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INTRODUCTION 

In the past, there have been three traditional forms of food trading; fresh, 

canned and frozen foods. In recent years, a fourth form called “minimally processed 

food” has been developed to respond to an emerging consumer demand for convenient, 

high-quality and preservative-free products with appearance of fresh 

characteristics, while being less severely processed (Saracino et al., 1991). 

Minimally processed food can be used as ready-to-eat, ready-to-use, or ready-to-cook 

products. They are stored and marketed under refrigeration conditions (Dignan, 

1994). Minimally processed food products were developed in 1980’s and now they are 

produced in many advanced and some developing countries.  

In Egypt, great amounts of minimally processed vegetables are now produced 

and commercially sold in certain supermarkets. They include fresh-cut lettuce, 

packaged mixed vegetables salad, shredded carrots, sliced carrots, shredded cabbage 

(white and red), fresh-cut green beans, mixed peas with diced carrots, mafa spanish, 

okra, watermelon, pumpkin, garlic, artichoke, celery, parsley,… etc. However, there is 

an increasing interest to offer some other minimally processed vegetables and some 

types of fresh-cut fruits that can be used as ready-to-eat or ready-to-use. 

Preparation steps of minimally processed fruit and vegetable products which 

may include peeling, slicing, shredding,… etc save labor and time for the purchasers, 

meanwhile removal of waste material during processing reduce transport costs. In 

addition, the production of such products will make year-round availability of almost 

all vegetables and fruits possible in fresh form around the world (Baldwin et al., 

1995). However, preparation steps of such products increase the native enzymatic 

activity and the possibility of microbial contamination. Therefore, these products 

have short shelf-life and this is considered one of the foremost challenging problems 

in the commercialization of minimally processed foods particularly fresh-cut fruits 
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and vegetables. Moreover, several recent outbreaks of food borne illness have been 

associated with consumption of minimally processed fruits and vegetables 

contaminated with human pathogens (Beuchat, 1996a). The presence of food borne 

pathogens in such products is considered the most important factor affecting safety 

and hygienic quality and may at time constitute a public health hazard. The pathogens 

identified with these outbreaks include: Enteropathogenic E. coli, E. coli 0157:H7, 

Shigella, Salmonella, Listeria monocytogenes, Staphylococcus aureus, Aeromonas 

hydrophila, Vibrio cholera, Yerssinia enterocolitica and Campylobacter jejnii 

(Beuchat, 1996a,b and Gombas et al., 2003). 

Commercial and traditional preservation methods usually used to extend the 

shelf-life of such minimally processed fruits and vegetables and to inhibit the growth 

of human pathogenic microorganisms include: controlled modified atmosphere 

packaging, use of chlorine and refrigerated storage (Wiley, 1994 b; Hoover, 1997 

and Barry-Ryan et al., 2000). However, studies carried out have demonstrated the 

inability of these commercial preservation methods in controlling some 

psychrotrophic pathogens such as L. monocytogenes, A. hydrophila and Y. 

enterocolitica and in ensuring safety (Berrang et al., 1989 a,b and Beuchat, 1992). 

It is worthy to mention that freezing preservation should not be used for most 

minimally processed fruits and vegetables because freezing tends to cause change in 

texture and like fresh characteristics. 

Food preservation by irradiation, as a new physical cold process, is an 

internationally accepted method that is used now to solve the above mentioned 

problems. It is used in many food stuffs for decreasing microbial count of foods, 

hence extending their shelf-life and for controlling pathogens, hence ensuring their 

safety and hygienic quality (WHO, 1994; Thayer et al., 1996; Farkas, 1998; 

Thayer and Rajkowski, 1999). Its efficacy and advantage resulted from the ability 

to penetrate a product (needed to be irradiated) and destroy spoilage and pathogenic 
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microorganisms without rising the product temperature, hence keep its freshness 

(Vankooij, 1982).  

The application of a Hazard Analysis Critical Control Point (HACCP), based 

approach as a method of the food chain demonstrates the need for applying a cold 

decontamination treatment as a control measure in the production of foods to be 

marketed raw or minimally processed. Irradiation integrated as a part of HACCP 

system. It has the potential to eliminate food borne pathogens, mycotoxin producing 

fungi and parasites (Radomyski et al., 1994 and Molin, et al., 2001).  

Food irradiation treatment has been approved for use in foods in more than 50 

countries. Among which are USA, UK, Canada, Denmark, France, Netherlands, 

Bangladesh, Brazil, Chile, China, Egypt, India, Mexico, Thailand, ………etc (IAEA, 

2002). Among the irradiated foods that have approved for consumption are meat, 

poultry, fish, fresh fruits, fresh vegetables and their products (IFT, 1983, Thayer 

et al., 1996 and IAEA, 1998).  

While there are a tremendous data on the effectiveness of irradiation as a 

sanitary treatment on many foods and food products, there is a lack of data on the 

effectiveness of irradiation on the elimination of spoilage and pathogenic 

microorganisms contaminating minimally processed fruits and vegetables.  

In Egypt, there is no available data on the microbiological quality of minimally 

processed vegetables that has been increasingly sold in supermarkets. Therefore, the 

present study is devoted to investigate the microbiological quality of such products 

and to study the effect of different irradiation doses on the hygienic quality of 

these minimally processed vegetables. An attempt has been made to develop fresh-

cut fruit products to be used as ready-to-eat. Use of irradiation to extend the shelf-

life and to ensure safety of minimally processed fruits and vegetables was also 

investigated. 
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The main objectives of this study include: 

1. Evaluation the microbiological quality of some minimally processed vegetables and 

fruits namely, fresh-cut carrots, prepackaged mixed vegetables salad and fresh-

cut pears. 

2. Isolation and identification of pathogenic bacteria contaminating these products. 

3. Isolation and identification of fungi contaminating these products. 

4. Screening for aflatoxin production by A. flavus isolates. 

5. Determination of the so-called D10-value for E. coli, Salmonella typhimurium, 

Listeria monocytogenes, Staphylococcus aureus, Aeromonas hydrophila, 

Enterococcus faecalis and Aspergillus flavus in the food products from which they 

were isolated to identify the so-called 5-log cycle reduction irradiation dose. 

6. Studying the effect of irradiation, incubation temperature and incubation time on 

the aflatoxin production by Aspergillus flavus. 

7. Investigating the effectiveness of different gamma radiation doses in reducing 

microbial population and in eliminating food borne pathogens of such products. 

8. Studying the effect of irradiation doses on the hygienic, chemical and sensory 

quality of such products during refrigerated storage. 

9. Determination of the optimum irradiation dose that extend the shelf-life and 

ensure safety with minimum changes in biochemical and sensory quality attributes 

of each product. 

This is the first study in Egypt to provide information on the microbiological 

quality of minimally processed fruits and vegetables sold in retail markets. There is 

no guideline for microbiological quality of minimally processed vegetables in Egypt. 

The information and experience gained from this study could help to formulate 

microbiological guidelines. 



LITERATURE REVIEW 

1.  Minimally Processed Foods 

Minimally processed foods are one of the major important and rapidly 

growing segments of foods. They are defined as those prepared by a single or 

any number of appropriate unit operations followed by packaging in suitable 

packaging materials and a partial preservation treatment. The processing 

operations may include peeling, slicing, dicing, shredding or chopping; they may 

include blanching, pasteurizing or partially cooking. In addition to many 

traditional foods, such as milk and orange juice which are minimally processed 

and refrigerated, other examples of minimally processed foods include cooked 

pasta and vegetables salad; uncooked pasta; packaged sandwiches, chopped or 

shredded lettuce or cabbage, various forms of prepared fresh potatoes; 

backed good, fresh fish, meat or poultry and partially prepared or cooked 

entrees or complete meals (Dignan, 1994). Other terms used to refer to 

minimally processed foods are “lightly processed” and “prepared”. The market 

and increasing consumer demand for high-quality, fresh nutritive and easy to 

prepare food has led to the production of these minimally processed foods. 

1.1. Minimally Processed fruits and vegetables 

Minimally processed fruits and vegetables have undergone an important 

rise during recent years because of busy life styles, increasing purchasing 

power, and increasingly health conscious consumers (Baldwin et al., 1995). 

Therefore, they request fresh-like processed products with quality attributes 

(such as appearance, texture and flavor) similar to those of the raw produce. 

There have been a number of articles which have defined minimal processing 
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of fruits and vegetables. For example, Rolle and Chism (1987) suggests that 

minimal processing include all unit operation (washing, sorting, peeling, slicing 

…etc) that might be used prior blanching on a conventional processing line”. 

They feel all these products are living tissues. Wiley, (1994 a) also reported 

that minimally processed fruits and vegetables are defined as those prepared 

by a single or any number of appropriate unit operation such as peeling, slicing, 

shredding, juicing …etc. given a partial but not end-point preservation 

treatment including use of minimal heat, a preservatives, or radiation. He 

added that the purpose of minimally processing is to deliver to the consumer a 

fresh-like fruit or vegetable products with an extended shelf-life and at the 

same time ensure its safety and maintain sound nutritional and sensory quality.  

Garg et al., (1990) reported that the production of minimally 

processed, fresh produce (fresh-cut produce) is a new, emerging industry 

offering nutrition, convenient products with fresh-like qualities. They added 

that, two factors stimulate the growth of this particular market. Primarily, 

consumers perceive minimally processed vegetables as being healthy and 

convenient. Secondly, produce processors can offer a standardized product 

with less labor input and reduce waste to food service vendors. 

Yildiz, (1994) reported that an optimum integrated distribution system 

for minimally processed refrigerated (MPR) foods will minimize energy use, 

environmental pollution, and costs, while maximizing the overall quality and 

convenience of fruits and vegetables. Burns, (1995) reported that preparation 

of minimally processed fruits and vegetables involves a combination of 

procedures such as sorting, washing, peeling, cutting, slicing, dicing, shredding, 

packaging and refrigerated storage operations. In such foods the processors 

do all the preparations, thereby saving labor and time purchaser. 
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1.2. Special reference to minimally processed fruits 

Minimally processed fruits or fresh-cut fruits that are ready-to-eat 

are more difficult to produce than minimally processed vegetables. Although 

some fresh-cut fruits including apples, pears, peaches, nectarines and 

strawberries have been marketed for both retail and food service 

distribution, fresh-cut fruits are still under study because of the difficulties 

in preserving their fresh-like quality during prolonged period (Soliva-Fortuny 

and Martin-Belloso, 2003). The main problem confronts the production, 

distribution and marketing of fresh-cut fruits is its short shelf-life (Gorny et 

al., 1998 a, b). This limited shelf-life may be due to: (1) enzymatic browning 

for cut surface resulting from peeling, slicing and cutting which produce an 

undesirable colour (2) flesh softening or loss of firmness which cause texture 

deterioration and (3) microbiological deterioration.   

Brown discolouration, as a result of enzymatic browning of cut surface, 

has been recognized as an important defect of fresh-cut fruits and is 

considered the main cause of the short-shelf life. Espin et al., (1996) 

reported that enzymatic browning reactions in fresh-cut fruits are 

widespread phenomena that induce severe colour changes and cause 

undesirable flavor and nutritional loss. These reactions are mostly caused by 

the polyphenol oxidase (PPO) enzyme which catalyzes either the hydroxylation 

of monophenols, leading to the formation of diphenols or the oxidation of 

diphenols to form quinones. Next the condensation of quinones generates dark 

substances (melanins); these compounds negatively influence the quality and 

marketability of commercial fresh-cut fruit products (Burda et al., 1990 

and Whitakr, 1995). 
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Many treatments have been used to prevent enzymatic browning of cut 

surfaces include: 1) chemical browning inhibitors of polyphenol oxidase; 2) mild 

heat pre-treatment; 3) pulsed electric field and 4) modified atmosphere 

packaging (MAP). Mc-Evily et al. (1992) reported that an approach to inhibit 

enzymatic browning of fresh-cut fruits is to employ chemical inhibitors of 

polyphenol oxidase, such as 4-hydroxylresorcinol derived from natural 

products and classified by the Food and Administration as Generally Regarded 

As Safe (GRAS). Siddiq et al. (1994) reported that cysteine and its 

derivatives were found to inhibit polyphenol oxidase in pear slices. Buta et al. 

(1999) found that using 4-hydroxylresorcinol in combination with N-

acetylcysteine (a dietary supplement), isoascorbic acid, and calcium propionate 

(as inhibitor of microbial growth) extended the shelf-life of fresh cut 

“Delicious” apple slices in cold storage for several weeks without use of 

modified atmosphere packaging. Abbott and Buta (2002) found that a 30 

seconds dip in a solution of 4-hydroxyresorcinol, isoascorbic acid, N-

acetylcysteine and potassium sorbate prevent browning of fresh-cut pears for 

9 days at 5°C in air, regardless of initial ripeness. 

Abreu et al. (2003) found that mild heat pre-treatment (35-45°C for 

40-150 min) were effective in avoiding the cut surface browning of “Rocha” 

pear. When pre-treated fruits were stored for 7 days at 2°C, no significant 

changes were detected in colour parameters. Although thermal processing is 

the most effective way to inactivate polyphenol oxidase, it leads to nutrient 

losses and degradation of sensory properties as reported by Mc-Evily et al. 

(1992).  
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Exposure of fruits to pulsed eclectic field (a sound nonthermal 

treatment) is a recent approach used to prevent enzymatic browning. Giner et 

al. (2002) exposed fresh-cut peach to pulsed electric field and found a 70% 

maximum reduction in enzymatic activity was achieved after 5m using 0.02ms 

wids pulses in dipolar mode at 24.3Kv/cm. 

Enzymatic browning of apple slices can be eliminated by use of modified 

atmosphere packaging (MAP) with very low oxygen levels, but such low levels 

could potentially, result in anaerobic respiration and off-flavor (Luo and 

Barbosa-Canovas, 1996).    

Minimally processed fruits may undergo texture changes, i.e. softening 

or firmness loss. Changes in texture are due to tissue wounding resulting from 

processing procedures of peeling, slicing and cutting of fruits. Varoquaux et 

al. (1990) suggested that textural breakdown of kiwifruit slices during 

storage is due to enzymatic hydrolysis of cell wall component (pectic 

polysaccharides). Soliva-Fortuny and Martin-Belloso (2003) found that 

slicing operations result in dramastic losses in firmness of fruit tissues. 

Pectinolytic and proteolytic enzymes exuding from bruised cells may diffuse 

into inner tissues. Softening or loss of firmness can be prevented by using 

firming agents. Calcium in the form of calcium lactate or calcium chloride has 

been reported to maintain the cell wall structure in fruits by interacting with 

pectic acid in the cell wall to form calcium pectate which firms molecular 

bonding between constituents of cell wall (Fennema, 1985). Thus fruits 

treated with calcium are generally firmer than untreated ones. Dong et al. 

(2000) reported that “Bose” pear slices treated with 1.0% calcium lactate had 

a significantly firmer texture than the untreated control. The use of calcium 

chloride, calcium propionate and calcium lactate or tartarate to decrease 

firmness loss (prevent softening) of fresh-cut fruits have been reported 

(Buta et al., 1999 and Bett et al., 2001). 
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1.3. Spoilage microorganisms of minimally processed 
fruits and vegetables 

Spoiled food may be defined as food that has been damaged or injured 

so as to make it undesirable for human use. Microorganisms are considered the 

main cause of deterioration and spoilage of foods. Spoilage microorganisms of 

minimally processed fruits and vegetables include microflora normally 

associated with specific raw fruit and vegetable type in addition to microbial 

contamination occurring at every step of processing operations such as 

cutting, washing or peeling  (Brackett, 1994). It has been reported that 

minimally processed vegetables have level of microorganisms higher than raw 

vegetables, reaching 106-107 cfu/g (Nguyen-the and Carlin, 1994). The 

primary causative agents of microbial spoilage are the yeasts, moulds and 

bacteria, and the latter two are the most important etiologic agent of food 

spoilage in general. 

Raw vegetables characteristically have high water and nutrient 

contents, and a neutral pH. These characteristics make them capable of 

supporting the growth of almost any type of microorganisms. In general, 

vegetables are about equally contaminated with bacteria and fungi (Brackett, 

1987). The population of bacteria, also called the microbial load, found on 

vegetables varies widely. Some vegetables such as leafy vegetables may even 

have millions of bacteria per gram. 

 Gesson (1979) reported that the number of microorganisms’ detected 

on stored cabbage was in the range of 5.0×102 to 1.0×105 cfu/g. Nascimento et 

al. (2003) found that the average initial count of total aerobic mesophilic 

bacteria in fresh lettuce samples reached 6.94 log10 cfu/g and for total 

moulds and yeasts was 5.62 cfu/g. 
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Shredding and slicing or cutting processes are important sources of 

contamination of minimally processed produce. Shredding and slicing were 

found to increase counts of mesophilic bacteria from 103-104 to 105-106 cfu/g 

for a range of vegetables Garg et al. (1990). These processes bring 

microorganisms present on the surface into contact with the wounded produce 

tissue. During processing, the mechanical damage caused to cell provides more 

entrance points for food spoilage microorganisms and foodborne pathogens. 

Microbial species potentially causing spoilage of minimally processed 

vegetables vary with the kind of specific product. More sugar-rich vegetables 

undergo microbial fermentation due to growth of lactic acid bacteria or 

yeasts, whereas others develop soft rot symptoms due to proliferation of 

Gram-negative (pectinolytic) microorganisms. However, in many cases, spoilage 

can not attribute to one particulate microorganism (Nguyen-the and Carlin, 

1994 and Varoquaux et al., 1996). 

Many different genera of bacteria can spoil minimally processed 

vegetables which mainly come from raw vegetables. The most often spoilage 

genera are Erwina, Pseudomonas, Enterobacter and Cytophaga. However, 

Gram-positive bacteria such as Bacillus, Corynebacterium and Clostridium are 

also frequently found (Lund, 1981; 1982; 1983; and Brackett, 1994).  

Like bacteria, many different fungi can be associated with the spoilage 

of vegetables. The common genera include members of Penicillium, Alternaria, 

Aspergillus, Botrytis, Fusarium, Mucar, Rhizopus, Aurobasidium, Epicoccum, 

Sclerotinia and Phoma (Webb and Mundt, 1978 and Bulgarelli and Brackett, 

1991). They reported that the population of moulds on fresh vegetables 

averaged about 4.2×104 to 6.7×104 cfu/g.  However, Pitt and Hocking (1997) 

reported that species of Fusarium, Cladosporium, Penicillium and Thamnidium 

will grow and spoil foods at refrigeration temperature.  
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 Tournas (2005) found that the population of moulds and yeasts in 

minimally processed vegetables and sprouts ranging from less than 100 to 

4.0x104 cfu/g. He added that the most common moulds found in fresh and 

minimally processed vegetables were Cladosporium, Alternaria and Penicillium, 

less common was Geotrichum. 

The normal spoilage microflora of fruits differs markedly from that of 

vegetables. Most fruits usually have higher sugars content and a more acidic 

(pH 4.6 or lower). This lower pH and the nature of the organic acids involved 

usually restrict the microflora to acid tolerant microorganisms such as lactic 

acid bacteria and fungi (Goepfert, 1980; Splittstoesser, 1987 and Solvia-

Fortuny and Martin-Belloso. 2003). More than 20 genera of moulds including 

Alternaria, Botrytis, Penicillium and Phytophthora are known to cause spoilage 

in fruits (Brackett and Splittstoesser, 1992). Population of fungi on fruits 

can be quite high. For example, an average of 3.8×104 to 6.8×105 fungi per gram 

(mostly yeasts) was isolated from concord grapes (Splittstoesser, 1987). In 

contrast, sound apples contained only about 1.0×103 yeast cells/g. Damaged or 

defective fruits can contain as many as 10×106 cfu/g of fruit. Many different 

genera of yeasts can be found as normal microflora on fruits and vegetables, 

but of less important in spoilage. The most common yeasts genera include 

Saccharomyces, Candida, Cryptococcus and Rhodotorula (Gesson, 1979). Yeast 

population can range from <103 to >106 cells/g of tissue (Miller, 1979). 
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1.4. Pathogenic bacteria associated with minimally 
processed fruits and vegetables 

Raw fruits and vegetables can serve as vehicles for almost any food 

borne pathogen and result in disease under the right circumstances (Brackett, 

1994). In the past decade, outbreaks of human illness associated with the 

consumption of raw vegetables and fruits have become more frequent in the 

United States (Beuchat, 1998). According to Frank and Takeushi (1999) 

fresh vegetables, especially lettuce, have been identified as carriers of 

pathogenic bacteria that are highly relevant to public health, such as 

Enteropathogenic E. coli and E. coli O157:H7, Listeria monocytogenes, 

Salmonella, Shigella and Yersinia enterocolitica, in addition to protozoa, 

helminthes and hepatitis A virus. Haldane (2003) reported that fresh 

vegetables have been implicated in numerous recent outbreaks of food borne 

illness.  

The processing of minimally processed vegetables typically involves 

peeling, cutting, slicing, dicing or shredding. These steps expose plant tissues 

to possible human pathogens contamination by providing attachment sites and 

nutrients. Since minimally processed vegetables are consumed without further 

washing or cooking, contamination of these ready-to-eat vegetables by 

foodborne pathogens is a concern, particularly for at-risk populations 

(Odumeru et al., 1997). Several recent outbreaks of food borne illness have 

been associated with the consumption of minimally processed vegetables 

contaminated with human pathogens (Beuchat, 1996 a; Francis et al., 1999 

and Wachtel and Charkowski, 2002). 
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A survey performed by the WHO (1995) in Europe indicated that 

almost 25% of the food borne outbreaks could be traced back to 

recontamination. The most important factors contributing to the presence of 

pathogens in prepared foods were insufficient hygiene (1.6%), cross-

contamination (3.6%), processing or storage in adequate rooms (4.2%), 

contaminated equipments (5.7%) and contamination by personnel (9.2%). 

In terms of microbial safety of minimally processed vegetables, 

psychrotrophic pathogens such as Listeria monocytogens, Aeromonas 

hydrophila and Yersinia enterocolitica, and mesophilic such as Salmonella, 

Staphylococcus aureus, E. coli O157:H7 and Clostridium botulinum are of 

particular concern (Beuchat, 1996 a; and Thayer and Rajkowski, 1999). 

Nguyen-the and Carlin (1994) reported that the survival of some pathogenic 

microorganisms as E. coli O157:H7, Aeromonas hydrophila or Listeria 

monocytogenes in minimally processed products is a health concern, because of 

extended shelf-life and the subsequent increase in the growth time of these 

pathogens. Martins et al. (2004) reported that salad vegetables can be 

source of pathogens such as E. coli O157:H7, Salmonella and Shigella spp. They 

added that the minimal processing does not reduce the levels of pathogenic 

microorganisms to safe levels. Other investigators reported that salad 

vegetables including fresh-cut lettuce can be source of pathogenic such as E. 

coli O157:H7, Listeria monocytogenes, Salmonella and Shigella spp. (Gombas et 

al., 2003 and Horby et al., 2003). 

E. coli as enteric pathogens is becoming increasingly important from the 

view point of public health, particularly psychrotrophic strains of E. coli. Food 

borne E. coli O157:H7 outbreaks have been associated with lettuce (Ackers et 

al., 1998) and coleslaw (Wu et al., 2002). Abdul-Raouf et al. (1993) found 
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that Enteropathogenic E. coli O157:H7 could grow on shredded lettuce stored 

at 12°C. Sanz et al. (2003) found that E. coli O157:H7 was able to survive and 

to increase in inoculated minimally processed artichokes during the stored 

period 16 days at 4°C. They added that the modified atmosphere was unable to 

control the behavior of that pathogen. Many researchers have shown that E. 

coli O157:H7 can survive or grow on lettuce (Beuchat, 1999), apples 

(Buchanan et al., 1999), cantaloupe and watermelon (del-Rosario and 

Beuchat, 1995) and salad vegetables (Abdul-Raouf et al. 1993).  

Staphylococcus aureus is a common foodborne pathogen in the United 

States and throughout the world and cause symptoms such as nausea, vomiting 

and diarrhea. This bacterium can contaminate several foods, including 

minimally processed fruits and vegetables, and produce several types of 

enterotoxins of remarkable stability to heat and radiation (Halpin-Dohnalek 

and Marth, 1989). This dangerous microorganism possesses several 

characteristics. It grows rapidly through a wide range of pH levels (4.5-9.3) as 

reported by Roberts (1982). It is able to growth at moisture conditions which 

prevent the growth of most other pathogens (relatively low aw) as reported by 

Vaamonde et al. (1982). Finally, it is frequently found in the skin, mouth and 

nose of human and thus contaminating foods via handlers (Baer et al., 1976).    

Aeromonas hydrophila is a Gram-negative bacterium threat in 

refrigerated produce. A. hydrophila possesses growth characteristics that 

make it of particular concern in minimally processed products. One of concern 

is that A. hydrophila is more often found on fresh produce than not. Callister 

and Agger (1987) surveyed grocery store produce items and found A. 

hydrophila in virtually every type of vegetable analyzed. Populations of the 

bacterium at the time of purchase ranged as high as 104 cfu/g. Berrang et al. 
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(1989a) found naturally occurring of A. hydrophila on fresh asparagus, 

broccoli and cauliflower and can grow well in vegetables stored at 5°C or less. 

A second reason that A. hydrophila should be of special concern is that it is a 

true psychrophil which can grow at temperatures as low as 1°C (Palumbo et 

al., 1987).  

Listeria monocytogenes is the first important food borne pathogens 

that has been responsible for numerous food borne illness outbreaks and 

product recalls (Beuchat et al., 1996b). The first reported major outbreak 

listerolisis, involving 41 cases was traced to coleslaw prepared from cabbage 

(Schlech et al., 1983). L. monocytogenes is of particular health concern 

because of its ability to grow in minimally processed vegetables at low oxygen 

concentrations and at low temperatures (Beuchat et al., 1986 and Beuchat 

and Brackett, 1990). L. monocytogenes can contaminate a variety of food 

products, including vegetables. The possibility of contamination of food 

products increase with additional handling and processing steps (Beuchat, 

1996b). L. monocytogenes has been shown to contaminate vegetables such as 

lettuce, broad leaved endives, broccoli, radishes, cabbages, potatoes and 

cucumber (Carline and Ngyen-the, 1994; Farber et al., 1989 and Hessick 

et al., 1989). Conner et al. (1986) demonstrated that L. monocytogenes 

could compete with the indigenous microflora and grow well in cabbage juice, 

ultimately reaching populations as high as 109 cfu/ml. Berrang et al. (1989b) 

found that L. monocytogenes grew to population of more than 106 cfu/g on 

asparagus, broccoli and cauliflower stored at an abuse temperature of 15°C. 

Asparagus was the only one of these vegetables that supported appreciable 

growth at 5°C. L. monocytogenes can grow well on salad vegetables. 

Steinbruegge et al. (1988) and Beuchat and Brackett (1990) reported that 
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L. monocytogenes can grow on chopped and packaged or shredded and 

packaged lettuce. Modified atmosphere storage or packaging does not appear 

to affect the growth of L. monocytogenes. Berrnag et al. (1989b) found that 

L. monocytogenes grew the same on vegetables whether or not they were 

stored under a modified atmosphere. However, the modified atmosphere did 

extend the shelf-life of the vegetables and allowed more time for the L. 

monocytogenes to grow.  

Salmonella spp. is an important enteric pathogen that can contaminate 

fruits and vegetables. Salmonella can survive but do not usually grow at 

refrigeration temperatures. The usual sources of contamination of fruits and 

vegetables products are contaminated irrigation or wash water, cross-

contamination from other foods (especially meats, poultry and sea foods) or 

infected handlers (Brackett, 1994). Salmonella spp. have been involved in 

food borne-illness outbreaks related to the consumption of contaminated 

tomatoes, cantaloupes, watermelon, mustard cress and bean sprouts (Beuchat, 

1996 a). Long et al. (2002) reported that, in (2000) two community salad 

vegetables and fruits outbreaks in England and Wales were linked with the 

consumption of whole salad lettuce served with fast foods. The causative 

agents were Salmonella enterica serotype typhimurium DT (04 and S type 

himurium DT 204b). 

Some food borne pathogens can also grow on minimally processes fruits. 

Fernández-Escartin et al. (1989) and Golden et al. (1993) proved the ability 

of some pathogenic bacteria such as Salmonella and Shigella to grow on sliced 

apple, papaya, watermelon, cantaloupe and honeydew, especially at room 

temperatures.  
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1.5. Mycotoxins producing fungi associates with minimally 
processed fruits and vegetables 

Raw fruits and their minimally processed products are mainly consumed 

fresh in high amount and on a daily basis. Ready-to-eat salads and other raw 

vegetables constitute a suitable meal for today’s lifestyles because they need 

no preparation and provide a great variety of vitamins, minerals and other 

phytochemicals which are important in human health. Raw fruits and vegetable 

are naturally contaminated with various fungi during cultivation, harvesting, 

transport and marketing. Minimally processed fruits and vegetables are also 

easily contaminated by many fungi from raw fruits and vegetables, handling, 

processing steps and equipments. Because there is no kill steps, found on these 

commodities survivors and often have the opportunity to proliferate using the 

fruits and vegetables as a substrate. A number of these moulds are capable of 

growing on and spoiling these products. Alternaria, Rhizopas and Aspergillus 

species have been reported to be main cause of spoilage and deterioration of 

carrots, cabbage and other vegetables. Other moulds can grow on and produce 

toxic metabolites called “mycotoxins” (Banwart, 1979; Tournas and Stack, 

2001 and Tournas, 2005). 

Mycological studies on fresh fruits and vegetables and their minimally 

processed products have shown that the main fungal genera found were 

Alternaria, Botrytis, Penicillium, Mucar, Rhyzopus, Aspergillus, Fusarium, 

Cladosporium and Phoma (Webb and Mundt, 1978; Bulgarelli and Brackett, 

1991; Hammad et al., 1995a; Pitt and Hocking, 1997; Tournas and 

Stack, 2001 and Tournas, 2005). Many species of Fusarium, Alternaria and 

various Penicillia can grow at refrigeration temperature. Due to the ability of 

some species belonging to the genera Aspergillus, Penicillium, Fusarium and 
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Alternaria to produce secondary metabolites (mycotoxins) that can be toxic to 

man and animals, they are now regarded as a threat to human and animal 

health (Davis and Diener, 1987; De Nus et al., 1996; and Tournas and 

Stack, 2001). The number of mucotoxins known to exert toxic effect on 

human and animal health is constantly increasing. Extensively considered 

mycotoxins are aflatoxins (AFs), ochratoxin A (OTA), Patuline, rubratoxinB, 

Citrinin, Fusarium toxin and Alternarial toxin (Scott et al., 1977; Davis and 

Diener, 1987; De Nus et al., 1996; Moss, 1998 and Tournas and Stack, 

2001). 

The mycotoxins of greatest significant in foods and feeds are 

aflatoxins. They are produced mainly by three species belonging to 

Aspergillus, namely A. flavus, A. paraciticus and A. nomius (Sweeney and 

Dobson, 1998). There are four naturally produced aflatoxins by these 

species, namely aflatoxins B1, B2, G1 and G2. Aflatoxin B1 usually found at the 

highest concentration in contaminated food and feed and is regarded to be 

the most potent liver carcinogen known for animals and humans (Dragon and 

Pitol, 1994). Differences exist in aflatoxin production between A. flavus and 

A. paraciticus. A. paraciticus produces B and G aflatoxins and in addition 

isolates tend to produce aflatoxins in high concentrations than A. flavus which 

contains a greater percentage of non-aflatoxigenic strains and produces only B 

aflatoxins (Pitt, 1993). 

Aflatoxin production is influenced by a number of different factors. 

Among the most important parameters that affecting fungal aflatoxin 

production are substrates (suspending media), temperature, pH, water 

activity, time of incubation and level of contamination (Davis et al., 1966; 

Bullerman et al., 1984; Wheeler et al., 1991 and ICMSF, 1996). Although 
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extensive researches have been done on the production and occurrence of 

aflatoxins in cereals, nuts, oil seeds, coffee beans (Davis and Diener, 1987; 

Batista et al., 2003; Park et al., 2005 and Zinedine et al., 2006), none or 

little work has been done in the area of aflatoxin production in fresh fruits 

and vegetables (according to our knowledge none in minimally processed fruits 

and vegetables). 

Formation of mycotoxins is closely liked to mycotoxigenic fungal growth. 

Consequently, without growth of the mycotoxin-producing fungi, mycotoxins 

will likewise not be produced. Control and prevention of fungal growth during 

storage of foods including fruits and vegetables and their minimally processed 

products are of ultimate importance to avoid mycotoxins formation and 

accumulation. A number of methods have been used to control and prevent 

fungal growth; these methods can be classified into; chemical, biological and 

physical. Irradiation as a physical method have been proved by several 

investigators to be very promising mean in controlling and preventing fungal 

growth in different foods including fruits and vegetables and their minimally 

processed products consequently no mycotoxins will produce (Patterson, 

1990; Hammad et al., 1995 a; Willemot et al., 1996 and Thayer and 

Rajkowski, 1999). Tiryaki et al., (1994) reported that low irradiation (1-3.5 

kGy) delayed the growth of Penicillium expansum, Monilia fructigena, Botrytis 

aclada and Rhizopus stolonifer causing decay of apple, quince, onion and peach. 

Although extensive studies have been done to control spoilage fungi on 

fresh fruits and vegetables by ionizing radiation, very few studies have been 

done on controlling mycotoxigenic fungi. 
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1.6. Sources of microbial contamination in minimally 
processed fruits and vegetables 

The main sources of microbial contamination in minimally processed 

fruits and vegetables are the native microflora of raw fruits and vegetables 

(from which the minimally processed product was made), in addition to 

contamination resulting from processing steps during preparation such as 

peeling, slicing, cutting, shredding or chopping as well as contamination from 

handlers (Burns, 1995). 

Fresh fruits and vegetables have a high level of microbial populations. 

However, there is great variation in the number of native microorganisms on 

fresh fruits and vegetables. The main sources of these microorganisms are 

those receiving from orchards, vineyards and growing fields, i.e., receiving 

from environment. Moreover, there is opportunity for microbial contamination 

from soil, irrigation water, dust, air, the use of animal and human manure 

(organic fertilizers……etc.) (Ercolani, 1976 and Kaferstein, 1976). Brackett 

(1994) reported that soil and soil borne organisms can gain access to fruits 

and vegetables by direct contact, by being blown by wind or even via insects.  

Vescovo et al. (1995) indicated that the agricultural practices and 

hygienic conditions used during harvesting, packaging, transport and storage 

influence the initial microbial population of fresh fruits and vegetables. 

Zagory (1999) reported that many different kinds of microorganisms have 

been found on fresh produce. They come from contact of fruits and 

vegetables with soil, insects and animals during growing and harvesting in the 

field. 
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1.7. Factors affecting microbial population of minimally 
processed fruits and vegetables 

There are several factors that affect microbial population, type of 

microflora and proliferation of microorganisms present in minimally processed 

fruits and vegetables. Generally, these factors include source and type of raw 

produce, handling, processing steps, hold temperature, humidity and water 

activity, acidity and pH, atmosphere and packaging.  

The source and type of raw produce have an important effect on the 

population and microflora of minimally processed fruits and vegetables. For 

example, the microbial population and microflora of fruits and vegetables 

differ greatly. Vegetables have higher number of microbial population in 

comparison with fruits. Moreover, some vegetables, such as leafy vegetables, 

may even have the highest number of bacteria per/g, because they heavily 

contaminated with sand and soil. Vegetables will generally support the 

proliferation and growth of any microorganisms whereas fruits, because of 

high acidity, allow primarily the growth of fungi and aciduric bacteria 

(Goepfert, 1980 and Brackett, 1994). 

Common handling contributes to the microflora is from cross-

contamination by people or equipment. Raw fruits and vegetables are usually 

placed in containers or vehicles can be a source of microorganisms and 

contaminate the product (Geopfert, 1980). Improper handling can damage 

fresh produce; such damage can allow nutrient-laden juice to lack onto 

surrounding products and equipment, encouraging microbial growth in these 

areas. In addition, damaged produce is more susceptible to invasion by spoilage 

organisms (Geopfert, 1980 and Brackett, 1994).  
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Processing steps of minimally processed fruits and vegetables involves a 

combination of many processing steps such as peeling, cutting, slicing, 

chopping……etc. These processing steps can greatly affect the microbial 

population and the predominant microorganisms of such products. 

Splittstoesser and Corlett (1980) found that chopping of broccoli resulted in 

sex-to-seven fold increase in microbial population. Many investigators 

reported that peeling and/or cutting or shredding allows cellular fluids to 

release providing a nutritive medium for microorganisms. In addition, these 

processing steps increased products surface area and this leading to faster 

microbial growth and spoilage (Brackett, 1994; Nguyen-the and Carlin, 

1994 and Alzamora et al., 2000). 

The temperature at which a food is held is probably the single most 

important factor affecting microbial proliferation and growth. Psychrotrophic 

microorganisms have special importance in minimally processed fruits and 

vegetables products because these products are often processed and stored 

under refrigeration temperature. Many of the most important spoilage 

microorganisms and several human pathogens are psychrotrophic. Human 

pathogens such as L. monocytogenes, Yersinia enterocolitica and A. hydrophila 

examples of psychrotrophic human pathogen (Beuchat, 1996a).  

Microorganisms vary in their tolerance to acidic pH. Most 

microorganisms of concern in fruits and vegetables will grow best at neutral 

pH.  The growth of some bacteria is limited to neutral pH, but most can grow 

at pH value of about 4.5 or greater. However, some common bacteria, such as 

lactic acid bacteria can grow at pH 4.0 or less. Fungi are much more tolerant 

of acidic pH than are bacteria and can grow at pH values as low as 1.5 (Corlett 

and Brown, 1980). 
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Microorganisms differ in their sensitivity to gases used in modified 

atmospheres. When the O2 concentration became low enough modified 

atmosphere can select for facultative or obligate anaerobes. Gram negative 

bacteria, particularly aerobic varieties such as pseudomonas, are the 

microorganisms most sensitive to CO2. In contrast, the anaerobic bacteria and 

lactic acid bacteria are quite resistant to gas (Jay, 1986). Danials et al. 

(1985) reported that moulds are sensitive but yeasts comparatively resistant 

to CO2. 

1.8. Types of packaging materials used in minimally 
processed fruits and vegetables 

A food package must protect and contain the product from the place 

and time of manufacture to the point of consumption (IFT, 1991). Packaging 

of fresh produce using polymeric films has been practiced for several decades 

to contain and protect fruits and vegetables from environmental contaminants. 

Moreover, perforated polymeric packaging film has long been used successfully 

to reduce moisture loss from produce during storage; shipment and display by 

reducing the magnitude of the moisture vapor deficit between the produce 

and its immediate in-packaging have been used to minimize moisture loss and 

reduce respiration rate of produce commodities, most recently minimally 

processed fruits and vegetables have been packaged in polymeric film in an 

effort to maintain product quality while extending shelf-life. Various plastic 

films have been used as packages for minimally processed fruits and 

vegetables including low-density polyethylene (LDPE), high density 

polyethylene (HDPE), polypropylene (PP), polystyrene (PS), various grades of 

polyvinyl chloride (PVC) and rubber hydrochloride (Pliofilm) as reported by 

many investigators (Kader et al., 1989; OBeirne, 1990 and Donald et al., 

1994).   
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1.9. Traditional methods used for preservation of 
minimally processed fruits and vegetables 

Minimally processed fruits and vegetables are highly perishable and in 

most cases, more perishable than the raw materials from which they are made. 

They have a short shelf-life and usually sold within 7-8 days of preparation 

after storage at refrigeration temperature (Huxsoll and Bolin, 1989). This 

problem may be due to higher respiration and transpiration rates, the large 

amount of damage tissue resulting from cutting into small sized pieces, 

enzymatic activity of the living tissue leading to brown discoloration and 

higher microbial contamination (Nguyen-the and Carlin, 1994). Prolonging 

shelf-life while maintaining quality is of great importance for distribution of 

these products. Many traditional methods of preservation can be used to 

inhibit microorganisms causing spoilage and deterioration of such products and 

to prolong the shelf-life. They include: 1) chemical treatments (chlorine wash, 

acidulants, antioxidants, antimicrobials; 2) mild heat treatments with quick 

cooling; 3) modified atmosphere packaging and 4) refrigeration storage (King 

and Bolin, 1989; Ahvenainen, 1996 and Hoover, 1997). 

Washing with chlorinated water is a chemical sanitizer most often used 

to reduce surface microbial counts of minimally processed vegetables. 

However, its effectiveness is limited by its inability to reach into tissue 

cervices and its rapid inactivation from contact with organic matter in the 

wash water (Beuchat, 1992). In addition, the treatment of pre-cut vegetables 

with chlorine causes chlorinaceous-off odor (Delaquis et al., 2000). Nguyen-

the and Carlin (1994) reported that chlorine can not be relied on to eliminate 

pathogenic microorganisms such as L. monocytogenes.  
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Mild heat treatment is currently under investigation as a means to 

reduce the extent of microbial contamination and improve quality retention in 

fruits and vegetables (Lurie, 1998). Browning, a major factor in quality loss of 

packaged ready-to-eat lettuce, can be reduced by dipping in warm (50°C) 

water (Loaiza-Velarde et al., 1997). However, heat processing has been 

reported to cause external and/or internal tissue damage and physiological 

changes that result in sensory changes such as yellowing of cucumbers (Chan 

and Linse, 1989), off-odors in broccoli (Obenland et al., 1995) and changes 

in the flavor of ready-to-eat lettuce (Delaquis et al., 2000). 

Modified atmosphere packaging (MAP) has been developed to inhibit the 

main spoilage mechanisms (enzymatic browning, moisture loss, microbial 

growth) affecting minimally processed fruits and vegetables quality and 

consequently extend their shelf-life. MAP means placing the food into a 

container of defined gas permeability in which the composition of the 

atmosphere is not actively controlled. Due to the respiratory activity of the 

produce during storage, the product consumes oxygen and release carbon 

dioxide, thus producing a modified atmosphere (Simón et al., 2004). Day 

(1990) reported that equilibrium modified atmosphere (EMA) packaging is 

increasingly being employed as a mild preservation technique. Willoux et al. 

(1994) reported that MAP is effective in inhibiting the spoilage mechanisms, 

as well as at reducing the respiration rate of vegetables. Fonseca et al., 

(2002) reported the primary effect of the modified atmosphere is usually a 

decrease in the respiration rate of the produce and, therefore, a delay in the 

physiological changes, which may also reduce the microbial spoilage. They 

added that, modified atmosphere must be individually optimized for each 

product as respiration depends on many factors, such as the type of 
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vegetables or fruits, storage temperature, O2 and CO2 concentrations, storage 

time, and preparation methods (slicing, cutting, peeling). Recent developments 

in packaging technology have led to new films whose permeability can be 

chosen in advance. Al-Ati and Hotchkiss (2003) reported that, for vegetables 

packaged under MAP, there is no single ideal or standard gas mixture, the 

mixture of gases within the package changes over time in response to the 

respiration of the produce and the gas permeability of the packaging material 

and the specific vegetables under consideration.  

On the other hand, some investigators reported that modified 

atmosphere packaging is not suitable for some fresh-produce because it can 

lead to generation of off-flavor and environmental suitable for the growth of 

anaerobic pathogens such as Clostridium botulinum and Clostridium perfrigens 

(Guadalupe et al., 1992 and Gonzalez-Fandos et al., 2001). In addition the 

hazard from certain microorganisms such as Listeria monocytogenes and 

Aeromonas hydrophila, may be increased (Berrang et al., 1989a,b). 

Varoquaux (1991) found that CO2 dissolution enhance acidity in the cell 

medium and may be responsible for physiological disorder. High CO2 

concentrations also inhibit several enzymes of the Krebs cycle including 

succinate dehydrogenase, which is either trigger anaerobic respiration or 

resulting accumulation of succinic acid, which is potentially toxic to the fruit 

tissues. Gonzalez-Fandos et al. (2001) reported that under optimum MAP 

conditions for minimally processed produce, some psychrotrophic food borne 

pathogens such as Listeria monocytogenes can be a potential hazard. However, 

these methods do not eliminate microorganisms or increase the shelf-life of 

the product. 
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Refrigeration storage is highly effective in decreasing enzyme activity 

and microbial proliferation in minimally processed fruits and vegetables, hence 

extending its shelf-life. However, still refrigeration is not a good defense 

against pathogenic psychrotrophs such as Listeria monocytogenes, Aeromonas 

hydrophila and Yersinia enterocolitica which have the potential to cause food 

borne illness (Summer and Peters, 1997). Also, Church and Parson´s (1995) 

and Jacxsens et al. (1999) reported that storage temperature is probably 

the most important factor affecting the growth of microorganisms in 

packaged ready-to-use vegetables, since the applied modified atmosphere do 

not contain enough CO2 to slow down or stop microbial activity.  

Accordingly, most studies have demonstrated the inability of the 

traditional methods in controlling all spoilage and pathogenic microorganisms 

contaminating minimally processed fruits and vegetables products. Thus, 

irradiation is an alternative treatment that now internationally accepted as a 

safe and clean technology in preserving foods. It has been shown to be 

effective in decreasing microbial counts (extending the shelf-life) and in 

eliminating foodborne pathogens (ensuring safety) on minimally processed 

fruits and vegetables without or with minimum changes in their nutritional 

sensory qualities. 
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2.  Irradiation 

Several traditional technologies have been developed to resolve 

problems such as bacterial contamination or short shelf-life and to improve 

food hygienic and safety, but non can provide all the solutions. For example, 

freezing and heat treatments sometimes damage fresh fruits and vegetables. 

Irradiation of food is established as a safe, promising and a new effective 

method of food processing and preservation to resolve technical problems in 

distribution of many food and agricultural products, either as a stand-alone 

technology or in combination with others.  

2.1. What is irradiation of food?  

Irradiation of food is a physical method for food preservation 

comparable to heat or refrigeration and depends on controlling and killing 

spoilage and pathogenic microorganisms in the food by exposing it to a 

carefully controlled amount of ionizing radiation in such a way that a precise 

and specific dose is absorbed (Loaharanu, 1995).  

One of the principle values of ionizing radiation used in food 

preservation arises from its ability to destroy, without the application of heat, 

the microorganisms and parasites which cause food spoilage and those cause 

food borne disease. Therefore, food irradiation is considered a “cold process” 

because there is no or only a slight temperature rise in the food during 

preservation processing. This future makes the process attractive for heat-

sensitive aspects of food processing such as nutrient retention. With only the 

small temperature rise associated with radiation, adverse changes in the food 

such as altered flavor, odor, colour, texture and loss of nutritional quality are 

minimized. The irradiated food (food treated by ionizing radiation), therefore, 

retains more of the appearance, taste, and quality characteristics of fresh 

raw food (IFT, 1983, 1986).  
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2.2. Food irradiation applications  

A number of applications have been identified, aimed at improving food 

safety and reducing food spoilage microorganisms for shelf-life extension as 

reported by numerous investigators (Farkas, 1980; Vankoij, 1982; WHO, 

1988; Farkas, 1998 and IFST, 1999). These applications include: 

I. Low-dose applications (up to 1 kGy): 

• Irradiation of potatoes, onions, and garlic for sprout inhibition using an 

irradiation doses ranging from 0.05 to 0.15 kGy. 

• Irradiation of cereals, spices, fresh and dried fish for insect disinfection 

using an irradiation doses ranging from 0.2 to 0.8 kGy. 

• Irradiation of fresh meat, poultry, fish, fruits and vegetables for control 

of parasites using an irradiation doses ranging from 0.1 to 1 kGy. 

• Irradiation of fresh fruits and vegetables for delay of ripening using an 

irradiation dose, of 0.5 to 1 kGy. 

II. Medium-dose applications (1-7 kGy): 

• Irradiation of perishable food items (meat, poultry, fish, fruits, 

vegetables, minimally processed fruits and vegetables) for decreasing and 

controlling spoilage microorganisms, hence, extending their shelf-life 

using an irradiation doses ranging from 1 to 5 kGy. 

• Elimination of pathogenic microorganisms from fresh or frozen sea foods, 

raw or frozen meat and poultry, processed meat and poultry products and 

minimally processed fruits and vegetables using an irradiation dose of 3-7 

kGy. 

• Improving technological properties of some foods such as increase juice 

yield in grapes (2 kGy) and reduction of cooking time in dehydrated 

vegetables (7 kGy). 
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III. High-dose applications (10-45 kGy): 

• Industrial sterilization of meat, poultry, sea food, hospital diets, ready 

meals……etc. using high radiation doses (combined with mild heat) of 30-

45 kGy.  

• Decontamination of certain food additives and ingredients such as spices, 

herbs, enzyme preparations, natural gum……etc. using an irradiation doses 

ranging from 10-30 kGy. 

2.3. Types of radiation used in food irradiation  

Not all types of ionizing radiation are suitable for food irradiation 

applications. This is, either because they do not penetrate deep enough into 

the food material wanted to be treated, or because they make the irradiated 

food radioactive. Expert committee of WHO/IAEA/FAO approved three 

types of ionizing radiation to be used in food irradiation and other medicinal 

materials (WHO, 1988). They are:  

1. Gamma rays from radioisotopes cobalt-60 or cesium-137 is most often 

used in food irradiation application because of its high penetrating 

power and low costs. 

2. Electron beams generated from machine sources operated at or below 

an energy level of 10 Mev.  

3. X-ray generated from machine sources operated at or below an energy 

level of 5 Mev. 
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2.4. Radiation units  

Any radioactive source has certain intensity. This intensity is measured 

in Curie (Ci) or Becquerel (Bq). 1 Ci = 3.7×1010 Bq. 

 When an ionizing radiation emitted from a radioactive source 

penetrated into a medium (a food for example) all or part of the radiation 

energy is absorbed by that medium. The quantity of radiation energy absorbed 

by the food called the absorbed dose which is measured in “rad”. It is the 

most important and critical factor in food irradiation. It was defined as a unit 

equivalent to the absorption of 100 ergs/g of matter. The new unit used now 

according to the International system is the Gray “Gy”; it is equal to the 

absorption of 1 J/Kg. 

! Gy = 100 rad 
1 kGy = 100 Krad 
1 Mrad = 106 rad = 10 kGy 

 The amount of ionizing radiation energy absorbed in a unit of time is 

called the”dose rate”. Radiation exposure is measured in Röentgen (R) and now 

in Culomb. The assign radiation hazard of the chronic action of radiation on 

human is measured by irradiation equivalent man (rem) and now in Sievert (SV).   

2.5. The process of food irradiation  

In the process of food irradiation, the packaged food is placed into a 

shielded chamber and exposed to the energy source in such a way that this 

food absorbs the amount of energy necessary to accomplish the desired dose. 

After the specific dose is absorbed, the food is removed from the chamber, 

and is immediately ready to be further processed or consumed. 
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2.6. Benefits of irradiation  

Irradiation of food has many benefits which can be briefly summarized as 

follows: 

1. One of the principal values of food irradiation arises from the ability of 

ionizing radiation to destroy contaminating microorganisms with no or 

with slight rise in the temperature of the irradiated food, thereby keeps 

its freshness and characteristics.  

2. Treating food with gamma rays offers benefits to consumers, retailers, 

and food manufactures such as improved hygienic quality, replacement of 

chemical treatments, and extended shelf-life.  

3. Choosing a large number of packaging materials which used in food 

packaging. This is because irradiation process has no or slight raise in 

temperature and gamma radiation usually used in irradiation process has 

high penetrating power. 

4. Irradiation process, in addition to its high efficacy, is considered reliable 

and safe technique. No residues, no radioactive. 

5. Continuous nature of the process ensures mechanical and fully automated 

handling of the products needed to be irradiated, thereby virtually 

eliminating the human factor in the radiation process. 

6. Simplicity. Only one process variable (exposure time, i.e. dose) needs to 

be controlled in gamma irradiation. In contrast, decontamination of spices 

and herbs (for example) by ethylene oxide (ETO) needs seven variables 

(temperature, time, pressure, vacuum, gas concentration, packaging and 

humidity) and six variables (temperature, time, pressure, vacuum, 

packaging and humidity) are needed in case of heat treatment of food. 
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2.7. Safety and wholesomeness of irradiated food  

Irradiation does cause changes in food, all of which have been found to 

benign. More than 40 years of multi species, multi generational animal studies 

have shown no toxic effects from eating irradiated foods. Additionally, human 

volunteers consuming up to 100% of their diets as irradiated food have shown 

will effect (Diehl, 1995). Scientific investigators have determined that free 

radicals and other compounds produced during irradiation are identical to 

those formed during cooking, streaming, roasting, pasteurization, freezing and 

other forms of food preparation (Thorne, 1991 and Diehl, 1995).  

Irradiated food produced under established Good Manufacturing 

Practice (GMP) to be considered safe and nutritionally adequate (AMA, 1993). 

This is because: 

1. The process of irradiation will not introduce changes in the composition 

of the food which, from a toxicological point of view, would impose and 

adverse effect on human health. 

2. The process of irradiation will not introduce changes in the microflora 

of the food which would increase the microbiological risk to the 

consumer. 

3. The process of irradiation would not introduce nutrient losses in the 

composition of the food, which, from a nutritional point of view, would 

impose and adverse effect on the nutritional status of individuals or 

populations.  

This point mean that irradiation of food does not make food radioactive 

and represent no toxicological hazard and introduces no special nutritional or 

microbiological problems. Feeding study with 60 Wister rats consuming 

irradiated dried mackerel did not, however, reveal any treatment related 

effect. 
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Pauli and Tarantina (1995) prepared a comprehensive review on the 

information of FDA requires establishing the safety of proposed applications 

of food irradiation. The agency covered four broad areas: radiobiological 

safety, toxicological safety, microbiological safety and nutritional adequacy. 

The review concluded that, food irradiation will not change the composition of 

food and as a result would have no toxicological effect on human health. In 

addition, irradiation will not lead to nutrient losses, so will not affect 

nutritional status of people. 

Irradiation carried out under conditions of Good Manufacturing 

Practice, is recommended as a safe and effective food processing method that 

can reduce the risk of food poisoning and preserve foods without 

deterioration to health and with minimum effect on nutritional quality. This 

view has been endorsed by international bodies such as the WHO, FAO and 

Codex Alimentarius (IFST, 1999). 

2.8. Consumer acceptance of irradiated foods  

For many years most consumers have expressed less concern about food 

irradiation than other food processing technologies. Attitude studies have 

demonstrated that when given science-based information; from 60% to 90% 

of consumers prefer the advantages irradiation processing provides. When 

information is accompanied by samples, acceptance may increase to 99%. 

Information on irradiation included, address environmental safety issues, and 

endorsements by recognized health authorities’ educational and marketing 

program should now be directed toward retailers and processors. Given the 

opportunity, consumers will buy high-quality, safety-enhanced irradiated food 

(Bruhn, 1998). One of the most successful market trails was carried out in 
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1991 in a small food store in Chicago, USA. Irradiated strawberries, oranges, 

and grape fruits out sold the non-irradiated fruits by a gilt ratio. In the 

following season irradiated strawberries became the number one best seller in 

that store with the ratio expanding to 20:1 over the non-irradiated product. 

This positive experience has encouraged approximately 60 stores in Indiana, 

Illinois and Ohio to sell a variety of irradiated foods (IFST, 1999).   

2.9. Regulation on food irradiation  

The first commercial use of food irradiation occurred in 1957 in 

Germany; when a spice manufacture in Stuttgart began to improve the hygienic 

quality of its products by irradiating them with electrons, using a Van de Graff 

generator. Regulations on Food irradiation vary widely from broad acceptance 

of a few food items. In 1981, the FAO/ WHO/ IAEA Expert Committee on the 

Wholesomeness of Irradiated Food (JECFI) concluded that “any food 

irradiated up to an average dose of 10.0 kGy (1 Mrad) or less is wholesome for 

humans and, therefore, should be approved without future testing (WHO, 

1981)”.  

In 1983, the Codex Alimentarius Commission (CAC) represented by some 

130 governments, decided to adopt a Codex General Standard for irradiated 

foods (FAO, 1992). The Codex Standard was recommended by CAC to all its 

number countries for acceptance in 1984.  

In fact, starting from the early 1980’s several advanced countries 

including Canada, Denmark, France, The Netherlands, UK, USA…………etc, and 

many developing countries including Bangladesh, Brazil, Chile, China, Egypt, 

India, Republic of Korea, Mexico, Thailand……etc, have approved food 

irradiation following the principles of the Codex Standard. 
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The WHO encourages the use of the process, which it described as “a 

technique for preserving and improving the safety of foods (WHO, 1988)”. In 

1997, an FAO/ IAEA/ WHO study group on high dose irradiation examined the 

safety studies carried out on food irradiated with dose higher than 10.0 kGy. 

The study group concluded that food irradiated to any dose appreciate to 

achieve the intended technological objectives is both safe to consume (WHO, 

1999). 

To date, more than 50 countries have given approvals for over 100 food 

products to be irradiated. For example, the food control of irradiation 

regulations in the UK cleared seven categories of foods for irradiation to 

specified doses; for example: fruits (2 kGY), vegetables (1 kGy), cereals (1 

kGy), spices and condiment (10 kGy). The regulations also make provision for 

labeling to ensure that consumers are fully informed whether foods or 

ingredients within them have been irradiated (Loaharanu, 1995 and IFST, 

1999). The US food and Drug Administration (FDA) permits doses of ionizing 

radiation up to a maximum absorbed dose of 8 kGy for the purpose of 

controlling pathogens on seeds intended for sprout production (FDA, 2000). 

A petition field by a coalition led by the National Food Processors 

Association proposes that use of ionizing irradiation at doses of up to 4.5 kGy 

be allowed for the control of food borne pathogens in a number of foods 

including fresh and processed fruits and vegetables (Anonymous, 2000). 
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3. Irradiation of minimally processed vegetables  

The main aim of irradiating minimally processed vegetable products is to 

reduce their microbial load, thereby extending shelf-life and to eliminate non-

spore forming pathogens thus ensuring hygienic quality and safety. 

Minimally processed vegetables are typically peeled, sliced, diced or 

shredded prior to packaging. These steps may increase the microbial load and 

growth rates as well as possible contamination with food borne pathogens. The 

use of irradiation for preservation of fresh vegetables and their minimally 

processed produce, as a single treatment or combined with others, has been 

reported (Langerak, 1978; Kader, 1986; Chervin and Boisseau, 1994 and 

Lu et al., 2005). 

3.1. Effect of irradiation on microbial load of minimally 
processed vegetables  

Generally irradiation has been shown to be effective in reducing the 

microbial population of minimally processed vegetables. Chervin and Boisseau 

(1994) found that the initial aerobic mesophilic flora in industrial minimally 

processed shredded carrots was 6.7 cfu/g. They added that growth of aerobic 

mesophilic flora and lactic acid microflora (predominant spoilage microflora) of 

shredded carrots was strongly inhibited by irradiation (2 kGY). Lactic acid 

microflora in irradiated samples was always below detectable level (0.6 log 

cfu/g). 

Farkas et al. (1997) reported that 1 kGy dose of gamma radiation was 

sufficient to reduce bacterial load, improve microbiological shelf-life of pre-

cut peppers and carrots. Hagenmaier and Baker (1998a) treated shredded 
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carrots in modified atmosphere packaging with low dose irradiation (0.5 kGy) 

in order to determine whether additional reduction of microbial population 

would be achieved for carrots previously treated with chlorine. They found 

that commercially prepared shredded carrots treated with irradiation had a 

mean microbial population of 1.3x103 cfu/g at the expiration date (9 days 

after irradiation) compared with 8.7x104 cfu/g for non irradiated, chlorinated 

controls. They added that irradiation appears to be a suitable technology for 

shredded carrots. 

Prakash et al. (2000a) found that irradiation doses of 0.5 and 2 kGy 

reduced the initial microbial counts of diced celery by 1.5 and more than 4 

logs, respectively. The microbial counts of both irradiated samples did not 

exceed 7 logs for the duration of study. Twenty two days at 5°C could be 

considered the end of shelf-life based on microbial growth. Moreover, they 

added that no yeast and mold growth was observed in 1 kGy treated samples 

during 22 days storage at 5°C. 

Prakash et al. (2002) reported that irradiation at 0.5 kGy can reduce 

the microbial counts of diced tomatoes substantially to improve the microbial 

shelf-life without any adverse effect on sensory qualities. Fan et al. (2003) 

found that 2 and 3 kGy of radiation completely eliminated microflora of fresh-

cut iceberg lettuce.  

Chaudry et al. (2004) studied the effect of irradiation on the quality 

of minimally processed carrots. They found that the total aerobic bacterial 

count for non-irradiated carrots samples were 6.3x105 cfu/g. Low irradiated 

dose of 0.5 kGy reduced this count to 3.0x102 cfu/g. Carrot samples 

irradiated at 1, 2 and 3 kGy had total aerobic bacterial count less than 10 

cfu/g. Moreover, 2 kGy completely controlled the fungal count upon storage. 
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Koorapati et al. (2004) studied the effect of electron-beam irradiation 

on microbial counts of mushroom slices. They found that irradiation levels 

above 0.5 kGy; i.e. 1.0, 3.1 and 5.2 kGy reduced total plate counts, yeasts, 

moulds and psychrophilic counts to below detectable levels and prevented 

microbial-induced browning. Irradiation at 1 kGy was most effective in 

extending the shelf-life of mushroom slices at 4°C and 90% relative humidity 

as control samples were spoiled after day 9 while 1 kGy irradiated samples 

were sensorial acceptable up to 21 days. Lu et al. (2005) found that the 

number of bacteria and fungi in fresh cut celery was decreased by the order 

of 102 and 101, respectively, with 1 kGy of irradiation. Ahn et al. (2005) found 

that irradiation doses up to 2 kGy significantly reduced (2 – 3 log cfu/g) the 

microbial counts of minimally processed Chinese cabbage.  

3.2. Effect of irradiation on foodborne pathogenic 
bacteria of minimally processed vegetables  

  The safety of food is very important to consumer's health. Minimally 

processed vegetables can be a source of various food borne pathogenic 

bacteria such as Salmonella, Shigilla, E. coli, L. monocytogenes, A. hydrophila, 

……………etc. Several investigators have shown that, irradiation approved to be a 

most suitable and an effective method for eliminating human foodborne 

pathogens on fresh fruits and in fruit juices, fresh cut vegetables or salads 

and seeds sprouts with maintenance of their freshness and quality attributes 

(Chervin and Boisseau, 1994; Farkas et al., 1997 and Prakash et al., 
2000a). Thayer and Rajkowski (1999) concluded that ionizing radiation could 

penetrate the entire product to inactivate the pathogens, and it is a promising 

technology that could be used to improve the safety of ready-to-eat fruits 

and vegetables. The results of Prakash et al. (2000a) demonstrated that 

irradiation at 1 kGy of diced celery eliminated the inoculated L. monocytogenes 
and E. coli, a reductional of more than 5 logs.  
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Foley et al., (2002) found that irradiation at 0.55 kGy produced over a 

5 log reduction in E. coli 0157:H7 inoculated into shredded iceberg lettuce 

without causing adverse effects on sensory attributes. Low to medium dose 

irradiation of shredded iceberg lettuce can improve safety and microbiological 

shelf-life of lettuce for retail or food service. Thayer et al. (2003) found 

that an absorbed dose of 4 kGy eliminated viable Salmonella from naturally 

contaminated alfalfa seeds. The feasibility of gamma radiation to reduce the 

number of Salmonella spp. and E. coli 0157:H7 in minimally processed ice berg 

lettuce (shredded) was studied by Goularte et al., (2004) in order to ensure 

the Safety of the product. They found that exposing of minimally processed 

ice-berg lettuce to 0.7 kGy reduced the population of Salmonella spp. by 4 logs 

and E.coli by 6.8 logs without impairing the sensory attributes. 

Lu et al. (2005) found that bacteria of E. coli group (important from 

the view point of the public health) on fresh-cut celery were reduced to less 

than 30cfu/g, which was the safety level, when irradiated with 1 kGy. Hence, 

irradiation at 1 kGy was effective in ensuring the safety of that product. The 

results of Ahn et al. (2005) suggested that irradiation at 1 kGy or above can 

be used to enhance the microbial safety of cut Chinese cabbage without a 

significant loss in the quality attributes.   

Martins et al. (2004) found that irradiation dose of 1.7 kGy resulted in 

a 4 log reduction of Salmonella spp. population inoculated onto minimally 

processed watercress. Niemira et al. (2005) indicated that low irradiation 

doses (0.3 or 0.6 kGy) and modified atmosphere packaging can be combined to 

reduce level of L. monocytogenes and prevent its regrowth during refrigerated 

storage of minimally processed endive, thereby serving to protect the 

consumers. 
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Fig. (1): A typical survival curve for most 
microorganisms 

3.3. Mechanisms of ionizing radiation effects on 
microorganisms  

 Generally, the mechanism of microbial death as a result of ionizing 

radiation is a sequence of the ionizing action of high-energy radiation. Most 

studies indicated that the damage of the microbial DNA, which may result in 

loss of ability to reproduce, is a primary cause of lethality but damage of 

other sensitive and critical molecules (ell membranes, intercellular 

constituents of biological importance) may also have an effect. Ionizing 

radiation can affect microbial DNA by two mechanisms either directly by 

ionizing radiation energy which known as direct hit on the main target (DNA) 

or indirectly by the effect of primary water free radicals (Ho, OHo, é) known 

as water radiolysis and other reactive molecules which are formed as a result 

of ionizing radiation energy on the cell water (Ingram and Roberts, 1980). 

The OHo radical is the most important oxidizing agent, therefore, it is 

expected that microorganisms are more resistant to radiation in the dry state 

than in the presence of water.  

3.3.1. Radiation resistance of microorganisms (Radiation 
D10-values) 

The radiation resistance of 

microorganisms is measured by the 

so-called decimal-reduction dose 

(D10-value). D10-value, for a 

microbe is defined as the radiation 

dose (kGy) required to reduce the 

number of that microbe by a 10-

fold (one log cycle) or required to 

kill 90% of the total viable 
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numbers (Ingram and Roberts, 1980). D10-value can be measured graphically 

from the radiation- survival curve, which is obtained by plotting the log 

numbers of surviving cells against irradiation dose (kGy). A typical survival 

curve for most microorganisms is shown in Figure (1). In this case the slope of 

the curve (mostly straight line) indicates the D10-value. With certain 

microorganisms, a “shoulder” may appear in the low dose range before the 

linear slope. This “shoulder” may be explained by multiple targets and/or 

certain repair processes being operative at low doses.  

3.3.2.  Relative radiation resistance of microorganisms  

Microorganisms differ greatly in their resistance to ionizing radiation. 

The response of a microbial cell and hence its resistance to ionizing radiation 

depends on: 

1. The nature and amount of direct damage which produced within its vital 

target. 

2. The number, nature and longevity of radiation induced reactive chemical 

changes and the inherent ability of the cell tolerate or accurately repair 

either of the above. 

3. The influence of intra and extra cellular environment on any of the 

above.  

From the reported survival data resulting from the numerous 

investigations carried out on the effects of ionizing radiation on 

microorganisms (Ingram and Farkas, 1977), it can be noticed; 

• Generally, bacterial spores are considered more radiation resistant than 

vegetative bacteria. 
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• Among the vegetative bacteria, Gram-Positive bacteria are more 

resistant than Gram negative-bacteria. 

• Vegetative cocci are more resistant than vegetative bacilli. 

• The radiation sensitivity of moulds is of the same orders as that of 

vegetative bacteria. 

• Yeasts are more resistant to radiation than moulds and vegetative 

bacteria. 

• The anaerobic and toxigenic Clostridium spores are more radiation 

resistant than the aerobic non-pathogenic Bacillus spores. 

• The radiation resistance of viruses is much higher than that of bacteria 

or even bacterial spores. 

3.3.3.  Factors affecting radiation resistance of 
microorganisms  

There are many factors affecting sensitivity of microorganisms to 

ionizing radiation, i.e. influencing the shape of survival curves (Thornley, 

1963; Bruns and Maxcy, 1979; Yarmonenko, 1988; Thayer et al., 1990 

and Monk et al., 1995). The most important of these factors are: 

1. Size and structural arrangement of DNA in the microbial cell. 

2. Compounds associated with DNA. The DNA in the cell is associated with basic 

peptides, nucleoproteins, RNA, Lipids, Lipoproteins and metal ions. In different 

species of microorganisms these substances may modify indirect effects of 

radiation differently. 

3. Presence or absence of oxygen. The presences of oxygen during the radiation 

process increase the lethal effect on microorganisms. Under completely 
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anaerobic conditions the D10-values of some vegetative bacteria increase with a 

factor of 2.5 to 4.7, in comparison with aerobic conditions. 

4. Water content. Microorganisms are most resistant when irradiated in dry 

conditions. This is mainly due to the low or absence of free radicals formed 

from water molecules by irradiation and so that the level of indirect effect on 

DNA is low or absent. Irradiation of food in the frozen state increases the 

radiation resistance of many vegetative bacteria by a factor of about 2. 

5. Temperature. Elevated temperature treatments generally in the sublethal range 

above 45°C synergistically enhance the bactericidal effects of ionizing radiation 

on vegetative cells. Vegetative microorganisms are considerably more resistant 

to irradiation at sub freezing temperatures than at ambient temperatures. This 

is attributed to a decrease in water activity at subfreezing temperatures. In 

the frozen state, moreover, the diffusion of radicals is very much restricted. 

6. Medium. The composition of medium surrounding the microorganisms plays an 

important role in dose requirement for microbiological effect. D10-values for 

certain microorganisms can differ considerably in different media. 

7. Post-irradiation conditions. Microorganisms that survive irradiation treatment 

will probably be more sensitive to environmental conditions (temperature, pH, 

nutrients, inhibitors, etc) than are untreated cells. 

3.4. Effect of irradiation on chemical quality attributes 
of minimally processed vegetables 

Irradiation of minimally processed vegetables may affect their chemical 

quality attributes such as total sugars, amino acids, fatty acids vitamin C, 

polyphenol oxidase  activity, caroteins……etc. Chervin and Boisseau (1994) 

found that total sugars content in tissues of ready-to-eat shredded carrots 

increased as a result of irradiation (2 kGy). They added that irradiation also 

prevented losses of orange colour and carotenes.  
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Vitamin C is an important nutrient of plant origin. The effect of 

irradiation on vitamin C content of fresh and their minimally processed 

produce is controversial. Either no effect or a decrease in vitamin C content 

as a result of irradiation of potatoes and other tuber crops has been reported 

by Thomas (1984). Graham and Stevenson (1997) have shown that 

irradiation at dose of 1, 2 and 3 kGy reduced the total ascorbic acid (TAA) 

(ascorbic acid plus hydroascorbic acid) contents of strawberries and potatoes, 

but this reduction is small compared with the variation among cultivars, and 

most of the irradiation induced  reduction in total ascorbic acid content 

disappeared during storage. Early, Langerak (1978) found that the loss of 

total ascorbic acid during storage to be much larger than the loss caused by 

irradiation for pre-cut endives. Fan and Sokorai (2002) found that irradiation 

at 1, 2, 3 and 4 kGy reduced the ascorbic acid (AA) of fresh-cut lettuce but 

did not affect the total ascorbic acid content (TAA). Furthermore, TAA levels 

decreased during storage for both non irradiated and irradiated lettuce. 

There have been different results reported for irradiation effects on 

the phenolic compounds in the food. Villavicencio et al. (2000) reported that 

irradiation at 10 kGy significantly reduced the total phenolics in Brazilian 

bean. However, Fan et al. (2003) reported that irradiation increased 

antioxidant and phenolics contents of fresh-cut iceberg lettuce through 

inducing phenolic synthesis. Koorapati et al. (2004) found that electron-beam 

irradiation of mushroom slices at 0.5, 1.0, 3.1 and 5.2 kGy did not affect the 

polyphenol oxidase activity.  

Lu et al. (2005) indicated that the polyphenol oxidase (PPO) activity of 

fresh-cut celery was significantly inhibited by irradiation at 1.0 and 1.5 kGy. 

Vitamin C was largely lost after cutting, because of increased surface content 



Literature Review 
_________________________________________________________________________ 

 47

with oxygen. Irradiation was able to reduce loss in vitamin C and irradiated 

(0.5, 1.0 and 1.5 kGy) fresh-cut celery had good nutritive value on the 6th day 

of storage at 4°C. The total sugar content of fresh cut celery was increased 

by irradiation, compared with non irradiated celery. They concluded that the 

vitamin C, soluble solids and total sugars of irradiated fresh cut celery were 

better than those of non irradiated ones. Ahn et al. (2005) found that 

irradiation effectively inhibited the changes of the titrable acidity and pH of 

minimally processed Chinese cabbage. Antiradical and antioxidant activity, and 

the phenolic content were slightly increased by irradiation at 0.5 kGy. While 

the phenolic contents were reduced by irradiation over 1 kGy.  

3.5. Effect of irradiation on sensory quality attributes 
of minimally processed vegetables 

Irradiation applied to fresh-cut vegetables for improving the 

microbiological safety and shelf-life extension, can improve or cause changes 

on sensory quality attributes of the products. The effect of irradiation on the 

sensory quality attributes of minimally processed vegetables has been studied 

by several researchers.  

Chervin and Boisseau (1994) reported that irradiation at 2 kGy of 

ready-to-eat shredded carrots was sensorially better than standard 

processing. Hagenmaier and Baker (1998a) found that the texture of 

shredded carrots packed under modified atmosphere packaging was virtually 

the same for irradiated (0.5 kGy) and control. Prakash et al. (2000a) found 

that irradiated (1 kGy) diced celery samples maintained their colour, texture 

and aroma longer than the other treated samples (acidified, blanched or 

chlorinated) and were preferred in the sensory tests. Prakash et al. (2000b) 
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found ten percent loss in firmness of fresh-cut lettuce at 0.35 kGy, while 

other sensory attributes such as colour, generation off-flavor and appearance 

of visual defects were not affected.  

Fan and Sokorai (2002) found that the overall visual appearance was 

best for fresh-cut iceberg lettuce irradiated at 1 or 2 kGy. Meanwhile, 

samples irradiated at 4 kGy were much less firm than non irradiated samples 

after 3 and 7 days of storage at 3°C. Niemira et al. (2003) found that, at 

20°C radiation doses sufficient to achieve a 5-log cycle (3.9 to 4.6 kGy) of 

listeria monocytogenes caused significant softening of pears and broccoli 

stems but not of corn or lima beans. Lower doses of comparable antimicrobial 

efficiency delivered at 5°C (2.5 to 3.1 kGy) did not cause significant changes in 

texture in any vegetable. Fan et al. (2003) reported that the fresh cut 

iceberg lettuce samples treated with 1 kGy of radiation had similar or better 

sensorial quality than the non irradiated samples throughout the 14 days of 

storage at 3°C. They added that irradiation had no effect on the firmness or 

Hunter colour parameters of the minimally processed iceberg lettuce. Chaudry 

et al. (2004) indicated that gamma radiation doses up to 3 kGy did not change 

the texture of minimally processed carrots, but they found that this 

irradiation dose decreased the appearance and flavor scores. Goularte et al. 

(2004) found that minimally processing iceberg lettuce (shredded) exposed to 

0.9 kGy did not show any changes in sensory quality attributes. However, the 

texture of the vegetable was offered during the exposition to 1 kGy. 

 Koorapati et al. (2004) found that the firmness of all mushroom slices 

samples irradiated at 0.5, 1.0, 3.1 and 5.2 kGy was similar during storage 

except for the 5.2 kGy. Colour was preserved by irradiation as evidenced by 

the higher L* value.  
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Martins et al. (2004) reported that irradiation of minimally processed 

watercress at 1 kGy can extend the shelf-life of the product without changing 

its sensory characteristics negatively. They found that irradiation at 3 and 4 

kGy decreased the acceptability scores, but this decrease was not 

significantly at zero time. Lu et al. (2005) reported that the sensory quality 

attributes (general appearance, wilting, browning and odor) of irradiated (1 

kGy) fresh-cut celery were better than those of none irradiated throughout 

the storage period (9 days at 4°C). The results of Ahn et al. (2005) suggest 

that irradiation at 1 kGy or above can be used to enhance the microbial safety 

of cut Chinese cabbage without a significant loss in the quality attributes. 

Niemira et al. (2005) found no significant difference in texture (maximum 

shear force) of fresh-cut endive resulting from irradiation at 0.3 or 0.6 kGy in 

any studied atmosphere, at any given sampling data (up to 14 days at 4°C).   

4. Irradiation of minimally processed fruits  

Minimally processed fruits or fresh-cut fruits (ready –to-eat) provide a 

source of readily, nutritious, convenience and fresh-like quality products. 

However, questions have been raised about the safety and quality of this class 

of food products because of the ability of some pathogenic bacteria to grow 

on it. Fernandez-Escartin et al. (1989)  and Leverentz et al. (2001) proved 

the ability of Salmonella, Shigella and Listeria monocytogenes to grow on 

sliced apple, papaya, watermelon, cantaloupe and honey dew.  

Although extensive research have been conducted on the application of 

ionizing radiation to improve quality and safety of minimally processed 

vegetables, very few is published about the influence of irradiation on 

minimally processed fruits (fresh-cut fruits). These very few published papers 
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only studied the influence of irradiation on the firmness or texture and 

respiration rate of fresh-cut fruits. 

Gunes et al. (2001) studied the effect of gamma irradiation (up to 5.0 

kGy) on the texture of minimally processed apple slices. They found that 

firmness decreased as irradiation dose increased beyond a 0.36 kGy 

threshold. But firmness of irradiated apples slices was slightly higher after 3 

and 6 days cold storage in comparison with nonirradiated ones.  

Gunes et al. (2000) studied the effect of irradiation on respiration 

and ethylene production of apple slices and found that irradiation doses less 

than 1.2 kGy of apple slices from four cultivars had no effect on respiration 

and ethylene production. Irradiation at dose between 1.2 and 2.4 kGy had 

minimal effect for all cultivars. On the other hand, the maximum respiration 

occurred in 3-6 kGy dose range. The results suggested that irradiation doses 

up to 2.4 kGy can used with minimum effect on the respiratory physiology of 

tissues. On the other hand, early studies on fresh fruits by Romani et al. 

(1966) proved that higher doses of irradiation (6-10 kGy) resulted in a 

reduced respiratory activity compared with that of control fruits or those 

irradiated at lower levels (2.0-2.5 kGy). 

 Several studies have been published on the irradiated whole fruits 

(Maxie and Abdel-Kader, 1966; Maxie, 1968; Barkai et al., 1971; Maxie 

and Sommer, 1995 and Hegazi et al., 2000). The purpose of these studies 

was to alter rates of ripening, control of post harvest microbial and spoilage 

disinfect. Through studies, which have been conducted on either whole fresh 

fruits or minimally processed fruits (fresh-cut fruits), did not include 

foodborne human pathogens. According to our knowledge, information on the 

effect of irradiation on shelf-life quality and safety of minimally processed 

fruits is not available up to date. 



MATERIALS AND METHODS 

1. Selection of minimally processed vegetables and 
fruits 

Two types of most important commercially available and marketed 

minimally processed vegetables (fresh-cut carrots and mixed vegetables salad) 

were chosen. Fresh-cut pears were also selected to represent minimally 

processed fruits, but it manually prepared at the laboratory.  

1.1. Preparation and processing 

1.1.1. Fresh-cut carrots 

Fresh-cut carrots (Daccus carrota) were commercially prepared and 

processed according to the local commercial preparation, which may include 

washing of intact medium size carrot roots (3 to 4 cm diameter) with tap 

water, peeling and discarding 1 cm from the crown and from the tip of each 

carrot. Then, carrots were mechanically cuted into rings (1 - 1.5 cm thick). The 

carrot rings were packed in foam bags (250 g in bag) and wrapped with thin 

film (thickness 10 µm) of polyvinylchloride (non-perforated, permeable, and 

shelf-clinging).  

1.1.2. Mixed vegetables salad 

Mixed vegetables salad (consists of fresh-cut lettuce, fresh-cut red 

cabbage, fresh-cut white cabbage, shredded carrots) was prepared and 

processed according to the local commercial preparation, which may include 

washing of fresh raw vegetables, mechanically cutting or shredding, mixing and 

packaging in heat sealed polyethylene  bags (thickness 0.02 mm) (approx. 400 

g). Shelf-life data printed on the bags was 7 days at 4°C.  
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1.1.3. Fresh-cut pears 

Partially ripened pears (Pyrus communis L., variety leconte) at 

commercially maturity stage, based on external colour and firmness, were 

purchased (at the same day of harvest) from the farmer and brought to the 

laboratory. Intact pears fruits of uniform size (130 – 140 g) were manually 

prepared in the laboratory, where they were rinsed with 0.02% sodium 

hypochlorite to reduce the surface microbial load. The fruits were washed 

with tap water and manually peeled and cut into quarters with sharp stainless 

steel knife. A part of pear quarters were cored and dipped in tape water for 3 

min (served as control). Another part of pear quarters were also cored but 

dipped in tap water containing 2% ascorbic acid and 1% calcium lactate for 3 

min to control enzymatic browning and loss of firmness. The dipped pear 

quarters were left to drip-dry for 15 minutes in a perforated cage. The dried-

pear quarters, were packaged in foam bags and wrapped with thin film 

(thickness 10µm) of polyphenylchloride (non-perforated, permeable, self-

clinging). Each package contains 4 quarters (approximately 100 g) from 

different fruits.  

2. Collection of survey samples 

Fifteen retail packages of commercially fresh-cut carrots (each package 

approx. 250 g) as well as 15 retail packages (each package approx. 400 g) of 

commercially mixed vegetables salad were collected from different 

supermarkets at Cairo. All these samples were transported to the laboratory 

in an ice-box and analyzed immediately after delivery. Also, 15 samples of 

fresh-cut pears (each sample consists of three fresh-cut pear packages) were 

manually prepared as mentioned above in the laboratory. All these samples 

(45) were tested for their microbiological quality. 
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3. Irradiation experiments  

Sixty retail packages of commercially fresh-cut carrots as well as 60 

packages of commercially mixed vegetables salad were purchased (at the same 

day of receiving) from local supermarket at great Cairo and used for 

irradiation and storage. Sixty packages of laboratory prepared fresh-cut 

pears were also used for irradiation and storage.  

4. Irradiation process  

Fresh-cut carrot samples were subjected to 0.0, 2, 4 and 6 kGy, while 

mixed vegetables salad samples and fresh-cut pears samples were subjected 

to 0.0, 1, 2 and 3 kGy. Irradiation treatments were performed at the National 

Center for Radiation Research and Technology (NCRRT), Nasr City, Cairo, 

Egypt. The irradiation facility used was Russian CO-60 Irradiator model ISS 

LEDOVATED. The dose rate of this source was 6.66 kGy/h at the time of 

irradiation of fresh-cut carrots; 5.45 kGy/h in case of mixed vegetables salad 

and 4.62 kGy/h in case of fresh-cut pears. The dose rate was established 

using alanine transfer dosimeter. Variations in radiation dose absorption were 

minimized by placing the samples within a uniform area of the radiation field.   

5. Storage  

All irradiated and non irradiated package samples were stored at 4°C±1, 

for the length of study. 
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6. Methods of analysis 

All analysis was carried out on three packages (3 samples), each 

sampling day. Thus, each figure in the results was expressed as the average of 

the three replicates.  

6.1. Microbiological analysis 
For microbiological analysis, each package of different minimally 

processed vegetables and fruits samples were wiped dry and sanitized with 

70% ethanol before opening. Twenty five grams of chopped samples were 

homogenized for 1 min with 225 ml of 0.1% peptone solution containing 0.85% 

sodium chloride in a Stomacher bag (Stomacher 400, Seward, London, UK). 

Serial dilutions (ten-fold dilutions) of samples homogenate were prepared 

using the same solution. Three appropriate decimal dilutions were chosen for 

plating (on duplicates) on the selective media. 

Media and reagents used in microbiological analysis  

Media used (The contents of each medium were in g/L)  

1. Plate count agar (PCA) 

Tryptone 5.0 

Yeast extract  2.5 

D-Glucose 1.0 

Sodium chloride 5.0 

Agar 15.0 

pH 7.0 ± 0.1 

The ingredients were dissolved in the water by steaming, the pH was adjusted and 
the medium was sterilized by autoclaving at 121°C for 15 min. 

2. MacConkey’s broth 

Peptone 20.0 

Bile salts 5.0 

Sodium chloride 5.0 
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Lactose 10.0 

Bromocresol purple 0.01 

pH 7.1 ± 0.1 

The ingredients were dissolved (except indicator) in the water by steaming, the pH 
was adjusted, the indicator was added. The medium was mixed well and distributed 
(7-9) ml in test tubes each containing Durham’s tube, then sterilized by autoclaving 
at 121°C for 15 min. 

3. Eosin Methylene blue agar 

Peptone 10.0 

Lactose 10.0 

Dipotassium hydrogen phosphate 2.0 

Eosin Yellowish 0.4 

Methylene blue 0.065 

Agar 15.0 

pH 6.8 ± 0.2 

The ingredients were dissolved in the water by steaming, the pH was adjusted, and 
the medium was sterilized by autoclaving at 121°C for 15 min. The medium was cooled 
to 50°C and shacked in order to oxidized the methelene blue (restore it’s blue colour) 
and suspended the precipitate which is an essential part of the medium and poured in 
plates. 

4. Tryptone water broth 

Tryptone 10.0 

Sodium chloride 5.0 

pH 7.2 ± 0.2 

The ingredients were dissolved in the water by steaming, the pH was adjusted. The 
medium was distributed (7-9) ml in test tubes, then sterilized by autoclaving at 121°C 
for 15 min. 

5. Glucose phosphate broth 

Peptone 5.0 

D-Glucose 5.0 

Dipotassium hydrogen phosphate 5.0 

pH 7.5 ± 0.2 
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The ingredients were dissolved in the water by steaming, the pH was adjusted. The 
medium was distributed (7-9) ml in test tubes, then sterilized by autoclaving at 121°C 
for 15 min. 

6. Simmon’s citrate agar 

Sodium chloride 5.0 

Magnesium sulphate 0.2 

Ammonium dihydrogen phosphate 0.2 

Sodium citrate 2.0 

Bromothymol blue 0.08 

Sodium ammonium phosphate 0.8 

Agar 15.0 

pH 7.0 ± 0.2 

The ingredients were dissolved (except indicator) in the water by steaming, the pH 
was adjusted, the indicator was added. The medium was mixed well and distributed in 
test tubes, then sterilized by autoclaving at 121°C for 15 min and allowed to set in a 
slop position. 

7. Buffered peptone water 

Peptone 10.0 

Sodium chloride 5.0 

Disodium hydrogen phosphate 3.5 

Potassium dihydrogen phosphate 1.5 

pH 7.2 ± 0.2 

The ingredients were dissolved in the water by steaming, the pH was adjusted and 
the medium was sterilized by autoclaving at 121°C for 15 min. The medium was used as 
pre-enrichment medium for Salmonella. 

8. Selenite broth 

Sodium hydrogen selenite 4.0 

Peptone 5.0 

Mannitol 4.0 

Disodium hydrogen phosphate 7.5 

Sodium dihydrogen phosphate 4.0 

pH 7.1 ± 0.2 
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The ingredients were dissolved in the water by steaming. The pH was adjusted and 
then the medium was distributed (7-9 ml) in test tubes, then the medium was 
sterilized in water bath for 10 min.  

9. Brillient green phenol red agar modified  

Yeast extract 3.0 

Peptone 10.0 

Beef extract 5.0 

Disodium hydrogen phosphate 1.0 

Sodium dihydrogen phosphate 0.6 

Lactose 10.0 

Sucrose 10.0 

Phenol red 0.09 

Brilliant green 0.0047 

Agar 15.0 

pH 6.9 ± 0.2 

The ingredients were dissolved in 1 Liter distilled water by heating just to boiling 
with gentle agitation (no autoclaving). The medium was then cooled to about 50°C, 
mixed well, and poured in the plates. This medium was used as a selective medium for 
Salmonella detection. 

10. Triple sugar iron agar  

Lab-Lemco powder 3.0 

Yeast extract 3.0 

Peptone 20.0 

Sodium chloride 5.0 

Lactose 10.0 

Sucrose 10.0 

Dextrose 1.0 

Ferric citrate 0.3 

Sodium thiosulphate 0.3 

Phenol red 0.024 

Agar 15.0 

pH 7.4 ± 0.2 
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The ingredients were dissolved (except indicator) in the water by steaming, the pH 
was adjusted, the indicator was added. The medium was mixed well and distributed in 
test tubes, then sterilized by autoclaving at 121°C for 15 min and allowed to set in a 
slop position with about 3cm butt. 

11. Urea agar  

Peptone 20.0 

Dextrose 5.0 

Sodium chloride 10.0 

Disodium hydrogen phosphate 10.0 

Potassium dihydrogen phosphate 1.0 

Phenol red 0.024 

Agar 15.0 

pH 6.8 ± 0.2 

The ingredients were dissolved (except indicator) in the water by steaming, the pH 
was adjusted, the indicator was added. The medium was mixed well and sterilized by 
autoclaving at 121°C for 15 min. The medium was cooled to 50°C and aseptically added 
5ml of sterilized by filtration 40% urea solution, the mixed well and then distributed 
into sterile test tubes (about 10 ml in each) and allowed to set in a slope position. 

12. L-lysine decarboxylase broth  

Yeast extract 3.0 

Dextrose 1.0 

L-lysine 5.0 

Bromocrysol purple 0.016 

pH 6.1 ± 0.2 

The ingredients were dissolved in the water by steaming, the pH was adjusted and 
distributed into test tubes then, the medium was sterilized by autoclaving at 121°C 
for 15 min. 

13. Peptone water medium 

Peptone 10.0 

Sodium chloride 5.0 

pH 8.4 ± 0.1 

The ingredients were dissolved in the water by steaming, the pH was adjusted and 
the medium was sterilized by autoclaving at 121°C for 15 min. This medium is suitable 
for cultivation and enrichment of Aeromonas species. 
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14. Starch ampicillin agar (SAA)  
Beef extract 1.0 

Protease peptone 10.0 

Sodium chloride 5.0 

Phenol red 0.025 

Soluble starch 10.0 

Agar 15.0 

pH 7.4 ± 0.1 

The ingredients were dissolved in the water by steaming, the pH was adjusted and 
the medium was sterilized by autoclaving at 121°C for 15 min. The medium was cooled 
at 48°C, ampicillin was added to achieve a concentration of 10 mg/L. 

15. Aesculine hydrolysis broth  

Peptone 10.0 

Sodium citrate 1.0 

Aesculine 1.0 

Ferric citrate 0.05 

pH 7.0 ± 0.1 

The ingredients were dissolved in the water by steaming, the pH was adjusted and 
distributed (7-9) ml in test tubes, then sterilized was sterilized by autoclaving at 
121°C for 15 min.  

16. Listeria enrichment broth base  

Tryptone 17.0 

Soya peptone 3.0 

Sodium chloride 5.0 

Dipotassium hydrogen phosphate 2.5 

D-Glucose 2.5 

Yeast extract 6.0 

pH 7.3 ± 0.2 

Listeria selective enrichment supplement (Oxoid, SR 141 E) 

Vial contents of SR 141 to supplement 500 ml  

Nalidixic acid 20.0 mg 

Cycloheximide 25.5 mg 
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Eighteen grams of Listeria enrichment broth were supplemented in 500 ml of distilled 
water. After sterilization by autoclaving at 121°C for 15 min, cooled at 50°C and 
aseptically added the contents of one vial of Listeria selective enrichment supplement 
SR 141E, reconstituted with 2 ml of sterile distilled water, then these contents were 
mixed well and distributed into sterile containers in volumes (90ml). 

17. Listeria selective agar base (Oxford formulation, Oxoid CM 856) 

Columbia blood agar base 39.0 

Aesculine 1.0 

Ferric ammonium citrate 0.5 

Lithium chloride 15.0 

Agar 15.0 

pH 7.0 ± 0.2 

Listeria selective supplement (Oxford formulation, Oxoid, SR 140 E) 

Vial contents of SR 140 to supplement 500 ml  

Cycloheximide 200.0 mg 

Colistin sulphate 10.0 mg 

Acriflavine 2.5 mg 

About 27.5 g of Listeria selective agar base (oxford formulation CM 856) were 
suspended in 500 ml of distilled water. After sterilization by autoclaving at 121°C for 
15 min cooled to 50°C and aseptically added the contents of one vial of Listeria 
selective supplement (oxford formulation) SR 140E reconstituted with five ml of 
ethanol/ sterile distilled water (1:1), after that, the contents were mixed well and 
poured into sterile Petri dishes. 

18. Tryptone soya yeast extract broth  

Tryptone 17.0 

Soya peptone 3.0 

Sodium chloride 5.0 

Dipotassium hydrogen phosphate 2.5 

Yeast extract 6.0 

D-Glucose 2.5 

pH 7.3 ± 0.2 

The ingredients were dissolved in the water by steaming, the pH was adjusted and 
the medium was sterilized by autoclaving at 121°C for 15 min. 

 



Materials & Methods  
_______________________________________________________ 

 61

19. Tryptone soya yeast extract agar  

Tryptone 17.0 

Soya peptone 3.0 

Sodium chloride 5.0 

Dipotassium hydrogen phosphate 2.5 

Yeast extract 6.0 

D-Glucose 2.5 

Agar 15.0 

pH 7.3 ± 0.2 

The ingredients were dissolved in the water by steaming, the pH was adjusted and 
the medium was sterilized by autoclaving at 121°C for 15 min. 

20. Kanamycine aesculine azide agar  

Tryptone 20.0 

Yeast extract 5.0 

Sodium chloride 5.0 

Sodium citrate 1.0 

Ferrous ammonium citrate 0.5 

Kanamycine sulphate 0.02 

Aesculin 1.0 

Sodium azide 0.15 

Agar 15.0 

pH 7.1 ± 0.2 

The ingredients were dissolved in the water by steaming, the pH was adjusted and 
the medium was sterilized by autoclaving at 121°C for 15 min. The medium was cooled 
at 48°C and poured in plates. 

21. Baird Parker’s medium (Egg-yolk tellurite glycine agar) 

Tryptone 10.0 

Lab-lemco meat extract 5.0 

Yeast extract 1.0 

Lithium chloride 5.0 

Glycine 12 

Agar 20.0 

pH 6.8 ± 0.2 
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The ingredients were dissolved in the water by steaming, the pH was adjusted and 
the medium was sterilized by autoclaving at 121°C for 15 min. The medium was allowed 
to cool to 48 - 50°C and aseptically the following filtered sterilized solutions were 
added (to each 90 ml of the basal medium). 

Sodium pyruvate 20% (w/v) 5.0 ml 

Potassium tellurite 1% (w/v) 1.0 ml 

Egg-yolk emulsion 5.0 ml 

The complete medium was well mixed and poured immediately in plates. 

22. Man, Rogosa and Sharp (MRS) 

Peptone 10.0 

Meat extract 10.0 

Yeast extract 5.0 

D-Glucose 20.0 

Tween-80  1.0 

Dipotassium hydrogen phosphate 2.0 

Sodium acetate 5.0 

Triammonium citrate 2.0 

Magnesium sulphate, hydrated (MgSO4.7H2O) 0.2 

Manganese sulphate, hydrated (MnSO4.4H2O) 0.05 

Agar 15.0 

pH 6.0 ± 0.1 

The ingredients were dissolved in the water by steaming, the pH was adjusted and 
the medium was sterilized by autoclaving at 121°C for 15 min. 

23. Czapek′s-Dox yeast extract agar 

Sodium nitrate 2.0 

Potassium chloride 0.5 

Magnesium sulphate, hydrated (MgSO4.7H2O) 0.5 

Dipotassium hydrogen phosphate 1.0 

Ferrous sulphate, hydrated (FeSO4.7H2O) 0.01 

Yeast extract 5.0 

Sucrose 30.0 

Agar 15.0 

pH 6.8 ± 0.1 
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The ingredients were dissolved in the water by steaming, the pH was adjusted and 
the medium was sterilized by autoclaving at 121°C for 15 min. The medium was left to 
cool to 50°C and aseptically 100mg of chloramphenicol was added. 

24. Malt extract agar  
Malt extract 30.0 

Mycological peptone 5.0 

Agar 15.0 

pH 7.3 ± 0.2 

The ingredients were dissolved in the water by steaming, the pH was adjusted and 
the medium was sterilized by autoclaving at 121°C for 15 min. 

Reagents used 
• Lugol´s iodine reagent  

Iodine 1 g 
Potassium iodide 2 g 
D.W. 300 ml 

The aldehyde was dissolved in alcohol, then slowly acid was added, then store in 
refrigerator. 

• Kovacs’ indole reagent  
Dimethylaminobenzaldeyde  5 g 
Pentanol (amyl alcohol) 75 ml 
Conc. HCL 25 ml 

The aldehyde was dissolved in alcohol, then slowly acid was added, then store in 
refrigerator. 

• Methyl red reagent  
Methyl red 0.1 g 
Ethanol (95%) 300 ml 
Distilled water 500 ml 

The methyl red was dissolved in the ethanol and maked up to 500 ml with distilled water. 

• Voges-Proskaure test (Barritt’s) reagent  
Potassium hydroxide 16% solution  
α-naphthol 6% in 95% ethanol  

• Catalase test reagent  
H2O2(3% aqueous solution 10 vol.)  

• Oxidase test reagent  
1% tetramethyl-p-phenylenediamine dihydrochloride aqueous solution 
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 The methods used for detection, enumeration and isolation of bacterial 

species are those adopted and described by the American Public Health 

Association (APHA) (1992). Identification of the bacterial isolates was 

carried out according to the diagnostic key of Bergy's Manual (1994).  

The microbiological tests were:  

6.1.1.  Total aerobic bacteria (mesophiles) 

  Total aerobic plate counts (TAPC) were plated on plate count agar (PCA) 

medium using pour plate technique according to APHA (1992). The inoculated 

plates were incubated at 35°C for 3 days. The developing colonies were 

counted, and the TAPC were expressed as colony forming units (cfu) per gram 

of samples. 

6.1.2.  Total coliform  

Coliform bacteria that, in the presence of bile salts or other equivalent 

selective agents, can grow and produce acid and gas from lactose when 

incubated at 37°C. Total coliform were counted on MacConkey broth by Most 

Probable Number (MPN) technique using three test tubes with Durham′s tubes 

according to WHO (1993). The inoculated tubes were incubated at 37°C for 

24 – 48 h. The presence of acid (yellow colour) and gas (in Durham′s tubes) 

indicates positive tubes. 

6.1.3.  Escherishia coli  

Positive test tubes (containing coliform bacteria) were transferred to 

another tubes containing MacConkey broth and incubated at 44.4°C for 24 – 

48 h. The presence of acid (yellow colour) and gas from lactose indicates 

presence of E. coli. The suspected colonies as E. coli were streaked on eosin 

methelene blue (EMB) agar. The colonies appearance was greenish, metallic 
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sheen in reflected light, blue-black center. Confirmation of E. coli was carried 

out by IMViC tests (Indole-positive, Methyl red positive, Voges-Proskauer 

negative, grow at 44.4°C and can not utilize citrate as a sole carbon source) 

according to APHA (1992).  

• Indole production test (tryptophane hydrolysis): 

Indole test is a test for the production of indole from tryptophane. 5ml 
tryptone water test tubes were inoculated with E. coli isolates and incubated 
at 37°C for 2-7 days. 0.5ml Kovacs’ indole reagent were added to each tube. 
The tubes were shaked gently and then allowed to stand.  In the presence of 
indole, a deep red or pink colour appears in the upper layer only recorded as 
indole positive result. 

• Methyl red test: 

 Five ml glucose phosphate broth tubes were inoculated with E. coli isolates 

and incubation at 37°C for 2-7 days. Five drops of the methyl red indicator was 

added to 5ml of broth culture, a red colour is described as positive.  

• Voges-Proskauer (VP) test:  

Voges-Proskauer test is a test for the production of 
acetylmethylcarbinol from glucose.  E. coli isolates were inoculated into 5ml 
glucose phosphate broth and incubated at 37°C for 2-7 days. To a 5ml culture, 
1ml of Barritt’s reagent was added. The tubes were gently shaked, in which 
any acetylmethylcarbinol presented became oxidized to diacetyl. The diacetyl 
will combine with arginin, creatine and gave a red colour which record as a 
positive result.  

• Simmon’s citrate utilization test: 

Each E. coli isolate was streaked over the surface of a slant containing 
Simmon’s citrate agar medium which used for citrate utilization as a carbon 
source, and which contain bromothymol blue as pH indicator. After inoculation 
and incubation at 37°C for 2-7 days, if the microbe was able to grow and can 
utilized a citrate, the medium changes from green to bright blue. 
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6.1.4.  Detection of Salmonella typhimurium 
Salmonella was detected according to ISO 6579:1993 (Harrigan, 

1998). 25g of chopped sample was placed in 250 conical flasks containing 

225ml buffer peptone water (pre-enrichment medium). After incubation at 

37°C for 24 h, 1 ml of the each flask was transferred to a selenite broth tube 

and incubated at 37°C for 24h. Then, the culture was streaked on the surface 

of brilliant green agar plates. The plates were incubated at 37°C for 24h. 

Suspected Salmonella colonies (pink or red surrounded by a zone of bright 

red) were isolated and biochemicaly confirmed using biochemical tests (triple 

sugar iron agar, urea agar base, L-lysine decaboxylase and Voges-Proskaure 

test). 

6.1.5.  Aeromonas hydrophila  

Aeromonas hydrophila was counted on starch ampicillin agar medium using plate 

surface spreading technique according to Palumbo et al. (1985). The inoculated 

plates were incubated at 37°C for 24 – 48 h. After the incubation period, the plates 

were flooded (5 ml) with lugol's iodine solution and amylase-positive colonies (having a 

clear zone surrounding the colonies) were recorded as presumptive Aeromonas 

hydrophila. These colonies are typically 3 to 5 mm diameter and yellow to honey 

coloured. Confirmations of A. hydrophila were tested for their ability to hydrolyse 

aesculine broth, Voges-Proskaure (VP) test, and production of acid from L-arabinose, 

sucrose, and mannitol as described by Cowan and Steel (1974) and (Collins et al., 

1989). 

6.1.6. Enterococcus faecalis   

Enterococcus faecalis was enumerated on Kanamycin aesculine azid agar 

medium using surface spreading technique according to Mossel (1978). The 

inoculated plates were incubated at 37°C for 16-24 h. The porcelaneous 

colonies which are surrounded by black haloes were counted as Enterococcus 
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faecalis. Confirmation of E. faecalis was carried out by catalase test. In this 

test, 1ml of hydrogen peroxide was placed in a small clean test tube and 1ml of 

each Enterococcus culture withdrawn aseptically from broth culture was 

added. Effervescence, caused by the liberation of free oxygen as gas bubbles, 

indicates the presence of catalase in the culture under test.  Enterococcus 

faecalis grow at 45°C±1 and by microscopic examination show chain-forming 

Gram-positive cocci. 

6.1.7.  Staphylococcus aureus  

Staphylococcus aureus was counted on Baird-Parker medium using 

surface spreading technique according to ICMSF (1978). The plates were 

incubated at 37°C for 24 – 48h. The black colonies surrounded by a clear zone 

were counted as Staphylococcus aureus. Confirmation was carried out by Gram 

staining and by coagulase test using tube method. In this method, 0.5ml of 

plasma was placed into each of two small test-tubes. To one tube 0.5ml of 18-

24 broth culture was added. Both tubes were incubated at 37° and examined 

after 1h and at intervals for up to 24h. A coagulase-positive result was 

indicated by clotting where second tube served as control and should show no 

coagulation. 

6.1.8. Listeria monocytogenes  
Twenty five g of the tested samples were added to 225ml of Listeria 

selective enrichment broth and incubated at 37°C for 24h. 0.1 ml of incubated 

sample was plated on Listeria selective agar medium (Oxford formulation) using 

plate surface spreading technique. The plates were incubated at 37°C for 24 – 

48h. Colonies of Listeria monocytogenes on Oxford agar medium are 2 - 3mm in 

diameter with dark brown or black haloes (due to hydrolysis of aesculine), the 

colonies often have sunken centers. Suspected Listeria monocytogenes colonies 

were selected and isolated on tryptone soya yeast extract agar and then a colony 
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was randomly picked and inoculated into tryptone soya yeast extract broth which 

incubated at 25°C for 18 - 24h then, a motility test and a Gram stain, catalase, 

oxidase were performed according to ISO, 11290-2: 1997 (Harrigan, 1998). 

Listeria monocytogenes shows a tumbling motility, gram positive, non sporing rods, 

catalase-positive and oxidase-negative. 

6.1.9.  Lactic acid bacteria (LAB) 

Lactic acid bacteria (LAB) were counted on Man, Rogosa and Sharp 

(MRS) agar medium according to APHA (1992). The inoculum was plated 

between two layers of the medium and the inoculated plates were incubated at 

35°C for 3 days. 

6.1.10. Total mould and yeast  
  Total mould and yeast counts were counted on Czapek′s-Dox yeast extract 

agar medium according to Koburger and Marth (1984) using pour plate technique. 

The inoculated plates were incubated at 25°C for 3 – 5 days.  

6.1.11. Isolation and identification of fungi  
Under aseptic condition, each package of minimally processed fruits and 

vegetables under investigation was wiped with ethanol (70%) wetted cotton 

for surface sterilization before opening. Three packages were used for each 

product. Small pieces of each package from each product were plated on 

previously prepared plate (20 cm diam) of malt extract agar medium containing 

100 mg chloramephenicol to suppress bacterial growth. The seeded plates 

were incubated at 28°C for five days. The emerged fungi from each plate were 

purified using single spore technique at the same medium. The purified fungal 

isolates were transferred to individual slants of malt extract agar to maintain 

the stock isolates at 4°C. Taxonomic identification of all isolates was achieved 
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through morphological characters, macroscopic and microscopic observation in 

accordance with the description given for each genus. The identification of 

mould isolates was carried out by Prof. Ahmed Moharam under the supervision 

of Prof. Abd El-Aal Mobasher, Mycological Center, Faculty of Science, Assiut 

University.  

6.1.11.1. Preparation of fungal Spore suspension 

Fungal spore suspension was prepared for inoculation of minimally 

processed vegetables and fruits (as the substrate) and for determination of 

D-10 value for A. flavus isolate No. 23 (which approved to be the highest 

aflatoxin producer). Each fungal isolates of A. flavus was grown in 250 ml 

Erlenmeyer flasks (5 flasks), each contained 100 ml of Czapeks yeast extract 

agar medium at, 28°C for 14 days to promote sporulation. Spores were 

harvested by adding sterilized 0.1% tween-80 solution (as a surfactant), 

filtering though several layers of sterilized cheescloth, centrifuging (1085 g) 

for 15 min, and washing three times with sterilized distilled water and 

resuspending in sterilized tween-80 solution (Applegate and Chipley, 1974). 

The number of spores was determined and the spore suspension was adjusted 

to contain approximately 107 spores/ml. 

6.1.11.2. Screening for aflatoxin production  

All identified Aspergillus flavus and Aspergillus parasiticus isolates 

were screened for aflatoxin production in liquid medium and in the substrate. 

a) Screening for aflatoxin production in liquid medium 

Twenty three A. flavus isolates and one A. parasiticus isolate which 

were isolated from the minimally processed vegetables and fruits under 

investigation were tested for their ability to produce aflatoxins (B1, B2, G1, G2) 

in Czapek-yeast extract liquid medium. Each isolate from stock malt extract 
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agar slants was sub-cultured on Czapek-yeast extract agar plates and 

incubated at 28°C for 7 days. A disk of mycelium (0.3 cm diam.) was 

transferred by cork-borer into an Erlenmeyer flask (250 ml) containing 50 ml 

of Czapek's yeast extract liquid medium. The inoculated flasks were incubated 

at 28°C for 10 days. 

b) Screening for aflatoxin production in the substrate 

   The twenty three A. flavus isolates and the A. parasiticus isolate were also 

tested for their ability to produce aflatoxins in the substrate (minimally 

processed vegetables and fruits) from which they have been isolated. One ml (107 

spore/ml) spore suspension of each isolate was inoculated into 25g of radiation-

sterilized (20 kGy) minimally processed vegetables and fruits in 250 ml 

Erlenmeyer flask and incubated at 28°c for 10 days (three replicates were used).   

6.1.11.3. Extraction of aflatoxin  

a) Extraction of aflatoxin from liquid medium 

The inoculated flasks of 10-day old cultures were autoclaved at 121°C 

for 30 sec to facilitate aflatoxin extraction and to kill conidia (Tsai et al., 

1984). Then, aflatoxins were extracted (from mycelium and filtrate) by 

chloroform according to the method of AOAC (2000). The chloroform phase 

which containing the aflatoxins was filtered through filter paper over 

anhydrous sodium sulphate. The chloroform extract containing aflatoxins was 

evaporated to 1 ml using a rotary vacuum evaporator. 
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b) Extraction of aflatoxin from the substrate 

Aflatoxin was also extracted from the substrate by chloroform (AOAC, 

2000). 150 ml of chloroform were added to each flask containing a given 

amount of substrate. The flasks were mechanically shacked (200rpm) for 1h. 

The chloroform layer was passed through filter paper over anhydrous sodium 

sulphate. The chloroform extract containing aflatoxins was partially dried 

under vacuum to reach about 50 ml using a rotary vacuum evaporator. 

6.1.11.4. Purification of aflatoxin  

Substrate chloroform extract was purified and cleaned up by hexane and 

anhydrous diethyl ether though Silica gel-G column chromatograph. The aflatoxins 

were eluted by chloroform : methanol (93 : 3 V/V). The eluent was evaporated using 

rotary vacuum evaporator to near dryness (1-2 ml) as described by Eppley (1968). 

6.1.11.5. Detection of aflatoxin  

Aflatoxins were detected by thin layer chomatography using pre-coated 

glass plates (20x20 cm) with a thin layer (0.25 mm) of silica gel GF 254. 

Aliquots of 40 µL of the sample extract and 40 µL of aflatoxins (B1, B2, G1, and 

G2) standards (10 µL/ml in chloroform) were separately spotted on the TLC 

plates. The spotted plates were developed in chromatographic jar using 

chloroform : acetone (9 : 1 V/V) as a running solvent. After solvent front has 

advanced 13-15 cm above the origin of the spots, the chromatoplates were 

removed, dried and examined under UV lamp at a wavelength of 362 nm in a 

dark champer. Aflatoxins in the positive samples were identified by visual 

comparing their Rf and fluorescence with that of standards (AOAC, 2000).   
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6.1.11.6. Quantitative estimation of aflatoxin Spectroscopy  

One ml of each chloroform sample extract was spotted on 0.5 mm thick 

silica gel GF 254 plate (Nabney and Nesbitt, 1965). The plate was developed 

in chloroform : acetone (9 : 1 V/V). The fluorescence bands with Rf identical to 

the standards were scraped off, eluted with cold methanol (10 ml), filtered 

and estimated using ATI Unicam, 5600 series UV/VIS Spectrophotometer. 

Aflatoxins B1 and B2 were estimated as aflatoxin B at 360 nm and aflatoxins G1 

and G2 as G at 362 nm according to the formula:  
 

µg aflatoxins / g   =  

Where:  
A = Absorbance at 360 or at 362 nm 

M = Molecular weight (for B1 B2 = 312, for G1 G2 = 328) 

E = Extraction coefficient (for B1 B2 = 21.800, for G1 G2 = 17.700) 

6.1.12. Determination of D10-value  

The radiation resistance (D10-value) of Enterococcus faecalis, Listeria 

monocytogenes, Staphylococcus aureus, Salmonella typhimurium, E. coli and 

Aeromonas hydrophila which were isolated from the previous products and 

confirmed by Gram staining and biochemical reaction was determined. The D10-

value of A. flavus isolate No. 23 which isolated from fresh-cut carrots and 

proved to be the highest aflatoxin producer was also determined. 

a) Preparation of inoculum 

The stock cultures of the tested pathogenic bacteria were separately 

activated by growing each in 100 ml tryptic soy broth (TSB) at 37°C for 24h. 

The culture broths were diluted with sterilized 1% peptone water to obtain 

suspension of approx. 107 – 108 cfu/ml and used for inoculation of the samples 

A × M × 103 × 10

E × 1 × 25



Materials & Methods  
_______________________________________________________ 

 73

(work cultures suspension), To know the concentration of the work culture 

suspension, 1ml of appropriate dilutions was spreaded onto the surface of 

prepared plates of tryptic soy agar (TSA) and incubated at 37°C for 24h and 

counted. 

b) Inoculation 

Aseptic techniques were used throughout the inoculation procedure. 

Five hundred grams of each product in sealed polyethylene bags were exposed 

to 20 kGY of gamma radiation for sterilization. Each product was placed in a 

sterile flask containing 1000 ml of each pathogen work culture suspension and 

gently shacked for 3 min. The liquid was withdrawn and the samples were 

drained and kept at 30°C for at least 8 h for equilibrium. The same method of 

inoculation in the substrate was used for inoculation of A. flavus spore 

suspension. 

c) Irradiation 

After inoculation, 25 g of each inoculated product samples were packed 

in sterilized polyethylene bags and sealed. They were exposed to gamma rays 

with different irradiation doses (from 0.25 to 3.00 kGy). Three replicates of 

each pathogen were used in each dose.  

For determination of D-10 value of A. flavus in physiological saline 

solution, 1 ml of the spore suspension (107 spores/ml) was added to sterilized 9 

ml of saline solution (8.5 g/L) in test tubes, then exposed to incremental doses 

(0.0, 0.25, 0.5, 0.75, 1.00, 1.25 and 1.50 kGy) of gamma radiation. Three 

replicate tubes were used in each dose. 

d) Plating 

After irradiation, the samples were homogenized with 225ml of 1% 

peptone water in Stomacher for 1 min and decimal dilutions were done. 1 ml of 

selected dilutions of each microorganisms to be tested was transferred (in 
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duplicates) onto Petri dishes and poured by TSA medium in case of bacterial 

pathogen and incubated at 37°C for 24h and counted, while in case of A. flavus 

the plates were poured by malt extract medium and incubated at 28°C for 3 

days. 

e) D10-value 

D-10 value for each tested pathogen was determined from dose-

response curve, which was constructed by plotting log survival counts against 

irradiation doses used and from the following equation: 

D10  =  

 
b      =  
 
Where: 
x = Dose level (kGy) 
y = log number of bacterial surviving after receiving x amount of radiation 
n = number of calculated point 

6.2. Biochemical analysis  

6.2.1.  Amino acid determination  

Amino acid determination was performed according to the method of 

Winder and Eggum (1966). 50 mg of deried samples were placed in conical 

flask, and 5 ml of performic acid were added to protect methionine and 

cysteine from destruction. The flask was closed and placed in ice water bath 

for 16 hours. Sodium metabisulfate and HCl (6N) were added to the oxidized 

mixture, stoppered and placed in an oven at 110°C for 24 hours. The flask was 

then opened and the content was evaporated for dryness in a rotary 

evaporator. A suitable volume of sodium citrate buffer (pH 2.2) was added to 

the dried film of the hydrolyzed sample. After all soluble materials were 

completely dissolved; the sample was ready for analysis. The system used for 
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the analysis was High Performance Amino acid Analyzer, Biochom 20, 

Pharmacia Biotech at the NCRRT.  

6.2.2.  Total carotenoids determination  

Ten grams of fresh-cut carrot samples were blended for 2 min with 40 

ml of chloroform and methanol (1:3 v/v) mixture for homogenization. The 

homogenizate was centrifuged at 4800 rpm (3218g) for 15 min. The lower 

layer was withdrawn from the test tube with a syringe and diluted with 

chloroform (1:3 v/v). Total carotenoids were determined 

spectophotometrically at 450nm using ATI Unicam, 5600 series UV/VIS 

Spectrophotometer and the amounts of carotenoids were calculated with 

reference to a standard curve based on beta carotene (Sharon-Raber and 

Kahn, 1983). 

6.2.3.  Vitamin C (ascorbic acid) determination  

Ascorbic acid was determined using 2, 6 dichlorophenol indophenol 

reagent according to the method described by AOAC (2000). 

6.2.4.  Polyphenol oxidase (PPO) activity measurement  

PPO was extracted from pear pulp, peel and beneath peel by blending 

with cold phosphate buffer (pH 6.0). Enzymatic activity in crude PPO extract 

was assayed spectrophotometrically at 405 nm (ATI Unicam, 5600 series 

UV/VIS Spectrophotometer). The rate of the reaction (appearance of o-

benzoquinone) was calculated from the initial linear portion of the curve. The 

absorbance were recorded every 15 sec up to 5 min from the time of extract 

was added as described by Benjamin and Montgomery (1973). One unit of PPO 

activity was defined as an increase of 0.01 absorbance per min ml—1 enzymatic 

extract immediately after extract addition. This means that the increase of 

0.01 absorbance at 405 nm = one PPO unit. 
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PPO unit / 1 ml extract = 

 

However, the total extract was obtained from 100 g fresh weight,  

thus, PPO units/100 g fresh weight =  

 

6.3. Physicochemical analysis  

6.3.1.  Firmness  

Firmness measurement was carried out on 1cm3 sample of fresh-cut 

pear pulp using a Model 1140 Instron Universal Testing Machine (Instron, High 

Wycombe, UK). The weight on the load cell was taken as the force (Kg/cm3) 

and converted to pressure (Anina and Oladunjoye, 1993). 

6.3.2.  pH 

Ten grams of minimally processed produce pulp were blended with 100 

ml distilled water for 3-4 min. The pH of the slurry was determined using a 

Hanna Instruments HI 931401 Microprocessor pH Meter according to AOAC 

(2000). 

6.3.3.  Loss weight 

Weight losses were estimated at regular intervals during storage. The 

model package containing product samples were accurately weighed and weight 

losses were calculated as g/100g of fresh cut products. Weighing was made 

with accuracy of ± 1 x 104 g.  

 

0.01(min)timereaction(ml)volenz.

(ml)vol.reactionnm405Abs

××
×∆

0.01(min)timereaction(ml)vol.enz.

(ml)vol.extracttotal(ml)vol.reaction405nmAbs

××
××∆
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6.4. Sensory evaluation  

Sensory quality attributes of the unirradiated and irradiated stored 

samples were evaluated by ten untrained panelists (members of the National 

Center for Radiation Research and Technology, NCRRT). The product samples 

were coded and presented to a single sensory judge in a clean and odor-free 

glass plate at room temperature under normal light condition. The sensory 

quality attributes were scored on a scale of 1 to 9 where: 1 = very poor, 5 = 

fair and 9 = excellent (Barry-Ryan and O′Beirne, 1998). Recently purchased 

samples of each product on the same time of sampling were used as reference 

control every sampling day. A score of 4 or below was regarded as 

unacceptable and taken to indicate the end of shelf-life.  

Fresh-cut carrots samples were judged for their colour, odor, texture 

and taste. The sensory attributes of mixed vegetables salad included overall 

appearance, odor and taste. The sensory quality attributes of fresh-cut pears 

included colour (with special reference to cut surface browning), odor, texture 

and taste. 

6.5. Statistical analysis  

For statistical evaluation of the results, means ± standard deviation were 

compared to the corresponding values of control and irradiated samples. Data were 

analyzed using statistical package for social science (SPSS, Chicago, IL) software 

(Version 12) by Two Way Analysis of Variance, where the variables were the 

irradiation dose and storage period according to Scheffé test. (Freund and Wilson, 

1997). Significance of differences was represented as P<0.05. 



 
 

 

RESULTS AND DISCUSSION 

1. Survey samples 
 A limited survey has been done to 1) evaluate the microbiological quality of 
minimally processed vegetables and fruits (fresh-cut carrots, mix salad, fresh-cut 
pears); 2) isolate the bacteria of public health concern. 

1.1. Fresh-cut carrots 

1.1.1.  Microbiological quality of collected fresh-cut carrot 
samples 

Minimally processed carrots (fresh-cut carrots, shredded carrots, sliced 
carrots……etc.) are usually used as ready-to-eat snacks or salad vegetables. It is 
commercially produced and sold in certain supermarkets at Great Cairo within 7 days 
after preparation, but poor quality limits its shelf-life to 4 or 5 days.  

Fifteen fresh-cut carrot samples were collected from different local 
supermarkets and examined for their microbial load viz: total aerobic plate counts 
(TAPC); lactic acid bacteria (LAB) and total mould and yeast (TM&Y); indicator 
microorganisms (total coliforms, E. coli, and Enterococcus faecalis) and presence of 
some foodborne pathogens (Staphylococus aureus, Aeromonas hydrophila, Listeria 
monocytogenes and Salmonella spp.). 

 Table (1) revealed that fresh-cut carrot samples had an average TAPC 
between 1.4×104 and 2.4×106 cfu/g. Most samples had TAPC more than 106 cfu/g 
indicating that fresh-cut carrots at retail markets had high levels of microbial 
populations. This high level of microorganisms might be comes from native microflora 
of raw carrots and from processing steps such as trimming and cutting as well as 
from handlers. These results are in accordance with the results reported by many 
investigators. Brackett, (1994) reported that like other minimally processed fresh-
cut vegetables, fresh-cut carrots may have high levels of microorganisms. In 
commercial shredded carrots, total aerobic mesophilic counts of 103 to 107 cfu/g have 
been reported. Carlin et al., (1989) reported that the usual level found in industrial 
minimally processed shredded carrots was 6.7 log cfu/g. Barry-Ryan et al., (2000) 
found that shredded carrots stored at 8°C had initial total aerobic bacterial count of 
approximately 6 log cfu/g. Schuenzel and Harrison (2002) found that the population 
of aerobic microorganisms from commercial fresh-cut carrots (diced) ranged from 
3.05 to 6.09 log cfu/g. 
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Table (1): Microbial quality (cfu/g) of fresh-cut carrots. 

Microbial load 
Indicator 

microorganisms Pathogenic microorganisms 
Sample 
 No. 

TAPC LAB TM & Y *Colif. *E. coli 
Ent. 
fec. 

Staph. 
aureus 

Aero. 
hyd. 

Lis. 
mono. 

Salm. 

1 5.4×105 2.3×104 <10 150 120 <100 6.5×102 3×102 <100 —  

2 1.9×106 4.8×104 <10 240 210 <100 2.3×103 <100 <100 —  

3 1.6×106 1.8×103 <10 240 240 <100 <100 1.0×102 <100 —  

4 1.5×106 4.8×104 <10 460 240 <100 1.0×102 4.0×102 <100 —  

5 2.0×106 3.0×104 <10 1100 460 <100 2.5×102 <100 <100 —  

6 9.3×105 1.3×104 <10 120 75 <100 1.6×102 4.5×102 <100 —  

7 5.1×104 1.8×103 <10 150 75 <100 <100 <100 <100 —  

8 2.1×104 1.7×105 <10 75 43 <100 1.5×102 <100 <100 —  

9 1.4×104 8.4×103 <10 43 43 <100 1.0×102 1.5×102 <100 —  

10 3.1×104 4.3×103 <10 75 75 <100 <100 <100 <100 —  

11 2.3×106 2.4×105 4.5×10 1100 9 <100 5.7×102 <100 <100 —  

12 2.1×106 1.8×105 3.0×10 1100 150 <100 5.5×102 <100 <100 —  

13 1.7×106 7.0×103 <10 1100 9 <100 2.5×102 <100 <100 —  

14 9.5×105 6.6×103 <10 1100 20 <100 2.5×102 <100 <100 —  

15 2.4×106 5.0×102 5.5×102 1100 210 <100 9.0×102 <100 <100 —  

 
*   = MPN/g 
— = Not present in 25 g  
< 100  & < 10 = Below detectable level 
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From Table (1), it is evident that only 3 samples (26.6%) of the 15 

tested samples had TAPC <105 cfu/g. The Japanese local prefectural 

government defines food with TAPC <105 cfu/g as being safe for human 

consumption, although there is no regulation of ready-to-eat foods by national 

government (Kaneko et al., 1999). Accordingly, only 4 samples (26.6%) of the 

tested fresh-cut carrots were acceptable from the view point of bacterial 

counts. It is worthy to mention that microbiological criteria for minimally 

processed fruits and vegetables have not been established in Egypt.  

Lactic acid bacteria are considered natural microflora usually present 

on fruits and vegetables and are so important in affecting the quality of 

minimally processed fruits and vegetables during storage, thus, it has paid 

attention to these microorganisms. Table (1) shows that lactic acid bacteria 

ranged from 5.0×102 to 2.4×105 cfu/g indicating high counts of these spoilage 

microorganisms.  

Generally, minimally processed vegetables are almost equally 

contaminated with bacteria and fungi. Yeasts and moulds are also natural 

microflora usually present on fruits and vegetables and contribute well in 

spoilage of minimally processed vegetables upon storage. It has been found 

that the total mould and yeast counts in the fresh-cut carrots samples ranged 

from <10 to 5.5×102 cfu/g (Table 1). 

The microbiological tests recommended for sanitation and 

manufacturing practices for food, including minimally processed fruits and 

vegetables, are total coliforms, E. coli and Ent. faecalis. The test for total 

coliforms traditionally has been used as indicators of hygiene and 

contamination after processing. All examined fresh-cut carrots samples had 

coliforms at values ranged from 43 to 1100 MPN/g (Table 1). Also, all samples 
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contained E. coli in the range of 9 to 460 MPN/g. Among the pathogenic 

bacteria enteropathogenic E. coli is considered one of the greatest concerns 

to public health. Strains of E. coli have been shown to be the causative 

organism in foodborne illness due to the consumption of contaminated raw 

vegetables salads available in markets (Beuchat, 1996a). According to the 

Public Health Laboratory Service Guidelines of United Kingdom (PHLS, 2000) 

for the microbiological quality of some ready-to-eat food sampled at the point 

of sale, fresh vegetables samples with <20 MPN/g E. coli considered 

satisfactory, samples with 20 to <100 considered acceptable and samples with 

≥100 considered unsatisfactory. From Table (1) it is evident that only 2 

(13.3%) samples of the 15 fresh-cut carrots tested samples were satisfactory, 

6 (40%) samples were acceptable and 7 (46.6%) were of unsatisfactory from 

the view point of microbiological qualities. E. coli is a faecal and environmental 

organism that is found in soil and water. Thus raw vegetables may easily be 

contaminated with these bacteria and consequently its minimally processed 

products. The presence of E. coli in fresh vegetables as well as minimally 

processed vegetable has been reported by other investigators (Albrecht et 

al., 1995; and Ackers et al, 1998).  

The results in Table (1) indicated that Ent. faecalis count was below the 

detectable level (<100 cfu/g) in all fresh cut carrot samples.  

Staphylococcus aureus is of great concern from the view point of food 

poisoning throughout the world. This microorganism can contaminate several 

foods and produce several types of enterotoxins of remarkable stability to 

heat and radiation causing gastroenteric (Halpin-Dohnalek and Marth, 1989). 

Staphylococcus aureus was detected in the majority (80%) of the tested 

fresh-cut carrots samples, and were present at 1.0×102 to 2.3×103 cfu/g. Only 
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3 (20%) samples of 15 samples contained Staphylococcus aureus less than 100 

cfu/g, indicating good microbiological quality. Higher counts (>100 cfu/g) of 

Staphylococcus aureus occurring as contaminant in minimally processed 

vegetable is to be viewed as a health hazard. Contamination of fresh-cut 

carrot samples with Staphylococcus aureus might be due to handlers and 

cross-contamination during processing steps.  

Aeromonas hydrophila is of special concern because it can grow at 

temperature as low as 1°C (Palumbo et al., 1987). Aeromonas hydrophila was 

detected in only 5 (33.3%) samples with average counts of 1×102 to 4.5×102 

cfu/g. On the other hand, no Listeria monocytogenes or Salmonella spp. were 

detected in any of the 15 fresh-cut carrot samples.  

1.1.2.  Moulds associated with minimally processed carrot 
samples 

Minimally processed vegetables and fruits generally are susceptible to 

be contaminated with different types of moulds during processing steps and 

marketing. Some of these moulds cause spoilage of fresh and minimally 

processed vegetables and others produce toxic substances in these 

commodities called mycotoxins (Ryall and Lipton, 1979; Davis and Diener, 

1987 and Tournas, 2005). The presence and growth of mycotoxigenic moulds 

particularly A. flavus in these products represents a serious public health 

problem because of possible production of aflatoxins. 

Although many reports on bacterial contamination of minimally 

processed vegetables and fruits are available (Velani and Roberts, 1991; 

Prazak et al., 2002 and Sagoo et al., 2003a,b), published information on 
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fungal contamination is very limited. Thus the moulds contaminating minimally 

processed carrots were isolated and identified.  

Thirty four mould isolates were isolated from the 15 samples of fresh-

cut carrots and they were identified to species level. The mould species and 

their relative frequency are tabulated in Table (2) and illustrated in Figure 

(2). Nine species belonging to two genera (Penicillium and Aspergillus) were 

identified. These species were P. chrysogenum, P. cyclopium, P. 

brevicompactum, P. oxalicum, P. Roqueforti, A. flavus, A. fumigatus, A. niger 

and A. versicolour. It is clear that Penicillium spp. were the most predominant 

representing 55.9 % of the total isolates. P. chrysogenum was the predominant 

among isolated moulds followed by A. falvus and A. fumigatus. Wherease, P. 

oxalicum, P. requeforti and A. versicolour were of less frequency each 

representing only 2.9 % of the total isolates. 

From Table (2), it is also clear that all species of identified moulds 

belonging to Aspergillus and Penicillium genera. That is true because 

Aspergillus and Penicillium species mainly grow on food during storage and are 

referred to as storage fungi. However, some other genera of moulds can 

contaminate vegetables and cause their spoilage. Banwart (1979) reported 

that spoilage of carrots, cabbage and other vegetables are mainly by 

Alternaria, Rhizopus and Aspergillus.  
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Table (2): Mould species isolated from fresh-cut carrots. 

Mould species 
No. of 
isolates 

Frequency % from 
the total isolates 

Penicillium 19 55.9 

Penicillium chysogenum (Thom) 12 35.3 

P. cyclopium (Westling) 3 8.8 

P. brevicompactum (Dierckx) 2 5.9 

P. oxalicum (Currie & Thom) 1 2.9 
P. requefort (Thom) 1 2.9 
Aspergillus 15 44.1 

Aspergillus flavus (Link) 6 17.6 

A. fumigatus (Fresenius) 6 17.6 

A. niger (V. Tiegh) 2 5.9 

A. versicolour (Vuillemin) Tiraboschi 1 2.9 

Total 34 100% 
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Fig. (2): Mould species isolated from fresh-cut carrots. 
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1.2. Mixed vegetables salad 

1.2.1.  Microbiological quality of collected mixed vegetables 
salad samples 

Limited microbiological survey consists of 15 bags of ready-to-eat 

mixed vegetables salad have been done. These samples were obtained from 

different local supermarkets at Great Cairo (on the same day of reaching the 

supermarkets) and transported to the microbiological laboratory in ice-box. 

These samples were examined for overall microbiological quality in terms of 

TAPC, LAB, TM & Y, coliforms, E. coli, Ent. faecalis, Staphylococcus aureus, 

Aeromonas hydrophila, Listeria monocytogenes and Salmonella.  

Mixed vegetables salad bag used in this study contained fresh-cut 

lettuce, fresh-cut red cabbage, fresh-cut white cabbage and shredded 

carrots. Microbial load, indicator microorganisms as well as the presence of 

some pathogenic bacteria are shown in Table (3). It is evident that TAPC of 

mixed vegetables salad ranged from 2.5×105 to 7.0×107 cfu/g. These results 

indicate that mixed vegetables salad samples exhibited large variation in 

microbiological load and these samples had higher levels of aerobic mesophilic 

bacteria.  

Although, the total aerobic bacterial counts found in this survey were 

high, it considered similar to TAPC of ready-to-eat salads found in other 

studies. In a survey of commercial available Caesar salad kits, Lopez-Galvez 

et al. (1997) found average mesophilic bacterial counts of 7.9×105 cfu/g. 

Garcia-Gimeno and Zurera-Cosano (1997) observed initial psychotropic 

counts of 1.7×105 cfu/g in mixed vegetable packaged salad. Hagenmaier and 

Baker (1998b) obtained values ranging from 2×105 to 7.6×108 cfu/g on the day 

of purchase of packaged salad. Pingulkar et al. (2001) found higher microbial 

rate (106–108cfu/g) in ready-to-eat salads from Mumbai (India) restaurants.  
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Table (3): Microbial quality (cfu/g) of mixed vegetables salad. 

Microbial load 
Indicator 

microorganisms Pathogenic microorganisms 
Sample 
 No. 

TAPC LAB TM & Y *Colif. *E. coli 
Ent. 
fec. 

Staph. 
aur. 

Aero. 
hyd. 

Lis. 
mono. 

Salm. 

1 6.0×106 3.0×106 5.0×102 >2400 23 2.3×104 <100 3.0×103 <100 —  

2 9.0×106 7.1×106 1.3×102 >2400 15 8.0×103 5.0×102 2.3×102 <100 —  

3 4.0×106 2.0×106 2.0×103 >2400 43 3.3×104 <100 3.0×103 <100 —  

4 3.0×106 2.4×106 3.0×103 >2400 15 1.8×104 1.0×102 6.0×103 <100 —  

5 8.0×105 5.0×105 2.0×103 >2400 9 2.4×104 3.0×103 1.7×102 <100 —  

6 2.0×107 2.0×105 6.0×102 >2400 >2400 1.5×102 1.5×103 2.5×103 <100 —  

7 1.4×107 3.2×105 4.0×102 >2400 >2400 3.0×103 9.0×104 1.0×103 7.0×102 + VE 

8 6.0×106 1.4×106 3.5×103 >2400 >2400 3.0×102 <100 3.0×103 <100 —  

9 7.0×107 5.0×106 3.0×102 >2400 43 5.0×102 3.0×103 6.0×103 2.0×102 —  

10 4.3×106 2.1×106 2.3×102 >2400 43 2.0×103 2.5×103 5.0×103 <100 —  

11 3.9×105 5.5×106 4.5×103 >2400 4 1.0×103 2.2×104 1.0×103 <100 —  

12 5.3×105 4.1×105 3.0×103 >2400 4 6.0×103 5.0×104 2.0×103 <100 —  

13 2.5×105 5.0×104 3.0×103 >2400 93 2.0×103 2.0×103 2.5×102 <100 —  

14 3.0×106 3.0×103 3.0×102 210 4 2.5×102 3.0×103 3.0×102 <100 —  

15 6.0×105 2.0×103 3.0×103 210 4 3.0×103 2.5×102 1.0×103 <100 —  

 
*   = MPN/g 
—   = Not present in 25 g  
+VE = present in 25 g  
< 100  & < 10 = Below detectable level 
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Although, there is no legislation in Egypt for microbial counts of backed 

salad, French legislation specifies a maximum of 5.0×105 cfu/g at production 

and 5.0×107 at the use-by date (Nguyen-the and Carline, 1994). Using these 

criteria, only 3 (20%) mixed vegetables salad samples under investigation were 

less than the maximum counts at production and 12 (80%) samples were within 

the maximum counts at use-by date (Table 3).  

Aerobic mesophilic microflora and lactic acid bacteria are considered 

the predominant spoilage microflora in minimally processed vegetables and 

consequently mixed vegetable salad prepared from them. Therefore, lactic 

acid bacteria were counted in all collected mixed vegetables salad samples. 

Table (3) also shows that the average counts of LAB were 2.0×103 to 7.1×106 

cfu/g indicating a wide range of counts.  

Moulds and yeasts are contributed well in spoilage of raw vegetables 

and fruits and their minimally processed products. The same Table (3) shows 

that total mould and yeast counts ranged from 1.3×102 to 4.5×103 cfu/g. In 

contrast, Pingulkar et al. (2001) found higher level (104-107cfu/g) of moulds 

and yeasts in ready-to-eat salads from Mumbai (India) restaurants. Mould 

levels of 4.5×104 cfu/g were also detected by Acevedo et al., (2001) in 

salads in Venezuela 

Total coliform count usually has been used as an indicator of hygiene 

during processing. All examined mixed vegetables salad samples contained high 

levels of coliform bacteria. As indicated in Table (3) the Most Probable 

Number (MPN) /g for total coliform bacteria ranged from 210 to > 2400 

indicating poor hygienic conditions during processing. In another study, 

Pingulkar et al. (2001) found less level of coliforms (11 to 460 MPN/g) in 

ready-to-eat salads from restaurants. 
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E. coli was detected in all mixed vegetables salad samples examined and 

was present in small numbers (4 to 93 MPN/g) in 12 samples, whereas the level 

of E. coli in the other 3 samples was very high (>2400 MPN/g). In another 

study, occurrence of E. coli has been reported in eight samples out of 63 

vegetable salads served at 31 food service facilities (Line et al., 1996). 

According to UK Public Health Laboratory Service Guideline (PHLS, 2000) for 

the microbiological quality of some ready-to-eat foods sampled at the point of 

sale; 7 (46.6%) samples were of satisfactory (E. coli <20 MPN/g), 5 (33.3%) 

samples were acceptable (E. coli 20 to 102 MPN/g) and 3 (20%) samples were 

of unsatisfactory (E. coli at level ≥ 102 MPN/g) microbiological quality. In this 

guidelines satisfactory results indicates good microbiological quality; 

acceptable results are index reflecting borderline limit of microbiological 

quality; unsatisfactory results indicate that further sampling might be 

necessary and that environmental health officers might an out to undertake a 

further inspection of the premise concerned to determine whether hygiene 

practices for food production or handling are adequate. Sagoo et al. (2003 a) 

detected E. coli in 7% of salad vegetable samples and were present at 102 

MPN/g or more in 3% of the samples. 

Enterococcus faecalis was found in all mixed vegetables salad samples 

examined in considerable counts ranging from 1.5×102 to 3.3×104 cfu/g, 

indicating non-sanitary conditions during processing and marketing.  

Contamination of minimally processed vegetable and mixed vegetable 

salad by foodborne pathogenic bacteria and their multiplication during storage 

is of serious health concern, because of these fresh produce are consumed 

without any cooking or further washing or preparation by the consumers, i.e. 

consumed as it is. Therefore, the presence of pathogenic bacteria in collected 

mixed vegetables salad samples was followed. 
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Staphylococcus aureus was detected in all of 15 samples examined.  12 

out of 15 samples (80%) it was present in relatively high density, being in the 

range from 1.0×102 to 9.0×104 cfu/g. In the other 3 samples, Staph. aureus 

count was much lesser, being in <100 cfu/g. According to published 

microbiological guidelines (PHLS, 2000) only 3 (20%) samples can be 

considered of an acceptable quality. Whereas the majority of the samples 

(80%) were unsatisfactory or unacceptable microbiologicall quality. 

Staphylococcus aureus was detected in salad vegetables and prepared salads 

in Lebanon (Abdelnoor et al., 1983) and in salad greens as well (Houang et 
al., 1991). 

Aeromonas hydrophila was found in all examined mixed vegetables salad 

samples and was present at 1.7×102 to 6.0×103 cfu/g. Callister and Agger 

(1987) surveyed grocery store fresh produce items and found A. hydrophila in 

virtually every type of vegetable analyzed. They added that the population of 

that bacterium at the time of purchase was as high as 104 cfu/g. 

Listeria monocytogenes was detected in only two mixed vegetables salad 

samples and was present at 2.0×102 to 7.0×102 cfu/g.  Based on the PHLS 

Microbiological guidelines for some ready-to-eat foods samples at the point of 

sale (PHLS, 2000), 12 (80%) samples were of satisfactory or acceptable 

microbiological quality because of the absence of L. monocytogenes. Pingulkar 

et al., (2001) reported that L. monocyogenes was not detected in any of the 

ready-to eat salad samples (12 samples). On the other hand, L. monocytogenes 

was detected in many of salad ingredients like cabbage, tomatoes, cucumbers, 

lettuce and celery (Ho et al., 1968; Hessick et al., 1989; Vahidy, 1992; 

and Gunasena et al., 1995). The incidence of L. monocytogenes was reported 

in 6.7% of ready-to-eat salads and in 19% of pre-packed mixed salad (Velani 

and Roberts, 1991). Occurrence of L. monocytogenes has been reported in 

only one sample out of 63 vegetable salads served at 31 food services 

facilities (Line et al., 1996).  
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Salmonella sp. was detected in only one sample (6.6%) of the examined 

mixed vegetables salad samples. The U.S. Food and Drug Administration survey 

of domestic fresh produce carried out between 2000 and 2001 (FDA, 2003) 

reported a small proportion (<1%) of salad vegetables samples that of 

unacceptable microbiological quality because of the presence of Salmonella or 

Shigella spp. The U.S. FAD survey of imported fresh produce undertaken in 

1997 (FDA, 2001) found that 4.5% of salad vegetables were of unacceptable 

microbiological quality because of the presence of Salmonella or Shigella spp. 

and might reflect differences in conditions during pre and post harvest 

operations.   

The present results indicated that, salads and their components are 

susceptible to contamination by pathogenic bacteria; might be from soil, 

irrigation water, washing water, manure, air (environment), human handling, and 

contaminated equipment and utensils as well as cross contamination after 

processing This is in conformity with the results of Ho et al., (1968) and 

Beuchat, (1996a) who demonstrated the presence of some pathogenic 

microorganisms in salads and their components and suggest that this may 

cause ill resulting in diarrhea/dysentery or serious diseases like listeriolysis. 

This has led to increase concern world wide to assess the microbiological 

safety of salads and their ingredients. The findings emerged out from this 

small survey (in the present study) and other literature reports point to the 

importance and need for a suitable method to control microbial contamination 

and growth in ready-to-eat mixed vegetables salads to assure their 

microbiological adverse effect on the sensory quality and safety without 

impairing the sensory qualities. 
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1.2.2. Moulds associated with mixed vegetables salad 

samples 

Sixteen mould isolates were isolated from 15 samples of mixed vegetables 

salad and they were identified to species level. The identified mould species and 

their relative frequency are presented in Table (4) and illustrated in Figure (3).  

Six species belonging to 3 genera (Aspergillus, Penicillium and 

Cladosporium) were identified. They were A. flavus, A. fumigatus, A. 

parasiticus, P. chrysogenum, P. cyclopium and Cladosporium cladosporides. It is 

clear that A. flavus was the most predominant among mould isolates 

representing 43.75% from the total isolates, followed by P. chrysogenum 

which represent 25% of the total isolates. A. fumigatus, A. parasiticus and C. 

cladosporides were less common. Other investigators isolated similar mould 

species from mix vegetable salads. Acevedo et al. (2001) reported frequent 

presence of Penicillium, Aspergillus and Fusarium species in vegetables salad in 

Venezuela. Tournas (2005) found that the most common filamentous fungi 

isolated from ready-to-eat packaged salads in USA were Alternaria, 

Cladosporium and Penicillium. 
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Table (4): Mould species isolated from mixed vegetables salad. 

Mould species 
No. of 
isolates 

Frequency % from 
the total isolates 

Aspergillus 10 62.50 

Aspergillus flavus (Link) 7 43.75 

A. fumigatus (Fresenius) 2 12.50 

A. parasiticus (Speare) 1 6.25 

Penicillium 5 31.25 

Penicillium chrysogenum (Thom) 4 25.00 

P. cyclopium (Westling) 1 6.25 
   
Cladosporium cladosporides (Fresenius) de Vries 1 6.25 

Total 16 100% 
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Fig. (3): Mould species isolated from mixed vegetables salad. 
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1.3.1.  Microbiological quality of manually prepared fresh-
cut pears samples 

Fresh-cut pears not yet commercially available in Egypt. Thus, whole fresh 

pear fruits of uniform size (130-140g) and partially ripened (commercial maturity 

stage based on external colour and firmness) were purchased (at three different 

times) from different local markets at Great Cairo. The fruits were manually 

prepared in the laboratory, where they were rinsed with 0.02% sodium 

hypochlorite to reduce the surface microbial load. The fruits were drained and air 

dried at ambient temperature (about 27°C) for 1h. The air dried fruits were 

peeled and cut into quarters and each quarter was cored using sharpened knife.  

Fifteen samples of this manually prepared fresh-cut pear (each sample contained 

4 quarters may be from different fruits) were evaluated for their microbiological 

quality which include microbial load (TAPC, LAB, M&Y) and indicator 

microorganisms as well as the presence of pathogenic bacteria such as Staph. 

aureus,  A. hydrophila,  L. monocytogens, , and Salmonella spp. 

Table (5) shows that TAPC of manually fresh-cut pear samples ranged 

from 7.5×101 to 3.7×104 cfu/g. It is evident from the table that 6 (40%) 

samples contained TAPC less than 103 cf/g and 9 (60%) samples contained 

counts >103 cfu/g. According to French legislation (Nguyen-the and Carline, 

1994) and Japanese local prefectural government (Kaneko et al., 1999), 

TAPC of all tested samples were less than the maximum accepted level (105 

cfu/g) for foods being safe for human consumption. These results are in 

accordance with those found by Piga et al. (2000 and 2003) in minimally 

processed cactus pear fruits. Corbo et al. (2004) found that the log count of 

mesophilic bacteria in lightly processed cactus pear fruit was 4.17 cfu/g. 

Anese et al. (1997) found that the log total aerobic bacterial count of 

minimally processed apple slices packed in air was 3.0 cfu/g.  
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Table (5): Microbial quality (cfu/g) of fresh-cut pears. 

Microbial load 
Indicator 

microorganisms 
Pathogenic microorganisms 

Sample 
 No. 

TAPC LAB TM & Y *Colif. *E. coli 
Ent. 
fec. 

Staph. 
aur. 

Aero. 
hyd. 

Lis. 
mono. 

Salm. 

1 3.7×104 3.2×103 4.7×103 <3 <3 <100  5.0×102 <100  <100  — 

2 5.1×103 4.0×102 3.9×103 <3 <3 <100  <100 <100  <100  — 

3 1.1×104 1.0×102 5.3×103 <3 <3 <100  <100 <100  <100  — 

4 1.1×104 2.5×103 4.8×103 20 9 <100  <100 <100  <100  — 

5 2.3×103 7.0×102 1.9×103 <3 <3 <100  <100 <100  <100  — 

6 2.6×103 7.8×102 2.0×103 <3 <3 <100  <100 <100  <100  — 

7 4.0×103 7.0×101 3.2×102 <3 <3 <100  <100 <100  <100  — 

8 7.5×101 <10 <10 <3 <3 <100  <100 <100  <100  — 

9 5.0×102 9.2×101 2.0×102 <3 <3 <100  <100 <100  <100  — 

10 9.0×102 3.7×101 2.0×102 <3 <3 <100  <100 <100  <100  — 

11 4.0×102 2.0×101 1.0×102 <3 <3 <100  <100 <100  <100  — 

12 2.0×103 4.5×102 1.7× 102 <3 <3 <100  <100 <100  <100  — 

13 6.5×102 1.1×102 2.2×102 <3 <3 <100  <100 <100  <100  — 

14 1.1×102 1.9×101 3.0×101 <3 <3 <100  <100 <100  <100  — 

15 3.5×104 9.0×102 1.0×103 43 9 <100  2.2×102 <100  <100  — 

 
*   = MPN/g 
— = Not present in 25 g  
<3  = No positive tubes have been detected in the first three dilutions 
< 100  & < 10 = Below detectable level 
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From the same table, it is obvious that the count of LAB in the fifteen 

samples ranged from <10 to 3.2×103 cfu/g. Total mould and yeast count ranged 

from <10 to 5.3×103 cfu/g with 8 (53.3%) samples had counts <103 cfu/g. Many 

investigators reported that lactic acid bacteria and fungi are the predominant 

microflora in fruits due to low pH value and nature of the organic acid involved 

(Goepfert, 1980 and Soliva-Fortuny and Martin-Belloso, 2003).  

The results in Table (5) also show that only two samples contained 

coliforms with level of 20-43 MPN/g; E. coli was present in only 2 samples at 9 

cfu/g. Neverssless, and according to published guidelines (PHLS, 2000), all fresh-

cut pear samples considered satisfactory. Staphylococcus aureus was found in two 

samples at levels of 2.2×102 and 5.0×102 cfu/g. These two samples are considered 

unsatisfactory because they contain S. aureus >100 cfu/g. On the other hand, the 

results in the same table did not show the presence of Salmonella spp., L. 

monocytogenes, Aeromonas hydrophila and Enterococcus faecalis. 

1.3.2.  Moulds associated with fresh-cut pears 

Twenty five mould isolates were isolated from 15 samples of fresh-cut pears 

and they were identified to species level. The identified mould species and their 

relative frequency are shown in Table (6) and illustrated in Figure (4). Six species 

belonging to two genera were identified. These species were A. flavus, A. fumigatus, 

A. niger, P. oxalicum, P. chrysogenum and P. citrinum. It is clear that Aspergillus 

species were the most prevalent found in these samples, representing 76% of the 

total isolates. Among identified species A. flavus was the predominant representing 

40% of the total isolates followed by A. fumigatus which represent 24%of the total 

isolates. P. oxalicum was found in considerable frequency representing 16% of the 

total isolates. A. niger represented 12% of the total isolate, while both P. 

chrysogenum and P. citrinum was found in less frequency (only one isolate of each).  
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Table (6): Mould species isolated from fresh-cut pears. 

Mould species 
No. of 
isolates 

Frequency % from 
the total isolates 

Aspergillus 19 76 

Aspergillus flavus (Link) 10 40 

A. fumigatus (Fresenius) 6 24 

A. niger (V. Tiegh) 3 12 

Penicillium 6 24 

P. oxalicum (Currie & Thom) 4 16 

Penicillium chrysogenum (Thom) 1 4 

P. citrinum (Thom) 1 4 

Total 25 100% 
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Fig. (4): Mould species isolated from fresh-cut pears. 

Fr
eq

ue
nc

y 
%
 f

ro
m
 t

he
 

to
ta

l 
is
ol
at

es
 

Mould species 



Results & Discussion 
_________________________________________________________________________ 

 97

2. Isolation and Identification of bacteria 
contaminated food samples 

 Ninety six bacterial isolates of public health concern have been isolated 
from minimally processed vegetables and fruits under investigation (fresh-cut 
carrots, mix salad, fresh-cut pears). These isolates have been isolated on their 
selective media. According to the morphological characteristics of these 
isolates and their reaction to Gram stain they were classified into 3 groups as 
follows:  

Simplified key for classification and identification of the public health 
concern bacterial isolates 

 
        
        Group I                     Group II                      Group III 
 
Gram negative rods             Gram positive cocci            Gram positive rods 
   (53 isolates)                            (41 isolates)                               (2 isolates) 
 
 
 According to cultural characteristics, relation to oxygen and 
biochemical tests isolates of the 3 groups further differentiated as follow: 

 

 

   

 

 

 

 

Group I: includes  

 

 

Subgroup IA 
Gram negative rods, 
facultative anaerobic, 
nonspore forming rods 
glucose and lactose 

fermenting 
(32 isolates) 

Subgroup IB 
Gram negative rods, 
facultative anaerobic, 

nonspore forming rods, 
glucose but not lactose 

fermenting 
(1 isolate) 

  

Subgroup IC 
Gram negative rods, 
facultative anaerobic, 
nonspore forming rods 
glucose fermenting 

(20 isolates) 

Group III 
Gram positive rods 

nonspore forming rods 
(2 isolates) 

Group IIA  
Gram positive cocci, 
chain forming cocci 

(15isolates) 

Group IIB  
Gram positive cocci, 
growing in clusters 

(26isolates)
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Group I: includes 53 isolates which proved to be gram negative, 
facultative anaerobic, nonspore forming rods. These organisms 
were further differentiated into 3 subgroups 

Subgroup IA: Belonging to Enterobacteriaceae and includes 32 isolates which 
were characterized by gram negative, rods, motile, facultative 
anaerobe, catalase positive, oxidase negative, glucose and lactose 
fermenting and H2S negative which were identified as Escherichia 
coli (32 isolates) (Fig 5, 6, 7). 

Subgroup IB: Belonging to Enterobacteriaceae and includes 1 isolate which 
were characterized by gram negative, rods, motile, facultative 
anaerobe, catalase positive, glucose but not lactose fermenting and 
H2S negative which were identified as Salmonella  typhimurium (1 
isolate) (Fig 8, 9). 

Subgroup IC: Includes 20 isolates which were characterized by gram negative, 
rods, motile, facultative anaerobe, oxidase positive, glucose 
fermenting, aesculine positive, and amylase positive which were 
identified as Aeromonas hydrophila (20 isolates) (Fig 10). 

Group II: includes 41 isolates which showed spherical cells (cocci). These 
isolates were further differentiated into 2 subgroups 

Group IIA: Includes 15 isolates which were characterized by gram positive, 
chain forming cocci, aerobic, microaerophilic, catalase negative, 
oxidase negative which were identified as Enterococcus faecalis 
(15 isolates) (Fig 11). 

Group IIB: Includes 26 isolates which were characterized by gram positive, 
growing in clusters, facultative aerobic catalase positive and 
coagulase positive which were identified as Staphylococcus aureus 
(26 isolates) (Fig 12). 

Group III: Includes 2 isolates which were characterized by gram positive, 
nonspore forming rods, motile, aerobe, catalase positive, oxidase 
negative which were identified as Listeria monocytogenes (2 
isolates) (Fig 13). 
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Fig. (5): Growth of E. coli on MacConkey broth tubes. From the left to right; 

first two tubes are uninoculated medium (purple); the other three 
tubes are inoculated medium. 

 
Fig. (6): Typical colonies of E. coli on eosin methylene blue agar. The colonies 

have little tendency to confluent growth, exhibiting a greenish metallic 
sheen by reflected light and dark purple centers by transmitted light, 
blue-black centers. 
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Fig. (7): Typical reactions of E. coli on MacConkey agar media 

 

Fig. (8): Typical colonies of Salmonella typhimurium colonies on Brilliant green 

agar medium. 
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Fig. (9): Typical reactions of Salmonella typhimurium on triple sugar iron agar 

tubes after 24h of incubation at 37°C. 

• Acid (yellow) and gas formation on butt 

• Alkaline (red) on slope 

• Production of hydrogen sulphide indicated by blackening of the medium. 
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Fig. (10): Typical appearance of Aeromonas hydrophila on Ampicillin agar 
medium. 

 

Fig. (11): Typical colonies of Enterococcus faecalis on kanamycine 
aesculine azid agar medium. 
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Fig. (12): Typical appearance of Staphylococcus aureus on Baird-Parker 
Medium. 

 

Fig. (13): Typical colonies of Listeria monocytogenes on Listeria selective 
agar medium (Oxford formulation). 
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3. Screening for aflatoxins  
 Moulds are widely distributed in nature and cause deterioration of 

foods and feeds. Particular species of food-associated moulds are able to 

produce toxic substances called mycotoxins which can adversely affect the 

health of humans and animals (Pitt and Hocking, 1997). The most common 

mycotoxin-producing moulds are Aspergillus, Penicillium and Fusarium species 

(Hesseltine, 1976) can cause food spoilage and particular species are capable 

of producing many different mycotoxins. Of the known mycotoxins, the most 

carcinogenic and of particular concern from the view point of direct hazard to 

human health are aflatoxins. These aflatoxins are mainly produced by A. 

flavus, A.parasiticus and A. nomius (Sweeney and Dobson, 1998 and 

Weidenbörner, 2001). 

 From the for mentioned results on the isolation and identification of 

moulds, several fungal species have been shown to contaminate minimally 

processed vegetable and fruit samples under investigation, meanwhile A. flavus 

isolates were the most prevalent. Thus, more than 40% of the total moulds on 

the mix salad and fresh-cut pears as well as 17% on fresh-cut carrots 

consisted of A. flavus. Therfore, all A. flavus isolates as well as A. parasiticus 

isolate were tested for their aflatoxins producing potential in synthetic liquid 

medium and in natural substrate.  

A. flavus isolates which have been isolated from fresh-cut carrots were 

screened for their aflatoxin producing potential in both liquid (Czapek's-yeast 

extract liquid) and in substrate (fresh-cut carrots) and the results are 

present in Table (7). Of the 6 A. flavus isolates, 4 isolates were found to 

produce aflatoxins B1, B2 in liquid medium at different levels. Several 

investigators reported that many strains of A. flavus group produced 

aflatoxins on the vast variety of synthetic media (Gupta et al., 1971; 

Mabrouk and El-shayab, 1981 and Hammad et al., 1995 b). 
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Table (7): Screening for aflatoxins production by A. flavus isolates in 
liquid medium and in fresh-cut carrots. 

Liquid medium Fresh-cut carrots A. flavus 
isolate No. B1, B2 G1, G2 B1, B2 G1, G2 

16 — — — — 
18 — — — — 
23 ++++ — ++++ — 
28 + — — — 
30 ++ — ++ — 
34 ++ — + — 

— = No production                                                            + = Weak production 
++ = Moderate production                                       ++++ = Very high production 

 

The visual or density concentrations of aflatoxins B1, B2 at 362 nm 

wavelength varied with A. flavus isolate. The highest concentrations were 

produced by A. flavus isolate No. 23, while A. flavus isolate No. 28 proved to 

be weak aflatoxins producer in comparison with other A. flavus isolates. None 

of A. flavus isolates produced aflatoxin G1 and G2 in liquid medium. Pitt (1993) 

reported that A. flavus produces only type B aflatoxins, while A. parasiticus 

and A. nomius produce both types of B and G aflatoxins consistently. It is 

evident from the result that not all A. flavus isolates were capable of 

producing aflatoxins in synthetic liquid medium. Widstrom (1992) reported 

that between 20 and 86 % of A. flavus isolates were capable of producing 

aflatoxins. Many investigators reported that the aflatoxins are produced by 

particular strains of A. flavus, A. parasiticus and A. nomius (Roper and 

Fennell, 1965; Arseculeratne et al., 1969 and Sweeney and Dobson, 

1998).  
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Table (7) also shows that 3 out of 6 A. flavus isolates produced 

aflatoxins B1 and B2 in fresh-cut carrots from which they were isolated. 

Although A. flavus isolate No. 28 produced aflatoxins B1 and B2 in liquid 

medium, it failed to produce any aflatoxins in fresh-cut carrots (natural 

substrate). 

Davies and Diener (1987) reported that not all fungi isolated from 

food which have been shown to produce mycotoxins on laboratory synthetic 

media, were able to produce the mycotoxins when they have grown on that 

food. The tested A. flavus isolates produced only aflatoxins B1 and B2 in liquid 

medium and in natural substrate.  

A. flavus isolates as well as A. parasiticus which were isolated from 

mixed vegetables salad were screened for their ability to produce aflatoxins 

in liquid medium and in substrate from which they are isolated, i.e. mix salad.  

Table (8) shows that 4 isolates of A. flavus namely No 36, 38, 40 and 43 were 

found to produce aflatoxins B1, B2 in liquid medium though with different 

levels; isolates No. 36 and 38 were the highly producers. Table (8) also shows 

that A. flavus isolates No. 36, 38 and 43 which were produced aflatoxins B1, B2 

in liquid medium also produced the same aflatoxins in mix salad.  A. flavus No. 

40 which produced aflatoxins B1, B2 in liquid medium failed to produce these 

aflatoxins in mix salad.  

Table (9) shows that, of 10 A. flavus 7 isolates were found to produce 

aflatoxin B1, B2 in both liquid medium and in fresh-cut pears. It is clear from 

the table that there was variation in the aflatoxin production in both liquid 

medium and in pears. A. flavus isolate No. 54 proved to be highly producer 

particularly in liquid medium.  
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Table (8): Screening for aflatoxins production by A. flavus and A. 
parasiticus isolates in liquid medium and in mixed vegetables 
salads. 

Liquid medium Mixed vegetables salad A. flavus 
isolate No. B1, B2 G1, G2 B1, B2 G1, G2 

35 — — — — 
36 ++++ — +++ — 
38 ++++ — +++ — 
40 + — — — 
43 ++ — ++ — 
44 — — — — 
45* — — — — 
49 — — — — 

+ = Weak production                                 — = No production                   
+ = Weak production                                                   ++ = Moderate production                   
+++ = High production                                        ++++ = Very high production 
  
 
Table (9): Screening for aflatoxins production by A. flavus isolates in 

liquid medium and in fresh-cut pears. 

Liquid medium Fresh-cut pears A. flavus 
isolate No. B1, B2 G1, G2 B1, B2 G1, G2 

50 ++ — ++ — 
52 ++ — ++ — 
54 ++++ — +++ — 
58 ++ — + — 
59 + — + — 
60 — — — — 
68 — — — — 
69 ++ — ++ — 
72 — — — — 
75 +++ — +++ — 

  — = No production                                                            + = Weak production 

 ++ = Moderate production                                      +++ = High production                   
++++ = Very high production 
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3.1. Factors affecting growth and aflatoxins B1B2 production 
by  A. flavus isolate No. 23 

It is well known that the growth and aflatoxins production by the 

aflatoxigenic moulds depends on several factors. Among the most important 

factors are substrates (suspending medium), temperature and time of 

incubation. Since minimally processed vegetables are mainly stored at 

refrigeration temperature for 7–10 days, the effect of temperature and time 

of incubation on the production of aflatoxins was studied. A. flavus isolate No. 

23 (isolated from fresh-cut carrots) which exhibited the highest aflatoxins 

production in both synthetic liquid medium and in fresh-cut carrots (Table 7) 

was used to investigate the effect of incubation temperature, time of 

incubation and irradiation on aflatoxin production.  

Table (10) and Fig (14) show the effect of temperature on the amount 

of aflatoxins B1B2 produced by A. flavus isolate No. 23 in both synthetic liquid 

medium and in fresh-cut carrots at different temperatures of incubations. It 

is evident that this fungus could not produce aflatoxins at 6°C, but it could 

produce aflatoxins in both liquid medium and in fresh-cut carrots at 8°C. The 

amount of aflatoxins B1B2 produced in liquid medium at 8°C was 0.29µg/ml, 

while that in fresh-cut carrot was 0.12µg/g. The amount of aflatoxins B1B2 

significantly increased with increasing the incubation temperature up to 25°C, 

at which maximum amount of aflatoxins was produced at 25°C in both liquid 

medium and in fresh cut carrots. The amount of aflatoxins B1B2 at 25°C 

reached 3.61µg/ml and 0.53µg/g in liquid medium and in fresh-cut carrots, 

respectively. At 30°C and 35°C the amount of aflatoxins significantly 

decreased. From the results, it could be concluded that the optimum 

temperature for growth and aflatoxins production by A. flavus was 25°C. 

These results are in accordance with Bullerman et al. (1984) who reported 

that aflatoxins production by A. flavus was favored at temperature of 25 to 30°C, 
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Table (10): Effect of incubation temperature on the amount of aflatoxins 
B1B2 produced by A. flavus isolate No. 23. 

Temperature (°C) Liquid medium (µg/ml) Fresh-cut carrots 
(µg/g) 

6 0.00 ±0.00a 0.00 ±0.00a 

8 0.29 ±0.230c 0.12 ±0.020ab 

10 0.53 ±0.153d 0.25 ±0.020bc 

15 0.71 ±0.208e 0.30 ±0.021c 

20 2.71 ±0.109g 0.34 ±0.021c 

25 3.61 ±0.017i 0.53 ±0.020d 

30 3.08 ±0.020h 0.29 ±0.026c 

35 1.94 ±0.458f 0.25 ±0.023bbc 

 Means of three replicates ± standard deviation. 

 Means with different superscripts (a-i) in each column are significantly 
different (P<0.05). 
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Fig. (14): Effect of incubation temperature on the amount of aflatoxins 
B1B2 produced by A. flavus isolate No. 23. 
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however, below 8 to 10°C aflatoxin production can occur, but the amounts 

produced were less and the time required for production was longer. Koehler 

et al. (1985) reported that aflatoxins are produced at temperature ranging 

from 12 to 40°C. Pitt and Hocking (1997) reported that A. flavus can grow in 

the temperature range from 10–12°C to 42–43°C, with an optimum at 32–33°C. 

Recently, Weidenbörner (2001) reported that temperatures between 24–28°C 

are the optimum for aflatoxin production. He added that 7.5°C seems to be 

the lowest temperature enabling aflatoxin production whereas synthesis drops 

off sharply above 35°C.  

In general, the amount of aflatoxins produced in synthetic liquid medium 

was higher than that produced in fresh-cut carrots indicating that synthetic 

medium significantly supporting aflatoxins production more than fresh-cut 

carrots. A. flavus isolate No. 23 produced only aflatoxins B1 and B2 on both 

liquid medium and in fresh-cut carrots and not G1 and G2. Other investigators 

reported that A. flavus strains produced only the B group of aflatoxins and 

not the group G (Pitt, 1993 and Zinedine et al., 2006). 

Time of incubation is also a very important factor affecting aflatoxins 

production. Table (11) and Figure (15) show that aflatoxins are produced in 

liquid medium and in fresh-cut carrots after 5 days of incubation at 25°C,  

where, the amounts of aflatoxins B1B2 were 2.49µg/ml and 0.19µg/g, 

respectively. The maximum amount of aflatoxins production was found after 

10 days of incubation at 25°C. However, aflatoxins production after 10, 15 or 

20 days are not significantly different. After that, the amount of aflatoxins 

produced significantly decreased with increasing time. Gunasekaran (1981) 

found that the human pathogenic strains of A. flavus produced maximum 

amounts of aflatoxins B1B2 (117µg/100ml) after 8 days of incubation at 30°C in 

the dark. 
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Table (11): Effect of incubation time on the amount of aflatoxin produced 
by A. flavus isolate No. 23. 

Time (day) Liquid medium (µg/ml) Fresh-cut carrots (µg/g) 

5 2.49 ±0.208c 0.19 ±0.265a 

10 3.28 ±0.569d 0.35 ±0.200a 

15 3.19 ±0.322d 0.34 ±0.306a 

20 3.04 ±0.379d 0.29 ±0.550a 

25 2.46 ±0.150c 0.24 ±0.306a 

30 1.75 ±0.763b 0.19 ±0.519a 

 Means of three replicates ± standard deviation. 

 Means with different superscripts (a-d) in each column are significantly 
different (P<0.05). 
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Fig. (15): Effect of incubation time on the amount of aflatoxin produced 
by A. flavus isolate No. 23. 
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Our results and the results of other investigators suggest that storing 

of minimally processed vegetables at abuse refrigeration temperature (above 

7°C) cause serious health hazard resulting from possible formation of 

aflatoxins. 

3.2. Effect of gamma irradiation on aflatoxin B1B2 
production by  A. flavus isolate No. 23 

It is well known that, mycotoxins, once formed, are highly resistant to 

food processing, home cooking and irradiation. Formation of aflatoxins, like 

other mycotoxins, is closely linked to aflatoxigenic fungal growth. Without 

growth of these fungi, generally aflatoxins production will likewise not occur. 

Therefore, the best way to prevent aflatoxins formation in foods is to inhibit 

the growth of mycotoxin-producing moulds contaminating these foodstuffs. It 

was found that growth of moulds and mycotoxins formation was greatly 

reduced or completely prevented by exposuring contaminated foods to ionizing 

radiation (Behere et al., 1978; Chiou et al., 1990; Hammad et al., 1995 b 

and Abou Zeid et al., 2003). Therefore, the effect of different gamma 

irradiation doses on aflatoxin formation in both synthetic liquid medium and 

fresh-cut carrots by the highest aflatoxin producer (A. flavus isolate No. 23) 

was studied. Flasks containing 25 ml of synthetic liquid medium and that 

containing 25 g of shredded carrots were inoculated with spore suspension 

(107cfu/ml) of A. flavus isolate No. 23. These flasks were exposed to different 

irradiation doses (0.0, 0.5, 1.0, 2.0, 2.5 and 3.0 kGy), then they were incubated 

at 28°C for 10 days. Table (12) and Figure (16) indicate the effect of 

irradiation on aflatoxin formation. 
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Table (12): Effect of irradiation on the amount of aflatoxin produced by 
A. flavus isolate No. 23. 

Irradiation dose (kGy) Liquid medium (µg/ml) Fresh-cut carrots (µg/g) 

0.0 4.08 ±0.115d 0.32 ±0.020ab 

0.5 4.80 ±0.290e 0.45 ±0.020ab 

1.0 3.72 ±0.156d 0.27 ±0.020ab 

2.0 2.58 ±0.212c 0.12 ±0.058ab 

2.5 0.573 ±0.351b 0.06 ±0.058a 

3.0 0.00 ±0.00a 0.00 ±0.00a 

 Means of three replicates ± standard deviation. 

 Means with different superscripts (a-e) in each column are significantly 
different (P<0.05). 
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Fig. (16): Effect of irradiation on the amount of aflatoxin produced by A. 
flavus isolate No. 23. 
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The amounts of aflatoxins B1 and B2 in non-irradiated liquid medium and 

shredded carrots were 4.08 µg/ml and 0.32 µg/g, respectively. Irradiation dose 

of 0.5 kGy significantly increased the amounts of aflatoxins to 4.80 µg/ml and 

0.45 µg/g, respectively indicating that this low irradiation dose stimulated 

aflatoxins formation. Meanwhile, irradiation dose of 1 kGy reduced the amount 

of aflatoxins by 8.8 and 15.6%, respectively. Irradiation doses of 2 and 2.5 kGy 

greatly and significantly reduced the amount of aflatoxins in both liquid 

medium and shredded carrots. No aflatoxins were detected in samples exposed 

to 3 kGy indicating that this irradiation dose completely inhibited the growth 

of A. flavus spores and subsequently aflatoxins formation. The results in the 

present investigation were agree with those of Eggbo (1990), who found that 

the production of aflatoxins by A. parasiticus on mould extract broth increased 

at irradiation doses of 0.25, 0.5 and 0.75 kGy. He added that great decline in 

flatoxins B1 and B2 was observed at 1.5 kGy and complete inhibition of mycelium 

growth and aflatoxin formation was noticed at 2.0 kGy. Chiou et al. (1990) 

found that all inoculated Kernels peanut with A. parasiticus and irradiated 

below level of 2.5 kGy contained aflatoxins. Irradiated peanuts at levels higher 

than 2.5 kGy were free from aflatoxins. 

Generally, the amount of aflatoxins were higher in liquid medium in 

comparison with shredded carrots indicating that synthetic medium approved 

to be good support to fungal growth and aflatoxins formation rather than 

shredded carrots.  
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4. Radiation-decimal reduction dose (D10-Value) 

 Radiation resistance, even under comparable conditions, varies widely 

among different microorganisms. There are differences in resistance from 

species to another, and even among strains of the same species, although the 

range of resistance among strains of the same species is usually small enough to 

be ignored for practical purposes (Anellis et al., 1973 and Ingram and Farkas, 

1977). The radiation resistance of microorganisms is measured by the so-called 

decimal reduction dose (D10-value). D10-value for a microbe is defined as the 

radiation dose (kGy) required to reduce the populations of that microbe by a 10-

fold (by one log cycle), or required to kill 90% of the total numbers (Ingram and 

Roberts, 1980). 

4.1. D10-value of Enterococcus faecalis 

 The most important members of the group D Streptococci that are 

routinely found in foods are Enterococcus faecalis and Ent. faecium. The radiation 

resistance of Ent. faecalis on fresh-cut carrots, mixed vegetables salad and 

fresh-cut pears have been studied. It is clear that the viable counts of Ent. 

faecalis steadly decreased with increasing radiation dose (Table 13). The D10 

values of Ent. faecalis calculated from linear regression curves (Figure 17) on 

fresh-cut carrots, mixed vegetables salad and fresh-cut pears were 0.71 ,0.60 

and 0.62 kGy, respectively. The radiation sensitivity (D-10 value) for Ent. faecalis 

was also studied by Huntanen (1990), who determined radiation D10-values for 10 

strains of Ent. faecalis and 8 strains of proteolytic variety of Ent. faecalis. He 

found that the D10-values for the 10 strains of Ent. faecalis ranged from 0.38 to 

2.09 kGy, indicating a wide variation in radiation sensitivity among strains of the 

same species. The lowest radiation resistance was for Ent. faecalis ATCC 29212 

(0.38 kGy) and the highest radiation resistance was for Ent. faecalis 94-1 (2.09 

kGy) indicating that the last strain was quite resistant. The same author found 

that the radiation D10-values for the proteolytic strains ranged from 0.30 to 0.92 

kGy.   
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Table (13): Effect of incremental irradiation doses on the viable counts (cfu/g) of 
Enterococcus faecalis in minimally processed vegetables and fruits. 

Fresh-cut carrots Mixed salad Fresh-cut pears 
Irradiation 
dose (kGy) Counts  Log 

counts Counts  Log 
counts Counts  Log 

counts 

0.0 8.7×107 7.94 9.1×107 7.96 4.1×107 7.61 

0.5 1.3×107 7.11 1.4×107 7.14 1.1×106 6.04 

1.0 2.9×106 6.47 1.0×106 6.00 1.0×106 6.00 

1.5 1.0×106 6.00 2.5×105 5.39 1.2×105 5.08 

2.0 1.0×105 5.00 1.3×104 4.11 3.1×104 4.49 

2.5 1.3×104 4.11 6.0×103 3.78 2.0×103 3.30 

3.0 7.9×103 3.89 1.0×103 3.00 2.3×102 2.36 
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Fig. (17): Radiation-dose response curves of Enterococcus faecalis in minimally 

processed vegetables and fruits. 
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4.2. D10-value of Listeria monocytogenes  

 The D10-value (radiation sensitivity or radiation resistant) of Listera 

monocytogenes isolated from mixed vegetables salads was determined in fresh-

cut carrots, mixed vegetable salad and fresh-cut pears. The results obtained 

from irradiating L. monocytogenes on the above products are shown in Table (14) 

and Figure (18). It was found that gamma radiation greatly reduced the population 

of L. monocytogenes in all studied products and this reduction was proportional 

with irradiation dose. From Figure (18), it is clear that the survival curves 

obtained for L. monocytogenes on all the products studied were of exponential 

response (linear regression slopes). The D10-values of L. monocytogenes 

determined on fresh-cut carrot, mixed vegetables salad and fresh-cut pears were 

0.64, 0.53 and 0.60 kGy, respectively. These values are within the reported D10-

values of L. monocytogenes (D10-value between 0.4 and 0.8 kGy) in a variety of 

culture media and food stuffs at temperature 0 and 25 °C (Farag et al., 1990). 

The importance of these D10-values is that it leads to a prediction that doses of 

3-4 kGy could inactivate 5-log of L. monocytogenes in these products. 

Patterson (1989) investigated the sensitivity of L. monocytogenes to 

irradiation on poultry meat and phosphate buffered saline. She found that D10-

value on poultry meat was 0.417-0.553 kGy depending on strain and plating 

medium used. She also added that the D10-value for L. monocytogenes were 

similar to those reported for Salmonella species irradiated under similar 

conditions. Therefore, irradiation doses suggested eliminate Salmonella from 

poultry carcasses would also be sufficient to remove L. monocytogenes. Kamat 

and Nair (1995) found that the gamma radiation D10-value for L. 
monocytogenes 35152 strain in boneless chicken meat under frozen condition 

was 0.5 kGy. Grant and Patterson (1992) found that the D10-value of L. 
monocytogenes on couliflower (cooked, crushed) and on potato (cooked, 

mashed) were 0.564 and 0.532 kGy, respectively. A D10-value of 0.4 kGy for L. 
monocytogenes has been reported in pH 7.0 phosphate buffer (Farkas et al., 
1995). 
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Table (14): Effect of incremental irradiation doses on the viable counts (cfu/g) of 
Listeria monocytogenes in minimally processed vegetables and fruits. 

Fresh-cut carrots Mixed salad Fresh-cut pears 
Irradiation 
dose (kGy) Counts Log 

counts Counts Log 
counts Counts Log 

counts 

0.0 2.3×107 7.37 1.7×107 7.2 1.4×107 7.15 

0.5 6.9×105 5.84 2.0×106 6.3 1.7×106 6.23 

1.0 4.1×105 5.61 3.0×105 5.5 1.0×105 5.00 

1.5 1.0×105 5.00 2.8×104 4.5 3.0×104 4.48 

2.0 1.3×104 4.11 6.7×103 3.8 1.0×104 4.00 

2.5 1.0×103 3.00 3.2×102 2.5 2.5×102 2.40 

3.0 3.3×102 2.52 3.0×101 1.5 1.8×102 2.26 
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Fig. (18): Radiation-dose response curves of Listeria monocytogenes in minimally 

processed vegetables and fruits. 
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The obtained D10-value for L. monocytogenes on the 3 tested minimally 

processed vegetables and fruits, i.e. fresh-cut carrot, mixed salad and fresh-

cut pears (0.53-0.66 kGy) were higher than those (0.19-0.2 kGy) obtained by 

Niemira (2003) on 4 lettuce types. In contrast, the obtained D10-value of L. 

monocytogenes on our products are considerably lower than values of 1.4 kGy 

for L. monocytogenes Scott A in mozzarella cheese at –78 °C reported by 

Hashisaka et al. (1989). Tsiotsias et al. (2002) also obtained higher D10-

value for L. monocytogenes on soft whey cheese being 1.38 kGy. The wide 

variation in D10-values for a particular pathogens depends upon many factors, 

the most important of which are the type of substrate in which the pathogen 

is suspended, pH, condition of irradiation, strain, dose rate, dose interval used 

for calculation of the D10-value.  

4.3. D10-value of Staphylococcus aureus 

 Staphylococcus aureus is an important source of food poisoning world 

wide. Published information on the effects of gamma radiation on 

Staphylococcus aureus, particularly in vegetables and fruits is very limited, if 

any. 

 Table (15) and Figure (19) indicate the sensitivity of Staph. aureus to 

radiation on fresh-cut carrots, mixed vegetables salad and fresh-cut pears. It is 

obvious that the survival curves obtained on these products were exponential. The 

D10-values for Staph. aureus calculated from survival curves and from the 

equation formula on fresh-cut carrots, mixed vegetables salad and fresh-cut 

pears curves were 0.54, 0.47 and 0.49kGy, respectively. These D10-values were 

within the range reported for Staph. aureus. Tiwari and Maxcy (1972) reported 

a D10-value for satisfactory phase cells of Staph. aureus of 0.43 kGy when 

irradiated in nutrient broth. Grant and Patterson 1992) found that the D10-values 

of Staph. aureus on cauliflower(cooked, crushed) and potato (cooked, mashed) 

were 0.427 and 0.424 kGy, respectively. 
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Table (15): Effect of incremental irradiation doses on the viable counts (cfu/g) of 
Staphylococcus aureus in minimally processed vegetables and fruits. 

Fresh-cut carrots Mixed salad Fresh-cut pears 
Irradiation 
dose (kGy) Counts  Log 

counts Counts  Log 
counts Counts  Log 

counts 

0.0 7.3×107 7.86 1.7×107 7.23 1.5×107 7.18 

0.5 7.0×106 6.85 1.0×106 6.00 2.5×106 6.40 

1.0 9.5×105 5.98 1.5×105 5.18 1.7×105 5.23 

1.5 2.2×105 5.34 6.2×103 3.79 1.0×104 4.00 

2.0 8.6×103 3.93 6.5×102 2.81 6.5×102 2.81 

2.5 4.2×103 3.62 5.5×101 1.74 7.0×101 1.85 

3.0 1.1×102 2.04 1.0×101 1.00 3.3×101 1.51 
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Fig. (19): Radiation-dose response curves of Staphylococcus aureus in minimally 

processed vegetables and fruits. 
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Thayer and Boyd (1992) reported that the gamma radiation. D10-values for 

stationary phase of Staph. aureus ATCC 13565 in mechanicaly deboned chicken meat 

were 0.37 kGy in presence of air and 0.35 kGy in vacua indicating no significantly 

different. Thayer et al. (1995) found that the D10-values for Staph. aureus on six 

types of meats ranged from 0.40 to 0.46 kGy. They also reported that D10-value on 

lamb or chicken meat was significantly (< p 0.05) lower than on any of the other 

meats (beef, pork, turkey, breast, turkey leg, MDCH).  

4.4. D10-vaue of Salmonella typhimurium  

 Table (16) and Figure (20) indicate the results obtained from irradiating 

Salmonella typhimurium on the fresh-cut carrots, mixed vegetables salad and 

fresh-cut pears. The radiation D10-values for salmonella typhimurium on these 

products were 0.50, 0.50 and 0.49 kGy, respectively. These results are in 

accordance with those obtained by Farkas (1998) who found that the D10-

value for Salmonella on cauliflower and cooked potato were 0.46 and 0.59 kGy, 

respectively. Also, the obtained values are in complete agreement with those 

reported by Rajkowski and Thayer (2000), who found that the radiation D10-

values for Salmonella spp. on sprouts were 0.54 and 0.46, respectively for 

meat and vegetables isolates, indicating that radiation D10-values for the some 

microbe may be vary depending on the source of isolates. However, the 

obtained values in the present study are lower than those reported by 

Goularte et al. (2004), who reported that the D10-values for Salmonella spp. 

on three trials of minimally processed iceberg lettuce varied from 0.16 to 0.23 

kGy. Martins et al., (2004) found that radiation D10-values for Salmonella 

spp. on three trials of watercress varied from 0.29 to 0.43 kGy. However the 

D10-values obtained in the present study are higher than the values obtained 

by Thayer et al. (2003), who found that the radiation D10-value for 
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Salmonella mbandaka on alfalfa seeds was 0.81 kGy. They added that the 

importance of 0.81 kGy D10-value is that it leads to a prediction that doses of 

4-5 kGy should inactivate 5 logs of S. mbandaka on alfalfa seed.   

In general, there was a wide variation in the D10-values of Salmonella spp. 

Ranged from 0.10 to 1.29 kGy. (Thayer et al., 1990, Radomyski et al., 1994; 

Farkas, 1998; Rajkowski and Thayer, 2000). These differences are related to 

type of foods, conditions of radiations process as well as inoculation technique and 

method of enumeration of survivors after irradiation 

4.5. D10-value of E. coli  

 The radiation sensitivity of E. coli isolated from mixed vegetables salad 

was calculated on fresh-cut carrots, mixed vegetables salad and fresh-cut 

pears. The results are shown in Table (17) and Fig (21). The survival curves 

obtained were linear in their nature. The D10-values calculated from the 

survival curves of E. coli on fresh-cut carrots, mixed vegetables salad and 

fresh-cut pears were 0.22, 0.25 and 0.27 kGy, respectively indicating a 

variation depending on the type of minimally processed vegetables and fruits. 

Goularte et al. (2004) obtained lower D10-value for E. coli 0157:H7 on 

minimally processed lettuce being 0.11 - 0.12 kGy. 

In general, the D10-values for E. coli 0157:H7 varied from 0.12 to 0.42 

kGy as reported by many investigators (Buchanan et al. 1999; Farkas, 

1998; Rajkowski and Thayer, 2000 and Niemira et al., 2002). Patterson 

(1988) reported that the D10-value for E. coli on chicken minced meat 

irradiated at 4°C under air condition ranged from 0.351-0.388 kGy. Grant and 

Patterson (1992) found that the D10-value for E. coli on minced pork 

irradiated at 10°C under air conditions was 0.339 kGy.  
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Table (16): Effect of incremental irradiation doses on the viable counts (cfu/g) of 
Salmonella typhimirium in minimally processed vegetables and fruits. 

Fresh-cut carrots Mixed salad Fresh-cut pears 
Irradiation 
dose (kGy) Counts  Log 

counts Counts  Log 
counts Counts  Log 

counts 

0.0 1.1×107 7.04 2.4×107 7.38 1.9×107 7.28 

0.5 2.9×106 6.46 2.0×106 6.30 2.1×106 6.32 

1.0 3.4×105 5.53 3.4×105 5.53 1.0×105 5.00 

1.5 1.0×104 4.00 9.0×104 4.95 1.7×104 4.23 

2.0 4.1×103 3.61 2.1×103 3.32 3.2×103 3.51 

2.5 1.8×102 2.25 3.3×102 2.51 1.0×102 2.00 

3.0 1.5×101 1.20 2.0×101 1.30 1.5×101 1.18 
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Fig. (20): Radiation-dose response curves of Salmonella typhimirium in minimally 

processed vegetables and fruits. 
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Table (17): Effect of incremental irradiation doses on the viable counts (cfu/g) of 
Escherichia coli in minimally processed vegetables and fruits. 

Fresh-cut carrots Mixed salad Fresh-cut pears 
Irradiation 
dose (kGy) Counts  Log 

counts Counts  Log 
counts Counts  Log 

counts 

0.0 5.8×107 7.76 6.7×106 6.83 5.2×108 8.72 

0.25 4.0×106 6.50 4.0×105 5.60 1.8×107 7.26 

0.5 3.0×105 5.48 9.1×104 4.96 3.3×106 6.52 

0.75 2.9×104 4.46 1.0×104 4.00 1.0×106 6.00 

1.0 3.4×103 3.53 4.2×103 3.62 1.8×105 5.26 

1.25 1.0×102 2.0 2.2×101 1.34 3.3×103 3.52 
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Fig. (21): Radiation-dose response curves of Escherichia coli in minimally 

processed vegetables and fruits. 

Irradiation dose (kGy) 

Lo
g 

su
rv

iv
al
 c

ou
nt

s 



Results & Discussion 
_________________________________________________________________________ 

 125

4.6. D10-value of Aeromonas hydrophila 

 Radiation sensitivity of A. hydrophila on minimally processed vegetables 

and fruits are shown in Table (18) and Figure (22). It is clear that the survival 

curves obtained were exponential. The D10-values calculated from the survival 

curves of A. hydrophila on fresh-cut carrots, mixed vegetables salad and 

fresh-cut pears were 0.20, 0.17 and 0.22 kGy, respectively. These values are 

within the D10-values of A. hydrophila reported by other investigators. 

 Palumbo et al. (1986) examined the radiation resistance of five strains 

of A. hydrophila (three were clinical isolates and two food isolates) on broth 

or on ground blue fish or ground beef. Irradiation has been done at 2°C. They 

found that the D10-values ranged from 0.137 to 0.187 depending on the 

irradiation suspending medium. Abu-Shady et al. (2000) found that the D10-

value for A. hydrophila 3459 (CRA17) on fresh water fish was 0.257 kGy. 

Abdel-Kareem and Matter (2001) found that the D10-value of A. hydrophila 

ATCC7965 in whole liquid egg was 0.18 kGy. 

 Finally, the D10-values of the studied pathogens in fresh-cut carrots, 

mix vegetables and fresh-cut pears are illustrated in Figure (23). It is obvious 

that Ent. faecalis had the highest radiation resistance in comparison with 

other pathogens, followed by L. monocytogenes. The radiation resistance of 

Staphylococcus aureus was almost similar to that of Salmonella typhimurium. 

E. coli and A. hydrophila appeared to be the most sensitive pathogens. The 

radiation resistance for a particular pathogen differed depending upon the 

type of the minimally processed product. 
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Table (18): Effect of incremental irradiation doses on the viable counts (cfu/g) of 
Aeromonas hydrophila in minimally processed vegetables and fruits. 

Fresh-cut carrots Mixed salad Fresh-cut pears 
Irradiation 
dose (kGy) Counts  Log 

counts Counts  Log 
counts Counts  Log 

counts 

0.0 1.0×107 7.00 2.7×107 7.43 2.4×108 8.38 

0.25 2.0×105 5.30 5.9×105 5.77 1.0×107 7.00 

0.5 1.5×104 4.18 3.2×104 4.50 1.3×106 6.11 

0.75 3.0×102 2.48 2.0×102 2.30 3.2×104 4.64 

1.00 3.2×101 1.48 2.5×101 1.39 8.0×103 3.88 

1.25 1.0×101 1.00 <10 <1 5.1×102 2.70 
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Fig. (22): Radiation-dose response curves of Aeromonas hydrophila in minimally 

processed vegetables and fruits. 
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Fig. (23): D10-values of different pathogens studied in different fresh 
produce. 
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4.7. D10-value of Aspergillus flavus 

A. flavus isolate No. 23 which was isolated from fresh-cut carrots and 

proved to be the highest aflatoxins B1B2 producer was tested for its radiation 

sensitivity in physiological saline solution and in fresh-cut carrots from which 

it was isolated. 

Table (19) and Figure (24) show the response of A. flavus isolate No. 23 

to incremental gamma radiation doses. It is evident that gamma radiation 

greatly reduced the viable counts of this fungus and the reduction 

continuously increased as irradiation dose increased. Low irradiation dose of 1 

kGy reduced the counts of A. flavus by about 3 log cycles in both physiological 

saline solution and fresh-cut carrots, whereas irradiation dose of 1.5 kGy, 

reduced the counts by about 5 log cycles.  

Figure (24) shows that the survival curves obtained were of exponential 

responses in both saline solution and fresh-cut carrots, The D10-values were 

found to be 0.32 and 0.40 kGy in both saline solution and fresh-cut carrots, 

respectively. These obtained D10-values are in accordance with the D-values 

reported for A. flavus by many other investigators. Hammad and El-Bazz 

(1988) found that the D10-values of A. flavus (aflatoxin producer isolate) and 

A. flavus forming sclerotia in physiological saline solution and in smoked 

herring were 0.4 and 0.5 kGy, respectively. Ragab et al. (1994) tested the 

radiation sensitivity of A. flavus forming sclerotia isolated from sesame seeds 

in physiological saline solution and in sesame seeds; they found that D10-values 

for A. flavus were 0.53 and 0.63 kGy and for A. flavus forming sclerotia were 

0.53 and 0.50 kGy, respectively. Hammad et al. (1995b) determined the D10-

values of two isolates of A. flavus (one isolated from smoked herring and one 

isolated from rasins) in physiological saline solution and in smoked herrings. 

They found that the D10-values of A. flavus (smoked herring isolate) were 0.43  
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Table (19): Effect of incremental irradiation doses on the viable counts (cfu/g) 
of Aspergillus flavus. 

In physiological solution 
saline 

In fresh-cut carrots Irradiation dose 
(kGy) 

Counts Log counts Counts Log counts 

0.0 7.5×106 6.9 1.0×107 7.0 

0.25 2.6×106 6.4 5.9×106 6.6 

0.5 3.2×105 5.5 6.6×105 5.8 

0.75 1.1×105 5.0 2.1×105 5.3 

1.0 1.9×104 4.3 4.3×104 4.6 

1.5 2.0×102 2.3 1.2×102 3.5 
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Fig. (24): Radiation-dose response curves of Aspergillus flavus in fresh-cut 

carrots and physiological saline solution. 
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and 0.5 kGy in physiological saline solution and smoked herring, respectively. 
Meanwhile, the D10-values of the other A. flavus isolate that was isolated from 
rasins) were 0.53 and 0.62 kGy, respectively.  

Table (19) and Figure (24), it can be noticed that the D10-value of A. 
flavus under investigation was relatively higher in fresh-cut carrots than in 

physiological saline solution, being 0.32 and 0.40 kGy, respectively, indicating 

that the fugues in fresh-cut carrots was more resistant to gamma radiation 

than in saline solution. This may be explained by the indirect effect of primary 

water free radicals (OHo, Ho, é) resulting from water radiolysis, which are 

formed much more in saline solution than in fresh-cut carrots. In addition, 

fresh-cut carrots as a suspending medium may contain certain compounds that 

act as protective agent or scavengers which protect the fungal spores against 

damage by irradiation. Rowley and Brynjolfsson (1980) reported that 

irradiation resistance of any particular fungus is influenced by many factors, 

among which, the availability of water and suspending medium. Schubert 

(1981) mentioned that the protective agents (scavengers) may react with 

given free radicals (from water radiolysis), hence protecting or reducing the 

radiation damage to the cells normally attacked by these radicals.  

Determination of the D10-values for microorganisms and aflatoxins 

producing fungi from survival curves (dose-response curves) is very important 

and beneficial in: 

• Providing information about the relative resistance of a particular 
microorganism to ionizing radiation. 

• Calculating the lethal and sub-lethal dose of a particular microorganism. 

• Calculating the so-called safety radiation dose (radiation dose required for 
5-log reduction) of a pathogenic microorganism which is very important for 
the practical application in food irradiation to ensure safety. 

• Calculating radiation dose required for sterilization of medical and 
pharmaceutical devices. 
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5. Irradiation Experiments 

The findings of the above mentioned survey (Tables 1, 2, 3) suggest the 

importance and need for a suitable method to control various microorganisms 

contaminating minimally processed vegetables and fruits that are ready-to-eat 

in order to extend their shelf-life and to assure their safety. Because 

minimally processed vegetables can be contaminated by pathogens and because 

there is no heat or kill step involved in the processing (this fresh product and 

other fresh-cut products are typically consumed raw) the need for new 

method to maintain the safety of minimally processed vegetables is very 

important. Irradiation has been proposed as a "physical cold process" for 

reducing microbial contamination of many food items and has potential for 

public health protection.   

5.1. Irradiation of fresh-cut carrots  

Fresh-cut carrot samples were exposed to 2, 4 and 6 kGy. Irradiated 

and unirradiated (control) samples were stored at 4°C ± 1. Microbiological, 

chemical, physical and sensorial properties were evaluated immediately after 

irradiation and during subsequent storage to estimate their shelf-life and to 

ensure their safety.  

5.1.1.  Effect of irradiation on the microbial load of fresh-cut 

carrots  

Aerobic mesophilic and lactic acid bacteria are considered the 

predominant spoilage microflora in minimally processed vegetables, 

particularly, shredded carrots (Brackett, 1987). Moulds and yeasts also play a 

role in spoilage of fruits and vegetables and their minimally processed 

products as well as they have pathogenic, allergic and toxic action. Therefore, 

these microorganisms were monitored. 
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The effect of different irradiation doses in the microbial load, i.e. total 

aerobic bacterial counts, lactic acid bacteria and total mould and yeast counts 

immediately after irradiation and during refrigerated storage are shown in 

Table (20). It is evident that irradiation caused a great decrease in counts of 

microbial load and this decrease was proportional with irradiation dose. The 

lowest irradiation dose used, i.e. 2 kGy reduced TAPC, lactic acid bacteria and 

total mould and yeasts by 99.86, 99.73 and 87.5%, respectively. Maxcy (1982) 

reported that the extent of reduction of the microflora depends on the type 

of contaminants. Generally, Gram negative bacteria are quite sensitive to 

radiation than Gram positive bacteria. Meanwhile, 4 kGy irradiation dose 

decreased TAPC by 99.95% whereas it decreased LAB and total M&Y below 

the detectable level (<10 cfu/g). This great reduction in microbial counts by 

irradiation could be mainly due to the lethal effect of ionizing radiation energy 

on microbial cells (Greeze et al., 1983). This lethal effect could be due 

mainly to the damaging effect of radiation energy to microbial DNA, cellular 

membrane, enzymes and energy metabolism. It is now universally accepted 

that the DNA in the chromosomes represents the most critical “target” of 

ionizing radiation. Ionizing radiation can affect DNA either directly, by energy 

deposition in this critical target, or indirectly, by interaction of water 

radiolysis free radicals (OHo, Ho, é) with DNA (Yarmonenko, 1988).  

The great reduction in microbial load of minimally processed carrots has 

been reported by some other investigators. Chervin and Boisseau (1994) 

reported that irradiation dose of 2 kGy greatly reduced the initial aerobic 

mesophilic and lactic acid bacterial counts of shredded carrots. Farkas et al., 

(1997) found that 1 kGy dose of gamma radiation was sufficient to reduce 

bacterial load of pre-cut carrots. Chaudry et al., (2004) found that 

irradiation dose of 2 and 3 kGy greatly reduced total aerobic bacterial counts 

and total fungal counts of minimally processed carrots to below detectable 

level (<10 cfu/g).  
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Table (20): Effect of irradiation on the microbial load (cfu/g) of fresh-
cut carrots during refrigerated storage. 

Irradiation dose (kGy) 
Microorganisms 

Storage 
period (days) Control 2 4 6 

Total aerobic 

bacterial count 

(TAPC) 

0 

7 

14 

21 

1.2×105 

2.3×106 

R 

R 

1.7×102 

3.0×103 

2.5×106 

R 

6.0×10 

7.0×10 

9.0×102 

1.4×104 

4.8×10 

2.5×10 

2.5×103 

3.1×102 

Lactic acid 

bacteria (LAB)

0 

7 

14 

21 

7.5×103 

1.0×10 

R 

R 

2.0×10 

<10 

6.4×102 

R 

<10 

<10 

<10 

<10 

<10 

<10 

<10 

<10 

Total mould 

and yeast 

(M&Y) 

0 

7 

14 

21 

2.0×103 

3.2×104 

R 

R 

2.5×102 

2.0×102 

2.0×103 

R 

<10 

1.0×10 

2.5×102 

7.0×102 

<10 

<10 

1.0×102 

<10 

R = Samples sensorially rejected and therefore could not be used for the rest 
of the storage period 
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During refrigerated storage (4°C±1), generally all the microbial counts 

under investigation increased, but the rate of increase was lower with 

irradiated samples in comparison with unirradiated ones. TAPC in unirradiated 

carrot samples increased from 1.2×105 cfu/g to reach 2.3×106 cfu/g after 7 

days of refrigerated storage. It is worthy to mention that the microbiological 

shelf-life for fresh-cut vegetables was calculated as the time necessary to 

attain a total bacterial count of 5.0×107 cfu/g, as recommended by French 

regulations (Minister de L, Economie des Frances et du Budget, 1988). 

Although these samples did not reach the microbiological shelf-life, they were 

organolyptically rejected. Whereas, TAPC in fresh-cut carrot samples 

irradiated at 2 kGy almost reached the same counts (2.5×106 cfu/g) but after 

14 days of storage, where these samples were also organolyptically rejected. 

TAPC in carrot samples receiving 4 and 6 kGy did not reach the initial count 

before irradiation even after 21 days of storage. Lactic acid bacteria for 

carrot samples irradiated at 4 and 6 kGy were always below detectable level 

(<10 cfu/g) throughout their storage period. These results are in accordance 

with the results of Chervin and Boisseau (1994) and Chaudry et al., (2004) 

who found that the growth of aerobic mesophilic flora and lactic acid bacteria 

of shredded and pre-cut carrots were strongly inhibited by irradiation (2 kGy) 

and this irradiation dose completely controlled the fungal growth upon 

storage.    

5.1.2.  Effect of irradiation on the indicator microorganisms of 

fresh-cut carrots  

The monitoring of food for microbiological safety and quality entails 

examination for index and indicator organisms. An index organism is defined as 

one whose presence implies the possible occurrence of a similar but pathogenic 

organism. An indicator organism (or group of organisms) is one whose numbers in a 
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product reflect the success or failure of "good manufacturing practices" (Mossel, 

1978). The most commonly sought index organism is E. coli, the coliform group is 

the most frequently used indicator group.  

In food products, minimally processed or not processed, the determination 

of coliform bacteria and E. coli as indicators of fecal pollution is universally 

accepted. From Table (21), it was found that unirradiated fresh-cut carrot 

samples contained coliform bacteria and E. coli in the average level of 191 and 9 

MPN/g, respectively, indicating failure of good manufacturing practices and 

possible presence of pathogens during processing steps. The lowest irradiation 

dose used, i.e. 2 kGy reduced these counts to less than 3 MPN/g, indicating the 

relative radiation sensitivity of coliform bacteria and E. coli. The sensitivity of 

these indicator microorganisms to ionizing radiation has been confirmed by many 

other investigators (Patterson, 1988; Monk et al., 1995; Kamat et al., 2003; 

Goularte et al., 2004 and Lu et al., 2005). 

The counts of Ent. faecalis is unirradiated fresh-cut carrot samples were 

2.0×102 cfu/g. Irradiation dose of 2 kGy reduced the counts by only 35%, 

indicating the relative resistance of this dangerous microorganisms. The relative 

resistance of Ent. faecalis was reported by Huntanen (1990). Meanwhile, 4 kGy 

irradiation dose was sufficient for elimination of Ent. faecalis found in fresh-cut 

carrot samples, since the counts were < 100 cfu/g. 

During refrigeration storage, the counts of coliform bacteria and E. coli 

counts in unirradiated fresh-cut carrot samples greatly increased reaching >2400 

MPN/g after only 7 days, at which these samples were sensorially rejected. On 

the other hand all fresh-cut carrot samples exposed to 2, 4 or 6 kGy almost were 

free (>3 MPN/g) from these indicator microorganisms throughout the storage 

period which extended to 14 and 21 days, respectively.  
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Table (21): Effect of irradiation on the indicator microorganisms of 
fresh-cut carrots during refrigerated storage. 

Irradiation dose (kGy) 
Microorganisms 

Storage period 

(days) Control 2 4 6 

Coliforms 

(MPN/g) 

0 

7 

14 

21 

191 

>2400 

R 

R 

<3 

<3 

<3 

R 

<3 

<3 

<3 

<3 

<3 

<3 

<3 

<3 

E. coli  

(MPN/g) 

0 

7 

14 

21 

9 

>2400 

R 

R 

<3 

<3 

<3 

R 

<3 

<3 

<3 

<3 

<3 

<3 

<3 

<3 

Ent. faecalis 

(cfu/g)  

0 

7 

14 

21 

2.0×102 

7.0×102 

R 

R 

1.3×102 

<100 

3.0×102 

R 

<100 

<100 

<100 

<100 

<100 

<100 

<100 

<100 

R = Samples sensorially rejected and therefore could not be used for the rest 
of the storage period 

<3 = No positive tubes have been shown in the first three dilutions 

>2400 = The first three dilutions had all their tubes positive 

< 100  = Below detectable level 
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5.1.3.  Effect of irradiation on the pathogenic bacteria of 

fresh-cut carrots  

In ready-to-eat vegetables and fruits, the presence of foodborne 

pathogenic bacteria and their multiplication during storage is of serious health 

concern, because most of these products are consumed without heat 

treatment. Staphylococcus aureus, Aeromonas hydrophila, Listeria 

monocytogenes and Salmonella spp. are the most significant public health 

pathogens that tested for ensuring microbiological safety of irradiated fresh-

cut carrots. 

Staph. aureus was found in unirradiated (control) fresh-cut carrot 

samples at level of 1.1×102 cfu/g (Table 22). According to the guidelines for 

the microbiological quality of various ready-to-eat foods of Public Health 

Laboratory Service (PHLS, 2000), these samples are considered 

unsatisfactory, i.e. the counts of Staph. aureus above the acceptable limit (20 

- <100 cfu/g) of microbiological qualities. Staph. aureus could be found in the 

environment but are found more commonly on humans, thus the presence of 

this dangerous microorganism in fresh-cut carrot samples might be introduced 

via processing steps and handlers. Irradiation at dose levels used almost 

eliminated Staph. aureus, since its count was less than the detectable level 

(<100 cfu/g). Other investigators reported the effectiveness of medium doses 

(2.0–5.0 kGy) of gamma radiation in eliminating Staph. aureus from 

contaminated food (Patterson, 1988; Grant and Patterson, 1992; Thayer 

and Boyd, 1992; Hammad et al., 1994; Hammad et al., 2000 and Lamb et 

al., 2002 ).  
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Table (22): Effect of irradiation on the pathogenic bacteria (cfu/g) of 
fresh-cut carrots during refrigerated storage. 

Irradiation dose (kGy) 
Microorganisms 

Storage period 

(days) Control 2 4 6 

Staph. aureus 

0 

7 

14 

21 

1.1×102 

4.0×102 

R 

R 

<100 

<100 

1.0×102 

R 

<100 

<100 

<100 

<100 

<100 

<100 

<100 

<100 

A. hydrophila 

0 

7 

14 

21 

<100 

<100 

R 

R 

<100 

<100 

<100 

R 

<100 

<100 

<100 

<100 

<100 

<100 

<100 

<100 

L. 
monocytogenes 

0 

7 

14 

21 

3.0×102 

2.0×102 

R 

R 

1.0×102 

<100 

<100 

R 

<100 

<100 

<100 

<100 

<100 

<100 

<100 

<100 

Salmonella spp. 

0 

7 

14 

21 

— 

— 

R 

R 

— 

— 

— 

R 

— 

— 

— 

— 

— 

— 

— 

— 

R = Samples sensorially rejected and therefore could not be used for the rest 
of the storage period 

< 100  = Below detectable level 
+ve = present in 25 g 
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During storage, the counts of Staph. aureus in unirradiated (control) 

fresh-cut carrot samples increased to 4.0×102 cfu/g after 7 days of 

refrigeration storage. Whereas, the counts of Staph. aureus in all irradiated 

samples were <100 cfu/g all over the storage periods which extended to 14 and 

21 days for the samples irradiated at 2, 4 and 6 kGy, respectively. 

Listeria monocytogenes as an agent of foodborne disease has become of 

major concern in recent years to the food industry as it one of the few 

foodborne pathogens that are capable of growth at refrigeration temperature 

under anaerobic or microaerophilic conditions. The incidence of periodic 

outbreaks of foodborne Listeriosis with considerable mortality is of particular 

concern in those products that may be consumed without any heat treatment. 

Thus, The US Food and Drug Administration (FDA) established zero tolerance 

for Listeria monocytogenes in ready-to-eat foods (Thayer and Boyd, 1995).  

Listeria monocytogenes was found in unirradiated fresh-cut carrot 

samples at levels of 3.0×102 cfu/g, indicating unsatisfactory for minimally 

processed product under investigations according to Public Health Laboratory 

Service Guidelines (PHLS, 2000). Listeria monocytogenes has been shown to 

contaminate vegetables as lettuce, broad leaves endives, radishes, cabbages, 

potatoes and cucumbers (Farber et al., 1989 and Hashisaka et al., 1989).  

Ryser and Marth (1991) reported that Listeria monocytogenes was detected 

in cabbages, cucumbers, potatoes and radishes, but was never found in 

broccoli, carrot, cauliflower, or tomatoes. Steinbruegge et al. (1988) 

detected Listeria monocytogenes in vegetables. The presence of Listeria 

monocytogenes in raw vegetable or in minimally processed vegetables might be 

comes from human and/or animal fertilizer or irrigated with water containing 

such wastes. Listeria monocytogenes was isolated from some Egyptian foods 

like white cheese, beefy, minced meat, sausage and semifried potatoes (Taha, 

1999).   
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Irradiation dose of 2 kGy was not enough for elimination of Listeria 

monocytogenes. However, it reduced the counts by 66.6% indicating the 

relative resistance of Listeria monocytogenes to gamma radiation. The relative 

radiation resistance of L. monocytogenes in comparison with other non spore 

forming pathogenic bacteria was reported (Hashisaka et al., 1989 and Grant 

and Patterson, 1992). On the other hand, irradiation doses of 4.0 or 6.0 kGy 

was sufficient in completely elimination of L. monocytogenes from fresh-cut 

carrots. However, all irradiated fresh-cut carrots samples were free from 

Listeria monocytogenes throughout the storage periods. Meanwhile, neither A. 

hydrophila nor Salmonella sp. was detected in any of the fresh-cut carrot 

samples (irradiated or unirradiated) throughout refrigeration storage periods. 

5.1.4.  Effect of irradiation on the amino acids content of 

fresh-cut carrots  

The nutritional importance of vegetables and fruits is mainly due to 

their content of vitamins, minerals, fibers and amino acids. Very little 

published data are available about amino acids in minimally processed 

vegetables and fruits. Moreover, almost no data are available about the effect 

of irradiation on the amino acids content of these fresh produce. Therefore, 

the amino acids contents of fresh-cut carrots were determined.  

The effect of the recommended irradiation dose, i.e. 4 kGy on the amino 

acids profile was also studied and the results are tabulated in Table (23) and 

illustrated in Figures (25a and 25b). It is clear from the Table and Fig (25a) 

that 16 amino acids were detected in unirradiated fresh-cut carrot samples. 

Eight of the amino acids are considered essential from the view point of 

nutrition. Glutamic acid was the predominant amino acid followed by aspartic 

acid and alanine. They are non essential amino acids and accounted 2.35, 1.82 
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and 1.33 mg/g, respectively. Non essential amino acids were predominant in 

fresh-cut carrots and represented 62.4% from the total amino acids, while, 

essential amino acid represented only 37.6%. Cystine was not detected in 

fresh-cut carrot samples, while methionine was rarely (0.02 mg/g). This 

indicates that fresh-cut carrots are very poor in essential amino acids.  

Irradiation at 4 kGy caused an increase in some amino acids and 

decrease in the others. The amounts of aspartic acid, glutamic acid and alanine 

increased by 7.8, 11.5 and 5.3% from the initial amounts of amino acids for 

unirradiated control. Irradiation dose of 4 kGy almost had no effect on 

tyrosine and arginine. On the other hand, this irradiation dose caused a 

decrease in some essential amino acids (methionine and lysine) indicating the 

sensitivity of these amino acids to gamma radiation. The increase in amino 

acids as a result of irradiation could be attributed to the reaction of 

radiation-induced free radicals on the peptides to cause cleavage of the 

peptides and causing cross linkage (Fu et al., 1980). On the other hand, the 

decrease which occurred in some amino acids upon irradiation could be due to 

that gamma radiation induced the formation of free radicals upon water 

radiolysis which are associated with splitting of peptide bonds and 

deamination-decarboxylation of these amino acids (Underdal et al., 1973 and 

Elias and Cohen, 1977).  
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Table (23): Effect of recommended irradiation dose on amino acids profile 
mg/g sample on dry weight basis of fresh-cut carrots. 

Amino acid Control 4.0 kGy 

Aspartic 1.82 1.96 

Threonine 0.82 0.72 

Serine 0.84 0.77 

Glutamic 2.35 2.62 

proline 1.47 1.08 

Glycine 0.84 0.77 

Alanine 1.33 1.40 

Cystine 0.00 0.00 

Valine 0.94 0.89 

Methionine 0.02 0.01 

Isoleucine 0.74 0.63 

Leucine 1.26 0.13 

Tyrosine 0.20 0.19 

Phenylalanine 0.75 0.65 

Histidine 0.36 0.33 

Lysine  0.81 0.62 

Arginine 0.59 0.59 

Total EAA  5.70 4.98 

Total non- EAA 9.44 9.38 

Total amino acid  15.14 14.36 

EAA/NEAA 0.60 0.53 
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Fig. (25a): Amino acids profile of fresh-cut carrots. 
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Fig. (25b): Effect of recommended irradiation dose on amino acids profile of 

fresh-cut carrots. 
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5.1.5.  Effect of irradiation on the total carotenoids of fresh-

cut carrots  

Carrots are usually used in salads and are a rich source of B- carotene (the 

most important provitamin A). Carotenoids are considered natural pigments 

responsible for the yellow-orange colour of carrots. They are continued to be 

intensely investigated mainly because of their health-promoting effects. Aside 

from their well-known role as vitamin A precursors, carotenoids are among the 

phytochemicals most cited as responsible for a reduced risk of developing 

degenerative diseases such as cancer, cardiovascular diseases, cataract and 

macular degeneration (Krinsky, 1993 and Olson, 1998). Carotenoid pigments are 

important compounds for the maintenance of both the nutritional and colour of 

carrots. For these reasons, Carotenoids content of marketed fresh-cut carrots 

were followed immediately after irradiation and during storage. 

Data in Table (24) and Figure (26) demonstrate the values of total 

carotenoids as affected by irradiation doses and period of storage at 4°C ± 1. The 

carotenoids content of marketed fresh-cut carrots was 11.78 mg/100g fresh 

carrots. It is well known that carotenoids content in carrots is associated with 

yellow and orange colour of the root. Kotecha et al. (1998) reported that 

caroteins in carrots was 5.33 mg/100g edible portion. This variation in total 

caroteinoids might be attributed to carrot varieties. Irradiation doses used 

slightly increased the total carotenoids content of fresh-cut carrots and the 

increase was linear with irradiation dose. All irradiated fresh-cut carrot samples 

had higher total carotenoids than the unirradiated control at zero time of 

storage, i.e. immediately after irradiation. The percentage of increase was 1.5, 3.5 

and 5.8% at irradiation doses of 2, 4 and 6 kGy, respectively. However, this 

increase in total carotenoids as a result of irradiation was not significant. These 

increase levels of total carotenoids in fresh-cut carrots with increasing radiation 

dose might be attributed to radiation induced rupture of covalent bonding 

between carotenoids pigments and other food constituents resulting in easy 

extractability of pigments (Kamat et al, 2003).  
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Table (24): Effect of irradiation on the total carotenoids (mg/100g) of 
fresh-cut carrots during refrigerated storage. 

Irradiation dose (kGy) Storage 

period (days) Control 2 4 6 

0 

7 

14 

21 

11.78 ±0.440cde 

10.53 ±0.550bcd 

R ±0.000a 

R ±0.000a 

11.96 ±0.305cde 

10.87 ±0.305bcde 

10.46 ±0.305bc 

R ±0.00a 

12.19 ±0.305de 

11.15 ±0.305bcde 

10.34 ±0.436bc 

9.66 ±0.441b 

12.46 ±0.441e 

12.19 ±0.550de 

11.21 ±0.550bcde 

10.02 ±0.305b 

R = Samples sensorially rejected and therefore could not be used for the rest of the 
storage period 

 Means of three replicates ± standard deviation. 

 Means with different superscripts (a-e) are significantly different (P<0.05). 
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Fig. (26): Effect of irradiation on the total carotenoids of fresh-cut 
carrots during refrigerated storage. 
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The results here in reported that irradiated fresh-cut carrots had 

higher carotenoids content than unirradiated control. These results are in 

accordance with the results of Kamat et al. (2003) who found that the total 

carotenoids of fresh coriander leaves increased from 53.91 mg/100g in 

unirradiated control samples to 59.07, 61.84 and 62.43 mg/100g for irradiated 

(1, 2, and 3 kGy) samples, respectively immediately after irradiation. In 

contrast, earlier studies suggest that high doses of irradiation reduced 

chlorophyll and carotenoids content of frozen vegetables (Franceschini et al., 

1959). However, Fan et al. (2003) found no differences in total chlorophyll 

content or carotenoids content at day 1 after irradiation of fresh-cut green 

onion leaves by 1, 2 and 3 kGy 

During refrigeration storage, there was insignificant decline in total 

carotenoid of unirradiated and irradiated fresh-cut carrots. However, the 

carotenoids content was higher in irradiated samples in comparison with 

unirradiated ones. deAzevedo-Meleiro and Rodriguez-Amaya (2005) found 

that carotenoids compounds particularly β-carotein in processed endive and in 

New Zealand Spinach were significantly reduced during 5 days of storage at 

7-9°C. They added that as would expect of an enzymatic reaction, greater 

losses of the carotenoids compounds occurred in the first or second day of 

storage. 

Irradiation at dose levels used found to be effective in maintaining the 

nutritional value and in preserving the colour of fresh-cut carrots by 

preventing the losses of carotenoids compounds particularly β-carotene and 

therefore retaining its provitamin A activity.  
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5.1.6.  Effect of irradiation on the firmness of fresh-cut 

carrots  

Because of consumed demand for the firm and crisp textures of 

processed fruits and vegetables and their minimally processed products, 

firmness is considered an important component of their quality. The changes 

occurred in firmness of fresh-cut carrots as a result of irradiation (2, 4 and 6 

kGy) and refrigeration storage is shown in Table (25) and Figure (27). It is 

clear that irradiation significantly reduced firmness of fresh-cut carrots 

samples and the reduction was proportional with irradiation dose. The 

firmness value for control samples was 12.5 kGy/cm2-force. Irradiation at 2, 4 

and 6 kGy significantly reduced firmness value by 29.6, 45.6 and 56.8%, 

respectively. This decrease might be due to cellular breakdown-induced by 

irradiation. Prakash et al. (2000 b) reported 10% loss in firmness of fresh-

cut lettuce at low irradiation dose (0.35 kGy). Chaudry et al. (2004) found 

that, no effect of irradiation doses up to 3 kGy in the firmness of minimally 

processed carrots.  

During refrigeration storage, the firmness values of unirradiated fresh-

cut carrots were significantly higher than that of irradiated ones. Firmness 

values of control samples decreased from 12.5 kGy/cm2-force to 7.6 kGy/cm2-

force after 7 days indicating about 40% loss in firmness. Meanwhile, the 

firmness loss in the samples exposed to 2, 4 and 6 kGy was only 2.3, 29.4 and 

25.92 % after 14, 21 and 21 days, respectively. The decrease in firmness of 

carrot samples may be a result of cellular breakdown due to both microbial 

growth and biochemical activity (Barry-Ryan et al., 2000). The results of 

microbial counts in control samples (Table 20) confirm these results. It is 

indicated from the Table (25) that firmness of fresh-cut carrot samples 

irradiated at 4 and 6 kGy were less than those irradiated at 2 kGy all over 

storage period. 



Results & Discussion 
_________________________________________________________________________ 

 149

Table (25): Effect of irradiation on the firmness changes (Kg/cm2) in fresh-cut 
carrots as a result of irradiation and refrigerated storage. 

Irradiation dose (kGy) Storage 
period (days) Control 2 4 6 

0 
7 
14 
21 

12.5 ±0.321i 
7.6 ±0.200fg 

R ±0.00a 
R ±0.00a 

8.8 ±0.208h 
8.8 ±0.200h 
8.6 ±0.208gh 

R ±0.00a 

6.8 ±0.208ef 
6.7 ±0.252ef 
6.4 ±0.200de 
4.8 ±0.153bc 

5.4 ±0.404cd 
5.2 ±0.400c 
4.8 ±0.404bc 
4.0 ±0.153b 

R = Samples sensorially rejected and therefore could not be used for the rest of the 
storage period 

 Means of three replicates ± standard deviation. 

 Means with different superscripts (a-i) are significantly different (P<0.05). 
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Fig. (27): Effect of irradiation on the firmness changes in fresh-cut 
carrots during refrigerated storage. 
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5.1.7. Effect of irradiation on the weight loss of fresh-cut 

carrots  

Weight loss is a result of drying of the processed tissues and may have 

contributed to a reduction in appearance scores. Table (26) and Figure (28) 

show the percentage of weight loss of fresh-cut carrot samples as affected 

by irradiation doses used and refrigeration storage. Generally, weight loss of 

all fresh-cut carrot samples was small upon storage. The maximum percentage 

of weight loss reached 1.48% in the samples exposed to 6 kGY after 21 days 

of refrigeration storage. 

5.1.8. Effect of irradiation on sensory evaluation of fresh-cut 

carrots 

Sensory characteristics are very important and most suitable tool in 

evaluating food quality. Visual appearance (general appearance and colour), 

odour, taste and texture are sensory quality attributes most commonly used in 

sensory evaluation. All fresh-cut carrot samples (irradiated and unirradiated) 

were subjected to sensory evaluation for appearance colour, odour, texture 

and taste using a 9-point scale. Table (27) and Figures (29, 30, 31 and 32) 

show the sensory changes of fresh-cut carrot samples as affected by 

irradiation and subsequent refrigeration storage. The mean colour scores for 

unirradiated (control) fresh-cut carrot samples were 8.6. Immediately after 

irradiation there were no significant differences in colour scores between 

irradiated and unirradiated samples. Chervin and Boisseau (1994) found that 

ready-to-eat shredded carrots exposed to 2 kGy were sensorially better than 

standard processing. In contrast, Chaudry et al., (2004) found that 

irradiation dose of 3 kGy significantly decreased the appearance and flavor 

scores of minimally processed carrots.   
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Table (26): Effect of irradiation on the percentage of weight loss of fresh-cut 
carrots during refrigerated storage. 

Irradiation dose (kGy) Storage 
period (days) Control 2 4 6 

0 
7 
14 
21 

0.0 ±0.00a 
0.71 ±0.231cde 

0.95 ±0.550g 
R ±0.00a 

0.0 ±0.00a 
0.52 ±0.251b 
0.80 ±0.306def 

R ±0.00a 

0.0 ±0.00a 
0.65 ±0.473bc 

0.84 ±0.306efg 

1.35 ±0.513h 

0.0 ±0.00a 
0.68 ±0.473cd 

0.89 ±0.173fg 

1.48 ±0.529h 

R = Samples sensorially rejected. 

 Means of three replicates ± standard deviation. 

 Means with different superscripts (a-h) are significantly different (P<0.05). 
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Fig. (28): Effect of irradiation on the percentage of weight loss of fresh-cut 
carrots during refrigerated storage. 
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Table (27) and Figure (29) show that during refrigeration storage, the 

colour scores significantly decreased in all fresh-cut carrot samples (irradiated 

and unirradiated), however the rate of decrease in irradiated samples scores was 

lower than that of unirradiated ones. After 7 days of storage there was 

significant differences between control samples and irradiated samples, however 

there was no significant differences between irradiated samples. The colour 

scores of control samples decreased from 8.6 to 4.9 after 7 days of refrigeration 

storage at which the panelists rejected the samples. The deterioration and 

rejection of these samples based on slim formation, i.e. bad appearance and sour 

taste. The colour scores of fresh-cut carrot samples exposed to 2 kGy decreased 

from 8.6 to 4.3 after 14 days of refrigeration storage. Irradiated samples at 4 

and 6 kGY were still good up to 14 days and rejected after 21 days. Chaudry et 

al. (2004) found that minimally processed carrots exposed to 2 kGy were still 

acceptable up to 15 days at 4 ± 1°C.  

Table (27) and Figure (30) also show the effect of irradiation and 

refrigeration storage on the odour of fresh-cut carrot samples. It is clear 

that irradiation doses of 2 and 4 kGy had no significant effect on the samples 

odour, since the average odour scores were 8.3 for unirradiated (control) 

samples and were 8.3 and 8.4 for those exposed to 2 and 4 kGy, respectively. 

On the other hand irradiation dose of 6 kGy significantly decreased fresh-cut 

carrot samples odour. During refrigeration storage, the odour scores 

significantly decreased in all fresh-cut carrot samples, but at different levels. 

The rate of decrease was lower in irradiated samples in comparison with 

unirradiated ones. The odour scores of control samples significantly decreased 

from 8.3 to 3.3 after 7 days of refrigeration storage. Meanwhile, odour scores 

of 2 and 4 kGy irradiated samples decreased from 8.3, 8.4 to 3.5 and 4.0 

after 14 and 21 days respectively, due to the development of off-odour.  
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Table (27): Effect of irradiation on the sensory evaluation of irradiated 
fresh-cut carrots during refrigerated storage. 

Irradiation dose (kGy) 
Parameters 

Storage 
period 
(days) Control 2 4 6 

Colour 

0 

7 

14 

21 

8.6 ±0.394gh 

4.9 ±0.658bc 

R ±0.00a 

R ±0.00a 

8.6 ±0.316gh 

6.5 ±0.707def 

4.3 ±0.633b 

R ±0.00a 

8.7 ±0.349h 

7.5 ±0.745fg 

6.0 ±0.471cd 

4.5 ±0.707b 

8.6 ±0.316gh 

7.3 ±0.632ef 

6.2 ±0.633de 

4.0 R ±0.577b 

Odour 

0 

7 

14 

21 

8.3 ±0.537hi 

3.3 R ±0.537b 

 R ±0.00a 

R ±0.00a 

8.3 ±0.483hi 

6.2 ±0.715fg 

3.5 R ±0.471b 

R ±0.00a 

8.4 ±0.595i 

6.0 ±0.624ef 

4.9 ±0.568cde 

4.0 ±0.707bc 

7.2 ±0.538gh 

6.3 ±0.538fg 

5.5 ±0.572def 

4.4 ±0.614bcd 

Texture 

0 

7 

14 

21 

8.7 ±0.422g 

4.1 ±0.658b 

R ±0.00a 

R ±0.00a 

8.5 ±0.471g 

6.8 ±0.919ef 

3.8 R ±0.675b 

R ±0.00a 

8.0 ±0.527fg 

6.5 ±0.882e 

5.7 ±0.715cde 

4.9 ±0.658bcd 

6.1 ±0.907de 

5.7 ±0.753cde 

4.3 ±0.789bc 

3.8 R ±0.715b

Taste 

0 

7 

14 

21 

8.8 ±0.258f 

3.8 R ±0.675b 

R ±0.00a 

R ±0.00a 

8.6 ±0.394f 

6.5 ±0.817de 

3.8 R ±0.675b 

R ±0.00a 

8.6 ±0.394f 

6.5 ±0.781de 

5.8 ±0.949de 

4.4 ±0.516bc 

7.0 ±0.667e 

6.3 ±0.587de 

5.5 ±0.817cd 

3.8 R ±0.633b 

R = Samples sensorially rejected and therefore could not be used for the rest of the 
storage period 

 Mean scores of 10 panelists ± standard deviation. 

 Means with different superscripts (a-i) are significantly different (P<0.05). 
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Fig. (29): Effect of irradiation on the colour scores of fresh-cut carrots 

during refrigerated storage. 
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Fig. (30): Effect of irradiation on the odour scores of fresh-cut carrots 

during refrigerated storage. 
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Fig. (31): Effect of irradiation on the texture scores of fresh-cut 
carrots during refrigerated storage. 
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Fig. (32): Effect of irradiation on the taste scores of fresh-cut carrots 
during refrigerated storage. 
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Irradiation at 2 kGy did not significantly affect texture of fresh-cut 

carrots (Table 27 and Figure 31), while irradiation dose of 4 kGy slightly 

affected texture and the highest irradiation dose used (6 kGy) significantly 

affected texture of fresh-cut carrot samples. The average texture scores of 

samples irradiated at 6 kGy decreased from 8.7 (for unirradiated control) to 

6.1. Moreover, irradiated samples at 6 kGy had the lowest texture scores 

throughout storage period in comparison with other irradiated samples (i.e. 

those exposed to 2 or 4 kGy). 

Taste scores of unirradiated and irradiated (2, 4 and 6 kGy) fresh-cut 

carrots samples were tabulated in Table (27) and Figure (32). It was found 

that irradiation dose of 6 kGy significantly decreased the taste scores. During 

refrigeration storage, the taste scores of unirradiated and irradiated samples 

significantly decreased and rejected after 7 days of refrigeration storage. 

The rate of decreased was lower in irradiated samples in comparison with 

unirradiated ones. The decrease in taste scores might be due to acidification. 

Carlin et al. (1989) reported that deterioration of minimally processed 

carrots occurs due to the development of off-flavor, acidification, loss of 

firmness and discoloration. 

The results of sensory evaluation indicating that fresh-cut carrots can 

be irradiated at 2 or 4 kGy with no adverse effect in their sensorial quality 

attributes. Irradiation dose of 4 kGy extended the shelf-life of fresh-cut 

carrots to more than two weeks at 4±1°C. In another study, Chervin and 

Boisseau (1994) found that shredded carrots receiving a gamma radiation 

dose of 2 kGy had lower microflora and better quality than shredded carrots 

prepared by conventional industrial process.  
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5.2. Irradiation of mixed vegetables salad  

5.2.1.  Effect of irradiation on the microbial load of mixed 

vegetables salads  

Several researchers have shown that ionizing radiation was a suitable 

method to control human foodborne pathogens on packed salads and on the 

vegetables from which ready-to-eat packed salads were prepared (Farkas et 

al., 1997; Hagenmaier and Baker, 1998 b and Prakash et al., 2000 a, b). 

The packages of commercially mixed vegetables salad samples obtained 

from local supermarket at the same day of reaching were divided into 4 parts. 

The first, second and third part was exposed to 1, 2 and 3 kGy, whereas the 

fourth part was left without irradiation to serve as control. All irradiated and 

unirradiated samples were stored at 4°C ± 1.  

The changes in microbial load (total aerobic plate count, lactic acid 

bacteria, total mould & yeast) of mixed vegetables salad as a result of 

irradiation and subsequent refrigeration storage for 15 days are shown in 

Table (28). The average initial TAPC, LAB and TM & Y in unirradiated (control) 

samples were 5.9×105, 1.8×104 and 1.1×104 cfu/g, respectively.  

Irradiation reduced initial total aerobic plate count, lactic acid bacteria, 

total mould & yeast in a dose dependant manner, i.e. initial microbial load on 

the mixed vegetables salad samples decreased with the increasing of 

irradiation dose. Application of the lowest dose used (1 kGy) resulted in 88.47, 

98.89 and 99.00% reduction of TAPC, LAB and TM & Y. The highest irradiation 

dose used (3 kGy) reduced these counts by 99.93, 99.44 and 99.91%, 

respectively. Several other investigators found great reduction in TAPC upon 

irradiation of salad vegetables. Choudry et al. (2004) found that irradiation 

doses of 2 and 3 kGy greatly reduced total aerobic bacterial counts and total 

fungi of minimally processed carrots to below detectable level (< 10 cfu/g). Lu 
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et al., (2005) found that the number of bacteria and fungi in fresh-cut 

celery, which is a component of mixed vegetables salad, was decreased by the 

order 102 and 101, respectively, with 1 kGy of irradiation. Ahn et al. (2005) 

found that the initial populations of total aerobic bacteria in minimally 

processed Chinese cabbage were reduced by 2 and 3 log cycles as a result of 

irradiation at 1 and 2 kGy, respectively.  

This great reduction of TAPC upon irradiation could be attributed to 

the death of microorganisms as a result of ionizing action of high energy 

radiation on the most critical ”target” in the microbial cells, i.e. DNA on the 

chromosomes. Effect of ionizing radiation on the cytoplasmic membrane, 

enzymes and energy metabolism were taken into consideration (Greeze et al., 

1983). Ionizing radiation can affect DNA either directly by energy deposition 

in this critical target, or indirectly, by interaction of radiation energy with 

other atoms or molecules in the microbial cells or surrounding the cells, 

particularly water, leading to the formation of free radicals (hydrogen atoms 

Ho, hydroxyl radicals OHo and solvated election é) which can diffuse for 

enough to reach and damage DNA (Yarmonenko, 1988). OHo radical formed in 

the hydration layer around the DNA molecule are responsible for 90% of the 

DNA damage, thus the indirect effect is especially significant. The effect of 

irradiation on LAB and TM & Y was similar to that observed for the TAPC. 
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Table (28): Effect of irradiation on the microbial load (cfu/g) of mixed 
vegetables salad during refrigerated storage.  

Irradiation dose (kGy) 
Microorganisms 

Storage period 

(days) Control 1 2 3  

Total aerobic 

bacterial count 

(TAPC) 

0 

4 

7 

12 

15 

5.9×105 

3.9×106 

*5.6×107 

R 

R 

6.8×104 

4.0×104 

4.0×105 

3.0×106  

R 

6.2×103 

2.0×103 

2.0×104 

7.0×105 

R 

4.3×101 

9.0×101 

1.0×102 

3.1×102 

1.1×105 

Lactic acid 

bacteria (LAB) 

0 

4 

7 

12 

15 

1.8×104 

7.9×104 

1.5×107 

R 

R 

2.0×102 

7.0×102 

5.0×103 

5.0×103  

R 

3.0×101 

5.0×101 

7.2×101 

2.0×103 

R 

1.0×101 

3.0×101 

5.5×101 

8.0×102 

8.9×103 

Total mould 

and yeast 

(TM&Y) 

0 

4 

7 

12 

15 

1.1×104 

4.4×104 

1.5×105 

R 

R 

1.1×102 

2.0×102 

5.1×102 

7.0×102 

R 

2.0×101 

2.0×101 

7.0×101 

9.0×101 

R 

1.0×101 

1.0×101 

<10 

<10 

<10 

 
R = Samples sensorially rejected and therefore could not be used for the rest of the 

storage period 

* = Microbiologically and sensorially rejected 
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During refrigeration storage (4°C±1) of mixed vegetables samples, 

TAPC, LAB and TM & Y increased in all samples. However, irradiated samples 

showed slow growth of the bacterial survivors, i.e. the rate of increase in the 

irradiated samples was lower than that of unirradiated ones. After one week 

of storage, TAPC, LAB and TM & Y of unirradiated samples reached 5.6×107, 

1.5×107 and 1.5×105 cfu/g, respectively which more than the accepted level. 

Meanwhile, TAPC of mixed vegetables salad samples exposed to 1,2 and 3 kGy 

slowly increased to reach 4.0×105, 2.0×104 and 1.0×102 cfu/g during one week 

storage,  indicating that the microorganisms injured by irradiation were able 

to recover somewhat. Irradiated samples at the highest dose (3 kGy) 

contained TAPC and LAB less than the initial count after 15 days of 

refrigeration storage, being 1.1×105 and 8.9×103 cfu/g, respectively indicating 

that these samples had TAPC less than the maximum count reported for 

bagged salad at production.  No yeast or mould growth was observed in the 3 

kGy irradiated samples upon refrigeration storage, indicating that these 

microorganisms which injured by irradiation were not able to repair 

themselves. 

Using French Legislation criteria for microbial counts, unirradiated 

mixed vegetables salad samples were unacceptable (TAPC exceeded 5×107 

cfu/g) after 7 days of cold storage. This means that the shelf-life of these 

samples did not exceed 7 days from the view point of TAPC. Also, LAB 

exceeded 107 cfu/g. In this respect, Garcia-Gimeno and Zurera-Cosano 

(1997) reported that LAB at levels of 106 cfu/g appeared to be related to 

spoilage shelf-life of salad. On the other hand the 3 kGy irradiated samples 

were acceptable (TAPC below 5×107 cfu/g) for the length of storage period 

(15 days).  
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5.2.2.  Effect of irradiation on the indicator microorganisms of 

mixed vegetables salads  

Table (29) shows that mixed vegetables salad samples contained 

coliforms and E. coli at average levels of 210 and 93 cfu/g, respectively. The 

lowest irradiation dose used, i.e. 1 kGy was efficient in eliminating both 

coliforms and E. coli, since the number of these microorganisms  (MPN/g) was 

less than 3, indicating the sensitivity of these microorganisms to ionizing 

radiation. The sensitivity of E. coli to radiation has been reported (Monk et 

al., 1995 and Kamat et al., 2003). Lu et al. (2005) found that E. coli on 

fresh-cut celery was reduced to less than 30 cfu/g, which was the safety 

level, upon irradiation with 1 kGy.  

Enterococcus faecalis was found in unirradiated (control) samples at 

levels of 2.7×103 cfu/g. Irradiation doses of 1 and 2 kGy was not enough in 

complete elimination of Enterococcus faecalis. However, irradiation dose of 3 

kGy eliminated this harmful microorganism. 

 During refrigeration storage, coliforms and E. coli of unirradiated 

samples progressively increased. After one week of refrigeration storage, the 

population of coliforms reached > 2400 cfu/g, while those for E. coli reached 

210 cfu/g (unsatisfactory level). No coliforms or E. coli growth was recorded 

in all irradiated samples till the end of their storage periods. The counts of 

Ent. faecalis decreased during refrigeration storage in all mix salad samples. 
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Table (29): Effect of irradiation on the indicator microorganisms of of mixed 
vegetables salad during refrigerated storage. 

Irradiation dose (kGy) 
Microorganisms 

Storage period 

(days) Control 1 2 3 

Coliforms 

(MPN/g) 

0 

4 

7 

12 

15 

210 

460 

>2400  

R 

R 

<3 

<3 

<3 

<3  

R 

<3 

<3 

<3 

<3 

R 

<3 

<3 

<3 

<3 

<3 

E. coli  

(MPN/g) 

0 

4 

7 

12 

15 

93 

150 

210  

R 

R 

<3 

<3 

<3 

<3  

R 

<3 

<3 

<3 

<3  

R 

<3 

<3 

<3 

<3 

<3 

Ent. faecalis 

(cfu/g)  

0 

4 

7 

12 

15 

2.7×103 

5.0×102 

<100 

R 

R 

2.5×102 

2.9×102 

<100 

<100 

R 

1.7×102 

3.1×102 

1.1×102 

<100  

R 

<100 

<100 

<100 

<100 

<100 
 
R = Samples sensorially rejected and therefore could not be used for the rest of the 

storage period 

<3 = No positive tubes have been shown in the first three dilutions 

>2400 = The first three dilutions had all their tubes positive 

< 100  = Below detectable level 
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5.2.3.  Effect of irradiation on the pathogenic bacteria of 
mixed vegetables salads  

Staphylococcus aureus, and Aeromonas hydrophila were present in 

unirradiated mixed vegetables salad samples at levels of 3.3×102, and 2.3×102 cfu/g, 

respectively (Table 30). Although irradiation doses of 1.0 and 2 kGy were not 

sufficient in complete elimination of Staph. aureus, yet relatively l;w irradiation dose 

(1kGy) was very effective in complete elimination of Aeromonas hydrophila. This 

indicates that A. hydrophila appeared to be more sensitive to radiation than Staph. 

aureus. The radiation sensitivity of A. hydrophila has been reported (Palumbo et al., 

1986 and Goularte et al., 2004). On the other hand, irradiation dose of 3 kGy was 

very effective in complete elimination of Staph. aureus naturally contaminating mixed 

vegetables salad samples. 

 During refrigeration storage, Staph. aureus counts in unirradiated samples 

almost remained constant at the 4th day, thereafter, disappeared at the 7th day of 

refrigeration storage.  Meanwhile, Staph. aureus colonies which were survived 1.0 or 2 

kGy decreased during storage. On the other hand, 3 kGy irradiated samples were 

free from these pathogenic throughout their storage periods (Table 30).This 

irradiation dose can be used to improve the microbiological quality and to ensure 

safety of mixed vegetables salad that ready-to-eat.  

Although low dose (1 kGy) of irradiation could reduce populations of some 

radiation sensitive pathogens such as E. coli and A. hydrophila, radiation dose of > 1 

kGy are required to obtain a 5-log reduction of radiation-resistant pathogens such as 

Staph aureus. In this regard the National Food Processors Association proposed that, 

use of ionizing radiation at dose of up to 4.5 kGy be allowed for the control of 

foodborne pathogens in a number of foods, including fresh and processed fruits and 

vegetables (Anonymous, 2000). 

On the other hand, L. monocytogenes and Salmonella spp. were not detected in 

any of mixed vegetable salad samples either irradiated or not throughout their 

refrigerated storage periods. 
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Table (30): Effect of irradiation on the pathogenic bacteria (cfu/g) of 
mixed vegetables salad during refrigerated storage. 

Irradiation dose (kGy) 
Microorganisms 

Storage period 
(days) Control 1 2 3 

Staph. aureus 

0 
4 
7 
12 
15 

3.3×102 
3.0×102 

<100 
R 
R 

2.0×102 
1.0×102 
1.0×102 

<100 
R 

2.2×102 
1.0×102 

<100 
<100 

R 

<100 
<100 
<100 
<100 
<100 

A. hydrophila 

0 
4 
7 
12 
15 

2.3×102 
2.0×102 

<100  
R 
R 

<100 
<100 
<100 
<100 

R 

<100 
<100 
<100 
<100  

R 

<100 
<100 
<100 
<100 
<100 

L. 
monocytogenes 

0 
4 
7 
12 
15 

<100 
<100 
<100 

R 
R 

<100 
<100 
<100 
<100 

R 

<100 
<100 
<100 
<100 

R 

<100 
<100 
<100 
<100 
<100 

Salmonella spp. 

0 
4 
7 
12 
15 

— 
— 
— 
R 
R 

— 
— 
— 
— 
R 

— 
— 
— 
— 
R 

— 
— 
— 
— 
— 

 
R = Samples sensorially rejected and therefore could not be used for the rest of the 

storage period 

— = Not present 

< 100  = Below detectable level 
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5.2.4.  Effect of irradiation on the amino acids content of 

mixed vegetables salads  

Table (31) and Figures (33a and 33b) show amino acids profile of mixed 

vegetables salad and their changes as a result of irradiation with the 

recommended irradiation dose, i.e. 3 kGy. It is obvious that 16 amino acids 

were detected in unirradiated mixed salad, eight of them are essential(EAA). 

Total non-essential amino acids (NEAA) represented 71.3% of the total amino 

acids while essential amino acid represented only 28.7%. Proline was the 

predominant amino acid followed by glutamic acid and aspartic acid. They 

accounted 6.38, 5.16 and 3.14 mg/g, indicating that they represented 22.2, 

18.0 and 10.9% from the total amino acids, respectively. 

Irradiation at 3 kGy caused a decrease in all amino acids at different 

levels, except lysine which was increased as a result of irradiation. However, 

the percentage of decrease in total amino acids did not exceed 11.3%. The 

decrease in non-essential amino acids was higher (12.8%) than that of essential 

amino acids (7.4%). The decrease in amino acids upon irradiation could be 

explained by splitting of peptide bonds and deamination-decarbpxylation of 

some amino acids as a result of the free radicals which formed upon water 

radiolysis (Underdal et al., 1973 and Elias and Cohen, 1977). Alanine was 

decreased by 12.7%. Diehl (1995) reported that deamination and 

decarboxylation of alanine may occur as a result of irradiation. Tyrosine and 

phenylalanine decreased by 13.2 and 11.4%, respectively. Diehl (1995) 

reported that the aromatic amino acids phenylalanine and tyrosine react 

readly with the transient species of water radiolysis, hydroxylation of the 

aromatic ring being the principle reaction. The reduction in histidine was 

relatively high (18.5%). This is true and because the fact that histidine 

belongs to the more radiation sensitive amino acids and deamination of it 

occurs to a greater extent than with any other amino acids. 
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Table (31): Effect of recommended irradiation dose on amino acids profile 
mg/g sample on dry weight basis of mixed vegetables salad. 

Amino acid Control 3 kGy 

Aspartic 3.14 2.82 

Threonine 1.19 1.09 

Serine 1.24 1.17 

Glutamic 5.16 4.97 

proline 6.38 5.26 

Glycine 1.16 1.04 

Alanine 1.97 1.72 

Cystine 0.00 0.0 

Valine 1.39 1.28 

Methionine 0.14 0.11 

Isoleucine 0.99 0.91 

Leucine 1.65 1.49 

Tyrosine 0.38 0.33 

Phenylalanine 1.14 1.01 

Histidine 0.65 0.53 

Lysine  1.07 1.19 

Arginine 1.04 0.54 

Total EAA  8.22 7.61 

Total non- EAA 20.47 17.85 

Total amino acid  28.69 25.46 

EAA/NEAA 0.40 0.43 

 

 



Results & Discussion 
_________________________________________________________________________ 

 167

 
Fig. (33a): Amino acids profile of mixed vegetables salad. 
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Fig. (33b): Effect of recommended irradiation dose on amino acids profile of 

mixed vegetables salad. 
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5.2.5.  Effect of irradiation on the ascorbic acid of mixed 

vegetables salads  

Vitamin C is an important nutrient of vegetables and fruits. Fresh-cut 

produce is perceived as being more nutritious than canned or frozen products 

(Klein, 1987).  

The vitamine C content (AA) of mixed vegetables salad was determined 

before and after treatment with gamma radiation at dose levels of 1, 2 and 3 

kGy and during refrigeration storage and the results are show in Table (32) 

and Figure (34). It is clear that the lowest irradiation doses used, i. e. 1kGy 

decreased ascorbic acid content by only 3.4 % but this decrease was not 

significant. Whereas the higher irradiation doses (2 and 3 kGy) significantly 

decreased ascorbic acid content by 7.9 and 12.2 %, respectively. This 

decrease in ascorbic acid could be attributed to oxidation of ascorbic acid to 

dehydroascorbic acid (DHAA) as a result of irradiation. This is expected due 

to the fact that ascorbic acid (vit C) is sensitive to oxidation. In this regard, 

Kilcast (1994) reported that ionizing radiation can cause a partial conversion 

of ascorbic acid (AA) to dehydroascorbic acid (DHAA).  

The results of the earlier studies on the effect of irradiation on vitamin 

C content (ascorbic acid) in food of plant origin are controversial. Either no 

effect or a decrease in vitamin C content has been reported by many 

investigators (Beyers et al. 1979 and Thomas, 1984). However, several 

studies have reported a reduction in ascorbic acid (AA) content following 

irradiation and storage (Joshi et al., 1990; Graham and Stevenson, 1997 

and Fan and Sokorai, 2002).  
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Table (32): Effect of irradiation on the ascorbic acid content (mg/100g) of mixed 
vegetables salad during refrigerated storage. 

Irradiation dose (kGy) Storage 

period (days) Control 1 2 3 

0 

4 

7 

12 

15 

19.93 ±0.195l 

16.67 ±0.195hi 

15.40 ±0.195ef 

R ±0.00a 

R ±0.00a 

19.25 ±0.195kl 

16.50 ±0.195gh 

15.25 ±0.389efg 

13.11 ±0.195cd 

R ±0.00a 

18.35 ±0.195jk 

15.87 ±0.195fgh 

14.67 ±0.195e 

13.22 ±0.195cd 

12.50 ±0.195c 

17.50 ±0.195ij 

14.67 ±0.195e 

13.50 ±0.195d 

12.60 ±0.195cd 

10.87 ±0.195b 

R = Samples sensorially rejected and therefore could not be used for the rest of the 
storage period 

 Mean scores of three replicates ± standard deviation. 

 Means with different superscripts (a-l) are significantly different (P<0.05). 
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Fig. (34): Effect of irradiation on the ascorbic acid content of mixed 
vegetables salad during refrigerated storage. 
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The results in Table (32) revealed that ascorbic acid content in both non 

irradiated and irradiated mix salad was greatly decreased during storage at 

4±1oC. The loss of vitamin C (ascorbic acid) during refrigeration storage 

reached 22.7, 20.8 and 22.9 % for the mix salad samples exposed to 0, 1, 2 

and 3 kGy after 7 days, respectively. After 15 days of refrigeration storage 

(the end of experiment shelf-life) the loss in vitamin C reached 31.9 and 37.9 

% for the mix salad samples exposed to 2 and 3 kGy, respectively. The results 

revealed that the loss in ascorbic acid during storage was larger than that 

caused by irradiation. Langerak (1978) reached similar results for pre-cut 

endives.  

5.2.6.  Effect of irradiation on the pH value of mixed 

vegetables salad 

pH values of mix salad as affected by irradiation and subsequent 

refrigeration storage are shown in Table (33) and Figure (35). Immediately 

after irradiation, there was no effect in pH value of mix salad. During storage 

for 15 days, the pH value was significantly decreased in unirradiated samples. 

The pH value of non irradiated samples decreased from 6.70 to 5.00, while 

that for 1, 2 and 3 kGy irradiated samples insignificantly decreased from 6.68, 

6.64 and 6.73 to 5.9, 6.22 and 6.37, respectively. This means that the pH value 

of unirradiated samples was lower than that of irradiated ones at any time of 

storage. These results might be correlated with the growth of lactic acid 

bacteria, since the population of lactic acid bacteria in unirradiated samples 

was markedly higher than that of irradiated samples (Table 33). These results 

also were confirmed by the panel tests, which rejected the unirradiated samples 

after 7 days of refrigeration storage because of sour taste, i.e. acidification. 

These results are also in accordance with Ahn et al. (2005). Production of lactic 
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Table (33): Effect of irradiation on the pH value of mixed vegetables 
salad during refrigerated storage. 

Irradiation dose (kGy) Storage 

period (days) Control 1 2 3 

0 

4 

7 

12 

15 

6.70 ±0.301de 

5.91 ±0.301bcde 

5.00 ±0.301b 

R ±0.00a 

R ±0.00a 

6.68 ±0.301de 

6.47 ±0.301cde 

5.90 ±0.301bcde 

5.46 ±0.339bcd 

R ±0.00a 

6.64 ±0.301de 

6.51 ±0.301de 

6.22 ±0.301bcde 

5.86 ±0.153bcde 

5.23 ±0.213bc 

6.73 ±0.301e 

6.61 ±0.301de 

6.37 ±0.301cde 

6.11 ±0301bcde 

5.46 ±0.183bcd 

R = Samples sensorially rejected and therefore could not be used for the rest of the 
storage period 

 Mean scores of three replicates ± standard deviation. 

 Means with different superscripts (a-e) are significantly different (P<0.05). 
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Fig. (35): Effect of irradiation on the pH value of mixed vegetables salad 
during refrigerated storage. 
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acid and acetic acids by lactic acid bacteria in stored vegetables has been 

reported (Carlin et al., 1989 and Marchetti et al., 1992). The present 

results showed that irradiation reduced the lactic acid bacteria level in mix 

salad, and consequently, the changes in pH values of irradiated samples were 

little than that of unirradiated ones. In contrary, Prakash et al. (2002) 

reported that gamma irradiation at 0.5 to 3.7 kGy had no significant effect on 

the pH, or titrable acidity of fresh-cut tomatoes for 8 days of storage. 

5.2.7.  Effect of irradiation on the weight loss value of mixed 

vegetables salad 

The effect of different irradiation doses used, i.e. 1, 2 and 3 kGy as 

well as refrigeration storage, on the percentage of weight loss of packaged 

mixed vegetables salad has shown in Table (34) and Figure (36). Generally, 

there was no effect of irradiation on weight loss. However, the percentage of 

weight loss of unirradiated and irradiated samples slightly decreased as 

storage time increased. The maximum weight loss only reached 0.53% in 

samples exposed to 3 kGy after 15 days of storage. No significant differences 

in weight loss have been found between unirradated samples and those 

exposed to 1, 2 or 3 kGy.  
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Table (34): Effect of irradiation on the percentage of weight loss of 
mixed vegetables salad during refrigerated storage. 

Irradiation dose (kGy) Storage 

period (days) Control 1 2 3 

0 

4 

7 

12 

15 

0.00 ±0.00a 

0.13 ±0.017b 

0.15 R ±0.023b 

R ±0.00a 

R ±0.00a 

0.00 ±0.00a 

0.15 ±0.010b 

0.24 ±0.026cd 

0.33 R ±0.00ef 

R ±0.00a 

0.00 ±0.00a 

0.13 ±0.020b 

0.28 ±0.25de 

0.31 R ±0.15def 

R ±0.00a 

0.00 ±0.00a 

0.17 ±0.021bc 

0.29 ±0.021de 

0.37 ±0.031f 

0.53 ±0.021g 

R = Samples sensorially rejected and therefore could not be used for the rest of the 
storage period 

 Mean scores of three replicates ± standard deviation. 

 Means with different superscripts (a-e) are significantly different (P<0.05). 
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Fig. (36): Effect of irradiation on the percentage of weight loss of mixed 
vegetables salad during refrigerated storage. 
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5.2.8. Effect of irradiation on the sensory evaluation of mixed 
vegetables salad 

Sensory properties, particularly appearance, are considered the first and 

foremost parameters by which a product is purchased by the consumers. All 

mixed vegetables salad samples (irradiated and unirradiated) were sensorially 

evaluated for appearance, odour and taste. Each sample was visually rated by 10 

judges on a 9-point scale. Score 5 is the borderline of acceptability, while 4 is 

unacceptable. The panelists’ scores are tabulated in Table (35) and Figures (37, 

38 and 39). From the table it is clear that all irradiation doses used (1,2 and 3 

kGy) had no significant effect on the tested sensory quality attributes, since all 

irradiated and unirradiated samples had almost similar mean scores immediately 

after irradiation (at zero time). Similar results have been shown with the main 

vegetable components of salad. Chaudry et al. (2004) found that the 
appearance scores of minimally processed carrots irradiated at 1, 2 and 2.5 
kGy were not significantly different. While the appearance scores were 
affected by 3 kGy irradiation dose as the mean scores decreased from 7.6 
(control) to 6.3 (3 kGy). Goularte et al. (2004) found that low irradiation 
dose (0.9 kGy) did not affect sensory quality attributes of shredded lettuce. 
Martins et al. (2004) reported that 1 kGy irradiation dose did not cause any 
changes in sensory characteristics of watercress, while 3 and 4 kGy decreased 
the acceptability scores.  

As a refrigeration storage period increased, panelists gave lower scores 
for sensory parameters (appearance, odour and taste) of all mixed vegetables 
salad samples. However, irradiated samples had higher sensory scores upon 
storage time in comparison with unirradiated ones. At day 7, the appearance 
and taste scores of unirradiated samples decreased from 8.4 and 8.6 at zero 
time to 3.8 and 4.0 at day 7 indicating that these samples were sensorially 
rejected. The shelf-life of these samples was 7 days from the view point of 
sensory scores. Garcia-Gimeno and Zurera-Cusana (1997) reported that the 
shelf-life of ready-to-eat salad varies between 7 and 14 days depending on 
type of vegetables. 
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Table (35): Effect of irradiation on the sensory evaluation of irradiated 
mixed vegetables salad during refrigerated storage.  

Irradiation dose (kGy) 
Parameters 

Storage 

period 

(days) Control 1 2 3 

Appearance 

0 

4 

7 

12 

15 

8.4 ±0.394i 

6.5 ±0.0.577efg 

3.8 R ± 0.675bc 

R ±0.00a 

R ±0.00a 

8.2 ±0.349hi 

7.0 ±0.707fg 

5.9 ±0.658def 

4.8  ±0.538cd 

R ±0.00a 

8.3 ±0.538hi 

7.8 ±0.753ghi 

6.5 ±0.624efg 

5.1 ±0.658cd 

3.0 R ±0.667b 

8.2 ±0.258hi 

7.5 ±0.745ghi 

6.8 ±0.538fg 

5.8 ±0.538def 

5.3 ±0.715de 

Odour 

0 

4 

7 

12 

15 

8.2 ±0.537i 

6.2 ±0.675efg 

4.4  ±0.699bcd 

R ±0.00a 

R ±0.00a 

8.2 ±0.258i 

6.7 ±0.675fgh 

5.8 ±0.735defg 

4.0 R ±0.745bc 

R ±0.00a 

8.0 ±0.624hi 

7.2 ±0.675ghi 

6.5 ±0.745fg 

5.3 ±0.587cdef 

3.7 R ±0.632b 

8.0 ±0.471hi 

7.2 ±0.632ghi 

6.5 ±0.745fg 

5.6 ±0.809def 

5.0 ±0.527bcde 

Taste 

0 

4 

7 

12 

15 

8.6 ±0.394j 

6.0 ±0.527def 

4.0 R ±0.623bc 

R ±0.00a 

R ±0.00a 

8.4 ±0.394ij 

6.5 ±0.577efgh 

5.6 ±0.459de 

4.0 R ±0.408bc 

 R ±0.00a 

8.6 ±0.316j 

7.6 ±0.658hij 

6.3 ±0.421efg 

5.0 ±0.667cd 

3.6 R ±0.394b 

8.2 ±0.483ij 

7.4 ±0.658ghi 

6.8 ±0.421fgh 

5.8 ±0.537def 

5.0 ±408cd 

R = Samples sensorially rejected and therefore could not be used for the rest of the 
storage period 

 Mean scores of 10 panelists ± standard deviation. 

 Means with different superscripts (a-j) are significantly different (P<0.05). 
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Fig. (37): Effect of irradiation on the appearance scores of mixed 
vegetables salad during refrigeration storage. 
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Fig. (38): Effect of irradiation on the odour scores of mixed vegetables 

salad during refrigeration storage. 
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Fig. (39): Effect of irradiation on the taste scores of mixed vegetables 
salad during refrigeration storage. 

 

The rejection based mainly on wilting of lettuce and cabbage leaf (the main 

components of salad), off-odour and acidulous taste. Thus, control samples could not 

be analyzed for the rest of study. Lopez-Galvez et al. (1997) compared the quality 

changes in sensorial commercially available packaged salads, including ceasar salad, 

during storage. They reported that development of off-odour starts at day 10 and 

are a common problem in commercial salad products.  

The panelist scores for odour and taste of mixed vegetables salad samples 

irradiated at 1 kGy decreased to lower than the acceptable level at day 12, where 

they became unacceptable and were rejected. The mean sensory scores of the 

samples exposed to 3 kGy still acceptable up to 15 days of cold storage. It is clear 

that commercially packaged vegetables salad exposed to 3 kGy had a marketable 

shelf-life of 15 days at refrigeration storage. Peiser et al. (1997) observed a rapid 

increase in acetaldehyde and ethanol concentration, consequently sensory scores, 

between day 10 and 16 in bags of ready-to-eat salad. 
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5.3. Irradiation of fresh-cut pears 

 The main problem confronts the production and commercialization of 

minimally processed fruits such as apples and pear is their tendency to rapid 

enzymatic browning causing deterioration. Thus, attempts have been done to 

avoid this deterioration source.  

Ten kilogram of fresh pear fruits (on the same day of harvest) at 

commercial maturity stage (partially ripened based on external colour and 

firmness) were purchased from a local farm. Intact pear fruits of uniform size 

(130-140 g) were selected and transferred to the laboratory. They were 

washed with tap water and manually peeled and cut into quarters. The peeled 

pear quarters were cored and immersed in tap water containing 2% ascorbic 

acid (to control enzymatic browning) and 1 % calcium lactate (to enhance 

firmness) for 3 min with gently agitation. After immersing, the fresh-cut 

pears (quarters) were left to drain for 15 min in a perforated cage, then air 

dried at ambient temperature (about 25°C) for 1h. The air dried pear quarters 

were packaged in foam bags and wrapped with film of polyphenyl chloride (non-

perforated, permeable, and self-clinging). Each bag contained 4 randomly pear 

quarter (approximately 100g) from different fruits. The packaged-cut pear 

samples were exposed to 0.0, 1.0 and 3 kGy. Control samples were immersed in 

only tap water without any additives. 
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5.3.1.  Effect of combination treatment with irradiation on the 

microbial load of fresh-cut pears 

 The effect of different irradiation doses used (1, 2 and 3 kGy ) and 

storage at 4°C±1 on the total aerobic bacterial count (TAPC) of fresh-cut pear 

samples are shown in Table (36). Control fresh-cut pear samples which 

immersed in only tap water had mean TAPC of 6.4×103  cfu/g, while those 

immersed in ascorbic acid and calcium lactate contained 6.0×103 cfu/g 

indicating that immersion in enzymatic browning inhibitor (ascorbic acid) and in 

firmness agent (calcium lactate) very slightly reduced TAPC. Generally, 

irradiation at all doses used (1, 2 and 3 kGy) caused great reduction in TAPC. 

The lowest irradiation dose used, i.e. 1 kGy reduced TAPC by more than one log 

cycle (95.3%) from the initial counts of immersed control samples. Meanwhile, 

higher irradiation dose used (2 and 3 kGy) reduced TAPC by more than two log 

cycles (99.6 and 99.8%, respectively).  

 During refrigeration storage, there was a progressive increase in TAPC 

in unirradiated samples either immersed in only tap water or in tap water 

containing chemicals. After 7 days of refrigerated storage, TAPC reached 

3.0×104 cfu/g and 1.9×104 cfu/g in unirradiated samples which were immersed 

in only water or in water containing chemicals, respectively. This increase 

could be due to the proliferation and growth of psychrotrophic bacteria. TAPC 

in samples exposed to 1 kGy reached 1.5×104 cfu/g after 14 days of 

refrigeration storage. TAPC in samples exposed to 2 and 3 kGy very slightly 

increased during storage and did not reach their initial count before 

irradiation even after 14 days of refrigeration storage, being 1.6×102 and 

3.8×101 cfu/g, respectively.  
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Table (36): Effect of combination treatment irradiation on the microbial counts 
(cfu/g) of fresh-cut pears during refrigerated storage. 

Immersion in water containing 2% 

ascorbic acid and 1% calcium lactate and 

irradiated with different doses (kGy)  
Microorganisms 

Storage 

period 

(days) 

Control 

immersed in 

water only 
Control 1 2 3  

Total aerobic 

bacterial count 

(TAPC) 

0 

7 

14 

6.4×103 

3.0×104 

R 

6.0×103 

1.9×104 

R 

2.8×102 

8.0×103 

1.5×104 

2.5×10 

1.5×102 

6.6×102 

1.3×10 

2.5×10 

3.8×10 

Lactic acid 

bacteria (LAB) 

0 

7 

14 

3.0×102 

5.5×103 

R 

1.8×102 

3.1×103 

R 

7.0×10 

8.1×10 

9.0×10 

< 10 

< 10 

2.0×10 

< 10 

< 10 

< 10 

Total mould and 

yeast (M&Y) 

0 

7 

14 

8.5×102 

9.8×103 

R 

6.5×102 

5.0×103 

R 

1.0×102 

1.2×103 

6.7×103 

< 10 

1.7×10 

5.0×10 

< 10 

< 10 

< 10 

R = Samples sensorially rejected. 
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Data in Table (36) show that the initial counts of lactic acid bacteria 

(LAB) on fresh-cut pear samples immersed in only tap water and in tap water 

containing 2% ascorbic acid and 1% calcium lactate were 3×102 and 1.8×102 

cfu/g, respectively. Irradiation dose of 1 kGy reduced the initial counts by 

61.1%. Meanwhile, the counts of LAB in fresh-cut pear samples exposed to 2.0 

and 3 kGy were <10 cfu/g. During refrigeration storage, LAB in samples 

immersed in only water increased and reached its maximum of 5.5×103 cfu/g 

after 7 days, while the counts of LAB in samples immersed in water containing 

ascorbic acid and calcium lactate increased from 1.8×102 at zero time of 

storage to 3.1×103 cfu/g after 7 days of storage. Fresh-cut pear samples 

exposed to 3 kGy did not show the presence of LAB throughout their storage 

period. 

 Table (36) also shows the effect of irradiation and refrigeration 

storage on the total mould and yeast counts of fresh-cut pear samples. The 

initial total mould and yeast counts in fresh-cut pear samples immersed in only 

tap water or in tap water containing chemicals were 8.5×102 and 6.5×102 cfu/g, 

respectively. Irradiation at 1 kGy reduced the initial mould and yeast counts 

by 84.6%, meanwhile irradiation doses of 2 and 3 kGy completely eradicated 

them; reduced their counts by 100%. Upon refrigeration storage, total mould 

and yeast counts in unirradiated samples reached 9.8×103 and 5.0×103 cfu/g 

after 7 days, indicating that moulds and yeasts were the predominant 

microflora at the end of storage period. Some spots of moulds have been seen 

on the surface of some unirradiated samples after 14 days of refrigeration 

storage. This is true and confirms the fact that the low pH of fruits 

restricted the growth of microflora rather than lactic acid bacteria and fungi. 
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Moulds and yeasts in fresh-cut pear samples exposed to 3 kGy were below 

detectable level (<10 cfu/g) all over the storage period.  

On the other hand, non of the tested indicator or pathogenic bacteria 

(coliforms, E. coli, Ent. faecalis, Staph. aureus, A. hydrophila, L. 

monocytogenes and Salmonella spp.) was detected in non-irradiated (control) 

fresh-cut pears, consequently the effect of irradiation on indicator 

microorganisms and on pathogens was not studied. 

 It is worthy to mention that there is no available data (according to our 

knowledge) on the incidence of pathogenic bacteria in minimally processed pear 

and on the effect of irradiation on their microbiological quality. I mean, this is 

the first such study on the incidence of pathogens in fresh-cut pear and on 

the effect of irradiation on their microbiological quality. 

5.3.2.  Effect of combination treatment with irradiation on the 

amino acids content of fresh-cut pears 

With some 20 amino acids constituents of the proteins and with three 

free radicals types formed upon water radiolysis, very complex interactions 

are possible. Additional effects are exerted by the special configuration of 

protein chains, as determined by hydrogen bonds, disulfide bridges, 

hydrophobic bonds and ionic bonds. Amino acids, which are sensitive to radical 

attack, can undergo various interactions (Diehl 1995). 

The profile of amino acids in fresh-cut pear and its change as a result 

of irradiation at 3 kGy are shown in Table (37) and Figures (40a and 39b). 

Unirradiated fresh-cut pear contained 17 amino acids but at low 

concentrations. Total non-essential amino acids represented 69.6% from the 

total amino acids concentrations. Total essential amino acids represented only 
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30.4%, indicating that pear fruits are poor in essential amino acids. Aspartic 

acid was the predominant amino acid followed by glutamic acid. They were 

found in concentrations of 2.83 and 1.09 mg/g, respectively, representing 27.7 

and 10.7% from the total amino acids. Fresh-cut pear samples were very poor 

in methionine and cystine. Irradiation at 3 kGy almost had no effect on 

Cystine, methionine, ioleucine and leucine. This irradiation dose caused an 

increase in aspartic acid (9.2%), theronine (15.2%), serine (11.8%), glutamic 

(13.8%), praline (33%), glycine (1.9%), alanine (1.4%) and valine (1.9%). On the 

other hand, 3 kGy irradiation dose caused a decrease in tyrosine (7.1%), 

phenylalanine (2.5%), histidine (5.3%), lysine (2.8%) and arginine (3.3).  

The increase in amino acids as a result of irradiation could be attributed 

to the reaction of radiation-induced free radicals on the peptides to cause 

cleavage of the peptides and causing cross linkage (Fu et al., 1980). On the 

other hand, the decrease which occurred in some amino acids upon irradiation 

could be due to the fact that gamma radiation induced the formation of free 

radicals upon water radiolysis which are associated with splitting of peptide 

bonds and deamination-decarboxylation of these amino acids (Underdal et al., 

1973 and Elias and Cohen, 1977).  
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Table (37): Effect of recommended irradiation dose on amino acids profile 
mg/g sample on dry weight basis of fresh-cut pear. 

Amino acid Control 3 kGy 

Aspartic 2.83 3.09 

Threonine 0.46 0.53 

Serine 0.51 0.57 

Glutamic 1.09 1.24 

Praline 0.97 1.29 

Glycine 0.52 0.53 

Alanine 0.69 0.70 

Cystine 0.05 0.05 

Valine 0.53 0.54 

Methionine 0.01 0.01 

Isoleucine 0.44 0.44 

Leucine 0.71 0.71 

Tyrosine 0.14 0.13 

Phenylalanine 0.40 0.39 

Histidine 0.19 0.18 

Lysine  0.36 0.32 

Arginine 0.30 0.28 

Total EAA  3.10 3.12 

Total non- EAA 7.10 7.88 

Total amino acid  10.20 11.00 

EAA/NEAA 0.44 0.40 
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Fig. (40a): Amino acids profile in fresh-cut pear. 
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Fig. (40b): Effect of recommended irradiation dose on amino acids profile 

in fresh-cut pear. 
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5.3.3. Effect of combination treatment with irradiation on the 
ascorbic acid of fresh-cut pears  

The results of the effect of irradiation on vitamin C (ascorbic acid, AA) 

of fresh-cut pear samples was depicted in Table (38) and Figure (41). L. 

ascorbic acid is considered the most important vitamin from the view point of 

nutritional. It is evident that irradiation at 1 and 2 kGy had no significant 

effect in the ascorbic acid content of fresh-cut pear. While irradiation at 3 

kGy significantly reduced ascorbic acid content. The percentage of loss in 

ascorbic acid was 3.8, 6.3 and 9.4% at dose levels of 1, 2 and 3 kGy, 

respectively. This loss could be attributed to oxidation of ascorbic acid by 

irradiation to dehydroascorbic acid (DHAA). This is expected due to the 

sensitive characteristics of ascorbic acid and irradiation takes place in the 

presence of air. Graham and Stevenson (1997) have shown that irradiation at 

doses of 1, 2 and 3 kGy reduced the TAA content of strawberries and 

potatoes. Kilkast (1994) reported that ionizing radiation can cause a partial 

conversion of AA to DHAA. It should taking into consideration the fact that 

ionizing radiation can cause a partial conversation of ascorbic acid AA to 

dehydroascorbic acid (DHAA) and both of these compounds have vitamin C 

activity in the body. Thus, may be there is no real effect of ionizing radiation 

on vitamin C.  

 Ascorbic acid in all unirradiated and irradiated fresh-cut pear samples 

showed much reduction upon refrigeration storage and the reduction was 

increased with increasingly storage time. After 7 days of storage the loss of 

ascorbic acid reached 20 and 23.8% in control samples dipped in only water 

and in antibrowning and firmining agents, respectively. Meanwhile, the loss in 

ascorbic acid content reached 28.6, 28 and 25.4% in fresh-cut samples 

irradiated at 1, 2 and 3 kGy, respectively.  
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Table (38): Effect of combination treatment with irradiation on the ascorbic acid 
(mg/100g) content of fresh-cut pears during refrigerated storage. 

Immersion in water containing 2% ascorbic acid and 1% 
calcium lactate and irradiated with different doses (kGy)  

Storage 
period 
(days) 

Control 
immersed in 
water only 

0.0 1.0 2.0 3.0  

0 

7 

14 

14.8 ±0.361gh 

11.8 ±0.153ef 

R ±0.00a 

16.0 ±0.101i 

12.2 ±0.265f 

R ±0.00a 

15.4 ±0.400hi 

11.0 ±0.265de 

9.7 ±0.265bc 

15.0 ±0.361ghi 

10.8 ±0.208de 

9.4 ±0.361b 

14.2 ±0.173g 

10.6 ±0.115cd 

9.0 ±0.153b 

R = Samples sensorially rejected. 

 Mean scores of three replicates ± standard deviation. 

 Means with different superscripts (a-i) are significantly different (P<0.05). 
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Fig. (41): Effect of combination treatment with irradiation on the ascorbic acid 

content of fresh-cut pears during refrigerated storage. 
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5.3.4. Effect of combination treatment with irradiation on the 

polyphenol oxidase (PPO) activity of fresh-cut pears  

Brown discolouration resulted from the reactions of a group of enzymes 

called polyphenol oxidase (PPO) are determintal to fresh-cut fruits (such as 

apple and pear) quality and has recognized as the main cause of short shelf-

life. Therefore, PPO activity (U/g) of pear peel, thin layer adjacent peel and 

pulp was measured and the results are shown in Table (39) and Figure (42). 

The PPO activity was 2270, 2626 and 1910 U/100g, respectively. This 

indicates that the highest PPO activity was found in the thin layer adjacent 

peel, while the lowest activity was found in pear pulp. Similar results have 

shown by (Youssef et al., 2002) who found that PPO activity was 1468.0 

U/100g pulp and was 7397.3 U/100g peel. This indicates that polyphenol 

oxidase in peel, beneath peel and pulp was significantly different. These 

results suggest removing of peel with the thin layer adjacent it (peeling of 

pear fruits) in the processing of fresh-cut pears. 

Many browning inhibitors of PPO have been used to control enzymatic 

browning in fresh-cut fruits. Among these chemical agent, used to avoid 

enzymatic browning of fresh-cut fruits is ascorbic acid. The effect of 

treatment with ascorbic acid on PPO activity of peeled fresh-cut pear is 

shown in Table (40) and Figure (43). It is obvious that PPO activity of 

untreated fresh-cut pears (dipped in only water) was 1907 U/100g, while that 

of treated fresh-cut pears (dipped in water containing 2 % ascorbic acid and 

1% calcium lactate) was 1821 U/100g. This indicates that, the treatment of 

peeled fresh-cut pears with ascorbic acid significantly reduced PPO activity. 

Many other investigators reported inhibition of PPO in fresh-cut apples and 

pears by treatment with ascorbic acid and calcium lactate or calcium chloride 

(Pizzocaro et al., 1993; Soliva-Fortuny et al., 2002 and Gorny et al., 

2002). 
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Table (39): Polyphenol oxidase (U/g) activity in pear, beneath peel and peel  

Part of pear fruit PPO (u/g) 

Peel  

Beneath peel 

Pulp 

2270 ±26.46b 

2626 ±71.34c 

1910 ±13.23a 

 Mean scores of three replicates ± standard deviation. 

 Means with different superscripts (a-c) are significantly different (P<0.05). 
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Fig. (42): Polyphenol oxidase (U/g) activity in pear, beneath peel and peel. 
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Table (40): Effect of combination treatment with irradiation on the polyphenol 
oxidase (PPO, u/g) of fresh-cut pears during refrigerated storage. 

Immersion in water containing 2% ascorbic acid and 1% 
calcium lactate and irradiated with different doses (kGy)  

Storage 
period 
(days) 

Control 
immersed in 
water only 0.0 1.0 2.0 3.0  

0 

7 

14 

1907 ±12.66g 

2075 ±9.851h 

R ±0.00a 

1821 ±28.02f 

1838 ±10.82fg 

R ±0.00a 

1270 ±8.15b 

1438 ±10.81d 

1670 ±22.91e 

1148 ±8.145a 

1349 ±10.81c 

1463 ±28.02d 

1120 ±10.07a 

1250 ±8.14b 

1320 ±10.81bc 

 R = Samples sensorially rejected. 

 Mean scores of three replicates ± standard deviation. 

 Means with different superscripts (a-h) are significantly different (P<0.05). 

0

500

1000

1500

2000

2500

0 5 10 15

0 kGy (water) 
0 kGy (solution)
1 kGy (solution)
2 kGy (solution)
3 kGy (solution)

 

 

Fig. (43): Effect of combination treatment with irradiation on the polyphenol 
oxidase (PPO, u/g) of fresh-cut pears during refrigerated storage. 
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Table (40) and Figure (43) also show the effect of irradiation on PPO 

activity. It is evident that irradiation reduced PPO activity and the reduction 

was proportional with irradiation dose. Irradiation doses of 1, 2 and 3 kGy 

insignificantly reduced PPO of fresh-cut pear samples by 30.3, 37.0 and 38.5 

%, respectively from the initial PPO activity in unirradiated samples. This 

reduction in PPO activity could be attributed to the effect of irradiation on 

phenolic contents (substrates of PPO) of fresh-cut pears. Ahn et al. (2005) 

found that gamma irradiation at 1 kGy or above significantly reduced the 

phenolic contents in the cut Chinese cabbage. The reduction of phenolic 

compounds in the foods as a result of irradiation has been also reported by 

Villavicencio et al. (2000).  

The PPO activity of irradiated fresh-cut pear samples was significantly 

increased with increasing refrigeration storage period. This increase in PPO 

activity could be attributed to solubilization of PPO upon storage leading to 

higher activity as well as increasing concentration of total soluble phenols. 

Mayer and Harel, (1979) reported that upon storage PPO becomes 

increasingly soluble and more extractable, and the solubilization could occur as 

a result of membrane damage upon storage. The results presented in Table 

(40) and Figure (43) revealed that PPO activity of fresh-cut pear samples 

treated by ascorbic acid and calcium lactate was lower than that of untreated 

ones; this indicates that these chemicals significantly controlled PPO activity. 

Also, PPO activity of irradiated samples was lower than that of non-irradiated 

ones up to 14 days. Thus, the enzymatic browning and changes in the colour 

could be avoided and quality of fresh-cut pears would be maintained by using 

ascorbic acid (as an antibrowning agent) and calcium lactate (as a firming 

agent) and irradiation at 1 or 2 kGy. Our results suggest that immersing of 

fresh-cut pears in 2% ascorbic acid + 1% calcium lactate solution for 3 min and 

irradiation at 2 kGy can be used to enhance the quality and safety of this 

fresh produce up to 14 days at 4°C ± 1.   
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5.3.5.  Effect of combination treatment with irradiation on the 
firmness of fresh-cut pear 

The effect of combination treatments with irradiation on the firmness 

(kg/cm2) of fresh-cut pears during refrigeration storage are shown in Table (41) and 

Figure (44). It is evident that firmness value of fresh-cut pear samples dipped only in 

tap water was 4.8 kg/cm2. The firmness value of the samples treated with ascorbic 

acid and calcium lactate was 5.32 kg/cm2 indicating that the treatment with these 

chemicals increased firmness by 10.8%. Many investigators reported that calcium and 

its salts have been used to enhance firmness of a great variety of minimally 

processed fruits (Rosen and Kader, 1988; Sapers and Miller, 1998 and Soliva-

Fortuny et al., 2003).  

The maintains of firmness in fresh-cut fruits by application of calcium 

and its salts could be explained by interactions of calcium ions with pectic acid 

in the fruit cell wall to form calcium pectate which firms molecular binding 

between constituents of cell wall as reported by Fennema (1985). Glenn and 

Poovaiah (1990) reported that infilterated calcium in fresh-apples has been 

shown, by ultrastructural studies, to bind the cell wall and middle lamellae, 

where major influence on firmness is expected.  

Table (41) and Figure (44) also shows that irradiation significantly 

reduced the firmness of fresh-cut pear samples and this reduction was 

proportional with irradiation dose. Firmness values of fresh-cut pear samples 

reduced by 19.2, 34.2 and 43.6 % at irradiation dose levels of 1, 2 and 3 kGy, 

respectively. Gunes et al., (2001) found that firmness of fresh-cut apples 

decreased as irradiation dose increased beyond a 0.34 kGy threshold. Early, 

Kertesz et al., (1964) attributed radiation-induced softening to breakdown 

of cell wall constituent such as pectin, cellulose and hemicellulose and to 

alteration of semipermeable membrane, which result in structural weakening 

and loss of turgor, respectively, in tissues. They added that the extent of 

firmness loss depends on dose levels, cultivar and storage temperature 

conditions. 
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Table (41): Effect of combination treatment with irradiation on the firmness 
(kg/cm2) of fresh-cut pears during refrigerated storage. 

Immersion in water containing 2% ascorbic acid and 1% 

calcium lactate and irradiated with different doses (kGy)  
Storage 

period 

(days) 

Control 

immersed in 

water only Control 1 2 3 

0 
7 
14 

4.80 ±0.095fghi 

4.53 ±0.137fgh 

R ±0.00a 

5.32 ±0.078i 

5.10 ±0.087hi 

R ±0.00a 

4.30 ±0.040efg 

4.10 ±0.200def 

3.82 ±0.167cde 

3.50 ±0.100bcd 

3.00 ±0.123b 

3.00 ±0.377b 

3.00 ±0.275b 

3.23 ±0.070bc 

2.12 ±0.070a 

R = Samples sensorially rejected. 

 Mean scores of three replicates ± standard deviation. 

 Means with different superscripts (a-i) are significantly different (P<0.05). 
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Fig. (44): Effect of combination treatment with irradiation on the firmness of 
fresh-cut pears during refrigerated storage. 
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Upon refrigeration storage,the mean values of firmness were decreased 

in all fresh-cut pear samples. However, the rate of decrease was higher in 

control samples (immersed only in water) in comparison with those treated by 

chemicals where the rate of decrease was lower at the end of storage period 

(14 days). On the other hand, the rate of decrease in firmness values of 

irradiated samples was higher than that of non-irradiated ones. The firmness 

values in the control samples (treated with chemicals) and those receiving 1,2 

and 3 kGy decreased by 9.8, 11.2, 14.3 and 29.3%, respectively after 14 days 

of storage from the initial values at zero time. It is clear that the highest 

decrease in firmness values was observed with fresh-cut pear samples 

exposed to 3 kGy. These results confirmed the results of sensory evaluation 

with respect to texture scores (Table 43). 

5.3.6.  Effect of combination treatment with irradiation on the 
weight loss of fresh-cut pear  

Table (42) and Figure (45) show the percentage of weight losses (%) of 

fresh-cut pear as affected by irradiation and refrigeration storage. There 

was a very slight weight loss (not exceed 1%) in all the samples during storage. 

The maximum percentage of weight losses only reached 0.77 in fresh-cut pear 

samples exposed to 3 kGy, while after 14 days of storage it was 0.48 and 

0.53% in unirradiated control samples which dipped only in water or in the 

antibrowning and firmness agents, respectively. 
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Table (42): Effect of combination treatment with irradiation on the percentage 
of weight loss of fresh-cut pears during refrigerated storage. 

Immersion in water containing 2% ascorbic acid and 1% 

calcium lactate and irradiated with different doses (kGy)  
Storage 
period 
(days) 

Control 
immersed in 
water only 0.0 1.0 2.0 3.0  

0 
7 
14 

0.0 ±0.00a 

0.23 ±0.233b 

R ±0.00a 

0.0 ±0.00a 

0.26 ±0.152bc 

R ±0.00a 

0.0 ±0.00a 

0.36 ±0.021d 

0.59 ±0.026fg 

0.0 ±0.00a 

0.33 ±0.012cd 

0.63 ±0.173g 

0.0 ±0.00a 

0.31 ±0.153cd 

0.77 ±0.031h 

R = Samples sensorially rejected. 

 Mean scores of three replicates ± standard deviation. 

 Means with different superscripts (a-i) are significantly different (P<0.05). 
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Fig. (45): Effect of combination treatment with irradiation on the percentage of 
weight loss of fresh-cut pears during refrigerated storage. 
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5.3.7.  Effect of combination treatment with irradiation on the 

sensory  evaluation of fresh-cut pear 

Colour, odour, texture and taste are the sensory attributes used to evaluate 

the effect of combination treatment with irradiation on the sensory quality of fresh-

cut pears during refrigeration storage. Table (43) and Figures (46, 47, 48 and 49) 

shows that the mean scores of colour, odour, texture and taste of fresh-cut pears 

samples dipped in only water were 8.8, 8.8, 8.6 and 8.9, respectively. Dipping of 

fresh-cut pears in water containing ascorbic acid (as antibrowning agent) and calcium 

lactate (as firmness agent) caused no significant changes in all the above parameters. 

However, taste scores slightly decreased (from 8.9 to 8.7) and texture scores 

slightly increased (from 8.6 to 8.8). Many investigators reported that calcium salts 

are widely used, as post harvest treatment, to reduce softening (enhance firmness) 

of apple and pear fruits (Bangerth, 1979 and Dong et al., 2000).  

Irradiation of fresh-cut pears had no significant effect on different sensory 

quality attributes. However, irradiation dose of 3 kGy decreased the mean sensory 

scores particularly texture scores (from 8.8 to 8.0) indicating that this dose had an 

adverse effect on sensory quality properties of fresh-cut pears. The use of 

irradiation to extend the shelf-life of raw fresh-fruits has been investigated 

extensively. However, many investigators reported that irradiation caused 

undesirable changes (softening) of fresh-fruits (Maxie and Sommer, 1965; Yu et 

al., 1996 and Hegazi et al., 2000) 

During refrigeration storage, all sensory quality scores significantly decreased 

with increasing refrigeration storage period, but at different rates. The surface 

brown colour of fresh-cut pear dipped only in water (control) developed at the same 

day of preservation. Intensive complete browning was observed after 2 days of 

refrigeration storage. This means that the refrigeration shelf-life of peeled fresh-

cut pears was very short not exceeding 2 days indicating that the rapid onset of 

enzymatic browning is still a limiting factor for producing fresh-cut fruits such as 

fresh-cut apples and pears.  
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Table (43): Effect of combination treatment with irradiation on the sensory 
evaluation of fresh-cut pears during refrigerated storage. 

Immersion in water containing 2% ascorbic acid 

and 1% calcium lactate and irradiated with 

different doses (kGy)  
Parameters 

Storage 

period 

(days) 

Control 

immersed in 

water only 
Control 1 2 3 

Colour 

0 

7 

14 

8.8 ±0.349e 

3.0 R ±0.624b 

R ±0.00a 

8.8 ±0.258e 

6.3 ±0.483d 

R ±0.00a 

8.6 ±0.210e 

6.5 ±0.471d 

4.5 ±0.667c 

8.6 ±0.394e 

6.3 ±0.587d 

4.3 ±0.587c 

8.3 ±0.258e 

6.0 ±0.527d 

4.0 R ±0.577bc 

Odour 

0 

7 

14 

8.8 ±0.258f 

3.3 R ±0.675b 

R ±0.00a 

8.6 ±0.394f 

5.7 ±0.753de 

R ±0.00a 

8.6 ±0.394f 

6.0 ±0.624e 

4.5 ±0.667bcd 

8.5 ±0.333f 

6.2 ±0.537e 

5.1 ±0.658cde 

8.1 ±0.394f 

5.5 ±0.745cde 

4.3 ±0.483bc 

Texture 

0 

7 

14 

8.6 ±0.210f 

6.3 ±0.421de 

R ±0.00a 

8.8 ±0.258f 

6.5 ±0.408e 

R ±0.00a 

8.8 ±0.258f 

6.5 ±0.408e 

5.3 ±0.578bc 

8.6 ±0.211f 

6.0 ±0.408cde 

5.1 ±0.516bc 

8.0 ±0.408f 

5.5 ±0.471bcd 

4.9 ±0.516b 

Taste 

0 

7 

14 

8.9 ±0.211e 

3.0 R ±0.333b 

R ±0.00a 

8.7 ±0.258e 

6.0 ±0.408d 

R ±0.00a 

8.7 ±0.258e 

5.8 ±0.258d 

4.8 ±0.578c 

8.5 ±0.333de 

6.2 ±0.587d 

4.8 ±0.422c 

8.5 ±0.333e 

5.8 ±0.422d 

4.1 ±0.316c 

R = Samples sensorially rejected and therefore could not be used for the rest of the 
storage period 

 Mean scores of 10 panelists ± standard deviation. 

 Means with different superscripts (a-f) are significantly different (P<0.05). 
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Fig. (46): Effect of combination treatment with irradiation on the colour scores 
of fresh-cut pears during refrigerated storage. 
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Fig. (47): Effect of combination treatment with irradiation on the odour scores 

of fresh-cut pears during refrigerated storage. 
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Fig. (48): Effect of combination treatment with irradiation on the texture 
scores of fresh-cut pears during refrigerated storage. 
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Fig. (49): Effect of combination treatment with irradiation on the taste scores 

of fresh-cut pears during refrigerated storage. 
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The colour scores of non-irradiated (control) fresh-cut pears immersed 

in water containing 2% ascorbic acid and 1 % calcium lactate reached the 

borderline of acceptability after 14 days of storage at 4°C ± 1 (Table 43) and 

Figures (45, 46, 47 and 48). These results are in agreement with those found 

by Sapers and Miller (1998) who observed minimal colour changes for at least 

14 days at 4°C in slightly underripe Anjou and Barlett fresh-cut pears 

preserved with a combination of antibrowning agents and the use of modified 

atmosphere packaging (MAP). Dong et al. (2000) found that fresh-sliced 

pears had browning free colour for 30 days by dipping with 1% ascorbic acid 

and 1% calcium lactate. Although Gorny (1997) reported that the enzymatic 

browning of apple slices can be eliminated by use of MAP with low oxygen 

levels, Luo and Barbosa-Canovas (1996) reported that such low levels could 

potentially result in anaerobic respiration and off-flavors. The antibrowning 

effect of ascorbic acid in fruits in concentration ranging from 0.5 to 4 % have 

been widely demonstrated in several fruit fresh-cut products under a wide 

range of conditions (Agar et al., 1999; Buta et al., 1999 and Soliva-

Fortuny et al., 2002). Generally, its inhibitory effect is due to the reduction 

of the ortho-quinones by the action of the polyphenol oxidase enzyme, back to 

the phenolic substances (Hsu et al., 1988). Pizzocaro et al. (1993) reported 

that ascorbic acid has been long applied in combination with other acids to 

maintain firmness of fresh-cut fruits. 

Sensory quality scores of fresh-cut pear samples exposed to 1.0 or 2 

kGy still acceptable even after 14 days of refrigeration storage. The sensory 

quality scores of these samples were the best at any time of refrigeration 

storage, while the scores for those exposed to 3 kGy were the worst. This 

means that 3 kGy-irradiation dose was not suitable for irradiating fresh-cut 

pears. Combination treatment (dipping in 2% ascorbic acid and 1% calcium 

lactate) with irradiation (at 1.0 or 2 kGy) approved to be the optimum for 

shelf-life extension and maintain sensory quality of fresh-cut pears. 



 

 

Microbiological and Radiobiological Studies on the 
Hygienic Quality of Minimally Processed Food 

SUMMARY 

Increasing demand for ready-to-eat foods has encouraged the 

production and sale of minimally processed vegetables or fruits. In this class 

of foods the processor does all the preparations such as trimming, peeling, 

cutting or shredding and washing thereby saving labor and time for the 

purchaser.  

Minimally processed vegetables or fruits are more perishable than the 

raw vegetables or fruits from which they are made and usually have limited 

shelf-life only 7-8 days at refrigeration temperature. This short shelf-life 

might be due to the possible microbial contamination during processing steps 

and handling. Moreover, a number of out breaks of foodborne illness have been 

reported to be due to the consumption of minimally processed vegetables or 

fruits.   

In Egypt a number of minimally processed vegetables are now 

commercially produced and sold in certain supermarkets at Great Cairo. 

Therefore, the main objectives of the present study are to: 

• Evaluate the microbiological quality of some minimally processed 
vegetables that are important and commercially produced, namely, 
fresh-cut carrots and prepackaged mixed vegetables salad as well as 
develop a fresh-cut fruit product that is ready-to-eat (fresh-cut pears) 
and also evaluate its microbiological quality. 

• Determine the so-called D10-value for isolated bacterial pathogens and 
aflatoxigenic A. flavus. 
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• Use of gamma irradiation for refrigerated shelf-life extension of the 
above minimally processed products and for inactivation of pathogenic 
bacterial and aflatoxins producing fungal contaminants. 

• Evaluate the sensorial, chemical and physical changes in the irradiated 
products during refrigeration storage in order to identify the optimum 
irradiation dose for each product and shelf-life. 

Microbiological evaluation 

To achieve the first objective, a limited survey (45 samples) of fresh-cut 

carrots, mixed vegetables salad and fresh-cut pears was conducted to evaluate 

their microbiological quality including microbial load (TAPC, LAB, TM&Y), indicator 

microorganisms (total coliforms, E. coli, and Enterococcus faecalis) and presence 

of foodborne pathogens (Staphylococcus aureus, A. hydrophila, Listeria 

monocytogenes and Salmonella spp.). 

Fresh-cut carrots represent an important component of the pre-cut 

vegetables production. It is used as ready-to-eat snakes or as a component of 

vegetables salad. The average TAPC in the collected 15 samples ranged from 

1.4×104 to 2.4×106 cfu/g; LAB between 5.0×102 and 2.4×105 cfu/g; TM&Y ranged 

from <10 to 5.5×102 cfu/g indicating high level of microbial load and most of these 

samples were unacceptable from the view point of microbial load. All examined 

fresh-cut carrot samples had coliforms at value ranged from 43 to 1100 MPN/g 

and contained E. coli in the range of 9 to 460 MPN/g indicating that most of 

these samples were unsatisfactory due to the presence of E. coli at level higher 

than 100 MPN/g. Ent. faecalis count was below the detectable level (<100 cfu/g). 

Staph. aureus was detected in the majority (80%) of the tested fresh-cut 

carrot samples, and were present at 1.0×102 to 2.3×103 cfu/g. A. hydrophila was 

detected in only 5 (33.3) samples with average counts 1.0×102 to 4.5×102 cfu/g. 

The presence of E. coli, Staph. aureus and A. hydrophila in some samples of fresh-
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cut carrots is to be viewed as a health hazard. On the other hand, no L. 

monocytogenes or Salmonella spp. were detected in any of the fifteen fresh-cut 

carrot samples.  

Moulds contaminating fresh-cut carrots were isolated (35 isolates) and 

identified. Nine species belonging to Penicillium and Aspergillus were found. 

They were P. chrysogenum, P. cyclopium, P. brevicompactum, P. oxalicum, P. 

roqueforti, A. flavus, A. fumigatus, A. niger and A. versicolour. 

Most mixed vegetables salad consists mainly of lettuce and one or more 

other salad vegetable types such as cabbage, carrots, tomato, cucumber, 

green pepper, celery,………etc. Fifteen prepackaged mix salad samples were 

collected from different local supermarkets. This mix salad consists of fresh-

cut lettuce, fresh-cut white and red cabbage and shredded carrots. They 

were tested for their microbiological quality. TAPC of mix salad ranged from 

2.5×105 to 7.0×107 cfu/g; LAB between 2.0×103 and 7.0×106 cfu/g; TM&Y 

ranged from 1.3×102 to 4.5×103 cfu/g indicating highly microbial contamination. 

All tested mix salad samples contained high levels of coliform bacteria and E. 

coli. The most probable number (MPN/g) for total coliforms and E. coli ranged 

from 210 to > 2400 and from 4 to > 2400 indicating poor hygienic conditions 

during processing. Ent. faecalis was also found in all tested samples in 

considerable counts ranged from 1.5×102 to 3.3×104 cfu/g. 

Staph. aureus was found in 12 (80%)samples at levels of 1.0×102 to 

9.0×104 cfu/g. A. hydrophila was found in all mix salad samples at 1.7×102 to 

6.0×103 cfu/g. L. monocytogenes was present in only two samples and 

Salmonella spp. was detected in only one sample. Contamination of mix salad 

samples by the above foodborne pathogens is of a serious public health 

concern, because of these fresh produce are ready-to-eat and consumed as it 

is without any further treatment. 
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Sixteen mould isolates were isolated from mix salad and identified. Six 

species belonging to 3 genera (Aspergillus, Penicillium and Cladosporium) were 

found. They were A. flavus, A. fumigatus, A. parasiticus, P. chrysogenum, P. 

cyclopium and Cladosporium cladosporiodes. 

Fresh-cut pears not yet commercially available in Egypt. Thus, an 

attempt has been done to produce this minimally processed fruit manually at 

the laboratory. Fifteen samples of this manually prepared fresh-produce were 

evaluated for their microbiological quality. TAPC ranged from 7.5×101 to 

3.5×104 cfu/g; LAB ranged from <10 to 3.2×103 cfu/g; TM&Y ranged from <10 

to 5.3×103 cfu/g indicating good quality from the view point of microbiological 

population. 

Coliform bacteria and E. coli were found in only 2 samples at levels of 20 

to 43 and >3 to 9 MPN/g, respectively. On the other hand Staph. aureus, A. 

hydrophila, L. monocytogenes and Salmonella spp. were not found in any of the 

samples. Thus, this, ready-to-eat fruits product should commercially prepared 

and produced as described in this study.  

Twenty fife mould isolates were isolated from the 15 fresh-cut samples. 

Six species belonging to two genera (Aspergillus and Penicillium) were A. 

flavus, A. fumigatus, A. niger, P. oxalicum, P. chrysogenum and P. citrinum. 

Screening for aflatoxins production 

All A. flavus (23) isolates which were isolated from fresh-cut carrots, 

mix salad and fresh-cut pears as well as A. parasiticus isolate which was 

isolated from mix salad were screened for their aflatoxins formation in liquid 

medium and in the substrate from which they were isolated. Of these 24 

isolates, 15 isolates were found to produce aflatoxins B1B2 in the liquid medium 

and 13 isolated produced aflatoxins B1B2 in the substrate at different levels. 
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It was found that A. flavus isolate No. 23 (isolated from fresh-cut carrots) 

exhibited the highest aflatoxins producer among other tested isolates. The 

effect of incubation temperature, time of incubation and irradiation on the 

aflatoxins production by this isolate was studied. The maximum amount of 

aflatoxins B1B2 was produced by this isolate at 25°C after 10 days. Irradiation 

at the lowest dose used (0.5 kGy) slightly stimulated aflatoxins production. 

Irradiation dose of 1 kGy slightly decreased aflatoxins production, while 

irradiation dose of 2 kGy and 2.5 kGy greatly reduced the amount of 

aflatoxins production. Irradiation dose of 3 kGy completely prevented 

aflatoxins formation.   

D10-value 

Radiation resistance, even under comparable conditions, varies widely 

among different microorganisms. There are also differences in resistance 

from genus to genus and between species in the same genus. The radiation 

resistance of microorganisms is measured by the so-called D10-value. D10-value 

for any particular pathogen is most important and useful in identifying the 

irradiation dose required for 5-log reduction in that microbe which is enough 

to ensure the safety of foods that contaminated by that microbe. Therefore, 

the D10-value of pathogenic bacteria which were isolated from studied 

minimally processed as well as A. flavus isolate No. 23 was determined. 

Generally, it was found a wide variation in the D10-values of the studied 

microorganisms and the D10-values of any pathogen differ according to the 

type of the product. Ent. faecalis had the highest radiation resistant among 

other tested pathogens, its D10-value ranged from 0.6 kGy in mix salad to 0.71 

kGy in fresh-cut carrots. The D10-values of L. monocytogenes ranged from 
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0.53 to 0.64 kGy depending on the product. Staph. aureus had D10-values from 

0.47 to 0.54 kGy, while the D10-values of Salmonella typhemurium ranged from 

0.49 to 0.50 kGy. E coli and A. hydrophila approved to be the most sensitive to 

gamma irradiation in comparison with other tested pathogens, their D10-values 

ranged from 0.22 to 0.27 and from 0.17 to 0.22 kGy, respectively. The D10-

values of A. flavus isolate No. 23 were 0.32 in saline solution and 0.40 kGy in 

fresh-cut carrots. 

Irradiation experiments 

 The obtained results on the microbiological quality of the collected 

minimally processed products under investigation revealed highly microbial 

contamination as well as the presence of some pathogenic bacteria. This 

suggest the use of irradiation to reduce the microbial contamination and to 

inactivate the foodborne pathogens in order to extend the shelf-life of the 

minimally processed products and ensure their safety. 

Fresh-cut carrots exposed to 0, 2, 4, 6 kGy, then stored at 

refrigeration temperature (4°C ± 1). Irradiation dose of 2 kGy reduced TAPC, 

LAB and TM&Y by 99.86, 99.73 and 87.5%, respectively. Although this 

irradiation dose completely eliminated coliform bacteria and E. coli 

contaminating fresh-cut carrots, it was not enough for complete elimination of 

Ent. faecalis, L. monocytogenes, Staph. aureus and Salmonella spp. This 

irradiation dose did not cause any changes in chemical, physical and sensorial 

properties of fresh-cut carrot samples. This irradiation dose extended the 

refrigeration shelf-life of fresh-cut carrots to almost 12 days. The shelf-life 

for unirradiated samples was about 6 days. 
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Irradiation dose of 4 kGy was identified to be the optimum irradiation 

dose for irradiating fresh-cut carrots. This irradiation dose greatly reduced 

the TAPC (by 99.95%) and it decreased LAB and TM&Y to below the 

detectable level (<10 cfu/g). Fresh-cut carrot samples receiving 4 kGy 

irradiation dose were free from studied indicator microorganisms and from 

pathogens throughout their storage period which extended to 21 days without 

or with minimal changes in chemical, physical and sensorial quality of fresh-cut 

carrots. 

Although, irradiation dose of 6 kGy was more effective in decreasing all 

microbial counts and eliminating all pathogens present on fresh-cut carrots, it 

adversally affected chemical, physical and sensorial quality attributes of 

fresh-cut carrots. 

Mix salad samples were irradiated at 1, 2 and 3 kGy, and then stored at 

refrigeration temperature (4°C ± 1). Generally, all irradiation doses used 

reduced the initial TAPC, LAB and TM&Y and the reduction was proportional 

with irradiation dose. Irradiation dose of 1 kGy reduced these counts by 

88.47, 98.89 and 99.00%, respectively. This irradiation dose was enough for 

complete elimination of coliform bacteria, E. coli and A. hydrophila but was not 

enough for elimination of Ent. faecalis, and Staph. aureus present on mix salad. 

This low irradiation dose slightly decreased ascorbic acid (by only 3.4%) 

content of mix salad and did not cause any changes in its sensorial quality 

attributes. The optimum irradiation dose for irradiating mix salad was 

identified to be 3 kGy. This irradiation dose greatly reduced the initial counts 

of aerobic bacteria, lactic acid bacteria and moulds & yeasts, since these 

counts decreased by 99.93, 99.44, and 99.91% respectively. No indicator 

microorganisms or pathogens were detected in mix salad samples exposed to 
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this irradiation dose. However, irradiation at 3 kGy caused slight decrease in 

amino acids except lysine and in ascorbic acid (12.2%) content. This irradiation 

dose had no adverse effect on physical and sensorial quality attributes of mix 

salad and extended the shelf-life to 15 days against only 7 days for 

unirradiated samples. 

Fresh-cut pears were dipped in water containing 2% ascorbic acid (to 

control enzymatic browning activity) and 1% calcium lactate (to enhance 

firmness). The dipped fresh-cut pears were exposed to 1, 2 and 3 kGy. Dipping 

fresh-cut pears in 2% ascorbic acid plus 1% calcium lactate prevented 

browning and enhanced firmness during refrigeration storage. Irradiation dose 

of 2 kGy was the optimum, since it reduced TAPC by 99.58% and LAB and 

TM&Y to undetectable level. This combined treatment did not affect chemical, 

physical and sensorial quality attributes of fresh-cut pears. 



General Discussion  

Minimally processing has been become an important trend for marketing 

vegetables and fruits. Consumer demand for minimally processed fruits and 

vegetables has been increasing due to premium product quality, convenience, 

and fresh-like character (Ohlsson, 1994). 

Minimally processed vegetables and fruits generally had higher 

microbial counts than raw fruits and vegetables from which they have been 

done. This may be due to the fact that these products undergo extensive 

contamination during processing steps which include slicing, cutting, peeling 

and packaging. Therefore, minimally processed fruits and vegetables even 

which stored at refrigeration temperature (2-5oC), suffer rapid deterioration 

and thus have a limited shelf life (usually 5-7 days at 4oC). 

 Microflora responsible for spoilage of minimally processed fruits and 

vegetables include a large number of bacterial and fungal species. Among Gram 

negative bacteria Pseudomonedacea and Enterobacteriaceae.  Gram positive 

bacteria mainly represented by lactic acid bacteria. In addition to spoilage 

bacterial species, many different kinds of foodborne pathogenic bacteria have 

been isolated from minimally processed fruits and vegetables. Salmonella sp., 

Listeria monocytogenes, Aeromonas hydrophila, Staphylococcus aureus, and E. 

coli are the most common and important pathogens found on minimally 

processed fruits and vegetables (fresh-cut carrots, mixed vegetables salad 

and fresh-cut pears). Thus minimally processed fruits and vegetables have 

been implicated in numerous recent outbreaks of foodborne illness. Minimally 

processed fruits and vegetables also easily contaminated with a variety of 

moulds come from raw fruits and vegetables as well as contamination during 
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processing steps. Some of these moulds cause spoilage of these products upon 

storage and others can produce toxic metabolities called mycotoxins, the most 

harmful of which are aflatoxins (B1B2, G1G2).  

Several preservation methods, including mild heat treatment, 

refrigeration, modified atmosphere packaging and chlorine wash have been 

applied to minimally processed produce (Ahvenainen, 1996 and Hoover, 

1997) in order to prolong shelf-life and eliminate human pathogens. 

Unfortunately, these traditional methods are not sufficient in controlling 

some psychrotrophic pathogenic bacteria such as L. monocytogenes, A. 

hydrophila and Yersinia enterocoletica. In conclusion, because minimally 

processed fruits and vegetables are essentially consumed raw, no conventional 

method now allowed guarantee % safety.  

Ionizing radiation as a physical cold processis well known as the best 

method to eliminate pathogenic microorganisms without compromising sensory 

quality or nutritional properties of foods. Its use has been permitted and 

gradually increasing world wide (WHO, 1999).  

In Egypt, a number of minimally processed fruits and vegetables are 

commercially sold in certain supermarkets. Thus, the main aim of the present 

study is to evaluate the microbiological quality of some minimally processed 

vegetables and fruits, namely fresh-cut carrots, mixed vegetable salads and 

fresh-cut pears. The purpose of this study is extended to use of gamma 

radiation for shelf-life extension and elimination of foodborne pathogens 

contaminated these fresh produce. 

Most minimally processed vegetables samples collected from 

supermarkets, i.e. fresh-cut carrots and mixed vegetables salad had high 

counts of total aerobic bacteria, lactic acid bacteria, moulds and yeasts. This 
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high level of microbial counts might be comes from native microflora of raw 

vegetables and contamination at processing steps. Coliform bacteria and E. coli 

were also found in almost all examined samples, E. coli is faecal and 

environmental organism that is found in soil and water. Thus, raw vegetables 

and their minimally processed produce may easily be contaminated with these 

bacteria. 

Staphylococcus aureus was found in the majority of collected samples 

and was present in considerable numbers. The presence of this microbe cause 

serious health problem because it can produce several types of enterotoxins 

of remarkable stability to heat and radiation (Halpin-Dohnalek and Marth, 

1989). 

Aeromonas hydrophila was detected in 33.3% of fresh-cut carrot 

samples and in all mixed vegetables salad. The presence of these pathogens is 

of particular concern because it can grow at temperature as low as 1oC 

(Palumbo et al., 1987). 

Listeria monocytogenes was detected only in 2 samples of mixed 

vegetables salad. Salad ingredients might be the main source of this dangerous 

microbe. Many investigators detected Listeria monocytogenes in many salad 

ingridents like cabbage, tomatoes, cucumbers, lettuce and celery (Vahidy, 

1992 and Gunasena et al., 1995). The presence of Listeria monocytogenes in 

mixed vegetables salad samples under investigation is of particular health 

concern because of its ability to grow in minimally processed vegetables at low 

oxygen concentration and at low temperature and it was responsible for 

numerous foodborne illness outbreaks and product recalls. 
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Salmonella is an important enteric pathogen that can contaminate fresh 

vegetables and fruits and their minimally processed produce. Fortunately, 

Salmonella spp. was not detected in all fresh-cut carrots samples and was only 

detected in one sample of mixed vegetables salad.  

On the other hand, many mould species were isolated from minimally 

processed vegetables and fruits under investigation. These species include 

Aspergillus flavus, A. fumigatus , A. parasiticus, A. niger. A. versicolor, 

Penicillium chrysogenum, P. cyclopium, P. oxalicum, P. citrinum, P. 

brevicompactum, P. roquefurt and Cladosporium claddosporides. A. flavus was 

the most predominant among mould isolates. It is well known that moulds are 

widely distributed in nature and can easily contaminated vegetables and cause 

spoilage and deterioration upon storage. However, particular species of food 

associated moulds are able to produce toxic substances called mycotoxins 

which can adversely affect the health of human and animals as reported by 

Pitt and Hocking (1997).  

Of the known mycotoxins, the most carcinogenic and hazardous to 

human health are aflatoxins which produced by particular species of A. flavus 

and A. parasiticus. Therefore, A. flavus isolates as well as A. parasiticus 

isolate were screened for their aflatoxins production in Czapek’s yeast 

extract liquid medium and in the substrate (fresh-cut carrots, mixed 

vegetables salad and fresh-cut pear) from which they have been isolated. 

Many isolates of screened A. flavus were found to produce aflatoxins B1 and B2 

either in liquid medium or in substrate.  

Our results and the results of many other investigator indicated that 

fresh vegetables and fruits and their minimally processed products are 

susceptible to contaminate by many pathogenic bacteria and aflatoxins 
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producing fungi. They might come from soil, irrigation water and contaminated 

equipments and utensils (Beuchat, 1996). The presence of these pathogenic 

bacteria and aflatoxins producing fungi in ready-to-eat vegetables and fruits 

is of serious health concern, because these products are consumed fresh 

without any heat treatment. This indicates the importance and need for 

irradiation as a new physical cold process now used for preservation of many 

foodstuff. The advantage of this method in food preservation comes from its 

ability to destroy spoilage and pathogenic microorganisms contaminating food 

without impairing their sensory qualities (Keep freshness of the food).  

The first approach to improve the hygienic quality and to ensure 

microbiological safety of a food by irradiation is to isolate and to know the 

radiation resistance of pathogens present on this food which measured by so-

called decimal reduction dose (D10-value). The recommended irradiation dose 

used to ensure microbiological safety of a food is that dose required for 5-log 

reduction of the most resistant pathogen present Therefore, the D10-values 

of the pathogenic bacteria isolated from minimally processed vegetables and 

fruits as well as of the highest aflatoxins producing A. flavus isolate were 

determined. It was found a wide variation in the D10-values of the tested 

pathogens. 

Enterococcus faecalis, as a test for hygiene and manufacturing practice 

food, approved to be the highest radiation resistant microorganism. It s D10-

values were 0.60, 0.62 and 0.71 kGy in mixed salad, fresh-cut pears and fresh-

cut carrots, respectively. While the lowest radiation resistance (highest 

radiation sensitivity) was found with A. hydrophila. Its D10-values were 0.17, 

0.20 and 0.22 kGy in mixed salad, fresh-cut carrots and fresh-cut pears, 

respectively. The radiation resistance of L. monocytogenes was almost near 



General discussion & Conclusion 
_________________________________________________________________________ 
 

 216

Enterococcus faecalis being 0.53, 0.60 and 0.64 kGy in mixed salad, fresh-cut 

pears and fresh-cut carrots, respectively. The radiation resistance of 

Staphylococcus aureus almost was similar to that of Salmonella typhimurium.  

It was found that the radiation resistance for a particular pathogen 

differed depending upon the type of the minimally processed product in which 

it was suspended; however these differences were not wide. On the other 

hand, the D10 value of A. flavus isolate No23 (the highest aflatoxins producer 

in fresh-cut carrots) was 0.4 kGy indicating moderate resistance to gamma 

radiation.  

The obtained D10-value for the above mentioned microorganisms were 

within the D10-values reported for the similar studied microorganisms 

reported by several investigators (Huntanen, 1990; Grant and Patterson, 

1992; Rajkowski and Thayer, 2000; and Abdel-Kareem and Matter, 

2001). The importance of these D10-values for the tested microorganisms lead 

to predication that dose of 3-4 kGy should inactive 5-log of the most radiation 

resistance pathogen. Hence, the recommended irradiation dose used in 

practical application for improving microbiological quality and ensuring safety 

for fresh-cut carrots and mixed vegetables salad was in the range of 3-4 kGy. 

In the practical application of irradiation for shelf-life extension and 

elimination of pathogens, fresh-cut carrot samples were subjected to 2,4 and 

6 kGy; mixed salad samples were exposed to 1,2 and 3 kGy, then they were 

stored at 4oC±1. Microbiological, chemical, physical and sensorial properties 

were evaluated immediately after irradiation and during subsequent 

refrigeration storage. The results revealed that irradiation dose of 2 kGy 

were not enough for elimination of harmful bacteria present. But irradiation 

dose of 4 kGy reduced TAPC by 99.95%, while it reduced LAB and total mould 
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and yeast below the detectable level, i.e. to less than 10 cfu/gThis irradiation 

dose was also enough for elimination of all pathogenic bacteria present. 

Irradiation dose of 4 kGy extended the shelf-life of fresh-cut carrots to 21 

day at 4oC±1 with minimum changes in biochemical, physical and sensorial 

properties of that product. Although irradiation dose of 6 kGy was much more 

effective in reducing microbial load of fresh-cut carrots, it adversely 

affected its sensory quality attributes particularly texture (it caused 

softening and reduced firmness). Thus, irradiation dose of 4 kGy was 

recommended as optimum irradiation dose for extending the shelf-life of 

fresh-cut carrots and for ensuring their microbiological safety. 

For mix salad, application of 1 and 2 kGy irradiation doses was not 

enough for complete elimination of all pathogens present. Meanwhile, 

irradiation dose of 3 kGy was very effective and sufficient in complete 

elimination of all pathogen present. This irradiation dose extended the shelf-

life of mix salad to 15 days at 4oC±1 against only 7 days for unirradiated 

control with minimum changes in biochemical, physical and sensorial properties. 

Thus, 3 kGy irradiation dose was recommended as optimum dose for shelf-life 

extension and for improving hygienic quality and ensuring microbioilgical safety 

of mix salad. 

The main problem confronts the production and selling of minimally 

processed fruits such as apples and pears is their tendency to rapid enzymatic 

browning causing deterioration. The brown discoloration results from the 

reaction of a group of enzymes called polyphenol oxidase (PPO) which are 

detrimental to fresh-cut fruits quality and has recognized as the main cause 

of short-shelf life. 
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Although the microorganisms found in fresh-cut pears samples did not 

represent a public health concern prevention of enzymatic browning and shelf-

life extension of this minimally processed fruit are important criteria for the 

economic convenience of production and distribution. It was found that dipping 

of fresh-cut pears in tap water containing 2% ascorbic acid, as an enzymatic 

browning inhibitor, and 1%calcium lactate, as firmness agent, for 3 min 

prevented enzymztic browning and enhanced firmness of fresh-cut pears. 

Many other investigators reported inhibition of PPO in fresh-cut apples 

and pears by treatment with ascorbic acid and calcium lactate or calcium 

chloride (Soliva-Fortuny et al., 2002 and Gorny et al., 2002). 

On the other hand, it was found that irradiation of fresh-cut pears at 

1,2 and 3 kGy significantly reduced PPO activity. This reduction in PPO activity 

could be due to the effect of gamma radiation on phenolic contents 

(substrates of PPO) of fresh-cut pears. Thus irradiation doses combined with 

ascorbic acid synergistically prevented enzymatic browning of fresh-cut pears. 

Therefore, irradiation dose of 2 kGy in combination with dipping in tap water 

containing 2% ascorbic acid and 1% calcium lactate was effective in preventing 

enzymatic browning, and enhancing firmness of fresh-cut pears as well as 

reducing to great extend their spoiler microorganisms. Thus, these 

combination treatments extend the shelf-life of fresh-cut pears up to 14 days 

at 4oC±1.  
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Conclusion  

The demand for minimally processed vegetables and fruits has led to an 

increase in the quantity and variety of products available to consumer 

worldwide. The present studies were carried out with fresh-cut carrots, mix 

vegetables salad and fresh-cut pears. The conclusions drawn from these 

studies are: 
 

1. Minimally processed samples which collected from supermarkets had, 
generally, high microbial counts and indicator microorganisms. 

2. Foodborne pathogens such as Staph. aureus, L. monocytogenes, 
Salmonella spp. and A. hydrophila as well as aflatoxins producing fungi 
such as  A. flavus were detected in some samples. 

3. Most of the collected samples were unacceptable from the view point of 
microbial counts and due to the presence of one or more of foodborne 
pathogens. 

4. Although the microorganisms found in fresh-cut pear samples do not 
represent a public health concern, shelf-life extension and prevention 
of enzyme browning of this minimally processed fruit are important 
criteria for the economic convenience of production and distribution. 

5. Wide variations in the radiation resistance (in terms of D-10 values) of 
foodborne pathogens were found. The highest radiation resistance was 
observed with E. faecalis (D-10 values, 0.60-0.71 kGy). While, the lowest 
radiation resistance was found with A. hydrophila (D10-values 0.17-0.22 
kGy).  

6. On the basis of D-10 values, the recommended irradiation doses for 
ensuring the microbiological safety (5 D-10 value reduction of the most 
irradiation resistant pathogen) of these products of minimally 
processed food were 3-4 kGy. 

7. The present studies have demonstrated the need to improve the 
microbiological quality of minimally processed vegetables or fruits and 
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to ensure their hygienic quality and safety without affecting their 
nutritional and sensory quality attributes. 

8. Irradiation dose of 4 kGy was sufficient to ensure the microbiological 
safety of fresh-cut carrots with minimal changes in the biochemical, 
physical and sensory quality attributes up to 21 days at refrigeration 
temperature. 

9. Irradiation at 3 kGy of mixed vegetable salad resulted in a superior 
product with regards to microbiological safety and shelf-life which 
extended to 14 days at 4°C ± 1. 

10. Irradiation dose of 2 kGy combined with dipping in 2% ascorbic acid plus 
1% calcium lactate solution was efficient in preventing enzymatic 
browning of fresh-cut pears and enhancing firmness and refrigeration 
shelf-life. 

11. In this work we have clearly demonstrated the effectiveness and 
suitability of gamma irradiation in controlling spoilage and pathogenic 
microorganisms that present in the studied minimally processed 
vegetables and fruits, thereby serving to extend their shelf-life and to 
protect the consumers from foodborne pathogens. The recommended 
irradiation doses which maintained the sensory quality attributes of 
these products during refrigeration storage with minimal or without 
changes in their chemical and physical attributes were recommended. 

12. This is the first study in Egypt to provide information about the 
microbiological quality of ready-to-eat vegetables and fruits, especially 
with respect to incidence of pathogens. 

13. Further microbiological studies on the other commercially produced 
minimally processed vegetables and fruits which sold in local 
supermarkets should be studied. 

14. The information and experience gained from this study and other 
studies could help to formulate microbiological guidelines for these 
fresh produce. 
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