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Abstract 

 

“Studies on Microbiological and Biological Methods 

for Detection of Irradiated Food” 

"Hanaa Mahmoud Abd El-Razik Ibrahim" 

 

(Helwan University, Faculty of Science, Botany and 

Microbiology Department, 2013) 
 

ABSTRACT 

The main aim of this study is to evaluate a microbiological 

and biological methods used for the detection of irradiated foods 

in Egypt. The microbiological methods included were shift in 

microflora load and direct epifluroescent filter technique 

compared with aerobic plate count (DEFT/APC), while the 

biological method was DNA comet assay. The selected foods 

were black, strawberry, fresh-and frozen-deboned chicken. The 

samples of these foods were exposed to different doses of gamma 

radiation according to the purpose of irradiation for each food. 

The results indicated that the characteristics of microbial 

population of all irradiated samples have been changed. The very 

lower count of viable bacterial count (APC) and mold and yeasts 

counts in the samples than the reported normal count as well as 

the absence of Gram- negative bacteria and Enterobacteriaceae 

group from these samples could be used as an indication for 

radiation treatment of these foods. The large difference between 

microbial counts obtained by DEFT test and that obtained by 

APC test could also be used for screening radiation treatment of 

these foods. Photographic and image analysis of DNA comet 
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assay showed that irradiation of these foods caused damage to the 

food cells DNA (fragmentation) at different levels according to 

the doses used and kind of foods. This DNA damage can be 

followed or described by DNA comet assay test. On the basis of 

comet assay, the discrimination between unirradiated and 

irradiated food samples was very possible. In general the results 

showed that DEFT/APC method had the potential to detect 

irradiated food samples either at zero time of storage or 

throughout the storage period post- irradiation. DNA comet assay 

as a rapid, simple and inexpensive screening test approved to be 

successful for detection of irradiated food samples under 

investigation. Determination of rough applied irradiation dose is 

possible if photographic analysis is combined with image 

analysis. 

 

Keywords: 

Gamma irradiation, detection, irradiated food, DEFT/APC, DNA comet 

assay 
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Chapter 1                                                                                           Introduction  

 

1 

INTRODUCTION 

Irradiation of food has recently become one of the 

successful techniques to preserve food with minimum 

interruption to the functional, nutritional and sensory 

properties of food products. This processing of food 

involves controlled application of energy from ionizing 

radiation, mainly gamma radiation, X- rays and electron 

beam for food preservation. The foods are exposed 

prepacked or in bulk to predetermined level of ionizing 

radiation according to the purpose of food irradiation. 

Irradiation preserves the food by disrupting the biological 

processes that lead to decay of food quality. Irradiation has 

direct and indirect effect on living cells such as in 

microorganisms, insects and gametes preventing them from 

reproduction, resulting in a preservative effect. Direct 

effect resulting from absorption of ionizing radiation 

photon energy by a target molecules (mainly DNA) 

causing DNA damage. Indirect effects resulting from 

interaction of ionizing radiation with water and other 

biological molecules in a food system leading to the 

formation of various free radical products (Hº, OHº, e
-
). 

These highly reactive free radicals act as oxidizing agent 

and interact with target molecules in the cells causing 
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several changes (Thompson and Blatchely, 2000; Miller, 

2005 and Chauhan et al. 2009). 

Irradiation of food can be applied to prevent sprout 

inhibition of potatoes, onions and garlic; control of harmful 

parasites in meats; insect disinfection of grains and dried 

food products; decay of ripening in fruits; eradication of 

non-spore forming pathogenic bacteria; shelf-life extension 

of perishable foods; microbial decontamination of spices 

and herbs (IAEA, 1996; Farkas, 2004; Patterson, 2005; 

Hammad et al. 2006 and Ahari and Safaie, 2008). Food 

irradiation has already gained approval in more than 60 

countries worldwide including USA, Russia, United 

Kingdom, France, The Netherlands, India, China, Egypt, 

etc… (IAEA, 2006). Since 1990, the radiation processing 

of more than 250 food commodities have been 

commercialized in various parts of the world. There is an 

extending list of food commodities which are being 

irradiated including meat, poultry, vegetables, fruits, 

cereal, grains and spices (Marin-Huachaca et al. 2002).  

Since 1986, it has become mandatory that all 

irradiated food products must carry the internationally 

accepted radiation symbol “radura”. Thus, the development 

of proper analytical methods for correct identification of 

irradiated samples from non-irradiated samples has become 



Chapter 1                                                                                           Introduction  

 

3 

important for upholding regulatory controls, checking 

compliance against labeling requirements, facilitating 

international trade, and reforcing consumer confidence. 

Regulatory authorities in all countries are interested in 

having reliable methods to detect irradiated foods as well 

as estimation of dose (Delincee, 2002 and Chauhan et al. 

2009). During 1996, the European Committee for 

Standardization (CEN) adopted 5 European standards for 

detection of irradiation process in food commodities and in 

2004 more validated standard has been adopted by the 

Codex Alimentarius and is included in the general 

standards for irradiated foods, and is available to food 

control agencies (Marin-Huachaca et al. 2005).  

Ten current methods used to identify irradiated foods 

(ENs).These methods for the detection of irradiated foods, 

are based on physical, chemical, biological and 

microbiological changes in food products during 

irradiation, although these changes are minimal. However, 

physical and chemical methods for the detection of 

irradiated foods require expensive and sophisticated 

equipment, laborious sample preparation procedures and 

consuming time. Therefore, rapid, sensitive, simple and 

inexpensive methods should be used for the routine test by 

food control laboratories. It has been suggested the use of 
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some microbiological and biological methods as a simple 

and inexpensive techniques for identification of irradiated 

foods. On the basis of the destruction or changes in 

microbial load as a result of irradiation, a number of 

researchers have suggested the use of shift in microflora 

load as a simple and inexpensive test to indicate the 

possible irradiation treatment of foods. The researchers are 

focused on Gram- negative bacteria, as they are more 

sensitive to irradiation than other types of bacteria 

(Chauhan et al., 2009). 

The most important microbial methods proposed for 

identification of irradiated foods are direct epifluoresecent 

filter technique/aerobic plate count (DEFT/APC), changes 

in microbial flora(shift in microbial flora, radiation 

resistance of certain microorganisms) and Limulus 

amoebocyte lysate test /Gram- negative bacteria 

(LAL/GNB). Only two microbiological methods; namely 

DEFT/APC (EN 13783-2001) and LAL/GNB (EN 14569-

2004) are approved and validated as screening 

microbiological methods for identification of irradiated 

foods (del-Mastro, 2009).  

Direct epifluoresecent filter technique/ aerobic plate 

count (DEFT/APC) is one of the ten approved method (EN 

13783:2001) used for screening or detection of irradiated 
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foods. This method is based on a comparison of the APC 

with the count obtained with DEFT. The APC gives the 

number of viable microorganism in the samples presented 

as colony forming unit (CFU) and the DEFT count 

indicates the total number of viable and non-viable 

microorganism present in the sample. In unirradiated 

samples, the counts by DEFT are very similar with those 

by APC, because of the presence of viable microbial cells. 

If samples are irradiated, most viable microorganisms are 

killed and the ratio of DEFT/APC increases.  

DNA comet assay is another standard screening 

method approved (EN 13784:2001) for detection of 

irradiated foods. It considered a simple, rapid and sensitive 

biological technique used to detect DNA damage in 

foodstuffs by irradiation. It has increasingly been 

recognized as a valuable tool for regulatory authorities 

(Park et al. 2000, Khan et al. 2002 and Cutrubinis et al. 

2007). In unirradiated samples cell’s DNA remained intact 

and appeared as “comets” without tail, whereas in 

irradiated samples cell’s DNA Comets with tail are seen. 

The percentage of DNA in tail and the tail length are dose 

dependent (Khawar et al. 2011). 
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The Aim of the Work: 

      The main aim of the present study is to investigate the 

potential applications of microbiological and biological methods 

for the detection or screening of gamma radiation treatment of 

some foods from both plant and animal origin produced in Egypt. 

The proposed applied methods were: 

1- Shift in microbial load 

2- DEFT/APC 

3- DNA comet assay. In this test the photographic and image 

analysis were used for evaluation of DNA comets in all 

irradiated and unirradiated foods under studying. 
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 1- Irradiation of food 

        Food irradiation is recognized as an effective measure 

to decrease microbial contamination and to extend shelf-life 

both for fresh and industrially processed food. Treatment of food 

like meat, seafood and poultry is gaining importance throughout 

the world (Molins, 2001). Food irradiation is a process at which 

food products are exposed to a controlled amount of radiant 

energy to kill harmful bacteria such as E.coli O157:H7, 

Campylobacter, Listeria and Salmonella. The process can also 

control insects and parasites, reduce spoilage and inhibit 

ripening and sprouting (Farkas, 1998; Patterson, 2005 and 

Lagoda, 2008).This treatment when used together with good 

food manufacturing practices and food preparation decrease the 

probability that pathogenic microorganisms and harmful 

parasites reaching consumers (Diehl, 2002). Food irradiation has 

become now one of the successful techniques to preserve many 

types of foodstuffs with minimum changes to functional, 

nutritional, and sensory properties of the treated food. It involves 

exposing the food to the radiation energy source and specific 

dose is absorbed by that food to achieve certain purposes such as 

decrease the microbial load, eliminate food- borne pathogens 

(Chaunhan et al., 2009).  
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   1.1. Sources used for food irradiation                                    

Not all types of ionizing radiation are used for treatment 

of foods. This is because they do not penetrate deep enough into 

the food being irradiated or because they make the irradiated 

foods radioactive. There are only three types of ionizing 

radiation approved for food processing (WHO, 1988, Olson, 

1998).  

1.1.1. Gamma radiation   

High energy radiation which are emitted by radioactive 

cobalt-60 or cesium 137. These radioactive sources are produced 

in commercial nuclear reactors and have a long half-life that 

makes them useful for commercial installation. Food or other 

products are brought into a heavily-shielded chamber and 

exposed to gamma rays for a defined length of time. When the 

source is not in use, it is stored in a pool of water that absorbs all 

irradiation, effectively turning it off. These high energy rays can 

penetrate deeply, making it possible to treat bulk foods on 

shipping pallets. 

1.1.2. Electron Beam  

Electron beam technology uses a stream of high energy 

electrons, also known as beta rays that are emitted from an 

electron gun. The technology is analogous to an electron                           
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beam in a television tube, though far more powerful.                               

Electrons can only penetrate several centimeters of food, and for 

this reason, foods are treated in relatively thin layers. Modest 

metal shielding of the treatment cell is sufficient to prevent the 

escape of stray electrons. When not in use, the electron source is 

turned off by switching off the electric current. Electron beam 

generated from machine source called “accelerators” operated at 

or below an energy level of 10 MeV. 

1.1.3. X- rays 

The most recently developed technology is the use of X- 

rays, which involved properties of the above mentioned 

methods. High energy X-rays can be produced if an electron 

beam hits a thin metal foil target. Like gamma rays, a beam of 

X-rays can penetrate foods to a much greater depth than electron 

beams and requires heavier shielding. However, like electron 

beams, X-ray sources can be switched on and off. X- rays 

sources are operated at below energy level of 7 MeV. At this 

energy level no radioactivity in food is involved. 
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1.2. Radiation units 

There are five kinds of radiation unit 

1.2.1. Units of radiation activity 

Activity is the transformation (disintegration) rate of a 

radioactive substance. In SI units, the activity of a radioactive 

source is measured in becquerels (symbol Bq), where one 

becquerel is equal to one nuclear disintegration per second (an 

older unit is the curie, where one curie is 37 billion Bq). 

1 Bq = 1 disintegration per second (dps) 

1 Ci = 3.7 x 10
10 

dps 

1 Ci = 3.7 x 10
10

 Bq  

1.2.2. Units of Radiation Intensity 

The intensity of radiation is defined as the rate of 

emitted energy from unit surface area through unit solid angle. 

The Rontgen (R) is a measure of radiation intensity or exposure 

of x-rays or gamma rays. It is formally defined as the radiation 

intensity required for producing an ionization charge of 

0.000258 coulombs per kilogram of air.  
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1.2.3. Units of radiation absorbed dose 

The most important units in food irradiation is the 

radiation absorbed dose, which is the amount of energy of an 

ionizing radiation absorbed per unit mass of material. The rad is 

a unit of absorbed radiation dose in terms of the energy actually 

deposited in the tissue. The rad is defined as an absorbed dose 

of 0.01 joules of energy per kilogram of tissue. The more recent 

SI unit is the gray (Gy), which is defined as an absorbed dose of 

1 joule of deposited energy per kilogram of tissue.  

         1 Gy= 100 rad 

         1kGy= 100.000 rad=100 Krad 

1.2.4. Units of radiation equivalent dose 

Radiation equivalent dose relates the absorbed dose in 

human tissue to the effective biological damage of the radiation. 

Not all radiation has the same biological effect, even for the 

same amount of absorbed dose. Equivalent dose is measured in 

an SI unit called the Sievert (Sv). Like the gray, the sievert is a 

large unit and for normal radiation protection levels a series of 

prefixes are used:  
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 nanoSievert (nSv) is one thousand millionth of a Sievert 

(1/1,000,000,000)  

 microSievert (µSv) is one millionth of a Sievert 

(1/1,000,000)  

 milliSievert (mSv) is one thousandth of a Sievert 

(1/1,000)  

To determine equivalent dose (Sv), you multiply absorbed 

dose (Gy) by a radiation weighting factor that is unique to the 

type of radiation. The radiation weighting factor WR takes into 

account that some kinds of radiation are inherently more 

dangerous to biological tissue, even if their "energy deposition" 

levels are the same. (An older weighting factor is the quality 

factor).  For x-rays and gamma rays and electrons absorbed by 

human tissue, WR is 1. For alpha particles it is 20 (Cleveland 

and Saundry. 2009). 

1.2.5. Unit of radiation dose rate  

The amount of radiation energy absorbed in unit of time is 

measured in Gy/h. 
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1.3. Applications of food irradiation 

Applications of food irradiation are usually organized into 

three categories according to the range of delivered dose. 

 

1.3.1. Low-dose (<1kGy) applications 

 Irradiation doses below 1 kGy can be applied to prevent 

sprout inhibition of potatoes, onions and garlic; control of 

harmful parasites in meats; insect disinfection of grains and 

dried foods and decay of ripening in fruits (IAEA, 1996; Bibi et 

al, 2006 and Lagoda, 2008). 

1.3.2. Medium-dose (1 - 10 kGy) applications  

Irradiation doses in the range of 1 to 10 kGy can be applied in: 

a. Eradication or elimination of food borne pathogens 

Beef, pork, poultry, seafood, eggs and dairy products are 

all recognized as major sources of food borne illness. The most 

serious contaminants are E.coli, Listeria and tapeworm for beef. 

For poultry and eggs, the predominant pathogens are Salmonella 

and Campylobacter. Excellent control of all these organisms can 

be achieved with doses in the range of 1 - 5 KGy (Farkas, 1998; 

Patterson, 2005 and Farkas and Mohacsi-Farkas, 2010). 
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b. Shelf-life extension 

Irradiation doses in the range of 1-10 kGy are the most 

widely used in food irradiation technologies. These doses are 

applied for reducing food spoilage, thereby extending shelf- life 

of food products. For example, a dose of 2.5 kGy can extend the 

shelf life of chicken and pork by as much as a few weeks, while 

the shelf life of low-fat fish can be extended from typically 3 - 4 

days without irradiation to several weeks with 5 kGy 

(Patterson, 2005). In addition, the shelf life of various cheeses 

can be extended significantly by eliminating molds at doses of 

less than 5 kGy. Finally, shelf life extension for strawberries, 

carrots, mushrooms, papayas and packaged leafy vegetables also 

appears to be promising at dose levels of a few kGy (Bibi et al., 

2006; Hammad et al., 2006). Irradiation of mushrooms at 2 – 

3kGy inhibits cap opening and stem elongation and can be 

increased at least by two-fold (by storage at 10°C). Treatment of 

strawberries (which are spoiled by Botrytis sp.) with a dose of 2 

- 3 kGy, followed by storage at 10°C can result in a shelf life of 

up to 14 days (Ahari and Safaie, 2008).  

c. Decontamination of spices and herbs  

The most important application of irradiation doses in the 

range of 5-10 KGy is to decontaminate spices and herbs. These 

doses are usually give quite satisfactory results (reducing of 
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bacteria, mold spores and insects) without negative impact on 

chemical or sensory properties of these spices and herbs 

(Farkas, 1998; Farkas, 2004 and Sadecka, 2007). 

1.3.3. High-dose (>10 KGy) applications 

It is possible to sterilize meat, poultry and certain sea 

foods with doses in the range of 25 - 45 kGy (WHO, 1999; 

Stewart, 2004a, 2004b; IFST, 2006). To prevent off- flavors 

resulting from lipid oxidation upon high doses, oxygen must be 

excluded by vacuum packaging and the irradiation must be 

performed at low temperatures (-20°C to -40°C). Foods which 

are preheated to inactivate enzymes can be commercially 

sterilized such as it occurs in canning. These products can be 

stored at room temperature almost indefinitely. While these 

additional procedures and high doses significantly increase 

costs, these products are nonetheless important for hospitalized 

patients with suppressed immune system and NASA astronauts 

(Scott and Suresh, 2004, Patterson, 2005). 
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1.4. Advantages of food irradiation 

Food irradiation has many advantages over the other food 

preservation methods (Ingram and Farkas, 1977; Becker, 

1983; Thayer and Rajkowski, 1999; FIPA, 2006 and GMA, 

2009). These advantages include:  

 The high the ability of ionizing radiation used to destroy 

viable cells of microorganisms without or with slight 

temperature rise in irradiated food, thereby keeping its freshness, 

functional and nutritional properties.  

 In fact, heating, drying, and cooking may cause higher 

nutritional losses in food as compared with irradiation processes. 

Moreover, certain carcinogenic aromatic and heterocyclic ring 

compounds produced during thermal processing of food at high 

temperatures were not identified in food after irradiation  

 Provide a suitable alternative to harmful chemical 

treatments (fumigants) which used for decontamination of spices 

and herbs and for disinfestations of insects in grains  

 Food irradiation offers many advantages to regulators, 

retailers, consumers and food manufactures coming from 

improve food safety and quality and shelf- life extension  

 Simple technique in comparison with other techniques, 

only one process variable (exposure time) is needed to be 

controlled. In contrast, treatment of food with heating or 
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ethylene oxide needs six to seven variables (temperature, time, 

pressure, vacuum, humidity, etc) to be controlled. 

 Irradiation treatment of food doesn't leave any residues at 

the irradiated food. 

 Irradiation can also be used as an alternative to chemical 

sprout inhibitor for tubers, bulbs, and root crops. These 

inhibitors are considered by some to be harmful, and many 

countries have prohibited their use. 

 The process is safe to workers and friendly to 

environment. 

  The softening and browning associated with the ripening 

of certain fruits and vegetables, such as bananas, mangoes, and 

mushrooms, can be delayed with irradiation.  

 Use of different packing materials including those cannot 

withstand heat treatments like plastics in packing and wrapping 

food.  

 It can be applied to food bulk as well as pre-packed food. 

 

 

 

 

 

 



Chapter 2                                                                               Review of literature 

 
 

07 
 

1.5. Labeling of irradiated food  

Since 1980, it has become mandatory that all irradiated 

food products must carry the internationally accepted radiation 

symbol "radura". Prior to the passage of FDA reform legislation 

(Public Law 105-115 in November 1997), irradiated foods at the 

wholesale level were required to bear either the phrase “Treated 

by irradiation, do not irradiate again” or “Treated with radiation, 

do not irradiate again. At the retail level, food labels were 

required to bear the international radura symbol along with 

either of the statements “treated with radiation” or “treated by 

irradiation.” The regulation for these labeling requirements 

(FDA, 1986), issued by FDA under its statutory authority within 

the Federal Food Drug and Cosmetic Act, permitted additional 

statements about the purpose of the treatment process and the 

type of radiation used in the treatment. The food provisions of 

the 1997 FDA reform legislation directed the agency to review 

its labeling rule and, as appropriate, revise it so that the 

disclosure statement is not more prominent than the declaration 

of ingredients. The radura symbol was not excluded as a means 

of making an irradiation disclosure.  

The FDA currently requires that a label on irradiated 

foods contains an identifying symbol called a "radura", 

surrounded by the words “treated with radiation". A number of 
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labeling statements about the purpose of radiation processing 

have been authorized for use of labeling in conjunction with the 

radura in addition to or instead of "Treated with radiation "or 

"Treated by irradiation"(GMA, 2009). 

 

 

 

1.6. Irradiated food and radioactive food 

Exposing the food to carefully controlled amount of 

ionizing radiation for an effective period of time called a "food 

irradiation". This irradiated food is very safe for human 

consumption. Sadecka (2007) reported that the use of ionizing 

radiation to destroy harmful biological organisms in food is 

considered a safe, well proven process that has found many 

applications. Depending on the absorbed dose of radiation, 

various effects can be achieved resulting in reduced storage 

losses, extended shelf life and/or improved microbiological and 

parasitological safety of foods. 

Packing symbol identifying irradiated food 
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The irradiated food doesn‟t become radioactive as the 

energy passes through it only kills the bacteria, leaving no 

residue. Energy passes through the food much like a ray of light 

passes through a window. This energy destroys most of the 

bacteria that can cause disease, and leave the food virtually 

unchanged. Since the energy involved in irradiation is not strong 

enough to cause changes at atomic level, and since the food is 

never in contact with a radioactive source, the food cannot 

become radioactive (FIPA, 2006).  

On the other hand, radioactive foods are those which have 

become by chance infected by radioactive substances from 

weapons testing or nuclear reactor accidents. Setter (1962) 

early, reported that food which contains measurable amounts of 

radionuclide arising from the distribution of debris of nuclear 

bomb or nuclear power plants accidents over the entire earth's 

surface called "radioactive food". This radioactivity is in 

addition to natural radioactivity which exists in the environment. 

Thus it is well known that a food which contaminated with any 

radioactive nuclide become a radioactive food and this very 

dangerous for human or animal consumption and for 

environment. 
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2- Irradiation effects 

2.1. The production of free radicals 

 Formation of the primary free radicals upon water 

radiolysis occurs via the following reactions (Goodman et al, 

1989). 

Ionizing radiation             H2O                        H2O
+
+ e

- 

 

 

H2O
+
+ H2O                         H3O+ OH▫ 

 

 

H2O
+
+ e

-                                          
 H2O* 

 

 

H2O*                               H▫+ OH▫ 

 

 

In the presence of oxygen 

H▫+ O2                                HO2▫ 

 

 

HO2▫ + HO2▫                           H2O2 + 2O
 

 

Ionized 

water 

molecule 

Hydrated 

electron 

Solvated 

proton 

Highly reactive 

hydroxyl 

radical 

Excited 

molecule 

Hydrogen 

radical 

Hydroxide 

radical 

Hydro peroxide 

radical 

Hydrogen 

peroxide 

Active oxygen 

atom 



Chapter 2                                                                               Review of literature 

 
 

11 
 

 

 

 These free radicals formed upon water radiolysis are 

highly reactive and can react with other molecules in the living 

cells of biological function importance (DNA, enzymes, energy 

metabolism, proteins, etc) causing great damage to these 

molecules. It is now universally accepted that the 

deoxyribonucleic acid (DNA) in the chromosomes represent the 

most critical target of ionizing radiation. Effects on the 

cytoplasmic membrane appear to play an additional role in some 

circumstances. It is worthy to mention that there is no evidence 

that free radicals produced in radiation processing affect the 

safety of food. There are more free radicals in a piece of toast 

than in a piece of irradiated food (FIPA, 2006). 

 

H2O 

H▫ 

H2O2 

H3O e- 

OH▫ 

The main products of water radiolysis 
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2.2. Effect of ionizing radiation on microbial cells: 

 Ionizing radiation has an effect (directly or indirectly) on 

microorganisms. The radiation energy transfer to the atoms and 

molecules of the microbial living cells. This is only the first 

physical action occurring in a cell, tissue and entire organisms. 

The primary radiation chemical changes in cells molecules can 

be produced by direct and indirect effect of radiation. Direct 

effect is defined as the changes appear in biological molecules 

as a result of the absorption of radiant energy by the molecules 

being studied (targets). Indirect effect is defined as the changes 

in the living cell caused by the products radiolysis (free radicals) 

of cell water or water surrounding the cell. Indirect effect, the 

process of water in cells (up to 90%) is the main cause of 

radiation damage to the living microbial cells (Ingram and 

Roberts, 1980). 
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Radiation                                              Radiation 
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- 

  

 

 

 

 

 

Direct effect                                  indirect effect    

 

  

 

Thompson and Blatchely (2000) reported that there are 

two mechanisms of ionizing radiation for inactivation of 

microbial cells “direct and indirect processes”. Direct processes 

involve absorption of photon energy by a target molecules 

(mainly DNA) resulting to the damage of the target. Indirect 

processes occur when photon energy is absorbed by a nearly 

molecule (e.g. water) resulting in the formation of free radicals 

(highly radioactive) which in turn react with target molecules in 

the microbial cells.   

Target 

Diffusion 

of free 

radical to 

target 

molecules 

Direct and indirect effect of ionizing radiation 

on a microbial cell 
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 Miller (2005) reported that ionizing radiation can have an 

effect (directly and indirectly) on living microbial cells products. 

Since the hydroxyl radical is a powerful oxidizing agent and the 

hydrated electron is a strong reducing agent, the radiolysis of 

water can be expected to cause oxidizing and reducing reactions 

in microbial cells through free radical attack. 

 It is accepted that the biological effects on 

microorganisms contaminating food which caused by ionizing 

radiation are primarily the result of disruption of the nucleic acid 

molecules. The DNA structure is that of very long ladder twisted 

into a double helix. Since there is only one (or at most a few 

copies) of the DNA molecule in a cell, and if it becomes 

damaged by either primary ionizing events or through secondary 

free radical attack, the induced chemical and biological changes 

can prevent replication and cell death. DNA is much larger than 

the other molecular structures in a cell and this is an important 

reason for the high sensitivity of DNA to the effects of ionizing 

radiation (Scott and Suresh, 2004; IFST, 2006) 

The high energy rays of irradiation directly damage the 

DNA of living organisms, inducing cross-linkages and other 

changes that make an organism unable to grow or reproduce. 

When these rays interact with water molecules in an organism, 

they generate transient free radicals that can cause additional 
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indirect damage to DNA. Complex life forms with large DNA 

molecules are affected by relatively low doses. The actual dose 

required to treat food varies with the specific pathogen and the 

specific circumstances of the food. It generally takes a higher 

dose to kill the same number of organisms in frozen food than it 

does to kill them in refrigerated food due to the absence of 

indirect effect (free radicals in frozen state). A D-value dose is 

the amount of radiation that it takes to destroy 90% of the 

organisms or one decimal log. Thus, a one log kill would reduce 

a million bacteria to 100,000. Getting rid of more bacteria takes 

more irradiation as they are small targets and it is not easy to hit 

each of them (Robert, 2001). 

2.3. Effect on chemical composition and nutritional value of 

food 

 Smith and Pillai (2004) reported that irradiation can 

produce changes in food, similar to changes caused by cooking, 

but in smaller amounts. With few exceptions, the chemical 

identities of the radiolytic products (hydrocarbons, aldehydes 

and ketones) are identical to those generated "thermolytically" 

by heating food while their levels are generally much lower. 

Alkylycyclobutanones (ACBs) appear to be unique radiolytic 

products since they have not been found in raw or heat 

processed foods as yet. They added that food treated by 
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irradiation is generally as nutritious as, or better than, the same 

food treated by the conventional processes such as cooking, 

drying or freezing. Micronutrients, especially certain vitamins, 

can be reduced by irradiation, but generally the same vitamins 

are reduced by the other commonly used food processing 

methods or by simple storage. 

 WHO (1994) and Diehl (1995) reported that many food 

processes, like cooking, alter nutrient content much more than 

irradiation. Trace elements and minerals are not significantly 

affected by doses up to 10 kGy. 

The macronutrients (carbohydrates, proteins and lipids) 

are not noticeably affected by low and medium range doses with 

regard to their amount of nutrient content and digestibility. Even 

with high sterilization doses, macronutrients are small and non-

specific. Indeed, heating, drying and cooking may cause upper 

nutritional losses. In addition, after irradiation, carcinogenic 

aromatic and heterocyclic ring compounds that are produced 

during cooking at high temperatures are not observed. However, 

the structural properties of the fibrous carbohydrates in medium 

under high-radiation doses can be degraded and lipids can 

become rancid, leading to a loss of food quality. Thiamine (of 

the micronutrients) is of concern because of its relatively high 

sensitivity to the effects of radiation, so the foods that contain it 
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(pork, for example) are excellent candidates for irradiation to 

develop food safety (IFST, 2006). 

2.4. Effect on sensory properties 

 The irradiation process is not suitable for all products. 

Food with high fat contents, such as fatty fish and some dairy 

products, develop off- odors and tastes due to the acceleration of 

rancidity, even at relatively low doses. Liquid and dry eggs can 

tolerate doses in excess of 3 kGy, but for shell eggs a 2 kGy can 

cause deterioration of the yolk sac membrane. All these changes 

are minimized by irradiating at chill or frozen temperature 

(Diehl, 1983). 

 Scientific studies have shown that irradiation of many 

foods according to validated protocol does not significant detect 

any change in sensory properties upon irradiation. There are 

many good examples of the excellent sensory quality of 

radiation processed foods, including the NASA menu items, 

which have been consumed by astronauts for many years 

(GMA, 2009). 

 Some foods treated by irradiation may taste slightly 

different, just as pausterisized milk tastes slightly different from 

unpasteurized milk. Poultry, fatty fish and pork can be sensitive 

to flavor and color (pinking) changes (Nam and Ahn, 2002, 

Houser et al., 2003) 
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3- Safety of irradiated foods 

Becker (1983) stated that the food cannot become 

radioactive through exposure to gamma rays from Co
60

, Cs
137

, 

X-rays (5 Mev) or less, or accelerated electrons with energy 

levels below 10 MeV.  

Feeding study with 60 wisterrats consumed irradiated 

dried mackered did not, however, reveal any treatment related 

effects (AMA, 1993). 

WHO (1994) review the safety and nutritional adequacy 

of irradiated foods concluded that the food irradiation: (1) will 

not lead to toxicological changes in the composition of food that 

would have an adverse effect on human health;(2) will not 

increase microbiological risk; and (3) will not lead to nutrient 

losses that would have adverse effect on nutritional status of 

people. 

In 1999, the WHO and allied organizations concluded on 

the basis of knowledge derived from over 50 years of research 

that irradiated foods are safe and wholesome at any radiation 

dose. The limitation at very high doses is palatability, not food 

safety (WHO, 1999). 
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4- Regulations of food irradiation  

 The results obtained in the international project and in 

national testing programs were repeatedly (in 1964, 1969, 1976 

and 1980) evaluated by the Joint FAO/IAEA/WHO Expert 

Committee on the Wholesomeness of Irradiated Food 

(JECFI).This Committee concluded in 1980 that the irradiation 

of any food commodity up to an overall average dose of 10 kGy 

presented no toxicological hazard and no special nutritional or 

microbiological problems (WHO, 1981). According to this 

conclusion, the Codex Alimentarius Commission adopted in 

1983 a General Standard for Irradiated Foods and a 

Recommended International Code of Practice for the Operation 

of Radiation Facilities. The World Health Organization 

encourages the use of the process, which it described as „„a 

technique for preserving and improving the safety of food‟‟ 

(WHO, 1988) 

In 1997, an FAO/IAEA/WHO study group on high dose 

irradiation examined the results of safety studies carried out on 

food irradiated with doses higher than 10 kGy. Few foods 

tolerate doses above 10 kGy without loss of sensory quality. On 

the other hand, long-term animal feeding studies with foods 

irradiated with doses as high as 70 kGy have shown no 

treatment-related adverse health effects. The Study Group 
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concluded that food irradiated to any dose appropriate to achieve 

the intended technological objective is both safe to consume and 

nutritionally adequate (WHO, 1999).  

Food irradiation has already gained approval in more than 

60 countries worldwide. In the United States, the Food and Drug 

Administration (FDA) has primary regulatory responsibility for 

ensuring the safe use of irradiation on all foods. At the same 

time, the United Stated Department of Agriculture (USDA), 

Food Safety and Inspection Service (FSIS) are responsible for 

the lawful processing of meat, poultry and some egg products 

(FDA, 2001; IAEA, 2006). 

5- Consumer acceptance of irradiated food 

Fox (2002) reported that consumer surveys have revealed the 

acceptability rates of irradiated food ranging from 45% to more 

than 90%, depending on the food commodity and the way of 

presentation.  

Nayga et al. (2004) reported that consumers would purchase 

irradiated foods, depending on their level of concern and 

awareness and the provision of sufficient background 

information. These findings emphasis the importance of 

educating the public on the controversy, technology, and the 

benefits of irradiation, especially since the public has been 

shown to be more receptive to the negative argument. 
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Johnson and Estes (2004) reported that when customers 

are given information about the process and a chance to try 

irradiated goods for themselves they are much more likely to 

recognize the technology. Market trials have also met with 

success. As a general rule, consumers are conservative and 

unless properly explained to, they are reluctant to accept 

products processed by new technologies and especially when it 

comes to irradiated foods. Many consumers are initially hostile 

to irradiation but when the process is explained to them they 

become generally more in favor. There is a role for respected 

professional bodies to inform consumers of the advantages and 

limitations of the technology so that they can make informed 

decisions on buying and eating irradiated foods (Landgraf et 

al., 2006).  

Gunes and Tekin (2006) investigated consumer awareness 

and acceptance, and influence of benefit statements and price on 

acceptance of irradiated foods in Turkey, they found that: 

1- Consumer awareness of food irradiation was very low 

(29%). 

2- Majority of consumer (80%) were uncertain about the 

safety of irradiated foods. 

3- Only 11% expressed irradiated food are safe. 
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4- Purchase intent of irradiated foods was highest (44%) 

when price is same as unirradiated foods. 

5- Who would buy 5% premium price for irradiated foods 

was 23%. 

6- Who would buy irradiated foods only at 5% cheaper price 

was 19%. 

Fan et al. (2012) mentioned that demand and willingness 

to buy for irradiated food is increasing, especially after people 

receive information about irradiation reduces the risk of food 

poisoning and preserves food without deterioration to health and 

with minimum effect on nutritional qualities. Generally, the 

more consumers know about this technology the more willing 

they are to embrace it. Even a minimal presentation of the facts 

related to food irradiation can lead to a significantly greater 

support for this technology.    
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6- Detection methods of irradiated foods 

In view of the growing interest in food irradiation, 

development of reliable methods for detecting irradiated food is 

required to enhance international trade in irradiated food and 

enforce compliance with labeling regulations (Delincee, 2002). 

Many efforts and continuously investigations have been carried 

out to develop reliable and sensitive detection methods to be 

applied directly on the food products itself, but no general 

method applicable to all food had yet been found. Recently, 

several detection methods have been developed and adopted as a 

result of international efforts and cooperation between different 

countries and the European Committee of Standardization 

(CEN). 

Ideally, such methods should be unique or specific for 

irradiation and not influenced by other processes, simple, 

accurate, easy to perform, rapid, and inexpensive. It is 

considered that availability of such detection methods would 

improve standard regulatory procedures, which would help to 

strengthen the national regulations on the irradiation of specific 

foods and would be of assistance in establishing a system of 

legislative control and enhance consumer confidence in such 

regulations and acceptance of irradiated foods. Unfortunately, no 

single method can be applied to all food systems. Different 
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foods vary in their chemical composition and physical and 

quality attributes (Chauhan et al., 2009). 

Detection methods for irradiated foods may be classified 

into four categories chemical, physical, microbiological and 

biological methods (Raffi and Kent, 1996 and Delincee, 

1998a) 

6.1. Chemical detection methods 

Foods are complex mixtures of many substances 

competing with one another to absorb the energy of ionizing 

radiation. Chemical detection methods are based on the chemical 

changes induced by irradiation in the main food component‟s 

(proteins, lipids, carbohydrate).Various chemical methods have 

been proposed to detect irradiated foodstuffs (Szekely et al, 

1992; Stevenson and Stewart, 1995 and Zanardi et al, 2007). 

The most important methods include: 

1- Measurements of volatile hydrocarbons (EN 1784: 2003). 

2- Measurement of 2- alkylcyclobutanone (EN 1785: 2003). 

3- Measurements of Ortho-tyrosine (not yet approved).  

4- Measurements of lipid hydro peroxides (not yet approved). 
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6.2. Physical detection methods 

 Physical detection methods are based on the physical 

changes induced by irradiation in foodstuffs. According to 

Schreiber et al, 1994 and Stevenson and Stewart (1995) the 

most common physical methods for the detection of irradiated 

foods are: 

1- Electrons spin resonance (ESR) or Electron paramagnetic 

resonance spectroscopy (EPR) for detection of irradiated food 

containing bone (EN 1786: 1996). 

2- ESR for detection of irradiated food containing cellulose 

(EN 1787: 2000). 

3- ESR for detection of irradiated food containing crystalline 

sugar (EN 13708: 2001).  

4- Thermo luminescence (TL) (EN 1788: 2001). 

5- Viscosity (not yet approved). 

6- Electrical impedance (not yet approved). 

7- Measurement of the near infrared (NIR) (not yet 

approved). 
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6.3. Microbiological detection methods 

 The characteristics of microbial population of irradiated 

foods have been used for developing detection methods for 

irradiated foods (Delincee, 1998a). The most important 

microbial methods proposed for identification of irradiated foods 

are direct epifluoresecent filter technique/aerobic plate count 

(DEFT/APC), changes in microbial flora(shift in microbial flora, 

radiation resistance of certain microorganisms), Limulus 

amoebocyte lysate test /Gram negative bacteria (LAL/GNB), 

turbidimetric methods, total volatile acids (TVA) and total 

volatile nitrogen (TVBN). Among microbiological methods used 

for detection of irradiated foods only two methods, namely 

DEFT/APC (EN 13783-2001) and LAL/GNB (EN 14569-2004) 

are approved and validated as screening microbiological 

methods for identification of irradiated foods (del-Mastro. 

2009).  

6.3.1. Direct epifluorescent filter technique/Aerobic Plate 

Count (DEFT/APC) 

 Among the microbiological methods that have been 

proposed to determine if a foodstuff has been irradiated, that of 

Betts et al.(1988) which is based on the comparison of an 

aerobic plate count (APC) with a count obtained by the direct 

epifluoresecent filter technique. This method is based on the fact 
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that cells killed by irradiation fluorescence as they were still 

viable but are unable to grow on an agar medium. If a food 

product has been irradiated, therefore there is a large difference 

between the DEFT and the APC, but if it has not been irradiated, 

the results obtained by the two methods are very close. This 

method gives valuable results throughout the storage of 

irradiated spices (Sjoberg et al. 1991) and can take little as 30 

min (Pettipher et al. 1980).  

Jones et al. (1994) reported that the DEFT count 

enumerates the total number of contaminating microorganisms, 

irrespective of viability. The APC indicates the number of viable 

microorganisms capable of forming colonies on an agar plate 

and is expressed as colony forming units (CFU). For a non- 

irradiated sample, the counts by DEFT are in close agreement 

with those by APC, because nearly all the cells present are alive. 

However, when the APC of an irradiated sample is compared 

with the DEFT count of the same sample, the APC is found to 

be considerably less than that obtained by DEFT, and  the 

difference indicates that the sample could have been irradiated.          

Determining ratio of viable to total(viable and dead) 

bacteria on a food using aerobic plate count and the direct 

epifluoresecent filter technique could determine if the food has 

been irradiated or not  (WHO,1994). The technique becomes 
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limited if the initial contamination before irradiation is very low, 

radiation dose is very low, or the food was irradiated to delay 

ripening rather than to pasteurized.     

       Using both DEFT and APC, it is possible to devise a 

method that will give an indication of whether food is processed 

by irradiation. The method is based on a comparison of the APC 

with the count obtained using DEFT, the APC gives the number 

of viable microorganisms in the sample after a possible 

irradiation and DEFT count indicates the total number of 

microorganisms, including non-viable cells, present in the 

sample (EN 13783:2001). The difference between the DEFT 

count and the APC in spices treated with doses of 5 to 10 KGy is 

generally about or above 3 to 4 log units. Similar differences 

between DEFT and APC count can be induced by other 

treatments of the foods leading to death of microorganisms, such 

as fumigants and heat, thus positive results must be confirmed. 

         Chauhan et al., (2009) reported that this method has 

limitations when there are too few microbes in the samples 

(APC10
3
 CFU/g). If fumigants or a heat treatment is used for 

decontamination, the DEFT/APC difference of counts can be 

similar to the difference of counts obtained after the irradiation. 

 A microbiological screening methods based on the use of 

direct epifluoresecent filter technique (DEFT) and aerobic plate 
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count (APC) has been established for the detection of irradiated 

foodstuffs. Araujo et al. (2009) evaluated the applicability of 

this technique in detecting irradiated minimally processed 

vegetables (MPV). Samples from retail markets were irradiated 

with 0.5 and 1.0 kGy using a Co
60

 facility. In general, with a 

dose increment, DEFT counts remained similar independent of 

the irradiation, while APC counts decreased gradually with 

increase the dose increment in all samples. It could be suggested 

that DEFT/APC difference over 2.0 log would be a criteria to 

judge if a MPV was treated by irradiation. The DEFT/APC 

methods could be used satisfactory as screening methods for 

indicating irradiation processing. 

 The combined DEFT/APC method has been applied to 

herbs and spices. When samples of allspice, peppers and 

cardamom were irradiated with a dose of at least 10 kGy, the 

differences between DEFT and APC were greater than 4.5 log 

units for irradiated allspice and white pepper, greater than 4.5 

log units for black pepper and greater than 7 log units for 

cardamom (Sjoberg et al., 1990). When spices such as peppers, 

paprika, cardamom, cinnamon and ginger and herbs such as 

thyme, marjoram, basil and oregano were analyzed after 

irradiation with doses of 5 kGy and 10 kGy, differences between 

DEFT and APC varied between 3.9 and 6.8 log units and 
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between 5.7 and 7.5 log units, respectively  (Manninen and 

Sjoberg, 1991). 

6.3.2. Shift in microbial load 

Generally, all types of food processing including 

irradiation, cause destruction or changes in microbial load. On 

the basis of these changes a number of researchers have 

suggested the use of the shift in microflora load as a simple 

method to determine whether an irradiation treatment has been 

applied. Initial studies were carried out in fruits and vegetable 

products with the main focus on Gram- negative bacteria, as 

they are more sensitive to irradiation than other types of 

bacteria. For instance, the microflora on raw poultry meat 

showed a characteristic microbiological profile significant 

numbers of Gram- negative bacteria, predominantly the genus 

Pseudomonas. By contrast, the flora that develops on raw 

chicken after irradiation at a dose of 2.5 KGy is mostly Gram- 

positive bacteria and yeasts (Chaunhan et al., 2009). 

The Gram-negative rod shaped bacteria, belonging to the 

Enterobacteriaceae group and Pseudomonas, are among the 

most radiation-sensitive microorganisms. The very low number 

of these bacteria in irradiated strawberries was found to be 

indicative of irradiation treatment for strawberries grown 

outdoors but not in green houses (Tamminga et al, 1975). This 
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method has certain limitations as microbial load of products 

depends on a number of factors such as region of cultivation, 

postharvest condition, processing, and more. Thus, data obtained 

for a particular food under specific conditions can-not be valid 

for the same food obtained from different regions or conditions. 

These results were valid for strawberries grown outdoors but not 

for green house strawberries that often contain lower numbers of 

microorganisms. 

WHO (1994) reported that difference in radiation 

sensitivity of Gram- negative bacteria and Gram positive 

bacteria may be useful if a large number of Gram- positive 

bacteria, which are not as sensitive to irradiation as Gram- 

negative bacteria, are found on a food concurrent with a very 

low number of Gram- negative bacteria; it is likely that the food 

has been irradiated. The assumption would have to be made, 

however, that the initial bacterial contamination on the food is a 

normal mix with Gram negative and Gram positive 

microorganism.   

O' Connor and Mitchell (1991) stated that only the 

absence of Enterobacteriaceae appeared to be suitable for 

distinguishing irradiated from non- irradiated strawberries 

grown outdoors in Australia. 
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The absence of Gram- negative bacteria, 

Enterobacteriaceae and fluorescent Pseudomonads from 

irradiated strawberries (1, 2 and 4 kGy) and presence of them in 

unirradiated strawberries may indicate that these strawberries 

have been irradiated (Hammad et al, 1995).  

6.3.3. Limulus amebocyte lysate test 

         It is generally approved (EN 14569: 2004) as a screening 

method indicating the reduction of bacterial population of a food 

by irradiation. However, it cannot measure the reduction of 

bacterial toxins formed by the bacteria before their demise. The 

method determines the number of Gram- negative bacteria 

present in the test sample and the concentration of bacterial 

endotoxin present on the surfaces of Gram- negative bacteria as 

lipopolysaccharides (LPS). LPS is used to measure the amount 

of total Gram- negative bacteria, both viable and dead. If the 

difference between Gram-negative bacteria and endotoxin is 

high, it is assumed that the sample was treated by a method of 

preservation, possibly by treatment with ionizing radiation 

(Chaunhan et al., 2009).  

          Early, Scotter et al, (1994) applied (LAL/GNB) to 

chicken pieces and concluded  that  it can be used to identify a 

microbiological profile, although some difficulties can be 

encountered in differentiating between high- quality meat and 
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irradiated samples. The test is presumptive and can be used as a 

screening method. The method can give only an indication of a 

possible treatment by ionizing radiation. A high amount of dead 

microorganisms in comparison to viable fraction can be due to 

several other reasons.  

6.4. Biological detection methods 

 The main purpose of most application of food irradiation 

is to obtain a change in a biological system associated with or 

within the food commodity. The biological effects in systems 

associated with the food include the reduction or elimination of 

spoilage and pathogenic microorganism, insect disinfections and 

parasite disinfections. For fresh plant foods, the effects are due 

to changes in biological systems in the food such as inhibition of 

sprouting of tubers, bulbs and roots, loss of seed viability and 

delay of maturation of senescence of fruits and vegetable. 

Ultimately, the efficacy of a food irradiation process is 

determined by reference to whether the desired effect can be 

observed. These biological effects have formed the basis for 

investigation various methods for the detection of irradiated 

foods (Hammerton, 1996). The most important biological 

methods which are proposed for the detection of irradiated foods 

are DNA methods, seed germination and half- embryo test. 
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6.4.1. DNA methods 

 The purpose of this session is to discuss the various 

possibilities for detecting modification in DNA after irradiation 

treatment and whether these changes can be utilized as an 

indicator for the irradiation treatment of foods.                                                                   

The requirement to be fulfilled is that the method be able to 

distinguish irradiated food without the presence of a control 

samples, thus the measured response after irradiation must be 

large enough to supersede background levels from other 

treatments. Much work has been performed on the effects of 

radiation on DNA, particularly due to its importance in radiation 

biology. The main lesions of DNA as a result of irradiation are 

base damage, damage of the sugar moiety, single strand and 

double strand breaks. Crosslinking between bases also occurs, 

e.g. production of thymine dimmers, or between DNA and 

protein (Delincee, 1991).  

Radiation induced changes in DNA can be analyzed by a 

variety of analytical techniques, which have mostly been 

employed on pure DNA or on DNA in living cells in radiation 

biology research. Whether or not some of these techniques can 

be utilized to detect irradiated food has been very briefly 

discussed (Delincee, 1996) 

 



Chapter 2                                                                               Review of literature 

 
 

35 
 

6.4.1.1 DNA Comet Assay  

        Since DNA molecule is a susceptible target to ionizing 

radiation (as well as physical and chemical treatments), DNA 

damage in cells can be analyzed using the DNA “Comet Assay”. 

       DNA damage (strand breaks) in the cells is determined in 

the comet assay by agarose gel electrophoresis (Ostling and 

Johanson,1984). DNA and its fragments migrate in the gel, 

smaller fragments moving farther away than larger ones, giving 

rise to a characteristic pattern, the DNA comet. The head of the 

comet consist of the nuclear region, while relaxed DNA and 

DNA fragments migrate in the agarose gel forming the tail. In 

non-irradiated cells the tail is very short, while in irradiated cells 

the length of the tail increases with the dose. At very high dose 

(10 KGy and more) the tail may be separated from the head and 

have the appearance of a cloud (many short DNA fragments). 

Thus, comet assay has been used for detecting irradiated food 

(Cerda, 1993). 

Cerda et al. (1993) reported that a more promising 

method of detecting DNA fragments in irradiated food is the 

microelectrophoresis of single cells. Advantages of the method 

are its simplicity and the speed, with which it can be performed, 

the electrophoretic separation requiring only 2.5-5 min. 

Promising results were obtained with frozen chicken, but other 
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treatments may lead to the same results; consequently this 

method was proposed to the CEN as a screening protocol. 

Delincee, (1996) mentioned that, since treatment with 

ionizing radiation causes DNA fragmentation, microgel 

electrophoresis of single cells" comet assay" offers a simple and 

rapid tool for identification of irradiated foods. The principle is 

based on migration of DNA in an agarose gel exposed to an 

electric field. Single cells or nuclei are embedded in the agarose 

and after lysis, intact DNA will virtually not move out of the cell 

upon electrophoresis, whereas  if DNA will has been 

fragmented, the fragments are able to migrate and "comet" 

following the cells become visible  after staining. DNA is 

visualized by silver methods, avoiding the need for a 

fluorescence microscope. Thus the method requires only 

relatively cheap equipment- in contrast to other methods for 

identification of irradiated food such as electron spin resonance 

(ESR) spectroscopy or gas chromatography/mass spectrometry 

(GC/MS). The DNA "comet assay", therefore, seems suitable as 

a prescreening test to detect wither has been radiation processes  

        Cerda et al. (1997) showed that the DNA comet assay 

offers considerable promise as a simple low-cost and rapid 

screening test for qualitative detection of irradiation treatment of 

a wide variety of foods of both animal and plant origin. This was 
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corporated by interlaboratory blind trials which gave very high 

rates of identification (93%). However, the test is restricted to 

foods not subjected to heat or other treatment, which also induce 

DNA fragmentation. Therefore, samples deemed as irradiated 

and showing DNA fragmentation by the comet assay should 

subsequently be analyzed by officially validated methods for the 

detection of irradiated foods, if other treatments causing DNA 

comets cannot be precluded. They added that the development 

of simple and rapid tests for detection of irradiated foods 

contributes towards the simplification of food control, thereby 

enhancing consumer confidence in the proper surveillance of 

radiation processing. 

Cerda, (1998) studied the usefulness of DNA comet assay 

for the detection of irradiated foods. Fresh chicken legs, pork 

chops and salmon samples were irradiated with 10 MeV 

electrons and stored at 2 °C. Irradiation doses were 0, 2.5 and 

5.0 kGy. Cells isolated from muscle tissues were analyzed using 

the DNA Comet Assay 1, 7 and 14 d post-irradiation. He 

concluded that irradiated fresh chicken, pork and salmon could 

be detected using the DNA comet assay. 

Delincee, (1998b) employing the simple microgel 

electrophoresis of single cells (comet assay) on grapefruits. 

Fruits were exposed to radiation doses of 0.1, 0.2, 0.3, 0.4 and 
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0.5 kGy covering the range of potential commercial irradiation 

for insect disinfestation and quarantine purposes. He found that 

the DNA comet assay could be used to detect irradiated 

grapefruits. 

Villavicencio et al. (2000) used the DNA Comet Assay to 

identify exotic meat in Brazil (boar, jacare and capybara), 

irradiated with Co
60

 gamma rays. The applied radiation doses 

were 0, 1.5, 3.0 and 4.5 kGy. Analysis of the DNA migration 

enabled a rapid identification of the radiation treatment. 

         The DNA Comet Assay is one of the ten detection methods 

which are adopted as General Codex Methods. It detects DNA 

damage induced by ionizing radiation. This method has been 

studied in many food items such as meat, fish, grains, and fruits 

(EN 13784, 2001).  

Khan, et al. (2002) reported that a simple technique of 

microgel electrophoresis of single cells (DNA Comet Assay) 

enabled a quick detection of radiation treatment of several kinds 

of leguminous beans (azuki, black, black eye, mung, pinto, red 

kindly and white beans). Each variety was exposed to radiation 

doses of 0.5, 1.0 and 5.0 kGy. They concluded that the DNA 

Comet Assay provides an inexpensive, rapid and relatively 

simple screening method for the detection of irradiated beans. 
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Khan et al. (2003) applied DNA Comet Assay to detect 

radiation treatment of some fresh and frozen samples of meats 

and fresh seafood. Validity of the comet test as a function of 

storage time was also studied, and in most of the cases the test 

was successful up to at least 6 days after irradiation. For most of 

fresh or frozen meat samples investigated and for salmon, using 

suitable conditions, DNA comet assay can be applied as a rapid 

and inexpensive screening methods for detection of irradiation 

treatment. 

Marin-Huachaca et al. (2004) evaluated the applicability 

of the DNA Comet Assay for distinguishing irradiated papaya, 

melon, and watermelon. The samples were treated in a CO
60

 

facility at dose levels of 0.0, .0.5, 0.75, and 1.0 kGy. The 

irradiated samples showed typical DNA fragmentation whereas 

cells from non- irradiated ones appeared intact. 

Khan and Khan, (2008) applied DNA Comet Assay to 

detect irradiation treatment of some foods like meat, spices, 

beans and lentils. The fresh meat cow and duck samples were 

irradiated up to 3 kGy; the spices were irradiated at 5, 10, 15 and 

20 kGy; beans and lentils were irradiated to 0.5 and 1 kGy. 

Screening of unirradiated and irradiated samples by comet assay 

was successful in the case of all the foods under consideration 

under the optimized conditions of assay. Therefore, for different 
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kinds of irradiated foods studied in the present study, the DNA 

comet assay can be used as a rapid, simple and inexpensive 

screening test. 

Erel et al (2009) studied the detection of irradiated (0.52, 

1.05, 1.45, 2.0, 2.92 and 4.0 kGy) quail meat by using DNA 

Comet Assay and evaluation of comets by image analysis. They 

concluded that the DNA comet assay EN 13784 standared 

method may be used not only as screening method for detection 

of irradiated quail meat depending on storage time and condition 

but also for the quantification of applied dose if it is combined 

with image analysis. They added that image analysis may 

provide a powerful tool for the evaluation of head and tail of 

comet intensity related with applied dose. 

Although DNA comet assay offers considerable promise 

screening test for identification of irradiated foods, storage time 

and other factors such as frozen and heat cycle degradation can 

mislead the result of analysis (Cerda and Koppen, 1998; 

Cerda, 1998, Park et al, 2000; Khan. et al. 2003).                                                              
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Materials and Methods 

1- Food samples: 

      Black pepper, strawberries (representing food of plant 

origin) and deboned chicken meat (representing food of animal 

origin) samples used in this study were purchased from local 

retail market at Cairo. Black pepper samples were packed in 

sealed sterile polyethylene bags (25 g in each). Strawberry 

samples were packed in plastic bags (100 g in each) and 

wrapped with non-perforated plasticized polyvinylchloride. 

Deboned chicken meat samples were packed in sealed sterile 

polyethylene bags (50 g in each) and divided into two portions, 

the first portion for refrigerated storage and the second for 

frozen storage.       

         2- Irradiation process 

       Black pepper samples were exposed to 0.0 (control), 2.5, 

5.0, 10.0 and 15.0 kGy, while strawberry samples were 

subjected to 0.0(control), 1.0, 2.0, 3.0 and 4.0 kGy. The applied 

irradiation doses in case of fresh deboned chicken meat 

samples were 0.0(control), 2.0, 3.0, 4.0, 5.0 kGy while in case 

of frozen deboned chicken samples the applied doses were 

0.0(control), 2.0, 4.0, 6.0 and 8.0 kGy.                                              
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       Irradiation process was carried out using Co-60 Gamma 

Research Irradiator (Indian) located at the National Centre for 

Radiation Research and Technology (NCRRT), Nasr city, 

Cairo, Egypt. The dose rate of this gamma radiation source was 

3.043kGy/h at the time of experiment of black pepper, 

3.29kGy/h for strawberry and 3.051 kGy/h for chicken. The 

real doses received by samples were measured with alanine 

dosimeters traceable to National Physical Laboratory (NPL), 

Uk.                                                                                            

3-Storage: 

        Irradiated and non-irradiated black pepper samples were 

stored at ambient temperature for 8 months. Irradiated and non-

irradiated strawberry samples and the first portion of deboned 

chicken meat samples were stored at 4C±1 for 28 days. 

Irradiated and non-irradiated of the second portion of deboned 

chicken meat samples were stored at -10C for 3 months.       

4-Methods of analysis: 

4.1. Total aerobic plate count (APC) 

Ten grams of each food sample were stomachered for 2 

min in 90ml sterile peptone diluent (Oxoid, 1982). Serial 

dilutions (10
-1 
– 10

-7
) from the samples were prepared with 
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peptone diluent (0.85% NaCl + 0.1% peptone). Three 

appropriate decimal dilutions were chosen for plating (in 

duplicate). One ml of dilution was transferred to a sterile 

petridish and 15ml of APC medium was poured into it. The 

plates were incubated at 30ºC for 3 days, then the colonies 

were enumerated and expressed as log10 CFU/g. 

4.2. Gram- negative bacteria: 

        Three appropriate decimal dilutions were chosen for 

plating (in duplicate). 0.1ml of each dilution was spreaded into 

the surface of pre-prepared petridish with Olson medium 

(surface technique). The plates were then incubated at 30ºC for 

3 days (Tamminga et al., 1975). 

4.3. Enterobacteriaceae Group: 

      Violet red bile glucose agar (VRBGA) medium was used as 

a selective medium for the detection and enumeration of 

Enterobacteriaceae. One ml of the appropriate dilutions (in 

duplicate) was poured with VRBGA medium. After 

solidification, the plates were covered with a thin layer of the 

same medium and incubated at 37ºC for 48 hours (Oxoid, 

1982).           
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4.4. Total molds and yeasts:                                                   

        One ml of three appropriate dilution was transferred to a 

sterile petridish and 15ml of Czapex’s- Dox Yeast extract Agar 

medium was poured into it. The inoculated plates were 

incubated at 25ºC for 3-5 days (Koburger and Marth 1984).     

4.5 Direct Epifluorecsent Filter Technique (DEFT)/ APC: 

DEFT/APC test was performed according to Pettipher et 

al. (1980), Pettipher and Rodrigues (1982).                            

4.5.1- Preparation of solutions: 

             All solutions were filtered through cellulose nitrate 

filter (0.2 µm pore size) before use 

 Trypsin solution:     

        Trypsin was suspended (20%w/v) in cold deionized water, 

centrifuged at 12000 rpm for 30 min to remove insoluble 

material. The supernatant was filtered under pressure. The 

solution can be stored for 4 weeks at -20C until required.      

 Triton x-100 solution: 

        Solution of surfactant Triton x-100 (0.5 and 0.1 v/v) in 

deionized water were used for treatment of food samples and 

rinsing purposes, respectively.                                                 
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 Acridine orange solution: 

       Fluorescent stain used was acridine orange at 

(0.025%w/v) in 0.1M citrate- NaOH buffer (pH 6.6). A portion 

of stock solution of stain was filtrated daily before use and 

stored at 4ºC±1 in an opaque container.      

                         

 Preparation of buffers: 

       The 0.1M citrate-NaOH buffer (pH 6.6) was prepared by 

mixing 35.5 ml of 0.1M citric acid (21 g/l) and 100 ml of 0.1M 

NaOH. pH was adjusted if necessary. The 0.1M citrate-NaOH 

buffer (pH 3.0) was also prepared by adding 100 ml of 0.1 M 

citric acid (21 g/l) and 54 ml of 0.1 M NaOH (4g/l). pH was 

adjusted if necessary.  

 

4.5.2. The procedure:                                                                        

     The procedure was divided into five stages: 

4.5.2.1. Preparation of food suspension: 

      Serial dilutions (10
-1

 to 10-
4 

time) were prepared from the 

same sample used for APC.        
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4.5.2.2. Enzyme and surfactant treatment: 

        Enzyme and surfactant treatment were carried using two 

ml of the prepared suitable dilution. Two of prefiltrated sample 

suspension, or where necessary a suitable dilution were added 

to 0.5ml of trypsin and 2ml of triton x-100 (0.5% v/v) at 50C 

for 10 min in sterile capped test tube.                     

 

4.5.2.3. Filtration                                                                        

The sample filtration procedure was performed as 

following:   

1- Cellulose nitrate membrane filter (0.45 µm pore size, 25 

mm diameter) was mounted, shiny side uppermost at the 

manifold filter tower connected to a suitable vacuum line).       

2- The enzyme and surfactant sample tube as well as two tubes 

each containing 5 ml of triton x-100 (0.1v/v) were warmed at 

50°C for 5 min).                                                        

3- The manifold filter unit was pre-warmed by adding 5 ml 

triton x-100 that had been heated at 50ºC.                               

4- The enzyme and surfactant treated samples that had been 

heated at 50ºC was filtered through the membrane filter.       

5- The tubes containing 5ml of triton x-100 used to wash 

samples tube and then filtered through the membrane filter.      
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  4.5.2.4. Staining:                                                         

1- The cellulose nitrate membrane filter was overlaid with 2ml 

of acridine orange for staining and then the vacuum was 

applied. 

2- The membrane was rinsed with 2.5ml of citrate-NaOH 

buffer (0.1M, pH 3.0) followed by 2.5ml of 95 % (V/V) 

ethanol.                                                                                    

3- The stained membrane was air dried and mounted in non-

fluorescent immersion oil on a slide beanth cover slip.               

    

4.5.2.5. Counting: 

The stained membrane was examined by a microscope 

fitted with epifluoresecent illuminator system (Model XCZ- 

N0107YX-IB) located at food microbiology lab, national 

Center Radiation Resource, Nasr City. Clumps of orange-red 

fluorescing bacteria were counted in fields of view taken at 

random by scheme in (Table1). A clump was defined as any 

cell or group of cells separated by distance equal to or greater 

than twice the smallest diameter of the two cells nearest each 

other. 
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Table1: Number of fields of view counted on membrane 

filters, with number of bacteria / field (Pettipher et al. 

1980). 

No .of counted fields  Avg no. of clumps / field 

15 

10 

6 

3 

2 

Repeat* 

0-10 

11-25 

26-50 

51-75 

76-100 

>100 

*Sample diluted and procedure repeated. 

      The DEFT count/ml of sample suspension was obtained by 

multiplying the average number of clumps per microscopic 

field by the microscopic factor (MF). 

       The microscopic factor (MF) is calculated by dividing the 

area of membrane through which sample is filtered (mm
2
) by 

microscopic field area (mm
2
) in sample volume (ml). 

Comparison between DEFT and TBC: results are expressed in 

DN value (difference of numeration) = (log DEFT count- log 

APC counts). Where DEFT is the total number of 

contaminating microorganism (dead and viable) and APC is the 

number of viable microorganism capable of forming colonies 

on agar plate.                                                                          
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      The DEFT count (X) per gram of sample was calculated 

according to Wirtanen et al. (1993).  

X= DEFT count/g= (N x MF x DF)/n. 

Where:  

N/n is the mean number of DEFT units per microscopic field. 

MF is the microscopic Factor. 

MF = Membrane filtration area (mm
2
) / Membrane field area 

(mm
2
) x filtered sample volume (ml)  

DF is the Dilution factor. 
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4.6. DNA comet assay/ single cell gel electrophoresis:                                     

        DNA comet assay test was performed as described by 

Cerda, et al. (1997) and the European Standard (EN 13784, 

2001).                                                                           

         All reagents and materials used were recognized analytical 

grade, the used water was distilled.                                            

4.6.1. Solutions                                                                                                                                        

4.6.1.1. Phosphate buffer saline (PBS). pH 7.4 

       Phosphate buffer saline was prepared by dissolving 8.0 g 

NaCl, 0.2 g KCl, 3.58 g Na2 HPO4.2 H2O and 0.24 g KH2 PO4 

in 900ml distilled water. The pH was adjusted with a few drops 

of 1 M HCl and the volume was completed to 1000 ml with 

distilled water.                                                                           

4.6.1.2. Agarose solution for pre-coating microscopic slides 

(0.5% agarose in distilled water) 

      Fifty mg of agarose were dissolved in 10ml distilled water 

by boiling. The solution was kept in a water bath at 45ºC. 

4.6.1.3. Casting gel solution for mixing with the cell (0.8% 

agarose in PBS, pH 7.4) 

       Eighty mg of agarose (low melting temperature) were 

dissolved in 10ml of PBS (pH 7.4) by boiling. The solution was 
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kept in a water bath at 45º C, ready to be mixed with the cell 

suspension and to cast the gel on the slides.                          

4.6.1.4. Electrophoresis buffer (TBE), pH 8.4  

     This was prepared by mixing 0.045 M/ L Tris-borate with 

0.001 M/L EDTA. 

4.6.1.5. Lysis solution 

     Twenty five grams of sodium dodecyl sulfate (SDS) was 

dissolved in 1L electrophoresis buffer (TBE).     

4.6.1.6. Staining solution 

     Acridine orange was used as a fluorescent dye in the present 

investigation.                                                                                           

-Stock solution: 1mg/ml acridine orange in distilled water. 

This solution was kept in the dark refrigerator (5ºC±1) until 

needed.                                                                                     

-Working solution: 0.5ml stock solution was made up to 

100ml with PBS. This solution can be stored at 5ºC±1for up to 

1 week.  
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4.6.2. Procedures 

4.6.2.1. Preparation of sample suspension 

 - Black pepper 

       About 0.25 g of black pepper samples were crushed using 

mortar and pestle, transferred to a small beaker with 3mls of 

ice-cold phosphate buffer saline (PBS) and stirred for 5min at 

about 500 rpm. The suspension was filtered first through 200 

µm and then through 100µm cloth sieves, and left to settle on 

ice for about 20min. The supernatant was used as a cell 

suspension.               

-Strawberries 

     The achenes of strawberries were isolated just by picking or 

by blending the strawberries in a large amount of water; the 

heavier achenes were allowed to settle. 0.25g achenes were 

used and the procedure was proceeded as for black pepper.   

  -Chicken muscle tissue                                                            

       For each sample, about 1g of muscle tissue (without visible 

fat) was cut in very thin slice with scalpel, transferred to a 

small beaker with 5ml of ice-cold PBS and stirred for 5min at 

about 500 rpm. The suspension was sequentially filtered 
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through 500- and 200µm nylon sieve cloth, and left to settle on 

ice for about 5min. The supernatant was used as a cell extract.                                  

4.6.2.2. Precoating slides                                                     

      For precoating, the slides were freed from fat by immersion 

them overnight in methanol, and left to air dry. The cleaned 

dust-free slides were precoating by spreading one drop (50 µl) 

of the warm 0.5% coating agarose solution and left air dry for 

about 30 min. The precoated slides could be stored dust-free 

for several weeks. 

4.6.2.3. Casting the gel                                                          

       A 100 µl of the cell suspension was thoroughly mixed with 

about 1ml of warm casting agarose gel solution (0.8 % in PBS 

at 45ºC). 100 µl of this mixture was transferred on a precoating 

slide, spread roughly by the pipette tip and covered 

immediately with a cover slip in such a way that the gel is 

spread evently and avoiding air bubbles. The coated slide was 

placed on ice for 5 min to solidify the agarose gel. Several 

slides can be prepared in parallel using the same gel solution. 
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4.6.2.4. Lysis of the cells                                                    

         For the application of comet assay, the coated slides 

completely immersed in Lysis buffer in a staining jar for at 

least 15 min for black pepper and strawberry cells suspension 

and for 10 min for muscle tissue cells suspension. After Lysis 

the slides were conditioned immersing in electrophoresis buffer 

(devoid of SDS) for 5min.                                                                     

4.6.2.5. Electrophoresis                                                          

      The slides were placed side by side in the horizontal 

electrophoresis chamber containing fresh TBE buffer (non- 

SDS). Electrophoresis was performed at 2 V/cm for 2mins. The 

cells/ DNA on the slides were fixed by air drying for about 1h.                                                                       

4.6.2.6. Staining                                                                            

       The fixed slides were stained to visualize DNA by 

immersing them in acridine orange working solution for 3-5 

min. After staining, the slides were washed by submerging in 

water for 0.5-1min.       
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 4.6.2.7. Microscopy                                                              

       For viewing slides stained with acridine orange, were 

examined by fluorescence microscope (Model XCZ- 

N0107YX-IB) at magnification (X 100) with digital color 

video camera (pixery) was used for the migration patterns 

DNA.                                                                                    

 4.6.2.8. Image analysis                                                         

      The DNA comets were evaluated by measuring the 

percentage of DNA in tail and the tail length. All measurement 

data were analyzed using image analysis system, comprised of 

camera attached to a fluorescent microscope along with 

software (TriTck Comet Score 
TM

 Release Notes April 12, 

2006) and hardware designed especially to capture and analyze 

image of fluorescent stained nuclei.                                                                      

5- Statistical analysis                                                               

       The significance of the data with different factors was 

evaluated using two- way analysis of variance ANOVA. All 

analyses were performed with SAS Software package version 

6.12 (SAS, 1997). 
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6-Media used in microbiological analysis: 

The counts of each medium were in (g/l). 

-Total aerobic plate count (APC): 

Tryptone 2.5 

Yeast Extract 5.0 

D. Glucose 1.0 

Sodium Chloride 5.0 

Agar 15.0 

pH 7.0±0.1 

       The ingredients were dissolved by boiling in distilled water 

and the pH was adjusted using 0.1 N HCl or NaOH. The 

medium was sterilized by autoclaving at 121ºC for 15 min 

(Oxoid, 1982).           

-Olson agar medium: 

      1% of 0.01% filter sterilized solution of crystal violet was 

added immediately to sterilized plate count agar medium after 

cooling to 45ºC(Tamminga et al., 1975). 
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-Violet Red Bile Glucose Agar medium. 

7.0 Peptone 

3.0 Yeast Extract 

5.0 Sodium Chloride 

15.0 Glucose 

1.5 Bile salt mixture 

0.03 Neutral red 

0.002 Crystal violet 

15.0 Agar 

pH 7.3±0.2 

       The ingredients were dissolved by boiling in distilled water 

and the pH was adjusted using 0.1 N HCl or NaOH. The 

medium was sterilized by autoclaving at 121ºC for 15 min 

(Oxoid, 1982).           
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- Czapex’s- Dox Yeast extract Agar medium. 

2.0 Sodium nitrate 

0.5 Potassium chloride 

0.5 Magnesium sulfate, 

hydrated (MgSO4.7H2O) 

1.0 Dipotassium hydrogen 

phosphate 

0.01 Ferrous sulfate hydrated 

(FeSO4.7H2O) 

5.0 Yeast extract 

30.0 Sucrose 

15.0 Agar 

pH 6.8± 0.1 

      After dissolving the ingredient by boiling and adjust the 

pH, medium was sterilized at 121 C for 15 min, and left to 

cool to about 50 C then Chloramphenicol 100 mg/l as 

antibiotic was added to medium to prevent bacterial growth 

(Koburger and Marth 1984).     
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Experimental Results 

 
4.1. Detection of irradiated black pepper 

Black pepper samples were exposed to different irradiation 

doses (2.5, 5, 10 and 15 kGy). Unirradiated and irradiated 

samples were stored under ambient temperature and 

microbiologically analyzed after 2, 4, 6 and 8 months. 

4.1.1. Shift in microbial load 

     The characteristics of microbial population of irradiated 

foods have been used for developing detection methods for 

these foods. Total aerobic bacterial count, Gram- negative 

bacterial count and total mold and yeast count were used as an 

indication for radiation treatment. 

4.1.1.1. Total aerobic bacterial count 

       The effect of different gamma irradiation doses (2.5, 5, 10 

and 15 kGy) on aerobic plate count (APC) of black pepper, 

immediately after irradiation (at zero time) and during storage at 

ambient temperature are shown in table (2) and figure (1). The 

results at zero time indicate that the average count of total 

aerobic bacterial count of unirradiated samples was 7.96 log10. 

Irradiation doses of 2.5, 5, 10 and 15 kGy reduced these counts 

to 6.53, 5.48, 3.46 and 1.93 log10, respectively. The results 

showed that there was significant difference in total APC 
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between non irradiated and irradiated samples (p<0.05) at zero 

time of storage.  

      After 8 months of storage, the log10 count of total APC 

increased to 8.95 in unirradiated samples but in those exposed 

to 2.5, 5, 10, 15 kGy, the log10 count increased to only 7.90, 

6.91, 4.91 and 2.96 log10 , respectively. There was significant 

difference in total APC between unirradiated and irradiated 

samples throughout the storage period (P<0.05).  

4.1.1.2. Gram- negative bacterial count 

      Table (3) and figure (2) show the effect of gamma 

irradiation doses (2.5, 5, 10 and 15 kGy) on Gram-negative 

bacterial count of black pepper samples immediately after 

irradiation and during subsequent storage at ambient 

temperature.  

The average count of Gram- negative bacteria in 

unirradiated sample was 3.54 log10 at zero time of storage,. 

Gram negative bacteria were drastically affected by irradiation 

treatment where they were disappeared even with the lowest 

dose used (2.5 kGy). During storage, these counts increased in 

non-irradiated samples to reach to 3.74, 3.90, 4.17 and 4.39 

log10 at 2, 4, 6 and 8 months, respectively. There was significant 

difference in Gram-negative bacterial count between 

unirradiated samples storage at different period (P<0.05). 
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Table (2): Effect of various doses of gamma radiation on 

total bacterial count of black pepper samples during storage 

at ambient temperature. 

 Mean values followed by different superscript (within rows) and different subscripts (within 

columns) are significantly different (p < 0.05) 
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Figure (1): Effect of various doses of gamma radiation on total 

bacterial count of black pepper samples during storage at 

ambient temperature. 

 Irradiation doses(kGy) 

Storage 

period 

(months 
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Log Log Log Log Log 
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a
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7.90
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a±0.005 

8.11
b
a±0.02 
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c
a±0.01 
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d
a±0.01 

6.53
a
b±0.09 
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a
b±0.08 

7.00
b
b±0.02 

7.72
c
b±0.07 

7.90
d
b±0.08 

5.48
a
c±0.09 

5.65 
a
c ±0.09 

5.91
b

c±0.07 

6.54
c
c±0.07 

6.91
d

c±0.01 

3.46
a
d±0.01 

3.73
a
d±0.01 

3.91
b
d±0.02 

4.30
c
d±0.07 

4.91
d
d±0.01 

1.93
a
e±0.02 

2.00
a
e±0.02 

2.20
b

e±0.2 

2.62
c
e±0.1 

2.96
d

e±0.6 
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Table (3): Effect of various doses of gamma radiation on 

Gram- negative bacterial count of black pepper samples 

during storage at ambient temperature. 

<10 = below detectable limit of (<10 cfu/ml). 

 Mean values followed by different superscript (within rows) and different subscripts (within 

columns) are significantly different (p < 0.05) 
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Figure (2): Effect of various doses of gamma radiation on 

Gram- negative bacterial count of black pepper samples 

during storage at ambient temperature. 

Irradiation doses(kGy) 
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period 

(months) 
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4.1.1.3. Total mold and yeast count 

      Table (4) and figure (3) show the effect of gamma 

irradiation doses (2.5, 5, 10 and 15 kGy) on total mold and yeast 

count of black pepper samples immediately after irradiation and 

during subsequent storage at ambient temperature.  

      The log10 count of total mold and yeast in unirradiated black 

pepper samples was 5.61 at zero time. Irradiation doses of 2.5 

and 5.0 kGy reduced these counts to 4.83 and 2.98 log10, while 

irradiation doses of 10 and 15 kGy reduced these count to below 

detectable level (<1 log10). It is worthy to mention that most of 

the counts in the samples exposed to 10 and 15 kGy were yeasts 

even during storage. There was significant difference (P>0.05) 

in total mold and yeast counts between unirradiated and 

irradiated samples at zero time at (P<0.05).  

       After 8 month of storage, the count of mold and yeast in 

unirradiated samples reached to 6.88 log10 and the counts in 

irradiated samples with 2.5 and 5 kGy were 5.97 and 3.48 log10, 

respectively. Samples exposed to 10 and 15 kGy exhibited 

undetectable level of mold and yeast throughout the storage 

period. There was significant difference (P>0.05) in total mold 

and yeast counts between unirradiated and irradiated samples 

during storage at (P<0.05).  
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Table (4): Effect of various doses of gamma radiation on total 

mold and yeast count of black pepper samples during storage 

at ambient temperature. 

<10 = below detectable limit of (<10 cfu/g). 

*Most of the counts were yeast. 

 Mean values followed by different superscript (within rows) and different subscripts (within 

columns) are significantly different (p < 0.05) 
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Figure (3): Effect of various doses of gamma radiation on total 

mold and yeast count of black pepper samples during storage 

at ambient temperature. 
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4.1.2. DEFT/ APC 

  The most important microbiological methods that have 

been approved to determine if a foodstuff has been irradiated, 

that is based on the comparison of an aerobic plate count (APC) 

with a count obtained by the direct epifluoresecent filter 

technique (DEFT). DEFT counts of unirradiated and irradiated 

(2.5, 5, 10 and 15 kGy) black pepper samples during storage (2, 

4, 6 and 8 months) at ambient temperature are present in table 

(5) and figure (4). The results show that DEFT counts in non- 

irradiated and irradiated samples were almost similar being 7.73 

log10 in non-irradiated samples and 7.72, 7.70, 7.71 and 7.69 

log10 in the samples exposed to 2.5, 5, 10 and 15 kGy, 

respectively. There was no significant difference in DEFT 

counts between unirradiated and irradiated samples at zero time 

of storage at (P<0.05)  

         Gradually, there was slight increase in DEFT count during 

storage response to slight increase of living bacteria. After 8 

months of storage, the DEFT counts reached 8.98 log10 in non- 

irradiated samples, while the counts in those receiving 2.5, 5, 10 

and 15 kGy were 8.90, 8.91, 8.90 and 8.76 log10, respectively. 

There was significant difference in DEFT counts between non- 

irradiated and irradiated samples during storage at (P<0.05).  

      The changes of the difference of numeration (DN) between 

DEFT and APC counts as a results of irradiation doses and time 
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of storage are tabulated in table (6) and illustrated in figure (5).       

The DN value in non- irradiated samples was 0.04 and the 

values of the samples irradiated at 2.5, 5, 10, 15 kGy were 1.19, 

2.22, 4.25 and 5.76, respectively. It is clear that there was a 

large difference in all irradiated samples between the DEFT and 

APC counts either immediately after irradiation or during the 

whole period of storage and this difference increase with 

increasing irradiation doses. In non- irradiated samples, the 

results obtained by the two methods were almost close 

throughout the storage period. At any time of storage, there was 

significant difference in DN between unirradiated and irradiated 

samples but there was no significant difference in DN among  

samples at each treatment during storage (P<0.05).                               
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Table (5): Effect of various doses of gamma radiation on 

DEFT count of black pepper samples during storage at 

ambient temperature 

Mean values followed by different superscript (within rows) and different subscripts (within 

columns) are significantly different (p < 0.05). 
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Figure (4): Effect of various doses of gamma radiation on 

DEFT count of black pepper samples during storage at 

ambient temperature 
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Table (6): Difference of Numeration (DN) between TBC and 

DEFT count used for detection of irradiated black pepper 

samples during storage at ambient temperature 

Mean values followed by different superscript (within rows) and different subscripts (within 

columns) are significantly different (p < 0.05) 
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Figure (5): Difference of Numeration (DN) between TBC 

DEFT count used for detection of irradiated black pepper 

samples during storage at ambient temperature 
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4.1.3. DNA comet assay: 

 The comet assay is a rapid, sensitive and inexpensive 

method for measuring cell’s DNA damage, originally used to 

detect irradiated foods. Black pepper samples were exposed to 

gamma radiation at 2.5, 5, 10 and 15 kGy and stored at ambient 

temperature for 8 months. The cells of unirradiated and 

irradiated samples were analyzed using DNA comet assay 

immediately after irradiation and on 2, 4, 6 and 8 months post 

irradiation. 

Unirradiated and irradiated black pepper samples were 

distinguishable just by eye at the slide under microscope as 

shown in the photographs of DNA comet assay in figures (6-

10). Generally, in unirradiated samples cells or nuclei were 

present as round or oval shaped but in irradiated samples, only 

distinct comet are observed. Each comet consist of head and 

tail, and the comet tail increased with increasing irradiation 

dose. 

The changes of the percentage of DNA in tail (intensity of 

the tail) and the tail length as a result of applied doses and 

storage months are shown in tables (7 and 8) and figures (11 

and 12). In non- irradiated black pepper samples at zero time, 

the percentage of DNA in tail and the tail length were zero. 

Meanwhile, the percentage of DNA in tail and the tail length 

gradually increased as irradiation dose increased. The 
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percentage of DNA in tail of black pepper samples receiving 

2.5, 5, 10 and 15 kGy became 6.22, 10.27, 13.77 and 16.23 and 

the tail length became 5.2x10
7
, 9.7x10

7
, 9.9x10

7
 and 1.1x10

8
 

(PX),respectively. There was significant difference in the 

percentage of DNA in tail and the tail length between 

unirradiated and irradiated samples at zero time of storage at 

(P>0.05).  

 During storage, the DNA of non- irradiated samples had 

short tail which relatively increased with increasing storage 

period. After 8 months of storage, the % DNA in tail and the tail 

length increased to reach 10.84 and 9.7x10
7
 (PX), respectively. 

There was significant difference in the percentage of DNA in 

tail and the tail length between unirradiated samples during 

storage at (P<0.05). In all irradiated samples, the percentage of 

DNA in the tail and the tail length gradually increased with 

increasing irradiation doses and storage period. After 8 months 

of storage, the cells of irradiated samples showed fragmentation 

in DNA so, the percentage of DNA in tail of irradiated samples 

at (2.5, 5, 10 and 15kGy) increased to 15.91, 17.43, 25.43 and 

30.13 and the tail length to 1.4x10
8
, 1.7x10

8
, 1.9x10

8
 and 

2.2x10
8
 (PX), respectively. The % DNA in tail of irradiated 

black pepper samples became 1.5- 3 times more than those of 

irradiated samples, and the tail length became 1.5- 2.5 times 

longer than those of irradiated samples. There was significant 



  Chapter 4                                                                             Experimental Results 

77 
 

difference in the percentage of DNA in tail and the tail length 

between irradiated samples at different doses and during storage 

(P<0.05). 

 

 

(a)   

              

(b)                              (c) 

             

                     (d)                                               (e)         

Figure (6) DNA comet assay of black pepper samples. 

Anode to the right, Acridine orange staining at zero time. 

(a) Non irradiated. (b) Irradiated with 2.5 kGy (c) 
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Irradiated with 5 kGy. (d) Irradiated with 10 kGy. (e) 

Irradiated with 15 kGy. 
 

                                   

(a)    

             

(b)   (c) 

            

(d) (e) 

Figure (7) DNA comet assay of black pepper samples. 

Anode to the right, Acridine orange staining after 2 months 

of storage at ambient temperature. (a) Non irradiated. (b) 

Irradiated with 2.5 kGy (c) Irradiated with 5 kGy. (d) 

Irradiated with 10 kGy. (e) Irradiated with 15 kGy. 
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(a) 

             

(b) (c) 

          

(d)  (e) 

Figure (8) DNA comet assay of black pepper samples. 

Anode to the right, Acridine orange staining after 4 months 

of storage at ambient temperature. (a) Non irradiated. (b) 

Irradiated with 2.5 kGy (c) Irradiated with 5 kGy. (d) 

Irradiated with 10 kGy. (e) Irradiated with 15 kGy. 
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(a) 

                    

(b) (c) 

                

(d) (e) 

Figure (9) DNA comet assay of black pepper samples. 

Anode to the right, Acridine orange staining after 6 months 

of storage at ambient temperature. (a) Non irradiated. (b) 

Irradiated with 2.5 kGy (c) Irradiated with 5 kGy. (d) 

Irradiated with 10 kGy. (e) Irradiated with 15 kGy. 
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(a) 

            

(b) (c) 

               

(d) (e) 

Figure (10) DNA comet assay of black pepper samples. Anode 

to the right, Acridine orange staining after 8 months of storage 

at ambient temperature. (a) Non irradiated. (b) Irradiated 

with 2.5 kGy (c) Irradiated with 5 kGy. (d) Irradiated with 10 

kGy. (e) Irradiated with 15 kGy. 
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Table (7): Effect of various doses of gamma radiation on    

% DNA in tail of black pepper samples during storage at 

ambient temperature 

Mean values followed by different superscript (within rows) and different subscripts (within 

columns) are significantly different (p < 0.05) 
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Figure (11): Effect of various doses of gamma radiation on 

% DNA in tail of black pepper samples during storage at 

ambient temperature. 
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Table (8): Effect of various doses of gamma radiation on the 

DNA tail length of the cells of black pepper samples during 

storage at ambient temperature. 

Mean values followed by different superscript (within rows) and different subscripts (within 

columns) are significantly different (p < 0.05) 
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Figure (12): Effect of various doses of gamma radiation on 

the DNA tail length of the cells of black pepper samples 

during storage at ambient temperature. 
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4.2. Detection of irradiated strawberry 

The characteristics of microbial population of irradiated 

strawberry samples have been used for detection of radiation 

treatment. Strawberry samples were exposed to different 

irradiation doses (1, 2, 3 and 4 kGy). Non- irradiated and 

irradiated samples were stored under refrigeration condition at 

4±1C for 7, 14, 21 and 28 days. 

 

4.2.1. Shift in microbial load 

       The microbial load (total aerobic bacterial count, Gram- 

negative bacterial count, Enterobacteriaceae and total mold and 

yeast count are used for identifying irradiated strawberry 

samples. 

 

4.2.1.1. Total aerobic bacterial count 

 Table (9) and figure (13) indicate the effect of gamma 

irradiation doses (1, 2, 3 and 4 kGy) on total APC, immediately 

after irradiation (at zero time) and during storage at 4±1C. The 

results indicated that the count of total APC of non- irradiated 

sample was 5.77 log10. It is clear that the average APC of 

strawberry samples showed decrease in the viable 

microorganism as a result of irradiation and the reduction was 

proportional with irradiation doses.  Irradiation doses of 1, 2, 3 

and 4 kGy reduced these counts to 4.50, 3.92, 3.20 and 1.95 
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log10, respectively. The results showed that there was significant 

difference in APC between non- irradiated and irradiated 

samples at zero time of storage at (p<0.05).  

         During storage at 4±1º, there was an increase in total APC 

of non- irradiated samples and those exposed to gamma 

radiation. In non-irradiated samples and those exposed to 1, 2, 3 

and 4 kGy the average APC increased to 6.17, 4.93, 4.0, 3.3 and 

2.1 log10, respectively. After 14 days of refrigerated storage, the 

non- irradiated samples rejected due to the fungal growth on its 

surface and, therefore, not analyzed. Also, the average count of 

APC in the strawberry samples receiving higher doses, e.g. 2. 3 

and 4 kGy increased during storage period but at lower rate in 

comparison with non- irradiated samples and those exposed to 1 

kGy. Total APC in the samples irradiated at 3 and 4 kGy 

increases to 4.90 and 3.72 log10 after 28 days of refrigerated 

storage. There was significant difference in the average APC 

between non- irradiated and irradiated samples during storage 

(P<0.05).  

 

4.2.1.2. Gram- negative bacterial count 

      Table (10) and figure (14) illustrate the effect of gamma 

irradiation doses (1, 2, 3 and 4 kGy) on the average Gram- 

negative bacterial count of strawberry samples immediately 

after radiation and during storage at 4±1ºC. The average count 



 Chapter 4                                                               Experimental Results 

89 
 

of Gram- negative bacteria in non- irradiated sample was 4.84 

log10 at zero time of storage. Gram- negative bacteria were 

drastically affected by irradiation treatment where they were 

disappeared even with the lowest dose used (1 kGy). During 

storage, these counts increased in non- irradiated samples to 

reach to 5.51 log10 after 7 days. There was significant difference 

in Gram- negative bacterial count between unirradiated samples  

during storage (P<0.05). In all irradiated samples, the counts of 

Gram- negative bacteria were below detectable level (<10 

CFU/g) allover the storage period.  

  

4.2.1.3. Enterobacteriaceae count 

       Table (11) and figure (15) indicate the effect of gamma 

irradiation doses (1, 2, 3 and 4 kGy) on the average 

Enterobacteriaceae counts of strawberry samples immediately 

after irradiation and during storage at 4ºC±1. The average count 

of Enterobacteriaceae in non- irradiated sample was 3.27 log10 

(at zero time of storage). Enterobacteriaceae were drastically 

affected by irradiation treatment, they were disappeared even 

with the lowest dose used (1 kGy). During storage, these counts 

increased in non- irradiated samples to reach to 4.24 log10 after 

7 days. There was significant difference in Enterobacteriaceae 

between unirradiated samples during storage (P<0.05).  
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Table (9): Effect of various doses of gamma radiation on total 

bacterial count of strawberry samples during storage at 4 ± 1°C 

 

R = Samples sensorially rejected. 

Mean values followed by different superscript (within rows) and different subscripts 

(within columns) are significantly different (p < 0.05). 

Figure (13): Effect of various doses of gamma radiation on 

total bacterial count of strawberry samples during storage 

at 4 ± 1ºC. 
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Table (10): Effect of various doses of gamma radiation on Gram- 

negative bacterial count of strawberry samples during storage at 4 ± 1C  

R = Samples sensorially rejected. 

<10 = below detectable limit of (<10 cfu/ml). 

 Mean values followed by different superscript (within rows) and different subscripts (within 

columns) are significantly different (p < 0.05) 

 

Figure (14): Effect of various doses of gamma radiation on 

Gram-negative bacterial count of strawberry samples 

during storage at 4 ± 1ºC. 
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Table (11): Effect of various doses of gamma radiation on 

Enterobacteriaceae of strawberry samples during storage at 4 ± 1C 

R = Samples sensorially rejected. 

<10 = below detectable limit of (<10 cfu/ml). 

 Mean values followed by different superscript (within rows) and different subscripts (within 

columns) are significantly different (p < 0.05). 

Figure (15): Effect of various doses of gamma radiation on 

Enterobacteriaceae of strawberry during storage at 4 ± 1C. 
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4.2.1.4. Total mold and yeast count: 

Total mold and yeast counts of non- irradiated and 

irradiated (1, 2, 3and 4 kGy) strawberry samples during storage 

(7, 14, 21 and 28 days) at 4ºC±1 are shown in table (12) and 

figure (16). It is clear that the log10 count of total mold and yeast 

in unirradiated strawberry samples was 4.71. This count 

decreased upon irradiation treatment and the decrease was 

parallel to irradiation dose. Irradiation doses of 1, 2, 3 and 4 

kGy reduced these counts to 3.82, 3.0, 2.66 and 2.0 log10 at zero 

time. There was significant difference in total mold and yeast 

counts between non- irradiated and irradiated samples at zero 

time (P<0.05). 

During storage at 4±1ºC, the counts of total mold and 

yeast increased with increasing storage period in all samples but 

the rate of increase in non- irradiated samples was higher than 

that of irradiated ones. In non- irradiated samples counts 

increased to 5.73 log10 after 7 days. Total mold and yeast counts 

in the samples irradiated at 1 and 2 kGy reached almost the 

same counts but after 14 and 21 days of storage, respectively. 

Total mold and yeast count in the samples exposed to 3 and 4 

kGy reached 6.04 and 4.94 log10 after 28 days of storage. At that 

time mold spots were appeared on the surfaces of these samples. 

It is worthy to mention that most of the counts in irradiated 

samples at 4 kGy were yeasts. There was significant difference 
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in total mold and yeast counts between non- irradiated and 

irradiated samples during storage at (P<0.05). 
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Table (12): Effect of various doses of gamma radiation on total 

mold and yeast count of strawberry samples during storage at 

4 ± 1C 

R = Samples sensorially rejected. 

*Most of the counts were yeast. 

Mean values followed by different superscript (within rows) and different subscripts (within 

columns) are significantly different (p < 0.05) 

Figure (16): Effect of various doses of gamma radiation 

on total mold and yeast count of strawberry samples during 

storage at 4 ± 1C. 
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4.2.2. DEFT/ APC 

       The comparison between DEFT (Table 13 and figure 17) 

and APC (Table 9 and figure 13) has been used to differentiate 

between non- irradiated and irradiated strawberry samples. It 

appears that the DEFT counts before and after irradiation was 

almost similar which were 5.83 in unirradiated samples and was 

5.70, 5.88, 5.80 and 5.50 log10 in samples receiving 1, 2, 3 and 4 

kGy, respectively. There was no significant difference in DEFT 

counts between unirradiated and irradiated samples at zero time 

at (P<0.05).   

       During storage at 4±1C, there was gradual increase in 

DEFT counts which is a response to the increasing of APC 

during storage period. DEFT counts in the  non- irradiated 

samples  and those exposed to 1 and 2 kGy reached 6.20, 6.74 

and 6.91 log 10  after 7, 14 and 21 days, respectively. While after 

28 days, DEFT counts of irradiated samples with 3 and 4 kGy 

reached to 7.45 and 7.30 log10, respectively. There was 

significant difference in DEFT counts between non- irradiated 

and irradiated samples during storage at (P<0.05). 

        The difference of numeration (DN) between the log DEFT 

count and the log of APC was determined for strawberry 

samples before irradiation, after irradiation processes and 

during storage. The results are shown in Table (14) and figure 

(18). Generally, the average value of DN (DEFT/APC ratio) in 
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non- irradiated samples was very low (0.06), while that of 

irradiated samples at 1, 2, 3 and 4 kGy was large (1.20, 1.96, 

2.60 and 3.55), respectively. At zero time, it is clear that, as 

irradiation dose increased the value of DN increased, where the 

largest value (3.55) was observed with strawberry samples 

exposed to the highest irradiation dose used (4kGy). This 

indicates very low viable microorganism in these samples. 

During storage, there was large difference (DN) between the 

two counts still true. 

       There was significant difference in DN between 

unirradiated and irradiated samples but there was no significant 

difference among samples at each treatment during storage 

(P<0.05).                               
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Table (13): Effect of various doses of gamma radiation on 

DEFT count of strawberry samples during storage at 4 ± 1C 

R = Samples sensorially rejected. 

Mean values followed by different superscript (within rows) and different subscripts (within 

columns) are significantly different (p < 0.05). 

Figure (17): Effect of various doses of gamma radiation on 

DEFT count of strawberry samples during storage at 4 ± 

1ºC. 
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Table (14): Difference of Numeration (DN) between APC and 

DEFT count used for detection of irradiated strawberry 

samples stored at 4±1C 

R = Samples sensorially rejected. 

Mean values followed by different superscript (within rows) and different subscripts (within 

columns) are significantly different (p < 0.05) 

Figure (18): Difference of Numeration (DN) between TBC 

and DEFT count used for detection of irradiated strawberry 

samples stored at 4±1 C 
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4.2.3. DNA comet assay 

      The single cells of strawberry samples were analyzed using 

DNA comet assay immediately after irradiation (1, 2, 3 and 

4kGy) and during storage (7, 14, 21 and 28 days) post 

irradiation. The results are shown in tables (15 and 16) and in 

figures (19 and 25).            

 Generally, non- irradiated strawberry samples exhibited 

round- oval intact cells/DNA under the fluorescent microscope 

(figure 19 a). All the cells/ DNA in any irradiated samples 

damaged and fragmented and no intact cell could be observed. 

Cells or nuclei in these irradiated samples appeared heads with 

tail (figure 19 b, c, d and e). The percentage of DNA in tail and 

tail length were proportional to the irradiation dose, 

respectively. 

At zero time of storage, in non- irradiated samples, the 

percentage of DNA in tail and tail length were zero. These 

values increased gradually with increasing irradiation doses (1, 

2, 3 and 4 kGy) where the percentage of DNA in tail became 

5.23, 8.94, 10.47 and 13.64 and the tail length became 5.2x10
7
, 

9.4x10
7
, 1x10

8
 and 1.5x10

8
 (PX), respectively. There was 

significant difference in the percentage of DNA in tail and tail 

length between unirradiated and irradiated samples at zero time 

at (P>0.05). 



 Chapter 4                                                               Experimental Results 

999 
 

During storage at 4±1C, the cells or nuclei of non- 

irradiated samples were also present almost as round- oval 

shaped intact images along with head but with short tail. After 7 

days of refrigerated storage, the % DNA in tail was 3.43 and the 

tail length reached 3.1x10
7
 (PX).  In all irradiated samples, the 

percentage of DNA in tail and the tail length gradually 

increased with increasing irradiation doses and storage period 

and this increase was proportional with irradiation dose and 

storage period. After 7 days, the percentage of DNA in cells of 

irradiated samples at (1, 2, 3 and 4 kGy) became 6.57, 10.62, 

15.92 and 19.81 and the tail length was 8.4x10
7
, 9.9x10

7
, 

1.6x10
8 

and 1.9x10
8
 (PX), respectively. There was significant 

difference in the percentage of DNA in tail and tail length 

between unirradiated and irradiated samples during storage at 

(P>0.05). 
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(a) 

 

                                 
 (b)   (c) 

                   
(d) (e) 

Figure (19) DNA comet assay of strawberry samples. Anode 

to the right, Acridine orange staining, at zero time. (a) Non 

irradiated. (b) Irradiated with 1kGy (c) Irradiated with 

2kGy. (d) Irradiated with 3kGy. (e) Irradiated with 4kGy.  
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 (a) 

 

               
(b)     (c) 

 

                 
(d)          (e) 

Figure (20) DNA comet assay of strawberry samples. Anode 

to the right, Acridine orange staining, after 7 days of storage 

at 4±1C.(a) Non irradiated. (b) Irradiated with 1kGy (c) 

Irradiated with 2kGy. (d) Irradiated with 3kGy. (e) 

Irradiated with 4kGy.  
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(b)                                                         (c) 

 

             
 (d) (e) 

 

Figure (21): DNA comet assay of strawberry samples. 

Anode to the right, Acridine orange staining, after 14 days 

of storage at 4±1C. (b) Irradiated with 1kGy. (c) Irradiated 

with 2kGy. (d) Irradiated with 3kGy. (e) Irradiated with 

4kGy.  
 

 

 

 

 

 

 



 Chapter 4                                                               Experimental Results 

999 
 

             
(c)                                                   (d) 

 
 

(e) 

Figure (22): DNA comet assay of strawberry samples. 

Anode to the right, Acridine orange staining, after 21 days 

of storage at 4±1C. (c) Irradiated with 2kGy. (d) Irradiated 

with 3kGy. (e) Irradiated with 4kGy. 

 

              
(d)                                                      (e) 

Figure (23): DNA comet assay of strawberry samples. 

Anode to the right, Acridine orange staining, after 28 days 

of storage at 4±1C.(d) Irradiated with 3kGy. (e) Irradiated 

with 4kGy.  
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Table (15): Effect of various doses of gamma radiation on % 

DNA in tail of the cells of strawberry samples during storage 

at 4 ± 1C. 

R = Samples sensorially rejected. 

Mean values followed by different superscript (within rows) and different subscripts (within 

columns) are significantly different (p < 0.05) 

 
    Figure (24): Effect of various doses of gamma radiation on 

% DNA in tail of the cells of strawberry samples during  

storage at 4 ± 1C 
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Table (16): Effect of various doses of gamma radiation on 

tail length of the cells of strawberry samples during storage 

at 4±1C. 

R = Samples sensorially rejected. 

Mean values followed by different superscript (within rows) and different subscripts (within 

columns) are significantly different (p < 0.05) 

Figure (25): Effect of various doses of gamma radiation on the 

tail length of the cells of strawberry samples during storage at 

4±1C. 
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4.3. Detection of irradiated fresh-deboned-chicken 

The effect of different irradiation doses (2, 3, 4 and 5 kGy) 

on the microbiological characterization of deboned-chicken 

meat was studied. Non- irradiated and irradiated samples were 

stored under refrigeration condition at 4±1C for 7, 14, 21 and 

28 days. Microbiological and biological analyses were carried 

immediately after irradiation and during storage. 

 

4.3.1. Shift in microbial load 

       Total aerobic bacterial count, Gram- negative bacterial 

count, Enterobacteriaceae count and total mold and yeast count 

were determined in order to use these tests, for indication of 

radiation treatments. 

 

4.3.1.1. Total aerobic bacterial count (APC) 

        Table (17) and figure (26) indicate that the count of total 

APC of non- irradiated sample was 5.87 log10 (at zero time). 

Irradiation greatly reduced total APC and the reduction was 

proportional with the irradiation doses. The results showed that 

there was significant difference in APC between non- irradiated 

and irradiated samples (p<0.05) at zero time. 

         After 7 days of refrigerated storage, APC reached 6.32 

log10 in non- irradiated samples. Meanwhile, the counts of APC 

reached 4.44, 4.00, 3.00 and 2.31 log10 in samples irradiated at 
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2, 3, 4and 5 kGy, respectively. There was significant difference 

in APC between non- irradiated and irradiated samples during 

storage (P<0.05).  

       

4.3.1.2. Gram- negative bacterial count 

      The effect of difference gamma irradiation doses (2, 3, 4 

and 5 kGy) on Gram- negative bacterial count of fresh deboned-

chicken, immediately after irradiation (at zero time) and during 

storage at 4±1C are shown in table (18) and figure (27). At 

zero time of storage, the average count of Gram- negative 

bacteria in non- irradiated sample was 4.79 log10. The lowest 

irradiated dose used (2 kGy) completely destroyed Gram- 

negative bacteria. During storage, these counts increased in 

non- irradiated samples to reach 5.07 log10 after 7days of 

refrigerated storage. All irradiated deboned-chicken samples 

were free from Gram- negative bacteria all over their storage 

period. There was significant difference in Gram negative 

bacterial counts between unirradiated samples during storage 

(P<0.05). 
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Table (17): Effect of various doses of gamma radiation on 

total bacterial count of deboned-chicken samples during 

storage at 4 ± 1°C. 

R = Samples sensorially rejected. 

Mean values followed by different superscript (within rows) and different subscripts (within 

columns) are significantly different (p < 0.05) 
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Figure (26): Effect of various doses of gamma radiation on 

total bacterial count of deboned-chicken samples during 

storage at 4±1C 
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Table (18): Effect of various doses of gamma radiation on 

Gram- negative bacterial count of deboned-chicken samples 

during storage at 4±1C 

R = Samples sensorially rejected. 

<10 = below detectable limit of (<10 cfu/ml). 

 Mean values followed by different superscript (within rows) and different subscripts (within 

columns) are significantly different (p < 0.05) 
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Figure (27): Effect of various doses of gamma radiation on 

Gram- negative bacterial count of deboned-chicken samples 

during storage at 4±1C 
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4.3.1.3. Enterobacteriaceae count 

     Table (19) and figure (28) illustrate the effect of gamma 

irradiation doses (2, 3, 4 and 5 kGy) on Enterobacteriaceae 

counts of deboned-chicken meat samples immediately after 

radiation treatment and during storage at 4±1ºC. At zero time of 

storage, the average count of Enterobacteriaceae in non- 

irradiated sample was 3.65 log10. The counts of 

Enterobacteriaceae were below the detectable level (< 10 

CFU/g) even with the lowest dose used (2 kGy). These counts 

increased in non- irradiated samples to reach 3.90 log10 after 7 

of refrigerated storage. There was significant difference in 

Enterobacteriaceae between unirradiated samples during storage 

(P<0.05). In all irradiated samples, the counts of 

Enterobacteriaceae were below detectable level (<10 CFU/g) all 

over the storage period.  

 

4.3.1.4. Total mold and yeast count 

The log10 count of total mold and yeast in unirradiated 

chicken samples was 4.28 at zero time of storage (Table 20 and 

Figure 28). This count decreased upon irradiation treatment 

parallel to irradiation dose. Irradiation doses of 2, 3, 4 and 5 

kGy reduced these counts to 3.39, 2.46, 2.04 and1.72 log10, 

respectively. There was significant difference in total mold and 
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yeast between non- irradiated and irradiated samples at zero 

time of storage at (P<0.05). 

 During storage at 4±1ºC, the counts of non-irradiated 

samples increased to 4.47 log10 in 7days, these samples were 

rejected thereafter due to off-odor and appearance of mold 

growth at its surface. Total mold and yeast counts of 2 kGy- 

irradiated samples reached 4.95 log10 after 21 days, where these 

samples were sensorially rejected. Total mold and yeast counts 

in deboned-chicken samples receiving 3, 4 and 5 kGy reached 

5.04, 4.26 and 3.88 log10 after 28 days of refrigerated storage, 

respectively. There was significant difference in total mold and 

yeast between non- irradiated and irradiated samples during 

storage at (P<0.05). 
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Table (19): Effect of various doses of gamma radiation on 

Enterobacteriaceae count of deboned-chicken samples 

during storage at 4 ± 1ºC                                                      

R = Samples sensorially rejected. 

<10= below detectable limit of (<10 cfu/ml). 

 Mean values followed by different superscript (within rows) and different subscripts (within 

columns) are significantly different (p < 0.05) 
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Figure (28): Effect of various doses of gamma radiation 

on Enterobacteriaceae count of deboned-chicken samples 

during storage at 4 ± 1ºC. 
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Table (20): Effect of various doses of gamma radiation on total 

mold and yeast count of deboned-chicken samples during 

storage at 4±1C.                                                               

 R = Samples sensorially rejected 

Most of the counts were yeast* 

Mean values followed by different superscript (within rows) and different subscripts (within 

columns) are significantly different (p < 0.05). 
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Figure (29): Effect of various doses of gamma radiation 

on total mold and yeast of deboned-chicken samples 

during storage at 4 ± 1ºC. 
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4.3.2. DEFT/ APC 

      The effect of different irradiation doses (2, 3, 4 and 5 kGy) 

and refrigerated storage (7, 14, 21 and 28 days) on DEFT counts 

of fresh deboned-chicken were shown in table (21) and figure 

(30). It is clear that, in non- irradiated samples the log10 total 

APC (table 17) were almost similar to log10 DEFT counts of 

irradiated samples despite irradiation dose. The DEFT counts in 

non- irradiated samples were 5.96 log10 at zero time and these 

counts in deboned-chicken samples exposed to 2, 3, 4 and 5 

kGy were 5.94, 5.72, 5.74 and 5.77 log10. There was no 

significant difference in DEFT counts between unirradiated and 

irradiated samples at (P<0.05).   

        During refrigerated storage, DEFT counts gradually 

increased in non- irradiated and irradiated samples, but the 

increasing rate was lower in irradiated samples. After 7 days of 

refrigerated storage, the DEFT counts reached 6.50 log 10 in 

non- irradiated samples. While these counts reached 6.41, 6.30, 

6.10 and 6.00 log10 in the samples receiving 2, 3, 4 and 5 kGy, 

respectively. After 28 days of refrigerated storage, DEFT counts 

of irradiated samples at 3, 4, and 5 kGy became 8.21, 8.0 and 

7.49 log10.There was significant difference in DEFT count 

between unirradiated and irradiated samples during storage 

period at (P<0.05).  



Chapter 4                                                     Experimental Results         
                                           

111 
 

        Table (22) and figure (31) show the difference between log 

APC and log DEFT (DN). In unirradiated samples DN was 0.09 

and in irradiated samples at 2.0, 3.0, 4.0 and 5.0 kGy the DN 

values were 1.94, 2.33, 3.24 and 3.77, respectively. It is clear 

that there was a large difference in DN between non- irradiated 

and irradiated samples and the difference in DN between 

irradiated samples depending on irradiation dose. This is true 

even throughout the refrigerated storage period.  

       In non- irradiated samples, the results obtained by the two 

methods were almost close throughout the storage period. 

During storage, at each dose of irradiation the DN of the 

samples were almost similar. There was significant difference in 

DN between unirradiated and irradiated samples immediately 

after irradiation and during storage. However, there was no 

significant difference among samples at each treatment during 

storage at (P<0.05).                               
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Table (21): Effect of various doses of gamma radiation on  

DEFT count of deboned-chicken samples during storage at      

4 ± 1C 

 

R = Samples sensorially rejected. 

Mean values followed by different superscript (within rows) and different subscripts (within 

columns) are significantly different (p < 0.05)  
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Figure (30): Effect of various doses of gamma radiation on 

DEFT count of deboned-chicken samples during storage at 

4 ± 1C. 
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Table (22): Difference of Numeration (DN) between TBC and 

DEFT count used for detection of irradiated deboned-chicken 

samples during storage at 4±1C. 

 

R = Samples sensorially rejected. 

 Mean values followed by different superscript (within rows) and different subscripts (within 

columns) are significantly different (p < 0.05) 
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Figure (31): Difference of Numeration (DN) between TBC 

and DEFT count used for detection of irradiated deboned-

chicken samples during storage at 4±1C. 
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4.3.3. DNA comet assay 

      The samples of deboned-chicken were analyzed using DNA 

comet assay for detection of irradiation treatment. 

The microscopic observation at zero time showed oval- 

shaped intact cells/DNA stains with almost no comet like image 

(figure 32.a). Meanwhile, cells or nuclei of all irradiated 

samples were destroyed, fragmented and tail length begin 

appear (figure 32, b, c, d and e). The changes of the percentage 

of DNA in tail (intensity of the tail) and the tail length were 

shown in tables (23 and 24) and figures (37 and 38).  At zero 

time of storage, in non- irradiated samples the percentage of 

DNA in tail and the tail length were zero. Meanwhile, there was 

remarkable increase in the % DNA in tail and the tail length 

with increasing irradiation doses. The percentage of DNA in tail 

of the samples receiving 2, 3, 4 and 5 kGy were 0.13, 0.87, 4.71 

and 10.51 and the tail length reached 2.3x10
7
, 4x10

7
, 5.2x10

7
 

and 4.2x10
8
 (PX), respectively. There was significant difference 

in the percentage of DNA in tail and the tail length between 

unirradiated and irradiated samples at different irradiation doses 

at zero time of storage at (P>0.05).   

   During storage at 4ºC±1, there was very slight increase in 

the percentage of DNA in tail and the tail length of non- 

irradiated samples. After 7 days of storage, the cells of non- 

irradiated samples show fragmentation in DNA so, the 
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percentage of DNA in tail became 0.32 and the tail length was 

1x10
7
 (PX), while the percentage of DNA in tail and the tail 

length of irradiated samples gradually increased parallel to the 

irradiation dose (2, 3, 4 and 5kGy) and the storage period (7, 14, 

21 and 28 days). After 7 days of storage the percentage of DNA 

in tail were 2.45, 4.53, 9.87 and 12.31 while the tail length were 

2.5x10
7
, 5.2x10

8
, 6.3x10

7 
and 6.5x10

8
 (PX), respectively. After 

28 days of storage the percentage of DNA in tail of irradiated 

samples at 3, 4 and 5 kGy became 10.21, 14.94 and 16.71 and 

the tail length became 8.9x10
7
, 7.0x10

7
and 9.5x10

7
 (PX), 

respectively. There was significant difference in % DNA in tail 

and the tail length between unirradiated and irradiated samples 

at different irradiation doses during storage at (P<0.05). 
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(a) 

                  

                 (b)                                                    (c) 

                

              (d)                                                       (e) 

  Figure (32) DNA comet assay of deboned-chicken samples. 

Anode to the right, Acridine orange staining at zero time. 

(a) Non irradiated. (b) Irradiated with 2kGy (c) Irradiated 

with 3kGy. (d) Irradiated with 4kGy. (e) Irradiated with 

5kGy.  
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(a) 

                         

                 (b)                                                       (c) 

                

                  (d)                                                       (e) 

Figure (33): DNA comet assay of deboned-chicken samples. 

Anode to the right, Acridine orange staining after 7 days of 

storage at 4±1C. (a) Non irradiated. (b) Irradiated with 

2kGy (c) Irradiated with 3kGy. (d) Irradiated with 4kGy. 

(e) Irradiated with 5kGy.  
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(a)                              (b) 

            

(b) (d) 

Figure (34): DNA comet assay of deboned-chicken samples. 

Anode to the right, Acridine orange staining after 14 days of 

storage at 4±1C.(a) Irradiated with 2kGy. (b) Irradiated 

with 3kGy. (c) Irradiated with 4kGy. (d) Irradiated with 

5kGy.  
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(a) (b)                                                                                                                                                                                                                                          

             

(c) (d) 

Figure (35): DNA comet assay of deboned-chicken samples. 

Anode to the right, Acridine orange staining after 21 days of 

storage at 4±1C.(a) Irradiated with 2kGy. (b) Irradiated 

with 3kGy. (c) Irradiated with 4kGy. (d) Irradiated with 

5kGy.  
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                               (c) 

 

 
                             (d) 

 

 
                               (e) 

 Figure (36): DNA comet assay of deboned-chicken samples. 

Anode to the right, Acridine orange staining after 28 days of 

storage at 4±1C. (c) Irradiated with 3kGy. (d) Irradiated 

with 4kGy. (e) Irradiated with 5kGy.  
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Table (23): Effect of various doses of gamma radiation on     

% DNA in tail of the cells of deboned-chicken samples during 

storage at 4±1C 

 R = Samples sensorially rejected.   

Mean values followed by different superscript (within rows) and different subscripts (within 

columns) are significantly different (p < 0.05) 
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Figure (37): Effect of various doses of gamma radiation on 

% DNA in tail of the cells of deboned-chicken samples 

during storage at 4±1C 
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Table (24): Effect of various doses of gamma radiation on tail 

length of the cells of deboned-chicken samples during storage 

at 4±1C 

R = Samples sensorially rejected.   

Mean values followed by different superscript (within rows) and different subscripts (within 

columns) are significantly different (p < 0.05) 
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Figure (38): Effect of various doses of gamma radiation on tail 

length of the cells of deboned-chicken samples during storage 

at 4±1C 
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4.4. Detection of irradiated frozen-deboned chicken 

Frozen-deboned chicken samples were exposed to different 

irradiation doses (2, 4, 6 and 8 kGy). Unirradiated and irradiated 

samples were stored under frozen condition at -10±1C. 

4.4.1. Shift in microbial load 

       Total aerobic bacterial count, Gram- negative bacterial 

count, Enterobacteriaceae and total mold and yeast count were 

followed to be used as an indication of radiation treatment. 

4.4.1.1. Total aerobic bacterial count 

      Table (25) and figure (38) indicated that the average count 

of total APC of non- irradiated sample was 4.87 log10 at zero 

time of frozen storage. Irradiation greatly reduced total APC 

and the reduction was proportional with irradiation dose. 

Irradiation doses of 2, 4, 6 and 8 kGy reduced these counts to 

4.19, 3.51, 2.52 and 1.93 log10, respectively. The results showed 

that there was significant difference in total APC between non 

irradiated and irradiated samples at zero time of storage at 

(p<0.05). 

        After 3 month of frozen storage, the log10 count of total 

APC increased to 6.41 in unirradiated sample but in those 

exposed to 2, 4, 6 and 8 kGy, the log10 count increased to 5.41, 

4.60, 3.60 and 3 log10, respectively. There was significant 

difference in APC between unirradiated and irradiated samples 

during storage at (P<0.05). 
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Table (25): Effect of various doses of gamma radiation on total 

bacterial count of frozen-deboned chicken samples during 

storage at -10± 1C 

Mean values followed by different superscript (within rows) and different subscripts (within 

columns) are significantly different (p < 0.05) 
 

Figure (39): Effect of various doses of gamma radiation on 

total bacterial count of frozen-deboned chicken samples 

during storage at -10± 1C. 

 

0

1

2

3

4

5

6

7

0 1 2 3

0KGy 2KGy 4KGy 6KGy 8KGy

Log 
value 

Storage period(months) 

Irradiation doses(kGy) 

Storage 

period 

Months 

0.0  2.0  4.0  6.0  8.0  

Log Log Log Log Log 

0 

1  

2  

3  

4.87
d

a±0.08 

5.23
c
a±0.03 

5.85
b

a±0.005 

6.41
a
a±0.005 

4.19
d
b±0.06 

4.41
c
b±0.12 

4.86
b
b±0.02 

5.41
a
b±0.02 

3.51
d

c±0.07 

3.71
c
c±0.04 

4.24
b

c±0.02 

4.69
a
c±0.02 

2.52
d

d±0.03 

2.68
c
d±0.03 

2.98
b

d±0.01 

3.60
a
d±0.005 

1.93
d

e±0 

2.10
c
e±0.05 

2.31
b

c±0.02 

3.00
a
e±0.05 



Chapter 4                                                                   Experimental Results

         

133 
 

4.4.1.2. Gram- negative bacterial count 

       Gram- negative bacterial count of non- irradiated frozen-

deboned chicken meat samples was 3.81 log10 at zero time of 

frozen storage (Table 26 and Figure 39). However, in all 

irradiated deboned chicken samples, Gram- negative bacterial 

count were below detectable level (< 1 log10). During storage at 

-10±1C, the Gram negative bacterial count in non- irradiated 

samples increased with increasing storage period reaching 5.17 

log10 after 3 months of storage. There was significant difference 

in Gram- negative bacterial count between unirradiated samples 

during storage at (P<0.05). 

 

4.4.1.3. Enterobacteriaceae count 

      Table (27) and figure (40) show the effect of gamma 

irradiation doses (2, 4, 6 and 8 kGy) on Enterobacteriaceae 

count of frozen-deboned chicken samples immediately after 

radiation during subsequent storage at -10±1C.  

The average count of Enterobacteriaceae in unirradiated 

sample was 2.71 log10 at zero time of storage. 

Enterobacteriaceae count was greatly affected by irradiation 

treatment where they were disappeared even with the lowest 

used dose (2 kGy) immediately after irradiation or during frozen 

storage. However, these counts increased in non-irradiated 

samples to reach 4.34 log10 after 3 months of storage. There was 
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significant difference in Enterobacteriaceae between 

unirradiated samples during frozen storage at (P<0.05). 

 

4.4.1.4. Total mold and yeast count 

       The results in table (28) and figure (41) indicate that the 

average count of total mold and yeast of unirradiated sample 

was 3.27 log10 at zero time of storage. Irradiation doses of 2 and 

4kGy reduced these counts to 2.39 and 1.46 log10 (most of the 

counts at 4 kGy irradiated samples were yeasts), while the log 

counts at irradiation doses of 6 and 8 kGy were below 

detectable level (<1 log10).There was significant difference in 

total mold and yeast counts between unirradiated and irradiated 

samples at (P<0.05) at zero time of storage.  

        After 3 month of storage, the log10 count of total mold and 

yeast count increased to 4.59 in unirradiated sample but in those 

exposed to 2 and 4kGy, the log10 count increased to 3.11 and 

2.53log10, respectively. Total mold and yeast counts in samples 

receiving 6 and 8kGy were below detectable level (<1log). 

There was significant difference in total mold and yeast counts 

between unirradiated and irradiated samples at (2 and 4 kGy) 

during storage at (P<0.05). 
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Table (26): Effect of various doses of gamma radiation on 

Gram- negative bacterial count of frozen-deboned chicken 

samples during storage at -10± 1C 

<10 = below detectable limit of (<10 cfu/ml). 

 Mean values followed by different superscript (within rows) and different subscripts (within 

columns) are significantly different (p < 0.05) 

 

Figure (40): Effect of various doses of gamma radiation on 

Gram- negative bacterial count of frozen-deboned chicken 

samples during storage at -10± 1C 
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Table (27): Effect of various doses of gamma radiation on 

Enterobacteriaceae count of frozen-deboned chicken samples 

during storage at -10± 1C 

<10 = below detectable limit of (<10 cfu/ml). 

 Mean values followed by different superscript (within rows) and different subscripts (within 

columns) are significantly different (p < 0.05) 

Figure (41): Effect of various doses of gamma radiation on 

Enterobacteriaceae count of frozen-deboned chicken 

samples during storage at -10± 1C 
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Table (28): Effect of various doses of gamma radiation on total 

mold and yeast count of frozen-deboned chicken samples 

during storage at -10± 1C 

<1 = below detectable limit of (<10 cfu/ml). 

* most counts were yeasts. 

 Mean values followed by different superscript (within rows) and different subscripts (within 

columns) are significantly different (p < 0.05) 

 

Figure (42): Effect of various doses of gamma radiation on 

total mold and yeast count of frozen-deboned chicken 

samples during storage at -10± 1C 
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4.4.2. DEFT/ APC 

       DEFT counts of non- irradiated and irradiated (2, 4, 6 and 8 

kGy) frozen-deboned chicken samples during storage (1, 2 and 

3 months) at -10±1C were present in table (29) and figure (43). 

DEFT counts in non- irradiated and irradiated samples were 

almost similar, being 4.96 log10 in non-irradiated samples and 

5.0, 5.05, 5.0 and 4.92 log10 in the samples exposed to 2, 4, 6 

and 8 kGy, respectively. There was no significant difference in 

DEFT count between non- irradiated and irradiated samples at 

zero time of storage at (P<0.05).  

        During storage, there was an increase in DEFT count as a 

result of increasing APC. After 3 months of storage, the DEFT 

counts were 6.57 in non- irradiated samples, while the counts in 

those receiving 2, 4, 6 and 8 kGy were 6.23, 6.05, 6.0 and 5.87 

log10, respectively. There was significant difference in DEFT 

count between non- irradiated and irradiated samples during 

storage period at (P<0 .05).   

 The difference of numeration (DN) between DEFT and 

APC counts as a results of irradiation doses and time of storage 

were tabulated in table (30) and illustrated in figure (44). The 

DN value in non- irradiated samples was 0.09 and the values of 

the samples irradiated at 2, 4, 6 and 8 kGy were 0.81, 1.54, 2.48 

and 2.95, respectively. It is clear that there was a large 

difference in all irradiated samples between the DEFT and APC 
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counts either immediately after irradiation or during the storage 

and this difference increase with increasing irradiation doses. In 

non- irradiated samples, the results obtained by the APC and 

DEFT counts were almost close throughout the storage period. 

During storage, for each dose of irradiation DN of the samples 

were almost similar. There was significant difference in DN 

between non- irradiated and irradiated samples immediately 

after irradiation and during storage. However, at each treatment 

no significant difference among samples during storage at 

(P<0.05).                               
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Table (29): Effect of various doses of gamma radiation on 

DEFT count of frozen-deboned chicken samples during 

storage at -10± 1C 

Mean values followed by different superscript (within rows) and different subscripts (within 

columns) are significantly different (p < 0.05) 

Figure (43): Effect of various doses of gamma radiation on 

DEFT count of frozen-deboned chicken samples during 

storage at -10 ± 1C. 
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Table (30): Difference of Numeration (DN) between APC and 

DEFT count used for detection of irradiated frozen-deboned 

chicken samples stored at -10 ±1 C 

 

Mean values followed by different superscript (within rows) and different subscripts (within 

columns) are significantly different (p < 0.05) 

Figure (44): Difference of Numeration (DN) between TBC 

and DEFT count used for detection of irradiated frozen-

deboned chicken samples stored at -10±1 C 
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4.4.3. DNA comet assay: 

         Frozen-deboned chicken samples were exposed to gamma 

radiation doses of 2, 4, 6 and 8 kGy and stored at -10C±1for 3 

months. The cells of non- irradiated and irradiated samples were 

analyzed using DNA comet assay immediately after irradiation 

and in 1, 2 and 3 months after irradiation and the photographs of 

DNA comet assay were shown in figures (45-48). The cells or 

nuclei of non- irradiated samples were present as a round with 

slight tail, at zero time of frozen storage. The percentage of 

DNA in tail and the tail length were 0.23 and 9.0x10
6 

(PX), 

respectively (Table 31 and 32, Figure 49 and 50). In irradiated 

samples, only distinct comet are observed and all cell are 

destroyed and fragmented and no single intact cell is found in 

irradiated samples. The % of DNA in tail and the tail length  

increase with irradiation doses at 2, 4, 6 and 8 kGy, at zero time 

.The percentage of DNA in tail became 3.61, 8.75, 12.29 and 

16.32, while the tail length was 3.9x10
7
, 5.9 x10

7
, 7.1 x10

7
 and 

1x10
8
(PX), respectively. Also, the irradiation dose level may be 

indicated by the shape of the comet. There was significant 

difference in the percentage of DNA in tail and the tail length 

between unirradiated and irradiated samples at zero time of 

storage at(P>0.05). 

During storage, in all irradiated samples, the percentage of 

DNA in tail and tail length gradually increased with increasing 
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irradiation doses and storage period. After 3 months of storage 

the cells of non- irradiated samples show fragmentation in DNA 

so, the percentage of DNA in tail became 9.34 and the tail 

length was 8.2x10
7
 (PX), Meanwhile, the percentage of DNA in 

cells of irradiated samples at (2, 4, 6 and 8 kGy) became 19.35, 

22.78, 28.23 and 42.11and the tail length were 8.2x10
7
, 1x10

8
, 

2.3x10
8
, 2.9 x10

8
 and 3.6 x10

8
(PX). There was significant 

difference in the percentage of DNA in tail and the tail length 

between irradiated samples at different doses and during storage 

at (P<0.05). 
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(a) 

             

 (b) (c)  

                

                 (d)                                                     (e) 

Figure (45) DNA comet assay of frozen-deboned chicken 

samples. Anode to the right, Acridine orange staining, at 

zero time. (a) Non irradiated. (b) Irradiated with 2kGy (c) 

Irradiated with 4kGy. (d) Irradiated with 6kGy. (e) 

Irradiated with 8kGy.  
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 (a) 

 

                
 (b)                                                            (c) 

 

                 
                (d)                                                               (e) 

Figure (46) DNA comet assay of frozen-deboned chicken 

samples. Anode to the right, Acridine orange staining, after 

storage for 1 month at -10±1C. (a) Non irradiated. (b) 

Irradiated with 2kGy (c) Irradiated with 4kGy. (d) 

Irradiated with 6kGy. (e) Irradiated with 8kGy.  
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       (a) 

 

                

 (b)    (c) 

                      

                 
 (d)                         (e) 

Figure (47) DNA comet assay of frozen-deboned chicken 

samples. Anode to the right, Acridine orange staining, after 

storage for 2 month at -10±1C. (a) Non irradiated. (b) 

Irradiated with 2kGy (c) Irradiated with 4kGy. (d) 

Irradiated with 6kGy. (e) Irradiated with 8kGy.  
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(a) 

 

                
 (b) (c) 

 

                 
  (d)      (e) 

Figure (48) DNA comet assay of frozen-deboned chicken 

samples. Anode to the right, Acridine orange staining, after 

storage for 3 month at -10±1C. (a) Non irradiated. (b) 

Irradiated with 2kGy (c) Irradiated with 4kGy. (d) 

Irradiated with 6kGy. (e) Irradiated with 8kGy.  
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Table (31): Effect of various doses of gamma radiation on % 

DNA in tail in the cells of frozen-deboned chicken samples 

during storage at -10± 1C. 

Mean values followed by different superscript (within rows) and different subscripts (within 

columns) are significantly different (p < 0.05) 

Figure (49): Effect of various doses of gamma radiation on % 

DNA in tail in the  cells of deboned frozen-deboned chicken 

samples during storage at -10± 1C 
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Table (32): Effect of various doses of gamma radiation on 

tail length of the cells of frozen-deboned chicken 

samplesduring storage at -10±1C. 

 Mean values followed by different superscript (within rows) and different subscripts (within 

columns) are significantly different (p < 0.05) 

Figure (50): Effect of various doses of gamma radiation on tail 

length of the cells of frozen-deboned chicken samples during 

storage at -10±1C. 
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Discussion 

       Contamination of food with microorganisms, particularly 

non- spore forming pathogenic bacteria is one of the most 

significant public health problems and an important cause of 

human suffering all over the world. The use of ionizing 

radiation (gamma radiation, high energy electron beam and X-

rays) has become one of the most promising programmes in 

many developed and developing countries as “a physical cold 

process” for elimination of these pathogens. Irradiation of food 

has many other applications such as prevention of 

reproduction of food- borne parasites, extension of perishable 

food shelf life, delay ripening of some fruits and vegetables, 

decontamination of spices and herbs, sprout inhibition of 

potatoes, onion and garlic and disinfestation of grains and 

dried food from insects. Food irradiation is considered safe, 

friendly to environment and proven process for food 

preservation. Irradiated food itself are considered safe and 

nutritious.  

        Although properly irradiated food is safe and wholesome, 

consumers should be able to make their own free choice 

between irradiated and unirradiated food. For this purpose 

labeling is necessary. In order to check compliance with 

existing regulations and facilitate international trade in 

irradiated foods, simple and proper methods for detection of 
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radiation treatment by analyzing the food itself is highly 

desirable (Delincee, 2002 and Sadecka, 2007). Also these 

proper methods for detection of irradiation processing of food 

are very important to implement quality control at all levels 

(Chauhan et al. 2009).   

All the proposed methods for the detection of irradiated 

foods are based on physical, chemical, microbiological and 

biological changes in food products during irradiation, 

although these changes are minimal (Raffi and Kent, 1996 

and Delincee, 1998a).Ten approved methods are currently 

used to identify irradiated foods including DEFT/APC (EN 

13783, 2001) and DNA comet assay (EN 13784, 2001). 

Unfortunately, no single methods can be applied to all foods 

because different foods are varying in their chemical 

composition, physical and quality attributes. Thus, two or three 

methods may confirm each other to achieve this purpose. 

Generally, irradiation of food causes destruction or 

changes in microbial load. On the basis of these changes the 

use of shift in microflora load induced by irradiation as a 

simple test to determine whether an irradiation treatment has 

been applied or not. Most of the studies focused on Gram- 

negative bacteria and Enterobacteriaceae group as they are 

most sensitive to irradiation than other types of bacteria. 

Yeasts as they are more resistance to radiation than non- spore 
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forming bacteria and molds are also used as an indication of 

radiation treatment.   

        Only very few studies have been carried out in Egypt on 

the detection of irradiated foods on the basis of 

microbiological or biological changes induced by irradiation in 

the foods. Therefore, the main aim of the present study is to 

use the characteristics of microbial population of irradiated 

three kinds of Egyptian foods (black pepper, strawberries, 

fresh and frozen deboned chicken) for detection of radiation 

treatment. Also, DNA comet assay test have been used as the 

first time for the detection of the irradiated Egyptian foods.    

         

5.1. Black pepper:  

The effect of different irradiation doses on the microbial 

population of black pepper samples were studied as an 

indication for radiation treatment, the total aerobic bacterial 

count of non- irradiated samples was 7.96 log10. Irradiation 

found that irradiation greatly reduced total aerobic bacterial 

count and the reduction was proportional to the irradiation 

dose (Table 2). Many other investigators reported that the total 

viable bacterial count of most spices, including black peppers 

were in the range of 4 to 8 log10 CFU/g (Hammerton and 

Banos, 1996 and Nieto- Sandoval, et al. 2000). So, the very 

low count of viable bacterial count of black pepper samples 
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than the normal reported count in unirradiated samples may 

indicate the exposure of samples to irradiation.  Here in our 

investigation the log10 count of total aerobic bacterial count 

around 3 log10 or less could be used as an indication for 

irradiation treatment of black pepper samples to level of at 

least 10 kGy unless fumigants and heat treatment were not 

used. Total aerobic bacterial count around 2 log10 could be 

used as a successful indication for radiation treatment (15 

kGy) of black pepper samples up to 2 months of storage. 

Gram- negative bacteria, as they are more sensitive to 

irradiation than other types of bacteria, are used as also an 

indication of radiation treatment of black pepper samples. It 

was found that the log10 Gram- negative bacterial count of 3.54 

present in the black pepper samples before irradiation was 

completely removed after irradiation even at the lowest dose 

used (2.5kGy). The disappearance of Gram- negative bacteria 

throughout the storage period might be used as an indication of 

radiation treatment of black pepper samples up to 8 months. 

As yeasts are more resistance to radiation than non- 

spore forming bacteria and molds, total mold and yeast counts 

may be used as an indication of radiation treatment of black 

pepper samples. The total mold and yeast count non- irradiated 

samples was 5.61 log10. This count is almost similar within 

that previously reported for some spices. El- Gaddawy et al. 
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(1988) reported that the total fungal count of some spices 

ranged between 2-6 log10, which is similar to that obtained in 

the present studies on black pepper. 

Irradiation of black pepper samples with 5 kGy reduced 

the total counts of mold and yeast by 2.63 log10 cycles, most of 

the survival counts were yeasts. This may indicates the 

possible radiation treatment of black pepper with at least 5 

kGy. Irradiation with 10 and 15 kGy completely eliminated 

mold and yeasts. Thus, the disappearance (<10 CFU/g) of 

molds and yeasts in black pepper samples up to 8 months of 

storage may indicates that these samples could be irradiated at 

doses of 10 kGy or more. 

It is worthy to mention that these methods are not yet 

approved and also are not ideal since there are variations in 

microflora depending on the origin of the samples and post 

irradiation storage conditions may also affect the result. 

Among the microbiological methods that have been 

approved to determine if food stuffs have been irradiated that 

is DEFT/APC (EN 13783: 2001). If there is a large difference 

between the DEFT count and APC count in a food product, it 

indicates that the samples have been irradiated. But if the 

samples have not been irradiated, the counts obtained by the 

two methods are very close (Jones et al. 1994).  
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The present results revealed that the DEFT counts of 

unirradiated black pepper samples were almost similar with 

APC. This is also true throughout the storage period. On the 

other hand, there was a large difference in all irradiated 

samples between the two counts (DEFT and APC) and this 

difference increased with increasing irradiation dose (Table 6). 

This large difference is due to the great reduction in APC as a 

result of radiation destruction of microbial cells (loss of their 

viability). Whereas, DEFT count remained almost similar 

independent of the irradiation as the DEFT enumerate the total 

number of microorganisms (dead and alive). The difference 

between log DEFT and APC count for black pepper samples 

under study was lower than that found by Wirtanen et al. 

(1993) who found that the difference between DEFT and APC 

in spices and herbs irradiated with doses of 5 and 10 kGy were 

5.1 and 6.1 log units, respectively. This might be due to the 

difference in initial viable count and the nature of microflora 

present.  In the present study showed that DEFT/APC 

difference was around 4 log units or more after receiving 

irradiation dose of 10 kGy or higher could be suitable for 

screening radiation treatment of black pepper samples under 

investigation either at zero time of storage or throughout the 

storage period. These results confirmed those previously 

obtained by many investigators. Manninen and Sjoberg 
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(1991) reported that the difference in the log of the DEFT and 

APC counts for spices in excess of 4-5 is considered evidence 

of irradiation. Hammerton and Banos, (1996) reported that 

the difference values between DEFT count and the APC count 

higher or equal to 3.0 log10 units were observed with irradiated 

spices. It has also found that the difference between the DEFT 

count and the APC in spices treated with doses of 5 to 10 kGy 

is generally about or above 3 to 4 log units (EN 13783: 2001). 

Oh et al. (2003) suggested that if the DEFT/APC ratio is 2.5 

or over for peppers in Korea, the samples can be suspected as 

irradiated at a dose level of at least 3.0 kGy. They added that 

the DEFT/APC method could be used for screening for the 

irradiation treatment of imported spices and domestic spices 

produced in Korea. Also difference value between DEFT 

count and APC count of 2 and 3 log units was reported for 

irradiated cereal grains (Oh et al. 2002a) and beans (Oh et al. 

2002b). This variation could be attributed to the initial 

microbial load, the nature of the contaminating 

microorganisms and chemical composition of the food. 

Recently, Ahn et al. (2013) irradiated (0-10 kGy) cinnamon, 

red pepper, black pepper and fresh paprika. They reported that 

the DEFT/APC technique showed clear screening results 

through the changes in microbial profiles, where the best 
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results were found in paprika, followed by red pepper and 

cinnamon. 

DNA comet assay method is another standard screening 

method, as a biological method, approved for detection of 

irradiated foods (EN 13784: 2001). DNA comet assay 

provides an inexpensive, rapid, convenient, simple, qualitative 

and some extent quantitative method for the irradiation 

detection of varieties of foods, which are exposed to even low 

radiation absorbed doses. This assay has increasingly been 

recognized as a valuable tool for regulatory studies (Delincee, 

1996, 1998a; Villavicencio et al. 1998; Cutrubinis et al. 

2007). 

DNA comet assay has been applied for the first time in 

Egypt during the present study and employed to evaluate the 

radiation treatment (2.5, 5, 10 and 15 kGy) of black pepper 

samples during storage. Photographs of the obtained DNA 

comet assay show that the DNA of unirradiated samples was 

intact and appeared as round- or oval- shaped comet without 

tail indicating no DNA damage (fragmentation) as shown in 

(fig. 6 a). Whereas, distinct comets with tail were seen in  all 

irradiated samples due to DNA fragmentation. The DNA 

fragments stretched or migrated out of the cell towards the 

anode of the agarose gel electrophoresis, appearing like comet. 

Moreover, the comet tails were proportional with irradiation 
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dose, as the shortest tail was seen with the lowest dose used 

(2.5 kGy) and the longest tail was observed with the highest 

dose used (15 kGy) as shown in (Fig.6 b, c, d, e). These results 

are in accordance with those obtained in previous studies on 

some food of plant origin (Cerda et al. 1997;  

Khan and Khan, 2008; Khawer et al. 2011 and Antonio et 

al. 2012).  

The usefulness of comet assay test for detecting 

radiation treatment of black pepper samples could be checked 

upon storage, the samples have been analyzed at 2, 4, 6 and 8 

months. For unirradiated samples, the DNA comet started to 

develop short tail which relatively increased with increasing 

storage period indicating slight DNA damage. In all irradiated 

samples, the DNA comets were longer than those of 

unirradiated samples and increased with increasing irradiation 

dose and storage period indicating a higher degree of DNA 

damage, fragmentation and migration. Moreover, very 

extensive degradation and fragmentation of DNA have been 

observed in black pepper samples exposed to 15 kGy after 8 

months of storage where the tail of the majority of cell’s DNA 

have been  separated from the head (Fig. 10e). It has early 

reported that at high dose (10 kGy) the tail may be separated 

from the head and have the appearance of a cloud (many short 

DNA fragments), thus DNA comet assay can be used for 
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detecting irradiated foods (Cerda. 1993 and Cerda et al. 

1993). 

Obtained DNA comets of unirradiated and irradiated 

black pepper samples have also been evaluated with image 

analysis (the percentage of DNA in tail and the tail length). At 

zero month storage, the % DNA in tail and the tail length of 

unirradiated samples were zero indicating no DNA damage 

(Table 7, 8), Meanwhile, the values of % DNA in tail and the 

tail length of the irradiated samples increased with increasing 

radiation doses indicating pronounced DNA damage and 

degradation. Nikolova et al. (2013) reported that the 

percentage of DNA in tail (the density of DNA in tail) as a 

parameter was most accurate and quantitative indicator of 

DNA damage since it reflects the total intensity of the tail and 

the tail intensity of the comet being not dependable on the tail 

length. 

During storage, the values of DNA in tail and the tail 

length of unirradiated black pepper samples slightly increased 

with increasing storage. On the other hand, there was a sharp 

increase in these values in case of irradiated samples and the 

increase was proportional with storage period. At any time of 

storage, there was a significant difference (P<0.05) between 

unirradiated and irradiated samples and even among different 

doses. 
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 Generally, the results of photographs and image 

analysis obtained in the present work by DNA comet assay 

could successfully be used to detect radiation treatment, in 

particular at higher doses (5 kGy or more) of black pepper 

samples stored up to 2 months. The rough estimation of 

irradiation dose applied may be possible. Similar results have 

been shown by Khan and Khan (2008) who found that the 

DNA comet assay could be used, as a rapid, simple and 

inexpensive screening test for detection of irradiation 

treatment (5, 10, 15 and 20 kGy) of some spices (cardamom 

and cumin black). Other investigators reported that the 

changes in DNA offer potential to be used as a biological 

marker for the detection of radiation treatment (Delincee, 

1993, 1996 and Villavicencio et al. 2004). 

 

5.2. Strawberry:  

Results of the present study showed the effect of 

different irradiation doses on the microbial population of 

strawberry as an indication for radiation treatment. Generally 

irradiation greatly reduced total aerobic bacterial count and the 

reduction was proportional to irradiation dose. The average 

log10 of total aerobic bacterial counts of the samples exposed 

to 1, 2, 3 and 4 kGy were 4.50, 3.92, 3.20 and 1.95 log10, 

respectively. Whereas, this count was 5.77 log10 CFU/g in 
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unirradiated samples. Taha, (1994) found that total bacterial 

count in unirradiated samples of strawberry was 3.3 log10, 

which was lower than that of our investigation. This could be 

attributed to varieties of strawberries, initial microbial count, 

nature of the microflora present and region of cultivation. He 

also found that irradiation doses of 1, 2 and 4 kGy reduced 

total aerobic bacterial counts to 2.7, 2.3 and 1.8 log10, 

respectively. 

In the present study, the low viable counts of total 

aerobic bacterial count (2 log10 units or less) in a strawberry 

samples could be used as a screening parameter of irradiation 

treatment. 

Gram- negative bacteria and Enterobacteriaceae of 

strawberry samples were disappeared even with the lowest 

dose used (1 kGy). These results may emphasize the 

observations obtained by other investigators. Tamminga et al. 

(1975, 1977) and O’ Connor and Mitchell (1991) reported 

that, if there is no growth of Enterobacteriaceae on the solid 

medium, considerable possibility exists that strawberries have 

been irradiated. Hammad et al. (1995) found that the absence 

of Gram- negative bacteria, Enterobacteriaceae and fluorescent 

Pseudomonads from  irradiated strawberries (1, 2 and 4 kGy) 

and presence of them in unirradiated strawberries may indicate 

that these strawberries have been irradiated.  
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In our study, the disappearance of Gram- negative 

bacteria and Enterobacteriaceae throughout the storage period 

might be used as an indication of radiation treatment of 

strawberry samples up to 28 days. 

It is well known that yeasts were the most radio-resistant 

in comparison with molds and mesophlilic bacteria 

(Stegeman, 1981). Log10 total mold and yeast count in 

unirradiated strawberry samples was 4.71, where that in 

irradiation strawberry samples with 1, 2, 3 and 4 kGy were 

3.82, 3.00, 2.66 and 2.00 log10, respectively. It is worthy to 

mention that most of the survival counts were yeasts in the 

samples receiving 3 and 4 kGy. Taha, (1994) found that yeast 

were more resistance to irradiation than mold as their counts in 

unirradiated strawberry samples were 2.7 log10 and it reduced 

to 2.2, 1.7 and 1.3 log10 with irradiation doses of 1, 2 and 4 

kGy. He also found that the yeast count in unirradiated sample 

was 3.3 log10 and reduced to 3.0, 2.6 and 2.3 log10 with 

irradiation dose of 1, 2 and 4 kGy, respectively. 

As far as the author is aware few studies have been 

reported on the use of DEFT/APC and DNA comet assay for 

detection of irradiated strawberry. 

 DEFT/APC as approved screening methods, was used 

to detect radiation treatment of strawberry samples. The log 

DEFT/APC (DN) was calculated for all samples. DN values 



     Chapter 5                                                              Discussion 

052 
 

were increased with increasing irradiation doses where the log 

DEFT count remained almost stable with irradiation treatment 

and the log APC decreased upon irradiation treatment. The 

difference between the two counts (DN) in strawberry samples 

receiving 1, 2, 3 and 4 kGy were 1.20, 1.96, 2.60 and 3.55 

log10, respectively. It could be suggested that the DEFT/APC 

technique can be applied for the screening of irradiated foods 

where log DEFT/APC difference around 2.0 log10 or more 

could be used as a good screening parameter for detection of 

irradiated strawberry samples. Other investigators obtained 

similar result with vegetables. Araujo et al. (2009) evaluated 

the applicability of this technique in detecting irradiated (0.5 

and 1.0 kGy) minimally processed vegetables (MPV). They 

found that, with a dose increment, DEFT counts remained 

similar independent of the irradiation while APC counts 

decreased gradually with increased dose increment in all 

samples. They also suggested that DEFT/APC difference over 

2.0 log10 would be a criteria to judge if a MPV was treated by 

irradiation. The DEFT/APC methods could be used 

satisfactory as screening methods for indicating irradiation 

processing. 

Photographs of DNA comet assay show that the DNA of 

unirradiated samples was intact and appeared as round or oval-

shaped comet without tail indicating no DNA damage 
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(fragmentation). In contrast, no round intact DNA comet could 

be seen in irradiated samples particularly those exposed to the 

highest dose (4 kGy). Remarkable tail along with the head was 

seen under the fluorescent microscope with strawberry samples 

exposed to 4 kGy indicating pronounced DNA damage and 

fragmentation. Moreover, the comet tails were proportional 

with irradiation dose, i.e. dose dependent. 

The % of DNA in tail and the tail length of unirradiated 

samples were zero indicating no DNA damage, fragmentation 

and migration. However, the values of % DNA in tail and the 

tail length of the irradiated samples increased with increasing 

radiation doses indicating pronounced DNA damaged and 

degradation. Strawberry samples exposed to 1 kGy showed the 

shortest comet tail, while those exposed to 4 kGy showed the 

longest comet tail indicating very marked DNA degradation 

and fragmentation. 

During storage, the values of % DNA in tail and the tail 

length of unirradiated strawberry samples slightly increased 

with increasing storage times. On the other hand, there was a 

sharp increase in these values in case of irradiated samples and 

the increase was proportional with storage period. Other 

investigators reported similar results. Delincee (1996) found 

that strawberry samples irradiated at 1 kGy could easily be 

discerned from unirradiated ones. Delincee (1998a) employed 



     Chapter 5                                                              Discussion 

054 
 

the simple microgel electrophoresis of single cells (comet 

assay) on grapefruit. Fruits have been exposed to radiation 

doses of 0, 0.1, 0.2, 0.3, 0.4 and 0.5 kGy. With increasing dose 

a longer extension of the DNA from the nucleus towards the 

anode is observed. Undamaged cells appeared as intact nuclei 

without tails. The DNA comet assay is thus a rapid and 

inexpensive screening technique to detect irradiated 

grapefruits. Marin- Huachaca et al. (2002) employed DNA 

comet assay to evaluate irradiation treatment (0.50, 0.75, 1.0, 

2.0 and 4.0 kGy) of some fresh fruits such as oranges, lemons, 

apples, watermelons and tomatoes. Only a slightly more 

damaging effect on the DNA was observed for gamma rays in 

comparison with electron beam in the case of watermelons and 

apples. They concluded that DNA comet assay enabled an 

easy identification of the radiation treatment.  

 

5.3. Fresh deboned chicken                       

                                                                   

The present study showed that the log10 viable aerobic 

bacterial count in unirradiated deboned chicken was 5.87 log10. 

Mantilla et al. (2011) found that the viable mesophlilic 

bacterial count of chicken breast fillets samples was 4.00 log10 

and this count was lower than our aerobic plate count in fresh 

deboned chicken samples. This could be attributed to many 

factors among of which processing condition, initial count of 
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the chicken meat, nature of the microflora present, etc., The 

log10 viable bacterial counts of irradiated samples with 2, 3, 4 

and 5 kGy was 4.00, 3.39, 2.5 and 2.0 log10, respectively. This 

indicates that irradiation treatment greatly reduced the 

microbial population present in fresh deboned chicken samples 

and the reduction was proportional with irradiation dose. Many 

other investigators reached similar results (Thayer et al. 1993 

and 1995).                                                                                  

        The log10 count of total aerobic bacterial count around 2.5 

log10 or less may indicates that fresh deboned chicken could be 

exposed to at least 4 kGy of gamma radiation.                        

        Gram- negative bacteria and Enterobacteriaceae of fresh 

deboned chicken were greatly affected by irradiation doses 

applied and they disappeared even with the exposure to the 

lowest dose of irradiation used (2 kGy). Similar results have 

been shown by other investigators, Abu-Tarboush et al. 

(1997) found that irradiation with 2.5 kGy and storage at 4º C 

for 21 days were sufficient to eliminate total coliform in 

chicken meat, also, Lewis et al. (2002) found that gamma 

irradiation of poultry meat with 1and1.8 kGy was sufficient to 

eliminate total coliforms.  

 In our results, the disappearance of Gram- negative 

bacteria and Enterobacteriaceae throughout the storage period 
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might be considered evidence of radiation treatment of fresh 

deboned chicken samples up to 28 days.  

           Log10 total mold and yeast count in unirradiated fresh 

deboned chicken samples was 4.28. These counts in deboned 

chicken samples exposed to 2, 3, 4 and 5 kGy were 3.39, 2.46, 

2.04 and 1.72 log10, respectively. Most of the survival counts 

in the samples exposed to 5 kGy were yeasts. This may 

indicates the possible radiation treatment with at least 5 kGy.  

The DEFT counts were nearly at the same level 

independent of the irradiation, but the APC counts decreased 

gradually with irradiation dose increment. Therefore, the log 

DEFT/APC ratio of unirradiated and irradiated samples with 2, 

3, 4 and 5 kGy was 0.09, 1.94, 2.33, 3.24 and 3.77, 

respectively. A difference (DN) of around 2.5 units can 

therefore be considered as a limit value indicating probable 

irradiation treatment of at least 3 kGy. These results have been 

confirmed with those of Copin and Bourgeois (1992) for 

mechanically deboned chicken. Gardini et al. (1999) reported 

that the presumptive detection of irradiated poultry meat 

samples is based on the fact that the difference between the 

two counts is higher than 2 log cycles. Ahmed (2001) studied 

APC/DEFT method on identifying irradiated three different 

kinds of foodstuffs (minced chicken, fish, meat). He reported 

that there is no difference between the two counts in non- 
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irradiated samples, whereas in irradiated samples conventional 

plating gave a much lower value than the DEFT technique.  

DNA comet assay test was also used to detect irradiation 

treatment of fresh deboned chicken sample. In unirradiated 

samples, the DNA comet was intact giving round appearance 

without tail indicating no DNA damage, whereas, irradiated 

samples showed typical DNA fragmentation and the DNA 

fragments stretched out of the cell towards the anode of 

agarose gel electrophoresis, appearing like comet with tail. 

Moreover, the comet tails were proportional with irradiation 

dose, as the longest tail was observed with the highest dose 

used (5 kGy). During storage the most comets of unirradiated 

samples were still intact and appeared round while some 

started to develop very short tails. On the contrary, the DNA of 

irradiated samples showed more degradation and increasing 

migration distance of DNA fragments which increased with 

increasing irradiation dose and storage times. Moreover, very 

extensive degradation and fragmentation of DNA was 

observed in fresh deboned chicken samples exposed to 5 kGy 

after 28 days of storage where the DNA tail of the majority of 

the cells were separated from the head. Image analysis 

indicates that the % DNA in tail and the tail length of 

unirradiated samples were zero reflected no DNA damage, 

fragmentation and migration at zero time of storage. 
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Meanwhile, the values of % of DNA in tail and the tail length 

of the irradiated samples increased with increasing radiation 

doses indicating pronounced DNA damaged and degradation. 

During refrigerated storage, the values of % DNA in tail and 

the tail length of unirradiated fresh deboned chicken samples 

slightly increased. On the other hand, there was a sharp 

increase in these values in case of irradiated samples and the 

increase was proportional with irradiation dose. Thus, the 

differentiation between unirradiated and irradiated samples 

was possible up to the 7 days. At 28 days of refrigerated 

storage, irradiated samples showed very advanced stage of 

DNA degradation reflects by comets of longer tail and even 

separation of the tail from the comet head. These results 

indicate that the DNA comet assay can be used to detect 

irradiated fresh deboned chicken up to 7 days of refrigerated 

storage. These results confirmed by the results of other 

investigators. Cerda (1998) reported that the comet assay 

could be used for detection of irradiated fresh chicken, pork 

and fish with doses ranging from 2.5 to 5 kGy. Khan et al. 

(2003) found that the discrimination between unirradiated and 

irradiated (1, 3 and 4.5 kGy) samples of beef, lamb and turkey 

up to at least 6 days of storage was possible using DNA comet 

assay. Villavicencio et al. (2004) reported that, it is possible to 

detect the radiation treatment (1.5, 3.0 and 4.5 kGy) of 
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commercial poultry samples by employing the DNA comet 

assay. It has been concluded that the DNA comet assay offers 

considerable promise screening test for identification of 

irradiated foods, but storage time and other factors such as 

frozen and heat cycle degradation can mislead the result of 

analysis (Cerda and Koppen, 1998, Park et al. 2000). 

 

5.4. Frozen deboned chicken: 

 

The effect of different irradiation doses on the microbial 

population of frozen deboned chicken samples was studied. At 

zero time of frozen storage, the average count of viable aerobic 

bacterial count was 4.87 log10, whereas that of irradiated (2, 4, 

6 and 8 kGy) was 4.91, 3.51, 2.52 and 1.93 log10, respectively. 

Thus, the average count of viable aerobic bacteria of around 

2.5 log10 or less may indicates that these frozen samples could 

be irradiated at dose levels of at least 6 kGy or more.                                             

       The microflora of unirradiated frozen deboned chicken 

meat showed a characteristic microbiological profile with 

significant numbers of Gram- negative bacteria including 

Enterobacteriaceae, where Gram- negative bacteria and 

Enterobacteriaceae disappeared even with the lowest dose used 

2 kGy.                                               

        The total mold and yeast count in unirradiated sample was 

3.27 log10 while irradiation of the samples with 2 and 4 kGy 
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cause reduction to total mold and yeast to 2.39 and 1.46 log10. 

Most of the count in samples irradiated with 4 kGy is yeast 

because yeast is more resistance to radiation than mold, 

irradiation with 6 and 8 kGy completely eliminated mold and 

yeast so disappearance of mold and yeast in frozen deboned 

chicken samples up to 3 months of storage may indicate that 

these samples could be irradiated at dose 6 kGy or more.  

The present study show that all frozen deboned chicken 

samples showed DEFT counts nearly at the same level despite 

irradiation treatment, however APC counts reduced gradually 

with incremental radiation doses (2, 4, 6 and 8 kGy), so the log 

DEFT/APC (DN) increased with increasing irradiation doses. 

During storage, the difference between the DEFT and APC 

counts in irradiated samples at each irradiation dose remained 

almost similar indicating the suitability of this method for the 

discrimination between non- irradiated and irradiated samples 

at any time of storage. The difference between the two counts 

in irradiated samples remained higher than the difference of 

non- irradiated samples during the whole duration of our 

experiment. Other investigators reported similar results. Copin 

et al. (1993) evaluated the suitability of DEFT/ APC for the 

detection of irradiation deep- frozen mechanically deboned 

poultry meat during storage. They found that the difference 

between the two counts was about 2.5, 4.5 and 5.5 log units for 
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the samples irradiated at 2.9, 7.2 and 13 kGy, respectively. 

They added that the results obtained showed that this method 

is discriminating during storage period, Wirtanen et al. (1995) 

also found that the average values of the difference between 

DEFT and APC counts in control samples of frozen ground, 

deboned poultry leg was 1.4 log units, while it was 3.16, 3.68 

and 3.79 log units for the samples irradiated with doses of 3.0, 

5.0 and 7.0 kGy respectively. They added that, the difference 

of at least 2 log units could be indicated that samples of frozen 

ground, deboned poultry leg had been treated by irradiation. 

Our results in the present work suggest that a DEFT/APC 

difference around 2.5 or more could be a criterion to judge if a 

frozen deboned chicken have been irradiated at dose level 6.0 

kGy or more. The duration of frozen storage after irradiation 

almost had no effect on the difference between DEFT and 

APC count. 

The samples of frozen-deboned chicken were analyzed 

using DNA comet assay for detection of radiation treatment at 

(2, 4, 6 and 8 kGy). In the unirradiated samples, the cell DNA 

was intact and appeared as round shape indicating no DNA 

damage. In irradiated samples, distinct comets observed 

indicating that, all the cells DNA damaged and fragmented and 

the damage or fragmentation increased in response to 

increasing irradiation dose level. After one month of frozen 
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storage, the DNA comet of unirradiated samples appeared very 

short tail. Storage period have a great effect on DNA damage 

of irradiated samples and this damage increased with 

increasing storage period reflected by appearance of comets 

with relatively long tail. Storage time and other factors such as 

freezing can mislead the result of analysis. These results are in 

accordance with those obtained in previous studies (Park et al. 

2000, Khan and Khan, 2008 and Marin-Huachaca et al. 

2005). They reported that, the DNA comet assay is a relatively 

simple, rapid screening and inexpensive method for a 

qualitative detection of irradiated foods. However, the test is 

restricted to foods not subjected to heat or the other treatments, 

which also induce DNA fragmentation. This technique may be 

used for a freshness indicator. 

Image analysis of frozen deboned chicken samples 

showed that the distance of DNA migration (comet length) 

increased with radiation dose for all samples. In addition, the 

percentage of DNA in tail increased with increasing exposure 

dose because of increasing of DNA damage and 

fragmentation. Our results indicated the possible use of DNA 

comet assay for screening radiation treatment of frozen-

deboned chicken meat up to only one month. These results are 

in accordance with Erel et al (2009) where studied the 

detection of irradiated (0.52, 1.05, 1.45, 2.0, 2.92 and 4.0 kGy) 
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quail meat by using DNA comet assay and evaluation of 

comets by image analysis. They founded that image analysis 

may provide a powerful tool for the evaluation of head and tail 

of comet intensity related with applied dose. 

The present study recommended that 

1- The DEFT/APC method had the potential to detect 

irradiated samples either at zero time of storage or 

throughout storage period post-irradiation. 

2- DNA comet assay test approved to be successful for 

detection of irradiated food samples which not subjected 

to heat or other treatment. 

3- Shift in microbial load are not yet approved and also are 

not ideal since there are variation in microflora 

depending on the origin of the samples and post-

irradiation storage condition may also affect the result. 
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 SUMMARY 

  

Irradiation processing of food is widely used now in 

many countries worldwide as a safe, successful and valuable 

method for food preservation. The process decreases or 

eliminates foodborne pathogen thereby reducing foodborne 

illness; decreases or eliminates potential spoilage 

microorganisms thereby extending the shelf-life of perishable 

foods like meats, seafood, poultry, and fresh fruits. It can also 

be applied to prevent sprout inhibition of bulbs and tubers, 

insect disinfestation of grains and for microbial 

decontamination of spices and herbs.  

Analytical detection of radiation treatment of food is 

very important means to implement such control, once the 

food items have left the irradiation facility. The presence of 

reliable and sensitive detection methods to be applied on the 

food itself, is also very important in order to facilitate 

international trade in such foods, reforce consumer confidence 

and check compliance with existing regulations. Ten 

international standards regarding different detection 

procedures for irradiated foods have been adopted by the 

European Committee for Standardization (CEN) and are now 

available to food control agencies.  
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Among the approved microbiological and biological 

detection methods are the DEFT/APC (EN 13783: 2001) and 

the DNA comet assay (EN 13784:2001), which previously 

described as a rapid and inexpensive screening tests to identify 

radiation treatment of foods.  

A number of researchers have suggested the use of the 

shift in microflora load (viable aerobic bacterial counts, Gram- 

negative bacteria, Gram- positive bacteria, Enterobacteriaceae 

group, molds and yeasts) as a simple method to give an 

indication whether an irradiation treatment has been applied. 

In Egypt, there are very limited (if any) published 

papers dealing with the detection of irradiated foods on the 

basis of microbiological and biological changes inducing by 

irradiation in the food itself. Therefore, the main aim of the 

present study is to use simple, rapid and inexpensive 

microbiological and biological methods for the detection or 

screening of gamma radiation treatment of some foods from 

both plant and animal origin at Cairo markets. 

The proposed methods in this work include the shift in 

microbial load, DEFT/APC and DNA comet assay. The 

selected foods were black pepper and strawberries 

(representing foods of plant origin) and fresh and frozen 

deboned chicken (representing foods of animal origin). 
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Black pepper 

 The black pepper samples were purchased from local 

market at Cairo. These were packed and irradiated at different 

gamma radiation doses (2.5, 5.0, 10.0 and 15.0 kGy). 

Unirradiated and irradiated samples were stored at ambient 

temperature for 8 months and analyzed at zero time of storage 

and every two months upon storage. It was found that: 

1-  The characteristics of microbial population of irradiated 

black pepper samples have been changed. 

2-   Irradiation greatly reduced or eliminated the viable 

microorganisms and the reduction was proportional to 

irradiation dose. 

3-  The very low count of total viable bacterial count around 

3 log10 or less and the unpresence of mold and yeasts 

could be used as an indication for radiation treatment of 

black pepper samples to level of at least 10 kGy or more. 

4-  The disappearance of Gram- negative bacterial 

throughout the storage period might also be used as an 

indication of radiation treatment of black pepper samples 

to level of at least 2.5 kGy. 

5-  The difference between DEFT count and APC count (DN) 

of around 4 log10 units or more could be used for screening 
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radiation treatment of black pepper samples to level of at 

least 10 kGy or higher up to 8 months of storage. 

6-  Photographs obtained by DNA comet assay showed that 

irradiation of black pepper samples at dose levels used 

have caused damage to DNA (fragmentation) and the DNA 

fragments stretched or migrated out of the cells towards 

the anode of agarose gel electrophoresis, appearing like 

comet (head with tail). Moreover, the comet tails were 

proportional with irradiation dose and storage period.   

7-  Image analysis of DNA comet (the percentage of DNA in 

tail and the tail length) revealed that the values of % DNA 

in tail and the tail length of the irradiated samples 

increased with increasing radiation dose and storage 

period. 

8-  The results of photographs and image analysis obtained by 

the DNA comet assay could successfully be used to detect 

radiation treatment, in particular at higher doses (5kGy or 

more) of black pepper samples up to only 2 months. 
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Strawberry 

The strawberry samples were purchased from local 

market, packed and irradiated at different gamma radiation 

doses (1, 2, 3 and 4 kGy). Unirradiated and irradiated samples 

were stored at 4±1ºC for 28 days and analyzed at zero time of 

storage and every 7 days. It was found that: 

1- Irradiation reduced the total counts of all tested 

microorganisms and the reduction was proportional to 

irradiation dose. 

2- Low viable counts of total aerobic bacterial count (2log10 

or less) in strawberry samples could be used as an 

indication parameter of irradiation treatment with 4 kGy. 

3- The disappearance of Gram-negative bacteria and 

Enterobacteriaceae either immediately after irradiation or 

during the storage period may be used as an indication of 

radiation treatment of strawberry samples to level at least 

1.0 kGy, while the count of molds and yeasts in the 

samples (2.5log10 or less) could be used as an indication 

for radiation treatment to level of at least 3kGy or more. 

4- The DN value of around 3log10 units or more could be used 

for screening radiation treatment of strawberry samples to 

level of at least 4kGy up to 28 days of storage.  
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5- Photographs of DNA comet assay showed that irradiation 

of strawberry samples caused damage to DNA 

(fragmentation) and the DNA fragments appear in the 

agarose gel as comet with tails and the comet tails were 

proportional with irradiation dose and storage period.   

6- Image analysis of DNA comet showed that the values of % 

DNA in tail and the tail length of the irradiated samples 

increased with increasing radiation dose and storage 

period. 

7- Photographic and image analysis indicated the 

applicability of the using DNA comet assay for detection 

of irradiated strawberry samples up to 7 days of 

refrigerated storage. 

Fresh-deboned chicken 

The fresh-deboned chicken samples were purchased 

from local market, irradiated at different gamma radiation 

doses (2, 3, 4 and 5 kGy). Unirradiated and irradiated samples 

were stored at 4±1ºC for 28 days and analyzed at zero time of 

storage and every 7 days. It was found that: 

1- The very low count of total viable bacterial count around 

2.5log10 or less as well as mold and yeasts counts around 

2 log10 could be used as an indication for radiation 
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treatment of deboned chicken samples to level of at least 

4kGy or more. 

2- The unpresence of Gram- negative bacteria and 

Enterobacteriaceae may be used as an indication of 

radiation treatment of deboned chicken samples to level of 

at least 2.0 kGy. 

3- The difference between DEFT count and APC count (DN) 

of around 3log10 or more could be used for screening 

radiation treatment of deboned chicken samples to level of 

at least 4kGy or higher up to 28 days of refrigerated 

storage.  

4- Photographs and image analysis of DNA comet assay 

showed that irradiation of deboned chicken samples caused 

damage to DNA (fragmentation). The DNA fragments 

appeared as comet with tail and the tail length and % DNA 

in tail were proportional with irradiation dose and storage 

period.   

5- Based on DNA comet assay, the differentiation between 

unirradiated and irradiated fresh deboned chicken samples 

was possible up to only 7 days of refrigerated storage. 
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Frozen- deboned chicken 

The frozen deboned chicken samples were purchased 

from local market, irradiated at different gamma radiation 

doses (2, 4, 6 and 8 kGy). Unirradiated and irradiated samples 

were stored at -10±1ºC for 3 months and analyzed at zero time 

of storage and every 1month. It was found that: 

1- The average count of viable aerobic bacteria of around 

2.5log10 or less and the disappearance of mold and yeasts 

may indicates that frozen- deboned chicken samples 

could be irradiated at dose level of at least 6kGy or more. 

2- The disappearance of Gram- negative bacteria and 

Enterobacteriaceae in these samples may be used as an 

indication for irradiation treatment at level of at least 2 

kGy. 

3- The log DEFT/APC (DN) around 2.5 log10 units or more 

could be a criterion for radiation treatment of frozen- 

deboned chicken samples at dose level of at least 6kGy or 

more up to 3 months of frozen storage. 

4- Photographs and image analysis of DNA comet assay 

indicated the possible use of DNA comet assay for 

screening radiation treatment of frozen- deboned chicken 

up to only one month. 
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                            ظشٚف اٌزجش٠ذ.                                                  ِٓ اٌزخض٠ٓ رؾذاٌّؼبٍِخ ؽزٝ سجؼخ أ٠بَ 

 الذجاج المجمذ الخالى من العظام                                                                                

ِٓ اٌؼظبَ ِٓ اٌسٛق اٌّظشٜ اٌّؾٍٝ ٚرُ  اٌخبٌٟاٌّغّذ أعشٜ ششاء ػ١ٕبد اٌذعبط 

١ّغ اٌؼ١ٕبد ٍٛعشاٜ( ٚأعشٜ رخض٠ٓ عو2١-6-4-2رشؼ١غ ٘زٖ اٌؼ١ٕبد ثغشػبد اشؼبػ١خ )

صالصخ شٙٛس ٌّذح  (1ºَ±10-رؾذ ظشٚف اٌزغ١ّذ ) ثبإلشؼبعّؼبٌغخ اٌغ١ش ٚ ثبإلشؼبعاٌّؼبٌغخ 

ٚلذ أرؼؼ ِٓ ٚأعش٠ذ اٌزؾ١ٍالد ا١ٌّىشٚث١ٌٛٛع١خ ٚاٌج١ٌٛٛع١خ فٝ ثذا٠خ فزشح اٌزخض٠ٓ ٚوً شٙش. 

                                                                                إٌزبئظ اٌّزؾظً ػ١ٍٙب ِب ٠ٍٝ:                      

دٚسح ٌٛغبس٠ز١ّخ أٚ ألً ٚأْ  2.5 ؽٛاٌٟإرا وبْ اٌؼذد اٌىٍٝ ٌٍجىزش٠ب اٌٙٛائ١خ اٌؾ١خ  .1

أْ رىْٛ ٘زٖ اٌؼ١ٕبد  اؽزّب١ٌخاٌفطش٠بد ٚاٌخّبئش وبٔذ غ١ش ِٛعٛدح دي رٌه ػٍٝ 

 .                                                                                           شأٚ أوضو١ٍٛعشاٜ  6ِؼبٌغخ ثغشػخ اشؼبػ١خ 

ِٓ اٌجىز١ش٠ب اٌزبثؼخ ٌؼبئٍخ  أِٞٓ اٌجىز١ش٠ب اٌسبٌجخ ٌظجغخ عشاَ أٚ  أٞػذَ ٚعٛد  .2

 2ذي ػٍٝ اؽزّب١ٌخ رشؼ١ؼٙب ثغشػخ اشؼبػ١خ لذس٘ب ٠اٌغٛفّؼ٠ٛبد ثٙزٖ اٌؼ١ٕبد 

 و١ٍٛعشاٜ ػٍٝ االلً.    

إرا وبْ اٌفشق ث١ٓ اٌؼذد اٌىٍٝ ٌٍجىز١ش٠ب اٌّزؾظً ػ١ٍٙب ثطش٠مخ اٌؼذ اٌّجبشش ٌٍخال٠ب  .3

ؽش٠مخ ثبسزخذاَ  ٚاٌّزؾظً ػ١ٍٗاٌجىز١ش٠خ ثبسزؼّبي ا١ٌّىشٚسىٛة اٌفٍٛس٠سٕزٝ 

اٌؼ١ٕبد ِؼبٌغخ  ػٍٝ أ٠ْز١ّخ أٚ أوضش دي رٌه دٚسح ٌٛغبس 2.5األؽجبق اٌّظجٛثخ 

ٚاْ رٌه طؾ١ؾب ؽزٝ ٔٙب٠خ فزشح اٌزخض٠ٓ  أوضشو١ٍٛعشاٜ أٚ  6لذس٘ب ثغشػخ  ثبإلشؼبع

 رؾذ ظشٚف اٌزغ١ّذ.            

اٌزغ١ش فٝ اٌؾّغ إٌٜٛٚ  اخزجبسِٓ اٌظٛس اٌفٛرٛغشاف١خ اٌّزؾظً ػ١ٍٙب ثبسزخذاَ  .4

٠ّىٓ اسزخذاَ ٘زا االخزجبس وطش٠مخ  بٚ سل١ّإِٔمٛص االوسغ١ٓ ٚرؾ١ٍٍٙب ٚطف١ب 

ٚ٘زا طؾ١ؾب ٌّذح شٙش  ثبإلشؼبعٌٍزؼشف ػٍٝ اٌذعبط اٌّغّذ اٌخبٌٝ ِٓ اٌؼظبَ اٌّؼبٌظ 

                                                                                        فمؾ ِٓ اٌزخض٠ٓ اٌّغّذ.   
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اٌّجبشش ٌٍخال٠ب اٌجىز١ش٠خ ثبسزؼّبي ا١ٌّىشٚسىٛة اٌفٍٛس٠سٕزٝ ٚث١ٓ ثطش٠مخ اٌؼذ ػ١ٍٗ 

٠ّىٓ ِٓ ؽش٠مخ األؽجبق اٌّظجٛثخ اٌّزؾظً ػ١ٍٗ ثبسزخذاَ اٌىٍٝ ٌٍجىز١ش٠ب اٌؾ١خ  اٌؼذ

و١ٍٛعشاٜ ؽزٝ ثؼذ  4ثغشػخ اشؼبػ١خ لذس٘ب  ثبإلشؼبعاٌؼ١ٕبد ِؼبٌغخ  اٌمٛي ثأْ ٘زٖ

 ٠َٛ ِٓ اٌزخض٠ٓ.                    22

فٝ اٌؾّغ  اد اٌؾبدصخِٓ اٌظٛس اٌفٛرٛغشاف١خ اٌّزؾظً ػ١ٍٙب ِٓ أخزجبس اٌزغ١ش .5

ٍؾّغ اٌّئ٠ٛخ ٌٍٕسجخ ٌسل١ّخ  )ل١ُ ِٕمٛص االوسغ١ٓ ِٚٓ رؾ١ٍٍٙب ٚطف١ب إٌٜٛٚ

ر٠ً اٌّزٔت ٚاٌم١ُ اٌشل١ّخ ٌطٛي اٌز٠ً( ٠زؼؼ أِىب١ٔخ رطج١ك ٘زا االخزجبس  فٟ إٌٛٚٞ

                                                   ؽزٝ ثؼذ اٌزخض٠ٓ ٌفزشح سجؼخ أ٠بَ.     ثبإلشؼبعاٌفشاٌٚخ اٌّؼبٌغخ  ػٌٍٓىشف 

 الذجاج الطازج الخالى من العظام                                                                         

ٚرُ رشؼ١غ ٘زٖ اٌؼ١ٕبد اٌّؾٍٝ  اٌّظشِٞٓ اٌؼظبَ ِٓ اٌسٛق  اٌخبٌٟرُ ششاء ػ١ٕبد اٌذعبط  

غ١ش ٚ ثبإلشؼبع١غ اٌؼ١ٕبد اٌّؼبٌغخ و١ٍٛعشاٜ( ٚأعشٜ رخض٠ٓ عّ 5، 4، 3، 2ثغشػبد )

٠َٛ ٚأعش٠ذ اٌزؾ١ٍالد  22( ٌّذح 1ºَ±4ظشٚف اٌزجش٠ذ ) ذرؾ ثبإلشؼبعّؼبٌغخ اٌ

 ا١ٌّىشٚث١ٌٛٛع١خ ٚاٌج١ٌٛٛع١خ فٝ ثذا٠خ اٌزخض٠ٓ ٚوً أسجٛع. أصجزذ إٌزبئظ اٌّزؾظً ػ١ٍٙب ِب ٠ٍٝ:                     

دٚسح ٌٛغبس٠ز١ّخ أٚألً  2.5اٌؾ١خ فٝ ؽذٚد  أْ ٚعٛد ػذد وٍٝ ِٓ اٌجىز١ش٠ب اٌٙٛائ١خ .1

دٚسح ٌٛغبسر١ّ١خ ٠ّىٓ أْ ٠سزخذَ  2ٚوزا ٚعٛد أػذاد ِٓ اٌخّبئش ٚاٌفطش٠بد ؽٛاٌٝ 

و١ٍٛعشاٜ  4لذس٘ب  إشؼبػ١خغشػخ ِٓ اٌؼظبَ ث اٌخبٌٟػ١ٕبد اٌذعبط  وّؤشش ٌّؼبٌغخ

 أٚ أوضش.                       

ٌؼبئٍخ ِٓ اٌجىزش٠ب اٌزبثؼخ  أٌٞظجغخ اٌغشاَ أٚ  ِٓ اٌجىز١ش٠ب اٌسبٌجخ أٞػذَ ٚعٛد  .2

 2ثغشػخ لذس٘ب  ثبإلشؼبعأْ رىْٛ ٘زٖ اٌؼ١ٕبد ِؼبٌغخ  اؽزّب١ٌخٌغٛفّؼ٠ٛبد ٠ذي ػٍٝ ا

 .       أٚ أوضشو١ٍٛعشاٜ 

اٌّزؾظً ػ١ٍٗ  ث١ٓ اٌؼذ اٌىٍٝ ٌٍجىز١ش٠ب شأٚ أوضٌٛغبس٠ز١ّخ  دٚسح 3ٚعٛد فشق ؽٛاٌٝ  .3

ب اٌجىز١ش٠خ ثبسزؼّبي ا١ٌّىشٚسىٛة اٌفٍٛس٠سٕزٝ ٚث١ٓ اٌؼذ ثطش٠مخ اٌؼذ اٌّجبشش ٌٍخال٠

٠ّىٓ اسزخذاِٗ ٌٍىشف ػٓ اٌؼ١ٕبد ؽش٠مخ األؽجبق اٌّظجٛثخ اٌّزؾظً ػ١ٍٗ ثبسزخذاَ 

ٚ٘زا طؾ١ؼ ؽزٝ ٔٙب٠خ  شأٚ أوضو١ٍٛعشاٜ 4 لذس٘ب ثغشػخ اشؼبػ١خ ثبإلشؼبعاٌّؼبٌغخ 

 فزشح اٌزخض٠ٓ.                                    

اٌزغ١ش فٝ اٌؾّغ إٌٜٛٚ  اخزجبساٌّزؾظً ػ١ٍٙب ِٓ  اٌظٛس اٌفٛرٛغشاف١خثٕبء ػٍٝ  .4

ٚاٌؼ١ٕبد غ١ش  ثبإلشؼبعِٕمٛص االوسغ١ٓ ٚرؾ١ٍٍٙب ٠ّىٓ اٌزفشلخ ث١ٓ اٌؼ١ٕبد اٌّؼبٌغخ 
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أدد  ثبإلشؼبعاٌؾّغ إٌٜٛٚ أْ اٌّؼبٌغخ  فٟأٚػؾذ اٌظٛس اٌفٛرٛغشاف١خ ٌٍزغ١شاد  .5

ٚأْ االعضاء اٌّزىسشح خشعذ ِٓ إٌٛٚٞ اٌؾّغ  فٟ ٘زا رٍف ٚرىس١شإٌٝ ؽذٚس 

طٛسح ِزٔت ٌٗ  فٟٛعت ٌٍزؾ١ًٍ اٌىٙشثٝ ٚظٙشد ّذ ٔؾٛ اٌمطت اٌاٌخال٠ب ٚارغٙ

إٌسجخ اٌّئ٠ٛخ طٛسح أسلبَ أٚػؾذ ص٠بدح ل١ُ  فٟٚأْ رشعّخ اٌّزٔت  ،سأط ٚر٠ً

ٚوبٔذ ٘زٖ  ثبإلشؼبعاٌز٠ً ٚص٠بدح ؽٛي اٌز٠ً فٝ اٌؼ١ٕبد اٌّؼبٌغخ  فٟ إٌٍٛٚٞؾّغ ٌ

ِٚٓ ٕ٘ب ٠زؼؼ إِىب١ٔخ اسزخذاَ   اٌض٠بدح ِزٕبسجخ ِغ عشػبد االشؼبع ٚفزشح اٌزخض٠ٓ.

اٌفٍفً األسٛد اٌّؼبٌظ اٌزغ١شاد اٌؾبدصخ فٟ اٌؾّغ إٌٛٚٞ ثٕغبػ فٟ اٌىشف ػٓ 

أٚ أوضش ؽزٝ ِذح شٙش٠ٓ ِٓ اٌزخض٠ٓ ػٍٝ دسعخ  و١ٍٛعشاٜ 5ثغشػخ اشؼبػ١خ لذس٘ب 

                                                                                                      ؽشاسح اٌغشفخ.

                                                                                                            الفراولة

رشؼ١ؼٙب ثأشؼخ عبِب رُ ششاء ػ١ٕبد اٌفشاٌٚخ ِٓ االسٛاق اٌّؾ١ٍخ اٌّظش٠خ ٚرُ 

غ١ش ٚ ثبإلشؼبع١غ اٌؼ١ٕبد اٌّؼبٌغخ ٚرُ رخض٠ٓ عّ و١ٍٛعشاٜ 4، 3، 2، 1ثغشػبد لذس٘ب 

٠َٛ ٚأعش٠ذ اٌزؾ١ٍالد  22( ٌّذح 1ºَ±4ؽشاسح اٌزجش٠ذ ) ػٕذ دسعخ ثبإلشؼبعّؼبٌغخ اٌ

ا١ٌّىشٚث١ٌٛٛع١خ ٚاٌج١ٌٛٛع١خ فٝ ثذا٠خ فزشح اٌزخض٠ٓ ٚوً سجؼخ أ٠بَ أصٕبء اٌزخض٠ٓ. ٚلذ أصجزذ 

 إٌزبئظ اٌّزؾظً ػ١ٍٙب ِب ٠ٍٝ:

إٌٝ ؽذٚس ٔمض وج١ش فٝ وً اٌّغّٛػبد ا١ٌّىشٚث١خ اٌزٝ رُ  ثبإلشؼبع أدد اٌّؼبٌغخ .1

                                                             .االشؼبع اخز١بس٘ب ٚوبْ ٘زا إٌمض ِزٕبسجب ِغ عشػبد

أٚ الً فٝ ػ١ٕبد  ٌٛغبس٠ز١ّخدٚسح  2ٚعٛد ػذد وٍٝ ٌٍجىز١ش٠ب اٌٙٛائ١خ فٝ ؽذٚد  .2

 4ِؼبٌغخ ثغشػخ اشؼبػ١خ لذس٘ب ػٍٝ اْ ٘زٖ اٌؼ١ٕبد ٠ّىٓ أْ ٠ىْٛ د١ٌال اٌفشاٌٚخ 

                               و١ٍٛعشاٜ.

اٌزبثؼخ ٌؼبئٍخ ػذَ ٚعٛد أٜ ِٓ اٌجىز١ش٠ب اٌسبٌجخ ٌظجغخ عشاَ أٚ اٜ ِٓ اٌجىز١ش٠ب  .3

ٝ ِؼبٌغخ اٌغٛفّؼ٠ٛخ سٛاء فٝ ثذا٠خ اٌزخض٠ٓ أٚ أصٕبء اٌزخض٠ٓ ٠ّىٓ أْ ٠ىْٛ د١ٌال ػٍ

ث١ّٕب ٚعٛد ػذد ل١ًٍ ِٓ اٌخّبئش  و١ٍٛعشاٜ،اٌفشاٌٚخ ثغشػخ اشؼبػ١خ ال رمً ػٓ ٚاؽذ 

دٚسح ٌٛغبس٠ز١ّخ أٚ ألً( ٠ّىٓ أْ ٠ىْٛ د١ٌال ػٍٝ أْ  2.5ٚاٌفطش٠بد فٝ ٘زٖ اٌؼ١ٕبد )

                                            .                                 شأٚ أوضو١ٍٛعشاٜ 3٘زٖ اٌؼ١ٕبد أعشٜ رشؼ١ؼٙب ثغشػخ لذس٘ب 

اٌّزؾظً  اٌىٍٝ ٌٍجىز١ش٠ب ؼذداٌ( ث١ٓ شأٚ أوض ٌٛغبس٠ز١ّخ دٚساد 3ٚعٛد فشق وج١ش ) .4
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عّٙٛس٠خ  فٟ ثبإلشؼبعؽخ ٚاٌسشػخ ٚلٍخ اٌزىب١ٌف ٌٍىشف ػٓ ثؼغ االغز٠خ اٌّؼبٌغخ برز١ّض ثبٌجس

رؼزّذ ػٍٝ اٌزغ١شاد فٝ  اٌزٟرٍه شسبٌخ اٌ ٘زٖ فٟ دساسزٙبرُ  اٌزٟرزؼّٓ اٌطشق . ِظش اٌؼشث١خ

اٌؼذ اٌىٍٝ اٌّجبشش ٌٍخال٠ب اٌجىز١ش٠خ ثبسزؼّبي ا١ٌّىشٚسىٛة خ خ ٚؽش٠ماالؽّبي ا١ٌّىشٚث١

إٌٛٚٞ )اٌزفش٠ذ اٌؾّغ  فٟاٌزؼشف ػٍٝ اٌزغ١ش اٌجىز١ش٠ب اٌؾ١خ ٚؽش٠مخ اٌفٍٛس٠سٕزٝ/ اٌؼذ اٌىٍٝ 

اٌفٍفً االسٛد ٌٍذساسخ ٟ٘  رُ اخز١بس٘ب اٌزٟاٌّٛعٛد فٟ خال٠ب األغز٠خ. ٚوبٔذ األغز٠خ  (اٌىٙشثٟ

اٌّغّذ اٌخبي ِٓ اٌؼظُ ٚوزا ٚاٌذعبط اٌطبصط  برٟ(ٕجاٌطً راد األ ألغز٠خ)ِّضٍخ ٌٚاٌفشاٌٚخ 

                                  .ؽ١ٛأٟ(طً ِٓ أ ألغز٠خٌ ِّضٍخ)

                                                                                                    الفلفل االسود

رؼجئزٙب ثغشػبد  رُ ششاء ػ١ٕبد اٌفٍفً االسٛد ِٓ االسٛاق اٌّؾ١ٍخ ثبٌمب٘شح ٚرُ رشؼ١ؼٙب ثؼذ

رخض٠ٓ ٘زٖ اٌؼ١ٕبد اٌّؼبٌغخ ثبالشؼبع  أعشٞو١ٍٛعشاٜ( صُ  15، 10، 5، 2.5اشؼبػ١خ ِخزٍفخ )

ٚأعش٠ذ اٌزؾ١ٍالد  أشٙشِغ ٔظ١شرٙب غ١ش اٌّؼبٌغخ ػٍٝ دسعخ ؽشاسح اٌغشفخ ٌّذح صّبٔٝ 

ا١ٌّىشٚث١ٍٛع١خ ٚاٌج١ٌٛٛع١خ فٝ أٚي اٌزخض٠ٓ ٚوً شٙش٠ٓ أصٕبء اٌزخض٠ٓ. ٚالذ أٚػؾذ إٌزبئظ ِب 

                                                                                                               :ٍٝ٠ 

ؽ١ش ػ١ٍّبد اٌزشؼ١غ  إلعشاءا١ٌّىشٚث١ٌٛٛع١خ ٔز١غخ وج١شح فٝ االؽّبي  س رغ١شادٚؽذ .1

االػذاد اٌى١ٍخ ١ٌٍّىشٚثبد ٚأْ ٘زا إٌمض وبْ ِزٕبسجب ِغ عشػخ  فٟٔمض وج١ش  ؽذس

 االشؼبع.

إٌٝ ػذَ  ثبإلػبفخ أٚلًدٚسح ٌٛغبس٠ز١ّخ  3ٚعٛد ػذد وٍٝ ٌٍجىز١ش٠ب اٌٙٛائ١خ فٝ ؽذٚد  .2

وّؤشش ٌّؼبٌغخ ػ١ٕبد اٌزٛاثً  بِٓ اٌفطش٠بد ٚاٌخّبئش ٠ّىٓ اسزخذاِّٙ أٞٚعٛد 

 أٚ أوضش.                                                                                           و١ٍٛعشاٜ 10 ثغشػخ لذس٘ب ثبإلشؼبع

ػذَ ٚعٛد أٜ ِٓ اٌجىز١ش٠ب اٌسبٌجخ ٌظجغخ عشاَ سٛاء ثؼذ اٌزشؼ١غ أٚ خالي فزشح  .3

 2.5إشؼبػ١خ لذس٘ب  غشػخث ثبإلشؼبعٌّؼبٌغخ اٌفٍفً االسٛد ش اٌزخض٠ٓ ٠ؼذ ِؤششا أخ

                      أوضش.أٚ و١ٍٛعشاٜ 

ٌٍخال٠ب ٍجىز١ش٠ب اٌّزؾظً ػ١ٍٙب ثطش٠مخ اٌؼذ اٌّجبشش ٌاٌؼذ اٌىٍٝ ٚعٛد فشق وج١ش ث١ٓ  .4

ٍجىز١ش٠ب اٌؾ١خ اٌّزؾظً ٌ ٚاٌؼذ اٌىٍٝاٌجىز١ش٠خ ثبسزؼّبي ا١ٌّىشٚسىٛة اٌفٍٛس٠سٕزٝ 

 اسزخذاِٗدٚسح ٌٛغبس٠ز١ّخ أٚ أوضش( ٠ّىٓ  4 ؽٛاٌٟ)ػ١ٍٙب ثطش٠مخ األؽجبق إٌّظٛثخ 

و١ٍٛعشاٜ أٚ  10 إشؼبػ١خ لذس٘ب غشػخث ثبإلشؼبعاٌفٍفً االسٛد اٌّؼبٌظ  ػٌٍٓىشف 

 فزشح اٌزخض٠ٓ.     ٚ٘زا طؾ١ؾب ؽٛاي أػٍٝ 
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 إِٓخرسزخذَ اٌّؼبٌغخ االشؼبػ١خ االْ ػٍٝ ٔطبق ٚاسغ فٝ وض١ش ِٓ دٚي اٌؼبٌُ وطش٠مخ 

إصاٌخ ثىز١ش٠ب اٌغزاء اٌّّشػخ ِّب وض١ش ِٓ األغشاع ِٕٙب  األغز٠خ رؾمك ٔبعضح ٌؾفعٚ ٚٔبعؾخ

وّب أٔٙب رؼًّ ػٍٝ رم١ًٍ  ،االٔسبْ ػٓ ؽش٠ك اٌغزاءإٌٝ رٕزمً  اٌزٟرم١ًٍ االِشاع  إ٠ٌٝؤدٞ 

سذح ٌٍغزاء إٌٝ ؽذ وج١ش ِّب ٠ؤدٜ إٌٝ إؽبٌخ فزشح ؽفع االغز٠خ سش٠ؼخ اٌزٍف فا١ٌّىشٚثبد اٌّ

 رم١ٕخاسزخذاَ وّب ٠ّىٓ  .اٌطبصعخٚاٌخؼشاٚاد سّبن ٚاٌذٚاعٓ ٚاٌفٛاوٗ سبد ِضً اٌٍؾَٛ ٚاالفٚاٌ

اٌزٕج١ذ( ٌٍذسٔبد ٚاالثظبي ٌٍٚزخٍض ِٓ ِٕغ اٌزضس٠غ )ٌزؾم١ك أغشاع  ثبإلشؼبعاٌؾفع 

اٌؾبدس  اٌؾششاد اٌزٝ رظ١ت اٌؾجٛة ٚاٌفٛاوٗ اٌغبفخ وّب رسزؼًّ فٝ إصاٌخ اٌزٍٛس ا١ٌّىشٚثٝ

إ٠غبد ؽشق ٌٍىشف ػٓ االغز٠خ ٚسح ػش ثّىب١ّْ٘خ . ٠ٚىْٛ ِٓ األاٌطج١خة ٌٍزٛاثً ٚاالػشب

 اٌزغبسٞ ث١ٓ اٌذٚيٌٍزؾىُ فٝ إعشءاد اٌّؼبِالد االشؼبػ١خ ٌٚزس١ًٙ اٌزجبدي  ثبإلشؼبعاٌّؼبٌغخ 

اٌّسزٍٙه صمخ فٝ أْ اٌّؼبٌغخ االشؼبػ١خ رس١ش رؾذ  ٚإلػطبءاالغز٠خ اٌّؼبٌغخ ثبالشؼبع  فٟ

اٌّشغ١ٍٓ فٝ ٚؽذاد اٌزشؼ١غ  ْػبِٓ إر ٌٍٚزأوذػب١ٌّب  ػ١ٍٙباٌؼٛاثؾ ٚاٌّؼب١٠ش إٌّظٛص 

رٛطً اٌؼٍّبء االْ إٌٝ ػششح ؽشق ِؼزّذح ػب١ٌّب ٌٍىشف ٚلذ ٌٍزٕظ١ّبد ٚاٌزشش٠ؼبد اٌّمشسح. 

ػٓ االغز٠خ اٌّؼبٌغخ ثبالشؼبع ٚ٘زٖ اٌطشق ِج١ٕٗ ػٍٝ ؽذٚس رغ١شاد ؽج١ؼ١خ ٚو١ّ١بئ١خ 

ِٓ ث١ٓ اٌطشق ا١ٌّىشٚث١ٌٛٛع١خ . ثبإلشؼبع١ِٚىشٚث١ٌٛٛع١خ ٚث١ٌٛٛع١خ فٝ االغز٠خ اٌّؼبٌغخ 

اٌؼذ اٌىٍٝ اٌّجبشش ٌٍخال٠ب اٌجىز١ش٠خ ثبسزؼّبي ا١ٌّىشٚسىٛة ٚاٌج١ٌٛٛع١خ اٌّؼزّذح اخزجبس 

فؾض ٚرمذ٠ش ٚاخزجبس ٍجىز١ش٠ب اٌؾ١خ ثطش٠مخ األؽجبق اٌّظجٛثخ ٌاٌفٍٛس٠سٕزٝ/ اٌؼذ اٌىٍٝ 

ٌزٝ ٚا اٌّؼبِالد اإلشؼبػ١خ إٌبرغخ ػٓ ِٕمٛص االوسغ١ٓ إٌٛٚٞاٌؾّغ فٟ  خاٌزغ١شاد اٌؾبدص

. وّب الزشػ ػذد ِٓ ثبإلشؼبعٌٍزؼشف ػٍٝ االغز٠خ اٌّؼبٌغخ  رؼزجش ؽشق سش٠ؼخ ٚغ١ش ِىٍفخ

اٌجبؽض١ٓ اسزخذاَ ؽشق ١ِىشٚث١ٌٛٛع١خ اخشٜ رؼزّذ ػٍٝ اٌزغ١شاد فٝ االؽّبي ا١ٌّىشٚث١ٌٛٛع١خ 

سبٌجخ ٌظجغخ عشاَ ٚػذد اٌجىز١ش٠ب ِضً االػذاد اٌى١ٍخ ٌٍجىز١ش٠ب اٌٙٛائ١خ اٌؾ١خ ٚػذد اٌجىز١ش٠ب اٌ

اٌّٛعجخ ٌظجغخ عشاَ ٚػبئٍخ اٌجىز١ش٠ب اٌغٛفّؼ٠ٛخ ٚأػذاد اٌخّبئش ٚاٌفطش٠بد وطشق ثس١طخ 

٠زُ اػزّبد٘ب  ٌُٚىٓ ٘زٖ اٌطشق ٌ ثبإلشؼبعِؤشش ػٍٝ أْ ٘زٖ االغز٠خ رُ ِؼبٌغزٙب  إلػطبءٚسٍٙخ 

                                              . ٚي ِٚمبسٔخ إٌزبئظثؼذ ِٚطٍٛة اعشاء ػذ٠ذ ِٓ اٌجؾٛس ػ١ٍٙب فٟ ػذ٠ذ ِٓ اٌذ

فٟ ِغبي اٌزؼشف  ٔشش٘بٚاٌزٟ رُ أعش٠ذ فٝ عّٙٛس٠خ ِظش اٌؼشث١خ  رؼذ االثؾبس اٌزٝ  

 .اٌّج١ٕخ ػٍٝ اٌزغ١شاد ا١ٌّىشٚث١ٌٛٛع١خ ٚاٌج١ٌٛٛع١خ ل١ٍال عذا ثبإلشؼبعاٌّؼبٌغخ  ػٍٝ االغز٠خ

 اٌزِٟٓ ٘زا اٌجؾش اسزخذاَ ثؼغ اٌطشق ا١ٌّىشٚث١ٌٛٛع١خ ٚاٌج١ٌٛٛع١خ  األسبسٌٟزٌه وبْ اٌٙذف 
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ٔفٗ اػذاد انخًبئش ٔانفطشيبث ٔكبٌ ْزا يش نهؼذد انكهٗ نهبكخيشيب انغيت اَخفبع كب

عخٗ االَخفبع يخُبسبب يغ انضشػت االشؼبػيت، كًب أدث انًؼبيالث االشؼبػيت 

إنٗ اخخفبء )انقؼبء حًبيب( انبكخيشيب انسبنبت نظبغت صشاو ٔانبكخيشحب انًُخفؼت يُٓب 

 انُخبئش بظفت ػبيت سيخٓب انؼبنيت نالشؼبع. كًب أربُجت نؼبئهت انضٕفًؼٕيبث نغسبانخببؼ

انفشق انكبيش بيٍ انؼذد انكهٗ نهبكخيشيب انًخغظم ػهيٓب بطشيقت انؼذ انًببشش  أٌ

انكهٗ نهبكخيشيب انغيت انًخغظم ػهيٓب  ببسخغذاو انًششظ انفهٕسسُخٗ ٔانؼذنهبكخيشيب 

بُضبط نهكشف ػٍ االغزيتانًؼبنضت  ًكٍ أسخخذايّبطشيقت االؽببق انًظبٕبت ي

ببالشؼبع حغج انذساست سٕاء بؼذ انخشؼيغ يببششةأٔ خالل فخشاث انخخضيٍ يغ االخز 

فٗ االػخببس أٌ ْزا انفشق فٗ انؼذ بيٍ انطشيقخيٍ يخخهف ؽبقب نُٕع انغزاء ٔؽبقب 

هت انًخغظم ٔأٔػغج انظٕس انفٕحٕغشافيت ٔانخغهي نهضشػت االشؼبػيت انًسخؼًهت.

ػهيٓب ببسخخذاو ؽشيقت يزَب انغًغ انُٕٖٔ يُقٕص االكسضيٍ عذٔد حهف 

ٔحكسيش نهغًغ انُٕٖٔ َخيضت انًؼبنضت ببالشؼبع حظٓش فٗ طٕسة يزَب نّ سأط 

ٔريم ٔأٌ قيى انُسبت انًئٕيت نهغًغ انُٕٖٔ فٗ انزيم ٔؽٕل ْزا انزيم يضداد بضيبدة 

أشبسث انُخبئش انٗ ايكبَيت اسخخذاو ْزِ  صشػت االشؼبع ٔؽٕل فخشة انخخضيٍ. ٔقذ

ؼشف ػهٗ االغزيت انًؼبنضت ببالشؼبع ٔرنك بؼذ انخشؼيغ خانطشيقت بُضبط فٗ ان

، ٔأٔػغج انُخبئش ايؼب أٌ انخغذيذ يٍ حخضيُٓب يؼيُّيببششة أٔ بؼذ فخشاث 

 انخقشيبٗ نضشػت االشؼبع انًؼطبِ يًكُب.

 

 
 

 



 المستخلص العربي

 

االغذية المشععة  كروبيولوجية و بيولوجية للكشف عندراسات على طرق مي  

(هناء محمود عبدالرازق إبراهيم)  

جامعة حلوان-كلية العلوم -قسم النبات والميكروبيولوجى  

 المستخلص العربي
 

ٔانًطبقت فٗ  ؽشق انغفظ انًؼخًذة ػبنًيبيٍ غزيت االٌ األأطبظ حشؼيغ   

كَٕٓب ؽشيقت ايُت ٔطذيقت نهبيئت.  ٔفٕائذ ٔيٍنٓب يٍ يًيضاث  انؼذيذ يٍ انذٔل نًب

حٓذف انذساست فٗ ْزِ انشسبنت انٗ حقييى ؽشق ييكشٔبيٕنٕصيت ٔؽشق بيٕنٕصيت 

فٗ  بإلشؼبعببسيطت ٔسٓهت االصشاء ٔغيش يكهفت نهكشف ػٍ االغزيت انًؼبنضت 

صًٕٓسيت يظش انؼشبيت نًب نزنك يٍ ارش قٕٖ فٗ حسٓيم انخببدل انخضبسٖ بيٍ انذٔل 

خؼًٍ انطشق غزيت حفٗ ْزِ االغزيت ٔفٗ حؼضيض رقت انًسخٓهك بٓزِ اال

انًيكشٔبيٕنٕصيت انخٗ حى اخخيبسْب انخغيشاث انغبدرت فٗ االعًبل انًيكشٔبيت انًخخهفت 

نهبكخيشيب ببسخخذاو انًششظ انفهٕسيسيُخٗ  قت انؼذ انًببششؽشئانًٕصٕدة بٓزِ االغزيت 

كًب  ،نهبكخشيب انغيت )ؽشيقت االؽببق انًظبٕبت( انًؼخًذة ػبنًيب يقبسَت ببنؼذ انكهٗ

ٖ فغض يزَب انغًغ انُٕٔ تؽشيقت بيٕنٕصيت يؼخًذة أيؼب ْٔٗ ؽشيقحؼًُج 

ٕصٕدة فٗ خاليب انً  ا..ٌد. يُقٕص االكسضيٍ )انخفشيذ انكٓشبٗ نهغًغ انُٕٖٔ

 فٕحٕغشافيب ٔحغهيهيب. )االغزيت ػهٗ انًيكشٔصيم

 ٔقذ حؼًُج االغزيت انخٗ اصشيج ػهيٓب انذساست انفهفم االسٕد ٔانفشأنت  

)يًزهت  )يًزهت االغزيت انُببحيت( ٔانذصبس انطبصس انخبنٗ يٍ انؼظى ٔكزا انًضًذ

ْزِ االغزيت بضشػبث اشؼبػيت يخخهفت ؽبقب نُٕع  ٔأصشٖ حشؼيغ انغيٕاَيت(. نألغزيت

 انغزاء ٔانخٗ حغطٗ االغشاع انخطبيقيت انًخخهفت انخٗ يٍ أصهٓب يخى حشؼيغ ْزا انغزاء.

ٔقذ أربخج انُخبئش عذٔد حغيشاث كبيشة فٗ االعًبل انًيكشٔبيٕنٕصيت 

ذ أدٖ انخشؼيغ إنٗ عذٔد انًخخهفت نٓزِ االغزيت َخيضت الصشاء ػًهيت انخشؼيغ عي
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