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Development of a functional cake formulation with purple carrot
powder dried by different methods

Nezahat OLCAY, Mine ASLAN, Mustafa Kiirsat DEMIR, Nilgiin ERTAS
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Department of Food Engineering, ABSTRACT

Engineering and Architecture Faculty,

Necmettin Erbakan University, Kdycegiz In this study, it was aimed to enhanced cake formulation with purple carrot powder (PCP) dried 3
Campus, Konya, 42050, Turkey different methods (hot-air (HPC), microwave (MPC) and vacuum (VPC) dried) and used at 5 dif-

ferent ratios (0, 5, 10, 15, 20%). The effects of purple carrot powder (PCP) on chemical, physical
and sensory properties of cake samples were investigated. HPC substituted cake samples had lower
batter density and weight values. PCP usage significantly affected the crust and crumb color value
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Introduction

Purple carrot (Daucus carota L.) is an important root vegeta-
ble in human nutrition and mostly grown in Turkey. The pur-
ple carrots have a strong antioxidant activity due to anthocy-
anin content (17.4 to 45.4 g/kg in dry matter) (Tiirkyillmaz et
al., 2012). Phenolic components and anthocyanin rich purple
carrot also has beneficial effects on health-promotion or dis-
ease prevention. Moreover, the carrot has different important
biological properties such as antioxidants, anticarcinogen,
immunoenhencer, antidiabetic, anti-hypertensive cholesterol
and cardiovascular diseases lowering effects (Yerima et al.,
2019).

Cereal products have valuable protein and carbohydrate con-
tent, although they are lack of antioxidant compounds com-
pared to fruit and vegetables. Researchers have focus on for-
mulation of cereal products by fruit-vegetable powders. Fruit-
vegetables have a short shelf life due to high water content,
thus they are generally dried for a long shelf life. Drying is
one of the most important and common food preservation
technique. Various drying methods are applied for dehydra-
tion of water in products as microwave drying, hot-air drying
and vacuum drying for dehydration of water in products (Jan-
gam, 2011).

Hot-ait drying is a common and low cost application when
compared to other drying methods. However, hot-air drying
has some disadvantages including longer drying time, unde-
sirable physical, chemical, structural properties and higher
nutritional loss and these features causes to decrease quality
and consumer acceptability of end product (Di Scala and
Crapiste, 2008; Arslan and Ozcan, 2011; Chen et al., 2016).
On the other hand, microwave drying has some advantages as
a shorter drying period and low energy consumption, and also
some disadvantages like irregular heating, possible textural
damage and high investment costs (Zhang et al., 2006; Isik
and Izlin, 2014). Vacuum drying enhances the mass transfer
due to the increased pressure gradient in the product. Vacuum
drying is supplied several properties such as better product
color and protections of vitamin, lower process temperatures
and energy (Pere and Rodier, 2002; Methakhup et al., 2005;
Alibas, 2009).

New functional food formulations which have ingredients
with high phenolic content and antioxidant activity have at-
tention increasingly. Thus, the aim of this study was to deter-
mine the chemical composition, physical and sensory proper-
ties of cake products containing purple carrot powders dried
by different methods. Also, it was aimed to determine PCP
applications as a potential ingredient in the development of
new food products.

Materials and Methods
Materials

Wheat flour, whole egg, sugar, all-purpose shortening,
skimmed milk powder, baking powder and purple carrot were
purchased from local markets in Konya, Turkey.

Drying of Purple Carrot

Firstly, the purple carrots were washed, peeled and sliced
with the size of 2 mm. For the hot-air drying method, samples
were dried in a hot air oven (KD 200, Niive, Turkey) at 50°C
for 22 h. For the microwave drying method, samples were
dried in a microwave oven (LG SolarDOM, MP-9485, Seul,
South Korea) at 360 W for 40 min. For the vacuum drying
method, samples were dried in a vacuum oven (JSR, JSVO-
60T, Gongju, South Korea) at 50°C for 10 h. The dried purple
carrots were ground and sieved with 500 um sieve to obtain
purple carrot powder (PCP).

Cake Production

Cake production was carried out with slight modification ac-
cording to the method of Rahmati and Tehrani (2014). Con-
trol cake sample prepared with 100 g flour, 50 g shortening,
75 g sugar, 60 g egg, 70 ml milk, 0.2 g salt, 3 g baking pow-
der, 1 g vanilla, 0.5 g DATEM (diacetyl tartaric acid esters of
monoglycerides and diglycerides) and 0.5 g xanthan gam.
Other cake samples were made by replacing wheat flour with
PCP (HPC, MPC and VPC) at 0, 5, 10, 15 and 20% ratio.
Firstly, egg and sugar were whipped to a cream in a Hobart
mixer (Hobart N50, Canada Inc., North York, Ontario, Can-
ada). Then, other ingredients were added and mixed. 130
grams of cake batter were placed into baking pans with
7.5%6.6%12 cm dimensions, and baked at 160+2°C for 50 min
in an oven (BEKO MF6, Turkey). Finally, baked cake sam-
ples were removed from the pan and left for one-hour cool-
ing. Cake samples were packaged and stored at room temper-
ature (22 +2°C) until analyses.

Cake Batter Analyses

Cake batter pH was measured with a suspension obtained
from 10 g dough with 90 mL distilled water for 1 min using
a digital pH meter (WTW pH315i/set). Cake batter density
was calculated by dividing the weight of a standard measure
of the batter by the weight of an equal volume of water
(Jyotsna et al., 2007).

Physical Analysis

Color values (L * (lightness/darkness), a * (redness/greenness)
and b* (yellowness/ blueness)) of PCP and cake samples
were determined by Chroma Meter CR-400 (Konica Minolta,
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Sensing, Inc., Osaka,  Japan). Chroma  (SI)
(SI = Va %24+ b %?) and hue angle (H = tan-1(b*/a*)) of cake
samples were calculated from a* and b*. The weight of cake
samples was measured by weighing the one hour cooled
cakes at room temperature. Symmetry, volume and uni-
formity indexes were calculated according to the AACC 10-
91 method (AACC, 1990). Firmness and springiness of cake
samples were measured by a texture analyzer instrument
(TA-XT plus, Stable Microsystems, UK) at room tempera-
ture, and was used an aluminum P36/R cylinder as the probe.
The optimal test conditions in this study were: strain was
25%, and the pre-test, test and post-test speeds were 1.0, 1.0
and 10.0 mm/s, respectively. Cake samples were packaged in
polyethylene bags and stored at room conditions (22 +2°C,
45%+10 RH) during storage.

Chemical Analysis

Moisture (AACC 44-01), protein (AACC 46-12), fat (AACC
30-10) contents of different purple carrot powders and cake
samples were analyzed according to the standard methods of
AACC (1990). For total phenolic content and antioxidant ac-
tivity, 4 g sample was extracted with 20 mL acidified (1%
HCI) methanol/water solution (80:10, v/v) at 24 °C for 2.5 h.
Sample: extraction solution mixture was shaken in water bath
at room temperature (24+1°C) for 2.5 hours. After extraction,
the samples were centrifuged at 3.000 rpm for 10 min (Gao
et al., 2002; Beta et al., 2005). Total phenolic content was
determined spectrophotometrically using the Folin—Ciocalteu
method and the results were reported as g/kg gallic acid
equivalents (GAE) of sample on a dry matter basis. Antioxi-
dant activity analysis was carried out according to the DPPH
(2-2-Diphenyl-2-picrylhydrazyl) method (Gyamfi et al.,
1999; Beta et al., 2005). This results were determined by the
following equation;

Inhibition (%) = [(Absorbance of control- Absorbance of
sample)/ Absorbance of control]x100

Sensory Analysis

Color, odor, taste, appearance, pore structure, chewiness and
overall acceptability of cake samples were evaluated by 10
panelists of 25-30 age. The cake samples were randomly
named with different numerical codes. Panelists have evalu-
ated the samples with a scale from 1 (dislike extremely) to 7
(like extremely).

Statistical Analysis

For the statistical analysis, the JMP statistical program, ver-
sion 10.0 (SAS Institute Inc., Cary, NC, USA) was used. The
average of the main variation sources was compared at
p<0.05 level.

Research Article

Results and Discussion

Physical and Chemical Properties of Purple Carrot
Powders

Color values and some chemical properties of wheat flour and
PCP dried with different drying methods are demonstrated in
Table 1. L* values of PCP changed between 41.46 (for VPC)
and 48.22 (for HPC). As expected, the highest L* value was
found in wheat flour, while hot air drying had the most posi-
tive effect on the L* value of PCP. The a* and b* values of
PCP depending on drying methods were found to be statisti-
cally different. The a* value of wheat flour was found to be
significantly lower than those of PCP, while the »* value was
higher. Chroma and hue angle values of PCP in all drying
methods found higher than wheat flour. Regarding the drying
methods used, higher chroma values obtained with HPC,
while higher hue angle values found with VPC. De Pilli et al.
(2014) investigated the effect of microwave and hot air dry-
ing on pasta samples and reported that microwave dried sam-
ples had higher hue angle and lower chroma values against
hot air dried ones. It was reported that high values of hue an-
gle and low values of chroma value were related to the deg-
radation of carotenoids.

It was determined that the crude ash content of PCP was
higher than wheat flour. The highest crude ash content was
determined in HPC. The crude fat content of wheat flour was
significantly higher than PCP. All drying methods provided
similar crude fat contents in PCP samples. No significant dif-
ferences occurred in the crude protein content of the wheat
flour and PCP (p>0.05). The total phenolic content of the hot
air dried and microwave dried samples were found to be sta-
tistically similar. As expected, the TPC of purple carrots was
significantly higher than wheat flour. The antioxidant activity
of PCP ranged between 63.68% (for HPC) and 85.87% (for
VPC). As expected, the antioxidant activity of PCP was de-
termined to be much higher than that of wheat flour.

Some Properties of Cake Batters

Some properties of cake batters are shown in Table 2. Higher
substitution rates led to lower pH values in cake batters. Za-
dernowski et al. (2010) reported that black carrot has 14.80
mg/100 g vitamin C content in dry matter. The pH values of
cake batters produced with VPC were found to be higher than
the batters produced with HPC and WPC. The weights of
cake batters produced with VPC were found to be higher than
others. The utilization of HPC has resulted in significantly
lower density (1.04 g/cm?). It was found that there was a lin-
ear relationship between the substitution rate, weight and
density. Increased substitution rates resulted in increased
weight and density. Sharoba et al. (2013) mentioned that the
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addition of dietary fiber sources like carrot pomace to wheat
flour to produced cake increased the water holding capacity.
Increased weight and density could see as a result of in-
creased water holding capacity. Consistent with these results,

Salehi et al. (2015) and Majzoobi et al. (2016) reported that
increase of density value and decrease of pH value with high
replacement ratio of carrot powder, respectively.

Table 1. Color values and chemical properties of wheat flour and purple carrot powders dried by different methods

Wheat Flour HPC MPC VPC

Color values

L* 95.31+£0.01a 48.224+0.09b 43.32+0.11c¢ 41.46+0.02d
a* -0.30+£0.01¢ 16.32+0.11a 14.48+0.01b 14.53+0.28b
b* 10.26+0.01a -1.68+0.10d -0.57+£0.01¢ 1.66+0.04b
Chroma 10.26+0.01¢ 16.40+0.12a 14.50+0.01b 14.62+0.28b
Hue Angle -88.30+0.04d -5.88+0.31c¢ -2.2540.05b 6.54+0.26a
Moisture (%) 11.46+0.05a 5.83+0.10c¢ 4.22+0.23d 7.02+0.28b
Ash (%) 0.62+0.01d 11.04+0.04a 8.60+0.01b 8.18+0.08¢
Crude Fat (%) 1.18+0.02a 0.75+0.11b 0.72+0.04b 0.71+0.02b
Crude Protein (%) 11.20+0.12a 11.33+0.31a 10.94+0.25a 11.29+0.37a
TPC! (g GAE/kg) 25.57+0.35¢ 279.10+0.70a  276.39+3.13a 263.36+1.39b
Antioxidant activity (%) 15.72+0.12d 63.68+0.43¢c 76.74+0.03b 85.87+0.01a

Results are expressed as mean value + s.d. Different superscripted lowercase letters in the same column denote
significant differences according to the Tukey HSD test (p<<0.05). HPC: Purple carrot powder dried by hot air
drying, MPC: Purple carrot powder dried by microwave drying, VPC: Purple carrot powder dried by vacuum

drying. 1: Total Polyphenolic Content.

Table 2. Some properties of cake batters substituted with purple carrot powders

Weight (g) Density (g/mL) pH

Drying Method

HPC 107.51+0.49b 1.04+0.03b 6.91+0.04b
MPC 107.60+0.28b 1.47+0.04a 6.89+£0.05b
VPC 108.32+0.37a 1.46+0.03a 7.01£0.03a
Substitution Rate

0 106.85+0.35d 1.02+0.02c 7.044+0.09a
5 107.05+0.49d 1.39+0.03ab 6.96+0.04b
10 107.80+0.14¢ 1.40+0.05ab 6.9240.03bc
15 108.40+0.52b 1.384+0.03b 6.87+0.01c¢
20 108.954+0.40a 1.43+0.04a 6.90£0.02bc

Results are showed separate effects of drying methods and substitution rates of
purple carrot powders which were added based on the wheat flour used (% (by
mass), dry basis). Results are expressed as mean value + s.d. Different super-
scripted lowercase letters in the same column denote significant differences ac-

cording to the Student's test (p<0.05).
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Physical Properties of Cake Samples

Crust and crumb color values of cake samples substituted
with HPC, MPC and VPC are given in Table 3. Among dry-
ing methods, L * values of cake crumbs substituted with HPC
were positively affected by the drying method used. In the
MPC added cake samples, a* values were lower and b* val-
ues were higher than other samples (p<0.05). L* and b* val-
ues of cake crumbs decreased, while a* values increased with
the increasing substitution rate of PCP. Similar results were
observed by Yilmaz and Pekmez (2020) in bread samples in-
corporated with black carrot flour. Lower chroma and higher
hue angle values were obtained with increased PCP substitu-
tion rates in cakes crumbs. It is probably due to the degrada-
tion of carotenoids (De Pilli et al., 2014).

There were no significant differences in L* values of cake
crusts related to drying methods used (p>0.05). The highest
a* and b* values were determined in the cake crusts with sub-
stitution of VPC (p<0.05). All color parameters (L*, a* and
b*) of cake crusts were negatively affected by the increasing
substitution rate. These results may be due to own color of
PCP. It is known that crust color was basically determined by
Maillard reactions between amino acids and reducing sugars,
and by caramelization reactions of sugars (Goémez et al.,
2011). Therefore, negative effects in crusts colors can be seen
related to factors that affect such reactions as the pH of the
batter. The pH values affect the amount of unprotonated
amino acids and so inception stage of the Maillard reaction
(Lertittikul et al., 2007; Gémez et al., 2011). Increase in sub-
stitution rate negatively affected the chroma and hue angle
values of cake crusts.

Physical properties of cake samples prepared with HPC,
MPC and VPC are given in Table 4. Firmness values of cakes
substituted with MPC were highest on the first day of storage
(p<0.05). On the 3rd day, it was seen that HPC had more neg-
ative effect than other samples on firmness values. Increasing
substitution rate of PCP led to an increase in firmness values
for both the first and third days. Hosseini Ghaboos et al.
(2018) stated that firmness properties of cake production have
changed as depending on the density of cake batter, and also
cake texture characterization related to both the end-cake
weight and the end-cake volume characterization. Also, Sha-
roba et al. (2013) who found that carrot pomace replacement
led to an increase of firmness in cake samples, mentioned that
thickening of the crumb cells surrounding the air spaces and
molecular entanglements between fiber and gluten proteins
led to higher firmness values. Similar results were observed
by Hosseini Ghaboos et al. (2018) for sponge cake incorpo-
ration with pumpkin flour. MPC substitution had the most
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negative effect on the springiness values of cakes on the first
day (p<0.05). This result can be due to the low moisture con-
tent of MPC (Table 1). Springiness values of all samples re-
gardless of drying methods were negatively affected and de-
creased up to 3rd day. In a study, springiness values of cake
samples substituted with infrared-hot air dried carrot powder
were decreased with an increased replacement ratio of cake
flour (Salehi et al., 2015).

It was only substitution rate showed a significant effect on the
volume index of cakes. Salehi et al. (2015) found that the vol-
ume value of sponge cake samples affected negatively with
increased carrot powder ratio. The highest symmetry index
found in samples produced with VPC (22.10 mm) and the
lowest with MPC (16.05 mm). Similar to the volume index
results, the symmetry indexes of cakes decreased with the in-
creasing substitutions of PCP. No significant differences ac-
cording to the drying method or substitution rate occurred in
the uniformity index of the cake samples (p>0.05).

Chemical Properties of Cake Samples

The chemical compositions of cake samples are shown in Ta-
ble 5. During the drying of purple carrots, it is intended to be
dried to a similar moisture level (<10%) as much as possible.
The moisture content of the cakes substituted with PCP de-
pending on the substitution rate was found to be statistically
similar. However, a slight by a significant difference between
drying method was determined by Student’s multiple com-
parison test. According to the results, the moisture content of
samples dried with MPC was found to be significantly lower
than those of HPC and VPC. This is a quite reasonable result
owing to the fact that the moisture content of microwave
dried purple carrots found lower than those of others (Table
1). The used drying methods were no significant influence on
the crude ash contents of cake samples. But increased substi-
tution rate was affected the crude ash content and resulted in
an increase. Similar results were reported by Salehi et al.
(2015) who investigated the usage potential of infrared-hot
air-dried carrot in sponge cake. The crude fat content of sam-
ples had statistical differences depending on both drying
methods and substitution rates. HPC substitution and in-
creased rates had reducing effects on the crude fat content of
samples. Uribe et al. (2019) who found that the crude fat con-
tent of vacuum-dried green seaweed was higher than the con-
vection dried one reported that changes in fat content may be
related to water loss. No significant differences determined in
the crude protein content of cake samples regarding both dry-
ing methods and substitution rates (p>0.05).
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Table 3. Color values of purple carrot substituted cake samples produced by different drying methods and substitution rates

Drying Method Substitution Rate
HPC MPC VPC 0 5 10 15 20
L* 44.8840.09a  43.93+£0.08b  44.17+0.29b 74.8240.22a  45.1240.03b  39.14+0.10c  32.45+0.09d 30.09+0.33¢
a* 5.25+0.13a 4.77+0.14b 5.20+0.28a -2.07+0.03e 529+0.08d  6.96x0.41c  7.33+0.23b  7.85+0.18a
Crumb b* 7.05+0.11b 7.74+0.12a 6.61+031c¢ 28.14+0.11a 4.79+0.31b 1.85+0.11c ~ 0.63+0.26d  0.25+0.12¢
Chroma 11.75¢0.19a  11.50+0.21ab  11.47+0.30b 28.2140.11a 7.1840.27¢  7.2440.39c¢ = 7.37+0.22¢  7.86+0.17b
Hue Angle -5.46+0.61b -0.35£0.44a  -7.86+2.38c -85.79+£0.04e  41.25+1.39a  14.68+1.58b  5.16+1.86¢ 1.90+0.84d
L* 38.59+0.29a  38.49+0.39a  38.34+0.70a 40.36+0.43a  39.21+0.65b 39.23+0.43b 36.97+0.41c  36.58+0.37c
a* 9.77+0.20c 10.88+0.16b  11.24+0.33a 12.36+0.60a  11.424+0.18b  10.36+0.01c  9.90+0.32d  9.10+0.03¢
Crust b* 10.2440.45¢  12.98+0.27b  13.34+0.24a 16.32+40.46a  14.3540.49b  12.16+0.20c  10.00+0.30d  8.11+0.14¢
Chroma 14.2040.27¢  16.99+£0.13b  17.48+0.25a 20.48+0.01a  18.3740.45b  16.00+0.15¢  14.0840.39d  12.20+0.07¢
Hue Angle 4545+1.51b  48.834£0.87a  49.39+0.90a 52.86+2.12a  50.83£0.91b  49.12+0.54c  45.12+1.27d  41.5140.62¢

Results are showed separate effects of drying methods and substitution rates of purple carrot powders which were added based on the wheat flour used (% (by mass), dry basis).
Results are expressed as mean value + s.d. Different superscripted lowercase letters in the same column denote significant differences according to the Student's test (p<0.05)

Table 4. Physical properties of purple carrot substituted cake samples produced by different drying methods and substitution

rates
Firmness (g) Firmness (g)  Springiness (%)  Springiness (%) vi! SI? UP
1. day 3. day 1. day 3. day (mm) (mm)
Drying
Method
HPC 359.89+10.24b 734.42+21.66a 52.13+0.80a 45.08+1.11a 146.80+2.55a 18.80+3.11ab -1.00+4.67a
MPC 410.52+8.92a 709.98+31.12a 50.05+0.92b 44.36+0.60a 147.30+£3.54a  16.05+4.03b -1.15+4.45a
VPC 346.54+23.21b  586. 25+22.78b 51.62+1.21a 45.19+0.88a 145.45+3.46a  22.10+1.84a -2.30+£5.94a
Substitution
Rate
0 355.62+16.15bc  703.46+15.66ab 55.04+1.63a 47.14+1.42a 153.7543.89a  26.25+0.35a -1.25+10.25a
5 339.77+10.42¢c 620.94+20.50d 52.74+0.40b 46.11+0.72ab 152.08+3.89a  19.92+2.71b 0.75+4.36a
10 364.43+16.00b  642.71£22.00cd 51.07+0.33¢ 44.91+0.90bc 150.08+2.71a  17.4243.65bc -4.25+4.60a
15 375.20+11.94b  680.23+£37.06bc 49.27+1.07d 43.60+0.51cd 141.75€2.47b  16.7542.24bc -0.25+4.12a
20 426.57+£16.43a 737.07+£30.72a 48.22+1.46d 42.62+0.77d 134.92+2.95¢  14.58+6.01c -2.42+1.77a

Results are showed separate effects of drying methods and substitution rates of purple carrot powders which were added based on the wheat flour used (% (by mass), dry basis).
Results are expressed as mean value + s.d. Different superscripted lowercase letters in the same column denote significant differences according to the Student's test (p<0.05).
1: Volume Index, 2: Symmetry Index, 3: Uniformity Index.

Table 5. Chemical composition of purple carrot substituted cake samples produced by different drying methods and substitu-

tion rates
Moisture (%) Ash (%) Crude Fat (%)  Crude Protein (%) TPC'(g GAE/kg) Antioxidant activity (%)

Drying Method

HPC 24.80+0.89a 1.70+0.04a 16.80+0.60b 9.34+0.43a 63.05+3.83a 45.64+0.35¢
MPC 22.88+1.52b 1.72+0.02a 18.59+0.12a 9.14+1.35a 52.97+5.98b 52.53+0.31b
VPC 23.29+1.76ab 1.73+£0.02a 18.58+0.24a 9.21+0.15a 57.30+3.76b 57.994+0.42a
Substitution Rate

0 24.144+2.58a 1.52+0.04¢ 18.27+0.17ab 9.24+0.06a 22.384+2.09¢ 24.26+0.10e
5 23.09+1.52a 1.61+£0.02d 18.45+0.54a 9.42+0.58a 37.134£3.71d 36.82+0.24d
10 23.64+0.42a 1.72+0.01¢c 18.16+0.53ab 9.57+0.82a 57.2245.22¢ 55.13+0.59¢
15 23.30+1.77a 1.81+£0.03b 17.72+0.25bc 9.00+0.68a 75.74+2.20b 68.25+0.42b
20 24.10+0.65a 1.93+0.04a 17.36+0.11c 8.92+1.07a 96.39+9.39a 75.78+0.45a

Results are showed separate effects of drying methods and substitution rates of purple carrot powders which were added based on the wheat flour used (% (by mass), dry basis).
Results are expressed as mean value + s.d. Different superscripted lowercase letters in the same column denote significant differences according to the Student's test (p<0.05).

1: Total Polyphenolic Content.
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The TPC of the cakes produced with MPC and VPC were
found to be statistically similar. However, the TPC of sam-
ples produced with HPC was found to be significantly higher
than others. According to the TPC results, the significant dif-
ferences between all substitution rates were determined by
the Student’s multiple comparison test. The TPC of samples
produced with the higher substitution rates were found to be
significantly higher than those lower rates. The drying
method used in PCP production significantly affected the an-
tioxidant activity of cake samples. The highest antioxidant
activity was found in samples produced with VPC (57.99%),
while the lowest in samples produced with HPC (45.64%).
As the TPC of samples produced with higher substitution,
rates were higher than the lower rates, the antioxidant activity
was also found to be high. These results were in agreement
with a previous study made by Yilmaz and Pekmez (2020)
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who found that both TPC and antioxidant activity value in-
creased significantly based on increased addition ratio of the
purple carrot flour.

Sensory Evaluation

Sensory analysis results of cake samples are presented in Fig-
ure 1. Generally, all tested sensory factors of cake samples
prepared using HPC were more appreciated by the panelist.
Color, appearance and overall acceptability values of all cake
samples were positively affected by high ratios of PCP re-
gardless of the drying method used. Taste and odor scores of
cake samples were increased with the higher ratios of MPC
and VPC used, while decreased with HPC. Pore structure and
chewiness scores of cakes produced with HPC were found
higher than those of MPC and VPC. The utilization of HPC
in cake formulations presented closer sensory scores to the
control sample. 15% and 20% substitution rate of HPC and
VPC increased the overall acceptability of cake samples.

15%
HPC

15 % 15% 20%
MPC VPC HPC

20%
MPC

20%
VPC

Chewiness m Overall Acceptability

Figure 1. Sensory evaluation results of cakes substituted with purple carrot powder
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Conclusion

The functional food market is increasingly growing due to
enhanced customer interest. Therefore, it was aimed to utilize
purple carrot powder obtained by different drying methods in
cakes to develop a novel functional bakery product in this
study. Obtained results showed that the nutritional character-
istics of cake samples were significantly affected by both of
the substitution rates and drying methods used of purple car-
rot powders. The total phenolic content and antioxidant ca-
pacity accordingly the functional properties of cakes were in-
creased with increasing purple carrot powder rates. Also, the
utilization of purple carrot powder in cakes resulted in higher
preferences. In addition, microwave and vacuum drying may
see as alternative methods to obtain purple carrot powder.
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Introduction

Today, consumers’ expectations from the food industry are
increasing day by day. Consumers are attentive and conscious
recently, and they increase their selectivity in using materials
in contact with foods such as packaging materials, storage
boxes, and refrigerators’ surfaces. Although cold storage is
known as one of the oldest and commonly used food preser-
vation methods, the sanitary condition of household refriger-
ators is also extremely important for public health all over the
world (Ayaz Topgu et al., 2003). In Europe, 32.7% of out-
breaks of foodborne illnesses occur due to improper practices
and lack of hygiene during food preparation at home (EFSA,
2013).

The most recommended average operating temperature of re-
frigerators used for storing food in the cold is between 1 °C to
4°C (WHO, 2001; FDA, 2014; FSA, 2015). This temperature
range inhibits the growth of many microorganisms responsi-
ble for food spoilage and foodborne illnesses. However,
many household refrigerators are incorrectly adjusted and op-
erated above recommended temperature (Evans et al., 1991;
Nauta et al., 2003; Rahman et al., 2005; Peck et al., 2006;
Gilbert et al., 2007; Godwin et al., 2007; Vegara et al., 2014;
James et al., 2016). So, the refrigerators become a secret hab-
itat for mesophilic organisms such as Staphylococcus au-
reus and Salmonella spp. (Flynn, Blair, & McDowell, 1992;
Johnson et al., 1998; V. Jackson et al., 2007). Even when cor-
rectly adjusted, psychrotroph pathogens, such as Listeria
monocytogenes, Yersinia enterocolitica, and Aeromonas hy-
drophila, can grow at refrigerator temperatures. Also, psy-
chrotrophic bacteria (Pseudomonas, Acinetobacter, Flavo-
bacterium, and Alcaligenes, etc.) and fungi belonging to the
genus  of Penicillium, Mucor, Cladosporium, and Botry-
tis cause spoilage in food kept at refrigerator temperature.
(Goktan and Tungel, 2010).

The other important issue about the refrigerator’s temperature
is its fluctuation behavior (James et al., 2016). Generally, the
excessive frequent and long-time door opening cause de-
creasing the temperature performance of a household refrig-
erator. It was found that 17 out of 104 refrigerators were
opened less than ten times a day, 39 refrigerators were opened
10-20 times a day, and 44 refrigerators more than 20 times a
day. Also, the refrigerator temperatures were higher in refrig-
erators with a high frequency of door openings (Saidur et al.,
2008).

The refrigerators are essential equipment to store foods. For
the food safety, the hygienic status of this equipment plays a
vital role, food residues may help the growth of microorgan-
isms, and this makes the refrigerators to be a secret habitat for
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microorganisms (Ilg et al., 2011). Many people think that mi-
croorganisms cannot survive in the refrigerator, but this is a
misconception. Listeria innocua was found in one refrigera-
tor’s inner wall of the vegetable compartment out of 60 re-
frigerators (Dieuleveux, Collobert, Dorey, & Guix, 2005; Ca-
tellani et al., 2014). In Ireland, several foodborne pathogens
such as Staphylococcus aureus, Salmonella spp., Listeria
monocytogenes, and Yersinia enterocolitica was isolated var-
ying in number from 2% to 40% of the refrigerators sampled
(Bolton et al., 2005; Catellani et al., 2014).

Also, many people do not often implement the good hygienic
practices (GHPs) rigorously despite having some knowledge
of hygiene in the handling and cold storage of the food (Ca-
tellani et al., 2014). It was shown in a study that only 16 % of
refrigerator users clean their refrigerators once a month or
more frequently; 51.1 % of users clean twice or four times in
a year and 5.6% of users do not clean their refrigerators (Ilg
et al., 2011). Considering that houses are also a small food
factory, GHP is very important and necessary for food safety
and hygiene.

It should be paid attention to the hygiene of the refrigerators
to the adequate temperature control and thorough and to the
regular cleaning of household refrigerators for the safety and
long period storage of foods. Notably, the interior surfaces of
household refrigerators are at risk of becoming contaminated
with foodborne pathogens, increasing the chances of cross-
contamination to other food items, including higher risk
ready-to-eat foods.

As a result, the household refrigerators are a notable element
in terms of prevention of food spoilage, food poisoning, and
lack of GHPs in the domestic kitchen.

In Turkey, detailed investigations on the hygienic status of
the household refrigerators have never been conducted to
date. This research aims to fill this gap in knowledge.

Materials and Methods

Refrigerator Selection

The refrigerator samples were investigated in 3 groups, in-
cluding housewives’, students’ and workers’ refrigerators,
and each group includes ten refrigerators. Thirty different re-
frigerators’ shelf and side surfaces were sampled by the swab
method in 2-month periods in full eight months. Totally 120
shelf and 120 side surface samples were collected for this
study. The samples were transported to the laboratory in a
cold box in a maximum time of 2 h and were analyzed imme-
diately after their arrival.
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Sample Collection

Sterile paper template (with 5x5 cm? middle space) was
placed aseptically on the refrigerator surface (Figure 1). Sam-
ples were taken from two different shelves and two different
sides (opposite inner walls) surfaces of refrigerators by the
swab method. Sterile swab sticks were wetted by % 0.1 sterile
PW before sampling. Swab sticks containing two different
shelf samples from the same refrigerator were transferred 10
ml sterile peptone water and swab sticks containing two dif-
ferent side samples from the same refrigerator were trans-
ferred 10 ml sterile PW.

_» Shelf surface 2

Side Surface ? 4¢——— —1
o

L Sidesurface 1

\.--.g‘h...‘:

T

Figure 1. Side and shelf surface samples taken from refrig-
erators

Shelf surface 1

Microbiological Analysis

The tubes containing samples were vortexed for 30 seconds.
Decimal solutions were prepared from the samples. For total
psychrotrophic bacteria count, the pour plate method was
used in PCA and incubated at 7°C for ten days (AOAC,
1984). CCA was used for the determination of coliform count
by the spread plate method. After incubation at 37°C for 24-
48 hours, salmon to red colour colonies were counted as col-
iform colonies. E.coli is selected from other coliforms by cre-
ating a dark blue-violet colour colony. The indole test was
performed for the dark blue-violet colonies on CCA, and pos-
itive results of the indole test were counted as E.coli (Halk-
man ve Sagdas, 2011).

Statistical Analyses

Statistical analyses were performed with IBM SPSS Statistics
20 software (USA). Independent samples t-test was per-
formed to determine the significance between the refrigerator
and significance levels as p<0.05.

Results and Discussion
Total Psychrotrophic Bacteria Count (TPBC)

There is no unique microbiological criterion to assess refrig-
erator surfaces' sanitation program and efficiency. The inner
surface of domestic refrigerators can be linked to the work
surface in the food industry. The criteria for the hygienic sta-
tus of devices and equipment surfaces in a food plant reported
by Harrigan et al. (1998) were used in the study (Tablel).
Based on the criteria listed in Tablel, we evaluated the sur-
face samples of refrigerators, as summarized in Table2.

TPBC were found as less than 5 CFU/cm? in 30 samples
(75.0 %), 5-25 CFU/cm? in 6 samples (15.0 %), greater than
25 CFU/cm? in 4 samples (%10.0) from housewifes’ refrig-
erators shelf surfaces. TPBC were observed less than 5 CFU
/em? in 38 samples (95.0 %), greater than 25 CFU /cm? in 2
samples (5.0%) from students’ refrigerators shelf surfaces.
TPBC were detected as less than 5 CFU/cm? in 38 of 40 sam-
ples (95.0 %), as 5-25 CFU/cm? in 1 out of 40 samples
(2.5%), as more than 25 CFU/cm? 1 out of 40 samples (2.5%)
(Table 2).

Forty (100.0 %) housewives side surface samples counting
results were determined as less than 5 CFU/cm? TPBC. The
students’ refrigerators side surface samples were as less than
5 CFU/cm? in 39 samples (97.5 %), 5-25 CFU/cm? in a sam-
ple (2.5%) (Table 2). TPBC was detected as less than 5
CFU/cm? in 40 (100.0 %) workers’ side surface samples.

These results show that shelf surfaces are more contaminated
than the side surfaces of refrigerators. There was no signifi-
cant difference between students’ and workers’ refrigerators
shelf surface’s sanitation program and efficiency level when
they were compared to each other (p>0.05). Moreover, the
housewives’ shelf surface samples observed the most con-
taminated surface samples (p<0.05).

However, students’ refrigerators side surface’s sanitation
program and efficiency were found to be significantly differ-
ent from housewives’, and workers’ refrigerators side sur-
face’s one (p<0.05). According to statistical analyses, no sig-
nificant difference between housewives’ and workers’ refrig-
erators side surface’s sanitation program and efficiency level
was observed (p>0.05).
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Table 1. Criteria for assesing the total viable count on devices and equipment surfaces (Harrigan, 1998).

Total Viable Counts (CFU/ cm?) Assessment
<5 Sanitation programs and efficiency is sufficient
5-25 Sanitation programs and efficiency should be examined (Reviewable)
| >25 | Sanitation programs and efficiency is insufficient |

The number of coliforms: Equipment used for food transport and delivery and container is put on thermal processing food
must have less than 10 number of bacteria per 100 cm?. Any coliform per 100 cm? is ideal.

Table 2. Sanitation programs and efficiency assessment of the refrigerator’s samples for total psychrotroph count according
to Harrigan, 1998.

Number of Number of Number of samples
Samples total samples samples below Sufficient Reviewable Insufficient
limit of detection | (<5 cfu/cm?) | (5-25 cfu/cm?) | (>25 cfu/cm?)
Housewifes’ 40 23 30° 6° 4b
Shelves' surfaces Students’ 40 34 382 0? 28
Workers’ 40 35 38 1? 1?
Housewifes’ 40 40 404 0 0
Side? surfaces Students’ 40 38 398 1B 0
Workers’ 40 38 404 0 0

1.2 Shelves surfaces and side surfaces are different groups. Different letters in columns within the same group are statistically different

(p<0.05).

Hygenic status of housewives’ refrigerators was observed the
more contaminated one than other samples. This situation
could be that the housewives’ use refrigerators more often
than students’ and workers’ in a day, and it causes excessive
air circulation and temperature fluctuations in refrigerators.
Another reason could be the housewives’ incorrect habits in
refrigerators cleaning. Similarly, Ates et al. (1986) indicated
that homemakers made improper applications, especially in
food preparation, cooking, and the thawing stage (Ayaz
Topeu et al., 2003). As Carpentier et al. (2012) reported that
consumers should avoid condensation resulting from temper-
ature fluctuation and clean food residues as soon as possible
to achieve clean and hygienic refrigerator surfaces. In a study
performed in Greece, the temperature pattern in the refriger-
ators was investigated, and it was found that 55 % of the 136
domestic and 32 % of the 228 retail store refrigerators had
temperatures of greater than or equal to 9°C (Sergelidis et al.,
1997). In another study performed in Portugal, 71% were op-
erating at a temperature higher than 6.1°C, 87% were cleaned
only monthly or less frequently, and only 8% were cleaned
with appropriate and particular cleaning products available in
supermarkets. It was determined that %35 attendants stored
vegetables and %28 attendants stored fermented meat with-
out packaging in their refrigerator (Azevedo et al., 2005). It
is clear from the published data that many domestic refriger-
ators working temperatures throughout the world are higher

than the recommended temperature (0 to 8 °C or meanly 4 °C)
(James et al., 2016).

Moreover, householders are unaware of their refrigerator op-
erating temperature and the recommended (Duric et al., 2013;
James et al., 2016). As seen in these studies, the inside tem-
perature of refrigerators depends on the usage frequency of
refrigerators. These temperature fluctuations and inadequate
hygiene practices promote microorganisms' growth in the re-
frigerator surfaces, which is already contaminated in different
ways.

It was shown that refrigerators' shelf surfaces require a more
effective sanitation program than side surfaces of refrigera-
tors. It was reported that refrigerator surfaces could be con-
taminated from a variety of sources such as direct contact
with food, the hands of the consumers, air or contaminated
dishcloths, leaking packages, unclean container surfaces, un-
washed raw foods (Toule and Murphy, 1978; Enriquez et al.,
1997; Gorman et al., 2002; De Jong et al., 2008; Ilg et al.,
2011; Macias-Rodriguez et al., 2013). Vegetables and fruits
have high microbial loads because they are often directly in
contact with soil. Therefore, vegetables and fruits can easily
contaminate the refrigerators’ surface if they stored un-
washed and unpackaged (Jackson et al., 2007; Jeon et al.,
2013). For that reason, food storage without packaging and
unwashed in a refrigerator is an incorrect application
(Macias-Rodriguez et al., 2013).
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Catellani et al. (2014) investigated microbial contamination
levels of domestic refrigerators in Italy. They analyzed 293
domestic refrigerators of students and workers. Sponge bags
sampled two internal surfaces for each refrigerator. Slightly
above 50% of the samples’ total viable count was greater than
1 log CFU/cm?. The number of microorganisms at the refrig-
erator's bottom surface was significantly higher than at the
side surface. Mould counts were greater than 1 log CFU/ cm?
in 86 samples (61 bottom samples and 25 side surface sam-
ples). Yeast counts were determined as >2.5 log CFU/cm? in
28 samples. Pseudomonas spp. (>10 CFU/cm?) in 77 sam-
ples, Aeromonas spp. (>10 CFU/cm?) in 26 samples, Bacillus
cereus in 18 samples, coagulase-positive staphylococci in 13
samples, Salmonella spp. in 8 samples were found. Listeria
monocytogenes and Yersinia enterocolitica were never ob-
served in the study. The results show that refrigerator sur-
faces, especially shelves surfaces, could be a secret habitat
for microorganisms. So, it is essential to clean the household
refrigerator regularly and using appropriate disinfection pro-
cedures.

Total Coliform Bacteria Count (TCBC)

TCBC were found as 2 CFU/cm? in a housewives’ refrigera-
tors shelf surface sample. These coliform bacteria were deter-
mined as E.coli by Indole test. No coliform bacteria were ob-
served other shelf and side surface samples of refrigerators
except two students’ refrigerators side surface sample. In one
of these two samples, eight CFU/cm? coliform bacteria were
detected. The Indol test of the coliform bacteria was negative.
In the other students’ refrigerators side sample, 3.26x10?

CFU/ cm? coliform bacteria were detected, and these coliform
bacteria were found as susceptible to be E.coli (Table 3).

According to Tablel, equipment used for food transport and
delivery and container is put on thermal processing food must
have less than 10 number of bacteria per 100 cm?. Any coli-
form per 100 cm? is ideal. Therefore, 1 out of 40 housewives’
refrigerators shelf surface sample samples and 2 out of 40 stu-
dents’ refrigerators shelf surface sample samples hygienic
status could be evaluated as “insufficient.”

In our study, students’ refrigerators were more contaminated
with coliform bacteria than housewives’ and workers’ refrig-
erators. It could be said that samples in which their sanitation
program and efficiency were found to be “insufficient” to col-
iform bacteria also count their sanitation program, and effi-
ciency was found insufficient for psychotropic bacteria count.
In a study in Iran, the contamination level of Listeria spp. in
household refrigerators were determined. For this purpose,
180 refrigerators in student accommodations and private
houses were sampled by swab, and their temperature was
measured before sampling. L.monocytogenes was present in
a student’s refrigerator. L.innocua was also isolated from two
refrigerators. In general, students are careless about their re-
frigerator cleaning, and they put foods unwrapped in a refrig-
erator. These careless and wrong practices could cause in-
creasing in microbial load on the surface of the refrigerator.
The students' refrigerators' temperature was also observed
higher than private houses' refrigerators (Maktabi et al.,
2013).

Table 3. Sanitation programs and efficiency assessment of the refrigerator’s samples for total coliform count according to

Harrigan (1998).
Number of Number of samples N}lmber of samples :
Samples total samples | below limit of detection Sufficient Insufficient
(<0.1 cfu/cm?) | (>0.1 cfu/cm?)
Housewifes’ 40 39 392 12
Shelves' surfaces | Students’ 40 38 38° 2°
Workers’ 40 40 402 0
Housewifes’ 40 40 404 04
Side? surfaces Students’ 40 40 404 04
Workers’ 40 40 404 04

1.2 Shelves surfaces and side surfaces are different groups. Different letters in columns within the same group are statistically

different (p<0.05).
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In a study performed Ireland, the number of significant food-
borne pathogens and the general hygienic status (as estimated
by total viable counts (TVCs) and total coliform counts
(TCCs)) on the inner surfaces (base, shelves, and sides) of
domestic refrigerators was investigated. Campylobac-
ter spp., Salmonella spp., and Escherichia coli O157: H7
was not observed from any refrigerators, but Staphylococ-
cus aureus was determined 6.4%, Listeria monocytogenes,
and E.coli as 1.2% and Yersinia enterocolitica as 0.6 % of re-
frigerators. TVCs were ranged from 2.91 log CFU/cm? to
8.78 log CFU/cm? and TTCs were ranged from 0.045 log
CFU/cm? to 5.96 log CFU/cm?. It shows consumer refrigera-
tor management and hygiene's inferior standards and poses
risks to consumer health (Jackson et al. (2007). Macias-Ro-
driguez et al. (2013) stated that the mean of coliform counts
on refrigerator surfaces was similar to those reported in other
studies such as Kennedy et al. (2005) and Jackson et al.
(2007). Coliform contamination in refrigerators could be in-
creased by storing contaminated foods, especially with soil
(such as vegetables and fruits) and by poor cleaning fre-
quency of food, by contact with unclean hands of consumers
or improper practices in the kitchen (James et al., 2016).

Conclusion

In conclusion, our investigation has allowed us to ascertain
that:

1. the applied sanitation program to refrigerators is not
enough especially for housewives’ and students’ re-
frigerators,

2. shelf surfaces are more contaminated from side sur-
faces,

3. [E.coli existence was determined in the case of insuf-
ficient sanitation at refrigerator surfaces.

Thus, the hygiene of a refrigerator used for the conservation
of food became a crucial subject. It was observed that the us-
ers did not seem aware of refrigerator hygiene and recom-
mended the operating temperature of the refrigerator. Most of
them were keeping their food unpacked or unwashed in the
refrigerator and were overfilling their refrigerators. Also, fac-
tors such as temperature fluctuations and a high amount of air
circulation are lead to an increase in microbial load, whereas
the usage of a refrigerator. It is essential to clean the refriger-
ator more frequently and using appropriate disinfection pro-
cedures.
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Yenilik¢i kombine giines enerjisi destekli hava ve sicak hava destekli radyo frekans sistemi, kiikiirtlenmemis,
iki farkli konsantrasyonda kiikiirtlenmis (1kg/ton ve 2kg/ton kiikiirt) ve fistik kabugu ekstrakti uygulanmis
kayisilarmn kurutulmasti igin kullanilmustir. Giines altinda kurutulan kiikiirtlii ve kiikiirtsiiz kayisilar ise kontrol
ornekleri olarak kullanilmstir. Farkli depolama sicakliklarinin (5, 20 ve 35°C) kuru kayisilarin kalint1 kiikiirt
miktari, B-karoten ve mikrobiyal stabilite dzellikleri {izerine etkisi ¢aligilmistir. Ayrica, depolama sicakliginin
antepfistig1 kabugu ekstrakt: ile 6n islem gdren kuru kayisilarin toplam fenolik miktari lizerine etkisi incelen-
mistir. Elde edilen sonuglar, 5°C’de depolanan iiriinlerde kiikiirt ve f-karoten kaybinin 20 ve 35°C’de depo-
lanan iiriinlere kiyasla daha az oldugunu gostermistir. Kiikiirtleme islemi depolama boyunca p-karoten kay-
bint 6nemli 6l¢iide engellemistir. Ekstrakt ile 6n iglem goren kuru kayisilarin fenolik madde miktarinda en
fazla azalma 20°C’de depolanan 6rneklerde goriilmiistiir. Ayrica ekstrakt uygulamast mikrobiyal kalite géz
ontinde bulunduruldugunda depolama agisindan avantaj saglamistir. Kombine kurutma sistemi, giines altinda
kurutma ile kiyaslandiginda daha az kiikiirt kaybina neden olmustur.

Anahtar Kelimeler: Kayisi, Giines enerjisi destekli havali kurutma, Radyo frekans kurutma, Mikrobiyal
stabilite, Kalint1 kiikiirt

ABSTRACT

The effect of storage on some chemical and microbial properties of apricots dried with a combined
solar energy assisted air and hot air assisted radio frequency drying system

Innovative combined solar energy assisted air and hot air assisted radio frequency drying system was used to
dry unsulphured, sulphured (1 kg/ton and 2 kg/ton sulphur) and pistachio hull extract treated apricots. Unsul-
phured and sulphured apricots dried under sun were used as the control samples. The effects of different
storage temperatures (5, 20 and 35°C) on residual sulphur content, B-carotene and microbial stability charac-
teristics of dried apricots were studied. Also, the effect of storage temperature on the total phenolic content
of dried apricots pre-treated with pistachio hull extract was investigated. The obtained results showed that the
loss of sulphur and -carotene was less in the products stored at 5°C compared to the products stored at 20
and 35°C. Sulphur treatment significantly inhibited the loss of B-carotene during storage. The maximum de-
crease in phenolic content of dried apricots pretreated with extract, was observed in samples stored at 20°C.
In addition, extract treatment provided an advantage in terms of storage considering the microbial quality.
The combined drying system caused less sulfur loss compared to sun drying.

Keywords: Apricot, Solar hot air drying, Radio frequency drying, Microbial stability, Residual sulphur

259


https://orcid.org/0000-0001-6543-4086
https://orcid.org/0000-0003-4949-9108
https://orcid.org/0000-0003-2196-1241
https://orcid.org/0000-0002-1078-6583
https://orcid.org/0000-0003-3866-899X
https://orcid.org/0000-0001-6806-5917
https://orcid.org/0000-0003-3047-4779
https://orcid.org/0000-0002-8610-5297
https://doi.org/10.3153/FH21027
mailto:haticeneval@gantep.edu.tr
https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/
http://jfhs.scientificwebjournals.com/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3153/FH21027

260

Food Health 7(4), 259-271 (2021) e https://doi.org/10.3153/FH21026

Giris

Diinya kayis1 tiretiminde Tiirkiye 6nemli bir rol oynamakta-
dir (FAOSTAT, 2018). Kayis1 bulundurdugu yiiksek nem
igerigi sebebiyle ¢ogunlukla kurutularak depolanir. Kurutma
islemi genellikle geleneksel giineste kurutma seklinde ger-
ceklestirilmektedir. Ancak uzun kurutma siiresi ve ¢evresel
faktorlere asir1 bagimlilik tirtiniin igerdigi faydali mindr bile-
senlerin kayb1 ve hijyenik olmayan iirlinlerin iiretilmesi ile
sonuglanmaktadir. Uriiniin kalite 6zelliklerinin artirilmasi,
kullanilan kiikiirt miktariin disiiriilmesi ve daha hijyenik
irlinlerin iiretilmesi ancak hizlandirilmis kurutma teknikleri
ile kurutulmay1 ve uygun sartlarda depolamay1 gerektirmek-
tedir. Kayisinin kurutma esnasinda kalite parametreleri (B-ka-
roten, toplam fenolik madde, antioksidan aktivite, renk, kah-
verengilesme iirlinleri, aroma bilesenleri, vb.) detayl bir se-
kilde calistlmistir (Inserra ve ark., 2017, inceday1 ve ark.,
2016; Garcia-Martinez ve ark., 2013; Karabulut ve ark.,
2007). Yeni teknolojilerle yapilan ¢aligmalar ise olduke¢a ki-
sithdir ve endiistriyel iiriin kriterlerine uymayan yarim kayi-
silarla yapilmistir (Horuz, ve ark., 2017; Kayran ve Doymaz,
2017). Ayrica, tiiketicilerin tercih ettigi parlak sar1 rengi elde
etmek ve uzun raf omrii saglamak icin tireticiler gereginden
cok fazla kiikiirt kullanmaktadir. Ancak, cesitli alerjik reak-
siyonlara sebep olmasi ve cesitli saglik sorunlarina sebep
olma potansiyeli tasimasi nedeniyle kiikiirt kullanimu ile ilgili
ciddi endiseler bulunmaktadir. Bu nedenle, kiikiirt kullanil-
madan ya da minimum diizeyde kullanilarak kuru kayis tire-
tilmesi ihtiyact bulunmaktadir. Bitki ekstraktlari, igerdikleri
antioksidan ve antimikrobiyal bilesenleri nedeniyle gidalarin
kompozisyonunda veya kaplanmasinda kullanilmaktadirlar
(Al-Juhaimi ve ark., 2017).

Radyofrekans (RF) kurutma son yillarda hizli kurutma ama-
ctyla gida kurutulmasinda tercih edilen bir kurutma teknigi-
dir. Kurutma siiresinin kisaltilmasimin yani sira ekonomik
katkilart nedeniyle RF kurutma; farkli kurutma teknikleri ile
kombine edilerek kullanilmaktadir (Zhou ve ark., 2018;
Wang ve ark., 2020). Depolama sicakligi ve depolama siire-
sinin geleneksel yollarla kurutulmus meyvelerin mikrobiyal
yiikleri, karoten igerikleri ve SO, diizeyleri iizerinde 6nemli
etkiye sahip olduklan rapor edilmistir (Tiirkyilmaz ve ark.,
2013a). Uygun depolama sicakligr kuru kayisilarin raf dmrii
iizerindeki en etkili parametredir (Coskun, 2010; Sagirl,
2006).

Yukarida belirtildigi tizere literatiirde kuru kayisi tiretiminde
yeni teknolojilerin kullanimi sinirlidir. Ayrica yeni teknoloji-
ler kullanilarak kurutulan kayisilarin depolanmalar sirasinda
mikrobiyal yiikleri, karoten igerikleri ve SO, diizeyleri {ize-
rinde meydana gelen degisimleri inceleyen herhangi bir ¢a-
lisma bulunmamaktadir. Bu ¢aligmanin amaci kombine giines
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enerjisi destekli hava ve sicak hava destekli radyo frekans sis-
temi ile kurutulan kiikiirtsiiz ve farkli seviyelerde kiikiirt ice-
ren kayisilarin 48 hafta boyunca farkli sicakliklarda (5, 20 ve
35 °C) depolanmasi sirasinda mikrobiyal yiikleri, karoten ige-
rikleri ve SO, diizeyleri ilizerinde meydana gelen degisimin
incelenmesidir. Ayrica, elde edilen verilerin geleneksel giines
altinda kurutulan {irlinler ile karsilagtirilmasi hedeflenmistir.
Bunlara ek olarak, kiikiirt ve fistik kabugu ekstrakt1 uygula-
nan lrlinlerde fenolik madde miktarinin depolama esnasin-
daki degisimi incelenmistir.

Materyal ve Metot
Materyal

Malatya Kayis1 Arastirma Enstitiisii bah¢esinden toplanan
taze kayisilar (Prunus armenica L., Hacihaliloglu ¢esidi) kli-
mal1 araglarda taginarak ayni giin plastik kasalarda Gaziantep
Universitesi Gida Miihendisligi Béliimiine getirilmistir. Ol-
gunlagsmamis, asirt olgunlagmus, ¢iiriimiis ya da yarali olan
kayisilar ayiklandiktan sonra ayni boyutlarda ve renkte kayi-
silar secilmis ve kurutma deneylerinde kullanilana kadar
3°C’de saklanmistir. Analizlerde kullanilan violet red bile
dekstroz agar Merck (Almanya) firmasindan, kiikiirt, Folin-
Ciocalteu reaktifi, sodyum karbonat, gallik asit, pepton,
MRS, PCA, YGC besiyerleri, B-karoten, hekzan, etanol, me-
tanol, aseton ve diger kimyasallar ile ¢6zgenler ise Sigma-
Aldrich (Amerika) firmasindan temin edilmistir.

Kiikiirtleme ve Ekstrakt Uygulanmasi

Kayaisilar, kiikiirt kabininde 2 farkli konsantrasyon (1 kg/ton
ve 2 kg/ton uygulama araliginda) i¢in belirtilen oranlarda ele-
mental kiikiirt yakilarak 12 saat boyunca ve oda sicakliginda
(25°C) kiikiirt dioksit dumanina maruz birakilmigtir. Kiikdirt-
lenen kayisilar dogrudan kurutma iglemine tabii tutulmuslar-
dir.

Kayaisilar ekstrakt uygulamasi i¢in 60 dakika boyunca ve oda
sicakliginda (25°C) % 1.75 (w/v) derisimdeki fistik kabugu
eksrakti soliisyonuna daldirilmigtir. Ekstrakt soliisyonuna
daldirilan kayisilarin yiizey suyu 5 dakika elekte bekletilerek
stizdiiriildiikten sonra kiikiirtleme islemine tabii tutulmustur.
Kullanilan ekstrakt, Antep fistig1 kabuklarinin etanol/su (1/1
v/v) ile ekstraksiyonu ve elde edilen ekstraktin etil asetat kul-
lanilarak sivi-sivi ekstraksiyonu ile saflastiriimasiyla elde
edilmistir. Fistik kabugu ekstraktinin antioksidan ve antimik-
robiyal aktiviteye sahip oldugu farkli ¢alismalarda belirtil-
mistir (Ozbek ve ark., 2020; Rajaei ve ark., 2010). Ekstraktli
tiriin tek konsantrasyonda (1 kg/ton) yukarida belirtilen metot
uygulanarak kiikiirtlenmistir. Ekstrakt ve kiikiirtleme isle-
mine tabii tutulan kayisilar dogrudan kurutulmustur.
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Geleneksel Giines Enerjisi ile Kurutma

15 kg kiikiirtlii (2 kg/ton) ve kiikiirtsiiz kayisilar gelik tepsi-
lere (100x100 cm, enxboy) 2.4 cm kalinliginda yerlestirildik-
ten sonra Gaziantep Universitesi Gida Miihendisligi Boliimii
terasinda giinese serilerek kurumaya birakilmigtir. Kuruma-
nin 3. glinii sonrasinda ¢ekirdekleri ¢ikarilan kayisilar tekrar
biitiin olarak tepsilere yerlestirilmistir ve tiriin su icerigi %20-
25 (yb) araligina gelene kadar (6 giin) kurutulmaya devam
edilmistir. Geleneksel gilines enerjisiyle kurutulan kayisilar
kontrol tiriinler olarak kullanilmustir.

Kombine Giines Enerjisi Destekli Havali On Kurutma ve
Radyo Frekans Kurutma Islemi

Giines enerji destekli havali 6n kurutma islemi kabin tipi ku-
rutma sistemi kullanilarak gergeklestirilmistir. Her bir ku-
rutma islemi i¢in 15 kg kayis1 (her katta 5 kg olmak tizere 3
kat) krom sepetlere (100100 cm, enxboy) 2.4 cm kalinli-
ginda yerlestirilerek 63.5 °C’de 895 dk siireyle kurutma isle-
mine tabii tutulmustur (Isinay, 2020). Tiim islemlerde hava
hiz1 5.5-6 m/s araliginda set edilmistir.

Hava destekli radyo frekans (RF) kurutma, giines destekli ha-
val1 6n kurutmayi takiben gergeklestirilmistir. Giines destekli
hava kurutma sisteminde kurutulan 15 kg kayisinin ¢ekirdek-
leri ¢ikarildiktan sonra hava destekli RF kurutma sisteminde
kurutmaya devam edilmistir. Kayisilar plastik tepsilere
(29%46 cm, enxboy) 2.4 cm kalinliginda yerlestirilmistir.
Hava destekli RF kurutma islemi 77 mm elektrot yiiksekli-
ginde ve 385 dk siireyle gergeklestirilmistir (Isinay, 2020).
Uygulanan kombine kurutma isleminin ardindan kayisilarin
nem igerigi %20-25 (yas bazda) araligina diisiiriilmiistiir.

Paketleme ve depolama

Kiikiirtlenmemis, iki farkli konsantrasyonda kiikiirtlenmis
(1kg/ton ve 2kg/ton uygulama aralifinda) ve fistik kabugu
ekstrakti (%1.75 (w/v) derisimde hazirlanmig) ve kiikiirt uy-
gulanmis (1kg/ton) giines enerjisi destekli hava ve hava des-
tekli RF sisteminde iiretilen kuru kayisilardan birer parti,
kontrol grubu olarak ise ayn1 hammaddeden temin edilen ve
giines altinda gelencksel yollarla kurutulan kiikiirtli
(2kg/ton) ve kiikiirtsiiz kayisilardan birer parti olmak iizere
alt1 farkli iiriin i¢in depolama sartlar1 ¢aligilmigtir. Paketlenip
depolanan iiriinlerin tanimlamasi Tablo 1’de yapilmustir.
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Tablo 1. Depolama i¢in kurutulan iiriinler

Table 1. Products dried for storage

Uriin Kodu
Product code
GDH-RF

Uriin detay1

Product detail

Kiikiirtleme islemi uygulanmadan
giines destekli havali kurutmay1
takiben radyo frekans kurutma
uygulanan kayisilar

1 kg/ton kiikiirt uygulamasi yapilmus,
giines destekli havali kurutmay1
takiben radyo frekans kurutma
uygulanan kayisilar

2 kg/ton kikiirt uygulamasi yapilmus,
giines destekli havali kurutmay1
takiben radyo frekans kurutma
uygulanan kayisilar

GDH- %1.75 (w/v) fistik kabugu ekstrakti
RF/EX+1S ve lkg/ton kikiirt uygulamasi
yapilmis, gilines destekli havali
kurutmay1 takiben radyo frekans
kurutma uygulanan kayisilar

GDH-RF/IS

GDH-RF/2S

GK/GK Kiikiirtleme islemi uygulanmadan
geleneksel giines altinda kurutulmus
kayisilar

GK/28 2 kg/ton kiikiirt uygulamasi yapilmis

geleneksel giines altinda kurutulmus
kayisilar

Buradaki amag, uygulanan kurutma sartlarinda standartlar ta-
rafindan izin verilen seviyede ve onun ¢ok asagisinda kalinti
kiikiirt igeren iriinlerin depolama sirasinda kalite agisindan
degisimlerinin takip edilmesidir. Paketleme Oncesi her bir
iiriiniin (Tablo 1) kendi igerisindeki numuneler arasinda muh-
temel nem farkliliklarinin giderilmesi i¢in desikatorlerde sak-
lanarak su dengesi saglanmustir. Uriinlerin paketlenmesinde
malzeme olarak endiistriyel uygulamalarda yaygin olarak
kullanilan polietilen (70 p) torbalar kullanilmistir. Her bir
triinden toplamda 12 kg olmak {izere kayisilar oncelikle
0.5’er kilogramlik polietilen paketlere doldurulmus, agizlari
normal atmosfer sartlarinda 1s1l yapistirma ile kapatildiktan
sonra karton kutulara yerlestirilmistir. Her kutu 5, 20 ve 35°C
olmak iizere 3 farkli sicaklik ortaminda saklanmistir. Sakla-
nan kuru kayisilardan ilk etapta 15 gilinde bir, 2. ayin sonra-
sinda her iki ayda bir kez olmak {lizere numuneler alinarak
analizler gerceklestirilmistir.
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Toplam Fenolik Madde Tayini

En az 10 tane kayisi, 2 dk yliksek hizda waring karistirici
(Waring Commercial Blender, 8011ES, ABD) ile
homojenize edilmistir. Homojenize edilen kayisi piiresinden
1 g alimmis ve 5 mL distile su eklenmistir ardindan 100 dk
boyunca  inkiibatorde = (Heidolph  unimax 1010)
karigtinllmistir.  Ardindan, 10000 rpm’de santrifiijlenerek
(Eppendorf Centrifuge 5810) durultulmustur. S1v1 kisim 0.45
um membran filtreden siiziilerek 0.2 mL siiziintii 10 mL’lik
balon jojeye aktarilmis, siiziintiiniin lizerine sirasiyla 2 mL
0.2 N Folin—Ciocalteu reaktifi ve 1.6 mL %7.5 (w/v) sodyum
karbonat soliisyonu eklenmis ve deiyonize su ile 10 mL’ye
tamamlanmistir. Bu karisim 5-8 dk 50°C’de bekletilmis ve
siire sonunda 765 nm dalga boyunda spektrofotometre
(Optima SP-3000 nano UV-Vis Spektrofotometre, OPTIMA
Tokyo, Japonya) kullanilarak absorbans 6l¢timii yapilmustir.
Toplam fenolik madde miktari, bilinen konsantrasyonlarda
hazirlanan standart gallik asit kullanilarak olusturulan
kalibrasyon egrisi ile belirlenmistir. Kayisidaki toplam
fenolik madde konsantrasyonu, 1g kuru maddede bulunan mg
gallik asit esdegeri (GAE) olarak ifade edilmistir.

Mikrobiyolojik Analizler

Kuru kayisilarda, Alagoz ve ark. (2015) tarafindan 6nerilen
metot kullanilarak mikrobiyolojik analizler gergeklestiril-
mistir. Biitlin mikrobiyolojik analizler i¢in 90 mL % 0.1 (w/v)
peptonlu suya aseptik sartlarda aliman 10 g kayis1 numunesi
eklenmis ve ortam sicakliginda (20°C) 15 dk bekletilmis ve
ardindan 1.5 dk boyunca Kkaristiricida karigtirllmistir. Bu
hazirlanan soliisyondan 10" den 10’ya kadar peptonlu su ile
seyreltilen numuneler hazirlanmis ve asagida anlatilan her bir
analiz i¢in uygun besiyerine ekim yapilmistir. Toplam aerob
mezofil bakteri (TAMB) ve toplam aerob psikrofil bakteri
(TAPB) sayimlart igin plate count agar besiyeri kullanilarak
dokme plak yontemiyle ekim yapilmis ve ekim yapilan
plakalar sirasiyla 28°C’de 48 saat ve 7°C’de 10 giin
inkiibasyona birakilmistir. Toplam maya-kiif sayimlar i¢in
YGC besiyeri ve yayma plak yontemi kullanilmuis ve plakalar
28°C’de 7 giin inkiibasyona birakilmistir. Toplam entero-
bakterler icin violet red bile dekstroz agar besiyeri
kullanilmig ve dokme plak yontemi ile ekim yapilmustir.
Ekim yapilan plakalar 37°C’de 24 saat inkiibasyona
birakilmigtir. Laktik asit bakterileri i¢in siklohekzimit (100
mg/L) ile desteklenmis MRS agar besiyerlerine yayma plak
yontemi ile ekim yapilmistir. Bu plakalarda 28°C’de 5 giin
boyunca inkiibasyona birakilmistir.

p-karoten Analizi

Kayis1 numunelerinde B-karoten ekstraksiyonu Coskun ve
ark. (2013) tarafindan Onerilen prosediir kullanilarak
gergeklestirilmistir. 5 g kiyilmig kuru kayist alinmig ve 30 mL
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hekzan:aseton:etanol (50:25:25 v/v/v) karisimi eklenmistir ve
sonrasinda lizerine notrlestirmek i¢in 0.5 g kalsiyum karbonat
eklenmistir. 450 rpm’de 30 dk Heidolph Unimax 1010 marka
inkiibator kullanilarak karigtirilmis ve 9400 rpm’de 4°C’de
15 dk boyunca santrifiij edilmistir. Boylelikle faz ayrim
gerceklestirilmistir. Ust faz N, gazi ile ucurulup kalani
evaporator yardimiyla ugurulmus ve 10 mL hekzan eklenip
0.45 pm membran filtreden siiziilerek HPLC’ye verilmistir.
B-karoten icin C18 (250x4.6mm, Sum) kolon (Supelco,
USA) ve UV/Vis dedektoér (Schimadzu SPD-20A UV/VIS
detector) kullanilmugtir. Hareketli faz olarak
asetonitril:metanol (1:9 v/v) karigimi kullanilmistir ve 0.9
mL/min akis hizinda izokratik eliisyon yapilmistir. UV/Vis
dedektoriin dalga boyu 450 nm’de tutulmustur (Barba ve ark.,
2006).

Kalint Kiikiirt Miktari Analizi

Kuru kayisi numunelerinde kalan kiikiirt dioksit (SO,)
miktar1 Monier Williams distilasyon metodu (AOAC Method
990.28) kullanilarak belirlenmistir. Kiikiirtlenmis kuru
kayisilardan bir miktar alinarak igerisinde %15 (v/v) HCl
bulunan 3 agizli balona konulmus ve 1sitilmak suretiyle agiga
¢ikan SO igerisinde %3 (v/v) H,O; bulunan 2 ayr1 toplama
kabima toplanmistir. Boylelikle birinci toplama kabindan
kacan SO;’nin 2. toplama kabinda tutulmustur. Daha sonra
bu 2 tiipte toplananlar birlestirilerek {izerine 3 damla brom
fenol mavisi eklendikten sonra 0.1 N NaOH ile renk saridan
mavi menekse rengine donene kadar titre edilmistir.
Numunelerin SO, miktarlari mg SO»/kg kurutulmus kayisi
olarak asagida gosterildigi sekilde hesaplanmustir.

SO, (ppm) =(3200*Vyzo11)/m (1)

Denklemde; Vnaon, harcanan NaOH miktar1 (mL), m, tartilan
kayis1 numunesinin miktari (g)

Bulgular ve Tartisma
Kiikiirt Dioksit Miktarindaki Degisim

Iki farkli metotla kurutulan ve farkli kiikiirt konsantrasyonlar1
ve ekstrakt iceren liriinler GDH-RF/1S, GDH-RF/2S, GDH-
RF/EX+1S ve GK/2S’nin kurutma sonrasi 5, 20 ve 35°C’de
48 hafta boyunca depolanmalar1 sirasinda kalmti kiikdirt
miktarlarinda meydana gelen degisim sirasiyla Tablo 2, 3 ve
4’de verilmistir. Belirtilen depolama sicakligi ve siiresi
literatiirde daha oOnce calisilan kosullar g6z Oniinde
bulundurularak segilmistir (Alagdéz ve ark., 2015; Sagirli ve
ark., 2008; Tirkyilmaz ve ark., 2013a).

2 kg/ton kiikiirt uygulanan GDH-RF/2S ve GK/2S firiinlerin
kurutma sonras1 SO, miktarlar sirasiyla 1598 ve 1087 (mg
SO, kg™!) olarak bulunmustur. Ayni miktarda kiikiirde ve ayni
kiikiirtleme siiresine maruz birakilan bu iki {irliniin kurutma
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sonrast SO; degerleri arasindaki farkin, triinlere uygulanan
farkl1 kurutma metotlarindan kaynaklandigi diisiiniilmekte-
dir. Coskun ve ark. (2013) 1.8 kg/ton kiikiirt uygulamasini
takiben giines kurutma sonrasinda ayni kayisi ¢esidi i¢in SO»
miktarim1 2364 (mg SO, kg' ) bulmuslardir. Baska bir
caligsmada (Tiirkyilmaz ve ark., 2013a) kiikiirtleme siiresi ve
konsantrasyonunun kalinti kiikiirt miktar1 tizerinde 6nemli bir
etkisi oldugu bulunmustur. Kurutma sonrast meydana gelen
fark kiikiirtleme kabin boyutlar1 ve uygulamasi ve giinese
maruz kalma siiresi ve sicakliklari ile iligkili olabilir. Hepsag
ve ark. (2016) tarafindan gerceklestirilen bir diger ¢calismada
Dogu ve Giineydogu Anadolu Bolgesindeki market ve
pazarlardan tedarik edilen 43 adet kuru kayisida SO»
analizleri yapilmistir. Elde edilen sonuglar kuru kayisilarin
SO, miktarlarinin 725-2506 mg kg arasinda degistigini
gostermistir. Bizim ¢alismamizda, kombine kurutma sistemi,
geleneksel kurutma metoduna gére daha hizli bir kurutma
sagladigr icin kiikiirtli tirtinlerde SO, kaybimin diistiigi
diisiiniilmektedir. Bunun yani sira sistemin kapali devre
olarak sadece kendi biinyesindeki havayi sirkiile ederek
kurutma saglamasi da GDH-RF/2S’in baslangig SO,
miktari1 daha fazla korumasina sebep olmus olabilir. 1
kg/ton kiikiirt uygulanan GDH-RF/1S ve GDH-RF/EX+1S
iirlinlerde ise baslangi¢ SO, miktarlar1 sirasiyla 946 ve 840
(mg SO>kg™!) bulunmustur.

Tablo larda goriildiigii iizere depolama siiresi boyunca kalint
kiikiirt miktarlarinda azalma gbzlemlenmistir. Yapilan
istatistiksel analizler farkli depolama sicakliklarinin (5°C,
20°C, 35°C) orneklerin kalinti kiikiirt miktarlar1 tizerinde
onemli bir etkiye sahip oldugunu gostermistir (p <0.05).
Tablo 4°deki analiz sonuglari incelendiginde, 35°C’de
depolanan farkli konsantrasyondaki kiikiirtlii irinlerin SO;
miktarlarinda 6nemli bir azalma oldugu goézlemlenmistir (p

<0.05). Bu durum SO;’in ugucu bir bilesik olmas1 ve artan
sicaklikla iiriinlerden uzaklagmasindan kaynaklanmaktadir.
Buna karsin, 5°C’deki ayni iriinlerin SO, miktarlarindaki
azalmanin, 20°C ve 35°C’deki azalma miktarina gore daha az
oldugu tespit edilmistir. Sekil 1’de farkli sicakliklarda
depolama siiresince GDH-RF/2S kayisinin kalint1 kiikiirt
igerigindeki degisim gosterilmektedir. Bu sekilden de agikca
goriildiigli tizere, depolama sicakliginin artmasi tiriinlerin
biinyesinde kalan SO, miktarinda ciddi bir azalmaya sebep
olmaktadir. Benzer bir calismada sicaklik arttitkca SO;
kaybinin da arttigi ve diisiik sicakliklarda depolanan
tirinlerin SO, miktarlarinda 6nemli bir degisim olmadigi
rapor edilmistir (Tirkyilmaz ve ark., 2013a). Giines enerjisi
destekli havali 6n kurutmayi1 takiben RF kurutma sistemi
kullanilarak kurutulan kayisilarda (GDH-RF/1S, GDH-
RF/2S, GDH-RF/EX+1S) 48. hafta sonunda SO, kayiplart,
5°C’de % 11.9-16.0, 20°C’de %41.1-44.81 ve 35°C’de ise
%81.4-87.2 olarak bulunmustur. Geleneksel ydntemle
kurutulan GK/2S’de ise 48. hafta sonunda SO, kayb1 5°C’de
%24.6, 20°C’de %50.6 ve 35°C’de ise %89.9 olarak
bulunmustur. Coskun ve ark. (2013) yapmus oldugu bir
calismada, kurutulmus kayisilar bir yil boyunca 5°C, 20°C,
30°C’de depolanmis ve iiriinlerin SO, kaybinin sirasiyla
%39, %51 ve %90 oldugu rapor edilmistir. Goriildiigii lizere
geleneksel yontemle yapilan kurutma sonuglart benzerlik
gostermektedir. Geleneksel yontemle kurutulan tiriinde, diger
triinlere kiyasla SO, miktarinda hizli bir diisme
gbzlemlenmistir. Bu tirtinde kurutma siiresi uzun oldugundan
baslangi¢c SO, miktarinda 6nemli bir azalma gézlemlenmistir.
Elde edilen sonuglar gostermektedir ki; kombine edilen
sistem daha az kiikiirt kaybina neden olmaktadir ve bu
nedenle ilk uygulanacak kiikiirt miktarinin diisiik olmasi ve
saglik acisindan daha tercih edilebilir {irlinler iiretilmesine
olanak sunmaktadir.

Tablo 2. Farkli sartlarda kurutulmus ve kiikiirtlemis kayisilarin kalint1 kiikiirt igeriklerinde 5 °C’de depolama siiresince mey-

dana gelen degisimi

Table 2. Changes in residual sulphur content of apricots dried and sulphurized under different conditions during storage at 5 °C

SO2 (mg/kg kayisi (%25 nem))
SOz (mg/kg apricot (25 % moisture))

Zaman(hafta)

Time (week) GDH-RF/1S GDH-RF/2S GDH-RF/EX+1S GK/28
0 946+26.7° 1598+30.82 840+30.4° 1087+27.42
2 933+30.6P 1573+30.4%P 835+27.5° 1074+22.72b
4 926+22.4%b 1557+26.45¢ 828+13.9%b 1068+16.9%P
6 917+16.9%bc 1537+22.2b¢ 824420.5%b 1058+15.4%b
8 912+19.3 abe 1522+18.7%4 818+18.6%0 1042+23.75¢
16 897424.4b<d 1489+19.54¢ 803+15.23b< 1017+14.7¢4
24 884+15.7°4 1460+20.2¢ 790-£18.55¢4 986+13.14
32 862+25.14¢ 1422+14.7¢ 773424, 104 925+13.5¢
40 840+13.75F 1383+19.1¢ 755+13.74¢ 875+25.8f
48 820+11.7F 1342+13.4h 740+19.3¢ 820+22 .48

Her 6rnek i¢in farkli harfler istatistiksel olarak farkliliklar1 gostermektedir (p <0.05).
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Tablo 3. Farkli sartlarda kurutulmus ve kiikiirtlemis kayisilarin kalmti kiikiirt iceriklerinde 20 °C’de depolama siiresince mey-
dana gelen degisimi

Table 3.  Changes in residual sulphur content of apricots dried and sulphurized under different conditions during storage at 20 °C
SO: (mg/kg kayisi (%25 nem))
SO; (mg/kg apricot (25 % moisture))
Zaman(hafta)
Time (week) GDH-RF/1S  GDH-RF/2S GDH-RF/EX+1S GK/28
0 946+26.7° 1598+30.82 840+30.4* 1087+27.42
2 898+17.8° 1522+24.8° 768+11.2° 1014+14.7°
4 860+£11.6° 1448+17.6° 742+18.7° 949+20.6°
6 815+25.8¢ 1376+16.3¢ 704£12.3¢ 878+21.54
8 775+16.2¢ 1297+25.7¢ 675+£22.2¢ 802+16.7°
16 725+17.4¢ 1194+13.7° 630+18.6¢ 717+24.8¢
24 670+£24.5% 1087+24.3¢ 590+£22.7¢ 628+25.7¢8
32 624+23.1" 1015+17.5" 555+12.2F 596+23.0¢h
40 576+20.1 9464+23.8' 522+23.3%¢ 563+13.4h
48 538+18.7 882+16.2) 495+16.8¢8 537+17.4'

Her 6rnek i¢in farkl: harfler istatistiksel olarak farkliliklar: géstermektedir (p <0.05).

Tablo 4. Farkli sartlarda kurutulmus ve kiikiirtlemis kayisilarin kalmt1 kiikiirt iceriklerinde 35 °C’de depolama siiresince mey-
dana gelen degisimi

Table 4.  Changes in residual sulphur content of apricots dried and sulphurized under different conditions during storage at 35 °C
SO; (mg/kg kayisi (%25 nem))
SO; (mg/kg apricot (25 % moisture))

Zaman(hafta)

Time (week) GDH-RF/1S GDH-RF/2S GDH-RF/EX+1S GK/28

0 946+26.72 1598+30.8* 840+30.4* 1087+27.42
2 833+21.6° 995+22.6° 768+15.8° 034+22.6°
4 7254+27.5¢ 859+17.9¢ 659+28.1°¢ 775+£16.3¢
6 613+30.6¢ 768+11.5¢ 561£16.4¢ 628+16.8¢
8 513+20.7¢ 511£23.7°¢ 470+£19.4° 477+£23.7¢
16 417+£22.6° 405+21.8F 380+11.9f 310+14.3f
24 300+27.3¢ 319+28.6¢ 286+19.7¢ 191+17.88
32 191+11.8" 220+14.5" 191+20.7" 157+11.8"
40 160+20.8" 210+£22.8" 174+14.9" 126+21.6"
48 135+16.7" 205+20.7" 156+15.7" 110+16.8"

Her 6rnek icin farkl: harfler istatistiksel olarak farkliliklar1 gostermektedir (p <0.05).
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Sekil 1. Farkli sicakliklarda depolama siiresince GDH-RF/2S {iriiniiniin kalint1 kiikiirt igerigindeki degisim

Figure 1. Changes in residual sulphur content of GDH-RF/2S product during storage at different temperatures

f-Karoten Miktarindaki Degigim

Depolama sicakligi ve siiresinin -karoten icerigi {izerine et-
kisi Tablo 5, 6 ve 7°de sunulmustur. Ug farkli sicaklikta sak-
lanan triinlerin 48 haftanin sonundaki B-karoten igerikleri
5°C ig¢in 2.7-5.6 mg/100 g kuru agirlik, 20 °C i¢in 2.3-5.3
mg/100 g kuru agirlik ve 35°C i¢in ise 0.7-3.4 mg/100 g kuru
agirlik arasinda oldugu tespit edilmistir. En yiiksek -karoten
kayb1 35°C’de saklanan triinlerde goriilmiistiir. Kiikiirtleme
islemi uygulanmis iriinlerde (GDH-RF/1S, GDH-RF/2S,
GDHRF/EX+1S ve GK/2S) depolama sicakliginin 5°C’den
35°C’ye artmas iiriinlerdeki kiikiirt konsantrasyonunun azal-
masina neden olmustur (Tablo 2, 3 ve 4). Uriinlerdeki kiikiirt
konsantrasyonunun azalmasi da, B-karotenin 35°C’de depo-
lanmasi sirasinda oksidasyonunu hizlandirmis olabilir. Gliglii
antioksidan aktivitesi nedeniyle SO», karotenoidlerin kuruma

ve depolama sirasinda oksidasyona karsi korunmasinda gok
etkilidir (Tirkyilmaz ve ark., 2013b). Yapilan ¢alismalar gos-
termistir ki kiikiirt kullanimm depolamada -karoten pargalan-
masimi Oonemli O6l¢iide engellemektedir (Salur-can ve ark.,
2017; Tirkyilmaz ve ark., 2013a). Ayrica tiriinde mevcut kii-
kiirt miktarinin fazla olmasinin da B-karoten kaybinin azaltil-
masinda olumlu katki sundugu rapor edilmistir (Salur-can ve
ark., 2017). Ozellikle GK/2S iiriinde 35°C’de ¢ok hizl1 bir kii-
kiirt kaybinin yagsanmasi (Tablo 7), B-karoten kaybinin nere-
deyse kiikiirtsiiz tirlinler seviyesine ¢ikmasina sebep olmus-
tur. Tiirkyilmaz ve ark. (2013a) tarafindan yapilan bir ¢alig-
mada depolama sirasinda kiikiirt konsantrasyonu azalmasiyla
B-karoten kaybi arasinda bir korelasyon tespit edilmistir. Kii-
kiirtlenmemis tiriinlerde benzer sekilde yiiksek depolama si-
cakliklarinda daha fazla B-karoten kaybi yasandigi gézlem-
lenmistir.
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Tablo 5. Farkli sartlarda kurutulmus kayisilarin B-karoten igeriginin 5 °C’de depolama siiresince meydana gelen degisimi
Table 5. Changes in B-carotene content of apricots dried under different conditions during storage at 5 °C

B-karoten (mg/100 g kuru agirhk)
p-karoten (mg/100 g dry weight)

Zaman (Hafta) .y pp GDH-RF/IS GDH-RF/2S GDH-RF/EX+1S GK/GK GK/2S
Time (Week)

0 55£05 59+05  63+08° 6.0 £ 0.6° 40+ 04° 45+07°
4 53+04° 57+06  62+08° 59405 3.8+ 0.0° 4.4+0.7°
8 51+03° 5.6+04°  62+07 57405 36+020¢  43+0.8
16 49+£02°¢ 54+06°  6.0+0.6° 56+0.8° 34+03%c  41+07°
24 46+04% 53+07°  58+0.8 5540.1° 33+£03%  39+1.1°
32 42+03% 52+07°  58+0.8 544010 32404  37+0.6°
40 37405 50+06°  57+07° 53+02° 2.8+04  34+04°
48 35+04° 49403  56+05° 51+04° 2.7 +0.4° 3.1+0.5°

Her 6rnek i¢in farkl: harfler istatistiksel olarak farkliliklar: gostermektedir (p <0.05).

Tablo 6. Farkli sartlarda kurutulmus kayisilarin B-karoten igeriginin 20 °C’de depolama siiresince meydana gelen degisimi
Table 6. Changes in B-carotene content of apricots dried under different conditions during storage at 20 °C

B-karoten (mg/100 g kuru agirhk)
p-karoten (mg/100 g dry weight)

Zaman (Hafta)

GDH/RF GDH-RF/1S  GDH-RF/2S GDH-RF/EX+1S GK/GK GK/28
Time (Week)
0 5.5+0.5¢ 5.9+0.5¢ 6.3+0.8° 6.0 £ 0.6 4.0+ 0.4° 45+0.7°
4 54+0.5¢ 5.7 +0.4¢4 6.2+0.7° 59+0.5° 3.8+0.3¢f 4.4+0.8°
8 5.1+0.6¢ 5.6 + 0.2%cd 6.1 +0.6° 5.7+0.5° 3.5+0.1%ef 4.1 +£0.5%
16 4.7 £ 0.4°¢ 5.3+0.4%0d  58+0.9° 5.6 +0.4° 3.3+£0.20d¢ 3.9+0.32°
24 4.5+ (.3 52+0430ed  56+0.7° 54+0.7° 3.1 +0.3bd 3.7+0.6*°
32 4.1 +£0.2%° 5.0 £ 0.120¢ 54+0.8° 52+0.6° 2.8 +£0.3%0¢ 3.24+0.2%0
40 3.7 +£0.4%° 4.8 +0.1%° 54+1.0° 5.0+0.7¢ 2.6 +0.28° 3.0 £0.28°
48 34+0.3° 47+0.1* 53+0.7° 49+0.2° 2.3+04° 28+1.1°

Her 6rnek i¢in farkl: harfler istatistiksel olarak farkliliklar: gostermektedir (p <0.05).

Tablo 7. Farkli sartlarda kurutulmus kayisilarin B-karoten iceriginin 35 °C’de depolama siiresince meydana gelen degisimi

Table 7. Changes in -carotene content of apricots dried under different conditions during storage at 35 °C

p-karoten (mg/100 g kuru agirhk)
p-karoten (mg/100 g dry weight)

Zaman (Hafta) o pp GDH-RF/AIS  GDH-RF/2S GDH-RF/EX+S GK/GK  GK/2S
Time (Week)

0 5505 59+05° 6.3+ 0.8 6.0+ 0.6° 40+047  45+07°
4 524060 5.7+0.6° 59+0.7% 584069 3740499 43+£04°
8 5108  5.6+0.8° 5.6+0.690¢  5.5+0.4% 344060 4.0+0.5°
16 474040 52+0.95 544080 534040 324039 3.8+0.3b¢
24 4340750 5.0+ 1.00¢ 5340750 524050 3.040.75¢ 3.5+ 1.0
32 354075 3.9+0.20 4.5+ 0.6 4.7+0.55 254075 2.5+£0.7°
40 224024 3.1£0.1° 40+03 42405 1.8+£0.6" 1.8+0.3°
48 124070 2.4+04° 3.4+0.3° 3.1 +0.4° 07+£02°  11+05°

Her 6rnek i¢in farkl: harfler istatistiksel olarak farkliliklari gostermektedir (p <0.05).
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Mikrobiyal Degisim

Kuru kayisilarda depolama siiresince mikrobiyal stabilitenin
belirlenmesi amaciyla, toplam aerob mezofil bakteri (TAMB)
ve toplam aerob psikrofil bakteri (TAPB) sayimlari, maya-
kif sayimlari, Enterobacteriaceae ve laktik asit bakteri
sayimlar1  yapilmistir.  Gergeklestirilen — mikrobiyolojik
analizler sonucunda FEnterobacteriaceae ve laktik asit
bakterileri ile TAPB sayilarinin teshis limitlerinin altinda
oldugu (<4 kob/g) saptanmistir. Kiikiirtlenmis {iriinlerin
depolama baglangicinda TAMB sayisinin 8.88x10'-1.43x10?
kob/g arasinda degistigi goriilmiistiir (Tablo 8). Elde edilen
degerler farkli konsantrasyonlarda SO, igeren kuru
kayisilarin mikrobiyal yiiklerindeki degisimi inceleyen
Tiirky1lmaz ve ark. (2013a) tarafindan rapor edilen degerler
ile benzerlik gostermektedir. Kiikiirtlenmemis iiriinlerde ise
bu deger GDH-RF sisteminde kurutulan 6rnek i¢in 1,88x10?
kob/g ve giines altinda kurutulan 6rnek i¢in 4.38x10° kob/g
olarak saptanmistir. Geleneksel gilines altinda kurutma
yonteminde kayisilarin uzun siire direkt acik hava ile temasta
olmas1 ve bu siiregte antimikrobiyal aktiviteye sahip olan
kiikiirdiin uzaklagmasi bu firiinlerin mikrobiyal yiiklerinin
GDH-RF sistemi ile kurutulan 6rneklerden yiiksek olmasini
aciklamaktadir. Ayrica fistik kabugu ekstrakti ve 1 kg/ton
kiikiirt ile 6n islem goren iriinlerin (GDH-RF/EX+1S)
depolama baslangicinda TAMB sayis1 sadece 1 kg/ton kiikiirt
uygulanan ornekler (GDH-RF/1S) ile hemen hemen ayni
bulunmustur. Fakat farkli sicakliklarda depolama sonunda
GDH-RF/EX+1S orneklerinin TAMB sayis1 GDH-RF/1S
orneklerine oranla daha ¢ok azalmistir. Fistik kabugundan
elde edilen ekstraktlarin antimikrobiyal ozellik gdsterdigi
literatiirde farkli calismalarda rapor edilmistir (Oztiirk ve
ark., 2010; Al-Juhaimi ve ark., 2017; Sadeghinejad ve ark.,
2019). Fistik kabugu ekstrakti igeren Orneklerde meydana
gelen azalmanin ekstraktin bu 6zelliginden kaynaklandigi
diistiniilmektedir.

Tablo 8’de de goriildiigii gibi farkli 6n islem ve kurutma
teknikleri uygulanarak {iretilen ve farkh sicakliklarda (5, 20
ve 35 °C) 48 hafta depolanan kuru kayisilarin, genel olarak
TAMB yiiklerinde baglangica gére az da olsa bir azalma
tespit edilmistir. Ayrica 35 °C’de depolanan oOrneklerin
TAMB vyiiklerinde meydana gelen azalma 5 °C ve 20 °C’de
depolanan 6rneklerde meydana gelen azalmadan bir miktar
daha yiiksektir. Uriinlerin baslangic nem oranlar1 yas bazda
%20.62 ile %22.73 arasinda iken, 35°C’de 48 hafta depolama
sonunda bu degerin %9.38 ile 10.60 arasinda oldugu tespit
edilmistir. Uriinlerin nem miktarinda dolayisiyla su
aktivitelerinde meydana gelen bu ciddi disiis, 35°C’de
depolanan iiriinlerin TAMB yiiklerinde meydana gelen
azalmay1 aciklamaktadir. Literatiirde de benzer egilim rapor
edilmis olup, kuru kayisilarin mikrobiyal yiikiiniin su

aktivitesi ile yakindan iligkili oldugu belirtilmistir (Sagirh ve
ark., 2008; Tirkyilmaz ve ark., 2013a).

Toplam maya ve kiif sadece kiikiirtlenmeden giines altinda
kurutulan GK/GK o6rneginde goriilmiis olup diger tiriinlerde
bu mikroorganizmalarin sayilarinin teshis limitlerinin altinda
oldugu (<4 kob/g) saptanmistir. GK/GK 6rneginde depolama
baslangicinda toplam maya ve kiif sayis1 1.73x10? kob/g
olarak bulunmustur. Karabulut ve ark. (2007) giineste
kurutulan Hacihaliloglu cesidi kayisilar i¢in bu degeri
1.30x10? kob/g olarak rapor etmislerdir. Toplam maya ve kiif
sayist 5, 20 ve 35 °C’de 48 hafta depolama sonunda sirastyla
4.70x10" kob/g, 1.50x10" kob/g ve 6.00 kob/g’a diismiistiir.
Bu azalma yukarida da belirtildigi {izere depolama sirasinda
nem diizeylerinde meydana gelen azalmadan
kaynaklanmaktadir. Tiirk Gida Kodeksi’nin Mikrobiyolojik
Kiriterler Tebligi’nde kurutulmus meyvelerde toplam maya
ve kiif sayis1 igin belirlenen limit 1.00x10* kob/g’dir. Bu
deger g6z Oniinde bulunduruldugunda gilines altinda
kurutulan ve farkli sicakliklarda depolanan 6rneklerin hepsi
icerdikleri toplam maya ve kiif sayisi ile bu kritere uygun
bulunmustur.

Fistik Kabugu Ekstrakt: ile On Islem Géoren Kuru
Kayisilarin Farkly Sicakliklarda Depolama Siiresince
Fenolik I¢eriginde Meydana Gelen Degisim

Fistik kabugu ekstrakt1 ile 6n islem goren kuru kayisilarin
farkli sicakliklarda 48 hafta boyunca depolanmalar sirasinda
toplam fenolik miktarlarinda meydana degisim Tablo 9’da
verilmistir. Yapilan istatistiksel analizler farkli sicakliklarda
saklanan Orneklerin fenolik madde miktarlarinda zamana
bagl olarak istatistiksel agidan 6nemli bir azalma oldugunu
gostermistir (p <0.05). En fazla fenolik kaybi 20°C’de
depolanan Orneklerde tespit edilmis olup, 5 ve 35°C’de
muhafaza edilen 6rneklerdeki kayip daha azdir. Fistik kabugu
ekstraktinin fenolik kompozisyonuna bakildiginda agirlikli
olarak gallik asit icerdigi literatiirde bir¢ok calismada rapor
edilmistir (Kili¢ ve ark., 2016; Sonmezdag ve ark., 2017).
Rocha-Parra ve ark. (2016) tarafindan gerceklestirilen bir
calismada 38°C’de depolama sirasinda fenolik bilesenler
iizerinde su aktivitesinin O6nemli bir faktdr oldugu
belirtilmistir. Yine ayn1 ¢alismada farkli su aktivitelerinde
muhafaza edilen {iriinlerin fenolik igerigi analiz edilmis ve
artan su aktivitesiyle gallik asit miktarinda bir degisiklik
gozlenmezken diger fenoliklerin ciddi oranda azaldig tespit
edilmistir. Fistik kabugu ekstrakti ile 6n iglem goren kuru
kayisilarin baslangic nem oram yas bazda %21.35 iken 48.
hafta sonunda bu deger 20°C’de depolanan Orneklerde
%18.44, 35°C’de muhafaza edilen 6rneklerde ise %10.07
olarak tespit edilmistir. 20°C’de muhafaza edilen kayisilarin
nem oranlari, dolayisiyla su aktiviteleri 35°C’deki 6rneklere
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kiyasla daha yiiksektir. Bu bilgiler g6z Oniinde
bulundurularak 20°C’de muhafaza edilen kayisilarin fenolik
miktarindaki azalma aciklanabilir. 5°C’de saklanan iiriinlerde
nem oranit dolayisiyla su aktivitesi diger sicakliklarda
saklanan triinlere gore yiiksektir. Buna ragmen fenolik

Research Article

kaybinin bu iriinlerde az olmasinin muhtemel nedeni, bu
kosullarda sicakligin diisiik olmasidir. 35°C’deki 6rneklerde
ise sicaklik yiiksek olmasmma ragmen nem oraninin
dolayisiyla su aktivitesinin zamanla diismesi fenolik kaybini
azaltmstir.

Tablo 8. Farkli sicakliklarda depolanma sirasinda kuru kayisilarin toplam aerob mezofil bakteri (TAMB) sayilarinda (kob/g)

meydana gelen degisim

Table 8. Changes in total aerobic mesophilic bacteria (TAMB) counts (cfu/g) of dried apricots during storage at different temperatures

Sicaklik (°C) Zaman (Hafta) GDH/RF GDH-RF/1S GDH-RF/2S GDH- GK/GK GK/2S
Temperature (°C)  Time (Week) RF/EX+1S
0 1.88x10? 1.43x10? 8.90x10! 1.42x10? 4.38x10° 1.39x10?
5 +2.40%10! +2.17x10! +2.10x10! +2.44x10! +£4.47x102  £2.24x10!
4 1.90x10? 1.33x10? 8.20x10! 1.04x10? 4.51x10° 1.30x10?
+2.12x10! +1.93x10! +1.23x10! +2.11x10! +3.82x10? +1.95x10!
8 1.67x10? 1.37x10? 7.70x10! 9.30x10! 4.12x103 1.19x10?
+1.56x10! +2.40x10! +0.96x10! +0.91x10! +4.15%10? +1.73x10!
16 1.51x10? 1.17x10? 6.40x10! 8.20x10! 3.76x103 1.06x10?
+ 1.24x10! + 1.63x10! +1.37x10! +1.13x10! +£3.36x10>  +£0.97x10!
20 24 1.37x10? 1.08x10? 4.90x10! 7.30x10! 3.05x103 9.70x10!
+1.31x10! +1.17x10! +0.85x10! +1.42x10! +£3.17x10>  +£1.26x10!
32 1.50x10? 1.12x10? 4.15%x10! 6.40x10! 2.82x103 1.20x10?
+1.60x10! + 1.40x10! +0.60x10! +0.80x10! +2.94x102 +1.10x10!
40 1.25x10? 9.80x10! 4.60x10! 7.20x10! 2.51x103 9.35x10!
+1.20x10! +0.80x10! +0.70x10! +0.90x10! +3.26x10? +0.80x10!
48 1.10x10? 8.10x10! 3.90x10! 6.80x10! 2.10x103 6.90x10!
+1.10x10! +0.60x10! +0.30x10! +0.75x10! +£2.83x10>  +£1.00x10!
4 1.84x10? 1.47x10? 8.10x10! 1.06x10? 4.72x103 1.29x10?
35 + 1.14x10! +1.90x10! +1.10x10! +1.61x10! +£4.56x102  £2.04x10!
8 1.89x10? 1.43x10? 7.16x10! 9.72x10! 4.42x103 1.15x10?
+2.47x10! +2.44x10! +1.46x10! +1.58x10! +4.04x102 +1.93x10!
16 1.69x10? 1.35x10? 5.88x10! 8.48x10! 3.84x103 1.06x10?
+1.62x10! +1.67x10! +0.88x10! +1.03x10! +3.48x10? +1.78x10!
24 1.52x10? 1.17x10? 5.14x10! 7.56x10! 3.37x103 9.20x10!
£0.97 x10"  +£0.86x10! +1.27x10! +1.69x10! +3.53x10>  +£0.85x10!
32 1.75%10? 1.34x10? 4.80x10! 8.30x10! 3.15x103 1.35x10?
+1.20 10" +£1.10x10! +0.70x10! +1.80x10! +£3.10x10>  +1.50x10!
40 1.35x10? 1.20x10? 5.10x10! 7.45x10! 2.89x103 9.00x10!
+1.10 x10' £ 1.00x10! +0.40x10! +1.20x10! +2.83x10? +0.40x10!
48 1.20x10? 1.10x10? 4.65x10! 7.20x10! 2.45x103 8.60x10!
+1.45x10"  £0.70x10! +1.10x10! +1.10x10! +1.87x102 +0.90x10!
4 1.81x10? 1.48x10? 7.86x10! 1.01x10? 5.13x103 1.25x10?
+2.33x10! +2.26x10! +1.72x10! + 1.87x10! +£4.62x10>  +£2.12x10!
8 1.84x10? 1.37x10? 6.68x10! 8.90x10! 4.27x10° 1.13x10?
+2.85%10! + 1.89x10! +0.87x10! +1.02x10! +£3.79x10>  £2.17x10!
16 1.68x10? 1.29x10? 5.70x10! 7.90x10! 3.32x103 9.70x10!
+1.61x10! +1.15x10! +0.94x10! +0.83x10! +3.06x10? +0.71x10!
24 1.43x10? 1.20x10? 4.60x10! 6.80x10! 2.87x103 8.70x10!
+0.80x10! +0.94x10! +0.70x10! +0.79x10! +2.85x10? +0.83x10!
32 1.20x10? 1.05x10? 5.20x10! 6.56x10! 3.15x103 7.50x10!
+1.10x10! +1.20x10! +0.90x10! +0.70x10! +1.50x10>  +£0.50x10!
40 1.00x10? 9.75x10! 4.30x10! 7.20x10! 2.25x103 6.80x10!
+0.75%x10! +1.10x10! +0.63x10! +0.90x10! +1.60x10>  +£0.45x10!
438 8.50x10! 6.50x10! 3.50x10! 6.10x10! 1.90x103 5.40x10!
+0.60x10'  £0.80x10'  £0.50x10'  £0.50x10'  £1.72x10>  +0.60x10'
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Tablo 9. Farkl sicakliklarda depolama sirasinda antepfistigi
kabugu ekstrakti ile 6n islem goren kuru kayisilarin
toplam fenolik madde miktarlar1 (mg GAE/g kuru
madde)

Table 9. Total phenolic content (mg GAE / g dry matter) of dried
apricots pre-treated with pistachio hull extract during

storage at different temperatures

Fenolik madde miktar1 (mg GAE/g kuru madde)
Phenolic content (mg GAE / g dry matter)

Zaman Sicaklik (°C)

(hafta) Temperature (°C)

Time 5 20 35

(week)
0 47.28+0.35*  47.28+0.35* 47.28+0.35*
2 46.81£0.44*  45.31+0.25° 46.12+0.27°
4 46.39+0.32*°  42.89+0.82¢ 45.22+1.10%¢
6 45.54+1.20°  40.50+0.28¢ 44.39+0.13¢
8 44.42+0.64°  38.65+0.23° 43.12+0.63¢
16 43.10£0.38¢  36.10+0.35" 40.86+0.28°
24 41.70+£0.26°  33.90+1.07¢ 37.20+0.94"
32 39.54+0.53F  29.37+0.32" 36.85+0.57"
40 37.9240.198  25.86+0.41' 36.54+0.34f
48 36.68+0.648  22.64+0.26' 36.24+0.71F

Her sicaklik degeri igin farkli harfler istatistiksel olarak
farkliliklar1 gostermektedir (p <0.05).

Sonug¢

Bu ¢alismada farkli 6n islem ve kurutma teknikleri uygulana-
rak elde edilmis kuru kayisilarin 3 farkli sicaklik degerinde
(5, 20 ve 35°C) 48 hafta boyunca saklanmasi sirasinda p-ka-
roten igerikleri, SO, miktarlar1 ve mikrobiyal 6zelliklerinde
meydana gelen degisim incelenmistir. Ayrica antepfistigl ka-
bugu ekstrakti ile 6n islem goren kuru kayisilarin toplam fe-
nolik miktarinda zamanla sicakliga bagli olarak meydana ge-
len degisim incelenmistir. Elde edilen sonuglara gére, 5°C’de
depolanan iiriinlerde kiikiirt ve pB-karoten kaybinin 20°C ve
35 °C’de depolanan iiriinlere kiyasla daha az oldugu tespit
edilmistir. Kiikiirtleme 6n isleminin depolamada B-karoten
pargalanmasini 6nemli 6l¢iide engelledigi goriilmiistiir. Fistik
kabugu ekstrakt1 ile 6n islem goren kuru kayisilarin fenolik
madde miktarlarinda zamana bagli olarak énemli bir azalma
oldugu ve bu azalmanin en fazla 20°C’de depolanan 6rnek-
lerde oldugu goriilmiistiir. Ayrica fistik kabugu ekstrakti uy-
gulamasimin mikrobiyal kalite g6z oOniinde bulunduruldu-
gunda depolama agisindan avantaj sagladigi saptanmuistir.
Giines enerjisi destekli havali 6n kurutmay1 takiben RF ku-
rutma sistemi, geleneksel giines altinda kurutma ile kiyaslan-
diginda daha az kiikiirt kaybina neden olmustur. Bu nedenle
bu sistem ilk uygulanacak kiikiirt miktarinin diisiik olmasi ve
saglik acisindan daha tercih edilebilir {iriinler iiretilmesine

olanak sunmaktadir. Elde edilen sonuglar bu sistemin {iriinle-
rin kalitesini koruyarak endiistride farkli meyve ve sebzelerin
kurutulmasinda alternatif bir teknoloji olabilecegini goster-
mistir.

Etik Standart ile Uyumluluk

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

Etik izin: Arastirma niteligi bakimindan etik izne tabii degildir.
Finansal destek: Bu calisma, Tiirkiye Bilimsel ve Teknolojik
Aragtirma Kurumu (TUBITAK) (Proje No:1180026) tarafindan fi-
nansal olarak desteklenmistir.

Tesekkiir: -

Aciklama: -
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Yer fistig1, gida alerjenleri igerisinde en tehlikeli olanidir. Dolayisiyla gelismis ve gelismekte olan iilkelerde
oliimciil gida kaynakli anafilaksinin en yaygin nedenidir. Yer fistig1 alerjisine sahip bireyler, yer fistig1 ile
kontamine olan hammadde kullanimi, isleme sirasinda ¢apraz bulagma, ortak kullanilan ekipmanlardan ka-

sitsiz alerjen tasinmasi, kasten katilma veya etiketleme kurallarma uyulmamasi gibi durumlarda yer fistigina
maruz kalma tehlikesiyle kars1 karsiyadirlar.

Bu calismada hem yer fistigina alerjisi olan tiiketici bireyleri hem de gida iireticilerini bilinglendirmek ve
uyarmak adina Istanbul piyasasindaki keklerde ELISA ile yer fist1ig1 kalintis1 arand1. Bu amagla etiketinde
yer fistig1 igermedigi bildirilen 42 adet ambalajli kek ve satici tarafindan yer fistig1 icermedigi beyan edilen
42 adet ambalajsiz agtk kek olmak iizere toplamda 84 adet kek 6rnegi toplandi. Caligmanin sonucunda am-
balajli kek 6rneklerinin sadece 1 adedinde (%2,4) 6,15 ppm; ambalajsiz kek drneklerinin ise 6 adedinde (%14)
2,5 ppm ile 20 ppm miktarlari arasinda ve 10 adedinde de (23,8) 20 ppm’den daha fazla miktarda yer fist1g1
kalintisi tagidigi tespit edildi. Ambalajli ve ambalajsiz olarak satisa sunulan kek 6rneklerinin degisik miktar-
larda yer fistig1 kalintis1 igermesinin Tiirk Gida Kodeksi kriterlerine uygun olmadigi ve bundan dolay1 da
halk sagligini tehdit edebilecegi kanaatine varildi.

Anahtar Kelimeler: Yer fistig1, Alerji, Intolerans, Capraz kontaminasyon, ELISA

ABSTRACT

Investigation of peanut residue in cakes sold in Istanbul

Peanuts are the most dangerous among food allergens. It is therefore the most common cause of deadly fo-
odborne anaphylaxis in developed and developing countries. Individuals with peanut allergies are in danger
of peanut exposure in cases such as the use of raw materials contaminated with peanuts, cross contamination
during processing, unintentional transport of allergens from common equipment, deliberate participation or
non-compliance with labeling rules.

In this study, peanut residue in cakes in Istanbul markets was investigated by ELISA to raise awareness and
warn both consumers who are allergic to peanuts and food producers. For this purpose, a total of 84 cake
samples were collected, including 42 packaged cakes that were declared free of peanuts on their labels and
42 unpackaged cakes that were declared free from peanuts by their producer/saller. As a result of the study,
indicate that, the peanut residue was detected in one out of 42 analyzed packaged cake samples (2.4%) at a
level of 6.15 ppm. Besides, in 6 unpackaged cake samples (14%) the peanut residue levels ranged between
2.5 ppm and 20 ppm. Moreover in 10 samples (23.8%) these levels were detected more than 20 ppm. In
conclusion, cake samples sold with and without packaging may contain various amounts of peanut residiues
and this situation, which does not comply with Turkish Food Codex, can be harmful for the public health and
life threathening for the allergic induviduals.

Keywords: Peanut, Allergy, Intolarance, Cross contamination, ELISA
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Giris

Viicudun gida ve gida katki maddelerine karsi olusturdugu
her tilirli amormal klinik cevap gida asir1 duyarhiligi olarak
tanimlanmaktadir. Gida intolerans1 fizyolojik mekanizma-
larla olusan, gida alerjisi ise immiinolojik mekanizmalarla
olusan gida asir1 duyarliligidir (Tamay, 2010). Gidalara kars1
viicutta gamma IgE antikorlar1 olusuyorsa gida alerjisinden,
IgE antikoru olugsmuyorsa gida intoleransindan bahsetmek
miimkiindiir (Gerth van Wijk ve ark., 2003).

Gidalarda bulunan spesifik bir bilesenin bagisiklik sistemi ta-
rafindan tehlikeli olarak algilanmasinin ardindan bu istenme-
yen maddeye karsi koymak i¢in savuma sisteminin harekete
gecmesi gida alerjisi olarak tanimlanabilmektedir (Borchgre-
vink ve ark., 2010). Son 2-3 yilda gida kaynakl1 saglik prob-
lemlerinin bilyiik bir kismi genetik olan gida alerjilerinden ve
intoleranslarindan dolay1 gergceklesmekte ve 6nemli bir halk
sagligl sorunu haline gelmektedir (Ozer ve Tuncel, 2016;
Seth ve ark., 2020).

Baz spesifik kimyasallarin ya da herhangi bir besin madde-
sinin sindirilmesi i¢in gerek duyulan enzimlerin eksikligi so-
nucunda meydana gelen durum ise gida intoleransi olarak ta-
nimlanabilmektedir. Diinya niifusunun yaklagik %60’nin
gida duyarliligina sahip oldugu disiiniilmektedir (Wilson,
2010). Bireyler sik tiiketilen siit, bugday, misir, yumurta gibi
besinlere duyarlilik gosterebilmektedir. (Giibiir, 2012). Gida
intoleranslar1 iginde en sik rastlanilani laktoz intoleransi olup,
diinyadaki yetiskin niifusunun %50’sinde gozlenmektedir
(Koseoglu, 2020). Laktoz intoleransi disinda bazi bireyler, tat
arttiricilar (Monosodyum glutamat, MSG) veya koruyucular
(stlfitler) gibi gidalara eklenen katki maddelerine kars1 du-
yarlilik gosterebilmektedir.

En sik goriilen gida alerjenleri Amerikan Gida ve Ilag Dairesi
(Food and Drug Administration — FDA) tarafindan bir grup
altinda toplanmustir. Yasalarin belirledigi bu grupta 8 adet
ana gida alerjeni bulunmaktadir. Bu alerjenler; siit, yumurta,
balik, kabuklu deniz canlilar1 (yengeg, karides, 1stakoz gibi),
kabuklu aga¢ yemisleri (badem, ceviz, pekan cevizi gibi), yer
fist1ig1, bugday ve soyadir. Yaklasik 180 gidanin alerjen ol-
dugu bildirilmekte fakat tiim diinyada rapor edilen gida aler-
jilerinin %90°1 bu sekiz gidadan kaynaklanmaktadir (Erol,
2007, p.326; Karakilig ve ark., 2014). Tiirkiye’de alerjen bil-
dirimi yapilirken Tiirk Gida Kodeksi Gida Etiketleme ve Tii-
keticiyi Bilgilendirme Yonetmeligindeki 14 alerjen gida
maddesi kullanilmaktadir (Anonim, 2017). FDA’nin belirle-
digi alerjenlere ilaveten Tiirkiye’deki s6z konusu yonetme-
likte kereviz ve kereviz triinleri, hardal ve hardal triinleri,
susam tohumu ve susam tohumu triinleri, kiikiirt dioksit ve
siilfitler, ac1 bakla ve aci1 bakla iriinleri, yumusakcalar ve
iiriinleri bulunmaktadir.

Gida alerjilerinin ve intoleranslarinin mevcut bir tedavisi bu-
lunmadigi igin korunmada en etkili yontem bireylerin alerjen-
leri veya intolerans gosterdikleri maddeyi i¢eren gidalari di-
yetlerinden elemesidir (Erol, 2007, p. 330). Ayrica siddetli
tepkilerde bireyler tarafindan benzer antijen unsurlari igeren
besinlerin de diyetten elenmesi gerekmektedir. Yani bugday
alerjisi olan bireylerin piring ve akdaridan da uzak durmasi
gerekmektedir (Glbiir, 2012).

Yer fistig1 (Arachis hypogaea) en yaygin gida alerjenlerinin
basinda gelmektedir (Ojiewo ve ark., 2020). Degisik 6zellik-
lerinden dolayi piyasada tiiketime sunulan pastacilik tiriinleri,
cikolata, sekerleme ve kek gibi unlu mamiillerde ingrediyen
olarak kullanilmaktadir. Yer fistig1 alerjisi hayatin erken do-
nemlerinde kendini belli etmekte ve dmiir boyu stirmektedir.
Fakat yapilan ¢alismalar yer fistig1 alerjisine sahip ¢ocuklarin
yaklasik %20’sinin sonunda bu alerjilerini agtigini goster-
mektedir (Finkelman, 2010). Bunun yani sira baz1 insanlar
yetiskinlik doneminde de yer fistigina kars1 alerji gelistirebil-
mektedir (Gupta ve ark., 2019). Duyarlilig1 fazla olan kisi-
lerde mikrogram miktarmdaki alimlar reaksiyona sebep ola-
bilirken, miligram miktarindaki alimlar sistemik reaksiyon-
lara yol agmaktadir. Hatta yer fistig1 alerjisi olan bazi birey-
lerde, bir odada fistik ezmesi dolu bir kavanozun agzinin agik
birakilmasinin bile reaksiyona sebep oldugu bildirilmistir
(Buttriss, 2002).

Bir bireyin yer fistigina alerjisi var ise aga¢ yemislerine (ba-
dem, kaju, ceviz vb.) de alerjisinin olma olasilig1 oldukca
yiiksektir. Ayrica, yer fistig1 ve aga¢ yemisleri sik sik iiretim
ve isleme asamalarinda birbirine temas edebilmektedir. Fistik
alerjisi olan ¢ogu insan soguk preslenmis veya ekstriide edil-
mis fistik yagindan kac¢inmalidir. Yiksek derecede rafine
edilmis fistik yaginin alerjen olarak etiketlenmesi gerekmese
de yer fistig1 alerjisi olan bir bireyin bu fistik yagin tiiketme-
den Once doktoruna danismasi gerekmektedir. Yer fistigt
alerjisine sahip bir bireyin kaginmasi gereken bir besin de
gliitensiz gidalarda yaygin bir un ikamesi olarak kullanilan
act bakladir. Ciinkii yapilan bir ¢aligmada, yer fistig1 ile bu
baklagil arasinda giiclii bir ¢apraz reaksiyon oldugu ortaya
konmustur. Restoranlarda 6zellikle Afrika, Asya (Cin, Hint,
Endonezya, Tayland ve Vietnam) ve Meksika restoranlarinda
fistik icermeyen bir yemek siparis edildiginde bile yiiksek
oranda capraz temas riski bulunmaktadir (FARE 2020).

Yer fistig1, findik ve benzeri yagh tohumlar genelde anafi-
laksi gibi ani ve ciddi seyreden alerjik reaksiyonlara neden
olmaktadir. Yer fistig1 alerjisinin belirtileri arasinda en ¢ok
rastlananlar; bogaz ve solunum yollarinin daralmasi (astim),
cilt reaksiyonlar (lirtiker, egzama, kurdesen, kizariklik ve
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sisme), sindirim rahatsizliklar (yutakta 6dem), dudak ve ya-
nak mukozasinda kabarmadir. Alerjik etkiler genellikle yen-
dikten sonra birka¢ saniye i¢inde goriilmektedir fakat kes-
tane, findik, badem ve yer fistig1 yagi solunumla bile alerjik
reaksiyon olusturmaktadir (Oztiirk ve Besler, 2008, p.11).

Yer fistig1 alerjisinden olusacak bir reaksiyonu &nlemek
adina yapilacak tek sey yer fistig1 ve lriinlerinden uzak dur-
maktir. Bu amagla 6ncelikli olarak gidalara ait etiket bilgile-
rinin dikkatlice incelenmesi biiyiik 6nem tagimaktadir. Gida
iireticisi firmalar satisa sunduklari gidalarin etiketlerinde tii-
keticinin bilgilendirilmesi i¢in Tiirk Gida Kodeksi Gida Eti-
ketleme ve Tiiketiciyi Bilgilendirme Y 6netmeligine gore ice-
riginde yer fistig1 ya da diger alerji-intoleransa neden olan
alerjenlerle ilgili bilgi vermek zorundadir. Bu alerjen bilgisi
listenin geri kalan bdliimiinden bariz sekilde ayrilan bir bi-
cimde belirtilmelidir. Eger gidanin bilesenler listesi bulun-
muyorsa bu alerjen maddeler adlarinin ardindan “igerir” keli-
mesi kullanilarak vurgulanmalidir (Anonim, 2017).

Yer fistig1 tohumlar1 32 farkli protein igermektedir (Pele,
2010). Diinya Saglik Orgiitii ve Uluslararas1 Immiinoloji Der-
nekleri Birligi (WHO/IUIS, 2017) Alerjen isimlendirme Alt
Komitesi tarafindan simdiye kadar yer fistig1 alerjenlerinden
sorumlu olarak 17 adet yer fistig1 proteini (Arah 1 - Ara h
17) tanmmmlanmugtir. Fakat Ara h 1, Arah 2 ve Ara h 6 prote-
inleri anafilaktik soka sebep olan ana yer fistig1 alerjenleridir
(Porterfield ve ark., 2009). Bir¢ok arastirici tarafindan yer fis-
t1g1 alerjenlerinin proteolitik sindirime, 1siya veya kimyasal
denatiirasyona karsi diren¢li oldugu bildirilmektedir (Kop-
pelman ve ark., 2010; Igbal ve Ateeq, 2013; Toomer ve ark.,
2013).

Bu calismada, anafilaktik sok gibi ciddi rahatsizliklara yol
acan ve halk sagligin tehdit eden yer fistig1 alerjenine dikkat
cekmek igin Istanbul piyasasinda satisa sunulan ve etiketinde
yer fistig1 icermedigi bildirilen ambalajli ve ambalajsiz kek-
lerde yer fistig1 kalintisinin ELISA (Enzyme-Linked Immu-
noSorbent Assay) ile arastirilmas1 amaglanmistir.

Materyal ve Metot

Materyal

Calismanin materyalini Istanbul piyasasinda market, pastane
ve unlu mamul satig noktalarinda satiga sunulan ve igeriginde
yer fistig1 kullanilmadigi belirtilen 42 adet ambalajlanmis ve
42 adet ambalajlanmamis kek ornekleri olusturdu. Ambalaj-
lanmis keklerin etiketinde yer fistig1 icermedigi bilgisi olma-
sia dikkat edildi. Satis noktalarindan satin alinan ambalajl
ve ambalajsiz kek drnekleri kapali kaplarda Istanbul Univer-
sitesi-Cerrahpasa, Veteriner Fakiiltesi, Besin Hijyeni ve Tek-
nolojisi Anabilim Dal1 Laboratuvarlaria tasmarak gerekli
analizler yapildi. Numunelerdeki yer fistiginin tespitine yara-
yan ELISA ile uyumlu, bir ambalajinda 48 kuyucugu bulunan
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RIDASCREEN FAST Peanut Art. No.R6202 Ticari test kiti
(R-Biopharm AG, Darmstadt, Germany) kullanldi.

Metot

Ornek Hazirlama
Alerjen Ekstraksiyon cozeltisinin seyreltilmesi:

Extraction Buffer 10 kat konsantredir. 37 °C’de su banyo-
sunda kristalize form ¢oziinene kadar 1sitild1 ve iyice karisti-
rildi. Isitilan konsantre ¢6zelti distile su ile 1:10 oraninda sey-
reltildi. 5 g numune homojenize edildi ve 1 g homojenize nu-
mune Falcon tiiplerine alindi, 1 g yagsiz siit tozu eklendi. 60
°C’de 1sitilan seyreltilmis Ekstraksiyon Buffer'dan 20 mili-
litre (ml) eklenip karistirildi. 60 °C’deki su banyosunda ara
ara ¢alkalayarak 10 dakika bekletildi. Ekstrakt 2500 devirde
4 °C’de 10 dakika santriifije edildi (Ekstrakt 2-8 °C’de 5 giin
saklanabilir). ELISA uygulanmasinda siipernatantdan 100
mikrolitre (ul) kullanildi. Yaklasik 1mL siipernatantdan 1.5
mL’lik santrifiij tliplerine almark 2500 devirde 10 dakika
santrifiij edildi.

ELISA uygulamasi:

Analiz i¢in gerekli sayida kuyucuk alinarak ELISA ¢ergeve-
sine yerlestirildi. Standart ve érneklerin koyulacagi kuyucuk-
lar belirlendi. Kuyucuklara 100 pL standart ve numune oto-
matik pipet yardimi ile konuldu ve oda sicakliginda 10 dakika
inkiibasyona birakildi. Inkiibasyon sonrasinda kuyucuklar
250 pL yikama ¢ozeltisi ile 3 defa yikandi. Kuyucuklara 100
pL enzim/konjugat pipetlendi ve oda sicakliginda 10 dakika
inkiibasyona birakildi. Inkiibasyon sonrasinda kuyucuklar
250 pL yikama ¢ozeltisi ile 3 defa yikandi. Kuyucuklara 100
uL substrat/kromojen pipetlendi. Karanlikta ve oda sicakli-
ginda 10 dakika inkiibasyona birakildi.

Inkiibasyon sonrasinda kuyucuklara 100 pL stop solution
ilave edildi ve sonucu 10 dakika igerisinde 450 nm’ de
ELISA okuyucusu ile okutulup RIDAWIN software yazi-
limi ile degerlendirildi (Ridascreen 2018).

Bulgular ve Tartisma

Bu galigmada, Istanbul piyasasindaki ambalajli ve ambalajsiz
olarak (agikta) satilan keklerin yer fistigi kalintisi tasiyip
tasimadiginin belirlenmesi i¢in toplamda 84 adet kek
numunesi toplanarak analiz edilmistir. Analiz, hassasiyeti 2.5
ppm ile 20 ppm arasinda olan Ridascreen Fast Peanut Art.
No. R6202 ticari Test kiti kullanilarak ELISA yontemi ile
gerceklestirilmistir.

Calismada analize alinan 42 adet ambalajli (etiketinde yer
fisitg1 igerir ibaresi bulunmayan) olarak satisa sunulan kek
Orneginin analize almmasmmin ardindan ¢ikan analiz
sonuclarina gore; 42 adet 6rnegin sadece 1 adedinde (%2.4)
6.15 ppm degerinde yer fistig1 kalintis1 saptanirken; diger 41
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ornegin  (%97.6) hepsinde 2.5 ppm’den daha diisiik
seviyelerde yer fistig1 kalintis1 saptanmustir.

Calismada analize alinan 42 adet ambalajsiz (satic1 tarafindan
yer fistig1 igermedigi beyan edilen) olarak satisa sunulan kek
Orneginin analize alinmasindan sonra ¢ikan analiz sonugla-
rina gore ise; 42 adet 6rnegin 26 adedinde (%62) 2.5 ppm’den
daha az, 6 adedinde (%14) 2.5 ppm ile 20 ppm miktarlari ara-
sinda ve 10 adedinde de (%23.8) 20 ppm’den daha fazla mik-
tarda yer fistig1 kalintis1 bulundugu tespit edilmistir.

Bu ¢aligma i¢in yapilan literatiir taramasinda, Tiirkiye’de am-
balajli ya da ambalajsiz olarak satisa sunulan kek, pasta bis-
kiivi gibi firincilik tirtinlerinde yer fistig1 kalmtisinin arasti-
rildig1 bir caligmaya heniiz rastlanmamustir.

Ambalajli olarak satilan ve etiketinde ‘yer fistig1 igerir’ bil-
gisi bulunmayan 42 adet kek drneginin 1 adedinde (%2.4)
6.15 ppm yer fistig1 kalintis1 tespit edilmistir. Etiket bilgile-
rinde yer fistig1 igermedigi bilgisi ile satisa sunulan kek ve
diger gidalarin analizlerinde farkli miktarlarda yer fistig1 ka-
lintis1 saptanmasinin degisik sebepleri olabilir. Diigiik mik-
tarlarda kalint1 bulunmasi; iiretim ve ambalajlama asamala-
rinda liretim hatlarinin veya kullanilan alet ekipmanlarin et-
kili sekilde temizlenmeden diger {iriinlerin iiretimine baglan-
masi sebebiyle olusan ¢apraz kontaminasyondan kaynaklana-
bilmektedir (Craddock, 1997; Diebel ve ark., 1997; Vierk ve
ark., 2002). Kalintilarin yiiksek miktarlarda bulunmasi ise
yanlig etiketleme, personel hatasi, yanlis depolama gibi kas-
ten ya da yanlislikla ortaya ¢ikan bir durum oldugu bazi aras-
tiricilar tarafindan bildirilmistir (Diebel ve ark., 1997; Holz-
hauser ve Vieths, 1999).

Pele ve ark. (2007) tarafindan yapilan bir calismada Avrupa
pazarindan topladiklar1 569 adet kurabiye ve ¢ikolata 6rne-
ginde ELISA ile findik ve yer fistig1 kalintis1 aranmistir. Bu
caligmanin sonucunda, ¢ikolatalarin bildirilmemis alerjenleri
icerme olasiliginin kurabiyelere gore daha yiiksek oldugu
saptanmistir. Findik kalintilarinin her iki gida kategorisinde
de yer fistig1 kalintilarindan daha yiiksek miktarda tespit edil-
digi bildirilmistir. Ayrica bu ¢alismada kurabiye 6rneklerin-
den 7 adedinde ve ¢ikolata 6rneklerinden sadece 1 adedinde
0.4 ppm degerinin iizerinde yer fistig1 kalintis1 tespit edildigi
belirtilmistir.

Surojanametakul ve ark. (2012) tarafindan Tayland’da yapi-
lan bir calismada etiketinde siit, yumurta, bugday ve yer fis-
t181 gibi alerjen igerigi bilgisi verilmeyen 142 adet gida 6rne-
ginde degisik alerjenler ve yer fistig1 kalintis1 ELISA ile aras-
tirillmigtir. Arastirilan 141 6rnegin 139 adedinde 0.3 ppm’den
az ve sadece 2 6rnekte 0,3 ppm ile 10 ppm arasinda yer fistig1
kalintis1 saptandig1 bildirilmistir.

Holzhauser ve Vieths (1999) ise Almanya’da yerel bir mar-
ketten alinan ve etiketinde yer fistig1 bilgisi bulunmayan 17
cesitli gida drlinii Orneklerinin 5 tanesinde (yaklagik
%30’unda) 2 ile 18 ppm arasinda yer fistig1 proteini bulundu-
gunu bildirmistir.

Konuyla ilgili Tayland’da Surojanametakul ve ark. (2012) ve
Almanya’da Holzhauser ve Vieths (1999) tarafindan yapilan
caligmalarda elde edilen sonuglar ile bu ¢alismada elde edilen
sonuclar benzerlik gosterdigi ve etiket bilgisinde yer fistig
varlig1 belirtilmedigi halde, {iriin igeriklerinde degisik miktar-
larda yer fistig1 kalintisina rastlanmugtir.

Marsh ve ark. (2020) yaptiklar1 deneysel ¢calismada bazi gida
maddelerinin liretiminde kullanilan kimyon ve sarimsak ba-
haratlarinin igeriginde bulunan kavrulmus yer fistig1 kalinti-
sinin ELISA ile 10 ppm’den az miktarda bile tespit edilebil-
digini bildirmistir.

Calismada ambalajli (etiketinde yer fistig1 igerir bilgisi bu-
lunmayan) diger 41 adet kek 6rneginde de 2.5 ppm’den az yer
fistigi kalintist icerdigi diisiiniilmektedir. Aslinda 2.5
ppm’den az yer fistig1 kalintis1 olan kek 6rneklerinin bile yer
fistig1 alerjisi bulunan hassas kisilerce tiiketilmesiyle tehlike
yaratacagi bazi arastiricilar tarafindan belirtilmistir (Holzha-
user ve Vieths, 1999; Surojanametakul ve ark., 2012).

Calismada ambalajsiz olarak agikta satisa sunulan ve satici
tarafindan ‘yer fistig1 icermez’ bilgisi verilen 42 adet kek 6r-
neginin 26 adedinde; (%62) 2.5 ppm’den daha az, 6 adedinde
(%14) 2.5 ppm ile 20 ppm miktarlar1 arasinda ve 10 adedinde
de (%23.8) 20 ppm’den daha fazla miktarda yer fistig1 kalin-
tis1 tespit edilmistir. 2.5 ppm ile 20 ppm miktarlar1 arasinda
ve 20 ppm’den biiyiik ¢ikan kek orneklerinin (16 adet) yer
fistig1 alerjisi olan kisilerde 6liimciil anafilaktik soka bile yol
acacag diisiiniilmektedir.

Yu ve Mikiashvili (2020) yaptiklar bir ¢alismada bazi spesi-
fik olmayan proteazlarin ¢ig yer fistig1 alerjenitesinin azaltil-
masindaki etkinligini arastirmiglardir. Bu calismada yer fis-
t181 cekirdekleri sirasiyla alcalase, papain, neutrase ve brome-
lain ile 2 saat siireyle muamele edilerek yer fistig1 alerjenleri
(Arah 1, Arah 2 ve Ara h 6) sandvig ELISA ve SDS-PAGE
ile belirlenmistir. Calismada bromelain ve neutrase gibi pro-
teazlarla muamele edilen yer fistig1 6rneklerinde Arah 1, Ara
h 2 ve Ara h 6’nin miktarlarinin sirasiyla %100, %100 ve
%99,8 oraninda azaldig1 belirtilmistir.

Tiirk Gida Kodeksi Gida Etiketleme ve Tiiketiciyi Bilgilen-
dirme Yonetmeligi’ne gore, Ek-1’de (Alerjiye veya Intole-
ransa neden olan belirli madde veya iiriinler) bildirilen mad-
delerin, hari¢ tutulan iiriinler disinda etiketlenmesi gerektigi
bildirilmektedir. Yer fistig1 ve yer fistig1 iiriinlerinin harig tu-
tulan iiriinii bulunmadig1 i¢in miktarina bakilmaksizin (eser
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miktarda yer fistig1 igerme ihtimali olsa bile) etiketinde bildi-
rilmesi gerekmektedir (Anonim, 2017).

Calismada hem ambalajli hem de ambalajsiz olarak satisa su-
nulan kek orneklerinin bazilarinda degisik miktarlarda yer
fistig1 kalintis1 bulunmasi bu iiriinlerin Gida Etiketleme ve
Tiiketiciyi Bilgilendirme Y 6netmeligine, dolayisiile TGK’ne
uygun olmadigi tespit edilmistir. Yer fistig1 alerjisi olan kisi-
lerin bu iirtinleri tilketmeleri ¢ok ciddi saglik sorunlarina se-
bep olabilmektedir.

Bu ¢alismada elde edilen bulgular 1s1ginda ambalajli kek 6r-
neklerinin yer fistig1 kalintis1 miktarlar1 bakimindan ambalaj-
s1z kek orneklerine gore daha iyi durumda oldugu saptanmis-
tir.

Sonug¢

Sonug olarak, kek gibi unlu mamul {iretiminde istihdam edi-
len ve tiretimden sorumlu olan personelin alerjenler, hijyen,
capraz temas ve ¢apraz kontaminasyon gibi belli bagli 6nem
arz eden konularda egitilmesi gerekliligi saptanmaktadir. Bu
sayede alerjenlerin tasinma riski en aza indirilerek yer fistigi
gibi anafilaktik etkili alerjenlerin kontaminasyonunun 6niine
gegilebilecegi diisiiniilmektedir. Uretim yapilan imalathane
sahiplerinin ise kontaminasyon riski disinda etiketleme ile il-
gili konularda egitilmesi gerekliliginin de 6nemli oldugu go-
riillmektedir. I¢ piyasada satiga sunulan kek ve diger gida
maddelerinde yer fistig1 gibi alerjen kalintilarin arandigi
daha ¢ok bilimsel calisma yapilmasi gerektigi diigiiniilmekte-
dir. Yer fistig1 alerjisine sahip tiiketicilerin alerjik reaksiyon-
lardan korunmasi i¢in mevcut bir etkin tedavi yontemi bulun-
madig1 géz oniline alindiginda; tiiketicilerin etiket okuma alig-
kanlig1 edinmeleri ve yer fistig1 iceren gidalar tamamen ha-
yatlarindan ¢ikarmalar gerektigi diislintiilmektedir.

Etik Standart ile Uyumluluk

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

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

Tesekkiir: Katkilarindan dolay1 Dog. Dr. Karlo Muratoglu ve Ars.
Gor. Alp Emre Yildiz’a tesekkiir ederim.

Aciklama: Bu calisma 18/12/2020 tarihinde tamamlanan “Piya-
sada Satiga Sunulan Keklerde Yer Fistigi Kalintisinin ELISA fle
Aragtirilmast” baglikli Yiiksek lisans tezi esas alinarak hazirlanmis-
tir.
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ABSTRACT

Polyamines play an important role in the maintenance of intestinal permeability. Therefore we
aimed to determine the effects of probiotics and omega 3 fatty acids on serum polyamine levels in
colitis. Fifty BALB/c mice were randomly grouped as normal, colitis with no treatment applied,
colitis treated by probiotics (VSL#3), colitis treated by omega-3, and colitis treated by both probi-
otics and omega-3. Experimental colitis was induced by injection of 200 mg/kg 2,4-Dinitroben-
zenesulfonic acid (DNBS). The probiotic and the omega-3 fatty acid supplements were applied
daily by oral gavage. Serum polyamine levels were measured with high performance liquid chro-
matography (HPLC). In each group, the levels of serum polyamines are the highest in spermidine
and the least in spermine. Bowel inflammation in experimentally induced colitis mice resulted in
lower serum polyamine concentrations. In probiotic and omega 3 fatty acid supplemented group
significant decreases were observed for spermine and spermidine (p<0.001), while no significant
changes were obtained for putrescine. Combined supplementation of probiotics and omega-3 fatty
acids for 10 days in colitis mice significantly decreased the serum levels of spermine and spermi-
dine.

Keywords: Colitis, Inflammatory bowel disease, Omega-3 fatty acids, Probiotics, Polyamines
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Introduction

Inflammatory bowel disease (IBD) is a systemic disease as-
sociate with an interaction between genetic and environmen-
tal factors and intestinal immunologic factors, with no defi-
nite etiology. It is mainly classified as ulcerative colitis (UC)
and Crohn's disease (CD). Although the etiology of IBD is
not fully understood, current studies indicate that the increase
of activation in T cells plays a significant role (Lee et al.,
2018). The incidence of UC and CD varies greatly regarding
geographical regions and populations and are more common
in developed countries. In recent years, the increase in the in-
cidence of the disease in Turkey and other developing coun-
tries is noteworthy (Ng et al., 2018). The pathogenesis of in-
flammatory bowel diseases is multifactorial (Lee et al.,
2018). There are several theories explaining the possible
mechanisms and mediators involved in the progress of the
disease. With the impairment of gastrointestinal (GI) mucosal
barrier integrity, luminal antigens trigger the mucosal im-
mune system creating tissue damage and thus clinical mani-
festations of IBD emerge (Ahluwalia et al., 2018). However,
it is now widely accepted that IBD is an idiopathic disease
caused by a dysregulated immune response to host intestinal
microflora (Gonzalez-Castro et al., 2017). The impaired im-
mune response during infection causes the bacteria to bypass
the first line of the immune defence in the host, resulting in
increased stimulation of the mucosal immunity system (Shi
etal., 2017).

Polyamines; spermidine, spermine, putrescine are aliphatic
amines found in both prokaryotic and eukaryotic cells. Poly-
amines are also produced by bacteria in the intestine. Follow-
ing the biosynthesis, polyamines are transported into the cell
via polyamine carriers. Polyamines have many functions in-
cluding cell proliferation and immunological response. They
also play an important role in the maintenance of intestinal
function, the formation of inflammation and the recovery
(Hesterberg et al., 2018; Pegg, 2009). The epithelium in the
GI system is regulated by passive diffusion by taking the pol-
yamines from extracellular sources or specific polyamine
transport proteins (Uemura & Gerner, 2011). Polyamines
have been reported to act as negative immunoregulators on
lymphocytes, neutrophil locomotion, natural killer cell activ-
ity, and nitrogen oxide production as well as regulatory ef-
fects on cell growth and differentiation. It was suggested that
the regulatory effect on the inflammatory process arose from
the local release of endogenous polyamines after cell for-
mation or injury (Joyce, 2000). Controversial results have
been reported in the studies of polyamine metabolism in tis-
sue samples of IBD patients. Moreover, it is demonstrated
that deficiency of polyamines are responsible for the impaired
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intestinal barrier which is an important step in the pathophys-
iology of IBD. Two factors are responsible for the intestinal
barrier disruption. The first, the tight junction increases the
basal permeability and causes the barrier defect. Second, ep-
ithelial apoptosis or necrosis leads to large epithelial defects
leading to local leaks in the intestinal barrier. Bacterial trans-
location is followed by degradation of the epithelial barrier
(Sung, 2015). People with IBD have a deteriorated intestinal
bacterial population (Gong et al., 2016). Changes in the bac-
terial population may cause degradation of polyamine levels.
That is why each bacterium can produce polyamines in dif-
ferent amounts. It was shown that the levels of polyamines,
especially those with anti-inflammatory properties, are de-
creased in people with IBD (Weiss et al., 2004). A study on
dogs with IBD also revealed a significant decrease in poly-
amine levels in polyps (Rossi et al., 2018). The elimination
of this deficiency is one of the possible mechanisms by which
inflammation can be reduced. Polyamines are important for
the differentiation and proliferation of the intestinal mucosa
that is rapidly renewing itself. Putrescine and spermidine are
required for proliferation and spermine is specifically re-
quired for differentiation (Gao et al., 2013). Deterioration of
polyamine synthesis may cause chronic intestinal inflamma-
tion by affecting the epithelial barrier. Currently there is no
curative medical tratment for IBD. Alternative treatment
methods will be beneficial. Probiotics have a direct effect on
the epithelial barrier by increasing mucin, antimicrobial pep-
tides and f-defensin production in goblet cells, decreasing ep-
ithelial permeability to intraluminal pathogens and toxins
(Lee et al., 2018). Among the long chain fatty acids, omega-
3 fatty acids have strong anti-inflammatory properties
(Calder, 2012). There are several researches to indicate sepa-
rately the positive effects of omega-3 fatty acids and probiotic
supplements on IBD treatment (Parker et al., 2018; Scaioli et
al., 2017). Our hypothesis is that the combined probiotic and
omega-3 fatty acids supplementation affects the levels of se-
rum polyamines in experimentally induced colitis mice.
Hence, the detection of the amount of serum polyamines may
be useful to monitor the diagnose and treatment of IBD pa-
tients. Further studies are needed to examine the association
between the levels of serum polyamines and diagnose and
progress of IBD. This study was aimed to determine the ef-
fects of probiotics and omega 3 fatty acids on serum polyam-
ine levels in colitis.

Materials and Methods
Study Design

Fifty BALB/c mice with 20-30 g (6-8 weeks) were used in
this study. Animals were obtained from the animal house of
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MEDITAM, Istanbul Medipol University. The animals were
housed under controlled conditions. The room temperature
was 21+2°C and the air humidity was 50+5%. The rhythm of
light and darkness was established (light phase from 6:00
a.m. to 6:00 p.m.). They had free access to tap water and to
standard laboratory chow pellets. Mice were randomly as-
signed to five groups (n= 10/group) as healthy control (non-
colitis), colitis control, probiotic group (colitis and treated
with probiotics), omega-3 (colitis and treated with omega-3),
probiotictomega-3 (colitis and treated with both probiotics
and omega-3). All the animals were weighed before colitis
induction and before sacrifice.

Induction of Experimental Colitis in Mice

Before the 2,4-Dinitrobenzenesulfonic acid (DNBS) applica-
tion mice were fasted for 24 hours and allowed free access to
water only. They were intraperitoneally aneshtesized with 80
mg/kg body weight of ketamine hydrochloride (Ketalar,
Parke Davis ve Eczacibasi, Istanbul) and 10 mg/kg body
weight of xylazine hydrochloride (Rompun, Bayer
HealthCare). Colitis was induced by intrarectal injection
through this tube of 200 mg/kg of DNBS solution (Sigma,
Aldrich) in 30% ethanol (EtOH) except normal group as in
previous (Martin et al., 2014). Healthy control group received
only phosphate-buffered saline (PBS) (Sigma, Aldrich). The
same procedure was repeated with the half dose of DNBS
(100 mg/kg) at the 21th day. The solutions were applied via
a 10 cm of polyurethane cannula placed in 3-4 ¢cm through
rectum. To prevent the reflow the mice were hold upside
down for 90 seconds. Afterwith they were kept trandelenburg
position untill anesthesia emerged. The protocol of DNBS-
induced colitis is detailed in Figure 1 (Martin et al., 2014).

Animal Feed and Nutritional Supports

Mice were reached the standard chow and water ad libitum
whole experimental period. The supplements were given
through oral gavage daily between the 14th and 24th days.
The equal amount of PBS instead of nutritional supplements
were applied to healty and DNBS control groups in the same
period. The probiotic support (VSL#3, Sigma-Tau Pharma-
ceuticals, Inc.) including Lactobacillus acidophilus, Lb. del-
brueckii subsp. bulgaricus, Lb. casei, Lb. plantarum,
Bifidobacterium breve, B. longum, B. infantis ve Streptococ-
cus salivarius subsp. thermophilus had 10° CFU/mL/day
[18]. The supplement of omega-3 fatty acid involving 504 mg
EPA and 378 mg DHA in a gel capsule (Solgar Inc.) was
given 300 mg/kg/day.

Polyamine Analysis

At the end of the 24th day, the animals were euthanized using
cervical dislocation. Blood specimens were collected through

cardiac puncture. For HPLC analysis, blood samples were
centrifuged at 15,000xg at 4 °C for 10 minutes. After centrif-
ugation, 100 pL of the resulting supernatant was removed. A
hundred pL of cold 1.5 M HCIO4 was added and mixed at
medium speed for 30 seconds at 25°C. Then, 50 pL of cold 2
M K,COs was added, the formed gas was removed. Samples
were centrifuged at 15,000xg for 10 minutes at 4°C. A hun-
dred pL of supernatant was transferred into a new plastic vial
and added 150 puL. H,O. Then 700 uL of H,O, 50 puL of 1.2%
(w/v) benzoic acid and 50 uL of samples were placed in 2 mL
plastic vials for 2 pL injection. HPLC analysis was conducted
by Waters Alliance €2695 HPLC equipped with Waters Sym-
metry C18 (75 mm, 3.5 um, 4.6 mm) analytical column. Wa-
ters 2475 FLR detector was used for fluorescent effect of each
polyamine derivative with excitation A set at 340 nm and
emission A at 450 nm. As previous study, The Empower 3
software (Waters) was used for HPLC chromatography data
analysis (Dai et al., 2014).

Statistical Analysis

Statistical analysis was performed with SPSS 22.0 package
program. All data were tested for normal distribution using
the Shapiro-Wilk test and graphical methods. Statistical anal-
yses were performed using ANOVA followed by Hochberg’s
GT2 or Games-Howell post-hoc test. The results were ex-
pressed as mean + standard error of the mean (SE) and p val-
ues <0.05 were considered significant.

Results and Discussion

The concentrations of natural polyamines, spermine, spermidine
and putrescine in all groups are shown in Table 1. The levels of
serum polyamines are the highest in spermidine and the least in
spermine in both control non-colitis and control colitis groups.
However all polyamines decreased in mice with induced colitis in
comparison with control non-colitis. In control colitis groups, the
only significant differentiation was observed in the level of spermi-
dine (p<0.05). In comparison with the control colitis mice, the pro-
biotic supplementation decreased the level of spermine and in-
creased the levels of spermidine and putrescine; omega-3 fatty acids
supplementation decreased the levels of spermine and putrescine
and increased the level of spermidine; combined probitic and
omega-3 fatty acids supplementation decreased the all measured
polyamines. Statistical analysis revealed a significant main factor
effect of the group supplemented with probiotic and omega-3 fatty
acids (for spermine and spermidine p<0.001; for putrescine
p<0.005). Combined probiotic and omega-3 fatty acids was admin-
istered for 10 days, the spermine values were significantly lower
than the values in all other groups (p<0.001); spermidine values
were significantly lower than the values in control non-colitis and
omega-3 groups (p<0.001). There were significant differences in
serum spermidine values for control colitis, probiotic and the pro-
biotictomega-3 groups in comparison with control non-colitis
group (p<0.01). The serum putrescine differences were significant
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(p<0.01) only between the control non-colitis and omega-3 group.
We hypothesize that the combined probiotics and omega-3 fatty ac-
ids supplementation in colitis induced mice affects the serum levels
of spermine, spemidine and putrescine. Polyamines play key roles
in immune response system via T-cell and B-cell development
(Hesterberg et al., 2018). The conflicting results from the studies on
the relationship between the levels of polyamines and IBD were re-
ported in patients and animals with autoimmune diseases (Park &
Igarashi, 2013; Giacomo Rossi et al., 2015). In isolated colonic ep-
ithelial cells from endoscopic biopsies from patients with IBD re-
vealed increased spermidine and N®-acetylspermidine levels re-
flecting increased uptake and metabolism (Weiss et al., 2004). Nitta
et al. (2001) showed that polyamines involved in B cell antigen re-
ceptor (BCR) mediated apoptosis, therefore the levels of putres-
cine, spermidine and spermine were reduced following BCR cross-
linking. In a recent review by Hesterberg et al. the role of polyam-
ines in immune cell functions was evaluated (Hesterberg et al.,
2018). They reported that BCR-dependent activation induces mye-
loid cells which regulates T-cell function indicating the role of pol-
yamines autoreactive B- and T-cells in autoimmune disease. Sup-
porting the interaction between polyamine levels and immune sys-
tem we observed a decrease for polyamines in mice with DNBS
induced colitis in comparison with control non-colitis mice. The
combined supplement to mice resulted in the minimum spermine,
spermidine and putrescine values in comparison with other groups.
The dramatic decreases spesifically in the levels of spermine be-
tween combined group and others were significant. Studies on hu-
mans and animals resulted many beneficial effects of probiotic

Table 1. The polyamine concentrations of mice (mean + SE)
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strains. Linsalata et al. revealed that probiotics reduced the levels of
polyamines in normal colonic mucosa of rats (Linsalata et al.,
2005). In a similar way, in our study the levels of polyamines in
probiotic group were lower than the control non-colitis group. It is
known that increasing nutrient uptake contributes to mucosal resto-
ration (Vidal-Lletjos et al., 2017). Daily intake of omega-3 fatty ac-
ids are associated with a decrease in inflammation in IBD. A study
suggested that any claims of omega-3 fatty acids efficacy in IBD
should be regarded with caution (Yakoob & Abbas, 2016). We ob-
served a significant decrease in the level of putrescine in omega-3
group in comparison with the control non-colitis. However it is yet
difficult to conclude that the serum polyamine level is associated
with the healthy bowel. Interestingly when probiotic and omega-3
fatty acids were given in combination to mice for 10 days, the levels
of polyamines reduced significantly more than the mice which were
supplemented with either omega-3 fatty acids or probiotics. In a
study, it was shown that the levels of spermine were reduced
whereas spermidine was overexpressed in chronic intestinal inflam-
mation (Bailey, 2017). However, Weiss et al. (2004) reported en-
hanced levels of spermidine and spermine in acute colitis, whereas
in chronic inflammation, colonic epithelial cell spermine concen-
trations were decreased. In our study the levels of spermidine were
higher than the levels of spermine and putrescine for each groups,
except probiotictomega-3 and group which the putrescine level
was the highest. Moreover, the amounts of serum polyamines de-
creased in the order of spermidine, putrescine and spermine in each
groups except probiotictomega-3 group.

Polyamines

Probiotic p
(nmol/mL) Control non-colitis Control colitis Probiotic Omega-3 +
Omega-3
Spermine 9.3£0.7 9.2+0.6 8.8+03 7.8+£0.6 0.3+0.1%bcd 0.000
Spermidine 20.0£1.7 11.6+£09* 11.8+1.5*141+1.4 6.8+0.8% 0.000
Putrescine 10.3+£0.2 93+£02 102+13 8.1+02* 7.7+0.6 0.005

Values expressed as mean + SE; Except in control group, all other mice were induced with DNBS for colitis.
2 p<0.01 vs control non-colitis; ® p<0.01 vs control colitis; ¢ p<0.01 vs probiotic; ¢ p<0.05 vs omega-3 group.
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Therapeutic treatment
via gavage*
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* Gavage includes;

- Control non-colitis group: PBS

- Control colitis group: PBS

- Probiotic group: VSL#3 probiotic mixture containing 10° CFU of probiotics per capsule
- Omega-3 group: soft gel capsule of omega 3 containing 504 mg EPA and 378 mg DHA

v

Histologic
assessment
Inflammatory
cytokine analysis

- Probiotics plus omega-3 group: VSL#3 probiotic mixture plus soft gel capsule of omega 3 containing 504 mg EPA and 378 mg DHA

Figure 1. Experimental protocol.

Figure 1. Experimental protocol

Conclusion

This study revealed that the combined probiotics and omega-
3 fatty acids supplementation in colitis induced mice de-
creased the serum levels of spermine, spemidine and putres-
cine more than in the mice fed with either one of these sup-
plements. However the levels of polyamines in colitis mice
groups did not reached the levels as in the healthy mice. It
seems that the inflammation of bowel decreases polyamine
levels irreversibly. Further research is needed to evaluate the
interactions of probiotic microorganisms combined with
omega-3 fatty acids in terms of understanding of metabolic
pathways.
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Introduction

Viruses are microscopic obligate organisms, which contain
either an RNA or DNA genome surrounded by a protective
which virus-coded protein coat. Viruses need host cells with
metabolic and biosynthetic mechanisms of eukaryotic or pro-
karyotic cells for their propagation and survival (Herrero-
Uribe, 2011).

Most viruses are harmful to their hosts and can cause fatal
diseases for humans. The number of potential pathogens
worldwide is enormous; however, disease research and de-
velopment resources are limited. For this reason, the World
Health Organization (WHO) annually announces lists of pri-
ority diseases that are at risk of turning into a major epidemic.
In Table 1, these lists published by the WHO in recent years
include the main diseases and their causative agent that cause
viruses and pose a potential threat(Bloom & Cadarette, 2019).
The last one, Covid-19, which emerged in the city of Wuhan
in China in 2019, and whose effect has still continued all over
the world. As of March 11, 2020, the Covid-19 was declared
a pandemic by the WHO.

When such viral outbreaks occur, such as the current dramatic
emergency, for control of pandemic, it is first necessary to
avoid these viral outbreaks. It is stated that keeping the im-
mune system strong is as important as adhering to social iso-
lation and hygiene rules to be protected (Pellegrini et al.,
2020). One of the duties of individuals to keep the immune
system strong is a healthy and balanced diet. There is no food
or food supplement that provides protection from these epi-
demic diseases or supports the treatment of the disease. Also,
a single food is not enough to keep the immune system strong.
However, it is very important to eat a healthy and balanced
diet, to know the content of foods and to become conscious
about it (Table 1).

The Role of Nutrition in Viral Disease

Good nutrition has a positive impact on immune function. In
various studies that have been conducted on the relationship
between viral diseases and nutrition (Pellegrini et al., 2020),
mainly emphasized to strengthen the immune system. In par-
ticular, it has been stated that deficiencies or suboptimal sta-
tus of certain micronutrients adversely affect the immune
function and resistance to infections decreases. The micronu-
trients comprise of minerals such as zinc (Zn), iron (Fe), se-
lenium (Se), magnesium (Mg) and copper (Cu), vitamins
such as vitamin A, B6, B12, C, D, E, K and folate, and also;
some bioactive compounds such as natural antioxidant poly-
phenols, sterols, bioactive peptides, organic acids, and essen-
tial fatty acids. The bioactive compounds have been derived
from macronutrient through the use of methodologies such as
enzymatic hydrolysis and/or fermentation process (Gombart,

Pierre, & Maggini, 2020). Another phenomenon that
strengthens the immune system is probiotic microorganisms
and their metabolites. Probiotic microorganisms produce var-
ious metabolites with antioxidant, antimicrobial, anticancer,
and anti-inflammatory properties. There are several studies
on the antiviral properties of probiotic cells or their metabo-
lites (Lehtoranta et al., 2014). In this study, it was investi-
gated the important of some micronutrients and/or probiotic
microorganisms in treatment or preventing of viral diseases.

Zinc (Zn)

The biological function of zinc, an essential trace element;
the catalytic activity of enzymes is divided into three catego-
ries as the structural integrity of proteins and the regulation
of gene expression. It contains approximately 250 protein Zn
including various enzymes such as angiotensin converting
enzyme, deoxyribonucleic acid (DNA) polymerase, ribonuc-
leic acid (RNA) polymerase, and alkaline phosphatase. Seve-
ral of evidence has accrued in past years to make evident the
antiviral activity of zinc against adversity of viruses, and via
numerous mechanisms (Li et al., 2019). Some studies have
demonstrated greater response or tolerance to interferon the-
rapy (administration of interferon, a substance in the structure
of the protein that acts against bacteria, parasites, viruses, and
gums, to patients infected with viruses) by administering zinc
to patients infected with hepatitis C virus (HCV). Zinc is a
powerful antioxidant and plays a central role in the immune
system, adequate amounts of zinc are essential to maintain
the integrity of the immune system (Li et al., 2019). It has
known that Zinc-finger antiviral proteins (ZAP) which one of
both human and animal cells, can inhibit the replication of
viruses by stopping the accumulation of viral RNA in the cy-
toplasm, which can lead to innate immune mechanisms aga-
inst infections (Read, Obeid, Ahlenstiel, & Ahlenstiel, 2019).
In addition, zap proteins have different mechanisms; inhibi-
tion of viral protease, viral transcription, and viral polyprotein
tertiary structure etc., but they are not fully understood. In a
study related to virus and Zn (Chiu et al., 2018), it was inves-
tigated the antiviral potential of human ZAP against three vi-
ruses; Japanese encephalitis virus (JEV), dengue virus
(DENV) and Zika virus (ZIKV). As the result, no significant
antiviral effect of ZAP was observed against DENV and
ZIKV, it was identified JEV as the ZAP-sensitive flavivirus.
In another study, it was demonstrated that increased intracel-
lular Zn?" inhibits the replication of SARS-coronavirus
(SARS-CoV) in cell culture. In a different study, it was de-
monstrated that zinc supplement (30 mg/day) increased the
proliferation of T cells that take part in the cellular defense of
the immune system, in elderly care home. These information
shows that Zn is very important in nutrition.
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Table 1. Potential threatening epidemic viral diseases (Bloom & Cadarette, 2019; CDC, 2020; Kuhn et al., 2010; WHO, 2020)

Virus Viral Diseases Description

MERS-CoV Middle East respiratory syndrome A viral respiratory disease caused by a novel coronavirus that was
coronavirus (MERS-CoV) first identified in Saudi Arabia in 2012.

SARS-CoV Severe Acute Respiratory A viral respiratory disease caused by a SARS-associated

Syndrome (SARS)

coronavirus.

Ebola virus

Ebola virus disease (EVD)

One of six known species within the genus Ebola virus. Including
EBOV, cause a severe and often fatal hemorrhagic fever in humans
and other mammals, known as Ebola virus disease (EVD).

Nipah virus

Nipah diseases

A bat-borne virus that is associated with a highly fatal infection.
Nipah virus can also be transmitted through contaminated food or
directly between people. In infected people, it causes a range of ill-
nesses from asymptomatic (subclinical) infection to acute respira-
tory illness and fatal encephalitis.

Phlebovirus

Rift valley fever (RVF)

A viral disease most commonly seen in domesticated animals in
sub-Saharan Africa, People can get RVF through contact with
blood, body fluids, or tissues of infected animals, or through bites
from infected mosquitoes.

Zika virus
(ZIKYV)

Zika

A mosquito-borne flavivirus that was first identified in Uganda in
1947 in monkeys.

Lassa virus

Lassa fever

An acute viral haemorrhagic illness caused by Lassa virus, a
member of the arenavirus family of viruses.

Dengue virus

Dengue fever

A mosquito-borne tropical disease caused by the dengue virus;

(DENYV) symptoms typically begin three to fourteen days after infection.

Human Acquired immunodeficiency Two species of lentivirus (a subgroup of retrovirus) that infect hu-

immunodefici- syndrome (AIDS) mans, it causes acquired immunodeficiency syndrome (AIDS).

ency

virus (HIV)

Nairovirus Crimean-Congo Crimean-Congo hemorrhagic fever (CCHF) is caused by infection
Hemorrhagic Fever (CCHF) with a tick-borne virus (Nairovirus) in the family Bunyaviridae.

SARS- CoV2 Novel Coronavirus Disease The New Coronavirus Disease (COVID-19) is a disease caused by a

(COVID-19)

virus first identified on January 13, 2020 as a result of research
conducted in a group of patients who developed respiratory
symptoms (fever, cough, shortness of breath) in late December in
Wubhan Province, China.

Recommended dietary allowance (RDA) of zinc is 8—11(Fe-
male/Male) mg/day (upper intake level threshold 40 mg/day)
in the case of adults. However, in the long term, high zinc
intake may disrupt the copper balance, so an intake of <25
mg/day is recommended (Alexander et al., 2020). Meat and
seafood are major sources of dietary zinc, while the zinc in
plant-based diets containing folate, phytic acid and some
phytochemicals which are potent inhibitors of Zn absorption

and is less available. On the other hand, legume seeds also are
considered as the important sources of zinc.

In summary, products such as seafood (cooked oysters), beef
and lamb (cooked), fish, poultry, pork (cooked) from the ani-
mal food group, spinach, pumpkin, white mushrooms (coo-
ked), and strawberries, as well as products from the cereal and
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legume group such as leavened whole grains, wheat germ (to-
asted) and beans (cooked chickpeas) can be cited as the main
zinc source.

Iron (Fe)

Main function of the iron in the human body is to carry oxy-
gen from the lungs to the tissues, therefore; iron deficiency
can impair immunity and be a risk factor for the development
of recurrent acute respiratory tract infections (Jayaweera,
Reyes, & Joseph, 2019). However, iron overload can cause
oxidative stress to propagate harmful viral mutations (Zhang
& Liu, 2020). As for studies on iron and viruses, in a study
(Zhu et al., 2019), it was determined that iron supplementa-
tion reduced dengue virus prevalence and viral load, whereas
neutralization of serum iron facilitated dengue virus infec-
tion. The reason of this situation is that many viruses also
need iron-containing enzymes to complete their replication
process. In a different study, Iron supplementation was deter-
mined to increase mortality risk among HIV-Infected Patients
(Haider et al., 2019). It is therefore noted that iron chelators
represent a promising adjunct strategy in the treatment of vi-
ral infections, limiting iron by oral intake or venous injection.
Iron is essential for a central component of the immune sys-
tem, the differentiation and growth of epithelial tissue and the
neutrophils (a type of white blood cells) to produce a reactive
oxygen species to kill pathogens. RDA of iron is 8-18 (Fe-
male/Male) mg/day in the case of adults (Gombart et al.,
2020). Iron from animal sources is so readily absorbed than
from plants, many of these sources such as lean beef, oysters,
chicken and turkey are recommended. Conversely, it has been
indicated that viral infections that disrupt liver function can
cause changes in iron homeostasis, and in this case iron over-
load can exacerbate chronic viral disease. In particular, Iron
overload during infection with human immunodeficiency vi-
rus (HIV), hepatitis B virus (HBV), or hepatitis C virus
(HCV) is associated with increased disease progression
(Schmidt, 2020). In a study, as individuals with severe and
very severe COVID-19 exhibited increased serum ferritin le-
vel, it has been proposed iron depletion therapy as a novel
therapeutic approach in the COVID-19 pandemic (Perricone
et al., 2020). Of course, the negative situation here is not the
iron intake with food, but the consequences of excessive iron
loading.

Selenium (Se)

Selenium is an essential mineral, meaning it must be obtained
through diet. Dietary selenium deficiency is a significant fac-
tor in immunity. The oxidative stress in the host can alter a
viral genome, increase the pathology of an influenza virus in-
fection and also augmented virulence in humans has been
linked to nutrient deficiencies, including that of the micronu-
trient selenium (Seale, Torres, Berry, & Pitts, 2020). The im-
mune response to live bivalent infectious bronchitis corona-
virus vaccine could be stimulated by synergistic effect of se-
lenium with ginseng stem-leaf saponins(Harthill, 2011). Be-
sides, there is an opinion that swine flu, avian flu, and SARS
(another coronavirus) developed in selenium-deficient re-
gions of China, Ebola, HIV, in selenium-deficient regions of
Sub-Saharan Africa (Harthill, 2011). Selenium shows antivi-
ral properties in the form of sodium selenite. This component
can oxidize the thiol groups in the virus protein disulfide iso-
merase, rendering the virus unable to penetrate the healthy
cell membrane (Kieliszek & Lipinski, 2020). There have been
various studies in the literature about the effect of selenium
on viral diseases.

Recommended dietary allowance of selenium is 55 pg/day in
the case of adults(Gombart et al., 2020). However, a total
long-term intake of selenium from food and supplements <
300 pug/day is recommended, as higher intakes may be asso-
ciated with toxicity. There are a lot of foods with high levels
of selenium including meat, chicken, fish and eggs are pro-
tein-rich foods (Klapec et al., 2004).

Copper (Cu)

Copper (I) is a co-factor in the active of superoxide dis-
mutase, which involved in the body antioxidant defenses and
the functions of critical immune cells such as T helper cells,
B cells, neutrophils natural killer (NK) cells, and macro-
phages (Raha, Mallick, Basak, & Duttaroy, 2020). In a study,
it was determined that a Cu-complex compound had antiviral
effect to DENV-2 in Vero cells which are monkey kidney ep-
ithelial cell (Sucipto & Martak, 2020). Sucipto and Marta-
kalso reported that Copper (II) dihydrate exhibited a disrup-
tion effect on dengue virus replication, DENV-2, in vivo
study (Sucipto & Martak, 2020). Copper (Cu) can signifi-
cantly reduce the infectious viruses such as bronchitis virus,
poliovirus, human immunodeficiency virus type 1(HIV-1).

The current United States Recommended Daily Intake is 0.9
mg (Raha et al., 2020). The richest dietary copper sources in-
clude shellfish, seeds and nuts, organ meats, wheat-bran ce-
reals, whole-grain products, and chocolate.
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Magnesium (Mg)

Mg extremely important antioxidant nutrient: human body
can't make it and must get from outside. Research showing
magnesium powerfully supports the immune system. In hu-
mans, Mg the second most abundant intracellular cation after
potassium, plays several roles, involves in > 600 enzymatic
reactions in the body, and regulating basic roles such as neu-
romuscular conduction, muscle contraction, myocardial con-
traction, blood sugar control, and blood pressure, maintaining
tissue integrity and cellular functions, as Mg plays a
significant role in immunity and metabolism maybe contrib-
uting to the exaggerated immune and inflammatory responses
exhibited by COVID-19 patients (Wallace, 2020). People
with decreasing levels of magnesium especially elderly peo-
ple have correlated with the increase of proinflammatory cy-
tokines (IL-6, THF-x) that’s means more free radical damage
and inflammatory responses.

The RDAs for Mg are 300 mg for young women and 350 mg
for young men (4.5-5 mg/kg/day). Magnesium is widely dis-
tributed in green leafy vegetables, such as spinach, legumes,
nuts, seeds, and whole grains, mineral, and bottled waters can
also be sources of magnesium (Azoulay, Garzon, &
Eisenberg, 2001).

Vitamin D

Vitamin D is known to induce antimicrobial peptide LL-37,
which has antiviral, -bacterial and -fungal effects. Several ar-
ticles on the effects of vitamin D on either prevention or treat-
ment of COVID-19 are being published as we navigate this
new pandemic. According to various studies, calcitriol an ac-
tive form of vitamin D is activated by ultraviolet radiations,
it was determined that the calcitriol lead a rise in the produc-
tion of antiviral peptidase(Gombart et al., 2020). In another
study (Jaratsittisin et al., 2020), it was suggested that vitamin
D receptor agonists (VDR) was an effective anti-DENV
agents. In different studies, it was shown that vitamin D is
significantly associated with virus replication in chronic
HBYV infection, and that insufficient vitamin D levels most
likely fail to suppress hepatitis B Virus (HBV) replication and
contribute to poor clinical courses (Hoan et al., 2016). Angi-
otensin-converting enzyme-2 (ACE-2) is a type I integral
membrane protein and the host cell receptor responsible for
mediating virus entry into the cell through binding with spike
(S) protein(Zhang, Penninger, Li, Zhong, & Slutsky, 2020).
It is known that the active form of vitamin D can induce the
expression of ACE-2. Taking this information together it
seems rational to consider a potential role for vitamin D
against SARS-Cov-2. The richest dietary vitamin D sources
include fish, mushroom, and fortified dairy products.

e https://doi.org/10.3153/FH21030

Review Article

Vitamin K

Vitamin K plays role on coagulation in which is an intricate
balance between clot promoting and dissolving processes.
Vitamin K is also a cofactor of anticoagulant protein S. There
are limited studies on the viral effect of vitamin K (Janssen et
al., 2020). In a study (Dofferhoff et al., 2020), it was deter-
mined that pneumonia-induced extrahepatic vitamin K deple-
tion leading to accelerated elastic fiber damage and throm-
bosis in severe COVID-19 due to impaired activation of MGP
and endothelial protein S, respectively. In other study (Walk
et al., 2020), it was hypothesized that vitamin D might have
both favorable anti-inflammatory and unfavorable pro-calci-
fication effects during COVID-19 and that vitamin K might
compensate for the latter. Many studies are needed for the ef-
fect on COVID-19 of this vitamin.

B-Vitamins

B vitamins are water-soluble vitamins and plays an important
role as a part of coenzymes and in the energy metabolism of
all cells. The different roles of vitamin B could be chosen as
a potential treatment options for the treatment of COVID-19
(Zhang & Liu, 2020). Vitamin B1 (thiamine) is recognized as
thiamin and anurine and also the first type of vitamin B that
has been identified. In HIV patients, it is essential to test the
extent of Vitamin B, as it can play beneficial roles in these
cases. Niacin (B3) showed a significantly anti-inflammatory
effect during ventilator induced lung injury (Zhang & Liu,
2020). Vitamin B6 (pyridoxine) participates in more than 100
enzyme reactions also play important role in production of T
cells and interleukins (Qian, Shen, Zhang, & Jing,
2017).Vitamin B-12 is a crucial B vitamin with a vital role in
the immune system, it is needed for the production of white
blood cells. It is also act as an immunomodulatory factor to
maintain the normal function of macrophages (Bourbour et
al., 2020). The predominant sources of B vitamins are grain
and cereal—grain food, seeds and normal intestinal microbi-
ome.

Vitamin A

Vitamin A is a fat-soluble vitamin to be recognized and p-
carotene is its plant-derived precursor. Vitamin-A supple-
mentation was associated with reduced mortality in patients
with Ebola Virus disease during the West African outbreak
(Aluisio et al., 2019). In other study, it was determined that
Vitamin-A supplementation improves linear and ponderal
growth in infants who are infected with HIV (Villamor et al.,
2002). A studies reported that vitamin A has several mecha-
nisms contributes to the phagocytic and oxidative activities
of macrophages, regulate the number and function of NK
cells (Natural killer cells; a type of lymphocyte cells)


https://doi.org/10.3153/FH21030

Food Health 7(4), 286-299 (2021) e https://doi.org/10.3153/FH21030

(Bourbour et al., 2020; Gombart et al., 2020). In a study, it
had reported that diets with low vitamin A may reduce the
effectiveness of inactivated bovine coronavirus vaccines and
increase the susceptibility to infectious diseases (Jee et al.,
2013). There are some foods with high amount of vitamin A
include liver, potato and carrot.

Probiotics

Evidence for antiviral activity of probiotic strains against
common respiratory viruses, including influenza, rhinovirus,
and respiratory syncytial virus comes from clinical and ex-
perimental studies (Turner et al., 2017). Several probiotics
have been reported to possess an immunomodulatory ability
and protect from virus infections by enhancing cytokine anti-
viral responses in respiratory and immune cells and in the in-
testinal mucosa (Biliavska, Pankivska, Povnitsa, &
Zagorodnya, 2019). In a study, it was detected that the strains
of Lactobacillus paracasei, Lactobacillus rhamnosus, as well
as Lactobacillus plantarum could interact with the envelope
of vesicular stomatitis virus (VSV) (Boti¢, Klingberg,
Weingartl, & Cencic, 2007). And, in a different study, it was
determined that Lactobacillus gasseri exhibited antiviral ac-
tivity against respiratory syncytial virus (RSV) (Infusino et
al., 2020). Besides, it is known that orally ingested probiotics
strains of Lactobacillus and Bifidobacterium species have en-
hanced cytokine production in the lungs or serum against vi-
ruses (Lehtoranta et al., 2014).

Bioactive Peptides

Recently, bioactive peptides have gained much attention be-
cause of their numerous health beneficial effects and exhibit
various biological activities such as antioxidant and anti-hu-
man immunodeficiency virus. Matemu et al. (2011) found
that covalent attachment of saturated fatty acids to 7S-pep-
tides improve their antiviral activity against feline calicivirus
(FCV) on the Crandell-Reese feline kidney (CRFK) cells as
well as increase in surface properties of generated lipopep-
tides. An experiment study suggests that ZY 13, one of the
peptidic analogs of cathelicidin-BF (BF-30) efficiently re-
strict ZIKV infection (Xing et al., 2020).

Carnosine, an endogenous dipeptide consisting of beta-ala-
nine and L-histidine, and anserine, a methylated form of car-
nosine is found in cells such as skeletal, cardiac, and smooth
muscle cells. Therefore, they are found in protein rich foods
like red meat, chicken, seafood. The anserine/carnosine in
some studies, it was determined that dietary intake of acer-
ine/carnosine supports the immunological defense against in-
fections caused by bacteria, fungi, parasites and/ or viruses
by increasing the functions of some immune cells (monocytes
and macrophages) (Wu, 2020).

Review Article

Polyunsaturated Fatty Acids (PUFAs)

Polyunsaturated fatty acids (PUFAs) are fatty acids that con-
tain more than one double bond in their backbone. PUFAs are
also known to have anti-viral actions besides many positive
effects on health (Das, 2008). For example, it was determined
that both cis-linoleic acid (18:2, omega-6) and arachidonic
acid (20:4, ®-6) could inactivate animal herpes, influenza,
Sendai, and Sindbis virus within minutes of contact (Kohn et
al., 1980). Also, in a study (Leu et al., 2004), it was deter-
mined that strong synergistic anti-HCV effect was observed
when the arachidonic acid was combined with IFN-a (inter-
feron-a) which is a substance found naturally in the body in
very small quantities and defends the body against viruses.
On the other hand, a- linolenic acid (18:3, omega-3) fatty acid
is a safe, effective, and low-cost strategy to help support op-
timal immune function. Polyunsaturated fatty acids such as
the omega-3 characterized by boosting the immune system by
improving B cells (B-lymphocyte) activity, reducing cyto-
kines, lowering the inflammatory eicosanoids, and increasing
phagocytosis. It is also could noticeably rarefy influenza vi-
rus replication via the RNA export machinery (Bourbour et
al., 2020).

It has been considered that the anti-HCV effect of PUFAs is
due to the formation of significant amounts of lipid peroxides.
Lymphocytes and macrophages contain significant amounts
of PUFAs and release them on appropriate stimulation. This
action is predicted to be similar to the fact that PUFAs stim-
ulate NADPH-dependent superoxide production by macro-
phages, neutrophils and lymphocytes that has bactericidal ac-
tion (Das, 2008). Of polyunsaturated fatty acids; omega-3 (®-
3) fatty acid is found in fish and seafood.

Some Functional Foods with Antiviral Properties

Diet management should be considered in terms of improve-
ment Immunity and the use of antiviral properties for a small
number of nutrients. General recommendations for healthy
adults can generally be described as rich in plant foods, in-
cluding fresh fruits and vegetables, soybeans and nuts, good
sources of antioxidants, omega-3 fatty acids, lower in satu-
rated fats/trans fats and animal proteins (Table 2).

Citrus is one of the nature’s best and easily available source
of vitamin C, flavonoid, fiber, antioxidant, anti-tumour, car-
dio-protective and neuro-protective agent what makes them
significant is their immune boosting potential, reduce inflam-
mation, improve gastrointestinal function and health. Citrus
fruits play an important role in preventing conditions like di-
abetes, cancer, neurological disecase. Apples are a good
source of fiber and vitamin C. They also contain polyphenols,
which may have numerous health benefits.
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Table 2. Some foods and their components associated with antiviral activity

Food item

Components associated with antiviral activity

Reference

Almonds, Peanuts Vitamin E levels antiviral activities

(Makau et al., 2018)

Camellia sinensis Flavonoids, polyphenols, antioxidants

(Suchitra & Parthasarathy, 2020)

Broccoli Sulforaphane, Antiviral effects (Antonenko et al., 2013)

Garlic extracts Organosulfur, Antiviral activity (Suchitra & Parthasarathy, 2020)

Curcumin Reduced the inflammatory cytokines (Hewlings & Kalman, 2017)

Paprika vitamin C and vitamin E (M. H. Gnayfeed, Daood, Biacs, & Alcaraz, 2001)

Zingiber officinale Antiviral activity (HIN1, influenza A and HRSV)

(Chang et al., 2013)

Leafy vegetables

Beta carotene, Antioxidant, elevating leucocytes.

(Grune et al., 2010)

Coconut water

Vitamin B,, B3, B; and Bo, antiviral activity

(Chauhan et al., 2014)

Aromatic plants  Polyphenolics

(Christaki, Bonos, Giannenas, & Florou-Paneri,
2012)

Spinach Carotenoids (Lutein, a-carotene) (Carbonell-Capella, Buniowska, Barba, Esteve, &
Frigola, 2014)

Kiwifruit Antioxidant (Park et al., 2014)

Banana Phenolics, carotenoids, biogenic amines, phytosterols (Kaur, Purewal, Sandhu, & Kaur, 2019)

Onion Organosulfur compounds (Quercetin and Allicin) (Singh, Singh, Kaur, & Singh, 2016)

Spirulina extract Sulpholipids, bioactive proteins (Cyanovirin-N)

(Sharma, 2019)

Nuts and seeds such as almonds and peanuts have high vita-
min E levels. Also, they include minerals such as the Zn, Se,
Cu. In a study, it was determined that almonds and the peanut
skin had significant antiviral activities (Makau, Watanabe,
Mohammed, & Nishida, 2018).

Green tea (Camellia sinensis) contains a group of flavonoids
called catechins have shown to be effective in inhibiting viral
infections. This advantageous effect has been ascribed to the
existence of high amounts of polyphenols, which are vigor-
ous antioxidants (Chacko, Thambi, Kuttan, & Nishigaki,
2010).

The sulforaphane, a chemical found in vegetable such as
Broccoli (Brassica oleracea var. ltalica), other cruciferous
vegetables have claimed to turn on the antioxidant genes and
enzymes in particular immune cells. Also, it is known that
Broccoli has antiviral effects against influenza viruses
(Antonenko et al., 2013).

Garlic (Allium sativum) extracts has been recognized to have
organosulfur compounds like allicin, diallyl trisulfide and
ajoene are main chemicals, which impart antiviral property to
garlic, showed the antiviral activity against HIV, herpes, cy-
tomegalovirus and the flu viruses.

Curcumin (Curcuma longa) is a bright yellow chemical pro-
duced by Curcuma longa plants and belonging to the ginger
family is recognized to be significantly reduced the inflam-
matory cytokines (Hewlings & Kalman, 2017). In some stud-
ies, conducted related with action of curcumin on viruses, it
was determined that curcumin demonstrated various protec-
tive and/or inhibitory activities such as inhibition of viral rep-
lication, inhibition of viral entry, degradation of viral Tat pro-
tein and interaction with VP30 against viruses such as the
RVFV, the HCV, the EV, influenza A virus (IAV) and bovine
herpesvirus 1 (BHV 1) (Mathew & Hsu, 2018). The ginger
(Zingiber officinale) and its extracts demonstrated to have an-
tiviral activity (HIN1, influenza A and HRSV) and inhibition
of viral replication by promoting the function of the immune
systems (Chang, Wang, Yeh, Shieh, & Chiang, 2013).

Olive based products (olive oil, olive leaves) include oleuro-
pein, hydroxytyrosol, elenolic acid, vitamin E components. It
was determined that these components were reduced the up-
per respiratory infection with antioxidative property of
oleanolic acid in oleuropein against especially influenza A
and B, parainfluenza 1, 2, and 3 viruses, and herpes
(Somerville, Moore, & Braakhuis, 2019).
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Table 3. Some nutrients and microorganisms effective on viral diseases and recommended daily intakes (RDI) of them.

Some foods or microorganisms Food and concentration in this food

effective on viral diseases

Recommended Dietary Allowance (RDA)

(in adult individuals)

Reference

8 mg/ day for women and 11 mg/day for men.

(Institute of Medicine, 2001)

Zinc (Zn) Lean red meat, whole-grain cereals,
pulses, and legumes (2.5-5 mg/100g)
Iron (Fe) Beef, variety meats and by-products,

spleen, cooked, braised (33.46 mg /
100 mL)

18 mg/ day for women and 8 mg/day for men.

(NIHa, 2021)

Selenium (Se) Brazil Nuts (1.92 mg/100g)

55 pg/day for women and men

(Institute of Medicine,2000;
Nutrition Facts for
Brazilnuts, 2021)

Copper (Cu) Tempeh (0.9 mg/cup) Beef, liver, pan 900 pg/day for women and men (Institute of Medicine, 2000;
fried (12.4 mg / 100 mL) NFT, 2021)
Magnesium (Mg) Pumpkin seeds, roasted 310 mg/day for women, (Food Data Central, 2021)
420 mg/day for men
Vitamin D Fish salmon (685 IU/100 g) 600 IU/day for women and men (Food Data Central, 2021)
Vitamin K Spinach and broccoli (raw, 498 and 1 mg/kg day (Booth & Suttie, 1998;
307 ng/100 g wet weight, respectively) Kamao et al., 2007)
Vitamin A Beef Liver (16814 1U) 600 pg/ day for women (Food Data Central, 2021;
700 pg/day for men. Olson, 1987)
B-Vitamins Whole grain wheat and barley cereal B3 =35 (mg/day*), (Food Data Central, 2021;

(B1, B2, B3, BS, B9, B12 etc.) (B1;1 mg, B2; 0.117 mg, B3; 8.621

mg, B6; 0.862 mg)

B6 =100 (mg/day*)
Folate (B9) = 1000 (ng/day*),
B12 =3.5-2.4 (ug/day)

Institute of Medicine, 1998)

Probiotic microorganisms Yogurts, Cheeses, Beverages, Ice n.d.** (Granato et al., 2010)
Creams
Bioactive peptides Milk, Whey, Soyabean, fruits, n.d. (Korhonen & Pihlanto, 2003;

vegetables, and grains

Liu, 2013)

Soybean oil (MUFAs; 22.783 g/100g,
PUFAs 57.74 g/100g); Salmon (1.8
2/100 g); Omega-3). Fish, mackerel,
salted ((EPA)1.619 g/100g, (DPA
0.391 g/100g, (DHA) 2.965 g/100g)

Polyunsaturated fatty acids
(PUFASs; a-linolenic acid: ALA,
linoleic acid: LA, Docosa-
hexaenoic acid: DHA, Eicosa-
pentaenoic acid: EPA, etc.)

1.1 g/ day for women and 1.6 g/day for men.

(Food Data Central, 2021;
NIH, 2021b)

The yellow/orange pigment beta carotene that found in green
leafy vegetables, sweet potatoes, and carrots like all carote-
noids, is an antioxidant can reduce inflammation and boost
immune function by elevating leucocytes in the body (Grune
et al., 2010). Coconut water is rich in vitamins like B2, B3,
B1 and B9 along with immune stimulating properties to fight
viral infections like flu (Chauhan, Archana, Singh, Raju, &
Bawa, 2014).

The onion (Allium cepa L.), contains organosulfur com-
pounds like quercetin and allicin are associated with hinder
virus attachment to host cell, alter transcription and transla-
tion of viral genome in host cell and also affect viral assembly
(Sharma, 2019). Spirulina is a dietary supplement. It is a free-
floating cyanobacterium, which has 70% protein content and
is rich in phenolic acids, essential fatty acids, sulfated poly-
saccharides, and vitamin B12. In literature, it is found some

studies related with the antiviral activity of Spirulina against
viruses (Joseph, T, Ajay, Das, & Raj, 2020).

Some nutrients and microorganisms effective on viral dis-
eases, and the recommended daily intakes (RDI) of them

were given in Table 3.

The yellow/orange pigment beta carotene that found in green
leafy vegetables, sweet potatoes, and carrots like all carote-
noids, is an antioxidant can reduce inflammation and boost
immune function by elevating leucocytes in the body (Grune
et al., 2010). Coconut water is rich in vitamins like B2, B3,
B1 and B9 along with immune stimulating properties to fight
viral infections like flu (Chauhan, Archana, Singh, Raju, &
Bawa, 2014).

The onion (Allium cepa L.), contains organosulfur com-
pounds like quercetin and allicin are associated with hinder
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virus attachment to host cell, alter transcription and transla- Some nutrients and microorganisms effective on viral dis-
tion of viral genome in host cell and also affect viral assembly eases, and the recommended daily intakes (RDI) of them
(Sharma, 2019). Spirulina is a dietary supplement. It is a free- were given in Table 3.

floating cyanobacterium, which has 70% protein content and
is rich in phenolic acids, essential fatty acids, sulfated poly-
saccharides, and vitamin B12. In literature, it is found some

Furthermore, some foods with immune-enhancing properties
and their relationship with immune system cells are given in

. . .. .. .. . Figure 1.
studies related with the antiviral activity of Spirulina against &
viruses (Joseph, T, Ajay, Das, & Raj, 2020).
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Figure 1. Some foods with immune-enhancing properties (Alkhatib et al., 2020; Bourbour et al., 2020)

294


https://doi.org/10.3153/FH21030

Review Article

Food Health 7(4), 286-299 (2021) e https://doi.org/10.3153/FH21030

Conclusion

This study provides a brief overview of the immune-enhanc-
ing and antiviral properties of some bioactive ingredients (es-
pecially micronutrients) in foods on Covid-19 and other viral
infections. It is a fact that a balanced diet supported by appro-
priate foods, functional foods and antioxidants is needed in
the prevention and treatment of viral infections. The infor-
mation mentioned for nutritional interventions generates die-
tary hypotheses that can be applied for protection from
COVID-19 and other viral diseases. Thus, further studies are
needed to clarify the role of COVID-19 and viral diseases
with strong recommendations.
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Safran, Iridaceae familyasina ait Crocus sativus L.' nin kurutulmus kirmiz1 stigmalarindan elde
edilen 6nemli bir baharattir. Tibbi 6zellikleri sayesinde antik ¢caglardan modern zamanlara kadar
geleneksel tipta, icermis oldugu biyoaktif bilesenler sayesinde kozmetik, boya sanayi ve gida sek-
torii gibi cesitli alanlarda kullanilmaktadir. Diinyadaki en kiymetli baharatlardan ve kullanim alan1
oldukca genis olan safranin tiretimi Iran, Hindistan, Afganistan, Ispanya, Italya, Yunanistan ve Fas
gibi cografi bolgeler ile siirhidir. Ayrica en kaliteli safran {ireticileri arasinda yer almasina ragmen
iilkemizde de ekimi ve {iretimi oldukga gerileyerek, yalnizca Karabiik ili, Safranbolu ilgesinin bazi
koylerinde yapilmaktadir. Uretiminin sinirli olmasi, genis kullanim alanina sahip olan ve yiiksek
ekonomik degeri bulunan bu bitkinin taninirhigim da azaltmaktadir. Ulkemize de ekonomik an-
lamda kazang saglayabilecegi diisiiniilen bu degerli bitkinin ekonomiye yeniden kazandirilmasi
gerekmektedir. Bu derlemede safran bitkisi; degerini bir kez daha vurgulamak ve yetistiriciligini
stirdiiriilebilir kilmak amaciyla, her yonii ile ele alinmis ve botanik 6zellikleri, tarihgesi, yetistiril-
digi bolgeler, kimyasal kompozisyonu ve gidalarda kullanimi hakkinda bilgiler verilmistir.

Anahtar Kelimeler: Baharat, Gida, Safran, Saglik, Stigma
ABSTRACT

A Research on Properties, History of Saffron (Crocus sativus L.) and its Use in Foods

Saffron is an important spice obtained from the dried red stigmas of "Crocus sativus L." belonging
to the Iridaceae family. It is used in traditional medicine from ancient times to modern times thanks
to its medicinal properties, in various fields such as cosmetics, paint industry, food sector thanks
to the bioactive components it contains. The production of saffron, which is one of the most valu-
able spices in the world and has a wide area of use, is limited to geographical regions such as Iran,
India, Afghanistan, Spain, Italy, Greece and Morocco. In addition, although it is among the highest
quality saffron producers, its cultivation and production in our country has decreased considerably
and it is only made in some villages of Karabiik province, Safranbolu county. The limited produc-
tion of saffron reduces the recognition of this plant, which has a wide range of uses and has high
economic value. This valuable plant, which is thought to provide economic gain to our country,
should be brought back to the economy. In this review, the saffron plant is discussed in every
aspect in order to emphasize its value once more and to make its cultivation sustainable and infor-
mation about its botanical characteristics, history, regions where it is grown, chemical composition
and use in foods was given.

Keywords: Spice, Food, Saffron, Health, Stigma
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Giris

Safran, Iridaceae familyasina ait otsu ¢icekli ve ¢cok yillik bir
bitki olan Crocus sativus L.' nin kurutulmus kirmizi stigma-
larindan elde edilen onemli bir baharattir (Cardone ve ark.,
2020; Ciar ve Onder, 2019). Safran kelimesi, Fars¢a kokenli
olarak bilinse de giiniimiizdeki kullanimina Arapga asilli sar1
anlamina gelen “za’feran” sézciigiiniin evrilmesiyle kavus-
mustur (Melnyk ve ark., 2010). Bu isimlendirmenin safran
bitkisinin tepeciginde bulunan turuncu-sar1 renkteki stigma-
lardan oldugu disiiniilmektedir. Cincede “fan hung hua”, Ja-
ponca’da “safuran”, Italyanca’da “zafferano”, ispanyolca’da
“azafran”, Yunanca’da ‘“zaford”, Fransizca, Almanca,
Tiirkge’ de “safran” ve Ingilizce’de “saffron” gibi isimlendir-
meler ile kullanilmaktadir (Ceylan, 2005).

Safran, ¢ok eski yillardan beri ilag, kozmetik, boya sanayi ve
gida sektorii gibi ¢esitli alanlarda kullanilmistir (Kanakis vd.,
2007). Safran gigeklerinin kurutulmus stigmalarinin antidep-
resan, antioksidan, antikarsinojenik afrodizyak, antispazmo-
dik, antiiflamatuar 6zelliklerinin yan sira kolesterol ve kan
sekerini diizenleyici gibi tibbi ozellikleri bulunmaktadir
(Boskabady ve Aslani, 2006; Chryssanthi ve ark., 2011;
Makhlouf ve ark., 2011; Mzabri ve ark., 2019; Zhang ve ark.,
2013). Bu ozellikleri nedeniyle antik ¢aglardan modern za-
manlara kadar insan sagligini gelistirmek icin geleneksel tipta
yaygin bir sekilde bilinmektedir (Bathaie ve Mousavi, 2010;
Bhargava, 2011). Ayrica son yillarda da kronik hastaliklarin
ve kanserin dnlenmesi i¢in giinliik diyette baharat ve fonksi-
yonel gida kullammminin arttigi goriilmektedir. Bu anlamda
ozellikle de insan sagligi igin faydali 6zellikleri sayesinde tii-
keticilerin ilgisini ¢gekmektedir (Kyriakoudi ve ark., 2015).

Bitkinin kullanildig1 bagka bir alan ise kozmetik sektoriidiir.
Iceriginde bulunan kendine has koku ve aroma bilesenleri sa-
yesinde parfiim gibi {irlinlerde kullanilmaktadir (Akhtar ve
ark., 2014). Ayrica yapilan aragtirmalarda safran ¢igeginin
stigmasindan yapilan kremin cildi nemlendirdigi, cillteki su
kaybin1 6nledigi ve yaslanma karsit1 6zelligi oldugu belirlen-
mis ve kremlerde kullanilmaya baglanmistir (Akhtar vd.,
2014; Jadoon vd., 2015).

Safran, suda ¢6ziinebilen ve kirmizi-sar1 renk verici 6zelligi
sayesinde kendi agirliginin ¢cok daha fazlasini boyayabilme
kapasitesine sahip olmasindan dolay1 boya sektdriinde kumasg
gibi ¢esitli liriinleri boyamak i¢in kullanilmasinin yani sira
gida sektoriinde yiyeceklere renk vermesi amaciyla da kulla-
nilmaktadir. Ancak pahali olmasindan dolayr giiniimiizde
kullaniminin azaldig1 ve yerini sentetik boyalara biraktig1 go-
riillmektedir (Ozel ve Erden, 2005).

Safran baharatt renk verici Ozelliginin yanmi sira igerdigi
aroma maddeleri nedeniyle yemeklere kendine 6zgii bir tat ve
lezzet saglamaktadir. Bu amagla 6zellikle Iran, Arap, Orta

Asya, Avrupa, Hint, Fas mutfaklarinda yaygin olarak kulla-
nilmaktadir (Kamalipour ve Akhondzadeh, 2011). Ayrica se-
kerleme, alkollii ve alkolsiiz i¢ecekler, tereyagi, peynir ve
dondurma gibi iiriinlere de renk ve lezzeti iyilestirmek ama-
ciyla eklenmektedir (Hosseini ve ark., 2010).

Tarihsel olarak safran, 3000 yildir gida endiistrisinde ve boya
sanayiinde yaygin kullanimiyla bilinse de geleneksel kulla-
nimi ve klinik deneyler gbz oniinde bulunduruldugunda,
onemli etkileri olan ¢ok genis bir kullanim alanina sahiptir.
Gliniimiizde safran c¢esitli cografi bolgelerde yetistirilmekte
olup, safrana yogun talep bulunmaktadir. Fakat yetistirilme
ve toplama siirecinin zahmetli ve tiretim veriminin diisiik ol-
mas1 nedeniyle iiretim miktar1 bu talebi karsilayamamaktadir
(Coban, 2010). Bundan dolay1 sifal1 bitkiler arasinda en pa-
hali baharat olarak bilinmekte ve "kirmizi altin" olarak adlan-
dirilmaktadir (Leone ve ark., 2018). Pahal1 bir baharat olma-
sindan dolayi yerine genellikle aspir (Carthamus tinctorius,
yalanci safran ya da kir safrani) veya zerdegal (Curcuma
longa) gibi bitkiler de kullanilmaktadir (Cinar ve Onder,
2019).

Kullanim alani mutfaktan sanayiye kadar oldukg¢a genis olan
safranin iiretimi sinirli miktarda yapilmaktadir. Anadolu’da
iiretiminin en genis oldugu bolge Karabiik ilinde adin1 vermis
oldugu Safranbolu ilgesidir (Giimiigsuyu, 2002). Ayrica Tiir-
kiye en kaliteli safran iireticileri arasinda yer almaktadir. An-
cak buna ragmen {iiretiminin iilkemizde 6zellikle 1900’ y1l-
lardan itibaren 6nemini kaybettigi ve sinirli oldugu goriil-
mektedir (Cimar ve Onder, 2019). Oysaki safranin, siirdiiriile-
bilir tarimda iiretimin ¢esitlendirilmesine ve gastronomik tu-
rizmin desteklenmesine izin veren bir gelir takviyesi olabile-
cegi diisiiniilmektedir (Gresta ve ark., 2008). Dolayisiyla ¢ok
genis kullanima sahip olmasinin yani sira gastronomik agidan
da 6nemli bir {iriin olarak yetistiriciliginin siirdiiriilebilir ol-
masi oldukca 6nemlidir (Hagh Nazari ve Keifi, 2007).

Bu derlemede safran bitkisi, degerini bir kez daha vurgula-
mak adina her yonii ile ele alinacaktir. Bu baglamda botanik
ozellikleri, tarihgesi ve yetistirildigi bolgeler, kimyasal kom-
pozisyonu ve gidalarda kullanimi hakkinda bilgiler verilmesi
amaclanmaktadir.

Tanim ve Botanik Ozellikleri

Safran (Crocus sativus L.), siisengiller (Iridaceae) familya-
sindan Cigdem (Crocus) cinsine ait olan ve yagamini iki yil-
dan fazla siirdiiriilebilen ¢ok yillik, soganli bir kiiltiir bitkisi-
dir. Daha ¢ok Kuzey yarimkiirede tropikal ve subtropikal ik-
lim bolgelerinde yetistirilir (Saltu, 2002).
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Bitki, meyve ve tohum iiretemediginden dolay1 soganlar1 yar-
dimiyla ¢ogalir (Rezaeieh ve Vaziri, 2012; Pitsikas, 2015).
Sogan kismu topragin altinda bulunmaktadir ve bu kisim alt
ve list taraftan basik, 2-4 cm arasinda degisen boyutlarda kah-
verengi bir kiire seklindedir (Sekil 1). Topragin istiinde kalan
govde kismi 20-30 cm uzunlugunda ve 5-11 ince uzun yesil
yapraktan olusan bir goriinimdedir. Cigek kismi ise 5-7 mor
renkli petalden olusan bir ovaryum, yumurta borusu ve stig-
madan (tepecik) olusur. Stigma kismu boyutlar1 2,5 ila 3,2 cm
arasinda degisir ve turuncu, kirmizi veya sar1 renklidir (Sekil
2) (Pitsikas, 2015; Rezaeieh ve Vaziri, 2012). Bitkinin yarar-
lanilan boliimii, tepecigin bulundugu ipliksi goriiniisli kisim-
dir (Sekil 3) (Cavusoglu, 2005; Gohari ve ark., 2013).

Soganlar1 yagissiz bolgelerde -10°C’ye kadar dayaniklilik
gosterirken, cicek vermesi igin hava sicakligmin 23-27°C
araliginda olmas1 gerekir. Uygun kosullarda 50 ila 150 giin
arasinda ¢icek vermektedir (Molina ve ark., 2005). Safran, ¢i-
¢eklenme doneminde kuru ve giinesli hava isterken, yagish
havalara karsi ¢ok hassastir. Ayn1 zamanda kumlu, kiregli,
killi ve iyi drenajli topraklarda yetisir ve suyun fazla oldugu
topraklarda soganlar ¢iiriidiigii i¢in ekimi egimli yerlerde ya-
pilmaktadir (Arslan, 1986).

Agustos ayinda ekimi yapilan safran, Ekim ayinda 20-30 cm
boylarinda mor renkli ¢igek agtiktan sonra iglenmeye baglanir
(1pek ve ark., 2009; Molina ve ark., 2005). Hasat genellikle 2
asamada yapilan, 15-20 giin siiren, ¢ok yorucu ve zahmet ge-
rektiren bir istir. Ik asamada acilmamis tomurcuklar toplana-
rak sepetlere koyulur ardindan golge ve serin bir alana serile-
rek ¢igeklerin agmasi beklenir. Ikinci asamada ise bir makas
yardimiyla stigmaya yakin olan kisim kesilir ve daha sonra
kurutulur. Kurutma 30°C’de 24 saat ya da 50-80°C’de 30-35
dakika gibi farkli sicaklik-siire kombinasyonlarinda gergek-
lestirilebilir. Daha sonra karanlik ve nemsiz bir ortamda cam
veya tahta kaplarda muhafaza edilir (Bakhtavari, 2010; Cinar
ve Onder, 2019; Giimiissuyu, 2002).
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Sekil 1. Safran sogani (Ebrahimzadeharvanaghi, 2018)
Figure 1. Saffron corms (Ebrahimzadeharvanaghi, 2018)

Sekil 2. Safran ¢icegi ve sari-kirmizi renginde, 2,5 ila 3,2 cm
boyutlarinda stigma kismi (Small, 2016)

Figure 2. Saffron flower and yellow-red, 2.5 to 3.2 cm in size
stigma (Small, 2016)
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Sekil 3.Safrandan elde edilen ii¢ dall1 tek stigma (Small,
2016)

Figure 3. A single three-branched stigma derived from saffron
(Small, 2016)

Tarihcesi ve Yetistirildigi Bolgeler

Safran, tarihi 3.000 y1l 6ncesine kadar uzanan en eski baha-
ratlardan biridir ve kokeni hakkinda farkli teoriler bulunmak-
tadir. Baz1 arastirmalarda safran bitkisinin iran’dan geldigine
inanilirken, bazilarinda ise Yunanistan'a 6zgii oldugu belirtil-
mektedir (Winterhalter ve Straunbinger, 2000).

Eski caglardan beri bir¢ok kaynak ve hikayede ad1 gecen saf-
ranin tibbi kullaniminin ilk belgeleri Assurbanipal kiitiipha-
nesinde bulunan Asurlulardan kalma M.O. 12.yy’da tarihle-
nen yaztlar olarak belirlenmistir. En eski tasviri olarak MO
1600-1700 tarihinde Girit'teki Minos Sarayi'nda safranin
geng kizlar ve maymunlar tarafindan toplandigi gésteren sa-
ray freskleri bulunmustur. Bazi arastirmalar safranin biiylk
olasilikla Girit’te evcillestigini belirtmektedir. Eski Misir'da
(MO 3100- MS 476) Ebers T1p Papiriisii’nde ise safranin Gi-
rit'ten ithal edildigi ve 6zellikle tip alaninda kullanildigindan
bahsedilmistir (Mousavi ve Bathaie, 2011; Mzabri ve ark.,
2019).

Iranli tarihcilerin safranin kdkeni hakkinda teorisine gore
Zagross ve Alvand Daglari'ndan geldigine inanilmaktadir. En
eski kaniti ise eski bir Pers hanedan: olan "Achaemenian" a
dayandirilmaktadir. Ayrica safranin Kesmir'e tanitilmasinda
Araplarin Iran'a girmesiyle bdlgeden kagarak Hindistan'a ge-
len Zerdiistlerin etkisi oldugu bilinmektedir. Safran kelime
olarak Kesmir'in en eski metninde gegcmektedir (Nilamatapu-
rane, Cilt 1). Ayrica, ¢ok iinli antik Kesmir tarihgesi olan
"Rajtarangini" kitabinin yazar1 Kalhana, Kesmir halkina gore

cennette bile bulunamayan safrandan bahsetmektedir (Yas-
min ve Nehvi, 2013).

Caglar boyunca Iran ve Hindistan’da Kasmir bolgesinde ye-
tistirilen safranin, Mogollar tarafindan Cin’e, Araplar tarafin-
dan Ispanya’ya, Ispanya'dan aldign safran bitkisini Ab-
ruzzo’ya diken rahip tarafindan Italya’ya getirildigi ve Hagli-
lar tarafindan da Bati Avrupa’ya tanitildigi bilinmektedir
(Cardone ve ark., 2020; Mousavi ve Bathaie, 2011). Orta
Cag’da ve sonraki yiizyillarda erisiminin, yetistirme ve top-
lanmasinin zorlugu nedeniyle ¢ok talep goren safranin ticare-
tinde ve tagsisin onlenmesinde sert kurallar uygulandig1 go-
rillmektedir. Ayrica bu durumun 1374'teki “Safran Savasi”na
neden oldugu sdylenmektedir (Christodoulou ve ark., 2015;
Giaccio, 2004).

Anadolu’da varlig1 Hititler doneminden beri bilinen safranin
yetistiriciligi ve ticareti, Antik Yunan, Roma ve Osmanli d6-
nemlerinde biiyiikk 6nem tagimaktadir. Roma doneminde en
degerli safranin Silifke ve yakinlarinda yetistigine yonelik
kayitlar bulunmaktadir. Selguklular ve Osmanli Devleti D6-
nemi’nde Safranbolu basta olmak iizere Adana, Bolu, Izmir,
Tokat, Mardin ve Sanlurfa’da yetistirildigi bilinmektedir
(Coskun ve ark., 2017; Ipek ve ark., 2009). Osmanlilar déne-
minde safran {iretiminin dnemini korudugu, 1858 yilinda In-
giltere’ye yapilan 9,705 kg safran satisi ile agiklanmaktadir.
Ayrica yine o donemlerde safran kelimesinin yerlesim birim-
leri, hanlar ve manastir gibi ¢esitli yerlerin isimlendirilme-
sinde kullanilmas1 da bitkiye verilen 6énemi gostermektedir.
Bu anlamda Istanbul’da Biiyiik ve Kiigiik Safran Hanlar1, An-
kara’da Zaferan Hani, Mardin’de Siiryanilere ait olan Zaferan
Manastiri, Yalova’da Safran koyii, Harput’ta Safran mahal-
lesi 6rnekler arasindadir (Arslan, 2019).

Osmanli Donemi’nde iiretilen safranin yetersiz oldugu za-
manlarda yurt disindan safran ithal edildigi bilinmektedir. Bu
durum yirminci yilizyilin baglarinda i¢ karisikliklar, ekonomik
giicliikler ve kdyden sehirlere go¢ gibi nedenlerden dolayi
safran ekimi ve {iretiminin gerilemesine baglanmaktadir. fler-
leyen yillarda da safran iiretim miktarlari iilke gereksinimini
karsilayamadigi i¢cin Avrupa iilkelerinden safran ithal edil-
meye devam edilmistir (Unaldi, 2007).

Giiniimiizde ise safran yetistiriciligi Iran, Hindistan, Afganis-
tan, Ispanya, Italya, Yunanistan, Fas ve Tiirkiye gibi cografi
bolgeler ile simrlidir (Yasmin ve Nehvi, 2013). iran’m yillik
ortalama safran tiretimi 2007°de 230 ton iken 2017°de 376
tona kadar ylkselmistir. Bu iiretim miktari ile kiiresel iireti-
min %90'm1 olusturmakta ve diinyanin en biiytik {ireticisi ola-
rak kabul edilmektedir. Ancak tarihin en eski safran iiretim
alanlarindan biri olmasina ragmen Iran’da {iretim veriminin,
1982°de 5,1 kg/ha iken 2017'de 3,5 kg/ha olarak 6nemli 61-
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clide diistiigii goriilmektedir. Bu diisiise; toprak veriminin dii-
stik olmasi, tireme materyali olarak kaliteli soganin bulunma-
masi, kemirgen istilasi, uygunsuz isleme, iklim degisikligi ve
tagsis gibi birkag faktoér neden olabilir (Koocheki ve ark.,
2019). Hindistan'da (Kesmir) ise safran endiistrisindeki geri-
leme yillik tiretimin 1997'de 15,85 ton iiretim miktar1 ve 2,8
kg/ha verimde iken 2015'te 9,6 ton iiretim miktar1 ve
2,61kg/ha verime diismesiyle degerlendirilmektedir (Ganaie
ve Singh, 2019). Ayrica mevcut istatistiklere gore, Avrupa
iilkelerinde de safran iiretiminde ciddi bir diisiis olmaktadir
(Cardone ve ark., 2020).

Tiirkiye’de ise giinlimiizde ve hatta gelecekte de ekonomik
degeri ile 6nemini siirdiirecegi diisiiniilen safranin ekim alani
yok denecek kadar azalmigtir ve iiretim yalnizca Karabiik ili-
nin, Safranbolu ilgesinin bazi kdylerinde yapilmaktadir
(Unalds, 2007). Ulkemizin gesitli bolgelerinde dzellikle To-
kat (Merkez ve Zile Ilgesi), Sanliurfa (Hilvan), Bursa (Inegol)
gibi sehirlerde de safran yetistiriciligi tekrar denenmektedir.
Ancak buralarda ticari bir deger s6z konusu degildir. Bu ne-
denle Tiirkiye Istatistik Kurumu (TUIK) kayitlarinda safran
tiretimine yonelik veri bulunmamaktadir (Coskun ve ark.,
2017). Safran bitkisinin ekimi ve pazarlanmasi konusunda
Tarim Bakanligi ve Ozel idare kaynaklar1 kullanilarak ekim
caligmalari devlet destegi ile saglanmaktadir. Bu ¢aligmalar
ile ekim alanlarinin arttirilmasi ve gen kaynaginin korunarak
gelecek nesillere aktarilmasi amaglanmaktadir (Unalds,
2007).

Kimyasal Kompozisyonu

Safran stigmalarinin temel bilesimi %14-16 su, %11-13
azotlu maddeler, %12-15 seker, %41-44 nitrojen icermeyen
¢oziiniir maddeler, %0,6-0,9 ugucu yag, %4-5 seliiloz ve %4-
6 mineral maddelerden olusur. Safranda riboflavin (56-138
ug/g) ve tiamin (0,7-4 pg/g) gibi iki 6nemli vitamin bulun-
maktadir. Ayrica safran stigmalarinin kimyasal analizlerinde
yaklasik 150 ugucu ve aroma verici bilesigin varligi belirlen-

mis, ancak yaklasik 50 bilesenin tanimlanmasi yapilmustir.
OH

o OH

OH

Sekil 4. Krosin kimyasal formiilii (Christodoulou ve ark., 2015)

Figure 4. Chemical formula of crocin (Christodoulou ve ark., 2015)
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Bunlar terpenler, terpenik alkoller ve terpen esterleri, flavo-
noidler (kersetin ve kemferol), karotenoidler (krosin, krose-
tin), pikrokrosin ve safranal gibi sekonder bilesikler olarak
bilinmektedir (Azarabadi ve Ozdemir, 2018; Bagur ve ark.,
2018; Pitsikas, 2016).

Safranin igerdigi sekonder bilesikler arasinda en 6nemli ii¢
ana bilesik; safrana 6zgii renginden sorumlu bir karotenoid
pigment olan krosin (Cs4HesO24, suda ¢oziiniir krosetin es-
teri), aroma ve aci tadindan sorumlu olan pikrokrosin
(Ci6H2607, monoterpen glikozit, safranalin 6nciisii) ve koku-
dan sorumlu olan safranal (CioH4O, ugucu yagin ana bile-
seni)’dir (Acar ve ark., 2017; Mzabri ve ark., 2019). Bu me-
tabolitler, safranin gidalara ayn1 anda renk, tat ve aroma ve-
rebilen tek baharat olmasinm saglamaktadir (Cardone ve ark.,
2019).

Krosetin ise hidrofobik ve yagda ¢oziinen konjuge bir polien
dikarboksilik asittir (Sekil 5). Krosetin ve iki kisim suda ¢o-
ziinen gentiobioz (iki D-glukoz biriminden olusmus bir di-
sakkarit) birlesimiyle krosin olusur (Cinar ve Onder, 2019).

Krosin, altin sarisi-turuncu renk verici 6zelligi olan ve do-
gada nadir bulunan bir hidrofilik karotenoittir (Sekil 4) (Ozel
ve Erden, 2005). Kuru safran kiitlesinin %10 undan fazlasini
olusturur ve yiiksek ¢oziiniirliigii nedeniyle diger karotenoid-
lere kiyasla gida ve ilaglarda daha yaygin kullanima sahiptir
(Moghaddasi, 2010).

Pikrokrosin, safranin ac1 tadinm etkileyen ve zeaksantin karo-
tenoidinin oksidatif parcalanmasi ile olusan ana faktordiir
(Sekil 6) (Moghaddasi, 2010). Kuru safran kiitlesinin %4 iinii
olusturmaktadir (Acar ve ark., 2017).

Safranal ise safranin kurutulmasi ve depolanmasi asamasinda
pikrokrosinin hidroliziyle olusan ve aldehit yapisinda olan
aroma vericidir (Sekil 7) (Christodoulou ve ark., 2015). Ay-
rica, ugucu yagin karakteristik kokusundan sorumlu ana bile-
senidir (Kanakis ve ark., 2004).
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Sekil 5. Krosetin kimyasal formiilii (Christodoulou ve ark., 2015)

Figure 5. Chemical formula of crocetin (Christodoulou ve ark., 2015)
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Sekil 6. Pikrokrosin kimyasal formiilii (Christodoulou ve ark., 2015)

Figure 6. Chemical formula of picrocrocin (Christodoulou ve ark., 2015)

H3C CHs

0
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Sekil 7. Safranal kimyasal formiilii (Christodoulou ve ark., 2015)

Figure 7. Chemical formula of safranal (Christodoulou ve ark., 2015)

Gidalarda Kullanimi Bugiin baslica kullanim alan1 mutfak uygulamalari olarak bi-
o ) L linmektedir. Hem tatli hem de tuzlu yemeklere konularak lez-
Safran kendine 6zgii rengi, acimsi tad1 ve otsu kokusu ile tiim zet olusumunu saglayan ¢ok yénlii bir baharattir (Small,

diinyada antik ¢aglardan giiniimiize kadar gidalarda kullani- 2016). Et kizartmalari, etli yemekler ve giiveclerde, corba-
lan 6nemli bir baharattir (Mzabri ve ark., 2019; Sampathu ve larda, pilavlarda, tatlilarda ve hamur islerinde yaygin olarak
ark., 1984). Stigmalari sivi igerisinde bir siire bekletilir, renk kullanilmaktadir. Ayrica gida endiistrisinde alkollii ve alkol-
ve aroma maddelerinin siviya gegmesinden sonra gidalarin stiz icecekler; sekerleme ve firmcilik iiriinleri; peynir, tere-
tizerine dokiilerek kullanilir (Sekil 8) (Small, 2016). Yogun yagi ve dondurma gibi siit iiriinleri; sucuk, salam ve sosis gibi
bir etkisi oldugu igin birkag tel kullamlmas: yeterlidir (Ozkul et tirtinlerinde renklendici ve tatlandirici olarak degerlendiril-
Agikgoz, 2010). mektedir (Sampathu ve ark., 1984; Yasmin ve Nehvi, 2013).
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Sekil 8. Sivi igerisinde demlenen safran stigmalar1 (Small,
2016)

Figure 8. Saffron stigmas brewed in liquid stigmalar1 (Small, 2016)

Diinyada Kullanimi

[ran, Ispanya, Birlesik Krallik'm bazi1 bolgelerinde, Fas, Orta
Asya, Hint ve Avrupa mutfaklarinda yaygin olarak goriilmek-
tedir (Small, 2016). Hindistan, iran, ispanya gibi iilkelerde
ozellikle piring cesnisi olarak bilinmektedir. ispanyol mut-
faginda piringten yapilan bir spesiyal olan “Paella Valenci-
ana” (Bakhtiarova, 2020) ve deniz mahsullerinden yapilan
“Zarzuella” (Small, 2016), Fransiz mutfaginda Provensal
usulil deniz mahsulii giiveg “Bouillabaisse” (Winterhalter ve
Straunbinger, 2000) ve baharatli balik ¢orbasi, italya mut-
faginda Milano usulii risotto (Giupponi ve ark., 2019), yu-
murta bazli ve et suyundan yapilan corba olarak bilinen
“Stracciatella”, Orta Avrupa mutfaginda safran katilarak
yapilan kek olarak “Gugelhupf” (Winterhalter ve Straunbin-
ger, 2000), iran mutfaginda ulusal yemegi olarak kabul edi-
len “Chelow kebab”, koyun eti ile yapilan pilav “Chelow

gosht”, balik ile yapilan pilav “Chelow mahi” (Karizaki,
2016) ve iran Pilav1 olarak bilinen “Tahdig”, Hint mutfa-
ginda geleneksel yemek olarak bilinen “Biiryani”, bir ¢esit
Kemalpasa tatlis1 olarak bilinen “Gulab jamun”, hamurun ¢u-
buk kraker veya dairesel sekillerde derin kizartilmasiyla ha-
zirlanan ve sokak lezzetlerinden “Jilebi ve Jangri” (Ba-
laswamy ve ark., 2012), yogurt tatlisi olarak bilinen “Shrik-
hand” (Prajappati ve Nair, 2003) ve geleneksel Hint dondur-
masi olarak bilinen “Kulfi”, Kesmir’de kahve yapraklarindan
yapilan geleneksel yesil ¢ay olarak bilinen “Kahwa” (Novita
ve ark., 2018), Fas mutfaginda cay, kofte ve geleneksel Kur-
ban Bayrami yemegi olarak bilinen tatli-tuzlu bir et yemegi
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olan “Mrouzia” ve ¢esitli yemekleri tatlandirmak igin kulla-
nilan bir sos olan “Chermoula” gibi ¢esitli geleneksel yemek-
lerin hazirlanmasinda da baharat olarak kullanilmaktadir
(Mzabri ve ark., 2019).

Birlesik Krallik'ta, Devon ve Cornwall bolgesindeki firmeilar
tarafindan geleneksel safran kekleri veya somunlar1 yapil-
makta, tliketimin mevsimlik oldugu, 6zellikle Paskalya ve
Noel zamanlarinda arttig1 sdylenmektedir. ABD'de sosis ki-
liflarmin, oleomargarin veya kat1 yagin renklendirilmesinde,
onayli sentetik boyalarla veya sofra tuzu ve seker gibi {iriin-
lerle karistirilarak kullanilmaktadir. Ayrica tentiir (konsantre
bitkisel kokenli s1v1), likor ve soslarin formiilasyonlarina tat-
landirmak igin katilmaktadir. Bunlara ek olarak Almanlara
6zel bir ac1 brendi olan Boonekamp'ta da kullanildig: bilin-
mektedir (Sampathu ve ark., 1984).

Tiirkiye’de Kullanimi

Safran, kendine 6zgli kokusu ve aromasi ile Selguklu ve Os-
manli donemlerinde oldukca fazla tiiketilen bir baharat iken
Cumhuriyet Donemi mutfaginda kullaniminin azaldigi goriil-
mektedir. Osmanli Déneminde 6zellikle 14-15. yy’larda ¢or-
balarda, kebaplarda, pilavlarda, yahnilerde, baliklarda, tatli-
larda ve serbetlerde hem lezzetlendirici hem de renklendirici
olarak kullanilan énemli ikinci baharat olarak bilinmektedir
(Giirsoy, 2013; Samanci, 2016; Yerasimos, 2014). Ayrica
safran baharatina ikame olarak lezzet olarak benzemese de
renk olarak benzerligi ile zerdecal baharatinin da kullanildig1
bilinmektedir (Ayyildiz ve Sarper, 2019). Giinlimiizde ise
daha ¢ok tiretim yeri olan Safranbolu’da simirli olarak kulla-
nildigy, diger iilkelere oranla yaygin olmadig1 goriilmektedir
(Giiler ve Olgag, 2010). Eski déonemlerden beri, zerde, asure,
pilav, baklava, keskek, ¢orba gibi yemeklerde kullanilirken,
son birkag yildan beri Safranbolu ilgemizde iiretilen lokum,
cay, sabun, kolonya gibi bazi {iriinlere de katilmaktadir (Cos-
kun ve ark., 2017). Bunlarin arasindan &zellikle safranli lo-
kum, keskin tad1 ve canli rengiyle ¢ok tercih edilen tiriinler-
den biridir (Diker ve ark., 2017).

Sonug¢

Safran ¢ok genis kullanim alani ile tiim diinyada uzun yillar-
dir bilinen en degerli bitkilerden birisidir. Ozellikle Akdeniz
Havzasi basta olmak lizere ¢esitli cografi bolgelerde yetisti-
rilmektedir. Uretim alaninin genis olmasina ragmen is¢iligi-
nin zahmetli olmasi, toprak veriminin diisiik olmasi, tireme
materyali olarak kaliteli soganin bulunmamasi, kemirgen is-
tilas1 ve hasat sonras1 uygunsuz isleme, iklim degisikliginin
olumsuz etkisi, tagsis ve sosyo-ekonomik doniisim (kirsal
kesimden niifus kaymasi, hizmet sektorlerinde artig) gibi ¢e-
sitli faktdrler nedeniyle yetistiriciligi azalmaktadir. Genis
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kullanim alan1 nedeniyle duyulan talep giderek artmakta an-
cak tiretim miktar1 bu talebi karsilayamamakta ve diinyadaki
en pahali baharat olarak bilinmektedir. Altinla rekabet ettigi
i¢in diinya pazarlarinda 6nemini korumakta ve tirliniin korun-
mas1 adina Avrupa pazarlarinda raflarda satilmamaktadir.

Ulkemizde ise énemli ihrag iiriinii olarak ekonomiye destek
veren safran {iretimi giderek azalmis ve yok denecek duruma
gelmis, diger iilkelerden safran ithal edilmeye baslanmistir.
Gilinlimiizde de yalnizca adini safran bitkisinden alan Safran-
bolu'da birkag kdyde yetistiriciligi yapilmaktadir. Anadolu'da
bir¢ok bolgede safran tarimi yapilmasina ragmen Safranbolu,
Osmanli Déneminden beri safran yetistiriciliginin 6nemli bir
merkezi olmus ve konumunu da korumustur. Bu durum, be-
lirli donemlerde diinyanin hemen her iilkesinden gelen turist-
lerin bdlgeyi ziyaret ederek yoresel {irlinler ve safran baharati
satin almasindan dolay1 safran yetistiriciliginin turizme olan
katkas ile iligkilendirilmektedir.

Ulkemizde 6nemini kaybetmis olsa da diinyada énemli bir
yere sahip olan ve {ilkemize de saglik, ticaret ve turizm gibi
alanlarda kazang saglayabilecegi diisiiniilen bu degerli bitki-
nin tekrar ilgi gérmesi gerektigi diigiiniilmektedir. Ayrica iil-
kemizin ekonomik agidan diinyadaki rekabet giiciiniin olus-
masinda 6nemli bir etkisi olacagi i¢in iilke ekonomisine ye-
niden kazandirilmasi gerekmektedir. Bu amagla siirdiiriilebi-
lir safran liretimini, verimini ve kalitesini artirmak adina aras-
tirmacilar ve tireticiler tarafindan cesitli calismalar yapilmak-
tadir. Ayrica son yillarda Anadolu’nun kiiltiirel miras1 olarak
degerlendirilmesi ile cesitli etkinliklerle de desteklenmeye
baglanmistir. Bu amaglar dogrultusunda yapilan ¢aligmalarin
ve desteklerin arttirilmasi, Uiriin tanitimlarina 6nem verilerek
taninirliginin yerelden ¢ikarak ulusal ve uluslararasi diizey-
lere taginmasi ve alternatif iiretim alanlar1 olusturma gibi ¢o-
ziim yollar1 bulunmalidir.

Etik Standart ile Uyumluluk

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

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

Tesekkiir: -

Agiklama: -
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Istanbul Okan Universitesi, Uygulamal 0z
Bilimler Fakiiltesi, Gastronomi Bolimii,
Tuzla, Istanbul, Tiirkiye Diinyada en popiiler igeceklerden biri olan kahve, sagliga kanith faydalarindan dolay: fonksiyonel gida olarak de-

gerlendirilebilir. Kahve i¢eceginin fonksiyonel 6zelligi, yapisinda bulunan kafein, klorojenik asit ve malliard reak-
siyonun iiriinii melanoidinler gibi biyoaktif bilesenlerden kaynaklanmaktadir. Kavrulmus ve 6giitilmiis kahve ce-
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.G. 0000-0002-4871-8981 cegindeki ana bilesenlerin ekstraksiyonunda ve miktarlarinda dnemli rol oynar. Bu derlemede kavurma seviyesi ve
demleme/pisirme tekniklerinin kahve i¢eceginin ana bilesenlerine, fizikokimyasal niteliklerine ve sagliga etkileri
aktarilmistir. Kafein, klorojenik asitler, diterpenler kahveol ve kafestol ve melanodinlerin viicuttaki gorevleri, sag-
liga faydalar kahve tiiketimiyle ilgili galisma sonuglar incelenerek derlenmistir. Incelenen arastirma sonuglarina
gore giinliik 2-3 fincan kahve igecegi tiiketiminin giivenli oldugu, kahve igeceginin metabolik ve mental saglig
destekleyici, keyif verici ve uyaniklik arttirici, yiiksek tansiyon ve depresyonla savagmaya yardimcet, tip2 diyabet,
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Effect of roasting, brewing/cooking techniques on the bioactive compounds of coffee: Bene-
fits on human health as a functional food

C dence: ilkay GOK . . . .
orrespondence: Txay Coffee beverage is one of the most popular beverages worldwide and because of its proved health benefits, it may

E-mail: ilkay.gok@okan.edu.tr be regarded as functional food. The potential functional properties of coffee beverage have been associated with its
bioactive compounds including caffeine, chlorogenic acids, and melanoidins which are Maillard reaction products.
The extraction of coffee soluble from the roasted and ground coffee seed is a complex operation and brewing/coo-
king method plays an important role on the extraction and amount of the key compounds in the coffee beverage.
This review provides how the roasting level and brewing techniques affect the key compounds, physicochemical
attributes, and health of coffee beverage. The role of compounds cafteine, chlorogenic acids, melanoidins and the
diterpenes cafestol and kahweol in the body are reviewed along with their impact on health by examining the results
of the studies involving the coffee consumption. According to the reviewed studies daily intake of 2 to 3 cups of
coffee beverage is safe and may support metabolic health, mental health, enhance mood, increase alertness, be
effective against hypertension, help us to fight depression, prevent several chronical disease risks including type 2
@ @ diabetes, Alzheimer’s and Parkinson’s diseases and degenerative diseases, such as cancer like liver cancer, cardio-
vascular disorders. However, some data implies the negative effects on health that it may be cautious for pregnant
© 2021 The Author(s) women and need to limit coffee consumption no more than 300 mg/d of caffeine.
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Giris

Kahve diinyada en ¢ok tiiketilen igeceklerden biridir (Farah
& dos Santos, 2015). Tiirkiye’de kahve tiiketimi iilkelerle ki-
yaslandiginda, Uluslararast Kahve Organizasyonu (ICO)
2019 verilerine gore Avrupa Birligi, Amerika, Japonya,
Rusya, Kanada, Cezayir, Giiney Kore, Avustralya ve Suudi
Arabistan’dan sonra yedinci siradadir (ICO, 2020). 100 farkl
tire sahip oldugu belirtilen kahve agacinin Coffea arabica
(Arabika) ve Coffea canephora (Robusta) adli iki tiirliniin
meyvesi kullanilir. Kahve tiirlerinin genetik orijinini ve ye-
tistirilme kosullarini bilmek bu iki tiir arasindaki kimyasal ve
lezzet profili arasindaki farkliliklar1 ve benzerlikleri anlamak
acisindan Oonem tagimaktadir (Ferreira ve dig., 2019). Et-
hopya orjinli Arabika kahvesi, diinya kahve ticaretinde yak-
lasik %70’lik payla ilk siradadir ve Robusta’yla kiyaslandi-
ginda, Arabika’dan ¢ok stiin kaliteli kahve icecegi elde edi-
lir ve ¢ok daha fazla tiiketilir (Farah ve dos Santos, 2015;
Ferreira ve dig., 2019). Yetistirilmesi daha kolay ve ucuz olan
Robusta kahve, ¢6ziinebilir madde ekstraksiyonu yiiksek ol-
dugu icin genellikle instant kahve liretiminde tercih edilir
(Moeenfard ve Alves, 2020).

Euromonitor verilerine gore diinyada kahve 2017 de 84,3
milyar dolar, 2018 de 86,95 milyar dolar ve 2019 da 87,5 mil-
yar dolarlik ticaret hacmiyle artan bir tilketim potansiyeline
sahiptir. Diinya da kahve tiiketimi 2018 de 7.54 milyon ton
iken 2019 da 7.70 milyon tona yiikselmistir. Tiirkiye’de ise
2017 de 157 bin ton, 49,54 milyar TL, 2018 de 186 bin ton,
51,56 milyar TL, 2019 da 206 bin ton, 52,45 milyar TL lik
tiiketim ve ticaret hacmine sahiptir. Euromonitor verilerine
gore, giin gectikge diinyanin pek cok iilkesinde oldugu gibi
Tiirkiye’de de kahve tiiketim miktar1 artan bir egilim goster-
mektedir (Euromonitor, 2019). Bu nedenle kahvenin sadece
icecek olarak degil saglik agisindan faydalar1 da gittikge
onem kazanmaktadir. Faydalar tespit edildik¢e diyet listele-
rinde ve saglikli beslenme Onerileri arasinda kahve yerini al-
maya baslamigtir (Cornelis, 2019; Ciaramelli ve dig., 2019).
Bazi arastirmalar kahvenin fonksiyonel bir igecek potansiye-
line sahip olabilecegini belirtmektedir (Samoggia ve Riedel,
2019; Ciaramelli ve dig., 2019).

Kahve 1000’den fazla kimyasal bileseniyle kompleks bir ya-
pidir (O’Keefe, ve dig., 2013). Kahve ¢ekirdeginin tiirii, hasat
Oncesi ve sonrasi uygulanan yontemler, kavurma islemi,
oglitme boyutu, demleme/kaynatma yontemi, kullanilan su
miktar1 ve sicaklig1 gibi faktorler kahve i¢eceginin kimyasal
kompozisyonunu etkiledigi agiklanmustir (Cornelis, 2019;
Ciaramelli ve dig., 2019; Pereira ve dig., 2020). Benzer se-
kilde kahve i¢eceginin aroma ve lezzetini etkileyen ugucu bi-
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lesenlerin miktarindaki degismenin de demleme yontemle-
rine ait farkli ekstraksiyon tekniklerinden kaynaklandigi be-
lirtilmistir (Cordoba ve dig., 2020).

Bu derlemede, kavurma ve demleme yontemlerinin kahve
igecegindeki bes ana bilesen tlizerine etkileri ve sagliga olan
faydalari, bu zamana kadar yapilmis pek ¢ok bilimsel arastir-
malarin sonuglar irdelenerek agiklanmistir. Oncelikle kahve
cekirdeginin kimyasal yapis1 6zetlendikten sonra kahve ce-
kirdegine uygulanan kavurma yontemiyle c¢ekirdekte mey-
dana gelen degisim, ardindan da kahve i¢cecegi hazirlanirken
kullanilan demleme/pisirme yontemlerinin etkileri vurgulan-
mistir. Kahve i¢eceginin saglik agisindan faydalarini belirle-
yen bes ana bilesen olan klorojenik asit, kafein, kafestol ve
kahveol ve melanodinlerin uygulanan yontemler sonucunda
degisen miktarlarinin nedenleri belirtilmistir.

Kahve Cekirdeginin Kimyasal Icerigi

Kahve cekirdegi yesil renktedir ve kavrulduktan sonra kah-
verengi olur. Yesil ve kavrulmus kahve cekirdeklerinin
kompleks kimyasal igerigi pek ¢ok bilimsel ¢alismada arasti-
rilmis ve aralarindaki farklar belirlenmistir. Yesil kahve ce-
kirdeginin kuru agirlik tizerinden yaklasik %60 1 karbonhid-
rattir. Karbonhidratlarin yapisinda ¢dziinebilen ve ¢oziineme-
yen polisakkaritler (seliiloz, arabinogalakton ve galaktoman-
nan) bulunur. Robusta tiirlinde Arabika’ya gore oligasakka-
ritler (stakiyoz ve rafinoz), disakkaritler ve monosakkaritler
(glukoz, galaktoz, arabinoz, fruktoz, mannoz, mannitol, ksi-
loz ve riboz) biraz daha yiiksektir (Ludwing ve dig., 2014).

Yesil ve kavrulmus ¢ekirdeklerde bulunan aktif biyolojik
maddeler: klorojenik asit ve laktonlarin (sinif basina en az ii¢
izomeriyle kafeoilkinik asit, feruloilkinik asit, dikafeoilkinik
asit) temelini olusturan fenolik asitler, metilksantinler (ka-
fein, teofillin ve teobromin), diterpenler (kafestol ve
kahweol), nikotinik asit (vitamin B;) ve 6n maddesi trigo-
nelin ve 6nemli miktarda antioksidanlar bulunur (Jeszka-
Skowron ve dig., 2020). Arabikanin yag oran1 Robustadan
daha yiiksektir. Kahve yag iceriginin yaklagik %75’ini trigli-
serid olustururken diger kismini seteroller (stigmasterol, si-
tosterol), yag asitleri (linoleik, linoleik, palmitik, steairk, ara-
sidik, lignoserik ve behenik) ve pentakiklik diterepenler (ka-
festol ve kahveol) olusturur (Ludwing ve dig., 2014;
Moeenfard ve Alves, 2020). Potasyum, magnezyum, kalsi-
yum, sodyum, demir, manganez, siilfat, ¢inko, bakir, stronsi-
yum, baryum, nikel, kobalt, kursun, kadmiyum, brom, sez-
yum, lantan, rubidyum, skandiyum ve fosfor mineralleri bu-
lunur (Zain ve dig., 2017). Robustanin kafein oram1 Ara-
bika’dan iki kat daha yliksektir (Zain ve dig., 2017; Farah,
2012) ve Robusta ¢ok daha yiiksek oranda polifenoller igerir
(Tablo 1) (Vitaglione ve dig., 2012; Godos, ve dig., 2014).
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Kavurma Isleminin Kahve Cekirdegi ve Kahve Iceceginin
Kimyasal Yapisina Etkileri

Kavurma islemi kahve i¢in en 6nemli basamaklardan biridir
ve yesil renkli kahve ¢ekirdegi kahverengi renge doniisiirken,
yapisinda ¢ok cesitli kimyasal reaksiyonlar meydana gelerek
istenen lezzet ve aroma gelisir. Genel olarak uygulanan ka-
vurma sicakligi 150-250 °C arasindadir. Kahve kavurma si-
cakliginda belirli bir sicaklik ve siire sabit olarak verilmez
(Aliah ve dig., 2015; Yeretzian ve dig., 2002; Ku Madihah ve
dig., 2012). Bu nedenle kavurma sicaklik ve siiresini belirle-
mek i¢in farkli yoOntemler kullamilir. Bunlardan biri
Agtron/SCA (Specialty Coffee Association) renk skalasidir
(Elmaci ve Gok, 2021). Elmact ve Gok (2021) ¢alismasinda
acik, orta ve koyu kavrulmus kahve ¢ekirdegi elde etmek igin
strasiyla 95, 55 ve 35 Agtron numaralarin kullanmiglardir.

Review Article

Kavurma siiresi uygulanan sicaklik derecesine gore 2-25 da-
kika arasinda degisir, yliksek sicaklikta daha diisiik siirede
kavurma yapilir. Tipik bir kavurma islemi 10-15 dakika
i¢inde biter. Kavurma igleminin en son agsamasi egzotermik-
tir, karbondioksit (CO,) ve farkli ugucu gazlar olusur. Olusan
gazlar kahve g¢ekirdeginin i¢ basincini 5-7 atmosfere yiiksel-
tirken, i¢ sicaklik ise 180°C ustiine ¢ikar ve kahve ¢ekirdegi
bir basing kab1 gorevini alir (Ludwing ve dig., 2014; George
ve dig., 2008; Yeretzian ve dig., 2002). Pirolitik reaksiyonlar
sonucu olusan gazin biiyiik kismini1 CO; (5-12 L/kg) olusturur
ve kahve ¢ekirdeginin i¢indeki bosluklara dolarak i¢ basinct
yiikseltir ve sonug olarak ¢ekirdek %50-100 siserek biiyiir ve
bu sathada kahve ¢ekirdeklerinin misir gibi patladigi duyulur.
Kavurma devam ettikge cekirdekte ikinci patlama olur.
Kahve ¢ekirdegindeki kimyasal reaksiyonlarin ardindan, pH,
lezzet ve aromasinda meydana gelen degisimle, ¢ekirdek
koyu kahverengi ve daha gévdeli (baskin tat) olur (Yeretzian
ve dig., 2002; Aliah ve dig., 2015).

Tablol. Yesil ve orta kavrum Arabika ve Robusta kahve c¢ekirdeklerinin kimyasal kompozisyonu* (Farah, 2012)

Table 1. Chemical composition of green and medium roasted Arabica and Robusta coffee seeds (Farah, 2012)

Yesil Kahve Cekirdegi Orta Kavrulmus Kahve Cekirdegi
Bilesenler Arabika Kahve Robusta Kahve Arabika Kahve Robusta Kahve
(g/100g) (g/100g) (g/100g) (g/100g)
Karbonhidrat
Sakkaroz 6.0-9.0 0.9-4.0 4.2 1.6
Indirgen Seker 0.1 0.4 0.3 0.3
Polisakkaritler 34-44 48-55 31-33 37
Lignin 3.0 3.0 2.0 2.0
Pektin 2.0 2.0 2.0 2.0
Nitrojenli Bilesenler
Protein/peptidler 10.0-11.0 11.0-15.00 7.5-10 7.5-10
Serbest amino asitler 0.5 0.8-1.0
Kafein 0.9-1.3 1.5-2.5 1.1-1.3 2.4-2.5
Trigonelin 0.6-2.0 0.6-0.7 1.2-0.2 0.7-0.3
Lipidler
Kahve yagi 15-17.0 7.0-10.0 17.0 11.0
Diterpenler 0.5-1.2 0.2-0.8 0.9 0.2
Asitler ve esterler
Klorojenik asitler 4.1-7.9 6.1-11.3 1.9-2.5 3.3-3.8
Alifatik asitler 1.0 1.0 1.6 1.6
Kinik asit 0.4 0.4 0.8 1.0
Melanoidinler - - 25 25
*Kuru Madde
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Yesil kahve ¢ekirdegindeki bilesenler Maillard reaksiyonu,
karbonhidrat karamelizasyonu ve organik bilesiklerin pirolizi
ile farkli bilesenlere doniisiir. Kavurma esnasinda meydana
gelen kahve bilesenlerindeki degismeler ve kimyasal reaksi-
yonlar kahve i¢ceceginin lezzetine, kimyasal dengesine ve in-
san sagligina etki eder (Ludwing ve dig., 2014; George ve
dig., 2008; Smrke ve dig., 2013; Vignoli ve dig., 2014). Uzun
kavurma siiresi ve koyu kavrulmus (230 °C ve 20 dk. iistii)
kahve ¢ekirdegiyle hazirlanan kahve iceceginin antioksidan
kapasitesinin diistiigli bulunmustur (Opitz ve dig., 2017,
Esquivel ve Jiménez, 2012).

Bir aragtirmada, agik (105 Agtron, 180°C), orta (85 Agtron,
205°C) ve koyu (50 Agtron 210°C) kavurma sicakliginin, iki
farkl1 demleme yontemiyle, Tiirk kahvesi ve filtre kahve, ha-
zirlanan kahve icecegindeki toplam antioksidan kapasitesine
etkisi arastirilmigtir. Toplam antioksidan kapasitesi gallik asit
ve kuersetin cinsinden elektrokimyasal yonetmelerle belirle-
nen ¢aligmada, en yliksek toplam antioksidan degerinin diisiik
derecede kavrulmus kahve ¢ekirdeginde oldugu, filtre kahve-
nin antioksidan kapasitesinin Tiirk kahvesinden daha yiiksek
oldugu bulunmustur (Yildirim ve dig., 2020).

Yaklasik 800 ugucu bilesen geliserek kavrulmus kahvenin
kokusunu saglar. Kavurma esnasinda karbonhidrat, protein,
klorojenik asit, aminoasit ve lipit miktarinda diisme meydana
gelir. Yesil kahvede ¢ekirdeginin temel oligasakkariti sakka-
roz, indirgen sekerler glukoz ve friiktoza parcalanarak, ser-
best amino asitler ve proteinlerin serbest amino gruplariyla
reaksiyona girer ve Maillard reaksiyonu gergeklesir. Maillard
reaksiyonuyla aminoketonlar ve/veya aminoaldozlar olusur.
Amadori ve Heyns reaksiyonlariyla olusan iirlinlerle ileri re-
aksiyonlara devam eder ve sonug olarak ¢ok g¢esitli aromatik
ucgucular ve renk verici maddeler olusur. Kafein miktarinda
onemli bir degisiklik olmaz (Yeretzian ve dig., 2002; Farah
ve Donangelo, 2006; Ku Madihah ve dig., 2012). Kavurma
esnasinda, kahve c¢ekirdegi klorojenik asit miktarinin %95 ini
kaybedebilir. Bu azalma, klorojenik asitin farkli yeni bilesen-
lere doniisiimilyle 6rnegin klorojenik asit laktonlar1 olusu-
muyla agiklanabilir. Ayrica kavurma esnasinda melanoidin-
ler olusur ve kahve i¢eceginin antioksidan 6zelligini arttirir.
Kahve iceceginde agrilik¢a galaktomananlar ve tip II arabino
galaktonlar, gibi sindirilemeyen polisakkaritler bulunur
(Moreira ve dig., 2012; Yeretzian ve dig., 2002; Bicho ve
dig., 2011).

Kahve Qgiitme Islemi ve Kahve Partikiil Boyutunun
Kahve Iceceginin Kimyasal Bilegenine Etkileri

Kahve 6giitme islemi sirasinda kavrulmus kahve cekirdegi
kiigiik pargalara indirgenir. Ogiitme islemi sirasinda farkli
partikiil boyutu ve sekilleri meydana gelir. Kahve parcacik
boyutunun kii¢iilmesiyle, yiizey alan1 artarak suyla temas ve
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ekstraksiyon oranmin arttirir ve pargaciklarin daha fazla suyu
alarak hizla sismesini saglar ( Hargarten, Kuhn, & Briesen,
2020; Cordoba, Fernandez-Alduenda, Moreno, & Ruiz,
2020). Farkli demleme yontemleri i¢in kullanilan kahve par-
tikiil boyutunun su/kahve orani, ekstraksiyon siiresi ve uygu-
lanan basingla kiyaslandigr bilimsel arastirmalarda, partikiil
boyutunun kahve icecegindeki ¢oziinen madde miktar1 ve
ucucu bilesenlerine etkisi ile ilgili sonuglarda farkliklar vardir
ama genel olarak pek cok arastirmada partikiil boyutunun
kahve igeceginin kimyasal yapisina 6nemli bir etkisi bulun-
mamistir. Kahve partikiillerinin suyla temas siiresinin kahve
ekstraksiyonunu i¢in ¢ok daha 6nemli bir faktdr oldugu belir-
tilmistir. Elde edilen verilere gore demlemenin ilk birkag sa-
niyesinde (espresso da 8 sn, filtre kahvede 75 sn), basit kar-
bonhidratlar, organik asitler ve kafein %90 oraninda, diisiik
¢Oziiniirliikteki bilesenlerse daha uzun siirede kahve icece-
gine gegmektedir (Gloess ve dig., 2013; Cordoba ve dig.,
2020). Derossi ve dig., (2018) tarafindan yapilan ¢aligmada
oglitme derecesinin kahve kalitesine etkisi tespit edilmis, bu-
nunla beraber demleme tekniklerinin kahve iceceginin tiim
niteliklerini anlamli sekilde etkiledigi sonucuna varilmistir
(Derossi ve dig., 2018).

Kahve Demleme/Pisirme Yontemlerinin Kahve Iceceginin
Kimyasal Bilesenine Etkileri

Kahve i¢cecegi, kavrulmus ve 6giitiilmiis kahve ¢ekirdeginin
suyla demlenmesiyle/pisirilmesiyle hazirlanir. Kahve igecegi
hazirlama kati-sivi ekstraksiyon yontemidir ve kavrulmus
kahvenin yapisinda bulunan farkli kimyasal bilesenlerinin
ekstraksiyonu igin ¢esitli yontemler kullanilir. Uygulanan
yontemlerin ekstraksiyon kinetigine anlamli etkisi vardir.
Kahve igecegi birka¢ dakika i¢inde hazirlansa da uygulanan
demleme yontem ve siireci, demlenmis kahvenin son kalite-
sine dogrudan etki eder (Cordoba ve dig., 2020; Moroney ve
dig., 2016).

Kahve ¢ekirdegi hasadi, yesil ¢cekirdege uygulanan yontemler
ve sonrasinda kahve kavurma sicaklik dereceleri, ¢ekirdegin
kalitesini belirleyen ©6nemli parametrelerdir. Kavrulmus
kahve cekirdeginin 6giitiilmesi ve ardindan uygulanan kahve
demleme yoOntemleri, kahve iceceginin kalitesini belirler.
Kahve igeceginin fiziko kimyasal ve lezzet karakteristigini
etkileyen degiskenler; ekstraksiyon siiresi, basing, kahve ¢e-
kirdeginin 6giitiilme boyutu, kullanilan suyun kalitesi, sicak-
1181 ve miktart olarak belirtilir (Sekil 1). Pek cok islem degis-
keni kahve ekstraksiyonunu etkiler (Cordoba ve dig., 2020;
Moroney ve dig., 2016; Petracco, 2001).

Oncelikle uygulanan kavurma islemiyle yesil kahve cekirde-
gindeki lezzeti etkileyen bilesenler, ugucu ve ugucu olmayan
bilesenlere doniigiir ve ardindan uygulanan demleme/pisirme
yontemiyle de pek ¢ok bilesen kahve icecegine geger. Kahve
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igecegindeki bilesenlerin miktari; 6gitiilmis kahve ¢ekirde- kullanilan su miktar1 ve kalitesi ve uygulanan demleme yon-
ginin partikiil boyutu, demleme esnasinda su ve kahve parti- temlerine gore degisiklik gosterir (Sekil 1) (Farah ve dos
kiillerinin temas1 yani ekstraksiyon siiresi, basing, sicaklik, Santos, 2015; Cordoba ve dig., 2020).

‘ Ekstraksiyon Mekanizmasi |

. l. l' . Ekstraksiyon mekanizmasinda
T e I etkili parametreler

Yesil kahve Kavrulmus Ogittlmis
gekirdegi kahve ¢ekirdegi kahve cekirdegi

+ Kavurma derecesi

+  Partikil boyutu

+ Ekstraksiyon siiresi

+ Basing (demleme
yontemine bagli)

+ Kahve/Su orani

4 Demleme

«  Su sicakligi

+  Su kalitesi
Coziinmiis Fizkokimyasal
maddeler ve

lezzet karakteristigi

Kahve igecedi
(ekstrakt)

Sekil 1. Kahve igeceginin fizikokimyasal 6zelikleri ve lezzet profilini etkileyen ana parametreleri gosteren diagram (Cordoba
ve dig., 2020)

Figure 1. Diagram which indicates main parameters effective on physicochemical properties and sensory profile of coffee beverage
(Cordoba, et al., 2020)
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Kahve Demleme/Pisirme (Ekstraksiyon)
Metotlar

Kahve ¢ekirdeginden suyla ¢ozdiiriilerek kahve icecegi hazir-
lanmasi bir kati-s1v1 ekstraksiyon yontemidir. Katinin sividan
ayrilmasi yontemine temel islemlerde filtrasyon denir ve si-
vinin sabit bir yataktan siiziilmesi mantigima dayanir. Kati-
sivi ekstraksiyon yonteminde ii¢ onemli basamak vardir.
Bunlar; 1) Ogiitiilmiis kahvenin suyla temas1 ve suyu yapisina
cekmesi, 2) Temas sonrasinda ¢oziinen maddelerin ¢oziicii
olan suya ge¢cmesi 3) Elde edilen ¢ozeltinin (kahve igecegi-
nin) kalan kahve partikiillerinden ayrilma islemidir (Petracco,
2001; Moroney ve dig., 2016; Cordoba ve dig., 2020) (Sekil

).

Diinyada kahve igecegini hazirlanmak ic¢in kullanilan farkli
ekstraksiyon yontemleri vardir (Sekil 2). Genel olarak ekst-
raksiyon islemi tiiketiciler arasinda demleme/pisirme yon-
temi olarak bilinir. Liksiviasyon (s1vida dziitleme), siizme, in-
fiizyon (iistline sicak su akitilarak demleme), dekoksiyon/pi-
sirme (kaynatarak 6zilinli ¢ikarma), yilkama ve maserasyon
olarak farkli demleme/pisirme yontemleri vardir (Petracco,
2001; Cordoba ve dig., 2020; Moroney ve dig., 2016; Gloess
ve dig., 2013).

Temel Demleme Yontemlerinde Uygulanan Prensipler

1. Dekoksiyon/Kaynatma yontemi, Tirk kahvesi, kaynatil-
mis kahve, perkolatér kahve ve vakum kahve en ¢ok bilinen
dekoksiyon yontemlerdir. Bu yontemde o6giitiilmiis kahve
partikiilleri belirli sicakliktaki suyun i¢inde kalir, suyun kay-
nama sicakliginda olmasi gerekmez, sivinin igerisine ¢ozii-
nen madde miktarini arttiracak siirede kalmasi yeterlidir. Ge-
nel olarak kati ve stvinin temasi uzun siirelidir (Derossi ve
dig., 2018; Cordoba ve dig., 2020).

a) Tiirk kahvesi: Kavrulmus ve ¢ok kii¢iik boyutta 6giitiil-
miis (ortalama 120 mikron) kahve ¢ekirdegi oda sicakli-
ginda suyla cezve iginde karistirilir ve ates iistiinde ko-
plirme noktasina kadar, karigtirllmadan pisirilir. Kopiik-
lenme ve baloncuklar olustugunda ates iistiinden alinir,
kaynatilmaz. Tiirk kahvesine 6zel kahve fincanina kdpii-
giine zarar vermeden, kahve partikiilleri ile bosaltilarak
icilir. Kopiirme esnasinda sicakligin 93-95°C araligina
ulastig1 ve kaynatilmadan bu sicaklikta fincana bosaltil-
masinin ve kopliklenme siiresinin ii¢ dakika i¢inde ta-
mamlanacak sekilde 1sinin ayarlanmasinin lezzet ve sag-
lik ac¢isindan 6nemi belirtilir. Kahve hazirlanirken kulla-
nilan cezvenin 1s1 iletkenligi 6nem tasir (Girginol, 2018;
Ozdestan, 2014; Cordoba ve dig. 2020; Elmaci ve Gok,
2021).
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b) Kaynatilmig Kahve: Norveg¢ ve Finlandiya gibi Nordik
iilkelerinin favori icecegidir. Ogiitiilmiis kahve cekir-
degi suyla pot icinde karistirildiktan sonra kaynatilarak
hazirlanir. Kahve partikiilleri ¢oktiikten sonra fincana
servis edilerek i¢ilir. Sicak kalmasi i¢in pot iginde siiziil-
meden uzun siire bekletilir (Derossi ve dig., 2018;
Cordoba ve dig., 2020).

¢) Perkolator Kahve: Amerikan’in en eski demleme yon-
temidir. Perkolatdr dzel bir kahve demligidir. Ustiinde
delikli hazneye 6giitiilmiis kahve, en alt tabana su konur
ve ates iistiinde 1sitilir. Tabandaki su kaynayinca, perko-
lator igindeki ¢ubuktan yukart ¢ikar ve yayici levhanin
iistlinden altindaki 6giitlilmiis kahveye, sicak bir yagmur
gibi yagar. Ince cekilmis kahve ¢ekirdeklerinin arasin-
dan s1zan sicak su, siiziilerek alttaki hazneye akar. Suyun
borudan yukar1 ¢ikip, kahve olarak asagi siiziilmesinden
sonra da dongii devam eder (Cordoba ve dig., 2020).

d. Vakum (Sifon) Kahve: Alt haznedeki su kaynadik¢a ba-
sin¢ olusturarak {ist hazneye ¢ikar ve buradaki 6giitiil-
miis kahve cekirdegi ile karigmasi beklenir. Ardindan
1s1tic1 kapanir ve alttaki hazne sogumaya baslayinca, va-
kum olusturarak iistteki demlenmis kahve asagidaki haz-
neye cekilir (Cordoba ve dig., 2020).

2. Infiizyon yontemi; Filtre kahve ve Neapolitan (90 + 5 °C)
en bilinen iki yontemdir. Ogiitiilmiis kahve cekirdekleri (or-
talama 838 mikron) filtre {istiine yerlestirilir ve sicak suyun
ogiitiilmiis kahve ¢ekirdegi iistiinden akitilmasiyla hazirlanir.
Dekoksiyon yontemindeki gibi dogrudan 1sitma ve uzun siire
su ve kahve partikiilleriyle temas yoktur. Kahve partikiil bo-
yutu daha biiyiiktiir (Cordoba ve dig., 2020; Caporaso ve dig.,
2014).

3. Basing yontemi; French press (piston), Moka kahve (90
+5°C) ve espresso (90 £5°C, 9 £5 bar, 30 £5 s) en ¢ok bilinen
yontemlerdir. Kahve icecegi basing kullanilarak hazirlanir.
Basing, demleme i¢in eklenen sicak suyun 6giitiilmiis (orta-
lama 351 mikron) kahve ¢ekirdeklerinin sikistirilmasiyla ha-
zirlanan kahve kekinin i¢inden akmasini saglar. Uygulanan
basing seviyesi kahve iceceginin karakteristik 6zelligini etki-
ler (Petracco, 2001; Parenti, ve dig., 2014; Cordoba ve dig.,
2020; Navarini ve dig., 2009).

4. Soguk demleme yontemi; Soguk demleme yonteminde
diger yontemler gibi sicak su kullanilmaz ve demleme siiresi
¢ok daha uzundur, uygulanan teknige gére demleme siiresi 8
ile 24 saat arasinda olabilir. Genel olarak oda sicakliginda
veya daha disiik sicaklikta su, 6giitiilmiis kahve {istiine dam-
latilarak, French press gibi direkt temasla ya da damlatilarak
hazirlanabilir. Diisiik sicaklik ve uzun ekstraksiyon siiresi,


https://doi.org/10.3153/FH21032

Food Health 7(4), 311-328 (2021) e https://doi.org/10.3153/FH21032

kahve icecegine farkli fizikokimyasal 6zellik ve lezzet karak-
teristigi saglar (Cordoba, Pataquiva, Osorio, Moreno, & Ruiz,
2019).

Kahve Iceceginin Insan Saghgma Faydalar ve
Fonksiyonel icecek Olarak Degerlendirilmesi

Kahve iceceginin insan sagligina faydalar1 Tablo 2 de liste-
lenmistir.

Kahve I¢ecegindeki Onemli Bilesenlerin
Saghgina Olumlu Etkileri

Kahvenin sagliga faydalarindan bahsedebilmek, farkli faktor-
lerin neden oldugu kompleks yapidan dolay1 kisithidir. Kahve

Review Article

kavurma ve demleme teknikleri bu faktdrlerden sadece ikisi-
dir. Yapilan aragtirmalarda kahvenin dort ana bileseni olan
kafein, klorojenik asit, kafestol ve kahveol iin saglik agisin-
dan 6nemli etlikleri tespit edilmistir (Sekil 3). Kahve icece-
gindeki bilesenlerin miktar1 ve sagliga faydasi, ¢ekirdegin-
deki bilesenlerin miktari, uygulanan kavurma ve demleme
teknikleri, kahve tiirii, toprak ve iklim kombinasyonu, kahve
cekirdeginin elde edilis metotlar1 gibi pek ¢ok uygulamadan
etkilenir. Ayrica kahve ¢ekirdegini kavurma esnasinda olusan
melanoidinlerin saglik a¢isindan énemli faydalari oldugu da
bilimsel olarak agiklanmustir (Coelho ve dig., 2014; Farah ve
Lima, 2019; Lagner ve Rzeski, 2014; Moreira ve dig., 2012).

| Dekoksiyon/Pigirme yontemi

Kangim

Yayio Levha

Kopik
tabakas

Opitilmis
kahve/su
kansimi

Kahve
icecegi

Ogtiims kahve/su
kanigimi

ARSIl

Tirk kahvesi

Sicak su

Ist

Kaynatiimig Kahve

—

! |

Basing
(Filtreyi asag iter)

Ogltilmii
kahve/Sicak su

icecegi

Perkolatér kahve

ASIN
Vakum Kahve

Basinch Sicak Su

\AAAAARRA

Demleme
bolmesi

kahve (kek|
Qgitiimis
Kate

igecefi

Filtre kahve Piston/French press

| Moka Kahve (ocak (stil)

Espresso

| infiizyon yontemi

Basing yontemi |

Sekil 2. Kahve demleme yontemleri; Dekoksiyon/Pisirme yontemi: Tiirk kahvesi, Kaynatilmis kahve, Perkolator kahve, Va-
kum (sifon) kahve (Web2, 2020), Infiizyon yontemi; Filtre kahve Basing¢ yontemi; French press, Moka kahve ve
Espresso (Cordoba ve dig., 2020; Navarini ve dig., 2009; Elmaci ve Gok, 2021)

Figure 2. Coffee brewing methods: Decoction methods (Turkish coffee, Boiled coffee, Percolator coffee, andVacuum coffee), Infusion
methods (Filter coffee), and Pressure methods (Plugger, Moka, and Espresso) (Cordoba et al., 2020; Navarini et al., 2009;

Elmaci and Gok, 202
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Tablo 2. Kahve i¢eceginin insan sagligina etkileri (Pourshahidi ve dig., 2016; Goodman ve dig., 2017; Wachamo, 2017, Saltan
ve Kaya, 2018; Oguz ve Erdogan, 2016; Wierzejska, 2017; Dirks-Naylor, 2015; Ludwing ve dig., 2014; Poole ve dig.,
2017; Cano-Marquina ve dig., 2013)

Table 2.

Effect of the coffee beverage on health etkileri (Pourshahidi et al., 2016; Goodman et al., 2017; Wachamo, 2017; Saltan and

Kaya, 2018; Oguz and Erdogan, 2016; Wierzejska, 2017; Dirks-Naylor, 2015; Ludwing et al., 2014; Poole et al., 2017; Cano-

Marquina et al., 2013)

Saghk Konusu Kahvenin Etkisi Etki Mekanizmasi

Karaciger Karaciger kanseri ve hasatliklarinda azalma Lipit metabolizmasina etkisi, alkolik olma-
yan karaciger yaglanma siddetini diislirme,
karaciger enzimlerine olumlu etki (Poole ve
dig., 2017; Ludwing ve dig., 2014)

Metabolik saghk Tip 2 diyabet riskinde azalma Glukoz toleransina dogrudan etki, insiilin di-

rencini zayiflatma

Obezite/Yag Yakimi/Viicut yag oraninda azalma/Tok-
luk hissinde artig

Tokluk hormonunu (ghrelin ve seratonin)
yiikselterek enerji alimini azaltma (Ludwing
ve dig., 2014; Poole, ve dig., 2017)

Sinir sistemi/Mental saghk/Zi-
hinsel durum

Parkinson hastalig: riskinde azalma

Bunama ve Alzaymir hastaliklarinda azalma olasilig1

Sinir sistemine uyarici etki

Yorgunluk giderici ve agr1 kesici

Bilissel performansta artig

Dikkat/Odaklanma artis1

Santral ve periferik sinir sisteminde adenozin
reseptorlerinin  potansiyel bir antagonisttik
etki (Wierzejska, 2017; Ludwing ve dig.,
2014)

Kanser

Genel kanser riskinde azalma

Faz 11 enziminin fitokimyasl veya besinsel
faktorlerle (Poole ve dig., 2017; Ludwing ve
dig., 2014)

Kardiyovaskiiler hastaliklar &
Kan basinci

Kardiyovaskiiler hastalik riskinde azalma veya artig
oldugu ile ilgili ¢eligkili sonuglar olsa da genel olarak
bir antioksidan kaynagi olan kahvenin, inflamasyonu
inhibe ederek, kardiyovaskiiler ve diger inflamatuvar
hastalik riskini azalttig1 bulunmustur

Kalp yetmezligi riskinde azalma

Kan basincinda artig

Yiiksek antioksidan ve antiinflamatuar 6zel-
ligiyle endotel disfonksiyonunu iyilestirici,
vaskiiler endotelyal fonksiyonunu koruyucu
etki (Oguz ve Erdogan, 2016; Ding ve dig.,
2014; Farah ve Lima, 2019; Lim ve dig.,
2020)

iskelet kaslarma etkisi

Kas erimesinde azalma ve kas giiciinde, agirliginda ve
dayanikliliginda artis, zedelenmis kaslarda iyilesm

Kas sisteminde otofajiye neden olabilir, insii-
lin hassasiyetinin gelismesi ve glukoz alimi-
nin artig1 kas erimesinde azaltma potansiyeli
saglar (Dirks-Naylor, 2015)

Gastrointestinal Sistem

Gastrit ve gastro6zofagal reflii de azalma

(Poole ve dig., 2017)

Antiinflamatuar/Antioksidan
ozellikler

Kan serumunda immun sistem ve inflamatuar belirteg-
lerinde azalma

Lipofilik antioksidan etki- siklooksigenaz-2
enzimini inhibe etme potansiyeli (Lang ve
dig., 2013; George ve dig., 2008)

Oksidatif streste azalma

Antimikrobiyal etki

Streptococcus mutans ve bazi patajojenik bakterilere
mikroorganizmalarin gelisimini baskilama

Kahvenin mikroorganizmalar {izerine muta-
jenik etkisi

(Saltan ve Kaya, 2018; dePaula ve Farah,
2019; Nawrot ve dig., 2003; George ve dig.,
2008).

Dermatolojik etki

Kirngikliklarin azalmasi, peeling ve antiseliilitik etki,
antiaging

Kafeinin kan damarlarini genisleterek etki
saglamasi (George ve dig., 2008)
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Sekil 3. Kahve iceceginde bulunan dort dnemli temel bile-
senin molekiiler yapisi (Cano-Marquina ve dig.
2013)

P

Figure 3. Molecular structure of four main compounds found in
coffee beverage (Cano-Marquina et al., 2013)

Kafein

Kafein (1,3,7-trimethylxanthine) temel bileseni olan ksantin
3 metil grubu ile birlesen bir purin alkoloididir (Higdon ve
Frei, 2006; Ak¢a ve dig., 2018; Ludwig, ve dig., 2014). Kah-
vede en ¢ok arastirilan bilesen olan kafein 1820 yilinda kahve
¢ekirdeginden izole edilmistir. Tiiketilen igecekler arasinda
en yiksek kafein miktar1 kahvede bulunmustur (Cano-
Marquina ve dig., 2013). Bilimsel arastirma sonuglar1 yetis-
kin bireylerin giinliitk 400 mg kafein tiiketiminin giivenli ol-
dugunu belirtmektedir (Coso, Salinero, & Lara, 2020;
dePaula & Farah, 2019). Kafein oda sicakliginda renksiz ve
acidir. Kahvedeki aciligi saglayan ana bilesendir. Bitkileri
boceklerden koruyucu 6zelligine sahiptir (dePaula ve Farah,
2019).

Kafein Robusta tiiriinde Arabika’dan yaklasik %40-70 daha
fazla bulunur (Tablo 1). Kafein oran1 diisiik olan Arabika bu
nedenle biyolojik ve mekanik strese karst daha hassastir
(Farah, 2012; dePaula & Farah, 2019). Yesil kahve ¢ekirde-
ginin kavrulma sonrasinda kafein oraninda 6nemli bir degi-
siklik olmadigi tespit edilmistir. Kavrulmus Arabika kahve
cekirdeginde, 100 g kuru maddede yaklasik olarak 0.7-1.6 g,
Robusta’ da ise 1.8-2.6 g kafein tespit edilmistir (dePaula ve
Farah, 2019).

Sekil 1 de gosterildigi gibi, kahve ekstraksiyonunda etkili
faktorlerin ve Sekil 2 de yer alan farkli demleme/pisirme yon-
temlerinin kahve igecegindeki kafein miktarina etkisi pek ¢ok
arastirmanin konusu olmustur. Kafein sicak suyun kullanil-
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dig1 ekstraksiyon yontemlerinde ¢ok iyi ¢oziiniir. Tiirk kah-
vesi, kaynatilmis kahve demlemenin yer aldigi dekoksiyon
yonteminde, filtre kahvenin yer aldig1 infiizyon yontemine
gore kafein oran1 daha yiiksek bulunmugtur. Su miktarinin
ogiitiilmiis kahve ¢ekirdegine orani, suyun sicakligi, kavurma
derecesi, ogiitiilmiis kahvenin partikiil biiytikliigi ve dem-
leme siiresi kahve igecegindeki kafein oranmim etkiler. Koyu
kavrulmus kahve cekirdeginde yiiksek kafein miktar1 bulu-
nur. Ayseli ve dig. (2021) kavurma isleminin Tiirk kahvesi-
nin fizikokimyasal etkilerini arastirdig1 ¢alismada orta kav-
rulmus (155°C de 18 dk.) Arabika kahve ¢ekirdegiyle hazir-
lanmus Tiirk kahvesinde kafein miktarini 571 mg/L olarak be-
lirlemiglerdir. Aynmi gekirdegin daha yiiksek 1sida kavrulma-
styla (170°C de 18 dk.) hazirlanmig Tiirk kahvesinde ise ka-
fein miktarinin aratarak 601 mg/L e yiikseldigi bulunmustur.
Arastirmacilar bu artisin istatistiksel olarak anlamli olmadi-
gin1 vurgulamiglardir (Ayseli ve dig., 2021). Kahve icece-
ginde, genel olarak tercih edilen fincan boyutuna goére yakla-
sik olarak 76-112 mg/240 mL, ya da 32-47 mg/100 mL de
kafein oldugu belirtilse de yapilan bir aragtirmada ayni kahve
cekirdeginin farkli yerlerde hazirlanan kahve igeceginde ka-
fein oran1 54-118 mg/100 mL bulunmustur. Bu sonuglar dem-
leme tekniklerinki farkliligin, kahve i¢ecegindeki kafein mik-
tarinda 6 kattan fazla farkliliga neden olabilecegini gosteri-
yor. Ayni ¢ekirdekte uygulanan demleme yontemlerinin ne-
den oldugu kafein miktarindaki biiyiik farklilik, toplumun ka-
fein alim oraninin tespitinin olduk¢a zor oldugunu acgikca
gostermektedir (dePaula ve Farah, 2019; Derossi ve dig.,
2018; Ludwing ve dig., 2014). Espresso kahvenin bir finca-
ninda kafein miktar1 200-300 mg olabilmektedir (Cano-
Marquina ve dig., 2013).

Kafein 15-120 dk i¢inde kanda en yliksek seviyeye ulasir ve
alman miktara gore merkezi sinir sisteminde uyarici etki gos-
terir. Glinde 250-400 mg aras1 ya da 1-5 mg/viicut agirlig
kafein, keyif verme, enerjik hissetme, iste isteklilik ve moti-
vasyon, gii¢lii dikkat ve odaklanmayla kendine giiven ve bi-
ligsel fonksiyonlarin artmasi gibi olumlu etkilere sahipken bi-
limsel aragtirmalar 500 mg iistii kafein aliminin tedirginlik,
huzursuzluk gibi olumsuz etkilere neden oldugunu goster-
mektedir. Glinde dokuz fincandan fazla (600-900 mg kafein)
tiikketimin kalp hiz1 ve kan basincinda artigsa neden oldugu bil-
dirilmistir. Kafeinin ayrica midenin asit salgisini artigina ve
diiiretik etkiye neden oldugu belirtilmektedir (Higdon ve
Frei, 2006; Garipagaoglu ve Kuyrukcu, 2009; dePaula ve
Farah, 2019; Nawrot, ve dig., 2003; Grosso ve dig., 2017).

Kafeinin saglik {izerine etkilerine iligkin bir¢ok alanda aras-
tirmalar devam etmektedir. Son yillarda “kafein tiiketimi ile
Tip 2 diyabet, Alzaymir ve Parkinson hastalig1 riskinde
azalma, kafein tiiketimi ile karaciger dokusunda yenilenme”
en cok arastirilan konularindandir. Iskandinav iilkeleri ve

319


https://doi.org/10.3153/FH21032

Review Article

Food Health 7(4), 311-328 (2021) e https://doi.org/10.3153/FH21032

ABD’de yapilan biiyiik ¢apli, prospektif kohort tipi arastir-
malarda (hastalarin zaman iginde ileriye yonelik izlenmesi),
giinde ¢ fincan ve iizerinde kahve tiiketen kisilerde Tip 2 di-
yabetin anlaml1 olarak diisiik oldugu saptanmistir (dePaula ve
Farah, 2019; Nawrot, ve dig., 2003; Cornelis, 2019; Grosso
ve dig., 2017; Wierzejska, 2017).

Giinliik 300 mg kafein tiiketiminin metabolizmay1 hizlandir-
di81, yaklasik 79 kceal lik enerji harcamasini sagladigi bulun-
mustur. Diizenli kahve tiiketiminin, beslenme programina
kahve konulmasinin, kilo veremeye ve egzersiz uygulama-
sinda yardimei olarak kilo kontroliinii destekledigi tespit edil-
mistir (Ludwing, Clifford, Lean, Ashihara, & Croizer, 2014).
Kafein igeren i¢eceklerin Parkinson hastaligi riskini azaltti-
gini1 agiklayan arastirmalar, diizenli olarak giinde bir fincan
kahve ya da cay icen erkeklerde, icmeyenlere gore Parkinson
hastalig1 riskinin %30-50 daha diisiik oldugu gostermektedir.
Fare deneylerinde yiiksek kafein tiiketimi insanlar i¢in giin-
liik 500 mg ya da 5 kahve fincani kahveye gelen miktarin Al-
zaymir hastaligina karst koruyucu etkisi dogrulanmistir
(dePaula & Farah, 2019; Nawrot, ve digerleri, 2003; Cornelis,
2019; Grosso, Godos, Galvano, & Giovannucci, 2017;
Wierzejska, 2017; Nehlig, 2016).

Kahvede bulunan kafein, agr1 giderici, migren ya da obeziteyi
tedavide kullanilmaktadir. Antioksidan ve antimikrobiyal
ozelligine sahip kafeinin kanserojenik bakteri Streptococcus
mutans ve patajojenik bakterilere karsi etkili oldugu ve anti-
enflamatuar potansiyeli arastirmalarda ispatlanmigtir (Saltan
ve Kaya, 2018; dePaula ve Farah, 2019; Nawrot, ve dig.,
2003).

Kardiyovaskiiler sisteme etkileri izerine ¢ok sayida arastirma
yapilmistir. Norveg aragtirmalarinda kroner kalp hastaliginin
kahve tiikketimiyle azaldig1 bulunsa da kesin bir sonug degil-
dir (Ramalakshmi ve Raghavan, 1999; Godos ve dig., 2014).
Risk faktorii yiiksek insanlarda igerdigi kafein miktarina
bagli olarak kahvenin hipertansiyonu arttirdig, 3.3 mg/kg ka-
feinin kan basincini yiikselttigi belirtiliyor (Lim, Chang, Ahn,
& Kim, 2020). Kafein ve uyku iizerine galigmalar, yas, kilo
vb dzelliklerine gore 200 mg kafein ve fazlasin tiikketen kisi-
lerde uyaniklig1 arttirdigi, uykusuzlugu azalttigi, uzun gece
yolculuklarinda performanst destekledigi agiklanmistir
(Clark ve Landolt, 2017; Cornelis, 2019; Grosso ve dig.,
2017; Ludwing ve dig., 2014).

Klorojenik Asit

Polifenoller ¢ok yiiksek antioksidan kapasitesine sahiptir ve
sagligi destekleyen 6nemli biyoaktif maddelerdir (Ozcan ve
dig., 2014; Herawati ve dig., 2019). Polifenoller agisindan
zengin kahve, antioksidan potansiyeline sahip polifenol gu-
bundaki flavanoidler, fenolik asitler, lignanlar ve stilbenler

gibi bilesikler igerir. Klorojenik asit; kafeik asit, ferulik asit
ve kinik asidin yapisini olusturdugu trans-sinamik asit esteri-
dir (Sekil 3 ve Sekil 4). Kahvede 45 ¢esit klorojenik asit tespit
edilmistir (Mills ve dig., 2013). Olusan klorojenik asit form-
lar1 ester bagindaki pozisyonuna gore kafeoil, kumaroil- veya
feruloil-kinik asitlerin farkli isomerik yapilarin igerirler ve
kavurma sonrasinda bu asitlerin laktonlarina doniisiirler
(Cano-Marquina ve dig., 2013; Farah, 2012; Ludwig ve dig.,
2014; Farah ve Lima, 2019; Zain ve dig., 2017; Farah ve
Donangelo, 2006). Klorojenik asit kafein gibi 1s1ya dayanikli
degildir ve kavrulmus kahvede kafein/klorojenik oram yiik-
selir (Ludwig ve dig., 2014).

5-O-Kafeolkinik asit olarak da bilinen klorojenik asit, kar-
bonhidrat emilimini yavaslatma o6zelligine sahiptir
(Wachamo, 2017). Istya duyarli olmasindan dolay1 kavurma
esnasinda diigiik ve yiiksek molekiillii farkli yapilara doniisiir
ve kavurma sicaklig arttik¢a klorojenik asit miktar: diiser fa-
kat yeni olusan bilesiklerden dolay1 ¢esitlilik artar. Kavurma
sonrast kahvede benzer ozellikte yaklasik 200 bilesik tespit
edilmistir (Goodman ve dig., 2017; Ludwing ve dig., 2014).
Bu nedenle kavurma esnasinda diisen klorojenik asit miktari,
kahve igeceginin antioksidan kapasitesinin diigmesi anlamina
gelmemektedir (Liang ve dig., 2016). Benzer sekilde Ayseli
ve dig. (2021) orta kavrulmus Arabika kahve gekirdegiyle ha-
zirlanmig Tiirk kahvesinde klorojenik asit miktarin1 1399.5
(mg/L), koyu kavrulmus ¢ekirdekle hazirlanan Tiirk kahve-
sinde ise 912.0 (mg/L) olarak saptamislardir.

Polifenoller

Flavonoidler Fenolik Asitler Lignanlar Stilbenler
Kafeik Asit [ Kinik Asit
L Ferulik Asit | I
¥

Klorojenik Asit

Sekil 4. Kahvede en yaygin bulunan polifenoller ve fenolik
asitler (Cano-Marquina ve dig., 2013)

Figure 4. The most common polyphenols and phenolic acids in
coffee (Cano-Marquina et al., 2013)
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Yiiksek 1s1yla protein ve karbonhidratlar arasinda olusan Ma-
illard reaksiyonu {iriinii melanoidin, bir kisim klorojenik asit
ile birlesebilir. Klorojenik asit ve melanoidin bilesenleri kav-
rulmus kahvenin toplam antioksidan potansiyelini olusturur-
lar. Her iki grubun kimyasal yapis1 farkli oldugu i¢in antiok-
sidan aktiviteleri de farklilik gosterir ve klorojenik asidin an-
tioksidan kapasitesi ¢ok daha yiiksektir. Kahvenin antioksi-
dan kapasitesi diisiik kavurma sicakliginda daha ytiksektir ve
sicaklik arttikca diiser (Goodman ve dig, 2017; Bicho ve dig.,
2011; Vignoli ve dig., 2014; Demir ve dig., 2020). Ayn1 6gii-
tillmiis kahve ile hazirlanan sicak ve soguk demleme kahve
iceceklerindeki klorojenik asit konsantrasyonlar1 arasinda an-
laml1 bir fark bulunmamuistir (Fuller ve Rao, 2017).

Klorojenik asit viicuttaki metabolizmasi tam olarak net ol-
masa da ince bagirsak ve kolon da gergeklestigi iizerine bi-
limsel ¢aligmalar vardir ve iirede farkli metabolitleri tespit
edilmistir (Cano-Marquina ve dig., 2013; Ludwing ve dig,
2014). Kahve icecegindeki klorojenik asitin hiicre i¢i antiok-
sidan etkisinin arastirilmasinda, insan kolon karsinoma hiic-
resi Caco-2 ilizerine etkisi tespit edilmistir. Boylece kloroje-
nik asidin saglik agisindan potansiyel faydasi hiicre ici anti-
oksidan kapasitesine sahip olmasiyla agiklanmistir (Liang ve
dig., 2016).

Glukoz ve lipit metabolizmasina dnemli etkiye sahip kloroje-
nik asidin diabet, kardiyovaskiiler hastaliklar, obezite, kanser
ve karaciger yaglanmasi ile ilgili sorunlarin diizenlenmesi
iizerine olumlu etkileri, ayrica bagisiklik sistemi destekleyici,
antienflamatuar, antiobezite, antimikrobiyal, antiviral etkileri
aciklanmigtir (Wachamo, 2017; Farah, 2018).

Yesil kahve c¢ekirdeginde (kuru agirlik) toplam klorojenik
asit miktar1 yaklagik olarak Arabika’ da %4-8, Robusta’ da
%6-12 arasindadir. Bir fincan kahve i¢ecegindeki klorojenik
asit miktari, kavurma derecesi, demleme yontemi, su ve 6gii-
tiilmiis kahve orani, suyun sicakligi, kahve ve suyun temas
siiresine bagl olarak degismektedir. Genel olarak kahve ige-
ceginde klorojenik asit miktarinin ¢ok biiyiikk degiskenlik
gosterdigi gorlilmektedir (Farah ve Donangelo, 2006;
Ludwing ve dig., 2014). Bir arastirmada kahve i¢ecegindeki
klorojenik asit miktar1 20-675 mg aralifinda tespit edilmis-
ken (Cano-Marquina ve dig., 2013; Ludwig ve dig., 2014;
Farah ve Lima, 2019), baska bir ¢alismada bir fincan ya da
200 mL kahve i¢eceginde klorojenik asit miktar1 70-350 mg,
kafeik asit miktar1 35-175 mg arasinda (Wachamo, 2017), di-
ger bir aragtirmada ise 200 mL kahve iceceginde klorojenik
asit miktar1 15-325 mg araliginda bulunmustur (Mills ve dig.,
2013). Farah ve Lima (2019) c¢alismasinda klorojenik asit
miktarinin 100 mL de 26-1141 mg araliginda, kolorojenik
izomerleri ve kavurma esnasinda olusan laktonlarini igeren
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toplam miktarin ise 100 mL de 50-200 mg araliginda oldu-
gunu belirtmislerdir (Farah ve Lima, 2019; Ludwing ve dig.,
2014).

Hafif ve koyu kavurma dereceleri ve demleme yontemlerinin
etkisini aragtiran ¢aligmalarda, 100 mL kahve igeceginin top-
lam klorojenik asit miktar1, elektrikli filtre kahveyle demle-
mede 35-170 mg, espresso demlemede 40-1000 mg, moka
kahve demleme yonteminde 55-150 mg, French press dem-
leme yonteminde 40-280 mg Tiirk kahvesi pigirme yonte-
minde 110-200 mg, kaynatarak pisirme yonteminde 70-230
mg, soguk demleme yonteminde 35-319 mg araliginda tespit
edilmistir (Farah ve Lima, 2019). Klorojenik asit ekstraksi-
yon oraninin ilk 2 dk da ve 93°C de yiiksek oldugu tespit edil-
mistir. Espresso yontemiyle demlenen kahve igeceginin klo-
rojenik asit miktar1 diger demleme yontemlerinden daha yiik-
sektir (Sekil 2). Bunun nedeninin espresso demlemede kulla-
nilan su miktarinin 6giitiilmiis kahve miktarma gore diger
yontemlerden daha az olmasi ve basing (9 bar) uygulanma-
styla agiklanmaktadir (Farah ve Lima, 2019).

Kahve igecegindeki klorojenik asit ve laktonlarinin yiiksek
antioksidan kapasitesi, Brezilya, Norveg, Japonya gibi ¢ok tii-
keten toplumlar i¢in kahveyi 6nemli bir antioksidan kaynagi
durumuna getirdigi belirtilmektedir. Klorojenik asit askorbik
asitle benzer antioksidan aktivitesi gdstermektedir. Genel
olarak bilimsel ¢aligmalara gore saglhiga faydalar1 asagidaki
gibi Ozetlenebilir (Farah ve Lima, 2019; Ludwing ve dig.,
2014; Lang, ve dig., 2013).

e Antioksidan 6zelligiyle birlikte anti inflamatuar etki-
siyle yara iyilesmesine destek verir,

e Antimutajanik ve anti kansorojenik etkileri,

e Karaciger koruyucu (asir1 demir yiiklenmesi, yiliksek
alkol tiiketimi, obezite kaynakli karaciger sorunlari)
(2 fincan/giin tiiketiminin 40% karaciger kanseri ris-
kinde azalma saglayabilir),

e Antidiaybetik etkisi (3-4 kahve/giin),
e Kalbi koruyan ve antihepstansif etkisi,

e Antiobezite ve Anti-metabolik sendrom etkisi (1-4
fincan/giin),

e Sinir sistemi koruyucu etkisi,
e Antimikrobiyal, antiviral etkisi,

e Prebiyotik etkisi bulundugu agiklanmustir.
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Kahveol ve Kafestol

Kahveol (182-1265 mg/100 g Arabika) ve kafestol (182-1308
mg/100 g Arabika) (Sekil 2), kahve yaginin yaklasik %20 sini
olusturan ana dieterpenlerdir (Wuerges ve dig., 2020). Anti-
oksidan kapasitesi, antiinflamatuar etkisi, kanser ve toksik
maddelere kars1 koruyucu etkileri oldugu agiklanmistir. Fakat
ayn1 zamanda serum kolesterol seviyesini arttirdigi ile ilgili
bulgular agiklanmistir. Glinliik 2 mg kafestol tiiketiminin se-
rum kolesterol seviyesini 1 mg/dL arttirdig1 yoniinde ¢alis-
malar bulunmaktadir (Wuerges ve dig., 2020; Ludwing ve
dig., 2014; Moeenfard ve Alves, 2020; Moeenfard ve Alves,
2020). Pek cok giincel arastirma sonuglarinda kahve icece-
gindeki miktarlarin demleme/pisirme yontemine gore degis-
tigi, doza bagli olarak kandaki lipit seviyesine etkisi oldugu,
serum kolesterol seviyesi artiginin ancak belirli bir miktar iis-
tiindeki tiiketimle olusabilecegi belirlenmistir (Lim ve dig.,
2020; Cano-Marquina ve dig., 2013; Pourshahidi ve dig.,
2016).

Kaynatilmis ve filtre edilmeden hazirlanmis kahve igecekle-
rinde diger demleme yontemlerine gore kahveol ve kafestol
daha yiiksek miktarda tespit edilmistir. Filtre yontemiyle ha-
zirlanan kahve igeceginde kahveol ve kafestoliin, filtreden
gecemedigi ve istte kaldigi, bu nedenle filtre yontemiyle
demlenen kahve igeceginde neredeyse yok denecek kadar az
bulundugu belirtilir. Iskandinav kaynanus kahve, French
press ve Tiirk kahvesinde bir fincanda 6-12 mg bulunurken
filtre kahvede 0.6 mg bulunmustur. Diterpenlerin kolesterol
artirici etkisi oldugu belirtilse de kimyasallarin zararh etkile-
rine karsi koruyucu potansiyele sahip oldugu agiklanmistir
(Ludwing ve dig., 2014). Lim ve dig. (2020) 100 mL espresso
kahvede, 0.4-0.7 mg kahveol ve 0.3 ve 0.6 mg kafestol oldu-
gunu aciklamistir (Lim ve dig., 2020).

Zang ve dig.. (2012) kavurma sicakliginin ve dort ayr1 dem-
leme yonteminin; kaynamis, Tiirk kahvesi, French press ve
moka (Sekil 2), kahve icecegindeki kefestol miktarina etki-
sini arastirmistir. Her iki faktoriin de kafestol miktarina an-
laml1 etkilerini ve ekstraksiyon veriminin bu iki faktdre bagh
oldugunu belirtmislerdir. Calisma sonucunda, en yiiksek ka-
festol miktarinin Frech press (11.9-4.6 mg/L), kaynamis
kahve (10-14 mg/L) ve Tiirk kahvesinde (2.8-1.4) oldugunu,
moka kahvede (2.4-1.1) daha diisiik kafestol bulundugunu,
ayrica artan kavurma sicakligiyla kafestol miktarinda azalma-
nin demleme yontemine bagli olarak %42 oraninda olabile-
cegini gostermislerdir (Zhang ve dig., 2012).

Onceki calismalar, diterpenlerin serum kolesteroliiniin arti-
sina neden olan olumsuz etkisine ragmen enflamasyonu dii-
zenleyen ve kansorejen maddelerin detoksifikasyonuyla kan-
seri onleme etkisinin géz ard1 edilmemesi gerektigini ortaya
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koymustur. Cok eski birka¢ aragtirma sonucuna bakarak he-
niiz olumsuz etkileri tam olarak kanitlanmamis kahve icece-
gini diterpenlerin varligindan dolay1 kotiilemek dogru degil-
dir. Aksine kahve dieterpenlerinin biyolojik dneminden do-
lay1, demleme tekniklerine bagli olarak giinliik i¢ilen kahvede
bulunan miktarlar1 saghga faydali olabilir (Moeenfard ve
Alves, 2020) ve bu nedenle ¢ok daha fazla bilimsel arastirma
yapilmalidir.

Melaonoidinler

Melanoidinler kahve ¢ekirdeginin kavrulmasi esnasinda, pro-
teinlerin serbest amino gruplariyla indirgen sekerler arsinda
meydana gelen Maillard reaksiyonunun son {iriinleridir ve
kahveye 6zgii renk ve aromalarin olusumuna katki saglar.
Kahve 6nemli bir melanoidin kaynagidir ve kuru maddede
kahve iceceginin yaklasik %25’ini olusturur. Melanoidinlerin
yapisi kahve g¢ekirdeginde bulunan galaktomananlar ve ara-
binogalaktanlar gibi polisakkaritler, aminoasitler, proteinler
ile klorojenik asit, kafeik asit ve ferulik asit gibi fenolik bile-
senlere baglidir. Kahve kavurma islemi siiresi arttik¢a mela-
noidin olusumu artar (Lagner ve Rzeski, 2014). Kahve mela-
noidinlerin olusumunda reaksiyona giren klorojenik asitin
yaklagik %23 oraninda kaybi meydana geldigi belirtilir
(Coelho ve dig., 2014).

Kavurmayla olusan melanoidinler ve yeni bilesenler, yiiksek
antioksidan o6zelligi tasirlar. Melanoidinlerin kahve icece-
ginde %10-15 oraninda antioksidan aktivitesine sahip oldugu
belirtilmistir. Kahve c¢ekirdegine uygulanan kavurma dere-
cesi arttikca toplam klorojenik asit miktar1 diigmesine rag-
men, toplam antioksidan kapasitesi artmistir (Liang ve dig.,
2016).

Kafeik asidin antioksidan aktivitesinin, klorojenik asitten
daha yliksek oldugunu gosteren galigmalar, kavrulma siiresi
ve sicakligr arttikga kahve ¢ekirdeginin antioksidan aktivite-
sinde 6nemli bir kayip meydana geldigini fakat kavurma si-
rasinda olusan melanoidinlerin kahvenin antioksidan aktivi-
tesini arttirarak, bu kaybi tamamladigin1 gdstermektedir
(Pérez-Hernandez ve dig., 2012).

Melanoidinlerin sagliga pozitif ve negatif etkileri heniiz aras-
tirma asamasindadir. Eski aragtirmalarda gidalarin besin de-
gerini diistirdiigline dair ¢ok olumsuz ac¢iklamalar olsa da yeni
arastirmalar ¢esitli faydalarindan bahsetmeye baglamustir.
Klorojenik asit ve indirgenme {iriinlerini yapisinda barindiran
melanodinlerin antioksidan, antimikrobiyal, antihipertansif,
antialerjik ve prebiyotik 6zelligiyle sagligi destekleyici dzel-
liklere sahip oldugu, bu dzelliklere ek olarak metal iyonla-
riyla bag yapabildigi i¢in antimutajenik ve timor bilylimeyi
Onleyici Ozellikleri de yeni c¢alismalarda gosterilmektedir
(Lagner ve Rzeski, 2014; Coelho, ve dig., 2014).
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Kahve I¢ecegindeki Onemli Bilesenlerin insan
Saghgina Olumsuz Etkileri

Kahve igeceginin insan sagligina olumsuz etkileri ile ilgili ¢e-
ligkili bilgiler bulunmaktadir ve olumsuz etkiler tiiketim mik-
tartyla iliskilendirmektedir (Pourshahidi ve dig., 2016; Sozlii
ve dig., 2017; Godos ve dig., 2014). Fazla kahve tiiketiminin
kansere kars1 koruyucu etkisinin yaninda kanser siirecindeki
farkli basamaklara miidahale etmesi ve/veya ters etkiye olus-
turabilecegi, kalin bagirsak, mesane, kanseri, pankreas ve go-
giis kanser olusum riskini arttirabilecegi belirtilmektedir
(Pourshahidi ve dig.,, 2016). Japonya’da 50.000 saglikl1 ka-
din ve erkek iizerinde yapilan 7-9 yillik bir arastirmada kahve
tiiketiminin hepatoselliiler karsinomaya etkisi olmadig1 rapor
edilmistir (Higdon ve Frei, 2006). Cok sayida epidemiyolojik
caligma kahve tiiketimi ve kanser olusum riski arasinda ¢ok
diistik bir iliski olabilecegini ortaya koymaktadir (Higdon ve
Frei, 2006).

Kardiyovaskiiler hastaliklara kahve tiiketiminin olumsuz et-
kisi kesin olarak agiklanmasa da kahvede bulunan diterpenle-
rin serum LDL, toplam kolesterol ve plazma homosistein se-
viyelerini ve hipertansiyonu etkileyebilecegi ve bu etkilerin
sonucunda kalp hastaliklar1 gelisim riskine neden olabilecegi
diisiiniilmektedir. Iskogya, ABD ve Finlandiya’da yapilan
kohort tipi arastirmada koroner kalp hastaliklari riski ve
kahve tiiketimi arasinda anlamli bir iligki bulunmamigtir
(Sozli ve dig., 2017; Higdon ve Frei, 2006; Godos, ve dig.,
2014). Higdon ve Frei (2006) giinde bes fincan ve iistiinde
kahve icecegi tiiketenlerin igmeyenlere gore koroner kalp
hastaliklar1 riskinin %40-60 daha fazla olabilecegini agikla-
mistir. Arastirmada ayrica 600 mL kahve tiiketiminin akut
kroner kalp riski olusabilecegi, 300 mL atinda tiiketiminse
riskinin ¢ok daha diisiik olacag1 belirtilmistir (Higdon ve Frei,
2006).

Kahve tiiketiminin hipertansiyon ve aritmi ile iliskisini aras-
tiran ¢aligmalarin sonuglar farklilik gostermektedir. 2- 6 fin-
can kahve tiiketenlerin kan basin¢larinda anlamli bir artis bu-
lunmamuistir. Kohort tipi arastirmada kan basinci veya hiper-
tansiyon iizerinde olumsuz bir etkisi olmadig1 sonucuna va-
rilmastir (Sozli ve dig., 2017).

Kahve ve hamilelik siirecindeki olumsuzluk ile ilgili celiskili
sonuclar bulunmaktadir. Bazi caligmalar fazla miktarda
kahve tiiketiminin diisiik riskine neden olabilecegini agiklar-
ken, kahve tiiketiminin 300 mg/g kafein miktariyla sinirlan-
dirmalan gerektigini, bazilari ise bir etkisi olmadigini agikla-
mistir (Higdon ve Frei, 2006).

Kahve igeceginin osteoporoz ile iligkisi tam olarak kesinles-
tirilmemistir. Bazi ¢aligmalar 300 mg/giin Ustiinde kafein tii-
ketiminin riskli insanlarda diisiik kemik yogunlugu, kemik

kayb1 ve kiriklara neden olabilecegini, baz1 ¢aligmalar ise
giinliik 20 mL kahve tiiketiminin kemik mineral yogununa
destek verdigini gostermektedir. Yemeklerle birlikte 150-250
mL kahve igecegi tiiketiminin demir emilimini %24-73 ora-
ninda azalttigina dair bulgulara yer verilmistir (Sozlii ve dig.,
2017).

Sonug¢

Kahve ve igerigindeki aktif biyolojik maddelerle ilgili ¢ok sa-
yida hiicre ¢aligmalari, hayvansal deneyler ve epidemiyolojik
aragtirmalar bulunmaktadir fakat insanlarla ilgili bilimsel
aragtirmalar yetersizdir. Sagliga olumsuz etkileri ile ilgili he-
niiz kesinlesmis yeterli bilgiler olmamasina ragmen olumsuz
disiinceler daha yaygindir. Bunun nedenini de ¢ok eski ilk
bilimsel ¢alismalarda kahvenin insanlarda, kanda lipit ve
LDL miktarini arttirdigina dair bilgilerin yer almasi olabilir.
Bu ilk olumuz sonuglar kahvenin potansiyel faydalarinin be-
lirlenmesi i¢in yapilan bilimsel ¢aligmalarin 6niinde engel
olusturmaya devam etmektedir. Fakat gliniimiizde yiizlerce
bilimsel arastirma vardir ve bunlar ortak bir sonucu goster-
mektedir. Bu da kahvenin sagliga olumsuz etkileri ile ilgili
asil konunun tiiketilen kahvenin miktarindan kaynaklandigi-
dir.

Eski bilimsel calismalarda o6zellikle kaynatilarak demle-
nen/pisirilen kahvenin kalp sagligina olumsuz etkileri oldugu
belirtilmesine ragmen, giinlimiiz ¢aligmalar1 bu sonuglari tam
olarak desteklememektedir. Kaynatilarak filtre edilmeden
hazirlanan kahvenin giinde alt1 fincandan fazla tiiketildiginde
zararli olabilecegi ile ilgili yeni bilimsel ¢aligmalar, sadece
kaynatilarak degil filtre edilerek hazirlanmig kahveler i¢in de
benzer olumsuzlugun gecerli olabilecegini gostermistir.

Cok fazla kahve tiikketiminde doza bagl olarak, kahvede bu-
lunan diterpen yaglarinin plazma kolesterolii ve LDL mikta-
rinda artirdigr ve kalp sagligi i¢in risk olusturdugu belirtil-
mektedir. Cok yiiksek miktarda kahve icilmesinin zararl ol-
dugu belirtilse de, giinliikk ortalama 6 fincandan, az kahve,
400 mg kafein tiiketiminin sagliga pek ¢ok faydalar1 oldugu
ispatlanmistir (Moeenfard & Alves, 2020) ve bu nedenle artik
giiniimiizde pek ¢ok bilimsel ¢alismada kahve fonksiyonel
icecek olarak adlandirilmaktadir.

Kahvenin sagliga faydali olmasimi saglayan oncelikle yapi-
sindaki polifenollerdir. Kahvede bulunan klorojenik asitin
kan basinci ve endotelyal fonksiyonlaria olumlu etkisi bi-
limsel arastirmalarin en ¢ok yogunlastigi calismalar arasinda-
dir. Filtre edilmis ve filtre edilmeden kaynatilarak hazirlan-
mis kahvelerde bulunan polifenollerin, ¢ok gii¢lii antioksidan
Ozelliklerinden dolay1 insan epitel dokularinda oksidatif ha-
sar1 dnlenmede faydasi oldugunu agiklanmistir. Kahvenin sa-
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hip oldugu giiclii antioksidanlarin LDL ve VLDL ye bagla-
narak oksidasyonu engelledigi, kan basicim diisiirticii etkiye
sahip oldugunu ve kardiyovaskiiler hastaliklarin 6nlenme-
sinde faydalar1 oldugu bulunmustur.

Sonug olarak arastirmalar kahvede bulunan aktif biyolojik
maddelerin sagliga pek ¢ok acidan faydasi oldugu, icerdigi
giiclii antioksidan polifenollerin, kahve melanoidinlerinin ve
hatta yeni arastirma sonuglarina gore kahvede bulunan kafein
ve diterpenlerin, kahve igeceginin neden olabilecegi olumuz
etkileri tersine ¢evirebilecegini gosteriyor.

Fonksiyonel gidalar iizerine son zamanlarda ¢ok sayida bi-
limsel aragtirma ytiriitiilmektedir ve genel olarak bir gidanin
fonksiyonel olmasi igin saglig1 destekleyici (probiyotik, pre-
biyotik ozelligiyle bagirsaklar i¢in faydali), baz1 6zel saglik
problemleri i¢in fayda saglayici (obezite, diyabet, kanser ve
timor gibi sorunlara kars1 fayda), yasamu kolaylastirict (lak-
tozsuz siit, gliitensiz {iriinler) 6zelliklere sahip olmasi ve bun-
larin bilimsel olarak kanitlanmas1 gerektigini belirtilir (Gok
& Ulu, 2019). Kahve i¢ecegi sahip oldugu saglik destekleyici
pek ¢ok 6zelliginden dolayi (Tablo 1), bir fonksiyonel igecek
olarak degerlendirilebilir. Benzer seklide birkag¢ arastirmada
kahve, sagliga faydalarindan dolay1 fonksiyonel gida olarak
tanimlamistir (Dorea & da Costa, 2005; Esquivel & Jiménez,
2012; Cano-Marquina, Tarin, & Cano, 2013). Kahvenin insan
sagligina pek cok faydasi oldugu belirlenmesine ragmen he-
niiz eksik kalan ve arastirilmasi gereken konular vardir. Onii-
miizdeki donemlerde kahve ile ilgili bilimsel arastirmalar
daha fazla yapilmalidir.

Etik Standart ile Uyumluluk

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

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

Tesekkiir: -

Agiklama: -
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of the patients, signed releases of the patient or of their legal
representative should be enclosed.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

MANUSCRIPT PREPARATION

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

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

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

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

e  Copyright Transfer Form,

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

e ICMIJE Potential Conflict of Interest Disclosure Form
(should be filled in by all contributing authors) Download
this form from http://www.icmje.org/conflicts-of-interest/ fill
and save. Send this to the journal with your other files.
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in the main text.
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Table 1. Limitations for each manuscript type

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

Tables

Tables should be included in the main document, presented
after the reference list, and they should be numbered
consecutively in the order they are referred to within the main
text. A descriptive title must be placed above the tables.
Abbreviations used in the tables should be defined below the
tables by footnotes (even if they are defined within the main
text). Tables should be created using the “insert table”
command of the word processing software and they should be
arranged clearly to provide easy reading. Data presented in the
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the main text but should be supporting the main text.

Figures and Figure Legends
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To prevent delays in the evaluation process, all submitted figures
should be clear in resolution and large (minimum dimensions: 100 x
100 mm). Figure legends should be listed at the end of the
main document.

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

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

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

Limitations, drawbacks, and the shortcomings of original
articles should be mentioned in the Discussion section before
the conclusion paragraph.
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text citations.
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...(Crockatt, 1995).
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surfaced first in its policies towards East Germany and Yugoslavia,"

(Crockatt, 1995, p. 1).
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