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ABSTRACT

Acesulfame potassium (ACE-K) is an artificial sweetener widely used in many foods. This
investigation assessed the cytotoxic effect of ACE-K using MTT assay in human hepatocellular
carcinoma (HepG2) cell line and the genotoxic effect using chromosomal aberrations (CAs),
micronucleus (MN), and comet assays in human lymphocytes. 7.5-240 pg/mL concentrations of
ACE-K were applied to cells. ACE-K notably decreased the cell viability on HepG2 cells,
especially at 120 and 240 pg/mL at 24 and 48 h. It also significantly reduced the mitotic index
(MI) at 60, 120, and 240 pug/mL at both treatments (24 and 48 h) in human lymphocytes. The
frequency of the CAs significantly increased at 60, 120, and 240 pg/mL for 48 h treatment
compared to control. However, no difference was observed in the frequency of MN and nuclear
division index (NDI) at all the treatments. ACE-K also induced comet tail length, tail intensity,
and moment at 15 pg/mL in isolated human lymphocytes. Therefore, ACE-K showed a cytotoxic
effect in HepG2 cells as well as human lymphocytes at higher concentrations. It also exhibits a
mild genotoxic effect by increasing the frequency of CAs at long-term treatment and DNA
damaging effect only at 15 pg/mL.

Keywords: Acesulfame potassium, Food sweetener, MTT assay, Chromosomal aberrations,
Micronucleus, Comet assay
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Introduction

Sweeteners are used as food additives in all kinds of foods
and beverages to make foods tastier (Cruz-Rojas et al., 2019;
Schiano et al., 2021). They entered the food industry around
the 1800s and are the basis of foodstuffs today (Carocho et
al., 2017). Due to their low calorie, cost, and having a higher
sweetness than natural table sugar, they are increasingly
being included in foods and beverages. Sweeteners are added
to foods and beverages as sugar substitutes such as artificial
sweeteners, sugar-free sweets, and sugar-free sodas (Cao et
al., 2020). They can be grouped into artificial sweeteners,
modified sugars, sugars, and sugar alcohols, natural caloric
sweeteners, and zero-calorie sweeteners (Hernandez-Pérez et
al., 2020). Artificial sweeteners are obtained by chemical
synthesis and are primarily used in food, beverages,
pharmaceuticals, and animal feeds with high sweetening
power without extra energy (Li et al., 2020; Schiano et al.,
2021). There are more than 3000 additives approved for use
around the world (Whitehouse et al., 2008; Cao et al., 2020).
These sweeteners are aspartame, acesulfame potassium,
neotame, saccharin, cyclamate, sucralose, and neohespiridin
dihydrochalcone (Kokotou et al., 2012; Heredia-Garcia et al.,
2019; Li et al., 2020).

Acesulfame potassium (ACE-K) (also known as Sweet One,
and Sunett) is a widely-used artificial sweetener worldwide
(Cruz-Rojas, 2019; Belton et al., 2020). It is one of several
low- and no-calorie sweeteners used as an alternative to
sugar. In 1967, ACE-K was discovered by chemist Karl
Clauss. In 1988, the Food and Drug Administration (FDA)
was approved as a food/drink sweetener (Whitehouse et al.,
2008; Belton et al., 2020). Additionally, the acceptable daily
intake (ADI) value for ACE-K has been recommended by
FDA is 15 mg/kg body-weight in the same year. The ADI
value has been determined by the Joint Food and Agriculture
Organization of the United Nations (FAO)/World Health
Organization (WHO) Expert Committee on Food Additives
(JECFA) to be 0—15 mg/kg body-weight in 1991, and by the
European Scientific Committee on Food to be 0-9 mg/kg
body-weight in 2000 (WHO 1980; JECFA 1991; Belton et
al., 2020; Chappell et al., 2020). ACE-K, whose sweetness is
nearly 200 times higher than that of sucrose, is known as a
potential sweetener due to its superior sweet taste and high
water solubility (Magnuson et al., 2016; Ibi et al., 2018).
Additionally, ACE-K is often mixed with other sweeteners
(aspartame or sucralose) and exhibits a synergistic effect that
makes the mixture sweeter than its components
(Chattopadhyay et al., 2014). It can be included in some foods
like baked goods, frozen desserts, candies, chewing gum,
desserts, non-alcoholic beverages, and breath mints
(Whitehouse et al., 2008; Findikl1 and Tiirkoglu, 2014). It is
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not metabolized in the body and is excreted unaltered in the
urinary (Whitehouse et al., 2008; van Eyk, 2015; Najam et
al., 2017). ACE-K contains the chemical methylene chloride,
which has a known carcinogenic effect (Findikli and
Tiirkoglu 2014).

Some in vitro and in vivo studies revealed that ACE-K
exhibited cytotoxic and genotoxic effects (Mukherjee and
Chakrabarti 1997; Bandyopadhyay et al., 2008; van Eyk,
2015). Cytotoxicity studies on cancer cell lines related to
ACE-K have been observed to be very limited. van Eyk
(2015) determined that ACE-K had a cytotoxic effect at con-
centrations >10 mM in colon HT-29 and Caco-2 cells and
kidney HEK-293 cells using MTT assay. However, it had no
significant effect on DNA damage using comet assay at all
treatments. Mukherjee and Chakrabarti (1997) demonstrated
that ACE-K (60, 450, 1500, and 2250 mg/kg) caused an
increase in the frequency of chromosomal aberrations in vivo
Swiss albino male mice. However, Mukhopadhyay et al.
(2000) determined that the combination of ACE-K (1.5, 15,
and 150 mg/kg) and Aspartame (3.5, 35, and 350 mg/kg) did
not show any genotoxic effect using chromosomal aberration
assay in Swiss albino male mice. Bandyopadhyay et al.,
(2008) demonstrated that ACE-K induced DNA damage in
bone marrow cells of mice at 150, 300, and 600 mg/kg
concentrations with the comet assay. This result is consistent
with other results obtained in isolated human lymphocytes at
2.5 and 5 ppm using comet assay (Findikli and Tiirkoglu,
2014). Additionally, Silva et al. (2008) reported that ACE-K
and Aspartame (ACE-K+AS) mixture increased the DNA tail
length in human lymphocytes at 0.5% and 5% concentrations
using the comet assay.

In literature, limited studies have been conducted on the
genotoxic effects of ACE-K despite its frequently used in
foods. Moreover, there are not enough studies about the
cytotoxic/antiproliferative effects of ACE-K on human
hepatocellular carcinoma (HepG2) cells. Therefore, this
study purposed to investigate the cytotoxic effect of ACE-K
in HepG2 cells using MTT assay as well as genotoxic effects
in human lymphocytes using chromosomal aberrations
(CAs), micronucleus (MN), and comet (SCGE) assays in
human lymphocytes.

Materials and Methods
Chemicals

The test substance Acesulfame Potassium (ACE-K) (Cas. No:
55589-62-3) was obtained from Merck. The molecular for-
mula of ACE-K is C4H4sKNO4S and the molecular weight is
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201.24. It was dissolved in distilled water. LymphoPlus Me-
dium was obtained from Cegrogen Biotech. Dulbecco’s Mod-
ified Eagle Medium with phenol red and without phenol red
(DMEM, Cas. No: F0445, Cas. No: F0475, respectively), fe-
tal bovine serum (FBS, Cas. No: S0613), PBS (Cas. No:
L1825), trypsin (Cas. No: L2163), L-glutamine (Cas. No:
K0283) and penicillin/streptomycin (Cas. No: A2213) were
obtained from Biochrome. /n vitro toxicology assay kit (MTT
based, Tox-1), mitomycin-C (MMC, Cas. No: 50-07-7), cy-
tochalasin-B (Cyt-B, Cas. No: 14930-96-2), NaCl (Cas. No:
7647-14-5), colchicine (Cas. No: 64-86-8) were obtained
from Sigma. Low Melting Agarose (Cas. No: 9012-36-6),
Normal Melting Agarose (Cas. No: 9012-36-6), NaOH (Cas.
No: 1310-73-2), Tris (Cas. No: 77-86-1), Triton X-100 (Cas.
No: 9002-93-1), EtBr (Cas. No: 1239-45-8), DMSO (Cas.
No: 67-68-5), EDTA (Cas. No: 6381-92-6) and H,O»
(Cas.No: 7722-84-1) were obtained from Applichem.

MTT Assay

Human hepatocellular carcinoma (HepG2) cells were cul-
tured according to ATCC protocols
(https://www.atcc.org/products/hb-8065). The cytotoxicity
of ACE-K was examined using an MTT assay with /n Vitro
Toxicology Assay kit. The experiment was carried out ac-
cording to the method of Mossman (1983) with some modi-
fications (Mamur et al. 2018). The grown cells were seeded
in 96-multi-well plates, including 5x10° cells per well, and
cultured in a CO; incubator for 24 h. The cells were treated
with 7.5, 15, 30, 60, 120, and 240 ug/mL concentrations of
ACE-K for 24 and 48 h. A negative control was also main-
tained.

The absorbance (ABS) values of the wells were read at 570
nm wavelength in the ELISA microplate reading device (Mo-
lecular Devices Spectramax, M5). Then, the cell viability (%)
values and also ICsy values that killed half of the cell popula-
tion were determined. All experiments were repeated three
times independently.

Lymphocyte Cultures

In this study, human peripheral lymphocyte cells from three
healthy volunteers (a male and two female, non-alcoholic,
nonsmokers, aged 24-27 years) were used. This study was
confirmed by the Ethical Committee of the Faculty of Medi-
cine, Gazi University (11.11.2019/144). Cells were treated
with between 7.5 and 240 pg/mL concentrations of ACE-K.
A positive control (Mitomycin-C; MMC, 0.20 pg/mL for
CAs and MN; Hydrogen peroxide; H,O,, 100 uM for comet
assay) and negative control (distilled water) were also main-
tained.
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Chromosomal Aberrations (CAs) Assay

For the CAs assay, Evans’s (1984) method was applied with
some modifications according to Yuzbasioglu et al. (2022).
A blood sample (with heparin added to prevent clotting) was
added to 2.5 mL of LymphoPlus medium. The cells were
treated with 7.5, 15, 30, 60, 120 and 240 pg/mL concentra-
tions of ACE-K for 24 and 48 h.

In CA analysis, a total of 300 (100 metaphases for each do-
nor) metaphases per concentration were examined. In addi-
tion, the mitotic index (MI) was determined by scoring a total
0f 3000 cells per concentration (1000 cells from each donor).

Micronucleus (MN) Assay

The methods of Fenech (2000) and Palus et al. (2003) were
followed for the preparation of MN with some modifications
(Yuzbasioglu et al. 2022). Whole blood (0.2 mL) was added
to 2.5 mL the LymphoPlus medium and incubated for 72 h at
37°C. Human lymphocytes were treated with 7.5, 15, 30, 60,
120 and 240 pg/mL of ACE-K at 48 h treatment period. Both
of a negative control (distilled water) and positive control
(Mitomycin C) were also maintained.

MN was scored from 1000 binucleated cells (BN) from each
donor (a total of 3000 BN per concentration). The nuclear di-
vision index (NDI) was determined via analyzing 500 cells
from each donor (a total of 1500 cells per concentration) ac-
cording to the methods of Surrales et al (1995).

Comet (Single cell gel electrophoresis, SCGE) Assay

The alkaline comet assay was applied according to the meth-
ods of Singh et al. (1988) with some modifications (Erikel et.
al. 2020). Lymphocytes were treated with six different con-
centrations of ACE-K (7.5, 15, 30, 60, 120, and 240 pg/mL)
for 1 h at 37°C. In addition, negative and positive (100 uM
H,0,) controls were also maintained.

Finally, the slides were evaluated using a fluorescence micro-
scope (Olympus) equipped with an excitation filter (546 nm)
and a barrier filter (590 nm), at 400x magnification. For each
ACE-K concentration, the tail length (um), intensity (%) and
moment of the randomly selected 300 (100 cells from each
donor) comets were determined using a specialized image
analysis system (Comet Assay IV, Perceptive Instruments
Ltd., Haverhill, UK).

Statistical Analysis

MTT assay was analysed by using One Way ANOVA fol-
lowed by Dunnet’s multiple comparison test and a p value
less than 0.05 was considered as statistically significant. z-
test was performed for statistical analysis of the percentage
of abnormal cells, CAs/cell number, MN frequency, MI and
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NDI results. For the analysis of Comet assay results, t-test
was used. Besides, correlation and regression analysis were
performed in order to designate the concentration-response
relationship for the experiment groups.

Results and Discussion

Recently, artificial sweeteners are widely used by millions of
people worldwide in various substances including pharma-
ceuticals, diet drinks and foods, and in consumer products
such as toothpaste (Oldfield et al., 2020). Food consumers
often select those foods with sweeteners because they want
the taste of sweetness without added calories (Chattopadhyay
et al., 2014). Artificial sweeteners supply the sweetness of
sugar without the calories (Whitehouse et al. 2008). How-
ever, the safety of these sweeteners has been contradictory
issue and there is some concern about their health effects
(Cao et al., 2020). Several previous studies reported that
artificial sweetener consumption can be related to psychotic
conditions (Lindseth et al., 2014), oxidative stress (Ashok et
al., 2017), type 2 diabetes mellitus (De Koning et al., 2011),
weight gain (Fowler et al., 2008), obesity (Fowler, 2016),
metabolic syndrome (Lutsey et al., 2008), coronary heart
disease (Fung et al., 2009) and even cancer (Soffritti et al.,
2006). It has been determined that the frequent use of these
additives is also a risk factor for higher-grade tumors (Stur-
geon et al.,, 1994). Another study reported that there is a
positive association between the consumption of artificial
sweeteners and well-differentiated thyroid carcinoma (Singh
et al., 2020). In addition, artificial sweeteners are also known
as environmental pollutants that occur permanently in aquatic
environments (Dong et al., 2020; Yang et al., 2021). ACE-K
has been identified as a new type of environmental pollutant
because it is ubiquitous in the ecosystem and is extremely
persistent (Cruz-Rojas et al., 2019; Dong et al., 2020). Con-
sidering the human health and food safety point, determining
the potential cytotoxicity and genotoxicity of ACE-K have
the utmost necessary. However, no other cytotoxicity study
of ACE-K with HepG2 cells was available. Moreover, lim-
ited studies conducted on the genotoxic potential of ACE-K
in human lymphocytes. Therefore, the main goal of the pre-
sent study is to investigate the potential cytotoxic and
genotoxic effects of ACE-K in vitro.

The potential cytotoxic effect of ACE-K was analyzed in
HepG?2 cell line using MTT assay. The cell viability was sig-
nificantly and concentration-dependently decreased at 15, 60,
120, and 240 pg/mL for 24 h and at 30, 120 and 240 pg/mL
for 48 h compared to negative control (24 h r=-0.68; 48 h r=-
0.67, respectively) (Table 1). ICso value was detected as 120
pg/mL for 24 h and >240 pg/mL for 48 h (Figure 1). The
MTT assay is noted as the "gold standard" for cytotoxicity
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testing (van Tonder et al., 2015; Pintor et al., 2020). The
results of the MTT assay demonstrated that ACE-K exhibited
the cytotoxic effect in HepG2 cells, especially at 120 and 240
ug/mL at both treatments. HepG?2 cells are frequently used in
in vitro models (Choi et al. 2015). There is only one study
evaluated the cytotoxic effect of ACE-K on the different cell
lines. Van Eyk (2015) has investigated the cytotoxic effect of
ACE-K on Caco-2, HT-29 (colon), and HEK-293 (kidney)
cellsat 1, 4, 10, 20, and 50 mM concentrations for 24, 48, and
72 h by using the MTT assay. The cell viability decreased at
concentrations >10 mM for both concentrations- and treat-
ment-dependently in all cell lines. The results obtained from
this study are consistent with previous results. This study also
evaluated the potential cytotoxic effect of ACE-K in human
peripheral lymphocytes using MI and NDI which are other
techniques for evaluating cellular proliferation and its
kinetics (Eroglu et al. 2007). Our study revealed that ACE-K
significantly decreased the MI at 60, 120, and 240 pg/mL for
24 h and at 30, 60, 120, and 240 pg/mL for 48 h versus control
(Table 2). It has been determined that these decreases were in
a concentration-dependent manner in both treatments (24 h r
=-0.90; 48 h  r=-0.88). The decrease in the rate of MI may
be due to a blockage in G2, preventing the cell from entering
mitosis, or a decrease in ATP level and pressure from the en-
ergy production center (Jain and Sorbhoy, 1988). Contrary to
the results regarding MI in this study, NDI values did not
verify other cytotoxicity results.

Genotoxicity is related to serious health effects and contains
different types of DNA lesions, gene mutations, structural,
and numerical chromosomal abnormalities comprising
breakage and/or rearrangement of chromosomes (Dusinska et
al., 2019). Considering the close relationship between
genotoxicity and carcinogenesis, various assays have been
developed to detect genetic damage (Souza et al., 2019). The
CAs, MN, and Comet assays are commonly used
measurement techniques for detecting the genotoxic,
mutagenic, and carcinogenic effects (Stice et al., 2019).
Clastogenicity and aneugenicity can be assessed by a CA test
that identifies agents that cause chromosomal or chromatid
breaks, dicentrics, and other chromosomal abnormalities
(Dusinska et al., 2019).

In the present study, the effects of ACE-K on the frequency
of CAs and CAs/cells were shown in Table 2. ACE-K
significantly and concentration-dependently increased the
CAs and CAs/cell frequency for 48 h treatment at 60, 120 and
240 pg/mL (r=0.78; 1r=0.79, respectively) (Table 2).
However, ACE-K did not affect the frequency of CAs in 24
h treatment compared to the negative control (Table 2). Six
types of structural abnormalities were observed such as
chromatid breaks (31.95%), chromosome break (7.73%),
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sister chromatid union (35.05%), dicentric chromosomes
(5.15%), fragment (2.06%), chromatid exchange (9.27%) and
one type of numerical abnormality polyploidy (8.76%) in
cultured human lymphocytes. The commonly observed
structural aberrations were sister chromatid unions (35.05%)
and chromatid breaks (31.95%). The formation of structural
chromosomal aberrations (CAs) can be caused by unrepaired
or insufficiently repaired DNA double-strand breaks
(Vodicka et al., 2018). Chromosomal aberrations and
chromosomal instability are often associated with human
cancers (Bach et al., 2019). In in vivo study, Mukherjee and

Table 1. Cytotoxic effect of ACE-K on HepG2 cells

Chakrabarti (1997) investigated the potential genotoxic and
clastogenic effects of ACE-K. Swiss albino male mice were
exposed to ACE-K by gavage using concentrations of 15, 30,
60, 450, 1500, and 2250 mg/kg (bw). ACE-K caused a
significant raise in the frequency of chromosomal aberrations
at the concentrations of 60, 450, 1500, and 2250 mg/kg (bw).
Authors reported that it exhibited clastogenic and genotoxic
effects. However, Mukhopadhyay et al. (2000) reported that
the combination of ACE-K (1.5, 15, and 150 mg/kg) and
Aspartame (3.5, 35, and 350 mg/kg) was not genotoxic in
Swiss albino male mice using CAs assay.

Test Substance 24 hour 48 hour
Concentration (ug/mL) | N Mean+SD Mean+SD

Control 0.00 3 2.833+0.054 3.423+0.187

ACE-K 7.5 3 2.657+0.715 3.212+0.091
15 3 1.693+0.616 * 2.674+0.234
30 3 2.093+0.138 2.068+ 0.560 *
60 3 1.794+0.407 * 3.029+ 0.000
120 3 1.408+0.184 * 2.536+ 0.454 *
240 3 1.514+0.101 * 1.925+0.286 *

N: The number of repetitions

ACE-K: Acesulfame potassium, HepG2: Human hepatocellular carcinoma cell line, SD: Standard deviation

* Significantly different from the control P < 0.05 (One-way ANOVA-Dunnet Test).
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Figure 1. Cell viability of ACE-K on HepG2 cells
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Table 2. The effect of ACE-K on the frequencies of chromosomal abnormalities and mitotic index in cultured human

lymphocytes
Test Treatment Abnormalities Abnormal cell CA/Cell MI
substance + SE (%) + SE +SE
Time Concent. ctb csb scu cte dic f p
(hour) (ng/mL)

Control 24 0 - 1 2 2 - - - 1.66+0.73 0.016+0.007 7.23+0.47

PC (MMC) 24 0.20 15 7 2 2 - 2 9.66+1.70 0.100+0.017 4.00+0.35

ACE-K 24 7.5 2 - 3 - - - 2 2.3340.87 0.023+0.008 6.80+0.45
15 1 - 6 1 - - - 2.66+0.92 0.026+0.009 6.23+0.44
30 - - 6 1 - - 1 2.66+0.92 0.026+0.009 6.10+£0.43
60 1 2 1 3 - 2 3.00+0.98 0.030+0.010 5.73+0.42 *
120 1 - 5 1 1 1 2 3.66+1.08 0.036+0.010 5.73+0.42 *
240 2 - 4 2 - 1 2 3.33+1.08 0.036+0.010 4.66+0.38 ***

Control 48 0 1 - - - 1 1 - 1.00+0.57 0.010+0.005 7.26+0.46

PC (MMC) 48 0.20 18 2 4 6 - - 10.0+1.73 0.100+0.017 4.00+0.35

ACE-K 48 7.5 4 1 2 - - 1 2.66+0.92 0.026+0.009 6.70+£0.45
15 4 - 6 - - - - 3.33+1.03 0.033+0.010 6.30+0.44
30 2 - 3 1 - 1 1 2.66+0.92 0.026:0.009 5.96+0.43 *
60 6 2 4 - 1 - 1 4.66£1.21* 0.046+0.011* 5.73+0.42 *
120 3 4 6 - 2 - 1 5.33£1.29** 0.053+0.012** | 5.83+0.42 *
240 3 2 8 1 - - 2 5.33£1.29** 0.053+0.012** | 4.70+0.38 ***

The percentage of chromosomal 3195 | 7.73 | 35.05 | 9.27 | 5.15 | 2.06 | 8.76

abnormalities (%)

PC (MMC): Positive control- Mytomycin-C, ACE-K: Acesulfame potassium , SE: Standard error, MI: Mitotic index,
ctb: chromatid break, csb: chromosome break, scu: sister chromatid union, cte: chromatid exchange, dic: dicentric chromosome, f: fragment, p: polyploidy

*Significantly different from the control p < 0.05 (z test)
**Significantly different from the control p < 0.01 (z test)
***Significantly different from the control p <0.001 (z test)
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Micronuclei are one of the most studied biomarkers of DNA
damage and chromosomal instability in humans. The most
commonly used cells are lymphocytes due to a better
understanding and easy attainment of MN formation (Fenech
et al. 2020). It has been documented that MN formed in these
cells is a reliable biomarker for the prediction of cancer risk
in human (Setayesh et al., 2020). In this study, ACE-K did
not caused significant difference on the frequency of MN at
all concentrations. ACE-K slightly increased the MN
frequency in all treatments versus negative control. However,
it was not significant. Therefore, it did not exhibit clastogenic
and aneugenic effects in human lymphocytes in vitro. The nu-
clear division index (NDI) was not induced at all
concentrations of ACE-K (Table 3).

The Comet assay is a simple method commonly used to
determine DNA breaks in vitro as well as in vivo (Dusinska
et al.,, 2019). In comet assay, ACE-K significantly and
concentration-dependently increased the comet tail intensity
at 7.5 pg/mL and 15 pg/mL versus control (r = 0.43) in
isolated human lymphocytes. Besides, a statistically signifi-
cant increase in comet tail length and tail moment were
observed only at 15 pg/mL concentration. However, this
induction was not concentration-dependent manner (Table 4).

These current results were consistent with previous reports.
Findikl1 and Tiirkoglu (2014) showed that ACE-K caused
DNA damage by increasing tail DNA and tail moment
parameters at 2.5 and 5 ppm concentrations in human
lymphocytes treated for three hours by the comet assay. In
another study, van Eyk (2015) investigated the genotoxic
effect of ACE-K on human colon carcinoma (Caco-2 and HT-
29) cells and human embryonic kidney HEK-293 cells by the
treatment with 1, 4, 10, 20, and 50 mM concentrations for 24,
48 and 72 h using the comet assay. The author indicated that
the cells treated with ACE-K had no or little DNA
fragmentation at all treatment times and all the cells tested. In
in vivo study, Bandyopadhyay et al. (2008) assessed the
genotoxic effect of ACE-K (150, 300, and 600 mg/kg body
weight) in mouse bone marrow cells using comet assay and
the mutagenic effect using Ames assay. They found that
ACE-K increased the tail DNA and tail extent values in mice
bone marrow cells at all treatments. However, it did not cause
any mutagenic effect using the Ames assay. Additionally,
Jeffrey and William (2000) determined that ACE-K caused
DNA damage in hepatocytes of F-344 and Sprague-Dawley
rats using a hepatocyte/DNA repair assay. However, ACE-K
did not affect DNA damage in rat hepatocytes. Silva et al.
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(2008) found that a significant increase was observed in DNA
damage of the alone ACE-K (5% concentration) and the
combination of ACE-K+Aspartame at 0.5% and 5%
concentrations in human peripheral lymphocytes using the
comet assay. It was concluded that alone ACE-K did not exert
genotoxic activity at low concentrations. Najam et al. (2017)
have evaluated the in vitro genotoxic effect of alone ACE-K
(100, 200, 400, 800, and 1600 pug/mL in concentrations) and
combination with Sitagliptin (100+190, 200+380, 400+760,

Research Article

800+1520, and 1600+3040 ug/mL in concentrations) on
lymphocytes by Comet assay and mutagenic effect by Ames
assay. ACE-K induced a significant and concentration-
dependent DNA damage in lymphocytes compared to the
negative control. It also showed the mutagenic effect at the
concentrations of 800 pg/plate and 1600 ng /plate. The
combination of ACE-K + Sitagliptin showed a mutagenic
potential at the combined concentrations of 760+400 ug/plate
and 1520+800 pg/plate.

Table 3. Frequencies of the micronucleus and nuclear division index in cultured human lymphocytes treated with

ACE-K
Test sub- Treatment The number | Distribution of BN cells | MN = SE NDI+SE
stance Time Concentration | of counted BN | according to the No. of (%)
(hour) (ng/mL) cell MN
@ (2) 3)

Control 48 0 3000 8 1 - 0.33+0.10 1.54+0.31

PC (MMC) | 48 0.20 3000 40 2 - 1.40+0.21 1.40+0.30

ACE-K 48 7.5 3000 8 - 1 0.36+0.11 1.70+0.33
15 3000 9 1 - 0.36+0.11 1.55+0.31
30 3000 12 1 - 0.46+0.12 1.57+0.32
60 3000 17 - - 0.56+0.13 1.51+0.31
120 3000 14 1 - 0.53+0.13 1.53+0.31
240 3000 15 1 - 0.56+0.13 1.40+0.30

PC (MMC): Positive Control-Mytomycin C, ACE-K: Acesulfame Potassium, SE: Standard error, BN: Binucleat, MN: Micronucleus,

NDI: Nuclear division index.

Table 4. DNA damage caused by ACE-K in isolated human lymphocytes

Test sub- Treatment Tail intensity Tail Length Tail Moment
stance Time Concent. (%) (um)
(hour) (ng/mL)
Control 1 0.00 3.92+0.29 37.80+0.52 0.77+0.06
PC (H,0») 1 100 (uM) 17.16+1.16 64.82+1.10 4.55+0.37
ACE-K 1 7.5 4.88+0.34 * 38.40+0.46 0.92+0.07
15 5.17+0.46 * 39.44+0.47 * 1.014+0.09 *
30 3.93+0.31 37.67+0.40 0.76+0.06
60 4.52+0.36 38.38+0.42 0.88+0.07
120 4.23+0.32 37.11+£0.45 0.80+0.06
240 3.90+0.31 38.19+0.58 0.78+0.08
PC (H202): Positive Control (Hydrogen peroxide)
* Significantly different from the control p <0.05 (t- test)
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Conclusion

Considering all the results, ACE-K showed a cytotoxic effect
in HepG?2 cells as well as human lymphocytes, especially at
higher concentrations. This sweetener exhibited a mild geno-
toxic effect by increasing the frequency of CAs at 60-240
ug/mL in long-term treatment and DNA damaging effect es-
pecially at 15 pg/mL using the comet assay. Since the health
effects of artificial sweeteners are not yet fully known, foods
containing these substances should not be consumed exces-
sively. In this regard, more in vivo studies would be needed.

Compliance with Ethical Standard

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

Ethics committee approval: This study was confirmed by the Eth-
ical Committee of the Faculty of Medicine, Gazi University
(11.11.2019/144).

Funding disclosure: This study was financially supported (except
for comet assay) by Gazi University Scientific Research Projects
Coordination Unit under grant number No. 64/2020-01.

Acknowledgments: -

Disclosure: -

References

Ashok, 1., Poornima, P.S., Wankhar, D., Ravindran, R.,
Sheeladevi, R. (2017). Oxidative stress evoked damages on
rat sperm and attenuated antioxidant status on consumption
of aspartame. International Journal of Impotence Research,
29(4), 164-170.

https://doi.org/10.1038/1jir.2017.17

Bach, D-H., Zhang, W., Sood, A.K. (2019). Chromosomal
Instability in Tumor Initiation and Development. Cancer Re-
search, 79(16), 3995-4002.
https://doi.org/10.1158/0008-5472.CAN-18-3235

Bandyopadhyay, A., Ghoshal, S., Mukherjee, A. (2008).
Genotoxicity testing of low-calorie sweeteners: aspartame,
acesulfame-K, and saccharin. Drug and Chemical Toxicol-
ogy, 31(4), 447-457.
https://doi.org/10.1080/01480540802390270

Belton, K., Schaefer, E., Guiney, P.D. (2020). A review of
the environmental fate and effects of acesulfame-potassium.

Integrated Environmental Assessment and Management,
16(4), 421-437.

Research Article

https://doi.org/10.1002/ieam.4248

Cao, Y., Liu, H., Qin, N., Ren, X., Zhu, B., Xiaodong, X.
(2020). Impact of food additives on the composition and
function of gut microbiota: A review. Trends in Food Science
& Technology, 99, 295-310.
https://doi.org/10.1016/;.ti1fs.2020.03.006

Carocho, M., Morales, P., Ferreira, I.C. (2017). Sweeten-
ers as food additives in the XXI century: A review of what is
known, and what is to come. Food and Chemical Toxicology,
107, 302-317.

https://doi.org/10.1016/1.fct.2017.06.046

Chappell, G.A., Wikoff, D.S., Doepker, C.L., Borghoff,
S.J. (2020). Lack of potential carcinogenicity for acesulfame
potassium—systematic evaluation and integration of mecha-
nistic data into the totality of the evidence. Food and Chemi-
cal Toxicology, 141, 111375.
https://doi.org/10.1016/;.fct.2020.111375

Chattopadhyay, S., Raychaudhuri, U., Chakraborty, R.
(2014). Artificial sweeteners—a review. Journal of Food Sci-
ence and Technology, 51(4), 611-621.
https://doi.org/10.1007/s13197-011-0571-1

Choi, J.M., Oh, S.J., Lee, S.Y., Im, J.H., Oh, J.M., Ryu,
C.S., et al. (2015). HepG?2 cells as an in vitro model for eval-
uation of cytochrome P450 induction by xenobiotics. Ar-
chives of Pharmacal Research, 38(5), 691-704.
https://doi.org/10.1007/s12272-014-0502-6

Cruz-Rojas, C., SanJuan Reyes, N., Fuentes Benites,
M.P.A.G., Dublan Garcia, O., Galar Martinez, M., Islas
Flores, H, et al. (2019). Acesulfame potassium: Its ecotoxi-
city measured through oxidative stress biomarkers in com-
mon carp (Cyprinus carpio). Science of the Total Environ-
ment, 647, 772-784.
https://doi.org/10.1016/].scitotenv.2018.08.034

De Koning, L., Malik, V.S., Rimm, E.B., Willett, W.C.,
Hu, F.B., (2011). Sugar-sweetened and artificially sweetened
beverage consumption and risk of type 2 diabetes in men. The
American Journal of Clinical Nutrition, 93, 1321-1327.
https://doi.org/10.3945/ajcn.110.007922

Dong, G., Li, X., Han, G., Du, L., Li, M. (2020). Zebrafish
neuro-behavioral profiles altered by acesulfame (ACE)
within the range of ‘“no observed effect concentrations
(NOECs)”. Chemosphere, 243, 125431.
https://doi.org/10.1016/j.chemosphere.2019.125431



https://doi.org/10.1038/ijir.2017.17
https://doi.org/10.1158/0008-5472.CAN-18-3235
https://doi.org/10.1080/01480540802390270
https://doi.org/10.1002/ieam.4248
https://doi.org/10.1016/j.tifs.2020.03.006
https://doi.org/10.1016/j.fct.2017.06.046
https://doi.org/10.1016/j.fct.2020.111375
https://doi.org/10.1007/s13197-011-0571-1
https://doi.org/10.1007/s12272-014-0502-6
https://doi.org/10.1016/j.scitotenv.2018.08.034
https://doi.org/10.3945/ajcn.110.007922
https://doi.org/10.1016/j.chemosphere.2019.125431

Research Article

Food Health 8(4), 273-283 (2022) ¢ https://doi.org/10.3153/FH22025

Dusinska, M., Mariussen, E., Rundén Pran, E., Hudecova,
A.M., Elje, E., Kazimirova, A., et al. (2019). In vitro ap-
proaches for assessing the genotoxicity of nanomaterials.
Qunwei Zhang (ed.), Nanotoxicity: Methods and Protocols,
Methods in Molecular Biology. Nature, 1894, 83-122.
https://doi.org/10.1007/978-1-4939-8916-4_6

Erikel, E., Yuzbasioglu, D., Unal, F. (2020). Genotoxic and
antigenotoxic potential of amygdalin on isolated human lym-
phocytes by the comet assay. Journal of Food Biochemistry,
44(10), e13436.

https://doi.org/10.1111/jfbc.13436

Eroglu, Y., Eroglu, H.E., Ilbas, A.L. (2007). Gamma ray re-
duces mitotik index in embriyonic roots of Hordeum vulgare
L. Advanced Biomedical Research, 1(2), 26-28.

Evans, H.J. (1984). Human peripheral blood lymphocytes
for the analysis of chromosome aberrations in mutagentests
in mutagen tests. In: B.J. Kilbey, M. Legator, W. Nichols, C.
Ramel, (eds). Handbook of mutagenicity test procedures.
Amsterdam: Elsevier Science Publishers, 405-427.
https://doi.org/10.1016/B978-0-444-80519-5.50023-7

Fenech M. (2000). The in vitro micronucleus technique. Mu-
tation Research/Fundamental and Molecular Mechanisms of
Mutagenesis, 455(1-2), 81-95.
https://doi.org/10.1016/S0027-5107(00)00065-8

Fenech, M., Knasmueller, S., Bolognesi, C., Holland, N.,
Bonassi, S., Kirsch-Volders, M. (2020). Micronuclei as bi-
omarkers of DNA damage, aneuploidy, inducers of chromo-
somal hypermutation and as sources of pro-inflammatory
DNA in humans. Mutation Research/Reviews in Mutation
Research, 786, 108342.
https://doi.org/10.1016/j.mrrev.2020.108342

Findikh, Z., Tiirkoglu, S., (2014). Determination of the ef-
fects of some artificial sweeteners on human peripheral lym-
phocytes using the comet assay. Journal of Toxicology and
Environmental Health Sciences, 6(8), 147-153.
https://doi.org/10.5897/JTEHS2014.0313

Fowler, S.P., Williams, K., Resendez, R.G., Hunt, K.,
Hazuda, H.P., Stern, M.P. (2008). Fueling the obesity epi-
demic? Artificially sweetened beverage use and longterm
weight gain. Obesity, 16(8), 1894-1900.
https://doi.org/10.1038/0by.2008.284

Fowler, S.P.G., (2016). Low-calorie sweetener use and en-
ergy balance: Results from experimental studies in animals,

and large-scale prospective studies in humans. Physiology
Behavior, 164, 517-523.
https://doi.org/10.1016/i.physbeh.2016.04.047

Fung, T.T., Malik, V., Rexrode, K.M., Manson, J.E., Wil-
lett, W.C., Hu, F.B. (2009). Sweetened beverage consump-
tion and risk of coronary heart disease in women. The Amer-
ican Journal of Clinical Nutrition, 89(4), 1037-1042.
https://doi.org/10.3945/aicn.2008.27140

Heredia-Garcia, G., Gomez Olivan, L.M., Orozco Her-
nandez, J.M., Luja Mondragoén, M., Islas Flores, H., Juan
Reyes, N. S., Galar-Martinez M., Garcia-Medina, S.,
Dublan-Garcia, O. (2019). Alterations to DNA, apoptosis
and oxidative damage induced by sucralose in blood cells of
Cyprinus carpio. Science of the Total Environment, 692, 411-
421.

https://doi.org/10.1016/].scitotenv.2019.07.165

Hernandez-Pérez, A.F., Jofre, F.M., Queiroz, S., de Ar-
ruda, P.V., Chandel, A.K., Gra¢, M.D., Almeida, F.
(2020). Chapter 9: Biotechnological production of sweeten-
ers. Verma, M., Chandel, A., (Eds). Biotechnological Pro-
duction of Bioactive Compounds, Publisher: Elsevier, 261-
292.

https://doi.org/10.1016/B978-0-444-64323-0.00009-6

Ibi, D., Suzuki, F., Hiramatsu, M. (2018). Effect of AceK
(acesulfame potassium) on brain function under dietary re-
striction in mice. Physiology & Behavior, 188, 291-297.
https://doi.org/10.1016/i.physbeh.2018.02.024

Jain, A.K., Sorbhoy, R.K. (1988). Cytogenetical studies on
the effects of some chlorinated pesticides. I1I. Concluding re-
marks. Cytologia, 53(3), 427-436.
https://doi.org/10.1508/cytologia.53.427

Jeffrey, A.M., Williams, G.M. (2000). Lack of DNA-dam-
aging activity of five non-nutritive sweeteners in the rat
hepatocyte/DNA repair assay. Food and Chemical Toxicol-
ogy, 38(4), 335-338.
https://doi.org/10.1016/S0278-6915(99)00163-5

Joint FAO/WHO Expert Committee on Food Additives
(JECFA), (1991). Thirty- seventh report of the Joint
FAO/WHO Expert Committee on Food Additives (JECFA).
Geneva (CH). WHO Technical Report Series, No: 806, 20.

281


https://doi.org/10.1007/978-1-4939-8916-4_6
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Erikel%2C+Esra
https://doi.org/10.1111/jfbc.13436
https://doi.org/10.1016/B978-0-444-80519-5.50023-7
https://doi.org/10.1016/S0027-5107(00)00065-8
https://doi.org/10.1016/j.mrrev.2020.108342
https://doi.org/10.5897/JTEHS2014.0313
https://doi.org/10.1038/oby.2008.284
https://doi.org/10.1016/j.physbeh.2016.04.047
https://doi.org/10.3945/ajcn.2008.27140
https://www.sciencedirect.com/author/6506965491/marcela-galar-galar-martinez
https://www.sciencedirect.com/science/article/pii/S0048969719332796#!
https://www.sciencedirect.com/science/article/pii/S0048969719332796#!
https://doi.org/10.1016/j.scitotenv.2019.07.165
https://doi.org/10.1016/B978-0-444-64323-0.00009-6
https://doi.org/10.1016/j.physbeh.2018.02.024
https://doi.org/10.1508/cytologia.53.427
https://doi.org/10.1016/S0278-6915(99)00163-5

282

Food Health 8(4), 273-283 (2022) ¢ https://doi.org/10.3153/FH22025

Kokotou, M.G., Asimakopoulos, A.G., Thomaidis, N.S.
(2012). Artificial sweeteners as emerging pollutants in the en-
vironment: analytical methodologies and environmental im-
pact. Analytical Methods, 4(10), 3057-3070.
https://doi.org/10.1039/c2ay05950a

Li, D., O'Brien, J.W., Tscharke, B.J., Choi, P.M., Zheng,
Q., Ahmed, F., et al. (2020). National wastewater reconnais-
sance of artificial sweetener consumption and emission in
Australia. Environment International, 143, 105963.
https://doi.org/10.1016/j.envint.2020.105963

Lindseth, G.N., Coolahan, S.E., Petros, T.V., Lindseth,
P.D. (2014). Neurobehavioral effects of aspartame consump-
tion. Research in Nursing & Health, 37(3), 185-193.
https://doi.org/10.1002/nur.21595

Lutsey, P.L., Steffen, L.M., Stevens, J. (2008). Dietary in-
take and the development of the metabolic syndrome. Circu-
lation, 117(6), 754-761.
https://doi.org/10.1161/CIRCULATIONAHA.107.716159

Magnuson, B.A., Carakostas, M.C., Moore, N.H., Poulos,
S.P., Renwick, A.G., (2016). Biological fate of low-calorie
sweeteners. Nutrition Reviews, 74(11), 670-689.
https://doi.org/10.1093/nutrit/nuw032

Mamur, S, Yuzbasioglu D, Yilmaz S, Erikel E, Unal F.
(2018). Assessment of Cytotoxic and Genotoxic Effects of
Enniatin-A In Vitro. Food Additives and Contaminants-Part
A, 35(8), 1633-1644.
https://doi.org/10.1080/19440049.2018.1486513

Mossman, T. (1983). Rapid colometric assay for cellular
growth and survival: application to proliferation and cytotox-
icity assays. Journal Immunol Methods, 65, 55-63.
https://doi.org/10.1016/0022-1759(83)90303-4

Mukherjee, A., Chakrabarti, J. (1997). In vivo cytogenetic
studies on mice exposed to acesulfame-K—a non-nutritive
sweetener. Food and Chemical Toxicology, 35(12), 1177-
1179.

https://doi.org/10.1016/S0278-6915(97)85469-5

Mukhopadhyay, M., Mukherjee, A., Chakrabarti, J.
(2000). In vivo cytogenetic studies on blends of aspartame
and acesulfame-K. Food and Chemical Toxicology, 38(1),
75-77.

https://doi.org/10.1016/S0278-6915(99)00115-5

Research Article

Najam, K., Altaf, 1., Ashraf, M., Rasheed, M.A., Saleem,
F., Munir, N., et al. (2017). In vitro evaluation of mutagen-
icity and genotoxicity of sitagliptin alone and in combination
with artificial sweeteners. Tropical Journal of Pharmaceuti-
cal Research, 16(8), 1841-1847.
https://doi.org/10.4314/tipr.v16i8.13

Oldfield, L.E., Roy, J.W., Robinson, C.E. (2020). Investi-
gating the use of the artificial sweetener acesulfame to eval-
uate septic system inputs and their nutrient loads to streams
at the watershed scale. Journal of Hydrology, 587, 124918.
https://doi.org/10.1016/].jhydrol.2020.124918

Palus, J., Rydzynski, K., Dziubaltowska, E., Wyszynska,
K., Natarajan, A.T., Nilsson, R., et al. (2003). Genotoxic
effects of occupational exposure to lead and cadmium. Muta-
tion Research/Genetic Toxicology and Environmental Muta-
genesis, 540(1), 19-28.
https://doi.org/10.1016/S1383-5718(03)00167-0

Pintor, A.V.B., Queiroz, L.D., Barcelos, R., Primo, L.S.G.,
Maia, L.C., Alves, G.G. (2020). MTT versus other cell via-
bility assays to evaluate the biocompatibility of root canal
filling materials: a systematic review. International Endo-
dontic Journal, 53(10), 1348-1373.
https://doi.org/10.1111/iej.13353

Schiano, C., Grimaldi, V., Scognamiglioi M., Costa, D.,
Soricelli, A., Nicoletti, G.F., et al. (2021). Soft drinks and
sweeteners intake: Possible contribution to the development
of metabolic syndrome and cardiovascular diseases. Benefi-
cial or detrimental action of alternative sweeteners?. Food
Research International, 142, 110220.
https://doi.org/10.1016/j.foodres.2021.110220

Setayesh, T., Kundi, M., Nersesyan, A., Stopper, H., Fe-
nech, M., Krupitza, G. et al. (2020). Use of micronucleus
assays for the prediction and detection of cervical cancer: a
meta-analysis. Carcinogenesis, 41(10), 1318-1328.
https://doi.org/10.1093/carcin/bgaa087

Silva, M.R., Moya, C.A., Leon, A.G.S., Velasco, R.R., Flo-
res, A.M.C. (2018). Genotoxic activity of saccharin, acesul-
fame-K, stevia and aspartame-acesulfame-K in commercial
form. Journal of Clinical Toxicology, 8(385), 2161-0495.
https://doi.org/10.4172/2161-0495.1000385

Singh, N., Lubana, S.S., Arora, S., Sachmechi, 1. (2020). A
study of artificial sweeteners and thyroid cancer risk. Journal
of Clinical Medicine Research, 12(8), 492.
https://doi.org/10.14740/jocmr4258



https://doi.org/10.1039/c2ay05950a
https://doi.org/10.1016/j.envint.2020.105963
https://doi.org/10.1002/nur.21595
https://doi.org/10.1161/CIRCULATIONAHA.107.716159
https://doi.org/10.1093/nutrit/nuw032
https://doi.org/10.1080/19440049.2018.1486513
https://doi.org/10.1016/0022-1759(83)90303-4
https://doi.org/10.1016/S0278-6915(97)85469-5
https://doi.org/10.1016/S0278-6915(99)00115-5
https://doi.org/10.4314/tjpr.v16i8.13
https://doi.org/10.1016/j.jhydrol.2020.124918
https://doi.org/10.1016/S1383-5718(03)00167-0
https://doi.org/10.1111/iej.13353
https://doi.org/10.1016/j.foodres.2021.110220
https://doi.org/10.1093/carcin/bgaa087
https://doi.org/10.4172/2161-0495.1000385
https://doi.org/10.14740/jocmr4258

Research Article

Food Health 8(4), 273-283 (2022) ¢ https://doi.org/10.3153/FH22025

Singh, N.P., McCoy, M.T., Tice, R.R., Schneider, E.L.
(1988). A simple technique forquantitation of low levels of
DNA damage in individual cells. Experimental Cell Re-
search, 175(1), 184-191.
https://doi.org/10.1016/0014-4827(88)90265-0

Soffritti, M., Belpoggi, F., Esposti, D.D., Lambertini, L.,
Tibaldi, E., Rigano, A. (2006). First experimental demon-
stration of the multipotential carcinogenic effects of aspar-
tame administered in the feed to Sprague-Dawley rats. Envi-
ronmental Health Perspectives, 114(3), 379-385.
https://doi.org/10.1289/ehp.8711

Souza, A.C.F., Yujra, V.Q., Pisani, L.P., Viana, de
M.D.B., De Castro, G.M., Ribeiro, D.A. (2019). The use of
single-cell comet assay on oral cells: a critical review. Anti-
cancer Research, 39(8), 4011-4017.
https://doi.org/10.21873/anticanres.13556

Stice, S.A., Beedanagari, S.R., Vulimiri, S.V., Bhatia, S.P.,
Mahadevan, B. (2019). Chapter 44: Genotoxicity Bi-
omarkers: Molecular Basis of Genetic Variability and Sus-
ceptibility. In Biomarkers in Toxicology. Gupta, R., (Edt),
Second Edition, Academic Press, 807-821.
https://doi.org/10.1016/B978-0-12-814655-2.00044-X

Sturgeon, S.R., Hartge, P., Silverman, D.T., Kantor, A.F.,
Linehan, W.M., Lynch C., et al. (1994). Associations be-
tween bladder cancer risk factors and tumor stage and grade
at diagnosis. Epidemiology, 5, 218-225.
https://doi.org/10.1097/00001648-199403000-00012

Surrales, J., Xamena, N., Creus, A., Catalan, J., Norppa,
H., Marcos, R. (1995). Induction of micronuclei by five py-
rethroid insecticides in whole blood and isolated human lym-
phocytes cultures. Mutation Research/Genetic Toxicology,
341(3), 169-184.
https://doi.org/10.1016/0165-1218(95)90007-1

van Eyk, A.D. (2015). The effect of five artificial sweeteners
on Caco-2, HT-29 and HEK-293 cells. Drug and Chemical
Toxicology, 38(3), 318-327.
https://doi.org/10.3109/01480545.2014.966381

van Tonder, A., Joubert, A.M., Cromarty, A.D. (2015).
Limitations of the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
2H-tetrazolium bromide (MTT) assay when compared to
three commonly used cell enumeration assays. BMC Re-
search Notes, 8(1), 1-10.
https://doi.org/10.1186/s13104-015-1000-8

Vodicka, P., Musak, L., Vodickova, L., Vodenkova, S.,
Catalano, C., Kroupa, M., et al. (2018). Genetic variation
of acquired structural chromosomal aberrations. Mutation
Research/Genetic Toxicology and Environmental Mutagene-
sis, 836, 13-21.
https://doi.org/10.1016/j.mrgentox.2018.05.014

Whitehouse, C.R., Boullata, J., McCauley, L.A. (2008).
The potential toxicity of artificial sweeteners. Aaohn Journal,
56(6), 251-261.
https://doi.org/10.1177/216507990805600604

World Health Organization (WHO), (1980). Toxicological
evaluation of certain food additives. WHO Food Additives
Series No 496. 16, 11.

Yang, Y., Liu, Z., Zheng, H., Zhu, S., Zhang, K., Li, X, et
al. (2021). Sucralose, a persistent artificial sweetener in the
urban water cycle: insights into occurrence, chlorinated by-
products formation, and human exposure. Journal of Envi-
ronmental Chemical Engineering, 9(4), 105293.
https://doi.org/10.1016/j.jece.2021.105293

Yuzbasioglu, D., Mahmoud, J. H., Mamur, S., Unal, F.
(2022). Cytogenetic effects of antidiabetic drug metformin.
Drug and Chemical Toxicology, 45(2), 955-962.
https://doi.org/10.1080/01480545.2020.1844226

283


https://doi.org/10.1016/0014-4827(88)90265-0
https://doi.org/10.1289/ehp.8711
https://doi.org/10.21873/anticanres.13556
https://doi.org/10.1016/B978-0-12-814655-2.00044-X
https://doi.org/10.1097/00001648-199403000-00012
https://doi.org/10.1016/0165-1218(95)90007-1
https://doi.org/10.3109/01480545.2014.966381
https://doi.org/10.1186/s13104-015-1000-8
https://doi.org/10.1016/j.mrgentox.2018.05.014
https://doi.org/10.1177/216507990805600604
https://doi.org/10.1016/j.jece.2021.105293
https://doi.org/10.1080/01480545.2020.1844226

FOOD

HEALTH

Food Health 8(4), 284-289 (2022) e https://doi.org/10.3153/FH22026

Sggg{gglaeggydrat?E . FO OD
Xin aity

oila

DieteticMicrobiol

O : HEALTH
: E-ISSN 2602-2834

Sugar
P!

ControlS

Q. Sensory ot=:
MeatOm ega'smscl?pplemem

Research Article

The effect of ultrasound times and amplitudes on the solubility
and turbidity of whey protein concentrate

Menekse BULUT

Cite this article as:

Bulut, M. (2022). The effects of ultrasound times and amplitudes on the solubility and turbidity of whey protein concentrate.
Food and Health, 8(4), 284-289. https://doi.org/10.3153/FH22026

Igdir University, Faculty of Engineering,

Food Engineering Department, Igd1r,
76000, Tiirkiye

ORCID IDs of the authors:
M.B. 0000-0003-3902-6403

Submitted: 14.11.2021

Revision requested: 31.03.2022
Last revision received: 04.05.2022
Accepted: 05.05.2022

Published online: 19.08.2022

Correspondence:

Menekse BULUT

E-mail: menekse.bulut@igdir.edu.tr

MO

© 2022 The Author(s)

Available online at
http://jths.scientificwebjournals.com

ABSTRACT

The current work was conducted to explore the influence of ultrasound times and amplitudes on
the solubility and turbidity of whey protein concentrate (WPC). Ultrasound (US) application was
employed using VC-750 ultrasonic power equipment with the frequency of 20 kHz at various times
(10, 20, and 30 minutes at 50% amplitude) and amplitudes (60%, 80%, and 100% for 5 min). The
outcomes exhibited that the US process have a significant impact on both solubility and turbidity
(p<0.05). The highest protein recovery was obtained for the samples exposed to 30 min the US at
100% amplitude (65.56%). WPC samples treated at 100% amplitude showed higher solubility
compared to the other samples at 60% and 80% amplitudes. While the solubility of WPC samples
treated with 10 min showed the lowest solubility (9.13%), samples treated with 30 min showed
the highest solubility (38.14%). There is a negative relationship between solubility and turbidity.
All US-treated samples showed less turbidity and higher solubility where the control WPC samples
showed the most turbid structure (0.88 NTU) with the lowest solubility (4.15%). Overall, US treat-
ment with 30-minutes at 100 % amplitude showed the highest solubility (65.56%) and least tur-
bidity (0.26 NTU) compared to the other sonication times and amplitudes.

Keywords: Ultrasound, Amplitude, Protein solubility, Turbidity, Whey protein concentrate
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Introduction

Whey protein is a crucial material of functional protein com-
ponents for several conventional and novel food materials
(Kumar et al., 2018). Whey proteins are recognized as com-
plete proteins since they include all 9 essential amino acids.
The lactose content is low in whey products. When the liquid
whey is obtained as a by-product of cheese or yoghurt fabri-
cation, it is subjected to different processes in order to make
the protein content higher (Liu et al., 2014). After enough
protein concentration is obtained, the liquid could be dried to
develop whey protein concentrate (WPC) including nearly
80% protein. The major proteins found in whey can be listed
as b-lactoglobulin, a-lactalbumin, and bovine serum albiimin
(BSA), and these proteins are composed of almost seventy
percent of all whey proteins (Arzeni, 2012). These proteins
are in charge of the functional features of WPC, such as sol-
ubility in water, and propose various nutritional benefits to
functionalized products (Kresic¢ et al., 2008).

Various methodologies have been promoted to alter the na-
tive protein structure for the purpose of improvement of func-
tionality. Modified whey proteins exhibit a very high level of
functional capacity. Through molecular and physical altera-
tions, it is achievable to reorganize protein compounds so that
they develop into more practical and useful forms. Ultra-
sound (US) technology is a cost-effective and fast application
that has been employed to alter both the structure and func-
tional properties of protein molecules (Masonn et al., 1996;
Jambrak et al., 2008; Yildiz et al., 2018). The impact of US
treatment is accomplished by the chemical, molecular, and
physical consequences of acoustic cavitation. Cavitation is
mostly defined as the creation, development, and powerful
breakdown of tiny droplets in solution. The cavitation could
be the reason for protein structure modification thanks to hy-
drogen bonds and hydrophobic cooperation, and the falling
part of the protein molecules (Yildiz et al., 2017). By taking
into account the benefits of the US application such as being
a cost-effective, non-toxic, fast, and efficient process, it is an-
ticipated to reach a goal of advanced WPC functionality by
using the US application. For this reason, the purpose of the
present work is to analyze the impact of US application on
the protein recovery and turbidity features of whey protein.

Materials and Methods

Whey Protein Concentrate (WPC)

Whey protein concentrates (WPCs) were supplied from Bulk-
Supplements (Henderson, NV, USA). The WPC consists of

80% protein on a dry base. All chemicals were bought from
Sigma-Aldrich (St. Louis, MO, USA), and Fisher Scientific
(Pittsburgh, PA, USA).

WPC Samples and Ultrasound Application

US application was progressed using a VC-7500 US power
equipment along with the frequency of 20 kHz (Sonic & Ma-
terials, Inc., USA) at three different times (10, 20, and 30
minutes at 50% amplitude) and amplitudes (60%, 80, and
100% for 5 min). Insoluble WPC (3 g) was blended with a
100 mL distilled H,O and stirred for about 60 min at room
temperature (RT) conditions with the help of a magnetic stir-
rer. The beaker stayed in a cup filled with ice cubes at the
time of US treatment for the prevention of temperature rise.
The protein solution following the US application were cen-
trifuged (1200 g and 20 °C) for 15 min. Soluble WPC was
collected right after centrifugation. For the control WPC sam-
ples, no US treatment was conducted; 3 g WPC in 100 mL
water was agitated at 25 °C for 30 min. While table 1 exhibits
the description of the WPC samples and treatments, table 2
shows the processing steps applied for each treatment.

Table 1. The description of the WPC samples and treatments

Sample Treatments

names
Control | Untreated WPC, no ultrasound
US1 Ultrasound treatment with 10 min (50% amp.)
US2 Ultrasound treatment with 20 min (50% amp.)
US3 Ultrasound treatment with 30 min (50% amp.)
US6 Ultrasound treatment at 60% amp. (5 min)
US8 Ultrasound treatment at 80% amp. (5 min)
US10 US treatment at 100% amplitude (5 min)
US16 US treatment with 10 min at 60% amp.
US18 US treatment with 10 min at 80% amp.
US110 | US treatment with 10 min at 100% amp.
US26 US treatment with 20 min at 60% amp.
US28 US treatment with 20 min at 80% amp.
US210 | US treatment with 20 min at 100% amp.
US36 US treatment with 30 min at 60% amp.
US38 US treatment with 30 min at 80% amp.
US310 | US treatment with 30 min at 100% amp.
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Table 2. The processing steps applied for each treatment

Treatments | Stirring US US usS usS UsS UsS Centrifuge
(10 min) | 20 min) | (30 min) | (60% amp.) | (80% amp.) | (100% amp.)
Control A NA NA NA NA NA NA A
US1 A A NA NA NA NA NA A
US2 A NA A NA NA NA NA A
US3 A NA NA A NA NA NA A
USe6 A NA NA NA A NA NA A
US8 A NA NA NA NA A NA A
US10 A NA NA NA NA NA A A
US16 A A NA NA A NA NA A
US18 A A NA NA NA A NA A
US110 A A NA NA NA NA A A
US26 A NA A NA A NA NA A
US28 A NA A NA NA A NA A
US210 A NA A NA NA NA A A
US36 A NA NA A A NA NA A
US38 A NA NA A NA A NA A
US310 A NA NA A NA NA A A

(A: displays the stages applied; and NA: displays the stages that were not applied)

Protein Solubility

Solubility of the WPC samples was determined by a Bio-Rad
Protein Assay based on the technique described by Bradford
(1976). Bovine serum albumin (BSA) was utilized as the
standard assay. Dye reagent was arranged by diluting 1 part
of dye reagent concentrate into 4 parts of DI water, and fil-
tered through a filter paper. The prepared solution was
blended with soluble WPC. The protein concentration of sol-
uble WPC was measured by spectrophotometer at the wave-
length of 595 nm. Protein solubility was calculated as below
and represented as “%”:

Recovery of soluble protein

_ Protein concentration in soluble WPI 100

Initial protein concentration

@
Turbidity (NTU)

The turbidity of the WPC dispersions was figured out by a
spectrophotometer according to the methodology proposed
by Yildiz et al. (2017). DI water was used as the blank, and
the absorbance at 600 nm was read.

Statistical Analysis

The differences were achieved with the General Linear
Model process in SAS (version 9.3, SAS Insttute, Inc., Cary,
North Carolin, USA). Significant differences between the
mean values were identified by Fisher’s least significant dif-
ference (LSD) test at alpha = 0.05.

Results and Discussion
Solubility

Table 3 displays the findings related to protein solubility val-
ues of the WPC samples exposed to different US treatments.
All US-treated WPC samples displayed significantly higher
solubility in comparison with the control whey protein con-
centrates. Moreover, the highest protein solubility was ob-
tained for the WPC samples exposed to 30 min the US at
100% amplitude (65.56%). WPC samples treated at 100%
amplitude showed higher solubility compared to the other
samples at 60% and 80% amplitudes. A positive relationship
between the solubility and ultrasound amplitude was deter-
mined. The higher the amplitude, the higher the solubility.
While the amplitude was the lowest (60%), the solubility was
the lowest (8.65%). On the other hand, while the amplitude
was highest (100%), the solubility was highest (21.38%). It
was clearly seen that increasing US advances the solubility of
whey protein concentrates. WPC samples treated for 30 min
showed the highest solubility (38.14%) compared to the WPC
samples treated with 10 and 20 min (Table 3). Similar to the
amplitude, ultrasound times have also positive relationships
with solubility. Increasing ultrasound time from 10 to 30 min
leads to higher solubility. While the solubility of WPC sam-
ples treated with 10 min showed the lowest solubility
(9.13%), samples treated with 30 min showed the highest sol-
ubility (38.14%). Solubility is a main functional property for
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whey protein (Hussain et al., 2012; Feng et al., 2022). Solu-
bility is related to several functional features such as molec-
ular weight, not the primary but the secondary and tertiary
structure, hydrophobic, and electrostatic charges (Lee et al.,
2016; Chang et al., 2021). Processing treatments used to man-
ufacture whey protein may result in heat-induced protein de-
naturation, which then reduces whey protein solubility. Na-
tive whey proteins remain soluble at around pH 7; however,
heat-induced denaturation renders whey proteins less soluble
than native whey proteins (Jambrak et al., 2014). Thus, the
protein solubility of whey protein is helpful to estimate pro-
tein denaturation (Morr and Ha, 1993). The development of
protein solubility increase following a US application has
been figured out in different works (Le et al., 2016; Jiang et
al., 2017; Yildiz et al., 2017). The physical forces developed
by US cavitation such as shear forces could alter the protein
structure which comes out with developed protein solubility.
Also, sonication can be the reason for the breakage of both
non-covalent and covalent bonds which lead to protein solu-
bility increase (Hue et al., 2003). Jambak et al. (2008) exam-
ined the influence of US (20 kHz probe & 40 kHz bath), on
solubility, emulsifying and foaming attributes of different
whey protein types consisting of whey protein isolate, whey
protein concentrate, and whey protein hydrolysate. It was fig-
ured out whey protein solubility increased significantly for all
whey samples for the treatment of 20 kHz probe and 40 kHz
baths.

Table 3. Protein solubility (% recovery) & turbidity of WPC

samples
Treatments Solubility (%) Turbidity (NTU)
Control 4.15+0.43 0.88 +0.7°
US1 9.13 +0.58! 0.79 +0.2°
US2 16.65 +0.35" 0.74 +0.3%
US3 38.14 +0.22° 0.66 £0.1°
US6 8.65+0.11 0.79 £0.6°
US8 15.14 £0.19" 0.75 +£0.5"
US10 21.38 £0.118 0.74 +0.7%
US16 38.06 +0.01° 0.65 +0.4°
US18 44,14 +0.81° 0.63 £0.3¢
US110 53.66 +0.74° 0.44 +£0.9°
US26 48.73 £0.62¢ 0.55 +0.7¢
US28 51.82 +0.14 0.51 +0.2%
US210 58.85 +0.53° 0.37 +£0.5"
US36 53.19 £1.17¢ 0.45 +0.1°
US38 59.23 +0.89° 0.38 +0.3°
US310 65.56 £0.46° 0.26 +0.8¢

i Mean = standard deviation (n=3) of properties with the same let-
ter are not significantly different (p<0.05)

* All the statistics were done separately for each parameter (solu-
bility, turbidity)

Turbidity

The turbidity findings of WPC samples are demonstrated in
Table 3. Both the solubility and particle size of soluble pro-
tein aggregates determines the turbidity of a protein disper-
sion (Lee et al., 2016). Martin et al. (2010) investigated the
optimization of the use of power ultrasound to reduce the tur-
bidity of whey solutions. It was concluded that around a 90%
decrease was observed in the turbidity of samples treated with
ultrasound processing. The highest decline in turbidity values
was determined for the samples treated with 30 min at 100%
amplitude (US310 samples). While the highest turbidity was
obtained for the untreated WPC (0.88 NTU), the lowest tur-
bidity was observed for the US310 samples (0.26 NTU).
There is a negative relationship between the variables of sol-
ubility and turbidity. All US-treated samples showed less tur-
bidity and higher solubility where the control WPC samples
exhibited the most turbid appearance and lowest solubility
(Table 3). Overall, US treatment with 30-minutes at 100 %
amplitude showed the highest solubility (65.56%) and least
turbidity (0.26 NTU) compared to the other sonication times
and amplitudes. Both the number of soluble protein compo-
nents in the dispersion figured out by solubility and the sizes
of the soluble protein components determine the turbidity of
awhey protein dispersion (Yildiz et al., 2017). Employing the
US at 20 kHz raised the clearness and transparency of whey
protein suspensions mostly because of the decrease in the size
of the suspended insoluble protein components (Zisu et al.,
2011; Ghasemi et al., 2018).

Conclusion

Ultrasound treatment was examined for the purpose of mod-
ification and enhancement of the whey protein functionality.
Compared with other US treatments, a significant improve-
ment in the solubility and turbidity properties of WPC sam-
ples was achieved with a US310 treatment. Overall, US310
is a promising treatment to strengthen the physicochemical
characteristics of WPCs as indicated within the present study
by its ability to higher solubility and less turbidity right after
ultrasonication. The results of the current study showed the
potential of the US310 treatment as an effective method for
protein modification. The functionalized WPC produced by
the US310 treatment can be used in a liquid food with high
solubility and less precipitation.
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Bu calisma ile, Horoz Karasi iiziim ¢esidinin bazi kalite unsurlari incelenmistir. Bu amagla Kah-
ramanmaras ilinde bulunan iiretici baglarindan 6rnek alinan Horoz Karasi {iziim ¢esidi salkimla-
rinda salkim, tane, suda ¢oziinebilir kuru madde (SCKM)), titrasyon asitligi, pH diizeyi, tane rengi,
toplam fenol ve antioksidan aktivite diizeyi belirlenmisgtir. Horoz Karas1 iiziim ¢esidinde SCKM
diizeyi %16.6-25.35, titre edilebilir asitlik % 0.189-0.517, pH diizeyi 3.62 ile 3.94 degerleri ara-
sinda kaydedilmistir. Horoz Karasi {iziim 6rneklerinde parlaklig1 ifade eden L*, 25.64 ile 29.97,
a* degeri 0.32-1.33, b* degeri -0.91 ile -0.23 degerleri arasinda belirlenmistir. Chroma degeri 0.43-
1.85, CIRG (Colour Index of Red Grapes) indeksi 7.02 ile 8.25 degerleri arasinda kaydedilmistir.
Hue acis1 CIE (Commission Internationale de L'éclairage) renk koordinatinda -40.88- (-33.31) de-
gerleri arasinda kaydedilmistir. Hue acis1 degerlerine gére Horoz Karasi ¢esidi tane kabuk rengi
mor olarak kaydedilmistir. Toplam fenol degerleri 360.5 mg GAE 100 g™ ile 484.7 mg GAE 100
g’!, antioksidan aktivite diizeyi % 87-98 arasinda degismektedir. Horoz Karas1 iiziim ¢esidinde
toplam fenol diizeyi (484.7 mg GAE) ve antioksidan aktivite bakimindan en yiiksek olan 6rnek (%
98) Cobanli 2 olarak kaydedilmistir.

Anahtar Kelimeler: Horoz Karasi, Antioksidan aktivite, Kalite 6zellikleri, Tane rengi
ABSTRACT

Determination of some quality parameters in Horoz Karasi grape variety

In this study, some quality elements of the Horoz Karasi grape variety were investigated.
For this purpose, cluster, berry, total soluble solids (TSS), titration acidity, pH level, berry color,
total phenol, and antioxidant activity were determined in sample clusters of the Horoz Karasi grape
variety taken from the producer vineyards in Kahramanmaras. In the Horoz Karasi1 grape cultivar,
total soluble solids (TSS) level was recorded between 16.6-25.35%, titratable acidity between
0.189-0.517, pH level 3.62 and 3.94. In Horoz Karasi grape samples, L*, which expresses
brightness, was determined between 25.64 and 29.97, a* value between 0.32-1.33, b* value
between -0.91 and -0.23. Chroma value was recorded between 0.43-1.85 and CIRG (Color Index
of Red Grapes) values were between 7.02 and 8.25. Hue angle was recorded between -40.88 -
(-33.31) values in CIE (Commission Internationale de L'éclairage) color coordinate. According to
the Hue angle values, the color of the berry of the Horoz Karas1 variety was recorded as purple.

Keywords: Horoz Karasi, Antioxidant activity, Quality characteristics, Berry color
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Giris

Kiltiir asmasinin (Vitis vinifera L.) anavatan1 olan Ana-
dolu’da bagciligin tarihi M.O. 3500 yillarina kadar dayan-
maktadir. Ulkemizin gerek Diinya iizerindeki cografi ko-
numu ve gerekse ekolojik faktorlerin elverisli olmasi nede-
niyle bagcilik, yurdumuzda en uygun kosullara sahip olan ta-
rimsal ugrasilardan birini olusturmaktadir. Ulkemizin pek
cok bolgesine yayilan bagcilik i¢inde zamanla farkh cesit
zenginligi olusmustur. Ayrica, iklime gore yetistirme teknik-
leri geliserek tiikketim ve degerlendirme artis gostermistir (Ce-
lik, 1998).

Diinya iiziim iiretimi 6.950.930 hektar alanda 78.034.332 ton
olarak ger¢eklesmektedir (FAO, 2022).

Son yillara ait veriler incelendiginde Tiirkiye’de 3.902.211
dekar alanda 1.856.929 ton sofralik iiziim, 1.430.160 ton ku-
rutmalik iiziim, 382.911 ton saraplik iizim olmak kaydiyla
toplam 3.670.000 ton {iziim iiretilmistir. (TUIK, 2022).

Kahramanmaras ilinde 125.127 dekar alanda yapilan toplam
lizim tretiminin iilke genelindeki pay1 % 1.63 seklindedir.
Sofralik iiziim iiretiminde % 2.35 oranindaki payz1 ile il diize-
yinde 11. sirada yer alirken; kurutmalik {iziim iiretim miktari
bakimmdan % 1.15 ile 10. sirada yer almaktadir (TUIK,
2022).

Sultana ve ark. (2012), meyve ve sebze tiiketiminin hastalik-
lara kars1 viicut dayanimini artirdigini belirtmektedirler. Boy-
lece polifenolik maddeler ile vitaminleri igeren antioksidan
besin elementleri saglik agisindan son derece 6nemli hale gel-
mektedir. Tosun ve Yiiksel (2003), daha dnce yapilan ¢alis-
malarda kirmiz1 erik, iliziim, ¢ilek, bogiirtlen, ahududu, bek-
tasi liziimili ve yaban mersini meyvelerinde antioksidan akti-
vite diizeyinin oldukea yiiksek oldugunu ifade etmislerdir.

Giindiiz ve Ozdemir (2014), pek ¢cok calismaya gore, iiziimsii
meyveler veya nar gibi kirmizi renkli meyve suyunun kalp
hastaliklari, yaslanma ve kanserin etkilerini azalttigini ifade
etmislerdir. Meyve tiirleri arasinda iiziimsii meyvelerin anti-
oksidan etkisi olduk¢a 6nemlidir.

Uziimler fenolikler, flavonoidler, antosiyaninler ve resverat-
rol gibi saghiga yararli pek gok fitokimyasal ierir. Uziimlerde
serbest radikallerin etkisini azaltan antioksidan aktivite yiik-
sek diizeydedir (Du ve ark., 2012; Yang ve Xiao, 2013). Fe-
nolik bilesikler (sekonder metabolitler) saglik i¢in son derece
faydali olmalarindan dolay1 son zamanlarda biiyiik ilgi gor-
mektedir. Fenolik bilesikler antibakteriyel, antiviral, antikan-
serojenik, antiinflamatuar etkiye sahiptir (Topalovic ve ark.,
2012).

Uziimlerde bulunan fenolik bilesiklerin antioksidan etkisi
(antioksidan kapasite) bu bilesiklerin konsantrasyonu ile bag-
lantihidir. Kirmizi1 iziimlerin antioksidan aktivitesi hem fenol
bilesiklerinin hem de flavonoid kapsamiyla dogru orantilidir
(Yang ve Xiao, 2013).

Antioksidan aktivite kanser, kardiyovaskiiler hastaliklar, di-
yabet gibi hastaliklar1 6nleyebilen ve viicuttaki zararli etkileri
onemli derecede azaltabilen temel unsurlardandir (Farhadi,
2016; Genova, 2012). Giiniimiizde bitkisel kaynaklardan elde
edilebilen dogal antioksidanlarin kullanimi ve etkinligi
onemlidir (Farhadi, 2016).

Uziimlerde yiiksek diizeyde bulunan polifenoller tane ka-
bugu, meyve eti ve g¢ekirdek kisminda bulunur (Genova,
2012). Kabuk, ¢ekirdek ve iiziim suyu gibi ekstraktlardan
elde edilen fitokimyasallar; karetenoid, melatonin ve fenolik
bilesikler (stilbenler, fenolik asitler ve flavonoidler) olarak ta-
nimlanir. Bu fitokimyasallar sadece antioksidan degil ayni
zamanda antikanser, antiinflamatuar, LDL- kolesterol oksi-
dasyon, antiplatelet ve antimikrobiyal etkiye sahiptir (Yang
ve Xiao, 2013). Uziimlerin kimyasal bilesimi olgunluk, geno-
tip ve biiyiime kosullar1 gibi bazi faktorlerden etkilenir (Mu-
noz-Robredo, 2011; Cagnasso ve ark., 2011).

Uziim ve saraplarda bulunan fenolik bilesikler farkli simif-
larda ve konsantrasyonlarda bulunan onemli kalite 6zellikle-
ridir. Uziim ve sarapta renk ve tat olusumunda 6nemli bir rol
iistlenirler. Renk pigmenti olan antosiyaninler {iziimde kir-
miz1 ve mor rengin olusumundan sorumludur (Dharmadhi-
kari, 1994).

Pek ¢ok arastiricinin bildirdigi gibi; iiziim tane kabuklarinda
antosiyanin birikimini ¢evre kosullar1 ve tarimsal uygulama-
lar etkilemektedir (Esteban ve ark., 2001; Ojeda ve ark.,
2002; De La Hera Orts ve ark., 2005; Ortega-Regules ve ark.,
2000).

Bu calisma ile, Kahramanmaras ilinin farkli havzalarinda ye-
tistirilen Horoz Karasi iiziim ¢esidinin pomolojik &zellikleri
(salkim agirligi, salkim boyu, salkim eni, tane boyu, tane eni,
tane agirligi, tanede bulunan ¢ekirdek sayisi, SCKM (suda
¢oziinebilir kuru madde miktar1), pH, titrasyon asitligi), tane
kabuk rengi, toplam fenol ile antioksidan aktivite diizeyi be-
lirlenmistir.

Materyal ve Metot
Materyal

Horoz Karas:: Iri ve kanath salkim yapis1 olan, tane kabuk
rengi mavi siyah, uzun-eliptik iri taneli, ¢ekirdekli yapida ve
orta mevsimde olgunlasan bir iizim ¢esididir (Celik, 2006).
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Bu aragtirma 2018 yilinda Kahramanmarag ilindeki Bertiz
Havzasi, Pazarcik (Yumaklicerit-Tasdemir-Kizirli-Akgalar)
Havzasi ile Sahinkayasi-Kiirtiil Havzasinda yiiritiilmiistiir.
Bolgede 2018 yilinda hasat zamaninda ortalama sicaklik 35
°C civarinda olup yagis gerceklesmemistir. Calismanin yiirii-
tilldiigii her iic havzada benzer ekolojik 6zelliklere sahiptir.
Araziler engebeli ve kiiciik parcali olup, tiziim baglar1 giineye
meyilli arazilerde tesis edilmis olup, genellikle % 10-15 me-
yile sahiptir. Uretim alanlarini temsil edecek sekilde Havza-
larda bulunan {iretici baglarindaki Horoz Karasi {iziim ¢esidi
omcalarinda 20 Agustos 2018 ile 30 Agustos 2018 tarihleri
arasinda derim yapilmistir. Hasat zamani1 SCKM (suda ¢6zii-
nebilir kuru madde) diizeyine gore belirlenmistir. 15-20 ya-
sindaki baglarda bulunan omcalar yerde serbest uzanan ve
yoresel olarak serpene olarak tabir edilen terbiye sekillerin-
den olusmaktadir. Dikim siklig1 3*3 m olan baglar, yerli fi-
danla kurulmustur.

Uretim alanlarmi temsil edecek sekilde farkli kdylere ait
iizlim baglarinda bulunan omcalardan Horoz Karasi tiziim 6r-
nekleri alinmistir. Baglardan alinan ornekler, 6rnek kodu
1’den baslamak iizere siralandirilmistir. Ornek kodu 1-2 nu-
marali olanlar Cobanli koyii, 3-6 numarali olan Kizirli Kdyii,
7-10 numarali olanlar Tagdemir koyii, 11-14 numaral olanlar
Sahinkayasi ve 15-18 numarali olanlar Yumaklicerit K&ytiin-
den elde edilmistir. 3 tekerriirlii ve her tekerriirde 10’ar adet
salkim O0rnegi alinmistir. Analizler i¢in, asmalardan se¢ilme-
den alman iziim 6rnekleri polietilen torbalara konarak analiz

sira orneklerinin 0.1 N’1lik NaOH ile titre edilerek dijital biiret
ile % olarak, pH degeri bir pH metre ile dl¢tilmiistiir.

Tane Kabuk Rengi Analizi

Commission Internationale de L'éclairage (CIE)’ye gore renk
koordinatlart (L*, a*, b*) bir renk Glger cihaziyla belirlen-
mektedir. (Carreno ve ark., 1995). Buna gore; CIE (Internati-
onal Commission on Illumination) Lab renk sistemine gore
L*, a* ve b*, C (Chroma) ve h” (hue acis1) degerleri esas ali-
narak renk 6l¢er cihaz yardimiyla {iziim 6rneklerinde tane ka-
buk rengi belirlenmistir. L* degeri 0 ile 100 arasinda bir de-
ger olarak siyah renkten beyaza parlakligi, +a* degeri kirmizi
ve mor rengi -a* degeri yesil rengi, +b* degeri sar1 rengi ve
-b* degeri mavi renk araligini belirler. Chroma renk yogun-
lugunu, Hue renk tonu agisini belirtmektedir. Buna gore 0°
kirmizi-mor rengi, 90° sar1, 180° mavi- yesil, 270° mavi rengi
ifade etmektedir (McGuire,1992).

Esitlik 1: h°= arctan(b*/a*) (McGuire, 1992).

Esitlik 2: Chroma = (a**+b*?) 1/2 (McGuire,1992; Belafi-
Bako ve Nemestothy, 2017).

Kirmizi {iziimlerde renk indeksi olan CIRG (Colour Index of
Red Grapes) asagida yer alan esitlikte oldugu gibi hesaplanir
(Carreno ve ark., 1996).

Esitlik 3: CIRG= 180-hue’/ (L*+C¥*)
Toplam Fenol Bilesiklerinin Analizi

0 . . .
zamanina kadar -80 °C sicaklikta muhafaza edilmistir. Folin Ciocalteu kolorimetrik metodu kullanilarak Singleton ve

Rossi (1965)’ye gore yapilmistir. Folin Ciocalteu reagent,
Merck; Gallic asit ise Sigma-Aldrich firmasindan elde edilmistir.
Tanelerdeki toplam fenolik bilesik miktar1 spektrofotometrede

Metot

Ornek olarak alinan iiziimlerde incelenen kalite 6zellikleri:
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Salkim agirligi (g), Salkim boyu (cm), Salkim eni (cm), Tane
boyu (mm) ve Tane eni (mm), Tane agirlig1 (g), Tanede bu-
lunan ¢ekirdek sayisi (n), SCKM miktar1 (%), Titrasyon asit-
ligi (%), pH, Tane kabuk rengi, Toplam fenol (mg GAE 100
g") ve Antioksidan aktivite (%) diizeyi.

Salkim, tane ve sira degerleri i¢in iiretici baglarinda bulunan
farkli omcalardan salkim Ornekleri alinmistir. Bu ornekler
omcalardan tesadiifen, 3 tekerriirlii ve her tekerriirde 10 adet
salkim bulunacak sekilde elde edilmistir. Ornek salkimlarda,
salkim agirhigr (g), boyu (cm) ile salkim eni (cm) 6lgiil-
miistiir. Salkimlarin orta kismindan alinan 20 adet tanede; di-
jital kumpas ile tane eni (mm) ve boyu (mm) belirlenmistir.
Tane agirhig1 (g) degerleri hassas terazi ile kaydedilmistir.
Tanede bulunan ¢ekirdek sayisi (n), tane Orneklerinde
sayilarak kaydedilmistir.

Tanelerden elde edilen sirada; SCKM (suda ¢oziiniir kuru
madde) dijital bir refraktometre ile, titre edilebilir asitlik (TA)

gallik asit cinsinden mg 100 g™ olarak hesaplanmustir.
Antioksidan Aktivite Analizi

Her 6rnegin serbest radikalleri indirgeme kapasitesi asagida
belirtilen formiil araciligiyla antioksidan aktivite olarak belir-
lenmistir.

DPPH inhibisyonu (%)= [(Ac — As)/ Ac *100].

Ac: Kontrol absorbansi, As: Orneklerin absorbansi

Uziim ektraktlarinda antioksidan aktivitenin belirlenmesi
DPPH (2,2-diphenyl-1-picrylhydrazyl) serbest radikali kulla-
nilarak yapilmisgtir (Ozden ve Vardin, 2009; Kelebek ve ark.,
2009). DPPH Sigma-Aldrich firmasindan elde edilmistir.
Istatistiki Analiz

Deneme 3 tekerriirlii olarak Tesadiif Parselleri Deneme diize-
nine gore diizenlenmis verilere JMP 8.0 istatistik programi
uygulanarak, standart sapma degerleri kaydedilmistir. Tablo-
larda ortalama ve standart sapma degerleri verilmistir.
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Bulgular ve Tartisma

Horoz Karasi {iziim ¢esidinin salkim 6zellikleri ile ilgili ola-
rak elde edilen degerler Tablo 1’de goriilmektedir. Horoz Ka-
rasi liziim ¢esidinde salkim agirligi 123.28 g ile 509.43 g, sal-
kim uzunlugu 7.77 cm ile 21.37 cm arasinda, salkim genigligi
8.13 cm ile 15.94 cm, salkim biiyiikligii degerleri ise 71.35
cm’ve 272.48 cm? arasinda degismektedir (Tablo 1).

Kok ve Bal (2017), Horoz Karasi iiziim ¢esidinde salkim agir-
ligin1 846.65 g, salkim uzunlugunu 17.85 cm, salkim genisli-
gini 16.20 cm olarak bildirmislerdir. Kili¢ ve ark., (2018),
Horoz Karasi liziim ¢esidinde salkim agirligini denemenin ilk
yil1 586.9 g, 2. y1l 645.2 g olarak belirlemislerdir. Aslan ve
ark., (2018), Horoz Karasi iliziim ¢esidi salkim agirliginin

farkliligin, terbiye sekli, giibreleme veya sulama nedeniyle
oldugu disiiniilmektedir.

Tablo 2°de goriildiigii tizere Horoz Karasi ¢esidinde tane agir-
l1g1 3.85 g ile 7.98 g, tane uzunlugu 18.84 mm ile 32.28 mm,
tane genisligi degerleri ise 15.12 mm ile 20.00 mm arasinda
kaydedilmistir.

Kok ve Bal (2017), Horoz Karasi {iziim ¢esidinde tane agirli-
g1 9.29 g, tane uzunlugunu 32.34 mm, tane genisligini 21.35
mm olarak ifade etmislerdir. Kili¢ ve ark., (2018), Horoz Ka-
ras1 liziim ¢esidinde tane agirligin1 denemenin ilk yili 6.1 g,
2. y1l 8.7 g olarak bildirmislerdir. Aslan ve ark., (2018)’nin
caligmasina gore, Horoz Karasi iiziim ¢esidinin tane agirligi
4.65 gile 5.18 g arasinda degismektedir.

402.7 g ile 565 g arasinda degistigini kaydetmislerdir. Aragstirmada; Horoz Karas1 iizlim ¢esidi tane agirlig1 degerleri

ortalama 5.92 g elde edilmis olup Aslan ve ark. (2018)’nin
bulgular1 ile benzerlik géstermektedir.

Bu calismada; Horoz Karasi iiziim ¢esidi salkim agirligimin
anilan literatiirlere gore daha diisiik oldugu gézlenmistir. Bu

Tablo 1. Horoz Karasi {iziim ¢esidinin salkim 6zellikleri

Table 1. Cluster characteristics of Horoz Karasi grape variety

Ornek Kodu  Salkim agirligi  Salkim uzunlugu Salkim genisligi Salkim
(2) (cm) (cm) biiyiikliigii (cm?)
1 386.63 18.14 14.18 262.10
2 399.39 17.16 15.94 272.48
3 429.02 19.40 13.29 257.24
4 509.43 15.65 13.35 211.13
5 393.21 15.31 12.78 195.32
6 419.72 17.15 12.41 213.22
7 173.28 12.61 10.43 141.81
8 138.17 7.77 9.64 74.42
9 220.81 17.73 9.63 172.29
10 181.35 133 9.87 131.71
11 252.55 18.23 11.37 207.31
12 328.98 17.57 13.66 239.70
13 213.96 14.83 9.87 146.21
14 251.30 21.37 10.77 230.13
15 123.28 8.77 8.13 71.35
16 355.58 15.57 14.61 227.70
17 218.61 12.47 8.33 104.23
18 232.12 12.27 10.35 134.43
Min. 123.28 7.77 8.13 71.35
Max. 509.43 21.37 15.94 272.48
Ort. 316.36 14.57 12.04 171.92
Standart sapma 58.548 1.130 0.781 22.724
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Tablo 1 ve Tablo 2 incelendiginde; Kizirli’den alinan salkim
orneklerinde salkim agirligi ile tane agirlig ortalamasinin di-
ger bolgelere gore daha iist sirada yer aldig1 goriilmektedir.
Bunun nedeni, 6rnek alinan baglarda gergeklestirilen kiiltiirel
uygulamalardan kaynaklanmis olabilir.

Tanede olgunlugu ve tadi belirleyen kriterlerden biri Brix de-
geri, digeri ise en Onemlileri tartarik ve malik asit olmak
lizere titrasyon asitligidir. Pek ¢ok parametre Brix degerinin
degisimi iizerine etkilidir. Iklimsel faktorlerden sicaklik ve
yagis Brix degeri i¢in 6nemlidir. Uziimde bulunan kalite fak-
torlerinden biri de lizim suyunda ¢oziinmiis halde bulunan
madde miktarinin hesaplanmasiyla elde edilen seker konsant-
rasyonudur. Brix degeri soliisyonda bulunan yaklasik % se-
ker miktarin1 ifade eder (Creasy ve Creasy, 2009).

Tablo 2. Horoz Karasi liziim ¢esidinde incelenen tane 6zellikleri

Table 2. Berry characteristics of Horoz Karasi1 grape variety

Research Article

Horoz Karasi iiziim c¢esidi sira 6zellikleri incelendiginde
kalite parametrelerinden biri olan SCKM diizeyi % 16.6-
25.35, titre edilebilir asitlik % 0.189-0.517, pH 3.62 ile 3.94
degerleri arasinda belirlenmistir (Tablo 3). Taze iiziim
suyunda % 70-80 diizeyinde su ve i¢inde pek ¢ok ¢oziinmiis
maddeler (seker, organik asit, fenolik bilesikler, azotlu bilesi-
kler, aroma maddeleri, mineraller ve pektik maddeler) bulu-
nur. Meyve suyundaki seker kapsami °Brix olarak isim-
lendirilir. Briks derecesi 100 g {iziim suyunda bulunan seker
miktaridir (Dharmadhikari, 1994). Olgunlasma baslangicinda
SCKM oraninda artis baglar ve olgunluga kadar devam eder.
Mevsim kosullari, 6zellikle sicaklik bu diizeye etki eder.
Yiksek sicaklik nedeniyle tanede olgunlasma hizli sekilde
ilerler (Winkler ve ark.,1974).

Ornek Kodu Tane agirhg Tane uzunlugu Tane genisligi Cekirdek sayist
(&) (mm) (mm) (n)
1 6.45 25.10 17.79 3
2 4.42 24.13 16.12 2
3 7.98 31.28 20.01 2
4 6.96 30.45 19.92 3
5 5.23 27.02 18.83 2
6 5.56 26.25 19.29 3
7 5.70 25.89 15.35 2
8 5.02 22.55 16.91 2
9 6.51 27.93 19.38 2
10 4.67 23.03 15.29 1
11 6.84 26.05 19.01 2
12 5.96 23.65 18.70 3
13 5.56 24.52 18.41 2
14 4.68 25.79 17.73 2
15 3.85 18.84 15.12 2
16 6.75 28.05 19.34 2
17 431 23.06 17.77 3
18 4.97 23.32 17.41 2
Min. 3.85 18.84 15.12 1
Max. 7.98 32.28 20.00 3
Ort. 5.92 25.56 17.56 2
Standart sapma  0.253 0.790 0.525 0.192
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Kok ve Bal (2017), Horoz Karasi iiziim ¢esidinde SCKM
miktarmi % 16.62, toplam asitligi 7.10 g L', pH diizeyini
3.43 olarak bildirmislerdir. Kili¢ ve ark., (2018), Horoz Ka-
rast iziim ¢esidinde SCKM oranini % 17.1, toplam asitlik dii-
zeyini 5.30 g L ile 4.90 g L' arasinda belirlemislerdir. Ca-
gind1 (2016), Red Globe iiziim ¢esidi iiziim suyunda toplam
kuru madde miktarin1 % 14.22, titrasyon asitligini % 0.39, pH
diizeyini 3.90 olarak bildirmistir.

Calismada; Horoz Karas: iiziim c¢esidi salkim Orneklerinde
SCKM diizeyi ortalama olarak % 20.98, titrasyon asitligi %
0.360 olarak elde edilmistir.

Uziimlerde tad: etkileyen titrasyon asitli§inin énemine rag-
men treticiler olgunlagmay belirleyen faktor olarak SCKM
(tathlik) diizeyini kullanirlar. Ticari ¢esitlerde SCKM diizeyi
% 15-18 oldugunda olgunluk kabul edilir (Munoz- Robredo,
2011).

Tablo 3 incelendiginde; Tasdemir’den alinan salkim 6rnekle-
rinde ortalama SCKM diizeyi % 22.32, pH diizeyi ise 3.91
olarak diger bolgelere daha yiiksek degerde kaydedilmistir.
Bu farkliligin ekolojik kosullar sebebiyle oldugu diisiiniil-
mektedir.

0.1 normal sodyum hidroksid (NaOH) ile yapilan titrasyon
asitligi veya tlizlimlerde baskin organik asit olan tartarik asit,
1 litre solusyonda ¢6zilinen organik asit miktaridir (Creasy ve
Creasy, 2009).

Olivares ve ark., (2017), Crimson Seedless iiziim ¢esidi kont-
rol grubu omcalarinda titrasyon asitligini % 0.4-0.6 arasinda
degismekte oldugunu bildirmistir.

Ozden ve Vardin (2009), Merlot, Cabernet Sauvignon ve Si-
raz iizlim ¢esitlerinde Briks kapsami sirasiyla; 24.50, 22.70,
23.50; Toplam asitlik diizeyi 4.40 g tartarik L', 6.73 g tartarik
L', 6.51 g tartarik L™, pH diizeyi 3.82, 3.55,3.17 olarak be-
lirlemislerdir.

Mulero ve ark., (2010), Monastrell iiziim ¢esidinde titrasyon
asitligini 8.16 g L™, pH kapsamin 3.60 olarak kaydetmisler-
dir.

Farkli arastiricilarin bulgularina gére; CIELAB (Commission
International De L’éclairage) parametreleri ¢igeklerin, mey-
velerin ve sebzelerin rengini degerlendirmek ve tanimlamak
icin kullanilmistir (Rolle and Guidoni, 2007).

Tablo 4’de Horoz karasi liziim ¢esidi renk parametreleri in-
celenmistir. Horoz Karasi ¢esidine ait tane kabuk rengi bul-
gularina gore; L* degeri 25.64 ile 29.97 degerleri arasinda,
a* degeri 0.32-1.33, b* degeri -0.91 ile -0.23 arasinda belir-
lenmistir. Horoz Karasi tiziim 6rneklerinde Chroma degeri

0.43-1.85, Hue agisi ise -40.88 ile -33.31 arasinda degismis-
tir. Hue aci1s1 degerlerine gére Horoz Karasi ¢esidi tane kabuk
rengi mor olarak kaydedilmistir (Sekil 1).

Cagindi (2016), Red Globe {iziim suyu 6rneklerinde L* dege-
rini 16.09, a degerini 9.57, b* degerini 2.39, Chroma 10.24
ve Hue acismi 13.09 olarak bildirmistir.

Peppi and Fidelibus (2008), Flame Seedless {iziim ¢esidinde
iki farkli hasat tarihinde tane kabugu rengiyle ilgili olarak L*
degerinin 40.79 ve 41.78 arasinda, Chroma degerinin 14.84
ve 15.25, hue agisinin 59.5 ile 61.8 arasinda elde edildigini
saptamislardir.
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Sekil 1. CIE renk koordinatlar1 (a*, b* ve hue agisi).
(McGuire,1992)

CIE color coordinates (a*,b* and hue angle).
(McGuire,1992)

Figure 1.

Olivares ve ark., (2017), Crimson Seedless tiziim ¢esidi kont-
rol grubu 6rneklerinde L*degerini 32.7-38.8, a* degerini 0.5-
8.1, b* degerini 7.8-4.7, Chroma 8.69-9.61 degerleri arasinda
bildirmislerdir.

Rolle and Guidoni (2007), Cabernet Sauvignon iiziim ¢esi-
dinde L* degerini ortalama 29.3, a*, b* ve Chroma, hue agisi,
CIRG degerlerini sirasiyla; 0.48, -0.33, 0.62, -0.56, 12.41 ola-
rak kaydetmislerdir.

CIRG indeksine gore iiziimler farkli gruplara ayrilmaktadir.
Sari-yesil renkli liziimlerde CIRG<2, pembe liziimlerde 2<
CIRG<4, kirmiz1 iztimlerde 4<CIRG<S5, koyu kirmizi liziim-
lerde 5< CIRG<6, mavi-siyah {iziimlerde CIRG>6 seklinde
kaydedilmistir (Carreno ve ark., 1996). Tablo 4 incelendi-
ginde; Horoz Karas1 iiziim ¢esidinde CIRG indeksi 7.02 ile
8.25 degerleri arasinda belirlenmistir.
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Orak (2007), kirmiz1 {iziim ¢esitlerinde renk parametrelerini
inceleyerek, L* degerinin 7.89 ile 34.78 degerleri arasinda,
a* renk degerinin 6.31 ile 13.29, b* degerinin 0.61 ile 15.12,
hue agisinin 0.43 ile 13.84 ve Chroma degerinin 7.74 ile
16.38 degerleri arasinda oldugunu bildirmistir. Ayrica Okiiz-
gozii, Muscat Hamburg, Cabernet Sauvignon, Tekirdag Ce-
kirdeksizi gibi mavi-siyah renkli tiziim ¢esitlerinde CIRG in-
deksini sirasiyla; 6.60,6.29,9.32, 6.34 olarak kaydetmistir.

Bu calismada, Horoz Karasi iiziim 6rneklerinde L* degeri
ortalama 27.81, a*, b* ve Chroma ortalama degerleri
sirastyla; 0.8, -0.5, 1.14 olarak belirlenmistir. Bu degerler
Rolle and Guidoni (2007)’nin Cabernet Sauvignon liziim
cesidinde elde etmis oldugu L*, a*, b*, Chroma degerleri ile
benzerlik gostermektedir.

Tablo 5°de Horoz Karas1 iiziim 6rneklerinin toplam fenol ve
antioksidan aktivite kapsami goriilmektedir. Toplam fenol
degerleri 360.5 mg GAE 100 g ile 484.7 mg GAE 100 g’
arasinda degigsmektedir. Antioksidan aktivite diizeyi ise %
87-98 arasinda belirlenmistir. Fenolik bilesikler, {iziim ve sa-
rapta bulunan 6nemli unsurlardir. Bu bilesikler farkli yapi-
larda ve miktarlarda bulunabilir. Fenolik bilesikler 6zellikle
tane kabugu ve ¢ekirdeklerde yer alir. Daha az bir miktar1 ise

Tablo 3. Horoz Karasi {iziim ¢esidi sira 6zellikleri

Table 3. Must characteristics of the Horoz Karasi grape variety

Research Article

iiziim suyunda bulunur. Fenol miktar1 gallik asit esdegeri ola-
rak (GAE) ifade edilir (Dharmadhikari, 1994).

Ozden ve Ozden (2014) yaptiklar1 ¢alismada toplam fenolik
madde miktarint Wonderful nar ¢esidinde 1136.54 mg GAE
kg taze agirlik, siyah dutlarda 2153.51 mg GAE kg taze
agirlik, Siraz kirmizi {iziim gesidinde 1465.64 mg GAE kg
taze agirlik olarak kaydetmislerdir. Antioksidan aktivite dii-
zeyini ise ayni gesitlerde sirasiyla % 89.82, % 73.79, % 60.42
olarak bildirmislerdir.

Tablo 5’de; toplam fenol diizeyi ortalama deger bakimindan
yiiksek rakimda yer alan Cobanli’dan alinan salkim 6rnekle-
rinin diger bolgelere gore daha iist sirada yer aldifi
goriilmektedir. Uziimde toplam fenol diizeyi diisiik rakiml
bolgelere gore yiiksek rakimli bolgelerde daha yiiksek
degerlere ulagsmaktadir (Hess, 2007; Aslantas ve Karakus,
2007).

Bunea ve ark., (2012), Napoca ve Muscat Hamburg iiziim ¢e-
sitlerinde toplam fenol diizeyi ile antioksidan aktivite kap-
samu1 sirastyla; 1231.38 mg GAE kg- 935.04 mg GAE kg;
25.07 mg Trolox g™ ile 22.77 mg Trolox g™ olarak kaydetmi-
serdir. Uziimdeki antioksidan aktivite diizeyi flavonoid, feno-
lik asit, antosiyanin ve karetenoidler gibi antioksidan unsur-
lardan dolay:dir.

Ornek Kodu SCKM (%)  Asitlik (%) pH

1 20.20 0.205 3.94

2 22.37 0.221 3.93

3 21.49 0.287 3.88
4 22.26 0.318 3.76
5 17.91 0.206 3.62
6 22.25 0.372 3.75

7 24.55 0.240 3.89

8 21.40 0.517 3.93
9 21.31 0.222 3.92
10 22.05 0.269 3.93
11 19.35 0.324 3.83
12 19.15 0.422 3.72
13 17.72 0.343 3.87
14 25.01 0.294 3.82
15 22.75 0.189 3.70
16 25.35 0.201 3.89
17 16.64 0.420 3.36
18 21.57 0.310 3.63
Min. 16.64 0.189 3.62
Max. 25.35 0.517 3.94
Ort. 20.98 0.360 3.78
Standart sapma 0.309 0.057 0.085
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Tablo 4. Horoz Karasi liziim ¢esidinde incelenen renk 6zellikleri

Table 4. Color characteristics of Horoz Karasi grape variety

Ornek Kodu L* a* b* Chroma Hue agis1 CIRG
1 27.15 0.32 -0.26 0.66 -39.01 7.87

2 28.64 0.35 -0.23 0.72 -33.31 7.26

3 29.58 0.41 -0.28 0.59 -34.33 7.21
4 29.97 0.68 -0.53 1.05 -37.93 7.02

5 25.64 0.48 -0.34 0.43 -35.31 8.25

6 28.91 0.51 -0.91 1.12 -37.27 7.23

7 29.13 0.58 -0.47 1.25 -39.61 7.29

8 26.12 0.69 -0.58 1.30 -40.04 8.02

9 29.46 0.67 -0.58 1.36 -40.88 7.17
10 28.76 1.33 -0.90 1.61 -34.08 7.04
11 27.29 0.68 -0.57 1.56 -39.97 7.62
12 28.56 0.92 -0.75 1.52 -39.18 7.29
13 26.47 0.66 -0.50 1.09 -37.14 7.88
14 25.65 0.62 -0.45 1.15 -35.97 8.06
15 26.87 1.18 -0.90 1.85 -37.33 7.56
16 28.94 0.44 -0.30 0.58 -34.28 7.26
17 27.59 1.05 -0.70 1.56 -33.69 7.33
18 28.47 0.99 -0.82 1.33 -39.63 7.37
Min. 25.64 0.32 -0.91 0.43 -40.88 7.02
Max. 29.97 1.33 -0.23 1.85 -33.31 8.25
Ort. 27.81 0.83 -0.57 1.14 -37.10 7.64
Standart sapma 1.018 0.161 0.193 0.195 1.512 0.103

Tablo 5. Horoz Karasi {iziim 6rneklerinin toplam fenol ve antioksidan aktivite diizeyi

Table 5. Total phenol and antioxidant activity levels of Horoz Karasi grape samples

Ornek Kodu Toplam fenol (mg GAE 100 g™) Antioksidan aktivite (%)
1 456.8 91
2 484.7 98
3 429.9 96
4 4452 92
5 440.8 97
6 386.4 90
7 412.3 92
8 447.6 98
9 416.1 95
10 457.7 96
11 366.1 87
12 462.6 93
13 427.7 89
14 438.2 92
15 453.9 96
16 360.5 92
17 393.6 95
18 402.7 94
Min. 360.5 87
Max. 484.7 98
Ort. 409.1 92
Standart sapma 22.48 2.113
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Dani ve ark. (2007); beyaz ve kirmizi iiziim gesitlerine ait
tiziim siralan ile ilgili yaptiklan calismada, toplam fenolik
icerik (Folin-Ciocalteu) ile antioksidan aktivite (DPPH)
arasinda pozitif bir iligki oldugunu belirlemistir.

Cagindi (2016), Red globe ¢esidi iiziim suyunda toplam fenol
ile antioksidan aktivite diizeyini sirastyla; 304.42 mg I'!, %
63.83 olarak kaydetmistir.

Du ve ark., (2012), Cabernet Sauvignon, Cabernet Franc ve
Merlot iizlim ¢esitlerinde toplam fenol miktarim1 219.5 mg
100 g, 128.3 mg 100 g, 179.1 mg 100 g!; antioksidan ak-
tivite diizeyini ise %92.77, % 89.30, % 89.91 olarak bildir-
mistir.

Orak (2007), calismasinda Alfonse Lavallee, Bogazkere,
Adakaras1 iiziim c¢esitlerinde toplam fenol miktarini 1728,
2649, 2695 ug mL' GAE olarak belirlemistir. Genova
(2012), Sangiovese iiziim ¢esidinde toplam fenol kapsamini
419.9 mg GAE 100 g olarak kaydetmistir.

Chorti ve ark., (2016), Agiorgitiko kirmiz1 {iziim ¢esidinde
toplam fenol miktarinmn 400 mg 1" ile 560 mg L' arasinda
degistigini ifade etmislerdir. Kok ve Bal (2017), Horoz Ka-
ras1 iiziim Orneklerinde toplam fenol miktarin1 886.44 mg
GAE kg'' olarak bildirmistir.

Serrano ve ark., (2006), Crimsonn Seedless {iziim ¢esidinde
toplam fenol miktarmi 53.6 mg GA 100 g, toplam antioksi-
dan aktiviteyi 396.8 mg GA 100 g”' seklinde kaydetmislerdir.
Paun ve ark., (2017), siyah iiziim kabugunda toplam fenol dii-
zeyini 21.32 mg g olarak belirlemislerdir. Farhadi (2016),
Black Pearl ile Purple grape iiziim ¢esitlerinde ¢ekirdek ve
kabukta bulunan toplam fenol diizeyini sirasiyla; 18.34 mg g
"ile 40.20 mg g'; 15.79 mg g ile 27.36 mg g olarak kay-
detmistir. Ayni ¢aligmada antioksidan aktivite kapsami Mus-
cat ve Hosseini iizim ¢esidinde meyve pulpunda % 93.14 ile
% 94.58 olarak kaydedilmistir. Mulero ve ark., (2010), Mo-
nastrel iiziim ¢esidinde toplam fenol miktarin1 447.7 mg kg™,
antioksidan aktivite diizeyini 4.40 Trolox g olarak elde et-
mislerdir.

Calismada, toplam fenol miktar1 ortalama olarak 409.1 mg
GAE 100 g belirlenmistir. Bu diizey, Mulero ve ark., (2010),
Genova (2012), Chorti ve ark., (2016), Yang ve Xiao
(2013)’nin farkli kirmizi iziim gesitleri ile yiiriittiikleri calis-
malarda elde ettigi toplam fenol miktari ile benzerlik goster-
mektedir. Antioksidan aktivite diizeyi Horoz Karast iiziim ¢e-
sidinde ortalama olarak % 92 olarak belirlenmistir. Bu deger,
Du ve ark., (2012), Farhadi (2016)’nin arastirmalarinda farkli
kirmizi tiziim ¢esitlerinde belirlenen antioksidan aktivite bul-
gularia yakin degerler olarak goriilmektedir.

Research Article

Topalovic ve ark., (2012), liziim tanesinde bulunan fenolik
bilesiklerin miktarlarinin genetik, iklimsel, cografik etmenler
ile bitkinin vejetatif kuvveti, tarimsal uygulamalar ve olgun-
lasma asamalarina bagh olarak degiskenlik gosterdigi ile il-
gili sayisiz ¢alisma yapildigin ifade etmislerdir.

Uziim ve 6zellikle kirmizi iiziim iiriinleri fenolik bilesikler
agisindan zengindir (Fuleki ve Ricardo-da-Silva, 2003). Dani
ve ark. (2007); yiiriittiikkleri calismada kirmizi {iziim suyunun
beyaz iizim suyundan daha fazla fenolik icerige sahip
oldugunu belirlemislerdir. Horoz Karasi ¢esidinin kirmizi
renkte olmasi nedeniyle toplam fenol ve antioksidan aktivite
kapsammin yiiksek diizeyde oldugu bu calismada belir-
lenmistir.

Yang ve Xiao, (2013), liziim suyunda toplam fenol kapsamin1
Cabernet Franc ve Pinot Noir iiziim ¢esitlerinin gekirdekle-
rinde 424.6 mg 100 g”' GAE ile 396.8 mg 100 g’ olarak bil-
dirmistir.

Uziimde bulunan fenolik bilesiklerin konsantrasyonu cesit,
vejetasyon donemi, kiiltiirel kosullar ve c¢evresel kosullara
bagl olarak farklilik gosterebilmektedir (Bunea, 2012; Far-
hadi, 2016).

Horasan Sagbasan (2015), toplam fenol miktarini siyah
iizimde 634.3 mg GAE/100g, mor erikte 416.5 mg
GAE/100g, kizilcikta 1081.9 mg GAE/100g, yaban mersi-
ninde 313.9 mg GAE/100g olarak belirlemistir. Antioksidan
kapasite diizeyi ise ayni gesitlerde sirasiyla; 133.3 +3.7 pmol
Trolox/100 g, 127 £1.9 u mol Trolox/100 g, 144.4 £1.9 p mol
Trolox/100 g ve 133.3 £1.5 pu mol Trolox/100 g 6rnek olarak
belirlenmistir.

Sonuc¢

Bu c¢alisma ile Kahramanmaras ilinin énemli havzalarinda
yetistirilen Horoz Karasi {iziim ¢esidinin salkim, tane ve gira
ozellikleri ile tane kabuk rengi, toplam fenol ve antioksidan
aktivite degerleri ortaya konulmustur. Horoz Karast iiziim ¢e-
sidine ait veriler incelendiginde; salkim agirlig1 agisindan Ki-
zirli 6ne ¢ikmaktadir. Salkim iriliginin omcalarin bulundugu
toprak dzellikleri ve budama uygulamalari ile dogrudan etki-
lendigi diisliniilmektedir.

Tane agirlig1 ortalama deger bakimindan Kizirli’den alinan
salkim ornekleri diger bolgelere gore daha iist sirada yer
almaktadir.

Salkim ve tane 6zellikleri bakimindan; Kizirli’nin yer aldig1
Pazarcik Havzasinin 6ne ¢ikmasinin nedeni; omcalara goble
terbiye sekli verilmis olmasi ve bununda kalite 6zelliklerine
olumlu etki ettigi diistiniilmektedir.
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Sira Gzelliklerine ait veriler incelendiginde; Horoz Karasi
tizim ¢esidinde Tasdemir’den alinan salkim &rneklerinde
ortalama SCKM diizeyi ile pH diizeyi diger bolgelere daha
yiiksek degerde kaydedilmistir. Calismanin yiiritildigi
havzalarda ¢eside ait tane rengi, sira miktari, iriligi, antioksi-
dan igerigi, seker orani gibi parametrelerde farkli degerlerin
belirlenmesi ekolojik kosullarin etkisi nedeniyle oldugu
diistiniilmektedir.

CIE (Commission Internationale de L'éclairage) renk koordi-
nat sisteminde hue agis1 degerlerinin mor renge karsilik gel-
digi, CIRG indeksinin 7.02 ile 8.25 degerleri arasinda degis-
tigi belirlenmistir. Mor renkli Horoz Karas1 iiziim ¢esidinde
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oz

COVID-19 salgim siirecinde bireylerin gida satin alma, gida hijyeni ve beslenme davraniglarini
belirlemek amaciyla 24 sorudan olusan bir anket uygulanmistir. Goniilliiliik esasina dayali olarak
¢evrimigi gergeklestirilen anket ¢aligmasina toplam 658 kisi katilmig olup, %67’si kadin, %331
erkek, %60°1 18-24 ve %25°1 25-31 yas araligindadir. Anket sorularina verilen cevaplara gore sal-
gin déneminde gida temini i¢in en fazla market aligverisi (%73.9) tercih edilmis olup, en fazla
bakliyat (%59.1) stoklanmustir. Satin alma sirasinda iirtinlerin besin degerine salgin dncesine gore
daha fazla dikkat edilmis ve oncelikli olarak ambalajli gidalar tercih edilmistir (%79.3). Taze
meyve ve sebzelerin temizlenmesinde en fazla tercih edilen yontemler akan su altinda yikama
(%59.7) ve sirkeli suda bekletmedir (%43.2). Genellikle bireylerin salgin doneminde daha saglikli
beslenme egiliminde olduklari, ancak 6giin sayisinda bir miktar artig oldugu goriilmiistiir. Bagi-
siklik sisteminin giiglendirilmesi amaciyla basta C vitamini (%73) ve D vitamini (%40.5) olmak
tizere besin takviyesi kullanildigi anlagilmaktadir. Ayrica sosyal medya (%31.9) ve televizyon
programlari (%20.3) bireylerin beslenme davraniglarina yon vermede doktor tavsiyesinden (%32)
sonra en fazla etkili olan kaynaklidir.

Anahtar Kelimeler: COVID-19, Salgin, Satin alma, Gida hijyeni, Beslenme

ABSTRACT

Food purchasing, food hygiene, and nutritional behaviors of consumers during the
COVID-19 pandemic

An online questionnaire, consisting of 24 questions was applied to determine individuals' food
purchasing, food hygiene, and nutritional behaviors during the COVID-19 pandemic. Of 658 re-
spondents, 67% were female, 33% were male, 60% were 18-24 years old, and 25% were 25-31
years old. Supermarket shopping (73.9%) was the most preferred way to supply food, while the
primary stocked up food was dried legumes (59.1%). The nutritional values and contents of foods
were more paid attention to than before the COVID-19 pandemic, and the packaged foods (79.3%)
were primarily preferred. The most preferred methods for cleaning fresh fruits and vegetables were
washing under running water (59.7%) and soaking in water with vinegar (43.2%). The participants
intended to eat healthy foods during the COVID-19 pandemic. However, the daily meal counts
increased slightly. Food supplements, mainly vitamin C (73%) and vitamin D (40.5%) were con-
sumed to strengthen the immune system. Additionally, social media (31.9%) and TV programs
(20.3%) were very effective after medical doctor recommendations (32%) for orienting the nutri-
tional behaviors of participants.

Keywords: COVID-19, Pandemic, Food purchasing, Food hygiene, Nutrition
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Giris

COVID-19, 2019 yilinin son aylarinda Cin’in Wuhan seh-
rinde baslayip kisa siirede tiim diinyay1 etkisi altina almig
olan ve giiniimiizde devam eden kiiresel bir salgindir. Bu has-
talikta etken SARS-CoV-2 olup, yeni bir koronaviriis susu-
dur. COVID-19 enfeksiyonu damlacik yoluyla insandan in-
sana bulasmakta, akut solunum sikintis1 sendromuna benzer
sekilde yiiksek ates, kuru oksiiriik, genel yorgunluk ve bogaz
agrisina neden olmaktadir. Diger belirtiler arasinda ishal, kas
ve bas agist bulunmaktadir (Tsai ve ark., 2021). COVID-19,
11 Mart 2020 tarihinde Diinya Saglk Orgiitii (DSO) tarafin-
dan kiiresel pandemi ilan edilmistir (COl ve Giines, 2020).
Salginin baglangicindan Nisan 2022 tarihine kadar diinyada
dogrulanmis toplam vaka sayis1 490 milyonu, 6liim sayisi ise
6 milyonu agmigtir. DSO verilerine gére Tiirkiye’de Nisan
2022 itibariyle dogrulanmis vaka sayisi yaklagik 15 milyon,
o6liim sayisi ise 98 binin tizerindedir (WHO, 2022).

DSO tarafindan pandemi olarak ilan edildigi tarihte, Tiir-
kiye’de de ilk pozitif vakanin gdriilmesi ile birlikte COVID-
19 6nlemleri alinmaya baslanmistir. Bu 6nlemler kapsaminda
okullarda yiiz yiize egitime ara verilmis, kafe, restoran, alis-
verig merkezi vb. pek ¢ok hizmet sektoriiniin faaliyetleri dur-
durulmus, ayrica belirli giinlerde uygulanan sokaga ¢ikma ya-
saklar1 getirilmistir. Diger {ilkelerde de buna benzer uygula-
malara gidilmistir. Sokaga ¢ikma yasaklar1 ve sosyal mesafe-
nin tiiketici aligkanliklarini ve davraniglarini 6nemli diizeyde
etkilemistir (Sheth, 2020). COVID-19 salgini siiresince yasa-
nan sokaga ¢ikma yasaklari, uzaktan egitim, evden ¢aligma
vb. nedenler her yastan bireyler i¢in alisilmig yasam tarzinin
disina ¢ikilmas1 anlamina gelmektedir. Bu kosullarda bireyler
yasanilan kaygi ve stresin etkisi ile sagliksiz yiyeceklere yo-
nelebilmektedirler. Fiziksel aktivitenin de azalmasi ile bir-
likte obezite, diyabet, kardiyovaskiiler hastaliklar ve kanser
dahil pek ¢ok hastalik riski ortaya ¢ikmaktadir (Séanchez-
Sanchez ve ark., 2020).

Pandemi baslangicindan itibaren yapilan ¢alismalar bireyle-
rin kaygi diizeylerinin arttigini ve yasam tarzlarindaki degi-
siklikler nedeniyle fiziksel saglik yaninda ruhsal sagligin da
olumsuz etkilendigini gostermektedir (Altun, 2020; Goksii ve
Kumcagiz, 2020). Bireylerin pandemi déneminde beslenme,
uyku ve fiziksel aktivite diizeyleri degismistir (Macit, 2020).
Ayrica sosyal izolasyon doneminde karbonhidrat ve yag ige-
rigi yiiksek besinlerin daha fazla tiiketildigi, diyetlere devam-
liligin azaldig1 ve buna bagh olarak viicut agirliginin arttigi
diger tespitler arasindadir (Garipoglu ve Bozar, 2020).

Bu caligmada, COVID-19 salgininin toplumda hemen her
yastan bireyin yasam tarzinin degismesine neden oldugundan

yola ¢ikilarak, bireylerin gida iiriinlerini satin alma, gida hij-
yeni uygulamalar1 ve beslenme tercihlerinin ne yonde etki-
lendiginin belirlenmesi hedeflenmistir.

Materyal ve Metot

Kitlesel tipte bir ¢aligsma olan bu arastirmada, COVID-19 sal-
gini1 siirecinde bireylerin beslenme, gida takviyesi kullanimu,
gida temini ve gida hijyeni uygulamalar ile ilgili tercihlerinin
belirlenmesi hedeflenmistir. Bu amagcla iki boliim ve toplam
24 sorudan olusan bir anket ¢alismasi yapilmis olup, bu an-
kete verilen cevaplar ¢aligmanin verilerini olugturmustur. Ca-
lismada kullanilan anket Google Forms ile hazirlanmig
(https://docs.google.com/forms) ve ¢evrimigi olarak gercek-
lestirilmistir. Toplam katilimc1 sayis1 658 olup, anketlerin ta-
mami degerlendirmeye alinmistir. Ik béliimde katilimeilarin
demografik 6zelliklerini belirlemek amaciyla cinsiyet, yas,
ogrenim durumu, aylik gelir ve yasanilan yer sorulmustur.
Ikinci boliimde ise gida satin alma, gida hijyeni ve beslenme
tercihleri ile ilgili 19 adet soru sorulmustur (Garipoglu ve Bo-
zar, 2020; Macit, 2020). Anket cevaplarinin degerlendirilme-
sinde Microsoft Excel programi ve Google Forms’un ilgili
ozellikler kullanilarak grafik ve tablolar olusturulmus, veriler
frekans ve % dagilim olarak sunulmustur.

Etik Ilkeler

Sakarya Universitesi Fen ve Miihendislik Bilimleri Etik Ku-
rulu Bagkanligi’nin 13.05.2022 tarihli ve 25 sayili toplanti-
sinda alman 04 nolu karar ile “COVID-19 Salginin Tiiketici-
lerin Gida Satin Alma, Gida Hijyeni ve Beslenme Davranig-
larinin Aragtirilmasi ” baslikli ¢alismanin Etik agidan uygun
olduguna oy birligi ile karar verilmistir.

Bulgular ve Tartisma
Katiimcuarin Demografik Ozellikleri

Katilimcilara ait demografik 6zellikler Sekil 1°de sunulmus-
tur. Buna gore ankete katilan bireylerin %331 (n=216) erkek,
%67’s1 (n=442) kadindir. Bireylerin yasa gore dagilimina ba-
kildiginda %60’ min (n=395) 18-24 yas, %25’inin (n=168) ise
25-31 yas araliginda oldugu goriilmektedir. Ankete katilan
bireylerin 6nemli bir kismi1 (%79.3; n=522) iiniversite 6gren-
cisi veya mezunudur. Katilimcilari %48’inin (n=302) aylik
geliri 2000 TL veya altinda olup, énemli bir kismi (%61;
n=404) biiyiik sehir veya il merkezinde yasamaktadir. Buna
gore ankete katilan bireylerin 6nemli bir kismui 18-31 yas ara-
liginda, iiniversite 6grencisi veya mezunu, 2000 TL veya al-
tinda aylik geliri olan, biiylik sehir veya il merkezinde yasa-
yan bireylerden olugmaktadir. Anketin goniilliiliik esasina da-
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yali olarak ¢evrimigi gerceklestirildigi goz oniinde bulundu-
ruldugunda, ortaya ¢ikan genel katilimer profilinin beklenen
bir durum oldugu diigiiniilmektedir.

COVID-19 Salgim Siirecinde Bireylerin Gida Temini ve
Satin Alma Ile 1igili Tercihleri

Caligmada bireylerin COVID-19 salgim siirecinde gida te-
mini ve satin alma tercihleri ile ilgili dort adet soru sorulmus
olup, cevaplarin frekans ve % dagilimlar1 Tablo 1’de sunul-
mustur. Verilen cevaplara gore, siipermarket aligverisi
(%73.9) gida temininde birinci siray1 almakta, onu bakkal-
yerel market (%49.8) ve pazar (%43) izlemektedir. Salgin sii-
recinde Ozellikle sokaga ¢ikma yasaklar1 ve izolasyon nede-
niyle daha da 6nemli hale gelen online market ve paket ser-
visin tercih edilme oranlari sirasiyla %24.6 ve %18.7°dir. Sal-
gin slirecinde kafe, restoran, lokanta vb. igsletmeler kapanmasi
veya sinirh siire ve kapsamda hizmet vermeleri nedeniyle
gida temini marketlere kaymistir. Gida temininde dagilim sal-
gin oncesi %50 market ve %50 servis sektori seklinde iken,
salgin doneminde neredeyse %100 market olacak sekilde de-
gismistir. Gida aligverisi i¢in markete gidis sayis1 azalmakla
birlikte, her bir gidiste harcanan para miktar1 artmistir (Aday
ve Aday, 2020). Ayrica kontaminasyon riski nedeniyle te-
mastan kacinma ve satig noktalarina erigimin giiclesmesi ne-
deniyle online aligverise olan talebin arttig1 bildirilmektedir
(Baltaci ve Akaydin, 2020).

Salgin siirecinde, ihtiya¢ duyuldugunda erisememe endisesi
nedeniyle normal kosullara gore daha fazla iiriin satin alma
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egilimi siklikla karsilagilan bir durumdur (Aday ve Aday,
2020). Katilimeilarin %54 salgin doneminde gida stokladi-
gini belirtmistir (Tablo 1). En ¢ok stoklanan {iriin grubu bak-
liyattir (%59.1). Salgin siirecinde bagisiklik sistemini giiglen-
dirmek i¢in saglikli beslenme ¢abasi satin alma davranigla-
rina da yansiyabilmektedir. Katilimeilarin %40.1°1 satin alma
sirasinda gidalarin besin degerine ve igerigine salgin dncesine
gore daha fazla dikkat ettigini belirtmistir (Tablo 1). Pandemi
stirecinde tiiketicilerin 6zellikle gida ve hijyen iiriinleri ile il-
gili stok yapma egiliminde olduklar1 ve uzun émiirlii gidalari
taze gidalara tercih ettikleri pek ¢ok iilkede yapilan aragtir-
malarla ortaya konmustur (Baltact ve Akaydin, 2020).
Italya’da Bracale ve Vaccaro (2020) tarafindan yapilan bir
caligmada kapanma doneminde bir 6nceki yilin ayn1 done-
mine gore satis1 en fazla olan gidalarin baginda makarna, ton
konservesi, dondurulmus sebze ve meyve, UHT siit, yumurta,
dondurulmus balik ve portakal geldigini bildirmislerdir. Ay-
rica ekmek mayasi, un, hazir un karigimlar1 ve bakliyat ve
konserve gidalar satiginda en fazla degisim olan {irlinlerdir.

Diger yandan, “Salgin déneminde satin aldiginiz gida {riin-
lerinin besin degerine ve igerigine salgin dncesine gore daha
fazla dikkat ediyor musunuz?”’ sorusuna katilimcilarin
%40.1°1 “evet”, %25.41 ise “bazen” cevabini vermistir
(Tablo 1). Bu durum salgin doneminde bireylerin bagigiklik
sistemlerini giiclendirme ve kilo alimindan kaginma egilimi-
nin bir sonucu olarak degerlendirilebilir.

Tablo 1. Katilimcilarin gida temini ve satin alma ile ilgili sorulara verdikleri cevaplarin frekans ve % dagilimi

Table 1. Frequency and % distribution of the responses given by the participants to food supply and purchasing questions

n %
Salgin siirecinde gida tiriinlerini ne sekilde temin ediyorsunuz? Siipermarket 486 73.9
(Birden fazla segenek isaretlenebilir) Bakkal ve yerel market 328 49.8
Pazar 283 43
Online market 162 24.6
Paket servis 123 18.7
Kafe/restoran 53 8.1
Salgin sirasinda tedarikinden duydugunuz endise nedeniyle gida Evet 303 46
iiriinlerini stoklama yaptiniz mi? Hayir 355 54
Salgin siirecinde hangi gida {iriiniinii stoklama yaptiniz? Bakliyat tiriinleri 389 59.1
(Birden fazla seg¢enek isaretlenebilir) Meyve ve sebze iirlinleri 136 20.7
Et ve et tirtinleri 115 17.5
Konserve iiriinleri 113 17.2
Siit ve siit Tirtinleri 111 16.9
Firmcilik tiriinleri 82 12.5
Kuruyemis tirtinleri 80 12.2
Diger 13 1.9
Salgin doneminde aldigimiz gida iirlinlerinin besin degerine ve icerigine Evet 264 40.1
salgin dncesine gore daha ¢ok dikkat ediyor musunuz? Hay1r 227 345
Bazen 167 254
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COVID-19 Salgini Siirecinde Bireylerin Gida Hijyeni
Uygulamalart

Salginin baglangicinda heniiz koronaviriisiin nasil bulastig,
gidalar araciligi ile bulasip bulasmadigi vb. konularda yeterli
bilgi bulunmamaktaydi. Bu nedenle meyve ve sebzelerden vi-
rlis bulasabilecegi endisesi ile satin alma sonras1 temizlemek
ve dezenfekte etmek i¢in cesitli islemler uygulanabilmekte-
dir. Katilimcilarin bu amagla tercih ettiklerin iglemlerin ba-
sinda akan su altinda yikama (%59.7), sirkeli suda bekletme
(%43.2) ve disarida/balkonda bekletme (%34.3) gelmektedir
(Tablo 2). COVID-19’dan korunmak i¢in 6neriler maske kul-
lanilmasi, ellerin sik sik yikanmasi yiizeylerin dezenfekte
edilmesi, kalabalik ortamlarda bulunulmamasi, bulunulmasi
haline diger insanlarla en az 2 m mesafe olacak sekilde sosyal
mesafeye dikkate edilmesi seklinde siralanmaktadir. Ayrica
¢ig ve pismis gidalarin ayrilmasi, sebze ve meyvelerin tiike-
tilmeden Once iyice yikanmasi ve gidalarin i¢ sicakligi en az
70°C olacak sekilde pisirildikten sonra tiiketilmesi de diger
oneriler arasindadir (FDA, 2020).

Katilmcilarin %79.3’1 salgin siirecinde gida satin alirken
ambalajli olmasina dikkat ettigini belirtmistir. Bracale ve
Vaccaro (2020) Italya’da salgmin ilk alt1 haftasinda 10769
marketin satiglarini inceledikleri ¢aligmada 6zellikle paket-
lenmis gidalarin satisinda artig oldugunu bildirmislerdir. Pa-
ketlenmis gidalar hem hijyenik agidan tercih edilmekte, hem
de magazada gecirilen siireyi kisaltmaktadir.

Satin alinan gidalarm belirli bir siire disarida, balkonda vs.
bekletildikten sonra ev icine alinmasi da yapilan uygulama-
lardan biridir. Katilimcilarin %39.8’1 {irlinleri eve almak igin
bekletmedigini, digerleri ise bir saatten azdan 5 giine kadar
degisen siirelerde karantinada beklettiklerini ifade etmisler-
dir. SARS-CoV-2 viriisiiniin enfekte kisi ile temas, aerosol
veya damlacik yoluyla olmak iizere {i¢ sekilde bulastigi bil-
dirilmektedir. COVID-19’un, viriisle kontamine olmus gida-
nin tiiketilmesi ile yani sindirim yoluyla bulasti§ina dair ye-
terli kanit bulunmamaktadir (Zhang ve ark., 2021). Ancak gi-
dalarin viriisiin insanlara tasinmasinda araci olabilecegi dii-
siiniilmektedir. Ornegin enfekte bir kisi direkt olarak gida
lizerine hapsirir veya oksiiriirse giday1 virlis ile kontamine
edebilir. Singapur’da fiziksel temas ve gida tiiketiminin ol-
dugu bir bilimsel toplanti sonrasi katilimcilarm g¢oguna
COVID-19 bulagmustir (Rizou ve ark., 2020). SARS-CoV-2
gida ile temas eden yiizeylerde aktif kalabilmektedir. Orne-
gin, somon dilimlenmis kesme tahtasindan SARS-CoV-2 vi-
riisii izole edilebilmistir (Zhang ve ark., 2021). SARS-CoV-2
plastik ve paslanmaz celik yiizeylerde bakir ve mukavvaya
gore daha uzun siire aktif kalabilmekte, bulastiktan 72 saat
sonra bu yiizeylerde tespit edilebilmektedir (Doremalen ve
ark., 2020). Bu nedenle gida tedarik zinciri ile yayilma potan-
siyeli oldugu diisiiniilmektedir. Ayrica SARS-CoV-2’nin

4°C’de muhafaza eden gidalarda canlilii arastirilmis olup,
tavuk derisi, somon ve karideste 24 saatte virlis konsantras-
yonunda 6nemli bir azalma olmadig1 ancak elma ve mantar
yiizeyinde Onemli azalma meydana geldigi belirlenmistir
(Dhakal ve ark., 2021).

COVID-19 Salgini Siirecinde Bireylerin Beslenme
Aliskanliklarindaki Degisim

Katilimcilarin beslenme aliskanliklarina iligkin sorulara ver-
dikleri cevaplarin frekans ve % dagilimi Tablo 3’te verilmis-
tir. Ankete katilan her ii¢ bireyden biri (%31) pandemi siire-
cinde beslenme aligkanliginin degismedigini ifade etmis, di-
gerleri ise “evet” (%41) veya “kismen” cevabini vermistir.
Salgin 6ncesi ve salgin siirecinde tiiketilen 6glin sayilar ile
ilgili sorulara verilen cevaplarin dagilimina gore, iki ya da ii¢
0giin tiiketenlerin oraninin azaldigi, buna karsin dort ya da
daha fazla 6giin tiikketenlerin oranin arttig1 gériilmektedir. Ka-
tilimcilara hangi gidalarin tiiketimini artirdiklarinin sorul-
dugu soruda birden fazla secenegi isaretleyebilecekleri belir-
tilmistir. Katilimcilarin %23.1°1 higbir iiriin grubunun tiike-
timi artirmadig1 cevabini vermistir. Diger yandan tiiketimi en
fazla artan {iriin grubu meyve (%42.6), onu sebze ve sebze
yemekleri (%38.9) ve hamur isleri (%31.3) izlemektedir. Di-
ger yanitini veren bireyler ise sirke, limon, pekmez, bal, bitki
caylar1 ve tursu tiikketimini artirdiklarini ifade etmislerdir. Ve-
rilen cevaplarin dagilimindan genel olarak bireylerin saglikli
yiyeceklere yoneldigi sonucuna varilabilir. Ancak katilimci-
larin tgte biri hamur igleri tiikketimini artirdigi cevabini ver-
mistir. Bu durum salgin déneminde hissedilen stres, kaygi ve
endise nedeniyle karbonhidrat icerigi yiiksek gidalara daha
fazla yonelme oldugu seklinde yorumlanabilir. Pandemi 6n-
cesine gore evde daha uzun siire gegirilmesi asir1 yeme egili-
mine yol agabilmektedir (Muscogiuri ve ark., 2020). Sanc-
hez-Sanchez ve ark. (2020) kapanma siiresince ev yapimi
tatl, hamur isi tiikketiminin %4.6 arttigini bildirmislerdir.

Gilnliik su tiiketim miktar1 bireylerin 6nemli bir kisminda
(%57.4) 1-2 litre araligindadir. Pandemi 6ncesi yapilan calis-
malarda bireylerin gilinliik ortalama su tiiketimlerinin 2 litre-
den az oldugu goriilmektedir (Karagoz ve ark., 2004; Eroglu,
2018). Buna gore giinliik su tiilketiminde pandemiye bagh
olarak bir artig olmadig1 s6ylenebilir. Diger yandan, disarida
yemek yeme aligkanliginin 6nemli oranda (%63.5) azaldig1
anlasilmaktadir. Bunda hem restoran ve kafelerin 6zellikle
salgimin ilk yilinda uzun stire kapali kalmasimin hem de birey-
lerin bulasi endisesi nedeniyle kalabalik ortamlardan kagin-
malarinin  etkili oldugu diisiiniilmektedir. Katilimcilarin
%66.4’1 salgin stirecinde tiiketiminden vazgectikleri her-
hangi bir tiriin olmadigini ifade etmislerdir. Tiiketiminden en
fazla vazgegilen iiriinler sirasiyla abur cubur (%20.4) ve ha-
mur igleridir (%13.4).
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Tablo 2. Katilimcilarin gida hijyeni uygulamalarina iligskin sorulara verdikleri cevaplarin frekans ve % dagilimi
Table 2. Frequency and % distribution of the responses given by the participants to food hygiene practices

n %

Salgin siirecinde aldigimiz meyve ve sebzeleri tiiketim 6ncesi te- Akan su ile yikama 393 59.7
mizlemek / dezenfekte etmek i¢in ne yapiyorsunuz? Sirkeli suda bekletme 284 432
(Birden fazla secenek isaretlenebilir) Disarida/balkonda bekletme 226 343

Higbir islem uygulamiyorum 72 10.9

Deterjanla yikayip durulama 60 9.1

Karbonatli suda bekletme 40 6.1
Salgin siirecinde gida satin alirken ambalajli olup olmamasina Evet 522 79.3
dikkat ediyor musunuz? Hayir 136 20.7
Salgin siirecinde gida iirlinlerini tiiketmeden 6nce (karantinada) ne  Bekletmiyorum 262 39.8
kadar bekletiyorsunuz? Yaklagik 1 giin 217 33

1 saatten az 156 23.7

2-5 giin 23 3.5

Tablo 3. Katilimcilarin beslenme aliskanliklarina iligkin sorulara verdikleri cevaplarin frekans ve % dagilimi
Table 3. Frequency and % distribution of the responses given by the participants to eating habits questions

n %
Salgin beslenme aligkanliginmiz etkiledi mi? Evet 264 41
Hayir 203 31
Kismen 191 29
Salgin 6ncesi bir giinde kag 6giin yemek yerdiniz? 1 6giin 6 0.9
2 6gilin 278 422
3 6gilin 330 50.2
4 6glin ve fazlasi 44 6.7
Salgin siirecinde bir giinde kag 6giin yemek yediniz? 1 6giin 16 2.4
2 0gilin 223 339
3 6gilin 302 459
4 6glin ve fazlasi 117 17.8
Salgin siirecinde beslenmenizde hangi gidalarin tiikketimini ~ Tiiketimimi artirmadim 152 23.1
artirdiniz? (Birden fazla segenek isaretlenebilir) Meyve 280 42.6
Sebze ve sebze yemekleri 256 38.9
Hamur isleri 206 31.3
Abur cubur ve ¢esitleri 190 28.9
Et ve et Uriinleri 187 28.4
Tatl ve tatl tiirleri 178 27,1
Siit ve siit Griinleri 155 23,6
Baharat cesitleri 109 16.6
Diger 8 1.2
Salgin siirecinde giinliik tiiketilen su miktariniz ne kadar? <1 litre 131 19.9
1-2 litre 381 57.9
>2 litre 146 22.2
Salgin siirecinde digarida yeme alisgkanliginiz nasil degisti? ~ Azaldi 418 63.5
Degismedi 120 18.2
Disarida yemek yeme aligkanligim yok 77 11.7
Artti 43 6.5
Salgin siirecinde tiiketmekten vazgectiginiz lirlin grubu var ~ Vazgectigim herhangi bir {iriin yok 437 66.4
mi1? (Birden fazla segenek isaretlenebilir) Abur cubur ¢esitleri 134 20.4
Hamur isleri 88 13.4
Tatl ve tatl tirtinleri 48 7.3
Meyve 24 3.6
Et ve et iirlinleri 15 23
Baharat ve gesitleri 15 2.3
Sebze ve sebze yemekleri 13 2
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Katilimcilarin %29.6’s1 koronaviriisten koruyan herhangi bir
besin veya besin takviyesi olduguna inanmamaktadir. Yakla-
sik her ii¢ bireyden ikisi (%64.1) C vitamininin koronaviriise
kars1 koruma sagladigimi diisiinmektedir (Tablo 4). Korona-
virlise karst koruyucu etkisi oldugu diigiiniilen diger besin
veya besin takviyelerinin basinda sirasiyla sarimsak (%40.9),
ilik suyu (%29.6), bal (%29), sirke (%28.9), zencefil (%24.2)
ve pekmez (%21.7) gelmektedir. Katilimcilarin yaklagik
%70’1 en az bir besin veya besin takviyesinin koruma sagla-
digini belirtmekle birlikte, %49.4’ii salgin siirecinde herhangi
bir besin takviyesi kullanmadigini ifade etmistir. Diger yan-
dan besin takviyesi kullananlarin 6zellikle C vitamini (%73)
ve D vitamini (%40.5) tercih ettikleri goriillmektedir.

Diinya genelinde COVID-19 pandemisi siiresince bagisiklik
sistemini destekleyici gida takviyesi pazar1 da diger gida sis-
temleri (gida giivenligi, gida glivencesi ve siirdiiriilebilirlik)
gibi krizden etkilenmistir. Tiiketiciler 6zellikle C vitamini ve
bitkisel takviyelere yonelmis, bu durum besin takviyelerinin
piyasada hizla tiikenmesine yol agmistir (Galanakis ve ark.,
2020). Calismada takviye olarak en ¢ok C ve D vitamininin
tercih edildigi goriilmektedir (Tablo 4). A, C, E ve D vitamin-
lerinin bagigiklik sistemini destekledigi, soguk alginligi ve
ayrica viriisiin hiicreye girisini saglayan ACE2 aktivitesini si-
nirlayarak SARS-COV-2’ye kars1 koruyucu etki sagladiklari
bilinmektedir (Muscogiuri ve ark., 2020; Galanakis ve ark.,
2020; Carr ve Maggini, 2017). Klinik ¢aligmalarda, D vita-
mininin COVID-19 hastalarinda ortaya ¢ikan sitokin firtina-
s baskilayarak hastaligin daha hafif seyretmesini sagladigi
belirlenmistir (Daneshkhah ve ark., 2020).

Vitaminlerden sonra en fazla kullanilan besin takviyesi pro-
biyotik ve prebiyotik {irlinleridir (%20). Probiyotik metabo-
litlerinin COVID-19 tizerine antiviral etkisi konusunda calis-
malar bulunmaktadir (Anwar ve ark., 2021). Probiyotik ali-
minin COVID-19’un hastalik ve 6liim oranlarini diisiirebile-
cegi ve hastaligin siddetini azaltabilecegi bildirilmektedir
(Kurian ve ark., 2021).

Caligmada COVID-19’a kars1 koruma sagladigina inanilan
ve tiiketilen besin ve besin takviyeleri arasinda zencefil, zer-
decal, sarimsak, kara miirver ekstresi, kantaron yagi, kekik
yag1 vb. yer almaktadir (Tablo 4). Yapilan ¢alismalar karabi-
ber, zencefil, sarimsak, sogan gibi bitkisel gidalarda bulunan

biyoaktif bilesenlerin COVID-19’a kars1 koruma saglayabi-
lecegini ortaya koymustur (Rajagopal ve ark., 2020; Donma
ve Donma, 2020; Williamson ve Kerimi, 2020). Ayrica pek
cok bitkisel gidada bulunan polifenollerin viral replikasyonu
onledigi, viral spike proteinini yikima ugrattigi ve SARS-
COV-2 proteazi inhibe ettigi bildirilmektedir (Galanakis ve
ark., 2020). Ornegin kara miirverin grip ve soguk algmligma
bagli semptomlarin giderilmesinde faydali oldugu ve iist so-
lunum yolu hastaliklarina kars1 koruyucu etki gosterdigi bi-
linmektedir (Alig ve ark., 2021). Kara miirverin COVID-19’a
kars1 etkin oldugunu gosteren bir ¢alisma bulunmamaktadir,
ancak diger viriislere karsi etkili oldugundan COVID-19’a da
etkili olabilecegi diisiincesiyle salgin doneminde kara miirver
ekstresi satisinin arttig1 bildirilmektedir (Macit, 2020).

Katilimcilarin %14.1°1 salgin siiresinde besin takviyesi olarak
¢inko kullandigini belirtmistir. Cinko bagisiklik sistemi fonk-
siyonlar1 i¢in gerekli bir iz elementtir. Cinkonun, SARS (Se-
vere Acute Respiratory Syndrome) koronaviriisiin RNA poli-
meraz aktivitesini ve viriislin hiicre kiiltliriinde ¢ogalmasini
engelledigi bildirilmistir (Muscogiuri ve ark., 2020).

Katilimcilarin %86.1°1 bagisiklik sistemini giliglendirmek
amaciyla besin takviyesi kullandigini belirtmistir. Besin tak-
viyeleri bagisiklik sisteminin gili¢lendirilmesine, COVID-19
veya diger viral enfeksiyonlarin tedavisine katkida bulunabi-
lir. Ancak, bilingsiz veya asirt miktarlarda kullanimlari ha-
linde toksisite olusabilecegi veya sagliga zararli yan etkiler
ortaya ¢ikabilecegi unutulmamalidir (Cagindi ve ark., 2022).

Katilimeilarin %39.5°1 salgin siirecinde herhangi bir kaynak-
tan gelen beslenme tavsiyelerinden etkilenmediklerini ifade
etmislerdir. Diger yandan sosyal medyanin (%31.9) da en az
doktor tavsiyesi (%32) kadar beslenme davranislarina yon
verme agisindan etkili oldugu anlagilmaktadir. Sosyal med-
yadan sonra iigiincii sirada televizyon programlar yer almak-
tadir (%20.3). Ingiltere’de Goodyear ve ark. (2021) tarafin-
dan yapilan bir ¢alismada, 6zellikle kapanma siiresince olmak
iizere salgin doneminde sosyal medya kullanimimin arttigi,
sosyal medyanin bireylerin egzersiz, diyet ve yasam kalitesini
artirmaya yonelik bilgilere erisimini kolaylastirdig, arkadas,
aile bireyleri ve sosyal gruplar i¢inde bu konularla ilgili etki-
lesime firsat yarattig1 bildirilmektedir.
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Tablo 4. Katilimeilarin besin takviyesi kullanimina iliskin sorulara verdikleri cevaplarin frekans ve % dagilimi

Table 4.  Frequency and % distribution of the responses given by the participants to the utilization of nutritional supplements questions

n %
Koronaviriisten koruduguna inandiginiz besin/takviye han-  Koronaviriisten koruyan bir besin/takviye 195 29.6
gisidir? (Birden fazla secenek isaretlenebilir) olduguna inanmiyorum
C vitamini 422 64.1
Sarimsak 269 40.9
Ilik suyu 99 29.6
Bal 191 29
Sirke 190 28.9
Zencefil 159 24.2
Pekmez 143 21.7
Zerdecal 112 17
Kefir 104 15.8
Sogan suyu 61 9.3
Kekik yagi 43 6.5
Salgin siirecinde takviye kullandiniz mi1? Evet 333 50.6
Hayir 325 49.4
Salgin siirecinde hangi besin takviyesini kullandiniz? (Bir-  C vitamini 243 73
den fazla segenek isaretlenebilir) D vitamini 135 40.5
Multivitamin 85 25.5
Probiyotik-prebiyotik 70 21
Balik yagi 55 16.5
Sarimsak ekstrati 54 16.2
Cinko 47 14.1
Zencefil ekstresi 31 9.3
Kara miirver ekstresi 21 6.3
Beta glukan 15 4.5
Kantaron yagi 9 2.7
Salgin siirecinde kullandiginiz takviyelerini hangi amagla Bagisikligimi sistemimi gliglendirmek i¢in 273 86.1
kullandiniz? (Birden fazla segenek isaretlenebilir) Saglikli oldugunu diisiindiigiim i¢in 115 36.3
Mevcut hastaligim i¢in kullaniyorum 93 29.3
Diger 47 14.8
Salgin siirecinde hangi kaynaklardan aldiginiz beslenme Etkilenmedim 259 39.5
tavsiyeleri sizin beslenme aligkanliklariniza yon verdi? Doktor takviyesi 210 32
(Birden fazla segenek isaretlenebilir) Sosyal medya 209 31.9
Televizyon programlari 133 20.3
Aile/Akraba 130 19.8
Arkadas 73 11.1
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Figure 1. Demographic characteristics of the participants

Sonu¢

Bu ¢aligmada COVID-19 salgininda bireylerin gida temini,
gida hijyeni ve beslenme davraniglarini belirlemek amaciyla
24 sorudan olusan bir anket uygulanmistir. Ankete verilen ce-
vaplara gore salgin doneminde gida temini i¢in en fazla mar-
ket aligverisi tercih edilmis ve en fazla bakliyat stoklanmistir.
Satin alma sirasinda iirtinlerin besin degerine salgin dncesine
gore daha fazla dikkat edilmis ve dncelikli olarak ambalajlh
gidalar tercih edilmistir. Taze meyve ve sebzelerin temizlen-
mesinde en fazla kullanilan yontem akan su altinda yikama
ve sirkeli suda bekletmedir. Genellikle bireylerin salgin do-
neminde daha saglikli beslenme egiliminde olduklari, bagi-
siklik sistemini gii¢clendirmek icin basta C ve D vitaminleri
olmak {izere gida takviyesi kullandiklar1 anlasilmaktadir. Ay-
rica sosyal medya ve televizyon programlari bireylerin bes-
lenme davranislarina yon verme agisindan etkili olmustur.

Sonug olarak 2020 yilinin Mart ayinda baglayan ve tiim diin-
yay1 etkisi altina alan COVID-19 salgini aradan gegen iki y1li

askin siirede, alinan tedbirler ve yapilan agilama ¢aligmalari
sayesinde diinya genelinde siddetinin 6nemli 6l¢iide azalt-
makla birlikte giiniimiizde devam etmektedir. Bu ¢alismada
elde edilen sonuglara gore, COVID-19 veya olas1 bagka sal-
ginlarda toplumun beslenme, besin takviyesi kullanimi ve
gida hijyeni konularinda dogru bilgilendirilmesine, 6zellikle
kisa siirede ¢ok kisiye ulagsma potansiyelinden dolay1 sosyal
medya ve televizyon programlarinda bilimsel olarak dogru-
lanmuis bilgilerin paylasilmasina dikkat edilmesi dnerilmekte-
dir.

Etik Standart ile Uyumluluk

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

Etik izin: Bu calisma, Sakarya Universitesi Fen ve Miihendislik
Bilimleri Etik Kurulu Bagkanligi’nin 13.05.2022 tarihli ve 25 sayilt
toplantisinda alman 04 no’lu karar ile etik agidan onaylanmustir.
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ABSTRACT

Heat treatments may cause some chemical and physicochemical changes in milk, although milk is
a heat-stable system. Heat treatments can cause different changes in different types of milk. This
study aimed to compare the effects of pasteurization and boiling on goat and cow milk's macro-
molecular contents, glutathione levels, and superoxide dismutase activities. The protein level of
both types of milk decreased with the pasteurization process, and boiling also reduced the protein
level of goat milk. Both heat treatments reduced superoxide dismutase activity and glutathione
levels in both types of milk. While the boiling process did not change the cow's milk lactose level,
it increased the goat milk lactose level. It was determined that pasteurization reduced the lactose
level in both types of milk. Pasteurization did not change the fat level in cow milk but decreased
the fat level in goat milk. In conclusion, cow milk was less affected by these heat treatments, which
can be attributed to having large fat globules, high lactose concentration, and high heat resistance
protein content compared to goat milk.

Keywords: Milk, Boiling, Pasteurization, Antioxidants, The Nutritional Content of Milk
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Introduction

Milk and dairy products are the major sources of protein, fat,
carbohydrate, mineral, and vitamin in the human diet (Kliem
et al. 2013). The macronutrients of milk are protein, fat, and
carbohydrate and micronutrients are minerals and vitamins.
The milk macronutrient content varies depending on the ani-
mal's diet, the season the milk is collected, and the type of
animal. When the nutrient content of goat and cow milk is
compared, there is a structural difference between them. Goat
milk is richer in protein and fat; on the other hand, cow milk
is rich in lactose content. Goat and cow milk have different
biochemical properties because of these differences in nutri-
tional content. Goat milk is less allergenic compared to cow
milk, due to the low a-sl casein and B-lactalbumin protein
levels in goat milk. The goat milk fat globules are small in
size (<3.5 um), have a homogeneous structure and are easier
to digest compared to other animal-based milk. Goat milk
also has a higher oligosaccharide (25-30 mg/100 mL) con-
centration when compared to cow milk oligosaccharide con-
centration (2-3 mg/100 mL). These oligosaccharides stimu-
late the release of interleukin-2, increase the growth of
bifidobacteria and help the nervous system to develop by el-
evating the ability to make long-chain polyunsaturated fatty
acids (Altun and Sarici 2017).

Milk has antioxidant effects in addition to nutritional bene-
fits. The antioxidant properties of milk are due to its high-
quality protein content (Korycka-Dahl, Richardson, and
Hicks 1979; Pocius, Clark, and Baumrucker 1981). It has
been suggested that glutathione (GSH) and superoxide dis-
mutase (SOD) are the antioxidant parameters for the oxida-
tive stability of milk (Granelli, Bjorck, and Appelqvist 1995;
Talukder et al. 2015). Glutathione is the non-protein sulthy-
dryl compound in mammalian cells and is generally consid-
ered a good indicator of the scavenging of reactive oxygen
species (Talukder et al. 2015). Dismutation of superoxide an-
ion by SOD may be of importance in preventing lipid perox-
idation (Granelli et al. 1995). It has been observed that the
GSH and SOD are excreted into the milk from mammary se-
cretory cells. SOD is only found in skim milk fractions of cow
milk, with concentrations ranging from 0.15 mg to 2.4 mg/L.
(Khan et al. 2019). Oner et al. reported that goat milk contains
higher free radical scavengers than cow milk. They also
stated that dry matter, protein, and fat levels did not corre-
spond to the antioxidant capacity (Oner, Sanlhidere-Aloglu,
and Dedebag 2011).

Heat treatment of raw milk reduces the microbial population,
inactivates enzymes, and minimizes chemical reactions and
physical changes during storage. Pasteurization, sterilization,
ultra-high temperature, and high-temperature processing are
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accepted methods for extending the shelf life of dairy prod-
ucts in the dairy industry (Stojanovska et al. 2017). Pasteuri-
zation is one of the most commonly used techniques for the
processing of fluid milk. During pasteurization, milk is ex-
posed to a certain heat treatment for a specific period (Khan
et al. 2017). It has been demonstrated that industrial pasteur-
ization may cause remarkable modifications in milk structure,
like enzyme inactivation, protein denaturation, modification,
masking or unmasking cross-linking between proteins and
other food components, such as lactosylation, lipid oxidation
products, and the generation of Maillard reaction products
(Lamberti et al. 2017). During pasteurization, approximately
5 - 15% of milk whey protein is denatured by the pasteuriza-
tion process. Pasteurization does not cause dephosphoryla-
tion and reduction in pH and ionic calcium and causes a neg-
ligible effect on the heat-sensitive water-soluble vitamins
(Deeth and Lewis 2017). In addition, SOD activity and GSH
level are also affected by the heat treatments (Hicks, Bucy,
and Stofer 1979; Li et al. 2018; Martysiak-Zurowska, Puta,
and Kietbratowska 2019). Much is known about the industrial
thermal processing of food whereas there is a lack of infor-
mation about the impact of domestic heat treatments (boiling)
on the biochemical quality of milk (Lamberti et al. 2017).
Boiling is the mildest heat treatment given to milk. Boiling
aims to reduce the growth of psychrotrophic bacteria that may
release heat-resistant proteases and lipases into the milk if al-
lowed to reach high levels (Deeth and Lewis 2017). Boiling
does not denature the milk whey proteins, does not affect the
heat stability of milk as measured by the heat coagulation
time at 130°C (Coghill, Mutzelburg, and Birch 1982), and re-
duces lipase activity by about 50% (Humbert et al. 1985).

Although heat treatments are effective in removing germs
from milk, it is known that they change the milk's biochemi-
cal composition. However, no research has been conducted
to determine which types of milk are more influenced by
these processes. Therefore, this study aimed to see how dif-
ferent heat treatments affected the nutritional content of cow
and goat milk, as well as glutathione levels and superoxide
dismutase activity for antioxidant characteristics.

Materials and Methods
Milk Samples

Raw and pasteurized milk were obtained from the same local
brand (Berk Siit, Kocaeli, Turkey). Each milk sample was
purchased as one liter and used as a pool. The study was car-
ried out by taking 8 different samples from cow and goat
milk. Raw milk was boiled at 100°C for 1 minute, and pas-
teurized milk of the same brand was purchased. Milk samples
were divided into six groups designated as follows; RC: raw
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cow milk, BC: boiled cow milk, PC: pasteurized cow milk,
RG: raw goat milk, BG: boiled goat milk, and PG: pasteur-
ized goat milk.

Total Protein Determination

Cow and goat milk total protein levels were determined ac-
cording to the method of Bradford (Bradford 1976). The fat
(cream) layer was removed before the milk protein determi-
nation. Subsequently, the skim-milk samples were incubated
with Coomassie Brillant Blue dye solution. The absorbance
of the blue colour formed at the end of the incubation was
recorded at 595 nm.

Lactose Determination

The milk lactose level was detected by the colorimetric picric
acid method (Khramov, Kolomeitseva, and Papichev 2008).
The milk samples were mixed with an aqueous and saturated
solution of picric acid (Sigma-Aldrich, 197378) and then in-
cubated in a boiling water bath. At the end of incubation, the
color of the solution changes from yellow to red. The quantity
of lactose in milk is directly proportional to the reddish color
intensity in the solution.

Fat Determination (Lucas et al. 1978)

The milk samples were drawn into a capillary tube (ISO-
LAB, length of 75 mm, wall thickness of 0.2 mm) and sealed
with a lighter flame for fat content analysis. Each milk sample
performed a double determination. Sealed tubes were centri-
fuged by a hematocrit centrifuge for 40 minutes. The percen-
tage of the fat (cream) layer was calculated by measuring the
fat (cream) layer and the full milk length with a ruler. The
calculated percentage of the fat (cream) layer is linearly rela-
ted to the fat content in goat and cow milk.

Determination of GSH Level

GSH level was determined by the method of Beutler (Beutler
1975). The colored product resulting from the reaction of the
sulfhydryl groups with Ellmann's reagent, 5-5 'dithiobis 1-2
nitrobenzoic acid (Merck, D8130) was evaluated spectropho-
tometrically. Results were presented as % mg glutathione us-
ing an extinction coefficient of 13600 M 'cm™'.

Determination of SOD Activity

SOD activity was measured by the method of Mylorie et al.
(Mylroie et al. 1986). This method measures the ability of
SOD to increase the effect of riboflavin (Sigma-Aldrich,
R9504) sensitized photo-oxidation of o-dianisidine (Sigma-
Aldrich, D3252). The activity of SOD is generated by illumi-
nating the reaction mixture that contains o-dianisidine dihy-
drochloride and riboflavin with light from a fluorescent lamp.

Research Article

The oxidation of o-dianisidine, which is sensitized by ribo-
flavin, is enhanced by superoxide dismutase, and the increase
in the absorbance is linearly dependent on superoxide dis-
mutase concentration. The absorbance of the resulting col-
ored product is evaluated spectrophotometrically at 460 nm.
Results were presented as kU/mL.

DPH Measurement and Milk Energy Level

Cow and goat milk pH levels were determined by a benchtop
pH meter (Mettler Toledo FE20-Basic Five Easy). The milk's
macro components are multiplied by the suitable conversion
factor to determine the total level of energy contained in the
milk samples. Conversion factors are 4 kcal/dL for protein
values, 9 kcal/dl for fat values, and 4 kcal/dl for lactose val-
ues, respectively. The total energy content was calculated as
follows:

Total energy (kcal/dl)= (Fat x 9)+(Protein x 4 )+(Lactose x4)
(Garcia-Lara et al. 2012).

Statistical Analysis

Graph Pad Prism 5.0 (Graph Pad Software, San Diego, CA,
USA) statistical package program was used for the statistical
analysis. Groups of data were analyzed by using ANOVA fol-
lowed by Tukey’s multiple comparison tests. Values of
p<0.05 were regarded as significant. All data were given as
mean and standard deviation.

Results and Discussion

The effect of heat treatments on milk macronutrients and an-
tioxidant capacity has been the subject of many researchers
over the years (Hicks et al. 1979; Coghill et al. 1982; Vil-
lamiel and de Jong 2000; Garcia-Lara et al. 2012; Deeth and
Lewis 2017; Khan et al. 2017). Milk heat treatments are used
to eliminate microorganisms that might spoil the milk and to
maintain its safety for daily consumption. Heat treatments, on
the other hand, may change the nutritional characteristics of
milk. In this study, the nutritional composition, GSH level,
and SOD activity changes of cow and goat milk were inves-
tigated to determine the most affected milk type.

The total protein level of raw goat milk was significantly
higher than raw cow milk (p<0.05, Figure 1). Raw cow milk's
total protein level was not significantly changed with boiling,
while pasteurization reduced the total protein level by 14%.
However, after boiling and pasteurization, the total pro-
tein level of raw goat milk significantly decreased (p<0.05,
Figure 1). Raw cow and goat milk lactose levels were not sig-
nificantly changed by boiling (Figure2). Pasteurization sig-
nificantly reduced the lactose level of both cow and goat milk
(p<0.05). For goat milk, the decline was 20%, while for cow
milk, it was 13%. Heat treatment had no significant effect on
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the fat level of raw cow milk. While the fat level of goat milk
did not change significantly after boiling, it decreased signif-
icantly after pasteurization (p<0.05, Figure 3).
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Figure 1. Total protein levels of cow and goat milk after the
thermal processes
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Figure 2. Lactose levels of cow and goat milk after the ther-
mal processes
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Figure 3. Fat levels of cow and goat milk after the thermal
processes
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Figure 4. GSH levels of cow and goat milk after the thermal
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Figure 5. SOD activities of cow and goat milk after the ther-
mal processes

Raw cow and raw goat milk consists of basic parts (fat, pro-
tein and lactose) but goat milk has higher protein and fat level
compared to cow milk (Posati & Orr, 1976; Jenness, 1980;
Park & Haenlein, 2016). In the study by Khan et al., it was
found that protein levels of cow’s milk increased after 30
minutes of boiling, while the total protein level decreased
with pasteurization. The reason for the increased total protein
level was attributed to the decrease in water loss during boil-
ing (Khan et al. 2017). Farrell et al. suggested that boiling
milk induces structural changes in protein structure by dis-
rupting intramolecular or intermolecular interactions and di-
sulfide bonds, causing the loss of secondary structure and
protein aggregation (Farrell et al. 2004).

Boiling raw milk for more than 5-10 minutes at home causes
the milk to lose its structural and content properties. Laszlo
et al (2017) advised shorter milk boiling times as the antibi-
otic residues that can be found in milk of animal origin may
be more harmful than microorganisms (Laszl6, Lanyi, and
Laczay 2017). In the literature, there are also many milk-boil-
ing procedures according to the purposes of the study. Condas
et al (2012) boiled milk for 1 and two minutes at 100 °C (Con-
das et al. 2012). Kilango et al. boiled milk for 5 minute at
95°C (Kilango et al. 2012). Khan et al. boiled milk for 1 mi-
nute at 100°C (Khan et al. 2017). Joishy et al. boiled milk for
10 minutes at 100°C (Joishy, Dehingia, and Khan 2019). In
this study, raw cow and goat milk samples were boiled for 1
minute at 100°C. There was no significant change in the total
protein level of cow milk at the end of controlled boiling, a
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decrease was found in the total protein level of goat milk. The
heat stability of lactoferrin is such that typical pasteurization
processes have little effect on structure (Farrell et al. 2004).
The fact that cow's milk contains more lactoferrin than goat's
milk causes cow's milk to be less affected by the pasteuriza-
tion process (Rachman, Maheswari, and Bachroem 2015).
The five major proteins of goat milk, a-lactalbumin, B-lacto-
globulin, k-casein, B-casein, and as2-casein are very similar
to their homologs in cow's milk. Goat milk lacks bovine asl1-
casein, the most abundant protein in cow's milk. Caseinate
micelles of goat milk contain more calcium and inorganic
phosphorus, are less soluble and less heat resistant, and lose
B-casein more easily than bovine micelles. For this reason,
goat's milk proteins are less heat resistant (Jenness, 1980;
Montilla & Calvo, 1997; Farrell et al., 2004) .

Khan et al. found that the lactose level of cow's milk increa-
sed with boiling and decreased with pasteurization (Khan et
al. 2017). In this study, the lactose level was not affected by
boiling in raw cow and goat milk, and it was decreased with
pasteurization. As heat treatment causes several chemical
modifications in milk nutrients, the lactose level of milk can
change depending on the severity of heating. Heat treatment
causes the degradation of lactose to acids (with a concomitant
decrease in pH), isomerization of lactose (e.g., to lactulose),
production of compounds such as furfural, and interactions
with amino groups of proteins (by Maillard reaction) (Lam-
berti et al. 2017). Lactose is a reducing sugar that reacts with
the amino groups of proteins. Since the proteins in goat milk
are less heat resistant, lactose reacts more easily with the pro-
teins in goat milk. With the pasteurization of goat milk, the
lactose level decreases more than in cow's milk.

Heat treatments have been found to reduce the diameters of
fat globules of cow milk (Villamiel and De Jong 2000). The
decrease in the diameter of fat globules does not indicate a
change in fat levels. The core of all milk fat globules contains
triacylglycerols, polyunsaturated fatty acids, and monoun-
saturated fatty acids. The small fat globules, which are not
heat resistant, are more affected by the boiling and pasteuri-
zation process (Jenness 1980). In light of this information, it
can be concluded that the small-sized fat globules of goat
milk were disrupted as a result of the pasteurization process.

Figures 4 and 5 show the effects of heat treatments on GSH
levels and SOD activities in cow and goat milk, respectively.
Raw goat milk's GSH level and SOD activity were signifi-
cantly higher than raw cow's milk (p<0.05). The raw cow
milk GSH level decreased after boiling and pasteurization.
On the other hand, the GSH level decrease of raw goat milk
was higher than the cow milk after boiling and pasteurization.
Both heat treatments were significantly reduced the SOD ac-
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tivity of cow milk (p<0.05). On the other hand, the SOD ac-
tivity of raw goat milk decreased by 68% and 66% by boiling
and pasteurization processes, respectively.

One of the most often used methods for processing fluid milk
is pasteurization, but another widely used method is boiling
the milk at home for use in the home. In this study, the effect
of pasteurization and boiling on antioxidant characteristics of
cow and goat milk in terms of GSH level and SOD activity
were investigated for improved consumption patterns. GSH
is an antioxidant that protects cells from the toxic effects of
reactive oxygen species such as free radicals, peroxides, and
heavy metals, in a tripeptide structure consisting of the amino
acids glutamate, cysteine, and glycine. When the amino acid
profiles of cow and goat milk were examined, it was found
that the amount of glutamate, cysteine, and glycine amino ac-
ids in goat milk was higher than the cow milk (Kamal et al.,
2007; Barlowska et al., 2011; Medhammar et al., 2012). In
this study, the GSH level was higher in raw goat milk com-
pared to raw cow milk. Pasteurization and boiling signifi-
cantly decreased the high raw goat milk GSH level (p<0.05).

SOD is the only antioxidant enzyme that scavenges the su-
peroxide anion by converting this free radical to oxygen and
hydrogen peroxide (Wang and Zhang 2015). SOD enzyme is
rich in amino acids alanine, glycine, leucine, arginine, serine,
and valine amino acids (Folz and Crapo 1994). In the amino
acid profiles of cow and goat milk, the amount of alanine,
arginine, serine, and valine amino acids were found to be
higher in cow milk (Kamal et al., 2007; Barlowska et al.,
2011; Medhammar et al., 2012). This situation can be thought
of as if the SOD enzyme activity in cow's milk should be
more than in goat's milk, but in this study, SOD enzyme ac-
tivity was found to be higher in goat milk compared to cow
milk. This finding is compatible with the studies that show
the high SOD activity of goat milk compared to cow milk
(Granelli et al. 1995; Li et al. 2018). The antioxidant content
of the milk also changes as the macro components of milk
decrease as a result of heat treatment. In the study of Li et al.,
it was determined that heat treatments higher than 75°C inac-
tivated more than 20% of SOD activity in goat milk. SOD
activity is easily affected by temperature, pH, rotation speed,
calcium ion concentration, and fermentation time. SOD ac-
tivity gradually decreased as the storage time increased, the
heating temperature and the Ca*" concentration decreased (Li
et al. 2018). In the study by Hicks et al. was found that cow
milk SOD activity decreased depending on the increasing
heat intensity (Hicks et al. 1979). Another study with breast
milk revealed that convective heating at temperatures above
66°C caused significant changes in the activity of antioxidant
enzymes in human milk when applied for more than 20
minutes (Martysiak-Zurowska et al. 2019). In this study, heat
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treatments decreased both raw cow and raw goat milk SOD
activity.

Both boiling and pasteurization did not significantly change
the pH of cow and goat milk but decreased the cow milk
energy level. This energy decrease was higher in the pasteu-
rization process compared to the boiling process (Table 1). In
goat milk, pasteurization significantly decreased the energy
level (p<0.05, Table 2). When the energy levels of the cow
and goat milk were compared, the energy level of goat milk
was found to be higher than cow milk in raw and boiled sam-
ples (p<0.05). This difference can be associated with the high
fat content of goat milk.

Table 1. Cow milk pH® and energy level changes (means)
after the heat treatments

Raw Boiled Pasteurized
Cow Milk | Cow Milk Cow Milk
pH 6.76 £0.16 | 6.71 £0.18 | 6.75 +£0.13
Energy (kcal/mol)| 87.64 £2.7 | 80.69 £2.8%* | 75.98 £1.6°*

* p<0.05 compared to raw cow milk, o: p<0.05 compared to boiled
cow milk, n=8

Table 2. Goat milk pHe and energy level changes (means)
after the heat treatments

Raw Boiled Pasteurized

Goat Milk Goat Milk Goat Milk

pH 6754017 | 6.75+0.17 | 6.70+0.13
Energy (kcal/mol)| 111.8 +5.6 114.1+5.8 | 101.7 £1.5~

* p<0.05 Compared to raw goat milk, A: p<0.05 Compared to boiled goat
milk, n=8

Conclusion

Goat milk was more affected by boiling and pasteurization
than cow's milk. The reason that cow milk was less affected
by these heat treatments can be attributed to having large fat
globules, high lactose concentration, and high heat resistance
protein content compared to goat milk.
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ABSTRACT

This study aims to assess the food safety knowledge, attitudes, and practices of university students
in Tiirkiye. A cross-sectional study was conducted with the participation of 630 university students
from the departments of Gastronomy and Culinary Arts (GCA), Food Engineering (FE), Nursing
(NUR), and Physical Therapy and Rehabilitation (PTR) in Bolu, Tiirkiye. The GCA students
scored the highest (25.46 £2.85) and the NUR students scored the lowest (21.81 £3.27) on food
safety knowledge. The GCA students scored the highest (51.42 £5.58) and the NUR students
scored the lowest (49.00 £6.07) on food safety attitudes. The FE students scored the highest (10.12
+1.69) and the NUR students scored the lowest (9.69 £1.77) on food safety practices. The students
who took a course on food safety had significantly higher scores on food safety knowledge, atti-
tudes, and practices than those who did not. Although the students' food safety scores were above
average, they had a lack of knowledge and concerns in many areas. It was emphasized the im-
portance of food safety education to fill the knowledge gaps and thus to prevent foodborne ill-
nesses.

Keywords: University students, Food safety, Knowledge, Attitude, Practice
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Introduction

Foodborne diseases, which are generally caused by the con-
sumption of foods contaminated with pathogenic microor-
ganisms or microbial toxins, have clinical manifestations
such as life-threatening neurological, hepatic, and renal syn-
dromes and mostly progress with gastrointestinal symptoms
(CDC, 2007). Unsafe foods containing harmful bacteria, vi-
ruses, parasites, or chemical substances cause more than 200
diseases ranging from diarrhea to cancers. An estimated 600
million — almost 1 in 10 people in the world — fall ill after
eating contaminated food and 420,000 die every year, result-
ing in the loss of 33 million healthy life years (WHO, 2020).
Foodborne diseases put a huge burden on the public
healthcare system and significantly increase healthcare ex-
penditures. If not controlled, they create significant gaps in
the budgets of countries (Egan et al., 2007). Unsafe foods cost
low- and middle-income countries US$ 110 billion each year
in lost productivity and medical expenses (WHO, 2020). In
Tiirkiye, it is not obligatory to report foodborne illnesses to a
specified agency; therefore, data on foodborne infections and
intoxications do not reflect the real situation (Sanlier, 2009).

Food safety is an important issue that needs to be examined
in detail in a broad perspective with all stakeholders of the
food industry including governments, standing government
authority, farmers, food manufacturers, processors, wholesal-
ers, dealers, retail outlets, and consumers. Systematic con-
trols carried out by the food industry to ensure a more con-
scious service are an assurance in terms of the continuity of
food safety. In parallel with this, the continuity of food safety
practices can be sustained with the awareness of consumers
(Hobbs and Roberts, 2001; McMichael and Schneider, 2011).
Consumers are the last element of the food chain. Most food
poisoning outbreaks are known to be caused by human han-
dling errors. Reported foodborne illness data show that a sig-
nificant proportion of foodborne illnesses is attributed to in-
appropriate food handling in households (Clayton et al.,
2002; Greig et al., 2007; Medeiros et al. 2001). A significant
portion of food preparation, processing, and storage takes
place in the home environment; so, understanding consumer
behaviors and educating consumers about the risk of unsafe
food processing practices is important to prevent foodborne
illnesses (Ergoniil, 2013).

Young adults, an important consumer group, can be at an in-
creased risk for foodborne illnesses due to their risky food
practices and low level of knowledge on food safety (Chuang
et al. 2021). University students, who can be both consumers
and food producers in their future professional business lives,
play a key role in ensuring food safety. Many studies have
reported that university students put their health at risk due to
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insufficient knowledge, attitudes, and practices about food
safety (Ferk et al., 2016; Giritlioglu et al., 2011; Hassan and
Dimassi, 2014; Lazou et al., 2012; Luo et al., 2019; Strateva
et al., 2017; Sanlier and Konaklioglu, 2012). There is a lim-
ited number of studies on food safety for university students
in Tiirkiye (Acikalin, 2019; Avsar, 2019; incedal-Sonkaya,
2018). This study, it is aimed to evaluate the food safety
knowledge, attitudes, and practice of university students in
Tirkiye and to reveal the differences between their depart-
ments and socio-demographic variables. This study is differ-
ent from previous studies in that it shows the effect of the
food safety course given at the university and the difference
between the departments of the students on food safety
knowledge, attitudes, and practice.

Materials and Methods
Study Design and Participants

A cross-sectional study was conducted among 630 university
students from the departments of Gastronomy and Culinary
Arts (GCA), Food Engineering (FE), Nursing (NUR), and
Physical Therapy and Rehabilitation (PTR), Bolu Abant Izzet
Baysal University, Bolu, Tiirkiye. The departments both of-
fering and not offering a compulsory food safety course and
a career in the field of food were included in the study in order
to make a comparison in this regard. This study was carried
out between February and June 2019. The research data was
collected through a questionnaire and face-to-face interviews.
The students were informed about the study, and they partic-
ipated in the research on a voluntary basis. The time devoted
to administering the questionnaire ranged between 10 and 15
minutes per classroom. The Ethics Committee of Human
Studies in Social Sciences of Abant Izzet Baysal University
approved the study (no: 2018/329).

Questionnaire Design

The questionnaire was developed based on the knowledge,
attitudes, and practices (KAP) model. The food safety KAP
questionnaire was designed based on the related literature
(Al-Shabib et al., 2017; Luo et al., 2019; Osalili et al., 2011).
The questionnaire was finalized after a pilot study and re-
peated discussions with experts. Cronbach's alpha value was
0.73 for the knowledge scale, 0.83 for the attitudes scale, and
0.73 for the scale of the practice. When the scale reliability
was analyzed based on the scale sections, it was found that
the internal consistency of the KAP questionnaire was ac-
ceptable.

The questionnaire was divided into four sections: (a) socio-
demographic characteristics, (b) food safety knowledge, (c)



Food Health 8(4), 321-333 (2022) ¢ https://doi.org/10.3153/FH22030

Research Article

food safety attitudes, and (d) food safety practices. Socio-de-
mographic data consisted of gender, age, department, grade,
history of foodborne illness, food safety training, and fre-
quency of eating out. Food safety knowledge was assessed
using 32 items. Each item was scored 1 if the answer was
right and scored 0O if the answer was wrong or the answer
choice “I do not know” was selected. The total score ranged
from O to 32, and the higher the score the higher the level of
knowledge on food safety. Food safety attitudes were as-
sessed using 12 items. Each item consisted of five levels with
a score ranging from 1 (strongly disagree) to 5 (strongly
agree). The total score for this part ranged from 12 to 60, and
the higher the score the higher the concern about food safety.
Food safety practices were assessed using 14 items. The cor-
rect answers given to the practice statements were coded as
1, while the other options were coded as 0. The correct scale
response differs for each statement. The total score for these
items ranged from 0 to 14 and the higher the score the better
the food safety practices.

Data Analysis

The data were analyzed using SPSS software (Statistical
Package for the Social Sciences, version 11.0, SPSS Inc, III,
USA). The food safety scores were expressed as mean and

standard deviation (SD). Independent sample t-test and one-
way analysis of variance (ANOVA) were carried out to iden-
tify the relationship between the participants’ socio-demo-
graphic characteristics and their KAP scores. The frequency
and percentages of the responses in each category were cal-
culated and tabulated. In all analyses, the statistical signifi-
cance was set at p<0.05.

Results and Discussion
Socio-Demographic Characteristics of the Participants

Table 1 presents the university students’ socio-demographic
characteristics. The majority of the respondents were female
(80 %). This can be explained by the structure and types of
the departments. Most of the students were studying at the
department of Nursing (38.9 %) followed by Gastronomy and
Culinary Arts (26.0 %), Food Engineering (22.4 %), and
Physical Therapy and Rehabilitation (12.7 %). 14.6 % of
them were freshmen, 30.5% were sophomores, 30.2 % were
juniors, and 24.8 % were seniors. 21.7 % of the participants
stated that they had a history of foodborne illness, and 61.7
% of them had taken food safety training. About half of the
participants (55.6 %) reported the frequency of eating out as
once or twice a week.

Table 1. Socio-demographic characteristics of the participants (n=630)

Departments
Demographic Total Food Engineering Gastronomy Nursing Physical Therapy
Variables (n=630) and Culinary and Rehabilita-
Arts tion
Gender Male 126 (%20.0) 19 (%13.5) 62 (%37.8) 30 (%12.2) 15 (%18.8)
Female 504 (%80.0) 122(%86.5) 102 (%62.2) 215 (%87.8) 65 (%81.2)
Age 18 years old 16 (%2.5) 0 (%0) 8 (%4.9) 8(%3.3) 0 (%0.0)
19 years old 68 (%10.8) 10 (%7.1) 21 (%12.8) 32 (13.1) 5 (%6.3)
20 years old 165 (%26.2) 30 (%21.3) 39 (%23.8) 64 (%26.1) 32 (%40.0)
21 years and older 381 (%60.5) 101 (%71.6) 96 (%58.5) 141 (%57.6) 43 (%53.8)
Grade Freshman 92 (%14.6) 9 (%6.4) 36 (%22.0) 46 (%18.8) 1 (%1.3)
Sophomore 192 (%30.5) 41 (%29.1) 38 (%23.2) 74 (%30.2) 39 (%48.8)
Junior 190 (%30.2) 42 (%29.8) 63 (%38.4) 47 (%19.2) 38 (%47.5)
Senior 156 (%24.8) 49 (%34.8) 27 (%16.5) 78 (%31.8) 2 (%2.5)
History of Yes 137 (%21.7) 30 (%21.3) 52 (%31.7) 35 (%14.3) 20 (%25.0)
foodborne illness No 493 (%78.3) 111 (%78.7) 112 (%68.3) 210 (%85.7) 60 (%75.0)
Having food safety  Yes 389 (%61.7) 88 (%62.4) 163 (%99.4) 137 (%55.9) 1 (%1.3)
training No 241 (%38.3) 53 (%37.6) 1 (%0.6) 108 (%44.1) 79 (%98.8)
Frequency of Everyday 158 (%25.1) 46 (%32.6) 44 (9%26.8) 49 (%20.0) 19 (%23.8)
eating out 1-2 days peraweek 350 (%55.6) 76 (%53.9) 102 (%62.2) 130 (%53.1) 42 (%52.5)
1-2 days per amonth 122 (%19.4) 19 (%13.5) 18 (%11.0) 66 (%26.9) 19 (%23.8)
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Association Between The Participants’ Scores and
Socio-Demographic Characteristics

The students’ mean scores for knowledge, attitude, and prac-
tices were found to be 23.63 £3.61 (72%), 49.73 £6.33 (79%),
and 9.86 +1.70 (70%), respectively (Table 2). Based on these
results, it can be asserted that the student’s knowledge, atti-
tude, and practice scores were above average. Previous stud-
ies also reported similar results in this regard (Byrd-Bredben-
ner et al., 2007, Garayoa et al., 2005, Hassan and Dimassi,
2014, Lazou et al., 2012; Sharif and Al-Malki, 2010). For in-
stance, Lazou et al. (2012) reported the mean score for food
safety knowledge as 60% among Greek university students,
Byrd-Bredbenner et al. (2007) as approximately 60% among
American university students, and Hassan and Dimassi
(2014) as 53.6% among Lebanese university students. On the
other hand, the university students in Tiirkiye were found to
have higher scores for food safety attitudes and practices
compared to those reported in many previous studies (Hassan
and Dimassi, 2014; Lazou et al., 2012; Unklesbay et al.,
1998).

When the students were compared in terms of their depart-
ments, it was found that the GCA students had the highest
score in food safety (25.46 £2.85) and the FTR students the
lowest (21.81 £3.27). The differences among the four depart-
ments were statistically significant in terms of food safety
knowledge (p=0.001. p<0.05). As for the food safety atti-
tudes, the GCA students scored the highest (51.42 £5.58) and
the FE students scored the lowest (49.00 +6.07). The differ-
ences among the four departments were statistically signifi-
cant in terms of food safety attitudes (p=0.001. p<0.05).
However, the differences among the four departments were
not statistically significant in terms of food safety practices
(p=0.122. p>0.05). The FE students were found to have the
highest score for food safety practices (10.12 +£1.69) and the
NUR students the lowest (9.69 £1.77). The knowledge and
attitude scores of the GCA students were significantly higher
than those of the others (p=0.000, p=0.001. p<0.05). This can
be attributed to the fact that the GCA students have greater
access to knowledge of nutrition and food hygiene. Students
studying in health sciences (NUR and FTR), on the other
hand, got the lowest score in food safety knowledge and prac-
tice. Luo et al. (2019) also compared the food safety
knowledge and practice scores of the students studying at the
departments of education, medicine, and nursing in China and
reported that the nursing students had the lowest scores,
which is in agreement with the results of the present study.
Contrary to this study, Lazou et al. (2012) in their study on
Greek university students reported that students from health-
related faculties, in general, had the highest average food
safety practices and knowledge scores. They stated that this
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result could be attributed to the presence of modules relevant
to food hygiene in health-related curricula. In our country, a
food safety course is not a compulsory course in health-re-
lated departments. Additionally, Istanbullugil and Giirbiiz
(2019), in their study on university students in Bishkek, re-
ported that there was no statistically significant difference be-
tween the departments in terms of the level of food safety
awareness among students.

The female students were found to have a statistically signif-
icantly better food safety attitude than the males (p=0.002.
p<0.05). This could be due to the fact that females tend to
behave more responsibly in cooking, food handling, and
kitchen hygiene (Chuang et al., 2021). This is even more ev-
ident in developing countries such as Tiirkiye. This result was
in line with those reported in previous studies in which female
university students outperformed males (Hassan and Di-
massi, 2014; Lazou et al., 2012). On the other hand, gender
did not have a significant effect on the student’s scores for
food safety knowledge and practices.

The food safety knowledge and practice scores of the senior
students were significantly higher than the other participants
(p=0.000 and p=0.004, respectively. p<0.05). This may be
due to the fact that senior students have a long experience in
their department, have already taken food safety courses, and
do internships. As Chuang et al. (2021) asserted, consumers’
food safety knowledge could increase over time as they are
exposed to more learning opportunities and practice the rec-
ommended behaviors more. Previous studies also reported
higher scores among seniors (Hassan and Dimassi, 2014; La-
zou et al., 2012; Osaili et al., 2011).

Food safety knowledge, attitude, and practice mean scores of
the students who had had food safety training were signifi-
cantly higher than those of the students who had not
(p=0.000, p=0.002, and p=0.020, respectively. p<0.05). This
finding confirms the previous studies surveying university
students in various countries (Chuang et al., 2021; Courtney
et al., 2016; Hassan and Dimassi, 2014; Lazou et al., 2012).
An important reason that the students in previous studies had
low food safety knowledge was the lack of food safety train-
ing or courses on food handling (Chuang et al., 2021). Several
studies highlighted the importance of food safety education
and the need for teaching children food safety at school (Jev-
snik et al., 2008; Lange et al., 2018; Marklinder et al., 2020).
In Tiirkiye, the FE and GCA departments offer hygiene and
food safety courses on a compulsory basis, while other de-
partments usually offer them as elective courses. Such
courses generally aim to provide students with knowledge
about hygiene and sanitation rules, possible risk factors, and
precautions to be taken in the preparation and service of
foods. Offering food safety education as part of the school
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curriculum could enable the development of safe habitual
food handling practices and the dissemination of food safety
information (Rossvoll et al., 2013). Since there is no food
safety education at the primary and high school levels in Tii-
rkiye, it is of great importance to offer food safety education

to university students.

Food safety attitudes of the students who had a history of
foodborne illness were found to be higher than those who did
not (p=0.029. p<0.05). On the other hand, the frequency of
eating out was found to have no significant effect on food
safety knowledge, attitude, and practice scores (p > 0.05).

Table 2. Total food safety knowledge, attitude and practice scores of participants by soci-demographic characteristics

Food safety knowledge Food safety attitude Food safety practice
Demographic Variables Mean scores P Mean scores P Mean scores P
+SD +SD +SD
Total 23.63 +3.61 49.73 £6.33 9.86 +1.70
(Range 0-32) (Range 12-60) (Range 0-14)
Gender Male 126 23.26 +4.24 0.261 47.73 £8.34 0.002*  9.61 +1.81 0.076
Female 504 23.72 £3.43 50.23 +£5.62 9.92 +1.67
Age 18 years old 16 22.12 £4.36 0.006*  46.31 £10.87 0.166  8.93+2.20 0.054
19 years old 68 22.66 £3.98 50.04 +6.70 9.60 +£1.72
20 years old 165 23.35+3.77 49.61 £6.36 9.82 +1.57
21 years and older 381 23.98 +3.38 49.87 £5.99 9.96 +1.72
Departments Food Engineering 141 24.06 £3.41 0.000*  49.00 +6.07 0.001*  10.12 £1.69 0.122
Gastronomy and 164 25.46 £2.85 51.42 £5.58 9.87 £1.66
Culinary Arts 245 22.74 £3.70 49.17 £6.78 9.69 +£1.77
Nursing 80 21.81 £3.27 49.30 +6.31 9.87 £1.56
Physical Therapy
and Rehabilitation
Grade Freshman 92 22.60 £3.70 0.000*  49.17 £7.62 0.693  9.42+1.88 0.004*
Sophomore 192 23.13 +4.01 49.82 +6.22 9.90 £1.65
Junior 190 23.94 £3.29 49.59 £5.90 9.74 £1.71
Senior 156 24.45+3.16 50.12 +6.18 10.20 £1.60
History of foodborne Yes 137 23.86 £3.61 0.383 50.78 £5.74 0.029*  9.86 +1.69 0.994
illness No 493 23.56 £3.61 49.44 +6.46 9.86 +1.71
Having food safety Yes 389 24.93 £2.96 0.000*  50.36 +5.57 0.002*  9.98 +£1.63 0.020*
training No 241 21.524£3.57 48.72 £7.30 9.65 £1.80
Frequency of eating out ~ Everyday 158 23.42 +£3.42 0.116 49.68 +5.49 0.368 9.78 £1.78 0.274
1-2 Days A Week 350 23.88 £3.60 49.51 £6.40 9.81+1.73
1-2 Days Per Month 122 23.16 +£3.80 50.45 +7.13 10.08 £1.49

SD: standard deviation
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Food Safety Knowledge

Table 3 shows the wuniversity students’ food safety
knowledge. There was a significant difference between the
departments in terms of the student’s answers to many state-
ments (p<0.05), and the FE and GCA students were found to
have more correct answers than the others. The students were
found to be more knowledgeable (90% and above) about stor-
age conditions (the statement: “purchased perishable food
should be stored at refrigerator”, ratio of correct answers:
90.8%), cross contamination (“cooked and uncooked food
can be kept in the same container of the refrigerator”, 94%),
personal hygiene (“washing hands before handling food re-
duces the risk of contamination”, 91%), food packaging
(“damage in food packaging can cause food spoilage”,
94.9%), and foodborne disease symptoms and results (“diar-
rhea, vomiting, abdominal pain are symptoms of foodborne
illness”, 95.2%). The students were less knowledgeable (50-
80%) about thawing frozen foods (“frozen foods should be
thawed in the refrigerator”, 64.6%), safe storage temperatures
for foods (“temperature danger zone for foods is 5°C-60°C”,
61.6%; “The correct temperature for a refrigerator is 1-
4°C”,73.2%), HACCP food safety system (“HACCP is an in-
ternational food safety system”, 67%), and the differences be-
tween “recommended consumption date” and “expiration
date” (64.9%). These findings are rather similar to those of
the prior studies which reported that university students has
limited knowledge about food safety (Al-Shabib et al., 2017;
Luo et al., 2019; Madaki and Bavorova, 2019; Marklinder et
al., 2020). On the other hand, it was found that the partici-
pants had insufficient knowledge about the following topics:
reheating of foods, storage time of leftover food in the refrig-
erator, and safe time for keeping foods at room temperature.
For instance, only 32.7% of the participants stated that “the
internal temperature should be at least 74 °C when the cooked
food is reheated”, only 40.3% stated that “foods should not
be consumed if kept at room temperature for more than 4
hours”, and only 37.9% stated that “leftover food can be
stored in the refrigerator for up to 3-4 days”. The rules in
these three statements are very important for ensuring food
safety; however, most of the students answered these ques-
tions incorrectly. It takes time for the food poisoning bacteria
to grow to unsafe levels. If the food has been out of tempera-
ture control for 4 hours or more, it must be disposed of. More-
over, when the leftover food is reheated, it should be ensured
that it reaches 74 °C (USDA, 2021). Furthermore, Al-Shabib
et al. (2017) asserted that 45.6% of foodborne disease out-
breaks were due to temperature abuse during food processing
and inappropriate storage temperatures of leftover or recently
cooked meals. Therefore, the participant’s lack of knowledge
of these subjects is a remarkable result.

Research Article

Food Safety Attitudes

Table 4 shows the university students’ food safety attitudes.
There was a significant difference between the departments
in terms of the student’s answers to many statements
(p<0.05). The majority of the participants stated that they
were concerned about pesticides, veterinary drug residues,
and metallic contamination in food and that they thought that
foodborne diseases had serious health and economic effects
on society. Similarly, a previous study carried out in China
reported that about 80% of university students were con-
cerned about pesticide residues in vegetables, veterinary drug
residues in meat, and the heavy metal pollution of foods (Luo
etal., 2019). More than half of the participants stated that they
were concerned about the food safety incidents in recent
years, plastic packaging, food additives, and food safety be-
haviors of those working in the canteens and restaurants
around schools and that they thought that foodborne diseases
are more common in developing countries. It is thought that
the participants' concerns about many issues may be related
to the food problems experienced in Tiirkiye in recent years
such as animal diseases, the inadequacy of inspections, and
legal regulations (Food Safety News, 2015; Tosun and
Demirtag, 2012). In his study, Erden (2012) asserted that, in
the field of food safety, Tiirkiye’s weakness lay in the inade-
quacy of its legislation and the lack of in-service training of
inspection personnel and laboratory personnel. The govern-
ment is in charge of addressing the concerns of students and
indeed all consumers. In this context, legal regulations should
be developed for food safety, and control mechanisms should
be implemented more effectively. The control mechanisms
should eliminate the experts’ deficiencies in in-service food
safety training.

Food Safety Practices

Table 5 shows the university students’ food safety practices.
There was no significant difference between the departments
in terms of the student’s answers to many statements. The
majority of the participants answered correctly the questions
about food storage, cross-contamination, cleaning, and per-
sonnel hygiene. The most frequently reported food safety
practice was hand washing; almost 98% of the participants
stated that they wash their hands with soap and water before
handling food. This percentage is the highest compared to
those reported in previous studies on university students’
hand-washing practices (Hassan and Dimassi, 2014; Luo et
al., 2019; Marklinder et al., 2020). 69.4% of the participants
stated that they do not use unwashed chopping boards or
knives, 62.5% of them stated that they do not use foods with
damaged packaging, and 70.3% of them stated that they de-
cline the use of expired foods. Most of the participants stated
that they store raw foods separately from cooked foods, wash
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their hands before cooking, and do not purchase expired food
and products with damaged packaging. These practices indi-
cate a good implementation of food safety knowledge, which
plays a key role in the control of an outbreak of foodborne
diseases. On the other hand, about 23 % of the participants
stated that they always prepare food when they have wounds,
bruises, or injuries on their hands; whereas 26.7 % of them
stated that, they never do this. This result indicates a poor im-
plementation of the knowledge about the preparation of food
with hands having wounds, bruises, or injuries. This finding

is similar to that reported by Al-Shabib et al. (2017) for uni-
versity students in Saudi Arabia. About 62% of the partici-
pants stated that they always guide their parents about food
safety practices. This percentage is higher than those reported
by Al-Shabib et al. (2017) for Saudi Arabia, Haapala and Pro-
bart (2004) for the USA, and Ovca et al. (2014) for Slovenian.
The students' guiding their parents can ensure the dissemina-
tion of correct information and thus reduce the risk of food-
borne diseases. Therefore, this high percentage is promising
in terms of preventing foodborne diseases.

Table 3. Correct responses on food safety knowledge of students by four departments (n=630)

Statements Departments
FE GCA N PTR Total X2 P
(%) (%) (%) (%) (%)
Purchased perishable food should be stored at 93.6 92.1 88.6 90.0 90.8 7.811 0.252
refrigerated.
Leftover food can be stored in the refrigerator for up 44.0 37.8 29.8 52.5 37.9 20.758  0.002*
to 3-4 days.
Food should not be consumed if it has been left at 51.1 40.9 38.4 26.3 40.3 16.516  0.011*
room temperature for more than 4 hours.
The Temperature danger zone for foods is 5°C-60°C 69.5 79.9 48.2 53.8 61.9 50.396  0.000*
The correct temperature for a refrigerator is 1-4°C. 80.1 90.9 60.8 62.5 73.2 62.275  0.000*
Cooked and uncooked food can be kept in the same 943 98.8 93.5 85.0 94.0 20.549  0.002*
container of the refrigerator.*
Vegetables and meat can be chopped up with the 85.8 91.5 80.4 61.3 82.1 41.074  0.000*
same chopping board or knife.
Damage in food packaging can cause food spoilage. 95.0 97.6 92.2 97.5 94.9 11.989 0.062
When reheating cooked food, it should be heated to a 433 61.0 13.9 13.8 32.7 145.060  0.000*
minimum internal temperature of 74°C.
Inadequate cooking of raw foods can cause 943 96.3 95.1 91.3 94.8 10.187  0.117
foodborne illness.
Frozen foods should be thawed in the refrigerator. 72.3 86.6 51.0 47.5 64.6 73.142  0.000*
Frozen foods should be thawed on the counter.* 65.2 83.5 43.7 425 58.7 78.502  0.000*
Shelf life is defined as the length of time a product 95.7 97.0 91.4 91.3 93.8 10.020 0.124
may be stored without becoming unsuitable for use or
consumption.
‘Recommended consumption date’ and ‘Expiration 58.2 89.6 54.3 58.8 64.9 60.567  0.000*
date’ have the same meaning.*
Washing hands before handling food reduces the risk 90.1 92.7 91.4 87.5 91.0 4.517 0.607
of contamination.
Washing hands after using toilets reduces the risk of 86.5 88.4 91.0 86.3 88.7 14.054  0.029*
foodborne illness.
Washing hands time should be at least 20 seconds. 76.6 75.0 85.7 82.5 80.5 21.884  0.001*
There is no harm in using watches, earrings, rings 74.5 90.9 86.1 78.8 83.8 22.479  0.001*
during food preparation.*
Food should not be touched with injured hands. 97.2 97.6 91.0 96.3 94.8 12.231 0.057
Using of gloves during food preparation reduces the 92.2 89.0 91.4 88.8 90.6 3.420 0.755
risk of contamination.
Diarrhea, vomiting, abdominal pain are symptoms of 92.9 97.0 95.5 95.0 95.2 3.322 0.767
foodborne illness.
High blood pressure is a symptom of foodborne 36.2 354 31.8 23.8 32.7 20.110  0.003*

illness.*
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Foodborne illnesses can result in death. 92.9 98.2 93.9 87.5 94.0 14.002  0.030*

Children, pregnant women and the elderly are more 78.0 71.3 86.5 73.8 79.0 20.428  0.002*
at risk of food poisoning.

Milk is one of the most common food allergens. 73.0 89.0 72.2 68.8 76.3 24288  0.000%*
Food allergy can result in death. 823 82.9 93.9 91.3 88.1 20.054  0.003*
Food additives can cause food allergies. 85.8 73.8 90.6 93.8 85.6 29.288  0.000*
Shortness of breath is a symptom of a food allergy. 48.2 37.2 75.5 60.0 57.5 67.813  0.000*
Allergens should be stated on the label as different 91.5 97.6 91.8 93.8 93.5 7.595 0.269
from other ingredients.

HACKCP is an international food safety system. 89.4 97.6 49.0 20.0 67.0 230.141  0.000*
HACCP is a mandatory system in Tiirkiye. 71.3 73.2 36.7 17.5 52.9 193.401 0.000*
Consumer is responsible for food safety after 73.0 76.8 73.1 80.0 74.9 10.993 0.089
purchase.

* Incorrect statements.
FE: Food Engineering; GCA: Gastronomy and Culinary Arts; N: Nursing; PTR: Physical Therapy and Rehabilitation

Table 4. Responses on food safety attitude of students by four departments (n=630)

Departments
Expressions FE GCA N PHR  Total X2 P
%) () () (%) (%)

You are concerned about food safety incidents in recent years in our

country 1.4 1.8 33 25 2.4 16.282  0.179
Strongly disagree 43 3.7 4.5 25 4.0
Disagree 9.9 12.8 19.2 22.5 15.9
Neutral 49.6 42.1 453 38.8 44.6
Agree 348 39.6 278 33.8 332
Strongly agree
You are concerned about pesticide residues in vegetables.
Strongly disagree 2.8 1.8 2.0 5.0 2.5 41.776  0.000*
Disagree 3.5 0.0 1.2 0.0 1.3
Neutral 7.8 0.6 7.3 7.5 5.7
Agree 447 287  38.8 26.3 35.9
Strongly agree 41.1 689 50.6 61.3 54.6
You are concerned about the veterinary drug residue of meat.
Strongly disagree 1.4 1.8 1.6 25 1.7 26.677  0.009*
Disagree 3.5 1.2 1.2 2.5 1.9
Neutral 128 3.0 9.8 10.0 8.7
Agree 46.1 329 412 35.0 39.4
Strongly agree 36.2 61.0 46.1 50.0 48.3
You are concerned about the heavy metal pollution of food.
Strongly disagree 2.8 1.2 1.2 2.5 1.7 29.799  0.003*
Disagree 0.7 1.2 2.9 2.5 1.9
Neutral 9.9 4.3 7.8 1.3 6.5
Agree 42.6 317 445 28.8 38.7
Strongly agree 44.0 61.6 43.7 65.0 51.1
You are concerned about the transfer of plasticizers in food contain-
ers and packaging materials. 43 1.8 0.8 25 2.1 40.571  0.000*
Strongly disagree 149 3.0 3.7 6.3 6.3
Disagree 19.9 14.0 15.1 6.3 14.8
Neutral 305 384 412 38.8 37.8
Agree 305 427 392 46.3 39.0

Strongly agree
Eating too much monosodium glutamate is bad for your health.
Strongly disagree 1.4 1.8 0.4 0.0 1.0 16.423  0.173
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Disagree 2.8 2.4 2.0 3.8 2.5
Neutral 22.0 31.1 35.9 41.3 322
Agree 348 262 257 21.3 27.3
Strongly agree 39.0 384 359 33.8 37.0
You are concerned about the current situation of food safety in the
school canteen. 3.5 0.0 24 2.5 2.1 16.434  0.172
Strongly disagree 149 6.7 9.0 13.8 10.3
Disagree 26.2 305 22.4 21.3 25.2
Neutral 31.9  34.1 36.3 33.8 344
Agree 234 287 298 28.8 27.9

Strongly agree
You are concerned about the safety of food in restaurants around the

school. 2.8 1.2 24 0.0 1.9 21.849 0.039*
Strongly disagree 9.2 43 6.5 7.5 6.7
Disagree 241 140 224 26.3 21.1
Neutral 348 409 433 43.8 40.8
Agree 29.1 396 253 22.5 29.5

Strongly agree
You are willing to improve your knowledge of food safety.

Strongly disagree 0.7 1.2 0.8 1.3 1.0 81.618  0.000%*
Disagree 1.4 0.0 33 2.5 1.9
Neutral 43 4.9 11.4 8.8 7.8
Agree 241 28.0 514 56.3 39.8
Strongly agree 69.5 659 33.1 313 49.5
You are willing to change your inappropriate food safety practices.
Strongly disagree 1.4 0.6 1.6 1.3 1.3 53.766  0.000*
Disagree 1.4 0.6 1.2 1.3 1.1
Neutral 4.3 4.9 13.1 7.5 8.3
Agree 29.8  34.1 50.2 56.3 42.2
Strongly agree 63.1 59.8 33.9 33.8 47.1
You think that foodborne diseases have serious health and economic
effects on society. 0.7 0.6 0.8 1.3 0.8 10.082  0.609
Strongly disagree 1.4 1.8 2.0 3.8 2.1
Disagree 2.8 2.4 53 1.3 3.5
Neutral 348 323 39.2 413 36.7
Agree 603 628 52.7 52.5 57.0

Strongly agree
You think that foodborne diseases are more common in developing

countries. 3.5 2.4 2.9 3.8 3.0 19.317  0.081
Strongly disagree 142 73 6.1 11.3 8.9
Disagree 284 232 19.2 15.0 21.7
Neutral 262 34.1 35.1 40.0 33.5
Agree 27.7 329  36.7 30.0 32.9

Strongly agree
FE: Food Engineering; GCA: Gastronomy and Culinary Arts; N: Nursing; PTR: Physical Therapy and Rehabilitation
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Table 5. Responses on food safety practice of students by four departments (n=630)

Expressions Departments
FE (%)  GCA (%) N (%) PTR (%) Total( %) X2 P

Do you use food with damaged packing?

Always 19.9 13.4 20.0 16.3 17.8 5.861  0.439

Never 63.8 64.6 61.6 58.8 62.5

Occasionally 16.3 22.0 18.4 25.0 19.7
Do you use unwashed chopping board/knife?

Always 22.0 13.4 19.2 13.8 17.6 11.324  0.079

Never 71.6 70.1 66.9 71.3 69.4

Occasionally 6.4 16.5 13.9 15.0 13.0

Do you check the temperature of the refrigerator
before opening it?

Always 27.0 20.1 21.6 17.5 21.9 16.049 0.013*
Never 15.6 17.7 29.4 26.3 22.9
Occasionally 57.4 62.2 49.0 56.3 55.2

Do you prepare food when you have wounds,
bruises or injuries on hands?

Always 24.1 18.9 273 17.5 232 12.897 0.045%
Never 26.2 244 24.1 40.0 26.7
Occasionally 49.6 56.7 48.6 42.5 50.2

Do you save the leftovers in the refrigerator?
Always 59.6 56.1 58.8 58.8 58.3 1.265 0974
Never 2.1 3.0 3.7 2.5 3.0
Occasionally 38.3 40.9 37.6 38.8 38.7

Do you wash dishes with warm water?
Always 89.4 75.6 82.0 81.3 81.9 18.414 0.005%*
Never 1.4 0.0 2.0 0.0 1.1
Occasionally 9.2 24.4 15.9 18.8 17.0

Do you clean the kitchen counter and utensils after
food preparation?

Always 94.3 97.0 94.7 96.3 95.4 2.843  0.828
Never 1.4 0.6 1.6 0.0 1.1
Occasionally 4.3 2.4 3.7 3.8 3.5

Do you check the cleanliness of the utensils before

cooking?
Always 94.3 94.5 95.1 95.0 94.8 4443  0.617
Never 2.1 0.6 2.0 0.0 1.4
Occasionally 3.5 4.9 2.9 5.0 3.8

Do you use soap when washing hands? 6.892  0.331
Always 95.7 97.0 95.1 100.0 96.3
Never 0.7 0.0 1.6 0.0 0.8
Occasionally 3.5 3.0 33 0.0 2.9

Do you remove watches, rings and jewelry before

cooking?
Always 68.1 79.9 73.1 72.5 73.7 9.614 0.142
Never 2.1 0.6 3.7 1.3 2.2
Occasionally 29.8 19.5 23.3 26.3 24.1

Do you use expired food items?
Always 21.3 17.1 21.6 15.0 19.5 6.840  0.336
Never 66.0 70.7 70.6 76.3 70.3
Occasionally 12.8 12.2 7.8 8.8 10.2

Do you wash hands before cooking?
Always 95.7 95.7 943 92.5 94.8 5.092  0.532
Never 1.4 0.6 3.3 3.8 2.2
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Occasionally 2.8
Do you guide your parents regarding food safety
practices?
Always 80.1
Never 2.1
Occasionally 17.7
Do you store raw food separately from cooked
food?
Always 80.9
Never 6.4
Occasionally 12.8

3.7 24 3.8 3.0
60.4 57.1 51.3 62.4 27.908 0.000*
3.0 24 1.3 24
36.6 40.4 47.5 35.2
81.1 70.6 76.3 76.3 11.725  0.068
3.0 6.5 2.5 5.1
15.9 22.9 213 18.6

FE: Food Engineering; GCA: Gastronomy and Culinary Arts; N: Nursing; PTR:

Conclusion

University students are an important target group as they are
most likely to engage in risky eating behaviors and food han-
dling practices making them susceptible to foodborne ill-
nesses. Additionally, they also have the potential to work in
the food industry. Our study presents insights into food safety
knowledge, attitudes, and practices among university stu-
dents in Tirkiye. Although the university students' food
safety knowledge, attitudes, and practices were found to be
above average, they had some knowledge deficiencies and
concerns in many areas. The students who had received a
food safety education had higher scores for food safety
knowledge, attitudes, and practices than the others. This once
again emphasizes the importance of education. Especially in
developing countries such as Tirkiye, food safety education
is insufficient both at primary and secondary school levels
and at the university level; therefore, more attention should
be paid to this education. In fact, this subject could be in-
cluded in the curriculum of basic education before university.
The increase in the number of responsible and conscious con-
sumers will urge companies in the food industry to be more
careful in food production. It should be known that education
is the most effective solution for ensuring effective food
safety in the long term and that the objectives of information
and protection will only yield more positive results with edu-
cation. Although this study is limited with respect to the num-
ber of respondents and the place where the research was con-
ducted, it gives insight and direction for further studies on
food safety knowledge and education.
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oz

Bitki filizleri birgok tilkede tiiketime hazir saglikli gidalar olarak dikkatleri iizerine ¢ekmektedir.
Nem ve sicaklik basta olmak iizere, ortama besin ilavesi gibi farkl islemler de optimum ¢imlen-
menin saglanmasi igin gereklidir. Cimlenme, bitkilerin besin kalitesini iyilestirmek i¢in ucuz ve
etkili bir yontemdir. Gegmiste bugday ve arpa gibi baz1 tahillar basta olmak tizere, baklagillerin
¢imlendirilmesi de yaygin bir uygulama iken giiniimiizde yonca, brokoli, soya fasulyesi ve diger
bazi tahil taneleri ¢imlendirilerek filiz halinde tiiketilmesi s6z konusudur. Cimlenmeyle antibesin-
sel faktorlerinin miktar1 azalmakta; fenolik bilesikler, fitosteroller, folat, gama aminobiitirik asit
gibi biyoaktif bilesiklerin miktari, antioksidan aktivite ve sindirilebilirlik de artabilmektedir. Ay-
rica Y-orizanol ve aminoasitler gibi yeni bilesiklerin sentezi de ¢imlenme siirecinde artmaktadir.
Cimlendirilmis besinlerin bircok fizyolojik etkisinin bulunmasinin yani sira; bu besinlerin kanser,
diyabet, kalp-damar hastaliklar1 ve norolojik hastalik gibi hastalik riskinde azalmaya sahip olabi-
lecegi bildirilmistir. Bu nedenle ¢imlendirilmis besinler fonksiyonel besin olarak kabul edilmek-
tedir. Cimlendirilmis besinlerin ¢esitli biyolojik aktiviteleri halen kesin olarak kanitlanmamustir.
Bu nedenle ¢imlendirilmis besinlerin gesitli biyoaktif bilesen icerikleri ve insan saglig1 tizerindeki
etkileriyle ilgili daha fazla sayida ¢alismaya ihtiyag vardir.

Anahtar Kelimeler: Cimlendirme, Fonksiyonel besin, Saglik

ABSTRACT

Germinated foods and their effects on health

Plant sprouts attract attention as ready-to-eat healthy foods in many countries. Different processes

such as adding nutrients to the environment, especially humidity and temperature, are also neces-
sary to ensure optimum germination. Germination is an inexpensive and effective method for im-
proving the nutritional quality of plants. In the past, germination of legumes, especially some
grains such as wheat and barley, was a common practice, but today, alfalfa, broccoli, soybean and
some other cereal grains are germinated and consumed as sprouts. The amount of antinutritional
factors decreases with germination; The amount of bioactive compounds such as phenolic com-
pounds, phytosterols, folate, gamma aminobutyric acid, antioxidant activity and digestibility can
also increase. In addition, the synthesis of new compounds such as Y-oryzanol and amino acids
increases during the germination process. In addition to the many physiological effects of germi-
nated nutrients; It has been reported that these foods may have a decrease in the risk of diseases
such as cancer, diabetes, cardiovascular diseases and neurological diseases. Therefore, germinated
foods are considered as functional foods. Various biological activities of germinated nutrients have
still not been conclusively proven. Therefore, there is a need for more studies on the various bio-
active component contents of germinated foods and their effects on human health.

Keywords: Germination, Functional food, Health
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Giris

Bitki filizleri bir¢ok iilkede tiiketime hazir saglikli gidalar
olarak dikkatleri {izerine ¢ekmektedir. Filizlenme olarak da
adlandirilan ¢imlenme, tohumlarin, kabuklu yemislerin, bak-
lagillerin veya tahillarin birkag saat 1slatma sonrasinda 24-48-
72 saat gibi siirelerde nemli tutulmasi gerekliligi olan bir du-
rumdur. Tohum veya tanenin ¢imlenebilmesi i¢in belli ortam
kosullarinin uygun olmasi dncelikli kuraldir. Nem ve sicaklik
basta olmak {izere, ortama besin ilavesi gibi farkli islemler de
optimum ¢imlenmenin saglanmasi i¢in gereklidir. Cimlenme,
bitkilerin besin kalitesini iyilestirmek igin ucuz ve etkili bir
yontemdir ve bitkisel besinlerin besin degerini biiyiik dlgiide
artirmaktadir. Ultraviyole 151k, filiz biiylimesi ve gelisimi
iizerinde cevresel bir faktor olarak belirgin bir etkiye sahiptir
(Mewis ve ark., 2012).

Gegmiste bugday ve arpa gibi bazi tahillar basta olmak iizere,
baklagillerin ¢imlendirilmesi yaygin bir uygulama iken giinii-
miizde yonca, brokoli, soya fasulyesi ve diger bazi tahil tane-
leri ¢imlendirilerek filiz halinde tiiketilmesi s6z konusudur
(Yetim ve ark., 2010). Son zamanlarda bitki filizli gidalar
fonksiyonel gida olarak kabul edilmekte ve ¢ok fazla ilgi gor-
mektedir. Bununla birlikte, biyolojik aktiviteleri ve saglik ya-
rarlar ile ilgili yapilan ¢alismalar yetersizdir. Bu derlemenin
amaci, ¢imlendirme islemi uygulanan besinlerin saglik {ize-
rine olan yararlarini incelemektir.

Filizlendirmeyle Besinlerde Olusan Degisiklikler

Cimlenme sirasinda tohumda, enzimatik aktivite ve biyoaktif
bilesikler artmaktadir. Ciinkii metabolik aktivite ile; depo
karbonhidratlar, proteinler ve lipitlerden ¢imlenme igin ge-
rekli enerji iiretimi saglanmaktadir. Ayrica Y-aminobiitirik
asit (GABA), Y-orizanol ve kullanigh aminoasitler gibi yeni
bilesiklerin sentezi de ¢imlenme siirecinde artmaktadir (Xu
ve ark., 2020).

Fenolik bilesikler, bitkisel besinlerde bulunan ikincil metabo-
litlerdir. Genellikle serbest radikallerden, reaktif oksijen tiir-
lerinden ve prooksidanlardan tiiretilen oksidatif stresle miica-
dele ederek, onlar1 oksidasyondan korumak igin antioksidan
gorevi gormektedirler. Diyetimizdeki dogal fenolik bilesikle-
rin antioksidan 6zellikleri, insan sagligini1 gelistirmedeki ¢ok
yonlii islevleriyle baglantilidir (Xu ve ark., 2020).

Tahil ve bakliyat {iriinleri, insan diyetine en biiylik kalori ve
protein kaynagini saglayan ilk iki bitkisel besindir. Insanlar
ve hayvanlar lizerinde yapilan son miidahale arastirmalari, ta-
hil ve bakliyat mahsullerinin biyolojik olarak aktif, ancak nis-
peten diisiik miktarlarda fenolik bilesikleri icerdigini ve feno-
lik bilesiklerin kronik hastalik riskinin azalmasiyla iligkili ol-
dugunu gostermektedir (Jayathilake ve ark., 2018). Tahil ve

bakliyatlardaki fenolik bilesiklerin miktarinit ve antioksidan
aktivitesini geligtirmek amaciyla birtakim yontemler kullanil-
mistir. Yiizyillardir tohum ¢ekirdeklerini yumusatmak igin
kullanilan siire¢ olan ¢imlendirme, besin degerini iyilestirme
ve Ozellikle bakliyatlarda antibesinsel faktorleri azaltma ba-
saris1 sayesinde son zamanlarda biiyiik ilgi gérmektedir
(Mékinen ve Arendt, 2015; Yeo ve Shahidi, 2015). Cimlen-
dirme yontemi insan sagligini iyilestirmek i¢in insan diyetine
dahil edilmesinin yani sira, ayn1 zamanda lipit oksidasyonunu
etkili bir sekilde onlemek i¢in gida antioksidanlari olarak da
kullanilabilmektedir (Xu ve ark., 2020).

Cok sayida arastirma (Yeo ve Shahidi, 2015; Guzman-Ortiz
ve ark., 2017), ¢imlenmenin tahil ve bakliyatlardaki fenolik
bilesiklerin miktarini artirmak i¢in umut verici bir yol oldu-
gunu gosterse de, fenolik bilesiklerin dinamik degisimleri ne-
deniyle bu konu hala tartismalidir. Ornegin Lopez-Amords ve
ark. (2006) ve Xu ve ark. (2018), cimlenme siirecinde merci-
mekten ekstrakte edilebilen fenolik bilesik iceriginin azaldi-
g1 ifade ederken; diger arastirmacilar (Yeo ve Shahidi,
2015) ¢imlenme siirecinde mercimekteki ekstrakte edilebilen
fenolik bilesik iceriginin arttigini rapor etmislerdir. Tohumun
¢imlenmesi siirecinde, fenolik bilesiklerin metabolizmasiyla
ilgili genel olarak {i¢ olay vardir. Bunlardan ilki, ¢ekirdek
¢imlenmesi siirecinde glukoz veya aromatik aminoasitlerden,
dogal fenolik bilesiklerin sentezinin baslamasidir. Sitozolde,
oksidatif pentoz fosfat, glikolitik ve sikimat yolu (folat ve
aromatik aminoasitlerin biyosentezi i¢in bitkiler tarafindan
da kullanilabilen bir metabolik yoldur) ile birlikte fenilalanin
gibi aromatik aminoasitler iiretilebilmekte ve fenolik asitlere
doniisebilmektedir (Stalker ve ark., 1985). Ikincisi, makro-
molekiiler besinler, enzimler tarafindan ayristirilmakta ve bu-
nun sonucunda bagli formlarindan fenolik bilesikler salin-
maktadir. (Paucar-Menacho ve ark., 2017). Ugiinciisii, feno-
lik bilesikler, serbest radikalleri temizlemek i¢in veya sinyal
bilesiklerinin ara iiriinleri olarak tiiketilirler. Tohumun tiirii
ve ¢imlenme ortami, ¢cimlenme siirecinde fenolik bilesiklerin
bu ii¢ olaydaki transformasyonunun belirlenmesindeki iki
onemli faktordiir. Bu sebeplerle kompleks ¢imlenme prose-
diirti sonrasinda, fenolik bilesiklerin toplam miktar1 ve anti-
oksidan aktivitesinin azalmasi veya artmasi sasirtici degildir
(Xu ve ark., 2020).

Avenantramitler, esas olarak yulafta bulunan ve yulaf {iriin-
lerinin taze tadina katkida bulunan fenolik bilesiklerdir. Cim-
lenmeyle, bu bilesiklerin yaklasik %20 oraninda arttig1 bildi-
rilmistir. Cimlendirmenin besinlerde sterol igerigini artirdi-
gina dair kanitlar da mevcuttur (Skoglund ve ark., 2008).

Cimlenmenin ayrica bugdaym E vitamini igeriginde artisa ne-
den oldugu bildirilmistir. Lee ve ark. (2007), Kore’ye 6zgii
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olan sert piringte ¢cimlenme sonrasinda; ham protein, yag, top-
lam diyet posasi ve seker iceriginin énemli dl¢lide arttigim
belirtmislerdir. Sert pirincin 6zellikle esansiyel protein igeri-
ginde artis meydana geldigi rapor edilmistir. Ayrica GABA,
Y-orizanol, a-tokoferol, a-tokotrienol, Y-tokotrienol igerik-
lerinin de arttig1 bildirilmistir (Lee ve ark., 2007). GABA, do-
gada yaygin olarak bulunan, anti-hipertansif ve antidepresan
aktiviteler gibi sayisiz ve 6nemli fizyolojik fonksiyonlara sa-
hip gii¢lii bir biyoaktif bilesik olarak kabul edilmektedir (Cui
ve ark., 2020). Y-orizanol ise, temel kaynagi piring kepegi
olan 6nemli bir biyoaktif maddedir. Y-orizanoliin kolesterol
diistiriicii, antioksidan, trombosit agregasyonunu azaltici, si-
nirsel dengesizlikleri ve menopoz sikintilarin1 azaltici, kas
kitlesini artirici, fekal safra asidi atimini  artiric1 ve timor
biiylimesini engelleyici etkileri rapor edilmistir (Tuncel,
2016). Ayrica ¢imlendirilen bugday, arpa, karabugday ve ki-
noada islem sonras1 belli oranlarda C vitamini bulundugu bil-
dirilmistir (Hiibner ve Arendt, 2013).

Frias ve ark. (1998) Hindistan’da yetisen 10 farkl tiir pirin-
cin, ¢cimlenme sonrasinda, amiloz i¢eriklerinin 6nemli 6l¢iide
azaldigimi bildirmiglerdir. Ayernor ve Ocloo (2007) tarafin-
dan Gana’da yapilan bir ¢aligmada, sert piringte gimlenme
boyunca, nisasta iceriginde ciddi diisiis gdzlenmistir. Sert pi-
rincin seker i¢eriginin, 6nemli Olglide arttig1 rapor edilmistir
(Ayernor ve Ocloo, 2007). Cornejo ve ark. (2015), farkli ¢im-
lendirme stirelerinde (0 saat, 12 saat, 24 saat ve 48 saat) ¢im-
lendirilmis piringten elde edilen ekmeklerin beslenme fayda-
larin1 arastirmiglardir. Farkli ¢imlendirme siireleriyle karsi-
lastirildiginda, 48 saat ¢cimlendirilen piringten elde edilen un-
dan yapilan ekmek; daha yiiksek protein, lipit ve biyoaktif bi-
lesik (GABA ve polifenoller) igerigine sahip olmasi, antiok-
sidan aktivitesinin artmasi, fitik asit i¢eriginin (anti-besinsel
Oge) azalmasi ve glisemik indeksinin azalmasi nedeniyle, ¢a-
lismadaki diger ekmek tiirlerine gore besleyici olarak daha
iistiin kalitede oldugu bildirilmistir. Calismada ayrica prote-
inlerin in vitro sindirilebilirliginde hafif bir azalma gozlen-
mistir (Cornejo ve ark., 2015). Baska bir calismada (Ijarotimi
ve Keshinro, 2012), cimlenme ve fermantasyonun Afrika lo-
cust fasulyesi ununun besin kalitesi iizerindeki etkileri arasti-
rilmistir. Calismada fermantasyon tekniginin anti-besin kon-
santrasyonunu 6nemli 6l¢iide diisiirdiigii ve ayrica besin bile-
simi kompozisyonunu, 6zellikle filizlendirilmis fasulye unu-
nun amino asit profilini gelistirdigi bulunmustur (Ijarotimi ve
Keshinro, 2012).

Pal ve ark. (2016) yaptiklar1 ¢alismada, esmer piringte ¢im-
lenmeyle protein igeriginin arttigini; yag ve amiloz igeriginin
azaldigini bulmuslardir. GABA, histidin, arjinin, prolin, me-
tiyonin ve asidik aminoasitlerin ¢imlenmeyle dnemli derece
arttig1 ve bu artigin glutelin ve prolamin birikimindeki degi-

Review Article

simle iliskili oldugu bildirilmistir. Glutelin ve prolamin biri-
kiminin, ¢imlenmeyle birlikte azaldig1 rapor edilmistir (Pal
ve ark., 2016).

Genel olarak ¢imlenme, tam tahillarin biyokimyasal kompo-
zisyonunda onemli degisikliklere yol agmaktadir. Cimlen-
meyle birlikte;

e Nisasta rezervleri, a-amilazin etkisiyle mobilize olur,

e Nitrojen igeren fraksiyonlar, oligopeptidlere ve serbest
amino asitlere dogru kayar ve amino asitlerin bilesimi
degisir,

e Triagilgliseroller hidrolize olmaya baslar ve doy-
mus/doymamis yag asitleri orani yiikselir,

e Anti-besinsel faktorlerinin (6rnegin fitat, tripsin inhibi-
torii, tanen) miktar1 6nemli Ol¢iide azalir,

e Fenolik bilesikler, fitosteroller, folatlar ve GABA gibi
biyoaktif bilesikler artar (Benincasa ve ark., 2019).

Cimlendirilmis Besinlerin Saghk Uzerine
Etkileri

Tohumlarin ¢imlendirilmesi, mutfak tarihinin énemli bir bi-
leseni olarak Dogu iilkeleri tarafindan ¢ok uzun zamandir bi-
linmektedir. 1980’lerden itibaren tiiketicilerin diyetetik ve
egzotik saglikli gidalara olan talebi nedeniyle, ¢imlendirilmis
tohumlarin tiiketimi Bat1 iilkelerinde de popiilerlik kazanmisg-
tir (Geng ve ark., 2021).

Cimlendirme siirecinde meydana gelen modifikasyonlar, sin-
dirim sistemi gibi islev gérmektedir ve ¢esitli in vitro ve in
vivo ¢alismalarla onaylandigi gibi, makro ve mikro besinlerin
ulagilabilirligini artirmaktadir. Cimlendirilmis besinler, ce-
sitli antioksidan ve biyoaktif bilesikler agisindan zengin, sag-
l1g1 tegvik edici gidalar arasinda sayilmaktadir (Geng ve ark.,
2021).

Antioksidan Etki

Antioksidanlar, insan viicuduna ¢esitli faydalari1 olan 6nemli
biyokatif bilesiklerdir. Gidalardaki antioksidan kapasiteden
sorumlu olan baslica bilesikler, L-askorbik asit ve fenolik bi-
lesiklerdir (Huang ve ark., 2014).

Soya fasulyesinin ¢imlenmesi, biyokimyasal &zelliklerinde
onemli degisikliklere sebep olur. Bu degisiklikler soya fasul-
yesinin besinsel 6zelliklerini ve saglig1 gelistirici 6zellige sa-
hiptir. Soya fasulyesi filizlerinin antioksidan kapasitesinin
arastirildigi bir calismada; ¢imlendirmenin antioksidan akti-
viteyi artirict etkilerinin oldugu sonucuna varilmistir (Huang
ve ark., 2014). Gawlik-Dziki ve ark. (2014), brokoli filizi ek-
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lenen ekmegin antioksidan aktivitesini arastirmiglardir. Bro-
koli filizi takviyesinin, non enzimatik ve enzimatik aktivite-
lerde, antioksidan aktiviteyi artirdig1 gosterilmistir (Gawlik-
Dziki ve ark., 2014). Swieca ve Dziki (2015) kosullar1 opti-
mize ederek, bugday filizinin antioksidatif kapasitesini aras-
tirmiglardir. En yiliksek antioksidan aktivite degeri ve toplam
fenolik bilesik icerigine, 20 °C’de 4 giin siiren filizlendirme
islemi sonucunda ulasilmistir (Swieca ve Dziki, 2015).

Pisirmenin soya fasulyesi filizlerinin antioksidan ozelligi
iizerine etkilerinin incelendigi bir ¢alismada, pisirmenin fe-
nolik bilesikler ve antioksidan aktivitede 6nemli diisiislere
yol agtig1 gosterilmigtir (Kumari ve Chang, 2016). Ultravi-
yole-B radyasyonunun soya fasulyesinin antioksidan sistemi
iizerinde etkisinin arastirildigi bir calismada, ultraviyole-B
radyasyondan kaynaklanan nitrik oksit iiretiminin; antioksi-
danlari, antioksidan enzim aktivitelerini ve onlarin gen ekp-
resyonlarin1 modiile ederek, antioksidan aktiviteyi artirdigi
bulunmustur (Afién ve ark., 2014).

Soya fasulyesi filizi ekstrelerinin antioksidan aktivitesinin
arastirildigi bir caligmada, isoflavonlarin antioksidan aktivite
sonuglariyla yiksek korelasyon gosterdigi bulunmustur
(Guzmanortiz ve ark., 2017). Dongyan ve ark. (2014) mas
fasulyesinin antioksidan kapasitesini gdzlemlemislerdir.
Farkli siirgiin uzunluklariin selasyon kapasitesi %85'in {ize-
rinde iken; ekstraktlarin toplam antioksidan kapasitesinin 4.0
oldugu bulunmustur. 1k giin filizlerinin ekstraktlarmnin selas-
yon kapasitesinin yaklagik %80 oldugu ve antioksidan akti-
vite sergiledigi saptanmigtir (Dongyan ve ark., 2014).

Melatonin, mercimek filizi gibi bitkisel gidalarda bulunan
¢ok islevli bir antioksidan nérohormondur. Rebollo-Hernanz
ve ark. (2020) yaptiklari ¢aligmada, ¢imlenmeyle mercimegin
melatonin igeriginin arttigini bildirmislerdir. Ancak fenolik
asit ve flavan-3-ollerin kayb1 nedeniyle fenolik bilesik iceri-
ginin azaldig1 rapor edilmistir. Flavonol iceriginin degisme-
den kaldigi, mercimek filizlerindeki ana fenolik bilesigin,
esas olarak kaempferol glikozitlerden olustugu belirtilmistir.
Calismada siganlara mercimek filizi ekstresi oral yoldan ve-
rilmis ve ratlarin melatonin seviyeleri, uygulamadan 90 da-
kika sonra maksimum konsantrasyona ulagmistir. Plazma an-
tioksidan statiisii de mercimek filizi uygulamasindan sonra
arttig1 gdzlenmistir (Rebollo-Hernanz ve ark., 2020).

Coziinmeyen bagh fenoliklerin (IBP) ¢oziinlir fenoliklere
(SP) orani, ¢imlenme sirasinda mercimeklerin ve diger besin-
lerin antioksidan aktivitesindeki degisiklikleri izlemek igin
etkin bir yontem olarak 6nerilmektedir. Yeo ve Shaidi (2015)
¢imlendirilmis Richlea mercimek ¢esidinin 4 giin boyunca,
SP, IBP ve toplam fenoliklerin miktarin1 ve bu bilesiklerin
antioksidan aktivitesini incelemislerdir. Cimlenme siire-
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cinde; IBP'lerin SP'lere oraninin arttig1 ve bu durumun muh-
temelen ¢imlenme islemi sirasinda fenolik bilesik olusumu-
nun ¢oziiniirden ¢ézliinmez baglh forma déniismesinden kay-
naklanabilecegi bildirilmistir (Yeo ve Shahidi, 2015).

Yapilan ¢aligmalarda genel olarak, ¢imlenmeyle birlikte be-
sinlerdeki antioksidan 6zellik gdsteren bilesiklerin ve antiok-
sidan etkinin arttig1 gosterilmistir (Huang ve ark., 2014).

Antikanser Etki

Kanser, diinya ¢apinda en énemli 6liim nedenlerinden biri ol-
maya devam etmektedir. Flavonoidler ve gallik asit, kloroje-
nik asit, ferulik asit, benzoik ve salisilik asitler, kuarsetin, ka-
empferol gibi fenolik bilesikler, C vitamini, glukosinolatlar,
antikanser aktivite gosteren cesitli biyokatif bilesiklerdir. An-
tikanser Ozellik gosteren diyetteki koruyucu unsurlar; selen-
yum, folik asit, By, vitamini, D vitamini, klorofil ve antioksi-
danlardir (Wu ve ark., 2013).

Cimlendirilmis esmer pirincin, kanser hiicrelerinde prolife-
rasyon ve apoptoz lizerine etkilerinin incelendigi bir calis-
mada (Oh ve Oh, 2004), ¢imlendirilmis esmer piring ekstre-
sinin, GABA seviyelerini artirarak, [6semi hiicre proliferas-
yonunu inhibe ettigi ve kanser hiicrelerinin apoptozunu sti-
miile ettigi bulunmustur.

Amici ve ark. (2008) bugday filizi ekstresinin kanserde anti-
oksidan aktivitesini arastirmislardir. Bugday filizi ekstresiyle
tedavi edilen hiicrelerden, stimiile edilemeyen hiicrelerde
proteazom baskilanmasinin meydana geldigi ve TPA (12-o-
tetradekanoilforbol-13-asetat)’nin aracilik ettigi etkilerin ha-
fifledigi bildirilmistir (Amici ve ark., 2008).

Alumkal ve ark. (2015) siilforafanin insanlarda karsiyogenezi
engelleme yeteneginin mekanizmasini aydinlatmak i¢in, er-
kek prostat kanseri vakalarinda siilforafanla brokoli filizi
ekstresinin etkisini inceleyen bir klinik ¢aligma yiiriitmiisler-
dir. ilging olarak, siilforafan bakimindan zengin brokoli filizi
ekstreleri, prostat kanseri hiicrelerinde androjen reseptor sin-
yalini inhibe ettigi bulunmustur (Alumkal ve ark., 2015).
Gawlik-Dziki ve ark. (2014) brokoli filizinin, mide kanseri
hiicrelerine kars1 antikanser aktivitesini degerlendirmislerdir.
Bulgular, brokoli filizi takviyesinin mide kanseri hiicreleri
icin kimyasal Onleyici etkisinin oldugunu gdstermistir
(Gawlik-Dziki ve ark., 2014).

Haghparast ve ark. (2017) yaptiklar1 ¢caligmada, mercimek fi-
lizi ekstresinin, lenfosit hiicresi lizerinde bir miktar radyo ko-
ruyucu etki gdsterdigini bulmuslardir. Ayrica toplam merci-
mek filizi ekstresinin, kok kismina gore daha fazla antioksi-
dan aktiviteye sahip oldugu bildirilmistir (Haghparast ve ark.,
2017). Ling ve Chang (2017) soya fasulyesi filizinden elde
edilen kumestroliin, prostat kanserini baskilayabilecegi ve
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bazi hiicre sinyal yolaklar araciligiyla, prostat kanserinin te-
davisinde yeni bir bilesik olabilecegi belirtilmistir.

Cimlendirilmis besinlerin, ¢imlendirilmemis olanlara gore
biyoaktif bilesik igerigi daha yiiksektir. Bu nedenle ¢imlendi-
rilmis besinlerin kanserin 6nlenmesinde etkili olabilecek bir
diyet icin iyi bir se¢im olabilecegi diisiiniilmektedir (Ling ve
Chang, 2017).

Antihipertansif Etki

Kalp-damar hastaliklarinin bir belirtisi olan yiiksek kan ba-
sinc1 veya hipertansiyon, 6nemli bir morbidite ve 6liim nede-
nidir. Yiiksek kan basincinin diyet yoluyla kontrolii, dnemli
bir halk saglig1 stratejisidir (Wu ve ark., 2013).

Wu ve ark. (2013) tarafindan, ¢imlendirilmis esmer piring di-
yetinin hipertansif ratlarda ve hastalarda kan basinci artiginin
onlenmesi tizerindeki etkilerini aragtiran c¢aligmalar derlen-
mis ve ¢cimlendirilmis esmer pirincin, hipertansiyonun tera-
potik diyetinin bir parcasi olarak kullanilabilecegi 6nerilmis-
tir. Ebizuka ve ark. (2009), diyetlerinin %40°’1 ¢cimlendirilmis
esmer piringten olusan spontan hipertansif ratlarda, ¢imlendi-
rilmis esmer pirincin hipertansiyon ve kan biyokimyasi iize-
rindeki etkilerini incelemiglerdir. Calisma sonunda ¢imlendi-
rilmis esmer pirincin, spontan hipertansif ratlarda, dnemli ve
giiclii bir antihipertansif etkisinin oldugu bildirilmistir
(Ebizuka ve ark., 2009). Esmer piringte ¢imlendirmeyle mik-
tar1 onemli 6lgiide artan ferulik asitin, streptozotosin kaynakli
diyabetik ve hipertansif ratlarda kan basincini diisiirmede et-
kili oldugu belirtilmistir (Ohsaki ve ark., 2008).

Meschini ve ark. (2015), hipertansif hayvan modellerinde,
tartar karabugday filizinin anti-genotoksik etkilerini arastir-
miglardir. Kontrol grubuyla kiyaslandiginda; tartar karabug-
day filiziyle beslenen ratlarda, DNA hasarinda ciddi bir
azalma ve daha etkin bir DNA onarimi gosterilmistir (Mesc-
hini ve ark., 2015).

Nakamura ve ark. (2016) karabugday ve mas fasulyesi filiz-
lerinin, fruktoz kaynakli spontan hipertansif ratlarda antidi-
yabetik etkisini incelemislerdir. Bulgular, karabugday filizi
tozunun, kalp atiginda ve serum trigliseritlerinde énemli dii-
siislere neden oldugunu gostermistir. Mag fasulyesi filizi to-
zunun, kalp atim1 ve serum trigliseritlerinde belirgin bir azal-
maya neden oldugu bildirilmistir. Dahas1, mas fasulyesi filizi
tozunun, serum total kolesteroliinii 5nemli dl¢iide azalttig1 ra-
por edilmistir (Nakamura ve ark., 2016).

Cimlendirilmis besinlerin antihipertansif etkisinin, GABA,
diyet posasi, Y orizanol ve ferulik asit gibi cesitli biyoaktif
bilesenlerin karmasik aktivitelerinden kaynaklandig: belirtil-
mektedir (Wu ve ark., 2013).
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Antidiyabetik Etki

Diyabet insidansi, diinya ¢capinda gelismis ve gelismekte olan
iilkelerde artis gostermektedir. Yiiksek postprandiyal kan
glukoz ve insiilin seviyeleri, diyabet ve kardiyovaskiiler has-
taliklar igin risk faktoridir (Wu ve ark., 2013).

Piring tiiketen toplumlarda diyabet hastaliginin etkin yone-
timi i¢in ¢imlendirilmis esmer pirincin, tip 2 diyabetin sey-
rinde 6nemli bir degisken oldugu bildirilmistir. /n vitro veri-
ler ve hayvan deneyleri, ¢imlendirilmis esmer pirincin, bu
hastali§1 yonetmek icin fonksiyonel bir diyet potansiyeline
sahip oldugunu gostermektedir. GABA, Y-orizanol, diyet
lifi, fenolikler, vitaminler gibi biyoaktif bilesikleri igermesi
nedeniyle esmer pirincin; diisiik insiilin indeksi, kan gluko-
zunu diisliriicii, antioksidatif, antitromboz, antihipertansif, hi-
pokolesterolomik ve néroprotektif etkilere sahip oldugu bil-
dirilmektedir. Beyaz pirincin, esmer piringle yer degistirmesi
durumunda, piring tiikketen popiilasyonlarda diyabet hastalari
icin ¢ok biiylik fayda saglanabilecegi diisiiniilmektedir
(Imam ve ark., 2012a). Hem diyabetik olmayan, hem de kont-
rolsliz diyabetli hiperglisemili bireylerden, esmer piringle
takviye edilen diyet alanlarda, beyaz piring tiiketenlere gore
postprandiyal kan glukozunun daha diisiik oldugu bildirilmis-
tir (Ito ve ark., 2005).

Ren ve ark. (2020) otoklavlama isleminin, ¢imlendirilmis es-
mer pirincin (CEP) beslenme ve saglik fonksiyonlar1 iizerine
etkilerini incelemiglerdir. 115°C’de 20 dakika otoklavlama
isleminin, ¢imlendirilmis esmer pirincin GABA ve ferulik
asit seviyelerini artirdigr bulunmustur. Buna ek olarak, 1 ay
otoklavlanmis ¢imlendirilmis esmer piring tiikketiminin meta-
bolik sendromlu hastalarda; aglik glukozu, 0.5, 1 ve 2 saatlik
postprandiyal plazma glukozu, trigliserit, toplam kolesterol,
yiiksek yogunluklu lipoprotein kolesterol ve diisik yogun-
luklu lipoprotein kolesterolii 6nemli derecede azalttig: bildi-
rilmistir. Calismada, otoklavlamanin umut verici bir isleme
stratejisi oldugunun alt1 ¢izilmistir (Ren ve ark., 2020).

Imam ve ark. (2012b), CEP’in, streptozotosin enjeksiyonu ve
yiiksek yagli diyetle indiiklenen tip 2 diyabetli ratlarin anti-
oksidan durumu iizerine etkisini incelemislerdir. Ayrica be-
yaz piring, esmer piring ve ¢imlendirilmis esmer pirincin, ka-
talaz ve sliperoksit dismutaz genleri lizerindeki etkilerini de-
gerlendirmislerdir. Diyet bilesenleri olarak, esmer piring ve
CEP’in, glisemiyi ve bobrek hidroksil radikalini siipiirme ak-
tivitesini iyilestirdigi ve tip 2 diyabetli ratlarda antioksidan
durumun kétiiye gitmesini 6nledigi bulunmustur. Benzer ola-
rak CEP’in, serum kreatininin yanisira, karaciger enzimlerini
de koruyucu 6zellik gosterdigi bildirilmistir. Siiperoksit dis-
mutaz geninin upregiilasyonunun, esmer piring ve CEP’in an-
tioksidan etkilerinin altinda yatan mekanizma olabilecegi be-
lirtilmigtir (Imam ve ark., 2012b).
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Cimlendirilmis besinlerin, aglik kan glukoz seviyeleri, postp-
randiyal kan glukoz seviyeleri ve insiilin cevabina olumlu et-
kileri, birgok arastirmaci tarafindan gosterilmistir (Imam ve
ark., 2012a, Ito ve ark., 2005).

Diger Saghik Etkileri

Yapilan calismalarda g¢imlendirilmis esmer pirincin; anti-
obezite (Golzarand ve ark., 2021), anti-depresyon (Mamiya
ve ark., 2007), hipokolesterolomik (Roohinejad ve ark.,
2010) etkilerinin de oldugu gosterilmistir (Wu ve ark., 2013).

Lee ve ark. (2013) tarafindan yiiriitiilen, karabugday filizinin
anti-adipogenez aktivitesinin oldugunu iddia ettikleri calig-
manin sonucunda; kontrol grubuyla karsilastirildiginda, kara-
bugday filizinin adipozit farklilagsmasin1 ve adipoz hiicrele-
rinde reaktif oksijen tiirlerinin sekresyonunu 6nemli derecede
baskiladig1 bulunmustur.

Golzarand ve ark. (2021), beyaz piringle karsilastirildiginda
esmer pirincin obeziteyi onleyici etkisinin oldugunu; ancak
lipit profili ve glisemik gdstergeler {izerinde herhangi bir et-
kisinin olmadigini bildirmislerdir. Esmer pirincin aksine, 6n-
ceden ¢imlendirilmig esmer pirincin, beyaz pirince gore; vii-
cut agirliginda azalmaya neden oldugu, lipit profilini ve aglik
kan glukozu seviyelerini azalttig1 bulunmustur (Golzerand ve
ark., 2021).

Chang ve ark. (2015), Helicobacter pylori enfeksiyonunda
brokoli filizi ekstraktinin gastrik mukozal hasar {izerinde an-
tioksidan aktivite sergiledigini bildirmislerdir. Sonuglar, bro-
koli filizi ekstrakt1 tedavisinin, mukozal malondialdehit kon-
santrasyonunu 6nemli dl¢lide zayiflattigini gosterirken; gast-
rik mukozal glutatyon konsantrasyonunun tedavi altinda de-
gismedigi rapor edilmistir. Brokoli filizi ekstraktinin, gastrik
mukozada lipit peroksidasyonunu 6nledigi ve H. pylori ile in-
diiklenen gastritte sitoprotektif etkisinin olabilecegi bildiril-
mistir (Chang ve ark., 2015). Ek olarak, Miiller ve ark.
(2016), stilforafanla brokoli filizi tiiketiminin, bir enfeksiyon
modelinde viral ylik gostergelerini azalttigr gozlemlemistir.
Bu model, zayiflatilmis canli influenza viriisii ile inokiile
edilmistir (Miiller ve ark., 2016).

Feruzza ve ark. (2016) yiiriittiikleri bir caligmada, brokoli fi-
lizi sularmnin ince bagirsak hiicrelerinin in vitro inflamasyon
modellerindeki biyolojik aktivitesini arastirmiglardir. Bulgu-
lar brokoli filizi sularinin, marjinal ¢inko eksikligi altinda, tii-
mor nekrozis faktdr a’ya maruz kalmig insan intestinal epitel
hiicrelerinde, intestinal bariyer biitlinliigiinii korudugunu gos-
termistir (Feruzza ve ark., 2016). Kujawska ve ark. (2016),
soya fasulyesi filizinin, erkek ve disi Wistar ratlarinda, demir
eksikligini Onleyici ve anti-inflamatuar aktivitesini incele-
mislerdir. Calisma sonucunda soya fasulyesi filizlerinin; sii-

peroksit dismutaz, glutatyon peroksidaz ve glutatyon S-trans-
feraz ozelliklerini artirdigr bulunmustur. Soya fasulyesi to-
humlarina ferroz siilfat eklenmesinin, inflamatuar bagirsak
hastaliklarinda ve demir eksikligi anemisi yasayan bireylerde
besin takviyesi olarak digiiniilebilecegi bildirilmistir (Ku-
jawska ve ark., 2016).

Hafidh ve ark. (2015) sitotoksisite ve viriis verim azaltma, vi-
riisidal aktivite ve profilaktik aktivite testlerini kullanarak,
mas fasulyesi metanol ekstraktlarinin, solunum sinsityal vi-
risti (RSV) ve Herpes Simplex viriis-1 (HSV-1) tizerindeki
antiviral atkilerini incelemislerdir. Mag fasulyesi ekstrakti-
nin, RSV ve HSV-1 i¢in antiviral aktivite sergiledigi bulun-
mustur (Hafidh ve ark., 2015).

Okada ve Okada (2016), karabugday, brokoli, kirmizi lahana
ve briiksel lahanasi filizlerinin ndroprotektif 6zelligini, -
amiloid seviyelerini 6l¢erek degerlendirmislerdir. Caligma
sonucunda bitki filizlerinin, -amiloid seviyelerini 6nemli 61-
¢lide azalttig1 bulunmustur (Okada ve Okada., 2016).

Demeekul ve ark. (2021b) yaptiklar1 ¢alismada, ¢cimlendiril-
mis esmer pirincin kardiyomyositleri mitokondriyal fonksi-
yon yoluyla iskemik/reperfiizyon hasarina kars1 korudugunu
bulmuslardir. Bu etkinin, ¢gimlendirilmis esmer pirincin biyo-
fonksiyonel bilesik igerigine bagli olabilecegi bildirilmistir
(Demeekul ve ark., 2021b). Baska bir ¢alismada (Demeekul
ve ark., 2021a), kardiyoplejik soliisyonla birlikte CEP teda-
visinin, domuz kardiyomyositlerinde hiicre canliligin iyiles-
tirdigi gosterilmistir. Kardiyak cerrahiden elde edilen bulgu-
lara gore, CEP grubu ile kombine kardiyoplejik soliisyonda
ortalama arter basinci ve kalp hiziin siirekli stabil oldugu,
CEP uygulanan hayvanlarda potasyum ve laktaz konsantras-
yonunun egiliminin azaldig1 bildirilmistir. Bu nedenle,
CEP’in, antiinflamatuar yanit olusturmasi nedeniyle, iskemik
reperflizyon hasarma karsi kalp sagligin1 koruyucu etkiler
gosterebilecegi vurgulanmistir (Demeekul ve ark., 2021a).

Sonug¢

Cimlenme, besinlerin biyokimyasal bilesiminde énemli degi-
sikliklere yol agmaktadir. Cimlenmeyle antibesinsel faktorle-
rin (fitat, tripsin inhibitorii, tanen) miktarinda 6nemli 6l¢iide
azalmaktadir. Fenolik bilesikler, fitosteroller, folat, GABA
gibi biyoktif bilesiklerin miktar1 artmaktadir. Ayrica GABA,
Y-orizanol ve aminoasitler gibi yeni bilesiklerin sentezi de
cimlenme siirecinde yiikselmektedir. Besinlerin antioksidan
ozellikleri ve bazi1 vitamin igeriklerinde de artis meydana ge-
lebilmektedir. Bu degisiklikler ¢imlendirilmis besinlere
“fonksiyonel besin” 6zelligi kazandirmaktadir. Yapilan ¢a-
lismalarda farkli ¢cimlendirilmis besinlerin, antioksidan, anti-
diyabetik, antiobezite, antikanser, noroprotektif vb. 6zellik-
leri gosterilmistir. Cimlendirilmis besinlerin ¢esitli biyolojik
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aktiviteleri in vitro ve in vivo ¢alismalarda halen kesin olarak
kanitlanmamistir. Bu nedenle ¢imlendirilmis besinlerin ¢e-
sitli biyoaktif bilesen icerikleri ve insan saglig1 tizerindeki et-
kileriyle ilgili daha fazla sayida ¢aligma yapilmalidir.

Etik Standart ile Uyumluluk

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

Etik izin: Arastirma niteligi bakimindan etik izne tabii degildir.
Finansal destek: -

TesekKkiir: -

Agiklama: -
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ABSTRACT

To respond the growing demands for consuming natural foods, biochemical compounds originated
from natural sources can be one of significant purposes for numerous researchers. In this review,
we summarize the literatures regarding to the health effects of coffee consumption toward various
human disease treatments, i.e., diabetes, cancer, liver diseases, and neurodegenerative diseases.
The consumption of natural products is being common and considered significantly, for example,
the potentially functional features of biochemical compounds contained in coffee have signifi-
cantly contributed to clinical treatments of different human diseases. The experimental and epide-
miologic evidences are indicated in this review to probably contribute to elucidate the protective
effects of coffee consumption on several human diseases; besides, it is not still certain whether the
consumption of coffee should be recommended to patients in some cases. Moreover, the chemical
features and health benefits of coffee are introduced shortly, which can support readers understan-
ding in detail to the benefits and the roles of coffee compounds.

Keywords: Coffee, Disease treatment, Diabetes, Liver diseases, Parkinson’s disease,
Alzheimer’s disease
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Introduction

Coffee drink (Figure 1) is one of the most widely used beve-
rages in the world, which contains several biochemical com-
pounds that may influence the uptake and the metabolism of
glucose (Ejaz et al., 2004). So far, numerous researches have
been conducted to demonstrate the beneficial health effects
of coffee on various diseases (Ngueta, 2020). Indeed, coffee
showed its beneficial effects in irregular/regular coffee drin-
kers by changing mood, enhancing cognitive performance
and endurance with exercises (Campbell et al., 2013).
However, the extraction of coffee soluble from the roasted
and ground coffee bean is a complex operation and
brewing/cooking method plays an important role on the
extraction and amount of the key compounds in the coffee
drink. For instance, Ilkay et al. provided in detail how the ro-
asting level and brewing techniques affect the key compo-
unds, physicochemical attributes, and health of coffee beve-
rage (Gok, 2021). More notably, coffee is utilized to support
in sports that is useful for a significantly improved perfor-
mance of athletes after the consumption of coffee (Mc
Naughton et al., 2008). Coffee, as is known, is one of the most
essential sources of caffeine, although soft and energy drinks
also contain a significant part of caffeine. Its consumption
probably increases alertness and enhances the performance of
manual works, i.e., driving and encoding of new information
(Gok, 2021).

Coffee plant

Figure 1. Schematic illustration of the coffee drink.

Coffee contains over a thousand compounds including caffe-
ine, sugars, polysaccharides, chlorogenic acids, aromatics,
phenols, organic acids, and etc. (Table 1); nonetheless, the
exact content of bioactive compounds containing in coffee
can differently depend to the species, farming processes and
preparation of final product, i.e., blend, roast, or brew (Yesil
and Yilmaz, 2013). The use of coffee was first reported that
it could provide a beneficial health effect against the cirrhosis
development, similarly for an inverse relationship with total
and non-cancer related mortality, as well as uncertainty over
caffeine content and the information of coffee preparation
techniques (Gok, 2021).

According to the epidemiological studies, the use of coffee
could reduce the risk of liver enzyme disorder and decrease
death rate and hospitalisations in all cirrhotic patients (Ruhl
and Everhart, 2005). Besides liver diseases, the consumption
of coffee also effectively resulted in treating other diseases,
i.e., diabetes, cancer, neurodegenerative diseases, and so on.
Hence, it is truly important to clearly understand the bioche-
mical compounds and bioactive functions containing in cof-
fee, aiming to apply it in bioactive and pharmacological app-
lications after its reliability has been demonstrated. Thereby,
we hope that it is an effective approach for various disease
treatments, and its chemical components and beneficial he-
alth effects will be briefly summarized in several disease tre-
atments.

Green bean to be roasted

Coffee drink

Ground coffee
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Table 1. Background of chemical compositions containing in coffee.

Chemical compositions

Background

Coffee oil (triglycerides, unsaponifiables and sterols/tocopherols) and diterpenes (cafestol

Lipids and kahweol).
Minerals Phosphqrus and potassium.
Magnesium, sodium, calcium, and sulfur.
Proteins Peptides and free amino acids, i.e., regard to the coffee flavor.
Caffeine Alkaloid, using as a psychoactive stimulant of the central nervous system.

Chlorogenic acids

Using as an ester compound of the caffeic acid. They are assumed to cause gastrointestinal
discomfort at some people with higher coffee consumption, and can cause a slight
reduction in blood pressure and have been investigated concerning an anti-inflammatory
effect, and an antioxidant effect.

Trignonelline Alkaloid. When roasting it can partly metabolize to niacin.
Common carbohydrates: fructose, glucose, mannose, arabinose, and rhamnose and
oligosaccharides, raffinose and stachyose.
Other ones:
e § : Important for coffee flavor and quality.
Carbohydrates uerose: JMp v quaity

e Polysaccharides: The main polysaccharides in coffee are galactomannan and

arabinogalactan (soluble compounds).
e Lignin: A class of complex organic polymers, structural material in the support tissue
of plants, important for the formation of cell walls.

Productions of caramelizations
and condensation

Substances, influencing the color, and aroma of coffee.

Chemistry and General Properties of Coffee

So far, coffee is one of the most common beverages in the
world, as well as its beneficial effects have been demonstra-
ted to human health. Besides, coffee contains lots of chemi-
cals, for example, vitamins, lipids, carbohydrates, nitroge-
nous compounds, minerals, alkaloids and micronutrients,
which significantly depends on the variety and processes.
Table 1 listed in detail for information of availably chemical
compositions containing in coffee. Chemical structure of
principal compounds contained in coffee is shown in Figure
2. Among these chemicals, the main components containing
in coffee are caffeine, cafestol and kahweol, chlorogenic acid,
ferulic acid, and micronutrients, at same time that the major
polyphenols in coffee contributes to making coffee as a real
functional food. Besides, it reveals promising anti-oxidative
properties owing to their beneficial activities, especially for
ferulic acid and chlorogenic acid (Higdon and Frei, 2006).
More specifically, chlorogenic acid containing in roasted cof-
fee is considered as a major antioxidant in the diet
(Yanagimoto et al., 2004), whereas diterpenes cafestol and
kahweol are contained much in boiled or unfiltered coffee.

Chlorogenic acid, as is known, is a phenolic compound (a fa-
mily of polyphenols), which is reached from the combination
of (L)-quinic acid and caffeic acid to be concerned as anti-
oxidative agent. Meanwhile, ferulic acid is also a phenolic
acid (a derivative of trans-cinnamic acid) and available in
coffee, which can intervene in the expression and cytotoxic
enzymes’ activity (i.e., caspases, nitric oxide synthase, and
cyclooxygenase-2), aiming to apply it in treating cardiovas-
cular, neurodegenerative and diabetic disorders (Perumpail et
al., 2018).

For chlorogenic acids containing in green coffee, there are
some major subclasses including caffeoylquinic acids, dicaf-
feoylquinic acids, p-coumaroylquinic acids, feruloylquinic
acids, and caffeoylferuloylquinic acids (Chu, 2012). Among
them, 5-caffeoylquinic acid reaches ~60.0% of the total chlo-
rogenic acids content, and thus is named as chlorogenic acid
due to a commercial standard, at same time that dicaffeoylqu-
inic acids are known as potent inhibitors contributing against
various viruses (Chu, 2012). Concomitantly, caffeine-contai-
ned coffee (1,3,7-trimethylxanthine) favors to increase pe-
roxiredoxin-1, which has positive effects on reactive oxygen
species and lowering oxidative stress at hepatocytes level
(Perumpail et al., 2018). Thereby, the coupling influences of
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caffeine- and polyphenols-contained coffee on hepatocytes
probably reduce insulin resistance, which is revealed as an
anti-fibrotic effect on the liver through the effective investi-
gations on obese rats (Watanabe et al., 2017).

Additionally, chlorogenic acids can be completely degraded
with severely roasting conditions that is mainly due to its
thermal instability, leading to forming bioactive lactones in
medium roasting process and degrading then. Concomitantly,
several volatile compounds are formed, and these acids are
partially incorporated into melanoidines’ backbones during

coffee roasting process (Chu, 2012). Meanwhile, caffeine is
not affected much during coffee roasting process, as well as
this methylxanthine is heat stable. Trigonelline is considered
as an alkaloid and obtained from enzymatic methylation of
nicotinic acid, which is also degraded during this roasting
process, yielding several compounds regarding nicotinic acid
(3%) (Hirakawa et al., 2005). Overall, the various chemical
composition-contained coffee is truly modified significantly
from combinations of the coffee roasting techniques, regard
with the species and other factors, i.e., agricultural processes,
degree of fruit ripeness, and storage conditions (Chu, 2012).
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More notably, caffeine is able to be the most well-known bi-
oactive compound contained in coffee. Caffeine is an alkaloid
and can be well absorbed in the stomach, which is metaboli-
zed in the liver (after 45-60 min of absorption period) to be
converted into dimethylxanthines, i.e., xanthine, theobro-
mine, theophylline, leading to enhancing its beneficial health
effects. In other words, caffeine is quickly absorbed from the
gastrointestinal way and well distributes in all tissues consis-
ting of brain (Higdon and Frei, 2006); similarly, the caffeine
consumption could lower a risk of raised aminotransferases,
as well as its obviously hepatoprotective effect is to against
liver disease (Ruhl and Everhart, 2005). Caffeine is concer-
ned to be the purines, which acts as a psychostimulant in the
central nervous system. It means that its stimulant ability can
reduce the adenosine transmission in the different regions of
brain (Fisone et al., 2004), as well as it probably lowers the
sleeps and stimulate the heart muscle (Farah et al., 2006).
Caffeine also induce to a bronchodilation and a peripheral va-
sodilation that can be due to its positive inotropic effect lea-
ding to increasing the contractility and efficiency of the heart.
Moreover, it well stimulates digestion through promoting pe-
ristalsis, and which attains the diuretic effects on kidney
(Maughan and Griffin, 2003). It could synergistically com-
bine with phenylpropanolamine to be associated with severe
hypertension, stroke and myocardial infarction. Additionally,
the anti-fibrotic influences of coffee is controlled by lowering
growth factor and connective tissue one (Chen et al., 2014),
whereas tocopherols and chlorogenic acid in coffee showed
anti-oxidative activities.

Moreover, cafestol and kahweol in coffee are pentacyclic di-
terpene alcohols, increasing cholesterol level, but they can be
served as an anti-carcinogenic effect. Their amount contai-
ning in filtered coffee can be reduced but still maintain an
amount of chlorogenic acid and caffeine to probably provide
the maximum health benefit (Torres and Harrison, 2013).
Their bioactive derivatives can be salts or esters of saturated
and un-saturated fatty acids (~20.0%) (Chu, 2012); in parti-
cular, cafestol (0.2-0.6%, wt.) is a primary compound of un-
saponifiable fraction of coffee oil, while kahweol (less abun-
dant) is unstable to light, heat, oxygen, and acids . For acry-
lamide, it is found in coffee beans during the roasting process,
and its content in coffee has a significant difference, besides,
dietary acrylamide exposure in animal is higher than that in
human studies. These coffee diterpenes revealed as hepatop-
rotective and anti-carcinogenic properties in vitro; however,
these compounds are highly consumed, leading to elevating
levels of homocysteine and low-density lipoprotein in human
plasma that can indirectly induced to the cardiovascular dise-
ases’ risk (Chu, 2012). Therefore, coffee is served as non-
toxic and highly promising compounds to apply for beneficial
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health effects and various disease treatments based on an app-
ropriately utilized dose and each studying aim.

Health Effects and Various Disease Treatments
of Coffee

As mentioned above, coffee is one of the most widely used
beverages in the world. Roasted coffee accommodates chlo-
rogenic acids that is known as a major antioxidant in the diet
(Yanagimoto et al., 2004), whereas the diterpenes cafestol
and kahweol can obtain after boiling or un-filtering coffee .
With the concomitant existence of these components and ot-
her bioactive compounds containing in the coffee, the bene-
ficial health effects and various disease treatments of coffee
have been investigated as well (Grosso et al., 2017, Poole et
al., 2017), especially for cancer, diabetes, liver diseases, Alz-
heimer’s disease, and Parkinson’s disease. Among these di-
seases, an inverse relationship between the use of coffee and
liver cancer has long been recognized (Bravi et al., 2013,
Godos et al., 2017); however, its mechanisms regarding these
anti-carcinogenic influences have yet to be explained in de-
tail. They are induced from liver enzymes to probably lead to
cirrhosis and hepatocellular carcinoma; besides, the y-glu-
tamyltransferase of 2,494 male self-defense officials was
~30.0% lower in who drank coffee (> five cups/day) compa-
red to nondrinkers , at same time that the inverse relationship
between coffee and y-glutamyltransferase was limited and
stronger in alcohol drinkers. Also, chlorogenic acids and caf-
feic acids showed anti-oxidative effects in vitro (Iwai et al.,
2004), while caffeine while caffeine has been reported regar-
ding to its psychostimulant and positive short-term effects on
attention and mental condition (i.e., cognition and memory)
(Hameleers et al., 2000). From several researches, 3,5-icaffe-
oylquinic acid (family of chlorogenic acids) was utilized to
be a potent inhibitor of the human immunodeficiency virus
integrase , at same time that dicaffeoylquinic acids could be
used to investigate against influenza and herpes virus, as well
as regarded to other anti-bacterial properties (Antonio et al.,
2010). Besides, chlorogenic acids probably impacted to mo-
bility and replication of murine macrophages; anti-mutagenic
properties, inhibition of glucose-6-phosphatase in lowering
blood glucose and other mechanisms. Also, trigonelline has
recently been considered an anti-bacterial agent to be against
a cariogenic bacterium, i.e., Streptococcus mutants (Antonio
etal., 2010).

Liver Cancer and Liver Diseases

Liver cancer, as is known, is a common malignancy
worldwide, which can cause cancer deaths (Ferlay, 2004), es-
pecially for chronic infection with hepatitis B (HBV) or C
(HCV) viruses and alcohol consumption (Franceschi et al.,
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2006, Llovet et al., 2021). In general, coffee contains lots of
biologically active components, especially for anti-tumor ef-
fects, at same time that trigonelline has well impeded the can-
cer cells’ invasiveness in vitro (Hirakawa et al., 2005). Seve-
ral investigations were conducted on animal models indica-
ting that the direct use of coffee had the barring influences
against the chemical carcinogenesis in liver tissue; concomi-
tantly, several epidemiological investigations indicated on
the inverse relation between the effects of coffee and liver
cancer regarding serum liver enzyme activity, as well as the
inconsistent relation with the incidence of liver cirrhosis.

To further clarify this approach, Sang et al. conducted an in-
vestigation of prospective—cohort and case—control studies,
resulting that the use of coffee could relate to a reduced risk
of liver cancer; nevertheless, this should be treated with cau-
tion more (Sang et al., 2013). Whereas, Shimazu et al. carried
out an available data analysis of 2 cohort studies, including
22,404 people with the frequency consumption of coffee
(10,588 men and 11,816 women) and 38,703 people with ot-
her health habits (18,869 men and 19,834 women), who were
>40 years old and no previous history of cancer (Shimazu et
al., 2005). It manifested that the consumption of coffee signi-
ficantly contributed to a decreased incidence of liver cancer,
and which is truly need more investigations to elucidate the
role of coffee in prevention of liver cancer. Additionally,
Loftfield et al. also demonstrated that coffee has been consis-
tently involved to reducing risk of liver cancer and chronic
liver disease, which based on serum metabolites in case-cont-
rol studies of liver cancer (221 people) and fatal liver disease
(242 people) (Loftfield et al., 2020).

Moreover, hepatocellular carcinoma can be also added into
other digestive tract cancers regarding to beneficial health ef-
fects of coffee drinking has been suggested (i.e., oral-pharyn-
geal and oesophageal-colorectal cancers) (Tavani and La
Vecchia, 2004). The use of coffee has been suggested to re-
duce the risk for hepatocellular carcinoma; nonetheless, cont-
roversy exists about the exactly used dose. Bhurwal et al.
(Bhurwal et al., 2020) investigated the association of coffee
utilization and risk of hepatocellular carcinoma and/or liver
cancer (20 people, one cup/day), evaluating that the relations-
hip between the use of coffee with hepatocellular carcinoma
or liver cancer development along with the suitably used
amount of coffee to probably prevent hepatocellular carci-
noma or liver cancer. Also, more highly used doses of coffee
have better benefits in terms of risk reduction, but further bi-
ological and epidemiological investigations are truly neces-
sary to be required to demonstrate the exact mechanism and
determine specific subgroups (i.e., HBV- or HCV-related he-
patocellular carcinoma). Concomitantly, Freedman et al. also
examined the relationship between the use of coffee and liver

disease progression in individuals with advanced HCV-rela-
ted liver disease (766 people), suggesting that the regular uti-
lization of coffee related to lowering the disease progression
(Freedman et al., 2009). As such, coffee consumption pro-
bably reduced the fibrosis progression’s risk in HCV and
improved the interferon based anti-HCV therapy (Freedman
et al., 2011, Freedman et al., 2009), at same time that it also
protected against the hepatocellular carcinoma development
(Johnson et al., 2011). In other studies, 59 people with alco-
hol-related cirrhosis drank the coffee (> four cups/day), ma-
nifesting that it reached about five fold lower the risk of non-
coffee drinkers , as well as the use of coffee was also inver-
sely involved to the risk of cirrhosis death (Komorita et al.,
2020, Teramoto et al., 2021). Besides, a case-control study
(115 people) indicated an inverse relation between the use of
coffee and the risk of cirrhosis, especially for a favorable he-
alth effect of coffee on alcohol-related cirrhosis risk. This was
similar with another bigger study (274 people and 458 cont-
rols), which revealed a strong inverse relation between coffee
drinking and cirrhosis, meaning a relative risk of 0.16 for cof-
fee drinkers (> four cups/day) comparing to non-coffee drin-
kers.

In general, coffee contains lots of bioactive compounds that
probably reach beneficial health effects on the liver, which
probably based on their antioxidant and anti-inflammatory
properties, defense mechanisms, and angiogenesis inhibition
to favor the tumors’ growth with oxygen and nutrients (Bohn
et al., 2014). Also, the use of decaffeinated coffee in an ani-
mal model was able to decrease liver fibrosis, steatosis, and
inflammation (Vitaglione et al., 2010).

Non-Alcoholic Fatty Liver Diseases and Diabetes

For non-alcoholic fatty liver disease, it is a highly common
condition and signalized in the initial stages by hepatic stea-
tosis. In another word, this disease is originated from hepatic
fat accumulation (>5.0%), which is not due to excess alcohol
consumption or other established liver diseases (Friedman et
al., 2018). This disease is a phenomenon of alterations scaling
from simple hepatic steatosis to non-alcoholic steatohepatitis,
cirrhosis and hepatocellular carcinoma; besides, the liver bi-
opsy non-alcoholic steatohepatitis can be classified with the
degree of fibrosis, i.e., mild fibrosis, significant fibrosis, ad-
vanced fibrosis and cirrhosis. Some clinical meta-analysis in-
dicated that potentially bioactive compounds (i.e., vitamin,
silymarin, resveratrol, curcumin, etc.) exert positive influen-
ces on this disease that was probably attributed to their anti-
inflammatory or antioxidant properties (Vo et al., 2021a, b,
Vo et al.); nonetheless, it could be also significantly involved
to the differently used doses, formulation issues, or tested du-
ration.

349



350

Food Health 8(4), 344-358 (2022)

Among them, the consumption of coffee containing caffeine
could reduce lipid infiltration in the liver via anti-inflamma-
tory, anti-oxidation, and fatty acid metabolism-related mec-
hanisms. Also, the utilization of coffee can be beneficial in
treatment of non-alcoholic fatty liver disease based on a di-
rect effect on the liver and beneficial systemic metabolic inf-
luences. Needed, coffee has plenty of potentially bioactive
properties, i.e., anti-inflammatory, antioxidant, and anti-fib-
rotic properties, which reported a reverse relationship
between the coffee utilization and non-alcoholic steatohepa-
titis on base of a dose-dependent manner (Chen et al., 2014).
A daily used coffee drink (n=177, > two cups/day, ~6
months) was associated with significantly lower odds of liver
fibrosis (Modi et al., 2010), similarly with a non-alcoholic
steatohepatitis specific cohort (n=306, > two cups/day, 2 ye-
ars) (Molloy et al., 2012). At the same time, it revealed that
non-alcoholic fatty liver-associated patients (n=5,147) drank
the coffee liquid (> three cups/day, 7 years) resulting a lower
fibrosis score (Zelber-Sagi et al., 2015), and the coffee con-
sumption (> three cups/day) could also decrease the growing
hepatocellular carcinoma’s risk in 63,257 people (~44.0%)
(Johnson et al., 2011). In other studies, it manifested that caf-
feine decreased intrahepatic fat accumulation in rat models,
but they did not definite clearly its used dose based on animal
weight (Fang et al., 2019, Helal et al., 2018).

In addition to caffeine, coffee contains the other biochemical
compounds, and which are especially rich in polyphenols,
i.e., chlorogenic acids, was responsible for its beneficial he-
alth effects. Thereby, Velazquez et al. conducted an investi-
gation of green coffee extract and caffeine effects (5.00
mg/day) on hepatic lipids in female rat models with steatosis
(Velazquez et al., 2020). As a result, a low dose of caffeine
did not decrease hepatic steatosis in these rat models, but the
same used dose of green coffee extract led to lowering liver
triglyceride levels. Trovato et al. surveyed the drinking esp-
resso coffee in 161 obese women and 34 men after bariatric
surgery, which explained clearly in its beneficial health effect
(Trovato et al., 2013).

Theoretically, coffee is used to can protect the liver on base
of increased PPAR-a mediated fatty acid oxidation and pro-
tective antioxidants, and reduced collagen deposition
(Carvalhana et al., 2012), so the use of caffeine-contained
coffee significantly related to lower the hepatic fibrosis’ risk
in patients with non-alcoholic steatohepatitis. Molloy et al.
also surveyed 400 non-alcoholic fatty liver-associated pati-
ents, suggesting that greater use of coffee significantly redu-
ced risk of advanced fibrosis (Molloy et al., 2012). However,
the exactly used dose of coffee regarding the greatest risk re-
duction was not still clear. The case of 782 non-alcoholic
fatty liver-associated adults also showed a lowered risk for
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advanced non-alcoholic steatohepatitis through regularly
drank coffee, especially in patients with low levels of insulin
resistance (Bambha et al., 2014). Besides, the use of coffee
could protect against the development of metabolic syndrome
and non-alcoholic fatty liver disease conducted in experimen-
tal and clinical models (Yesil and Yilmaz, 2013) (i.e., 3 ani-
mal studies and 11 epidemiological and clinical studies). The-
reby, the health effects of coffee on liver disease are multiple
factors, as well as which is truly necessary to elucidate furt-
her, especially for the use of filtered unsweetened coffee was
be able to be a rational extension to diet and exercise in the
fatty liver-associated patients (Chen et al., 2014, Yesil and
Yilmaz, 2013).

More interestingly, caffeine could lower the gene expression
of the transcription factors Sterol regulatory element-binding
protein 1c and 2 in HepG2 cells regarding to the combination
of cholesterol and triglycerides in the liver (Quan et al.,
2013), which was able to cause the reduction of 3-hydroxy 3-
methylglutaryl CoA reductase and low-density lipoprotein
receptor in an appropriately used dose. In another study, the
utilization of caffeine could improve liver damage induced by
a high-fat diet in animal models (Helal et al., 2018), which
was evaluated on base of alanine/aspartate aminotransferase,
albumin, bilirubin, triglycerides and cholesterol. As result, it
showed that the use of caffeine lowered elevated serum levels
of alanine/aspartate aminotransferase, bilirubin/hepatic
mRNA expression of fatty acid synthase and acetyl CoA car-
boxylase. Furthermore, the use of coffee also impacted to an
improvement of insulin sensitivity (Bohn et al., 2014) and
lowered risks of metabolic syndrome and type 2 diabetes
(Tunnicliffe and Shearer, 2008). Diabetes is considered as an
auto-inflammatory syndrome with plenty of possible disor-
ders, i.e., insulin resistance, hyperglycemia, dyslipidemia,
impaired P-cell functioning and insulin secretion (Bosun-
Arije et al., 2020, Hussain and Chowdhury, 2019), which
also accelerates liver fibrosis and inflammation. Generally,
the traditional anti-diabetic agents probably induce several
potentially adverse occurrences (Bosun-Arije et al., 2020,
Hussain and Chowdhury, 2019), at same time that there are
also some natural anti-inflammatory agents with anti-diabetic
effects to be able to against type 2 diabetes (Akash et al.,
2013), and their limitations in short biological half-life
(Akash et al., 2012). Besides, coffee can be well used to pro-
tect liver cancer through improving the insulin sensitivity as
well as lowering the risk of diabetes (Tunnicliffe and Shearer,
2008). Recently, several researches have indicated a signifi-
cantly reduced risk of cardiovascular disease and type 2 dia-
betes in coffee drinkers (Ding et al., 2014). Specifically, some
biochemical components of coffee are able to ameliorate type
2 diabetes symptoms through impacting glucose regulation,
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i.e., the effects of chlorogenic acid on glucose-6-phosphatase,
the beneficial influences of caffeine on insulin secretion, and
the antioxidant activity of polyphenols on a-glucosidase
(Tuomilehto et al., 2004).

Neurodegenerative Diseases

Mitochondrial dysfunction and oxidative stress are conside-
red as prior occurrences in neurodegenerative diseases
(NDDs), i.e., Alzheimer’s disease (AD), Parkinson’s disease
(PD), and so on. In fact, mitochondria are essential factors in
cellular function grounded on their energy produced and their
major role in cell physiology. Also, neurons significantly re-
late to this energy production, so the mitochondrial dysfunc-
tion can induce deadly influences regarding to neuronal func-
tion and survival that are due to their high energy demand and
reduced glycolytic capacity. Especially, the use of coffee has
protectively affected in these NDDs through epidemiological
and clinical studies (Beghi et al., 2011), for example, the pro-
tective effects of aqueous coffee extract investigated effecti-
vely on amyloid-beta (Af) peptide toxicity in the AD (Dostal
etal., 2010).

More specifically, AD is known as the most typical dementia
on base of a gradual descent of cognitive functions and me-
mory deficiencies (Reitz and Mayeux, 2014), meaning that it
involves to extra-neuronal deposition of Af protein in the
formation of plaques and intra-neuronal aggregation of the
hyper-phosphorylated microtubule-associated protein tau in
the cortex, hippocampus and amygdala (Lloret et al., 2015).
Moreover, a neuro-inflammatory constituent regarded
strongly to the AD (Ikonomovic et al., 2008). In other words,
the presence of Af oligomers probably leads to microglia-
mediated neuro-inflammatory response, which can induce the
neuronal-loss and -toxicity (Pan et al., 2011). As such, mic-
roglia reactivity is occurred not only in the brain, but also in
the retinas of AD animal models (Ning et al., 2008), at same
time that activation is also considered as a consequence or a
cause of the AD. Thereby, interventions are suitably selected
to control the microglia reactivity that probably delay the AD
progression.

Interestingly, the use of caffeine can favor for reducing the
cognitive decline in AD patients and healthy subjects with
advanced age (Ritchie et al., 2007). This approach was also
investigated in AD animal models, which showed that the use
of caffeine could effectively reach in amelioration of cogni-
tive impairments and dementia (Arendash et al., 2009,
Eskelinen and Kivipelto, 2010), at same time that increased
caffeine amounts in the plasma could reduce levels of inflam-
matory cytokine in the hippocampus (Cao et al., 2009). No-
tably, caffeine was also used in a mouse model with AD-like

tau pathology reducing some oxidative stress and pro-inflam-
matory markers in the hippocampus, as well as which inter-
fered the spatial memory deficits’ development (Laurent et
al., 2014). Concomitantly, caffeine could be applied to well
protect against AD-associated blood-brain barrier dysfunc-
tion (Chen et al., 2010) and probably control an increase in
AD-associated inflammatory mediators (Farkas et al., 2003).

More notably, the use of caffeine significantly improved me-
mory deficits and reduced the expression of reactive oxygen
species, pro-inflammatory cytokines TNF, IL-1f, and further
granted anti-apoptotic effects (Ullah et al., 2015) in an animal
model with age-related central nervous system alterations; at
the same time, the caffeine actions were mediated through
A2aR blockade, indicating that this blockade based on phar-
macological features and genetic inactivation well provided
neuroprotection against AfS toxicity (Canas et al., 2009). As
such, these demonstrated the use of caffeine reached desired
and potential properties to apply for the AD treatment.

For the cased of PD, it is considered as the second most com-
mon NDD based on a progressive loss of dopaminergic neu-
rons with the Lewy bodies’ occurrence, which leads to appe-
aring resting tremor, muscular rigidity, bradykinesia and pos-
tural instability (Klockgether, 2004). Concomitantly, this PD
has been also coupled with oxidative stress and chronic ne-
uro-inflammation inducing the blood-brain barrier disrup-
tion, meaning that the brain can be susceptible to cause oxi-
dative stress because of the high oxygen consumption (Hald
and Lotharius, 2005). Notably, the oxidative stress could be
a main cause inducing the neuronal damage in the PD based
on postmortem human samples (Jenner and Olanow, 2006).
Moreover, plenty of currently epidemiological studies have
been also significantly investigated the use of caffeine to fa-
vor reducing risk of developing PD (Rodrigues et al., 2015).
For instance, the daily use of caffeine could attenuate microg-
lia reactivity and prevent the blood-brain barrier dysregula-
tion in the MPTP mouse model, which led to reducing dopa-
minergic neuronal loss (Chen et al., 2008). The caffeine also
probably depress the inflammatory procedure and microglial
cell expression in the later neurodegenerative processes sug-
gesting its ability to delay or arrest neuro-inflammation and
neurodegeneration (Chen et al., 2008); besides, the lowly
used doses of caffeine can invert functional motor deficien-
cies in the PD animal models probably involving to the A2AR
antagonism (Bata-Garcia et al., 2010). Furthermore, the long-
and short-term use of caffeine also impacted to acetylcholine
and its receptors in the brain, at same time that the acetylcho-
line response displayed no trend to tolerance (Acquas et al.,
2002). In case of long-term use of caffeine to mice, it indica-
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ted that it could increase the number of muscarinic and nico-
tinic receptors in the brain, as well as probably increased their
cholinergic function.

So far, the potential benefits and roles of coffee are attracting
interests in treatment of age-related NDDs. In particular, Fi-
sicaro et al. conducted the evaluation between various quan-
tities of used mocha coffee (two cups/day) and performance
of cognitive-mood in 300 non-demented patients with sub-
cortical ischemic vascular disease (Fisicaro et al., 2021), in-
dicating that daily use of mocha coffee involved to higher
cognitive-mood performance, similarly with a dose-response
association to probably identify the factors regarding vascular
dementia and geriatric depression. However, there are some
limitations occurred during this investigation, i.e., the drin-
king habit can become an effect of cognitive performance rat-
her than causally regarded (Arab et al., 2013). The caffeine
could significantly contribute to the evaluation, but the other
potential compounds contained in the coffee, i.e., flavonoids,
were missed and need further investigation. Besides, trigonel-
line could also recreate axons and dendrites in animal models,
which led to probably improving memory (Tohda et al.,
2005).

Coronavirus Disease 2019

As known, the first cases of coronavirus disease 2019
(COVID-19) were reported in Wuhan (China) at the end of
2019, which is as an infectious disease caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). Especi-
ally, handwashing (i.e., soap and water/warm water-based
handwashing, or alcohol-based hand sanitizers) and wearing
masks (i.e., cloth masks, medical masks, N95 respirators, and
surgical masks) are considered as one of the ways that can
prevent the influenza virus infection (Vo et al., 2020a, b). Pe-
ople in the world are now self-isolating at their homes, the
use of supplement products probably support enhancing the
immune system and prevent SARS-CoV-2 infection through
the daily diet, that may reduce the COVID-19 infection risk
and a recovery in SARS-CoV-2 infection cases (Vo et al.,
2021a, b, Vo et al.). Moreover, 1,3,7-trimethylxanthine is
known as the most common psychoactive drug worldwide,
which is used effectively on the tolerance to central hypovo-
lemia (Zores and Rebeaud, 2020) and the prevention of hy-
potension-related syncope (Pizzey et al., 2020), at same time
that the exposure to lower body negative pressure led to dec-
reasing significantly blood pressure was conducted in coffee-
used 13 patients, which contained caffeine and 1,3,7-tri-
methylxanthine. It means that syncope is caused by a decre-
ase in blood flow, especially from low blood pressure, so its
control can allow a better perfusion of the brain and a reduced
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risk of syncope. Interestingly, Belaroussi et al. performed a
pedagogic comparative investigation aiming to evaluate the
effect of active part (1,3,7-trimethylxanthine) contained in
the coffee for the treatment of 93 COVID-19 infected patients
(Belaroussi et al., 2020), meaning that this pedagogic inves-
tigation aimed to highlight potential biases in research on
COVID-19 treatment. However, this study cannot be still
concluded for any association between coffee or 1,3,7-tri-
methylxanthine and COVID-19.

Conclusion

In brief, coffee is one of the widely used beverages in the
world, which was also applied effectively for treating various
human diseases to assess correspondingly its beneficial he-
alth effects. For liver diseases, the health effect of coffee is
almost undoubtable on liver cancer risk, chronic liver disea-
ses, and etc., indicating that it is not only one specific benefit
to liver cancer, but also a favorable effect on a whole of liver
functions. Nonetheless, prospective mechanisms have not
still been determined in detail and need to be resolved further
in this approach. Coffee could also directly affect to the pat-
hogenesis of type 2 diabetes and non-alcoholic fatty liver di-
sease, revealing that the use of coffee imparted the advanta-
geous effects to stop the pathogenesis of these diseases. Be-
sides, this approach also needs to be concerned further to be
an alternate supplement along with other anti-diabetic agents,
while the effects of caffeine to neuro-inflammation is truly
important to be elucidated more. Interestingly, the biochemi-
cal compounds of coffee could also be known as a preventive
and therapeutic role in the neurodegenerative diseases, i.c.,
Alzheimer’s and Parkinson’s diseases. It means that these po-
tentially functional features have contributed to antioxidant,
anti-apoptotic, and etc.; concomitantly, the clinical studies
with long-term approach should be recommended more in the
future.
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Copyright Notice
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the exclusive right to publish the work. The CC BY 4.0
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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 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
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The corresponding author should ensure that all appropri-
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cluded on the paper and that all co-authors have seen and
approved the final version of the paper and have agreed to
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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 for the editor;

o 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 behaviour and revise policies, as re-
quired, to encourage responsible behaviour 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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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
ICMIJE 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.
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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 interests, 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.
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Manuscripts submitted to the journal will first go
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
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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
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ures, efc.), and tables in the one main text (word office
file).
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items must match exactly the corresponding entry in the
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quest this extension before the initial 15-day period
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