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1. Intrоduсtiоn 

Chicken meat is among the foods preferred by con-

sumers in our country and worldwide with its nutri-

tional value and reasonable price. Marination, one of 

the most widely used techniques to increase the flavor 

and tenderness of the meat, is a common technique 

known as a means of improving the quality of meat 

(Gault, 1991; Rao et al., 1989). 

In acidic marination, substances such as organic ac-

ids (e.g. acetic, lactic and citric acid) and pH-lowering 

ingredients (e.g. soy sauce) are used as part of a flavor 

enhancing mixture, in contrast to sweetening additives. 

However, it has been reported that acidic substances 

have been play an important role in tenderness and 

flavor of processed meat (Berge et al., 2001; Gault, 

1984). 

In this study, it was investigated which the effect on 

the marination process of different concentrations of 

acetic acid and apple cider vinegar on the tenderness 

and quality characteristics of chicken breast meat. 

2. Materials and Methods 

                                                           
*
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2.1 Materials 

Chicken breast meats and apple cider vinegar used 

as materials were obtained from local market (Konya, 

Turkey). All the reagents and chemicals used for the 

research were of analytical grade and procured from 

Sigma Chemical Co. (St. Louis, MO).  

2.2. Sample preparation 

Chicken breast meats (2x3 cm) were cut vertical to 

the muscle fibre direction from muscle samples using a 

knife. Solutions containing 0.1 M acetic acid (A1), 0.2 

M acetic acid (A2), 50% apple cider vinegar (E1), 

100% apple cider vinegar (E2) were prepared in dis-

tilled water. Chicken breast meats were immersed for 

48 h in 500 milliliters of solutions at 4ºC. Distilled 

water was used for the control group (C).  

Moisture and fat level analysis were performed in 

the chicken breast meat. Cooking loss (CL), water 

holding capacity (WHC), marinade absorption (MA), 

pH and colour analyses were performed in the marinat-

ed chicken breast meat. Texture profile analysis was 

performed in marinated chicken breast meat samples 

cooked in the oven for 40 minutes at 250˚C until the 

internal temperature reached 72
o
C.  

2.3. pH measurement 
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pH values of the samples were measured by pene-

trate with a pH meter (Testo 205 T-Handle pH Me-

ter/Thermometer w/ Penetration Tip) before marination 

and after marination (Lambooij et al., 1999). 

2.4. Proximate analyses 

Moisture (hot air oven) and fat (ether extraction) 

contents of the samples were determined using stand-

ard methods of AOAC (2000). 

2.5. Determination of cooking loss (CL) 

The method described by Young and Buhr (2000) 

was used to determine weight loss of chicken breast 

meat after cooking. Approximately 8-10 grams of sam-

ple was put into polyethylene bags and cooked in a 

water bath for 30 minutes at an internal temperature of 

75°C. The separated water was removed from the sam-

ples and the loss of cooking was calculated by weigh-

ing the samples. 

2.6. Determination of water holding capacity (WHC) 

Centrifugation method was used to determine the 

WHC of the samples. 2 g homogenized chicken breast 

meat samples were weighted on filter paper and placed 

in centrifuge tubes. After centrifugation at 2000 rpm 

for 10 minutes, the wet filter paper was weighted (W1). 

The filter paper was then dried in the oven at 60°C 

until constant weight and then reweighted (W2). The 

WHC of chicken breast meats was calculated as the 

amount of sample remaining after centrifugation 

(Gómez‐Guillén et al., 2000). 

2.7. Determination of marinade absorption (MA) 

The MA of the marinated samples was determined 

on a weight basis before marination process and after 

the marination process, according to the method given 

by Young and Buhr (2000).  

2.8. Color properties of chicken breast meats 

The surface colour of the cooked marinated chicken 

breast meats was evaluated using a chroma meter CR-

40 (Konica Minolta, Inc., Osaka, Japan) with illumi-

nant D65, 2° observer, Diffuse/O mode, 8 mm aperture 

of the instrument for illumination and 8 mm for meas-

urement, calibrated against a white tile. Colour meas-

urements (CIE L*, a* and b* values representing light-

ness, redness and yellowness, respectively) were taken 

marinated uncooked samples and marinated cooked 

samples. For colour measurement, cooked samples 

were cooled to room temperature. L* (lightness), a* 

(redness, +60, red; ─60, green) and b* (yellowness, 

+60, yellow; ─60, blue) color coordinates according to 

the CIE L* a* b* color coordinate system (CIE, 1976). 

The measurement was made by directly upon three 

different parts of the samples placed on a white back-

ground. 

2.9. Texture measurement 

TPA parameters (hardness (N), cohesiveness, 

chewiness (Nxmm), gumminess (N) and adhesiveness 

(g.sec)) of the marinated cooked chicken breast meat 

samples were performed using a Texture Analyzer 

(TA.HD Plus Texture Analyser, UK) at room tempera-

ture and following specifications were applied: 50 N 

load cell, 1 mm/min speed before the test, 5 mm/min 

speed during and after the test, cylindrical probe with 

36 mm diameter (Modi et al., 2009).  

For MORS analysis, Meullenet-Owens Razor Shear 

probe connected to TA.HD Plus texture analyzer was 

used. Blade penetration depth was set at 20 mm (Saw-

yer et al., 2007). Analysis probe was dipped into 3 

different regions of each chicken breast meat. 50 N 

load cell, 2 mm/min speed before the test, 10 mm/min 

speed during and after the test was set. 

2.10. Statistical analysis 

The data obtained as a result of the analyzes were 

subjected to variance analysis using MINITAB release 

16.0 program as tables prepared in accordance with the 

experimental design. Tukey test was used for compari-

son of means, with significance assigned at p<0.05 and 

p<0.01. Each parameter was tested in triplicate samples 

with two replications.  

3. Results and Discussion 

According to result of research, it was found that 

the moisture and fat content of unmarinated chicken 

breast meat was 74.6% and 3.6%, respectively. The pH 

values of unmarinated chicken meat, 0.1 M and 0.2 M 

acetic acid solution, 50% apple cider vinegar and 100% 

apple cider vinegar were determined as 6.11, 3.03, 2.86 

and 2.97 and 2.89 respectively. 

The pH values of chicken breasts treated with dif-

ferent concentrations of acetic acid solution and apple 

cider vinegar are given in Table 1. The pH of the sam-

ples decreased significantly with the addition of acetic 

acid and apple cider vinegar (p<0.01). pH is an im-

portant criterion for changes in foods treated with acid-

ic marinades. It is thought that the difference between 

the pH values of the marinated chicken breasts is due 

to the different pH values of the marinades used. It is 

shown that the pH values of chicken breast meat de-

creased in parallel with the marinad pH values in Table 

1. The highest pH value (5.66) belongs to the control 

group, while the lowest pH value (3.53) was observed 

in the E2 group. Aktaş et al. (2003) were also obtain 

similar results in their study with organic acids. In a 

study in which chicken breast meats were marinated 

with apple cider vinegar, pomegranate juice and lemon 

juice at different temperatures and times, it has been 

reported which the pH values of chicken breast meats 

treated with lemon juice were lower than the others, on 

the other hand those with marinated pomegranate juice 

had the highest pH value (Lytou et al., 2017). In study 

carried out by Serdaroglu et al. (2007) also reported 

that the highest and lowest pH values of turkey meat 

marinated using citric acid solution and grapefruit juice 

belonged to the control group and the group treated 

with 0.2 M citric acid solution, respectively.  
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Table 1 

pH, water holding capacity (WHC), cooking loss (CL) and marinade absorption (MA) values of chicken breast meats 

treated with different concentrations of acetic acid and apple vinegar. 

Treatment pH WHC (%) CL(%) MA(%) 

Control 5.66±0.04a 20.69±3.10a 37.81±0.92a 4.40±0.57c 

A1 4.93±0.37ab 27.35±4.03a 22.44±4.04bc 5.01±0.01c 

A2 4.14±0.28bc 28.67±5.89a 25.72±0.21b 20.69±0.98b 

E1 4.32±0.26bc 15.14±0.40a 20.24±2.74bc 22.88±1.25b 

E2 3.53±0.03c 18.70±4.52a 15.19±0.26c 41.06±1.50a 
a-c Means within a column with different letters are significantly different. (p<0.01). Means based on six values. (n=6)  

Control: Distilled water; A1: 0.1 M acetic acid; A2: 0.2 M acetic acid; E1: 50% apple cider vinegar; E2: 100% apple cider vinegar.

The WHC of meat is very important because many 

physical properties such as color and texture are partly 

dependent on WHC (Ketnawa and Rawdkuen, 2011). 

Table 1 shows the WHC of chicken breasts treated with 

acetic acid solution and apple cider vinegar. Chicken 

breast meats treated with 0.1 M and 0.2 M acetic acid 

have the highest WHC (27.34%, 28.66%). At the same 

time, samples containing apple cider vinegar showed 

lower WHC than the control group. WHC increased in 

parallel with acetic acid and apple vinegar concentra-

tion. However, the difference between them is statisti-

cally insignificant (p>0.05). It is thought that this dif-

ference between treatments may be due to the fact that 

the marinade solutions have different acetic acid ratios. 

It has been reported in several studies that low pH has a 

strong effect on proteins, that the effect of acids on 

tissue can be depends on the type of fiber in the meat, 

whereas high pH promotes the swelling of collagen 

surrounding the muscle fibers (Aktaş et al., 2003; Rao 

and Gault, 1989; Rao et al., 1989).  

The CL (%) values of all samples are shown in Ta-

ble 1. CL values of the samples treated with acid solu-

tion and apple cider vinegar were lower than the con-

trol group (p<0.01). While the cooking loss of chicken 

breast meats treated with acetic acid solution increased 

with increasing concentration, CL of apple cider vine-

gar decreased with increasing concentration. The least 

CL (15.19%) occurred in chicken breast meat treated 

with 100% apple cider vinegar.  At the point where the 

positive and negative charges of chicken breast meat 

proteins are equal (pH=6.00), they cause the amount of 

water bound to the proteins to decrease due to the pul-

ling of these loads. As the pH value moves away from 

this point, the less water is removed from the structure. 

Therefore, it is thought that the loss of cooking decrea-

se with increasing acidity value. In the study of Aktaş 

et al. (2003) that they marinated beef with 0.5, 1, 1.5% 

lactic acid and citric acid solution, the lowest CL in 

beef was obtained in marinated samples at the highest 

lactic and citric acid concentrations. They reported that 

this might occur from the effect of acidic pH on pro-

teins.  

MA varies depending on the selected region of 

poultry meat. It has been stated that chicken breast 

meats absorb marinade more than thigh meats (Ar-

ganosa and Marriott, 1989). The MA values of all 

treatment groups are shown in Table 1. The group with 

the highest value was group applied 100% apple cider 

vinegar (41.06%) while the lowest value belong to the 

control group (4.40%). The difference between the 

treatments in terms of MA was statistically significant 

(p<0.01). However, it was found that the MA values of 

the treatment groups increased proportionally with 

decrease in pH. This situation is thought to be related 

to the isoelectric point of the proteins in the structure of 

chicken breast meat as in the loss of cooking values. It 

is thought that in parallel with these data, in another 

study investigating the sensory and some technological 

properties of marinated poultry meats by using differ-

ent ratios of citric acid, it has been reported that MA 

was increased final weight of all treatment groups as 

the function of pH effect and the highest value was 

obtained at pH 4.00 (Yusop et al., 2010).  

The color parameters of each treatment group were 

determined as raw and cooked and all values are given 

in Table 2. According to the results of the study, L*, 

a*, b* values of all groups showed statistically signifi-

cant changes. Among the marinated raw samples, the 

highest L* and a* values were determined in the con-

trol group and the highest b* values were determined in 

the E1 group while the lowest L* and a* values were 

found in E2 and the lowest b* values were found in A2 

group. Among the cooked groups, the highest L* value 

belongs to the control group and the highest a* and b* 

values belong to the A1 group, while the lowest L* and 

b* values was determined in the E2 group and the 

lowest a* value was determined in the A2 group. Alt-

hough pH change did not have a significant effect on 

color, it was concluded that color parameters decreased 

due to increase in concentration between treatments. In 

a study, it was reported that a* values did not differ in 

turkey meat samples treated with citric acid and grape 

juice (Serdaroğlu et al., 2007). Nadzirah et al. (2006) 

indicated that the brightness values of the marinated 

samples increased and a* value decreased. In another 

study, it was reported that the L* value of marinated 

chicken breast meats decreased (Smith and Young, 

2007). Northcutt et al. (2000) reported that there was 

statistically no difference between the brightness val-

ues of marinated and unmarinated raw and heat treated 

chicken fillets. In general, it is thought that the color of 

the acidic fruit or organic acid used may change the 

color characteristics of the meat treated with it.  
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Table 2 

L*, a* and b* values of raw and cooked chicken breast meats treated with different concentrations of acetic acid and 

apple cider vinegar. 

 Treatment L* a* b* 

 Control 62.48±0.03a 0.84±1.25a 7.20±0.69a 

 A1 61.80±0.31ab 0.16±1.35a 8.36±0.17a 

Raw A2 57.09±2.32bc -0.32±0.63a 3.25±0.07b 

 E1 62.16±1.61ab -1.02±0.13a 9.31±0.34a 

 E2 54.61±0.71c -1.06±0.05a 4.00±1.20b 

 Control 76.76±0.55a 1.65±1.34a 18.53±1.18b 

 A1 67.17±1.74b 1.72±0.19a 23.31±0.90a 

Cooked A2 72.41±1.98ab 0.27±1.99a 18.18±0.88b 

 E1 72.75±1.88ab 0.74±0.00a 17.07±0.06b 

 E2 64.52±3.32b 0.43±0.22a 13.25±0.61c 
a-c Means within a column with different letters are significantly different. (p<0.01). Means based on six values. (n=6)  

Control: Distilled water; A1: 0.1 M acetic acid; A2: 0.2 M acetic acid; E1: 50% apple cider vinegar; E2: 100% apple cider vinegar. 

The results of the texture profile analysis of the 

samples marinated with acetic acid and apple cider 

vinegar are given in Table 3. According to the results 

of the analysis, there was a significant difference be-

tween the values of shear strength (MORS) (p<0.05). It 

has found that the highest hardness value was group 

including 0.1 M acetic acid with 134.1 N while the 

lowest hardness was group including 100% apple cider 

vinegar with 60.28 N. Both concentrations of apple 

cider vinegar and 0.2 M acetic acid reduced the hard-

ness of chicken breasts significantly compared to the 

control group. The shear force of all treatment groups 

was between 9.7-5.1 N and the highest and lowest 

values were found to be the control and E2 groups, 

respectively. In terms of shear force, the difference 

between chicken breast meat marinated with 100% 

apple cider vinegar and other groups was statistically 

significant (p<0.01). The cohesiveness values of chick-

en meat samples varied between 0.26 and 0.32. In 

terms of these values, the difference between treat-

ments was not statistically significant, and acetic acid 

solution treated groups were increased more than com-

pared to control group. It is reported that the mecha-

nism of the tenderising action of acidic marinades is 

affect to several factor including increased proteolysis 

by cathepsins, weakening of structures, and increased 

conversion of collagen to gelatin at low pH during 

cooking. It has been reported that when the pH drops 

below the isoelectric point, the hardness increases and 

the acidic marinades used are responsible for increas-

ing the hardness of chicken breast meats (Önenç et al., 

2004; Sheard and Tali, 2004). In a study in which mar-

inated turkey meat using mixed vegetable and fruit 

juices, it was reported that the lowest hardness value 

was found in pomegranate and red grape juice and the 

hardness values increased with cooking process (Gök 

and Bor, 2016). Goli et al. (2014) have reported that 

0.25 M aqueous acetic acid solution was decreased 

hardness and shear force of turkey breast meat over 

time, but it was increased slightly in presence of salt. 

Table 3 

Texture profile analysis results of chicken breast meats treated with different concentrations of acetic acid and apple 

cider vinegar. 

Treatment 
Hardness 

(N) 

Gumminess 

(N) 
Cohesiveness 

Chewiness 

(Nxmm) 

Adhesiveness 

(gxs) 
Shear Force (N) 

Control 123.31±17.08a 33.35±8.46a 0.27±0.03a 18.61±5.23a -3.34±2.18a 9.70±0.61a 

A1 134.18±2.16a 42.97±6.51a 0.32±0.04a 25.90±4.60a -7.25±1.78a 9.33±0.77a 

A2 124.92±47.59a 40.66±17.16a 0.32±0.01a 20.96±7.17a -8.60±9.69a 8.67±0.39a 

E1 76.16±6.82a 21.18±3.54a 0.28±0.02a 11.33±2.60a -2.49±0.07a 8.67±1.01a 

E2 60.28±8.40a 17.47±2.05a 0.29±0.01a 8.72±0.61a -16.83±7.50a 5.11±0.35b 
a-b Means within a column with different letters are significantly different. (p<0.01). Means based on six values. (n=6) 

Control: Distilled water; A1: 0.1 M acetic acid; A2: 0.2 M acetic acid; E1: 50% apple cider vinegar; E2: 100% apple cider vinegar.  

In this study, quality and textural properties of 

chicken breast meats marinated with different concen-

tration of acetic acid solution (0.1 M and 0.2 M) and 

apple cider vinegar (50% and 100%) for 48 hours were 

investigated. Thus, it was investigated whether apple 

cider vinegar can be used as a natural alternative to an 

organic acid solution in marinating chicken meat. It 

was determined that chicken breast meat samples treat-

ed with acetic acid and apple cider vinegar have much 

more acceptable structure and hardness values de-

creased. It was observed that the lowest hardness value 

was belong to chicken breast meats treated with 100% 

apple vinegar. When the results of the analysis are 

view, it was seen that the apple cider vinegar solution 

improved in a positive way the quality and textural 

properties of chicken breast meats. It is concluded that 

apple cider vinegar is more effective on the textural 

properties of chicken breast meat than acetic acid 

which is an organic acid in the natural structure of 

vinegar. Therefore, it can be suggested that apple cider 

vinegar may be a natural alternative source for use as a 

marination solution.    
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