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ABSTRACT  
 
The nutritional and positive effects of plant-based milks on human health are increasingly studied, and their 
integration into various food formulations has become essential in new product development. In this study, hemp seed 
milk was added to the ice cream mix as a functional ingredient and a replacement for cow’s milk (0-25-50-75-100%) 
to investigate its effect on the physicochemical, rheological, textural, functional, and sensory properties of ice cream. 
As the ratio of hemp seed milk with a high protein content increased in the mix, ice cream samples with higher protein 
content were obtained compared to the control sample. The use of hemp seed milk reduced the first dripping time and 
increased the melting rate of ice creams, causing them to melt in a greater mass. However, statistically insignificant 
changes in the hardness parameter were observed as their textural properties. The apparent viscosity values of ice 
creams decreased, and the difference between elastic (G') and viscous (G'') properties also reduced compared to the 
control ice cream. Among ice creams with hemp seed milk, the sample containing 25% hemp seed milk received the 
highest sensory score. Considering the functional properties, as the hemp seed milk ratio increased, ice creams with 
higher total phenolic contents and antioxidant activities were obtained compared to the control sample. In conclusion, 
taking into account its favorable sensory properties, using a 25% hemp seed milk ratio can be suggested as a plant-
based milk option that delivers desirable physicochemical and functional characteristics to ice cream. 
 
Keywords: Hemp seed milk, Seed-based milk, Vegetable milk, Ice cream, Functional 
 
 

Dondurmada Kenevir Tohumu Sütü Kullanımı ve Fizikokimyasal, Reolojik, Biyoaktif ve 
Duyusal Özellikleri Üzerine Etkisi 

 

ÖZ 
 
Bitki bazlı sütlerin insan sağlığı üzerindeki besleyici ve olumlu etkileri giderek daha fazla araştırılmakta ve bunların 
çeşitli gıda formülasyonlarına entegrasyonu, yeni ürün geliştirmede önemli bir hale gelmektedir. Bu çalışmada, 
kenevir tohumu sütü, fonksiyonel bir bileşen ve inek sütü yerine (0-25-50-75-100%) kullanılmak üzere dondurma 
karışımına eklenerek, dondurmanın fizikokimyasal, reolojik, tekstürel, fonksiyonel ve duyusal özellikleri üzerindeki 
etkileri araştırılmıştır. Dondurma karışımında protein içeriği yüksek kenevir tohumu sütü oranı arttıkça kontrol 
dondurmaya göre daha yüksek protein içeriğine sahip dondurmalar elde edilmiştir. Kenevir tohumu sütü kullanımı, 
dondurmaların ilk damlama süresini kısaltıp erime hızını artırarak daha büyük kütlede erimeye neden olmuştur. Ancak 
tekstürel özelikler incelendiğinde sertlik parametresi üzerinde istatistiksel olarak anlamlı bir değişiklik gözlenmemiştir. 
Dondurmaların görünür viskozite değerleri azalmış, elastik (G') ve viskoz (G'') özellikleri arasındaki fark da kontrol 
dondurmasına göre azalmıştır. Kenevir tohumu sütü ilave edilen dondurmalar arasında %25 kenevir tohumu sütü 
içeren dondurma en yüksek duyusal değerlendirme puanını almıştır. Fonksiyonel özellikler dikkate alındığında ise 
kenevir tohumu sütü oranı arttıkça kontrol dondurmaya göre daha yüksek toplam fenolik ve antioksidan aktiviteye 
sahip dondurmalar elde edilmiştir. Sonuç olarak %25 kenevir tohumu sütü oranı dondurmanın hem fizikokimyasal ve 
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fonksiyonel özelliklerini geliştiren hem de duyusal açıdan beğenilen bitki bazlı süt olarak önerilebilir.  
 
Anahtar Kelimeler: Kenevir tohumu sütü, Tohum bazlı sütler, Bitkisel sütler, Dondurma, Fonksiyonel 
 

 
INTRODUCTION 
 
Milk and dairy products constitute an important part of 
our diet. However, interest in plant-based products is 
increasing due to reasons such as the adverse effects of 
animal food production on the environment, the danger 
of insufficient animal food sources for the increasing 
population, lactose intolerance, adverse health effects, 
and new lifestyles including vegetarian and vegan diets 
[1-3]. Plant-based milk substitutes, or plant extracts, are 
water-soluble extracts of cereals (oats, rice), legumes 
(chickpea, soybeans), nuts (almonds, coconut, cashew 
nut, hazelnuts), seeds (sesame, sunflower, hemp, 
flaxseed) and pseudocereals (quinoa, teff) [4, 5]. Plant-
based milks are not only consumed as beverages but 
also used as ingredients in food formulations. There are 
many studies in the literature investigating the use of 
plant-based milks in a fermented beverage [6, 7], 
yoghurt [8, 9], pudding [1, 10], cheese [10, 11], and ice 
cream [12-14] formulations. Since the sugar used in ice 
cream can mask the unfamiliar taste of plant-based 
ingredients, ice cream is a suitable food matrix in which 
plant-based ingredients can be included [15].   
 
The cultivation and production of hemp (Cannabis sativa 
L.) were under control for years due to the psychoactive 
substance (delta-9 tetrahydrocannabinol, THC) it 
contains [16]. However, in the production of hemp-
based food products, materials obtained from the 
industrial hemp plant containing 0.3% to 1.5% THC are 
used. Therefore, unlike Marijuana, which has 
psychoactive properties including 5%-10% or more 
THC, industrial hemp can be used legally [17]. Hemp 
seed is a nutritional valuable seed due to its protein (20-
25%), lipids (25-35%), carbohydrate (20-30%), insoluble 
fiber (10-15%), and ash (4-7%) content, which varies 
depending on the variety. Hemp seed is also vital for 
human nutrition, mainly due to its total polyphenols and 
essential fatty acids (linoleic acid-LA, C18:2, ω-6 and α-
linolenic acid-ALA, C18:3, ω-3) [18, 19]. Hemp seeds 
are also a rich source of antioxidants and 
phytochemicals that positively affect health [20]. 
Therefore, hemp-based materials such as protein, oil, 
flour, and milk can be used as functional ingredients in 
producing functional food products [20, 21]. 
 
Hemp seed milk is one of seed-based plant milk and is 
an oil-in-water emulsion resulting from the extraction of 
hemp seeds with water [22]. There are studies 
examining hemp seed milk only as a beverage [23-25] 
or examining the effects of some technological 
processes, such as ultrasound [26, 27], homogenization 
[16, 26], enzyme applications [28] and heat treatment 
[29], on the stability of hemp seed milk. Studies also 
investigate its use as an ingredient in different food 
formulations to develop new products. The possibilities 
of using hemp seed milk in the production of products 
such as ayran [9], yoghurt [30], ice cream [31] and kefir 
[32] was investigated. 

 
In this study, because the ice cream mix already 
included stabilizers and emulsifiers, it was considered a 
food matrix that did not require any further processing to 
stabilize hemp seed milk. Differing from previous 
research, this study focused on evaluating the impact of 
varying hemp seed milk to cow’s milk ratios, rather than 
just a single formulation, by analyzing how these ratios 
influenced the structure of the resulting ice cream. The 
research investigated the use of hemp seed milk as a 
replacement for cow’s milk in ice cream formulations -
without the need for additional processing- and 
examined its effects on the physicochemical, 
rheological, sensory, and functional properties of the ice 
cream. 
 

MATERIALS and METHODS 
 

Materials 
 
The raw materials used in ice cream production were 
purchased from the following companies in Türkiye: 
skim milk powder (Enka Süt, Adana), sugar (Doğuş Çay, 
Afyonkarahisar), vanilla (Dr. Oetker, İzmir), emulsifier 
and stabilizer mixture (Danisco, İstanbul) and milk 
cream with 35% milk fat content (Şok Market, Samsun). 
Hemp seeds were supplied from Kenevir Araştırmaları 
Enstitüsü (Ondokuz Mayıs University, Samsun). To 
obtain hemp seed milk, hemp seeds (20%, w/v) were 
mixed with distilled water and mixed with Ultra Turrax 
homogenizer (Ika Homogenizer T-25 basic Ultra Turrax, 
Staufen im Breisgau, Baden-Württemberg, Germany) at 
10000 rpm for 10 min. Then, hemp seed milk passed 
through a 120-mesh sieve. 
 

Methods 
 

Ice Cream Production 
 
The ice cream mix was calculated to contain 30% total 
dry matter and 8% fat. The ingredients used in the ice 
cream mix were as listed: 15% sugar, 0.75% stabilizer, 
and the remainder were cow milk (CM) or hemp seed 
milk (HM) and various combinations of them (CM-HM 
ratios: 100-0 (Control), 75-25, 50-50, 25–75, 0–100%). 
Besides, to achieve 8 g/100 g fat content in ice cream 
formulations, milk cream with 35% milk fat content was 
used.  The milk was heated to approximately 45°C, and 
powder ingredients were added. The mixture was then 
heated and homogenized at 10000 rpm for 10 minutes 
(Ika Homogenizer T-25 basic Ultra Turrax, Staufen im 
Breisgau, Baden-Württemberg, Germany). The 
homogenized mix was pasteurized in a water bath at 
80°C for 10 minutes. Ice cream mixes were cooled to 
4°C and then aged overnight at 4°C. 
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Physicochemical Analyses of Samples 
 
The dry matter and ash content of the ice cream 
samples were determined gravimetrically by keeping 
them in an oven at 105 °C and a furnace at 550°C, 
respectively [33]. Kjeldahl method was applied to 
determine protein content [34]. After the total nitrogen 
amount was found, the protein amount was calculated 
by multiplying it by 6.38. Fat content was determined 
using the Gerber assay [35]. The pH values of the ice 
cream mixes were measured with a pH meter (Eutech 
Instruments, pH 700, Waltham, Massachusetts, USA). 

Color values of ice cream samples were determined 
with a color measuring device (Minolta Chroma Meter 
CR-400, Tokyo, Japan) using CIELAB system. The “L*” 
value represents brightness (0: black, 100: white), the 
“a*” value represents red/green (+: red, -: green), and 
the “b*” value represents yellow/blue (+: yellow, -: blue). 
The color difference value (∆E*) value, which shows the 
difference of the ice creams with hempseed milk (L2, a2, 
b2) from the control ice cream (L1, a1, b1) in terms of 
color, was calculated according to Equation 1 given 
below; 

 

∆E* = √(𝐿2 − 𝐿1
2) + (𝑎2 − 𝑎1)2 + (𝑏2 − 𝑏1)2 

(1) 

  

Rheological Properties of Ice Cream Mix 
 
The rheological properties of ice cream samples were 
determined using a Haake Mars III (Thermo Scientific, 
Waltham, Massachusetts, USA) device with conical and 
plate geometry (35 mm diameter, 0.104 mm gap, 2° 
angle) according to Kurt and Atalar [35]. The steady and 
viscoelastic properties of the ice creams were measured 
at +4°C. In addition, the ice cream samples were loaded 
onto the geometric probe and waited for 2 minutes for 
structure recovery and temperature equilibrium before 
each measurement. Shear rates from 0.1 s-1 to 100 s-1 
(increasing) were applied to the samples for 3 min to 
determine the flow behavior graphs and apparent 
viscosity values (at a 50 s-1 shear rate). The flow 
behavior was analyzed by using the Herschel–Bulkley 
model based on the following Equation 2: 
 

𝜏 = 𝜏𝑌 + 𝐾γ˙𝑛 (2) 

 

where  is the shear stress (Pa), y is the yield stress 

(Pa), K is the consistency coefficient (Pa s), 𝛾 is the 
shear rate (s−1) and n is the flow behavior index 
(dimensionless). 
 
Dynamic rheological measurements were made to 
determine ice cream samples' viscoelastic properties, 
and storage (G') and loss modulus (G'') values were 
obtained. For this purpose, measurements were made 
at a shear stress of 0.2 Pa (linear viscoelastic area 
determined by stress sweep analysis) and a frequency 
range of 0.1-10 Hz. 
 

Textural Properties of Ice Cream Mix 
 
A texture analyzer (TA-XT2 Stable Micro Systems Co., 
Ltd., Surrey, UK) was used to determine the hardness 
value of ice creams stored in a plastic container at -18°C 
for 24 h. The analysis was carried out using a cylindrical 
probe with a diameter of 5 mm, penetration depth of 5 
mm, and penetration speed of 1.0 mm/s. The hardness 

is expressed as the peak pressure force (N) during 
penetration [35]. 
 

Melting Properties of Ice Cream Mix 
 
The first dripping time (min) and melting rate (g/min) 
were determined according to the method reported by 
Aboulfazli, Baba [36]. The hardened ice cream sample 
(~30 g) was left to melt on a 1.34 mm sieve on top of a 
pre-tared beaker in a cabinet set at 25°C, and the 
amount of ice cream melted into the beaker was 
recorded at a 5-minute interval for 45 min. The 
percentage of ice cream drip-off was calculated using 
the following Equation 3 [37]: 
 

Drip-off (%) = (md/ms) × 100 (3) 
 
where md is the weight of the ice cream drip-off (g) at 
the end of 30 min, and ms is the weight of the ice cream 
sample (g) at the beginning of the analysis. 
 

Functional Properties of Ice Cream Samples 
 
Bioactive compound extraction from ice creams was 
carried out according to the method of Gul, Atalar [8] 
with some modifications. The samples were mixed with 
80% methanol at a ratio of 1:1 and shaken for 1 hour at 
ambient temperature. Then samples were centrifuged 
(Nüve-Bench Top Centrifuge, NF 1200R, Ankara, 
Türkiye) at 8,000xg for 30 min at 4°C. Suspensions 
were filtered with Whatman filter paper no. 1 and the 
filtrate was used for total phenolic content (TPC) and 
1,1-diphenyl-2-picrylhydrazil (DPPH) analysis. 
 
The filtrates were mixed with Folin reagent to determine 
total phenolic component determination, and then 2.5 
mL of 7.5% (w/v) Na2CO3 was added. After keeping 
them in a dark condition for 30 min, absorbance was 
measured at 760 nm using a UV/VIS spectrophotometer 
(Shimadzu UV-1800, Tokyo, Japan). Results were 
calculated as Gallic acid equivalent using the calibration 
curve (R2:0.9998) given below (Equation 4); 

 

TPC (mg GAE/100g) = [(Absorbance ─ 0.179)/0.0123]  Dilution factor (4) 

 
To determine DPPH activity, 4.9 mL of DPPH agent was 
added to 0.1 ml of filtrate, and the absorbance was read 
at 517 nm using a UV/VIS spectrophotometer 

(Shimadzu UV-1800, Japan) after waiting in the dark for 
30 min. Results were calculated using the calibration 
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curve (R2:0.9997) below based on the Trolox® equivalent (Equation 5); 
 

Trolox (mM) = [(Absorbance + 0.5998)/(56.608)]Dilution factor (5) 

 

Sensorial Properties of Ice Cream Samples 
 
Ice cream samples stored at -18°C for 25 days were 
evaluated using a hedonic scaling method for color/ 
appearance (1=undesired, 5=desired), texture 
(1=undesired, 9=desired), taste and aroma 
(1=undesired, 9=desired) and general acceptability [35]. 
Thirty panelists (academic staff and graduate students) 
at Ondokuz Mayis University Food Engineering 
Department participated in the sensorial evaluation test. 
 
 
 
 

Statistical Analysis 
 
The data was analyzed using IBM SPSS software 
(Version 20, Chicago, USA). The one-way ANOVA and 
Duncan’s post-hoc test at a 5% significance level were 
conducted. 
 

RESULTS and DISCUSSION 
 
Physicochemical Properties of Samples 
 
The physicochemical compositions of cow and hemp 
seed milk used for ice cream making are given in Table 
1. 

 
Table 1. Physicochemical properties of cow and hemp seed milk 

Physicochemical properties Cow milk Hemp seed milk 

Dry matter, % 11.94±0.09 12.13±0.04 
Ash, % 1.70±0.28 0.73±0.08 
Protein, % 2.50±0.44 4.67±0.03 
Fat, % 3.45 0.07 9.30±0.14 
pH 6.32±0.01 6.66±0.01 
L* (lightness/ darkness) 90.10±0.20 87.70±0.22 
a *(red/green) -2.09±0.01 -0.71±0.23 
b* (blue/yellow) 4.10±0.17 9.28±0.39 

* L*: light (100) to dark (0), a*: red (+a*) to green (-a*), b*: blue (-b*) to yellow (+b*) 

 
The dry matter content of hemp seed milk, prepared 
with 20% hemp seeds to obtain the dry matter similar to 
cow's milk (11.94%±0.09), was determined as 12.13%. 
In the study by Gram and Mortas (2023), the dry matter 
of hemp seed milk prepared at a 1:5 (seed: distilled 
water) ratio was around 10.3-10.46%. Protein, fat, and 
pH values were higher in hemp seed milk than cow milk. 
On the contrary, the ash amount and L* value were 
found to be higher in cow’s milk. Since the composition 
of hemp milk varies depending on the amount of hemp 
seeds used, hemp milk with different compositions has 

been obtained in the literature. The protein, fat and ash 
contents of the hempseed milk samples used were 
found at 0.83-6.96%, 1.25–18.02% and 0.47–0.664%, 
respectively in studies [9, 16, 25]. Considering these 
minimum and maximum values in the literature, the 
chemical composition of the hemp seed milk produced 
was within the specified range. 
 
The physicochemical properties of ice cream samples 
are given in Table 2. 

 
Table 2. Some physicochemical parameters of control and HM added ice creams 

Parameters 
Hemp Seed Milk Concentration 

Control 25% 50% 75% 100% 

Dry matter, % 30.13±0.08bc 29.89±0.04b 29.52±0.10a 29.98±0.10b 30.42±0.02c 
Ash, % 0.58±0.06a 0.54±0.09a 0.56±0.01a 0.55±0.04a 0.70±0.01a 
Protein, % 2.47±0.37a 2.81±0.07ab 3.10±0.03ab 3.50±0.10bc 3.94±0.04c 
Fat, % 8.40±0.28a 8.50±0.14a 8.30±0.14a 8.60±0.01a 8.70±0.14a 
pH 6.29±0.01a 6.66±0.01b 6.70±0.01bc 6.72±0.00c 6.78±0.02d 
L* (Lightness) 89.42±0.23c 87.64±0.03b 86.75±0.10a 87.72±0.00b 87.76±0.01b 
a* (redness) -1.26±0.08a -1.40±0.01a -1.31±0.01a -0.75±0.01b -0.59±0.01c 
b* (yellowness) 8.75±0.36a 8.40±0.11a 8.26±0.08a 9.84±0.03b 10.06±0.02b 
∆E* (Color difference) - 1.82±0.05a 2.08±0.01b 2.21±0.02b 2.71±0.10c 
Hardness (N) 10.32±1.65a 15.48±1.43a 13.71±2.47a 11.48±4.28a 13.37±2.01a 
* Values are means ± standard deviation. a-c means within the same line with different letters are significantly different at p<0.05 

 
The dry matter content of all ice creams was around 
30% since the mix formulation was calculated to be 30% 
solids. Ice creams containing similar dry matter were 
produced in a study examining quince seeds' effect on 
ice cream's characteristics [35]. There was no statistical 
difference between the ash amount of the ice cream 

samples (p˃0.05). The amount of protein increased as 
the hemp seed milk ratio increased. This was because 
the protein content of hemp seed milk was higher than 
cow's milk. It has been reported that plant milk generally 
has a higher protein content than cow's milk [38]. Since 
the fat content in the ice cream mix was calculated as 
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8%, the fat percentages were around this. According to 
the Turkish Food Codex (Number: 2022/13) the ice 
creams produced were included in the fatty ice cream 
category. The pH value of the samples increased as the 
hemp seed milk ratio in the ice cream mix increased 
since the pH value of hemp seed milk was higher than 
cow milk. The L* values of the samples with hemp milk 
added were statistically different from the control ice 
cream sample (p<0.05). The L* value of ice creams with 
hemp seed milk was lower than control ice cream 
because of the chlorophyll naturally found in hemp 
seeds [39]. Some studies also indicate that the L* value 
of ice cream prepared from plant milk was lower than ice 
cream prepared from cow's milk [12, 31, 36]. 
 
When the hardness values of the ice cream samples 
were examined, no statistically significant difference was 
found between the samples (p˃0.05). The texture of ice 
cream varies according to ingredients and processing 
conditions [40]. The hardness values of the samples 
vary between 10.32±1.65 and 15.48±1.43. Some studies 
in the literature have similar results [40, 41]. The 
increase in the hardness value of the ice cream 
containing 25% hemp seed milk compared to the control 
sample can be attributed to increased protein content 
with adding hemp seed milk. The rich protein content 
may have interacted with other ingredients in the ice 
cream mixture and contributed to increased water 
immobilization in the ice cream due to its water-binding 

properties, resulting in the formation of harder ice cream 
[42]. 
 
However, a decrease was observed in the hardness 
value of the ice creams containing 50, 75 and 100% 
hemp milk compared to the ice cream containing 25% 
hemp milk, although it was not statistically significant. 
The reason for this decrease may be that as the hemp 
milk ratio increases, the unsaturated fat ratio increases 
as well as the protein content. The fat droplets 
emulsified by the proteins in the colloidal structure of the 
ice cream may have lost their stability due to the 
increase in the unsaturated fat ratio. The destabilized oil 
droplets may have also caused the viscosity to decrease 
as the shear rate increased [35, 43]. 
 

Rheological Properties of Ice Cream Mix 
 
Rheological properties are important in terms of sensory 
evaluation in ice cream consumption. Furthermore, 
rheological parameters are important in mechanical 
transportation and convey the mix through lines during 
the process [31]. While the viscosity at low shear stress 
is associated with the consistency felt in the mouth, the 
viscosity at high shear rate can be understood by the 
flow characteristics in process operations such as 
pumping and spraying [44]. Apparent viscosities at 50 s-

1 and Herschel-Bulkley model parameters are given in 
Table 3. 

 
Table 3. The apparent viscosity and Herschel-Bulkley model parameters of ice creams 

Samples 
Apparent viscosity at 50 s-1, 

ƞ50 (Pa.s) 

Herschel-Bulkley Model Parameters 

Consistency index, 
K (Pa.sn) 

Flow behavior index, 
n 

R2 

Control 0.59±0.01c 9.98±2.28c 0.31±0.05a 0.9999 
25% 0.39±0.00b 5.94±0.39bc 0.34±0.01ab 0.9998 
50% 0.29 0.02a 1.19±0.45a 0.65±0.07cd 0.9999 
75% 0.27±0.01a 1.87±0.04ab 0.52±0.00bc 0.9999 
100% 0.25±0.01a 0.64±0.14a 0.75±0.05d 0.9998 
*Values are means ± standard deviation. a-e means within the same column with different letters are significantly 
different at p<0.05 

 
Herschel-Bulkley model was applied to the data 
obtained as a result of rheological analysis (R2˃0.99). 
Similar to our study, in many types of research in the 
literature, the flow behavior properties of ice creams 
produced were found to be suitable for the Herschel-
Bulkley model [35, 54]. All ice cream mixes had lower 
(0.31-0.75) flow behavior index values than 1 (one) and 
thus exhibited pseudo-plastic or shear-thinning flow, 
meaning that their viscosity decreased as the shear rate 
increased. As the hemp seed milk ratio increased, the 
apparent viscosity (50 s-1) and consistency index (K) 
decreased, while the flow behavior index (n) increased 
(p<0.05). High K value represents high consistency [45].  
The increase in n and the decrease in K may result from 
the structural rupture of the protein network of the ice 
cream due to shearing [36]. Samples with a low flow 
behavior index were reported to be easier to pump and 
more effective in providing the desired mouthfeel and 

texture [31]. At the same time, the apparent viscosity 
values of the ice cream samples decreased as the hemp 
seed milk ratio increased. The reason for this may be 
that the milk fat in cow's milk is of animal origin, while 
the fat in hemp milk is of vegetable origin.  An animal-
based partially coalesced fat provides firmness and 
structure to ice cream [46]. Although an optimum mix 
viscosity can not be defined, the apparent viscosity 
range at 50 shear ratio after aging is suggested to be 
0.1-0.8 Pas. In this study, the viscosity values of all 
prepared ice cream mixes were within this range [31]. 
 
Dynamic rheological properties of ice cream samples 
were examined to determine their viscoelastic 
properties. The storage (G’) modulus and loss (G’’) 
modulus and fluid behavior curves of ice cream mixes 
are given in Figure 1. 
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Figure 1. (a) Apparent viscosity vs. shear rate for ice cream mixes containing 0-100% 
hemp seed milk; (b-c-d-e-f-) Plots of storage (G′) and loss (G″) modulus as a function of 
frequency for ice cream mixes containing 0–0.100% hemp seed milk 

 
The G’ values of all ice cream samples were higher than 
the G’’ values. This indicates an elastic (solid-like) 
structure of the ice cream mix rather than a viscous 
(liquid-like) structure. While the storage modulus (G’) is 
associated with solid body-like behavior and therefore 
the hardness of ice cream, the loss modulus (G’’) 
describes viscous behavior and fluidity and is 
associated with the sensation of the creaminess of ice 
cream [47]. As the hemp milk ratio increased, viscous 
and elastic behavior values became closer. This 
situation was supported by the fact that as you add 
hemp milk, the viscosity decreased, and it became more 
liquid. Moreover, the reason why the loss modulus value 
of the ice cream mix increased as the hemp milk ratio 
increased could be shown to be that hemp seeds 
contain long-chain fatty acids, which are known to be 
liquid [46]. Similar to this study, ice creams with storage 
modulus values higher than loss modulus values have 
been produced in the literature [48, 49] 
 
 
 
 

Melting Properties of Ice Cream Samples 
 
The chemical composition and physical structure of ice 
cream affect its melting properties [37]. The melting rate 
(g/min), drip-off (%) and first dripping time (min) of ice 
cream samples are given in Table 4. Also, images of ice 
cream samples at 0, 20, 30, and 45 minutes are shown 
in Figure 2. 
 
As the hemp milk ratio increased, the melting rate and 
dripping amount of the ice cream samples also 
increased. This may be because hemp seed milk's fat 
melted faster than cow's milk fat. Similar results were 
obtained in a study using plant-based coconut milk [14]. 
Similar to this study, in a study where walnut milk was 
used in ice cream making, it was determined that the 
energy required to melt ice cream made with walnut milk 
was less than the control sample [13]. Unlike this study, 
the study conducted by Atalar and Kurt [12] stated that 
hazelnut milk improved the melting properties of ice 
cream samples due to its high protein content, which 
melted later. 
 



A. Beşir Özgeçen Akademik Gıda 23(1) (2025) 1-11 

 7 

Figure 2. Melting behavior of ice cream containing 0-100% hemp 
seed milk (HM) 0 (a), 20 (b), 30 (c) and 45 (d) min later at room 
temperature (25±2 °C) 

 
Milk fat globules affect the melting properties of ice 
cream by surrounding air bubbles and contributing to air 
phase stabilization. It has been reported that the more 
unsaturated the vegetable oil used in the ice cream mix 
and the longer the fatty acid chain, the more 
pronounced the destabilization of the fat globules [50]. 
The presence of polyunsaturated fatty acids (linoleic 
acid, C18:2ω6 and α-linolenic acid, C18:2ω3) in 

hempseed milk can explain the negative effect on 
melting properties as the hemp milk ratio increases in 
the ice cream mix [51]. Similar to this study, in the study 
conducted by Güven and Kalender [52], it was observed 
that the use of vegetable oils such as hazelnut oil and 
olive oil negatively affected and accelerated the melting 
of ice cream. 

 
Table 4. Melting properties of ice creams 

Sample Melting rate (g/min) Drip-off (%) First dripping time (min) 

Control 0.27±0.08a 17.67±5.66a 3.32±0.19a 
25% 0.40±0.13ab 26.67±8.48ab 2.85±0.46a 
50% 0.59±0.16ab 39.58±10.48ab 2.74±0.51a 
75% 0.73±0.03b 48.50±2.12b 2.57±0.01a 
100% 0.74±0.06b 49.50±4.00b 2.30±0.04a 
*Values are means ± standard deviation. a-b means within the same column with different letters are significantly 
different at p < 0.05.  

 
No statistical difference was observed between the ice 
cream samples regarding the first dripping times (p: 
0.149). A high negative correlation exists between initial 
drip time and melting (r: -0.93) rate. Additionally, a high 
negative correlation was also calculated between 
apparent viscosity values and melting rate (r: -0.94). A 
high positive correlation was also found between the 
first drip time and viscosity (r: 0.95). These results 
revealed the importance of viscosity on the melting 
properties of ice cream. In the study conducted by [35], 
it was stated that viscosity is important in ice cream 
samples with high correlation parameter. 
 
 
 
 

Functional Properties of Ice Cream Samples 
 
Among the functionalization strategies of ice cream, the 
presence of bioactive components is important [53]. 
Plant-based milk stand out with their bioactive 
components (for example, soy-based beverages contain 
isoflavones and phytosterols; almond-based beverage 
contains tocopherol and arabinose; oat-based beverage 
contains glucan; hemp seed milk contains 
polyunsaturated fatty acids (PUFAs) and essential fatty 
acids (EFAs), are therefore used to produce functional 
products [38, 54-56]. Bioactive compounds in ice 
creams were determined by total phenolic content and 
antioxidant activity analysis, and the results are shown 
in Figure 3. 
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Figure 3. The total phenolic contents (TPC) (a) and antioxidant activity levels of ice cream mixes 
containing 0-100% hemp seed milk (b)  

 
As the ratio of hemp seed milk in the ice cream mix 
increased, both the total phenolic content and 
antioxidant activity of the samples increased. Bioactive 
compounds such as linoleic acid, γ-tocopherol, 
cannabidiol acid, lignan-amides, and terpenes contained 
in hemp seed can be shown as the reason why the 
phenolic and antioxidant content increased as the hemp 
seed milk ratio increased [25]. A study conducted by 
Beşir and Mortaş [9] determined that the antioxidant and 
phenolic component content of ayran drink with 
increased hemp milk content was higher than that of 
ayran prepared entirely from cow's milk. Similar to this 

study, phenolic and antioxidant contents increased in ice 
creams produced from hazelnut milk in a study 
researched by Atalar and Kurt [12]. In another study, the 
effect of non-dairy ingredients (coconut milk and  
coconut sugar) on total phenolic content was found to 
be highly significant [14]. 
 

Sensorial Properties of Ice Cream Samples 
 
Sensorial parameters evaluated for ice cream samples 
are given in Table 5. 

 
Table 5. Sensory parameters of control and HM added ice creams 

Parameters 
Hemp seed milk concentration 

Control 25% 50% 75% 100% 

Appearance 8.59±0.62a 8.53±0.72a 8.29±0.92a 7.88±0.99a 7.94±1.03a 
Taste and aroma 8.58±0.62b 7.88±0.93ab 7.23±0.97a 6.88±1.32a 7.53±1.46a 
Texture 8.12±0.86b 7.59±1.12ab 7.47±0.80ab 7.18±0.88ab 7.12±1.41a 
General acceptance 8.56±0.55b 7.91±0.94ab 7.56±0.74a 7.23±0.97a 7.44±1.25a 

* Values are means ± standard deviation. (n = 25 panelists for each ice cream type). a-b means within the same line with different 
letters are significantly different at p<0.05. Sensory attributes and their scales: 1 = undesired, 9 = desired. Values are means ± 
standard deviation. a-b means within the same line with different letters are significantly different at p<0.05 

 
There was no statistical difference between the ice 
cream samples regarding appearance (p: 0.058). For 
the taste-aroma parameter, ice cream containing 25% 
hemp milk was scored similarly to control ice cream. 
Taste and aroma differed statistically from control ice 
cream, starting from a 50% hemp seed milk ratio. 
Regarding texture, except 100% hemp seed milk all 
ratios were evaluated as close to control ice cream 
(p˃0.05). When general acceptability was assessed, the 
most liked ice cream with hemp seed milk added by the 
panelists was the ice cream containing 25% hemp seed 
milk. While the addition of plant-based milk increased 
the acceptability compared to the control sample in 
some studies [12, 13], it decreased the acceptability in 
some studies [56-58]. In a study where ice cream was 
made using soy and sweet bean milk, as the proportion 
of plant milk increased, the panelists' approval score 
decreased, and they determined that the best 
concentration of plant-based milk was 25% [57]. In the 
sensory analysis performed on ice creams produced 
using hemp seed milk and almond milk, ice cream 

produced from hemp seed milk was less liked due to the 
high density and slightly unpleasant aroma specific to 
hemp seed milk [56]. Like hemp seed milk, ice cream 
made from soy milk was also disliked due to its intense 
flavor [58]. 
 

CONCLUSION 
 
This study investigated the usability of hemp milk in ice 
cream production. Thanks to the high protein content of 
hemp seed and its rich phenolic-antioxidant content, 
hemp seed milk-based ice creams with higher protein 
content and improved functional properties were 
obtained compared to the control ice cream sample 
made from cow's milk. Using hemp milk instead of cow's 
milk did not positively affect viscosity and melting 
properties. When the hardness value was examined, ice 
creams similar to the control ice cream were obtained. 
As the hemp milk ratio increased, the apparent viscosity 
of the ice cream decreased due to the hemp seeds 
containing long-chain fatty acids, which are known to be 
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liquid. In addition, the loss modulus increased, and the 
viscous and elastic behavior values became closer to 
each other. From a sensory perspective, considering the 
general acceptability parameter, the acceptable hemp 
milk rate was determined to be 25%. If the results of this 
study are supported by future studies examining its 
effects on health, hemp seed milk can be recommended 
as an alternative plant-based milk that can be used in 
the production of functional ice cream, as it increases 
the total phenolic and antioxidant content of ice cream. 
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ABSTRACT 
 
In this study, the antioxidant activities, total phenolic content (TPC), total flavonoid content (TFC), and phenolic 
compounds in the leaves of wild edible plants, grown in Afyonkarahisar, Turkey were investigated. Antioxidant 
activities were measured by 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2ˊ-azine-bis (3-ethylbenz-thiazoline-6-sulfonic 
acid) diammonium salt (ABTS), and ferric reducing antioxidant power (FRAP) assays, while phenolic acids and 
flavonoids were identified and quantified by high performance liquid chromatography. The plants included Lactuca 
serriola L. (bitter lettuce), Thymus vulgaris L. (thyme), Sinapis arvensis L. (mustard), Malva neglecta L. (hibiscus), 
Amaranthus retroflexus L. (redroot pigweed), Tragopogon longirostris bisch (goat’s beard), Taraxacum officinale 
(dandelion), and Chenopodium album (baconweed or lamb’s quarters). Phenolic acids, including gallic acid, ferulic 
acid, chlorogenic acid, p-coumaric acid, ellagic acid, vanillic acid, caffeic acid, cinnamic acid, 4-hydroxybenzoic acid, 
2,5-dihydroxybenzoic acid and flavonoids including catechin, apigenin, naringin, rutin and quercetin amounts in plant 
leaves were determined. All plants showed antioxidant properties but Tragopogon longirostis bisch, Sinapis arvensis 
L., and Thymus vulgaris L. had higher antioxidant activity than the rest. The highest TPC (2.69 mg/g) belonged to 
Tragopogon longirostis bisch, and the highest TFC (1.84mg/g) belonged to Amaranthus retroflexus. Amaranthus 
retroflexus L. had the highest gallic acid and vanillic acid levels. Malva neglecta L. had the highest ferulic, chlorogenic, 
ellagic, and cinnamic acid contents. Tragopogon longirostris bisch had the highest p-coumaric acid, 4-hydroxybenzoic 
acid, and 2,5 dihydroxybenzoic acid levels. It was observed that Malva neglecta L. had the highest catechin, apigenin, 
and quercetin contents while Thymus vulgaris L. had the highest naringin and rutin levels. These results suggested 
these leaves could be consumed as the sources of natural antioxidants in human diet.  
 
Keywords: Phenolic, Antioxidant, DPPH, ABTS, FRAP  
 
 

Afyonkarahisar'da Yetişen Sekiz Yabani Yenilebilir Bitkinin Antioksidan Aktivitesi ve 
Fitokimyasal Profili 

 

ÖZ 
 
Bu çalışmada, Türkiye’nin Afyonkarahisar ilinde yetişen yabani yenilebilir bitkilerin yapraklarının antioksidan 
aktiviteleri, toplam fenolik içerikleri (TPC), toplam flavonoid içerikleri ve fenolik bileşenler araştırılmıştır. Antioksidan 
aktiviteler 2,2-difenil-1-pikrilhidrazil (DPPH), 2,2ˊ-azin-bis (3-etilbenz-tiazolin-6-sülfonik asit) diamonyum tuzu (ABTS) 
ve demir indirgeyici antioksidan güç (FRAP) analizleri ile ölçülürken, fenolik asitler ve flavonoidler HPLC ile tanımlanıp 
miktarları belirlenmiştir. Bu bitkiler Lactuca serriola L. (acı marul), Thymus vulgaris L. (kekik), Sinapis arvensis L. 
(hardal), Malva neglecta L. (ebegümeci), Amaranthus retroflexus L. (kızılbacak), Tragopogon longirostris bisch 
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(tekesakalı), Taraxacum officinale (acıgünek) ve Chenopodium album'dur (sirken). Bitki yapraklarında fenolik asitler 
(gallik asit, ferulik asit, klorojenik asit, p-kumarik asit, ellagik asit, vanilik asit, kafeik asit, sinnamik asit, 4-
hidroksibenzoik asit, 2,5-dihidroksibenzoik asit) ile flavonoidlerin (kateşin, apigenin, naringin, rutin ve kuersetin) 
miktarları belirlenmiştir. Tüm bitkiler antioksidan özellik göstermiş fakat Tragopogon longirostis bisch, Sinapis arvensis 
L. ve Thymus vulgaris L. diğerlerinden daha yüksek antioksidan aktivite değerine sahip olmuştur. En yüksek toplam 
fenolik madde içeriği (2.69mg/g) Tragopogon longirostis bisch’e, en yüksek toplam flavonoid içeriği (1.84mg/g) 
Amaranthus retroflexus’a aittir. Amaranthus retroflexus L. en yüksek gallik asit ve vanilik asid içeriğine sahip iken 
Malva neglecta L. en yüksek ferulik, klorojenik, ellagik ve sinamik asit içeriğine sahip olmuştur. Tragopogon 
longirostris bisch en yüksek p-kumarik asit, 4-hidroksibenzoik asit ve 2,5 dihidroksibenzoik asidi düzeyini sergilemiştir. 
Malva neglecta L.’nin en yüksek kateşin, apigenin ve kuersetin düzeyi, Thymus vulgaris L.’nin ise en yüksek naringin 
ve rutin içeriğine sahip olduğu görülmüştür. Bulgular, bu bitki yapraklarının insan diyetinde doğal antioksidan 
kaynakları olarak tüketilebileceğini göstermiştir. 
 
Anahtar Kelimeler: Fenolik, Antioksidan, DPPH, ABTS, FRAP 
 

 

INTRODUCTION  
 
Medicinal plants contain healthcare components [1]. 
Phenolic compounds are found in most plants and have 
antioxidant activity. Their redox properties sustain the 
antioxidant properties of phenolics. Therefore, phenolic 
compounds can take a role as reducing agents, oxygen 
quenchers, and metal chelators [2]. Plants need 
phenolic compounds for growth, pigmentation, and 
resistance to pathogens. Plants are exposed to UV-B 
(280-320nm) radiation, adversely affecting DNA. Plants 
protect themselves from this radiation by producing 
phenolic compounds [3]. Natural antioxidants like 
phenolic compounds can replace synthetic antioxidants 
against oxidative degradation caused by free radicals 
[4]. Flavonoids are given as examples of phenolic 
compounds. Flavonoids, which have high absorption at 
250-270nm and 335-360nm, act as good UV screens 
[5]. The important flavonoid component is quercetin, one 
of the medicinal plants’ most active antioxidants. 
Phenolics in these plants prevent cancer, cardiovascular 
diseases, and asthma [6]. Al-Laith et al. [7] studied the 
antioxidant properties of three wild medicinal plants from 
Bahrain (Aizoon canariense L., Asphodelus tenuifolius 
Cav., and Emex spinosus L. Campdera). E. spinosus 
was ranked the highest antioxidant and antiradical 
activities with an average FRAP value of 1.84 mmol/g 
and IC50 of 10.7 and 7.75 mg/mL for DPPH and ABTS 
assays, respectively. Günbatan et al. [8] reported that 
DPPH, ABTS, and TFC of Malva neglecta L. were 
87.59%, 17.57 mg gallic acid equivalent/g and 42.93 mg 
rutin equivalent/g, respectively. Kolar et al. [9] 
demonstrated that Chenopodium album had 91.5% 
DPPH, 18.5 mg ascorbic acid equivalent/g FRAP, 14.9 
mg tannic acid equivalent/g TPC, and 0.37 mg quercetin 
equivalent/g TFC. Ivanov [10] showed that DPPH, 
FRAP, and TPC of Taraxacum officinale grown in 
Bulgaria were 130.3 mM Trolox® equivalent/g, 131.5 
mM Trolox® equivalent/g, and 33.90 mg gallic acid 
equivalent/g, respectively.  Ao and Deb [11] investigated 
the antioxidant potential of 10 wild edible mushrooms of 
Nagalan in India. They reported that the highest 
phenolic content was 18.7 g/100 g, and the highest 
flavonoid content was 9.3 g/100 g. Shen et al. [12] 
reported that okra fruit shows antioxidant capacity. 
Somkuwar et al. [13] reported that gallic acid, vanillic 
acid, ellagic acid, chlorogenic acid, sorbic acid, 
coumaric acid, catechin, rutin, quercetin, and 

kaempferol were major phenolic compounds of red wine 
grape. White wine grapes contain lower phenolics than 
red wine grapes. Jagtap et al. [14] reported that Carica 
papaya L. leaves showed antioxidant activity. Yalcin and 
Schreiner [15] reported that the main phenolics of olive 
oil were tyrosol and hydroxytyrosol. Free radical 
scavenging activity of curry leaf (Murraya koenigii L.) 
was approximately 90% [16]. Perea-Dominguaz et al. 
[17] reported that the TPC of two tomatoes was 91.47 
and 57.41 mg gallic acid equivalent/g dry samples. 
Fellah et al. [18] reported that the highest TPC (152.6 
and 125.8 mg gallic acid equivalent/100 g) was recorded 
in Nabil flowers and Gabsi peels. Infrared treatment 
caused an increase in the phenolic content of soy [19]. 
Hassanzadeh and Hassanpour [20] investigated TPC, 
TFC, DPPH, and FRAP values of thirty-eight genotypes 
of Elaeagnus angustifolia L. grown in Iran. They 
reported that the TPC of peel and pulp was 268.38-1179 
mg gallic acid/100 g and 250.57-820.85 mg gallic 
acid/100 g, respectively. The TFC of peel and pulp was 
23.50-327.50 mg catechin/100 g and 16.50-318.75 mg 
catechin/100 g, respectively. DPPH of peel and pulp 
was 49.22-93.11% and 28.59-93.15%, respectively, 
while FRAP of peel and pulp was 57.00-128.67 mg 
Fe2SO4/100 g and 86.33-160.67 mg Fe2SO4/100 g, 
respectively. Orak [21] investigated phenolics of sixteen 
red grape cultivars grown in Tekirdağ, Turkey, and 
reported that TPC ranged from 817 to 3062 µg gallic 
acid equivalent/mL. Hassanpour and Alizadeh [22] 
investigated berberry genotypes' antioxidant capacity, 
TPC, and TFC (Berberis vulgaris and Berberis 
integerrima). They reported that DPPH and FRAP 
values of genotypes ranged between 20.69-68.33% and 
20.2-70.39 TE mmol/L, respectively. Genotypes’ TPC 
and TFC ranged between 263.35-623.07 mg gallic acid 
equivalent/100 g and 158.33-280.00 mg catechin/100 g, 
respectively. 
 
This study compares the antioxidant activities in terms 
of DPPH, ABTS, and FRAP, TPC, TFC, and phenolic 
compounds of wild edible plants collected in 
Afyonkarahisar, Turkey, on 25 May 2017. These plants 
were Lactuca serriola L., Thymus vulgaris L., Sinapis 
arvensis L., Malva neglecta L., Amaranthus retroflexus 
L., Tragopogon longirostris bisch, Taraxacum officinale 
and Chenopodium album. A comparison of the 
antioxidant activities, TPC, TFC, and phenolic 
compounds of the leaves of these plants has not been 
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reported. This study will contribute to literature. The data 
obtained will be a resource for researchers who will 
work in this field. 
 

MATERIALS and METHODS 
 
Chemicals 
 
HPLC grade methanol, formic acid, sodium carbonate 
(purity≥99%), 2,4,6-tri(2-pyridyl)-s-triazine ferric chloride 
hexahydrate, 6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid (Trolox®) (98% purity), ABTS (98% 
purity), DPPH (95% purity), 2,4,6-tri-(2-pyridyl)-s-triazine 
(TPTZ) (98% purity), potassium persulfate, AlCl3, 
NaNO2, H2O2, CuCl2 and FeSO4 were purchased from 
Merck (Darmstadt, Germany). Folin-Chiocalteu reagent 
and phenolic standards (p-coumaric acid, caffeic acid, 
chlorogenic acid, ferulic acid, gallic acid, ellagic acid, 
cinnamic acid, vanillic acid, 4-hydroxybenzoic acid, 2,5-
dihydroxybenzoic acid, catechin, apigenin, naringin, 
rutin and quercetin) were purchased from Sigma-Aldrich 
(St, Louis, MO, USA).  
 
Materials 
 
Lactuca serriola L., Thymus vulgaris L., Sinapis arvensis 
L., Malva neglecta L., Amaranthus retroflexus L., 
Tragopogon longirostris bisch, Taraxacum officinale and 
Chenopodium album L. were collected from their natural 
habitats (Latitude: 38,5917, Longitude: 31,0286 38° 35′ 
30″ North, 31° 1′ 43″ East, Altitude: 1050m) in 
Afyonkarahisar on 25 May 2017. The leaves of these 

plants were separated from the plants and used for 
analysis.  
 
For sample extraction, 1 g of leaves was extracted with 
10 mL of methanol in a homogenizer (Daihan WiseTis 
HG-15D Digital Homogenizer, Seoul, South Korea) for 1 
min at 20000 rpm. The homogenate was centrifuged at 
3500 rpm for 10 min (Daihan Scientific Co., Ltd., 
WiseSpin® CF-10 Microcentrifuge, Seoul, South Korea). 
The extract was separated and dried by a vacuum rotary 
evaporator (Scilogex RE 100-Pro, USA) at 40°C. The 
dry residues were dissolved in 90% methanol (10 mL) 
before analysis.  
 
DPPH Radical Scavenging Activity Assay 
 
DPPH radical scavenging activity assay was performed 
according to the method reported by Brand-Williams et 
al. [23]. The determination of antioxidant activity with the 
DPPH assay is based on the ability of the reaction of the 
DPPH free radical with hydrogen donors. DPPH radical 
solution is decolorized after reduction with an 
antioxidant. So, color difference was calculated to 
determine antioxidant activity [24].  
 
DPPH was dissolved in 100% methanol to obtain a 
solution with a concentration at 4.1075 mol/L. The 
sample extract (400 μL) was added to the DPPH 
solution (1.6 mL). After incubation in a dark place at 
room temperature for 30 min, the decrease in 
absorbance was measured at 517 nm. The DPPH 
solution (4.1075 mol/L) was used as a control for all 
samples. The DPPH radical scavenging activity was 
calculated using the following equation: 

 

DPPH radical scavenging activity (%) =  (1 − 
absorbancesample

absorbancecontrol

)  x 100 

 
ABTS Radical Cation Decolorization Assay 
 
ABTS radical cation decolorization of samples was 
determined according to the study reported by Re et al. 
[25] with some modifications. The determination of 
antioxidant activity by the ABTS radical cation 
decolorization assay is based on the neutralization of a 
radical cation after the one-electron oxidation of the 
synthetic chromophore ABTS. Antioxidant activity is 
determined by the change in the absorption spectrum 
after the reaction [24]. 
 
ABTS (1.8 mM) and potassium persulfate (0.63 mM) 
were mixed and stored in the dark for 24h at room 
temperature for reaction. This solution was mixed with 
methanol until an absorbance of 0.70 at 732 nm was 
obtained. Then, the mixture (1.98mL) was added to the 
sample extract (20 μL). After 30 min, the absorbance 
was measured using a spectrophotometer (Optizen pop 
Uv-Vis Spectrophotometer, South Korea) at 732 nm. A 
standard curve was prepared by plotting the percentage 
of radical cation decolorization of Trolox® (standard 
antioxidant) versus its concentration (0.1-2.5mM). The 
ABTS radical cation decolorization was expressed as 
mg Trolox® equivalent (TE) per g sample.  
 

Ferric Reducing/Antioxidant Power (FRAP) Assay 
 
The reducing capacity of samples was performed 
according to the method reported by Benzie and Strain 
[26]. Determination of antioxidant activity by the FRAP 
assay is based on the forming of blue color after 
reaction of 2,4,6-tri-(2-pyridyl)-s-triazine (TPTZ) with 
ferric chloride hexahydrate [24]. FRAP reagent was 
prepared for blank reading at 593 nm. 10 mL of sample 
was then added to FRAP reagent (300 mL), along with 
30 mL H2O; the final dilution of the sample in the 
reaction mixture was 1/34. Absorbance readings were 
taken after 0.5 s and every 15 s. The change in 
absorbance was calculated for each sample. 100-1000 
mmol/L FeSO47H2O were used for calibration. The 
results were expressed as mg FeSO4 per g of sample. 
 
Total Phenolic Content 
 
The TPC of samples was determined by using the Folin-
Chiocalteu method [27]. Sample extract (300 μL) and 
Folin-Chiocalteu reagent (750 μL) were mixed and 
incubated for 5 min. Then 750 μL of Na2CO3 (60g/L) 
was added, and the mixture was incubated in the dark 
for 90 min at room temperature. The absorbance was 
measured at 725 nm. Analysis was performed with 
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working solutions in the 0.0-0.1 mg/mL concentration 
range prepared from the catechin standard, and a 
calibration curve was prepared. TPC was expressed as 
mg catechin equivalents per g of the sample through the 
calibration curve of catechin.  
 
Total Flavonoid Content 
 
The TFC of samples was determined according to the 
method of Dewanto et al. [28]. 0.25 mL of the extract 
was mixed with 1.25 mL of distilled water in a tube, 
followed by the addition of 75 µL of a 5% NaNO2 
solution. After 6 min, 150 µL of a 10% AlCl36H2O 
solution was added and allowed to stand for 5 min. 
Then, 0.5 mL of 1 M NaOH was added. The mixture was 
brought to 2.5 mL with distilled water and mixed. The 
absorbance was measured against the blank at 510 nm 
using a spectrophotometer. TFC was expressed as mg 
catechin equivalents per g of sample.  
 
Analysis of Phenolic Compounds 
 
The dried sample was dissolved in 1 mL of 100% 
methanol and filtered through a 0.45 μm nylon filter. 
Phenolic compounds of samples were analyzed 
according to the method of Caponio et al. [29] with some 
modification by using HPLC (Shimadzu Prominence, 
Kyoto, Japan) equipped with a diode array detector 
(SPD-M20A) and Zorbax Eclipse C18 column (250 × 4.6 
mm, 5 μ). The mobile phase was 3% formic acid (A) and 
methanol (B). The elution gradient was 95% A/5% B for 
3 min, 80%A/20%B in 15 min and isocratic for 2 min, 
60%A/40%B in 10 min, 50%A/50%B in 10 min, and 
100%B in 10 min until the end of the run. The flow rate 
was 1 mL/min. The eluates were detected at 278 nm. 
Quantitative phenolic compound evaluation was 
performed by using calibration curves of standards. 
Gallic acid, ferulic acid, chlorogenic acid, coumaric acid, 
ellagic acid, vanillic acid, caffeic acid, cinnamic acid, 4-

hydroxybenzoic acid, 2,5-dihydroxybenzoic acid, 
catechin, apigenin, naringin, rutin, and quercetin were 
determined. The amount of phenolic compounds was 
expressed as μg per g of sample.  
 
Statistical Analysis 
 
Statistical differences between plant leaves were 
evaluated using a one-way analysis of variance 
(ANOVA) followed by the Duncan test. The difference 
between groups was significant at P<0.05. All data were 
analyzed using IBM Statistics SPSS 24 (Armonk, New 
York, USA). The analysis was done in duplicate. 
 

RESULTS and DISCUSSION 
 
DPPH Radical Scavenging Activity of Plant Leaves 
 
The DPPH radical scavenging activities (%) of plant 
leaves are given in Table 1. Significant differences were 
found between DPPH radical scavenging activities of 
plant leaves. % Inhibition ranged from 15.9% 
(Chenopodium album) to 80.7% (Tragopogon 
longirostris bisch). Tragopogon longirostris bisch had 
the highest antioxidant activity, while Chenopodium 
album had the lowest. The antioxidant activity of 
Thymus vulgaris L. was statistically similar to that of 
Sinapis arvensis L. The result of Lactuca serriola L. was 
compatible with that recorded by Liu et al. [30]. Liu et al. 
[30] reported that the DPPH value of lettuce (Lactuca 
serriola L.) grown in Colorado was 69.6-81.6%. DPPH 
value of Thymus vulgaris L. was higher than those (22-
55% and 27.5%) reported by Chizzola et al. [31] and 
Dauqan et al. [32]. DPPH value of Malva neglecta L. 
was lower than that (97.59%) reported by Günbatan et 
al. [8]. DPPH value of Chenopodium album was lower 
than that (91.5%) reported by Kolar et al. [9]. 

 
Table 1. Antioxidant activities of plant leaves (mean ± standard deviation) 
Samples DPPH (%) ABTS (mg TE/g) FRAP (mg FeSO4/g) 

Lactuca serriola L. 70.2±0.03d 2.13±0.018d 0.94±0.001h 
Thymus vulgaris L. 77.9±0.15b 6.14±0.018c 8.77±0.001a 
Sinapis arvensis L. 76.4±0.15b 10.01±0.018a 2.48±0.008f 
Malva neglecta L. 69.5±0.59d 9.52±0.028b 7.74±0.057b 
Amaranthus retroflexus L. 29.9±0.48e 8,92±0.030c 7.16±0.011c 
Tragopogon longirostris bisch  
Taraxacum officinale  
Chenopodium album 

80.7±1.73a 
74.3±0.15c 
15.9±0.01f 

9.74±0.072ab 
3.30±0.018d 
8.63±0.035c 

6.60±0.004e 
2.43±0.007g 
7.00±0.006d 

*Values followed by the same letter in the same column are not significantly different (p<0.05) 

 
ABTS Radical Scavenging Capacity of Plant Leaves 
 
The ABTS radical scavenging capacities of plant leaves 
are given in Table 1. Significant differences were found 
between ABTS radical scavenging capacities of plant 
leaves. ABTS values of plant leaves ranged from 2.13 
mg TE/g (Lactuca serriola L.) to 10.01 mg TE/g (Sinapis 
arvensis L.). Antioxidant capacity of Lactuca serriola L. 
was statistically similar to that of Taraxacum officinale 
and Malva neglecta L. The antioxidant capacity of 
Thymus vulgaris L. was not significantly different from 
that of Amaranthus retroflexus L. and Chenopodium 

album. Antioxidant capacity of Sinapis arvensis L. was 
the highest, while that of Lactuca serriola L. was the 
lowest. Compared with ABTS radical scavenging 
capacity of Malva neglecta L. (17.57 mg gallic acid 
equivalent/g) reported by Günbatan et al. [8], leaves of 
Malva neglecta L. used in this study had lower ABTS 
radical scavenging capacity.  
 
FRAP of Plant Leaves 
 
The FRAP values of plant leaves are given in Table 1. 
Significant differences were found between FRAP 
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values of plant leaves. FRAP values of plants ranged 
from 0.94 mg FeSO4/g (Lactuca serriola L.) to 8.77 mg 
FeSO4/g (Thymus vulgaris L.). Thymus vulgaris L. had 
the highest FRAP value, while Lactuca serriola L. had 
the lowest FRAP value. Lower FRAP value of Thymus 
vulgaris L. was 121.1-339.2 μmol TE/g obtained by 
Dauqan et al. [32]. FRAP value of Malva neglecta L. 
(7.74mg FeSO4/g) was lower than that (190.3 μmol 
Fe2/g) of Malva neglecta L. which was grown in Van, 
Turkey [33]. FRAP value of Taraxacum officinale (2.43 
mg FeSO4/g) was lower than that of Taraxacum 
officinale (131.5 mM TE/g) reported by Ivanov [10]. 
FRAP value of Chenopodium album (7.00 mg FeSO4/g) 
was lower than that of Chenopodium album (18.5 mg 
ascorbic acid equivalent/g) reported by Kolar et al. [9]. 
 
Total Phenolic Content of Plant Leaves 
 
The TPCs of plant leaves are given in Table 2. A 
significant difference was found between the TPC of 
plant leaves. TPC of plants ranged from 0.20 mg 

catechin/g (Sinapis arvensis L.) to 2.69 mg catechin/g 
(Tragopogon longirostris bisch). Tragopogon longirostis 
bisch had significantly higher TPC than other plant 
leaves. TPC of Sinapis arvensis L. was the lowest in all 
plant leaves. TPC of Thymus vulgaris L. was found 
statistically similar to that of Malva neglecta L. and 
Amaranthus retroflexus L. Higher TPC in Lactuca 
serriola L., Malva neglecta L., Amaranthus retroflexus 
L., Taraxacum officinale and Chenopodium album was 
reported by some researchers. TPC of Lactuca serriola 
L., grown in Netherlands, was 69.67-70.98 mg gallic 
acid equivalent/g [34], that of Malva neglecta L. leaf was 
17 mg gallic acid equivalent/g [35], that of Amaranthus 
retroflexus L., grown in India, was 39.636 mg gallic acid 
equivalent/g [36], that of Taraxacum officinale was 33.90 
mg gallic acid equivalent/g [10] and 41.47-691.6 mg 
gallic acid equivalent/g [37], that of Chenopodium album 
was 14.9 mg tannic acid equivalent/g [9] and 18.44 mg 
gallic acid equivalent/g [38]. Lower TPC (0.219 mg gallic 
acid equivalent/g) in Thymus vulgaris L. was obtained 
by Dauqan et al. [32]. 

Table 2. Total phenolic (TPC) and total flavonoid contents (TFC) of plant leaves (mean 
± standard deviation) 
Samples TPC (mg catechin/g) TFC (mg catechin/g) 

Lactuca serriola L. 0.46±0.000e 0.06±0.011g 
Thymus vulgaris L. 2.14±0.003b 1.22±0.006c 
Sinapis arvensis L. 0.20±0.000f 0.18±0.000f 
Malva neglecta L. 2.17±0.078b 1.39±0.057b 
Amaranthus retroflexus L. 2.12±0.039b 1.84±0.001a 
Tragopogon longirostris bisch  
Taraxacum officinale 
Chenopodium album 

2.69±0.064a 
0.72±0.002d 
2.00±0.002c 

1.38±0.029b 
0.36±0.011e 
1.04±0.011d 

*Values followed by the same letter in the same column are not significantly different (p<0.05) 

 
Total Flavonoid Content of Plant Leaves 
 
The TFCs of plant leaves are given in Table 2. A 
significant difference was found between the TFC of 
plant leaves. TFC of plants ranged from 0.06 mg 
catechin/g (Lactuca serriola L.) to 1.84 mg catechin/g 
(Amaranthus retroflexus L.), Amaranthus retroflexus L. 
had significantly higher TFC compared to other plant 
leaves. TFC of Malva neglecta L. was statistically similar 
to that of Tragopogon longirostris bisch. Higher TFC 
was reported by some researchers. TFC of Thymus 
vulgaris L. was 36.6-44.2 μg quercetin/mg [39], that of 
Malva neglecta L. was 7.21 mg rutin equivalent/g [34] 
and 42.93 mg rutin equivalent/g [8] and that of 
Amaranthus retroflexus L., grown in India was 25.3 mg 
quercetin/g [35]. Lower TFC (0.37 mg quercetin 
equivalent/g) in Chenopodium album was reported by 
Kolar et al. [9].   
 
Phenolic Compounds of Plant Leaves  
 
The phenolic compounds of plant leaves are given in 
Tables 3 and 4. Chromatogram of phenolic compounds 
is shown in Figure 1. Gallic acid, ferulic acid, 
chlorogenic acid, p-coumaric acid, ellagic acid, vanillic 
acid, caffeic acid, cinnamic acid, 4-hydroxybenzoic acid 
and 2,5-dihydroxybenzoic acid of plant leaves ranged 
between n.d.-0.625, n.d.-2.398, 0.002-1.446, 0.176-
2.897, n.d.-28.093, n.d.-10.675, n.d.-73.951, 0.122-

71.000, n.d.-45.432 and 0.249-7.407, respectively, 
Gallic acid was not determined in Lactuca serriola L., 
Sinapis arvensis L., Malva neglecta L. and 
Chenopodium album. Ferulic acid was not determined in 
Thymus vulgaris L. Catechin, apigenin, naringin, rutin 
and quercetin of plant leaves ranged between n.d.-
2.398, n.d.-7.677, n.d.-0.247, 0.051-0.856 and 0.074-
0.676, respectively, Naringin was not determined in 
Lactuca serriola L., Sinapis arvensis L., Malva neglecta 
L., Amaranthus retroflexus L., Tragopogon longirostris 
bisch and Chenopodium album. 3,4- dihydroxybenzoic 
acid and epicatechin were not found in plant leaves.  
 
Lactuca serriola L. had ferulic acid, chlorogenic acid, p-
coumaric acid, ellagic acid, vanillic acid, cinnamic acid, 
4-hydroxybenzoic acid, 2,5-dihydroxybenzoic acid, rutin 
and quercetin.  
Thymus vulgaris L. had gallic acid, chlorogenic acid, p-
coumaric acid, ellagic acid, vanillic acid, caffeic acid, 
cinnamic acid, 4-hydroxybenzoic acid, 2,5-
dihydroxybenzoic acid, catechin, apigenin, naringin, 
rutin and quercetin.  
 
Sinapis arvensis L. had ferulic acid, chlorogenic acid, p-
coumaric acid, ellagic acid, vanillic acid, caffeic acid, 
cinnamic acid, 4-hydroxybenzoic acid, 2,5-
dihydroxybenzoic acid, catechin, apigenin, rutin and 
quercetin. 
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Malva neglecta L. had ferulic acid, chlorogenic acid, p-
coumaric acid, ellagic acid, vanillic acid, caffeic acid, 
cinnamic acid, 2,5-dihydroxybenzoic acid, catechin, 
apigenin, rutin and quercetin. 
 
Amaranthus retroflexus L. had gallic acid, ferulic acid, 
chlorogenic acid, p-coumaric acid, ellagic acid, vanillic 
acid, caffeic acid, cinnamic acid, 4-hydroxybenzoic acid, 
2,5-dihydroxybenzoic acid, apigenin, rutin and quercetin.  
 
Tragopogon longirostris bisch had gallic acid, ferulic 
acid, chlorogenic acid, p-coumaric acid, vanillic acid, 
caffeic acid, cinnamic acid, 4-hydroxybenzoic acid, 2,5-

dihydroxybenzoic acid, catechin, apigenin, rutin and 
quercetin.  
 
Taraxacum officinale had gallic acid, ferulic acid, 
chlorogenic acid, p-coumaric acid, ellagic acid, caffeic 
acid, cinnamic acid, 4-hydroxybenzoic acid, 2,5-
dihydroxybenzoic acid, catechin, apigenin, naringin, 
rutin and quercetin.  
 
Chenopodium album had ferulic acid, chlorogenic acid, 
p-coumaric acid, ellagic acid, vanillic acid, caffeic acid, 
cinnamic acid, 4-hydroxybenzoic acid, 2,5-
dihydroxybenzoic acid, apigenin, rutin and quercetin.  
 

Table 3. Phenolic acids of plant leaves (μg/g) (mean ± standard deviation) 

 
*Values followed by the same letter in the same column are not significantly different (p<0.05) 

 
Table 4. Flavonoids of plant leaves (μg/g) (mean ± standard deviation) 

Samples Catechin Apigenin Naringin Rutin Quercetin 

Lactuca serriola L. n.d. n.d. n.d. 0.051±0.009d 0.074±0.007c 
Thymus vulgaris L. 0.015±0.001c 1.431±0.097c 0.247±0.074a 0.557±0.013b 0.102±0.009c 
Sinapis arvensis L. 0.078±0.009c 0.648±0.075d n.d. 0.076±0.007d 0.080±0.003c 
Malva neglecta L. 2.398±0.073a 7.677±0.105a n.d. 0.125±0.035c 0.676±0.103a 
Amaranthus retroflexus L.  n.d. 0.601±0.056d n.d. 0.051±0.007d 0.088±0.007c 
Tragopogon longirostris bisch 0.444±0.051b 2.307±0.093b n.d. 0.548±0.073b 0.548±0.091b 
Taraxacum officinale  2.113±0.093a 0.074±0.009e 0.137±0.093b 0.856±0.091a 0.083±0.007c 
Chenopodium album n.d. 0.002±0.000e n.d. 0.079±0.003d 0.094±0.005c 

*Values followed by the same letter in the same column are not significantly different (p<0.05) 
 

Figure 1. Chromatogram of phenolic compounds (1. gallic acid, 2. 3,4- dihydroxybenzoic 
acid, 3. 4-hydroxybenzoic acid, 4. 2,5-dihydroxybenzoic acid, 5. chlorogenic acid, 6. vanillic 
acid, 7. epicatechin, 8. caffeic acid, 9. p-coumaric acid, 10. ferulic acid, 11. rutin, 12. ellagic 
acid, 13. apigenin, 14. cinnamic acid, 15. quercetin. 16. naringin, 17. catechin).  
 

Correlation 
 
Pearson correlation coefficients between DPPH, ABTS, 
FRAP, TPC, and TFC in plant leaves are given in Table 
5. There were high correlation coefficients between 

ABTS and FRAP, ABTS and TPC, and FRAP and TPC. 
This result indicated that ABTS could be used as a 
replacement of FRAP for determining antioxidant 
activity. Furthermore, ABTS and FRAP could be 
analyzed for determining TPC. 
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Table 5. Pearson correlation coefficients between antioxidant activity, total 
phenolic content, and total flavonoid content 

 DPPH ABTS FRAP TPC TFC 

DPPH 1.000 0.567 0.504 0.578 0.182 
ABTS 0.567 1.000 0.910 ** 0.898 ** 0.291 
FRAP 0.504 0.910 ** 1.000 0.919 ** 0.576 
TPC 0.578 0.899 ** 0.919 ** 1.000 0.598 
TFC 0.182 0.291 0.576 0.598 1.000 

**p<0.01 

 

CONCLUSION  
 
Tragopogon longirostris bisch had the highest radical 
scavenging activity, TPC, p-coumaric acid, 4-
hydroxybenzoic acid and 2,5-dihydroxybenzoic acid. 
Sinapis arvensis L. had the highest radical caution 
decolorization and caffeic acid. Thymus vulgaris L. had 
the highest ferric reducing antioxidant power, as well as 
naringin and rutin. Amaranthus retroflexus L. had the 
highest TFC, gallic acid and vanillic acid levels. The 
antioxidant potential of plants was positively correlated 
with TPC. Malva neglecta L. was a rich source of 
phenolic compounds with high antioxidant properties. 
The high yield of ferulic acid, chlorogenic acid, ellagic 
acid, cinnamic acid, catechin, apigenin, and quercetin 
could make this plant a valuable source of commercial 
production. Results indicated that Tragopogon 
longirostris bisch, Sinapis arvensis L., Thymus vulgaris 
L., Amaranthus retroflexus L. and Malva neglecta L. had 
a high capacity to prevent diseases caused by the 
overproduction of radicals. 
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ABSTRACT 

 

Fruit leathers are considered a type of alternative confectionery and are regarded as healthy snack options. In this 
study, cape gooseberry leathers were prepared using different drying methods, and the changes in their color, 
browning index, phenolic composition, sugar content, as well as levels of α-carotene and β-carotene, were monitored 
over a six-month storage period. The production technique for cape gooseberry leathers followed the traditional 
method used for making pestil, a well-known Turkish fruit leather, utilizing starch, sugar, and lemon. Immediately after 
production, the browning index of the samples ranged from 1.25 to 1.73 A420/g dry weight (dw). However, a significant 
increase in browning index values was found in all samples during the final two months of storage, reaching between 
2.762 and 3.278 A420/g dw by the end of the six months. It was found that β-carotene levels were significantly higher 
than α-carotene levels in the samples. Both α-carotene and β-carotene contents decreased significantly during 
storage, with sun-dried samples experiencing the greatest reduction in β-carotene. Analysis of the phenolic profile 
revealed the presence of rutin, gallic acid, vanillic acid, p-coumaric acid, ferulic acid, and cinnamic acid in the fruit 
leathers. Some phenolic compounds decreased in concentration after six months of storage. 
 
Keywords: Fruit leather, Pestil, Color, Bioactive properties 
 
 

Farklı Koşullarda Kurutulan Altınçilek Pestillerinin Depolama Boyunca Renk ve Bazı Biyoaktif 
Özelliklerindeki Değişimler 

 

ÖZ 
 
Meyve pestilleri, alternatif şekerleme türlerinden biri olarak kabul edilir ve sağlıklı atıştırmalık seçenekleri arasında 
görülür. Bu çalışmada, farklı kurutma yöntemleri kullanılarak altın çilek pestilleri hazırlanmış ve altı aylık depolama 
süresi boyunca renk, kahverengileşme indeksi, fenolik bileşim, şeker içeriği ile α-karoten ve β-karoten seviyelerindeki 
değişimler izlenmiştir. Altın çilek pestillerinin üretim tekniği, nişasta, şeker ve limon kullanılarak yapılan, Türkiye'nin 
tanınmış meyve pestillerinden pestil yapımında kullanılan geleneksel yöntemi takip etmiştir. Üretimden hemen sonra 
örneklerin kahverengileşme indeksi 1,25 ile 1,73 A420/g kuru ağırlık (ka) arasında değişmiştir. Ancak, depolamanın son 
iki ayında tüm örneklerde kahverengileşme indeksi değerlerinde önemli bir artış gözlemlenmiş ve altı ayın sonunda bu 
değerler 2,762 ile 3,278 A420/g ka arasında değişmiştir. Örneklerde β-karoten seviyelerinin α-karoten seviyelerinden 
anlamlı derecede daha yüksek olduğu bulunmuştur. Depolama süresince hem α-karoten hem de β-karoten içerikleri 
önemli ölçüde azalmış, güneşte kurutulan örnekler β-karoten miktarında en büyük düşüşü göstermiştir. Fenolik profil 
analizi, meyve pestillerinde rutin, gallik asit, vanilik asit, p-kumarik asit, ferulik asit ve sinnamik asit gibi bileşiklerin 
varlığını ortaya koymuştur. Bazı fenolik bileşiklerin konsantrasyonlarının, altı aylık depolama süresi sonunda azaldığı 
tespit edilmiştir. 
 
Anahtar Kelimeler: Pestil, Renk, Biyoaktif özellikler 
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INTRODUCTION 
 
Cape gooseberry (Physalis peruviana L.) is an exotic 
fruit that originated region of Amazon and Andes 
Mountains from South America [1, 2]. It has important 
potential for healthy nutrition, especially owing to its 
bioactive functional compounds such as phenolic 
compounds, vitamin C and carotenoids and high fiber 
contents [3-5]. 

 
Fruit leathers can be made from wide variety of fruits 
including apple, apricot, banana, cherry, fig, grape, 
mulberry, orange, peach, pear, pineapple, plum, 
pomegranate strawberry, tangerine [6, 7]. Fruit leathers 
are easy to consume, convenient to pack and that can 
be consumed anywhere [8]. It is easy to store and 
shipping that due to their lightness, and they do not 
require cold storage [9]. Fruit pulps or fruit juice 
concentrates are generally used for manufacturing fruit 
leathers. Beside fruit, other ingredients such as sugar, 
acid, pectin, or starch, can be used to improve the 
texture, physicochemical and sensory characteristics of 
fruit leather products [10]. In fruit leather production, sun 
drying or industrial dryers such as oven or cabinet 
dryers can be used, which helps in faster drying and 
obtaining a standard product [8, 11].  

 
Color change is one of the important changes that may 
occur during drying in dried foods like fruit leather. The 
changes in color occur mainly through enzymatic and 
non-enzymatic browning reactions. Browning reactions 
not only cause color change in foods but also lead to 
decreased nutritional value, undesired taste and aroma, 
and textural changes [12, 13].  

 
In this study, fruit leathers were produced from cape 
gooseberry using different drying methods and 
temperature. Then, the color properties of the products, 
important quality criteria for marketing dried fruit 
products, and some of their bioactive properties were 
monitored during storage. The effect of different drying 
conditions on the quality and nutritional properties of the 
fruit leather products during storage were determined. 
 

MATERIALS and METHODS  
 
Materials 
 
Cape gooseberry fruits were obtained from local 
producers in Antalya (Türkiye). Low density 
polyethylene (LDPE) packaging materials, wheat starch, 
sugar and lemon were purchased from local suppliers or 
markets in Isparta (Türkiye). Fruits were stored at 4°C 
until they were used in production. All fruit leather 

products were kept in sealed vacuum bags at room 
temperature during storage. 
 

Methods 
 
Production of Cape Gooseberry Leather 
 
First, the calyx was removed from the fruits. The fruits 
were then washed thoroughly to eliminate any dirt or 
foreign matter. Stems were detached, and the fruits 
were blended into a puree. Wheat starch was added at 
8% of the puree weight, and water was incorporated at 
25% of the puree weight. Sugar and lemon juice were 
prepared to correspond to 15% and 2% of the puree 
weight, respectively (see Table 1). The puree was then 
heated, and sugar was gradually mixed in until fully 
dissolved. The starch slurry was added, followed by 
continuous heating and stirring, after which lemon juice 
was incorporated. Heating was stopped when the 
mixture reached 63°C. The hot mixture was poured into 
trays and spread evenly to a thickness of 4 mm. Drying 
was conducted in a cabinet dryer at 0.8 m/s air velocity 
with temperatures of 60°C, 70°C, and 80°C, as well as 
by sun drying. Drying continued until the final product 
reached a dry matter content of 87%. This process 
mirrors the traditional pestil-making method used in 
Turkey for fruit leathers. After drying, the cape 
gooseberry leathers were vacuum-packed in low-density 
polyethylene (LDPE) packaging and stored at room 
temperature. 

 
Table 1. Raw materials used in cape gooseberry leather 
production 

Raw materials Amounts 

Cape gooseberry puree 1000 g 
Wheat Starch 80 g 
Water 250 mL 
Sugar 150 g 
Lemon juice 20 mL 

 

Chemical Analyses 
 
The pH of the fruit leather products was determined by a 
pH-meter (Hanna HI 2211-02, Romania) and their 
acidity values were determined as citric acid by 
titrimetric method [14]. Moisture and ash values were 
determined according to Pestil Standard Methods for 
cape gooseberry leathers [15]. Results calculated in 
g/100 g. Total phenolic contents were determined using 
the Folin-Ciocalteu colorimetric method by extracting the 
samples with methanol [16]. Absorbance values were 
measured at 720 nm in a spectrophotometer. Results 
were expressed as mg gallic acid equivalent (GAE) per 
g fresh weight or g dry weight using the calibration curve 
obtained from gallic acid solutions. 

 
% İnhibition (DPPH) = [(Abs Control – Abs Sample) / Abs Control]*100                        (1) 
 

In total carotenoid analysis, the fruit leather products 
were extracted with methanol and the absorbance 
values of the extract were measured at 666, 653 and 
470 nm in a spectrophotometer (Unicam, UK) and the 

total carotenoid content was calculated with the help of 
the equations below (Equations 2-4) [18]. 
 

Ca=15.65  A666 - 7.340  A653                                 (2) 
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Cb=27.05  A653 - 11.21  A666                                 (3) 
 

Cx+c=1000  A470 - 2.860  Ca - 129.2  Cb/245      (4) 
 

where Ca: Chlorophyll a, Cb: Chlorophyll b, and Cx+c: 
Total carotenoid content. 
 
Ascorbic acid was determined by a spectrophotometric 
method of 2.6-dichlorophenoldophenol-xylene extraction 
procedure [14]. Absorbance values were measured at 
500 nm. Results were calculated using the calibration 
curve obtained from the solutions prepared with dilute 
ascorbic acid solution. Soluble solid contents of samples 
measured according to [14], by refractometer. The water 
activity (aw) values of fruit leather samples were 
determined with a digital Aqualab CX-2 water activity 
meter (Decagon Devices Inc. Pulman, Washington, 
USA) [19]. 

 

Color Measurements 
 
The color changes in fruit leather products were 
determined by two different methods. Measurements 
were made on the color measuring device (PCE-TCR 
200) using Hunter (L, a, b) and (L, C, H) color scales. 
The device was calibrated before each analysis using 
the device’s standard black and white calibration table. 
Also, the browning index values of samples were 
determined [14]. For this purpose, 50 mL of 2% acetic 
acid solution was added to 5 grams of sample cut into 
small pieces. Samples were kept in the refrigerator 
overnight for rehydration and then homogenized for 3 
min. Each homogenate was transferred to a centrifuge 
tube and centrifuged at 8000 g for 10 min. Then, the 
supernatant was transferred to a 200 mL measuring 
flask. The remaining part at the bottom of the tube was 
added with 25 mL of 2% acetic acid, mixed with a glass 
rod and centrifuged again. The supernatant in the 
centrifuge tube was added to the measuring flask again. 
Then, 10 mL of 10% lead acetate solution was added to 
the flask containing the extract, and the flask was filled 
to its volume with 2% acetic acid. The contents of the 
flask were centrifuged again at 8000 g for 5 minutes. 
Then, an equal volume of ethyl alcohol was added to the 
upper clear part in the centrifuge tube and centrifugation 
was performed once more. The absorbance of the 
obtained extract was measured against the blank 
consisting of equal volumes of 2% acetic acid and ethyl 
alcohol in a UV-VIS spectrophotometer (Unicam, 
England) at two different wavelengths, 420 and 600 nm, 
and the browning index was determined using the 
difference between them. The browning value is 
expressed in units of A420/g sample. In the examples, 
A420/g values were calculated with the help of the formula 
below (Equation 5) [14]. These values were determined 
after the production of the fruit leather and during 
storage. 
 
A420/gsample= (A420-A600)xSf                                                                       (5) 
 
where Sf indicates a dilution factor. 
 

 
 

Determination of Phenolic Composition 
 
The composition of phenolic substances in samples 
were determined by HPLC (high performance liquid 
chromatography) [20]. First of all, 10 g from each 
sample were weighed and homogenized with 20 mL of 
methanol:water (4:1, v/v) solution. UltraTorax (IKA T18, 
Staufen, Germany) was used for the homogenization 
process. Afterwards, samples were taken into centrifuge 
tubes and centrifuged in a centrifuge device (Sigma 2-

6E, Osterode am Harz, Germany), at 4000 rpm, 4C, for 
20 min, and the supernatant was taken. Before analysis, 
these fractions were passed through membrane filters 
(Millex, HV) with a pore diameter of 0.45 µm and 20 µL 
of the filtrates were injected into the device, and the 
phenolic composition was determined. All analyses were 
performed with an HPLC instrument (Shimadzu, Kyoto, 
Japan). Measurements were made with a DAD detector 
at a wavelength of 278 nm. The column temperature 

was set to 30C. Agilent Eclipse XDB-C18 (250  4.60 
mm, particle size 5 μm) column was used as the 
column. Gradient program was used in the analysis. The 
mobile phases used are solvent A: water:acetic acid 
(3:97, v/v), solvent B: methanol. The flow rate was set to 
0.8 mL/min. 
 

Determination of Carotenoid Composition 
 
Carotenoid composition determination was carried out 
by an HPLC unit (Shimadzu, Kyoto, Japan), and α- and 
β-carotene contents were determined in each sample 
according to Olives Barba et al. [21]. First, the extraction 
solution was obtained by mixing hexane, acetone and 
ethanol (50/25/25, v/v/v). Then, 50 mL of extraction 
solution was added to 5 g of sample. The solution was 
stirred on a magnetic stirrer for 30 minutes. The upper 
phase was transferred to a balloon by adding 10 mL of 
distilled water. Drying was carried out in the evaporator 
(IKA Rv10, Staufen, Germany) and then the flask was 
washed with 1 mL of chloroform. Dilutions were made 
with methanol/acetonitrile/tetrahydrofuran (55/30/15, 
v/v/v) and 20 μL of the samples were injected into the 
device for analysis. Measurements were made with a 
DAD detector at 450 nm. The column temperature was 

set to 30C. Luna C18 (2504.60 mm, particle size 5 
μm) column was used as the column. The mobile phase 
included methanol/acetonitrile (90/10, v/v) and 9 µM 
triethyl amine. The flow rate was set to 1.2 mL/min. 
 

Determination of Sugar Composition 
 
The sugar composition of fruit leather samples were 
determined chromatographically [22]. Extraction was 
carried out with water. 40 mL of water was added to 10 
g sample and homogenized by a homogenizer (IKA T18, 
Staufen, Germany). Then, centrifugation was performed 
at 6000 rpm for 30 min in a centrifuge (Sigma 2-6E, 
Osterode am Harz, Germany). The upper clear part was 
passed through membrane filters (Millex, HV) with a 
pore diameter of 0.45 µm, 20 µL of which was injected 
into HPLC. A Shimadzu brand HPLC unit (Kyoto, Japan) 
was used for analyses. Measurements were made with 
a RID 10A detector. The column temperature was set to 
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80C. Aminex HPX-87C (3007.8 mm) carbohydrate 
column was used as the column. The mobile phase 
used was ultrapure water. The flow rate was set to 0.6 
mL/min. 
 

Statistical Analysis 
 
In statistical analysis, SPSS program (version 19, IBM, 
2010) was used. Analyses were repeated three times 
and averaged. One-way analysis of variance with the 
Duncan multiple comparison test was used to compare 
means. 
 

RESULTS and DISCUSSION 
 
The physicochemical properties of cape gooseberry 
leathers are shown that in Table 2. The effects of 
different temperature applications and sun drying 
method on the physicochemical properties of the 
products can be seen in this table. The table shows that 
the products have high acidity and low water activity. 
Cape gooseberry leathers pH values between 3.56-
3.61. These values below limit pH value (4.0) for 

bacterial growth. Below this limit only molds and yeast 
can grow [23]. Cape gooseberry leathers aw values 
between 0.53-0.56, with no differences among 
treatments. Microbial growth doesn’t occur below the 0.6 
aw [24]. Also, different preservation factors such as pH 
and water activity showed synergetic effects on 
inhibition of microbial growth [23]. Therefore, the high 
acidity and low water activity of the products increases 
their microbial stability. In addition, it is seen from the 
table that temperature change has a similar effect on the 
phenolic substance contents and antioxidant activities of 
the products. It was determined that as the temperature 
applied at drying increased, the amounts of phenolic 
compounds and antioxidants were found to be higher. 
This is probably due to the fact that the antioxidant 
activity in foods is mainly due to phenolic compounds. It 
was reported that phenolic compounds are mainly 
responsible for antioxidant activity of fruit juice [4]. In 
terms of total carotenoid and vitamin C amounts which 
are other antioxidant compounds in the products, the 
best preservation among fruit leather production 
methods was provided by the sun drying method.

 
Table 2. The physicochemical properties of cape gooseberry leathers dried either in a cabinet at three different 
temperatures or sun-dried (means ± standard deviation) 

Properties Drying at 60°C Drying at 70°C Drying at 80°C Sun Drying 

pH 3.60a±0.011 3.61a±0.01 3.61a±0.01 3.56b±0.02 
Titratable acidity (%) 3.43a±0.12 3.53a,b±0.04 3.52a,b±0.02 3.63b±0.05 
aw 0.56a±0.01 0.53a±0.01 0.55a±0.008 0.55a±0.008 
Ash (% dw2) 2.44a±0.02 2.40a±0.01 2.44a±0.002 2.57a±0.13 
Soluble solid 65.33a±0.86 65.66a±0.58 66.09a±0.32 64.37a±2.46 
Dry matter (%) 87.12a±0.08 87.87a±0.20 87.55a±0.31 87.52a±0.53 
Total phenolic content (mg/g dw) 0.57a±0.02 0.71b±0.029 0.88c±0.053 0.62a,b±0.07 
Total carotenoid content (mg/100 g dw) 3.19a±0.01 3.15a±0.040 2.97b±0.098 4.19c±0.07 
Vitamin C (mg/100 g dw) 26.22a,b±0.80 19.26b,c±0.77 11.62c±0.35 31.46a±2.51 
Antioxidant activity (%) 59.10a±1.38 66.68b±0.42 70.25c±0.71 71.50c±1.09 
1Means in a same row with different letters are significantly different (p<0.05). 2dw: dry weight 

 
Browning values were determined in the products after 
production and during storage. Analysis of browning of 
the products were performed during storage at the end 
of the second, fourth and sixth months of storage. 
Browning absorbance reading values are shown in the 
Table 3, and A420/g dry matter values are shown in the 
Figure 3. In the samples, browning values after 
production were found to be quite low. The browning 
indices of cape gooseberry leather samples were 
between 1.25 and 1.73 A420/g dw. This was expected 
since the acidity values of the products were very high, 
as shown in Table 3. High acidity is one of the restricted 
factors for nonenzymatic browning [13]. Therefore, high 
acidity in products is probably one of the main reasons 
for low browning values. For cabinet dried leathers there 
were slightly increase browning at higher degree. Che 

man et al. [25] in a study on the durian leather showed 
that an increase in temperature also increased 
nonenzymatic browning index values. Miranda and 
Berna, [26] also reported that temperature was the 
determining factor on browning in dried apricots and 
raisins. As for sun-dried samples in our study, their 
browning index values were found near to cabinet dried 
samples values. Also, results showed that browning 
development for first months occur very slowly. However 
for the last two months of storage, the browning indices 
of all samples increased. The browning indices of cape 
gooseberry leathers at end of the storage were found 
between 2.762 and 3.278 A420/g dw. The samples that 
showed the highest browning values after six months of 
storage were those dried at 80°C, which was the highest 
temperature in cabinet drying. 

 
Table 3. Browning index absorbance values at 420nm of fruit leathers dried at different conditions 
during storage 

Drying Temperature/Method After production 2. month 4.month 6. month 

60°C 0.014±0.001 0.015±0.001 0.018±0.002 0.031±0.001 
70°C 0.018±0.001 0.019±0.001 0.020±0.001 0.030±0.001 
80°C 0.019±0.001 0.020±0.001 0.022±0.002 0.036±0.002 
Sun Drying 0.018±0.002 0.020±0.003 0.020±0.002 0.030±0.002 
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Figure 3. Change of the browning index (A420/g dw) values of samples during storage 

 
Color is an important quality criterion for fruit leather 
samples. The color values of L (lightness), a (redness), 
b (yellowness), C (chroma) and h (hue angle) obtained 
from the measurements made after production and in 
the 2nd, 4th and 6th months of storage are shown in the 
Tables 4, 5, 6 and 7 below. Color measurements 
performed after production are shown in Table 4. The 
lightness and yellowness of the samples dried in the sun 
after production were statistically significantly (p<0.05) 
higher from samples dried in the cabin. However, this 
difference was not observed in the results of browning 
analyses. In addition, during six months of storage, the 
highest decrease in lightness values occurred in the 
samples dried at the highest temperature (80°C), while 
the highest increase in browning values was observed in 
the same samples dried at 80°C. This indicated the 
effect of the increase in browning on the decrease in 
lightness values. It was reported that a decrease in L 
(lightness) values was in parallel with an increase in the 
browning indices of foods [8]. This was also observed in 
present study for samples dried at 80°C. Reasons for 
this color change in foods were reported as heat 

treatment, moisture content, water activity, sugar 
content, storage time and storage temperature [27]. 
Enzymes were inactivated by applying heat treatment to 
the samples; however, the formation of darker pigments 
is possible by non-enzymatic browning or ascorbic acid 
oxidation [9]. 
 
The phenolic composition of fruit leather samples is 
shown in Table 8. Rutin, gallic acid, vanillic acid, p-
coumaric acid, ferulic acid and cinnamic acid were 
determined in fruit leather samples. Rutin was 
determined as the dominant phenolic compound in the 
samples. The second highest phenolic compound was 
gallic acid. Licodiedoff et al. [28] studied the flavonols in 
cape gooseberry fruit. They examined for rutin, myricetin 
and quercetin. They reported that quercetin was present 
in the fruit. They found mainly rutin and also myricetin in 
the fruit. After six months of storage, the phenolic 
compound contents were determined again in all 
samples. After storage, some phenolic compounds 
significantly decreased (Table 8).  
 

 
Table 4. Color values of fruit leather products dried either in a cabinet at three 
different temperatures or sun-dried after production (means ± standard deviation) 

Parameter Drying at 60°C Drying at 70°C Drying at 80°C Sun Drying 

L 41.01a±0.611 39.78a±0.31 39.90a±0.13 44.33b±0.96 
a 9.81a±0.64 12.11b±0.63 13.36b,c±0.05 14.05c±0.76 
b 21.53a±0.69 17.09b±1.05 19.86a±0.70 23.76c±0.81 
C 23.66a±0.85 20.95b±1.12 23.94a±0.61 27.60c±1.09 
h 65.51a±0.95 54.66b±1.36 56.06b±0.83 59.42c±0.50 

1Means in a same row with different letters are significantly different (p<0.05).  

 
Table 5. Color values of fruit leather products dried either in a cabinet at three 
different temperatures or sun-dried after two months of storage (means ± standard 
deviation) 

Parameter Drying at 60°C Drying at 70°C Drying at 80°C Sun Drying 

L 43.54a±0.541 46.37b±0.78 42.61a±0.49 47.22b±0.25 
a 15.12a±0.32 12.66b±0.38 15.21a±0.97 16.15a±0.39 
b 23.88a±0.55 25.46b±0.25 25.20b±0.19 27.43c±0.77 
C 28.27a±0.30 28.44a±0.39 29.45b±0.54 31.83c±0.49 
h 57.65a±1.14 63.56b±0.49 58.91a±1.62 59.50a±1.29 

1Means in a same row with different letters are significantly different (p<0.05). 
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Table 6. Color values of fruit leather products dried either in a cabinet at three 
different temperatures or sun-dried after four months of storage (means ± standard 
deviation) 

Parameter Drying at 60°C Drying at 70°C Drying at 80°C Sun Drying 

L 44.73a±1.141 43.56a±0.74 38.75b±0.25 48.16c±0.66 
a 12.44a±0.64 14.99b±0.38 14.86b±0.38 13.27a±0.02 
b 24.33a±0.76 24.73a±0.93 17.52b±0.27 26.93c±0.21 
C 27.33a±0.45 28.92b±0.99 22.97c±0.45 30.02b±0.19 
h 62.91a±1.86 58.77b±0.31 49.70c±0.31 63.77a±0.16 

1Means in a same row with different letters are significantly different (p<0.05).  

 
Table 7. Color values of fruit leather products dried either in a cabinet at three 
different temperatures or sun-dried after six months of storage (means ± standard 
deviation) 

Parameter Drying at 60°C Drying at 70°C Drying at 80°C Sun Drying 

L 46.96a±1.771 45.03a±0.59 31.91b±3.56 45.61a±2.60 
a 12.05a,b±0.13 12.50a±1.02 10.28b±0.32 13.67a±1.16 
b 24.51a±0.64 27.38a±1.26 17.10b±2.52 25.01a±0.26 
C 27.32a±0.54 30.10a±1.56 19.98b±2.16 28.51a±0.78 
h 63.81a±0.77 65.49a,b±0.83 58.71a,c±3.93 61.38a±1.82 

1Means in a same row with different letters are significantly different (p<0.05).  

 
Table 8. Phenolic composition of samples (mg /100 g dry weight) initial and after six months storage (means ± 
standard deviation) 

Sample 
Storage 

Time  
Gallic  
Acid 

Vanillic  
Acid 

p-Coumaric  
Acid 

Ferulic  
Acid 

Rutin Cinnamic  
Acid 

60°C 0 0.92a±0.201 0.30a±0.40 0.11a±0.20 0.18a±0.00 0.82a±0.40 0.05bc±0.00 
70°C 0 0.87a±0.20 0.32a±0.20 0.11a±0.25 0.21a±0.25 0.57b±0.20 0.05bc±0.00 
80°C 0 0.89a±0.20 0.32a±0.00 0.11a±0.25 0.18a±0.20 0.44bc±0.25 0.09a±0.20 
Sun dried 0 0.64a±0.40 0.18a±0.25 0.09a±0.00 0.21a±0.25 0.57b±0.25 0.02d±0.00 
60°C 6 months 0.80a±0.11 0.10a±0.11 0.06a±0.11 0.0013b±0.11 0.29cd±0.23 0.03cd±0.11 
70°C 6 months 0.72a±0.11 0.08a±0.11 0.08a±0.11 0.0013b±0.11 0.30cd±0.20 0.04bcd±0.11 
80°C 6 months 0.80a±0.20 0.15a±0.11 0.08a±0.23 0.0013b±0.11 0.27d±0.11 0.06b±0.11 
Sun dried 6 months 0.53a±0.20 0.08a±0.11 0.06a±0.11 0.0015b±0.23 0.29cd±0.11 0.02d±0.00 

1Means in a same column with different letters are significantly different (p<0.05).  

 
The β-carotene contents of the samples were 
significantly higher than the α-carotene contents (Table 
9). After six months of storage, the amounts of both α- 
carotene and β-carotene significantly decreased in all 
samples. However, the amounts of β-carotene 
decreased the most in sun-dried samples (Table 9). In 

the literature, Korese et al. [27], in their study examining 
the effects of different packaging materials on the 
storage stability of Gardenia erubescens Stapf. and 
Hutch. dried fruits, found that the β-carotene amounts 
decreased significantly during three months of storage. 

 
Table 9. α- and β-carotene contents of samples (mg/100 g 
dry weight) initial and after six months storage (means ± 
standard deviation) 

Sample Storage Time α-Carotene β-Carotene 
60°C 0 0.751c±0.021 1.227d±0.01 
70°C 0 0.873a±0.01 1.500a±0.01 
80°C 0 0.767b±0.02 1.378c±0.02 
Sun dried 0 0.722d±0.02 1.480b±0.02 
60°C 6 months 0.009e±0.02 0.435e±0.01 
70°C 6 months 0.008e±0.01 0.394f±0.01 
80°C 6 months 0.007e±0.02 0.377g±0.02 
Sun dried 6 months 0.007e±0.02 0.346h±0.02 

1Means in a same column with different letters are significantly 
different (p<0.05).  

 
In our study, the primary sugars identified in cape 
gooseberry fruit leathers were sucrose, glucose, and 
fructose. Because sugar was added during production, 
the sucrose content in the leathers was significantly 
higher than that of the other sugars (see Table 10). 
According to previous research on cape gooseberry’s 
sugar composition, the main sugars found in the fruit are 

glucose, fructose, and sucrose, with sucrose levels 
exceeding those of glucose and fructose [29]. Although 
there were some changes in the amounts of sucrose, 
glucose, and fructose after storage, these sugars did not 
experience notable losses, unlike the phenolic 
compounds or carotene levels (Table 10). 
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Table 10. Sugar composition of samples (g/100 g dry weight) initial and 
after six months storage (means ± standard deviation) 

Sample Storage Time Sucrose Glucose Fructose 
60°C 0 27.47ab±1.181 4.62cd±0.30 5.07cd±0.57 
70°C 0 26.97ab±1.61 5.67bc±0.09 5.84bc±0.08 
80°C 0 25.31b±1.78 7.64a±0.35 7.76a±0.37 
Sun dried 0 33.78a±4.84 4.74cd±0.35 5.19cd±0.13 
60°C 6 months 26.23ab±1.42 4.97c±0.12 5.27cd±0.11 
70°C 6 months 26.93ab±1.12 5.06c±0.38 5.51cd±0.32 
80°C 6 months 23.89b±1.33 6.61b±0.22 6.83ab±0.25 
Sun dried 6 months 28.59ab±2.84 3.77d±0.45 4.57d±0.51 

1Means in a same column with different letters are significantly different (p<0.05).  

 

CONCLUSION 
 
Fruit leathers made from various fruits serve as healthy 
snack alternatives to traditional confectionery. In this 
study, cape gooseberry leathers were prepared using 
both hot air and sun drying techniques. After production, 
changes in color metrics, browning index, phenolic 
content, sugar composition, and levels of α- and β-
carotene in the fruit leathers were monitored over a six-
month storage period. Color is a key quality factor 
influencing consumer preference and reflecting the 
physical and structural characteristics of food products. 
The browning index was initially low after production but 
increased notably after the fourth month, reaching much 
higher levels by the end of six months. 
 
Among the samples, those dried at 80°C showed the 
highest browning after six months. It was also found that 
β-carotene levels were significantly higher than α-
carotene levels. Over the six months, both α- and β-
carotene contents decreased significantly in all samples. 
The phenolic profile analysis revealed the presence of 
rutin, gallic acid, vanillic acid, p-coumaric acid, ferulic 
acid, and cinnamic acid, with some phenolic compounds 
exhibiting significant declines after storage. 
 
Cape gooseberry is a tropical fruit rich in bioactive 
compounds, including phenolic substances, vitamin C, 
and carotenoids, making it valuable for healthy diets. 
Turning cape gooseberry into fruit leather is an effective 
way to add value, increase demand, and encourage 
consumption of fruit-based products. This research 
showed that cape gooseberry leathers retain essential 
bioactive and functional nutrients and can preserve 
these qualities for an extended period without added 
preservatives. Furthermore, the use of hot air and sun 
drying, common fruit and vegetable drying methods in 
the food industry, proved suitable for producing this 
product. 
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ABSTRACT 
 
An engineering perspective using computer-aided comparison were introduced in this research to investigate the 
effects of starch concentration, product thickness and drying temperature on the drying time, effective moisture 
diffusivity and drying kinetics of fifteen differently treated persimmon fruit leather samples. The best descriptive 
mathematical model of the drying behaviors of the leather products was found by testing the equations of Page, Midilli 
and others, Two-term and Logarithmic models. Fick’s second law model was used to calculate the water diffusion 
coefficient and the diffusivity mechanism was modeled with feed forward backpropagation artificial neural network and 
response surface methodologies. The product thickness and drying temperature were the most effective operating 
parameters. The drying process for persimmon leather production took place in a falling rate period over a minimum 
of 120 minutes. The values of effective moisture diffusivity varied from 1.1˟10-7 to 13.8˟10-7 m2/s. Semi-theoretical 
Midilli and others model presented a better fit depending on the statistical analyses. The artificial network produced a 
more powerful prediction than the response surface methodology with higher R-squared value (0.9846), lower mean 
absolute error (0.0567) and root mean square error (0.0715). 
 
Keywords: Artificial neural network, Drying kinetics, Effective moisture diffusivity, Feed forward backpropagation, 
Persimmon fruit leather 
 
 

Trabzon Hurması Pestilinin Konvektif Kuruma Davranışı ve Kütle Difüzivitesinin Karşılaştırmalı 
Bilgisayar Metodolojileri ile Modellenmesi 

 
ÖZ 
 
Bu araştırmada, nişasta konsantrasyonu, ürün kalınlığı ve kurutma sıcaklığının on beş farklı işlem görmüş Trabzon 
hurması pestil örneğinin kuruma süresi, etkin nem difüzivitesi ve kuruma kinetiği üzerindeki etkilerini araştırmak için 
bilgisayar destekli karşılaştırma kullanan bir mühendislik perspektifi sunulmuştur. Pestil ürünlerinin kuruma 
davranışlarının en iyi tanımlayıcı matematiksel modeli Page, Midilli ve diğerleri, İki-terimli ve Logaritmik modeller test 
edilerek bulunmuştur. Su difüzyon katsayısını hesaplamak için Fick'in ikinci yasa modeli kullanılmış ve difüzivite 
mekanizması ileri beslemeli geri yayılımlı yapay sinir ağı ve yanıt yüzeyi metodolojileri ile modellenmiştir. Ürün 
kalınlığı ve kurutma sıcaklığı en etkili çalışma parametreleri olmuştur. Trabzon hurması pestili üretimi için kurutma 
işlemi, minimum 120 dakika boyunca düşen bir hız periyodunda gerçekleşmiştir. Etkin nem difüzivitesi değerleri 
1,1˟10-7 ile 13,8˟10-7 m2/s arasında değişmiştir. Yarı teorik Midilli ve diğerleri modeli istatistiksel analizlere bağlı 
olarak daha iyi bir uyum göstermiştir. Yapay ağ, daha yüksek R-kare değeri (0,9846), daha düşük ortalama mutlak 
hata (0,0567) ve kök ortalama kare hatası (0,0715) ile yanıt yüzeyi metodolojisinden daha güçlü bir tahmin üretmiştir. 

 
Anahtar Kelimeler: Yapay sinir ağı, Kurutma kinetiği, Etkin nem difüzivitesi, İleri beslemeli geri yayılım, 
Trabzon hurması meyve pestili 
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INTRODUCTION 
 
The drying process is defined by the use of a heating 
source for moisture removal by which allows fruits to be 
consumed regardless of the time, season and 
environmental conditions. The amount of moisture 
determines the drying behaviors and the properties of 
the product being dried. Mass and heat transfers take 
place between the product and the drying system during 
the moisture removal. The mass diffusivity and 
activation energy changes in the material are calculated 
to observe the transfers. A mathematical description of 
the transfers is also carried out to reveal the drying 
kinetics using several models [1-3]. Mass diffusivity is 
the fundamental phenomenon of the drying behaviors 
and is so important that the drying time, the final product 
properties, the energy consumption and the efficiency of 
the drying system may be greatly affected [4]. 
Therefore, there should be an accurate explanation of 
the modeling construction used. Artificial neural 
networks (ANNs) and response surface methodology 
(RSM) have been used to express the drying behaviors 
of different materials such as fruits and fruit products [5-
8]. Both methodologies yield good fittings; however, 
RSM has limitations on the modeling of non-linear 
processes and engineering applications, although it is 
one of the most popular, powerful and widely used 
methods for the design of experiments, modeling and 
optimization [8, 9]. ANN is derived from the human brain 
system and is very good at predicting the response 
output(s) using transfer and training functions with a 
topology map that includes nodes, layers and 
connections. Choosing an appropriate network is 
important to set up an accurate relationship between 
input and output variables that is simple to understand. 
Feed forward back-propagation (FF-BP) is a commonly 
used network in artificial neural systems. It uses a multi-
layer structure consisting of inputs (process variables), 
hidden neurons and output layers, so that it forms many 
ways to reach the most fitting result for the output [9, 
10]. 
 
It is important to determine the factors affecting the 
drying kinetics, and accordingly, to realize the 
appropriate drying model for the dried fruit products 
such as fruit leathers. The healthy fruit leather, soft food 
snacks, are produced by drying fruit puree, concentrate 
or juice [11-13]. It has been reported that the most 
effective parameters in the drying kinetics of fruit and 
fruit products are temperature and thickness −by taking 
into account the properties of the drying system used− 
whereas air velocity and relative humidity are fewer 
effective ones [3]. It is known that the effect of heat on 
drying time of fruit leather is the most fundamental [12]. 
Additionally, it has been shown that the effect of the 
water holding capacities of the gelling or thickening 
agents (vegetable oil, starch, pectin, and other 
hydrocolloids) used during the fruit leather production on 
the moisture content of the final product is substantial 
and the physical properties are significantly affected 
[11]. 
 
The Asian fruit persimmon (Diospyros kaki L.) is widely 
consumed in Mediterranean nations, mostly in its fresh 

form during a brief but distinct season (autumn) [14-16]. 
Several studies into the drying characteristics of 
persimmon fruit in various forms such as whole or in 
slices have been conducted [15-22]. For persimmon fruit 
leather as a novel product, no drying kinetic study has 
been done, though. 
 
Given the foregoing information, the manufacturing of 
persimmon leather was carried out in an experimental 
design matrix, with the parameters of thickness, 
temperature, and starch content being examined. At the 
beginning and completion of the drying process, the 
moisture content of the persimmon leather was 
measured. Moisture ratios that were determined at any 
point throughout the drying process were used to 
establish the drying kinetics. A total of four drying curve 
models were employed in the study since it is 
impossible to determine a general drying equation 
because the models can differ based on (i)fruit features, 
(ii)drying conditions, (iii)drying techniques, and (iv)fruit 
leathering processes. The semi-theoretical models of 
Page, Midilli and others, Two-term and Logarithmic were 
selected because they fit the drying behaviors of fruits 
well and are commonly employed for natural products 
[3, 6]. 
 
A comparative analysis of the models' coefficients was 
conducted using statistical methods to determine which 
the best is. The moisture weight loss during drying was 
used to calculate the mass diffusivity and drying rate. 
The mass diffusivity was modeled using the RSM and 
FF-BPANN approaches, and their prediction accuracy 
was statistically evaluated. 
 
MATERIALS and METHODS 
 
Experimental Design 
 
The aim of generating this experimental design was to 
produce different characterizations of persimmon leather 
products; to investigate the effect of the production 
variables on drying time and moisture diffusion; and to 
model the drying kinetics for each product. The 
experimental study was designed using the independent 
variables of starch concentration, product thickness, and 
drying temperature using a Box-Behnken Design (BBD) 
in Design Expert Version 7.1.6 (Minneapolis, USA). 
Fifteen leather products (three in the center point) were 
prepared according to the starch concentration and 
product thickness and then dried at the discussed drying 
temperature levels.  

 
Preparation of Fruit Leather 
 
Persimmon fruit was purchased from a local market in 
Gaziantep, Turkey. After the fruit had been cleaned, 
peeled, and shredded, a hand blender was used to 
homogenize it. A 1:2 (w/v) starch solution made of 
commercial wheat starch and distilled water was 
combined with 100 g of homogenized fruit. Following 
thorough mixing, the mixture was heated using a 
magnetic stirrer until the final brix value was 30.0±1.0. 
The cooked material was spread on a clean fabric by 
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using circular shaped molding apparatus of a certain 
thickness. The fabric with the sample was placed in tray 
drier (UOP 8 Tray Drier, Armfield, UK) with the velocity 
of hot air maintained constant (0.5±0.05 m/s) for all 
drying temperature levels [23]. A balance installed on 
the tray drier was used to measure the material's weight 
reduction every 20 minutes. As a result, the products' 
free moisture content could be determined at any 
moment. When the difference between the two most 
recent weight reductions was measured to be less than 
one gram, the drying process was halted, and the drying 
duration for each persimmon leather product was 
established [19]. The ultimate moisture content of the 
products was determined using the oven method [24]. 

 
Mathematical Modeling of Drying Kinetics and 
Statistical Analysis 
 
The weight reduction of the leather products was 
measured every twenty minutes so that the remaining 
moisture content could be calculated in the products. 
The moisture ratio (MR) of each product was calculated 
by Equation 1 [25]. The equilibrium moisture content 
was determined as the moisture content calculated at 
the end of drying time.  
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                                                    (1) 
 
Where the definitions are MR, moisture ratio; M, 
moisture content of the product at any time; Mo, the 
initial moisture content of the product; Me, the 
equilibrium moisture content of the product. 
 
Four drying curve models were selected and performed 
for each experimental run based on MR values. The 
equations of the models are given below for Page 
(Equation 2) [18], Two-term (Equation 3) [26], 
Logarithmic (Equation 4) [27], and Midilli and others 
(Equation 5) [30]. The models were fitted to the 
experimental data by SigmaPlot software (Version 11, 
Erkrath, Germany).  
 

Page Equation: ( )ntkMR 0exp −=                                  (2) 

 

Two-term Equation: ( ) ( )tkbtkaMR 10 expexp −+−=        (3) 

 

Logarithmic Equation: ( ) ctkaMR +−= 0exp                (4) 

 

Midilli and others Equation: ( ) bttkaMR n +−= 0exp         (5) 

 

Statistical evaluation of the predicted data for goodness 
of fitting was performed by root mean square error 

(RMSE; Equation 6), chi-square (
2 ; Equation 7), 

coefficient of determination (R2; obtained from the 
software) and the correlation coefficient (CC; Equation 
8) as the primary criteria for the best model selection 
[26]. The goodness of fit of the experimental and 
predicted data was revealed by high R2 and CC values, 

and by low chi-square and RMSE values. Consequently, 
the best drying curve model was determined. 
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Where the definitions are N, number of data; MRpre,i, 
predicted model value; MRexp,i, experimental value; 

ipreMR , , mean of predicted model value; iMRexp, , 

mean of experimental value; and z number of constants 
in the Equations of 6, 7 and 8. 
 
Experimental free moisture content values of the 
products at any drying time were predicted using the 
best drying curve model equation which was discussed 
at the drying curve stage. This predicted data were 
utilized to obtain the rates of the drying curve for each 
run in Equation 9 [29] where R is the drying rate (kg 
water/h× m), Ls dry solid (kg), A heat exposed area (m2), 
dx/dt (kg water/kg dry solid×h) water loss at t time. 
Falling and constant rate periods of the drying 
procedure were determined by plotting the rates versus 
the predicted free moisture content values. 
 

dt

dx

A

Ls
R −=

                                                              

(9) 

 

Effective Mass Diffusivity Calculation and 
Modeling 
 
The effective mass diffusivity coefficient of the leather 
products during the drying period was estimated by 
using Fick’s second law of diffusion [30]. The leather 
products were assumed to be in slab form. According to 
the diffusion law, the drying behavior of the products can 
be described in Equation 10 where MR' is the derived 
moisture ratio from the best drying curve model 
equation; n, the number of terms of the series; Deff, the 
effective diffusivity coefficient (m2/s); t, drying time and 
L, the half thickness of the leather product. Since the 
drying of leather products takes a long time, Equation 10 
can be simplified to Equation 11 using only the first term 
of the series [31]. 
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The derived Deff values were predicted by the equations 
for the response surface and artificial neural network 
methodologies. A second order polynomial equation 
(Equation 12) of the RSM (Design Expert Version 7.1.6, 
Minneapolis, USA) shows that y is the response, β0 is 
constant, βj, βij and βjj are the regression coefficients, 
and xj and xi are the levels of the independent variables. 
FF-BPANN (MATLAB Version 7.10, USA) was trained 
under supervision with the Levenberg-Marquardt (LM) 
algorithm due to its speed and lower training 
requirement. Three input layers were transferred by the 
tan-sing function with 1 hidden layer, 10 neurons 
(nodes) to 1 output layer. The prediction competencies 
of the methodologies were compared by RMSE, mean 
absolute error (MAE; Equation 13) and R2. The 
coefficient of determination values for RSM and FF-
BPANN were computed with the regression tool of the 
MS Excel program. 
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RESULTS and DISCUSSION 
 

The drying process provides a long shelf life for fruits by 
reducing water content. The mathematical modeling 
approach is used for drying kinetics based on the 
efficiency and calculations of water removal to control 
and consider an accurate design of the drying process. 
Dried fruits are exposed to changing conditions and 
nutritional loss over a period of time. To avoid such 
problems and operate the drying successfully, the 
process parameters needed to be modeled and 
optimized [3, 32]. 
 

The time and moisture diffusivity, which are important 
factors in drying [3], were discussed for the differently 
treated persimmon leathers within the scope of the BBD 
matrix depending on the moisture ratio changes (Table 
1). The graphics (Figure 1) of MR and time show the 
effects of the production parameters on the drying time. 
The drying time extends when the leather thickness 
increases at any concentration of starch and drying 
temperature, as seen in Figure 1a and 1b. As Figures 
1a and 1c demonstrate, drying times are shorter as 
temperatures rise. This is a trend that is anticipated. The 
effect of the starch concentration on the drying time is 
related to the temperature value because the 
gelatinization characteristics of the starch hydrocolloid 
are affected by its type, temperature and water content 
[33]. The minimum leather production period is 120 
minutes, whereas the maximum one is 360 minutes, 
which shows that drying thickness and temperature are 
the most effective process parameters for persimmon 
leather.  

 
Demiray and Tülek [17] applied pretreatments of 
blanching and osmotic dehydration to whole persimmon 
fruit. They dried the fruit with a cabinet dryer at 55, 65 
and 75°C temperatures and 0.2 m/s air velocity. Specific 
moisture content (35%) was reached at 75°C 27 h and 
22 h respectively for blanched and osmo-dehydrated 
fruit. Tontul and Topuz [34] produced pomegranate fruit 
leather at constant product thickness (4 mm) and 
concentration of wheat starch (10%). They indicated that 
increasing drying temperature and presence of 
hydrocolloid caused decreasing drying time. Yılmaz et 
al. [35] produced pomegranate fruit leather at three 
leather thickness (1, 2, 3 mm) and drying temperature 
degrees (50, 60, 70°C), and constant wheat starch 
concentration (5%). They indicated that the drying 
conditions had significant effects on drying time and 
effective mass diffusivity of the leather samples. When 
the thickness of pomegranate fruit leather increased, 
drying time significantly decreased. The increasing 
drying temperature resulted in reverse effect on drying 
time. The effective mass diffusivity was also significantly 
affected by the parameters. Increasing levels of the 
parameters cause a faster moisture removal from the 
leather samples. They concluded that optimization of 
drying conditions provides an enhancement for the 
process efficiency. Azeredo et al. [12] found the same 
effects for drying temperature and puree load (puree 
mass per dish area) on the drying time to produce 
mango fruit leather. Although they designated the drying 
time as a parameter for leather production, they stated 
that it could not be minimized, but the minimum 
temperature could be determined to be the optimum 
result for mango leather. 
 

Developing a new food product requires design in terms 
of process tools, operational parameters and outputs. 
Modeling and optimization achieves the goals of 
reduction in time and cost, operational minimization, a 
well-controlled system, statistical evaluation and 
reporting of the outputs and an understanding of the 
relationship between the materials to be processed and 
the system to be used [36]. The phenomenon of water 
loss from a product during a conventional drying 
process depends on external and internal conditions, 
which can cause a challenge for drying of fruits. 
Therefore, mathematical modeling is a good way of 
attending to the fruit drying. Additionally, validation of 
models used is important and it should be considered 
statistically in terms of both accuracy and precision [37]. 
This study proposed that drying kinetics for fruits would 
be described, evaluated and compared by modeling. 
Page, Midilli and others, Two-term and Logarithmic 
models are those that provide good predictions and the 
right perspectives for various fruit drying processes [3]. 
The equations for these semi-theoretical models (Table 
1) were tested to determine the best drying curve model 
for the mathematical description of persimmon leather 
products. Initial constant values and coefficients of the 
models for each product run are presented in Table 2. 
The Midilli and others model was specified as the best 

model by its low RMSE and
2 values and high R2 and 

CC values (Table 3). 
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Table 1. The design matrix showing the results of drying time and experimental and predicted 
effective mass diffusivity values 

Runs 
Starch 

concentration 
(%) 

Drying 
thickness 

(mm) 

Drying 
temperature 

(°C) 

Time 
(min) 

Deff  (m2/s˟10-7) 

Derived RSM FF-BPANN 

1 7 3 50 240 8.2932 8.1500 8.2105 
2 5 1 60 140 2.2709 2.4250 2.2845 
3 3 1 50 120 1.6347 1.7780 1.8158 
4 5 3 40 320 5.6617 5.5070 6.4660 
5 5 2 50 180 5.6422 5.3770 5.4756 
6 5 2 50 180 5.0819 5.3770 5.4756 
7 3 2 40 260 3.6471 2.9890 2.4804 
8 5 2 50 180 5.4061 5.3770 5.4756 
9 3 3 50 220 8.4249 9.2370 8.3644 
10 3 2 60 120 9.9218 9.6250 9.9041 
11 7 1 50 140 1.6733 8.6140 1.9997 
12 7 2 40 160 4.0344 4.3310 3.9469 
13 7 2 60 160 5.6220 6.2800 5.6403 
14 5 1 40 220 1.1008 1.6160 1.4148 
15 5 3 60 180 13.7963 13.2800 13.3260 

   
Statistical sources 

RMSE 0.0759 0.0715 
   MAE 0.0635 0.0567 
   R2 0.9815 0.9846 

 
 

  

 
Figure 1. Experimental and estimated (lines) MR values vs time, (a): at constant starch concentration, (b): at constant 
drying temperature, (c): at constant drying thickness, (c): center point depiction 
 
The model suggested by Hii et al. [38] was selected as 
the best model for sliced and blanched persimmon fruit 
drying among twelve thin-layer drying kinetic models in 
the study of Hanif et al. [19]. Demiray and Tülek [17] 
determined Page [39] and Modified Page [40] models as 
the best models for the drying kinetics of whole 
persimmon fruit. Sampaio et al. [21] and Doymaz [41] 
reported that Midilli and others model presented the best 
fitted modeling for drying process of persimmon fruit.  

It is known that fruits and vegetables mostly dry in the 
falling rate period [41, 42, 43]. The leather of persimmon 
fruit also dried in the falling rate period as seen in Figure 
2. Except for Runs 9 and 12, their drying process took 
place in both the first and second falling rate periods; 
the others reached their equilibrium moisture content in 
the first falling-rate period. Doymaz [18] observed the 
drying process of persimmon fruit occurring in the falling 
rate period. 
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Figure 2. Drying rate curves of persimmon leather at different process 
conditions. Run C* depicts the drying rate curve of the mean values of 
the center points runs, Run 5, Run 6, and Run 8  

 
The drying process is controlled by the moisture 
diffusion mechanism [3]. Hence, its accurate portrayal is 
important. The effective moisture diffusivity of food 
products is in the range from 10-8 to 10-12 m2/s [2, 17]. 
We calculated Deff to be from 1.1 to 13.8˟10-7 m2/s for the 
persimmon leather products. The highest Deff value (Run 
15) was obtained at a maximum temperature of 60°C 
and a thickness of 3 mm whereas the minimum 
temperature of 40°C and thickness of 1 mm gave the 
lowest value (Run 14). It is understood that the moisture 
removal is fundamentally affected by the drying 
temperature and leather thickness. Cárcel et al. [16], 
Doymaz [18] and Demiray and Tülek [17] obtained Deff 
values varying from 0.7 to 10˟10-10 m2/s for hot air drying 
of persimmon fruit in different drying conditions. Doymaz 
[18] and Demiray and Tülek [17], respectively worked 
with 50 to 70°C and 55 to 75°C temperature intervals, 
and indicated that the drying temperature increased the 
Deff values. Lower Deff values were reported for tomato 
slices (5.11˟10-6 m2/s) and date palm fruit (4.73˟10-6 

m2/s) by Onwude et al. [3]. 

 
There are many fruit drying studies where the 
fundamental point is to explain the moisture removal 
mechanism by modeling methods [5, 6, 8, 30, 31, 44, 
45, 46, 47, 48, 49]. The effective moisture diffusivity was 
modeled in this study. Statistical comparison of RSM 
and FF-BPANN methods are presented in Table 1. The 
topology of FF-BPANN (3-1-10-1) predicted more 
accurate effective moisture diffusivity values. In other 
words, it revealed better data fitting and estimation 
capability since ANN methodology has better abilities of 
modeling of non-linear processes and adapting to the 
changes of the process. These properties make ANN 
powerful and flexible. RSM tries to explain the changes 
of the process by second order polynomial equation, 
which creates an important limitation for its 
representation [36]. However, there is so little difference 
that both methods can be considered successful. Data 
distribution on the regression line in Figure 3 showed 
that FF-BPANN provided better prediction of Deff values.

 

 
Figure 3. Visual demonstration of the prediction competence of the modeling methods for Deff 
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CONCLUSION 
 
The drying models based on the experimental studies 
allows fewer assumptions to be made about the drying 
processes, which results in more accurate and feasible 
applications for designers and engineers. In this respect, 
it is important to study the drying kinetics of persimmon 
fruit leather as a novel product. The drying time and 
moisture removal mechanisms were most affected by 
the leather thickness and drying temperature 
parameters. The drying rate curves showed that the 
drying process of the leather products took place during 
the falling rate period. The fitting quality of Midilli and 
others model was statistically shown to be the best fit for 
the persimmon leather drying kinetics. The effective 
moisture diffusivity (Deff) values for different persimmon 
leather products ranged from 1.1˟10-7 to 13.8˟10-7 m2/s, 
and were successfully modeled by RSM and ANN 
methods. The artificial neural methodology produced 
slightly better modeling results compared to RSM. 
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ÖZ 
 
Ticari enzim pazarında önemli bir yeri olan proteolitik enzim grubundan proteazlar, geniş ve farklı biyoteknolojik 
uygulamaları nedeniyle yüksek talep gören bir enzim grubudur. Bu enzimlerin küfler kullanılarak fermantasyon yoluyla 
üretilmesi tercih edilen bir yöntemdir. Çünkü, enzimlerin konsantre halde ekstraselüler olarak üretilmesiyle geri 
kazanımı daha kolay ve maliyet açısından daha elverişli bir üretim yöntemi olmaktadır. Bu nedenle çalışmada, organik 
çöpler substrat olarak kullanılarak Aspergillus niger'den proteazların üretimine alternatif oluşturmak ve enzimin 
saflaştırılmasına bir temel oluşturmak amaçlanmıştır. Araştırmada, A. niger inoküle edilen %50 protein oranında 
organik atıklardan hazırlanan besiyerinin, 30°C’de 24 saat inkübasyon süresinde, pH 5.5’te enzim üretimi için 
optimum besiyeri olduğu tespit edilmiştir. A. niger’den üretilen proteaz enzimi geniş bir uygulama alanına sahip, çok 
yönlü bir biyo-ayırma aracı haline gelen, yüksek geri kazanım ve saflık seviyelerine sahip bir dizi enzim ve proteini 
saflaştırmak için kullanılan üçlü faz ayırma (TPP) sistemi ile kısmen saflaştırılmış ve biyokimyasal karakterizasyonları 
incelenmiştir. TPP sistemi ile proteaz enzimi 1.0:1.5 (ham enzim çözeltisi: t-bütanol oranı) ve %80 doygun amonyum 
sülfat konsantrasyonu ile %235.7 verimle 13.15 kat saflaştırılmıştır. Enzimin molekül ağırlığı MALDI-TOF yöntemiyle 
15.56 kDa olarak belirlenmiştir. A. niger’den saflaştırılan proteaz enziminin optimum ve stabil pH’ları sırasıyla 10.0 ve 
9.0 iken optimum ve stabil sıcaklığı ise 60°C olmuştur. Okside edici ajanlar, yüzey aktif maddeleri, inhibitör ve substrat 
varlığı proteaz enziminin aktivite değerlerinde azalmaya neden olmuştur.  
 
Anahtar Kelimeler: Proteaz, Aspergillus niger, Üçlü faz ayırma sistemi (TPP), Taguchi 

 
 

Protease Enzyme Production and Characterization from Aspergillus Niger Grown in Medium 
Obtained from Organic Waste 

 

ABSTRACT 
 
Proteases, a subgroup of proteolytic enzymes with a significant role in the commercial enzyme market, are in high 
demand due to their broad and diverse biotechnological applications. Fermentation using molds is a preferred method 
for producing these enzymes because their extracellular production in a concentrated form facilitates easier recovery, 
making the process more cost-effective. Therefore, this study aims to provide an alternative approach for the 
production of proteases from Aspergillus niger using organic waste as a substrate and to establish a basis for enzyme 
purification. In this study, the optimal medium for enzyme production was determined as a culture medium prepared 
from organic waste with a 50% protein content, inoculated with A. niger, and incubated at 30°C for 24 h at pH 5.5. The 
protease enzyme produced from A. niger was partially purified using the three-phase partitioning (TPP) system, which 
has become a versatile bio-separation tool with broad applications, high recovery rates, and high purity levels. Using 
the TPP system, the protease enzyme was purified 13.15-fold with a yield of 235.7% under conditions of a 1.0:1.5 
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ratio (crude enzyme solution: t-butanol) and 80% ammonium sulfate saturation. The molecular weight of the enzyme 
was found to be 15.56 kDa using the MALDI-TOF method. The optimum and stable pH values of the purified protease 
enzyme from A. niger were determined as 10.0 and 9.0, respectively, while the optimum and stable temperature was 
60°C. The presence of oxidizing agents, surfactants, inhibitors, and substrates caused a decrease in the enzyme 
activity values. 
 
Keywords: Protease, Aspergillus niger, Triple phase separation system (TPP), Taguchi 
 

 
GİRİŞ 
 
Enzimler, biyokimyasal katalizörler olarak çalışan ve 
reaksiyonları yüksek verimle gerçekleştiren 
biyomoleküllerdir. Canlı organizmalar tarafından spesifik 
biyokimyasal reaksiyonları gerçekleştirmek amacıyla 
üretilirler [1]. Enzimlerin büyük kısmı, enzimatik aktivite 
için gerekli olan ve protein yapısında bulunmayan 
kofaktörlere bağımlı iken, bazıları yalnızca protein 
yapısıyla fonksiyon gösterir. Endüstrinin hemen hemen 
her alanında enzimlere ihtiyaç duyulmakta olup, bu 
enzimler genellikle mikrobiyal kökenlidir. Mikrobiyal 
kökenli enzimlerin tercih edilmesinin sebebi, hayvansal 
ve bitkisel enzimlere kıyasla daha yüksek kalitatif 
aktivite göstermeleridir. Ayrıca mikrobiyal enzimler 
diğerlerine göre daha dayanıklı, ekonomik ve daha 
büyük çapta üretilebilir [2]. Enzimler, tekstil, kâğıt, içecek 
ve yiyecek, deterjan, deri, hayvan yemi, yakıt, ilaç, 
kozmetik gibi çeşitli endüstrilerde yaygın olarak 
kullanılmaktadır.  
 
Mikrobiyal enzim grubu içinde olan proteaz, 
aminoasitlerin oluşumu ve protein katabolizması için 
gereklidir. Proteinlerin peptit bağlarının hidrolizini 
katalize eden bu enzim, proteolitik enzimler veya 
peptidazlar olarak adlandırılır. Peptitleri ve amino asitleri 
serbest bırakır ve gıdanın bileşimi, süreci ve bozulması 
üzerindeki etkileri nedeniyle gıda endüstrisinde önemli 
bir rol oynar.  Fonksiyonel ve aktif gruplarına göre altı 
ana başlık altında sınıflandırılır: serin proteazlar, sistein 
proteazlar, metalloproteazlar, aspartilproteazlar, treonin 
proteazlar ve glutamik asit proteazlar [3]. 
 
Biyoteknoloji alanındaki endüstriyel enzim araştırmaları 
giderek daha fazla önem kazanmaktadır. Bunun başlıca 
sebepleri arasında enzim teknolojisinin gelişmesi, ürün 
kullanım alanlarının genişlemesi ve ekonomik değerinin 
artması yer almaktadır. Son yıllarda, bu çalışmaların bir 
kısmı atıklardan enzim üretimi üzerine yoğunlaşmıştır. 
Dünya genelinde nüfus artışına paralel olarak atık 
miktarı da hızla yükselmekte ve bu atıkların 
değerlendirilmesi çevresel açıdan büyük önem 
taşımaktadır. Özellikle meyve ve sebzelerden 
kaynaklanan biyolojik olarak parçalanabilir atıkların yılda 
yaklaşık 50 milyon ton olduğu tahmin edilmektedir ve 
bunun sadece %0.5’i endüstriyel işlemlerde 
kullanılmaktadır. Bu nedenle, endüstriyel süreçlerin yan 
ürünü olarak oluşan atıkların değerlendirilmesi çevresel 
ve ekonomik açıdan önemlidir. Bu kapsamda,  
Madhumithah ve ark. [4] bitkisel atıklar, Oyeleke ve ark. 
[5], bakliyat atıkları; Lanka ve ark. [6] hayvansal protein 
kaynaklı süt ürünleri atıklarını kullanarak Aspergillus 
niger’den proteaz üretimini araştırmıştır. Benzer şekilde 
bu çalışma da organik atıkların A. niger tarafından 
proteaz üretimi için kullanılabilirliğini değerlendirilmeyi 

ve enzim üretimini ekonomik olarak teşvik etmeyi 
amaçlamaktadır. 
 
Bu çalışmada proteaz enzimini saflaştırmak için üçlü faz 
ayırma (TPP) yöntemi kullanılmıştır. TPP, geniş bir 
uygulama alanına sahip, protein çökelmesinin pek çok 
basamağını kapsayan çok yönlü bir biyo-ayırma aracı 
olarak yüksek geri kazanım ve saflık seviyelerine sahip 
bir dizi enzim ve proteini saflaştırmak için 
kullanılmaktadır. Proteaz, invertaz, pektinaz, a-
galaktosidaz, tripsin inhibitörü, lakkaz, katalaz gibi 
enzimlerin saflaştırılmasında yaygın olarak kullanılan 
TPP yönteminin mekanizması tam olarak literatürde 
tanımlanmamış olsa da, salting out, ozmolitik 
elektrostatik kuvvetler, kozmotropik çökeltme, izo-iyonik 
çökeltme, konformasyon sıkılaşması ve protein 
hidrasyon kaymaları gibi çeşitli ayırma işlemlerinin 
kombinasyonlarından oluştuğu belirtilmektedir [8].  
 
Bu çalışmanın amaçlarından biri de Taguchi test metodu 
kullanılarak organik atıklardan elde edilen besiyerlerinde 
A. niger fermentasyonu ile üretilen proteaz enzimlerinin 
en verimli koşulları belirlemek ve geleneksek yöntemlere 
göre daha basit, verimli, ekonomik ve tek adımda 
yüksek geri kazanımla saflaştırılabilen TPP yöntemi ile 
proteaz enziminin saflaştırılmasının karakterizasyonunu 
yapmaktır. 
 

MATERYAL ve METOT 
 

Kullanılan Mikroorganizma 
 
A. niger MRC 200806 saf kültürleri TÜBİTAK Marmara 
Araştırma Merkezi Küf Kültür Koleksiyonu’ndan temin 
edilmiştir. Saf kültürler 650 µL gliserol, 350 µL Tryptic 
Soy Broth (TSB) içinde -18°C’de muhafaza edilmiştir.  
 

Küfün Çoğaltılması 
 
Sporulasyon ortamı olarak TSA (Tryptic Soy Agar) 
besiyeri kullanılmıştır. Seyreltilmiş örnekler, steril öze 
kullanılarak TSA içeren petri kaplarına çizgi ekim 
yöntemiyle inoküle edilmiştir. Kültürler, 30°C’de 72 saat 
inkübasyona bırakılmıştır. İnkübasyon süresi sonunda, 
gelişen kolonilerden 100 µL alınarak 7 mL TSB (Tryptic 
Soy Broth) besiyerine inoküle edilmiş ve 30°C’de 72 
saat boyunca inkübe edilerek çoğaltılmıştır. Elde edilen 
kültür, enzim üretiminde inokulum kaynağı olarak 
kullanılmıştır. 
 

Uygun Besiyeri İçeriğinin Belirlenmesi 
 
Proteaz üretimi için en uygun besiyeri koşullarını 
belirlemek amacıyla Taguchi (3x3) deney tasarım 
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yöntemi uygulanmıştır. Bu yöntemin temel adımları; 
faktörlerin ve etkileşimlerin belirlenmesi, her bir faktörün 
farklı seviyelerinin tanımlanması, uygun ortogonal 
matrisin seçilmesi, etkileşimlerin ve faktörlerin matrise 
aktarılması, deneylerin gerçekleştirilmesi, elde edilen 
verilerin analizi, optimal koşulların belirlenmesi ve 

doğrulama deneylerinin yapılması şeklinde özetlenebilir 
[9]. A. niger kültürü, Taguchi yöntemine göre tasarlanan 
deney düzeninde, Tablo 1’de belirtilen faktörler 
doğrultusunda üç paralel analiz ile proteaz aktivitesi 
açısından değerlendirilmiştir. 

 
Tablo 1. Proteaz üretimi için kullanılan fermentasyon koşulları 
Table 1. Fermentation conditions used for protease production 

Hayvansal Protein (%)-Bitkisel Protein (%) pH İnkübasyon Süresi (saat) 

50-50 5.0 24 
50-50 5.5 48 
50-50 6.0 72 
60-40 5.0 48 
60-40 5.5 72 
60-40 6.0 24 
70-30 5.0 72 
70-30 5.5 24 
70-30 6.0 48 

 
Sakarya YURTKUR Kız Öğrenci Yurdu 
Yemekhanesi’nden toplanan gıda artıkları (Tablo 2), 
hayvansal-bitkisel protein, meyve-sebze ve polisakkarit 
ağırlıklı olarak sınıflandırılmış ve blender yardımıyla 
püre haline getirilerek toplam 50 g olacak şekilde 

karışım hazırlanmıştır. Karışıma 100 mL saf su eklenmiş 
ve homojen bir kıvam elde etmek amacıyla tekrar 
blender ile işlem görmüştür. Elde edilen besiyeri, gıda 
partiküllerinden arındırılarak pürüzsüz bir yapı elde 
etmek için No:1 WhatmanTM filtre kâğıdı ile süzülmüştür.  

 
Tablo 2. Besiyeri kompozisyonunda yer alan biyolojik atıkların içeriği 
Table 2. Composition of biological waste in the growth medium 

1. Sebze ve meyve ağırlıklı atıklar 

Kabak, havuç, lahana (çiğ ve turşu), domates (çiğ ve konserve), 
biber (kapya, çarliston), patlıcan, soğan, patates, karnabahar, 
maydanoz, marul, dereotu, roka, nane, pırasa biberiye, kereviz, 
mandalina, portakal, limon, karpuz, muz, ananas, iğde, elma, 
ayva, Trabzon hurması, armut, greyfurt, kivi 

2. Hayvansal Protein ağırlıklı atıklar 
Mantar, yumurta (çiğ ve haşlanmış), peynir (beyaz peynir, kaşar 
peyniri), kırmızı et, tavuk eti 

3. Bitkisel Protein ağırlıklı atıklar 
Kuru fasulye yemeyi, nohut yemeyi, yeşil mercimek, bezelye, 
börülce 

4. Polisakkarit ağırlıklı atıklar 
Ekmek (kepekli, çavdar, beyaz, tam buğday), kek, pankek, simit, 
poğaça (dereotlu, kaşarlı, domatesli), açma, üzümlü çörek, 
kruvasan (çikolatalı ve sade), şekerli çörek, ay çöreği. 

 
Besiyerinin pH değeri deney düzenine uygun olarak 5.0, 
5.5 ve 6.0 seviyelerine ayarlanmış, ardından her biri 30 
mL fermantasyon ortamı içerecek şekilde 100 mL’lik 
Eppendorf® tüplerine aktarılmıştır. Sterilizasyon 
amacıyla 121°C’de 15 dakika otoklavlanmıştır. 
Soğutulan besiyerleri, 8 mm çapında A. niger kültürü ile 
inoküle edilerek vortekslenmiştir. İnoküle edilen tüm 
besiyerleri, 30°C’de 24, 48 ve 72 saat boyunca inkübe 
edilmiştir. Fermantasyon süresi sonunda, biyolojik kabin 
içerisinde Buhner hunisi kullanılarak No:1 WhatmanTM 
filtre kağıdı yardımıyla süzme işlemi gerçekleştirilmiş ve 
elde edilen süzüntü ham enzim kaynağı olarak 
kullanılmıştır. Her bir süzüntünün proteaz aktivitesi 
ölçülmüş ve tüm analizler üç paralel tekrar ile 
gerçekleştirilmiştir. 

 
Proteaz Enziminin Üçlü Faz Ayırma Yöntemi 
Kullanılarak Saflaştırılması 
 
Optimum koşullarda enzim üretimi gerçekleştirildikten 
sonra, fermantasyon ortamındaki küf miselleri filtre 
kağıdı kullanılarak uzaklaştırılmıştır. Homojenattaki 

hücre kalıntılarının giderilmesi amacıyla, süzüntü 5000 
rpm’de, 24°C’de 25 dakika santrifüj edilmiştir. Enzim 
saflaştırma sürecinde, optimum amonyum sülfat/t-
bütanol oranını belirlemek için homojenattan her bir tüpe 
2 mL aktarılmış ve farklı amonyum sülfat doygunluk 
seviyelerine (%30, %40, %50, %60, %70, %80 ve %90) 
ayarlanmıştır. Ardından, her tuz konsantrasyonu için 
farklı homojenat/t-bütanol oranları (1.0:0.5, 1.0:1.0, 
1.0:1.5 ve 1.0:2.0) hesaplanarak uygun hacimde t-
bütanol eklenmiş, her ekleme sonrası vorteksleme 
işlemi uygulanmıştır. Numuneler oda sıcaklığında 1 saat 
inkübe edilmiş ve üç fazın oluştuğu gözlemlenmiştir. 
Bunu takiben, çözeltiler 5000 rpm’de, 24°C’de 10 dakika 
santrifüj edilmiştir. Santrifüj sonrası üst faz pastör pipeti 
ile ayrılmış, kalan orta ve alt fazlar ayrı tüplere 
aktarılmıştır. Son olarak, bu fazların protein tayini ve 
enzim aktivitesi analizleri gerçekleştirilmiştir. 
 

Proteazların Enzim Aktivitesi 
 
Proteaz enziminin aktivitesi, substrat olarak kazein 
kullanılan modifiye bir yöntemle belirlenmiştir [2]. 
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Yöntemde, %0.65 konsantrasyonda hazırlanan 
kazeinden 2.5 mL alınarak üzerine 0.5 mL enzim 
çözeltisi eklenmiştir. Reaksiyon karışımı, 37°C’de su 
banyosunda 10 dakika inkübe edilmiştir. Kontrol (kör) 
için enzim çözeltisi yerine Tris-HCl tampon (100 mM, pH 
8.5) kullanılmıştır. İnkübasyonun ardından reaksiyonu 
durdurmak için 2.5 mL 110 mM TCA çözeltisi eklenmiş 
ve karışım tekrar 37°C su banyosunda 30 dakika 
bekletilmiştir. Bu işlemi takiben karışım 5000 rpm’de 10 
dakika santrifüj edilmiş, oluşan süpernatanttan 1 mL 
alınmıştır. Süpernatanta 2.5 mL Na₂CO₃ (0.5 M) 
çözeltisi ve 0.5 mL Folin-Ciocalteu reaktifi (0.5 M) 
eklenerek karışım bir kez daha 37°C’de 30 dakika 
inkübe edilmiştir. İnkübasyonun sonunda, reaksiyon 
karışımının absorbans değerleri 660 nm’de 
spektrofotometrede ölçülmüştür. 37°C ve pH 8.5 
koşullarında gerçekleşen hidroliz sırasında, %0.65 
kazeinden dakikada 1 µg tirozin açığa çıkması için 
gereken enzim miktarı, bir ünite proteaz aktivitesi (U/mL) 
olarak tanımlanmıştır. 
 

Bradford Yöntemiyle Protein Tayini 
 
Seyreltilmiş BSA örneklerinin üzerine hazırlanan 
Coomassie Brillant Blue G-250 çözeltisinden 2 mL 
eklenmiş ve vortekslenmiştir [2]. On dakika boyunda oda 
sıcaklığında bekletildikten sonra standartlar 595 nm 
dalga boyunda köre karşı okunmuş ve elde edilen 
değerlerle protein standart grafiği çizilmiştir. 
Numunelerdeki bilinmeyen protein konsantrasyonları, bu 
grafik yardımıyla hesaplanmıştır. 
 

Moleküler Ağırlığı 
 
Saflaştırılan proteaz enziminin moleküler ağırlığı MALDI-
TOF cihazı kullanarak hesaplanmıştır. Saflaştırılmış 

numunenin analizi için numune 500 L (1/1/1 
asetonitril/ultra saf su/ethanol) karışım kullanılarak 
seyreltilmiştir. Matriks için ise iki farklı şekilde; 5 mg 
CHCA (α-siyano-4-hidroksisinnamik asit), 10 mg 
sinapinik asit (3,5-dimetoksi-4-hidroksisinnamik asit) 

kullanılmıştır. Matriksler 1000 L (50.0/50.0/0.1 
asetonitril/ ultra saf su/ trifloroasetik asit) karışım 
kullanılarak seyreltilmiştir. Analiz işlemi 0.5 mL numune 
ve 0.5 mL matriks karıştırılarak gerçekleştirilmiştir. 
Analizde kullanılan aralıklar: ‘Mass Range’ 1000-4000 
Da, ‘Max Laser Repetition Rate’ 50, ‘Power’ 95, Profile 
100, ‘Shots’ 20, ‘Pulsed Extraction Optised at’ (Da) 2300 
olarak bildirilmiştir. 
 

Saflaştırılan Enzimin Özellikleri 
 
Saflaştırılan enzimin optimum sıcaklık değerini 
belirlemek amacıyla, 100 mM Tris-HCl tamponu (pH 8.5) 
içerisinde %0.65 konsantrasyonunda hazırlanan kazein 
çözeltisinden 2.5 mL alınarak üzerine 0.5 mL enzim 
çözeltisi eklenmiştir. Enzim aktivitesinin belirlenmesi için 
reaksiyon karışımları 20°C’den 80°C’ye kadar farklı 
sıcaklıklarda 10 dakika inkübe edilmiştir. Ardından, 
enzim aktivite değerleri hesaplanarak optimum sıcaklık 
belirlenmiştir. Optimum pH değerinin tespiti için, %0.65 
kazein içeren farklı tampon çözeltileri hazırlanmıştır: 

Sodyum fosfat tamponu (pH 6.0-8.0), Tris-HCl tamponu 
(pH 7.0-9.0) ve glisin-NaOH tamponu (pH 9.0-11.0). Bu 
çözeltilere 0.5 mL enzim eklenerek, 37°C’de 10 dakika 
inkübe edilmiştir. Ardından, proteaz aktivite tayini 
gerçekleştirilmiştir. Proteaz enziminin aktif bölgesindeki 
katalizden sorumlu amino asitlerin varlığını tespit etmek 
için, enzim %1 ve %8 oranında üre, %1 ve %5 oranında 
inhibitörler (beta-merkaptoetanol, serin proteaz 
inhibitörü PMSF ve metaloproteaz inhibitörü EDTA), %1 
ve %5 oranında yüzey aktif maddeler (Tween 80, Tween 
20, SDS, Triton X-100) ve oksitleyici madde H2O2 ile 
muamele edilmiştir. Enzim çözeltileri, ilgili kimyasallarla 
30 dakika inkübe edildikten sonra aktivite ölçümleri 
yapılmıştır. Enzimin doğal substratlara karşı aktivitesini 
incelemek amacıyla, 100 mM Tris-HCl tamponu (pH 8.5) 
içerisinde hazırlanan %0.65 konsantrasyonundaki 
hemoglobin, kazein, BSA, azokazein ve jelatin 
substratları kullanılmıştır. Farklı substratlar varlığında 
enzim aktivite değişimleri analiz edilerek, enzimin 
substrat spesifikliği değerlendirilmiştir. 
 

İstatistiksel Analiz 
 
Analizlerden alınan değerler, 3 tekrarın ortalamasıdır. 
Çalışmada istatistiksel analizler Minitab (18.0 versiyon, 
State College, PA, ABD) paket programı kullanılarak 
gerçekleştirilmiştir. Veriler varyans analizi (tek-yönlü 
ANOVA) ile analiz edilmiş, istatistiksel farklılık Tukey 
çoklu karşılaştırma testi yardımıyla p <0.05 düzeyinde 
belirlenmiştir. 
 

BULGULAR ve TARTIŞMA 
 

Proteaz Enziminin Üretimi 
 
Taguchi yöntemi kullanılarak yapılan hesaplamalara 
göre parametrelerin optimum seviyeleri çoğunlukla S/N 
oranının en büyük olduğu seviyelerde meydana 
gelmektedir ve grafikler incelendiğinde protein oranı 
parametresinde en yüksek piki birinci seviyenin verdiği 
görülmektedir (Şekil 1 ve 2). Grafikler incelendiğinde 
%50-50 protein oranının aktivite tayininde en yüksek 
değeri verdiği gözlenmiştir. pH parametresinde proteaz 
enzimi üretimi için optimum değerin 5.5 olduğu tespit 
edilmiştir. A. niger’in proteaz enzimi üretimi için optimum 
inkübasyon süresi ise 24 saat olarak bulunmuştur. 
Çalışmada inkübasyon süresi arttıkça enzim üretiminin 
düşmesi kullanılan katı substrat yapısının zamana bağlı 
olarak bozulması ve ortamdaki diğer bileşiklerden 
etkilenmesine bağlanmaktadır. Mikroorganizma 
tarafından kısa sürede enzim üretiminin 
gerçekleştirilmesi önemli avantaj sağlamaktadır. Bu 
parametrelerle üretilen besiyerinde proteaz aktivitesi 
60.79 U/mL olarak hesaplanmıştır. Literatürdeki benzer 
çalışmalara bakıldığında Paranthaman ve ark. [10], 
A.niger bakterisi kullanarak pirinç atıklarından proteaz 
enzimi üretiminde aktiviteyi 67.7 U/g bulurken, Devi ve 
ark. [11] da A. niger küfü ile yaptıkları optimizasyon 
çalışmalarında proteaz aktivitesini 89.1 U/mL olarak 
belirtmişlerdir. Çalışmamızdan elde edilen değer ile 
yakın sonuçlar elde edilmiştir. 
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Şekil 1. Sinyal gürültü oranları için tepki tablosu (daha büyük olan daha iyidir) 

Figure 1. Response table for signal-to-noise ratios (the larger, the better) 
 

 
Şekil 2. Taguchi deney tasarımında enzim üretiminin sinyal/gürültü oranı sonuçları 

Figure 2. Results of the signal-to-noise ratio for enzyme production in the Taguchi experimental design 
 
Çalışmada proteaz üretimini etkileyen faktörlerden biri 
besiyerinde bulunan protein çeşidi olmuştur. Proteinler 
aminoasitlerin polimerleşmesi sonucu oluşan 
polimerlerdir ve her aminoasidin miktarı ve türü protein 
kaynağına göre farklılık gösterir. Örneğin hayvansal ve 
bitkisel proteinlerin de içerdikleri aminoasitler farklıdır ve 
bu aminoasit farklılıkları proteaz çeşidini de etkiler. 
Proteazlar aktif bölgelerindeki fonksiyonel aminoasit 
köküne göre serin proteaz, sistein proteaz, asidik 
proteaz ve metalloproteazlar olarak sınıflandırılmaktadır 
Çalışmamızda hazırlanan besiyerinin bileşiminde 
bulunan bitkisel proteinlerden bakliyatlar, asidik asit, 
lisin, glutamik asit ve arjinin gibi aminoasitleri içerir. 
Hayvansal proteinler proteazın proteini parçalamak için 
kullandığı enzimlerden sistein ve serin dahil 20 
aminoasidin tamamını içerir [12]. Proteaz üretimi için 
hayvansal proteinler bitkisel proteinlere kıyasla 
aminoasit açısından daha zengin olmasına rağmen, 
bitkisel ve hayvansal proteinin eşit miktarda olduğu 
besiyeri proteaz üretimi için en uygun besiyeri olarak 
belirlenmiştir. Literatürdeki protein farklılığı üzerine 
yapılan bir çalışmada Pinar ve ark. [13], pirinç 
çeşitlerinin farklı coğrafi bölgelerde yetiştirildiği için 
numunelerdeki protein seviyesinin oldukça farklı 
olduğunu raporlamıştır. Çeşitli pirinç atığı örneklerinden 

ekstrakte edilen proteazların aktivitelerini karşılaştırmış 
ve farklı pirinç numunelerindeki proteaz üretim 
seviyesindeki farkın, numunelerin protein içeriğindeki 
farktan kaynaklandığını belirtmiştir. İnkübasyon 
süresinin etkisi yapılan çalışmalarda incelendiğinde; 
Upgade ve ark. [14], Fransız fasulyesi kullanarak 
gerçekleştirdiği fermantasyonda; Qazı ve ark. [15] ise 
buğday kepeği ve soya fasulyesinden proteaz üretimini, 
çalışmamızdan farklı olarak optimum 48. saatte elde 
etmiştir ve bunun yanı sıra Shivakumar [16] yaptığı 
benzer çalışmada optimal inkübasyon süresinin 120. 
saatte 280 U/g enzim aktivitesi ile elde ettiğini 
belirtmiştir. Fakat tüm çalışmalar verimin artan 
inkübasyon süresince düştüğü yönünde ortak bir karara 
varmıştır.   
 
Çalışmada optimum enzim üretimi besiyerinin pH’sı 5.5 
olduğunda gözlenmiştir. Bunun yanı sıra benzer 
çalışmalarda da farklı sonuçlar alınmıştır. Örneğin, 
Oyeleke ve ark. [5] bitkisel proteinlerden fasulyeyi 
kullanarak hazırladıkları besiyerinde A. niger’den 
proteaz üretimi için optimum pH’ın 6 olduğunu 
belirtirken; Shivakumar [16], Aspergillus sp. tarafından 
asit proteaz üretimi için optimum pH’nın 5.0 olduğunu ve 
5.0’ın altındaki ve üzerindeki pH’nın enzim üretimini 
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olumsuz etkilediğini belirtmiştir. Benzer şekilde Oyewole 
ve ark. [17], mezbaha atıklarından elde ettikleri proteaz 
enzim aktivitesi için sırasıyla A. niger ve P. frequesans 
için 5.0 ve 6.0 pH değerlerinin optimum olduğunu 
kaydetmiştir. Optimum enzim üretimi için pH’nın 
mikroorganizma türüne, besiyeri bileşimine ve çalışma 
koşullarına bağlı olarak 5 ile 6 arasında değiştiği 
söylenebilir. 
 

 
 
 
 

Proteaz Enziminin TPP Sistemiyle Organik 
Çözgen ve Amonyum Sülfat Oranının İncelenmesi 
 
A. niger’den üretilen proteaz enziminin sırasıyla %30, 
40, 50, 60, 70, 80 ve 90 konsantrasyonlardaki amonyum 
sülfat oranları ve 1.0:0.5, 1.0:1.0, 1.0:1.5 ve 1.0:1.2 gibi 
değişik homojenat:t-bütanol oranları ile yapılan analizler 
sonrası bulunan verilerle, yüzde verim ve saflaştırma 
katsayıları hesaplanmıştır. Saflaştırılan proteaz 
enziminin, %80 (w/v) amonyum sülfat ve 1.0:1.5 (v/v) 
homojenat: t-bütanol oranında, alt fazda en iyi % verim 
ve saflaştırma katsayısını elde ettiği tespit edilmiştir 
(p<0.05) (Tablo 3, Şekil 3). En yüksek enzim verimi ve 
saflaştırma katsayısı sırasıyla %235.2 ve 13.15 olarak 
raporlanmıştır.

 
Tablo 3. A. niger’den proteaz enzimi saflaştırma süreci ve aktivite analizi değerleri (n=3, ortalama ± SS) 
Table 3. The protease enzyme purification process from A. niger and enzyme activity values (n=3, mean ± SD) 

Faz 
Toplam 
Hacim 
(mL) 

Aktivite 
(EU/mL) 

Protein 
(mg/mL) 

Toplam 
Aktivite 

(EU) 

Toplam 
Protein 
(mg) 

Spesifik 
Aktivite 
(EU/mg) 

%Verim 
Saflaştırma 
Katsayısı 

Homojenat 2.00 25.85±3.2 5.20±1.4 51.70±4.5 10.40±2.3 4.97±2.1 100.00±0 100.00±0 
Alt faz 2.00 60.79±7.8 0.93±0.1 121.58±9.6 1.86±0.4 65.37±6.9 235.17±12.5 13.15±5.6 
Ara faz 2.00 14.70±2.3 4.90±1.3 29.40±6.5 9.80±1.7 3.00±0.8 56.86±6.9 0.12±0.1 

 

 
Şekil 3. Homojenat:t-Bütanol oranlarının proteaz enziminin verim ve saflaştırma katsayısına 
etkisi. Aynı harfle belirtilen bloklardaki ortalamalar arasındaki fark önemsizdir (p≥0.05). 
Figure 3. The effect of homogenate-to-t-butanol ratios on the yield and purification factor of 
the protease enzyme. The differences between the means in bars marked with the same 
letter are insignificant (p≥0.05). 

 
Literatürdeki saflaştırma çalışmalarında çoğunlukla çok 
aşamalı kromatografik yöntemler tercih edilir fakat TPP 
yöntemiyle saflaştırmaya ait az sayıda çalışma vardır. 
TPP yöntemi kullanılarak yapılan saflaştırmalarda 
genellikle %25-363 arası verim ve 2.7-95 arası 
saflaştırma katsayısına ait sonuçların bildirildiği 
gözlenmiştir [1]. Calotropis procera ve Cucumis melo 
(Cucumisin) 'nun TPP yöntemiyle proteaz saflaştırması 
üzerine yapmış olduğu çalışmalarda %60-65 amonyum 
sülfat konsantrasyonunda, yüksek oranda enzim geri 
kazanımı ve saflaştırma tespit edilirken, t-bütanol 
hacmindeki artışın, enzim aktivitesinde bir azalmaya 
sebep olduğu belirtilmiştir [2]. Pinjara ve ark. [13]  
A.niger ve A.flavus proteazlarını %70 doygunlukta 

amonyum sülfat çöktürme ve diyaliz ile sırasıyla 11 ve 9 
kat saflaştırmıştır. Chimbekujwo ve ark. [18] A. 
brasiliensis BCW2 tarafından üretilen ham proteazı, 
amonyum sülfat (%80) kullanılarak kısmen saflaştırılmış 
ve %28 proteaz geri kazanımı ile 13.3 kat saflık 
vermiştir. Rüzgar’ın B. licheniformis OSB6’dan proteaz 
enzimlerinin TPP ile saflaştırılması üzerine yaptığı 
çalışmada %70 amonyum sülfat ve 1.0:1.5 t-bütanol 
oranıyla saflaştırmayı gerçekleştirdiği bildirilmiştir [2]. 
Başka bir çalışmada ipek otundan proteaz enzimini 
saflaştırmak için ilk olarak 1.0:0.5 homojenat:t-bütanol 
ve %50 amoyum sülfat oranında ilk TPP yapılmış ve 
sonrasında alt faz alınarak 1.0:0.5 homojenat:t-bütanol 
oranında %65 amonyum sülfat ile ikinci bir TPP 
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yapılmıştır. Analiz sonucunda enzimin %132 verim ve 
6.92 kat saflaştırıldığı ve enzimin alt fazdan elde edildiği 
tespit edilmiştir. Bir diğer çalışmada balık iç organlarında 
alkalin proteazı saflaştırmak amacıyla 1.0:0.5 oranında 
t-bütanol, %50 amonyum sülfat kullanılarak pH 8.0’ de 
TPP yöntemi uygulanmış ve enzimin %154 verimle 
saflşatırıldığı bildirilmiştir. Sonuç olarak t-bütanol miktarı 
daha düşük olduğunda amonyum sülfat ile yeterli sinerji 
oluşturamaz ama daha yüksek ise protein 
denatürasyonuna neden olması kaçınılmazdır. Ayrıca 
yapılan çalışmalarda TPP prosedürleri sırasında 
amonyum sülfat konsantrasyonundaki artışın enzimlerin 
aktivitesini arttırdığı rapor edilmiştir [2]. 
 

Moleküler Ağırlığın Belirlenmesi 
 
Bu çalışmada, A. niger tarafından üretilen proteaz 
enziminin moleküler ağırlığı, MALDI-TOF kütle 
spektrometresi kullanılarak belirlenmiştir. Spektrum 
analizi sonucunda, en belirgin pik 1556.23 Da 
bölgesinde gözlemlenmiştir. Bu sonuç, proteaz 
enziminin yaklaşık 15.56 kDa moleküler ağırlığa sahip 
olduğunu göstermektedir. 
 

Elde edilen moleküler ağırlık, literatürde yer alan diğer 
Aspergillus türlerinden izole edilen alkali proteazlarla 
kıyaslandığında benzerlik göstermektedir. Örneğin, farklı 
mikroorganizmalardan üretilen proteaz enzimlerinin 
moleküler ağırlıklarının genellikle 10-45 kDa aralığında 
olduğu bilinmektedir [19]. Bu bağlamda, çalışmamızdaki 
enzim, düşük moleküler ağırlıklı proteazlar sınıfına 
girmektedir. 
 
Bununla birlikte, grafikte gözlemlenen diğer pikler, 
enzimdeki olası post-translasyonel modifikasyonlar, 
fragmentasyon veya saflaştırma yöntemine bağlı olarak 
küçük peptit kontaminasyonlarıyla ilişkilendirilebilir. 
Ayrıca, 1921.00 Da ve 2106.42 Da bölgelerinde görülen 
sinyaller, enzim yapısında bulunan olası alt birimlere 
veya parçalanmış protein formlarına işaret edebilir. 
 
Sonuç olarak, MALDI-TOF analizi ile belirlenen 15.56 
kDa moleküler ağırlık, proteaz enziminin 
karakterizasyonuna önemli bir katkı sağlamaktadır. Bu 
enzim, özellikle deterjan, deri işleme ve gıda 
endüstrisinde kullanım potansiyeli olan alkali 
proteazlarla benzer özellikler göstermektedir [11]. 
Gelecekte, daha ileri saflaştırma teknikleri ve 
kristalografi çalışmaları ile enzimin yapısal ve 
fonksiyonel özellikleri daha ayrıntılı olarak incelenebilir. 

 

Şekil 4. Saflaştırılmış enzimin moleküler ağırlığı 
Figure 4. The molecular weight of the purified enzyme 

 

Proteaz Enzimi Üzerine Optimum Şartlarının 
Tespitine Yönelik Sonuçlar 
 
Saflaştırılan proteaz enziminin pH 10.0 glisin-NaOH (pH 
9.0-11.0) tamponunda optimum aktiviteye sahip olduğu 
tespit edilmiştir (Tablo 4). Benzer şekilde Devi ve 
ark.’nın [11], A. niger ile yaptıkları optimizasyon 
çalışmalarında ve Lanka ve ark.’nın [6] süt ürünleri atık 
suyunda alkalin proteaz üretiminde de optimum pH’ın 
10.0 olduğunu bulmuştur. Bununla birlikte, Coral ve 
ark.’nın [20], yanı sıra Oyeleke ve ark. da [5] A. niger’ 
den proteaz aktivitesi için optimum pH’nın 9.0 olduğunu 
belirtmişlerdir. Bu çalışmaların aksine Olajuyıgbe ve 
Ajele [21] A. niger’den asit proteaz üretiminde pH 
kararlılığının pH 3.5’te en iyi olduğunu ve 4.0’dan sonra 
hızla düştüğünü belirtmiştir fakat A. niger ile yapılan 
çalışmaların çoğunda optimum pH 10.0 olarak 
bulunmuştur. Çalışmalar karşılaştırıldığında elde edilen 

enzimin pH kararlılığının oldukça iyi olduğu ve 
literatürdeki çalışmalar ile uyumlu olduğu görülmüştür. 
Bununla birlikte, optimum pH’nın 10.0 olarak bulunması, 
enzimin alkali şartlarda da aktif olduğunu 
göstermektedir. 
 
Sıcaklık çalışmaları sonucunda proteazın en iyi aktiviteyi 
60°C’de 1 saatlik inkübasyon süresinin ardından 
%98.91’lik değer ile sağladığı görülmüş ve diğer sıcaklık 
değerleriyle karşılaştırıldığında değişen sürelerde 
aktivitesini en iyi koruyan sıcaklık olduğu gözlenmiştir. 
Qazı ve ark.’nın [15] yaptığı benzer bir çalışmada da 
buğday kepeği ve soya fasulyesini kullanarak A. 
niger’den proteaz üretimi için optimum sıcaklığın 60°C 
olduğunu buldukları gibi başka çalışmalarda yine A. 
niger kullanılarak üretilen proteazın 40 ile 50°C'de 
optimum aktivite sergilediği gösterilmiştir. Literatürde 
çoğunlukla sıcaklık ve inkübasyon süresi arttıkça 
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aktivitenin düştüğü görülür fakat termofilik enzimlerin 
genellikle sıcaklık sonucu aktivitesinin arttığı 
belirlenmiştir. Endüstriyel çalışmalarda sıcaklığa 
dayanıklılık ve yüksek alkalilik olması istenen bir 
durumdur ve enzimin tercih edilme sebepleri arasında 
yer alır. Biyoteknolojik uygulamalar ve biyomühendislik 

alanlarında da yüksek pH ve yüksek sıcaklık aralığında 
aktivitesini ve stabilitesini yüksek tutan proteazlar ve 
daha fazla kullanılır [2]. Dolayısıyla bu yönüyle 
A.niger’den üretilen proteaz enziminin oldukça avantajlı 
olduğu söylenebilir.   

 
Tablo 4. pH değerinin ve sıcaklığın proteaz enziminin yüzde bağıl aktivitesine etkisi (n=3, ortalama ±SS) 
Table 4. The effect of pH and temperature on the percentage relative activity of the protease enzyme 
(n=3, mean ±SD) 

pH 

6 7 8 9 10 11  
85.2±5.6 82.2±7.3 78.2±4.2 75.2±2.5 100.0±0.0 54.5±6.3  

Sıcaklık (°C) 

20  30  40  50  60  70  80  90  

80.7±4.5 89.3±3.9 88.0±9.2 91.6±4.3 100.0±0.0 96.0±3.4 81.47±3.9 71.5±5.7 

 
Saflaştırılan proteaz enzimi üzerine okside edici ajan 
olan H2O2’nin ve yüzey aktif maddelerin etkisi 
incelendiğinde; %1 konsantrasyondaki SDS enzim 
aktivitesinde ciddi bir aktivite kaybına sebep olurken, 
%5’lik SDS’ in enzimin aktivitesini tamamen inhibe ettiği 
tespit edilmiştir (Tablo 5). Yüzde 1’lik H2O2’nin ise 
enzimin aktivitesini %87’ye kadar koruduğu görülmüştür. 
Sonuç olarak yüzey maddelerinin konsantrasyonunun 
artmasının enzim aktivitesine olan etkinin de artmasına 
neden olduğu belirlenmiştir. Literatürdeki çalışmalara 
bakıldığında; Sattar ve ark. [22] A. niger kaynaklı 
proteaz aktivitesi üzerine yüzey aktif maddelerin, metal 

iyonlarının ve çözücülerin etkisini incelediği çalışmada 
30 dakikalık inkübasyon sonrasında Tween 80 ve Trion 
X-100’ ün yaklaşık %25 inhibisyona sebep olduğu, SDS 
varlığında enzimin %50 oranında aktivitesini kaybettiğini 
bildirmiştir. Benzer şekilde Pham ve ark. [23] A. niger 
VTCC-F021’den ürettikleri proteaz aktivitesinin 
%0.5−%2 (w/v) konsantrasyonlarda Tween 80 ve Tween 
20' ye karşı yüksek direnç gösterdiğini ve başlangıç 
aktivitesinin %80’inden fazlasını koruduğunu tespit 
etmiştir. SDS ve Triton X-100 ise enzim aktivitesini üçte 
iki oranında azaltmıştır. 

 

Tablo 5. Yüzey aktif maddelerin ve okside edici ajanın saflaştırılan proteaz enzimi 
aktivitesi (n=3, ortalama ±SS) üzerine etkisi 
Table 5. The effect of surfactants and oxidizing agents on the activity of the purified 
protease enzyme (n=3, mean ±SD) 
Yüzey Aktif Maddeler %1 %5 

Kontrol 100.00±0.00 100.00±0.00 
SDS 9.23±2.40 0.00±0.00 
Tween-20  43.24±2.50 28.12±3.70 
Tween-80  57.32±4.50 37.51±4.30 
TritonX-100 50.32±3.40 25.17±2.80 
H2O2 87.32±5.40 63.77±6.40 

 
Proteaz enzimine inhibitörlerin etkisini incelendiğinde 
%1 PMSF varlığında aktivitesinin yaklaşık %95’ini inhibe 
ettiği, %5 konsantrasyonda ise neredeyse tamamını 
inhibe ettiği görülmektedir (Tablo 6). Serin spesifik 
inhibitörü olan PMSF’nin enzimin üzerindeki inhibe etkisi 
aktif bölgesinde bir serin proteaz olduğunu ve enzimin 
alkalin serin proteaz olduğunu göstermektedir. Enzim 

aktivitesinin EDTA varlığında da azalması enzimin metal 
bağlama bölgesine sahip olduğunu göstermektedir. 
Basu ve ark.’nın [24] yaptığı benzer karakterizasyon 
çalışmalarında, A. niger tarafından ürettirilen proteazın 
EDTA varlığında %90 inhibe olduğu ve PMSF tarafından 
aktif bölgedeki temel serin kalıntısının ve aktivitenin 
tamamen kaybolmasına neden olduğu görülmüştür. 

 
Tablo 6. İnhibisyon çözeltilerinin proteaz aktivitesi üzerine etkisi (n=3, ortalama ± SS) 
Table 6. The effect of inhibition solutions on protease activity (n=3, mean ± SD) 

İnhibisyon çözeltileri Konsantrasyon (mM) Kalan aktivite (%) 

Kontrol 0 100.00±0.00 
β-merkaptoetanol 1 41.32±3.20 

5 23.45±1.60 
EDTA 1 58.12±5.40 

5 29.68±2.30 
PMSF 1 4.85±0.90 

5 1.23±0.20 
DTNB 1 75.11±5.30 

5 60.23±3.80 
Üre 1 48.41±3.10 

8 31.57±2.70 
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Proteaz enziminin farklı substratlardaki aktivite miktarı 
incelendiğinde enzimin en iyi kazein varlığında aktivite 
gösterdiği ve kazeini sırasıyla azokazein, hemoglobin, 
jelaitin ve en son olarak da BSA’nın takip ettiği 
görülmektedir (Tablo 7). Muazu’nun [25] A. niger üzerine 
yaptığı çalışmasında da kazeinin substrat olarak etkisi 
çalışılmış ve 0.44 µg/mL ile en yüksek proteaz aktivitesi 
kazeinde elde edilmiştir. Benzer olarak Leng ve ark. [26] 
A. oryzae CH93’den saflaştırılan proteaz enziminin BSA, 
jelatin, kazein ve azokazein subsratları varlığında 

aktivitesi incelendiğinde kazeinin en iyi aktiviteyi 
gösterdiği tespit edilmiştir. Çeşitli substratlara enzimin 
ilgisinin olması kullanım alanlarının genişlemesine 
olanak sağlar. Bu nedenle bazı belli koşullar altında 
stabil kalabilen enzimler, stabilitenin moleküler temelini 
anlamak adına bir model sistem oluşturur ve bu durum 
endüstriyel uygulamalar için proteazların tasarlanmasına 
öncülük edebilir [27-28]. 
 

 
Tablo 7. Proteaz enziminin doğal substratlara (%0.6, w/v) karşı yüzde bağıl aktivitesi 
(n=3, ortalama ± SS) 
Table 7. Percent relative activity of the protease enzyme against natural substrates 
(0.6%, w/v) (n=3, mean ± SD) 

Kazein Azokazein Hemoglobin Jelatin BSA 

100 83.6±4.6 47.3±3.2 35.4±3.8 21.2±1.9 

 

SONUÇ 
 
Bu çalışma, organik atıklardan elde edilen 
besiyerlerinde A. niger kullanılarak proteaz enzimi 
üretimini, saflaştırılmasını ve karakterizasyonunu 
kapsamlı bir şekilde incelemiştir. Elde edilen sonuçlar, 
organik atıkların enzim üretimi için uygun ve ekonomik 
bir substrat olabileceğini göstermektedir. Taguchi deney 
tasarımına göre optimize edilen besiyeri koşullarında 
(%50 hayvansal-%50 bitkisel protein, pH 5.5, 24 saat 
inkübasyon süresi), en yüksek proteaz üretimi 
gözlemlenmiştir. 
 
Üçlü faz ayırma yöntemi kullanılarak gerçekleştirilen 
saflaştırma sürecinde, %80 amonyum sülfat ve 1.0:1.5 
(v/v) homojenat:t-bütanol oranında %235.7 verimle 
13.15 kat saflaştırma sağlanmıştır. Saflaştırılan proteaz 
enziminin moleküler ağırlığı 15.56 kDa olarak 
belirlenmiştir. Optimum pH değeri 10.0, optimum 
sıcaklık değeri ise 60°C olarak tespit edilmiş olup, enzim 
yüksek sıcaklık ve alkalin koşullara dayanıklılık 
göstermiştir. 
 
Bununla birlikte, enzim aktivitesi okside edici ajanlar, 
yüzey aktif maddeler ve inhibitörlerin varlığında 
değişkenlik göstermiştir. Özellikle SDS ve PMSF gibi 
inhibitörlerin enzim aktivitesini önemli ölçüde azalttığı 
tespit edilmiştir. Substrat spesifikliği açısından ise en 
yüksek aktivitenin kazein varlığında gerçekleştiği 
belirlenmiştir. 
 
Sonuç olarak, çalışmamız, atık değerlendirme ve 
biyoteknolojik enzim üretimi alanlarında sürdürülebilir ve 
ekonomik bir yaklaşım sunmaktadır. Endüstride proteaz 
enzimlerinin kullanım alanlarını genişletmek ve üretim 
süreçlerini daha verimli hale getirmek amacıyla, organik 
atık bazlı üretim süreçlerinin geliştirilmesi önemli bir 
adım olacaktır. 
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ÖZ 
 
Bu çalışmanın amacı, sıfır atık yaklaşımıyla nar kabuklarından (Punica granatum L.) biyoaktif bileşenlerin ultrason 
destekli ekstraksiyon (UDE) yöntemi kullanılarak elde edilmesi ve farklı ekstraksiyon koşullarının fenolik madde içeriği 
ile antioksidan kapasite üzerindeki etkilerinin belirlenmesidir. Taze nar kabuklarının iç ve dış kısımları ayrı ayrı 
değerlendirilmiş, %80’lik metanol çözgeni ile farklı ultrasonik güç (%50 ve %100) ve süre (5, 10 ve 20 dakika) 
kombinasyonlarında ekstraksiyon gerçekleştirilmiştir. Elde edilen sonuçlara göre, dış kabuğun toplam fenolik madde 
içeriği %100 güç ve 10 dakika ekstraksiyon süresinde maksimum 58.73 ± 0.79 mg GAE/g KM değerine ulaşmıştır. En 
yüksek antioksidan kapasite ise dış kabuk örneklerinde %100 güç ve 20 dakikada 3177.75 ± 6.06 ppm TEAC/g KM 
olarak ölçülmüştür. İç zar örneklerinde ise en yüksek fenolik madde miktarı 7.31 ± 0.03 mg GAE/g KM değerinde 
bulunmuştur. FTIR ve SEM analizleri, nar kabuğunun yapısal bütünlüğünü koruyarak aktif bileşenlerin salımını 
kolaylaştırdığını göstermiştir. Bu bulgular, nar kabuklarının çevre dostu yaklaşımlarla değerlendirilerek gıda ve ilaç 
sanayilerinde katma değerli ürünler elde edilmesi için önemli bir potansiyele sahip olduğunu ortaya koymaktadır. 
 
Anahtar Kelimeler: Nar kabuğu, Antioksidan kapasite, Fenolik bileşenler, Ultrasonik ekstraksiyon 
 
 

Extraction of Phenolic Compounds from Pomegranate Peels by Ultrasound Assisted 
Extraction and Determination of Antioxidant Activities 

 

ABSTRACT 
 
The aim of this study was to extract bioactive compounds from pomegranate peels (Punica granatum L.) using the 
ultrasound-assisted extraction (UDE) method within a zero-waste approach and to investigate the effects of different 
extraction conditions on total phenolic content and antioxidant capacity. Fresh pomegranate peels were separated into 
inner and outer layers, and extractions were performed using 80% methanol as a solvent under different ultrasound 
power levels (50% and 100%) and durations (5, 10, and 20 minutes). The results showed that the outer peel exhibited 
the highest total phenolic content, reaching 58.73 ± 0.79 mg GAE/g DM under 100% power and 10 minutes of extraction. 
The maximum antioxidant capacity was observed in outer peel extracts at 3177.75 ± 6.06 ppm TEAC/g DM with 100% 
power and 20 minutes. In the inner peel, the highest total phenolic content was found as 7.31 ± 0.03 mg GAE/g DM. 
FTIR and SEM analyses demonstrated that the structural integrity of the pomegranate peel was preserved while 
facilitating the release of active compounds. These findings suggest that pomegranate peels possess significant 
potential for valorization through environmentally friendly processes, offering opportunities for the development of value-
added products in the food and pharmaceutical industries. 
 
Keywords: Pomegranate peel, Antioxidant capacity, Phenolic compounds, Ultrasonic extraction 
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GİRİŞ 
 
Nar (Punica granatum L.) kabuğu, meyve işleme 
endüstrisinin en önemli yan ürünlerinden biri olup, 
meyvenin ağırlığının %26-30’unu oluşturmaktadır [1]. 
Geleneksel olarak hayvan yemi olarak kullanılan ya da 
atık olarak çevreye bırakılan nar kabukları, içerdiği 
biyoaktif bileşenler sayesinde son yıllarda büyük ilgi 
görmektedir. Punicalagin, ellajik asit, gallik asit ve 
kuersetin gibi fenolik bileşikler ile antosiyaninler ve 
ellajitanenler açısından zengin olan nar kabukları, güçlü 
antioksidan, antimikrobiyal ve sağlığı destekleyici 
özellikler sergilemektedir [2, 3]. Bu özellikler, nar 
kabuklarının doğal koruyucu ve fonksiyonel gıda bileşeni 
olarak kullanımına yönelik önemli bir potansiyel 
sunduğunu göstermektedir [4, 5]. Nar kabuğu, meyvenin 
yenilebilir kısmına kıyasla çok daha yüksek miktarda 
fenolik bileşik içermekte ve güçlü antioksidan özellikler 
sergilemektedir [9]. 

 
Biyoaktif bileşiklerin bitkisel materyallerden eldesinde 
kullanılan geleneksel yöntemlerden Soxhlet 
ekstraksiyonu, maserasyon ve hidrodistilasyon, uzun 
süredir yaygın olarak kullanılan yöntemlerdir [6]. Ancak 
bu yöntemler, uzun ekstraksiyon süreleri, pahalı oluşları, 
saf çözücü ihtiyacı ve ısıya hassas bileşenlerin zarar 
görmesi gibi dezavantajlara sahiptir [1, 7, 8]. Bitkisel 
materyallerden biyoaktif bileşenlerin eldesi için yaygın 
olarak kullanılan geleneksel ekstraksiyon yöntemleri, 
uzun işlem süreleri, yüksek çözücü tüketimi ve ısıya 
duyarlı bileşiklerin bozulması gibi sınırlamalara sahiptir 
[6]. Bu durum, daha verimli ekstraksiyon yöntemlerine 
olan ihtiyacı artırmıştır. Ultrason destekli ekstraksiyon 
(UDE), bu alandaki en etkili yöntemlerden biri olarak öne 
çıkmaktadır. UDE, yüksek frekanslı ses dalgalarının bir 
sıvı ortamda yayılmasıyla oluşan kavitasyon etkisini 
kullanarak bitki materyalinden biyoaktif bileşiklerin 
çözgen içine salımını kolaylaştıran bir yöntemdir. UDE, 
kavitasyon etkisiyle bitki hücre duvarlarını parçalayarak 
biyoaktif bileşenlerin çözgen içine daha hızlı ve etkin bir 
şekilde geçmesini sağlamaktadır [9]. Literatürde UDE'nin 
geleneksel yöntemlere kıyasla ekstraksiyon verimini 
%20-30 oranında artırdığı ve işlem süresini %80-90 
oranında azalttığı görülmüştür [10, 11]. Ayrıca, düşük 
sıcaklıkta çalışması sayesinde ısıya hassas bileşiklerin 
korunmasını ve enerji tasarrufu sağlamaktadır [12]. 
 
Bu çalışmanın amacı, nar kabuğundan ultrason destekli 
ekstraksiyon (UDE) yöntemi kullanılarak fenolik maddeler 

gibi biyoaktif bileşenlerin eldesi için uygun ekstraksiyon 
koşullarının belirlenmesidir. Çalışmada, fenolik 
bileşiklerin çözünürlüğünün yüksek olması nedeniyle 
ekstraksiyon çözgeni olarak %80'lik metanol tercih 
edilmiştir. Farklı süreler ve ultrasonik güç seviyeleri 
kullanılarak gerçekleştirilen ekstraksiyon işlemleriyle, 
fenolik madde ve antioksidan kazanımını etkileyen 
koşullar araştırılmıştır. Bu kapsamda, UDE yönteminin 
geleneksel ekstraksiyon yöntemlerine kıyasla solvent 
kullanımını azaltma, ekstraksiyon süresini kısaltma ve 
işlem verimini artırma potansiyeli değerlendirilmiştir. 
Çalışmanın özgün yönü, nar kabuklarının sıfır atık 
yaklaşımıyla katma değerli ürünlere dönüştürülmesi ve 
yenilikçi ekstraksiyon tekniklerinin gıda ve ilaç 
endüstrilerinde sürdürülebilir kullanımına yönelik 
literatüre katkı sağlamasıdır. 
 

MATERYAL ve METOT 
 

Materyal 
 
Çalışmada kullanılan taze nar (Punica granatum L.) 
örnekleri, 2024 yılı Eylül ayında bir yerel marketten 
(Bornova, İzmir, Türkiye) sağlanmış ve ekstraksiyon 
işlemlerine kadar 4 °C’de muhafaza edilmiştir. Narlar 
yıkandıktan sonra kurulandı ve nar dış kabukları 
(perikarp), narların tutunduğu bölüm (mezokarp) ve iç 
zarlar, nar tanelerinden el yardımıyla ayıklanarak elde 
edilmiştir. Örnekler polietilen torbalarda paketlenmiştir ve 
4°C sıcaklıkta, buzdolabında, kurutma işlemi yapılana 
kadar bekletilmiştir. Çalışmada kullanılan narların genel 
özelliklerini temsil etmek amacıyla seçilmiş örneklerin 
görselleri Şekil 1'de verilmiştir. 
 

Kurutma Yöntemi 
 
Kurutma işleminde Mphahlele vd. [13] tarafından yapılan 
çalışmada belirtilen yöntem kullanılmıştır. Kurutma 
işleminden önce 4°C sıcaklıktaki örnekler oda sıcaklığına 
ulaşılıncaya kadar bekletilmiştir. Çalışma kapsamında 
kurutma işlemi için pilot ölçekli tepsili kurutucu (Armfield 
Lim., Ringwood, Hampshire, Birleşik Krallık) 
kullanılmıştır. Oda sıcaklığındaki örnekler, cihazın 
tepsilerine yerleştirilip kurutma işlemine tabi tutulmuştur. 
Kurutma 40°C hava sıcaklığı ve 1.0 m/s hava hızında 
gerçekleştirilmiştir. Örnekler sabit tartıma gelene kadar 
kurutma işlemine devam edilmiştir. Nar dış kabuğu, 
mezokarp ve iç zarının kurutma öncesi ve sonrasındaki 
görünümü Şekil 2’deki gibidir.
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Şekil 1. Satın alınan narlar (a), yıkanmış ve temizlenmiş nar (b), nar 
dış kabuğu (c), narların tutunduğu bölüm (d) ve iç zarlar (e) 
Figure 1. Purchased pomegranates (a), washed and cleaned 
pomegranates (b), pomegranate outer peel (c), the part where the 
pomegranates are attached (d) and inner membranes (e) 

  

 

Şekil 2. Kurutmadan önce nar dış kabuğu (a), mezokarp (b) ve iç zar (c); 
kurutulduktan sonra nar dış kabuğu (d), mezokarp (e) ve iç zarı (f) 
Figure 2. Pomegranate outer peel (a), mesocarp (b) and inner membrane (c) 
before drying; pomegranate outer peel (d), mesocarp (e) and inner membrane 
(f) after drying 
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Kurutmadan sonra örnekler oda sıcaklığına getirilmiş ve 
öğütücü (Beehive Mechanical Grinder, ABD) yardımıyla 
öğütülerek 250 μm elekten geçirilmiştir. Mezokarp ve iç 
zar karıştırılarak örnek nar kabuğu iç zarı olarak 
adlandırılmış ve örnekler polietilen torbalarda analizler  

gerçekleşene kadar saklanmıştır. Şekil 3’de, çalışmada 
kullanılan nar kabuğunun dış kabuk, iç zar ve orta 
kısımlarına ait kurutulmuş ve öğütülmüş örneklerin 
görünümü verilmiştir. 

 

Şekil 3. Öğütülmüş nar kabuğu dış kabuk (a), mezokarp (b) ve iç zar (c) 
Figure 3. Ground pomegranate peel outer shell (a), mesocarp (b) and inner membrane (c) 

 

Nem ve Su Aktivitesi Tayini 

 
Yaş örneklerin nem içerikleri, AOAC (2005), Official 
Method 934.06 [14] yöntemine bazı küçük değişiklikler 
yapılarak belirlenmiştir. Örnekler 105±0.5 °C sıcaklıktaki 
etüvde kurutulmuş ve kütle kaybı yöntemi esas alınarak 
nem oranları hesaplanmıştır. Kuru örneklerin nem 
içerikleri ise nem tayini cihazı (Radwag MA 50.R, 
Polonya) kullanılarak, üretici firmanın standart 
protokolüne uygun şekilde ölçülmüştür.  
Kurutulmuş nar kabuğu ve zar kısmının su aktivitesi 
değerlerinin ölçümünde su aktivitesi ölçüm cihazı (Testo 
AG400, Lenzkirch, Almanya) kullanılmıştır. Numuneler 
sızdırmaz bir çelik hazneye yerleştirilmiş, sabit sıcaklıkta 
(25 °C) tutulmuş ve ürün-hava arasındaki nem 
alışverişinin durmasıyla denge sağlanıncaya kadar 
beklenmiştir. Dengeye ulaşıldığında hazne içindeki 
havanın bağıl nemi cihazın probu ile ölçülmüş ve bu 
değer doğrudan su aktivitesi (aw) olarak kaydedilmiştir. 
 

Toplam Fenolik Madde Miktarı Tayini  

 
Toplam fenolik madde miktarının belirlenmesi amacıyla 
ekstraktların hazırlanmasında 5 g toz haline getirilmiş 
örneğe 75 mL %80'lik metanol eklenmiş ve bu karışım 
oda sıcaklığında 250 rpm hızla çalışan manyetik 
karıştırıcıda 21 saat boyunca karıştırılarak ön 
ekstraksiyon gerçekleştirilmiştir. Ardından, homojenize 
edilen karışıma oda sıcaklığında %50 ve %100 güç 
seviyelerinde, 5, 10 ve 20 dakika süreyle ultrason destekli 
ekstraksiyon (UDE) uygulanmıştır. Bu yöntemle, fenolik 
bileşiklerin ekstraksiyon veriminin artırılması ve 
ekstraksiyon süresinin azaltılması amaçlanmıştır. 
Ultrason destekli ekstraksiyon sırasında özellikle yüksek 
güç seviyelerinde (özellikle %100 güçte) oluşabilecek 
ısınmayı önlemek amacıyla, çift cidarlı örnek haznesi 
kullanılmıştır. Haznenin cidarları arasında dolaştırılan 
antifrizli su sayesinde, işlem süresince örnek ve çözücü 
sıcaklığı stabil tutulmuş ve sıcaklığa bağlı olası fenolik 

madde bozulmaları engellenmiştir. Elde edilen 
ekstraktlardan toplam fenolik madde miktarı tayini 
Singleton vd. (1999) tarafından verilen yönteme göre 
yapılmıştır [15]. Bunun için ekstraktlardan 200 µL 
alındıktan sonra sonra 1 mL saf su ve 1 mL 0.2 N Folin 
reaktifi ile karıştırılıp 5 dakika süreyle beklenmiştir. 
Reaksiyon karışımına 800 µL %20’lik Na2CO3 ilave 
edilmiş ve oda sıcaklığında 1 saat bekletilmiştir. 
İnkübasyon sonrası karışımın 760 nm dalga boyunda 
Cary 60 UV–vis spektrofotometrede absorbans değerleri 
belirlenmiş, sonuçlar ‘mg/g KM gallik asit eşdeğeri (GAE)’ 
olarak verilmiştir.  
 

Antioksidan Aktivitesinin Belirlenmesi 
 
Antioksidan aktivitenin belirlenmesi amacıyla, fenolik 
madde analizi için hazırlanmış ekstraktlar kullanılmıştır. 
Ekstraktlardaki antioksidan aktivitenin kapsamlı 
değerlendirmesinde Re vd. (1999) tarafından yapılmış 
olan çalışmadaki yöntemden yararlanılmıştır [16]. Bu 
amaçla kullanılacak ABTS çözeltisi; 1.92 mg ABTS 
reaktifinin 0.5 mL saf su içerisinde çözündürülmesiyle, 
potasyum persülfat çözeltisi; 0.33125 mg Potasyum 
persülfatın 0.5 mL saf su içerisinde çözündürülmesiyle 
hazırlanmıştır. İki çözelti birleştirilip 16 saat oda 
sıcaklığında karanlıkta reaksiyona bırakılmıştır. Sonuçlar 

Trolox® eşdeğer antioksidan kapasitesi (TEAC) 

açısından niceliksel olarak belirlenmiştir.  
 

Hem Trolox® çözeltileri hem de örnekler için inhibisyon 

değerlerinin yüzdesi aşağıdaki Denklem 1 kullanılarak 
belirlenmiştir. 

𝑖𝑛ℎ𝑖𝑏𝑖𝑠𝑦𝑜𝑛(%) =
(𝐴𝐴𝐵𝑇𝑆•+−𝐴ö𝑟𝑛𝑒𝑘)

𝐴𝐴𝐵𝑇𝑆•+
× 100   

  (1) 
AABTS

•+, ABTS•+‘nin 734 nm’deki absorbansı, Aörnek 
örneğin 734 nm’deki absorbansıdır.  
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Örneklerin antioksidan kapasiteleri, 734 nm’ye 
ayarlanmış bir Cary 60 UV-vis spektrofotometresi 
kullanılarak, reaksiyon başlangıcından 6 dakika sonra 

ölçülmüştür. Antioksidan kapasiteleri, Trolox® standart 

çözeltileri kullanılarak oluşturulan kalibrasyon eğrisi 
üzerinden hesaplanmıştır. Kalibrasyon eğrisi, 5 ppm ile 

500 ppm arasında değişen Trolox® konsantrasyonları 

kullanılarak hazırlanmış ve sonuçlar mM TEAC (Trolox® 

Equivalent Antioxidant Capacity) cinsinden ifade 
edilmiştir. Tüm analizler her örnek için üç paralel ölçüm 
yapılarak gerçekleştirilmiş ve çalışma iki bağımsız 
tekerrür ile yürütülmüştür. 
 

Fourier Dönüşümlü Kızılötesi Spektroskopisi    
(FT-IR) Analizi 

 
Dondurularak kurutulmuş ekstrakt örneklerinin spektrum 
analizleri, 400–4000 cm⁻¹ dalga boyu aralığında çalışan 
bir FT-IR spektrofotometre (Thermo Scientific NICOLET 
iS10, ABD) kullanılarak gerçekleştirilmiştir.  
 

Taramalı Elektron Mikroskop (SEM) Analizi 
 
Kurutulmuş nar kabuğu iç zarının ve dış kabuğunun 
morfolojik görüntüleri, 5.0 kV ivme voltajı kullanılarak bir 
taramalı elektron mikroskobu (SEM, Thermo Fisher 
Scientific QUANTA FEG 250, Waltham, MA, USA) ile 
elde edilmiştir.  Örnekler Au-Pd alaşım ile kaplanarak 
250-5000 kat büyütülerek örneklerin görüntülerinin 
alınması sağlanılmıştır. Mikro gözenekli yapılar (Şekil 8 
ve Şekil 9) 250x ve 5000x çözünürlükte gözlenirken, 
görüntüler sırasıyla 400 μm ve 20μm parçacık boyutuyla 
görüntüleme yapılmıştır.  
 

İstatistiksel Analiz 
 
Tüm veriler ortalama değerler (±standart sapma) olarak 
sunulmuştur. Tek yönlü varyans analizi (ANOVA) SPSS 
(SPSS Inc., Chicago, ABD) kullanılarak 
gerçekleştirilmiştir. İstatistiksel anlamlılık (p<0.005), 
ortalamalar Duncan Çoklu Karşılaştırma Testi 
kullanılarak verilmiştir. 
 

BULGULAR ve TARTIŞMA  
 

Nem ve Su Aktivitesi Tayini 
 
Kurutulmuş örneklerin nem (%) içerikleri ve su aktiviteleri 
belirlenmiştir. Kurutulmuş nar kabuğu iç zarının nem 
oranı %77.83’ten %9.05’e, dış kabuğunun nem oranı ise 
%73.65’ten %8.38’e düşmüştür. Literatürde nar 
kabuklarının farklı kurutma teknikleri (konveksiyonel 
kurutma ve dondurarak kurutma) kullanılarak 
kurutulmasına yönelik gerçekleştirilen bir çalışmada [17] 
da benzer sonuçlar rapor edilmiştir. Söz konusu 
çalışmada dondurarak kurutulan nar kabuklarının 
başlangıç ve son nem içeriklerinin sırasıyla %73.6 ve 
%7.7 olduğu belirtilmiş olup, bu sonuçların mevcut 
çalışma bulgularıyla paralellik gösterdiği görülmektedir. 
Kurutma işleminden sonra ürünlerin su aktivitesi değerleri 
ise 0.300 ve 0.381 olarak ölçülmüştür. Düşük su aktivitesi 
ürünlerdeki gıda bozulmasına ve mikroorganizma 

büyümesine yol açan enzimatik ve oksidatif 
reaksiyonların gerçekleşmesini azaltmakta ya da 
önleyebilmektedir [18, 19]. Kurutma işlemi sonrasında 
elde edilen nar kabuğu örneklerinde su aktivitesinin 
düşmesi, mikrobiyal gelişim riskini azaltarak depolama 
stabilitesine katkı sağlayabilecek potansiyel göstermiştir.  
 

Toplam Fenolik Madde İçeriği Tayini  
 
Nar kabuğu iç zarı örneklerindeki toplam fenolik madde 
miktarları Tablo 1’de görüldüğü gibidir. Çalışmada nar 
kabuğu iç zarı için fenolik madde miktarı, 7.30±0.02 mg 
GAE/g KM olarak ölçülmüştür. Dış kabuk için fenolik 
madde miktarı ise en çok 58.73±0.79 mg GAE/g KM 
olarak ölçülmüştür. Bu bulgu, literatürde bildirilen bazı 
değerlerden düşük, bazılarıyla ise benzerlik 
göstermektedir. Örneğin, Derakhshan vd. [20] 
çalışmasında 100 gram toz nar kabuğu örneğinin 48 saat 
boyunca oda sıcaklığında etanol (%80) kullanılarak 
yapılan ekstraksiyonunda fenolik madde miktarı 276-413 
mg GAE/g KM olarak belirlenmiştir. El-Hamamsy ve El-
Khamissi [21] tarafından yapılan çalışmada ise, etanol 
çözgeni ile elde edilen fenolik madde miktarı 161.5±0.5 
mg GAE/g KM olarak rapor edilmiştir [22]. Bu farklar, 
kullanılan çözgen, ekstraksiyon yöntemi, sıcaklık ve süre 
gibi parametrelerin yanında nar türü, yetiştirilme koşulu 
gibi parametrelerin de etkisinden kaynaklanabilir. 
etkisinden kaynaklanabilir.  
 
Ek olarak, Campos vd. (2022) nar kabuğu üzerine yaptığı 
çalışmasında etanol/su karışımı (%0, %25, %50 ve %75 
EtOH, v/v) kullanılarak yapılan ekstraksiyonlarda fenolik 
içerik, çözgen konsantrasyonuna bağlı olarak değişkenlik 
göstermiş ve en yüksek fenolik miktar 0.86 mg GAE/mg 
(75% EtOH) olarak bildirilmiştir [23]. Elde edilen sonuçlar, 
kullanılan ekstraksiyon koşulları altında metanolün 
toplam fenolik madde ekstraksiyonunda etkili bir çözücü 
olabileceğini göstermektedir. Ayrıca, Suleria vd. [24] nar 
kabuğu için etanol kullanılarak yapılan ekstraksiyonda 
toplam fenolik içerik miktarını 3.34 mg GAE/g KM olarak 
bildirmiştir, bu da çalışmamızdaki verilerin daha yüksek 
fenolik içeriği işaret ettiğini göstermektedir.  
 
Yapılan bu çalışmada nar kabuğu iç zarı için toplam 
fenolik madde miktarına bakıldığında, hem ekstraksiyon 
süresinin hem de ultrasonik gücün etkili olduğu 
gözlenmiştir. Kontrol grubuna (0 güç) kıyasla %50 ve 
%100 güç seviyelerinde toplam fenolik madde miktarı 
artış göstermiştir. Özellikle 10 dakika ve %100 güç 
kombinasyonu (7.3082±0.02698 mg GAE/g KM), en 
yüksek fenolik madde miktarını sağlamıştır. Süre 
açısından, 20 dakikalık ekstraksiyon (hem %50 hem de 
%100 güçte) benzer fenolik madde miktarları üretmiştir. 
Bu durum, iç zar için belirli bir güç ve süreden sonra 
fenolik madde ekstraksiyonunun doyuma ulaştığını 
düşündürmektedir. 
 
Fenolik içerik değerleri için kolonlardaki küçük harf 
farklılıkları Duncan testine göre süre için istatistiksel grup 
farklılıklarını ifade ederken, büyük harfler Duncan testine 
göre ultrasonik güç için istatistiksel grup farklılıklarını 
ifade etmektedir. 
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Tablo 1. Nar kabuğu iç zarı örneklerindeki toplam fenolik madde miktarları 
Table 1. Total phenolic content in pomegranate peel inner membrane samples 

Örnek Güç (Watt) Süre (dakika) mg GAE/g KM 

Nar kabuğu iç zarı 

0 0 6.44±0.01aA 

%50 

5 6.51±0.21bB 

10 7.26±0.02dB 

20 7.01±0.20cB 

%100 

5 6.78±0.39bC 

10 7.31±0.03dC 

20 7.19±0.05cC 

 
Nar kabuğu dış kabuğunda ise toplam fenolik madde 
miktarı, güç ve süre değişimlerine karşın daha sınırlı bir 
değişim göstermiştir. Kontrol grubunda (0 güç) elde 
edilen fenolik madde miktarı (58.5426±0.41682 mg 
GAE/g KM), diğer gruplarla istatistiksel olarak benzer ya 
da daha yüksektir. %50 ve %100 güç seviyelerinde 10 
dakika ekstraksiyon süresi ile fenolik madde miktarı bir 
miktar artış göstersede, bu artış istatistiksel olarak 

anlamlı değildir. 20 dakikalık ekstraksiyonlarda (hem %50 
hem de %100 güç) fenolik madde miktarında hafif bir 
azalma görülmüştür. Bu durum, dış kabuk için daha kısa 
süreli ve kontrollü bir ekstraksiyonun fenolik bileşenlerin 
korunması açısından daha uygun olduğunu 
göstermektedir. 
 

 
Tablo 2. Nar kabuğu dış kabuk örneklerindeki toplam fenolik madde miktarları 
Table 2. Total phenolic content in pomegranate peel samples 

Örnek Güç (Watt) Süre (dakika) mg GAE/g KM 

Nar kabuğu dış kabuk 

0 0 58.54±0.42bB 

%50 

5 56.24±0.98aA 

10 57.72±0.53bA 

20 57.01±0.31aA 

%100 

5 57.14±0.33aA 

10 58.73±0.79bA 

20 55.89±0.76aA 

 
Fenolik içerik değerleri için kolonlardaki küçük harf 
farklılıkları Duncan testine göre süre için istatistiksel grup 
farklılıklarını ifade ederken, büyük harfler Duncan testine 
göre ultrasonik güç için istatistiksel grup farklılıklarını 
ifade etmektedir. 
 
Nar kabuğu dış kabuk örneklerindeki toplam fenolik 
madde miktarları Tablo 2’de görülmektedir. Genel olarak, 
nar kabuğunun dış kısmı iç zarına kıyasla daha yüksek 
fenolik madde içeriğine sahiptir. Bu durum, dış kabuğun 
fenolik bileşiklerin birincil depolama alanı olması ve 
antioksidan kapasitesinin daha yoğun olmasından 
kaynaklanabilir. Literatürde de sıkça vurgulandığı üzere, 
dış kabuktaki fenolik bileşiklerin yüksekliği, bu kısmın 
doğal bir antioksidan kaynağı olarak daha fazla 
potansiyele sahip olduğunu göstermektedir [22, 25]. 
Sonuç olarak, çalışmada bulunan değerler literatürdeki 
diğer çalışmalarla kıyaslandığında, kullanılan 
yöntemlerin fenolik içerik miktarını etkilediğini 
doğrulamaktadır. Elde edilen bulgular, UDE yönteminde 
uygulanan ekstraksiyon süresi ve ultrasonik güç 
seviyelerinin, nar kabuğu fenolik bileşenlerinin verimli bir 
şekilde elde edilmesinde etkili bir yöntem olduğunu 
göstermektedir.  
 

Antioksidan Aktivite Analizi 
 
Nar kabuğu iç zarı için yapılan analizlerde, ultrasonik güç 
seviyesinin (%50 ve %100) TEAC değerlerinde anlamlı 

bir artış sağlamadığı, bu nedenle ultrasonik gücün iç zar 
üzerindeki etkisinin sınırlı olduğu görülmektedir. Tablo 3, 
nar kabuğu iç zarı örneklerindeki antioksidan aktivite 
miktarlarını göstermektedir. Ekstraksiyon süresi 
açısından, 10 dakika süre ile elde edilen sonuçlar benzer 
olsa da, %50 güçte 20 dakikalık süre ile TEAC değerinde 
hafif bir artış gözlenmiştir. Bu durum, iç zarın antioksidan 
kapasitesini artırmada ekstraksiyon süresinin daha 
belirleyici olduğunu göstermektedir. 

 
Antioksidan aktivite değerleri için kolonlardaki küçük harf 
farklılıkları Duncan testine göre süre için istatistiksel grup 
farklılıklarını ifade ederken, büyük harfler Duncan testine 
göre ultrasonik güç için istatistiksel grup farklılıklarını 
ifade etmektedir.  
 
Nar kabuğu dış kabuğunda ise hem ultrasonik güç hem 
de ekstraksiyon süresinin antioksidan aktivite üzerinde 
belirgin bir etkisi olduğu görülmektedir. Özellikle %100 
güç ve 20 dakika ekstraksiyon süresiyle en yüksek TEAC 
değerine (3177.75±6.06) ulaşılmış, bu da hem uzun 
sürelerin hem de yüksek ultrasonik güç seviyelerinin dış 
kabuğun antioksidan çıkışını artırmada etkili olduğunu 
göstermektedir. Ayrıca, dış kabuk genel olarak iç zardan 
daha yüksek TEAC değerlerine sahiptir ve bu durum dış 
kabuğun daha zengin fenolik bileşen içeriğine sahip 
olduğunu düşündürmektedir. 
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Tablo 3. Nar kabuğu iç zarı örneklerindeki antioksidan aktivite değerleri 

Table 3. Amounts of antioxidant activity in pomegranate peel inner membrane samples 

Örnek Güç (Watt) Süre (dakika) TEAC ppm/g KM 

Nar kabuğu iç zarı 

0 0 319.50±1.38aA 

%50 

5 320.47±0.12bB 

10 321.33±0.57bB 

20 319.54±0.04aB 

%100 

5 320.56±0.04bB 

10 320.46±0.02bB 

20 319.02±0.31aB 

Tablo 4. Nar kabuğu dış kabuk örneklerindeki antioksidan aktivite miktarları 
Table 4. Amounts of antioxidant activity in pomegranate peel outer shell samples 

Örnek Güç (Watt) Süre (dakika) TEAC ppm/g KM 

Nar kabuğu dış kabuk 

0 0 3167.11±5.46cB 

%50 

5 3167.96±2.40abA 

10 3167.47±1.84bcA 

20 3111.78±21.26aA 

%100 

5 3136.92±23.05abAB 

10 3155.40±3.39bcAB 

20 3177.75±6.06aAB 

 
Antioksidan aktivite değerleri için kolonlardaki küçük harf 
farklılıkları Duncan testine göre süre için istatistiksel grup 
farklılıklarını ifade ederken, büyük harfler Duncan testine 
göre ultrasonik güç için istatistiksel grup farklılıklarını 
ifade etmektedir. 
 
Tablo 4, nar kabuğu dış kabuk örneklerindeki antioksidan 
aktivite değerlerini  vermektedir. Çalışmada nar kabuğu 
iç zarı için antioksidan aktivite miktarı en çok 321.33±0.57 
TEAC ppm/g KM olarak, dış kabuk için ise antioksidan 
aktivite miktarı en çok 3177.75±6.06 TEAC ppm/g KM 
olarak ölçülmüştür. Bu sonuçlar literatürde bildirilen 
değerler ile karşılaştırıldığında bazı çalışmalardan düşük, 
bazılarıyla ise benzerlik göstermektedir. Ancak, 
literatürdeki çalışmaların ekstraksiyon yöntemi, çözgen 
tipi, analiz koşulları ve kullanılan standart birimleri farklılık 
gösterebilmektedir. Örneğin Suleria vd.[24] 2.0±0.5 g nar 
kabuğu örneklerini 20 mL %70 etanol ile ekstrakte ederek 
ABTS testi uygulamış ve antioksidan aktiviteyi 3.34±0.09 
mg AAE/g olarak bulunmuştur. 
 
Yan vd. (2017) yapmış olduğu çalışmada ise altı farklı nar 
çeşidi (Bolicui (SD-BLC), 00Damaya (SD-DMY), Qingpi 
(SD-QP, Kashgar Suan (XJ-KS), Hotan CeLe1# (XJ-HT), 
and Piyaman (XJ-PYM)) %80 metanol-su çözeltisi ile 
ekstrakte edilerek ABTS analizi için antioksidan 
değerlerine bakılmıştır [26]. Belirtilen farklı nar 
örneklerinde sırasıyla 422.8±0.7 mg TEAC g−1, 
805.9±32.5 mg TEAC g−1, 1105.1±27.6 mg TEAC g−1, 
760.8±10.7 mg TEAC g−1, 720.8±30.2 mg TEAC g−1, 
579.1±37.6 mg TEAC g−1 antioksidan aktivite değerleri 
bulunmuştur. 
 
Elfalleh vd. (2012) tarafından gerçekleştirilen bir 
çalışmada, hasat edilen nar örneklerinin kabukları 
ayrılmış, bu kabuklar güneşte kurutulduktan sonra toz 
haline getirilmiştir [27]. Daha sonra 10 g kabuk örneği, 

30°C’de bir gece boyunca 100 mL metanol içinde 
ekstrakte edilmiştir. Elde edilen ekstrakt, partiküllerin 
uzaklaştırılması amacıyla Whatman No.1 filtre 
kağıdından süzülmüş ve ABTS radikal süpürme aktivitesi 
analiz edilmiştir. Metanol ekstraktında kabukların ABTS 
aktivitesi 7.50±0.83 TEAC mmol/100 g kuru ağırlık olarak 
tespit edilmiştir. 
 
Tüm bu sonuçlara göre nar kabuğundaki antioksidan 
miktarının farklılığı çözgen madde, ekstraksiyon yöntemi 
ve nar çeşidi gibi parametrelere göre değişiklik 
gösterebilmektedir. Ayrıca nar kabuğunun antioksidan 
içeriğinin, çiçek, yaprak ve çekirdek gibi diğer nar 
bileşenlerine kıyasla daha yüksek olduğu rapor edilmiştir.  
 

Fourier Dönüşümlü Kızılötesi Spektroskopisi (FT-
IR) Analizi 
 
Nar kabuğunun kontrol FTIR spektrumu (kırmızı kabuk) 
ile %100 gücünde ve 10 dakika UDE işlemiyle elde edilen 
ekstraktın FTIR spektrumu karşılaştırıldığında, her iki 
spektrumda da karakteristik bantların yer aldığı 
gözlemlenmiştir. FTIR spektrumuna ait şekiller, Şekil 4, 
Şekil 5, Şekil 6 ve Şekil 7’de görüldüğü gibidir. Kontrollere 
kıyasla ekstrakt spektrumunda belirli piklerin (örneğin 

3293 cm⁻¹ ve 2917 cm⁻¹ gibi) yoğunluklarının arttığı veya 
kaymalar gösterdiği görülmektedir. Bu değişimler, 
UDE’nin yapısal değişimlere neden olduğunu ve bazı 
bileşiklerin (fenolikler veya diğer aktif bileşenler gibi) 
ekstrakte edildiğini gösterebilir. Özellikle hidroksil grupları 
ve karbonil grupları ile ilişkili bantlardaki (örneğin 1700-

3300 cm⁻¹ aralığında) değişiklikler, ekstraktın biyolojik 
veya kimyasal özelliklerinde farklılıklar olduğuna işaret 
etmektedir. Bu sonuçlar, ekstraksiyon yönteminin nar 
kabuğu biyokimyasal yapısına etkisini vurgulamaktadır. 
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Şekil 4. Nar kabuğu dış kabuk kurutulmuş tozunda FTIR 
Figure 4. FTIR on dried powder of pomegranate peel outer shell 

 

 

Şekil 5. Nar kabuğu dış kabuğunun kurutulmuş tozu, %100 güçte 10 dakika 
UDE sonucu elde edilen ekstraktta FTIR 
Figure 5. FTIR of dried powder of pomegranate peel outer peel, extract 
obtained by UDE at 100% power for 10 minutes 

 
UDE ve kontrol örneklerinin FTIR spektrumları 
karşılaştırıldığında, her iki örnekte de 3293 cm⁻¹ (kontrol) 

ve 3291 cm⁻¹ (%100) civarında hidroksil gruplarına (O–
H) ait geniş bir pik gözlemlenmiştir. Bu pikler, genellikle 
fenolik yapıların varlığını göstermektedir [28] . 2920–

2932 cm⁻¹ aralığında gözlemlenen bantlar, alifatik C–H 
gruplarının asimetrik gerilme titreşimlerine; 1715 cm⁻¹ 
civarındaki bant ise karbonil (C=O) grubu titreşimlerine 
karşılık gelmekte ve ester, aldehit veya keton gruplarının 
varlığına işaret etmektedir [29]. UDE sonrası hidroksil 

grupları ve 1328 cm⁻¹ bölgesindeki polisakkaritlere işaret 
eden bantların yoğunluğunda azalma gözlemlenmiş, 
ancak pik konumlarında büyük kaymalar olmamıştır. Bu 
durum, fenolik bileşikler ve bazı polisakkaritlerin ekstrakte 
edildiğini, ultrasonik işlemin ise yapısal bütünlükte önemli 
bir değişiklik yaratmadan aktif bileşenlerin ayrışmasına 
katkıda bulunduğunu göstermektedir [30, 31]. Bu 
bulgular, UDE’nin fenolik ve polisakkarit yapıların 
çözünmesinde etkili bir yöntem olduğunu ortaya 
koymaktadır. 
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Şekil 6. Nar kabuğu iç zarı kurutulmuş tozunda FTIR görüntüleri 
Figure 6. FTIR images of dried powder of pomegranate peel inner membrane 

 

Şekil 7. Nar kabuğu iç zarı kurutulmuş tozu, %100 güçte 10 dakika 
ultrasonik ekstraksiyon sonucu elde edilen ekstraktta FTIR 
Figure 7. FTIR of the dried powder of pomegranate peel inner 
membrane, extract obtained by ultrasonic extraction at 100% power for 
10 minutes 

 
Nar kabuğunun iç zarı ve dış kabuğunun FTIR 
spektrumları karşılaştırıldığında, her iki örnekte de 
benzer fonksiyonel gruplar tespit edilmiştir, ancak pik 
yoğunluklarında ve bazı bölgelerdeki belirginlikte 
farklılıklar gözlemlenmiştir. Nar kabuğunun iç zarı ve dış 
kabuğunun FTIR spektrumları karşılaştırıldığında, her iki 
örnekte de benzer fonksiyonel gruplar tespit edilmiştir. 

Ancak, 3293 cm⁻¹ (iç zar) ve 3292 cm⁻¹ (dış kabuk) 
bölgelerinde hidroksil gruplarını temsil eden geniş pikler 

gözlemlenmiş, dış kabuğun bu pikinin daha yoğun ve 
belirgin olması, fenolik içerik veya nem açısından dış 
kabuğun daha zengin bir yapıya sahip olabileceğini 

göstermektedir [32]. Bununla birlikte, 11328 cm⁻¹ ve 1026 
cm⁻¹ bölgelerinde gözlemlenen polisakkarit piklerinin iç 
zarda daha baskın olması, iç zarın selüloz veya diğer 
polisakkarit yapıların daha yoğun olduğu bir bölge 
olduğunu düşündürmektedir [33]. Genel olarak, dış kabuk 
fenolik içerik açısından daha zengin bir yapı sergilerken, 
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iç zarın daha yüksek polisakkarit içeriğine sahip olduğu 
söylenebilir. Bu farklılıklar, her iki bölgenin kimyasal ve 
biyolojik özelliklerinin farklı kullanım alanlarına uygun 
olabileceğini göstermektedir. 
 
Safdar vd. [34] nar kabuğu FTIR spektrumlarında 
hidroksil (O-H), karbonil (C=O) ve alifatik C-H gruplarına 
ait piklerin 3300, 1700 ve 2900 cm⁻¹ bölgelerinde yer 
aldığı belirtilmiştir. Bu çalışmada da bu piklerin benzer 
şekilde tespit edilmesi, literatürdeki bulgularla uyum 
göstermektedir. Ayrıca, ekstrakt spektrumunda gözlenen 
pik yoğunluğu artışları ve kaymalar, literatürde bildirilen 
UDE’nin fenolik bileşen salınımını artırdığına dair 
sonuçları desteklemektedir. Dias [35] tarafından yapılan 
FTIR analizleri, nar kabuğunda farklı piklerde H-bağlı 
alkolik ve H-X grupları, eter, alkan, fenolik ve eter 
bileşiklerinin varlığını da kanıtlamıştır. Böylece nar 
kabuğunun kimyasal yapısının zengin bir fitokimyasal 
içerik barındırdığı ve çeşitli fonksiyonel grupların belirli 
dalga boylarında FTIR spektrumunda tespit edilebildiği 
görülmektedir. Ayrıca, bu bulgular, nar kabuğu 
ekstraktlarının fenolik bileşikler gibi aktif içerikleri izole 
etmek ve karakterize etmek için kullanılabilecek uygun bir 
kaynak olduğunu işaret etmektedir. 
 
Kontrol ve ekstrakt örneklerinin FTIR spektrum sonuçları, 
Ben-Ali vd. [36] tarafından nar kabuğu ekstraktları 
üzerine raporlanan hidroksil, karbonil ve alifatik C–H 
gruplarına ait bantlarla uyumludur. Literatürde nar 
kabuğu ekstraktında tanen ve gallik asit türevlerine ait 
yeni bantların ortaya çıktığı belirtilmiştir. Benzer şekilde, 

UDE ekstraktımızda bu bölgelerdeki yeni pikler, fenolik 
bileşiklerin ekstraksiyon sırasında salındığını 
göstermektedir. Bu sonuçlar, ekstraksiyon yöntemimizin 
biyoaktif bileşiklerin zenginleştirilmesindeki etkinliğini 
doğrulamaktadır. 
 

Taramalı Elektron Mikroskop (SEM) Analizi 
 
Kurutulmuş ve öğütülmüş nar kabuklarının yüzey 
morfolojisi, taramalı elektron mikroskobu (SEM) 
kullanılarak incelenmiştir. Narın dış kabuğuna ait SEM 
görüntüleri Şekil 8’de sunulmuştur. Örneklerin sert ve 
dayanıklı yapısı belirgin şekilde gözlemlenmiş; 
yüzeylerinin oldukça pürüzlü, heterojen ve çok katmanlı 
bir morfolojiye sahip olduğu tespit edilmiştir. Bu morfolojik 
özellikler, dış kabuğun lignoselülozik bileşenlerce zengin 
olabileceğini ve mekanik işlem sırasında daha büyük, 
düzensiz parçacıklara ayrılma eğilimi gösterdiğini 
düşündürmektedir. Benzer şekilde, Siddiqui ve ark. [37] 
çalışmalarında da nar kabuğunun selüloz, hemiselüloz ve 
lignin gibi lignoselülozik bileşenler içerdiğini 
bildirmişlerdir. Nar kabuğunun dış yüzeyindeki pürüzlü ve 
heterojen yapısı, lignoselülozik bileşenlerin yoğunluğu ve 
mekanik işlem sırasında oluşan düzensiz parçalanma ile 
uyumlu olarak gözlemlenmiştir. Benzer şekilde, yapılan 
bir çalışmada nar kabuğu ekstraktı eklenen filmlerde de 
pürüzlü bir yüzey ve süngerimsi bir yapı oluştuğu rapor 
edilmiştir [38]. Başka bir çalışmada da SEM altında nar 
kabuğu partiküllerinin düzensiz ve lifli bir görünüme sahip 
olduğu görülmüştür [39]. 

 

 

Şekil 8. Nar kabuğu dış kabuk kurutulmuş tozunda SEM görüntüleri 
Figure 8. SEM images of dried powder of pomegranate peel outer Shell 

 
Nar kabuğunun iç zarının SEM görüntüleri Şekil 9’da 
verilmiştir. Örneğin daha ince, katmanlı ve fibröz bir 
yapıya sahip olduğunu görülmektedir. Örneğin 
asimetrik formda ve çok sayıda gözeneğe sahip olduğu 
gözlemlenmiştir. Bu durum öğütme ile örnekte mekanik 
hasarın ve moleküller arası bağların kırılmasıyla 
düzenli bir yapıdan düzensiz bir yapıya dönüşmesinden 
kaynaklanabilir [40]. Nar kabuğunun vakum altında 
mikrodalga kullanılarak kurutulan bir çalışmada farklı 
mikrodalga güçleri ve vakum basınçlarının örneklerin 

morfolojik özelliklerine etkileri incelenmiş ve elde edilen 
görüntülerde kurutulan nar kabuklarının çok sayıda 
asimetrik gözeneklere sahip olduğu bulunmuştur [41]. 
Yüzeyi nispeten homojen olup, düşük pürüzlülük 
sergilemektedir. Nar kabuğu iç zarının lifli ve pürüzlü 
yüzey morfolojisi, taşıyıcı ve emici bir materyal olarak 
kullanım potansiyelini desteklemektedir [42]. Jerome ve 
Dwivedi [43], nar kabuğunun düşük nemde kurutularak 
toz haline getirilebilmesinin, yüksek işlenebilirlik 
potansiyelini ortaya koyduğunu belirtmiştir. 
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Şekil 9. Nar kabuğu iç zarı kurutulmuş tozunda SEM görüntüleri 
Figure 9. SEM images of dried powder of pomegranate peel inner membrane 

 

SONUÇ 
 
Bu çalışma, nar kabuğundan biyoaktif bileşenlerin 
ultrason destekli ekstraksiyon (UDE) yöntemiyle başarılı 
bir şekilde elde edilmesini ve karakterizasyonunu 
sağlamıştır. Elde edilen sonuçlar, dış kabuğun fenolik 
bileşikler açısından daha zengin olduğunu (en yüksek 
58.73±0.79 mg GAE/g KM, %100 güç, 10 dakika) ve iç 
zarın ise polisakkarit içeriğinin daha yüksek olduğunu 
göstermiştir. UDE uygulamasında, nar kabuğu dış 
kabuğunda en yüksek antioksidan kapasite 
3177.75±6.06 ppm TEAC/g KM değerine %100 güç ve 20 
dakika kombinasyonunda ulaşılmıştır. İç zar örneklerinde 
ise en yüksek fenolik madde içeriği 7.31±0.03 mg GAE/g 
KM ile %100 güç ve 10 dakika sürede elde edilmiştir. 
FTIR ve SEM analizleri, ultrasonik işlemin nar kabuğunun 
yapısal bütünlüğünü korurken aktif bileşenlerin salınımını 
kolaylaştırdığını göstermiştir. Bu bulgular, nar 
kabuklarının sıfır atık yaklaşımıyla değerlendirilmesi ve 
gıda ile ilaç endüstrilerinde katma değerli ürünlerin 
geliştirilmesi açısından önemli bir potansiyele sahip 
olduğunu ortaya koymaktadır. 
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ABSTRACT 
 
An increasing interest in probiotic-fortified foods today can be attributed to factors such as the pandemic, climate 
change, and modern lifestyles. In the process of incorporating probiotics into foods, several crucial factors must be 
considered, including the selection of the appropriate strain, ensuring survival in the gut, production techniques, and 
storage conditions. The sugar content of these products is equally important, as it can significantly affect the survival 
and effectiveness of probiotics. Some products in the market may contain excessive amounts of sugar to make them 
more appealing to consumers. This study aims to determine the specific strains and sugar content in commercially 
available probiotic-fortified foods. Additionally, it seeks to investigate the impact of sugar on probiotics and evaluate 
the sugar levels in these products based on recommended dietary guidelines. Literature review indicated that strain 
selection and sugar content in probiotic-fortified foods could play a crucial role in the viability of probiotics and their 
health effects. High sugar content could negatively impact gut microbiota balance and reduce probiotic survival, 
emphasizing the necessity for consumers and food manufacturers to carefully assess total and added sugar levels. 
Further investigation into the interactions between different probiotic strains and sugar types is highly recommended 
for improving product formulations and ensuring the long-term health benefits of probiotics. 
 
Keywords: Probiotic-fortified food, Probiotic, Sugar, Viability, Health effects 
 
 

Probiyotiklerle Desteklenmiş Gıdalardaki Suşlar ve Şeker İçerikleri 
 

ÖZ 
 
Günümüzde probiyotiklerle desteklenmiş/güçlendirilmiş gıdalara olan ilginin artışı, pandemi, iklim değişikliği ve 
modern yaşam tarzı gibi faktörlere bağlanabilir. Probiyotiklerin gıdalara dahil edilmesi sürecinde, doğru suşun 
seçilmesi, bağırsakta hayatta kalma yeteneğinin sağlanması, üretim teknikleri ve saklama koşulları gibi önemli 
faktörler dikkate alınmalıdır. Bu ürünlerde bulunan şeker miktarı da eşit derecede önemlidir, çünkü probiyotiklerin 
hayatta kalmasını ve etkinliğini önemli ölçüde etkileyebilir. Piyasadaki bazı ürünler, tüketicilere daha cazip hale 
gelmesi için aşırı miktarda şeker içerebilmektedir. Bu çalışma, ticari olarak erişilebilir probiyotik ilaveli gıdalardaki 
spesifik suş çeşitlerini ve şeker içeriğini incelemeyi amaçlamaktadır. Ayrıca, şekerin probiyotikler üzerindeki etkisini 
araştırarak bu ürünlerdeki şeker seviyelerini önerilen kılavuzlara göre değerlendirmeyi hedeflemektedir. Literatür 
derlemesi, probiyotiklerle desteklenmiş gıdalarda suş seçimi ve şeker içeriğinin, probiyotiklerin canlılığı ve sağlık 
üzerindeki etkileri açısından önemli bir rol oynadığını ortaya koymaktadır. Yüksek şeker içeriği, bağırsak mikrobiyota 
dengesini olumsuz yönde etkileyebilir ve probiyotiklerin hayatta kalmasını azaltabilir, bu da tüketiciler ve gıda 
üreticileri için toplam ve ilave şeker seviyelerinin dikkatle değerlendirilmesi gerekliliğini vurgulamaktadır. Farklı 
probiyotik suşları ve şeker türleri arasındaki etkileşimin daha ayrıntılı incelenmesi, ürün formülasyonlarının 
geliştirilmesi ve probiyotiklerin uzun vadeli sağlık faydalarının sağlanması açısından önerilmektedir. 
 
Anahtar Kelimeler: Probiyotikli gıda, Probiyotik, Şeker, Canlılık, Sağlık etkileri 
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INTRODUCTION 
 
The ecosystem of microorganisms living in a particular 
environment is called the “microbiota”. Similar to the 
human microbiota, the soil microbiota is the living 
ecosystem of the earth and consists of a wide variety of 
organisms. Environmental pollutants introduced in 
modern life have a negative impact on soil microbiota. A 
decline in the nutritional value of foods is a result of 
these negative alterations in the soil. Macro and 
micronutrient deficiencies are gradually increasing in 
modern people who are fed low-nutritional-value foods 
[1]. In addition, industrial toxins, a western-style diet, 
and a sedentary lifestyle cause dysbiosis in which the 
balance of the intestinal microbiota is disturbed [2]. In 
the last century, the need for foods that provide benefits 
beyond nutritional function has increased to modulate 
nutritional deficiencies and impair gut microbiota. In 
addition, consumer demand for high-quality meals and 
awareness of healthy living have led to the development 
of functional foods. Functional foods can be created by 
changing the content of food using different engineering 
and biotechnological methods or by adding bioactive 
components, such as phenolic compounds, vitamins, 
minerals, and fiber [3]. Probiotics, which are beneficial 
bacteria, have also been used for this purpose. 
Probiotics are known to strengthen the immune system 
and improve overall health by regulating human gut 
microbiota [4]. Food formulations containing probiotic 
bacteria have an important place among functional 
foods due to the numerous proven health benefits they 

provide in addition to their traditional nutritional functions 
[5].   
 
Owing to functional food technology, foods that are not 
contain probiotic bacteria (such as tea, coffee, 
chocolate, and granola) are used as probiotic-fortified 
products. However, the selected probiotic must be well 
defined at the species and strain levels and be safe for 
consumption. Additionally, probiotic strains must be 
compatible with the food matrix, resistant to production 
processes, and maintain their viability under storage 
conditions. Active strains must survive until the end of 
the product’s shelf life to provide the expected benefits 
from probiotics. In addition, they must survive in the low 
pH, bile salt, and enzymatic environment of the 
gastrointestinal tract to reach and colonize the intestine 
[6]. Therefore, not all probiotics are suitable for use in 
food. When choosing which probiotics to use in food 
formulations, the manufacturer should consider many 
factors [7]. The most common microorganisms found in 
probiotic foods are Lactobacillus and Bifidobacterium 
spp. However, because of their tolerance to harsh 
environments, spore-forming bacteria, such as Bacillus 
coagulans and Bacillus subtilis, are becoming more 
common in the food industry [8].  
 
Sugar is added to food products to ensure the consumer 
acceptability of food and to improve its sensory 
properties [9]. Sugar is added to make nutrient-dense 
foods, including probiotic foods, appropriate for general 
consumption (Figure 1).  

 

 
Figure 1. The effect of sugar amount on viability in probiotic-fortified foods 

 
Health authorities agree that people can consume some 
sugar within their daily recommendations [10]. However, 
it should be noted that the nutritional composition of 

probiotic foods and the added active strains interact [3]. 
Considering the addition of different types and amounts 
of sugar sources to foods, the impact of the consumed 
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sugar quantity on probiotic activity is often overlooked. 
The sugar content in probiotic food products should be 
evaluated to ensure their effective use in a healthy diet. 
In our study, the compositions of probiotic-containing 
food samples from almost every sector available on the 
market were analyzed and assessed in terms of their 
sugar content (Table 1 and Table 3). Given that studies 
have shown a decline in the survival rates of probiotic 
bacteria in dairy products produced using different sugar 
sources or amounts [11], the potential risks of sugar’s 
impact on the viability of probiotic bacteria in food are a 
significant public health concern. 
 

PROBIOTIC-FORTIFIED FOODS 
 

Viability of Strains 
 
Viability is a basic requirement for the mechanism of 
action and functionality of probiotics. The viability of 
probiotic microorganisms can be divided into two parts: 
food and the human body [3]. Microorganisms must 
survive primarily under food production and storage 
conditions [7]. Processing parameters, such as the 
strain selected during food production, fermentation 
conditions, food matrix (sugar or salt content, aromatic 
compounds, preservatives, pH, water activity), heat 
treatment, incubation temperature, and microbiological 
parameters (strain of probiotics employed, rate, and 
proportion of inoculation) are among the factors affecting 
probiotic viability. The packaging material used, and 
packaging conditions should also be considered as they 
affect the conditions of microorganisms during storage 
[6].  
 
The next step is to survive the passage through the 
gastrointestinal tract. The acidic environment, bile salts, 
enzymes, and peristaltic movements in the intestinal 
tract are the major challenges for microorganisms [12]. 
Different encapsulation methods are used to protect 
microorganisms from harsh conditions in the 
gastrointestinal tract. However, there are a few 
important factors: the capsules used should not affect 
the sensory properties of the food; they should provide 
cell release and be protective in the gastrointestinal 
tract. Thus, probiotics can reach the intestine and show 
the expected effects [13].  
 
The type and concentration of sugar and/or sweetener 
added to the product during food processing can affect 
probiotic viability. In a study, the impact of varying sugar 
and inulin levels on the viability of probiotic bacteria was 
investigated. They utilized different formulations of 
probiotic ice cream containing freeze-dried mixed 
cultures of Streptococcus salivarius spp. thermophilus, 
Lactobacillus delbrueckii subsp. bulgaricus, 
Lactobacillus acidophilus La-14, and Bifidobacterium 
lactis BL-01. This study focused on ice cream samples 
prepared with three different sugar concentrations (15%, 
18%, and 21%) and two levels of inulin (1% and 2%). 
Over a 90-day storage period, the viability of probiotic 
bacteria in these formulations was evaluated. The 
results indicated that the viability of yoghurt and 
probiotic bacteria was influenced by inulin and sugar 

levels. Inulin, which serves as a food source for probiotic 
microorganisms, increases bacterial viability. Ice cream 
samples with 18% sugar concentration exhibited the 
highest number of viable bacteria. Conversely, the 
viability of the bacteria was lower at 15% and 21% sugar 
concentrations. Furthermore, this study emphasized that 
different bacterial strains react differently to the same 
sugar and inulin levels. S. thermophilus demonstrated 
the highest viability during storage, whereas L. 
acidophilus and B. lactis showed a rapid decrease in 
viability. In fact, at the end of the 90-day storage period, 
the viable numbers of L. acidophilus and B. lactis (5 log 
CFU/g) fell below acceptable levels ( ≥6 log CFU/g) [13].  
 
Another study investigated the effects of low-calorie 
sweeteners as substitutes for sugar on the bacterial 
vitality in ice cream. Kalicka et al. [14], examined the 
viability of Bifidobacterium animalis subsp. lactis BB-12 
strain before and after storage in nine different ice 
cream formulations containing various amounts of 
polyols (maltitol, erythritol, xylitol) and sugar. The control 
group was treated with an ice cream containing sucrose 
(15%). After 28 days of storage, all samples had a live 
cell count above 8 log CFU/g. The lowest vitality was 
observed in the sample containing 7.5% sucrose and 
8.38% erythritol, whereas the highest vitality was 
consistently maintained in the control group. A sugar 
ratio of 15% yielded good vitality. This study supports 
the use of polyols in appropriate doses as a substitute 
for sugar. 
 
To maximize the benefits of probiotic-fortified foods, pH, 
NaCl, sugar type/concentration, fat concentration, and 
storage conditions should be considered. When 
discussing the relationship between sugar and viability, 
it is important to consider that higher sugar 
concentrations can negatively impact both bacterial 
viability and sensory characteristics. In addition, the 
selection of specific probiotic bacterial strains plays a 
vital role in determining their response to these factors. 
Therefore, when determining the sugar levels in 
probiotic-fortified product formulations, it is necessary to 
consider the specific viability requirements of the chosen 
bacterial strains to ensure optimal survival. This is 
crucial for preserving the desired probiotic benefits in the 
final product and providing functional food to consumers. 
The number of bacteria (>7 log CFU/g) in probiotic-
fortified foods must be maintained throughout their shelf 
life. Hence, the production process of probiotic foods 
should be designed to preserve the viability of probiotic 
microorganisms and maintain the specified bacterial 
count until the end of the shelf life [15].  
 

Strain Content of Probiotic-fortified Foods 
 
The dynamics and stabilization of the human gut 
microbiome during the first year of life are influenced by 
the mother’s microbiota, diet, lifestyle, and genetics [16]. 
The diversity of the microbiota, which is affected by diet, 
lifestyle, ethnicity, geography, and environmental factors 
during the lifetime. Packaged probiotic- fortified products 
and their strain content in the current food market are 
listed in Table 1 as model products. 
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Table 1. Probiotic- fortified products and strain contents (Products in the table were found by searching the word 

“probiotic food” in the online database) 

Probiotic Product Brand Name Active Strain Content 

Grain And Grain Products 
Bread The Grain Seed’licious B. coagulans 
Cracker Kuna Pops B. coagulans 
Chickpea Granola- Wholesome 
Raspberry 

Effi Foods 
B. coagulans 

Probiotic Oatmeal & Banana 
Baby Cereal 

Gerber 
B. lactis  

Special K® Probiotics Berries 
& Peaches Cereal 

Kellogs 
B. lactis  

Muesli Sunsol B. coagulans 
Bar Fropie B. coagulans 
Oat Bar Nice & Natural B. coagulans 
Gluten Free Pancake Waffle 
Mix 

Enjoy Life 
B. coagulans 

Baking mix Gluten Free, Nut 
Free, Vegan, Pizza Crust Mix 

Enjoy Life 
B. coagulans 

Dairy Product 
Milk Moringa Caldus Bifidobacterium longum ssp. longum BB536 

Lowfat Yoghurt Nancy’s 
Bifidobacterium lactis BB-12, L. acidophilus LA-5, L. rhamnosus LB-3, L. casei (2 
isolated strains), L. rhamnosus (2 isolated strains), L. acidophilus (2 isolated 
strains), B. lactis (2 isolated strains) 

Yoghurt Activia B. lactis 

Dairy Free Yoghurt Califia Farms Bifidobacterium BB-12, S. thermophilus, L. bulgaricus 

Drinkable Yoghurt Danactive Lactobacillus casei CNCM I-1518 

Kefir Nancy’s 
B. lactis BB-12, L. acidophilus LA-5, L. rhamnosus LGG, L. rhamnosus LB-3, L. 
casei (2 isolated strains), L. rhamnosus (2 isolated strains), L. acidophilus (2 
isolated strains), B. lactis (2 isolated strains) 

Probiotic Drink Yakult L. casei Shirota 

Probiotic  Shot Activia L. bulgaricus, L. lactis, S. thermophilus 

Sour Cream Good Culture L. acidophilus, B. lactis 

Cottage Cheese Sek L. acidophilus, B. lactis 

Products Containing Fruit and Vegetables 
Organic Vegetable and Fruit 
Mix   

Garden of Life L. gasseri, L. plantarum, L. casei, L. acidophilus 

Non-Dairy Smoothie Love Grace Bacillus coagulans 

Fruit Gel Welch’s B. subtilis 

Juice Biola L. rhamnosus 

Juice Tropicana B. lactis 

Juice Valio Gafilus L. rhamnosus GG 

Fruit Drink Danone Proviva L. plantarum 

Sorghum Cauliflower Puffs Vegan Rob’s Bacillus coagulans 

Fruit kombucha Humm Bacillus coagulans, B. subtilis 

Soup Presserys Bacillus coagulans 

Antioxidant Berry mix Nature’s garden L. rhamnosus GG 

Sugar Product 
Chocolate Healthy Delights Naturals B. coagulans 

Lollipop Dr. John’s B. subtilis 

Chocolate Shake Lyfe Fuel Lactobacillus acidophilus DDS, L. plantarum, L. rhamnosus, B. breve, B. longum 

Sugar Sugar 2.0 B. coagulans 

Herbal tea sweetened with 
molasses 

Vita Biosa 10+ 
B. animalis, B. lactis, L. acidophilus, L. casei, L. rhamnosus, Lactococcus lactis 
ssp., Lactis biovar. Diacetylactis, L. pseudo mesenteroides, S. thermophilus 

Drinks   
Green tea Doğadan B. coagulans 

Black tea Doğadan B. coagulans 

Coffee Gut Power B. coagulans 

Water Karma B. coagulans 

Hot chocolate Cocosutra B. coagulans 

Dairy free drinkable yogurt Califia farms Bifidobacterium lactis BB-12, S. thermophilus, L. bulgaricus 

Choco cinnamon banana 
vegan protein powder 

Vega B. coagulans 

Pear digestion shot Goodbelly L. plantarum 299V 

Mojita lime mint coconut 
sparkling drink 

Kevita B. coagulans 

Metabolism tea Super organics B. coagulans 

Turmeric ginger shot Welo B. subtilis 

 

Table 1 presents a compilation of commercially available 
probiotic-fortified products categorized into grain-based 
items, dairy and non-dairy products, fruit and vegetable-
containing foods, sugar products, and beverages. The 
active probiotic strains identified in these products 
include various species of Bacillus, Lactobacillus, and 

Bifidobacterium, which are known for their potential 
health benefits, particularly in gut microbiota modulation.  
The products in Table 1 were selected as examples 
from almost every category in the food and beverage 
industry. When the strain content of the products was 
examined, it was observed that Bacillus coagulans, 
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Bacillus subtilis, Bifidobacterium lactis, and Lactobacillus 
rhamnosus strains were frequently used in the food 
market. 
 

Characteristic of Strains 
 
Bacillus coagulans, Bacillus subtilis, Bifidobacterium 
lactis, and Lactobacillus rhamnosus are the probiotic 
microorganisms most frequently employed in probiotic- 
fortified products, as demonstrated in Table 1, and they 
accepted GRAS status. The origins of these probiotic 
microorganisms, their bacterial attributes, health 
impacts, preferred food sources, and the benefits of their 
utilization are comprehensively outlined in Table 2. The 
strains, such as Bacillus coagulans, Bacillus subtilis, 
Bifidobacterium lactis, and Lactobacillus rhamnosus, 
demonstrate unique attributes such as resistance to 
stomach acid and bile, spore formation, and lactic acid 
production, which contribute to their viability in various 
food matrices. These probiotics are associated with 
significant health benefits, including gastrointestinal 
health improvement, immunomodulation, and prevention 
of infections, making them valuable components in both 
dairy and non-dairy probiotic products. Although 
probiotic strains generally promote gut health, specific 
species also provide specific benefits [17]. However, 
when it comes to a probiotic that provides benefits to 
people in food and beverages, the characteristics of 
probiotic bacteria might be variable [7].  
 

Sugar in Probiotic- Fortified Products 
 
According to WHO, the sugar naturally present in fruits 
and vegetables is named ‘intrinsic sugars’ and "free 
sugar" includes all monosaccharides and disaccharides 
added to foods and sugars naturally found in honey, 
molasses, and fruit juices [52]. Intrinsic sugars take 
longer to enter the bloodstream and have less of an 
impact on blood sugar than added sugar, owing to 
beneficial components such as fiber and various 
phytochemicals found in fruits and vegetables. In 
addition, while sugar increases the energy content of the 
diet, it also decreases the quality of the diet as it 
decreases the nutrient density [9].  
 
Sugar is an essential taste component of packaged 
products. In a consumer report from FONA, a specific 
subsidiary, it was found that 70% of consumers prioritize 
taste over high sugar content in a product. Despite this, 
50% of consumers aim to cut down on their sugar 
intake. As a result, the market for new products with 
reduced sugar has surged by 54% since 2017 [53].  
 
Additional sugar consumption is influenced by factors 
such as age, sex, ethnicity, and income. Men, young 
adults, low-income individuals, and adolescents 
consume more sugar than the average population. 
However, in recent years, the importance of specifying 
the sugar levels and sources in packaged foods has 
increased considerably. According to the results of the 

survey studies, consumers want to know how much 
sugar is in the product and what its source is, and taste 
is still the most important parameter [54]. This indicates 
that consumers’ choices are flavor-based rather than 
health based. Consumer preferences for probiotic food 
products are also similar. Probiotic- fortified products 
containing added sugars have been preferred over 
sugar-free products. This affects the ingredients of 
packaged probiotic products containing added sugar [9]. 
However, excessive sugar (more than 5% of total daily 
calories from added sugar, according to WHO) 
consumption leads to many non-communicable 
diseases such as obesity, diabetes, and heart disease 
[10]. The negative effects of sugar on health and its 
increasing prevalence have resulted in organizations 
such as the WHO and NHS (National Health Service) 
making consumption recommendations on sugar and 
added sugar. 
 
In this case, the content and nutritional values of 
packaged foods (such as calories, total carbohydrates, 
total fat, protein, salt, and sugar) should be known to 
consumers. Consumers choose food according to the 
nutrition labels written on the package. Therefore, 
nutrition labels are of great importance in influencing 
consumer behavior. Anastasiou, Miller, and Dickinson 
[55] published a systematic review of the relationship 
between food label use and dietary intake in adults. The 
presence of health claims and use of nutrition labels 
have been reported to result in healthier decisions. A 
new FDA regulation requires added sugars to be listed 
on the ‘nutrition facts label’ so that you can make 
decisions based on your unique needs and preferences. 
There is information such as added sugar and fiber 
under the term carbohydrates on the label. The term 
“total carbohydrates” on the labels refers to the total 
amount of dietary fiber, sugars that are naturally found in 
the foods they contain and added sugars. When 
reviewing nutrition labels, the primary focus should be 
on how many carbohydrates come from added sugar 
[56].  
 
According to the traffic light labelling, a product’s total 
sugar content of 100 g should be less than 5 g for a low 
level, between 5 and 22.5 g for a medium level, and 
22.5 g or more for a high level.  Products with low, 
medium, and high total sugar are colored green, amber, 
and red, respectively [57].  
 
According to the WHO [58], "Sugar Intake for Adults and 
Children" guidelines, added sugar from foods should be 
below 5% of the daily energy requirements. In Table 3, 
the percentage of added sugar is presented according to 
the percentage of daily value (DV) in the label 
information. Daily values are the reference amounts of 
nutrients to be consumed or not exceeded each day. 
From this point of view, as seen in Table 3, the sugar 
contents of probiotic- fortified products available on the 
market were given according to WHO guideline and 
traffic light labelling. 
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Table 3. Packaged probiotic-fortified products and sugar contents (Prepared using the product information of the 
manufacturers.) 

 
*(T.S: Total Sugar, A.S: Added Sugar, U: Unknown) 
 
Table 3 lists probiotic-fortified products categorized by 
low, medium, and high sugar levels. It does not provide 
definitive information on how these sugar levels affect 
the benefits of probiotics, but high sugar consumption is 
known to reduce intestinal bacterial diversity, potentially 
leading to microbiota dysbiosis. Consequently, selecting 
probiotic products with low or medium sugar levels, as 
indicated in Table 3, may support a healthier diet. 
Furthermore, the traffic-light labeling for sugar levels is 
determined based on total sugar content, making it 
essential to consider the amount of added sugar in each 
product. For instance, Table 3 shows that a low-fat 
blueberry yogurt contains 9.3 grams of total sugar, 
placing it in the medium sugar category, yet 14% of this 
sugar comes from added sources, which should be 
taken into account when making dietary choices. 
Another example is a drinkable yoghurt, which contains 
a total of 14 g of sugar and is considered a product with 
medium sugar levels; however, 20% of this sugar is 
added sugar. Both probiotic yoghurts exceeded the 
WHO's sugar recommendations. This situation can be a 
risk factor for a decrease in probiotic bacteria and 
increase in pathogenic bacteria. Therefore, it is 
important to consider both the total sugar content and 
amount of added sugar in probiotic- fortified products. At 
this point, the effect of sugar on the viability of probiotics 
in the products and how this effect reflects the beneficial 
effects of probiotics has become significant.  
 
The impact of added sugar on the viability of probiotics 
in functional foods varies depending on factors such as 
the type and concentration of sugar, the specific 
probiotic strains used, and the processing conditions of 

the food product. As a result, research studies have 
been conducted using different sugar levels, various 
strains, and diverse food matrices to investigate the 
relationship between sugar and the viability of probiotics. 
Table 4 presents the selected research studies 
concerning the correlation between sugar and viability in 
probiotic- fortified products.  
 
As shown in Table 4, ice cream is frequently utilized in 
probiotic studies due to its ability to support probiotic 
viability. In such products, high sugar concentrations can 
induce osmotic stress, potentially leading to cell damage 
or death. Conversely, sugar may also exert a 
cryoprotective effect, mitigating freezing-induced 
damage [59].  
 
Shahsavan et al. [61] tested this issue using ice cream 
formulations with different quantities of sugar (14%, 
16%, and 18%) and fat (5%, 7.5%, and 10%). The study 
found that the lowest number of L.casei cells was 
observed in the sample with 14% sugar and 10% fat, 
while the sample with 16% sugar and 5% fat had the 
highest number of cells. As the amounts of sugar and fat 
increased, the viability of L. casei was negatively 
affected. Similarly, Akın et al. [13] also examined ice 
cream formulations with varying sugar concentrations 
(15%, 18%, and 21% w/w) and observed that a relatively 
high sugar content could have a negative impact on 
probiotic viability due to excessive osmotic pressure. 
The best viability was observed in the sample with 18% 
sugar. Both studies indicate that optimal L. casei viability 
is achieved at moderate sugar concentrations. 
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In addition to sugar, the impact of low-calorie 
sweeteners on probiotic activity is also a subject of 
interest. Therefore, sweeteners are commonly used in 
studies that monitor probiotic viability in food products. A 
study conducted on white chocolate investigated the 
viability of Lactobacillus acidophilus and Lactobacillus 
paracasei in sugar-containing and sugar-free (containing 
maltitol) chocolates. The study found that L. acidophilus-
maintained cell counts above 7 log CFU/g during a 90-
day storage period. L. paracasei initially exhibited a 
faster decline but stabilized at around 6.61-6.89 log 
CFU/g. Throughout the study, although sucrose 
provided better results, the cell counts in white chocolate 
containing maltitol was still reported to be within the 
therapeutic range (>6 log CFU/g) [62]. Similarly, Kalicka 
et al. [60] investigated the effects of sweetener and 
sugar on viable cell count in ice cream containing 
Bifidobacterium animalis subsp. BB-12. In the study, the 
highest number of viable cells was found in the control 
sample containing 15% sucrose, while the lowest 
numbers were found in the sample containing a 
combination of erythritol and sucrose. At the end of the 
28-day storage period, it was reported that the cell 
counts of all ice cream samples indicated promising 
results, with a consistent presence of 8 log CFU/g. 
Gündoğdu et al [66] reported 7.49 log CFU/g for the 
same contidions for Bifidobacterium animalis subsp. BB-
12. 
 
In summary, the varying sugar content of the products 
determines the viability of probiotic bacteria and the 
sensory properties of the product. However, higher 
sugar concentrations do not always result in a lower 
count of viable bacteria. It is the responsibility of food 
manufacturers to find the right concentrations for both 
the sensory and physical properties of the product, as 
well as its probiotic activity. In fact, the inclusion of 
higher sugar amounts in probiotic-fortified products 
intended for health benefits is not deemed appropriate 
when evaluated in the context of a healthy diet [67].  
 
In contrast, a notable portion of individuals face 
challenges in embracing sugar-free variants of probiotic- 
fortified products. For such individuals, an advisable 
approach might involve selecting the products featuring 
sugar content below 5% during the initial phase of 
acclimatization. The integration of these specific 
probiotic items, known to enhance overall health, into 
their dietary regimen could be deemed an advantageous 
strategy. 
 

CONCLUSION 
 
In this review, we evaluated probiotic-fortified foods 
across different categories available in the market based 
on their strain composition and sugar content. The sugar 
levels found in these foods often surpass the 
recommended daily limits for added sugar and total 
sugar intake as advised by the World Health 
Organization (WHO) and the National Health Service 
(NHS). According to the guidelines, opting for low-sugar 
options can increase both consumption and the intake of 
probiotics. However, the precise threshold at which 

excessive sugar consumption leads to dysbiosis and 
inhibits probiotic activity remains uncertain. 
 
The viability of a particular probiotic strain can vary 
depending on factors such as the type of sugar, sugar 
concentration, strain type, product formulation, and food 
processing conditions. Conducting research that focuses 
on specific strains would be invaluable in understanding 
how different amounts of sugar impact viability – either 
supporting or inhibiting it. Such strain-specific 
investigations will shed light on the intricate interplay 
between sugar content and probiotic viability, offering 
critical insights for optimizing these foods' benefits. 
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ABSTRACT 
 
Meat is an essential component of human nutrition and is prepared using various cooking techniques to ensure its 
microbiological safety and enhance its sensory qualities. However, conventional cooking methods like grilling, deep-
frying, and pan-searing often involve extended heat exposure, which can result in the production of harmful toxic 
compounds such as polycyclic aromatic hydrocarbons, heterocyclic amines, and acrylamide that may pose health 
risks. Moreover, the high temperatures and prolonged cooking times, typical of these conventional methods, can 
cause a reduction in the nutritional content of meat. In recent years, research has focused on innovative methods that 
can minimize the formation of toxic substances in meat while preserving its nutritional value and offering safer cooking 
alternatives. Among these advanced cooking technologies, microwave heating, ohmic heating, sous-vide cooking, and 
air-frying have attracted increasing interest. Compared to conventional methods, these techniques present important 
benefits, including improved product quality and efficiency, faster processing times, energy savings, and lower 
production costs. This review discusses advanced cooking technologies and their principles, highlighting their 
influence on the formation of toxic compounds in meat in comparison with conventional cooking practices.  
 
Keywords: Meat, Cooking methods, Quality, Advanced techniques 
 
 

İleri Pişirme Tekniklerinin Ette Toksik Bileşik Oluşumuna Etkisi 
 

ÖZ 
 
İnsan beslenmesinde önemli bir besin kaynağı olan et, mikrobiyolojik güvenirliliğinin sağlanması ve organoleptik 
özelliklerinin geliştirilmesi amacıyla çeşitli yöntemlerle pişirilerek tüketilmektedir. Ancak etin pişirilmesinde kullanılan 
ızgara, yağda kızartma, tavada pişirme gibi geleneksel yöntemlerde uzun süre yüksek ısı uygulanmasından dolayı, 
polisiklik aromatik hidrokarbonlar, heterosiklik aminler ve akrilamid gibi insan sağlığı açısından tehlikeli toksik bileşikler 
oluşabilmektedir. Bunun yanı sıra geleneksel pişirme yöntemlerinde kullanılan uzun süre ve yüksek sıcaklık etin 
besleyici değerinde kayıplara neden olmaktadır. Son zamanlarda etin besin değerinde minimum kayıpla birlikte toksik 
bileşiklerin oluşumunu azaltacak daha güvenli pişirme sağlayacak ileri teknikler ile ilgili çalışmalar popülerlik 
kazanmıştır. İleri pişirme yöntemleri arasında mikrodalga ısıtma, ohmik ısıtma, sous-vide pişirme ve air-fryer 
teknolojileri dikkat çekmektedir. Geleneksel yöntemlere kıyasla bu yöntemlerin ürün kalitesini ve verimliliğini arttırması, 
işlem süresinin kısa olması, enerji tasarrufu sağlaması, işlem maliyetini azaltması gibi avantajlarından dolayı önemli 
bir potansiyele sahip olduğu ifade edilmektedir. Bu derlemede ileri pişirme teknikleri, uygulama mekanizmaları, ette 
toksik bileşik oluşumu üzerine etkileri geleneksel yöntemlerle kıyaslanarak irdelenmiştir. 
 
Anahtar Kelimeler: Et, Pişirme yöntemleri, Kalite, İleri teknikler 
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INTRODUCTION 
 
During cooking, the tenderness of meat increases due 
to the shrinkage of muscle fibers and the reduction of 
adhesion between fibers, resulting in the collagen tissue 
dissolving to form gelatin, especially at temperatures 
between 40-60°C [1]. However, when the cooking 
temperature rises to a temperature between 60 and 90, 
longitudinal shrinkage of muscle fibers increases water 
loss, negatively affecting the texture [2]. Furthermore, 
high temperatures during cooking accelerate oxidation 
reactions. Lipid oxidation occurs as unsaturated fatty 
acids undergo oxidation during meat cooking, 
shortening the shelf life of meat, releasing unwanted 
odor and flavor compounds, causing nutrient loss, and 
leading to color and texture abnormalities, which 
adversely affect quality [3].  
 
Throughout the cooking process, chemical contaminants 
such as polycyclic aromatic hydrocarbons, heterocyclic 
amines, and acrylamide, which pose significant risks to 
human health, can also form in the composition of the 
meat depending on many factors such as method, 
temperature and application time [4]. Polycyclic aromatic 
hydrocarbons (PAHs) are organic compounds released 
as a result of incomplete combustion of organic 
materials, which can persist in the environment for 
extended periods, causing environmental pollution and 
disrupting biological balance [5]. PAHs are a major 
concern due to their confirmed or potential adverse 
health impacts. Regulatory agencies have classified 
high molecular weight PAHs, such as benzo[a]pyrene 
(BaP), as priority pollutants because of their significant 
toxicological relevance [6]. Among foods, meat is 
considered one of the highest-risk sources of PAHs 
formation. PAHs levels in cooked meats vary depending 
on factors such as cooking method, type of fuel, cooking 
temperature and duration, distance from the heat 
source, and fat content of the food [7-9]. Studies have 
shown that smoking, frying, and grilling methods result 
in higher levels of PAHs formation, whereas boiling and 
baking methods result in lower levels of PAHs formation 
[10, 11]. Heterocyclic amines (HAs) are 
mutagenic/carcinogenic compounds formed when meat 
is cooked at high temperatures, especially during pan 
frying or charcoal grilling [12]. It has been reported that 
HAs can be 100 times more mutagenic than aflatoxin B1 
and 2,000 times more mutagenic than BaP on an equal 
mass basis [13]. HAs level can be reduced by avoiding 
prolonged exposure to high temperatures and 
preventing the surface from coming into direct contact 
with flames while cooking meat [14]. Acrylamide, 
chemically known as 2-propenamide (C₃H₅NO), is a 
water-soluble compound commonly present in foods 
with high carbohydrate content like potato and grain-
based products. Acrylamide is found in various 
quantities in many foods, except for boiled or raw food. 
Cooked carbohydrate-rich foods were found to contain 
higher levels of acrylamide (150-4000 μg/kg) compared 
to cooked protein-rich foods (5-50 μg/kg) [15]. Many 
foods, particularly those high in carbohydrates (starch), 
amino acids (asparagine), and oils (glycerol is converted 
to acrolein) produce acrylamide when they are heated to 
temperatures above 120°C during the thermal frying 

process [16]. The International Agency for Research on 
Cancer (IARC) [17] has identified acrylamide as a 
potential human carcinogen, and it is also formed during 
the frying of chicken [18]. 
 
In conventional (traditional) cooking methods, the use of 
prolonged time and high temperatures generally leads to 
losses in the nutritional value of the meat. Additionally, 
the cooking method and duration may result in the 
formation of toxic compounds that may pose a threat to 
human health. To eliminate these risks, recent studies 
have focused on the use of alternative advanced 
cooking methods such as microwave heating, ohmic 
heating, sous-vide, and air-frying technologies to 
produce safer, minimally processed foods with high 
nutritional value [19, 20]. In advanced cooking methods, 
thermal energy is produced directly within the food, 
ensuring homogeneous distribution of heat throughout 
the food. The aim of using these methods is to improve 
product quality, shorten processing times, reduce costs, 
and increase efficiency by decreasing water and energy 
consumption [21]. In this study, the effects of traditional 
and advanced cooking technologies on formation of 
toxic compounds in meat were reviewed. 
 

EFFECT OF TRADITIONAL MEAT COOKING 
METHODS ON FORMATION OF TOXIC 
COMPOUNDS 
 

Grilling 
 
Grilling is a dry cooking method that utilizes direct 
radiant heat. In this method, heat sources such as oven 
grills, electric grills, or charcoal grills can be used. Since 
the heat spreads from one direction, it is necessary to 
turn the meat during cooking [22]. In the charcoal grilling 
method, one of the biggest risks that arise from cooking 
at very high temperatures with charcoal is the formation 
of PAHs [23]. It has been reported that in grilled meat 
products cooked at high temperatures, PAHs 
compounds are formed as a result of pyrolysis of fat 
dripping onto the charcoal and these compounds are 
transferred to the meat surface along with the smoke 
[23, 24]. The levels of PAHs in cooked meats vary 
depending on the preparation and cooking method, 
temperature, duration, distance of the meat from the 
heat source (direct or indirect), and fat content (Table 1) 
[8, 25]. 
 
To reduce or prevent the formation of PAHs in grilled 
meat, avoiding direct contact with flames, minimizing 
exposure to smoke, preventing the burning of fat, 
removing dripping fat, avoiding excessively high cooking 
temperatures, and selecting the appropriate distance 
from the heat source are crucial [9]. In a study 
examining the effects of different cooking methods 
(boiling, frying, oven grilling, electric grilling and charcoal 
grilling) on the formation of PAHs compounds in various 
types of meat (beef, lamb, chicken, turkey), the 
concentration of PAH4 compounds BaP, 
benzo(a)anthracene (BaA), benzo(b)fluoranthene 
(BbFlu), chrysene (Chr)) was found to vary depending 
on the structure of the meat and the cooking methods. 
The highest PAH4 concentrations ranged between 1.10 
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and 3.30 μg/kg was found in chicken meats cooked on 
the grill [11]. Another way to reduce PAHs compounds 
in meat is by applying different marinades before the 
cooking process, which has been shown to be quite 
effective in reducing the formation and concentration of 
PAHs in cooked meats [27, 28]. In a study examining 
the effect of different tea plant marinades on the 
formation of PAHs in grilled chicken drumsticks cooked 

using different methods (charcoal and electric),  it was 
found that marinated drumsticks with white tea and 
cooking them on an electric grill significantly reduced the 
formation of HCAs (from 13.15 ng/g to 10.08 ng/g) and 
BaP (from 13.15 ng/g to 0.17 ng/g) compared to wood 

charcoal grilled drumsticks (P0.05) [29]. 

 
Table 1. The major factors influencing the PAH formation in meat [26, 27] 

Type of grill 

Electric < Gas ≤ Briquettes=Charcoal < Wood 
No dripping fat < Dripping fat 
Long distance from heat < Short distance 
Vertical heat source < Horizontal heat source 

Temperature and time 

Low temperature < High temperature 
Short grilling time < Long grilling time 

Type of food 

Low fat < High fat 
Smooth/sealed surface < Rough surface 
Low protein < High protein 

Preparation of the food 

Frequent turning < No turning 
Marination with antioxidants < No marination 
Precooking of food < No precooking 

 

Saute Cooking  
 
Saute cooking is a method where small pieces of meat 
are cooked in a pan with a small amount of oil.  In this 
method, the pan is heated to 160-240oC before cooking, 
thus preventing the meat from sticking to the pan and 
the water in the meat from leaking out during the sealing 
process [23]. It is stated that factors such as cooking 
method, temperature, duration, pH, and fat content play 
significant roles in the formation of mutagenic and 
carcinogenic heterocyclic amines in saute cooking 
method [30]. 
 
In a study, various cooking methods (deep fat frying, 
pan frying, charcoal grilling, and roasting) on the 
formation of heterocyclic amines in chicken and duck 
breast meats were investigated. The results showed that 
chicken breast cooked by charcoal grilling had the 
highest total HAs content (112 ng/g), followed by pan-
fried (27.4 ng/g) and deep fried (21.3 ng/g), while the 
lowest formation of HAs was observed in roasted 
chicken breast (4 ng/g). Similarly, for duck breast pan 
frying resulted in the highest HAs content (53.3 ng/g), 
followed by charcoal grilling (32 ng/g), deep frying (13.9 
ng/g), while the lowest HAs formation was observed in 
roasted duck breast (6.8 ng/g) [31].  
 

Deep Fat Frying 
 
Deep fat frying is a method of cooking meat by 
immersing it in oil at 150-190°C [32]. During frying, 
various physical and chemical changes occur in the 
color and structure of the oil [33]. The primary 
degradation products in frying oil are non-volatile polar 
compounds, triacylglycerol dimers, and polymers. The 
change in color of the oil is associated with oxidation, 
polymerization, and the formation of carbonyl 
compounds [34]. Deep fat frying is a method commonly 
used in large-scale food production operations. The oils 
used in this process tend to degrade more quickly than 
those used for home frying, primarily due to their 
prolonged use [32]. 
 

Since oil can break down and produce smoke at high 
temperatures, oil with low smoke points should not be 
used for frying [35]. Due to the application of high 
temperatures, carcinogenic compounds such as PAHs, 
HAs and acrylamide can form in meat [23]. In the frying 
process, the formation of carcinogenic compounds 
increases as the time increases [34]. Additionally, the 
toxic compounds produced by the repeatedly using 
cooking oil at high temperatures during frying pose a 
health risk [34]. HAs are formed during frying in oil and 
repeated use of oil leads to an increase in the amount of 
toxic components [32, 36]. 
 
In a study conducted by Ghasemian et al. [37], 
hamburgers prepared from beef were fried in sunflower 
oil at 180°C and 200°C for 4 and 6 min. Their results 
indicated that acrylamide levels reached 40 ppb in a 
beef burger fried in sunflower oil at 180°C for 4 min, 
while 85 ppb of acrylamide was detected in a beef 
burger fried at 200°C for 6 min. As a result of the study, 
it was reported that an increase in temperature and 
cooking time led to an increase in acrylamide content of 
hamburgers. In another study, various cooking methods 
(microwave, baking, deep fat frying, and pan frying) 
were applied to heat-treated croquettes filled with meat. 
As a result, acrylamide concentrations of 360 μg/kg, 285 
μg/kg, and 298 μg/kg were detected in baked, pan fried, 
and deep fat fried croquettes, respectively, while the 
highest level of acrylamide formation (420 μg/kg) was 
reported in the microwave cooked croquettes [38]. 
 

Boiling  
 
Boiling is a method of cooking food in a liquid at 
temperatures above 100°C. This can be achieved by 
rapidly boiling the liquid or by gently simmering it at 
temperatures below the boiling point. It is known that the 
formation of carcinogenic heterocyclic amines is lower in 
boiled meats compared to grilling, frying, and sauteing 
methods. In the boiling method, the aim is to prevent 
drip loss and physical changes in the meat by retaining 
its juice. However, the addition of more water than 
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necessary during cooking causes vitamin and mineral 
losses, as well as color and flavor deterioration [35]. 
 
Solyakov and Skog [39] reported that the content of HAs 
in poultry meat samples was lower (0.5 ng/g) when 
boiled at low temperatures (<100°C) compared to 
cooking at higher temperatures, and HAs formation 
increased with rising cooking temperature. In another 
study, the effect of different cooking methods (smoking, 
grilling, and boiling) on the formation of PAHs in 
processed meats was examined. As a result, it was 
reported that the highest level of PAHs (2.79 μg/kg) was 
found in smoked meats and the lowest level of PAHs 
(0.99 μg/kg) was determined in boiled meats [40]. 
 

Baking 
 
Baking is a method that evenly cooks food by 
transferring heat directly or through convection. The 
baking method is widely used in the food industry [41]. 
The quality characteristics and microbial safety of meat 
are affected by the baking process [42]. High cooking 
temperatures enhance the color and flavor of meat, 
shorten the cooking time, but reduce its juiciness and 
cause it to gain a hard texture [43]. In a study, the 
formation of PAHs in beef and pork during grilling and 
baking were investigated. The results indicated that the 
concentration of PAHs depended on the cooking 
method and the type of heat source used, with the 
highest concentration of PAHs (10.2 μg/kg) observed in 
charcoal grilling [44]. 
 

EFFECT OF ADVANCED MEAT COOKING 
METHODS ON FORMATION OF TOXIC 
COMPOUNDS 
 

Microwave Heating 
 
Microwave heating is a dielectric heating method 
commonly used in industry for cooking or reheating food 
quickly in households. Microwave energy is a non-
ionizing electromagnetic radiation with a frequency 
range of 300 MHz to 300 GHz [21]. In microwave 
heating method, the formation of a homogeneous 
electromagnetic field allows energy to penetrate directly 
into the food, enabling volumetric and rapid heating. In 
food processing, operations such as heating, drying, 
sterilization, and thawing can be performed more 
efficiently with microwave technology, allowing for 
greater energy efficiency and shorter processing times 
[45]. The principle of microwave cooking involves 
converting electromagnetic energy into thermal energy 
within the meat. During the cooking process, microwave 
energy is absorbed through the rotation of water 
molecules and the movement of ionic components in the 
meat. Therefore, the water content and the dissolved ion 
content play crucial roles [46]. Compared to traditional 
heating methods, microwave heating provides 
homogeneous heat treatment [47]. 
 
In a study, the effect of different cooking methods on the 
concentration of HAs in chicken and beef satays was 
investigated. Beef and chicken satays were subjected to 
grilling, microwave pre-treatment before grilling, and 

microwave followed by deep frying. The results 
indicated that chicken satays cooked by charcoal grilling 
had the highest total HAs content (126.59 ng/g), 
followed by microwave-charcoal grilled (81.69 ng/g), 
while the lowest formation of HAs was observed in 
microwave-deep fried chicken satays (3.44 ng/g). 
Similarly, for beef satays charcoal grilling resulted in the 
highest HAs content (140.68 ng/g), followed by 
microwave-charcoal grilling (81.31 ng/g), while the 
lowest HAs formation was observed in microwave-deep 
fried beef satays (2.51 ng/g) [48]. 
 

Ohmic Heating 
 
Ohmic heating is an advanced electro-heating technique 
in which alternating electric current is passed through 
food to achieve heating. In ohmic heating, food is used 
as a resistor, allowing alternating current is passed 
through it, thereby converting the electrical energy into 
heat energy [49]. Generally, ohmic heating is applied to 
foods at frequencies between 50-60 Hz [21]. Ohmic 
heating offers many advantages such as preserving 
product quality, reducing cooking loss, requiring low-
cost, high-energy efficiency, and being environmentally 
friendly due to its ability to provide rapid and uniform 
heating [20]. The heat generation that occurs in the 
ohmic heating method varies depending on the thermal 
conductivity of the food and the voltage gradient used 
during heating. In ohmic heating, as the applied voltage 
gradient increases, the time required for the sample to 
reach the desired temperature decreases. Foods with 
high electrical conductivity heat up more quickly [50]. 
 
It has been stated that ohmic heating is effective on 
color stability as well as increasing protein coagulation 
and aggregation in meat [51]. In a study reported by Zell 
et al. [20], the effects of ohmic heating and steam 
cooking on beef quality were investigated. The results 
indicated that samples cooked with ohmic heating had a 
lighter color and less cooking loss compared to those 
cooked with steam, but they exhibited a firmer texture. 
Another study explored the impact of low-temperature 
long-time (72°C, 15 min), high-temperature short-time 
(95°C, 8 min) ohmic heating, and steam heating (80°C, 
105 min) on meat quality. The findings revealed that 
meats subjected to ohmic heating had higher L* and 
lower cooking loss values compared to those subjected 
to steam heating [52]. 
 

Sous Vide 
 
Sous vide is a cooking technique of French origin where 
vacuum-sealed meat, either raw or pre-cooked, is 
cooked in a controlled environment of low temperature 
(60-95°C) with circulating water or both heat and steam 
[53, 54]. After cooking, the product can be served 
directly or grilled or pan fried [55]. Compared to 
traditional methods, the sous-vide method uses lower 
temperatures and longer cooking times [56]. Studies 
have reported that this combination enhances the 
activity of proteolytic enzymes in meat, leading to the 
release of free amino acids and increased tenderness 
[57, 58]. It has been reported that in sous vide cooking, 
there is less loss of nutritional components like vitamins 
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and minerals in meat compared to traditional cooking 
methods such as frying, microwaving, oven cooking, 
and grilling [59, 60]. Cooking meat at high temperatures 
can lead to the formation of toxic and harmful 
substances such as HAs, as well as a loss of nutritional 
value [61]. In sous-vide cooking technology, the 
formation of harmful substances is reduced, and the 
nutritional value of meat is preserved, as cooking takes 
place in a vacuum packaging environment and at low 
temperature [62]. 
 
There are two main points that distinguish sous-vide 
cooking from other methods. First, the food being 
cooked is vacuum-sealed, which minimizes contact with 
air and thus preventing oxidative spoilage during 
cooking or subsequent storage. Second, the food is 
cooked under controlled conditions at a constant 
temperature, ensuring that the temperature remains the 
same throughout the cooking process, both at the center 
and on the outer surface [62, 63]. Traditional cooking 
methods often result in temperature differences between 
the center and the surface of the food. In the sous-vide 
method, controlled temperature and time parameters 
are used, allowing products to be easily prepared to the 
desired level of doneness and ensuring consistent food 
quality every time [64]. Additionally, because the meat is 
cooked in a vacuum-sealed package, the 
heterogeneous temperature and color distribution 
observed in traditional cooking methods are eliminated, 
and no additional processes such as stirring or flipping 
are needed to ensure uniform cooking [65]. The biggest 
problem in cooking meat at low temperatures for a long 
time using the sous-vide method is its pink appearance 
due to the lack of Maillard Reaction on the surface of the 
cooked meat [66]. To prevent this, the surface of the 
meat cooked with sous-vide is fried to induce the 
Maillard reaction [56]. 
 
In a study, the formation of HAs was examined in beef 
samples cooked using sous-vide, boiling, and frying 
methods at different temperatures and durations. The 
results showed that total HAs content of the samples 
ranged from 0.032 ng/g to 0.940 ng/g. The highest level 
of HAs was detected in samples cooked using the frying 
method, while the lowest level was found in samples 
cooked using sous-vide at 75-85°C for 120 min. 
Additionally, it was reported that maintaining a constant 
temperature and increasing the cooking time in sous-
vide cooking resulted in higher levels of HAs in the 
samples [67]. 
 

Air-Frying 
 
Air-frying is a new technology that cooks food by 
circulating hot air around it, ensuring even contact 
between the food and the oil droplets [68]. The 
mechanism of the air-frying is based on the transfer of 
heat from the circulating hot air to the food. During the 
cooking process, dehydration from the surface occurs, 
resulting in a crispy texture and unique sensory and 
textural properties in the final product. Air-frying is 
considered a relatively healthier frying method 
compared to traditional methods due to lower oil 

absorption [69]. Compared to deep fat frying, foods 
cooked in an air fryer contain 70-80% less fat [70]. 
 
Recent studies have reported that excessive fat intake 
increases the risk of hypertension and obesity [71]. 
Therefore, new methods have been investigated to 
reduce the fat content of fried products without 
compromising product quality, and it has been reported 
that air-fryer cooking method is effective in maintaining 
food quality and safety [70]. 
 
In a study conducted by Lee et al. [72], the formation of 
acrylamide and PAHs in chicken breast, thigh, and wing 
samples thawed using different methods (microwave, 
refrigerator and immersion in water) and cooked using 
air frying and deep fat frying methods was investigated. 
Their results revealed that deep-fat-fried chicken meat 
had higher levels of acrylamide (n.d.-6.19 μg/kg) and 
total PAH (2.64-3.17 μg/kg) compared to air-fried 
chicken meat (n.d.-3.49 μg/kg and 1.96-2.71 μg/kg). It 
was also observed that the thawing method did not 
significantly affect the formation of acrylamide or PAHs 
(P>0.05) in chicken meat. They concluded that the air-
frying method could reduce the formation of acrylamide 
and PAHs in chicken compared to the deep fat frying 
method. 
 
TRADITIONAL VERSUS ADVANCED COOKING 
METHODS 
 
Traditional cooking methods can lead to the formation of 
harmful compounds (HAs, PAHs etc.) as previously 
mentioned. In contrast, advanced cooking methods may 
help reduce the production of these undesirable 
substances [73]. Therefore, various advanced 
technologies have been developed and applied to meat 
to mitigate the harmful effects of high temperatures 
while enhancing meat quality, as shown in Table 2. 
 

CONCLUSION 
 
Meat, which is an essential source for a balanced 
nutrition and requires thermal processing for 
consumption, plays a significant role in the intake of 
carcinogenic compounds into the body. Exposure of 
meat to high temperatures for extended periods can 
lead to the formation of carcinogenic compounds such 
as PAHs, HAs and acrylamide, which adversely affect 
the eating quality of meat. Cooking conditions are one of 
the most important parameters affecting the formation of 
these compounds. For this reason, it is very important to 
choose the appropriate cooking method, apply the 
controlled cooking process at low temperatures, avoid 
cooking directly over the flame, prevent the burning of 
meat fat and pay attention to the distance from the heat 
source. It is predicted that advanced cooking methods 
may be preferred as alternative safe cooking methods 
offering advantages over traditional methods including 
energy savings due to shorter processing times, 
protection of product quality, reduction or prevention of 
toxic compound formation, decreased cooking losses, 
lower oil absorption, and more homogeneous 
temperature, and color distribution. 
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Table 2. Comparison of the advantages and disadvantages of different meat cooking methods  

Cooking Methods Advantages and Disadvantages References 

Grilling 
Processing at temperatures above 200°C poses a risk of HAs formation, 
while prolonged cooking further enhances the likelihood of PAHs 
formation, including higher BaP levels 

[23] 

Saute Cooking PAHs and HAs formation from prolonged cooking at high temperature [23] 

Deep Fat Frying The acrylamide levels increase when frying oil is reused multiple times [33] 

Baking 
Dry air flow causes the evaporation of surface water, leading to surface 
drying and formation of harmful compounds such as acrylamides, PAHs 
and HAs, which accumulate on the meat surface 

[43] 

Microwave Heating Fast processing time reduces PAHs formation [45] 

Ohmic Heating 
Reduction of PAHs and HAs formation due to direct and homogeneous 
cooking 

[20] 

Sous Vide 
Reduction in PAHs and HAs formation due to prolonged cooking at 
temperatures between 60-95 °C 

[56] 

Air-frying Reduction in PAHs and HAs formation due to lack of direct flame contact [70] 
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verilerek önerilmelidir. Önerilecek hakemler yazarın
kendi kurumu dışından olmalıdır.

 Gönderilecek çalışmalar yazım ve imla hataları
içermemelidir. İngilizceden Türkçeye tercüme edilen
teknik terimler “Gıda Mühendisliği Teknik Terimler
Rehberi”nde [Gıda Mühendisleri Odası, Kitaplar
Serisi No: 17, Filiz Matbaacılık, Ankara, 232s, ISBN:
978-9944-89-407-4] tavsiye edilen şekliyle 
kullanılmalıdır.

 Gönderilen çalışmaların daha önce hiç bir yerde
yayınlanmadığı yazar(lar) tarafından garanti
edilmelidir.

 Yayın Kurulu yayına kabul edilmiş çalışmalarda
gerekli değişiklikleri yapmaya yetkilidir.

Makalelerin Değerlendirilmesi 

Yayımlanmak üzere Akademik Gıda dergisine 
gönderilen çalışmalar öncelikle Editörlerin ön 
incelemesinden geçmektedir. İlk incelemeyi geçen 
çalışmalar, değerlendirilmek üzere en az iki bağımsız 
hakeme gönderilmektedir. Çalışmaların 
değerlendirilmesinde hakemlerin makale yazar(lar)ını, 
makale yazar(lar)ının hakemleri görmediği çift-kör 
(double-blind)  değerlendirme sistemi kullanılmaktadır. 
Editörler (i) dergi kapsamı dışında olan, (ii) teknik 
açıdan yetersiz, (iii) kendi içerisinde bütünlük ve 

tutarlılık arz etmeyen sonuçlar içeren veya (iv) kötü 
yazılmış çalışmaları doğrudan reddetme hakkına 
sahiptir.  

Yayın Ücreti 

Sidas Medya Limited Şirketi’nin 15 Ocak 2024 tarihli 
kararı uyarınca, 1 Şubat 2024 tarihinden sonra 
Akademik Gıda dergisine gönderilen Türkçe makaleler 
için “kabul/red şartına bağlı olmaksızın” yazar/yazarlar 
tarafından katkı payı olarak 2000 TL (KDV Dahil) 
ödenmesi uygun görülmüştür. İngilizce olarak dergiye 
gönderilen makaleler için ise katkı payı olarak 1500 TL 
(KDV Dahil) ödenmesi gerekmektedir.

Etik Beyanı 

Dergi yayın politikası, makalelerin değerlendirilmesi ve 
etik hususlar ile ilgili detaylı bilgilere Etik Beyanı 
kısmından ulaşılabilir. 

Çalışmaların Hazırlanması 

1. Çalışmalar A4 boyutunda hazırlanmalı, üstten 2.45

cm, alttan 2.45 cm, sağ ve soldan 1.75 cm boşluk
bırakılmalı ve tek kolon olarak hazırlanmalıdır. Metin
çift satır aralıklı yazılmalı, paragraflar arasında tek satır
boşluk bırakılmalıdır. Metinde bütün satırlar (sürekli)
numaralandırılmalıdır.

2. Çalışma başlığı 14 punto Arial, koyu, küçük harflerle
ve ortalanmış olarak yazılmalıdır. Başlıktan sonra bir
satır boşluk bırakılmalı (11 punto); yazar isimleri
(yalnızca ilk harfler büyük) 10 punto Arial ve ortalanmış
olarak verilmelidir. Yazarların adresleri, telefon ve faks
bilgileri ile yazışmalardan sorumlu yazarın e-posta
adresi hemen alt satırda 9 punto Arial, ilk harfler büyük
olacak şekilde ve ortalanmış olarak yazılmalıdır.
Yazarların çalıştıkları kuruluşlar (ve/veya adresler)
farklı ise her bir yazar isminin sonuna rakamlarla üst
indis konulmalıdır.

3. Metin içindeki kısımların başlıkları (ÖZ, ABSTRACT,

GİRİŞ vb.) 10 punto Arial ve koyu olarak büyük
harflerle yazılmalı, başlıktan sonra bir satır boşluk
bırakılarak metine geçilmelidir. Alt başlıklarda ilk harfler
büyük, 10 punto Arial ve koyu yazı karakteri
kullanılmalıdır. ÖZ’ün altına bir satır boşluk
bırakıldıktan sonra en fazla 5 adet Anahtar Kelime
konmalıdır. Anahtar Kelimelerden sonra bir satır boşluk
bırakılarak  İngilizce başlık ve altına ABSTRACT ve
Keywords yazılmalıdır. Bir satır boşluk bırakılarak ana
metine geçilmelidir.
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4. Ana metin 9.5 punto Arial olarak hazırlanmalıdır.

5. Çalışma başlıca şu kısımlardan oluşmalıdır: Başlık,
Yazar İsimleri, Adresleri, İletişim Bilgileri,
Yazışmalardan Sorumlu Yazarın E-posta adresi, Öz,
Abstract, Ana Metin (Giriş, Materyal ve Metot, Bulgular
ve Tartışma, Sonuç), Teşekkür (gerekiyorsa),
Kısaltmalar (gerekiyorsa), Kaynaklar.

6. Öz ve Abstract 250 kelimeyi geçmemeli, çalışmanın
amacını, metodunu ve önemli sonuçlarını içermelidir.
Öz tek paragraf olarak yazılmalı ve öz içinde
kaynaklara atıf yapılmamalıdır.

7. Çalışma içerisinde geçen mikroorganizma isimleri ile
Latince ifade ve isimler italik olarak yazılmalı ve
kısaltmalarda uluslararası yazım kuralları göz önünde
bulundurulmalıdır.

8. Tablo başlıkları tablonun üstüne, şekil başlıkları ise
şeklin altına yazılmalı ve numaralandırılmalıdır.
Kullanılan tablo ve şekillere metin içinde mutlaka atıf
yapılmalıdır. Metin içinde geçen veriler tablo ve
şekillerin tekrarı olmamalıdır. Tablo ve şekillerin
başlıkları içerikleriyle uyumlu ve anlaşılabilir olmalıdır.
Şekiller ve resimlerin  yüksek çözünürlükte olmasına
dikkat edilmelidir.  Resimler (ve gerekiyorsa Şekiller)
*.jpg formatında metin içerisinde yer almalıdır.

9. Metin içerisinde atıflar köşeli parantez içerisinde
rakamlarla yapılmalı [1] ve Kaynaklar bölümünde bu
numara sırasıyla detayları yazılmalıdır. Kaynakların
numaralandırılması MS Word Numaralandırma Kitaplığı
kullanılarak yapılmalıdır.

10. Kullanılan matematiksel denklemler
numaralandırılmalı ve metin içerisinde bu denklemlere
atıf yapılmalıdır.

11. Kaynaklar kısmı APA yazım stili kullanılarak
hazırlanmalıdır. Kaynakların yazımında aşağıdaki
örnek yazım biçimleri kullanılmalı ve makalelerin
yayınlandığı dergi isimleri kısaltma kullanılmadan ve
italik olarak yazılmalıdır. Web adreslerine atıf

yapılacağında (mümkün olduğunca Resmi web 
sayfalarına atıf yapılmalıdır) mutlaka ilgili web adresine 
erişim tarihi verilmelidir.  

Makale 

[1] Bozkurt, H., İçier, F. (2009). İnegöl köfte üretiminde
ohmik pişirmenin uygulanabilirliğinin incelenmesi.
Akademik Gıda, 9(1), 6-12.

Kitap 

[2] Kılıç, S. (2001). Süt Endüstrisinde Laktik Asit
Bakterileri. Ege Üniversitesi Ziraat Fakültesi
Yayınları, Ege Üniversitesi Matbaası, Bornova,
İzmir.

Kitap Bölümü 

[3] Gibson, G.R., Saavedra, J.M., MacFarlane, S.,
MacFarlane, G.T. (1997). Probiotics and Intestinal
Infections. In Probiotics 2: Applications and
Practical Aspects, Edited by R. Fuller, Chapman &
Hall, 2-6 Boundary Row, London SE1 8HN,
England, 212p.

Kongre-Sempozyum Bildirisi 

[4] Gürsoy, O., Akdemir, O., Hepbaşlı, A., Kınık, Ö.
(2004). Recent situation of energy consumption in
Turkey dairy industry. International Dairy
Symposium: Recent Developments in Dairy
Science and Technology, May 24-28, 2004,
Isparta, Turkey, Book of Proceedings, 10-16p.

12. Hakem görüşleri doğrultusunda düzeltilmek üzere
yazar(lar)a gönderilen çalışmaların gerekli düzeltmeleri
yapılarak yayın ofisine ulaştırılması gereklidir. Editörler
tarafından belirtilen süre zarfında gönderilmeyen
çalışmalar “ilk defa gönderilmiş çalışma” olarak
değerlendirilecektir.

13. Yukarıdaki kurallara uygun olarak hazırlanmamış
çalışmalar değerlendirmeye alınmaz.
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Akademik Gıda® / Academic Food Journal 
ISSN Online: 2148-015X 
http://dergipark.gov.tr/akademik-gida 

Guidelines to Authors 

Akademik Gıda® (Academic Food Journal) is a peer 
reviewed journal where original research and review 
articles are published in the field of food science and 
technology. Research notes, mini-reviews, opinions and 
letters to the editor are also considered for publication. 
The journal is published trimonthly and each volume is 
composed of 4 issues per year. Journal articles are 
published either in Turkish or English. Manuscripts in 
either good American or British English usage are 
accepted, but not a mixture of these. 

Manuscripts for the Akademik Gıda® (Academic Food 
Journal) must be sent via the electronic article 
submission system, which can be located in the official 
website of the journal, www.academicfoodjournal.com. 
Manuscripts sent by e-mail are not considered for 
evaluation. For questions related to the electronic article 
submission system, contact the editor via e-mail at 
ogursoy@yahoo.com. 

• Authors must specify the type of the manuscript
(research articles, review articles, research briefs,
mini-review articles, comments and letters to the
editor).

• Authors should provide at least 3 potential referees
and their contact information (mailing address, e-mail
address and phone number).

• Manuscripts to be submitted should be free from any
spelling or grammatical error.

• Authors must guarantee that the submitted manuscript
is not published anywhere previously and will not be
submitted to anywhere before the editorial board
makes a final decision on the manuscript.

• The editorial board is authorized to make necessary
changes in manuscripts accepted for publication.

Peer review policy 

Manuscripts pass through initial screening in the 
editorial office followed by internal review by Editors. 
After the first evaluation, manuscripts are double-blind-
reviewed by a peer review system involving at least two 
independent reviewers to ensure high quality of 
manuscripts accepted for publication. The Editors have 
the right to decline formal review of a manuscript if it is 
(i) on a topic outside the scope of the Journal, (ii) lacking 
technical merit, (iii) fragmentary and providing 
marginally incremental results or (iv) poorly written.

Publication fee 

There is a 2000 TL submission fee for 
Turkish manuscripts submitted after January 15, 2025. 
This fee may not be waived. 1500 TL fee 
is charged for articles submitted to the journal in 
English. 

Ethics Statement 

Detailed information about journal publication policy, 
evaluation of manuscripts and ethical issues can be 
found in the Ethics Statement section. 

Preparation of a manuscript 

1. Manuscripts should be prepared in A4 size, and the
text must be prepared in a single column format. The
text must be double-spaced, and a single space should
be left between paragraphs. All lines and pages must be
continuously numbered.

2. The title must be 14pt Arial, bold, small letters and
centered. A blank line should be left after the title, and
the names of authors should be given in 10pt Arial and
centered. In addition to each author’s contact address,
the phone and fax numbers and e-mail address of the
corresponding author should be provided.  If the
institutions of the authors are different, superscript
numbers should be used to indicate their addresses.

3. The headings (e.g. Abstract, Introduction, Materials
and Methods etc.) must be 10pt Arial, and should be
typed in bold capital letters. Each heading should
appear on its own separate line. A blank line should be
left after each heading. A list of keywords, a maximum
of 5, should be provided below the abstract section of
the manuscript.

4. The main text should be prepared in 9.5pt Arial.

5. Typical articles mainly consist of the following
divisions: Title, Author Names, Addresses, Contact
Information, Corresponding author’s e-mail address,
Abstract, Main text (Introduction, Materials and
Methods, Results and Discussion, Conclusions),
Acknowledgements (if necessary), Abbreviations (if
necessary) and References.

6. The abstract should not exceed 250 words, and the
main purpose and method and the most significant
result and conclusion should be presented in the
abstract. The abstract should be prepared as a single
paragraph, and should not include any citation.

7. Latin names in the text should be in italics, and

names and abbreviations should follow international
rules. If abbreviations that are not standard are
unavoidable, they must be defined at their first mention
in the text.  Consistency of abbreviations throughout the
article must be ensured. Internationally accepted rules
and conventions must be followed, and the international
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system of units (SI) must be used. If other units are 
mentioned, their equivalents in SI must be provided.  

8. Table headings should be on the top of each table
and figure captions below each figure. Each table or
figure must be numbered consecutively in accordance
with their appearance in the text. All figures and tables
should be cited in the text. The data presented in the
tables and figures should not be repeated in the text.
Table headings and figure captions should be self-
explanatory. Figures and pictures must be provided in
high resolution, and pictures (and, if necessary figures)
should be included in the text as *. jpg format.

9. References in the text should be cited in numbers in
square brackets [1] and details of the citations must be
provided in the Literature or References section with
their respective numbers.

10. Mathematical equations should be numbered and
cited in the text.

11. References should be given according to the APA

manual of style. The following formats should be used
for the details of cited references, and the journal names
must be typed in italics. References to the Web
addresses (if necessary, the official web pages should
be preferred) must include full web address and the date
of access.

Article 

[1] Güzeler, N., Kaçar, A., Say, D. (2011). Effect of milk
powder, maltodextrin and polydextrose use on

physical and sensory properties of low calorie ice 
cream during storage. Akademik Gıda, 9(2), 6-12. 

Book 

[2] Kilic, S. (2001). Lactic Acid Bacteria in Dairy
Industry. Ege University Faculty of Agriculture
Publications, Ege University Press, Bornova, Izmir,
Turkey.

Book Chapter 

[3] Gibson, G.R., Saavedra, J.M., MacFarlane, S.,
MacFarlane, G.T. (1997). Probiotics and Intestinal
Infections. In Probiotics 2: Applications and
Practical Aspects, Edited by R. Fuller, Chapman &
Hall, 2-6 Boundary Row, London, England, 212p.

Proceedings of the Congress-Symposium 

[4] Gursoy, O., Akdemir, O., Hepbasli, A., Kinik, O.
(2004). Recent situation of energy consumption in
dairy industry in Turkey. International Dairy
Symposium: Recent Developments in Dairy Science
and Technology, May 24-28, 2004, Isparta, Turkey,
Book of Proceedings, 10-16p.

12. A list of the corrections requested by the referees
must be provided by the authors, and it must be sent to
the editorial office.

13. Studies that are not prepared in accordance with the
rules above will not be considered for evaluation.
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Akademik Gıda® 
ISSN Online: 2148-015X 
https://dergipark.org.tr/tr/pub/akademik-gida 

Etik Beyanı 

Akademik GIDA®, gıda bilimi ve teknolojisi alanında 
orijinal araştırma ve derleme makalelerinin yayınlandığı 
hakemli bir dergidir. Dergi üç ayda bir Sidas Medya Ltd. 
Şti. (Çankaya, İzmir, Türkiye) tarafından 
yayınlanmaktadır. Derginin genel bilimsel kalitesini 
iyileştirmek için yayıncı tarafından aşağıdaki yönergeler 
belirlenmiştir. 

Yayın Politikası 

Akademik Gıda dergisine gönderilen tüm makaleler 
Dergi Editörleri için Davranış Kuralları ve En İyi 
Uygulama Kılavuzları ve Dergi Yayıncıları için Davranış 
Kurallarında (Code of Conduct and Best Practice 
Guidelines for Journal Editors and Code of Conduct for 
Journal Publishers) belirtilen Genel Kılavuzlara uygun 
olarak değerlendirilmektedir. Bilimsel yazılar dergiye 
gönderilmeden önce derginin Yazım Kurallarının 
okunmasını önemle tavsiye ederiz. Yazarlar aynı 
zamanda Avrupa Bilim Editörleri Birliği’nin (EASE) 
(European Association of Science Editors) İngilizce 
olarak basılacak makaleler için “Bilimsel Makalelerin 
Yazarları ve Çevirmenleri İçin Rehber”e uymalıdır. 
Yazarlar, insan veya hayvan verilerini içeren 
araştırmaları için Uluslararası Tıp Dergisi Editörleri 
Komitesinin (International Committee of Medical Journal 
Editors) önerilerini takip etmelidir. 

Makalelerin Değerlendirilmesi 

Dergiye gönderilen tüm makaleler, bilimsel içeriklerinin 
özgünlüğü ve kalitesi ölçütlerine göre değerlendirilir. 

 Dergiye gönderilen tüm yazılar, ilk olarak yayın
ofisindeki (teknik ve genel kalite değerlendirilmesi
açısından) eleme işleminden geçer ve ardından
teknik ve bilimsel editörler tarafından değerlendirilir.

 İlk değerlendirmeden sonra, editörler (i) dergi
kapsamı dışında kalan bir konu hakkında
hazırlanmış makaleleri (ii) teknik olarak
eksik/yetersiz makaleleri, (iii) kısmi ve marjinal artan
sonuçları içeren makaleleri veya ( iv) kötü yazılmış
makaleleri reddetme hakkına sahiptir.

 İlk inceleme sonucunda makalenin ileri
değerlendirme için uygun olduğuna karar verilirse,
dergide yayımlanmak üzere kaliteli makalelerin
seçimini yapmak amacıyla, makaleler çift-körlü
(hakemin ve yazar/yazarların birbirlerini
görmedikleri) değerlendirme sistemi ile en az iki
bağımsız hakemden oluşan bir değerlendirme
sürecinde bilimsel incelemeye alınır.

 Hakemler tarafından talep edilirse, makalenin
hakem görüşleri doğrultusunda yazarlar tarafından
revize edilmiş versiyonu orijinal hakemler tarafından
tekrar değerlendirilir. Değerlendirmelerin ardından

editörler hakem önerileri doğrultusunda makale 
hakkındaki nihai kararlarını verirler. Gerekirse 
editörler, hakemlerin istedikleri tüm şartların yerine 
getirilmesi için yazarlardan ilave revizyon isteyebilir. 

 Kabul edilen makalelerin son versiyonu, yayın
öncesi taslağın (galley proof) hazırlanması için
teknik editörlere gönderilir. Yazarlardan,
makalelerinin dizgisi hazırlanmış taslaklarını son
kontrol için yayın öncesinde incelemeleri istenir.

 Tüm makaleler, nihai formlarında DOI numarası
almış ve çevrimiçi olarak pdf dosyaları halinde
yayımlanır. İlgili veritabanlarında bu şekilde
indekslenir.

Yayın Ücreti 

Akademik Gıda dergisinde makalelerin yayınlanması 
için talep edilen ücret yazım kuralları bölümünde verilmiştir. 

Gizlilik 

Editörler, Akademik Gıda'ya gönderilen tüm makaleleri 
tam bir gizlilikle ele alır. Editörler, hakemler haricinde, 
COPE tavsiyelerine uyulmadığı takdirde, üçüncü 
şahıslara makale ile ilgili hiçbir bilgi vermezler. 
Yayınlanmak üzere dergiye gönderilen makaleler 
hakemler için de gizlidir ve bilimsel değerlendirme için 
aldıkları makalelerin herhangi bir bölümünü üçüncü 
şahıslarla paylaşmalarına veya dağıtmalarına izin 
verilmez. Suiistimal şüphesi olduğunda, hakemlerin 
derhal gizli bir şekilde yayın ofisine başvurmaları önerilir. 
Hakemler ayrıca, Dergi Editörleri İçin Davranış Kuralları 
ve En İyi Uygulama Kuralları ile Dergi Yayıncıları için 
Davranış Kuralları'nı (Code of Conduct and Best 
Practice Guidelines for Journal Editors and Code of 
Conduct for Journal Publishers) takip ederek editöre 
gizli yorumlarında belirli bir eylem önerebilirler. 

Akademik Gıda, çift-kör bir hakem inceleme süreci 
yürütür, yani çalışmanın eleştirel değerlendirmesini 
sağlamak için hakemlerin isimleri gizlidir. Hakemlerden, 
raporlarında adlarını veya irtibat bilgilerini 
açıklamamaları istenir. Hakem raporları yazarlara 
gönderilemeden önce bu açıdan kontrol edilir. 

Yazarlık 

Bir yazar, bir araştırmanın fikrine veya tasarımına, 
verilerin elde edilmesine, verilerin analizine veya 
yorumlanmasına büyük ölçüde katkıda bulunan, 
makalenin hazırlanmasında, yazılmasında veya gözden 
geçirilmesinde entelektüel içeriğe eleştirel katkı yapan 
bireydir. Katkıda bulunanlar diğer kişiler makalenin 
Teşekkür bölümünde belirtilmelidir ve çalışmanın yazarı 
olarak kabul edilemez. Tüm yazarların doğru ve tam 
isimleri ile ORCID kimlikleri dergiye gönderilen 

https://publicationethics.org/resources/guidelines
https://publicationethics.org/resources/guidelines
https://publicationethics.org/resources/guidelines
https://dergipark.org.tr/tr/pub/akademik-gida/writing-rules
http://www.ease.org.uk/publications/author-guidelines-authors-and-translators/
http://www.icmje.org/recommendations/browse/roles-and-responsibilities/protection-of-research-participants.html
http://www.icmje.org/recommendations/browse/roles-and-responsibilities/protection-of-research-participants.html
https://publicationethics.org/resources/guidelines
https://publicationethics.org/resources/guidelines
https://publicationethics.org/resources/guidelines
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makalenin başlık sayfasında yer almalıdır. Yazarların 
isimlerinin yanında çalıştıkları kurumlar ve 
yazışmalardan sorumlu yazarın geçerli bir adresi 
verilmelidir. Yazışmalardan sorumlu yazarın telefon ve 
faks numaraları ile e-posta adresi makalenin ilk 
sayfasında belirtilmelidir. Tüm yazarlar, gönderilen 
makalenin daha önce herhangi bir yerde 
yayınlanmadığını ve makale hakkında Akademik Gıda 
dergisi nihai bir karar vermeden önce makaleyi başka bir 
dergiye göndermeyeceklerini garanti etmelidir. 

Destekleyen/Finans Sağlayan Kuruluşlar 

Araştırmanın tüm finans kaynaklarına ilişkin detaylar, 
Teşekkür bölümünde belirtilmelidir. Yazarlar, resmi 
finansman kurum/larının tam isimlerini ve proje/hibe 
numaralarını belirtmelidir. 

Yazarlarda Değişiklik 

Makalenin Akademik Gıda'ya sunulmasından sonra 
yazar isimlerinde değişiklik ancak revizyon sırasında 
gerekli olan ek çalışmalar durumunda olabilir. Makalenin 
yayına kabul edilmesinden sonra herhangi bir 
değişikliğe izin verilmez. Yazarlıktaki değişiklik, hakem 
görüşlerine verilen cevaplar sırasında yazışmalarda 
belirtilmeli ve tüm yazarlar tarafından kabul edilmelidir. 
Yazışmalardan sorumlu yazar, yazarların sırası da dahil 
olmak üzere makalenin revize edilmiş versiyonundaki 
değişikliklerden sorumludur. 

Çalışma Verilerinde Düzeltme 

Yayınlanan verilerin doğruluğundan tüm yazarlar 
sorumlu olmalıdır. Verilerin düzeltilmesi için, 
yazışmalardan sorumlu yazardan yayın öncesi taslağı 
(galley proof) incelemesi ve makalenin 
yayınlanmasından 4 gün önce dikkatlice düzeltmesi 
istenir. 

Makalenin Geri Çekilmesi 

Bir makalenin geri çekilmesi, gönderim veya yayın 
hatalarını düzeltmek için kullanılır. Yazarlar makaleyi 
geri çekebilir ve bu durumda Yayın Etiği Komitesi 
(COPE) Geri Çekme Kurallarına [(COPE) retraction 
guidelines] uymalıdır. Tekrarlanan veya benzerlik oranı 
yüksek bir yayın, verilerin hileli kullanımı, intihal veya 
etik dışı araştırma yapılması durumunda, makale editör 
tarafından geri çekilecek ve geri çekilen makale 
linklerine bağlantı korunacak ancak elektronik veri 
tabanına (makale sayfasına) bir geri çekme bildirimi 
eklenecektir. 

Etik Hususlar 

Çıkar çatışması: 

 Yazar/lar başvuru sırasında herhangi bir çıkar
çatışması varsa beyan etmelidir. Yazar/ların
başvuru sırasında bilimsel değerlendirme için en az
üç potansiyel hakem önermeleri istenir. Önerilen
hakemler çalışma arkadaşları, ortak çalıştıkları
kişiler veya çalıştıkları kurumların üyeleri olamazlar.

 Hakemler makaleyi değerlendirmelerini önleyen
herhangi bir çıkar çatışması olması durumunda

Editörleri bilgilendirmesi ve bu konuda COPE 
kurallarına uyması tavsiye edilmektedir. 

 Editörler Kurulu üyeleri veya kurul üyelerinin ortak
çalıştıkları kişiler tarafından dergiye gönderilen
makaleler için, değerlendirme sırasındaki
önyargıları en aza indirgemek amacıyla,
değerlendirme süreci ilgili kurul üyelerini dışarıda
tutacak şekilde değiştirilerek uygulanır.

 Düzeltmeler (revizyonlar) sırasında, editörler Dergi
Editörleri İçin Davranış Kuralları ile En İyi Uygulama
Kılavuzu ve Dergi Yayıncıları İçin Davranış
Kurallarını (Code of Conduct and Best Practice
Guidelines for Journal Editors and Code of Conduct
for Journal Publishers) takip ederler.

İnsan denekleri, hayvan veya bitki içeren 
araştırmalar 

 Araştırmanın insan denekleri veya hayvanları
içermesi durumunda, yazarların Uluslararası Tıp
Dergisi Editörleri Komitesinin (the International
Committee of Medical Journal Editors) yönergelerini
izlemeleri önerilir.

 İnsan denekleri içeren çalışmalarda, deneklerin
çalışmaya katılmak için imzaladıkları onamlar
yazarlar tarafından sağlanmalıdır. 18 yaşın altındaki
deneklerin çalışmaya katılmaları için ebeveyn veya
velileri tarafından izin verilmelidir.

 Test edilen tüm denekler için, makalenin, ilgili
kurallara ve/veya uygun izinlere veya lisanslara
uyumunu gösteren belgelerin sunulması gerekir.

 Hayvanlar üzerinde yapılacak her türlü araştırma
kurumsal, ulusal veya uluslararası kurallara uygun
olmalı ve etik kurul tarafından onaylanmalıdır.

 Bitki materyallerinin toplanması dahil, bitkiler
üzerinde yapılan deneysel araştırmalar, kurumsal,
ulusal veya uluslararası kurallara uygun olmalıdır.

 Saha çalışmaları yerel mevzuata uygun olarak
yapılmalı ve uygun izinleri ve/veya lisansları belirten
bir açıklama makalede yer almalıdır.

Yayın suistimali 

 Akademik Gıda dergisi, Dergi Editörleri İçin
Davranış Kuralları ile En İyi Uygulama Kılavuzları ve
Dergi Yayıncıları İçin Davranış Kurallarını (Code of
Conduct and Best Practice Guidelines for Journal
Editors and Code of Conduct for Journal Publishers)
takip eder.

 Makalenin aynı anda birden fazla dergiye
gönderilmesi, intihal, yayınlanmış makalenin
yeniden yayınlanması, etik kuralların ihlali vb.
şüpheli bir suiistimal durumunda, araştırmacılar,
hakemler veya okuyucular Yayın Ofisi
(ogursoy@yahoo.com) ile iletişime geçmeye teşvik
edilir.

 Makaledeki benzerlik oranı tek bir kaynaktan
%10'dan fazla olmamak üzere en fazla %25 ile
sınırlandırılmıştır. Bu koşula uymayan makaleler
reddedilir. Bu şartların ihlal edilmesi durumunda,
COPE  (COPE recommendations) tavsiyeleri
izlenecek ve ilgili tüm taraflara bildirilecektir.
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Telif Hakkı 

Akademik Gıda, yayınlanan bütün makalelere orijinal 
eserin uygun şekilde belirtilmesi ve ticari amaçlarla 
kullanılmaması şartıyla, herhangi bir ortamda 
kullanılmasına, dağıtılmasına ve çoğaltılmasına izin 
veren “Creative Commons Attribution 4.0 CC BY-NC” 
lisansını (Creative Commons Attribution Non-
Commercial 4.0 CC BY-NC) tüm yayınlanmış 
makalelere uygular. Yayımlanmadan önce, Telif Hakkı 
Devir Formu yazışmalardan sorumlu yazar tarafından 
imzalanmalı ve derginin yayın ofisine gönderilmelidir. 
Yayınlanan yazıların telif hakkı Sidas Medya Limited 
Şirketi’ne (Çankaya, İzmir) aittir. Yazarlar, yayınladıkları 
makaleleri serbestçe ve ticari olmayan amaçlarla, 
bütünlüğü korunduğu ve yazarları, alıntı detaylarını ve 
yayıncıları açıkça belirtildiği sürece kullanma hakkına 

sahiptir. Bireysel kullanıcılar, yazarların fikri ve ahlaki 
haklarının, saygınlığının ve bütünlüğünün tehlikeye 
atılmaması şartıyla, Akademik Gıda'da yayınlanan 
yazılara erişebilir, indirebilir, kopyalayabilir, 
görüntüleyebilir ve uyarlayabilir. Kullanıcılar herhangi bir 
yeniden kullanımın, sahiplerin telif hakkı politikalarına 
uygun olmasını sağlamalıdır. Yayınlanan yazıların 
içeriği, ticari olmayan araştırma ve eğitim amaçlı 
kopyalanır, indirilir veya başka bir şekilde yeniden 
kullanılırsa, uygun şekilde bir atıf yapılmalı ve ilgili 
makaleye bir link [yazarlar, dergi unvanı, el yazması adı, 
cilt, yıl ve sayfa numaraları ve yayınlanan link) Derginin 
web sitesinde sürüm] sağlanmalıdır. Telif hakkı 
bildirimleri ve feragatnameler silinmemelidir. 
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