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ABSTRACT

Amaranth is a pseudocereal of Andean origin, and compared to other crops, its seeds have a higher
content of proteins, lipids and bioactive compounds of nutraceutical relevance.

The goal of the present work is to study the chemical composition, antioxidant activity and bio-
logical value of the protein of an advance line Amaranthus cruentus L. seed flour (ACRU), com-
pared with the same flour subjected to thermal treatment (90 °C, 1 h). Regarding the proximal
chemical composition, the protein and lipid contents stand out, reaching values of 19.59 g % and
7.47 g %, reflecting an increase of 17% and 50% in the treated sample, respectively. A significant
increase (p<0.05) is observed in the ash content, as well as in the content of the main elements of
nutritional interest, of the treated samples. The anti-nutrients values are within the acceptable lim-
its in all samples, and present an adequate content of total phenols, with an antioxidant activity
highlighted by its free-radical scavenging capacity. In the biological tests, the Net Protein Utiliza-
tion (NPU) presents lower values for the treated samples, the True Digestibility (tD) does not show
significant differences, and the Biological Value (BV) turns out to be lower in the treated sample
(p<0.05). A significant hypotriglyceridemic effect is observed. The applied thermal treatment,
even though increases the nutrients concentration and the total phenols, according to the biological
tests, it decreases the protein quality. These are aspects that should be contemplated in the food
technology to optimize the nutritional quality of this amaranth.

Keywords: Amaranth, Antioxidant capacity, Biological value, Chemical composition, Thermal
treatment
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Introduction

Amaranth is an indigenous plant from America that has been
used for more than 4000 years. In the last decades, it has re-
gained popularity due to beneficial nutritional aspects, its ag-
ronomic advantages, such as its wide adaptability, and the
possibility of its use as horticultural, graniferous and fodder,
as well as for being one of the most promising resources to
contribute towards mitigating food deficit (Dodok, 1997).

The amaranth nutritional composition is distinguished by the
protein and lipid contribution. The protein content is between
12 to 22% (Tosi et al. 2001; Escudero et al. 2004; Barba de
la Rosa et al. 2009). The proteins quality depends on the com-
position of essential amino acids and digestibility. Protein di-
gestibility, lysine availability and net protein utilization of the
amaranth proteins are higher than of cereals, and similar to
those of casein (Salcedo-Chavez et al. 2002). The constituent
amino acids of food proteins are not always fully available,
due to that the protein digestibility and amino acid adsorption
can be incomplete. Thus, the thermal treatment and milling
applied to the seeds for the production of flour can raise the
foods nutritional quality by the denaturalization of its proteins
and the digestibility increase (Giami et al. 2001; Sun et al.
2014).

In order to expand the biodiversity and increase the agronom-
ical efficiency of crops in the Central - West region of Argen-
tina, new improved varieties have been obtained, such as the
Acru-G10/1311, the advanced line belonging to the Amaran-
thus cruentus L. species. The latter is characterized for ex-
pressing good yields and excellent adaptation; it presents dark
green foliage, semi-compact to compact dark red panicle, and
a height between 1.40 and 1.70 m. It has a total cycle of 115
days and an acceptable behavior against "stem borer" (Cono-
trachelus spp.). The goal of this study is to evaluate the effect
of thermal treatment on the chemical composition, antioxi-
dant activity and biological quality of a new amaranth variety
seed flour.

Materials and Methods
Sample

Seeds of a new variety of Amaranthus (Acru-G10/13 II) were
supplied by the Faculty of Agronomy and Veterinary, Na-
tional University of Rio Cuarto, Cordoba, Argentina (experi-
mental crop from 2016 vintage).

Sample Treatment

Dried seeds were ground in a grain mill and sieved through a
200 pm diameter mesh. A flour portion was used untreated
(ACRU) and another was exposed to 90°C for 1 hour in an
air-current oven (Dalvo HER/F/I, Argentina) (ACRU
treated). The flours obtained were kept in closed containers

e https://doi.org/10.3153/FH20008
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protected from light, in a cool and dry environment until ana-
lysis.

Reagents

All reagents used were of analytical grade and acquired from
Sigma (St. Louis, MO). All standard solutions were prepared
using reagents of spectroscopic grade supplied by Merck
(Darmstadt, Germany). Ultrapure water (18.2 MQ cm) was
used to prepare all standard and sample solutions.

Chemical Composition

The determination of moisture, ash, protein, total lipids and
crude fiber was performed according to the methodology pro-
posed by the AOAC (2012). Carbohydrates are determined
by the following calculation:

Carbohydrates = 100 — (% Ash) — (% Total Fat) — (% Mois-
ture) — (% Protein)

The quantification of mineral elements was performed by In-
ductively Coupled Plasma Atomic Emission Spectroscopy
(ICP-OES). The procedure was performed following the
methodology used by Aguilar et al. (2011).

The antinutrients determined were: nitrates (Cataldo et al.
1975), hemagglutinin activity (lectins) (Das Gupta and
Boroff 1968; Do Prado et al. 1980), saponins
(WHO/PHARMY/92559 1992; Duarte Correa and Carlsson,
1986), antitrypsin activity (Kakade et al. 1974), oxalic acid
(AOAC 1995) and phytic acid (Rucci and Bertoni, 1974).

The extraction of total phenols was performed from a defatted
sample with 1.2 M HCI in 50% methanol/water. The sample
was heated at 90 °C for 3 h, cooled, and then diluted with
methanol. The supernatant was used for the determination of
total phenols and antioxidant activity (Vinson et al. 2001).
The concentration of the obtained extract was 5 mg/mL. The
determination of total phenols was performed using Folin Ci-
ocalteu reagent with gallic acid as a standard. The absorbance
was measured at 750 nm (UV-vis BeckmanDK-2%). Results
were expressed as mg/100 g of dry weight of gallic acid
equivalent (Emmons et al. 2001).

Antioxidant Activity

DPPH Free Radical-Scavenging Assay. This spectrophoto-
metric assay uses the stable radical DPPH (1,1-diphenyl-2-
picrylhydrazyl) as a reagent (Burits and Bucar, 2000). Vari-
ous concentrations of the extract in methanol were added to a
40 mg/L methanol solution of DPPH. The absorbance was
read at 517 nm (UV-Vis Beckman DK-2a). Results were ex-
pressed as percentage (%) of radical scavenging activity
(RSA).


https://doi.org/10.3153/FH20008

Research Article

Food Health 6(2), 67-76 (2020)

Scavenging Activity against Nitric Oxide (NO Test). Nitric
oxide (NO) was generated from sodium nitroprusside and
measured by Griess reaction (Marcocci et al. 1994; Saija et
al. 1999). Nitrite concentration was calculated by referring to
the absorbance of standard solutions of sodium nitrite. Ab-
sorbance was measured in a spectrophotometer (UV-Vis
Beckman DK-2a) at 542 nm. Results were expressed as per-
centage (%) of RSA with respect to blank.

p-Carotene—Linoleic Acid Assay

This assay involves measuring fS-carotene bleaching, at 470
nm, resulting from the f-carotene oxidation by linoleic acid
degradation products at 50 °C (Koleva et al., 2002). The ab-
sorbance at 470 nm was taken at time zero (¢ = 0), and meas-
ured every 15 min until the color of B-carotene disappeared
in the control tubes (¢ = 60 min). A mixture prepared as above
but without B-carotene served as blank. BHT (butylated hy-
droxytoluene) was included in the experiments as a positive
control. Results were expressed as percentage (%) of RSA.

All determinations above were performed in triplicate.
Biological Assay

The Pprotein quality of the amaranths flour was measured by
three different indices: Net Protein Utilization (NPU), true di-
gestibility (tD), and Biological Value (BV) (Miller and
Bender, 1955; Pellet and Young, 1980). Four groups of 30-
day-old Wistar rats weighing 30—40 g (£ 2 g weight differ-
ence) were used (six animals per group). One group received
a protein-free diet, another received a control diet (casein),
and the remaining groups received a diet with protein pro-
vided by the material under study. The preparation and com-
position of the diets were carried out according to AIN 93G
(Table 1) and the NPU method at 10% of proteins and 7% of
lipids (Reeves et al. 1993). The amount of flour incorporated
in the diets to achieve 10 % of protein, was defined taking
into account the protein content of the sources, ACRU: 19.59
% and ACRU treated: 23.54 %. Casein: 80 % purity. The
amount of oil added to achieve 7 % of lipids, was defined
taking into account the fat content obtained for the sources,
ACRU: 7.47 % and ACRU treated: 14.70 %.

The animals were kept in individual suspended cages with
screen bottoms. Temperature and relative humidity were held
at 21 =1 °C and 60%, respectively. Lighting was controlled
by alternating 12-h periods of light and darkness. All animals
received potable water and food ad libitum for 14 days. In-
gestion was recorded on days 3, 6, and 10; weight gain was
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recorded at the end of the experiment. Feces were collected
and weighed. After the experiment, the euthanasia of the an-
imals was performed through a carbon dioxide chamber. Sub-
sequently, a thoracic and abdominal incision was performed,
and the rats were weighed and placed in a forced air oven at
100 — 105 °C for 48 hours to determine the body water by
weight difference. We followed the general guidelines for the
care and use of laboratory animals recommended by the An-
imal Care Committee of the National University of San Luis.

The NPU is defined as the portion of nitrogen intake that is
retained. The formula used was

NPU =B — (BK — IK) x 100
1

where B is the corporal nitrogen of the experimental group;
BK is the corporal nitrogen of the group on the protein-free
diet; /K is the nitrogen intake of the group on the protein-free
diet; and [ is the nitrogen intake in the experimental group.
Corporal nitrogen (N) was calculated by using the following
equation:

Y=292+0.02X (1)
where X is the rats age in days, and Y is calculated as

Y= N(2x100 (2)
H:0 (g)

By equating Eqs. (1) and (2), N is calculated as

N (g) = H,0 (2.92 + 0.02X)
100

tD was determined along with NPU, and was considered as
the absorbed nitrogen with respect to the N intake. Unab-
sorbed nitrogen was calculated by quantification of the fecal
nitrogen in the group fed with the protein-free diet. The for-
mula used was

tD=/-(F-FK) x100
1

where / is the ingested nitrogen; F'is the fecal nitrogen in the
group that received the experimental diet; and FK is the fecal
nitrogen of the group consuming the protein-free diet.

The biological value (BV) was calculated as the NPU/tD ra-
tio.

69


https://doi.org/10.3153/FH20008

70

Food Health 6(2), 67-76 (2020)

Table 1. Composition of diets AIN 93-G
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Nutrients (g/kg) Protein free Casein ACRU ACRU Treated
Cornstarch 397.48 397.48 85.16 164.16
Protein® 0 125.00 510.50 424.71
Soybean oil” 70.00 70.00 31.86 7.56
Fiber 50.00 50.00 20.08 29.23
Sucrose 100.00 100.00 100.00 100.00
Mineral mix 35.00 35.00 35.00 35.00
Vitamin mix 10.00 10.00 10.00 10.00
Choline bitartrate 2.50 2.50 2.50 2.50
L-Cystine 0 3.00 0 0
Dextrinized cornstarch 335.00 207.00 284.87 226.80
Tert-butylhydroquinone 0.014 0.014 0.014 0.014

® The amount of flour incorporated in the diets to achieve 10 % of protein was defined taking into account the protein content of the
sources, ACRU: 19.59 % and ACRU treated: 23.54 %. Casein: 80 % purity.

b The amount of oil added to achieve 7 % of lipids, was defined taking into account the fat content obtained for the sources, ACRU: 7.47

% and ACRU treated: 14.70 %.

Blood Analysis

Glucose, total cholesterol and triglycerides, were determined
by enzymatic methods using commercial kits.

All applicable international, national, and/or institutional
guidelines for the care and use of animals were followed.

Statistical Analysis

Results are expressed as mean =+ standard deviation. Statisti-
cal differences were tested by the Student’s z-test and
ANOVA. Probabilities of 0.05 or less indicate significant dif-
ference (Snedecor and Cochran 1991).

Results and Discussion

The present work studied the effect of thermal treatment on
the proximal chemical composition, elemental profile, anti-
oxidant activity and biological value of the protein of a new
Amaranthus cruentus L. variety seed flour, as well as the ef-
fect of its intake on some serum parameters.

Table 2 shows the proximal chemical composition, where the
protein and lipid contents stand out, reaching values of 19.59
and 7.47 g/100 g, respectively, in ACRU. These values are
higher than the informed by Bressani (2003) for proteins, and
similar in the case of lipids. In ACRU treated, these results
increase significantly in 17% and 50%, respectively.

Regarding the elemental profile (Table 3), in general, the re-
sults obtained are increased in the treated sample, in accord-
ance with the ash value informed. Among the main elements
of nutritional interest (expressed in pg/g of flour), it is high-
lighted the presence of Ca: 1592.15 and 1974.25, Fe: 85.50
and 106.02, Na: 49.00 and 60.76, S: 7.71 and 9.56, and Cu:
6.49 and 8.03, for ACRU and ACRU treated, respectively,
and a high content of P and K in both samples. The concen-
trations of these minerals is similar to the informed by Nasci-
mento et al. (2014), and do not exceed the maximum tolerable
levels. The Ca contribution of the studied flours could partic-
ipate in the prevention of osteopenia and osteoporosis, which
frequently affect coeliacs patients. No presence of toxic min-
eral elements, such as As and Cd, is detected, while Pb and
Cr slightly exceed the limit allowed by the FAO/WHO (2015)
(0.20 ppm for Pb and 0.10 ppm for Cr).

Form the investigated anti-nutrients (Table 4), it is observed
that nitrates increase significantly (35%) in the treated sam-
ple; however, both values obtained (206.44 and 316.27
mg/100 g) are within the acceptable range. The Joint
FAO/WHO Expert Committee has determined as Acceptable
Daily Intake (ADI) of nitrates a value of 0-3.7 mg/kg of body
weight (FAO/WHO 2002). Regarding the hemagglutinin ac-
tivity, it is observed that they are concordant with the ob-
tained by Escudero et al. (2004) for grain amaranths, and do
not affect health. No presence of saponins is observed. A sig-
nificant decrease is observed in the antitryptsin activity in
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ACRU treated, due to that these proteases inhibitors are ther-
molabile. The results obtained for ACRU and ACRU treated,
3.49 and 2.86 TIU/mg, respectively, are similar to the re-
ported for seeds of other amaranth species (Bressani, 1994).
The values informed are close to the levels considered as safe
(5 TIU/mg of sample). The concentration of oxalic acid in
ACRU is 156.00 mg/100 g, decreasing in 8% for ACRU
treated, value that is similar to regular consumption cereals.
Considering that the Hendek Ertop and Bektas (2015) recom-
mends patients with kidney stones an oxalate-restricted diet
with values below 40 to 50 mg per day, the daily intake of
ACRU should be reduced. The phytic acid content was of
0.36 and 1.38 mg P/100g in ACRU and ACRU treated, re-
spectively, lower than the informed for amaranth (82 mg/100
g) by Ferreira and Aréas (2010).

The amaranth grain contributes with natural antioxidants that
play an import role in the inhibition of free radicals, prevent-
ing oxidative deterioration. The values obtained for

total phenols were 16.23-39.23 mg gallic acid / 100 g for
ACRU and ACRU treated, respectively (Table 5), similar to
the informed by Repo de Carrasco and Encina Zelada (2008)
for six varieties of Amaranthus caudatus. The significant in-
crease of phenols in the treated sample would be a conse-
quence of the release of these compounds by the action of the
thermal treatment. The evaluated antioxidant activity does
not present significant differences between both samples,
with varying ranges for % Inhibition for DPPH: 88.84-89.51;
NO: 65.73-72.21; and B-carotene: 25.03-26.65. It is noted the
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capacity of free radical scavenging given by the DPPH inhi-
bition percentage. It is interesting the high percentage ob-
tained for the NO Test, considering that NO produced in ex-
cess interacts with oxygen forming nitrites that transform into
harmful peroxides; Czerwinski et al. (2004) inform lower val-
ues that vary between 23.00 and 25.10 % NO inhibition. The
bleaching percentage of B-carotene, as a measurement of the
lipid peroxidation inhibition, is relatively low and in agree-
ment with the informed for Amaranthus hypochondriacus by
the same author.

Regarding the evaluation of the biological quality of the stud-
ied samples (Table 6), it is observed that the diets consump-
tion does no present significant differences between the ex-
perimental diets, and neither with respect to casein taken as
reference. However, the weight gain decreases significantly
(87%) with respect to the animal protein; these results can be
attributed to the characteristics that distinguish a vegetable
protein. The feces weight presents a significant increase with
respect to casein, probably due to the fiber present in the veg-
etable diet. In the biological tests, NPU presents lower values
for the studied samples with respect to casein, being lower for
the treated sample. The tD does not show significant differ-
ences between the experimental samples, so it can be inferred
that it is not affected by the thermal treatment. The BV results
are lower for the treated sample, indicating that this treatment
decreases the protein quality, and consequently, its utilization
for protein synthesis.

Table 2. Chemical composition of the new variety in the dry weight of Acru-G10/13 II and Acru-G10/13 II treated seed flours

Determination ACRU ACRU treated
(g/100g)

Moisture 7.28 £0.15° 1.13+0,01°
Ash 4.46 £0,16* 5.53+£0,04°
Protein (N x 6.25) 19.59+ 0,13 23.54+0,15°
Total lipids 7.47+£0.18° 14.70 £ 0.12°
Carbohydrates” 61.20 £0.43° 55.10 £ 0.30°
Crude fiber 5.86 £0.14* 5.91+£0.06*

Values are mean + standard deviation of three measurements. Different letters indicate significant differences (p<0.05).

“Carbohydrates are determined by the following calculation:

Carbohydrates = 100 — (% Ash) — (% Total Fat) — (% Moisture) — (% Protein)

71


https://doi.org/10.3153/FH20008

Food Health 6(2), 67-76 (2020) e https://doi.org/10.3153/FH20008

Research Article

Table 3. Concentration of 21 elements analyzed in the dry weight of Acru-G10/13 II and Acru-G10/13 II treated seed flours

(ng/g)
Element ACRU ACRU treated
As ND ND
Ca 1592.15+ 75?2 1974.25 + 83°
Cd ND ND
Co 0.11 £0.005* 0.14 + 0.008°
Cu 6.49 £0.03? 8.03 £0.06°
Cr 0.16 £0.007* 0.18 + 0.009°
Fe 85.50+£5.70° 106.02 + 7.50P
K* >10 >10
Hg ND ND
Li 0.98 £0.06* 1.21 £ 0.04°
Mg* >10 >10
Mn 37.47 +£2.402 46.46 + 3.35°
Mo 0.53 £0.062 0.64 £0,072
Na 49.00 £2.78* 60.76 + 4.25°
Ni 0.37+0.001* 0.46 + 0.002°
P* >10000 >10000
S 7.71 £0.502 9.56 + 0.45°
1 ND ND
Pb 1.15+0.009* 1.43+0.01°
Se ND ND
Zn 32.33+1.87* 40.09 + 2.25°

Values are mean + standard deviation of three measurements. Different letters indicate significant differences (p<0.05).

*Exceeds the upper quantification limit. ND: not detected

Table 4. Anti-nutrient factors in the dry weight of Acru-G10/13 Il y Acru-G10/13 1II treated seed flour

Anti-nutrient factors ACRU ACRU treated
Nitrates (mg/100 g) 206.44 + 17.67* 316.27 £32.19°
Hemagglutinin activity 1/64 1/16
Hemolytic activity ND ND

Foam index" <100 <100
Antitrypsin activity (TTU/mg sample)* 3.49+0.30° 2.86 +0.10°
Oxalic acid (mg/100 g) 156.00 £ 4.04* 144.32 +3.90°
Phytic acid (mg P/100 g) 0.36 £0.01? 1.38+0.09°

Values are mean + standard deviation of three measurements. Different letters indicate significant differences (p<0.05)

ND: Not detected.

*1000/a; a = mL of filtrate in the tube that reached, when no tube exhibited 1 cm of foam, foam index <100.

*Trypsin inhibited units per mg of flour.
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Table 5. Total phenols content and antioxidant activity in the dry weight of Acru-G10/13 II and Acru-G10/13 II treated seed

flours
ACRU ACRU treated
Total phenols (mg gallic acid /100 g) 16.23 +0.10? 39.23 £0.99°
DPPH inhibition (%) 89.51 £ 1,66° 88.84+2.14*
NO inhibition (%) 65.73 £ 1.63¢% 72.21 £2.58°
B-carotene inhibition (%) 25.03 +£1.89* 26.65 £ 0.97°
Values are mean + standard deviation of three measurements.
Different letters indicate significant differences (p<0.05)
Table 6. Biological quality from seed flour of Acru-G10/13 11 y Acru-G10/13 II treated
Casein ACRU ACRU treated
Intake (g) 74.08+10.94° 60.70+7.172 66.90+7.372
Weight gain (g) 17.70+2.38° 2.75+0.75° 1.83+0.15°
Feces weight (g) 5.51+£0.46% 8.44+1.96° 7.44+0.85°
NPU 63.21+£6.85* 45.39+5.23 33.99+3.22¢
tD 96.23+2.19* 83.90+4.32° 86.33+4.60°
BV 65.69+5.69* 54.10+4.53? 39.37+3.20°

The results are expressed as mean + standard deviation
Different letters indicate significant differences (p<0.05)

NPU: Net protein utilization, tD: true digestibility, BV: Biological value

Table 7. Effect of ACRU-G10/13 II and ACRU-G10/13 II treated seed flours on biochemical variables

Biochemical variables Casein ACRU ACRU treated
(mg/dL)

Glucose 53.25+11.70° 62.40 + 8.88* 77.66 +£21.082
Total Cholesterol 53.40+11.332 39.60 + 12.342 38.00 + 5.052
Triglycerides 131.40 + 33.28* 89.40 + 6.58° 70.20 + 18.40°

The results are expressed as mean + standard deviation
Different letters indicate significant differences (p<0.05)

The evaluated serum parameters (Table 7) indicate that the
triglycerides level decreases significantly in the experimental
samples, with a tendency in the decrease of total cholesterol
with respect to casein, values similar to the reported by Es-
cudero et al. (2006). This could be explained by the presence
of dietary fiber and the prevalence of unsaturated fatty acids
in the vegetal diet.

Conclusions

The obtained results allow to conclude that the thermal treat-
ment used (90°C for 1h) affects the content of nutrients. It
improves the protein and lipid contents, however, the biolog-
ical study indicates that the thermal treatment decreases the
protein quality when its biological value and net protein uti-
lization are affected. The content of minerals of nutritional
importance increases in the treated sample, highlighting the
presence of Ca, Fe and P, without observing toxic elements.

The antinutrients studied are within ranges that do not affect
health, suggesting the potential consumption of this variety
without apparent toxicity risk. The concentration of total phe-
nols indicates that the amaranth grain contributes with anti-
oxidants that play an important role in free-radical scaveng-
ing, preventing oxidative deterioration; the sample subjected
to thermal treatment increases its phenol content. On the other
hand, a beneficial effect of the amaranths grains is observed
by producing a hypotriglyceridemic effect. However, and de-
spite that, in general, the thermal treatment improves some of
the evaluated parameters, it decreases the protein quality.
This is an aspect that should be contemplated for performing
future studies, subjecting that sample to different types of
thermal treatments that do not affect the biological quality of
the protein. This also becomes a challenge for the food tech-
nology, with the goal of optimizing the nutritional quality of
this amaranth.
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ABSTRACT

This study was aimed to examine the food safety knowledge of food handlers in hotels’ kitchen,
to determine existing knowledge gaps in food safety, and to examine relationship between food
safety knowledge and some sample characteristics such as gender, age, education level, profes-
sional experience, and past attendance to food safety training course. A total of 378 food handlers
working in hotel kitchens, located at six different cities in Turkey, participated in the cross-sec-
tional study. The food safety knowledge score of participants was average with 53.70%.
Knowledge scores related the different food safety aspects including personal hygiene (53.60%),
food hygiene (53.91%), cross contamination (61.13%), health problems that would affect food
safety (52.14%), symptoms of foodborne illnesses (52.00%), HACCP (51.00%) and food allergy
(50.89%) were found average level. The most striking result of this study is that although the
number of employees receiving food safety training is considerably high (82.3%), the food safety
knowledge score was found less than expected. When viewed from this aspect, this work is re-
markable about examining into content and adequacy of food safety training in Turkey.

Keywords: Food safety, Hotels kitchen, Food handlers, Knowledge, Turkey
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Introduction

Recent studies show that foodborne illnesses affect more than
one-third of the total population in developing countries (Sani
and Siow, 2014). Several foodborne illness outbreaks are as-
sociated with various factors, with the most common being
food personnel’s poor hygiene (Pichler et al., 2014). Presence
of pathogenic microorganisms on food handlers' hands con-
tributes to the existence of those illnesses (Egan et al., 2007;
Rebougas et al., 2017). The Centre for Disease Control and
Prevention (CDC) has reported that food handlers cause as
much as 20% of food-related infections (Assefa et al., 2015).
Furthermore, the mishandling of food seems the source of
97% of all foodborne illnesses spread through catering outlets
(Egan et al., 2007). Inconvenient practices which are respon-
sible for foodborne microbial illnesses are cross-contamina-
tion of raw and cooked foodstuffs, inadequate cooking or re-
heating of foods, usage of unsafe ingredients, storing food at
incorrect temperatures, and cooling food inappropriately
(Egan et al., 2007; Webb and Morancie, 2015). All of these
factors are generally associated with a low level of
knowledge and practices (Webb and Morancie, 2015). Lack
of knowledge about food safety of food handlers contributes
to the spread of those pathogens during food processing
(Pichler et al., 2014). Thus, increase the comprehensive
knowledge of food handlers about food safety and the effi-
cient application of current information in food processing
are crucial to maintaining safe food production (Bolton et al.,
2008). Many studies have been conducted about the food
safety knowledge of food handlers in different countries so
far, for instance Brazil (Rebougas et al., 2017; Soares et al.,
2012), Malaysia (Sani and Siow, 2014), Vietnam (Sama-
pundo et al., 2016), Ghana (Kunadu et al., 2016), Jordan
(Osailietal.,2017; 2018) and Turkey (Bas et al., 2006; Tokug
et al., 2009). In many of these studies’ results show that par-
ticipants had limited knowledge about food safety.

Food that consumed at food and beverage establishments
have been continuing to be a significant source of foodborne
illnesses. The eating habit of many people have changed es-
pecially in large cities, therefore the safety of food is ex-
tremely important for trade success of food businesses. As
individuals continue to become busier, the number of people
eating outside is expected to continue to increase (Choi and
Rajagopal, 2013). According to the report of the European
Food Safety Authority (EFSA) and the European Centre for
Disease Prevention and Control, about twenty-five percent of
the foodborne epidemy, occurred in European Union coun-
tries, had been found associated with restaurants, cafes, pubs,
and hotels (ECDC - European Food Safety Authority and Eu-
ropean Centre for Disease Prevention and Control, 2017).
Similarly, catering services has also a critical role in the
spread of those infections. In the USA, Europe, and Ireland
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those had been partially traced to catering establishments (ap-
proximately 45%, 22%, and 50% respectively) (Giritlioglu et
al., 2011).

Hotels, as an important part of the tourism industry, are one
of the most common food production places. Hence, food
safety, hygiene, and sanitation are the most critical issues
need to be considered by hotel management. If the im-
portance that required is not given to those issues during the
preparation and service of the food, it might cause to the
health threat for both personnel and customers (Baser et al.,
2017). Bolton et al. (2008) stated that the food preparation
personnel, and also customers may seriously be affected by
the improper hygienic conditions in the hotel kitchens. In
Turkey, there were some regional studies had been made for
the evaluation of the food safety knowledge of food handlers
working in hotel kitchens (Bas et al., 2006; Sanlier et al.,
2010; Baser et al., 2017). However, there is no comprehen-
sive study that includes the whole country. The current study
aims to examine the food safety knowledge of food handlers
working in hotels’ kitchen in different cities of Turkey.

Materials and Methods

Research Design and Participants

A cross-sectional study had been made between May 2017
and September 2017 and involved 378 food handlers working
in 22 different food establishments, as a participant. Assess-
ments are comprised of four- and five-star hotels' kitchens in
the following cities of Turkey: Ankara, Istanbul, Mugla,
Hatay, Diyarbakir, and Nevsehir. The reason why the prov-
inces mentioned in the research are selected as sample was
related to the high number of city hotels in these provinces.
Since the universe size could not be calculated exactly, the
sample size scale table (Yazicioglu and Erdogan, 2004) was
used for determining the sample size. In cases where the uni-
verse is 1.000.000 and above, the sample size was considered
as min 323, so the 378 sample size reached in this study was
sufficient. In sampling, simple random sampling was used in
which each element of the universe had equal chance of en-
tering the sample (Arikan, 2004). After the implementation
of questionnaires, face-to-face interviews were performed to
guarantee the accuracy of responses which had given to sur-
vey questions. Participants were given an ample amount of
time (~30 min) to answer the questionnaire.

Questionnaire Design

The questionnaire was prepared from previously performed
studies Bas et al., 2006; Giritlioglu et al., 2011; Osaili et al.,
2011; Panchal et al., 2014; Shafie and Azman, 2015; Smigic
et al., 2016). The questionnaire’s reliability was tested via
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Cronbach alpha test, with a reliability coefficient of 0.913
(Santos, 1999). In the first part of the questionnaire, some
characteristics of subjects were collected such as gender, age,
education level, professional experience, past attendance to
food safety training courses, the habit of updating knowledge
and self-confidence situation about food safety, and the kind
of and location of their workplace (hotel). Second part in-
cluded 65 questions that examined respondents’ knowledge
of personal hygiene (5 items), cross-contamination (8 items),
food hygiene (23 items), health problems that would affect
food safety (7 items), symptoms of foodborne diseases (7
items), knowledge of HACCP (Hazard Analysis Critical Con-
trol Points) (6 items) and food allergy (9 items) issues. Each
question consisted of three optional answers of “yes”, “no”
and “do not know” in order to reduce the probability of re-
spondents in selecting the correct answer by chance.

Data Analysis

All statistical analyses were performed using the Statistical
Package for the Social Sciences, Version 16.0 (SPSS, Inc.,
Chicago, IL, USA). Descriptive statistics were calculated for
all variables. Food safety knowledge scores were analyzed by
using an independent sample t-test for two groups or Analysis
of Variance (ANOVA) with post-hoc Duncan test for more
than two groups. p<0.05 were considered to be statistically
significant. The total food safety knowledge score of re-
spondents’ was calculated by summation of the correct an-
swers of the 65 questions included in the seven categories
(maximum score is 65). Each correct answer was given 1
point but the incorrect or not sure answer was given 0 points
(Osalili et al., 2017). Additionally, the score was converted to
a percentage by dividing the total score by the maximum
score accessible (score/maximum score*100) and a random-
ized scoring system was used to assess the level of knowledge
(Shafie and Azman, 2015). As per that scoring system, the
score that lower than 50% was considered as ‘poor
knowledge’, the score between 50% and 75% was considered
as ‘average knowledge’ and the score that higher than 75%
was considered as ‘excellent knowledge’ (Samapundo et al.,
2016).

Results and Discussion

Sample Characteristics

Characteristics of the participants were shown in Table 1. The
vast majority of the participants were men (72.2%). In the
previous studies, it was mentioned that there were many fe-
male kitchen employees in Turkey (Bas et al., 2006;
Cakiroglu and Ucar, 2008). This is because of cultural condi-
tions in Turkey where females do not prefer to work in the
hotels' kitchen. Almost half of the participants (53.4%) were

between the age ranges 21-30. The total of 79.3% of all par-
ticipants had finished elementary and high school, whereas
14.0% had a bachelor degree. The number of food handlers
who have baccalaureate is very low in Turkey and the find-
ings of the current study are consistent with that level of ed-
ucation. Regarding professional experience in the food ser-
vices, 20.1% of all participants had <1 year, 40.3% of them
had between 1 year and 3 years, 18.3% of them had between
4 years and 6 years of and 21.2% of them had more than 7
years’ work experience. About 82.3% of the participants re-
ported that they were previously attended to training courses
about food safety. About three of four all participants stated
that they had a habit of following new information (77.2%)
and feel confident (79.4%) about food safety. A lot of partic-
ipants (43.9%) have also reported using the internet to follow
new information about food safety.

Results of Knowledge Scores in Relation to Sample
Characteristics

There were a significant association between food handlers’
knowledge and the variables such as their gender (p=0.000),
age (p=0.000), professional experience (p=0.000), past at-
tendance to food safety training course (p=0.000), the type
(p=0.000) and location (p=0.000) of their workplaces, the
habit of updating information (p=0.000), and confidence
about food safety (p=0.001). Male participants’ knowledge
score (35.95) was significantly higher than the female’s
(32.30) (p<0.05). Similarly, it was also determined by
Cakiroglu and Ugar (2008) that the different was significant
between knowledge scores about kitchen and equipment hy-
giene from the aspect of gender. Nevertheless, unlike our
study, it was also mentioned that knowledge scores of female
employees about general hygiene were higher than male em-
ployees. On the other hand, Sanlier et al. (2010) reported that
there the different was insignificant (p>0.05) between gen-
ders in their study, which had investigated food safety
knowledge levels of food handlers in the hotels' kitchen. Even
though the different was found insignificant (p>0.05)
amongst participants with regards to education levels,
knowledge score of high school graduates (36.49) who are
nearly half of the participants (48.9%) was slightly higher
than the others. Unlike our study, the different was found sig-
nificant (p<0.05) between general hygiene konowledge and
education status in another study (Sanlier et al., 2010). The
participants who both older than 40 years and the occupa-
tional experience longer than 7 years were achieved a higher
knowledge score by far (43.15 and 44.60, respectively)
(»<0.05). Likewise, Sanlier et al. (2010) had also pointed out
the higher score of those who have had 16 years or more ex-
perience about general hygiene in their study. Additionally,
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Martins et al. (2012) reported that the knowledge scores in-
crease through age and experience. Results of those studies
are concordant with our study and show a positive influence
of age and experience on food safety knowledge. The food
preparers' knowledge score (36.36) who had received food
safety training course (82.3%) were significantly higher than
those who had not (28.32%) (p<0.05). Many studies have
been declared that the most important component for ensur-
ing food safety was a knowledge. Hence, education and train-
ing about food safety have been emphasized on various other
studies as a must for prevention of foodborne diseases (Ajala
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et al., 2010; Choi and Rajagopal, 2013; Mullan et al., 2013;
Shafie and Azman, 2015). In terms of hotel types, the
knowledge score of food handlers working in five-star hotels
(39.72) was significantly higher than those working in the
four-star hotels (27.90) (p<0.05). Moreover, the knowledge
score of food preparers working in hotels in different cities
had remarkably varied (p<0.05). Those who constantly up-
date their information and declared their self-confidence
about food safety have had significantly higher knowledge
score than the others (p<0.05).

Table 1. Characteristics of food handlers and differences in the food safety knowledge scores

n % Mean Score percent Within
(Knowledge Score) p-value
Total 378 100 34.91 53.70
Gender Male 273 72.2 35.95 55.31 0.000
Female 105 27.8 323 49.69
15-19 27 7.1 37.14 57.14 0.000
20-24 89 23.5 32.15 49.46
Age 25-29 113 29.9 33.18 51.05
30-34 82 21.7 35.56 54.71
35-39 27 7.1 34.00 52.31
>40 40 10.6 43.15 66.38
Literate 25 6.6 32.04 49.29 0.197
Elementary school 115 30.4 33.24 51.14
. High school 185 48.9 36.49 56.14
Education Level Two-year degree 30 7.9 36.03 55.43
Undergraduate 22 5.8 32.77 50.42
Post graduate 1 0.3 31.00 47.69
<1 year 76 20.1 28.42 43.72 0.000
Professional experience 1-3 years 153 40.5 31.11 47.86
4-6 years 69 18.3 39.42 60.65
>7 years 80 21.2 44.60 68.62
Past attendance to food Yes 311 82.3 36.36 55.94 0.000
safety training course No 67 17.7 28.32 43.57
Type of hotel Five-star hotel 153 40.5 39.72 61.11 0.000
Four-star hotel 225 59.5 27.90 42.92
Ankara 71 18.8 25.66 39.48 0.000
Diyarbakir 75 19.8 55.05 84.69
. Hata 39 10.3 36.87 56.72
Location of hotel istanbul 81 21.4 25.48 39.20
Mugla 92 243 30.71 47.25
Nevsehir 20 53 46.45 71.46
Yes 292 77.2 0.000
- Book / Magazine 29 7.7
The l.1ab1t of i:ollow1ng - Television pro- 88 233 36.27 55.80
new information about grams
food safety - Internet 166 43.9
- Others 9 24
No 86 22.8 30.40 46.77
Self-confident in food Yes 300 79.4 36.06 56.15 0.001
safety No 78 20.6 30.64 45.08
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Total Food Safety Knowledge Score

The knowledge scores related to different food safety areas
and the total knowledge status were evaluated according to
the percentile score (arbitrary scoring system). The total
knowledge score of participants was 53.70% (34.91/65) as
shown in Table 2. This result indicated that food handlers
working in hotels' kitchen had average knowledge about food
safety. The total knowledge score reported in this study was
found better than 43.4% as reported in Turkey (Bas et al.
2006) and 46% as reported in small and micro enterprises in
South Africa (Cape et al., 2007) for food handlers. Neverthe-
less, our results on total knowledge of food safety was found
quite lower than the studies of Pichler et al. (2014), Osaili et
al. (2013), Osaili et al. (2018), Panchal et al. (2014), Gomes-
Neves et al. (2007), Martins et al. (2012) and which had been
found that score as 76%, 69.4%, 67.1%, 65%, 62.9%., 56%,
respectively. We were expected from participants to receive
relatively higher scores in food safety knowledge due to the
majority of them had reported that they attended a training
course about food safety (82.3%). From this point of view,
the result has shown that food safety training is not sufficient
alone to have knowledge about it. That result might be related
to the quality of the training. Food safety educations should
be repeated intermittently, their contents should be updated
and its competence should be measured by conducting post-
training applications and exams.

In general, knowledge score that involved to the different sec-
tions of food safety, like personal hygiene (53.60%), cross-

contamination (61.13%), food hygiene (53.91%), health
problems which may affect food safety (52.14%), symptoms
of foodborne diseases (52.00%), HACCP (51.00%) and food
allergy (50.89%) was average level. The highest percentage
of correct answers belonged to “knowledge of cross-contam-
ination” (61.13%), while the lowest one belonged
“knowledge of food allergy” (50.89%). Food allergy is a
more recent issue than the other aspects and it is just men-
tioned as the subject of food safety training. For that reason,
it seemed quite normal to get a lower score. As a result of our
study, the knowledge score of personal hygiene (53.60%) was
found immensely higher than those in the reports of Martins
et al. (2012) and Bas et al. (2006), 51.5% and 31.8%, respec-
tively. Similarly, the knowledge score of cross-contamination
in our study (61.30%) was extremely higher than the score
calculated both for food handlers at the main campus of Uni-
versity Kebangsaan Malaysia, which reported by Sani and
Slow (2014) (44.6%), and at Residential Colleges and Can-
teen in Malaysia, which reported by Nee and Sani (2011)
(46.9%).

Food Safety Knowledge Related to Different Food Safety
Areas

Food safety knowledge related to different food safety areas
was examined individually and determined some food safety
gaps in these areas. All data related to this section are shown
in Table 3.

Table 2. Knowledge scores (mean and percentage) related to different food safety areas and total knowledge scores for food

handlers in a hotel kitchen in Turkey

Food safety areas Mean r:‘l:lgeelz)(;sssigl‘ees Score percent
Personal hygiene 2.68 0-5 53.60
Cross contamination 4.89 0-8 61.13
Health pfzc;lzlggz tS};a;Z :;ould af’ 365 0-7 57 14
Symptoms of foodborne illnesses 3.64 0-7 52.00
Food hygiene 12.40 0-23 5391
HACCP 3.06 0-6 51.00
Food allergy 4.58 0-9 50.89
Total food safety knowledge 34.9] 0-65 5370

score
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Table 3. Percentage (%) of correct answers for each question

Correct an-
swer
Health problems would affect food safety n %
Sneezing would affect food safety 196  51.90
Hypertension would affect food safety 202 53.40
Diarrhea would affect food safety 179  47.40
Flu would affect food safety 212 56.10
Fever would affect food safety 217 57.40
Smoking would affect food safety 205  54.20
Covered wound in the hand with wearing a glove would affect food safety 172 45.50
Symptoms of foodborne illness n %
Hypertension is a symptom of foodborne illnesses 135 35.70
Diarrhea is a symptom of foodborne illnesses 227  60.10
Nausea is a symptom of foodborne illnesses 206  54.50
Vomiting is a symptom of foodborne illnesses 201 53.20
Pain in the bone is a symptom of foodborne illnesses 199  52.60
Bacteria is the only cause of foodborne diseases 190  50.30
Pathogens in food can cause diseases and even death 220  58.20
Personal hygiene n %
Duration of hand washing >20 s 206 54.50
Washing hands after touching money 215 56.90
Washing hands after handling raw meats or poultry 191 50.50
Washing hands before preparing meals 200  52.90
Food-services staff with abrasion or cuts on fingers or hands should not touch un-
wrapped foods 202 53.40
Cross contamination n %
Use same cutting board to cut raw meat or poultry and to chop vegetables 231  61.10
Use same knife to cut raw meat or poultry and to chop vegetables 254  67.20
Wash cutting board used to cut raw meat or poultry with cold water before using it to
227  60.10
chop vegetables
Store vegetables salad in the lower shelf in refrigerator if raw meat or chicken in the
. 258  31.70
middle shelf
Store vegetables salad in meat or poultry refrigerator 234 61.90
Wash knife used to cut raw meat or poultry with water and soap then apply sani-
. s 201 53.20
tizer before using it to chop vegetables
Wash knife used to cut raw meat or poultry with cold water before using it to chop vege-
tables 239 63.20
Use cap, masks, protective gloves, and adequate clothing reduces the risk of food 206 54.50
contamination '

*Sentences in bold indicate the correct expressions.
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Table 3 continues. Percentage (%) of correct answers for each question

Food hygiene (safe temperatures, purchasing, storage, thawing, cooking and reheating of the foods) n %

5°C is known as minimum temperature danger zone 198  52.40
Refrigerator operating temperature is 1-5 °C 195  51.60
Freezer operating temperature is —18 °C 202 53.40
Reheat food to temperature of 74 °C 202 53.40
Hot food needs to be kept and served at 60 °C or hotter 178  47.10
Cracked, dirty, broken eggs should not be purchased 208  55.00
Damaged and swollen cans should not be purchased 199  52.60
Conserving cooked food and raw food together causes foodborne illness 234 61.90
Store leftover in the refrigerator 201 53.20
Store leftover on the countertop or table in the kitchen 249 65.90
Store leftover in the oven 215 56.90
Frozen foods should be stored in their own packages 220  58.20
The total time in the temperature danger zone must not be longer than 4 hours 225  59.50
Thaw frozen raw meat or poultry on the kitchen counter in an open container 230  60.80
Thaw frozen raw meat or poultry in the refrigerator 206  54.50
Thaw frozen raw meat or poultry in running tap water 205  54.20
Thaw frozen raw meat or poultry in the microwave 110 29.10
Thaw frozen raw meat or poultry on the kitchen counter in a covered container. 185  48.90
It is necessary to check thermometer settings of refrigerators, freezers and store at least twice a day 211  55.80
Improper heating of food causes foodborne illnesses 206  54.50
Check poultry is sufficiently cooked by thermometer 202 53.40
It is perfectly safe to consume food that tastes and smells normal 188  49.70
Food should be served no later than two hours after preparation 221  58.50
HACCP n %

HACCEP is an international food safety system 208  55.00
HACCEP is a preventive system that ensures food safety in all stages of food production 203 53.70
HACKCEP is a mandatory system in Turkey’s food law 184  48.70
The HACCP system requires staff training in hygiene 191  50.50
Microbiological hazards cannot be included in HACCP 161  42.60
HACCEP is not a very effective system to provide food safety 211 55.80
Food allergy n %

A food allergy is an abnormal response of the immune system to an ordinarily harmless food 202 53.40
Food allergy can result in death 214 56.60
Customers with food allergies can safely consume a small amount of that food 157  41.50
Eczema can be a symptom of food allergy 133 35.20
Asthma can be a symptom of food allergy 198 5240
Food additives may cause an allergic reaction 204  54.00
Peanut is one of the major foods that cause serious allergic reactions 205  54.20
Labels on food give information about allergic content 203 53.70
Food-allergic reactions occur within from 2 min to 12 h after ingestion 219 57.90

*Sentences in bold indicate the correct expressions.
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Health Problems Would Affect Food Safety

Infected food handlers might contaminate foods and surfaces,
thus, leading to spreading foodborne diseases (Todd et al.,
2008). For that reason, having knowledge about health prob-
lems that would affect food safety has become a considerable
aspect. The percentages of participants who knew that sneez-
ing, diarrhea, flu, fever, and smoking would affect food safety
during food processing were 51.9%, 47.40%, 56.10%,
57.40%, 54.20%, respectively. On the other hand, even
though that is not scientifically relevant, almost 53.40% of
participants were believed that hypertension would affect
food safety. Less than 50% of them thought that wearing a
glove with a covered wound on their hand would affect food
safety. The data obtained from our study indicated that about
half of the participants were not aware of ‘health problems
would affect food safety’. As higher than ours, Osaili et al.
(2017) have reported that more than 70% of the food service
staff, working in hospitals in Jordan were known that sneez-
ing, fever, diarrhea, and smoking during working hours had
an impact on food safety. However, there are also studies
which have lower results than the current one such as the re-
ports of Jianu and Chis (2012) that mentioned only 31% of
the food handlers in Western Romania had knowledge about
coughing and/or sneezing might have an effect on food con-
tamination.

Symptoms of Foodborne Illness

When people suffer from food poisoning they cannot be able
to understand it is related to food unless they have poor or no
knowledge about symptoms of foodborne illnesses. This con-
dition increases the contamination risk since infected food
handlers can contaminate food, surface, and other workers
(Todd et al., 2008). The most common symptoms of food-
borne diseases were reported as diarrhea, nausea, vomiting,
and stomach cramps (CDC, 2018). In the current study, more
than half of the participants knew that diarrhea (60.10%),
nausea (54.50%) and vomiting (53.20%) are the typical
symptoms of foodborne illnesses. Although this result
showed that the relevant knowledge level is at a moderate
level, it is unfortunate that it is a very low rate compared to
other studies. For instance, in contrast to that result, Osaili et
al. (2013, 2017) reported that 90% of foodservice staff work-
ing in the hospitals and restaurants had knowledge about the
most common symptoms of foodborne diseases such as diar-
rhea, vomiting, abdominal pain, and nausea. Similarly, Jianu
and Chis (2012) were pointed out that most of the food han-
dlers (77%) in Western Romania could explain these symp-
toms. Diarrhea, in general, is defined as the most common
symptom of those infections in many studies [Tokug et al.,
2009; Osaili et al., 2013, 2017); because of being the most
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emphasized one in the media (Osaili et al., 2017). Hyperten-
sion and bone pain are not symptoms of foodborne diseases.
Amongst participants, 35.7% of them knew that that state-
ment was not correct for hypertension and 52.60% knew that
was not correct for bone pain. Similarly, in the study of Osaili
et al. (2017), in which less than 42% of the participants as-
sumed that hypertension and bone pain were symptoms of
foodborne diseases.

Personal Hygiene

Hygienic practices in the responsibility of food handlers are
considered as the most effective method to reduce food con-
tamination risk in food establishments. Amidst these hygienic
practices, hand hygiene is a more effective method for pre-
venting foodborne diseases when compared with the cleaning
and disinfection of surfaces that contact food (Todd et al.,
2007). As a matter of fact, it is crucial to have sufficient
knowledge about handwashing and concerned staff should
pay more attention to this issue. In the current study, the
knowledge about the handwashing of employees was deter-
mined and the correct response rate was around 50% and this
result was quite low compared to other studies (Osaili et al.,
2013, 2017). Similar to our finding, Tan et al. (2013) and Re-
bougcas et al. (2017) showed that the majority of food handlers
had inadequate knowledge about handwashing. On the other
hand, “Duration of handwashing must be minimum 20 sec.”
statement was correctly identified as true by 54.50% of at-
tendees. When it comes to practice, the time of handwashing
is usually shorter than required and not correctly performing
by the employees. Although, it is a good result that more than
half of the attendees responded correctly to this statement.
Unlike our results, Debess et al. (2009), Osaili et al. (2017)
and Osaili et al. (2018) reported that only 39%, 29.5%, and
31.9% knew the time that should be spent during hand wash-
ing, respectively.

Cross Contamination

Cross-contamination is one of the most contributory risk fac-
tors related to foodborne diseases. Cross-contamination and
contaminated equipment are referred to as risk factors in Eng-
land and Wales (25%), and in the US (26%) of general epi-
demics, respectively. In the catering industry, it was well
known that cross-contamination of food via receptacles,
hands and surfaces were major risk factors (Bolton et al.,
2008). Therefore cleaning those surfaces and equipment is es-
sential to prevent cross-contamination. Over 60% of partici-
pants answered “Use the same cutting board to cut raw meat
or poultry and to chop vegetables” and “Use the same knife
to cut raw meat or poultry and to chop vegetables” statements
correctly. 53.20% of participants correctly knew the proce-
dures for cleaning and sanitizing containers. Previous studies
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have reported better knowledge level about sanitization pro-
cedures of equipment and surfaces than reported in the cur-
rent one (Tokuget al., 2009; Jianu and Chis, 2012; Osaili et
al., 2013).

The number of those who knew that raw meat and vegetables
must not be chopped on the same cutting board (61.1%) and
knew to must change the knife to cut raw meat or poultry and
to chop vegetables (67.20%) was substantially high. Pieces of
equipment, especially cutting boards have a crucial role with
respect to cross-contamination. It was found that more than
50% of selected cutting boards used in hotels in Spain had
been contaminated with superfluous levels of microorgan-
isms (Doménech-Sanchez et al., 2011). The number of cor-
rect responses given to questions about cross-contamination
is higher than in the other food safety areas in the current
study, even though this rate is still unsatisfactory and there is
still a high risk of cross-contamination. Similarly, in another
study which made by Bolton et al. (2008) with 200 chefs and
managers of restaurants in Ireland, the risk of cross-contami-
nation sourced from the tools and surfaces were determined
as high in kitchens of restaurants. Taking necessary precau-
tions by food handlers such as the hygiene of their hands,
bodies, and items of clothing, equipment, and workplace will
help to lessen the incidence of cross-contamination (Assefa
etal., 2015).

Food Hygiene (Safe Temperatures, Purchasing, Storage,
Thawing, Cooking and Reheating of the Foods)

Foodborne diseases have been associated with improper stor-
age, thawing, cooking or reheating of the food and those are
frequently due to a lack of awareness or applications about
food hygiene. In the current study, the rate of correct answers
to statements about this food safety area was usually above
50%. When the statements are viewed singly, it was seen that
more than half of the participants (61.9%) had correctly
known how to separate raw meat from other food during stor-
age. Unluckily, this result was found weaker than the studies
of Walker et al. (2003) and Bolton et al. (2008), in which had
been reported that results as 84% for the US, as 97% for the
UK and as 92% for Ireland, respectively. 60.80% and 48.90%
of attendees stated that they thaw frozen raw meat or poultry
on the kitchen counter, sequentially the open and closed con-
tainer. The distribution of participants who knew the correct
thawing procedures was: 54.50% use the refrigerator and
29.10% use the microwave and 54.20% use the tap water. In
some other studies, such as Osaili et al. (2013, 2017, 2018)
responses related to thawing in a microwave (8.1%, 4.1%,
1.1%, respectively) were similarly low. These results showed
that thawing in the microwave is not a common process in the
hotel kitchens. About 53.40% of participants knew the right
process to determine whether poultry is cooked well by using

a thermometer. Unlike this study, a lower rate (12.7% and
19.5%) of attendees had been found correctly answered that
question in the study of Osaili et al. (2017, 2018). The state-
ments about correct refrigeration and freezing temperature,
the reheating temperature of food and minimum danger zone
were correctly answered by more than half of participants
(51.60%, 53.40%, 53.40%, and 52.40%, respectively). This
finding showed that the majority of participants knew the cor-
rect temperature about refrigeration, freezing, reheating and
the danger zone. Unlike our results, in many studies (Bas et
al. (2006); Tokug et al., (2009); Martins et al., (2012); Osaili
et al., (2013); Webb and Morancie (2015); Kunadu et al.,
(2016); Osaili et al. (2017)), it was reported that a lack of
knowledge among food service staff about critical tempera-
tures.

One of the most common causes of foodborne diseases is in-
accurate cooling of cooked food. Even if the food is safely
cooked, the bacteria can be contaminated that food. For this
reason, remainders must be put in shallow containers for
quick cooling and refrigerated at 4 °C or below within two
hours (USDA, 2017). In our study, 53.20% and 58.50% of
participants knew that “store remainder in the fridge” and
“food should be served no later than two hours after prepara-
tion”, respectively. Osaili et al. (2018) reported that a small
part of the participants (15%) had known the correct retention
temperature needed to eat. In contrast to Osaili et al. (2018),
in our study, almost half of the attendees correctly answered
this statement.

HACCP

Large establishments adopt the HACCP system unlike in the
small enterprises in the catering sector. There are some ob-
stacles in small businesses to practice the HACCP system,
such as financial constraints and attitudes that restrict the pro-
cess, absence of legal arrangements, lacked expertise (Egan
etal., 2007). Additionally, in catering companies, supervision
of the management and lack of motivation, resources and
awareness about food safety are other factors that prevent the
effective sustaining of the HACCP system (Osaili et al.,
2018). Less than half of participants (48.70%) knew that the
system is mandatory in our country. Similar results were ob-
tained from the study of Ulusoy and Colakoglu (2015) which
measured the level of HACCP knowledge of food handlers in
enterprises in Istanbul. In the current study, approximately
half of the participants correctly responded to the statements
about HACCP. Unlike our result, Bolton et al. (2008) re-
ported that head chefs and catering managers in Ireland had
inadequate knowledge about HACCP. Similarly, Rebougas et
al. (2017) in their study which performed with head chefs and
managers in hotels' restaurants of Salvador (Brazil), noticed
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that nearly 35.0% of the participants knew what the HACCP
means.

Food Allergy

Food allergy is a prominent public health problem as well as
food infections. Researchers estimate that up to 15 millions
of Americans and about 17 million Europeans have food al-
lergies (FARE, 2017; EAACI, 2017). In this point of view,
food handlers might have a critical role to reduce the risk of
food allergy and adverse reactions (Dupuis et al., 2016).
Therefore, the level of knowledge of food handlers and be-
havior against food allergy reactions are very important. In
the current study, it was seen that more than half of the par-
ticipants responded correctly to statements such as, “food al-
lergy is an abnormal response of the immune system to food
that harmless normally” (53.40%), “food allergy may result
in death” (56.60%), “asthma might be a symptom of food al-
lergy” (52.40%), “food additives may cause allergic reaction”
(54.0%) and “peanut is a significant food may cause serious
allergic reactions” (54.20%). These results showed that more
than half of the participants responded correctly to expres-
sions related to food allergy. On the contrary, 41.50% of them
incorrectly declared that “customers who have a food allergy
can safely consume a small amount of that food”. Although
food allergy is a current issue and is not frequently included
in the training, it is quite a good result that attendees had ac-
curately responded to almost 50% of the statements. The lev-
els of food allergy knowledge and practices of food handlers
had seen insufficient in many studies (Ajala et al., 2010; Choi
and Rajagopal, 2013; Shafie and Azman, 2015). Food han-
dlers are expected to increase their awareness and knowledge
about food allergy since the public health authorities' more
interest in food allergy over time.

Conclusion

It is provided important information and displayed many fea-
tures in that study, concerning the food safety knowledge
conditions of food handlers who work in kitchens of 22 hotels
located at six different cities in Turkey. The results obtained
from our study showed that the level of food safety
knowledge of food workers in hotels' kitchens is at an average
level. However, there are some significant gaps in food safety
areas, such as personal hygiene, food allergy, and HACCP.
The most striking result of this study is despite the high num-
ber of employees received food safety training the level of
knowledge about food safety is medium. In such a group that
82.3% had received food safety training, we would expect a
better level. This result may be associated with the adequacy
status of food safety training in Turkey. There is a general
consensus that trained food handlers are needed to prevent
and control foodborne diseases. Thus, food handlers should

Research Article

be taken food safety training regularly. However, as shown in
the current study, training is not just enough but the quality
of those training should also be measured regularly, effective
application of training should be provided and inspections
should be made routinely. Not only food handlers, but also
food manufacturers, consumers, food and beverage industri-
alists should take responsibility in this regard, besides that
governments are primarily responsible for ensuring and
maintaining food safety. Therefore, all these stakeholders
should be trained about food safety and systematic control
should be made by the government. This is especially im-
portant in developing countries such as Turkey, where the
risk of foodborne diseases is loud. As this study comprises
the employees who work in hotels located in various regions
of Turkey, the obtained results can be generalized to all of the
hotels in Turkey. Hence, this study is a comprehensive survey
that measured the food safety knowledge level of the hotel
kitchen staff in Turkey. In the future, some further studies
might be performed to determine the relationship between the
knowledge, attitudes, and practices of food handlers with
food safety training.
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ABSTRACT

Health benefits of lady finger were explored in this study by which the ethanol extract from the
seeds was utilized for testing. In high glucose (350 mmole/L) medium, the proliferative activity of
C2C12 cells was inferior, but their viability was improved following treated with the extract. The
activities of antioxidant enzymes, superoxide dismutase (SOD) and catalase (CAT), were also en-
hanced. In response to such high glucose concentration, glucose uptake ability of these cells was
compromised. The extract was demonstrated to increase the ability of glucose uptake by approxi-
mately equal to the effect of 200 nmole/L insulin. High intracellular reactive oxygen species (ROS)
of RBM-MCS cells grown in high glucose containing medium was elicited. The level of ROS was
reduced when the cells were cultured in contact with the extract. L929 cells were made inflamma-
tion and oxidative stress by incubating with 37.5 pmole/L DPPH for 30 min. The release of tumor
necrosis factor-o (TNF-a) and interleukin 6 (IL-6) from these inflamed cells was inhibited by such
treatment. Thus, lady finger might be advantageous in the protection of cells in the body that would
be damaged or being susceptible to hyperglycemia and diabetes.

Keywords: Lady finger, Polyphenols, Healthy diet, Nutrient, Obesity, Chronic inflammation, Met-
abolic disease
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Introduction

Consumption of healthy diets throughout the life-course
helps prevent malnutrition and a range of non-communicable
diseases (NCDs), such as obesity, diabetes, heart disease,
stroke, and cancer. Rapid urbanization changes lifestyles and
shift dietary patterns. Having more foods high in energy, fats,
free sugars, salt, and sodium, but insufficient of fruit, vegeta-
bles, and whole grains, are major epidemic factors of NCDs
("Healthy diet," 2018). A healthy dietary set can be varied
depending on individuals and is influenced by both social and
economic factors. Indeed, the basic principle of what consti-
tutes a healthy diet is the same and requires a variety of dif-
ferent foods, since no single food contains all the essential
nutrients the body needs to stay healthy and work properly
("A healthy, balanced diet," 2016). A healthy diet will pro-
vide the right amount of energy to maintain energy balance,
which is where the calories taken in from the diet are equal to
the calories used by the body. For adults, total fat should not
exceed 30% of total energy intake with saturated fats of less
than 10% and trans-fats of less than 1%, less than 10% of free
sugars, less than 5 g per day of salt, and at least five portions
of fruit and vegetables per day ("Healthy diet," 2018). Excess
calories intake is stored as fat, and obesity is the consequence
due to chronic energy imbalance. An association between an
unhealthy lifestyle and obesity has been obvious. Obesity
changes the body physiological responses through cytokines
and pro-inflammatory factors produced by adipocytes, which
involve low-grade inflammation. When continuously exist-
ing, the inflammation becomes chronic and influences other
systems by altering their functions to cause different degen-
erative diseases (Castro et al., 2017). Therefore, nutritional
approach is implicated as an effective tool to manage obesity
and obese-associated indisposition. In this study, lady finger,
which is a plant with the scientific name Abelmoschus escu-
lentus (L.) Moench of the family Malvaceae was chosen for
evaluation of health beneficial effects. The selection criteria
were that the plant is naturalized in the world’s tropical and
subtropical areas and its edible fruits are popular for con-
sumption. The fruits are rich in vitamins A, C, and K, poly-
phenols, protein, and fiber. Accordingly, serious diseases
such as cancers, diabetes, chronic inflammation, as well as
heart and brain malfunction are expected to improve when the
fruits of lady finger are regularly consumed (Ware, 2019). In
this work, seeds of lady finger were extracted by using etha-
nol and examined for optimistic activities, including anti-ox-
idation, anti-inflammation, inductive proliferation, and bene-
ficial properties of increasing glucose uptake and utilization
by muscle cells. Results may assist the daily consumption of
lady finger for proper health and prevention/delay the onset
of NCDs.

Materials and Methods

Materials

Cell lines of 1.929 mouse fibroblast (CRL-6364"), PC12 rat
adrenal gland (CRL-1721™), and C2C12 mouse myoblast
(CRL-1772™) were bought from American Type Culture Col-
lection-Cell lines (ATCC). RBM-MSCs (rat bone marrow de-
rived mesenchymal stem cells) were kindly obtained from au-
thors of the previous study (Wongwitwichot and Kaews-
richan, 2017). RPMI 1640 medium, Dulbecco's modified ea-
gle's medium (DMEM), fetal bovine serum (FBS), penicil-
lin/streptomycin, Dulbecco's phosphate buffered saline
(DPBS) and trypsin ethylenediamine tetraacetic acid (EDTA)
were purchased from Gibco™. APO-BrdU™ TUNEL Assay
Kit was obtained from Molecular Probes, Inc. Superoxide
Dismutase Activity Assay Kit (Colorimetric) was from
Abcam®. Catalase Activity Colorimetric/Fluorometric Assay
Kit was acquired from BioVision, Inc. Mouse TNF-alpha
Quantikine ELISA Kit and Mouse IL-6 Quantikine ELISA
Kit were purchased from R&D System (MN, USA). Tetrazo-
lium salt 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide (MTT) was from Hi Media Labs (Mumbai, In-
dia).  2-(N-(7-Nitrobenz-2-oxa-1,3-diazol-4-yl)Amino)-2-
Deoxyglucose, (2-NBDG), was bought from Thermo Fisher
Scientific (MA, USA). Folin-Ciocalteu reagent, gallic acid,
ascorbic acid, sodium acetate, 2,2-diphenyl-1-picrylhydrazyl
(DPPH), 2/,7-dichlorodihydrofluorescein diacetate (DCFH-
DA), 2,4,6-tripyridyl-striazine (TPTZ), FeCls, L-dopa, and
mushroom tyrosinase were acquired from Sigma Aldrich
(Darmstadt, Germany). Absolute ethanol was purchased from
Loba Chemie (Mumbai, India). Other chemicals were of an-
alytical grade and bought from Merck (NJ, USA).

Seed Extract Preparation

Fruits of lady finger were bought from a farm in Nakhon-
pathom province, Thailand. Seeds of the fruit were collected
and completely dried in a hot-air oven at 60°C. Ethanol was
used as a solvent for extraction of dried seeds using a solid:
liquid ratio of 1:2. The seed sample was soaked in ethanol
overnight at room temperature in close container with regu-
larly shaking. The extract was filtered through a bruckner
funnel and concentrated on a water bath at 60°C for 2 h. The
extracted residue was reconstituted in ethanol and stored at
4°C until analysis.

Cell Culture

The cell lines of L929 and C2C12 and RBM-MSCs were rou-
tinely grown in DMEM medium, whereas RPMI 1640 was
used for growing PC12 cells. To prepare a complete medium,
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each medium was supplemented with 10% fetal bovine se-
rum, 100 U/mL penicillin, and 100 pg/mL streptomycin. The
cells were routinely cultured in a 5% CO, incubator at 37°C
and sub-cultured every 3 days.

Cytotoxic Test

The extract was tested for cytotoxicity by using MTT assay.
Briefly, cells of 80% confluence were incubated with varying
concentrations of a sample for 24 h. The supernatant was
withdrawn and replaced by excess MTT reagent (5 mg/mL in
PBS). The cells were continually incubated for 4 h at 37°C in
the dark before the reagent was removed. DMSO of 150 uL
was then added to each well for dissolving the formazan prod-
uct, and the ODs7o was measured by using a microplate reader
(SPECTROstar Nano, BMG LABTECH, Germany).

Total Phenolic Content (TPC) and Antioxidant Activity

The Folin-Ciocalteu method was used for determination of
TPC (Azlim Almey et al., 2010). Briefly, fifty micro litter of
sample was added in a tube containing 375 uL of ten-fold
diluted Folin-Ciocalteu reagent. After thoroughly mixed for
5 min, 375 pL of 6% w/v sodium carbonate solution was
added, mixed, and incubated at room temperature for 90 min.
Then, the OD7,5 was measured by using a microplate reader.
Gallic acid was a standard. Its calibration curve was con-
structed by using a concentration range of 0.01-0.10 mg/mL.
Data were calculated and expressed as mg/mL gallic acid
equivalent.

Antioxidant activity of the extract was determined by two
methods, e.g., DPPH and FRAP (Ferric Reducing Antioxi-
dant Power), respectively. For DPPH assay, the method of
Alama et al. was performed with some modifications (Alam
et al., 2017). In brief, forty micro litter of sample was added
to 160 puL of 0.1 umole/L DPPH (2,2-diphenyl-1-picrylhy-
drazyl) solution in a well of 96-wells plate and incubated in
the dark at room temperature for 30 min. Then, the OD515
was measured using a microplate reader. A calibration curve
of trolox at concentrations ranging between 0 and 500
umole/L was plotted. Data were expressed as umole/L trolox
equivalent. In analysis of FRAP activity (Rehakova et al.,
2014), three solutions were prepared, e.g., 300 mmole/L ace-
tate buffer pH 3.6; 10 mmole/L of TPTZ in 40 mmole/L HCI;
and 20 mmole/L of FeCl3. FRAP reagent was freshly pre-
pared by mixing 25 mL of acetate buffer, 2.5 mL of TPTZ
solution and 2.5 mL of FeCls. The FRAP reagent of 750 uL
and a sample of 25 L were mixed and incubated in the dark
for 10 min. After that the OD593 was measured using a mi-
croplate reader. In compared to known concentration of
FeCl,, results were calculated and expressed as pmole/mL
Fe?" equivalent.
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Proliferation Assay

Cells of 5x10* cells/mL in complete medium were seeded in
a 6-wells plate and cultured to nearly 100% confluent in a 5%
CO; incubator at 37 °C. Then, the growing cells were starved
overnight in serum-free medium, and incubated in medium
supplemented with 37.5 umole/L. DPPH for 30 min by which
cellular oxidative stress was established. A linear scratch was
created on a well by using a sterile pipette tip. Any debris was
removed by gentle washing with phosphate buffer saline
(PBS) solution, followed by incubation in medium supple-
mented with the extract for 2 days. Photography was carried
out on each day and the image J software was used for meas-
uring the scratch distance closure. The percentage (%) of dis-
tance closure was calculated by using an equation below.

% Distance closure =

Distance of the scratch on day 0 — Distance of the scratch on day 1 or 2

Distance of the scratch on day 0

Apoptotic Activity Assay

The terminal deoxynucleotidyl transferase (TdT) dUTP nick-
end labelling (TUNEL) assay was utilized for detection of
apoptotic cells as induced by test compounds by using APO-
BrdU™ TUNEL Assay Kit according to the manufacturer’s
recommendations. Cells of 60-70% confluence were chal-
lenged with 350 mmole/L glucose with or without the addi-
tion of the extract for 72 h. After that the cells were collected
and apoptotic determination was performed by using flow cy-
tometer (CytoFLEX S, Beckman Coulter, CA, USA).

Activity of Antioxidant Enzymes

The previously challenged cells were collected by centrifuga-
tion (1500xg, 15 min), and lysed by sonication in a specified
buffer. The supernatant was collected by centrifugation at
12000xg at 4°C for 10 min and measured for enzyme activity.
Controls were cells grown in serum free medium without any
challenges.

1. Superoxide dismutase (SOD) activity

SOD activity was determined by using Superoxide Dismutase
Activity Assay Kit. Results were calculated by comparing
with that of controls and represented as fold increase.

2. Catalase (CAT) activity

CAT activity was measured using Catalase Activity Colori-
metric/ Fluorometric Assay Kit. The enzyme activity was re-
ported as mU/mL. One unit of catalase is the amount of CAT
able to decompose 1.0 umole of H,O» per min at pH 4.5 at
25°C.
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Tumor Necrosis Factor-a (TNF-o) and Interleukin 6 (IL-6)
Inhibition

The activities of TNF-a and IL-6 in culture supernatant were
determined based on ELISA technique. Briefly, a monoclonal
antibody specific for either mouse TNF-a or mouse [L-6 was
pre-coated onto a microplate. Standards, control, and samples
were separately pipetted into the wells, and either TNF-a or
IL-6 present was bound by the immobilized antibody. After
washing away any unbound substances, an enzyme-linked
polyclonal antibody specific for mouse TNF-a or IL-6 was
added to the wells. Following a wash to remove any unbound
antibody-enzyme reagent, a substrate solution was added to
the wells. The enzyme reaction yielded a blue product that
turns yellow when the Stop Solution was added. The intensity
of the formed colour was proportional to the amount of TNF-
o or IL-6 bound in the initial step. The sample values were
read off by comparing to the standard curve, calculated, and
reported as the percentage (%) of inhibition.

Glucose Uptake

C2C12 cells were determined for glucose uptake activity. The
cells of 80% confluence were starved in serum free medium
for 24 h and incubated with the extract for 24 h. A fluorescent
glucose analogue, 2-NBDG, was inoculated into culture me-
dium to a final concentration of 180 umole/L, which was used
to replace the old medium. The treated cells were incubated
in a CO; incubator for 30 min following such replacement,
collected by centrifugation (1500xg, 15 min), and subjected
to flow cytometric analysis. Control cells were incubated in
medium supplemented with 200 nmole/L insulin for 30 min
before the addition of the fluorescent dye.

Intracellular Reactive Oxygen Species (ROS)

RBM-MSCs were cultured in medium supplemented with the
extract for 24 h before the old medium was replaced by a new
medium that contained 10 umole/L DCFH-DA. These cells
were incubated further for 1 h, washed with PBS, incubated
in medium supplemented with 150 pmole/L H,O, for 4 h, and
then observed under a fluorescence microscope (OLYMPUS
BX61).

Statistical Analysis

All experiments were done in triplicate. Data were presented
as mean =+ standard deviation (S.D.). One-way ANOVA was
used, and p<0.05 was considered significant of the results.

Results and Discussion

Previously, the extract from seeds of lady finger was demon-
strated to contain polyphenols, tannin, flavonoids, terpenoids,
saponins, long chain fatty acids, and glutathione (Manee and
Kaewsrichan, 2017). In the present work, data of TPC, and

antioxidant activity regarding DPPH and FRAP assays were
additionally reported. The TPC was equivalent to 9.2 mg gal-
lic acid/mL. The DPPH radical scavenging activity and
FRAP were of 700 pmole/mL trolox equivalent and 340
umole/mL Fe2+ equivalent, respectively. It is interesting in
this study to investigate health benefits of lady finger when
regularly consumed as a vegetable.

Testing for cytotoxicity of the extract was priory performed
by using MTT assay, and the cell viability of not less than
80% would be indicated as safe. Data corresponding to this
cytotoxic test on 1929 fibroblastic cells should be referred to
those of our previous study (Manee and Kaewsrichan, 2017).
Three different cell types, including C2C12 muscle cells,
PC12 adrenal cells, and RBM-MSCs bone stem cells that as-
sociated to this work were recently tested. Results showed
that C2C12 and PC12 cells could tolerate to a concentration
range of 1.25-2.5 mg/mL extract, while the viability of RBM-
MSC:s cells was observed at a lower concentration range of
0.5-1.25 mg/mL extract. In accordance, each maximal con-
centration level will be used for treating the respective cells
in next experiments, i.e., 2.5 mg/mL for C2C12 and PC12
cells, and 1.25 mg/mL for RBM-MSC:s cells.

C2C12 cells were cultured in medium supplemented with 350
mmole/L glucose to mimic the main pathological condition
of diabetes mellitus (Newsholme et al., 2007). Such hyperos-
motic medium induced cell death by approximately 36.92
+0.90%, as determined by TUNEL assay. After treating with
the extract of 2.5 mg/mL, the number of dead cells was sig-
nificantly decreased to 24.55 +£0.48%. Thus, those injured
cells were possibly rescued by the extract, becoming healthy
cells which can grow and proliferate. Commonly, diabetes
patients may suffer from muscle weakness of the lower limbs,
which increases the risk of falling (Woodfield, 2016). There-
fore, sufficient consumption of lady finger may be a way for
increasing healthy muscle cells, which leads to improved
muscle mass and strength. However, deep investigation on
mechanisms underlining such muscular effect is awaited to
discover. In contrast to C2C12 cells, the proliferative capac-
ity of glucose-treated PC12 cells was not improved by such
treatment. These cells seemed to be more vulnerable to glu-
cose toxicity than the muscle cells described above. Regard-
ing the physiology, adrenal cells function in synthesis and se-
cretion of glucocorticoids, mineralocorticoids, and andro-
genic steroids, which are strictly controlled by corticotrophin-
releasing hormone of hypothalamus and adrenocorticotrophic
hormone of anterior pituitary gland, respectively. Cortisol is
the major glucocorticoid in human. To our knowledge, alter-
ation of circulating cortisol has dramatic effects on the body
by increasing appetite, promoting triglyceride accumulation,
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and obesity (Lucassen and Cizza, 2012). Therefore, plant ex-
tracts capable in protection of adrenal cells death are re-
quested to research.

Free radicals and reactive species, especially super oxide an-
ion (Oy), are constantly generated by the normal body me-
tabolisms through mitochondrial energy production pathway.
Cellular oxidative stress may occur when the level of oxidant
species exceeds that of antioxidants and be implicated in the
incidence and progression of several health problems and
chronic diseases (Giustarini et al., 2009). SOD, CAT, and
glutathione peroxidase (GPX) act promptly against free radi-
cals to protect vital macromolecules and body tissues
(Ighodaro and Akinloye, 2018). Determination of SOD and
CAT activities before and after treating with 2.5 mg/mL ex-
tract was consequently carried out. The SOD activity of
C2C12 cells cultured in 350 mmole/L glucose supplemented
medium was 1.59-fold compared to the control, and was
slightly increased to 1.80-fold after treatment. For PC12 cells,
the SOD activity in the present of such high glucose concen-
tration was 11.34-fold compared to the control, but decreased
to 2.24-fold by such challenge. Results indicated that the cir-
cumstance of high glucose was very toxic to PC12 cells com-
pared to C2C12 cells. It also seemed that PC12 cells were
more sensitive to the extract treatment by increasing SOD
production than C2C12 cells. The CAT activity of C2C12
cells cultured in glucose containing medium was accountable
to be 23.79 mU/mL and was significantly decreased to 17.04
mU/mL after treatment. For non-challenging, non-treating
C2C12 cells (control), the enzyme activity was 3.42 mU/mL.
In contrast, the CAT activity was not detected for PC12 cells.
To limit the oxidative stress of high glucose, C2C12 cells
were thus simply challenged by the extract for increased pro-
duction of the CAT enzyme. Instead, PC12 cells trended to
die when in contact with the non-favorable environment due
to the scant of CAT activity.

L929 cells that made oxidative stress by culturing in medium
containing 37.5 pmole/L DPPH for 30 min were investigated
for proliferative activity after treatment with the extract for 2
days. Results showed that the distance closure of the
scratched lines was improved by approximately 55% and
84% on day 1 and day 2 of the treatment, respectively. In ad-
dition, the extract demonstrated inhibitory activity on the re-
leased TNF-a and IL-6 by about 40.5% and 86.3%, after 2
days of incubation. Therefore, the extract might help recovery
of the injured cells to become healthier, which could begin
proliferation and growth. Inhibition of TNF-a and IL-6 activ-
ity by the extract might be suggested as a role for mending
the distorted cells. There is an agreement in that prolonged
inflammation and increased oxidative stress impair healing in
diabetes (Kant et al., 2014). Focusing on beneficial effects by
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increasing SOD and CAT activity and decreasing TNF-o and
IL-6 activity, the extract might be implicated for ameliorating
damaged cells, tissues, and organs affected by diabetes.

Hyperglycaemic condition can induce skeletal muscle to be
resistant to insulin, resulting in lowered glucose uptake
(Shannon et al., 2018). Then, C2C12 cells were determined
for glucose uptake ability in response to the elevated glucose
concentration in culture medium and the present of the ex-
tract. 2-NBDG is a fluorescent glucose analogue, which is
used for monitoring glucose uptake in live cells. In this study,
the percentage (%) of cells being fluorescent as 2-NBDG was
taken up was analysed by flow cytometry. Results showed
that glucose uptake activity of C2C12 cells was promoted fol-
lowing treated with the extract in compared to the untreated
control. The acquired fluorescent signal was equivalent to
those challenged by 200 nmole/L insulin. Consequently, the
extract seemed to be advantageous for improving hypergly-
cemic condition by increasing glucose uptake and reducing
glucose tolerance. Several mechanisms regarding glucose up-
take amelioration have been reported, such as activation of
Peroxisome Proliferator-Activated Receptors (PPARs) (Du-
bois et al., 2017), and upregulation of adiponectin receptor
(Kim and Park, 2019). To this context, mechanisms underlin-
ing the improvement of glucose uptake by the extract in
C2C12 cells are being investigated.

High blood glucose concentrations can cause injury of a large
number of tissues and organs. Although most cells can adapt
the rate of glucose influx under hyperglycaemic condition to
protect their intracellular milieu, some cells such as beta cells,
neuronal cells, and endothelial cells, do not have such adap-
tive mechanism. These cells are thus more susceptible to ox-
idative stress caused by hyperglycaemia than others
(Marcovecchio, 2017). RBM-MSCs were chosen for measur-
ing intracellular oxidative stress in response to high glucose
concentrations, because this cell type is of mesenchymal
origin and responsible in forming muscle, and lymphatic and
blood vessels, and would be used in estimating hyperglycae-
mic effect on endothelial cells (Bianco et al., 2008). DCFH-
DA is a nonpolar dye. Following taken up into cytoplasm, it
is converted into DCFH by cellular esterase, which is nonflu-
orescent. DCFH is switched to highly fluorescent DCF when
oxidized by intracellular ROS and other peroxides. There-
fore, if intracellular ROS is generated, the images of green
fluorescent cells will be obtained from a fluorescence micro-
scope using 295, 320 or 395 nm cut-off filters (Rastogi et al.,
2010). Results indicated that the green fluorescent intensity
of the treated cells was lower than that of the untreated cells
(Figure 1), suggesting that the extract presented antioxidant
activity.
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Figure 1.The fluorescence signal of DCFH-DA up taken by RBM-MSC cells. The cells were induced by 150 umole/L H,O;
for 4 h. a, control (without treatment); b, treated with 1.25 mg/mL extract; c, treated with 2.5 mg/mL extract
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Conclusion

It was concluded that the extract from seeds of lady finger
displayed antioxidant and anti-inflammatory activities, as
well as properties for fitting cells, promoting proliferation,
and improving glucose uptake and insulin resistance. Thus,
when regularly consumed as a vegetable, lady finger would
be advantageous in management hyperglycaemia and diabe-
tes.
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Son yillarda tiim diinyada saglik problemlerinin ve hastaliklarin artisiyla beraber tiiketicinin fonksiyo-
nel gidalara olan talebi de artis gostermistir. Probiyotikli tirlinlerin iiretiminde hammadde olarak siitiin
kullanimiyla probiyotikli yogurt, probiyotikli kefir, probiyotikli peynir, probiyotikli dondurma,
probiyotikli ayran, hatta probiyotikli dondurulmus siitlii tatlilar ve probiyotikli peynir alt1 suyu iceren
icecekler tiretilmistir. Bu sekilde bu iiriinlerden viicudun temel besin 6geleri gereksinimini karsilamanin
disinda insan fizyolojisi ve metabolik fonksiyonlar: {izerinde faydalar saglamasi ve hastalik riskinin
azaltmasi gibi faydali etkiler beklenmektedir. Yukarida belirtilen faydali etkilerinden dolayr bu
calismada, probiyotik olarak liyofilize formdaki Bifidobacterium animalis subsp. lactis (BB-12) ve
prebiyotik olarak fruktooligosakkarit keg¢i siitii bazli devam formiiliine eklenmis ve devam formiiliiniin
nem oranlari, pH degeri ve B. animalis subsp. lactis’in canlilig1 3, 15 ve 30 giin oda sicakliginda de-
polama sirasinda aragtirilmistir. 30 giinliik ¢alismada, nem ilk giin %2.79 ve son giin %2.78 bulun-
mustur. Uriiniin pH degeri ilk giin 6.97; son giin 6,86 d1r ve anlamli farklihik gostermemistir. Canlilik
calismasinda B. animalis subp. lactis (BB-12)’in ilk sayimlar1 7.53 log kob/g’dir, son giin ise 7.42 log
kob/g’dir ve anlaml farklihik gostermemistir. Sayimlarin saghik yararlarim1 saglamak igin Onerilen
ekleme seviyesinin (6 log kob/g) lizerinde kaldig1 saptanmistir. Ayrica, nem orani ve pH degerleri an-
laml farklilik gstermemistir

Anahtar Kelimeler: Devam Siitii, Keci Siitii, Fruktooligosakkarit, Bifidobacterium animalis subsp. lactis
(BB-12)

ABSTRACT
Vitability study of probiotic in probiotic follow-up formula

In recent years, with increasing health problems and diseases all over the world, consumer demand for func-
tional foods has increased. By using milk as a raw material in the production of probiotic products, probiotic
yoghurt, probiotic kefir, probiotic cheese, probiotic ice cream, probiotic buttermilk, probiotic frozen milk
desserts and drinks that contain probiotic whey have been produced. In this way, these products are expected
not only to meet the body's essential nutrient requirements but also provide beneficial effects on human phys-
iology and metabolic functions, and as well as reducing the risk of disease.Due to the above mentioned ben-
eficial effects in this study, lyophilized Bifidobacterium animalis subsp. lactis (BB-12) as probiotic and fruc-
tooligosaccharide as prebiotic were added to a goat milk based follow-up formula and the moisture content,
pH value and the viability of the B. animalis subsp. lactis during storage of 3, 15 and 30 days at room tem-
perature were determined. In the 30-day study, moisture was 2.79% on the first day and 2.78% on the last
day. The pH value of the product was 6.97 on the first day; 6.86 on the last day and showed no significant
difference. In the viability study, B. animalis subsp. lactis was 7.53 log cfu/g on the first day and 7.42 log
cfu/g on the last day and showed no significant difference. The counts were found to be above the recom-
mended addition level (6 log cfu/g) to provide health benefits. In addition, the moisture contents and pH
values did not show a significant difference.

Keywords: Follow-Up Formula, Goat Milk, Fructooligosaccharide, Bifidobacterium animalis subsp. lactis
(BB-12)
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Giris

Bebekler i¢in anne siitii ideal besin kaynagidir ve dogumdan
sonraki ilk 6 ay boyunca tek besin kaynagi olarak kullanil-
maktadir. Fakat bazen annenin bebegi emziremedigi ya da
emzirmenin yetersiz oldugu durumlarla Kkarsilasilabilir.
Bdyle durumlarda bebek formiilleri ve devam formiillerinden
yararlanilmaktadir.

Devam formiilleri, 6 ay ve lizeri bebeklerin ve kiigiik cocuk-
larin dengeli beslenmesi ve diyetin bir pargast olarak kulla-
nilmaktadir. Altinct aydan sonra tamamlayici beslenmeye
baglama karar1 bebegin biiyiime ve gelisim ihtiyaglari dogrul-
tusunda verilmelidir (TGK, 2014).

Probiyotikler; bagirsak patojenlerinin inhibisyonu, bagisiklik
sisteminin aktivasyonu ve bagirsaklarda mikrobiyal dengenin
diizenlenmesi gibi saglig1 tesvik edici etkileri nedeniyle son
yillarda 6nem kazanan bakterilerden birisidir (Liong, 2007).

Oligosakkaritler, prebiyotik olarak bilinir ve kalin bagirsakta
patojen bakterilerin sayisim1 sinirlayan, probiyotik bakterile-
rin gelisimini tesvik eden ve sindirilemeyen karbonhidratlar
olarak tanmimlanirlar (Chandan, 1997; Roberfroid, 2000;
Shah, 2001; Holzapfel ve Schillinger, 2002).

Kegi siitlinlin ve probiyotiklerin beslenmedeki énemi bilin-
mektedir ve bu iiriinlere ilgi giinden giine artis gostermekte-
dir. Probiyotiklerin iyi bir gelisme ve asitlendirme perfor-
mansi1 gosterebilmesi i¢in ona uygun bir prebiyotik se¢ilmesi
de onemli bir noktadir. Ancak piyasada bulunan devam for-
miilleri incelendiginde ¢ogunun ham maddesinin inek siitii
oldugu ve kegi siitiine dayali formiilasyona sahip sinirl sa-
yida {iriin bulundugu saptanmigtir. Bu {riinlerin yine biiylik
bir ¢ogunlugu probiyotik ilavesiz oldugu bilinmektedir.

Laktik asit bakterileri; laktik asit, asetik asit liretimlerinin ya-
nisira bakteriyosin de {iretmelerinden dolay1 antibakteriyel
etkiye sahip bakterilerdir. Olusturduklar1 asitten dolay1 bagir-
sak ortaminin pH’sin1 diistirerek patojen mikroorganizmala-
rin ¢ogalmasini engellerler. Bifidobacterium ve Lactobacillus
ozellikle anne siitii ile beslenen bebek bagirsak mikroflora-
sinda yaygin olarak bulunmakta ve bu bolgede toplam bakteri
popiilasyonunun biiylik boliimiinii olusturmaktadir. Ayrica
kompleks oligosakkaritleri karbon ve enerji kaynagi olarak
kullanmaktadirlar (Garrido vd., 2013).

Arastirma bulgulari; oligosakkaritler, prebiyotikler ve probi-
yotikler gibi ¢esitli fonksiyonel gida bilesenlerinin, bebekle-
rin bagirsak mikroflorasinin bilesimi ve aktivitesinde yararli
etkilerinin bulundugunu gdstermistir (Mountzouris vd.,
2002). En ¢ok kullanilan fonksiyonel bilesenlerden birisi de
probiyotiklerdir. Probiyotikler, yeterli miktarda alindiginda
konakta bir saglik yarari saglayan canlt mikroorganizmalar

olarak tanimlanirlar (Guarner vd., 2005). Probiyotiklerin yay-
gin kullanim alanlarindan birisi gastrointestinal sistemdir.

Bebeklerde akut ishal sik goriilen enfeksiyonlar arasindadir.
Yapilan bir¢ok kontrollii ¢aligma, probiyotiklerin ¢ocukluk
cag1 akut ishallerinin stiresini kisalttigini gostermistir (Van-
derhoof ve Young, 2004; O’Sullivan vd., 2005). Nekrotizan
enterokolit (NEK) kanli digskilama ile karakterize edilen,
ozellikle 1500 gramin altindaki prematiireler olmak tizere
yeni dogan doneminde goriilen ve hayati tehdit eden bir en-
feksiyondur (Martin ve Walker, 2008). Diisiik dogum agir-
likl1 prematiire bebeklerin bagirsak florasinda Clostridium
perfringens ve Escherichia coli baskin floray1 olusturmakta-
dir. Nekrotizan enterokolit (NEK) teshisi konan bebeklerin
%40’nin bagirsaklarinda Lactobacillus cinsine ait tiirlerin
oraninin azalmig oldugu saptanmistir. Bu bulgu bizlere Lac-
tobacillus oraninin azalmasi ile nekrotizan enterokolit ara-
sinda bir baglant1 olabilecegini gdstermektedir (Bin-Nun vd.,
2005). Probiyotiklerin antibiyotik kullanimi sonucu olusan
diyare, Helicobacter pylori enfeksiyonlari, alerji, yiiksek ko-
lesterol {izerine de faydalarinin oldugu da ¢esitli ¢aligmalarda
rapor edilmistir (Macfarlane ve Cummings, 2002).

Ayrica gidalardaki canli probiyotik organizmalarin, farkli ko-
kenli diyarelerin azaltilmas1 ve 6nlenmesi, bagirsak mikrobi-
yal dengesinin iyilestirilmesi, laktoz intoleransinin hafifletil-
mesi, bagisiklik sisteminin giiclendirilmesi, antitimdr ve an-
tihipertansif Ozellikleri gibi bilimsel olarak belirlenmis
ve/veya klinik olarak kanitlanmis saglik etkilerinin oldugu da
tespit edilmistir (Liong, 2007). Probiyotikler potansiyel sag-
lik yararlar1 nedeniyle, genellikle siit preparatlarina saglikli
fonksiyonel iirlinler elde etmek i¢in ilave edilmektedir (Pinto
vd., 20006).

Probiyotiklerin yararli etkiler sergilemeleri i¢in, probiyotik
organizmalarin sayisinin en az 10° kob/g olmasi gerekir (Yeo
ve Liong, 2010). Minimum terapétik doz ise giinliik olarak 1
gramda 10%-10° canl1 hiicredir ve bu da 10°-107 kob/g canl
hiicre igeren 100 g iiriin tiikketilerek karsilanabilmektedir (Yeo
ve Liong, 2010). Tiiketicinin saglik konusundaki farkindali-
ginn artmasi, probiyotik iceren fonksiyonel gidalara olan ta-
lebi artirmustir (Liong, 2007).

Prebiyotikler, konake1 saglhigimi artirabilen, kolonda bir veya
siirlt sayida bakterinin biiylimesini ve/veya aktivitesini se-
¢ici olarak uyararak konakg¢iya fayda saglayan sindirilemeyen
gida bilesenleridir (Gibson ve Roberfroid, 1995). Prebiyotik-
ler, mide ve ince bagirsakta sindirilmeden kalin bagirsaga ge-
cer ve burada bulunan Lactobacillus ve Bifidobacterium gibi
probiyotiklerin gelisimlerini ve aktivitelerini desteklerler
(Y1ildirim vd., 2003). Prebiyotik 6zellige sahip en 6nemli gida
bilesenleri fruktooligosakkarit, iniilin, galaktooligosakkarit,
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glukooligosakkarit, ksilooligosakkarit, izomaltooligosakka-
rit, gentiooligosakkarit, laktuloz, laktosukroz, polidekstroz,
pirodekstrin ve rafinozdur (Holzapfel ve Schillinger, 2002;
Gibson ve Roberfroid, 1995; Ziemer ve Gibson, 1998).

Oligosakkaritler prebiyotik 6zellige sahiptir ve kalin bagir-
sakta patojen bakterilerin sayisini sinirlamaktadirlar. Frukto-
oligosakkaritler, galaktooligosakkaritler, ksilooligosakkarit-
ler, laktuloz gibi pek ¢ok iiriin prebiyotik 6zellige sahiptir. Bu
iirlinler arasinda gida endiistrisinde 6zellikle bebek formiille-
rinde kullanilanlar c¢ogunlukla galaktooligosakkaritler ve
fruktooligosakkaritlerdir (Garrido vd., 2013). Tiirk Gida Ko-
deksi Devam Formiilleri Tebligi’nde de (TGK, 2014) devam
formiillerine fruktooligosakkaritler ve galaktooligosakkarit-
lerin ilave edilmesine izin verilmistir. Ilave edilmesi duru-
munda, bunlarin miktari, kullanima hazir iiriinde 0,8 g/100
ml’nin lizerinde olmamasi gerektigi belirtilmistir.

Galaktooligosakkarit, substrat olarak laktoz kullanilarak,
maya veya bakterilerden elde edilen B-galaktosidazlar ile en-
zimatik transgalaktosilasyon yoluyla sentezlenen bilesikler-
dir (Bode, 2012).

Fruktooligosakkarit (FOS) ve iniilin son zamanlarda prebiyo-
tik olarak dikkat ¢cekmektedir. FOS, glukozidik baglarla bag-
lanmis 2—-10 fruktoz tnitesini igerirken, iniilin, 3-60 birim
aras1 zincirlere sahip ¢esitli fruktanlar igermektedir (Rossi
vd., 2005). FOS, ¢ogunlukla hindiba gibi Compositae ailesine
ait bitkilerden enzimatik sentez yoluyla elde edilir ve ¢cogun-
lukla B-2,1 baglh iniilin tipli fruktoz oligomerleridir (Bode,
2012). Fruktooligosakkarit, kalsiyum ve minerallerin emi-
limi, seker ve yagin gida tirlinlerinde yer degistirmesi, kolest-
roliin azaltilmasi, ¢esitli hastaliklarin kontrol altina alinmasi
gibi bilimsel olarak kanitlanmig saglik yararlar1 olan, karsi-
nojenik olmayan, diisiik kalorili bir prebiyotiktir (Bali vd.,
2015).

Memeli siitleri karsilastirildiginda oligosakkarit igerigi en
yiiksek olan insan siitiidiir (700-1200 mg/100 mL). Kegi siitii
(25-30 mg/100 mL), inek siitiiyle (2-3 mg/100 mL) karsilas-
tirildiginda daha yiiksek oranda oligosakkarit igerigine sahip
olup, bu 6zelligi bakimindan anne siitiine daha yakindir. Kegi
stitiinde bulunan oligosakkaritler miktar olarak fazla olmala-
rinin yaninda, gesitlilik agisindan da inek ve koyun siitiine
gore daha zengindir (Martinez, 2006).

Son yillardaki arastirmalar, insan siitii oligosakkaritlerinin bi-
yoaktivitesinin anahtar yapisal unsurlarinin kegi siitii igeri-
sinde de bulundugunu gdstermektedir. Bu nedenle kegi siitii-
niin fonksiyonel bir gida oldugu diisiiniilmektedir (Bode,
2012).

Diinya piyasasini arastirdigimizda kegi siitii bazli bir¢ok {iriin
bulunmaktadir. Ornegin tam yagl mineral ve vitamin katkilt

Research Article

kegi siitii tozlari, koyulastirilmis kegi siitii, kegi siitii yogurdu
tozu, cikolata ve meyve aromali keg¢i yogurdu, anne siitiinii
artirici takviye keci siitii ve cocuklar igin kegi siitii bazli ¢giko-
latalar gibi {irtinler teknolojik olarak iiretilmektedir.

Ancak piyasadaki mevcut bebek formiilii ve devam formiille-
rine bakildiginda iiretimlerinde genellikle inek siitii kullanil-
maktadir (Giirsel, 2007).

Inek siitiine kiyasla kegi siitiiniin as;-kazein seviyesi daha dii-
stik oldugu i¢in daha yumusak kazein pihtisi olusturur. Bu se-
beple kegi siitli proteinleri, inek siitli proteinlerinden daha ko-
lay sindirilir (Raynal vd., 2008; Ribeiro, 2010). Ayrica kegi
stitii, inek stitiine gore daha kiigiik capli yag globiilleri igerir.
Bu kiigiik capli yag globiilleri de siitte daha homojen bir yag
dagilimi saglar. Kegi siitii kisa ve orta zincirli tekli ve ¢oklu
doymamis yag asitleri bakimindan zengin olup, 6-10 kar-
bonlu olanlarin orani inek siitiindekinin iki kati kadardir
(Alichanidis ve Polychroniadou, 1996; Alonso vd., 1999).
Orta zincirli yag asitlerinden, 6zellikle kaprilik (C8:0) ve
kaprik (C10:0) asitler, emilim ve metabolizma bozukluklari,
kolesterol problemleri ve yetersiz beslenme bulgulari sergile-
yen hastalarda tedavi edici nitelikler tasidigi rapor edilmistir.

Ayrica kegi siitii inek siitiinden daha etkili olarak bagisiklik
sistemini giiclendirir ve antibakteriyel etkilere de sahiptir
(Oliveira vd., 2015). Kegi siitii 6zellikle laktozdan tiiretilmis
kompleks oligosakkaritlerce zengindir. Kegi siitiinde islevsel
oligosakkaritlerin kesfedilmesi, insan sagligini iyilestirmede
olanak saglamaktadir. Ozellikle baz1 oligosakkaritlerin var-
lig1 6zel 6nem tagimaktadir ¢iinkii bu maddeler prebiyotik
ozellikleri ve patojen baglama aktiviteleriyle saglik avantaj-
larina sahiptir. Bazi ¢alismalarda kegi siitii oligosakkaritleri-
nin in vivo ortamda faydali etkilerinin oldugu gosterilmistir.
Kegi siitli insan siitiine oranla daha az miktarda laktoz iceri-
gine sahip olmasina ragmen, kegi siitiiniin insan siitii oligo-
sakkarit profiline inek veya koyun siitlerinden daha yakin ol-
dugu bildirilmistir. Bu bulgular, keci siitii oligosakkaritleri-
nin, 6zellikle bebek formiillerinin takviyesi i¢in ¢ok umut ve-
rici bir fonksiyonel gida 6zelligi tasidigini gostermektedir.

Probiyotik gidalar, genel olarak igerisinde raf omrii sonuna
kadar yeterli miktarda canli probiyotik mikroorganizma (10°
kob/g) igeren ve bu canliligit muhafaza eden lriinler olarak
ifade edilir (TGK, 2006). FAO ve WHO tarafindan hazirla-
nan rapora gore de gidalarda kullanilan probiyotikler sindirim
sistemi boyunca canli kalabilmeli, gastrik sivilara ve safra
tuzlarina kars1 dayanikli olmali, hizli gelisebilmeli ve bagir-
sak sisteminde kolonize olabilmelidir. Ayrica, probiyotikler
etkili ve glivenli olmasinin yani sira bu etkinligini tirliniin raf
omrii boyunca da siirdiirebilmelidir (Tsuda ve Miyamoto,
2010).
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Siit {irinlerinde bulunan probiyotiklerin canlilik kaybina ne-
den olan baslica etkenler, bakterilerin cogalmasina bagli ola-
rak ortamda organik asitlerin birikmesi ile tiriin pH'sinin diis-
mesidir (Shah ve Jelen, 1990). Agiz yolu ile alinan probiyo-
tiklerin intestinal bdlgelere ulasmadan 6nce midenin gastrik
asit ortamindan (pH 1,5-3,0) canli olarak ge¢mesi gerekmek-
tedir. Probiyotik bakterilerin diisiik pH da 6zellikle de meyve
sularinda gelisimi oldukca giigtiir. Bifidobakteriler laktoba-
sillere gore asidik ortamda gelismeye kars1 daha hassastirlar
ve asidik ortamda canliliklarini kolayca kaybedebilmektedir-
ler. Biiyiime faktorlerinin mevcudiyeti, siit lirtinlerinde pro-
biyotik bakterilerin canliligini da etkilemektedir (Pérez-Co-
nesa vd., 2005).

Bifidobakteriler anaerobik kosullarda gelisen mikroorganiz-
malardir ve gidalardaki sayilarinda hizli diisiisiin, ¢oziinmiis
oksijen, hidrojen peroksit, siiperoksit ve hidroksil radikalleri
(Carlsson vd., 1978) gibi oksijen tiirevlerine veya ambalajimn
oksijen gecirgenligine bagli olabilecegi saptanmustir.

Probiyotik gidalarin canliliklarini etkileyen en 6nemli faktor-
lerden biri iiriiniin nem almasidir. Probiyotik bakteri igeren
gidalarda nem oraninin artmasi sonucu suyun doku i¢inde ha-
reketliligi artarak probiyotiklerin canliliklarinda kayiplar
meydana gelmektedir (Ying vd., 2010)

Weinbreck vd., (2010) tarafindan yapilmis bir ¢alismada siit
ve siit Uriinlerinde sik kullanilan bir probiyotik bakteri olan
Lactobacillus rhamnosus GG (LGG) susunun enapsiile edil-
mis ve edilmemis formda tiretildikten sonra yliksek oranda su
aktivitesine maruz birakilmig ve bunlarin depolama siiresince
canliliklar tespit edilmistir. Sonuglar yiiksek su aktivitesinin
(0.7) enkapsiile edilmemis LGG'nin canlilik oranini azaltti-
gin1 ve 2 hafta icinde hiicre canliliginda 10 logdan fazla bir
kayba yol actig1 gosterilmistir.

Probiyotik bakterilerin depolama kosullarina bagli olarak
canliliklarint olumsuz yonde etkileyen bir diger kosul depo-
lama ortamindaki oksijen varlig1 ve redoks potansiyelidir. Bu
calismada bu faktor {izerine odaklanilmamis olmakla beraber
probiyotiklerin ambalaj agildiktan sonra oksijene maruz kal-
malar1 durumunda canliliklarinin azalacagi da goz ardi edil-
memelidir.

Bu caligmanin amaci, keg¢i siitiiniin ve probiyotiklerin kulla-
nmim olanaklarinin artirilmasina yonelik olarak probiyotik ve
oligosakkarit ilaveli kegi siitii bazli devam formiiliinde depo-
lama siliresince probiyotigin canlilik, nem, pH degerlerini
saptamaktir.

Materyal ve Metot
Materyal

Prebiyotik olarak fruktooligosakkarit (Sigma-Aldrich) kulla-
nilmigtir.

Test bakterisi olarak Bifidobacterium animalis subsp. lactis
(BB-12) kullanilmstir.

Besiyeri olarak De Man, Rogosa and Sharpe (MRS) Agar
(Merck Uriin Kodu: 1.10660.0500) kullanilmigtir. Ayrica
bacteriological peptone (Oxoid Uriin Kodu: LP0037), Phosp-
hate buffered saline tablet (Sigma-Aldrich Uriin Kodu:
P4417), L-sistein HCl anhydrous (Sigma-Aldrich Uriin
Kodu: C1276), anaerobic jar (Merck Uriin Kodu:
1.16387.0001), Microbiologia Anaerocult A (Merck Uriin
Kodu: 1.13829.0001), Microbiologie Anaerotest (Merck
Uriin Kodu: 1.15112.0001) kullanilmustir.

Ambalaj materyali olarak hermetik olarz&k kapatilmis teneke
kutu kullanilmistir. Ambalajlar, Silgan Ontag Amb. San. ve
Tic. A.S. (Izmir)’den temin edilmistir.

Devam formiilii iiretimi, Kegicik Siit Endiistrisi ve Gida Sa-
nayi Ticaret A.S. (Aydin) firmasinin bebek formiilii ve devam
formiilii fabrikasinda gergeklestirilmistir. Devam formiilii
iiretiminde kullanilan kegi siitii ve diger ham maddeler yine
Kegicik firmasi tarafindan saglanmstir.

Yontem

Kegicik Siit Endiistrisi ve Gida Sanayi Ticaret A.S. tarafindan
iretilen devam formiiliine Bifidobacterium animalis subsp.
lactis (BB-12) ve fruktooligosakkarit ilave edilerek probiyo-
tikli devam formiilii iiretimi gerceklestirilmis ve hermetik
olarak kapatilmis 400 gramlik teneke kutular halinde amba-
lajlanmistir. Probiyotikli devam formiiliiniin 3 giin, 15 giin ve
30 giin siiresince nem ve pH analizleri gergeklestirilmis ve
devam formiiliinde probiyotigin canliligi test edilmistir.

Uretilen toz devam formiiliiniin kullanimi i¢in hazirlanan or-
nek beslenme tablosu Tablo 1’de goriildiigii gibidir. 1 6lgek
toz devam formiilii yaklasik 4.3 gramdir.

Tablo 1°deki 6rnek beslenme tablosuna gore giinliik devam
formiilii tiiketim miktari; 4.3 gram x 8 doz x 4 giinliik 6giin
sayist = 137.6 gram / glin’diir. Ambalajli 400 gramlik probi-
yotikli devam formiiliiniin bitme siiresi yaklasik 3 giindiir.
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Tablo 1. Ornek beslenme tablosu
Table 1.  Table of example nutrition
Yas (Ay) Su (mL) Olcek sayisi Giinliik Ogiin Sayis
6-12 ay 240 8 4

Uc giinliik calismada probiyotikli devam formiilii tiiketimi,
evde annelerin devam formiiliinii kullanimi taklit edilerek ta-
sarlanmistir. Birinci giin, kutu agilmistir ve takip eden her
giin, bebek tarafindan giinliik olarak tiiketilmesi gereken mik-
tarda probiyotikli devam formiilii kutudan alinmis ve tiim am-
balaj (400 g) bitinceye kadar yani 3 giin boyunca devam for-
miiliiniin nem analizleri, pH analizleri ve devam formiiliinde
probiyotigin canlilik analizleri ger¢eklestirilmistir.

Ikinci bir ¢alismada kutu agildiktan sonra 15 giin siiresince
devam formiiliiniin nem analizleri, pH analizleri ve devam
formiiliinde probiyotigin canlilik analizleri gerceklestirilmis-
tir. Analiz edilecek bir numune alindiktan sonra kalan probi-
yotikli devam formiilii oda sicakliginda muhafaza edilmistir.

Uretilen probiyotikli devam formiiliiniin 400 gramlik kapali
teneke kutuda 1 ay boyunca depolanmasi siiresince de devam
formiiliiniin nem analizleri, pH analizleri ve devam formii-
linde probiyotigin canlilik analizleri gergeklestirilmistir.
Analiz edilecek bir numune alindiktan sonra kalan probiyo-
tikli devam formiilii oda sicakliginda muhafaza edilmistir.

Canlilik analizleri igin probiyotikli devam formiiliinden 10 g
almip 90 mL PBS icerisinde (Macfarlane ve Englyst 1986;
Ingham 1999) siispanse edilmis (ilk diliisyon) ve 30 dakika
oda sicakliginda numunenin dagilimina kadar tutulmustur.
Daha sonra bu ilk diliisyondan baslayarak % 0.1 lik peptonlu
su icerisinde seri dillisyonlar hazirlanmig ve numunenin seri
diliisyonlarindan 3’er paralel olarak ¢alisilmistir.

Bifidobacterium animalis subsp. lactis (BB-12) sayimi L-sis-
tein HCI ile desteklenmis MRS agar ile 2 kath dokme plak
yontemi kullanilarak gergeklestirilmistir. Petriler, 37°C si-
caklikta 48 saat anaerobik kavanoz ve anaerocult A yardi-
miyla saglanan anaerobik ortamda inkiibe edilmistir. Boylece
test bakterisi sayimlar1 gergeklestirilmigtir. Sonuglar log
kob/g olarak belirlenmistir.

200 mL saf suya 1 adet Phosphate buffered saline (PBS) tab-
let eklenmis, magnetik karigtiricitda homojen olarak karis-
tirma sonucu PBS s1v1 ortamui elde edilmistir.

0.1 g bakteriyolojik pepton tartilip 100 mL balonjojede saf su
ile tamamlanmigtir. Magnetik karistiricida homojen dagilimu
saglanip %0.1 (w/v)’lik bakteriyolojik peptonlu su elde edil-
mistir. Daha sonra 9 mL’lik tiiplere dagitilip otoklavlanmig-
tir.

Infrared nem tayin cihaz1 (Sartorius MA35) kullanilarak be-
lirlenmistir. Cihazin aliiminyum 6l¢iim kabinin darasi alina-
rak 2.5 g numune tartilip 105°C’de cihaz ¢alistirilmisgtir. Nu-
munenin nemin ugurularak sabit agirliga ulagmas ilkesine
dayanarak termogravimetrik yontem ile % nem olarak {iriin-
deki nem miktar1 belirlenmistir.

Uriiniin pH dl¢iimleri, pH metre (Mettler Toledo seven2go,
Almanya) ile yapilmustir.

Sonuglar ANOVA analizi gergeklestirilerek SPSS paket
programi (IBM SPSS Statistics V21 x 86, Chicago, IL)
kullanilarak incelenmistir. Elde edilen verilere Duncan Coklu
Karsilagtirma testi uygulanmustir.

Bulgular ve Tartisma

Ug giinliik ¢alismada birinci giin devam formiilii kutusu ac1l-
mistir ve takip eden her giin, bebek tarafindan giinliik olarak
tiikketilmesi gereken miktarda (137,6 g) probiyotikli devam
formiilii kutudan alinmig ve tiim ambalaj (400 g) bitinceye
kadar yani 3 giin boyunca devam formiiliiniin nem analizleri,
pH analizleri ve devam formiiliinde probiyotigin canlilik ana-
lizleri gerceklestirilmistir. Probiyotikli devam formiiliinde
Bifidobacterium animalis subp. lactis (BB-12)’in 3 giin bo-
yunca canlilig1 ve probiyotikli devam formiiliiniin nem deger-
leri Sekil 1°de gosterilmistir. Ug giinliik ¢alismada probiyo-
tikli devam formiiliiniin pH degerleri Sekil 2’de gosterilmis-
tir.

Ug giin boyunca yapilan ¢alismada, probiyotikli devam for-
miiliinden 6rnekler alinmigtir. Devam formiiliiniin nem igeri-
ginde bir artis olup olmadigini belirlemek i¢in numunelerin
nemi Ol¢iilmiistiir. Nem % 2.77 ile % 2.83 arasinda degismis,
istatistiksel agidan anlamli fark géstermemistir. Bifidobakte-
rinin canliligini etkileyen diger bir faktor, probiyotik bakteri-
leri iceren iiriiniin pH'sidir. Uriiniin pH degeri ilk giin 6.92 ve
son iki giin 6,89 bulunmustur ve anlamli farklilik gésterme-
mistir. Canlilik calismasinda Bifidobacterium animalis subp.
lactis (BB-12)’in ilk sayimlar1 7.54 log kob/g iken 3. giin bu
deger 7.52 log kob/ml olarak saptanmus olup istatistiki agidan
anlamh farklilik gostermemistir. Sayimlarin saglik yararla-
rin1 saglamak i¢in 6nerilen ekleme seviyesinin (6 kob/g) lize-
rinde kaldig1 saptanmustir.

Bir bagka deneme olarak da kutu agildiktan sonra 15 giin sii-
resince devam formiilliniin nem analizleri, pH analizleri ve
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devam formiiliinde probiyotigin canlilik analizleri ger¢ekles- malis subp. lactis (B- 12)’in 15 giin boyunca canlilig1 ve de-
tirilmistir. Analiz edilecek bir numune alindiktan sonra kalan vam formiiliiniin nem degerleri Sekil 3’te goriildiigii gibidir.
probiyotikli devam formiilii oda sicakliginda muhafaza edil- 15 giinliik ¢calismada probiyotikli devam formiiliiniin pH de-
mistir. Probiyotikli devam formiiliinde Bifidobacterium ani- gerleri de Sekil 4’te gosterilmistir.
I BB-12 —8—nem
8,00 4,00
7,80 3,50
7,60
3,00
w 7,40
2 2,50
% 7,20 =
S 7,00 2,00 c
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1,00
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1 2 3
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Sekil 1. Fruktooligisakkarit ve Bifidobacterium animalis subs. lactis (BB-12) ilaveli devam formiiliiniin kutu agildiktan sonra
3 giinliik depolama siirecinde canlilik ve nem degerleri

Figure 1. The moisture and the viability values of the follow-up formula supplemented with Bifidobacterium animalis subs. lactis (BB-12)
and fructooligosaccharide after opening the box during 3 days of storage
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Sekil 2. Fruktooligisakkarit ve Bifidobacterium animalis subs. lactis (BB-12) ilaveli devam formiiliiniin kutu agildiktan son-
raki 3 giinliik depolama siirecinde pH degerleri

Figure 2. pH values of the follow-up formula supplemented with Bifidobacterium animalis subs. lactis (BB-12) and fructooligosaccharide
after opening the box during 3 days of storage
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Sekil 3. Fruktooligisakkarit ve Bifidobacterium animalis subs. lactis (BB-12) ilaveli devam formiiliiniin 15 giinliik depolama
siirecinde canlilik ve nem degerleri

Figure 3. The moisture and the viability values of the follow-up formula supplemented with Bifidobacterium animalis subs. lactis (BB-
12) and fructooligosaccharide during 15 days of storage
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Sekil 4. Fruktooligisakkarit ve Bifidobacterium animalis subs. lactis (BB-12) ilaveli devam formiiliiniin 15 giinliik depolama
sirecinde pH degerleri

Figure 4. pH values of the follow-up formula supplemented with Bifidobacterium animalis subs. lactis (BB-12) and fructooligosaccharide
during 15 days of storage
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3 ve 15 giinliik depolama analizleri i¢in birer adet paket agil-
mis ve kapaklari agildiktan sonra 3 ve 15 giinliik periyotlar
halinde {iriin oda sicakliginda depolanmis ve canlilik, pH ve
nem degerleri tespit edilmistir.

Sekil 3’te goriildiigii gibi nem oranlarinin 15 giinlik calis-
mada % 2.72 ile % 3.2 arasinda degistigi saptanmustir. Urii-
niin pH degeri de 6.83 ile 6.97 arasinda degismistir. On bes
giin boyunca yapilan ¢alismada (Sekil 3), besinci giinde pro-
biyotik sayimlar1 azalmis, 7.44 logkob/g’a kadar diismiis, an-
cak saglik yararlar1 saglamak igin onerilen ekleme seviyesi-
nin (10° kob/g) tizerinde kalmigtir. Takip eden giinlerde, sa-
yimlar, 7.41 log kob/g’a kadar gerilemistir. Ancak 3 giinliik
calismada da oldugu gibi, sayim son giinde de onerilen ek-
leme seviyesinin tizerinde kalmistir ve anlamli farklilik gos-
termemistir.

Research Article

Uretilen probiyotikli devam formiiliinden 400 gramlik 30
adet tirtin kapali teneke kutuda ambalajlanmis ve her giin yeni
bir kutu agildiktan sonra giinlitk devam formiiliiniin nem ana-
lizleri, pH analizleri ve devam formiiliinde probiyotigin can-
lilik analizleri ger¢eklestirilmistir. Probiyotikli devam formii-
liinde Bifidobacterium animalis subp. lactis (BB-12)’in 30
giin boyunca canlilig1 ve devam formiiliiniin nem degerleri
Sekil 5’te goriildiigli gibidir. 30 giinliik ¢alismada probiyo-
tikli devam formiiliiniin pH degerleri Sekil 6’da gosterilmis-
tir.

Nem 30 giinliik ¢aligmada ise % 2.75 ile % 2.86 arasinda
degismistir. Uriiniin pH degeri 6.76 ile 6.97 arasinda sap-
tanmugtir. 30 glin boyunca yapilan ¢aligmada, sayimlar 7.42
log kob/g’a kadar diismiistiir. Ancak Bifidobacterium ani-
malis subp. lactis (BB- 12) sayis1 son giinde de onerilen ek-
leme seviyesinin iizerinde kalmigtir ve anlamli farklilik gos-
termemistir.
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Sekil 5.
canlilik ve nem degerleri

Figure S.
and fructooligosaccharide during 30 days of storage

Fruktooligisakkarit ve Bifidobacterium animalis subs. lactis (BB-12) ilaveli devam formiiliiniin 30 giinliik depolama siirecinde

The moisture and the viability values of the follow-up formula supplemented with Bifidobacterium animalis subs. lactis (BB-12)
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Sekil 6. Fruktooligisakkarit ve Bifidobacterium animalis subs. lactis (BB-12) ilaveli devam formiiliiniin 30 giinliik depolama

sirecinde pH degerleri

Figure 6.pH values of the follow-up formula supplemented with Bifidobacterium animalis subs. lactis (BB-12) and fructooli-

gosaccharide during 30 days of storage

Siit iirtinlerinde bifidobakterilerin yasayabilirligi hakkinda
bilimsel bir¢ok ¢alisma, ¢esitli siirelerde buzdolabinda sakla-
nan yogurtlar veya fermente siit {irlinlerinde arastirilmustir.
Akalin vd. (2004)iin ¢aligmasinda yogurt FOS ile takviye
edilmistir. FOS igeren yogurtta Bifidobacterium longum’un
canlilig, 21 giine kadar 10° kob/g’1n iizerinde kalirken, her-
hangi bir prebiyotik igermeyen yogurtta sadece 7 giin bo-
yunca muhafaza edilmistir. Bizim ¢alismamizda, {iriin pH de-
geri higbir zaman 6.81’in altina diismemis ve Bifidobacte-
rium animalis subp. lactis (BB-12) sayis1 dnerilen ekleme se-
viyesi olan 6 log kob/ml’nin {izerinde kalmistir.

Jayamanne ve Adams (2004)’iin ¢aligmasina gore plastik
kaplarda fermente edilmis manda siitlerinde, cam siselerde
fermente edilenlere kiyasla Bifidobacterium longum
NCTC11818’in canliligi 6nemli 6lgiide azalmistir. Bizim ¢a-
lismamizda ise hermetik olarak kapatilmis teneke kutu kulla-
nilmus, Bifidobacterium animalis subp. lactis (BB-12) sayisi
Onerilen seviyenin iizerinde kalmstir.

Tedarik zincirinin (liretim, depolama, dagitim araglari, ticari
depolama yerleri ve ev kosullarn) Bifidobacterium animalis
subsp. lactis BB-12’nin canliligin1 etkileyebilecegi hesaba
katilmistir. Bu c¢alismada elde edilen sonuglar, probiyotikli
devam formiiliinde Bifidobacterium animalis subsp. lactis
(BB-12) sayisinin, probiyotikler i¢in 6nerilen ekleme seviye-
sinin 10° kob/g iizerinde kaldigim1 gdstermistir. Bu duruma,
muhtemelen toz formdaki devam formiiliiniin oda kosulla-
rinda muhafaza edilmesi, pH stabilitesi, koruyucu atmosferde
paketlenmesi, diisiik nem seviyesi ve oksijen geg¢irimsiz am-
balaj materyali kullanilmasi katkida bulunmustur.

Sonuc¢

Anne siitiiniin kullanilmasiin miimkiin olmadig1 ya da yeter-
siz oldugu durumlarda buna alternatif gidalar da bebek ve de-
vam formiilleri gibi 6zel {irlinlerin kullanimi glindeme gel-
mektedir. Piyasada bulunan formiiller incelendiginde market-
lerde ve eczanelerde bulunan bebek ve devam formiillerinin
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¢ogunun hammaddesinin inek siitiine dayali oldugu goriil-
mektedir. Sinirh sayida kegi siitiine dayali formiilasyona sa-
hip {irin bulunmaktadir. Bu iiriinlerin de yine biiyiik bir ¢o-
gunlugu probiyotik ilavesizdir. Son yillarda keci siitiiniin in-
sanlarin beslenmesinde diisiik alerjik etkileri nedeniyle daha
yogun kullanilmas1 ve probiyotiklerin bilinen yararli 6zellik-
lerinin bebek formiilasyonlarinda kullanilmasi bu ¢alismanin
ortaya ¢ikmasini saglamistir. Bundan dolay1 son yillarda pro-
biyotik bakteri iceren gidalarin saglik iizerine olan olumlu et-
kilerinin tespit edilmesi bu {irlinlere olan talebin artis goster-
mesi bu bakterilerin bebek mamasina ilave edilebilecegini de
giindeme getirmistir. Bu ¢calismada fruktooligosakkarit ve Bi-
fidobacterium animalis subsp. lactis (BB-12) kegi siitii bazli
devam formiiliine ilave edilmis ve tiiketilecegi siire lizerinden
canlilik ¢caligmasi yapilmistir. Fermente siit {irlinlerinde bifi-
dobakterinin canlilif1 i¢in en 6nemli dezavantajlardan biri
irliiniin pH degerinin diismesidir. Bizim ¢alismamizda toz
haldeki devam formiilii, fermente edilmis iiriinlerden farkli
olarak rekonstitiie edilip beklemeden hemen tiiketildigi i¢in
pH degisimi ¢ok olmamustir.

Fruktooligosakkaritin daha karmasik bir bakteriyel ortam
iizerindeki etkisini degerlendirmek i¢in daha fazla canli mo-
deli calismas1 gerekmektedir. ileriki ¢alismalarda canl hiicre
hatlar1 kullanilarak, hiicre kiiltiir analizleri ile in vivo ¢alisma-
larin yapilmasi oligosakkaritlerin test bakterileri {izerindeki
etkisini degerlendirmek icin daha uygun bir ortam saglanmis
olacaktir.

Etik Standart ile Uyumluluk

Cikar catismasi: Yazarlar bu yazi i¢in gergek, potansiyel veya
algilanan ¢ikar ¢atigmasi olmadigini beyan etmislerdir.

Etik izin: Arastirma niteligi bakimindan etik izin gerektirmemek-
tedir.

Finansal destek: Bu ¢alisma Aydin Adnan Menderes Universitesi
Bilimsel Arastirma Projeleri Koordinatorliigii tarafindan desteklen-
mistir (Proje No: MF 18003)
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from 34.1 to 62.2 mg GAE/g DM). The antioxidant activity based on the DPPH ICsj assay of the

basil extracts varied from 104 to 149.7. The initial content of ascorbic acid in basil was 134.3 mg/

100g. The ascorbic acid content of sun and microwave dried samples were 32.5, 25.5 mg/ 100g,

respectively. The values for the L*, a* and b* coordinates of the fresh basil were 55.14, -17.13
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Introduction

Polyphenols are responsible for various health benefits and
suggested to be a major bioactive compound of plants. Anti-
oxidants play a major role to avoid food degradation, prevent
many diseases and aging. Recent researches have shown that
the consumption of plant polyphenols may protect against the
cardiovascular disease and certain forms of cancer (Gross,
2004; Neuhouser, 2004). Intake of natural antioxidants could
be increased body defense mechanism as anticarcinogen
(Ames, 1983). Lots of plants, spices and herbs contain anti-
oxidative, antimicrobial, antimutagen and other nutritional
constituents in their tissues (Ates and Erdogrul, 2003;
Erdogrul, 2002; Simon et al., 1999).

Basil is known for its substantial genetic heterogeneity with
between 65 and 150 species (Makri and Kintzios, 2007). Oci-
mum bacilicum L. or basil is a worldwide cultivated plant un-
der a variety of ecological conditions but originating in warm
tropical climates of India, Africa and southern Asia
(Putievsky and Galambosi, 1999). Basil can used tradition-
ally as culinary in the Mediterranean and Southeast Asian
foods. It is using in the treatment of a headache, cough, diar-
rhea and kidney malfunctions, against insect bites, acne and
it has long been used to flavor foods, as well as dental and
oral products (Simon et al., 1984). Local sweet basil, lemon
basil, purple ruffle and mintier Egyptian basil are most com-
monly used in European and American cuisine.

One of the oldest methods of preserving foods is drying or
desiccation. The preservation of foods by drying is a direct
removal or binding of moisture, which stops the growth of
microorganisms. The content of the moisture of the vegeta-
bles should be reduced below 4% to have satisfactory storage
life and quality (Jay, 2000). Fruits, vegetables and herbs are
often dried by sunlight. Studies about the different drying
methods on different matrixes have been attracting the atten-
tion of scientists.

Main objectives of this work were to study the antioxidant
activity, total phenolic content, ascorbic acid content and
color of Ocimum bacilicum L. from Turkey and effect of dry-
ing to these parameters were also determined.

Materials and Methods

All parts of cultivated Ocimum bacilicum L. were purchased
from Kahramanmaras local markets during summer (June-
July 2018). Fresh, sun and microwave dried leaves of basil
samples were analyzed according to their antioxidant activity,
ascorbic acid content, total phenolic content and color
changes in three replicates. Taxonomic identification of the
samples was conducted by the KSU Department of Biology.

Extraction

For both fresh and dried samples, 1 g of basil samples ex-
tracted into 20 mL of acidified (with 1% hydrochloric acid,
v/v) methanol (80 %) on a shaker (170 rpm) for 2 h and fil-
tered by Whatman paper (No:4). The same extract was used
for both total phenolic content and antioxidant activity anal-
ysis.

Total Phenolic Content

The concentration of total phenols in extracts was measured
by UV spectrophotometer (PG Instruments 25 UV/VIS),
based on a colorimetric oxidation/reduction reaction. The ox-
idizing agent was Folin-Ciocalteu reagent (Merck) (Ranilla et
al., 2010). For this purpose, 0.1 mL of diluted methanol ex-
tract (1%) and 2 mL of Na,COs (2%) was added and incu-
bated for 5 minutes, 0.1 mL of Folin-Ciocalteu reagent was
added and incubated for 60 min at room temperature in the
dark. Distilled water was used for a control sample. The ab-
sorbance was measured at 760 nm. The results are expressed
as mg gallic acid equivalents/1 g in dry matter (mg GAE/g
DM).

DPPH Scavenging Activity

The capacity to scavenge the 2,2-diphenyl-1-picrylhydrazyl
(DPPH) (Sigma) free radical was monitored according to a
method reported before (Hatano et al., 1988). Various con-
centrations of sample extracts (0.1, 0.2, 0.3 mL) were mixed
with (2.9, 2.8, 2.7 mL) methanol and 1 mL of methanolic so-
lution containing DPPH radicals (0.1mM) added to the mix-
ture. The mixture was shaken hard and left in the dark until
stable absorption values were obtained. The reduction of the
DPPH radical was measured by monitoring continuously the
decrease in absorption at 517 nm. DPPH scavenging effect
was calculated as a percentage of DPPH discoloration using
the equation: % scavenging effect = [(Apppu -As)/Apppi]
x100, where Ag is the absorbance of the solution when the
sample extract has been added at a particular level and Apppy
is the absorbance of the DPPH solution. Scavenging activity
in this assay was expressed as IC50, which represents the
concentration of the extract (mg/mL) required to inhibit 50%
of the free radical-scavenging activity. Butylated hydroxytol-
uene (BHT) was used as a positive control.

Ascorbic Acid Content

A 10 mL aliquot of the sample was placed into a 100 mL vol-
umetric flask and brought to volume with 0.4% oxalic acid
solution. The solution was filtered by Whatman No. 4 filter
paper. A 10 mL aliquot of the filtered solution was pipetted
into a conical flask along with 15 mL of 0.4% oxalic acid so-
lution. The solution was titrated, using a microburette, with
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0.04% aqueous sodium dichlorophenolindophenol solution to
the first pink shade. The sodium dichlorophenolindophenol
solution was standardized with sodium thiosulfate 0.01 N, in
a matrix of potassium iodide (50%) and HCI 1 N using starch
as an indicator. The absorbance was measured at 518 nm. The
results were expressed in mg/ 100g for both fresh and dried
samples (Hisil, 1993).

A 10 mL portion of the sample was put in a 100 mL volumet-
ric flask and completed to the target volume with an oxalic
acid solution that is 0.4%. The solution was filtered through
Whatman No 4 filter paper. A 10 mL aliquot of the filtered
solution was pipetted into the erlenmeyer with 15 mL of 0.4%
oxalic acid solution. The solution was titrated by a micro-
burette with 0.04% aqueous sodium dichlorophenolindophe-
nol solution until the appearance of the first pink tone.

Drying of the Basil Samples

Samples were dried by using two methods, sun drying (RH
43-55% for 2 days) and microwave drying (400 watts for 8
min).

Color Measurement

Color measurement was made before drying and after other
drying procedures a Konica Minolta CR-400 model colorim-
eter. The instrument was standardized each time with a white
and a black ceramic plate. The color values were expressed
as L (whiteness or brightness/darkness), a (redness/green-
ness) and b (yellowness/blueness) at any time, respectively
(L*= 97.45, a*=0.00, b*=1.77). The total color change
(AE = /(Lg — L)% + (ag — a1)? + (by — by)?), was the
parameter considered for the overall color difference evalua-
tion (Demirhan and Ozbek, 2009).

Research Article

Statistical Analysis

The results of the analysis were subjected to one-way analysis
of variance (ANOVA) using a general linear model (GLM)
procedure in the SPSS software (SPSS Inc., Chicago, IL).
The means were compared for significance at the 5% level
using Duncan’s multiple range tests.

Results and Discussion

The average concentration of total phenolic content, DPPH
scavenging activity and ascorbic acid content of the basil
samples were presented in Table 1. Color measurement of the
fresh, sun and microwave dried samples were presented in
Table 2.

The amount of total phenolics ranged from 34.1 to 62.2 mg
GAE/g DM. Fresh basil’ s total phenolic content was deter-
mined as 34.1 mg GAE/g DM and consistent with the results
of Gajula et al. (2009), Javanmardi et al. (2003) and Hossain
et al. (2010) studies on different types of fresh basil samples.
However, it was seen that it is higher than the results of Sledz
et al. (2013), Busic¢ et al. (2014), Siti Mahirah et al. (2018)
studies. The highest total phenolic content was detected in
microwave dried samples as 62.2 mg GAE/g DM. It was de-
termined that this result was higher than the results of Busi¢
et al. (2014).

The antioxidant activity based on the DPPH ICsg assay of the
basil extracts varied from 104 to 149.7. The antioxidant ac-
tivity of fresh basil was determined as 149.7. This result was
consistent with the results of Gajula et al. (2009) and Bayala
et al. (2014) studies. But it was found that higher than the
results of Busi¢ et al. (2014). The highest antioxidant activity
was detected in microwave dried samples as 104 (Tablel).
All of the total phenolic contents and antioxidant activity re-
sults were in the range of the previous similar studies.

Tablel. The Average Concentration of Total Phenolic Content (TPC), DPPH Scavenging Activity (DSA), Ascorbic Acid

Content (AAC) of Basil Samples

Sample TPC DSA AAC
(mg GAE/g DM) (ICs0) (mg/100g)
Fresh basil 34.1% 149.7° 134.3%
Sun-dried 48.2° 129.5° 32.5°
Microwave-dried 62.2° 104* 25.5°

Table 2. Color measurement of the fresh, sun and microwave dried basil samples

Sample L* a* b* |Chroma| Hue AE
Fresh basil 55.14 |-17.13]27.76 | 32.62 | -35.46
Sun-dried 45.63 | -1.73 | 16.79 | 16.88 | -5.85 21.16
Microwave-dried | 39.17 |-12.19| 21.62 | 24.82 |-32.29 | 17.81

L (whiteness or brightness/darkness), a (redness/greenness), b (yellowness/blueness)
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Average antioxidant capacities for the fresh, sun and micro-
wave dried basil samples in this study were determined using
DPPH free-radical scavenging assay. It is one of the most
commonly used methods to evaluate antioxidant capacity.
The 2,2-diphenyl-2-picrylhydrazyl radical has been used to
evaluate the free radical scavenging capacity of antioxidants
(Yu, 2001). It is possible to determine the antiradical power
of an antioxidant activity by measurement of the decrease in
the absorbance of DPPH- at 517 nm. The color change from
purple to yellow, the absorbance decreased when the DPPH-
was scavenged by an antioxidant, through the donation of hy-
drogen to form a stable DPPH- molecule. This molecule had
an absorbance at 517 nm in the radical form which disap-
peared after acceptance of an electron or hydrogen radical
from an antioxidant compound to become a stable diamag-
netic molecule (Matthius, 2002)

The Folin-Ciocalteu assay to determine total phenolic con-
centrations is based on an electron transfer mechanism, and
typically has a high degree of linear correlation with DPPH
antioxidant capacity. This result also seemed in this study.
Furthermore, it has been found that the total amount of phe-
nolic content is better preserved in microwave type drying
than in natural drying methods (sun) (A¢ikgdz et al., 2015).
As reported in a study about the effects of drying on total phe-
nolics of grape skins (Chism et al.,1996), phenolic com-
pounds are frequently found in the outer areas of vacuoles.
Thus, phenolic compounds stored outside the organelles are
also more susceptible to degradation due to degradation of the
cell structure during the drying process (de Torres et al.,
2010).

Medicinal plants are used in different types of products as
fresh, dried and stored forms (Lin et al., 2011). Methods of
using different drying can be performed. Dehydration is one
of important preservation method, because it inhibits enzy-
matic degradation and limits microbial growth (Harbourne et
al., 2009; Muller and Heinds, 2006). Normally, the antioxi-
dant (phenolic compounds, vitamins, etc.) content of fresh
plant materials is higher than that of dried plant materials,
these are degraded during drying. Some recent studies have
shown that dried plant materials contain higher antioxidants,
such as polyphenols, and antioxidant activity as compared to
fresh plant materials (Chang et al., 2006; Choi et al., 2006).
Drying also affected the antioxidant activity of fruits and veg-
etables differently (Choi et al., 2006; Kuljarachanan et al.,
2009). The initial content of ascorbic acid in fresh basil was
134.3 mg/ 100g. This result was consistent with the result of
Busi¢ et al. (2014) study. The ascorbic acid content of sun
and microwave dried samples were 32.5, 25.5 mg/ 100g, re-
spectively and the differences were statistically important.
The degradation of ascorbic acid is considerably affected by

the drying conditions, causing losses in almost every case. In
addition, Busi¢ et al. (2014) also reported a decrease in ascor-
bic acid content of about 22% with drying. Generally, every
kind of processing procedure has been decreased nutritional
value of fruits and vegetables compared to the fresh samples
(Barbosa-Canovas et al., 2008). The decrease of ascorbic acid
occurs as the oxidation of ascorbic acid to dehydroascorbic
acid (DHAA) (Singh and Rajini, 2004)

Despite a decrease in the ascorbic acid, the increase in the
total phenolic content and DPPH scavenging activity has
been reported in the present study. A decrease of ascorbic
acid, an increase of antioxidant activity was also reported in
tomato products processed at high temperatures (Nicoli et al.,
1997; Dewanto et al., 2002) and ascorbic acid content was
negatively correlated with FRAP values in berries (Pantelidis
et al., 2007). Decreased ascorbic acid content accompanied
with high antioxidant activity in thermal dried sweet potatoes
could be joined with ascorbic acid oxidation and phenol re-
generation (Pantelidis et al., 2007; Yang et al., 2010).

Drying of basil samples resulted change in color. The average
values of the color parameters for basil in fresh, after sun and
microwave-drying are presented in Table 2 for L* (bright-
ness), a* (redness), b* (yellowness), chroma, hue angle and
color change. The L* value represents the change in the light-
ness level of a sample and is useful to judge the brownness
and darkness of leaves after drying. The values for the L*, a*,
and b* coordinates of the fresh basil were 55.14, —17.13 and
27.76, respectively. The values for the L*, a* and b* coordi-
nates of the sun-dried and microwave dried basil samples
were 45.63, -1.73, 16.79, and 39.17, -12.19, 21.62, respec-
tively. Microwave drying produced no remarkable changes in
the color parameters of basil samples as compared with the
fresh basil. However, sun drying allowed both coordinates L*
and a* to rise and b* coordinate to decrease. The total color
difference AE, which is a combination of the L*, a* and b*
values is a colorimetric parameter extensively used to char-
acterize the variation of color in foods during processing.

The fresh basils results were consistent with the results of
Sledz et al. (2013), but the AE result of the microwave dried
sample which in the present study was higher than it. How-
ever, similarly, a decrease was observed when the results of
microwave dried samples were compared. L*, a* and b* val-
ues found in another study on Basil were lower than the re-
sults obtained in the present study. But the Chroma value was
approximately the same. In the same study, the AE result for
the sun dried sample coincided with the result of the present
study (Busic et al., 2014). The decrease of ¢* and b* values
may be due to decomposition of chlorophyll and other pig-
ments and non-enzymatic reactions (Maskan, 2001). The
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browning reactions occurring during drying can have a sig-
nificant impact on the final color of the product. The enzy-
matic reaction due to PPO and Maillard reaction are the con-
tributing factors to this change in color. The total color dif-
ference AE, which is a combination of the L*, a* and b* val-
ues is a colorimetric parameter extensively used to character-
ize the variation of color in foods during processing. The
color difference parameter had a value of 21.16 to the basil
sun-dried and decreased to 17.81 the microwave dried sam-
ples.

Conclusion

Studies about health promotion by plant phytochemicals have
been increasingly attracting the attention of scientists. The re-
sults of the present work showed that dried plant materials
contain higher total phenolics and antioxidants, drying en-
hanced antioxidant activity by the increasing of phenolic
compounds rate. However, from the results of the present
study, it was possible to conclude that thermal drying caused
a serious degradation of ascorbic acid and made color
changes in basil samples.
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ABSTRACT

Fermentation using Lactic Acid Bacteria (LAB) and LAB species can exhibit extracellular activi-
ties such as decreasing of antinutritional factors, in particular phytic acid (PA) or phytate. The
objective of this study was to assess extracellular phytase activities of LAB in sourdough mix
prepared from traditionally produced boza as starter culture. To do this, thirthy-five boza samples
were collected from Central Anatolia, Marmara and Eastern Anatolia regions in Turkey to be used
as starter culture for preparing sourdough mix. In each mixture, LAB strains and phytase (+) ones
were screened by culture-based examination, characterized by VITEK® MS, and extracellular
phytase activity of each LAB strain was determined by spectrophotometry. Overall, 29 presump-
tive strains of LAB were isolated. Of them, 21 were found to be phytase (+). The average extra-
cellular phytase activity was 656.8+188.1 U//mL, and a Pediococcus pentosaceus EK1 isolate
showed the highest activity as 1285.5 U/mL. In conclusion, the traditionally produced bozas have
been found as potential starter culture reservoirs for sourdough fermentation with significantly
higher extracellular phytase activities, thus challenging opportunitites to lower antinutritional fac-
tors, in particular phytic acid (PA) or phytate in the foods for the consumers.

Keywords: Boza, Fermentation, Health, Lactic Acid Bacteria, Phytic acid, Phytase, Sourdough
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Introduction

Cereals and cereal-based products are a good source of phe-
nolic compounds, lignans, phytosterols, phytic acid, fiber,
vitamins, minerals and other biologically active compounds.
However, they are rich in phytic acid (myo-Inositol (1, 2, 3,
4, 5, 6)-hexakisphosphate, InsP6) or salts, also known as
phytates. Phytic acid (PA) is a naturally occurring compound
found in all seeds and cells of plants. It accumulates up to
seed ripening during development, and phosphorus is its main
form of storage accounting for 60% of total phosphorus con-
tent in cereals, legumes, nuts and oil seeds (Lott et al., 2000;
Grases et al., 2017).

Many studies show that a diet based on foods with high phyt-
ate content may cause anemia and deficiencies in mineral ab-
sorption. Phytate levels can be reduced by phytases, which
are the valuable enzymes by phtate hydrolysis. Phytate hy-
drolysis produces low myo-inositol phosphates by enzymatic
degradation. This enzymatic degredation can be achieved by
increasing activity of phytase, or adding phytase active mi-
croorganisms (Hurrell et al., 2003; Shi et al., 2004; Nuo-
bariene et al., 2015; Moll & Davis, 2017).

Traditional cereal-fermented products are widely consumed
all over the world, in particular in Asia and Africa. For in-
stance, boza is one of the well-known fermented cereal-based
beverages. To make boza, a ground amount of different cere-
als such as millet, corn, rice, rye, oats, and wheat is cooked
with water, and the mixture is allowed for fermentation by
adding sugar. There exist diverse microorganisms in the boza
occurring from raw materials, production process and storage
conditions. On the other hand, the dominant microflora
mainly include LAB (Osimani et al., 2015; Petrova & Petrov,
2017).

The food industries and scientific related areas are emphasiz-
ing the capacity of fermentation using LAB species to im-
prove the nutritive quality of cereals and cereal-based foods
by decreasing of some antinutritional factors such as PA or
phytate, tannins and enzyme inhibitors. The activities of LAB
sepcies during cereal fermentation produce a broad range of
metabolites and compounds, including organic acids, exopol-
ysaccharides, antimicrobial compounds, and useful enzymes
LAB species encoding phytases may be utilized as starter cul-
ture suitable for legume and cereal fermentations (Sumengen
et al., 2013; Rollan, Gerez, & LeBlanc, 2019).

Only a few strains of LAB have been reported to show intra-
cellular phytase activity (Lopez et al., 2000; De angelis et al.,
2003; Reale et al., 2004), whereas there have been other stud-
ies reporting that LAB involved in sourdough fermentation
exhibits extracellular phytase activities (Cizeikiene et al.,
2015; Karaman et al., 2018; Yildirim and Arici, 2019).
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In this study, we aimed to assess extracellular phytase activi-
ties of LAB in sourdough mix prepared from traditionally
produced boza as starter culture.

Materials and Methods

Collection of Boza Samples

During the year 2019, thirty-five traditionally produced boza
samples were collected from the boza producers located in
the Regions of Marmara (n=15), Central Anatolia (n=10) and
Eastern Anatolia (n=10) in Turkey. All the collected samples
were taken to the laboratory under sterile conditions at 4°C
until further analysis.

Chemicals and Reagents

The chemicals and reagents used in this study were DeMan,
Rogosa and Sharpe (MRS) agar (Merck 1.10660, Germany),
MRS Broth (Merck 1.10661), M17 agar (1.15108 Merck) and
M17 broth (Merck 1.15029) for cultural examination, pre-
identification and storage of LAB strains from sourdoughs;
crystal violet, safranin and lugol dyes for biochemical and
morphological tests; physiological saline solution (PSS) (8.5
g NaCl dissolved in water, autoclaved 15 minutes at
121°C, and cooled to room temperature) for dilution, and
20% glycerol (Merck 10494) for store of culture, respec-
tively. 0.1% sodium phytate (Sigma Aldrich 68388, Ger-
many) and 0.2% glucose to MRS/M17 Broth medium (52.2
g/L) was used for phytase (+) LAB strains (Media with a pH
of 6.2 sterilized at 121°C for 15 minutes at 1.2 atm. In the
identification of phytase (+) LAB strains, Escherichia (E.)
coli ATCC®™ 25922™ for positive testing control, and 1 uL
alpha-cyano-4-hydroxycinnamic acid (CHCA) matrix solu-
tion for crystallization of the strain to be tested according to
the instructions by VITEK® MS (bioMerieux, Marcy
I’Etoile, France). Finally, 100 mM sodium acetate (Sigma Al-
drich W302406) - acetic acid (Sigma Aldrich W200603)
buffer, and 500 pl of 10% (w/v) trichloroacetic acid solution
(TCA) (Sigma Aldrich T3399) for determination of extracel-
lular phytase activities of the phytase (+) LAB. All the chem-
icals and reagents were prepared according to the Instructions
by ISO 11133 (2014), Songré-Ouattara et al. (2008),
Raghavendra & Halami (2009), and Dubois et al. (2012).

Preparation of Sourdough

Ten grams of boza sample were initially mixed with 150 g of
whole-wheat flour, 2 g of table salt and 350 mL of drinking
water in a mixer for 5 minutes. Subsequently, the blend was
allowed for fermentation at 35°C for 24 hours. At the end of
the duration, 50 g of whole-wheat flour and 25 mL of drink-
ing water more were added to the dough, the dough was
kneaded for 1 minute, refreshed, and left to ferment again at
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35°C during 10 days. At every 24 hours, 50 g whole-wheat
flour and 25 mL of drinking water were added to the dough,
and the dough was kneaded for 1 minute as previously sug-
gested by Mentes al. (2007).

Culture-Based Analysis and Isolation of LAB Strains

The cultural examination of the suspected LAB strains
were made according to the Instructions by ISO 11133
(2014) and ISO 6887-6 (2013). Ninety mL of PSS was added
to 10 grams of the homogenized and fermented sample to pre-
pare serial dilutions of 107 and 1073, respectively. After that,
1 mL of the diluted suspension was transferred to MRS agar
or M17 agar, allowed for incubation at 37°C for 24-48 hours
(NUVE EN-500, Ankara, Turkey). At the end of the incu-
bation, suspected LAB colonies were examined morpho-
logically under microscope. To ensure the purity of the sus-
pected colonies, MRS and/orM17 were inoculated into
broth tubes, and activated at 37°C for 24 hours under
aerobic/anaerobic conditions. Then, the matte-cream colored
colonies were evaluated as LAB strains. Dyeing was per-
formed for pure cultures; Gram (+), cocci and rods were de-
termined under the light microscope, and followed by the cat-
alase test. Those negative for catalase test were selected.

Detection and Enumeration of Phytase (+) LAB Strains

To detect phytase (+) LAB strains, sodium phytate MRS/M17
broths were prepared to inoculate the suspected LAB strains
with 200 pl active cultures. Then, the suspensions were al-
lowed for incubation at 37°C for 24 hours (NUVE EN-500,
Ankara, Turkey). After incubation, 100 pl of the incubated
culture were inoculated into MRS/M17 agar containing so-
dium phytate, and left for incubation at 37°C for 24 hours, 48
hours, and 96 hours. Phytase production of the strain was de-
termined by production of clear zones (in millimeters) around
the colonies on the sodium phytate containing medium as pre-
viously described by Bae et al. (1999) and Songré-Ouattara
et al. (2008). For enumeration of phytase (+) LAB strains,
100 pl of the MRS/M17 broth suspension containing sodium
phytate were pipetted, and transferred to an Eppendorf tube
containing 900 ul of PSS to obtain a diluted culture of 107"
Following that, 100 pl of the homogenized sample were
taken, and serial dilutions from 10" to 107 were prepared.
Among these dilutions, 100 pl of each dilution from 10 to
107 were spreaded on MRS/M17 agar. After incubation at
37°C for 24 hours, the viable bacterial were counted in 30-
300 colony-containing petri dishes (Songré-Ouattara et al.,
2008; Tharmaraj and Shah, 2003).

Characterization of Phytase (+) LAB Strains Using MS

The phytase (+) LAB strains were characterized using VI-
TEK® MS according to the manufacturer’s instructions. A
reference strain of £. coli ATCC® 25922™ was used for the
positive test control (Dubois et al., 2012).

Determination of Extracellular Phytase Activity

One unit of phytase activity (U) is defined as the amount of
enzyme producing one nmol of inorganic phosphorus per mi-
nute at 50°C. Phytase enzyme activity was calculated by in-
cubating the sourdough mix prepared with 250 pl cell suspen-
sions and 250 pl of 2 mM substrate in 100 mM sodium ace-
tate-acetic acid buffer for 15 minutes at 50°C (NUVE EN-
500, Ankara, Turkey). A blind tube was prepared by adding
10% TCA solution before adding the substrate. Then, reac-
tion was stopped by adding 500 pl of 10% (w/v) TCA. Fi-
nally, inorganic phosphate was calculated at 700 nm using
iron sulfate-ammonium molybdate method by a UV-VIS
spectrophotometer (Shimadzu UV-1280, Kyoto, Japan)
(Raghavendra & Halami, 2009).

Results and Discussion

In this study, the extracellular phytase activity of the LAB
strains isolated from the sourdough mix prepared from the
traditionally produced boza samples as starter culture were
assessed. Our study showed that 29 presumptive strains of
LAB were isolated. Of them, 21 (1 Enterococcus faecium, 5
Lactobacillus casei, 1 Lactobacillus fermentum, 4 Lactoba-
cillus pentosus, 3 Leuconostoc lactis, and 7 Pediococcus pen-
tosaceus) were found to be phytase (+). The average extracel-
lular phytase activity was 468.2 U/mL and 1285.5 U/mL, and
a Pediococcus (P.) pentosaceus EK1 strain showed the high-
est activity as 1285.5 U/mL.

Sourdough has been produced since 3.000 BC by fermenta-
tion method. Since the 19th century, its use has decreased due
to faster production and faster consumption habits, and re-
placed with commercial baker's yeasts, i.e., Saccharomyces
(S.) cerevisiae. However, the use of sourdough has started in-
creasing in the recent years due to public interest in healthy
eating and artisanal products. Sourdough is a specific ecosys-
tem inhabited by mainly heterofermentative LAB species
such as L. fermentum, L. paralimentarius, L. plantarum, and
L. sanfranciscensis and yeasts. The diverse compositions of
sourdough microbiota is affected by the diversity of fermen-
tation processes. Sourdough has diverse contributions to the
foods, such as improvement of nutritional properties, exten-
sion of shelf life, and enhancement of sensory characteristics
(De Vuyst et al., 2014; Génzle & Ripari, 2016; De Vuyst et
al., 2017; Kourkouta et al., 2017; Papadimitriou et al., 2019;
Catzeddu, 2019). In this study, we prepared the sourdough
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mix using the traditionally produced boza as starter culture,
instead of utilizing a starter culture such as S. cerevisiae, or
other sourdough food. This way of fermentation is one of the
most widely preferred approaches to making fermented food.
The distiributions of the collected boza samples based on the
geographical region in Turkey were 28.6% Central Anatolia,
42.9% Marmara, and 28.6% Eastern Anatolia.

Boza is one of the most well known cereal-based fermented
drinks. Its pleasant taste, flavor, and nutritional value have
made it a very popular beverage among the people of all ages.
It is normally produced by fermentation involving mixed cul-
tures of LAB and yeasts. However, LAB is always the basic
microflora in the boza with an average LAB/yeasts ratio of
2.4 (Erkmen & Bozoglu, 2016). Differences between the mi-
croflora of boza are related to production processesse, storage
temperature and period, and raw materials. The lactic acid
fermentation is one of the two different simultanesously oc-
curring types of fermentation in the boza production, which
produces lactic acid, and determines the acidic character of
this traditional beverage. Vast majority (96.3%) of the strains
common in boza were the multiple LAB species (25.6% Leu-
conostoc (L.) paramesenteroides, 21.9% L. sanfrancisco and

18.6% L. mesenteroides) (Hancioglu & Karapinar, 1997; Pe-
trova & Petrov, 2017; Irkin, 2019). On the other hand, L.
plantarum (24%), L. acidophilus (23) and L. fermentum
(19%) were dominant in the Bulgarian boza, whereas L.
plantarum was the major species isolated from Turkish boza
samples (Gotcheva et al., 2001; Kivanc et al., 2011; Lokumcu
Altay et al., 2013). A recent study in Turkey by Borcakli et
al. (2018) showed that various LAB involving Lactococcus
lactis, leuconostocs (L. pseudomesenteroides, Lc. lactis, Lc.
citreum), and Lactobacillus spp. (L. plantarum, L. paracasei,
L. brevis, L. delbrueckii subsp. delbrueckii) were identified
as the common members of the microbial community in the
boza samples (Borcakl, Oztiirk, & Yesilada, 2018). In our
study, initial cultural examination revealed 29 presumptive
LAB strains (1 E. faecium, 11 L. casei, 1 L. fermentum, 6 L.
pentosus, 3 L. lactis and 7 P. pentosaceus) from the fer-
mented sourdoughs. Of them, 21 (1 E. faecium, 5 L. casei, 1
L. fermentum, 4 L. pentosus, 3 L. lactis and 7 P. pentosaceus)
were found to be phytase (+), whereas 8 (6 L. casei and 2 L.
pentosus) were phytase (-). Our results showed that multiple
LAB strains were common in the sourdoughs, and similar to
those previously conducted nationall and international works
(Table 1 & Figure 1).

Table 1. Results of phytase screening in culturally isolated presumptive LAB strains

Result of phtase screening (n)

No Name of strain

Origin of boza *

Phytase (+) Phytase (-)
1 E. faecium 1 0 CA
2 L. lactis 3 0 CA
3 P. pentosaceus 7 0 CA, M, EA
4 L. casei 5 6 M, EA
5 L. fermentum 1 0 M
6 L. pentosus 4 2 M, EA
Total 21 8
*CA: Central Anatolia, M: Marmara, EA: Eastern Anatolia
12
10

10

8 7

6

4 4
4
. 2 I l
2
. [] L]
Central Anatolia Marmara Eastern Anatolia
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Figure 1. Distribution of phythase (+) and phythase (-) LAB strains based on the origins of the collected boza samples
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Phytic acid is an antinutrient because of its ability to bind nu-
trients such as minerals and proteins, either directly or indi-
rectly, and thus adversely affect their solubility, functionality,
absorption, and digestibility (Damayanti et al., 2017). The or-
ganisms, including plants, microorganisms, and animal cells
have the ability to synthesize phytases. Generally, fungi pro-
duce extracellular phytases, whereas bacteria produce the
cell-associated enzymes mostly. In the literature, only bacte-
ria exhibiting extracellular phytase activity are those of the
genera Bacillus and Enterobacter. LAB were within the first
bacteria to be evaluated because of their involvement in food
fermentations and in the human health. However, not all LAB
are linked to food fermentations (Papadimitriou et al., 2016).
Phytases have gained great interest for biotechnological ap-
plications, in particular for the reduction of phytate content in
feed and food (Konietzny & Greiner, 2004). Sumengen et al.
(2013) studied phytase produced from L. plantarum isolated
from a fermented food (Shalgam), and determined extracel-
lular and intracellular enzyme activities of L. plantarum to be
984.50 U/mL and 494 U/g, respectively (Sumengen et al.,
2013). Metabolism of sourdough microbiota and the activity
of cereal enzymes are interdependent (Génzle, 2014). Ac-
cording to Reale et al. (2007), the extent of phytate degrada-
tion is mostly independent from LAB strain used for fermen-
tation, and phytate degradation during cereal dough fermen-
tation is positively correlated with endogenous plant phytase
activity. Lactic acid fermentation significantly decreases
phytate content in plant-based foods. It is widely believed that
this reduction is because of the activity of the intrinsic plant
phytases, and LAB strains provide suitable conditions for the
endogenus cereal phytases by lowering pH value in the me-
dium. So far, only L. amylovorus and L. plantarum were re-
ported to produce significant extracellular phytase activities.
On the other hand, Reale et al. (2007) claims that if a wild-
type LAB strain produces extracellular phytase activity, its
production can be sufficient for the phytate dephosphoryla-
tion during fermentation (Reale et al., 2007). Similarly, Leen-
hardt et al. (2005) reported that a moderate drop of the dough
pH (around 5.5) was sufficient to lower significantly the phyt-
ate content of a wholemeal flour (Leenhardt et al., 2005).
However, a few strains of LAB have shown consistent
phytase activity to degrade phytate by producing extracellular
phytases (Anastasio et al., 2010). Therefore, there has been a
growing interest in deriving alternate strategies of phytate uti-
lization by probiotics in the human, as they are capable of
producing phytase to combat mineral deficiency of zinc and

iron (Priyodip, Prakash, & Balaji, 2017). During boza fer-
mentation, phytic acid is catalyzed by the activation of
phytase enzyme in LAB, resulting in cause and upsurge of
mineral absorption (Borcakli, Oztiirk, & Yesilada, 2018).
Zamudio et al. (2001) investigated the intracellular and extra-
cellular phytase activities of six LAB (Ped. pentosaceus,
Leuc. mesenteroides, Lact. casei, Lact. fermentum, Lact. del-
brueckii and Lact. plantarum). There was no intracellular
phytase activity, whereas L. plantarum showed the highest
extracellular phytase activity (6.3 mU/mL) (Zamudio et al.,
2001). Khodaii et al (2013) reported that L. casei from dairy
products exhibited higher phytase activity (> 0.004 U) than
those isolates from pharmaceutical products (40% versus
27%) (Khodaii et al., 2013). Cizeikiene et al. (2015) showed
that the highest extracellular phytase activity produces Pedi-
ococcus pentosaceus strains from rye sourdough with 32 to
54 U/mL, respectively, under conditions similar to leavening
of bread dough (Cizeikiene et al., 2015). On the other hand, a
study by Goswami et al. (2017) did not show phytases activ-
ity of the LAB strains in the extracellular medium. The spe-
cific activities of the studied lactobacilli against phytate var-
ied from 0.03 U/mg to 0.43 U/mg proteins, being the lowest
in L. fermentum and the highest in L. Plantarum (Goswami et
al., 2017). In this study, we detected 21 phytase isolates out
of 29 presumptive LAB strains in the prepared sourdoughs.
At the end of 24 hours, the vitabilities of the phytase (+) iso-
lates varied between 8.52 log cfu/g (P. pentosaceus EK1 from
Marmara Region) and 3.60 log cfu/g (P. pentosaceus NB32
from Central Anatolia region). Phytase production of each
strain was mainly determined by production of clear zones
around the colonies on the sodium phytate containing me-
dium (Siimengen, Dinger, & Kaya, 2012). Phytase activity of
each strain at the end of 24 hours were changed from 6 mm
(P. pentosaceus EK1 from Marmara) down to 3 mm (L. casei
strains from Marmara and Eastern Anatolia, and P. pento-
saceus from Central Anatolia), respectively. Accordingly, the
average extracellular phytase activity was found to be
656.8+188.1 U//mL, and a P. pentosaceus EK1 isolated from
the sourdough prepared using the boza from Marmara region
as starter culture showed the highest activity as 1285.5 U/mL
among them, as similar to that reported by Cizeikiene et al.
(2015) (Table 2 & Figure 2). Our results showed that the a
LAB strain, P. pentosaceus EK1, isolated from sorudough
mix prepared using traditionally produced boza from Mar-
mara Region as starter culture yieleded a performance of ex-
tracellular phytase activity better than the previously identical
strains isolated from different sources of foods.
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Table 2. Viability and phytase activities of LAB strains

V(log EPA
Isolate type / code Origin* cfu/g)** PA (mm)** (U/mL)*¥*%*
Oh 24h 24h 48h 96h 24 h
1 E. faecium NB32A CA 430 593 35 4 4 548.2
2 L. casei B21 M 3.54 5.69 3 4 4 594.6
3 L. casei B31A M 399 599 4 5 5 682.7
4 L. caseiKl11 EA 441 5.51 3 3 4 487.3
5 L. casei K22 EA 392 5.11 3 4 4 506.4
6 L. casei K32 EA 3.72 597 3 4 4 635.3
7 L. fermentum B1A M 3.57 693 5 5.5 6 743.7
8 L. pentosus Bl M 4.68 5.54 4.5 5 5 678.5
9 L. pentosus B31 M 430 7.69 4 5 5 763.0
10 L. pentosus B33 M 396 6.62 5 55 7 634.4
11 L. pentosus B33A M 4.53 6.86 5 7 9 714.7
12 L. lactis B11 CA 496 5.46 4 5 5 463.6
13 L. lactis B12 CA 493 548 5 6 6 943.1
14 L. lactis B32 CA 446 692 55 6 8 810.5
15  P. pentosaceus EK1 M 3.80 8.52 6 7.5 11 1285.5
16  P. pentosaceus EK2 M 3.94 5.40 3 3.5 4 559.4
17  P. pentosaceus EX3 M 436 5.71 3 4 4 576.3
18  P. pentosaceus K33 EA 3.89 4.90 4 4 5 603.6
19  P. pentosaceus NB1 CA 446 598 35 4 4 497.6
20  P. pentosaceus NB32 CA 3.56 3.60 3 3 4 521.7
21  P. pentosaceus NB34 CA 481 6.00 4 4 4 532.8

*CA:Central Anatolia, M: Marmara, EA: Eastern Anatolia, **V: Viability, ***PA: Phytase Activity, ****EPA: Extracellular Phytase Ac-
tivity
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Figure 2. Extracellular phytase activity (EPA) of phytase (+) LAB isolates
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Conclusion

In conclusion, the traditionally produced bozas have been
found as potential starter culture reservoirs for sourdough fer-
mentation with significantly higher extracellular phytase ac-
tivities, thus challenging opportunitites to lower antinutri-
tional factors, in particular phytic acid (PA) or phytate in the
foods for the consumers.
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Sokak gidalar1 ucuz, besleyici, lezzetli, her zevke uygun, otantik ve kiiltiirel oldugu kadar erisimi
kolay oldugu i¢in toplumlar tarafindan kabul gorerek tiiketilmektedir. Cok fazla gesitlilikte olan
sokak gidalarinda uygulanan ¢esitli islemlerin hepsi veya bir boliimil sabit, yar1 sabit veya gezici
olarak servis alanlarinda yapilmaktadir. Sokaklarda satilan ve izlenebilirligi saglanamayan gidala-
rin mikrobiyolojik ve kimyasal kontaminasyonu tiiketiciler i¢in risk olusturmaktadir. Bu ¢alis-
mada, sahip oldugu kosullar ¢ercevesinde sokak gidalarmin giivenlik ve hijyen durumlari ele alin-
mustir.  Satig yerlerindeki eksiklikler, kullanilan esya ve ekipmanlar, sokak saticilarinin hijyen
problemleri, kalitesiz hammaddeler, gidalarin tasima, depolama, hazirlama, isleme ve servisindeki
aksakliklar sokak gidalarinin kalitesi ve glivenliginden sorumlu ana risk etmenleri olarak belirlen-
migstir. Sokak gidalarina yonelik yapilacak degerlendirmeler ve diizenlemelerle iyilestirici eylem-
lerin gelistirilmesi, hijyen esasli ve Tehlike Analizi ve Kritik Kontrol Noktasi ilkelerine dayali bir
gida giivenlik sisteminin kurulmasi igin gerekli ortamin olugturulmasi gida kaynakli hastalik ris-
kini 6nemli 6l¢iide azaltacaktir. Bu noktada, ilgili diizenlemelerin gergeklestirilerek tabana yayil-
masl i¢in tiim paydaslarin aktif isbirligi 6nerilmektedir. Boylece sokaklarda giivenli gidalarin iire-
tilmesi ve satilmasiyla halk sagliginin korunmasinda énemli bir adim atilmis olacaktir.

Anahtar Kelimeler: Sokak gidalari, Giivenli gida, Gida giivenligi riskleri
ABSTRACT
Evaluation of risk factors for the safety of street foods

Street foods are accepted and consumed by societies as they are cheap, nutritious, delicious, suit-
able for all tastes, authentic, cultural and as well as easy to access. All or part of the various pro-
cesses applied in a wide variety of street foods is carried out in fixed, semi-fixed or mobile service
areas. Microbiological and chemical contamination of foods that are sold on the streets and whose
traceability cannot be established poses a risk to consumers. This study explores the safety and
hygiene status of street foods within the scope of their conditions. Deficiencies in sales areas,
goods and equipment used, hygiene problems of street vendors, poor quality raw materials, and
troubles in transportation, storage, preparation, processing, and service of food were determined
as the main risk factors for the quality and safety of street foods. Developing remedial actions
through assessments and arrangements to be made for street foods and setting up an environment
for establishing a food safety system based on hygiene and Hazard Analysis and Critical Control
Point will significantly reduce the risk of foodborne disease. At this point, active cooperation of
all stakeholders is proposed to ensure that related regulations are made and spread to the floor.
Thus, the production and sale of safe foods in the streets will be an important step in the protection
of public health.

Keywords: Street foods, Safe food, Food safety risks
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Giris

“Sokak gidalar1” veya “sokakta satilan gidalar”, daha fazla
islenmeden veya hazirlanmadan hemen veya daha sonraki bir
zamanda tiiketim ig¢in sokaklarda ve benzeri kamusal alan-
larda saticilar tarafindan hazirlanan ve/veya satilan yiyecek
ve igecekler olarak tanimlanir (WHO, 1996). Sokak gidalari
igerik, isleme, pazarlama, tiikketim ve temsil ettikleri kiiltiir
bakimindan genis bir ¢esitlilik gdsterirler. Tiim sosyal sinif-
lardan insanlarin tiikettigi sokak gidalarimin renkli ve uzun bir
gecmisi vardir. Ulkemizde sokakta satilan gidalarin biiyiik bir
bolimi geleneksel bilgiye gore hazirlanip tiiketilir ve genel-
likle bolgesel iiriin cesitliliginden etkilenir.

Sokak gidalar1 saticilar ya da aileleri ya da baska bir kii¢iik
Olcekli girisimci tarafindan sokak gida ticareti iginde islenir
veya ticari iireticiler tarafindan belirli {iretim yapilan merkez-
lerde islenerek satig alanlaria getirilir (Al Mamun ve Turin,
2016). Cok fazla gesitlilikte olan sokak gidalar1 pisirmenin
gerekli olmadig1r yemeye hazir gidalar (meyveler, salatalar,
taze sikilmig meyve ve sebze sular1 vb.), onceden hazirlana-
rak satis alanina getirilen ve servis edilen gidalar (simit, bo-
rek, tavuklu/nohutlu pilav, midye dolma, kagit helva, elma
sekeri, tulumba/lokma tatlisi, boza, salep, dondurma vb.), sa-
tis alaninda hazirlanan ve servis edilen gidalar (kofte ekmek,
balik ekmek, doner, ciger, 1slak hamburger, kumru, kokorec,
kestane, misir, kumpir, kahve, pamuk sekeri vb.) seklinde si-
niflandirilabilir. Sokak gidalar1 ucuz, besleyici, lezzetli, her
zevke uygun, otantik ve kiiltiirel oldugu kadar erisimi de ko-
lay oldugu igin toplum tarafindan kabul gormektedir (Mal-
hotra, 2016). Ozellikle iilkemizdeki sokak lezzetleri sehirle-
rin temel dayanagi haline gelmis olup, hem biiyiik sehirlerde
hem de kiiciik kasabalarda gida endiistrisinin bir pargasi ol-
mustur.

Sokak gidalar1 genellikle insanlarin aligveris ya da rekreas-
yon amagli toplandig bir yerde satildig1 i¢in, bu yiyeceklerin
sunuldugu yerler sadece sokaklar degil, ayn1 zamanda farkli
mallarin satildig1 agik ve kapali pazarlar ile fuar ve festival
alanlar1 da olabilir. Sokak gidalari satis bi¢imi agisindan ge-
nel olarak sabit, yar1 sabit veya gezici olarak motorlu arag-
larda, bisikletlerde, seyyar arabalarda, sepetlerde, stantlarda,
cadirlarda, biifelerde veya etrafi kalic1 olarak kapatilmamis
tezgahlarda satilmaktadir (Kraig ve Sen, 2013). Etrafinda ka-
lict bir korunagi olmayan agik alanlarda satig yapilmasi; so-
kak gida saticilarini kafe, bar, restoran gibi diger yiyecek ve
icecek hizmeti veren isletmelerden ayirmaktadir.

Diinya Saglik Orgiitii ile Gida ve Tarmm Orgiitii, sokak gida-
larinin giivenligini saglamak ve arttirmak i¢in ¢ok sayida
program gelistirmistir. Sokak gidalarina yonelik rehber nite-
ligindeki bu programlarda; gida giivenligi gereksinimleri ve

uygulamalari, tehlike analizi tabanli gida giivenligi stratejileri
ve sokak saticilarina yonelik gida giivenligi 6nlemleri konu-
sunda yonlendirmeler genel ve bolgesel olarak yer almaktadir
(WHO, 1996; FAO/WHO, 2001; FAO, 2009; FAO/WHO,
2010; FAO/WHO, 2013; FAO/WHO, 2017).

Sokak gidalarinin giivenligi sadece yerel niifusu degil, ayni
zamanda seyahat eden insanlari ve turistleri de etkilemekte-
dir. Ozellikle gezginler ve turistler icin sokak lezzetleri yerel
mutfagi yansitan ¢ekici ve farkli lezzetler olarak dikkat ce-
kerken, yeni bir deneyim sunmakta ve yerel alanla iligkilerde
bir an1 temsil etmektedir (Privitera ve Nesci, 2015). Sehirler-
deki sokak lezzetlerinin genel olarak bahsedildigi Agustos
2018 tarihli CNN raporunda, sokak gidalari i¢in diinyanin en
iyi yirmi ii¢ sehri arasinda Istanbul yer almaktadir (Shea,
2018).

Sokak gidalar1 konusunda oldukga fazla gesitlilige sahip olan
iilkemizde, gidalardan izole edilen patojen mikroorganizma
ve toksinlerden bagimsiz olarak gida kaynakli hastaliklar
ozellikle sokak gidalariyla iligkilendirilmemistir. Bunun bas-
lica nedenleri, gida kaynakli hastaliklarin vaka temeline gore
tespit edilmesi ve sebepleriyle somut baglantilarinin kurul-
masina yonelik etkin bir programin olmayisi ve sokak gida-
lar1 6zelinde izlenebilirligin saglanamamasidir. Ancak gida
kaynakli hastaliklar, hem gelismekte olan hem de geligmis {il-
kelerde yaygin olarak goriilen ve biiyiiyen bir halk sagligi so-
runudur (Carbas vd., 2013). Bu baglamda sokaklarda satilan,
kaynagi ve iiretimi belli olmayan gidalarin mikrobiyolojik ve
kimyasal kontaminasyonu tiiketiciler i¢in biiytik risk olustur-
maktadir. Ulkemizde sokaklarda ve pazarlarda agikta satilan
yiyeceklerden alinan 6rneklerin laboratuvar analizi patojen-
lerin varligini ve toksinlerin olustugunu gdstermistir (Tablo

).

Kavramsal bir ¢alisma olan bu arastirmada, sokak gidalariyla
ilgili hammadde temininden servis edilmesine kadar potansi-
yel tehlike kaynaklari gesitli yonleriyle ele alinmaya calisil-
mistir. Cok fazla cesitlilikte olan sokak gidalarinda iiretim
zincirinin her asamasinda gida giivenligini tehlikeye sokabi-
lecek risk etkenlerinin belirlenmesi ve bu noktalarda tehlike-
lerin olusmas1 ve nihai {lirline gegmesini dnlemeye yonelik ya-
pilacak uygulamalarin ortaya konularak sokak gidalarina y6-
nelik gida giivenliginin saglanmasi ve sistemin insa edilme-
sine katkida bulunulmasi amaglanmistir.
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Tablo 1. Baz1 sokak gidalarinda tespit edilen mikroorganizmalar ve toksinler.

Table 1. Microorganisms and toxins detected in some street foods.

Gida Uriinii Mikroorganizmalar veya Toksinler Kaynaklar
Izgara Et Koliform bakteri Hampikyan vd. (2008)
Escherichia coli, Enterobakteri Bostan vd. (2011)
Doner Escherichia coli, Koliform bakteri Hampikyan vd. (2008)

Bacillus cereus, Salmonella spp., Stafilokokal enterotoksin

Tutus vd. (2016)

Kebap Escherichia coli, Staphylococcus aureus, Koliform bakteri Hampikyan vd. (2008)
Kokoreg Escherichia coli, Staphylococcus aureus, Koliform bakteri Hampikyan vd. (2008)
Kofte Escherichia coli, Staphylococcus aureus, Koliform bakteri Hampikyan vd. (2008)
Cig Kofte Koliform bakteri, Stafilokok Delikanli vd. (2014)

Escherichia coli, Staphylococcus aureus, Salmonella, Koliform bakteri

Hampikyan vd. (2008)

Izgara Et ve Et Karisimlari

Midye Dolma /

Bacillus cereus, Clostridium perfringens, Escherichia coli,
Staphylococcus aureus

Ates vd. (2011)

Escherichia coli, Vibrio spp., Koliform bakteri

Kocatepe vd. (2016)

Midye Tava Bacillus cereus, Staphylococcus aureus, Vibrio spp., Koliform bakteri | Kok vd. (2015)
Staphylococcus aureus, Koliform bakteri Oztiirk ve Giindiiz (2018)
Escherichia coli, Staphylococcus aureus, Koliform bakteri Hampikyan vd. (2008)
Sokak Sitii Koliform bakteri Goncti vd. (2017)
5 Kaymak Escﬁerlchla COlli Enterobakteri, Koagiilaz pozitif stafilokok, Pamuk ve Giirler (2009)
:5 Koliform bakteri
D Staphylococcus aureus Ede (2016)
= | Dondurma . .
n Staphylococcus aureus Isleyici vd. (2016)
o
z . . Listeria monocytogenes Elmas (2014)
:3 | Peynir Tiirleri - — -
« Escherichia coli, Koagiilaz pozitif stafilokok Kirdar (2012)

Yogurt

Escherichia coli, Staphylococcus aureus, Koliform bakteri

Ertas vd. (2014)

Coban Salata /Yesil
Salata / Rus Salatasi

Escherichia coli, Staphylococcus aureus, Koliform bakteri

Hampikyan vd. (2008)

Sandvig

Bacillus cereus, Escherichia coli, Staphylococcus aureus, Listeria spp.

Biiytikyoriik vd. (2014)

B Koliform bakteri Merig (2010)
0za

Koliform bakteri, Okratoksin A Uysal vd. (2009)
Salgam Suyu Escherichia coli Gok (2017)
Kurutulmus Meyveler | Aflatoksin Hal (2014)

Salmonella spp. Kizil vd. (2015)
Baharatlar - —

Aflatoksin Ekici (2018)
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Sokakta Satilan Gidalarda Temel Risk Faktorleri

Sokakta satilan gidalar goriintiisii, kokusu, lezzeti, kolayligi,
ekonomik olusu ve toplumlarin kiiltiirel mirasinda oynadik-
lar1 rol ile sundugu tiim avantajlara ragmen bir¢ok tehlikeyi
biinyesinde barindirmaktadir. Sokak gidalarinda hastaliga,
yaralanmaya, yagam kalitesini diislirmeye ve hatta 6liime ne-

Sekil 1. Sokak gida iiretim zincirinde risk faktorleri

Figure 1. Risk factors in the street food production chain

Sanig Yeri, Mutfak Esyalar: ve Ekipmanlar

Gida giivenliginin saglanmasi, gidalarin temas ettigi ortam-
dan ayn degerlendirilemez. Sokak gidalarmin hazirlandigi,
iretildigi ve tiiketildigi yerler her zaman temiz ve kirlilik kay-
nagindan uzak olmadiklari i¢in dikkat edilmesi gereken risk
noktalarindan bir tanesi olmaktadir. Sokak gidalarinin satis
alanlaryla ilgili olarak saticilarinin ¢alistig1 fiziksel ortam-
larda tezgahlarin gevresel kirlilige agik oldugu, yiyeceklerin
ve ekipmanlarin yerlestirildigi ve saklandig1 yerlerin zemin-
den yeterince yiiksek olmadigi, tezgahlarin kolayca temizle-
nip dezenfekte edilebilecek malzemeden yapilmadigi, tez-
gahlarin ihtiyaglar dogrultusunda ¢apraz bulagmayi onleye-
cek sekilde dizayn edilmedigi, kirli mutfak ekipmanlarinin

Sokak Saticilar1 ve Gida Isleyenleri

Satis Yeri, Mutfak Esyalar1 ve Ekipmanlar

Review Article

den olabilecek fiziksel, kimyasal ve biyolojik tehlikeler ola-
bilir. Sokak gidalarinda iiretim zincirinin herhangi bir asama-
sinda uygun olmayan bir islem yapilmasi veya ihmal olmasit
gida tehlikelerini ortaya ¢ikarmaktadir. Bu baglamda sokak
gidalarindan kaynaklanan tehlikelerin analiz edilmesinde gz
oniinde bulundurulmasi gereken temel risk faktorleri Sekil
1°de yer almaktadir.

Gidalarm
Hazirlanmasi ve
Islenmesi

uygun olmayan kosullarda bekletildigi, tuvalet, el yikama la-
vabolari ve temiz suyun saglanmasi gibi bir alt yapinin olma-
dig1, kati ve sivi atik bertarafi igin bir tesis ve drenaj sistemi-
nin olmadigy, tesislerin oldugu yerlerde ise uygunsuz atik yo-
netiminin oldugu, kirli atiklarin tezgahlara yakin yerlerde ol-
dugu, sagliksiz ¢cevre nedeniyle hasere ve kemirgenlerden ko-
runmak igin Onlemlerin alimmasinda zorlanildigi ve genel
¢evresel kirliliklerden korunmak i¢in korunakli bir alana sa-
hip olmadig: tespit edilmistir (Mensah vd., 2002; Muyanja
vd., 2011). Bu alanlardaki genel diizen ve hijyen eksikligi so-
kak gidalarinin ¢esitli kirliliklerle kars1 karstya kalmasina ne-
den olmaktadir. Sokak gidalarini giivenli bir sekilde sunmak
icin korunakli bir alan ve altyap1 olusturulmasi ve bu alanda
gida tiiriine gore gerekliliklerin yerine getirilmesi esastir. Bu
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noktada sokak saticilarin satig yaptigi konumlar géz oniinde
bulundurularak altyapinin ve ortak kullanim alanlarmi sag-
landig: tesisler kentsel gelisim programlarina dahil edilmeli-
dir.

Satis alanlarinin bir parcasi olan mutfak esyalar1 ve ekipman-
lar1 ile yiyecek hazirlama yiizeyleri, sokak gidalarinin giiven-
ligi i¢in kritik Gneme sahip olan bir diger noktadir. Mutfak ve
servis ekipmanlarinin gayri resmi imalat¢ilardan gelmesi, uy-
gun olmayan kosullarda kullanilmasi veya zarar gérmiis ol-
masi neticesinde bu ekipmanlardan gidalara bir dizi toksik bi-
lesik gecebilmektedir (Proietti vd., 2014). Ayrica kullanilan
esya ve ekipmanlar ile yiyecek hazirlama ylizeyleri, ylizey
malzemesinden veya yetersiz temizlikten dolay1 bakteri yo-
gunlugu artigina sebebiyet verdigi i¢in ¢apraz bulasma kay-
nag1 olarak gosterilmektedir (Kotzekidou, 2016). Mutfakta
gidayla temas eden malzemeler toksik bilesen icermeyen,
koku veya tat vermeyen, emici 6zelligi olmayan, fiziksel bir
par¢a veya kimyasal maddeyle bulagsmaya neden olmayan,
korozyona kars1 dayanikli, temizlik ve dezenfeksiyonu kolay,
erisilmeyen 6lii noktalar1 olmayan ve gidalarla kullanilabile-
cek ozellikte olmalidir (WHO, 1996; Rane, 2009).

Mutfak ekipmani ve esyalartyla ilgili olarak bir diger 6nemli
husus ¢apraz bulagmay1 6nlemek i¢in yeterli sayida olmalari
ve uygun kullanimlarinin saglanmasidir. Asogwa ve digerleri
(2005) sokak saticilarina yonelik hijyen degerlendirilmesi
yaptiklar1 ¢alismalarinda, kullanilan kaplarin yiizeylerinin ve
bigaklarin mikrobiyal bulagsma kaynagi oldugunu tespit et-
mislerdir. Yapilan bagka bir ¢aligmada ise; mutfakta veya ser-
viste temizlik i¢in kullanilan bez ve slingerlerin gida kalinti-
larin1 barindirmasi, nemli olmasi ve oda sicakliginda saklan-
mas1 sebebiyle yiiksek oranda mikroorganizma icerdigi ve
capraz bulasma kaynagi oldugu gosterilmistir (Chavatte vd.,
2014).

Su sokak gidalarinda el, ekipman, mutfak esyas1 ve gida bile-
senlerinin temizlik ve dezenfeksiyonunda kullanilirken; bu-
har ve buz fazindaki su gidanin 1sitilmasi veya sogutulma-
sinda, bir bilesen olarak gidanin iiretiminde veya igme amagli
kullanilmaktadir. Sular ciddi saglik sorunlarina neden olan
mikroorganizmalarla, toksik kimyasallarla, organik, inorga-
nik ve radyoaktif bulasanlarla kirlenebilir. 2015 yilinda
Uganda’nin bagkenti olan Kampala’da bir kisinin 6liimii ve
onlarca kisinin hastanelik olmasina neden olan tifo salginin
sebebi olarak korunmamis kaynaklardan gelen kirlenmis su
ve bu suyla yapilip sokaklarda satilan i¢ecekler gosterilmistir
(Kabwama vd., 2017). 2018 y1l1 Agustos ayinda Sakarya’nin
Karasu ilgesinde ¢esitli sikayetlerle saglik kuruluslarina bas-
vuran 7154 kiside sebep olan etkenin noroviriis oldugu tespit
edilmis ve resmi kanallardan yapilan aciklamalarda alt yapi
sorunu ve kuyu suyunun salgina neden oldugu belirtilmistir.
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(CNN Tirk Haber, 2018). Gida giivenligi i¢in gida {iretim ve
satis alanlarinda kullanilmak iizere fiziksel, kimyasal ve mik-
robiyolojik agidan igme suyu kalitesinde, yeterli miktarda si-
cak ve soguk su temini saglanmalidir (Mahmutoglu, 2010).
Sokak gidalar satis alaninda kullanilan suyun kaynagina, ta-
sinma ve depolama kosullarina bakilmali ve kalitesi periyo-
dik olarak test edilmelidir.

Gida Uretim Basamaklart

Sokak gidalarmin sahip oldugu kosullar ¢ercevesinde giivenli
bir sekilde hazirlanarak tiiketiciye sunulmasi i¢in {iretim aki-
sinin degerlendirilmesi gerekir. Cok fazla ¢esitlilikte olan so-
kak gidalarinin iiretimini degerlendirdigimizde hammaddele-
rin satin alimmasi, tasima, depolama, gidalarin islenmesi ve
hazirlanmasi, bekletme ve servis olarak tiretim basamaklarini
siralayabiliriz.

Hammaddeler: Gida giivenligi agisindan sokak gidalarmin
hazirlanmasinda kullanilan tiim hammaddelerin ve gida bile-
senlerinin gegerli standartlar1 karsilamasi beklenmektedir.
Ancak sokak gidalarinda kullanilan bilesenlerin kontaminas-
yonunun tiirlii ve kaynagi, diger gida sektorii i¢erisindeki is-
letmelerde olabilecek kontaminasyondan biraz farkli olabilir.
Ciinkii baz1 sokak saticilar1 kar maksimizasyonu ve gida gii-
venligine dair yeterli bilgiye sahip olmamalar1 sebebiyle yet-
kisiz tedarikgilerden riski daha da artiracak olan hammadde-
ler ve gida bilesenleri ile izinsiz katki maddeleri satin alabil-
mektedir (Alimi, 2016).

Sokak gidalari, hammaddelerin ve gida bilesenlerinin iireti-
minde yer alan uygulamalardaki sorunlar nedeniyle mikrobi-
yal patojenler, bunlarin toksinleri veya toksik kimyasallar
igerebilir. Sebzeler patojenler, giibre veya tarim ilaglariyla
kontamine olabilirken; etler standart olmayan kesim tesisle-
rinden dolay1 patojen mikroorganizmalarla; baharat, kuru
meyveler, kahve ve c¢erezler sporlu bakteriler ve mikotoksin-
lerle, yagli et ve siit tirtinleri kalic1 organik kirleticilerle kon-
tamine olabilir. Ornegin, 2005 yilinda izmit'te Atik ve
Aritma Yakma Tesisi ¢evresindeki bolgeden toplanan yu-
murta 6rneklerinde Avrupa Birligi sinirlarini asan dioksin se-
viyeleri tespit edilmistir (Yarman ve Bumerang, 2006). Ki-
rikkale’de iki y1l boyunca yapilan bagka bir caligmada sigir
karkasimin %4.6’sinda ve kesimhanedeki atik su 6rneginin
%20.8’inde Escherichia coli O157:H7 patojeni izole edilmis
olup, karkastaki patojen bakterinin ¢apraz bulagma kaynag:
olarak kesim tesisleri gosterilmistir (Ayaz vd., 2014). 2004
yilinda ise Izmir’de enfekte domuz etinin kullanilmasi neti-
cesinde sokakta satilan ¢ig kofte tiiketimi trichinellosis salgi-
nima neden olmustur (Turk vd., 2006; Akkoc vd., 2009). Bu
baglamda, ¢ig ve az pismis gidalarin popiilerlik kazandig1 gii-
niimiizde gida kaynaklarinin giivenligi giderek énem kazan-
maktadir. Gidalarda kullanilan bilesenlerde dikkat edilmesi


https://doi.org/10.3153/FH20014

Review Article

Food Health 6(2), 128-139 (2020) e https://doi.org/10.3153/FH20014

gereken bir bagka nokta ise; sokak gidalarinda ilgili yonetme-
liklere gore izin verilmeyen gida katki maddelerinin, 6zellikle
yetkisiz renklendiricilerin kullanilmas1 veya izin verilen katki
maddelerinin de belirtilen seviyeleri asan miktarlarda kulla-
nilmasi s6z konusu olabilmektedir (Malhotra, 2016). Yigit ve
Inang (2017) tarafindan yapilan ¢aligmada, baharatlarda kul-
lanilmasina izin verilmeyen renklendirici katki maddelerinin
acikta satilan baharatlik kirmizibiberlerde ambalajli iiriinlere
gore daha yiiksek oldugu tespit edilmistir.

Tasima ve Depolama: Bir¢ok sokak saticis1 hammaddelerini
saklayabilecekleri uygun depolama alanlarina ve gidalar ¢a-
lisma alanlarina tagimak i¢in uygun ekipman ve kosullara sa-
hip olmayabilir. Hammaddelerin veya islenmis gidalarin ta-
sima ve depolama kosullar1 sokak gidalarmin giivenliginde
onemli rol oynamaktadir. Gidalarin taginmasi1 ve muhafaza
edilmesi esnasinda kullanilan alanlarin ve kaplarin bu is i¢in
uygunluguna, hijyen ve sanitasyon standartlarinin saglanma-
sina, periyodik bakimlarinin yapilmasina, gidaya herhangi bir
madde gecisi veya bulagsmasina izin verilmemesine, stok ro-
tasyonunun sistematik olmasina, ayri tutulmasi gereken gida
ve malzemelerin ayni yerde depolanmamasina, gidalarin
ozelliklerine gore tasima ve depolama gerekliliklerinin sag-
lanmasina, gidalarin raf 6mrii icerisinde tiiketilmesine dikkat
edilmelidir (Alimi, 2016; Proietti vd., 2014). Mol ve Tosun
(2011)’un Istanbul’da sabit pazarlarda satilan baliklarmn ka-
lite diizeylerini belirlenmek amaciyla yaptiklar1 ¢aligmala-
rinda, tasima ve depolama asamalarinda uygun olmayan ko-
sullar tespit edilmis ve sonuglari ortaya konulmus; tasimada
kullanilan araglarin sogutma sistemi ile donatilmasina ve tii-
keticiye ulasincaya kadar sogutma kosullarinin olusturulma-
sinin gerekliligine vurgu yapilmistir.

Gidalarin Hazirlanmast ve Iglenmesi: Hazirlik asamasi ve
isleme, gidalarin satis ve tiiketiminden dnce tabi tutuldugu ve
gida giivenliginin saglanmasinda 6nemli olan yikama, kesme,
dilimleme, dograma, karistirma, marine etme, dinlendirme,
dondurma, ¢oziindiirme, pisirme, siisleme, porsiyonlama gibi
bir dizi agamadan olusan kritik bir alandir. Bu asamada yapi-
lan iglemler yiyecek ve igeceklerin tiiriine gore gergekles-
mekte ve ¢esitlenmektedir. Bazi sokak gidalar igin saticilar
kizartma, 1zgara, firinlama, haslama, kavurma gibi pisirmeyle
ilgili veya harmanlama, soslama gibi diger son igslemleri miis-
terilerin Ontinde agik tezgahlarda gerceklestirirler. Bu son is-
lemler tiiketiciler agisindan giliven duyma egilimini ve yiye-
ceklerin lezzetini gelistirmektedir (WHO, 1996).

Genel olarak gida kaynakli hastaliklarin ortaya ¢ikmasinda
gidalarin hazirlik ve isleme asamasinda yapilan hatalar bas-
lica rol oynamaktadir. Cok fazla ¢esitlilikte isleme sahip olan
sokak gidalariin hazirlanmasi ve islenmesinde gidalarin uy-
gun olmayan kosullarda uzun siire bekletilmesi, dondurulmus

gidalarin bir defadan fazla ¢oziindiiriilmesi, pisirilecek gida-
larin yetersiz 1s1l isleme tabi tutulmasi, daha 6nce pisirilmis
ve sogutulmus gidalarin yetersiz sekilde yeniden 1sitilmasi,
gidalari agikta bekletilmesi, ¢apraz bulagmanin 6nleneme-
mesi, kizartma yaglarinin tekrar tekrar kullanilmasi, gidalarla
birlikte siirekli servise sunulan sos ve baharatlarin uzun siire
uygunsuz kosullarda bekletilmesi belirlenen belli bash risk
faktorleri arasindadir (Alimi, 2016; Callano, 2012;
FAO/WHO, 2017; Kotzekidou, 2016). Amerika Birlesik
Devletleri (ABD) Hastalik Kontrol ve Korunma Merkez-
leri’nin 2016 y1li verilerine gére ABD’nde 14259 gida kay-
nakl1 hastalik oldugu ve yaklasik 17 6liim oldugu bildirilmis-
tir. Vakalarin biiylik cogunlugu yetersiz pismis veya yanlis
islenmis gida riinlerinin tiikketilmesiyle iligkilendirilmistir
(Centers for Disease Control and Prevention, 2018). Simit ve
benzeri unlu mamullerin mikrobiyolojik biiylime i¢in uygun
olmadig1 diisiiniildiigii halde; Var ve digerleri (2015)’nin
yaptig1 calismada Staphylococcus aureus’un gida giivenligi
icin bir tehdit olabilecegi gosterilmis ve fermantasyon sira-
sinda simit hamurunda ¢ogalabilecegi bildirilmistir. Midye,
doner gibi popiiler sokak lezzetleriyle ilgili yapilan ¢aligma-
larda ise 1s1l iglem agamasi dikkat edilmesi gereken kontrol
noktalarindan bir tanesi olarak gdsterilmis ve gida kaynakli
hastaliga neden olmamasi i¢in yeterli 1s1l islem uygulanmasi-
nin gerekliligi belirtilmistir (Ates vd., 2011; Haskaraca vd.,
2015; Hewitt ve Greening, 2006).

Pisirilen sokak yemeklerinde gida giivenligini saglamak i¢in
pisirme sicakliklar1 ve siirelerine dikkat edilmeli, sicak ye-
mekler pisirildikten hemen sonra tiiketilmeli, hemen tiiketil-
meyecekse mikroorganizmalarin hizli ¢ogalabildikleri tehli-
keli sicaklik bolgesinde (5-65 °C) uzun siire bekletilmemeli
ve hizla sogutulmali, servis yapmadan dnce yemekler sadece
bir kez 1sitilmal1 ve yeterli 1sitma saglanmali, yeni hazirlan-
mi§ yemegin icerisine artan yemek karistirtlmamalidir (Artik
vd., 2017). Sokak gidalarinda ortaya ¢ikan bir diger tehlike
ise, kontrolsiiz 1s1l iglem veya uygun olmayan sicaklik ve sii-
rede gerceklestirilen pisirme iglemleri neticesinde gidalarda
dogal olarak bulunan belirli bilesiklerden kanserojen olarak
kabul edilen bir takim 1s1l islem bulasanlarinin olusumudur.
Ornegin; gidalarin 1zgarada ve yiiksek sicakliklarda islenme-
siyle polisiklik aromatik hidrokarbonlar (Lee vd., 2016), et ve
balik gibi protein bakimindan zengin gidalarin pisirilmesi se-
bebiyle heterosiklik aromatik aminler (Gibis, 2016; Ozsarag
vd., 2019) ve kizartilmis patates, unlu mamiiller, kavrulmus
kahve gibi gidalarin 1s1l islemi sonucunda akrilamid olusumu
(Gokmen, 2016) goriilmektedir.

Servis: Sokak gidalarinda satig miktarlar1 tam olarak tahmin
edilemedigi icin biiylik miktarlarda dnceden hazirlanan bir-
¢ok gida uygun olmayan kosullarda ve ¢evresel bulagmaya
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kars1 etkin koruma saglanamadan uzun siire bekletilebilmek-
tedir (Fellows ve Hilmi, 2011). Japonya’daki bir {iniversite
festivalinde, onceden hazirlanarak pisirilen kreplerin yetersiz
sogutulmasi ve uzun siire bekletilmesi gida zehirlenmesinin
ana nedeni olarak belirtilmistir (Kitamoto vd., 2009). Izgara
et lirtinleriyle ilgili yapilan ¢alismalarda, {iriinlerin 6nceden
pisirilerek 1zgara kenarlarinda tutuldugu tespit edilirken, bu
bekleme sicakliklarinin patojenlerin ¢ogalmasi i¢in uygun or-
tam olusturdugu belirtilmistir (Hampikyan vd., 2008; Tidjani
vd., 2013). Uygun olmayan kosullarda satis alanina sahip, so-
gutma ve 1sitma sistemi olmayan, ¢evresel bulagmaya karsi
korunmayan, hazirlik veya bekleme siireleri diizenlenmeyen
sokak gidalarinda mikroorganizmalarin bulasmasi ve gogal-
mas1 yoluyla gida kaynakli hastaliga katkida bulunulmakta-
dir. Bu agsamada servis edilene kadar sicak yiyecekler 65°C
ve lizeri sicakliklarda, soguk yiyecek ve icecekler ise 10°C ve
alt1 sicaklik derecelerinde muhafaza edilmeli ve servis edil-
melidir. Pismis sokak yemeklerinin servis tezgahlarinda
kalma siiresi 2 saati gegmemeli, ancak daha sonra tiiketile-
cekse kisa siirede sogutulmali ve uygun kosullarda muhafaza
edilmesi saglanmalidir (Mahmutoglu, 2010).

Sokak gidalar ve saticilarina yonelik yapilan ¢alismalarda,
gidalarin servis agsamasinda personel veya bilgi eksikligi kay-
nakli kotli hijyen kosullar1 séz konusu olabilmektedir (Cor-
tese vd., 2016; Liu vd., 2014). Sokak gida saticilarinin yiye-
cek hazirlama ve servis hizmetlerinde gida giivenlik uygula-
malarini izlemeleri tavsiye edilirken; ambalajlama ve servis
amaciyla gazete, uygun olmayan kagit veya servis malzeme-
sinin kullanilmamasi gerekmektedir (FAO, 2009).

Sokak Saticilari ve Gida Isleyenleri

Sokak gidalarinda satis alanlari, ekipmanlari ve malzemeler
ne kadar gelismis, modern ve iyi organize edilmis olsa da
gida giivenligi i¢in buradaki en 6nemli unsur insan, yani gida
saticilar1 ve isleyenleridir. Sokak gidalarini isleyen ve satan-
larin saglikli olmasi, kisisel hijyen gerekliliklerini yerine ge-
tirmesi, temizlik ve hijyen esaslarini saglamasi gerekmekte-
dir. Sokak gida saticilarinin ve igleyenlerin egitim seviyeleri
genellikle diigiik olup, hijyen ve gida giivenligiyle ile ilgili
yeterli ve etkin bilgiye sahip olmadiklar1 yapilan ¢alismalarda
goriilmektedir (Ercan vd., 2012; Basch vd., 2015; Sama-
pundo vd., 2016; Trafialek vd., 2018). Gida kaynakli hasta-
liklarin neden hala devam ettigine iligskin olarak gida giiven-
ligiyle ilgili bilgi ve uygulamalarin eksikligi ile gecici gida
tedarik ortamlarinda etkin gida giivenligi egitiminin verilme-
mesi gosterilmektedir (Cortese vd., 2016). Bu noktada veri-
len egitimlerin igerigi, ¢iktis1 ve bilginin uygulamaya doniis-
tiirlilememesi tartigilmaktadir. Yapilan caligmalarda gida gii-
venligi ve hijyenik uygulamalar i¢in gida ¢alisanlarina veri-
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len egitimin bilgi, beceri ve tutum diizeylerinde olumlu degi-
sikliklere neden oldugu vurgulanirken; egitimin tiim davra-
niglara yansimadigi belirtilmektedir (Acikel vd., 2008; Ro-
berts vd., 2008). Egitimin etkinliginin zay1f kalmasindaki te-
mel sebeplerden bir tanesi saticilarin riskten haberdar olup,
yine de onlar i¢in hi¢bir seyin olmayacagini varsayarak yani
iyimser Onyargiya dayali davranmasidir (Lange, 2017). Ay-
rica yapilan aragtirmalarda, etkili gida giivenligi egitimi i¢in
bilgiyi gelistirmeye yonelik sadece teorik dgelere odaklanil-
mamasi gerektigi belirtilmektedir. Gida giivenligi egitiminin
faaliyetin tiiriine ve kosullarina uygun olmasi, i¢eriginde gida
giivenligi sorunlarima vurgular yapilmasi gerekmektedir
(Howells vd., 2008). Ornegin, sokak gidalari yetersiz alan ve
altyapiya sahip ve ¢evresel kirliliklerle direkt karsi kargiyadir.
Dolayisiyla sokak gidalarini isleyenler ve satanlara yonelik
sahip olunan kosullardaki engeller ve sokak gidalarindaki
riskler goz oniinde bulundurularak egitim programlari gelis-
tirilmelidir. Saticilarin gida giivenliginin saglanmasi igin ge-
rekli temel ilkeler ve dnlemler konusunda daha fazla biling-
lendirilmesi, sokak gidalarinin olusturdugu saglik risklerini
azaltmak i¢in en uygun maliyete sahip segeneklerden biridir
(FAO/WHO, 2010). Genel olarak degerlendirildiginde, gida
kaynakli tehlikelerin ¢ogu bahsi gegen kontrol noktalarinda
tedbirlerin alinmasi ve bu tedbirlerin sokak saticilari tarafin-
dan uygulanmasiyla 6nlenebilir.

Sonuc¢

Sokak gidalar1 sosyoekonomik olarak, gida sektoriiniin kay1t
altina alinamayan 6nemli bir bilesenini olusturmaktadir. Bu
baglamda sokak gidalarinin {iretim zincirinde bir takim ek-
sikliklerin olmasi1 ve yanlis uygulamalarin yapilmasit halk
sagligini tehdit etmektedir. Gida giivenliginin yeni teknoloji-
lerle dijitallesmesine yonelik ¢alismalarin geliserek ilerledigi
gliniimiizde, sokak gidalarinin iiretim ve satisinda eksiklikle-
rin olmasi ve bir takim sorunlarin yaganmasi olduk¢a mani-
dardir. Bu noktada sokak gidalar1 ve saticilari i¢in temel ge-
reksinimlerin gelistirilmesi gerekmektedir. Yapilacaklar ¢ok
karmagik veya masrafli olmamali, ancak sokak saticilarinin
gida giivenligi sorunlarini tanimasinda ve bunlara pratik ¢6-
ziimler bulmasinda yardime1 olacak bir yapida olmalidir.

Sokak gidalartyla ilgili minimum alt yapiy1 saglayarak, ¢cevre
kosullarimi ve tesisleri iyilestirerek, giivenli gida tiretmek i¢in
ihtiya¢ duyulan kaynaklari elde ederek, gida iiretim asamala-
rinda Onerilen risk azaltma islemlerini yerine getirerek ve
beklenen faaliyetler dogrultusunda gida islemesinde ve sati-
sinda ¢aligsanlarin egitim ihtiyac¢larini karsilayarak giivenli gi-
dalar sokaklarda hazirlanabilir. Tiim bu gerekliliklerin yerine
getirilmesi i¢in; sokak gidalarinin giivenligiyle ilgili veri top-
lamak, risk analizi yapmak, yaygin uygunsuzluk durumlarim
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belirlemek, gida giivenligi sistemini sokak gidalarinin isleyi-
sine uyarlamak, gida mevzuatindaki eksiklikleri gidermek,
izlenebilirligi saglamak ve denetlemek gerekmektedir. Bu
baglamda ilgili kurum ve kuruluslarin, sokak gida saticilari-
nin hijyen esasli ve Tehlike Analizi ve Kritik Kontrol Noktas1
ilkelerine dayal1 bir gida giivenlik sistemini uyarlamasi i¢in
gerekli ortamin olusturulmasinda yardimci olmasi ve gida gii-
venligine yonelik pratik uygulama ¢alismalarin yapilmasinda
oncii olmasi 6nerilmektedir. Tim paydaslarin katilimiyla, so-
kak gidalarina yonelik yapilacak degerlendirmeler ve diizen-
lemelerle iyilestirici eylemler gelistirmek, iilkemizde gida
giivenligi standartlarmin tabana yayilmasina katkida buluna-
cak ve ticaretin dogru bir sekilde yonetilmesini saglayacaktir.
Boylece sokaklarda giivenli gidalarin iiretilmesi ve satilma-
styla halk sagliginin korunmasinda 6nemli bir adim atilmis
olacaktir.

Etik Standart ile Uyumluluk

Cikar catismasi: Yazarlar bu yazi i¢in gergek, potansiyel veya al-
gilanan ¢ikar ¢atismasi olmadigini beyan etmislerdir.
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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
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publication. Manuscripts submitted for evaluation should not
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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.
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Manuscripts submitted to “Food and Health” will go through a
double-blind peer-review process. Each submission will be
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who are experts in their fields in order to ensure an unbiased
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and independent editor to manage the evaluation processes of
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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
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compliance with relevant guidelines.
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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
(https://intihal.net).

In the event of alleged or suspected research misconduct, e.g.,
plagiarism, citation manipulation, and data falsification/
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criteria recommended by the ICMJE. The ICMJE recommends
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1. Substantial contributions to the conception or design of the
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2. Drafting the work or revising it critically for important
intellectual content; AND

3. Final approval of the version to be published; AND
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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
http://scientificwebjournals.com/JFHS/FHCopyrightandAuthorCon
tributionForm2019.pdf) 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,
an ombudsperson 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.

When submitting a manuscript to “Food and Health” journal,
authors accept to assign the copyright of their manuscript to
ScientificWebJournals. If rejected for publication, the copyright
of the manuscript will be assigned back to the authors. “Food
and Health” journal requires each submission to be accompanied
by a Copyright Transfer Form (available for download at
http://scientificwebjournals.com/JFHS/FHCopyrightandAuthorC
ontributionForm2019.pdf. 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,
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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
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.
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e  Copyright Transfer Form,
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contributions available in
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. ICMJE 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.
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interest may arise that may affect your research. A full description
is required when you submit your article to a journal.

Ethics committee approval: Ethical committee approval is routinely
requested from every research article based on experiments on
living organisms and humans. Sometimes, studies from different
countries may not have the approval of the ethics committee, and the
authors may argue that they do not need the approval of their work.
In such situations, we consult COPE’s “Guidance for Editors: Research,
Audit and Service Evaluations” document and evaluate the study at
the editorial board and decide whether or not it needs approval.
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Figures
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”,
“Result 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 with Introductionand end with Conclusion
sections. Authors may choose to use any subheadingin between
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”, “Result and Discussion” and
Conclusion sections.

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 as
separate files (in TIFF or JPEG format) through the submission
system. The files should not be embedded in a Word document
or the main document. When there are figure subunits, the
subunits should not be merged to form a single image. Each
subunit should be submitted separately through the submission
system. Images should not be labelled (a, b, c, etc.) to indicate
figure subunits. Thick and thin arrows, arrowheads, stars,
asterisks, and similar marks can be used on the images to
support figure legends. Like the rest of the submission, the
figures too should be blind. 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, W],
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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.

References
Reference System is APA 6" Edition
In-text Citation with APA

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

...(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).
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Note: All second and third lines in the APA Bibliography should be
indented.

REVISIONS

When submitting a revised version of a paper, the author must
submit a detailed “Response to the reviewers” that states
point by point how each issue raised by the reviewers has been
covered and where it can be found (each reviewer’s comment,
followed by the author’s reply and line numbers where the
changes have been made) as well as an annotated copy of the
main document. Revised manuscripts must be 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.

manuscripts 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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