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Abstract: (Key words: Leftovers, cooked poultry, sensory analysis, deterioration criteria
bacteriological quality)
Leftover foods are cooked foods that were not consumed within 4 hours after cooking or cooked
foods that may be consumed after they have been stored in the refrigerator or freezer. These
leftovers should be utilized carefully as it may harbor and support growth of food borne
pathogens and causing food borne outbreaks. In part 1 of this study a survey on the quality of
leftovers in student hostels was performed by collection of 25 samples of leftovers cooked
chicken cuts (14 chicken thigh and 11chicken breast) from the central kitchen of the student
hostel of Cairo University in Giza in order to investigate their sensory, chemical and
bacteriological quality. The obtained results revealed that the mean values of APC, total
Staphylococcal count, total coliform count, Pseudomonas & Aeromonus counts, Psychrotrophic
count were 2.39±0.38, 2.07±0.17, 3.29±1.07, 1.88±0.45, 2.12±0.27 log cfu/g for the cooked
leftover chicken thigh, respectively and 2.53±0.49, 2.31±0.35, 3.73±1.67, 2.27±0.33, 2.3042 log
cfu/g for frozen cooked leftovers chicken breast, respectively. Salmonellae and Escherichia coli
were not isolated from any of the examined samples. The majority of the investigated leftovers
cooked chicken samples from the University student hostel revealed microbial loads within the
standard acceptable levels, however, the sensory scores showed slightly lower scores for flavor.
In part 2, the effect of refrigerated storage at 4ºC and frozen storage at -18ºC on the sensory
quality, bacteriological and the deterioration criteria were studies under controlled conditions of
cooking and storage. The results revealed that the cooked poultry cuts under refrigerated storage
were remained within the acceptable levels of bacteriological and sensory scores until the 14th

day of storage at 4ºC. After this time the sensory scores decreased lower than the acceptable level
but without development of off-odor until the 21st day of storage with higher values for
deterioration criteria (pH, TBA. The bacteriological quality of frozen cooked chicken cuts were
within the acceptable counts until the 12th week of storage, however, the sensory attributes
remained with the acceptable scores (3.5) until the 8th week only. Therefore, the shelf life of
frozen cooked chicken cuts should not exceed 8 weeks under controlled freezing conditions at -
18 ºC.
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INTRODUCTION

Outbreaks of food poisoning commonly increase in closed communities where

food is prepared and served centrally for a sizable population such as student’s hostels,

elders homes, prisons, hospitals and nursing homes, due to community kitchen

practice. This increase may be due to the high number of individuals using the kitchen

and the lack of feeling of responsibility and their differing standards of hygiene

(Kunwar et al., 2013).

Food service is responsible for about 58% of outbreaks of food borne illness

because of modern processing methods, handling and distribution, takes longer for

food to reach the table and it is more likely to be contaminated with microorganisms.

Centralized kitchens and mass feeding operations mean that more people are affected

by a contaminated food. So protecting food service customers from food borne illness

is complicated but important. Therefore, prepared food should be kept wholesome

and safe by good sanitation during preparation and storage (Sharp and Walker,

2003).

Leftover foods are cooked foods that were not consumed within 4 hours after

cooking or cooked foods that may be consumed after they have been stored in the

refrigerator or freezer (http://whatscookingamerica.net/Poultry/leftovers.htm).

Leftovers is a major challenge facing community, kitchen, where large number of

meals are prepared as reported by management sector, while the real number of

consumed meals is lower than the prepared meals. Cooked leftover foods have reduced

levels of background microflora, however, if cross-contamination occur during

refrigerated storage, leftover foods may harbor and support growth of food borne

pathogens, especially Psychrotrophic pathogens such as Listeria monocytogenes and

Yersinia enterocolitica (Murphy et al., 2001).

Although cooking destroys most micro-organisms, the product is easily

contaminated after cooking, by food handler, utensils and surfaces in the kitchen.

Therefore, there is a danger of food poisoning from such contamination. Both food-
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borne pathogens and food spoilage microorganisms can multiply if food is not

maintained at proper temperature or kept at the hazardous zone and if there are

prolonged time between food preparation and distribution or serving (Reglier et al.,

2005). As the incorrect storage of cooked foods increase the chance of food poisoning

cooked leftover poultry meat should be kept under 5 ᵒC or above 63 ᵒC.

Cooked foods are very easily contaminated and utilized by micro-organisms

because the structure of the tissue is soft when compared with raw foods. Therefore,

there is a danger of food poisoning from such contamination. The storage temperature

will affect the shelf-life of the cooked chicken. Moreover, fluctuations of temperature

during storage give a chance for growth of these microorganisms. Spoilage of the

chicken cuts during frozen storage is considered as one of the most greatest problems

affect the meat quality and consumer acceptance, Moreover, factors such as

temperature, time and storage conditions have direct effect on physical, chemical and

microbial quality of such meat (Zuset et al., 2000). In addition, oxidative

deterioration which occurs rapidly during refrigerated or frozen storage leads to loss of

quality of the cooked chicken cuts because of rancid odor and taste development. The

chicken cuts are more susceptible to rancidity due to higher content of unsaturated

fatty acids (Ang, 1988). Moreover, refrigerated storage provides ideal conditions for

the growth of psychrophilic spoilage organisms, so that cooked chicken may have a

very short shelf-life, often no more than 2 days at 4 ºC. After this time, the increase in

numbers of spoilage bacteria is rapid, producing visible changes in appearance of the

chicken and disagreeable odors and taste, making the product unacceptable (Toule

and Murphy, 1978).

Cold storage is now one of the most widely practiced methods of controlling

microbial growth in perishable foods. As a result of this practice, it has been shown to

be a potential risk factor for the development of microbial hazards leading to

foodborne illness. Therefore, Control of the storage temperature is vital in maintaining

the quality and safety of refrigerated foods throughout the food environment. As a

consequence, it is important that good chill/storage procedures are in place to ensure



Introduction

3

that such foods are not only achieve their required shelf lives but are safe for

consumption by the end user. While major manufacturers and retailers operate a

constant and effective cold chain, surveys in the U.S. have revealed that 20% of

domestic and commercial refrigerators operate at a temperature of >10°C which are

not suitable for storage of food.

A majority of the refrigerators are working with temperature higher than

recommended level due to possible failures in complete closing of doors or even

cooling systems, which may lead to the growth of mesophilic bacteria such as

Salmonella and Staphylococcus, as the most prevalent causes of food-borne diseases in

the world. L. monocytogenes is notable for its ability to grow at refrigeration

temperatures, which causes considerable concerns for food safety (Pal et al., 2008).

This could be associated to the ability of this pathogen to contaminate variety of foods

that are commonly stored in refrigerators (Marzocca et al., 2004). In many countries,

Staph aureus is considered as second or the third most common pathogenic bacterium

which is responsible for the outbreaks of food poisoning. Moreover, mesophilic Staph

aureus is a potential food- borne pathogen that produces enterotoxin and causes-

intestinal disorders after consumption of contaminated food (Esfarjani et al., 2016).

Existence and growth of mesophilic organisms such as Staph aureus in the refrigerator

surfaces could be attributed to insufficient personal hygiene practices, operating above

the recommended temperature especially due to capability of the bacterium to grow in

refrigerators at 6.5°C (Flynn et al., 1992; Jackson et al., 2007).

Hygiene and quality control of cooked food has been recommended in many

countries. One of the most important methods for quality control is using microbial

standards with microbiological examinations. These examinations include TBC,

Coliforms count and survey of pathogenic bacteria including Escherichia coli, Staph

aureus and Salmonella spp (Cenci-Goga et al., 2005).

To the best of our knowledge, limited data are available on the quality of leftover

cooked poultry meat, therefore, the main objectives of the current study were:
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 Performance of a survey to evaluate the quality of leftover cooked chicken cuts

utilized in the student hostels and to determine the conformity of these leftovers to

the standard specification.

 Experimental investigation of the quality of the leftover cooked chicken meat

under the good manufacturing practices and controlled conditions of refrigeration

and freezing.

 Estimation of the shelf life of leftovers cooked chicken cuts under the prescribed

condition of storage by chilling at 4ºC and by freezing at -18ºC.
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LITERATURE

Survey on the quality of cooked meat

Lotfi et al.  (1990) estimated the microbiological quality of cooked meat

collected from the Assuit University hospitals. Aerobic plate counts of 2.1x107cfu/g

were obtained; however, counts of Coliforms and Staph aureus were 9.3x102 and

2.5x102 cfu/g respectively.

Yassein (1992) recorded the presence of Coliforms and fecal Coliforms and

E. coli in the examined cooked meat samples collected from food serving

establishments in Giza area where the MPN of such organisms were 3.8x103,

8.2x102, 7.9x10/g, respectively.

Soriano et al. (2003) evaluated the microbial quality of cooked chicken breast

and the cooked chicken croquettes from the university restaurants. They found that

APC ranged from ˂1 to 6.04 log cfu/g, Staph aureus count were from ˂1 to ˂ 2.9 log

cfu/g, total Coliforms were from ˂3 to ˂2.4 MPN/g with no incidence of pathogenic

E.coli or salmonella spp. They concluded that improper handling practices to the

cooked food were the cause of that result so that they should require more attention.

Vazgecer et al. (2004) studied the microbiological and chemical qualities of

cooked chicken doner kebab. They collected 72 cooked chicken doner kebabs then

examined them chemically and microbiologically. They observed that this food could

allow growth of pathogens during cooking and overnight cooling of leftovers.

Moreover, food poisoning may occur due to improper time–temperature conditions

for heating, cooling and storage in foods such as doner kebab seasoned with

contaminated spices.
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Tavakoli and Riazipour (2008) evaluated the microbial load of cooked meat

in university restaurants. They examined Two hundred sixteen samples from four

types of consumed foods in six clinical and educational centers for bacterial

contamination by standard methods. They observed that there was no contamination

with Salmonella and L. monocytogenes. Moreover, grilled ground meat revealed the

highest contamination load according to the total bacterial count, total coliform count

and the presence of pathogenic bacteria like E.coli and Staph aureus. They concluded

that the obtained result was due to improper cooking and the longer duration between

the preparation and consumption of the foods.

Easa (2010) examined the microbial quality of fast food and traditional fast

food by collecting sixty food samples from 60 random restaurants of fast and

traditional fast foods in El Qassium, Saudi Arabia. Total viable counts were higher in

foods containing vegetable salad and fresh vegetables than in heated foods (e.g.,

chicken Shawarma, Beef burger). This has been attributed to contamination of fast

food occurred through raw foods, use of polluted irrigation waters, human.

Guirguis et al. (2010) investigated the quality and safety of meat meals

served in Cairo University male student hostel. They found that the highest microbial

load with a mean value of 2.6x105 cfu/g total count occurred during washing, while it

was almost free from microorganisms during boiling and roasting. However,

contamination can be caused by microbial cross contamination from hands and from

raw meat piece added to already cooked or slightly cooked product or from

inadequate cooking or post cooking contamination and prolonged holding of cooked

food at ambient temperature till serving.

Sharaf and Sabra (2012) examined the microbiological quality of cooked

chicken product. They observed that contamination   during processing and

preparation of cooked chicken together with post processing cross contamination by

contaminated hands, knives , other utensils during serving, all these bad hygienic
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measures, explain the higher result of APC, coliform, count and Staph aureus count

obtained in this study.

Mashak et al. (2015) studied the microbiological quality of ready to eat food

(RTE).  The samples of frozen (cooked, semi-cooked) and refrigerated (cooked)

poultry meat were obtained for bacteriological examination (Coliform, E.coli,

staphylococcal, salmonella, Bacillus cereus, Phsychrophillic, Phsychrotrophic

bacteria). They found that 65% of cooked samples and 62% of semi-cooked samples

contain more than 102 cfu/g coliform, while Staphylococcus aureus was more than

102 cfu/g in 35% and 40% of the samples, respectively. Moreover, 28% of cooked

samples and 44% of semi-cooked samples contained E.coli, 14% of all samples were

contaminated by salmonella. They concluded that the most RTE food samples

analyzed presented unsatisfactory microbiological quality and this indicated

inadequate hygienic practice

Hassan et al. (2015a) evaluated the bacteriological and chemical status of 90

random samples of meat meals in Some Egyptian Hotels to determine their hygienic

and keeping quality by counting APC, total Enterobacteriaceae count, total coliform

count and total Staphylococcal count, Salmonella count, as well as measuring pH,

TVN and TBA. they concluded that meat meals can be contaminated by several ways

such as incorrect thawing, inadequate cleaning and sanitation for utensils or post

cooking contamination resulting in higher contamination with microorganisms and

lower keeping quality measures, which leading to severe public health hazards.

Shaltout et al. (2015) evaluated the microbiological status of 60

random samples of chicken and meat (30 of each) before and after cooking (n=15 of

each) of both type from a university student hostel in Egypt. They observed that high

bacterial count of some examined samples may be attributed to neglected sanitary

measures during their handling, preparation and serving. Moreover, the presence of

Staph aureus in heat treated food may be due to its contamination from food handlers,

inadequate cleaned equipment or post processing contamination.
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Salmonella Typhimurium failed to be detected in meat meal after cooking due to

many stress factors which injured this bacteria, such as heat, which inhibit the repair

mechanisms.

Hassan et al. (2015b) investigated the bacterial Status of food meals served at

Governmental  Hospital. They collected 80 random samples of cooked beef and

chicken meat (40 of each) represented by boiled beef (20), fried beef (20), boiled

chicken meat (20) and fried chicken meat (20) for microbiological examination. They

observed that   cooking cannot destroy all microorganisms, therefore, the holding of

cooked foods at ambient temperature for several hours is the primary contributory

factor for the growth and multiplication of such organisms.

Rabbi et al. (2011) investigated  the microbial  quality of cooked food

collected from different hospitals by analysis for total aerobic count, total coliform

count and total staphylococcal count in order to determine the levels of contamination

and to relate these findings to the hygiene practice of the food handlers. According to

Gulf standard for microbiological criteria for foodstuff, all of the food samples

exceeded the acceptable total aerobic count limit of 5 x 105 cfu/g while 4 out of

6 samples exceeded coliform count limit of 1x102 cfu/g. moreover they concluded

that adequate hygiene practices are required after cooking the foods and before serving

them.

Hussain et al. (2016) stated that United State Department of Agriculture

confirms that bacterial species connected with chicken meat and its products mostly

include: Salmonella Enterritidis, Campylobacter jejuni, Staph aureus, and Listeria

monocytogenes. Furthermore,  ready to eat meat products with Staph aureus or

Closteridium perfringens up to 106 cfu/g may cause illness, while the presence of

Salmonella is considered to be a potential hazard. Moreover, Lipid oxidation is one

of the primary causes of quality deterioration in cooked and raw meat products

during refrigerated or frozen storage.
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Sources of contamination of cooked food

Soliman (1988) reported that Staph aureus plays a great role in the bacterial

contamination of cooked meat because workers may  touch cooked food during

preparation and processing and the food may be consumed directly without sufficient

cooking or heating

Berrang et al. (1989) demonstrated that the refrigeration of the food consider

the main way and sometimes the only way to control the food borne pathogens in

different types of food. Therefore the temperature abuse of such food may lead to

food borne illness. Moreover, some Psychrotrophic pathogens can grow and multiply

in the refrigerator or still alive in the frozen food with little or no changes in the

sensory quality of the food.

Zottola and Smith (1990) reported that major factors contributing to

foodborne disease outbreaks include improper cooling (46 %), time elapse between

preparation  and serving (21 %), infected persons touching the food (20%),

inadequate processing/ cooking (16%), improper hot storage (16%), inadequate

reheating (12%) and contaminated raw food (11 %).

Knable (1995) stated that outbreaks of bacterial food borne disease from

cooked food occurred as a result of several reasons as obtaining the food from unsafe

sources, cross contamination from raw food, inadequate cooking, inadequate cooling

and reheating of the food item and the prolonged time elapsed between preparation

and consumption of the food items.

FDA (1996) reported that the refrigerators should stay at 41ºF (5 ºC) or less to

lower the growth of most bacteria. However the temperature won't kill the bacteria, it

will prevent them from multiplying so reduce the risk of hazard from this food.
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Bryan et al. (1997) founded a high aerobic mesophilic colony, thermotolerant

coliform and in a few foods, Escherichia coli counts after several hours of holding

during the day of preparation and of foods held overnight. Temperatures attained

during reheating were variable and sometimes would have resulted in survival of

foodborne pathogens that multiplied during holding.   They also observed that the

boiling of the foods is an effective method for elimination of large portion of spore

forming bacteria.

Jay (1997) reported that the method of cooking, temperature/ time of storage and

length of storage  period are the most important factors  that affect bacterial

populations and cause gradual chemical and physical changes in the meat.

Armestrong and Mcilveen (2000) studied the effect of prolonged storage on

the sensory quality and consumer acceptance of cooked meat. They demonstrated

that effective controlled cooking and refrigeration  process lead to high quality

cooked meat with prolonged durability.

FAO/WHO (2002) indicated that the temperature of cooking is considered to

be adequate to inactivate most of the cells on the chicken surface at the time of

cooking. The time and temperature factors must be sufficient to ensure the safety of

the food because it is hypothesized that 16% of the bacteria present on the chicken

are in areas that don't received sufficient heating.

Giampaoli  et al. (2002) developed  a practical audit to assess the food

handling practices of employee in the school food service. They observed that the

employees were not be take the internal temperature of the food at any time during

preparation in 10 kitchens. Moreover, the temperature of cold food was never taken

during the observation of all 15 audits and food thawing at room temperature also

was observed.
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Borch and Arinder (2002) claimed that pathogens may contaminate meats

from the environment as well via cross-contamination. Therefore, contamination

control and the effective inactivation of pathogenic bacteria are decisive to the safety

of meat and meat products because if the meat is not properly  cooked and/or

managed, it can be the source of pathogenic and toxicogenic microorganisms to the

food served at catering.

Stewart (2003) claimed that the food borne illness from the consumption of

poultry meat is commonly associated with the recontamination of cooked meat by the

food handlers and in correct storage conditions. The cooked poultry contaminated

from Staph aureus considered important human health risk as the normal competitive

spoilage flora has been destroyed therefore any time temperature will lead to the

growth of staphylococcus aureus and subsequent toxin production.

Sharp and Walker (2003) investigated that the main hazard affect the cooked

meals in student accommodation, youth hostels, nurses’ homes and shared houses is

from cross-contamination, which may be direct from raw foods or man, or more

often indirect via a vehicle such as hands, surfaces, cloths and equipment. Moreover,

the risk of cross-contamination may be exacerbated in communal kitchens owing to

the number of individuals using the kitchens, confined space, lack of feelings of

responsibility, and differing standards of knowledge and hygiene.

Maed (2004) reported that poultry meat can be contaminated with variety of

microorganisms including those capable of spoiling the product during refrigerated

storage, and certain food borne pathogens, food borne illness may follow from

handling of raw meat, undercooking or mishandling of cooked product with

contaminated hands or utensils

Marklinder et al. (2004) reported that improper storage and inadequate

cooking and reheating are some of the practices that could potentially result in
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introduction of pathogens of public health significance into food products and allow

their survival and multiplication to levels of concern.

Bennion and Scheule (2004) demonstrated that storage of raw meat, poultry

or fish on the top shelf in the refrigerator increases the risk of food contamination as a

result of the potential dripping of raw juices on to the other food beneath especially if

the food stored below are ready to eat food that will not be heated to high

temperature sufficient to destroy to destroy the pathogenic bacteria.

Re´glier-Poupet et al. (2005) demonstrated that the main factors that

contribute to the occurrence of food-borne disease are: keeping food at temperatures

outside the recommended range, inadequate cooking, poor personal hygiene among

food handlers, use of food from unsafe sources, and use of contaminated equipment.

Moreover, both harmful food-borne pathogens and food spoilage microorganisms can

multiply if food is not maintained at correct proper temperature and if there are

prolonged time between food preparation and distribution or serving.

DuToit and Venter (2005) reported that inadequate cooking, inadequate

cooling and reheating of food items and a prolonged time elapse between preparing

and consuming food items are important factors that could be contributed  to

outbreaks of bacterial food-borne disease. the   risk of bacterial food-borne disease

also increases when food is prepared in communal kitchen as in student

accommodation due to the number of individuals using the kitchens, the lack of

feelings of responsibility and the differing standards of hygiene of the users of these

kitchens.

USDA (2006) reported that cooking foods of animal origin is the most effective

operational step for reducing or eliminating biological contamination therefore,

cooking to proper temperature for specified time will kill most harmful bacteria and

parasites. Therefore, continuous monitoring to the cooking temperature is important.
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NEA (2006) reported that incidents of food poisoning have been increased

when the cooked food were left at room temperature for more than four hours.

However, it is best to consume the food as earlier as possible due to presence of

several factors such as physical condition of consumers, extent of contamination, and

virulence of pathogenic microorganisms which affect the holding time.

Hedberg et al. (2006) stated that improper refrigeration, prolonged handling and

inadequate reheating of cooked food contamination of food by food handlers are the

major contributing factors in the food borne outbreaks.

Oranusi et al. (2007) demonstrated that factors such as improperly washed

utensils and equipment, poor hygiene, dirty environment and the presence of animals

in the cooking environment contributed to the contamination of foods prepared in the

boarding schools. The major hazards associated with foods prepared in the schools

studied were the inadequate (5-10 min) time/temperature  exposure of foods,

extensive handling of foods by cooks after preparation, leaving cooked foods opens

till served to students and post cooking cross contamination.

FSIS (2008) reported that all poultry  product should be cooked to safe

minimum core temperature of 165ºF (74 ºC) measured by food thermometer to

ensure that food has reached high enough temperature to destroy mostly all the food-

borne pathogens.

Luber (2009) reported that although undercooking is mainly a risk associated

with bacterial pathogens located inside of chicken or turkey meat, cross-

contamination events transferring bacteria from poultry meat directly or indirectly to

other foods seem to be of greater importance than the risk associated with

undercooking of poultry meat.

Asselt et al. (2009) studied the effect of different cross contamination routes

on the microbiological quality of the prepared poultry meals. They observed that
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improper food handling and unhygienic behavior increases the risk of a food borne

infection. Apart from cross-contamination, undercooking is  another major factor

influencing the food safety status of prepared meals.

Patterson et al. (2010) reported that cooked poultry meat is a highly perishable

product with a shelf life of 14-15 days when stored in air at 4º C. Moreover, the

cooking process should render the meat virtually sterile but this lack of microbial

competition means that some organisms that do survive, or are introduced post-

cooking, can readily grow and reach high numbers. Post-cooking recontamination,

mainly from the resident factory microflora, and slicing procedures are regarded as

the main factors, along with storage temperature, which affects the shelf-life of

cooked meats.

Pérez-Rodríguez et al. (2010) stated that cross-contamination (during

preparation, handling and serving) and subsequent bacterial growth (during storage)

are the main causes of ready to eat (RTE) contamination and illness.   Moreover,

Cross-contaminations of foods are important causes of the occurrence of L.

monocytogenes in RTE products. Because cooked meat products are subjected to

handling and slicing, there is a chance of contamination of the products by pathogen

because L. monocytogenes could grow in cooked meat products when (levels of pH,

water activity, atmosphere and preservatives), together with storage temperatures, do

not fully guarantee the microbiological safety regarding this food-borne pathogen.

This allows L. monocytogenes reach high doses at domestic refrigeration

temperatures, especially after long storage periods.

Gupta et al. (2011) stated that the preparation of food for long time before its

consumption, storage at ambient temperature, inadequate cooling and reheating and

undercooking were identified as the key factors in the food handling that contribute to

food poisoning. Therefore to ensure the food safety, clean environment, minimized

contact with the food sample after production and also a maximum personal hygiene
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must be maintained. Moreover, utensils should be clean at all stages of food

production and food storage time should be as less as possible.

Rane (2011) stated that the major sources contributing to microbial

contamination of food are the place of preparation, utensils for cooking and serving,

raw materials, time and temperature abuse of cooked foods and personal hygiene.

Saad et al. (2011) stated that processed meats are subjected  to be

contaminated with several types of microorganisms from different sources during the

period elapses from the time of slaughtering, preparation, processing, cooking and

storage. Moreover, Staph aureus plays a great role in bacterial contamination of

cooked meat because workers during preparation and processing may touch cooked

meat that is usually eaten without sufficient cooking or heating. Moreover, coliforms

were significant organisms in meat as indicator of fecal contamination and had ability

to grow well over wide range of temperature below 10 ºC up to 46 ºC.

Aldaghri (2012) claimed that cooking could destroy most harmful bacteria,

but undercooked foods, processed ready-to-eat foods, and minimally processed foods

might contain harmful bacteria being serious health threats. Health risks have been

associated with initial and subsequent contamination during handling as these food

items would be consumed without any pre-heat treatment and thus the possibility of

food- borne diseases could be existed.

.

Sharaf and Sabra (2012) stated that food borne diseases can be resulted

when the cooked chicken meat are not properly cooked and from post-processing

contamination. Therefore, application of strict hygienic measures during handling,

preparation and serving of the cooked food are necessary.

Jain and Kaul (2014) claimed that the quality and hygiene of food served at

hostels kitchens is an important public health concern to everyone. Moreover, the

food served becomes easily contaminated, mainly due to negligence in the process of

cooking, handling or serving of food.
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Oluwafemi et al. (2015) demonstrated that perishable food will deteriorate,

even at refrigeration temperature, due to spoilage because of microorganisms, enzymes

and oxidation. Moreover, type of container or wrapping material they are stored in and

duration of storage are also important factors that influence the type of microbial

growth, toxicity and spoilage of food during refrigerated storage. Although low

temperature retards spoilage but even a sub-freezing temperature of about -7ºC does

not prevent multiplication of all microorganisms and refrigerated foods are therefore

subjected to spoilage by moulds, yeasts and bacteria.

Alum et al. (2016) claimed that a process of cross-contamination may lead to

entrance of pathogenic microorganism to the  cooked food. Therefore avoiding

contamination of leftover by covering the food well and reheating leftovers properly

are most important factors for their keeping quality.

Effect of cooking and storage on the quality of poultry meat

Patterson and Gibbs (1973) studied the effect of cooking of chicken carcass

in circulating moist air oven at 85°c for 50 min during storage at 1-3°C for up to 7

days and 16°C for 3 days on the bacteriological quality. They observed that the

residual flora consisted largely of spores forming bacteria like Bacillus subtilis and

Clostridium bifermentane; however, the non sporing bacteria were not detected after

cooking or after storage at 1-3 ºC for up to 7 days. The storage at 16°C for 3 days

markedly increased the number of the non sporing organisms although the spoilage

off-odors were not apparent until at least 10 days. Staph aureus and Salmonella spp.

were not detected after cooking and storage and Clostridium welchii was rarely

detected.

Dawson et al. (1975) studied the effect of grinding, cooking and refrigerated

storage on lipid stability of turkey meat. The samples of frozen turkey were thawed at

3C̊ then roasted, ground, and boiled as patties. They determined TBA value to
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estimate the development of lipid oxidation in breast, thigh, skin and natural

proportional combination. They observed that stability of turkey meat was greatly

influenced by cooking, grinding and refrigerated storage   as the TBA values were

highest for ground, cooked held at 7days at 3 ºC followed respectively by ground

patties held at 7days, roasted meat held at 7 days, freshly boiled patties, freshly

roasted meat and freshly ground patties .

Wilson et al. (1976) demonstrated that turkey meat is the most susceptible to

the warmed over flavor development followed by chicken then by pork, beef, mutton

in that order. The fresh cooked muscle from all species except mutton has higher

TBA value than fresh raw muscle. Moreover, the red muscle has higher TBA values

than white muscle under these storage condition indicating that the red muscle were

more susceptible to oxidative deterioration than the whit muscle.

Toule and Murphy (1978) observed that cooked chicken spoiled in normal

kitchen refrigerator (variable temperature) and at standard 4°C after 10 days storage.

They found that the number of organisms at variable refrigeration temperature were

tenfold higher than those at uniform 4°C. Moreover, they inoculated pure cultures of

organisms isolated from the spoiled chicken and observed that the main spoilage

organisms were Pseudomonas putida and Aeromonus hydrophila

Newburg and Concun (1980) found that malonaldehyde (MA) concentration

in the food affected by the cooking conditions as cooking chicken by microwave,

conventional oven, deep-fat-frying, and boiling increased MA concentrations by 60,

55, 17-19, and 22 fold, respectively and the broth contained half of the MA produced

in boiled chicken.

Pikul et al. (1984) studied the effect of cooking on the level of lipid oxidation

of the chicken breast and leg meat cooked in microwave and convection oven by

measuring the malonaldehyde level using the TBA assay method. They observed that

after 6 months of storage the malonaldehyde level increased 2.5 fold. The fat from
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meat cooked in convection oven averaged 83% higher malonaldehyde concentration

compared to level before cooking  level. Moreover,  the level of lipid oxidation

products in fat from chicken breast and legs were not significantly different in

microwave compared to convection oven cooking.

Su et al. (1991) studied the development of WOF in precooked broiler breast

meat during refrigerated storage. They found that Heat may affect development of

WOF in several ways including cooking methods, cooking temperature, cooking time

and end-point temperature of the products .Cooking conditions may affect the lipid

content and composition, the formation of browned products, the liberation of non

heme iron and accumulation of volatile compounds in cooked meat.

Ang and Huang (1993) recorded that internal end-point temperature (EPT),

packaging method and storage time affected chemical stability and microbiological

quality of chicken meat. The samples were heated to EPT of 60, 65, 70, 75, 80 or

85”C, packaged  in polyethylene bags then stored at 4°C up to 14 days. They

observed that total bacterial counts were less than 10 cfu/g at EPT 70 ºC with

negligible growth during 7 days storage and cooking of chicken to EPT above 70 ºC

reduced total bacterial counts to a negligible level at day 0. Patties precooked to 70°C

had some microbial growth after 14 days storage at 4°C and those cooked to 80°C

had negligible growth after 14 days storage. Moreover, EPT and packaging method

did not affect initial thiobarbituric acid reactive substances (TBARS) but higher EPT

accelerated the increases in TBARS values upon storage. Several volatiles including

hexanal and pentanal increased with EPT and storage time. TBARS values increased

with time during post-cooking chill storage

Kanner (1994) observed that high temperatures of cooking decreased the

activation energy for oxidation, breaking down pre-formed hydroperoxides that

propagate lipid peroxidation and the development of off-flavors. Moreover, the rapid

development of off-flavors in cooked meats is commonly described as “warmed-

over-flavor”.
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USDA FOOD CODE (1995) stated that the pathogenic bacteria grow best on

the temperature range between 4 ºC and 60 ºC, the temperature below 4ºC will not

kill the bacteria but it lower its growth and prevent its multiplication so decrease the

chance  of illness, the temperature between 60 ºC and 74 ºC may  not kill the

pathogenic bacteria but not allow them to grow. However, temperature above 74ºC

will kill the most pathogenic bacteria so this is the easiest factor in controlling

pathogenic bacterial growth.

Joseph et al. (1997) demonstrated that cooking plays a significant role in

determining cooked meat quality and palatability traits such as flavour, juiciness,

tenderness, color and  overall acceptability. Moreover, they observed Progressive

increases in sensory quality scores as internal temperatures of the cooked meats

increased and end-point internal cooking temperature of 80°C was found to be a

better indicator of doneness for all the poultry meats.

Kingston et al. (1998) reported that the products of lipid oxidation are

responsible for unacceptable off-flavors and off-odors in cooked meats and limit the

shelf-life of such meats. The reactions of lipid proceed rapidly in cooked meats and

oxidized flavors are detectable within hours of cooking, moreover, in the preparation

of cooked meat products factors such as cooking temperature and duration can also

affect the extent of lipid oxidation.

Klisby et al. (2000) demonstrated that the mechanisms of killing of bacteria

depend on the fact that all bacteria were sensitive to the heat. Therefore, the meat

must be cooked to internal temperature enough to destroy any harmful bacteria such

as E.coli, Staph aureus and Salmonella Typhimurium that may be found in the food

in order to be safe for consumption.

Byrne (2000) studied the development of WOF and  off-flavor related to

cooked, chill-stored and reheated meat. Sensory evaluation and chemical analysis
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(TBARS measurement) were performed. Strong relation between WOF and oven

cooking temperature in poultry meat has been observed. Moreover, the analysis of

TBARS revealed rapid development of lipid oxidation during refrigerated storage

and this was also apparent in the sensory profiling data related to WOF.

McCarthy et al. (2001) reported that cooking of pork patties significantly

increased thiobarbituric acid-reactive  substances  (TBARS) values with a 4 fold

increase in oxidation levels being recorded in raw patties upon cooking.

Wannas (2001) stated that cooking achieves the most important function by

destruction of the spoilage and pathogenic organisms, the number of the organisms

destroyed depend upon the time-temperature relationship which leads to reduced

population growth. However the meat is not sterilized, this effect leads to extension

of life of food.

Murphy et al. (2003) stated that once a cooking process is validated, fully

cooked meat or poultry products should be free of pathogens at the end of cooking.

However, potential recontamination during post cook handling, poses a concern.

Such an event could introduce pathogens to packaged ready-to eat meat or poultry

products.

Byrne et al. (2002) evaluated the effect of oven cooking temperature on the

Warmed-over flavor (WOF) development in the cooked, chill-stored at 4°C for

0,1,2,4 days and reheated chicken patties. They observed that increasing cooking

temperature resulted in meat samples with more  roasted, toasted, bitter  sensory

nature. Rapid development of lipid oxidation derived compound was observed with

chill-storage. Finally, they concluded that although cooking temperature was found to

increase the formation of Maillard-derived compounds, they did not appear to inhibit

WOF development in the chicken patties.
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El-Mossalami (2002) demonstrated that the cooked or heated foods which are

not consumed shortly must be cooled rapidly. Moreover, failure to cool this food

rapidly  through this range of temperature (5-50ºC) will allow the microbial

population to grow rapidly in a relatively short time as this temperature considered as

optimal for the growth of all pathogens and spoilage bacteria.

Beltran et al. (2003) observed that both cooking and addition of salts act as pro-

oxidant factors, therefore, Thiobarbituric acid reactive substances and hexanal values

tended to rise with increasing storage time at 1, 3, 6 and 9 days of storage at 4ºC.

They concluded that lipid oxidation reaction occurs easily in poultry due to highly

unsaturated fat and enhanced by heat treatment.

Hoac et al. (2006) studied the influence of heat treatment on lipid oxidation in

chicken and duck meat. Chicken and duck muscle were heated to an internal

temperature of 60, 70 or 80 ºC and the meats were then stored at 8 ºC for up to 6

days. They measured Thiobarbituric-acid-reactive substances (TBARS) on days 0, 1,

3 and 6 in heated muscle samples, they observed that TBARS increased during 6

days of storage and the formation of TBARS was affected by both the final

temperature and storage time. They concluded that The TBARS concentration

increased with increasing final heating temperature and the length of the storage time

in both chicken and duck muscles.

Wills et al. (2006) studied the effect of cooking methods on the oxidative

stability and quality of cooked meat during refrigerated storage. They observed that

cooking of meat and meat products  increases the rate and extent of oxidation,

therefore, significantly higher (P < 0.05) TBARS values were obtained from the first

day of storage.

Czarniecka-Skubina et al. (2007) estimated the microbiological safety and

shelf life of poultry dishes prepared in cook-chill technology and stored at a

temperature 3ºC±1ºC for 6 days. They claimed that microbiological quality of the
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analyzed dishes differed in series realized at spring and autumn .and in quality of the

raw materials used for processing. Additionally, application of GHP and GMP rules,

especially the personal hygiene and cleanness of technological equipment. Therefore,

the conditions of technological processes run in food serving establishment may lead

to high risk of food borne diseases infections.

Przysiężna (2007) reported a significant increase in TBARS values in poultry

meat during storage with increasing final heating temperature and the length of the

storage time for both kinds of poultry muscles (thigh and breast muscle). in case of

breast muscles increased by about 56% after 6 days, by 113% after 13 days and by

144% after 18 days, in the case of leg muscles by about 204% and 182% after 5 and

11 days, respectively in comparison to muscles stored for 1 day. More rapid changes

were observed in leg than in the breast muscles due to a higher content of

polyunsaturated fatty acid in leg than in the breast muscle. Moreover, an increase in

TBARS values was observed in poultry meat during storage occurred with increasing

final heating temperature and the length of the storage time.

Zeleňáková et al. (2011) analyzed the microbiological quality of cooked meat

products (ham salami and Spiš sausages) over their storage period by determination

of total viable counts, Enterobacteriaceae and coliforms. They observed that the

maximum growth of microorganisms occurred on storage day 21st (ham, salami) and

day 5th (Spiš sausages) at temperatures from 2 to 6 °C after the packages have been

open. Moreover, storage of meat products at refrigerated temperatures is safe as long

as all the requirements of the manufacturer are observed.

Bhat et al. (2013) studied the effect of refrigerated storage at 4±1°C on the

sensory, chemical and microbiological quality of aerobically packaged microwave

cooked chicken seekh kabab at a regular interval of 0, 7, 14 and 21. They observed

that the effect of storage was obvious as the pH of chicken kababs increased at

progressive storage intervals. The increase in pH might be due to accumulation of

metabolites of bacterial action on meat and meat products and deamination of meat

proteins. Moreover, Thiobarbituric acid reactive substances (TBARS) values showed
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a significant (P<0.05) linear increasing trend from day 0 to 21. They also found that

total plate count followed a significant (P<0.05) linear increasing trend from day 0 to

day 21 , Psychrophilic counts were not detected on day 0 and 7of storage however, it

was observed on day 14 of storage and the coliforms were not detected throughout

the period of storage. Finally the sensory attributes were acceptable during 21 days of

storage, although all the sensory parameters as, appearance, flavour, juiciness, texture

and overall palatability followed a descending trend with increase in storage days.

However, the overall palatability score of control kababs showed a significant decline

on day 21 of storage. The decrease in appearance scores might be due to pigment and

lipid oxidation resulting in non-enzymatic browning which, led to a decrease in

appearance or color score of chicken products with increase in storage period.

Jayasena et al. (2013) stated that cooked chicken meat flavor is thermally

derived via the maillard reaction, the degradation  of lipid, and the interaction

between these two reactions. They also recorded that the factors affect the cooked

chicken meat flavor include bread or strain of chicken, diet of the bird, presence of

free amino acids and nucleotides, irradiation, high pressure treatment, cooking

,antioxidant, PH and ageing.

Kerth (2013) stated that oxidation in cooked meat can be 10 times that of

fresh meat because when meat is cooked, the proteins are denatured.  The

denaturation of proteins allows the release of inorganic chemicals such as iron. Iron

is a prooxidant, meaning that it has the affinity to take electrons from other

molecules. These molecules such as fatty acids, myoglobin, and sarcoplasmic and

myofibrillar proteins can be oxidized readily. The release of electrons, especially in

fatty acids cause rancidity and can give the meat a pungent odor and taste.

Popova and Marinova (2013) studied the changes in lipid and protein

oxidation after thermal heating of meat. They observed that cooking temperature and

duration affected significantly the dynamics of lipid  and protein oxidation with

increase in the contents of TBARS and carbonyls in the cooked meat. They explained



Literature

24
24

that as high cooking temperatures increased the oxidation processes in meat,

therefore, oxidative processes lead to the degradation  of lipids and Proteins.

Moreover, the loss of antioxidant activity such as glutathione or catalase, which

could drop by up to 80% after heat treatment decomposes hydroperoxides to free

radicals and stimulates autoxidation processes and off-flavor development.

Dai  et al. (2014) investigated the changes in lipid and  protein oxidation

occurred in water bath cooked meat during refrigerated storage (7 days/4 °C) then the

cooked meat samples were analyzed at intervals of 1, 3, 5 and 7 days respectively . A

rapid increase in TBARS data was evident for all cooked samples during 5 days of

storage which is typical of stored cooked meats. During 7 days of storage, values in

the range of 0.41–1.00 mg MDA per kg meat and Protein oxidation analysis showed

significant difference (P ˂ 0.05) among storage time and the interactions between

cooking methods and storage time. They concluded that the conventional cooking

protocols always result in quality deteriorations and reduced shelf-life in meat

products due to longer cooking times.

Pizato et al. (2014) studied the effect of storage temperature at 7º C on the

physical-chemical and bacteriological quality of industrialized cooked chicken breast

meat. The cooked chicken breast meat were stored at 7 º C for 15-17 days then the

following analysis were performed; bacteriological analysis for (aerobic mesophilic

plate count, staphylococcal count, Psychrotrophic count, examination for salmonella

and E. coli ), initial pH, chemical composition and measurement of color and texture.

Salmonella spp and E.coli were not detected. They concluded that the shelf life of

cooked chicken breast meat stored at 7 º C was 13 days.

Osimani et al. (2015) evaluated the microbiological quality of cooked boiled

beef during refrigerated storage. They collected Sixty-four boiled beef samples from

university  restaurants, quickly stored them under refrigerated conditions, and

analyzed them microbiologically within 2 hours. They concluded that for cooked

meat products stored below 10°C, a high load of TMA in meat-based preparations
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might even be due to the occurrence of spoilage bacteria which is able to grow on a

non-selective PCA medium  therefore that is great indicator of the food’s poor

microbiological quality.

Pizato et al. (2015) estimated the shelf life of cooked chicken breast meat at

different storage temperatures (2, 4, 7, 10, 15, and 20°C). They assessed the shelf life

through the presence of microorganisms: mesophilic, psychotropic, Staphylococcus,

Escherichia coli and Salmonella, PH value measurement and sensory analysis. They

found that the temperature increase reduce the microbiological shelf life so cooked

chicken breast had shelf life of 23, 14, 9, 6 days, 32 h and 17 h, when stored at 2, 4,

7, 10, 15 and 20°C, respectively. They concluded that the temperature changes have

greater impact on microbial growth, sensory quality and shelf life of cooked chicken.

Esfarijani et al. (2016) reported that refrigerated foods require constant

temperature control not only to maintain the microbiological safety and quality of

foods but also to minimize physicochemical alterations  in the food. Therefore,

Temperature as a key factor in the growth of microorganisms and should be assessed

in order to control the growth of Psychrotrophic microorganisms.

Pathera et al., (2016) stated that cooking is the most important technology for

taste and odour compound formation. however, it is also the main reason for the

deterioration of this product giving undesirable odors, rancidity, texture modification,

nutritional losses  and toxic  compound production. Moreover, Lipid  oxidation is

considered to be the main reason for the negative changes in meat and meat products

and is affected by the temperature and duration of the storage.

Safety of leftovers

Bryan et al. (1971) studied the effect of cooking,  hot holding, serving,

chilling, and reheating processes on the contamination, survival and incubation of

Clostridium perfringens and Salmonella in cooked meat sandwiches in restaurants.

They observed that post cooking cross contamination by direct hands and
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contaminated utensils and environment and improper cooling and reheating of

leftovers  at suitable temperatures before serving led to contamination with and

proliferation of bacteria or sporulation so increase the risk of foodborne illness.

Food Service Sanitation (1985) reported that the maximum refrigerated

storage period of roasts is 3 days while the maximum storage period for leftover

cooked meat ranged from 1-2 days at temperature of 0 ºC - 2.2 ºC and leftover

cooked meat should be wrapped tightly.

Gessner and Beller (1994) isolated Salmonella Typhimurium from leftover

roast pork prepared by thawing two frozen pigs for several hours at room temperature

then cooking them in a gas-fired flame broiler. They concluded that care must be

taken to assure that food is both properly cooked and handled and properly reheated.

Evans et al (1995) isolated Salmonella Enteritidis in Leftover samples of a

savoury rice dish which had been prepared by heating in a microwave oven for 5

minutes and it had been prepared by the host earlier at the same day then it was kept

at ambient temperature for 2 h until serving. They concluded that the possible causes

of presence of salmonella in rice dish is the cross contamination from other leftover

contaminated food or by the food handler after cooking.

Brinkman et al. (1999) studied the microbiological quality of leftovers in

order to obtain knowledge about the microbiological hazards involved in refrigerated

storage. They collected 205 samples from domestic households leftovers (several

product categories, all prepared at home and most of them cooked, stored in

refrigerators mostly for no longer than 2 days). Samples were microbiologically

examined within 24 h after collection and after 3 days of storage at 10ºC in the

laboratory. They observed that a part of the leftovers showed very high counts due to

storage leftovers for quite a long time (up to 5 days). In 7.3% of the samples log

cfu/g appeared ˂6.0, sometimes even ˂ 7.0 (2.4%). Enterobacteriaceae were detected

in foods that had been cooked (10.7%), suggesting improper hygienic handling.
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Moreover, after 3 days of storage at 10 ºC total aerobic mesophilic counts of the food

products (both samples collected from households and artificially  contaminated

foods) increased by approximately 2 log units.

Murphy et al. (2001) stated that cooked leftover food, both in the domestic

environment and at food-service establishments, has reduced levels of background

microflora, therefore, if cross-contamination occurs during refrigerated storage,

leftover foods may harbor and support growth of foodborne pathogens especially

Psychrotrophic pathogens such as L. monocytogenes and Yersinia enterocolitica.

. Beumer and Kusumaningrum (2003) reported that handling of leftovers is

the further high risk factor in domestic kitchen. Moreover, leftovers should be

handled hygienically, kept in clean trays, cooled as quickly as possible, covered and

then stored in a refrigerator (4–7◦C) for no longer than 3 days. If longer storage is

necessary, the leftovers should be frozen.

Terpstra et al. (2005) reported that food-borne disease may occur as a result

of the consumption of food that had been handled un-hygienically due to

contamination with, and possible growth of pathogens by time temperature abuse.

Moreover, they explained that leftovers should be kept in refrigerator for 2 or 3 days

according to the guidelines provided by the Dutch Food Institution which was taken

as reference for the proper storage duration and the correct storage method of food in

their study. They also found that most respondents think that perishable products can

be stored longer than the recommended guidelines, especially knowledge of storing

leftovers.

Taulo et al. (2008) demonstrated that although food is cooked (boiled) at a

temperature high enough to inactivate pathogens,  post-contamination and cross-

contamination that is being promoted by unhygienic food handling, and incorrect

storage practices are causing this “safely prepared food” to be unsafe. Moreover,

storage of leftover food is one of the high risks in domestic kitchens as storage of
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leftover food for consumption for more than 2 days, holding of leftover food at room

temperature for long period and insufficient reheating before consumption leads to

contamination of such food by dangerous foodborne pathogens.

Fouladkhah et al. (2012) studied the survival and multiplication of L.

monocytogenes on cooked chicken breasts that were stored aerobically at 7°C for 7

days and the effect of reheating on the safety of leftovers. They observed that storage

period and the type and intensity of reheating need to be considered to ensure safe

consumption of leftovers. They concluded that leftovers are potentially hazardous

foods because of contamination with Psychrotrophic pathogens, including L.

monocytogenes.

USDA- FSIS (2013) reported that safe handling of leftovers is very important

for reducing foodborne illness. Moreover, leftovers can be kept in the refrigerator for

3 to 4 days or frozen for 3 to 4 months. Although safe indefinitely, frozen leftovers

can lose moisture and flavor when stored for longer times in the freezer.
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MATERIALS AND METHODS

Part І

A survey on the quality of leftover cooked poultry

Collection of samples

Total of 25 samples of leftover cooked chicken cuts (halves and quarters) were

collected from the student hostel of Cairo University in Giza. At the hostel the chicken

were cooked to core temperature 75ºC and served to the students, however, the

leftover cooked chicken cuts were stored at – 18ºC in stainless steel trays rolled with

stretch for the next day to be served. Leftover samples were collected in the frozen

state before being served and placed in well identified sterile polyethylene bags then

transported in sterile ice box for examination in the laboratory of Food Hygiene and

Control department, Faculty of Veterinary Medicine, Cairo University. The frozen

samples were kept in refrigerator at 5ºC for thawing then examined for sensory,

deterioration criteria and bacteriological quality.

Laboratory investigations

Sensory examination:

Sensory panel analysis was performed by seven panelists from the members of

Food Hygiene and Control Department, Faculty of Veterinary medicine, Cairo

University. the frozen Cooked chicken samples after thawing in refrigerator were

reheated in a forced draught oven at 230 ºC for 30 minutes or core temperature 85 ºC

according to Kenawi (2005) the schemes of Sumarmono and Rahardjo (2008),

Baston  and  Barna (2010) then evaluated for appearance, flavor, tenderness,

juiciness and overall acceptability using a 7-point scale (where 7 denote extremely

acceptable and 1 denotes extremely unacceptable). Prior to the analysis panelists were

trained in the definition and intensities of all investigated sensory parameters.
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Deterioration criteria

pH value

Five grams from each sample were homogenized with 20 ml distilled water for

10-15 seconds, and the pH of the slurry was measured using digital pH meter

(Lovibond Senso Direct) with a probe type electrode (Senso Direct Type 330) where

three reading for each sample were obtained and the average was calculated. The

meter was calibrated every two samples using two buffers 7.0 and 4.0.

Thiobarbituric-Reactive Substances

Five grams from each sample were homogenized with 15 ml deionized distilled

water using a stomacher (Lab blender 400) for 10 seconds at the highest speed. One

milliliter from the homogenate was mixed with 50 μl butylated hydroxyanisole (7.2%)

and one ml each of 15mM 2-thiobarbituric acid and 15% trichloroacetic acid. The

mixture was vortexed, incubated in a boiling water bath for 15 minutes to develop

color, then cooled under running water for 10 minutes, vortexed again, and centrifuged

for 15 min at 2500 rpm. The absorbance of the resulting supernatant was measured at

531 nm using Unico 1200 (USA) series spectrophotometer against a blank containing

1 ml of deionized water and 2 ml of 2-thiobarbituric acid-trichloroacetic acid solution.

The reading was multiplied by 7.8 to obtain the value of thiobarbituric acid reactive

substances expressed as milligrams of malonaldehyde per kilogram of sample (Du and

Ahn, 2002).

Total Volatile Base Nitrogen

Ten grams muscle sample were macerated with 100 ml tap water and washed into a

distilling flask with 200 ml tap water, then 2 grams magnesium oxide were added. A

macro-Kjeldahl distillation apparatus was connected to the distillation flask containing

25 ml of 2% boric acid solution and few drops of methyl-red indicator (0.016 g methyl

red, 0.083 g bromocresol green per 100 ethanol) with the receiving tube was dipped

below the liquid, with distillation continued till collection of 200 ml. The condenser

was then washed with distilled water and the distillate was titrated with 0.05 M (0.1N)
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sulphuric acid. The Total Volatile Base Nitrogen (mg/100 gram sample) was

calculated as the titration multiply by 14 (Kearsley et al., 1983).

Bacteriological examination
Preparation of sample homogenate

Sample homogenate was prepared by homogenizing ten grams from each

sample in 90 ml of 0.1 peptone water (Oxoid) for intermitted 1.5 minutes using

stomacher (Lab blender 400, Sweard lab. Model No. AB 6021). From the original

homogenate, tenfold decimal dilutions were prepared using the same diluents (APHA,

1992). The following bacteriological investigations were performed:

Enumeration of aerobic mesophilic bacteria

One hundred µl from each dilution of the previously prepared sample

homogenate were aseptically spread over the dry surface of double sets of standard

plate count agar plates (Oxoid, CM 463). Inoculated plates were incubated in an

inverted position at 32C for 48 hours for enumeration of aerobic mesophilic count

(Swanson et al., 1992). The average count of the duplicate plates was enumerated and

the mesophilic bacterial count/g was calculated.

Enumeration of total staphylococcal count

From each dilution, 0.1 ml from the previously prepared sample

homogenate was aseptically spread onto the surface of double sets of Baird

Parker agar (Oxoid). Plates were incubated at 37 ºC for 48 h. the black

Colonies was enumerated and the total Staphylococcal counts were calculated as

recommended by APHA (1992).

Enumeration of psychotropic bacteria

One hundred µl from each dilution of the prepared sample homogenate were

spread aseptically over the surface of double sets of standard plate count agar (Oxoid).
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The plates were incubated at 5-7º C for 10 days and the number of psychotropic

bacteria/g was calculated (APHA, 1992).

Pseudomonas and Aeromonas count

Duplicate plates of Glutamate Starch Phenol-red agar (Merck) were inoculated

with 0.1 ml from previously prepared serial dilutions and evenly distributed on the

medium as described by (Kielwein , 1969). Inoculated plates were incubated at 25 ºC

for 3 days. Suspected colonies, of large diameter (2.2 mm), blue violet, surrounded by a

red violet zone were identified as Pseudomonas. While large diameter of 2-3 mm,

yellow, surrounded by yellow zone were identified as Aeromonas. Both Pseudomonas

and Aeromonas colonies were enumerated on countable plates separately. The average

number of colonies on countable plates was calculated and recorded as Pseudomonas

and Aeromonas count/g.

Enumeration of Coliforms

The most probable number (MPN) technique recommended by APHA (1992)

was applied. From each dilution of prepared sample, aseptically 1 ml was inoculated

separately into each of 3 tubes of Lauryl sulfate tryptose broth. Inoculated tubes were

incubated at 37 ºC for 48 h. Tubes showing gas productions were considered positive.

Coliforms count (MPN) was estimated according to MPN tables of ICMSF (1978)

and the results were recorded.

Isolation and identification of Salmonellae (ISO 6579, 2002):

Pre-enrichment

Twenty five grams from the skin and muscles of each sample were

aseptically transferred into 225 ml sterile buffered peptone water 1% (Oxoid,

CM 509) and incubated at 37ºC for 24 hours.
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Selective-enrichment

One ml of pre-enriched buffered peptone water broth was inoculated into

a sterile tube containing 10 ml of Rappaports Vassiliadis broth (Oxoid, CM 669)

and incubated at 41.5 ºC ± 1 °C for 24 hours.

Selective-plating

A loopful from each enriched Rappaports Vassiliadis broth was streaked

onto each of Xylose-Lysine Desoxycholate (XLD) agar (Oxoid, CM 469) and

MacConkey agar (Oxoid, CM 109) plates. Inoculated plates were incubated at

37ºC for 24 hours. Suspected colonies, which are pink with or without black

center on XLD and transparent on MacConkey agar were picked up and purified

on a slope of trypticase soya agar for further identification.

Identification of salmonellae (according to Krieg and Holt, 1984)

Suspected purified isolates were identified as follows:

Microscopical examination: (Cruickshank et al., 1975)

Films were prepared from the pure culture of the isolated organisms,

stained with Gram’s stain and examined under the oil emersion lens to detect

Gram-negative non-spore former bacilli.

Biochemical reactions:

Oxidase test

A loopful from the suspected isolates was picked over oxidase test strips

(Oxoid, MB0266) which is a filter paper strip impregnated with 1% solution of

tetramethyl paraphenylene diamine dihydrochloride. Positive reaction is

indicated by development of deep purple color within 5-10 seconds.

Salmonella is oxidase negative.
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Hydrogen sulfide production on Triple sugar iron agar (TSI)

Triple sugar iron (Difco, BD 226540) agar slants were inoculated with the

purified isolates from trypton soya agar, firstly inoculate the butt and then streak

on the slant. Inoculated tubes were incubated at 37ºC for 5 days. Salmonella

gives acid butt (yellow) with or without gas production, alkaline (red) or no

changes slant, with or without H2S production.

Indol production

To 24 hours tube containing 5 ml of the trypton/tryptophan medium with

the suspected colony incubated at 37ºC, 1 ml of Kovac’s reagent

(LobaCheme4291) was added gently tricked down the side of the tube.

Development of rosy color indicates positive result. Salmonella is indol

negative.

Methyl red test

To 5 ml of 48 hours glucose phosphate broth culture incubated at 37ºC, 5

drops of methyl red indicator were added. Development of red color indicates

positive result. Salmonella is methyl red positive.

Voges-Proskauer test

To 5 ml of 24 hours glucose phosphate broth culture incubated at 37ºC, 3

ml of alcoholic solution of α-naphthol and 1 ml of 40% potassium hydroxide

solution were added. The contents were mixed well and examined after 15

minutes then at one hour. Positive reaction was indicated by eosin pink color.

Salmonella is Voges-proskauer negative.
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Citrate utilization

Tubes of Simmon’s citrate agar medium (Oxoid, CM 155) were

inoculated with the suspected isolates and incubated at 37ºC for 7 days. Streaks

of growth with the appearance of blue color indicate positive result. Salmonella

is citrate variable.

Urea hydrolysis test

Urea agar (Christensen’s agar) (HiMedia, M112) slants were streaked by

purified isolates then incubated at 37ºC for 24 hours and examined for the

development of purple color (positive reaction). Salmonella is urea negative.

L-Lysine decarboxylation on Lysine Iron Agar:

Lysine iron agar tubes were inoculated by stabbing the butt and streaking

slant with a needle then Incubated at 35°C for 18 - 48 hours. The tubes were

examined for growth and color changes in tube butt and slant, and for

blackening at the apex of slant. Salmonella is positive for lysine decarboxylase

reaction.

Isolation and identification of Escherichia coli.

Preparation of sample homogenate (APHA, 1992).

Sample homogenate was prepared by homogenizing ten grams from each

sample in 90 ml of 1/4 Ringer’s solution (Oxoid, BR 52) for intermitted 1.5

minutes using stomacher (Lab blender 400, Seward lab. Model No. AB 6021).

Isolation of Escherichia coli (FAO, 1992).

Presumptive test

One ml from each of the previously prepared sample homogenate

inoculated into a tube containing Lauryl Sulphate Tryptone broth (Oxoid, CM

451) containing inverted Durham’s tube. Inoculated tubes were incubated at
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37ºC for 48 hours. Positive tubes show turbidity as well as gas production in the

Durham’s tubes.

Confirmatory (Eijkman's) test:

A loopful from each positive presumptive tubes was sub cultured into

Brilliant green bile broth (Oxoid, CM 31) pre-incubated at 44.5±0.5ºC for 24

hours. The inoculated tubes were incubated at the same degree for 48 hours

where positive tubes showed gas production in Durham's tubes.

Streaking:

A loopful from each of positive Brilliant green bile broth tubes was

inoculated over the surface of well dried Eosine Methylene Blue agar plates

(Oxoid, CM 69) and incubated at 37ºC for 24 hours. Suspected E. coli colonies

showing greenish metallic with dark center were picked up, purified and kept for

further identification.

Microscopical examination (Cruickshank et al., 1975)

Films from pure culture were prepared and stained with Gram’s stain and

examined microscopically for Gram-negative non spore-forming coccobacilli.

Biochemical reactions: (Krieg and Holt, 1984)

Oxidase test: (E. coli is oxidase negative).

Hydrogen sulfide production on Triple sugar iron agar (TSI)

E. coli showed acid butt (yellow) with gas formation, acid slope (yellow)

without H2S production (Difco, BD 226540).

Indol production: E. coli is indol positive.

Methyl red test: E. coli is methyl red positive.

Voges-Proskauer test: E. coli is Voges-proskauer negative.

Citrate utilization: E. coli is citrate negative.

Urea hydrolysis test: E. coli is urea negative.
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Part II

Quality of cooked chicken cuts

Preparation of chicken cuts

Total of 30 chickens of 1.5 kg each were purchased from sale outlets of

Egyptian ministry of Agriculture and transported to the laboratory of Food Hygiene

and Control department. At the Lab, chickens were washed thoroughly with clean

water, salt, lemon and each chicken was cut into 4 quarters (2 thigh and 2 breast

quarters) using clean utensils under good hygienic condition.

Cooking of chicken cuts

The experiment was repeated independently three times at the same day.

Chicken cuts were cooked in boiling water bath (Kottermann D-3165,

Germany). After cuts were exited in the boiling water bath, a needle thermocouple

probe was inserted into the geometric center of the cuts and post-cooking temperature

rise was monitored with previously calibrated hand-held thermometer (Hanna HI

985091-1, USA), to achieve a final core temperature of 75 ºC.

Storage of chicken cuts

After cooking of the cuts, the cuts left to cool for 15 minutes in ice box then

each cut was rolled separately in aluminum foil. Each group of legs cuts and breast

cuts was divided into 2 parts; one part of the thigh and breast groups was stored in

refrigerator at 4ºC and the second part was kept in freezing at -18ºC.

Analysis of the stored chicken cuts

Samples from refrigerated and frozen groups were withdrawn directly after

cooking (0-time) and after 24h of storage for analysis. Afterward, samples were

withdrawn from the refrigerated groups each other day until the obvious signs of

deterioration were observed. Meanwhile, samples from the frozen groups were

withdrawn each week during the 1st month and then each 2 weeks until the end of 3rd

month of storage.



Materials and Methods

38

All samples were examined for the following parameters:

Sensory evaluation (appearance, flavor, juiciness, tenderness and overall acceptability)

, Deterioration criteria (pH,  TBARS and TVBN) and Bacteriological quality:

Estimation of APC, Total Staphylococcal count, Total Coliforms count, total

Psychrotrophic count and pseudomonas and Aeromonus count .

.

Statistical analysis

The experiment was performed independently three times at the same day.

Differences between means for sensory results among samples at each time during

storage were determined by one way analysis of variance (ANOVA) using SPSS 17.0

for windows. Multiple comparisons of means were done using least square difference

test (LSD) procedure to show differences among treatments. Differences were

considered significant at the (P < 0.05) level.
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RESULTS

Part І
Table (1): Sensory quality of cooked leftover chicken cuts (thigh, breast) obtained after 24h
of frozen storage in the University hostel.(scores 1-7; 1, extremely unacceptable: 7,
extremely acceptable)

Thigh (n =14) Breast (n =11)

Min. Max. Mean±SD

Samples
below
accep.
score

Samples
above
accep.
score

Min. Max. Mean±SD

Samples
below
accep.
score

Samples
above
accep.
score

Appearance 4.33 6.00 5.33±0.47 0 14 5.00 6.00 5.52±0.27 0 11

Flavor 3.33 5.00 4.26±0.49 4 10 3.67 5.33 4.45±0.52 2 9

Tenderness 3.33 5.67 4.98±0.63 1 13 2.33 4.67 3.67±0.75 4 7

Juiciness 3.67 5.67 5.07±0.53 1 13 2.33 4.67 3.58±0.65 4 7

Overall
acceptable

4.33 5.33 4.91±0.35 0 14 3.38 4.92 4.30±0.36 3 8

accep. Score =acceptable score (3.5)

Figure 1: Sensory quality of cooked leftover chicken cuts (thigh, breast) obtained after
24 h of frozen storage in the University hostel. (Scores 1-7; 1, extremely
unacceptable: 7, extremely acceptable).
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Results

Table (2): Deterioration criteria of cooked leftover chicken cuts (thigh, breast) obtained after
24 h of frozen storage in the University hostel.

PL (permissible limits pH=6.4, TBA=0.09mg malonaldehyde/kg sample, TVBN=20 mg/100g sample)
(ES 3493 (2005)
*TVBN expressed as mg/100g sample.
**TBARS expressed as milligrams of malonaldehyde/kg meat

Figure (2) : Deterioration criteria of cooked leftover chicken cuts (thigh, breast)
obtained after 24 h of frozen storage in the University hostel.
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pH 6.40 6.70 2 12 6.48±0.09 6.02 6.28 11 0 6.15±0.09

TVBN* 8.40
11.4

8
14 0 9.88±1.02
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8
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Deterioration criteria
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Table (3) Bacteriological quality of cooked leftover chicken cuts (thigh, breast)
obtained after 24h of frozen storage in the University hostel.

Log(cfu/g) Thigh (n=14) Breast (n=11)

Minimum Maximum Mean± SD Minimum Maximum Mean± SD

APC (cfu/g) 2.00 3.08 2.39±0.38 2.00 3.30
2.53±0.49

Total Staphylococcal
count (cfu/g)

2.00 2.48 2.07±0.17 2.00 2.90 2.31±0.35

Coliform count
(MPN/g)

3.00 3.00 3.29±1.07 3.00 7.00 3.73±1.67

Ps &Ar counts (cfu/g) 0.30 2.00 1.88±0.45 2.00 2.58 2.27±0.33

Psychrotrophic count
(cfu/g)

2.00 2.90 2.12±0.27 2.00 3.11 2.30±0.42

Ps &Ar counts = Pseudomonus and Aeromonus count

Figure (3) Bacteriological quality of cooked leftover chicken cuts (thigh, breast)
obtained after 24 h of frozen storage in the University hostel.
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Results

Part II

Effect of chilling on the quality of cooked chicken cuts:

Table (4): Sensory attributes of cooked chicken cuts (Thigh and Breast) during chilled storage at 4 ºC for 21days.

Appearance Flavor Tenderness Juiciness Overallacceptability

Thigh Breast Thigh Breast Thigh Breast Thigh Breast Thigh Breast

0-day 6.67±0.50a 6.78±0.44a 6.67±0.50a 6.44±0.53a 6.67±0.50a 5.89±0.33a 6.78±0.44a 6.00±0.50a 6.69±0.30 6.28±0.26a

2ndday 6.00±0.71b 6.67±0.50a 6.55±0.60b,a 6.40±0.33a 6.63±0.50a,b 5.44±0.53a 5.69±0.60b 5.89±0.60a 6.31±0.33b 6.08±0.40a,b

4th day 5.96±0.60b 6.33±0.50a 6.53±0.50a 6.36±0.53a 6.44±0.53a 5.56±0.73a 6.56±0.53a 5.67±0.71a 6.06±0.21b 5.94±0.21a,b

6th day 5.89±0.33b 5.56±0.53b 5.49±0.53c 5.44±0.53b 5.22±0.44b,c 4.67±0.50b 5.22±0.44c 4.67±0.50b 5.47±0.32c 5.08±0.18c

8th day 5.00±0.50c 5.33±0.50b 4.67±0.50d 5.22±0.44b 5.33±0.50c,b 4.33±0.50b,c 5.33±0.50c 4.33±0.50b,c 5.08±0.31d 4.81±0.21d

10thday 4.44±0.53d 4.78±0.44c 3.78±0.44e 4.44±0.53c 4.67±0.71d 4.11±0.33c 4.56±0.53d 4.00±0.50c 4.44±0.27e 4.22±0.23e

12thday 4.22±0.44d 4.56±0.55c 4.33±0.50d 4.11±0.33c 4.44±0.53d 4.00±0.50c,b 4.56±0.53d 3.67±0.50c 4.31±0.21e 4.19±0.17e

14thday 3.33±0.50e 3.67±0.50d 3.44±0.53f,e 3.56±0.53d 3.78±0.44f 2.78±0.44d 3.56±0.53e 2.56±0.53d 3.53±0.26f 3.14±0.31f

18thday 2.44±0.53f 2.78±0.44e 2.11±0.60g 2.22±0.83e 2.33±0.71g 1.56±0.73e 2.11±0.78f 1.44±0.53e 2.25±0.52g 2.00±0.43g

a-fValues with different superscripts within the same column are significantly different at P<0.05
Values represent the mean of three independent replicates ± SD
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(a) (b)

Figure (4) Sensory attributes of cooked chicken cuts during chilled storage at 4 ºC for 21days.

(a)Thigh

(b) Breast

0

1

2

3

4

5

6

7

8

0-day 2nd day 4th  day 6th  day 8th  day 10thday 12thday 14thday 18thday

Appearance

flavor

Tenderness

juiceness

Overall accep.

Se
ns

or
y 

sc
or

es

Storage period (days)

0

1

2

3

4

5

6

7

8

0-day 2nd day 4th  day 6th  day 8th  day 10thday 12thday 14thday 18thday

Appearance Breast

Flavor Breast

Tenderness Breast

juiceness Breast

Overall accep. Breast

Storage period (days)

43



Results

Table (5): Deterioration criteria of cooked chicken cuts (thigh and breast) during chilled storage at 4 ºC for 21days.

storage time

PH TVBN (mg/100g) TBA (mg/kg)

Thigh Breast Thigh Breast Thigh Breast

1st day 6.22±0.02a 5.90±0.01a 7.19±0.43a 8.12±0.28a 0.36±0.04a 0.20±0.02a

2nd day 6.26±0.02b 5.96±0.02b 8.21±0.16b 8.96±0.28b 0.45±0.04a 0.26±0.02b

4th day 6.41±0.02c 6.00±0.02c 8.77±0.43c 9.99±0.16c 0.83±0.10b 0.49±0.04c

6th day 6.49±0.02d 6.02±0.04c 9.93±0.14d 10.51±0.14d 1.22±0.09c 0.92±0.05d

8th day 6.56±0.02e 6.07±0.04d 10.27±0.16d 10.55±0.16d 1.57±0.02d 1.10±0.05e

10th day 6.64±0.04f 6.12±0.01e 10.55±0.16e,d 10.83±0.16d,e 2.32±0.08e 1.67±0.03f

12th day 6.73±0.02g 6.14±0.01e,f 10.60±0.07e,d 11.01±0.16e,d 2.34±0.05e 1.72±0.01f

14th day 6.79±0.02h 6.17±0.01f 11.29±0.16f 12.13±0.16f 3.18±0.12f 2.39±0.04g

18th day 6.84±0.02i 6.21±0.03g 12.46±0.20g 13.35±0.43g 3.69±0.20g 2.49±0.03h

21st day 6.95±0.02j 6.29±0.03h 13.53±0.16h 14.37±0.43h 4.25±0.37h 3.21±0.04i

a-fValues with different superscripts within the same column are significantly different at P<0.05
Values represent the mean of three independent replicates ± SD
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Figure (5): Deterioration criteria of cooked chicken cuts (Thigh and Breast)
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Table (6): Bacteriological quality of cooked chicken cuts (Thigh and Breast) during chilled storage at 4 ºC for 21days.

*Counts were under the detectable level (2 log cfu/g)
a-fValues with different superscripts within the same column are significantly different at P<0.05
Values represent the mean of three independent replicates ± SD

storage
time

APC
Total Staphylococcus

counts
Coliform count Ps&Ar count Psychro. count

Thigh breast thigh breast thigh breast Thigh breast thigh breast

0-time 2.00±0.00*a 2.00±0.00*a 2.00±0.00*a 2.00±0.00*a ˂ 3.00 ˂ 3.00 2.00±0.00*a 2.00±0.00*a 2.00±0.00*a 2.00±0.00*a

2ndday 2.00±0.00*a 2.00±0.00*a 2.00±0.00*a 2.00±0.00*a ˂ 3.00 ˂ 3.00 2.00±0.00a 2.00±0.00*a 2.00±0.00*a 2.00±0.00*a

4th day 2.00±0.00*a 2.00±0.00*a 2.00±0.00*a 2.00±0.00*a ˂ 3.00 ˂ 3.00 2.00±0.00a 2.00±0.00*a 2.00±0.00*a 2.00±0.00*a

6th day 2.26±0.24b 2.10±0.17a 2.00±0.00*a 2.00±0.00*a ˂ 3.00 ˂ 3.00 2.00±0.00a 2.00±0.00*a 2.00±0.00*a 2.00±0.00*a

8th day 2.69±0.09c 2.56±0.07b 2.00±0.00*a 2.00±0.00*a ˂ 3.00 ˂ 3.00 2.00±0.00a 2.00±0.00*a 2.00±0.00*a 2.00±0.00*a

10thday 2.77±0.07c 2.69±0.09b,c 2.20±0.17a 2.36±0.10b ˂ 3.00 ˂ 3.00 2.00±0.00a 2.00±0.00*a 2.00±0.00*a 2.00±0.00*a

12thday 2.90±0.05c,d 2.82±0.07c,b 2.46±0.15a,b 2.52±0.07c ˂ 3.00 ˂ 3.00 2.00±0.00a 2.36±0.10b 2.36±0.10b 2.46±0.15b

14thday 3.19±0.10e 3.03±0.10d 2.79±0.10b,c 2.86±0.03d ˂ 3.00 ˂ 3.00 2.00±0.00a 2.55±0.13c 2.59±0.11c 2.56±0.07b

18thday 3.79±0.10f 3.51±0.08e 2.84±0.60c 2.94±0.03d ˂ 3.00 ˂ 3.00 2.58±0.27b 2.79±0.10d 2.79±0.10d 2.84±0.06c

21stday 5.11±0.13g 4.90±0.06f 3.79±0.10d 3.65±0.04e ˂ 3.00 ˂ 3.00 3.04±0.19c 3.91±0.08e 3.17±0.06e 3.51±0.39d
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Figure (6): Bacteriological quality of cooked chicken cuts (Thigh and Breast) during chilled storage at 4 ºC for 21days.
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Effect of freezing on the quality of cooked chicken cuts:

Table (7): Sensory attributes of cooked chicken cuts (Thigh and Breast) during frozen storage at -18 ºC for 3 months.

Storage
time

Appearance Flavor Tenderness Juiciness overallacceptability

Thigh Breast Thigh Breast Thigh Breast Thigh Breast Thigh Breast

0-time 6.67±0.50a 6.78±0.44a 6.67±0.50a 6.44±0.53a 6.67±0.50a 5.89±0.33a 6.78±0.44a 6.00±0.50a 6.69±0.30a 6.28±0.26a

24 h 6.78±0.44a 6.78±0.44a 6.89±0.33a 6.53±0.53a 6.78±0.44a 5.89±0.33a 6.56±0.53a 5.56±0.53a 6.75±0.18a 6.17±0.22a

1stweek 6.56±0.53a,b 6.69±0.53a 6.44±0.53a,b 6.44±0.53a 6.44±0.53a 5.67±0.50a,b 6.44±0.53a 5.44±0.53a 6.47±0.20a 6.00±0.28a,b

2ndweek 6.22±0.44b 6.67±0.50a 6.00±0.50b 6.11±0.60a 6.33±0.50a 5.33±0.50b 5.89±0.60b 5.33±0.50a 6.11±0.33b 5.86±0.18b

3rdweek 5.56±0.53c 5.56±0.53b 5.44±0.53c 5.44±0.53b 5.56±0.53b 4.67±0.50c 5.56±0.53b,

c
4.56±0.53

b 5.50±0.35c 5.06±0.17c

4thweek 5.50±0.53c 5.44±0.53b 5.33±0.50c 5.34±0.44b,

c 5.33±0.50b 4.59±0.53c 5.39±0.50c 4.50±0.53
b 5.45±0.22c 5.01±0.31c

6thweek 5.44±0.53c 5.33±0.50b 5.33±0.50c 5.33±0.50b 5.22±0.44b,

c 4.56±0.53c 5.33±0.50c 4.44±0.53
b 5.36±0.31c 4.92±0.25c

8thweek 4.78±0.44d 4.67±0.50c 5.00±0.50c 4.78±0.44c 4.78±0.44c 3.89±0.60d 4.56±0.53d 3.44±0.53c 4.78±0.29d 4.19±0.27d

10thweek 3.56±0.53e 3.78±0.83d 3.00±0.50d 3.00±0.50d 3.22±0.44d 2.44±0.53e 3.22±0.44e 2.22±0.44
d 3.25±0.22e 2.64±0.33e

12thweek 3.33±0.71e 3.22±0.44e 2.67±0.50d 2.67±0.50d 3.33±0.50d 2.00±0.50e 2.56±0.53f 1.56±0.53e 2.97±0.34f 2.58±0.33e

a-fValues with different superscripts within the same column are significantly different at P<0.05
Values represent the mean of three independent replicates ± SD.

49

48



Results

Figure (7) Sensory attributes of cooked chicken cuts during frozen storage at -18 ºC for 3 months.
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Results

Table (8): Deterioration criteria of cooked chicken cuts (Thigh and Breast) during frozen storage at -18 ºC for 3 months.

storage time
PH TVBN (mg/100g) TBA (mg/kg)

Thigh Breast Thigh Breast Thigh Breast

0-time 6.22±0.02a 5.90±0.01a 7.19±0.43a 8.12±0.28a 0.36±0.04a 0.20±0.02a

24 h 6.21±0.02a 5.81±0.03a 7.84±0.28a 8.77±0.43a 0.29±0.02a 0.21±0.02a

1stweek 6.32±0.02b 5.88±0.07b 9.05±0.16b 9.61±0.16b 0.66±0.01a,b 0.56±0.01a,b

2ndweek 6.43±0.02c 5.98±0.02c 9.61±0.16c 10.43±0.38c 0.73±0.01a,b 0.62±0.02a,b

3rdweek 6.47±0.02d 6.01±0.02c 9.89±0.16c,d 11.01±0.16d 0.94±0.11b 0.82±0.17b

4thweek 6.54±0.02e 6.04±0.01d,c 10.17±0.16d,c 11.48±0.28d 1.25±0.32b,a 1.18±0.33b,c

6thweek 6.63±0.05f 6.08±0.01d 10.73±0.16e 11.85±0.32e,d 2.02±0.64c 1.61±0.13c,d

8thweek 6.75±0.03g 6.09±0.01d 11.20±0.28f 12.31±0.30e,f 3.11±0.73d 2.03±0.29d

10thweek 6.79±0.01h 6.12±0.02e,d 11.20±0.28f 12.41±0.16f 3.75±0.29e 2.91±0.77e

12thweek 6.83±0.02i 6.50±0.06f 13.44±0.28g 14.65±0.16g 4.07±0.05f 3.66±0.50f

a-iValues with different superscripts within the same column are significantly different at P<0.05
Values represent the mean of three independent replicates ± SD
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Figure 8: Deterioration criteria of cooked chicken cuts (Thigh and Breast) during frozen storage at -18 ºC for 3 months.
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Table (9): Bacteriological quality of cooked chicken cuts (Thigh and Breast) during frozen storage at -18 ºC for 3 months.

*Counts are lower than the detectable level of direct plating (2 log cfu/g)
a-eValues with different superscripts within the same column are significantly different at P<0.05
Values represent the mean of three independent replicates ± SD

storage
time

APC
Total staphylococcal

count
coliform Ps&Ar Psychro

thigh breast thigh breast thigh breast thigh breast thigh breast

0-time 2.00±0.00*a 2.00±0.00*a 2.00±0.00*a 2.00±0.00*a ˂ 3.00 ˂ 3.00 2.00±0.00*a 2.00±0.00*a 2.00±0.00*a 2.00±0.00*a

24 h 2.00±0.00*a 2.0±00.00*a 2.00±0.00a 2.00±0.00*a ˂ 3.00 ˂ 3.00 2.00±0.00*a 2.00±0.00*a 2.00±0.00*a 2.00±0.00*a

1stweek 2.00±0.00*a 2.00±0.00*a 2.00±0.00a 2.00±0.00*a ˂ 3.00 ˂ 3.00 2.00±0.00*a 2.00±0.00*a 2.00±0.00*a 2.00±0.00*a

2ndweek 2.00±0.00*a 2.00±0.00*a 2.00±0.00*a 2.00±0.00*a ˂ 3.00 ˂ 3.00 2.00±0.00*a 2.00±0.00*a 2.00±0.00*a 2.00±0.00*a

3rdweek 2.00±0.00*a 2.00±0.00*a 2.00±0.00*a 2.00±0.00*a ˂ 3.00 ˂ 3.00 2.00±0.00*a 2.00±0.00*a 2.00±0.00*a 2.00±0.00*a

4thweek 2.16±0.28 a 2.10±0.17a 2.00±0.00*a 2.00±0.00*a ˂ 3.00 ˂ 3.00 2.00±0.00*a 2.00±0.00*a 2.00±0.00*a 2.00±0.00*a

6thweek 2.82±0.11b 2.67±0.06b 2.00±0.00*a 2.00±0.00*a ˂ 3.00 ˂ 3.00 2.53±0.21b 2.16±0.28a 2.50±0.17*b 2.36±0.10b

8thweek 2.94±0.03b 2.86±0.03b 2.00±0.00*a 2.00±0.00*a ˂ 3.00 ˂ 3.00 2.77±0.07c 2.84±0.06b 2.77±0.07c 2.67±0.06c

10thweek 3.28±0.20c 3.23±0.07c 2.49±0.20*b 2.62±0.15b ˂ 3.00 ˂ 3.00 2.95±0.05d 3.01±0.09b,c 2.94±0.03d 2.92±0.06d

12thweek 3.57±0.21d 3.58±0.04d 2.63±0.48*b 3.07±0.16c ˂ 3.00 ˂ 3.00 3.17±0.14e 3.13±0.20c,b 3.26±0.03e 3.19±0.12e
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Figure 9: Bacteriological quality of cooked chicken cuts (Thigh and Breast) during frozen storage at -18 ºC for 12 weeks.

0

0.5

1

1.5

2

2.5

3

3.5

4

0-time 24 h 1st week 2nd week 3rd week 4th week 6th week 8th week 10th week 12th week

APC thigh

APC breast

S.aureus thigh

S.aureus breast

Ps&Ar thigh

Ps&Ar breast

Psychro thigh

Psychro breast

Lo
g 

cf
u/

g

Storage period (weeks)

53





Discussion

54

DISCUSSION

Part І:

A survey on the quality of leftover cooked chicken cuts in the

student hostels.

Sensory quality

The results of sensory scores of leftover cooked chicken cuts are presented in

Table (1). and Fig. (1).The results revealed relatively lower flavor scores especially for

thigh where 4 samples out of 14 were lower than the acceptable scores (3.5) that may

be attributed to the development of warmed-over flavor which is characteristic for the

cooked stayed meat as a result of denaturation of proteins after cooking. This

denaturation of proteins allows for inorganic chemicals such as iron to be released.

Iron is a prooxidant that has the affinity to take electrons from other molecules. These

molecules such as fatty acids, myoglobin, and sarcoplasmic and myofibrillar proteins

can be oxidized readily. The release of electrons, especially in fatty acids cause

rancidity and can give the meat a pungent odor and taste (Kerth, 2013). Similar

results were obtained by (Byrne et al. (2002) who observed that increasing cooking

temperature resulted in meat with more roasted, toasted, bitter sensory nature.

Moreover, lower scores were recorded for the juiciness and tenderness of leftovers

especially that of breast cuts where 4 samples out of 11 samples were under acceptable

scores (3.5). These observations are in good agreement with those of Pizato et al.

(2015) who found that the sensory shelf life was lower when compared to the

microbial shelf life. This is related to the fact that several microorganisms cause a

rapid development of odor and color due to its chemical reactions, which are

undesirable for the product (Prändel et al., 1994). This implies that visually the

product may no longer fit for consumption, but microbiologically it is still

consumable.

Deterioration criteria

The mean values for PH, TBA and TVBN of leftover thigh and breast samples

are presented in Table (2). and Fig. (2). The pH values were 6.48±0.09 and 6.15±0.09

for thigh and breast, respectively. These values are considered higher than the limits of
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(ES 3493 (2005). The higher values for cooked chicken may be attributed to the effect

of cooking which results in higher degree of oxidation along with loss of free acid

groups from the meat proteins when subjected to heat that result in elevation of pH of

cooked meat than that of raw material (Reddy and Vijayalakshmi, 1998). These

values were higher than those observed by Mendes (2001) who recorded pH values

for chicken breast meat between 5.7 and 5.9. However, these values were in

agreement with those recorded by Pizato et al. (2014) and (2015). The pH values

between 6.1± 6.2 were recorded by Galarz et al. (2010) and Fletcher et al. (2000).

Quio et al. (2002) attributed the increase in pH of chicken breast meat to the

accumulation of ammonia and amines by psychotropic bacteria. The pH values of 5.9

± 0.1, 5.8 to 5.9, and 5.96 were recorded in chicken breast by Nunes et al., (2006)

and Fletchers et al. (2000), respectively. It has been observed that chicken meat

products were marginally spoiled at pH value of 6.6 and were markedly spoiled at pH

above these values (Potter, 2001).

The mean values of thiobarbituric acid reactive substances (TBARS) were

1.43±0.61 and 0.85±0.42mg/kg for thigh and breast, respectively. The TBARS values

in the thigh were higher than those of breast. These values were similar to those

recorded by Wilson et al. (1976) indicating that high cooking temperatures increase

the oxidation processes in meat. The elevation of lipid oxidation after cooking may be

explained by the loss of antioxidant activity such as glutathione or catalase, which

could drop by up to 80% after heat treatment (Hoac et al., 2006). Moreover, oxidation

of cooked meat can be 10 times that of fresh meat due to denaturation of proteins as

explained previously. that also may be the cause of relatively low sensory scores of

leftovers cooked chicken cuts. Similar results were recorded by Popova and

Marinova (2013) who obtained values 1.19, 1.67 mg malonaldehyde/kg of meat for

cooked meat. However, higher values of TBA were recorded by Hoac et al. (2006)

after cooking and refrigerated storage. Moreover, TBA value is closely related to the

sensory characteristics of food as rancidity (Salem-Amany,1992).

The Mean values of TVBN were 9.88±1.02 and11.84±1.34mg/100g sample.

These values were within the limits of Egyptian Organization for Standardization (ES

3493 (2005) for heat treated chicken meat. Higher values were recorded by Eid et al.
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(2014) who recorded 27.4±2.6 mg/100g sample for the cooked chicken breast.

However, lower values were recorded by Edris et al. (2013) who obtained

8.17±0.31 mg/100g in half cooked chicken fingers.

Bacteriological quality

The risk of contamination could be increase by three ways as storage of food

at ambient temperature, using insufficiently high temperature to reheating the food,

and adding contaminated ingredients at stage which no further heat treatment was

applied (Ehirl et al., 2001). Moreover, early preparation of large amounts of meat

products and hold for hours without control can facilitate the growth of

microorganisms which contaminated such products from numerous sources during

handling, transports, processing, storage and serving (Dawson, 1992).

The bacterial profiles of leftover cooked chicken cuts obtained from the

student hostel of Cairo University that presented in Table (3). and Fig. (1). revealed

that the mean values of APC were 2.39±0.38 log cfu/g and 2.53±0.49 log cfu/g for

thigh and breast samples, respectively. The obtained results were within the limits

provided by the (ES 3493 (2005) and were in accordance with The International

Commission of Microbiological Specifications on Foods (ICMSF, 1986). The results

were in good agreement with the results recorded by Reglier-Poupet et al. (2005) and

Hassanien et al. (2015). However, they were lower than the results reported by

Shaltout et al. (2015) who obtained 4.28 log cfu/g, Eltaher (2009) who recorded

3.96 log cfu/g and Arab (2010) who recorded 5.38 log cfu/g and Ghanem (2009)

who obtained 7.80 log cfu/g of APC for cooked meat.

The mean values of Total Staphylococcus counts were 2.07±0.17 and

2.31±0.35 for thigh and breast, respectively with no evidence of presence of typical

Staph aureus in all the investigated samples. These results were in agreement with

Abd Allah and Hassan (2000) as well as Zaki (2003) who found that the mean

value of staphylococci count was 2.08 logs cfu/g in the cooked shawerma with no any

typical Staph aureus was isolated from any of the examined samples. Moreover, they

were similar to the results recorded by Osimani et al. (2015) who obtained count
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between 2.0 and 2.9 log cfu/g. However, the counts were lower than the counts

reported by Hassanien et al. (2015) who recorded 3.97 log cfu/g for chicken

shawerma, Nasser (1988) and Moussa et al. (1992) who recorded 4.76 log cfu/g of

Staph aureus count in the examined samples of ready to eat meat.

The mean value of Psychrotrophic count recorded in this study were

2.12±0.27 and 2.30±0.42 log cfu/g for thigh and breast, respectively. The counts were

within the limits of the standard specifications (ES 3493 (2005) and in accordance

with The International Commission on Microbiological Specifications for Foods

(ICMSF, 1986) which established counts lower than 106 - 107cfu/g as safe standards

for consumption in the case of Psychrotrophic counts. These counts were in good

agreement with the results reported by Pizato et al. (2014) and (2015).

The mean values of Total Coliform count were 3.29±1.07, 3.73±1.67 MPN/g

for the thigh and breast, respectively without any evidence to  presence of salmonella

or E.coli in all investigated samples. The obtained results of   Total Coliforms count

in the current study were above the limits prescribed by (ES 3493 (2005). Detection

of Coliforms strains in chicken meat and chicken meat products are frequently reliable

indication of multiple defects during preparation, handling and plant sanitation. Such

organisms can grow on chicken meat and chicken meat products causing undesirable

changes (spoilage) as well as food borne infections which constitute a public health

hazard. However, it should never be interpreted as indicating with certainty that fecal

contamination of such foods has occurred (USDA-FSIS, 1996). These results were

similar to that recorded by Hassanien et al. (2015) who recorded 3.93 MPN/g for

ready to eat chicken kofta, 3.38 MPN/g for ready to eat chicken burger and 3.26

MPN/g for chicken shawerma. Moreover, they were similar to the results reported by

Elwi (1994) and Saad et al. (2011) who obtained 2.71 MPN/g for coliforms.

However, the results were higher than those obtained by El-Rayes (2008) and

Yassien (1992) who found that the mean value of coliform was 3.58 MPN/g for

cooked meat samples. The majority of the investigated leftovers cooked chicken

samples from the University student hostel yielded low microbial load that may be
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attributed to the proper cooking of chicken to the core temp. 75ºC which is sufficient

to kill both food spoilage and the food borne pathogens and the freezing of this

leftovers causes mechanical damage in the microbial cell walls and membranes due to

formation of intracellular crystals (Geiges, 1996) which leads microorganisms to die

or be injured.

Part II

Quality of leftover cooked chicken cuts under controlled

conditions of cooking, chilling and freezing.

Cooking of meat may result in changes in the quality, these changes may

include enhancement of flavor and taste, inhibition of microorganism, increasing the

shelf life and improving digestibility. Moreover, it may contribute to the stability of

meat products. However, it has both positive and negative effects on quality attributes

of meat (Pathera et al., 2016).

Effect of chilling storage on the quality of cooked chicken cuts

Refrigerated storage is now one of the most widely practiced methods of

controlling microbial growth in perishable foods. As a result of this practice,

refrigerated storage of perishable foods has been shown to be a potential risk factor for

the development of microbial hazards leading to foodborne illness. The aerobic

mesophilic microorganisms can be used as a reliable index of the quality and storage

life of meat (Morton, 2001).

Sensory quality

Sensory attributes of meat and meat products are the most important

determinant factor of consumer acceptability. They permit assessing sensory properties

which are directly related with quality perception by consumers (AMSA, 1984 and

Skinner and Rao, 1986). The results of sensory evaluation of cooked chicken cuts

during chilled storage for 21 days are summarized in Table (4). and Fig. (4).

The scores of all sensory attributes (appearance, flavor, tenderness, juiciness and

overall acceptability) were extremely accepted (more than 6) at 0-time. Sensory scores
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gradually decreased during chilled storage where they remained within the permissible

scores (3.5) until the 12th day of storage in both thigh and breast. At the 14th day of

storage the appearance and flavor scores of thigh recorded 3.33 and 3.44, respectively,

while scores of tenderness, juiciness and overall acceptability were 3.78, 3.56 and

3.53, respectively. However, the appearance and flavor scores of breast recorded 3.67

and 3.56, respectively, while the scores of tenderness, juiciness and overall

acceptability were 2.78, 2.56 and 3.14, respectively.  By prolonged chilled storage

darker color, warmed over-flavor and loss of moisture with toughness of chicken cuts

which were recorded by the panelists at the 18th day of storage lowered the scores of

these sensory attributes, while the noticeable signs of spoilage were not evident. These

observations were nearly similar to those recorded by (Pathera et al., 2016) and

Yadav et al. (2016) who reported similar decrease in sensory scores with prolonging

of storage period of dietary fiber enriched chicken sausages and concluded that lipid

oxidation and loss of moisture from products during storage leads to decrease in

sensory scores of sausages. The warmed over-flavor was explained by the fact that

thermal process of meat tend to promote lipid oxidation by disrupting cell membranes

and releasing pro-oxidants, with development of this flavor. Moreover, in the absence

of oxygen, the main changes during storage are caused by the Maillard reaction,

wherein carbonyl groups of reducing sugars react with the amino groups of proteins

and amino acids non-enzymically, a dark brown coloration and a bitter, burnt flavour

develop (Andreo et al., 2003).The increase of TBARS values of cooked chicken

during chilled storage could largely explain the deterioration of the organoleptic

characteristics of examined samples especially for flavor and overall acceptability

especially after the 14th day of chilled storage as the oxidation of lipid in meat is

enhanced by cooking and leads to development of rancidity.

Deterioration criteria

The pH, total volatile base nitrogen (TVBN) and thiobarbituric acid reactive

substances (TBARS) are important indicators for assessing the keeping quality and the

shelf-life of meat (Jay, 1972). The mean values of deterioration criteria of were

illustrated in Table (5) and Fig.  (5). The mean values of pH revealed a significant (P

<0.05) increase from the 1st day until the 21st day of storage. The pH values of thigh
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started from 6.22 at 0-day to 6.4 at the 4th day of chilling. Meanwhile, these values

reached values above 6.4 beginning from the 6th day of storage and reached 6.95 by

the 21st of chilled storage. However, the pH values of breast started from 5.9 at 0-day

and reached 6.29 by the 21st of storage.  The higher values of pH in cooked chicken

cuts when compared with raw chicken may be explained by higher degree of oxidation

along with loss of free acid groups from the meat proteins when subjected to heat

(Reddy and Vijayalakshmi, 1998). These results were nearly similar to those

recorded by Pizato et al., (2014), (2015), Nag et al. (1998), Prabhakara and

Narhari (1990) and Prabhakara and Satyanarayana (1990) who reported a

progressive increase in pH values of refrigerated stored meat products stored at 4±1°C.

This progressive increase in pH has been explained by Bhat et al. (2013) by the

accumulation of metabolites of bacterial action on meat and meat products and

deamination of meat proteins.

TVBN measurement is considered as a reliable indicator of various chicken

meat products especially during storage where protein break down (ammonia) may

occur due to microbial growth and its proteolytic enzymes (Alina and Ovidiu, 2007).

The TVBN values increased during chilling from 7.19 at 0-day to 13.53 at the 21st day

in case of thigh cuts, however, they increased from 8.12 at 0-dat and reached 14.37 at

the 21st day in case of breast. A significant increase in the values with the advancement

of storage period without exceeding the permissible limits of Egyptian Organization

for Standardization (EOSQC, 2005) for heat treated chicken meat up to the 21st day of

chilled storage.

TBARS value was considered as an index of lipid oxidation which related to

the sensory characteristics as rancidity (Salem, 1992 and Raharjo and Sofos,

1993).The results presented in table 6 revealed that the TBARS of thigh was 0.36

mg/kg at 0-time (after cooking) and reached 0.83 mg/kg at the 4th day of chilled

storage. Then the TBARS of the thigh recorded 1.22 mg/kg and continuously

increased during storage until reached 4.25 by the 21st day of storage. Meanwhile, the

TBARS of breast recorded 0.20 mg/kg at 0-time and reached 0.92 mg/kg by the 6th day
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of storage. The TBARS values of breast recorded 1.2 mg/kg at 8th day of storage and

continuously increased during storage until reached 3.21 mg/kg by the 21st day of

storage. Similar increases in TBARS during refrigerated storage of cooked meat and

meat products were reported by Kala et al. (2007) in chicken emulsion, Popova and

Marinova, (2013) in cooked lamb meat, Beltran et al. (2003) in cooked chicken,

Bhat et al. (2010) in chicken seekh kababs and Pizato et al. (2014) and (2015) in

industrialized cooked chicken. Moreover, it is well known that cooking of meat

increase the TBARS value and this increase was attributed to high temperature

during cooking, which increase the oxidation process in meat products (Broncano et

al., 2009 and Pathera et al., 2016).

Bacteriological quality

The results in table (6). and Fig. (6). Illustrated bacteriological quality of

cooked chicken cuts (thigh and breast) (log10cfu/g) stored under chilling conditions at

4ºC for 21days. The aerobic plate counts were under the detectable level of direct

plating (2 log cfu/g) until the 4th day of storage of thigh and breast cuts. At the 6th day

of storage, APC started to be detectable and increased significantly during storage and

reached 3.79 and 3.51 log cfu/g for the thigh and breast, respectively at the 18th day of

chilled storage.  These values were within the within the permissible limit described by

Egyptian Standard specifications (ESS 2005/3493). At the 21st day of storage, the

APC reached 5.11 and 4.90 log cfu/g in the thigh and breast, respectively which were

above the permissible limits of ESS. The obtained results of APC were in accordance

with The International Commission of Microbiological Specifications for Foods

(ICMSF, 1986) and in good agreement with the results recorded by Reglier-Poupet

et al. (2005), Hassanien et al. (2015), Soriano et al. (2003), El-mossalami (2002),

Osimani et al. (2015), Samah and Abdelaal (2000). Meanwhile, higher counts were

recorded by El-Taher (2009), AL-Dughaym and Altabari (2010).

The mean values of Total Staphylococcus counts remained under the detectable

level from the zero day up to the 8th day of chilling for both cooked thigh and breast
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samples, meanwhile, total Staphylococcus count were become detectable from the 10th

day and reached 3.79 and 3.65 log cfu/g by the 21st day of chilling storage.

Staphylococcus is prevalent during poultry slaughtering and processing and can be

found in chicken skin and carcasses as well as the surface of machinery and

equipment. Moreover, post cooking contamination during direct handling of cooked

food with contaminated handlers and utensils, or cross contamination during storage

in refrigerators are major sources of this microorganisms in cooked foods. The

obtained results of Total Staphylococcal count were in agreement with that recorded

by Abd Allah and Hassan (2000), Zaki (2003), El-mossalami (2002) and Pizato et

al. (2014) and (2015).

The mean values of Total Coliforms count expressed as MPN/g indicated that

the count was under the detectable level <3 during all the period of storage from zero

day up to the 21st day of chilling.

Among the major food borne illnesses, Salmonellosis has received the most

attention. It has been considered that the presence of salmonella species in chicken

meat products makes it unsafe for human consumption (Rose et al., 2002).

Moreover, E. coli is an important organism in the food microbiology; besides being

involved in food-borne gastroenteritis, it is considered a good indicator of possible

fecal contamination (Synge, 2000).Both Salmonella spp and E. coli failed to be

isolated from all examined cooked chicken cuts and that could be attributed to

sufficient cooking temperature of such meat, the sanitary food handling and proper

cooking and chilling. The obtained data were in accordance with The Egyptian

Standard Specifications (E.S. 3493/2005) for heat treated poultry products which

specified that cooked food must be free from both E. coli and Salmonella.

Moreover, these findings were in agreement with results obtained by El-mossalami

(2002), AL-Dughaym and Altabari (2010), Shawish (2011), Ibrahim et al.

(2014) and Pizato et al., (2014) and (2015).
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Types and number of Psychrotrophic bacteria are of the main factors

determines the deterioration of poultry meat during storage (Tuncer and Sireli,

2008). The Psychrotrophic counts were under the detectable level of direct plating

until the 10th day of chilling. Psychrotrophic counts started to be detectable from the

12th day and reached 3.17 and 3.51 log cfu/g for thigh and breast, respectively by the

21st day of chilling.  This increase in the number of Psychrotrophic counts may be

explained by the increase in pH after the prolonged refrigerated storage which

considered a favorable media for growth of microorganisms. These results were in

agreement with Pizato et al. (2014 and 2015), Pathera et al. (2016) and Toule and

Murphy (1978).

Pseudomonas and Aeromonas counts were under the detectable levels of counting

until the 14th day in thigh and the 10th day in breast. They started to be detectable by

the 18th day for thigh and 12th day for breast and reached 3.04 and 3.91 log cfu/g for

thigh and breast, respectively by the 21st day of storage. These results were similar to

those obtained by Patterson and Gibbs (1973) and Toule and Murphy (1978).

Effect of freezing storage on the quality of cooked chicken cuts

The meat freezing is a practice to extend its shelf-life for high quality product,

(Leygonieet al., 2012) by reduction of microbial growth and chemical deterioration.

Generally, the quality of frozen food is closely related to freezing and thawing

processes. Freezing rate and the small ice crystals formation in freezing are critical for

minimizing tissue damage. Cooked meat can be frozen although cooked meat does not

keep as well as raw meat. This is due to the amount of moisture lost during the

cooking process. However, cooked meat that has been frozen is safe for consumption,

the quality and taste of the meat differ as once meat is cooked, and it loses most of its

moisture causing the taste and quality to vary. Moreover, freezing cooked meat and

poultry is generally safe, though the length of time that the cooked meat remains

viable depends on the preparation methods. During thawing process foods are subject

to damage by chemical and physical changes and microbial attack (Kalichevsky et al.,
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1995). For assurance of food quality quick thawing at low temperature avoiding

notable rise in temperature and increased dehydration of food is desirable. Longer the

thawing treatment time, higher will be the microbial growth on product surface.

Sensory evaluation

The results of sensory evaluation of cooked chicken cuts during frozen

storage for 3monthsare summarized in Table (7). and Fig.  (7). The scores of all

sensory attributes (appearance, flavor, tenderness, juiciness and overall acceptability)

were extremely accepted (more than 6) at 0-time.After 24 h the scores of appearance,

flavor, tenderness and overall acceptability of cooked thigh recorded higher values

than the scores of 0-day. The scores of appearance and flavor only of cooked breast

revealed higher scores than those at 0-time, meanwhile, the tenderness, juiciness and

overall acceptability scores were lower. By the end of the 1st week of frozen storage

there were a gradual decrease in all sensory scores of both thigh and breast samples

but remained within the permissible acceptable scores (3.5) until the end of the 8th

week for both thigh and breast. By the 10th week the scores of flavor, tenderness,

juiciness and overall acceptability decreased lower than the permissible acceptable

scores (3.5).

Deterioration criteria

Results of Deterioration criteria of cooked chicken cuts illustrated in Table (8).

and Fig. (8) revealed that the pH values of thigh and breast were 6.22 and 5.90,

respectively at 0-time (after cooking). After 24 h of freezing the pH values decreased

to 6.21 and 5.81 for thigh and breast, respectively then these values increased

gradually during freezing until reached 6.83 and 6.50 for thigh and breast, respectively

by the 12th week. TVBN values of thigh and breast increased gradually during freezing

from 7.19 and 8.12 mg/100 g for thigh and breast, respectively to 13.44 and 14.65

mg/100g for thigh and breast, respectively by the 12th week of freezing. The TBARS

values of thigh revealed a decreased from 0.36 mg/kg to 0.29 mg/kg after 24 h of

freezing then increased gradually at the 1st week and reached 4.07 by the 12th week of

freezing. While the TBARS values of breast increased from 0.20 mg/kg at 0-time and

reached 3.66 mg/kg by the 12th week of freezing.
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Bacteriological quality

Results of bacteriological examination of cooked chicken cuts illustrated in

Table (9). and Fig. (9). revealed that the APC of the thigh and breast samples were

under the detectable level (2 log cfu/g) of direct plating until the 3rd week of frozen

storage then started to increase gradually and reached 3.57 and 3.58 log cfu/g for thigh

and breast, respectively at the end of storage (12 week). The total Staphylococcal

counts remained under the detectable limit till the 8th week of storage in both thigh and

breast then increased and reached 2.63 and 3.07 for thigh and breast, respectively. The

mean values of Total Coliforms count expressed as MPN/g indicated that the count

was under the detectable level (<3) during all the period of storage from zero day up to

the 12th week of freezing. Pseudomonas and Aeromonas counts remained under the

detectable level until the 4th week of freezing then significantly increased by the 6th

week and reached 3.17 and 3.13 log cfu/g for thigh and breast, respectively at the 12th

week of freezing. Moreover, the Psychrotrophic count were under the detectable levels

until the 4th week of freezing then increased and reached 3.26 and 3.19 log cfu/g,

respectively by the 12th week of freezing.
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CONCLUSIONS & RECOMENDATIONS

It can be concluded from the present study that:

 The leftover cooked chicken cuts served in the student hostel of the Cairo

University are bacteriologically acceptable in accordance with the Egyptian

Standard Specifications except in total coliform count were above the

permissible limits of  E.S.S (ES 3493/2005) that may be considered a reliable

indication of multiple defects during preparation, handling and sanitation.

Moreover, these cuts revealed lower scores for sensory evaluation especially

flavor and tenderness scores due to development of warmed over flavor and

loss of moisture after cooking.

 The bacteriological quality of chilled cooked chicken cuts were within the

acceptable limits  of ESS (ES 3493/2005) until the 18th day of storage,

however, the sensory attributes remained within the acceptable scores (3.5)

until the 12th day only. Therefore, the shelf life of chilled cooked chicken cuts

should not exceed 12 day under controlled chilling conditions at 4 ºC.

 The bacteriological quality of frozen cooked chicken cuts were within the

acceptable limits until the end of  3rd month of storage, however, the sensory

attributes remained within the acceptable scores (3.5) until the end of 2nd month

only. Therefore, the shelf life of frozen cooked chicken cuts should not exceed

8 weeks under controlled freezing conditions at -18 ºC.

 The bacterial and sensory quality of leftover frozen cooked chicken cuts

obtained from student hostels after 24 of freezing were lower than those of

experimentally cooked and frozen chicken cuts. Therefore, strict hygienic

measures during preparation, cooking, post-cooking handling, serving, storage

and re-preparation should be followed in the student hostels.

 Cross contamination should be avoided by removing the contamination from

the raw foods such as fruits and vegetables.
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 Defining separated special locations for highly contaminated foods are common

strategies in order to maintain the hygienic condition of refrigerator and keep

the quality and safety of refrigerated foods.

 Regular monitoring of cooking temperature at 75 ºC and storage temperature

either by freezing at -18 ºC or by chilling at  4ºC and control of temperature

during storage.

 Re-heating of leftover foods thoroughly to a core temperature 75ºC before

consumption.
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SUMMARY

Part І

Survey on the quality of leftover cooked poultry

Total of 25 samples of leftover cooked chicken cuts (halves and quarters) were

collected from the student hostel of Cairo University in Giza. At the hostel the chicken

were cooked to core temperature 75ºC and served to the students, however, the

leftover cooked chicken cuts were stored at – 18ºC in stainless steel trays rolled with

stretch for the next day to be served. Leftover samples were collected in the frozen

state before being served and placed in well identified sterile polyethylene bags then

transported in sterile ice box for examination in the laboratory of Food Hygiene and

Control department, Faculty of Veterinary medicine, Cairo University. The frozen

samples were kept in refrigerator at 5ºC for thawing then examined for sensory,

bacteriological quality and deterioration criteria.

The results of bacteriological examination revealed that aerobic plate counts

(APC) of the examined samples were 2.39±0.38 log cfu/g and 2.53±0.49 log cfu/g for

thigh and breast samples, respectively. The mean values of Total staphylococcus

counts were 2.07±0.17 and 2.31±0.35 for thigh and breast, respectively with no

evidence of presence of typical Staph aureus in all the investigated samples. The mean

value of Psychrotrophic count recorded in this study were 2.12±0.27and 2.30±0.42

log cfu/g for thigh and breast, respectively. The mean values of total coliform counts

were 3.29±1.07, 3.73±1.67 MPN/g for the thigh and breast, respectively.

Regarding the deterioration criteria, the pH values were 6.48±0.09 and

6.15±0.09 for thigh and breast, respectively. These values are considered higher than

the limits of ESS for raw poultry. The mean values of thiobarbituric acid reactive

substances were 1.43±0.61 and 0.85±0.42 mg/kg for thigh and breast, respectively.

The TBA values in the thigh were higher than those of breast. Moreover, the Mean

values of TVBN were 9.88±1.02 and11.84±1.34mg/100g sample.

The results of sensory examination recorded relatively lower flavor scores

especially for thigh where 4 samples out of 14 were lower than the acceptable scores
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(3.5) that may be attributed to the development of warmed-over flavor which is

characteristic for the cooked stayed meat as a result of denaturation of proteins after

cooking. Moreover, lower scores were recorded for the juiciness and tenderness of

leftovers especially that of breast cuts where 4 samples out of 11 samples were under

acceptable scores (3.5).

Part II

Quality of cooked chicken cuts

Total of 30 chickens (1.5 kg each) were purchased from sale outlets of

Egyptian ministry of Agriculture and transported to the laboratory of Food Hygiene

and Control department. At the Lab, chickens were washed thoroughly with clean

water, salt, lemon and each chicken was cut into 4 quarters (2 thigh and 2 breast

quarters) using clean utensils under good hygienic condition. Each chicken cut was

packed in polypropylene bag, sealed and cooked in boiling water bath. After cuts were

exited in the boiling water bath, a needle thermocouple probe was inserted into the

geometric center of the cuts and post-cooking temperature rise was monitored with

previously calibrated hand-held thermometer, to achieve a final core temperature of 75

ºC. After cooking of the cuts, the cuts were left to cool for 15 minutes then each cut

was rolled separately in aluminum foil. Each group of legs cuts and breast cuts was

divided into 2 parts; one part of the legs and breast groups was stored in refrigerator at

4ºC and the second part was kept in freezing at -18 ºC. Samples from Refrigerated and

frozen groups were withdrawn directly after cooking and at the second day of storage

for analysis. Afterward, samples were withdrawn from the refrigerated groups each

other day until the obvious signs of deterioration were observed. However, samples

were withdrawn from the frozen groups each week during the 1st month and then each

2 weeks until the end of 3rd month of storage. Sensory evaluation (appearance, flavor,

juiciness, tenderness and overall acceptability), Bacteriological quality (APC, Total

Staph aureus count, total Coliforms count, total Psychrotrophic count and

pseudomonas and Aeromonas count) and deterioration criteria (pH, TBARS and

TVBN) were performed for the stored samples.
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The aerobic plate counts of chilled samples were under the detectable level of

direct plating (2 log cfu/g) until the 4th day of storage of thigh and breast cuts. At the

6th day of storage, APC started to be detectable and increased significantly during

storage and reached 3.79 and 3.51 log cfu/g for the thigh and breast, respectively at the

18th day of chilled storage. At the 21st day of storage, the APC reached 5.11 and 4.90

log cfu/g in the thigh and breast, respectively which were above the permissible limits

of ESS. The mean values of total Staphylococcus counts remained under the detectable

level from the zero days up to the 8th day of chilling for both cooked thigh and breast

samples, meanwhile, total Staphylococcus counts were become detectable from the

10th day and reached 3.79 and 3.65 log cfu/g by the 21st day of chilling storage. The

mean values of total Coliforms count expressed as MPN/g indicated that the count was

under the detectable level <3 during all the period of storage from zero day up to the

21st day of chilling. Both Salmonella spp and E. coli failed to be isolated from all

examined cooked chicken cuts and that could be attributed to sufficient cooking

temperature of such meat, the sanitary food handling and proper cooking and chilling.

The Psychrotrophic counts were under the detectable level of direct plating until the

10th day of chilling. Psychrotrophic counts started to be detectable from the 12th day

and reached 3.17 and 3.51 log cfu/g for thigh and breast, respectively by the 21st day

of chilling.  This increase in the number of Psychrotrophic counts may be explained by

the increase in pH after the prolonged refrigerated storage which considered a

favorable media for growth of microorganisms. Pseudomonas and Aeromonas counts

were under the detectable levels of counting until the 14th day in thigh and the 10th day

in breast. They started to be detectable by the 18th day for thigh and 12th day for breast

and reached 3.04 and 3.91 log cfu/g for thigh and breast, respectively by the 21st day

of storage.

Regarding the bacteriological examination of frozen samples, the APC of the

thigh and breast samples were under the detectable level (2 log cfu/g) of direct plating

until the 3rd week of frozen storage then started to increase gradually and reached 3.57

and 3.58 log cfu/g for thigh and breast, respectively at the end of storage (12 week).

The total Staphylococcal counts remained under the detectable limit till the 8th week of

storage in both thigh and breast then increased and reached 2.63 and 3.07 for thigh and
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breast, respectively. The mean values of total coliforms count expressed as MPN/g

indicated that the count was under the detectable level (<3) during all the period of

storage from zero day up to the 12th week of freezing. Pseudomonas and Aeromonas

counts remained under the detectable level until the 4th week of freezing then

significantly increased by the 6th week and reached 3.17 and 3.13 log cfu/g for thigh

and breast, respectively at the 12th week of freezing. Moreover, the Psychrotrophic

count were under the detectable levels until the 4th week of freezing then increased and

reached 3.26 and 3.19 log cfu/g, respectively by the 12th week of freezing.

The results of deterioration criteria of chilled samples showed that the mean

values of pH revealed a significant (P<0.05) increase from the 1st day until the 21st day

of storage. The pH values of thigh started from 6.22 at 0-day to 6.4 at the 4th day of

chilling. Meanwhile, these values reached values above 6.4 beginning from the 6th day

of storage and reached 6.95 by the 21st of chilled storage. However, the pH values of

breast started from 5.9 at 0-day and reached 6.29 by the 21st of storage. The TVBN

values increased during chilling from 7.19 at 0-day to 13.53 at the 21st day in case of

thigh cuts, however, they increased from 8.12 at 0-dat and reached 14.37 at the 21st

day in case of breast. The TBARS of thigh was 0.36 mg/kg at 0-time (after cooking)

and reached 0.83 mg/kg at the 4th day of chilled storage. Then the TBARS of the thigh

recorded 1.22 mg/kg and continuously increased during storage until reached 4.25 by

the 21st day of storage. Meanwhile, the TBARS of breast recorded 0.20 mg/kg at 0-

time and reached 0.92 mg/kg by the 6th day of storage. The TBARS values of breast

recorded 1.2 mg/kg at 8th day of storage and continuously increased during storage

until reached 3.21 mg/kg by the 21st day of storage.

The deterioration criteria of frozen samples revealed that after 24 h of freezing

the pH values decreased to 6.21 and 5.81 for thigh and breast, respectively then these

values increased gradually during freezing until reached 6.83 and 6.50 for thigh and

breast, respectively by the 12th week. TVBN values of thigh and breast increased

gradually during freezing from 7.19 and 8.12 mg/100 g for thigh and breast,

respectively to 13.44 and 14.65 mg/100g for thigh and breast, respectively by the 12th

week of freezing. The TBARS values of thigh revealed a decreased from 0.36 mg/kg
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to 0.29 mg/kg after 24 h of freezing then increased gradually at the 1st week and

reached 4.07 by the 12th week of freezing. While the TBARS values of breast

increased from 0.20 mg/kg at 0-time and reached 3.66 mg/kg by the 12th week of

freezing.

The scores of all sensory attributes of chilled chicken cuts were extremely

accepted (more than 6) at 0-time. Sensory scores gradually decreased during chilled

storage where they remained within the permissible scores (3.5) until the 12th day of

storage in both thigh and breast. At the 14th day of storage, the appearance and flavor

scores of thigh recorded 3.33 and 3.44, respectively, while scores of tenderness,

juiciness and overall acceptability were 3.78, 3.56 and 3.53, respectively. However,

the appearance and flavor scores of breast recorded 3.67 and 3.56, respectively, while

the scores of tenderness, juiciness and overall acceptability were 2.78, 2.56 and 3.14,

respectively.  By prolonged chilled storage darker color, warmed over-flavor and loss

of moisture with toughness of chicken cuts which were recorded by the panelists at the

18th day of storage lowered the scores of these sensory attributes, while the noticeable

signs of spoilage were not evident.

The scores of all sensory attributes of frozen samples revealed that after 24 h

the scores of appearance, flavor, tenderness and overall acceptability of cooked thigh

recorded higher values than the scores of 0-day. By the end of the 1st week of frozen

storage there were a gradual  decrease in all sensory scores of both thigh and breast

samples but remained within the permissible acceptable scores (3.5) until the end of

the 8th week for both thigh and breast. By the 10th week the scores of flavor,

tenderness, juiciness and overall acceptability decreased lower than the permissible

acceptable scores (3.5).
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الملخص العربي

-١-

الملخص العربى
نظرا   للتفاوت  بین اعداد المستھلكین المبلغ عنھا واالعداد الحقیقیة   فى   منشأت تناول األغذیة وخاصة التى 

عدد  كبیر من المستھلكین مثل طالب المدن الجامعیة أو النزالء فى دور المسنین  أو المرضى فى تخدم

باالضافة الى المطاعم الكبرى والفنادق الى مشكلة متبقیات الوجبات المطبوخة والمجھزة  من لحوم .المستشفیات

أو اعدادھا بواسطة طبخھا بشكل كامل أو جزئى ولكن لم یتم تقدیمھا فى نفس یوم تجھیزھاالدوااجن التى تم 

لذا یضطرا القائمون على تجھیز . لھااعدادھا نتیجة األختالف بین اعداد الوجبات  المعدة واعداد المستھلكین 

او المطاعم الكبرى او مطابخ المستشفیات او الفنادق الى المدن الجامعیةفى المنشات الغذائیة ال سیمااالطعمة ف

خاصة اذا كانت باعداد كبیرة وحفظھا بالتبرید أو التجمید لحین االستفادة منھا  و اعادة . االحتفاظ بھذه الوجبات 

لذا كان الھدف من تلك الدراسة ھو اختبار مدى جودة وكفاءة ھذه المتبقات ومدى . ى وقت الحق تقدیمھا ف

المتاحة خاصة أنھ الیوجد بنود صریحة فى القیاسیة صالحیتھا  لالستخدام ومدى مطابقتھا للمواصفات

:الدراسة على جزئین وقد تمت ھذه .  المواصفات تنص على كیفیة التعامل مع ھذه المتبقیات وفترات تخزینھا 

عمل دراسة تقصى شامل لبیان جودة ھذه المتبقیات للحوم الدواجن المطبوخة فى المدن الجامعیة : الجزء االول -١

وقد اشتملت الدراسة  على 

والتمام ھذه الدراسة . فحص جودة متبقیات لحوم قطعیات الدواجن المطبوخة بالمدینة الجامعیة بجامعة القاھرة

وقد اجریتعلیھا ھذه ) صدور١١رك واوا١٤عدد( عینة من متبقیات قطعیات الدواجن ٢٥ة بتجمیع قامت الباحث

والبكتیریا (ىالفحص البكتیر-١الفحوصات  العد الكلى للبكتیریا الھوائیھ والعد البكتیرى للمیكروب العنقودى الذھب

عزلكما اشتملت الدراسة على ومونسالقولونیھ والبكتیریا المقاومھ للبرودة ومیكروبى السودومونس و االیر

قیاس دالئل بدایات الفساد -٣. فحص الجوده الحسیة-٢). میكروبى السالمونیال واال یشریكیھ القولونیھوتصنیف

مجموع القواعدتركیز االس الھیدروجینى، حامض الثیوباربیتیورك وقیاس(بقیاسظاھرى لھذه العیناتالغیر 

,0.17±2.07 ,0.38±272.39لعینات الورك قد أظھرت نتائج العد البكتیریىو) الطیارةالنیتروجینیھ 

3.29±1.07, 1.88±0.45, لعینات الكتفكان العد البكتیریىوعلى التوالىلوغاریتم لكل جرام.2.12±0

على التوالى وقد لوغاریتم لكل جرام2.30±0.42 ,2.27±0.33 ,3.73±1.67 ,2.31±0.35 ,2.53±0.49

اثبتت النتائج خلوھا من میكروبى السالمونیال واالیشریكیة القولونیھ وقد كانت نتائج الفحص البكتیرى مرضیھ على 

الرغم من ان نتائج الفحص الحسى كانت قلیلة نوعا ما خاصة الطعم والرائحة والعصیریھ  نتیجة التخزین 

.ة خاصة فى اللحوم المطبوخةوالتغیرات الكیمیائیة فى الدھون التى تتبع

وقد تم شراء عدد ثالثون دجاجة مجمدة من منافذ البیع الخاصة بوزارة الزراعة ونقلھا الى المعمل : الجزء الثانى-٢

والطھى لھذه والتفكیك حیث تم تجھیزھا وغسلھا مع مرعاة اتباع ممارسات التصنیع الجید فى جمیع مراحل االعداد

ھا  بوسطة غلى الماء فى اوانى الطھى العمیقة ثم وضع الدجاج عند الغلیان وتركھا حتى تمام الوجبات والقیام بطھی

قیقة ثم تغلیفھا ١٥درجة مئویة ثم تركھا لتبرد لمدة ٧٥الطھى الى ان تصل درجة حرارة المركز الجیومترى الى 

وقد.م ١٨º-م وبالتجمید عند .٤ºبشكل منفصل لكل ربع على حدا  وصوال الى حفظھا بالتبرید عند درجة حرارة  
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. اجریت علیھا  نفس الفحوصات التى تم اجرائھا على متبقیات لحوم الدواجن المطبوخة فى الجزء االول من الدراسة 

تاثیر التخزین على جودة لحوم الدجاج المطبوخة  
:نتائج الفحص البكتیرى -١

) جم/لو  خلیة ٢اقل من(باالشارة الى نتائج العد الكلى للبكتریا الھوائیة فقد كانت تحت معدالت العد المتعارف علیھا 

وذلك لعینات الورك والكتف على ٣,٧٩و٣,٥١حتى الیوم السادس ثم بدأت فى الزیادة التدریجیة الى ان وصلت الى 

فى الیوم الحادى ١٠٤التبرید ثم تجاوزت المعدالت المسموح بھا من الحفظ بالثامن عشرالتوالى وذلك فى الیوم 

.والعشرون  

.الثامنمتعارف علیھا حتى الیوم لوكاان العد الكلى لمیكروب المكور العنقودى تحت المعدالت  ا

ذلك وجم/لوغاریتم خلیة ٣,٦٥، ٣,٧٩وصلت ثم بدأت النتائج فى االرتفاع التدریجى من الیوم العاشر   حتى

وبالنسبھ الى العد الكلى للمجموعة القولونیة . على التوالى فى الیوم الحادى والعشرون  الصدورواالوراكلعینات 

منذ بدایة فترة االحفظ وحتى نھایتھا ومن الجدیر )خلیة/غاریتملو٣اقل من (فقد كانت النتائج  تحت معدالت العد 

سالمونیال  واالیكوالى خالل فترة التخزین بینما  كان العد بالذكر ایضا انھ لن یتم التعرف على اى من میكروبى ال

الكلى  للبكتریا الكارھھ للبرودة تحت المعدالت المتعارف علیھا حتى الیوم العاشر وبدأت فى الزیادة من الیوم الثانى 

على التوالى فى الیوم الحادى والعشرون لالوراك و الصدورخلیة  /غاریتملو٣,١٧،٣,٥١عشر الى ان وصلت 

لوغاریتم لكل خلیة  حتى الیوم ٢وكان العد البكتیري لمیكروبى السودومونس واالیرومونس اقل من . من التبرید

جم/لوغاریتم خلیة ٣.٠٤،٣.٩١ثم بدات فى الزیادة الى ان وصلتالصدوروالعاشر فى االوراكالرابع عشر فى 

.على التوالى فى الیوم الحادى والعشرونوالصدور االوراكوذلك لعینات 

وباالشارة الى نتائج الفحص البكتیري للعینات المخزنة بالتجمید فقد سجلت نتائج العد الكلى للبكتیریا الھوائیة  انخفاضا 

ث ثم بدات في حتى نھایة االسبوع الثال) لوغاریتم خلیة لكل جرام٢اقل من (ملحوظا عن معدالت العد المتعارف علیھا 

على التوالى فى االوراك والصدورلوغلریتم خلیة لكل جرام وذلك لعینات ٣,٥٦و ٣,٥٧الزیادة الى ان وصلت الى 

نھایة االسبوع الثانى عشر من التخزین بالتجمید وكاان العد الكلى لمیكروب المكور العنقودى تحت المعدالت  

ریتم خلیة لكل جرام الوغ٢,٦٣، ٣,٠٧فى الزیادة الى ان وصلت الى متعارف علیھا حتى االسبوع الثامن ثم بدات ال

وبالنسبھ  الى العد الكلى للمجموعة . على التوالى فى نھایة االسبوع الثانى عشراالوراك والصدوروذلك لعینات 

منذ بدایة فترة االحفظ وحتى نھایتھا )جم/لوغاریتم خلیة ٣اقل من (تائج  تحت معدالت العد القولونیة فقد كانت الن

من الجدیر بالذكر ایضا انھ لن یتم التعرف على اى من میكروبى السالمونیال  واالیكوالى خالل فترة التخزین و

بالتجمید بینما  كان العد الكلى  للبكتریا الكارھھ للبرودة و العد البكتیري لمیكروبى السودومونس واالیرومونس اقل من 

علیھا حتى االسبوع الرابع ثم بدات فى الزیادة الى ان وصلت الى لوغاریتم لكل خلیة اي  تحت المعدالت المتعارف٢

.على التوالى فى نھایة االسبوع الثانى عشراالوراك والصدوروذلك لعینات ٣,١٣و٣,١٧و٣,١٩و٣,٢٦

كانت نتائج قیاس االس الھیدروجیني : تركیز االس الھیدروجینى-ا: ظاھرىالغیرنتائج قیاس دالالت الفساد -٢

ثم استمرت فى الزیادة الى ان ٦,٢٢عالیة ) بعد الطبخ مباشرة (المحفوظھ بالتبرید فى الیوم االول االوراكلعینات 

ما بالنسبة لعینات فى الیوم الواحد والعشرین ا٦,٩٥من الیوم الرابع حتى واصلت الزیادة الى ٦,٤وصلت الى 
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ثم ستمرت فى الزیادة لتصل الى ) بعد الطبخ مباشرة (فى الیوم االول ٥,٩المحفوظھ بالتبرید فقد سجلت الصدور

. وذلك فى الیوم الواحد والعشرین٦,٢٩

ثم وذلك في الیوم االول٥,٨١و٦,٢١وبالنسبة الى العینات المحفوظة بالتجمید فقد كان تركیز االس الھیدروجینى 

على االوراك والصدورفى االسبوع الثانى عشر وذلك لعینات ٦,٥٠و  ٦,٨٣استمرت فى الزیادة بالتدریج لتصل الى 

.التوالى

فى الیوم ٨,١٢و٧,١٩بالنسبھ للعینات المحفوظة بالتبرید فقد سجلت : مجموع القواعد النیتروجینیة المتطایرة-ب

االوراك والصدورجرام وذلك لعینات ١٠٠مجم لكل ١٤.٣٧و١٣.٥٣االول ثم بدات فى الزیادة التدریجیة لتصل الى 

فى الیوم ٨.١٢و٧.١٩اما بالنسبة للعینات المخزنھ بالتجمید فقد سجلت .على التوالى  وذلك فى الیوم الواحد والعشرین

االوراك والصدورجرام وذلك لعینات ١٠٠مجم لكل ١٤.٦٥و١٣.٤٤تصل الىاالول  ثم بدات فى الزیادة التدریجیة ل

.على التوالى  فى االسبوع الثانى عشر من الحفظ بالتجمید

جرام مالونالدھید . ٢٠و. ٣٦بالنسبھ للعینات المحفوظة بالتبرید فقد سجلت :نتائج قیاس حامض الثیوباربیتیورك -ج

. ٨٣على التوالى ثم استمرت فى الزیادة الى ان وصلت االوراك والصدورلعینات لكل واحد كحم  في الیوم االول ذلك

وذلك لعینات ٣.٢١و ٤.٥٢ثم وصلت الى اعلى قیمھا وھى للصدورفى الیوم السادس . ٩٢ولالوراكفى الیوم الرابع 

.على التوالى  فى الیوم الواحد والعشرین من الحفظ بالتبرید االوراك والصدور

االوراك والصدورلعینات .  ٢٠و. ٣٦للطھى النتائج االتیھالیوم االول فىت العینات المحفوظھ بالتجمید وقد سجل

ثم بدات . ٢٩االسبوع االول من الحفظ بالتجمید لتصبح فىاالوراكعلى التوالى ثم لوحظ انخفاضا فى نتائج عینات 

فقد استمرت فى الصدوراما بالنسبة الى عینات فى االسبوع الثانى عشر٤.٠٧فى الزیادة مجددا بعد ذلك لتصل الى 

.فى االسبوع الثانى عشر من الحفظ بالتجمید٣.٦٦الزیادة التدریجیة لتصل الى 

بالنسبة الى العینات المحفوظة بالتبرید فقد سجلت قیما مرتفعة فى كل معاییر الجودة : نتائج فحص الجودة الحسیة-٣

لوحظ  االنخفاض التدریجى ولكن ظلت العینات مقبولة حسیا حتى الیوم الرابع عشر الحسیة بدایة من الیوم االول ثم 

اما بالنسبة للعینات المحفوظة بالتجمید فقد سجلت  ارتفاعا . الصدوروالیوم الثالث عشر لعینات االوراكلعینات 

نخفاض التدریجى ولكن ظلت فى ثم بدات النتائج فى االاالوراكاالسبوع االول من التجمید خاصة لعینات فىملحوظا 

.المعدالت المقبولة حسیا حتى نھایة االسبوع الثامن من الحفظ بالتجمید
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جامعة القاھرة
كلیة الطب البیطري

قسم الرقابة الصحیة على األغذیة

جھاد عبدالباقى عزت محمد:االسم
١٩/٧/١٩٨٦:المیالدتاریخ

"الرقابة الصحیة على اللحوم ومنتجاتھا"العلوم الطبیة البیطریة ماجستیر:الدرجة
"جودة متبقیات لحوم الدواجن المطبوخة ":عنوان الرسالة

الرقابة الصحیة على اللحوم ومنتجاتھا:التخصص

:تحت إشراف

جامعة -كلیة الطب البیطري-استاذ الرقابة الصحیة على اللحوم ومنتجاتھا:ندا خلیفھ محمد منصور/د.ا
القاھرة

ورئیس قسم الرقابة الصحیة على استاذ الرقابة الصحیة على اللحوم ومنتجاتھا:نبیل عبدالجابر یس/د.ا
جامعة القاھرة-كلیة الطب البیطري-االغذیة

-كلیة الطب البیطري-الرقابة الصحیة على اللحوم ومنتجاتھامساعد استاذ :محمدحسین محمد حسین/د
جامعة القاھرة

:المستخلص
)ئل الفساددال، الفحص الحسى، الفحص البكتیرى،متبقیات الوجبات : دالھالكلمات ال(

بفحص جودة متبقیات لحوم قطعیات الدواجن المطبوخة تم تم اجراء ھذه الدراسھ على جزءین الجزء االول والذى
) كتف١١ورك و١٤عدد( عینة من متبقیات قطعیات الدواجن ٢٥بالمدینة الجامعیة بجامعة القاھرة وذلك  بتجمیع 

العد الكلى للبكتیریا الھوائیھ والعد البكتیرى للمیكروب العنقودى (ةالبكتیریولوجوصاتالفحصعلیھا وقد اجریت
والبكتیریا القولونیھ والبكتیریا المقاومھ للبرودة ومیكروبى السودومونس و االیرومونس وعزل میكروبى  الذھب

تركیز االس (قیاس دالئل الفساد لھذه العیناتوكذلك .الحسیةوالفحوصات )السالمونیال واال یشریكیھ القولونیھ
وقد أظھرت نتائج العد ) النیتروجینیھ المتطایرهمجموع القواعدالھیدروجینى، حامض الثیوباربیتیورك وقیاس

,1.07±3.29 ,0.17±2.07 ,0.38±272.39لعینات الورك البكتیریى 1.88±0.45, لوغاریتم لكل جرام.2.12±0
0.42±0.33,2.30±1.67,2.27±3.73 ,0.35±2.31 ,0.49±2.53لعینات الكتفكان العد البكتیریىوعلى التوالى

على التوالى وقد اثبتت النتائج خلوھا من میكروبى السالمونیال واالیشریكیة القولونیھ وقد كانت لوغاریتم لكل جرام
نتائج الفحص البكتیرى مرضیھ على الرغم من ان نتائج الفحص الحسى كانت قلیلة نوعا ما خاصة الطعم والرائحة 

. والعصیریھ  نتیجة التخزین والتغیرات الكیمیائیة فى الدھون التى تتبعة خاصة فى اللحوم المطبوخة

وقد أجري الجزء الثانى من الرسالة لدارسة تأثیر الحفظ بالتبرید والتجمید على جودة قطعیات الدواجن المطھیة تحت 
م أو التجمید ٤ºوحفظھا بالتبرید عند م ٧٥ºمتحكم فیھا حیث تم طھى قطعیات الدواجن عند درجة حرارة الظروف ال

وقد أثبتت النتائج أن جودة . م وتم دراسة الخواص البكتریولوجیة والحسیة ودالئل الفساد أثناء التخزین١٨ºعند 
یوم الرابع عشر وبعدھا أظھرت نتائج الفحوصات القطعیات الحفوظة بالتبرید ظلت فى الحدود المسموح بھا حتى ال

أما بالنسبة للقطعیات التى تم حفظھا بالتخمید فقد أظھرت النتائج استمرار قبولھا حتى . الحسیة عدم قبول تلك القطعیات
وقد خلصت الدراسة الى أھمیة . االسبوع الثامن وبعدھا أظھرت نتائج الفحوصات الحسیة عدم قبول تلك القطعیات

.باع ممارسات التصنیع الجید أثناء مراحل االعداد والطبخ والتخزین واعادة التسخین لھذه القطعیاتات
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