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Increased expression of GLUT4, catalase and nitric oxide by a
crystalised fraction from ethanolic extracts of oak leaf lettuce
and okra seed in C2C12 cell line
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ABSTRACT

The fractions obtained from low temperature-induced crystallisation of ethanolic extracts of green-
and red-oak leaf and okra seed were accounted for total polyphenol content and the DPPH antiox-
idant activity, resulting in 5.99, 4.44, and 12.35 mg gallic acid equivalent per g sample, and 0.45,
0.35, and 0.99 mg Trolox equivalent per g sample, respectively. Insulin resistance was the result
after incubating C2C12 skeletal muscle cells in high glucose DMEM for 20 h. Oxidative stress
and inflammation were triggered by re-incubating these resistant cells with insulin. The expression
of p-p38 MAPK and NF-kB proteins and the NF-B p65 transcription factor activity were enhanced.
Such inflammatory protein markers were reduced when the crystalised extracts replaced insulin.
Increased catalase activity and NO production were also determined for the incubations using the
crystalised extracts. It was suitable to include these vegetables in the daily diets of prediabetic
individuals for better management of the patient’s health status by increasing insulin sensitivity
and decreasing inflammation.

Keywords: NF-«kB p65 transcription factor, GLUT4, Catalase activity, Nitric oxide,
Polyphenols, DPPH antioxidant activity, Oak leaf lettuce, Okra seed, C2C12 cell
line
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Introduction

The effect on health promotion of vegetables consumed daily
has been demonstrated, usually leading to reductions of in-
flammatory mediators to the levels are not risk for chronic-
and degenerative diseases, such as type Il diabetes mellitus
(T2D), cardiovascular diseases, and neurodegenerative dis-
cases (Stanaway et al., 2022; Godos et al., 2020; Parasoglou
et al., 2017). More than 50% of the global deaths have been
attributable to these inflammation-related diseases (Furman
et al., 2019). Increased consumption of plant-derived flavo-
noids has improved cognitive function and decreasing risks
of age-related neurodegeneration because of intensely sup-
pressing TNF-a and C-reactive protein synthesis (Li et al.,
2023). Indeed, there are a variety of secondary metabolites in
edible plants that impart health-promoting as well as disease-
curing and preventing effects, commonly related to antioxi-
dant, anti-bacterial, anti-cancer, immune-modulating, and/or
anti-inflammatory activities (Zheng et al., 2019). However, a
plant cultivar has defined sets of secondary metabolites cor-
responding to plant genetics (Yang et al., 2018). For example,
similar phenolic components of green- and red-oak lettuce
cultivars have been reported. Apigenin, glucuronide, and di-
hydroxy-benzoic acid have solely been detected in the green
cultivar. In contrast, only luteolin, apigenin conjugates, cya-
nidin conjugates, and hydroxy-malonyl-hexoside have ex-
isted in the red cultivar (Viacava et al., 2017). The pod of
Abelmoschus esculentus (called okra) is an edible part of the
plant, containing ample proteins and fatty acids in the seed
(Sami et al., 2013), and mucilage polysaccharides, vitamins,
fibres, and minerals in the peel (Zim et al., 2021). In addition,
quercetin has been suggested as a major flavonoid in the
aqueous extract of okra pod, presenting anti-hyperglycemic
activity in the high-fat diet-streptozotocin rat model (Peter et
al., 2021). Besides, the mucilage-like substance obtained by
boiling okra pods in water has shown anti-diabetic and anti-
hyperlipidemic properties in alloxan-induced diabetic mice
(Zim et al., 2021). Altogether, the health-beneficial effects of
green- and red-oak leaf lettuces and okra seed might be more
diverse than expected, leading to an underestimation of their
nutritional values. In this research, biological effects concern-
ing anti-oxidation, anti-inflammation, and increased GLUT4
expression of crystallised compounds from ethanolic extracts
of green- and red-oak leaf and of okra seed were investigated
on C2C12 skeletal muscle cells in normal and high glucose
media. The acquired data would be adequately scientific and
useful for managing complications related to prediabetes due
to increased daily consumption of vegetables (Gaman et al.,
2020).

Materials and Methods

Preparation of Crystalized Extracts

Okra seeds and green- and red-oak leaves were collected
from the Faculty of Natural Resources, Prince of Songkla
University, Thailand. The plant materials were dried under
the sun to ~95% dryness and ground into fine powder using a
blender. Each 50 g was macerated in 150 mL of 95% ethanol
(Loba Chemie, India) overnight at room temperature. The su-
pernatant was separated by centrifugation at 6000 x g for 15
min. This was 1 cycle, and 3 cycles of the maceration were
carried out for a sample. The pooled supernatant of ~400 mL
was evaporated using a rotary evaporator at 45°C to obtain
viscous extract. This extract was cooled at 6°C overnight for
crystallisation induction. The formed crystals were carefully
separated, air-dried, and kept in an air-tight container at 6°C
until use.

Total Phenolic Content

The folin-Ciocalteu method was applied to determine the to-
tal phenolic content of samples (Peter et al., 2021). DMSO
(RCI Labscan™) was used as the sample solvent. Solution A
was prepared by mixing 2% Na,COs3, 2% CuSOs, and 4% so-
dium potassium tartrate at a 100:1:1 volume ratio. A sample
of 100 ul and 100 pl of solution A were mixed and incubated
for 5 min. Then, 50 pl of 0.5 M sodium hydroxide was added
and incubated for 10 min. Next, 200 pl of 1:1 diluted Folin-
Ciocalteu reagent (Loba Chemie) in water was added and in-
cubated for 30 min. The OD7sp was spectrophotometrically
measured using a microplate reader (Varioskan LUX, Ther-
maFisher, USA). Gallic acid (Sigma-Aldrich, Germany) was
used as a positive standard, and the concentration range of 0-
2 mg/mL was carried out to draw the standard curve. The to-
tal phenolic content of a sample was calculated and reported
as mg gallic acid equivalent per gram sample.

DPPH Antioxidant Assay

The antioxidant activity of a sample was accounted for by us-
ing a DPPH radical scavenging assay (Zim et al., 2021).
Briefly, a 100-pl sample solution was mixed with 0.9 mL of
0.1 mM DPPH reagent in methanol (Sigma-Aldrich) using a
vortex. A 100-ul DMSO was of a blank control. After incu-
bating for 30 min at 37°C and protected from light, the ODs7
was measured against the blank. Trolox (Sigma-Aldrich) was
used as a positive standard, and the concentration range of
0.05-0.2 mg/mL in methanol was performed to construct the
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standard curve. The DPPH antioxidant activity was calcu-
lated and reported as mg Trolox equivalent per gram sample.

C2C12 Cell Culture

C2C12 is a myoblast cell line from ATCC. The cells were
routinely grown in Dulbecco's Modified Eagle's Medium
(DMEM) supplemented with 10% fetal bovine serum and 1%
antibiotic and antimycotic (called normal medium) in a 5%
CO; incubator at 37°C. The cells were subcultured when their
growth approached 70% confluency. When specified, high-
glucose DMEM was used to replace the normal medium.
Chemicals and reagents used for the cell culture technique
were purchased from Gibco™ (ThermoFisher, USA).

Preparation of Test Solutions for Treating Cells

A stock solution of a test extract of 2 mg/mL in DMSO was
prepared. This sample stock solution was diluted to a final
concentration of 200 pg/mL in a suitable growth medium to
treat cells. Treatments were performed on ~80% confluent
cells by incubation with a test solution for 20 h at 37°C in a
CO; incubator. Insulin at a final concentration of 100 nM was
handled as the positive control. These treated cells were next
used in experiments including quantitative PCR (qPCR),
SDS-PAGE and Western blotting, and determinations of p65
transcription factor activity, catalase activity, and nitric oxide
(NO) production, as detailed in the following.

¢PCR

The total RNA of cells was extracted using Tri Reagent™ and
the RNA concentration was fluorometrically measured using
Qubit™ RNA Assay Kit (Invitrogen, USA). Procedures re-
lated to the kits were in accord with the manufacturers’ rec-
ommendations. First-strand cDNA was synthesised in a 25-
ul reaction containing 12.5 ul of SensiFAST ¢cDNA Synthesis
Master Mix (Meridian Bioscience, USA), 200 pmolar of ol-
igo(dT)2o primer, and 500 ng of the RNA template. The qPCR
of a sample was done in triplicate on the Magnetic Induction
Cycler (Mic qPCR) (Bio Molecular Systems, Australia) by
using qQRT-PCR Brilliant III SYBR Master Mix (Agilent, CA,
USA) and a pair of primers regarding inflammatory genes,
such as TNF-a, IL-6, and NF-«xB, and of GAPDH control
gene. The primers were of Origene™ with the codes
NM 013693, NM_031168, NM_008689, and NM_008084,
respectively. The set-up qPCR cycling was 5 min at 95°C,
followed by 40 cycles at 95°C for 30 sec and 60°C for 1 min
to acquire Ct data. Primer specificity was confirmed by doing
a dissociation curve analysis. For a sample, the Ct value of a

Research Article

test gene was normalised by that of GAPDH, and relative ex-
pression in fold change was reported by dividing the normal-
ised Ct of a treated sample by the untreated control.

Protein Electrophoresis and Western Blotting

Cells were lysed on ice using RIPA buffer (Sigma-Aldrich)
supplemented with protease inhibitor cocktail (Roche, USA)
and centrifuged at 11.000 x g for 15 min at 4°C to remove
cell debris. A lysate's protein concentration was quantitated
using the Pierce BCA Protein Assay Kit (ThermoFisher). An
equal amount of sample proteins was loaded on SDS-poly-
acrylamide gel for electrophoresis. The separated bands were
wet-transferred to the PVDF membrane (Amersham™) at
4°C overnight. The membrane was blocked in Tris-buffered
saline containing 0.1% Tween 20 for 2 h at room temperature
and probed with 1° antibodies (dilution 1:1000) against NF-
kB, p38 MAPK, p-p38 MAPK, GLUT4, or B-Actin protein
(Cell Signaling Technology, USA) at 4°C overnight. The
binding of the bound 1° antibodies to HRP-conjugated 2° an-
tibody (dilution 1:2000) (Santa Cruz Biotechnology, USA)
was carried out at room temperature for 2 h. An ECL reagents
kit (ThermoFisher) was used to generate the signal. Band vis-
ualisation was accomplished using Luminescent Image Ana-
lyzer (GE Healthcare, Sweden), and the bands’ density was
calculated using ImageQuant™ TL 10.2 analysis software.
Variation in the loaded protein concentration was compen-
sated by normalising the band density of a target protein to
that of GAPDH.

Preparation of Nuclear Extract

The NE-PER™ Nuclear and Cytoplasmic Extraction Rea-
gents (ThermoFisher) were utilised to separate nuclear ex-
tract from cultured cells. In brief, cells in suspension were
collected by centrifugation at 500xg for 5 min, washed by re-
suspending in PBS, transferred of ~5x10° cells to a 1.5-mL
microcentrifuge tube, and re-centrifuged again at 500xg for
2-3 min. The supernatant was discarded, and the cell pellet
was dried as much as possible in the air. Then, the CER 1
solution was added, mixed vigorously for 15 sec using a vor-
tex and incubated on ice for 10 min. Next, CER II solution
was added, mixed for 5 sec, and incubated on ice for 1 min.
After centrifugation at 16.000xg for 5 min, the supernatant
(the cytoplasmic extract) was separated and stored at -80°C
until use. The insoluble fraction in the tube’s bottom was re-
suspended in ice-cold NER solution and mixed for 15 sec for
every 10-minute incubation of the total 40 min incubation on
ice. The nuclear extract was acquired by centrifugation at
16.000xg for 10 min. The supernatant was immediately aspi-
rated, transferred to a clean pre-chilled tube, and stored at -
80°C until use.
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Assay of NF-xB p65 Transcription Factor Activity

RayBio® NF-kB p65 Transcription Factor Activity Assay
Kit (RayBiotech, USA) was recently used to determine active
p65 transcription factors in nuclear extracts. The kit was pro-
vided in a 96-well plate format. The wells were pre-coated
with double-stranded oligonucleotides containing NF-xB
binding sequence (5-GGGACTTTCC-3'). A sample of nu-
clear extracts was added to the well and incubated at 4°C
overnight before being removed. The primary antibody
against p65 was added and incubated for 2 h at room temper-
ature. Unbound antibodies were washed away. Then HRP-
conjugated secondary antibody was added, incubated for 1 h
at room temperature, and removed. The TMB substrate rea-
gent was added and incubated for colour development at
room temperature for 1 h. The stop-solution was added, and
the OD4so was immediately measured using a microplate
reader.

Nitric Oxide (NO) Assay

The principle for assaying NO of Sigma-Aldrich is based on
oxidising any present NO to be NO? (nitrite) and NO*(ni-
trate) using a Griess reagent. The reaction products are stable
and can be quantitatively measured at ODs40. The standard
curve can be constructed using accurate concentrations of
NO?* for the reaction. NO sample concentration was calcu-
lated concerning the standard curve and normalised by the
corresponding cells' total protein using Pierce BCA Protein
Assay Kit (ThermoFisher). The normalised NO concentration
of a test sample was compared with that of the control for
reporting the relative NO production.

Catalase Activity Assay

Recently, the determination of catalase activity in samples as
cell lysates was carried out by using the Catalase Colorimet-
ric Activity Kit (Invitrogen), according to the manufacturer’s
protocol. A cell lysate from adhered cells in a well was pre-
pared as follows. The cultured medium was removed, and the
cells were gently dislodged with a rubber policeman in 1x as-
say buffer. After centrifugation of the lysate at 10.000 x g for

15 min at 4°C, the supernatant was collected and used for as-
saying catalase activity immediately. Catalase standard, as
supplied in the kit, was used for constructing the standard
curve with a concentration range of 0-5 U/mL, where 1 U of
catalase stands for the decomposition of 1.0 umol H,O; in 1
min at 25°C, pH 7. Samples and catalase standard solutions
were separately incubated with mixed hydrogen peroxide re-
agent at room temperature for 30 min, followed by mixed
substrate reagent at room temperature for 15 min before
measuring the ODse0. Again, the catalase activity determined
for a sample was normalised with the corresponding sample
protein and compared with the normalised result of the un-
treated control for reporting the relative catalase activity.

Data Analysis

Each experiment was done in triplicate. Data were reported
as Mean = S.D. Differences between groups were evaluated
at p = 0.05 using the Student t-test or ANOVA with post hoc
test Bonferroni of the IBM SPSS software for multiple com-
parisons. Results were considered significantly different if p
values < 0.05.

Results and Discussion

Extraction Yields, Total Phenolic Content, and DPPH
Antioxidant Activity

Amorphous crystals of 3 g, 6 g, and 4.5 g were obtained by
extracting 50 g dried powder from okra seed, green-oak leaf,
and red-oak leaf with three times repeated 150-mL 95% eth-
anol. This resulted in a 6%, 12%, and 9% yield. All the ex-
tracts were sparingly soluble in ethanol and methanol but
freely dissolved in DMSO. Stock solutions of 2 mg/mL in
DMSO of the extracts were prepared and diluted in methanol
to examine total phenolic content (TPC) and DPPH antioxi-
dant activity using gallic acid and Trolox as the correspond-
ing standards, respectively. The extract from okra seed
showed TPC and antioxidant activity of about 2 times and 2.8
times greater than those of green and red leaf, respectively.
Moreover, the measured antioxidant activities corresponded
with the TPC values (Table 1).

Table 1 The values of TPC and DPPH antioxidant activity for the extracts of okra seed,
green-oak leaf and red-oak leaf

The extract origin TPC DPPH antioxidant activity
(mg gallic acid per g sample) (mg Trolox per g sample)

Green-oak leaf 5.99 +£0.22 *b 0.45 +0.02 4

Red-oak leaf 4.44 £0.06 *° 0.35 +0.05 ¢

Okra seed 12.35+£0.15° 0.99 +0.08 ¢

a and c, significant difference with p <0.05; b and d, significant difference with p <0.01
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Transcriptions of TNF-a, IL-6, and NF-xB Genes

The transcription of TNF-a and IL-6 genes seemed to be si-
lenced in the normal glucose medium because the folds ex-
pressed were less than 1 (Figure 1). Transcriptional silencing
of these genes was observed for all incubations whether using
insulin or the extracts of green- and red-oak leaf and of okra
seed. However, significant elevation of such gene transcrip-
tions was evident after treating the cells with insulin in the

high glucose medium (Figure 1a and b). For the NF-xB gene
transcription in normal glucose, incubations using green-oak
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leaf and okra seed extracts resulted in transcriptional activa-
tion of the gene, leading to the folds increased of > 1 (Figure
1¢). This gene transcription was not affected when challenged
with red-oak leaf extract and insulin (folds changed ~1). In
the high glucose medium, it was noted that the NF-xB tran-
scription was suppressed by green- and red-oak leaf extracts
but slightly activated by insulin. Likely, the effect of okra
seed extract on the NF-xB transcription in both the normal-
and the high-glucose media was equivalent and stimulatory,
indicating a 1.2-fold change.

*

*
Ins
k%

Ins
Ins

Symbols: p <0.05; **, p <0.01

Figure 1. Transcriptional expression in folds changed of genes TNF-a, IL-6, and NF-xB of C2C12 cells grown in normal- and high-
glucose DMEM determined by qPCR method; Insulin of 100 nM (Ins) or 200 pg/mL extracts from green-oak leaf (GO), red-
oak leaf (RO), or okra seed (OK) was independently incubated with the cells for 20 h before running the qPCR.
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Expression of GLUT4, p38 MAPK, p-p38 MAPK, and
NF-xB Proteins

Cells of C2C12 treated with 100 nM insulin or 200 pg/mL
extracts of green- and red-oak leaf and of okra seed were sub-
jected to SDS-PAGE and immunoblotting against NF-kB,
p38 MAPK, p-p38 MAPK, and GLUT4 proteins. Results are
shown in Figure 2. The expressed GLUT4 protein after insu-
lin challenge in the normal medium was higher than that af-
fected by other used extracts. However, such expression was
intensely suppressed by insulin in the high-glucose medium.
Lower levels of GLUT4 protein in normal glucose were de-
termined for the incubations using green- and red-oak leaf
and okra seed extracts compared to that using insulin. Of
note, the expression levels were increased while replacing the
normal medium with another the containing high glucose
(Figure 2c). The expressed ratio of p-p38 MAPK and p-38

MAPK proteins after incubations with green- and red-oak
leaf and insulin was not altered whether normal glucose or
high glucose medium was supplied (Figure 2d). Instead, such
the ratio was decreased after incubated with okra seed extract
using the high glucose medium compared to that of the nor-
mal one. The expressed levels of NF-kB in the normal me-
dium were arranged according to the treatments as red-oak
leaf < green-oak leaf < okra seed = insulin (Figure 2¢). When
changed to the high glucose medium, decreased expression
of NF-kB was examined for treatments using okra seed ex-
tract and insulin. However, a similar amount of this expressed
protein was indicated after incubation using green oak leaf
extract in either the normal or the high glucose medium. No-
tably, increased expression of NF-kB protein was apparent
for red-oak extract treatment in the high glucose culture.
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Figure 2. Expressions of GLUT4, p-38 MAPK, p-p38 MAPK, and NF-kB proteins determined by Western blotting method; C2C12
cells grown in normal- or high- glucose DMEM were incubated with 100 nM insulin (Ins) or 200 pg/mL extracts from green-
oak leaf (GO), red-oak leaf (RO), or okra seed (OK) for 20 h followed by SDS-PAGE of the cells grown in normal DMEM (a)
and those in high glucose DMEM (b); The density of protein bands was calculated by using ImageQuant™ TL 10.2 analysis
software and graphed for GLUT4 (c), the p-p38 MAPK/p-38 MAPK ratio (d), and NF-«B (e).
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NF-xB p65 Transcription Factor Activity

p65 is one of the five components that form the NF-xB tran-
scription factor family, which is present in most cells and me-
diates inflammatory responses through the NF-xB signalling
pathway (Zhang et al., 2020). In this research, the transcrip-
tional activity of p65 in C2C12 cells was investigated using
the kit as specified. Results are shown in Fig. 3. Increased p65
transcriptional activity was found in normal glucose after in-
cubation with green-oak leaf extract compared to that of okra
seed and red-oak leaf. Suppression of the activity was sug-
gested for insulin, whether using the normal or the high glu-
cose medium. Instead, reduction of the p65 activity was sig-
nificant after being treated with the extracts of okra seed and
green oak leaf in the high-glucose medium. However, slight
decreasing the activity was seen for the incubation using the
red oak extract.
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Figure 3.Relative p65 transcription factor activity: C2C12
cells grown in normal- or high- glucose DMEM were treated
with 100 nM insulin (Ins) or 200 pg/mL extracts from green-
oak leaf (GO), red-oak leaf (RO) or okra seed (OK) for 20 h

before the assay using nuclear extracts. The untreated cells

were of the control. Symbols: *, p < 0.05

NO Production

The production of NO by C2C12 cells grown in the normal
or the high glucose medium and treated with insulin or the
extract of either green- and red-oak leaf or okra seed was
measured using cell supernatants. Results are shown in Fig.
4. NO was actively produced by the cells after incubation
with okra seed extract, and the lower producing levels were
observed after incubation with green- and red-oak leaf ex-
tracts. Meanwhile, the effect of insulin on inducing NO pro-
duction was insignificant, whether in the normal or the high
glucose medium.
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Figure 4. Relative NO production: C2C12 cells grown in
normal- or high- glucose DMEM were treated with 100 nM
insulin (Ins) or 200 pg/mL extracts from green-oak leaf
(GO), red-oak leaf (RO), or okra seed (OK) for 20 h before
the assay using cell supernatants. The untreated cells were
of the control. Symbols: ** p < 0.01

Catalase Activity

Catalase is an enzyme found in nearly all living cells exposed
to oxygen and is important by protecting cells from oxidative
stress caused by reactive oxygen species (ROS). This en-
zyme, among others, has the highest turnover rate in convert-
ing millions of hydrogen peroxide molecules to water and ox-
ygen in a second. In Fig. 5, increased catalase activity was
found for the cells grown in the normal glucose medium and
after treatments using okra seed and green- and red-oak leaf
extracts. In comparison, less catalase activity was investi-
gated for the cells of insulin challenge. In high glucose cul-
tures, the enzyme activity decreased significantly when incu-
bated with insulin as well as red oak leaf extracts and okra
seed extracts. However, the activity disappeared after incuba-
tion using green oak leaf extract.

Fasting blood glucose is one of the criteria for diagnosing pre-
diabetes (also called insulin resistance), about which plasma
glucose reached in 2 h of an oral 75-g glucose challenge
ranges between 101 and 125 mg/dL (5.6-6.9 mM). Im-
portantly, about 50% of the diagnosed prediabetic individuals
have been noted to develop T2D within five years and are
also at a higher risk of developing other metabolic disorders
and cancers (Merz & Thurmond, 2020; Owei et al., 2019).
Lifestyle interventions through exercise and diet are the cur-
rent strategies that are potential to cure prediabetes, including
the fact that the co-administration of metformin has improved
insulin sensitivity conditions. However, using this drug for
prediabetes has not been ratified by the US FDA because it
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sounds ineffective compared to lifestyle interventions in ad-
dition to the drug’s side effects (Centers for Disease Control
and Prevention, 2017). The skeletal muscle is the largest or-
gan system of the body, essential for movements in daily life.
Over 80% of oral glucose uptake is absorbed and metabolised
to ATP by the muscle cells, corresponding to insulin’s func-
tion. Desensitisation to insulin of these cells impacts health
by increasing blood glucose concentrations, the preceding di-
abetes condition (Khan et al., 2019).
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Figure 5. Relative catalase activity: C2C12 cells grown in nor-

mal- or high- glucose DMEM were treated with 100 nM insulin

(Ins) or 200 pg/mL extracts from green-oak leaf (GO), red-oak

leaf (RO) or okra seed (OK) for 20 h before the assay using cell

lysates. The untreated cells were of the control. Symbols: *, p <
0.05; ** p <0.01

The glucose concentration of the recently used high glucose
DMEM has been mimicked to prediabetes's fasting blood
glucose level. This was used to desensitise the cultured
C2C12 cells to insulin to cause insulin resistance. Accord-
ingly, the responses of these insulin-resistant cells to all test
extracts in high glucose mediums would be different from
those of the insulin effects. Regarding some inflammatory
genes’ markers, depletion of TNF-a, IL-6, and NF-xB tran-
scriptions after incubation with green- and red-oak leaf ex-
tracts was greater than that of okra seed incubation (Figure
1). However, suppression of p-p38 MAPK, p-38 MAPK, and
NF-kB proteins was potential for okra seed extract compared
to those of green- and red-oak leaf samples (Figure 2d and e).
For insulin effects, the promotion of NF-B transcription was
suggested with decreased NF-B translation (Figure 2e). For
reliability, the NF-xB signal transduction was validated by
measuring NF-xB p65 transcription factor activity using a
specific reagent kit. The extracts of okra seed and green-oak
leaf, or even of red-oak leaf, were indicated to suppress the

p65 transcription factor activity, and these results were dif-
ferent from the impacts of insulin (Figure 3). As such, all of
the test extracts would mitigate inflammations as induced by
high glucose condition but not by insulin. The promotion of
GLUT4 expression was also determined after incubation with
the extracts, and the highest protein expression was suggested
for the red-oak leaf sample. Again, reduction of the expressed
GLUT4 protein was significantly observed for insulin sup-
plement in the high glucose medium (Figure 2c). It was cer-
tain that the extracts of green- and red-oak leaf and of okra
seed had the potential for improvement of prediabetic condi-
tions due to increasing insulin sensitivity and glucose uptake
(Bird and Hawley, 2017).

Hyperosmotic stress of C2C12 cells possibly happened while
grown in the high glucose medium, leading to water efflux
and cell shrinking. Although oxidative and osmotic stress dif-
fer significantly, responses to these stresses by the affected
cells have overlapped (Gayathri et al., 2023; Mager et al.,
2000). There was a rationale to monitor transcriptional and
translational extents associated with inflammations of C2C12
cells after being cultured in iso-osmotic or hyper-osmotic me-
dium recently. In general, cells have defence mechanisms to
mitigate stresses and inflammations. NO production and dis-
sipation are parts of biological processes identified to date for
stabilising normal cellular oxidative stress. However, de-
pending on its location and concentration, NO has been sug-
gested to elicit pro-inflammatory or anti-inflammatory ef-
fects. For instance, localised suppression of NO has been in-
flammatory by increasing pleural exudate volumes, leukocyte
counts, and activities of enzymes related to oxidative stress
of rats with carrageenan-induced acute inflammation. How-
ever, these signs have been dissipated by supplementing NO
locally (Iwata et al., 2020). This project suggested increased
NO production by C2C12 cells after incubation with green-
oak leaf, red-oak leaf, and okra seed extracts by two, three,
and four times, respectively. For insulin-challenged cells,
however, very little NO was produced. It was noted that
trends of NO production for the cells in the normal- and the
high- glucose media were not very varied (Figure 4). Conse-
quently, all test extracts were supposed to be great in resolv-
ing oxidative stress and inflammation in the high glucose me-
dium compared to insulin, which might be associated with the
existing antioxidant activities (Table 1) and the ability to in-
duce NO production (Figure 4).

Catalase deficiency and malfunctioning have been etiological
factors of age-associated degenerative diseases, including
T2D (Nandi et al., 2019). A strategy has been proposed to
mitigate these diseases using catalase enzymes in food sup-
plement forms (Chandrasekaran et al., 2017). In the present
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project, C2C12 cells grown in the normal medium were stim-
ulated to produce catalase after incubations using the extracts
from green-oak leaf, red-oak leaf, and okra seed. However,
less induction of the enzyme by these extracts was found for
the cells in the high glucose medium. The potential of insulin
to induce catalase production was much inferior to the ex-
tracts (Fig. 5). Although increased catalase expression was li-
able for C2C12 cells treated with the extracts, mechanisms at
molecular levels are further explored.

Conclusion

In summary, the phenolic fractions obtained by cool-induced
crystallisation of ethanolic extracts from green- and red-oak
leaf and okra seed were determined to present DPPH-radical
scavenging activity in a dose-dependent response. Cells of
the skeletal muscle cell line, C2C12, were insulin-resistant
after being cultured in high glucose DMEM for 20 h. Inflam-
mations were indicated to increase by repeat incubation of
these resistant cells with insulin, leading to increased expres-
sion of p-p38 MAPK and NF-kB proteins and NF-xB p65
transcription factor activity. Instead, using all of the extracts
for the incubation seemed beneficial, as the activations of
such inflammatory proteins and the transcription factor were
diminished. Besides, increased catalase activity and NO pro-
duction were apparent by incubations using the extracts. Con-
sequently, these three vegetables might be helpful when in-
cluded in the daily diets of prediabetic individuals for increas-
ing insulin sensitivity and reducing oxidative stress and in-
flammation.
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Introduction

Brassicaceae or Cruciferae is a family of vegetables in diets
and is well known for its health-promoting compounds. Pos-
itive health effects of Cruciferae are mainly attributed to their
high content of phenolic compounds (57.3-230 mg gallic acid
equivalence (GAE)/100g) (Ramos dos Reis et al., 2015;
Lafarga et al., 2018). Cauliflower (Brassica oleracea L. var.
botrytis) and broccoli (Brassica oleracea L. var. italica) are
the most frequently consumed species of Cruciferae, pro-
duced over 25 million tons worldwide (FAOSTAT, 2021).
While the most predominant phenolic compounds present in
cauliflower are protocatechuic acid, quercetin, pyrogallol, va-
nillic acid, coumaric acid, and kaempferol, other identified
phenolic compounds in cauliflower include phenolic acids
(gallic acid, 4- amino benzoic, stolleuropein, reversterol, caf-
fein, catechol, alpha-coumaric acid, coumarin, 3-OH-tyrosol,
chlorogenic, rosmarinic, caffeic, syringic acid, cinnamic acid,
and sinapic acid), flavonoids (naringin, naringenin, 7-hy-
droxy flavonoid, rutin, quercetrin, apigenin, hespertin, his-
perdin, rosmarinic acid, catechin ) (Ramos dos Reis et al.,
2015; Ahmed & Ali, 2013; Ali, 2015; Gratacés-Cubarsi et
al., 2010).

Various kinds of cooking techniques could be evaluated
based on their different heat transfer mechanism, such as boil-
ing, frying, stir-frying, steaming, baking, sous-vide (SV),
grilling, air-frying, and microwaving (MW) to increase the
palatability and taste of vegetables and the retention of heat-
labile compounds. Heat transfer mechanisms in these tech-
niques depend on the design of the heating cabinet, food sur-
face, contact material type, and fluid medium used (air, oil,
water, steam). Cooking may positively or negatively affect
total phenolic content (TPC) (Sharma et al., 2015). Some
studies support that the TPC of vegetables decreases during
boiling, steaming, baking, MW, and SV due to high temper-
atures (Ramos dos Reis et al., 2015; Lafarga et al., 2018;
Sharma et al., 2015; Cubukgu et al., 2019). On the other hand,
an increase in the TPC of freeze-dried vegetables has been
observed in some studies due to comparing dry basis (d.b.)
values (Turkmen et al., 2005; Girgin & El, 2015; Van Boekel,
2001; Cartea et al., 2011). In freeze drying, problems associ-
ated with high moisture content during solid mass extraction
are reduced. Therefore, the variation in sample weight arising
from differences in moisture content is eliminated (Maillard
et al., 1996).

This study is a more comprehensive study on cauliflower
concerning cooking techniques compared to previous studies
mainly focusing on broccoli (Ramos dos Reis et al., 2015;
Lafarga et al., 2018; Girgin & El, 2015; Engel et al., 2002;
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Wieczorek et al., 2018). The primary purpose of this study
was to investigate the effects of cooking methods (frying, stir-
frying, grilling, air-frying, boiling, steaming, baking and
sous-vide, and microwaving) at various time and temperature
conditions on TPC and sensory profile (appearance, odour,
taste, and texture) of cauliflower, and to find the best cooking
method accordingly.

Materials and Methods

Approximately 7 kg of cauliflower (Brassica oleracea L. var
botrytis) samples were purchased from local markets in Istan-
bul, Turkey, during September-October 2022. Samples were
prepared in the same bite-sized pieces (inflorescences, 5 cm)
to eliminate the enzymatic depletion of phenolic compounds
due to cutting and slicing (Cartea et al., 2011). The mixed
pieces were washed, wiped, and then divided into 200 g por-
tions for processing.

Each of the cooked and raw samples was blended separately
(Blendtec Classis 575, USA), then frozen immediately in al-
uminium bowls at -18°C and freeze-dried at -80°C, below 0.1
mbar for five days (Teknosem TOROS 4/4 DS, Istanbul, Tur-
key) and ground (IKA A11, China) and stored at -18°C until
analysis. Therefore, extraction problems due to high moisture
contents were eliminated, as defined by Maillard et al. (1996).
Moisture loss was calculated by taking the weight into ac-
count.

Cooking Treatments

The cooking techniques and time-temperature parameters,
given in Table 1, are determined in preliminary studies that
acceptable palatability (bitable firmness and no burnt surface)
has been obtained. The same portions (200 g) of cauliflower
samples were:

(1) Boiled in 2 L drinking water (B8 and B10).

(2) Steamed 2 L of tap water (S10 and S12). The samples
were suspended on a sieve with a lid above the boiling
water level.

(3) Stir-fried in Teflon wok panes using 150 mL sunflower
oil (F45 and F65).

(4) Baked using two preheated conventional ovens (Unox
Cheftop Plus Combi Oven, Italy) (020-150, O25-150,
020-180, and 025-180).

(5) Sous-vide (SV) cooked in preheated 4 L of tap water by
a sous-vide cooker (Proficook pc-sv 1126, Germany)

with a vacuum pump (Henkelman Mini Jumbo, Ger-
many) (SV60 and SV70).
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(6) Microwave-cooked (MW) using a microwave oven (Ar-
celik, MD823, Turkey) and sealed microwavable steam
cooking bags (Koroplast).

(7) Air-fried (AF) by coating samples with sunflower oil in
an air-fryer pan (Mi Smart Air Fryer 3.5 L, MAFO02,
China). At the 8" minute of each cooking, the air-fryer
pan was shaken for 10-20 seconds to turn samples upside
down.

Determination of TPC

Six grams of ground sample and 20 mL of 80% aqueous
methanol (LC Grade) were added into a 50 mL Falcon cen-
trifuge tube. The mixture was homogenised using an ultra-
sonic homogeniser (Banderin Sonopuls GM 2200.2) at room
temperature and then centrifuged (Cryste Varispin 12R) at
10.000 x g at four °C for 20 minutes. After three extraction
steps, supernatants were pooled in 50 mL centrifuge tubes
and completed with 80% aqueous methanol to 50 mL in a
volumetric flask and stored at -20°C. TPC was determined by
the Folin-Ciocalteu method (Ainsworth & Gillespie, 2007)
using Folin-Ciocalteu reagent (Sigma-Aldrich), sodium car-
bonate (ISOLAB Laborgerate GmbH), gallic acid (Bio Basic)
and microplate spectrophotometer (Thermo Scientific Mul-
tiskan SkyHigh). The results were reported as mg GAE/100
mg d.b.

Sensory Analysis

The sensory evaluation was performed by 15 semi-trained
panellists (20-65 age) using sensorial attributes based on pre-
vious studies (Engel et al.,2002; Poelman & Delahunty,
2013) with modifications made according to the sensory
panel results. Sensory analysis was conducted on five se-
lected cooking methods, and the time-temperature combina-
tion resulted in relatively higher TPC values. MW and AF
samples were excluded because they had significantly low
TPC values (B8, S12, F45, 020-180, and SV70). About 20 g
of floret with a stalk from each sample were placed on poly-
styrene tables, identified with random 3-digit numbers, and
evaluated by a 9-point hedonic scale in an air-conditioned
room (21 +1°C) under white light. The odour of samples was
described by odour impact, green odour, cooked cauliflower
odour, and sulfur odour; appearance by uneven colour, stalk
colour, floret colour, and moistness; taste by taste impact,
green taste, cooked cauliflower taste, sweetness, bitterness,
and sulfur taste, texture by firmness, moistness, chewing re-
sistance, cohesiveness; finally general acceptability.
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Statistical Analysis

The averages and standard deviations were calculated from
three measurements of the duplicate samples using Excel
software (Microsoft Corporation, Redmond, WA, USA).
One-way ANOVA and a post hoc Tukey test with a confi-
dence interval of 95% were used to evaluate the statistical
differences (Minitab® 16 Statistical Software, Minitab Inc.
State College, Pennsylvania, USA). Correlation analyses
were performed using Pearson’s correlation coefficient (r)
(Excel 2016, Microsoft, Troy, NY).

Results and Discussion

Boiling and steaming processes increased the moisture con-
tent, which is expected. On the other hand, other processes
decreased when partial steam escaped (Table 1). Stir-fried
samples had the lowest moisture content. Moisture affected
the appearance of the final cooked cauliflower (Figure 1).

TPC Evaluation

TPC of the processed samples (169.4-637.3 mg GAE/100g
d.b.) were significantly higher than those of the raw samples
(147.7-224.0 mg GAE/100g d.b., 0=0.05) where TPC (mg
GAE /100 g+ SD) and % TPC increase of processed samples
were given in Table 1 and Figure S1, which is inconsistent
with the previous observations by Turkmen et al. (2005).
Higher temperature applications significantly worsen this rise
(020-180, S12, and BS, 0=0.05). The effect of higher tem-
perature on TPC content could be explained by the cleavage
of bound phenolic compounds: the degradation of the cell
wall of the cauliflower and disruption of phenol-protein com-
plexes, which resulted in the release of phenolic compounds,
leading to a better extraction (Shahidi & Yeo, 2016). The
Maillard reaction at high temperatures may also contribute to
the production of some compounds, including phenolic com-
pounds (Sharma et al., 2015; Maillard et al., 1996; Alves et
al., 2021). It was declared that above 80°C, isomerisation and
degradation reactions of sugar start to become appreciable,
which is the initial stage of Maillard reactions (Van Boekel,
2001). Then, the amino group is regenerated, and brown pig-
ments are formed at the intermediate and final stages. In our
study, the inner temperature of processed samples was be-
tween 65-87°C, which increased TPC. Application of SV70
cooking showed a significant increase in TPC. On the other
hand, no significant change in TPC was observed when SV60
was applied because the sample's inner temperature was
probably lower than 60°C, which is not enough for the reac-
tions (Table 1, a=0.05). Because samples were packed during
SV cooking for 60 minutes, the inner temperature could not
be measured accurately at the end of the process.
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Figure 1. Picture of cooked (top) (B8; F45; S12; 020-180; SV70 from left to right, respectively) and raw
(bottom) cauliflowers (B8, boiling for 8 min; F45, stir-frying for 4.5 min, S12, steaming for 12

Table 1. Moisture content (%), TPC of cauliflower (mg GAE / 100 g + SD), and % TPC increase of processed samples (% + SD*)

Conventional Sample Moisture Final . % TPC TPC Rapid high-tech Sample Moisture Final % TPC increase, TPC
Techniques codes Cor;tent, Tnmner mcorease, db. (mg GAE/100 g Techniques codes Cm;tent, T(inner db. (%, ~SD) (mg GAE/100 g
% C (%, £SD) +SD) % C +SD)
Raw sample 93.2 - - 224.0 £5.5a Raw sample 91.6 - 147.7 £2.1*
Oven baking Microwave
20 min — 150°C 020-150 88.3 70 1122179 475.2 +4.0° 250 W — 8 min MW250-8 91.4 85 120.5+8.620< 325.7 £12.7°
25 min — 150°C 025-150 87.1 76 107.0+£0.53<¢ 463.5+1.2° 250 W —10 min MW250-10 90.3 81 54.4+3.71° 228.1 £5.5¢
20 min — 180°C 020-180 88.8 71 155.0+1.05% 571,0 £2.4° 350 W — 6 min MW350-6 90.5 80 47.7+1.32¢F 218.2£1.9¢
25 min — 180°C 025-180 81.1 76 105.4+8.05%¢ 459.8 +18.0° 350 W — 8 min MW350-8 90.5 75 57.9+13.12¢f 2332 +£19.4¢
500 W — 5 min MW500-5 90.7 85 118.6+4.23b<d 322.9 +6.2°
Steaming 500 W — 6 min MW500-6 90.0 81 105.4+11.57«¢ 303.4 £17.1°
10 min S10 922 86 117.6+1.95%d 487.3 +4.4° 700 W — 3 min MW700-3 90.4 81 59.2+8.18°" 235.1£12.1°
12 min S12 91.4 87 164.3+28.7* 591.8 +64.3° 700 W — 5 min MW700-5 89.9 70 56.0+3.99¢f 230,4 +5.9¢
Boiling** Air-frying
8 min B8 93.4 75 133.4£13.26™ 522.7 +29.7° 150°C — 10 min AF150-10 81.8 71 22.9+11.57% 181.5£17.1°
10 min B10 94.1 85 56.8+5.37° 351.2 £12,0° 150°C — 15 min AF150-15 77.1 78 40.1+2.87" 206.9 +4.2°
180°C — 10 min AF180-10 77.5 80 37.1+1.16% 202.5 +1.7°
Stir-frying*** 180°C — 15 min AF180-15 74.2 65 52.5+1.48° 225.3 £2.2%
4.5 min F45 79.3 83 55.2+6.42¢° 347.7 +4,4°
6.5 min F65 75.3 86 46.5+29.0¢F 328.1 £64,9°
Sous-vide
60°C - 60 min SV60 91.6 - 1.4+0.79¢ 227.0 +1.8°
70°C - 60 min SV70 92.5 - 87.9+8.79% 420.8 £9.7°

*SD, standard deviation; p < 0.05
** Total phenolic contents (TPC) of boiling water were 0.90 and 0.79 mg Gallic acid equivalents (GAE)/mL dry basis (d.b.) for 8 and 10 min, respectively
*** The temperature of the oil was approximately 180°C

****Tner, cauliflower's centre temperature at the process's end
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TPC increase of 10-minute boiled samples was significantly
less than steamed ones due to the leaching of phenolics into
water (0.90-0.79 mg GAE/mL), which can be explained by
osmosis and water solubility of phenolic compounds (Table
1, 0=0.05). In addition, the loss of TPC was significantly
higher when processing time in boiling was increased
(0=0.05). Significant losses of bioactive compounds due to
boiling cauliflower were observed in contrast to steaming in
literature (Girgin & El, 2015). Despite high-temperature ap-
plication, a significantly lower increase in TPC was observed
in stir-frying and air-frying. This can be explained by higher
water loss during cooking and, consequently, heat and mass
transfer mechanism due to the impact of water content on the
thermophysical properties of foods (density, specific heat, en-
thalpy, thermal conductivity, and thermal diffusivity). The
specific heat of high-moisture foods is primarily dominated
by water content (Sahin & Sumnu, 2006a). Air-frying uses a
combination of radiation, conduction, and convection heat
transfer mechanisms and a narrow cooking chamber, creating
a very intense heat transfer medium, which results in more
rapid drying than baking. During stir-frying, as soon as the
cauliflower is placed in the pan, it encounters both the high
heat from the pan through heat conduction and the oil, which
is at a much higher temperature than the boiling point of wa-
ter. Steam, generated into the food pores, moves further and
out into the oil. As a result, outward steam pressure prevents
oil uptake and increases moisture loss simultaneously. This
mechanism explains why the stir-fried samples had the low-
est moisture content (Chen et al., 2021).

Heat
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food | ____ o
Steam
Heat
T Hot
Baked/Air fryed -
food  [TTTT— — ar
Steam
Heat
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food i sy , Ol
Steam
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The TPC of the samples was also increased in MW and AF
samples; however, not as much as in baking and steaming
(0=0.05). This phenomenon might be due to the rapid drying
on the sample's surface during AF, which leads to low ther-
mal diffusivity and lowers the Maillard reaction rate (Van
Boekel, 2001).

Heat transfer direction in MW is opposite of that in conven-
tional cooking (Araszkiewicz et al., 2007) (Figure 2). In con-
ventional heating, a hard, heat-resistant surface layer reduces
heat transfer and mass transfer of the water in the centre
through the surface, requiring longer cooking time. However,
in MW, the food material absorbs MW energy. It converts
MW energy into the heat generated throughout the product at
a rate that depends on the water content of food related to its
dielectric properties (¢’, €”’) (Sahin & Sumnu, 2006b). As a
result, the highest temperature is observed at the centre of the
food rather than the surface, and the core and base tempera-
tures drop due to the rapid evaporation of the water
(Araszkiewicz et al., 2007). Because the rate of microwave
drying is much faster than traditional hot air drying, which is
highest at the beginning of the process, rapid drying lowers
the rate of Maillard reaction, as described above.

When we examine the effects of MW parameters, lower
power and lower process time (250 W—S8 min and 500 W—
5 min) seem better for microwave-cooking vegetables, result-
ing in a significantly higher increase of TPC (¢=0.05) com-
pared to other techniques.

Finally, O20-180 and S12 were the best cooking techniques
for TPC in cauliflower samples.

Heat
Steamed Steam
Food | X
Steam
Heat
Boiled — Hot
food [ SN——— —+ Water
Hydrophilic
compounds
Heat
: Hot
Sous-vide cooked water

food

Figure 2 Schematic representation of the heat and mass transfer mechanism of different cooking methods (Araszkiewicz et
al., 2007) where the heat transfer direction in microwaved cooking and conventional cooking is opposite
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Sensory Analysis

The cooking method affected the samples' appearance, odour,
taste, and texture, and these attributes are shown in Figure 3
and Table S1-S5. Both odour impact and cooked cauliflower
odour were highest in BS. Similarly, Araya et al. (2009) com-
pared the quality criteria and sensory perception of raw, high-
pressure processed, sous-vide cooked, and boiled carrots.
They reported that the highest cooked taste and odour impact
was obtained in boiled carrots. However, no statistical differ-
ence (p > 0.05) in odour impact between B8 and F45 existed.
Statistical difference in CCO between B8 and S12 was also
not observed. There was a high correlation between odour
impact and CCO (1r=0.89), which can be interpreted as the
CCO being much more effective than the green odour in the
overall odour of the samples. Application of SV resulted in
the highest green odour and the lowest CCO. The cellular
microstructure of samples obtained by cryo-SEM has shown
that SV causes less tissue damage than boiling (Araya et al.,
2009). A sulfur odour was found in the O20-180 and F45
samples, with fried samples having the highest score. Com-
pounds such as dimethyl disulfide and trisulfide, minor vola-
tile breakdown products arising from S-methylcysteine sul-
foxide, cause sulfur odour at a significant level in processes
such as frying and baking, where the water content decreases
significantly (Kubec et al., 1998; Marcinkowska & Helen,
2022).

A very high level of uniform colour was observed in BS, S12,
and SV70, with B8 being the highest. However, occasional
brown spots were observed in 020-180 and F45; thus, the
score for uniform colour was lower. Therefore, O20-180 and
F45 were also selected as the darkest colour due to Maillard
reactions at high temperatures (p > 0.05). Navajas-Porras et
al. (2022) applied various cooking processes to different
foods, including cauliflower, and observed an increase in
Maillard reaction products with frying and baking. As ex-
pected, according to the water loss, the B8 had the moistest
appearance, while the 020-180 had the driest appearance (p
> (0.05). The lowest moisture content was observed in F45,
which 020-180 follows. The discrepancy between moisture
values and sensorial perceived moistness may be due to the
oiliness of F45, masking the dryness of the sample by coating
the mouth and oil droplets on the sample.

The most intense and the highest cooked cauliflower taste
was found in F45 and S12 (p > 0.05). The lower taste impact
of B8, 020-180, and SV70 coincided with less intense
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cooked vegetable notes. The green taste of 020-180 and
SV70 was also intense. Both bitterness and sweetness had the
lowest score in B8 due to the transition of soluble sugars and
glucosinolates to boiling water. S12 and 020-180 were the
most bitter samples (p > 0.05). TPC was also highest for S12
and 020-180 and lowest for B8, proving that TPC highly af-
fected the bitterness. Previous studies have also reported that
the increase in bitterness is due to the glucosinate level in cau-
liflowers (Engel et al., 2002; Wieczorek et al., 2022). In a
survey of Brussels sprouts, high concentrations of sinigrin
and progoitrin were associated with consumer rejection and
poor taste (Van Doorn et al., 1998; Wieczorek et al., 2022).
In turnip, it was also observed that the higher the glucosin-
olate level, the higher the bitterness (Nor et al., 2020). There
was no difference in sweetness scores of S12, F45, 020-180,
and SV70 (p > 0.05). Although sulfur taste (2.60 for F45 and
2.00 for O20-180) was rated lower than sulfur odour (4.33 for
F45, 3.47 for 020-180), both were higher in samples F45 and
020-180 than in the other samples.

020-180 and SV70 were very firm, resistant to chewing, and
cohesive, meaning that the samples break down into small
particles in the mouth that do not combine with saliva and are
difficult to swallow. Similar results were observed in B8,
S12, and F45 regarding firmness, chewing resistance, and co-
hesiveness, making them easier to eat.

The general acceptability of the samples prepared was highly
affected by cooking methods, as were other sensorial attrib-
utes. The highest acceptability value was observed in S12,
whereas the lowest was in 020-180 and SV70. Bitterness and
sulfur odour/taste did not affect the general acceptance. How-
ever, it should be noted that sulfur odour was generally not
high in most of the samples. Green taste notes were higher in
samples with high firmness and chewing resistance, as well
as low cohesiveness and general acceptability. Panellists
highly rated samples with high CCO/taste and taste impact
with a moist appearance for general acceptability.
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Figure 3. The effect of cooking methods on sensorial properties of cauliflowers (B8, Boiling for 8 min; F45, Stir-frying for
4.5 min, S12, Steaming for 12 min, O20-180, Oven cooking at 180°C for 20 min, SV70, Sous-vide cooking at 70°C)
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Conclusions

The highest TPCs were observed in the 020-180 and S12
samples. On the other hand, steamed cauliflower was the
most acceptable sample in terms of sensory properties such
as higher moistness, chewability, intense and high CCO, and
taste. As a heating medium, the change in water amount dur-
ing cooking treatment was critical for effective heat transfer,
sensory properties, and TPC content due to Maillard reactions
and the release of bound phenolics by cell wall disruption. In
further studies, the changes in certain dominant phenolic
compounds and their derivatives of samples could be deter-
mined by more sensitive methods. HMF content and colour
properties could be measured, and narrower steaming process
parameter intervals could be applied to optimise the steaming
process. Additionally, thermal probes and flow meters placed
in the heating chamber can help track the movement of water,
elucidating heat and mass transfer mechanisms. Integrated
ovens could also be improved, or different coating formula-
tions could be applied to prevent surface hardening.
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ABSTRACT

There is a growing trend worldwide towards greater awareness of food labelling systems in the
fight against global challenges such as unhealthy nutrition and obesity. Nearly 30 governments
have approved various front-of-package (FOP) labelling systems, and many countries plan to
adopt them. However, since there is no legal regulation regarding FOP labelling systems in Tii-
rkiye, nutrition and health-related statements appear on many packaged food products. Although
these statements enable consumers to make healthy food choices, they also have the potential to
mislead consumers by supporting the perception that foods lacking essential nutritional compo-
nents or containing potentially harmful substances are healthy. This study examined FOP labelling
systems used worldwide, and nutrition and health-related statements on the front of 1336 packaged
foods in 6 categories in Tiirkiye were analysed. Although it varies in each category, the most com-
mon expressions are generally recommended daily amount (%14.5), fat (%16), sugar (%9.9), vit-
amin-mineral (%5.1), and protein (%9.4). Additionally, salt (%0,9), vegan (%2), additive (%11.6)
and fibre content (%6.8) information is also commonly declared. As a result, the implementation
of effective labeling regulations in Turkey can enhance public health and mitigate the adverse
effects of unhealthy nutrition on society.

Keywords: Food security, Food labelling, Front of the package (FOP), Nutrition and health
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Introduction

Labelling packaged foods is one of the most important tools
that enable consumers to make healthier food choices in line
with their expectations (Ndanuko et al., 2021). Nowadays, as
consumers' concerns about food safety increase, interest in
food labelling systems also increases, and the concept of 'nu-
trition and health-related statements' comes to the fore on la-
bels. "Nutrition and health-related statements" are declara-
tions that food has certain nutritional and/or health-promoting
properties, including its energy value, protein, fat, carbohy-
drate, vitamin, mineral, etc., content. Labelling food products
as “high calcium, enriched with vitamins, reduced salt, re-
duced sugar content, low cholesterol, etc.” is a nutrition state-
ment. In addition, statements such as "it contains calcium,
protects bone health or contains low calories, helps lose
weight" can be given as examples of statements associated
with health (de Boer & Bast, 2015; Singh et al., 2021). Nutri-
tion and health-related statements have the potential to mis-
lead consumers that nutritionally deficient foods are healthy.
When it promotes the presence of a beneficial nutrient while
not indicating the presence of less beneficial or potentially
harmful nutrients in the same product, it has the potential to
mislead the consumer. For example, a food with "reduced fat
content" statements may contain higher levels of energy,
sugar or sodium.

Ingredient information or related statements on packaged
foods can be found on the front of the package (FOP) or the
back of the package (BOP) (Bryta, 2020). Generally, infor-
mation such as brand name, product name and design on the
outer surface of the packaging is highlighted. In contrast, de-
tailed information such as nutritional values, ingredient list
and instructions for use are located on the back surface. BOP
is regulated by each country's food labelling regulations and
standards. This labelling method allows the front of the prod-
uct packaging to have a cleaner and more minimalist appear-
ance. On the other hand, FOP summarises the general nutri-
tional profile of the product, which has recently been increas-
ingly seen in packaged foods around the world (Sousa et al.,
2023; Temple, 2020). Research shows that FOPs are easier to
understand than nutrition fact sheets, provide faster and more
accurate information processing, and help consumers better
distinguish between healthier and less healthy products
(Bayram & Ozturkcan, 2022; Bryta, 2020).

Although there are many types of categorisation of FOP la-
belling systems, they can generally be divided into "interpre-
tive labels" and "non-interpretive labels". Examples of inter-
pretive labelling systems are the Swedish keyhole, the Finn-
ish Heart Symbol, the Nutri-score system, Warning labels,

the Traffic Light Labels, and the Health Star Rating (Batista
et al., 2023; Kanter et al., 2018). The Swedish keyhole label-
ling system has been used in northern European countries
since 1989. Foods bearing this symbol have less fat, sugar and
salt and more fibre and bran content. The Finnish Heart sym-
bol has been used to indicate products with low fat, salt and
sugar content since 2000. The Nutri-Score labelling system
has been used in many European countries (France, Belgium,
Germany, Spain, Netherlands, Luxemburg, and Switzerland)
since 2017. According to literature studies, the Nutri-Score
labelling system can be highly distinctive in packaged foods.
Foods high in fruits and vegetables are correctly classified
into the "healthiest" (A points) categories, while products rich
in sugar and animal fats are classified into the "less healthy"
(D-E) points" categories. Nutri-Score is a scoring system that
takes into account negative qualities (energy, total sugar, sat-
urated fatty acids, sodium content, etc.) as well as positive
qualities (fruits, vegetables, nuts, fibre, protein and seed, wal-
nut and olive oil content, etc.) (Muzzioli et al., 2022). The
system has been criticised for focusing on the negative effects
of nutrients and giving higher negative scores while giving
lower scores for foods with positive effects. In this case, the
system is thought to focus more on what should not be eaten
and leaves what should be eaten as a secondary concern
(Carruba et al., 2022). Multiple Traffic Lights have been used
in the UK since 2004. In the Traffic Light labelling system,
the nutrients in foods are visualised separately as high, me-
dium and low (Bayram & Ozturkcan, 2022). The Warning la-
bel system has been used in Chile, Mexico, Israel, Uruguay
and Peru since 2016. This system has warning labels on foods
such as high calories, high sugar, and high salt (Temple,
2020). The Health Star Rating system it is stated that the
summarises the nutritional quality of a product based on its
fat, sugar, salt, fibre and energy content, with a rating from
0.5 to 5.0 stars (An et al., 2021). NutrInform Battery labelling
system and Guideline Daily Amounts (GDA) can be exam-
ples of non-interpretive labelling systems. Each package in-
dicates the energy, fat, saturated fat, sugar and salt content in
grams. The "Battery" symbol on the label indicates the per-
centage of the serving relative to the recommended daily in-
take. The aim is to "fill up" the battery according to the daily
intake recommended in the EU. This system tracks the total
amount consumed without exceeding the recommended in-
take. The GDA system shows the amount of energy, fat, sat-
urated fat, sugar and salt/sodium in a product serving. The
reference for these data was to determine the portion size and
recommended daily intake values, considering an average
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healthy individual (Temple, 2020). Figure 1 shows the front-
of-package (FOP) nutrition labelling logos used worldwide.

FOP regulations, in force in nearly 30 countries, play an im-
portant role in consumers' healthy food choices. Tiirkiye has
limited regulations regarding certain label statements on

The keyhole

Warning Labels

HIGH IN
SATURATED
FATS

Y

Multiple Traffic Lights and Guideline Daily
Amounts (GDA)

Each serving (150g) contains

TN
Energy

1046k
250kcal

13%h
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The Finnish Heart Symbol

some foods. In Tiirkiye, FOP systems are generally found in
international brands' market food products. This study aims
to examine the nutritional and health-related statements on
the front of packaged foods offered for sale in Tiirkiye as FOP
labelling systems become widespread worldwide.

The Nutri-Score Labelling System

The NutrInform Battery Labeling System

Each portion (50 g) contains:
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Figure 1. Front-of-package (FOP) nutrition labeling logos used worldwide
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Materials and Methods
Data Collection

The research on nutrition and health-related expressions of
packaged foods consumed in Tiirkiye was carried out through
ten national supermarket chains determined by the prelimi-
nary study. In selecting ten national supermarket chains, the
markets with the highest market share, the highest product
variety, and the products they sell that reflect consumer pref-
erences across the country were preferred. Official permis-
sion and ethics committee approval was obtained from all su-
permarket chains and administrative authorities in this study.

FOP label notifications of food products in supermarkets
were examined under 6 food categories of 27 product groups.
These categories include dairy products, beverages, spreada-
ble breakfast products, ready-made foods, snacks, and meat
products (Ricardo et al., 2019). Products such as honey, leg-
umes, pasta, etc., without potential FOP label data were not
photographed (Table 1).

Table 1. Six packaged food categories reviewed for FOP label noti-
fications

Packaged food catego-
ries

Keywords

Dairy products Milk and milk products (Milks-Fla-
vored-Fruity milk products), yogurt
and yogurt products (Yogurt-Butter-
milk (Ayran)-Fruity yogurt-Kefir-
Fruity kefir- Probiotic yoghurt) and
cheeses

Beverages Fruit juices, Mineral waters, Car-
bonated drinks-Cold teas, Powdered

drinks

Spreadable-Breakfast
Products

Hazelnut-Peanut-Pistachio butters,
Jams-Marmalades, Halvahs
Mulberry-Carob-Grape molasses, Veg-
etable margarine

Canned foods, Pickles
Ready foods, Ready soups and bullion,
Sauces

Ready-made foods

Snacks Chocolates-Wafers, Biscuits, Chips, Ice

creams, Breakfast cereals

Processed meat products Sausages-Pastrami, Salami-Sausage,

Doner-Roasting meat

At least 3 photographs were taken of the front of each pack-
age and the health statements, if any. In order to ensure the
smooth progress of the data collection process, the photo-
graphs taken were quickly saved in the data pool. In order to
avoid duplication, product information was entered in detail,
and codes were entered for each product, taking into account

the category to which it belongs. Photographing large-sized
products for similar products where the packaging size varies
is generally preferred. 2 field workers collected, classified
and recorded data for this study. The first of the field workers
has expertise in dietetics, and the second has expertise in food
engineering. All field employees are trained in food compo-
sition and food labelling. The data collection procedure was
conducted without disrupting the functioning of the super-
markets, and the photographs were captured during week-
days, specifically on Tuesdays, Wednesdays, and Thursdays,
when there was comparatively lower customer traffic. Photo-
graphs of the products were taken during daylight hours and
30 minutes so as not to disturb the customers. All pho-
tographig operations were completed within 2 months. Field
workers kept their identification cards (ID) cards during data
collection. Field workers tried not to communicate with cus-
tomers and emphasised, when necessary, that this was an 'or-
dinary labelling practice'. As a result of all these studies, 1336
samples were examined individually, and approximately
4551 photographs were taken. All methods used in collecting
and classifying labelling data are implemented by adapting
the working model developed by Kanter et al. (Kanter et al.,
2017).

After the preliminary label information of the 1336 packaged
foods examined was recorded in the data pool, the most com-
mon nutrition statements were created separately for each cat-
egory. The most common nutrition statements are fat-free-re-
duced fat, salt-free-reduced salt, fibre source, protein source,
vitamin mineral source, preservative-free, sugar-free-reduced
sugar, trans-fat-free, etc. table was determined as common
headings. The phrase "traditional" and slogans containing no
nutrition statements were not included in the data analysis.
The nutrition statements on the front label of each packaged
food were examined individually, and the proportions in
which they were used were determined according to their cat-
egories.

Results and Discussion

In the "Dairy Products" category, where a total of 178 sam-
ples were examined, 45% included cheese, and the remaining
part included milk (23%) and yoghurt (31.5%) products (Ta-
ble 2). It was observed that 60.7% of these products had a
statement regarding their fat content on the FOP (e.g., light,
% fat content, trans-fat-fiee, full fat and low fat). This per-
centage is 85.4% for milk and milk products, 66.1% for yo-
ghurt and yoghurt products, and 44.4% for cheeses. While fat
content statements are present in all milk, they cannot be said
to be present in all flavoured and fruity milk products. The
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presence of information on trans fatty acid content, which oc-
curs naturally in dairy products and is negligible, draws at-
tention as a statement to attract consumer attention. Expres-
sions like full-fat and low-fat are frequently used for milk and
yoghurt products. Noteworthy is that approximately one-
quarter of dairy product packaging bears the statement
'school food,' which is not used in any other food category.
26.8% of milk and dairy products contain the phrase 'school
food. The rate of statements regarding sugar content (e.g., no
added sugar, unsweetened, sugar-free, % sugar content, lac-
tose-free), especially seen in flavoured fruit milk and yoghurt
products, is 18.5%. While this rate is 53.7% for milk and milk
products, it is 19.6% for yogurt and yogurt products. State-
ments related to vitamin-mineral content (e.g., source of vit-
amin D, contains Ca, source of Ca, source of Zn, source of
vitamin, source of mineral) are present in 14% of all dairy
products. These statements are found in 26.8% of milk and
milk products and 11.1% of yogurt products. Particularly,
60.7% of yoghurt and yoghurt products contain statements
(source of protein, % protein content) regarding protein con-
tent. While the rate of statements indicating protein source in
cheeses is 3.7%, it is 20.8% for all dairy products. Particularly
in kefir and probiotic yoghurts, health statements (e.g., sup-
port the immune system, for strong immunity, support the di-
gestive system, contains probiotic, probiotic source) are ob-
served, which are not commonly found in other categories.
The proportion of health statements to all dairy products is
9%. The salt content (reduced salt, less salty), which is not
declared because it is not found in other dairy products, is
declared as 6.2% in cheeses.

In the "Beverages" category, where 192 samples were exam-
ined, 38.5% included fruit juices, 12% included mineral wa-
ters, 27.1% consisted of carbonated drinks-cold teas, and
22.4% included powdered beverages (Table 3). 25.5% of the
products in the beverage category have a %RDA (recom-
mended daily amounts) statement. Approximately half of
powdered beverages, 30.8% of carbonated drinks-cold teas,
21.7% of mineral water products and 6.8% of fruit juices have
a %RDA statement. In general, these statements on the front
label of the packages relate to energy, added sugar, Na, Ca,
Zn minerals, C, B3, B6, and B12 vitamins. While powdered
drinks generally make statements regarding vitamins and
minerals, carbonated drinks-cold tea products make state-
ments regarding their sugar and energy content. Statements
regarding the %fruit content of all fruit juices appear in the
FOP. In the beverage category, statements regarding vitamin
and mineral contents are found in 34.8% of mineral waters,
9.5% of fruit juices and 19.2% of carbonated drinks-cold teas
products. Statements such as no added sugar, unsweetened,
sugar-free appear on the front of carbonated drinks-cold teas
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at arate 0of 9.6% and on powdered drinks at 23.3%. When the
statements regarding sugar beet content are examined, it is
found in 60.9% of mineral waters and 17.3% of carbonated
drinks-cold tea products.

In the "Spreadable-Breakfast Products" category, where a to-
tal of 163 samples were examined, 31.3% were hazelnut-pea-
nut-pistachio butter, 38.7% were jams-marmalades, 9.2%
were halvah, 11% were mulberry-carob- grape molasses and
9.8% vegetable margarine (Table 4). 33.1% of the products
in this category have content statements such as hazelnut-pea-
nut-pistachio-fruit ratio and fat ratio for margarine. Content
information statements are available at different rates for
products other than mulberry-carob-grape molasses products.
Statements about sugar content on the front label of products
in this category are present in 22.7% of all products. Sugar
content statements such as No added sugar, Unsweetened,
Sugar-free, % sugar content are found at a rate of 27.4% in
hazelnut-peanut-pistachio butter products, 26.9% in jams-
marmalades products, and 40% in halvahs products. While
there are no statements about sugar content in mulberry-
carob-grape molasses products, margarines are not expected
to contain sugar. When the statements regarding sugar beet
content are examined, it is used in 5.5% of all products. Since
using glucose and fructose syrup is common in these prod-
ucts, statements such as "produced with sugar beet" are con-
sidered a healthier option. These statements are found in
26.6% of halvah products and 6.3% of jams-marmalades
products. According to the front-label information in this cat-
egory, 6.1% of all products have fibre content statements,
such as the source of fibre and high fibre content. Halvah
products especially have a 40% fibre content statement.
When the statements regarding additive inclusion are exam-
ined, 15.9% of all products in this category contain state-
ments indicating no preservatives. Mulberry-carob-grape
molasses products declare an additive content of 55.5%. All
margarines contain a statement regarding their trans fat con-
tent. The use of these statements in margarine is common be-
cause of the health hazards of partially hydrogenated vegeta-
ble oils, which are the main source of exposure to trans fatty
acids. 18.7% of these margarines contain statements such as
sources of vitamins and source of minerals.

In the "Ready-Made Foods" category, where a total of 316
samples were examined, 19.3% consisted of canned foods,
13.6% consisted of pickles, 25.3% consisted of ready soups
and bullions, and 21.8% consisted of sauces (Table 5). 49.2%
of the ready soups and bullion products and 13% of the sauces
in this category have the recommended daily amounts state-
ment. This statement usually relates to the energy content of
the product. When examining the statements regarding the



Food and Health 10(3), 198-207 (2024) e https://doi.org/10.3153/FH24019

Research Article

protein content in these products, the protein content is found
to be 37.7% in canned food products, 30% in ready food prod-
ucts, and 19% in ready soups and bullion products. Overall,
18.6% of all products contain a statement regarding protein
content. 37.6% of the products in this category contain state-
ments regarding additive content (no preservative, contains
collagen, etc.). There are statements regarding the additive
content in 39.3% of canned food products, 37.2% of pickles,
62.5% of ready food products, 26.9% of ready soups and bul-
lion products and 17.3% of sauces. The vegan statement rate
for products in this category is 8.5%. Vegan statements are
found in 19.6% of canned food products, 16.2% of pickles,
and 10% of ready-made products. 10.7% of ready-made
foods contain fibre content statements such as the source of
fibre and high fibre content. These statements included 21.1%
of ready-food products and 19% of soups and bullion prod-
ucts. 2.2% of the products in this category contain statements
about salt content, including reduced salt and less salty. State-
ments about salt content are seen in 6.9% of pickles and 6.3%
of ready soups and bullion products. 6.3% of the products in
this category contain statements regarding fat content such as
light, % fat content, trans-fat-free, and high omega-3 sources.
In particular, these statements are included in 24.5% of
canned food products.

In the "Snacks" category, where 369 samples were examined,
27.6% consisted of chocolates-wafers, 26.5% biscuits, 14%
chips, 14.9% ice cream and 16.8% breakfast cereals (Table
6). 28.4% of these products have a recommended daily
amounts statement on their front labels. 20.5% of chocolates-
wafers, 46.1% of chips, 56.3% of ice creams and 46.7% of
breakfast cereals products in this category contain a recom-
mended daily amounts statement. This statement usually re-
lates to the energy content of the product. Among the prod-
ucts in this category, 2% of biscuits and 19.3% of breakfast
cereals have statements regarding their protein content. Ad-
ditionally, 17.7% of breakfast cereal products contain state-
ments about additives such as no preservatives. 4.3% of the
products in the snacks category contain statements regarding
protein-mineral content. Statements such as the source of vit-
amins and minerals are found in 1.9% of chocolates-wafer
products, 3.6% of ice creams and 19.3% of breakfast cereals
products. 4.3% of the products in this category contain state-
ments about sugar content, such as no added sugar or sugar-

free. These statements are found mostly in 14.5% of breakfast
cereals products. On the front labels of snack products, 13%
contain statements about fibre sources and high fibre content.
In particular, these statements were used in 51.6% of break-
fast cereals products and 16.3% of biscuits. On the front la-
bels of the products in this category, the statements of light,
%fat content, and trans-fat-free are at 8.9%. However, this
rate is found only in 63.4% of chip products.

In the "Meat Products" category, 59 samples were examined,;
79.6% consisted of sujuk-pastrami-salami sausage, and
20.3% consisted of doner-roasting meat products (Table 7).
The front labels of these products contain 6.7% fat content
and 13.5% protein statements (such as source of protein and
high protein). Sujuk-pastrami-salami-sausage products fea-
ture 8.5% fat content and 17% protein statements. Addition-
ally, these meat products contain an 11.8% gluten statement.
These statements make up 14.8% of sujuk-pastrami-salami-
sausage products.

When all products in all categories were examined, 1336
products were examined. 14.5% of the products contained a
statement of the recommended daily amounts, 16% contained
a statement of the fat content, 9.4% contained a statement of
the protein content, and 9.9% contained a statement of the
sugar content. In addition, statements regarding vitamin and
mineral content were found in 5.1% of the products, and
statements regarding fibre content were found in 6.8%. At the
same time, 11.6% of the products included statements about
additives, and 8.9% contained content information. In addi-
tion, it was stated that 2% of the products contain vegan con-
tent, 0.9% contain salt, and 12.2% do not contain preserva-
tives. Considering all these values, a labelling system such as
the Swedish key symbol can be used for products considered
to be healthy food. Standard warning statements for foods
with relatively unhealthy ingredients or ingredients that may
cause problems if consumed in excess are "excessive con-
sumption may cause blood pressure imbalance, cause a rapid
increase in blood sugar, etc." statements can be derived. The
NutriScore application, which is used in many European
countries, can be evaluated in the labelling of packaged foods
in Tirkiye.
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Table 7. Nutrition and health statements for the meat products category

Research Article

Meat Products Number of Fat Content Protein Statement Content Statement
Products Statement
Sujuk-Pastrami-Salami-Sausage 47 (79.6%) 4 (8.5%) 8 (17%) 7 (14.8%)
Doner-Roasting meat 12 (20.3%) 0 0 0
TOTAL 59 4 (6.7%) 8 (13.5%) 7 (11.8%)
* % fat content | e Source of protein e No gluten
e High protein e Gluten free

Conclusion

Examining pre-package (FOP) labelling systems for pack-
aged foods in Tiirkiye and nutrition and health statements for
packaged foods sheds light on the broader global trend of in-
creasing transparency and awareness in food labelling. As
consumers become increasingly concerned about food safety
and nutrition, there is a growing need for clear and informa-
tive labelling systems that enable individuals to make in-
formed and healthy food choices. Various FOP labelling sys-
tems worldwide have won approval from nearly 30 govern-
ments, signalling a concerted effort to address pressing public
health problems such as unhealthy diets and obesity. These
systems aim to provide consumers with easily understandable
information about packaged foods' nutritional content and
health effects, ultimately enabling them to make choices that
align with their dietary preferences and health goals. How-
ever, despite the widespread adoption of FOP labelling sys-
tems internationally, there are no specific legal regulations
regulating such labelling practices in Tiirkiye. This regulatory
gap highlights the importance of establishing comprehensive
guidelines and standards for FOP labelling in Ttirkiye to en-
sure consistency, accuracy and consumer confidence in infor-
mation on packaged foods. Additionally, the presence of nu-
tritional and health-related statements on packaged foods
without a standardised FOP labelling system poses the risk of
misleading consumers. Without clear guidance, these state-
ments can inadvertently promote the perception that foods
that lack essential nutritional components or contain poten-
tially harmful substances are healthy choices. Therefore, Tii-
rkiye must enact robust regulations that address FOP label-
ling and ensure the accuracy and integrity of nutrition and
health statements on packaged foods.
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ABSTRACT

Sodium acetate (NaA) and sodium sulfite (NaS) are two food additives in the class of preserva-
tives. In this study, 3-(4,5-dimethyl thiazolyl-2)-2,5 diphenyltetrazolium bromide (MTT) assay
was established to detect the cytotoxicity, and comet assay was used to determine the genotoxicity
of NaA and NaS. For the MTT assay, human hepatocellular carcinoma (HepGy) cells were treated
with different concentrations of each preservative (15.63, 31.25, 62.50, 125, 250, 500, 1000 and
2000 pg/mL for NaA; 3.91, 7.81, 15.62, 31.25, 62.50, 125, 250 and 500 pg/mL for NaS, respec-
tively) for 24-h. non-treated wells used as control (only medium) were included. Comet assay was
performed on lymphocytes isolated from healthy donors with multiple concentrations of NaA
(15.63, 31.25, 62.50, 125, 250 pg/mL) and NaS (3.91, 7.81, 15.62, 31.25, 62.50 pg/mL) for 1 h.
A negative (distilled water) and a positive control (100 uM H,0O,) were also included. Significant
cytotoxic activity was detected for NaA and NaS only at the highest concentration. Besides, both
substances significantly increased DNA damage compared to the control at almost all concentra-
tions (except at low concentrations). In general, both food preservatives exhibited weak cytotoxic
effects in HepGs cells. These food preservatives showed genotoxic activity, especially at higher
concentrations.

Keywords: Comet assay, Food preservative, MTT assay, Sodium acetate, Sodium sulfite
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Introduction

Food additives are substances added to foodstuffs to prevent
and/or delay product spoilage and to improve or modify its
properties, such as flavour and appearance. These substances
can be natural or synthetic, ordinarily have no significant nu-
tritional value, and are added to food in specific quantities
during production. According to their functions, 25 catego-
ries of food additives have been defined. Food preservatives,
also called antimicrobial agents, are utilised to prolong the
shelf life of food by safeguarding it against spoilage caused
by microorganisms, and their use is EU-regulated (Silva &
Lidon, 2016; Zang et al.,2023). Microbial spoilage is the
gradual decrease in food safety due to the movement of dif-
ferent types of bacteria. Components such as carbohydrates,
proteins, vitamins, minerals, and water in foods create a suit-
able area for bacteria to grow. The oxidation-reduction poten-
tial, water activity, and pH value of the food are also signifi-
cant. The essential foods affected by microbial spoilage are
vegetables, fruits, fruit juice, milk, dairy products, cereals and
cereal products, and meats (Altug, 2009; Yen et al., 2024).

Sodium acetate (NaA, E 262) and sodium sulfite (NaS, E221)
are two different food preservatives; NaA is the sodium salt
of acetic acid, and NaS is the sodium salt of sulfuric acid (Sal-
lam, 2007). NaA is used effectively in meat, cheese, bakery,
snacks, cosmetics, and veterinary chemicals and herbicides.
It prevents rotting by reducing the growth of bacteria in prod-
ucts (Mohammadzadeh-Aghdash et al., 2018). NaS preserves
food by inhibiting yeast, fungal, and bacterial growth. It is a
preservative in products containing egg yolks and foods like
beer, salads, caramel, and bread. In addition to its preserva-
tive function, it can also be an antioxidant (Silva & Lidon,
2016).

Today, because of the rapid increase in the consumption of
chemicals in all fields, it has become essential to determine
whether they have a negative effect in terms of toxicology on
human health. Cytotoxicity assays are a quick way to assess
the impact of a particular chemical compound on a specific
human cell line. The most widely used method today is the
MTT assay. This method originated as a cell proliferation as-
say and was used in the same years to investigate the effect
of chemotherapeutic drugs on cancer cells (Mamur, 2022a;
Ghorbanpour et al., 2024). The MTT assay is based on the
conversion of yellow 3-(4,5- dimethylthiazol-2-yl)-2,5-di-
phenyl tetrazolium bromide to a water-insoluble purple col-
our in living cells due to mitochondrial dehydrogenase en-
zyme. The intensity of the colour is directly related to mito-
chondrial activity. If there is activity in living cells, formazan
crystals are formed. In dead cells, formazan crystals cannot

be formed. In summary, the yellow colour of MTT dye turns
purple with the addition of solvent due to living activity. This
colour change is then read in the microplate reader, and data
is obtained using optical density (Mossman,1983). The MTT
assay is reliable for measuring cell viability, activation, and
growth and is widely used in cytotoxicity studies, which de-
termines the percentage of living cells (Ghasemi et al., 2021).

Genotoxicity tests are performed to determine whether chem-
ical and physical agents cause chromosome abnormalities,
mutations, and DNA damage and to understand the mecha-
nisms of action of these agents. Various in vivo and in vitro
test systems are used for this purpose (Unal et al., 2021; Ma-
horo et al., 2024). The comet assay method is preferred in
research studies to determine DNA damage and repair disor-
ders induced by different chemical and physical agents in
multiple mammalian cells. It is a preferred biomonitoring
method for detecting increased DNA damage in some dis-
eases (such as cancer). On the other hand, it has a widespread
framework of use due to its advantages, such as its ability to
evaluate genotoxic substances first in their sites of action, its
application in almost all eukaryotic cells, its ability to meas-
ure low levels of damage, and the fact that it is a fast, practi-
cal, simple and convenient method because it requires very
few cell samples. This assay quantitatively detects DNA
damage (Collins et al., 2014; Costea et al., 2024). In the
comet assay, three parameters were used to measure DNA
damage levels: tail intensity, length, and tail moment. En-
hanced comet tail intensity and tail moment are directly re-
lated to increased DNA damage. The most commonly used
comet parameters are tail intensity (%DNA in tail) and tail
moment, which integrates %DNA in tail and tail length
(Azqueta et al., 2019). Comet tail intensity is considered the
most helpful comet parameter since it is not affected by ex-
perimental conditions and can measure the broadest range of
DNA damage (Collins et al., 2014).

Many food additives are categorised as Generally Recog-
nized as Safe (GRAS) in terms of potential risk, including
NaS and NaA (EFSA, 2022a, b). However, some studies in
the literature showed that these additives may possess a cyto-
genotoxic risk. For example, Sun et al. (2005) found that NaA
at 50-100 mM (24-72 h) caused reduced viability in human
gastric adenocarcinoma epithelial cells. In another study,
NaA (12.5, 25-, and 50-mM for 24 h) increased the release of
LDH, an indicator of cytotoxicity and cell death, in the human
gastric adenocarcinoma epithelial cell line (Xia et al., 2016).
Similarly, NaA was cytotoxic and genotoxic in vitro for lym-

209



210

Food and Health 10(3), 208-218 (2024) e https://doi.org/10.3153/FH24020

phocytes isolated from adult male Sprague-Dawley; it in-
creased DNA damage percentage, increased LDH release, de-
creased cell viability and proliferation of lymphocytes at all
concentrations (50, 100, and 200 mM/L) (Abd-Elhakim et al.,
2018). Mohammadzadeh-Aghdash et al. (2018) indicated that
NaA reduced HUVEC cell line growth in a concentration (25,
50, 100, and 200 uM) and time-dependent manner (24 and 48
h). In addition, sulfur dioxide derivatives (125, 250, or 500
mg/kg body wt, intraperitonally for 7 days), including NaS
and sodium bisulfite (3:1 M/M), exhibited significant in-
creases in DNA damage in all tested organs (brain, lung,
heart, liver, stomach, spleen, thymus, bone marrow and kid-
ney) in male mice (Meng et al., 2004). El-Hefny et al. (2020)
demonstrated that NaS (100 mM) has significantly high tu-
mour induction and frequency levels in the SMART assay
and a large amount of DNA damage in the comet assay. Fi-
nally, in a study conducted in 2023, it was found that NaA
(15.63-250ug/mL) and NaS (3.91-62.50 pg/mL) increased
the frequency of chromosomal aberrations (CAs) and micro-
nuclei (MN) at higher concentrations (Altunkaynak, 2023).

This study aimed to measure the cytotoxic effects and pri-
mary DNA damage capacity of sodium acetate (NaA) and so-
dium sulfite (NaS). For this purpose, MTT assay in hepato-
cellular carcinoma (HepG:) cell line, since they are of human
origin and retain xenobiotic metabolising enzymes which
play a crucial role in the activation/detoxification of geno-
toxic chemicals (Knasmiiller et al., 1998) and comet assay in
isolated human lymphocytes, was performed for the first time
using various concentrations of NaA and NaS.

Materials and Methods

Concentrations

In this study, MTT assay was used to determine the cytotoxic
effect, and comet assay was used to evaluate the genotoxicity
of NaA and NaS. The best suitable concentrations were de-
termined using LDso value [NaA: mouse orally 4960 mg/kg
(PubChem, 2023) and NaS: rat orally 3560 mg/kg (Sigma-
Aldrich, 2023)]. Based on the LD value (mouse orally 4960
mg/kg /4 = 1240 mg/kg ~ 2000 pg/mL) and MTT result for
NaA, the highest concentration was chosen as 2000 pg/mL.
LD value for NaS (rat orally 3560 mg/kg / 4 = 445 mg/kg ~
500 pg/mL) was also considered. For the MTT assay, HepG:
cells were treated with eight different concentrations of each
preservative (15.63, 31.25, 62.50, 125, 250, 500, 1000 and
2000 pg/mL for NaA; 3.91, 7.81, 15.62, 31.25, 62.50, 125,
250 and 500 ug/mL for NaS) for 24 hours. Additionally,
HepG; cells without any chemical treatment were used as the
control group. MTT test results and the previous values (Al-
tunkaynak, 2023) were also used to determine comet assay
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concentrations. In the comet assay, lymphocytes isolated
from blood samples obtained from two healthy donors were
treated with NaA concentrations of 15.63, 31.25, 62.50, 125,
250 pg/mL and NaS concentrations of 3.91, 7.81, 15.62,
31.25, 62.50 ug/mL for 1 hour. Distilled water was used as a
negative control, and 100 uM H,O, was maintained as a pos-
itive control.

HepG; Cell Line Cultures

The human hepatocellular carcinoma (HepG:) cell line (HB-
8065) used in experiments was commercially obtained from
the American Type Culture Collection (ATTC, Manassas,
USA). Human HepG: cells were grown in Dulbecco's modi-
fied Eagle's medium (DMEM) containing 10% fetal bovine
serum, 1% penicillin/streptomycin, and 2 mM L-glutamine in
75cm; culture flasks under conditions (humidified, 5%
C02/95% air, 37°C) to obtain the desired count. Cells that
reached sufficient numbers two days after being placed in the
culture flask were collected by trypsinisation. Subsequently,
the cells were transferred to 96 multiwell plates.

MTT Assay

The cytotoxic capability of NaA (CAS. No: 127-09-3, Sigma-
Aldrich) and NaS (CAS. No: 7757-83-7, Sigma-Aldrich)
were evaluated using MTT assay in HepG; cells. The MTT
assay determining the mitochondrial activity was applied ac-
cording to Mossman (1983) with some modifications fol-
lowed by Mamur et al. (2022b) methods. HepG: cells were
grown in 96-well tissue culture plates at a density of 5 x 10°
cells per well. Afterwards, the cells were incubated for 24
hours in a CO; incubator for the holding wells. Varying con-
centrations of NaS (3.91-500 pg/mL) and NaA (15.63-2000
ug/mL) were added to each well and incubated for 24 hours.
Non-treated cells were used as the negative control (only me-
dium). To complete the incubation, 5 mg/mL MTT solution
was added to each well and incubated for 4 hours. A marker
of cell viability is the conversion of the tetrazolium salt MTT
to a coloured formazan by mitochondrial dehydrogenases. Di-
methyl sulfoxide was added to each well to solubilise forma-
zan crystals. Then, the absorbance (Abs) was measured at 570
nm wavelength using a spectrophotometer Molecular De-
vices Ms microplate reader. The assay was performed in trip-
licate. The percentage of cell viability for each concentration
and the ICso value were then detected.

Comet Assay

The comet assay applied is based on the technique of Singh
et al. (1988) with some amendments. Human peripheral blood
samples were taken from two healthy donors, one male and
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one female, aged between 22 and 27 years. None of the do-
nors had problems that may have prevented them from being
volunteers, such as health, alcohol, cigarettes, and drugs. This
study was conducted with permission numbered 2023/121
obtained from the Amasya University Ethics Committee.
Lymphocytes (separated from whole blood by biocoll) viabil-
ity was quantified to be above 96% by the Trypan Blue Ex-
clusion Test. Then lymphocytes were exposed to five concen-
trations of NaA (15.63, 31.25, 62.50, 125, and 250) and NaS
(3.91, 7.81, 15.63, 31.25, and 62.50) and incubated at 37 °C
for 1 h. A control (sterile distilled water) and positive control
(H20,, 100 uM) were also run. After time off the incubation,
the cells were centrifugated at 1348 g, 5 min, resuspended
using PBS, and were gently mixed with low melting agarose
(0.65%). Next, the suspension was rapidly spread onto slides
previously coated with normal melting agarose (0.65%), and
coverslips were placed over the slides. The slides were put
into a digestion or lysing solution for at least 1 hour at 4°C.
Then, the slides were incubated in an electrophoresis solution
for 20 min. The electrophoresis was performed at 25 V and
300 mA for 20 minutes. Slides were stained with EtBr (20
ug/mL) after washing in a neutralisation buffer. To determine
DNA damage, a total of 200 cells for each concentration (100
cell/donor) were imaged through a dedicated Analysis Sys-
tem called Comet Assay IV (Perceptive Instruments Ltd.,
UK), with regards to three comet parameters (tail intensity
(%), tail length (um) and tail moment).

Data Analysis

The MTT cell viability assay was analysed using one-way
ANOVA followed by Dunnet's multiple comparison tests.
Statistical significance was defined as a p-value less than
0.05. To explore statistical significance, a t-test was per-
formed on all comet parameters. A regression analysis was
also performed to reveal the dose-response relation. IBM
SPSS 22.0 software was used for statistical analysis.

Results and Discussion

Table 1 summarises the results of the MTT assay in HepG>
cells treated with NaA and NaS, respectively. None of the

concentrations of either food additive significantly affected
the cell viability except the highest concentration. NaA ex-
hibited a significant decrease in cell viability at the highest
concentration (2000 pg/mL). Additionally, this concentration
was determined as the 1Cs value (cell viability is 51.57 %)
that kills 50% of the population of the cells (Table 1, Figure
1). NaS showed a significant reduction in cell viability only
at 500 pg/mL (Figure 2). The cell viability value at 500
pg/mL was 38 %. It was determined that NaA (2000 pg/mL)
and NaS (500 pg/mL) showed low mitochondrial activity at
the highest concentrations. On the other hand, NaA and NaS
did not show cytotoxic effects in HepG: cells at all concen-
trations except at the highest concentrations applied.

The effect of NaA and NaS on three comet assay parameters
is given in Tables 2 and 3, respectively. At all concentrations
except the lowest (15.63 pg/mL), NaA significantly increased
the comet parameters compared to the control. These in-
creases were dose-dependent, but the correlation was weak
for tail moment (r = 0.48) and tail length (r = 0.44). The cor-
relation was relatively strong for tail intensity (r=0.75). Sim-
ilarly, NaS induced significant comet tail intensity at all con-
centrations except at 3.91 pg/mL (lowest concentration);
however, the concentration of 3.91 pg/mL was also statisti-
cally significant for the other two comet parameters, tail
length and moment, like as being other all concentrations.
Also, it was found that a robust dose-dependent correlation
between DNA damage induction and concentration for tail
intensity (r = 0.76) and tail moment (r = 0.89), while tail
length (r = 0.41) showed a weak dose-dependent correlation.

In this study, the possible cytotoxic effect caused by NaA and
NaS was evaluated in HepG: cells by MTT assay, and their
potential for damaging DNA was assessed in human lympho-
cytes using a comet assay. As a result, both food preservatives
induced cytotoxic effects at high concentrations. However, at
concentrations where DNA damage was observed in human
lymphocytes, no cytotoxic effect was determined in HepG;
cells. This result may be due to the difference in the cell
group. Notably, a cyto-genotoxic effect with increasing con-
centration was observed for both test systems.
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Table 1. Cytotoxic effect of sodium sulfite and sodium acetate in HepG; cell line

11 viabili 24 h
Test substance Cell viability ( )

Concentration (ng/mL) N Mean+SD
Control 0.00 3 3.014+0.111
NaA 15.63 3 3.242+0.067
31.25 3 3.224+0.068
62.50 3 2.918+0.387
125 3 3.269+0.265
250 3 3.195+0.273
500 3 3.132+0.067
1000 3 2.973+0.083
2000 3 1.762+0.566 * #
Control 0.00 3 2.747+0.163
NaS 391 3 2.889+0.084
7.81 3 2.909+0.230
15.63 3 3.023+0.247
31.25 3 3.152+0.036
62.50 3 2.375+0.090
125 3 2.909+0.051
250 3 2.534+0.028
500 3 1.1224+0.540 *
Non-treated cells were used as control. NaA: Sodium acetate; NaS: Sodium sulfite; HepG2: Human Hepatocellular Carcinoma Cell Line;
SD: Standard Deviation
* p<0.05 statistically significant according to the one-way ANOVA-Dunnet Test)
# ICso value
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Figure 1. Cell viability result of sodium acetate in HepG; cell
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Figure 2. Cell viability result of sodium sulfite in HepG: cell

Table 2. Levels of DNA damage measured in isolated peripheral lymphocytes that were exposed to different concentrations
of sodium acetate (NaA)

Test substance

Exposure time

Concentration

Tail intensity

Tail Lenght

Tail Moment

(hour) (ng/mL) (%) (um)

Control 1 0.00 18.23£1.38 65.91£1.35 4.94+0.40
Positive control (H203) 1 100 uM 28.82+1.88 198.79+9.20 18.76+2.15
NaA 1 15.63 17.67+1.38 67.96+1.71 5.154+0.59
31.25 23.21+1.80* 102.08+4.56* 8.65+0.96*

62.50 22.92+1.57* 87.87+£3.20* 7.854+1.03*

125 22.50+1.27* 79.32+2.65% 6.15+0.45*

250 22.36+1.44%* 83.96+3.00* 7.21+0.81*

* Significantly different from the control P< 0.05 (t-test)

Table 3. Levels of DNA damage measured in isolated peripheral lymphocytes that were exposed to different concentrations

Test substance

Exposure time

Tail Lenght

Tail Moment

Control

NaS

Positive control (H203)

(hour)

of sodium sulfite (NaS)
Concentration Tail intensity
(ug/mL) (%)
0.00 17.30+1.37
100 uM 28.57+£1.97
391 20.10+1.75
7.81 22.95+1.73*
15.63 24.74+1.90%*
31.25 22.03+1.79*
62.50 23.30+1.99*

(um)
69.76+1.39
156.16+9.56

88.64+2.53*
94.10+3.45%
85.31+2.46*
79.43+2.56*
90.63+2.85*

4.69+0.43
20.41+2.75

6.50+0.76*
8.39+1.05%*
9.05£1.06*
8.15+1.09*
9.70+1.28*

* Significantly different from the control P< 0.05 (t-test)
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The potential risks of food additives are regularly reassessed
by the European Food Safety Authority (EFSA, 2022a,b).
However, many food additives are still categorised as Gener-
ally Recognized as Safe (GRAS) and have not been assessed
by the regulatory authorities. Much data is based on toxicity
tests and assessments commissioned by manufacturers (Maf-
fini et al., 2017; Neltner et al., 2013; Yen et al., 2024). Alt-
hough both preservatives are Generally Recognized as Safe
(GRAS) by EFSA (except for NaS in meats or food recog-
nised as the source of vitamin B1), genotoxic and cytotoxic
effects in some cell lines have been reported in the literature.
Xia et al. (2016) investigated the NaA on the viability of the
human gastric adenocarcinoma epithelial cell line using an
LDH release assay. They reported that 6.25 mM NaA for 24
h exhibited a rise in LDH level, but the LDH releasing was
fewer than 3%. Moreover, LDH release increased to 2.1, 3.8,
and 7.0% after the cells were exposed to 12.5, 25-, and 50-
mM NaA for 24 h. The authors concluded that NaA exerted
an apoptotic effect in the human gastric adenocarcinoma ep-
ithelial cells via a caspase-dependent apoptotic pathway. The
results presented in this paper showed that NaA was cytotoxic
at higher concentrations, and this effect became more pro-
nounced as the concentration increased. Since the LDH assay
is also an indicator of cytotoxicity, the results were similar
even though the concentrations used were different. Sun et al.
(2005) determined that the lowest concentration of NaA
(12.5mM) had increased viability after both treatment peri-
ods, 24 and 48 hours. The concentration of 25 mM NaA had
almost no effect on the viability of human gastric adenocar-
cinoma epithelial cells. However, NaA at 50-100 mM caused
reduced viability. These results stated that high concentra-
tions of NaA in food have cytotoxic effects (Sun et al., 2005).
Similarly, in this study using HepG; cells, some low NaA
concentrations caused an increase in cell viability compared
to the control group. Although not significantly reduced, cell
viability decreased as the concentrations increased. Indeed,
cell viability decreased after 62.50 ug/mL sodium acetate
treatment (Figure 1), increased at 125, 250, 500, and 1000
pug/mL concentrations and suddenly decreased at the highest
concentration (2000 pug/mL). Similarly, the cell viability,
which decreased after 62.50 ug/mL of sodium sulfite treat-
ment (Figure 2), increased with 125 pg/mL treatment and de-
creased following high concentrations. Therefore, the 62.50
ug/mL concentration may be interpreted as the threshold con-
centration known as the lowest dose at which the induced ef-
fect occurs within the framework of the dose-response rela-
tionship. However, these increases and decreases were not
statistically significant compared to the control. In addition,
as the concentration increases, the observed changes seem
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small. Meng et al. (2004) evaluated the DNA damaging ef-
fects of a mixture containing NaS and sodium bisulfite (3:1
M/M; sulfur dioxide derivatives) on various organs of male
mice. Sulfur dioxide (SO,) derivatives received an intraperi-
toneal (125, 250, 500 mg/kg body weight) daily for a week.
Their results demonstrated that SO, and its derivatives signif-
icantly increased DNA damage (olive tail moment) in all or-
gans tested from male mice, providing systemic toxicity.
Abd-Elhakim et al. (2018) found that NaA increased DNA
damage percentage on lymphocytes isolated from adult male
Sprague-Dawley rats; tail DNA percentage, length, and mo-
ment in a dose-dependent manner at all tested concentrations
(50, 100, and 200 mM/L). Additionally, all NaA concentra-
tions decreased cell viability (MTT assay, exposure time: 24
h and 72 h) and proliferation (72 h) of lymphocytes and in-
creased LDH release, concentration-dependently. After all,
NaA was suggested to be cytotoxic and genotoxic for lym-
phocytes isolated in vitro. EI-Hefny et al. (2020) investigated
the DNA-damaging effect of NaS using the SMART and
comet assay. In the SMART assay, two different Drosophila
strains were used, a wild-type strain and a strain carrying
wisMT*" (a lethal wart allele balanced on TM3), and larvae
were exposed to NaS (100 mM) for approximately 48 hours.
NasS significantly increased the frequency of warty tumours
in D. melanogaster flies. Furthermore, the comet assay eval-
uated all cell types of the isogenic w'!'® strain of D. melano-
gaster exposed to NaS (100 mM, 24 h) for DNA breaks. NaS
caused significant DNA damage. The researchers commented
that NaS has a noticeable genotoxic potential. Remarkably,
NasS also appears to cause DNA damage in in vivo conditions.
In the present study, NaA and NaS increased the comet tail
intensity, length, and moment in isolated lymphocytes at al-
most all concentrations. Both NaA and NaS significantly
caused DNA damage. In this respect, the data obtained from
the two previous studies are consistent with the present study.
Besides, Mohammadzadeh-Aghdash et al. (2018) exhibited
that NaA (25, 50, 100, and 200 uM) decreased HUVEC cell
line growth in a dose and time-dependent manner (ICs value:
487.71 uM at 24 h and 232.05 uM at 48 h); however, it did
not induce a significant effect on DNA fragmentation or
smear upon exposure of HUVECs with ICso concentration of
NaA using DAPI staining and DNA ladder assays. Moreover,
using FITC-labeled Annexin V flow cytometry, ICso concen-
tration of NaA did not lead to considerable apoptosis or ne-
crosis. They concluded that a low concentration of NaA did
not have significant cytotoxic and genotoxic effects. On the
other hand, the absence of DNA damage and increased cell
death in cells exposed to ICso concentration may be due to the
difference in the cells used in the experimental sets. There-
fore, it is clear that the effects of both NaA and NaS should
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be investigated in different cell groups. In a study conducted
in 2023, the genotoxic effects of NaA and NaS were exam-
ined in human lymphocytes by chromosomal aberration and
micronucleus (MN) tests. For this, 15.63-250 pg/mL of NaA
and 3.91-62.50 pg/mL of NaS were used. Both food preserv-
atives increased the frequency of CAs and MN at higher con-
centrations. In the same study, mitotic index values also de-
termined the cytotoxicity of NaA and NaS at the same con-
centrations in human lymphocytes. The mitotic index, an in-
dicator of cytotoxicity, decreased statistically significantly at
the high concentrations of NaA and NaS used in cultured hu-
man lymphocytes. In summary, NaA and NaS showed both
genotoxic and cytotoxic effects at high concentrations in hu-
man lymphocytes (Altunkaynak, 2023). The study's results
are consistent with this study regarding both aspects (cyto-
toxicity and genotoxicity).

According to the recent EFSA report (2022a), sulfites, includ-
ing NaS, may be unsafe, especially at high concentrations.
Ishidate et al., 1984, reported no mutagenicity in the Ames
assay and no induction of chromosomal abnormalities in
mammalian cells in the in vitro chromosomal aberration test.
However, in later years, a mutagenic effect was observed in
the spore rec test with the Bacillus subtilis M45 strain (Ueno
et al., 2002). Additionally, it caused gene mutation at the gpt
locus of AS52 cells (Meng & Zhang, 1999), which was asso-
ciated with a cytotoxic effect at the highest concentration
used. In this study, the damage at high concentrations was
observed more prominently, so the cytotoxic effect observed
at high concentrations may be related to DNA damage. To-
gether with the results of the other studies described above,
the EFSA report states that there are gaps in the toxicity data
of NaS and other sulfites and that the effectivity of this situa-
tion on health still needs to be determined. Another report by
the same authority announces that acetates (including NaA)
used as food additives should be re-evaluated (EFSA, 2022 a,
b). Considering the studies conducted, the increase in muta-
genicity and genotoxicity, especially at high concentrations,
and the finding of different results in different cell groups
have caused concern. An example is the finding of com-
pletely different mutagenicity results in different prokaryotic
organisms in the studies described above. Taken together, as
stated in EFSA's recent reports on sulfites and acetates, there
is a significant gap in the literature in terms of clarifying their
effects and at which concentrations and in which cell groups
their effects are more effective. This study will fill the gaps
in the literature and contribute to these re-evaluations.

In a study conducted in 2018, the genotoxicity of NaA was
investigated under in vivo conditions, and a significant geno-
toxic and cytotoxic effect was detected. It was stated that the

release of reactive oxygen species (ROS) by acetate may be
a mechanism underlying the cyto-genotoxic effect of NaA
(Abd-Elhakim et al., 2018). Therefore, the genotoxic and cy-
totoxic effects observed in this study may be due to the re-
lease of ROS. The resulting ROS and free radicals can react
with multiple vital components of the cell, such as proteins,
lipids, and DNA, and disrupt the structure and function of
these components. Free radicals are unstable, low molecular
weight, and very active molecules. Since free radicals are
highly reactive compounds, they carry unpaired electrons in
their outermost orbitals and quickly react with other organic
and inorganic molecules. Free radicals are unstable and react
with many organic molecules in the cell, like DNA, to pro-
duce various damages that may cause abnormalities (Mercan,
2004; Hou et al., 2024).

Conclusion

Food preservatives are the most commonly used group of
food additives. Extending shelf life and reaching the con-
sumer without spoilage are among the most essential con-
cerns in food production. Therefore, food additives have be-
come indispensable in the prepared and packaged food indus-
try. This situation has made exposure to food additives inev-
itable. However, the potential health risks of these chemicals
have always been a matter of debate. The point to be consid-
ered is to minimise the hazards as much as possible by ensur-
ing that these substances are used as specified and safely. To
protect human health, it is essential to consider the food pro-
duction chain as a system to continuously control food safety
and evaluate scientific evidence and all kinds of risk assess-
ments in all measures taken to protect consumer interests.

Results of this study showed that NaA and NaS exhibited a
cyto-genotoxic effect at high concentrations. Different stud-
ies indicate that this effect may be due to free radical for-
mation. Free radicals, which are low in most foods, increase
depending on the processing technique of foods. In other
words, the free radical content of processed food is higher
than the content of the raw material. The formed ROS and
free radicals can react with multiple vital components of the
cell, such as protein, lipid, and DNA, and disrupt the structure
and function of these components. Considering other studies
with NaA and NaS, caution should be exercised when using
NaA and NaS because of the cyto-genotoxic effect in differ-
ent tissues with different tests supporting each other. How-
ever, further studies with various test methods and cell groups
are believed to provide direction on the level of hazard asso-
ciated with using these food additives.
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Popiiler diyetlerin saglik iizerine uzun déonemde olas: etkilerinin daha iyi anlasilmasi i¢in besin dgesi profilinin ayrintili olarak
degerlendirilmesi gereklidir. Bu ¢aliymada bazi popiiler diyetlerin besin 6gesi iceriklerinin, diyet antioksidan kapasitelerinin, diyet
kalitelerinin ve diyet inflamatuar yiiklerinin incelenmesi amaglanmaktadir. Popiiler diyetleri belirlemek igin literatiir taranmis ve
bu tarama sonucunda Atkins, vegan, Zone, Dukan, Akdeniz, alkali, ketojenik ve Paleo diyet ¢aligmaya alinmistir. Popiiler diyetlerin
Beslenme Bilgi Sistemi (BeBIS) programi kullanilarak besin dgesi igerikleri, antioksidan miktarlar1 ve Oksijen radikali absorbe
kapasitesi (ORAC) degerleri belirlenmistir. Diyet kalitelerini belirlemek igin Diyet Kalite indeksi-I (DKI-T) ve diyet inflamatuar
yiikiiniin belirlenmesi igin Diyet Inflamatuvar indeksi hesaplanmustir. Tiim diyet modellerinin antioksidan miktarlari karsilastiril-
diginda; antioksidan miktar1 en yiiksek diyet Paleo diyet (6.0 mmol), en diisiik ise klasik ketojenik diyet (1.9 mmol)’tir. Diyet
modellerinin ORAC degerleri karsilastirildiginda, en yiiksek ORAC degerine sahip diyet Paleo diyeti (23670.0), en diisik ORAC
degerine sahip diyet ise Dukan Seyir diyeti (1828)’tir. En yiiksek antiinflamatuar diyet skoruna sahip diyet vegan diyet (-1.5), en
yiiksek proinflamatuar diyet skoruna sahip diyet ise klasik ketojenik diyet (5.9)’tir. Dii skorlarma gore; vegan, Dukan Seyir ve
Akdeniz diyeti antiinflamatuar 6zelliktedir. En yiiksek DKI-I puani olan diyet vegan diyeti (74)’dir. Zone diyeti (73) ve Akdeniz
diyeti (68) diger en yiiksek puan alan diyetlerdir. En diisik DKi-I puanima sahip diyetler ise Dukan (atak evresi) (43) ve klasik
ketojenik diyet (46)’tir. Bu bulgular, popiiler diyetlerin besin yeterliligi hakkinda faydali bilgiler saglamaktadir. Sonuglar bitki
bazli ve dengeli diyetlerin diisiik karbonhidrath diyetlere gére daha iyi diyet kalitesine ve daha iyi besin dgesi profiline sahip
oldugunu gostermektedir.

Anahtar Kelimeler: Beslenme, Akdeniz diyeti, Ketojenik diyet, Vegan diyet

ABSTRACT

Examination of nutrient content, dietary antioxidant capacity, dietary quality and dietary inflammatory load of
some popular diet

This study aimed to examine some popular diets' nutrient content, dietary antioxidant capacity, diet quality, and dietary inflamma-
tory load. Materials and Method: Literature was reviewed to identify popular diets, and Atkins, vegan, Zone, Dukan, Mediterra-
nean, alkaline, ketogenic, and Paleo diets were included in the study. Nutrient contents, antioxidant capacity, and oxygen radical
absorbance capacity (ORAC) values of popular diets were determined using the Ebispro for Windows (BeBIS) program. Diet
Quality Index-I (DQI-I) and Dietary Inflammatory Index were calculated. Results: When the antioxidant amounts of all dietary
models were compared, the diet with the highest antioxidant content was the Paleo diet (6.0 mmol), and the lowest was the classic
ketogenic diet (1.9 mmol). When the ORAC values of the dietary patterns were compared, the diet with the highest antioxidant
capacity was the Paleo diet (23670), and the diet with the lowest antioxidant capacity was the Dukan cruise diet (1828). The diet
with the lowest DII score was the vegan diet (-1.5), and the diet with the highest DII score was the classic ketogenic diet (5.9).
According to the DII scores, vegan, Dukan, and Mediterranean diets have anti-inflammatory properties. Vegan diet had the highest
DQI-I score (74). Zone (73) and Mediterranean (68) had the highest scoring diets. The diets with the lowest DQI-I scores were the
Dukan (attack phase) (43) and the classic ketogenic diet (46). Conclusion: These findings provide valuable information on the
nutritional adequacy of popular diets. Plant-based and balanced diets have better quality and nutrient profiles than low-carbohydrate
diets.

Keywords: Nutrition, Mediterranean diet, Ketogenic diet, Vegan diet
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Giris

Insan yasaminda beslenme olduk¢a énemli bir yere sahiptir.
Caglar boyu insanlar, yasadiklart donemin kosullarma uyum
saglamislar ve bu dogrultuda beslenme tarzlarini degistirmis-
lerdir. Gogebelikten yerlesik hayata gecilmesi, atesin bulun-
masi, farkli arag-gereclerin icadi ve aveilik, toplayicilik gibi
yasam tarzi degisiklikleri beslenme aligkanliklarinin sekillen-
mesine katki saglamistir (Akbulut, 2022). Insanlarin benim-
sedikleri ideolojiler de beslenme tarzlarini etkilemekte ve bu
da yeni diyet modellerinin olugmasina zemin hazirlamakta-
dir. Ornegin; hayvansal kaynakli iiriinlerinin kullanimina
kars1 olan veganizm ya da veganlik, vegan diyet modelinin
ortaya ¢ikmasina neden olmustur (Hassoun ve ark., 2022;
Wang ve ark., 2008). insanlardaki beden imgesinin ayr1 bir
boyut kazanmasi da bireylerin farkli diyet modellerine yonel-
mesine neden olmaktadir. Beden imgesinin olumlu ya da
olumsuz olmasi bireyin besin se¢imini ve beslenme davrani-
sin1 etkilemektedir (Homan ve ark., 2012). Diinya’da bir¢cok
kisi viicut agirligini azaltmak veya korumak i¢in hizli agirlik
kayb1 vaat eden, baz1 besinleri kisitlayan ¢esitli diyetler uy-
gulamaktadir (Anton ve ark., 2017). Insanlar tiim bu ve daha
baska sebeplerle farkli yasam bigimlerine uygun diyet model-
lerini benimsemektedirler. Bu diyet modelleri arasinda kar-
bonhidrat aliminin azaltilmas: ilkesine dayananlar oldukca
popiilerdir. Batili toplumlarda yiiksek yagh diyetten kaginan
ve yiiksek protein alimini tesvik eden uygulamalar da goriil-
mektedir (Navruz ve Acar, 2014). Bu diyet modellerine ba-
kildiginda temelde ayni1 besin bilesenlerini igerseler de bu bi-
lesenlerin miktarlar1 farkli diizeylerde olabilmektedir. Popii-
ler diyetler, diisiik karbonhidratli/yiiksek proteinli, yiiksek
karbonhidratli/diigiik yagli veya belirli besinlerin veya besin
gruplarmin (hayvansal kaynakli besinler, seker vs.) kisitla-
masina dayali diyet modelleri dahil olmak iizere birka¢ ana
gruba ayrilabilir (Joshi ve Mohan, 2018). Giiniimiizde Paleo
diyeti (tas devri diyeti), Dukan diyeti, alkali diyet, vegan di-
yeti, Atkins diyeti, ketojenik diyet, Akdeniz diyeti ve Zone
diyeti gibi birgok popiiler diyet mevcuttur ve uygulanmakta-
dir (Anton ve ark., 2017). Popiiler diyetlerin icerdikleri besin
bilesenlerinin farkliliklar1 diyet kalitesinin etkilemekte ve
baz1 diyetler sagligi iyilestirmeye katki saglarken bazilar ise
kotii saglik ¢iktilart ile iligskilendirilmektedir (Dinu ve ark.,
2020; Huang ve ark., 2020). Daha fazla insanin popiiler di-
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yetleri takip etme konusundaki egilimleri arttik¢a, bu diyetle-
rin diyet kalitesi hakkindaki bilgiler daha da 6nemli hale gel-
mektedir (International Food Information, 2023).

Bu calismada bireylerin saglikli bir yasam siirdiirmek, agirlik
kaybini saglamak veya ¢esitli inanglar sebebiyle uyguladik-
lar1 baz1 popiiler diyetlerin besin dgesi i¢eriklerinin, diyet an-
tioksidan kapasitesinin, diyet kalitelerinin ve diyet inflama-
tuar yiiklerinin incelenmesi amaglanmaktadir.

Materyal ve Metot

Bu ¢alisma giinliimiizde uygulanan bazi popiiler diyetlerin be-
sin 0geleri ve diyet kalitesi agisindan kesitsel bir analizidir.
Popiiler diyetleri belirlemek i¢in literatiir taranmis ve bu ta-
rama sonucunda sekiz popiiler diyet ¢calismaya dahil edilmis-
tir. Bu diyetler; Atkins diyeti, vegan diyet, Zone diyeti, Du-
kan diyeti, Akdeniz diyeti, alkali diyet, ketojenik diyet ve Pa-
leo diyeti’dir. Belirlenen diyet modellerinin bazilar1 asamali
ya da farkli gesitleri olan diyetlerdir. Bu nedenle baz1 diyet-
lerden iki farkli diyet modeline ¢alismada yer verilmistir. At-
kins diyeti i¢in, baslangi¢ evresi ve 6n koruma evresi; Dukan
diyeti i¢in, atak evresi ve seyir evresi seklinde ikiger farkli
diyet modeli ¢calismaya alinmistir. Her bir diyet i¢in bir giin-
liik 6rnek bir beslenme programi izokalorik olarak tasarlan-
mistir. Caligmaya alman diyetlerin Beslenme Bilgi Sistemi
(BeBIS) programi kullanilarak makro ve mikro besin dgesi
icerikleri, antioksidan miktarlar1 ve Oksijen radikali absorbe
kapasitesi (ORAC) degerleri belirlenmis ve diyet kalitelerini
belirlemek igin ise Diyet kalite Indeksi-I ve Diyet Inflamatu-
var Indeksi hesaplanmugtir.

Diyet Modellerinin Tasarlanmast

Popiiler diyet modellerini her biri i¢in birer giinliik bir bes-
lenme programi izokalorik olarak arastirmaci tarafindan ta-
sarlanmistir. Popiiler diyetlerin diyet modelleri tasarlanirken
ornek meniileri bulunan diyetlerde bu 6rnek meniiler, 6rnek
meniiye ulasilamayan diyetlerde ise diyet ilkeleri goz dniinde
bulundurularak aragtirmaci tarafindan hazirlanmis diyet mo-
delleri kullanilmistir. Popiiler diyetlerin érnek meniiler ince-
lenmis bu mentiler genellikle 1500+£20 kkal icerigine sahip
oldugu i¢in biitlin diyet modelleri izokalorik olarak (1500+20
kkal/giin) olarak olusturulmustur.
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Atkins diyeti, Amerikali kardiyolog Dr. Robert C. Atkins ta-
rafindan gelistirilen, The Atkins Diet Revolution kitabinda
yayimlanan diisliik karbonhidratli, yiiksek proteinli agirlik
kaybini amaglayan asamali bir diyet planidir. Diyetin baglan-
gic asamasinda giinde 20 gram net karbonhidrat tiiketimi ve
bunlarm 12 ila 15 graminin mutlaka temel sebzelerden (sala-
talik sebzeler ve pisirilerek tiiketilen sebzeler) alinmasi 6ne-
rilmektedir. Diyette tahil ve tahil {iriinleri, kurubaklagiller, ni-
sastal1 sebzeler gibi yiiksek karbonhidrat igeren besinlerin tii-
ketiminden uzak durulmaktadir. Kirmizi et, balik, kiimes hay-
vanlarinin ve dogal yag tiiketiminde kisitlama bulunmamak-
tadir. On koruma asamasinda viicut agirlik kaybi1 devam ettigi
siirece karbonhidrat alimi haftada 10* ar gram olmak {izere
yavas yavas arttirllmaktadir. Bu asamada kii¢lik porsiyon-
larda tam yaglh veya kaymagi alinmis siit; orman meyvelerine
ilave olarak diger meyveler de yavas yavas eklenebilmekte-
dir. Ayrica nisastali sebzeler ve tam tahilli {iriinler ¢ok kiiciik
porsiyonlarda eklenebilmektedir (Westman ve ark., 2014).
Vegan diyet hayvansal kaynakli biitiin besinlerin diyetten ¢1-
karildig1 bir beslenme tarzidir. Diyette hayvansal kaynaklar
disindaki; tiim sebzeler, meyveler, tahillar ve yagl tohumlar
tiiketilmektedir. Karbonhidrat ve protein ihtiyaci sebzeler, ta-
hillar ve baklagillerden karsilanirken, yag ihtiyaci bitkisel
kaynakli yaglardan karsilanmaktadirlar (Barnard, 2020).
Zone diyeti agirlik kaybini hedefleyen ve 6giin zamanlarinin
Oonemini vurgulayan bir diyet planidir. Giinde bes 6giin; ii¢
ana 6giin ve iki ara 0giin seklinde tiiketilmesi 6nerilmektedir.
Her 6glinde yeterli miktarda az yagli protein tiikketilmesi 6ne-
rilmektedir. En iyi protein secenekleri; derisiz tavuk eti,
hindi, balik, yagsiz kirmizi et, yamurta aki, az yagli siit ve siit
iirlinleri, tofu ve soya iirlinleri seklinde belirtilmektedir. Zone
diyetinde karbonhidrat se¢imi yaparken; glisemik indeksi
yiiksek sebzelerin (misir, havug vb.) ve meyvelerin (muz,
karpuz, kuru meyveler vb.) ve de nisastali besinlerin tercih
edilmemesi onerilmektedir. Yag grubuna bakildiginda, tekli
doymamis yag asitleri ve uzun zincirli yag asitleri (omega-3)
‘iyi’ yag olarak adlandirilirken; doymus yag asitleri, trans yag
asitleri ve arasidik asit ‘kotii’ yag olarak adlandirilmaktadir.
Diyetlerde kotii olan yag asitleri yerine iyi olarak adlandirilan
yag asitlerinin tercih edilmesi 6nerilmektedir (Sears, 2004).
Alkali diyetin temeli, viicuttaki asit yiikiinii azaltmak ve bunu
alkali besinler tiikketerek saglamaktir. Alkali diyette sebze,
meyve, yagli tohum ve bakliyat tirtinleri arttirilirken, hayvan-
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sal kaynakl; et, siit ve iiriinleri, yumurta sarisi, doymus yag-
lar, islenmis iirlinler gibi viicutta asitlenmeyi arttiran besinler
azaltilmaktadir (Vasey, 2006). Dukan diyeti, Fransiz Dr. Pi-
erre Dukan tarafindan gelistirilmistir. Dukan diyeti, diisiik
karbonhidrat, diisiik yag ve yiiksek protein tiiketerek kisa sii-
rede hizli viicut agirhigr kaybi sagladigimi savunmaktadir.
Dukan diyetinin ilk agamasi olan atak evresinde 6nemli nokta
saf protein tiiketilmesidir (1-10 giin). Neredeyse diyetin ta-
mami hayvansal kaynakli proteinden olusmaktadir. Bu asa-
mada yag igermeyen protein kaynaklar tiiketilmelidir ve tii-
ketimde sinirlama bulunmamaktadir. Dukan diyetinin seyir
evresinde saf proteine ek olarak taze ya da pismis sebzeler
eklenmektedir. Tiiketilen bitkisel besinlerin yiiksek nisastali
(patates, enginar, piring, misir, bezelye, nohut, bakla, merci-
mek ve boriilce) olmamasina dikkat edilmelidir. Ayrica tii-
ketilen ¢ig ya da taze sebzeler her 6giinde yer almamalidir.
Seyir evresinde hedef viicut agirligina ulasincaya ve viicut
agirhigi sabitleninceye kadar iki diyet modeli doniistimlii ola-
rak birbirini takip etmektedir. Bu iki diyet: Protein + sebze
diyeti ve saf protein diyeti seklindedir (Dukan, 2018). Akde-
niz diyetinin temel 6zellkileri; diyette sebze, meyve, kuru-
baklagiller, yagli tohumlar, ekmek ve diger tahillar gibi bit-
kisel kaynaklarin siklikla yer almasi, temel yag kaynag: ola-
rak zeytinyaginin kullanilmasi, hayvansal kaynakli besinlerin
bitkisel kaynakli besinlere oranla daha az tiikketilmesidir. Ak-
deniz diyetinde kirmizi etin ayda 1-2 kez tiiketilmesi, haftada
2 defa balik tiiketiminin 6nerilmesi ve de yemeklerin yaninda
tlimli kirmizi sarap tiiketilmesi tavsiye edilmektedir. Akdeniz
diyetinde tam tahilli iirlinlerin 8 porsiyon / giin, kuru baklagil
tiikketiminin 1-2 porsiyon / hafta, sebze tiiketiminin 2-3 porsi-
yon / glin ve meyve tiikketiminin 4-6 porsiyon / giin tiiketil-
mesi Onerilmektedir (Ozata ve Bektas, 2021). Ketojenik di-
yet, ilk kez 1920'erde Johns Hopkins Tip Merkezi'nde
(Maryland, ABD) c¢alisan arastirmacilar tarafindan epilepsi
hastalarinin tedavisinde uygulanmistir. Ancak giiniimiizde
siklikla agirlik kontrolii ve saglik yararlari iddiasiyla kullanil-
maktadir. Ketojenik diyet temelde; yeterli protein, diisiik kar-
bonhidrat (20-50 gram) ve yiiksek yagdan olusan bir diyet
modelidir. Ketojenik diyet, aclik durumunu taklit ederek
kanda ketonlar1 arttirmakta ve kan glikoz seviyesini diisiir-
mektedir (Zengin, 2019). Paleo diyeti, asirlar 6nceki donem-
lerdeki beslenme aliskanliklar1 baz alinarak sekillenmis bir
diyet modelidir. Paleo diyette, ¢ig besinler toplam diyetin en
az % 60’11 olusturmaktadir. Paleo diyetin temeli, yiiksek
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protein ve yag, diisiik karbonhidrat tiiketimine dayanmakta-
dir. Dogal olarak yetisen sebzeler tercih edilmekte, dzellikle
yesil yaprakli sebzelerin ¢ig olarak tiiketilmesi Onerilmekte-
dir. Diyette kimyasal igerikli hi¢bir iirlin; katki maddelerin
koruyucularin, renklendiricilerin kullanilmas1 énerilmemek-
tedir. Et, tavuk, balik, yumurta, sebze, az seker igeren mey-
veler, kabuklu kuruyemisler, zeytinyag: gibi besinlerin tiike-
timinde sinirlama bulunma-maktadir. Ayrica seker, tahil, un
ve bunlardan yapilan besinlerin tiiketilmemesi 6nerilmekte-
dir. Paleo diyette siit iirlinlerinin tiiketilmesi onerilirken, inek
siitiiniin tiiketilmesi 6nerilmemektedir (Wolf, 2017).

Toplam Antioksidan Kapasite ve Besin Ogelerinin
Belirlenmesi

Diyet modellerinin antioksidan miktarlarini, toplam antioksi-
dan kapasitesilerini ve makro — mikro besin 6gelerini hesap-
lamak igin Beslenme Bilgi Sistemi (BEBIS) programi kulla-
nilmistir.

Diyet Inflamatuar Indeksinin (DII) Hesaplanmast

Diyet inflamatuar indeksinin hesaplanmasinda ¢alismada yer
alan her bireyin giinliik besin/besin 6gesi alim miktarlarindan
z skor degerleri [(bireyin besin/besin 0gesini giinliik tiiketim
miktari-standart global tiiketim miktari) / besin/besin 6gesi-
nin standart sapma degeri] hesaplanmis ve sonrasinda persen-
til skoruna doniistliriilmiigtiir. Simetrik bir dagilim elde et-
mek icin, her bir persentil skoru iki ile ¢arpilmig ve daha
sonra "1" ¢ikarilmistir. Her bir besin/besin dgesi i¢in belirle-
nen merkezilestirilmig persentil degerleri, besin/besin dgesi
icin Shivappa ve arkadaslar1 tarafindan hesaplanmis olan
“Ozellestirilmis tam inflamatuar etki skoru” ile ¢arpilmas, so-
nugta elde edilen degerler toplanarak, bireyin giinliik diyeti-
nin inflamatuar yiikiinii temsil eden diyet inflamatuar indeks
(DIi) skoru elde edilmistir.19 Calismaya katilan bireylerin
besin tiiketimine dayali Dil hesaplamasi igin olas1 45 be-
sin/besin Ogesinden, bireylerin besin tiiketim kayitlarindan
ulagilabilen 33( Enerji (kkal), Protein (g), Toplam yag (g),
Doymus yag (g), Tekli doymamis yag asitleri (g), Coklu doy-
mamis yag asitleri (g), n-3 yag asidi (g), n-6 yag asidi (g),
Kolesterol (mg), Karbonhidrat (g), Posa (g), Kafein (mg), A
vitamini (RE), Beta karoten (ng), D vitamini (ug), E vitamini
(mg), Tiamin (mg), Riboflavin (mg), Niasin (mg), B6 vita-
mini (mg), Folik asit (ug), B12 vitamini (ng), C vitamini
(mg), Demir (mg), Magnezyum (mg), Cinko (mg), Selenyum
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(mg), Yesil/siyah cay (g), Sogan(g), Sarimsak (g), Biber (g),
Kekik (mg), Zencefil (g)) tanesi kullanilmistir. Pozitif Dii
skorlar1 proinflamatuar, negatif DII skorlar1 antiinflamatuar
olarak kabul edilmektedir (Shivappa ve ark., 2014).

Diyet Modellerinin Diyet Kalite Indeksi (DKI-I) 'nin
Hesaplanmast

Diyet Kalite Indeksi (DKI-I), Kim ve ark. (2023) tarafindan
tanimlanan yonteme gore degerlendirilmistir. DKI-I; gesitli-
lik, yeterlilik, olciiliiliik ve genel denge kategorileri olmak
iizere diyetin dort temel bilesenine odaklanmaktadir. Bu ka-
tegorilerin her biri i¢in degerlendirilecek belirli alt diyet bile-
senleri bulunmaktadir. Her bilesenin puanlar1 dort ana kate-
gorinin kendi igerisinde hesaplanmaktadir. Daha sonra dort
kategorinin puanlar1 toplanmakta ve sonugta 0 ile 100 ara-
sinda degisen toplam DKI-I puam elde edilmektedir. ‘0’ en
diisiik ve ‘100’ olas1 en yiiksek DKI-I puanini temsil etmek-
tedir.

Bulgular ve Tartisma

Sekil 1’de diyet modellerinin makro besin 6gesi dagilimlari
verilmistir. En yiiksek karbonhidrat oran1 %65 ile vegan di-
yette iken en diisiik karbonhidrat oran1 %#4 ile klasik ketojenik
diyettedir. En yiiksek protein orani ise Dukan diyetlerinde
(%40), en diisiik protein orani ise yine klasik ketojenik diyet-
tedir (%10). Klasik ketojenik diyet %86 ile en yiliksek yag
oranina sahip iken %19 ile vegan diyet en diisiik yag oranina
sahiptir. Akdeniz diyeti (%38-%19-%43) ve alkali diyet
(%38-%22-%40) diger diyet modellerine gore daha dengeli
bir makro besin 6gesi dagilimlar1 vardir.

Diyet modellerinin bazi makro ve mikro besin 6gesi dagilim-
lar1 Tablo 1°de verilmistir. Diyet modelleri incelendiginde,
doymus yag miktar1 en yiiksek Atkins Baglangi¢ diyetinde
(39.2 g), en yiiksek kolesterol miktari ise Dukan Seyir diye-
tindedir (1212.9 mg). Paleo diyeti (6.0 g) en yiliksek omega
3 miktarina sahip diyet iken ikinci en yliksek omega 3 miktar1
Dukan Seyir diyetidir (5.9 g). En diisiikk omega 3 igerigi vegan
diyetindedir (0.8 g). Diyet posasini en yliksek miktarda iceren
diyet Akdeniz diyetidir (49.0 g). Diyet modellerinin vitamin
igerikleri incelendiginde A vitamini en yiiksek miktarda At-
kins On Koruma diyetinde (4086.7 pg) en diisiik miktarda
Klasik Ketojenik diyettedir (433.4 pg). C vitamini, en yiiksek
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vegan diyette (339.5 mg); en diisiik ise Dukan Atak diyetin-
dedir (16.3 mg). Diyetlerin B12 vitamin igerigine bakildi-
ginda, en yiiksek Dukan Seyir diyetindedir (16.9 ug), vegan
diyette ise B12 vitamini bulunmamaktadir. Diyet modelleri-
nin mineral miktarlarma bakildiginda, kalsiyum en yiiksek
Dukan Atak diyetinde (3154.4 mg), en diisiik ise Klasik Ke-
tojenik diyettedir (299.7 mg). Magnezyum en yiiksek vegan
diyetinde (546.8 mg) ve en diislik miktarda ise Klasik Keto-
jenik diyettedir (85.4 mg). Diyet modellerinin potasyum mik-
tarlar1 karsilastirildiginda, en yiiksek miktar Dukan Seyir di-
yetinde (4830.5 mg), en diisiik ise Klasik Ketojenik diyettedir
(1154.6 mg). Demir miktar1 incelendiginde, en yiiksek demir
miktar1 vegan diyette (19.4 mg), en diisiik ise Klasik Ketoje-
nik diyettedir (5.3 mg).

Diyet modellerinin igerdigi antioksidan miktar1 Sekil 2°de ve-
rilmistir. Tiim diyet modellerinin antioksidan miktarlar1 kar-
silagtirildiginda; antioksidan miktar1 en yiiksek diyet Paleo
diyet (6.0 mmol), en diisiik ise Klasik Ketojenik diyet (1.9
mmol)’tir.

Diyet modellerinin ORAC (antioksidan kapasite) degerleri
Sekil 3°te verilmektedir. Diyet modellerinin ORAC degerleri
karsilastirildiginda, en yiiksek antioksidan kapasiteye sahip
diyet Paleo diyeti (23670.0), en diisiik antioksidan kapasiteye
sahip diyet ise Dukan Seyir diyeti (1828)tir.

Diyet modellerinin Diyet inflamatuvar indeks skorlar1 (Di)
Sekil 4°te verilmektedir. Popiiler diyetlerin Dii skorlar1 ince-
lendiginde; en yliksek antiinflamatuar diyet skoruna sahip di-
yet vegan diyet (-1.5), en yiiksek proinflamatuar diyet sko-
runa sahip diyetin ise Klasik Ketojenik diyet (5.9)’tir. Diyet
Inflamatuvar Indeks skorlarina gore; vegan, Dukan Seyir ve
Akdeniz diyeti antiinflamatuar 6zellikte, Zone, Paleo, klasik
ketojenik, Dukan Atak, Atkins On Koruma, Atkins Baslangig
ve alkali diyet ise proinflamatuar 6zelliktedir.

Diyet modellerinin Diyet Kalite indeksi—I (DKI-I) skorlaria
ait degerlendirme Tablo 2’te verilmistir. Tiim diyet modelleri
degerlendirildiginde en yiiksek DKI-I puan1 olan diyet vegan
diyeti (74)’dir. Zone diyeti 73 puan ile en yiiksek DKi-I pua-
nina sahip ikinci diyettir. En diisiik DKI-I puanina sahip di-
yet ise Dukan (atak evresi) diyeti (43)’dir.

Beden algisi, farkli diislince yapilar1 ve saglikli beslenme gibi
bir¢ok unsur insanlar1 farkli diyet modeli arayislarina itmek-
tedir. Ancak popiiler diyetlerin saglik {izerine etkileri son de-
rece tartigsmalidir. Bu ¢alismada farkl popiiler diyet modelle-
rinin besin 6gesi igerikleri, diyet antioksidan kapasiteleri, di-
yet kaliteleri ve diyet inflamatuar ytikleri incelenmistir.

Tiirkiye Beslenme Rehberi (TUBER), 2022°de yaymnlanan
verilerinde, giinliik alinan enerjinin %45-60’1n1n karbonhid-
ratlardan, %10-20’sinin proteinlerden ve %20-35’ inin yag-
lardan karsilanmasin1 dnermektedir (TUBER, 2022). Bu ca-
lismada, 11 farkli izokalorik diyet modelinin makro besin
ogeleri karsilagtirillmistir. Akdeniz diyetinin (yag %38-pro-
tein %19-karbonhidrat %43) ve alkali diyetin (yag %38-pro-
tein %22- karbonhidrat %40) TUBER-2022 (karbonhidrat
%45-60, protein %10-20, yag %20-35) makro besin dgesi da-
gilim1 Onerilerine diger diyet modellerine gore daha yakin ol-
dugu gorilmistiir. Klasik Ketojenik diyet (%86) en yiiksek
olmakla birlikte vegan diyet (% 19) harig biitiin diyet model-
leri TUBER’in 6nerilerinden daha yiiksek yag oranina sahip-
tir. Vegan diyet (% 65) ayrica, diger diyet modellerine gore
en yiiksek ve TUBERin onerilerinde fazla karbonhidrat ige-
rigine sahip tek diyet modelidir. Bu durum vegan diyetin ta-
mamen bitkisel kaynakli besinlere dayanmasi ve bu besin
gruplarmin yiiksek karbonhidrat ve diisiik yag icerigine sahip
olmasindan kaynaklanmaktadir. Vegan diyet hari¢ tiim diyet-
ler TUBER’in 6nerilerinde daha az karbonhidrat igermekte-
dir. En diigiik karbonhidrat icerigi ise Klasik Ketojenik (%4)
diyettedir. Diyet modellerinin protein igerikleri incelendi-
ginde Akdeniz (%19), vegan (%16) ve Klasik Ketojenik
(%10) diyetin protein igeriginin TUBER onerilerine uygun
oldugu, diger tiim diyet modellerinin protein igeriginin TU-
BER onerilerinden yiiksek oldugu goriilmiistiir.

Antioksidanlar serbest radikal olusumunun azaltilmasiyla da
iliskilidir ve bireylerde antioksidan durumunu iyilestirirler.
Dolayisiyla optimum saglik ve refahin korunmasinda ve res-
best radikallerin neden oldugi hastaliklarin tedavisinde kritik
oneme sahiptirler (Sen ve Chakraborty, 2021). Bitkisel kay-
nakl1 besinler biinyesinde bulundurdugu fenolik bilesikler ne-
deniyle yiiksek antioksidan igerige sahiptir (Kolag ve ark.,
2017). Bu ¢alismada diyet modellerinin antioksidan miktari
degerlendirildiginde, en yliksek antioksidan miktar1 Paleo di-
yette (6.0 mmol), en diigiikk antioksidan miktarinin ise klasik
ketojenik diyette (1.9 mmol) goriilmektedir. Klasik ketojenik
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diyetin yiiksek oranda yag (%86) iceren bir diyet olmasi ve
diger diyetlere kiyasla daha diisiik miktarda sebze ve meyve
icermesi bu durumu desteklemektedir. ORAC, bir besinin
serbest radikalleri temizleme kapasitesini 0lgme birimidir.
Kisacast ORAC, besinin antioksidan kapasitesi anlamina gel-
mektedir (Vasey, 2006). Diyet modellerinin antioksidan ka-
pasiteleri incelendiginde, Paleo diyetin en yiiksek ORAC de-
gerine sahip oldugu, Dukan diyetin ise en diisiik ORAC de-
gerine sahip oldugu goriilmektedir. Paleo diyeti esas olarak;
dogal otlarla beslenen ve merada yetistirilen hayvan etleri,

¢ig sebzeler, meyveler, mantarlar, kdkler ve sert kabuklu ye-
mislerden olusur (Cambeses-Franco ve ark, 2021; Fraczek ve
ark., 2021). Paleo diyetin yiiksek oranda igerdigi bu besinler
yiiksek antioksidan seviyesini agiklamaktadir. Yiiksek sebze,
meyve, resveratrol ve zeytinyagi tiikketimi ile karakterize Ak-
deniz diyetininin Paleodan sonra en yiiksek antioksidan de-
gerine sahip olmasi ve diisiik sebze meyve tiiketimiyle karak-
terize Klasik ketojenik diyetinde en diisiik antioksidan dege-
rine sahip olmasi bu durumu desteklemektedir.

Tablo 1. Diyet modellerinin bazi makro ve mikro besin 6gesi dagilimlari
Table 1. Some macro and micronutrient distributions of dietary models

Lol Akdeniz  Alkali Atkins — Atkins On  Dukan Dukfln Kla‘s1k. Paleo Vegan Zone
Besin Ogeleri Diyeti Diyet Baslangic  Koruma Atak Seyir Ketojenik Diyeti diyeti  Diyeti
Diyeti Diyeti Diyeti Diyeti Diyet
Enerji (kkal) 1513.1 1508.2 1519.6 1513.9 1511.9 1511.4 1512.8 15169 1513.1 1517.8
Doymus Yag (g) 13.5 15.8 39.2 34.1 28.5 214 27.8 242 4.3 13.5
Tekli Doymamis ) o 29.9 44.7 49.4 225 24.6 97.0 545 175 277
Yag (g)
Coklu Doymamis 5 ; 142 7.8 17.9 17.0 15.1 132 196 73 161
Yag (g)
Omega-3 (g) 4.2 4.5 1.6 5.1 1.2 5.9 1.5 6.0 0.8 3.9
Omega-6 (g) 11.2 9.6 6.2 12.8 15.7 9 11.6 13.5 6.5 12.2
Kolesterol (mg) 280 371.3 674.1 656.3 675.5 1212.9 286.4 453.7 - 136.2
Diyet Posasi (g) 49.0 19.7 21.1 25.2 4.1 11.1 43 20.4 35.1 27.5
Betakaroten (mg) 5300.0  2300.0 1200.0 21700.0 300.0 8900.0 800.0 1800.0 9300.0 3500.0
A Vitamini (ng) 1053.5 751.8 831.6 4086.7 657 2227.6 4334 4337 1804.7 6959
D Vitamini (ng) 4.5 6.9 8.7 9.4 2.1 12.1 1.8 14.4 51.4 4.6
E vitamini (mg) 15.9 18.9 10.9 20.6 19.5 13.3 17.4 18.9 26.1 20.2
K Vitamini (ng) 78.9 60.2 125.8 586.6 10.3 833.9 88.3 85.2 643.3 3389
C Vitamini (mg) 142.0 97.0 122.3 88.1 16.3 213.1 69.3 1443 3395 3272
Folat (ng) 484.0 373.5 286.3 565.8 687.2 798.5 111.7 3579 6755 5285
B12 Vitamini (ug) 4.6 6.5 9.6 9.6 13.1 16.9 3.9 9.0 - 7.3
Tiamin (mg) 1.4 1.1 0.7 1.0 0.9 1.7 0.4 1.1 1.6 1.5
Riboflavin (mg) 1.3 1.4 1.5 1.5 3.8 4.4 1.0 1.6 1.1 2.2
Niasin (mg) 14.6 21.6 26.9 21.7 17.5 33.7 9.6 35.5 13.2 24.6
Kalsiyum (mg) 579.2 316.8 1210.4 931.1 3154.4 2422.8 299.7 379.5 5715 10623
Magnezyum (mg) 361.8 299.2 276.6 320.6 326.3 461.7 85.4 263.2  546.8 3269
Potasyum (mg) 3665.0  3169.8 2242.7 3437.9 2724.9 4830.5 1154.6 3436.8 4583.6 3634.8
Fosfor (mg) 1446.7 1120.0 1662.2 1526.3 3662.3 32313 5343 1164.8 11343 1653.4
Cinko (mg) 7.9 5.7 14.7 9.2 18.7 15.8 53 5.5 8.4 8.4
Demir (mg) 13.6 13.7 13.0 12.6 11.1 16.2 4.7 11.1 19.4 11.1
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Sekil 1. Diyet modellerinin makro besin 6gesi dagilimlar
Figure 1. Macronutrient distributions of dietary models
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Sekil 2. Diyet modellerinin igerdigi antioksidan miktarlar
Figure 2. Antioxidant content of dietary models
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Sekil 3. Diyet modellerinin igerdigi ORAC degerleri
Figure 3. ORAC values of dietary models

Diyet inflamatuar indeksi (Dii)
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Sekil 4. Diyet modellerinin Diyet Inflamatuar indeksi (DII)
Skorlar

Figure 4. Dietary Inflammatory Index (DII) Scores of dietary
models
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Sekil 5. Diyet modellerinin Diyet Kalite indeksi-I Skorlart
Figure 5. Diet Quality Index-I Scores of dietary models

Bu calismada diyet modelleri Diyet Inflamatuvar indeksi
(DII) skoruna gére incelendiginde Zone, Paleo, klasik ketoje-
nik, Dukan Atak, Atkins On Koruma, Atkins Baslangic ve
alkali diyetin pozitif (+) deger yani proinflamatuar 6zellik
gosterdigi bulunmustur. Yine bu diyetler arasindan klasik ke-
tojenik diyetin en yiiksek pozitif (+) skora sahip proinflama-
tuar diyet oldugu gériilmektedir. Diyet Inflamatuvar Indeks
(DII) skoruna gore vegan, Dukan Seyir ve Akdeniz diyeti ise
negative (-) yani antiinflamatuar bir deger aldig1 saptanmustir.
DIl skoru en diisiik (en antiinfamatuvar) olan diyet modeli
ise vegan diyettir (-1.5). Onceki calismalarda da bizim ¢alis-
mamiza paralel olarak bitki temelli diyet uygulayanlarin DIl
skorlarinin vejetaryen olmayanlara gére daha diisiik oldugu
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bulunmustur (Turner-McGrievy ve ark., 2015; Turner-McG-
rievy ve ark., 2021). Vegan ve Akdeniz diyeti (meyve ve seb-
zeler miktarinin yiiksek, islenmis besin tiiketiminin az) gibi
diyetler daha diisiik inflamasyon diizeyleri ile iliskilendirilir-
ken, bati tarz1 diyetler (6rnegin, yiiksek yag ve basit karbon-
hidrat iceren) daha yiiksek inflamasyon diizeyleri ile iligki-
lendirilmektedir (Whalen ve ark., 2016; Neale ve ark., 2016;
Neustadt ve ark., 2006). Ayrica C, D ve E vitaminleri, beta-
karoten, omega-3, ¢coklu doymamis yag asitleri, flavonoidler
ve posa gibi spesifik besinler daha diisiik inflamasyon diize-
yiyle iligkilendirilmistir (Corley ve ark., 2019). Bu ¢alismada
da en yiiksek C, D ve E vitaminine sahip diyet modelinin
vegan diyet oldugu goriilmektedir (Tablo 1). Bu durum Dii
skorlarinin daha diisiik olmasinin muhtemel nedenidir. Akde-
niz diyetininde, dengeli besin 6gesi dagilimina sahip olmasi,
sebze ve meyve tiikketiminin yiiksek olmasi ve spesifik (res-
veratrol, zeytinyagi vs) besinleri icermesi nedeniyle antiinf-
lamatuar diyet oldugunu diisiiniilmektedir. Bu ¢alismada kla-
sik ketojenik diyetin en yiiksek DI skoru sahip olmasinin ne-
deni ise diisiik meyve ve sebze tiiketimini dnermesi ve diger
popiiler diyetlere gore en diisiik A vitamin, D vitamin, folat,
B12 vitamini, tiamin, riboflamin, niasin, kalsiyum, magnez-
yum, potasyum, fosfor, ¢inko, demir i¢erigine sahip olmasin-
dan kaynaklanmaktadir (Tablo 1).

Diyet kalitesinin degerlendirilmesi, tek tek besin 6gelerinden
ziyade biitiinsel diyetin kalitesi ve ¢esitliligi ile ilgilidir ve di-
yet Oriintiilerinin diyet onerileriyle ne kadar uyumlu oldugu-
nun degerlendirilmesine olanak tanir (Marshall ve ark.,
2015). Ayrica diyet kalitesinin 6lglilmesi beslenme ile saglik
ve hastalik gostergeleri arasindaki iligkilerin arastirilmasinda
onemli yere sahiptir (Roman-Vinas. Ve ark., 2009). Bu ne-
denle diyet modellerinin diyet kalitelerinin belirlenmesi bu
diyet modellerinin saglik iizerine etkilerini anlamamiza yar-
dime1 olacaktir. Diyet kalitesinin Saglik Yeme Indeksi ile
ol¢iildiigli bir calismada makrobesin dgeleri dengeli dagilmis
(86.9 £7.7) ve bitki bazl1 (86.1 £10.7) diyetlerin Saglik Yeme
Indeksi skorlarinin, diisiik karbonhidrathi diyetlere (70.6
+15.0) gore anlamli derecede daha yiiksek oldugu goriilmiis-
tiir (Turner-McGrievy ve ark., 2021). Popiiler diyetlerin diyet
kalitesinin incelendigi bir diger ¢alismada ise Zone ve Ak-
deniz diyeti diyet kalitesi indeksine gore 74 puan ile diyet ka-
litelisi en yiliksek diyetler olurken Atkins diyeti 53 puan ile
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diyet kalitesi en diisiik diyet olarak tespit edilmistir (Kema-
loglu ve Oner, 2021). Bu calismada diyet modelleri degerlen-
dirildiginde en yiiksek DKI-I puani olan diyet vegan diyeti
(74)’dir. Kemaloglu ve Oner’in (2021) yaptig1 calismaya
benzer olarak Zone diyeti (73 puan) ve Akdeniz diyeti (68
puan) vegan diyetten sonra en yiiksek DKI-I puanina sahip
diyetlerdir. Dukan (atak evresi) diyeti (43 puan) ve Klasik
Katojenik diyet (46 puan) ise en diisiik DKI-I puanina sahip
diyetlerdir. Ayrica Kemaloglu ve Oner’in yaptig1 calismanin
sonuglarina benzer olarak bu calismada Atkins baslangi¢ di-
yeti 53 puan, Atkins 6n koruma diyeti 58 puan almistir. Daha
az havyansal kaynakli besinler, daha fazla sebze, meyve, ku-
rubaklagiller, glisemik indeksi diisiik karbonhidratlar ve sag-
likl1 yaglar i¢eren vegan, Zone ve Akdeniz diyetlerinin diger
diyet modellerine gore daha yiiksek diyet kalitesine sahip ol-
dugu goriilmektedir. Bununla birlikte bu ¢aligmada en diisiik
diyet kalitesine sahip diyet olan Dukan (atak evresi) diyet
diger popiiler diyetlere gore daha yiiksek protein (%40),
omega 6 (15.7 g) ve daha diisiik posa (4.1 g) beta karoten
(300 mg) ve C vitamini (16.3 mg) igermektedir (Tablo 1). Bu
besin 6geleri diisiik diyet kalitesinin nedeni olabilir. Klasik
Katojenik diyetin ise diger popiiler diyetlere gore bu calis-
mada incelenen 17 mikrobesin d6gesinden on {igiinde (A vita-
min, D vitamin, folat, B12 vitamini, tiamin, riboflamin, nia-
sin, kalsiyum, magnezyum, potasyum, fosfor, ¢inko, demir)
en diisiik ierige, en yiiksek yag (%86) oranina ve TUBER’e
gore glinliik 25 g posa tiiketimi tavsiyesi edilmesine ragmen
4.3 g posa igerigine sahip olmasi diisiik diyet kalitesini agik-
layabilir (Tablo 1).

Sonuc¢

Gilinlimiizde popiiler diyetlere olan ilgi giderek artmasina rag-
men diyetlerin saglik iizerine etkileri hala tartismalidir. Diyet
modellerinin makro besin dgelerinin dagilimlari, igerdikleri
besin 0gesi miktari, antioksidan ve antiinflamatuar igerikleri,
diyetlerde olusturulan besin ¢esitliligi gibi unsurlar diyet ka-
litesini etkilemektedir. Bireylerin diyet modellerini segerken
bu faktorlere dikkat etmesi beslenme ile iliskili saglik yarar-
larmi arttiracaktir. On popiiler diyet modelini birgok agidan
inceledigimiz bu ¢aligmanin sonuglarina gore; farkh katego-
rilerde farkli diyet modellerinin 6n plana ¢iktig1 goriilmekte-
dir. Vegan diyet toplam diyet kalitesi ve antiinflamatuar 6zel-
likleri agisindan diger diyet modellerine gore daha iyi sonug-
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lar almigtir. Paleo diyet de antioksidan 6zelligi ile en iyi so-
nuglar1 almistir. Akdeniz diyeti ise tiim kategorilerde (dengeli
makro ve mikro besin 6gesi dagilimi, yiiksek antioksidan ige-
rigi, yiiksek antiinflamatuar 6zellikleri ve yiiksek diyet kali-
tesi) diger diyet modellerine gore iyi sonuglari ile 6n plana
cikmaktadir. Diyet inflamatuar 6zellikleri, diyet kalitesi, di-
yet antioksidan ve diger besin Ogesi igerikleri agisindan en
kotii sonuglart ise ketojenik ve Dukan diyetler almistir. Bu
calismanin verileri popiiler diyetler arasinda Akdeniz diyeti-
nin daha iyi besin 6gesi profili ile daha fazla tercih edilmesi
gerektigini, ketojenik ve Dukan diyetlerin ise daha kotii besin
0gesi profillerinden dolay1 daha az tercih edilmesi gerektigini
vurgulamaktadir. Diyet modellerinin besinsel kalitelerinin
belirlenmesi ve toplumsal anlamda kaliteli diyetlere yonelik
bilincin olusturulmasi saglik harcamalarinin azalmasini ve is
giiciine katilimin artmasini saglayip toplumsal refah1 arttira-
caktir.

Etik Standartlar ile Uyumluluk

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

Etik izin: Arastirma niteligi bakimindan etik izne tabii degildir.
Veri erisilebilirligi: Veriler talep iizerine saglanacaktir.

Finansal destek: Bu caligma herhangi bir fon tarafindan destek-
lenmemistir.

Tesekkiir: -
Aciklama: -

Ekler

Ornek Diyet Modelleri
Sample Diet Models

1500 KKAL’LiK ATKINS (BASLANGIC EVRESI) DIiYETI

KAHVALTI ARA

2 adet sahanda yumurta (yagsiz)
20g salatalik

35 gram moza-
rella peyniri

Y4 adet avokado (80g) 50g kereviz sap1
OGLE ARA

Ton balikli mas fasulye salatasi 10 adet yesil

- 160g konserve ton baligi (vag ilavesiz)- zeytin (35g)

50g mas fasulyesi 60g gouda pey-

- 10g yesil/taze sogan niri

- I yemek kasigt limon suyu (10g)-
1 yemek kagsigi iiziim sirkesi (10g)-
5g dogranmug dereotu

- 5 adet siyah zeytin (18g)

AKSAM

85g koyun eti pirzolasi (yarim yagli, 1zgara)
30g cheddar peyniri

60g karnabahar

50g yaban turpu

2 yemek kasig Italyan sosu
- limon suyu 3mL

- sarimsak 1g

- maydanoz 1g

- feslegen 1g

- pul biber 1g

- zeytinyagi 20mL

- tiziim sirkesi SmL
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1500 KKAL’LiK ATKIiNS (ON KORUMA EVRESI) DIiYETi

1500 KKAL’LiK VEGAN DIYETi

KAHVALTI

ARA

KAHVALTI

ARA

2 adet yumurta kizartilmig (yag ila-
vesiz) 15 gram taze/krem peynir
37g yaban mersini

5 adet yesil zeytin

40g Isvigre/emmental
peynir

1 orta boy havug
(80g)

15g tath badem (¢ig)
OGLE ARA
60g tavuk eti (derisiz) Kaju fistig1 (¢ig)

Karisik salata ( 80g gobekli marul
+ 100g kereviz kokii + 80g havug,
2 tath kasig1 zeytinyag ile)
Mayonez (25g)

AKSAM

Somon balig1 (150g)
100g 1spanak

50g nohut

1 tath kasig1 zeytinyagi

(15g)
1 orta boy nar (170g)

1 su bardag1 portakal suyu (200mL)
20g findik ezmesi (seker ilavesi)

Yesil Smoothie:
1 su bardagi soya

Va adet avokado (40g) stitii (200mL)

Sogiis salata (limonlu) 150g 1spanak

- Salatalik (120g) 25 adet tiziim

- Domates (85g) (100g)

- I yemek kasigt limon (10g) % adet kiiciik boy

1 ince dilim tam tahilli ekmek (30g) armut (60g)
OGLE ARA

Fasulye Diiriim:

- lavas (45g)

- 4 yemek kasigt haslanmig bo-
riilce (konserve) (70g)

- 2 yemek kasig piring (20g)

- 2 yemek kasigr domates sosu (30g)

AKSAM

1 kése misir ¢orbasi (200mL)

- 20g dogranmis kuru sogan

- 15g dogranmus kirmizi biber

- 1 gram sarimsak

- 50g dogranmus patates

- 5 gram bugday unu

- 50 mL badem siitii

- 50g dondurulmus seker misir
- 1g karabiber

2 adet yesil mercimekli biber
dolmasi- 80g kepekli esmer pi-
ring

- 20g dogranmus kuru sogan

- 1g sarimsak

- 5g kimyon

- 50g yesil mercimek konservesi
- 1g karabiber

- 20g domates sosu

- 2 adet (normal/70g) yesil dolamlik bi-
ber

1 kii¢lik boy muz

(85g)
6 adet badem (6g)
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1500 KKAL’LiK ZONE DIYETi

1500 KKAL’LiK ALKALI DIYET

KAHVALTI (07:00) ARA (17:00) KAHVALTI (09:00) ARA (14:00)
Ispanyol Omleti 50 gram az yagh 4 yumurta aki ve 1 yumurta 1 fincan yesil ¢ay
- 2 yk ince dogranmis kuru sogan beyaz peynir saris1 ile omlet (5g tereyag ile) (150mL)

(40g) - Iri dogranmus yesilbiber (20g)
- 4 yumurta aki (120g)

- Az yagl beyaz peynir (30g)

- % su bardagi konserve boriilce
(25g) - 1 tath kasigi zeytinyagi

- 1 yemek kasigi Aycicek yagi (12g)
60 g yulaf ezmesi

1 orta boy portakal (140g)

150g siyah iiziim
3 adet siyah zeytin

OGLE (12:00)

ARA (23:00)

Lor peynir (yagsiz, tuzsuz)
(30g)

5 adet tuzsuz siyah zeytin (18g)
Tatli badem (10g)

So6giis salata (limonlu)

- Salatalik (120g)

- Domates (85g)

- 1 yemek kagsigi limon (10g)

3 ince dilim gliitensiz ekmek (75g

Izgara tavuk salatasi

-50g gébekli marul

- 100g brokoli

- 15g dogranmus yesilbiber

- 85g dogranmis domates

- 1 yk zeytinyagh sirke sosu (1
cay kasigi zeytinyagi (5g) + 1
tatl kasig iiziim sirkesi (5g))
- 1 yk limon suyu (10mL)

- Tavukgogsii (80g)

1 orta boy armut

AKSAM (19:00)

Izgarada somon baligi

- somon balig (120g)

- SmL zeytinyagi

- % cay kasigi kuru biberiye (2g) - %2
cay kasigi kuru tarhun otu (1g) -
Kuru dereotu (3g)

- 130g jiilyen dogranmis sakiz kabagi
1 orta boy elma

1 su bardag:
yagsiz inek siitii
(200 mL) 8 adet
findik

OGLE (12:30)

1 kepge sebze ¢orbasi (150mL)
- 5g patates

- 5g havug

- 2g kereviz kokii

- 5g bezelye

- 7g bugday unu

- 3g siviyag Aygicek

- 3g taze fasulye

- 0,1g karabiber

100-110g fasulye piyazi

- 40g kuru fasulye

- 0,25g limon

- 5g elma sirkesi

- 1g maydanoz

- 0,2g kirmizi pul biber

- 10g sogan

- 7g zeytinyagi

- 5g carliston biber

150g somon balig1 ve 60g tatl
patates ile firinla

AKSAM (17:00)

1 adet zeytinyagli imambayildi
yemegi

- 150g patlican

- 25g sogan

- 40g domates

- 10g ¢arliston biber
- 5g domates salcasi

- 1g sarimsak

- 1g maydanoz

- 10mL zeytinyagi

- 0,1g karabiber

30g tavuk eti (derisiz)
40g esmer piring

2 parga bitter ¢ikolata
(10g)

1 orta boy elma (120g)
1 tath kasig1 tar¢in
katilmis 1 bardak alkali
su
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1500 KKAL’LiK DUKAN (ATAK EVRESI) DIiYETi

1500 KKAL’LiK DUKAN (SEYIR EVRESI) DIiYETi

KAHVALTI ARA (10:00 — 11:00)
Aspartamli ¢ay (1g tatlandiricil, 150g yagsiz yogurt
120mL) Beyaz peynir (200g) 1,5 yemek kasig1 yu-
1 adet haslanmis yumurta (50g) laf kepegi (22g)

OGLE ARA (16:00)

150g ¢ig dil balig1 (buharda pisecek) - 150g yagsiz yogurt
10mL limon suyu 30g hindi eti (deri-
- 0,5g karabiber siz)

- 1g maydanoz, pistikten sonra lizerine
eklenecek.
175g az yagl beyaz peynir

AKSAM

Hardalli tavsan

- 60g tavsan eti (az yagl, ¢ig)
- 5g toz hardal

- 2g kuru kekik

Sosu igcim;

- 24mL Aycicek yagi

- 100g yagsiz yogurt

- 1g karabiber

Kiigiik adalar

- I adet yumurta (aki ve sarisi ayri ola-
rak kullanilacak) (50g)

- 125 mL inek siitii (vagsiz)

- 0,5g tatlandirict (aspartam)

KAHVALTI ARA (10:00 —
11:00)
Aspartamli ¢ay (1g tatlandiricili, 120mL) 100g az yagh
1 adet haglanmig yumurta (50g) beyaz peynir
250g yogurt (yagsiz)
2 yemek kasig1 yulaf kepegi (30g)
OGLE ARA (16:00)
100g tavuk eti 60g hindi eti
Beyaz soslu 1spanak (derisiz)
- 150g 1spanak 150g yogurt
Beyaz sos icin; (yagsiz)

- 2 adet yumurtanin sarist (40g)

- 150g yogurt (yagsiz)

- I su bardagu inek siitii (yagsiz)(200mL) -
1g karabiber

Kiiciik adalar

- I adet yumurta (aki ve sarisi ayrt olarak
kullanilacak)(50g)

- 125 mL inek siitii (vagsiz)

- 0,5g tatlandwrict (aspartam)

AKSAM

200g somon balig1
Limonlu brokoli

- 100g brokoli

- 1 yemek kasigi limon suyu
(10mL)- 15g maydanoz
150g yogurt (yagsiz)
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1500 KKAL AKDENIZ DIiYETI

1500 KKAL’LiK KETOJENIK (KLASIiK KETOJENIK
DIiYET) DIYET

Kahvalt1 (07.00 — 08.00) Ara (15.00)
Sekersiz ¢ay 1 orta boy
100g %1 yagli lor peynir portakal (ort.
1 adet rafadan yumurta 160g)
10 adet ¢ig badem 10g ceviz ici
2 dilim tam tahilli ekmek (60g) 2 tepeleme

yemek
Ogle (12.00 — 13.00) kasig1 tam
yaglt yogurt

Zeytinyagli enginar yemegi (80g)
- 150g enginar gébegi + 25g yulaf
- 5g sogan ezmesi
- 10mL limon suyu
- 10g patates
- 10g havug
- 10g dondurulmus bezelye
- 0,5g bugday unu
- 1g sarimsak
- 1g maydanoz
- 10mL zeytinyagi
- 1g toz seker
- 0,1g karabiber
80g tam yagl yogurt

2 dilim tam bugday ekmegi (60g)
150g tiziim

Aksam (19:00 — 20:00)

90g somon balig1
Zeytinyagli barbunya pilaki
- 35g kuru barbunya fasulyesi
- 8¢ domates salgasi

- 7g havug

- 10g patates

- 7g sogan

- 10mL limon suyu

- 1g maydanoz

- 10mL zeytinyagt

- 1g sarimsak

- 0,2¢g pul biber

Mevsim salata

- 25g havug

- 20g kwrmizi kivircik marul
- 10g marul

- 10mL limon

- 1g maydanoz

- 8g turp

- SmL zeytinyagt

1 adet elma (120g)

KAHVALTI

ARA

Krymali yumurta

- 50g tavuk yumurtasi

- 24g dana kiyma

- 40mL zeytinyagi

- 5 adet siyah zeytin (18g)
- 20g domates

- 25g salatalik

OGLE

Krymali kabak yemegi
- 70g sakiz kabag:

- 35g dana kiyma

- 10g kuru sogan

- 4g domates salgasi

- 15g carliston biber

- 40mL zeytinyagt

60g tam yagl yogurt

AKSAM

Kremali tavuk

- 30g tavukgogsii

- 13mL %10 yagli krema
- 10g kuru sogan

- 18mL zeytinyagi

- 30g kiiltiir mantart

100g tam yagli yogurt
25mL zeytinyagt
50g cilek
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1500 KKAL’LiK PALEO (TAS DEVRI) DIYETI

KAHVALTI ARA
1 adet cilbir usulii haglama yumurta 30g tavuk eti
(50g) (derisiz)
10 adet badem Y, dilim avo-
160 gram portakal kado (80g)
— 120 g elma
OGLE 7 adet findik

Tavuk fajita salatasi

- I yemek kasigi zeytinyagi

- 10 gram dogranmis sogan

- 150 gram derisiz tavuk

- % cay kasigi kimyon

- 1 ¢ay kasig kekik (kuru)

- 10 gram dogranmug kirmizibi-
ber- 20 g kirmizit marul yapragi
- 85g domates

- % adet avokado

AKSAM

Izgara somon

- 5g hindistancevizi yagi

- 200 gram somon

- 10g pikan cevizi

- 2 ¢cay kasig biberiye

Firinda taze fasulye

- 100 gram taze fasulye

- 1 tath kasig1 kekik (2g)

- 2 tath kasig1 zeytinyagi (10mL)
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(074

Hayvan yemlerinde bulunan Aflatoksin B1 (AFB1), hayvanlarda M1'e (AFM1) doniiserek bu hay-
vanlarn siitiinden elde edilen tiim siit iirinlerini kontamine eder. Bu ¢calismada Tiirkiye’deki yasal
toksin sinir1 olan 0.05 pg/kg (50 ng/L) temel alinarak c¢esitli marketlerden 42°si Ocak-Subat ve
42’si Mayis aylarinda toplanan 84 tereyagi 6rneginde AFM1 diizeyleri duyarlilig1 yiiksek olan
kompetitif ELISA yontemiyle arastirilmistir. Incelenen 84 tereyagi érneginin 79° unda (%94)
farkl1 diizeylerde AFM1 varlig1 saptanirken, bu drneklerinin 67’sinde (%79.7) yasal sinirin asildigi
belirlenmistir. Sonuglar mevsimsel agidan degerlendirildiginde, Ocak-Subat aylarina (ki) ait 42
tereyagi orneginin 37’sinin (%88.1), Mayis ayinda (ilkbahar) toplanan 42 tereyagi orneginin tii-
miiniin (%100) ¢esitli diizeylerde AFM1 ile kontamine oldugu saptanmistir. Caligma sonucunda,
tereyaglarinda belirlenen AFM1 diizeylerinin ciddi halk sagligi sorunu olusturabilecegi, bu du-
ruma sebep olabilecek hayvan yemlerinin AFB1 diizeylerinin ve bu yemlerin saklandig1 depo ko-
sullarmin diizenli kontroliiniin saglanmas: gerektigi diisiiniilmiistiir. ilkbaharda toksin diizeyleri-
nin kis mevsimine gore daha yiliksek olmasi, hava kosullar1 nedeniyle hayvanlarin meraya ¢ika-
madig1 ve depo yemleri ile beslenmeye devam ettikleri seklinde yorumlanmaistir.

Anahtar Kelimeler: Aflatoksin, Aspergillus, Mikotoksin, AFM1, Tereyagi
ABSTRACT

Investigating the aflatoxin M1 level in butter samples collected from markets in winter and
spring

Aflatoxin B1 (AFB1) found in animal feeds is converted to M1 (AFM1) in animals. It contamina-
tes all dairy products made from the milk of these animals. In this study, AFM1 levels were inves-
tigated by competitive ELISA, which is a highly sensitive method in 84 butter samples collected
from various markets based on the legal toxin limit of 0.05 pg/kg (50 ng/L) in Turkey. While the
presence of AFM1 at different levels was detected in 79 (94%) of the 84 butter samples examined,
it was determined that the legal limit was exceeded in 67 (79.7%) of these samples. When the
results are evaluated from a seasonal perspective, 37 (88.1%) of 42 butter samples collected in
January-February and all (100%) in May were contaminated with AFMI1 at various levels. As a
result of the study, it was thought that the AFM1 levels determined in butter samples may be a
severe public health problem and that the AFB1 levels of animal feeds and store conditions should
be controlled regularly. The fact that toxin levels were higher in the spring than in the winter was
interpreted as the animals being unable to go to the pasture due to weather conditions and conti-
nuing to feed on store feed.

Keywords: Aflatoxin, Aspergillus, Mycotoxin, AFM1, Butter
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Giris

Mikotoksinler, 6zellikle tahillarda filamen6z mantar tiirleri
tarafindan olusturulan diisiik molekiil agirligina sahip ikin-
cil metabolitlerdir. Bu bilesiklerle kontamine olmus gidalar
ve yemler, insan ve hayvan sagligina zararlidir (Cimbalo et
al., 2020). Yirminci yilizyilin ortalarina kadar, hayvan ve in-
sanlarin tiikettigi gidalarda mantarlarin zararli rolii iizerine
cok fazla ¢aligma yapilmamustir. Aspergillus flavus tarafin-
dan olusturulan toksinin kesfedilmesine ve aflatoksin olarak
isimlendirilmesine yol acan turkey X hastalig1 sebebiyle, in-
giltere'de binlerce hindinin 6limii sonucunda 19601 yil-
larda mikotoksin ¢aligmalar1 artmistir. Aflatoksinler (AF),
okratoksinler (OTA) ve fumonisinler halk saghgini tehdit
eden baslica mikotoksinlerdir. En sik karsilasilan mikotok-
sinler Aspergillus spp. tarafindan olusturulan aflatoksin, ok-
ratoksin A ve patulin, Penicilium spp. tarafindan olusturulan
fumonisin, zearalenon (ZEN), T-2 ve HT-2 toksinleri gibi
trikotesenler ve deoksinivalenol (DON) ile Claviceps pur-
purea tarafindan olusturulan ergot alkaloidleri (EA) dir. Mi-
kotoksinler, maruz kalma derecesine ve klinik belirtilere
bagl olarak akut, subakut veya kronik olabilen mikotoksi-
koz olustururlar. Aflatoksinlerin viicutta mutajenik, karsi-
nojen, teratojenik ve immiinosupresif etkileri vardir. AFB1,
aflatoksinler i¢inde en toksik olandir ve Uluslararasi Kanser
Aragtirmalar1 Ajansi tarafindan yapilan siniflandirmada
Grup 1, AFM1 ise Grup 2 karsinojen olarak bildirilmistir.
Ozellikle A. flavus ve A. parasiticus ve de nadiren A. no-
mius’un olusturdugu aflatoksinler AFB1, AFB2, AFGI,
AFG2, AFM1 ve AFM2 olarak siniflandirilmistir (Yang et
al., 2020; Waithaka et al., 2022; Monter Arciniega et al.,
2022; Ekici et al., 2016; Becker-Algeri et al., 2016; Aranega
& Oliveira, 2022).

Aflatoksin M1 (AFM1); aflatoksin B1 (AFBI1) ile konta-
mine olan yemleri tiiketmis olan hayvanlarin siitlerinde go-
rilen, hepatokarsinojenik etkisi bulunan bir metabolittir.
AFM1, AFBI' in hidroksillenmis ara iiriiniidiir. AFB1 ile
kontamine olan yemlerle beslenen hayvanlarda AFB1 meta-
bolize olarak, AFM1'e doniisiir. Besinle alinan AFB1 yak-
lasik % 0.3-6.2 olarak siitlerde AFM1 olarak bulunur.
AFMI, sterilizasyona ve pastorizasyona direnglidir, bundan
dolay1 AFM1 igeren siitlerden olusan tiim iiriinler bu toksini
bulundurur. Bu nedenle 6zellikle siit ve siitten elde edilen
iirtinlerin AFM1 analizi ve incelenmesi giiniimiizde 6nem
kazanmistir (Monter Arciniega et al., 2022; Ekici et al.,
2016; Becker-Algeri et al., 2016).

Birlesmis Milletler Gida ve Tarim Orgiitii (FAO), diinya-
daki mahsullerin takriben %25'inde mikotoksin bulasinin

oldugunu belirtmistir. Bu sebeple, Amerika Birlesik Devlet-
leri (ABD)’ nde bulunan Gida ve Ilag Dairesi (FDA), Av-
rupa Birligi (AB) ve diinyadaki iilkelerin bir¢cogu, kontami-
nasyonu azaltmak ve 6niine gecebilmek i¢in gidalardaki ve
yemlerdeki mikotoksinler i¢in bazi limitler belirlemigtir
(Monter Arciniega et al., 2022). Tiirk Gida Kodeksi Bula-
sanlar Yonetmeligi’nde yayimlanan siit iiriinlerinde AFM1
limit degeri; ¢ig siit, 1s1l islem goérmiis siit, siit bazli iiriinlerin
iiretiminde kullanilan siitte 0,05 pg/kg, bebek formiilii ve
devam formiiliinde 0,025 ng/kg ve bebek ve kiigiik cocuk ek
gidalarinda 0 (sifir) pg/kg’ dir (Tiirk Gida Kodeksi, 2023).
Glnlimiizde yapilan caligmalar incelendiginde, kiiresel
1sinma, daha yiiksek sicakliklar, daha diisiik yagis orani, su
kitlig1, kuraklik, sel ve atmosferdeki daha yiiksek karbondi-
oksit miktar1 sonucunda verimin diistiigii, mikotoksin kon-
taminasyon oranlarinin arttig1 ve olusan hastalik sikliginda
artis oldugu goriilmektedir (Monter Arciniega et al., 2022;
Sujayasree et al., 2022) Mevsimsel ve iklimsel degisiklikler,
birincil iiretimden tiiketime  kadar gida zincirinin belirli
agsamalarinda gida giivenliginde tehlike olusturabilmektedir.
Birgok bilim insani1, havanin ve mevsimlerin aflatoksin olu-
sumu iizerindeki etkisini kabul etmektedir (Ekici et al.,
2016; Sujayasree et al., 2022; Ansari et al., 2019). Gida gii-
venliginin saglanmasi ve gida kokenli zehirlenmelerin kont-
rol altina alinmasi igin mikotoksin teshisi biiyiik 6nem tasi-
maktadir. Bu nedenle degisik analiz yontemleri gelistiril-
mistir. Mikotoksin diizeylerinin belirlenmesinde kullanilan
yontemlerden bazilar1; Enzim Baglanmis Immunoabsorbant
yontemi (ELISA-Enzyme Linked Immunosorbent Assay),
Ince Tabaka Kromatografisi (ITK), Yiiksek Basingli Stvi
Kromatografisi (HPLC), Kolon Kromatografisi, Gaz Kro-
matografisi/Kiitle Spektrometresi (GC/MS), Enzim Aktivi-
tesine Bagli Immunoteknik (Enzyme Multiplied Immuno-
technique/EMIT) dir. Siit ve siit iirlinlerinde aflatoksin M1
miktariin belirlenmesi i¢in en fazla tercih edilen yontem
kolay uygulanabilir ve duyarlilig1 yiiksek olan ELISA'dir.
Antikora baglanmig enzim aktivitesinin arastirilmasi teme-
line dayanan kantitatif bir dl¢iimdiir. Kompetitif ELISA
yonteminde ise, ylizey yapisi arastirilan toksine 6zel anti-
korlarla kaplanmig  6zel plaklar kullanilir ve yontemin ca-
lisma metodu serbest antijenlerin ve isaretlenen antijenlerin
antikorlara karsi yarigmasina dayanir. Sonuglar standart
gruplar ile karsilagtirilarak ~ degerlendirilir (Aranega & Oli-
veira, 2022; Agu & Ozdestan Ocak, 2019).

Calismamizda 42’si ocak-subat (kis mevsiminde) ve 42’si
mayis (ilkbaharda) aylarinda olmak {izere marketlerden
farkli lot numaralarina sahip (ayni tiriinle tekrar ¢caligmamak
icin) 84 tereyagi Ornegi toplanmis ve drneklerdeki AFM1
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diizeylerinin mevsimsel degisiklik gosterip gostermedigi
kompetitif ELISA yontemiyle arastirilmistir. Mevcut yasal
toksin diizeyleri goz onilinde bulundurularak, beslenme-
mizde biiyiik oneme sahip tereyaglarinda potansiyel bir risk
olup olmadig1 ve toksin miktarlarimin mevsimlere gore de-
giskenligi arastirilmis ve epidemiyolojik verilere katk: sag-
lanmasi amaclanmuistir.

Materyal ve Metot
Tereyag Orneklerinin Toplanmast

Yapilan bu ¢calismada 42’si ocak-subat (kis) ve 42’si mayis
aylarinda (ilkbahar) olmak tizere marketlerden farkl lot nu-
maralarma sahip 84 tereyagi drnegi toplanmis ve drnekler-
deki AFM1 diizeylerinin mevsimsel degisiklik gosterip gos-
termedigi kompetitif ELISA (Biopharm Ridascreen Afla-
toxin M1, Darmstadt/Germany) (Art No: R1121) yontemi
ile arastirilmustir. Ornekler soguk zincir altinda laboratuvara
getirilerek analizleri gergeklestirilmistir.

Kit Icerigi

Analiz amaciyla Biopharm Ridascreen Aflatoxin MI,
Darmstadt/Germany test kiti (Art No: R1121) kullanilmis ve
Olciimler yapilmigtir (Sekil 1). Kullanilan ELISA kitinin
iceriginde standart soliisyonlar, substrat kromojen, yikama
soliisyonu, konjugat, buffer 1, buffer 2, stop soliisyonu hazir
olarak yer almistir. Bir tane Ridascreen kitiyle standartlar
dahil olmak {izere, toplamda 48 tereyag1 6rneginde AFM1
diizeyi belirlenmistir. Sonuglar degerlendirilirken 0.05
ug/kg (50 ng/L) yasal simir deger olarak kullanilmistir.

Sekil 1. Analiz i¢in kullanilan Biopharm Ridascreen Afla-
toxin M1 (Darmstadt/Germany) test kiti

Figure 1. Biopharm Ridascreen Aflatoxin M1 (Darmstadt/Ger-
many) test kit used for analysis
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Tereyaglarinin Analize Hazirlanmast

Tereyag1 ornekleri hassas terazide 3 gr olacak sekilde tartil-
mis ve 50 mL’lik falkon tiiplere alinarak, 40°C’lik su ban-
yosunda eritilmistir. Uzerine 3 mL n-hekzan ve 3 mL distile
su ile sulandirilmis %70°’lik metanol eklenmistir. Kimyasal-
lar eklendikten sonra 6rnekler vortekslenmistir. Karigtirma
islemine tiip tersyiiz edilerek 15 dakika daha devamedilmis-
tir. Yag tabakalarindan ayrilmasi i¢in 6rnekler 10°C’de,
4000 rpm’de 10 dakika santrifiij edilmistir. Santrifiij sonra-
sinda {istte ayrilan siipernatant (krema tabakasi) Pastor pi-
petiyle tereyagi orneginden ayrilmistir. Ornekleri seyrelt-
mek i¢in kit icerisinde bulunan buffer soliisyonundan
1.5 mL’lik eppendorf tiiplerine 800 puL ve yagi alinan tere-
yagi orneklerinden 50 uL aktarilmis ve tlip vortekslenmis,
buffer 1 ¢ozeltisi ile 1/17 oraninda diliie edilmistir.Sonra-
sinda hazirlanan tereyagi 6rnekleri i¢in diliisyon faktori 20
olarak belirlenmistir. Hazirlanan bu tereyagi 6rneklerinden
mikroplaktaki her kuyucuga 100 pL ilave edilmistir.

Yikama Soliisyonunun Hazirlanmasi

Kit igerisinden hazir halde bulunan yikama tozunun iizerine
kullanim talimati dogrultusunda 1 L distile su eklenerek ho-
mojen bir karigim elde edilmistir. Bu karigsim mikroplaklarin
yikanmasi sirasinda kullanilmistir.

Testin Uygulanmast

Calisilirken kit igerisinde bulunan tiim reaktifler ELISA asa-
masindan 6nce oda sicakligina getirilmistir. Test uygulanir-
ken mikro kuyucuklarin tamamen kurumamasma dikkat
edilmistir. Testin dogru uygulandig biiyiik oranda mikro ku-
yucuklarin yikanma asamasindaki dikkate bagli oldugu icin
yikama islemlerinde prosediirde belirtilen yikama agamala-
rina dikkat edilmistir ve plaklara reaktifleri ilave ettikten
sonra inkiibasyonlar1 esnasinda direkt giines 1s18ina tema-
sindan kaginilmistir. Uretici firma ydntemin tespit limitini 5
ng/L, siitte geri kazanim oranint %100 olarak bildirmistir.

e Her kit i¢in standartlar ve tereyagi drnekleri iki kez ca-
lisilmistir. Mikroplaklarin ilk 12 kuyusu alt1 standart
icin kullanilip, diger kuyular 6rnekler i¢in kullanilmis-
tir.

e Her kuyuya 100 pL antikor soliisyonu eklenip sonra-
sinda plaklar yavasca calkalanmig ve 15 dakika bo-
yunca oda sicaklifinda (25°C) 151k gormeyecek se-
kilde inkiibe edilmistir.

e Her bir kuyucuk 250 pL yikama soliisyonu ile yikanmis
ve bu islem ii¢ kez tekrar edilmistir.
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e Her standarttan iki kez olacak sekilde, ilk 12 kuyucuga
100 pL standart soliisyonlarindan eklenmigtir.

e Diger kuyucuklara tereyagi 6rneklerinden iki defa 100
uL eklenmistir.

e Plaklar hafif bir sekilde calkalandiktan sonra oda si-
cakliginda (25°C), karanlik ortamda, 30 dakika bo-
yunca inkiibe edilmistir.

e Her kuyucuk 250 pL yikama soliisyonu ile yikanmis ve
bu islem ii¢ kez tekrar edilmistir.

e Her bir kuyucuga 100 uL konjugat soliisyonu eklen-
mis, plaklar yavasca calkalanmis ve oda sicakliginda
(25°C), karanlik ortamda, 15 dakika inkiibe edilmistir.

e Her bir kuyucuk 250 pL yikama soliisyonu ile yikanmis
ve bu islem li¢ kez tekrarlanmustir.

e Her bir kuyucuga 100 pL kromojen soliisyonu eklen-
mis, plaklar yavasca calkalanip oda sicakliginda
(25°C), karanlikta 15 dakika inkiibe edilmistir.

e Her bir kuyucuga 100 pL stop soliisyonu eklenmistir
ve plaklar yavasga calkalanmis ve ornekler 450 nm
dalga boyunda spektrofotometrede (ELx800 BioTek
Instruments Inc, USA) analiz edilmistir.

Bulgular ve Tartisma

Cesitli marketlerden kis ve ilkbahar mevsimlerinde toplanan
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farkli lot numaralarina ait 84 tereyagi 6rneginin; kis mevsi-
minde toplanan 42 6rnege ait AFM1 diizeyleri 0.05ug/kg (50
ng/L) yasal sinir degeri temel alinarak Tablo 1°de, ilkbahar
mevsiminde toplanan 42 ornege ait AFM1 diizeyleri Tablo
2’de gosterilmistir.

Kis mevsiminde (ocak-subat) toplanan tereyagi oOrnekleri
AFMI1 acisindan degerlendirildiginde, 42 tereyagi 6rneginin
37’sinin (%88.1) saptanabilir diizeylerde AFM1 ile konta-
mine oldugu belirlenmis ve bu 6rneklerin 32’sinde (%76) si-
nir degerin asildigi belirlenmistir. Bes drnekte ise sinir dege-
rinin altinda AFM1 saptanirken (%12), bes 6rnekte (%12)
toksine rastlanmamaistir (Tablo 1).

[Ikbaharda (may1s) toplanan tereyag: érnekleri AFM1 agisin-
dan degerlendirildiginde, 42 tereyagi Orneginin tiimiiniin
(%100) ¢esitli diizeylerde AFM1 igerdigi belirlenmistir. Otuz
bes ornekte sinir degerin agildigi (%83.3) saptanirken, bu 6r-
neklerin 10’unda (%23,8) ¢ok yiiksek diizeyde (>100) toksin
belirlenmistir. Yedi ornekte sinir degerin altinda AFM1
(%16.6) saptanmustir (Tablo 2).

Sonuglar toplu olarak degerlendirildiginde, 84 tereyagi 6rne-
ginin 79 unda (%94) farkl diizeylerde AFM1 miktar1 sapta-
nirken, bu tereyagi drneklerinin 67’sinde (%79,7) yasal sini-
rin asildig1 belirlenmis ve bes (%5,9) 6rnekte toksine rastlan-
mamistir.

Ki1s mevsiminde toplanan tereyag: 6rneklerinin AFM1 kon-
santrasyonlarinin hesaplanmasi i¢in kullanilan kalibrasyon
grafigi Sekil 2°de, ilkbahar mevsiminde toplanan tereyag or-
neklerinin AFM1 konsantrasyonlarinin hesaplanmasinda kul-
lanilan kalibrasyon grafigi Sekil 3’de gosterilmistir.

Tablo 1. Ocak-Subat aylarinda toplanan tereyaglarinda belirlenen AFM1 diizeylerinin standart araliklarina gére dagilimi

Table 1. Distribution of AFM1 levels determined in butter samples collected in January-February according to their standard ranges

Standglﬁtzlz;ia (%?gl/.if FM1 Saptanan AFM1 diizeyi (ng/L) Top l:al;l:lmek
0 0 0 0 0 0 5
43.78* | 47.34* |47.95* | 48.15* | 48.97* | 50.83 | 51.67 | 52.30 |52.51
40-80 53.37 | 53.79 | 55.09 | 55.31 | 55.31 | 57.07 | 57.07 | 57.29 |58.41 35
58.86 | 59.76 | 61.59 | 63.22 | 64.40 | 64.63 | 65.58 | 66.06 | 70.45
70.95 | 7245 | 74.48 | 74.74 | 76.29 | 76.81 | 79.70 | 61.59
80-100 80.23 | 95.39 2

*Sinir degerin altindaki AFM1 diizeyleri (bes 6rnek)
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Tablo 2. Mayis ayinda toplanan tereyaglarinda belirlenen AFM1 diizeylerinin standart araliklarina goére dagilimai.

Table 2. Distribution of AFM1 levels determined in butter collected in May according to their standard ranges.
*Sinir degerin altindaki AFM1 diizeyleri (yedi 6rnek)

Standartlara gore Toplam 6rnek

sayis1

AFM1 diizeyi Saptanan AFM1 diizeyi (ng/L)
(ng/L)

42.38* | 43.22% | 45.35% | 45.57* | 48.65* | 49.55% | 49.77* | 50.68 | 51.14
40-80 52.53 | 55.83 | 55.83 | 57.77 | 60.25 | 61.50 | 62.52 | 63.55 | 64.58 26
68.01 | 69.35 | 7098 | 72.08 | 72.36 | 72.36 | 76.29 | 78.88
80-100 82.71 | 84.51 | 90.05 | 91.95 | 91.95 | 95.14 6
108.99 | 111.10 | 114.67 | 116.12 | 117.94 | 121.99 | 123.48 | 123.85 | 134.54
>100 10
152.53
Standartlar
100 - Konsantrasyon (ng/L / ng/kg) / A [Drtalama)
4 5.00 1.855
= )\ ( Degisim katsayisi - 4 5%)
B ) 10.00 1.609
U BT \\\\ ( Degisim katsayisi © 4.1%)
B \\
- 20.00 1.331
70 T (Degisim katsayizi - 4 19%)
(%)
40.00 0.869
60 1 (Degisim katsayisi .- 5.8%)
80.00 0.526&
50 A { Degisim katsayisi: 5.5%)
40 +
30 A \\X
20 o
10 4
0

5.00 10.00 20.00 40.00 80.00

Konsantrasyon (ng/L / ng/kg)
50% inhibisyon30.9

Sekil 2. Ocak-Subat aylarina ait standart egri

Figure 2. Standard curve of January-February
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Sekil 3. Mayis ayina ait standart egri

Figure 3. Standard curve of May

Siit ve siit Tirlinleri beslenmemizde biilyiik 6neme sahip temel
besin kaynaklarindandir. Pastorizasyon ve sterilizasyon gibi
yliksek 1s1l islemlere dayanikli olan AFM1, siitleri ve bu siit-
lerden liretilen tiim gidalar1 kontamine etmektedir. AFM1 in-
sanlarda hepatotoksik, kansirojen, genotoksikdir ve immiin
sistemi baskilama yetenegindedir, bu nedenle iilkelerde 0,03
ila 0,250 pg/kg arasinda degisen yasal sinirlar i¢eren ulusla-
rarast diizenlemeler yapilmistir (Monter Arciniega et al.,
2022; Aranega & Oliveira, 2022). Tiirk Gida Kodeksi’nin
Bulasanlar Tebligi’ne gore siit temelli {iriinlerde belirlenen
aflatoksin siir1 0,05 pg/kg (50 ng/L)’dir (Tirk Gida Ko-
deksi, 2023).

Diinya ¢apinda, her yasta tiiketilen ve beslenmemizde
onemli bir yeri olan siit ve bunun iirlinii olan tereyagi gibi siit
tiriinlerinde AFM 1 varligiyla ilgili bir¢ok ¢alisma yapilmustir.

Pakistan Lahor'da yapilan bir ¢alismada (Gill et al., 2022) siit
ve siit liriinlerindeki AFM1 varlig1 arastirilmistir. Toplam 60
stit drnegi ve 30 tereyagi, 30 peynir, 30 krema ve 30 yogurt

dahil olmak tizere 120 siit {irlinii 6reginin incelendigi galis-
mada, tereyag1 drneklerinin %16.7'sinde AFM1 diizeyi sini-
rin lizerinde saptanmustir.

Hindistan Ludhiana'da yapilan bir  ¢alismada (Kaur et al.,
2021) yedi tesisten 109 siit, 97 tereyagi, 99 peynir ve 103 lor
olmak iizere toplam 408 &rnek toplanmistir. Ornekler ELISA
yontemiyle test edilmistir. Siit ve siit iiriinlerinin tlimiinde
(%100) AFM1 saptanmigtir. Calismada tiiketim miktarlari
saglik riski degerlendirmesi yapilmistir, calisma alanindaki
tiikketicilerin, 6zellikle ¢ocuklarin, diisiik viicut agirliklar: ve
daha yiiksek siit alimlar1 nedeniyle AFMI1 acgisindan daha
yuksek saglik riski altinda oldugu gosterilmistir.

Ulkemizde bes sehri icine alarak yapilan bir (Istanbul, Tekir-
dag, Izmir, Konya ve Kayseri) calismada (Tekinsen& Ugar,
2008), 100 krem peynir ve 92 tereyagi ornegindeki AFM1
miktarlar1t ELISA yontemiyle belirlenmistir. Tereyagi 6rnek-
lerinin %100'{inde 10 ila 7000 ng/kg ve krem peynir 6rnekle-
rinin %99'unda 0 ila 4100 ng/kg aralifinda AFM1 tespit et-
mislerdir.
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Kayseri’deki bir diger calismada (Ozkan & Onmaz, 2019)
kaymak ve tereyagi 6rneklerinde AFM1 varlig: aragtirilmig-
tir. Caligmada rastgele toplanmis olan 100 6rnekte (50 tere-
yagi ve 50 kaymak) ELISA teknigi kullanilmis, drneklerin ta-
maminda AFM1 saptanmigstir. AFM1 kontaminasyon seviye-
leri tereyagi1 orneklerinde 6.58-128.69 ng/kg arasinda tespit
edilmistir. Yalnizca bir (%2) tereyagi 6rneginde AFM1 kon-
santrasyonu Tiirk Gida Kodeksi’nin belirledigi yasal smirm
iizerinde ¢ikmustir.

Adana’da yapilan bir calismada (Var & Kabak, 2009) 20 ka-
sar peyniri, 20 siit, 10 tereyagi ve 20 beyaz peynir 6rneginden
olusan toplam 70 siit iirinlinde ELISA ile AFM1 analizi ya-
pilmistir. Yasal limit siitte 50 ng/L olarak ve tereyagi, beyaz
peynir ve kasar peynirinde ise 25 ng/kg olarak kabul edilmis-
tir. Analiz edilen 70 siit Girlinliniin 49’unda (%70) AFM 1 dii-
zeyinin 10-388 ng/kg arasinda oldugu bulunmustur. On tere-
yag1 drneginin ligiinde AFM 1 kontaminasyon diizeyi 40-70
ng/kg arasinda bulunmus; ii¢ siit, iki tereyagi (% 2.85), bir
beyaz peynir ve bir kasar peyniri 6rneginde AFM1 seviyeleri
Tiirk Gida Kodeksi limitlerinin iizerinde saptanmustir.

Bu calismada Istanbul ilindeki marketlerden kis mevsiminde
(ocak ve subat aylarinda) farkli lot numaralarina sahip 42 ve
ilkbahar mevsiminde (mayis ayinda) 42 adet tereyagi olmak
lizere 84 Ornek toplanmis ve ELISA yontemi kullanilarak
analiz edilmistir. seksenddert tereyagi Orneginin 79’ unda
(%94) farkl diizeylerde AFM1 varlig1 saptanirken, bu tere-
yag1 orneklerinin 67’°sinde (%79.7) yasal sinirin asildigi be-
lirlenmis ve bes (%5.9) 6rnekte toksine rastlanmamaistir. Ca-
lismamizin sonuglari tereyagi drneklerinin %94 iiniin konta-
mine oldugunu ve %79’unda yasal sinirin asildigini goster-
mektedir. Bu durumda, siit ve siit Uriinlerindeki aflatoksin
miktarlarinin ve en basta yem depolama kosullarinin iyilesti-
rilmesi ve daha siki kontrol yontemlerinin uygulanmasinin
uygun olacagi disiiniilmiistiir.

Siit ve siit iiriinlerindeki AFM1 miktarlarinin mevsimsel de-
giskenlik de gosterdigi birgok calismada gosterilmistir.

Hirvatistan'daki bir calismada ciftliklerden ve pazarlardan
Subat-Temmuz 2013 tarihleri arasinda toplanan ¢ig siit
(3716) ve UHT siit (706) 6rneklerinde AFM1 kontaminas-
yonu aragtirilmistir. Cig siitlerin toplam %27.8' inde ve UHT
stitlerin %9.64'iinde yasal sinir1 asan AFM1 seviyeleri belir-
lenmistir. Subat, mart, mayis ve haziran aylarinda toplanan
orneklerde, ¢ig ve UHT siit ornekleri arasinda ortalama
AFM1 konsantrasyonlarinda istatistiksel farkliliklar gézlen-
mistir. Hem ¢ig hem de UHT siit 6rneklerinde AFM1 kon-
santrasyonlar1 mayis ayindan temmuz ayina kadar olan do-
nemde kademeli olarak azalmis, yaz doneminde daha diisiik
AFMI1 konsantrasyonlar1 saptanmistir (Bilandzi¢ et.al.,
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2022).

Cin'de ¢ig siitiin AFM1 ile kontamine olma sikligini belirle-
mek amaciyla yapilan bir ¢aligmada (Li et.al., 2018) toplam
5650 ¢ig siit 0rneginden 267'sinde (%4.7) AFM1 kontami-
nasyonu tespit edilmistir. Cig siit 6rneklerinin yalnizca %1.1"
Avrupa Birligi yasal sinirint (50 ng/L) agmis ve orneklerin
higbiri Cin ve Amerika Birlesik Devletleri yasal sinirini (500
ng/L) asmamistir. Cin'de ¢ig siit numunelerinde AFM1 kon-
taminasyonu kis aylarinda %10.2, ilkbahar, yaz ve sonba-
harda sirasiyla %3.0, %2.1 ve %4.4 olarak ¢ok daha diisiik
bulunmustur.

[ran'da yapilan bir calismada (Ansari et.al., 2019) ilkbahar,
yaz, sonbahar ve kis aylarinda geleneksel olarak toplanan 100
pastorize siit drneginde AFM1 kontaminasyonu degerlendi-
rilmistir. Ornekler, yiiksek performansli sivi kromatografisi
(HPLC) yontemi ve florimetrik tespit ile degerlendirilmistir.
Sonugta, kigin toplanan 6rneklerin yaklasik %44'iniin, ilkba-
harda toplanan 6rneklerin %32'sinin, yazin toplanan drnekle-
rin %24'inlin ve sonbaharda toplanan Orneklerin yaklagik
%20'sinin iran standartlar1 tarafindan belirlenen 50 pg/L olan
siir degeri astign gosterilmistir. Istatistiksel analize gore,
farkli mevsimlerde AFM1 diizeyleri arasinda anlamli bir
farklilik bulunamamuistir.

Pakistan’da yapilan bir ¢alismada (Igbal et.al., 2013) Kasim
2011- Subat 2012 (ki) toplam 221 ve Mayis-Agustos
2012°de (yaz) 212 siit ve siitten elde edilen liriinler toplan-
mistir. Ornekler HPLC ydntemiyle analiz edilmistir. Sonug-
larda kig mevsiminde siit ve siit iiriinleri drneklerinin yaklagik
%45'inin AFM1 ile kontamine oldugu ortaya ¢ikmis; ¢ig sii-
tiin %40'min, UHT siitiin %51'inin, yogurdun %37'sinin, te-
reyaginin %60'min yasal siirin iizerinde AFM1 igerdigi be-
lirlenmigtir. Ancak yaz sezonundan itibaren siit ve siit liriin-
leri drneklerinin %32'sinin kontamine oldugu bulunmus; yani
¢cig siitlin %36's1, UHT siitiin %31'i, yogurdun %29'u, tereya-
ginin %40'1nda yasal sinirin iizerinde AFM1 bulunmustur.
Siit ve siit iiriinlerindeki kontaminasyon seviyeleri kis mevsi-
minde yaz mevsimine gore daha yliksek bulunmustur.

Bu calismanin sonuglart mevsimsel agidan degerlendirildi-
ginde, kis aylarinda toplanan 42 tereyagi 6rneginin 37’sinin
(%88.1) saptanabilir diizeylerde AFM1 ile kontamine oldugu
belirlenmis ve bu o6rneklerin 32’sinde (%76) smir degerin
(0,05pg/kg) asildigr goriilmiistiir. Bes 6rnekte ise sinir dege-
rinin altinda AFM1 saptanirken (%12), bes 6rnekte (%12)
toksine rastlanmamustir. Ilkbaharda mayis ayinda toplanan te-
reyag1 ornekleri AFM1 agisindan degerlendirildiginde, 42 te-
reyagi drneginin tiimiiniin (%100) cesitli diizeylerde AFM1
icerdigi belirlenmistir. Otuz bes 6rnekte 0,05 pg/kg olan sinir
degerin asildig1 (%83.3) saptanirken, bu 6rneklerin 10’unda
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(%23.8) ¢ok yiiksek diizeyde (>100.00) toksin belirlenmistir.
Yedi 6rnekte siir degerin altinda AFM1 (%16.6) saptanmis-
tir.

Sonu¢

Caligmamizdaki sonuglara gore ilkbahar mevsimindeki te-
reyag1 orneklerinde saptanan AFM1 diizeyleri, kis aylarinda
toplanan 6rneklerdekinden daha yiiksek bulunmustur. {lkba-
harda toksin diizeylerinin kis mevsimine gore daha diisiik
olmasi beklenirken yiiksek bulunmasi, hava kosullar1 nede-
niyle hayvanlarin meraya ¢ikamadigi ve hala depo yemlerle
beslenmis olabilecekleri seklinde yorumlanmistir. Sonug
olarak, tereyaglarinda belirlenen AFM1 diizeylerinin ciddi
halk saglig1 sorunu olusturabilecegi, bu duruma sebep ola-
bilecek hayvan yemlerinde bulunan AFB1 miktarlarinin dii-
zeylerinin ve Ozellikle bu yemlerin depo kosullarinin dii-
zenli olarak kontrol edilmesi/denetlenmesi gerektigi diisii-
nilmiistiir.

Etik Standartlar ile Uyumluluk

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

Etik izin: Arastirma niteligi bakimindan etik izne tabii degildir.
Veri erisilebilirligi: Veriler talep iizerine saglanacaktir.

Finansal destek: istanbul Universitesi Bilimsel Arastirma Proje-
leri Koordinasyon Birimi (BAP, Proje numaras1:38296) tarafindan
desteklenmistir.
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ABSTRACT

This study aimed to assess the opinions of dietitians and their clients regarding their knowledge
and use of collagen and to determine their level of knowledge regarding the use of collagen sup-
plements. It was conducted on 30 dietitians and 125 clients in Istanbul, Balikesir, Antalya and
Hatay provinces between March and April 2023. Online data was collected from participants via
Google Forms. 56.7% (n=17) of dietitians and 54.4% (n=68) of their clients use collagen (P>0.05).
While 36.7% (n=11) of dietitians said, it was beneficial for the skin, 23.3% (n=7) used it for weight
control and digestive regulation, 38.4% (n=48) said it was beneficial for the skin and 34.4% (n=43)
for joint density and pain relief. There was also no statistically significant difference (P>0.05)
between dietitians' and clients' information about collagen use. However, while 17.5% (n=3) of
dietitians were concerned about the reliability, certification, and brand of collagen, 22.1% (n=15)
of consumers were concerned about its reliability. In addition, the opinions of the dietitians and
clients participating in the study regarding the use of collagen were not found to be statistically
significant (P>0.05).

Keywords: Collagen, Collagen knowledge level, Collagen use
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Introduction

Collagen is the main structural protein in connective tissues
such as skin, tendons, cartilage and bone. It accounts for 25-
30% of all proteins in the body. Collagen is a component of
the extracellular matrix of skin tissue, accounting for 75% of
its total weight, and its main function is to provide mechani-
cal support. Together with other extracellular matrix fibres,
hyaluronic acid, reticulin and elastin, collagen forms a sup-
port network for fibroblasts, keratinocytes, melanocytes and
specialised cells of the skin's immune system (de Miranda et
al., 2021).

Ageing is a natural process that causes physiological changes
in organs, tissues, and cells over time. Ageing leads to a de-
crease in the synthesis and changes in the arrangement of pro-
teoglycans and collagen in the skin and cartilage, as well as
the loss of glycosaminoglycans, which are responsible for the
integrity and health of these tissues. Daily oral supplementa-
tion with a liquid nutraceutical containing hydrolysed colla-
gen, vitamins, antioxidants and other active ingredients can
improve skin texture and elasticity. It may also have a protec-
tive effect on joints (Czajka et al., 2018).

Collagen is characterised by a high concentration of three
amino acids (glycine, proline and hydroxyproline) that form
its characteristic triple helix structure. Therefore, collagen is
enzymatically hydrolysed and broken down into smaller bio-
active peptides that are easily absorbed in the digestive tract
before entering the circulation. Due to hydrolysis, collagen
peptides do not have the gelling properties of gelatin and are
soluble in cold water (Khatri et al., 2021). Collagen is mostly
found in animal tissues, and the amount of collagen naturally
present in plant foods is usually limited. Foods rich in colla-
gen are meat, fish, bone broth, seafood, cowhide, milk and
dairy products, soy products, egg whites, citrus fruits (orange,
tangerine, grapefruit, etc.), red fruits, green leafy vegetables
and almonds are foods that support collagen synthesis. As the
amount of collagen in food is often insufficient, people prefer
to use collagen supplements or cosmetic products containing
collagen (Avila Rodriguez et al., 2018). As a source of colla-
gen, bovine collagen has properties such as biocompatibility
and low immunogenicity; it is generally well tolerated and
does not cause an immune response in most people, except
for those with collagen allergy (Davison-Kotler et al., 2019).
Porcine collagen is used in industrial applications because of
its similarity to human collagen and low antigenicity, but it
carries a risk of zoonotic disease. In Middle Eastern coun-
tries, the use of porcine collagen is restricted for religious rea-
sons. In East Asian countries such as China and Japan, the
use of porcine collagen is an important part of the diet (bone

broth, confectionery, etc.) due to the health and beauty bene-
fits of porcine collagen peptides (Bhadra et al., 2021). Ma-
rine-derived collagen has attracted attention due to its differ-
ent chemical, biological and mechanical properties compared
to animal-derived collagen (Davison-Kotler et al., 2019). Ma-
rine-derived collagen has attracted attention due to its differ-
ent chemical, biological, and mechanical properties com-
pared to animal-derived collagen (Davison-Kotler et al.,
2019). Marine collagen is reported to have no risk of infec-
tious disease, is generally recognised as safe by the US Food
and Drug Administration (FDA), and is inexpensive to pro-
duce (Avila Rodriguez et al., 2018). Collagen has been pro-
duced from fish since 1957 (Eastoe, 1957). To date, collagen
has been produced from carp, catfish, sardines, perch and
sargo scum, snails, perch skin and bones. It has been reported
that puffer fish and fish offal have a good potential as a source
of collagen and can be used in functional foods. In cosmetics
and pharmacology, obtaining collagen from fish offal has im-
portant advantages in terms of economic contribution and
prevention of environmental pollution (Nagai et al., 2004; Liu
et al., 2007; Huang et al., 2011; Duan et al., 2018).

Collagen hydrolysate is a water-soluble protein hydrolysate
produced by enzymatic or acid hydrolysis of collagen protein
from animal skin and bone. Collagen hydrolysate, or colla-
gen peptides, contains high levels of type 1 and 2 collagen
from bovine, porcine, and fish hides. The average molecular
weight of collagen is between 2000 and 5000 Daltons. As a
result, its digestibility and bioavailability are very high. Col-
lagen hydrolysate, or collagen peptides, is made from type 1
collagen from bovine, porcine, fish bones, tendons, skin, and
ligaments. The molecular weight of collagen hydrolysate is
broken down by acid and enzymatic hydrolysis and is com-
monly used as a protein. They are additives for food supple-
ments and cosmetic applications (Edward, 1987).

The aim of this study was to assess and compare the opinions
of dietitians and their clients about their knowledge and fre-
quency of collagen use and to determine the level of
knowledge about the use of collagen supplements.

Materials and Methods
Type of Research

This descriptive study was conducted between March and
April 2023 with 30 dietitians and 125 clients in private clinics
in Istanbul, Balikesir, Antalya and Hatay provinces using
Google Form. Based on the literature, it has been reported

245



246

Food and Health 10(3), 244-252 (2024) e https://doi.org/10.3153/FH24023

that individuals are familiar with the term 'dietary supple-
ments', but they have difficulty classifying these products into
appropriate categories. More than 55% consider dietary sup-
plements as food (Yetim, 2011). Considering the perception
of collagen consumption, known as dietary supplements, at
70%, it was calculated that a total of 155 dietitians and clients
should be included in the R (software/programming - version
3.6.2 - CRAN) programme according to 90% power
(Wierzejska et al., 2014). This investigation was conducted
in the private clinics that agreed to participate in the current
study in the Istanbul, Balikesir, Antalya and Hatay provinces.

Study population, exclusion criteria

Data were collected from the following clinics using Google
Forms for the study. The forms, which were prepared for pur-
poses such as data collection, recording, grouping, and trans-
fer, were preferred because the clinics are located in different
cities, some clients are served online, and the participants can
be reached in a short time and with less cost. Istanbul,
Balikesir, Antalya, and Hatay were identified as the clinics
that could reach the sample size for the study.

Children and adolescents under the age of 18, people with
chronic kidney or liver failure, pregnant or breastfeeding
women, vegans or vegetarians, as collagen supplements, are
usually derived from animal sources, and people with aller-
gies, as they may contain allergens such as fish, were not in-
cluded in the study.

Data Collection Method

This descriptive study collected online data from dietitians
and their clients. The data collection form administered to the
participants asked questions to determine demographic char-
acteristics, knowledge and usage status of collagen, purpose
of use, purchase preferences and feelings of trust in these
products.

Data Collection Form

The demographic characteristics of the participants were col-
lected using a 6-item 'socio-demographic data form'. Based
on the literature, the researchers developed a 13-item 'Colla-
gen Use Information Data Form' and a 27-item 'Collagen In-
formation Form'.

In the ‘Collagen Use Information Form’, participants were
asked if they had used collagen before, in what form, what
they looked for when obtaining it, and if they experienced any
side effects after using it. The researchers developed these
questions to collect data. In the ‘Collagen Information Data
Form’, the participants were asked questions in the form of a
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5-point Likert scale about the structure of collagen, its form,
and who is recommended to use it and when. A previous
study conducted at Necmettin Erbakan University Institute of
Science and Technology was used as an example in the de-
sign of this form (Avci C, 2022). These forms were adminis-
tered to the participants via Google Forms.

Statistical Analysis

After all the data were collected, SPSS (Statistical Package
for Social Science) Statistics 15.0 was used in a Windows en-
vironment for statistical evaluation. In the statistical data
analysis, percentage ratio was used for qualitative variables;
mean, standard deviation and minimum-maximum parame-
ters were used for quantitative parametric variables; median,
lower and upper-value parameters were used for quantitative
non-parametric variables. Chi-square analyses were used to
examine relationships between categorical variables using
cross-tabulations. This study was approved by the Biruni
University Non-Interventional Studies Ethics Committee (de-
cision no: 2023/76-01).

Results and Discussion

The study was conducted with 155 dietitians and their clients,
104 women and 51 men. When the educational status of the
individuals was examined, it was found that 11% (n=17) were
primary school graduates, 17.4% (n=27) were high school
graduates, 45.8% (n=71) were undergraduate graduates, and
25.8% (n=40) were postgraduate graduates. The occupations
of the individuals were 38.1% (n=59) workers, 18.7% (n=29)
students, 6.5% (n=10) academics, 17.4% (n=27) health pro-
fessionals and 19.4% (n=30) dietitians. Individuals spent
most on food (34.8% (n=54) and clothing (22.6% (n=35)),
education (7.1% (n=11), health (9% (n=14), care (9% (n=14),
entertainment (8.4% (n=13) and other (9% (n=14)). When the
difference between the collagen knowledge of all participants
in the study was evaluated, it was found that while there was
a statistically significant difference according to gender and
educational status (P<0.05), there was no significant differ-
ence according to occupation (P>0.05). The study found that
while there was a statistically significant difference (P<0.05)
between the knowledge level of individuals using collagen
according to gender, educational status and collagen use sta-
tus, there was no significant difference (P>0.05) according to
the occupations of the individuals. It was found that there was
a statistically significant difference (P<0.05) in the opinions
of individuals about collagen use according to gender, educa-
tional status, occupation and collagen use status. As a result
of comparing the descriptive characteristics of individuals ac-
cording to their collagen use status, it was found that there
was no statistically significant difference in any parameter
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(P>0.05) (Table 1). It was found that there was no statistically
significant difference between the collagen knowledge levels

of the dietitians and their clients included in the study
(P>0.05) (Table 2).

When comparing the descriptive characteristics of the dieti-
tians and their clients (Table 1), a statistically significant dif-
ference in educational status was found (P<0.05). While
40.8% (n=51) of the clients were university graduates, 13.6%
(n=17) were primary school graduates. While 66.7% (n=20)
of the dietitians were undergraduate graduates, 33.3% (n=10)
were postgraduate graduates.

When comparing the collagen knowledge of dietitians and
their clients (Table 2), there was no statistically significant
difference (P>0.05). 56.7% (n=17) of the dietitians and
54.4% (n=68) of their clients used collagen. While 36.7%
(n=11) of the dietitians used collagen for skin benefits and
23.3% (n=7) for weight control and digestive system regula-
tion, 38.4% (n=48) of the clients used collagen for skin ben-
efits and 34.4% (n=43) for joint density and pain relief.

In the present study, 38.1% of participants reported using col-
lagen for its effects on the skin (Table 2). A systematic review
of the dermatologic effects of oral collagen use evaluated 11
studies and 805 patients. According to two studies, 3 g/day of
collagen tripeptide for 4-12 weeks improved skin elasticity
and hydration. One study suggested that the anti-ageing effect
of collagen is proportional to the collagen dipeptide content
(Choi et al., 2019). Additionally, 31.6% of participants re-
ported using collagen for its effects on joint health (Table 2).
In a randomised controlled trial of the efficacy and tolerabil-
ity of undenatured type II collagen supplementation in knee
osteoarthritis symptoms, 191 subjects were divided into three
groups. One of the three groups received 40 mg/day of un-
denatured collagen for 180 days, one received glucosamine
hydroxide plus chondroitin sulfate, and the other received
placebo. The results showed that participants using undena-
tured type II collagen were effective and well-tolerated for
knee joint symptoms (Lugo et al., 2016).

Table 1: Comparison of descriptive characteristics of dietitians and their clients

Dietitian Client Total
(n=30) (n=125) (n=155)
n %
Female 22 73.3 82 65.6 104 67.1
Gender Male § 267 43 344 51 39 035 04I8
Primary School - - 17 13.6 17 11.0
. Highschool - - 27 21.6 27 17.4
Education Status Bachelor 20 66.7 51 40,8 71 458 14911 0.002
Postgraduate 10 33.3 30 24.0 40 25.8
Food 11 36.7 43 344 54 34.8
Clothing 7 23.3 28 22.4 35 22.6
Area with the Education 6 20.0 5 4.0 11 7.1
highest monthly Health 1 33 13 10.4 14 9.0 13.128 0.057
expenditure Care 3 10.0 11 8.8 14 9.0
Entertainment 1 33 12 9.6 13 8.4
Other 1 3.3 13 10.4 14 9.0

¥ : Chi-Square Analysis, P level of significance <0.05
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According to the analysis, no statistically significant differ-
ence (P>0.05) was found when comparing the knowledge of
collagen users between dietitians and clients (Table 3). While
23.5% (n=4) of the dietitians use collagen in liquid or tablet
form, 35.3% (n=24) of their clients use collagen in powder
form. While 17.5% (n=3) of dietitians are concerned about
the reliability, certification and brand of collagen, 22.1%
(n=15) of clients are concerned about its reliability.

It was found that there was no statistically significant differ-
ence in the opinions of dietitians and their clients regarding
the use of collagen (P>0.05). As a result of this research,
33.3% (n=10) of the dietitians agreed with using collagen in
ageing, while 23.2% (n=29) of their clients disagreed. A Jap-
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anese study investigated the effects of daily oral supplemen-
tation with collagen hydrolysate on UV-B-damaged skin. Us-
ing in vivo methods to measure water-holding capacity, col-
lagen hydrolysate was shown to be nutritionally beneficial,
improve skin defects caused by UV-B damage and photoag-
ing, and increase skin water-holding capacity (Tanaka et al.,
2009). Another study conducted in Japan found that women
who consumed collagen hydrolysate in their diet increased
collagen water retention compared to women who did not
(Huang et al., 2011). In a study of rats, rats were given three
different daily doses of collagen: 0.166 g/kg, 1.66 g/kg and
16.6 g/kg for 4 weeks. The effect of collagen on body weight
and bone density was assessed. It was observed that collagen
increased total body weight and bone density more than other
ratios in the 16.6 g/kg daily collagen group (Eastoe, 1957).

Table 2: Comparison of Collagen Knowledge of Dietitians and Their Clients

Dietitian Client Total
(n=30) (n=125) (n=155)
n n n %
Yes 22 733 81 648 103 66.5
Collagen knowledge No 2 267 44 352 55 135 0.791 0.374
Yes 17 567 68 544 85 548
11 .051 0.82
Collagen use No 13 433 57 456 70 452 001 0823
Cheap 6 20.0 25 20.0 31 20.0
Collagen prices Normal 12 400 47 376 59 381 0.071 0.966
Expensive 12400 53 424 65 419
Beneficial for skin health 11 367 48 384 59 38.1
Beneficial for hair care 6 20.0 19 152 25 16.1
Reasons to use collagen  Joint density and pain relief 6 200 43 344 49 31.6 4.141 0.247
Weight control and digestive 7933 15 120 22 142
system regulator
. Yes 10 333 51 408 61 394
Side effects of collagen No 20 667 T4 592 94 60.6 0.565 0.452
Yes 23 767 89 712 112 723
Benefits of collagen No 7 233 36 288 43 277 0.361 0.548
Herbalist 5 16.7 15 12.0 20 129
Television 1 33 7 5.6 8 52
How to obtain collagen Internet 5 167 21 168 26 168 1.661 0.798
Apotheke 15 50.0 72 57.6 87 56.1
Market 4 13.3 10 8.0 14 9.0

¥ : Chi-Square Analysis, P level of significance <0.05
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Table 3: Comparison of Dietitians' and Clients' Knowledge of Collagen Users

Dietitian Client Total
(n=30) (n=125) (n=155)
n % n n %
Liquid 4 235 13 19.1 17 200
Dust 7 412 24 353 31 365
Preferred form of collagen use Sachet ) 118 13 191 15 176 0.724 0.868
Tablet 4 235 18 26,5 22 259
. Yes 14 824 52 765 66 77.6
Attention to the source of collagen No 3 17.6 16 235 19 224 0.271 0.603
Once a day 5 294 28 412 33 388
2 times a day 2 11.8 10 147 12 14.1
Frequency of collagen use 3 times a day 3 176 7 103 10 I1.8 2655 0.618
1 times a week 4 23.5 8 11.8 12 14.1
Other 3 176 15 221 18 212
Being local 2 11.8 2 2.9 4 4.7
Halal - - 6 8.8 6 7.1
Reliable 3 176 15 221 18 21.2
Being cheap - - 4 5.9 4 4.7
Factors considered in the procure- Certified 3 17.6 14 206 17 20.0 7333 0.501
ment of collagen Brand 3 176 5 7.4 8 9.4 ' '
Source from whichit ;¢ 1 6y 3 153
was obtained
Easy accessibility 2 11.8 4 5.9 6 7.1
Other 2 11.8 7 10.3 9 10.6
Yes 5 294 21 309 26 30.6
Problems after collagen use No 12 706 47 691 59 694 0.014 0.906
Paying attention to the expiry date Yes 13 765 56 824 69 812 0308 0.579
of collagen No 4 235 12 17.6 16 188 ' )

¥ : Chi-Square Analysis, P level of significance <0.05

According to the study's results, 36.7% (n=11) of the dieti-
tians who agreed that 'the collagen content of the supplement
should be 10 g or at least 5 g' in the collagen knowledge sur-
vey were undecided. In comparison, 41.6% (n=52) of their
clients were undecided. In a study investigating the effects of
collagen hydrolysate on osteoarthritis and osteoporosis, 10 g
of collagen hydrolysate per day for sixty days was effective
in treating osteoarthritis and osteoporosis. Collagen hydroly-
sate increases protein synthesis in cartilage tissue. It has an
anabolic effect that stimulates tissue growth, so it can im-
prove joint structure and integrity in athletes to reduce joint
pain (Moskowitz, 2000). In a study on adult athletes at the
German Olympic Centre, 79% showed improved joint mobil-
ity and flexibility after taking 10g of collagen hydrolysate
daily for 12 weeks of training (Clark et al., 2008).

In a post-study article about the benefits of collagen, 40%
(n=12) of'the dietitians who agreed that 'collagen is only good
for the skin' disagreed, while 20% (n=25) of their clients were
undecided. A study conducted in Thailand on 36 postmeno-
pausal women aged 50-60 years evaluated the effect of oral
intake of 5g of collagen hydrolysate for 4 weeks on skin elas-
ticity. In addition, the effects of collagen hydrolysate supple-
mentation on skin elasticity were compared between sun-ex-
posed and sun-protected areas. Participants were assessed for
skin elasticity using a cutometer at baseline, after 2 and 4
weeks of collagen hydrolysate supplementation, and 4 weeks
after collagen hydrolysate supplementation was discontin-
ued. An increase in skin elasticity measured on the left and
right cheeks was observed in participants using collagen hy-
drolysate compared to placebo. In addition, skin elasticity
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measured on the left and right cheeks was found to be differ-
ent between the collagen hydrolysate and placebo groups at
week 4 after stopping collagen hydrolysate. In conclusion, a
significant improvement in skin elasticity in sun-exposed ar-
eas was demonstrated after 4 weeks of use of marine-derived
collagen hydrolysate. The improvement in elasticity was ob-
served to continue for 4 weeks after cessation of collagen hy-
drolysate use. No serious adverse effects were observed dur-
ing the study (Sangsuwan & Asawanonda, 2021). randomised
controlled trial involved 60 healthy female participants. Par-
ticipants were divided into groups of 20, including topical
collagen users, oral collagen supplement users and oral pla-
cebo users. Stratum corneum water content, skin viscoelas-
ticity, dermal echogenicity and skin pore parameters were as-
sessed. The topical collagen group showed a significant in-
crease in stratum corneum water content and skin elasticity at
28 days, and the peptide formulation was also effective on
dermis echogenicity at 90 days. Oral collagen supplements
effectively improved skin elasticity and showed a more pro-
nounced effect on dermal echogenicity, reducing skin pores
after 90 days (Maia Campos et al., 2019).

When asked about the ingredients in collagen supplements,
23.3% (n=7) of dietitians disagreed, were undecided or
strongly agreed that the supplement should contain copper,
zinc and vitamin C to support collagen synthesis. In compar-
ison, 36.8% (n=46) of their clients agreed. In the study, 72
healthy female participants aged 35 and over living in Ger-
many were given the test product for twelve weeks. The test
product was a specially developed blend of 2.5 g collagen
peptides, 666 mg acerola fruit extract, 80 mg vitamin C, 3 mg
Zinc, 2.3 mg vitamin E and 50 pg biotin. Participants were
dermatologically assessed at baseline, after 12 weeks of sup-
plementation, and after a 4-week follow-up period without
supplementation. In addition, tolerability and efficacy data
were collected. The study's results showed that using the test
product improved skin hydration, elasticity and density and
reduced skin roughness. All test parameters differed between
the intervention and placebo groups, which was also observed
during follow-up (Bolke et al., 2019).

On a question related to the weight of collagen in collagen
supplements, 46.7% (n=14) of the dietitians were undecided
about the correct choice of low molecular weight collagens
(around 3000 Daltons). In comparison, 53.6% (n=67) of their
clients were undecided. A randomised controlled trial was
conducted in Korea in 64 healthy women aged 40-60. Sub-
jects received a placebo or 1000 mg of low molecular weight
collagen peptide once daily for 12 weeks. Skin hydration,
wrinkle and elasticity parameters were assessed at baseline
and after 6 and 12 weeks. Compared to the placebo group,

skin hydration scores were significantly higher in the colla-
gen group at 6 and 12 weeks. After 12 weeks, the visual as-
sessment score and three parameters of skin wrinkles were
significantly improved in the collagen group compared to the
placebo group. In the intervention group, skin hydration
scores improved at weeks 6 and 12. Significant improve-
ments were seen in the intervention group's three parameters
of skin wrinkles compared to placebo. These results suggest
that collagen can be a healthy functional ingredient that pro-
vides hydration and elasticity and prevents wrinkles in human
skin (Do-Un Kim, 2018).

Conclusion

Collagen is an essential protein for body structure and is very
important for the health of bones, joints, skin and tendons.
Individuals must know their collagen intake and where they
may lack knowledge about supplements. As a result of the
research, it is clear that people's opinions on the use of sup-
plemental collagen vary, and there is no clear consensus.
While male participants were generally undecided, female
participants expressed an opinion. The study also found no
significant difference in the knowledge of collagen users ac-
cording to their occupation. It was observed that the use and
knowledge of dietitians about supplemental collagen is insuf-
ficient and that dietitians should have more information about
collagen through more studies. As the research was con-
ducted on dietitians in private hospitals and clinics, the use of
collagen was generally recommended, and most clients were
observed to be using collagen supplements. These results are
based on private hospitals and clinics partnering with food
supplement companies. In contrast, a similar study should be
conducted on dietitians and their clients working in public in-
stitutions to address the deficiencies. Different opinions and
experiences were observed between dietitians and clients.
The results of this study highlight the complexity of
knowledge and individual differences in the use of collagen.
Lack of scientific evidence and conflicting information make
reaching a consistent consensus between dietitians and clients
difficult. This situation highlights the importance of scientific
research and reliable sources. It shows that dietitians and cli-
ents need more information and reliable research to make in-
formed decisions about collagen consumption. At this stage,
the scientific accuracy of health industry claims needs to be
investigated and communicated. It is also important to assess
the appropriateness of using collagen supplements, consider-
ing customers' needs and their body composition.
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1.

Objectivity and Expertise:
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journal editors, and other reviewers.
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. Compliance with Ethical Rules:
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the evaluation process when necessary.
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Abstract

Keywords (indexing terms), usually 3-6 items

Introduction
Material and Methods
Results and Discussion

Conclusion
Compliance with Ethical Standards

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

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

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

the submitted article;

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

cle.

The data that has been used is confidential.

The authors do not have permission to share the data.

Data will be made available on request.

The author is unable to specify which data has been

used or has chosen not to.

6. Other (please explain; for example, I have shared the
link to my data in the attached file step).
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o Funding: If there is any, the institutions that support the
research and the agreements with them should be given
here.

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

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

References
Tables (all tables given in the main text)

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

Manuscript Types

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

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

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

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

Table 1. Limitations for each manuscript type

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

Tables

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

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

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

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

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

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

References

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

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

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

Citations for a Reference Section:
An article

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

https://doi.org/10.3153/FH21025

(if a DOI number is available)

A book in print

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

A book chapter

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

A webpages

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

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

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