 4.6
LM4 3.3 3 4.7
LMS5 3.0 3.1 4.5
LM6 34 3.1 4.7
LM7 3.1 2.9 4.7
LMS 3.0 3.0 4.6
LM9 3.0 2.3 8.0
LM10 3.0 1.5 6.9

After the milk was purchased, it was stored at +4°C for three
days before freeze-drying; 10 samples were placed in falcon
tubes with a capacity of 15 mL, each of 10 mL, under a lam-
inar flow cabinet to avoid contamination.

Freeze-Drying

Freeze-drying was performed at -40°C and 0.05 mBar pres-
sure using a 24 h Lobcanco freeze drier. After the samples
were stored at -20°C for 24 hours, the measurements were
carried out.

Research Article

DSC Analysis

DSC measurement was performed with the DSC 60 Plus Shi-
madzu. Before the measurements, the instrument was cali-
brated with indium (Melting point 156.6 °C). All samples for
DSC analysis were weighed as 10 mg. As a DSC procedure,
the reference cell was left empty, and the sample container
was placed in the appropriate places in aluminum containers
with a closed mouth. The measurement was made between
30°C and 300°C. Studies in the literature take these measure-
ments between -100°C and 250°C (Pugliese et al., 2019). If
potassium nitrate is added to milk, a peak specific to this sub-
stance may occur above 200°C. Accordingly, measurements
were made up to 300°C. The DSC temperature increasing rate
is adjusted to 5°C per minute. Measurements were made in
an inert nitrogen environment.

FTIR Analysis

FTIR measurements were performed with the ATR FTIR sys-
tem, Shimadzu IRAffinity-1S, by taking percent transmit-
tance measurements in the wavenumber range of 400-4000
cm’'. Measurements were taken from powder samples.

Results and Discussion
DSC Results

DSC is an instrument that allows measuring the specific heat
capacity depending on the temperature and evaluating the
phase transitions and enthalpy changes. It can be used in the
pharmaceutical industry to examine protein-ligand interac-
tions, determine protein folding and mutations, and define
temperature-dependent phospholipid changes (Chiu &
Prenner, 2011). For this reason, it is used to examine the pro-
tein and lipid structure changes of milk powders and other
milk-derived products. Measurements with DSC were used
in the 1950s to determine the polymorphism of milk fat due
to rapid and slow cooling (Ten Grotenhuis et al., 1999).

Thermal measurement values of fats reveal results depending
on fatty acids and triacylglycerol components. Differential
scanning calorimetry measurement results in Figures 1 and 2
revealed different fat, lactose, and protein content ratios. The
peaks at the beginning of the curves in the range of 11.51 +£0.2
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K and 69.97 £0.35 °C in DSC curves match the cascade melt-
ing of triacylglycerol groups dispersed in the lipid droplet
(Zouari et al., 2021).

0.0 ;
—0.5 %%* Y
N/
S
£ —1.0 - e
£
=
£
U =15
(V)]
[m]
20 — M1
LM3
a5 —_— M4
LM5
50 100 150 200 250 300

Temperature (°C)

Figure 1. DSC curves of LM1-LM5

While the peaks of fatty acids were prominent in the milk
LM3, LM4, LM7, LMS8, LM9, and LM10, it was observed
that the peaks of fatty acids were not significant in other milk,
especially in the follow-on milk LM10 (Figure 1, Figure 2).
Interestingly, when the values given on the label are exam-
ined, the milk with the least fat ratio is given as LM3. The
highest fat-containing milk is LM2, LM4, LM6, and LM7.
The values are given on the milk labels, and the values ap-
pearing on the DSC curves are different from each other.

The peak of LM10 at -23 °C £0.33 indicates the polymorphic
transition of milk fat from alpha to beta (Ten Grotenhuis et
al., 1999). This is because some milk fat still exists in liquid
form despite freeze-drying. Additionally, compared to other
milk powders, it was in a sticky form, an observation further
indicating the presence of polymorphic transition in LM10.
These peaks, around -20°C, are seen in all samples except
LMO9. The peaks at 11.2°C £0.21 given by LM7 and LM9
milk in the DSC curves are the first onset temperature peaks
and the starting temperature of alpha crystallization. The
peaks between 110 and 116 °C are the peaks of lactose, and
the highest lactose fraction among these 3 milk powder sam-
ples is found in LM9 milk. The peaks of LM2, LM4, and LM8
milk between 204 °C and 205 °C are a-lactose melting peaks.
According to Buckton et al., these peaks are due to released
water in the collapsed structure of lactose (Buckton et al.,
1998). Here the dissolution of crystalline lactose is uneven.
The peaks that LM2, LM3, LM4, and LM7 milk give between

140-150 °C are due to the presence of a-lactose monohydrate
(Figure 1, Figure 2). The peaks seen here are endothermic
(Thomas et al., 2004). On the other hand, determining glass
transition temperature effectively determines additives' struc-
tural and physiochemical effects in food samples (Cordella et
al., 2002).

DSC also determines milk adulteration (Poonia et al., 2017).
The glass transition temperature was observed to increase de-
pending on the amount of water added to the milk. The dif-
ferent glass transition temperatures seen between 90 and
120°C are due to the different proportions of water in the
milk. The pure milk’s glass transition (Tg) value in the previ-
ous measurements was 89.2°C. The Tg value was revealed at
temperatures varying between 114 and 118°C depending on
the amount of water added (Poonia et al., 2017). All the milk
except LM3 and LM4 revealed Tg values in this range.

Today, most of the milk is produced from milk powder. Be-
sides, milk powder is used in many products in the food sec-
tor, such as cheese, and is stored for months for later usage.
During this storage, the physicochemical properties of milk
powder change, and its quality decreases (Haque et al., 2010).
For this reason, we have stored milk powders for a year at -
20°C in closed tubes. When we analyzed the contents of the
stored milk powders, we observed that the fat, protein, and
lactose peaks of the milk powders disappeared. Only triacyl-
glycerol groups and aquatic peaks were apparent at low am-
plitude in LM3 and LM9, respectively (Figure 3, Figure 4).

0.0 -
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(=]
w

|
ot
o

DSC (mW/mg)
|
&

-2.0
-2.5 m— LM6
— M7
LM8
e e | B s 5
LM10
50 100 150 200 250 300

Temperature (°C)

Figure 2. DSC curves of LM6-LM10
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Figure 3. DSC curves of LM1-LMS5 after 12 months

During storage, the tendency of milk powder to absorb mois-
ture from the environment creates a bridge between the parti-
cles. This causes protein denaturation (Liu & Chaudhary,
2011). From this information, we can say that protein dena-
turation has occurred, and the physicochemical properties of
milk powders have changed. On the other hand, Lactose crys-
tallizes during storage because of the rearrangements of pro-
tein-lactose bonds. If amorphous lactose that binds to the ac-
tive sites of proteins is reduced, it causes destabilization of
the proteins (Buera et al., 2005). AH values were found by
calculating the area of the peak of lactose in LM1 and LM5-
10 coded milk. Lactose peaks were not observed in LM2,
LM3, and LM4. Looking at the enthalpy values, the milk with
the highest lactose content is LM5 and LM9, which have val-
ues of 503 and 433 J/g, respectively. Peaks observed in LM2,
LM3, and LM4, 59, and 69 have been attributed to the casein
glassy transition. It is most significant in the LM4 with a AH
value of 310 (Table 2) (Jouppila & Roos, 1994; Morgan et
al., 2005; Vuataz, 2002).

FTIR spectrums

Examination of the FTIR spectra is also used to determine the
differences between milk ingredients. In milk production,
protein ratios and nitrogen content are controlled. Adding
melamine to milk increases the nitrogen content (Balabin &
Smirnov, 2011). In determining melamine contamination,
amide I and amide II regions revealed fingerprints in proteins
at intervals of 1700-1400 cm™ (Balabin & Smirnov, 2011). In

the study of Jawaid et al. on the melamine additive to milk,
characteristic peaks were observed between 851-798 cm™ for
pure melamine (Jawaid et al., 2013). These peaks are not in-
cluded in our milk samples. 1800-700 cm™ corresponds to the
absorption peaks of carbonyl bonds, which are seen in milky
lipids. In addition, the absorption bands between 3000 and
3050 cm™ correspond to olefinic double bonds (-HC=CH-) of
unsaturated fatty acids (Araki et al., 2015). Follow-on milk
fats showed major peaks in the 753-756 cm™. Strong absorp-
tion of oils and fats are bands between 3000-2800 cm™ caused
by stretching vibrations in C-H groups.

One of the amide groups’ peaks, visible at 1500 cm™ disap-
pears in the follow-up milk LM9. The characteristic peaks of
C-O vibrations in carbohydrates between 800-1200 cm
seem to form more and higher bands in follow-up milk LM9
and LM 10 compared to the bands of other types of milk (Fig-
ure 5, Figure 6).

50 100 150 200 250 300
Temperature (°C)

Figure 4. DSC curves of LM6, LM7, LM8, LMY, and
LM10 after 12 months

Like DSC curves, FTIR peaks of fatty acids (Rachah et al.,
2021) at 1747-1750 cm™ of LM3, LM4, LM7, LMS8, and LM9
are evident. The fatty acid peak was not marked in LM10 in
DSC curves. Similarly, no peak was observed in LM 10 in this
band range.

The absorption at 2950 cm™ matches that of C-H (CH3). The
bands at 2915 and 2848 cm™ correspond with -C-H (CH,)
(Dutta et al., 2013). The bands in 1744 and 3004 cm™ belong
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to the C=O0 stretching vibrations of aliphatic esters and C—H
stretching vibrations of the cis-CH out-of-plane vibration, re-
spectively (Koca et al., 2010). The wavenumbers at 1320 and
1145 cm™ shows the C—C(=0)-O and O—C—C of the C-O
bonds of the esters and the bending vibrations of some meth-
ylene groups. The absorption peaks observed at 1467, 1382,
1150, 1117, 1097, and 1057 cm™' are expressing C—-H—CH,,
C-H-CH3, =C-H- (cis), —-C-H-bending, -C-H-, and —-C-O—
CH,— functional groups, respectively (Figure 5, Figure 6).
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The bands 753-756 cm™ can be considered an important re-
gion for the distinction between bovine and buffalo milk fat
fractions and infant formula fat. The differences in the milk
fat percentages of follow-on milk, observed in the spectral
regions of milk fat, can be attributed to differences in the
composition of these fat fractions concerning chain length
and degree of unsaturation. It was observed that the total
number of bands and their positions were similar in oils ob-
tained from buffalo and bovine milk examined before
(Antony et al., 2018).

Table 2. Data are reported as the mean of three replicates + standard deviation. Tp/ C is the peak temperature of transition.

AH (Jg-1):change in enthalpy

>-50 (T,/°C) | > 10 (T,/°C) | >20 (T,/°C) | 40-70 (T,/°C) | 105-150 (T,/°C) | > 150 (T,/°C) | > 200 (T,/°C)
LM!1 | -488+13 | 11.5+02 2725+1.5 | 45416 114 AH= 93 +24 | 181.8+1.1 254.6 1.5
LM2 | -306+1.8 |11.6+1.5 28.7+1.03 | 59.6+1.4 140.5 £1.8 179.8 £2.6
AH=291 7.1
LM3 115405 206+1.7 | 69.9+0.35 150.3 +1.4 181.7 1.2
AH= 594 42
LM4 | -304+1.6 |11.8<1.8 59407 147.842.8 183.8 £2 204427
AH=31043.1
LM5 | 218424 |11.8<12 116.7 13
AH= 503 £13
LM6 | -194+25 |17.3+13 115.4 = 1.4
AH=43 13
LM7 112421 106.1 £1.2
16.5 1.4 113.2 £0.4
AH= 113 £11
LM8 | 31.6+12 | 11.2+021 110.8 £1.8 1812+12 | 2043+1.3
71443 129.9 £0.7
AH= 42 +15.4
LMO9 11.0 £0.9 29.4 +1.08 110.4 £0.6
AH=433 +16
LMI0 | -23+0.3 67.7+2 110.3 +2.3
AH=93 +15
137 42.5

Figure 5. FTIR spectrums of LM1-LM5
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Figure 6. FTIR spectrums of LM6-LM10
Conclusion

Different components added to milk not only reduce milk
quality but may also pose a danger to consumers. For exam-
ple, milk mixed with whey can cause serious problems for
people allergic to this substance. For this reason, research on
milk content has an important place in the literature. This
study identified different water ratios, lactose ratios, protein
content, and carbon groups via DSC analysis and FTIR spec-
tra in ten commercial milk brands. The percentages of fat,
protein, and carbohydrates in most of the milk sold in the
markets should be given on the labels correctly. For this rea-
son, when calculating milk's fat, protein, and carbohydrate
content, DSC and FTIR studies should be added to the anal-
ysis methods of the brand thanks to their fast, responsive, and
accurate analysis. Milk quality also decreases as storage time
intervals exceed about 12 months. In markets, packaged
foods containing milk are stored at -20°C. For example, ice
creams and pastry products using dairy products are stored
and sold in the freezer at -20°C in Tiirkiye. These products
are sold with an expiration date of at least one year. However,
during this period, the physicochemical structure of milk
powder deteriorates, and its nutritional value decreases.
These products should not be the priority when purchasing.
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ABSTRACT

Between March 2022 and May 2022, this study was conducted to determine adult consumers'
knowledge and consumption habits of probiotic and prebiotic products. Adults aged 18 to 65
were included in the cross-sectional study using an online questionnaire. Data were collected on
participants' knowledge of the terms probiotics and prebiotics, patterns of consumption, fre-
quency of consumption and variables affecting consumption, and diseases treated as a result of
their usage. The study involved 447 volunteers, of whom 31.3% were men (n=140) and 68.7%
were women (n=307). According to research data, 87.0% of consumers know about probiotics,
and 62.2% know about prebiotics. There were statistically significant differences in knowledge
of probiotics and prebiotics by sex (p<0.001 and p<0.001, respectively). When analyzed accord-
ing to education level, probiotic knowledge improved as education level rose (p<0.001). Prebiotic
knowledge and education level were statistically significant (p<0.05). Although probiotic and
prebiotic knowledge is statistically significant according to education level, more research should
be done on products, and individuals should be made aware of this issue.

Keywords: Probiotic, Prebiotic, Level of knowledge, Consumption status
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Introduction

Awareness of the effect of nutrition on health is increasing
daily (Yiicel Sengiin et al., 2020). It is argued that functional
foods should be consumed in addition to nutrition during the
day to provide additional benefits to help prevent or deal with
diseases. (Pulido et al., 2021). Today, with the growing
awareness of healthy nutrition, in addition to meeting the nu-
tritional elements required by the person, the components in
its structure are thought to improve current health by lower-
ing the risk of diseases (such as cardiovascular disease, infec-
tions, cancer, diarrhea, constipation, and osteoporosis) and
have a positive effect on consumer health. Functional foods
are foods that improve one's quality of life. In recent years,
functional foods have received much attention (Arduzlar
Kagan et al., 2019; Demir and Aktas, 2018; Pradito et al.,
2020; Yabanci and Simsek, 2007; Yiicel Sengiin et al., 2020).
Foods containing probiotics and prebiotics are at the forefront
of functional foods (Arduzlar Kagan et al., 2019; Yiicel
Sengiin et al., 2020).

Probiotics are beneficial live microorganisms that provide
various health functions to the host by improving the intesti-
nal microbial balance (Pradito et al., 2020). Probiotic bacteria
should have a minimum of 10° colony-forming units per gram
(cfu/g) when they reach the intestines to provide these ad-
vantages. Various stress conditions during manufacture, stor-
age, and transit through the gastrointestinal system endanger
probiotic bacteria's survival. They must resist gastric juice
and bile salts to keep the intestinal environment intact and
exhibit their therapeutic functions on the host body (Bas,
2019). Many health benefits, such as overcoming the problem
of intestinal infections, controlling pathogenic bacteria in the
digestive system, stimulating the immune system, and lower-
ing cholesterol and low-density lipoprotein level,s have been
provided by probiotics (Pradito et al., 2020). However, the
effect of probiotics varies according to the type of probiotic,
the strain used, the dose, and the mode of administration. As
a result, the predicted effects do not apply to all probiotic mi-
croorganisms. Probiotics are safe and well tolerated when
taken orally. Furthermore, probiotic foods should be ingested
regularly (Horasan et al., 2021). Fermented dairy products,
kefir, boza, tarhana, pickles, soy products, hardly, turnip, ta-
ble olives, wine, and beer are fermented items that contain
probiotic microorganisms (Arpa Zemzem-oglu et al., 2019a;
Demirel, 2018; Ozgiil et al., 2020).

Prebiotics, on the other hand, are non-microorganic organic
components that positively affect the host's health by stimu-
lating the development and activity of one or a limited num-
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ber of microorganisms in the colon and that cannot be di-
gested in the upper gastrointestinal tract but can be fermented
by microorganisms (Bifidobacterium and Lactobacillus spe-
cies) in the colon (Yabanci and Simsek, 2007; Yiicel Sengiin
et al., 2020). It has been determined that prebiotics contribute
to the probiotic effect and positively affect the host’s health
by providing the proliferation of one or more beneficial mi-
croorganisms (Tagdemir, 2017). Prebiotics are nutrients not
hydrolyzed or absorbed in the stomach or small intestine. It
should be selective for beneficial bacteria in the colon micro-
flora and capable of stimulating their proliferation. It should
alter the flora to a healthier composition and have positive
local and systemic effects on the host (Bas, 2019). In this con-
text, evidence supports the possible positive benefits of some
nutrients, such as inulin and fructooligosaccharides (FOS)
synthesized from oligofructose, sucrose, and oligosaccha-
rides (xylooligosaccharides) containing galactose and xylose,
began to emerge in the 1980s and early 1990s. The consump-
tion of FOS and galactooligosaccharides in human milk has
been shown to promote the proliferation of intestinal
bifidobacteria (Precup et al., 2022). Microorganisms in the
colon, prebiotics, which are taken with food and cannot be
digested in the stomach and small intestine, are fermented by
the colon microflora. The metabolites are released to form an
energy source for the microflora. Prebiotics creates a healthy
environment for the host in the intestinal flora, making it pos-
sible to use them to treat patients and prevent diseases
(Yilmaz, 2004). The health benefits of prebiotics in the gas-
trointestinal tract have been linked to inhibiting the growth
potential of pathogenic microorganisms that produce short-
chain fatty acids like acetate, propionate, and butyrate, stim-
ulating the immune system, lowering intestinal pH, and pro-
moting mineral absorption. (Pehlivan, 2020; Precup et al.,
2022). Recent studies have shown that prebiotic consumption
potentially benefits human and animal health, gastrointestinal
tract, obesity, type 2 diabetes mellitus, inflammatory bowel
disease, cardiovascular diseases, bones, and neurological dis-
orders. Also, prebiotics and probiotics can be combined into
"synbiotics" to achieve synergistic effects. Probiotic strains
will stimulate growth by fermenting the prebiotic (Precup et
al., 2022).

There needs to be more clarity in society about probiotics and
prebiotics. These concepts either need to be discovered or un-
derstood. This study aimed to determine consumers'
knowledge levels and consumption status about probiotic and
prebiotic products when the tendency toward ready-to-eat
foods increases. In addition, it evaluated how gender, age,
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and health conditions affect the consumption of probiotic and
prebiotic products.

Materials and Methods

The study was approved by Afyonkarahisar Health Sciences
University Non-Interventional Clinical Research Ethics
Committee at the meeting numbered 2022/2 on 04.02.2022.
This study was conducted in March-May 2022 with adults
aged 18-65, using convenience sampling. According to TUIK
(Turkish Statistical Institute) data, in February 2022, 67.9%
(57.497.905) of Tirkiye's population was between the ages of
18-65 (TUIK, 2022). With a 95% confidence level and a 5%
acceptable error, the research was designed to include at least
384 participants (SSC, 2022). An online questionnaire was
sent to 447 participants who agreed to participate in the study,
and their consent was obtained. Living in the Republic of Tii-
rkiye, being willing to participate in the study, and being be-
tween 18 and 65 are the inclusion requirements.

The data were collected using a questionnaire form prepared
by the researchers using the relevant literature (Horasan et al.,
2021; Ozgiil et al., 2020; Yiicel Sengiil, 2020; Arpa
Zemzemoglu et al., 2019b) and using the online method. The
questionnaire form consists of three parts and 28 questions.
In the first part, the demographic information of the partici-
pants (age, gender, height, body weight, marital status, edu-
cation status, income status); in the second part, the
knowledge levels, preferences, attitudes, and behaviors of the
participants about probiotics and prebiotics, and in the last
part, the frequency of consumption of probiotic and prebiotic
products. The consumption frequency table in the previous
section was questioned as “I never consume” “daily”, “2-3
times a week”, “once a week”, “fortnightly”, “monthly” and
“yearly”.

The gathered data were analyzed in a computer setting using
SPSS 26 descriptive statistics tools. The number and percent-
age frequency tables were used to provide introductory infor-
mation on the study's participants, and the chi-square test was
used to assess the relationship between the variables. The sta-
tistical significance threshold was set at p<0.05.

Results and Discussion

A total of 447 people participated in the research. The mean
age of the participants was 24.3 +7.66 years, and the mean
body mass index calculated body weight/(height)® was 23.2
+4.36 kg/m?, 68.7% (n=307) of the research group were fe-
male and 31.3% (n=140) were male. According to their edu-
cational status, 83.0% (n=371) were university graduates,
while only 0.4% (n=2) of the participants were primary

school graduates. While 90.2% of the participants had no
chronic disease, 9.8% reported a chronic disease (Table 1).

Table 1. Socio-demographic Characteristics of Participants

Gender n (447) % (100)
Male 140 31.3
Female 307 68.7
Educational Level n (447) % (100)
Primary School 2 0.4
Middle School 8 1.8
High School 56 12.5
University 371 83.0
Graduate 10 2.2
Diagnosed Disease Status n (447) % (100)
Yes 44 9.8
No 403 90.2
Diagnosed Diseases n (44) % (100)
Asthma - COPD 10 22.8
Celiac 1 2.3
Diabetes 6 13.6
Hypertension 6 13.6
Thyroid 6 13.6
Heart 9 20.5
Migraine 3 6.8
Rheumatic diseases 3 6.8
Level of income n (447) % (100)
Income less than expenses 156 34.9
Same as income 217 48.5

Income more than the exBense 74 16.6

Table 2 shows the distribution table of the participants ac-
cording to their knowledge, usage, and preferences for probi-
otic-prebiotic. Of 447 people participating in the research,
87% (n=389) stated that they knew the term probiotic and
45.8% (n=178) of the 389 people who knew the term probi-
otic said that they used probiotics. It was observed that 83.7%
(n=149) of the individuals using probiotics preferred probiot-
ics with food/as food, and 16.3% (n=29) preferred it as sup-
plements (capsules, powder, pills, etc.). While only 6.5% of
the participants in the study chose supplemental probiotics,
only 2.8% (n=5) of them were determined to take probiotic
supplements regularly every day. While the most important
reason for preferring probiotics is the thought that it is bene-
ficial for digestion (64.7%, n=115), the reasons for not choos-
ing it are that they do not need it (41.2%, n=87).

Again, as indicated in Table 2, while those who knowledge
the term prebiotic were 62.2% (n=278), 37.8% did not
knowledge the term prebiotic. Prebiotics were found to be ef-
fective by 41.0% of the 278 participants who knowledge the
term, partially effective by 44.6%, and ineffective by 14.4%.
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Statistically significant differences were found both in probi-
otic and prebiotic knowledge and in the usage of probiotics
according to gender (p<0.001, p<0.001, p<0.05, respec-
tively).

Table 4, probiotic knowledge (p<0.001), prebiotic knowledge
(p<0.05), and probiotic usage (p<0.05) were found to be sta-
tistically significant according to education level (Table 4).

When the research participants' frequency of using probiotics
and prebiotics-containing goods was assessed, it was discov-
ered that most did not consume other foods besides banana,
tarhana, or garlic. Consumption of probiotic yogurt, kefir, tar-
hana, vinegar, garlic, banana, leek, rye, and oat are 18.1%
(n=81), 18.3% (n=82), 48.1% (n=215), 25.1% (n=112),
38.7% (n=173), 39.6% (n=177), % 25.5 (n=109), 12.8%
(n=57), 19.5% (n=87) respectively, consumption once a week
was found to be higher, while consumption of Boza, Jerusa-
lem artichoke and artichoke (14.8% (n=66), 17.7% (n=79),
15.0% (n=67) respectively) was determined to be
higher once a year.

When 447 people who volunteered for the study were asked
if they had heard of the probiotics and prebiotics, 87%
(n=389) said they knew the probiotics, while 62.2% (n=278)
said they knew the prebiotics. In a similar study of Izmir
Province, Yiicel Sengiin et al. (2020) when asked if the con-
sumers participating in the study were aware of the concept
of probiotics and prebiotics, 49% said yes and 51% said they
did not know. In a survey conducted for adults, 64.5% of the
participants stated that they knew the concept of probiotic
food (Arduzlar Kagan et al., 2019). Another study conducted
for adults determined that 73.3% knew the term probiotic
(Zeren, 2015). In another study conducted for working peo-
ple, 96% of the participants stated that they knew the term
probiotic (Ozgiil et al., 2020). Arpa Zemzemoglu et al.
(2019b), in their study for university students, 55.6% of the
participants stated that they knew what probiotics were.

While 45.8% (n=178) of 389 study participants who were
aware of the term "probiotic" reported using them in our
study, the percentage for adults was reported as 73.6% (Ar-
duzlar Kagan et al., 2019). In one study, the rate was deter-
mined to be 73.5% (n=446), and in another, the rate was de-
termined to be 82.4% (n=593) (Horasan et al., 2021; Arpa
Zemzemoglu et al., 2019b). Ozgiil et al. (2020) stated that the
probiotic consumption rate was 96% (n=24). In another study
conducted with university students, a high probiotic con-
sumption rate (99.6%, n=258) was found (Demirel, 2018).
This high rate may be because the study was conducted on
students who received nutrition education. The most signifi-
cant factor in the participants' preference for probiotics was
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their thought that it was beneficial to their digestion (64.7%,
n=115). In contrast, the main reason for not choosing was
their thought that they did not require it (41.2%, n=87). These
results were similar to studies by Horasan et al. (2021), Yiicel
Sengiin et al. (2020), and Ozgiil et al. (2021), where the ben-
efits of probiotics for digestion were cited by 73.8% (n=329),
63.9% (n=108), and 83.3% (n=20) of participants, respec-
tively. With rates of 62.1% (n=100), and 55.6% (n=15),
Horasan et al. (2021) and Yiicel Sengiil et al. (2020) stated
that the reason for not preferring in their study was because
they did not know what probiotic products were. (Yiicel
Sengiin et al., 2020; Horasan et al., 2021; Ozgiil et al., 2020).

Table 2. Distribution of the participants according to the pro-
biotic-prebiotic knowledge, usage, and preference
status

Probiotic knowledge n (447) % (100)
Yes 389 87.0
No 58 13.0
Probiotic usage n(389) % (100)
Yes 178 45.8
No 211 54.2
Type of preference in probiotic usage n(178) % (100)
With/As food 149 83.7
With supplements (capsules, powder, pills, 29 16.3
etc.)

Frequency of usage of Probiotic Supple- n (178) % (100)
ments (capsule, powder, pill, etc.)

None 149 83.7
Daily 5 2.8
Once a week 3 1.7
2-3 times a week 6 34
Fortnightly 5 2.8
Monthly 3 1.7
Yearly 7 3.9
Reason for the usage of probiotics n(178) % (100)
Beneficial for the digestive system 115 64.7

I think it protects against cancer 4 2.2

I find it delicious 4 2.2

It strengthens the immune system 55 30.9
Why don't usage probiotics n (211) % (100)
I don’t know what it is 74 35.1

I do not find it natural 18 8.5

I do not need 87 41.2

I find it expensive 24 11.4

I do not distrust content 8 3.8
Prebiotic knowledge n (447) % (100)
Yes 278 62.2
No 169 37.8
Effectiveness of prebiotics n(278) % (100)
Yes 114 41.0
No 40 14.4

Partiallz 124 44.6
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Table 3. Distribution of Probiotic-Prebiotic knowledge and usage of participants by gender
____________________________________________________________________________________________________________________________|
Yes No Total p-\/f;!ue
Probiotic knowledge n % n %
Female 281 91.5 26 8.5 307 p=0.001
Male 108 77.1 32 22.9 140 2 =17.6
Probiotic usage
Female 135 44.0 172 56.0 307 p=0.008
Male 43 30.7 97 69.3 140 x> =7.05
Prebiotic knowledge n % n %
Female 214 69.7 93 30.3 307 p=0.001

Male 64 45.7 140 2=23.5

N

=)

Y

b

w
|

Table 4: Probiotic-Prebiotic knowledge and usage distribution table according to the education level

of the participants
. _________________________________________________________________________________________________________________________________|

Yes No Total p-\/f;:ue

Probiotic knowledge n % n %

Primary School 0 0.0 2 34 2

Middle School 2 0.5 6 10.4 8 0.001

High School 38 9.8 18 31.0 s6 P 0

University 340 874 3] 535 3711 K%

Graduate 9 23 1 1.7 10

Probiotic usage

Primary School 0 0.0 2 0.7 2

Middle School 0 0.0 8 3.0 8 p=0.034

High School 22 12.4 34 12.6 56 5 :'10 4

University 149 83.7 222 82.5 371 % '

Graduate 7 3.9 3 1.2 10

Prebiotic knowledge n % n %

Primary School 2 0.7 0 0.0 2

Middle School 1 0.4 7 4.1 8 ~0.010

High School 29 10.4 27 16.0 56 pz_—.13 N

University 239 860 132 781 371 KT

Graduate 7 2.5 3 1.8 10
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Table 5. The frequency of usage of Probiotic-Prebiotic products by the participants

Foods Never Daily 2-3 times a Once a Once a Once a year
week week month
n % n % n % n % n % n %
Probiotic yogurt 222 508 17 3.8 45 10.1 81 181 46 103 31 6.9
Kefir 219 49.0 4 0.9 30 6.7 82 183 71 159 41 9.2
Boza 341  76.3 6 1.3 7 1.6 15 34 12 2.7 66 148
Tarhana 92 206 15 34 39 87 215 481 73 163 13 2.9
Vinegar 155 347 17 3.8 76 17.0 112 251 60 134 27 6.0
Garlic 94 210 26 58 102 228 173 38.7 46 103 6 1.3
Jerusalem artichoke 276 61.7 10 2.2 12 2.7 40 8.9 30 6.7 79 177
Artichoke 255 570 13 2.9 7 1.6 56 125 49 11.0 67 15.0
Banana 60 134 34 7.6 130 29.1 177 39.6 43 9.6 3 0.7
Leek 170  38.0 4 0.9 6 1.3 114 255 109 244 44 9.8
Rye 250 559 26 5.8 29 6.5 57 128 50 112 35 7.8
Oat 186 41.6 25 5.6 66 148 87 195 61 13.6 22 4.9

It was observed that 83.7% (n=149) of the individuals using
probiotics preferred probiotics with food/as food, and 16.3%
(n=29) preferred it as supplements (capsules, powder, pills,
etc.). Although only 6.5% of our study participants preferred
probiotic supplementation, Ozgiil et al. (2020) stated that
20% (n=5) of participants indicated that they consumed die-
tary supplements (capsules, powders, pills, etc.).

In the study, it was determined that 91.5% of women (n=281)
and 77.1% (n=108) of men knew the terms probiotic and
prebiotic (p<0.001). In a similar study, when probiotic and
prebiotic knowledge was evaluated according to gender, it
was determined that 65.3% of women and 31.6% of men
knew the concepts of probiotic and prebiotic (p<0.05) (Yiicel
Sengiin et al., 2020). Arduzlar Kagan et al. (2019) it was de-
termined that women knew the concept of probiotics at a
higher rate (75.8%) in their study on adults. In the study of
Zeren (2015) for adults, it was determined that women knew
the concept of probiotics at a higher rate (80.0%). Similarly,
in a study on individuals who do sports, 52.4% of women de-
clared that they knew the term probiotic (Kog, 2020). The fact
that women have a high level of knowledge about probiotic
and prebiotic products in studies may be associated with pay-
ing more attention to nutrition and health than men. For this
reason, women’s knowledge level and higher consumption of
these products make it meaningful.

In the study, a statistically significant difference was found in
the usage of probiotics by gender (p<0.001); Arduzlar Kagan
et al. (2019) also found no statistically significant difference

(p>0.05). Horasan et al. (2021) found that probiotic food con-
sumption was higher in women (77.4%), and this difference
was found to be statistically significant (p<0.001).

Knowledge of the term probiotic according to education level
was found to be statistically significant (p<0.001), and it was
determined that the group with the highest knowledge about
probiotics was the group at the university level (87.4%,
n=340). No statistically significant difference (p>0.05) be-
tween knowledge of the term prebiotic according to education
level. Yiicel Sengiin et al. (2020), when assessing the level
of knowledge of these concepts by educational level, found
that the group with the highest level of knowledge (66.7%)
consisted of those at the master's level.

When the frequency of usage of probiotics and prebiotics-
containing products of the individuals in the study was eval-
uated, it was determined that most of them did not consume
other foods except bananas, tarhana, and garlic. Yiicel
Sengiin et al. (2020) found that 51% (n=100) kefir and
77.9% (n=152) onion and garlic consumption accounted for
the majority.

Conclusion

The demand for probiotic and prebiotic products is increasing
rapidly worldwide and in Tiirkiye. However, it is important
to understand consumers' attitudes toward probiotic and
prebiotic products and to increase consumer acceptance. With
arise in research and publications demonstrating the benefits
of probiotics and prebiotics on health, probiotic and prebiotic
awareness and usage rates have been observed. Although
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there is a high degree of understanding of probiotics and
prebiotics, the utilization percentage has been discovered to
be as low as 45.8%. Despite having adequate knowledge,
there remains skepticism about using such items. The study
found that the people who drank probiotics and prebiotic
products consumed tarhana the most frequently, with 48.1%
ingesting it once a week. The predicted effect of using probi-
otic products depends on their frequent usage. More research
on probiotics and prebiotic products should be conducted,
and individuals should be made aware of the issue.
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ABSTRACT

Oxidative modifications of lipoproteins are crucial in the early stages of cardiovascular diseases
(CVD) like hypercholesterolemia. The major aim is to determine the effects of hazelnut consump-
tion on the resistance of low- and high-density lipoproteins to oxidation in hypercholesterolemic
subjects. Fifteen hypercholesterolemic subjects (13 men, 2 women) who did not require drug tre-
atment according to the National Cholesterol Education Program Adult Treatment Panel I1I criteria
and had serum levels of TC>200 mg/dL were included in the study. This study was designed as a
dual control sandwich model intervention with a single group, isoenergetic three periods. The pe-
riods were; Control Diet I (30 days), Hazelnut-Enriched Diet (30 days), and Control Diet II (30
days). The susceptibility of LDL and HDL to copper-mediated oxidation was determined spect-
rophotometrically by following conjugated diene formation. The resistance of lipoproteins, mainly
LDL, was increased by hazelnut consumption. It can be concluded that a hazelnut-enriched diet
had protective effects against lipoprotein oxidation in hypercholesterolemic subjects. These chan-
ges may play important roles in reducing the development of the atherosclerotic process.

Keywords: Hypercholesterolemia, Hazelnut, Lipids, Oxidation, Lipoproteins
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Introduction

Cardiovascular diseases (CVD) are among the most impor-
tant health problems nowadays. The main underlying cause
of cardiovascular disease is atherosclerosis (Nag et al., 2013).
Atherosclerosis is a chronic inflammatory disease. Genetic
susceptibility, endothelial dysfunctions, hyperlipidemia
changes in lipoprotein levels, and oxidation that occurs in the
structure of low-density lipoproteins (LDL) are very impor-
tant in the pathogenesis of atherosclerosis (Borén et al., 2020;
Steinberg et al., 1989).

Hypercholesterolemia is a pathological condition caused by
increased serum TC and LDL cholesterol levels. It has been
shown that there is a strong relationship between hypercho-
lesterolemia and the development of atherosclerosis. Hyperc-
holesterolemia leads to the formation of reactive oxygen spe-
cies as a result of oxidative stress and may cause the oxidation
of lipids and lipoproteins (Negre-Salvayre et al., 2006; Singh
etal.,2017). In particular, the oxidation of LDL has important
pathophysiological roles in initiating and sustaining the
complex cascade of events in atherosclerosis. LDL oxidation
is considered an important biomarker in studies examining
the effects of bioactive foods on protection against cardiovas-
cular diseases (Winklhofer-Roob et al., 2017).

In terms of heart and vascular diseases, increasing the propor-
tion of fruits, vegetables, nuts such as hazelnuts, and whole
grains in the daily diet are the main ingredients of healthy
nutrition (Renzo et al., 2019; Segovia-Siapco et al., 2018).
Daily dietary intake of nuts and hazelnut oil (not to exceed
20% of the energy from the lipids), which is rich in saturated
fatty acids, rich in monounsaturated fatty acids (MUFA), es-
pecially oleic acid, high in polyunsaturated fatty acids
(PUFA), and high in antioxidant vitamin, vitamin E, would
be beneficial in protecting against development atherosclero-
tic CVD related to hypercholesterolemia (Akhlaghi et al.,
2020; Segovia-Siapco et al., 2018).

Cohort studies in nutritional epidemiology reported a 30-50%
reduction in CVDs risk associated with consuming nuts (Fra-
ser, 2000). According to the research, people who consumed
nuts 1 to 4 times a week and those who consumed less than 1
per week showed a 25% reduction in the risk of death from
CVDs. Also, when the frequency of consumption is 5 or more
per week, this risk decreases by 50% (Fraser, 2000; Mukud-
dem-Petersen et al., 2005).

Although many studies investigate the effects of hazelnut
consumption on health, studies on hypercholesterolemic in-
dividuals are very limited (Brown et al., 2022). In addition, a
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study examining the impact of hazelnut on HDL oxidation
has yet to be done.

In this study, we aimed to investigate the effects of 30 days
of hazelnut consumption on LDL and HDL in the hypercho-
lesterolemic subjects who did not require drug treatment.

Materials and Methods
Chemicals

Chemicals; Ethylenediamine Tetra Acetic Acid (EDTA, Di-
sodium salt, CARLO ERBA Barcelona, Spain); Folin-Cio-
calteu's Phenol Reagent (SIGMA Missouri, ABD); Sodium
Hydrogen Phosphate Dihydrate, Sodium-Hydrogen Phosp-
hate Monohydrate, Sodium Hydroxide, Sodium Bicarbonate,
Sodium Potassium Tartrate (MERCK, Darmstadt, Germany);
Sodium-Chloride, Sodium Dioxide, Sodium Hydrogen Car-
bonate (SIGMA-ALDRICH, Missouri, ABD).

Subjects

Fifteen hypercholesterolemic subjects (13 men, 2 women)
who did not require drug treatment according to the National
Cholesterol Education Program Adult Treatment Panel III
(NCEP ATP III) criteria (Grundy et al., 2004) and had serum
levels of TC >200 mg/dL with a mean age 43.6 £9.5 were
included in the present study. Exclusion criteria included nut
allergy, smoking status, alcohol or drug abuse, acute and
chronic inflammatory diseases, chronic kidney disease, obe-
sity, and endocrine disorders related to lipid and lipoprotein
metabolism. All participants were warned not to change their
diet, physical activity, or other lifestyle.

Study Design

This study was designed as a dual control sandwich model
intervention with a single group, isoenergetic three periods.
Each period was 30 days. Calories and nutrients taken in the
study periods are given in Table 1. Control Diet I (CDI), ha-
zelnut-enriched diet (HED), and Control Diet II (CDII) were
applied to all subjects for the first, second, and last 30 days,
respectively. CDI was equivalent to CDIl: NCEP ATP III
step 2 diet (<7% energy from saturated fatty acids and 200
mg/day dietary cholesterol). During the HED period, hazel-
nut contributed to 18%—-20% of the total daily energy intake,
which did not change the daily total energy intake signifi-
cantly. Two equally weighted packages of daily hazelnuts
(49-86 g/day Corylus avellana L. varieties “tombul” from Gi-
resun in Black Sea Region of Tiirkiye, approximately 82.72%
palmitic, 8.89% palmitoleic, 4.85% stearic, 2.73% oleic and
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linoleic acids.) was provided to all participants to consume as
one portion between breakfast and lunch, and other portion
between lunch and dinner. Only water was allowed during
hazelnut consumption. Participants were instructed not to
consume nuts or nut products other than the hazelnut they
were given during the HED period. All diet periods were
completed smoothly, and all subjects tolerated daily hazelnut
consumption well. A dietitian recorded participants’ Food in-
takes for three consecutive days at the end of each period (two
weekdays and one weekend). BeBis computer program (Be-
Bis; Nutrition Information System, Istanbul, Tiirkiye) were
used to estimate calorie. After resting for 15 min, 12h (over-
night), fasting venous blood of the participants was taken into
serum separator tubes and EDTA-tubes, at baseline and the
end of each period. Samples were centrifuged (Centrifuge
5810, Beckman Coulter, Allegra 64R, Germany) at 1500xg
for 15 min to obtain serum and plasma, respectively, and sto-
red at -80°C (Thermo Electron Corp. Farma -86°C ULT Fre-
ezer, Waltham, MA USA) until analysis. Anthropometric me-
asurements were taken at baseline and the end of each period.
Body weights (kg), body fat percentages, and body mass in-
dex (BMI) were obtained using impedance scales (Tanita
Body Composition Analyzer, TBF-300, Illinois, USA).

The study protocol was approved by the local research ethics
committee of Karadeniz Technical University Farabi Hospi-
tal (file number:2007/10-09). All participants gave written in-
formed consent. The study was conducted according to the
recommendations of the Declaration of Helsinki.

Biochemical Determinations

The levels of TC, TG, HDL-C, and LDL-C were determined
by using the original reagents in the ROCHE / HITACHI Mo-
dular System autoanalyzer, and levels of apolipoprotein Al
(ApoAl) and apolipoprotein B (Apo B) by immunonephelo-
metric method (Nephelometer, DADE BEHRING, BN II,
Germany) based on monoclonal immunoprecipitation met-
hod, after doing the daily quality control applications.

Isolation of Lipoproteins

Isolations of lipoproteins from plasma were performed using
the multiple discontinuous density gradient methods used by
Sclavons et al. (Sclavons et al., 1985).

Beckman Optima LE80K Ultracentrifuge was used with
Beckman 90 Ti fixed-angle rotor and polycarbonate ultra-
centrifuge tubes (Beckman, Lot No: 9.30-99, 10.4 mL). The
densities of the prepared NaBr solutions were checked by me-
asuring with a densitometer (Anton Paar DMA 35 N, Aust-
ria). VLDL, LDL, and HDL-enriched plasma were isolated
by centrifugation at 50000 rpm at 10 ° C for 3 h. Detailed

isolated protocols were explained by Vanizor Kural ef al.
(Vanizor Kural et al., 2003). The obtained HDL-enriched
plasma was subjected to a second centrifugation process at
37000 rpm at 10°C for 17 h to isolate HDL. Then, isolated
HDL and LDL were dialyzed with cellulose membrane
(Sigma, D 9777, USA) within PBS (pH=7.4) at 4°C for 24 h
to remove EDTA and other impurities that prevent the oxida-
tion process. Total protein concentrations of the lipoproteins
were determined by the method of Lowry ef al. (Lowry,
1951).

Determination of the Susceptibility of LDL and HDL to
Oxidation

Lipoprotein oxidations were performed by the chain reactions
method based on the principle that Cu?* binds to molecules to
cause chemical, physicochemical, and biological changes,
developed by Proudfoot et al.(Proudfoot et al., 1997). This
type of oxidation causes the loss of tryptophan residues on
proteins (GieBauf et al., 1995). The first event in LDL oxida-
tion is hydroperoxide formation in LDL PUFAs. These lipid
hydroperoxides are conjugated dienes and give a maximum
absorbance of 234 nm. Following this wavelength, the con-
version of double-bonded PUFAs to conjugated double-
bonded hydroperoxides is determined (GieBauf et al., 1995).
Diene conjugation in Cu®'-catalyzed oxidation process [(50
ug lipoprotein/mL)/ (1.67 uM CuSO4-H,0) in 10 mM PBS
(pH 7.4)] in LDL was monitored at 234 nm for 270 min and
at 234 nm for 500 min in HDL, spectrophotometrically (UV-
1601, UV Visible Spectrophotometer, Shimadzu) (Has-
selwander et al., 1999; Puhl et al., 1994). Time of the re-
sistance to lipoprotein oxidation [t-lag (min), time before on-
set of lipid peroxidation], the rate of diene conjugation [RDC
(nmol/min/mg protein), calculated by using the slope of the
propagation phase and the molar absorbance coefficient
(6234=29500) for conjugated dienes], the maximum diene
conjugation [MDC (nmol/mg protein), calculated by using
the time to reach maximum absorbance and again
£234=29,500] and the time to reach maximum absorbance (t-
max, min) were evaluated.

Determination of LDL Oxidation in the Presence of HDL

The effects of isolated HDL on LDL oxidation were also
examined. For this purpose, the LDL pool was obtained from
mixture samples of all subjects. Cu®*-catalyzed oxidations
[(100 pg HDL+ 50 pg pool LDL/mL)/ (1.67 uM CuSQO4.H,0)
in 10 mM PBS (pH 7.4)] was monitored at 37°C and 234 nm
for 500 min spectrophotometrically (UV-1601, UV Visible
Spectrophotometer, Shimadzu) (Hasselwander et al., 1999;
Puhl et al., 1994). Time of the resistance to lipoprotein oxi-
dation [t-lag (min), time before onset of lipid peroxidation],
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the rate of diene conjugation [RDC (nmol/min/mg protein),
calculated by using the slope of the propagation phase and the
molar absorbance coefficient (¢234=29500) for conjugated
dienes], the maximum diene conjugation [MDC (nmol/mg
protein), calculated by using the time to reach maximum ab-
sorbance and again €234=29,500] and the time to reach maxi-
mum absorbance (t-max, min) were evaluated.

Statistical Analysis

Data were given as mean and SD for normally distributed va-
riables and median (interquartile range) for non-normally
distributed variables. The distribution of variables was asses-
sed by the Shapiro-Wilk test. Parameters that followed the
normal distribution were analyzed with repeated measures
analysis of variance test. Bonferroni adjustment was used for
pair-wise post hoc comparison. The Friedman test evaluated
Non-normally distributed variables; the Wilcoxon test was
performed for pair-wise comparison for variables with
p<0.05. Pearson’s or Spearman correlation analysis assessed
the relationships between intra-group parameters and percen-
tage changes. p<0.05 was accepted as statistically significant.
F values were given for the parameters by repeated-measures

ANOVA. Statistical procedures were performed on SPSS for
Windows version 16.0 (SPSS Inc., Chicago, IL) software.

Results and Discussion

Caloric and nutrient compositions of Hazelnut- Enriched Diet
and Control Diets are given in Table 1.

The values of body weight, body mass index (BMI), and the
levels of lipids and lipoproteins are given in Table 2. Weights,
BMI, TC, TG, and LDL-C levels were lower, but Apo Al was
higher at the end of the HED period than the CDI period
(»<0.05). Lipid parameters increased in the CDII period com-
pared to the HED period but were not statistically significant,
excluding LDL-C. Percentage changes in the levels of lipid
parameters between CDI and HED periods and between HED
and CDII periods are shown in Figure 1. While changes % in
the levels of HDL-C (3.84 +7 vs. -1.3 £10) and Apo Al (4.7
+15 vs. 6.9 £13) were not statistically significant (p>0.05),
changes % in the levels of TC (-8.03 £6 vs. 8.6 £12), TG (-
12.73 £15 vs. 8.6 £33), LDL-C (-8.2 £7 vs. 9.3 £13) and Apo
B (-1.5 £13 vs. 11 £18) were significant (p<0.05).

Table 1. Caloric and nutrient compositions of HED and Control Diets (n=15).

Variables CDI HED CDII | p*
Calories, kcal/day 2395 +413 2345 +400° 2332 +401° 15.8  0.001
Carbohydrates, energy % 54 +£2.3 44 +4.6° 54 £1.6° 103  <0.001
Protein, energy% 15.1+2.2 14.0 £2.1° 14.1 £1.72 24.8  <0.001
Total fiber, g/day 19.3 +£3.8 25.7+2.9 18.6 £2.9 240  <0.001
Fat, energy% 31+£1.6 41.9 3.6 32.2+1.7%0 153  <0.001
MUFA, energy% 13 £0.5 23.1 £2.9° 14.2 £1.3° 338  <0.001
PUFA, energy% 10.6 £0.8 13.4 +1.3° 11.9 +1.1° 147  <0.001
SFA, energy% 7.4 £0.6 6.7 £0.7° 7.1 £0.6° 390 <0.001
MUFA/SFA 1.7 £0.2 3.4+0.3° 2.0 +0.2° 282  <0.001
MUFA/PUFA 1.2 £0.13 1.7 £0.2° 1.19 £0.16° 198  <0.001
SFA/UNSFA 0.3 +£0.04 0.2 £0.03* 0.27 +0.04° 373 <0.001
Cholesterol, mg/day <200 <200 <200

Values are expressed as (X£SD)

*; P and F values according to repeated-measures ANOVA.
P<0.05 was accepted as statistically significant.

2 significant with respect to CDI,

b; significant with respect to CDII

CDI: Control Diet I; CD II: Control Diet IT; HED: Hazelnut-enriched diet; MUFA: monounsaturated fatty acid; PUFA: polyunsaturated fatty

acid; SFA: saturated fatty acid.
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Table 2. Values of anthropometric and lipid parameters at the end of each diet period (n=15).
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Parameters BASELINE CD I HED CD II -
n=15 (Day 0) (Day 30) (Day 60) (Day 90) p
Age (year) 43.6 9.5
Weight (kg) 821 +14.1 7955137 7784134  775:34 153 - 0.001
BMI (kg/m?) 279434 27.0 43,10 26.4 +2.9 2634290 155 - 0.001
TC (mg/dL) 239.1£184  21624229°  198.94249%b  21432221° 152 - 0.002
170 146 1173 160 \
TG (me/dL) (115-256) (104-190) (95-158) (76-185) - 48 0091
HDL-C (mg/dL)  40.6 £6.9 424470 44 ] 48,55 832475 263 - 0127
LDL-C (mg/dl) 16494251  15042286°  137.44249%¢  14832216° 133 -  0.003
Apo Al (mg/dL)  135.2+143 128.3 £16.9 133.2 £19.3 140.8 +15.5°  6.17 - 0.026
Apo B (mg/dL) 13234185  1133+144°  111.5203° 12194198 498 - 0042

P and F values according to repeated-measures ANOVA, posthoc Bonferonni. Data were expressed as mean + SD.

*; P values according to the Friedman test. Data were expressed as median (interquartile range for 25-75%)

P<0.05 is accepted as statistically significant.

a; significantly different from baseline, b; significantly different from Control diet I, c; significantly different from Control diet II
Apo Al: apolipoprotein Al; Apo B: apolipoprotein B; BMI: body mass index; CDI: Control Diet I; CD II: Control Diet 1I; HDL-
C: high-density lipoprotein-cholesterol; HED: Hazelnut-enriched diet; LDL-C: low-density lipoprotein

n-cholesterol; TG: triacylglycerol; TC: total cholesterol.

Table 3. Values of lipoprotein oxidation parameters at the end of each diet period (n=15).

Parameters CD1 HED CDI1I F* p*
LDL oxidation
t-lag (min) 60.5 £9.6 70.8 £12.5%b 58.4 £12.2 14.1 0.002
RDC (nmol/min/protein) 6.99 +1.82 6.6 £2.1 6.9 +2.6 0.61 0.445
MDC (nmol/mg protein) 420.8 £132.5 437.8 £142.4 409.3 £103.9 0.28 0.601
t-max (min) 135.3 £12.9 158.6 £27.8° 127.4 +£18.7° 18.6 0.010
HDL oxidation
t-lag (min) 29.1 £17.5 28.1 £7.4 24.7 £7.9 0.77 0.394
RDC (nmol/min/protein) 1.5 +0.7 1.3 +0.6 1.2 +0.6* 12.6 0.003
MDC (nmol/mg protein) 128.1 £19.7 117.9 £15.4 117.3 £18.32 5.39 0.036
t-max (min) 154.6 £45.8 151.6 £39.1 153.8 £44.1 0.20 0.661
HDL+ pool LDL oxidation
t-lag (min) 133.4 £37.4 163.2 £48.12 142.5 +£43.8 4.97 0.043
RDC (nmol/min/protein) 3.7+1.7 3.6+1.6 3.1+£1.9 1.80 0.200
MDC (nmol/mg protein) 645.1 +80.1 641.7 £69.2 614.5 £114.3 2.01 0.178
t-max (min) 344.2 £81.3 394.2 £93.72 379.5 £105.4 4.22 0.061
a; significantly different from Control diet I, b; statistically different from Control diet IT (p<0.05). Values are expressed
as (X£SD).

*; P and F values according to one-way ANOVA with repeated measures.
CDI: Control Diet I; CDII: Control Diet II; HED: Hazelnut-enriched diet; MCD: Maximum diene conjugation, RDC:
The rate of diene conjugation.
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percent change

15 mHED mCDIl |

: Percentage changes between CDI and HED periods

: Percentage changes between HED and CDII periods

CDI: Control Diet I, CDII: Control Diet II; HED, Hazelnut-enric-
hed diet

Figure 1. Percentage changes in lipid and lipoprotein le-
vels between diet periods

As seen in Table 3, t-lag and t-max for LDL and HDL+pool
LDL oxidation stages increased at the end of the HED period
compared to CDI (P<0.05), but RCD and MDC did not show
any significance. On the other hand, HED did not affect HDL
oxidation parameters significantly (»>0.05). LDL, HDL, and
HDL+ pool LDL oxidation kinetics graphs are given in Fi-
gure 2.

When the correlations between parameters were analyzed, it
was observed that the values of t-lag during the LDL oxida-
tion process were negatively correlated with LDL-C levels at
the end of CDI, and the values of t-lag during HDL+ pool
LDL oxidation process with TC levels at the end of HED (Fi-
gure 3).
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Figure 2. Kinetics of lipoprotein oxidations by copper.

Since hazelnut is an oily food, it can be thought that regular
consumption may cause an increase in body weight.
However, when our study was completed, a significant dec-
rease was observed in body weight and body mass index.
Many studies support this result we have obtained. Epidemi-
ological studies show an inverse relationship between the
frequency of consumption of nuts and body mass index. In
very large cohort studies involving tens of thousands of pe-
ople, such as the "Adventist Health Study" and the "Nurses'
Health Study", a negative correlation was reported between
nut consumption and body mass index (Sabate, 2003). Anot-
her large cohort study involving tens of thousands of people
indicated an inverse relationship between the frequency of the
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consumption of hard-shelled fruit and body mass index (Se-
govia-Siapco et al., 2018). Another study involving 6,080 pe-
ople (Multi-Ethnic Study of Atherosclerosis, MESA) found
that nuts consumption caused a reduction in body mass index
(Jiang et al., 2006). Studies show that the isocaloric replace-
ment of hazelnuts with other foods in the diet will not incre-
ase body weight. In one study, it was reported that there was
a significant decrease in body weight in the group that consu-
med nuts. Frequent consumption of hard-shelled fruits incre-
ases the feeling of satiety, increases the metabolic rate at rest
due to high protein and unsaturated fatty acid content, and
decreases in usable energy due to insufficient digestion of fe-
cal fat are thought to be the causes of weight loss (Jiang et
al., 2006; Sabate, 2003). Although the relationship between
hazelnut consumption and reduction in body weight has not
been fully explained yet, it is attributed to the effect of nuts
in delaying gastric emptying, inhibiting anabolic mecha-
nisms, and stimulating catabolic pathways (Akhlaghi et al.,
2020).

Nevertheless, studies show no significant change in body
mass index with hazelnut consumption. In the study con-
ducted by Mercanligil et al., hypercholesterolemic individu-
als were given a control diet for one month, 40 g of hazelnuts
were added to their diets in the second month, and no signif-
icant change was observed in their body weights (MercanlIgil
et al., 2007). In the study conducted by Durak et al., hazelnuts
were added to the regular diets of healthy individuals at 1 g
per kilogram per day for 30 days, and it was observed that
their body weights did not change (Durak et al., 1999).
Kogyigit et al. investigated the effects of pistachio nut con-
sumption on plasma lipid profile and oxidative status in
healthy normolipidemic individuals. Individuals consumed
pistachio nuts for 3 weeks, constituting 20% of the daily cal-
orie intake, and it was determined that their body mass index
did not change (Kocyigit et al., 2006)

In the present study, serum TC, TG, and LDL-C levels dec-
reased by consuming hazelnuts, and Apo Al levels increased
significantly. Some studies, with the consumption of hazel-
nuts (Mercanllgil et al., 2007), walnuts (Ros et al., 2004), and
pistachio nuts (Edwards et al., 1999) in hypercholesterolemic
patients, support our findings. Lowering the effects of athe-
rogenic lipid parameters is important to prevent CVDs. It was
reported that every 1% reduction in TC and LDL-C concent-
rations would result in a 1.5% decrease in the incidence of
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coronary heart disease (Balaban Yucesan et al., 2010). Die-
tary fatty acids like alpha-linolenic acids and vitamins like y-
tocopherol affect cholesterol levels negatively (Edwards et
al., 1999). In addition, diets with a low saturated fat ratio and
a high MUFA ratio effectively regulate plasma lipid levels in
the protective direction (Fraser, 2000; Renzo et al., 2019).

Hazelnut consumption affected lipoprotein oxidation, such as
that t-lag which reflects the resistance of LDL to oxidation,
and t-max, which reflects time to reach maximum diene con-
jugations reduced significantly P<0.05 (Table 3). This shows
that LDL gained resistance to oxidation through the con-
sumption of hazelnuts. Vitamin E, a chain-breaking antioxi-
dant against lipid peroxidation, finds in high amounts in ha-
zelnut, and consumption of these nuts may lead to an increase
in the antioxidant content of LDL. It may affect fatty acid
compositions in LDL. In our previous study, Vitamin E levels
of serum and LDL particles were higher in hypercholestero-
lemic individuals in hazelnut-enriched diet periods (Orem et
al., 2013). Another study showed that vitamin E levels in
plasma and LDL particles were increased by consuming ha-
zelnuts (Puhl et al., 1994). In the same study, when the fatty
acid composition of LDL was examined, it was seen that 18:1
(n9) fatty acid increased. This is an expected result conside-
ring that 82-83% of hazelnuts contain MUFA and predomi-
nantly 18:1 (n9) fatty acid. Increased MUFA contents of LDL
particles and increased vitamin E during the HED period co-
uld be more effective in decreasing the susceptibility of LDL
to oxidation. A decrease in the number of double bonds in the
structure of the fatty acids and increased amounts of vitamin
E are the factors that cause the elongation of t-lag (Edwards
et al., 1999; Spiller et al., 1998). A study on the effects of the
peanuts diet on LDL oxidation in healthy individuals showed
that the t-lag is increased (Hargrove et al., 2001). Also, it has
been reported that polyphenols in walnuts inhibit LDL oxida-
tion in vitro (Hargrove et al., 2001).

HDL of individuals who consume hazelnuts was also effec-
tive in reducing LDL oxidation. Alpha-tocopherol affects
apolipoproteins, lipids, and antioxidants of HDL positively,
and that’s way may protect HDL structure and antiatheroge-
nic properties of HDL (Garner et al., 1998; Nicholls et al.,
2019; Zabtocka-Stowinska et al., 2019). The enzymes in
HDL, mainly paraoxonase, are responsible for HDL’s anti-
oxidant properties and, thereby, inhibition effects against
LDL oxidation (Negre-Salvayre et al., 2006). We consider
that there are changes in the chemical structure of HDL with
the hazelnut diet, and thus it can protect LDL against oxida-
tion.
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A; Correlation of t-lag in LDL oxidation stage with LDL-C at the end of CDI
B; Correlation of t-lag in HDL + pool LDL oxidation stage with TC at the end of HED period.

Figure 3. Correlations of t-lag with lipid parameters

To support this perspective, according to the findings, while
there was no significant change in the amount of HDL-C by
the hazelnut consumption, HDL obtained at the HED period
leads to a significant increase in LDL oxidation t-lag phase.
It has been reported that the quality of HDL contributes to the
anti-atherogenic effects (Norata et al., 2006).

According to a systematic review published in 2022 (Brown
etal., 2022), although there are many studies on hazelnut con-
sumption and its effects on health, only three of them have
been done in hypercholesterolemic individuals (Mercanllgil
et al., 2007; Orem et al., 2013; Tey et al., 2011) two of them
in hyperlipidemic individuals (Deon et al., 2018; Ongiin Y1l-
maz et al., 2019).

Although the effects of hazelnut consumption on lipid profile
and LDL oxidation were shown in these studies, our study is
the first to examine the impact of hazelnut on HDL oxidation.

Conclusion

In conclusion, it was thought that the consumption of hazel-
nut could be led to changes in the structure of the HDL and
LDL, can increase the resistance of lipoproteins to oxidation,
and have lipid-lowering and weight-loss effects in hypercho-
lesterolemia. Daily consuming certain amounts of hazelnuts
(not exceeding 20% of their energy needs) may protect mo-
derately hypercholesterolemic individuals from side effects
of hypercholesterolemia, such as atherosclerosis.

The limitation of the study may be the number of subjects. A
more significant number of subjects could have been much
better regarding results.
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ABSTRACT

The main idea of this study is to investigate Tiirkiye’s meat consumption, projection and supplies
by using the structure of the Turkish meat industry and Turkish economic indicators. This present
study develops several models for the analysis of meat consumption and makes future estimations
based on the Regression Analysis Meat Consumption Model (RAMCM). Four forms of Regres-
sion Analysis models are used to estimate meat consumption. These models are named Multiple
Linear Regression Analysis (MULIRA), Linear Regression Analysis (LIRA), Polynomial Linear
Regression Analysis (POLIRA), and Logarithmic Linear Regression Analysis. The models deve-
loped in the linear and non-linear forms are applied to estimate meat consumption in Tiirkiye based
on social and economic indicators; Population, Gross National Product (GNP) per capita, Imports
of goods and services (% of GDP), Exports of goods and services (% of GDP), electricity con-
sumption per capita, unemployment, Gross capital formation (% of GDP) figures. It may be conc-
luded that the Multiple Linear Regression Analysis models can be used as alternative solutions
and estimation techniques for any country's future meat consumption values.

Keywords: Multiple Linear Regression; Meat Consumption; Estimation; Tiirkiye; Polynomial
Linear Regression Analysis; Logarithmic Linear Regression Analysis; Linear Reg-
ression Analysis
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Introduction

Tiirkiye is considered as a bridge between Europe and Asia
countries. Tiirkiye has undergone a significant transformation
in a short time. In 1950, 68.1% of the total population in Ttir-
kiye was living in rural, and 31.9% was in urban areas; the
proportion of people living in rural areas decreased to 22.7%
in 2012 (Yilmaz, 2015). The rural population was reduced to
7.7% in 2017 (TURKSTAT, 2017).

On the other hand, Tiirkiye's Gross Domestic Product (GDP)
was 13.995 billion US dollars in 1960. This value increased
to 873.98 billion in 2012 and 950.579 billion dollars in 2013.
However, it dropped to 851.55 billion dollars in 2017 (World
Bank, 2019). During the same period (1960-2017), the popu-
lation of Tirkiye increased from 28 million to 78 million
(TURKSTAT, 2019a). Between 1960 and 2017, Tiirkiye
showed significant population, economic and demographic
changes. GDP per capita (with current USS$) increased from
$509.42 in 1960 to $12530 in 2013 but declined to $10540 in
2017 due to the economic crisis experienced in the last 6 ye-
ars in Tirkiye (World Bank, 2019).

The livestock industry has an important place in the Turkish
economy. The developments in this sector are directly related
to the degree of development and industrialisation of the co-
untry and the level of welfare of society. Today, significant
changes are experienced in food production and distribution.
In the world and Tiirkiye, while agricultural enterprises dec-
rease in number, they increase in size and tend to produce
more single products. Larger producers replace individual
producers. At the same time, the tendency towards safer and
certain goods in consumer preferences causes significant
changes in food production and distribution. All these and si-
milar changes are called agricultural industrialisation. Tech-
nological developments and consumer preferences are the
main reasons for the agriculture and food sector changes.
New technologies have enabled the creation of different pro-
ducts. Due to Tiirkiye’s social and economic development,
industrialisation has changed the structure of traditional agri-
culture.

To grow, develop and lead a long and healthy life, it is neces-
sary to consume sufficient nutrients in a balance. Animal-ba-
sed foodstuff has importance among the fundamental nutri-
ents. The energy, proteins, vitamins and minerals required for
a good and balanced diet are obtained from animal and vege-
table sources (Baysal, 2007; Asgeirsdéttir et al., 2014), and
meat consumption in developing countries remains an impor-
tant food group for consumers (McAfee et al., 2010)

In recent years, food safety, food security and nutrition have

been the main topics of concern for all countries worldwide.
The growing world population has become increasingly at
risk of reaching adequate, healthy and reliable food sources.
The unbalanced distribution of food resources has brought
important differences between regions in the world. Access
to adequate food sources and reliable and balanced nutrition
has become a threat to developed, underdeveloped, and deve-
loping countries. In line with these developments, all world
countries and international organisations have started to take
measures and implement food consumption. Due to popula-
tion growth, global warming, drought and similar problems,
it is important to estimate the food demand in the coming pe-
riod.

People have the right to buy and consume foods that are reli-
able, affordable, good quality, and have healthy eating habits.
Human health is based on adequate and balanced nutrition.
For this reason, food production, processing and trade take
place in the policy agenda of all countries. As the concepts of
food, nutrition and health are inseparable, it is of utmost im-
portance for the health and agriculture sectors to cooperate
with food, nutrition and health. Agricultural policies should
include health. For this purpose, food and nutrition policies
need to be established. Establishing nutritional and nutritio-
nal policies requires a broad perspective and cross-sectoral
cooperation. Food and nutrition policies should consider eco-
nomic, cultural and political trends. While food consumption
increases due to population growth, on the other hand, eco-
nomic and social developments cause to increase in food con-
sumption per capita.

Regardless of the level of development, nutrition is one of the
major problems of all countries in every period. The produc-
tion and quality of meat and meat products are important to
ensure the population's healthy and balanced nutrition. The
meat in the healthy diet of society, the location of red meat in
the total meat is very important, especially for children and
young people in the age of development. Proteins are not sto-
red in the body and must be removed from the nutrients. The
protein required with foodstuffs is 0.8 g per kg/body weight,
although it does not vary according to age and sex. This me-
ans about 45-55 g of protein per person. For healthy and ba-
lanced nutrition, at least half or 2/3 of the proteins required
daily should be from animal-origin food (Mutluer, 2005).

At least 50% of the protein required for the balanced nutrition
of the human body and 25% of the amount of calories needed
must be obtained from animal foods (Giirliikk and Turan,
2008)
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Meat consumption per capita per year in Tiirkiye is very low
compared to other countries’ consumption. Annual meat con-
sumption per capita per year in Tiirkiye, with data for 2013,
was 35.1 kg. Hong Kong is the world's top country by meat
consumption per capita. Meat consumption in Hong Kong
was 153.1 kg per capita per year. Meat consumption per ca-
pita per year in 2013 was 116.23 kg in Australia, 115.13 kg
in the United States of America, 90.25 kg in Canada, 107.24
kg in Argentina, 86.76 kg in France, 85.64 kg in Germany
and 76.6 kg in Greece, 53.72 kg in Bulgaria and 32.88 kg in
Iran. The world's total meat food supply was estimated at
8,598.7 kilograms per capita per year in 2013. Meat con-
sumption per capita for 1961, an average of 1961-2013 and
2013, was shown in Figure 1 for selected countries. (See Fi-
gure 1). As seen in the Figure, meat consumption increased
in 2013 compared to 1961 for all the selected countries. For
all countries except France, meat consumption in 2013 was
higher than the average between 1961 and 2013 (Ritchie and
Roser, 2017).

China is the top country for domestic meat supply in the
world. As of 2013, the domestic meat supply in China was
87,682 thousand tonnes, accounting for 28.42 % of the
world’s domestic supply. The top 5 countries (others are the
United States of America, Brazil, Russian Federation, and

Research Article

Mexico) account for 52.64 % of it. The world's total domestic
meat supply was 308,567 thousand tonnes in 2013. Tiirkiye
ranks 23 with 2607 thousand tonnes of production (Ritchie
and Roser, 2017).

Estimation of food consumption or demand is of great impor-
tance in terms of supply formation. Several studies have been
conducted to estimate food consumption. The main idea of
this study is also to estimate meat consumption in Tiirkiye
using the economic indicator.

In their studies, Antelo et al. (2017), Aguiar and Hurst (2005),
Carroll et al. (2003), and Tiirkmen-Ceylan (2019) examined
the parameters affecting household food expenditure and
showed that the unemployment rate decreased household
food expenditure, especially during the crisis periods. A si-
milar study was carried out by Azabagaoglu and Oraman
(2011) and showed that during the economic and financial
crisis 2008, food expenditure was also reduced in Tiirkiye.
On the other hand, in their study, Ivanova et al. (2006)
showed that in the years of economic transformation in Bul-
garia, food consumption increased due to economic develop-
ment. Sepulveda et al., 2008 used logistic regression to deter-
mine the factors affecting beef preferences, which are quality
labels in Spain.
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Figure 1. Meat consumption per capita for the selected countries for 1961, an average of 1961-2013 and 2013
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On the other hand, Bentolila and Ichino (2008) examined the
behaviour of Mediterranean and Northern countries during
the crisis period. In the study, it was observed that the decre-
ase in food consumption during the crisis periods was very
low in both the Mediterranean and the Northern countries.
They concluded that the support of the family in the Mediter-
ranean countries played a role in the government welfare sys-
tem in Northern countries. However, when economic data
and meat consumption are compared for Tiirkiye, it can be
concluded that financial data and meat consumption are rela-
ted. Meat consumption increases due to increased GDP, and
meat consumption decreases due to economic shrinkage and
recession (see Figure 2). Yavuz et al. (2013) also reached a
similar conclusion, showing that economic meat consump-
tion increases with economic growth. Bilgic and Yen (2013)
concluded that there was a decrease in red meat consumption
in Tiirkiye between 2007 and 2009, while there was an incre-
ase in the consumption of poultry meat for the same period.
They have claimed that the most important factor in this dec-
rease was doubling the red meat prices. Demirtas (2018)
showed that the red meat price increase negatively affects
meat consumption in Tiirkiye. Aydogdu and Kucuk (2018)
indicated that red meat consumption per capita in Tiirkiye
would be 19.85 kg in 2023, which is 39.5% higher than in
2017 in Turkiye.

Materials and Methods
Model Development

New Meat Consumption Models have been developed in the
study to estimate meat demand. Four forms of Regression
Analysis Models are used to estimate meat consumption.
These models are named Multiple Linear Regression Analy-
sis (MULIRA), Linear Regression Analysis (LIRA), Polyno-
mial Linear Regression Analysis (POLIRA) and Logarithmic
Linear Regression Analysis (LOLIRA).

Regression analysis is a mathematical method that examines
the relations between a dependent variable and an indepen-
dent (simple regression) or multiple independent (multiple
regression) variables. Regression analysis is a widely used
statistical method in social sciences and engineering studies
by fitting linear or non-linear equations to observe the relati-
ons between one and more independent variables and a de-
pendent variable (Pedhazur, 1997). The linear regression mo-
del aims to explain the total change in the dependent variable
with independent variables. Regression analysis can provide
an inference about how much independent variable(s) pre-
dicts the variance of the dependent variable, as well as the
extent to which the independent variable(s) predicts the de-
pendent variable (Bagozzi and Yi, 1988; Aiken et al., 2003).
When an independent variable is included in the regression
model, the analysis is called Simple Linear (Regression)
Analysis. In contrast, two or more independent variables are
called Multiple Linear Regression Analysis (Dogan and Yil-
maz, 2017).
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Figure 2. Relation between the GDP per capita and meat consumption per capita
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Mathematically, the multiple linear regression equation can
be expressed as shown in Equation Multiple Linear Regres-
sion Equation

Y =By + Baxy + P3xs + o+ Prx (1)

In Equation 1, the dependent variables Y; x4, x5, ..., X, are
independent variables. £ shows the number of independent
variables. 1, B2, ..., Bi are fixed and unknown parameters
for independent variables.

Descriptive statistics were used to describe the basic features
of the data set in the study. Correlation analysis was used to
examine the relationship between meat consumption and so-
cial and economic variables. A linear correlation coefficient
was used to determine the degree to which variables were re-
lated to covariates. The more the coefficient differed from 1
or -1(close to zero), the weaker the relation.

Linear regression models study the linear relationship
between a dependent variable and several independent vari-
ables by fitting a linear equation to observed data samples
(Coelho-Barros et al., 2008). The fitting is performed by mi-
nimising the sum of the squares of the vertical deviations
from each data point to the line that best fits the observed data
(Agirre-Basurko et al. 2006; Ferraro & Giordani 2012; Kov-
dienko et al. 2010).

For the MULIRA Model, the following equation, dependent
and independent variables, were used to estimate meat con-
sumption.

Y =By + B1x1 + Baxz + B3xz + Paxs + Psxs + Pexe +
B7x7 + Bgxg (2)

Where

Y: Meat Consumption,

P: Regression Coefficients

x1: Population,

X,: Gross Domestic Product (GDP) per capita,
x3: Electricity Consumption per capita

x4: Imports of Goods and Services (% of GDP)
x5: Gross Capital Formation (% of GDP)

xg: Exports of Goods and Services (% of GDP)
x: Unemployment

The LIRA, POLIRA and LOLIRA Models are the following
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equation used in the study.

For the Linear Regression Analysis (LIRA)

Y =B, + B1x1 (3)
For the Polynomial Linear Regression Analysis (POLIRA)

Y =By + Bix1 + Box5 (4)

Logarithmic Linear Regression Analysis (LOLIRA)
Y = Boefi (5)

For the Eq. 3,4 and 5

f1is Regression Coefficients and x is Years

The following parameter values were obtained when the Reg-
ression Analysis Meat Consumption Model (RAMCM) has
applied to the meat consumption problem. The coefficients
obtained are given below in the form of Multiple Linear Reg-
ression Analysis (MULIRA) models. For meat consumption;

For the Multiple Linear Regression Analysis (MULIRA)

Y = 10.01778 + 0.147352x,
+0.001671x;—0.00592,x, ©)
+0.040815x5 + 0.072768x,
+0.129709x, — 0.14217x4

Multiple R? = 0.9113, R? = 0.8303,
Adjusted R? = 0.8034

The value of R? for the MULIRA model is 0.98303, but since
there is multiple regression, the value of Adjusted R? and mul-
tiple R? should also be considered. These values are calcula-
ted as 0.9113 for multiple R%.and 0.8034 for the adjusted R2.
In other words, independent variables can explain 80.34% of
the change in the dependent variable (meat consumption).
Multiple regression R? is 0.9113; then, the model explains
91.13% of the variance in the dependent variable. These va-
lues are quite high and satisfactory for social science and en-
gineering studies.

For the LIRA, POLIRA and LOLIRA Models, the following
coefficients have been obtained

For the Linear Regression Analysis (LIRA)
Y = —539.281691 + 0.281606x, 7
R?=0.7615
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For the Polinomial Linear Regression Analysis (POLIRA)

Y = 23111.766156 — 23.501869x;,
+0.005978x2

R? =0.8358

®)

Fir Logaritmic Linear Regression Analysis (LOLIRA)
Y = 1.1959. 10~ 1012999.107x;
R? =0.8176
Data Source

The data related to the design parameters of Tiirkiye’s; Meat
Consumption, Population, Gross Domestic Product (GDP)
per capita, Electricity Consumption per capita, Imports of
Goods and Services (% of GDP), Gross Capital Formation (%
of GDP), Exports of Goods and Services (% of GDP) and
Unemployment are obtained from different sources such as
Turkish Statistical Institute, (TURKSTAT, 2019b), The Food
and Agriculture Organization (FAO) (FAO, 2019), World
Bank (World Bank, 2019) Organisation for Economic Coo-
peration and Development (OECD) (OECD, 2019a). The col-
lected data for the variables are given in Table 1.

Correlation analysis was used to examine the relations
between meat consumption and social and economic variab-
les, as given in Table 2. The table shows a high correlation
between meat consumption and social and economic indica-
tors. Therefore, these social and economic indicators can be
applied to the MULIRA model to estimate Tiirkiye's future
meat consumption and demand.

Multicollinearity, serial correlation, and heteroscedasticity
tests are important statistical tests has been applied in the
study.

Multicollinearity occurs when two or more independent vari-
ables in a regression model are highly correlated. This can
create problems in the regression model, such as making it
difficult to interpret the individual effects of each indepen-
dent variable on the dependent variable. Multicollinearity can
also lead to unstable and unreliable estimates of the regres-
sion coefficients. By performing a multicollinearity test, you
can identify if this is a problem in your model and take steps
to address it, such as by removing one of the correlated vari-
ables or using dimensionality reduction techniques like the
principal component analysis.

Serial correlation: Serial correlation, also known as autocor-
relation, occurs when there is a correlation between the error
terms in a regression model. This can create problems in the

model, such as biased regression coefficient estimates and in-
correct standard errors. The purpose of performing a serial
correlation test is to determine whether this is causing a prob-
lem in the model.

Heteroscedasticity: Heteroscedasticity occurs when the vari-
ance of the errors in a regression model is not constant across
all levels of the independent variables. This can lead to biased
and inefficient estimates of the regression coefficients and in-
correct standard errors. By performing a heteroscedasticity
test, it can be identified if this is a problem in the model and
take steps to address it, such as by using weighted least squ-
ares regression or transforming the variables in the model.
Weighted least squares regression is a regression analysis
method that gives more weight to observations with more mi-
nor errors, which can help account for heteroscedasticity.
Transforming the variables in the model, such as by taking
the logarithm or square root of a variable, can also help to
reduce heteroscedasticity.

Performing these tests can help ensure that the regression
analysis is reliable and valid and that the results are interpre-
table and actionable. In the study, multicollinearity, serial
correlation, and heteroskedasticity tests were performed by
developing a Python code; the results are given in Table 3.
When Table 3 is analysed, it can be seen that the regression
analysis is reliable and the model is statistically significant.

R-squared is a statistic that measures the percentage of varia-
tion in the dependent variable explained by the independent
variables. R-squared value of 0.875 means that the indepen-
dent variables in the model explain 87.5% of the total varia-
tion in the dependent variable. This suggests that the model
has a good fit and a strong predictive power, indicating that
the independent variables are good predictors of the depen-
dent variable.

Adj. R-squared, on the other hand, is a modified version of
R-squared that considers the number of variables in the reg-
ression. An Adj. R-squared value of 0.857 means that the mo-
del explains approximately 85.7% of the variance in the de-
pendent variable while adjusting for the number of indepen-
dent variables in the model. This value is slightly lower than
the R-squared value, which is expected when changing the
number of predictors in the model. This suggests the model
is still a good fit and has strong predictive power. However,
it is important also to consider other metrics and diagnostic
tests, such as residual plots and significance tests, to ensure
that the model is appropriate and reliable.

Prob (F-Statistic) is used to assess the overall significance of

217



218

Food Health 9(3), 212-229 (2023) e https://doi.org/10.3153/FH23020

the regression, testing the null hypothesis that all the regres-
sion coefficients are equal to zero. A low probability value
suggests that the regression is meaningful. The Prob (F-sta-
tistic) value of 5.46e-20 indicates that the probability of get-
ting such a large F-statistic by chance alone is extremely
small. This means that the overall regression model is statis-
tically significant, indicating that at least one of the indepen-
dent variables is significantly related to the dependent vari-
able. Therefore, we can reject the null hypothesis that all reg-
ression coefficients are zero and conclude that the model pro-
vides a good fit to the data.

AIC/BIC are model selection criteria that penalise errors in
the model when a new variable is added to the regression
equation. The AIC (Akaike Information Criterion) value of
249.4 and the BIC (Bayesian Information Criterion) value of
265.8 are both measures of the quality of the model, specifi-
cally, its ability to balance between the goodness-of-fit and
the number of parameters in the model. The lower the AIC
and BIC values, the better the model. In this case, the AIC
value of 249.4 measures how well the model fits the data,
while the BIC value of 265.8 measures the model's complex-
ity. Overall, a lower AIC or BIC value suggests that the model
has a better trade-off between the fit and complexity of the
model. Therefore, comparing different models’ AIC and BIC
values can help select the best model for the dataset.

The Omnibus test with a value of 0.746 and Prob (Omnibus)
value of 0.689 tests the normality assumption of the errors.
Since the p-value of Prob (Omnibus) is more significant than
0.05, it suggests that the errors are normally distributed, and
hence the normality assumption is met.

The Durbin-Watson value of 0.867 tests the independence as-
sumption of errors. A value between 0 and 2 is preferred, and
the importance of 0.867 suggests no significant autocorrela-
tion in the errors.

The Jarque-Bera (JB) test with a value of 0.215 and Test Sta-
tistic p-value of 0.0117 also tests the normality assumption of
the errors. The p-value is less than 0.05, suggesting that the
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errors are not normally distributed. This contradicts the result
of the Omnibus test, and further investigation is needed to
reconcile these findings.

The F-statistic of 3.248 with an associated F-Test p-value of
0.0010 tests the overall significance of the regression model.
Since the p-value is less than 0.05, the regression model is
statistically significant, indicating that at least one independ-
ent variable is significantly related to the dependent variable.

Data were made using the Anova test for statistical relation-
ships between a dependent variable (meat consumption in Tii-
rkiye) and various economic and social independent varia-
bles. While testing, analysis was made for the actual and pre-
dicted data. Looking at the analysis results, the following
comments can be made about the overall accuracy of the
model:

The R-Squared value (0.9811) shows the rate at which the
independent variables explain the dependent variable, and in
this case, it shows that the model is correct at the rate of
98.1%.

The adjusted R-Squared value (0.965) considers the number
of independent variables in the model and indicates that it is
96.5% accurate.

Anova’s results show that at least one of the independent var-
iables in the model has a significant contribution to explain-
ing the change in the dependent variable.

A regression analysis was performed by giving t-statistics and
p-values along with these coefficients and error terms. The T
statistics results show that the relevant coefficient is not zero,
while the p-values indicate whether these coefficients are sta-
tistically significant. As can be seen in the table, the P-values
for all coefficients are very low at the 0.05 significance level
(p-value <0.05), so it can be said that all coefficients are sta-
tistically significant. Also, 95% confidence intervals are pro-
vided for each coefficient. Therefore, a regression model can
be constructed using the data, and the effects of coefficients
related to this model can be evaluated.
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Table 1. Meat Consumption and the corresponding social and economic indicators for Tiirkiye

Meat Consumption Population GDP per capita Electricity consumption

Imports of goods ~ Gross capital  Exports of goods

(kg/capita/year) (Million) (current US$)  per capita year (kWh)

1961 16.93 28.15 285.01 91.85

1965 15.49 30.97 385.64 136.79
1970 16.33 34.88 489.93 209.54
1971 16.11 35.72 455.11 232.05

1975 18.43 39.28 1136.38 343.51

1980 15.48 43.98 1564.25 463.84
1985 20.32 49.13 1368.40 604.65

1990 21.54 53.92 2794.35 868.30
1995 20.81 58.49 2897.87 1152.30
2000 22.05 63.24 4316.55 1554.33
2001 20.22 64.19 3119.60 1512.19
2002 20.81 65.14 3660.07 1580.34
2003 22.24 66.09 4718.46 1691.23
2004 23.20 67.01 6040.88 1807.88
2005 22.83 67.90 7384.26 1918.36
2006 22.63 68.76 8034.61 2080.63
2007 25.71 69.60 9709.72 2229.04
2008 2436 70.44 10850.87 2299.09
2009 25.55 71.34 9036.27 2199.27
2010 31.39 72.33 10672.40 2378.80
2011 33.42 73.41 11340.82 2535.10
2012 34.85 74.57 11720.31 2613.96

and services formation and services Unemployment
(% of GDP) (% of GDP) (% of GDP)
6.79 9.97 5.12 3.40
5.40 11.35 4.56 3.70
6.36 14.71 4.43 6.40
8.25 13.77 5.32 6.80
11.23 18.71 4.42 7.60
11.93 18.16 5.16 8.30
18.97 16.51 15.86 7.30
17.58 24.55 13.37 8.00
2435 25.47 19.89 7.60
22.55 23.80 19.45 6.50
22.82 18.14 26.58 8.40
23.00 21.24 24.46 10.30
23.36 22.47 22.24 10.50
25.37 2521 22.75 10.80
24.42 27.03 21.02 10.60
26.50 29.57 21.65 10.20
26.07 28.71 21.22 10.30
27.08 28.94 22.83 11.00
23.36 23.02 22.57 14.00
25.45 26.97 20.45 11.90
30.40 31.27 22.26 9.80
28.58 28.30 23.67 9.20

Results and Discussion

Fifty-two data (1961-2012) (See Table 1) are used to esti-
mate the weighting parameters of the MULIRA, LIRA,
POLIRA, and LOLIRA models, and the remaining data
(2013-2017) are used to validate the models.

The values of the independent variables between the years
2013-2040 were estimated using the data between 1961 and
2012. Linear Regression Analysis Models have been used for
the estimation. Figure la-g shows the actual and estimated
data for the Population, Gross Domestic Product (GDP) per
capita, Electricity Consumption per capita, Imports of Goods
and Services (% of GDP), Gross Capital Formation (% of
GDP), Exports of Goods and Services (% of GDP) and
Unemployment of Tiirkiye. As can be seen in Figure 1, for
each social and economic indicator, the trend lines are fitted
to the observed data with the highest R? values. Therefore,
they may be used for future estimation. The value of meat
consumption between 2013 and 2040 was estimated by using
the actual values of the independent variables between 1961
and 2012 and the estimated values of independence between
2013 and 2017. Estimated meat consumption between 2013-

2017 was used to validate the model and test data compared
with the actual meat consumption data for 2013 and 2017.

The polynomial and linear expressions for each social and
economic indicator and their actual values and estimation are
illustrated in Fig. la—g. Fig. 2 shows actual and estimated
meat consumption from 1961-2012 in Tiirkiye. As can be
seen in Figure 2, the MULIRA model estimate is in great har-
mony with the observed data. LIRA, POLIRA and LOLIRA
are also compatible with observed data. On the other hand,
Figure 3 shows the meat consumption of Tiirkiye until 2040.

White Test Results testindeki F-Test p-value=0.00105 ve
LM-Test p-value= 0.0117, Breusch-Pagan Test Results tes-
tindeki F-Test p-value=0.00027 ve LM-Test p-value=0.0013
ve OLS Regression Results testindeki Test Statistic p-va-
lue=0.0117 ve F-Test p-value=0.0010 degerleri agisindan na-
sil degerlendirebiliriz?
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Table 2. Correlation analysis results for meat consumption and social and economic indicators

Electricity ~ Imports of Gross caital Exports of
Meat Consumption  Population ~ GDP per capita consumption goods and fonim;il()) n( goods and Unemployment
(kg/capita/year) (Million) (current US$) per capita services % o f‘GDP) services ploy

year (kWh) (% of GDP) *"° (% of GDP)

Meat Consumption 1.00

(kg/capita/year) )

Population (Million) 0.88 1.00

GDP per capita

(current USS) 0.91 0.89 1.00

Electricity consumption

per capita year (KWh) 0.91 0.96 0.97 1.00

Imports of goods and

services (% of GDP) 0.83 0.96 0.82 0.91 1.00

Gross capital formation

(% of GDP) 0.83 0.92 0.83 0.88 0.90 1.00

Exports of goods and

services (% of GDP) 0.80 0.95 0.78 0.90 0.96 0.84 1.00

Unemployment 0.71 0.82 0.75 0.77 0.71 0.77 0.67 1.00

Table 3. Multicollinearity, serial correlation, and heteroskedasticity tests result

OLS Regression Results
Dep. Variable: Meat R-squared: 0.875
Model: OLS Ad;. R-squared: 0.857
Method: Least Squares F-statistic: 49.13
Date: Thu, 09 Mar 2023 Prob (F-statistic): 5.46¢-20
Time: 22:20:50 Log-Likelihood: -116.71
No. Observations: 57 AIC: 249.4
Df Residuals: 49 BIC: 265.8
Df Model: 7
Covariance Type: non robust
Omnibus: 0.746 Durbin-Watson: 0.867
Prob(Omnibus): 0.689 Jarque-Bera (JB): 0.215
Test Statistic: 35.634 Test Statistic p-value'": 0.0117
F-Statistic: 3.248 F-Test p-value: 0.0010
Breusch-Pagan Test Results
LM Statistic: 23.592 LM-Test p-value: 0.0013
F-Statistic: 4.943 F-Test p-value: 0.00027
White Test Results
LM Statistic: 35.6344 LM-Test p-value: 0.0117
F-Statistic: 3.248 F-Test p-value: 0.00105
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Table 4. Anova result for variables

Regression Statistics

Multiple R 0.990504
R Square 0.981099
Adjusted R Square 0.965372
Standard Error 3.687425
Observations 80
ANOVA
df SS MS F Significance F
Regression 8 4525.02363 565.628 68.72648 2.28878E-30
Residual 71 584.339339 8.230132
Total 79 5109.362969
Coefficients Standard t Stat P-value Lower 95% Upper 95%  Lower 95.0% Upper 95.0%
Error
Intercept 0.002739943  0.001202316 227888818  0.025640784 0.00034317  0.005136715 0.00034317  0.005136715
Years -1.18332E-07 2.09611E-08 -5.645324517 3.06406E-07 -1.60117E-07 -7.65469E-08 -1.60117E-07 -7.65469E-08
Population 0.002129779  0.000650369 3.274724551 0.001627646  0.000833292 0.003426266 0.000833292  0.003426266
Actual GDP per capita 10.012485217 0.003287521 -3.797760975 0.000302198 -0.01903877  -0.005931665 -0.01903877  -0.005931665
Actual Electricity 20540901825 0.2609988  -2.072430312 0.041806705 -1.061193424 -0.020610226 -1.061193424 -0.020610226
Consumption
Actual Imports of Goods ) ;ce0e4356 (20158562 3.814678624  0.000285499 0367130767 1.170837945 0.367130767  1.170837945
and Services (% of GDP)
((;’/f"’osiéang;‘lf"ma“on 1139232849  0.206576217 5.514830628 5.17122E-07  0.727430686 1.551035011 0.727430686 1.551035011
Exports of goods and 054719032 0.325607227 1.68052265  0.097189543 -0.101895824 1.196276465 -0.101895824 1.196276465
services (% of GDP)
Unemployment 0.002739943  0.001202316 2.27888818  0.025640784 0.00034317  0.005136715 0.00034317  0.005136715
120
® Actual Population
100

[
o

Population (Million)
B o))
o o

— Estimated Population

20 y = 0,94x - 1816,7
R2 = 0,9989
0
1960 1970 1980 1990 2000 2010 2020 2030 2040
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Figure 1a. Trend lines and estimated data of population, figures
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Figure 1b. Trend lines and estimated data of GDP per capita
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Figure 1c. Trend lines and estimated data of electricity consumption per capita
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Figure 1d. Trend lines and estimated data of import per capita
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Figure 1e. Trend lines and estimated data of gross capital formation per capita
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Figure 1f. Trend lines and estimated data of export per capita
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Figure 2. Actual and estimated values of meat consumption for 1961-2012.

Validation is very important for a model before using it for
calculation. The model was validated for the five years in the
range of 2013-2017. The results obtained from Linear Reg-
ression Analysis Models (MULIRA, LIRA, POLIRA,
LOLIRA) were validated with observed data (See Table 3).
The relative errors between the estimated data of the Minister
of Development and observed meat consumption data are re-
ported in Table 4. The MULIRA, LIRA, POLIRA, and
LOLIRA model results are also compared with the estimated
data of the Minister of Development (2014). As can be seen
from Table 3 and Table 4, the MULIRA model provided bet-
ter results than the Minister of Development (2014). The re-
lative error between the observed and estimated values in the
MULIRA model is the maximum for 2013 at -18.97%. For in
the remaining years, it is less than 2%. To the Ministry of

Development estimates, meat consumption has been predic-
ted to be consistently higher than meat consumption. For
example, in 2017, a high estimate of 50% was realised
between the actual and estimated values. The estimation er-
rors in 2017 are dramatic when they are compared with each
other. The MULIRA model estimation error is 0.84%, while
the estimation error of the Ministry of Development is
50.58%. However, the results obtained from other prediction
methods (LIRA, POLIRA, LOLIRA) are better than the re-
sults of the Ministry of Development but not better than those
of the MULIRA (See Tables 5 and 6).

Estimations between 2018 and 2040 using the MULIRA,
LIRA, POLIRA and LOLIRA models were compared with
the estimation of FAO-OECD (2019a) and FAO-OECD
(2019b), and results are shown in Figure 3.
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Table 5. Comparison of the linear regression models for meat consumption

Observed POLIRA Error  LOLIRA
Data FOA  MULIRA Error LIRA Error Prediction % Prediction
(2019) Prediction % Prediction %

2013 35.12 28.46 -18.97 27.59 -21.44 2941 -16.26 27.64 -21.30
2014 29.27 28.96 -1.05 27.87 -4.77 29.98 2.44 28.00 -4.33
2015 28.94 29.50 1.92 28.15 -2.71 30.57 5.63 28.37 -1.98
2016 30.25 30.06 -0.64 28.44 -6.00 31.17 3.04 28.74 -5.00
2017 30.39 30.64 0.84 28.72 -5.50 31.78 4.57 29.11 -4.20

, Table 6. Comparison of the Ministry of Development for meat consumption

Ministry of
Observed Development
Data Prediction
FOA(2019) (2014) Error %
2013 35.12 40.52 15.38
2014 29.27 41.78 42.72
2015 28.94 43.08 48.85
2016 30.25 44.40 46.77
2017 30.39 45.76 50.58
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Figure 3. FAO-OECD (2019a) and FAO-OECD (2019b) overestimate than results of the present study.
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Conclusion

In this study, the meat consumption of Tiirkiye is estimated
based on Population, Gross Domestic Product (GDP) per ca-
pita, Electricity Consumption per capita, Imports of Goods
and Services (% of GDP), Gross Capital Formation (% of
GDP), Exports of Goods and Services (% of GDP) and
Unemployment. The parameters of the Regression Analysis
Models developed either in linear or exponential forms were
obtained using the observed data. The MULIRA, LIRA,
POLIRA and LOLIRA models were validated from 2013 to
2017 with observed data. The four different forms of Regres-
sion Analysis Models were performed, while the results ob-
tained were compared projections. The following main conc-
lusions may be drawn from the results of the present study:

(a) All models, Multiple Linear Regression Analysis (MU-
LIRA), Linear Regression Analysis (LIRA), Polynomial
Linear Regression Analysis (POLIRA) and Logarithmic
Linear Regression Analysis (LOLIRA), can be used as
an alternative solution and a prediction of meat con-
sumption of Tirkiye.

(b) The linear form of the MULIRA model seems a slightly
better-fit solution with the observed data. Therefore, the
MULIRA model can be selected for Tiirkiye’s future

meat consumption prediction.

(¢) Social and economic indicators may be used for meat
consumption. Economic development, especially GDP,
is the most important factor in meat consumption.

(d) In the test period, the meat consumption estimates made
by the Ministry of Development in 2013-2017 are ove-
restimated. Estimates in this study for the same period

agree with the actual values.

(e) This study estimates meat consumption in Tiirkiye using
Regression Analysis Meat Consumption Model
(RAMCM). The results are compared with the Ministry
of Development values. However, an estimation of meat
consumption may be investigated with Neural networks,
Genetic Algorithms, Fuzzy Logic or other estimation
methods. The results of the different techniques could be
compared with the result of the present study for the
comparison.
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ABSTRACT

This research aims to evaluate the biological activities and physicochemical characterization of the Al-
gerian prickly pear and two varieties of dates (Mech-Degla and Frezza). The phenolic content of these
fruits was determined by the Folin-Ciocalteu method. Then, antioxidant activities were studied using
two different methods. The antimicrobial activities of the fruit were tested against four bacterial strains
and two fungi and then compared to commercial antibiotics. Mech-Degla extract showed a strong anti-
bacterial and antifungal inhibitory effect evaluated against S. aureus, Streptococcus spp, E. coli, P.
aeruginosa, G. capitatum, and Candida spp. While Frezza date extract and prickly pear showed a
weak effect against some bacterial strains, they had no inhibitory effect on fungi. The antimicrobial
activity of Mech-Degla is superior to amikacin, ampicillin, and gentamicin. The Frezza variety had
the highest antioxidant capacity, followed by Mech-Degla and the low iron reduction capacity is
related to prickly pears. The tested fruits had high levels of polyphenols and flavonoids. This study
confirms those species' antioxidant activity and antimicrobial properties and the critical effect of

natural antibiotics com-pared to synthetic ones.

Keywords: Prickly pear, Dates, Algeria, Polyphenols, DPPH, Antimicrobial and antioxidant
effects
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Introduction

The nutritional value of the compounds in the fruits is essen-
tial for improving general well-being and protecting against
several diseases. They may also be beneficial in treating
other neurological disorders caused by oxidative stress
(Chaouch et al., 2016; El Tanbouly et al., 2017).

Fruits contain beta-carotene, flavonoids, and phenolic com-
pounds (Vaclavik and Christian 2007). The use of these bio-
active molecules can improve human health and contribute to
the resolution of several problems, such as resistance to syn-
thetic antibiotics (Koubaa et al., 2015).

Cactus, Indian fig, and prickly pears are all names of Opuntia
ficus-indica (L.) Mill. It occurs naturally in arid and semi-arid
areas (El-Mostafa et al., 2014) and is highly environmentally
tolerant (Astello-Garcia et al., 2015). It was abundant in Mex-
ico and the United States and was subsequently introduced
into Mediterranean regions, notably South Africa and Algeria
(El-Mostafa et al., 2014). Prickly pears are available world-
wide in a variety of colors, including red, purple, green, and
yellow (Aruwa et al., 2018). It was highly recommended for
human consumption. Because this fruit is rich in minerals,
vitamin C and flavonoids (such as kaempferol, quercetin, and
isorhamnetin), phenolic acids, and betalain (Del Socorro
Cruz-Cansino et al., 2015; Navarrete-Bolafios et al., 2013).

Palm-Date (Phoenix dactylifera L.) is an important crop in
warm desert regions. Dates are marketed as high-value fruits
worldwide (Abbg¢s et al., 2013). Algeria is considered a date-
producing country; annual date production is around 1.5 mil-
lion euros, with 1136025 tons/ 170082 ha in 2019 (FAO-
STAT, 2019).

The nutritional value of dates is attributed to their high levels
of dietary fiber, sugars, and minerals such as magnesium, po-
tassium, selenium, and copper (Al-Farsi and Lee, 2008). In
addition to vitamins (B and C complexes), and antioxidant
richness, polyphenols, flavonoids, and carotenoids (Bouhlali
et al., 2016; Sanchez-Moreno and Larrauri, 2016).

This study aims to characterize the physicochemical proper-
ties and evaluate the biological activities of the prickly pear
and two date varieties (phenolic content, flavonoids, antioxi-
dant activities, and antimicrobial effect). Extracts from these
fruits were tested to evaluate their antimicrobial activity
against four bacterial and two fungal strains by comparing
their effect to commercial antibiotics.

Materials and Methods

Sample Preparation

Fresh yellow-orange (Opuntia ficus-indica) fruits were col-
lected in Arris, Algeria. The altitude is 1205 meters above sea
level. The fruits of the prickly pear were washed, peeled, and
kept at -20 °C until further analysis. In addition, this study
was carried out on two varieties of dates (Mech-Degla and
Frezza a Deglet Nour variety sorting gap). They were har-
vested from different palms from Biskra - Algeria. The date
samples were stored in plastic bags and kept at -20 °C.

Physicochemical Characterization of Prickly Pear and
Dates

To determine the moisture content, the fruits were dried in an
oven (Binder, GmbH, Germany) at 103 = 2° C and atmos-
pheric pressure until a constant mass was obtained. Water
content was equal to mass loss (AOAC, 1980).

A pH meter (HANNA, HI 2210, Romania) was used at 20° C
to determine the potential difference by immersing the elec-
trodes of the pH meter in the aqueous solution, which was
tested according to the AFNOR method (1982).

Ash content was determined by incinerating the sample in a
muffle furnace (Nabertherm, Germany) at S00°C. This deter-
mination is based on the destruction of any organic matter
until whitish ash is obtained (AFNOR, 1982).

Dubois et al. (1956) used the phenol method to determine to-
tal sugar contents. Condensation between the formed com-
pounds, by the addition of concentrated sulfuric acid and phe-
nol, gave colored complexes (yellow-orange); (hy-
droxymethylfurfural in the case of a hexose and furfural in
the case of a pentose).

To extract the desired components from the fruit, 1g of the
fruit was added to 70 ml of distilled water. The mixture was
then heated to 70°C for 30 minutes using a water bath. Sub-
sequently, the mixture was filtered, and the volume was ad-
justed to 100 mL. Appropriate dilutions were made for each
fruit extract. Then, 0.5 ml of sample and 0.5 ml of phenol
(0.5%) were added to each test tube. After that, 3 ml of sul-
furic acid was added to the test tubes, and the mixture was
homogenized thoroughly using a vortex mixer. The test tubes
were then placed in a water bath at 100°C for 30 minutes and
allowed to cool down afterwards.

The optical density was measured at 490 nm using a visible
UV spectrophotometer (Shimadzu, 120-02, Japan) (Fournier,
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2001). This was done for each fruit. The standard range was
prepared from a stock solution of glucose (mg/mL).

Determination of Total Phenolic Content
Polyphenols Extraction and Measurement

To determine the phenolic compounds, a solvent mixture was
used. A 3 g sample was added to 120 ml of methanol: water
(80:20 v/v) and allowed steep for 24 h, with agitation. The
maceration was carried out at room temperature and in the
dark. The extracts were filtered, then concentrated after mac-
eration by the rotavapor (Buchi, Germany) at 45°C and 250
mbar. After that, they were covered with 10 ml of pure meth-
anol and kept at -18°C until its use. This was done for each
fruit.

The phenolic compounds were determined according to the
method described by Juntachote et al. (2007). All measure-
ments were done in three replicates. Fruit extract in 500 mL
was combined with 1 mL of Folin-Ciocalteu reagent and 5 ml
of distilled water. After 5 minutes of stirring, the mixture was
neutralized with 1 mL of 7.5% Na,CO:s.

The mixture was incubated in complete darkness at room
temperature for an hour. At 760 nm, the absorbance was sub-
sequently determined using a visible UV spectrophotometer
(Shimadzu, 120-02, Japan). The results were expressed as
Gallic acid equivalents in mg per 100g of fresh fruit (GAE/
100g).

Determination of Total Flavonoid Content

The total flavonoid content of the extract was determined by
spectrophotometry using the method reported by Bahorun et
al. (1996). Both prickly pear and date extracts were tested
separately. The results were reported as ug quercetin equiva-
lent (QE) / mg extract.

1 ml of each fruit extract was added to 1 ml of trichloride of
aluminium (2%). The mixture was stirred for 5 minutes and
then incubated for 15 minutes at 25 °C. After incubating, the
absorbance was determined at 430 nm using a visible UV
spectrophotometer (Shimadzu, 120-02, Japan). The results
were expressed as quercetin equivalents in pg per mg of fresh
extract (QE/mg).

Radical Scavenging Activity of DPPH

The antioxidant capacity was evaluated using Farag’s
method (Farag et al., 2016) by scavenging the DPPH radical.

Research Article

This method was based on reducing the DPPH radical from
purple to yellow DPPH. The lowest absorbance indicates rel-
atively highest activity. It was calculated using Eq. (1)

% DPPH = [1 — (A extract / A control)] x 100 (1)
DPPH: radical scavenging activity (%)

A extract: absorbances of the sample (nm)

A control: absorbances of the control (nm)

Reducing Power Activity (FRAP)

The reducing power was calculated according to Sanchez-
Moreno (2002). At 700 nm, the absorbance was measured.
Increased absorbance mixture significantly increases reduc-
ing power activity; it was given in terms of Gallic acid equiv-
alents.

Antimicrobial Activity

Four bacterial strains were used to determine the antibacterial
activities. S. aureus and Streptococcus spp. are Gram-posi-
tive strains, E. coli and P. aeruginosa are Gram-negative
strains. G. capitatum and Candida spp. were tested for anti-
fungal activity. The disc diffusion method described by (Choi
et al., 2006) was used for this evaluation.

The central microbiology laboratory, CAC (Anti-Cancer
Center) Batna, Algeria, provided us with the bacterial and
fungal organisms. Standard drugs, namely Amikacin, Col-
istin, Ofloxacin, Oxacillin, Tetracycline, Teicoplanin, Flu-
conazole, and Amphotericin B, were used as positive con-
trols.

A sterile saline solution (0.9 %) was prepared with distilled
sterile water and NaCl, also a 10 % of dimethyl sulfoxide
(DMSO) solution was prepared.

The microorganisms were cultured in fresh nutrient broth
overnight before being incubated at 37°C. Bacterial testing
was done on Muller Hinton agar, and fungal testing on
Sabouraud dextrose agar plates (EUCAST, 2020). The sus-
pensions of each bacterial strain (0.5 Mc Farland opacity in-
oculum) were prepared from an 18-hour pure culture.

After inoculating Mueller-Hinton agar and impregnating
Whatman paper discs (6 mm) with a small amount of extract
(50 pl per disk), these discs were positioned on the surface,
and DMSO-impregnated Whatman discs were used as nega-
tive controls. Until the visible growth of bacteria, Petri dishes
were incubated overnight at 37°C. The same procedure was
followed for fungi at 28°C.
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The antibiotic susceptibility testing with appropriate antibiot-
ics was performed to serve as positive controls and allow
comparison of results. According to EUCAST’s recommen-
dations (EUCAST, 2020)

The calliper was used for reading the antibiotic susceptibility
tests. An extract was considered active when there was no
bacterial growth within the measured area, with a diameter
greater than 8 mm.

Statistical Analysis

The results were presented as a mean, standard deviation
(n = 3). The XLSTAT v. 14 and the Tukey HSD test
were  employed to  improve variance  analysis
(ANOVA). When p < 0.05, the results were considered
statistically significant. Principal component analysis
(PCA) and pairwise correlations were applied to gain in-
sight into the main data variation and to interpret the var-
iable’s relationships.

Results and Discussion

Physicochemical Characterization of Prickly Pear and
Dates (Frezza and Mech-Degla)

The results of the physicochemical analyses of prickly pear
and the two date varieties are mentioned in Table 1. They
were the average of three repeats.

Table 1. Physicochemical characterization of prickly
pear and dates fruits

Values
Prickly pear Mech-Degla Frezza
Moisture (%) 84.00 £0.72¢  7.79 +0.42° 11.24 +£0.35¢
pH 5.5+0.012 5.71 £0.03? 5.64 £0.05°
Ash” 1.97 £0.72*  2.12+0.05*  2.13 £0.01?
Total sugars™ 11.5+0.06*  57.19+1.03>  65.49 £0.98°

a,b, and c in the same row indicate a significant value difference at
the P < 0.05 level. *:g/ 100g of fresh material **: g/ 100g of dry
material

Based on the results in Table 1, both date varieties were con-
sidered dry fruits, given the low water content (according to
the standard, the fruit was dry when the moisture content was
<26%) Chibane (2008). On the other hand, the prickly pear
was very rich in water and was considered a juicy fruit. This

criterion classifies prickly pear as a highly perishable fruit
and dates as stable and long-stored fruits at ambient temper-
atures.

The moisture content of prickly pear pulp was 84%. This
value was close to that of Chiteva and Wairagu (2013), who
gave levels between 87.4% and 89%. Tonelli and Gallouin
(2013) also found 87%. However, the Mech-Degla date was
drier than Frezza (7.79 and 11.24 %), respectively. The mois-
ture content found in this study was lower than those reported
by Chibane (2008) for the same varieties and those mentioned
by Noui (2016).

The three fruits' pH is slightly acidic and varies between 5.5
and 5.7. A slight difference is noted between the pH values
of the two date varieties studied. The prickly pear's pH is 5.5.
This value was slightly lower than that given by Bouzoubaa
et al. (2014), which was between 5.80 and 5.92 for the 'Ache-
fri' and 'Amouslem' varieties. Also, Mazari and Mahdeb
(2021) in Souk-Ahras (south Algeria) reported a pH between
5.91 and 5.93.

The Mech-Degla date’s pH was identical to that of Chibane
(2008) for the same variety, 5.72. But it was superior to the
Frezza variety, which was 5.06. It was also superior to that
found by Mimouni (2009). The two dates studied have an ac-
ceptable pH according to the standard; the latter classifies
those with a pH of 5.4 to 5.8 as quality dates (Hachani et al.,
2018).

The ash content represents the total amount of mineral salts
in the fruit. The ash content was between 1.97 and 2.13 % for
the three fruits (Table 1); the Frezza variety was the richest in
mineral salts compared with the other two. The ash content
of the cultivar Frezza was identical to that studied by Chibane
(2008), but the ash content of Mech-Degla was slightly
higher. Noui (2018) mentioned 2.14% for the cultivar Mech-
Degla. The result of the ash content of these two cultivars was
lower than that found by El Arem (2012) for the same Tuni-
sian cultivars in several maturation stages, also those found
by Boubhlali et al. (2016) in other Moroccan cultivars.

The content of the prickly pear ash was 1.97 %; this value
was higher than that of Mazari and Mahdeb (2021), which
was between 0.26 and 0.44 %.

A clear significant difference between the total sugar contents
of these three fruits. Sugars were the most important compo-
nent in dates. According to the literature, the total sugar con-
tent of dates varies between 60 and 80 % depending on the
variety and stage of maturation (Chibane et al., 2007).



234

Food Health 9(3), 230-241 (2023) e https://doi.org/10.3153/FH23021

The total sugar content of the two dates studied (Mech-Degla
and Frezza) was 57.19 and 65.49 %, respectively (Table 1).
Chibane (2008) indicated higher values for the same varie-
ties, 63.8 and 77.3 %, and the Frezza variety was the richest
in sugars. Assirey (2015) found higher levels in a study of ten
date cultivars in Saudi Arabia. The content of these two vari-
eties studied was like that reported by Tang et al. (2013),
which was between 53.98 and 63.16 %.

After comparing the results of the sugar content obtained with
those indicated in the standard (Hachani et al., 2018), there-
fore, it was concluded that the Mech-Degla variety was of
poor quality in terms of sugar content (< 60%). At the same
time, the Frezza variety was acceptable.

The total sugar content of prickly pear was 11.5 %. This value
was lower than the results given by Bouzoubaa et al. (2014),
which found values ranging from 13.5 to 15.87 % for differ-
ent varieties of prickly pear studied in Morocco. Also lower
than the results of Mazari and Mahdeb (2021), which were
between 13.25 and 14.8 %.

Phenolic Compounds

The results of the phenolic compounds are presented in Table
2.

Table 2. Polyphenol content of prickly pear and dates
(Frezza and Mech-Degla)

Values

Parameters
Total phenolics

Prickly pear Mech-Degla Frezza

a b C
(mg GAE/100 g FW) 25.18 £1.03* 15.76 £1.00"11.93+0.84
Total flavonoids a b c
(g QE/100 g FW) 2.63 £0.03 2.11 £0.03> 1.67 +£0.06

At the P <0.05 level, different superscript letters in the same row indicate
a significant value difference. GAE: Gallic Acid Equivalent;
QA: Quercetin Equivalent; FW: Fresh Weight

According to the results presented in Table 2, the difference
between the polyphenol content of the three extracts (prickly
pear, Mech-Degla, and Frezza) was very clear, which were
respectively 25.18 and 15.76 and 11.93 mg Gallic acid equiv-
alent / 100 g of fresh weight.

The polyphenols content of prickly pears was like those ob-
tained by Bouzoubaa et al. (2014), which ranged from 28.94
to 44.72 mg/100 g. However, it was lower than those found
by Dehbi et al. (2013); Medina et al. (2007), respectively, be-
tween 45.2 mg and 64.36 mg GAE/100 g of fresh weight.

Research Article

However, this polyphenol composition was superior to that
of Bargougui et al. (2019). They extracted four cultivars of
prickly pear from methanol and ethyl acetate: Ain Amara
(Tunisia), Ain Jemaa (Morocco), Longissima (Algeria), and
Sanguinea (Italy). Phenolic levels ranged from 2.53 to 0.80
mg/100 g. Several authors found that total polyphenols ap-
pear stable during refrigerated storage (Barba et al., 2012).

For date extracts, the results of phenolic levels found by Daas
et al. (2014) and Chibane (2008) were even more important
than those obtained in this study. Benmeddour et al. (2013)
found higher values for these same cultivars and others in a
study of ten varieties of Algerian dates (225.57 — 954.57 mg
Gallic acid equivalent /100 g of fresh weight).

Total Flavonoid Contents

Flavonoid function was expressed by antioxidant activity and
high affinity to polymers and especially heavy metals (Chi-
bane, 2008).

The total flavonoid content of the three fruits ranged from
02.63 to 01.67 mg Quercetin equivalent /100 g (Table 2). This
study showed that prickly pears have a higher flavonoid con-
tent than the dates studied.

Cruz-Bravo et al. (2019) found high values, ranging from 3.1
to 7.0 mg/100 g, in a comparative study of the flavonoid con-
tent of prickly pears during harvesting and storage. Also, El
Mostafa et al. (2014) reported higher flavonoid values for
prickly pear pulp, cladodes, and seeds.

The Frezza date had the lowest level of flavonoids. These re-
sults were lower than Daas et al. (2014) for Mech-Degla 6.01
mg Quercetin equivalent /100 g of fresh weight and Chibane
et al. (2007) for the Frezza variety. Benmeddour et al. (2013)
reported a significant difference in total flavonoid content be-
tween date cultivars in a comparative study (15.22-299.74 mg
Quercetin equivalent /100 g of fresh weight). In addition,
Chaira et al. (2009) found that the total flavonoid levels of
dates varied significantly between some Tunisian cultivars,
ranging from 6.41 to 54.46 mg QE/100 g. These variations
could be attributed to cultivars, climate, cropping practices,
and extraction methods.

Antioxidant Activity
DPPH Radical Scavenging Activity

According to Cruz-Bravo et al. (2019), the important antiox-
idant activity was due to polyphenols, flavonoids, and carot-
enoids, which play a protective role in the body.
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Table 3 shows the antioxidant activity of the studied fruits.
An important inhibitory activity reported for these fruits was
their richness in polyphenols and flavonoids. Thus, a signifi-
cant variation in the ability of the extracts to neutralize the
DPPH radical.

As a result, the Frezza date had the highest anti-radical activ-
ity (83.33%), followed by prickly pear (80.66 %) and Mech-
Degla date (61.11 %).

These results were comparable to Algerian and Italian prickly
pear (Bargougui et al., 2019). However, they were higher
than those found by Belviranli et al. (2019) for several varie-
ties in Tiirkiye and Madrigal-Santillan et al. (2013), which
showed that the best inhibition activity of prickly pear juice
was 65%.

Concerning the inhibitory capacity of DPPH in both date va-
rieties, the results were higher than those obtained by Ben-
meddour et al. (2013). The results found by Chibanen (2008)
were like those obtained in this study for the Mech-Degla va-
riety. However, they were lower than those of the Frezza va-
riety.

Reducing Power Activity (FRAP)

A highly significant difference was estimated from the reduc-
tive power of the date (Frezza and Mech-Degla) compared to
the prickly pear, which was respectively 19.15 - 18.38 and
05.75 mg/100 g, presented in Table 3.

The results of these date varieties were lower than those
found by Benmeddour et al. (2013) in a comparative study of
ten Algerian date cultivars. These results were also lower than
the findings of Hachani et al. (2018) on five other Algerian
date cultivars.

Chougui et al. (2013) and Medina et al. (2007) reported iron
reductions of 66.57 mg/100 g and 19 mg/100 g for prickly
pear.

Abdel-Hameed et al. (2014) found 81.38 mg/100 g of fresh
prickly pear juice with yellow pulp and 123.23 mg/100 g of
fruit juice with red pulp.

Table 3. Antioxidant activities of prickly pear and dates
(Frezza and Mech-Degla)

Prickly pear Mech-Degla Frezza
FRAP (mg/100g) 5.75 +£0.34° 19.15+0.22> 18.38 £0.39°
DPPH % 80.66 £3.28* 61.11 £1.84> 83.33 £2.702

Values are means + SD. Different letters in each row indicate a significant
difference (P< 0.05) among means of varying fruit. Extract

Antibacterial and Antifungal Properties

The extracts' bacteriostatic effects and fungal test were eval-
uated against six pathogenic strains to determine the presence
or absence of inhibition area. The results are presented in Ta-
bles 4 and 5.

From the results, it was demonstrated that; Mech-Degla ex-
tract exhibited an inhibitory effect on the six strains tested.
However, prickly pear extract only inhibited E. coli and P.
aeruginosa. Regarding the Frezza date extract, all strains
tested were resistant.

This significant inhibitory activity of these fruit extracts
against certain bacteria was the same as that of certain com-
mercial antibiotics, such as Amikacin, Colistin and
Teicoplanin. However, it was more important and influential
than Cephalexin, Ampicillin and Gentamicin.

It is essential to highlight the high efficiency of Mech-Degla
extract., which was equal to that of Amikacin against P. ae-
ruginosa and, more important, against S. aureus and E. coli.
Mech-Degla extract showed equal activity regarding the an-
tifungal ketoconazole or bifonazole. (The diameter of the
zone of inhibition was more significant than that of the anti-
biotic used for antibiogram for the same bacterial strain).

The results of this variety of dates were more important than
Daas et al. (2014) found.

The results found by Bargougui et al. (2019) confirm the ef-
fectiveness of the prickly pear extract against P. aeruginosa
and E. coli.

The results of anti-fungal activity showed that only the Mech-
Degla extract has a high efficiency. But these fungi were the
most resistant to the effect of Frezza and prickly pear extract.

This antimicrobial activity was due to the ions present in
these fruits. It is essential for reducing or preventing the ini-
tial adhesion of bacteria. Minerals like Mg?', Zn**, Na*, Fe?*,
Mn?**, and K mainly increase antibacterial activity (Meng et
al., 2022).

Several authors explain the inhibitory effect against microbial
pathogens by the phenolic composition of plant extracts
(Balouiri et al., 2016). The inhibitory effect may be enzyme
interaction, adsorption to the cellular membrane or metal
ions, and substrate deprivation (Baydar et al., 2004).

Taleb et al. (2016) hypothesize that date phenolic compounds
can be easily bound to proteins, and the interaction of these
with the proteins of bacteria results in hydrogen bond inter-
actions and ionic bonds. This will alter the protein activity of
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the microorganism and make it more susceptible to treatment.
It behaves like a prooxidant in systems that use redox-active
metals such as iron and copper.

Polyphenols mainly compromise bioactive constituents, and
these bioactive compounds influence H,O» as an antimicro-
bial agent. Thus, further confirming the role of polyphenols
as antioxidants that scavenge free radicals and reduce H,O»
and prooxidants generated in antibacterial activity.

So, depending on the antioxidant content, the bacterial cells
proliferate and grow.

This is evident in the antibacterial results, which means that
stress responses depend on the concentration of antioxidants.

Several data studies support this result (Abbes et al., 2013;
Martin-Sanchez et al., 2014).

Principal Component Analysis

A PCA analysis evaluated the relationships between all the
measured biological activities (Figures 1 and 2). The first two
axes explain more than 94-98% of the variation. The first axis
(F1) had a higher discriminating power of 67.51 % than the
second (F 2), which had a discriminating power of 27.47 %.
According to the first axis, a separation between the biologi-
cal activities of the fruit extracts was observed.
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The Mech-Degla date was characterized by the height anti-
bacterial level, which correlates with the FRAP capacity on
the right of the axis. While in the opposite sense, Frezza date
and prickly pear were characterized as less antibacterial. But
rich in flavonoids and polyphenols that promote a heightened
antioxidant level.

For the second axis, a significant difference showed between
prickly pear and the other dates in polyphenol and flavonoid
rates.

Table 5. Antifungal activity of prickly pear and date
fruits (Frezza and Mech-Degla)

Diameter of the inhibition zone (mm)

Fungi Prickly P MD F
Candida spp 0.00* 16.50 +£2.48° 0.00°
G. capitatum 0.00? 14.50 +£1.98° 0.00*

Different lower-case letters in the same column indicate signifi-
cantly different (P < 0.05)

Candida: Candida spp., G. capitatum: Geotricum capitatum,
Prickly P: Prickly Pear, MD: Mech-Degla, F: Frezza,

Table 4. Antibacterial activity of prickly pear and date (Frezza and Mech-Degla)

Diameter of the inhibition zone (mm)

Bacteria Prickly P \%1)) F AK CL TE VA CN (0)3)
S. Aureus 0.00® 10.50=+0.7> 0.00*  8.0=+0.0° - 08.0 £0.0¢ 14.0 +0.0¢ - 11.0 £0.0°
P. aeruginosa 8.0 £1.41* 26.0 £1.41° 2.50 +£0.7° 26.0 +£0.0° 21.0 +0.0¢ - - - 30.0 £0.0°
E. Coli 7.50 £0.7* 15.0 £2.24> 3.50 +0.7¢ 11.0 £0.0¢ 18.0 +0.0° - - 8.0 +0.0? -

Streptococcus spp.  0.00*  15.0+1.41> 0.00°

- 21.0+0.00 0.00° = =

Different lower-case letters in the same column indicate significantly different (P < 0.05)
S. aureus: Staphylococcus aureus, E. coli: Escherichia coli and P. aeruginosa: Pseudomonas aeruginosa, Prickly P: Prickly Pear,
MD: Mech-Degla, F: Frezza, AK: Amikacin, CN: Cefalexin, CL: Colistin, TE: Tetracycline, VA: Vancomycin. OF: Ofloxacin
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Figure 1. Dispersion plot after space rotating obtained by
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Conclusion

This study has shown a significant difference in the biological
activities of three fruit extracts (prickly pear, Frezza and
Mech-Degla dates) from eastern Algeria, confirming that
some biochemical compounds show a significant antimicro-
bial effect.

The polyphenol content of the prickly pear extract was the
highest. But it has the lowest value of FRAP, compared to the
date varieties studied (Mech-Degla and Frezza); 19.15+0.2
mg/100g and 18.3 mg/100g, respectively. The high antioxi-
dant activity was noticed in the Frezza extract.

Mech-Degla extract exhibited an antimicrobial effect on the
six strains tested. However, the activity of prickly pear extract
only inhibited the growth of E. coli and P. aeruginosa. But
the Frezza date extract has no antibiotic effect.

This significant inhibitory activity of these fruit extracts
against certain bacteria was the same as that of some com-
mercial antibiotics, such as Amikacin, Colistin, and
Teicoplanin. However, it was more important and influential
than Cephalexin, Ampicillin, and Gentamicin.

These results demonstrate that these natural products have the
potential to be developed into new antimicrobial agents.
These characteristics make them an excellent source of func-
tional ingredients in producing many foodstuffs.
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0z

Fenolikler, olusturdugu antioksidan kapasite sayesinde basta kanser olmak tizere, kardiyovaskiiler hastaliklar, hi-
pertansiyon ve diyabet gibi bircok hastaliga karsi koruyucu etki gostermektedir. Bogiirtlen yiiksek fenolik madde
icerigi sayesinde fonksiyonel gida olarak anilmaktadir. Bu ¢aligmada, islem gérmemis ve hidrostatik basing uygu-
lanmis (300 MPa veya 600 MPa) bogiirtlen piiresinden su, etanol, metanol ve bu ¢oziiciilerin asetik asit (%1) ya da
hidroklorik asit (%]1) eklenmis formlar1 kullanilarak ekstraktlar elde edilmistir. Ardindan 0.glin ve 7.giin fenolik
madde icerigi, antioksidan kapasite ve renk degerleri belirlenmistir. En yiiksek fenolik madde igerigi ve antioksidan
kapasite hidroklorik asit eklenmis alkol ekstraksiyonu ile en diisiik degerler ise su ekstraksiyonu ile elde edilmistir.
Hidroklorik asitin asetik asitten daha fazla fenolik madde ekstrakte ettigi ve antioksidan kapasiteyi artirdig1 belir-
lenmistir. Fenolik madde miktar1 yiiksek orneklerde L* degerlerinin daha diisiik a* ve b* degerlerinin ise daha
yiiksek oldugu bulunmustur. Islem gérmemis drnekler ile karsilastirildiginda basmcin fenolik madde igerigi ve an-
tioksidan kapasiteyi artirdig1 belirlenmistir (p<0.05). 600 MPa’nin etkisi asitlendirilmis ¢6ziicii ortaminda daha be-
lirgindir. Fenolik madde igerikleri ile antioksidan ve renk degerleri arasinda korelasyon tespit edilmistir. Sonug
olarak, bogiirtlen meyvesinin fonksiyonel 6zelliklerini arttirmak igin hidroklorik asit eklenmis etanol ortaminda
ekstraksiyon onerilmistir.

Anahtar Kelimeler: Bogiirtlen, Fenolik, Antioksidan, Renk, Stabilite, Hidrostatik
ABSTRACT

The influence of different pressure magnitudes and solvents on the functional properties
and color stability of blackberry (Rubus plicatus L.) extracts

Phenolics have a protective effect against many diseases, such as cancer, cardiovascular diseases, hypertension and
diabetes, owing to the antioxidant capacity they form. Blackberries are known as a functional food due to their high
phenolic content. In this study, the extracts were obtained from untreated and hydrostatic pressure (300 MPa or 600
MPa) treated blackberry puree using water, ethanol, methanol and acetic acid (1%) or hydrochloric acid (1%) added
forms of these solvents. Then the phenolic content, antioxidant capacity and color values were determined on the
Oth and 7th days. The highest phenolic content and antioxidant capacity were obtained with alcohol extraction with
added hydrochloric acid, and the lowest values were obtained with water extraction. It was determined that hyd-
rochloric acid extracted more phenolic substances than acetic acid and increased the antioxidant capacity. It was
found that L* values were lower, a* and b* values were higher in samples with high phenolic content. Compared
with the untreated samples, it was determined that the pressure increased the phenolic content and antioxidant capa-
city (»p<0.05). The effect of 600 MPa was found to be more pronounced in the presence of acid-added solvents. A
correlation was detected between the phenolic contents, antioxidant capacities, and color values. As a result, extrac-
tion in hydrochloric acid-added ethanol medium is recommended to increase the functional properties of blackberry
fruit.

Keywords: Blackberry, Phenolic, Antioxidant, Color, Stability, Hydrostatic
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Giris

Meyve ve sebzelerden elde edilen biyoaktif bilesenlere olan
ilgi son yillarda oldukga artmistir. Bunun nedeni bu bilesen-
lerin viicutta olusturdugu fonksiyonel 6zelliklerdir. Fenolik
bilesenler, olusturdugu antioksidan, antikanserojenik, anti-
mutajenik ve antiinflamatuar etkiler sayesinde basta kanser
olmak iizere, kardiyovaskiiler hastaliklar, hipertansiyon ve
diyabet gibi bir¢ok hastaliga kars1 koruyucu etki gdstermek-
tedir (Jiang ve Dusting, 2003; Huang ve ark., 2009; Wahle ve
ark., 2010; Rodriguez-Mateos ve ark., 2014; Anantharaju ve
ark., 2016). Ozellikle oksidatif stresin azaltilmasi, saglik iize-
rine koruyucu etki olusturan fenoliklerin en 6nemli fonksiyo-
nel 6zelliklerindendir (Lorzadeh ve ark., 2022).

Bogiirtlen meyvesinin, fenolik madde igerigi yiiksek olan
lizlimsii meyveler (ahududu, yaban mersini, kizilcik, frenk
lizlimii, ¢ilek) arasinda en yiiksek igerige sahip oldugu tespit
edilmistir (Amakura ve ark., 2000). Oszmianski ve ark.
(2015) bogiirtlen meyvesinde 15 flavonol, § antosiyanin, 6
ellajik asit tiirevleri, 3 hidroksisinnamik asit ve 2 flavon
grubu olmak {izere toplamda 34 fenolik bilesik tespit etmistir.
Bu bilesikler sayesinde bogiirtlenin saglik {izerine koruyucu
ve hastaliklarin tedavisine yardime etkileri rapor edilmistir
(Robinson ve ark., 2020). Bu agilardan bakildiginda fenolik
bilesiklerin ve olusturdugu etkinin artirilmasina yonelik ca-
lismalar 6nemlidir.

Fenolik madde miktar1 ve antioksidan kapasite degerleri uy-
gulanan ekstraksiyon yontemine gore degisiklik gostermek-
tedir. Fenolik bilesiklerin ¢6ziiniirliigi, alkol ve su gibi polar
coziiciilerde daha yiiksektir (Albert ve ark., 2022). Bunlardan
su ile gerceklestirilen ekstraksiyonlarda islem siiresi uzar, ay-
rica organik asitler, sekerler ve ¢dziiniir proteinler gibi bile-
senlerin de ¢6ziilmesi nedeni ile son {iriindeki safsizliklar ar-
tar (Osorio-Tobon, 2020). Bu nedenle alkol tiirevleri ekstrak-
siyon verimini artirmak ve siireyi azaltmak i¢in kullanilmak-
tadir. Hatta metanol ve etanol gibi ¢oziiciilere organik (asetik
asit) ve inorganik (hidroklorik asit) asit eklenmesi ile ekstrak-
tin fenolik madde igerigi ve buna bagl antioksidan kapasite-
sinin arttig1 belirlenmistir (Kopjar ve ark., 2014; Akhbari ve
ark., 2019). Bogiirtlende konvansiyonel ekstraksiyon yon-
temleri kullanilarak sicaklik, siire ve ¢dziicii parametreleri
optimize edilerek fenolik madde igeriginin arttirilmasi miim-
kiin olmustur (Oancea ve ark., 2013; Soto ve ark., 2016). Fa-
kat bu geleneksel yontemlerde ¢oziicii maddenin toksisitesi
ve secilen kimyasalin yetersiz ekstraksiyon giicii, yiiksek is-
lem maliyeti, uzayan ekstraksiyon siiresi, diigiik uygulama et-
kinligi ve kiitle transfer verimi prosesteki en énemli sorunlar-
dandir (Osorio-Tobon, 2020).

Isil olmayan islemler, ¢evre dostu ¢dziiciilerin kullanilmasi
ve biyoaktif bilesenlere zarar1 en aza indirerek ekstraksiyon
verimini artirmasi ayni zamanda da 1sitma maliyetinin getir-
digi yiikii ortadan kaldirmasi ile bu sorunlarin bazilarina ¢6-
ziim olabilmektedir. Fakat farkli ¢oziiciiler kullanilarak feno-
lik madde, antioksidan kapasite ve renk degerlerinin depola-
maya bagli degisimine 1s1l olmayan bir 6n islemin etkisini in-
celeyen ¢aligmalar sinirhidir.

Yiiksek basing uygulamasi solvent gecirgenligini artirarak
ekstraksiyon sirasindaki diflizyonu kolaylastirmaktadir. Boy-
lece islem siiresi azalirken ekstraksiyon verimi artmaktadir
(Corrales ve ark., 2008). Literatiirde yiiksek basing destegi ile
iiziim kabugu (Casazza ve ark., 2012), domates salgas1 (Xi,
20006), yesil ¢ay (Xi ve ark., 2009), armut (Gomez-Maqueo
ve ark., 2020), portakal kabugu (Guo ve ark., 2012) iriinle-
rinde biyoaktif madde (flavonoid, antosiyanin, karotenoid, li-
kopen, pektin, polifenoller vb.) miktarinin artirildig: tespit
edilmistir.

Bu ¢aligmanin amaci, gidanin fonksiyonel 6zelliklerini hid-
rostatik basing biiyiikliigline ve ¢oziicli tipine bagli olarak
aciklamaktir. Bu sayede basing uygulamasi sonrasi materya-
lin farkli ¢6ziicli kosullarindaki davranisi da belirlenmistir.
Bunun i¢in islem gérmemis ve hidrostatik basing uygulanmig
bogiirtlen meyvesinden su, etanol, metanol ve bu ¢dziiciilerin
asetik asit ya da hidroklorik asit kullanilarak hazirlanan kari-
stmlar1 kullanilarak elde edilen ekstraktlarin 0.giin ve 7.giin
fenolik madde igerigi, antioksidan kapasite ve renk degerleri
(L* a* b* AE*) karsilastirilmugtir.

Materyal ve Metot

Ornek Hazirlama ve On Islemler

Analizler 6ncesi yerel marketten satin alinan ve -18°C'de de-
polanan bdogiirtlenlerden, pargalayict (MQ 745, Braun, Al-
manya) yardimiyla 20 saniyede yiliksek devir kullanilarak
piire elde edildi. Bu 6rnek kontrol olarak kodlandi. Yiiksek
basing uygulanan grup i¢in ise drneklere 25°C’de iki ayri1 ba-
sin¢ (300 MPa ve 600 MPa) 15 dakika boyunca uygulandi.
Bu islem i¢in hidrostatik basing ekipmani (Avure Technolo-
gies, Ohio, ABD) kullanildi.

Ekstraksiyon ¢oziiciisiiniin hazirlanmasi i¢in distile su, etanol
ve metanol ile bu sivilarin hidroklorik asit (%1 v/v) ve asetik
asit (%1 v/v) (Merck, Darmstadt, Almanya) ile karistirilmig
ve (1) su, (2) sutasetik asit, (3) sut+hidroklorik asit, (4) eta-
nol, (5) etanol+asetik asit, (6) etanol-+hidroklorik asit, (7) me-
tanol, (8) metanol+asetik asit, (9) metanol+hidroklorik asit
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olmak iizere toplamda 9 farkli ¢oziicli hazirlanmistir. Asit
miktar1 se¢ciminde Jiang ve ark. (2004)’nin 6nerdigi gibi renk
pigmentlerine en az zarar verecek oran seg¢ilmistir.

Ekstraksiyon

On islemler sonucunda elde edilen bogiirtlen piiresinden 3 g
(gram) alinarak 30 mL ¢dziicii ile (1:10 w/v) 50 mL’lik sant-
rifijj tiiplerinde vorteks kullanilarak karistirildi. Vortekslenen
karigim 25°C’de karanlik ortamda 60 dakika ekstraksiyona
birakildi. Ekstraksiyon siiresi bittikten sonra tiipler 2490 x g
giiclinde (4500 rpm) 20 dakika santrifiij (Thermomac,
TMCS815, Almanya) edildi. S1vi faz bagka bir santrifiij tiipiine
almarak 60 dakika i¢inde toplam fenolik madde, antioksidan
kapasite ve renk ol¢timleri yapildi (0.giin). Depolama stabili-
tesi i¢in 6rnekler (15 mL) santrifiij tiiplerinde +4°C sicaklikta
ve karanlik ortamda 7 giin bekletildikten sonra ayni1 6lgiimler
tekrarland1 (7.glin).

Olciim ve analizler
Toplam Fenolik Madde Miktari

Toplam fenolik madde miktarinin belirlenmesinde Folin Ci-
ocalteu yontemi kullanildi (Slinkard ve Singleton, 1977). An-
alizde 0.1 mL ekstrakt kullanild1 ve sonuglar 760 nm dalga
boyunda dlgiilerek 1 g drnek (taze bogiirtlen) icin mg gallik
asit esdegeri (GAE) olarak sunuldu. Olgiimlerde kor drnekler
9 farkl ¢oziicii ile hazirlanarak ¢oziicii etkileri hesaplama di-
sinda birakildi.

Antioksidan Kapasite

Antioksidan kapasite Brand-Williams ve ark. (1995)’nin
sundugu yontem ile gergeklestirilmistir. Analizde 0.1 mL
ekstrakt kullanildi ve DPPH radikal siipiirme degerleri 515
nm dalga boyunda &Slgiilerek 100 g 6rnek (piire) icin mmol
trolox esdegeri (TE) olarak sunuldu.

Renk

Bogiirtlen piiresinin renk degerleri Buslig (1992) tarafindan
aciklanan yonteme gore Hunter Lab Color Flex kolorime-
tresinde (Hunter Associates Laboratory, Reston, VA, ABD)
aciklik (parlaklik) (L), kirmizilik/yesillik (a), sarilik/mavilik
(b) ve renk farkliligi (AE*) degeri ile tespit edildi. Cihaz,
standart karolar (siyah ve beyaz) ile kalibre edildi. AE*
hesaplamasinda 6rneklerin beyaz karonun (L, = 93.73, a, = -
1.04 ve b, = -0.44) renk degerleri referans olarak alindi.

Istatistiksel analiz

Deneysel verilerin tanimlayici istatistikleri, SPSS paket pro-
grami (versiyon 23, 2018, IBM Corp., New York, ABD)
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kullanilarak yapilmistir. Elde edilen sonuglar i¢in ortalama
almarak hesaplanan deger “ortalama + standart sapma” ve
istatistiksel harflendirme ile sunulmustur. Coziiciiler arasin-
daki karsilastirma ve harflendirme i¢cin ANOVA ile Tukey’s
HSD kullanilmistir. Ekstraksiyon ve depolama sonrasi
sonuclarin karsilastirilmasinda eslestirilmis 6rnekler t testi
(Paired-samples t-test), kontrol ve yiiksek basing uygulanan
ornek gruplarinin karsilastirilmasinda bagimsiz ornekler t
testi (Independent-samples t test) ve degerler arasindaki
iligkinin belirlenmesi i¢in iki degiskenli (bivariate) korela-
syon testi kullanilmistir. Analizler %95 giiven araliginda
(p=0.05) gerceklestirilmis ve gruplar arasi farkliliklar p<0.05
icin ifade edilmistir. Tim Ol¢limler ii¢ paralelli olarak
yliriitiilmistir. Calismanin bagimsiz degiskenleri; ¢oziicii
tipi (etanol, metanol, su ile bunlarin asetik asit veya hi-
droklorik asit ile asitlendirilmis formlar1), 6n islem (kontrol,
300 MPa veya 600 MPa) iken bagimli degiskenleri; toplam
fenolik madde, antioksidan kapasite ve renk (L*, a* b* AE¥)
degerleri olarak kodlanmastir.

Bulgular ve Tartisma

Bu c¢alismanin bulgularinda, islem gérmemis (kontrol) ve
yiiksek basing uygulanmis (300 MPa veya 600 MPa) 6rnek-
lerden 9 farkli ¢oziicii ile elde edilen ekstraktlarin 0.glin ve
7.glin fenolik madde igerigi, antioksidan kapasite ve renk de-
gerleri sunulmustur.

Toplam Fenolik Madde Miktar:

Coziiciilere gore orneklerin fenolik madde igeriklerinin farkl
oldugu Tablo 1’de goriilmektedir. Buna gore en yiiksek feno-
lik madde igeriginin hidroklorik asit eklenmis etanol ve me-
tanol ile ekstrakte edilen 6rneklerde oldugu belirlenmistir. En
diistik icerigin ise su ile hazirlanan ekstraktlarda oldugu tespit
edilmistir. Su ile elde edilen fenolik madde miktari, asit ekle-
mesi ile artirilsa da etanol ve metanol kullanilan denemelere
gore daha diigiiktiir. Bunun nedeni, sulu ¢oziiciilerin giiclii
polariteye sahip bazi biyoaktif bilesiklerin 6ziitlenmesi icin
uygun iken etanoliin daha genis polarite araligina sahip bazi
biyoaktif bilesiklerin ekstraksiyonuna da olanak vermesi ola-
bilir. Suyun etanole gore daha diisiik ekstraksiyon giiciine sa-
hip oldugu Mello ve ark. (2010)’nin propolis iizerine yaptig1
calismada da belirtilmistir. Tablo 1’e gore etanol ve metanol
kullanilan islemlerde asit eklenmesi ile fenolik madde igeri-
ginin eklenmemis olan 6rneklere gore daha yiiksek oldugu
belirlenmistir (p<0.05). Etanol+hidroklorik asit ve meta-
nol+hidroklorik asit en yiiksek fenolik icerigin elde edilme-
sini saglamis bunu etanol+asetik asit ve metanol+asetik asit
takip etmistir. Su kullanilan ekstraksiyonlarda ise asit ekle-
mesinin ekstrakttaki fenolik madde icerigini yiikseltse de
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onemli farklilik olugturmadig: ortalama degerlere gore belir-
lenmistir (p>0.05). Benzer sonuglara Kopjar ve ark. (2014)
caligmasinda da visne i¢in ulagilmistir.

Sonuglar kullanilan asit tiirlerine gore karsilastirildiginda ise
hidroklorik asit eklenen ¢oziiciilerin bu artis1 daha fazla des-
tekledigi ortalama degerler dikkate alindiginda goriilmiistiir.
Ekstraksiyon ¢oziiciisiine asit eklenmesi, fenolik maddelerin
stabilitesini ve ¢Oziiniirliiglini artirarak ekstraksiyonu kolay-
lastirir ve bu bilesenlerin yapisinin bozulmadan elde edilme-
sini saglar. Ciinkii hiicre duvarina bagl olan fenolik bilesen-
ler, hiicre duvarlarinin pargalanmasi ile ekstrakte edilebilir ve
asit eklenmesi bu parcalanmay1 kolaylastirir (Chirinos ve
ark., 2007). Hidroklorik asit gii¢lil bir inorganik asit iken ase-
tik asit nispeten zayif bir organik asittir. Bu nedenle hidrok-
lorik asit eklenen 6rneklerin sonuglarinin asetik asit iceren or-
neklerden daha yiiksek bulunmasi beklenen bir sonugtur. Di-
ger taraftan gii¢lii asitlerin bazi fenolik bilesiklerin hidroli-
zine ve dolayisiyla ekstrakt igindeki konsantrasyonunun azal-
masina neden olabilir (Revilla ve ark., 1998; Wrolstad ve
ark., 2001). Fakat bu ¢alismada segilen asit oraninin Jiang ve
ark. (2004) galismasinda da belirtildigi gibi ekstraksiyon ve-
rimini artirirken fenolik bilesenlere zarar1 en aza indirdigi bi-
linmektedir. Akhbari ve ark. (2019) tarafindan yapilan ¢alis-
mada da patlican kabugundan yapilan ekstraksiyonda en yiik-
sek fenolik madde icerigi etanol+hidroklorik asit ile elde edil-
mistir. Ayni ¢aligmada etanoliin metanolden asitler arasinda
ise hidroklorik asidin asetik asitten daha tistiin fenolik ekst-
raksiyonu giiciine sahip oldugu raporlanmistir. Kopjar ve ark.
(2014)’nin visne ilizerine yaptig1 incelemelerde de fenolik
madde ve buna bagli antioksidan kapasite iizerine hidroklorik
asit ve etanoliin {istiinl{igii ortaya konulmustur. Orneklere uy-
gulanan basinglarin etkisi incelendiginde, basing uygulamasi
ile fenolik madde igeriginin arttig1 belirlenmistir (p<0.05).

600 MPa basing ile fenolik madde igerigi 300 MPa uygulanan
orneklere gore daha yiiksek bulunsa da su+asetik asit, eta-
nol+asetik asit, etanol+hidroklorik asit, metanol, meta-
nol+hidroklorik asit ile ekstrakte edilen ornekler haricinde
sonuglarin 300 MPa ile istatistiksel olarak ayn1 oldugu tespit
edilmistir. Bu ekstraktlarda farkliligin ortaya ¢ikmasini sag-
layan faktor asit eklemesi olabilir. Basing ile meydana gelen
fenolik konsantrasyonundaki artig, basincin meydana getir-
digi mekanik stresin hiicre duvarini pargalamasi ile hiicre ige-
riginin dig ortama salinmasinin bir sonucudur (Goémez-
Magqueo ve ark., 2020). Diger bir mekanizma ise mekanik
stres nedeni ile hiicre duvar bilesenlerinin ¢capraz baglanmasi
veya depolimerizasyonu gevsemeye sebep olarak ¢oziilebilir
boylece polifenollerin ortamdaki konsantrasyonu artmis ola-
bilir. Hatta 500-600 MPa arasinda yiiksek basing uygulama-
sinin hiicre duvarina zarar verdigi igin fenolik bilesiklerin

ekstraksiyonunu kolaylastirdigi tespit edilmistir (Navarro-
Baez ve ark., 2022). Pinela ve ark. (2018) da 1sitma iglemi
olmaksizin 600 MPa’y1 fenolik ekstraksiyon veriminin opti-
mum oldugu basing olarak bulmustur. Bunun yani sira feno-
lik madde kaybina yol acan polifenol oksidaz aktivitesi, uy-
gulanan basing biilylikligii ile azalmaktadir. Bu sayede feno-
lik konsantrasyonu artmaktadir. Cao ve ark. (2011) de ¢ilek
pulpundaki polifenol oksidaz enzim aktivitesinin 600 MPa ile
%50’den fazla azaldigim belirlemistir. Huang ve ark. (2019)
da 600 MPa basing sayesinde toplam fenolik madde miktarim
300 MPa uygulamasina gore %10 daha yiiksek bulmustur.
Bunlara ek olarak 0.giin ile 7.gilin fenolik madde igerigi ara-
sinda korelasyon oldugu tespit edilmistir (p=0.00; =0.91)
(Tablo 5).

Antioksidan Kapasite

Antioksidan kapasite ile fenolik madde igerikleri iligkilidir
(Cao ve ark., 2011). Bu ¢alismada da bu iki deger arasinda
pozitif yonlii korelasyon saptanmistir (p=0.00; 1=0.94)
(Tablo 5). Fenolik madde igerigi gibi antioksidan kapasiteler
de ¢oziiciilere gore farklilik gostermistir (Tablo 1). Yine fe-
nolik igerikler sonuglarina benzer sekilde, basing uygulanan
orneklerin antioksidan kapasiteleri hem ekstraksiyon sonrasi
(0.glin) hem de depolama sonrasinda (7.giin) farkli bulun-
mustur (p<0.05). Tablo 1 ve Tablo 2 verileri karsilastirildi-
ginda da antioksidan kapasitelerin azaldigi ama 0.giin ile
7.giin sonuglar arasindaki korelasyonu kaybetmedigi tespit
edilmistir (p=0.00; r=0.86) (Tablo 5). Basing biiyiikliiklerinin
antioksidan kapasiteye etkisi nemsiz bulunmustur (p>0.05).

Renk

Renk, fenolik bilesenler ve antioksidan kapasite sonuglarini
destekleyecek kantitatif bir 6l¢timiidiir. Bunlardan L* degeri
renkteki agiklik ve koyulugu gosteren bir parametre oldugu
icin ekstrakte edilen 6rneklerde yiiksek L* degerinin bulun-
mast rengi meydana getiren bilesenlerin daha diisiik konsant-
rasyonda oldugu yoniinde bir fikir verebilir. Clinkii bogiirt-
lendeki antosiyaninler meyvenin renginden sorumlu olan ve
renklendirici olarak da kullanilan pigmentlerdir. Bu pigment-
ler pembe, mavi, mor ve kirmizi renklerde oldugu i¢in a* ve
b* degerini artirirken L* degerini diisiirmektedir (Haminiuk
ve ark., 2012).
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Tablo 1. Ekstraksiyon sonrasi toplam fenolik madde ve antioksidan kapasite degerleri

Table 1. Total phenolic substance and antioxidant capacity values after extraction
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Céziicii gruplan Ornekler ~ TFM (mg GAE g™) Xtim AK (mmol TE 100 g) Xak

Su Kontrol 243.80+2.48" 308.09P" 314.26+3.53¢ 376.67°
300 MPa 340.74+1.24p 408.53+1.78°
600 MPa 339.73+5.52p 407.20+4.93°

Su+asetik asit Kontrol 294.34+2.77% 358.82P 363.46+0.74° 427.17°
300 MPa 386.38+2.13 453 .84+1.79"
600 MPa 395.754+2.08™ 464.21+0.48™

Su+hidroklorik asit Kontrol 328.49+2.10 377.83P 397.31+1.03" 445.20P
300 MPa 399.11+1.56% 465.91+£2.01km
600 MPa 405.92+3.05% 472.39+2 32k

Etanol Kontrol 505.93+2.63h 564.81¢ 573.62+3.59" 632.44¢
300 MPa 593.5241.54¢ 661.61+3.068
600 MPa 594.97+2.558 662.11+2.55¢

Etanol+asetik asit Kontrol 614.68+3.06f 712.878 681.52+2.73F 780.508
300 MPa 753.14+2.68° 821.18+1.17¢
600 MPa 770.79+2.074 838.80+0.724

Etanol+hidroklorik asit Kontrol 854.90+1.48¢ 953.944 922.39+1.71¢ 1018.984
300 MPa 997.0842.49° 1065.93+4.18°
600 MPa 1009.844+1.942 1077.84+0.62

Metanol Kontrol 447 .23+1.02 483.40C 515.6843.18 552.17¢
300 MPa 497.53+1.16' 566.02+3.41
600 MPa 505.4642.65" 574.80+2.87"

Metanol+asetik asit Kontrol 615.66+1.68f 718.665 683.77+0.89f 786.308
300 MPa 767.44+1.304 834.23+1.434
600 MPa 772.87+1.424 840.91+1.134

Metanol+hidroklorik asit Kontrol 856.24+1.45¢ 954.512 922.85+2.28¢ 1022.134
300 MPa 997.08+1.43b 1064.65+0.75°
600 MPa 1010.20+2.372 1078.89+1.15

TFM: Toplam fenolik madde, AK: Antioksidan kapasite. B
Xtrm: Coziiciilere gore toplam fenolik madde igeriginin aritmetik ortalamasi; Xak: Coziiciilere gore antioksidan kapasite degerlerinin aritmetik ortalamasi.
*Kiiciik harfler, tiim 6rnekler arasindaki istatistiksel farkliligi gostermekte, biiyiik harfler ise farkli ¢oziiciiler kullanilarak elde edilen 6rneklere ait sonuglar arasindaki farklilig

ifade etmektedir.
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Tablo 2. Depolama sonrasi toplam fenolik madde ve antioksidan kapasite degerleri

Table 2. Total phenolic substance and antioxidant capacity values after storage

Céziicii gruplan Ornekler ~ TFM (mg GAE g™) Xtim AK (mmol TE 100 g) Xak

Su Kontrol 210.58+1.66" 275.31°"  281.04+4.74 343.89P
300 MPa 307.52+3.47° 375.324+4.04™
600 MPa 307.84+5.52p 373.02+4.93™

Su+asetik asit Kontrol 262.04+1.88° 326.63P 331.17+1.88° 394.98P
300 MPa 354.384+2.19 421.84+1.91%
600 MPa 363.47+1.97™ 433.94+1.15)

Su+hidroklorik asit Kontrol 296.63+2.12" 345.96P 365.42+1.05" 413.33P
300 MPa 368.11+3.08k™ 434.93+43 .46/
600 MPa 373.1642.15% 439.65+1.99

Etanol Kontrol 475.2942 83" 533.77°¢ 542.98+3.44h 601.41¢
300 MPa 562.25+2.478 631.34+4.038
600 MPa 563.78+3.568 630.91+3.568

Etanol+asetik asit Kontrol 582.39+2.57F 681.098 649.2342.29f 748.72B
300 MPa 722.424+0.82°¢ 790.44+1.10°
600 MPa 738.4942.764 806.52+1.314

Etanol+hidroklorik asit Kontrol 823.42+2.07¢ 922.36% 890.91+2.13¢ 987.76*
300 MPa 964.8142.02° 1033.66+4.16°
600 MPa 978.87+0.57* 1050.88+1.33?

Metanol Kontrol 415.93+1.93 451.67¢  484.38+4.19 520.44¢
300 MPa 465.53+1.33! 534.02+3.53h
600 MPa 473.57+2.65" 542.914+2.87"

Metanol+asetik asit Kontrol 584.35+2.61F 687.528 652.47+1.75¢ 755.168
300 MPa 736.21+1.774 803.03+1.444
600 MPa 741.98+1.214 810.02+2.494

Metanol+hidroklorik asit Kontrol 825.08+2.62¢ 922.484 891.68+3.33¢ 993.10%
300 MPa 964.434+0.97° 1032.02+0.68°
600 MPa 977.94+1.872 1046.63+0.992

TFM: Toplam fenolik madde, AK: Antioksidan kapasite.

Xtem: Coziiciilere gore toplam fenolik madde igeriginin aritmetik ortalamasi; Xax: Coziiciilere gére antioksidan kapasite degerlerinin aritmetik ortalamasi.
*Kiiciik harfler, tiim 6rnekler arasindaki istatistiksel farkliligi gostermekte, biiyiik harfler ise farkli ¢dziiciiler kullanilarak elde edilen 6rneklere ait sonuglar arasindaki farklilig:

ifade etmektedir.
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Tablo 3. Ekstraksiyon sonrasi renk degerleri

Table 3. Color values after extraction
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Coziicii gruplar Ornekler L* X a* X o+ b* Xp+ AE* X e+
Su Kontrol 70.90+0.40%" 70.09¢"  22.08+0.33&hikm 22 83D 19.27+0.37%me  19.71P 37.99+0.33km 39 17F
300 MPa 68.93+0.43¢fehi 23.42+0.91¢fehi 20.26=+0.47hikm 40.53+0.491k
600 MPa 70.45+0.46%1 22.98+0.90hik 19.60+0.461kmn 38.98+0.35m
Su+asetik asit Kontrol 74.49+0.85 73.628 19.73+0.97%mn 20.42F 18.09+0.31™ 18.49% 33.83+0.64P" 34.99F
300 MPa 72.44+0.80°¢ 21.06+0.59"ikmn 19.02+0.32ikmnp 36.34+0.3™
600 MPa 73.95+0.75% 20.56+0.481kmn 18.36+0.65km" 34.81+0.38""
Su-+thidroklorik asit Kontrol 78.41+0.78* 78.094 18.72+0.09" 19.45% 16.93+0.78P 17.41F 30.46+0.89° 31.606
300 MPa 76.89+0.89%° 20.05+0.55/kmn 17.97+0.88™" 32.91+0.91°
600 MPa 78.98+0.56* 19.58+0.53™ 17.32+0.41" 31.44+0.69"
Etanol Kontrol 55.94+0.22°" 55.11F 30.08+0.33* 30.814 24.99+0.78%¢ 25.114 55.18+0.612%¢ 56.374
300 MPa 53.96+0.48" 31.42+0.98* 25.03+0.78* 57.77+0.77*
600 MPa 55.43+0.37" 30.92+0.92? 25.32+0.46® 56.15+0.63%
Etanol+asetik asit Kontrol 59.84+1.19" 58.63F 29.73+0.97% 30.454 24.94+1.00% 25.364 52.36+1.04% 53.548
300 MPa 56.71£1.25% 31.06£0.57* 25.88+1.022 54.93+0.842%¢
600 MPa 59.34+1.13" 30.56+0.49* 25.27+1.03% 53.34+0.7°
Etanol+hidroklorik asit Kontrol 66.46+0.77km 65.61P 28.74+0.092¢ 29.454 22.69+0.51c%f 23158 46.53+0.54° 47.71¢
300 MPa 64.41+0.83™ 30.05+0.522 23.73+0.663>4 49.06+0.37%
600 MPa 65.95+0.861k™ 29.55+0.58% 23.02+0.820b¢del 47.53+0.18°F
Metanol Kontrol 67.85+1.33&k  66.66° 25.39+1.16%F 26.128 22.36+0.96° 22.778¢  43.45+1.74%0 44.63P
300 MPa 65.81+1.29k™ 26.72+1.66°¢ 23.32+0.875¢det 45.99+2¢fe
600 MPa 66.33+1.311km 26.26+1.79%4 22.63+0.65% 44.44+1.86
Metanol+asetik asit Kontrol 67.96+0.47%ik  66.43P 24.39+1.16% 25.165¢  21.38+0.97%h 21.76¢ 42.27+1.22Mhi 43.45P
300 MPa 65.93+0.407™ 25.79+1.64°4%" 22.23+0.95¢fh 44.82+1.51 %"
600 MPa 65.41+0.41"ikm 25.31+1.234cte 21.67+0.65¢h 43.25+]1.41¢eh
Metanol+hidroklorik asit  Kontrol 70.84+1.05%f 70.01¢ 23.21+0.87¢fehi 23.95P  20.19+0.89"km  20.61P 39.22+1.52km  40.39F
300 MPa 68.83+1.54°fehi 24.55+1.494¢t 21.16+0.83hi 41.75+1.76"
600 MPa 70.35+1.35dfeh 24,0941 .25dfeh 20.49+0.462hik 40.21+1.6%

X+ Coziicii karsilastirmasi igin 6rneklerin ortalama L * degeri; X+ Coziicii karsilastirmasi icin 6rneklerin ortalama a* degeri; X5+ Coziicii karsilastirmasi igin 6rneklerin
ortalama b* degeri; Xag» Coziicii karsilastirmas icin drneklerin ortalama AE* degeri.
*Kiiciik harfler, tiim 6rnekler arasindaki istatistiksel farkliligi gostermekte, biiyiik harfler ise farkli ¢oziiciiler kullanilarak elde edilen 6rneklere ait sonuglar arasindaki farklilig:

ifade etmektedir.
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Tablo 4. Depolama sonrasi renk degerleri

Table 4. Color values after storage

Coziicii gruplar Ornekler  L* Xi+ a* X o b* X»+ AE* X+
Su Kontrol 61.80+0.479f 60.87¢ 17.02+0.458M 17.77° 14.99+0.2 1 jkmn 15.51F 39.81+0.36kmn 41.11F
300 MPa 59.77+0.49%h 18.48+0.84¢feh 16.160.638hikm 42.56+0.59hik
600 MPa 61.03+0.81¢f 17.81+1.03%h 15.39+0.83ikmn 40.95+0.73km
Su+tasetik asit Kontrol 65.33+1.04% 64.438 14.58+0.98 15.33F 13.78+0.73™" 14.25F 35.43+0.59r 36.67°
300 MPa 63.19+0.76°% 15.85+0.15hik 14.85+0.61kmn 38.12+0.38mm
600 MPa 64.7620.74°4 15.56+0.55hik 14.11+0.74kmn 36.46+0.29""
Su+hidroklorik asit Kontrol 69.36+0.992 68.454 13.54+0.24k 14.29E 12.91£0.65" 13.26F 31.39+0.91 32.60°
300 MPa 67.29+0.74% 14.78+0.961% 13.72+1.21™ 33.93+1.38™
600 MPa 68.70+0.75% 14.55+0.58%* 13.14+0.68" 32.49+0.99%
Etanol Kontrol 46.83+0.44™" 45.87F 24.934+0.16° 25.614 20.82+0.55%¢ 21.28% 57.71£0.55%¢ 58.954
300 MPa 44.61£0.27" 26.15+0.442 21.87+0.632 60.42+0.14*
600 MPa 46.16£0.62™ 25.74£1.07* 21.14+0.16% 58.72+1.01%
Etanol+asetik asit Kontrol 50.62+1.49% 49.79E 24.58+0.77% 25.34% 20.83+1.18%¢ 21.18% 54.51+1.06° 55.678
300 MPa 48.58+0.93km 25.9240.27* 21.76+0.97* 57.13+0.892¢
600 MPa 50.16+1.46% 25.52+0.44 20.9440.858b¢ 55.36+1.02%
Etanol+hidroklorik asit Kontrol 57.32+1.05M 56.39P 23.43+0.58%¢ 24.18% 18.58+0.55¢dfe 18.938 47.83+0.899f 49.09¢
300 MPa 55.21+0.65 24.87+0.83? 19.44+0.672<d 50.58+0.454
600 MPa 56.64+1.37"h 24.23+1.04% 18.76+1.15b¢def 48.85+1.05%
Metanol Kontrol 58.88+1.301h 57.88P 20.28+1.25¢4ef 21.008 17.97+0.78defeh 18.558C 44 .85+1.55f%h 46.20P
300 MPa 56.51+£1.591 21.65+1.80b 19.08+1.39bede 47.79+2 479
600 MPa 58.26+1.39¢hi 21.07+1.47%%€ 18.59+0.56°d<fe 45.95+].75¢fh
Metanol+asetik asit Kontrol 58.69+0.221ehi 58.08P 19.35+1.21%fe 20.018¢ 17.07+0.79¢fh 17.57°P  44.19+0.58¢hi 45.18P
300 MPa 57.09+0.4 7" 20.49+]1 .33¢def 18.03+0.78defeh 46.36+0.81°f
600 MPa 58.45+0.40¢2h 20.18+1.679f 17.62+0.624¢fehi 44.99+1.11h
Metanol+hidroklorik asit Kontrol 61.70+£1.119f 60.90¢ 18.11+0.68¢feh 18.91¢P 16.01+0.78hiikm 16.43PE  40.82+1.32/km 41.98E
300 MPa 59.75+1.441h 19.59+1.51%f 16.91+0.81¢feh 43.39+1.72¢M
600 MPa 61.26x1.44¢f 19.02+1.38¢%fe 16.38+0.41fehiik 41.73+1.591k

X+ Coziicii karsilastirmasi igin 6rneklerin ortalama L * degeri; X+ Coziicii karsilastirmast igin 6rneklerin ortalama a* degeri; X5+ Coziicii karsilastirmasi igin drneklerin

ortalama b* degeri; Xag» Coziicii karsilastirmas icin drneklerin ortalama AE* degeri.

*Kiiciik harfler, tiim 6rnekler arasindaki istatistiksel farkliligi gostermekte, biiyiik harfler ise farkli ¢oziiciiler kullanilarak elde edilen 6rneklere ait sonuglar arasindaki farklilig:

ifade etmektedir.
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Tablo 5. Korelasyon matrisi

Table 5. Correlation matrix

Research Article

Korelasyon katsayilari (r)

r Iq 1p INE* L Ta b TAE* ITFM IAK "TFM TAK
r 1
g -918™ 1
1p -.949™ 953™ 1
IAE* -.986™ 969" 977" 1
L .834™ -.819™  -845™  -815™ 1
‘a -.822™ .881™ .852™ .870™  -.923™ 1
’b -.846™ .843™ .894™ 873" -.943™ 948" 1
’AE* -.872™ 858" 8717 868"  -.872" 951" .946™ 1
ITFM -.288™ 441 359 386" -301™ 501 402" 403" 1
TAK -310™ 428" 372" 429" _323™ 522" 418" 4117 938" 1
"TFM -321™ 522" 447 436" -344™ .529™ 457 409" 912" 841" 1
TAK -.354™ 537" 460" 4417 -351™ 537" 461" 417 881" .864™ .943™ 1

*%*: p<0.05 6nem diizeyindedir.
TFM: Toplam fenolik madde miktari, AK: Antioksidan kapasite.
"Ekstraksiyon sonrasi degerler, 7Yedi giinliik depolama sonrasi degerler.

Bulgular ¢oziiciiler acisindan degerlendirildiginde; Tablo
3’te belirtildigi gibi, bogiirtlen ekstraktlari arasinda en yiiksek
L* degerleri hidroklorik asit eklenmis su ortaminda ekstrakte
edilen 6rneklerde tespit edilmistir. Bunu asetik asit eklenmis
su ve sadece su ile elde edilen 6rnekler takip etmistir. Bunun
nedeni diger ¢oziiciiler ile elde edilen renk maddelerine gore
su ile eksrakte edilenlerin daha az olmasi ve giiglii bir asit
olan hidroklorik asidin eklenmesi ile rengin daha yiiksek par-
lakliga ulagmasidir. Bu asit ve renk iligkisi Karaaslan ve ark.
(2011)’nin iizim suyu ¢aligmasi ile de desteklenmistir. Meta-
nol grubunda ise L* degerleri biiylikten kiiglige; meta-
nol+hidroklorik asit, metanol+asetik asit ve metanol ekstrakt-
larinda tespit edilmistir. Ornekler icinde en diisiik L* degeri
ise etanol ile ekstrakte edilen 6rneklere aittir.

Tablo 3’e gore ekstraktlarin L* degerlerindeki degisiklikler
a* degerlerindeki farkliliklar ile ortiigmektedir. Ayrica feno-
lik madde igeriginin a* b* AE* degerleri ile pozitif, L* de-
geri ile negatif korelasyonu oldugu belirlenmistir (Tablo 5).
Buna gore renk bilesenlerinin konsantrasyonunun azalmasina
bagl olarak L* degerlerinde artis meydana geldigi a* deger-
lerindeki diisiis ile desteklenmistir. Alkol grubunda (metanol
veya etanol), asidin a* ve b* degerleri lizerine etkisi goril-
memistir (p>0.05). Olgiilen diger renk degerlerine bakildi-
ginda en yiiksek a*, b* ve AE* degerlerinin etanol grubunda
oldugu belirlenmistir. Bunu metanol ile ekstrakte edilen Or-
nekler takip etmistir. Kopjar ve ark. (2014) da alkol (metanol)
ile ekstrakte edilen visne posalarinin renk yogunluklarini su-
dan daha yiiksek bulmustur. Tablo 4’te etanoliin a* b* ve
AE* degerlerindeki Ustlinliigli 7.giin sonuglarinda da gozlem-
lenmistir.

Ekstraksiyonda asit kullanimlari karsilagtirildiginda ise hid-
roklorik asit eklenen ortamlardan elde edilen 6rneklerin L*
degerleri daha yliksek bulunmustur. Bunun nedeni Jiang ve
ark. (2004)’nin da agikladigi gibi hidroklorik asidin polifenol
oksidaz enzimini inhibe etmesine bagli koyulasmanin engel-
lenmesi olabilir. Fakat renk farkliligina bakildiginda a* ve b *
degerlerinin diisiikk olmasina bagl en diisiik AE* degerleri,
hidroklorik asit eklenen c¢oziiciilerden elde edilen 6rneklerde
tespit edilmistir. Depolama sonrasinda da en yiiksek L* de-
geri ile en diisiik a* ve b* degerlerinin hidroklorik asit ile
muamele edilen 6rneklerde oldugu saptanmistir (Tablo 4).
Cao ve ark. (2011) da ¢ilek pulpunun renk degerlerinde (L*
ve b*) kontrol ve 600 MPa basing uygulanan 6rnekler ara-
sinda bir farklilik saptayamamistir. Bu durum, ytiksek polife-
nol oksidaz kapasitesi ile agiklanmisgtir.

Elde edilen tiim bulgular degerlendirildiginde 7 giinliik depo-
lama sonrasi en fazla toplam fenolik madde kaybi (%11) su
ile ekstrakte edilen drneklerde goriiliirken en az (%3) kayip
hidroklorik asit eklenmig alkol ile ekstrakte edilen 6rneklerde
belirlenmistir. Ekstraktlara uygulanan islemler agisindan en
yiiksek kayip orani %13 ile kontrol 6rneklerinde gézlenirken
bunu %10 ile 300 MPa ve %9 ile 600 MPa biiyiikliigiinde ba-
sin¢ uygulanan ornekler takip etmistir. Hidroklorik asit ekle-
nen alkol ile ekstrakte edilen 6rneklerde de siralama ayni olup
toplam fenolik madde miktarindaki kayip, kontrol 6rnekle-
rinde %3.6, 300 MPa basing uygulanan 6rneklerde %3.2, 600
MPa iglem uygulanan 6rneklerde de %3 bulunmustur. Bu so-
nuglar antioksidan kapasite sonuglari ile drtiigmektedir. Anti-
oksidan kapasitede en fazla (%9) diisiis su ile ekstrakte edilen
orneklerde gozlemlenirken en az (%3) kayip hidroklorik asit



Research Article

Food Health 9(3), 242-253 (2023) e https://doi.org/10.3153/FH23022

eklenmis alkol ile ekstrakte edilen 6rneklerde saptanmustir.
Ekstraktlara uygulanan islemler agisindan antioksidan kapa-
sitede azalma en fazla kontrol 6rneklerinde o6l¢iilmiis bunu
sirayla 300 MPa ve 600 MPa basing uygulanan drnekler takip
etmistir. Benzer sonuglara Kopjar ve ark. (2014) ¢alisma-
sinda da visne i¢in ulasilmig, depolama sonrasinda en az (%5)
fenolik madde kaybi alkol ve hidroklorik asit karigimi ile elde
edilmistir. Depolama siiresince fenolik madde ve antioksidan
kapasitedeki bu degisim pH, sicaklik farkliliklar1 ve oksijen
varligindan kaynaklanabilir (Chirinos ve ark., 2007). Fakat
bu calismada depolama siiresince 6rneklerin pH ve sicaklik
degerleri kontrol edildigi i¢in degisimin en biiyiik nedeni uy-
gulanan islemler ve depolama sirasinda 6rneklerin oksijen ile
temasi olabilir. Oksijenin baslattig1 oksidasyon, bir zincir re-
aksiyon oldugu i¢in fenolik maddelerin az oldugu ortamda
daha hizli ger¢ekleserek daha fazla diisiise neden olabilir. Bu
sayede su ile ekstrakte edilen ve kontrol 6rneklerinde alkol
ortaminda ekstrakte edilen ve basing uygulanmis orneklere
gore daha hizli oksidasyona bagli fenolik madde miktarinda
ve buna bagli antioksidan kapasitede diisiis gozlemlenmis
olabilir.

Sonug¢

Bu ¢alismada hidrostatik basincin, polar ¢oziiciiler ve bunla-
rin asitlendirilmis formlarinin bégiirtlen meyvesinin fenolik
madde miktar1, antioksidan kapasite ve renk degerlerinde
meydana getirdigi degisim, ekstraksiyon ve depolama sonra-
sinda belirlenmistir. Bdylece uygulanan islemlerin iiriiniin
fonksiyonel O6zelliklerinde ve zamana bagh renk stabilite-
sinde meydana getirdigi farklilasma karsilagtirmali olarak or-
taya konulmustur. Coziiciiler agisindan en 1iyi ¢0ziicliniin al-
kol grubu oldugu belirlenmistir. Tiim 6rneklerde hidroklorik
asidin asetik asitten daha fazla fenolik madde ekstrakte ettigi
ve antioksidan kapasiteyi artirdig1 tespit edilmistir. Basincin
fenolik madde igerigi ve antioksidan kapasiteyi anlamli dii-
zeyde yiikselttigi belirlenmistir. Fakat asit eklenen ortam-
larda daha yiiksek basmglarin etkisinin daha belirgin oldugu
gozlemlenmistir. Buna gore bogiirtlenin fonksiyonel 6zellik-
lerini en ¢ok artiran ekstraksiyon kosullarmin 600 MPa ba-
sing ve hidroklorik asit eklenmis etanol ortami1 oldugu sdyle-
nebilir. Fenolik madde miktar1 yiiksek drneklerde ise L* de-
gerlerinin daha diisiik a* ve b* degerlerinin ise daha yiiksek
oldugu bulunmustur. Ayrica fenolik madde igerikleri ile anti-
oksidan kapasiteler arasinda yiiksek korelasyona rastlanmig-
tir. Bu iliski depolama asamasinda da korunmustur. Gelecek
caligsmalarda 1s1l ve 1s1l olmayan 6n islemler beraber kullani-
larak siire, sicaklik, ¢oziicii tipi ve ¢oziicli miktar1 gibi ekst-
raksiyon parametrelerinin optimize edilmesi faydali olabilir.

Etik Standart ile Uyumluluk

Cikar ¢atismasi: Yazarlar bu yazi icin gercek, potansiyel veya al-
gilanan ¢ikar ¢atismasi olmadigini beyan etmiglerdir.

Etik izin: Arastirma niteligi bakimindan etik izin gerektir-memek-
tedir.

Finansal destek: -
Tesekkiir: -

Aciklama: -
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ABSTRACT

This study aims to examine the perceptions of young people between the ages of 18-22 in Tiirkiye,
studying at universities and representing Generation Z regarding the consumption of animal-free
milk and to determine whether there will be a consumer base for animal-free milk in Tiirkiye in
the coming years. For this purpose, 620 students were informed to participate in the research, but
data were collected from 215 individuals. A face-to-face interview was conducted with the indivi-
dual. 32.55% of the participants stated that they could consume animal-free milk. 27 (30%) of 90
female participants and 42 (33.6%) of 125 male participants stated that they could consume animal-
free milk. Participants stated that they would not consume animal-free milk because they were
concerned that animal-free milk is unhealthy, unnatural, insufficient in terms of nutritional value,
unsafe, negatively affecting animal husbandry, and posing a problem in terms of belief. As a result,
it has been seen that the Z-generation individuals living in Tiirkiye have the potential to consume
animal-free milk. Suppose the participants’ concerns are clarified, and their familiarity with this
product is increased. In that case, it is predicted that there will be a more severe increase in the
animal-free milk consumption potential future in Tiirkiye.

Keywords: Animal-free milk, Artificial milk, Generation Z
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Introduction

Proteins are the biggest basic building blocks of the human
body after water. Proteins, which have many vital functions
in the physiology and metabolism of living things, are found
in foods of plant and animal origin (Ebcim et al., 2021). Milk
proteins are the primary component in animal milk, which
have various biological activities such as easy uptake and di-
gestion, high nutrition, immunity enhancement and antioxi-
dation (Zhengfu et al., 2021). In recent years, with the incre-
asing human population and changing consumer trends, there
has been an increase in various research and biotechnological
studies on alternative protein sources. Today, products such
as microbial proteins, alternative plants, insects, algae, fungi,
in vitro or artificial meat, animal-free vegan cheese and bi-
ofermentation are emphasised and recommended as alterna-
tive protein sources (Unver Algay et al., 2018).

It is stated that consumer preference for non-animal foods has
recently increased due to the increasing interest in health and
animal welfare (Short et al., 2021). Especially in conventio-
nal milk production, it is reported that there is a trend towards
alternative dairy products due to concerns such as animal
welfare (treatment of farm animals), environmental impact
(pollution, land use and greenhouse gas emissions) and hu-
man health (increased antibiotic resistance and exposure to
zoonotic diseases) (Clay et al., 2020; Falkeisen et al., 2022 ).
Companies that produce animal-free milk have been establis-
hed to meet this consumer trend.

Animal-free milk was first produced by California-based
company Perfect Day. Later, Legen Dairy Foods and Real
Vegan Cheese companies made animal-free milk with the
same method (Mendly-Zambo et al., 2021). The animal-free
milk production method of these companies is based on fer-
mentation. Perfect Day reported the company's way of pro-
ducing animal-free milk as follows: Bovine DNA encoding
the production of casein and whey proteins (alpha-lactalbu-
min and beta-lactoglobulin) is inserted into the plasmid DNA
of yeast cells. This yeast is added to a mixture of water and
plant-based sugar. Here, yeast ferments sugar to produce milk
proteins. Then, filtering removes the yeasts from the environ-
ment, and the final product is obtained by combining them
with certain proportions of plant-derived oils, minerals, sugar
and clean water (Pandya, 2014). This product is claimed to
have a longer shelf life than regular milk. It will be a safer
food because it does not contain hormones, antibiotics and
lactose, and artificial milk will be mass-produced and com-
mercialised soon (Perfect Day, 2019).

Since age is one of the main factors affecting people's food
choices, it is important to determine the food preferences of

age groups (Grasso et al., 2019). Generation Z, which repre-
sents a specific age group, refers to people born in the digital
age between the late 1990s and early 2000s. In 2020, app-
roximately 30% of the world's population (2 billion) compri-
sed the Z generation (Zuo et al., 2022). It is predicted that
Generation Z will play an important role in the economic, po-
litical and social change of countries in the future, as well as
affect the preferability of food, purchasing ability and con-
sumption of food (Bogueva & Marinova 2020; Su et al.,
2019). Generation Z especially prefer foods that make a good
impression, reliable and transparent food(s) sources, branded
products that meet expected standards, and foods that are glo-
bally trending on social media (Szakaly et al., 2018). There-
fore, it is important to determine the food preference of the Z
generation and to develop products according to the needs of
this generation.

This study aims to examine the perceptions of young people
between the ages of 18-22 in Tiirkiye, studying at universities
and representing Generation Z regarding the consumption of
animal-free milk and to determine whether there will be a
consumer base for animal-free milk in Tiirkiye in the coming
years.

Materials and Methods
Working Group

The study group of this research consists of individuals aged
18-22 and representing the Z generation, studying at Harran
University in the autumn semester of the 2021-2022 acade-
mic year. Participants were briefed about animal-free milk
before the questions were asked. First, the definition of ani-
mal-free milk is made, and then comprehensive information
about the production technology of animal-free milk is given.
Within the scope of the study, 620 students were reached, but
some did not accept to participate since the study’s data col-
lection was based on volunteerism. Due to this limitation, the
data of 215 participants, 90 (41.86%) women and 125
(58.13%) men, who voluntarily participated in the study,
were analysed.

Research Pattern

This research is a survey study in which different question
patterns are used. Our research consists of open-ended and
closed-ended survey questions. Quantitative descriptive sta-
tistics were used for closed-ended questions, and qualitative
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descriptive analysis was used for open-ended questions. Bii-
ylikoztiirk & Demirel (2018) stated that open-ended survey
studies are included in qualitative patterns.

Data Collection Tool

Firstly, permission was obtained from the participants who
answered our questionnaire for the study, and the interviews
were recorded. They preferred a discussion in this way aimed
to be prepared for the interview in line with the study plan
and to provide a sincere and natural response to the questions
about the study in a natural environment (Karasar, 2008).
Since the age criterion we determined for our research is im-
portant, it was chosen from young people between 18-22.
First of all, questions about demographic information were
prepared for the participants within the scope of the study,
and two closed-ended questions were asked “yes” and “no”
about whether they would consume animal-free milk or not
within the scope of the study. Following this, open-ended
questions were asked to reveal the reasons according to the
answers given by the participants to the closed-ended ques-
tions. The researchers prepared the questions.

Data Analysis

After the interviews were completed, the data analysis pro-
cess was started. First, the data were adapted to the SPSS 24
package program to analyse the answers to the closed-ended
questions. Then, a percentage frequency analysis was perfor-
med. Audio recordings were converted into text for the study
of open-ended questions. Afterwards, these interviews were
transferred to the Maxqda 20 Package Program, and the
analysis steps were started. Out of 215 participants, 114 par-
ticipants made detailed explanations about whether they
would consume animal-free milk, and the data of these parti-
cipants were included in the qualitative analysis. The obtai-
ned data were first read once to ensure the data’s intelligibi-
lity. Then, coding was done with the second reading. After
coding, themes and sub-themes were created by combining
the relevant codes.

Results and Discussion

Data were collected from 215 individuals, 90 (41.86%) fe-
male and 125 (58.13%) male participants. All of the partici-
pants are 18-22 age group university students. With the analy-
sis of the data obtained from the participants, it is understood
that the statements of the participants are shaped around two
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main themes. The first theme's reasons for preferring animal-
free milk, and the second theme's reasons for not consuming
animal-free milk.

Animal-Free Milk Consumption Preferences

The question of whether they would consume animal-free
milk was asked to 215 individuals participating in the study,
along with its justification. While 70 (32.55%) people who
participated in the research stated that they could consume
animal-free milk, 145 (67.45%) people said that they would
not consume animal-free milk. 27 (30%) female participants
and 42 (33.6%) male participants stated that they could con-
sume animal-free milk (Figure 1). The findings regarding the
reasons for both consumption and non-consumption of these
people are presented below.

Reasons for Consuming Animal-Free Milk

This section presents the sub-themes of the emerging theme
regarding the reasons for consuming animal-free milk. When
Figure 2 is examined, it is seen that the participants mentio-
ned some themes related to consuming animal-free milk. A
few statements related to these themes are shown below.

o If it meets my nutritional needs, I consume it (Partici-
pant(P)42)

* | consume to prevent global warming caused by cows
(P84)

* I would wonder and consume. If it is proven to be he-
althy, I will consume it constantly (P103)

» I consume to protect animals (P114)

* Iconsume if the nutritional values are the same to protect
the environment (P 154)

* I will consume if the price is appropriate (P177)

* I consume for economic and ecological reasons (P198)

The question we posed to the participants regarding animal-
free milk ranked first in the statements the participants gave:
“I would consume animal-free milk if it is proven to be he-
althy", 16.8% (24 individuals). In addition, when we look at
the other reasons for consumption respectively, they stated
that they would consume it if it meets my daily nutritional
needs 9.8% (14 individuals), out of curiosity 8.4% (12 indi-
viduals), to protect the environment 7% (10 individuals), if
the price is affordable 4.9% (7 individuals), to protect animals
4.2% (6 individuals), if I have to 2.8% (4 individuals).
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Figure 1. Animal-free milk consumption preference rates of the participants

Reasons for Not Consuming Animal-Free Milk

This section presents the sub-themes of the emerging theme
regarding the reasons for not consuming animal-free milk. Fi-
gure 3 shows the sub-themes obtained in the research based
on the question asked to the participants regarding the reasons
for not consuming animal-free milk. Some statements regar-
ding participant attitudes are presented below:

* Because I think it is harmful to health (P16)

* I think its nutritional value will be very low (P53)

* I prefer natural foods (P128)

* I think it is harmful to health. I am against its consump-
tion as it will adversely affect animal husbandry (P181)

* 1do not think it is halal (P184)

* I do not trust and consume because it is not natural, and
I do not have enough knowledge about its production
(P187)

* My concern is that it will harm my body in the future
(P223)

In the question we asked the participants regarding the rea-
sons for not consuming animal-free milk, it is seen that the
participants stated that they do not prefer to consume animal-
free milk, with the highest answer because it is unhealthy
85.5% (59 individuals) and may have side effects related to
this theme 14.5% (10 individuals). Considering the state-
ments they gave respectively, they stated that they would not
consume animal-free milk for reasons such as it is not natural
76.8% (53 individuals), it does not have sufficient nutritional
value 24.6% (17 individuals), in order not to negatively affect
animal husbandry 8.7% (6 individuals), it may contain nega-
tive additives 7.2% (5 individuals), it is not halal 4.3% (3 in-
dividuals), it may harm the ecological environment 2,9% (2
individuals) and not safe 2.9% (2 individuals).
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This research contains the first information about consumer
acceptance of the al-free milk product, produced by the ferthe
mentation method in Tiirkiye. Data on animal-free consumer
acceptance in other countries are also limited. According to
the results of this study, 70 (32.55%) of the 215 individuals
who participated in the survey stated that they could consume
animal-free milk, wh. In comparison, (67.45%) stated that
they would not consume animal-free milk. Similar to our
work, Zollman Thomas & Bryant (2021) surveyed 5,054 in-
dividuals from Brazil, Germany, India, the United Kingdom,
and the United States to determine the acceptability of dairy
products derived from fermentation. They stated that 78.8%
of'the participants would try such a product, and 70.5% would
buy it. They reported that Brazil has the highest percentage
of consumers willing to consume and buy, while the USA has
the lowest. In a study conducted by The Grocer in the United
Kingdom in 2018 that investigated the primary consumer res-
ponses to animal-free milk, 28% of the participants stated that
they were willing to buy animal-free milk, while 40% of the
participants reported that they completely refused to buy non-
animal milk (Grocer, 2018). The variation in consumption
preferences according to the results of the studies can be exp-
lained by the way the questionnaire questions are expressed,
the age or maturity of the participants and the variation in the
number of participants. In addition, consumer acceptance of
animal-free milk in Tiirkiye is lower than in countries such as
Brazil, Germany, India and the USA is thought to be due to
the lack of familiarity with the right to animal-free milk tech-
nology. It is stated that familiarity with food technologies
strongly indicates the desire to consume foods produced in
new ways (Bryant & Barnett 2018). Therefore, as the
knowledge of animal-free milk production technology incre-
ases in Tiirkiye, it is predicted that the desire to consume will
probably increase in parallel.

Age and gender are major factors affecting food choices
(Grasso et al., 2019). Studies show younger participants are
more willing to consume animal-free milk than older partici-
pants. In the survey conducted by Zollman Thomas & Bryant
(2021), it was reported that young people in countries in Bra-
zil, Germany, India, the United Kingdom and the USA were
more inclined to consume animal-free milk. A survey by The
Grocer 2018 observed that young consumers are more open
to incoming animal-free milk than older consumers (Grocer,
2018). While only 19% of people over 55 agree to consume
animal-free milk, 44% of people between 18 and 24 reported
that they approve of its consumption. In our study, the accep-
tance of animal-free milk consumption varied depending on
gender. 30% of female participants and 33.6% of male parti-
cipants stated that they could consume animal-free milcouldIt

is seen that men are more inclined to consume animal-free
milk.

One of the most critical concerns about animal-free milk con-
sumption is the concern that animal-free milk is not natural,
safe and healthy (Broad et al., 2022). In a survey conducted
by Grocer in 2018, it was reported that 50% of the partici-
pants were worried that animal-free milk is not natural, 43%
were concerned that it would have side effects in the future,
and 37% feared it might contain dangerous chemicals. The
current study shows that 85.5% of the participants who do not
prefer animal-free milk consumption are concerned about be-
ing unhealthy, 76.8% being unnatural, and 14.5% containing
additives. Interestingly, it is seen that 16.8% of the partici-
pants who said they would consume animal-free milk answe-
red that it is proven to be healthy. Therefore, the findings of
the study are compatible with the literature. Unsurprisingly,
the participants did not find this new product, animal-free
milk, healthy and natural. The fact that it is a new product
produced with biotechnological methods worries people.
Since this product is not widely consumed for a long time, its
side effects are also known. So these reasons raise concerns.
In addition, people are more inclined to consume organic and
natural products. There is a belief that if a product is organic,
it is healthier (Carfora et al., 2019). Therefore, it is unsurpri-
sing that a product produced in the laboratory using biotech-
nological methods is suspicious.

The strongest arguments for choosing animal-free milk inc-
lude animal welfare, the adverse effects of animals on the en-
vironment, climate change concerns and the potential health
risks of animal foods (Broad et al., 2022). The results of the
present study also support this opinion. Of the participants
who said they would consume animal-free milk, 4.2% stated
that they would consume animal-free milk to protect animals
and 7% to protect the environment. On the contrary, it is seen
that 2.9% of the participants who say that they do not con-
sume animal-free milk think that animal-free milk harms the
ecological environment. In addition, it is seen that 8.7% of
the participants who say that they do not consume animal-free
milk answer not to consume in order not to affect animal hus-
bandry adversely. However, it is seen that the rates are low in
both groups. The reason for this is thought to be due to the
indifference of the participants to environmental protection.
It has been determined that people who believe that it will
harm animal husbandry have received training on animal hus-
bandry. Therefore, it was concluded that individuals interes-
ted in agriculture and animal husbandry are against animal-
free milk.
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According to the results of the study, it is seen that 24.6% of
the participants who say they do not consume animal-free
milk think that they do not consume animal-free milk because
it does not have sufficient nutritional value. It is seen that
9.8% of the participants who say they consume animal-free
milk think they will consume it if it meets their daily dietary
needs. Therefore, it is believed that animal-free milk should
be carefully controlled and documented in terms of nutritio-
nal value, and its content should be shared with the public.

According to the results of the study, it was seen that the price
of animal-free milk was among the reasons for the preference
of the participants. It is seen that 4.9% of the participants who
say they will consume animal-free milk answer that if the
price is appropriate, they will finish it. It is thought that the
fact that the participants are young and students who are just
starting to be economically independent affects their orienta-
tion to alternative and cheap products.

It is reported that young individuals in the Z-generation prefer
globally trending foods on social media (Su et al., 2019). In
the study, it is seen that 8.4% of the participants who said they
would consume animal-free milk answered that they would
consume animal-free milk because I was curious. Animal-
free milk is thought to be a new product and is on social me-
dia’s agenda, arousing the participants' curiosity.

Biotech applications such as animal-free milk raise numerous
ethical, philosophical, and religious questions. Because of the
uncertainties in cellular biotechnological applications, religi-
ous authorities are still discussing and sceptical of these is-
sues (Loike, 2018). In the current study, 4.3% of the partici-
pants who say that they do not consume animal-free milk,
even if it is low, state that they will not consume it because
they think it is not halal.

Conclusion

As a result, it has been seen that the Z-generation individuals
living in Tiirkiye have the potential to consume animal-free
milk. We think the low consumption rate compared to the ra-
tes reported in other countries is because the participants are
worried about many points and unfamiliar with animal-free
milk production technology. The participants' main concern
regarding the consumption of animal-free milk is that they do
not find it healthy and cannot be a natural product. Therefore,
efforts should be made to eliminate consumers' concerns
about animal-free milk and inform consumers about this pro-
duct before commercially putting animal-free milk on the
market in Tiirkiye. Suppose the participants’ concerns are
clarified, and their familiarity with this product is increased.
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In that case, we foresee that there will be a more severe inc-
rease in the animal-free milk consumption potential of the Z
generation, which will represent the Turkish population in the
future.

Compliance with Ethical Standards

Conflict of interests: The author declares that for this article, they
have no actual, potential, or perceived conflict of interest.

Ethics committee approval: Ethics committee certificate numbe-
red 02.01.2023-194043 was obtained from Harran University So-
cial and Human Sciences Ethics Committee for this study.

Funding disclosure: -
Acknowledgments: -

Disclosure: -

References

Bogueva, D. Marinova, D. (2020). Cultured meat and
Australia’s generation Z. Frontiers in Nutrition 7, 148.
https://doi.org/10.3389/fnut.2020.00148

Broad, G., Dillard, C., Bowman, D., Le Roy, B. (2022).
Framing the futures of animal-free dairy: Using focus groups
to explore early-adopter perceptions of the precision fermen-
tation process. Frontiers in nutrition 9, 997632.
https://doi.org/10.3389/fnut.2022.997632

Bryant, C., Barnett, J. (2018). Consumer acceptance of
cultured meat: A systematic review. Meat Science, 143, 8-17.
https://doi.org/10.1016/j.meatsci.2018.04.008

Biiyiikoztiirk, S., Demirel, F. (2018). Bilimsel Arastirma
Yontemleri. Pegem Akademi pp. 392. ISBN: 978-9944-919-
28-9

Carfora, V., Cavallo, C., Caso, D., Del Giudice, T., De De-
vitiis, B., Viscecchia, R., Nardone, G., Cicia, G. (2019).
Explaining consumer purchase behaviour for organic milk:
Including trust and green self-identity within the theory of
planned behaviour. Food Quality and Preference, 76, 1-9.
https://doi.org/10.1016/].foodqual.2019.03.006

Clay, N., Garnett, T., Lorimer, J. (2020). Dairy intensifica-
tion: Drivers, impacts and alternatives. Ambio, 49(1), 35-48.
https://doi.org/10.1007/s13280-019-01177-y.

Ebcim, B.C., Nakilcioglu-Tas, E., Otles, S. (2021). in vitro
etin liretimi ve besleyici degeri. Sinop University Journal of


https://doi.org/10.3389/fnut.2020.00148
https://doi.org/10.3389/fnut.2022.997632
https://doi.org/10.1016/j.meatsci.2018.04.008
https://doi.org/10.1016/j.foodqual.2019.03.006
https://doi.org/10.1007/s13280-019-01177-y

Research Article

Food Health 9(3), 254-261 (2023) e https://doi.org/10.3153/FH23023

Natural Sciences, 6(2), 189-201.
https://doi.org/10.33484/sinopfbd.935965

Falkeisen, A., Gorman, M., Knowles, S., Barker, S., Moss,
R., McSweeney, M.B. (2022). Consumer perception and
emotional responses to plant-based cheeses. Food Research
International, 158, 111513.
https://doi.org/10.1016/j.foodres.2022.111513

Grasso, A.C., Hung, Y., Olthof, M.R., Verbeke, W.,
Brouwer., I. A. (2019). Older consumers’ readiness to accept
alternative, more sustainable protein sources in the European
Union. Nutrients, 11(8), 1904.

https://doi.org/10.3390/nul 1081904

Karasar, N. (2008). Bilimsel Arastirma Yontemi. Nobel
Yayin Dagitim, pp. 368. ISBN: 978-605-5426-58-3

Loike, J.D. (2018). Biotechnological Applications to pro-
duce animal-free meat and milk: ethical considerations. Food
&  Nutrition Journal: FDNJ-181, 10, 2575-7091.
https://doi.org/10.29011/2575-7091

Mendly-Zambo, Z., Powell, L.J., Newman, L.L. (2021).
Dairy 3.0: cellular agriculture and the future of milk. Food,
Culture & Society, 24(5), 675-693.
https://doi.org/10.1080/15528014.2021.188841 1

Pandya, R. (2014). Milk without the moo. New Scientist,
222(2975), 28-29.
https://doi.org/10.1016/S0262-4079(14)61260-4

Perfect Day, (2019). Sustainable animal-free dairy & protein.

http://www.perfectdayfoods.com/ (accessed 10.01.2023).

Short, E.C., Kinchla, A.J., Nolden, A.A. (2021). Plant-ba-
sed cheeses: A systematic review of sensory evaluation stu-
dies and strategies to increase consumer acceptance. Fo-
ods, 10(4), 725.

https://doi.org/10.3390/foods 10040725

Su, C.H., Tsai, C.H., Chen, M.H., Lv, W.Q. (2019). U.S.
sustainable food market generation Z consumer segments.
Sustainability (Switzerland), 11(13).
https://doi.org/10.3390/sul1133607

Szakaly, Z., Kontor, E., Kovacs, S., Popp, J., Petd, K.,
Polereczki, Z. (2018). Adaptation of the food choice
questionnaire: The case of Hungary. British Food Journal,
120(7), 1474-1488.
https://doi.org/10.1108/BFJ-07-2017-0404

The Grocer, (2018). Test Tube Milk More Likely to Win
Brits Than Lab-Grown Meat.
https://www.thegrocer.co.uk/sourcing/test-tube-milk-more-
likely-to-win-brits-than-lab-grown-

meat/571598.article (accessed 10.01.2023).

Unver Alcay, A., Saglam, A., Yalcin, S., Bostan, K. (2018).
Gelecegin olasi protein kaynaklari. Akademik Gida, 16(2),
197-204.

https://doi.org/10.24323/akademik-gida.449865

Zhengfu, Z.H.O.U., Yu, P.A.N.G., Wei Zhang, J.W.,
Yongliang, Y.A.N., Yingying Zheng, M.C., Zhihua,
L.ILA.O., Min, L.L.N. (2021). Recombinant expression of
milk proteins and biosynthesis of animal-free milk: analysis
on related patents and trend for technology develop-
ment. Synthetic Biology Journal, 2(5), 764.
https://doi.org/10.12211/2096-8280.2021-057

Zollman Thomas, O. Bryant, C. (2021). Don't Have a Cow,
Man: Consumer Acceptance of Animal-Free Dairy Products
in Five Countries. Frontiers in Sustainable Food Systems 5,
678491.

https://doi.org/10.3389/fsufs.2021.678491

Zuo, Y., Zhang, K., Xu, S., Law, R., Qiu, Q., Zhang, M.
(2022). What kind of food can win Gen Z’s favor? A mixed
methods study from China. Food Quality and Preference, 98,
104522.

https://doi.org/10.1016/j.foodqual.2021.104522

261


https://doi.org/10.33484/sinopfbd.935965
https://doi.org/10.1016/j.foodres.2022.111513
https://doi.org/10.3390/nu11081904
https://doi.org/10.29011/2575-7091
https://doi.org/10.1080/15528014.2021.1888411
https://doi.org/10.1016/S0262-4079(14)61260-4
http://www.perfectdayfoods.com/
https://doi.org/10.3390/foods10040725
https://doi.org/10.3390/su11133607
https://doi.org/10.1108/BFJ-07-2017-0404
https://www.thegrocer.co.uk/sourcing/test-tube-milk-more-likely-to-win-brits-than-lab-grown-meat/571598.article
https://www.thegrocer.co.uk/sourcing/test-tube-milk-more-likely-to-win-brits-than-lab-grown-meat/571598.article
https://www.thegrocer.co.uk/sourcing/test-tube-milk-more-likely-to-win-brits-than-lab-grown-meat/571598.article
https://doi.org/10.24323/akademik-gida.449865
https://doi.org/10.12211/2096-8280.2021-057
https://doi.org/10.3389/fsufs.2021.678491
https://doi.org/10.1016/j.foodqual.2021.104522

262

FOOD

HEALTH

Food Health 9(3), 262-281 (2023) e https://doi.org/10.3153/FH23024

ProtemCarbohydrateE
loxinaoeafoo i

HEALTH
E-ISSN 2602-2834

i
)
Q
©)
w)

Y

r
>polla
icrobiol

Suga
DieteticMi

Control S|
ga-6Shelflife

FruitAntimicrobial
BreadStorage

Ome:

S0 Sensory ot=:
MeatOmega-3ms‘u”m%mem

Review Article

Bitkisel yaglarda mikotoksin varhgi

Nuray CAN"2, Serap DURAKLI VELIOGLU?

Cite this article as:

Can, N., Durakli Velioglu, S. (2023). Bitkisel yaglarda mikotoksin varligi. Food and Health, 9(3), 262-281. https://doi.org/10.3153/FH23024

'Istanbul Aydin Universitesi, Anadolu

Bil Meslek Yiiksekokulu, Aseilik
Programu, istanbul, Tiirkiye

2Tekirdag Namik Kemal Universitesi,

Ziraat Fakiiltesi, Gida Miihendisligi
Boliimii, Tekirdag, Tiirkiye

ORCID IDs of the authors:
N.C.0000-0002-2410-9487
S.D.V. 0000-0002-9161-6286

Submitted: 15.03.2023

Revision requested: 13.04.2023
Last revision received: 27.04.2023
Accepted: 28.04.2023

Published online: 04.07.2023

Correspondence:
Serap DURAKLI VELIOGLU
E-mail: svelioglu@nku.edu.tr

MO

© 2023 The Author(s)

Available online at

http://jths.scientificwebjournals.com

(074

Bitkisel yaglar, yagli tohum ve meyvelerden elde edilen yaglardir. Gida, ilag ve kimya sanayinde
yaygin olarak kullanilan bitkisel yaglar, son yillarda tiiketiciler tarafindan daha fazla tercih edilir
hale gelmistir. Bunun en 6nemli sebebi yiiksek enerji verme, esansiyel yag asidi kaynagi olma,
yagda ¢Oziinen vitaminleri tagima, antioksidan aktivite gésteren bilesikleri igerme gibi faktorlere
bagli olarak saglik ile iliskilendirilmeleridir. Ote yandan bitkisel yaglar cesitli yollarla baz1 konta-
minantlar ile bulagabilmektedir. Bitkisel yaglar, uygun olmayan kosullara maruz kalan ham mad-
deler yoluyla mikotoksinlerle kontamine olabilir. Bu ¢aligmada bitkisel yaglarda mikotoksinlerin
varligina dair yapilmis ¢aligmalar incelenmis olup, bitkisel yaglarin aflatoksinler, fumonisin, ok-
ratoksin, deoksinivalenol, zearalenon gibi mikotoksinler ile degisik seviyelerde kontamine olabil-
digi gortilmiistiir. Buradan hareketle bitkisel yaglarda kontaminasyonun dnlenmesi i¢in tedbirlerin
alinmasi, 6zellikle hammaddelerde olusabilecek kiif gelisimi ve mikotoksin olusumunun 6niine
gecilmesi gerektigi sonucuna varilmistir.

Anahtar Kelimeler: Bitkisel yag, Soguk pres yag, Mikotoksin, Toksijenik kiif, Mikrobiyal kalite

ABSTRACT

Mycotoxins in vegetable oils

Vegetable oils are obtained from oil seeds and fruits and are widely used in the food, pharmaceu-
tical, and chemical industries. In recent years, consumers' interest in vegetable oils has increased.
The most important reason is that they are associated with health due to factors such as providing
high energy, being a source of essential fatty acids, carrying fat-soluble vitamins, and containing
compounds with antioxidant activity. On the other hand, they may contain some contaminants,
such as mycotoxins. Vegetable oils can be contaminated with mycotoxins through raw materials
exposed to unsuitable conditions. In this review, studies on the presence of mycotoxins in vege-
table oils were examined. As a result, it has been observed that vegetable oils can be contaminated
with mycotoxins such as aflatoxins, fumonisin, ochratoxin, deoxynivalenol, and zearalenone at
different levels. It was concluded that contamination should be prevented and measures should be
taken against mould growth and mycotoxin formation in raw materials.

Keywords: Vegetable oil, Cold press oil, Mycotoxin, Toxigenic moulds, Microbial quality
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Giris

Yaglar, ii¢ degerlikli bir alkol olan gliserin (C3Hs(OH);) ile
yag asitlerinin (R-COOH) esterlesmesinden meydana gel-
mekte olup, yapilarina gore kat1 yaglar, yari kat1 yaglar ve sivi
yaglar; fonksiyonlarina gore organ yaglar1 ve depo yaglari;
bulunduklar1 yere gore ise bitkisel ve hayvansal yaglar olarak
smiflandirilmaktadir (Demirci, 2012). Tiirk Gida Kodeksi
Bitki Adi ile Anilan Yaglar Tebligi’nde baz1 yaglarin tanim-
lar1 yer almaktadir. Buna gore sadece bitkisel kaynaklardan
elde edilen ve temel olarak yag asitleri gliseridlerinden olusan
yag, bitkisel yag adimi almaktadir. Coziicli ekstraksiyonu
ve/veya mekanik yontemle elde edilen ve dogrudan tiikketime
uygun olmayip, rafinasyon veya teknik amagli kullanima uy-
gun olan yag, ham yag olarak tanimlanmaktadir. Rafine yag,
dogal trigliserid yapisinda degisiklige yol agmadan rafine
edilen yag olarak ifade edilmektedir. Mekanik yontemle ve
1s1 uygulamasi ile elde edilen ve sadece su ile yikama, ¢ok-
tirme, filtrasyon ve santrifiij islemleri ile saflastirilmasina
izin verilen yag, natiirel yag olarak adlandirilmaktadir. Soguk
preslenmis natiirel yag ifadesi ise dogrudan tiiketime uygun
olan, 1s1l islem olmaksizin sadece mekanik yontemle elde edi-
len yag1 tanimlamaktadir (Anonim, 2012).

Gida ve Tarim Orgiitii ve Diinya Saglik Orgiitii tarafindan
paylasilan ve bilimsel aragtirma sonuglarina dayanan bir ra-
porda, yaglardan saglanan kalorinin diyetteki tiim kalorinin
%15-30’unu olusturmasi ve bunun biiyiik bir boliimiiniin bit-
kisel s1v1 yaglardan karsilanmasi tavsiye edilmektedir (Tagan
ve Geggel, 2007). Esansiyel yag asidi kaynagi olmalari,
yagda ¢Oziinen vitaminleri tagimalari, antioksidan etkileri
gibi faktorler, tiiketicilerin bitkisel sivi yag tiiketimine olan
ilgisinin artmasina yol agmustir (imer ve Tasan, 2018). Bu-
nunla birlikte, tiim gidalarda oldugu gibi bitkisel yaglarin da
bazi kontaminantlara maruz kalmasi, gida giivenligi yoniin-
den basta tiiketiciler olmak iizere, resmi makamlar ve bilim
insanlar1 i¢in bir endise kaynagidir. Kontaminantlar, gidaya
kasitli olarak eklenmemis fakat yetistirme, igleme, iiretim, ha-
zirlama, tasima, paketleme ve depolama islemleri sirasinda
ortaya cikabilecek maddelerdir. Bunlar, 6rnegin c¢evresel
kimyasallar gibi dis kaynakli olabilecegi gibi, liretim sira-
sinda yag asitlerinin ya da diger bilesenlerin bozulmasiyla
olusan iriinler gibi i¢sel kaynakli da olabilmektedir (Matt-
hius ve ark., 2016).

Yag hammaddelerinin de aralarinda yer aldig1 tarimsal {iriin-
lerin, kiifler ile kontamine olabildikleri bilinmektedir (Tabuc
ve ark., 2009). Bu durum bitkisel yaglarda potansiyel miko-
toksin tehlikesine isaret etmektedir (Bhat ve Reddy, 2017).
Mikotoksinler, tahillar, meyveler, kuru yemisler, baharatlar,
bitki ¢aylar1 ve yaglh tohumlar gibi {iriinlerde gelisen kiifler
tarafindan iiretilen sekonder metabolitlerdir (D’Mello ve

MacDonald, 1997; Wilson ve ark., 2002; Can ve Durakl1 Ve-
lioglu, 2017). Saglik iizerindeki olumsuz etkileri yapilan ¢a-
ligmalarla gosterilmis olan mikotoksinlerin gidalarla birlikte
alinmasinin karaciger ve sindirim sistemi ile ilgili hastaliklara

ve kansere yol agabildigi ifade edilmektedir (Fung ve ark.,
2004).

Bitkisel yaglarda goriilebilen baslica kimyasal kontaminant-
lar arasinda mikotoksinlerin yer aldigin1 gésteren gesitli ¢a-
lismalar mevcuttur (Finoli ve ark., 2005; Bao ve Trucksess,
2010; Qian ve ark., 2015; Ma ve ark., 2016). Bitkisel yaglara
uygulanan rafinasyon islemi mikotoksinlerin uzaklastiriima-
sinda kismen etkili olmakla birlikte, soguk pres yaglar gibi
bazi bitkisel yaglara 1s1l islem uygulanmamaktadir (Briihl,
1996). Bunun sonucunda bitkisel yaglarin tiiketilmesiyle bir-
likte mikotoksinlerin viicuda alinmasi ve zararli etkilerine
maruz kalinmasi tehlikesi ortaya ¢ikmaktadir.

Bu ¢aligmada, baz1 yag hammaddelerinde ve bitkisel yaglarda
kiiflerin ve mikotoksinlerin varligini tespit etmeye yonelik
diinyada ve iilkemizde yapilmig ¢aligmalar derlenmigtir.

Bitkisel Yag Hammaddelerinde Toksijenik
Kiifler ve Mikotoksinler

Gidalarin ve tarimsal iiriinlerin dogal mikroflorasini olustu-
rabildigi gibi, bu iirlinlere sonradan da bulasabilen mikroor-
ganizmalar arasinda kiifler, 5nemli bir yer tutmaktadir. Uriin-
lerde geliserek bozulmalara, istenmeyen degisikliklere yol
acabilmesinin yani sira kiifler uygun sartlarda toksik metabo-
litler tiretebilmektedir (Elden Taydas ve Askin, 1995; Can ve
Durakli Velioglu, 2018).

Yagli tohumlar ve meyveler, hasat 6ncesini ve sonrasini kap-
sayan siiregte toksin iireten ¢ok sayida kiif ile kontaminas-
yona agiktir (Abdolmaleki ve ark., 2021). Yag bitkilerinde
yaygin florayi, aralarinda toksijenik tiirlerin de bulundugu
Aspergillus, Fusarium ve Penicillium olusturmaktadir (Sahin
ve ark., 1999; Demir ve ark., 2002; Demirci, 2008). Bu durum
yag bitkilerinin mikotoksinler ile kontamine olmas1 ve miko-
toksinlerin yaga taginmasi riskini dogurmaktadir (Markaki,
2010). Nitekim findik, yer fisti1, ceviz, badem, ay¢igegi to-
humu, keten tohumu, aspir, pamuk tohumu, susam ve kolza
tohumlar1 gibi yag hammaddelerinin mikotoksinlerle bulasa-
bildigi, 6zellikle aflatoksinler agisindan riskli olduklari bildi-
rilmektedir (Oksiiztepe ve Erkan, 2016; Bhat ve Reddy,
2017).

Yer fistig1 muhtemelen kiif, mikotoksin ve 6zellikle de afla-
toksin kontaminasyonu yoniinden en yaygin calisilan yagh
tohum olup, yer fistiginin aflatoksinlerin yani sira fumonisin,
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okratoksin, zearalenon ve siklopiozonik asit ile kontamine ol-
dugunu gosteren calismalar mevcuttur (Lansden ve David-
son, 1983; Sangare-Tigori ve ark., 2000). Yer fistiginda mi-
kotoksin kontaminasyonu, topraktan bulasan kiifler yoluyla
yetistirme agsamasinda ya da hasat sonrasi depolama sirasinda
gergeklesebilmekle birlikte hasat 6ncesi kontaminasyon daha
biiytik bir tehdittir. Kurutulmus-kavrulmus yer fistiklarinin
da 6nemli diizeyde aflatoksin i¢erdigi bilinmektedir (Bhat ve
Reddy, 2017). Aflatoksin iireticisi Aspergillus flavus, A. ni-
ger, A. parasiticus, ve A. nominus yer fistiginda karsilasilan
en yaygin kiifler arasindadir (Li ve ark., 2009).

Aygcigegi tohumlarinin, sitrinin, aflatoksin, alternariol, alter-
nariol monometil eter ve tenuazonik asit gibi mikotoksinleri
uretebilen Fusarium verticillioides, Penicillium chrysoge-
num, Alternaria alternata, Aspergillus spp., Cladosporium
spp., Drechslera spp. ve Curvularia gibi kiifleri barindirabil-
digi Pozzi ve ark. (2005) tarafindan ortaya konulmustur. Na-
har ve ark. (2005), aralarinda toksijenik tiirlerin yer aldig1 4s-
pergillus ochraceus, Cladosporium cladosporioides, Emeri-
cella nidulans, Alternaria alternata, Aspergillus flavus, A. ni-
ger, A. terreus, Fusarium pallidoroseum, F. solani, Penicil-
lium spp. ve Rhizopus stolonifer gibi ¢ok sayida kiifiin ayci-
¢egi tohumunda bulundugunu bildirmektedir. Banu ve Mut-
humary (2005), ay¢icegi tohumunda, yagh kek ve yagsiz ke-
kinde, ¢oziicii ile ekstrakte edilmis yaginda ve rafine yaginda
kiif olusumunu incelemistir. En baskin kiiflerin tohumda 4.
flavus, yaglh ve yagsiz kekte R. stolonifer, ¢oziici ile ekst-
rakte edilmis yaginda A. flavus ve A. japonicus oldugu belir-
lenirken, rafine yaginda kiif kontaminasyonu bulunmamis,
bunun sebebinin rafinasyon siirecinde uygulanan yiiksek si-
caklik olabilecegi belirtilmistir. Diger taraftan toksijenik kiif-
ler ile bulasmasinin bir sonucu olarak ay¢icegi tohumlarinin
alternariol ve alternariol monometil eter gibi mikotoksinleri
icerdigi gosterilmistir (Pozzi ve ark., 2005). Aflatoksin, aygi-
¢egi tohumlarinda tespit edilen bir diger mikotoksin ¢esididir.
Mohammed ve ark. (2018), toplam aflatoksin (aflatoksin B;
[AFB,] + aflatoksin B, [AFB;] + aflatoksin G, [AFG,] + af-
latoksin G, [AFG»]) diizeyinin 243 pg/kg ve AFB; diizeyinin
218 pg/kg’a ulastigini belirledikleri aygigegi tohumu 6rnek-
lerinin bir kisminin AFB; seviyesinin Avrupa Komis-
yonu/Avrupa Birligi tarafindan yagl tohumlarda bulunma-
sina izin verilen maksimum limiti (2 pg/kg) astigini bildir-
mistir.

Misir, toksijenik kiif ve mikotoksin kontaminasyonu yoniin-
den yaygin sekilde incelenen yag hammaddelerinden biridir.
Misirin, A. flavus, F. verticillioides (syn. Fusarium monili-
forme) ve Fusarium proliferatum gibi gesitli toksijenik kiifler
ile bulasabildigi bilinmektedir (Demirci, 2008). Adejumo ve
ark. (2007) tarafindan yapilan bir ¢aligmada misirdan F. ver-

ticillioides (%71), F. sporotrichioides (%64), F. graminea-
rum (%32), F. pallidoroseum (%]15), F. compactum (%12),
F. equiseti (%9), F. acuminatum (%8), F. subglutinans (%4)
ve F. oxysporum (%]1) izole edilmistir. 180 misir 6rneginin
incelendigi bu ¢aligmada 66 6rnekte trikotesen, deoksinivale-
nol (DON), 3, monoasetildeoksinivalenol ve diacetoxyscirpe-
nol saptanmistir. Cesitli arastirmacilar tarafindan misirin
yiksek diizeyde DON (9.6-745.1 ug/kg), zearalenon (ZEA)
(0-230.8 pg/kg), moniliformin (21-699 pg/kg), fumonisin
(26-774 pg/kg), aflatoksin (0-126.5 pg/kg) icerebildigi ortaya
konmustur (Abbas ve ark., 2002; Adejumo ve ark., 2007;
Broggi ve ark., 2007; Trung ve ark., 2008).

Yag hammaddelerinden biri olan aspir tohumlari, Alternaria
carthami, Fusarium spp., A. flavus, ve Penicillium spp. gibi
toksijenik kiifleri barindirabilmekte ve DON, vomitoksin; T-
2 toksin ve trikotesen ile kontamine olabilmektedir (Miller ve
ark., 2001). Kolza tohumunun Aspergillus niger, A. clavatus,
A. vesicolor, Fusarium oxysporum, F. avenaceum, Penicil-
lium expansum, P. palitans, P. roquefortii, P. viridicatum, Al-
ternaria alternata ve Rhizo-mucor pusillus gibi tiirleri icere-
bildigi, ayrica Cladosporium, Alternaria, Penicillium ve Fu-
sarium’un en baskin kiifler oldugu, ilaveten DON (164-183
ng/kg) ve aflatoksin ile kontamine olabildigi bildirilmektedir
(Kacergius ve ark. 2005; Brazauskiené ve ark., 2006).

Aspergillus niger, A. flavus, A. ochraceus, A. tamarii, Peni-
cillium citrinum, Fusarium spp. ve Alternaria tiirleri susamda
bulunabilmektedir (Bhat ve Reddy, 2017). 4. flavus ile ino-
kiile edilen susam tohumunun 20 giinliik inkiibasyon sonucu
25 pg/kg aflatoksin B, igerdigi gosterilmistir (Mbah ve
Akueshi, 2009). Susamin jiit, polipropilen ve hermetik ¢uval-
larda depolanmasinin fungal gelisim ve mikotoksin olusumu
iizerine etkisinin incelendigi bir ¢alismada 6 aylik depolama-
nin ardindan susam tohumlarinin Aspergillus, Penicillium ve
Fusarium tiirleri ile kontamine oldugu ve kontamine olmusg
susam tohumlari oraninin jiit cuvallarda daha yiiksek oldugu
tespit edilmistir. Benzer sekilde tohumlarin aflatoksin, fumo-
nisin, DON ve okratoksin A (OTA) i¢erdigi belirlenmis ve jiit
cuvallarda depolanan tohumlarda mikotoksin miktar1 daha
yiiksek bulunmustur (Alemayehu ve ark., 2023). Piring to-
humu ve kepegi de toksijenik kiifler ve aflatoksinleri igere-
bilmektedir (Jayaraman ve Kalyanasundaram, 2009; Sem-
pere Ferre, 2016). Kepek ve tohumundan yag elde edilen yu-
lafta kiif ve DON, nivalenol, T-2 toksin, HT-2 toksin ve ZEA
kontaminasyonu bildirilmektedir (Miiller ve ark., 1998;
Krysinska-Traczyk ve ark., 2007). Sacchi ve ark. (2009), yu-
laf 6rneklerinin Alternaria alternata ve Aspergillus flavus en
baskin tiirler olmak tizere Alternaria, Aspergillus, Fusarium,
Arthrinium, Acremonium, ve Curvularia gibi toksijenik kiif-
leri barindirdigini saptamis ve iki 6rnekte 105.0-108.0 pg/kg
fumonisin B; (FB:) tespit etmistir.
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Colletotrichum, Fusarium, Rhizoctonia, Alternaria, Asper-
gillus, Penicillium cinsleri keten tohumunda bulunabilen kiif-
lerdir (Kumud ve ark., 1997). Keten tohumunda kiif kontami-
nasyonu genellikle kapsiillerin olgunlagmasi sirasinda nem
ve sicaklik gibi hava kosullarina bagl olarak ortaya ¢ikmak-
tadir. Bir caligmada, keten tohumlarinda hasat ve depolama
sirasinda kiif florasinin Alternaria (A. alternata, A. linicola,
A. dianthi ve A. pluriseptata), Fusarium spp. ve Penicillium
spp. tarafindan olusturuldugu bildirilmis, tohumlarda DON
bulunmus ve 8 aylik depolama sonrasi aflatoksin (2.5 pg/kg)
ve OTA (1.2 pg/kg) olusumu gosterilmistir (Gruzdeviené ve
ark., 2006). Benzer bir ¢aligmada Sahay ve ark. (2006) tara-
findan keten tohumlarinda 4. flavus’un en baskin kiif oldugu
belirlenmis ve incelenen 105 Ornekten 46’smin 120-810
ug/kg aflatoksin B; igerdigi saptanmigtir. Keten tohumlarinda
mikotoksin kontaminasyonuna yonelik bir bagka caligmada
Alternaria toksinleri alternariol (104 pg/kg), alternariol mo-
nometil eter (30 pg/kg) tespit edilmistir (Kralova ve ark.,
2006). Soyanin gesitli toksijenik kiifler ile bulasabildigi ve
aflatoksin, trikotesen gibi mikotoksinleri iireten kiiflerin ge-
lisimini destekledigi ifade edilmektedir (Bhat ve Reddy,
2017).

Findik, badem, ceviz, Antep fistig1, kaju, kestane, Avustralya
findig1 gibi yemisler genellikle hasat dncesi veya depolama
sirasinda kiif kontaminasyonuna ugrayabilmektedir. Hasat
oncesi yemisler agilmig bir kabukta olgunlastiginda hava ve
bocek kaynakli kiif sporlari ile bulagmasinin yani sira, hasat
sonrasi kabuk ayirma, yikama ve siniflandirma gibi agama-
larda kiif kontaminasyonu olugabilmektedir. Aspergillus spp,
Penicillium spp. bu iirlinlerde en sik karsilagilan kiiflerdir
(Demir ve ark., 2002; Fernane ve ark., 2010). Sung ve ark.
(2021), inceledikleri yemislerin %35’inde aflatoksin, fumo-
nisin ve zearalenone tespit etmistir. Ayrica aflatoksin, DON,
OTA ve beauvericin kontaminasyonu bildirilmektedir (Pour
ve ark., 2010; Rubert ve ark., 2012).

Zeytinler de uzun siire toprak ve zemin ile temas, jiit uval-
larda bekletme, yetersiz havalandirma gibi kiiflerin gelisi-
mine uygun kosullara siklikla maruz kalabilmektedir (Ferra-
cane ve ark., 2007; Markaki, 2010). Yapilan ¢aligmalar zey-
tinlerde Cladosporium, Alternaria, Geotrichum, Mucor, Rhi-
zopus, Trichoderma kiiflerinin bulunabildigini, Aspergillus
ve Penicillium tiirlerinin ise en sik rastlanan kiifler oldugunu
ortaya koymaktadir. Ayrica bunlar arasinda A. flavus, A. pa-
rasiticus, A. ochraceus P. citrinum, P. expansum gibi toksi-
jenik kiiflerin yer aldig1 da bildirilmektedir (Yassa ve ark.,
1994; Eltem ve Oner, 1995; Eltem, 1996; Adlouni ve ark.,
2006; Heperkan ve ark., 2006; Roussos ve ark., 2006). Buna
bagl olarak zeytinlerin aflatoksin, okratoksin, patulin, sitri-
nin, penisilik asit gibi mikotoksinler ile kontamine oldugunu

gosteren caligmalar mevcuttur (Oral ve Heperkan, 1999; Ko-
rukluoglu ve ark., 2000; Leontopoulos ve ark., 2003; Finoli
ve ark., 2005; Dazkir, 2010). Bu durum, kontamine zeytinler-
den elde edilen zeytinyaginda mikotoksin bulagmasi olabile-
cegini diistindiirmektedir. Meyvedeki kiif kontaminasyonuna
ilaveten, zeytinyag: liretimi sirasinda yeterince temizlenme-
mis presleme sistemindeki kek kalintilarinda olusabilecek
kiif gelisimi de mikotoksin kontaminasyonu i¢in risk yarata-
bilmektedir (Karaca ve Yemis, 2008). Zeytinyaglarina uygu-
lanabilen rafinasyon isleminin aflatoksin gibi bazt mikotok-
sinleri yagdan kismen uzaklagtirdig1 bilinmekle birlikte zey-
tindeki aflatoksinlerin %18-47’sinin zeytinyagina gectigi bil-
dirilmektedir. Ayrica rafinasyon igleminin soguk pres yaglara
ve natiirel sizma zeytinyag1 gibi natiirel yaglara uygulanma-
digim1 vurgulamak gerekmektedir (Letutour ve ark., 1983;
Ferracane ve ark., 2007).

Bitkisel Yaglarda Mikotoksinler

Diinya capinda en ¢ok ihtiya¢ duyulan bitkisel maddelerden
biri olan bitkisel yaglar, genis uygulama alanina sahip oldu-
gundan ¢esitli iiriinlerde kullanilmaktadir. Bitkisel yaglar ik-
lim, toprak, hasat, depolama ve isleme kosullar1 gibi dis et-
kenlerin yani sira materyalin ¢esidine gore de degisebilen dii-
zeyde safsizlik ve bulasan i¢eren dogal hammaddelerden elde
edilmektedir. Yaglarin iiretiminde kullanilan hammaddeler,
¢ogu zaman kiif gelisimi ve mikotoksin iiretimine olanak sag-
layan kosullarda haftalarca depolanmaktadir (Bordin ve ark.,
2014). Buna bagl olarak bitkisel yaglarda mikotoksinlerin
degisen seviyelerde bulunabildigi ¢esitli calismalarda gdste-
rilmis olup, bu ¢alismalarin bazilar1 Tablo 1’de 6zetlenmistir.
Ulkemizde baz iiriinlerde bulunabilecek maksimum miko-
toksin limitleri yonetmelik ile diizenlenmis olup, Tiirk Gida
Kodeksi Bulasanlar Yonetmeligi’ne gore dogrudan insan tii-
ketimine sunulan veya gida bileseni olarak kullanilan yer fis-
t181, diger yagl tohumlar ve bunlarin iglenmis iiriinlerinde bu-
lunmasina izin verilen maksimum aflatoksin B; miktar1 5
ug/kg ve toplam aflatoksin miktar1 10 pg/kg’dir. Ayni yonet-
melikte rafine misir yaginda zearalenon i¢in maksimum limit
400 pg/kg olarak belirlenmistir (Anonim, 2011).

Aflatoksin, bitkisel yaglarda varlig1 arastirilan baslica miko-
toksindir. Ji ve ark. (2022), yerfistigi, misir, susam, zeytin,
soya, kolza, aygicek, piring kepegi, pamuk tohumu, kamelya
ve palm yagindan olusan 63 6rnekte HPLC-FLD ile aflatok-
sin analizi gergeklestirmis ve Orneklerin 25’inde (%39.7)
1.10-88.3 pg/kg aflatoksin tespit etmistir. Satig noktalarindan
temin edilen 11 yer fistig1 yagi orneginin 9’unun (%81.8)
1.74-17.5 pg/kg aflatoksin igerdigini belirleyen arastirmaci-
lar misir yaginda da yiiksek seviyede aflatoksin bulundugunu,
yer fisti§1 ve misirin yani sira susam ve zeytinin de aflatoksin
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ireten kiif istilasina karst daha duyarli oldugunu gézlemle-
diklerini bildirmistir. Caligma sonucunda yer fistigina ait 4,
susam, misir ve zeytinyagina ait 1’er ornekte tespit edilen af-
latoksin diizeyinin, Avrupa Birligi tarafindan AFB, ve toplam
aflatoksin igin sirasiyla 2 pg/kg ve 4 pg/kg olarak belirlenen
maksimum limitleri astig1 ortaya konmustur. Waqas ve ark.
(2021), Pakistan’da yerel ve ithal tohumlardan Soxhlet apa-
rat1 kullanarak elde ettikleri aygicek, soya, kanola, misir ve
hardal yaginda AFB; ve toplam aflatoksin diizeyini aragtir-
mistir. Toplam 393 6rnegin HPLC ile incelendigi ¢calismada
yerel tohumlardan elde edilen yag 6rneklerinin aflatoksin dii-
zeyi daha yiiksek bulunmustur. Bu 6rneklerde ortalama AFB;
ve toplam aflatoksin miktar sirasiyla aycicek yaginda 8.7-
15.1 pg/kg, soya yaginda 14.29-25.61 ug/kg, kanola yaginda
7.41-11.80 ug/kg, misir yaginda 6.34-8.83 ug/kg ve hardal
yaginda 7.71-13.43 ng/kg olarak belirlenmistir. Yer fistig1 ve
susam yaglar aflatoksinler agisindan siklikla incelenen yag-
lar arasindadir. Deng ve ark. (2018), 52 yer fistig1 yagi 6rne-
ginden 43’linde 0.5-69.4 pg/kg diizeyinde AFB; saptamistir.
Yer fistig1 yaginin AFB; varlig1 yoniinden incelendigi bir di-
ger calismada 427 ornekten 80’inin (%18.7) 20.1-234.8
ug/kg AFB; icerdigi bulunmustur (Qi ve ark., 2019). Poormo-
hammadi ve ark. (2021) HPLC-FLD ile analiz ettikleri yer
fistig1 yaginda 0.56-30.95 pg/kg, susam yaginda 0.03-13.11
ug/kg toplam aflatoksin tespit etmigtir. Ayni ¢alismada aras-
tirmacilar, 18 ornekte toplam aflatoksin, 16 6rnekte AFB;
miktariin Avrupa Birligi tarafindan izin verilen maksimum
limitleri astigin1 bildirmistir. Chen ve ark. (2019), HPLC-
MS/MS ile analiz ettikleri yer fistig1 yag1 6rneklerinin 134.03
pg/kg’a varan diizeyde toplam aflatoksin icerdigini belirle-
mistir. Bao ve Trucksess (2010) zeytinyagi, yer fistig1 yagi ve
susam yaginda RPLC/FLD ile AFB,;, AFB,, AFG;, AFG;
analizi gerceklestirmistir. Arastirmacilar, 2 yer fistig1 ya-
ginda 6.0 ve 8.5 pg/kg, bir susam yaginda yaklagik 0.1 pg/kg
aflatoksin tespit etmistir. Elzupir ve ark. (2010), 21 yer fistig1,
14 susam, 19 aygicegi ve 27 karigim tohum yagimi HPLC ile
AFBi, AFB,, AFGi, AFG; kontaminasyonu yoniinden analiz
etmistir. Pozitif sonug veren 80 Ornekte toplam aflatoksin
konsantrasyonu 0.43-339.9 pg/kg arasinda degisirken, tim
susam yag1 orneklerindeki toplam aflatoksin diizeyi Gida ve
Ilag Dairesi’nin belirledigi kabul edilebilir sinirm (20 pg/kg)
iizerinde bulunmustur. Yang ve ark. (2011), 31 yer fistigi, 7
soya, 5 musir, 1 aygicegi ve 31 karisim yaginda LC-MS/MS
ile AFB1, AFB,, AFGi, AFG; kontaminasyonunu incelemis-
tir. Aragtirmacilar, soya, misir ve aycicegi yaglarinda aflatok-
sin tespit edilmedigini bildirmistir. Yer fistig1 6rneklerinin
AFG; igermedigi, 0.01-2.72 ng/kg AFB;, AFB,, AFG; icer-
digi bulgulanmistir. Karisim yaglarda ise AFB,, AFG,, AFG;
bulunmazken, 6 6rnekte 0.14-0.24 pg/kg AFB; saptanmustir.
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Bitkisel yag orneklerinde AFB;, AFB,, AFG, ve AFG; kon-
taminasyonunu belirlemek amaciyla gergeklestirilen bir ca-
lismada 25 bitkisel yag 6rnegi HPLC ile analiz edilmistir. Or-
neklerde AFG; ve AFG;’ye rastlanmadigini bildiren arastir-
macilar, 7 6rnekte 0.27-0.89 pg/kg diizeyinde AFB; ve AFB,
bulundugu sonucunu ortaya koymustur (Ma ve ark., 2013).
Idris ve ark. (2010), ham ve rafine edilmis toplam 56 yer fis-
t1g1, susam ve pamuk yaginda HPLC ile AFB,, AFB,, AFGy,
AFG, varhgimi incelemistir. Orneklerde AFB,, AFG; ve
AFG; kontaminasyonu saptanmamis, 1 yer fistig1 ve 7 susam
yaginda 0.2-0.8 pg/kg AFB; tespit edilmistir. Aflatoksin tes-
pit edilen 6rneklerin tamaminin rafine edilmemis ham yaglar-
dan olustuguna dikkat ¢eken aragtirmacilar, bu yaglarin afla-
toksin kontaminasyonu i¢in daha uygun olabilecegini vurgu-
lamigtir. Hindistan cevizi, palm, ayg¢icek, susam, zeytin, soya
ve misir yaglarina ait toplam 59 6rnekte aflatoksin kontami-
nasyonu ELISA ile incelenmis ve Hindistan cevizi yag1 di-
sinda kalan 6rneklerin hi¢birinde 0.8 pg/kg olan tespit limiti-
nin lstiinde aflatoksin bulunmamigtir. Aflatoksin igerdigi be-
lirlenen 12 hindistan cevizi yag1 6meginde HPLC ile yapilan
analiz sonucunda 1.76-60.92 ug/kg AFB;, 0.13-3.43 pg/kg
AFB,, 0.15-8.35 pg/kg AFG, ve 2.25-72.70 pug/kg AFG; sap-
tanmistir (Karunarathna ve ark., 2019). Bitkisel yaglarda af-
latoksinlerin, zaman zaman yasal diizenlemeler ile belirlenen
maksimum limitleri de asan, farkli diizeylerde bulunabildigi
cesitli caligmalar ile gosterilmistir. Bununla birlikte misir, yer
fistig1, soya, kanola, piring, ceviz ve badem yag1 gibi bazi
yaglarda aflatoksin tespit edilmedigini bildiren ¢aligmalar da
mevcuttur (Yu ve ark., 2019a; Yu ve ark., 2019b; Zhang ve
ark., 2020).

Misir yaglarimin basta ZEA olmak {izere, fumonisin ve DON
ile kontamine oldugu goriilmektedir. Escobar ve ark. (2013),
25 rafine misir yagi ve 25 misir yagi margarini 6rneginde fu-
monisin, DON ve ZEA varligin ters fazli sivi kromatografisi
ile incelemis ve UPLC/MS/MS ile dogrulamistir. Rafine mi-
sir yagi drneklerinden birinde 7 pg/kg FBy, ikisinde 106-216
ug/kg DON, sekizinde 0-67 pug/kg ZEA saptanmis, fumonisin
B: (FBy) ise hicbir 6rnekte tespit edilmemistir. Margarin 6r-
neklerinde ise FB, ve DON tespit edilmezken, %8’inde 109
pg/kg’a varan FBy’in ve %24’inde 86 pg/kg’a varan
ZEA’nin bulundugu bildirilmistir. Uziim cekirdegi, keten to-
humu, misir, zeytin, yer fistig1, kabak ¢ekirdegi, kolza, piring,
susam, soya, aygicegi, bugday riiseymi, devedikeni, ceviz ve
karisim salata yaglarina ait 44 6rnekte ZEA varliginin HPLC
ile arastirildig1 bir ¢aligmada, 4 misir yagi drneginde 57-117
ng/kg ZEA saptanmustir (Siegel ve ark., 2010). Cin’de yapi-
lan benzer bir ¢alismada yerel saticilardan temin ettikleri 16
mustr, 6 yer fistig1, 6 kolza, 6 soya ve 6 aygicegine ait 40 yag
orneginde 5 tiirevi ile birlikte ZEA mikotoksinlerinin varli-
gin1 GC-MS yontemi ile aragtiran Qian ve ark. (2015), 9 misir
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orneginde 5.2-184.6 ug/kg ve 1 kolza 6rneginde 40.7 pg/kg
ZEA tespit etmistir. Misir yagina ait 50 drnegin incelendigi
bir ¢aligmada Orneklerin aflatoksin icermedigini belirleyen
arastirmacilar, 5 drnekte 49.16-69.13 pg/kg ZEA, 8 ornekte
5.69-9.68 ng/kg FBi ve 42 6rnekte 32.64-101.41 pg/kg FB,
bulundugunu ortaya koymustur. Ayni ¢alismada incelenen
palm, aycicek ve piring kepegi yaglarinda bu mikotoksinler
tespit edilmezken 1 adet soya yaginda 59.31 pg/kg ZEA bu-
lunmustur (Junsai ve ark., 2021). Zhang ve Xu (2019), bitki-
sel yaglarda 12 mikotoksinin eszamanli tespiti i¢in kararli
izotop seyreltme LC-tandem MS (LC-MS/MS) yontemini ge-
listirmis ve bu yontemi kullanarak inceledikleri misir yaginda
37-390 ng/kg ZEA, 7-10 pg/kg T-2 toksin, 3 ug/kg FB> ve 1
ug/kg fumonisin Bj tespit etmistir. Ayn1 yontemle inceledik-
leri yer fistig1 yaginda ise 17 pg/kg AFB; ve 3 pg/kg AFB,
saptamiglardir. ZEA ve alternariol mikotoksinlerinin esza-
manli tespitinde kullanilmak iizere bir yontem gelistiren ve
bu yontemi misir ve ay¢icek yaglarina uygulayan Moya-Ca-
vas ve ark. (2023), musir yaginin 45 pg/kg ZEA ve aygicek
yagmin 21 pg/kg alternariol icerdigini bildirmistir. Aycicek
yagi1 (34 adet), ham ayg¢igek yagi (3 adet), soya yagi1 (3 adet)
ve musir yaginda (1 adet) aflatoksin, ZEA ve metaboliti a-ze-
aralenol varliginin arastirildigi bir ¢alismada 1 ay¢igek yagi
orneginde 0.7 pg/kg AFB> ve 2 pg/kg ZEA belirlenmistir.
Ham ayc¢icek yagi orneklerinde 0.5-2.0 ug/kg AFG; tespit
eden arastirmacilar, soya ve misir yag1 drneklerinde hicbir
mikotoksine rastlanmadigi sonucunu ortaya koymustur (Hi-
dalgo-Ruiz ve ark., 2019).

Soguk Pres Yaglarda Mikotoksinler

Son yillarda tiiketilen gidalar ile insan saglig1 arasinda yakin
bir iligki oldugunun ortaya konulmasi, tiiketicileri “dogal”,
“organik” ve “daha az igslenmis” gida arayisina yonlendirmis-
tir. Bu durum soguk pres yaglarin da dahil oldugu natiirel
yaglara olan talebin artmasina yol agmistir (Matthéus, 2008).
Kendine 6zgii 6zelliklere ve lezzete sahip olan soguk pres
yaglar, degerli biyoaktif maddeler igermektedir. Saglik agi-
sindan 6nemli doymamuis yag asitlerini bilesiminde bulundur-
masinin yani sira tokoferol ve fenolik bilesikler gibi dogal an-
tioksidanlarca rafine yaglara oranla daha zengindir. Dogal
mindr bilesenlerinin igeriginden kaynaklanan duyusal 6zel-
likleri ve saglik lizerine olumlu etkileri, soguk pres yaglarin
tiikketiciler tarafindan giderek daha fazla deger gérmesini sag-
lamaktadir (Prescha ve ark., 2014). Bunun sonucu olarak, 6n-
celeri ilag ve kozmetik endiistrisinde kullanim alani bulunan
soguk pres yaglar mutfaklara girmis ve besin olarak tiiketil-
mesi yayginlasmustir (Imer ve Tasan, 2018).

Soguk pres yaglarin iiretimi incelendiginde, yabanct madde-
lerden armdirilan hammaddenin preslerde sikma igleminin

maksimum 40°C sicaklikta gerceklestirilmesinin ardindan
basit bir filtreleme isleminin yapildigi ve iiretimde organik
coziiciiler gibi kimyasal kirleticilerin kullanilmadig1 goriil-
mektedir (Geggel ve ark., 2017). Bu durum, faydali bilesen-
lerin korunmasini saglamakla birlikte soguk pres yaglari, bu-
lasmis hammaddeden elde edilmesi halinde mikotoksin agi-
sindan riskli hale getirmektedir. Literatiirde bunu ortaya ko-
yan ¢esitli calismalar mevcut olup, bu ¢alismalardan bazilar
Tablo 2’de 6zetlenmistir.

Soguk pres yaglarda mikotoksin varligini arastiran bazi ¢alig-
malarda yagdaki mikotoksin miktarinin yan1 sira yagin elde
edildigi hammadde ve hammaddedeki yagin ayrilmasinin ar-
dindan geriye kalan kekteki mikotoksin diizeyi de ortaya kon-
mustur. Bu ¢alismalarda hammaddedeki mikotoksinlerin bir
kisminin yaga gectigi, mikotoksin ¢esidine bagli olarak degi-
sen diizeyde bir kisminin ise kekte kaldigi gosterilmistir.
Sidhu ve ark. (2009), Madhuca indica Gmel. tohumunda, bu
tohumdan elde edilen soguk pres yagda ve kekinde ELISA ile
aflatoksin diizeyini aragtirmistir. Tohumlarda 282.36 pg/kg
AFB; ve 315.51 pg/kg toplam aflatoksin, soguk pres yaginda
201.57 pg/kg AFB; ve 220.66 png/kg toplam aflatoksin, geri
kalan kekte ise 74.35 ng/kg AFB; ve 87.55 pg/kg toplam af-
latoksin tespit eden arastirmacilar yag ve kekteki aflatoksin
oraninin 7:3 oldugunu saptamistir. Xu ve ark. (2018), 10 mi-
sir 6zili orneginde, 6rneklerden solvent ekstraksiyonu ve so-
guk pres yoluyla elde ettikleri misir 6zii yaginda ve geriye
kalan kekte DON miktarini incelemistir. Misir 6ziinde 310.5-
2684.4 pg/kg, solvent ekstraksiyonu ile elde edilen yaglarda
69.7-293.6 pg/kg ve soguk pres ile elde edilen yaglarda 30.4-
254.4 png/kg DON tespit edilmistir. Arastirmacilar tarafindan,
solvent ile ekstrakte edilmis yag ve soguk pres yagindaki
DON igeriginin 6 6rnekte onemli bir farklilik gdstermedigi
bildirilmistir. Solvent ekstraksiyonu ve soguk pres ile yag el-
desinin ardindan geriye kalan kekte sirasiyla 209.8-2311.8
ng/kgve 281.7-2317.7 ng/kg olan DON diizeyinin soguk pres
kekinde, soguk pres yagdan 8.4-15.7 kat fazla oldugu ve
DON’un keke gecme egiliminde oldugu belirlenmistir. Bu
goriisli destekleyen ve Smeu ve ark. (2022) tarafindan ger-
¢eklestirilen bir ¢calismada, aygicegi ve kolza tohumu, ceviz,
susam ve liziim ¢ekirdeginin de aralarinda yer aldig tiriinler-
den soguk pres yag eldesinin ardindan geriye kalan pres keki
gibi yan {irlinlerdeki aflatoksin, DON ve ZEA diizeyi incelen-
mistir. Baz1 6rneklerde aflatoksin ve ZEA tespit edilmezken,
DON tiim 6rneklerde tespit edilmistir. Orneklerin aflatoksin
diizeyi 0.23-1.51 pg/kg, ZEA diizeyi 1.03-79.22 pg/kg olur-
ken DON diizeyi 25.57-980.09 ug/kg olarak belirlenmistir.
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Tablo 1. Bitkisel yaglarda mikotoksinlerin arastirilmasina yonelik ¢alismalar
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Yagin tiirii Mikotoksin Ornek 1.’.°Z‘t‘f Miktar Yontem Kaynak
sayist | ornek (ng/’kg)
Misir”
Uziim cekirdegi
Keten tohumu
Zeytin, Yer fistig1
Kolzfli‘g?i‘g‘feslizgifl Coviy | Zearalenon 44 4 57-117 HPLC Sicgel ve ark. (2010)
Karisim salata,
Soya, Aycicegi
Devedikeni,
Bugday ruseymi
Misir 9 5.2-184.6
Yer fistig1 - -
Kolza Zearalenon 40 1 40.7 GC-QqQ MS Qian ve ark. (2015)
Soya - -
Aycicegi - -
Misir Zearalenon 1 1 460 HPLC Lauren ve Ringrose (1997)
Misir 22.5-70.78
Aycicegi Zearalenon 104 104 2.24-2.67 HPLC Sadeghi ve ark. (2016)
Karisim 0.63-4.45
Zearalenon 386-651
Deoksinivalenol 45-51 Schollenberger
Misir HT-2 Toksin 5-10 HPLC ve ark. (2008)
T-2 Toksin 23-58
Fumonisin B 1 0-77
Rafine Fumonisin B, 0 0
Maisir Deoksinivalenol 25 2 106-216 HPLC Escobar ve ark. (2013)
Zearalenon 8 0-67
Misir 38 38 7-921
Soya Zearalenon 20 14 0-41.4 HPLC Kappenstein ve ark. (2005)
Bugday ruseymi 11 10 0-46.2
Bugday ruseymi Zea?al'enon 25 25 <8-44 HPLC Giménez ve ark. (2013)
Deoksinivalenol <22-163
Fumonisin B;
Misir Fumonisin B, 20 0 <10 HPLC Patel ve ark. (1997)
Fumonisin B3
Aflatoksin B,
1?/10 r Aflatoksin B, § 0 0 LC-MS/MS Y k. (2011
Ayglif;ggi Aﬂatoks@n Gi 1 a ang ve ark. ( )
Aflatoksin G
Aflatoksin B 6
Karisim yag Rl B 0| 014024 | LOMSMS | Yangveark (2011)
Aflatoksin Gy 0
Aflatoksin B
Bitkisel yag Apon B 7 0 . LC-MS/MS Fan ve ark. (2015)
Aflatoksin G
Bitkisel yag Aflatoksin 245 9 0.1-5.8 HPLC Anonim (2001)
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Aflatoksin By
oy . Aflatoksin B,
Bitkisel yag Aflatoksin Gy 25 7 0.27-0.89 HPLC Ma ve ark. (2013)
Aflatoksin Gy
Yer fistig1 Aflatoksin B 57 56 0-40 Opadokun (1992)
Aflatoksin B, 15 0.15-2.72
< Aflatoksin B; 6 0.15-0.36
Yer fistig1 Aflatoksin Gy 31 3 0.01-0.02 LC-MS/MS Yang ve ark. (2011)
Aflatoksin G; 0 0
Aflatoksin By 0.11-24
- Aflatoksin B, 0.1-21
Yer fistig1 Aflatoksin G, 63 45 0-71 HPLC Salau ve ark. (2017)
Aflatoksin Gy 0
Aycicegi
Yer fistig” Zearalenon <0.04-42.5
Soya® Aflatoksin B x <0.05-11.0 HPLC-
Misir Aflatoksin B, 62 6 <0.04-4.56 MS/MS Zhao ve ark. (2017)
Keten tohumu Aflatoksin G <0.04-0.59
Zeytin
Yer fistig1-soya Aflatoksin B 39 39 0.2-114.4 ELISA Sun ve ark. (2011)
Aflatoksin B, 26.1
< Aflatoksin B» 18.1
Ham yer fistig1 Aflatoksin Gy 3 3 185 TLC Abalaka (1984)
Aflatoksin G, 13.2
Aflatoksin By 1 6.6
< Aflatoksin B, 0 -
Rafine yer fistig1 Aflatoksin G, 3 0 ) TLC Abalaka (1984)
Aflatoksin Gy 1 4.8
Yer fistig1 . >98 Abalaka ve
Pamuk tohumu Aflatoksin B, >65 TLC Elegbede (1982)
Ham Piring kepegi . 20 15 236-956 Jayaraman ve
Rafine Pirin¢ kepegi Aflatoksin By 20 6 1z-28 TLC Kalyanasundaram (2009)
Yer fistig Aflatoksin By 1 0.6
Susam Aﬂatoks'm B, 56 7 0.2-0.8 HPLC Idris ve ark. (2010)
Rafine Pamuk Aflatoksin G 0 -
¢ u Aflatoksin G, -
Yer fistig1 Aflatoksin 2 2 6-8.5
Susam Aflatoksin B 1 1 01 RPLC/FLD Bao ve Trucksess (2010)
41.2-339.9
Susam 5.7-100.0
Yer fistig1 Aygigegi Toplam aflatoksin 81 80 0' 6-17 5' 7 HPLC Elzupir ve ark. (2010)
Karisim tohum 0 4-45 7
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Tablo 2. Soguk pres yaglarda mikotoksinlerin arastirilmasina yonelik ¢aligmalar

Table 2. Studies on the investigation of mycotoxins in cold pressed oils

Review Article

Yagin tiirii Mikotoksin Miktar (ng/kg) Yontem Kaynak
Aflatoksin B, 201.57 .
Mahua tohumu Aflatoksinler 220.66 ELISA Sidhu ve ark. (2009)
Misir 6zii Deoksinivalenol 30.4-254.4 HPLC Xu ve ark. (2018)
Aflatoksin B, 5.98-105.71
< Aflatoksin B, 1.02-36.33 .
Yer fistig1 Aflatoksin Gy i HPLC-FLD Sahin ve ark. (2021)
Aflatoksin G, -
Aflatoksin B 1.09-11.10
- Aflatoksin B, 0.08-0.09 .
Yer fistig1 Aflatoksin Gy i HPLC Ji ve ark. (2020)
Aflatoksin G, -
Aflatoksin B; 1.20-2.55
L. Aflatoksin B, 0.37-0.79
Aycicegi Aflatoksin Gy 0.94-2.01 HPLC-FLD Var ve Ugkun (2021)
Aflatoksin G; 0.25-0.42
Tenuazonik asit 12.8
Altenuen -
Aycigegi Alternariol - LC-ID-MS/MS | Télgyesi ve ark. (2020)
Tentoksin 7.1
Alternariol metil eter -
Aycicegi” Tentoksin 0.64-6.73 . .
Kolza tohumu Dihidrotentoksin 448" LC-MS/MS Liu ve Rychlik (2013)
Aflatoksin B 0.63-1.04
Aflatoksin B, <0.1-0.19 .
Susam Aflatoksin Gy i HPLC Akbari ve ark. (2021)
Aflatoksin G, -
Aflatoksin B; 0.2-1.2
Aflatoksin B, 0.1-0.2 .
Susam Aflatoksin Gy 0.1-0.6 HPLC Ramezani ve ark. (2022)
Aflatoksin G, -
Aflatoksin B, -
. Aflatoksin B; - UHPLC-
Kabak ¢ekirdegi Aflatoksin Gy i MS/MS Arslan ve ark. (2017)
Aflatoksin G, -
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Tablo 3. Zeytinyaginda mikotoksinlerin aragtirilmasina yonelik ¢aligmalar

Table 3. Studies on the investigation of mycotoxins in olive oil

Review Article

o e . . Ornek | Pozitif . ..
Yagmn tiirii | Mikotoksin sayisi | ornek Miktar (ug/kg) Yontem Kaynak
Zeytinyagi | Aflatoksin By 5-10 Toussaint ve ark. (1977)
Zeytinyag1 | Aflatoksin B, 50 36 0.0028-0.0463 HPLC Daradimos ve ark. (2000)
Aflatoksin B, <0.04
S Aflatoksin B, - .
Zeytinyagi Aflatoksin Gy 35 3 i LC-MS/MS Cavaliere ve ark. (2007)
Aflatoksin G -
Aflatoksin B
L Aflatoksin B, .
Zeytinyag1 Aflatoksin G, 50 2 0.10 RP-HPLC Yorulmaz ve Bircan (2013)
Aflatoksin Gy
Zeytinyagi Zearalenon HPLC Siegel ve ark. (2010)
. Aflatoksin By 1 0.03
Zeytinyagi Okratoksin A 30 25 0.36-2.10 HPLC Dazkir (2010)
. Aflatoksin By 3 0.5-2.4
Zeytinyagi Okratoksin A 30 24 01-17 HPLC Ferracane ve ark. (2007)
L Aflatoksin By 12 <0.056-0.06 . .
Zeytinyag1 Okratoksin A 50 44 0.06-1.030 HPLC Papachristou ve Markaki (2004)
L Aflatoksin B 0 -
Zeytinyag1 Okratoksin A 60 3 <40 TLC Letutour ve ark. (1983)
. Aflatoksinler 0.006-0.04 o
Zeytinyagi Okratoksin A 28 13 0.052-0 244 HPLC Finoli ve ark. (2005)

Soguk pres yontemi ile elde edilen yaglardaki mikotoksin dii-
zeyinin diger ekstraksiyon yontemleri ile elde edilen yaglar-
daki mikotoksin diizeyi ile karsilagtirildigi ¢aligmalarin ¢o-
gunda soguk pres yontemi ile elde edilen yaglarin daha yiik-
sek miktarda mikotoksin i¢erdigi belirlenmistir. Sahin ve ark.
(2021) tarafindan farkl ekstraksiyon yontemlerinin yer fisti-
gindan yaga aflatoksinlerin gegisine etkisini incelemek ama-
ciyla gerceklestirilen ¢aligmada yaglardaki AFB; ve AFB,
miktar1 iizerine farkli isleme yontemlerinin istatiksel olarak
anlamli oldugu bulunmustur. Sicak presleme ile ekstraksiyon
ve rafinasyon islemlerini kapsayan endiistriyel yontemle elde
edilen yaglarda AFB; ve AFB; tespit edilmemistir. AFB;
miktar1 solvent ekstraksiyonu ile elde edilen yaglarda 2.51-
96.97 ng/kg, kavrulmus fistiklarin soguk presyonu ile elde
edilen yaglarda 4.33-128.68 ng/kg, soguk pres yaglarda 5.98-
105.71 pg/kg olurken AFB; miktar1 solvent ekstraksiyonu ile
elde edilen yaglarda 0.46-17.22 ng/kg, kavrulmus fistiklarin
soguk presyonu ile elde edilen yaglarda 0.84-33.0 pg/kg, so-
guk pres yaglarda 1.02-36.33 pg/kg olarak bulunmustur.
Buna gore yer fistiklarindan solvent ekstraksiyonu, kavrul-
mus yer fistiginin soguk preslenmesi ve soguk pres yontem-
leri ile elde edilen yaglara AFB; gecis oranlari sirastyla %9.0-
79.8; %11.3-75.3; %9.3-77.6 ve AFB; gecis oranlari sirasiyla
%10.1-83.3; %18.4-86.2; %10.5-92.0 olarak tespit edilmistir.

Sonug olarak sirasiyla endiistriyel yontem ve solvent ekstrak-
siyonu yaga aflatoksin gecisini azaltma iizerine en etkili bi-
rinci ve ikinci yontem olurken soguk pres en az etkili yontem
olarak belirlenmistir. Ji ve ark. (2020), kabuklu ve kabuksuz
yer fistigindan solvent ekstraksiyonu, soguk pres ve sicak
pres yoluyla elde ettigi ham yer fistig1 yaglarinda aflatoksin
diizeyini aragtirmistir. AFB;’in yer fistig1 ve yer fistig1 ya-
ginda en sik rastlanan aflatoksin oldugu, AFB; ve toplam af-
latoksin miktarlarinin yagda, elde edildigi yer fistigina ki-
yasla daha diisiikk miktarda bulundugu, solvent ekstraksiyonu
ile elde edilen yaglarin presleme ile elde edilen yaglardan
daha az aflatoksin igerdigi ve sicak presleme ile elde edilen
yaglarin soguk presleme ile elde edilen yaglardan daha az af-
latoksin igerdigi bildirilmistir. Yer fistigindaki aflatoksinlerin
%35-20 oraninda ekstraksiyon ile elde edilen yaga gegtigi, ka-
buk soyma isleminin ardindan bu oranin azaldig1 tespit edil-
mistir. Var ve Uckun (2021), aflatoksin icermeyen ay¢igegi
tohumlarma 5 ve 10 pg/kg aflatoksin ekleyerek ekstraksiyon
yontemlerinin yaga aflatoksin gecisi lizerine etkisini arastir-
mistir. Aragtirmacilar aflatoksinlerin yaga transferi iizerine
eklenen aflatoksin miktar1 ve uygulanan ekstraksiyon yon-
temlerinin etkisinin istatistiksel olarak 6nemli oldugunu bil-
dirmistir. 5 ug/kg ve 10 ug/kg aflatoksin eklenmis ay ¢ekir-
deginden elde edilen yagda tutulan toplam aflatoksin miktar
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soguk preste sirasiyla 2.76 pg/kg (%55.2) ve 5.77 pg/kg
(%57.7), kavrulmug tohumlarin preslenmesi ile 1.87 pg/kg
(%37.4) ve 4.69 (%46.9) pg/kg, solvent ekstraksiyonunda
0.91 (%18.2) ve 1.96 (%19.6) pg/kg olarak belirlenmistir.
Yaga aflatoksin gecisini azaltan en etkili yontemin solvent
ekstraksiyonu oldugu ortaya konmustur. Diger taraftan, so-
guk pres aycicek yaginin Alternaria toksinleri ile bulasabil-
digi cesitli calismalarla gosterilmistir. Puntscher ve ark.
(2019), soguk pres aycicegi yagi érneklerinin 2.9 pg/kg’a va-
ran diizeyde alternariol, 2.9 pg/kg’a varan diizeyde alternariol
monometil eter ve 458 pg/kg’a varan diizeyde tenuazonik asit
icerdigini ortaya koymustur. Orneklerin %69 unun alterna-
riol, %75’inin alternariol monometil eter ve tenuazonik asit,
%381 1inin tentoksin, %31 inin altertoksin I ve %19 unun al-
terperylenol ile kontamine oldugunu bulgulayan arastirmaci-
lar, inceledikleri rafine edilmis yaglarin, soguk preslenmis
yaglara kiyasla onemli Ol¢lide daha diisiik kontaminasyon
gosterdigini bildirmistir. Benzer bir ¢aligmada bir soguk pres
aycicek yag1 6rneginde Alternaria toksinlerinden olan tenua-
zonik asit (12.8 pg/kg) ve tentoksin (7.1 ng/kg) tespit eden
arastirmacilar, rafine edilmis iki ay¢icek yagi 6rneginde ise
4.5-5.0 pg/kg diizeyinde tentoksin saptamistir (Tolgyesi ve
ark., 2020). Alternaria toksinlerinin tespit edilmesi amaciyla
yapilan bir bagka ¢aligmada, Liu ve Rychlik (2013), 1 adet
soguk pres kolza tohumu yaginda 0.64 pg/kg tentoksin bu-
lundugunu, dihidrotentoksin ise bulunmadigini belirlemistir.
Aym c¢alismada 3 adet soguk pres aygcicek yagi drneginde
6.73 pg/kg’a varan diizeyde ve ortalama 4.83 pg/kg tentoksin
ile 4.48’¢ varan diizeyde ve ortalama 2.54 pg/kg dihidroten-
toksin tespit edilmistir.

Susam yag1 da mikotoksin kontaminasyonunu tespit etmek
iizere incelenen lriinler arasindadir. Akbari ve ark. (2021),
soguk pres yontemi ile susam yagi liretiminin farkli agamala-
rindan toplam 17 adet ham susam, 17 adet filtre edilmemis
yag ve 17 adet filtre edilmis yag 6rnegi ile geleneksel yon-
temle susam yag iiretiminin farkli agamalarindan toplam 9
adet ham susam, 9 adet filtre edilmemis yag ve 9 adet filtre
edilmis yag orneginde aflatoksin By, Bz, G ve G, diizeyini
arastirmistir. Kabuk soyma isleminin toplam aflatoksini
%79.79 oraninda azalttig1 tespit edilen ¢alismada, geleneksel
ve soguk pres yontemlerinin ham susamdan elde edilen yaga
strasiyla %8.2 ve %70.22 oraninda toplam aflatoksin aktari-
mina neden oldugu belirlenmistir. Sonug olarak arastirmaci-
lar, susam yaginin aflatoksin igerigini azaltmada geleneksel
yontemin soguk preslemeye gore daha etkili oldugunu bildir-
mistir.

Ote yandan soguk pres yaglarda mikotoksin tespit edilmeyen
veya yasal diizenlemelerle belirlenen limitleri agmayan
oranda mikotoksin tespit edilen ¢alismalar da bulunmaktadir.
Ramezani ve ark. (2022), yerel saticilardan geleneksel soguk

Review Article

pres susam yagi ve marketlerden ticari markalara ait endiist-
riyel soguk pres susam yagi temin ederek bunlarin AFB;,
AFB,, AFG; ve AFG, diizeylerini incelemistir. 10 endiistriyel
susam yagi1 6rneginin 7’sinde (%70’inde) 0.1-0.7 pg/kg ve 20
geleneksel susam yagi 6rneginin 13’linde (%65’inde) 0.1-1.2
ng/kg diizeyinde aflatoksin belirlenmistir. Endiistriyel ve en-
diistriyel olmayan susam yag1 ornekleri arasinda aflatoksin
kontaminasyonu yoniinden anlamli bir farklilik bulunmamas-
tir. AFB; ve toplam aflatoksin diizeylerinin tiim &rneklerde
Iran (5 ve 15 pg/kg, sirasiyla) ve Avrupa Birligi (2 ve 4 pg/kg,
sirastyla) tarafindan izin verilen yasal limitlerin altinda ol-
dugu ortaya konmustur. Arslan ve ark. (2017), Anadolu’nun
4 farkli bolgesinden temin ettikleri kabak ¢ekirdeklerini kul-
lanarak soguk pres yag elde etmis ve bu yaglarda aflatoksin
Bi, Bz, Gi ve G, kontaminasyonunu belirlemigtir. UHPLC-
MS/MS yontemiyle gerceklestirilen analiz sonucunda kabak
cekirdegi yaglarinda aflatoksin kalintisina rastlanmadig: bil-
dirilmistir.

Zeytinyaginda Mikotoksinler

Zeytinler, bilesimleri ve ¢evre kosullari gibi faktorlere bagl
olarak hasattan itibaren son iirliniin depolanmasina kadar ge-
¢en her asamada ¢esitli toksijenik kiifler ve mikotoksinler ile
bulasabilmektedir. Bunun neticesinde kontamine zeytinler-
den elde edilen zeytinyaginda mikotoksin varlig1 s6z konusu
olabilmektedir (Var ve ark., 2011). Tablo 3’te zeytinyaginda
mikotoksin kontaminasyonunu inceleyen galismalar 6zetlen-
mistir,

Aflatoksin zeytinyaginda incelenen baslica mikotoksindir.
Toussaint (1977) inceledigi zeytinyagi orneklerinde 5-10
ug/kg diizeyinde AFB; bulmustur. Poormohammadi ve ark.
(2021), 10 zeytinyag1 6rnegini HPLC-FLD ile aflatoksin kon-
taminasyonu yoniinden incelemis ve 6 Ornekte 0.9-11.45
ng/kg toplam aflatoksin tespit etmistir. Pakistan’da yerel ve
ithal zeytinlerden Soxhlet aparati kullanilarak elde edilen
zeytinyagi orneklerinde AFB, ve toplam aflatoksin diizeyinin
incelendigi bir calismada 6rnekler HPLC ile analiz edilmistir.
Ithal zeytinlerden elde edilen 20 yag drneginden 8’inde orta-
lama 4.38 nug/kg AFB; ve 7.47 pg/kg toplam aflatoksin bu-
lunmustur. Yerel zeytinlerden elde edilen 18 yag 6rneginden
8’inde ortalama 8.51 pg/kg AFB; ve 12.78 ug/kg toplam af-
latoksin belirlenmigtir (Wagqas ve ark. 2021). Bununla birlikte
zeytinyagindaki aflatoksin seviyesinin genellikle disiik dii-
zeyde oldugu bildirilmektedir. AFB;, AFB,, AFG, ve AFG;
varliginin 15 natiirel sizma, 15 natiirel ve 5 ham zeytinyagi
orneginde LC-MS/MS ile incelendigi bir ¢aligma sonucunda
3 natiirel zeytinyag1 6rneginde metot tayin limiti olan 0.04
ug/kg’in altinda AFB; tespit edilmistir (Cavaliere ve ark.,
2007). Daradimos ve ark. (2000) AFB; kontaminasyonunu
tespit etmek amaciyla inceledikleri 50 zeytinyagi 6rneginden



Review Article

Food Health 9(3), 262-281 (2023) e https://doi.org/10.3153/FH23024

14 tanesinde aflatoksin tespit etmediklerini, geri kalan 6rnek-
lerde ise 0.0028-0.0463 pg/kg diizeyinde AFB; saptadiklarini
bildirmistir. Zeytinyaglarinda aflatoksin kontaminasyonunu
belirlemek amaciyla gergeklestirilen bir diger ¢alismada 50
adet zeytinyagi orneginde AFB;, AFB,, AFG; ve AFG; var-
11g1 RP-HPLC ile incelenmistir. Orneklerin %96’sinda higbir
aflatoksin bulasis1 olmadigi, yalnizca iki 6rnekte ortalama
0.10 pg/kg AFB; bulundugu ortaya konmustur (Yorulmaz ve
Bircan, 2013). Nabizadeh ve ark. (2018), rafine edilmemis 15
zeytinyag1 orneginde AFBi, AFG; ve AFG:’ye rastlamadi-
gin1, orneklerin 2’sinde 0.2-0.4 pg/kg AFB; saptadigini, ra-
fine edilmis 6rneklerde ise aflatoksin tespit etmedigini bildir-
mistir. Zeytinin bilesiminde yer alan gesitli fenolik bilesikle-
rin bu toksinin {iretimini kisitlayict yonde etki etmesi, afla-
toksinin zeytinyaginda diisiik diizeyde tespit edilmesinin ne-
denleri arasinda gosterilmektedir. Bu fenolik bilesiklerden
bazilar1 kiif gelisimini engellememekle birlikte aflatoksin
iiretimini siirlandirmaktadir. Ornegin, esas olarak kafeik asit
ve daha az miktarda katesin ve kumarinleri igeren bir zeytin
ekstraktinin, Aspergillus flavus gelisimini durdurmaksizin af-
latoksin iiretimini %90 oraninda engelledigi ifade edilmekte-
dir (Paster ve ark., 1988). Benzer sekilde oleuropein, misel
kitlesi yoniinden degerlendirildiginde, A. parasiticus kiifliniin
gelisimini tesvik ederken aflatoksin {iretimini %83-93 ora-
ninda azaltmistir (Gourama ve Bullerman, 1987).

Okratoksin, zeytinyaginda incelenen bir diger mikotoksindir.
Letutour ve ark. (1983), 60 ham c¢iftlik zeytinyagi 6rneginde
AFB; ve OTA varligin1 TLC ile incelemis ve 3 Ornekte iz
miktarda OTA tespit edildigini, hi¢bir érnekte ise AFB, bu-
lunmadigini bildirmistir. Finoli ve ark. (2005) tarafindan ya-
pilan bir calismada 28 natiirel sizma zeytinyagi drneginde af-
latoksin ve OTA kontaminasyonu incelenmistir. Orneklerin
%54’{inde mikotoksin tespit edilememistir. Bir 6rnekte AFB;
ve OTA’nin birlikte bulundugu bildirilen ¢alismada, drnekle-
rin aflatoksin diizeyleri 0.006-0.04 pg/kg, OTA diizeyleri
0.052-0.244 pg/kg olarak belirlenmistir. 30 sizma zeytinyagi
orneginde HPLC ile AFB; ve OTA varligin1 arastirdigi calis-
masinda Dazkir (2010), 1 6rnekte 0.03 pg/kg AFBi, 25 or-
nekte ise 0.36-2.10 pg/kg OTA tespit etmis ve AFB; bulunan
ornegin ayni zamanda OTA igerdigini ortaya koymustur. Na-
tirel zeytinyaglarinda AFB; ve OTA kontaminasyonunun
arastirildigi bir calismada HPLC ile 30 adet 6rnek incelen-
mistir. %80’inin OTA ile kontamine oldugu belirlenen 6rnek-
lerin kontaminasyon seviyesi 0.1-17 pg/kg olarak bulunmus-
tur. Ug 6rnekte ise 0.5-2.4 pg/kg diizeyinde AFB; saptanmig
olup, arastirmacilar tarafindan 6rneklerin %10’unda iki mi-
kotoksinin birlikte bulundugu ortaya konmustur (Ferracane
ve ark., 2007). Natiirel zeytinyagi drneklerinde AFB; ve OTA
varligini arastiran Papachristou ve Markaki (2004), 50 6rnegi

HPLC ile analiz etmigtir. OTA, incelenen 6 6rnekte tespit edi-
lemezken, geri kalan 6rneklerde 0.06-1.030 pg/kg diizeyinde
bulunmustur. On bir érnekte aflatoksin B, izine rastlanmus, 1
ornekte 0.06 pg/kg diizeyinde tespit edilmistir.

Zeytinyaginda mikotoksin kontaminasyonunu inceleyen ca-
lismalar daha ¢ok aflatoksin ve okratoksin iizerine yogunlag-
makla birlikte son yillarda Al/ternaria toksinleri, zearalenon
ve fumonisin de incelenen mikotoksinler arasinda yer almak-
tadir. Yirmi natiirel zeytinyagi 6rneginde tenuazonik asit, ten-
toksin, alternariol ve alternariol monometil eter olmak tizere
4 farkl Alternaria toksininin incelendigi bir calismada 12 6r-
negin incelenen mikotoksinlerden en az birini igerdigi goste-
rilmistir. Orneklerin %60’1nda bulunan alternariol monometil
eter en yaygin tespit edilen mikotoksin olurken onu sirasiyla
orneklerin %25 ve %20’sinde bulunan alternariol ve tenuazo-
nik asit izlemistir. Tentoksine ise higbir 6rnekte rastlanmadi-
gin1 bildiren aragtirmacilar, 6rneklerin 4.40 pg/kg’a varan dii-
zeyde tenuazonik asit, 7.53 pg/kg’a varan diizeyde alternariol
ve 13.7 pg/kg’a varan diizeyde alternariol monometil eter
icerdigini belirlemistir (Lin ve ark., 2022). Natiirel zeytinyagi
ve organik zeytinyaginda alternariol tespit edilen bir bagka
caligmada HPLC-FLD ile gerceklestirilen analiz sonucunda
natiirel zeytinyaginda 24 pg/kg, organik zeytinyaginda 28
pg/kg alternariol saptanmigtir (Moya-Cavas ve ark., 2023).
Zeytinyag1 (35 adet), natiirel sizma zeytinyagi (33 adet), ham
zeytinyagi (31 adet), rafine zeytinyagi (11 adet), pirina yagi
(15 adet) ve ham pirina yagina (28 adet) ait toplam 153 6rne-
gin UHPLC-QqQ-MS/MS ile analiz edildigi bir calismada
orneklerin hi¢birinde AFB; ve AFB; tespit edilmemistir. Na-
tiirel sizma zeytinyagi 6rneklerinin %18’inde 0.8-1.9 pg/kg
AFG, rafine zeytinyagi orneklerinin %9’unda 1.1 pg/kg
AFG, ve ham pirina yag1 6rneklerinin %82’sinde 1.4-6.8
ug/kg AFG; bulunmustur. Ayni ¢alismada orneklerde ZEA
ve metaboliti a-zearalenol varlig1 da arastirilmig ve a-zeara-
lenol hi¢bir 6rnekte tespit edilmemistir. Ancak zeytinyagi or-
neklerinin %51’inde 1.1-21.1 pg/kg, natiirel sizma zeytinyagi
orneklerinin %3’linde 1.3 pg/kg, ham zeytinyagi 6rneklerinin
%55’inde 0.6-25.6 pg/kg, rafine zeytinyagir oOrneklerinin
%73’linde 0.7-20.2 pg/kg, pirina yagi drneklerinin %7’ sinde
0.7 ng/kg ve ham pirina yagi érneklerinin %7’sinde 0.6 pg/kg
ZEA saptanmigtir. Aragtirmacilar, 6rneklerde belirlenen ZEA
miktart her ne kadar Avrupa Komisyonu tarafindan belirle-
nen 400 pg/kg smir degerinin altinda olsa da, rafinasyon isle-
minin son liriinde bu bilesikleri giderebilecegi veya en aza in-
direbilecegi bilinmesine ragmen rafine zeytinyagi drnekleri-
nin ¢ogunun (%73) ZEA i¢ermesini dikkat ¢ekici bulmustur
(Hidalgo-Ruiz ve ark., 2019). Elli adet zeytinyagi érneginin
incelendigi bir bagka calismada 12 oOrnekte 29.17-208.54
ug/kg ZEA, 2 ornekte 17.25-57.79 ug/kg FBy, 11 Ornekte
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13.25-71.42 pg/kg FB», 20 6rnekte 0.23-0.92 pg/kg beauve-
ricin ve 18 ornekte 1.11-2.32 AFB; tespit edilmistir (Junsai
ve ark., 2021).

Sonu¢

Tarimsal gida iiriinlerine yaygin olarak toksijenik kiifler ve
mikotoksinler bulasabilmektedir. Toksijenik kiifler ile bulag-
mis yag bitkilerinde uygun kosullar olustugunda, kiifler tara-
findan mikotoksinlerin iiretimi yetistirme asamasinda mey-
dana gelebilecegi gibi, yagl tohum ve meyvelerin yiiksek si-
caklik ve nem degerlerinde depolanmasi da mikotoksin olu-
sumuna yol acabilmektedir. Rafinasyon iglemi, mikotoksin-
leri yaglardan kismen uzaklagtirmakla birlikte soguk pres
yaglar ve natiirel yaglara bu iglem uygulanmamaktadir. Do-
layisi ile bu iiriinlerin s6z konusu kontaminantlar ile bulas-
masi, artan tiiketimleri géz Oniine alindiginda insan sagligi
acisindan tehlike yaratabilir. Bu durumu engellemek i¢in iyi
tiretim uygulamalar ile iyi hijyen uygulamalarina bagl kali-
narak bitkisel yaglarda {iretimin her agamasi kontrol altinda
tutulmalidir. Yag hammaddelerinin yetistirilmesi, depolan-
mas1 ve islenmesi sirasinda kiif kontaminasyonunu minimum
diizeyde tutacak onlemler alinmali ve mikotoksin iiretimine
uygun kosullarin olusumunun 6niine gegilmelidir.

Diger taraftan bitkisel yaglar ve hammaddelerinde toksijenik
kiif kontaminasyonu, mikotoksin varligi, bulasmanin hangi
asamalarda meydana geldigi ve nasil 6nlenebilecegi, dekon-
taminasyon yollar1 gibi alanlarda yapilacak ayrintili ¢aligma-
larin konuya farkli bir yaklagim sunabilecegi diisiiniilmekte-
dir.

Etik Standartlar ile Uyumluluk

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

Etik izin: Arastirma niteligi bakimindan etik izne tabii degildir.
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their work licensed under a Creative Commons Attribu-
tion 4.0 International license (CC BY 4.0) (https://crea-
tivecommons.org/licenses/by/4.0/), and Publisher retains
the exclusive right to publish the work. The CC BY 4.0
license permits unlimited distribution and reproduction in
any medium, provided that the original work is properly
cited.

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).

Author's Responsibilities
Reporting Standards

Authors should present an accurate account of the work
performed as well as an objective discussion of the signif-
icance of the reports of original research. Underlying data
should be represented accurately in the paper. The Manu-
script should contain sufficient detail and references to
permit others to replicate the work. Fraudulent or know-
ingly inaccurate statements constitute unethical behavior
and are unacceptable.

Data Access and Retention

Authors are asked to provide the raw data in connection
with a paper for editorial review and should be prepared
to provide public access to such data (consistent with the
ALPSP-STM Statement on Data and Databases).

Originality and Plagiarism

The authors should ensure that they have written entirely
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original works, and if the authors have used the work
and/or words of others that should be appropriately cited
or quoted.

By submitting articles to "FOOD and HEALTH" journal,
the author attests to the following:

e Proper reference is provided for all contents ex-
tracted from other sources

e Strong action will be taken against cases of plagia-
rism

e All the papers submitted have to pass through an in-
itial screening and will be checked through the Ad-
vanced Plagiarism Detection Software (iThenticate,
etc.).

Multiple, Redundant or Concurrent Publication

An author should not publish manuscripts describing es-
sentially the same research in more than one journal or pri-
mary publication. Submitting the same manuscript to
more than one journal concurrently constitutes unethical
publishing behavior and is unacceptable.

Acknowledgment of Sources

Proper acknowledgment of the work of others must always
be given. Authors should cite publications that have been
influential in determining the nature of the reported work.

Authorship of the Paper

Authorship should be limited to those who have made a
significant contribution to the conception, design, execu-
tion, or interpretation of the reported study. All those who
have made significant contributions should be listed as co-
authors. Where there are others who have participated in
certain substantive aspects of the research project, they
should be acknowledged or listed as contributors.

The corresponding author should ensure that all appropri-
ate co-authors and no inappropriate co-authors are in-
cluded on the paper and that all co-authors have seen and
approved the final version of the paper and have agreed to
its submission for publication.
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Hazards and Human or Animal Subjects

If the work involves chemicals, procedures or equipment
that have any unusual hazards inherent in their use, the au-
thor must clearly identify these in the manuscript.

Disclosure and Conflicts of Interest

All authors should disclose in their manuscript any finan-
cial or other substantive conflicts of interest that might be
construed to influence the results or interpretation of their
manuscript. All sources of financial support for the project
should be disclosed.

Fundamental Errors in Published Works

When an author discovers a significant error or inaccuracy
in his/her own published work, it is the author’s obligation
to promptly notify the journal editor or publisher and co-
operate with the editor to retract or correct the paper.

Responsibility for the Editor and Reviewers
General duties and responsibilities of the editor;

e Actively seek the views of authors, readers, review-
ers, and editorial board members about ways of im-
proving their journal’s processes

e Encourage and be aware of research into peer re-
view and ‘journalology’ and reassess journal pro-
cesses in the light of new findings

e Work to persuade their publishers to provide them
with appropriate resources, guidance from experts
(e.g. designers, lawyers) and adequate training to
perform their role in a professional manner and
raise the quality of their journal

e Support initiatives designed to reduce academic
misconduct

e Support initiatives to educate researchers about
publication ethics

o Assess the effects of their journal policies on author
and reviewer behavior and revise policies, as re-
quired, to encourage responsible behavior and dis-
courage misconduct
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e Ensure that any press releases issued by the journal
reflect the message of the reported article and put it
into context

Duties of Reviewers;

Contribution to Editorial Decisions: Peer review assists
the editor in making editorial decisions and through the
editorial communications with the author may also assist
the author in improving the paper.

Promptness: Any selected referee who feels unqualified
to review the research reported in a manuscript or knows
that its prompt review will be impossible should notify the
editor and excuse himself from the review process.

Confidentiality: Any manuscripts received for review
must be treated as confidential documents. They must not
be shown to or discussed with others except as authorized
by the editor.

Standards of Objectivity: Reviews should be conducted
objectively. Personal criticism of the author is inappropri-
ate. Referees should express their views clearly with sup-
porting arguments.

Acknowledgment of Sources: Reviewers should identify
relevant published work that has not been cited by the au-
thors. Any statement that an observation, derivation, or ar-
gument had been previously reported should be accompa-
nied by the relevant citation. A reviewer should also call
to the editor's attention any substantial similarity or over-
lap between the manuscript under consideration and any
other published paper of which they have personal
knowledge.

Disclosure and Conflict of Interest: Privileged infor-
mation or ideas obtained through peer review must be kept
confidential and not used for personal advantage. Review-
ers should not consider articles in which there are conflicts
of interest arising from competition, cooperation, or other
relationships or affiliations with any of the authors, com-
panies, or institutions affiliated with the articles and
should withdraw from the peer review process.
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Rules that Authors Must Follow in Submit-

ting Articles

All submissions are screened by similarity detection
software. The similarity rate in the articles to be sent
to the journal should be below 20%.

In the event of alleged or suspected research miscon-
duct, e.g., plagiarism, citation manipulation, and data
falsification/ fabrication, the Editorial Board will fol-
low and act in accordance with COPE guidelines.

Each individual listed as an author should fulfill the
authorship criteria recommended by the ICMJE.
The ICMJE recommends that authorship be based on
the following 4 criteria:

1. Substantial contributions to the conception or de-
sign of the work; or the acquisition, analysis, or in-
terpretation of data for the work;

2. Drafting the work or revising it critically for im-
portant intellectual content;

Final approval of the version to be published;

4. Agreement to be accountable for all aspects of the
work in ensuring that questions related to the accu-
racy or integrity of any part of the work are appro-
priately investigated and resolved.

In addition to being accountable for the parts of the
work he/she has done, an author should be able to iden-
tify which co-authors are responsible for specific parts
of the work. In addition, authors should have confi-
dence in the integrity of the contributions of their co-
authors.

All those designated as authors should meet all four cri-
teria for authorship, and all who meet the four criteria
should be identified as authors. Those who do not meet
all four criteria should be acknowledged on the title
page of the manuscript.

“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)
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during the initial submission process in order to act ap-
propriately on authorship rights and to prevent ghost or
honorary authorship. If the editorial board suspects a
case of “gift authorship,” the submission will be re-
jected without further review. As part of the submis-
sion of the manuscript, the corresponding author should
also send a short statement declaring that he/she accepts
to undertake all the responsibility for authorship during
the submission and review stages of the manuscript.

“FOOD and HEALTH” journal requires and encour-
ages the authors and the individuals involved in the
evaluation process of submitted manuscripts to disclose
any existing or potential conflicts of interest, including
financial, consultant, and institutional, that might lead
to potential bias or a conflict of interest. Any financial
grants or other support received for a submitted study
from individuals or institutions should be disclosed to
the Editorial Board. To disclose a potential conflict o f
interest, the ICMJE Potential Conflict of Interest Dis-
closure Form should be filled in and submitted by all
contributing authors. Cases of a potential conflict of
interest of the editors, authors, or reviewers are re-
solved by the journal’s Editorial Board within the
scope of COPE and ICMJE guidelines.

When using previously published content, including
figures, tables, or any other material in both print and
electronic formats, authors must obtain permission
from the copyright holder. Legal, financial and criminal
liabilities in this regard belong to the author(s).

Statements or opinions expressed in the manuscripts
published in the “FOOD and HEALTH” journal re-
flect the views of the author(s) and not the opinions of
the editors, the editorial board, or the publisher disclaim
any responsibility or liability for such materials. The fi-
nal responsibility in regard to the published content
rests with the authors.

Manuscript Preparation

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

http://dergipark.gov.tr/journal/1 646/submission/start

Manuscripts submitted to the journal will first go
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through a technical evaluation process where the edito-
rial office staff will ensure that the manuscript has been
prepared and submitted in accordance with the jour-
nal’s guidelines. Submissions that do not conform to
the journal’s guidelines will be returned to the submit-
ting author with technical correction requests.

Authors are required to submit the following forms dur-
ing the initial submission.

e Copyright Transfer, Ethic, Authorship Contri-
bution Forms (one pdf file available from
https://dergipark.org.tr/tr/download/journal-
file/19582)

e ICMIJE Potential Conflict of Interest Disclo-
sure Form (should be filled in by all contrib-
uting authors) Download this form from
http://www.icmje.org/conflicts-of-interest/  fill
and save. Send this to the journal with your other
files.

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, fig-
ures, efc.), and tables in the one main text (word office
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), normally 3-6 items
Introduction

Material and Methods

Results and Discussion

Conclusion
Compliance with Ethical Standards


https://www.icmje.org/
https://publicationethics.org/
https://www.icmje.org/
http://dergipark.gov.tr/journal/1646/submission/start
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://orcid.org/
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e Conflict of Interest: When you (or your employer or
sponsor) have a financial, commercial, legal, or profes-
sional relationship with other organizations 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 approval
of the ethics committee, and the authors may argue that
they do not need the approval of their work. In such situa-
tions, we consult COPE’s “Guidance for Editors: Re-
search, Audit and Service Evaluations” document and
evaluate the study at the editorial board and decide whether
or not it needs approval.

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

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

e 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 given in the main text)

Manuscript Types

Original Articles: This is the most important type of
article since it provides new information based on orig-
inal research. The main text should contain “Intro-
duction”, “Materials and Methods”, “Results and
Discussion”, “Conclusion”, “Compliance with Ethi-
cal Standard” and “References” sections.

Statistical analysis to support conclusions is usually
necessary. Statistical analyses must be conducted in ac-
cordance with international statistical reporting stand-
ards. Information on statistical analyses should be pro-
vided with a separate subheading under the Materials
and Methods section and the statistical software that
was used during the process must be specified.

Units should be prepared in accordance with the Inter-
national System of Units (SI).
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Review Articles: Reviews prepared by authors who
have extensive knowledge of a particular field and
whose scientific background has been translated into
a high volume of publications with a high citation po-
tential are welcomed. These authors may even be in-
vited by the journal. Reviews should describe, dis-
cuss, and evaluate the current level of knowledge of
a topic in research 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 sec-
tions.

Short Communication: This type of manuscript discusses
important parts, overlooked aspects, or lacking parts of a
previously published article. Articles on subjects within
the scope of the journal that might attract the readers’ at-
tention, particularly educative cases, may also be submit-
ted in the form of a “Short Communication” Readers can
also present their comments on the published manuscripts
in the form of a “Short Communication”. The main text
should contain “Introduction”, “Materials and Meth-
ods”, “Results and Discussion”, “Conclusion”, “Com-
pliance with Ethical Standard” and “References” sec-
tions.

Table 1. Limitations for each manuscript type

Type of Page  Abstract Reference
manuscript word limit limit
Original Article <25 180 40
Review Article no limits 180 60
Short Communication <5 150 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 used in the
tables should be defined below the tables by foot-
notes (even if they are defined within the main text).
Tables should be created using the ‘“insert table”
command of the word processing software and they
should be arranged clearly to provide easy reading.

\
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Data presented in the tables should not be a repetition
of the data presented within the main text but should
be supporting the main text.

Figures and Figure Legends

Figures, graphics, and photographs should be submitted in
main document WORD files (in JPEG or PNG format)
through the submission system. Any information within
the images that may indicate an individual or institution
should be blinded. The minimum resolution of each sub-
mitted figure should be 300 DPI. To prevent delays in the
evaluation process, all submitted figures should be clear in
resolution and large (minimum dimensions: 100x100
mm). Figure legends should be listed at the end of the main
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, should be
provided in parentheses in the following format: “Discov-
ery St PET/CT scanner (General Electric, Milwaukee, WI,
USA)”

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

Limitations, drawbacks, and shortcomings of original ar-
ticles should be mentioned in the Discussion section be-
fore the conclusion paragraph.

References

Reference System is APA 6th 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 date of publication must always appear, and these
items must match exactly the corresponding entry in the
references list. The third kind of information, the page
number, appears only in a citation to a direct quotation.
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...(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

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).

Revisions

When submitting a revised version of a paper, the au-
thor must submit a detailed “Response to the review-
ers” that states point by point how each issue raised
by the reviewers has been covered and where it can
be found (each reviewer’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
main document. Revised manuscripts must be sub-
mitted 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) be-
lieve that additional time is required, they should re-
quest this extension before the initial 15-day period

E-ISSN 2602-2834
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is over. publication before it is included in its scheduled is-
sue. A PDF proof of the accepted manuscript is sent
to the corresponding author and their publication ap-
proval is requested within 2 days of their receipt of
the proof.
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Accepted manuscripts are copy-edited for grammar,
punctuation, and format. Once the publication pro-
cess of a manuscript is completed, it is published
online on the journal’s webpage as an ahead-of-print
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