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ABSTRACT 
 

Although freezing is a good preserving technique that keep the meat quality for up to one year, 

nevertheless, repeating of freeze -thaw process represent a significant problem that affect the 

sensory, chemical and microbiological quality of meat. The objective of this study was to 

explore the effect of repeated freeze-thaw cycles (F-T cycle) of frozen chicken meat on the 

physical, chemical and microbiological quality of imported and local frozen chicken.  Frozen 

broilers were left in refrigerator at (4-7°C) until complete thawing then it were examined for 

the different parameters. Refreezing of thawed broiler carcasses was done in deep freezer at  

(-18 °C) for one week. As the number of F-T cycle increased the overall sensory 

characteristics declined significantly in raw and cooked broilers and the drip loss decreased 

significantly (P<0.05), although the total drip loss increased. Shear force increased then 

decreased by the 3rd cycles in imported broilers, but in local broilers it decreased by the 2nd 

cycle. The sensory characteristics of imported broilers were better than that of local broilers, 

which deemed as spoiled by the second F-T cycle. PH increased significantly (P<0.05) among 

the cycles. Moreover, repeated F-T cycles resulted in a greater degree of lipid and protein 

oxidation, as TVB-N, TBARS values increased greatly. Aerobic plate count (mesophilic and, 

psychotropic) and total yeast-mold count were significantly (P<0.05) higher in local broilers 

than that of imported one and markedly increased by repeating F-T cycles. According to the 

Egyptian standards, the local broilers were considered unfit for human consumption from the 

second F-T cycle, meanwhile the imported broilers in most of the examination were within 

the permissible limits until the 3rd F-T cycle. 
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INTRODUCTION 
Freezing has been an excellent preserving technique in which meat and meat products can be 

preserved in a condition similar to that of normal state and can be kept satisfactory for six 

months to one year (Rahman et al., 2014). Nonetheless, the consequences of freezing and 

thawing on the quality of meat remain a significant problem (Leygonie et al., 2012a). 

Freezing and thawing are complex processes that involve heat transfer as well as a series of 

physical and chemical changes, which can affect the quality of the meat and meat products 

(Bing et al., 2002).  

Storage or transportation of frozen food in temperature above freezing point is a bad practice 

applied in many retail outlets, restaurant and home, which result in thawing of the food then 

refreezing and repeating of this cycle. Temperature fluctuation and multiple freeze-thaw (F-T) 

cycles result in some  quality deterioration, especially with regard to flavor, texture, and color, 

due to protein denaturation, osmotic removal of water, mechanical damage, and protein 

aggregation and cross-linking (Xia et al., 2009) and (Leygonie et al., 2012a).  

Microbial spoilage is effectively terminated during freezing, as the microbes become dormant. 

Unfortunately, they regain their activity during thawing, as thawing are a much slower 

process as freezing and is less uniform, certain areas of the meat will be exposed to more 

favorable temperature conditions for microbial growth. There is an increase in moisture and 

nutrients available to microbes post freeze-thaw due to exudate formation. The moisture lost 

during thawing is rich in proteins, vitamins and minerals derived from the structural disarray 

caused by the freezing process, which consequently provides an excellent medium for 

microbial growth. The reactivation of microbial activity upon thawing coupled with cellular 

damage resulting from frozen storage because more rapid spoilage of frozen-thawed meat 

compared to fresh meat (Leygonie et al., 2012a).  

Therefore, the objective of the current study was to assess the effects of multiple freeze - thaw 

cycles on physical, chemical and microbial changes in chicken meat. 
 

MATERIAL AND METHODS 
 

Two lots of frozen broilers carcasses (25 each) were transported to the lab in an icebox. 

Broilers carcasses were purchased from Cairo market (local imported) at the first third of their 

shelf life and were kept at (-18 °C) deep freezer, until examined. 
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Examined Freeze-Thaw (F-T) cycles were performed as follow:   

Immediately after transportation to lab (3) carcasses from each lot were left in refrigerator 

until complete thawing then examined for the different parameters. Refreezing of thawed 

broilers was done in deep freezer (-18 °C) for one week, thawing was done in the refrigerator 

at (4°C) Weekly F-T cycles were continued until the sensory examination deems the samples 

spoiled.  

I. Sensory analysis:   

The sensory attributes of raw (color, odor, consistency and overall score) and cooked (flavor, 

juiciness, taste and overall score) broiler samples were analyzed by a trained panelists team 

consist of 9 members of  1 Animal Health Research Institute, Agriculture Research Centre  

assessing the sensory quality of thawed samples. Using a five-point scale as follows: 5 for 

“excellent”, 4 for “very good”, 3 for “good”, 2 for “fair” and 1 for “poor” (Rahman et al., 

2012). An overall score of one or less was deemed as spoiled. 
 

II. Physico-chemical characteristics. 

1. Shear force; 

Chicken meat samples were analyzed for shear force (kgf/cm3) at Cairo University Research 

Park (CURP), Faculty of Agriculture.  Steaks of 2x2x2 cm were prepared from each breast  

and thigh chicken meat cooked at core temperature (72 °C)  and six core samples of 1.3cm 

diameter were removed parallel with the muscle fiber direction using hand- held coring  

device. Each core was sheared once with Warner-Bratzler sheare force (WBSF) device 

attached to an instron Universal Testing machine (Model 2519-105, USA) with a 55-kg 

tension/compression load cell and a crosshead speed of 200 mm/min. An average shear force 

value was calculated and recorded for each sample.  

2. Determination of pH: 

PH, as a mean of three measurements was done using pH meter (Jenway, 3310), according to 

Harold et al. (1981).   

3. Drip loss: 

Drip loss was determined according to Li et al. (2014). After complete thawing of the sample, 

it was weighed as a whole (W1), then weighed again after blotting dry (W2) with tissue paper. 

Drip loss was calculated as the percentage of weight lost as follows: 
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4. Determination Total Volatile Basic Nitrogen (TVB-N) (mg/100 g) according to EU (1995).by 

using distillation method.  

Calculation: 

 
V1 = Volume of 0.01 M HCl in ml for sample 

V2 = Volume of 0.01 M HCl in ml for blank 

M = Weight of sample in g. 

5. Thiobarbituric Acid Reactive Substances (TBARS) mg malonaldehyde (MDA)/kg were 

determined according to Robles-Martinez et al. (1982).  

Calculation: 

  TBARS  

Where: R = absorbance of the sample against the blank. 

III. Microbiological examination.  

The technique recommended by APHA (2001) was applied for determination of aerobic plate 

count (Mesophiles) at 35 o C for 48 h and psychrotrophs at 7 o C for 7-8 days and mold and 

yeast count at 25 o C for 5 days.  

IV. Statistical analysis. 

The experiment was conducted in three repetitions. Data were analyzed using SPSS software 

(release 20, IBM CO). Means were compared using T-test, and significance was tested at  

α = 0.05 

RESULTS AND DISCUSSION 

Imported and local frozen broilers carcasses were subjected for three F-T cycles (one week 

each), and examined after each cycle, the local broilers samples were deemed spoiled by 

sensory examination after the 3rd F-T cycle, so it was examined chemically and 

microbiologically after the 1st and 2nd cycles only.  

Sensory examination:  

The mean values of overall sensory score Fig. (1) in raw imported broilers after the first F-T 

cycle was significantly (P<0.05) higher than that of raw local broilers, which continued by the 

2nd F-T cycle, and the same at the 3rd cycle where, the local broilers showed spoilage sensory 
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attributes. Sensory scores were gradually declined as affected by repeating F-T cycle to  
 

 indicate deterioration of overall sensory score. These results were in agreement with those 

reported by Xia et al. (2009), Leygonie et al. (2011), Leygonie et al. (2012 b), KAkhtar  

et al. (2013), Rahman et al. (2014) and Ali et al. (2015).  

The mean values of overall sensory score Fig. (2) in cooked imported samples after the first 

F-T cycle was significantly (P<0.05) higher than that of cooked local broilers. This difference 

continued through the 2nd and the 3rd F-T cycle, where spoilage signs were seen as local 

broilers. It is obvious that overall sensory score of cooked imported and local broilers 

decreased from the 1st F-T cycle to the 2nd F-T cycle and continued to in the 3rd F-T cycle. 

Xiong (2000), Mancini and Hunt (2005), Yu, et al. (2005) Luciano et al. (2009) and 

Leygonie et al. (2012b), in agreement with those report these results. 

 

 
 

 

 

 

 

 

 

Fig. (1): Overall sensory score for raw chicken 

meat during 3 freeze-thaw cycles. 

Fig. (2):Overall sensory score for cooked chickenen 

meat during 3 freeze-thaw cycles. 
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There are sig. diff. (P<0.05) between points having the same letter. 

Physico-chemical characteristics. 
 

Shear force: 

Shear force is used as a measurement of meat tenderness. Fig. (3, 4) illustrates the mean 

values of shear force for imported and local examined samples (kgf/cm3). Concerning the 

breast samples, the mean values of shear force Fig. (3) in imported broilers was significantly 

(P<0.05) lower than that of local broilers after the 1st F-T cycle, which continued by the 2nd  

F-T cycle. These results are in relation well with sensory score for cooked samples Fig. (2). 

concerning the thigh samples, the mean values of shear force Fig. (4) in imported broilers was 

significantly (P<0.05) lower than that of local broilers. Nevertheless, by the 2nd F-T cycle 

there was no significant difference (P>0.05) between imported and local broilers after the 1st 

F-T cycle. Regarding the effect of F-T cycles, it is obvious that shear force values of even 

thigh or breast increased in the 2nd F-T cycle, then decreased again by the 3rd F-T cycle, in 

imported broilers. On the other hand, shear force values decreased from the 1st F-T cycle to 

the 2nd F-T cycle in local broilers. These results are in agreement with those reported by 

Lagerstedt et al. (2008), Xia et al. (2009) and Lui et al. (2010). 

Fig. (3): Shear force mean values for breast chicken 

meat during 3 freeze-thaw cycles. 

Fig. (4): Shear force mean values for thigh 

chicken meat during    3 freeze-thaw cycles. 
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PH: 

The pH values of both thigh and breast increased by repeating of F-T cycles in both of 

imported and local broilers. 

Concerning the pH of breast and thigh samples, as illustrated in Fig. (5, 6) there was no 

significant difference (P>0.05) between imported and local broilers at the 1st cycle. However, 

by the 2nd F-T cycle the mean values of pH in imported broilers was significantly lower 

(P<0.05) than that of local broilers, which indicate a good keeping quality of imported broilers 

than the local one. These results are in agreement with those reported by Rahman et al. (2015). 

On the contrary, Ersoy et al. (2008), Leygonie et al. (2012b) and Zhang et al. (2017) reported 

a slight decrease in pH after freezing and thawing process. the increase or decrease of meat pH 

from the initial value influences the rate of oxidation as well as the microbial shelf life and drip 

loss and vice versa (Rahman et al., 2015). 
 

 
 

 

 

 

Drip loss: 

The mean values of drip % Fig. (7) In imported broilers was significantly (P<0.05) higher 

than that of local broilers in the 1st F-T cycle, but by the 2nd F-T cycle, these values were 

nearly the same for imported and local broilers. The drip loss values decreased as freeze-thaw 

Fig. (5): pH mean values for breast chicken 
meat during 3 freeze-thaw cycles. 

Fig. (6): pH mean values for thigh chicken 
meat during 3 freeze-thaw cycles. 
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cycles increased for both imported and local broilers as it exceeded the permissible limit for 

drip loss stated by the Egyptian standard (ES, 1090\2005) by (5%) from the 1st F-T cycle, and 

the cumulative drip loss in the 2nd F-T cycle reached 14.5% and 12% for imported and local 

broilers, respectively, Meanwhile it reached 19.3% by the 3rd F-T cycle in the imported 

broilers. The increased drip loss may be due to dripping of broilers with water for prolonged 

chilling during slaughtering process without enough time for dripping before freezing 

increase carcasses weight. The obtained results in this study agree with those reported by  

Xia et al. (2009), Rahman et al. (2014), Rahman et al. (2015) and Zhang et al. (2017)  

who stated that drip % decreased as the number of freeze-thaw cycles increased.  

 
 

 

 
 
 

 

 

There are sig. diff. (P<0.05) between points having the same letter. 
 

 

   

 

 

 

 

 

Fig. (7): Drip loss % of chicken meat during 
3 freeze-thaw cycles. 

Fig. (8): TVB-N of chicken meat during 3 
freeze-thaw cycles. 
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TVB-N: 

As shown in Fig. (8), the mean values of TVB-N (mg / 100 g) in imported broilers was 

significantly (P<0.05) lower than that of local broilers after the 1st F-T cycle, which continued 

by the 2nd F-T cycle. As the F-T cycles increased, it is obvious that TVB-N values increased 

for both imported and local broilers. According to the Egyptian standards (ES, 1090\2005), the 

imported broilers were within the permissible limit (20 mg /100 g) even after the 2nd F-T 

cycle. Moreover, the local broilers exceeded this limit by the 2nd F-T cycle, which indicate the 

beginning of decomposition. These results could be explained and correlated with microbial 

load of both imported &local broiler carcasses examined. The obtained results are in 

agreement with those reported by  Xiong (2000), Rowe et al. (2004), Sriket et al. (2007), Xia 

et al. (2009), Xia et al. (2012), KAkhtar et al. (2013), Zhao et al. (2015) and Zhang et al. 
(2017) who stated that there was a significantly increase in TVB-N (P<0.05) in meat 

subjected to multiple F-T cycles. 

TBARS: 

TBARS (mg malonaldehyde /kg) mean values Fig. (9) in the 1st F-T cycle for imported 

broilers was similar (P>0.05) to that of local broilers, which continued through the 2nd F-T 

cycle. Regarding the effect of F-T cycles, it is obvious that as the F-T cycles increase, 

TBARS values of both imported and local broilers increased. However, these values were 

below the permissible limit stated by the Egyptian standard (0.9), which was exceeded by the 

2nd F-T cycle (ES, 1090\2005). The increased TBARS values indicate the increased fat 

oxidation due to fluctuation of temperature and bad storage conditions. These results agreed 

with those obtained by Benjakul and Bauer (2001), Morcuende et al. (2003), Jin et al.,  

(2009) Jin-Ping et al. (2012), Xia et al. (2012), Rahman et al. (2014) and Rahman et al., 

(2015) who reported that TBARS value significantly (P<0.05) increased as the number of 

repeated freeze-thaw cycles increased. These could be attributed to microbial growth, 

enzymatic, oxidative rancidity. 
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There are sig. diff. (P<0.05) between points having the same letter. 
 

Microbiological analysis: 

The mean values of APC Fig. (10), psychrotrophic Fig. (11) and mold and yeast Fig. (12)  

counts (log cfu/g) for imported broilers were significantly (P<0.05) lower than that of local 

broilers after the 1st F-T cycle. This result continued through the 2nd F-T cycle. Concerning 

the APC and psychrotrophic count of imported broilers. They gradually increased by repeated 

F-T cycles and reached to just above the permissible limit (5 log cfu/g) stated by the Egyptian 

standard (ES, 1090\ 2005) by the 3rd F-T cycle. Meanwhile mold and yeast count reached 

3.39 log cuf/g by 3rd cycle. In case of local broilers, these counts were much higher as they 

began with counts near the maximum permissible limit and by the 2nd F-T cycle they were 

more than this limit by about 1.8 log cfu/g. In the same way, mold and yeast count in local 

broilers began with high count (3.07) and reached to 4.13 log cfu/g by the 2nd F-T cycle. It is 

worth to mention that these results indicated the good keeping quality of imported broilers 

comparing to the local one. The obtained results agree with those reported by (Nollet, 2012).  

The increase in APC could be attributed to handling contamination during thawing process, 

bad storage condition and thawing that lead to prepare a suitable condition for microbial 

growth (Leygonie et al., 2012a and Rahman et al., 2014).  

Fig. (9): TBA means values for chicken meat 
during 3 freeze-thaw cycles. 

Fig. (10): Aerobic plate count mean log 
CFU/g for chicken meat during 3 
freeze-thaw cycles. 
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There are sig. diff. (P<0.05) between points having the same letter. 
 

 

[ 

CONCLUSION 
 

The objectives of this study were to know the effect of repeated freeze-thaw cycles of 

imported and local frozen chicken meat on the sensory, physicochemical quality and 

microbiological assessment. From the results of the present study, it can be concluded that, 

repeated freeze-thaw cycles affected the sensory, physicochemical and microbiological 

quality of chicken meat causing the deterioration of meat quality. It may also be concluded 

that avoiding repeated freezing and thawing of broilers was the best. The results of this study 

indicated that, the sensory characteristics, physicochemical characteristics of imported chicken 

were better than that of local broilers that deemed as spoiled by the beginning of the 3rd F-T 

cycle.  This may be attributed to the low hygiene practice during slaughtering and preparation 

of local broilers.  

Fig. (11): Psychotropic count mean log CFU/g 

for chicken meat during 3 freeze-

thaw cycles. 

Fig. (12): Mold and yeast count mean log CFU/g 

for chicken meat during 3 freeze-

thaw cycles. 
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 هدروتسملاو ةیلحملا نجاودلا موحل ةدوج ىلع ةددعتملا ھباذلااو دیمجتلا تارود ریثأت
 مساق زیزعلا دبع دمحم ناھیج3 صاوخلا دلاخ2 سابع دیمحلا دبع هورم1

 ةزیجلا ىرطیب بط ةیریدم – موحللا ىلع شیتفتلا ةرادإ  - لوأ ىرطیب بیبط1
 ىقدلا -  ناویحلا ةحص ثوحب دھعم - موحللا ىلع ةیحصلا ةباقرلا مسق  - ثوحب سیئر 2

 ةرھاقلا ةعماج - يرطیبلا بطلا ةیلك - موحللا ىلع ةیحصلا ةباقرلا ذاتسأ 3  
 

 

 يبرعلا صخلملا
 

 ھباذلاا تایلمع راركت نا لاأ ماع نع دیزی ام يلا موحللا ةدوج يلع ظافحلا لئاسو لضفأ دحأ دعی دیمجتلا نا مغرلا يلع

 نم ھیعیبطلا موحللا صاوخ ثیح نم نجاودلاو موحللا ةدوج يلع ابلس رثؤت يتلا لكاشملا ربكا دحأ ربتعت دیمجتلا ةداعاو

 ریثات ةفرعم وھ ةیلاحلا ةساردلا نم فدھلا نا .ایجولویبوركیملاو ةیئایمیكلا صئاصخلا اضیاو ةحئارلاو سململاو نوللا

 ھیعیبطلا صاوخلا يلع ریثأتلا ثیح نم ةیلحملاو ةدروتسملا  ةدمجملا نجاودلا موحل يلع دیمجتلاو ةباذلاا تارود راركت

 ءارجا مث لماكلاب  اھتباذا متی يتح دیربتلا تاجلات يف ةدمجملا نجاودلا تانیع ةباذا تمت .ایجولویبوركیملاو ةیئایمیكلاو

 .عوبسا ةدمل رزیرفلا يف  يرخأ هرم اھدیمجت ةداعا و اھیلع ةیلمعملا براجتلا

 ریغلا نجاودلا موحل يف ةیسحلا صاوخلا يف يبلسلاریغتلا يف ةدایز يلا كلذ يدا دیمجتلاو ةباذلاا تارود ددع داز املك

 يلاصفنلاا لئاسلا كلذك و دیمجتلاو ةباذلاا تارود ةدایزب ةحئارلاو سململاو حضاولا نوللا ریغت  ثیح نم ةیھطملاو ةیھطم

 لكشب يلولاا ةرودلا دعب لقت يتلاا موحللا هوارط يلع ریثأتلا كلذكو دیمجتلا و ةباذلاا تارود ددع داز املك لقی يذلا

 موحل يف ةدوجوملا تانیتوربلاریسكتوو نوھدلا دسكأت ةدایز يلا يدؤت دیمجتلا و ةباذلاا تارود ةدایز اضیأ .ظوحلم

 ھبحملا ایریتكبلا ددعو ةیئاوھلا ایریتكبلا ددع دیزی امك. ةحئارلاو معطلا يف ظوحلم ریغتو اھخنرزت يلا يدؤی امم .  نجاودلا

 ةحلاص ریغ كلذب حبصتل ھیرصملا ةیسایقلا تافصاوملا يف ةب حومسملا دحلا نع تایرطفلا كلذكو هدوربلل

     .يمدلاا كلاھتسلال 

 

 

 


