
The Custodian of the Two Holy Mosques Institute for Hajj and Umrah Research, Umm Al-Qura University49 

 
 

Evaluation of antimicrobial effect of Chitosan and acetic 

acid during thawing of frozen chicken 
Shawkt m.Fathi(1),  Osama A.Aattala(2), Bassam H.Mashat(2) 

(1) Faculty of agriculture and veterinary medicine al qassim university  

(2) The Custodian of the Two Holy Mosques Instittute for Hajj and Umrah Research 

 

تقييم الشيتوزان وحامض الخليك كمثبطات لنمو الميكروبات أثناء عملية 

 إذابة الدواجن المجمدة

 

 (2)، بسام حسين مشاط(2)اسامة على عطالله ،(1)شوكت محمد فتحى
 كلية الزراعة والطب البيطرى جامعة القصيم (1)

جامعة ام القرى - فين لابحاث الحج والعمرةيمعهد خادم الحرمين الشر (2)

 

 :(Abstractملخص البحث )

نجمععروفومنجفررمج ورررجملم مروتجي ررعةنجمعرر  وىج عتبرتج لويررلأجى مفرلأجمعرر ةم يجملمالرر ةجفريجمعلقرروطجمتج  ررلأجفرمجملم مرروتجمعختمييرلأج ونررلأجفررو

ملمالررر جفرررمجم رررةمضجملمرررو جمع رررو يجع نررر ملمجفررريج لويرررلأجفلررروجيع رررببج ررريج عررررج قررر جفرررمجمعقيلرررلأجمعختمييرررلأجعوررر ةم يجةملم رررو  ةج  رررمجالرررةج

 5 -0لأج رر م ةج)ملميع ةسرروتجملم رربتلأجعو  ررو جةمعع ررلمجمعخررتمد جذجة عتبررتجمض مفررلأجفةمنررطلأجةضرر جمعلجررةاجملمالرر ةجفررمجمعث  رروتجج لرر ج   رر

نرررو لأججفررريجمةرررمجةم  ررر جمعطررر  جمعصرررجيلأجملمتتعرررلأجةععررريجعواررر ةبجمتخونرررلأجفوع  رررتلأجعول مررروتجمعختمييرررلأجة ونرررلأجج24   رررلأجفرةبلأ(لمررر ةج

فطوفخجملممو  ج(جفمجفعلأجملمع فلأجةملممرو  جملمق نرلأجة  رمجمعر غمجفريجمنجةلرونجقةم ر جفلار  ةجععلويرلأجمض مفرلأجعلجرةاجج-)فطوفخجمض و لأج

ارلأجةلرونجنررعةسوتج ةم رلأجمععروفومنجفرمج ل يررتج وررجمض ر تمةوتجة عررجععرر ةجمنرتو جف  روجضريقجملم ررو وتجفرمجملمطروفخجة رر اجملمالر ةجمضجم

 ر اج رةم  جث  روتجمةجفبرت متجععلويرلأججمض مفرلأجمعصرجيلالأجةملمطوةسرلأجفريجمتاهروتج متجمعع قررلأج,ة رة جفلطقرلأجفخصصرلأجععلويرلأجمض مفرلأج

نررو لأ(جةماررلأجج12-10معررت ةةجفثرر جفةمنررمجمتشرر جة ف ررونج) لاترروىج لويررلأجمض مفررلأجماررمج ررةمامججضرريقجمعةقررتجة ونررلأجفررمجمةقرروت,)مضفوارروتج(

ضفرررر جفرررريج اهمررررحجة ترررروتجمعخررررتم جةمععمررررو جععرررر  ج تمررررتجفرررريجمتشارررروىجةملمعتلرررر بيجفررررمجمقصرررر جةقررررتجفلعرررريجةعهررررتمجمنرررروة جمض مفررررلأجملمتترررر جفررررمج

أنجيًةنجمنتخ ماجملمةم جملمثتطلأجعللةجملميع ةسوتجفمجم ةمضججمعث  وتجضجي  جفتلا متج ورجمعة توتجفمجملمةم ي جملمطوةسلأجعتعرجيلعي

مض مفرررلأجعول رررو  ةج  رررمج قويررر جمعتورررةثجملميع ةنررر جة ونرررلأجمع رررولمةاي جةمض مت رررو جكرررةض .جةبلعررريج ق ررريمج وررررجملمرررةم جمع لرررةم جمعطتيعرررلأج

ةعهررررررروج ررررررروثمتجف رررررررو جعوليع ةسررررررروتجةبلعررررررريججةمععيليوييررررررلأجةمعتيةعة يرررررررلأ.ةاعتبتجمعمررررررريتةزمنجفررررررريجملمرررررررةم جمعطتيعرررررررلأجةملم تخوصرررررررلأجفررررررريجمععيترررررررمن

منتخ مفهوجضةوعلأج  تةجن  يلأجململتاوتجمعختمييلأجة مجمنتخ مفهوجف ج وف جمتخويرجةةةجفيجملمةم جمععيليوييرلأجمعارىج  رتخ اجفوفرونج

 رةمضجمعارىج رمج واجفمجفاو جمضغتيلأ.ةق جقوفتجةتةجمع  منلأجعوتلاققجفريج روثمتجمعمريتةزمنجةفقو اترلأجفر ج روف جمتخويررجملم روبجمارمجم

-%0.5 ي روج لويرلأجمض مفرلأج  رمجمع ريط ةج  رمجفيع ةنر جمع ررولمةاي جةم جكةض .ةقر ج رمجملمعوتارلأجفللاورة جمعمريتةزمنجف ت مرحمتجفختو ررلأج)

(ععرررر جف  لرررروجة ررررمج لاررررصجمععيلرررروتجع  تتررررو تجمتج رررريلأجةمعتعتمتيلأ.ةقرررر جمظهرررر تجج%1(جة ورررريطجف  لرررروج)%1ج-%0.5(ة رررروف جمتخويررررر)1%

(جةمتخورررررريطجف  لرررررروجعررررررمجيختوررررررفجفعلةبرررررروج رررررريجملمالة ررررررلأجمع رررررروفطلأج%1-%0.5(جة رررررروف جمتخويرررررررج)%1ج-ج%0.5تةزمن)جمعلترررررروي جمنجمعمرررررري

فوع  ررررتلأجماررررمجمض تتررررو متجمتج رررريلأج.مفرررروجفوع  ررررتلأجعو رررريط ةج  ررررمجفيع ةنرررر جمع ررررولمةاي جةم جكررررةض ج وررررمجيعرررريجةلررررونجم ررررت بجفعلررررة جفررررمنج

ج%1فيللررروجم  حعرررتجفلاورررة جمعمررريتةزمنجة ررروف جمتخويررررجج%0.5متخويررررجمععيلررروتجمع ررروفطلأجة وررررجمعارررىج ةتارررتجفوعمررريتةزمنجمة ررروف ج

 مجة رررتعرجكررونجةلرررونج ررو  جفعلرررة جفررمنجةمارررحجفررمنجمنرررتخ ماجمتخورريطجفررريجمعمررريتةزمنج\عة ويررلأ1م رر م جفيعررر ة جمع ررولمةاي جفلقررر م ج

عررررر ة جمع رررررولمةاي جفلقررررر م ج  رررررمجمععررررر  جمعع رررررمجعوتعتمتيررررروجةفيعررررر ة جمض مت رررررو جكرررررةض جةم  رررررحم جم ررررر م جفيج%1ة ررررروف جمتخويررررررجف ت مرررررحج

ج%1 رررر ماج رررريجمععيلرررروتجمع رررروفطلأ.جةسوعترررروامج ةصرررر ىجمع  منررررلأجفونررررتخ ماج ورررريطججفرررريجمعمرررريتةزمنجة رررروف جمتخويرررررجف ت مررررح\عة ويررررلأج1,2

 ة عرجفوضو ت لوجمامجملميوةجملم تخ فلأجفمج لويلأجنه جمع ةم يجملمال ةجة عرجعو يط ةج  مجمعتوةثجملميع ةن .

 مع ولمةاي ج-مض مت و جكةض جج-ى مفلأجمعلجةاج –مع  وىجملمال جج- ل جمتخويرجج-ةزمنجمعميتجالكلمجت المفتجحيد:
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Thawing process in chicken preparation is considered a critical step because handlers in food service establishment put 

frozen chicken in a Hot Water to enchantment the defrosting food material. Thawing  by placing the frozen meat in the 

refrigerators at a temperature (0 - 5 °c) for 24 hours of the most important and best methods of health, but the special 

circumstances for the food and especially (kitchens – masahar  kitchens) in Mecca and the holy sites and although 

There are specific rules for the process of melting frozen meat, but there are difficulties faced by the workers in the 

implementation of these requirements for several reasons and narrow areas in the kitchens and the absence of an area 

dedicated to the process of melting, the absence of refrigerators or coolers for the correct process required by the 

relevant authorities, Especially during peak times, such as the Hajj and Ramadan seasons (the process of thawing needs 

about 10-12 hours), and that meals and dinners should be prepared for a large number of pilgrims in the shortest time 

possible. Therefore, the method of thawing used in refrigerators is not sufficient to prepare these meals on the required 

time. The use of inhibitory microbial agents in melting ponds can help to reduce microbial contamination, especially 

salmonella and Eshrachia coli. The application of decontamination treatments during chicken processing specially 

during the thawing step could be highly useful to prevent the growth of food poising microorganisms causing spoilage 

of poultry meat. Several decontaminants have been reported to be effective in destroying pathogens; these treatments 

can be classified as natural and chemical decontaminants. Chitosan is a natural bioactive polysaccharide, derived from 

deacetylation of chitin with intrinsic antimicrobial activity and can be recognized as a natural alternative to synthesized 

antimicrobial for extending perishable food shelf life. Also organic acid with proven effectiveness as a decontaminant 

with different kinds of food, acetic acid is generally recognized as safe substance (GRAS).Therefore, the present study 

designed to investigate the effect of chitosan and acetic and their combination on the process of thawing of frozen 

chicken and decontamination of Salmonella typhimuium and E. coli. Addition of chitosan and acetic acid in water used 

for thawing process at a concentration of chitosan 0.5%, 1% and acetic acid 0.5%, 1% solutions beside their 

combination. Treated samples were examined for sensory attributes and bacterial load .Samples treated with chitosan 

0.5%, 1% and combinations with acetic acid did not significantly differ from the control samples for sensory attributes. 

Using of acetic acid 1% reduces the bacterial load (Apc). Chitosan 0.5% and acetic 0.5% nearly had no effect on 

reduction of E. coli and salmonella. Combination of acetic acid 1% and chitosan 1% reduced E. coli and salmonella 

count. 

Key words: Chitosan, Acetic acid, Chicken, Thawing, E.coil, Salmonella 

Introduction 

Poultry meat shelf life is affected mainly by two factors, storage temperature and initial microbial load. Consequently, 

refrigeration storage is a crucial step that significantly prevents microbial  growth and maximizes both product safety 

and shelf life karadag and puhakka (2010).Poultry meat is a highly perishable food commodity providing an almost 

perfect medium for microbial growth ,including both spoilage and pathogenic microorganism ,therefore the microbial 

contamination during the poultry processing is very crucial(Jay el al., 2005).The application of decontamination 

treatments during processing specially during thawing process could be highly useful because growth of food poisoning 

microorganisms. Several decontaminants have been reported to be effective in destroying pathogens, these treatments 

can be classified as physical, chemical, and biological decontaminants Capita et al.( 1999) .Thawing process is to melt 

the frozen food by extracting the food from the freezer and transfer it to the refrigerators at a temperature of( 0 ° C to 5 ° 
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C). Thawing process is a critical control point due to growth  of microbes specially (E. coli and  salmonella), It is 

considered to be one of the most important causes of food poisoning Mor-Mur,and Yuste( 2010), especially since it has 

sufficient time and grow in a highly nutritive media (water and proteins), which needed to grow rapidly and secretion of 

toxins in those meat, which leads to damage and corruption (change in color and odor of meat) and deceased  the 

nutritional value and sensory evaluation of poultry meat. The results of the previous research found that the survival of 

bacteria in food for two hours or more at the temperature of the area of danger zone (5-60°c) helps to damage and 

causing spoilage of those foods. Acetic acid is generally recognized as safe substance with no upper limit of daily intake 

for humans several of the organic acids investigated for application in poultry include acetic, formic, citric, lactic, and 

propionic acid. Although these acids can be effective antimicrobials, it has been reported that they could cause negative 

flavor and color changes Bagamboula et al. (2004). To avoid the negative quality changes associated with organic acids, 

the ideal approach is to combine antimicrobials. This will allow the use of lower levels of organic acids but maintain the 

antimicrobial efficacy of the compound. Chitosan is a natural carbohydrate polymer derived from the decetylation of 

chitin ,a main component of exoskeletons of crustaceans .different production methods are used to produce chitosan 

with different chemical properties ,which potentially reflect variations in the  antimicrobial activity No and Mryers 

(2002).With increasing consumers awareness of food treated chemicals, food industry became highly interested in 

applying natural compounds that could achieve a high level of food safety Rauha et al.( 2000) .Therefore , the present 

study was designed to investigate the effect of chitosan as a natural decontaminate and acetic acid as a chemical 

decontaminate on reduction of microbial load during thawing process. 

Research aims  

The present study was designed to investigate the effect of chitosan as a natural decontaminate and acetic acid as a 

chemical decontaminate on reduction of microbial load during thawing process. 

Research methodology  

The experiment was designed to investigate the effect of chitosan and acetic acid on microbial load during thawing of 

frozen chicken. 

Preparation of samples: 

Five groups of whole chicken samples obtained from local markets (average weight of each sample 1 kilo gram) 

Preparation of treatments: 

Chitosan: acid soluble chitosan (SIGMA ALDRICH) and used as solvent for 0.5% solution of acetic acid (v/v) in distilled 

water. Concentration of 0.5 and 1% chitosan were prepared (w/v). 

Acetic acid: a solution of 0.5 and 1% of acetic acid in distilled water (v/v) was prepared. 

Application of chitosan and acetic acid on water used thawing of frozen chicken: 

Five treatments solutions were performed as follows : chitosan 0.5% ,chitosan 1% ,0.5% acetic acid 1% acetic acid and 

combination between chitosan 1% and acetic acid 1% . Each solution was used as a dipping solution for a group from 

previously prepared solution frozen chicken (100ml prepared solution added to two liter of water) in addition to control 

where dipped in water only. 
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Sensory examination: 

Three raw samples were examined for its appearance, odor, consistency, and overall acceptability score according to 

Sumarmono and Raharrdjo(2008)using five point hedonic scale where 1 (very bad) to5 (very good) then the average 

was recorded as overall sensory score. 

Bacteriological examination : 

Bacterial counts -:ج  

The technique recommended by Downes, Ito and Association (2001) was applied. 

Preparation of sample homogenate :-  

Ten grams of the chicken samples were weighed under aseptic condition into sterile stomacher polyethylene bag 

containing 90ml of a sterile ringer solution (OXIOD, BO0619), stomached in stomacher for 1 minute at room 

tempature,Then fivefold serial dilutions were prepared using 0.1 ringer solution. 

Bacteriological analysis was performed according to the standard procedures for enumeration and identification of 

microorganisms (ICMSF 2005) as follows :-  

Aerobic plate count. 

 .Isolation and identification of Salmonellaج

Isolation and identification of E. coli. 

Statistical Analysis: 

 All data were analyzed using Statistical Analysis System SPSS Comparisons between treatments within each analysis 

were tested. Significance was determined by the F-test and least square means procedure. Main effects were considered 

significance at P<0.05. 

Results and discussion  

Sensory attributes (mean values ± SD) of different treated frozen chicken samples (TABLE 1) 

treatments control 0.5% acetic acid 0.5% chitosan 1% acetic acid 1% chitosan 
1% acetic and 

1% chitosan 

appearance 
5.0a 

±0.0 

5.0a 

±0.0 

5.0a 

±0.0 

5.0a 

±0.0 

5.0a 

±0.0 

5.0a 

±0.0 

odor 
5.0a 

±0.0 

5.0a 

±0.0 

5.0a 

±0.0 

5.0a 

±0.0 

5.0a 

±0.0 

5.0a 

±0.0 

consistency 
5.0a 

±0.0 

5.0a 

±0.0 

5.0a 

±0.0 

5.0a 

±0.0 

5.0a 

±0.0 

4.6a 

±0.18 

Overall acceptability 
5.0a 

±0.0 

5.0a 

±0.0 

5.0a 

±0.0 

5.0a 

±0.0 

5.0a 

±0.0 

4.8a 

±0.12 

Sensory analysis: 

Appearance is one of the most important sensory attributes of poultry meat as it can generally persuade a consumer’s 

decision to purchase meat 

Application of acetic acid and chitosan (0.5%, 1%) has no significant effect on appearance, odor, consistency and overall 

acceptability compared with control samples was observed. The obtained results are in agreement with that reported by 

kross(2004)and Qiao(2002).Combination of acetic acid and chitosan treatment(1%)for each showed slightly slimness 
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(this could be attributed to the viscous nature of chitosan solution),while this combination had no effect on odor and 

overall acceptability. The results recorded by Ibrahim and El-khawas (2015) are in agreement of the obtained results. 

Results of microbial counts of the treated frozen chicken samples (log cfu| g mean ± SD) (TABLE 2) 

treatments Aerobic plate count Salmonella E.coli 

control 
4.2a 

±0.20 

5.0a 

±0.20 

5.3a 

±0.21 

0.5% acetic acid 
4.0a 

±0.5 

4.8a 

±0.15 

4.8b 

±0.42 

0.5% chitosan 
4.1a 

±0.25 

4.8a 

±0.15 

4.8b 

±0.36 

1% acetic acid 
3.8a 

±0.26 

4.5b 

±0.20 

4.3b 

±0.35 

1% chitosan 
3.9a 

±0.29 

4.6b 

±0.20 

4.3b 

±0.35 

1% acetic and 1% chitosan 
3.7b 

±0.2 

3.3b 

±0.8 

3.8c 

±0.34 

Results of microbial counts of the treated frozen chicken samples (log cfu/ g mean ± SD) Figure (1) 

 
The control of foodborne pathogens in primary production, at hatchery and farm levels, is the first important step in the 

safety of poultry meat during the whole production chain. The microbiological condition of live birds influences the 

microbiology of the products as live animals are the principal source of microorganisms found in poultry carcasses 

European Union (1998). 

Table (2) and Fig. (1) represents a marked decreased in aerobic plate count (log cfu|g) was seen in all examined samples 

treated with (0.5%, 1%) acetic acid or chitosan compared with control .Combination of acetic acid and chitosan at a 

concentration 1% revealed a significant reduction in aerobic plate count than control samples ,the obtained results 

generally agree with that obtained by Chounou et al.(2013). 
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Poultry meat ranked first as cause in food poisoning with incidence of 29.32%, followed by meat with incidence15.33% 

Altabari and Ai-dughaym(2002).The food poisoning microorganisms causing outbreaks were mainly salmonellae and 

E.coli .These bacteria are considered indicators of microbiological quality. 

Table(2)represents the initial count of  Salmonella Typhimurium in control and treated samples with 0.5% acetic acid 

and 0.5% chitosan were 5 ,4.8,4.8 log( cfu|g),respectively with no significance difference between these groups, while 

samples treated with 1% chitosan and 1% acetic acid showed reduction in salmonella count(4.6,4.5 log cfu|g).On other 

hand treated samples with combination of acetic acid and chitosan at 1% showed significantly reduction 3.3 log cfu|g, 

these results agreed with Wang (1992) and Knowles and roller(2001).Antibacterial activity of chitosan involves binding 

of the amino group of chitosan to the surface components of bacteria ,thereby inhibiting their growth, chitosan bind to 

the negative charged bacterial surface to disturb the cell membrane and cause cell death due to leakage of intracellular 

components Sudarshan el al (1992). 

E.coli counts were determined on broiler chicken carcasses visibly and not visibly contaminated with fecal material 

during commercial slaughter practice Jimenez et al (2003). 

Table (2) and Fig.(1)showed significant reduction in E.coli count could be observed in samples treated with chitosan 1% 

and 1% acetic acid than control and chitosan and acetic acid at a concentration  0.5% 

Reduction of E.coli count may be attributed to acetic acid at 1% decreases the ionic concentration within the bacterial 

cell membrane of the exterior cell wall of the bacterial organism. This leads to an accumulation of the acid within the 

cell cytoplasm, acidification of the cytoplasm and inhibition of substrate transport Praveen et al (2007). 

conclusion  

From the obtained results, it could be concluded that treatment with chitosan1% and 1% acetic acid can slightly reduce 

bacterial load specially Aerobic plate count and E. coli, while treatment with 1% acetic acid and 1% chitosan 

combination between them proved significantly reduction in Salmonella and E.coli count by 1- 1.5log cfu|g and has no 

adversely effect on odor, consistency, and overall acceptability. 

Recommendations  

 The application of decontamination treatments during chicken processing specially during the thawing step could be 

highly useful to prevent the growth of food poising microorganisms causing spoilage of poultry meat. Especially during 

peak times, ( Hajj and Ramadan seasons) the process of thawing needs about (10-12 hours), and that meals and dinners 

should be prepared for a large number of pilgrims in the shortest time possible. Therefore, the method of thawing used 

in refrigerators is not sufficient to prepare these meals on the required time. The use of inhibitory microbial agents in 

melting ponds can help to reduce microbial contamination, especially salmonella and Eshrachia coli.  
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