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ABSTRACT

This study examined the lactulose-fortified low-calorie guava preserves. The results showed that
sucrose, used as a sweetener in guava preserves, could be partially substituted by lactulose without
significantly affecting the overall quality of the preserves. The physicochemical properties, anti-
oxidant activity, and sensory evaluation of guava preserves with substitute lactulose were evalu-
ated. The main aim of this study was to develop prebiotic guava preserves from two guava culti-
vars, namely, Safeda and Chittidar. The guava preserves without lactulose were used as control
samples which contained 50% w/w sucrose of pulp, while lactulose-treated preserves replaced su-
crose with 25%, 50%, and 75% w/w of lactulose. The finding showed that prebiotics did not sig-
nificantly differ between control and treated samples. The range of ascorbic acid content of guava
preserves was 98.2-102.6 mg/100g. Lactulose did not show a statistically significant effect on the
level of ascorbic acid in guava preserves. The mineral content and antioxidant properties of guava
preserves supplemented with lactulose were higher than those not supplemented with lactulose.
The guava preserves with 50% lactulose were most accepted.

Keywords: Antioxidant activity, Ascorbic acid, Lactulose, Physicochemical properties,
Prebiotics, Preserve
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Introduction

Besides that, guava is a seasonal fruit with a short shelf life.
This fresh produce of fruit is more susceptible to disease or-
ganisms because of the high respiration rate after harvesting.
Guava is a seasonal fruit and having a short shelf life. There-
fore, to make it available throughout the year, we can develop
some functional food using guava, like guava preserve, etc.
The traditional method to increase the nutritional quality of
fruit products is to incorporate dietary ingredients which en-
hance the nutritional quality of products. New functional
components such as probiotics and prebiotics like lactulose
and fructooligosaccharides are being used in this direction
(Renuka et al., 2009). Prebiotic materials aid the growth and
activity of bacterial species, especially probiotics in the gut.
Prebiotics cherish the favorable gut microbes, stimulate their
proliferation, and increases their action, such as Lactobacillus
and Bifidobacterium (Juskiewicz and Zdunczyk, 2002;
Rastall, 2010). Lactulose has all the above prebiotic proper-
ties, and it is a non-digestible disaccharide widely used in the
pharmaceutical industry to make medicine for acute and
chronic constipation. It is sweet in taste, which is very similar
to sucrose. They help to prevent cardiovascular disease by
decreasing total cholesterol and lipid in the serum (Renuka et
al., 2009). Prebiotics maintain the colon's health because they
consist of dietary fiber, which is not absorbed by the intestine
and increases fecal matter, and intestinal transit time, which
relieves constipation and improves the general health of hu-
mans. It absorbs carcinogenic matter, which reduces the risk
of colorectal cancer. Lactulose fermentation occurs by co-
lonic bacteria, which produces small-chain fatty acids
(SCFA) such as Acetate, Propionate, and Butyrate. These
SCFA, especially butyrate, slow the growth of cancer cells
and activate apoptosis in colon cancer cells. This process oc-
curs through secondary chemoprevention. Which reduces the
burden of carcinogens and decreases the number of muta-
tions, thereby reducing cancer risk (Roy ez al., 2009; Scharlau
et al., 2009).

Thus, this study aims to develop the guava preserve by two
guava cultivars pulp with prebiotic lactulose, to meet new
consumer demand and maintain good colon health. This work
also evaluates the proximate composition and antioxidant
properties of guava preservation.

Materials and Methods

Development of Guava Preserve with Lactulose

Two selected guava cultivars were "Safeda and Chittidar"
procured from Allahabad local market. Conventional guava

Research Article

preserve was prepared according to the procedures de-
scribed by Menezes et al. (2009) to be used as a control for
comparing guava preserves with lactulose in Table 1. While
in treatments, sugar was replaced with lactulose at different
concentration labels (11.25-33.5%).

Table 1. Formulation of conventional guava preserves and
prebiotic guava preserves with lactulose.

Treatments
Safeda | Chittidar Ingredients (%)
50% guava pulp, 45% sugar,
STo CTo and 5% pectin
ST, CT, 50% guava pulp, 33.75% sugar,
11.25% lactulose and 5% pectin
ST, CT, 50% guava pulp, 22.5% sugar,
22.5% lactulose and 5% pectin
ST; CTs 50% guava pulp, 11.25% sugar,
33.75% lactulose and 5% pectin

S=Safeda, C=Chittidar

The guava fruits were washed in running water and then san-
itized in a 1% sodium hypochlorite solution for 2 min. The
peel was removed using a peeler and cut into small pieces for
blanching at 100°C. The Inalsa mixer grinder was used to
make the pulp and pass it through a 6 mm mesh sieve. For
conventional guava preserves, guava pulp and sugar were
processed in an open pan, and the cooking was interrupted
when it reached 75% soluble solid on the refractometer scale.
To formulate the prebiotic guava preserves, guava pulp and
sugar were cooked in an open pan. Until it reached 45% sol-
uble solids, the lactulose and pectin were added at 80°C under
constant stirring. The citric acid was added to the mixture at
the end of the cooking process in all the treatments (Figure
1). Then all guavas preserve formulations were spread on a
plate, cut into equal sizes, and dried in a tray dryer at 60°C
for 4 hrs., then wrapped into a transparent film of polypropyl-
ene (Figure 2).

Physicochemical Analysis

The analysis of the levels of moisture, protein, ash, fat, and
crude fiber was done according to the guidelines of the Asso-
ciation of Official Analytical Chemists (AOAC, 2016). The
percentage of carbohydrate content was determined by the
formula method and titratable acidity by the titrimetric
method and expressed as percent citric acid (AOAC, 2016).
Estimating minerals like Ca, Fe, and P were performed ac-
cording to Rangana 2005 by titration and spectroscopic
method, respectively.
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Washing
I
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Blanching at 100 °C
Pulpmng in to grinder
I
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In pan pour the guarra pulp in pan and add suzar
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Spreading on travs linad with butter

Dirving in cabinet drver at 80 C for 4 hrs. cuttmg m to rectangular shaps

l
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Figure 1.Flow chart of Preparation of Guava Pre-

SCrve

S=Safeda, C=Chittidar, (To=50% guava
pulp, 45% sugar, Ti= 50% guava pulp,
33.75% sugar, 11.25% lactulose, T>=50%
guava pulp, 22.5% sugar, 22.5% lactulose,
Ts= 50% guava pulp, 11.25% sugar,
33.75% lactulose)

Figure 2. Guava preserve forti-
fied with lactulose



Research Article

Food Health 9(2), 98-107 (2023) e https://doi.org/10.3153/FH23009

Ascorbic Acid

Ascorbic acid was estimated by a 2, 6 dichlorophenol indo-
phenol titration method. A 10 g sample was prepared in 3%
(w/v) metaphosphoric acid, and the volume was made up to
100 mL with metaphosphoric acid. A filtered aliquot (5 mL)
of the sample was titrated against standard 2, 6 dichlorophe-
nol indophenol (2, 6 DCIP) dye solution until the pink color
developed completely.

mg ascorbic acid/mL = (X - B) X (F/E) X (V' /Y)

where:
X =mL for sample titration
B = average mL for sample blank titration

F =titer of dye (= mg ascorbic acid equivalent to 1.0 mL in-
dophenol standard solution)

E=mL assayed
V' = volume of the initial assay solution
Y = volume of sample aliquot titrated

Sample Preparation for Antioxidant Analysis

The extracted solution of guava preserves for phenolic con-
tent and antioxidant analysis was prepared in 80% methanol.
The extraction procedure was conducted with (0.5 g) samples
and 10 mL extracting solvent using an orbital shaker for 1
hour at 300 rpm, and further antioxidant analysis (TPC,
DPPH, FRAP, and ABTS) were performed with this extrac-
tion.

Total Phenolic Content (TPC)

TPC was determined by Folin—Ciocalteu method (ISO
14502:2005). 1 ml of extracted solution was mixed with 5 ml
of Folin—Ciocalteu reagent, followed by the addition of 4 ml
of sodium carbonate solution after 3 minutes but before 8
minutes. Subsequently, the mixture was incubated for 60
minutes in the dark, and its absorbance was measured at 765
nm. Gallic acid was used as the standard for the calibration
curve. Results were expressed as milligrams of gallic acid
equivalents per 100 g of sample (mg GAE/100 g of sample).

Antioxidants Properties
Percent (%) antiradical activity

The antiradical activity was determined by using the DPPH
(1, 1- diphenyl 2- picrylhydrazyl) radical, according to
Aquino et al., (2001). The antioxidant capacity of the solvent
extracts was determined through the evaluation of the free
radical scavenging effect on the DPPH radical. An aliquot

(100 pL) of the sample extract was mixed with 150 pL of
DPPH methanolic solution. The mixture was kept in the dark
for 15 minutes to incubate the mixture. Absorbance was
measured later at 515 nm against a blank of methanol, and the
control sample was prepared the same as above without the
test sample. The percent antiradical activity was calculated
using the following formula:

% Antiradical activity =

contol Absorbance — Sample absobance
x 100

Control Absorbance

Ferric-reducing antioxidant power (FRAP)

FRAP value of guava preserve was determined by using
TPTZ (2,4,6-Tris (2-pyridyl)-s-triazine) reagent according
to Pulido et al., (2000), and the result was expressed mmol
of Fe (II) equivalent/g of sample.

Iron (Fe2+) chelating activity (%) =
{1- (Abs. of sample / Abs. of control)} x 100
Antioxidant capacity determined by radical cations (ABTS)

A modified procedure was used to determine free radical
scavenging activity as described by Re et al, 1999. The
ABTS+ stock solution (7 mM) was prepared through a reac-
tion of 7 mM ABTS and 2.45 mM of potassium persulphate
as the oxidizing agent. The working solution of ABTS+ was
obtained by diluting the stock solution in ethanol to give an
absorption of 0.70 +0.02 at 734 nm. Sample extracts (10 pL)
were added to 90 pL. of ABTS+ solution, and absorbance was
read at 734 nm at 30°C exactly 10 min after initial mixing.
The percentage inhibition of ABTS+ of the test sample and
known solutions of Trolox was calculated using the following
formula:

% Inhibition = 100(A0-A)/A0

Where AO is the first absorbance at 734 nm, obtained by
measuring the same volume of solvent, and A is the final ab-
sorbance of the test sample at 734 nm.

Color Measurement & Analysis

The color of the preserves was measured using X-rite (Grand-
ville, MI, USA). The color attributes, i.e., Hunter lightness
(L"), redness (a"), and yellowness (b"), were recorded 3 times
for each sample (n=3). Additional color attributes, such as
chroma, redness, whiteness value, and AE (total color
change), were calculated with L", a’, and b values.
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AE = [(ALY*+ (Aa™?+(AbY 2 12

Chroma = (a™* + b*?) *

Whiteness Value = 100-[(100-L* 2+ a*? +b™®]"?
Redness Value=a™/ b*

Sensory Evaluation

The sensory evaluation of guava preserves was done by 9
points hedonic rate scale, which includes color, texture, taste,
flavor, and overall acceptability. The semi-trained judge's
panel was selected from the Center of Food Technology, Al-
lahabad University. They rated guava preserves from zero to
nine on the scale for the above parameters.

Statistical Analysis

The incorporation of prebiotics as lactulose in guava preserve
and its effect on nutritional and antioxidant properties of
guava preserve were analyzed using analysis of variance
(ANOVA). All the experiments were carried out in triplicate.

Table 2. Proximate composition of guava preserves

Research Article

Results and Discussion

Physicochemical Analysis

All Guava preserves (CT0, CT1,CT2, CT3 & ST0, ST1, ST2,
and ST3) (S=Safeda, C=Chittidar, (To=50% guava pulp, 45%
sugar, Ti= 50% guava pulp, 33.75% sugar, 11.25% lactulose,
T2=50% guava pulp, 22.5% sugar, 22.5% lactulose, Ts=50%
guava pulp, 11.25% sugar, 33.75% lactulose) were analyzed
for proximate composition using AOAC 2016 standard meth-
ods and results are shown in Table 2. No significant differ-
ence was observed in fat, protein, and titratable acidity of
guava preserves after treatment with prebiotics. Menezes et
al., (2012) reported the proximate value of low-calorie guava
to preserve with three different percentages of lactulose that
is 16%, 19.5%, and 23% and observed no significant differ-
ence in crude fiber, protein, and fat content of guava pre-
serves after treatment with lactulose.

Tritrable

Treat | Moisture Ash . 1. o Crude Protein Carbo-hydrate Energy

S.No. ments (%) (%) ac1d1.ty.g/10.0 g | Fat% fiber % % % Kecal
(as citric acid)

1 C TO 24.76% 0.952 2.332 1.84% 2.532 2.652 67.27° 296.248
+4.33 +0.20 +1.2 +0.437 +0.0611 +0.116 +0.99 +1.22

5 CT1 37.534 1.893b¢ 2.142 1.752 2.75% 2.63% 53.45b 240.07¢
+1.18 +0.96 +0.94 +0.141 +0.094 +0.105 +0.85 +1.39

3 CT2 39.73b¢ 2.05% 1.942 1.68% 2.98° 2.67% 50.89% 229.36°
+1.11 +0.71 +0.92 +0.095 +0.125 +0.047 +0.52 +0.73

4 CT3 32.68% 1.22%® 2.192 1.58? 2.522 2.682 59.32¢ 262.444
+1.46 +0.23 +1.00 +0.095 +0.375 +0.127 +1.08 +1.23

5 S To 25.70% 0.97* 2.012 1.69° 2.482 2.592 66.59° 291.93f
+0.32 +0.013 +0.53 +0.319 +0.080 +0.082 +1.15 0.97

6 ST1 41.502b¢ 2.37° 2.112 1.44* 2.612 2.64% 49.09* 219.79*
+1.29 +0.56 +0.75 +0.362 +0.090 +0.176 +0.83 +1.31

- ST2 39.80° 2.46° 1.952 1.552 2.86% 2.65° 51.45% 227.27°
+0.90 +0.45 +0.71 +0.182 +0.176 +0.075 +0.62 +1.04

3 S T3 35.56° 1.97b 2.17% 1.65% 2.422 2.682 55.72°¢ 272.45°¢
+0.88 +0.49 +0.92 +0.105 +0.375 +0.152 +0.54 +2.00

Values expressed are mean =+ standard deviation of the three experiments. Means in the same column with different letters were significantly

different at p<0.05.

S=Safeda, C=Chittidar, (To=50% guava pulp, 45% sugar, T1= 50% guava pulp, 33.75% sugar, 11.25% lactulose, T,=50% guava pulp, 22.5%

sugar, 22.5% lactulose, Ts= 50% guava pulp, 11.25% sugar, 33.75% lactulose)
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Ash content first increased and then decreased with a higher
percentage of lactulose. Menezes et al., (2012) also reported
a decrease in the ash content of guava preserves with in-
creased lactulose added. Kourany et al., (2017) developed the
protein-fortified guava bar, estimated its proximate composi-
tion, and found that the bar had 12.52%, 5.55%, 1.25%,
3.29% moisture, crude fiber, ash, and fat, respectively. Ku-
mar et al., (2017) prepared a bar with different blending ratios
of papaya and guava. They found that a 50% blending ratio
was best with proximate analysis of 15%, 1%, and 0.98%
moisture, protein, and titrable acidity. The Carbohydrate and
calorie content of guava preserves decreased after replacing
sugar with lactulose in both the chittidar and safeda cultivars.
The reduction in carbohydrates and calories of chittidar guava
preserve ranges between 11.81-20.54 % and 11.41-18.96, re-
spectively, by the decrease of sucrose from 11.25-33.25%
w/w. This reduction range in safeda guava preserve lies be-
tween 16.32-26.28% and 6.67-24.71%, respectively.
Menezes et al., (2012) also reported that lactulose addition in
guava preserve reduced its caloric value.

Mineral Content of Guava Preserve

The calcium, phosphorus, and iron content of guava preserves
increases with an increase in the concentration of lactulose in
both cultivars of guava preserves (Figure 3). The maximum
increase in calcium and phosphorus was found in the chittidar
cultivar, i.e., 9.25 and 23.37 mg/100g, respectively. Still, the
highest increase in iron was found in the safeda cultivar with
1.9 mg/100g. There are no supportive studies to increase min-
eral content after incorporating lactulose. Still, in some stud-
ies, there are pieces of evidence to increase the absorption of
minerals after digestion contained with lactulose. Scholz-
Ahrens et al., (2001) reported that prebiotics could induce the
absorption and retention of many minerals like calcium, iron,
and magnesium. Sekhi et al., (2007) found that lactulose en-
hances the absorption of calcium and magnesium, and this
enhancement is due to organic acids produced by the catabo-
lization of lactulose in the large intestine.

Total Phenolic Content

Polyphenolic compounds are very important fruit constitu-
ents due to their antioxidant activities. These compounds help
to neutralize free radicals, which are responsible for many de-
generative diseases like cardiovascular diseases, cancer, and
gastrointestinal disease (Bendary et al., 2013). Patel et al,
(2016) reported that fresh guava extract contains 415.69
mg/100g total phenolic content (TPC). The total phenolic
content in 8 samples of guava preserves was measured using
the Folin-Ciocalteu method, as shown in Figure 4. The total
phenolic content of these guava preserves ranged from

136.67 to 145.01 mg/100g, and this also indicates that the
concentration of TPC increases with lactulose percentage in-
crement. Correa et al., (2011) reported 140.92 mg/100g TPC
in guava jam for the standard formulation. They also reported
194.77 mg/100g TPC of zero sugar formulation of guava jam.
Jahanzeb et al., (2016) developed a cereal bar incorporated
with guava pulp (15%) and reported 134.44 mg/100g total
phenolic content.

chittidar guava preserve
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S=Safeda, C=Chittidar, (To=50% guava pulp, 45% sugar, Ti= 50% guava
pulp, 33.75% sugar, 11.25% lactulose, T>=50% guava pulp, 22.5% sugar,
22.5% lactulose, Ts= 50% guava pulp, 11.25% sugar, 33.75% lactulose)

Figure 3. Minerals content of guava preserve
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Ascorbic Acid

Ascorbic acid, or vitamin C, is a water-soluble vitamin and
cannot be produced by the human body, so it is important to
incorporate vitamin C through dietary sources to meet the
recommended dietary allowances. The high content of vita-
min C in guava makes it a super fruit. Jawaheer et al., 2003
reported average ascorbic acid content of guava is 201.1
mg/100g. In making jam, guava retains only 37% of ascorbic
acid due to severe heat treatment. Cooking time and cooking
temperature are both factors involved in the degradation of
vitamin C. Figure 3 shows a range of ascorbic acid between
98.2-102.6 mg/100g in guava preserves. This graph also rep-
resents that the ascorbic acid content increases with an in-
crease in the concentration of lactulose. The maximum in-
crease for both cultivars was found in the T3 treatment.

Antioxidants Properties

DPPH is a free stable radical that adopts an electron or hy-
drogen ion to transfer in a stable free radical in methanol or

Antioxidant activity of Guava preserves
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an aqueous solution and accepts an electron or hydrogen rad-
ical to turn into a stable atom or molecule (Kanwal et al.,
2017). The effect of all the treatments on the percent of anti-
radical activity of guava preserve is shown in Figure 4. The
graph shows an increase in DPPH activity with a high per-
centage of lactulose. Correa et al., 2013 reported a 65.88%
DPPH value of guava jam of standard formulation. Accord-
ing to Correa ef al., 2013 DPPH determines the activity of a
sample or composition that protects a lipid substrate from ox-
idation; the inhibition of the DPPH radical is based on the
transfer of electrons from an antioxidant compound to an ox-
idant. The metal chelating activity, ABTS activity, and ferric
reducing antioxidant power (FRAP) show similar effects to
DPPH that increase with increasing lactulose percentage in
the preserves. Pisoschi ef al., 2011 reported ABTS value of
guava extract ranged between 22.3 £0.9and 37.9 £3.4 uM TE/
fresh mass, and the FRAP value ranged between 14.4 and
104.5mg/100 of fruit. Chen et al., 2011 proposed that lactu-
lose is an indirect antioxidant that mobilizes endogenous hy-
drogen production, which in turn can reduce oxidative stress
in human beings.

Ascorbic Acid and Total Phenolic Content of Guava

preserves
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S=Safeda, C=Chittidar, (To=50% guava pulp, 45% sugar, Ti= 50% guava pulp, 33.75% sugar, 11.25% lactulose, T2=50% guava pulp, 22.5% sugar, 22.5%

lactulose, Ts= 50% guava pulp, 11.25% sugar, 33.75% lactulose)

Figure 4. Ascorbic acid, Total phenolic content, and antioxidant properties of Guava preserves
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Color Analysis

The lightness (L*), redness (a*) and yellowness (b*) charac-
teristics of guava preserve samples with different percentages
of lactulose are presented in Table 3. samples of guava pre-
serves containing lactulose had significantly (p<0.05) higher
L*values than control samples for both the guava cultivars.
As we increase lactulose concentration L* value increases in
both the cultivars, which reveals that the brightness of sam-
ples increases when lactulose concentration is higher. a*
value (redness) was observed to be lower in control samples
and higher in the T1 sample for Chittidar and Safeda cultivar
control samples which also had the lowest a* value. In con-
trast, T2 had the highest a* value. Total color change (E) was
highest in T3 for Chittidar, i.e., 8.46, and T2 for Safeda, i.e.,
5.15. These guava preserves of both cultivars have the highest

whiteness value, which ranges between 30-34, and the lowest
redness value, which ranges between 0.46-0.47 for all the
samples; these results subsequently showed that guava pre-
serves are brighter and white in color, which is acceptable by
sensorial panelists.

Sensory Evaluation

The sensorial preference scores given by the panelists to the
guavas are shown in Table 4. We found a significant differ-
ence between control and treatment samples in color texture,
flavor, taste, and overall acceptability. This table also reveals
no significant differences between T1 and T2 along the full
sensorial scale in the Chittidar cultivar. In overall acceptabil-
ity, Safeda T2 received the highest score among overall treat-
ments, 8.43 +£0.06.

Table 3. Color, Chroma value whiteness, and redness value of guava preserves

Sample L* ta* +h* E Chroma Whiteness Redness
value value
Control (C) | 36.09+0.060° | 8.61+0.046 | 18.63+£0.040° - 20.5240.85* | 32.87+1.84%® | 0.46+0.036°
CT1 37.13+0.025% | 12.27+0.020% | 25.83+£0.0262 | 8.14+0.44% | 28.59+0.73° | 30.93£2.46* | 0.47+0.020°
CT2 37.18+0.025% | 10.97+0.055° | 22.92+0.035% | 5.01+£0.44° | 25.41+1.10° | 32.23+£1.94%® | 0.47+0.020%
CT3 39.84+0.045" | 11.454+0.040" | 25.67+0.1427 | 8.46+0.62¢ | 28.11+0.52° | 33.60+2.11%® | 0.44+0.036°
Control (S) | 36.11£0.051° | 8.60+0.085° | 18.61+0.025° - 20.50+0.60* | 32.90+0.99% | 0.46+0.264
STI1 36.31+0.057° | 8.724+0.032° | 18.78+0.070° | 0.28+0.07* | 20.71+0.74* | 33.03%£1.10® | 0.46+0.040"
ST2 36.67+0.060° | 10.38+0.042¢ | 23.42+0.044° | 5.15+0.41° | 25.62+0.85° | 31.68+2.14%® | 0.44+0.065
ST3 38.60+0.076° | 9.38+0.035° | 20.01£0.045°¢ | 2.96+0.37° | 22.09+0.96* | 34.74+1.96° | 0.46+0.055

Values expressed are mean + standard deviation of the three experiments. Means in the same column with different letters were significantly different at

p<0.05

S=Safeda, C=Clhittidar, (To=50% guava pulp, 45% sugar, Ti= 50% guava pulp, 33.75% sugar, 11.25% lactulose, T>=50% guava pulp, 22.5% sugar, 22.5%
lactulose, T3= 50% guava

Table 4. Sensory evaluation of guava preserve

Sample Color Texture Flavor Taste Overall acceptability
Control (C) | 7.20+0.17° 7.20+0.17° 7.57+0.12° 7.90+0.001? 7.40+0.06
CT1 8.07+0.12° 8.03+0.06¢ 8.03+0.06° 7.20+0.001¢ 8.07+0.12%
CT2 8.07+0.06° 8.13+0.06° 7.48+0.06° 7.70+0.001° 8.12+0.03%
CT3 7.73+0.13° 7.63+0.29° 7.52+0.03¢ 7.70+0.001° 7.8340.06°
Control (S) | 8.20+0.17° 8.07+0.12° 7.9140.03° 8.43+0.001° 8.17+0.06°
ST1 8.58+0.14¢ 7.77+0.06" 8.12+0.01¢ 8.03+0.001° 8.03+0.06¢
ST2 8.65+0.09¢ 7.52+0.04° 7.23+0.03¢ 7.734+0.062 8.43+0.06
ST3 7.20+0.17° 7.27+0.12° 7.65+0.06* 7.43+0.06 7.70+0.001°

Hedonic values (color, texture, flavor, taste, and overall acceptance)1- dislike very much; 9 - like very much

Values expressed are mean =+ standard deviation of the three experiments. Means in the same column with different letters were significantly different at
p<0.05. S=Safeda, C=Chittidar, (To=50% guava pulp, 45% sugar, T1= 50% guava pulp, 33.75% sugar, 11.25% lactulose, T2=50% guava pulp, 22.5% sugar,
22.5% lactulose, T3= 50% guava pulp, 11.25% sugar, 33.75% lactulose)
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Conclusion

The study demonstrated that guava preserved with prebiotic
properties could be developed while maintaining good senso-
rial qualities. Prebiotics maintain good gut and colon health,
and guava are high in antioxidants and vitamin C, which fight
free radicals. This study reveals that when sucrose is replaced
with prebiotic lactulose, carbohydrate content and calories
are reduced. The development of guava preserves also mini-
mizes post-harvest loss of fresh guava and makes it available
throughout the year. Guava preserves with 22.5% w/w su-
crose and 22.5% w/w have high nutritional value and higher
overall acceptability. Therefore, this study represents an im-
portant contribution to the future development of healthier
fruit products.
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0z

Bu calismada; Starking Delicious, Amasya, Granny Smith ve Golden Delicious elma ¢esitlerinin
kalite 6zellikleri ve aroma profilleri belirlenmistir. Titre edilebilir asitligi en yiiksek ve pH degeri
en diisiik olan elma Granny Smith iken kurumadde ve suda ¢oziiniir kurumadde (SCKM) degeri
en yiiksek olan Amasya elmasidir. Aroma, elmalar i¢in dnemli bir kalite kriteridir ve tiiketici be-
genisinde biiyiik rol oynamaktadir. Elmalarin aroma bilesimi headspace yontemi ile gaz kroma-
tografisi-kiitle spektrometrisi (GC-MS)’nde belirlenmistir. Elmalarda 24 ester, 5 yiiksek alkol, 1
aldehit, 1 terpen ve 9 tanimlanamayan olmak tizere 40 farkli ugucu bilesik tespit edilmigtir. Star-
king Delicious’un %80.00’1n1, Amasya’nin %76.55’ini, Golden Delicious’un %62.82’sini olustu-
ran esterler elmalardaki baglica aroma grubudur ve esterler genellikle tiiketicilerin tercih ettigi ko-
kular1 vermektedir. Biitil asetat, 2-metil biitil asetat, hekzil asetat, (E,E)-a-farnesen, etanol ve etil
2-metil biitanoat elmalarda en yiiksek oranlarda belirlenen aroma bilesikleri olmustur. Bu bilesik-
ler elmanin aromasina muz, meyvemsi, ¢ilek, tatli, armut, ¢imen ve alkol gibi koku katkilar1 yap-
maktadir.

Anahtar Kelimeler: Elma, Aroma, Headspace, GC-MS, Kalite
ABSTRACT
Volatile compounds and quality parameters of various apples

In this study; quality characteristics and volatile compounds of Starking Delicious, Amasya,
Granny Smith, and Golden Delicious apple cultivars were determined. Granny Smith has the hig-
hest titratable acidity and the lowest pH value, while the Amasya apple has the highest dry matter
and water-soluble solids. Aroma is an important quality criterion for apples and its has a big role
in consumer taste. The aroma composition of apples was determined in gas chromatography-mass
spectrometry (GC-MS) using the headspace method. Forty different volatile compounds, including
24 esters, 5 higher alcohols, 1 aldehyde, 1 terpene and 9 unidentified volatile compounds, were
detected in apples. Esters, which make up 80.00% of Starking Delicious, 76.55% of Amasya and
62.82% of Golden Delicious are the main flavor group in apples and esters generally impart aroma
compounds preferred by consumers. Butyl acetate, 2-methyl butyl acetate, hexyl acetate, (E,E)-a-
farnecene, ethanol and ethyl 2-methyl butyrate were the aroma components determined at the hig-
hest rates in apples. These compounds contribute to the aroma of apples such as banana, fruity,
strawberry, sweet, pear, grass and alcohol.

Keywords: Apple, Volatile Compounds, Headspace, GC-MS, Quality
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Giris

Rosaceae familyasindan olan elma, Malus cinsine ait meyve-
dir (van der Sluis, 2005). Iliman iklimlerde ve tropik bolge-
lerin yiiksek rakimli yerlerinde yaygin olarak yetistirilir (Ap-
rea ve ark., 2011; Uniivar, 2014). Diinyada muzdan sonra en
fazla tretilen ikinci meyve olan elma (FAO, 2019), Tiir-
kiye’de de 2021 verilerine gore 4.493.264 ton iiretim ile tim
meyveler igerisinde %18,0’lik paya sahiptir (TUIK, 2022a).
En fazla iiretilen cesitler ise sirasiyla Starking Delicious
(%37.8), Golden Delicious (%24.3), Amasya (%5.4) ve
Granny Smith (%4,1)’tir (TUIK, 2022b).

Elmanin genel bilesimi; %85 su, %11 karbonhidrat, %2 diyet
lif, %0.6 yag, %0.5 organik asit ve %0.3 proteindir. Elma,
saglik acisindan biiylik 6neme sahip bir¢ok biyoaktif bilesik-
leri (fenolik bilesikler, triterpenik asitler, vitaminler gibi) ige-
rir (van der Sluis, 2005; Esmaeilli ve ark., 2012). Bu bilesik-
ler sayesinde elma, antioksidan ve antikanser etkisi goster-
mektedir (Boyer ve Liu, 2004; Esmaeilli ve ark., 2012).

Gidalarda diisiik miktarlarda bulunan aroma maddeleri, agiz
ve geniz yolu ile algilanmakta ve gida kalitesinde biiyiik
Onem tasimaktadir. Meyvelerin aromasini ugucu ve yarl
ucucu organik bilesikler olusturmaktadir. Bu bilesik gruplart;
esterler, yiiksek alkoller, hidrokarbonlar, aldehitler, ketonlar,
laktonlar, terpenler, ugucu yag asitleri ve diger ugucu bilesik-
ler olup meyvenin hos kokusundan sorumludurlar. Aroma
maddeleri GC veya GC-MS gibi cihazlarla hassas bir sekilde
belirlenebilmektedir. Meyvelerin aroma kompozisyonunu;
genetik, cesit, hasat zamani, igsleme kosullar1 ve depolama
gibi faktorler etkileyebilmektedir (Rizzolo ve ark., 2006a;
Dunemann ve ark., 2009; Malheiro ve ark., 2010). Bu nedenle
meyvenin aroma bilesiklerinin kesin olarak belirlenmesi zor-
dur.

Gidada bulunan ugucu bilesikler, gidanin lezzetine en fazla
katkiy1 saglayan aromay1 meydana getirmektedir (Sharma ve
ark., 2014). Her bir aroma bilesiginin katkisi enzim aktivitesi
ve substrata bagh olarak degigsmektedir (Rizzolo ve ark.,
2006a). Lipoksigenaz, alkol dehidrogenaz ve alkol agil-trans-
feraz gibi enzimler ugucu bilesiklerin {iretiminde biiyiik 6nem
tagimaktadir. Yaglar ve amino asitler kullanilarak yiiksek al-
koller, aldehitler ve esterler gibi aroma bilesiklerinin biyosen-
tezi gerceklesmektedir. (Espino-Diaz ve ark., 2016). Esterler,
meyvelerin ugucu bilesiklerinin biiyiik ¢cogunlugunu olustur-
mak birlikte hosa giden tath ve olgun aromalardan sorumlu-
durlar (Fellman ve ark., 2000; Gezer, 2012). Esterler, agil-
transferaz (AAT) enzimi ile katalizlenen, agil CoA, alkol ve
karboksilik asidin esterifikasyonu ile meydana gelirler
(Dixon ve Hewett, 2000; Gezer, 2012; Sharma ve ark., 2014).
Yiiksek alkoller, genellikle meyvelerin olgunlagma siiresince

enzimatik faaliyetler sonucu ortaya ¢ikan ucucu bilesiklerdir.
Bazi yiiksek alkoller ¢oklu doymamis yag asitlerinin lipoksi-
genaz dongiisiiyle olusurken, bazilari ise protein deaminas-
yonu sonucu meydana gelmektedir (Cortes-Delgado ve ark.,
2016).

Elmanin tiiketiciler tarafindan tercih edilmesinde en énemli
faktor aromadir ve bugiine kadar elmada 300°den fazla ugucu
bilesik tespit edilmistir (Dixon ve Hewett, 2000; Aprea ve
ark., 2012; Yang ve ark., 2021). Elma aromasinda ¢ok gesitli
ucucu bilesikler bulunmasina ragmen, aromanin ¢ogunlu-
gunu esterler (%78-92) ve yliksek alkoller (%6-16) olustur-
maktadir. Elma cesitlerinin aromalarinda biiytik farkliliklar
s0z konusu olmakla birlikte herhangi bir elma ¢esidi igin
onemli bir karakteristik ugucu bilesik bulunmamaktadir
(Dixon ve Hewett, 2000; Vrhovsek ve ark., 2014). Elma aro-
masinda; esterlerden biitil asetat, heksil asetat, 2- metilbiitil
asetat, etil 2-metil biitanoat, alkollerden 2-metil-1-biitanol, 1-
biitanol, 1-hekzanol, 1-propanol ve aldehitlerden hekzanal,
trans-2-heksanal, biitanal gibi 20 anahtar ugucu bilesik bulun-
maktadir (Dunemann ve ark., 2009; Yang ve ark., 2021).

ABD orijinli Golden Delicious ve Starking Delicious, Tiir-
kiye orijinli Amasya elmas1 ve Avustralya orijinli Granny
Smith iilkemizde en fazla yetistiriciligi yapilan elmalar ol-
dugu i¢in galisma materyali olarak tercih edilmigtir. Tiir-
kiye’de yetistirilen Amasya ve Granny Smith elma ¢esitleri-
nin ugucu bilesimleriyle ilgili herhangi bir ¢alisma bulunma-
maktadir. Bu calismada, dort elma ¢esidinin (Starking Deli-
cious, Golden Delicious, Amasya ve Granny Smith) baz fi-
ziksel ve kimyasal kalite 6zellikleri ile aroma bilesiklerinin
belirlenmesi amaglanmaistir.

Materyal ve Metot

Materyal

Starking Delicious, Golden Delicious, Amasya ve Granny
Smith ¢esidi elmalar Kilis piyasasindan temin edilmis, yikan-
diktan ve kurutulduktan sonra analizler yapilincaya kadar
+4°C’de depolanmustir.

Metot
Fiziksel ve Kimyasal Analizler

Rastgele alinan 20 elmanin meyve agirlig1 (g) hassas tera-
ziyle, meyve eni (mm) ve meyve boyu (mm) dijital kumpas
ile Ol¢iilerek ortalama deger belirlenmistir. Kurumadde ve kiil
miktar1 gravimetrik, pH degeri ve titrasyon asitligi ise potan-
siyometrik olarak belirlenmistir. Titrasyon asitligi i¢in elma
ornekleri N/10’luk NaOH ile pH derecesi 8.1’¢ kadar titre
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edilmis ve sonuglar malik asit cinsinden hesaplanmistir. El-
malarin suda ¢oziinlir kurumadde miktar1 20°C’de el refrak-
tometresi ile % olarak belirlenmistir (Cemeroglu, 2013).

Aroma Bilesiklerinin Belirlenmesi

Ucucu bilesiklerin ekstraksiyonu Sabatini ve ark. (2008)’na
gore headspace metodu ile yapilmistir. Bunun igin elmalar,
tezgah istii elma makinesi ile ¢ekirdekleri ¢ikartilarak 1-3
mm kalinlikta dilimlenmis ve headspace viallerine aktaril-
mustir. Vialler 70°C sicaklikta 30 dakika bekletilerek ugucu
bilesiklerin tepe bosluguna toplanmasi saglanmistir. Tepe
boslugunda toplanan ugucu bilesikler GC/MS (Agilent-
7890B GC-5977MSD)’e enjekte edilmistir.

Aroma maddelerinin ayrimi DB-WAX kapiler kolon (30 m x
250 um x 0,5 um) kullanilarak gergeklestirilmistir. Enjektor
sicakligi 220°C, dedektor sicakligi 250°C, kolon sicakligi ise
50°C’de 3 dk beklemeden sonra, dakikada 2°C artarak
220°C’ye ve daha sonra dakikada 3°C artarak 245°C’ye ¢1-
kartilarak, bu sicaklikta 20 dk sabit kalacak sekilde ayarlan-
mustir. Tastyici gaz olarak helyum kullanilmistir. Helyumun
akis hiz1 1 mL/dk, dedektdr ve enjektor sicakliklari ise
250°C’ dir. Tanimlanan ugucu bilesikler arasinda aroma
maddeleri % olarak verilmistir. Analizler 3 tekerriirlii olarak
gergeklestirilmigtir.

Istatistiksel Analiz

Istatistiksel analiz tesadiif parselleri deneme tasarimi ile IBM
SPSS Statistics Version 20.0 paket programi kullanilarak ya-
pilmistir. Farkli cesitler i¢in varyans analizi sonucunda

Tablo 1. Elma ¢esitlerinin fiziksel ve kimyasal bilesimi

onemli ¢ikan farkliliklara One-way ANOVA Coklu Karsilag-
tirma testlerinden Duncan testi uygulanmistir. Sonuglar orta-
lama=tstandart sapma olarak verilmis ve p<0,05 olan tiim de-
gerler istatistiki olarak anlaml kabul edilmistir.

Bulgular ve Tartisma
Elmalarin Kalite Ozellikleri

Meyvelerin fiziksel ve kimyasal 6zellikleri, {iriiniin kalitesi-
nin belirlenmesinde, derecelendirilmesinde ve fiyatlandiril-
masinda biiyiik 6nem tasimaktadir (Uylaser ve ark., 2008).
Starking Delicious, Amasya, Granny Smith ve Golden Deli-
cious elma ¢esitlerinde yapilan fiziksel ve kimyasal analiz so-
nuclar1 Tablo 1°de verilmistir.

Elmalarin meyve agirliklart en diisiik Amasya’da en yiiksek
ise Golden Delicious’da tespit edilmistir. Bu ¢alismaya ben-
zer olarak Giuleryiiz ve ark. (2001), Amasya elmasi haricin-
deki elmalarin agirliklarint 130.41-187.39 g araliginda belir-
lerken Kalkisim ve ark. (2016), Amasya elmasimin agirligim
127.63 g olarak bildirmislerdir. Yapilan diger ¢alismalarda
Golden Delicious 222-262 g, Granny Smith 227-285 g Star-
king Delicious 290 g olarak belirtilmistir (Rizzolo ve ark.,
2006b; Aprea ve ark., 2012; Yang ve ark., 2021).

Meyve agirligina benzer olarak meyve en ve boyu, en diisiik
Amasya en yiiksek ise Golden Delicious’da belirlenmistir.
Calismada kullanilan elma cesitlerinin meyve en (62.80-
76.80 mm) ve boylar (57.00-68.70 mm) diger arastirmaci-
larla benzer bulunmustur (Giileryiiz ve ark., 2001; Kalkisim
ve ark., 2016).

Table 1. Physical and chemical composition of apple varieties

Starking Delicious Amasya Granny Smith Golden Delicious

Meyve agirhg (g) 146.69+2.60° 117.26+£2.339  131.04+4.13¢  170.54+£7.26°
Meyve eni (mm) 70.70+0.14* 69.05+0.64° 67.20+0.57¢ 71.60+0.422
Meyve boyu (mm) 63.35+1.63° 60.70+1.98° 63.45+0.35° 69.50+2.40°

pH 4.28+0.06° 4.38+0.03% 3.68+£0.04¢ 4.05+0.01°
Titrasyon asitligi (%)* 0.16+0.01°¢ 0.15+0.00¢ 0.55+0.02* 0.20+0.01°
Kurumadde (%) 12.91£0.19¢ 19.60+0.12° 13.3240.04¢ 17.94+0.15°
SCKM (%) 11.15+£0.21¢ 15.20+0.00° 11.90+0.14¢ 14.80+0.00°

Kiil (%) 0.2240.01° 0.69+0.02° 0.18+0.02¢ 0.25+0.01°

*% Titrasyon asitligi malik asit cinsinden hesaplanmistir. Ayni satirdaki farkli harfle gosterilen ortalamalararasinda istatistiksel olarak
farklar 6nemlidir (p<0,05).
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Elmalarm kurumadde igerikleri en disiik %12.91 ile Starking
Delicious ve en yiiksek %19.60 ile Amasya c¢esitlerinde be-
lirlenmistir. Elmalarin SCKM degerleri kurumadde igerikle-
riyle paralel bulunmustur. Diger arastirmacilar ise elma mey-
velerinin ¢esit ve yetistirme kosullarina bagh olarak kuru-
madde igeriklerini %13.69-18.10, SCKM degerlerini %9.50-
15.80 araliginda bildirmislerdir (Atli ve Otles, 1999; Giiler-
yliz ve ark., 2001; Briones-Labarca ve ark., 2011; Kalkisim
ve ark., 2016; Aprea ve ark., 2017). Yapilan ¢alismalarda
SCKM degeri Golden Delicious igin %11.84-15.20, Granny
Smith i¢in %11.9-15.6 ve Starking Delicious i¢in %12.9 ola-
rak bildirilmistir (Rizzolo ve ark., 2006b; Aprea ve ark.,
2012; Yang ve ark., 2021).

Elmalar arasinda kiil igerigi en yiliksek Amasya’da (%0,69)
iken en diigiitk Granny Smith’te (%0,18) belirlenmistir. Bazi
arastirmacilar ise elmalarin kiil iceriklerini Amasya ig¢in
%0.93, Golden Delicious i¢in %0.13-0.34, Granny Smith i¢in
%0.53, Starking Delicious i¢in %0.16-0.31 olarak belirlemis-
lerdir (Ath ve Otles, 1999; Briones-Labarca ve ark., 2011;
Gezer, 2012; Kalkisim ve ark., 2016).

Elmalarin pH degerleri 3.68-4.38 araliginda iken titrasyon
asitlikleri malik asit cinsinden %0.15-0.55 arasinda degisik-
lik gostermistir. En yiiksek pH ve en diisiik asitlik Amasya
elmasinda, en diisiik pH ve en yiiksek asitlik Granny Smith
elmasinda belirlenmistir. Granny Smith ¢esidinin pH ve asit-
lik degerleri Briones-Labarca ve ark. (2011) ile benzer bulun-
mustur. Diger arastirmacilar ise ¢esitlerin pH ve asitligini
Golden Delicious’da 3.36 ve %0.40, Starking Delicious’da
3.99 ve %0.24, Amasya’da 4.13 ve %0.41 olarak belirlemis-
lerdir (Giileryiiz ve ark., 2001; Kalkisim ve ark., 2016). Aprea
ve ark. (2012) ve Yang ve ark. (2021) elmalardaki titrasyon
asitligini Golden Delicious’ta %0.44, Granny Smith’te %0,37
ve Starking Delicious’ta %0.32 olarak belirtmislerdir.

Elmalarin Aroma Profili

Dort farkli elma cesidinde 24’ ester, 5’1 yiiksek alkol, 1’1
aldehit, 1’1 terpen ve 9’u tanimlanamayan bilesikler olmak
iizere 40 farkli aroma maddesi tespit edilmistir. Starking De-
licious ¢esidinde 17 ester, 4 yiiksek alkol, 1 aldehit ve 1 ter-
pen olmak tizere 23; Amasya cesidinde 15 ester, 4 yiiksek al-
kol, 1 terpen olmak tizere 20; Granny Smith ¢esidinde 11 es-
ter, 5 yiiksek alkol, 1 aldehit ve 1 terpen olmak iizere 18; Gol-
den Delicious ¢esidinde ise 9 ester, 4 yiiksek alkol ve 1 alde-
hit olmak iizere 14 aroma bilesigi tanimlanmistir (Tablo 2).
Elmalarda yapilan diger calismalarda da benzer olarak sayica
en yiiksek aroma grubu esterler olmustur (Dunemann ve ark.,

2009; Aprea ve ark., 2012; Gezer, 2012; Aprea ve ark., 2017;
Yang ve ark., 2021).

Aroma bilesiklerinin oranlarina bakildiginda ¢oktan aza
dogru Starking Delicious’ta ester, yiiksek alkol, terpen ve al-
dehit; Amasya’da ester, yiiksek alkol, tamimlanamayan bile-
sikler ve terpen; Granny Smith’te yiiksek alkol, terpen, ester,
tanimlanamayan bilesikler ve aldehit ve Golden Delicious’ta
ester, yiiksek alkol, tanimlanamayan bilesikler ve aldehit be-
lirlenmistir (Sekil 1).

H
Ester H b
H
|
Alkol e
ol Golden Delicious
Terpen L — Granny Smith
|
| Amasya
Aldehit : Starking Delicious
H
Digerleri |’
\
0 50 100

Sekil 1.Elma ugucu bilesiklerinin aroma gruplarina gére %
dagilimi

Figure 1. % ratio of apple volatile compounds by aroma groups

En yiiksek oranda bulunan aroma bilesikleri sirasiyla Star-
king Delicious’ta 2-metil biitil asetat, hekzil asetat ve biitil
asetat; Amasya’da biitil asetat, 2-metil biitil asetat ve hekzil
asetat; Granny Smith’te (E,E)-a-farnesen, etanol ve etil 2-me-
til biitanoat ve Golden Delicious’ta hekzil asetat, etanol ve
biitil asetattir. Aprea ve ark. (2017)’nin 40 elma ¢esidinde
yaptiklari ¢alismada da en fazla miktarda bulunan aroma bi-
lesikleri hekzil asetat ve biitil asetat olmustur. Sharma ve ark.
(2014)’nin bildirdikleri elma aromasindan sorumlu bilesikler
de (2-metil biitil asetat, biitil asetat, hekzil asetat) ¢alismay1
desteklemektedir. Granny Smith’te yiiksek oranda bulunan
(E,E)-a-farnesenin, Esmaeilli ve ark. (2012)’nin tespit ettigi
100 ugucu bilesik arasinda da baskin oldugu bulunmustur.
Ugucu bilesiklerin arasindaki farkliliklar ¢esit, bolge, toprak,
su (Yang ve ark., 2021) ve diger cevresel faktorlerden kay-
naklanmaktadir (Espino-Diaz ve ark., 2016; Yang ve ark.,
2021).
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Tablo 2. Elmalarin aroma bilesikleri (%)

Table 2. Volatile compounds of apples (%)

AZ* Bilesik Grup Starking Amasya Granny Golden
Delicious Smith Delicious

4.184 | Etanol Yiiksek alkol | 3.03£1.54° | 5.694+0.62° | 22.03+£3.21* | 20.26+0.42%

4.595 | Propil asetat Ester 5.9340.88? 0.90+0.09° | t.e. t.e.

5.001 | Izobiitil asetat Ester 0.94+0.09* | 0.58+0.06" | t.e. t.e.

5.270 | Etil biitanoat Ester 3.70+0.10° 1.254+0.10° | 5.81+0.25% t.e.

5.443 | Etil 2-metil biitanoat Ester 1.18+0.04* | 0.61+0.04° | 13.98+0.03* | t..

5.650 | Biitil asetat Ester 10.77+1.01¢ | 25.06+£0.96* | t.e. 14.28+1.09°

5.836 | Hekzanal Aldehit 0.34+0.34 | te. 0.78+0.04° 1.40+0.13?

5.941 | 3-Etoksi-3-(metil amino) metil 2-propanoat | Ester t.e. 0.64+0.08 0.52+0.08 t.e.

6.302 | 2-Metil biitil asetat Ester 29.12+3.33% | 23.69+1.20* | t.e. 8.64+0.46°

6.327 | Propil biitanoat Ester t.e. t.e. 0.24+0.24 t.e.

6.551 | 2-Metil propil biitanoat Ester 1.46+1.46 t.e. 0.92+0.92 t.e.

6.641 | 1-Biitanol Yiiksek alkol | 3.47+1.13% | 7.73+0.44* | 0.86+0.86° 1.86+0.01°

7.012 | 3-Metil 1-biitil asetat Ester 0.68+0.05 t.e. t.e. t.e.

7.019 | Pentil asetat Ester t.e. 1.50+0.03* | t.e. 2.42+0.112

7.446 | 2-Metil-1-biitanol Yiiksek alkol | 2.58+0.48 | 3.39+0.31* | 4.69+0.42° 1.07+0.17¢

7.645 | Biitil biitanoat Ester 0.98+0.26 1.17+0.01 t.e. t.e.

7.844 | Biitil 2-metil biitirat Ester 2.55+0.55 1.52+0.02 t.e. t.e.

7.871 | Etil hekzonoat Ester t.e. t.e. 2.9240.21 t.e.

8.395 | Hekzil asetat Ester 12.7142.20° | 15.54+1.37° | 0.77+0.04¢ 25.91+0.652

9.034 | 4-Hekzen-1-ol asetat Ester t.e. t.e. t.e. 1.76+0.10

9.065 | Propil hekzanoat Ester 1.02+0.3 t.e. t.e. t.e.

9.235 | 2-Hekzen-1-ol asetat Ester 0.70+0.70° 0.83+0.07° | te. 2.98+0.182

9.338 | Hekzil propanoat Ester 0.26+0.26 t.e. t.e. t.e.

9.444 | 1-Hekzanol Yiiksek alkol | 2.62+0.18° | 3.13+0.13* | 6.51+0.04° 6.99+0.12°

10.357 | Biitil hekzonoat Ester 3.434+0.22* | 0.20+0.20° | 0.55+0.01°¢ 1.47+0.26°

10.377 | Hekzil biitanoat Ester 3.47+0.11° 1.77+0.09° | 0.61+0.02°¢ 2.67+0.33°

10.557 | Hekzil 2-metil biitanoat Ester t.e. t.e. 1.56+0.06 t.e.

11.333 | 1.2.6-Hekzentriol Yiiksek alkol | t.e. t.e. 0.55+0.31 t.e.

13.877 | Hekzil hekzanoat Ester 1.12+0.07 t.e. t.e. t.e.

14.167 | Dimetil silanediol Ester te. 0.26+0.26* | 0.63=0.04° 1.46+0.032

17.461 | (E.E)-o-Farnesen Terpen 7.91+0.04* | 0.48+0.08° | 30.86+3.58* | te.
Digerleri t.e. 3.04+0.36 5.234+0.19 5.63+1.30

* Alikonma zamani (dk) t.e.: Tespit edilemedi. Ayn1 satirdaki farkli harfle gdsterilen ortalamalar arasinda istatistiksel olarak farklar Snemlidir
(p<0,05).

Meyvelerdeki baslica ugucu bilesik sinifi olan esterler, elma
aromasinda da biiyiik 6neme sahip olup, tiiketici begenisini
saglayan kokular1 vermektedir (Cortes-Delgado ve ark.,
2016). Aroma bilesimi olarak bakildiginda; Starking Delici-
ous’un %80.00°ni, Amasya’nmn %76.55’ini, Golden Delici-
ous’un %62.82’sini ve Granny Smith’in %28.50’sini esterler
olusturmustur. Echeverria ve ark. (2004) ve Espino-Diaz ve
ark. (2016) farkli elma gesitlerindeki aroma bilesikleri arasin-
daki en fazla miktarda bulunan ugucu bilesik sinifinin esterler
(%80-98) oldugunu bildirilmislerdir. Ancak Aprea ve ark.
(2011) elma cesitleri arasinda aroma bilesiminde 6nemli fark-
liliklar olabilecegini belirtmistir.

Starking Delicious ¢esidinde 2-metil biitil asetat (%29.12),
hekzil asetat (%12.71) ve biitil asetat (%10.77); Amasya ce-
sidinde biitil asetat (%25.006), 2-metil biitil asetat (%23.69) ve
hekzil asetat (%15.54); Golden Delicious ¢esidinde hekzil
asetat (%25.91), biitil asetat (%14.28) ve 2-metil biitil asetat
(%8.64) ve Granny Smith c¢esidinde etil 2-metil biitanoat
(%13.98), etil biitanoat (5.81) ve biitil biitanoat (%4.69) es-
terleri yliksek oranlarda tespit edilmistir.

Hekzil asetat, 2-metil biitil asetat, bitil asetat ve etil 2-metil
biitanoat bilesiklerinin esterler arasinda oransal olarak baskin
bilesikler oldugu yapilan caligmalarla da desteklenmistir
(Rizzolo ve ark., 2006b; Villatoro ve ark., 2008; Dunemann
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ve ark., 2009; Lumpkin ve ark., 2015). Granny Smith harig
diger ii¢c elma c¢esidinde yiiksek oranda bulunan biitil asetat
esteri, Aprea ve ark. (2012)’nin yaptig1 ¢alismada da diger 16
elma ¢esidinin aksine Granny Smith’te ¢ok diisiik miktarda
tespit edilmistir.

Caligmada belirlenen esterlerden hekzil asetatin meyveli,
tatli, armut (Dixon ve Hewett, 2000; Kato ve ark., 2003); etil
biitanoatin meyve, ananas; bitil asetatin muz, biitil biitano-
atin ciirlik elma; biitil hekzanoatin ¢imen, yesil elma; hekzil
biitanoatin ¢imen; hekzil hekzanoatin salatalik; 2-metil biitil
asetatin meyve ve etil-2-metil biitiratin ¢ilek (Espino-Diaz ve
ark., 2016) kokular1 verdigi bildirilmistir.

Elma cesitlerinde etanol, 1-biitanol, 2-metil-1-biitanol, 1-
hekzanol ve 1,2,6-hekzentriol olmak {izere 5 farkli yiiksek al-
kol bilesigi tespit edilmistir. Genel olarak esterlerden sonra
elma aromasindaki en biiylik yiizdeyi yiiksek alkoller olustur-
mustur. Yiksek alkollerin aroma bilesikleri igerisindeki pay-
larina bakildiginda; Granny Smith’in %34.63’{inili, Golden
Delicious’un %30.17’sini, Amasya’nin %19.94’iinii ve Star-
king Delicious’un ise %11.70’ini olusturdugu goriilmektedir.

Elma ¢esitlerinde en yiiksek oranda bulunan yiiksek alkoller
Starking Delicious ve Amasya’da 1-biitanol (%3.47 ve
%7.73), Granny Smith ve Golden Delicious’ta etanol
(%22.03 ve %20.26) olmustur. 1,2,6-hekzentriol ise sadece
Granny Smith’te tespit edilmistir. Komthong ve ark.
(2006)’da calismalarinda elmada 1-biitanoliin baskin oldu-
gunu desteklemistir. Gezer (2012), Golden Delicious, Star-
king Delicious ve Chen ve ark. (2007) Malus sieversii elma-
larinda 1-biitanol, etanol, hekzenol ve 2-metil-1-biitanol yiik-
sek alkollerinin bulundugunu belirtmislerdir.

1-Biitanoliin toprak, tatli ve meyvemsi; 1-hekzenoliin toprak,
hosa gitmeyen (Dixon ve Hewett, 2000), tath ve alkol; etano-
liin sarap/viski ve yumusak; 2-metil-1-biitanoliin hosa giden
(Espino-Diaz ve ark., 2016), asidik, keskin ve baharatli (Yang
ve ark 2021) kokular verdigi bildirilmistir.

Amasya elmasi harig¢ diger tiim ¢esitlerde belirlenen tek alde-
hit hekzanaldir. Bu bilesik, Golden Delicious aromasinin
%1.40’1n1, Granny Smith aromasinin %0.78’ini olustururken
Starking Delicious aromasmin %0.34’linii meydana getirmis-
tir. Elmalarda yapilan diger calismalarda da genellikle hekza-
nal en yiiksek miktarda tespit edilen aldehitler arasindadir
(Komthong ve ark., 2006; Chen ve ark., 2007; Aprea ve ark.,
2012; Espino-Diaz ve ark., 2016; Yang ve ark., 2021). Dune-
mann ve ark. (2009) Discovery ve Prima gesitlerinde hig al-
dehit bilesigi tanimlayamadiklarin bildirerek Amasya elmasi
i¢in bulunan sonucu desteklemektedirler.

Research Article

Aldehitler olgunlagma ile alkollere indirgenebilir, asitlere ok-
sitlenebilir ve boylece ester sentezinde rol alabilirler (Aaby
ve ark., 2011; Espino-Diaz ve ark., 2016). Calisilan elmalar-
daki aldehit sayisinin ve oraninin diigiik olusu da elmalarin
olgun oldugu diisiincesini pekistirmektedir. Hekzenal; otsu,
balik benzeri (Yang ve ark., 2021), olgunlasmamis elma
(Aaby ve ark., 2011), keskin, toprak ve yesil elma (Dixon ve
Hewett, 2000) kokularindan sorumludur.

(E,E)-o-farnesen bilesigi belirlenen tek terpen olup, Golden
Delicious disindaki tiim cesitlerde farkli oranlarda bulunmus-
tur. Aromalar igerisindeki en biiyiik ytlizdeyi %30.86 (E,E)-
a-farnesen ile Granny Smith’te gostermistir. Starking Delici-
ous ve Amasya g¢esitlerinin aromasinda sirasiyla %7.91 ve
%0.48 paylara sahip olmustur. Gezer, (2012) organik Star-
king Delicious ¢esidinde, Aprea ve ark. (2012) 18 farkli elma
¢esidinde, Dunemann ve ark. (2009) ise Discovery ve Prima
elma ¢esitlerinde (E,E)-o-farneseni tespit etmislerdir. Es-
pino-Diaz ve ark. (2016) seskiterpenlerden olan (E,E)-a-far-
nesenin genellikle epidermal ve hipodermal hiicre katmanla-
rinda sentezlendigini ve olgun meyve ile iligkili olup, depo-
lama sirasinda olustugunu bildirmislerdir. (E,E)-a-farnesenin
elmaya yesil bitki (Aaby ve ark., 2001; Yang ve ark., 2021)
ve yagh (Yang ve ark., 2021) kokular verdigi bilinmektedir.

Amasya’da %3.04’iinii 8, Granny Smith’te %5.23’linii 7 ve
Golden Delicious’ta %5.63’linii 4 tammlanamayan aroma bi-
lesigi olusturmustur. Starking Delicious’ta ise tiim bilesikler
tanimlanabilmistir. Dunemann ve ark. (2009)’nin ¢alisma-
sinda da iki farkli elma ¢esidi i¢in 14 tanimlanamayan pik bu-
lunmustur.

Sonug¢

Bu ¢alismada, 4 elma ¢esidinin fiziksel ve kimyasal 6zellik-
leri ile elmalarda bulunan ucucu bilesiklerin tanimlanmasi ve
oranlarinin tespiti headspace GC-MS kullanilarak gercekles-
tirilmistir. Elmalarda 5 farkli aroma grubundan toplam 40
ucucu bilesik tespit edilmis olup bunlardan 31 tanesi tanim-
lanabilmistir. Granny Smith ¢esidi hari¢ diger tiim elmalarda
esterler baglica aroma bilesigi siifi olmus ve esterleri yiiksek
alkoller takip etmistir. Granny Smith’te ise oransal olarak en
fazla yiiksek alkoller belirlenmistir. Cesitler arasinda hem fi-
ziksel-kimyasal 6zellikler hem de aroma bilesimleri farklilik-
lar gostermistir. Sayica en fazla aroma bilesigi Starking Deli-
cious’ta tespit edilmisken en az sayida ise Golden Delici-
ous’ta belirlenmistir. Genel olarak bu ¢alismanin, farkli elma
cesitlerindeki ugucu bilesiklerin profillerini degerlendirmek
i¢in faydali bilgiler sundugu ve gelecekte yapilacak ¢aligma-
lar i¢in bir referans olacagi diisiinilmektedir.
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Etik Standartlar ile Uyumluluk

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

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

Aciklama: -
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Bu calismada, polihidroksi etil metakrilat (PHEMA) ile nano-SiO;’nin kimyasal modifikasyonu
gerceklestirilerek nanokompozit malzemelerin hazirlanmasi gergeklestirilmistir. Caligma kapsa-
minda; PHEMA tabanli nano-SiO; katkili nanokompozit hidrojeller, radikalik baslatic1 ve gapraz
baglayici esliginde in-situ (yerinde) serbest radikal polimerlestirme teknigi ile iiretilmistir. Katali-
z0r olarak N,N,N',N'-tetrametil etilendiamin (TEMED) kullanilmistir. Se¢ilen takviye malzemesi
(Si0) polimer (PHEMA) ile etkilesimi ve yapisal dzelliklerinin uygulama alanina yonelik gelis-
tirilmesi saglanmigtir. Elde edilen malzemelerin kimyasal yapisi, morfoloji 6zellikleri, mekanik,
termal ve biyobozunur davraniglart incelenmistir. Filmlerin iizerine katkilanan nano takviye mal-
zemesinin; mekanik dayanimi artirdigi, biyobozunurluk 6zelligini iyilestirdigi ve 1s1l dayanimini
en fazla miktarda nano SiO; ilavesi olan filmde 4 °C artirdig1 gézlemlenmistir.

Anahtar Kelimeler: PHEMA, Polimer, Nano SiO,, Nanokompozit

ABSTRACT

Mechanical, Thermal and Biodegradable Behavior Properties of Nano SiO2 Doped Polyhyd-
roxyethylmethacrylate (PHEMA) Films

In this study, nanocomposite materials were prepared by chemical modification of polyhydroxy
ethyl methacrylate (PHEMA) and nano-SiO». Scope of work; PHEMA-based nano-SiO, doped
nanocomposite hydrogels were produced by in-situ free radical polymerization technique with ra-
dical initiator and crosslinker. N,N,N’,N'-tetramethyl ethylenediamine (TEMED) was used as a
catalyst. The interaction of the selected reinforcement material (SiO,) with the polymer (PHEMA)
and the development of its structural properties for the application area are provided. The chemical
structure, morphology, mechanical, thermal and biodegradable behavior of the obtained materials
were investigated. It was observed that the nano reinforcement material doped on the films incre-
ased the mechanical strength, improved the biodegradable property and increased the thermal sta-
bility by 4 °C in the film with the highest amount of nano SiO» addition.

Keywords: PHEMA, Polymer, Nano SiO»,, Nanocomposite
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Giris

Polimerler, nispeten diisiik iiretim maliyetleri, hafiflikleri ve
islenme kolayliklar1 nedeniyle bircok alanda yaygin olarak
kullanilmaktadir. Yiiksek performansl polimerlerin gelisti-
rilmesinde son on yilda 6nemli ilerleme kaydedilmistir (Loste
vd., 2019; Gékmen vd., 2022). Inorganik malzemeler, yapi-
lar1 ve baglarinin iyonik karakteri nedeniyle manyetizma,
iletkenlik ve foton absorpsiyonu gibi fiziksel 6zellikler gos-
terirler. Bununla birlikte, iiretimlerinin pahali maliyeti ve zor
sekil alip, isleme zorlugu, inorganik malzemelerin kullanim-
larini sinirlandirmaktadir (Loste vd., 2019; Althves vd., 2007;
Li vd., 2010). Inorganik pargaciklarin bir polimer matrise da-
hil edilmesi, yeni 6zelliklere sahip orijinal kompozit malze-
meler olusturmak i¢in temel olusturur. Bu durumda yeni mal-
zemede her iki bilesenden de faydalanilir. Kompozitlerdeki
takviye malzemeleri ilk olarak mikrometre boyutlarinda
mevcuttur, ancak nanometre 6lgegine boyut kiiciiltme, parca-
ciklarin spesifik alanindaki biiyiik artis nedeniyle kompozit-
ler i¢in yeni &zelliklerin elde edilmesini saglamistir (Loste
vd., 2019; Goékmen vd., 2021). Hidrojel ag yapilari; kovalent
baglardan (kimyasal ¢apraz bag), hidrojen baglarindan ve
Van der Waals kuvvetinden (fiziksel ¢apraz bag) kaynakla-
nan molekiiler etkilesimler nedeniyle olusur (Batista vd.,
2019; Croisier ve Jerome, 2013). Hidrojel {i¢ boyutlu ag ya-
pisinin yaygin kullanim alanlarina ragmen en temel dezavan-
tajlarindan biri, sisme davranisi sirasindaki kararli yapisidir.
Bu esnada, sisme dengesinde polimerik ¢oziiniirliigii azalta-
cak stratejileri aragtiran ¢aligmalara ihtiya¢ duyulmaktadir
(Margaritis ve Kalfoglou, 1988; Vogelsanger vd., 2003). Bu
amacla, karisabilirlik; hidrojel stabilitesini etkileyen (gerilim
ve ¢oziiniirliige miidahale ederek) belirli etkilesimleri destek-
lediginden, karigabilir karisimlar elde etmek icin yeni formii-
lasyonlar ve metodolojiler gelistirilmektedir (Neiro vd.,
2000). Ideal hidrojel formiilasyonunda termodinamik kariga-
bilirlik profilleri ve {i¢ boyutlu davranislari, polimer zincirle-
rinin molekiiler agirlig1 ve kristallige dayali hareketi agisin-
dan polimerik zincirler arasinda yiiksek bir etkilesim sunma-
lidir (Morentette ve Brown, 1998). SiO,, stabilitesi, hidrofi-
likligi, mekanik mukavemeti ve kimyasal 6zelligi nedeniyle
organik inorganik kompozit yapilar i¢in en yaygin kullanilan
inorganik malzemelerden biridir (Zhi vd., 2014; Ogoshi ve
Chujo, 2005; Husseman, 1999). Sabitlenmis polimerlerin
molekiiler agirligini, polidispersitesini ve zincir ucu yapisini
ve uzunlugunu (kalinligini1) modiile etmek icin ayrica kont-
rollii serbest radikal polimerizasyonlarinda da uygulanmakta-
dir (Baum ve Brittain, 2002; Edmandson vd., 2004; Matyjas-
zewski ve Xia, 2001; Werne ve Patten, 1999; Werne ve Pat-
ten, 2001). Yerinde polimerizasyon, polimerizasyon asama-
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sindan 6nce monomerlerde veya monomer ve ¢oziicli karisi-
minda inorganik parcaciklarin dagilmasma dayanir. Organik
fonksiyonel gruplar, yerinde polimerizasyon i¢in gerekli olan
monomerde partikiillerin daha iyi dagilmasini sagladigindan,
inorganik partikiillerin ylizeyinin modifikasyonu bu siiregte
¢ok onemlidir. Parcaciklarin bu islem yoluyla kolay dagil-
masi sayesinde, yerinde polimerizasyon yontemi, seffaf na-
nokompozitleri imal etmek i¢in yaygin olarak kullanilmakta-
dir. Termal radikal polimerizasyon ve capraz baglama ile
baglantili foto-polimerizasyon, yerinde polimerizasyon igin
kullanilan yaygin tekniklerdir. Cesitli bilesimlerde seffaf na-
nokompozitler, yerinde radikal polimerizasyon ile sentezlen-
migtir. Polimerizasyona baglamadan 6nce ya ham inorganik
nanopartikiiller ya da modifiye edilmis inorganik nanoparti-
kiiller monomer(ler)de dagitilmaktadir. Nanopartikiillerin
varliginda monomerlerin yerinde termal olarak veya foto-
baslatilmis radikal polimerizasyonu ile hazirlanan seffaf na-
nokompozit 6rnekleri ile literatiirde siklikla kargilagilmakta-
dir (Loste vd., 2019). Ornegin, yiizeyi modifiye edilmis ZnS
partikiilleri, stiren, N,N-dimetil akrilamid ve divinil benzen-
den olusan bir karisim i¢inde bu yontem ile dagitilabilmistir.
Elde edilen karisim, seffaf nanokompoziti tasarlamak i¢in X-
15101 151masina maruz birakilmistir (Lii vd., 2001). Diger o6r-
neklerde de, ZnO (Althuen vd., 2006), SiO, (Sunkara vd.,
1995) veya TiO, (Tsai vd., 2014) ile doldurulmus poli akrilik
bazli nanokompozitler {iretmek i¢in foto-baslatilmis serbest
radikal polimerizasyonu calismalar1 bildirilmistir. Ornegin,
vinil benzil alkol monomerinin veya etoksillenmis (6) bisfe-
nol A dimetakrilatin radikal polimerizasyonu, farkl seffaflik
seviyelerine (akrilik asit, heksanoik asit veya benzilik asit)
sahip bir dizi nanokompozit iiretmek i¢in farkli ligandlar ta-
rafindan islevsellestirilmis TiO, nanoparcaciklarinin varli-
ginda gercgeklestirilmistir (Tsai vdl., 2014). Vinil benzil alkol
polimerizasyon hizinin, fenil asetik asit-TiO; ile karsilastiril-
diginda asetik asit- ile yiizey fonksiyonellestirilmis TiO, i¢in
daha yiiksek oldugu bildirilmistir. Bdylece daha yiiksek bir
sterik engel tarafindan rasyonalize edilmistir. Agirlikca %60
asetik asit-TiO, nanoparcaciklari ile yiiklenen poli(vinil ben-
zil alkol) i¢in en yliksek gegirgenlik seviyesi %80 olarak goz-
lenmistir (Tsai vd., 2014). Ayrica ilging bir sekilde, poliiire-
tan bazli seffaf nanokompozitler, bir oligo(iiretan akrilat) mo-
nomer ve 3-(trimetoksisilil) propil metakrilat ile fonksiyonel-
lestirilmis kalay katkili indiyum oksit (ITO) partikiillerinin
radikal kopolimerizasyonu ile sentezlenebilmistir (Zhou vd.,
2014). Nanokompozitlerin iiretimi ayn1 zamanda inorganik
partikiillerin epoksi onciilii ile dagitilmasi ve ardindan ¢apraz
baglama maddesinin eklenmesi ve kiirleme sonrast adim yo-
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luyla gerceklestirilmistir. Epoksi regine bazli seffaf nano-
kompozitler, bu yontemle ¢esitli inorganik nanopartikiillerin
gomiilmesiyle elde edilmistir: yiizey modifiyeli Al katkili
ZnO (Luo vd., 2009), modifiye ZrO, (Chnema vd., 2012),
ZnO (Li vd., 2006; Li vd., 2007), SiO»-TiO, (Kerker, 1969;
Mallakpour ve Dinoi, 2013; Tsai vd., 2016), ZnO-SiO, (Tsai
vd., 2016; Chae ve Kim, 2005) ve SiO,-Ti0»-SiO, (Li vd.,
2007), ZnO (Cheng vd., 2014), poli (glisidil metakrilat) zin-
cirleri ile asilanmis koloidal mezogo6zenekli silika (Suzuki
vd., 2012) veya bentonit kil (Jlassi vd., 2015). Benzer bir yak-
lagimda, yerinde polimerizasyon ile seffaf nanokompozitleri
gerceklestirmek icin TiO,; silikon reginesi (Li vd., 2013),
polyester re¢inesi (Euora ve Shukla, 2003) veya epoksi regi-
nesi (Euora ve Shukla, 2003) i¢inde dagitilmigtir. Calismada,
PHEMA tabanli nano-SiO; katkili nanokompozit hidrojeller,
in situ (yerinde) radikalik baslatic1 ve ¢apraz baglayict esli-
ginde serbest radikal polimerlestirme ile tiretilmistir. Katali-
z0r olarak N,N,N',N'-tetrametil etilendiamin (TEMED) kul-
lanilmistir.  Segilen takviye malzemesi (SiO;) polimer
(PHEMA) ile etkilesimi ve yapisal 6zelliklerinin uygulama
alanina yonelik gelistirilmesi ¢alismanin bir diger amacidir.
Termal ve mekanik 6zellikleri incelenerek sonuglar tartigil-
migtir.

Materyal ve Metot

Calisma kapsaminda kullanilan malzemler; hidroksi etil me-
takrilat (HEMA) Sigma Aldrich; TEMED (Tetrametiletilen-
diamin) Sigma Aldrich; APS (amonyum per siilfat) Merck;
nano SiO; Sigma Aldrich ve N,N-MBAAm ( metilen bis ak-
rilamit) Sigma Aldrich’ten tedarik edilmistir. Hazirlanan tim
sulu ¢ozeltilerde deiyonize su kullanilmistir.

PHEMA Jel ve Film Sentezi

Calismada elde edilen PHEMA sentezinde monomer olarak
HEMA, baslatic1 olarak APS, capraz baglayici olarak N,N-
MBAAm, katalizoér olarak TEMED ve inorganik katki mal-
zemesi olarak da nano-SiO; kullanilmustir. Elde edilen
PHEMA ¢oézeltisine kiitlece %0.05; %0.5; %1 ve %2 nano-
Si0, katkilanmistir. Takviye malzemesi katkilamasi yerinde
polimerizasyon teknigi ile ¢ozelti ortaminda gerceklestiril-
mistir. Katkilama hem filmlere hem de jellere uygulanmustir.

Karakterizasyon

Filmlerin yapisal analizleri Fourier Doniisiimli Kizilotesi
(FT-IR) Spektrofotometresi ile gergeklestirilmistir. 400-4000
cm’ araliginda gerceklesen analizler 4 cm™ ¢oziiniirliikle
Perkin Elmer, Spektrum 100 cihazi ile dl¢iilmiistiir. Yiizey
analizleri Alan Emisyonlu Taramali Elektron Mikroskobu
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(FESEM), Carl Zeiss, Supra 40 VP cihaz ile gergeklestiril-
mistir. Filmlerin yiizeyleri Au/Pd ile kaplanip, ¢ekimler 15
kV ve 11 mm c¢aligma mesafesinde yapilmistir. PVC pipetler-
den ¢ikartilan nano-SiO; katkili ve katkisiz PHEMA jel or-
neklerinin mekanik dayanimi ¢ekme testi ile belirlenmistir.
Stineklik degerleri cetvel yardimi ile 6l¢iilmiis degerler fotog-
raflanarak gdsterilmigtir. Katkilamanin mekanik dayanima
etkisi bu yontem ile incelenmigtir. Bu ¢aligma kapsaminda
iiretilen filmler, ayn1 miktar ve ayni 6zellikteki toprak igeri-
sine yerlestirilmistir. Baglangictan itibaren tam bozunmanin
gergeklesecegi tarihe kadar izlenmeye devam edilmektedir.
Ayni polimer (PHEMA) bazli ve farkl takviye malzemesi
(nano-Si0,) katkilanmis numunelerin topraktaki biyobozu-
nurluklart degerlendirilmistir. Termal analizler TA Instru-
ments, Q600 SDT (simultaneous DSC/DTA/TGA) sistemi ile
yapilmistir. Analizler 30-600 °C sicaklik araliginda ve 10
°C/dk rampa hizinda N, atmosferinde ger¢eklestirilmistir.

Bulgular ve Tartisma

Deneysel ¢aligmalardan elde edilen sonuglar bu baglik altinda
detayl1 bir sekilde verilmistir.

FT-IR Analiz Sonuclart

Nano-SiO,’nin FT-IR spektrumunda (Sekil-1) 1074 cm™de
goriilen keskin pik Si-O titresim baglarina aittir. 455 cm™ ve
794 cmdeki pikler sirasiyla Si-O-Si egilme ve gerilme tit-
resimlerini verir (Cheng vd., 2014).

Sekil-2’de %0.05; %0.5; %1 ve %2 nano-SiO, katkili
PHEMA’nin FT-IR spektrumlar1 verilmistir. Katkilama art-
tikca % gecirgenligin arttig1 ve FTIR piklerinin daha siddetli
goriildiigli gozlemlenmistir. Ancak en yiiksek katkilama
orani kiitlece %2 nano SiO; ilavesinden sonra pik siddetle-
rinde azalma meydana gelmistir. Miktar1 artan nano takviye
malzemesi, matriste homojen dagitilamamis olabilir (Zhou
vd., 2014). Bu da yiizeyde birikmelere sebep olur. Biriken
takviyeler, matrisin gézenekli yapilarin1 doldururlar.

FESEM Analiz Sonuglar:

Sekil.3’te verilen FESEM goriintiisinde PHEMA matrisli
hidrojele kiitlece %0.005, %0.5, %1 ve %2 oraninda nano-
Si0; katkilanmistir. Goriintiiler 1000 biiytiltmede ¢ekilmistir.
Katkilanma miktar1 en az olan (a) goriintiisiinde nanokompo-
zitin ylizeyi polimer matris kadar piiriizsiizdiir. Digerlerine
kiyasla az miktarda da olsa matristen farkli olarak matriste
gozeneklilik olusmaya baslamigtir. (b) ve (c) goriintiilerine
baktigimizda, nano-SiO; miktar1 arttik¢a yiizey piiriizliligi
artmigtir. %2 nano-SiO; katkilanmis (d) goriintiisiinde yiizey
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tamamen piiriizliidiir. Ayni bilyliltmede alinan yiizey goriin-
tillerinde takviye malzemenin yogun bir sekilde topaklanma-
sina rastlanmamustir.

Kiitlece %0.005, %0.5, %1 ve %2 nano-SiO; katkii PHEMA
nanokompozit filmlere ait 1000 biiyiiltmeli SEM goriintiileri
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Sekil 1. Nano-SiO>’nin FT-IR spektrumu

Figure 1. FT-IR spectrum of Nano-SiO,
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Sekil.4’te verilmistir. Katkilamanin en az oldugu (a) goriin-
tiistinde ortamda reaksiyona girmeden kalan reaktif kristalle-
rin varligi ¢cok yogundur. Nano-SiO; miktari arttik¢a, bu kris-
tallerin incelerek yok oldugu goriilmektedir. Ortamdaki tak-
viye malzemenin polimerizasyonda iyilestirmeye neden ol-
dugu net bir bicimde goriilmektedir (Batista vd., 2019).

Sekil 2. %0,05; %0,5; %1 ve %2 nano-SiO; katkilit PHEMA nin FT-IR spektrumlari

Figure 2. FT-IR spectrums of 0.05%, 0.5%, 1% and 2% nano-SiO, doped PHEMA
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Sekil 3. (a) %0.005 nano-SiO, katkili PHEM _nanok_ompo-z-i? hidrojel, (b) %0.5 nano-SiO, katkili PHEMA nanokompozit
hidrojel, (c) %1 nano-SiO; katkili PHEMA nanokompozit hidrojel, (d) %2 nano-SiO; katkili PHEMA nanokompozit
hidrojel ait SEM goriintiileri

Figure 3. SEM images of (a) 0.005% nano-SiO, doped PHEMA nanocomposite hydrogel, (b) 0.5% nano-SiO, doped PHEMA nanocom-
posite hydrogel, (c¢) 1% nano-SiO, doped PHEMA nanocomposite hydrogel, (d) 2% nano-SiO, doped PHEMA nanocomposite

hydrogel
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Sekil.4 (a) %0.005 nano-SiO; katkili PHEMA nanokompozit film, (b) %0.5 nano-SiO» katkili PHEMA nanokompozit film, (c)
%1 nano-SiO» katkili PHEMA nanokompozit film, (d) %2 nano-SiO, katkili PHEMA nanokompozit filme ait SEM

goriintiileri

Figure 4. SEM images of (a) 0.005% nano-SiO, doped PHEMA nanocomposite film, (b) 0.5% nano-SiO, doped PHEMA nanocomposite
film, (¢) 1% nano-SiO, doped PHEMA nanocomposite film, (d) 2% nano-SiO, doped PHEMA nanocomposite film

Mukavemet Test Sonuclari

Sekil 5°te nano SiO; katkilanmis ve katkilanmamis PHEMA
jellerinin mekanik dayanimlar1 gosterilmistir. Buna gore kat-
kisiz PHEMA jelinin esneklik yiizdesi %54 olarak hesaplan-
mistir. Nano takviye malzemesi farkli oranlarda jele ilave
edilmistir. Ve ayni hesaplama nano SiO, miktari arttikca ya-
pilip, karsilagtirilmigtir. 2 ile gosterilmis jelin katkilama mik-
tar1 %0,05 nano SiO; dir. Esneme yiizdesi % 74 olarak hesap-
lanmigtir. Bu kadar az miktarda inorganik takviyenin katki-
lama olmayan jel arasinda biiyiik bir fark yaratmasi beklen-

mistir (Tsai vd., 2014). Nanokpompozitlerin en dnemli 6zel-
ligi, kii¢iik miktarlarla biiylik degisimler gergeklestirmektir.
3 nolu 6rnek %0,5 nano SiO; ihtiva eder ve esneklik yilizdesi
%54 olarak bulunmustur. Katkilamanin anlagilamamig ol-
masi, miktar arttikca nano malzemeyi polimer yiizeyde ho-
mojen dagitmak zorlagsmistir (Luo vd., 2019). 4 nolu 6rnekte
esneklik ytizdesi %90 olarak hesaplanmistir. %1 nano SiO;
PHEMA yiizeyinde homojen dagitilmistir. Mekanik dayanim
takviye malzemesi arttik¢a artmistir. En yiiksek takviye mik-
tart %2 ile 5 nolu 6rnektedir. Bu jelin esneklik yiizdesi %84
olarak hesaplanmistir. Belirli bir miktardan sonra mekanik
dayanimin azalmasi beklenen bir durumdur.
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Sekil 5. %0 (1), %0,05 (2); %0,5 (3); %1 (4) ve %2 (5) nano-SiO; katkili PHEMA ’nin mekanik dayanimlari
Figure 5. Mechanical strength of 0.05% (2); 0.5% (3); 1% (4) and 2% (5) nano-SiO, doped PHEMA
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Biyobozunurluk Test Sonuclari

Bu ¢alisma kapsaminda iiretilen filmler ve hidrojeller, ayni
miktar ve aymi Ozellikteki toprak igerisine yerlestirilmistir.
Baslangictan itibaren tam bozunmanin gerceklesecegi tarihe
kadar izlenmeye devam edilmistir. Ayni polimer (PHEMA)
bazli ve farkli takviye malzemesi (nano-SiO,) katkilanmig
numunelerin topraktaki biyobozunurluklar1 degerlendirilmis-
tir. Sekil 6’da verilen toplu gdsterimde ilk agirliklar1 bilinen
filmlerin zamanla bozulma gorselleri fotograflanmstir. Sekil
7’den de anlasilacag: gibi baslangic ve son ¢ekilen fotograf-
larda jellerin iyice hafifleyerek 12. haftadan itibaren transpa-
ran hale geldikleri goriilmektedir. Cizelge 1°de ise her bir je-
lin haftalik kiitle 6l¢iimlerinin alindig1 veriler bulunmaktadir.
Buna gore ilk haftalarda hidrojel yapisinda bulunan filmlerin

https://doi.org/10.3153/FH23011

Research Article

topraktaki nemi biinyesinde tutmasi sebebi ile kiitle artis1 go-
rilmiistiir (Cheng vd., 2014). 2. Haftadan sonra alian tartim-
larda biyolojik bozunmanin bagladigi ve tartimlardaki azal-
manin gerceklestigi kaydedilmistir.

Termal Analiz Sonuclart

Katkil1 ve katkisiz PHEMA numunelerinin TG ve dTG egri-
leri sirasiyla Sekil 8 ve Sekil 9'da verilmistir. TGA termog-
ramlari, PHEMA ve nano SiO; katkili PHEMA ’nin bozunma
basamaklarinin 200400 °C sicaklik araliginda oldugunu
gostermistir. Bu termal islemde, polimerik yapimin bozun-
mast, dehidrasyon ve karbonizasyon basamaklarini igerir. Bu
sicaklik aralig1 da literatiirle uyum igindedir (Croisier ve Je-
rome, 2013).

Sekil 6. Nano SiO; katkili ve katkisiz PHEMA bazli nanokompozit filmlerin biyolojik bozunurlugu (soldan saga; saf PHEMA,
agirlikca %0.05 nano SiO; katkili PHEMA, agirlik¢a %0.5 nano SiO, katkili PHEMA, agirlik¢a %1 nano SiO, katkili

PHEMA ve agirlikga %2 nano SiO» katkili PHEMA)

Figure 6. Biodegradability of nano SiO,-doped and undoped PHEMA-based nanocomposite films (from left to right; pure PHEMA, 0.05
wt% nano SiO,-doped PHEMA, 0.5 wt% nano SiO,-doped PHEMA, 1 wt% nano SiO,-doped PHEMA and 2 wt% nano SiO»-

doped PHEMA)
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Sekil 7. Nano SiO; katkil1 ve katkisiz PHEMA bazli nanokompozit filmlerin baslangigtaki (sifirinct giin) ve sondaki (12.
hafta) biyolojik bozunurlugu

Figure 7. Initial (day zero) and final (week 12) biodegradability of nano SiO, doped and undoped PHEMA-based nanocomposite films

Tablo 1. Biyobozunur proseste filmlerin kiitlesel degisimleri

Table 1. Mass changes of films in biodegradable process

0. 1. 2. 3. 4. 5. 6. 8. 12.
Giin Hafta | Hafta | Hafta | Hafta | Hafta | Hafta | Hafta | Hafta
(2) (2 (2) (2 (2 (2 (2 (2 @
PHEMA 1.6011 | 1.6190 | 1.6427 | 1.6028 | 1.5941 | 1.5936 | 1.5871 | 1.5950 | 1.5955
PHEMA/SIO; | 1.5282 | 1.5484 | 1.5804 | 1.5254 | 1.5184 | 1.5168 | 1.5088 | 1.5164 | 1.5163
(%0.05)
PHEMA/SiO; | 2.4653 | 2.5002 | 2.5693 | 2.4642 | 2.4530 | 2.4489 | 2.4390 | 2.4446 | 2.4477
(%0.5)
PHEMA/SIO; | 1.4678 | 1.4850 | 1.5150 | 1.4643 | 1.4583 | 1.4582 | 1.4498 | 1.4569 | 1.4573
(%1)
PHEMA/SIO; | 1.7246 | 1.7428 | 1.7720 | 1.7186 | 1.7153 | 1.7136 | 1.7067 | 1.7130 | 1.7143
(%2)
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Sonuc¢

PHEMA-nano SiO, katkili ve katkisiz hidrojellerin sentezi
gergeklestirilmistir. Yapi karakterizasyonu FT-IR analizi ile
yapilmigtir. Sentezlenmis hidrojellerin ve nanokompozitlerin
elastikiyet testleri milimetrik 6l¢iim ile mukayese edilmistir.
Bu durumda %0, %0,05; %0.,5; %1 ve %2 nano-SiO, katkil
PHEMA’nin mekanik dayanimlari nano SiO; katkilanmis ve
katkilanmamis PHEMA jellerinin mekanik dayanimlar tarti-
stlmigtir. Filmlerin morfolojik 6zellikleri SEM analizi ile ka-
rakterize edilmistir. Biyobozunurluk testleri ayn1 miktar top-
rak saksilarinda, ayni oda ve nem kosullarinda takibe alinmis-
tir. Isil 6zellikleri TG-DTA/DSC ile belirlenmistir. Elde edi-
len malzemelerin kimyasal yap1, morfoloji 6zellikler, meka-
nik, termal ve biyobozunur davraniglarinin incelenmesi sonu-
cunda, ileri ki galigmalarda antimikrobiyel malzeme kullanim
alanlarinda test edilebilmesi hedeflenmistir.
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0z

Bu calisma geng eriskinlerde beslenme okuryazarlig diizeyinin yasam kalitesi ile iliskisini incelemek amaciyla
planlanmistir. Arastirmaya Trakya Universitesi Dis Hekimligi Fakiiltesi’nde 6grenim gdren 234 6grenci katil-
mistir. Calisma verileri 2022 yili1 Subat-Haziran aylar1 arasinda ¢evrimici anket ile toplanmistir. Katilimcilarin
%60.3’ii kadin’dir. Bireylerin ortalama yas1, viicut agirligi, boy uzunlugu ve BKI degeri sirastyla 21.35 +1.43
yil, 64.76 £15.8 kg, 169.86+8.50 cm, 21.22 £3.63 kg/m?’dir. Katilimeilarin %9.7’si zayif, %71.3’ii normal ki-
lolu, %19.7’si sisman’dir. En yiiksek beslenme okuryazarlig1 puani ortalamasi zay1f bireylerde bulunurken, nor-
mal kilolularda genel beslenme bilgisi puani en yiiksek bulunmustur (p<0.05). Bireylerin %82.5’inde beslenme
okuryazarligi diizeyi yeterlidir. Bu oran, zayiflarda %95.2, sismanlarda ise %67.4 bulunmustur (p<0.05). Erkek-
lerde gida etiketi okuma ve sayisal okuryazarlik puani ortalamasi kadinlara gore daha yiliksek saptanmistir
(p<0.05). Yasam Kkalitesi alt dlgekleri incelendiginde, normal kilolularda MBO-12 (Mental Bilesen Ozeti) alt
dlgek puanlari zayif ve sismanlara gore daha yiiksek bulunmustur (p<0.05). Ogrencilerin beslenme okuryazarlig
diizeyi arttikca FBO-12 (Fiziksel Bilesen Ozeti) ve MBO-12 alt &lgek puanlari artmistir (p<0.05). Genel bes-
lenme bilgisi alt 6lcek puani arttikga hem kadin hem de erkeklerde MBO-12 alt 6lgek puaninda artis tespit edil-
mistir (p<0.05). Universite 6grencilerinin beslenme okuryazarligi konusunda farkindaliklarinin arttirilmast, ge-
rekli egitimlerin verilmesi yasam kalitesini arttirmada yarar saglayabilir.

Anahtar Kelimeler: Beslenme okuryazarligi, Beslenme, Genel beslenme bilgisi, Yasam kalitesi

ABSTRACT

Is nutritional literacy level in young adults associated with quality of life?

This study was planned to examine the relationship between nutritional literacy level and quality of life in young
adults. 234 students studying at Trakya University Faculty of Dentistry participated in the research. Study data
were collected by online questionnaire between February and June 2022. 60.3% of the participants are women.
The mean age, body weight, height and BMI of the individuals were 21.35 £1.43 years, 64.76 £15.8 kg, 169.86
+8.50 ¢cm, 21.22 +£3.63 kg/m?, respectively. 9.7% of the participants were underweight, 71.3% were normal
weight, 19.7% were obese. While the average of the highest nutritional literacy score was found in thin indivi-
duals, the general nutritional knowledge score was found to be highest in normal weight individuals (p<0.05).
Nutrition literacy level is sufficient in 82.5% of individuals. This rate was found to be 95.2% in the thin and
67.4% in the obese (p<0.05). Food label reading and numerical literacy scores were higher in men than in women
(p<0.05). When the quality of life subscales were examined, the MCS-12 (Mental Component Summary) subs-
cale scores were found to be higher in normal-weight subjects than in thin and obese subjects (p<0.05). As the
students' nutritional literacy level increased, their PCS-12 (Physical Component Summary) and MCS-12 subs-
cale scores increased (p<0.05). As the general nutrition knowledge subscale score increased, an increase was
found in the MCS-12 subscale score in both women and men (p<0.05). Increasing the awareness of university
students about nutritional literacy and providing the necessary training can be beneficial in increasing the quality
of life.

Keywords: Nutrition literacy, Nutrition, General nutrition knowledge, Quality of life
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Giris

Gida ve beslenme okuryazarligi bireylerin gida, beslenme,
besin se¢imi, besin tiiketimi, saglikli beslenme, gida giiven-
cesi ve giivenligi gibi konularda dogru bilgi, tutum ve beceri
sahibi olmalarimi, bu konularda dogru kararlar almalarini ve
uygun davraniglar gostermelerini saglamaktadir (Aktas ve
Ozdogan, 2016). Cimbaro (2008), beslenme okuryazarligini
gida sistemleri ile biyolojik, sosyal ve ekolojik sistemlerin
iligkisi hakkinda dili kullanarak bilgi tiretmek ve bu bilgiyi
topluma iletmek olarak tanimlarken, Block ve ark. (2005) bu
kavrami hem beslenme bilgilerinin anlagilmasi hem de bu bil-
gilerle uyumlu olarak hareket ederek, saglikli gida ve bes-
lenme hedeflerinin siirekli olarak gelistirilmesi olarak ifade
etmistir. Kolasa ve ark. (2001), ise bu kavramu1 bireylerin gida
ve beslenme hakkinda temel bilgileri elde etme, isleme ve an-
lama yetenegi ve bu bilgileri uygun saglik kararlari alabilme-
leri i¢in kullanabilme yeterliligi olarak tanimlamistir.

Beslenmenin temel amaglarindan biri de yasam kalitesinin
arttirllmasidir. Yasam kalitesini olumsuz yonde etkileyen de-
mir eksikligi anemisi, zayiflik ve sismanlik gibi beslenme so-
runlarini azaltmak, diyabet ve hipertansiyon gibi beslenme ile
iligkili bulasici olmayan hastaliklarin dnlenmesi ve yonetimi
saglikli beslenmeyi &grenmek ile miimkiindiir (TUBER,
2022). Saglikli beslenme aligkanliklarinin kazanilmasi igin
cesitli saglik ve egitim politikalariyla beslenme okuryazarlig
diizeylerinin de arttirilmasi gerekmektedir (Ayer, 2018; Er
Dongel, 2020). Beslenme okuryazarlig: iilkemizde son on
yilda her risk grubunda oldukga fazla arastirilan bir konudur
(Dilsiz, 2020; Kirsan ve Ozcan, 2021; Ozdenk ve Ozcebe,
2018; Ozdenk, 2020; Ozenoglu ve ark., 2021; Oziipek ve
Arslan, 2021). Toplumda beslenme okuryazarliginin 6nemi-
nin anlagilmasi ve yayginlagmasi sagligin, iyilik halinin, sag-
likl1 beslenme ve besin se¢iminin gelistirilmesi ve siirdiiriil-
mesi, olumlu beslenme aligkanliklariin kazanilmasi yo-
niinde katki saglayabilecektir (Aktas ve Ozdogan, 2016;
Duman ve ark., 2021). Bu kazanimlarin yanisira iyi bir bes-
lenme okuryazari olan bireyin daha yiiksek yasam kalitesine
sahip olabilecegi bildirilmistir (Er Dongel, 2020). Bu aras-
tirma Trakya Universitesi Dis Hekimligi Fakiiltesi 6grencile-
rinde (20-25 yag) beslenme okuryazarligi diizeyi ile yasam
kalitesi arasindaki iliskiyi arastirmak amaciyla planlanmistir.
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Materyal ve Metot

Bu aragtirmaya Trakya Universitesi Dis Hekimligi Fakiil-
tesi’nde O0grenim goren 20-25 yas arasi 6grencilerin dahil
edilmigtir. Arastirma gonilliillik esasna dayanmaktadir.
Aragtirma i¢in olusturulan anket formu ¢evrimigi olarak Go-
ogle Forms programi kullanilarak olusturulmus ve katilimci-
lara yonlendirilmistir. Calisma kapsaminda 6grencilerin ge-
nel bilgileri (cinsiyet, dogum tarihi, sinif, boliim, viicut agir-
l1g1, boy uzunlugu) kaydedilmistir. Ayni1 zamanda 6grenciler-
den yasam kalitesi ve beslenme okuryazarligi durumunun be-
lirlenebilmesi icin sirastyla Yasam Kalitesi Kisa Olgegi’nin
(SF-36) 12 maddelik kisaltilmig formunu (SF-12) ve Yetis-
kinlerde Beslenme Okuryazarligi Degerlendirme Araci
(YBOYDA)‘nm1 cevaplamalar1 istenmistir (Cesur ve ark.,
2015; Kogyigit, ve ark., 1999; Soylu ve Kiitiik, 2020). Antro-
pometrik dl¢iimler (viicut agirligi ve boy uzunlugu) katilhim-
cilarin beyanlari (son 6 ay i¢erindeki 6l¢iim degeri) dahilinde
kaydedilmistir. Bu iki 6l¢lim degeri ile katilimcilarin Beden
Kiitle Indeksi (BKI) degerleri hesaplanmis ve (<18.5 kg/m?
“Zayif”, 18.5-24.99 kg/m? “Normal”, >25.0 kg/m? ise “Sis-
man’’) siniflandirilmistir (WHO, 2000).

Arastirma Ornekleminin Belirlenmesi

Literatiirde tiniversite 6grencilerinde YBOYDA ve SF-12 6l-
cegi kullanilarak yasam kalitesi degerlendirmesine iliskin ya-
pilan ¢alismalar oldukea kisithdir. Yapilan bir ¢aligmada iini-
versite dgrencilerinin %59,8’inin beslenme okuryazarlig: dii-
zeyinin yeterli oldugu belirlenmistir (Dongel, 2020). Bu ¢a-
lismada da olayin goriilme siklig1 %59,8 olarak kabul edil-
mis, evreni bilinen drneklem hesabi formiilii kullanilarak mi-
numum ulagilmasi gereken Orneklem sayist belirlenmistir
(Kilig, 2012). Arastirma ornekleminin hesaplanmasi ig¢in
Trakya Universitesi Dis Hekimligi Fakiiltesi'nde 6grenim
goren dgrencilerin sayisina (n: 554) ulasilmistir. Bu verilere
dayanarak %5.0’lik bir farki anlamli bulmak i¢in 0.05 ya-
nilma olasilig1 ve %95.0 gii¢ ile en az 223 6grenciye ulasil-
masi1 gerektigi belirlenmistir. Arastirma sonucunda 234 6g-
renciye ulagilmistir.
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Yetiskinlerde Beslenme Okuryazarligi Degerlendirme
Araci (YBOYDA)

Cesur ve ark. (2015), tarafindan gelistirilen YBOYDA’ nin
madde giicliik derecesi 0.55, madde ayirt edicilik giicii 0.73,
Cronbach Alfa giivenirlik katsayisi 0.75 ve test-tekrar test
yontemine gore korelasyon katsayisi 0.85 olarak bulunmus-
tur. Olgegin alt boliimleri olan genel beslenme bilgisi (GBB)
(10 soru), okudugunu anlama (OAY) (6 soru), besin gruplari
(BG) (10 soru), porsiyon miktarlar1 (PM) (3 soru) ve gida eti-
keti okuma ve sayisal okuryazarlik (GEOTM) (6 soru) olmak
iizere bes boliimden (toplam 35 soru) olusmaktadir. Dogru
yanitlanan her bir soru “1” puan, yanlig cevaplanan ve bos
birakilan sorular ise “0” puandir. Beslenme okuryazarligi dii-
zeyi 0-11 puan arasinda olanlar “yetersiz”, 12-23 puan ara-
sinda olanlar “sinirda”, 24-35 puan arasinda olanlar ise “ye-
terli” olarak siiflandirtlmigtir (Cesur ve ark., 2015).

Yasam Kalitesi Olcegi Kisa Formu-Kisaltilmis (SF-12)

Yasam kalitesinin ve saglik c¢iktilarinin degerlendirilmesine
yonelik bir¢ok 6lcek mevcuttur. SF-36 bunlardan bir tanesi
olmakla birlikte Ware ve Sherbourne tarafindan gelistirilmis
(Ware, 1993), tiirkce gegerlilik ve giivenilirlik ¢aligmasi 1999
yilinda yapilmistir (Kogyigit ve ark., 1999). Bu arastirmada
kullanilan SF-12 yasam kalitesi l¢egi, SF-36 Slgeginin ki-
saltilmasiyla elde edilmistir. Bu 6l¢egin SF 36’ya alternatif
olarak Tiirkiye’de yapilacak aragtirmalarda kullanilabilecegi
bildirilmistir (Soylu ve Kiitiik, 2020). Ol¢ek degerlendirmesi
fiziksel ve mental bilesen dzeti (FBO-12 ve MBO-12) olmak
tizere iki alt 6l¢ek skoru lizerinden yapilmistir. Yiiksek skor-
lar (‘0’ puan saglik algis1 kotii, ‘100” puan saglik durumunda
sorun yok) iyi saglik durumunu gdstermektedir (Ware ve ark.,
1996). Olgegin degerlendirmesinde on iki soru igin fiziksel
bilesen zeti toplamma 56.57706 puan eklenerek FBO-12;
mental bilesen Ozeti toplamina 60.75781 puan eklenerek
MBO-12 degeri hesaplanmustir (Farivar ve ark., 2007; Soylu
ve Kiitiik, 2020).

Arastirma Etik Izni

Arastirmanin yiiriitiilmesi icin Trakya Universitesi Tip Fa-
kiiltesi Dekanligi Girisimsel Olmayan Bilimsel Arastirmalar
Etik Kurulu'ndan TUTF-GOBAEK  2022/75 sayili,
07.03.2022 tarihli etik kurul izni alinmigtir. Etik kurul izni
alindiktan sonra Trakya Universitesi Dis Hekimligi Fakiiltesi
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Dekanligi’ndan aragtirmanin yuriitiilmesine dair gerekli izin
(E-12679951 sayili, 15.04.2022 tarihli) alinmistir.

Arastirma Verilerinin Istatiksel Degerlendirmesi

Calismada elde edilen verilerin istatistiksel analizi i¢in SPSS
22.0 (Statistical Package for Social Sciences) programi kul-
lanilmigtir. Arastirma verileri say1 (n), ylizde (%) degerleri,
ortalama =+ standart sapma (SS), medyan ve Interquartile
Range (IQR) degerleri ile gosterilmistir. Nitel verilerin de-
gerlendirilmesinde gruplar aras1 farkliliklarm arastirilma-
sinda, tablolardaki 5 ten kii¢lik ve bulunan g6z sayisinin top-
lam g6z sayisinin %20’ sini agmadigi durumlarda Pearson Ki
Kare test, agtig1 durumlarda Fisher Exact test kullanilmistir.
Verilerin normal dagilim durumlart n sayisinin 30 ve {izeri
oldugu durumlarda Kolmogorov-Smirnov; 30’un altinda ol-
dugu durumlarda Shapiro-Wilks testi ile belirlenmistir. Iki
degisken arasinda dogrusal iligkinin kuvveti ve yoniiniin be-
lirlenmesi i¢in normal dagilim gostermeyen verilerde Spear-
man korelasyon testinden yararlanilmustir. Ikili grup ortala-
malarinin karsilagtirmalarinda Man Whithney U testi, licli
grup karsilastirmalarinda ise Kruskal Wallis Varyans Analizi
kullanilmigtir. Normal dagilim gdstermeyen tiglii grup ortala-
malan arasindaki farklarm hangi gruplar aras1 farktan kay-
naklandiginin saptanmasi i¢in Kruskal Vallis Hipotez Testi
uygulanmistir. Tiim analiz sonuglar1 %95.0’lik giiven arali-
ginda, p<0,05 diizeyi anlamli kabul edilerek degerlendiril-
mistir.

Bulgular ve Tartisma

Bu ¢alismaya %60.3’1 kadin, %39.7’si erkek ve yas ortala-
masi1 21.35 £1.43 yil olan 234 dis hekimligi fakiiltesi 6gren-
cisi dahil edilmistir. Ogrencilerin ortalama viicut agirliklart
64.76 +15.8 kg, boy uzunluklar1 169.86+8.50 cm, BKI’leri
22.20 +3.63 kg/m*’dir (Tablo 1).

Aragtirmaya katilan grencilerin cinsiyet ve BKI gruplarma
gore YBOYDA ve SF-12 alt 6l¢ek puanlari Tablo 2°de,
YBOYDA ve alt 6l¢ek puanlart yeterlilik durumu Tablo 3’te
verilmistir. Ortalama YBOYDA, FBO-12 ve MBO-12 &lgegi
puanlari sirasiyla 24.57 £2.76, 54.67 +4.32 ve 47.46 £9.98
olarak tespit edilmis (Tablo 2), beslenme okuryazarlig
%82.5 oraninda yeterli bulunmustur (Tablo 3). Bu sonuca ek
olarak kadinlarin erkeklere gore YBOYDA puanlar1 daha
yiiksek saptanmistir (p>0.005) (Tablo 2). Beslenme okurya-
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zarhigi ile iligkili yapilan ve beslenme okuryazarliginin belir-
lenmesinde farkli dlgekler kullanilan ¢aligmalarda kadinlarin
beslenme okuryazarligi puanlarmin erkeklere oranla daha
yiiksek oldugu bildirilmistir (Kalkan, 2019; Oziipek ve
Arslan, 2021; Zhang ve ark., 2022). Bu ¢aligmada istatistiksel
olarak anlamli olmasa da 6zellikle kadinlarda GBB ve OAY
alt 6lcegi puanlariin erkeklere oranla daha yiiksek oldugu
tespit edilmistir (p>0.05) (Tablo 2). Bu durum kadinlarin be-
sin ve beslenme konusunda daha bilgili ve istekli olmalarin-
dan, saglikli beslenmeye olan ilgilerinden kaynakli olabilir.

Katilimcilarin cinsiyete gore ortalama YBOYDA alt dlgek
puanlari incelendiginde, erkeklerin GEOTM alt 6lgegi puan-
larinin kadinlara gére anlamli derecede daha yiiksek oldugu
saptanmistir (p<<0.05) (Tablo 2). Erkeklerde her ne kadar or-
talama GEOTM alt 6lgek puanlart yiiksek olsa da, OAY ve
GEOTM alt dlgek puanlart yeterlilik yilizdelerinin kadinlara
oranla anlamli derecede diisiik oldugu belirlenmistir (p<0.05)
(Tablo 3). Bu sonuglar arastirma érneklemindeki erkeklerin
kadinlara gore gida etiketlerini okuma ve sayisal okuryazarlik
ve okudugunu anlama ve yorumlama durumu konusunda ye-
terli bilgiye sahip olmadiklarini gosterebilir. Literatiirdeki di-
ger caligmalar incelendiginde; YBOYDA toplam puani kirsal
Tablo 1. Ogrencilerin genel 6zellikleri

Table 1. General characteristics of students

bolgede yasayan bireylerde 23.66 +4.54 (Topgu ve Torpil,
2022); egitim diizeyi ilkokul ve ortaokul diizeyinde olan bi-
reylerde sirasiyla 22.40 +£2.86 ve 22.11 £3.30 bulunmustur
(Taraz, 2021). Bu calismada ise dgrencilerin YBOYDA top-
lam puanlar1 ortalamasi 24.57 +2.76 olarak saptanmigtir
(Tablo 2).

Bireylerin 6grenim durumlar1 veya saglik alaninda bir mes-
lege sahip olmalar1 beslenme okuryazarlig1 diizeyini olumlu
yonde etkileyebilmektedir (Aktas, 2022; Altun ve ark., 2022;
Carbone ve Zoellner, 2012; Hoseini ve Hoseini, 2019;
Ozenoglu ve ark., 2021; Rothman ve ark., 2015; Taylor, ve
ark, 2019). Bu calismada iiniversite 6grencilerinin ortalama
puanlarmin Topgu ve Torpil (2022) ve Taraz’in (2021) yap-
tiklar1 ¢alisma sonuglarina gore yiiksek bulunmasi da bu se-
kilde agiklanabilir. Katilimcilarin ortalama YBOYDA puani
zayif olanlarda, normal ve sisman olanlara gére daha yiiksek
saptanmis (p<0.05) (Tablo 2), YBOYDA yeterlilik diizeyleri
de sismanlara gore oldukga yiiksek bulunmustur (p<0,05)
(Tablo 3). Ayn1 zamanda 6grencilerin BK1’leri ve viicut agir-
liklar1 ile YBOYDA puanlar arasinda negatif yonlii bir iligki
oldugu da saptanmustir (sirasiyla p>0.05, p<0.05) (Tablo 4).

Genel Ozellikler n %
Cinsiyet Kadin 141 60.3
Erkek 93 39.7
Zayif 20 14.2
Kadin Normal 112 79.4
Sisman 9 6.4
BKI grup Zayif 1 1.1
Erkek Normal 55 59.1
Sisman 37 39.8
Zayif 21 9.0
Toplam Normal 167 71.3
Sigsman 46 19.7
Ortalama + SS Medyan (IQR) Alt-Ust
Yas (Yil) Kadm 21.13£1.28 21.00(2.0) 20-25
Erkek 21.67+1.57 21.00(3.0) 20-25
Toplam 21.35£1.43 21.00(2.0) 20-25
Vicut agirligr (kg) Kadin 55.21+£6.22 54.00(6.0) 43.0-78.0
Erkek 79.24+14.89 76.00(12.5) 51.0-151.0
Toplam 64.76+15.8 60.0(22.0) 43.0-151.0
Boy uzunlugu (cm) Kadmn 164.64+4.57 165.0(5.0) 150.0-178.0
Erkek 177.77+6.79 178.00(5.0) 166.0-218.0
Toplam 169.86+8.50 168.0(12.0) 150.0-218.0
BKI (kg/m?) Kadm 20.39+2.42 19.68(2.36) 17.36-29.36
Erkek 24.95+3.44 24.38(3.07) 18.07-37.24
Toplam 22.20+3.63 21.22(5.07) 17.36-37.24

n:Say1, %: Yiizde
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Tablo 2. Ogrencilerin cinsiyet ve BKI gruplaria gére YBOYDA ve SF-12 6lcegi puanlari

Table 2. YBOYDA and SF-12 scale scores of students according to gender and BMI groups
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Kadn Erkek P Zayif Normal Sisman Toplam
. Ortalama+SS Ortalama+SS Ortalama+SS  Ortalama+SS Ortalama+SS (n:234) P
Olgekler Medyan(IQR)  Medyan(IQR) Medyan(IQR) Medyan(IQR) Medyan(IQR)
Alt-Ust Alt-Ust Alt-Ust Alt-Ust Alt-Ust
YBOYDA Alt Olgekleri
GBB 9.40+0.97 9.08+1.54 9.43+9.53 9.46+0.94 8.52+1.88 9.27+1.24
10.00(1.00) 10.00(1.00) 0.110* 10.00(1.00) 10.00(1.00) 9.00(2.00) 10.00(1.00)  0.000™"
5.00-10.00 0.00-10.00 7.00-10.00 5.00-10.00 0.00-10.00 0.00-10.00
OAY 5.04+0.55 4.86+0.95 0.2142 5.00+0.32 5.03+0.61 4.72+£1.17 4.96+0.74
5.00(0.00) 5.00(0.00) 5.00(0.00) 5.00(0.00) 5.00(1.00) 5.0001.00) 0.234°
2.00-6.00 0.00-6.00 4.00-6.00 2.00-6.00 0.00-6.00 0.00-6.00
BG 3.84+0.45 3.84+0.65 0.246* 3.95+0.22 3.86+0.42 3.72+0.89 3.84+0.54
4.00(0.00) 4.00(0.00) 4.00(0.00) 4.00 (0.00) 4.00(0.00) 4.00(0.00) 0.642°
1.00-4.00 0.00-4.00 3.00-4.00 1.00-4.00 0.00-4.00 0.00-4.00
PM 1.38+0.53 1.44+0.60 0.3612 1.38+0.50 1.43+0.54 1.35+0.64 1.41+0.56
1.00(1.00) 1.00(1.00) 1.00(1.00) 1.00(1.00) 1.00(1.00) 1.00(1.00) 0.790°
0.00-3.00 0.00-3.00 1.00-2.00 0.00-3.00 0.00-3.00 0.00-3.00
GEOTM 5.39+0.78 5.50+0.10 0.011*" 5.81+0.40 5.43+0.80 5.28+1.20 5.44+0.87
6.00(1.00) 6.00(1.00) 6.00(0.00) 6.00(1.00) 6.00(1.00) 6.00(1.00) 0.081°
2.00-4.00 1.00-6.00 5.00-6.00 2.00-6.00 1.00-6.00 1.00-6.00
YBOYDA 25.06+2.04 24.72+3.59 0.7042 25.27+1.16 25.21+1.95 23.59+4.74 24.57+2.76
25.00(2.00) 26.00(2.00) 26.00(1.50) 26.00(1.00) 25.00(3.00) 25.00(2.00)  0.023>
12.00-28.00 3.00-28.00 23.00-27.00 12.00-28.00 3.00-28.00 3.00-28.00
SF-12 Alt Olcekleri
FBO-12 55.11 +4.13 53.07 +4.53 0.124* 5297 +6.39 55.33 +3.14 53.04 +6.05 54.67 +4.32
55.50(2.73) 55.18(3.08) 54.21(3.10) 55.59(2.57) 55.29(4.91) 55.50(2.98)  0.081°
34.64-67.42 32.26-64.61 32.26-58.99 43.53-67.42 34.64-64.61 32.26-67.42
MBO-12 46.81 £11.00 48.45 +£8.16 0.898*  46.37 £12.45 48.54 £9.60 44.04 £9.49 47.46+9.98
50.86(15.43) 50.83(10.76) 53.59(21.57)  51.96(11.29) 44.48(13.38)  50.86(13.01)  0.003""
18.18-57.92 22.15-57.92 22.88-57.92 18.18-57.92 22.15-57.83 18.18-57.92

®Mann Whithney U Test, ® Kruskal Wallis, *p<0,05, “Kruskal Wallis Hipotez Testi, n:Say1, IQR: Interquartile range, GBB: Genel beslenme bilgisi,
OAY': Okudugunu anlama ve yorumlama, BG: Besin gruplari, PM: Porsiyon miktarlari, GEOTM: Gida etiketi okuma ve sayisal okuryazarlik,

BB fark yaratan gruplar®; Sisman-zayif, Sisman- normal, YBOYDA fark yaratan gruplar: Sisman-zayif; MBO-12 fark yaratan gruplar®; Sisman-normal

Oziipek ve Arslan (2021) tarafindan beslenme ve diyetetik
ogrencilerinde yapilan ¢alismada BKI siniflamasina gére en
yiiksek beslenme okuryazarligi diizeyi (%75.7 yeterli) zayif
bireylerde goriilmiistiir. Ozenoglu ve ark. (2021) BKI degeri
30.00 kg/m? ve iizerinde olan kadin ve erkeklerde normal ki-
lolulara gére YBOYDA puanlarini1 daha yiiksek saptamis, bu
fark istatistiksel olarak anlamli bulunmamistir (p>0.05).
Baska bir ¢alismada ise yetiskinlerin BKI degerleri azaldik¢a
YBOYDA puanlarinin arttig1 saptanmis, bu ¢aligma sonuglari
dogrulanmistir (Er Dongel, 2020). Bu sonug zayif bireylerin
besin tiikketimi konusunda daha hassas olmasi, beslenmeye
olan ilgilerinin daha yiiksek olmalar1 ve besin etiketi okuma
konusunda daha duyarli olmalarindan kaynakl olabilir. Nite-
kim istatistiksel olarak anlamli bulunmasa da zayif dgrenci-

lerin GEOTM ve BG alt 6l¢ekleri ortalama puanlarinin nor-
mal kilolu ve sisman Ogrencilere gore daha yiiksek oldugu
saptanmistir (p>0.05) (Tablo 2).

Bireylerin BG alt 6lgek puanlari incelendiginde, BG alt 6lgek
puani ortalamalar1 arasinda cinsiyete gére anlamli bir fark bu-
lunmasa da (Tablo 2), BG alt olgegi yetersizlik yiizdesi ka-
dinlarda (%3.2) erkeklere (%7.7) oranla daha diisiik bulun-
mustur (Tablo 3). Ayrica BG alt 6l¢egi puanlar1 ve viicut agir-
lig1 arasinda negatif yonlii istatistiksel olarak anlamli iligki
saptanmistir (r=-0.222, p<0.01). Zay1f bireylerde her ne kadar
saglikli beslenmeye iliskin alinan 6nlemler daha saglikli olma
izlenimi verse de, saglikli yeme takintis1 yoniinden de deger-
lendirilmelidir. Besin gruplarinin katilimcilar tarafindan ye-
terli sekilde taninmamasi, tiniversite doneminde saglikli bes-
lenme ve besin tercihlerinin yapilmamasi bireyleri yetersiz ve
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dengesiz beslenmeye ydnlendirebilir. Ozellikle saglikli besin
se¢imi ve saglikli beslenme farkindaliginin olusturulmasi, bu
konularda egitimler verilmesi iiniversite 6grencileri igin 6n-
celik olmalidir.

Arastirmaya dahil edilen katilimcilarin GBB alt 6l¢ek puani
ortalamasinin zayif ve normal viicut agirligina sahip katilim-
cilarda sismanlara gore daha yiiksek oldugu (p<0.05) (Tablo
2), viicut agirlig1 sisman olarak siniflandirilan katilimcilarda
GBB alt 6lgek puani yeterlilik ylizdesinin daha diisiik oldugu
saptanmigtir (p<<0.05) (Tablo 3). Ayrica hem kadin hem de
erkeklerde GBB alt 6lgek puanlar1 ve BKI degerleri arasinda
negatif yonlii istatistiksel olarak anlamli iligki tespit edilmis-
tir (sirastyla r=-0.287, p<0.001; r=-0.249, p<0.05) (Tablo 4).
Er Dongel (2020) tarafindan yiiriitiilen ¢aligmada, GBB alt
olgek puani ile BKI degerleri arasinda negatif yonlii anlamli
iliski tespit edilirken, Iran’da yapilan baska bir ¢alismada po-
zitif yonli bir iligki tespit edilmis fakat bu iligki istatistiksel
olarak anlamli bulunmamistir (p>0.05) (Yarmohammadi ve
ark., 2022). Diger bir ¢aligmada ise obez olmayan bireylerde
obezlere gore daha yiiksek GBB alt dlgek puani yeterlilik
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ylizdesi saptanmistir (Kozan, 2019). Bireylerin genel bes-
lenme bilgilerinin yeterli olmasi viicut agirliklarinin kontro-
liinde olumlu etki saglayabilir. Bu ¢alisma sonuglari da lite-
ratiirii dogrulamustir. Bu sonuca ek olarak kadinlarda BKI de-
gerleri arttikca OAY alt 6lgegi puanlarmin arttig1 da tespit
edilmis (r=0.185, p<0.05), kadinlarda sisman olma yiizdesi-
nin erkeklere gore oldukca az (%6.4) oldugu da belirlenmistir
(Tablo 4). Dolayisiyla zayif olan kadinlarda viicut agirliklar
normallestikge OAY alt 6l¢egi puanlarinin artmis olmasi bek-
lenen bir sonug olacaktir. Genel 6rneklemde istatistiksel ola-
rak anlamli bulunmasa da bireylerin BKI degerleri arttikga
OAY alt dlgegi puanlariin azaldigi saptanmigtir (r=-0.074,
p>0.05) (Tablo 4). Yarmohammadi ve ark. (2022) yaptiklar
calismada da benzer sonuglar tespit etmistir. Ayrica OAY alt
6l¢ek puanmin zayif ve normal viicut agirlikli bireylerde sis-
manlara gore daha yeterli oldugu bulunmustur (Tablo 3). Bu
sonuclardan yola c¢ikilarak BKI ve viicut agirliklarinin
YBOYDA 6l¢egi puaninda farklilii yaratmasiin en temel
sebeplerinin GBB veya OAY alt 6l¢ek puanlar oldugu soy-
lenebilir.

Tablo 3. Ogrencilerin cinsiyet ve BKI gruplarina gére YBOYDA ve alt dlgek puanlarmin yeterlilik durumu
Table 3. The adequacy of the students' scores on the YBOYDA and subscales according to their gender and BMI groups

Cinsiyet BKI gruplari Toplam P
.. Kadin Erkek Zayif Normal Sisman
Olgekler ve alt gruplari % n % n % n % N % n %
YBOYDA
Yeterli 121 858 72 774 20 952 142 850 31 674 193 82.5 0.209¢
Simirda 20 142 19 204 1 4.8 25 150 13 283 39 16.7 0.006‘“3*
Yetersiz - - 2 22 - - - - 2 43 2 0.9 ’
GBB
Yeterli 133 943 82 882 20 952 158 946 37 804 215 91.9 0130
Simirda 8 5.7 10 10.8 1 4.8 9 5.4 17.4 18 7.7 0'015de*
Yetersiz - - 1 .1 - - - - 1 2.2 1 0.4 ’
OAY
Yeterli 127 90.1 71 763 20 952 146 874 32 69.6 198 84.6 0.008
Simirda 13 92 20 215 1 4.8 20 120 12 26.1 33 14.1 0'017de*
Yetersiz 1 0.7 2 2.2 - - 1 0.6 2 43 3 1.3 ’
BG
Simirda 123 872 85 924 20 952 148 88.6 40 889 208 89.3 0.008¢"
Yetersiz 18 7.7 3 3.2 1 4.8 19 114 5 107 25 10.7 0.8314
PM
Yeterli 45 319 35 376 - - 3 1.8 1 2.2 4 1.7 0213
Simirda 73 51.8 50 538 8 38.1 66 395 17 370 91 38.9 0'993de
Yetersiz 23 16.3 8 86 13 61.9 98 587 28 609 139 59.4 ’
GEOTM
Yeterli 131 929 84 903 21 100.0 153 916 41 89.1 215 91.9 0,004
Simirda 8 5.7 6 6.5 - - 12 7.2 2 43 14 6.0 : 1954e
Yetersiz 2 14 3 3.2 - - 2 1.2 3 6.5 5 2.1 0.

“Pearsin Ki Kare Testi, *Fisher Exact Testi, *p<0.05, n: Say1, %: Yiizde, ¢ Cinsiyet ve yeterlilik durumu iliskisi ve ¢ BKI gruplar1 ve yeterlilik durumu iliskisi
GBB: Genel beslenme bilgisi, OAY: Okudugunu anlama ve yorumlama, BG: Besin gruplar1 ve PM: Porsiyon miktarlari, GEOTM: Gida etiketi okuma ve sayisal okuryazarlik
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Tablo 4. Ogrencilerin YBOYDA, viicut agirliklar1, BKI’leri ve SF-12 puanlari iliskisi
Table 4.The relationship between students’' YBOYDA, body weights, BMIs and SF-12 scores

Research Article

GBB OAY BG PM GEOTM YBOYDA Viicut BKi FBO-12 MBO-12

agirhg

Degiskenler r

0.185" 0.164" -0.028" 0.090" 0.624"* -0.249V**%  -0.287"**  -0.164"  0.372v**
GBB - 0.325vF%  0.208¥**  _0.117Y 0.056Y 0.619v** -0.115Y  -0.249v* 0.137Y  0.573v**
0.5212%  0.440=**  0.0372  0.303=*  0.777=%  -0.195%% -0.263%**  -0.028%2  0.442%*
0.255*%  (.094" 0.153Y 0.519v** -0.081¥  0.185"* 0.000" 0.192v*
OAY - 0.343Y%*%  0.078Y 0.218Y 0.702Y%* 0.024Y 0.029Y 0.103Y 0.191Y
0.5807**  0.179%%*  0.408=*  0,780%*  -0.2582%*  -0.074% 0.159%¢  0.203%**
0.163" 0.201"*  0.433V** -0.161" -0.090" 0.010"  0.413"**
BG - 0.106  0.460*  0.448** -0.091Y -0.00¥ 0.043Y 0.086Y
0.215%%  0.523%%*  0.7577%*%  -0.2227%*  (.004” 0.163*  0.3007**
0.130" 0.415"** -0.094" 0.040" 0.108" -0.048"
PM - 0.185Y 0.265Y* -0.065Y -0.017¥ -0.096Y -0.119Y
0.1827%*  (,366%* -0.047* 0.0487 0.084% -0.066%
0.547v* 0.154" 0.050" -0.043Y 0.056"
GEOTM - 0.540v%* -0.102Y -0.051Y 0.088Y -0.143Y
0.700%* -0.083%2  0.132% 0.114% -0.005%
-0.165Y -0.163Y 0.028"  0.235v**
YBOYDA - -0.044Y -0.084Y 0.098Y 0.293v*
-0.3022*  -0.077* 0.178%*  (.2482**
Viicut 0.768"**  -0.037*  -0.280"**
Agirh@ - 0.896"**  -0.146Y -0.193Y
0.906%**  -0.280%**  -(.113%
0.015Y 0.226"**
BKi - -0.076y  -0.338Y*
-0.1927%%  -0.0922

Spearmen Korelation," Kadin YErkek “Genel 6rneklem *P<0,05 **P<0,001, r: Korelasyon katsay1si
GBB: Genel beslenme bilgisi, OAY: Okudugunu anlama ve yorumlama, BG: Besin gruplari, PM: Porsiyon miktarlari,

GEOTM: Gida etiketi okuma ve sayisal okuryazarlik

Calismaya katilan dgrencilerin cinsiyete gore FBO-12 ve
MBO-12 alt élgek puami ortalamalari arasinda istatistiksel
olarak anlamli fark olmadigi saptanmistir (p>0.05) (Tablo 2).
Ayrica normal viicut agirligina sahip bireylerde, zayif ve sis-
man bireylere gére hem FBO-12 (p>0.05), hem de MBO-12
alt 6lgek puanlari ortalamasinin daha yiiksek oldugu belirlen-
mistir (p<0.05) (Tablo 2). Genel 6rneklemde viicut agirlig: ve
BKI degerlerinin artmast FBO-12 alt 8lgek puanlarini istatis-
tiksel olarak anlamli derecede azaltirken (sirastyla r=-0.280
p<0.001; r=-0.192 p<0.001), bu degerlerin MBO-12 alt &lgek
puanlari ile anlamli iligkisi olmadig1 saptanmistir (sirasiyla
r=-0.113 p>0.05; r=-0.092 p>0.05). Buna karsilik erkeklerde
BKI degerleri arttikca MBO-12 alt 6l¢ek puanlarinin azaldig:
(r=-0.338 p<0.001), kadinlarda ise arttig1 tespit edilmistir
(r=0.226 p<0.001). Kadimlarda viicut agirligi ve MBO-12 alt
Olcegi puanlar arasinda negatif yonlii istatistiksel olarak an-
laml1 iliski elde edilmistir (r=-0.280, p<0.001) (Tablo 4). Bu

sonuclar kadinlarda sisman olma yiizdesinin olduk¢a az
(%6.4) olmasindan kaynaklanabilir (Tablo 1). Ak¢ilek (2017)
tarafindan yapilan c¢alismada Ogrencilerin yasam kaliteleri
SF-12 &lgegi ile belirlenmis, zayif bireylerde en diisiik MBO-
12; en yiiksek FBO-12 alt 6lgek puanlari saptamistir. Fakat
BKI smiflamasina gore yasam kalitesi puanlarinin istatistik-
sel olarak anlamli degisiklik gdstermedigi tespit edilmistir
(p>0.05). Kocaman ve Telatar (2020) ise normal kilolu birey-
lerin fazla kilolu ve obez bireylere gore hem FBO-12 hem de
MBO-12 puanlarinin daha yiiksek oldugunu saptamistir (si-
rastyla p<0.05, p>0.05). Bu ¢alismada da bulundugu gibi, vii-
cut agirhiginin kabul edilen sinirlar icerisinde olmasinin bi-
reylerin yasam kalitesini arttirmada dnemli bir faktér oldugu
agikardir.

Yasam kalitesi toplumdaki her risk grubunda oldugu gibi iini-
versite dgrencilerinde de 6nemli bir yer tutmaktadir. Ogren-

135



136

Food Health 9(2), 129138 (2023) e https://doi.org/10.3153/FH23012

cilerin ailelerinden uzakta yagamalari, psikolojik durumlari-
nin ve sosyal ¢evrelerindeki degisiklikler, ekonomik durum-
lar1 besine ulasimlari, dengeli ve diizenli bir 6giin tiikketimi
konusunda oldukg¢a biiyiik problemler olusturabilir (Dogan
ve Akeali, 2021; Ermis ve ark., 2015; Onurlubas ve ark.,
2015). Bu problemlere ek olarak dgrencilerin beslenme okur-
yazarlig1 konusunda yeterli bilgiye sahip olmamalar1 yagam
kalitesinin azalmasina sebebiyet verebilir.

Cesur ve ark. (2015), yaptiklar1 ¢alismada bireylere beslenme
okuryazarlig1 vizyonunun yerlesmesinin daha saglikli bir ya-
sam siirmelerine olanak saglayacagini belirtmislerdir. Bu ¢a-
lismada beslenme okuryazarligi yeterlilik diizeyi Ozenoglu
ve ark. (2012)'nin yaptiklar1 ¢caligmaya benzer sekilde %80'in
iizerinde bulunmustur (Tablo 2). Arastirma sonuglarindan
elde edilen bu yiiksek degerin iiniversite 6grencilerinin ya-
sam kalitesi ile iliskisi merak uyandirmistir. Ogrencilerin
ozellikle FBO-12 alt 6lgek puanlari arttikca OAY, BG alt 61-
cegi ve YBOYDA puanlarinin istatistiksel olarak anlamli se-
kilde arttig1 tespit edilmistir (sirasiyla r=0.159 p<0.05; =
0.163 p<0.05; r=0.178 p<0.001). Bu sonuca ek olarak MBO-
12 o6lgegi puanlarinin ise GBB, OAY, BG alt 6l¢ekleri ve
YBOYDA puani ile pozitif yonlii istatistiksel olarak anlaml
iligki gosterdigi belirlenmistir (sirastyla r=0.442 p<0.001; r=
0.203 p<0.001; r=0.300 p<0.001; r=0.248 p<0.001) (Tablo
4). Er Dongel (2020)’ in yaptig1 calismada ise GBB, OAY,
GEOTM alt 6l¢ek puanlar1 ve yasam kalitesi arasinda pozitif
yonlii istatistiksel olarak anlamli iliski saptanmistir (p<0.05).
Bu ¢alisma sonucuna benzer olarak, bireylerin YBOYDA 6l1-
¢egi puanlar1 ve yasam kalitesi arasinda pozitif yonlii istatis-
tiksel olarak anlaml1 iliski tespit edilmistir.

Sonuc¢

Bu ¢aligma ile {iniversite 6grencilerinde beslenme okuryazar-
lig1 diizeylerinin 6grenim durumlaria bagl olarak degisebil-
digi, 6zellikle viicut agirhigi ve BKI degisimlerini etkileyebi-
lecegi, en dnemlisi de dgrencilerin fiziksel ve mental saglik-
lar1 izerinde olumlu etkiler yaratabilecegi belirlenmistir. Ya-
sam kalitesi ve beslenme okuryazarligi iligkisini arastiran ¢a-
lismalar olduk¢a kisithi olmakla beraber, daha genis ¢aplh
arastirmalarin yapilmasi daha net sonuglarin elde edilmesini
saglayacaktir.
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ABSTRACT

Valproic acid, one of the most used drugs for epilepsy patients, has some known side effects. Chard
extract has many pharmacological activities. The study aims to evaluate whether valproic acid
might interfere with oxidative metabolism in gastric tissue and whether chard ameliorates these
effects. The Sprague Dawley rats were divided into four groups (n=8); control, chard-given control,
valproic acid, and chard-given valproic acid. The aqueous extracts of chard leaves were given 1 h
before the administration of valproic acid for 7 days. On the 8% day, the animals were sacrificed
under anesthesia and gastric tissues were homogenized. When compared to the control group,
valproic acid significantly increased malondialdehyde and catalase activity, while superoxide dis-
mutase activity decreased. Chard administration increased glutathione and, sialic acid levels and
decreased malondialdehyde levels and superoxide dismutase activity in the valproic acid group.
Based on these findings, since chard increased gastric sialic acid levels, we may suggest that chard
may protect gastric mucosa may be through its antioxidant effects.

Keywords: Gastric tissue, Valproic acid, Chard, Sialic acid, Oxidative stress
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Introduction

The gastrointestinal mucus layer coats and lubricates the sur-
face of gastrointestinal tract. It plays a role in defense against
microorganism. The gel layer is also essential for mainte-
nance of intestinal homeostasis as a participating in cell sig-
naling pathways (Johansson et al., 2013). Mucus is composed
of mucins that is synthesized and secreted by goblet cells in
the intestinal cells. Mucin is composed of sialic acid (SA),
fucose, galactose, N-acetylgalactosamine, and N-acetylglu-
cosamine (Wagner et al., 2018).

Valproic acid (2-propyl valeric acid, VPA) is used to prevent
seizures and to treat migraines, bipolar, anxiety, and mood
disorders. It shows the antiepileptic effect by blocking ion
channels and increasing neurotransmitter gamma-aminobu-
tyric acid through several mechanisms. Also, since the
demonstration of its function as an inhibitor of histone
deacetylase, VPA was used as adjuvant therapy in neuro-
degenerative diseases, HIV, and cancer (Diki¢ et al., 2017).

Despite its reputation as a safe drug, VPA has many side ef-
fects that may lead to gastrointestinal disturbances, hepato-
toxicity, neurological disturbances, weight gain, pancreatitis,
teratogenic effects, and thrombocytopenia (Chateauvieux et
al., 2010; Gezginci-Oktayoglu et al., 2016). Chronic usage of
VPA has decreased the thickness of gastrointestinal mucosa,
and muscle layers in the stomach and ileum, and gastrointes-
tinal (GI) tract motility decreased in rats prenatally exposed
to VPA (Kim et al., 2013). Furthermore, it is established that
VPA is capable of increasing the reactive oxygen species
(ROS) levels in various tissues (Cardenas-Rodriguez et al.,
2013; Ustundag et al., 2015). GI complaints are common in
epileptic patients taking long-term anti-epileptic drug medi-
cation. Prevention of GI side effects is very important in
terms of increasing the effectiveness of treatment and reduc-
ing seizure attacks depending on drug absorption and use in
patients (Jahromi et al., 2011).

Plant extracts have become increasingly popular and are often
preferred to synthetic pharmaceuticals. Chard (Beta vulgaris
L. var. cicla; Chenopodiaceae) is a widely used plant in folk
medicine. Chard extract has many pharmacological activities,
including hypoglycemic, anti-inflammatory, antioxidant,
anti-acetylcholinesterase, antitumor, hemostatic and hepato-
protective effects (Ozsoy-Sacan et al., 2004; Tunali et al.,
2020). The reasons for these activities are vitamin C, vitamin
E, glycosides, flavonoids, saponins, minerals, phospholipid,
glycolipid, folic acid, carotenoids, and fatty acids compo-
nents present in this plant (Ustundag et al., 2015; Kim et al.,
2004; Trifunovic et al., 2015; Ertik et al., 2021). To our
knowledge, a study on the effects of chard on gastric tissue
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against VPA toxicity focusing on oxidant-antioxidant param-
eters and SA as an important component of mucin, which
forms the protective layer of the stomach, has not been re-
ported yet. Therefore, this study was focused on the alteration
of oxidant and antioxidant systems and SA in gastric tissue in
response to VPA administration and the role of chard in VPA-
related tissue damage.

Materials and Methods

Preparation of Aqueous Chard Extract

The leaves of chard were collected from Istanbul, Turkey.
Prof. Dr. Neriman Ozhatay (Faculty of Pharmacy, Istanbul
University) identified the chard leaves. They were washed in
distilled water before being dried at room temperature. 100 g
of dried chard leaves were extracted by boiling with 1 L of
distilled water for 8 hours. After the extract was filtered, its
water was removed from the rotary evaporator. The chard ex-
tract was administered by gavage to rats for 7 days after being
redissolved in water (Tunali et al., 2020).

Experimental Animals

The female Sprague Dawley rats were kept in constant labor-
atory conditions. The temperature was 25+2 °C and the rela-
tive humidity range was 55+8 % with a 12 h:12 h light/dark
circle. The animals had a standard pellet diet and access to
drinking water ad libitum. Experiments were approved by the
Marmara University Animal Care and Use Committee (Eth-
ics Committee Decision Number: 70.2014.mar)

Rats were divided into four groups (n=8) as; control (C);
chard given control (100 mg/kg/day, by gavage) (C+Chard);
VPA (500 mg/kg/day, intraperitoneally) and chard given
VPA (VPA+Chard) (in same dose). For 7 days, chard leaf
aqueous extracts were given 1 hour before VPA was given.
After the rats were sacrificed under ether anesthesia on the
eighth day of the experiment, gastric tissues were taken out.
Gastric samples were homogenized in normal saline and were
stored frozen at  -20°C until the experiment day.

Biochemical Assays

In gastric tissue homogenates, malondialdehyde (MDA) lev-
els were determined by thiobarbituric acid reaction spectro-
photometrically at 532 nm for evaluation lipid peroxidation
(LPO). LPO results were expressed as nmol MDA/mg pro-
tein (Yagi, 1984). GSH content in the supernatant was esti-
mated by Ellman’s reagent. Results were expressed as mg
GSH/g protein (Beutler, 1975). SOD activity was measured
by its capability to increase the effect of riboflavin-sensitised
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photooxidation of o-dianisidine. Results were expressed as U/
mg protein (Mylorie et al., 1986). Catalase activity was as-
sayed by measuring the decrease in the H,O» concentration at
240 nm. Results were expressed as U/ mg protein (Aebi,
1984). SA content was measured by the TBA assay of Warren
(Warren, 1959). Results were expressed as mg SA/g protein.
The protein content in the supernatant was estimated accord-
ing to Lowry et al., using Bovine Serum Albumin (BSA) as
standard (Lowry et al., 1951). It was used to calculate other
parameters' values as per protein.

Statistical Analysis

Statistical analysis was performed using GraphPad Prism 5.0
(GraphPad Software, San Diego, California, USA). Data
were analysed using One-way ANOVA and post hoc Tukey
tests. A p value of less than 0.05 was considered significant.
Data were expressed as mean + standard deviation for each
group. Principal component analysis (PCA) was also used to
visualize the biochemical changes for all exposure condi-
tions. PCA was performed using OriginPro 2022b
(OriginLab Corp.).

Results and Discussion

VPA is a branched short-chain fatty acid and is nearly com-
pletely absorbed in the gastrointestinal system (Diki¢ et al.,
2017). VPA causes mild to severe gastrointestinal, hemato-
logic, neurological, dermatologic, mitochondrial, and meta-
bolic toxicity. There is evidence of gastric injury in patients
treated with VPA (Jahromi et al., 2011; Ozturk et al., 2017).
VPA transforms to free acid (the valproate ion) in the GI tract
(Dean et al., 1992). Gastric irritation/symptoms may be
caused by its acidic nature. Also, in rats, VPA therapy has
been linked to the development of oxidative stress in hepato-
toxicity (Chang and Abbott, 2006). The term oxidative stress
refers to describe an imbalance between ROS production and
antioxidant defense activity. It plays a role in both chronic
and acute GI diseases (Brown et al., 2014). The GI tract is
important in the absorption of nutrients and the immunologi-
cal response, and it also plays a role in the formation of ROS.
At the same time, SOD, glutathione peroxidase, and CAT are
the enzymes involved in protecting cells from the damaging
effects of ROS (Vona et al., 2021). On the other hand, the
mechanism of valproic acid-induced gastrotoxicity is still un-
clear.

Chard has many bioactive compounds such as phytopig-
ments, flavonoids, and minerals. It is rich in dietary fibers,
proteins, and antioxidants. Since it has also alpha lipoic acid,
it decreases glucose levels and increases insulin sensitivity
(Gamba et al., 2021).
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In the current study, we have evaluated the effect of chard
extract on the oxidative stress in the gastric tissue induced by
VPA through the analysis of oxidant (LPO) and antioxidant
(GSH, SOD, CAT, SA) parameters levels.

The gastric tissue MDA and GSH levels are presented in fig-
ure 1 and figure 2, respectively. The MDA levels significantly
increased in the VPA group compared with the C groups
(p<0.001). Chard administration significantly decreased
MDA levels both in the C+Chard and VPA+Chard groups
(p<0.001; p<0.001). Administering chard significantly in-
creased the GSH levels both in the C+Chard and VPA+Chard
groups (p<0.001; p<0.001).

1.751

1.509

1.2519

1.004

s |
=

0.751

a,e,d

0.501

MDA(nmol/mgP)

0.254

0.00 Y
c C+Chard

VPA  VPA+Chard

Figure 1. Gastric tissue MDA levels in the control, valproic
acid, and chard given groups

Values were given as mean + standard deviation. C: Control group,
C+Chard: Chard given control group, VPA: Valproic acid; VPA+Chard:
Chard given VPA group. MDA: Malondialdehyde. *p<0.001 significantly
different from the C group; °p<0.001 significantly different from the
C+Chard group; 9<0.001 significantly different from the VPA group;
°p<0.01 significantly different from the C+Chard group.
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Figure 2. Gastric tissue GSH levels in the control, valproic
acid and chard given groups

Values were given as mean + standard deviation. C: Control group,

C+Chard: Chard given control group, VPA: Valproic acid; VPA+Chard:

Chard given VPA group. GSH: Glutathione. *p<0.001 significantly differ-

ent from the C group; °p<0.001 significantly different from the C+Chard

group; 9p<0.001 significantly different from the VPA group.

The MDA is one of the products of LPO in the cells, which
is used as an oxidative stress marker. Increased MDA is at-
tributed to the enhanced production of ROS (Kwiecien et al.,
2014). Compared with the VPA group, chard administration
significantly decreased gastric MDA levels and increased
GSH level in Chard+VPA group. The chard-induced increase
of GSH levels is an antioxidative action because GSH acts as
a free radical scavenger and repair the radical induced tissue
damage (Ozsoy-Sacan et al., 2004). Also, our results suggest
that the flavonoid content in chard is responsible for in-
creased GSH levels in chard given groups. Dietary flavonoids
stimulate antioxidant and detoxification defense system tran-
scription through antioxidant response elements (Myhrstad et
al., 2002).

As seen in figure 3, VPA caused a significant decrease in
SOD activities of the VPA and VPA+Chard groups as com-
pared to the C group (p<0.05; p<0.001). Chard administration
decreased SOD activity significantly both in the C+Chard and
VPA~+Chard groups (p<0.05; p<0.001).
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Figure 3. Gastric tissue SOD activity in the control, valproic
acid, and chard given groups

Values were given as mean + standard deviation. C: Control group,
C+Chard: Chard given control group, VPA: Valproic acid; VPA+Chard:
Chard given VPA group. SOD: Superoxide dismutase. *p<0.001 signifi-
cantly different from the C group; *p<0.05 significantly different from the
C group, °p<0.001 significantly different from the C+Chard group;
4p<0.001 significantly different from the VPA group.

The SOD is one of the antioxidants in the first line of defense
against ROS to prevent oxidative stress. It converts the highly
reactive O, into the less reactive H>O, and plays an im-
portant role in preventing oxidative damage (Vona et al.,
2021). Our study found a decrease in the SOD activity in the
chard given VPA rats. This suggests that O, could not con-
vert into H,O» by SOD. The decrease in SOD activity is an
indicator of mitochondrial dysfunction in the VPA-treated rat
livers (Oztopuz et al., 2020). We also suggest that the de-
crease in SOD activity in the C+Chard group can be linked to
other mechanisms.

The CAT activity in the gastric tissue is given in figure 4.
VPA caused a significant increase in the CAT activities of
VPA and VPA+Chard groups as compared to the C group
(p<0.001; p<0.001). Chard administration increased the CAT
activity significantly in the C+Chard group as compared to
the C group (p<0.001) but did not change it in the
VPA+Chard group as compared to the VPA group (p>0.05).
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Figure 4. Gastric tissue CAT activity in the control, valproic
acid, and chard given groups

Values were given as mean *+ standard deviation. C: Control group,

C+Chard: Chard given control group, VPA: Valproic acid; VPA+Chard:

chard given VPA group. CAT: Catalase. *p<0.001 significantly different

from the C group; °p<0.001 significantly different from the C+Chard

group.

The CAT is an antioxidant enzyme that has the ability to con-
vert H>O; to H>O and O, (Vona et al., 2021). In acidic media,
as in the stomach, O, spontaneously is converted to H,O,
and peroxyl radicals. At pH 4.8, spontaneous dismutation oc-
curs most quickly and H,O; and O, are produced (Kaplan et
al., 2012). Thus, CAT activity in chard-administrated tissues
might be increased in the gastric tissue. Since CAT enzymes
are known to improve the capacity of the cells to eliminate
ROS, increased enzyme activities would be expected to cause
a decrease in MDA in the VPA group (Ustundag et al., 2015).
However, no such effect was observed in this study.

As can be seen in figure 5, SA levels were not significantly
different when VPA and C groups were compared (p>0.05).
Chard administration significantly increased the SA levels
both in the C+Chard and VPA+Chard groups (p<0.001;
p<0.001). In the VPA+Chard group, SA levels were signifi-
cantly increased compared to the C group (p<0.001).
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Figure 5. Gastric tissue SA levels in control, valproic acid

and chard given groups

Values were given as mean *+ standard deviation. C: Control group,
C+Chard: Chard given control group, VPA: Valproic acid; VPA+Chard:
Chard given VPA group. SA: Total sialic acid. *p<0.001 significantly dif-
ferent from the C group; °p< 0.001 significantly different from the C+Chard
group, 9p<0.001 significantly different from the VPA group.

SA levels increased with chard administration in both the
control and VPA groups. Chard may have an increased
amount of gastric mucus. Polyphenolic-rich extract of Poten-
tilla mooniana increased mucin activity by increasing the
hexosamine and sialic acid content in the gastric tissue (Laloo
etal., 2014). It has been suggested that SA has the antioxidant
effect of mucin in the mucus layer covering the respiratory
and gastrointestinal tracts against hydroxyl radicals. The
study by Ogasawara et al. showed that hydroxyl radical pro-
duced by UV irradiation of hydrogen peroxide was scavenged
by terminal SA residues in bovine submaxillary gland mucin
(Ogasawara et al., 2007). It was revealed that SA also acts as
an important defense factor of the gastric mucosa in the ex-
perimental model of gastritis in the rat (Hussein et al., 2016).
SA-based strategies are recommended for the prevention and
treatment of Helicobacter pylori, as SA has an antiadhesive
effect on H. pylori on gastrointestinal epithelial cells and has
been shown to reduce H. pylori-induced ROS production
(Yang et al., 2013).

The SA usually presents as terminal components of glycopro-
teins, and these terminal residues impact mucus's charge,
degradation, and rheological properties. Mucus is composed
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of mucins that are synthesized and secreted by goblet cells in
the intestinal cells. Mucin is composed of SA, fucose, galac-
tose, N-acetylgalactosamine, and N-acetylglucosamine
(Wagner et al., 2018). The SA on glycoproteins is released by
sialidases such as sialate aldolase (Bhide and Colley, 2017).
It has been found in bacteria and in mammalian cells. As a
result of SA degradation, the cellular levels of SA increase.
Hydrochloric acid secretion in the stomach's parietal cells is
controlled by the gastric proton pump (H', K'-ATPase). H",
K"-ATPase consists of the catalytic o subunit and the glyco-
sylated B subunit. Intragastric pH regulates glycosylated
subunit, and inhibiting gastric hydrochloric acid secretion
causes [} subunit desialylation. It has been reported that the
activity of H", K'-ATPase is positively regulated by the SA
of B subunit of the H", K'-ATPase and the low pH reduced
H', K™-ATPase activity by cleaving the SA of B subunit (Fujii
et al., 2016). This may be responsible for the increased SA
levels found in the present study.

Flavonoids have attracted attention in the search due to their
anti-inflammatory and antioxidant properties. Many studies
have shown them to inhibit the gastric H'K"-ATPase (Sera-
fim et al., 2020; Al-Gabri et al., 2022). In the present study,
SA levels increased significantly compared to the respective
groups in the chard-given control and VPA groups. Since the
chard has flavonoids and flavonoids have an inhibitory effect

(A

34 3

(E5)1D_
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on H'K'-ATPase, it may be possible to suggest that the fla-
vonoid contents of chard may be responsible for increased SA
levels in this study.

Chard contains vitamins C and E that offer health benefits,
and one of these benefits is that they are among the non-
enzymatic antioxidants. Cytoprotective effects of vitamins C
and E against different factors induced gastric mucosal da-
mage were demonstrated (Dawud et al., 2014). In their stu-
dies, gastric mucus output was increased, and ulcer scores
were decreased when treated with vitamins C and E. The an-
tioxidant properties of vitamins protected the enzymatic and
non-enzymatic antioxidants. In our study, the increase in the
levels of SA with chard administration may be related to the
fact that vitamins C and E increase the amount of mucus in
the stomach. In addition, the cytoprotective effect of mucus
and the antioxidant properties of vitamins may contribute to
the gastroprotective effects of chard.

For each group, PCA was used to prove the correlation be-
tween biochemical results (Figure 6). PCA revealed that the
first two components detailed around % 91.62 of the total var-
iation in the experimental data (PC1: 66.83%, PC2: 24.79%).
Primarily, CAT, GSH, and SA data clustered in the first com-
ponent. These clusters were highly negatively correlated with
MDA and SOD.
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Figure 6. Principal component analysis (PCA) plot of biochemical parameters measured in the stomach (A). All biochemical
results of stomach tissues indicator plotted as a function of two first components, explaining together 91.62% of
information in the obtained dataset (B)
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In the VPA group, we found a significant increase in MDA
levels and a decrease in SOD activity, while no significant
differences in GSH and SA levels compared to the control
group. Also, it can be inferred that VPA produced an unbal-
anced oxidant/antioxidant cellular process in gastric tissue,
with increased MDA and decreased SOD activity. Based on
PCA, we observed in our study that antioxidant levels, except
SOD, correlated negatively with oxidant levels. A previous
study found an inverse relationship between SOD activity and
MDA level in the tissues (Wang et al., 2005). But in this
study, SOD activity and MDA level decreased significantly
in the VPA+Chard group compared with the VPA group. This
different oxidant-antioxidant status that occurs with the ad-
ministration of chard extract may be related to mucus in the
gastric tissue.

The increase of GSH and SA levels in chard given groups
accompanied by an increase in CAT activity was effective in
reducing lipid peroxidation.

This study has some limitations. No morphological or histo-
logical experiments were done, but this experiment focused
only on biochemical changes in the gastric tissue. Also, H+,
K+-ATPase activity was not examined. So, more extensive
research on the chard’s gastroprotective properties should be
carried out in the future by analyses of H+, K+-ATPase acti-
vity, and molecular mechanisms of oxidative stress.

Conclusion

We may suggest that chard may protect gastric mucosa by
increasing antioxidants and sialic acid levels. Therefore, the
findings of this study may offer alternative treatment appro-
aches and novel therapeutic targets for stomach damage cau-
sed by VPA.
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Ilkel bugday cesitleri [dinkel (Triticum spelta), siyez (Triticum
monococcum) ve kavilca (Triticum dicoccum)] kullanilarak
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oz

Bu calismada; ilkel bugday cesitlerinden (dinkel, siyez ve kavilca) elde edilen unlar kullanilarak iretilen tu-
lumba tatlilarmm bazi kimyasal, fiziksel ve duyusal ozellikleri, geleneksel ticari baklavalik unla iiretilen
kontrol grubu tulumba tatlisiyla karsilastirilmistir. Caligmada ilkel bugday cesitleri ile iiretilen 6rneklerin
protein ve mineral madde igeriklerinin kontrol 6rneginden fazla oldugu belirlenmistir. Yag ¢ekme orani ve spe-
sifik hacim bakimindan ise 5rnekler arasinda fark tespit edilmemistir. Ilkel bugday gesitleri unlariyla iiretilen
tulumba tathlarinin L*, a* ve b* renk degerlerinin kontrol émeginden daha diisiik oldugu saptanmustir.
Tekstiir profil analizinde kontrol 6rneginin sertlik degerinin siyez bugday1 unu ile iiretilen tulumba tatlisiyla
benzer, diger 6rneklerden belirgin derecede yiiksek oldugu tespit edilmistir. Ayrica liretimi yapilan tiim 6rnek-
lerin yapiskanlik, esneklik ve ¢ignenebilirlik degerleri arasinda anlamli fark olmadig: saptanmistir. Duyusal
degerlendirmede kontrol 6rneginin en yiiksek puanlari almasinin yaninda, ilkel bugday cesitleriyle iiretilen
tulumba tatlilarinin tamaminda lezzet, koku ve tekstiir karakteristikleri, kontrol drnegiyle benzer bulun-
mustur. Tiim &rneklerin duyusal karakteristiklere ait genel begeni puanlarmin ise “orta” sozel ifadesine kar-
silik gelen 4.0 puanin lizerinde oldugu belirlenmistir.

Anahtar Kelimeler: Tulumba tatlisi, Tlkel bugday, Dinkel, Siyez, Kavilca
ABSTRACT

Some quality properties of tulumba desserts produced from ancient wheat varieties [dinkel
(Triticum spelta), einkorn (Triticum monococcum), and kavilca (Triticum dicoccum)]

In this study; some chemical, physical and sensory properties of tulumba desserts produced using ancient
wheat varieties (dinkel, einkorn and kavilca) were compared with control tulumba desserts which traditionally
produced with baklava flour. In the study, it was determined that the protein and mineral matter amounts
of the samples produced with ancient wheat varieties were higher than the control sample. There was
no significant difference between the samples in terms of oil absorption rate and specific volume. According
to color analysis results, it was determined that the L*, a*, and b* values of the tulumba desserts produced
with the flours of ancient wheat varieties were lower than the control sample. In the texture profile analysis,
it wasdetermined that the hardness value of the control sample was similar to the tulumba dessert produced using
einkom wheat flour and significantly higher than the other samples. In addition, all samples' cohesiveness, sprin-
giness, and chewiness values were similar. In sensory evaluation, besides the control sample getting the
highest scores, the taste, odor, and texture characteristics of all the tulumba desserts produced with
ancient wheat varieties were similar to the control sample. In addition, it was observed that the overall
acceptability scores of all products were above 4.0 points, which was the midpoint of the hedonic scale.

Keywords: Tulumba dessert, Ancient wheats, Dinkel, Einkorn, Kavilca



https://orcid.org/0000-0001-9583-817X
https://orcid.org/0000-0002-1718-7313
mailto:ezgio@pau.edu.tr
http://jfhs.scientificwebjournals.com/
https://creativecommons.org/licenses/by/4.0/

Research Article

Food Health 9(2), 148-159 (2023) e https://doi.org/10.3153/FH23014

Giris

Tarihsel siireg igerisinde ilk kiiltiire alinan bitki gruplarindan
biri tahillardir. Insanlarin giinliik enerji ihtiyacimin yaklasik
%50’si tahillardan karsilanmaktadir (Kalkan ve Ozarik,
2017). Tahillar arasinda bugday, beslenmede 6nemli bir yere
sahiptir. Insanlarin birgogu i¢in temel gida ve enerji kay-
nagidir. Bugday; ekmek, makarna, biskiivi gibi bircok unlu
mamuliin iretiminde hammadde olarak kullanilmaktadir
(Zengin, 2015). Bugdayin orijini tam olarak bilinmemekle
birlikte, yabani ve kavuzlu (kapl) bugday formlarindan 77i-
ticum monococcum’un (einkorn-siyez) ilk Once Ana-
dolu’nun kurak alanlarindan, diger bir form olan Triticum di-
coccum’un (emmer-gernik) ise Suriye ve Filistin’in daglik
bolgelerinden dagildigina dair baz1 deliller vardir (Elgiin ve
Ertugay, 1995).

Kiiltiirti yapilan bugday (7riticum L.) tiirleri kromozom sayi-
sina gore 3 alt gruba ayrilmaktadir. Bunlar: 1) diploid siyez
(Triticum monococcum ssp. monococcum) (2n=14, AA), 2)
tetraploid makarnalik bugday (7riticum durum Desf.) ve em-
mer-kavilca (Triticum dicoccum L.) (2n=28, AABB) ve 3)
hekzaploid ekmeklik bugday (7riticum aestivum L.) ve dinkel
(Triticum spelta L.) (2n=42, AABBDD). Son yillarda, mo-
dern bugdaylar (7riticum aestivum, Triticum durum) ye-
rine kiiltiirli yapilan ilkel (antik, atalik) bugdaylardan kavuzlu
bugday ¢esitlerinin (siyez, kavilca ve dinkel) tercih edildigi
goriilmektedir. Bunun baglica nedenleri; (i) yiiksek lif, mi-
neral madde, antioksidan ve protein icerigi, (ii) daha kolay
asimile edilen gluten formlarim1 ve ¢olyak hastaligi olan
kisiler tarafindan sindirilmeyen gliadinlerin diisiik tok-
sisiteli formlarii bulundurmalar, (iii) hastaliklara, dona,
kurakliga ve zayif toprak sartlarina dayanikli gen arayislari,
(iv) bugday 1slahi igin potansiyel bir gen kaynagi olmalari,
(v) insanlarin dogal ve organik iiriinlere olan ilgisinin artmasi
seklinde siralanabilir (Stallknecht vd., 1996; Loje vd., 2003;
Hidalgo vd., 2006; Gianfrani vd., 2012; Coskun vd., 2019; As-
tarci, 2021; Cankurtaran Komiircii, 2021).

Tiirk kiiltiirinde hamur isi yemekler 6nemli bir yere sahip-
tir. Tirklerin hamur isi yemekleri sevmesi tath kiiltiiriinii
de etkilemis ve hamur igine dayali c¢ok g¢esitli tatlilar
tiretilmigtir. Tulumba tatlis1 da Tiirk mutfaginin zengin hamur
isi tatlilarindan biri olup, halkimiz tarafindan sevilerek tiike-
tilmektedir. Geleneksel olarak iiretilen tulumba tatlisi, un, su,
yumurta, yag ve tuz ile hazirlanan hamurun kizartilmasi so-
nucu elde edilen iiriiniin, serbetin igcerisinde bekletilmesi ile

yapilmaktadir. Bu temel bilesenlere ek olarak degisik katki
maddeleri kullanilarak farkli formiilasyonlar ile ¢esitleri de
iiretilebilmektedir (Ozen, 2006; Bulut, 2013).

Tulumba tatlisinda en 6nemli bilesen un olup, kullanilan
unun Ozellikleri iiriiniin 6zelliklerini dogrudan etkilemekte-
dir. Tatlinin iiretiminde genellikle bugday unu tercih edil-
mektedir (Erim Kose, 2014; Tiimer, 2017). Tiirk Gida Ko-
deksi’ne gore bugday unu; yabanci maddelerden temizlen-
mis ve tavlanmis bugdaylarin teknigine uygun olarak
ogiitiilmesiyle elde edilen undur (Anonim, 2013). Kullani-
lan un, hamurun kolay agilmasi, yirtilmamasi, kurumamasi,
iiriine parlak renk vermesi, yiiksek oranda yag ve serbeti
emebilme o6zelliginin olmasi, tulumbaya gevreklik kazan-
dirmasi, uygun sartlarda tulumbanin tazeligini uzun siire
koruyabilmesi acisindan olduk¢a 6nemli gorevlere sahiptir
(Erim Kose, 2014).

[lkel bugday gesitlerine artan ilginin etkisiyle, son yillarda bu
bugdaylardan elde edilen unlarin kullanildig: tiriinlerin 6zel-
liklerinin belirlenmesi iizerine bazi bilimsel ¢alismalar ya-
pilmistir (Hidalgo ve Brandolini, 2011; Emeksizoglu, 2016;
Astarci, 2021; Isik vd., 2022). Buc¢alismada da, ilkel bug-
day cesitlerinden olan siyez (Triticum monococcum), dinkel
(Tritucum spelta) ve kavilca (Triticum dicoccum)’dan elde
edilen tam bugday unlarinin Tiirkiye’de yaygin ve sevile-
rek tiiketilen tulumba tatlisinda kullanim potansiyelinin aras-
tirtlmasi hedeflenmistir. Dolayisiyla adi gegen ilkel bugday
unlariyla elde edilen tulumba tatlilarinin bazi kalite 6zellik-
leri belirlenerek, bunlarin ticari baklavalik bugday unuyla
(6zel amagh bugday unu) elde edilen tulumba tatlisinin 6zellikle-
riyle karsilastirilmasi yapilmistir.

Materyal ve Metot
Materyal

Tulumba tathist liretiminde kullanilan ticari baklavalik bug-
day unu (6zel amagli bugday unu) (Tellioglu Un), siyez (7vi-
ticum monococcum) tam bugday unu (Bemtat), dinkel (7¥i-
tucum spelta) tam bugday unu (Bemtat), kavilca (Triticum di-
coccum) tam bugday unu (Bemtat), yamurta (Mutlubas), kati
yag (Alba sade yag), ay¢igek yagi (Orkide), toz seker (Torku),
tuz (Horoz tuz) ve sitrik asit/limon tuzu (Tito) Denizli’deki
yerel marketlerden temin edilmistir.

149



150

Food Health 9(2), 148-159 (2023) e https://doi.org/10.3153/FH23014

Tulumba Tathst Uretimi

Caligma kapsaminda {iretilen tulumba tatlisi hamurlarinin
formiilasyonlar1 Tablo 1°de, kizartilmis tulumba tatlis1 6rnek-
lerinin i¢inde bekletildikleri serbetin formiilasyonu da Tablo
2’de verilmistir.

Tablo 1. Tulumba tatlis1 hamurlarinin formiilasyonlari (%)

Table 1. Formulations of tulumba dessert doughs (%)

Malzemeler Kontrol ST DT KT
Baklavalik bugday unu  29.34 - - -
Siyez bugday unu - 29.34 - -
Dinkel bugday unu - - 29.34 -
Kavlica bugday unu - - - 29.34
Sitrik asit 0.32 032 032 0.32
Yumurta 19.01 19.01 19.01 19.01
Kat1 yag 0.82 0.82 0.82 0.82
Tuz 0.62 0.62 0.62 0.62
Su 49.89 49.89 49.89 49.89

Kontrol: Ticari baklavalik bugday unu kullanilarak iiretilen tulumba
tatlisi, ST: Siyez bugday1 unu kullanilarak iiretilen tulumba tatlisi,
DT: Dinkel bugdayr unu kullanilarak {iretilen tulumba tatlisi,
KT: Kavilca bugday1 unu kullanilarak iiretilen tulumba tatlist

Tulumba tatlis1 hamurunun hazirlanmasi i¢in belirlenen su-

yun igerisine Tablo 1’de belirtilen oranlarda kat1 yag, sitrik

asit ve tuz ilave edilerek kaynatilmistir. Kaynama basladiktan
sonra formiilasyonda belirtilen orandaki unlar bu karisima
ilave edilmis ve toplam 7 dakika pisirilmistir. Hamur sicaklig1
45-50°C’ye diistiikten sonra yumurta ilave edilmis ve homo-

jen bir hamur elde edilinceye kadar yogurma islemi gergek-

lestirilmistir. Hazirlanan hamur, tulumba kalibina doldurul-
mus ve yaklagik 3 cm biiyiikliigiinde pargalar halinde kesilerek
20 dakika ayg¢icek yaginda kizartilmistir.

Kullanilacak serbetin hazirlanmasi i¢in belirlenen suyun ige-
risine Tablo 2’de belirtilen oranda seker ilave edilerek kay-
natilmig, seker tamamen ¢oziindiikten sonra serbet formiilas-
yonunda verilen oranda sitrik asit ilave edilerek 4 dakika daha
kaynatilmis ve oda sicakligina kadar sogumasi i¢in bekletil-
mistir. Uretilen tulumba tatlilar1 sogutulmus serbet igerisinde

yaklasik 2 dakika tutularak {iretim tamamlanmastir.

Tablo 2. Serbet formiilasyonu (%)

Table 2. Formulation of syrup (%)

Malzemeler (%)
Seker 66.63
Su 33.31
Sitrik Asit 0.06

Research Article

Analizler

Uretimi gergeklestirilen tulumba tatlilarinin kimyasal ve fi-
ziksel analizleri serbetlenmemis 6rneklerde, duyusal analiz-
leri ise serbetlenmis 6rneklerde gergeklestirilmistir.

Kimyasal Analizler

Yag tayini Soxhlet (AOAC metot 954.02), protein tayini
Kjeldahl (AOAC metot 988.05), kiil (AOAC metot 942.05)
ve nem tayini (AOAC metot 934.01) gravimetrik yonteme
gore gerceklestirilmistir (AOAC, 1990).

Mineral madde kompozisyonlar1 ICP-OES (Inductively
coupled plasma-optical emission pectrometry, Perkin El-
mer, Optima 2100 DV, ABD) ile gergeklestirilmistir (Ozgo-
ren, 2019). Orneklerin K, P, Ca, Mg, Fe, Cu, Mn ve Zn mik-
tarlart mg/kg olarak ifade edilmistir.

Fiziksel Analizler

Hazirlanan tulumba tatlis1 hamurlarindan 6rnekleme yapila-
rak her birinin agirliklann kizartilmadan once ve kizartildik-
tan sonra tartilarak belirlenmistir. Tartimlar arasindaki de-
gisimden yag cekme orani (%) hesaplanmistir. Spesifik ha-
cimleri ise kolza tohumu ile yer degistirme prensibinden ya-
rarlanilarak hesaplanan hacim degerlerinin (mL) drneklerin
agirhigina (g) bolinmesi ile belirlenmistir (Kuzumoglu,
2020).

Tekstiir Analizi

Orneklerin  tekstiir profil analizleri (TPA) Brookfield
CT3-4500 tekstiir analiz cihazi (Brookfield Engineering
Laboratories Inc., ABD) ile belirlenmistir. Analiz igin 4.5
kg yiik hiicresi ile 4 mm c¢apl silindirik prob (TA44) kul-
lanilmigtir. Cihazda tetikleyici kuvvet 5 golarak ayarlan-
mustir. Test Ooncesi hiz 1 mm/s, test hiz1 0.5 mm/s ve test
sonras1 hizi 0.5 mm/s olarak uygulanmistir. Her ol¢lim 5
kez tekrar edilmistir. Tekstiir profil analizi ile iretilen
tulumba tatlis1 6rneklerinin sertlik (g), yapiskanlik, esnek-
lik (mm) ve ¢ignenebilirlik (mJ) degerleri ol¢iilmiistiir (Tii-
mer, 2017).

Renk Analizi

Uretilen tulumba tatlilarinin ve unlarin renk analizleri CIE
renk sistemine gore (L*, a*, b*) Hunter Lab Miniscan XE
renk 6l¢lim cihazi (Hunter Associates Laboratory, ABD) kul-
lanilarak gergeklestirilmistir.
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Ayrica ornekler arasinda toplam renk degisiminin belirlen-
mesi amaciyla AE degerleri agagidaki esitlikten hesaplanmis-
tir.

AE = /(AL)? + (Aa)? + (Ab)?
AL = L * 6rnek — L * kontrol
Aa = a * 6rnek — a * kontrol
Ab = b * 6rnek — b x kontrol

Yamauchi (1989)’ nin yaptig1 siniflandirmaya gore toplam
renk degisim degerlerinin (4E) gorsel renk farkliliklari;
0-0.5: iz miktardaki fark; 0.5-1.5: insan goziiyle fark edilmesi
zor; 1.5-3.0: egitim almis panelistler tarafindan saptana-
bilir; 3.0-6.0: toplumun ¢ogu tarafindan algilanabilir;
6.0-12.0: ayn1 renk grubundaki biiyiik farklilik; 12°den fazla:
bagka bir renk grubu seklinde tanimlanmustir.

Duyusal Analiz

Farkli un gesitleri kullanilarak iiretilen tulumba tatlis1 6rnek-
leri serbetten ¢ikarildiktan 2 saat sonra, 40 kisinin (28 kadin,
12 erkek) katildigi duyusal panelde dis renk, i¢ renk, tekstiir,
koku, ¢ignenebilirlik, lezzet ve genel begeni 6zellikleri ag1-
sindan 7 puanlik hedonik skala (1: asir1 kotii, 7: miikemmel)
kullanilarak degerlendirilmistir. Ornekler arasinda damak
tadin1 ndtrlemek amaciyla panelistlere su ve tuzsuz kraker ve-
rilmistir (Altug Onogur ve Elmaci, 2011).

Istatistiksel Analiz

Elde edilen analiz sonuglari SPSS 22.0 programi (IBM corp,
Armonk, NY, ABD) kullanilarak Duncan ¢oklu karsilagtirma
yontemi ile 0=0.05 giiven araliginda karsilastirilmstir.

Bulgular ve Tartisma

Tulumba tatlis1 {iretiminde kullanilan farkli bugday unu ce-
sitlerinin bazi kimyasal 6zellikleri ve renk degerleri Tablo
3’te gosterilmistir.

Tulumba tatlis1 tiretiminde kullanilan siyez, dinkel ve kavilca
tam bugday unlariin protein, yag ve kiil igeriklerinin ticari

baklavalik bugday ununa kiyasla daha yiiksek (p<0.05) ol-
dugu belirlenmistir. Literatiirdeki ticari beyaz bugday unu ve
ilkel tam bugday unlari lizerine yapilan ¢alismalar incelendi-
ginde benzer sonuglara rastlanmistir (Kohajdova ve Karo-
vi¢ova, 2008; Zengin, 2015; Curna ve Lacko-Bartsova, 2017;
Cankurtaran Komiircii, 2021; Isik vd., 2022). Uretimde kul-
lanilan bugday ¢esitlerine ait unlarin mineral madde analiz
sonuglart incelendiginde; K, P, Mg, Cu igerigi bakimmndan din-
kel bugdayr ununun, Ca ve Mn bakimindan siyez bugday1
ununun, Fe agisindan kavilca bugdayr ununun daha zengin
oldugu belirlenmistir. Zn’yi ise dinkel ve kavilca bugday1 un-
larinin digerlerinden daha fazla (p<0.05) bulundurdugu tespit
edilmistir. Geleneksel iiretimde kullanilan ticari baklavalik
bugday ununun ise analiz edilen tiim mineralleri, caligmada
kullanilan diger unlardan daha az (p<0.05) igerdigi gozlenmistir
(Tablo 3). Nitekim calismada kullanilan ticari baklavalik bug-
day unu, kepegi (kabugu) ayrilmis beyaz un olarak iiretilmek-
tedir. Ilkel bugday unlari ise bugday kepegini de igeren tam
bugday unlaridir ve bugdayda mineral maddeler en fazla ke-
pekte bulundugu i¢in (Elgiin ve Ertugay, 1995) kullanilan il-
kel bugday unlarinda analiz edilen mineral madde oranlarinin
yiiksek ¢ikmasi beklenen bir sonugtur. Zira hammaddelerin
analiz edilen mineral madde igerikleri, literatiir verileriyle de
(Zengin, 2015; Biel vd., 2021; Isik vd., 2022) desteklenmek-
tedir.

Unlarn renk degerleri karsilastinnldiginda, en agik renge sa-
hip olan ticari baklavalik bugday unu iken, en koyu rengin
kavilca bugday1 ununda oldugu gorilmiistiir. Diger taraftan
en yiiksek a* ve b* degerlerinin kavilca bugday1 ununda, en
disiik a* ve b* degerlerinin ise ticari baklavalik bugday
ununda oldugu tespit edilmistir. Toplam renk degisim deger-
leri (4E) incelendiginde geleneksel {iretimde kullanilan ticari
baklavalik bugday ununa kiyasla en belirgin farkin kavilca
bugday1 ununda oldugu belirlenmistir (Tablo 3). AE degerleri
6.0-12.0 arasinda oldugu i¢in, Yamauchi (1989)’nin yaptigi
gorsel farklilig1 tanimlayan simiflandirmaya gore ilkel bugday
unlari ile ticari baklavalik bugday unun renk karsilagtirmalari
tiim 6rnekler i¢in “ayni renk grubundaki biiyiik farklilik” sini-
finda yer almistir.

Uretilen tulumba tatlis1 drneklerinin temel kimyasal kompo-
zisyonlar1 Tablo 4’te gosterilmistir.
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Tablo 3. Bugday unlarinin bazi kimyasal 6zellikleri ve renk degerleri

Table 3. Some chemical properties and color values of wheat flours

Parametreler Ticari baklavahk Siyez bugdayr  Dinkel bugday1 Kavilca bugdayr
bugday unu unu unu unu

Protein (%)! 11.03 £0.28¢ 12.58 +0.11° 13.85 £0.35° 12.45+£0.17°
Yag (%)! 0.96 £0.04¢ 2.73 £0.11* 2.43 £0.06° 2.22 £0.10°
Kiil (%)! 0.86 +£0.03° 1.23 £0.13* 1.52 £0.04* 1.50 £0.08*
K (mg/kg)! 1428.01 £47.62¢ 3984.32 £55.12¢  4905.63 £72.71°  4240.78 +28.06°
P (mg/kg)! 1326.51 £51.07¢ 3608.54 £77.06°  4968.20 £55.35°  4466.77 +43.47°
Ca (mg/kg)' 190.86 +11.82¢ 473.18 £12.65* 355.04 £14.14° 392.93 £11.75°
Mg (mg/kg)' 273.74 £12.86° 1308.53 £23.74°>  1439.92 +35.77*  1350.60 +27.15°
Fe (mg/kg)' 15.68 £0.91¢ 31.35+1.32° 31.00 +£0.74° 44.39 £0.92*
Cu (mg/kg)! 0.54 £0.02°¢ 1.75 £0.12° 2.44 £0.04* 1.82 £0.03°
Mn (mg/kg)! 2.74 £0.04¢ 15.04 £0.45° 12.71 £0.27° 13.14 £0.81°
Zn (mg/kg)! 2.42 +0.03¢ 13.19 +0.50° 16.06 £0.86* 16.67 £0.48°
Hunter Renk Degerleri
L* 76.35 £0.15° 70.36 +0.03° 69.49 +1.30° 65.97 £0.06¢
a* 3.98 £0.01¢ 5.14 £0.01°¢ 5.31 £0.01° 5.80 £0.022
b* 6.03 £0.01° 6.14 £0.01° 6.15 +£0.13° 9.44 £0.04*
AE 6.11 £0.18° 7.00 £1.14° 11.08 £0.08°

!Sonuglar kuru madde esasina gére verilmistir.

Ayni satirdaki farkl harfler (a, b, c..) istatistiksel olarak birbirinden farklidir (p<0.05)

Tablo 4. Tulumba tatlis1 6rneklerinin temel kimyasal kompozisyonu (%)

Table 4. Proximate composition of tulumba dessert samples (%)
Ornekler Nem Protein' Yag! Kiil'
Kontrol 23.13 £1.44° 13.05 +£0.45¢ 33.27 £1.58¢ 0.83 £0.05°
ST 2497 £1.09* 14.69 £0.07° 33.37 £0.50* 1.04 £0.04°
DT 24.55 £0.19* 17.12 £0.35° 31.89 £1.41*¢ 1.57 £0.24*
KT 22.86 £0.96° 14.35 £0.24° 32.79 £0.06* 1.52 £0.03*

'Sonuglar kuru madde esasina gore verilmistir.

Kontrol: Ticari baklavalik bugday unu kullanilarak iiretilen tulumba tatlisi, ST: Siyez bugdayr unu kullanilarak
iiretilen tulumba tatlisi, DT: Dinkel bugday1 unu kullanilarak iiretilen tulumba tatlisi, KT: Kavilca bugday1 unu

kullanilarak tiretilen tulumba tatlisi

Ayni stitundaki farkli harfler (a, b, c..) istatistiksel olarak birbirinden farklidir (p<0.05)

Tim orneklerin nem oranlarinin istatistiksel olarak benzer
(p>0.05) oldugu tespit edilmistir. DT 6rneginin (%17.12) di-
ger unlardan dretilen tulumba tatlilarindan daha fazla
(p<0.05) protein oranina sahip oldugu ve bunun ticari bakla-
valik bugday unundan tretilen kontrol 6rnegindeki protein
miktarindan (%13.05) yaklagik 1.3 kat daha fazla oldugu be-
lirlenmistir. Ayn1 zamanda diger iki ilkel bugday ¢esidi unla-
rindan tiretilen tulumba tatlilariin da (ST ve KT) kontrol 6r-
neginden daha fazla (p<0.05) protein oranina sahip oldugu

tespit edilmistir. Diger taraftan {iretimi gergeklestirilen tu-
lumba tatlhilarinin kiil igerikleri karsilastirildiginda, DT ve KT
orneklerinin benzer (p>0.05) oldugu ancak iki uygulama or-
neginin hem kontrol hem de ST 6rneklerinden daha yiiksek
(p<0.05) kiil oranina sahip oldugu gdzlenmistir (Tablo 4).
Ozellikle 6rneklerin protein ve kiil igerikleri arasindaki fark-
liliklarin, hammadde olarak kullanilan bugday unlarimin ige-
rikleriyle iligkili oldugu sdylenebilir. Nitekim Tablo 3’deki
veriler bu durumu desteklemektedir. Calisma kapsaminda
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iiretilen tulumba tathilarimin timiinde yag iceriklerinin benzer
(p>0.05) oldugu gozlenmistir. Orneklerin tamaminda belirle-
nen yag miktarlari, hem tulumba tatlis1t hamuru hazirlanirken
formiilasyona ilave edilen yag, hem de sonrasinda uygulanan
kizartma isleminin yapildig1 yag ortamindan iiriin tarafindan
absorbe edilen yag ile iliskilidir.

Uretilen tulumba tatlis1 drneklerinin mineral madde kompo-
zisyonlar1 Tablo 5’te gosterilmistir. Insan viicudunun yakla-
sik %4-5’1 minerallerden olusmaktadir. Mineral maddeler in-
san viicudunda biiylime ve gelismeye katkis1 bulunan, viicut
su dengesini, asit-baz dengesini ve kaslarin ¢aligmasini sag-
layan diizenleyici inorganik bilesiklerdir. Yetiskin bir bireyin
giinliik gereksinimi K i¢in 2000 mg, P i¢in 800 mg, Ca igin
1000 mg, Mg i¢in 370 mg, Fe i¢in 9 mg, Cu i¢in 0.9 mg, Mn
icin 2 mg, Zn i¢in 3 mg olarak belirlenmistir (Baysal, 2019).

Uretilen tulumba tatlilarmin mineral madde kompozisyonlari
incelendiginde, ilkel bugday unlartyla {iretilen tulumba tatli-
larinin K, P, Ca, Mg, Mn ve Zn miktarlarinin, kontrol 6rnegin-
den anlamli derecede (p<0.05) yiiksek oldugu tespit edilmis-
tir (Tablo 5). Bu mineraller agisindan bakildiginda, iiretimde
kullanilan bugday ¢esitleri unlarina ait Tablo 3 deki veriler
dogrultusunda, unlarm igeriginde bulunan mineral madde
oranlarinin son {iriine de benzer sekilde yansidig1 gortilmiistiir.
Ozellikle DT 6rneginin digerlerinden belirgin derecede fazla
K ve Cu minerallerine sahip oldugu ve bunlar1 kontrol &rne-
gine kiyasla sirasiyla yaklagik 2.3 kat ve 2.1 kat fazla icerdigi
belirlenmistir. P, Mg ve Zn minerallerini de DT ve KT 6rnek-

lerinin anlamli derecede fazla (p<0.05) icerdikleri tespit edi-
lirken, Ca bakimindan en zengin 6rnegin ST, Fe bakimindan
ise KT oldugu saptanmistir (Tablo 5).

Firmcilik {irtinlerinde ilkel tam bugday unlarinin ticari beyaz
bugday unu yerine ikame edildigi baz1 ¢caligsmalarda, iiriinle-
rin mineral madde igeriklerinde genellikle kayda deger artis-
lar oldugu bildirilmistir. Cankurtaran Komiircii (2022) tara-
findan yapilan bir ¢alismada, ticari beyaz bugday unu yerine
% 0.0, 25.0, 50.0, 75.0 ve 100.0 oranlarinda siyez ve emmer
bugday1 unlari ikame ederek iiretilen gevreklerde, ikame
orani arttik¢a iiriinlerin Ca, Mg, K, Zn ve Fe oranlarinin an-
laml diizeyde arttig1 tespit edilmistir. Isik vd. (2022)’nin ¢a-
lismasinda ise %100 siyez bugdayr unuyla tretilen muffin
keklerin Ca, K, Mg, P, Mn ve Fe oranlarinin ticari bugday
unuyla iretilen keklerden 6nemli derecede yiiksek oldugu
bildirilmistir. Ad1 gecen calismada, siyez bugday1 unu ile iire-
tilen kekin Zn oran1 ticari beyaz bugday unu ile tiretilen kek-
ten daha yiiksek ¢ikmig olsa da bu sonucun istatistik olarak
onemli bir farklilik olusturmadig1 vurgulanmastir.

Tulumba tatlis1 6rneklerinin yag ¢ekme oranlart Sekil 1°de
gosterilmistir. Yag ¢cekme orami kizartma esnasinda yagin,
iirlinden buharlasan suyun yerini almasi ile iligkilidir. Kizar-
tilmis tirtinlerde hem saglik iizerine olan olumsuz etkisi ne-
deniyle hem de ekonomik bakimdan yag ¢ekme oraninin ytik-
sek olmasi istenmeyen bir durum olarak degerlendirilmektedir
(Ozen vd., 2009). Bu ¢alismada iiretilen tulumba tatlilarinim yag
cekme oranlan %66.55 ile %68.23 arasinda degismis, ancak
ornekler arasinda istatistiksel olarak bir fark tespit edilmemis-
tir (p>0.05).

Tablo 5. Tulumba tatlis1 drneklerinin mineral madde kompozisyonu (mg/kg)!

Table 5. Mineral matter composition of tulumba dessert samples (mg/kg)!

Mineral madde Kontrol ST DT KT

K 1298.82 +63.484 1993.65+£92.03°  2922.41 +£74.91*° 2642.52 £73.44°
P 1620.73 £31.19°¢ 2162.32 £57.57°  3103.88 £66.48*  3013.23 +44.97°
Ca 289.29 +£36.9¢ 563.96 +£54.66° 415.38 £29.76° 423.19 +43.49°
Mg 235.11 £15.50° 598.37 £32.18b 778.53 £31.25% 737.97 £70.55%
Fe 37.44 +£3.28° 28.04 +3.10° 33.06 £2.89b 50.70 +£5.852
Cu 0.64 £0.04¢ 0.68 £0.06%° 1.31 £0.082 0.98 +0.20°
Mn 1.45 +0.14° 5.97 £0.752 6.43 £0.45?2 6.87 +£0.442
Zn 4.30 +0.24°¢ 7.05 +0.68° 10.17 £0.95* 9.83 +£0.422

!Sonuglar kuru madde esasina gére verilmistir.

Kontrol: Ticari baklavalik bugday unu kullanilarak iiretilen tulumba tatlisi, ST: Siyez bugdayr unu kullanilarak
iiretilen tulumba tatlisi, DT: Dinkel bugday1 unu kullanilarak iiretilen tulumba tatlisi, KT: Kavilca bugday1 unu
kullanilarak tiretilen tulumba tatlist

Ayni satirdaki farkl harfler (a, b, c..) istatistiksel olarak birbirinden farklidir (p<0.05)
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Kontrol: Ticari baklavalik bugday unu kullanilarak iiretilen tulumba tatlisi, ST: Siyez
bugday1 unu kullanilarak iiretilen tulumba tatlisi, DT: Dinkel bugday1 unu kullanila-
rak tretilen tulumba tatlisi, KT: Kavilca bugday1 unu kullanilarak tiretilen tulumba
tatlis

Farkli harfler (* " ©) istatistiksel olarak birbirinden farklidir (p<0.05)

Sekil 1. Tulumba tatlis1 6rneklerinin yag ¢ekme oranlari (%)

Figure 1. Oil absorption rates of tulumba dessert samples (%)

Tiimer (2017) tarafindan yapilan ¢alismada, bugday ununa
farkli oranlarda (% 0, 5, 10, 20) bugday ve arpa kavurga unlari
ikame edilerek iiretilen tulumba tatlhilarimin yag ¢ekme oran-
larinin istatistiksel olarak benzer oldugu tespit edilmistir. Ku-
zumoglu (2020)’nun ¢aligmasinda ise iiziim ¢ekirdegi, kavun
cekirdegi ve nar gekirdegi tozlar1 ikame edilerek iiretilen glu-
tensiz tulumba tatlhilarimin yag ¢ekme oranlar1 piring unu, mi-
sir nigastasi ve patates unu ile iiretilen kontrol 6rnekleriyle
benzer bulunmustur. Ayni ¢calismada leblebi unu ikame edilen
Ornegin yag cekme oraninin ise kontrol 6rneginden istatistik-
sel olarak anlamli seviyede diisiik oldugu-saptanmistir.

Uretimi gerceklestirilen tulumba tatlis1 drneklerinin spe-
sifik hacim degerleri Sekil 2’de gosterilmistir. Kontrol or-
negine kiyasla tam bugday unlartyla liretilen 6rneklerin spesi-
fik hacim degerlerinin nispeten daha diisiik oldugu ancak or-
nekler arasinda istatistiksel olarak bir fark olmadigi (p>0.05)
tespit edilmistir.

Literatiirdeki ¢alismalar (Celik, 2021; Sahan, 2022) incelen-
diginde, unlu mamullerde un yerine kullanilan farkli bitkisel
kaynaklardaki yiiksek diyet lifi igeriginin, iiriinlerde su tutma
kapasitesini arttirdigi, bdylece hamurun yogunlugunun arttig
ve buna baglh olarak da genellikle iirlinlerin spesifik hacim
degerlerinde kismen azalma oldugu goriilmektedir (Schmiele
vd., 2012). Ayrica hamur yogunlugu unlu mamullerde ka-
barma {iizerinde etkili faktorlerden biridir ve yogunlugun id-
eal kivamin iizerine ¢ikmasi genelde kabarmayi olumsuz
yonde etkilemektedir (Wilderjans vd., 2013). Literatiirdeki
diger ¢aligmalar incelendiginde, Tiimer (2017)’de lokma {ire-
timinde una ikame edilen kavurga unu (%0, 5, 10, 20) orani
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arttikca, Topkaya ve Isik (2019)’da muffin keklerde una
ikame edilen nar kabugu tozu orani arttik¢a (%0, 5, 10, 15),
Celik (2021)’de glutensiz kek iiretiminde piring ununa ikame
edilen karpuz kabugu tozu orani (%0, 7, 14, 21, 28) arttikea,
Sahan (2022)’da glutensiz kek iiretiminde piring ununa ikame
edilen bamya tohumu tozu orani (%15, 30, 45) arttik¢a, Celik
vd. (2013)’de kek iiretiminde una ikame edilen yerelmasi tozu
(%0, 5, 10) oran1 arttik¢a spesifik hacim degerlerinin azaldig1
tespit edilmistir. Bununla birlikte Kuzumoglu (2020)’nda ise
glutensiz tulumba tatlist liretiminde %15 leblebi tozu, lizim
cekirdegi tozu, nar ¢ekirdegi tozu ve kavun cekirdegi tozu
iiriinlerin spesifik hacim degerlerinde 6nemli bir degisime ne-
den olmamustir.
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Tulumba Tathsi Ornekleri

Kontrol: Ticari baklavalik bugday unu kullanilarak iiretilen tulumba tatlisi, ST: Siyez
bugday1 unu kullanilarak iiretilen tulumba tatlisi, DT: Dinkel bugday1 unu kullanila-
rak tretilen tulumba tatlisi, KT: Kavilca bugday1 unu kullanilarak tiretilen tulumba
tatlist

Farkli harfler (* * ) istatistiksel olarak birbirinden farkhdir (p<0.05)

Sekil 2. Tulumba tatlis1 6rneklerinin spesifik hacim degerleri
(mL/g)

Figure 2. Spesific volume values of tulumba dessert samples (mL/g)

Uretilen tulumba tatlis1 6rneklerinin bazi tekstiirel dzellikleri
(sertlik, yapigkanlik, esneklik ve ¢ignenebilirlik) Tablo 6’da
gosterilmistir. Sertlik, kat1 gidalarin disler arasindaki basinca
kars1 koymasi igin gerekli olan gili¢ olarak tanimlanmistir
(Ertas ve Dogruer, 2010). Uretilen tulumba tatlis1 6rnekle-
rinin sertlik degerlerinin 730.00 g ile 905.00 g arasinda
degistigi ve en yiiksek sertlik degerine ST drnegiyle benzerlik
(p>0.05) gostermesiyle birlikte kontrol Orneginin sahip
oldugu belirlenmistir. Ilkel tam bugday unu kullanilan tu-
lumba tathilarmin sertlik degerlerindeki azalmanin, bu
triinlerde fazla bulunan liflerin nigasta-protein matrisi
tizerindeki seyreltme etkileri ile iliskili oldugu diisliniil-
mektedir. Bu durum, liflerin homojen bir matrisin olusumunu
bozmaya (Mais ve Brennan, 2008) ve dolayisiyla da tulumba
tatlis1 yapisinda zayiflamaya neden olmustur. Ticari bugday
ununa kavurga bugday, arpa ve bugday-arpa unlar1 (%0, 5,
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10, 20) ikame ederek tulumba ve lokma tatlilar iiretilen bir
calismada (Timer, 2017), kavurga ¢esidi ve katkilama
oraninin tulumba tatlilarinin sertlik degerini 6nemli derecede
etkilemedigi bildirilmistir. Lokma tatlis1 6rneklerinde de kat-
kilama orani sertlik degerini 6nemli derecede etkilemezken,
kavurga ¢esidinin etkisi 6nemli bulunmustur. Kuzumoglu
(2020)’nda %15 leblebi unu, {iziim ¢ekirdegi tozu veya kavun
cekirdegi tozu ikame edilen glutensiz tulumba tathilarinin
sertlik degeri, kontrol 6rnegiyle benzer iken %15 nar ¢ekir-
degi tozu ikame edilen tulumba tathisinin sertlik degeri
kontrol 6rneginden belirgin diizeyde yiiksek tespit edilmistir.

Yapiskanlik gidalar ile damak, dis ve dil gibi ylizeyler arasin-
daki ¢cekim kuvvetine karsi koymak icin gerekli olan giic
seklinde ifade edilmektedir (Ertas ve Dogruer, 2010). Es-
nekligin ise uygulanan basing sonrasi gidada meydana gelen
geri donts ile ilgili yiikseklik degerini ifade ettigi belirtilmis-
tir (Bulut, 2013). Yapiskanlik degerlerinin iiretilen tulumba
tatlis1 6rneklerinde 0.64 mm ile 0.74 mm arasinda degistigi,
esneklik degerlerinin 1.46 mm ile 1.66 mm arasinda degistigi
ancak hem yapigkanlik hem de esneklik degerlerinde or-
nekler arasinda istatistiksel olarak fark olmadigi (p>0.05) be-
lirlenmistir. Cignenebilirlik, gidanin yutmaya hazir konuma
gelmesi i¢in harcanan enerji olarak tanimlanmaktadir (Ertas
ve Dogruer, 2010). Uretilen tulumba tatlis1 6rneklerinin ¢ig-
nenebilirlik degerlerinin 6.61 mJ ile 9.97 ml] arasinda
degistigi goriilmiistiir. En yiiksek ¢ignenebilirlik degerine
kontrol 6rneginin sahip olmasiyla birlikte, 6rnekler arasinda
istatistiksel olarak bir fark bulunmamuistir (p>0.05). Timer
(2017)’in  yaptiZ1 ¢alismada kavurga unlarnin katkilama
oranlar1 lokmalarin yapigkanlik, esneklik ve ¢ignenebilirlik
degerlerinde 6nemli bir farklilik olusturmamistir. Calismada
ayrica kavurga unu ¢esidinin (bugday unu, arpa unu, bugday
unu+arpa unu) lokma tathlarmin tekstiirel 6zellikleri {izerine et-
kisi de analiz edilmistir. En yiiksek yapiskanlik ve esneklik de-
geri kavurga bugday unu katkili 6rneklerde belirlenirken, ¢ig-
nenebilirlik degerinde kavurga unu ¢esidi 6rnekler arasinda
istatistiksel olarak bir fark yaratmamustir.

Gidalarda tiiketici kabuliinii etkileyen en 6nemli kalite kri-
terlerinden biri de renktir (Altug Onogur ve Elmaci, 2011).
Dis rengin olusumunda pisme esnasinda meydana gelen ka-
ramelizasyon ve Maillard reaksiyonlarinin etkisinin oldugu
bilinmektedir (Majzoobi vd., 2014). Tulumba tatlis1 drnek-
lerinin dis renk analiz sonuglar1 Tablo 7°da gosterilmistir. En
yiiksek L* degerine kontrol 6rneginin sahip oldugu ve bu
degerin KT oOrnegiyle benzer (p>0.05) oldugu belirlenmis-
tir. Kontrol o6rnegi ile ST O&rneginin diger Orneklerden
anlaml diizeyde (p<0.05) yiiksek a* degerlerine sahip ol-
dugu tespit edilirken, en yiiksek b* degerine kontrol 6rneginin
sahip oldugu saptanmustir. Yapilan bir ¢alismada (Ozen,

2006) farkh tipte (tip 550, tip 650 ve kadayiflik un) unlarla
hazirlanan tulumba tathilarinin renk degerleri karsilagtiril-
mistir. En yiiksek L ve b degerinin tip 550 un ile hazirlanan
orneklere ait oldugu belirlenirken, 6rneklerin a degerleri ara-
sinda istatistiksel olarak bir farklilik tespit edilmemistir. Tii-
mer (2017)’de bugday ununa ikame edilen kavurga unu oran-
larindaki artis tulumba tatlilarinin dis renk L ve b degerlerinde
onemli azalmalara neden olurken, a degerinde 6nemli bir de-
gisim saptanmamigtir. Kuzumoglu (2020) tarafindan yapilan
calismada, lizlim ¢ekirdegi tozu ikame edilen glutensiz tu-
lumba tatlisinin kontrol 6rneginden daha diisiik, kavun ¢ekir-
degi tozu ikame edilen tulumba tatlis1 6rneklerinin ise daha
yiiksek L, a ve b degerlerine sahip oldugu gozlenmistir.

Ilkel bugday cesitleri ile iiretilen tulumba tatlis1 rneklerinin
(ST, DT ve KT) renk degerlerinin kontrol 6rneginin renk deger-
lerine kiyasla farkim gosteren AE degerlerinin, Yamauchi
(1989)’nin yaptig1 gorsel farkliligi tamimlayan smiflandir-
maya gore 6.0-12.0 araliginda bulundugu ve “ayni renk gru-
bundaki biiyiik farklilik” kategorisinde yer aldig1 saptanmis-
tir.

Duyusal degerlendirme, gidalarin c¢esitli karakteristiklerine
gorme, koklama, tatma ve dokunma duyularinin tepkilerini
olusturan, 6lgen, analizleyen ve yorumlayan bir disiplin ola-
rak tanimlanmistir (Altug Onogur ve Elmaci, 2011). Tulumba
tatlis1 6rneklerinin duyusal analiz sonuglar1 Tablo 8’de gos-
terilmistir. Tekstiir, koku ve lezzet 6zellikleri bakimindan 6r-
nekler karsilagtirildiginda, istatistiksel olarak benzer (p>0.05)
puanlar aldiklar1 belirlenmistir. I¢ renk ve dis renk 6zellikleri
ayr1 ayr1 degerlendirilmis ve en yiiksek puanlar1 kontrol 6r-
neginin aldig1 saptanmstir (p<0.05). Cignenebilirlik 6zelligi
bakimindan kontrol érneginin KT 6rneginden daha yiiksek
(p<0.05), ST ve DT o6rnekleri ile benzer (p>0.05) puan aldig
goriilmiistiir. Genel begeni agisindan en yiiksek puani kontrol
ve ST orneklerinin aldig1, en diisiik puan1 ise KT 6rneginin al-
dig1 belirlenmistir. Tiim 6rneklerin genel begeni puanlarinin
“orta” sozel ifadesine karsilik gelen 4.0 puanin {izerinde ol-
dugu dikkat gekmektedir.

Cankurtaran Komiircii (2021)’niin ¢alismasinda ticari beyaz
bugday ununa, farkli oranlarda kavilca ve siyez bugday1 unlari
ikame edilerek ekmek iiretimleri gergeklestirilmistir. Bugday
ununa %15 oraninda siyez bugday1 unu ikame edildiginde,
kontrol 6rnegine kiyasla 6rneklerin tat, gozenek yapisi ve ge-
nel begeni puanlarinda anlamli (p<0.05) bir azalma meydana
gelirken, %15 oraninda kavilca unu ikamesiyle, bu karakte-
ristiklere ilave olarak koku puaninda da belirgin bir azalma
meydana gelmistir. Kavilca bugdayr unu ikame edilmis 6r-
nekler panelistlerden daha diisiik puanlar almig olmalarina
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ragmen, kavilca ve siyez bugday1 unlariin %10 oranina ka-
dar duyusal ozellikleri ¢ok fazla etkilemeden ekmek iireti-
minde kullanilabilecegi sonucuna varilmistir. Isik vd.

Tablo 6. Tulumba tatlis1 6rneklerinin bazi tekstiirel 6zellikleri

Table 6. Some textural properties of tulumba dessert samples

Research Article

(2022)’nin ¢aligmasinda ise %100 siyez bugdayi unu ile {ire-
tilen keklerin i¢ renk, koku, lezzet ve genel begeni 6zellikleri
%100 ticari bugday unu ile iiretilen iiriinle istatistiksel olarak
benzer bulunmustur.

Parametreler Kontrol ST DT KT
Sertlik (g) 905.00 +48.08*  822.75 +£35.00®®  730.00 £39.60°  780.50 +43.84°
Yapiskanlik (mm) 0.74 £0.082 0.64 £0.06* 0.70 £0.112 0.66 £0.112
Esneklik (mm) 1.53 £0.18* 1.46 £0.09* 1.64 £0.132 1.66 £0.10*
Cignenebilirlik (mJ) 9.97 £0.242 7.08 £1.462 6.61 £1.372 8.68 £1.812

Kontrol: Ticari baklavalik bugday unu kullanilarak iiretilen tulumba tatlisi, ST: Siyez bugday1 unu kullanilarak iiretilen tulumba tatlisi,
DT: Dinkel bugday1 unu kullanilarak iiretilen tulumba tatlisi, KT: Kavilca bugday: unu kullanilarak iiretilen tulumba tatlisi

Aymi satirdaki farkli harfler ( ©) istatistiksel olarak birbirinden farklidir (p<0.05)

Tablo 7. Tulumba tatlis1 6rneklerinin dis renk analiz sonuglari

Table 7. Crust color values of tulumba dessert samples

Ornekler L* a* b* AE
Kontrol 32.63 £0.25° 13.08 £0.20° 21.77 £0.13?

ST 27.59 £1.36° 13.02 £0.76° 17.89 +£0.14° 6.40 +0.882
DT 27.92 +1.19° 11.31 +0.49% 14.23 +£0.45°¢ 9.10 +1.36%
KT 29.93 +1.10% 10.98 +0.26° 14.78 £0.57¢ 7.80 £0.712

Kontrol: Ticari baklavalik bugday unu kullanilarak iiretilen tulumba tatlisi, ST: Siyez bugday1 unu kullanilarak iiretilen tulumba tatlisi,
DT: Dinkel bugday1 unu kullanilarak iiretilen tulumba tatlisi, KT: Kavilca bugday: unu kullanilarak iiretilen tulumba tatlist

Aymi siitundaki farkli harfler (** ¢) istatistiksel olarak birbirinden farklidir (p<0.05)

Tablo 8. Tulumba tatlis1 6rneklerinin duyusal 6zellikleri

Table 8. Sensory properties of tulumba dessert samples

Parametreler Kontrol ST DT KT

Dis Renk 5.63 £0.952 4.70 £0.99° 4.83 +£1.06° 3.83 £0.87¢
I¢c Renk 5.23 £1.05 4.63 £0.84° 4.53 +£1.01° 4.05 £0.90°
Tekstiir 4.93 £0.69* 4.78 £1.00* 4.78 £1.07* 4.55+1.38*
Koku 5.03 £0.66* 4.93 +0.807 4.70 £0.99? 4.78 £0.95%
Cignenebilirlik 5.05 +0.75* 5.00 £1.18% 4.68 +£1.29% 4.50 +£1.04°
Lezzet 4.95 £0.85° 4.80 £1.04* 4.68 £1.07° 4.63 £1.00?
Genel Begeni 5.10 £0.74* 4.83 +1.06% 4.63 £1.08 4.35 +0.83°¢

Kontrol: Ticari baklavalik bugday unu kullanilarak iiretilen tulumba tatlisi, ST: Siyez bugday1 unu kullanilarak iiretilen tulumba tatlisi,
DT: Dinkel bugday1 unu kullanilarak iiretilen tulumba tatlisi, KT: Kavilca bugday: unu kullanilarak iiretilen tulumba tatlisi
Aym satirdaki farkli harfler (> ©) istatistiksel olarak birbirinden farklidir (p<0.05)
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Sonug¢

Calisma sonunda elde edilen veriler irdelendiginde, ilkel bug-
day ¢esitleriyle iiretilen tulumba tatlilarinin 6zellikle protein
ve mineral maddeler bakimindan ticari baklavalik unla tireti-
len tulumba tatlilarma goére daha zengin oldugu tespit edil-
mistir. Uriinlerin spesifik hacim ve yag ¢ekme gibi fiziksel
oOzellikleri ise kontrol 6rnegiyle benzerlik gostermistir. Ayrica
ilkel bugday unlariyla elde edilen {iriinler enstriimental renk
degerleri bakimindan daha koyu renkli olarak nitelendirilebi-
lecek Ozellikte olmalarinin yani sira, duyusal analizde de pa-
nelistlerden daha diisiik renk puanlarn almislardir. Ancak bu
orneklerin gidalardaki diger 6nemli karakteristiklerden olan
lezzet, koku ve tekstiir 6zellikleri bakimindan kontrol 6rne-
giyle benzer puanlar aldiklar saptanmistir. Ticari baklavalik
bugday unu ile iiretilen kontrol 6rneginin duyusal ¢ignenebi-
lirlik 6zelligi bakimindan ST ve DT ile, genel begeni 6zelligi
bakimindan ise ST ile benzer puanlara sahip oldugu belirlen-
mistir. Tim bu sonugclara ilave olarak, son yillarda tam bug-
day unlartyla {iretilen {iriinlere olan ilginin artmasi1 da goz
oniinde bulunduruldugunda, ilkel bugdaylardan elde edilmis
olan tam bugday unlartyla iiretilen tulumba tatlilarinin tiike-
ticiler bakimindan tercih edilme potansiyelinin yiiksek ola-
cag1 sdylenebilir.

Etik Standartlar ile Uyumluluk

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

Etik izin: Arastirma niteligi bakimindan etik izne tabii degildir.

Finansal destek: -

Tesekkiir: Covid-19 salgini nedeniyle aramizdan ayrilan Dog. Dr.
Ilyas CELIK Hocamizi arastirmanin planlanmasi siirecinde vermis
oldugu desteklerden dolay1 rahmetle antyoruz.

Aciklama: -
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ABSTRACT

This study aimed to determine the storage stability of soluble and insoluble dietary fibers of fenu-
greek seeds, and their use in yoghurt. Dietary fibers were stored at 25°C - 40% RH for 180 days
and 38°C - 90% RH for 90 days, and the changes in their physico-chemical and functional prop-
erties were determined, namely water retention, oil holding, and swelling capacities, glucose ad-
sorption index and a-amylase inhibition. All of the physico-chemical and functional properties’
values of soluble and insoluble dietary fibers decreased during storage. The reduction of the values
was more rapid at 38°C of storage than at 25°C. Insoluble dietary fiber was more stable than sol-
uble dietary fiber in terms of physico-chemical and functional properties during storage. Dietary
fiber-fortified yoghurt samples had a higher viscosity than control samples, and the syneresis of
yoghurt reduced by 18% when 3% of insoluble dietary fibers were used. The viscosity of the in-
soluble dietary fiber-added yoghurt samples was higher than that of soluble dietary fiber-added
counterparts, which can be related to the higher water retention capacity of insoluble dietary fiber
of fenugreek seeds.

Keywords: Dietary fiber, Storage stability, Fenugreek seeds, Yoghurt, Glucose adsorption index
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Introduction

Fenugreek (Trigonella foenum-graecum L.) is an old medic-
inal plant cultivated throughout the world. It has been used as
food flavoring agent and traditional medicine for thousands
of years (Sarwar et al., 2020). Fenugreek seeds contain solu-
ble and insoluble dietary fiber (DF), protein, and fat as main
constituents. Also, volatile oils, sapogenin, trigonelline, thia-
mine, and folic acid are other constituents present in fenu-
greek seeds (Srinivasan, 2006; Sarwar et al., 2020). Fenu-
greek seeds may contain DF over 50%, and defatted fenu-
greek seeds may contain DF up to 80% (Sarwar et al., 2020;
Tiirker et al., 2022). The antidiabetic and hypocholester-
olemic effects of fenugreek have been mainly attributable to
the DF found in fenugreek seeds, and these properties and
high DF content of the fenugreek seeds increase the nutraceu-
tical value of fenugreek plant (Wani and Kumar, 2018). Even
though having a great source of DF, fenugreek seeds’ DFs
have not been used as food additives frequently.

Physico-chemical and functional properties of DFs are im-
portant to demonstrate their positive health effects and their
usage areas in the food industry. DFs can adsorb glucose, and
this property of DFs can lead to delaying or reducing glucose
adsorption in the gastrointestinal tract. Hence, DF consump-
tion can reduce blood sugar (Chu et al., 2019). DFs also have
a-amylase inhibition capacity, which can lower postprandial
serum glucose, and this property is helpful for the treatment
of Type-2 diabetes (Ding et al., 2020). Water retention capac-
ity, oil holding capacity, and swelling capacity are important
characteristics in determining the applicability of DFs in the
food industry because they provide useful information about
optimal usage levels to achieve the desired texture (Requena
et al., 2016). The usage of the DFs having desirable physico-
chemical and functional properties can be helpful for produc-
ing novel functional foods having positive health effects. Re-
cently, DF has been used as a functional ingredient to im-
prove yoghurt properties and produce functional foods hav-
ing a variety of health benefits (Wang et al., 2019; Dong et
al., 2022).

In literature, some studies have been found for the DF forti-
fied yogurts. DFs extracted from seeds, vegetables, and fruits
have been used for the production of DF-added yoghurts
(Staffolo et al., 2004; Hashim et al., 2009; Tomic et al., 2017).
In general, DFs can help yoghurts to have better textural
properties. Hashim et al. (2009) reported that adding date fi-
ber into yoghurt significantly affected yoghurt texture and
color. Moreover, besides nutritional enhancement, enriched
yoghurts with different functional components have been
drawing the attention of consumers, and this feature generates
a great market demand. For this reason, fenugreek DF can be

used as a functional ingredient for DF-fortified yoghurt as a
cheap and abundant source. Beyond fenugreek seed DFs’
physico-chemical and functional properties, the storage con-
ditions’ effect on the physico-chemical and functional prop-
erties of fenugreek seed DFs should be investigated. The de-
termination of DF storage stability in terms of their physico-
chemical and functional properties can be important for the
future of food processing.

The aim of this study is to determine the changes in physico-
chemical and functional properties of soluble and insoluble
fenugreek seeds’ DFs under different storage conditions
(25°C, 40% RH, and 38°C, 90% RH). Moreover, the use of
isolated soluble and insoluble DFs in yoghurt production was
investigated, and some quality characteristics of the produced
yoghurt were determined.

Materials and Methods
Material

Fenugreek seeds’ insoluble and soluble DFs (IDF and SDF)
were used for the determination of storage stability and yo-
ghurt fortification. DFs were produced using ultrasonic-as-
sisted alkali extraction (1 M of NaOH as a solvent, solid—sol-
vent ratio of 53 g/L, ultrasonic amplitude of 58%, and extrac-
tion time of 25 min). The method originated from the method
of Tiirker et al. (2022), and the alkali extraction step was
modified using ultrasonic-assisted extraction. After applying
the extraction conditions, the samples were centrifuged, the
pellet was used for the IDF determination, and the superna-
tant was used for the SDF determination. Following to the
production of DFs, the physico-chemical and functional prop-
erties of DFs were determined (initial values) and were
shown in Table 1. The raw milk for the yoghurt production
was obtained from a local market.

Chemicals

Dinitro salicylic acid (3-5 dinitro salicylic acid, DNS, CAS
No: 609-99-4) was obtained from CDH Chemicals (India),
and glucose monohydrate (CAS No: 14431-43-7) was pur-
chased from Merck KGaA (Germany). Sodium hydroxide
(NaOH, CAS No: 1310-73-2) and o-amylase (Aspergillus
Oryzae,~1.5U/mL, EC No: 232-588-1) were purchased from
Sigma-Aldrich (Germany).

Storage Stability of Dietary Fibers

The DFs were stored at two different conditions. The samples
were stored at 25°C, 40% RH for 180 days (ambient condi-
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tions) and at 38°C, 90% RH for 90 days (accelerated condi-
tions). Three grams of DF sample was hermetically sealed in
aluminum-laminated polyethylene (10 um polyethylene ter-
ephthalate + 6 um aluminum + 40 um low-density polyeth-
ylene) pouches. All physical and functional properties of the
DFs were analyzed every 30 days for 180 days of storage
(25°C) and every 15 days for 90 days of storage (38°C). All
storage trials and analysis results were duplicated.

Physico-Chemical and Functional Properties of Dietary
Fibers

Water retention capacity

250 mg of the IDF or SDF were mixed with 15 mL of distilled
water in 50 mL of the centrifuge tube, the samples were left
at room temperature for 1 hour, and centrifugation was ap-
plied for 20 min at 3000 g. After discarding the supernatants,
the precipitates were weighed, and the samples’ water reten-
tion capacity (WRC) was calculated as a gram of water per
gram of dry sample (Sun et al., 2018).

Oil adsorption capacity

Similar steps were applied, and similar amounts were used
for the WRC to determine the samples’ oil adsorption capac-
ity (OAC), only virgin olive oil (Extra Virgin Olive Oil, Kir-
langi¢, Turkey) was used instead of distilled water. The OAC
was defined as a gram of virgin olive oil per gram of dry sam-
ple (Sun et al., 2018).

Swelling capacity

The swelling capacity (SC) of the DFs was determined using
the method of Ma and Mu (2016), and SC was calculated us-
ing Equation (1).

SC (mL/g)= (vi-v) /Wy (1)

Here, v, is the volume of the hydrated DF, vy is the volume
of DF prior to hydration, and wy is the weight of DF prior to
hydration.

Glucose adsorption capacity

The samples’ glucose adsorption capacity (GAC) was deter-
mined using Chu et al.’s (2019) method. The glucose contents
of the supernatants were determined using the DNS method
(Miller, 1959). The GAC was calculated using Equation (2).

GAC (mmol/g)=(G;-G,)/WxV 2)

where G; is the glucose concentration before adsorption
(mmol/g), G: is the glucose concentration after adsorption
(mmol/g), W is the weight (g) of the samples, and V is the
supernatant volume in mL.

Research Article

a-amylase inhibition capacity

Ding et al.’s (2020) method was used to determine the a-am-
ylase inhibition capacity (AAIC) of the DFs. AAIC of the
samples was determined according to Equation (3).

AAIC (%)= (Ay-A;)/A;%100 3)

A\ is the absorbance of the supernatant containing DF, and
A, is the absorbance of the supernatant without DF.

Production of Fortified Yoghurt and Determination of
Some Quality Characteristics

The raw milk was pasteurized at 95°C for 10 minutes, and DF
was added to the milk and mixed for 2 minutes when the milk
temperature cooled down to 65°C. IDF, SDF and the equal
portion of IDF+SDF were added as 1, 2 and 3% (w/w). When
the temperature got to 40°C, the lyophilized bacterial cell cul-
ture containing Streptococcus thermophilus, Lactobacillus
delbrueckii ssp. bulgaricus, Lactobacillus acidophilus, and
Bifidobacterium lactis were added to the samples and the
mixtures were incubated at 38°C for 12 hours. 38°C was cho-
sen as the incubation temperature to obtain yoghurt having
low syneresis, and incubation was terminated after 12 hours
when the pH value of the yoghurt was measured as 4.6. Dry
matter, protein, fat and ash contents, pH, titratable acidity,
viscosity, syneresis, color, and water holding capacity of the
fortified and plain yoghurts (control) were determined after
24 hours of production. All analysis were duplicated.

Dry matter, protein, ash, and fat contents

The dry matter, protein, ash, and fat contents were measured
by standard AOAC (2000) methods.

Color measurement

CIE L*a"b" color space was used for the color determination
of the yoghurt samples, and a Minolta CR-300 colorimeter
(Japan) was used for the measurements (Seregelj et al., 2021).

Titratable acidity and pH

The pH of the samples was evaluated using a WTW Inolab
pH 7110 (Germany) pH meter. For the titratable acidity of the
samples, two times diluted (by distilled water) yoghurts were
titrated with 0.1 M NaOH to pH 8.1. The titratable acidity of
the samples was calculated according to Equation 4, where M
is the molarity of the NaOH, V is the volume of the NaOH
used for the titration, and W is the sample mass (g). 0.9 is the
scaling parameter for lactic acid (Dong et al., 2022).

Titratable Acidity (%)=MxVx0.9/W 4
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Syneresis, viscosity, and water-holding capacity
measurements

The whey amount that drained off was used for the syneresis
calculation. 25 g yoghurt samples were poured into 50 mL
centrifuge tubes, and the tubes were centrifuged at 500 x g for
10 minutes at 4°C. The supernatant phase (whey) was
weighed, and the syneresis of the samples was calculated us-
ing Equation 5 (Robitaille et al., 2009). The apparent viscos-
ity of the samples was determined with a single-cylinder type
rotating viscometer (Viscotester VT-04E, Japan). The cup
having 52.6 mm diameter and 75 mm length, was filled with
170 mL of sample, and the rotor (dta. 45x47x160 mm) of the
viscometer was inserted. The force acting on the rotor
(torque) that rotating at a constant speed (62.5 rpm) was
measured, and the apparent viscosity was determined in Deci
pascal-seconds (dPa.s, converted to cp). The scale of the de-
vice was calibrated according to the JIS Z 8809 viscosity cal-
ibration standard. The water-holding capacity of the yoghurts
was determined according to the method of Demirci et al.
(2017).

Syneresis (%) = Whey Drained (g)/Yoghurt (g) X100 (5)
Statistical Analysis

Univariate analysis (Duncan post hoc, 95% confidence inter-
val) was carried out using the SPSS 21.0 (IBM, USA) pack-
age program.

Results and Discussion

Storage Stability of Dietary Fibers

In the storage stability study, DFs of fenugreek seeds were
stored at two different conditions (25°C, 40% RH, and 38°C,
90% RH). The physico-chemical and functional properties
were screened for 90 and 180 days. For all physico-chemical

and functional properties, IDF had higher initial values than
SDF (p<0.05) (Table 1). The results of the storage stability
study of DFs showed that different storage conditions af-
fected the physico-chemical and functional properties. All
properties’ values were reduced by increasing storage time
(Figure 1 and Figure 2).

As seen in Figure 1 and Figure 2, a faster decrease of all the
physico-chemical and functional properties of IDF and SDF
was observed for 38°C storage when compared with 25°C.
This phenomenon can be explained by the effect of higher
temperatures that affected the structure of the DFs during
long storage times. Ozyurt and Otles (2016) reported that DF
composition might undergo some changes when different
temperatures were applied as processing conditions, and nu-
tritive value, physico-chemical and functional properties of
DF might be affected. The reduction of the values calculated
as percentages here is based on their initial values (Figure 1
and Figure 2 showed the actual values of the analysis results).
For SDF, at 38°C/90% RH and 90 days, water retention ca-
pacity (WRC), oil adsorption capacity (OAC), swelling ca-
pacity (SC), glucose adsorption capacity (GAC), and a-am-
ylase inhibition capacity (AAIC) values decreased by ~59%,
53%, 60%, 60%, and 55%, respectively; whereas at
25°C/40% RH and 180 days, these values decreased by
~64%, 61%, 55%, 50% and 61%, respectively. For IDF, at
38°C/90% RH and 90 days, WRC, OAC, SC, GAC, and
AAIC values reduced by ~%47, %58, %47, %49, and %55,
respectively; whereas 25°C/40% RH and 180 days, these val-
ues reduced by ~%58, %54, %50, %55 and %69, respec-
tively. Generally, IDF's physico-chemical and functional
properties showed better stability than SDF at both storage
conditions. This phenomenon could be related to the bioac-
tivity of the polysaccharides present in the IDF and SDF
(Dong et al., 2019).

Table 1. Physico-chemical and functional properties of dietary fibers

Property

Insoluble dietary fiber

Soluble dietary fiber

Water retention capacity (g/g)

Oil adsorption capacity (g/g)
Swelling capacity (mL/g)
Glucose adsorption capacity (mmol/g)
a-amylase inhibition capacity (%)

10.38 (£0.31)*
4.84 (£0.05)°
12.35 (£0.19)*
15.74 (£0.14)"
20.30 (+0.48)"

4.93 (£0.13)°
2.69 (£0.10)°
6.21 (£0.12)
7.75 (20.18)°
10.64 (+0.39)"

*Means with uncommon superscripts within a line are significantly different (p<0.05).
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Figure 1. Changes in physico-chemical and functional properties of IDF (a) WRC, (b) OAC, (¢) SC, (d) GAC, (e) AAIC
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Figure 2. Changes in physico-chemical and functional properties of SDF (a) WRC, (b) OAC, (c) SC, (d) GAC, (e) AAIC
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Production of Fortified Yoghurt and Determination of
Quality characteristics

The DFs were used for the fortification of yoghurt. Some
properties such as pH, titratable acidity, color, protein, dry
matter, fat, ash, viscosity, syneresis percentage, and water
holding capacity of the IDF and SDF (also the mixture of IDF
and SDF) added yoghurt samples were determined, and com-
pared in terms of these properties with additive-free yoghurt
(control sample).

pH values of the different samples varied between 4.45 and
4.70. The highest pH was observed when 3% SDF was used,
and the sample having the lowest pH value was 3%
IDF+SDF. Even though minor pH variations have been found
for the different samples, these variations are statistically sig-
nificant (p<0.05) (Table 2). The pH value of the samples was
not directly related to the DF type and concentration (Table
2). The pH values proved that the conversion of lactose to
lactic acid occurred for all different samples. Mohamed et al.
(2014) presented similar results in their study in which they

Table 2. Properties of the fortified yoghurt samples

fortified yoghurt with grape pomace. For the titratable acid-
ity, the values of the different samples ranged between 0.97
to 1.15%. The titratable acidity values of the DF-treated sam-
ples were significantly higher than that of the control sample
(p<0.05) (Table 2). There was no correlation between the ti-
tratable acidity values and the DF type and/or concentration.
Hashim et al. (2009) reported similar findings for the yoghurt
produced with date fiber and oat bran. Dong et al. (2022) re-
vealed that there was no statistical difference between the ti-
tratable acidity values of the control sample (0.86%) and the
SDF extracted by ultrasonic-assisted extraction from the car-
rot. In our study, the control sample had the lowest titratable
acidity value (0.97%), and the DF-treated samples’ titratable
acidity values were significantly higher (p<0.05) (Table 2).
Issar et al. (2017) used apple pomace to prepare fiber-en-
riched yoghurt. They reported that the titratable acidity values
decreased when higher apple pomace concentrations were
used (0-10%). Researchers explained this phenomenon by di-
lution effect, and the different results compared to our study
can be related to higher concentrations of DFs (Issar et al.,
2017).

Analysis Control IDF SDF IDF*SDF
1% 2% 3% 1% 2% 3% 1% 2% 3%
H 4.63 4.55 4.51 4.49 4.53 4.51 4.70 4.53 4.50 4.45
P (£0.05)°  (£0.00)°  (£0.00)%  (£0.01)°  (£0.00)  (£0.01)%  (£0.01)*  (£0.00)*¢ (£0.00)%  (£0.01)
Titratable 0.97 1.09 1.11 1.14 1.08 1.09 1.15 1.08 1.11 1.14
acidity (%) (£0.01)°  (£0.01)<  (£0.00)*  (£0.00)*  (£0.02)!  (£0.01)*¢  (£0.02)*  (£0.01)*  (£0.02)*d (£0.03)*
Ix 87.02 80.48 78.12 74.91 86.74 84.17 83.21 83.51 81.02 78.86
(£1.76)*  (£0.81)%¢  (x1.23)°  (£2.48)"  (£0.87)*  (£0.57)°  (£0.52)®  (£0.53)®  (£0.97)°  (£0.22)%
. -3.07 -3.57 -4.18 -4.25 1.99 2.85 3.13 -3.36 -3.35 -3.77
¢ (£0.18)  (£0.20)2  (£0.09)  (£0.02)  (£0.04)°  (x£0.07)°  (£0.11)*  (£0.03)  (£0.07)°  (0.18)"
b 8.89 -1.24 -1.66 -1.73 7.31 6.76 6.05 -0.90 -1.27 -1.57
(£0.10)*  (£0.08)"  (£0.10)¢  (£0.10)¢  (£0.23)®  (£0.10)°  (£0.07)*  (£0.05)°  (£0.06)"  (£0.07)¢
Protein (%) 3.82 3.98 4.01 4.19 3.85 4.03 4.31 4.00 4.15 4.21
(£0.20)°  (£0.03)%%  (£0.05)%¢  (£0.04)®  (£0.02)%  (£0.07)>¢  (£0.00)*  (£0.06)°¢ (£0.03)®¢  (+0.04)
Dry Matter 12.77 13.58 14.45 15.73 13.96 14.55 15.61 13.89 14.79 15.96
(%) (£0.06)°  (£0.21)¢  (£0.13)*  (£0.37)*  (£0.14)*¢  (£0.21)>  (£0.45)*  (£0.09)%¢  (£0.38)°  (0.14)
Fat (%) 1.80 1.73 1.63 1.47 1.68 1.53 1.47 1.68 1.62 1.47
(£0.05)*  (£0.03)>  (£0.03)<  (£0.03)f  (£0.03)*  (£0.03)°  (£0.03)f  (£0.06)>*  (£0.03)¢  (£0.03)f
Ash (%) 0.80 1.08 1.28 1.44 0.97 1.08 1.17 1.04 1.11 1.34
(£0.01)f  (£0.08)¢  (£0.00)°  (£1.44)*  (£0.05)°  (£0.02)¢  (£0.01)°  (£0.02)%  (£0.00)«¢  (£0.00)°
Viscosity (cp) 840.00 1076.67  1193.33  1273.33 996.67 112333 121333 1043.33  1206.67  1313.33
(£26.46)f  (£23.09)¢ (£15.28)° (£25.17)* (£20.82)° (£25.17)° (£32.15)° (£20.82)¢ (£20.82)° (£32.15)
Syneresis (%) 32.47 20.98 19.25 14.29 22.02 19.36 15.26 20.61 19.43 14.68
(£0.66)*  (£0.06)°  (£0.14)¢  (£0.12)"  (£0.05)°  (£0.12)¢  (£0.10)°  (£0.14)°  (£0.20)¢  (£0.10)
Water holding  17.29 27.03 33.89 38.90 24.87 29.11 33.18 27.95 34.46 38.40
capacity (%)  (£1.18)°  (F0.61)*¢  (#2.95)°  (£1.86)*  (£0.67)*  (£0.98)°  (£0.19)®  (£0.95)  (£1.06)®  (x0.79)*

IDF: Insoluble Dietary Fiber, SDF: Soluble Dietary Fiber

#IMeans with uncommon superscripts within a line are significantly different (p<0.05).
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Color properties of the yoghurt samples fortified with differ-
ent concentrations of DFs were determined. Results showed
that the brightest sample was the control, and the darkest sam-
ple was the yoghurt enriched with 3% fenugreek seed IDF. It
was also determined that the L" values decreased when the
IDF or SDF concentration was increased (p<0.05, Table 2).
Hashim et al. (2009) reported similar findings for the yoghurt
fortified with date fiber. When a” values were examined, it
was observed that the increment in IDF percentage decreased
the a” values of the samples (p<0.05, Table 2). On the other
hand, a” values increased when the SDF percentage was in-
creased (p<0.05). b* values of the samples also showed a dif-
ference, and the yellowness of the control sample decreased
by adding DFs. The decline in IDF samples was the most sig-
nificant, and both DFs reduced the yellowness of the yoghurt
at increasing concentrations (p<<0.05, Table 2). In general, re-
searchers reported that the color of DF-fortified yoghurt sam-
ples is mainly dependent on the color of the fiber source (Staf-
folo et al., 2004; Sanz et al., 2008; Tomic et al., 2017).

Protein, dry matter, and ash contents of the control yoghurt
samples, and the samples fortified with DFs were determined,
and all values of the fortified samples were higher than that
of the control (p<0.05, Table 2). On the other hand, the high-
est fat content was observed for the control sample, and this
phenomenon can be explained by the dilution effect of the
DFs on yoghurt (p<0.05, Table 2). The Food and Drug Ad-
ministration standards define low-fat yoghurt as having
<0.20% fat before adding other ingredients (Chandan et al.,
2006). Hence, our yoghurt products (both DFs added) can be
considered low-fat yoghurt, and quite similar results were re-
ported by Issar et al. (2017).

The viscosity, syneresis, and water-holding capacity of the
samples are given in Table 2. When compared with the con-
trol, the viscosity, and water-holding capacity of the samples
having DFs increased at increasing percentages of DFs, and
the syneresis of the samples decreased (p<0.05, Table 2).
Syneresis of the control sample reduced by 18.18% when 3%
IDF was used. Yildiz and Ozcan (2019) reported similar ob-
servations for the vegetable DF-added yoghurts, and they re-
vealed that the highest syneresis observations were done for
the samples having the lowest viscosity. The protection
mechanism of DFs from syneresis can be explained by their
binding water capacity to trap whey casein gel (Wang et al.,
2019). Moreover, DFs also can prevent the aggregation of ca-
sein due to the electrostatic interaction between casein and
pectin, and the gel network of the yoghurt can be stabilized
(Dong et al., 2022). DFs obtained from food matrices have
ability to affect the stability of the foods that they are added
to due to their water binding capacities. When DFs added to
yoghurt, the interactions within the protein can be enhanced,

and the viscosity of yoghurt increases (Staffolo et al., 2004;
Yildiz and Ozcan, 2019). IDF-added yoghurt samples
showed higher viscosity, water-holding capacity, and lower
syneresis than SDF-added yoghurt samples. This phenome-
non can be related to the physico-chemical properties of DFs,
and individual IDF samples showed higher water retention
capacity than that of SDF samples (Table 2). Dong et al.
(2019) studied the structural properties of the IDF and SDF
from foxtail millet (Setaria italica) bran, and they reported
that IDF had a higher water retention capacity than the SDF.
Ding et al. (2020) also reported higher water retention capac-
ity values for IDF from Nannochloropsis oceanica compared
to its SDF.

Conclusion

In this study, DFs obtained from fenugreek seeds were stored
at two different conditions, and some quality properties of
fortified yoghurt were investigated. The changes in the phys-
ico-chemical and functional properties were determined for
90 and 180 days of storage times. Moreover, yoghurt was for-
tified with isolated DFs, and some quality characteristics of
DF-fortified yoghurt were determined. Results showed that
the physico-chemical and functional properties of DFs were
changed under different storage conditions, and these data
can be useful for the production and storage planning of DFs
from fenugreek. Fortified yoghurts showed better gel for-
mation when viscosity, syneresis, and water-holding capacity
values were examined. A new and cheap source was intro-
duced, and the daily intake of DFs can be increased by usage
of them in a frequently consumed product such as yoghurt.
Its advantages, such as having good physico-chemical and
functional properties and being natural, inexpensive, and
long-lasting stability and abundance, make fenugreek DFs
appropriate alternative for the commercial use. The results ob-
tained for the yoghurt having DFs can be useful for commer-
cial applications which produce enriched or fortified func-
tional foods.
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0z

Diinyada en ¢ok tiiketilen igeceklerin baginda gelmekte olan kahve, igerdigi nutrasotik bilesenler,
antioksidanlar ve kafein ile metabolizma {izerinde etkili fonksiyonel bir {iriindiir. Kahve bilesen-
lerinden kafein, kafeik asit, klorojenik asit ve ferulik asidin depresyonu azaltma, uyaniklig1 sag-
lama, duygu ve ruh halini iyilestirme gibi etkileri bulunmaktadir. Yiiksek kafein icerigine sahip
kahve termojenik 6zelligi ile obezite tedavisinde istah1 bastirici olarak da kullanilmaktadir. Kafein,
viicutta olusturdugu biyokimyasal mekanizmalar sonucunda sporcular i¢in bir ergojenik destek
kaynag1 sayilmaktadir. Bu derlemede, kahve nutrasétik bilesenleri ve kafeinin metabolik etkisi,
enerji regiilasyonu ve egzersiz performansi {izerine olan etkileri agiklanmaktadir.

Anahtar Kelimeler: Kahve, Kafein, Enerji, Egzersiz, Metabolizma

ABSTRACT

Effect of coffee nutraceutical components and caffeine on energy regulation and exercise
performance

Coffee, which is one of the most consumed beverages in the world, is a functional product that is
effective on metabolism with its nutraceutical components, antioxidants, and caffeine. Caffeine,
caffeic acid, chlorogenic acid, and ferulic acid, which are the components of coffee, have effects
such as reducing the risk of depression, providing alertness, improving emotions, and mood. With
its high caffeine content, coffee is also used as an appetite suppressant in treating obesity with its
thermogenic feature. Caffeine is considered an ergogenic support source for athletes due to the
biochemical mechanisms it creates in the body. This review explains coffee nutraceutical compo-
nents and their effects on the metabolic effect of caffeine, energy regulation, and exercise perfor-
mance.

Keywords: Coffee, Caffeine, Energy, Exercise, Metabolism
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Giris

Son yillarda fonksiyonel i¢ecek pazarinda kahve ¢ekirdegi ve
kahve yan tiriinleri nutrasdtik ozellikleri ile giderek 6nem ka-
zanmaktadir. Giinlimiizde tropikal ve subtropikal iilkelerde
iiretilen ve diinyada petrolden sonra en degerli iiriin olarak
kabul edilmekte olan kahve, kendine 6zgii bitkisinden elde
edilen, Rubiaceae familyasinda yer alan Coffea bitkisinin ¢e-
kirdeginden iiretilmektedir (Lashermes ve ark., 2008; Vieira,
2008; Esquivel ve Jimenez, 2012). 2020 yilinda diinya gene-
linde yaklagik 10 milyon ton kahve ¢ekirdegi tiiketildigi be-
lirtilmekte ve kahve tiiketimi her gecen giin artmaktadir (Sta-
tista, 2020/21).

Kahvede tanimlanan biyoaktif bilesiklerin sayis1 oldukga faz-
ladir ve bunlar saglik tizerine olumlu etkileri olan pek ¢ok
0zellige sahip bulunmaktadir. Kahvenin i¢erdigi polifenol ve
fenolik asitler yiiksek antioksidan, antihipertansif ve antikan-
ser ozellikleri ile birlikte, kilo kaybi, ruh halini iyilestirme ve
uyaniklig1 artirma gibi olumlu etkiler de gostermektedir (Zain
ve ark., 2018).

Kahve tiiketimine bagl olarak ortaya ¢ikan metabolik/fizyo-
lojik sonuglar daha ¢ok bilesiminde bulunan kafein, kloroje-
nik ve kafeik asitlerden kaynaklanmaktadir. Bu biyoaktif bi-
lesenler, karaciger sirozu, alkole bagl pankreatit baslangici-
nin inhibisyonu, astim semptomlar1 ve brongiyal astimin kli-
nik belirtilerinin 6nlenmesinde olumlu etkiler gostermekte-
dir. Ayrica, kahve tiikketimi ile plazma glukoz seviyesindeki
diisiis, tip 2 diyabet riski, aglik hiperglisemi ve kolon kanseri
prevalansindaki azalma ile iliskilendirilmistir. Kahvede bulu-
nan bazi biyoaktif aminler, metabolik strese yanit olarak, li-
pid peroksidasyonunun inhibisyonu, membranlarin stabili-
zasyonu, gastrointestinal sistemin modilasyonu, vazoaktif
veya psikoaktif olarak normal biiyliime ve gelisme i¢in 6nemli
metabolik etkilerde bulunmaktadir (Esquivel ve Jimenez,
2012).

Kahve ¢ekirdeklerindeki ana alkaloidlerden biri olan kafein
ise kahvenin kalite ve aroma Ozellikleri ile birlikte, tiiketici
sagligi ve metabolizmasi iizerine de dogrudan etkili olmakta-
dir (Esquivel ve Jimenez, 2012). Baslica kafein kaynaklari
kahve, cay, kola, enerji igecekleri ve ¢ikolata olmasina rag-
men en ¢ok tiiketilen kafein kaynagi kahve ¢ekirdegi olarak
bilinmektedir. Kahvenin bilesiminde bulunan kafein ¢cogun-
lukla biligsel fonksiyonlarin gii¢lendirilmesinde, uyaniklig
saglamada ve egzersiz performansini iyilestirmede kullanil-
maktadir (Camfield ve ark., 2014; Wood ve ark., 2014). Ay-
rica kafein en yayg tiiketilen psikoaktif bilesendir. Kafein
cesitli Giriinlerde dogal olarak bulunmakla birlikte, yetistirme
kosullart, bitki ¢esidi, isleme ve depolama gibi prosesler elde

edilen ig¢ecegin kafein konsantrasyonunda degiskenlige ne-
den olmaktadir (Jamieson, 2001; Smith, 2005).

Kahve Cekirdegi ve Nutrasotik Ozellikleri

"Kahve" terimi, tropikal bir ¢ali olan "cafeto" kelimesinden
gelmektedir (Haile ve Kang, 2019; Rashidinejad ve ark.,
2022). Kahve gekirdegi ise Rubiaceae familyasinin Coffea
cinsinde yer alan agacin meyvesinden elde edilmektedir (Du-
angjai ve ark., 2018).

Kahvenin kaynagini olusturan meyveler taze iken yesil renkte
olup, olgunlastiginda kirmizi-mor veya koyu kirmiziya do-
niismektedir (Esquivel ve Jimenez, 2012). Kahve meyvesi
perikarp ve tohum olmak tizere iki ana kisma ayrilmaktadir.
Perikarp tabakasi; ekzokarp (deri), mezokarp (miisilaj) ve en-
dokarp (parsdmen) olmak iizere li¢ dis tabakadan olugmakta-
dir. Tohum kismui ise kahve ¢ekirdegini meydana getirmekte-
dir. Kahve ¢ekirdegi, glimiis bir kabuk, bir endosperm ve bir
embriyodan olusmakta olup, bu ¢ekirdeklerinin boyutlar1 6-
10 mm arasinda degismektedir (De Castro ve Maraccini,
2006; Girginol, 2017). Sekil 1’ de kahve ¢ekirdeginin yapisi
belirtilmektedir.

Kahve meyvesi et

Dis kabuk /
Hilg: o
A Y
|
| ]
N/ 4
P 4
L Cekirdek
Pargbmen Zamk Saydam kabuk

Sekil 1. Kahve meyvesinin katmanlari (Esquivel ve Jimenez,
2012)

Figure 1. Layers of coffee fruit (Esquivel ve Jimenez, 2012)

Ticari olarak Coffea arabica (Arabica) ve Coffea canep-
hora (Robusta) olmak tlizere kahvenin iki tiirti bulunmaktadir.
Kahve genel olarak Arabica ve Robusta ¢ekirdekleri olarak
tanimlanmakla birlikte her cinsin de bir¢ok alt tiirii bulun-
maktadir (Bertrand ve ark., 2003). Coffea arabica ilk olarak
15. yy’ da Yemen’ de yetistirilmesine ragmen anavatani Eti-
yopya olarak bilinmektedir. Giiniimiizde ise Brezilya ticari
olarak diinyada en fazla kahve iireten iilke olarak yerini al-
maktadir. Kahvenin iiretimi genel olarak tropikal iklimin
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hakim oldugu bolgelerde yapilmaktadir (Girginol,2017; Go-
mes ve ark., 2020). C. arabica diinyada %65’lik oranla kahve
tilketiminin blylk bir kismina sahiptir ve kahve g¢ekirdegi
iiretiminin %70°lik kismin1 Arabica ¢ekirdegi, %25°1ik kis-
mini ise Robusta ¢ekirdegi olusturmakta ve bu ¢ekirdekler
arasinda ayirt edilebilir farklar bulunmaktadir (Girginol,
2017).

Kahvenin kimyasal bilesimi yetistirildigi cografi konuma
gore degismektedir. Arabica kahve ¢ekirdegi, Robusta kahve
cekirdegi ile karsilastirildiginda daha yiiksek rakimlarda ye-
tistirilmektedir. Arabica ¢ekirdekleri zayif govdeli, asidik ve
aromatik bir kahve ¢esidi olmasina ragmen Robusta g¢ekir-
dekleri daha nahos ve daha fazla kafein icermektedir. Arabica
kahve ¢ekirdeginin kafein icerigi Robusta kahve ¢ekirdegine
kiyasla diisiikk olmasina ragmen daha az aci ve aromatik ol-
masi nedeni ile daha lezzetli kabul edilmektedir. Fakat Ro-
busta ¢ekirdeginin Arabica ¢ekirdegine kiyasla daha fazla ter-
cih edilmesinin en 6nemli sebebi ise her kosulda yetistirile-
bilmesi nedeni ile daha ucuz olmasidir (Pinheiro ve ark.
2021). Sekil 2° de Arabica ve Robusta ¢ekirdeklerinin mor-
folojik 6zellikleri belirtilmektedir.

Arabica cekirdegi Robusta cekirdegi

Sekil 2. Arabica ve Robusta ¢ekirdekleri (Anonim, 2021)
Figure 2. Arabica and Robusta beans (Anonim, 2021)

C. arabica ve C. canephora kahve tiirleri, trigonellin, siikroz,
kafein, klorojenik asit ve lipit oranlarina gére 6nemli bilesim
farkliliklar1 gostermektedir. Sekil 3’te C. arabica ve C. ca-
nephora ham kahve ¢ekirdeklerinde bulunan bazi bilesenle-
rin ortalama degerleri (kurumadde de 100 g olarak) veril-
mistir. C. canephora (%2.2) tiiriiniin kafein igerigi, C. ara-
bica (%1.2) tiirlinlin yaklagik iki katidir ve ayn1 zamanda klo-
rojenik asit degerleri de C. canephora’ da daha yiiksek bu-
lunmaktadir. Karbonhidrat, lipit, trigonellin igerigi ise C. ara-
bica’ da daha fazladir. Bunun yani sira C. canephora’ da daha
fazla bulunan klorojenik asit kahve i¢ceceginin tadinin buruk
olmasini da saglamaktadir (Ribeiro ve ark., 2011; Pinheiro ve
ark., 2021).
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Kahve hiicre duvari, seliiloz, hemiseliiloz, pektin, lignin, ta-
nen, gum, protein, mineral, pigment ve yaglardan olusmakta-
dir. Kahve ayrica alifatik, alisiklik, aromatik (hidrokarbonlar,
fenoller), heterosiklik (oksijen, nitrojen, siilfiir) ve inorganik
bilesenleri igermesinin yani sira alkaloidlerden kafein, teofi-
lin, teobramin ve diger metilksantinleri bilesiminde bulun-
durmaktadir (Spiller, 2019a,b).

Arabica kahvesi, Robusta kahvesinden daha yiiksek kafein
icerigine sahiptir (Tablo 1). Bununla birlikte, ham Robusta
cekirdeginin antioksidan aktivitesi Arabica ¢ekirdeginden iki
kat daha yiiksek biyolojik aktiviteye sahiptir, ancak kavurma
isleminden sonra bu fark ortadan kalkmaktadir. Kavurma is-
lemi kahvenin kalitesi iizerinde etkili olmaktadir ve genel-
likle 200 °C’ nin tizerindeki sicakliklarda 10-15 dakika uygu-
lanmaktadir. Kavurma sirasinda gesitli kimyasal reaksiyonlar
meydana gelmekte, kahve igeceginin aroma ve tadini ortaya
¢ikaran ugucu bilesenler olusmaktadir (Pinheiro ve ark.,
2021).

Kavurma sirasindaki yiiksek sicakliklar, kavurma sartlarinin
etkinligine gore kahvede toplam klorojenik asit (CGA) ora-
ninda bir azalmaya neden olabilmektedir. Kavurma, kahve
¢ekirdeklerinde bulunan ¢6ziiniir diyet lifi miktar1 {izerinde
de etkili olmaktadir. Yesil kahvede 39.4 mg/100 mg ¢oziiniir
diyet lifi bulunurken kavrulmus cekirdeklerde ise 64.9
mg/100 mg belirlenmistir (Esquivel ve Jimenez, 2012). Tablo
2’ de kavrulmus kahvedeki ana bilesenler verilmistir.

Morais ve ark. (2008) tarafindan kahve ¢ekirdeklerine diisiik,
orta ve yiiksek olmak iizere ii¢ ¢esit kavurma islemi uygulan-
mis ve kimyasal bilesimi incelenmistir. Calismanin sonu-
cunda kavurma derecesi arttik¢a toplam fenol igerigi ve pro-
antosiyanidin 3 konsantrasyonunun arttig1 ve klorojenik asit
seviyelerinin ise azaldig1 saptanmistir. Ayrica Robusta kah-
vesindeki 5-kafeoilkinik asit (5-ACQ) miktar1 Arabica kah-
vesi ile karsilagtirildiginda, hafif ve orta kavurma isleminde
Arabica kahvesinde daha yiiksek, fakat yiiksek kavurma isle-
minde ise bu oranin daha diisiik oldugu belirlenmistir.

Kafein ve Metabolik Etkisi

Kafein, 25 yasindaki Alman kimyager Friedlieb Ferdinan
Runge tarafindan yaklasik 200 yil 6nce kahve ¢ekirdeklerin-
den izole edilmistir. Daha sonrasinda tiim toplumlar tarafin-
dan kabul gorerek sosyo-kiiltiirel etkisi agiklanmigtir (Kara-
yigit, 2022).

Kafein, 60’tan fazla bitkinin tohumunda, meyvesinde veya
yapraginda bulunmakla birlikte bu bitkilerin iginde en fazla
kafein bulunduranlar kahve, cay, kakao, yerba mate ve kola
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bitkisidir (Korekar ve ark., 2020). Kafeinin bilinen en iyi kay-
nag1 ise kahve cekirdegidir. Tablo 3°te bazi igecek ve yiye-
ceklerin kafein igerikleri belirtilmektedir.

C. arabica m C. canephora
Trigonellin
Sikroz
Kafein

Klorojenik asit
_

Lipit ]

0 5 10 [5 20
Kurumadde de g 100g"!

Sekil 3. C. arabica ve C. canephora kahve tiirlerinin ham gekirdeklerinin (g 100 g') icerdigi kimyasal bilesenler
(Martinez ve ark., 2014)

Figure 3. Chemical components of raw beans (g 100 g') of C. arabica and C. canephora coffee species (Martinez ve ark.,
2014)

Tablo 1. Ham kahve ¢ekirdeklerinin igerdigi kimyasal bilesenler (Martinez ve ark., 2014)

Table 1. Chemical components of raw coffee beans (Martinez ve ark.., 2014)

Bilesenler Coffea canephora Coffea arabica

Lipit 10.0 16.0
Organik asit - -
Total klorojenik asit 10.0 6.5
Alifatik 1.0 1.0
Kinik 0.4 0.4
Kafein 2.2 1.2
Trigonellin 0.7 1.0
Toplam mineral madde 4.4 4.2
Polisakkarit 48.0 44.0
Seker - -
Siikroz 4.0 8.0
Rediiktor 0.4 0.1
Amino asit 0.8 0.5
Lignin 3.0 3.0
Pektin 2.0 2.0
Protein 11.0 11.0
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Tablo 2. Kavrulmus kahvedeki temel bilesenler (Spiller, 2019b)
Table 2. Essential ingredients in roasted coffee (Spiller, 2019b)

Review Article

Bilesenler Toplam (%) | Suda ¢6ziiniir (%)
Protein Aminoasitler 9 1.5
Polisakkkaritler
Suda ¢oziinmeyen 24 -
Karbonhidrat Suda ¢oziinen 6 6
Siikroz 0.2 0.2
Glukoz, fruktoz, arabinoz 0.1 0.1
Lipit Trigliseritler 9.5 -
Serbest ester, glikozit 2 eser
Steroller 0.5 -
Diger lipitler ve mumlar 1 -
Ugucu asitler Formik asit 0.1 0.1
Asetik asit 0.2 0.2
Ugucu olmayan asitler | Laktik, piirivik, okzalik, tartarik, sitrik asit 0.4 0.4
Klorojenik asit 3.8 3.8
Alkaloidler Kafein 1.2 1.2
Trigonelin 0.4 0.4
Kiil Mineraller 4 3.5
Su - 2.5 2.5

Tablo 3. Bazi icecek ve yiyeceklerin kafein igerikleri (Bolig-
nano ve ark., 2007)

Table 2. Caffeine content of some beverages and foods (Bolig-
nano ve ark., 2007)

Uriin Olgii Kafein miktar1

(mg)
Kafein tableti 1 tablet 200
Kavrulmus kahve 150 mL 85
Instant kahve 150 mL 60
Kafeinsiz kahve 240 mL 5
Espresso 57 mL 100
Bitter cikolata 1 bar (43 g) 31
Stitlii ¢ikolata 1 bar (43 g) 10
Sicak ¢ikolata, fincan 150 mL 4
Kola 335 mL 34
Yesil cay 240 mL 15
Cay, yaprak veya 240 mL 30
poset

Kimyasal ismi 1,3,7-trimetilzantin olarak tanimlanan kafein
acl tatta, suda ve yagda ¢oziinebilen bir 6zellige sahip bulun-
maktadir. 1,3,7-trimetiliirik asit ve 7-metilksantin kafeinin
metabolitleridir (WHO, 2013; Singh ve ark., 2022). Kafein,
beyaz kristalli bir piirin olan metilksantin alkaloididir ve kim-
yasal olarak deoksiriboniikleik asit (DNA) ve riboniikleik
asidin (RNA) adenin ve guanin bazlart ile iligkili olarak agik-
lanmaktadir (Wink, 2016). Metilksantin sinifinda olan ka-
fein, merkezi sinir sistemi (CNS) uyaricisi olarak bilinmekte
ve adenozinin adenozin Al reseptoriine baglanmasin bloke
ederek etki etmekte ve bu etki ndrotransmiter asetilkolin sa-
linmmin1  arttirmaktadir (Renda ve De Caterina, 2020;
Pohanka, 2022). Kafein ayrica fosfodiesterazin segici olma-
yan inhibisyonu yoluyla siklik AMP (adenozin monofosfat)
seviyelerini arttirmaktadir (Faudone ve ark., 2021).

Metilksantinler (kafein, teofilin, teobromin, paraksantin) li-
pofilik 6zellikleri ile biyolojik membrandan kolaylikla gece-
bilmektedir. Bu sebep ile kafeinin viicuda alinmasindan sonra
gastrointestinal sistem tarafindan tamami hizli bir sekilde
emilmektedir (Spiller, 2019a). Kahvedeki kafein, ¢ay ve di-
ger iceceklere oranla daha kolay emilebilmekte ve plazma
proteini olan alblimine bagli olarak tagmmaktadir (Nehlig,
2018; Sovrli¢ ve ark., 2022). Kafein karacigerde degisime ug-
ramakta, kompleks reaksiyonlar sonucunda ¢esitli metabolit-
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ler olusturmakta ve bu metabolitlerin ¢ogu idrarla atilmakta-
dir. Kafeinin idrarla atilimi, idrar pH’sindan ve plazma kafein
konsantrasyonundan etkilenmemektedir (dePaula ve Farah,
2019). Kafein dimetilasyon sonucunda karacigerde dimetilk-
santin formlarina donligmekte ve P-450 monooksijenaz enzi-
mini katalizlemektedir. Kafein metabolizmasindan sorumlu
enzim, CYP1A2 geni tarafindan kodlanmakta, CYP1A2 izo-
zimi tarafindan {i¢ dimetilksantine metabolize edilmektedir.
Kafeinin sitokrom P-450 karaciger enzimi ile metabolize
edilmesi sonucunda, her biri viicut lizerinde spesifik etkileri
olan parazantin, teobramin ve teofiline pargalanmaktadir (Se-
kil 3) (van Dam ve ark., 2020; Purkiewicz ve ark., 2022).
CYP1A2 aktivitesindeki degisiklikler, cinsiyet, irk, genetik
polimorfizm, hastalik ve indiikleyicilere maruz kalma gibi
faktorler kafeinin viicuttan atilimini etkilemektedir (Buzdagh
ve ark., 2021).

Kafeinin metabolize edilmesi sonucu olusan bilesenler ve et-
kileri asagida agiklanmaktadir;

Paraksantin: Kafein gibi merkezi sinir sistemi uyarici etkin-
ligi bulunmaktadir. Kafeinden farkli olarak Na+ /K+ AT-
Paz’in enzimatik etkisini artirarak iskelet kas dokusuna po-
tasyum iyonlarinin girisini saglamakta, ayrica kas dokusunda
kalsiyum miktarini da arttirmaktadir (Hawke ve ark., 2000).

Teobromin: Kan damarlarin1  genisletmekte ve idrar hac-
mini arttirmaktadir. Teobromin ayrica kakao ¢ekirdegin-
deki baslica alkaloiddir (Welsh ve ark., 2010).

H4C

Paraksantin  Teobromin Teofilin

Sekil 4. Kafeinin metabolize edilmesi sonucu olusan bile-
senler (Purkiewicz ve ark., 2022)

Figure 4. Components formed as a result of the metabolism of caf-
feine (Purkiewicz ve ark., 2022)

Teofilin: Bronslarin diiz kaslarim1 gevsetmektedir ve astim te-
davisinde kullanilmaktadir. Bununla birlikte, teofilinin tera-
potik dozu, kafein metabolizmasindan elde edilen etkilerden
¢ok daha fazla olmaktadir (Welsh ve ark., 2010).

Oral tiiketim sonrasi kafein kan ve viicut dokularinca emil-
mektedir. Emilim, agizdan alindiktan yaklasgik 45 dakika
sonra tamamlanmaktadir. En fazla plazma kafein konsantras-
yonuna, tiiketimden 45-90 dakika sonunda ulasilmaktadir
(Magkos ve Kavarous, 2005).

Kafeinin biyolojik yar1 émrii (viicudun bir dozun yarisini at-
mast i¢gin gereken siire) hamilelik, alinan ilaglar, karaciger en-
zim fonksiyon diizeyi ve yas gibi faktorlere bagli olarak bi-
reyler arasinda biiyiik farkliliklar géstermektedir. Saglikli ye-
tiskinlerde kafeinin yar1 émrii 3.5-5 saat arasinda tamamlan-
maktadir (Bell ve Mclellan, 2002; Kamimori ve ark.,,
2002). Eriskin erkek ve sigara igenlerde yarilanma émrii %50
oraninda azalmaktadir. Oral kontraseptif kullanan kadinlarda
ise yaklasik iki katina c¢ikmakta ve gebeligin son ii¢
ayinda daha da artmaktadir. Yeni doganlarda ise kafein yari
omrii 80 saat veya daha fazla olabilmektedir ve yasla birlikte
bu ¢ok hizli bir sekilde diigmektedir. Antidepresan kullanimi,
kafeinin klirensini azaltmaktadir ve tiim viicuttan tamamen
atilmasi yaklasik olarak 24 saati bulmaktadir. Fakat ergojenik
etkinin 24 saat stirmedigi bilinmektedir. Kafeinin etkileri ise,
viicut tarafindan metabolize edilme hizina bagh olarak degis-
mektedir (Bell ve Mclellan 2002; van Dam ve ark., 2020).

Kafein, FDA (Amerika Gida ve ilag Dairesi) tarafindan genel
olarak giivenli olarak smiflandirilmistir (Heckman ve ark.,
2010). EFSA (Avrupa Gida Giivenligi Otoritesi), giinde 400
mg’a kadar kafeinin (giinde yaklasik 5,7 mg/kg viicut kiitlesi)
hamile olmayan yetiskinler i¢in glivenlik endisesi yaratmadi-
gin1, glinde 200 mg'a kadar kafein alimimin ise hamile yetis-
kinler i¢in kullanilabilecegini belirtmistir (EFSA, 2015).

Bir fincan kahvenin kafein igerigi, kullanilan ¢ekirdek, kav-
rulma ve hazirlama yontemine bagli olarak degismekte-
dir. Bu nedenle, toksik doza ulagsmak i¢in yaklagik 50-100
normal fincan kahve gerekmektedir (NCBI, 2022).

Kahve ve Kafeinin Enerji Regiilasyonu Uzerine

Etkisi

Obezite, WHO (Diinya Saglik Orgiitii) tarafindan saghg1 bo-
zacak sekilde viicutta anormal ya da asir1 yag birikimi olarak
tanimlanmaktadir (WHO, 2021). Asiri1 kilo ve obezite preva-
lanst son 30 yilda iki katma ¢ikmistir ve diinya niifusunun
%39’unu etkilemektedir. Obezitenin en dnemli nedeni enerji
alimi ve enerji harcamasi arasindaki dengesizlikten kaynak-
lanmaktadir. Bu nedenle viicut agirliginin korunmasi igin
enerji harcamasini arttirip enerji alimini azaltarak negatif
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enerji dengesinin saglanmasi1 gerekmektedir. Vaka sayisin-
daki artiy gbz Ontine alindiginda, 6zellikle hastalarm bes-
lenme aligkanliklarinda uzun vadedeki degisim ve diizenli fi-
ziksel aktivite uygulamadaki giigliikler, obezite ile miicadele
icin yeni ve tamamlayici tedavilerin gelistirilmesini gerektir-
mektedir (Mateos ve ark., 2022). Farmakoterapi ve cerrahi
tedaviler obezitenin ydnetimine katki saglamaktadir. Ayni
zamanda obezite tedavisinde baz bitkilerin biyoaktif etki me-
kanizmasindan da faydalamilmaktadir. Bu bitkiler etkilerini,
metabolizmay1 uyararak ve yag yakimini artirarak saglamak-
tadir. Termojenikler olarak da ifade edilen bu bitkilerin en
cok bilinenleri turung, kahve, yesil cay ve kirmizi biberdir
(Smar ve ark., 2019).

Obezitenin alternatif korunma ve tedavi yontemleri arasinda
kafein de kullanilmaktadir. Kahvenin icerdigi kafein saye-
sinde obezite riskini azalttig1 bilinmektedir (Nordestgaard ve
ark., 2015). Kafein bu etkisini istah diizenleme ve istah bas-
tiricr olarak gormektedir (Jessen ve ark., 2005). Kafein ter-
mojenez ve enerji harcamasi lizerindeki etkilerini siklik ade-
nozin monofosfatin (cAMP) yikiminda gorevli olan fosfodi-
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esteraz’in (PDE) kafein metabolitleri olan metilksantinler ta-
rafindan inhibisyonunun cAMP’nin yikimimi yavagslatarak;
artmig lipoliz, iskelet kasinda 1s1 tiretimi ve karacigerde tok-
luk sinyalleri iireten hiicre i¢i sinyalizasyonun daha uzun sir-
mesini saglayarak gostermektedir (Harpaz ve ark., 2017).

Kafeinin farkl: bilesiklerle kombinasyonunun obezite yoneti-
minde daha etkili olabilecegine dair bir¢ok ¢alismada mev-
cuttur. Xu ve ark. (2019) tarafindan yiiksek yaglh bir diyetle
beslenen obez farelerde kafein ve klorojenik asitin viicut agir-
l1g1 iizerindeki etkileri incelenmistir. Calismanin sonucunda,
viicut agirliginin ve karin yag dokusunun azaldigi ayrica se-
rum ve karacigerdeki lipit degerlerinde de iyilesme oldugu
belirlenmistir (Sekil 4). Baska bir ¢alismada kafeininin kate-
sin ile birlikte kullaniminin, lipit metabolizmasi ile iliskili en-
zimlerin gen ve protein ekspresyonunu diizenleyerek lipit bi-
rikimini sinerjistik olarak onleyebilecegi bulunmustur (Zhu
ve ark. 2017). Ayrica, kafein ve EGCG (Epigallocatechin-3-
gallate) kombinasyonunun, bagirsak mikrobiyotasi ve safra
asidi metabolizmasini1 modiile ederek anti-obezite etkisi gos-
terdigi saptanmustir (Zhu ve ark. 2021).

Kafein
Kahve
Adipogeneriz
(Lip1t birikomi ve
Activator adiposit boyutlart Q‘
—) Adipogeneziz |—> | artar) ——>| Adipogeneziz
Obezitede (Yagbirikimi ve
adipositler |, adiposit boyutlan |=p | Kilo
| Inaktivator Adipogenazizﬂ azalir) kavbi
Adipogeneziz (Yag birikimi ve )
adiposit boyutlan . —
azalir)

Sekil 5. Kahvenin obezitede inhibitor adipogenez olarak kullanimi (Lelyana, 2017)

Figure 5. Use of coffee as inhibitory adipogenesis in obesity (Lelyana, 2017)

Kahve ve Kafeinin Genel Saghk Uzerine Etkileri

Kahve fitokimyasallarca zengin bir diyet lifi kaynagi-
dir. Kahvede bulunan fenolik bilesikler esas olarak yesil
kahve cekirdeklerinde transsinnamik asitlerin ve kinik asitle-
rin esterleri olan klorojenik asit (CGA) olarak bulunmakta-
dir. Yesil kahvede bulunan hidroksisinnamik asitlerin, amino

asitler (sinnamoilamidler) ve glikozitler (sinnamoil glikozit-
ler) ile konjugasyonu bildirilmistir. Antioksidan aktiviteleri-
nin yani sira, CGA hepatoprotektif, hipoglisemik ve antiviral
aktivite gibi diger 6nemli saglik 6zelliklerini de gostermekte-
dir. Yesil kahve 6zlerinin icerdigi antioksidanlar, viicut agir-
liginin kontrolii, kan basmein diisiirme, antibakteriyel ve an-
tihipertansif etkiler saglamaktadir. Taninler, lignanlar ve an-
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tosiyaninler gibi diger fenolik bilesikler ise, kahve ¢ekirdek-
lerinde daha diisiik miktarlarda bulunmaktadir. Baz1 yesil
kahve 6zleri ticari olarak da bulunabilmekte ve bu yesil kahve
cekirdekleri, 6zellikle CGA’dan gelen ikincil metabolitlerin
cogunu icermektedir. Fakat daha diisiik mktarlarda kafein,
kafestol ve kahveol bulundurmaktadir. Kahvede bulunan ka-
festol ve kahveol, artan serum kolesterol seviyeleri ile iligki-
lendirilmistir. Ayrica  kahve tiiketiminin  Bifidobacte-
rium spp. sayisin arttirdigl ve prebiyotik etki gostererek ba-
girsak mikrobiyotasinit modiile ettigi de belirtilmektedir (Fa-
rag ve ark., 2021).

Kafein, merkezi sinir sisteminin uyarilmasi, kan dolasiminin
ve solunumun artmasi yolu ile uyaniklig1 saglamakta ve bu
nedenle de popiilerligini korumaktadir. Insanlar, uyusukluk
hissini azaltmak veya dnlemek ve ayrica bilissel performansi
artirmak i¢in kafein igeren igcecekler tercih etmekte-
dir (Esquivel ve Jimenez, 2012).

Kafeinin birgok olumlu ve olumsuz saglik etkileri de bulun-
maktadir. Kafeinin olusturdugu etkiler bireysel farkliliklar ve
genetik faktorlerle iligkili olarak ortaya ¢ikmaktadir. Prema-
tiire bebek solunum bozukluklarini (bronkopulmoner disp-
lazi) ve prematiire apnesini tedavi edebilmekte veya onleye-
bilmektedir. Kafein sitrat, Diinya Saglik Orgiitii (DSO) Te-
mel Ilaglar Model Listesinde bulunmaktadir (WHO,
2013). Parkinson hastalig1 da dahil olmak {izere baz1 rahatsiz-
liklara kars1 koruyucu etki saglamaktadir (Cano-Marquina ve
ark., 2013; Qi ve Li, 2014). Baz kisiler tarafindan tiiketilen
kafein uyku bozuklugu veya kaygiya sebep olabilmektedir
(O'Callaghan ve ark., 2018). Hamilelik sirasinda kullanimina
iligkin kesin kanitlar bulunmamasina ragmen yapilan calis-
malar, hamile kadinlarin kafeini giinde iki fincan kahve esde-
geri veya daha azi ile sinirlamasini 6nermektedir (Jahanfar ve
Jaafar, 2015). Tekrarlanan giinliik alimlardan sonra kafeini
kullanmay1 birakan kisilerde uyku hali, bag agris1 ve sinirlilik
gibi yoksunluk semptomlart ile iliskili hafif bir ila¢ bagimli-
1181 olusabilmektedir (Juliano ve Griffiths, 2004; Juliano ve
ark., 2012). Artan kan basinct, kalp hiz1 ve idrar atiminin oto-
nomik etkilerine tolerans, kronik kullanimlar ile gelismekte-
dir, boylelikle bu semptomlar diizenli kullanimdan sonra
daha az goriilmekte veya hi¢ goriilmemektedir (van Dam ve
ark., 2020).

Yiiksek dozda kafein alim1 ayrica huzursuzluk, gerginlik, si-
nirlilik ve psikomotor ajitasyona neden olurken, bu alkaloidin
uzun stireli kullanimi kardiyovaskiiler hastalik riskini arttira-
bilmektedir (Esquivel ve Jimenez, 2012).

Kahve, Kafein ve Egzersiz Performansi iliskisi

Aktif bireyler ve elit sporcular, performansi artirmak igin ka-
feini kullanmaktadir. Dayaniklilik sporculari (6rnegin triat-
letler, bisiklet¢iler ve maratoncular), oyun sporculari (6rne-
gin tenis, voleybol ve hentbol oyuncular1) ve kuvvet sporcu-
lar1 (6rnegin halterciler) dahil olmak tizere farkli modaliteler-
den sporcular kafein tiikketmektedir. Kafein aracili perfor-
mans iyilestirme i¢in birka¢ varsayim ve mekanizma bulun-
maktadir. Bunlar; sarkoplazmik retikulumdan kalsiyum sali-
nimi, fosfodiesterazin inhibisyonu yolu ile kas glikojeninin
korunmasi ve kafeinin merkezi sinir sistemindeki (CNS) ade-
nosin Al ve A2 reseptorlerindeki antagonistik etkisidir. Bu
nedenle, kafein alimimdan sonra egzersiz performansindaki
artistan bu faktorlerin etkili oldugu diisiinilmektedir. Sekil
5’te kafeinin egzersiz performansi iizerindeki etkilerinin ana
yolaklar1 verilmistir (Martins ve ark., 2020).

Kafeinin bilinen en 6nemli mekanizmasi ise adenozin anta-
gonizm mekanizmasi olarak kabul edilmektedir (Bayraktar
ve Tagkiran, 2019). Kafein molekiilii yapisal olarak, uzun sii-
ren egzersiz veya biligsel aktiviteler sonrasi parasempatik si-
nir sistemi aktivasyonunu artirarak yorgunluk hissini ve uyku
ihtiyacini arttiran adenozin ile molekiiler benzerlik goster-
mekte (Sekil 6) ve hiicrelerin yiizeyindeki adenozin reseptor-
lerini onlar1 aktive etmeden baglayabilmektedir, dolayi-
styla rekabet¢i bir antagonist olarak hareket etmektedir (Fi-
sone ve ark., 2004; Ake¢a ve ark., 2018).

(A) Kafein ve kafeinin sekonder metabolitleri Merkezi Sinir
Sistemindeki (CNS) reseptorler ile adenosine kars1 antago-
nistik etki gostererek uyanikligi arttirmakta ve egzersizde
harcanan performansi azaltmaktadir, (B) Kas glikojeni ko-
runmaktadir, (C) Noromiiskiiler uyarici ile kalsiyum iyonla-
riin artan salinimi, kas liflerinde kasilma giiclinii arttirmak-
tadir (Sekil 6).

Geg saatlerde tiiketilen kafeinin uykuyu kagirmasi ve canlilik
hissini artirmasi adenozin reseptorlerine baglanarak, adeno-
zinin s6z konusu etkilerini ortadan kaldirmas: ile iliskili bu-
lunmustur (Ake¢a ve ark., 2018). Adenozinin merkezi sinir
sistemindeki bir¢ok nérotransmitterin salinimini engellemek-
tedir. Kafein ise merkezi sinir sistemini uyararak adenozinin
olusturdugu yorgunlugu ve uyku halini ortadan kaldirmakta-
dir (Bayraktar ve Taskiran, 2019).
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Sekil 6. Egzersiz performansi kapasitelerindeki artiglarla ilgili kafeinin ana etki mekanizmalar1 (Martins ve ark.,

2020)

Figure 6. Main mechanisms of action of caffeine related to increases in exercise performance capacities (Martins ve ark., 2020)

Kafein ve Dozaj

Performansi artirmak i¢in kabul edilen kafein dozu, egzersiz-
den 60 dakika 6nce 3-6 mg/kg arasindadir. Bu dozaj, aerobik
egzersizler, oyun sporlar1 ve yiiksek glikolitik gereksinimi
olan egzersizlerde (%1-8 arasinda) performans kazanimlarini
desteklemektedir. Arastirmalar diisiik (<3 mgkg ™) ve de
yiiksek (6-9 mg.kg 1) kafein dozlarinin egzersiz performan-
sin1 arttirabilecegini belirtmektedir (Martins ve ark., 2020).

Zhang ve ark. (2020) diisiik (3 mg.kg™"), orta (6 mg.kg") ve
yiiksek (9 mg.kg ') dozlarda kafein aliminin biligsel perfor-
mans ve beyin aktivasyonu {izerindeki etkilerini arastirmis-
lardir. Calismanin sonucunda, daha diisiik dozlarda kafein
aliminin, orta ve yiiksek dozlara (6 veya 9 mg.kg™") gore bi-
ligsel fonksiyonlar ve beyin aktivasyonu iizerinde daha fazla
etki gosterdigi belirlenmistir.

Pek ¢ok calisma potansiyel faydali dozun 400-600 mg ara-
sinda oldugunu agiklamaktadir. Bu doz yaklasik olarak 4-6

fincan kahveye denk gelmektedir. Bununla birlikte kafein tii-
ketim dozu; kisinin toleransina (tiiketim siklig1), egzersiz bi-
cimine, kas kasilma bi¢imine ve tiiketilen kafein formuna
gore degisebilmektedir (O’Callaghan ve ark., 2018).

Kafein Adenozin

Sekil 7. Kafein ve adenozinin kimyasal acik formiilii

Figure 7. Chemical structure formula of caffeine and adenosine
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Kafein ve Zamanlama

Kafein tiiketiminde bir diger faktdr ise zamanlamadir. Kafein
oral olarak alindiginda en yiiksek plazma seviyesine 30-75
dakika arasinda ulagsmaktadir (Bayraktar ve Taskiran, 2019).
Kafein performans testlerinden (dayaniklilik, takim sporlari,
doviis sporlar1 ve giic-kuvvet egzersizleri/aktiviteleri) gogun-
lukla 60 dakika once kullanilmaktadir (Martins ve ark.,
2020). Bununla birlikte, Bell ve McLellan (2002), ayn1 dozda
kafein tiikketiminin (5 mg.kg ") testlerden 60 dakika once tii-
ketilene kiyasla testlerden 180 dakika oOnce tiiketildiginde
performansi iyilestirme iizerinde aym etkileri tetikledigini
belirtmislerdir. Bu nedenle, spor performansmi iyilestirme
amaci ile tiiketilen kafein takviyesi i¢in “ideal” zaman, kulla-
nilan doza ve zamana (antrenman seanslarindan 6nce, sira-
sinda veya sonrasinda) bagli olabilmektedir. Ek olarak ka-
fein, gida tiikketimi (6rnegin kahve, ¢ay ve enerji igecekleri),
sakiz, agiz ¢alkalama sular1 ve aerosol gibi alternatif alim bi-
cimleri yolu ile de alinabilmektedir. Bu vakalarin bazilarinda,
egzersiz oncesi/sirasinda alim siiresi i¢in 6zel 6neriler bulun-
maktadir. Tim Oneriler, kan dolasimindaki kafeinin alinma
siirelerine dayanmaktadir (Martins ve ark., 2020).

Giin Icinde Alinan Saat ve Kafein

Antrenman zamanina bagl fiziksel performanstaki iyilesme,
cesitli egzersiz tiirlerinde saptanmigtir. Caligmalar, sirkadi-
yen dongiiniin giinliik varyasyonlar1 nedeni ile anaerobik ve
aerobik aktivitelerin 16:00-20:00 saatleri arasinda daha iyi
verim saglayabilecegini gostermektedir (O’Callaghan ve
ark., 2018; Martins ve ark., 2020).

Kafein ve Yoksunluk/Cekilme Etkileri

Kafeinle ilgili tiim ¢caligmalarda kafein yoksunlugu etkileri de
bulunmaktadir. Cekilme, performans testlerinden 6nceki za-
manlarda kafein kisitlama protokolleri araciligi ile gercekles-
mektedir. Kafein kisitlama siiresi bir¢ok ¢alismada 6 saatten
10 giine kadar kaynak gidadan yoksun birakilarak degismek-
tedir. Aliskin kullanicilarda kafein yoksunlugu, bas agrisi
ataklari, artan uyku hali, yorgunluk, depresyon, sinirlilik ve
azalmis uyaniklik, mide bulantis1 gibi semptomlar ortaya ¢i-
karabilmektedir. Bu yan etkiler, kontrol bireylerinin (plasebo
grubu) performansini etkilemekte ve kafein uygulamasini ta-
kiben iyilesme boyutunun tam olarak anlagilmasini engelle-
yebilmektedir (Martins ve ark., 2020).

Juliano ve ark. (2019) tarafindan yapilan bir ¢alismada, kati-
limcilara kafein ve kafein igermeyen kahveler verilmistir.
Her kosul i¢in, katilimcilar, 24 saat boyunca Kahve Y oksun-
lugu Belirti Anketi ve Kahveye Duyulan Ani/Asir1 Istek icin
kendi bildirdikleri 6l¢timlere uygun olarak standart bir anket
doldurmuslar ve daha yiiksek puanlarin kafein tiiketiminin

beklenen yokluguyla iligkili oldugunu agiklamislardir. Calis-
manin sonucunda kafeinsiz kahve verilen katilimcilar, ¢ekil-
meden 45 dakika ve 8 saat sonra kafein tiiketenlere gore daha
fazla kafein istegi bildirmislerdir. Geri ¢ekilme semptomlari
veya biligsel performans {izerinde herhangi bir beklenti etkisi
goriilmemistir.

Kafein yoksunlugunun fiziksel performansi olumsuz yonde
etkileyip etkilemeyecegi belirsizdir. Bu nedenle, kafeinin eg-
zersiz performansini artirmadaki etkinligi hakkinda ciddi so-
rulardan kaginmak i¢in gelecekteki arastirmalara odaklanma-
lidir (James ve Rogers, 2005; Lorenzo-Calvo ve ark., 2021).

Sonuc¢

Yapilan ¢alismalar incelendiginde kahvenin bilissel, duyusal
ve fiziksel olumlu etkilerinin igerigindeki kafein ile iliskili ol-
dugu bulunmustur. Kafein viicutta meydana getirdigi biyo-
kimyasal mekanizmalar sonucunda birgok metabolik hastalik
izerinde etkili olmaktadir. Ayrica yapilan arastirmalarda ka-
fein tiiketiminin sporcularda adenozin reseptodrlerini inhibe
ederek performansi arttirdig1 saptanmistir. Ek olarak kafeinin
obezlerde lipolizi saglayarak kilo yonetimine katki sagladig
belirtilmistir. Son yillarda kafeinin bu etkileri iizerine ¢alig-
malarin artmasina ragmen kafein kullaniminin insanlar tize-
rindeki ¢aligmalart yetersizdir ve gelecekte kafein kullanimi-
nin etkilerinin daha iyi anlagilmasi i¢in daha fazla ¢caligmaya
ihtiya¢ duyulmaktadir.

Etik Standartlar ile Uyumluluk

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

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

Agiklama: -
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Instructions to Reviewers and Authors
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fits from the contents of the International Committee of Medical Journal Editors (ICMJE), World

Association of Medical Editors (WAME), Council of Science Editors (CSE), Committee on Publi-

cation Ethics (COPE), European Association of Science Editors (EASE), Open Access Scholarly
and Publishers Association (OASPA), and Directory of Open Access Journals (DOAJ).

All authors submitting their works to the "FOOD and
HEALTH" journal for publication as original articles at-
test that the submitted works represent their authors’ con-
tributions and have not been copied or plagiarized in
whole or in part from other works. The authors
acknowledge that they have disclosed all and any actual or
potential conflicts of interest with their work or partial
benefits associated with it. In the same manner, the
"FOOD and HEALTH" journal is committed to objec-
tive and fair double-blind peer-review of the submitted for
publication works and to prevent any actual or potential
conflict of interests between the editorial and review per-
sonnel and the reviewed material.

The "FOOD and HEALTH" journal provides a platform
for the open public discussion of the journal contents. To
secure accountability and to encourage sincere profes-
sional inputs without incivilities the system is set up to re-
quire registration and logging for the recording of inputs.
Some of the website contents will be available without
logging but no peer review comments can be posted on the
website without the disclosure of the reviewer’s identity
to the journal editors.

Publication Decisions

The editor of the "FOOD AND HEALTH" journals is re-
sponsible for deciding which of the articles submitted to
the journal should be published. The editor may be guided
by the policies of the journal's editorial board and con-
strained by such legal requirements as shall then be in
force regarding libel, copyright infringement, and plagia-
rism. The editor may confer with other editors or review-
ers in making this decision.

Fair Play

An editor at any time evaluates manuscripts for their intel-
lectual content without regarding race, gender, sexual ori-

entation, religious belief, ethnic origin, citizenship, or po-
litical philosophy of the authors.

Confidentiality

The editor and any editorial staff must not disclose any
information about a submitted manuscript to anyone other
than the corresponding author, reviewers, potential re-
viewers, other editorial advisers, and the publisher, as ap-
propriate.

Disclosure and Conflicts of Interest

Unpublished materials disclosed in a submitted manu-
script must not be used in an editor's own research without
the express written consent of the author.

Research Ethics

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

For manuscripts concerning experimental research on hu-
mans, a statement should be included that shows the writ-
ten informed consent of patients and volunteers was ob-
tained following a detailed explanation of the procedures
that they may undergo. Information on patient consent, the
name of the ethics committee, and the ethics committee
approval number should also be stated in the Materials and
Methods section of the manuscript. It is the author’s re-
sponsibility to carefully protect the patients’ anonymity.
For photographs that may reveal the identity of the pa-
tients, signed releases of the patient or of their legal repre-
sentative should be enclosed.
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“FOOD and HEALTH” journal requires experimental
research studies on vertebrates or any regulated inverte-
brates to comply with relevant institutional, national,
and/or international guidelines. The journal supports the
principles of the Basel Declaration (https:/animalre-
searchtomorrow.org/en) and the guidelines published by
the International Council for Laboratory Animal Science
(ICLAS) (https://iclas.org/). Authors are advised to
clearly state their compliance with relevant guidelines.

“FOOD and HEALTH” journal advises authors to com-
ply with the IUCN Policy Statement on Research In-
volving Species at Risk of Extinction and the Conven-
tion on the Trade in Endangered Species of Wild
Fauna and Flora for research involving plants.

Plagiarism

Submitted manuscripts that pass preflight are
scanned for plagiarism using iThenticate soft-
ware. Authors will be notified if plagiarism/self-
plagiarism is detected. Editors can resubmit
the article for any peer review or similarity
check during production, if necessary. High
similarity scores can cause an article to be re-
jected before or even after it is accepted. De-
pending on the type of article and the percent-
age of similarity scores from each article, the
overall similarity score is generally expected to
be less than 20%.

Double-Blind Referee Evaluation

After the plagiarism check, the editors evalu-
ate the appropriate ones in terms of originality,
methodology, the importance of the subject,
and suitability to the journal's scope. The editor
directs the submitted articles to a fair double-
blind peer review (submits the articles that
comply with official rules to at least two na-
tional/international referees for evaluation)
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and gives approval by managing the pro-
cesses for publication after they are modified
by the authors in accordance with the referees’
rules.

Open Access Statement

The journal is an open-access journal and all
its content is freely available to the user or in-
stitution. Users are permitted to read, down-
load, copy, print, and search or link the full texts
of articles in this journal without prior permis-
sion from the publisher or author. This con-
forms tothe Budapest Open Access Initia-
tive (BOAI)'s definition of open access.

Open-access articles in the journal are li-
censed under the terms of the Creative Com-
mons Attribution 4.0 International (CC BY 4.0)
license.

Article Processing Fee

All journal processes are free of charge. No ar-
ticle processing, submission, or publication fee
is charged for submitted or accepted articles.

Copyright Notice

Authors publishing with the journal retain cop-
yright to their work licensed under a Creative
Commons Attribution 4.0 International license
(cc BY 4.0)
censes/by/4.0/), and Publisher retains the exclu-
sive right to publish the work. The CC BY 4.0 li-
cense permits unlimited distribution and re-
production in any medium, provided that the
original work is properly cited.

( https://creativecommons.org/li-



https://animalresearchtomorrow.org/en
https://animalresearchtomorrow.org/en
https://iclas.org/
https://www.iucnredlist.org/resources/guidelines-for-appropriate-uses-of-red-list-data
https://www.iucnredlist.org/resources/guidelines-for-appropriate-uses-of-red-list-data
https://www.iucnredlist.org/resources/guidelines-for-appropriate-uses-of-red-list-data
https://www.iucnredlist.org/resources/guidelines-for-appropriate-uses-of-red-list-data
https://www.budapestopenaccessinitiative.org/
https://www.budapestopenaccessinitiative.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

FOOD

and
HEAIL'TH

The copyright of any open-access article in
the "FOOD and HEALTH" journal published on
the ‘ScientificWebJournals" web portal
hosted by "DergiPark” belongs to the au-
thor(s).

Author's Responsibilities
Reporting Standards

Authors should present an accurate account of the work
performed as well as an objective discussion of the signif-
icance of the reports of original research. Underlying data
should be represented accurately in the paper. The Manu-
script should contain sufficient detail and references to
permit others to replicate the work. Fraudulent or know-
ingly inaccurate statements constitute unethical behavior
and are unacceptable.

Data Access and Retention

Authors are asked to provide the raw data in connection
with a paper for editorial review and should be prepared
to provide public access to such data (consistent with the
ALPSP-STM Statement on Data and Databases).

Originality and Plagiarism

The authors should ensure that they have written entirely
original works, and if the authors have used the work
and/or words of others that should be appropriately cited
or quoted.

By submitting articles to "FOOD and HEALTH" journal,
the author attests to the following:

e Proper reference is provided for all contents ex-
tracted from other sources

e Strong action will be taken against cases of plagia-
rism

o All the papers submitted have to pass through an in-
itial screening and will be checked through the Ad-
vanced Plagiarism Detection Software (iThenticate,
etc.).
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Multiple, Redundant or Concurrent Publication

An author should not publish manuscripts describing es-
sentially the same research in more than one journal or pri-
mary publication. Submitting the same manuscript to
more than one journal concurrently constitutes unethical
publishing behavior and is unacceptable.

Acknowledgment of Sources

Proper acknowledgment of the work of others must always
be given. Authors should cite publications that have been
influential in determining the nature of the reported work.

Authorship of the Paper

Authorship should be limited to those who have made a
significant contribution to the conception, design, execu-
tion, or interpretation of the reported study. All those who
have made significant contributions should be listed as co-
authors. Where there are others who have participated in
certain substantive aspects of the research project, they
should be acknowledged or listed as contributors.

The corresponding author should ensure that all appropri-
ate co-authors and no inappropriate co-authors are in-
cluded on the paper and that all co-authors have seen and
approved the final version of the paper and have agreed to
its submission for publication.

Hazards and Human or Animal Subjects

If the work involves chemicals, procedures or equipment
that have any unusual hazards inherent in their use, the au-
thor must clearly identify these in the manuscript.

Disclosure and Conflicts of Interest

All authors should disclose in their manuscript any finan-
cial or other substantive conflicts of interest that might be
construed to influence the results or interpretation of their
manuscript. All sources of financial support for the project
should be disclosed.

Fundamental Errors in Published Works

When an author discovers a significant error or inaccuracy
in his/her own published work, it is the author’s obligation
to promptly notify the journal editor or publisher and co-
operate with the editor to retract or correct the paper.
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Responsibility for the Editor and Reviewers

General duties and responsibilities of the editor;

e Actively seek the views of authors, readers, review-
ers, and editorial board members about ways of im-
proving their journal’s processes

e Encourage and be aware of research into peer re-
view and ‘journalology’ and reassess journal pro-
cesses in the light of new findings

e Work to persuade their publishers to provide them
with appropriate resources, guidance from experts
(e.g. designers, lawyers) and adequate training to
perform their role in a professional manner and
raise the quality of their journal

e Support initiatives designed to reduce academic
misconduct

e Support initiatives to educate researchers about
publication ethics

e Assess the effects of their journal policies on author
and reviewer behavior and revise policies, as re-
quired, to encourage responsible behavior and dis-
courage misconduct

e Ensure that any press releases issued by the journal
reflect the message of the reported article and put it
into context

Duties of Reviewers;

Contribution to Editorial Decisions: Peer review assists
the editor in making editorial decisions and through the
editorial communications with the author may also assist
the author in improving the paper.

Promptness: Any selected referee who feels unqualified
to review the research reported in a manuscript or knows
that its prompt review will be impossible should notify the
editor and excuse himself from the review process.

Confidentiality: Any manuscripts received for review
must be treated as confidential documents. They must not
be shown to or discussed with others except as authorized
by the editor.
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Standards of Objectivity: Reviews should be conducted
objectively. Personal criticism of the author is inappropri-
ate. Referees should express their views clearly with sup-
porting arguments.

Acknowledgment of Sources: Reviewers should identify
relevant published work that has not been cited by the au-
thors. Any statement that an observation, derivation, or ar-
gument had been previously reported should be accompa-
nied by the relevant citation. A reviewer should also call
to the editor's attention any substantial similarity or over-
lap between the manuscript under consideration and any
other published paper of which they have personal
knowledge.

Disclosure and Conflict of Interest: Privileged infor-
mation or ideas obtained through peer review must be kept
confidential and not used for personal advantage. Review-
ers should not consider articles in which there are conflicts
of interest arising from competition, cooperation, or other
relationships or affiliations with any of the authors, com-
panies, or institutions affiliated with the articles and
should withdraw from the peer review process.

Rules that Authors Must Follow in
Submitting Articles

All submissions are screened by similarity detection
software. The similarity rate in the articles to be sent
to the journal should be below 20%.

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

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

1. Substantial contributions to the conception or de-
sign of the work; or the acquisition, analysis, or in-
terpretation of data for the work;

2. Drafting the work or revising it critically for im-
portant intellectual content;

3. Final approval of the version to be published;
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4. Agreement to be accountable for all aspects of the
work in ensuring that questions related to the accu-
racy or integrity of any part of the work are appro-
priately investigated and resolved.

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

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

“FOOD and HEALTH” journal requires correspond-
ing authors to submit a signed and scanned version of
the copyright transfer, ethics, and authorship contribu-
tion form (available for download at

https://dergipark.org.tr/tr/download/journal-file/19582)

during the initial submission process in order to act ap-
propriately on authorship rights and to prevent ghost or
honorary authorship. If the editorial board suspects a
case of “gift authorship,” the submission will be re-
jected without further review. As part of the submis-
sion of the manuscript, the corresponding author should
also send a short statement declaring that he/she accepts
to undertake all the responsibility for authorship during
the submission and review stages of the manuscript.

“FOOD and HEALTH” journal requires and encour-
ages the authors and the individuals involved in the
evaluation process of submitted manuscripts to disclose
any existing or potential conflicts of interest, including
financial, consultant, and institutional, that might lead
to potential bias or a conflict of interest. Any financial
grants or other support received for a submitted study
from individuals or institutions should be disclosed to
the Editorial Board. To disclose a potential conflict o f
interest, the ICMJE Potential Conflict of Interest Dis-
closure Form should be filled in and submitted by all
contributing authors. Cases of a potential conflict of
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interest of the editors, authors, or reviewers are re-
solved by the journal’s Editorial Board within the
scope of COPE and ICMJE guidelines.

When using previously published content, including
figures, tables, or any other material in both print and
electronic formats, authors must obtain permission
from the copyright holder. Legal, financial and criminal
liabilities in this regard belong to the author(s).

Statements or opinions expressed in the manuscripts
published in the “FOOD and HEALTH” journal re-
flect the views of the author(s) and not the opinions of
the editors, the editorial board, or the publisher disclaim
any responsibility or liability for such materials. The fi-
nal responsibility in regard to the published content
rests with the authors.

Manuscript Preparation

Manuscripts can only be submitted through the jour-
nal’s online manuscript submission and evaluation sys-
tem, available at

http://dergipark.gov.tr/journal/1646/submission/start

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

Authors are required to submit the following forms dur-
ing the initial submission.

e Copyright Transfer, Ethic, Authorship Contri-
bution Forms (one pdf file available from
https://dergipark.org.tr/tr/download/journal-
file/19582)

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

Manuscripts prepared in Microsoft Word must be con-
verted into a single file before submission. Please start
with the title page and insert your graphics (schemes, fig-
ures, efc.), and tables in the one main text (word office
file).

Title (should be clear, descriptive, and not too long)
Full Name(s) and Surname (s) of author(s)
ORCID ID for all author (s) (http://orcid.org/)

Authors complete correspondence Address (es) of af-
filiations and e-mail (s)

Abstract

Keywords (indexing terms), normally 3-6 items

Introduction
Material and Methods
Results and Discussion

Conclusion
Compliance with Ethical Standards

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

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

Funding: If there is any, the institutions that support the
research and the agreements with them should be given
here.

Acknowledgment: Acknowledgments allow you to thank
people and institutions who assist in conducting the re-
search.
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¢ Disclosure: Explanations about your scientific / article
work that you consider ethically important.

References
Tables (all tables given in the main text)
Figures (all figures/photos given in the main text)

Manuscript Types

Original Articles: This is the most important type of
article since it provides new information based on orig-
inal research. The main text should contain “Intro-
duction”, “Materials and Methods”, “Results and
Discussion”, “Conclusion”, “Compliance with Ethi-
cal Standard” and “References” sections.

Statistical analysis to support conclusions is usually
necessary. Statistical analyses must be conducted in ac-
cordance with international statistical reporting stand-
ards. Information on statistical analyses should be pro-
vided with a separate subheading under the Materials
and Methods section and the statistical software that
was used during the process must be specified.

Units should be prepared in accordance with the Inter-
national System of Units (SI).

Review Articles: Reviews prepared by authors who
have extensive knowledge of a particular field and
whose scientific background has been translated into
a high volume of publications with a high citation po-
tential are welcomed. These authors may even be in-
vited by the journal. Reviews should describe, dis-
cuss, and evaluate the current level of knowledge of
a topic in research and should guide future studies.
The main text should start with the Introduction and
end with the Conclusion sections. Authors may
choose to use any subheadings in between those sec-
tions.

Short Communication: This type of manuscript discusses
important parts, overlooked aspects, or lacking parts of a
previously published article. Articles on subjects within
the scope of the journal that might attract the readers’ at-
tention, particularly educative cases, may also be submit-
ted in the form of a “Short Communication” Readers can
also present their comments on the published manuscripts
in the form of a “Short Communication”. The main text
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should contain “Introduction”, “Materials and Meth-
ods”, “Results and Discussion”, “Conclusion”, “Com-
pliance with Ethical Standard” and “References” sec-
tions.

Table 1. Limitations for each manuscript type

Type of Page  Abstract Reference
manuscript 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, and
presented after the reference list, and they should be
numbered consecutively in the order they are re-
ferred to within the main text. A descriptive title must
be placed above the tables. Abbreviations used in the
tables should be defined below the tables by foot-
notes (even if they are defined within the main text).
Tables should be created using the “insert table”
command of the word processing software and they
should be arranged clearly to provide easy reading.
Data presented in the tables should not be a repetition
of the data presented within the main text but should
be supporting the main text.

Figures and Figure Legends

Figures, graphics, and photographs should be submitted in
main document WORD files (in JPEG or PNG format)
through the submission system. Any information within
the images that may indicate an individual or institution
should be blinded. The minimum resolution of each sub-
mitted figure should be 300 DPI. To prevent delays in the
evaluation process, all submitted figures should be clear in
resolution and large (minimum dimensions: 100%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 pa-
rentheses following the definition.
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When a drug, product, hardware, or software program is
mentioned within the main text, product information, in-
cluding the name of the product, the producer of the prod-
uct, and city and the country of the company, should be
provided in parentheses in the following format: “Discov-
ery St PET/CT scanner (General Electric, Milwaukee, W1,
USA)”

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

Limitations, drawbacks, and shortcomings of original ar-
ticles should be mentioned in the Discussion section be-
fore the conclusion paragraph.

References

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

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

....(Erkan, 2011).

....(Mol and Erkan, 2009).

....(Ozden et al., 2021).

....(Mol and Erkan, 2009; Erkan, 2011; Ozden et al., 2021).

Citations for a Reference Section:

An article

Olcay, N., Aslan, M., Demir, M.K., Ertas, N. (2021).
Development of a functional cake formulation with purpl
e carrot powder dried by different methods. Food and
Health, 7(4), 242-250. https://doi.org/10.3153/FH21025

A book in print

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

E-ISSN 2602-2834
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A book chapter

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

A webpages

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

Revisions

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

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