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ABSTRACT

Herbal medicines and beverages have started to take an essential place in our daily lives. S. offic-
inalis is one of the most used herbal tea species in the sage family. Secondary metabolites, espe-
cially essential oils, plays an important role in its biological properties. S. officinalis essential oil
is mostly rich in camphor and thujone, which of these compounds could be toxicological. In the
present study, six spontaneous hybrid plants and their parents were analyzed for their essential oil
contents. Male sterile S. officinalis were used as maternal plant, S. fruticosa and S. aramiensis
were probable paternals where they were cultivated nearby. Grown plants were analyzed by gas
chromatography-mass spectrometry. Essential oil compounds were used to identify their relation
to each other. The main components of S. officinalis were thujone (40.97%), 1,8-cineole (24.65%)
and camphor (19.37%). 1,8-cineole content of hybrid genotypes were varied between 35.13-
64.92%. Camphor level of hybrids were varied in lower levels as between 2.92-26.35% while
thujone content were very low compared to the maternal S. officinalis as 0.95-6.83%.

Keywords: Anatolian sage, Breeding, Greek sage, Hatay sage, Hybrid, Principle component
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Introduction

Essential oils are complex combinations of volatile, organic
compounds that provide the flavor and fragrance of a plant
(Tisserand and Yound, 2014). Essential oils had proficiency
in the prevention and cure of various diseases and worked as
an antiviral, antibacterial, antioxidant, antidiabetic, and anti-
cancer agent (Tanu and Harpreet, 2016). Many of the herbal
products contain essential oils besides other biological con-
stituents.

The genus Salvia, with approximately 1000 species, is an im-
portant genus regarding secondary metabolite contained spe-
cies in the Lamiaceae family. The genus is widely distributed
from the Far East, through Europe and across to the New
World (Kintzios, 2000). Flora of Turkey represented by 100
species, seven varieties of the genus Salvia (Kusaksiz, 2019).
Secondary metabolites of the genus have been studied to de-
termine its antioxidant, antimicrobial, anti-Alzheimer, anti-
cancer and insecticidal properties (Pavlidou et al., 2004;
Senel et al., 2010; Exarchou et al., 2015; Sarrou et al., 2016).
Salvia species has a great value in cosmetic, food and phar-
maceutical industries (Carovi¢-Stanko et al., 2016). The
amount of trade for nature collected medicinal and aromatic
plants are difficult to find, especially in underdeveloped
countries. Commercially used Sa/via species from Turkey are
S. coccinea, S. farinacea, S. microphylla, S. officinalis, S. of-
ficinalis 'Incterina’, S. officinalis "Purpurascens', S. officinalis
"Tricolor', S. splendens, S. x superba and S. transylvanica
(Karabacak, 2009). In Turkey, total sage cultivation (species
not mentioned) is nearly 412 ha (Karik and Tunctiirk, 2019).
S. fruticosa and S. officinalis are the main species that culti-
vated and exported. Most of the S. fruticosa still collect from
nature; an also small amount of cultivation has been produc-
ing for both S. officinalis and S. fruticosa (Arslan, 2014). S.
fruticosa, in 2019, was exported that the amount of 500
tonnes (Kusaksiz, 2019). Three S. officinalis varieties (Erada
TJ, Giiripek and Elif) and one S. fruticosa variety (Karik)
were recorded (Anonymous, 2020). Cultivation of registered
varieties are essential to obtain standardized leaf and essential
oil. Essential oil standards of S. officinalis were published in
ISO 9909:1997. This report dedicated that essential oil com-
position of S. officinalis L. should contain a-thujone (18.0-
43.0%), camphor (4.5-24.5%), 1,8-cineole (5.5-13.0%), S-
thujone (3.0-8.5%), a-humulene (<£12.0%), a-pinene (1.0-
6.5%), camphene (1.5-7.0%), limonene (0.5-3.0%), bornyl
acetate (<2.5%), linalool and bornyl acetate (<1.0%). Herbal
monograph of Salvia officinalis was reported from the Euro-
pean Medicines Agency (EMA, 2016). Extensive ranges for
compounds could be seen in the report. S. officinalis know
with its high content of thujone, and thujone reported to be
neurotoxic. In the European Union herbal monograph on S.

officinalis L. suggested that chemotypes with low content of
thujone should be preferred (EMA, 2016). New varieties of
sage with a high leaf and essential oil yields, also resistant to
diseases should be developed.

Salvia species from Turkey’s flora are insect-pollinated and
outcrossing. There are several studies revealed hybridization
in nature (Hedge, 1982). In the Flora of Turkey, Davis (1982)
stated that many Sa/via species create hybrids in the natural
flora of Turkey. Hybrids between S. suffruticosa % S. bracte-
ata named S.Xspireaefolia; and also, from Iranian flora hy-
bridization between S. suffruticosaxS. hydrangea were re-
ported (Davis, 1982). Furthermore, hybrids between S. cera-
tophylla and S. aethiopis, S. cyanescens and S. candidissima
were reported (Davis, 1982). Flower type (pin, thrum and
homestyle) seen as the biggest obstacle for interspecific
crossing (Haque and Ghoshal, 1981). In that study, during
three years, fourteen Salvia species (S. coccinea, S. splen-
dens, S. farinacea, S. hispanica, S. grahamii, S. pratensis, S.
taraxacifolia, S. aegyptica, S. tilifolia, S reflexa, S. glutinosa,
S. verbenaca, S. hormium, S. lucantha) were crossed and only
in three species positive results were obtained.

S. officinalis, S. fruticosa and S. aramiensis present in the
same section of the genus (Dogan et al., 2008). Natural hy-
brids from the flora of Croatia were recorded and analyzed
with molecular markers (Radosavljevic et al., 2019; Rivera et
al., 2019). Spontaneous hybridization between Salvia offici-
nalis and S. lavandulifolia and S. officinalis and S. fruticosa,
S. fruticosa and S. tomentosa in the cultivated areas were re-
ported in different researches (Sanchez Gomez et al., 1995;
Evropi-Sofia, 2013; Herraiz-Penalver et al., 2015; Bahtiyarca
Bagdat et al., 2017). Male sterility of S. officinalis sourced
from partially and completely undeveloped microspores were
reported from the study of Linnert (1955). Essential oils and
herb yield were the primary purposes of these studies. Artifi-
cial hybridization between S. officinalis, S. fruticosa and S.
tomentosa were done by Putiesky et al. (1990), and cultivar
called Neve Ya’ar No:4 were recorded (Dudai et al., 1999).
Furthermore, artificial hybridization between S. fruticosa, S.
officinalis and S. aramiensis were studied (Bahadirli and
Ayanoglu, 2019). In these studies, essential oil content and
rate of compounds were found in the middle of the parent
plants while in some of them higher contents were observed.

The aim of this study was to identify essential oil content
and compounds of the spontaneous hybrids from the seeds
of male sterile S. officinalis that cultivated nearby S. fruti-
cosa and S. aramiensis. Furthermore, to reveal their rela-
tions with parents by principle component analysis.
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Materials and Methods

Plant Material

The seeds of the plant materials used for this study came from
experimental field from Department of Field Crops, Hatay
Mustafa Kemal University where S. officinalis, S. fruticosa
and S. aramiensis were cultivated in nearby plots. Flowering
started at the late of March in S. fruticosa, beginning of April
for S. officinalis and mid of April for S. aramiensis. In both
S. officinalis and S. fruticosa flowering continue almost two
months and flowering overlap in three of the species in the
study. To prove the male sterility of S. officinalis firstly an-
thers were removed and examined with triphenyl tetrazolium
for vitality of pollens. Secondly, some of the flower stems
were covered with net to detect if there is any self-
pollination. S. officinalis seeds were collected during
summer season in 2018. Most of the collected seeds were
empty (without any embryo). Selected seeds primed in 500
ppm GAj; solution for 24 hours before placing in petri-
dishes. The germination gen-erally starts in seven days to
one month. After germinations of the seeds (3-5 cm), the
plants were sown in a plastic viol and placed in a green
house. Planting material comprise peat and perlite mix (1/3).
When the seedlings grow up to 20 cm, the seedlings planted
in plastic pots. During summer time seedlings were placed
outside of the green house and watered when needed.
Grown hybrid plants were harvested in late July and air
dried in drying oven at 35 °C.

Essential Oil Extraction

Dry leaves were hydro-distilled for 3 hours with using
Clevenger-type apparatus. Essential oil ratio was calculated
as the mean value from dry plant material weight and ex-
pressed in g/100 g dry weight (%). Essential oils were kept in
amber vials at +4 °C for further analysis.

Essential Oil Analyses

The essential oils were determined according the method de-
scribed by Bahadirli and Ayanoglu (2019). Seperations and
determination of the essential oil components were done by
GC-MS (Gas Chromatography Mass Spectrometry) device
Thermo Scientific ISQ Single Quadrupole. Approximately 5
ul of essential oil was dissolved in a 2 ml cyclohexane for
GC-MS injection. Separation of the essential oils were car-
ried out by a TG-Wax MS (5% Phenyl Polysilphenylene-si-
loxane, 0.25 mm inner diameter * 60 m length, 0.25 pm film
thickness) column. The ionization energy was calibrated as
70 eV, and the mass interval was m/z 1.2- 1200 amu. The
scan mode was used as the screening more in data collection.

Research Article

MS transfer line temperature was 250°C, MS ionization tem-
perature was 220°C, and whereas colon temperature was
50°C at the beginning, then it was increased up to 220°C with
3°C/min rate. The structure of each component was defined
using mass spectrums (Wiley 9) with Xcalibur software. Re-
tention indices were determined using retention times of n-
alkanes (C8-C40) that were injected after the plants essential
oil under the same chromatographic conditions.

Principal Component Analysis (PCA)

Comparison of Essential oils between parent species and hy-
brids were analyzed with PCA using XLSTAT (2009) statis-
tics program. The compounds (PCA) that appeared in an
amount higher than 1% in at least one sample were used.

Results and Discussion

The essential oil content of hybrids and their parent plants
was determined. S. officinalis essential oil (EO) content was
2.5%, S. fruticosa EO content was 3.5% and S. aramiensis
EO content was 2.14%. Essential oil rates of hybrid plants
were found as follows H-1 was 2.10%, H-2 was 3.40%, H-3
was 3.0%, H-4 was 3.20%, H-5 was 1.60% and H-6 was
2.5%. S. officinalis % S. lavandulifolia hybrid essential oil
content found in the middle of the parent species and essential
oil ranged between 0.9-2.8% (Herraiz-Penalver et al., 2015).

Essential oil compounds were determined by GC-MS analy-
sis and results were given in Table 1. The main components
of S. officinalis were thujone 40.97%, 1,8-cineole 24.65%
and camphor 19.37%. Thujone levels of all hybrid plants
were found much lower than maternal plant S. officinalis, the
range was 0.95-6.83%. All of the hybrid plants’ 1,8-cineole
range were higher than S. officinalis and ranged between
35.13-64.92%. Both of the S. fruticosa (50.27%) and S.
aramiensis (57.76%) had higher 1,8-cineole rate than S. of-
ficinalis. All of the hybrids 1,8-cineole content were in the
middle of the parents except H-2, 1,8-cineole was 64.92%.

Spontaneous hybrid between S. officinalis and S. lavandulifo-
lia were investigated for essential oil composition (Sanchez
Gomez et al., 1995). In the study, hybrid plants’ essential oil
content found as same as S. officinalis 0.60%. Major com-
pounds of S. officinalis essential oil were a-thujone 22.82%,
1,8-cineole 15.71%, viridiflorol 10.92%, B-thujone 4.32%
and camphor 4.99%, while hybrid plants’ essential oil com-
position found as 1,8-cineole 18.01%, B-pinene 14.11%,
camphor 10.80%, a-thujone 3.04% and B-thujone 0.56%
(Sanchez Gomez et al., 1995).
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Table 1. Essential oil compounds of hybrid genotypes and their parents

Compound Name RI* M F-A F-F H-1 H-2 H-3 H4 H-5 H-6
a-Pinene 1034 090 434 699 569 4.05 648 579 447 5.65
Camphene 1098 097 0.08 6.82 422 052 556 480 524 3.12
B-Pinene 1135 1.16 20.03 294 472 8.09 413 492 957 5.5
a-Myrcene 1160 144 178 138 2.03 255 163 248 241 3.5
a-Phellandrene 1179 0.02 1.51 Nd 0.17 027 0.07 0.16 021 0.19
a-Terpinene 1197 0.04 nd 0.07 0.06 0.15 0.12 0.08 nd nd
Limonene 1205 097 267 131 1.08 098 123 1.09 1.03 1.08
y-Terpinene 1245 026 0.13 0.08 035 073 038 037 0.12 057
1,8-cineole 1278 24.65 57.76 5027 53.73 64.92 44.17 4845 3513 5292
p-Cymene 1302 0.30 nd 1.00 020 024 021 0.14 0.07 0.36
1-Octen-3-o0l 1457 0.06 0.07 0.06 0.06 nd 0.04 0.03 021 nd
Sabinene hydrate 1496 0.54 124 0.07 055 0.67 0.16 066 037 045
Linalool 1535 0.12 nd 042 035 0.19 040 02 0.56 0.21
Thujone 1587 40.97 nd 1.06 170 6.83 247 2.05 095 3.30
Valencene 1631 nd nd Nd 0.02 nd 0.07 0.08 nd 0.27
Caryophyllene 1662 0.88 480 1.07 3.01 204 138 440 1.14 6.67
Bornyl acetate 1700 1.17 nd 027 038 181 092 145 041 nd
o-Terpineol 1701 nd nd 395 158 nd 321 nd nd nd
Camphor 1714 1937 nd 18.44 1555 292 23.68 1622 2635 11.29
a-Humulene 1721 0.14 055 028 031 046 047 nd nd nd
Borneol 1740 197 nd Nd 1.96 079 170 3.19 0.58 243
Geranyl acetate 1760 nd nd Nd nd nd nd 0.03 035 nd
Viridiflorol 2048 2.18 nd 0.67 0.12 0.06 034 060 724 0.27
Spathulenol 2089 nd 1.13  0.05 nd nd nd nd nd nd
Caryophyllene oxide 2084 0.49 096 092 0.10 nd 0.15 045 1.03 0.60
Junipene 2365 nd nd 0.04 0.03 nd 0.02 0.08 0.73 0.08
Total 98.60 97.05 98.16 97.97 98.27 9891 97.72 98.17 97.76

nd= not detected, *RI= Retention Indices were calculated according to the n-alkanes
M=Mother plant (S. officinalis); F-A=Father plant (S. aramiensis); F-F=Father plant (S. fruticosa); H=hybrid plant

components were camphor (28.19%), thujone (22.20%) and

First artificial hybridization between S. officinalis and S. fru- : : ~U70,
1,8-cineole (13.67%) (Dudai et al., 1999). Moldavian infra-

ticosa was reported from Putievsky et al. (1990). In the study,

thujone levels of hybrids found close to S. officinalis, while
1,8-cineole and camphor found in the middle of the parent
plants. S. officinalis essential oil major compounds found as
a-thujone 55.0%, 1,8-cineole 13.0%, B-thujone 10.0% and
camphor 2.0%, S. fruticosa essential oil major compounds
found as 1,8-cineole 48.0%, B-pinene 11.0% and camphor
8.0%. The major compounds of hybrids when S. officinalis
used as maternal determined as 1,8-cineole 30.0%, a-thujone
27.0%, B-thujone 7.0% and B-pinene 7.0%. When S. fruticosa
used as maternal plant hybrid, essential oils found as thujone
29.0%, 1,8-cineole 24.0%, B-thujone 7.0% and B-pinene
7.0%. Later that research, artificial hybrid between S. offici-
nalis and S. fruticosa named Neve Ya’ar No:4 was studied
for yield and essential oil characteristics (Dudai et al., 1999).
Their results showed that major compounds of essential oil

specific hybrid S. officinalis cv. Miracol was analyzed and the
major compounds of essential oil were found as a-thujone
21.24%, camphor 19.14% and 1,8-cineole 10.37% (Gon-
ceariuc, 2014). A spontaneous hybrid from the cultivated area
of S. officinalis and S. lavandulifolia subsp. lavandulifolia es-
sential oil compounds were found as estimated for essential
oil compounds. 1,8-cineole rates of S. lavandulifolia subsp.
lavandulifolia found between 15.5-55.1%, in S. officinalis
3.3-11.1% and in hybrid 12.0-34.7%. a-thujone rates in of S.
lavandulifolia subsp. lavandulifolia found between 0-0.2%,
in S. officinalis 25.4-57.2% and in hybrid 13.6-23.6%. Cam-
phor rate in S. lavandulifolia subsp. lavandulifolia 0.8-6.8%,
in S. officinalis 1.6-10.8% and in hybrid 1.5-4.1% (Herraiz-
Penalver et al., 2015). Another spontaneous hybrid were stud-
ied for essential oil content (Bahtiyarca Bagdat et al., 2017).
Main components of essential oils showed wide variations
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such as a-thujone 8.32-42.46 %, B-thujone 2.02-21.39 %, 1,8- that explains 95.15% of the variations were chosen to create
cineole 4.66-29.34 %, borneol 0.91-16.73 % and camphor two-dimensional graphic and results were given in Figure 1.
4.22-30.77%. The figure shows the distribution of hybrids and their parents
according to their essential oil compounds. S. officinalis
placed far from all of the other genotypes in the figure. H-1
and H-2 were in the middle of the S. fiuticosa while H-3, H-
4, H-5 and H-6 were between S. fruticosa and S. officinalis,
but close the S. fruticosa.

Principle Component Analysis (PCA) on essential oil com-
pounds of all genotypes resulted in that high correlation was
observed between EO compounds and genotypes. Thujone
and camphor compounds had a negative correlation with 1,8-
cineole, a-f pinene and camphene. Variables (F) F1 and F2

Variables (axes F1 and F2: 95.15%)

5. officinalis

0.75
i 3
.:? H-5/H-3

0.
= : ~ __H4H-S$
et 0 - S. fruticosa
=] 0 95 H-1/H-2
= ik 5. aramiensis

0.5

0,75

0,75-05-0.25 0 025 05 0,75
F1 (87.35%)

Figure 1. Hybrids and their parents’ distribution by PCA according to essential oil compounds
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According to the results, genotypes were distributed accord-
ing to their 1,8-cineole, thujone and camphor content. Results
were compatible with other studies. Jug-Ducakovic et al.
(2012) were found a high negative correlation between thu-
jone and camphor content in S. officinalis genotypes.
Cvetkovikj et al. (2015), were analyzed 25 S. officinalis pop-
ulation according to their essential oil compounds and geno-
types were distributed by high Thujone high trans-caryo-
phyllene content. In the study of Herraiz-Penalver et al.
(2015), PCA analysis separated the genotypes regarding of
their thujone and 1,8-cineole rate.

Conclusion

The findings clearly illustrate that spontaneous hybridization
has been occurred between S. officinalis, S. fruticosa and S.
aramiensis. Male sterility of S. officinalis helped to identify
the hybridization. Developing new cultivars still remains its
importance, especially in medicinal and aromatic plants. New
cultivars of sage with high yield, low camphor and thujone
levels needed in medicinal and aromatic plant market. In the
study, high 1,8-cineole with low camphor and thujone content
were observed. However, camphor levels were not varied as
thujone and 1,8-cineole content. S. fruticosa has been used
mostly from collected materials from nature. Besides that, S.
officinalis already has great value for trading. In the study,
cultivated plants of S. fruticosa and S. aramiensis from the
flora of Hatay were used. It is important to use existing diver-
sity from flora. The further field trial will have established to
obtain yield and patent of the genotypes.
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ABSTRACT

Totally 101 meat and meat product samples obtained from local markets and restaurants were
analyzed for incidence and contamination level of Clostridium perfiringens. The typical colonies
grown anaerobically on Tryptose Sulfite Cycloserine Agar supplemented with 4-Methyliumbellif-
eryl (MUP) were confirmed by biochemical tests. Forty-eight of the samples (47.5%) were con-
taminated with C. perfringens. The highest incidence of the pathogen was determined in uncooked
meatball samples (72.2%) followed by ground beef samples (61.3%). The incidence of C.
perfringens in chicken meat, cooked meat doner, cooked chicken déner and emulsified meat prod-
uct samples were 33.3, 33.3, 28.6 and 16.7%, respectively. Thirteen out of 101 samples (12.9%)
yielded typical colonies on TSC-MUP Agar, but could not be confirmed as C. perfringens. Aver-
age contamination levels in sample groups ranged from 8.3 to 1.5x10? cfu/g, with the highest
ground beef and the lowest chicken meat.

Keywords: Clostridium perfringens, Incidence, Meat, Meat products, Ground beef, Meatball
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Introduction

Clostridium perfringens is an anaerobic, non-motile, sulfite
reducing, spore-forming, Gram-positive and rod-shaped bac-
terium (Brynestad and Granum, 2002; Garcia et al., 2019).
Spores are usually located sub-terminally and formed only in
specially formulated culture media (Juneja et al., 2010). It
was isolated in 1892 and named as Bacillus aerogenes and
then as Clostridium welchii (Garcia and Heredia, 2011). It
can grow at temperatures from 15°C to 50°C with an opti-
mum at 45°C for most strains (Brynestad and Granum, 2002).
C. perfringens is very common in nature and can be isolated
from soil, dust, gastrointestinal systems of human and ani-
mals, on surfaces of vegetables as well as other raw and pro-
cessed foods (Juneja et al., 2010). Although it has an anaero-
bic nature, it can grow at E; values of +350 mV and can re-
duce its environment to less than -400 mV (Garcia and Here-
dia, 2011).

Acute diarrhea and severe abdominal pain are observed in 8-
24 h following the digestion of the food harbored high num-
ber vegetative cells of C. perfringens. Vomiting and fever are
very rare. Generally the patient recovers in 24-48 h. Death is
rare and particularly seen in elderly patients (Labbe and
Juneja, 2017). C. perfringens is classified as A, B, C, D and
E according to toxin type. The type A is related food poison-
ing, meanwhile can cause gaseous gangrene and septicemia
(Brown, 2000; McClane et al., 2012). In the European Union,
C. pefringens caused 124 out of 160 total outbreaks occurred
in 2014 (EFSA-ECDC, 2015). It is estimated that C.
perfringens poisoning is more common since the mild cases
are not reported (Juneja et al., 2010). Considering the rela-
tively mild symptoms, the under-reported cases have been es-
timated as 10-fold (Mead et al., 1999). Foodborne poisoning
associated with C. perfringens is due to improper handling
and preparation of foods. A recent report revealed that im-
proper stored and inadequate reheated meat could result in
large C. perfringens outbreak (Mellou et al. 2019). The high
number of vegetative cells (>10° cfu/g) multiplied in food ex-
posed to elevated temperatures are ingested and then food
poisoning occurs (Garcia and Heredia, 2011).

C. perfringens contaminated meat and meat products via fe-
cal contamination of carcasses or contamination from other
ingredients such as spices, post-processing contamination is
possible as well (Juneja et al., 2010; McClane et al., 2012;
EFSA-ECDC, 2015). Although C. perfringens can be iso-
lated from different types of foods, it is mostly isolated from
meat and meat products. Because meat and meat products are
good sources of thirteen amino acids which cannot be pro-
duced by C. perfringens and needed for growth of this path-
ogen (Andersson et al., 1995). The previous studies have
shown than C. perfringens incidence ranged from 7 to 96%

in meat and meat products including ground beef (Baskaya et
al., 2004; Kamber et al., 2007), chicken meat (Cakmak et al.,
2006; Yildirim et al., 2015), beef and sheep meats (Guran et
al., 2014), cured raw meat products (Taormina et al., 2003),
emulsified meat products (Elmali et al., 2005) and cooked do-
ner (Vazgecer et al., 2004). As far as we have known there is
not any survey study in the literature on incidence of C.
perfringens in meat and meat products sold in Sakarya, Tur-
key. Therefore, considering the survey studies may provide a
better understanding the risk for foodborne pathogens, it was
aimed in this study to determine the incidence and contami-
nation level of C. perfringens in meat and meat products sold
in Sakarya province of Turkey.

Materials and Methods
Materials

Totally 101 samples including ground beef (31), chicken
meat (27), meatball (18), cooked meat doner (12), cooked
chicken doner (7) and emulsified meat products (6) were col-
lected from 57 different butcher shops, markets and fast food
restaurants between April 2013 and February 2014 in Sakarya
province of Turkey. Samples were transferred to laboratory
in cooled conditions and kept in refrigerator until analysis.

Preparation of Samples for Analyses and C. perfringens
Enumeration

C. perfringens enumeration and confirmation was performed
according to the method described by Rhodehamel and Har-
mon (1998). Aseptically 25 g sample was transferred into a
stomacher bag with 225 mL sterile peptone water (1% pep-
tone) and homogenized (BagMixer® 400, Interscience Co.,
Saint Nom, France) for two minutes at low speed. Serial di-
lutions were prepared using peptone water. The pour plating
technique was used for enumeration of C. perfringens. One
mL-portions from 10" and 10 dilutions were transferred to
sterile petri plates and Tryptose Sulfite Cycloserine (TSC)
Agar (Merck, Darmstadt, Germany) containing MUP (4-
Methylumbelliferyl phosphate) was poured and mixed well.
After solidifying, the plates were overlaid with an additional
10 mL TSC Agar. The plates were incubated anaerobically
(Anaerocult A; Merck, Darmstadt, Germany) at 37°C for 24
h. Following incubation plates were examined under 366 nm
ultraviolet light (366 nm UV Lamp; Merck Darmstadt, Ger-
many) and the black colonies with blue florescence were
counted as C. perfringens.
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Morphological and Biochemical Confirmation

The typical colonies grown on TSC Agar were picked and
inoculated in Thioglycolate Broth (Merck, Darmstadt, Ger-
many). Tubes were incubated anaerobically at 37°C for 24 h.
The Thioglycolate Broth cultures of the isolates were main-
tained at -20°C by adding 15% glycerol. Gram-positive and
sporeforming isolates were subjected to biochemical tests. C.
perfringens was confirmed by motility-nitrate and lactose-
gelatin tests (Anonymous, 1999). The active cultures of sus-
pected isolates were stab-inoculated into Motility-Nitrate
Medium (Sigma-Aldrich, St. Louis, MO, USA) and incu-
bated anaerobically at 37°C for 24 h. The cultures grown only
along the stab line in Motility-Nitrate Medium were consid-
ered non-motile, while those grown away from the stab line
were considered motile. Red color formation after addition of
nitrite-detection reagent (Sigma-Aldrich, St. Louis, MO,
USA) showed the reduction of nitrate. If no red color ob-
served within 15 min, zinc dust was added and color of the
medium was checked after 10 min. The Lactose-Gelatin Me-
dium (Sigma-Aldrich, St. Louis, MO, USA) tubes inoculated
with active cultures were incubated anaerobically at 37°C for
24 h. The gas blisters and converting the color from red to
yellow were the signs of lactose fermentation. To detect
gelatinase activity, the tubes were kept at 5°C for 1 h and
checked for liquefaction. In case solidification occurred, the
tubes were incubated at 37°C for additional 24 h. The cultures
in liquefied tubes were considered gelatinase positive.

Results and Discussion

Totally 101 samples, including ground beef, chicken meat,
uncooked meatball, cooked meat doner, cooked chicken do-
ner and emulsified meat products, were analyzed for inci-
dence and contamination level of C. perfringens. Table 1 de-
picts incidence of the pathogen in the samples. Out of 101

Table 1. C. perfringens incidence in meat and meat products

samples, 48 (47.5%) were positive for C. perfringens. Alt-
hough thirteen samples (4 ground beef, 3 uncooked meat-
balls, 3 chicken meat, and one emulsified meat product)
yielded typical colonies on TSC Agar, these colonies could
not be confirmed as C. perfringens by biochemical tests. This
result is not surprising considering the specificity of the cul-
ture medium used in this study. Fischer at al. (2012) have
mentioned that the specificity of TSC-MUP Agar was 74.5%.
In other words this culture medium yielded 24.5% false neg-
ative results and non-perfringens Clostridium species were
isolated frequently. The highest incidence of the pathogen
was in uncooked meatball samples (72.2%) followed by
ground beef samples (61.3%). The previous studies have
shown that incidence of C. perfringens and/or sulfite reduc-
ing bacteria in beef meat or ground beef is ranged from 18 to
96%. C. perfringens incidence was reported as 18% in ground
beef samples sold in small butcher shops and local markets
(Kamber et al., 2007). Bagkaya et al. (2004) determined sul-
fite reducing anaerobic bacteria in 74% of the ground beef
samples. Guran et al. (2014) reported that 96% of beef meat
samples were contaminated with C. perfringens.

The incidence of the pathogen was 72.2% in meatball sam-
ples. Meatball is produced mainly from ground beef and/or
lamb meat, fat, roasted bread crumbs, salt, onion garlic and
various spices. The spices used to prepare meatball may in-
crease the microbial load of product. De Boer et al. (1985)
isolated C. perfringens spores from 80% of 54 spices and
herbs. It is well known that spices are main source of spore-
forming pathogenic bacteria including Bacillus and Clostrid-
ium species and under favorable conditions their spores may
germinate and multiply (Pafumi, 1986). Therefore, the spices
used in meatball recipe may be the reason for high incidence
of C. perfringens in meatball samples.

Sample number with typi-  Sample number with

Sample type iﬁﬁgfr C. 1: :grllzgf S&;Z?g;r;led cal colony on TSC Agar no typical colony on
P ° but not confirmed (%) TSC Agar (%)
Ground beef 31 19 (61.3) 4 (12.9) 8(25.8)
Meatball (uncooked) 18 13 (72.2) 3(16.2) 2 (11.1)
Chicken meat 27 9(33.3) 5(18.5) 13 (48.2)
Meat doner (cooked) 12 4(33.3) 0(0) 8 (66.7)
Chicken doner (cooked) 7 2 (28.6) 0(0) 5(71.4)
Emulsified meat products 6 1(16.7) 1(16.7) 4 (66.6)
Total 101 48 (47.5) 13 (12.9) 40 (39.6)
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C. perfringens incidence was confirmed only in 9 chicken
meat samples (33.3%). The previous studies have shown that
the incidence of this pathogen in poultry products may vary
from 2.5 to 94% according to product type. Cakmak et al.
(2006) detected C. perfringens in 70% of frozen raw ground
poultry samples while 2.5% of poultry burger samples were
contaminated with this pathogen. Yildirim et al. (2015) re-
ported that 46% of chicken leg and breast meat samples were
positive for C. perfringens. Shaltout et al. (2017) determined
C. perfringens in 21.6% of chicken meats samples. Higher
incidence levels were reported by Guran and Oksuztepe
(2013). These researchers determined that 66-94% of chicken
parts were contaminated with C. perfringens. Incidence of
this pathogen in intestinal tract of broiler chickens can be as
high as 95% (Immerseel et al., 2004). Therefore it is not un-
expected situation that its incidence in processed meat of
poultry is high.

The incidence of C. perfringens in cooked beef and chicken
doner samples were 33.3 and 28.6%, respectively. The previ-
ous studies revealed that the incidence of sulfite reducing
Clostridia incidence is low in doner samples. Vazgecer et al.
(2004) reported that sulfite reducing Clostridia were deter-
mined in the 7% of the cooked doner samples. In contrast,
Bostan et al. (2011) did not determined sulfite reducing Clos-
tridia in cooked doner samples. Spores of C. perfringens may
survive during cooking and then if cooked foods are kept at
temperatures between 12°C and 50°C they can germinate and
multiply. Moreover an efficient reheating step may be re-
quired to kill vegetative cells (Jaloustre et al, 2013). Doner is
a very popular meat meal which is prepared by seasoning of
meat with spices and then cooking of cone-like shaped meat
mass in front of cooking apparatus. Meat mass is rotated
slowly during cooking and the cooked surface layer is cut as
thin flakes. In this cooking process, the temperature of meat
mass may be at ranges that allow survival and growth of
spore-forming bacteria including pathogenic species. Consid-
ering cooking method, doner may have risk for C.
perfringens.

C. perfringens was confirmed only in one emulsified meat
product sample (16.7%). Apaydin et al. (2003) reported that
10% of bologna-type sausage samples were contaminated
with C. perfringens. The incidence of the pathogen in emul-
sified meat products was determined as 22.1% by Elmal1 et
al. (2005). The spores of C. perfringens are heat resistant with
34.2 min D value at 90°C (Byrne et al., 2006). With this in
mind, it can be estimated that they can well survive during
production of this type of meat products.

The differences between the isolation rates of the current
study and the previous ones may be attributed to number of

the samples and analysis methods. The method used in this
study did not contain any enrichment step. Wen and McClane
(2004) reported approximately 50-fold increase in C.
perfringens recovery when an enrichment procedure is ap-
plied using Fluid Thioglycolate medium.

Fluorogenic substrate, 4-methylumbelliferyl phosphate
(MUP), added TSC Agar was used in this study for enumer-
ation and isolation of C. perfringens from the meat products.
MUP is a fluorogenic substrate which is highly specific for
C. perfringens. MUP is metabolized by C. perfringens pro-
ducing 4-methylumbelliferone which can be detected under a
long wave (366 nm) UV light (Adcock and Paint, 2001). Thir-
teen out of 101 samples yielded typical colonies on TSC Agar
supplemented with MUP. That is to say, false-positive result
ratio was 12.9%. Similarly, Araujo et al. (2001) reported
false-positive results on this culture medium during recovery
of C. perfringens from groundwater samples. Despite this, the
researchers found that the MUP added TSC Agar was supe-
rior to the other culture media used for detection of C.
perfringens.

The contamination levels in the C. perfringens confirmed
samples are shown in Table 2. Results revealed that 41.6% of
the samples harbored C. perfiingens lower than 10' cfu/g.
More than half of the confirmed samples (52.1%) contained
the pathogen in the range from 10' to 10* cfu/g. The contam-
ination level of the pathogen was 10>-10° cfu/g only in two
meatball samples. The highest level detected in one ground
beef sample was 2.4x10° cfu/g. The average counts of sample
groups were ranged from 8.3 to 1.5x10 cfu/g. According to
Turkish Food Codex Regulation on Microbiological Criteria
(Anonymous, 2011), the counts of sulphite reducing anaero-
bic bacteria should not exceed 10* and 10° cfu/g in non-ready-
to-eat and ready-to-eat foods, respectively. Based on this
knowledge, it can be concluded that the samples analyzed in
current study had acceptable levels of C. perfringens as a
member of sulphite reducing anaerobic bacteria group. On
the other hand, these results are generally in consistent with
the published data. Kamber et al. (2007) determined levels of
C. perfringens in ground beef samples obtained from local
markets and butcher’s shops as 2.75x10? and 6.82x10* cfu/g,
respectively. Apaydin et al. (2003) reported the incidence of
C. perfringens as 1-1.27 log cfu/g in bologna-style sausages.
The mean number of ground poultry samples was determined
as 2.6 MPN/g by Cakmak et al. (2006). On the other hand,
Yildirim et al. (2015) have stated that the mean counts of C.
perfringens in chicken breast and leg meats were 3.21x10°
and 1.64x10* cfu/g, respectively. These levels are higher than
both our study and the previous studies.
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Table 2. Contamination levels in C. perfringens confirmed samples

Sample type Number of samples for each contamination level Average

<10’ 10' - 10° 10° — 10° >10° (cfu/g)
Ground beef 6 12 0 1 1.5x10?
Chicken meat 7 2 0 0 8.3
Meatball (uncooked) 5 6 2 0 5.8x10!
Meat déner (cooked) 2 2 0 0 2.3x10!
Chicken doner (cooked) 0 2 0 0 2 x10!
Heat processed meat products 0 1 0 0 1.5x10'
Total 20 (41.6%) 25(52.1%) 2 (4.2%) 1 (2.1%)

C. perfringens vegetative cells higher than 10° cfu per gram
of food are needed to result in food poisoning (Juneja et al.,
2010). The numbers of the pathogen in the samples analyzed
did not exceed this level. However, to control temperature
during cooking and storage is a key factor to avoid C.
perfringens poisoning. If the cooked food is cooled down
slowly, kept at warm temperatures for extended periods and
not reheated sufficiently before consumption to destroy veg-
etative cells, this critical level may be reached. Additionally,
cooking may provide more favorable conditions for the
growth of C. perfringens by increasing anaerobic environ-
ment and reducing competing spoilage organisms (Juneja et
al., 2010; Kouassi et al. 2014). Moreover, cooking may cause
heat shock which triggers the germination of spores (Juneja
etal., 2010).

Conclusion

It may be concluded that C. perfringens is very common in
raw or cooked meat products having regard to its confirmed
presence in almost half of samples (47.5 %) analyzed in this
study. The highest incidence was in uncooked meatball sam-
ples followed by ground beef samples. Although the contam-
ination levels in samples analyzed in this study were lower
than that of required for food poisoning (10° cfu/g), it seems
that presence of this pathogen in meat and meat products is
generally unavoidable. All things considered, it should be
emphasized that temperature control during processing,
transportation and storage is the key factor for prevention
growth of C. perfringens and thus food poisoning caused by
this pathogen. Another key thing to remember is that the tem-
perature and time during cooking and/or reheating should be
adequate to kill vegetative cells of C. perfringens.
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ABSTRACT

This study aimed to determine the effects of cooling on microbiological quality of lamb carcasses.
Total Aerobic Bacteria Count (TABC), Enterobactericeae counts and the presence of Salmonella
spp. were investigated in accordance with the Turkish Food Codex Regulation on Microbiological
Criteria and European Union Commission Regulation 2073/2005. Sampling was carried out on
aseptic conditions from the surface of 25 randomly selected lambs brought to slaughterhouse. The
results showed that the mean TABC were 2.2420.087 log cfu/cm? before cooling and 2.41+0.061
log cfu/cm? after cooling (P>0.05). The mean Enterobactericeae count was 0.21+0.11 log cfu/cm?
before cooling and 0.69+0.13 log cfu/cm? after cooling (P<0.01). Furthermore, Salmonella spp.
were determined on 3 carcasses before cooling and one another carcass after cooling. The influence
of cooling on categorisation according to the legislations presented that it could potentially im-
prove the numbers of acceptable carcasses for TABC and Salmonella spp. Nevertheless, the results
exhibited that the hygiene and cooling stage of the slaughter line must be re-evaluated in terms of
HACCP requirements and that corrective measures/actions must be taken.

Keywords: Enterobactericeae, Cooling, Lamb carcass, Salmonella spp., Surface contamination
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Introduction

Slaughter and dressing without microbial contamination of
carcasses are practically impossible. The contamination orig-
inates from various sources, including fleece, viscera, equip-
ments, other carcasses, and the hands and aprons of the per-
sonels (Hauge et al., 2011). Prerequisite programmes and the
Hazard Analysis Critical Control Point System (HACCP) are
applied to interrupt towards controlling carcass contamina-
tion. Fleece removal, evisceration, water washing, chilling
and storage are possible critical points for the microbial con-
tamination of carcasses during slaughter process (Milios et
al., 2011).

Turkish Food Codex Regulation on Microbiological Criteria
(2011), Commission Regulations (EC) No. 2073/2005 (2005)
and 1441/2007 (2007) put forward microbiological perfor-
mance criteria for TABC, Enterobacteriaceae and Salmo-
nella spp. on fresh lamb carcasses. The performance criteria
for TABC and Enterobacteriaceae are set out as a three class
sampling plan; satisfactory, acceptable and unsatisfactory,
according to the contamination level found in four different
areas on the carcasses. The performance criteria vary based
on whether the samples are obtained by excision or swabbing;
swab samples are considered to represent only 20% or less of
the microbial loads obtained by excision (EC471, 2001;
O’Brien et al., 2007; Lenahan et al., 2010).

The Regulations commands for the use of TABC and Enter-
obacteriaceae as indicators of hygiene and faecal contamina-
tion on carcasses before cooling, however, it does not monitor
the impact of cooling on carcass hygiene. Cooling is utilized
as the Critical Control Point (CCP) as part of the HACCP
plan to increase carcass safety (Lenahan et al., 2010).

The basis of HACCP in relation to fresh meat is that the loads
of microorganisms on carcass surfaces are decreased or their
growth is limited, since elimination is impossible (Sheridan,
2000). Moreover the biochemical periods and structural
changes that occur in muscle during the first 24 h post mortem
play a major role in the meat quality and are influenced by the
cooling processes that carcasses are subjected to after slaugh-
ter (Fernandez and Vieira, 2012).

This study aimed to determine the levels of TABC’s, Entero-
bacteriaceae and the presence of Salmonella spp. on lamb
carcasses before and after cooling, and analysed the effect of
cooling on carcass categorisation by Turkish Food Codex
Regulation (2011).
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Materials and Methods

Materials

In this study a total of 25 lamb carcasses, slaughtered at a
private slaughterhouse located in Mugla province and stored
at 2°C for 24 hr, were used as materials (hind shank, brisket,
fore shank and neck areas).

In this study, the carcasses were chilled in conventional-com-
mercial chillers, the temperatures measured during the cool-
ing period was 2°C, but the air velocity and humidity of the
chillers were not measured during the cooling process. In or-
der to determine the efficiancy of cold storage, the surface
and core temperatures of the carcasses were taken immedi-
ately after slaughtering process just before cooling and after
24 hours of storage period at 2°C by using thermometer
(PCE-IR 100, Germany).

Sampling procedure was conducted as it is stated at ISO
17604 (2015). Sterile swab sponges (World Bioproduct SR-
DRY-G, USA) were placed in sterile stomacher bags contain-
ing 10 ml of buffered peptone water (BPW) (Oxoid CM509,
England) prior to sampling. Sampling was carried out on the
hind shank, brisket, fore shank and neck areas of right half of
the randomly selected lamb carcasses (total of 400 cm? for
each carcass) by using a 100 cm? template (10x10 cm) and
sponge swabs just before cooling. Similar procedure was car-
ried out for the left half of the carccasses after cooling. After
sampling, sponge swabs were brought to the laboratory in ice-
boxes then the levels of TABC and Enterobactericeae, and
the presence of Salmonella spp. on the samples were analysed
(EC 2073/2005, 2005; TFC, 2011).

Microbiological Analysis

An additional 15 ml of BPW were added into sterile stom-
acher bags containing sponge swabs from each part of the
carcasses samples and brought to the laboratory. Then 2
minutes of homogenisation was carried out for each swab and
homogenats from one half of the sheep carcasses were put
into another stomacher bag for further homogenisation again,
then serial dilutions were prepared.

In order to determine the levels of TABC and Enterobacteri-
aceae, plating outs were carried out on Plate Count Agar
(PCA) (Oxoid CM463, England) and Violet Red Bile Glu-
cose Agar (VRBGA) (Oxoid CM485, England), then incu-
bated at 30°C for 48 hr and at 37°C for 24 hr, respectively.
While all of the colonies on PCA counted in order to deter-
mine the level of TABC, for Enterobacteriaceae, red colonies
in 0.5 cm diameter or larger on VRBGA were considered as
Enterobacteriaceae (1SO 4833-2,2013; ISO 21528-2, 2017).
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For Salmonella spp. isolation, pre-enrichment was carried out
by adding 225 mL of BPW into the homogenates. Then the
samples were incubated at 37°C for 18 £2 hr. All of the pro-
cedures followed during inoculation, incubation and identifi-
cation stages were carried out as stated in ISO 6579-1 (2017).
The confirmation of the results were done by using Salmo-
nella Latex Test (OXOID FT0203A, England) kit.

Statistical analysis

For statistical analysis SPSS version 22 (USA, 2013) was
used. The effects of cooling on the levels of TABC and En-
terobacteriaceae were analysed by using paired t test.

Results and Discussion

Strict maintenance of hygiene practices in slaughter process
is important in the prevention of microbial contamination of
the carcass surface in the interest of providing both meat qual-
ity and health protection (Zweifel and Stephan, 2003). The
legislation suggested that microbial loads of carcass as hy-
giene indicators are used in slaughterhouses for evaluating
the effective application of the HACCP system. TABC has
been used as a general measure of the surface contamination
of carcasses, whereas Enterobacteriaceae counts have been
accepted as an indicator of fecal contamination (Zweifel and
Stephan, 2003; Milios et al., 2011).

This study observed that the mean levels of TABC obtained
from lamb carcasses before and after cooling were 2.24
+0.087 log cfu/cm? and 2.41 +£0.061 log cfu/cm?, respectively
and there was no statistical difference between before and af-
ter cooling values (P>0.05). Enterobacteriaceae were iso-
lated from the carcasses both before and after cooling. When
the levels of Enterobactericeae were evaluated, it was deter-
mined as 0.21 £0.11 log cfu/cm? before cooling and 0.69
+0.13 log cfu/cm? after cooling, and the difference between
the values was statistically significant (P<0,01). Cooling pro-
cedure reduced TABC on 52% and Enterobactericeae on
20% of the carcasses evaluated. The mean of TABC and En-
terobactericeae (log cfu/cm?) on lamb carcasses before and
after cooling are shown in Table 1.

The mean of TABC determined from samples before and af-
ter cooling were somewhat lower than reported some previ-
ous studies (Lenahan et al., 2010; Hauge et al., 2011; Fernan-
dez and Vieira, 2012). The mean Enterobactericeae observed
in this study were higher than several studies (Yal¢in et al.,
2004; Lenahan et al., 2010), but in this study Enterobacteri-
ceae count were lower than Hauge et al. (2011) and Giirbiiz
et al. (2018). However, other studies have reported a higher
rate of reduction in TABC and Enterobacteriaceae count on
lamb carcasses than this study as a result of cooling (Gill and
Jones, 1997; Yal¢in et al., 2004; Hauge et al., 2011; Lenahan
et al., 2010). Increases in microbial loads especially Entero-
bacteriaceae counts may have been due to regrowth or con-
tamination just before or during the cooling process. The
cooling can damage bacterial cells as a result of low temper-
atures and water activity values, but some cells have been
shown to recover from these chill stresses (Yu et al., 2001;
Borch and Arinder, 2002). Contamination of carcasses during
cooling may have been caused by air, handling by personnel
or carcasses touching each other.

Previous studies have shown different microbial loads due to
the differences in sampling procedures such as sampling sites
on carcass, size of sampling area. Furthermore fleece cleanli-
ness, slaughtering procedures such as fleece removal tech-
nique and hygienic practices, may also affect the results
(Hauge et al., 2011; Salmela et al., 2013). It has been consid-
ered that variations in TABC and Enterobacteriaceae levels
may caused by differences in cooling parameters between
studies. In this study, the carcasses were chilled in conven-
tional chillers then the surface and core temperatures of lamb
carcasses were measured before and after cooling (Table 2).
The temperature measurement results were found in accord-
ance with the temperature values specified in the regulation
(Regulation of Special Hygiene Rules for Animal Food,
2011). But the other cooling parameters such as carcass spac-
ing, air velocity and relative humidity were not recorded. On
the other hand, microbial loads on carcasses were not uni-
form, therefore the carcas samples selected for studies could
have effects on the TABC and Enterobacteriaceae counts de-
termined (Lenahan et al., 2010).

Table 1. The mean of TABC and Enterobactericeae (log cfu/cm?) on lamb carcasses before and after cooling

N Before cooling (X + Sg) | After cooling (X + Sx) Significance
TABC 25 2.24 £0.087 2.41 +0.061 NS
Enterobactericeae 25 0.21 +0.11 0.69 +0.13 ok
Table 2. The mean surface and core temperature values of lamb carcasses before and after cooling
N Before cooling (X = Sx) | After cooling (X + Sx)
Surface Temperature 25 25.82 £0.62 843 +1.14
Core Temperature 25 34.10 £1.53 3.49 +£0.69
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The limits for process hygiene criteria of lamb carcases given
in TFC (2011) and Regulation EC 2073/2005 (2005) apply
for daily mean log results at slaughterhouse level, but they
can also be used for evaluation of bacterial contamination
level in general. In this study, the means of TABC and Enter-
obacteriaceae did not exceed legal limits. To be able to de-
termine performance criteria, TABC and the level of Entero-
bacteriaceae are required just before cooling by legislations.
In this study, the swab criteria for lamb carcasses were calcu-
lated from excision sample values (O’Brien et al., 2007; Le-
nahan et al., 2010).

Based on the criteria for swabbing, 21 carcass samples were
in the acceptable for TABC before cooling and 23 carcasses
were after cooling. For Enterobacteriaceae, 19 carcasses be-
fore cooling and 15 carcasses after cooling were in the ac-
ceptable category. None of the samples were found in the un-
acceptable category (Table 3). When TABC was considered,
the numbers of acceptable carcasses increased after cooling.
However, the cooling process affected adversely the number
of acceptable carcasses when Enterobacteriaceae levels were
considered. The numbers of marginal carcasses decreased us-
ing the TABC and increased when Enterobacteriaceae levels
were used. These results showed that cooling conditions and
hygienic practices during process had the possibility to affect
the extend of acceptable or unacceptable carcasses. The use
of TABC and Enterobacteriaceae data to determine process
control charts showing contamination rates have been used
by several studies (O’Brien et al., 2007; Salmela et al., 2013).
However, the same studies determined that sampling at dif-
ferent parts of during the slaughtering and cooling process to
have an influence on the results. The process hygiene criteria
for carcasses are evaluated at the end of the slaughtering, and
do not regard any of the process that affect the contamination,
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or possible different contamination sources at the different
parts of the slaughtering process. In order to evaluate slaugh-
tering hygiene more efficiently at the slaughterhouse level,
detailed information about the slaughtering process is needed
in addition to the carcass microbial load before cooling.

Salmonella spp. were detected on 3 (12%) carcass samples
before cooling and only one carcass sample different from
other Salmonella spp. positive carcasses after cooling. The
presence of Salmonella spp. on carcasses indicated fecal or
environmental contamination during the slaughtering pro-
cess. Presence of Salmonella spp. on a different carcass after
cooling could be due to the cramped hanging of lamb car-
casses, personnel contamination and temperature changes
during cooling stage. That is because of lamb carcasses have
high water activity and pH values, Salmonella spp. can easily
grow on the carcasses. Salmonella spp. can also adapt to con-
ditions of temperature, pH, and water activity beyond their
normal growth range, posing great risks to food safety. Alt-
hough Salmonella spp. are generally considered mesophilic
in nature, some Salmonella spp. strains are able to grow in
foods chilled at 2°C to 4°C and other can grow at tempera-
tures of up to 54°C (Seo and Bohach, 2013). TFC (2011) and
Regulation EC 2073/2005 (2005) allow that no more than 2
(c value) of 50 lamb carcasses (n value) before chill can be
positive for Salmonella spp.. In addition, legislations recom-
mend that a lower ¢ value was used to reduce the presence of
Salmonella spp.. Previous studies have shown Salmonella
spp. on 1.5% on chilled carcasses (Duffy et al., 2001) and
0.25% on chilled carcasses (Lenahan et al., 2010). Kalchaya-
nand et al. (2007) found the prevalance of Salmonella spp as
4.3% on pre-evisceration lamb carcasses. However, Salmela
et al. (2013) and Giirbiiz et al. (2018) did not detect any Sal-
monella spp. contamination on carcasses.

Table 3. The categorisation of before and after chill lamb carcasses for TABC and Enterobactericeae

TABC (N:25) Enterobactericeae (N:25)
Category Performance criteria for Before After Performance criteria for | Before After
swabbing (log cfu/cm?) cooling cooling swabbing (log cfu/cm?) | cooling | cooling
Acceptable <2.8 21 23 <0.8 19 15
Marginal 2.8-4.3 4 2 0.8-1.8 6 10
Unacceptable >4.3 - - >1.8 - -
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Conclusion

This study presented an overview to the microbial contami-
nation of lamb carcasses before and after cooling. The levels
of TABC and Enterobacteriaceae on the carcasses in this
study were acceptable based on the performance criteria in
legislations. However, the presence of Salmonella spp. on
carcasses and the increase in The Enterbactericeae level after
cooling were found to be remarkable. The variation in carcass
contamination levels during the cooling process indicated
that this part could be used as CCP to control contamination
and improve carcass hygiene. As a result, microbiological an-
alyzes which were carried out at the end of the slaughtering
process, just before cooling, in relation to the regulations,
were not sufficient for evaluating microbial quality of the car-
casses. Therefore, microbial contamination levels of car-
casses after cooling should be added to the performance cri-
teria.
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Determination of some minerals and heavy metal levels in Urfa
cheese and cow's milk
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Harran University, Veterinary Faculty, ABSTRACT
Department of Food Hygiene and
Technology, Sanhurfa, Turkey This research was carried out to determine the levels of some minerals and heavy metals in Urfa

cheeses and cow's milk offered for sale in Sanliurfa. Mineral and heavy metal levels were deter-
mined by analysing 18 Urfa cheese and 21 cow milk samples collected from retail outlets with
ICP-MS. Mean mineral and heavy metal contents in Urfa cheese samples were; magnesium (Mg)
129.8 £31.14 mg/kg, calcium (Ca) 2712.66 +1002.4 mg/kg, potassium (K) 272.06 £127.21 mg/kg,
titanium (Ti) 7.48 £2.63 mg/kg, zinc (Zn) 40.4 +16.33 mg/kg, selenium (Se) 10.6 £3.51 mg/kg. In
cow milk samples, average selenium (Se) 0.22 +0.04 mg/kg, titanium (Ti) 0.07 £0.009, mg/kg,
copper (Cu) 0.0068 +0.01 mg/kg and chromium (Cr) was detected at the level of 0.019 £0.001
mg/kg. Arsenic (As), cadmium (Cd), lead (Pb) and thallium (TI) levels were below the detectable
levels in Urfa cheese and cow's milk samples. As a result, it was concluded that the samples do
not pose a significant danger to public health in terms of heavy metal pollution and can contribute
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Introduction

Milk is a nutrient secreted in the mammary glands of female
mammals and produced to feed their offspring. Various foods
obtained from milk are called “dairy products” (Istan-
bulluoglu et al. 2016). Milk and dairy products contain im-
portant nutrients, which are essential for human life. Milk is
highly preferred food because it has high biological values
and rich with nutrients (Licata et al., 2004). Cheese is a dairy
product produced by the coagulation of milk casein, produced
in a variety of flavors and textures. For centuries, cheese is a
dairy product that has an important place in the nutrition of
all societies. In addition to being rich in high quality protein,
fat and vitamins, it is easily digestible (Oksiiztepe et al.,
2013). Milk and cheese are rich in not only protein, fat and
vitamins, but also macro elements such as sodium, calcium
and phosporus. In addition to macro-elements milk and
cheese also contains trace elements such as Zn, Fe, Cu and Se
(Mendil, 2006; Altun and Paksoy, 2020). Mineral content of
milk may vary depending on the genetic characteristics of the
animal, the lactation period, environmental conditions, type
of pasture and soil pollution (Ozlii et al., 2012).

In our country, besides white cheese, tulum cheese, cheddar
cheese and mihalic cheese, many local cheese varieties are
also produced. These types of cheese are generally obtained
by primitive techniques. Urfa cheese is also one of the local
cheese. The production of Urfa cheese is mostly made in the
Southeastern Anatolia Region and especially around
Sanlurfa province. Urfa cheese is usually made from sheep
and goat milk. Its production is mostly done in villages using
traditional methods. Urfa cheese is a semi-hard cheese ma-
tured in salt water. By adding rennet to milk, it is allowed to
coagulate in about 60 minutes at 30-32 ° C. After coagulation
step curd is subjected to dry salting for 12-24 hours and stored
in salt water for 3-4 months. Some manufacturers boil the
cheese in boiling whey for 3-5 minutes before salting. During
its production, it is generally carried out using primitive tools
and equipment without paying attention to hygienic rules
(Atasoy et al., 2004).

Although milk and cheese have many benefits in nutrition,
they can sometimes contain many environmental pollutants
such as pesticides, detergents, drug residues, heavy metals,
which may be dangerous for human health (Licata et al.,
2004). Heavy metals contamination of milk and milk prod-
ucts can sometimes occur during the processing of milk into
the product. Generally, heavy metal contamination is trans-
mitted from environmental sources such as soil and water or
feed consumed by the animal. In addition, metals in the com-
position of machinery and equipment used during milk stor-
age and processing can dissolve into the product during milk-
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ing. The elements that can pass from machinery and equip-
ment to milk and cheese are Cu, Zn, Cd, As, Pb (Bakircioglu
et al., 2011). Heavy metals tend to accumulate in the tissues
of the human body, reaching toxic values over time, causing
serious health problems. Heavy metals can be transmitted to
the human body through digestion, respiration and skin.
Heavy metals can cause acute, subacute and chronic intoxi-
cation symptoms depending on the frequency, duration and
dose taken into the body. Some of these symptoms are liver
necrosis, microcytic anemia, memory retardation, speech and
voice disorders (Ozturan and Atasever, 2018). Different
methods have been used like flame atomic absorption spec-
trometry (FAAS), inductively coupled plasma-mass spec-
trometry (ICP-MS), induced plasma-optical emission spec-
trometry (ICP-OES), atomic absorption spectrometry (AAS),
etc. to measure mineral levels in various milk and dairy prod-
ucts. (Ozlii et al., 2012; Oksiiztepe et al., 2013; Oztiirk, 2009;
Temurci and Giiner, 2006; 1sleyici etal., 2017; Kiligel et al.,
2004). The aim of this study is to determine the levels of some
minerals and heavy metals in Urfa cheeses and cow's milk
offered for sale in Sanliurfa with the ICP-MS device.

Materials and Methods
Sampling

Within the scope of the study, 18 Urfa cheese samples made
from sheep’s milk and 21 cow milk samples were taken from
local producers in the central district of Sanliurfa province for
sale. Cheese samples were provided as 250 g and milk sam-
ples as 25 mL, they were brought to the laboratory immedi-
ately in compliance with the cold chain conditions and they
were kept at -19°C until the analysis process.

Preparation of the Samples

After the cheese and milk samples were homogenized, 1 gram
of each sample was weighed and taken into the sample con-
tainers of the microwave device. 4 mL of 65% (v/v) nitric
acid (HNO;3) and 2 mL of 30% (v/v) hydrogen peroxide
(H20,) were added with a pipette and placed in the micro-
wave device. Cheese and milk samples were digested in mi-
crowave oven with a program whose temperature and dura-
tion were predetermined (Table 1). After microwave diges-
tion cheese and milk samples were taken into sterile tubes af-
ter cooling, and diluted with ultrapure water (Paksoy at al.
2018).
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Analysis of the Samples Table 2. Quality control.
Mineral and heavy metal analysis of cheese and milk samples Element LOQ LOD
were performed with the Agilent brand 7500ce series ICP- Mg (mg L) 48.58 4.6
MS (Tokyo, Japan) device in the Mersin University Ad- K (mg L") 1013 200
vanced Technology Education, Research and Application Ca(mgL™) 578 22
Center laboratory. Ti(mg L") 6.8 0.1

. Zn (mg L) 1.81 0.2

lity Control
Quality Contro As (mg L) 0.18 0.01
Limit of quantification (LOQ) and limit of detection (LOD) Cr (mgL™") 0.1 0.01
of each element was calculated as 10 times and the recovery Se (mg L) 0.24 0.1
of 12 elements (Mg, K, Ca, Ti, Zn, As, Cr, Se, Cu, Cd, Tl, Cu (mg L™ 0.06 0.01
Pb) in Urfa cheese and cow milk samples are shown in Table Cd (mgL™") 0.11 0.01
2. TI (mg L") 0.2 0.02
-

Statistical Evaluations Pb (mg L7) 0.16 0.01

LOD: Limit of detection; LOQ: Limit of quantification
All data were analyzed statistically using SPSS 22.0 (SPSS

Inc., Chicago, IL, USA) software.
Results and Discussion

Within the scope of the study, the average, standard devia-
tions, the lowest and highest levels of mineral substances and

Table 1. Burning process steps in microwave device .
EpP p heavy metal amounts of cheese samples are shown in Table 3

Stage Temperature (°C) Time (min) and Figure 1. The average, standard deviations, the lowest
1 90 8 and highest values of the milk samples are shown in Table 4
2 170 10 and Figure 1.
3 210 25

Trace element and heavy metal contents of milk and dairy
products may vary depending on the lactation stage, the nu-
tritional status of the animal, environmental and genetic fac-
tors, or possible contamination during production (Ozturan
and Atasever, 2018).

Table 3. Mineral levels of Urfa cheese samples (mg/kg).

Element Min Max Mean (x + Sx)
Mg 92.9 227.7 129.8 +31.14
K 98.9 555.1 272.06 £127.21
Ca 1828 6025 2712.66 £1002.4
Ti 5.2 16.2 7.48 £2.63
Zn 23.9 75.4 40.4 £16.33
As <LOD <LOD <LOD
Se 1.8 14.7 10.6 £3.51
Cd <LOD <LOD <LOD
Tl <LOD <LOD <LOD
Pb <LOD <LOD <LOD

n:18, x: Arithmetic Mean, Sx: Standard Deviation, LOD: Limit of detection
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Table 4. Mineral levels of cow's milk samples (mg/kg).

Element Min Max Mean (x + Sx)
Se 0.13 0.31 0.22 +£0.04
Ti 0.05 0.08 0.07 £0.009
Cr <LOD 0.01 0.019 £0.001
Cu <LOD 0.04 0.0068 +0.01
As <LOD <LOD <LOD
Cd <LOD <LOD <LOD
Tl <LOD <LOD <LOD
Pb <LOD <LOD <LOD

188

n:21, x: Arithmetic Mean, Sx: Standard Deviation, LOD: Limit of detection

10000 2712.66
1000 272.06
129.8
100 404
10.6
7.48
10 I
1
Mg K Ca Zn S As Tl Pb C C
011 U.2Z
0.07
0,01 0.019
0.0068
0,001
B Cheese H Milk

Figure 1. Mineral levels (mg/kg) of Urfa cheese and cow's milk samples.

Ca is responsible for many functions in the body such as heart
rhythm, blood coagulation, hormone secretion, muscle con-
traction, enzyme activation in the body, and is also found in
the structure of bones. Ca makes up 1.5-2% of an adult's
mass. Milk and dairy products are foods rich in Ca which is
one of the most important mineral substances in cheese, and
its amount varies according to the type of cheese (Altun et al.,
2016). In our study, the average Ca amount in Urfa cheeses
is 2712.66 £1002.4 mg/kg. The amount of Ca in Urfa cheese
is lower than the amount of Ca reported by many researchers
in cheeses (Demirci, 1988; Arslan et al. 1996; Mendil, 2006;
Oksiiztepe et al., 2013; Isleyici et al., 2017; Altun et al., 2016;
Cetinkaya et al., 2016), but higher than the values found by

some researchers (Ayar et al., 2006; Kirdar et al., 2015;
Arslaner and Salik, 2020). According to the results of this
study, it was seen that the Ca content of Urfa cheese can be a
good source in human nutrition.

Mg has many functions involved in more than 300 reactions
in the body. Milk and dairy products are a good source of Mg.
There is approximately 100 mg of Mg in a liter of milk (Haug
et al., 2007). The amount of Mg in milk varies depending on
the lactation period, the animal's feeding and the treatment
applied to the milk. In our study, the average amount of Mg
in Urfa cheeses was 129.8 £31.14 mg/kg. The amount of Mg
in Urfa cheese was lower than the amount of Mg reported by
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many researchers (Oksiiztepe et al., 2013; Isleyici et al.,
2017; Kiligel et al., 2004; Altun et al., 2016; Cetinkaya et al.,
2016; Arslaner and Salik, 2020; Ozbek and Akman, 2016). It
was higher than the values found by some researchers
(Mendil, 2006; Ayar et al., 2006; Kirdar et al., 2015). The
difference in the amount of Mg is thought to be due to the
milk used in the production of the cheese or the techniques
used in the production and the environmental conditions of
the region.

K has many functions such as osmotic pressure, electrolyte
balance, acid-base balance, nerve stimulation, contraction of
the heart and other muscles, protein synthesis, and the con-
version of glucose into glycogen (Ozturan and Atasever,
2018). Milk and dairy products also contain some K. The
amount of K also changes depending on the lactation period,
the ration of the animal and the process applied to the milk.
In our study, the average K level in Urfa cheese was 272.06
+127.21 mg/kg. The amount of K in Urfa cheese was lower
than the amount of K reported by many researchers in cheeses
(Oksiiztepe et al., 2013; Isleyici et al., 2017; Demirci, 1988;
Arslan et al. 1996; Cetinkaya et al., 2016; Kirdar et al., 2015;
Arslaner and Salik, 2020). The results close to the values
found by some researchers (Mendil, 2006; Altun et al., 2016,
Ozbek and Akman, 2016). Park (2000) stated that significant
amounts of K in cheese are lost during cheese production.
The reason for the lower amount of K in Urfa cheese com-
pared to other cheeses suggests that it may be due to produc-
tion.

Zn plays a role in many physiological processes such as nu-
cleic acid and protein synthesis, cellular replication, insulin
secretion, sexual maturation, and strengthening of the im-
mune system. High concentrations of Zn cause nausea and
vomiting in children, anemia and cholesterol problems in
adults (Ozturan and Atasever, 2018). In our study, the aver-
age Zn level in Urfa cheeses is 40.4 £16.33 mg/kg. The
amount of Zn in Urfa cheese was higher than the amount of
Zn found by many researchers in cheeses (Mendil, 2006;
Oksiiztepe et al., 2013; Altun et al., 2016; Isleyici et al., 2017;
Cetinkaya et al., 2016; Kirdar et al. , 2015; Yal¢in and
Tekingen, 2010). It was lower than the values found by some
researchers (Demirci, 1988; Kirdar et al., 2015). The fact that
the Zn content of Urfa cheese was higher than the Zn content
reported in other cheeses suggests that it may be due to Zn
contamination caused by the materials used in the production
stages of Urfa cheese.

Se plays an important role in immunity, antioxidant system,
DNA synthesis and DNA repair. The recommended daily in-
take of Se is 55 pg. It is an important source of Se in milk and
dairy products (Haug et al., 2007). In our study, the average
Se amounts in Urfa cheese and cow milk are 10.6 +3.51

mg/kg, 0.22 £0.04 mg/kg, respectively. Ayar et al. (2007) re-
ported that they found the highest Se value in various milk
and dairy products with 0.434 mg/kg in tulum cheese and
then in butter with 0.315 mg/kg. In a study conducted on dairy
products in Italy, the Se amount of Groviera cheese was
found to be 1.10 mg/kg (Garcia et al., 2006). It has been re-
ported that the Se amount in Bayburt civil cheese was be-
tween 0.00-723.57 ng/kg (Arslaner and Salik, 2020). In a
study, it was stated that Se is kept in the casein network so it
was determined in higher amounts in semi-hard cheeses than
in milk (Garcia et al., 2006). Since Urfa cheese is a semi-hard
cheese, the Se content was high.

Ti is a naturally occurring light mineral on earth. Taking Ti
into the body in large quantities is not toxic (Sanal and Giiler,
2010). Titanium dioxide has recently been used in nanotech-
nology applications in foods. It is also used as a food additive
to increase the color brightness in milk products (Berik,
2018). In our study, the average Ti amounts in Urfa cheese
and cow milk are 7.48 £2.63 mg/kg, 0.07 £0.009 mg/kg, re-
spectively. Studies on Ti levels in milk and dairy products are
limited. Sanal and Giiler (2010) reported in their study that
they found the amount of Ti in cow milk at the level of
0.31+0.23 mg/kg in the province of Hatay. Dobrzanski et al.
(2005) reported that Ti content in raw milk of cows in lower
Silesia and upper Silesia (USA) was 104.42 £24.70, 54.48
+29.40 pg/L, respectively.

Cu is required as a necessary trace element for adequate
growth, cardiovascular system, lungs, neuronendocrine func-
tion and iron metabolism. Cu is an essential trace element but
have dangerous effects on the human body in high concentra-
tions. As a result of contamination, Cu can reach high levels
in milk and dairy products (Ozturan and Atasever, 2018).
JECFA (Joint FAO/WHO Expert Comitee on Food Addi-
tives) has determined the maximum daily allowable dose for
Cu as 0.5 mg/kg. In the Turkish Food Codex Regulation on
Contaminants in Foodstuffs, the maximum acceptable value
for Cu was not specified (Anonymous, 2011). According to
the Food Codex Commission within the Food-Agriculture
Organization (FAO) and World Health Organization (WHO),
the maximum amount of Cu that can be found in foods is 0.1-
5.0 mg/kg (FAO/WHO, 2012). In our study, the average Cu
amount in cow milk was determined as 0.0068 =0.01 mg/kg.
The reported average amount of Cu in milk samples in Licata
et al.’study (2004) was 1.98 pg/kg, Simsek et al.’s (2000)
study was 0.39-0.96 mg/kg, Temurci and Giiner’s (2006)
study was 4,300 mg/L, Yiizbasi et al.’s (2009) study was 1.7
mg/kg and Beykaya et al.’s (2019) study was 33.69 pg/kg.
Inci et al. (2017) reported that the Cu content was below the
detectable limit. Our results were parallel with the other stud-
ies.
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Because heavy metals cause acute and chronic health prob-
lems, national and international food organizations have in-
troduced regulations to prevent contamination. However, in
the communiqué on determining the maximum levels of cer-
tain contaminants in foodstuffs of the Turkish Food Codex,
no limit has been determined for milk and dairy products. A
limit was set for Pb as 0.020 mg/kg.

Be a metal that can be found everywhere in nature, Cr affects
carbohydrate and protein metabolism by providing insulin
movement in the body. The average daily intake of Cr by a
person is between 30 and 200 ug (Beykaya et al. 2019). Milk
and dairy products contain low amounts of Cr (Kahvecioglu
et al., 2009). In the Turkish Food Codex Contaminants Reg-
ulation, there is no limit for the amount of Cr in foodstuffs
(Anonymous, 2011). In our study, the average Cr amount in
cow milk is 0.019 £0.001 mg/kg. Beykaya et al. (2019), Li-
cata et al. (2004), Temurci and Giiner (2006) reported an av-
erage amount of Cr 31.81 pg/kg, 2.03 ug/L, 1.016 mg/L, re-
spectively. The amount of Crin this study in cow's milk is
very low and it was lower than the other studies.

Cd is considered as the most important food contaminant and
it is important because it has negative effects on human health
(Ozturan and Atasever, 2018). In the Turkish Food Codex
Contaminants Regulation, no limit is specified for Cd in milk
and its products, but it has been reported that it should be be-
tween 0.05-1.00 mg/kg for some other foods (Anonymous,
2011). In the study we conducted, the amount of Cd was
found below the detection limits (KLOD) in milk and cheese.
Boudebbouz et al. (2020) found the Cd levels in milk samples
from thirty-six regions around the world are above the stand-
ard limit of 0.0026 ug/g, that Cd levels in milk samples in 18
regions are below the standard limit (0.0026 pg/g) and in five
regions Cd It has been reported that their levels are below the
detectable limit. In many studies conducted to determine the
level of heavy metals in cow's milk in our country, Cd was
detected, even in low amounts (Yiizbasi et al., 2009; Beykaya
et al., 2019; Ay and Karayiinlii, 2008). inci et al. (2017), in
line with our study, reported that the amount of Cd in raw
milk collected in Aydin was below the detectable limit. In
many studies related to heavy metal levels in cheeses, Cd was
found even at low levels (Isleyici et al., 2017; Cetinkaya et
al.,, 2016; Yalgin and Tekingen, 2010; Ayar et al., 2009;
Eroglu, 2019). Oksiiztepe et al. (2013) found the amount of
Cd in cheese samples below the detectable limit, in parallel
with our study.

The presence of Pb in milk and dairy products may from the
environmental sources (atmosphere, vehicle exhausts, urban
waste, etc.). Pb is a kind of neurotoxin and causes abnormal
brain and nervous system functions (Kahvecioglu et al.,
2009). Pb is toxic and has negative effects on human health.
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The Codex Alimentarius Commission (FAO/WHO, 2012)
determined the Pb amount at the level of 0.02 mg/kg for milk
and dairy products. In the Turkish Food Codex Contaminants
Regulation, the highest acceptable Pb value was determined
as 0.020 mg/kg for milk and its products (Anonymous, 2011).
Many studies have reported that Pb levels in milk samples are
below the specified limits (Licata et al., 2004; Ay and
Karayiinlii, 2008; Beykaya et al., 2019; inci et al., 2017). In
this study the amount of Pb was found below the detection
limits (KLOD) in milk and cheese. In many studies on heavy
metal levels in cheeses, Pb was found even at low levels
(Mendil, 2006; Yal¢in and Tekinsen, 2010; isleyici et al.,
2017; Cetinkaya et al., 2016; Ayar et al., 2009; Eroglu ,
2019). Oksiiztepe et al. (2013) found the Pb content in cheese
samples was below the detectable limit, in parallel with our
study.

As being common in nature and increasing environmental ex-
posure today caused the increase of high As content in some
products. As is also contaminated to milk and dairy products
from the environment (Istanbulluoglu et al., 2016). In our
study, the amount of As was found below the detection limits
(<LOD) in milk and cheese samples. In line with our results,
Oksiiztepe et al. (2013) in Tulum cheese, Serencam et al.
(2018) in ¢ivil cheeses did not detect As. Some researchers
have identified As in milk and dairy products (istanbulluoglu
et al.2016; Ayar et al., 2007).

TI joins the food chain by passing from soil to plants. TI is
one of the most toxic metals to metabolism. Cd, Pb, Cu, Zn
are both toxic. TI affects many systems (gastrointestinal, car-
diovascular and urinary) as it accumulates in the body. Gen-
eral symptoms caused by TI are fatigue, loss of appetite, foot
pain, headache, depression and hair loss (Leonard et al.,
1997). The amount of TI is high in the milk and meat of ani-
mals fed in regions with high TI in the soil (Sanal and Giler,
2010). In our study, the amount of TI was found below the
detection limits (<LOD) in milk and cheese. Studies on the
amount of TI in animal foods are limited. Sanal and Giiler
(2010) reported in their study that they found the Tl amount
in cow's milk at the level of 7.01 £0.80 mg/kg in the province
of Hatay. Dobrzanski et al. (2005) reported that the TI amount
in the raw milk of cows in the lower Silesia and upper Silesia
regions in America was (0.73 +£0.44, 0.84 £0.81) pg/l, respec-
tively.

Conclusion

The mineral substance levels of the samples showed that Urfa
cheese and cow's milk are important foodstuffs for human nu-
trition. In addition, it was observed that the heavy metal levels
of Urfa cheese and cow's milk did not exceed the limits spec-
ified in national and international standards. The very low
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heavy metal levels of Urfa cheese and cow milk are thought
to be due to the very low level of heavy metal pollution in the
region. As a result, it was concluded that Urfa cheese and cow
milk in Urfa province can contribute significantly to nutrition
due to the minerals in its composition, and it does not pose a
significant danger to public health in terms of heavy metal
pollution. However, industrialisation continuously increasing
may be pose a risk in terms of heavy metals contamination on
milk and milk products therefore this risks should be checked
proper interval time.
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ABSTRACT

The main objective of the present study was to develop and validate a new alternative modelling
method to predict the shelf-life of food products under non-isothermal storage conditions. The
bacterial growth data of the Pseudomonas spp. was extracted from published studies conducted
for aerobically-stored fish, pork and chicken meat and described with two-step and one-step mod-
elling approaches employing different primary models (the modified Gompertz, logistic, Baranyi
and Huang models) under isothermal storage temperatures. Temperature dependent kinetic param-
eters (maximum specific growth rate ‘4u..” and lag phase duration ‘A”) were described as a function
of storage temperature via the Ratkowsky model integrated with each primary model. The Huang
model based on the one-step modelling approach yielded the best goodness of fit results (RMSE
=0.451 and adjusted-R? = 0.942) for all food products at isothermal storage conditions, therefore,
was also used to check it’s the prediction capability under non-isothermal storage conditions. The
differential form of the Huang model provided satisfactorily statistical indexes (1.075 > B¢>1.014
and 1.080 > A¢>1.047) indicating reliably being able to use to describe the growth behaviour of
Pseudomonas spp. in fish, pork and chicken meat subjected to non-isothermal storage conditions.

Keywords: Dynamic condition, Microbiological quality, Pseudomonas spp., growth kinetic,
Predictive microbiology
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Introduction

Meat is among nutrient-dense foods and is a source of pro-
tein. Fish, pork and chicken meat play an important role in
meat industry; however, are highly perishable food products
even when kept under refrigeration, which may result in an
important economic loss (Bruckner et al., 2013; Dominguez
and Schaffner, 2007; Koutsoumanis, 2001). Initial microbial
quality and storage conditions have a direct effect on prod-
uct shelf-life, and Pseudomonas spp. is one of the most
abundant bacterial genera, naturally existing in fish, pork
and chicken microbiota (Bruckner et al., 2013; Ghollasi-
Mood et al., 2017; Lytou et al., 2016; Koutsoumanis, 2001).

Microbial load in food can be determined with traditional
microbiological enumeration techniques. Even more, the re-
sults of these techniques give us only information about spe-
cific time and condition. But the growth behaviour of mi-
croorganisms depends on changing environmental factors.
Therefore, the traditional enumeration techniques are not ad-
equately practical. Predictive microbiology is a tool used to
describe microbial behaviour in food. Although traditional
microbiological methods have high costs and time-consum-
ing results, these methods are still used simultaneously with
predictive microbiology to describe microbial behaviour in
the development of products and processes (Bovill et al.,
2001).

The main objective of predictive microbiology is to predict
microbial behaviour, which can prevent food spoilage as well
as food-borne illnesses by employing mathematical models.
Primary and secondary models are commonly used in predic-
tive food microbiology (Whiting, 1995). For the primary
models, the modified Gompertz, logistic, Baranyi and Huang
models are the most popular ones describing microbial
growth data as a function of time at constant environmental
conditions. The secondary models indicate how obtained the
growth parameters from primary models change with respect
to one or more environmental or cultural factors (e.g., gas
composition, pH, temperature and salt level). Temperature is
one of the most important environmental factors directly af-
fecting the growth behaviour of microorganisms in foods, and
its effect is widely described using the Ratkowsky model
(Ratkowsky et al., 1982).

Under real life conditions, environmental factors are not al-
ways constant during the pass time for the food product
reaches consumers (Zwietering et al., 1994). Therefore, dy-
namic models are essential to model by taking into account
the changing environmental conditions which a food product
really subjects to (Pérez-Rodriguez and Valero, 2013). Dy-
namic models considering the effect of changing temperature

are important to model the effect of the temperature on mi-
crobial growth under non-isothermal conditions.

Generally, the primary and secondary models are separately
fitted to the growth data and kinetic parameters, respectively
and this is the most popular modelling procedure followed in
the predictive food microbiology. But there are some draw-
backs concerning about this modelling approach. The major
drawback is to lead to be accumulation and propagation of
errors due to being sequentially performed nonlinear re-
gression two times (Huang, 2017). To avoid these disad-
vantages of two-step modelling approach, alternatively, a
one-step modelling approach can be applied while simulating
microbial data and kinetic parameters. In this approach, pri-
mary and secondary modelling for the growth and tempera-
ture (as a changing environmental factor) data is performed
simultaneously. Therefore, the use of this approach fre-
quently provides better prediction performance, lower uncer-
tainty, more precise coefficients and robust confidence inter-
val than the two-step modelling approach (Jewell, 2012; Mar-
tino and Marks, 2007).

In the present study, the growth behaviour of Pseudomonas
spp. naturally existing in fish, pork and chicken microbiota
were described with both two-step and one-step modelling
approaches for isothermal storage conditions. The fitting ca-
pabilities of both approaches were compared and the ap-
proach which gave better fitting performance was tested un-
der non-isothermal storage conditions.

Materials and Methods
Experimental Data

The bacterial growth data of Pseudomonas spp. were ex-
tracted from the published works performed for fish, pork and
chicken meat (Bruckner, 2010; Bruckner et al., 2013; Kout-
soumanis, 2001). While there were six isothermal storage
conditions (0, 2, 5, 8, 10 and 15 °C) to simulate the bacterial
growth behaviour for fish (Koutsoumanis, 2001), there were
five isothermal storage conditions (2, 4, 7, 10 and 15 °C) for
pork and chicken meat (Bruckner, 2010; Bruckner et al.,
2013). The experimental set-ups to monitor Pseudomonas
spp. in the targeted food products (fish, pork and chicken
meat) were explained in detail in the respective studies
(Bruckner, 2010; Bruckner et al., 2013; Koutsoumanis,
2001). In brief, food products were transported to the labora-
tory under temperature-controlled refrigeration conditions.
As soon as they arrived and the initial microbiological anal-
yses of them were performed, and they were started to keep
at aerobically storage conditions. For microbiological anal-
yses, food samples (25 g) were added aseptically to 225 mL
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0f 0.1% peptone water with salt (NaCl, 0.85% ), and the mix-
ture was homogenized for 60 s with a stomacher. A 10-fold
dilution series of the homogenate was prepared using saline
peptone diluents. Appropriate dilutions were transferred to
Pseudomonas Agar Base with CFC supplement (Oxoid) in-
cubating at 20-25 °C for 48 h. In the current study, data col-
lection process for the growth curves was performed using
GetData Graph Digitizer 2.26 software (www.getdata-graph-
digitizer.com) by which the growth data points could be ex-
tracted accurately with one decimal precision.

Modelling

Four different primary models namely the modified Gom-
pertz (Zwietering et al., 1990), logistic (Zwietering et al.,
1990), Baranyi (Baranyi and Roberts, 1994) and Huang
(Huang 2017) models were fitted with the two-step and one-
step modelling approaches as they are the most used sigmoid
functions that describe the bacterial growth behaviour and are
defined by Egs (1), (2), (3) and (4), respectively at constant
environmental conditions:

)+ 1]} (1)

max —Yo)

(Ymax—Yo)

4.lmax _
(Ymax —YO)'O\ R +2]}

2

1+exp[

elmaxF() _q
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F(t) and B(t) are the adjustment functions that are respec-
tively described by Baranyi and Roberts (1994) and Huang
(2017):

1
F() =t+ gln(e“’t + e Hmax?

)
— e(_Vt_Hmaxx))
1. (144N (6)
B(t) =t+ le’l <W>

where t is the time (h), y(¢) is the concentration of bacterial
populations (In CFU/g) at time t, y, is the initial concentration
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of bacterial populations (In CFU/g), ymax is the maximum con-
centration of bacterial populations (In CFU/g), tme is the
maximum specific bacterial growth rate (1/h), A is the dura-
tion of lag phase (h) and v is the rate of increase of limiting
substrate, assumed to be equal to tmax.

The Ratkowsky model (Ratkowsky et al., 1982) was em-
ployed for the determination of relationship between storage
temperature and ey using the Eq. (7):

v/ Hmax = b; (T —Tp)

where 7 is the storage temperature (°C), 7) is the notional
temperature (°C), Umax 1S the maximum specific bacterial
growth rate (1/h), b; is the regression coefficient.

(7

Additionally, 4 was defined as a function of gme with re-
spect to temperature using the Eq (8) (Robinson et al., 1998):

b,

A=——7—— ®)

Umax (T)
where b; is the regression coefficient, wmq (7) is the a func-
tion of temperature, which leads A to be defined as a function
of storage temperature.

For the two-step and one-step modelling approaches, each of
the parameters was calculated by means of NonLinearModel
command which uses Levenberg Marquardt algorithm in the
Matlab 8.3.0.532 (R2014a) software (MathWorks Inc., Na-
tick, MA, USA). Determination of suitable starting values in
nonlinear regression procedure is necessary step to estimate
the accurate parameters. The starting values for the parame-
ters, yo and yuq.x were selected as the minimum and maximum
concentration of bacterial populations considering the entire
temperature range, respectively. Randomly choosing starting
points for the parameters, b;, b, and T) might lead the esti-
mated parameters to possible local optimal points around
global one for especially the one-step modelling approach.
Therefore, the starting points of these parameters were se-
lected by using ga command which uses genetic algorithm in
Global Optimization Toolbox of Matlab software for the two-
step and one-step modelling approaches. Following success-
ful iteration process for the nonlinear regression procedure,
the global optimum values of the parameters were obtained.

Comparison of the Goodness of Fit of the Models

The comparison of the global models' estimation capabili-
ties was performed by taking into consideration the root
mean square error (RMSE) and the adjusted coefficient of
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determination (adjusted-R?) using Eqgs. (9) and (10) respec-
tively (Milkievicz et al. 2020):

= (observed; — fitted;)?
RMSE = ) servenl_sl ed; ©)

i=1

e =1 (1) ()
adjusted-R* =1 (n—s ST

(10)

where observed; is the experimental bacterial growth, # is the
number of experiments, s is the number of parameters of the
model, SSE is the sum of squares of errors and SST is the
total sum of squares. RMSE and adjusted-R?* were calculated
for entire data sets, which correspond to 5 for fish and 6 for
pork and chicken meat considering observed and fitted values
as log CFU/g.

Validation of the Global Model

Verification of the developed models in the predictive food
microbiology is crucial to be reliably employed as a simula-
tion tool. The prediction performance of the global model that
gave the best fitting capability to model the growth behaviour
of Pseudomonas spp. existing in fish, pork and chicken mi-
crobiota were assessed by considering the growth data ob-
tained from non-isothermal storage conditions. The compari-
son was done considering each of the global models’ corre-
sponding the bias (Bf) and accuracy (Af) factors (Ross, 1996)
given in Egs. (11) and (12), respectively:

Z{I: 1 redicte observe
B = 10 1108(yp dnt d/Yob d) (11)

Zin=1|10g( Ypredicted/YObserved)|
A¢= 10 n

(12)

where Ypredicted refers to predicted maximum growth rate (log
CFU/h), yobserved refers to experimental maximum growth rate
(log CFU/h), n refers to the number of data.

The Bris a measure of average variation between the predic-
tions and observations. The model yielding By greater than 1
is considered as 'fail dangerous', while the model providing
Brless than 1 is considered as 'fail safe'. A value of 1 for B
indicates that there is a perfect agreement between the predic-
tions and observations. The Armeasures the average differ-
ence between the predictions and observations by disregard-
ing whether the difference is positive or negative. The larger
Ar value, the less accurate is the average estimate (Ross,

1996). Additionally, two validation criteria known as mean
deviation (MD) and mean absolute deviation (MAD) were
calculated to evaluate the prediction capability of the models
for non-isothermal storage conditions, as stated by Le Marc
et al. (2008). A value of MD and MAD closing to 0 shows
that the prediction capability of the model is perfect.

Results and Discussion

The growth data of the Pseudomonas spp. existing in fish,
pork and chicken meat microbiota were fitted using two-step
and one-step modelling approaches, and the statistical indi-
cates were given in Table 1. RMSE and adjusted-R?* values
presented in Table 1 indicate the overall fitting capabilities
for two-step modelling approach, which means that RMSE
and adjusted-R? values were calculated after consecutively
done primary and secondary model fitting for entire data sets
for each food product. The statistical indices showed that
Huang model gave the best fitting performance for each food
product. The fitting capability of the Baranyi model was the
second. The Modified Gompertz and logistic models yielded
almost the same fitting capabilities, which means that both of
the primary models could not estimate the growth behaviour
of Pseudomonas spp. as good as the Huang and Baranyi mod-
els estimated when the-wo step modelling approach was em-
ployed.

It is known that the degree of freedom while employing non-
linear regression procedure is important to decrease in uncer-
tainty and increase in reliability of the model parameters
(Huang, 2017). While doing simulation with one-step model-
ling approach, primary and secondary modelling is per-
formed simultaneously considering whole experimental data
set, which means that the simulation with one-step modelling
approach has always higher degrees of freedom than the sim-
ulation with two-step modelling approach. Therefore, the im-
provement obtained from one-step modelling approach can
be attributed to higher degrees of freedom in one-step model-
ling approach.

One-step modelling approach, an alternative way to tradition-
ally used two-step modelling approach, was employed to
quantitatively detect Pseudomonas spp. count. The statistical
indices, RMSE and adjusted-R* values, showing the fitting
capability of one-step modelling approach were presented for
each food product in Table 1. The RMSE and adjusted-R?
values of each of the primary models and each food product
based on one-step modelling approach were calculated max-
imum 0.466 and minimum 0.938, respectively. These results
showed that no matter which primary model was used, the
one-step modelling approach gave considerably better pre-
diction performance when the one-step modelling approach
was employed. Therefore, the growth kinetics obtained from
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the one-step modelling approach for each food product (fish,
pork and chicken meat) and each primary model (the modi-
fied Gompertz, logistic, Baranyi and Huang models) were
given in Table 2.

Research Article

+0.1,9.5+0.1 and 9.4 + 0.1 for the fish, pork and chicken
meat, respectively (Table 2), while the maximum counts were
experimentally found to be of 8.30 = 0.30, 9.8 +£ 0.2 and 9.6
+ 0.2, for the fish, pork and chicken meat, respectively. This

indicated that the Huang model provided suitable prediction
performance for maximum counts of Pseudomonas spp. in
each food product.

The Huang model based on the one-step modelling approach
showed that maximum counts of Pseudomonas spp. were 8.1

Table 1. Comparison of fitting capability of different primary models based on two-step and one-step modelling approaches

Food prod- Primary models Modified Gompertz Logistic Baranyi Huang

ucts Modelling approach 2-step” 1-step 2-step” l-step 2-step’ 1-step 2-step’  1-step

Fish RMSE 0.572 0.466 0.586 0460 0.567 0452 0.543 0.451
Adjusted-R? 0.907 0.938 0903 0940 0909 0941 0916 0.942

Pork RMSE 0.609 0.383 0.506 0406 0.607 0.440 0.573  0.430
Adjusted-R? 0.941 0.977 0959 0974 0941 0969 0948 0971

Chicken RMSE 0.540 0.260 0423 0263 0389 0259 0.397 0.256
Adjusted-R? 0.933 0.984 0959 0984 0965 0984 0964 0985

RMSE: root mean square error and Adjusted-R?: adjusted coefficient of determination, calculated overall data sets for each food product
considering observed and fitted values as log CFU/g.

* RMSE and adjusted-R? values calculated after consecutively done primary and secondary model fitting for entire data sets for each food
product.

Table 2. Kinetic parameters of Pseudomonas spp. in different food products using one-step modelling approach.

198

pf(j’;i . Primarymodels  y (log CFU/g) Ymax (log CFU/g) T5(°C) b, bs
Modified Gompertz 3.4 +0.2 8.3+ 0.1 852+0.50  0.0260+0.0014 2.35+0.88
Fidh Logistic 29403 8.2+ 0.1 855+049  0.0255+0.0014 125+128
Baranyi 33£0.2 8.1+0.1 8584046  0.0238+£0.0011 1.41+0.69
Huang 3.4+0.1 8.1+0.1 8.58+046  0.0236+0.0010 1.45+0.51
Modified Gompertz 3.2 0.2 9.8+0.2 1430£1.25  0.0179£0.0012  2.65 + 1.04
Pork Logistic 23+0.1 97402 14284130 0.0173+0.0011  0.00 % 0.00
Baranyi 33402 9.5+0.1 1401127 0.0165+0.0012  1.61+0.82
Huang 3.4+0.1 9.5+0.1 _14.03+£1.24  0.0165+0.0011 1.78 +0.64
Modified Gompertz 3.9 + 0.1 9.8+0.2 7.77+037  0.0289+£0.0011  2.55+0.65
Chicken  Logistic 33+02 9.6+0.1 7.76+037  0.0284+0.0010 1.14+0.96
Baranyi 3.9+0.1 9.4+0.1 7.65+035  0.0272+0.0009 1.77+0.46
Huang 4.0+0.1 9.4+0.1 7.62+035  0.0270+£0.0008  1.74 +0.36
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While simulating the growth behaviour of microorganisms,
accurately determining the exponential phase in which the
growth rate reaches maximum value and the variations in or-
ganoleptic properties of foods also reach maxima and the lag
phase in which organoleptic properties almost do not change
are very important. umq. and A are the most important critical
parameters to describe the growth behavior of microorgan-
isms on food, and temperature has a key role in affecting di-
rectly both of these growth parameters (Huang, 2008). The
kinetic parameters including um.. and A belonging to Pseudo-
monas spp. for each food product (fish, pork and chicken
meat) and each primary model (the modified Gompertz, lo-
gistic, Baranyi and Huang models) were shown in Figure 1
and Figure 2, respectively. As it is expected, the figures
demonstrate that ume increased and A decreased because of
rising storage temperature. At this point, it needs to be high-
lighted that the logistic model tented to yield 4 smaller than
other primary models (modified Gompertz, Baranyi and
Huang models) no matter for which food product was. Addi-
tionally, logistic model’s statistical indices about b,, which
are used to calculate A, were higher than other models for
chicken and fish, which means a weakness of the logistic
model about describing 4. These results are in a good agree-
ment with the findings reported by Tarlak, (2020) for mush-
room.

Validation is an important step to check how well the devel-
oped models are working. The Huang model is the best pri-
mary model simulating the growth behaviour of Pseudomo-
nas spp. in fish, pork and chicken meat, therefore, Huang
model was used to test the prediction capability for the Pseu-
domonas spp. concentration under non-isothermal storage
conditions (Figure 3). The statistical values for validation of
the Huang model are given in Table 3. Brand Ar were calcu-
lated maximum 1.075 and 1.080, respectively for all food
products (fish, pork and chicken meat). A Brand Arof 1 indi-
cates no structural deviation of the model. The By factor of
1.075 indicated that the model overestimates less than 7.5%
whereas the A factor of 1.080 showed that on average the
predicted value was less than 8.0% different (either smaller
or larger) from the observed value for each of the food prod-
ucts. In addition, MD and MAD values were less than 0.39
and 0.41, respectively considering all food products (fish,
pork and chicken meat). All these statistical indexes show
that the Huang model can be reliably used to predict the
growth behaviour of Pseudomonas spp. in fish, pork and
chicken meat at not only isothermal but also non-isothermal
storage conditions. Because the spoilage of fish, pork and
chicken meat is directly linked with Pseudomonas spp. con-
centration, the one-step modelling approach could be also
used for the prediction of product shelf life.
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Figure 1. The effect of storage temperature on the maxi-
mum specific growth rate (umq) values obtained
from one-step modelling approach for (a) fish, (b)
pork and (c) chicken meat.
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duration (4) values obtained from one-step mod-
elling approach for (a) fish, (b) pork and (c)
chicken meat.

Table 3. Validation criteria of one-step
modelling approach based on the
Huang model.

Food

products By Ar MD MAD

Fish 1.014 1.059 0.02 0.33
Pork 1.075 1.080 0.39 0.41
Chicken  1.016 1.047 0.18 0.31
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Figure 3. The prediction of Pseudomonas spp. concentra-
tion in (a) fish, (b) pork and (c) chicken meat sub-
jected to non-isothermal storage conditions. Ob-
served () and predicted (—) Pseudomonas spp.
concentration. The dashed lines (--) show the
changing temperature during storage.
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Conclusion

No matter which primary model was used, the one-step mod-
elling approach considerably improved the prediction capa-
bility of the models, which were published for the quantita-
tive prediction of Pseudomonas spp. concentration in aerobi-
cally stored fish, pork and chicken meat. The successfully
validated differential form of the Huang model merged with
the Ratkowsky model provided valuable information to eval-
uate and simulate the growth behaviour of the Pseudomonas
spp. in aerobically stored fish, pork and chicken meat under
non-isothermal conditions in which the food products are
usually subjected to during storage, delivery and retail mar-
keting. The predictive models used in this work have a high
potential to be used as a simulation tool for the meat proces-
sors to follow the microbiological quality of the food prod-
ucts before they reach to the consumers.
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ABSTRACT

This research was aimed to analyze the food safety knowledge levels between gastronomy and
culinary arts students and food workers in the Cukurova Region of Turkey. A total of 155 partici-
pants (80 students, 75 food workers) have participated in this cross-sectional study. The overall
knowledge scores of food workers and the students were 89.33% and 78.89% respectively, and
food workers have more scores in all sections (p<0.001). Hygiene certification, occupation, and
working establishments had a significant association with total food safety scores; however, gen-
der, marital status, age, education level, frequency of hygiene education, working experience,
monthly income had no significant association with their scores (p>0.05). A positive correlation
was found between gender, education status, hygiene certification, and frequency of receiving hy-
giene education; but no correlation was found between working in any food business, graduated
high schools, and age of the students (p>0.05). More knowledge gaps of both groups have been
found about time-temperature control, holding/storage temperature, and cross-contamination. Fi-
nally, it is important to measure the reflection of the hygiene training on practices and to make it
regular in ensuring food safety.

Keywords: Food safety, Food workers, Culinary art students
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Introduction

Foodborne diseases and infections have become important
rising public-health problems because of increased morbidity
and mortality rates around the world (Taylor et al., 2015).
This problem has not only negatively affected developing
countries but also has effected negatively in developed coun-
tries. Moreover, foodborne diseases cause crucial social and
financial problems in countries as well as their health system
(Akoglu et al., 2017; Draeger et al., 2019). Considering the
main reason for these diseases around the world has shown
that mass catering and food service facilities are the most fre-
quent cause of foodborne outbreaks. Besides, the plurality of
those outbreaks arises from wrong/ inappropriate applica-
tions during food handling processes (Giritlioglu et al., 2011;
Taha et al., 2020). Like other countries worldwide, foodborne
diseases have been an important problem in our country,
which was the result of economic crises and negative effects
on public health. Moreover, the distribution of foodborne dis-
eases in our country is less known because reporting of food-
borne illness to official authorities is less in our country.

Food workers are the most important key factor to prevent
foodborne diseases in the way of their direct contact with the
foods. Moreover, during the preparation steps in the food-
products, they have an active role in transmitting the food-
borne pathogens to the consumers because of their insuffi-
cient awareness level of food safety (Akoglu et al., 2017,
Alqurashi et al., 2019; Taha et al., 2020).

The main purpose of the gastronomy and culinary arts depart-
ments is to educate students on different food establishments
as food and beverage management and provide knowledge to
be a manager or staff in several food products operations. Af-
ter graduation, students will work as managers or food work-
ers in a number of cafeterias. On the other hand, food safety
knowledge levels of food workers in the area and what kind
of training should be given routinely to them are so critical to
contribute to food safety in public health. Therefore, a com-
parative assessment of food workers and the students’
knowledge and attitudes about food hygiene and safety are so
essential to provide their safe food preparation and designing
well training for their education/application. These factors are
analyzed in the present study.

Materials and Methods
Sample Collection and Study Design

A questionnaire form was prepared to measure students' and
food workers' knowledge and experience of food hygiene and
safety by taking into consideration of validated previous stud-
ies (Bas et al., 2006; Giritlioglu et al., 2011; Osaili et al.,
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2018). Before the data collection, randomly selected partici-
pants have pre-tested the questionnaire. After this pre-test ap-
plication, the questionnaire calibration was made including
some questions that were transformed to be more clear and
understandable for the participants (pre-test data not shown).
The data were collected from gastronomy and culinary arts
students and food workers with face-to-face and online inter-
views, from 15 February to 29 May 2020. The aim of the
study and methodology was explained to the participants and
those who agreed to participate in the study were asked to
sign a consent form.

The questionnaire form was consisting of four sections (sec-
tions A, B, C, and D). In section (A), the determining of food
workers' and the students' socio-demographic characteristics
with 9 and 8 questions, respectively. In this section, the de-
mographic characteristics of the participants, gender, age,
working time, amount of the salary of the food workers; hy-
giene education and certification status, working experience
in any food business, and schools where they were graduated
were asked to the students. In section (B), the participants
were given 14 questions to evaluate their level of knowledge
about food hygiene and safety. In this section, there are infor-
mation questions about food workers and students' kitchen
hygiene, food safety, cross-contamination, food poisoning,
disease-borne microorganisms, time and temperature control,
and regulation about hygiene education of food workers. In
response, they were asked to choose between ‘’correct’’,
“wrong’’ or ‘’don't know’’. The third section (C) contains 9
questions about safe food production practices. In response,
they were asked to “’agree’’, ’no idea’’or “’disagree’’. In the
last section (D), two questions were graded using a 5-point
Likert scale ranging from "always *’(4)" to "never (0)". The
reason for using the Likert scale in section D is that hand
washing after toilet and sneezing is very important in bacte-
rial and viral transmission (Lund, 2015; Mehta, 2020). For
this reason, it was thought to measure how often this hygiene
practice was applied. The total food safety knowledge score
of the participants was calculated by adding the correct an-
swers to 25 questions in three categories (maximum score is
100) (Bas et al., 2006; Osaili et al., 2017). In sections B and
D; each correct answer was given ‘’4”’ points, but other an-
swers (wrong or don't know/any idea or disagree) were
awarded ’0’’ points (the maximum scores for sections (B)
and (D)are ©’56° and “’36”’, respectively). In section C; al-
ways, often, sometimes, rarely and never answers were given
as “’4”°, 377,727,177, and ’0”’ points, respectively. The
maximum score for section (C) is “’8”’.
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Statistical Analysis

The IBM SPSS Statistics Version 20.0 statistical software
package was used for data analysis. Categorical variables
were expressed as numbers and percentages, whereas contin-
uous variables were summarized as mean and standard devi-
ation and as median and minimum-maximum where appro-
priate. A Chi-Square test was used to compare categorical
variables between the two groups. For comparison of contin-
uous variables between two groups, the Student's t-test or
Mann-Whitney U test was used depending on whether the
statistical hypotheses were fulfilled or not. For comparison of
more than two groups, One way ANOVA or Kruskal Wallis
test was used depending on whether the statistical hypotheses
were fulfilled or not. P-value used in tables 3, 4, 5, and 6;
Mann Whitney test (MW) result is 0.284, T-test (t) is 0.005,
for Anova (A), it is 0.348, and Kruskal-Wallis (KW) is 0.325.
The test statistic values and degree of freedom were not given
in tables to keep the tables easy to understand. The statistical
level of significance for all tests was considered to be 0.05.

Results and Discussion

The results have been analyzed in six categories. Section A:
Demographic characteristics of the participants. Section B:
Frequency and percentage levels of participants' safe food
practices. Section C: Safe food production practices. Section

D: Personal hygiene practices of the participants. Section E:
Total food safety knowledge scores of the participants and
section F: The relationships between demographic profiles
and the scores of each section of the questionnaire.

Section A: Demographic Characteristics of Participants

Considering the food workers in Table 1: The majority of
them male (84% male; 16% female). Because of tough hard-
working conditions/cultural factors, females generally do not
prefer working in food-production businesses. This result is
in line with previous studies in Turkey (Bas et al., 2006;
Cakiroglu and Ugar, 2008; Tuncer and Akoglu, 2020).
Eighty-three percent of them were married. About 47% of
food workers were between 30 and 40 years old, and 28% >
40 years old. The percentage of food workers with experience
0 and 6 years, 611 years, 12-20 years, and > 20 years were
23,41, 24, and 12%, respectively. Besides, 73% of them were
working in catering restaurants (seven restaurants) and 27%
of them working in kebab restaurants (four restaurants). Re-
garding education, 32, 39, 20, and 9% of the participants had
primary, secondary, high school, and higher (college/univer-
sity) education levels, respectively. In our study, the number
of food workers who graduated from the university is low
(9%) and the result of this study is comparable with the stud-
ies performed by Tuncer and Akoglu’s (2020) results.

Table 1. Demographic characteristics of the participants (Section A)

Demographic factors

Food Workers (n=75)

The Students (n=80)

Freq. (%) Freq. (%)
Gender
Male 63 84 54 67.5
Female 12 16 26 37.5
Age(years)
<30 18* 19 25 11 13.8
30-40 19* 35 47 19 23.8
>40 >20* 21 28 50 62.5
Education / Graduated High School*
Primary school Profession* 24 32 21 26.2
Secondary school Anatolia* 29 39 42 52.5
High school Open* 15 20 6 7.5
Collage (university) Religious* 7 9 11 13.8
Hygiene certification
Certificated 68 91 5 6.2
Not certificated 7 9 75 93.8
Hygiene education
Once 47 63 51 63.7
2 or 3 times 21 28 15 18.8
>4 times 7 9 14 17.5

* Questions of the students
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Demographic factors

Food Workers (n=75) The Students (#=80)

Freq. (%) Freq. (%)
Occupation Education status®
Cook Class one* 34 45.4 44 55
Assistant cook 16 21.3
Waiter Class two* 12 16 36 45
Others (participant, steward, manager) 13 17.3
Working experience (years) Working in any food business*
0-6 Yes* 17 23 32 40
6-12 31 41
12-20 No* 18 24 48 60
>20 9 12
Monthly income(Turkish Liras)
2500-3000 47 63
3000-3500 24 32
3500-4000 4 5
Marital status
Married 62 83
Single 13 17
Working area
Catering 55 73
Kebab restaurant 20 27

* Questions of the students

In their study, 14% of food workers who worked in hotels had
a bachelor's degree. The distribution rate of occupations for
food workers; the cook was 45.4%, and 16% was waiter, re-
spectively. The percentage of the participants who had taken
food safety training (once) was 63% and 91% of them had a
hygiene certificate. The training rate of the food workers was
lower than the study of Tuncer and Akoglu's study (2020). In
their work, 82.3% of food processors previously joined train-
ing courses on food safety. Considering the students; 67.5%
of the participants were males, 62.5% of them were >20 years
old. In addition, 52.5% of them graduated from Anatolia High
schools, 93.8% of them have no hygiene certificate, 40% of
them working in a food establishment, 55% of them were in
first-class (freshmen), and 45% of the second class (sopho-
more) in the university.

Section B: Frequency and Percentage Levels of
Participants' Safe Food Production Levels

The results are shown in Table 2. As this table shows, nearly
all students (98.75%) and all food workers (100%) agreed
that ignoring food hygiene rules during food production
caused foodborne diseases. These results are similar to a
study about cookery students by Giritlioglu et al. (2011) and

by a study about hospital food workers by Tokuc et al. (2009).
Both studies reported (90.02 %) about this item.

Monitoring of holding temperature of hot ready-to-eat food is
an important preventive method of foodborne illness. For ex-
ample, Clostridium perfringens create heat-resistant spores
that are not inactivated by cooking. Therefore, meals that are
not eaten immediately but are prepared before should be coo-
led correctly and stored meals should be heated to at least
74°C for 15 seconds before consumption (Lund, 2015). The
ideal holding temperature of hot ready-to-eat food should be
more than >63°C (EFSA and ECDC, 2015). Our results show
that 23.75% of students and 77% of food workers had accu-
rate information about this item. Students' findings are lower
but food workers' findings are higher than the previous study
of Giritlioglu et al. (2011). In their study, about 48.8% of food
workers knew the right temperature. In the two groups, 13%
of food workers and 23.75% of students gave correct answers
to the question of "bacteria don't proliferate at 90°C". And
37.5% of students had no idea about it. The majority of food
workers (87%) and 38.75% of the students have incorrect in-
formation about the temperature of bacterial proliferation in
foods. Our results were lower than Giritlioglu and colleagues’
(2011) results; their results were 56% about this item. Proba-
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ble causes of our results are lack of information about bacte-
rial growing in ready-to-eat foods. Another question was
"only ill people carry bacteria which may cause food poison-
ing", 25% of food workers and 3.75% of students knew the
correct answers. Besides, 7.5% of students have chosen no
idea about it. Both of our groups' results were lower than the
previous study by Ncube et al. (2020). In their study, 78.2%
of the participants knew the correct answers to this question.
These findings show that participants did not understand the
risk of food contamination that an unsanitized food worker
posed. Like our results, some studies reported that food work-
ers lacked adequate knowledge about the risk of contamina-
tion of food by diarrheal food workers (Clayton et al, 2002;
Osaili et al., 2011). In contrast, some studies have demon-
strated that food workers have good knowledge about this is-
sue (Da Cunha et al., 2014; Pichler et al., 2014). Considering
the other question that "bacterial proliferation stop at body
temperature (37°C)", 12% of students and 32.5% of food
workers answered this question correctly, but 15% of stu-
dents have chosen ‘’no idea’’ about it. Akoglu et al. (2017)
found both of our groups’ results lower than the previous
study. In their study; 89.4% of the participants gave correct
answers to this item.

Improper thawing application of frozen poultry and red meat
can cause food poisoning. During the thawing process, the
temperature becomes permissive for bacterial growth (Mar-
riott and Gravani, 2006). Thawing food in room temperature

keeps food temperature at a danger zone for a long time. This
condition fosters microbial growth, which may cause food
poisoning. The methods of thawing the frozen meat/poultry
are; thawing at refrigerator temperature (5°C; app. whole
day), in a microwave or cold water (app. an hour by changing
the water every 30 minutes) (USDA, 2013). Temperature
control of the meat is an important way to prevent poisoning,
like thawing in a refrigerator. In this study, 71% of food
workers and 58.7% of students did not thaw frozen meat at
room temperature in proportion to the 64.6% result of a recent
study in Turkey (Akoglu and Tuncer, 2017); food workers’
scores were higher but our students' scores were lower than
Akoglu and Tuncer's study (2017). Besides, both of our
group's knowledge levels were higher than some previous
studies such as 38.2% in China (Gong et al., 2016), 66% in
Kuwait (Al-Kandari et al., 2019), and 54% in the United Arab
Emirates (Taha et al., 2020). On the other hand, 87.5% of stu-
dents and 74.6% of food workers knew that re-freezing of
thawed foods causes foodborne diseases. However, 8.75%
and 22.7% of them did not know this item, respectively. And
3.75% of students and 2.7% of food workers had no idea
about this subject. Our two groups' results were lower than
Akoglu and Tuncer's (2017) reports. In their study, 92% of
gastronomy and culinary arts students gave the correct an-
swer to the aforementioned question. In contrast, our results
were higher than Sani and Siow’s (2014) studies, in which
about 75% of the respondents were certain about refreezing
defrosted food.

Table 2. Food safety knowledge, safe food production and personal hygiene practices of the participants

The Given Answers of Food Workers and Students*

Food Safety Knowledge (Section B) Correct Wrong Don’t know
Freq. % Freq. % Freq. %
1. Failure to comply with the hygiene rules in the preparation of 75179 100/98.75 -/1 -/1.25 -/- -/-
foods, causes foodborne illness
2. Incorrect heating of food causes foodborne illness 75/74 100/92.5 -/3 -/3.75 -/3 -/3.75
3. Foods that are ready to eat should be stored at 20°C 17/31 23/38.75 58/19 77/23.75  -/30 -/37.5
4. In ready-to-eat foods, bacteria multiply at about 90°C 65/31 87/38.75 10/27 13/33.75  -/22 -/27.5
5. Bacteria that cause food poisoning are only transmitted by sick people ~ 56/71 75/88.75 19/3 25/3.75 -/6 -/1.5
6. Bacteria stop proliferation at body temperature (37°C) 66/42 88/52.5 9/26 12/32.5 -/12 -/15
7. Frozen chicken and red meat should be thawed at room temperature 21/27 28/33.75 53/47 71/58.75 1/6 1/7.5
8. Re-freezing of thawed foods can cause foodborne illness 56/70 74.6/87.5 17/7 22.7/8775 273 2.7/3.75
9. After cooked foods cool down to 21°C at room temperature, they 72/48 96/60 3/18 4/22.5 -14  -/17.5
should be put in the refrigerator / cold storage
10. The same cutting board can be used for chopping and cutting differ-  69/60 92/75 6/13 8/6.25 -7 -/8.75
ent types of meat (red meat, chicken, fish, etc.)
11. The same cutting board can be used to chop meat and vegetables 70/66 93/82.5 5/9 7/11.25 -/5 -/6.25
12. Salmonella is an important bacterium that causes food poisoning  65/41 87/51.25 4/23 5/28.75 6/16  8/20
13. Food should be served no later than two hours after preparation  71/51 95/63.75 3/19 4/23.75 1710  1/2.5
14. Food production personnel must have a hygiene certificate 75/76 100/95 -2 -/2.5 -/2 -/2.5

*Students’ answers were given after “*/*’
**Correct answers are given in bold type
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Safe Food Production Practices (Section C) Agree No idea Disagree
Freq. % Freq % Freq. %

1. Food safety is an important matter in the food sector. Therefore, 75/76 100/ 95 -/3 -/3.75 -/1 -/1.25
I attending to my personal hygiene

2. In food production processes, I always prefer fresh raw materials  75/78 100/ 97.5 -/2 -/2.5 -/- -/-

3. If my hands or fingers are cut, I never contact raw/cooked food. 75/72 100/ 90 -/6 -/1.5 -2 -12.5

4. 1 wear protective materials (cap, mask, and gloves) during food 75/78 100/ 97.5 -/- -/- -/2 -/2.5
production to avert foodborne illness

5. To ensure safe food production, my working area always remains  75/80 100/ 100 -/- -/- -/- -/-
clean

6. I don't wear my uniform and shoes outside my workspace 74/70 98.7/ 87.5 -/3 -/3.75 1/7 1.3/8.75

7. Without wearing protective gloves, I don't contact raw foods 75/65 100/81.25  -/9 -/11.25  -/6 -/1.5
(especially raw meat, eggs, chicken meat, etc.)

8. During food production processes, I don't wear jewelry such as ~ 74/79 98.7/98.75  -/- -/- 1/1 1.3/1.25
rings, earrings, and watches

9. When I have the flu, cold or diarrhea, etc. I don't work in the 75/73 100/91.25 -2 -12.5 -/5 -/6.25
production line

Personnel Hygiene Always Often Sometimes Rarely Never

Practices (Section D)  Freq. % Freq. % Freq % Freq. % Freq. %

1. How often do you 75/ 80 100/ 100 -/- -/- -/- -/- -/- -/- -/- -/-
wash your hands af-
ter using the toilet?

2. Do you wash your 75/ 34 100/42.5 -/32 -40 -9 -/11.25 -/3 -/3.75 -2 -12.5

hands after coughing
or sneezing? How
often?

*Students’ answers were given after *’/*’
**Correct answers are given in bold type

Inappropriate temperature/time control and cooling of the
cooked/pre-cooked foods are the most common cause of
foodborne diseases. According to the World Health Organi-
zation (WHO), nearly 75-85% of all foodborne illness results
from time/temperature misuse, and 56% of them result from
improper cooling. After cooked/pre-cooked foods should be
kept at over 60°C to prevent the growth of food poisoning
bacteria. In general, between 5°C and 63°C is considered a "
danger zone" in which those bacteria can grow quickly at this
temperature range. Proper cooling procedures for cooked or
pre-cooked foods have been explained by the literature.
Briefly; after cooking, a two-stage cooling method is com-
monly applied to prevent bacterial growth in the food. The
first step consists of cooling the food product from 60°C to
21°C in 2 hours, instead, in the second step, cooling takes
place for up to 4 hours from 21°C to 5°C. The first step just
mentioned is the most critical because microbial growth of
the bacteria at temperatures between 51°C and 21°C is usu-
ally faster than low temperatures (US FDA, 2017). The ques-
tions about time/temperature control and cooling were the
most frequently answered incorrectly by the respondents ac-
cording to some previous studies. Our food workers' results
were higher than some recent studies (Gomes-Neves et al.,

2014; Al-Kandari et al., 2019). In their study, food workers
had less knowledge about time and temperature control (45
and 63%),), respectively. However, our students' results (60%)
were lower than Al- Kandari et al. (2019)'s study but over
than Al-Shabib et al. (2016)'s study. However, 22.5% of stu-
dents and 4% of food workers gave wrong answers to that
"after cooked foods cool down to 21°C at room temperature,
they should be put in the refrigerator / cold storage" in our
study. Moreover, 17.5% of students had no idea about this
issue. Food workers have more information/awareness about
correct cooling practices than the students do. These results
might be based on the working experience. Other findings are
that only 16.25% of the students and 8.75% of food workers
were aware that red meat and poultry meat cannot be chopped
together on the same cutting board, and that 82.5% of stu-
dents and 93% of food workers were not aware of it is haz-
ardous in terms of cross-contamination. Our results are lower
than the previous study by Taha et al. (2020). In their study,
39.5% of food workers were not aware of these items. The
possible causes of our results might be the participants were
less informed about the importance and relationships between
cross-contamination and food poisoning in their training/ed-
ucation period. Salmonella is a Gram-negative bacterium that
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is important food-borne pathogens and responsible for sev-
eral outbreaks worldwide and this pathogen might be trans-
mitted by food workers' lack of hygiene application (Sun et
al., 2020). In our study, 52.25% of the students and 87% of
food workers knew that this bacteria can cause serious food
poisoning. These results were higher than the results of
Alqurashi et al. (2019). In their study, 7.6% of the hospital
food workers in Saudi Arabia knew that Salmonella is an im-
portant bacterium that causes food poisoning.

Microorganisms reproduce rapidly in foods kept in room con-
ditions. Therefore, cooked foods that are not stored in the re-
frigerator deteriorate in a short time. If these foods are not
consumed immediately, they should be kept in refrigerator
conditions after they cool down quickly (Lund, 2015). Most
of our respondents answered this item correctly. Sixty-three
point eight percent of the students and 95% of food workers
knew that food should be served no later than two hours after
preparation. However, in the present study, almost a quarter
of the students (23.75%) were unaware of this risk. Our re-
sults were higher than Osaili et al.’s (2018) study. They re-
ported that a small part of the participants (15%) had known
the correct retention temperature needed to eat. Besides, the
results of the students were lower than Giiven and his col-
league's (2010) results. However, our food worker's results
were higher than the results of Gliven et al.’s (2010) study. In
their study, 10.9% of food workers were not aware of this
item, and 89.1% of their respondents knew that "Cooked
foods should be consumed immediately or if they are to be
consumed later it should be stored in the refrigerator after
cooling down quickly". Also, while 95% of students and
100% of food workers knew that the staff involved in food
production had a hygiene certificate before operating food
businesses, they knew that a hygiene certificate was needed
according to European and Turkish legislation (EC 2004;
Anonymous, 2013).

Section C: Safe Food Production Practices

These results are shown in Table 2. The table indicates that
almost all students (95%) and all food workers (100%) shown
a high-level consideration of personal hygiene. Ninety per-
cent of the students and 100% of food workers were aware
that severe foodborne diseases can be caused by hand or fin-
ger injury. This result was in agreement with a study by To-
kuc et al. (2009) and higher than the study of Al-Kandari et
al. (2019). They found that almost 93.2% of the food workers
in hospitals and 85% of food workers in Kuwait Restaurants
were knowledgeable about the risk of touching on the food
with cut hands or fingers, respectively.

The use of protective equipment is one of the most important
prerequisites in the food production line. In each step of food

production and service processes, In order to prevent micro-
bial contamination, food personnel should wear masks, caps,
and gloves. Nearly all students (97.5%) and all food workers
(100%) stated that they used all protective types of equipment
in each step of food production. Our results were parallel to
previous studies conducted in Saudi Arabia and Turkey;
Alqurashi et al.’s (2019), Cakiroglu and Ugar’s (2008) stud-
ies. They reported similar results in their study in which
82.2% (cap), 70.6% (mask), 81% (gloves), and 82.9% of the
hospital food staff and food workers put on caps, masks, and
gloves all along with the food production processes, respec-
tively. In the present study, all of the respondents (100%) in-
dicated that they always keep clean in their working area to
maintain safe food production. Also, 87.5% of the students
and 98.7% of the food workers clarified that they did not
dress in the work shoes and clothes outside of their working
area. Our results were similar to Giritlioglu et al.(2011). In
their study, 90.2% of cookery students stated that they did not
use working clothes and shoes outside their workspace.

According to literature; "people's throat, nose, intestines, and
feces are loaded with bacteria" thus, the human is the poten-
tial source of both saprophyte and pathogenic microorgan-
isms in foods. Therefore, food workers play a crucial role in
the transmission of respiratory (cold, angina, pneumonia and
covid-19 diseases, tuberculosis, scarlet fever) and digestive
(dysentery, cholera, typhoid) disease factors (Palulu, 2014;
Mehta, 2020). For all these reasons, it is so important to use
an apron, gloves, cap, arm sleeve, and to comply with per-
sonal hygiene rules during each step of food preparation. Ac-
cording to our study, most of the students (81.7%) stated that
they did not touch raw food without wearing protective
gloves and most of them (84.2%) stated that they did not wear
jewelry during food production. Palulu (2014) reported that
97.2% of food workers put off their jewelry before starting in
food handling. On the other hand, Al-Shabib et al. (2016) in-
dicated in their study that about 75.9% of street vendors in
Saudi Arabia are knowledgeable that wearing accessories in
the food processing area could cause bacterial contamination.
Most of the students (89%) stated that they do not deal with
food when they have flu, cold, or diarrhea. Similarly, this rate
had been reported as 86.2% in Al-Shabib et al.’s (2016)
study. Our results indicate that the students were aware of the
risk of unhealthy personnel working in the food production
area and that their education had successfully taught them,
that infections can be easily transmitted under this kind of
condition.
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Section D: Personal Hygiene Practices

These results are presented in Table 2. Handwashing is an
essential behavior for providing food safety and has a crucial
role in eliminating bacteria and viruses. Recently, this hy-
giene practice has become the most important issue due to the
spreading of the Sars CoV-2 virus and the subsequent efforts
to prevent the spread of the virus worldwide. People who are
asymptomatically infected can secrete some amount of bac-
teria or viruses for a long time, and those with symptoms can
continue to secrete the pathogenic microorganisms after get-
ting rid of the symptoms of infection. No matter how hygien-
ically stored, prepared, cooked, or kept food can be contami-
nated with food by dirty hands and dirty tools. Therefore, ef-
fective hand washing (at least 20 seconds including each part
of the hands) and good hygiene practices for food workers are
so crucial to prevent the risk of infection (Lund, 2015; Mehta,
2020). Table 4 shows that 100% of all respondents stated that
hand washing was important after using the toilet and 100%
of food workers stated that hand washing was also so im-
portant after coughing and sneezing. Considering the other
studies, our food workers' results were similar to Osaili et
al.’s (2017) study but higher than Tokuc et al.’s (2009) re-
ports. Their findings were 99.2% and 93.2%, respectively in
this manner. In other results about personal hygiene, 100% of
food workers and 42.5% of the students indicated that they
always washed their hands after coughing or sneezing, while
40% of them answered as "often". The students' results in the
present study were lower than previous studies of Darko et al.
(2015) and Osaili et al. (2017). In their studies, 87.2 and
91.2% of the kitchen staff knew the correct time to wash their
hands, respectively. Our results indicated that the students
have lower attention to hygiene —need more education about
this subject- than other necessities about food safety.

Section E: Assessment of Total Food Safety Knowledge
Scores among Food Workers and Students

Table 3. indicated that a statistically significant difference
was found between the food safety knowledge, food safety
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practice, and personal hygiene total scores of the students and
food workers (p<0.001). Between the two groups; food safety
knowledge, food safety practice, and personal hygiene total
scores of food workers were found to be statistically higher
than the students (p<0.001). As seen in Table 3; the overall
score of food safety knowledge aspects of food workers was
45.44 +£5.41 out of 56 points, corresponding to 81.20% of
questions answered correctly. This score was 38.35+12.37 in
Gastronomy students and corresponding to 68.48% of ques-
tions answered correctly by them. The food safety practices
aspect of food workers was 35.89+0.92 out of 36 points, cor-
responding to 99.70% of questions answered correctly by
them. However, this score was 33.55+3.34 in Gastronomy
students and corresponding to 93.20% of questions in this
section answered correctly by them. Personnel Hygiene Prac-
tices aspect was scored the highest percentage of correct food
workers (100%), whereas this rate was measured as 87.38%
in the students. Table 4. shown that between the two groups;
total food safety knowledge, food safety practice, and per-
sonal hygiene scores of food workers (89.33%) were found
to be higher than the students' scores (78.89%) (p<0.001). To-
tal food safety knowledge level of each group [89.33% (food
workers), 78.79% (the students) respectively] and total mean
scores (83.94%) of both groups shown in the current study
were higher than the results of some previous studies in the
Middle East and European countries; Dubai and Sharjah
(70%) (Taha et al., 2020), in Kuwait (70%) (Al-Kandari et
al.,, 2019) and in Portugal (56.5%) (Gomes-Neves et al.,
2014); but our students' scores were lower than Al-Shabib et
al.’s (2016) study. In their study, the “’personal hygiene’’
scores of the participants were found (80%) in Saudi Arabia.
Also, the lower level of the students' scores than food workers
about each section in the present study are so different from
Akoglu and Tuncer's study (2017) conducted in Turkey. They
found higher scores about food safety knowledge levels
(72.88%) of their students than previous studies of food
workers. Besides, our students' food safety knowledge levels
(78.79%) were higher than their scores.

Table 3. Comparison of food safety knowledge, food safety practice, and personal hygiene practices among food workers and

students
Groups
Food Workers (n=75) Gastronomy and Culinary Arts Students (#n=80)
Variables Possible range of Mean £Standard Deviation Mean £Standard Deviation p value
the scores Med (Min, Max) Med (Min, Max)

(1) Food Safety Knowledge Total 0-56 45.44 £5.41 38.35£12.37 <0.001*"

Scores 48 (28.56) 36 (12.56)
(2) Food Safety Practices Total 0-36 35.89+0.92 33.55+£3.34 <0.001*

Scores 36 (28.36) 36 (24.36)
(3) Personnel Hygiene Practices 0-8 8 +0.00 6.99 £1.09 <0.001™W

8 (8.8) 7 (4.8)

*p-value <0.05 is significantly different

p-value used in the tables; Mann Whitney test result is 0.284MW and T-test is 0.005"
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Table 4. Comparison of total food safety knowledge scores of food workers and the students

Groups Mean+SD Median Min-Max p value
Food workers, n=75 89.33 +5.36 92.0000 72-94 <0.001*!
Students, n=80 78.89 £13.14 79.5000 41-94 )
Total 83.94+11.39 88.0000 41-87

*p-value<0.05 is significantly different.
p-value used in the tables; T-test is 0.005"

Section F: Relationships between Demographic Profiles
and Participants' Food Safety Knowledge Levels

Table 5. indicated that for food workers, gender, marital sta-
tus, age, education level, frequency of hygiene education,
working experience, monthly income had no significant as-
sociation with total food safety knowledge (p>0.05). Simi-
larly, some recent researches have reported no correlation
was found between gender and food safety knowledge of
food workers (Osaili et al., 2018; Taha et al. 2020). They did
not found a positive correlation between marital status and
occupation and food safety knowledge of food workers. The
possible causes of our results may be depending on partici-
pants; male or female, married or single, participants are all
working under similar conditions as food workers. On the
other hand, in our study; hygiene certification, occupation,
and working establishments had a significant association with
total food safety scores of the food workers (p<0.05). This
result is parallel to the study of Rebougas et al. (2017). In their
study, the restaurant staff had more personal hygiene infor-
mation, better attitudes, and practices compared to the chief
cooks and business managers, and the level of knowledge of
the chief cooks and managers was insufficient in Brasil. The
possible reasons for our results may be that food production
personnel (especially head-cook/cook) are more aware of hy-
giene practices than other personnel (waiter, dishwasher,
manager,.. etc). Besides, according to Turkish legislation, hy-
giene certification must be obtained by food workers to work
in food establishments. Moreover, food workers from cater-
ing restaurants tend to be more disciplined than food workers
that worked in kebap restaurants. And, this result may be de-
pendant on various meals that are prepared—pre-
cooked/cooked and different procedures of cooling and re-
heating meals- in catering restaurants as opposed to kebap
restaurants. Our results are different from Taha et al.’s (2020)
study; they found a significant association between educa-
tion, age, and experience of food workers in their research.
However, we did not find a significant association between
working experience and education level, monthly income,
and frequency of hygiene education of food workers. This
may be because of food workers who all have similar educa-
tion levels, working experience, and similar monthly incomes

in the present study. Considering the hygiene training fre-
quencies of food workers; all of them took hygiene education,
and the higher scores were found in the “one-time hygiene
trained group’’. And other scores show some similarities in
Table 5. This result may be depending on the effectiveness of
the hygiene education taken by the participants that affected
several aspects. These are education strategies, training areas,
voluntary participation in education, a culture of work that is
influenced by education, and food processors' beliefs, norms,
and perceptions of their peers (Griffith et al., 2010; Taha et
al., 2020). The possible reasons for these distinct results may
be due to the efficiency of the training/practices. To ensure
correct behaviors of food workers about their practices to pre-
vent the occurrence of foodborne diseases and forging a pos-
itive food safety culture; the training programs should be de-
signed to be comprehensive and according to necessities of
the working conditions as well as suggestions of food work-
ers.

Considering the students; as seen in Table 6; age, graduated
high school, working in any food business had no significant
association with total food safety knowledge (p>0.05). Simi-
larly in a recent study conducted in Turkey has reported no
significant association between age and food safety
knowledge of food workers (Akoglu and Tuncer, 2017).
However, they found a significant association between the
graduated high school, working in any food business in their
study (p<0.005). The probable causes of our results might be
most of the students have similar age groups and most of them
graduated from an Anatolia high school in which they were
not given occupational education. Therefore, the students
were not educated for a job in the food sector. Besides no
correlation was found between students' experiences with and
without doing part-time jobs. On the other hand, gender, hy-
giene certification, frequency of receiving hygiene education,
and their class (education status) had a significant association
with total food safety scores of the students (p<0.05). Our re-
sults have shown some similarities and differences with some
recent studies conducted in Turkey by Akoglu and Tuncer
(2017) and Ertopcu et al. (2019). They had found an associa-
tion between education level(class) and food safety training
with total food safety scores of the students (p<0.05). This
finding is in agreement with our results. However, they had
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Osaili et al. (2018) in Jordan and Taha et al. (2020) in Saudi
Arabia. It is well known that hygiene certification and effec-
tive hygiene education are mandatory factors to maintain
food safety for gastronomy and culinary arts students as well

no association with gender and food safety scores of the stu-
dents (p>0.05). Besides, Ertopcu et al. (2019) had found an
association between gender and total food safety scores of the
students (p<0.05). Hygiene trained students have more scores

212

than not trained students about food hygiene and safety in our

study. This result is parallel to findings reported recently by

as food workers.

Table 5. Comparison of total food safety scores by characteristics of food workers (n=75)

Total Score

Group 1(Food workers) N Mean£Sd Median (Min, Max) p value

Gender Female 12 86+8.78 90(72,96) 0.284MW
Male 63 89.97+4.24 92(80,100)

Age <30 years 19  88.0+5.66 88(72,96) 0.3484
30-40 years 35 89.37+6.21 88(72,100)
>40 years 21 90484296  92(84,96)

Education Level Primary School 24 87.83+5.34 88(72,96) 0.325%W
Middle School 29  90.07+4.61 88(80,96)
High Scool 15  88.33+5.98 92(72,96)
University 7 91.434+4.86 92(84,100)

Hygiene Certification Yes 68  93.71£3.15 92(92,100) 0.013*MW
No 7 88.88+5.35 88(72,100)

Frequency of Receiving Hygiene Once 47  89.79+5.77 92(72,100) 0.642KV

Education 2 or 3 times 21  88.57+4.78 88(80,100)
4 andovertimes 7 88.57+4.28 88(84,96)

Occupation Chefcook 34 90.82+4.24 92(80,100) 0.044**
Waiter 12 90.33+£2.67 92(84,92)
Assistantcook 16  87.5+4.35 88(80,96)
Other (manager, dishwasher, etc.) 13 86.77+8.85 92(72,96)

Working Experience 0-6 years 17 87.06+7.28 92(72,96) 0.154KW
6-11 years 31 89.68+5.04 88(80,100)
12-20 years 18 91.11x4.24 92(80,100)
>20 years 9 88.8942.67 88(84,92)

Monthly Income (Tiirkish Liras) 2500-3000 49  88.98+5.80 92(72,100) 0.635%W
3000-3500 21 89.71+4.66 92(80,96)
3500-4000 5 91.20+3.35 92(88,96)

Marital Status Single 13 89.54+4.18 92(80,96) 0.994MW
Married 62 89.29+5.60 92(72,100)

Working Establishments Catering 55  88.51+5.76 88(72,100) 0.005%*
Kebap Restaurant 20  91.60+£3.15 92(72,100)

*p-value <0.05 is significantly different

p-value used in the tables; Mann Whitney test result is 0.284MW, T-test is 0.005', for Anova, it is 0.3484 and Kruskal-Wallis is 0.325%W
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Table 6. Comparison of total food safety scores by characteristics of the students(n=80)

Research Article

Total Score

Group 2(Students) N  MeantSd Median (Min, Max) p value
Gender Female 54 77.19£11.93 76 (48,100) 0.026*!
Male 26 82.42+14.98 84.5(41,100)
Age 18 11 74.10+7.67 71 (63,88)
19 19 77.84+£1591 80 (18,100) 0.338%W
>20 50 80.34+£13.14 79.5(41,100)
Graduated High School Occupation high school 21 78.52+14.66 80 (41,99)
Anadolu high school 42 80.02£12.54 79 (51,100)
Basic-Open highs chool 6  74.67+9.60  71.50 (66,91)
Religious high school 11 77.55+14.99 78 (48,99) 0.792KW
Hygiene Certification Yes 14 87.07+9.45  87.50(71,100)
No 66 77.15+13.20 77 (41,100) 0.008*MW
Frequency of Receiving Hygiene Education 0 51 7433 +£12.73 75 (41-100)
Once 15 87.80+8.95 88 (64,99) <0.001*%W
2 or 3 times 14 8593 +£10.64 86 (70,100)
Working in any Food Business Yes 32 80.47+14.90 82 (41,100)
No 48 77.83£11.87 79 (48,99) 0.293¢
Education Status 1. Class 44  70.68+9.77 71 (41,88)
2. Class 36 88.92+9.17 90 (58,100) <0.001**

*p-value <0.05 is significantly different

p-value used in the tables; Mann Whitney test result is 0.284MW, T-test is 0.005', for Anova it is 0.348* and Kruskal-Wallis is 0.325%W

Conclusions

In this study, we compared knowledge levels in safe food pro-
duction and hygiene practices between gastronomy and culi-
nary arts students and food workers. Our results indicated that
students had less information in some important food safety
practices such as time/temperature control, storage/holding
temperatures of the meals, cooling, freezing, and thawing
methods of the food, important foodborne pathogens, preven-
tive methods for cross-contamination, and the importance of
handwashing than food workers. However, the food workers
had less knowledge in some aspects including time and tem-
perature control, holding/storage temperature of the meals es-
pecially cross-contamination. Besides, two groups highly
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Insanin yaradilisindan bu yana yasamsal faaliyetlerini siirdiirebilmesi icin gereken unsurlardan biri beslen-
medir. Fizyolojik bir zorunluluk olan beslenme, insanligin yasam sartlarinin gelisimi ile paralel ilerlemistir.
Iggiidiisel olarak gergeklesen bu durum, dogada &nce toplayicilikla baslamistir. Insanlar dogada bulduklar
zararli bitkileri ayirt ederek yenebilir yiyecekleri bulmuslardir. Atesin bulunmasiyla pigirmeyi 6grenen insa-
noglu, zamanla hayvanlardan da elde edebilecegi gida maddelerini kesfetmistir. Bu kesifle farkli lezzetleri
denemis ve viicudun gerekli olan protein, vitamin ve yag gibi ihtiyaglarini karsilamustir. Beslenme ¢esitliligi
damak tadi olgusunu da beraberinde getirmistir. Tiiketilen yiyeceklerin farklilik géstermesinin baglica sebep-
leri; o donemdeki topluluklarin yasadiklar1 bolgenin iklimi, doga kosullar1 ve bu bolgelerde yetisen sebze,
meyve ve tahillardir. Yine bolgede yasayan hayvanlarin ¢esitliligi sebebiyle tiiketilen yiyeceklerin farklilik
gostermesi kaginilmazdir. Ekolojik dengenin sonucu olan bu durum, zaman igerisinde toplumlar arasi kiiltiir
farkliliklarinin baglica sebeplerinden biri olmustur. Yemek kiiltiirii, cografi bolgelere gore ayrilmis ve "yore-
sel yemekler" diye adlandirdigimiz kiiltiir olusmustur. Giiniimiize kadar olan siiregte insanoglu birgok gida
hazirlama ve pisirme teknigini deneyerek yeni lezzetler gelistirmistir. Bu ¢aligmada Tiirk yemek kiiltiirii ve
beslenme aligkanliklarinin tarih boyunca gelisim siiregleri derlenmistir.

Anahtar Kelimeler: Beslenme aliskanliklari, Yemek kiiltiirii, Tiirk yemek kiiltiirt

ABSTRACT
Turkish food culture and nutrition habits in the development of history

Since the existence of mankind, nutrition is one of the necessities to maintain their vital activities. Nutritional
habit, a physiological movement, has progressed in parallel with the development of living conditions of
mankind. This instinctive behaviour has started with gathering in the nature originally. People have found
edible foods by distinguishing the harmful plants in the nature. Mankind, who had learned cooking with the
invention of fire, has discovered foodstuffs that can be obtained from animals in time. Due to this discovery,
they had an opportunity to try different flavours and supply a greater variety of needed macro components of
their body such as proteins, vitamins and essential oils etc. This nutrition diversity has brought with the taste
phenomenon. The major reasons of consumed food variety are the climate of the region they live in, the
condition of nature and the kinds of vegetables, fruits, grains that grow in these regions. Furthermore, it is
inevitable that the diversity of animals living in the region causes food diversity. This situation, which is the
result of ecological balance, has been one of the main causes of cultural differences between societies over
time. The culinary culture has been seperated by geographical regions over time and a sub-culture called
"regional dishes" has formed. Until today, mankind have developed new tastes by experimenting with many
food preparation and cooking techniques. In this study, the development of Turkish food culture and nutrition
habits throughout the history have been reviewed.

Keywords: Nutrition diversity, Food culture, Turkish food culture
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Giris

Insanlik tarihi Paleolitik, Mezolitik, Neolitik, Tun¢ ve Demir
Caglar1 gibi ¢esitli dénemlere ayrilmaktadir. insanoglunun
Anadolu'da en eski goriilme tarihi ise Eski Tas Cag1 ya da
Yontma Tas Cag1 adi verilen Paleolitik Cag'in baslarina kadar
uzanmaktadir. Paleolitik Cag’da insanoglu, ¢evre ve iklim
kosullarindaki degisikliklerin beraberinde biyolojik ihtiyag-
larin1 karsilamak icin, beslenebilecekleri kaynak bulmak ve
avlanmak amaciyla kii¢iik topluluklar halinde siirekli yer de-
gistirerek, konar-gdger bir yasam siirdiirmiislerdir (Aksoy ve
Cetin, 2018). Biyolojik ihtiyaclar dogrultusunda karsgimiza
¢ikan yemek yeme, tarihsel siirecte ihtiyacin da 6tesine gege-
rek toplumda dinsel, toplumsal ve kiiltiirel kimligi belirtme-
nin farkli bir yontemi olarak kullanilmaya baglanmistir (Ay
ve Sahin, 2014).

Bir toplumun kiiltiirel degerleri, diger toplumlarin yagam bi-
cimlerini ne kadar etkilerse yeme-igme aliskanliklarini da bir
o kadar etkilemektedir. Bu nedenle toplumun yeme-icme alis-
kanliklari, yasadig1 ydrenin tarimsal, sosyo-kiiltiirel ve cog-
rafik 6zellikleri ile diger toplumlarla olan iliskilerinden de et-
kilenmektedir (Giiler, 2008). Her kiiltiiriin etkilenmeler ko-
nusunda da yaklasimu farklilik gésterebilmektedir. Ornegin
bir toplumda begenilmeyen bir yiyecek diger bir toplumda
onde gelen lezzetlerden sayilabilmektedir (Talas, 2005).

Insanin yeryiiziinde goriilmesinden baslayarak yerlesik ha-
yata gecisine kadar olan siire¢ Neolitik Cag adin1 almaktadir
(Akin ve ark., 2015). Bu ¢agda fizyolojik ve toplumsal adap-
tasyon kaynakli olarak alet ve silah kullanmada erkegin dogal
yetenegi sebebiyle avci, kadinin da koruma ve g¢ocuk yetis-
tirme yetenegi sebebiyle sadece toplayici rolii tistlendigi go-
rilmektedir (Beardsworth ve Keil, 2011). Avci-toplayict do-
nemin ardindan yogun olarak Anadolu’ya go¢ ederek yerle-
sen toplumlar bu topraklarda uzun yillar tarim ve hayvanci-
likla beslenme ihtiyaglarini karsilamislardir (Akin ve ark.,
2015). Yerlesik hayat diizenine alistiktan sonra insanlar, bi-
yolojik ihtiyag¢larini gidermek i¢in beslenmekten ziyade, ye-
mek sofrast kurma ve bu sofrada farkli yemekleri birlikte de-
nemeyi bir kiiltiir haline getirmeye baslamiglardir (Diizgiin ve
Durlu Ozkaya, 2015). Onceleri kilden ¢anak-¢cdmlek yapmis
ve besinlerini saklama kuyularinda depolamislardir. Neolitik
Cag’in sonlarina dogru Kalkolitik Cag ile bakir madeninin is-
lenmesi ardindan Tung Cag1 ve Demir Cagi ile daha fazla ke-
sici alet, mutfak esyas1 gelistirmiglerdir (Akin ve ark., 2015).
Ozellikle Demir Cagi’nda mutfak gerecleri olarak altin, gii-
miis, bakir ve tung gibi madenlerin siklikla kullanildig: bilin-
mektedir. Ilk Cag’da Anadolu Uygarliklarinda daha sonra-
sinda devam eden Orta Cag’da ise Roma ve Bizans Impara-
torluklarinda farkli beslenme kiiltiirlerinin sekillendigi ifade
edilmektedir. Tiirk beslenme kiiltiirii ise Orta Asya Donemi,

Selguklu ve Beylikler Dénemi, Osmanli Donemi ve Cumhu-
riyet Donemi olmak tizere gesitli evrelerden ge¢mistir (Diiz-
giin ve Durlu Ozkaya, 2015). Orta Asya’dan sosyal ve biyo-
lojik pek ¢ok sebeple Anadolu’ya gdgen Tiirkler, burada kar-
silagtiklar1 Anadolu insaninin sahip oldugu beslenme aliskan-
liklart ile kendi bilgilerini sentezleyerek yeni ve zengin bir
mutfak kiiltiiriine ulasnustir. Osmanli Imparatorlugu'ndan
Cumbhuriyet Dénemi'ne kadar olan 600 yil1 asan siirecte, pa-
disahlara ve saraya verilen 6nem sebebiyle gosterisli mutfak-
lar 6n plana ¢ikmaktadir. Cumhuriyet'in ilaniyla baglayarak
giinlimiizde hizla devam eden ekonomik ve teknolojik gelis-
melerin beslenmeye etkileri ve gida sektdriiniin olugmasiyla
yemek kiiltiirii artik bambagka bir noktaya gelmistir (Akin ve
ark., 2015).

Tiirk toplumu koklii ve zengin bir tarihe ve kiiltiirel yapiya
sahiptir. Kiiltiirel zenginlik ile beslenme kiiltiiriiniin de zen-
ginlestigi goriilmektedir (Kili¢ ve Albayrak, 2012). Tiirk ye-
mek kiiltiirliniin, Orta Asya’dan giinlimiize kadar uzanan ta-
rihsel bir gelisim siireci bulunmaktadir. Tiirk yemeklerinin
farkliligin1 ve zenginligini saglayan unsurlar; Asya ve Ana-
dolu topraklarinda yetisen farkli gida {iriinleri, Selguklu ve
Osmanli saraylarinda kesfedilen yeni lezzetler ve Anadolu’da
kurulmus tiim uygarliklara ait izlerdir. Tiirk yemek kiiltiirii
gdcebe hayattan Anadolu Selguklu ve Osmanli zamanina ka-
dar olan siiregten giiniimiize ¢ok degisim gdstermis ve olgun-
lagmistir (Gtiler, 2008). Bu ¢aligmada, insanligin varolusun-
dan giiniimiize kadar olan siiregteki beslenme aligkanliklari
ile bu aligkanliklarin siire¢ icerisindeki degisimi ve bu degi-
sime kiiltiiriin etkisi derlenmistir.

Tarih Oncesi Caglarda Yemek Kiiltiirii ve Beslenme
Aliskanhiklart

21. yiizyilin sosyal ve ekonomik diizeyinin temelini olusturan
Neolitik Cag, insanligin kiiltiirel evrimi ve gelisimindeki en
onemli evre olarak bilinmektedir (Akin ve ark., 2015). 9000
yildan 6ncesine dayanan Neolitik Cag’da evlerin, Orta Ana-
dolu’da 1rmak kenarlaria art arda ve kiy1 boyunca insa edil-
digi ifade edilmektedir (Redman, 1978). Bu dénemde evlerin
icindeki cesitli ocaklar, firinlar, saklama c¢ukurlari, mimari
boliimler ve dekorasyonlar yaklagik 1000 y1l ayn1 sekilde ya-
pilarak kullanilmistir (Atalay ve Hastorf, 2006).

Neolitik Cag’da ilk yerlesimlerde yalnizca avcilik ve toplayi-
cilikla geginilirken, Catalhoyiik’teki hoyiik diziliminin altinci
katindan sonra tarim ile gecinildigi goriilmektedir. Kaplica
(einkorn) ve germik (emmer) bugdaylartyla ekmeklik bug-
day, yalin arpa ve bezelye yetistirilmistir (Richards ve ark.,
2003). Boylece iiretime baslanmis ve insanlar ektikleri iiriin-
lerin yetigsmesini beklemek i¢in gilinlimiizdeki sehir yasantisi-
nin temelini olusturan yerlesik yasam diizenine ge¢mislerdir.
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O donem insanlar1 yalmz et ile beslenmeyi birakip farkli
bitki, baharat ve hayvansal iiriinleri birlikte pisirerek yemek
yapma sanatini gelistirmislerdir (Diizgiin ve Durlu Ozkaya,
2015). Aym1 dénemde tarimsal faaliyetlerle birlikte avcilig
da yogun olarak siirdiirmiislerdir (Richards ve ark., 2003).

Yemek pisirme iglemleri 6nceden firin i¢inde sicak tas iize-
rinde yapilirken, 1.0. 6000-5000 tarihlerinde kaplarda yapil-
maya baglanmistir. Bu dénemle ilgili yapilan arastirmalarda,
kullanilan kaplarin siirlingen kabuklari, hayvanin kiirek ke-
migi ve midesinden oldugu tespit edilmistir (Siiriiciioglu ve
Ozgelik, 2008). Pisirmeye dayanikl kil toplarindan iiretilen
kaplarin kullanilmasiyla beraber firinlari boyutlarinin da bii-
ylidiigli anlagilmaktadir (Aksoy ve Cetin, 2018). Sekil 1°de
goriilen, Anadolu Medeniyetler Miizesinde sergilenmekte
olan toprak pisirme kabi Catalhdyiik’te bulunmustur (Isin,
2018). Ugayakli kaplarimn tarihlendigi zamana bakilirsa ye-
megi dogrudan ates iistiinde pisirme isleminin atesin bulun-
masindan ¢ok sonra Ogrenildigi anlasiimaktadir (Ongel,
2015).

Sekil 1. Toprak pisirme kabi ve licayak (Anadolu Medeni-
yetler Miizesi) (Isin, 2018)

Figure 1.Earthenware pot and tripod (Anatolian Civilizati-
ons Museum) (Isin, 2018)
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Yapilan kazi ¢alismalarinda botanik kalintilardan, kus kemik-
lerinden, kus yumurtalarindan ve organik molekiillerden do-
nemin yemek Kkiiltiiriine ait c¢ikarimlar yapilabilmektedir.
Nekropol kazilarinda bulunan iskeletlerin kemiklerinde yapi-
lan izotop analizi, insanlarin giinliik isleri ve beslenme sekil-
leri hakkinda bilgiler sunmaktadir (Le Bras-Goude, 2016).
Literatiirde Neolitik Cag’da balik ve kus eti az tiiketilirken
genellikle koyun ve kegi etinin tercih edildigi, domuz ve sigir
etinin de 6zel solenlerde yenildigi bilgisine ulagilmaktadir
(Delemen, 2001).

Arkeolojik kazilarda elde edilen buluntulardan, insanlarin
anatomik 6zelliklerinden sosyal yasamlarina kadar bir¢ok so-
nuca ulasilmaktadir. Toplumlarin beslenme aliskanliklarinin
ve beslenme ¢esitliliginin gelisimi agisindan da ipuglari elde
edilmektedir. Bu anlamda, insan viicudunun en kalic1 yapila-
rindan olan dis ve kemikler ile insan diskis1 arkeolojik bu-
luntu olarak biiyiik 6nem tasimaktadir. Buluntularda elde edi-
len dislerde goriilen ciiriikler ne tiir besinlerin, hangi siklikla
tilketildigini gostermektedir. Tag Devri’ne ait oldugu diislinii-
len buluntularda dis ¢iiriigiine rastlanmazken, Neolitik
Cag’da dis ciiriiklerinde ciddi bir artig oldugu goézlenmistir.
Bu bulgular o donem insanlarinin karbonhidrat agirlikli bes-
lendigini gostermektedir (Oziisen, 2013). Bu donemde kuru-
tulmus meyve, kurutulmus et, tam tahillar ve kabuklu yemis-
lerin tiiketildigine de yine dis analizlerinden ulasilmaktadir
(Atalay ve Hastorf, 2006). Bu konuda derinlemesine sonug
aliabilen yerlerden biri olan Catalhdyiik'te, insanlarin pro-
tein ve karbonhidrat agirlikli beslendikleri tespit edilmistir
(Yurdakok, 2013). Diski 6rneklerine bakildiginda ise yabani
fistik, palamut ve badem kabugu bulundugu saptanmistir. Bu
veriler 1s51g¢1nda genelde yiyeceklerin kabuklari ile tiketildigi
kanisina varilmistir (Hastorf, 2012).

Catalhoyiik aragtirmalart sonucunda ortaya c¢ikan diger bul-
gularda mayalama, 6gilitme, kesme, siizme, tiitsiileme, dog-
rama, kurutma, dovme, tuzlama, kizartma gibi ¢esitli yemek
hazirlama teknikleri goriilmektedir (Sensoy ve Tiritoglu,
2018). Ayrica, iiretim, isleme, yemek pisirme, yemek yeme
gibi gida faaliyetlerinin uygulandig tespit edilmistir. Meyve-
lerin ve kabuklu yiyeceklerin kiimeler halinde bulunmasi da
depolandiklarini géstermektedir (Atalay ve Hastorf, 2006).

Gun yiiziine ¢ikan arkeolojik kalintilar, Erken Bronz Ca-
gi'nda zeytinin yetistirilmesinin ve iglenmesinin, Neolitik
Cag’daki gida faaliyetlerinin gelistirilmesiyle yapildigim
gostermektedir. Girit Adasi'nda bulunan yazitlardan, yabani
zeytinin gida olarak tiiketildigi ve ayrica kozmetik iiriin, mer-
hem ve parfiim yapiminda kullanildig1 anlagilmaktadir (Kap-
lan ve Arthan, 2017).

Neolitik Cag’da Catalhdyiik’te bulunan arkeolojik kalintila-
rin yani sira bu déneme dair en eski buluntularin bugiinkii
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Sanliurfa’da yer alan Gobeklitepe yerlesim yerinde mevcut
oldugu bilinmektedir. Bu nedenle sonraki dénemlere ait ke-
siflerin kokenlerinin Anadolu ve Mezopotamya oldugu ifade
edilmektedir (Diizgiin ve Durlu Ozkaya, 2015).

Orta Asya Tiirklerinde Yemek Kiiltiirii ve Beslenme
Aliskanliklart

Tarihsel siirecte, Tiirklerin diger toplumlarla karsilastirildi-
ginda, yeme ve igcmeye daha fazla 6nem verdigi goriilmekte-
dir. Yagsam bicimleri, yasadiklar1 bolgeler ve etkilesim ha-
linde olduklar1 topluluklar, beslenme sekillerini ve yemek
kiiltiirlerini etkilemistir. Tiirklerin kiiltiirel zenginligi Tiirk
mutfak kiiltiiriine de yansimistir. Tarihte yer almaya basla-
diklarindan itibaren yeme-igme sosyal yasamlarinda énemli
bir yer tutmustur (Kizildemir ve ark., 2014).

Tiirkler Cilali Tag Devri'nde Orta Asya’ya gelerek buraya
yerlesmis, sonrasinda Ural ve Altay daglar1 arasinda bulunan
genis bozkirlar1 yurt edinmislerdir (Kosay, 1982). Islamiyet
oncesinde Tiirkler yalnizca Orta Asya ile sinirli kalmayarak
Kafkaslar, Karadeniz'in kuzeyi ve Macaristan ovalarina kadar
uzanan bolgelere yerlesmislerdir. Dolayisiyla ath gécebe kiil-
tiiri burada dogmus ve gelismistir. Gegim kaynaklar1 tarim
ve hayvancilik olmustur (Seyitoglu ve Caligkan, 2014). At,
koyun, keci gibi hayvan etlerini mutfaklarinda siklikla kul-
landiklar1 goriilmektedir (Kaplan ve Arthan, 2017). Yasadik-
lar1 cografya sebebiyle beslenmelerini cogunlukla hayvansal
gidalardan sagladiklar1 ancak ayn1 donemde bugday ve bug-
day unuyla yapilan hamur islerinin de yemeklerde yer almaya
basladig1 kaynaklarda ifade edilmektedir (Kizildemir ve ark.,
2014). Boylece hayvancilik ilk ve cogu zaman tek gecim kay-
nag1 iken bugdayi1 da temel besin kaynagi olarak kabul ettik-
leri ve ekmeklerini bugdaydan yaptiklart goriilmektedir
(Siiriiciioglu ve Ozgelik, 2008) (Ogel,1982).

Zamanla yerlesik hayata gecen Tiirkler; bugdayin yaninda
cavdar, arpa ve dan yetistirmeye baslamistir (Demirgiil,
2018). Orta Asya Tiirkleri Cin'in de etkisiyle pirinci yetistir-
meyi dgrenmislerdir (Siiriiciioglu ve Ozgelik, 2008). Ayni
donemde dag 1spanagi, salgam, havug, sogan, turp, patlican,
kabak, pancar, sarimsak gibi sebzelerin o donem tiiketim ter-
cihinde yer aldig1 goriilmektedir (Kaplan ve Arthan, 2017).
Siklikla tiiketilen meyveler ise; elma, dut, kayisi, armut,
liziim, karpuz, kavun, seftali, igde, fistik gibi tirtinlerdir (Er-
giizel, 2006). Uziimden pekmez, sarap ve sirke yapildig1 da
kaynaklarda yer almaktadir (Akin ve ark., 2015).

Orta Asya’da Tiirkler siirekli go¢ ettiklerinden ve ge¢im kay-
naklar1 hayvancilik oldugundan etin beslenmedeki yeri bii-
yiik 6nem arz etmektedir (Giildemir, 2014). Yapilan kazilar-
daki buluntulardan 1.S. 6. ve 8. yiizyillarda koyun ve at eti ile
s1gir ve geyik etlerinin de tiiketildigi tespit edilmistir. I.S. 8.

yiizy1l sonrasindaki buluntularda kus ve balik tiiketildigine
dair sonuclara ulagilmistir. Elde edilen bu bulgular zaman
icerisinde yemek kiiltlirliniin degistigini gostermektedir
(Ogel, 1982). Orta Asya Tiirkleri eti tuzlayarak giines altinda
kurutmuslar ve bu yiyecege “kak et” adin1 vermislerdir. Gii-
neste kurutma, etin korunmasinda bilinen en eski yontemdir
(Alcay ve ark. 2015). Giinlimiizde benzer sekilde iiretilen su-
cuk ve pastirma gogebe hayatinin dogal bir ihtiyaci olarak
iiretilmistir. Eti uzun siire koruma ydntemini kesfeden Tiirk-
lerin, bu iiriinleri sefer ve go¢ esnasinda tiikettikleri diigiiniil-
mektedir (Ozkan, 2013).

Orta Asya Tiirklerinin at eti ve kisrak siitiinden elde edilen
kimuz tiikettikleri goriilmektedir (Besirli, 2010). Kimizin taze
kisrak siitii ve bu siitiin {i¢te biri oraninda olan mayalik ki-
mizla birlikte bir deri torbaya doldurularak 1lik bir ortamda
saklanmasi1 ve torbanin agzindan bir sopa ile sik sik doviile-
rek, icilecek kivama gelinceye kadar 12 veya 24 saat bekle-
tilmesiyle hazirlandig1 ifade edilmistir (Ogel, 1991). Kimizin
yani sira igecek olarak hububat cesitlerinin alkole ¢evrilip tii-
ketildigi, bunlarin disinda ritiiel olarak at kani i¢ildigi de be-
lirtilmektedir (Kizildemir ve ark., 2014).

Orta Asya Donemi’nde Tiirk yemek kiiltlirlinii yansitan en
eski yazili kaynaklar; Kiil Tigin’in yegeni olan Yollug Tigin
tarafindan yazilan Kiil Tigin ve Bilge Kagan anitlarindan olu-
san Orhun Yazitlari’dir. Bu anitlarda o doneme ait yemek
kiiltiirii ile ilgili bilgilere rastlanmistir (Tekin, 2014). Yapilan
kazilarda elde edilen yine bu doneme ait diiz tabanli agz1 ge-
nis kulpsuz kaplar ve icki kadehleri Tiirklerin yemek kiiltiirii-
niin o zamanlarda bile gelismis oldugunu kanitlamaktadir.
Kazilarda bunlarin disinda bulunan fincan, kasik, kii¢iik bi-
cak, kulplu giive¢ ve farkli formdaki mutfak esyalar1 da ge-
lismis yemek kiiltiirliniin bir bagka gostergesidir (Abali,
2017). New York’ta bulunan Metropolitan Sanat Miizesi’nde
sergilenen Sekil 2°deki eser, Orta Asya’da tiiketilen yemek
cesitliligini ve yapilis seklini gorsel olarak yansitmaktadir
(Isin, 2018).

Selcuklu Doneminde Yemek Kiiltiirii ve Beslenme
Aliskanliklart

Ziraat ve tarima uygun Anadolu topraklarina yerlesen gocebe
Selguklu, zaman igerisinde yerlesik hayata gegmisler ve bol-
gede yasayan mevcut toplumlarin etkisinde kalarak tarim ile
daha fazla ilgilenmislerdir (Diizgiin ve Durlu Ozkaya, 2015).
Bu donemde tiiketilen yiyeceklerin tarimsal gidalar basta ol-
mak iizere kii¢likbas ve biiyiikbas hayvan eti ile bu hayvanla-
rin siitleri ve kiimes hayvanlar1 oldugu anlasilmaktadir (Ki-
zildemir ve ark., 2014).

219


https://doi.org/10.3153/FH21023

Food Health 7(3), 216-226 (2021) e https://doi.org/10.3153/FH21023 Review Article

Sekil 2. Ziyafet Hazirlig1 15. Yiizyil Sonu. (The Metropolitan Museum of Art) (Isin, 2018)
Figure 2. The Banquet Preparation End of the 15th Century. (Metropolitan Museum of Art) (Isin, 2018)

220


https://doi.org/10.3153/FH21023

Food Health 7(3), 216-226 (2021) e https://doi.org/10.3153/FH21023

Divanii Liigat-it Tiirk, donemin Tiirk yemek kiiltliriinii yansi-
tan en eski kaynaklarin basinda gelmektedir (Giildemir,
2014). Divanii Liigat-it Tiirk’te ¢orbalar, unlu mamiiller, siit
ve siit iiriinleri, et, sakatat, balik, otlar ve tahillar, meyveler,
sebzeler, yemisler, tatlilar ve igecekler ile ilgili bilgiler bu-
lunmaktadir (Atalay, 1998). Ayrica Dede Korkut Hikaye-
leri’'nde de ayn1 donemdeki et kizartmalari, kavurmalar ve
yahniler, siit ve siit tiriinleri, unlu mamiiller, yemisler, mey-
veler ve icecekler gibi pek ¢ok yiyecek ve yemek cesidi yer
almaktadir (Giildemir, 2014).

Selguklu Dénemi’nde diger donemlere nazaran 6zgiin bir ye-
mek kiiltiirii ortaya cikmistir (Siiriiciioglu ve Ozgelik, 2005).
Yemek ¢esitlerinin yani sira yemek pisirme ve muhafaza yon-
temlerinin de farklilik gosterdigi tespit edilmistir (Serceoglu,
2014). Bu dénemde tiiketilen birgok yiyecek ve yemek ¢esidi,
adiyla birlikte degismeden giiniimiize kadar gelmistir (Siirii-
ciioglu ve Ozgelik, 2005). Giiniimiizde de isimleri ayn1 olan
siit, peynir, yogurt, yag, kaymak gibi yiyecekler Selguklu D6-
nemi’nde siklikla tiiketilen yiyecekler arasinda yer almistir
(Siiriiciioglu ve Ozgelik, 2008). Ozellikle yogurt Selcuklu ye-
mek ve ikramlarinda ayri bir énem tasimaktadir (Unver,
1982). Et, un ve yag yeme aliskanli§i bu dénemin simgesi
olarak goriilmiistiir. En ¢ok yenen yemeklerin kuzu, erkeg,
kegi, at eti ve sakatatlar oldugu ifade edilmistir. Bunlarin ya-
ninda kus tiirleri de tiiketilmistir (Karaca ve ark., 2015).

Tiirklerin Anadolu’ya gelmeden 6nce de yetistirdigi bugday,
Bizans, Selguklu ve Beylikler donemlerinde en ¢ok yetistiri-
len tahil Giriinii olmustur. Selguklu Dénemi’nde Anadolu top-
raklarinda siklikla {iretilen bugday zaman i¢inde dnemli bir
ihracat lirinli haline gelmis, hatta devletleraras: iligkilerde
kimi zaman "ekonomik koz" olarak kullamlmistir (Ozgiidenli
ve Uzunagag, 2014).

Selcuklu Dénemi’ne ait sofra kiiltiirii ile ilgili olarak giinii-
miizdeki gibi yere "sofra yaygisi1" serildigi bilinmekte olup
(Geng, 1982), yemek servisinde sahan, bakir veya c¢iniden ka-
seler, sini ve testi kullanildig, tek kaptan kasikla yemek yen-
digi ifade edilmektedir (Siiriiciioglu ve Ozcelik, 2008). Ay-
rica Kutadgu Bilig adli eserde bu donemde yapilan s6len, t6-
ren ve sofra diizeni ile ilgili bilgiler verilmektedir (Akin ve
ark., 2015). Ogiinlerin kusluk ve zevale yemegi olarak ikiye
ayrildig1 bilinmektedir. Bu 6gilinlerin ev ahalisinin uyanma ve
evden ayrildiklar1 zamanlara gore degisiklik gosterdigi (Un-
ver, 1982), kusluk yemeginde yagli ve hamur isleri, zevale
yemeginde ise bol ¢esitte yemegin hava kararmadan yendigi
ifade edilmektedir (Sergeoglu, 2014).

Gilinlimiizde sofralarin ayrilmaz bir parcasi olan ekmek, Sel-
cuklu yemek kiiltiiriinde sadece ana yemegi destekleyici bir
Oge olarak degil, tek bagina yemek olarak da tiiketilmistir. Bu
donemde Anadolu'da ekmegin belirli araliklarla ve ihtiyaca
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gore pisirildigi Ibn Battuta Seyahatnamesi’nde yer almakta-
dir. ibn Battuta, 1333 senesinde seyahat ettigi Alanya sehrin-
den soz ederken, burada ekmegin haftada bir kez pisirildigini
sOylemektedir (Aykut, 2019). Selguklu Anadolu’sunda ek-
mek yapimini tasvir eden Sekil 3’teki minyatiir 18. yiizyila
tarihlenirken, giintimiizde tandir ekmegi hala ayni1 sekilde ya-
pilmaktadir (Ozgiidenli ve Uzunagag, 2014).

oo e '[ '..i '
} ..--3 H
a4 |55 *‘z e
3 .‘ﬁl =%
. J‘ :
q- 1 1 l r
- . ﬁh -4 g J £
Sekil 3.  Selguklu Donemi’nde Ekmek Yapimim Tasvirle-

yen Minyatiir (Topkap: Saray1 Miizesi Kiitiipha-
nesi) (Ozgiidenli ve Uzunagag, 2014)

Miniature Depicting Bread Making in the Seljuk
Period (Topkap1 Palace Museum Library) (Ozgii-
denli and Uzunagag, 2014)

Figure 3.
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Osmanli Doneminde Yemek Kiiltiirii ve Beslenme
Aliskanliklar

Tirk yemek kiiltiiriiniin hem ¢ok eskiye dayanmasi hem de
en zengin yemek kiiltiirlerinden biri olmasinin en 6nemli se-
bebi, Osmanli Imparatorlugu’nun ¢ok uluslu bir yapiya sahip
olmasidir (Alabacak, 2018). Orta Asya kokenli beslenme
aliskanlig1, go¢ esnasindaki Arap ve Fars kiiltlirlerinin etki-
leri, Anadolu’nun zenginligi ve Rumlarm etkisi Osmanli Im-
paratorlugu’nun yemek kiiltiirtindeki ¢esitliligini saglayan te-
mel unsurlardir (Uner, 2014).

Imparatorlugun genis bir cografyada, farkli etnik gruplart
icermesinin etkisiyle saray mutfaginda birden fazla kiiltiire
ozgii yemek cesidi bulunmaktadir. Ozellikle Cerkez tavugu,
Tatar boregi, Arnavut cigeri ve Laz boregi gibi siklikla tiike-
tildigi bilinen yemekler, isimlerini ait oldugu etnik gruplar-
dan almistir (Hatipoglu ve Batman, 2014). Ayrica ¢esitli kay-
naklarda kabak yemegi, ispanak kavurmasi, kavurmali pirasa,
lapa, manti, yogurtlu bazu (paz1), patlican yahnisi, herise, no-
hutlu yahni, hiinkarbegendi, imam bayildi, kebap, medfune,
kizartma, kofte ve kiilbasti gibi yemeklerin de tiiketildigi
ifade edilmektedir (Samanci, 2008; Solmaz, 2018; Unver,
1948; Hatipoglu ve Batman, 2014; Akkoyunlu, 2012).

Tiirk yemek kiiltiirii Osmanli Imparatorlugu zamaninda daha
da gelismis ve en gorkemli ¢agimi yasamistir (Kizildemir ve
ark., 2014). Osmanli Dénemi’nde saraylarda kullanilan gii-
miis siniler ve liikks mutfak esyalarindan yemek kiiltiiriiniin ne
kadar gosterigli oldugu anlagilmaktadir (Abali, 2017). Ya-
banci devlet adamlarinin Osmanli’ya yaptiklar ziyaretlerde
yedikleri Tiirk yemeklerinden asir1 derecede etkilendikleri ve
kendi as¢ilarini yetigsmeleri i¢in Tiirk ag¢ilarin yanina gonder-
dikleri bilinmektedir (Kizildemir ve ark., 2014).

Orta Asya doneminde yogun et tiikketimi Osmanli yemek kiil-
tiiriine de yansimstir (Solmaz, 2018). Ozellikle sarayda ya-
pilan ziyafetlerde sasirtici dlgiide et tiikketildigi ifade edilmek-
tedir (Yerasimos, 2014). Balik etinin diger et ¢esitlerine gore
daha az tercih edildigi yabanci seyyahlar tarafindan belirtilse
de yazili kaynaklarda deniz mahsullerinin ve yemeklerinin
sofra kiiltiirlinde 6nemli bir yere sahip oldugu ifade edilmek-
tedir (Yigit ve Ay, 2016; Giildemir, 2020). Saray mutfaginda
yapilan balik biryan, istiridye-i hassa, karidye, miiferreke, pi-
yazli balik, Vardar balig1 kapamast, havyarli levrek baligi, 1s-
takoz, midyeli salga, Papaz yahnisi, uskumru balig1 yahnisi
ve Yaka yahnisi gibi yemek c¢esitleri dikkat ¢ekmektedir
(Giildemir, 2020; Yerasimos, 2007).

Saray sofralarinda gesitli pilavlar ve ¢orbalar 6n planda tutu-
lan yemeklerdir (Solmaz, 2018). Corba ¢esitlerinden bugday
corbasi, lahana ¢orbasi, maydanozlu ¢orba, tutmag, balik ¢or-
basi, iskembe gorbasi, terbiyeli ¢orba, mercimek ¢orbasi ve
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tarhana ¢orbasinin halk ve saray sofralarinda yer aldig1 bilin-
mektedir (Alabacak, 2018; Yerasimos, 2014). Evliya Celebi
Seyahatnamesi incelendiginde Amber pilavi, avsila pilavi, ¢i-
lav pilavi, dud pilavi, firik pilavi, rumman pilavi ve yogurtlu
pilav gibi sayisiz pilav ¢esidi karsimiza ¢ikmaktadir (Yerasi-
mos, 2014). Bunlarin yaninda yas ve kuru meyve hosafi, ser-
bet gibi icecekler sofralarda yer almistir (Solmaz, 2018).
Ozellikle bu dénemde hem sarayda hem de halk iginde
onemli bir yer tutan serbet giiniimiize kadar ulasmistir. S6z
ve nigan torenleri, mevlitler, diiglinler ve iftar yemeklerinde
titketilen serbet, Tiirk geleneklerinde yer almaktadir (Ceyhun
Sezgin ve Durmaz, 2019). Diigilinlerde serbetin yani sira bak-
lava, giillag, kadayif, helva ve regel gibi pek c¢ok cesit tath
sunuldugu bilinmektedir (Solmaz, 2018; Hatipoglu ve Bat-
man, 2014). Yapilis bicimlerine gore adlandirilan baklava ce-
sitleri icin hala aynmi isimler kullanilmaktadir. Ayrica tahill
tatlilarin bu dénemde siklikla tiiketildigi ifade edilmektedir.
Ozellikle giiniimiizde Ramazan ayinda yapilan asure ve
Konya’da geleneksel olarak diigiinlerde yapilan zerde, geg-
misten giiniimiize degismeden gelen yiyecekler arasinda yer
almaktadir (Hatipoglu ve Batman, 2014).

Osmanli mutfaginda giiniimiiz sofralarinda oldugu gibi ek-
megin temel gida olarak tiiketildigi bilinmektedir (Alabacak,
2018). Cesitli kaynaklarda giindelik ekmegin nan-1 aziz, orta
kaliteli has ekmegin nan-1 has orta, vasat ekmegin nan-1 adji,
yass1 beyaz ekmegin fodula ve uzun iyi beyaz ekmegin firan-
cala olarak un kalitesine gore adlandirildig: ifade edilmistir.
Diger temel gidalar arasinda siit ve siit iiriinleri dikkat ¢ek-
mektedir. Ozellikle mutfaklara alinan peynir tiirlerinin kasar,
kaskaval, Felemenk, parmezan, Arnavut, beyaz ve tulum pey-
nirleri oldugu belirtilmistir (Samanci1,2008).

Geleneklerimizde dnemli bir yer tutan ve kiiltiirlimiizle 6z-
deslesmis Tiirk kahvesi ve kahvehane kiiltiirii Osmanli'y1 zi-
yaret eden biirokratlar tarafindan diger devletlere ve kiiltiir-
lere yayilmistir (Yerasimos, 2007). Sekil 4'te yer alan 1747
yilina ait portre Tiirk kahvesinin diger toplumlarda da tiike-
tildigini gostermektedir (Isin, 2014). Diinyada ilk kahvehane
Istanbul’da giiniimiizde Tahtakale olarak bilinen Tahtii’l-
Kale’de 1554-1555 yillarinda a¢ilmistir (Hatipoglu ve Bat-
man, 2014). Osmanli'nin ihtisamli, keyfe diiskiin ve goz ka-
magtiran aligkanliklan biiyiik ilgi gérmiistiir (Bilgin, 2008).

Osmanli’da 17. ylizyildan itibaren muz, domates, mandalina,
ananas, portakal gibi sebze ve meyvelerin tiiketilmeye bas-
landig1 goriilmektedir. O donemde Avrupa ile olan ticari ilig-
kilerin artmasinin ve gliglenmesinin bu tiiketim degisikliginin
sebebi oldugu diisiiniilmektedir (Kizildemir ve ark., 2014).
Boylece bu gorkemli mutfaga domates ve patates gibi tiriinler
de katilmigtir (Yerasimos, 2007).
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Sekil 4.

Tiirk kiyafetiyle kahve icen Madame de Pompa-
dour (Isin, 2014)

Figure 4. Madame de Pompadour drinking coffee in Tur-
kish dress (Isin, 2014)

18. yiizy1l boyunca kiiltiirel katkilar ve ekonominin gelisme-
siyle daha da yenilenen mutfak kiiltiirii Yeni Diinya'dan gelen
iiriinlerin etkisinde kalmigtir (Sagir, 2012). Osmanli yemek
kiiltiirii, imparatorlugun ilerleyen zamanlarinda zenginlese-
rek bu yiizyilda en parlak donemine ulagmustir (Siiriiciioglu
ve Ozgelik, 2008). Bu son parlak dénem giiniimiizdeki zengin
Tirk yemek kiiltiiriniin temellerini olusturmustur (Bilgin,
2008).

Giiniimiizde Yemek Kiiltiirii ve Beslenme Aliskanliklart

Tiirkiye’nin Avrupa, Asya ve Afrika'nin kavsak bolgesinde
olmasi sebebiyle Tiirk yemek kiiltiirii Cumhuriyet ile daha da
zenginlesmis ve genislemistir (Seyitoglu ve Caliskan, 2014).
Gida biliminin katkilari ile sekillenen gida endiistrisi, her top-
lumda oldugu gibi Tiirk toplumunda da yemek kiiltiirii ve
beslenme aliskanliklarm etkilemistir (Siiriiciioglu ve Ozce-
lik, 2008). Ticaret aginin gelismesiyle birlikte ¢esitli gidalar
ve mevsiminde olmayan meyve-sebzeler pazarlarda ve biiyiik
marketlerde rahatlikla bulunabilir hale gelmistir (Kozleme,
2012). Onceki donemlerde iki 6giin yenen yemekler ii¢ dgiine
yiikselmistir (Ongel, 2015). Gegmis zamanlarda siklikla hay-
vansal yag tercih edilirken margarin ve bitkisel yaglar da kul-
lanilmaya baslanmis, dana eti kiiciimsenirken kuzu ve koyun
eti kadar tercih edilir hale gelmis, zenginligin gostergesi be-
yaz ekmek tiiketilmeye devam ederken son zamanlarda sag-
likli yagam tizerine tliketicinin egiliminin artmasi ve top-
lumda saglikli yasam trendinin baglamasi esmer ekmek ve

dogal kdy ekmegi tiikketimini arttirnustir (Siiriiciioglu ve Oz-
celik, 2008). Bunun yani sira yogurt tilketiminde de degisik-
likler olmustur. Kaymaksiz endiistri yogurdu geleneksel yo-
gurt kadar sevilerek tiiketilmeye baglanmistir (Kozleme,
2012).

Sofra adab1 degiserek giiniimiizde ¢ogunlukla yer sofrasi ye-
rine masa ve sandalye kullanimi baglamistir. Gegmis donem-
lerde biiyiik ve tek kaptan yemek yenirken giiniimiizde kiiciik
ve kisiye 6zel tabaklardan yemek yenmektedir. Yemegin so-
nunda ikram edilen giilsuyu ve giizel kokular, glinlimiizde ye-
rini 1slak mendil ya da kolonyaya birakmistir. Bu gelismeler
sonucunda evlerde mutfak ve salon disinda sadece yemek ye-
nilen “yemek odalari”nin tasarlandig1r goriilmektedir (Hati-
poglu ve Batman, 2014).

Cumbhuriyet Dénemi ile sanayi ve teknolojinin gelismesi,
ekonomik gereklilik gibi nedenlerle kadmin ¢alisma hayatina
katilmasi, yemek yeme aligkanliklarinin ev digina tagmasi ve
daha kisa siirede yemek yeme ihtiyacini giderme zorunlulugu
hazir yemek kiiltiiriiniin ortaya ¢ikmasina sebep olmustur
(Ongel, 2015). Televizyon, gazete, radyo gibi gorsel ve yazili
basindaki reklamlar ve bu reklamlarda yer alan sloganlar
once ¢ocuklar daha sonra ¢ok kisinin beslenme aligkanlikla-
rini degistirmistir (Mengii, 20006).

Gida endiistrinin geligsmesi, hizli kentlesmenin sonucunda ev
disinda yemek yeme zorunda olan kisilerin tercihleri, kadinin
is hayatina atilmasi sebebiyle yemek hazirlama zamaninin
daralmasi, toplumda yalniz yasayanlarin sayisindaki artis,
kitle iletisim araglarinin etkisi gibi ¢esitli nedenlerden dolayz,
hazir ve yar1 hazir hale getirilen yemeklerin tiiketiminde artis
oldugu gériilmiistiir (Ongel, 2015). Bugiinkii Tiirk yemek
kiiltiiriiniin genis yelpazesinin olugmasinda ozellikle Sel-
cuklu ve Osmanli donemlerindeki lezzetler basta olmak {izere
tiim Anadolu lezzetleri biiylik rol oynamistir (Siiriiciioglu ve
Ozgelik, 2008). Ornek olarak tandir ekmegi, Firancala ek-
megi, siit, kasar peyniri, beyaz peynir, tulum peyniri, parme-
san peyniri, yogurt, kaymak, sucuk, pastirma (kak et), hosaf,
baklava, giillag, kadayif, helva, recel, asure, zerde, Tiirk kah-
vesi, imambayildi, manti, hiinkdrbegendi, kiilbasti, kebap ve
yahni gibi lezzetlerin bir kism1 hazirlanig bi¢gimlerine gore de-
gisiklige ugrasa da bir kismu degismeden giiniimiize kadar
ulagmistir (Hatipoglu ve Batman, 2014; Samanci, 2008; Oz-
kan, 2013; Siiriiciioglu ve Ozcelik, 2008; Ozgiidenli ve Uzu-
nagag, 2014; Alabacak, 2018; Solmaz, 2018; Yaresimos,
2007). Tiim bu yemek cesitleri gecmiste sadece saray mutfagi
ile sinirh kalirken giintimiizde restoranlar, hazir yemek islet-
meleri ve fast food firmalari konseptine ulagmistir.

Gilintiimiizde en ¢ok tiiketilen gidalarin %19.4 oraninda et, ba-
lik ve deniz tiriinleri oldugu bunu %17.8 ile ekmek ve tahillar;
%16.6 ile sebzeler; %13.9 ile siit, peynir ve yumurta; %11,5

223


https://doi.org/10.3153/FH21023

224

Food Health 7(3), 216-226 (2021) e https://doi.org/10.3153/FH21023

ile meyveler; %6.0 ile seker, bal ve ¢ikolata; %5.4 ile s1v1 ve
kat1 yaglarin takip ettigi rapor edilmistir. En az tiiketilen gi-
dalarin ise, %3.2 ile kahve, ¢ay ve kakao; %3.8 ile alkolsiiz
icecekler; %2.3 ile diger gida iiriinleri oldugu belirtilmistir
(TUIK, 2019).

Genel olarak tarihin geligim siirecinde beslenme aligkanlik-
lar1 ele alindiginda et, ekmek gibi siklikla tiiketilen temel gida
maddelerinin ayni oldugu goriilmektedir. Diger yandan gii-
niimiizde gida endiistrisinin geligimi ve ticaret olanaklar1 da
dikkate alindiginda, iiriin ¢esitliliginden dolay tiiketim ter-
cihlerinin degisim gostermesi kaginilmazdir.

Sonug¢

Yasadigi ¢evreye uyum saglama giidiisiine sahip olan insa-
noglu ilk ¢aglardan bu yana gelisim siirecini siirdiirmektedir.
Arastirmalarin 1s181inda, insanoglunun varolusundan giinii-
miize kadar yemek yeme aligkanliginda bir¢ok etkiyle degi-
sim ve gelisim yasandig1 ortaya ¢ikmaktadir. Toplumlarda
yasanan savaglar, gocler, teknolojik gelismeler ve ticaret gibi
olaylar yeni yiyecek gesitlerinin yayilmasinda ve taninma-
sinda etkili olmustur. Hala gelismekte ve degismekte olan ye-
mek kiiltiiriniin, kiiltiirler ve milletler aras1 etkilesimi ile
daha da ilerlemesi ka¢inilmazdir. Gida endiistrisi, turizm sek-
tori, iklim ve doga kosullariin devamli degismesi ve iletisi-
min artmasi ile yeme-igme aligkanliklarinin eskiye oranla
daha da hizli degisecegi ongoriilmektedir. Tiim bunlarin yani
sira gliniimiizdeki yemek ¢esitliliginin temeli, bu topraklarda
daha 6nce yasamis olan toplumlarin miras biraktig1 beslenme
kiiltiirlerinin senteziyle olusmaktadir. Bu derleme ile tarihsel
stireg igerisinde Tiirk yemek kiiltiiriindeki benzerlikler, degi-
simler ve giiniimiize yansimalarindan kesitler sunulmaya ca-
ligtlmastir.

Etik Standart ile Uyumluluk

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

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

Aciklama: Bu makalenin 6zeti 9. Gida Mithendisligi Kongresi’nde
poster sunumu olarak sunulmustur.
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Giintimiizde enfeksiy6z etkenlerin tan1 tekniklerindeki ilerlemeler ve kullanimlarinin yayginlagmasi ile viral
etkenlerin gida ve su kaynakli hastaliklardaki prevalanslari diinya genelinde daha da 6nem kazanmistir. Gida
ve su kaynakli viriislerin, gastroenterit ve hepatit yan1 sira nérolojik bozukluklar, solunum yolu hastaliklart,
myokardit, glomerulonefrit ve hemorajik atese neden olabildigi, 6zellikle bebek/¢ocuk ve immun yetmezligi
olan bireylerde 6liim oraninin yiiksek oldugu belirtilmektedir. Ayrica etkenlerin, ¢evresel sartlara ve gida
proseslerine kars1 direngli olmasi nedeni ile sicaklik ve yiiksek basing uygulamalari, dogal antiviral bilesikler,
UV uygulamalar1 ve konvansiyonel temizlik-dezenfeksiyon ile eliminasyonlart diger mikroorganizmalara
gore daha zor olmakta, hatta yetersiz kalmaktadir. Viral enfeksiyonlardan korunmada, as1 uygulamalari ile
birlikte, tiretimde GMP, GHP ve HACCP sistem yaklagimlari, etkenlerin gida ortaminda ve toplumda mini-
mize edilmesini saglayan en etkin yol olarak goriilmektedir. Bu derleme makalesinde, gida ve su kaynakl
viral etkenlerden diinya ¢apinda 6zellikle yiiksek prevalans ile seyrettigi rapor edilen, enterotropik viriisler-
den NoV, AstV, RoV ve AdV ile hepatotropik viriisler olan HAV ve HEV’in genel 6zellikleri, olusturduklar
hastalik tablolar1 ve epidemiyolojileri ile uygulanan korunma ve kontrol tedbirlerine dair giincel bilgilere yer
verilmisgtir.

Anahtar Kelimeler: Gida, Su, Viriis, Enfeksiyon

ABSTRACT

Current status of major foodborne and waterborne viral infections and their prevention
strategies

Advances in diagnostic techniques and their widespread use for infectious agents revealed the considerably
high current prevalence of viral agents in foodborne and waterborne diseases. Foodborne and waterborne
viruses are indicated to cause not only gastroenteritis and hepatitis but also neurological disorders, respiratory
tract diseases, myocarditis, glomerulonephritis and hemorrhagic fever, with a particularly high mortality rate
in infants/children and in individuals with immune deficiency. Additionally, due to their resistance to envi-
ronmental conditions and food processes compared to other microorganisms, elimination of these viruses by
heat and high pressure applications, natural antiviral compounds, UV applications and conventional cleaning-
disinfection remains difficult even inadequate. In protection from viral infections, vaccine applications to-
gether with GMP, GHP and HACCP system approaches in production seem to be the most effective ap-
proaches to ensure the minimization of viruses in food environment and in public. In this review article, up-
to-date information is presented on the general characteristics and the diseases caused by enterotropic viruses;
NoV, AstV, RoV, AdV and hepatotropic viruses; HAV and HEV, with a particularly high worldwide preva-
lence, as well as their epidemiology, prevention and their control measures.

Keywords: Food, Water, Virus, Infection
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Giris

Diinya Saglhk Orgiitii (WHO)’niin 2015 tarihli raporunda,
gida ve su kaynakli hastalik etkenlerinin, giivenli gida liretim
ve tiiketimi yOniinden hayati 6nem tasidigi bildirilmistir.
Gida giivenligi ile ilgili olarak fiziksel, kimyasal ve biyolojik
potansiyel tehlikeler igerisinde en 6nemlisini olusturan biyo-
lojik tehlikelerden yilda ortalama 600 milyon bireyin etkilen-
digi ve bunlarin 420.000’inin 61diigii rapor edilmistir. Ayrica,
bu tehlikelerin 5 yas alt1 ¢ocuklarin %40°inda gida kaynakl
hastaliga neden olarak, yillik 125.000 ¢ocugun Sliimiine se-
bep oldugu belirtilmistir. Yasanan oliimlerin yan1 sira, gida
kaynakl1 hastaliklarin diisiik ve orta gelirli iilkelerde, y1lda or-
talama 110 milyar dolarlik bir ekonomik kayba da neden ol-
dugu bildirilmistir.

2017 WHO raporuna gore, Avrupa’da 23 milyondan fazla in-
san kontamine gida tiiketimi sonrasinda hastalanmis, vakala-
rin ortalama 5.000’i 6liim ile sonuglanmistir. Ayni raporda;
gida kaynakli hastaliklarda en sik gozlenen semptomun ishal
ve en yaygin saptanan mikrobiyal etkenin de noroviriis (NoV)
oldugu belirtilmistir. Benzer sekilde, diinya genelinde gida
kaynakli gastroenterit ile seyreden vakalarin ortalama %20’
sinin NoV’ler tarafindan olusturuldugu tahmin edilmektedir.

Son yillarda gergeklestirilen risk degerlendirmeleri ve ileri
tan1 metotlarinin kullanim ile virtislerin, akut gastroenterit
(AGE) vakalarinda en sik karsilagilan etken oldugu saptan-
mistir. Gida ve su kaynakli viral enfeksiyonlar; ishal, kusma,
bulanti, abdominal agr1 ve daha nadir olarak ates, bas agrisi
ile seyreden viral gastroenteritler ile ishal, kusma, ates ve sa-
rilik gibi semptomlarla seyreden viral hepatitler olarak ikiye
ayrilmaktadir (Incili ve Calicioglu, 2016; Bosch ve ark,
2018). Gida ve su ile taginabilen viriislerle kontaminasyon so-
nucunda daha nadir de olsa siddetli sinirsel semptomlar, fla-
sid paralizi, myokardit, solunum yolu hastaliklar1 ve hemora-
jik ates gibi semptomlar da goriilebilmektedir. Gida ve su ara-
ciligiyla insanlara bulasabilecek viral enfeksiyon etkenleri
arasinda en 6nemlilerini; NoV, rotaviriis (RoV), aichi viriis
(AiV), astroviriis (AstV), adenoviriis (AdV), polioviriis
(PoV), sapoviriis (SaV), reoviriis, parvoviriis, nipah viriisii,
ebola viriisii, avian influenza viriisii (HS5N1), coronaviriis
(SARS-CoV, MERS-CoV), tick-borne encephalitis viriisii
(TBE), hantaviriis ve enteroviriis (EV) olusturmaktadir. Gida
aracili viral hepatit etkenleri ise, hepatit A viriisii (HAV) ve
hepatit E viriisii (HEV)’diir. Bu viriislerin enterotropik, hepa-
totropik, ndrotropik, pndmotropik ve multitropik yatkinliklar
olmakla birlikte, gastroenteritten felce ve menenjite varan

farkli semptomlarla seyrettigi goriilmektedir (Bosch ve ark.,
2016).

Bu derleme makalesinde, gida ve su kaynakli viral etkenler-
den insanlarda diinya ¢apinda ozellikle yiiksek prevalans ile
seyrettigi rapor edilen, enterotropik viriislerden NoV, AstV,
RoV ve AdV ile hepatotropik viriisler olan HAV ve HEV ile
ilgili genel 6zellikleri, olusturduklar: hastalik tablolar1 ve epi-
demiyolojileri ile uygulanan korunma ve kontrol tedbirlerine
dair giincel bilgilere yer verilmesi amag¢lanmustir.

Gida ve Su Kaynaklh Viriisler
Enterotropik Viriisler

Noroviriis. Caliciviridae ailesi igerisinde yer alan, zarfsiz,
kiigiik (28-35 nm), tek sarmalli (ss) bir Riboniikleik asit
(RNA) viriistidiir. Hizli molekiiler evrim kabiliyetine sahip
olan bu viriise ait yeni genotip ve varyantlar rapor edilmekte-
dir. Glniimiizde viriisiin yedi genotipinden (GI-GVII) GI,
GII ve GIV genotiplerinin (Human NoV - HNoV) insanlarda
enfeksiyon olusturdugu belirlenmistir (Erol, 2007; Demirci
ve ark., 2018). Insan noroviriislerinin (HNoV) iiretilmesinde
karsilagilan giicliikler nedeni ile bilimsel ¢alismalarda ayni
aile icerisinde yer alan, HNoV ile benzer inaktivasyon 6zel-
likleri gbsteren ve iiretilmesi daha kolay olan murine norovi-
riis (MNV-1), feline caliciviriis (FCV-F9), tulane viriis (TV)
ve domuz sapoviriisii gibi viriisler kullanilmaktadir (Patward-
han ve ark., 2020).

NoV, tek basina diinyadaki gida ve su kaynakli diyare ile sey-
reden hastaliklarin %20’sini olusturarak, yilda ortalama 125
milyon insani1 etkilemektedir. Viriis ile enfekte olduktan 12-
48 saat sonra mide bulantisi, kusma, ishal, yorgunluk, kas ve
karin agris1 gibi semptomlar ile seyreden hastalik genellikle
1-3 giin siirmekte, iyilesme sonrasinda ise iki haftaya kadar
digki ile viriis sagilimi devam etmektedir. Baz1 bireylerde,
hastalik asemptomatik seyretmekte ve bu kisiler viriisiin ya-
yiliminda etkili olmaktadir. Virlise karsi ticari bir asi heniiz
bulunmamaktadir (WHO, 2017; O’Shea ve ark., 2019).

Gastroenterit vakalariin sistematik olarak NoV yoniinden
test edildigi iki lilkeden biri olan Hollanda’da, NoV insidan-
sinin her 10.000 kiside 380, Birlesik Krallik’da ise 10.000°de
450 oldugu belirlenmistir. Ayn1 degerin ABD’de 10.000°de
650, Kanada’da ise 10.000’de 1040 oldugu tahmin edilmek-
tedir. Ayrica NoV’ler sebebiyle, organ nakli sonrasinda veya
onkoloji hastalarinda immunsupresyona bagli olarak aylarca
siiren kalict gastroenterit vakalari bildirilmistir (Belliot ve


https://doi.org/10.3153/FH21024

Review Article

Food Health 7(3), 227-241 (2021) e https://doi.org/10.3153/FH21024

ark., 2014). Diinyada bu viriisiin prevalansinin kontamine su-
lar, bu tiir sularin kirlettigi sularda yasayan deniz kabuklular
(midye, kum midyesi, istiridye vb), yine bu tip sular ile kon-
tamine olan ve ¢ig tiiketilen sebze ve meyvelerde ¢ok yiiksek
oldugunu gosteren giincel ¢aligmalar bulunmaktadir. Bunlar-
dan Giiney Kore’de Kim ve ark. (2016) tarafindan gercekles-
tirilen bir arastirmada, Mart 2014 - Subat 2015 arasinda 6r-
nekledikleri 504 adet suyun 104’{iniin (%20.6) HNoV yoniin-
den pozitif oldugu, HNoV prevalansinin kig-ilkbahar ayla-
rinda, yaz-sonbahar aylarina gore daha yiiksek oldugu belir-
lenmistir. Bir diger ¢alismada, lilkemizde Ocak 2017 - Ocak
2018 tarihleri arasinda Mardin, Sanliurfa, Gaziantep ve Kah-
ramanmaras il ve ilgelerinde bulunan kuyu ve derelerden ali-
nan 60 adet su 6rneginin 10’unda (%16.67) HNoV GI, GII ve
GIV bulunmus, pozitiflik tespit edilen 6rneklerin 3’iiniin lo-
kal kuyulardan, 7’sinin ise derelerden elde edildigi bildiril-
mistir. Ayrica, HNoV tespit edilen 6 6rnegin GII (%10), 3
ornegin GI (%5) ve 1 6rnegin (%1.67) ise GIV genotipine ait
oldugu belirlenen calisma sonuglari, HNoV salginlarinda
kontamine sularin 6nemli bir kaynak olusturabilecegini gos-
termistir (Demirci ve ark., 2018). Kiy1 sularinda avlanan ya
da yetistirilen deniz kabuklularinda NoV prevalansinin yiik-
sek olduguna dair yapilan ¢alismalardan birinde, Ispanya’da
168 deniz kabuklusu (vahsi ve kiiltliir midye, kum midyesi,
deniz taragi) ornegi ilizerinde, NoV GI, GII ve HAV preva-
lans1 arastirilmig, orneklerin %55.4’linlin en az bir viriis ile,
%11,3’{iniin de iki veya daha fazla viriis ile kontamine oldugu
belirlenmistir. NoV GI, en prevalan viriis olarak bulunmus
(%32.1), bunu NoV GII (%25.6) ve HAV (%10.1) takip et-
mistir. Kontamine deniz kabuklular1 i¢erisinde en yiiksek po-
zitiflige kiiltiir midyesinde (%61.4) rastlanirken, bunu kum
midyesi (%59.4), vahsi midye (%54.3) ve deniz taragi
(%38.7) izlemistir (Polo ve ark., 2015). Benzer sekilde Tan
ve ark. (2018) tarafindan Cin’de faaliyet gdsteren ¢iftlik, mar-
ket ve restoranlardan toplanan istiridyelerin analiz edildigi
caligmada, 463 6rnegin 96’sinda (%20.7) NoV tespit edilmis,
bunlardan 94’{iniin (%20.3) NoV GII, 2’sinin (%0,4) NoV GI
oldugu rapor edilmistir. Ingiltere’de Cook ve ark. (2019)’nin
gergeklestirdigi calismada ise, 568 marul ile 310 taze ve 274
donmus ahududu 6rmegi NoV prevelansi yoniinden incelen-
mis, Orneklerin sirastyla %5.3, %2.3 ve %3.6 oraninda kon-
tamine oldugu bulunmustur.

Astroviriis. Astroviridae ailesi, Mamastrovirus cinsi igeri-
sinde yer alan, zarfsiz, 28-40 nm biiyiikliiglinde, tek sarmalli
(ss) bir RNA viriisiidiir. Tespit edilen 8 adet insan astroviriis
(HAstV) serotipi (HAstV 1-8)’nden, HAstV-1’in en prevalan

serotip oldugu, ayrica bu cinste yer alan viriislerin sig1r, kedi,
kopek, koyun, domuz, kemirgenler, yarasa ve deniz memeli-
lerinde de bulundugu bildirilmistir (Greening ve Cannon,
2016; Vu ve ark., 2017). HAstV’lerin diinya genelinde bak-
teriyel olmayan sporadik gastroenteritlerin %20’sini ve epi-
demik gastroenteritlerin %0.5-15’ini olusturdugu tahmin
edilmektedir (Greening ve Cannon, 2016). Viriis bulasi, fe-
kal-oral yolla gerceklesmekle birlikte, 6zellikle kontamine su
kaynakli enfeksiyonlar sik¢a goriilmektedir. Ayrica, konta-
mine sularda yetisen deniz kabuklular1 ve bu tip sularla sula-
nan ya da yikanan sebze ve meyveler bulasta onemlidir.
Semptomlari 2-4 giin siiren sulu ishal, kusma, ates, abdomi-
nal agri, anoreksi ve bas agrisi olan ve ¢cogunlukla asempto-
matik olarak seyreden hastaligin 6zellikle bagisiklik sistemi
zay1f bireylerde gastrointestinal bulgular yaninda, merkezi si-
nir sistemi (MSS) (menenjit ve ensefalit) hastaliklarina da yol
agabildigi, MSS tutulumlarinda 61iim oraninin yiiksek oldugu
bilinmektedir (O’Shea ve ark., 2019). Oldukga fazla genetik
cesitlilik gosteren AstV’lerin zoonotik yolla bulasi heniiz net
olarak ortaya konulmamus olsa da, insan ve hayvan AstV’leri
arasindaki genetik benzerlik bu ihtimalin g6z ard1 edilmemesi
gerektigini disiindiirmektedir (Vu ve ark., 2017).

Rotaviriis. Reoviridae ailesi icerisinde yer alan, zarfsiz, 70-
75 nm biiyiikliigiinde, ¢ift sarmalli (ds) RNA viriisiidiir. Sekiz
grubu (A-H) olan RoV’ler arasinda en ¢ok A olmak iizere, B,
C ve H grubundaki RoV’ler insanlarla birlikte diger memeli-
leri de enfekte etmektedir. Cogunlukla gelismekte olan iilke-
lerde olmak iizere, 5 yas alt1 ¢ocuklarda yillik RoV kaynakli
138 milyon vakanin ortalama 527.000’i 6liimle sonuglan-
maktadir (Martella ve ark., 2010; O’Shea ve ark., 2019). Mi-
nimum enfektif dozunun olduk¢a diisiik olmas1 nedeniyle,
yaygin olarak goriilen (Erol, 2007) enfeksiyonun, 6zellikle
evcil hayvanlarla yakin temas halinde yasayan bireylerde, zo-
onotik yolla da bulasabildigine dair kanitlar bulunmaktadir
(Greening ve Cannon, 2016). Fekal-oral yolla, insandan in-
sana dogrudan temas ve digki ile kontamine gidalar aracili-
giyla bulasan RoV enfeksiyonlarinda, kontamine sularin en
o6nemli paya sahip oldugu bildirilmistir. Enfeksiyonda, ol-
dukea sulu ishal, kusma, ates, solunum yolu hastaliklar1 ve
dehidratasyon goriilmektedir (Kiulia ve ark., 2015).

Adenoviriis. Adenoviridae ailesine bagli, 70-110 nm biiyiik-
liiglinde, zarfsiz, ¢ift sarmalli (ds) DNA virlisiiniin bes cinsi
mevcuttur. Bunlardan Mastadenoviriis cinsi igerisinde yer
alan virisler, insan dahil memelileri enfekte etmektedir. Yedi
farkli tiirii (A-G) olan insan adenoviriislerinin (HAdV) pri-
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mer kontaminasyon kaynaklarini ylizme havuzu, igme ve de-
niz sular olusturmakta, etkenin viicuda alindig1 yol ve tropiz-
mine bagh olarak gastrointestinal ya da solunum yolu enfek-
siyonlarinin yan1 sira konjonktivit, hemorajik sistit, nefrit, he-
patit ve ensefalit gibi farkli hastalik tablolar1 da sekillendire-
bilmektedirler (Greening ve Cannon, 2016; O’Shea ve ark.,
2019).

Hepatotropik Viriisler

Hepatit A virus. Picornaviridae ailesi igerisinde yer alan
Hepatovirus cinsine ait zarfsiz, tek sarmalli (ss) bir RNA vi-
ristdiir. HAV’1n tek serotipi, ti¢ genotipi (I, II ve III) ve yedi
alt genotipi (1A, IB, IC, 1IA, 1IB, IIIA, IIIB) bulunmaktadir.
Diinya genelinde en sik rastlanan alt genotipler 1A, IB ve [IIA
olarak rapor edilmektedir (Bosch ve ark., 2016; O’Shea ve
ark., 2019). Bununla birlikte, Giiney Kore’de en yaygin alt
genotip IA olsa da son zamanlarda alt genotip IIIA’nin pre-
valansinin hizla ytikseldigi, ayrica her 100.000’de 1.7 olan
2013 insidansinin 2016°da 8.2 oldugu bildirilmistir (Shin ve
ark., 2017). HAV, zarfsiz bir viriis olmas1 nedeni ile klor,
ozon, asit, sicaklik, kurutma, gamma ve UV 151 uygulamala-
ria direng gostermektedir. Dolayist ile patojen bakterileri
elimine edebilen gida proseslerinde canli kalabilen HAV, siit-
teki yag iceriginin viriis iizerine koruyucu etkisinden de ya-
rarlanarak, 62.8°C’de 30 dakikada siitten tamamen elimine
edilememektedir (Erol, 2007; Wu ve ark., 2019).

HAYV enfeksiyonlari, iyi hijyen ve sanitasyon uygulamalari
sayesinde gelismis lilkelerde az goriilmekle birlikte, gelis-
mekte olan tilkelerde endemik seyretmektedir. Cocuklar en-
feksiyonu genellikle asemptomatik gegirebilirken, 6zellikle
60 yas ve tizerindeki yas gruplarinda ¢ok siddetli hastalik tab-
lolart meydana gelmekte ve yiiksek morbidite ve mortalite ile
seyretmektedir. Endemik bolgelerde, ¢ocuklar hastaligi kii-
clk yaslarda gecirdigi i¢in bagisikliga bagl olarak ileri yas-
larda siddetli HAV enfeksiyonlar1 nadiren goriilmektedir.
Bunun aksine, hastaligin endemik olarak goriilmedigi gelis-
mis llkelerde ise, hastalik cogunlukla yetiskinlik doneminde
meydana gelmekte ve siddetli seyretmektedir (Bosch ve ark,
2016).

Ates, bas agrisi, istahsizlik, koyu renkli idrar, agik renkli
diski, mide bulantisi, kusma ve bazen ishal gibi semptomlar
ile baglayan hastalikta, 1-2 hafta sonra meydana gelen viremi
ile sarilik tablosu olugsmaktadir. Genel olarak enfeksiyonun
4.-7. haftalarina rastlayan bu sarilik doneminde etkenin diski
ile sacilim1 s6z konusu olup (Greening ve Cannon, 2016) bazi
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vakalar fulminan hepatit, hepatik ensefalopati ve dliimle so-
nuglanmaktadir (Maki ve ark., 2020).

Hepatit E viriisii. Hepeviridae ailesine baglh Orthohepevirus
cinsi igerisinde yer alan, kiigiik (27-34 nm), zarfsiz, tek sar-
malli (ss) bir RNA viriistidiir. Orthohepevirus cinsi igerisinde
dort (A-D) tiir olmakla birlikte insanlar1 sadece Orthohepevi-
rus A tirii enfekte etmektedir. Orthohepevirus A tiiriinde
HEV-1 ve HEV-2 genotiplerinin sadece insanlar1 enfekte et-
tigi, HEV-3 ve HEV-4 genotiplerinin ise zoonotik karakterde
olup hem insanlarda hem de domuz, geyik, tavsan ve yaban
domuzu gibi hayvanlarda enfeksiyona neden oldugu belirtil-
mektedir (Pavio ve ark., 2015).

HEV enfeksiyonlarinda, 2-8 haftalik inkiibasyon periyodu-
nun ardindan mide bulantisi, ates, abdominal agri, artralji,
koyu renkli idrar, hepatomegali, genel istahsizlik, halsizlik
durumu ve en sonunda sarilik tablosu olusmaktadir. Enfeksi-
yonda Guillain-Barre sendromu, sinir sistemi bozukluklari,
ensefalit, akut pankreatit, glomerulonefrit, trombositopeni,
hemolitik anemi gibi semptomlar da goriilmektedir. Hastalik
2 yas alt1 ¢cocuklarda, hamilelerde ve bagisiklik sistemi bas-
kilanmis bireylerde daha ciddi seyretmekte, hamilelerde go-
rlilen %10’luk mortalite daha ¢cok gebeligin son 3 aylik done-
minde ger¢eklesmektedir (Greening ve Cannon, 2016;
O’Shea ve ark., 2019).

HEV enfeksiyonlari, gelismekte olan iilkelerde yetersiz hij-
yenik kosullara bagli olarak genellikle insan veya domuz dis-
kisiyla kontamine su yoluyla HEV-1 ve HEV-2 genotipleri
tarafindan, gelismis iilkelerde ise daha ¢ok zoonotik yolla,
HEV-3 ve HEV-4 genotipleri tarafindan olusturulmaktadir.
Domuz eti ve karacigeri, av hayvanlarimin eti, kontamine su-
larda yetisen deniz kabuklular1 ve kontamine sular ile sulanan
sebze ve meyveler bulasta 6nemli kaynaklar olup bunun ya-
ninda, kan ve organ naklinden sonra da insandan insana bulas
rapor edilmistir (van der Poel, 2014; Adlhoch ve ark., 2019).
Yetersiz hijyenik kosullara bir 6rnek olarak, HEV enfeksi-
yonlarinin 6zellikle hamilelerde daha ciddi bir tablo ile sey-
rettigi ve daha yiiksek mortaliteye neden oldugunun belirtil-
digi, Hindistan’da ger¢eklestirilen bir ¢calismada, 2005-2010
yillart arasinda, akut viral hepatit (AVH) ve akut karaciger
yetmezligi (AKY) tanis1 konulan 550’si hamile toplam 1088
hasta serolojik yonden incelenmis, hamile olanlarin 411 ve
139'unda, hamile olmayanlarin ise 357 ve 181’inde sirasiyla
AVH ve AKY tespit edilmistir. AVH’li hamile ve hamile ol-
mayan hastalarda HEV orani sirasiyla %82.72 (340/411) ve
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%43.41 (155/357) olarak belirlenmistir. AKY bulunan ha-
mile ve hamile olmayan hastalarda ise HEV prevalansi sira-
styla %73.38 (102/139) ve %61.32 (111/181) olarak saptan-
mistir. Hamile hastalarin %80,36’sinda (442/550) enfeksiyon
etkeni HEV olarak belirlenmis ve bu kadmlardan 129’u
(%75.96) hayatin1 kaybetmistir. (Karna ve ark., 2020).
HEV’in 6zellikle gelismis tlilkelerde zoonotik yolla bulastigi-
nin kaniti olarak rapor edilen bir vakada ise, Fransa’da 3 giin-
liik bir halsizlik sikayetiyle doktora bagvuran, ardindan akut
hepatit ve sarilik tablosu sekillenen ve serolojisi HEV pozitif
olan hastada, etkenin bulas kaynaginin domuz karacigeri ve
etinden tiretilen kontamine bir sosis oldugu tespit edilmistir
(Renou ve ark., 2014). Benzer sekilde, Italya’da HEV varlig
yoniinden inceleme amaci ile {iretim isletmelerinden alinan
384 deniz kabuklusu ve 39 su 6rneginin sirasiyla %2.6 ve
%12.8’inin etkeni tasidig1, kanalizasyon desarj bolgeleri ya-
kinlarindan alinan 29 su 6rneginde ise HEV bulunmadigi, ka-
rakterize edilen HEV’lerin hepsinin HEV-3 oldugu belirtil-
mistir (La Rosa ve ark., 2018).

Gida ve Su Kaynakh Viriislerin
Epidemiyolojileri

Uluslararasi gida ticaretinin artmasi, kiiresel iklim degisiklik-
leri, hizli niifus artis1 ve kentlesme, lilke i¢i ve dis1 turizmin
artmast, ¢ig ya da yetersiz pigsmis gida tiiketimi gibi toplum-
daki beslenme tarzinin degismesi, immun sistemi baskilan-
mis bireylerin sayisindaki artis, antimikrobiyal direng, temiz
su kaynaklarinin azalmasi gibi faktorler gida kaynakli pato-
jenlerin epidemiyolojisinde de 6nemli degisiklikler meydana
gelmesine neden olmustur (Erol, 2016; Miranda ve
Schaftner, 2019). Kiiresel iklim degisiklikleri sonucunda ar-
tan yiizey sicakliklari, sel ve kuraklik gibi anormal iklim
olaylar1 sonucunda gida, su, parazit ve vektor kaynakli hasta-
liklarmn artmasi beklenmektedir. Ozellikle arboviriis enfeksi-
yonlar1 basta olmak iizere, viral gastroenteritler ve viral he-
patitlerin yaninda diger birgok viral etkenin prevalans ve in-
sidansinda artis olacagr diisiiniilmektedir (Akman ve
Gilimiisova, 2016).

Viriisler, fekal-oral ya da kusma yoluyla enfekte insandan
saglikli insana, gidaya, suya ve diger ylizeylere yayilabilmek-
tedir (Yeargin ve ark., 2016). Enfekte bir bireyin diskisinda
10'/g, kusmugunda ise 107/30 mL viriis partikiilii bulundugu
(Kotwal ve Cannon, 2014), siddetli kusma olgularinda hava
yolu ile de bulag gerceklesebildigi bildirilmistir (Sokel ve
ark., 2018). Ayrica, viral hepatit geciren asemptomatik ve
anikterik bireylerin de digkilarinda uzun siire viriis sagmalari

nedeni ile bulasta 6nemli rol oynadiklari rapor edilmistir
(Incili ve Calicioglu, 2016). Ozellikle zarfsiz viriisler gevre-
sel kosullara oldukg¢a direncgli olmalari nedeni ile gida iize-
rinde, ellerde, diskida ve gida ile temas eden yiizeylerde uzun
stire canliliklarin1 koruyabilmekte, bu durum da virtislerin ya-
yilimim ve enfeksiyon olusumunu kolaylastirmaktadir
(Miranda ve Schaffner, 2019). Bununla birlikte, HAV ve
HEYV gibi viriislerin parenteral yolla da bulagabilecegi belir-
tilmistir (Bosch ve ark., 2016).

Gida ve su kaynakli viral enfeksiyonlar otel, okul, hastane,
huzurevi, giindiiz bakimevi, kres, biiylik yolcu gemisi, yaz
kampi, catering hizmeti, restoran gibi toplu yemek tiiketilen
yerlerde daha sik goriilmektedir (Hall ve ark., 2014; O’Shea
ve ark., 2019). Viral enfeksiyonlar, gelismekte olan iilkelerde
biiyiik cogunlukla hijyenik yetersizlikler ve kontamine su ile,
gelismis lilkelerde ise daha ¢ok hastaligin endemik olarak go-
ruldiigii diigiik gelirli iilkelere seyahat ile veya ¢ig ya da az
pismis et ve karaciger tiikketimi sonucunda zoonotik kokenli
olarak meydana gelmektedir (Di Bartolo ve ark., 2015;
Hennechart-Collette ve ark., 2019; Garcia ve ark., 2020). Ka-
nalizasyon sularinda siklikla rastlanan HAV, HEV, RoV,
NoV, AdV, AstV, parvoviriis, CoV, PoV gibi enterovirtis-
lerle miicadelede, konvansiyonel aritmanin viral yiikiin bii-
yiik 6l¢iide azaltilmasinda etkin bir tedbir olmasina ragmen,
ozellikle PoV ve AdV’lere kars1 daha az etkili oldugu rapor
edilmektedir. Kanalizasyon suyunun konvansiyonel aritma
ile birlikte ozon ile muamele edilmesinin viral yiikii daha da
azalttig1, hatta bazi viriisleri tespit edilemeyecek seviyelere
indirdigi, buna ragmen iki yontemin de kanalizasyondaki pa-
tojen virlisleri tamamen yok edemedigi bildirilmektedir
(Wang ve ark., 2018).

Gida ve su kaynakli viral enfeksiyonlarda one ¢ikan gidala-
rin, hasat dncesi ve/veya sonrasinda etken ile kontamine ola-
bilen deniz kabuklular1 ve taze sebze ve meyveler oldugu bi-
linmektedir. Deniz kabuklulariin viral yiikii, beslenmeleri
strasinda filtre ettikleri deniz suyunun kanalizasyon ile kon-
tamine olmas1 durumunda artmaktadir. Sebze ve meyvelerin
yetistirilmesinde kontamine su ile sulama, hasat dncesi bulas,
yetersiz hijyenik kosullar altinda yapilan hasat, proses, hazir-
lama, paketleme ve dagitimda kontamine su kullanimi ve en-
fekte isciler, hasat sonrasi bulas nedenlerinden en 6nemlile-
rini olusturmaktadir (Seo ve ark., 2014; Bosch ve ark., 2016;
Miranda ve Schaffner, 2019).

Insanlarda, diinya ¢apinda yiiksek prevalans ile seyrettigi ra-
por edilen enterotropik viriislerden NoV, AstV, RoV ve AdV
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ile hepatotropik viriisler olan HAV ve HEV varliginin deniz
kabuklulari, sebze ve meyveler ile bunlarin iiretimleri ile il-
gili olan sulari 6ncelikli 6rnek olarak test edildigi aragtirma-
lar incelendiginde, giincel bir¢ok veri ile karsilagiimaktadir.
Bu caligmalar igerisinde, deniz kabuklular1 ve su ile ilgili
olanlardan, 2015-2017 yillar1 arasinda, Italya’mn giineybati
bolgesine ait 289 deniz kabuklusunda, %62 viral patojen pre-
valansinin bulundugu bildirilen bir ¢aligmada, 26’sar 6rnekte
HAV ve RoV (%8.9), 31 érnekte NoV GI (%10.8), 114 or-
nekte NoV GII (%39.7), 60 6rnekte AstV (9%20.8), 16 6rnekte
AdV (%5.6) varlig: tespit edilmistir (Fusco ve ark, 2019).
Ayni tilkede gerceklestirilen bir diger ¢alismada, 108 donmus
ve taze deniz kabuklusu, 70 sebze, 23 su, 17 yabanmersini-
bogiirtlen-ahududu karigimu ile 28 yiizey svap 6rnegi bazi en-
terotropik ve hepatotropik viriisler yoniinden incelenmistir.
Deniz kabuklularinda %18.5 oraninda tespit edilen NoV’un
genotip dagilimi %10.2 GI, %5.6 GII ve %2.8 GIV iken, RoV
ise drneklerin higbirinde saptanamamustir. incelenen 23 adet
su orneginin %21.7’sinin NoV GII ile, %4.3’linlin RoV ile
kontamine oldugu belirlenmistir. Yetmis sebze Orneginde
%2.9 oraninda NoV G1 kontaminasyonu bulunurken, HEV
varlig1 sadece su 6rneklerinin %4.3’iinde bulunmustur. Mey-
velerde ve ylizey svaplarinda ise enterik viriis varligina rast-
lanmamustir (Purpari ve ark., 2019). Giiney Kore’de yapilan
ve 51 istiridye, 51 deniz taragi ve 50 midye olmak {izere top-
lam 152 deniz kabuklusunda NoV, HAV, HEV ve RoV var-
liginin arastirildigi bir prevalans ¢alismasinda, NoV GII’nin
%21.7 (33/152), NoV GI’in %5.9 (9/152), HAV’in %0.7
(1/152) oraninda bulundugu, HEV ve RoV varligi saptanma-
dig1 rapor edilmistir (Seo ve ark., 2014). Ispanya’da yedi iire-
tim sahasindan 18 aylik bir zaman periyodu igerisinde topla-
nan 81 midye drneginin 12’sinde (%14.81) HEV-3 varligi be-
lirlenirken (Mesquita ve ark., 2016), Vietnam’da iki deniz
lirlinii satis yeri ile iki siipermarketten elde edilen 121 deniz
kabuklusu 6rneginin 99’unun (%81.8) NoV, 15’inin (%12.4)
AstV, 14’1iniin (%11.6) HEV ve 2’sinin (%1.7) HAV tasidig
bildirilmistir (Suffredini ve ark., 2020).

Cevresel sularin incelendigi ¢alismalardan Almanya’da ger-
ceklestirilen ve bir nehirin ii¢ farkli bélgesinden, farkli za-
manlarda alinan yirmi dorder su, biyofilm ve sediment 6rnek-
lerinin birlikte degerlendirildigi arastirmada, enterik viriis
prevalanslart yiiksekten diistige olmak iizere
HAdV>EV>RoV>NoV GII olarak gosterilmistir. Su 6rnek-
lerinin %87.5’inin HAdAV, %20.8’inin EV, %16.7’sinin RoV
ve %8.3’linlin NoV GII yoniinden pozitif oldugu tespit edi-
litken, biyofilm ve sediment Orneklerinde HAAV varligi
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%54.2 olarak bulunmus, RoV ve NoV GII varligina ise rast-
lanmamistir (Mackowiak ve ark., 2018). Arjantin’de yapilan
baska bir ¢alismada, 2012 yilinda bir barajdan alinan 48 adet,
2013 ve 2015 yillar1 arasinda ise baraj kenarindaki turistik
plajlarm bulundugu alandan alinan 66 adet su 6rnegi RoV,
HAstV, NoV, HAV ve HEV varligi yoniinden incelenmistir.
Ik periyotta alinan 48 &rnekte, RoV genogrup A %52.1
(25/48), HAstV %50 (24/48), NoV  %60.4 (29/48), HAV
%22.9 (11/48), HEV %2,1 (1/48) olup toplam enterovirus
varlig1 %64.6 (31/48) olarak belirlenmistir. Ikinci periyotta
ise, 66 ornekte RoV ve HAstV %18.2 (12/66), NoV %31.8
(21/66), HEV %7.57 (5/66) olarak bulunmus, HAV varligina
rastlanmamis, toplamda 6rneklerin %66,7’sinin (44/66) ente-
roviriisler yoniinden pozitif oldugu saptanmistir (Masachessi
ve ark., 2018).

Sebze ve meyve orneklerinde enterotropik ve hepatotropik
viriis prevalanst belirlenmesine yonelik olarak Giiney
Kore’de 2016-2017 yillar arasinda yapilan bir ¢alismada, 80
adet ciftlikten toplanan 541 taze sebze ve meyve, tarim alan-
larindan alinan 191 toprak, 14 sulama suyu ve 27 ¢alisan el-
diveni olmak tiizere toplam 773 6rnekten 2 salatalik ve 2 su-
lama suyunda NoV GI (%0.51, 4/773), 1 salatalik ve 2 sulama
suyunda NoV GII (%0.38, 3/773), 1 ¢ilek ve 1 eldiven 6rne-
ginde ise HAV (%0.25, 2/773) bulunmustur (Shin ve ark.,
2019). italya’da faaliyet gdsteren marketlerde, ambalajli se-
kilde, tiikketime hazir olarak satisa sunulan toplam 911 sebze
orneginden 18’inde HAV (%1.9), 6’sinda HEV (%0.6) var-
l1g1 tespit edilirken NoV varligina rastlanmamistir (Terio ve
ark., 2017). Ispanya’da, uluslararasi bir havaalaninda, iilkeye
gelen yolcular tarafindan yasal olmayan yollarla iilkeye so-
kulmaya ¢aligilirken tespit edilip alikonulan ve NoV GI, NoV
GII, HEV ve HAV yoniinden test edilen 122 et ve et iirlinii-
niin 65’1 (%53.3) HEV, 3’1 (%2.5) NoV GI, 1’1 ise (%0.8)
NoV GII yéniinden pozitif bulunmus, HAV varligina ise rast-
lanmamustir (Rodriguez-Lazaro ve ark., 2015).

Korunma ve Kontrol

Insanlarda enfeksiyon yayilimmin azaltilmasi/énlenmesinde
birincil ve en etkin yontem agilamadir. Bu derleme kapsa-
minda yer alan bazi viral etkenlerin de insanlarda enfeksiyon
olusturmasinin 6nlenmesinde as1 uygulamalar1 bulunmakta-
dir. Bu nedenle, oncelikle korunma ve kontrol kapsaminda,
enfeksiyonun insanlarda yayiliminin 6nlenmesi amaci ile
gerceklestirilen asilamalara yer verilecektir. Onemli bir ente-
rotropik viriis olan RoV’e karsi asilama, ilk olarak 1998 yi-
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linda ABD’de kullanilmaya baslanilmistir. Yeni patojen sus-
lar1 da kapsayacak sekilde farkli firmalar tarafindan gelistiri-
len yeni tip asilar giiniimiizde de kullanilmaktadir (Jain ve
ark., 2014). En yaygin akut viral hepatit etkeni olan HAV’a
karsi da asilanma ile korunma saglamak miimkiindiir.
Diinya’da, 1995 yilindan itibaren HAV asis1 kullanilmaya
baglanilmig ve tilkemizde de 2012 yilindan itibaren, bebeklik
doneminde 18. ve 24. aylarin sonlarinda olmak iizere iki doz
olarak uygulanmaktadir. Asinin koruyuculugunun ortalama
olarak 20 y1l oldugu 6ngoriilmekle birlikte, sonrasinda bir ha-
tirlatma dozu onerilmektedir (Afyon ve ark., 2018). Bir diger
onemli hepatit etkeni olan HEV’e kars1 Cin’de gelistirilen as1
2011 yilindan itibaren 16-65 yas arasindaki bireylerde kulla-
nilmaktadir. Asinin 16-65 yas arasindaki yetiskinlerde giive-
nilirligi kanitlanmis olup yapilan caligmalarda 65 yas tizeri
kisilerde de giivenli oldugu belirtilmistir (Yu ve ark., 2019;
Yin ve ark., 2020).

Giliniimiiz kosullarinda, gida ve su patojenlerinden korun-
mada en yeni yaklagim risk temelli degerlendirmelerdir. Bir
gidada bulunma olasilig1 olan biyolojik, kimyasal ve fiziksel
tehlikelerin belirlenmesi ve derecelendirilmesi, alinacak
kontrol onlemlerinin tanimlanmasi ve gecerliliginin olustu-
rulmas1 yoniinden biiyiik dnem tasimaktadir. Ozellikle biyo-
lojik risk degerlendirmelerinde, sadece bakteriyel gida pato-
jenlerinin goz oniinde bulundurularak, prevalanslart géz ardi
edilemeyecek kadar yiiksek olan enterotropik ve hepatotropik
viriislerin bu degerlendirmenin diginda birakilmasi, dnemli
bir tehlikenin atlanmasina neden olmaktadir (Miranda ve
Schaftner, 2019). Ancak, gida kaynakli hastaliklarda viriisle-
rin de oldukca biiyiik bir yer tuttugunun kabul edilmesi son-
rasinda, isletmelerin gida giivenligi stratejileri icerisinde viral
kontaminasyonlardan korunma ve kontrol tedbirleri de yer al-
maya baglamustir.

Gida ve su kaynakli viral kontaminasyonlar, giivenli ham-
madde, iiretim sirasinda hijyen prosediirlerine uyulmasi, gii-
venli su kullanimi, isleme 6ncesi, sirasi ve sonrasinda ¢apraz
kontaminasyonlarin 6nlenmesi, ¢evre hijyeni, personel egi-
timi, iyi iiretim uygulamalar1 (GMP), iyi hijyen uygulamalar1
(GHP) ve Kritik Kontrol Noktalarinda Tehlike Analizi
(HACCP) prosediirlerine uyulmasi ile etkin sekilde onlene-
bilmektedir. Bunun yani sira, gidalarin islenmesi sirasinda
uygulanan sogutma, dondurma, asidifikasyon, su aktivitesi-
nin disiiriillmesi, modifiye atmosfer paketleme, pastorizas-
yon, yiiksek hidrostatik basing, gida 1sinlama gibi birgok tek-
nolojik uygulamanin, gida kaynakli viriislerin eliminasyo-
nunda yetersiz kalabilecegi de bildirilmistir (Keyvan ve ark.,

2018). Bu konu ile ilgili olarak, baz1 meyve ve sebzelerde en-
terotropik ve hepatotropik virlislerin eliminasyonuna yonelik
uygulamalari i¢eren giincel ¢aligmalara dezenfektan uygula-
malari, 1ginlama, pisirme ve hidrostatik basing uygulamasi
basliklar altinda yer verilmistir.

Dezenfektan uygulamalari: Bu uygulamalardan ilkinde, de-
neysel olarak HuNoV G1 ve G2 ile kontamine edilmis tiike-
time hazir karigik salatanin, 3 farkli dezenfektan (100 ppm
sodyum hipokloriir, 80 ppm perasetik asit ve 20 ppm klor di-
oksit) igeren su ile yikanma sonrasinda antiviral etkilerinin
incelendigi calismada, en yliksek antiviral etkinin perasetik
asitte, en diisiik etkinin ise klor dioksitte goriildiigii tespit
edilmistir. Caligma sonucunda, sodyum hipokloriir ve 6zel-
likle perasetik asitin, HACCP ilkeleriyle belirlenen hijyen ve
kontrol kurallariyla birlikte, taze sebze/meyve endiistrisinde
bu viriisiin eliminasyonunda etkin bir dezenfektan olarak kul-
lanilabilecegi belirtilmistir (Anfruns-Estrada ve ark., 2019).
Bir diger ¢alismada, FCV, HAV ve MNV-1 ile kontamine
edilen taze marul 6rneklerinin, aktif klor (15 ppm) ve perok-
siasetik asit bazli (100 ppm) dezenfektan igeren suda yikan-
mas1 sonrasinda, iki bilesigin de test edilen viriisler {izerin-
deki etkisi benzer olarak saptanmustir. En yiiksek antiviral et-
kinin FCV’de peroksiasetik asit kullanimi (3.2 log azalma)
ile oldugu, bunu aktif klor kullaniminin izledigi (2.9 log
azalma), en diisiik etkinin ise HAV’de aktif klor kullaniminda
(0.7 log azalma) goriildiigli belirlenmistir (Fraisse ve ark.,
2011). Bu durum, farkli konsantrasyon ve etken maddelerin
yan1 sira, farkl viriislerin de etken maddelere kars1 duyarli-
liklarinda fark olabilecegini gdstermesi acisindan dnem tasi-
maktadir. Ayrica, aktif klor ve peroksiasetik asitin dnemli bir
enterotropik viriis olan NoV {izerinde ¢ok diisiik bir inhibitor
etki gostermesi, bu etkenin taze meyve ve sebzelerde elimi-
nasyonunda farkli yaklagimlarin gerekli olabilecegini diisiin-
diirmektedir. Bir diger ¢calismada, MNV ve HAV ile konta-
mine edilen taze ve donmus ¢ilek, ahududu ve yaban mersi-
ninde giivenli dozlarda Ultraviyole-C (UV-C) uygulamasi
gerceklestirilmis, sonugta uygulamanin yeterli bir antiviral
etki saglamadigi, dolayisi ile gida kaynakli viriislerin inakti-
vasyonunda, UV-C’nin tek bagina yeterli bir yontem olma-
dig1 ortaya konulmustur (Butot ve ark., 2018). Bir diger etkili
dezenfektan olan ozon gazinin, MNV-1 ve HAV ile konta-
mine edilen taze ahududu 6rneklerinde viriisid etkisinin ince-
lendigi bir arastirmada, bu gazin sadece HNoV inaktivasyo-
nunda ve kontroliinde iyi bir aday oldugu rapor edilmistir
(Brie ve ark., 2018).
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Isinlama: Gidalara uygulanan koruyucu yontemlerden bir ta-
nesi de gida 1smlama teknolojisidir. Gida 1gmlama yontemi,
patates, sogan, sebze, meyve, baharat, beyaz et gibi iiriinlerin
belirli dozlarda 1ginlanarak bozulmasini 6nlemek, raf 6mriinii
uzatmak ve patojen mikroorganizmalar1 elimine etmek i¢in
kullanilmaktadir (Erol, 2007). Tirk Gida Kodeksi (TGK)
Gida Isinlama Yonetmeligi (2019) Ek-2’de, ¢esitli gida grup-
larina uygulanabilecek 1ginlama dozlan kilo Grey (kGy) bi-
rimi tizerinden verilmis olup, buna gore uygulanabilecek en
yiikksek doz kurutulmus sebzeler, baharatlar, kuru aromatik
bitkiler, otlar, ¢esniler ve bitkisel caylar gida grubuna olmak
iizere, 10 kGy olarak belirtilmistir. Bununla birlikte, yapilan
caligmalarda 20-25 kGy’lik gamma radyasyon dozunun bile
virlisleri tam olarak elimine etmedigi ortaya konulmustur
(Akakge ve Cam, 2019). Ayrica, gidaya uygulanan yiliksek
dozlardaki 1g1n1n, gidanin yapisinda bozulmalar meydana ge-
tirdigi, besin degeri kaybi ve istenilmeyen tat ve koku olus-
turdugu bildirilmistir (Erol, 2007).

Pisirme: Geleneksel pisirme yonteminin HAV {izerinde inak-
tive edici etkisinin arastirildigi bir caligmada, deneysel olarak
HAV ile kontamine edildikten sonra kabuklar1 agilarak
100°C sicaklikta pisirilen deniz taraklarinda etkenin tama-
men inaktive olmasi, bu tip iirtinleri kabuklar1 agilmis olarak
en az 2 dakikas1 100°C’de olmak tizere 12 dakika boyunca
pisirmenin, gida kaynakli hastaliklardan korunmak icin ye-
terli oldugu belirtilmistir (Pascoli ve ark., 2016). Ispanya’da
deniz taraklarinda pisirme esnasinda i¢ sicakligin 5 dakika
boyunca 90°C’de tutulmasmin HAV, HuNoV GI ve GII {ize-
rine etkisinin arastirildig1 bir bagka ¢alismada ise, yapilan uy-
gulama sonucunda HAV miktarinda 3.89 logl10, HuNoV GI
miktarinda 2.96 logl0 ve HuNoV GII miktarinda da 2.56
log10 azalma meydana geldigi saptanmistir (Fuentes ve ark.,
2021). 2016 yilinda Ettayebi ve ark., (2016) HuNoV igeren
diski stispansiyonlarina 15 dakika boyunca 60°C sicaklik uy-
gulamasindan sonra viriisiin enfektivitesini kaybettigini be-
lirlemistir. Yine EV, HuNoV, HAV ve HEV gibi viriislerin,
kaynayan suda 1 dakika sonunda viral yiiklerinde 4 log;o’dan
fazla azalma meydana geldigi bildirilmistir (CDC, 2009).
Benzer sekilde 2 dakika boyunca 70°C sicaklik uygulamasi-
nin ardindan, MNV tespit limitlerinin altina diigmiis (Hirnei-
sen ve Kniel, 2013), ayrica pisirme sirasinda domuz etinde
merkez sicakligin 20 dakika boyunca en az 71°C’de tutulma-
stnin, HEV inaktivasyonu i¢in gerekli oldugu belirtilmistir
(Barnaud ve ark., 2012)

Hidrostatik basing uygulamasi: Yiksek hidrostatik basing
yontemi de viral patojenlerin inaktivasyonunda kullanilan bir

Review Article

yontemdir. 22°C’de, 5 dakika boyunca, 450 MPa basing uy-
gulamasi ile HAV ve RoV miktarinda 7-8 logio azalma mey-
dana gelmistir (Shukla ve ark., 2018). Avrupa iilkelerinde sik
goriilen ve zoonotik yolla da bulasabilen HEV-3 genotipinin
yiiksek basing uygulamasi kargisindaki stabilitesi {izerine ya-
pilan bir ¢alismada, 20°C’de 200 MPa basing uygulamasi
sonrasinda viral yiikte 0,5 logio, 400 MPa basing uygulamasi
sonrasinda 1 logio, 4°C *de 200 MPa basing uygulamasindan
sonra 1 logio ve 400 MPa basing uygulamasindan sonra ise 2
logio azalma meydana gelmistir. Iki sicaklik derecesinde de
600 MPa basing uygulamasinin ardindan viriis biiylik dl¢lide
inaktive olmustur (>3,5 logio) (Johne ve ark., 2021). Gida
matriksi lizerinde, farkli viriislerin farkli sicaklik, basing uy-
gulamas1 ve pH degerindeki durumlarimin incelendigi bir
baska galigmada ise, pH 7.0 degerinde, 4°C’de, 2 dakika bo-
yunca uygulanan 300 MPa yiiksek basin¢ sonrasinda, RoV
miktarinda 4.1 logo, ayn1 parametrelerde, pH 4.0 degerinde
ise 1.9 logio azalma meydana gelmistir. pH 7.0 degerinde,
4°C’de, 2 dakika boyunca 350 MPa basin¢ uygulamas1 son-
rasinda HuNoV miktarinda 8,1 logo azalma meydana gelir-
ken, ayn1 parametrelerde 20°C’de yapilan uygulama sonra-
sinda ise 4.1 logio azalma meydana gelmistir. Yine pH 4.0
degerinde, 4°C’de, 2 dakika boyunca uygulanan 350 MPa ba-
sin¢ sonrasinda, MNV-1 miktarinda 6.0 logjo azalma mey-
dana gelirken, pH 6.0 degerinde, 20°C’de, 1 dakika boyunca
uygulanan 250 MPa basing sonrasinda FCV miktarinda 4.1
logio azalma olusmustur. Bununla birlikte, AiV ve PoV gibi
virlisler yliksek basing uygulamalarina direngli olup, 600
MPa basing uygulamasi sonrasinda dahi viriis miktarinda bir
indirgenme meydana gelmemistir (Lou ve ark., 2015).

Yukarida bahsedilen yaklasimlar disinda ticari olarak erisile-
bilen antiviral ilaglar, viriislerde gelisen ¢oklu ilag¢ direnci se-
bebiyle eliminasyonda her zaman etkili olamayabilmektedir-
ler. Bu nedenle, birtakim alternatif uygulamalara ait birgok
giincel yaklasim bulunmaktadir. Bunlardan ilki, dogal kay-
naklardan elde edilen, baz1 antiviral etki potansiyeli bulunan
bilesik ve ekstraktlarin (polifenolik bilesikler, saponin, sitrik
asit, yaban mersinindeki proanthocyanidin, nar suyu, iizim
cekirdegi ekstrakti, kitosan, siyah ahududu suyu ve dut suyu,
kizileik, limon otu yagi, yesil ¢ay ekstrakti, Hibiscus sabda-
riffa ekstrakt1 vb) ya da gidanin kendi igerisinde dogal olarak
bulunabilen antimikrobiyal etkili maddelerin kullanimina y6-
nelik ¢aligmalardir (Lee ve ark., 2014). Farkl1 16 bitkisel ekst-
raktin HAV {izerine inhibitor etkisinin incelendigi bir ¢alis-
mada, Alnus japonica (Japon kizilagaci), Artemisia annua
(Peygamber stipiirgesi), Allium sativum (Sarimsak), Allium
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fistulosum (Yesil sogan), Agrimonia pilosa (Kasik otu), Ple-
uropterus multiflorus (Hasuo bitkisi), Eleutherococcus senti-
cosus (Sibirya gingsengi), Coriandrum sativum (Kisnis),
Ginko biloba (Mabet agaci) ve Torilis japonica (Japon ¢it
maydonozu) ekstraktlar1 olmak tizere 10 ekstraktin HAV’e
karsi etkili oldugu, en kuvvetli antiviral etkiyi A/nus japonica
ekstraktinin gosterdigi rapor edilmistir (Seo ve ark., 2017).
Resveratroliin NoV kaynakli gida enfeksiyonlarindan korun-
mada Onemli rol oynayabilecegi belirtilmistir (Oh ve ark.,
2015). Kekik ugucu yagi ve primer bilesigi olan karvakroliin
MNYV iizerine antiviral etkisinin arastirildigi bir bagka calis-
mada, karvakroliin virilis sayisinda 1 saatte 3.84 logi diisiis
saglayabilmesi, bu maddelerin NoV kontroliinde potansiyel
bir gida ve ylizey dezenfektani olarak kullanilabilecegini gos-
termektedir (Gilling ve ark., 2014). Falco ve ark. (2019b)’nin
caligmasinda, portakal suyu, elma suyu, siit ve Meksika’ya
0zgii bir icecek olan horchata gibi gidalarin HAV ve MNV
ile kontamine edilmesi sonrasinda, gastrik kosullarda, yesil
cay ekstraktinin antiviral etkisi incelenmis, 5 mg/mL oranin-
daki yesil cay ekstraktinin elma suyundaki MNV miktarini
tespit edilebilir limitlerin altina diisiirdiigii, ayrica siit, horc-
hata ve portakal suyunda da 1.0-1.8 log azalmaya neden ol-
dugu belirlenmistir. Ayn1 calismada 5 mg/mL oranindaki ye-
sil cay ekstraktinin HAV miktarinda portakal suyunda 1.2
log, elma suyunda 2.1 log, horchatada 1.5 log ve siitte 1.7 log
diisiis sagladig1 tespit edilmistir. Calisma sonunda, yesil ¢ay
ekstraktinin gida kaynakli viral hastaliklarin dnlenmesinde
dogal bir secenek olarak kullaniminin uygun oldugu ortaya
konulmustur. Falco ve ark. (2019a)’nin baska bir ¢alisma-
sinda ise, yesil ¢cay ekstrakti iceren aljinat-oleik asit bazl1 ye-
nilebilir film kaplamalarin iki farkli pH degerinde (5.5-7.0),
10°C ve 25°C sicakliklarda, ¢ilek ve ahududu tlizerindeki an-
tiviral ve antioksidan Ozellikleri incelenmistir. Antioksidan
ozelliklerin pH degerine bagli olarak degismedigi, ancak an-
tiviral 6zelliklerin pH 5.5’te daha fazla oldugu belirlenmistir.
Saf yesil cay ekstraktina gore yesil ¢ay iceren filmlerin anti-
oksidan aktivitesi daha diisiik bulunmus, bu da yesil caya an-
tioksidan 6zellikler kazandiran polifenoller gibi bilesiklerin,
filmlerden saliniminin sinirlt olmasina baglanmistir. Antivi-
ral 6zellikler ise HNoV ile ayni1 familya igerisinde yer alan
MNV ve HAV lizerinde arastirilmis, 6rnekler deneysel olarak
enfekte edilmistir. Cilek ve ahududu 6rnekleri, kaplama uy-
gulamasindan sonra 10°C’de 4 giin muhafaza edilmis ve mu-
hafaza sonrasinda kontrol gruplartyla karsilastirildiginda, vi-
ral yiiklerde 1.5-2.0 logio azalma meydana geldigi, 25°C’de

1 gece muhafaza sonrasinda ise iki viriisiin de tamamen inak-
tive oldugu belirlenmistir. Sonugta, yenilebilir film kaplama-
larin gida giivenligini saglamada potansiyel antiviral etkileri-
nin oldugu ortaya konulmustur. Falco ve ark. (2020)’nin
meyve sularindaki enterik viriisler lizerine yesil ¢ay ekstrakti
ve diisiik sicaklikta pastdrizasyon uygulamasinin etkisini in-
celedikleri bir ¢aligmada, 50°C’de 30 dakika diisiik pastori-
zasyon uygulanan meyve sularinda yesil ¢ay ekstrakti kulla-
niminin, sadece sicaklik uygulamasina gére MNV-1 mikta-
i1 4 log daha fazla diisiirerek, daha yiliksek antiviral etki
olusturdugu, kombine sekilde yapilan uygulamanin gida gii-
venligini artirdig1 belirlenmistir. Elma suyu ve siitiin FCV-
F9, MNV-1 ve HAV ile kontaminasyonu sonrasinda, gastrik
kosullarda, iiziim ¢ekirdegi ekstraktinin antiviral etkisinin in-
celendigi baska bir arastirmada, en duyarl viriisin FCV-F9
oldugu, ekstraktin 37°C’de daha yiiksek etki gosterdigi, 1
mg/mL ekstrakt ile 37°C’de 15 dakika inkiibasyon sonucunda
FCV-F9, 2 mg/mL iiziim ¢ekirdegi ekstrakti ile 37°C’de 6
saat inkiibasyon sonunda ise HAV ve MNV-1 titrelerinin tes-
pit edilebilir seviyenin altina indigi belirlenerek, ekstraktin
diisiik maliyeti ile de gida kaynakli viral enfeksiyonlarin 6n-
lenmesi, gida giivenliginin artirtlmast ve halk sagliginin ko-
runmasinda uygun bir dogal bilesik oldugu belirtilmistir
(Joshi ve ark., 2015). Benzer sekilde, iiziim ¢ekirdegi ekst-
rakti, gingerol ve kurkumin varliginda HAV’in sicakliga
kars1 duyarliliginin arttig1 tespit edilmis ve bu viriisiin sicak-
lik uygulanarak eliminasyonunda, bu tip ekstraktlarin 1s1l is-
lemler ile kombine olarak kullanilabilecegi Onerilmistir
(Patwardhan ve ark., 2020). Ayrica, siitiin dogal yapisinda
bulunan kazein, a-laktalbumin, B-laktoglobulin, laktoferrin,
laktoferrisin gibi proteinlerin de antiviral etkilerinin oldugu
rapor edilmistir (Ng ve ark., 2015).

Bunlarin diginda, veteriner otoritesi 6nciiliigiinde baslatilip,
ilgili diger disiplinleri de kapsayacak sekilde hayvan, insan
ve ¢evre sagligini bir biitlin olarak ele alan tek saglik yakla-
sim1 da korunma ve kontrolde oldukea etkilidir. Insanlar1 en-
fekte eden patojenlerin % 61’inin zoonoz kdkenli oldugunun
anlasilmas1 ve insan ve hayvan hastaliklarinin tedavisinde
kullanilan ilaglara karst mikroorganizmalarda gelisen anti-
mikrobiyal direncin artmasi nedeni ile tek saglik yaklagim
giin gectikce daha da 6nem kazanmaktadir (Ryu ve ark.,
2017). Diger zoonozlar ile miicadelede oldugu gibi gida ve su
kaynakl1 hastaliklarin énlenmesinde de tek saglik yaklagimi
son 10 yildir gelismis iilkelerde basari ile uygulanmaktadir
(Aguirre ve ark., 2019).
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Sonug¢

Son yillarda taniya yonelik teknolojik gelismelerin ivme ka-
zanmasi ile viral enfeksiyonlarin prevalanslart hakkinda daha
giivenilir bilgilere ulagilmistir. Bunun sonucunda daha 6nce
bilinenin aksine, viral etkenlerin 6zellikle gastroenterit ile
seyreden hastaliklardaki payinin oldukea biiyiik oldugu anla-
stlmistir. Viriislerle miicadele, ¢cevresel sartlara dayanikli ol-
malari, gida proseslerine bakterilere gore daha direnc goster-
meleri, ticari antiviral etkenlerin oldukca kisitli olmas1 gibi
sebeplerle diger mikroorganizmalara gore daha zor olmakta,
bu nedenle 6zellikle gida sektoriinde korunma ve kontrol 6n-
lemleri biiyiik 6nem tagimaktadir.

Gida ve su kaynakli viral enfeksiyonlardan korunmada; si-
caklik uygulamalari, yiiksek basing uygulamalari, dogal anti-
viral bilesikler, UV 1511 ve ¢esitli dezenfektanlarin kullanimi
gibi yontemler olsa da, en etkilisi igsletmelerin personel ve su
hijyeni basta olmak {iizere iyi hijyen uygulamalar1 dogrultu-
sunda faaliyet gostermeleri gerekliligidir. Bu kapsamda,
GMP, GHP ve HACCEP sisteminin eksiksiz ve ciddiyetle uy-
gulanmasi, gida ve su kaynakli enfeksiyon ve intoksikasyon-
lardan korunma saglayacaktir. Bununla birlikte, RoV, HEV,
HAYV gibi asis1t mevcut olan etkenlere karst uygulanan asi-
lama programlar1 ise korunmada en etkili yoldur. Ayrica, son
yillarda iizerinde siklikla durulan, dogal bilesiklerden elde
edilen antiviral ajanlarin gidalarda kullanilmas ile olusan an-
tiviral etki birgok ¢alismada gdsterilmis, gelisen antimikrobi-
yal direng tehlikesine karsi dogal bilesiklerden elde edilen an-
timikrobiyal ajanlarin kullaniminin 6nemi vurgulanmisgtir.

Etik Standart ile Uyumluluk

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

Etik izin: Aragtirma niteligi bakimindan etik izne tabii degildir.
Finansal destek: -
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Agiklama: -
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The editorial and publication processes of the journal are shaped
in accordance with the guidelines of the Committee on
Publication Ethics (COPE), the European Association of Science
Editors (EASE), the International Council of Medical Journal Editors
(ICMJE), and National Information Standards Organization (NISO).
The journal conforms to the Principles of Transparency and Best
Practice in Scholarly Publishing (https://doaj.org/bestpractice).

Originality, high scientific quality, and citation potential are the
most important criteria for a manuscript to be accepted for
publication. Manuscripts submitted for evaluation should not
have been previously presented or already published in an
electronic or printed medium. The journal should be informed
of manuscripts that have been submitted to another journal
for evaluation and rejected for publication. The submission of
previous reviewer reports will expedite the evaluation process.
Manuscripts that have been presented in a meeting should
be submitted with detailed information on the organization,
including the name, date, and location of the organization.

Manuscripts submitted to “Food and Health” will go through a
double-blind peer-review process. Each submission will be
reviewed by at least two external, independent peer reviewers
who are experts in their fields in order to ensure an unbiased
evaluation process. The editorial board will invite an external
and independent editor to manage the evaluation processes of
manuscripts submitted by editors or by the editorial board
members of the journal. The Editor in Chief is the final
authority in the decision-making process forall submissions.

An approval of research protocols by the Ethics Committee
in accordance with international agreements (World Medical
Association Declaration of Helsinki “Ethical Principles for Medical
Research Involving Human Subjects,” amended in October 2013,
www.wma.net) is required for experimental, clinical, and drug
studies. If required, ethics committee reports or an equivalent
official document will be requested from the authors.

For manuscripts concerning experimental research on humans, a
statement should be included that shows the written informed
consent of patients and volunteers was obtained following a
detailed explanation of the procedures that they may undergo.
Information on patient consent, the name of the ethics
committee, and the ethics committee approval number should
also be stated in the Materials and Methods section of the
manuscript. It is the authors’ responsibility to carefully protect the
patients’ anonymity. For photographs that may reveal the identity
of the patients, signed releases of the patient or of their legal
representative should be enclosed.

“Food and Health” journal requires experimental research studies
on vertebrates or any regulated invertebrates to comply with
relevant institutional, national and/or international guidelines.
The journal supports the principles of Basel Declaration
(https://www.basel-declaration.org/) and the guidelines published
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by International Council for Laboratory Animal Science (ICLAS)
(http://iclas.org/). Authors are advised to clearly state their
compliance with relevant guidelines.

“Food and Health” journal advises authors to comply with IUCN
Policy Statement on Research Involving Species at Risk of
Extinction and the Convention on the Trade in Endangered
Species of Wild Fauna and Flora for research involving plants.

All submissions are screened by a similarity detection
software’s.

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

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

1. Substantial contributions to the conception or design of the
work; or the acquisition, analysis, or interpretation of data
for the work; AND

2. Drafting the work or revising it critically for important
intellectual content; AND

3. Final approval of the version to be published; AND

4. Agreement to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity
of any part of the work are appropriately investigated and
resolved.

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

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

“Food and Health” journal requires corresponding authors to
submit a signed and scanned version of the authorship
contribution  form  (available for download through
https://dergipark.org.tr/tr/download/journal-file/19582) during
the initial submission process in order to act appropriately on
authorship rights and to prevent ghost or honorary authorship. If
the editorial board suspects a case of “gift authorship,” the
submission will be rejected without further review. As part of the
submission of the manuscript, the corresponding author should
also send a short statement declaring that he/she accepts to
undertake all the responsibility for authorship during the
submission and review stages of the manuscript.
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and the individuals involved in the evaluation process of
submitted manuscripts to disclose any existing or potential
conflicts of interests, including financial, consultant, and
institutional, that might lead to potential bias or a conflict of
interest. Any financial grants or other support received for a
submitted study from individuals or institutions should be
disclosed to the Editorial Board. To disclose a potential conflict o f
interest, the ICMJE Potential Conflict of Interest Disclosure Form
should be filled in and submitted by all contributing authors.
Cases of a potential conflict of interest of the editors, authors,
or reviewers are resolved by the journal’s Editorial Board within
the scope of COPE and ICMJE guidelines.

The Editorial Board of the journal handles all appeal and
complaint cases within the scope of COPE guidelines. In such
cases, authors should get in direct contact with the editorial
office regarding their appeals and complaints. When needed,
anombudsperson may be assigned to resolve cases that cannot
be resolved internally. The Editor in Chief is the final authority
in the decision-making process for all appeals and complaints.

“Food and Health” journal requires each submission to be
accompanied by a Copyright Transfer Form (available for
download at https://dergipark.org.tr/tr/download/journal-
file/19582. When using previously published content, including
figures, tables, or any other material in both print and electronic
formats, authors must obtain permission from the copyright
holder. Legal, financial and criminal liabilities in this regard
belong to the author(s).

Statements or opinions expressed in the manuscripts published
in “Food and Health” journal reflect the views of the author(s)
and not the opinions of the editors, the editorial board, or the
publisher; the editors, the editorial board, and the publisher
disclaim any responsibility or liability for such materials. The final
responsibility in regard to the published content rests with the
authors.

MANUSCRIPT PREPARATION

The manuscripts should be prepared in accordance with ICMJE-
Recommendations for the Conduct, Reporting, Editing, and
Publication of Scholarly Work in Medical Journals (updated in
December 2017 - http://www.icmje.org/icmje-
recommendations.pdf). Authors are required to prepare
manuscripts in accordance with the CONSORT guidelines
for randomized research studies, STROBE guidelines for
observational studies, STARD guidelines for studies on diagnostic
accuracy, PRISMA guidelines for systematic reviews and meta-
analysis, ARRIVE guidelines for experimental animal studies,
TREND guidelines for non-randomized studies, and COREQ
guidelines for qualitative studies.

Manuscripts can only be submitted through the journal’s online
manuscript submission and evaluation system, available at
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http://dergipark.gov.tr/journal/1646/submission/start.

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

Authors are required to submit the following forms during the
initial submission.

e  Copyright Transfer Form,

e  Author Contributions Form (one form for copyright and
contributions available in
https://dergipark.org.tr/tr/download/journal-file/19582)

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

Preparation of the Manuscript

Manuscripts prepared in Microsoft Word must be converted
into a single file before submission. Please start with the title
page and insert your graphics (schemes, figures, etc.), tables
in the main text.
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other organizations or people working with them, a conflict of
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Ethics committee approval: Ethical committee approval is routinely
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Tables (all tables give in the main text)

Figures (all figures/photos give in the main text)
Manuscript Types

Original Articles: This is the most important type of article
since it provides new information based on original research. The
main text should contain “Introduction”, “Materials and
Methods”, “Results and Discussion” and “Conclusion”
sections.

Statistical analysis to support conclusions is usually necessary.
Statistical analyses must be conducted in accordance with
international statistical reporting standards. Information on
statistical analyses should be provided with a separate subheading
under the Materials and Methods section and the statistical
software that was used during the process must be specified.

Units should be prepared in accordance with the International
System of Units (SI).

Review Articles: Reviews prepared by authors who have
extensive knowledge on a particular field and whose scientific
background has been translated into a high volume of
publications with a high citation potential are welcomed. These
authors may even be invited by the journal. Reviews should
describe, discuss, and evaluate the current level of knowledge
of a topic in researches and should guide future studies. The
maintextshouldstart withIntroductionand end with Conclusion
sections. Authors may chooseto useanysubheadinginbetween
those sections.

Short Communication: This type of manuscript discusses
important parts, overlooked aspects, or lacking parts of a
previously published article. Articles on subjects within the
scope of the journal that might attract the readers’ attention,
particularly educative cases, may also be submitted in the form
of a “Short Communication” Readers can also present their
comments on the published manuscripts in the form of a “Short
Communication”. The main text should contain
“Introduction”, “Materials and Methods”, “Results and
Discussion” and “Conclusion” sections.
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Table 1. Limitations for each manuscript type

Type of Abstract Reference
manuscript Page word limit limit
Original Article <25 180 40
Review Article no limits 180 60
Short Communication <5 150 20

Tables

Tables should be included in the main document, presented
after the reference list, and they should be numbered
consecutively in the order they are referred to within the main
text. A descriptive title must be placed above the tables.
Abbreviations used in the tables should be defined below the
tables by 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 they should be
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 be supporting the main text.

Figures and Figure Legends

Figures, graphics, and photographs should be submitted in main
document WORD files (in JPEG or PNG format) through the
submission system. Any information within the images that may
indicate an individual or institution should be blinded.
The minimum resolution of each submitted figure should be 300 DPI.
To prevent delays in the evaluation process, all submitted figures
should be clear in resolution and large (minimum dimensions: 100 x
100 mm). Figure legends should be listed at the end of the
main document.

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

When a drug, product, hardware, or software program is
mentioned within the main text, product information, including
the name of the product, the producer of the product, and city
and the country of the company (including the state if in 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 they should be numbered consecutively in the
order they are referred to within the main text.

Limitations, drawbacks, and the shortcomings of original
articles should be mentioned in the Discussion section before
the conclusion paragraph.
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References

Reference System is APA 6t Edition

In-text Citation with APA

The APA style calls for three kinds of information to be included in in-
The author's last name and the work's date of
publication must always appear, and these items must match exactly
the corresponding entry in the references list. The third kind of
information, the page number, appears only in a citation to a direct

text citations.

quotation.

...(Crockatt, 1995).

Direct quote from the text

"The potentially contradictory nature of Moscow's priorities
surfaced first in its policies towards East Germany and Yugoslavia,"

(Crockatt, 1995, p. 1).

Major Citations for a Reference List in Table 2.

Note: All second and third lines in the APA Bibliography should be

indented.
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changes have been made) as well as an annotated copy of the
main document. Revised manuscripts must be submitted
within 30 days from the date of the decision letter. If the
revised version of the manuscript is not submitted within the
allocated time, the revision option may be cancelled. If the
submitting author(s) believe that additional time is required,
they should request this extension before the initial 30-day
period is over.

are copy-edited for grammar,
punctuation, and format. Once the publication process of
a manuscript is completed, it is published online on the
journal’s webpage as an ahead-of-print publication before it
is included in its scheduled issue. A PDF proof of the accepted
manuscript is sent to the corresponding author and their
publication approval is requested within 2 days of their receipt
of the proof.
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