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Research article
Ερευνητικό άρθρο

ABSTRACT: During storage of meat products, 4°C storage temperature is recommended however temperature in 
retails could rise to 15°C and maintaining quality of products becomes a challenge at higher temperatures. Thus, the 
aim of present study was determining the effects of antioxidant usage and storage temperature on some quality char-
acteristics and lipid oxidation stability of chicken kavurma during 4-month storage at 4°C and 10°C. For this purpose, 
two different kavurma sample (C: without antioxidant, A:with 300 ppm α-tocopherol) were stored at 4°C and 10°C. 
Chemical composition, salt, texture profile analysis, color and lipid oxidation (peroxide values and TBARS values) 
of samples were monitored. Using α-tocopherol in formulation did not affect the chemical composition and texture of 
samples, all parameters were found within standards. Storage time has significant influence on pH, color and lipid oxi-
dation of samples. Using α-tocopherol and higher storage temperature resulted higher peroxide values. During 4-month 
storage, lipid oxidation results significantly increased, the lowest TBARS value was found in 4A sample. Storage tem-
perature affected only a* values while antioxidant usage affected only b* values of samples. As a result, using 300 ppm 
α-tocopherol can help maintaining quality and oxidative stability of chicken kavurma sold in retails. 
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INTRODUCTION

Kavurma is a traditional cooked meat product 
which generally made from beef or mutton and 

produced as follows: The first step of kavurma pro-
duction is cutting meat or fat obtained from beef or 
mutton into the small pieces. Then, the diced beef or 
mutton and their fats are fried in cauldron. The last 
step of the production is filling kavurma into the cas-
ing and covering gaps and surface with fat (Kayaardi 
et al., 2005; Şişik Oğraş et al., 2018). 

Traditionally, the main ingredient of kavurma is 
beef or mutton. However, consumer demand for poul-
try meat has been increasing since the low cost and 
high biological value (Efremova, 2018; Reuben et 
al., 2021). Thus, novel kavurma formulation by us-
ing chicken meat could be one of the alternative meat 
products for both industry and consumer. 

Nowadays, in modern plants, kavurma is also pro-
duced on an industrial scale and is sold in can or vacu-
um packaged form in supermarket retails. As a highly 
perishable food, poultry meat and products are prone 
to microbial and oxidative deteriorative reactions. To 
inhibit these reactions and extend shelf life, the cold 
chain is the most important factor during transporta-
tion, storage, and selling in retail. However, according 
to James et al. (2008), retail temperatures in super-
markets could rise to 15°C. Jol et al. (2005) stated that 
20% of retails in United States has temperature above 
10°C. González et al. (2013) mentioned that retail 
temperature for ready-to-eat products could increase 
up to 6.2°C while Margeirsson et al. (2012) reported 
that temperature of fish fillets could be up to 8.5°C. 
Similar temperature recordings were stated by Morel-
li et al. (2012) and Baldera Zubeldia et al. (2016). For 
this reason, lipid oxidation as well as microbial spoil-
age could be the most important problem for kavurma 
during storage in retails. 

Lipid oxidation is the most important non-micro-
bial change that affects quality, nutrition, safety, con-
sumer acceptance, and color in foods during process 
and storage (Logan et al., 2013). The main oxidation 
reaction is auto-oxidation which leads to lipid deg-
radation, develops rancid products, and damages 
proteins through lipid oxidation products (Estévez, 
2017). Oxidation in meat products is generally af-
fected by lipid profile, processing methods, storage 
condition, ingredients, and many other factors such 
as the presence of heme proteins, free iron, enzymes, 
sodium chloride, and anti or prooxidants (Min & Ahn, 

2005; Amaral et al., 2018).

Control of lipid oxidation is one of the main chal-
lenges in the industry since meat is a very complex 
matrix and processing conditions can provoke oxi-
dative changes. To control oxidative changes, differ-
ent methods have been proposed such as decreasing 
fat content, using pre-emulsions, different packag-
ing methods, using antioxidants, or a combination 
of these methods. However, within these proposals, 
using antioxidants in meat product formulation has 
become the major strategy for preventing lipid oxi-
dation. (Alnoumani et al., 2017; Amaral et al., 2018; 
Jonušaite et al., 2021; Schevey & Brewer, 2015). 

Tocopherols are one of the most commonly used 
natural antioxidants in the meat industry. α-tocopher-
ol, the major group within tocopherols, has shown the 
highest antioxidative potential by competing with the 
substrate and acting as a chain-breaking donor in food 
systems (Georgantelis et al., 2007). Moreover, accord-
ing to Frankel (2014), α-tocopherol can also retard the 
decomposition of hydroperoxides and prevent further 
oxidation of lipids. Therefore, it can reduce the risk 
of some diseases such as cardiovascular disease and 
cancer (Simopoulos, 2008; Strandberg & Albertsson, 
2006). The previous studies showed the effects of 
α-tocopherol in animal feed (Li & Liu, 2012; Ortuño 
et al., 2015), meat products such as bacon (Yang et 
al., 2015), beef sausage (Azizkhani & Tooryan, 2014; 
Nacak et al., 2019), pork sausage (Georgantelis et al., 
2007), pork patties (Haak et al., 2009) and beef kavur-
ma (Aksu, 2007; Aksu & Kaya, 2005). 

To the best of our knowledge, the use of α-tocoph-
erol in chicken kavurma at different storage tempera-
tures (4°C and 10°C) has not been studied in previous 
works. Thus, the aim of this study was to evaluate 
the effect of α-tocopherol and storage temperature 
on quality characteristics and oxidative stability of 
chicken kavurma for 4-month storage. 

MATERIAL AND METHODS

Material
Chicken meat (75% chicken breast + 25% chicken 

thigh), beef kidney fat and refined salt (99.55% NaCl) 
were used in kavurma production. Chicken meat was 
donated by Gedik Piliç Company (Uşak, Turkey), 
beef kidney fat was obtained from local butcher. Salt 
was purchased from Yeni Aktuz Company (İzmir, 
Turkey), α-tocopherol was obtained from Kimbiotek 
(İstanbul, Turkey). All reagents were analytical grade 
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and were purchased from Merck (Germany). 

Design and production of Kavurma 
Two different formulations (3 kg per each batch), 

one without antioxidant (C sample) and one with 300 
ppm α-tocopherol (A sample), were prepared. 84% 
chicken meat, 15% total fat and 1% salt were used 
for each kavurma formulation. The chicken breast and 
thigh meat and beef fat were cut into pieces (2x2x2 
cm). Diced chicken meat and beef fat, 300 ppm α-to-
copherol (according to formulation) and salt were 
added to cauldron and started cooking. All the ingre-
dients were mixed in the cauldron during cooking pro-
cess. When internal temperature of kavurma reached 
74-78°C, cooking process was stopped and samples 
were cooled to 50°C and filled into fibrous casings. 
After filling into casings, samples were cooled to 4°C, 
sliced, vacuum packaged, and samples were trans-
ferred to two different refrigerators which were set 
at 4°C and 10°C. Total storage time was set as 120 
days which is more than shelf life of commercially 
available chicken kavurma (60 days). Chemical com-
position, salt content, and instrumental texture profile 
analysis were determined after production; color and 
lipid oxidation analyzes were performed after 0, 30, 
60, 90, and 120 days of storage. 

Methods

Chemical composition and salt content
Moisture, fat, protein and salt contents of the sam-

ples were determined at the end of production before 
storage by using Foss LAB Meat/Food Composition 
fast analyzer (FOSS Ltd., Denmark).

pH 
pH value of samples was measured from homoge-

nate (10 g of sample homogenized in 100 ml distilled 
water) by using a pH-meter (Hanna Instruments Inc., 
USA).

Lipid oxidation

Peroxide value 
Each Kavurma group was blended individually, 

then 5 grams of sample was taken and homogenized 
with 30 ml chloroform and then filtered through What-
man No1 filter paper to flask. Filtrate was treated with 
30 ml glacial acetic acid, 2 ml saturated potassium io-
dide then shaked for 2 mins. After shaking, flask was 
kept in the dark for 5 mins, then 100 ml distilled water 
and 1% starch solution added. 0.1 N sodium thiosul-

fate solution was used for titration. Results were ex-
pressed as meqO2/kg fat (Koniecko, 1979).

V: consumption of sodium thiosulfate solution in the main test, 
in mL, 
B: consumption of sodium thiosulfate solution in the blank test, 
in mL, 
N: normality of sodiumthiosulfate

TBARS value (2-thiobarbituric acid-reactive substance)

20 grams of sample was homogenized with 50 ml 
cold TCA (trichloroacetic acid) solution (20%) for 2 
mins, then 50 ml cold distilled water added and stirred 
for another 2 mins. Whatman No1 filter paper was 
used to filtrate sample into 100 ml flask. TCA:dis-
tilled water (1:1) was used to complete flask to 100 
ml. 5 ml filtrate and 5 ml TBA solution (0.2 M) was 
drained into test tube and incubated at 80°C for 35 
minutes in water bath. The absorbance of sample was 
measured at 532 nm (Biochrom Libra S70, UK) and 
results were expressed as mg malonaldehyde/kg sam-
ple (Witte et al., 1970).

Color 
Color parameters of samples were measured trip-

licate on a kavurma piece ( 2x2x2 cm) by using a 
digital colorimeter (Chromameter CR400, Minolta, 
Japan) to obtain the color coordinates lightness (CIE 
L*), redness (CIE a*) and yellowness (CIE b*).

Instrumental Texture Profile Analysis (TPA) 
Meat samples were prepared by cutting meat piec-

es to 2 cm length uniformly just after production and 
held at room temperature before analysis. TPA test 
were performed using a Brookfield CT3-4500 Tex-
ture Analyzer (Brookfield Engineering Laboratories, 
Inc., USA) to determine hardness, springiness, cohe-
siveness, gumminess, and chewiness. Test conditions 
were: 4500 g load cell, TA25/1000 probe, 1,50 mm/s 
pretest speed, 1,00 mm/s and 25% compression. 

Statistical analysis 
Statistical analysis of data was performed using 

SPSS package program (IBM, version 21.0, USA). 
Analysis of variance (ANOVA) was performed to 
determine the treatment effects. A significance level 
of p<0.01 and p<0.05 was used for evaluations. pH, 
color and lipid oxidation values data were collect-
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ed and analyzed by two-factor factorial analysis in 
a completely randomized design. The factors were: 
(1) antioxidant addition; (2) the two different storage 
temperature (4°C and 10°C); and (3) the storage time 
for each parameter. When significant treatment effects 
were found, their means were separated by Duncan’s 
test. 

RESULTS AND DISCUSSION

Chemical Composition and salt content
Chemical composition and salt contents of sam-

ples are shown in Table 1. Moisture, protein, fat and 
salt contents of samples were found between 44.40% 
- 44.60%, 27.58% - 28.24%, 26.70% - 27.20%, and 
1.58% - 1.68%, respectively. Chemical composition 
and salt contents of samples are determined after pro-
duction and only variation was α-tocopherol addition 
between A and C samples. However, α-tocopherol 
addition to formulation did not show any significant 
changes in chemical composition of samples and 
moisture, fat, protein, and salt contents of samples 
were found similar (p>0.05). 

Moisture, fat, and salt contents of kavurma is reg-
ulated by Turkish Legislation which should be at most 
45%, 30%, and 3%, respectively (Anon, 2019). In this 
perspective, all samples are found within legislation 
standards. 

In a previous study, similar to the present study, 
moisture content of chicken kavurma samples was 
ranged between 44.35%-44.70% and fat contents of 
samples were found 29.04%-29.94% (Dikici et al., 
2022). Şişik Oğraş et al. (2018) determined moisture 
and fat contents of beef kavurma between 30.76% - 
40.85%, 27.01% - 34.44%, respectively. According to 
Aksu and Kaya (2005), moisture content of beef ka-
vurma was ranged between 37.91% - 39.80%. Sağır 
and Turhan (2013) determined 40.75 − 42.87% mois-
ture, 23.63 − 25.66% protein, 25.39 − 28.62% fat in 
beef kavurma samples. 

pH 
The effects of variances on pH and pH values of 

samples are given in Table 2 and Table 3, respective-
ly. pH of samples were highly influenced by storage 
time and the combined effects of factors (p<0.01). 
The highest pH values (6.51 - 6.52) were found at 
the beginning of storage (p<0.05) and all samples 
had similar initial pH values (p>0.05). In previous re-
ports, initial pH values of beef kavurma was found 
6.17 - 6.28 (Aksu & Kaya, 2005), 5.98 - 6.04 (Sağır 
& Turhan, 2013), and 6.27 - 6.29 (Aksu, 2007). In the 
present study, pH values were found higher than beef 
kavurma studies due to changes in raw material. 

Storage period had significant effect on pH values 

Table 1. Chemical composition of chicken kavurma 
Sample Moisture (%) Protein (%) Fat (%) Salt (%)
C 44.60±0.06 27.58±0.04 27.20±0.11 1.58±0.15
A 44.40±0.17 28.24±0.69 26.70±0.27 1.68±0.20

All values are means ± SD of three replicates.

Table 2. Analysis of variance on the effect of antioxidant, storage temperature and storage time on physico-chemical 
parameters and lipid oxidation values of chicken kavurma samples (F-values of independent variables and interactions).

Source of variances
Parameter A B C AxB AxC BxC AxBxC
pH 6,695* 6,695* 207,834** 13,016** 4,742** 3,680** 10,652**
Lipid oxidation

Peroxide value 18,030** 16,057** 140,980** 1,792ns 7,844** 3,861** 0,526ns
TBARS 201,340** 13,135** 54,054** 4,486* 11,072** 20,087** 1,329ns

Color
L* 0,041ns 0,086ns 61,095** 0,082ns 0,584ns 1,497ns 1,875ns
a* 0,762ns 6,532* 20,188** 0,226ns 0,577ns 1,154ns 0,060ns
b* 5,060* 2,781ns 59,175** 0,018ns 1,241ns 2,109ns 0,181ns

A: antioxidant, B: storage temperature, C: storage time, AxB: antioxidant x storage temperature, AxC: antioxidant x 
storage time, BxC: storage temperature x storage time, AxBxC: antioxidant x storage temperature x storage time
*p < 0.05
** p<0.01
ns: not significant P>0.05
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of samples (p<0.01). With respect to storage time in-
crement, pH values of samples decreased significant-
ly until 60th day. After 60th day, storage time did not 
affect the pH values of samples except 10C sample 
(p>0.05). At the end of storage, the lowest pH val-
ue was found in 4A (6.19), while the highest was ob-
served in 4C (6.33). Similar effects of using α-tocoph-
erol and different temperatures on pH values of beef 
kavurma was observed by Aksu (2007). In a previous 
study, pH values of beef kavurma was decreased un-
til 90th day significantly, however no significant effect 
was observed between 90 - 180 days of storage (Sağır 
& Turhan, 2013). 

Lipid Oxidation

Peroxide value
Peroxide value (PV) is the measurement of hy-

droperoxides formed during initial stages of lipid 
oxidation (Kavuşan et al., 2020). As seen in Table 2, 
the PV of samples were highly influenced by antiox-
idant addition, storage temperature and storage time 
(p<0.01). Similar initial PV was found 3.78 meqO2/
kg fat and 3.47 meqO2/kg fat in C and A samples re-
spectively. During storage significant increment was 
observed in all samples and at the end of storage PV 
were found between 8.39 - 15.37 meqO2/kg fat. 

Temperature is one of the main parameter that af-
fects lipid oxidation (Śmiecińska et al., 2015). As ex-
pected, higher storage temperature resulted higher PV 
in samples (p<0.01). At the end of storage, samples 
stored at 4°C had lower PV compared to samples at 
10°C. 

α-tocopherol is an effective antioxidant to prolong 
shelf life of meat products and inhibits PV produc-
tion (Aksu 2007; Aksu and Kaya 2005; Azizkhani and 
Tooryan 2014; Nacak et al. 2019). In contrast to this 
knowledge, samples with 300 ppm α-tocopherol re-
sulted higher PV than samples with no antioxidant. As 
previously said that, one of the antioxidative mecha-

nism of α-tocopherol is delaying hydroperoxide de-
composition (Frankel, 2014). Therefore, α-tocopherol 
addition could retard hydroperoxide decomposition 
and inhibits seconder lipid oxidation product forma-
tion. During storage the highest PV was found 10A 
(15.37 meqO2/kg fat) at the end of storage. Neverthe-
less, this result was found lower than 20 meqO2/kg fat 
which is the maximum value according to Kavurma 
standard (Anon, 2002). 

TBARS
The level of malondialdehyde is served as a re-

liable biomarker of lipid peroxidation (Acaroz et 
al., 2018; Singh et al., 2014). Thus, measurement of 
malonaldehydes is the major parameter to observe 
oxidative changes in meat products during storage. 
As shown in Table 2, TBARS values of samples were 
highly affected by the addition of antioxidant, stor-
age temperature and storage time (p<0.01). In con-
trast to PV results, antioxidant addition significantly 
decreased TBARS values (p<0.01). 

Initial TBARS values of samples were found 0.22 
- 0.29 mgMA/kg in A and C samples, respectively. 
During storage, samples with α-tocopherol showed 
lower TBARS compared to control samples in dif-
ferent temperatures and found 0.23 and 0.36 in 4A 
and 10A samples at the end of storage, respectively 
(p<0.05). Similar to the previous study (Bozkurt & 
Belibaǧlı, 2009), antioxidant addition significantly 
decreased TBARS values of kavurma. Haak et al. 
(2009) stated that, using α-tocopherol in pork patties 
decreased TBARS values of samples. Similar to this, 
Leskovec et al. (2018) and Mazur-Kuśnirek et al. 
(2019) showed that α-tocopherol addition to chicken 
fed resulted significant decrement in TBARS values. 

According to Bayrak Kul et al. (2021), storage 
time has influence on TBARS values of kavurma. 
In the present study, during 120 day of storage, sig-
nificant increment in TBARS values was observed 
(p<0.05). The highest TBARS value was observed in 

Table 3. pH values of chicken kavurma samples
Sample day 30. day 60. day 90. day 120. day
4C 6.52±0.01a,X 6.39±0.02a,Y 6.27±0.02b,Z 6.29±0.04a,Z 6.33±0.02a,Z

4A 6.51±0.02a,X 6.40±0.03a,Y 6.26±0.01b,Z 6.26±0.04ab,Z 6.19±0.08c,Z

10C 6.52±0.01a,X 6.33±0.01b,Y 6.31±0.01a,Y 6.23±0.02b,Z 6.22±0.05b,Z

10A 6.51±0.02a,X 6.36±0.05ab,Y 6.27±0.01b,Z 6.25±0.04ab,Z 6.26±0.01ab,Z

All values are means ± SD of three replicates. 
For each analysis, means within the same column with different superscripts (a,b,c) are significantly different 
For each analysis, means within the same row with different superscripts (X,Y,Z) are significantly different
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10C (0.56 mgMA/kg) while the lowest TBARS were 
found in 4A (0.23 mgMA/kg). Moreover, 4C samples 
had similar TBARS values at the end of storage to 
the beginning (p>0.05). This proves the synergistic 
effect of low temperature storage and antioxidant 
usage on oxidative stability of samples. Wazir et al. 
(2019) stated that, higher storage temperature result-
ed higher TBARS values in meat products. Accord-
ing to Aksu and Kaya (2005), 100 ppm α-tocopherol 
could improve oxidative stability of beef kavurma 
samples during 300-day cold storage and significant 
lower TBARS results were observed in this samples 
compared to samples with no antioxidant. Similarly, 
Nacak et al. (2019) found that 200 ppm α-tocopher-
ol addition to beef sausage formulation could retard 

lipid oxidation during 3 month storage. In another 
study, use of 200 ppm α-tocopherol in chicken diet 
resulted lower TBARS values during 11 day storage 
of raw chicken breast (Saleh et al., 2017). In addi-
tion, Basanta et al. (2018) stated that use of plum peel 
microparticles (contains 298 mg/kg α-tocopherol) in 
chicken breast patties inhibits lipid oxidation during 
cold storage. 

Color
One of the important parameters that affects con-

sumer’s buying decision is color of product. Color 
parameters of samples are given in Table 5. in terms 
of lightness (L*), redness (a*) and yellowness (b*). 
In Table 2., it is seen that storage time significantly 

Table 4. Lipid oxidation of chicken kavurma samples
Sample 0.day 30. day 60. day 90. day 120. day
Peroxide value (meqO2/kg fat)
4C 3.78±1.13a,Z 8.30±1.30a,Y 5.27±0.37bc,Z 11.65±1.70a,X 8.39±0.81c,Y

4A 3.47±0.69a,Z 7.75±0.94a,Y 6.32±0.96b,Y 11.72±1.97a,X 12.20±1.50b,X

10C 3.78±1.13a,Z 8.17±1.04a,Y 4.93±0.68c,Z 12.73±1.28a,X 11.53±0.99b,X

10A 3.47±0.69a,Z 8.70±0.84a,Y 8.15±0.76a,Y 13.26±0.95a,X 15.37±2.88a,X

TBARS (mgMA/kg)
4C 0.29±0.01a,Z 0.34±0.04a,Y 0.32±0.03a,YZ 0.27±0.05a,Z 0.41±0.04b,X

4A 0.22±0.01b,X 0.18±0.02b,Y 0.22±0.01b,X 0.21±0.02b,X 0.23±0.01c,X

10C 0.29±0.01a,Y 0.29±0.03a,Y 0.29±0.01a,Y 0.32±0.03a,Y 0.54±0.07a,X

10A 0.22±0.01b,Z 0.20±0.02b,Z 0.19±0.01c,Z 0.29±0.04a,Y 0.36±0.07b,X

All values are means ± SD of three replicates. 
For each analysis, means within the same column with different superscripts (a,b,c) are significantly different 
For each analysis, means within the same row with different superscripts (X,Y,Z) are significantly different

Table 5. Color of chicken kavurma samples
Sample day 30. day 60. day 90. day 120. day
L*
4C 75.13±1.57a,X 72.31±1.26a,Y 69.63±1.14a,Z 68.33±1.74a,Z 68.83±0.97a,Z

4A 75.35±1.74a,X 74.05±2.15a,X 69.89±1.98a,Y 68.05±1.31a,YZ 66.02±2.37a,Z

10C 75.13±1.57a,X 72.93±0.52a,X 69.43±2.09a,Y 69.78±1.57a,Y 66.98±1.51a,Z

10A 75.35±1.74a,X 71.75±1.84a,Y 69.68±0.59a,YZ 70.16±1.52a,Y 67.47±1.76a,Z

a*
4C 3.69±1.06a,X 2.65±0.65a,XY 2.60±0.65a,XY 2.13±0.23a,YZ 1.29±0.72a,Z

4A 3.19±1.14a,X 2.62±0.55a,XY 2.38±0.39a,XY 2.13±0.35a,XY 1.73±1.06a,Y

10C 3.69±1.06a,X 2.11±0.31a,YZ 2.34±0.53a,Y 1.29±0.07b,Z 1.29±0.24a,Z

10A 3.19±1.14a,X 1.95±0.70a,Y 2.14±0.73a,XY 1.06±0.21b,Y 1.33±0.64a,Y

b*
4C 12.44±0.43a,W 14.82±0.80a,Z 15.37±0.92a,YZ 16.11±0.44a,Y 17.35±0.64ab,X

4A 11.78±0.57a,Z 14.32±0.60a,Y 15.71±0.38a,X 15.89±0.49a,X 15.65±0.56b,X

10C 12.44±0.43a,Z 14.54±0.35a,Y 15.25±1.13a,Y 17.10±1.34a,X 18.53±1.40a,X

10A 11.78±0.57a,Z 14.38±1.41a,Y 15.30±1.64a,XY 16.48±1.11a,XY 17.48±2.44ab,X

All values are means ± SD of three replicates. 
For each analysis, means within the same column with different superscripts (a,b,c) are significantly different 
For each analysis, means within the same row with different superscripts (X,Y,Z) are significantly different
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affected all the color parameters of samples (p<0.01). 
However, storage temperature affected only a* val-
ues while antioxidant usage affected only b* values 
of samples (p<0.01). Interaction of all parameters 
on color values of samples were found insignificant 
(p>0.05). 

At the beginning of storage, all color parameters 
were found similar (p>0.05). Initial L* values of sam-
ples were found 75.13 - 75.35 in C and A samples, re-
spectively (Table 5). L* values of samples were found 
similar at each storage day; no significant changes 
were observed between samples (p>0.05). At the end 
of storage L* values of samples ranged between 66.02 
- 68.83 and significant reductions were observed in 
all samples compared to the initial L* values and 
darker products were observed (p<0.05). This could 
be due to oxidative changes during storage. Color of 
the products generally depend on amount of oxygen 
available in package and storage temperature. Thus, 
during long term storage oxygen within the package 
could be spent in oxidative reactions of lipids and 
pigments that results darker products (Omana et al., 
2012). Al-Hijazeen et al. (2016) stated that, storage 
time has high influence on color of chicken breast and 
significant reductions were observed in L* values of 
all samples whether antioxidant was used in samples 
or not. Similarly, Omana et al. (2012) stated that, low-
er L* values were found in turkey sausages after 5 
weeks refrigerated storage. 

a* values of samples were affected by the storage 
temperature and time (p<0.01). The initial a* values 
of samples were found 3.19 - 3.69, however at the end 
of storage a* values of samples were found between 
1.29 - 1.73 (Table 5). Regardless of treatments and 
storage temperature, a* values decreased during stor-
age (p<0.05). As previously stated, temperature is an 
important factor for oxidative changes in pigments. 
The average a* values of samples stored at 10°C was 
found lower than samples stored at 4°C. This behavior 
shows that the greater loss of a* values could be result 
of higher pigment oxidation in samples that stored at 
higher temperature. 

Initial b* values of samples were found between 

11.78 - 12.44 (Table 5). Use of antioxidant significant-
ly affected the b* values of samples. At each storage 
temperature, samples with α-tocopherol showed low-
er changes in b* values compared to samples with-
out α-tocopherol. In contrast to L* and a* values, b* 
values of samples were significantly increased during 
storage (p<0.05). This result was expected since pre-
vious studies showed the b* value increment during 
storage due to oxidative changes in samples ( Xiao et 
al., 2011; Maqsood et al., 2016; Bolger et al., 2017). 

Texture profile analysis
Textural parameters especially hardness and chew-

iness plays important role on consumer acceptability 
of product (Xu et al., 2018). Texture of meat products 
greatly influenced by parameters such as fat content 
and type, protein functionality, moisture/protein ra-
tio, and process conditions (Al-Hijazeen et al., 2016; 
Freire et al., 2016; Yancey et al., 2016; Yıldız-Turp & 
Serdaroğlu, 2008). 

Textural parameters in terms of hardness, springi-
ness, cohesiveness, gumminess, and chewiness of 
samples are given in Table 6. Use of α-tocopherol did 
not differ textural parameters of samples significantly 
(p>0.05). This result was expected since both sam-
ples were produced with same formulation and after 
production, they had similar chemical composition 
(moisture, fat, protein). These results are agree with 
previous studies where different antioxidants were 
used in meat product formulations (Xu et al., 2018; 
Zhang et al., 2013).

CONCLUSION 
The results of present study showed the effec-

tiveness of using α-tocopherol and lower storage 
temperature on oxidative stability of chicken kavur-
ma samples. Using α-tocopherol did not change the 
chemical composition of samples and all parameters 
were found within the standards (p>0.05). pH of sam-
ples were found between 6.51 - 6.52 and significantly 
decreased during storage (p<0.05). The use of α-to-
copherol, storage temperature and storage time have 
significant influence on oxidative stability of chick-
en kavurma (p<0.05). The lowest TBARS result was 

Table 6. Textural properties of chicken kavurma samples
Sample Hardness (N) Springiness (mm) Cohesiveness Gumminess (N) Chewiness (Nxmm)
C 1904.67±328.22 3.07±1.07 0.52±0.04 976.77±138.85 30.35±14.33
A 1767.17±353.99 3.40±0.40 0.61±0.09 959.83±468.26 31.44±14.83

All values are means ± SD of three replicates.
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observed in 4A at the end of storage. TBARS results 
of 4A sample on 0th and 120th days of storage were 
also found similar (p>0.05). Storage time signifi-
cantly affected all the color parameters of samples. 
Using α-tocopherol in formulation can significantly 
decreased the TBARS values while no quality charac-
teristic degradation was observed. For this reason, us-
ing α-tocopherol in retail products, where controlling 

retail temperature is hard, could be recommended to 
control lipid oxidation and maintain quality of prod-
ucts. 
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Bozkurt, H., & Belibaǧlı, K. B. (2009). Use of rosemary and Hibiscus 
sabdariffa in production of kavurma, a cooked meat product. Journal 
of the Science of Food and Agriculture, 89(7), 1168-1173. https://doi.
org/10.1002/jsfa.3570

Dikici, A., Nacak, B., Yel, N., Zaimoğulları, K., İpek, G., & Özer, M. 
(2022). Quality characteristics and oxidative stabilityof chicken ka-
vurma formulated with chicken abdominal fat as beef fat replacer. 
Journal of the Hellenic Veterinary Medical Society, 73(3), 4525-
4534. https://doi.org/10.12681/jhvms.27738

Efremova, A. (2018). Role of poultry industry in public food supply. Pro-
ceedings of the 2018 International Scientifi c Conference ‘Economic 
Sciences for Agribusiness and Rural Economy,’ 2, 29-36. https://doi.
org/10.22630/ESARE.2018.2.2

Estévez, M. (2017). What ’ s New in Meat Oxidation ? In New Aspects 
of Meat Quality. Elsevier Ltd. https://doi.org/10.1016/B978-0-08-
100593-4/00006-0

Frankel, E. N. (2014). Lipid oxidation Also in the Oily Press Lipid Li-
brary : (2nd ed.). Woodhead Publishing Limited, 80 High Street, 
Sawston, Cambridge CB22 3HJ, UK.

Freire, M., Bou, R., Cofrades, S., Solas, M. T., & Jiménez-Colmenero, F. 
(2016). Double emulsions to improve frankfurter lipid content: Im-
pact of perilla oil and pork backfat. Journal of the Science of Food 



J HELLENIC VET MED SOC 2023, 74 (2)
ΠΕΚΕ 2023, 74 (2)

B. NACAK, A. DIKICI, N. YEL, K. ZAIMOĞULLARI, G. İPEK, M. ÖZER 5631

and Agriculture, 96(3), 900-908. https://doi.org/10.1002/jsfa.7163
Georgantelis, D., Ambrosiadis, I., Katikou, P., Blekas, G., & Georgakis, 

S. A. (2007). Effect of rosemary extract, chitosan and α-tocopher-
ol on microbiological parameters and lipid oxidation of fresh pork 
sausages stored at 4 °C. Meat Science, 76(1), 172-181. https://doi.
org/10.1016/j.meatsci.2006.10.026

González, D., Vitas, A. I., Díez-Leturia, M., & García-Jalón, I. (2013). 
Listeria monocytogenes and ready-to-eat seafood in Spain: Study of 
prevalence and temperatures at retail. Food Microbiology, 36(2), 374-
378. https://doi.org/10.1016/j.fm.2013.06.023

Haak, L., Raes, K., & De Smet, S. (2009). Effect of plant phenolics, to-
copherol and ascorbic acid on oxidative stability of pork patties. Jour-
nal of the Science of Food and Agriculture, 89(8), 1360-1365. https://
doi.org/10.1002/jsfa.3595

James, S. J., Evans, J., & James, C. (2008). A review of the performance 
of domestic refrigerators. Journal of Food Engineering, 87(1), 2-10. 
https://doi.org/10.1016/j.jfoodeng.2007.03.032

Jonušaite, K., Venskutonis, P. R., Martínez-Hernández, G. B., Taboa-
da-Rodríguez, A., Nieto, G., López-Gómez, A., & Marín-Iniesta, F. 
(2021). Antioxidant and Antimicrobial Effect of Plant Essential Oils 
and Sambucus nigra Extract in Salmon Burgers. Foods, 10(4), 776. 
https://doi.org/10.3390/foods10040776

Kavuşan, H. S., Serdaroğlu, M., Nacak, B., & İpek, G. (2020). An Ap-
proach to Manufacture of Fresh Chicken Sausages Incorporated with 
Black Cumin and Flaxseed Oil in Water Gelled Emulsion. Food Sci-
ence of Animal Resources, 40(3), 426-443. https://doi.org/10.5851/
kosfa.2020.e23

Kayaardi, S., Durak, F., Kayacier, A., & Kayaardi, M. (2005). Chemi-
cal Characteristics of Kavurma with Selected Condiments. Inter-
national Journal of Food Properties, 8(3), 513-520. https://doi.
org/10.1080/10942910500269568

Koniecko, E. S. (1979). Handbook For Meat Chemists. (pp. 68-69). Avery 
Publishing Group Inc.

Leskovec, J., Levart, A., Nemec Svete, A., Perić, L., Dukić Stojčíc, M., 
Žikić, D., Salobir, J., & Rezar, V. (2018). Effects of supplementation 
with α-tocopherol, ascorbic acid, selenium, or their combination in 
linseed oil-enriched diets on the oxidative status in broilers. Poultry 
Science, 97(5), 1641-1650. https://doi.org/10.3382/ps/pey004

Li, Y., & Liu, S. (2012). Reducing lipid peroxidation for improving co-
lour stability of beef and lamb: on-farm considerations. Journal of 
the Science of Food and Agriculture, 92(4), 719-729. https://doi.
org/10.1002/jsfa.4715

Logan, A., Pan, X., & Nienaber, U. (2013). Lipid Oxidation: Challenges 
in Food Systems. In Lipid Oxidation: Challenges in Food Systems. 
https://doi.org/10.1016/C2015-0-02408-X

Maqsood, S., Al Haddad, N. A., & Mudgil, P. (2016). Vacuum packaging 
as an effective strategy to retard off-odour development, microbial 
spoilage, protein degradation and retain sensory quality of camel 
meat. LWT - Food Science and Technology, 72, 55-62. https://doi.
org/10.1016/j.lwt.2016.04.022

Margeirsson, B., Lauzon, H. L., Pálsson, H., Popov, V., Gospavic, R., 
Jónsson, M. Þ., Sigurgísladóttir, S., & Arason, S. (2012). Temperature 
fluctuations and quality deterioration of chilled cod (Gadus morhua) 
fillets packaged in different boxes stored on pallets under dynam-
ic temperature conditions. International Journal of Refrigeration, 
35(1), 187-201. https://doi.org/10.1016/j.ijrefrig.2011.09.006

Mazur-Kuśnirek, M., Antoszkiewicz, Z., Lipiński, K., Kaliniewicz, J., 
Kotlarczyk, S., & Żukowski, P. (2019). The effect of polyphenols and 
vitamin E on the antioxidant status and meat quality of broiler chick-
ens exposed to high temperature. Archives of Animal Nutrition, 73(2), 
111-126. https://doi.org/10.1080/1745039X.2019.1572342

Min, B., & Ahn, D. U. (2005). Mechanism of lipid peroxidation 
in meat and meat products - A review. Food Science and Bio-
technology, 14(1), 152-163. http://apps.webofknowledge.
com.bases-doc.univ-lorraine.fr/full%7B_%7Drecord.do?pro-
duc t=WOS%7B&%7Dsea rch%7B_%7Dmode=Genera l -
Search%7B&%7Dqid=59%7B&%7DSID=Q1n4pQQJFELRmBhR-
C8O%7B&%7Dpage=1%7B&%7Ddoc=1

Morelli, E., Noel, V., Rosset, P., & Poumeyrol, G. (2012). Performance 
and conditions of use of refrigerated display cabinets among produc-
er/vendors of foodstuffs. Food Control, 26(2), 363-368. https://doi.

org/10.1016/j.foodcont.2012.02.002
Nacak, B., Kavusan, H. S., Sari, B., Can, H., & Serdaroglu, M. (2019). 

Collaborative effect of fat reduction and α-tocopherol incorporation 
on oxidative stability in beef sausages. IOP Conference Series: Earth 
and Environmental Science, 333(1). https://doi.org/10.1088/1755-
1315/333/1/012084

Omana, D. A., Pietrasik, Z., & Betti, M. (2012). Evaluation of poultry pro-
tein isolate as a food ingredient: Physicochemical characteristics of 
low-fat turkey bologna. Poultry Science, 91(12), 3223-3229. https://
doi.org/10.3382/ps.2012-02330

Ortuño, J., Serrano, R., & Bañón, S. (2015). Antioxidant and antimicrobial 
effects of dietary supplementation with rosemary diterpenes (carnosic 
acid and carnosol) vs vitamin E on lamb meat packed under protec-
tive atmosphere. Meat Science, 110, 62-69. https://doi.org/10.1016/j.
meatsci.2015.07.011

Reuben, R. C., Sarkar, S. L., Roy, P. C., Anwar, A., Hossain, M. A., & Ja-
hid, I. K. (2021). Prebiotics, probiotics and postbiotics for sustainable 
poultry production. World’s Poultry Science Journal, 77(4), 825-882. 
https://doi.org/10.1080/00439339.2021.1960234

Sağır, I., & Turhan, S. (2013). The Effect of Ethanol Extracts from Net-
tle, Rosemary and Myrtle Leaves on Lipid Oxidation and Microbi-
al Growth of Kavurma during Refrigerated Storage. Food Science 
and Technology Research, 19(2), 173-180. https://doi.org/10.3136/
fstr.19.173

Saleh, H., Golian, A., Kermanshahi, H., & Mirakzehi, M. T. (2017). Ef-
fects of dietary α-tocopherol acetate, pomegranate peel, and pome-
granate peel extract on phenolic content, fatty acid composition, and 
meat quality of broiler chickens. Journal of Applied Animal Research, 
45(1), 629-636. https://doi.org/10.1080/09712119.2016.1248841

Schevey, C. T., & Brewer, M. S. (2015). Effect of natural antioxidants 
and lipid model system on lipid oxidation. Journal of Food Quality, 
38(1), 40-52. https://doi.org/10.1111/jfq.12119

Simopoulos, A. P. (2008). The Importance of the Omega-6/Omega-3 Fatty 
Acid Ratio in Cardiovascular Disease and Other Chronic Diseases. 
Experimental Biology and Medicine, 233(6), 674-688. https://doi.
org/10.3181/0711-MR-311

Singh, Z., Karthigesu, I. P., Singh, P., & Kaur, R. (2014). Use of malond-
ialdehyde as a biomarker for assessing oxidative stress in different 
disease pathologies: A review. Iranian Journal of Public Health, 
43(3), 7-16.

Şişik Oğraş, Ş., Akköse, A., Kaban, G., & Kaya, M. (2018). Volatile pro-
file and fatty acid composition of kavurma (a cooked uncured meat 
product) produced with animal fat combinations. International Jour-
nal of Food Properties, 21(1), 364-373. https://doi.org/10.1080/1094
2912.2017.1409763

Śmiecińska, K., Hnatyk, N., Daszkiewicz, T., Kubiak, D., & Matusevičius, 
P. (2015). The effect of frozen storage on the quality of vacuum-pack-
aged Turkey meat. Veterinarija Ir Zootechnika, 71(93), 61-66.

Strandberg, C., & Albertsson, A.-C. (2006). Improvement of α-tocopher-
ols long-term efficiency by modeling its heterogeneous natural envi-
ronment in polyethylene. Journal of Polymer Science Part A: Poly-
mer Chemistry, 44(5), 1660-1666. https://doi.org/10.1002/pola.21286

Wazir, H., Chay, S. Y., Zarei, M., Hussin, F. S., Mustapha, N. A., Ibadul-
lah, W. Z. W., & Saari, N. (2019). Effects of storage time and tem-
perature on lipid oxidation and protein co-oxidation of low-mois-
ture shredded meat products. Antioxidants, 8(10), 1-17. https://doi.
org/10.3390/antiox8100486

Witte, V. C., Krause, G. F., & Bailey, M. E. (1970). A New Extraction 
Method for Determining 2-Thiobarbituric Acid Values of Pork And 
Beef During Storage. Journal of Food Science, 35(5), 582-585. 
https://doi.org/10.1111/j.1365-2621.1970.tb04815.x

Xiao, S., Zhang, W. G., Lee, E. J., Ma, C. W., & Ahn, D. U. (2011). Effects 
of diet, packaging, and irradiation on protein oxidation, lipid oxida-
tion, and color of raw broiler thigh meat during refrigerated storage. 
Poultry Science. https://doi.org/10.3382/ps.2010-01244

Xu, L., Zhu, M. J., Liu, X. M., & Cheng, J. R. (2018). Inhibitory effect of 
mulberry (Morus alba) polyphenol on the lipid and protein oxidation 
of dried minced pork slices during heat processing and storage. LWT 
- Food Science and Technology, 91(October 2017), 222-228. https://
doi.org/10.1016/j.lwt.2018.01.040

Yancey, J. W. S., Apple, J. K., & Wharton, M. D. (2016). Cookery method 



J HELLENIC VET MED SOC 2023, 74 (2)
ΠΕΚΕ 2023, 74 (2)

5632 B. NACAK, A. DIKICI, N. YEL, K. ZAIMOĞULLARI, G. İPEK, M. ÖZER

and endpoint temperature can affect the Warner-Bratzler shear force, 
cooking loss, and internal cooked color of beef semimembranosus 
and infraspinatus steaks. Journal of Animal Science, 94(10), 4434-
4446. https://doi.org/10.2527/jas.2016-0651

Yang, H., Han, M., Wang, X., Han, Y., Wu, J., Xu, X., & Zhou, G. (2015). 
Effect of high pressure on cooking losses and functional properties 
of reduced-fat and reduced-salt pork sausage emulsions. Innovative 
Food Science and Emerging Technologies, 29, 125-133. https://doi.
org/10.1016/j.ifset.2015.02.013

Yıldız-Turp, G., & Serdaroğlu, M. (2008). Effect of replacing beef fat with 
hazelnut oil on quality characteristics of sucuk - A Turkish fermented 
sausage. Meat Science, 78(4), 447-454. https://doi.org/10.1016/j.
meatsci.2007.07.013

Zhang, L., Lin, Y. H., Leng, X. J., Huang, M., & Zhou, G. H. (2013). 
Effect of sage (Salvia officinalis) on the oxidative stability of Chi-
nese-style sausage during refrigerated storage. Meat Science, 95(2), 
145-150. https://doi.org/10.1016/j.meatsci.2013.05.005

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

