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Abstract  
Fresh fruit and vegetable juices have become a new functional food 

available for dietary and health. However, they have high microbial load and poses a 
microbial hazard to consumer unless treated with a suitable method of food 
preservation. Gamma irradiation, as non thermal process, is highly effective in 
destruction of both spoilage and pathogenic microorganism in various foods without 
arising its temperature, hence keeping its freshness and nutritional quality. In recent 
years, it is used as a safe and alternative method for food preservation in many 
countries.  

In present study, pomegranate, tomato and carrot juices were irradiated at 
different irradiation doses (1- 4.5 kGy). Yeasts, as the principle cause of juices 
spoilage, were isolated and identified from unirradiated (control) juices. The 
resistance of the identified yeasts to gamma radiation in the term of D10- value was 
investigated. It was found that Debaryomyces hansenii  had the highest radiation 
resistance ( D10-value of 1.63 kGy ) while Candida tropicalis had the lowest 
resistance to gamma radiation ( D10-value of 0.98 kGy ).The effect of these 
irradiation doses on the microbiological load, nutritional, physiochemical and 
sensory properties were evaluated immediately after irradiation and during 
subsequent  refrigeration storage. Generally, irradiation doses of 1.0 kGy and above 
were efficient and sufficient for complete elimination of coliform bacteria and E.coli 
found in these juices without impairing the nutritional and sensory quality attributes.  

Irradiation of pomegranate juice at 2.5 kGy greatly reduced its microbial 
counts and extended the shelf-life to 14 days at refrigeration temperature (4°C±1) 
with minimal changes in the anthocyanin content. Irradiation dose of 3.0 kGy could 
improve the microbial quality, ensure safety and extend the shelf-life of tomato juice 
to 15 days at refrigeration temperature without significant changes in lycopoene 
content. Meanwhile, irradiation dose of 3.0 kGy in combination with 
cinnamaldehyde (8µl/100 ml) greatly reduced the microbial load of carrot juice and 
extended its shelf-life to 21 days at 4°C±1 without adverse effect on the sensory and 
nutritional quality. 

Key words : pomegranate juice, tomato juice, carrot juice, irradiation, nutritional    
                   quality. 
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Introduction 

The immunocompromised host (ICH) has impaired 
defense mechanisms, rendering the patient more susceptible to 
infection. The immune system is primarily disrupted by 
impaired function of T cells, or neutrophils. By definition, the 
immuno- compromised state results from impairment of the host 
defenses; thus, conditions affecting the function and number of 
neutrophils, macrophages, lymphocytes, and circulating 
antibodies predispose the host to certain infections (Safadi and 
Soubani, 2009). The most common defect in neutrophils is a 
decrease in their absolute number, as is characteristic of patients 
with leukemia, Aplastic anemia, or those who have received 
radiation or chemotherapy.  Infectious diseases represent a 
major cause of morbidity and mortality in the patient with 
compromise in immune function (Young and Rubin, 1994). 

 There is an increasing recognition that immuno-
compromised populations, i.e. the elderly, pregnant women, 
young children, organ transplant recipients, and HIV positive 
individuals, are more susceptible to infection by food borne 
pathogens than healthy young and middle-aged adults 
(Loaharanu, 1996). 

  The intake of fruit and vegetable juices are 
recommended for a healthy diet and various health effects 
(Williams, 1995).  Healthy dietary behaviors such as an 
increased consumption of fruit; vegetables and 100% fruit and 
vegetable juice and a reduced consumption of sweetened 
beverages have been related to a lower chronic disease risk and 
body weight (Ludwig et al ., 2001). 

A number of studies have supported an association 
between a high consumption of vegetables and fruits and low  
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incidences of certain chronic diseases (Lir et al., 2000). 
Lifestyle-related diseases such as cancer, heart disease, and 
hypertension have increased recently. These diseases are closely 
related to the change of dietary habits; increase of animal 
protein and fat intakes and a decrease of the intake of dietary 
fibers. As a result, various original raw fruit and vegetable 
juices, as a functional food, have gained popularity to reduce the 
incidence of these diseases. The consumption of raw ( 
unpasteurized ) fruit and vegetable juices has increased in recent 
years due to their characteristics of freshness, high vitamins 
content, low calorie contribution and an active promotion of 
fruits and vegetables and their derivatives as important 
component of healthy diet ( Harris et al., 2003 ).  

Fresh fruits and vegetables juices are highly 
contaminated by microorganisms rendering its shelf-life very 
short even at refrigeration temperature. The microbial flora in 
the vegetable juice is thus likely to be similar to the flora in raw 
fruits and vegetables. Many microorganisms, in particular acid-
loving or acid-tolerant bacteria and fungi (yeasts and molds), 
can use fruit as substrate and cause spoilage, producing off 
flavors and odors and discoloration of the product. The 
unpasteurized fresh juices can support the growth of both 
spoilage and pathogenic bacteria because they have high water 
activity (aw) and enough nutrients for microbial growth. If a 
bacterial pathogen is present on or in the product or on any 
processing surface, it will have an almost unlimited food source 
for growth in the unpasteurized juice, resulting in a foodborne 
outbreak (Cook et al., 1998). Therefore, raw fruit and vegetable 
juices should undergo some type of processing to inactivate 
most of the microorganisms. The main requirement that a 
process must meet is to ensure the microbial safety of the 
product while preserving the sensory and nutritional 
characteristics to obtain products similar to fresh fruit and 
vegetable juices.  
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The conventional methods usually used for reducing  
microbiological contamination level of fresh  fruit and vegetable 
juices are washing practice of raw materials in water with a 
combination of ozone and/or chlorine treatment. However, it has 
a limited effect on microflora and sometimes can contaminate 
the products. Nguyen-the and Carlin (1994) reported that 
chlorine cannot be relied to eliminate pathogenic 
microorganisms such as Listeria monocytogenes. On the other 
hand, the use of heat can destroy nutrients such as thermally 
labile vitamins and also the components responsible for a 
product flavor and taste. Therefore, a non-thermal pasteurization 
technology such high hydrostatic pressure (HHP) is required to 
apply in the processing of fresh vegetable juice to avoid the 
deleterious effects that heat has on the flavor, color, and nutrient 
value of the foods (Barbosa-Canovas et al., 1998). However, 
the HHP method still has several problems such as the 
limitations of a mass production and an increased cost. For the 
reasons, an industrial application of HPP is still limited. Ionizing 
radiation, another non-thermal sterilization method, has 
approved as highly effective in inactivating food microorganism 
and has many advantages for industrial use. Recently, it has 
offered a safe alternative as a decontamination method of food 
and public health products (Niemira et al., 2001 and Hammad 
et al., 2010).  

The prescribed advantages of  ionizing radiation (gamma 
radiation, electron beam, x-rays ) arises from its ability to 
destroy viable cells of microorganisms without arising the 
temperature of the product, hence keeping it’s freshness, 
nutrients, chemical and physical properties. 

Food irradiation is a means of food preservation that has 
been in development since the early part of the 20th century. If 
applied properly, irradiation can be an effective way to reduce 
the incidence of foodborne diseases and also inactivates food 
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spoilage organisms, including bacteria, molds, and yeasts in our 
food supply (Morehouse, 2002).  At the same time, it can widen 
the variety of available meals for immunocompromised patients, 
by allowing the inclusion of some products normally considered 
as “high risk” due to their microbial load, but that can be 
nutritionally or psychologically adequate (Adeil Pietranera et 
al., 2003). 

The present study was designed to use an alternative 
process, to heat pasteurization, that would reduce the microbial 
load and eliminate pathogenic microorganisms from raw fresh 
juices with maintenance of its freshness, sensory attributes and 
most important nutrition. The irradiation treatment employed for 
this study should not necessarily render products completely 
sterile, but result in low-microbe and pathogen free meals 
depending on the condition of patients. Thus, the main 
objectives of the present study are:  

1) Using γ-irradiation to improve the microbiological quality, 
eliminate foodborne pathogens, and extend the shelf life of 
some fresh fruit and vegetable juices (pomegranate, tomato 
and carrot juices) to be used for immunocompromised 
patient.  

 2) Investigate the microbiological, nutritional, physiochemical 
and sensory quality of juices treated by gamma irradiation 
during storage at refrigeration temperature.  

3) Using cinnamaldehyde in combination with γ-radiation to 
extend the shelf-life of carrot juice at refrigeration 
temperature.   
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Review of Literature 

1. Immunocompromised patients  

The immunocompromised host is a person with one or 
more defects in the body's normal defense mechanisms because 
of an immunodeficiency disorder or other disease or as the 
result of the administration of immunosuppressive drugs or 
radiation, that predispose him to infections, often life-
threatening, which would not otherwise occur. Patients 
undergoing cancer therapy, transplant procedures and human 
immunodeficiency virus (HIV) infection are more 
immunocompromised than the aged, infant, pregnant or those 
with multiple medical problems ( Butterweck, 1995). 

Patients undergoing allogeneic transplant receive high 
doses of chemotherapy with or without the addition of 
radiotherapy and prolonged periods on anti-rejection drugs; 
therefore, immunosuppression is generally lengthy and severe. 
Patients undergoing autologous transplant receive chemotherapy 
resulting in a shorter of severe neutropenia and less overall 
immunosuppression.{Neutropenia is a consequence of hemato- 
logical  malignancies and the chemotherapy regimens used to 
treat them} (Bodey et al., 1966). Finberg and Talcott (1999) 
stated that treatment modalities such as stem cell transplant 
(SCT), which can provide long term remission or cure for many 
patients, often results in periods of profound neutropenia. 

Neutropenia is a particularly major risk factor for the 
development and outcome of fungal infections. Patients with 
cancer and/or hemopoietic cell transplantation usually develop 
neutropenia secondary to their malignancies or to their 
chemotherapy treatment. Other risk factors are corticosteroid  
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treatment and phagocytic dysfunction occurring in 
immuno- suppressing conditions, including bone marrow 
transplantation (BMT) and infection with HIV (Roilides et al., 
2002). 

2. Immunocompromised patient’s problems  

One major side effect of chemotherapy is the 
development of infection as a result of neutropenia, or lowering 
of the white blood cell count that result from damage to the 
bone marrow and severe marrow suppression (DeMille et al., 
2006). When the absolute neutrophil count (ANC) is less than 
0.5x109/l, there is a significant rise in infection risk with the risk 
increasing in proportion to the length and severity of 
neutopenia. Neutropenic patients with cancer constitute a 
heterogeneous population with a variable risk for developing 
serious complications (Paesmans, 2000). 

 Immunocompromised patients are at high risk for 
opportunistic infections. Traditionally, there are infections that 
arise from endogenous reactivation of latent infections, and 
nosocomial transmission or nosocomial infections. Nosocomial 
infections are infections that develop within a hospital and 
produced by microorganism acquired hospitalization. There are 
many sources of pathogens including decorative plants, hospital 
workers, medical devices, food and water. 

 Children with HIV infection are at risk of developing a 
wide spectrum of pathogens (Chanock and Pizzo, 1995). 
Epidemiological investigations and air sampling experiments 
lend support to the hypothesis that reinfection with a pathogenic 
organism does occur, airborne transmission is possible and 
nosocomial spread is a plausible explanation for new cases in 
immunocompromised population (Lundgren et al., 1997). 
These observations support the view that infectious 
complications in  
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immunocompromised patients are exogenous in origin. The fact 
that infectious complications in immunocompromised patients 
are often predictable and may be preventable makes infection 
control practices a very important step in the improvement of 
the quality of care provided to such patients (Risi and 
Tomascak, 1998). Daw and Falkiner (1994) reported that 
Gram - negative bacilli are a frequent cause of death associated 
with infection and generally arise from the patient’s own 
endogenous flora or are acquired during hospitalization.  

Maguire et al. (2000) noticed that outbreaks of 
foodborne infection in hospitals are associated with high attack 
rates and disruption of services. Moreover, for 
immunocompromised patients, the potential for food to cause 
infection is even greater and hospitals may impose dietary 
restrictions to limit pathogen exposure.  

Adeil Pietraneraa et al. (2003) found that immuno- 
suppressed patients are very likely to acquire microbial 
foodborne diseases, since their natural defences are below what 
is considered as ‘‘normal limits’’. This makes their food intake 
very restricted, avoiding all those products that could be a 
source of microorganisms. Therefore patients with neutropenia 
often are told to avoid fresh fruits and vegetables (Fishman and 
Mrozek-Orlowski, 1999). Bibbington et al. (1993) reported 
that the restriction of fruits, vegetables and salads reduces the 
intake of water soluble vitamins and patients may find that diets 
restricted to frozen meals or tinned foods are unpalatable and 
unfamiliar. Therefore, the food service should be flexible and 
designed to provide a variety of foods. 
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3. Immunocompromised patients recommended diets  

Imposing dietary restrictions for immunocompromised 
patients continues to be widely used despite the lack of any 
rigorous research support it (Wilson, 2002). These restrictions 
are referred to throughout the literature and different institutions 
by a variety of titles such as low bacterial diet, low microbial 
diet, clean diet or neutropenic diet. The low bacterial diet was 
designed to reduce pathogens by excluding foods that may cause 
systemic bacteraemia or Gram-negative sepsis via the host’s 
gastro- intestinal tract. 

Pizzo et al. (1982) evaluated the microbiologic content 
of 236 commercially available food items. Since then, the low 
bacterial diet has changed from a sterile diet prepared under 
laminar-flow hoods to a more liberal diet that avoids high-risk 
foods and emphasizes safety in food handling practices. 
Problems of limited availability of single-serve sterile foods, 
lack of standardization of recipes, and low patient acceptance of 
autoclaved sterile foods were reported as reasons for the move 
toward less stringent dietary procedures (Dezenhall et al., 
1987).  

In order to reduce the risk of infection, several 
preventive measures have been adopted (Schwartz and Perry, 
1966). Fundamentally; all of these measures were designed to 
prevent either acquisition of gram negative bacilli or fungal 
pathogens from the environment or the translocation of these 
potential pathogens across the mucosal barrier of the gut. These 
measures include protective (or reverse) isolation, antibiotic 
prophylaxis with antibiotics which selectively eradicate the 
aerobic gram-negative bacilli and yeasts from the gut flora and 
finally the use of low-bacterial diets (LBDs). Several studies 
have documented the frequent isolation of Enterobacteriaceae 
from food (Hamilton-Miller and Shah, 2001).  
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Low–micro-organism diets are indicated to prevent 
sepsis in transplant recipients. These diets should comply with 
the following basic guidelines: 

  * Omits raw vegetables, salads, soft cheeses, raw meat products, 
most fresh fruits, tap water and spices (Van tiel et al., 2007). 

* Avoid foods containing yeasts and gram-negative bacteria. 

* Practice safe food handling and preparation techniques to 
avoid contamination. 

* Avoid foods intrinsically contaminated with microorganisms, 
such as raw eggs, raw or rare-cooked meat, fish, seafood, and 
unpasteurized milk (Martin-Salces et al., 2008).  

Dietitians who work with leukaemic patients are often 
asked by medical and nursing staff to advice on ‘low microbial’ 
or ‘sterile’ diets for patients undergoing bone marrow 
transplants (BMT). Sterile diets were also prescribed and are 
defined as food free from bacterial or fungal growth after 7 days 
incubation (Frankmann et al., 1984). These diets were 
achieved by autoclaving or irradiating foods, necessitating 
specialist, labour-intensive facilities.  

Severly immunocompromised patients such as in cancer 
treatment and organ transplants need sterile diets. Other patients 
that are immunocompromised do not require sterile diets. These 
patients may require a diet that is pathogens free and are also 
low-microbial diets(Butterweck, 1995). However, many 
investigators recommended clean-diet or low-microbial diets for 
immuno-compromised patients instead of sterile diets (Aker 
and Cheney, 1983; Somerville, 1986).  
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4. Importance of fresh fruits and vegetables and their juices    
for human health 

   The association between fresh fruit and vegetable 
consumption and cancer risk has been reported in hundreds of 
epidemiological studies (IARC, 2003).  It has been 
hypothesized that the wide variety of nutrients and bioactive 
compounds in fresh fruits and vegetables can inhibit 
carcinogenesis during the initiation, promotion, and progression 
stages. The nutrients and bioactive compounds present in fruits 
and vegetables have been shown to inhibit the deactivation of 
pro-carcinogens, induce detoxification pathways, affect the cell 
cycle by regulating cell cycle progression, influence cell-to-cell 
communication, quench free radicals, stimulate the immune 
system, modulate hormone metabolism, and dilute and bind 
carcinogens, all of which should help to prevent the 
development of cancer by promoting the proliferation of 
lymphocytes, stimulating macrophage phago-cytosis, and 
enhancing the activity of natural killer cells, these nutrients may 
protect cells against microbes, bacteria, and viral and fungal 
agents (Head, 1998). 

Fruits and vegetables are also rich sources of 
antioxidants (Wang et al., 1996), which help to quench 
exogenous and endogenous free radicals. If the free radicals 
remain in an oxidative state, they may cause oxidative damage 
to nucleotides, proteins, and cell membranes and result in the 
initiation of carcinogenesis.  Antioxidants are a diverse group of 
compounds that act against oxidative damage induced in the 
body. These antioxidants are not present in abundance in the 
normal diet, but have to be increased mainly by plant sources. 
Reports available have shown that antioxidants play a 
significant role in the prevention of cancer, cardiovascular 
disease, cataract formation, the aging process, inflammatory 
diseases, and a wide range of  
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neurological disorders. Polidori (2003) indicated that foods 
containing high levels of antioxidants may also slow the 
progression of Alzheimer’s disease (AD), possibly by 
preventing or neutralizing the damaging effects of free radicals. 

Fresh and processed fruits and food products also 
contain high levels of a diverse range of phytochemicals of 
which polyphenols including hydrolyzable tannins [ellagitannins 
(ETs) and gallotannins] and condensed tannins 
(proanthocyanidins), and anthocyanins and other flavonoids 
make up a large proportion ( Gu et al.,  2004 ). According to 
Liu (2004), it should be noted that phytochemical extracts from 
fruits and vegetables have strong antioxidant and 
antiproliferative activities, and the foremost part of total 
antioxidant activity is from the combination of these 
phytochemicals. This author also proposed that the additive and 
synergistic effects of phytochemicals in fruits and vegetables are 
responsible for potent antioxidant and anticancer activities, and 
the benefit of a diet rich in fruits and vegetables is attributed to 
the complex mixture of phytochemicals present in whole foods. 

 Phytochemicals can be present in abundance in 
vegetables (e.g., tomatoes, green leafy vegetables, and broccoli), 
fruits (e.g., berries, olives, oranges, mangosteens, and grapes), 
nuts (e.g., hazelnuts and almonds), herbs (e.g., sweet clover, 
ginseng, sage, and rosemary), and flowers (e.g., hibiscus and 
marigold), as well as in medicinal plants (e.g., periwinkle and 
opium). However, depending on their composition and 
presence, different phytochemicals are found in different plant 
species and at different concentrations. For example, the 
phytochemicals present in the forms of alkaloids (e.g., caffeine 
and threbromine), carotenoids (e.g., lycophene), coumestans 
(e.g., flavon-3-ols), isoflavones (e.g., genistein), phenolic acids 
(e.g., capsaicin, gallic  
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acid, and tannic acid), etc., might vary in concentration among 
different plant species, and may either be present or totally 
absent. Also, for example, fruits like orange and strawberry 
have rich contents of flavonoids like hesperidin and 
anthocyanins (Wimsen et al., 2005), while vegetables mainly 
contain apigentin, quercetin, quinones, luteolin, etc. (Miean and 
Mohamed, 2001). Fresh fruits and vegetables are widely 
consumed fresh of squeezed into juices. 

 WCRF (2007) emphasized that diets rich in fruits and 
vegetables are protective against disease and populations that 
consume such diets have higher plasma antioxidant status and 
exhibit lower risk of cancer and cardiovascular disease. Saura-
Calixto and Goñi (2009) reported that dietary fiber may also 
include associated bioactive compounds such as polyphenols 
and carotenoids. Bioactive compounds associated with dietary 
fiber may explain the qualitative nutritional differences found in 
a healthy dietary pattern, such as the diet in Mediterranean 
countries and other fruits and vegetables are considered rich 
sources of some essential dietary micronutrients and dietary 
fiber, and more recently they have been recognized as important 
sources of a wide array of phytochemicals that individually or in 
combination may benefit health (Yahia, 2010).  

Wang et al. (2011) reported that antioxidant properties 
of some bioactive components in plant-based foods have been 
proposed to be capable of controlling the disturbances of the 
normal redox state within the human body result from oxidative 
stress and that antioxidants found in three categories of plant-
based foods (fruits, vegetables and legume) and mechanisms 
that these antioxidants may use in promoting cardio-health. 
Since different food categories possess different bioactive 
compounds with various antioxidant capacities, specific foods, 
when  
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consumed together, may produce synergistic antioxidant 
interactions and in turn have more positive physiological effects 
on cardio-health than when consumed alone. 

4.1. Pomegranate juice 

Pomegranate (Punica granatum L.) fruits are widely 
consumed fresh and in beverage forms (Gil et al., 2000). The 
medicinal properties of pomegranate are described by all major 
religions and by folk medicine (Langley, 2000). Pomegranate 
fruit extract is a rich source of 2 types of poly phenolic 
compounds: anthocyanins (derived from delphinidin, cyanidin 
and pelargonidin), which give red color to the fruit and juice, 
and hydrolysable tannins (i.e. punicalin, pedunculagin, 
punicalagin, gallagic and ellagicacid esters of glucose), which 
account for 92% of the antioxidant activity of the whole fruit. 
These compounds are known for their properties in scavenging 
free radicals and inhibiting lipid oxidation in vitro (Gil et al., 
2000). In addition to its antioxidant activity, it has antimicrobial, 
antibacterial, antiviral, antifungal and antimutagenic properties 
as well as beneficial effects on the oral and cardiovascular 
diseases (Cook and Samman, 1996).  

Pomegranate juice is a rich source of different phenolic 
compounds, with anthocyanins to be one of the most important 
classes (Du et al., 1975). The antioxidant level in pomegranate 
juice was found to be higher than that in other natural juices 
such as blueberry, cranberry, and orange (Aviram et al., 2000). 
Minerals in the juice and seed include Fe, relatively prevalent, 
but not in so high concentrations as in watermelon, and Ca, Ce, 
Cl, Co, Cr, Cs, Cu, K, Mg, Mn, Mo, Na, Rb, Sc, Se, Sn, Sr, and 
Zn (Waheed et al., 2004). 

 

 



  

 

 
 

14 

Introduction Review of Literature

4.2. Tomato juice 

A large part of the world's tomato crop (Solanum 
lycopersicum) is processed into tomato juice and other products. 
Epidemiological studies have shown that increased consumption 
of tomato and tomato juices may reduce the risk of certain types 
of cancer, such as prostate, lung and stomach cancer 
(Giovannucci, 1999). Tomato ranked first as a source of 
lycopene (71.6%), second source as a source of vitamin C 
(12.0%), provitamin A carotenoides ( 14.6%) and β-carotene 
(17.2%) and third as a source of vitamin E (6.0%) as reported by 
Garcia-Closas et al. (2004).  Lycopene, the pigment principally 
responsible for the characteristic deep-red color of ripe tomato 
fruits and tomato products, has received much attention in 
recent years because of its beneficial effect in the treatment of 
diseases (Shi and Le Maguer, 2000). Inparticular, tomatoes 
represent the most important source of lycopene, a carotenoid 
with a high oxygen-radical scavenging and quenching capacity 
(Dumas et al., 2003). The positive role of tomato on human 
health has been ascribed principally to its vitamin C content and 
carotenoids constituents, particularly lycopene and β-carotene, 
that accumulate in plasma and tissues in relation to tomato 
(Dorais et 
al., 2008).       

 

 

 

 

 

Fig ( Fig. (1): Carotenoid profile of tomato products (Roldan-   
      Gutierrez and Luque de castro, 2007). 



  

 

 
 

15 

Introduction Review of Literature

4.3. Carrot juice 

Carrot juices as natural extract from carrot crop (Daucus 
Carota) enjoys high consumer acceptance on account of its taste 
and nutritional benefits. Carrot juice is however preferred as 
fresh-squeezed. Although carrots are assumed to be safe, the 
consumption of unpasteurized juices may be dangerous since 
they could be a potential source of bacterial pathogens (Ryu and 
Beuchat, 1998). Outbreaks of food poisoning caused by 
biological hazards have been traced back to the consumption of 
carrots and carrot juice (Anon, 1999). Carrot juices are 
preferably used as a natural source of provitamin A in the 
production of alpha-tocopherol-beta carotene drinks (ATBC-
drinks) because of its high content of β-carotene (Marx et al., 
2000). Carrot is one of the most commonly used and well-
known vegetables in the everyday kitchen that is rich in 

functional food components such as vitamins (A, D, B, E, C, 
and K) and minerals (calcium, potassium, phosphorus, sodium, 
and iron).  

The carotenoids and other antioxidants present in carrot 
play an important role in the inhibition and/or interruption of 
oxidation processes, as well as in counterbalancing free radical 
activities (Krinsky and Johnson, 2005). Therefore, carrot may 
protect humans against certain types of cancer and 
cardiovascular diseases. 

4.4. Anthocyanin 

Anthocyanins are plant pigments responsible for the 
orange, red and blue colours of various fruits and vegetables 
(Rentzsch et al., 2007).  Anthocyanins derived from 
delphinidin, cyanidin and pelargonidin (Gil et al., 2000).     
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          Fig. (2): Structure of Anthocyanin 

High anthocyanin content is appreciated due to its strong 
chemopreventive activities such as antimutagenicity, antihyper- 
tension, antioxidative potential and reduction of liver injury (Du 
et al., 1975). Anthocyanins, potent antioxidant flavonoids, 
provide pomegranate juice with its brilliant color, which 
increases in intensity during ripening (Hernandez et al., 1999), 
and declines after pressing ( Miguel et al., 2004).  

4.5. Lycopene 

Lycopene is a vibrant red carotenoid that serves as an 
intermediate for the biosynthesis of other carotenoids( Stahl 
and Sies, 1996 ). It is an acyclic open-chain unsaturated 
carotenoid found in  moderate to high concentrations in such 
foods as red tomatoes and processed tomato products, 
watermelon, red grapefruit, and Brazilian guava, red pepper, 
apricot, papaya, passion fruit, guava, carrots, pepper, 
persimmon, balsam pear and a large number or redberries (e.g., 
cranberries) and fruits of Autumn olive. 

 



  

 

 
 

17 

Introduction Review of Literature

 

Fig.(3): Structure of all-trans Lycopene 

Lycopene, a fat soluble carotenoid, is a precursor of β-
carotene (Sandmann, 1994) and has at least twice the 
antioxidant capacity of β-carotene; it is an efficacious free 
radical scavenger (DiMascio et al., 1989). Epidemiological 
studies have indicated positive health benefits in consumption of 
diets high in lycopene, and its presence in the diet positively 
correlates with reduced cancer incidence (Gerster, 1997). 
Although it has no provitamin A activity, lycopene is able to 
function as an antioxidant and to quench singlet oxygen in vito. 
The quenching constant of lycopene was found to be more than 
double that of β-carotene and 10 times more than that of α-
tocopherol (Shi et al., 1999). In addition to its antioxidant 
properties, lycopene has also been shown to induce cell to cell 
communication ( Zhang et al., 1991) and to modulate hormonal 
and immune systems and other metabolic pathways which may 
also be responsible for the beneficial effects (Rao and Agarwal 
, 1999). Extensive scientific studies have found that it appears to 
have strong antioxidant capabilities that can inactivate free 
radicals and reduce damage to the body’s cells, reducing the risk 
from some human cancers and chronic diseases (Ghaffari and 
Ghiasvand, 2006). 
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Table (1): Shows the approximate content of lycopene in    
         different fruits and vegetables and other foods as  
         reported by Roldan-Gutierrez et al., 2007) 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.6. Carotenoids 

Valued for the pleasing yellow, orange or red color they 
impart to many foods, carotenoids are also natural antioxidants 
and as such contribute to the stability of foods. Moreover, aside 
from the provitamin A activity, these compounds have health-
promoting effects:  immuno-enhancement and reduction of the 
risk of developing degenerative diseases such as cancer,  

 

Food Content ( mg / 100g ) 

Tomatoes, fresh 
Tomatoes, cooked 

Tomato sauce 
Tomato paste 

Tomato soup, condensed 
Tomato powder 

Tomato juice 
Sun-dried tomato in oil 

Pizza sauce, canned 
Ketchup 
Apricot 

Apricot, canned 
Apricot, dried 

Grapefruit, raw pink 
Guava, fresh 
Guava, juice 

Watermelon, fresh 
Papaya, fresh 

0.88-4.20 
3.70 
6.20 

5.40-150.00 
7.99 

112.63-126.49 
5.00-11.60 

46.50 
12.71 

9.90-13.44 
<0.01 
0.06 
0.86 
3.36 
5.40 
3.34 

2.30-7.20 
2.00-5.30 
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cardiovascular diseases, cataract and macular degeneration 
(Voutilainen et al., 2006). For a long time, quantification of 
only β-carotene or the major provitamin A carotenoids was 
considered sufficient. 

 

                Fig. (4): Structure of β – carotene 

Beta-carotene is a natural compound that is omnipresent 
in yellow and green vegetables and fruits, such as carrot, 
spinach, sweet potato, pumpkin, broccoli, peppers, pink 
grapefruit, papaya and peach. Beta-carotene is also a coloring 
agent that is ubiquitously added to food and drinks. 
Furthermore, beta-carotene is an important source of vitamin A. 
Beta-carotene is added to plant based margarines, to compensate 
for their lack of vitamin A. More recently, a rice variety (golden 
rice) has been made by genetic engineering that contains beta-
carotene to combat vitamin A deficiency in developing 
countries. From the above it can be seen that beta-carotene is 
widely present in the diet and that it may influence our health 
(Keijer et al., 2005). 

   4.7. Ascorbic acid 

Ascorbic acid is the most important vitamin for human 
nutrition that is supplied by fruits and vegetables.  Since 
vegetables are an important source of vitamin C in the total diet, 
it is important that any preservation method used to extend their 
shelf life will not markedly affect the vitamin C content. 
Ascorbic acid and the B vitamins can affect immune response. 
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 Prophylactic ascorbic acid has been used for upper 
respiratory viral illness and for combating cold symptoms while 
B vitamins may act as controlling factors in the rapidly dividing 
effector cells of the immune system (Anonymous, 1990). Sato 
and Miyata (2000) reported that vitamin C found in many fruits 
and vegetables and organosulfur compounds found in onions, 
leeks, and garlic may additionally stimulate the immune system. 

 

                 Fig. (5): Structure of Ascorbic acid 

5. Microbial contamination of food in hospitals 

Outbreaks of food borne infection in hospitals are 
associated with high attack rates and disruption of services 
(Maguire et al., 2000). It was found that in 2002, hospitals in 
the Netherlands were implicated in 9% of 281 gastroenteritis 
outbreaks (Van Duynhoven et al., 2005).  A foodborne 
outbreak of Salmonella infection at a private hospital in London 
in 1994 had an attack rate estimated to be 5% among the 
approximately 200 patients and staff at risk (Maguire et al., 
2000). In Poland, the annual outbreaks of food poisoning and 
foodborne infections in hospitals and sanatoria from 1985 to 
1999 constituted from 1.5% to 6.3% of the total number of such 
outbreaks in the country (Przybylska, 2001). Another study in a 
national hospital in Costa  



  

 

 
 

21 

Introduction Review of Literature

Rica revealed that all tested salad samples were positive for 
faecal coliforms (Jimenez et al., 2004). A study in a university 
hospital in France showed that 10% of patients’ meals, all of 
which were salads, had total viable bacteria counts above the 
recommended limits as shown in table (2) ( Reglier-Poupet et 
al., 2005 ). Also, poultry meat is an important vehicle for food 
poisoning organisms, particularly Campylobacters and 
Salmonellas (Adak et al., 2005). 

Table (2):  French  recommended  microbiological  limits  for  different 
items of food ( Re´glier‐Poupet et al.,2005) 

 

Bacteria number cfu/g  
Good Acceptable unsatisfactory 

Salads
Mesophilic organisms
Faecal coliforms  
Meat
Mesophilic organisms
Faecal coliforms
Staphylococcus aureus
Anaerobes
Cooked plates and 
plates with eggs 
Mesophilic organisms
Faecal coliforms
Total coliforms
Staphylococcus aureus
Anaerobes
Vegetables
Mesophilic organisms
Faecal coliforms
Total coliforms
Staphylococcus aureus
Anaerobes

 
<105-1.5.106 

<10-30 
 

<5.105-1.5.106 

<102-3.102 

<102-3.102 
<30-90 

 
 

<3.105-9.105 

<10-30 
<103-3.103 

<102-3.102 

<30-90 
 

<5.105-1.5.106 

<10-30 
<103 

<102-3.102 

<30-90 
 

 
1.5.106-5.106 

30-100 
 

1.5.106-5.106 

3.102-103 

3.102-103 
90-300 

 
 

9.105-3.106 

30-100 
3.103-104 

3.102-103 

90-300 
 

1.5.106-5.106 

30-100 
3.103-104 

3.102-103 
90-300 

 
>5.106 

>100 
 

>5.106 

>103 
>103 
>300 

 
 

>3.106 

>100 
>104 

>103 

>300 
 

>5.106 

>100 
>104 

>103 

>300 
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One of the most important factors related to food borne 
illnesses is the lack of knowledge on the part of food handlers or 
consumers and negligence (despite knowledge) in safe food 
handling (WHO, 2000). Aycicek et al. (2004) determined the 
level of bacterial contamination on the hands of food handlers (n 
=30), (“n” is the number of the food handlers), who work in the 
kitchen of a military training hospital. A total of 180 samples 
were collected from bare and gloved hands before and during 
food preparation.  A total of 16 different bacteria were isolated, 
of which the most common was Staphylococcus aureus 
(126/180; 70%), followed by coagulase-negative staphylococci 
(102/180; 56.7%), Diphtheroid bacilli (39/180; 21.7%), Bacillus 
spp. (19/180; 10.5%), and Escherichia coli (14/180; 7.8%). 
Fifty-one of 60 (85%) gloved hand samples were collected 
during work, 57 (95%) of the bare hand samples were collected 
before work all of the bare hand samples collected during work 
were positive. Poor hand hygiene was indicated by high levels 
of S. aureus and E. coli on samples taken from bare and gloved 
hands. Although bacterial loads on gloved hand samples were 
found to be significantly lower (p < 0:05) than ungloved hand 
samples, these loads were not within acceptable limits. These 
results show that the hands of food handlers are an important 
contamination source in this establishment. 

Njobeh et al. (2009) investigated that a total of 95 
human food samples to evaluate the incidence of fungal 
contamination in Cameroon. The investigation revealed the 
predominance of Aspergillus and Penicillium with 96% of 
samples contaminated with at least one species of these fungi, 
whereas the incidence of co-contamination of samples was 85%. 
Aspergillus flavus and Aspergillus parasiticus were the most 
predominant species contaminating mainly maize and peanuts. 
In addition, Penicillium crustosum and Penicillium  polonicum 
were the most common 
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 contaminants belonging to the genus Penicillium. On the other 
hand, Aspergillus ochraceus registered a low incidence rate of 
5%, including other members of the Aspergillus group. Other 
members of the genera Rhizopus and Alternaria spp. were also 
registered in the study. A majority of fungal strains of A. 
ochraceus, A. parasiticus, P. crustosum and P. polonicum 
isolated were toxigenic, producing the mycotoxins tested for, 
while none was detected in cultures of A. fumigates. 

 Malheiros  et al. ( 2010) stated that Cross-
contamination through working surfaces is widely reported, 
specially the cases of transmission of enteric pathogens and 
other microbial hazards such as Listeria monocytogenes or 
Staphylococcus aureus to ready-to-eat ( RTE ) foods. 
Rodriguez et al. (2011 ) evaluated that lettuce salads samples 
presented high counts of MAB   (mesophilic aerobic bacteria ) 
and total coliforms (104 to 105 and 10 to 104 cfu/g, respectively), 
Neither Listeria spp. nor Salmonella spp. were detected in any 
food sample of  chilled ready-to-eat (RTE) foods in hospital 
foodservices. 

6. Microbial contamination of fresh fruits and vegetables  

Fresh fruit and vegetables are essential components of 
the human diet and there is considerable evidence of the health 
and nutritional benefits associated with the consumption of fresh 
fruit and vegetables. Beuchat ( 1996 ) discussed the incidence 
of human pathogens on fresh produce, citing contact with 
contaminated soil, water, compost, harvesting or processing 
equipment, or human handlers as mean by which produce may 
become contaminated. Sizer and Balasubramaniam (1999) 
indicated that the microbial populations on and in fruits and 
vegetables were carried into derivative juices or fresh cut 
products during processing.  Plant parts such as leaves, stems, 

 



  

 

 
 

24 

Introduction Review of Literature

fruits and roots typically support 103 to 106 colony forming units 
(CFUs) per gram of plant tissue (Mercier and Lindow, 2000).  

Fresh produce can be a vehicle for the transmission of 
bacterial, parasitic and viral pathogens capable of causing 
human illness and a number of reports refer to raw vegetables 
harbouring potential foodborne pathogens (Nguyen-the and 
Carlin, 1994; Beuchat, 1996).  Listeria monocytogenes 
(Schlech et al., 1983), Salmonella (Doyle, 1990), and 
Escherichia coli (Nguyen-the and Carlin, 1994), are most 
frequently associated with fresh produce fruits and vegetables. 
There are a number of reports indicating that raw vegetables 
may harbor the potential of food-borne pathogens (Beuchat, 
1996). Also, the pathogens most frequently linked to produce-
related outbreaks include bacteria (Salmonella, Escherichia 
coli), viruses (hepatitis A), and parasites (Cryptosporidium, 
Cyclospora) (Tauxe et al., 1997). 

 Beuchat (1998) indicated that vegetables can become 
contaminated with microorganisms capable of causing human 
diseases while still in the fields or during harvesting or post-
harvest handling in food services establishments. Todd (1999) 
postulated that fresh fruits and vegetables appear to carry 
several species of Gram-negative rods as part of their natural 
flora. It has been demonstrated that several kinds of salads were 
colonized by Pseudomonas aeuroginosa, E. coli and Klebsiella 
spp. Olsen et al. (2000) demonstrated that Salmonella and E. 
coli O157:H7 is being the leading causes of produce-related 
outbreaks in the USA. 

Lugauskas et al. (2005) investigated toxin producing 
fungi in fresh fruits sampled in Lithuania. Penicillium 
expansum, Sclerotinia sclerotiorum, Alternaria alternata, and 
Penicillium italicum were the prevalent fungal species, while 
Penicillium expansum, Aspergillus niger, Rhizopus oryzae and 
Penicillium  italicum dominated on dried fruits. 
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 While, Mukherjee et al. (2006) postulated that the 
incidence of foodborne outbreaks caused by contaminated fresh 
fruit and vegetables has increased in recent years. Abu-El Nour 
(2007) found that fresh-cut carrot samples had high level of 
microbial counts (1.4x104 - 2.4x106 cfu/g) including lactic acid 
bacteria, coliform bacteria, Escherichia coli and Staphylococcus 
aureus. Badosa et al. (2008) emphasized that bacterial 
pathogens usually found in contaminated vegetable and fruit 
products include Salmonella, Escherichia coli O157:H7, 
Listeria monocytogenes, and Staphylococcus aureus. Hell  et al. 
( 2009 ) stated that fungal contamination was evaluated after 
plating on selective media with a total of 561 fungal isolates 
identified, ranging from 18 in tomato and 218 in baobab leaves. 
Baobab leaves, followed by hot chilli and okra showed high 
incidence of fungal contamination compared to the other dried 
vegetables, while shelled melon seeds, onion leaves and dried 
tomato had lower levels of fungal contamination. Ponniah et al. 
(2010) found that Listeria spp. and Listeria monocytogenes 
could be detected in 33.3% and 22.5% of the vegetables, 
respectively. Verhoeff-Bakkenes et al. (2011) reported that 
thirteen of the 5640 vegetable and fruit samples were 
Campylobacter positive.  

7. Microbial contamination of fresh fruits and vegetables 
juices  

In the recent years, the tendency of consumers to fresh 
fruit and vegetable juices has been increased due to their better 
organoleptic properties and high vitamin content than 
pasteurized ones. However, these products without a minimal 
processing may be potential source of microbiological diseases, 
since the low acidity (pH 5.2–6.7) and high water activity (0.97–
0.99) of these juices can favor the growth of pathogenic 
microorganisms (USFDA, 2001). 
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The unpasteurized fresh fruit and vegetable juices can 
support the growth of a variety of bacterial pathogens coming 
from damaged raw fruits and vegetables and through cross-
contamination during processing. Wells and Butterfield (1997) 
showed that pathogenic microorganisms such as Salmonella 
could grow in the wound area of a damaged, intact fruits or 
vegetables. If bacterial pathogens are present on or in the 
produce or any processing surface, it will have an almost 
unlimited food source for growth in the unpasteurized juice, 
resulting in a food borne outbreak (Cook et al., 1998). 

 Fruit juices contain various concentrations of sucrose, 
which constitutes a very important component of the medium 
for the growth of both spoilage and pathogenic microorganisms 
especially fungi. Microbial spoilage is a serious problem for the 
food industry as fungal contamination can occur during 
processing as well as handling of the end products. Since yeasts 
can generally resist extreme conditions better than bacteria, they 
are often found in products with low pH and in those containing 
preservatives. Especially yeast spoilage has increased in recent 
years as a result of lower doses of preservatives and milder 
preservation processes, required for higher standards of food 
quality (Koc et al., 2007).  

Grinbaum et al. (1994) reported that yeast spoilage of 
fruit juice can result in formation of haze, production of CO2 
and off-odors, and changes in color. Goto et al. (2003) reported 
the spoilage of fruit juices/beverages has been associated with 
four species of molds: Alicyclobacillus 
acidoterrestris,Alicyclobacillus pomorum, Alicyclobacillus 
herbarius and A. Acidiphillus. Guerrero-Beltrán and Barbosa- 
Cánovas (2005) found that yeasts, molds, lactobacillus, 
leuconostoc and thermophilic Bacillus are common spoilage 
microorganisms of orange juice, 
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Escherichia coli, Saccharomyces cerevisiae and Listeria 
innocua are associated with apple juice or apple cider spoilage 
Tournas et al. (2006) found that microorganisms, in particular 
acid tolerant bacteria and fungi such as yeasts and molds, can 
easily spoil fruit juices. Song et al. (2007) found that the 
contaminating bacteria in the juices ranged from 106 to 107 
CFU/ml in carrot and kale juice. Meanwhile, Alighourchi et al. 
( 2008 ) found that the initial mean populations of the total 
bacterial and fungi counts for fresh juices of two pomegranate 
varieties were 4.7x103 , 3.4x103  and 2.0x103, 1.0x103 cfu/ml, 
respectively. Hsu et al. (2008) reported that the tomato juice 
proved to be naturally contaminated by the microorganisms 
normally occurring in tomato juice, at the same levels as those 
found in the tomato product, total viable count, Enterobacteria, 
lactic acid bacteria and mold and yeasts were 4.1, 2.1, 4.2 and 
3.7 Log cfu/ml, respectively. On a worldwide basis, the 
incidence of Alicyclobacillus spp. has been reported mainly in 
apple and orange juices and pear concentrate (Groenewald et 
al., 2009).  

8. Methods used to reduce the hazards of foodborne 
infection for immunocompromised patients 

Methods such as heating, cooling, freezing, drying, 
freeze-drying, irradiation, high hydrostatic pressure, 
fermentation, or the addition of antimicrobials and chemicals are 
commonly used to control microbial contamination and 
pathogens of patient diet. After these treatments, one population 
of microorganisms may be killed, another population may 
survive (non-injured), and a third population may be sub-
lethally injured (Wu et al., 2001). 

8.1. Thermal treatments 

Heating (boiling, grilling, baking, and frying) is applied 
to food to enhance its flavour and taste, inactivate pathogenic  
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microorganisms and increase shelf life (Bognar, 1998). On the 
other hand, the use of the microwave oven for cooking has 
increased greatly during recent decades (Arias et al., 2003). But 
it was found that cooking brings about a number of changes in 
physical characteristics and chemical composition of vegetables 
and other food materials. Cooking processes also produce some 
structural changes in dietary fiber components of various 
vegetables (Sukhwant et al., 1992). 

Ben (1999) indicated that heat process can promote 
changes in concentration of volatiles or trace elements. Such 
losses of various macro or micro-nutrients and trace elements 
may be detrimental for the human health. Zhang and Hamauzu 
(2004) considered that heat preservation is one of the oldest 
forms of preservation known to man and has the potential to 
provide barriers to reduce microorganisms and inhibit enzyme 
activity, but this treatment is incompatible with fresh processed 
plant food since heat is associated with destruction of flavour, 
texture, color, nutritional quality and antioxidant activity.  

Pasteurization is a heat treatment which kills pan of the 
vegetative microorganisms present in the food and relies heavily 
on handling and storage conditions to further minimize bacterial 
growth (Karel et al., 1975). It is the treatment of packaged 
foods to temperatures below 100 °C over a given time to 
eliminate pathogenic microorganisms which may grow under 
certain storage conditions. Pasteurization has been used to 
prevent foodborne diseases associated with dairy products, milk, 
liquid egg, fruit juices (Lalaguna, 2003). During the processing, 
however, a potential hazard may occur that can be caused by 
addition of contaminated ingredients or improper handling of 
the final products, including an abuse of the storage temperature 
(Jo et al., 2007). 
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8.2. Refrigeration 

With increasing world population and the need to supply 
people with fresh and healthy food, food preservation becomes 
increasingly necessary in order to increase the shelf life and 
maintain the nutritional value, texture and flavour of food. A 
main challenge in this respect is to maintain a stable and 
sufficiently low temperature which is often more difficult in 
fresh foods than in frozen foods. Studies on the chill chain have 
shown that it is a challenge to maintain an acceptable 
temperature during distribution and storage of food products 
(Aune, 2003). 

Controlling microbial activities is the key to extension of 
shelf-life during processing, distribution and storage of food. 
Shelf life is the time during which the product will remain safe, 
to retain the sensory, chemical, physical and microbiological 
characteristics, and comply with any label declaration of 
nutritional data (Kilcast and Subramaniam, 2000).  
Temperature is one of the most important parameters affecting 
the growth of microorganisms and shelf-life extensions of 
(Bréand et al., 1999). The most methods used for shelf-life 
extension of foods include refrigerated ice storage between 0 °C 
and 4 °C, superchilled storage in the range of -1 to -4 °C, by 
means of slurry ice or in superchilled chambers without ice, and 
frozen storage at -18 to -40 °C (Gallart-Jornet et al., 2007). 
Paull (1999) reported that low temperature (0 °C and 4 °C) has 
been used to extend the shelf life of temperate fruits and 
vegetables and their juices but the shelf-life was limited. Song et 
al. (2007) found that the shelf – life of natural vegetable juices 
rarely exceed 1 day even under a cold chain system. 
Refrigeration throughout the production chain up to 
consumption is a fundamental importance in extending the shelf 
life of fresh cut–products.The microbiological and safety quality 
of extended shelf life  
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refrigerated foods continues to be an issue for processors and 
the food preparer (IFT, 1998). 

8.3. Chemical additives  

The use of chemical additives in food and liquid has 
increased immensely in the last decades. The main reason, given 
by food manufacturers for using additives is that food would 
spoil in a short time without additives (Shibamoto et al., 1993). 
However, there is research asking to ban the usage of all 
unnecessary additives consumed by infants and young children 
(Tuormaa, 1994). Also, to prevent the lipid peroxidation in fats 
and oils, synthetic antioxidants have been used as food additives 
for over 50 years ( Cuvielier  et al., 1994 ). Food additives have 
been implicated as aetiological factors in many different disease 
states. Concern arose from a suggested link with food additives 
and hyperactivity in children. They have also been implicated in 
many other disease states (Young, 1997). Some countries 
already limited some food products in schools because 
ingredients or additives of those products may cause 
health/behavior problems in children (Fried and Nestle, 2002).  

The additives have many disadvantages and risk to the 
health and the life of the individual for example evidence has 
been presented that ascorbic acid can interact with benzoic acid 
in the presence of a transition- metal catalyst to yield benzene, a 
known carcinogen (Gardner and Lawrence, 1993).  

8.4. High hydrostatic pressure processing (HHP) 

High hydrostatic pressure processing (HHP) or High 
pressure processing (HPP) is a non thermal food preservation 
technique for microbial and enzyme inactivation with reduced 
effects on nutritional and quality parameters when compared to 
thermal treatments (Tiwari et al., 2009).  HHP has been 
proposed 
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for application to milk, vegetable juices and other food 
(Considine  et al., 2008). However, HHP method still has 
several problems such as limitation of the mass production and 
an increase cost. Rendueles et al. (2011) reported that the 
introduction of an HHP step in the food manufacturing process 
requires a careful assessment of microbiological risks. The 
process safety assurance is enhanced when adequate hazard 
identification is performed. As with other treatments, there is 
also a need to have tools and mechanisms in place to monitor, 
optimize and validate the process, and procedures to assess and 
model the lethal effect of the treatment. 

8.5. Ionizing Radiation 

Decontamination of food by ionizing radiation is a safe, 
efficient, environmentally clean and energy efficient process. 
Irradiation is used to inactivate food-borne microorganisms, to 
reduce quality losses during storage and to guarantee the 
hygienic quality of several foodstuffs such as poultry, meat, 
spices, herbs, sea foods, vegetables and fruits…… etc. ( Moy 
and Wong, 1996). In recent decades, food irradiation has 
become one of the most discussed technologies for food safety 
and shelf-life. The purpose of food irradiation is the same as for 
freezing, high temperature treatment and chemical treatment, i.e. 
removal of spoilage and pathogenic microorganisms causing 
food spoilage and human diseases. The aim is to prolong the 
shelf-life of foods kept under various conditions such as in 
shops and households, and to eliminate pathogenic organisms 
that cause disease as a result of food consumption (Lee et al., 
2004). 
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9. Treatment of food by irradiation 

Irradiation has been recommended as a method for 
preparing foods for hospital patients requiring sterile diets or 
low microbial diet as a result of intensive therapy or disease that 
has resulted in suppression of the immune system. It has a 
number of advantages over other methods and in recognition of 
this, in the United Kingdom; the use of irradiated foods for 
hospital patients has been specifically exempted from regulatory 
control. Due to a number of factors there is a move away from 
keeping patients in a sterile environment; however, irradiation 
may still have a role to play for vulnerable and high-risk patients 
(Pryke and Taylor, 1995). Immunosuppressed patients are very 
likely to acquire microbial food borne diseases, since their 
natural defences are below what is considered as ‘‘normal 
limits’’. This makes their food intake very restricted, avoiding 
all those products that could be a source of microorganisms. 
Ionizing radiation applied at sub-sterilizing doses represents a 
good choice in order to achieve ‘‘clean’’ diets for 
immunosuppressed patients and at the same time, it can widen 
the variety of available meals for these patients, allowing the 
inclusion of some products normally considered as ‘‘high risk’’ 
due to their microbial load, but that can be nutritionally or 
psychologically adequate.  

Several researchers have proposed that ionizing 
irradiation was a suitable method to control the microorganisms 
of fruits, fresh fruit juices, fresh-cut vegetables, salads, sprouts, 
seeds and other minimally processed foods (Buchanan et al., 
1998) as a non-thermal sterilization method. Beuchat (1998) 
stated that ionizing radiation could be an extremely effective 
tool in reducing the populations of pathogenic microorganisms 
and parasites from raw fruits and vegetables. In 1997, a Joint 
FAO/IAEA/WHO Study Group was convened to assess the 
safety  
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and nutritional adequacy of food irradiated to doses above 10 
kGy. They concluded that food irradiated to any dose 
appropriate to achieve the intended technological objective is 
both safe to consume and nutritionally adequate (WHO, 1999). 
Further, in Africa which has a high incidence of HIV/AIDS, the 
provision of irradiated, low microbial load, ready-to-eat foods 
could be of great benefit to these immuno- depressed patients 
(Duodua et al., 1999). 

9.1. Radiation sources used for food irradiation  

Expert Committee of WHO/IAEA/FAO in accordance 
with international regulations of Codex General Standards for 
food irradiation approved three types of ionizing radiation for 
treating foods as reported by WHO ( 1988). 

a) Electron beams: which are negatively charged particles, 
produced from electron accelerator machine sources 
operated at or below an energy level of 10 MeV. 

b) X-rays: which are electromagnetic radiations of short 
wave length, generated from machine sources operated at 
or below an energy level of 5 MeV. 

c) Gamma rays: which are electromagnetic radiations of 
very short wavelength emitted by the nuclei of 
radioactive substance during decay from radioisotopes 
mainly Cobalt-60 and Cesium-137.  

 9.2. Wholesomeness and safety aspects 

No other method of food processing has been subjected 
to such a thorough assessment of safety as the radiation 
processing. The various aspects of wholesomeness and safety of 
radiation  
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processed foods have been studied in great detail (WHO, 1994; 
Diehl, 1995). These include: 

 At the energies of the gamma rays from Cobalt-60 (1.3 
MeV) and those recommended for X-rays (5 MeV) and 
accelerated electrons (10 MeV), no induced radioactivity has 
been observed. The microbiological aspects of radiation-
processed foods have been studied in detail. None of these 
studies have indicated that foods preserved by radiation pose 
any special problems in relation to microflora. It has been found 
that there are no unique radiolytic products formed and free 
radicals in the system disappear depending on the nature of the 
commodity and its post-irradiation storage and treatment. In 
fact, the chemical differences between radiation processed foods 
and non-irradiated foods are too small to be detected easily. 
Though rough composition of food remains largely unchanged, 
some losses in vitamins may be encountered. However, these 
losses are often minor and could be made up from other sources. 

9.3. International approval 

Stevenson (1994) reported that irradiation technology is 
the answer to many questions, since it creates the possibility of 
putting foods on the market that are “glowing with freshness”, 
and exempt of pathogens. This technology was approved in 
1981 by the FAO/IAEA/WHO joint Committee on the 
Wholesomeness of Irradiated Food. It was stated that, 
irradiation of food at doses up to 10 kGy introduced no special 
nutritional problem and irradiated food does not need any 
toxicological tests. In, 1997 an FAO/IAEA/ WHO study group 
on high dose irradiation examined 

•Possibilityof induced radioactivity  •Microbiological safety 
• Nutritional adequacy •Animal feeding 
•Safety of chemical changes • Human trials 
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the safety studies carried out on food irradiated with doses 
higher than 10 kGy and concluded that food irradiation at any 
dose appreciate to achieve the intended technological objectives 
is both safe to consumer ( WHO, 1997). 

In 1999, a coalition of U.S. food processors petitioned 
the U.S. Food and Drug Administration to amend U.S. 
regulations to allow doses of up to 4.5 kGy for a wide variety of 
refrigerated and ready to eat meat and vegetable products, 
including juices, with doses up to 10.0 kGy sought for frozen 
meat, vegetable, and juice products, elimination of human 
pathogens is the primary goal of these requested dose limits; the 
potential for extension of shelf life is regarded as a secondary 
goal ( Anonymous, 2000a) Therefore, as scientific data 
accumulate and commercial interest in irradiation increases, 
U.S. and international regulations concerning the irradiation of 
fresh produce and juices are expected to change to reflect 
increased understanding. Irradiation as a food treatment is 
endorsed by a variety of professional and governmental 
organizations such as the United States Food and Drug 
Administration ( Anonymous, 2000 b), U.S. General 
Accounting Office ( Anonymous, 2000a ),  American Dietetic 
Association ( Wood and Bruhn, 1999;  WHO , 1999) .  

Aymerich et al. (2008) reported that all irradiated foods 
are required to have a label indicating that they have received 
such treatment. Irradiation technology was promoted by the 
FAO in the Codex Alimentarius in 2003 and has been well 
accepted in 50 countries. 
   Farkas and Moha´csi-Farkas (2010): stated that the safety of 
consumption and wholesomeness of irradiated food have been 
extensively studied in international cooperations. Numerous 
international expert groups set up jointly by the FAO, the IAEA 
and the WHO, or the Scientific Committee on Food of the  
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European Commission concluded that foods irradiated with 
appropriate technologies are both safe and nutritionally 
adequate. A Codex General Standard for Irradiated Foods and a 
Recommended International Code of Practice for Radiation 
Processing of Food have been developed. Specific applications 
of food irradiation are approved by national legislations in over 
55 countries worldwide among of which are the USA, Egypt, 
and China and across Latin America 

9.4. Technological benefits and advantages 

Major technological benefits that can be achieved by 
radiation processing of food include: 

• Disinfestations of insect pests in stored products. 

• Inhibition of sprouting in tubers, bulbs and rhizomes. 

• Delay in ripening and senescence in fresh fruits and 
vegetables. 

• Destruction of microbes responsible for food spoilage 
including    fresh meat, poultry, fish, fruits, vegetables and 
their products. 

  • Elimination of parasites and pathogens of public health 
importance in food on the basis of dose requirements. These 
benefits could be classified in to low dose, medium dose, and 
high dose applications (Dris and Jain, 2004). 

The technology can be applied in three broad areas 

• For strengthening food security. 

• For improving food safety. 

• For increasing international trade. 
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It can improve food security by cutting down food losses 
caused by storage insects, microorganisms, and physiological 
changes. It is believed that 20–50% of the agricultural produce 
is lost due to inadequate post-harvest practices. It can help 
reduce the risk of food borne-illnesses by eliminating pathogens 
and parasites in food, thus improving food safety. It can also 
help to boost international trade by overcoming quarantine 
barriers and by improving quality and marketability of 
agricultural products. 

 Radiation technology offers several advantages for 
processing food. These advantages are listed below: 

• It is a physical, non-additive process, causing minimal change 
in    food.  

• It is highly effective compared to chemicals and fumigants. 

• It does not leave harmful residue in food. 

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

• It is a cold process and preserves food in natural form. 

• It does not destroy heat-labile aroma constituents of food. 

• The process is safe to workers and friendly to environment 
(Dris and Jain, 2004). 

9.5. Limitations 

The technology has also a few limitations. These are: 

• The technology cannot be applied indiscriminately to all foods. 

• The technology is also not appropriate for destruction of 
viruses and enzymes. Therefore, to meet such an objective the 
technology should be complemented with other methods such as 
mild heat.  
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Similarly, a food product which is molded and already 
contaminated with preformed microbial toxins can not be 
treated with radiation as a part of the good irradiation practice. 
Some of these measures are part of the good manufacturing 
practices for any food processing method. 

• The technology is also capital intensive. 

 • In case of gamma irradiation plants needs handling of 
radioisotopes requiring proper safeguards and approvals (Dris 
and Jain, 2004). 

10. Irradiation effects 

Generally, ionizing radiation has been found to be very 
effective in inactivating microbial cells. The mechanism of 
microbial death is a sequence of the ionizing action of high-
energy radiation. Most studies indicated that the damage of the 
microbial cell DNA, which may result in loss of ability to 
reproduce, is a primary cause of lethality but damage of other 
sensitive molecules (cell membranes, intracellular constituents 
of biological function importance) may also have effects. 
Ionizing radiation can affect microbial cell DNA by two 
mechanisms, either directly by high-radiation energy which 
cause direct damage to DNA or indirectly through the effect of 
primary water free radicals (H°, OH°, e¯) which are formed 
upon water radiolysis of the microbial cells and water 
surrounding cells (Ingram and Roberts, 1980). The OH° 
radical is the most important oxidizing agent affecting microbial 
cell. Therefore, it is expected that microorganisms are more 
resistant to radiation in the dry state than in the presence of 
water. 
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10.1. Relative radiation resistance of microorganisms 

Microorganisms differ greatly in their resistance to 
ionizing radiation. The radiation resistance of microorganisms is 
measured by the so – called radiation reduction decimal 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-Log cycle or to kill 90% of the numbers (Ingram and 
Roberts, 1980). The sensitivity of microorganisms to ionizing 
radiation is often compared on the basis of D10-values. To 
accommodate non-liner survivor curves, the so-called (most 
probable effective dose) to achieve n Log cycles reduction  
( MPED )n has been introduced ( Mossel and Degroot, 1965 
).For all practical purposes the MPED is the dose of irradiation 
that, at a given level of initial contamination reduces the final 
cfu count to a non-detectable level, i.e. no more than 101  - 102 

cfu’s per gram of product. 

 Generally, the radioresistance of the bacterial species 
were arranged in the following order : Pseudomonas, Coliform, 
Staphylococci, Salmonella , Streptococci, sporeformer and 
finally Clostridium botulinum type A and B ( Thornley, 1963 ). 
Christensen (1970) arranged the large groups of 
microorganisms according to increasing radioresistance in the 
following order: gram-negative bacteria, vegetative forms of 
gram-positive bacteria, mold, yeast, bacterial spores and viruses. 
Ingram (1975) reported that the gram – negative bacteria 
including the common spoilage organisms of many foods, e.g. 
Pseudomonas and particularly certain species of pathogenic, e.g. 
Salmonella and Shigella were more sensitive than vegetative 
gram-positive bacteria. Rowley et al. (1978) concluded that 
bacterial spores are the most radiation resistant and Gram-
negative rods are the most sensitive. Moraxella-Acinetobacter, 
Micrococcus radiodurans, 
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Pseudomonas radiora and Deinococcus spp. are able to survive 
high irradiation doses (Diehl, 1995).  

Sommer (1973) indicated that dose response curves of 
sexual spores of important fungal genera showed a wide 
spectrum of radiation resistance when suspended in water or 
buffer and irradiation in presence of oxygen. He indicated that 
the D10 values for penicillium expansum, Mucor sp., Botrytis 
cinerae, Rhizopous stolonifes, Alternaria citri, Cladosporium 
herbarum and Alternaria tenuis were approximately 0.5, 0.6, 
0.8, 0.9, 1.0, 1.1 and 1.4 KGy, respectively. O'Neill et al. 
(1991) reported that species of Fusarium and Alternaria were 
more resistant to irradiation than Aspergillus spp. and 
Penicillium spp.  However, radiation doses required for direct 
suppression of postharvest pathogens are generally above the 
tolerance level of the fruit and result in radiation damage 
(Barkai-Golan, 1992). 

 D10values have been reported for yeasts and molds in 
the range of 1 to 3 kGy (Narvaiz et al., 1992).  Kim et al. 
(2007) tested the radiation-resistant of bacteria N-1(Bacillus 
megaterium IAM 13418T) and N-2 (Exiguobacterium 
acetylicum X70313) which were isolated from the kale juice. 
From the results of the inoculation test, it is suggested that even 
though the radiation-resistant microbes in the kale juice 
survived gamma irradiation, the 3–5 kGy radiation doses may 
prevent a follow up microbial growth during a 3 days post-
irradiation storage at 10°C. Monk et al. (1994) reported that the 
main effective microorganisms in juice irradiation were yeasts 
and molds, which have a higher D10- value than bacterial 
pathogens. In fruit juices, D10- values have been reported for 
yeasts and molds are in the range of 1-3 kGy (Narvaiz et al., 
1992) and 0.3-0.7 kGy for pathogenic bacteria (Buchanan et 
al., 1998, Niemira et al., 2001). Buchanan et al. (1998) showed 
that a dose of 1.8 kGy should be sufficient to  



  

 

 
 

41 

Introduction Review of Literature

achieve the 5D-inactivation of E.coli recommended by the 
National Advisory Committee for Microbiological Criteria For 
Food Irradiation. 

10.2. Effect of irradiation on microbial load of fresh fruits 
and   vegetables 

Generally, irradiation has been found to be effective in 
reducing the microbial load of fresh fruits, vegetables and their 
minimally processed produce. Several researches have reported 
that a low-dose irradiation can improve the microbial quality of 
various fresh-cut vegetables such as shredded and cut- carrots 
(Hagenmaier and Baker, 1998), cut lettuce (Hammad et al., 
2010),  diced celery (Prakash et al .,  2000), green onion leaves 
(Fan et al., 2003a) coriander leaves (Kamat et al ., 2003). 
Hammad et al. (1995) found that application of gamma 
irradiation at 1 and 2 kGy almost inactivated Gram-negative 
bacteria. Pseudomonas and Enterobacteriaceae and caused 
great reduction in total aerobic bacterial counts, molds and 
yeasts of fresh strawberries. These doses extended the 
refrigeration (4°C±1) shelf-life of strawberries to 18 and 21 
days, respectively against only 10 days for non-irradiated ones. 
Howard et al. (1995) reported that 1.0 kGy reduced total 
aerobic bacteria and lactic acid bacteria in Pico de gallo, a cold 
salad made of tomatoes, yellow onions, and jalapeno peppers, 
over six weeks of refrigerated storage, thereby extending the 
shelf life.  Farkas et al. (1997) showed that ionizing radiation at 
1 kGy reduced loads of bacteria, improved microbiological shelf 
life, and extended sensory quality of precut peppers and carrots.  

 Prakash et al. (2002) indicated that irradiation at 3.70 
kGy resulted in no aerobic populations through day 12 and 
significantly fewer colonies through day 15 in diced Roma 
tomatoes. Where, Zhang et al. (2006) reported that the the  
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number of aerobic mesophilic bacteria on fresh-cut lettuce 
irradiated with 1.0 kGy was reduced by 2.35 logs and sensory 
quality was maintained best during storage for 8 days at 4 °C.  
Hussain et al. (2008) reported that the gamma-irradiation dose 
range of 1.2–1.4 kGy significantly (p< 0.05) delayed the 
decaying of the peach fruit by 6 days under ambient conditions 
and by 20 days under refrigerated storage conditions. Wani et 
al. (2008) reported that yeast and mold count of pears was 
markedly reduced by both irradiation and low-temperature 
storage. No yeast and mold count was recorded in samples 
irradiated at dose beyond 1.4 kGy after 7 days of ambient 
storage. As the storage period advanced, yeast and mold count 
increased and was significantly (p<0.05) higher in unirradiated 
samples under both the storage conditions. Hammad et al. 
(2010) found that irradiation caused a great reduction in all 
microbial loads of fresh cut lettuce and during refrigerated 
storage, the counts of all microorganisms increased, but the rate 
of increase was slower in irradiated samples in comparison with 
unirradiated ones. Irradiation dose of 3 kGy was the optimum 
dose for preservation of fresh cut lettuce which extended the 
refrigeration shelf-life up to 20 days and it was sufficient in 
eliminating all pathogenic bacteria without adverse effect on 
sensorial quality and slight effect on chemical quality. 

10.3. Effect of irradiation on foodborne pathogenic bacteria 
contaminating fresh fruits and vegetables and their 
minimally processed produce 

The preparation and distribution of minimally processed 
vegetables is a rapidly developing industry that provides the 
consumer with convenient and nutritious food. However, 
minimally processed vegetables may undergo substantial 
mechanical injury due to cutting with the result that 
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 microorganism can grow rapidly upon exposure to nutrient 
juices, thus leading to elevated respiration, rapid deterioration 
(Saltveit, 1997) and insecurity of this product. Many 
investigators have shown that, irradiation approved to be a 
highly effective method for eliminating human food borne 
pathogens on and in fresh fruits, fruit juices, fresh vegetables, 
vegetables juices, fresh cut vegetables, vegetable salads and 
seed sprouts with maintenance of their freshness and quality 
attributes (Chervin and Boisseau, 1994; Prakash et al., 2000 
and Abu- El Nour, 2007). Farkas et al. (1997) found that dose 
of 1.0 kGy reduced total aerobic plate count and Listeria 
monocytogenes by ~4 logs (99.99%) on pre-cut bell pepper; 
however, on peppers stored at 15 or 10°C, the pathogen re-grew 
to initial levels within 4 days, while pathogen levels remained 
low on peppers stored at 5°C. Also in that study, spoilage 
bacteria were reduced by 5 logs on carrot cubes by 1.0 kGy. The 
authors concluded that irradiation, when combined with good 
manufacturing practices, could effectively reduce pathogen 
levels throughout the useful shelf life of the produce. 

Martins et al. (2004) reported that low-dose irradiation 
treatments (< 2 kGy) effectively inactivate most of the food 
borne pathogens including Escherichia coli O157:H7, Yersinia 
and Salmonella with little or no defects on the sensorial quality 
of minimally processed vegetables. Lee et al. (2006) found that 
all the bacterial contents of test pathogens into the samples of 
cucumber blanched and seasoned spinach, and seasoned 
burdock were reduced to below the limit of detection by 3 kGy 
irradiation. Todoriki et al. (2009) reported that a 1.25 kGy dose 
of gamma irradiation was found to be sufficient to eliminate 
Listeria monocytogenes on whole cherry tomatoes. 
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10.4. Effect of irradiation on microbial quality of fruits and 
vegetables juices 

The value of fresh fruits and vegetable juices lies in the 
primary characteristics of freshness and convenience. The 
growing demand for fresh fruits and vegetable juices is 
stimulating the production of vegetable juice type products in 
the food industry. However, the development and marketing of 
these juices are limited because they are highly perishable and 
have short shelf-life due to the growth of putrefying 
microorganisms (Song et al., 2007). Thus, fresh fruits and 
vegetable juices should be consumed within 24 h in general. The 
microbial flora in the fruit and vegetable juices is thus likely to 
be similar to the flora in raw fruits and vegetables. Bacteria in 
fresh vegetable juice, especially pathogens that come from soil, 
water or the hands of workers, affect not only the public health, 
but also the product quality. Therefore, vegetable juice should 
undergo some type of processing to inactivate most of the 
microorganisms. Recent regulations by the FDA have required 
processors to achieve a 5 log reduction in the numbers of the 
most resistant pathogens in their finished products. This rule 
comes after a rise in the number of food borne illness outbreaks 
and consumer illnesses associated with consumption of 
untreated juice products. The ruling has accelerated the search 
for novel non thermal processes that can ensure product safety 
yet maintain the desired nutritional and sensory characteristics 
(Tiwari et al., 2009). 

Buchanan et al. (1998) showed that irradiation (1.0kGy) 
effectively inactivated Escherichia coli O157:H7 in inoculated 
commercial apple juices, with D10 values of 0.12, 0.16, and 0.21 
kGy for the three isolates tested. Niemira et al. (2001) found 
that the resistance of four Salmonella isolates irradiated in 
orange juice also varied, with D10 values of 0.71 kGy ( S. 
anatum ), 0.48  
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kGy ( S. Newport ), 0.35 kGy ( S. infantis ), and 0.38 kGy ( S. 
Stanley ). For the most resistant isolate (S. anatum), 3.5 kGy 
was indicated as the dose required to achieve a 5- log reduction.  
Pickett et al. (2000) also found that Salmonella hartford was 
reduced to undetectable levels in irradiated (3.0 kGy) orange 
juice. 

Song et al. (2007) emphasized that all the aerobic and 
coliform bacteria in the carrot juice were eliminated by 
irradiation at a dose of 3 kGy, whereas about 102 CFU/ml of the 
bacteria survived in the kale juice irradiated at up to 5 kGy. 
However, the cells that survived from irradiation in the kale 
juice did not grow, whereas those of the non-irradiated samples 
reached 10 9 CFU/ml after 3 days of storage at 10° C.  
Application of gamma radiation to pomegranate juice 
(Alighourchi et al., 2008), carrot and kale juice (Kim et al., 
2007) and UV radiation to orange, guava and pineapple juice 
(Keyser et al., 2008) has been reported for the inactivation of 
both spoilage and pathogenic microorganisms thereby extending 
their shelf-life and ensure safety. 

 Song et al. (2007) indicated that irradiation at 3–5 kGy 
improved the microbial shelf-stability of the juices (carrot and 
kale juices), and prolonged their shelf life up to 3 days at 10°C 
whereas the shelf life of the non-irradiated control was limited 
to 1 day. So, it was considered that gamma irradiation was not 
only effective in pasteurization of fresh vegetable juices but also 
in prolonging the shelf life.  

10.5. Effect of irradiation on the main chemical components 
of fresh fruits and vegetables and their produce 

10.5.1. Anthocyanin 

Anthocyanins are plant pigments responsible for the 
orange, red and blue colours of various fruits and vegetables  
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 (Rentzsch et al., 2007) Irradiation effects on anthocyanin 
pigments depend upon the nature of anthocyanin for example; 
diglycosides are relatively stable towards irradiation dose 
compared to monoglycosides. Chachin and Ogata (1969) have 
previously investigated the effect of different irradiation doses 
of gamma radiation on grape, apple and orange juices 
anthocyanins. They found that irradiation at 10 kGy caused 
evident loss of grape juice anthocyanins. In contrast, Ayed et al. 
(1999) reported that the anthocyanin content in grape pomace 
increasesd with irradiation doses (0-9 kGy), especially at 6 kGy. 
This increase in the measured content may be due to the 
extraction of bound pigments by degradation of the cell wall. 

 Bakowska et al. (2003) reported a strong negative 
influence of UV irradiation on the complex of cyanidin-3-
glucoside with co-pigment compared to thermal treatment at 80 
°C. However, the presence of certain copigments can inhibit the 
degradation effect of UV on anthocyanins improving the 
cyanidine-copigment complex. Anthocyanins exposure to UV-C 
(0.56-13.62 kJ/m2) showed insignificant changes in the 
anthocyanins as well as the antioxidant capacity in pomegranate 
arils (Lo´pez-Rubira et al., 2005). Alighourchi et al. (2008) 
studied the effect of gamma irradiation (0-10 kGy) on the 
stability of anthocyanins in pomegranate juice. Their results 
indicated that the irradiation at all applied doses, significantly 
reduced total and individual anthocyanins. They added that 
irradiation with higher dosages (3.5-10 kGy) had undesirable 
effect on the total content of anthocyanins. Erkan et al. (2008) 
reported that UV-C treatment for different durations (1, 5, and 
10 min) increased the antioxidant capacity and the 
concentrations of anthocyanins and phenolic compounds in 
strawberries.  
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10.5.2. Lycopene 

Lycopene is a vibrant red carotenoid that serves as an 
intermediate for the biosynthesis of other carotenoids (Stahl 
and Sies, 1996).  To our knowledge, there is no information 
about the effect of gamma irradiation on lycopene content of 
major varities of fruits and vegetables.  

Artés-Hernandez et al. ( 2010 ) studied the effects of 
four pre-packaging UV-C illumination doses (1.6, 2.8, 4.8 and 
7.2 kJm−2) on quality changes of watermelon cubes stored up to 
11 days at 5 ◦C. Control cubes showed a 16% decrease in 
lycopene content after 11 days at 5 ◦C similar to that found for 
the high UV-C treatment. However low UV-C treated 
watermelon cubes preserved their initial lycopene content (2.8 
kJm−2) or it was slightly decreased (1.6 kJm−2).  

10.5.3. Carotenoids 

Carotenoids are among the most important nutrients in 
food, owing to their diverse functions and actions. The attractive 
red or yellow colour conferred to many foods is their most 
apparent contribution to food quality.  

Beta-carotene is a natural compound that is omnipresent 
in yellow and green vegetables and fruits, such as carrot, 
spinach, sweet potato, pumpkin, broccoli, peppers, pink 
grapefruit, papaya and peach. The presence of light, acids, heat, 
oxygen, the methods of preservation and the storage time are 
destruction factors which lower the total β-carotene level and 
may cause isomerisation reactions. Chachin and Ogata (1969) 
treated grape, apple and orange juices with different irradiation 
doses of gamma radiation. Loss of orange juice beta carotene 
was evident after 10 kGy and  
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was dose dependent up to 80 kGy. Josimovic (1983) did not 
notice any significantly quantitative changes in some chemical 
compounds of dehydrated parsley irradiated with doses up to 20 
kGy. 

 According to the International Consultative Group on 
Food Irradiation (ICGFI), gamma-irradiation does not affect the 
content of β-carotene or other carotenoids with pro-vitaminic A 
activity (ICGFI, 1999). Gamma irradiation doses (0, 10, 20, 30 
kGy) induced  a slight decrease in β-carotene content in 
artichoke (Koseki et al., 2002) Fresh-cut mangoes UV-C 
irradiated for 0, 10, 20, and 30 min, showed decrease in β-
carotene content (Gonza´lez-Aguilar et al., 2007). Hajare et al. 
( 2007 ) reported that total carotenoids content of pea sprouts 
stored at 4°C, as well as at 8°C, for 12 days remained almost 
unchanged after irradiation (1 and 2 kGy ) as well as during 
storage. 

10.5.4. Ascorbic acid 
Vitamin C is the most important vitamin for human 

nutrition that is supplied by fruits and vegetables and their 
juices.  Since vegetables are an important source of vitamin C in 
the total diet, it is important that any preservation method used 
to extend their shelf life will not markedly affect the vitamin C 
content. It is well known that vitamin C is the most sensitive of 
all water-soluble vitamins to an irradiation (Kilcast, 1994). 
However, it has been noted that when reporting vitamin C levels 
in irradiated food, many workers have not taken into 
consideration the fact that ionizing radiation can cause a partial 
conversion of ascorbic acid to dehydroascorbic acid. It is also 
possible that some degradation of the vitamin could have 
occurred through its attack by free radicals. The amount of 
vitamin loss due to food irradiation is affected by several 
factors, including dose, temperature, presence of oxygen, and 
food type. Generally, radiation at low  
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temperatures in the absence of oxygen reduces any vitamin loss 
in foods, and storage of irradiated foods at low temperatures 
also helps prevent future vitamin loss (Olson, 1998).  

Mahmoud (1973) reported that exposing of onion to 
gamma rays increased ascorbic acid percentage. On the other 
hand, Hegazi (1981) studied the effect of gamma irradiation on 
ascorbic acid percentage of strawberry and he observed that 
irradiation treatment reduced ascorbic acid content. While, 
Orabi (1981) found no significant effect on the concentration of 
vitamin C in potato tubers due to gamma irradiation by doses of 
4 and 8 Gy. However, Singh (1990) found that the exposure of 
mangoes to gamma irradiation significantly decreased the 
vitamin C in a few varieties of mangoes, while in the others, the 
vitamin C level was unaffected by radiation.  

Mitchell et al (1992) reported that irradiation doses at 6 
kGy did not result in a significant decrease in total ascorbic acid 
(vitamin C) and caused an increase in dehydro-ascorbic acid 
content in mango. Lacroix and Gagnon (1993) found that 
mangoes exposed to gamma rays at 0.49 to 0.77 kGy was 
slightly had increasing in ascorbic acid content. In contrast, 
Shengfu et al. (1993) stated that kiwi fruits irradiated with 
gamma rays at dose of 0.6 KGy and then stored in air ventilated 
room had slight decrease in vitamin C content. Ibrahim (1996) 
stated that gamma irradiation treatments (1, 2 and 4 kGy) 
reduced the ascorbic acid content in carrot roots. The higher the 
irradiation doses the lower the ascorbic acid content. While, 
Graham and Stevenson (1997) noticed that there was no effect 
of gamma irradiation on ascorbic acid content in strawberry, 
Ladaniya et al (2003) found that exposing of three species of 
citrus to gamma rays up to 1.5 kGy decreased vitamin C 
content. Patil et al (2004) reported that irradiation doses of 
gamma rays up to 0.7 kGy had no remarkable  
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effect on vitamin C content at early season of grapefruit.  Kim 
and Yook (2009) demonstrated that irradiation of kiwifruit up 
to 3 kGy had negative effects on vitamin C content and 
antioxidant activity. Artés-Hernandez et al. (2010) stated that 
UV-C radiation did not significantly affect the vitamin C 
content in watermelon cubes. 

10.6. Effect of irradiation on sensory properties 

Sensory evaluation is defined as a scientific method used 
to evoke, measure, analyze, and interpret those responses to 
products as perceived through the senses of sight, smell, touch, 
taste, and hearing ( Lawless and  Heymann, 1999). 

Depending upon the research question, sensory food 
science also utilises physicochemical, physiological, and 
consumer-based research methods. The importance of sensory 
food science is based on the relevance of consumer perceptions 
to the acceptance and commercial success of foods and 
beverages and on the significance of food for human well-being 
and health. In food companies, sensory food science can be of 
great value to both tactical and strategic research goals. Human 
senses, in particular the chemical senses, are tuned to act as 
composite gatekeepers for food intake. This biological function 
protects us from eating spoiled or otherwise unfit items and 
encourages eating nutritious or otherwise beneficial items 
(Breslin and Spector, 2008). 

Irradiation induces negligible or subtle losses of 
nutrients and sensory qualities in food compared to thermal 
processing as it does not substantially raise the temperature of 
food during processing (Wood and Bruhn, 2000). Chachin 
and Ogata (1969) treated grape, apple and orange juices with 
different doses of gamma radiation. Browning was reported in 
apple juice after 5 
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kGy. High dose irradiation (10 kGy) of orange juice resulted in 
a similarly unacceptable degree of flavor degradation and 
browning. Abdollaoui et al. (1995) observed that according to 
the sensorial evaluators, the taste of the irradiated fruits is 
sweeter than in non-irradiated fruits. Spoto et al. ( 1997 ) 
reported that the highest dose ( up to 5.0 kGy ) combined with 
25°C storage resulted in loss of “ orange “ flavor and an 
increase in “ bitter “ , “ medicinal “ , and “ cooked “ ratings by 
sensory panelists. They added that lower dose (2.5 kGy) and 
cooler storage (0 or 5°C) were proposed as an acceptable 
processing regimen. 

 Pickett et al. (2000) reported increasing off- flavor in 
unpasteurized orange juice irradiated to 3.0 kGy, rendering the 
juice unpalatable. Niemira et al. (2001) found no evident 
changes in the appearance or aroma of reconstituted orange 
juice irradiated to 2.5 kGy. Pasteurized orange juice irradiated to 
doses as high as 5.0 kGy demonstrated little reduction in 
product color or concentration of key aroma and flavor 
compounds. Unpasteurized apple cider irradiated to 3.0 kGy 
was identifiable, although not unacceptable, to sensory panelists 
evaluating aroma; similar results were obtained with 
reconstituted and fresh orange juices.  

Song et al. (2007) postulated that the sensory quality of 
the non-irradiated carrot juice decreased with the storage time, 
and it appeared to be the worst at storage of day 3. Panelists 
evaluated that the control could not be used for food after 2- day 
storage because of the deterioration in quality by spoilage. In the 
observation of the appearance, the color of the juice showed a 
critical change (P < 0.05). The color of the irradiated samples 
maintained its original color over time, whereas the color of the 
control samples became darker. This result may be due to a 
decrease of the polyphenol oxidase activity by irradiation  
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 (Hanotel et al., 1995), which is responsible for the browning of 
fruit and vegetables. Thus, an important improvement of the 
sensory parameters is achieved by employing the irradiation 
treatment. Song et al. (2007) found that there was no difference 
in sensory evaluation (odor, color, taste and overall 
acceptability) results of carrot and kale juices immediately after 
irradiation at 3 kGy. At day 3 storage (10°C), the sensory 
quality of the irradiated juice was adequate, while the quality of 
the non-irradiated control was deteriorated. 

10.7. Viscosity effects  

The viscosity of fluid food is an important property 
which has many applications in food technology, such as 
developing food processes and processing equipment, the 
control of products, filters and mixers, quality evaluation and an 
understanding of the structure of food and raw agricultural 
materials (Alvarado and Romero, 1989).Viscosity is an 
important quality attribute limiting the consumer acceptability 
of fruit juices that can be determined by factors such as the 
cultivar of fruits or the maturity of the fruit at the moment of 
processing (Tiziani and Vodovotz, 2005).   

Consistency of tomato products refers to their viscosity 
and the ability of their solid portion to remain in suspension 
throughout the shelf-life of the product. The consistency of 
tomato products is strongly affected by the composition of the 
pectins. Controlling the breakdown or retention of the pectins, 
and the enzymes that lead to changes in the pectins, is thus of 
great importance during processing (Hayes et al., 1998). Two 
enzymes, pectin methylesterase (PME) and polygalacturonase 
(PG) are involved in the breakdown of pectins. The action of 
PME makes the pectin susceptible to further degradation by PG 
because this enzyme acts only on segments of the pectin chain  
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that have been demethylated by PME. The degradation of the 
pectin chains reduces the viscosity of the juice Crelier et al. 
(2001). Therefore, experimental measurements of viscosity are 
necessary for the characterization of fluid foods (Juszczak and 
Fortuna, 2004). 

 Many food products such as sauces, syrups, ice cream, 
instant foods, beverages and confectionaries, marshmallows and 
candies contain hydrocolloids in their formulations (Kayacier 
and Dogan, 2006). Exposure to irradiation may produce certain 
changes in the chemical properties of foods. Thus, the use of 
irradiation in food hydrocolloids may cause a change in the 
consistency and viscosity characteristics. As a result, the final 
product containing irradiated hydrocolloid may be inversely 
affected by the irradiation dose. Gagnon et al. (1968) showed 
that irradiation lower the viscosity of apple juice and therefore 
increases rate of filtration in it. Hayashi and Todoriki (1996) 
found that viscosity values of irradiated pepper samples at 5 
kGy were lower than 170mPa.s, while those of unirradiated ones 
were higher than 300 mPa.s. Swailam (1998) detected a 
reduction in the consistency index of the mango pulp, and he 
reported that it may be taken in consideration for the detection 
of irradiated mango pulp at zero time and during storage. 

11. Preservation of juices by irradiation and other 
technologies  

Gamma irradiation can be used for many applications 
related to food science. Low dose of irradiation can be used to 
prolong the shelf life of many fruits and vegetables by reducing 
microbial spoilage, reducing the rate of respiration and delayed 
ripening. The use of preservatives in combination with 
irradiation, especially natural preservatives or natural active 
edible coating, represents a challenge for scientists to develop 
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 new food preservation methods to improve the shelf-life 
without affecting the sensorial quality. Some studies available 
have demonstrated synergistic effects to reduce the content of 
microorganisms in fruit (Vachon et al., 2002) and vegetables 
(Lafortune and Lacroix, 2004). It has also been demonstrated 
that the active antimicrobial compounds present in natural 
preservatives can improve the radiosensitivity of bacteria 
(Mahrour et al., 2003; Chiasson et al., 2004). 

When irradiation is used in combination with other 
technologies such as mild heat, addition of natural preservatives, 
plant extracts and refrigeration storage, the global efficiency is 
reinforced through synergistic action, and the irradiation dose 
can be reduced without affecting the product quality (Farkas, 
1990). Tiwari et al. (2009) reported that in response to 
consumer demand for ‘greener’ additives, combinations of 
various extracts from natural plants or antimicrobials agents can 
be explored further to provide improved stability of 
anthocyanins and polyphenols through co pigmentation while at 
the same time providing synergy for microbial inactivation. The 
applications of natural antimicrobial agents are likely to grow 
steadily in the future because of greater consumer demands for 
minimally processed foods and those containing naturally 
derived preservation ingredients. More complex considerations 
arise for combinations of technologies, particularly with respect 
to optimisation of practical applications  

11.1. Irradiation in combination with refrigeration  

 Studies have shown that gamma irradiation alone and 
combined with other treatments (for example: refrigeration) 
decreased the microbial contamination level, thereby leading to 
an enhancement of the shelf-life (Lacroix et al., 1991).  
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 Lacroix and Ouattara (2000) reported that strawberries, 
for instance, may tolerate doses as high as 3.0 kGy. At this dose, 
the infection of fruits is eliminated and the quality of the 
strawberries is untouched for a period of 14 days if kept at 5°C. 
Song et al. ( 2007 ) indicated that irradiation at 3-5 kGy 
improved the microbial shelf-stability of the juices ( carrot and 
kale juice ), and prolonged their shelf life up to 3 days at 10°C 
whereas the shelf life of the non-irradiated control was limited 
to 1 day. Alighourchi et al. (2008) reported that irradiation at 
0.5 and 2.0 kGy reduced the growth rate of bacteria and fungi of 
the selected pomegranate juices during the first 3 days of 
storage at 4°C. Hussain et al. (2008) reported that the firmness 
of unirradiated control samples of peach fruit decreased from an 
initial value of 9.4 kg at harvest to 1.1 kg after 9 days of 
ambient storage and 1.2 kg after 20 days of refrigerated storage 
(3±1 °C), firmness of irradiated samples (range 1.0-1.4 kGy) 
decreased to 1.3 kg after 12 days of ambient storage and 1.5-1.9 
kg after 20 days of refrigerated storage. It is also observed that 
irradiation significantly (p<0.05) delayed the delaying of 
peaches under both storage conditions. Under ambient storage 
conditions, unirradiated samples were found to have started 
decaying after 3 days of storage, where as no decay was 
observed in irradiated samples over the same storage period. 
Irradiated samples except those irradiated in the dose range of 
1.0-1.4 kGy started decaying after 6 days of storage, while 
under refrigerated storage no decay was observed up to 20 days 
in sample irradiated to 1.0-1.4 kGy dose. Wani et al. (2008) 
reveals that gamma irradiation alone and in combination with 
refrigeration (3±1°C) proved significantly effective in extending 
the storage life of pear. Dose range of 1.5-1.7 kGy resulted in 
shelf-life extension of the fruit by 14 days under ambient 
storage conditions. Irradiation in combination with refrigeration 
retarded the onset of decay by 45 days as against the 35% decay 
in unirradiated control samples. Dose range of 1.5-1.7 
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 kGy gave a further extension of 8 and 4 days during additional 
ambient storage of pears following 30 and 45 days of 
refrigeration (3±1°C), respectively.  

11.2. Irradiation in combination with natural additives 

Many spices, condiments, and plant extracts have strong 
medicinal, preservative, and antioxidant properties (Zaika, 
1988). The antimicrobial activity of these ingredients is 
attributed to their essential oils, which are lipophilic and 
penetrate through the membrane to the interior of the cell and 
perform the inhibitory activity at the target site (Smith-palmer 
et al., 1998). Cinnamon effectively inhibits the growth of 
bacteria (with gram- positive being more sensitive than gram –
negative), yeasts, and molds (Shelef, 1983). The major 
antimicrobial components of spices and their essential oils are, 
for example, eugenol in cloves, allicin in garlic, cinnamic 
aldehyde and eugenol in cinnamon, carvacrol and thymol in 
oregano and thyme, and vanillin in vanilla beans. 

 The antimicrobial activity of some essential oil 
components against foodborne pathogens, including mycotoxin-
producing fungi, has also been tested (Bullerman, 1977).  
Cinnamon oil and clove oil are both natural preservative and 
flavouring substances that are not harmful when consumed in 
food products. There have been a number of reports of 
substances in each of cinnamon and clove oils that inhibit the 
growth of molds, yeasts and bacteria. Both cinnamon oil and 
clove oil added at 2% in potato dextrose agar (PDA) completely 
inhibited the growth of seven mycotoxigenic molds (Aspergillus 
flavus, A. parasiticus, A. ochraceus, Penicillium sp., P. 
roqueforti, P. patulum, and P. citrinum) for various times up to 
21 days (Azzouz and Bullerman, 1982) and could also inhibit 
the growth of yeasts (Conner and Beuchat, 1984).  
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  Smith-Palmer et al. (1998) found that the minimum 
inhibitory concentrations (MIC )of cinnamon and clove essential 
oils against Campylobacter jejuni, Escherichia coli, Salmonella 
Enteritidis, Listeria monocytogenes, and Staphylococcus aureus 
were 0.05, 0.04-0.05, 0.04-0.05, 0.03, and 0.04%, respectively, 
in an agar dilution assay.  Smid and Gorris (1999) reported that 
cinnamic aldehyde inhibited growth of both bacteria and fungi 
and increased shelf life of treated packaged tomatoes. Soliman 
and Badeaa (2002) found that <500 ppm of cinnamon oil can 
inhibit A. flavus, A. parasiticus, A. ochraceus and Fusarium 
moniliforme on potato dextrose agar. 

 The greater effectiveness of the cinnamon bark oil on 
Salmonella Enteritidis and Escherichia coli O157:H7 in fruit 
juices was associated to the media pH, being more effective in 
media with lower pH. Burt (2004) reported that the bacterial 
susceptibility to the antimicrobial effect of essential oils appears 
to increase with a decrease in the pH of the food, because at low 
pH the hydrophobicity of an essential oil increases, enabling it 
to more easily dissolve in the lipids of the cell membrane of 
target bacteria.  

Although, the mechanism of action of cinnamon oil on 
the microbial cells is still unclear, Wendakoon and Sakaguchi 
(1995) and Burt (2004) have indicated that the interaction of 
carbonyl group of the cinnamaldehyde, main compound of 
cinnamon oil from bark, on the cell proteins embedded in the 
cytoplasmatic membrane appear to inhibit the action of the 
enzymes amino aciddecarboxylases, which are necessary for the 
amino acids biosynthesis and biodegradation. Oussalah et al. 
(2006) reported a release of the cell constituents, a decrease of 
intracellular ATP concentration and a decrease in intracellular 
pH due to an increase in the permeability of cell membrane 
when 
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cinnamon oil was applied up to 0.1%. Nonetheless, these 
authors did not observe an apparent change on the cell surface 
(by electron micrographs) when cinnamon oil was added. In the 
same way.  Baskaran et al. (2010) investigated the 
antimicrobial effect of low concentrations of trans-
cinnamaldehyde (TC) on Escherichia coli O157:H7 in apple 
juice and apple cider. A five-strain mixture of E. coli O157:H7 
was inoculated into apple juice or cider at 6.0 log CFU/ml, 
followed by the addition of TC (0%v/v, 0.025%v/v, 0.075%v/v 
and 0.125%v/v). The inoculated apple juice samples were 
incubated at 23 °C and 4 °C for 21 days, whereas the cider 
samples were stored only at 4 °C. The pH of apple juice and 
cider, and E. coli O157:H7 counts were determined on days 0, 
1, 3, 5, 7, 14 and 21. TC was effective in inactivating E. coli 
O157:H7 in apple juice and apple cider. At 23 °C 0.075 and 
0.125 %v/v TC completely inactivated E. coli O157:H7 in apple 
juice (negative by enrichment) on days 1 and 3, respectively. At 
4 °C 0.075 and 0.125 %v/v TC decreased the pathogen counts in 
the juice and cider to undetectable levels on days 3 and 5, 
respectively. Results indicate that low concentrations of TC 
could be used as an effective antimicrobial to inactivate E. coli 
O157:H7 in apple juice and apple cider. Abd El-Aziz and Abd 
El-Khalek (2010) reported that the cinnamon essential oils 
completely inhibited the growth of most yeast and bacteria 
strains artificially inoculated in orange juice tested (Candida 
albicans, Debaryomyces hansenii, Candida tropicalis, 
Saccharomyces cerevisiae, Rhodotorula ruba, Candida 
guilliermondii and Staphylococcus aureus). It had moderate 
effects against Zygosaccharomyces rouxii, Enterococcus 
faecalis and Escherichia coli. They also found that treatment of 
orange juice by addition of 4µl/ml of orange peel essential oil in 
combination with 2.0 kGy gamma irradiation completely 
inhibited all the tested microorganisms.  
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Materials and Methods 
 

Pomegranate (Punica granatum), tomato (Solanum 
lycopersicum) and carrot (Daucus carota) were chosen for 
preparation of fresh fruit juices and fresh vegetable juices. 

1. Preparation of Juices 

1.1. Preparation of fresh squeezed pomegranate juice 

 Commercially ripe fresh pomegranates were bought from 
a local fruit market at Cairo. Sound fruits were washed with tap 
water and the washed fruits were cut-up and the outer leathery 
skin, which encloses hundreds of fleshy sacs, was removed. The 
arils were manually separated and pressed. The juice was 
prepared by a direct squeezing in a commercial juicer (National 
juicer blender, Model MJ-130N). The juice samples were 
packaged in aluminum foil bags (each 100 ml) and kept frozen 
over night, then irradiated. 

1.2. Preparation of fresh squeezed tomato juice 

 Commercially ripe fresh tomatoes were bought from a 
local vegetable market at Cairo. All the tomatoes were washed 
with running tap water to remove dirt and each was cut into 
eight pieces, which were then squeezed by a direct squeezing in 
the same commercial juicer. The prepared juice samples were 
packaged in aluminum foil bags (each 100 ml) and kept frozen 
over night, then irradiated. 
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1.3. Preparation of fresh squeezed carrot juice 

 Commercially ripe fresh carrots were bought from a local 
vegetable market at Cairo. The green part on the top of the 
carrot and the wounded part were removed and the sound 
samples were soaked in tap water for 24 hours. The juice was 
prepared by a direct squeezing in the same commercial juicer. 
The juice samples were packaged in aluminum foil bags (each 
100 ml) and then irradiated 

2. Gamma irradiation 

           Gamma irradiation of the packaged prepared juice 
samples was carried out using cobalt 60 irradiator source 
(Gamma Chamber 4000 India), located at National Center for 
Radiation and Technology ( NCRRT), Nasr City, Cairo, Egypt. 

The bags were divided into two groups; the first group was left 
without irradiation and considered as control, while the second 
were exposed to gamma irradiation as follows: 

a) The applied doses for pomegranate juice were 0, 1, 2.0 and 
2.5 kGy. The dose rate of the irradiator source at the time of 
irradiation was 4.018 kGy /h. 

b) Tomato juice bags were irradiated at doses of 0, 1.5, 3.0 and 
4.5 kGy. The dose rate of the irradiator source at the time of 
irradiation was 3.771 kGy /h. 

c) Carrot juice bags were irradiated at doses of 0, 1.5, 3.0 and 
4.0 kGy. The dose rate of the irradiator source at the time of 
irradiation was 3.903 kGy /h. 

Dosimetry was performed using reference alanine dosimeters 
traceable to national physical laboratory (NPL), UK 
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3. Storage 

 Both non-irradiated and irradiated samples were 
immediately stored in the refrigerator at 4°C±1 along the period 
of study. Periodically, three samples were withdrawn for 
microbiological, physiochemical, nutritional and sensory 
analysis. 

4. Microbiological analysis 

 The microbiological analysis of pomegranate, tomato and 
carrot juice samples including total aerobic bacterial count 
(TBC), lactic acid bacteria (LAB), total mold and yeast 
(TM&Y), coliform bacteria, Enterococcus faecalis, 
Staphylococcus aureus and Aeromonas hydrophila were 
determined during the post irradiation storage period using 
standard techniques. 

4.1. Total aerobic bacterial counts (TBC) 

 Total aerobic bacterial counts were determined by 
dilution plate method using plate count agar medium according 
to APHA (1992). A series of decimal dilutions of original 
samples were prepared with sterile saline solution. One ml of 
each appropriate dilution was mixed with 15 ml liquid bacterial 
count agar that had been cooled to about 45 °C, and poured 
immediately into sterile 90 mm Petri dishes. After the agar had 
hardened, incubation was performed at 30 °C for 72 hr. Each 
value represents the mean of three samples and results were 
expressed as colony forming units (cfu) per milliliter. 

4.2. Lactic acid bacteria (LAB)  

 Lactic acid bacteria (LAB) were counted on Man, Rogosa 
and Sharp (MRS) agar medium according to APHA (1992). The 
inoculums were plated between two layer of the medium and the 
inoculated plates were incubated at 30 °C for 24-48 hr. Each of  
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the isolates was first tested for catalase by placing a drop of 3% 
hydrogen peroxide solution on the cells. Immediate formation of 
bubbles indicated the presence of catalase in the cells. Only 
those isolates which were catalase-negative were Gram-
stained.Gram-positive isolated colonies with typical 
characteristics namely pure white, small (2-3 mm diameter) with 
entire margins were picked from each plate and transferred to 
MRS broth.The cultures were identified according to their 
morphological,cultural, physiological and biochemical 
characteristics (Kandler and Weiss, 1986). 

4.3. Total molds and yeasts  

  The same procedure of total bacterial count was used for 
total moulds and yeasts counts (TM&Y) except that Malt extract 
medium containing 100 mg chloramphenicol to suppress 
bacterial growth was used. Then the plates were enumerated 
after incubation at 25°C for 3-5 days APHA (1992). Each value 
represents the mean of three samples and results were expressed 
as colony forming units (cfu) per milliliter.  

4.4. Total Coliform  

 The total coliform bacteria were determined using 
MacConkey broth by Most probable number (MPN) technique 
using three tubes according to WHO ( 1993 ). The inoculated 
tubes were incubated at 37°C for 24-48h. The presence of acid 
(yellow color) and gas (in Durham’s tubes) indicate positive 
results.  

4.5. Escherichia coli 

 E. coli was determined by the MPN technique. For this, 
positive MacConkey broth tubes were gently agitated and a 
loopful from this culture was transferred to MacConkey Broth 
tubes. The tubes were incubated at 44.4°C for 48h (APHA 
,1992)  
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and examined for gas formation and acid production. Positive 
cultures were streaked on to Eosine methylene blue agar and 
incubated at 37°C for 24h. The colonies which were greenish, 
metallic, sheen in reflected light and blue – black center were 
confirmed by IMViC tests according to (APHA, 1992). E.coli 
colonies are Indole positive, Methyl red positive, Voges-
Proskauer negative, cannot utilize citrate as a sole carbon source 
and can grow at 44.4 °C. 

a) Indole Production test (tryptophan hydrolysis): 

 Indole test is a test for the production of indole from 
tryptophan . 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 was 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. 

b) 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. 

c) Voges-Proskauer(VP) test : 

 Voges-Proskauer test is a test for the production of 
acetylmethylcarbinol from glucose. E.coli isolated were 
inoculated into 5ml glucose phosphate broth and incubated at 
37°C for 2-7 days. To 5ml culture, 1ml of Barritt’s reagent was 
added. The tubes were gently shaked, in which any 
acetylmethylcarbionl presented became oxidized to diacetyl.   
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The diacetyl will combine with arginin, creatine and gave a red 
colour which record as a positive result. 

d) Simmon’s citrate utilization test: 

 Each E.coli isolates 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 2-7days, if the microbe was able to grow 
and can utilized a citrate, the medium changes from green to 
bright blue. 

4.6. Enterococcus faecalis 

 Enterococcus faecalis was enumerated on Kanamycin 
Aesculin Azid Agar (KAAA) medium using surface spreading 
technique according to Mossel (1978). The inoculated plates 
were incubated at 37 °C for 16-24 hr. The porcelaneous 
colonies, which are surrounded by black haloes, were counted as 
Enterococcus faecalis. Confirmation of E.faecalis was carried 
out by catalase test. In this test, 1 ml of fresh hydrogen peroxide 
solution was placed in a small clean test tube and 1 ml of each 
Enterococcus 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 also shows chain–forming Gram positive cocci cells 
and can grow at 45°C±1. 

4.7. Staphylococcus aureus 

 Staphylococcus aureus was counted on Baired–parker 
agar (BPA) medium using surface spreading technique 
according to ICMSF (1978). The plates were incubated at 37°C 
for 24-48 hr. The black colonies surrounded by a clear zone 
were counted as Staphylococcus aureus. Confirmation was 
carried out by Gram  
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staining and by coagulase test using tube method. In this 
method, 0.5 ml of rabbit plasma was added to 0.5 ml of 18-24 hr 
broth culture in a glass tube.Tubes were incubated at 37°C and 
visually examined for clotting after 1 hr and at intervals for up 
to 24 hr. 

4.8. Aeromonas hydrophila  

 Aeromonas hydrophila was counted on starch ampicillin 
agar medium (SAA) using plate surface spreading technique 
according to Palumbo et al. (1985). Appropriate dilutions of the 
fruit juice were surface plated on SAA and subsequently 
incubated at 28°C for 24 h. After incubation, the plates were 
flooded (5 ml) with Lugol iodine solution and amylase-positive 
colonies (those having a clear zone surrounding the colony) 
were scored as presumptive A. hydrophila. These colonies are 
typically 3 to 5 mm in diameter and yellow to honey colored. 
Aeromonas hydrophila colonies was confirmed by their ability 
to hydrolyze aesculin broth, voges-proskaure(VP) test, 
production of acid from L- arabinose, sucrose and mannitol as 
described by  Collins et al. ( 1989). 

5. Isolation and purification of yeasts 

 One ml of juice was aseptically added to 9 ml of saline 
solution ( 8.5 % Nacl), and serial dilutions was made from 
appropriate dilutions ( 10-3 and 10-4 ) one ml was inoculated into 
Petri dishes and poured with malt extract agar medium 
containing 100 mg chloramphenicol to suppress bacterial 
growth. The plates were incubated at 25°C for 3-4 days. 
Selected colonies (single and not similar) were subcultured on 
the surface of the same medium (individually) and incubated at 
25°C for 3-4 days. The pure culture was streaked on malt extract 
agar (containing chloramphenicol) slants and incubated at 25°C 
for 24 hours, then kept at 4°C until identification. 
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6. Identification 

6.1. Identification of yeast isolates 

        Yeast isolates were identified according to keys of Barnett 
et al. (1990), confirmed and renamed by Barnett et al. (2000) 
and Kurtzman and Fell (2000). The identification was 
achieved at Food Microbiology Laboratory, NCRRT. 

6.2. Incubation temperatures 

 Yeast are usually incubated at 25°C, although optimum 
temperature for growth is high for some yeast and lower for 
others. Tubes of malt extract broth were inoculated with yeast 
isolates and incubated at 25, 30, 35, 37 and 42°C for 3-4 days. 

6.3. Microscopical examination 

 Microscopical appearance of non-filamentous vegetative 
cells was examined. A young growth culture (one–day–old) was 
inoculated into 30 ml of yeast extract–glucose–peptone medium 
in a 100 ml conical flask. The culture was examined 
microscopically after incubation for 2-3 days, at 25°C. 

 Microscopical examination for filamentous growth of 
ballistoconidia, chlamydospores, pseudohyphae and 
blastospores was done after inocubation of a plate containing 
corn meal agar with tween–80 and incubation at 25°C for 3-7 
days. 

6.4. Biochemical tests 

Assessing the ability to use nitrogen compounds for aerobic 
growth. 

 One drop of growth from the yeast carbon base (YCB) 
tube was added to a fresh tube of (YCB), the suspension was 
used to 
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inoculate the nitrogen assimilation medium. Nitrate, nitrite, L-
Lysine and creatine were used as test substates, the nitrogenous 
test substrates were added to give a concentration of 5 mM. 
Media were adjusted initially to pH 5.5 and incubated at 25°C 
for 7 days. Growth was determined by visual observation of 
turbidity in the broth culture. 

 Carbohydrate assimilation and fermentation tests 

 One drop of growth from yeast nitrogen base (YNB) 
broth cultures was inoculated into a fresh tube of (YNB) and 
mixed thoroughly. The inoculums for the assimilation and 
fermentation of carbohydrates was taken from the second 
(YNB) broth tube and added to tubes filled with 10 ml of broth 
medium and 5 mM of the tested sugar.  

 Urease test 

 This test was carried out by inoculating a slant of 
Christensen’s urea agar and incubating the culture at 25°C for 7 
days to detect change in the color of the medium from yellow to 
red. 

Cycloheximide sensitivity test 

 Each isolate was subcultured on malt extract agar 
containing 0.01% and 0.1% of cycloheximide and incubated at 
25°C for 7 days to determine the tolerance of the yeast to 
cycloheximide. 

7. Determination of D10 - values 

 The radiation decimal reduction dose (D10- values) for the 
identified yeasts were determined from dose response curves 
and from the regression linear equation (Lawerence, 1971). 
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7.1. Preparation of inoculum 

 The stock cultures of the identified isolates were 
separately activated by growing each in 50 ml malt extract broth 
at 25°C for 3-5 days. The culture broths were diluted with 
sterilized saline to obtain suspension of approximately 107 
cfu/ml and used for inoculation of the samples (work culture 
suspension). To know the concentration of the work culture 
suspension, 1 ml of appropriate dilutions was spreaded onto the 
surface of prepared plates of malt extract agar and incubated at 
25°C for 3-5 days. 

7.2. Inoculation 

 Under aseptic condition, 180 ml of juice (from which the 
yeast was isolated) were placed in aluminum foil bags and well 
sealed. These bags were exposed to 10 kGy of gamma radiation 
to eliminate natural microflora. After irradiation, 20 ml of each 
work culture suspension were aseptically added to each juice 
bag.  

7.3. Irradiation 

 After inoculation, 10 ml of each inoculated juice samples 
were packed in sterilized test tubes. They were exposed to 
different irradiation doses (0.0, 0.5, 1.0, 1.5, 2.0 and 2.5 kGy). 
Three replicates of each yeast were used in each dose. 

7.4. Plating 

 After irradiation, decimal dilutions were done. 1 ml of 
selected dilutions of each yeast under testing was transferred ( in 
duplicates ) into Petri dishes and poured by Malt extract agar 
medium and incubated at 25°C for 3-5 days.  
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7.5. D10 – value  

 The  D10- values  for the isolates and identified yeasts 
were determined from dose response curves and from  the 
regression linear equation (Lawerence, 1971). 

Y = a ± b x 

D10 value = - 1/b 

 

 

      

 Where:  

X = Dose level (kGy) 

Y = log number of bacterial surviving after receiving x amount 
of radiation 

n = number of calculated point 

8. Nutritional analysis 

8.1. Anthocyanin content in pomegranate juice 

 The total anthocyanins were estimated by pH differential 
method using two buffer systems: potassium chloride buffer, pH 
1.0 (25mM) and sodium acetate buffer, pH 4.5 (0.4 M) 
according to Giusti and Wrolstad, (2001). The samples were 
diluted by a potassium chloride buffer until the absorbance of 
the sample at 510 nm wave length was within the linear range of 
the spectrophotometer (ATI unicam, 5600 series UV/VIS 
spectrophotometer, Model (V-200-RS)).  This dilution factor 
was later used to dilute the sample with the sodium acetate 
buffer. The 
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wavelength reading was performed after 15 min of incubation, 
diluted in the two different buffers and at two wavelengths of 
510 nm and 700 nm. The total anthocyanins content was 
calculated as follows:  

Total anthocyanins =   

Where 

 A = ( A510 – A700 )pH1.0 – ( A510 – A700 ) pH4.5 

MW : molecular weight ( 449.2 ) 

DF : dilution factor 

MA : molar absorptive coefficient of cyaniding-3-glucosid  

( 26.900). 

Results were expressed as mg cyaniding-3-glucoside 100g-1 of 
juice. 

8.2. Lycopene Content in Tomato juice 

 For determination of lycopene content, 4 ml of fresh 
tomato juice was put in a 200- ml flask wrapped with aluminum 
foil to keep out light. A 100 ml mixture of hexane–acetone– 
ethanol, 2:1:1 (v/v %) was added to the flask and agitated 
continuously for 10 min. After that 15 ml of water was added 
followed by another 5 min agitation. The solution was separated 
into polar and non polar layers. Non polar layer, i.e. hexane 
solution containing lycopene was filtered into by filter paper; 
the filtrate was then diluted with a mixture of hexane-acetone-
ethanol (2:1:1, vol/vol %). Lycopene concentration was 
estimated by measuring the absorbance of the hexane solution 
containing lycopene at 472 nm on a spectrophotometer (ATI 
unicam, 5600 series UV/VIS spectrophotometer, Model (V-200-
RS)). The  
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lycopene was quantified by use of a standard linear curve (R2 = 
0.9982) of lycopene solution in hexane in concentrations from 
0.25 to 1.25 µg/mL. The contents of lycopene were expressed as 
milligrams per 100 g wet weight (Markovic et al., 2006). 

8.3. Total carotenoids content in carrot juice 

 10 ml of fresh carrot juice 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 (3218 g) for 15 min. The lower layer was withdrawn from 
the test tube with a syringe and diluted with chloroform and 
methanol (1: 3 v/v). Total carotenoids were determined 
spectrophotometricaly at 450 nm using ATI unicam, 5600 series 
UV/VIS spectrophotometer, Model (V-200-RS) and the amount 
of Carotenoids were calculated with reference to a standard 
curve based on beta carotene (Sharon – Raber and Kahn, 
1983). 

8.4. Ascorbic acid measurement  

 Ascorbic acid was determined using 2, 6 dichlorophenol 
indophenols reagent according to the method described by 
AOAC (2000). Where, 10 ml of the juice was taken and made 
up to 100 ml with 3% oxalic acid, the sample was filtered over 
charcoal, 10 ml of the filtrate was taken and then titrated by 2, 6 
dichlorophenol indophenols reagent till faint pink color was 
observed. 

Calculations :                   

where : 

a = Ascorbic acid mg / 100 g or ml 

b = Titration 



  

 

 
 

72 

Introduction Materials and Methods

c = Dye factor 

d = Volume made up 

e = Aliquot of extract 

f = Wt or Volume of sample 

9. Physiochemical analysis                

9.1. Viscosity 

 The viscosity of the juice was measured using a 
(Brookfield digital Rheometer (Model DV-II, Brookfield 
Engineering Laboratories, Inc., Stonghton, MA). 

Viscosity measurements were made by using 8-16 ml of juice 
samples in small sample adapter. The temperature was adjusted 
at 20ºC. The temperature degree was adjusted using water bath 
circulator and coolers. Each sample measured against non-
irradiated control. 

9.2. pH 

 Changes in pH value of juices during storage were 
determined by a Bench pH meter (pH 211 Microprocessor pH 
meter, Hanna instruments) and pH electrode (Epp-1) at room 
temperature AOAC (2000). 

10. Sensory evaluation 

       Unirradiated and irradiated juice samples were given to 
panelists immediately after irradiation and during subsequent 
refrigeration storage for sensory evaluation. The procedure 
carried out for this evaluation was similar to that described by 
Min et al. (2003). Ten panelists belonging to the Department of 
Food Microbiology at the National Center for Radiation 
Research  
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and Technology Cairo, Egypt were participated in the sensory 
tests. Fifteen milliliters of each sample were served into 20 ml 
ultra clear polypropylene containers with polyethylene screw-
cap (Deltalab) coded with three digits randomly numbered; 
moreover, a glass containing potable water and a piece of non-
salted cracker were provided to panelists for eliminating the 
residual taste between samples. The panelists were asked to rate 
the preference of odor, color, taste and overall acceptability in a 
hedonic scale from 0 to 9. where ( 9= like extremely, 8= like 
very much, 7= like moderately, 6= like slightly, 5= neither like 
nor dislike, 4= dislike slightly, 3= dislike moderately, 2= dislike 
very much, 1= dislike extremely). A score of 4 or below was 
regarded as unacceptable and taken to indicate the end of shelf-
life. 

11. Combination treatments 

 Fresh carrot juice was selected for the experiment in 
which an attempt was made to test whether the cinnamaldehyde 
can be applied as natural preservative in combination with 
irradiation to improve microbial quality of carrot juice. The 
carrot juice was divided into three groups, the first group was 
the juice without any treatment and used as negative control 
group, the second group prepared in which the concentration of 
the cinnamaldehyde was 8 µl. 100 ml-l, the third group was 
exposed to gamma irradiation at dose levels of 3.0 kGy with the 
addition of the cinnamaldehyde (8 µl. 100 ml-l). Total aerobic 
bacterial count, lactic acid bacterial count and total molds and 
yeasts, coliform bacteria, E.coli, Staph. aureus. and Aeromonas 
hydrophila were examined according to the previously 
mentioned methods. 

 

 



  

 

 
 

74 

Introduction Materials and Methods

12. Statistical analysis 

 The significance of the data with different factors was 
evaluated using Two-way analysis of variance ANOVA. All 
analyses were performed with SAS software package version 
6.12 (SAS, 1997). 

Media and reagents used in microbiological analysis  

Media used (the contents of each medium were in g/L) 

1. Plate count agar  

Yeast extract powder      2.5  

Tryptone        5.0 

Dextrose        1.0 

Agar         15 

pH 7.0±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.  

2. Man, Rogosa and Sharp (MRS) 

Peptone        10.0 

Lab lemco powder       8.0                 

Yeast extract       4.0                    

D-Glucose        20.0               

Tween – 80        1ml    
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Dipotassium hydrogen phosphate    2.0                         

Sodium acetate       5.0                            

Triammonium citrate      2.0                            

Magnesium sulphate , hydrated (MgSO4.7H2O)  0.2                           

Manganese sulphate , hydrated (MgSO4.7H2O)  0.05                          

Agar15.0                             

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. 

3. Malt Extract Agar  

Malt extract         30  

Mycological peptone      5 

Agar         15 

pH 5.4±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.  After cooling the medium to 48°C and 
before pouring. 100 mg of chloramphenicol were added to 
suppress bacterial growth. 

4. MacConkey’s broth 

Peptone        20.0                          

Bile salts        5.0   
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Sodium chloride       5.0                            

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. 

5. 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 its blue color) 
and suspended the precipitate which is an essential part of the 
medium and poured in plates. 
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6. 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. 

7. Glucose phosphate broth  

Peptone        5.0                            

D-Glucose        5.0                            

Dipotassium hydrogen phosphate    5.0                            

pH 7.5±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. 

8. 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   
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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 

9. Kanamycine aesculine azide agar 

Tryptone              20.0 

Yeast extract              5.0 

Sodiumchloride             5.0                       

Sodium citrate             1.0                                

Aesculin              1.0                                

Ferric ammonium citrate             0.5                               

Kanamycin sulphate            0.02                             

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. 
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10. 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 

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 ) 

Sodiumpyruvate 20% (w/v)     5.0ml                        

Potassium tellurite 1% ( w/v)     1.0ml                      

Egg-yolk emulsion       5.0ml                   

The complete medium was well mixed and poured immediately 
in plates  

11. Starch ampicillin agar (SAA) 

Beef extract        1.0                           

Protease peptone       10.0                          

Sodium chloride       5.0  
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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 10mg/L. 

12.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 was 
sterilized by autoclaving at 121°C for 15 min. 

13. Christensen’s urea agar (urea agar base) 

Peptone                                                                       1.0                                    

Dextrose                                                                      1.0                                     

Sodium chloride                                                           5.0                                   

Disodium phosphate                                                    1.2 
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Potassium dihydrogen phosphate                                0.8                                    

Phenol red                                                                 0.012                                  

Agar                                                                            15.0 

pH 6.8 

Urea solution 40% (filter sterile)                                  5ml 
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Reagents used 

1-kovacs’ indole reagent 

Di methyl amino benzaldehyde     5g                             

Pentanol ( amyl alcohol )      75ml                        

Conc. HCL        25ml                         

The aldehyde was dissolved in alcohol, then slowly acid was 
added, then store in refrigerator. 

2- Methyl red reagent 

Methyl red        0.1g                          

Ethanol (95%)       300ml                       

Distilled water       500ml                       

The methyl red was dissolved in the ethanol and maked up to 
500 ml with distilled water. 

3- Voges-proskaure test ( Barritt’s ) reagent 

Potassium hydroxide 16% solution 

α- naphthol 6% in 95% ethanol 

4- Catalase test reagent 

H2O2 (3% aqueous solution 10 vol.) 

5-Lugol’s iodine reagent 

Iodine                                                                           1g                                     

Potassium iodide                                                          2g 
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Distilled water                                                            300 ml                              

The aldehyde was dissolved in alcohol, then slowly acid was 
added, then store in refrigerator. 

Lycopene standard  

Were obtained from Sigma Chemical Co. ( St. Louis,MO ). 

Β-carotene standard  

Were purchased from Fluka (Deisenhofen,Germany). 

 2,6 dichlorophenolindophenol 

 Were purchased from Fluka (Deisenhofen,Germany). 

Cinnamaldehyde 

The Cinnamaldehyde used in this study were obtained from 
Himedia laboratories pvt.Ltd. (23,Vadhani Ind.Est.,LBs Marg , 
Mumbai-400086, India ) 
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Results and Discussion 

1. Isolation and Identification of yeasts  

 Natural vegetable juices are highly perishable and have a 
limited shelf life, rarely exceeds one day even under a cold 
chain system. Deterioration in the quality and spoilage of these 
vegetable juices is mainly related to the growth of the acid-
loving or acid-tolerant bacteria and fungi (yeasts and moulds). 
However, Tournas et al. (2006) reported that the most 
microorganisms found in the various types of juices were yeasts. 
Yeast spoilage of fruit juice can result in formation of haze, 
production of CO2 and off-odors, and changes in color 
(Grinbaum et al., 1994).  

 Therefore, an attempt have made in the present study to 
isolate and identify the yeast flora from the selected fresh juices, 
i.e. pomegranate, tomato and carrot juices. 

 Twenty yeast colonies were isolated from the juices under 
investigation, pomegranate juice (7 colonies), tomato juice (8 
colonies) and carrot juice (5 colonies). They were identified 
according to their morphological characteristics, microscopical 
appearance and biochemical tests (table 3). The results (table 4) 
and figures (6, 7, 8, 9, and 10) of the identification revealed that 
the 7 colonies from pomegranate juices were Candida tropicalis 
(4 colonies) and Debaryomyces hansenii (3 colonies). 
Meanwhile, the 8 colonies from tomato juices were 
Saccharomyces cerevisiae (5 colonies) and Trichosporon 
pullulans (3 colonies). While, the 5 colonies from carrot juice 
were Rhodotorula glutinis. Many other investigators isolated 
several yeasts from fruit and vegetable juices. 
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Beech and Davenport (1970) isolated three new Candida 
species (C. anglica, C. cidri and C. pomicola) from apple cider. 
Mendoza et al. (1982) stated that Rhodotorula, Pichia, Candida 
and Saccharomyces were frequently isolated from pasteurized 
fruit juices. Warnasuriya et al. (1985) isolated Saccharomyces 
cerevisiae from tomato sause. Candida and Saccharomyces spp. 
have often been reported as spoilage-causing organisms in citrus 
juices (Parish and Higgins, 1989; Teller and Parish, 1992). 
Wade et al. (2003) isolated Debaryomyces hansenii and 
Trichosporon pullulans from tomatoes.Tournas et al. (2006) 
reported that the majority of fruit salad samples (97%) were 
contaminated with yeasts at levels ranging from <2.0 to 9.72 
log10 of cfu/g. Frequently encountered yeasts were Pichia spp., 
Candida pulcherrima, C. lambica, C. sake, Rhodotorula spp., 
and Debaryomyces polymorphus and yeasts commonly found in 
fruit juices were C. lambica, C. sake, and Rhodotorula rubra. 
Other investigators have also reported the yeast spoilage of fruit 
juices. 
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Table (3): Biochemical characteristics of the isolated yeasts:  

Yeast isolate 
 

1 2 3 4 5 

0.1% 
Cycolohexmide 
growth  

- + - - - 

0.01% 
Cycolohexmide 
growth  

- + - + - 

Lysine growth  - + - + + 
Nitrite growth  - - + + - 
Nitrate growth - - + + - 
Manitol growth  + + V + + 
Starch growth  + + V + + 
Raffinose 
growth 

+ - + + + 
Lactose growth  - - - + + 
Sucrose growth  + + + + + 
Maltose growth  + + + + + 
D-Galactose 
growth  

+ + + + + 
D-Glucose 
growth  

+ + V + + 
Starch 
fermentation  

+ + - - - 
Raffinose 
fermentation 

+ - - - - 
Lactose 
fermentation  

- - - - - 
Sucrose 
fermentation  

+ + + - - 
Maltose 
fermentation  

+ + + - - 
D-Galactose 
fermentation  

+ + + - - 
D-Glucose 
fermentation  

+ + + - - 
Pseudohyphae - + - - - 
Vegetative cell Budding cell Budding cell Budding cell Budding cell Budding cell 
Growth at 42°C V + + V - 
Growth at 37°C + + + V - 
Growth at 35°C + + + V - 
Growth at 30°C + + + + + 
Growth at 25°C + + + + + 
Urea hydrolysis - - + + - 

V= very weak 
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Table (4): Identification of yeasts isolated from juices 

Type of juice isolate No. of 
isolates 

Isolated yeast 

Pomegranate 
juice 

2 
5 

4 
3 

Candida tropicalis 
Debaryomyces hansenii 

Tomato juice 1 
4 

5 
3 

Saccharomyces cerevisiae 
Trichosporon pullulans 

Carrot juice 3 5 Rhodotorula glutinis 
 

Microscopic examinations 

 

Photo (1 ): Candida tropicalis 
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Photo (2): Debaryomyces hansenii 

  

Photo (3): Saccharomyces cerevisiae 
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Photo (4): Trichosporon pullulans       

      

Photo (5): Rhodotorula glutinis 
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2. Radiation – decimal reduction dose ( D10- value) 

 Microorganisms differ greatly in their resistance to 
radiation. The radiation-decimal reduction dose (D10-value) of 
microorganisms is defined as the radiation dose (kGy) required 
to reduce the population of that microorganism by a 10 fold, or 
to kill 90% of the total number of that microorganism. It was 
found that the radiation resistance of yeasts higher than that of 
molds and bacterial pathogens. Thus, most research efforts 
related to irradiation of juices have targeted spoilage organisms 
such as yeasts rather than bacterial pathogens (Grinbaum et al., 
1994). 

 In this work, identified yeast isolates (Rhodotorula 
glutinis, Candida tropicalis, Trichosporon pullulans, 
Debaryomyces hansenii and Saccharomyces cerevisiae) isolated 
from pomegranate, tomato and carrot juices were studied for 
their resistance to gamma radiation. The so-called dose-response 
curve of each yeast was determined in saline solution and in the 
juice where it was isolated from. It was constructed by plating 
the number of surviving cells against radiation doses used (0.0, 
0.5, 1.0, 1.5, 2.0 and 2.5 kGy). The D10-value of each yeast was 
determined from own dose-response curve. 

 The effect of increment doses of gamma irradiation (0.0, 
0.5, 1.0, 1.5, 2.0 and 2.5 kGy ) on the viable count of  
Rhodotorula glutinis, Candida tropicalis,Trichosporon 
pullulans,  Debaryomyces hansenii and Saccharomyces 
cerevisiae are tabulated in tables 5, 6, 7, 8,  9  and illustrated in 
figures 11, 12, 13, 14, 15, respectively. It is clear that, generally, 
log viable counts of tested microorganisms decreased with 
increasing radiation dose but at different levels indicating that 
these yeasts greatly differ in their sensitivity to gamma 
irradiation. From the data it was found that the D10-values ( 
calculated from linear  
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regressions and equations ) of Rhodotorula glutinis, Candida 
tropicalis, Trichosporon pullulans, Debaryomyces hansenii and 
Saccharomyces cerevisiae in saline solution were 0.92, 0.84, 
1.25, 1.29 and 1.01 kGy, respectively. Meanwhile the D10-
values of these yeasts in the juices were 1.34, 0.98, 1.40, 1.63 
and 1.34 kGy, respectively. It is obvious that Debaryomyces 
hansenii had the highest D10-values, followed by Trichosporon 
pullulans indicating that they had the highest radiation 
resistance in comparison with the other studied yeasts. While, 
Candida tropicalis had the lowest radiation resistance, i.e. had 
the highest sensitivity to radiation. Ingram and Roberts (1980) 
mentioned that there are differences in radiation resistance 
among microorganisms, i.e. from genus to another and from 
species to another of the same genera. 
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Table (5): Effect of incremental irradiation doses on the viable count   
(cfu.ml-1) of Rhodotorula glutinis in carrot juice 

 

Fig. (6): Effect of incremental irradiation doses on the viable count              
( cfu.ml-1) of Rhodotorula glutinis in carrot juice. 

 

Broth juice Irradiation 
doses  (kGy ) 

  cfu.ml-1           Log N cfu.ml-   1               Log N 

0.0 

0.5 

1.0 

1.5 

2.0 

2.5 

4.9 x106 

2.3 x106 

5.7 x105 

2.7 x105 

4.1 x104 

1.0 x104 

6.69 

6.36 

5.75 

5.43 

4.61 

4.02 

5.2 x105 

4.7 x105 

1.1x105 

5.3 x104 

3.1 x104 

7.8 x103 

5.71 

5.67 

5.06 

4.72 

4.49 

3.89 

D10 D10=0.92 D10=1.34 
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Table (6): Effect of incremental irradiation doses on the viable count 
(cfu.ml-1 ) of Candida tropicalis  in pomegranate juice 

 

 

 Fig. (7 ): Effect of incremental irradiation doses on the viable count                          
         (cfu.ml-1 ) of Candida tropicalis  in pomegranate juice 

 

Broth juice Irradiation 
doses  
(kGy ) cfu.ml-1                Log N    cfu.ml-   1              Log N 

0.0 

0.5 

1.0 

1.5 

2.0 

2.5 

2.3 x107 

1.4 x107 

9.9x105 

6.6 x105 

7.7 x104 

4.4 x104 

7.36 

7.16 

5.99 

5.81 

4.88 

4.64 

2.6x106 

2.2 x106 

1.0x105 

7.5 x104 

1.7 x104 

1.4 x104 

6.41 

6.34 

5.00 

4.87 

4.23 

4.14 

D10 D10=0.84 D10=0.98 
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Table (7): Effect of incremental irradiation doses on the viable count     
      (cfu.ml-1 ) of  Trichosporon pullulans  in tomato juice 

 

 

Fig. (8): Effect of incremental irradiation doses on the viable count    
    (cfu.ml-1 ) of  Trichosporon pullulans in  tomato juice. 

 

 

Broth juice Irradiation 
doses  (kGy ) 

cfu.ml-1           Log N cfu.ml-   1         Log N 

0.0 

0.5 

1.0 

1.5 

2.0 

2.5 

6.9x106 

3.4 x106 

1.1x106 

8.7 x105 

1.2 x105 

8.5 x104 

6.83 

6.53 

6.06 

5.93 

5.09 

4.92 

4.5x106 

1.9 x106 

9.0x105 

2.0x105 

1.8x105 

8.0x104 

6.65 

6.27 

5.95 

5.30 

5.25 

4.90 

D10 D10=1.25 D10=1.40 
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Table (8): Effect of incremental irradiation doses on the viable count 
          ( cfu.ml-1 ) of Debaryomyces hansenii  in pomegranate juice 

 

 

Fig. (9): Effect of incremental irradiation doses on the viable count           
     ( cfu.ml-1 ) of Debaryomyces hansenii  in pomegranate juice. 

 

Broth juice Irradiation 
doses  
(kGy ) cfu.ml-1                 Log N     cfu.ml-1             Log N 

0.0 

0.5 

1.0 

1.5 

2.0 

2.5 

1.0x106 

6.0 x105 

7.1x104 

5.5x104 

3.3x104 

1.2x104 

6.00 

5.77 

4.85 

4.74 

4.51 

4.07 

5.0x105 

3.0 x105 

2.8x105 

6.0 x104 

2.4 x104 

2.2x104 

5.69 

5.47 

5.44 

4.77 

4.38 

4.34 

D10 D10=1.29 D10=1.63 
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 Table (9): Effect of incremental irradiation doses on the viable 
count               (cfu.ml-1 ) of Saccharomyces cerevisiae in tomato 

juice 

 

 

 Fig. (10): Effect of incremental irradiation doses on the viable   
 count ( cfu.ml-1 ) of Saccharomyces cerevisiae in tomato juice. 

Broth juice Irradiation 
doses  
(kGy ) cfu.ml-1          Log N  cfu.ml-   1            Log N 

0.0 

0.5 

1.0 

1.5 

2.0 

2.5 

2.7x107 

1.2x107 

2.0x106 

1.3x106 

1.7x105 

1.3x105 

7.43 

7.07 

6.30 

6.11 

5.23 

5.11 

9.0x106 

4.0x106 

1.4x106 

1.3x106 

1.7x105 

1.5x105 

6.95 

6.60 

6.14 

6.13 

5.23 

5.17 

D10 D10=1.01 D10=1.34 
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 These results indicated that the D10-values of the yeast 
under investigation in juices were higher than its values in broth 
indicating that the juices caused some of protection to the yeasts 
against γ radiation as a general trend. Also, the juice as a 
suspending medium may contain certain compounds that acted 
as protective agents or scavengers which gave protection against 
γ radiation damage of the yeasts cells. Niven (1985) concluded 
that microbial cells were generally radiation resistant in 
complex media than in simple systems. Similar, the obtained 
D10-values have been found by many investigators. Vlad et al. 
(1971) found that D10-value for saccharomyces sp. was 1.4 kGy. 
Abd El-Aziz (2002) found that D10-value of Saccharomyces 
cerevisiae in saline solution was 1.85 kGy, and Candida 
tropicalis was 1.31 kGy. Youssef et al. (2002) reported that D10-
value of Candida tropicalis in saline was 1.23 kGy , where in 
mango pulp was 1.37 kGy and that of Rhodotorula glutinis was 
1.76 kGy in saline while 2.15 kGy in mango pulp. 

 Various environmental factors may affect the sensitivity 
of microorganisms to radiation among them the medium used 
for inoculation, radiation, temperature, condition of irradiation 
(presence or absence of oxygen), etc. The difference of the D10-
values attributable to media may, at a very basic level, also be 
attributable to the availability of water (aw) in the medium. 
Generally, at a higher water activity, microorganisms are more 
sensitive to radiation because of higher presence of free radicals. 
Also, in complex food systems, the chemicals affect the 
sensitivity of microorganisms to radiation. For example, 
proteins in the food acted as quenchers of the radicals formed by 
irradiation, leaving fewer ions to react with organisms (Urbain, 
1986). Farkas (1990) reported that the response of a microbial 
cell and hence its resistance to ionizing radiation depends on:  
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1) The nature and amount of direct damage. 2) The number, 
nature and longevity of radiation – induced reactive chemical 
species and the inherent ability of the tolerate or accurately 
repair either of the above. 3) The influence of intra-and extra-
cellular environment of any of the above. 

Determination of the D10- value for microorganisms from 
survival curves (dose-response curve) is very important and 
useful in:  

1- Calculating the lethal and sub-lethal dose of microorganisms. 

2- Providing information about the relative resistance of 
particular microorganisms to ionizing radiation. 

3- Calculating the exact radiation dose required for 5-log cycle’s 
reduction of pathogenic bacteria, mycotoxin production fungi 
and spoilage yeasts, which is very important for the practical 
application of ionizing radiation. By knowing the D10-value of 
any microorganism and its level in a product (food, feed, 
medicinal or pharmaceutical products) one can calculate the 
exact irradiation dose required to eliminate that microorganism 
from the product.  
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3. Irradiation of fresh pomegranate juice 

 Fresh squeeze pomegranate juice was exposed to different 
irradiation doses (1.0, 2.0 and 2.5 kGy). Unirradiated and 
irradiated juice samples were stored under refrigeration 
condition (4°C ± 1). 

3.1. Effect of γ irradiation and refrigeration storage on the 
microbial load of pomegranate juice 

 Microbial, nutritional, physicochemical and sensorial 
properties of these samples were followed during refrigeration 
storage. The changes in the microbial load (aerobic mesophillic 
bacteria, lactic acid bacteria, yeasts and molds) of pomegranate 
juice are shown in table (10). The total log counts of these 
microorganisms were 4.90, 4.10 and 3.96 cfu / ml, respectively. 
The obtained results were higher than those reported by 
Alighourchi et al. (2008 ) who found that the initial mean 
populations of total bacterial counts and mold and yeasts counts 
for two varieties of pomegranate fresh juice were 3.67, 3.31 and 
3.53, 3.00 log cfu/ml, respectively. This is because of the 
difference in pomegranate variety, cultivar, climate,…..etc. 

 The effects of gamma irradiation treatment (1, 2 and 2.5 
kGy) on the total mesophillic bacteria, lactic acid bacteria, mold 
and yeast populations in pomegranate juice are also shown in 
table (10). In general, a progressive increase in the dose levels 
showed concomitant decrease in the all microbial counts of 
pomegranate juice. Irradiation dose of 1 kGy reduced the 
number of the initial aerobic mesophillic bacteria by almost 1 
log cycle. As well as, it could reduce the lactic acid bacteria by 
about 0.16 log cycle.  
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Table (10):  Effect of γ-irradiation and subsequent storage (4°C±1 ) on 
           the  microbial counts ( log cfu/ml ) contaminating                
           pomegranate juice  

  

  R = Samples sensorially rejected . 
<10 = below detectable limit of (<10 cfu/ml). 

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

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

Irradiation doses ( kGy ) Micro- 

organisms 

Storage 

( days ) 0.0 1.0 2.0 2.5 

Total 
aerobic 
mesophilic 
bacteria 

 

 

 

Lactic acid 
bacteria 

 

 

 
Total mold 
and yeasts  

 

0 

7 

14 

21 

 

 

0 

7 

14 

21 

 

 

0 

7 

14 

21 

4.90a
a±0.02 

5.71a
b±0.02 

R 

R 

 

 

4.10a
a±0.02 

3.98a
b±0.01 

R 

R 

 

 

3.96a
a±0.05 

5.22a
b±.0.0

R 

R 

3.95b
a±0.05 

4.25b
b±0.01 

4.53b
c±0.06 

R 

 

 

3.94b
a±0.02 

3.90b
b±0.008 

3.89b
c±0.005 

R 

 

 

3.02b
a±0.01 

4.90b
b±0.005 

5.05b
c±0.005 

R 

 

2.57c
a±0.01 

2.89c
b±0.02 

3.04c
c±0.01 

3.14c
d±0.005 

 

 

2.04c
a±0.01 

<10 

<10 

<10 

 

 

2.95c
a±0.02 

2.97c
a±0.01 

4.79c
b±0.03 

4.90c
c±0.003 

<10 

<10 

<10 

<10 

 

 

<10 

<10 

<10 

<10 

 

 

2.15d
a±0.02 

<10 

<10 

<10 
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 Also the results indicated that a dose of 2.5 kGy could be 
significantly to reduce the total aerobic mesophillic bacteria and 
lactic acid bacteria. It reduced the number of the mold and 
yeasts by almost 1.81 log cycles. Alighourchi et al. (2008) 
reported that 0.5 kGy reduced the total bacterial count of two 
pomegranate varieties by almost 0.75 log cycles and reduced the 
total mold and yeasts by 0.23 and 0.51 log cycles in the two 
pomegranate varieties. They also found that the microbial 
population reduced to below the detectable limits at ≥ 3.5 kGy, 
in all studied juices. Lee et al. (2009) reported that the initial 
populations of the total bacterial counts in ready- to- use 
tamarind juice were significantly reduced by gamma irradiation 
at 1 kGy or above. These results showed that, the inactivation 
microorganisms by irradiation in different juices depend on their 
compositions.  

 Table ( 10 ) revealed that the storage of pomegranate 
juice at 4°C±1, showed progressive increase in the viable counts 
of aerobic mesophillic bacteria, mold and yeasts in the non 
irradiated pomegranate juice reaching 5.71, 5.22 log cfu/ml, 
respectively after 7 days. However, these microorganisms 
reached almost similar counts in pomegranate juice receiving 1 
and 2 kGy but after 14 and 21 days, respectively. Where mold 
and yeasts receiving 2.5 kGy reduced to below the detectable 
counts (<10) throughout the storage period and this may be due 
to the antimicrobial effect of pomegranate juice. Alighourchi et 
al. (2008) found that irradiation at 0.5 and 2.0 kGy reduced the 
growth rate of bacteria and fungi of the selected pomegranate 
juices during the first 3 days of storage at 4°C±1. Based on the 
results of Aziz and Moussa (2002) and kim et al. (2007) the 3-
5 kGy radiation doses may prevent microbial growth in the kale 
juice during storage period at 10°C. Meanwhile, lactic acid 
bacteria decreased during storage. It was considered that the 
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decreasing of these bacteria was due to the post-irradiation 
effect where the surviving cells that had been damaged by an 
irradiation were gradually inactivated, thus not adapting to the 
surrounding environment during storage. Byun et al. (2001) 
reported that the sublethal damage to cells caused by irradiation 
is likely to increase their sensitivity to environmental stress 
factor. 

3.2. Effect of γ irradiation and refrigeration storage on the 
pathogenic bacteria contaminating pomegranate juice 

 The results in table (11) indicated that the most probable 
number of coliform bacteria in pomegranate juice was 75 
MPN/ml.  On the other hand, Escherichia coli, Enterococcus 
faecalis, Staphylococcus aureus and Aeromonas hydrophila 
were below detectable level in unirradiated (control) 
pomegranate juice, and this may be due to the acidic pH. Foley 
et al. (2002) found that the counts of Listeria monocytogenes 
and Salmonella had decreased by more than 3 to 4 logs at pH 
3.6. Also may be due to antibacterial and synergistic action of 
the pomegranate constituents. Many investigators all over the 
world, found that pomegranate has antimicrobial, antibacterial, 
antifungal and antimutagenic properties as well as it is rich in 
tannins which have remarkable antimicrobial activity (Machado 
et al., 2003 and Voravuthikunchai et al., 2004). Kumar and 
Vaithiyanathan (1990) reported that the protein binding 
capacity of phenolics as (anthocyanin in pomegranate) caused 
inhibition of microbial growth and antimicrobial property.  
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Table (11): Effect of γ-irradiation and subsequent storage (4°C±1) on 
the some pathogens contaminating pomegranate juice 

 
Irradiation doses ( kGy ) Micro- organisms Storage  

( days ) 0.0 1.0 2.0 2.5 
 
Coliforms  
( MPN/ml) 
 
 
Escherichia coli 
( MPN/ml ) 
 

 
Enterococcus 
faecalis 
( cfu / ml ) 
 

 
Staphylococcus 
aureus 
( cfu / ml ) 

 
 
 

Aeromonas 
hydrophila 
( cfu / ml ) 

0 
7 

14 
21 

 
 

0 
7 

14 
21 

 
 

0 
7 

14 
21 

 
 

0 
7 

14 
21 

 
 

0 
7 

14 
21 

75 
93 
R 
R 
 
 

< 3 
< 3 
R 
R 
 
 

<100 
<100 

R 
R 
 
 

<100 
<100 

R 
R 
 
 

<100 
<100 

R 
R 

< 3 
< 3 
< 3 
R 
 
 

< 3 
< 3 
< 3 
R 
 
 

<100 
<100 
<100 

R 
 
 

<100 
<100 
<100 

R 
 
 

<100 
<100 
<100 

R 

< 3 
< 3 
< 3 
< 3 
< 3 

 
< 3 
< 3 
< 3 
< 3 

 
 

<100 
<100 
<100 
<100 

 
 

<100 
<100 
<100 
<100 

 
 

<100 
<100 
<100 
<100 

< 3 
< 3 
< 3 
< 3 
< 3 

 
< 3 
< 3 
< 3 
< 3 

 
 

<100 
<100 
<100 
<100 

 
 

<100 
<100 
<100 
<100 

 
 

<100 
<100 
<100 
<100 

 
 
    R = Samples sensorially rejected . 
   < 3 = No positive tubes have been shown in the first three dilutions     
   <100 = Below detectable level 
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 The results (Table 11) also showed that coliform bacteria 
present in unirradiated pomegranate juice were eliminated by 
the lowest irradiation dose used (i.e.1 kGy) since the MPN/ml 
was below the detectable level (< 3) indicating the sensitivity of 
coliforms to gamma irradiation. The sensitivity of colifrom 
bacteria to gamma radiation has shown by many investigators 
(Patterson, 1988; Kamat et al., 2003; Goularte et al., 2004; 
Lu et al., 2005 and Abu El Nour, 2007). 

 During storage of pomegranate juice at 4°C±1 coliform 
bacteria increased to reach 93 MPN/ml at day 7. On the other 
hand, the MPN of coliform and all tested pathogens in irradiated 
samples were below the detectable level throughout the 
refrigerated storage period.  

3.3. Effect of γ irradiation and refrigeration storage on the 
anthocyanin content of pomegranate juice 

 Anthocyanins are a member of phenolics compounds that 
contributes to the red, blue or purple color of many fruits, 
including pomegranate juice, and they are well-known for their 
antioxidant and antimicrobial activity. 

 The change in the anthocyanin content of pomegranate 
juice as affected by γ irradiation is tabulated in table (12) and 
illustrated in figure (16). The total anthocyanin content of fresh 
pomegranate juice (unirradiated control) samples was 28.85 mg 
/100 g. This value is within the range of pomegranate juice 
anthocyanin content (8.1-36.9 mg/100g) reported by Cam et al. 
(2009). Also, Tehranifar et al. (2010) found that the 
anthocyanin content of pomegranate juice ranged from 5.56-
30.11 mg /100g depending on cultivars. The results in the same 
table and figure indicated that gamma irradiation at 1.0, 2.0 and 
2.5 kGy 
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decreased anthocyanin content of pomegranate juice by 7.07, 
14.00 and 15.45%, respectively. This decrease could be 
attributed to the degradation of anthocyanin compounds by 
irradiation. The anthocyanin molecule has many highly reactive 
sites for free radical damaging, for example, the phenolic 
hydroxyls and the aromatic ring itself. Gamma radiation induced 
electron delocalization is shared by the whole system, in this 
way; energy is not concentrated in any particular site of the 
molecule (Spinks and woods, 1990). During radiation 
treatment, a certain number of molecules get modified and this 
reflects in products colour reduction. Also, irradiation effects on 
anthocyanin pigments depend upon the nature of anthocyanin 
for example; diglycosides are relatively stable towards 
irradiation dose compared to monoglycosides (Alighourchi et 
al., 2008). 

Table (12): Total anthocyanin content in pomegranate juice during     
         storage at 4°C±1              

R = Samples sensorially rejected.                                                                         
Mean values followed by different superscript (within rows) and different 
subscripts (within columns) are significantly different (p < 0.05). 

 

Storage 
( days ) 

 

 
  
        0 

Irradiation dose  ( kGy ) 
   
      1.0      2.0                     2.5 

0 28.85a
a±1.27 26.81b

a±0.43 24.81c
a±0.23 24.39c

a±1.17 

7 26.09a
b±1.09 25.82b

b±1.63 24.04c
a±2.03 23.64d

b±0.24 

14 R 22.47b
c±2.04 21.88c

b±3.54 19.63d
c±1.67 

21 R R 17.76c
c±2.80 16.96d

d±1.48 
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Fig. (11): Total anthocyanin content in pomegranate juice during storage at 
4°C±1. 

 The results (Table 12) also shows that storage for 7 days 
at 4°C±1 resulted in a significant decrease in the total 
anthocyanin content of both the non irradiated and irradiated 
pomegranate juice sample, where the loss reached 9.56, 3.69, 
3.10 and 3.07 for samples irradiated at 0.0, 1, 2 and 2.5 kGy, 
respectively.  

 Anthocyanin degradation by gamma radiation is widely 
documented in bibliography, for example, Thomas (1986) 
reported 20% anthocyanin destruction in 2.5 kGy - irradiated 
strawberries. Alighourchi et al. (2008) found that gamma 
irradiation at all applied doses (0-10 kGy) significantly reduced 
total and individual anthocyanins of the six varieties of 
pomegranate juices. They added that pomegranate juices that 
irradiated at 0.5 kGy and 10 kGy retained approximately 80 and 
10% of the anthocyanin content compared with the control, 
respectively. In contrast, Ayed et al. (1999) investigated the 
effect of irradiation (0-9 kGy) of grape pomace and they 
observed that anthocyanin contents increased at all doses of 
irradiation,  
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especially at 6 kGy. This increase may be due to the extraction 
of bound pigments by degradation of the cell wall. Many 
investigators indicated that the stability of anthocyanins against 
the irradiation was related to juice compositon. The differences 
among juices originated from fruits variety, and the relative 
stability of an anthocyanin depends on its matrix, structural 
features and the processing conditions (Talcott et al., 2003; 
Torskangerpoll and Andersen, 2005). 

3.4. Effect of γ irradiation and refrigeration storage on some 
physiochemical properties of pomegranate juice 

a) Viscosity 

 The consistency of juices expressed in viscosity is 
important for the quality of juices. Table (13) and figure (17) 
show the effect of irradiation on the viscosity of pomegranate 
juice. The results indicated that pomegranate juice has lower 
viscosity 4 cPs( centipoise). This may be because pomegranate 
juices do not contain pectin. It is also clear that γ irradiation at 1 
kGy had no effect on the viscosity of pomegranate juice. 
Meanwhile, irradiation at 2.0 and 2.5 kGy significantly reduced 
the viscosity. Gagnon et al. (1968) showed that irradiation 
lower the viscosity of apple juice and therefore increases rate of 
filtration in it. Swailam (1998) detected a reduction in the 
consistency index of the irradiated mango pulp, and he reported 
that it may be taken in consideration for the detection of 
irradiated mango pulp at zero time and during storage. 

The results ( Table 13 and figure 17)  also show that the storage 
for 7 days at 4°C±1 resulted in  insignificant decrease in 
viscosity of pomegranate juice of both the non irradiated and 
irradiated, but 
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 the viscosity gradually decreased during further storage in all  
irradiated samples. 

Table (13):  Viscosity (cPs) of pomegranate juices treated by 
irradiation during storage at 4°C±1 

R = Samples sensorially rejected, 
 Mean values followed by different superscript (within rows) and different 
subscripts (within columns) are significantly different ( p < 0.05 ). 
 

 

Fig. (12):  Viscosity (cPs) of pomegranate juices treated by   
irradiation  during storage at 4°C±1. 

 

 

Storage 
( days ) 

 
        0 

Irradiation dose  ( kGy ) 
      1.0         2.0     2.5 

0 4.0a
a±0.005 4.0a

a±0.02 3.0b
a±1.0 2.0c

a±0.01 
7 4.0a

a±0.005 4.0a
a±0.01 3.0b

a±1.0 2.0c
a±0.005 

14 R 2.0b
b±0.01 2.0b

b±0.01 2.0b
a±0.01 

21 R R 2.0c
b±0.02 2.0c

a±0.02 
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b) pH 

 The results of pH values of pomegranate juice are present 
in table (14) and figure (18). It is clear from these results that 
the mean pH value of fresh pomegranate juice (unirradiated 
control) was 3.8 indicating acidic medium. This value is within 
the normal range (2.75 – 4.14) reported for mature pomegranate 
as reported by Al. Maiman and Dilshad (2002). Irradiation at 
different doses used (1.0, 2.0 and 2.5 kGy) had no effect on the 
pH values of the pomegranate juices. Noci et al. (2008) also 
found no differences in the pomegranate juices pH and soluble 
solids content of the UV irradiated apple juice. 

 During refrigeration storage, there was significant 
increase in the pH values of non irradiated pomegranate juice 
samples and those irradiated at 1.0 and 2.0 kGy. This may be 
due to the decrease of lactic acid bacteria count during storage. 
(Table 14), indicating a relationship between lactic acid bacteria 
and pH value (acidity). Yoon et al. (2004) found that the lactic 
acid cultures reduced the pH to 4.1 or below and increased the 
acidity to 0.65% or higher in tomato juice. 
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Table (14): pH value of irradiated and non-irradiated pomegranate 
juices during storage at 4°C±1 

 R = Samples sensorially rejected.                                                                       
Mean values followed by different superscript (within    rows) and different 
subscripts (within columns) are significantly different ( p < 0.05 ) 

 

        Fig. (13):  pH value of irradiated and non-irradiated pomegranate   
 juices during storage at 4°C±1. 

Storage 
( days ) 

 

 
 
        0 

Irradiation dose  ( kGy ) 
 
       1.0                       2.0                   2.5     

0 3.80a
a±0.005 3.81a

a±0.005 3.82a
a±0.005 3.81a

a±0.005 

7 4.00a
b±0.01 4.05a

b±0.025 4.05a
b±0.015 3.90a

a±0.005 

14 R 4.01b
b±0.005 4.02b

b±0.02 3.90b
a±0.01 

21 R R 4.40c
c±0.005 3.90d

a±0.02 
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3.5. Effect of γ-irradiation and refrigeration storage on    
sensory evaluation of pomegranate juice  

 Sensory evaluation of irradiated and non irradiated 
pomegranate juice was achieved immediately after irradiation 
and during subsequent refrigeration storage at 4°C±1. Panelists’ 
sensory scores are tabulated in table (15) and illustrated in 
figure (19). It is clear from these results that γ irradiation at the 
lowest irradiation dose used, i.e. 1.0 kGy almost had no effect 
on sensory properties (color, odor, taste and overall 
acceptability) of pomegranate juice, indicating that immediately 
after irradiation at all irradiation dose there was no significant 
difference between non-irradiated samples and those receiving 
1.0 kGy. Meanwhile, γ irradiation at 2.0 and 2.5 kGy 
significantly affected sensory characteristics of pomegranate 
juice samples as the panelists gave these samples lower scores 
in comparison with non irradiated (control) samples, however, 
still like very much. Chachin and Ogato (1969) treated grape, 
apple and orange juice with different irradiation doses of gamma 
radiation. They found browning in apple juice after 5 kGy and 
evident loss of grape juice anthocyanin and orange juice beta- 
carotene after 10 kGy. Miller and Mc Donald (1996) reported 
that the juice from irradiated grape fruit was acceptable after 3.0 
kGy but declined in quality at 0.6 kGy. Spoto et al. (1997) 
irradiated orange juice concentrate and determined the effect of 
storage time and temperature on juice quality and acceptability. 
In that study, the highest dose ( up to 5.0 kGy ) combined with 
25°C storage resulted in loss of “ orange “ flavor and an 
increase in “ bitter”, “ medicinal” , and “ cooked” ratings by 
sensory panelists. Lower dose (2.5 kGy) and cooler storage (0 or 
5 °C) were proposed as an acceptable processing regimen. 
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Table (15): Effects of irradiation on the sensory scores of pomegranate   
juice during storage at 4°C±1 

  Where 0 (dislike extremely) to 9 (like extremely).                                                    
R = Samples sensorially rejected.                                                                        
Mean values followed by different superscript (within rows) and different 
subscripts (within columns) are significantly different (p < 0.05) 

 

Sensory 
parameters 

Storage 
( days ) 

 

 
 

0 

Irradiation dose (kGy ) 
 

1.0                   2.0                   2.5        
 0 8.9a

a±0.05 8.8a
a±0.05 8.2b

a±0.14 8.2b
a±0.11 

Color 7 7.2a
b±0.14 8.2b

b±0.08 8.0c
b±0.03 7.7d

b±0.05 
 14 R 7.6b

c±0.08 7.2c
c±0.14 7.0d

c±0.05 
 
 
 
 
 
Odor 
 
 
 
 
 
Taste 
 
 
 
 
 
Overall 
acceptability 
 

 

21 
 
 

0 
7 

14 
21 

 
 

0 
7 

14 
21 

 
 
 

0 
7 

14 
21 

R 
 
 

8.9a
a±0.03 

3.8a
b±0.31R 

R 
R 
 
 

8.8a
a±0.08 

3.9a
b±0.31R 

R 
R 
 
 
 

8.8a
a±0.08 

3.8a
b±0.11R 

R 
R 

R 
 
 

8.8a
a±0.05 

8.1b
b±0.16 

3.8 b
c±0.15R 
R 
 
 

8.7a
a±0.05 

7.2b
b±0.12 

3.7b
c±0.11R 

R 
 
 
 

8.8a
a±0.11 

7.6b
b±0.05 

3.8b
c±0.08R 

R 

6.7c
d±0.08 

 
 

8.7b
a±0.08 

8.3c
b±0.05 

7.4c
c±0.14 

3.6c
d±0.03R 

 
 

8.5b
a±0.06 

7.5c
b±0.08 

6.8c
c±0.05 

3.7c
d±0.05R 

 
 
 

8.6b
a±0.08 

7.9c
b±0.05 

6.6c
c±0.15 

3.8c
d±0.12R 

6.4d
d±0.08 

 
 

8.6 b
a±0.05 

8.3c
b±0.08 

7.3c
c±0.14 

3.5c
d±0.11R 

 
 

8.4b
a±0.05 

7.9d
b±0.05 

6.7c
c±0.12 

3.5d
d±0.10R 

 
 
 

8.6b
a±0.12 

7.8c
b±0.08 

6.3d
c±0.24 

3.5d
d±0.11R 
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 Color                                                                  Odor          
                                  

                    
                 Taste                                                          Overall acceptability 

 

Fig. (14): Effects of irradiation on the sensory scores of pomegranate juice 
during storage at 4°C±1. Where 0 (dislike extremely) to 9 (like 
extremely). 
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 Pickett et al. (2000) reported increasing off-flavor in 
unpasteurized orange juice irradiated at 3.0 kGy, rending the 
juice unpalatable. Niemira et al. (2001) found no evident 
changes in the appearance or aroma of reconstituted orange 
juice irradiated to 2.5 kGy. Song et al. (2007) found that the 
overall sensory scores of the irradiated and non-irradiated 
samples of vegetable juice were not significantly different 
immediately after irradiation. However, the sensory quality of 
the non-irradiated carrot and kale juice decreased with the 
storage time, and it appeared to be the worst at storage of day 3. 
Lee et al. (2009) observed no significant change in the sensory 
scores in the irradiated (0–5 kGy) ready to use tamarind juices 
when compared to that of non-irradiated juice they noticed a 
strong off odor and off taste. 

 During storage, the sensory quality scores of non-
irradiated and irradiated pomegranate juice samples decreased 
but at different levels. The decline of sensory scores was higher 
in non-irradiated pomegranate juice samples in comparison with 
irradiated ones. After 7 days of storage the panelists rejected 
non-irradiated (control) samples because of off-odor and color 
changes. Thus, the control samples could not be used for 
evaluation after 7 days of storage because of the deterioration in 
quality and spoilage. Panelists rejected pomegranate juice 
samples receiving 1.0, 2.0 and 2.5 kGy after 14, 21 and 21 days 
of storage at 4°C±1, respectively.   
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4. Irradiation of fresh tomato juice 

4.1. Effect of γ irradiation and refrigeration storage on the 
microbial load of tomato juice 

 Table (16) indicates that the non irradiated tomato juice 
was highly contaminated with aerobic mesophillic bacteria, 
lactic acid bacteria and yeasts and molds. The total log counts of 
these microorganisms were 3.98, 3.67 and 3.57 cfu/ml, 
respectively. The obtained microbial counts exceeded the level 
of codex standard for tomato juice (Codex stan 49-1981). The 
obtained high contamination levels of microorganisms was 
expected and could be due  to the high natural microflora of the 
raw tomato, that come from soil, water or the hands of workers, 
as well as the contamination during blending and packaging. 
The obtained results were almost similar to those reported by 
Prakash et al. (2002) who found that the diced tomato were 
highly contaminated with mesophillic bacteria and mold and 
yeasts at level of 4.40 and 4.58 Log cfu/ml, respectively. Hsu et 
al. (2008) also found that the tomato juice were highly 
contaminated with mesophillic bacteria, lactic acid bacteria and 
mold and yeasts at the levels of 4.1, 4.2 and 3.7 log cfu/ml, 
respectively. The high microbial counts found in tomato juice 
would affect its quality and shelf-life. 

 Table (16) also shows the effect of different doses of 
gamma irradiation (1.5, 3.0 and 4.5 kGy) on the total 
mesophillic bacteria, lactic acid bacteria, mold and yeast 
populations in tomato juice. Generally, irradiation caused a 
significant decrease in all microbial counts under investigation 
and the decrease was proportional with irradiation doses. 
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Table (16): Effect of γ-irradiation and subsequent storage (4°C±1) on 
the microbial counts (log cfu/ml) contaminating tomato 
juice 

R = Samples sensorially rejected.                                                                                                     
<10 =  below detectable limit  (<10 cfu/ml).                                                                       
Mean values followed by different superscript (within rows) and different subscripts 
(within columns) are significantly different (p < 0.05) 
 
 
 

Irradiation doses ( kGy ) Micro- 

organisms 

Storage  

( days ) 0.0 1.5 3.0 4.5 

 

Total 

aerobic 

mesophilic 

bacteria 

 

 

Lactic acid 

bacteria 

 

 

Total mold 

and yeasts  

 

 

0 

5 

10 

15 

20 

25 

 

0 

5 

10 

15 

20 

25 

 

0 

5 

10 

15 

20 

25 

3.98a
a±0.045 

5.86a
b±0.011 

7.94a
c±0.02 

R 

R 

R 

 

3.67a
a±0.017 

5.14a
b±0.045 

6.96a
c±0.004 

R 

R 

R 

 

3.57a
a±0.027 

5.63a
b±0.011 

7.07a
c±0.03 

R 

R 

R 

2.69b
a±0.002 

2.84b
b±0.007 

5.27b
c±0.003 

6.86b
d±0.006 

R 

R 

 

<10 

<10 

4.00b
c±0.025 

6.54b
d±0.01 

R 

R 

 

3.07b
a±0.02 

3.92b
b±0.007 

6.00b
c±0.01 

7.07b
d±0.03 

R 

R 

1.93c
a±0.02 

٢٫١١c
b±0.029 

٣٫٩٧c
c±0.01 

٤٫٦٦c
d±0.01 

٦٫٨٩c
e±0.037 

R 

 

<10 

<10 

3.00c
c±0.01 

3.96c
d±0.001 

5.92c
e±0.014 

R 

 

٢٫٨٩c
a±0.008 

٣٫٠٠c
b±0.01 

٥٫٩٦c
c±0.005 

٦٫٣٩c
d±0.005 

٦٫٨٢c
e±0.01 

R 

<10 

<10 

٢٫٥٥d
c±0.006 

٣٫٠٤d
d±0.01 

٤٫١١d
e±0.001 

5.79d
f±0.34 

 

<10 

<10 

<10 

3.00d
d±0.006 

4.14d
e±0.017 

6.47d
f±0.004 

 

٢٫٢٠d
a±0.03 

٢٫٢٥d
b±0.013 

٤٫١٧d
c±0.016 

٥٫٣٤d
d±0.008 

6.71d
e±0.019 

٧٫٣٤d
f±0.017 



  

 

 
 

117

Introduction Results and Discussion

  Irradiation dose of 1.5 kGy reduced the number of the 
initial mesophillic bacteria by almost 1.3 log cycle. As well as, 
it could be successfully reduce the lactic acid bacteria to below 
the detectable counts (<10 cfu/ml). On the other hand, 
irradiation at 1.5 kGy reduced total mold and yeasts by only 0.5 
log cycles indicating that mold and yeasts are relatively more 
resistance to gamma irradiation than bacteria. Fan et al. (2003b) 
observed decay in Cilantro irradiated at 3.0 kGy during storage 
and supported his observation that fungi are more resistant to 
irradiation than bacteria. On the other hand, irradiation doses of 
3.0 and 4.5 kGy were sufficient to reduce the number of the 
initial molds and yeasts by 0.68 and 1.37, respectively. 
Therefore, a dose of 3.0 and 4.5 kGy could be used to reduce 
microbial counts of tomato juice to satisfactory level. Prakash 
et al. (2002) reported that a dose of 3.07 kGy eliminated all 
microorganisms contaminating diced tomatoes to no detectable 
counts. Song et al. (2007) found that the irradiation doses of 1, 2 
and 3 kGy could reduce the microbial populations of carrot juice 
by 2.4, 3.8 and 5.9 log cycles, respectively and these irradiation 
doses could reduce the microbial counts of kale juice by 1, 1.5 
and 2.0 log cycles, respectively. These results indicate that the 
microflora of the tomato, kale and carrot juice is fairly different, 
so the radiation sensitivity of the microorganisms composing the 
microflora should be considered in the radiation processing.  

 Table ( 16 ) indicated that during storage of  tomato juice 
at 4ºC ±1, the viable counts of aerobic mesophillic bacteria, 
lactic acid bacteria and mold and yeast in the non irradiated 
tomato juice were progressively increased and reached 7.94, 
6.96 and 7.07 log cfu/ml, respectively after 10 days. However, 
these microorganisms reached almost similar counts in tomato 
juice receiving 1.5 and 3.0 kGy but after 15 and 20 days, 
respectively.  
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Total mesophillic aerobic bacterial count, lactic acid bacteria 
and total mold and yeasts in tomato juice receiving 4.5kGy 
reached 5.79, 6.47 and 7.34 log cfu/ml after 25 days of storage 
at 4ºC ±1. It is worthy to mention that at day 5 and 10 of 
storage, these microbial counts in irradiated samples were 
significantly less than of the unirradiated ones. Similar results 
on microbial counts of irradiated (0.5, 1.24 and 3.70 kGy) diced 
Roma tomatoes stored at 4ºC ±1 have been shown by Song et 
al. (2007). 

4.2. Effect of γ irradiation and refrigeration storage on 
pathogenic bacteria contaminating tomato juice 

 Table (17) shows the presence of coliform bacteria in 
unirradiated tomato juice at level 2.4x102 MPN/ml. On the other 
hand, Escherichia coli, Enterococcus faecalis and 
Staphylococcus aureus were not detected in unirradiated tomato 
juice. Coliform bacteria present in unirradiated tomato juice 
were eliminated by the lowest irradiation dose used (i.e. 1.5 
kGy) since the MPN was below detectable level (< 3) indicating 
the sensitivity of coliforms to gamma radiation. During storage 
of non irradiated tomato juice at 4ºC ±1 there was progressive 
and continuous increase in coliform bacteria, at day 5 and 10, 
the MPN of coliform bacteria reached 2.1 x 104 and 4.3 x 104, 
respectively. On the other hand, the MPN of coliform bacteria, 
E. coli and other pathogens in the irradiated tomato juice 
samples were below detectable level thought out the storage 
period and were free from other pathogenic bacteria. 
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Table (17): Effect of γ-irradiation and subsequent storage (4°C±1) on 
the some pathogens contaminating tomato juice. 

Irradiation doses ( kGy ) Micro- organisms Storage 
( days ) 

0.0 1.5 3.0 4.5 
 

 
 
Coliforms  
( MPN/ml) 

 
 

 
 
Escherichia coli 
( MPN/ml ) 
 

 
 
 

 
Enterococcus 
faecalis 
( cfu / ml ) 
 

 
 
 

Staphylococcus 
aureus 
( cfu / ml ) 

0 
5 

10 
15 
20 
25 

 
0 
5 

10 
15 
20 
25 

 
0 
5 

10 
15 
20 
25 

 
0 
5 

10 
15 
20 
25 

2.4x102 

2.1x104 

4.3x104 

R 
R 
R 
 

< 3 
< 3 
< 3 
R 
R 
R 
 

<100 
<100 
<100 

R 
R 
R 
 

<100 
<100 
<100 

R 
R 
R 

< 3 
< 3 
< 3 
< 3 
R 
R 
 

< 3 
< 3 
< 3 
< 3 
R 
R 
 

<100 
<100 
<100 
<100 

R 
R 
 

<100 
<100 
<100 
<100 

R 
R 

< 3 
< 3 
< 3 
< 3 
< 3 
R 
 

< 3 
< 3 
< 3 
< 3 
< 3 
R 
 

<100 
<100 
<100 
<100 
<100 

R 
 

<100 
<100 
<100 
<100 
<100 

R 

< 3 
< 3 
< 3 
< 3 
< 3 
< 3 

 
< 3 
< 3 
< 3 
< 3 
< 3 
< 3 

 
<100 
<100 
<100 
<100 
<100 
<100 

 
<100 
<100 
<100 
<100 
<100 
<100 

    R = Samples sensorially rejected. 
   < 3 = No positive tubes have been shown in the first three dilutions.     

   <100 = below detectable level. 
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4.3. Effect of γ irradiation and refrigeration storage on the 
nutritional quality of tomato juice 

The nutritional quality of irradiated fresh tomato juice in 
comparison with unirradiated fresh tomato juice were 
investigated by analyzing the contents of ascorbic acid (Vitamin 
C) and lycopene pigment.  

 a) Ascorbic acids content 

 Fruit juices are an important source of vitamin C in the 
total diet. However, ascorbic acid of fruit juices is readily 
oxidized and lost during staying of the juices. Table (18) and  
figure  ( 20 ) shows that the ascorbic acid content of unirradiated  
( control ) of tomato juice was 15.63 mg/100 ml. Similar result 
have shown by Hsu et al. ( 2008 ) who found that ascorbic acid 
in tomato juice was 18.6±0.8 mg/100 ml. The content of 
ascorbic acid in tomato juice could vary according to the variety 
of tomato, cultivar, plant origin, condition of planting, 
harvesting, squeezing process…etc. Generally, all irradiation 
doses used significantly (p<0.05) decreased ascorbic acid 
content of tomato juice and the decrease was proportional with 
irradiation dose. This significant decrease of ascorbic acid is 
apparent and could be due to the partial oxidation of ascorbic 
acid to dehydroascorbic acid which not affecting tomato vitamin 
C (vit. C = ascorbic acid + dehydroascorbic acid). This is 
expected due to the fact that ascorbic acid is sensitive to 
oxidation and gamma radiation cause water radiolysis of tomato 
juice producing free radicals (H°,OH°,e¯ ) and OH° radicals are 
strong oxidizing agent. Kilcast (1994) reported that ionizing 
radiation can cause a partial conversion of ascorbic acid to 
dehydroascorbic acid. So, it is useful in the next studies to 
determine the amount of ascorbic acid and dehydroascorbic 
acid. Graham and Stevenson (1997) found  
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that the dehydroascorbic acid content of tomato samples 
increased immediately following irradiation. It should be 
mentioned that both ascorbic acid and dehydroascorbic acid 
have a vitamin C activity in the body. 

 During storage, ascorbic acid content of non-irradiated 
and irradiated tomato juice were significantly decreased but at 
different levels. After 10 days of storage at 4°C±1 ascorbic acid 
content of non-irradiated samples decreased by 61.2%, while it 
decreased in samples irradiated  at 1.5, 3.0 and 4.5 kGy by 53.7, 
24.9 and 25.5 %, respectively. It is clear that the percentage loss 
of ascorbic acid content during storage of irradiated samples 
was lower than that of non-irradiated samples and was dose 
dependent. The loss of ascorbic acid in samples irradiated at 4.5 
kGy was 38.6 % after 25 days of storage. It is worthy to mention 
that both thermal treatments and high hydrostatic pressure 
processing of fruit and vegetable juice as irradiation cause loss 
in ascorbic acid but at different levels (Hsu et al., 2008 and 
Song et al., 2007). 

Table (18): Ascorbic acid content (mg/100 ml) of tomato juice treated 
by irradiation during storage at 4°C±1 

R = Samples sensorially rejected, Mean values followed by different superscript 
(within rows) and different subscripts (within columns) are significantly different (p < 
0.05) 

Storage 
( days ) 

 

 
   
          0 

Irradiation dose ( kGy ) 
  
         1.5     3.0   4.5 

0 15.63a
a±0.03 13.23b

a±0.08 6.53c
a±0.03 5.10d

a±0.05 
5 6.50a

b±0.05 9.10b
b±0.05 5.73c

b±0.03 4.46d
b±0.03 

10 6.06a
b±0.03 6.13a

c±0.03 4.90b
c±0.05 3.80c

c±0.05 
15 
20 
25 

R 
R 
R 

4.30b
d±0.05 

R 
R 

4.70b
c±0.05 

4.60c
c±0.03 
R 

3.46c
c±0.02 

3.16d
c±0.03 

3.13d
c±0.01 
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Fig. (15): Ascorbic acid content (mg/100 ml) of tomato juice treated by      
       irradiation during storage at 4°C±1. 

b) Lycopene content 

 Most authors studied the thermal effect on lycopene 
degradation but according to our knowledge no available data in 
the literature dealing with the effect of ionizing radiation on the 
lycopene content in foods. Therefore, one of the objectives of 
this research was to investigate the effect of γ irradiation on 
lycopene content of tomato juice. In this study, table (19) and 
figure (21) show that the total lycopene content of non-
irradiated (control) samples was 8.55 mg/100g wet weight. This 
value are within the range (6.93-42.74 mg/100g wet weight) 
reported for other tomato juices (Markovic et al., 2006). The 
results indicated that γ irradiation at doses of 1.5, 3.0 and 4.5 
kGy did not show significant effect on the total lycopene 
content in tomato juice. 
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 The results also show that the storage for 5 days resulted 
in a significant decrease in the total lycopene content of both the 
non irradiated and irradiated tomato juice samples, where the 
loss reached 46.78, 20.42, 28.26 and 28.26% for samples 
irradiated at 0.0, 1.5, 3.0 and 4.5 kGy, respectively. The data 
revealed that the loss in total lycopene content of irradiated 
samples were lower than that of non irradiated ones. 

 During further storage total lycopene content significantly 
decreased in all samples (Table 19 and figure 21). Nguyen and 
Schwartz (1999) mentioned in their review that processing and 
storage of tomato products cause lycopene degradation. The 
main causes of lycopene degradation are isomerization and 
oxidation. It was suggested that the first stage of degradation is 
the reversible isomeriztion of all trans-lycopene to less colored, 
more oxidizable cis isomers (Boskovic, 1979). 

 Table ( 19 ): Lycopene content in irradiated and non- irradiated 
tomato              juices (mg / 100 g wet weight ) during storage at 

4°C±1     R = Samples sensorially rejected.                                                               
Mean values followed by different superscript (within rows) and different 
subscripts (within columns) are significantly different (p < 0.05). 

Storage 
( days ) 

 
0 

Irradiation dose  (kGy ) 
1.5 3.0                    4.5 

0 8.55a
a±0.005 8.42a

a±0.02 8.35a
a±0.21 8.35a

a±0.31 
5 4.55a

b±0.22 6.70b
b±0.32 5.99c

b±0.38 5.98c
b±0.45 

10 
15 
20 

4.54a
b±0.20 
R 
R 

6.13b
b±0.18 

5.12b
c±0.072 
R 

5.85c
b±0.005 

5.83c
b±0.43 

5.76c
b±0.43 

5.83c
b±0.08 

5.82c
b±0.09 

5.14c
c±0.68 

25 R R R 4.93d
d±0.45 
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Fig. (16): Lycopene content in irradiated and non- irradiated tomato   
     juices (mg / 100 g wet weight) during storage at 4°C±1. 
 

4.4. Effect of γ irradiation and refrigeration storage on the 
physiochemical properties of tomato juice 

a) Viscosity 

  The consistency of tomato juices expressed in viscosity 
and level of syneresis (serum separation) is important for the 
quality of tomato juices. The consistency of tomato products is 
strongly affected by the composition of the pectins (Hsu et al., 
2008). Table (20) and figure (22) shows the effect of irradiation 
on the viscosity of tomato juice, it is clear that the viscosity of 
non irradiated (control) tomato juice was 46±2 cPs. γ irradiation  
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significantly decreased the viscosity of the tomato juice. 
Irradiation at 1.5, 3.0 and 4.5 kGy significantly lowered the 
viscosity from 46 to 38.0, 28.0 and 24.0 cPs, respectively. 

 The irradiation of pectin in aqueous solutions caused 
degradation of macromolecules rather than the radiation induced 
desertification of polysaccharide chains reveals the decrease in 
viscosity of pectin solution (Zegota, 1999). The increase in 
pectin methylesterase (PME) activity in response to irradiation 
is in sharp contrast to the behavior for polygalacturonase (PG). 
Increased PME activity was also reported for sweet cherries 
irradiated at 2.0 and 5.0 kGy (Somogyi and Romani, 1964). 

 The same table and figure also show that the storage for 5 
days at 4°C±1  resulted in a significant decrease in viscosity of 
all tomato juice samples ( non irradiated and irradiated ), where 
the viscosity was 17.0, 30.0, 24.0 and 22.0 cPs for samples 
irradiated at 0.0, 1.5, 3.0 and 4.5 kGy, respectively. The 
viscosity gradually decreased during further storage in all 
samples. 

Table (20):  Viscosity (cPs) of tomato juices treated by irradiation 
during storage at 4°C±1 

R = Samples sensorially rejected, Mean values followed by different superscript (within 
rows) and different subscripts (within columns) are significantly different (p < 0.05). 

Storage  
( days ) 

 

 
  
      0 

Irradiation dose ( kGy ) 
 
       1.5     3.0   4.5 

0 46.0a
a±2.0 38.0b

a±6.0 28.0c
a±2.0 24.0d

a±2.0 
5 17.0a

b±1.0 30.0b
b±2.0 24.0c

b±2.0 22.0d
b±2.0 

10 15.0a
b±1.0 25.0b

c±2.0 22.0c
c±2.0 22.0c

b±2.0 
15 
20 
25 

R 
R 
R 

20.0b
d±2.0 

R 
R 

20.0b
d±2.0 

18.0c
e±0.0 

R 

20.0b
c±2.0 

19.0c
c±1.0 

14.0d
d±1.0 
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Fig. (17): Viscosity (cPs) of tomato juices treated by irradiation during 

      storage at  4°C±1. 

b) pH 

 Table (21) and fig (23) revealed that the pH of 
unirradiated (control) tomato juice was 4.65 indicating acidic 
medium. Irradiation at 1.5, 3.0 and 4.5 kGy showed no 
significant effect on the acidity (pH) of the tomato juice. The 
results also show that there were no significant differences in 
pH as a result of irradiation and storage. Similarly, Prakash et 
al. (2002) indicated that there were no significant differences in 
the pH as a result of irradiation of diced tomato.  
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Table (21): pH value of irradiated and non-irradiated tomato juices             
during storage at 4°C±1 

   R = Samples sensorially rejected.                                                            
Mean values followed by different superscript (within rows) and different 
subscripts (within columns) are significantly different (p < 0.05) 

Fig. (18): pH value of irradiated and non-irradiated tomato juice   
      during storage at 4°C±1. 

 

Storage    
( days ) 

 

 
 
0 

Irradiation dose ( kGy ) 
 
       1.5                    3.0                      4.5 

0 4.65a
a±0.01 4.63a

a±0.01 4.63a
a±0.005 4.63a

a±0.01 
5 4.66a

a±0.01 4.64a
a±0.005 4.64a

a±0.01 4.64a
a±0.005 

10 R 4.67a
a±0.005 4.68a

a±0.005 4.68a
a±0.005 

15 
20 
25 

R 
R 
R 

4.73a
a±0.005 
R 
R 

4.69a
a±0.005 

4.60a
a±0.005 
R 

4.69a
a±0.005 

4.62a
a±0.01 

4.58a
a±0.005 
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4.5. Effect of γ irradiation and refrigeration storage on the 
sensory evaluation of tomato juice 

 Sensory evaluation of the tomato juice was performed in 
the parameters of color, odor, taste, and overall acceptability. 
Table (22) and figure (24) indicated that γ irradiation at doses of 
1.5 and 3.0 kGy had no significant changes in the color, odor, 
taste and overall acceptability. On the other hand, the highest 
irradiation dose used (4.5 kGy) didn’t affect the color of the 
tomato juice significantly but significantly affect the odor, taste 
and overall acceptability of tomato juice samples where the 
panelists gave these samples the lowest scores. It is clear that all 
irradiation doses used (1.5, 3.0 and 4.5 kGy) had no significant 
effect. The result in table (19) confirm this fact as the irradiation 
doses didn’t effect lycopene content of tomato juice which is 
responsible for the color of tomato. 

 Table (22) also indicated that during storage, the sensory 
quality scores of non-irradiated and irradiated tomato juice 
samples decreased but at different levels. The decline of sensory 
scores was higher in non-irradiated tomato juice samples in 
comparison with irradiated ones. After 10 days of storage the 
panelists rejected non-irradiated (control) samples because of 
off-odor, color changes and bad overall acceptability. Thus, the 
panelists evaluated that the control samples could not be used 
for further evaluation because of the deterioration in quality and 
spoilage. Panelists rejected tomato juice samples receiving 1.5, 
3.0 and 4.5 kGy after 15, 20 and 25 days of storage at 4°C±1, 
respectively. Prakash et al. (2002) reported that sensory 
evaluation of irradiated diced tomatoes indicated higher dosages 
(1.24 and 3.70 kGy) of gamma irradiation impacted aroma, 
flavor and textural properties and with increasing levels of 
irradiation,  
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panelists noted a decrease in fresh tomato aroma and flavor and 
an increase in ripe tomato aroma. Song et al. (2007) mentioned 
that the overall sensory scores of the irradiated and non-
irradiated samples of vegetable juice were not significantly 
different immediately after irradiation. However, the sensory 
quality of the non-irradiated carrot and kale juice decreased with 
the storage time, and it appeared to be the worst at storage of 
day 3.  
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Table (22): Effects of irradiation on the sensory scores of tomato juice 
during  storage at 4°C±1 

 

Where 0 (dislike extremely) to 9 (like extremely)                                                   
R = Samples sensorially rejected.                                                             
Mean values followed by different superscript ( within rows ) and different 
subscripts ( within columns ) are significantly different ( p < 0.05 ). 
 
 
 

Sensory 
parameters 

Storage 
( days ) 

 

 
 

0 

Irradiation dose ( kGy ) 
 

1.5                    3.0                  4.5 
 0 8.8a

a±0.05 8.7a
a±0.05 8.7a

a±0.10 8.6a
a±0.05 

 5 7.5a
b±0.05 8.3b

b±0.05 8.4b
b±0.05 8.3b

b±0.05 
 10 4.0a

c±0.03 7.6b
c±0.15 7.6b

c±0.25 7.5b
c±0.05 

Color 
 
 
 
 
 
 
Odor 
 
 
 
 
 
 
Taste 
 
 
 
 
 
Overall 
acceptability 
 
 

15 
20 
25 

 
0 
5 

10 
15 
20 
25 

 
0 
5 

10 
15 
20 
25 

 
0 
5 

10 
15 
20 
25 

R 
R 
R 
 

8.7a
a±0.05 

7.4a
b±0.05 

3.6a
c±0.05R 

R 
R 
R 
 

8.9a
a±0.05 

7.7a
b±0.20 

3.7a
c±0.25R 

R 
R 
R 
 

8.8a
a±0.05 

7.7a
b±0.20 

3.6a
c±0.30R 

R 
R 
R 

3.9b
d±0.05R 

R 
R 
 

8.6a
a±0.05 

7.9b
b±0.10 

6.7 b
c±0.25 

4.0b
d±0.20R 

R 
R 
 

8.8a
a±0.05 

7.9b
b±0.10 

6.7b
c±0.20 

3.6b
d±0.40R 

R 
R 
 

8.7a
a±0.05 

7.9b
b±0.10 

6.7b
c±0.20 

3.9b
d±0.40R 

R 
R 

6.4c
d±0.05 

3.8c
e±0.25R 

R 
 

8.6a
a±0.10 

7.9b
b±0.05 

7.1c
c±0.25 

6.6c
d±0.15 

4.0c
e±0.15R 

R 
 

8.7a
a±0.10 

7.7c
b±0.20 

7.2c
c±0.25 

6.6c
d±0.10 

3.9c
e±0.15R 

R 
 

8.7a
a±0.10 

7.7c
b±0.20 

7.2c
c±0.10 

6.6c
d±0.10 

3.9c
e±0.15R 

R 

6.3c
d±0.05 

4.0c
e±0.10 

3.7d
f±0.25R 

 
8.0 b

a±0.05 
7.2c

b±0.10 
7.2c

b±0.45 
7.1d

b±0.55 
6.6d

c±0.15 
3.9d

d±0.1R 
 

8.2b
a±0.05 

7.1d
b±0.10 

7.2c
b±0.15 

7.1d
b±0.15 

6.3d
c±0.05 

4.0d
d±0.05R 

 
8.1b

a±0.05 
7.5d

b±0.05 
7.2c

c±0.05 
7.2d

c±0.10 
6.6d

d±0.15 
3.8d

e±0.10R 
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Color                                             Odor 

 
 

                 Taste                                            Overall acceptability     

 
Fig. (19): Effects of irradiation on the sensory scores of tomato juice 

during storage at 4°C±1. Where 0 (dislike extremely) to 9 (like 
extremely). 

 



  

 

 
 

132

Introduction Results and Discussion

5. Irradiation of fresh carrot juice 

5.1. Effect of γ irradiation and refrigeration storage on the 
microbial load of carrot juice 

 Microbiological evaluation of foods is of prime 
importance due to the presence of spoilage microorganisms and 
harmful human pathogens and their inactivation is essential to 
ensure the hygienic quality of food material. Carrot juices 
enjoys high consumer acceptance on account of its taste and 
nutritional benefits. Carrot juice is however preferred as fresh-
squeezed. Although carrots are assumed to be safe, the 
consumption of unpasteurized juices may be dangerous since 
they could be a potential source of bacterial pathogens (Ryu 
and Beuchat, 1998). In our study table (23) shows that the 
original microbial population (aerobic mesophillic bacteria, 
lactic acid bacteria and yeasts and molds) of carrot juices were 
4.98, 4.76 and 3.25 log cfu/ml, respectively. Song et al. (2007) 
found that the initial population of total aerobic bacteria in the 
carrot juice were 5.96 log cfu/ml. This levels is higher than that 
obtained in our study. This could be due to the differences in 
varieties, environment in which plants are grown, post-harvest 
handling, processing conditions, ……etc.  

 The results of the viable counts of aerobic mesophillic 
bacteria, lactic acid bacteria and yeasts and molds in carrot juice 
after  irradiation treatment (1.5, 3.0 and 4.0 kGy) are presented 
in table (23). The results in table (23) also indicate that gamma 
irradiation significantly reduced the microbial contamination 
level with a dose – dependent tendency (p<0.05).  
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Table (23): Effect of γ-irradiation and subsequent storage (4°C±1) on 
the microbial counts (log cfu/ml) contaminating carrot 
juice 

Irradiation doses ( kGy )  Micro- 
organisms 

Storage  

( days ) 
0.0 1.5 3.0 4.0 

Total 
aerobic 
mesophilic 
bacteria 

 

Lactic acid 
bacteria 

 

 

Total 
molds and 
yeasts  

 

0 
3 
5 

10 
 
 

0 
3 
5 

10 
 
 

0 
3 
5 

10 
 

4.98a
a±0.01 

7.10a
b±0.03 
R 
R 
 
 

4.76a
a±0.005 

6.89a
b±0.005 
R 
R 
 
 

3.25a
a±0.05 

5.17a
b±0.03 
R 
R 
 

3.92b
a±0.01 

4.74b
b±0.02 

6.20b
c±0.06 

7.85b
d±0.005 

 
 

2.90b
a±0.09 

4.98b
b±0.01 

5.03b
c±0.03 

7.78b
d±0.01 
 
 

1.86b
a±0.09 

2.25b
b±0.025 

3.66b
c±0.02 

4.52b
d±0.16 
 

2.91c
a±0.13 

3.69c
b±0.005 

4.68c
c±0.01 

7.03c
d±0.03 
 
 

2.48c
a±0.12 

2.48c
b±0.015 

4.02c
c±0.02 

7.34c
d±0.04 
 
 

1.73c
a±0.04 

1.53c
b±0.06 

2.85c
c±0.01 

3.40c
d±0.01 
 

<10 
2.69d

b±0.005 
3.73d

c±0.04 
6.05d

d±0.05 
 
 

<10 
<10 

2.75d
c±0.15 

4.02d
d±0.02 
 
 

<10 
<10 
<10 
<10 

 

   

    R = Samples sensorially rejected. 
<10 = below detectable limit (<10 cfu/ml). 
 Mean values followed by different superscript (within rows) and different 
subscripts (within columns) are significantly different (p < 0.05) 
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The levels of 1.06, 1.86 and 1.39 log cycle reduction of 
total aerobic bacterial counts, lactic acid bacteria and mold and 
yeast were achieved by 1.5 kGy, respectively. 3.0 kGy could 
reduce them by 2.07, 2.28 and 1.52, respectively. On the other 
hand, a dose of 4.0 kGy could be successfully reduce them to 
below the detectable counts (<10 cfu/ml). Chaudry et al. ( 2004 
) reported that the irradiation doses of 0.5, 1.0 reduce the the 
number of the initial total bacterial count of carrots by 0.83 and 
0.29 log cycles, respectively and doses 2.0, 2.5 and 3.0 kGy 
eliminate the total bacterial count. The same doses 0.5, 1.0, 2.0, 
2.5 and 3.0 kGy eliminate the total fungal counts completely of 
carrots. Song et al. (2007) found that the irradiation doses of 1 
and 2 kGy could reduce the microbial populations of carrot juice 
by 2.4 and 3.8 log cycles, respectively. They added that all the 
aerobic bacteria and coliform in the fresh carrot juice were 
eliminated by irradiation at 3 kGy. However, radiation doses up 
to 5 kGy could not completely eliminate the bacteria in the fresh 
kale juice indicating that the microflora of the carrot and kale 
juice is fairly different. Chervin and Boisseau (1994) reported 
that the growth of aerobic and lactic microflora on shredded 
carrots was inhibited by irradiation at 2.0 kGy and chlorination 
treatment, and the sensory analysis panellists preferred the 
irradiated vegetables. 

 The effect of refrigeration storage on the microbial 
populations (aerobic bacteria, lactic acid bacteria, molds and 
yeasts) of non- irradiated and irradiated carrot juice samples is 
also tabulated in table (23). It is evident from the results in the 
table that all microbial populations are significantly increased as 
storage period increased but the rate of increase was lower in 
irradiated samples in comparison with non-irradiated ones. The 
counts of total aerobic bacteria, lactic acid bacteria, molds and  



  

 

 
 

135

Introduction Results and Discussion

 

yeasts in non-irradiated carrot juice were increased and reached 
7.1, 6.89 and 5.17 log cycles after 3 days, respectively.    

 The counts of these microbial populations in irradiated 
carrot juice samples at 1.5 and 3.0 kGy were also increased and 
reached almost the same counts but after 10 days of storage. 
Total aerobic bacterial counts and lactic acid bacteria of carrot 
juice samples receiving 4.0 kGy gradually increased during 
storage at 4°C±1 reaching 6.05 and 4.0 log cycles after 10 days. 
However, total yeasts and molds were below detectable level 
throughout the storage period. These results show that 3 or 4 
kGy irradiation doses could significantly reduce the microbial 
populations and extended the shelf life of the fresh carrot juice 
to 10 days at 4°C±1 from the view point of microbial counts. 

  Farkas et al. (1997) showed that 1 kGy dose of gamma 
radiation was sufficient to reduce bacterial load, improve 
microbiological shelf life and extend sensorial quality of carrots. 
Microbial spoilage of non-irradiated carrot juice proceeds 
rapidly because the initial total viable count is generally high 
(typically 105-106 cfu/ml) (Park et al., 2002). Song et al. (2007) 
reported that total aerobic bacteria count reached 9.09 log 
cfu/ml after 3 days of storage in carrot juice. 

5.2. Effect of γ irradiation and refrigeration storage on the 
pathogenic bacteria contaminating carrot juice 

 Results (table 24) revealed the presence of coliform 
bacteria (460 MPN/ml), Escherichia coli (21 MPN/ml) and 
Enterococcus faecalis (3.5x102 cfu/ml) indicating that a serious 
health hazard due to the possible presence of enteric pathogens. 
Like non – pathogenic microorganisms, pathogens come from 
the environment in which plant are grown, as well as from post- 
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harvest handling, wash water, processing, etc. The entry of such 
pathogens subsequently in fresh squeezed juice could be 
facilitated if damaged or partially carrots are used (Beuchat, 
1996). Ghosh et al. (2004) found high numbers of fecal and 
total colifroms ( 104 and 107  cfu/g ) in carrot destined for 
juicing. In contrast, Staphylococcus aureus and Aeromonas 
hydrophila were not detected in our unirradiated carrot juice. 
This implies that unprocessed vegetable juice is a harbor for 
human pathogenic bacteria, resulting in a foodborne outbreak. 
Therefore, vegetable juice should undergo some type of 
processing to inactivate most of the microorganisms. The same 
table also shows the inactivation effects of γ-irradiation on 
pathogens found in carrot juice. A dose of 1.0 kGy or above 
effectively reduced the coliform and Escherichia coli 
populations to below the detectable levels (< 3), but was not 
enough for elimination of   Enterococcus faecalis.  While, 
irradiation dose of 3 or 4 kGy was effectively for elimination of 
Enterococcus faecalis found in carrot juice. Also, Alighourchi 
et al. (2008) showed that low-dose gamma radiation (0.5 kGy) 
treatment potentially could be eliminating Escherichia coli 
without any detectable effect on the organoleptic quality of the 
product.  

 During storage of carrot juice at 4°C±1, total coliforms 
and E.coli decreased from 460 and 21 MPN/ml to 150 and < 3 
MPN/ml, respectively at day 3. Meanwhile, Enterococcus 
faecalis increased reaching 7.6x103 cfu/ml.   MPN of coliform 
bacteria, E.coli  and Enterococcus faecalis in all irradiated 
carrot juice samples were below detectable level thoughout the 
refrigeration storage period.  
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Table (24): Effect of γ-irradiation and subsequent storage ( 4°C±1 ) on  
                the  some pathogens  contaminating carrot juice 

Irradiation doses ( kGy )  Micro- 
organisms 

Storage  

( days ) 
0.0 1.5 3.0 4.0 

 

Coliforms  
( MPN/ml) 
 

 
Escherichia coli 
( MPN/ml ) 
 

 
Enterococcus 
faecalis 
( cfu / ml ) 
 

 
 

Staphylococcus 
aureus 
( cfu / ml ) 

 
 

Aeromonas 
hydrophila  
( cfu / ml )  

0 
3 
5 

10 
 
 

0 
3 
5 

10 
 
 

0 
3 
5 

10 
 
 

0 
3 
5 

10 
 
 

0 
3 
5 

10 
 

460 

150 

R 
R 
 
 

21 
< 3 
R 
R 
 
 

3.5x102 

7.6x103 

<100 
R 
R 
 

<100 
<100 

R 
R 

 
 

<100 
<100 

R 
R 

< 3 
< 3 
< 3 
< 3 

 
 

< 3 
< 3 
< 3 
< 3 

 
 

2.0x102 

<100 
<100 
<100 

 
 

<100 
<100 
<100 
<100 

 
 

<100 
<100 
<100 
<100 

 

< 3 
< 3 
< 3 
< 3 

 
 

< 3 
< 3 
< 3 
< 3 

 
 

<100 
<100 
<100 
<100 

 
 

<100 
<100 
<100 
<100 

 
 

<100 
<100 
<100 
<100 

 

< 3 
< 3 
< 3 
< 3 

 
 

< 3 
< 3 
< 3 
< 3 

 
 

<100 
<100 
<100 
<100 

 
 

<100 
<100 
<100 
<100 

 
 

<100 
<100 
<100 
<100 

 
 
  R = Samples sensorially rejected.                                                                                 
< 3 = No positive tubes have been shown in the first three dilutions.                      
<100 = below detectable level 
 
 



  

 

 
 

138

Introduction Results and Discussion

5.3. Effect of γ-irradiation and refrigeration storage on the 
nutritional quality of carrot juice 

a) Ascorbic acid content 

 Ascorbic acid content (AA) was quantified in all the 
products, since it is the natural form presented in fruits and 
vegetables.Table (25) shows that unirradiated carrot juice 
samples contained 8.8 mg/100g of AA. Song et al. (2007) found 
that ascorbic acid content in carrot juice was 4.37 mg/100 ml 
indicating variation in ascorbic acid content of carrot juices. The 
variety of carrot, cultivar, plant origin and condition of planting. 
All of these factors affect the variation on the content of 
ascorbic acid in carrot juice.  

 γ irradiation at dose of  1.5 kGy did not show a significant  
changes in the AA content, while  doses of 3.0 and 4.0 kGy 
resulted in 25.79% and 55.11% loss of total AA, respectively 
indicating that these doses significantly ( p<0.05) decreased 
ascorbic acid content of carrot juice. A.A is the most sensitive 
water-soluble vitamin to irradiation (Kilcast, 1994) and is 
highly sensitive to various modes of degradation (Tannenbaum 
et al., 1985). This significant decrease of ascorbic acid is 
apparent and could be due to the partial oxidation of ascorbic 
acid to dehydroascorbic acid which not affecting carrot juice on 
vitamin C. Song et al. (2007) reported that irradiation resulted 
in a dose dependent reduction of the ascorbic acid content in 
carrot and kale juice, however, the contents of the total ascorbic 
acid, including dehydroascorbic acid, were stable up to 3 kGy of 
irradiation. Also, Wen et al. (2006) observed that the vitamin C 
content was decreased following the increasing doses of gamma 
irradiation in lyceum fruit. The reduction of the vitamin C 
content  
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should not be a significant problem, because carrot juice is the 
essential source of B-carotene not Vitamin C. 

 During refrigeration storage, there was a decrease in the 
ascorbic acid content of carrot juice but at different levels 
(Table 25). After 3 days of storage at 4°C ±1, ascorbic acid 
content decreased by 4.54% in 0.0 kGy, while it decreased in 
samples irradiated at 1.5, 3.0 and 4.0 kGy by 1.53 %, 20.82% 
and 21.01%, respectively. It is obvious that 1.5 kGy showed the 
least loss in ascorbic acid content during storage. Almost similar 
results was obtained by Song et al. (2007) who found that 3.0 
kGy caused a loss by 35.12% in ascorbic acid content of carrot 
juice after 3 days storage. 

Table (25): Ascorbic acid content (mg/100 ml) of carrot juice treated 
with irradiation during storage at 4°C±1 

R = Samples sensorially rejected.                                                                                              
Mean values followed by different superscript ( within rows ) and different 
subscripts ( within columns ) are significantly different ( p < 0.05 ) 
 
 
 

 

Storage 
( days ) 
 

 
  
        0 

Irradiation dose  ( kGy ) 
 
        1.5     3.0   4.0 

0 8.80a
a±1.30 8.45a

a±0.65 6.53b
a±0.05 3.95c

a±0.05 
3 8.40a

a±0.03 8.32a
a±0.05 5.17b

b±0.03 3.12c
b±0.03 

5 R 8.20b
a±1.05 3.85c

c±0.05 2.65d
c±0.05 

      10  R 8.05b
a±0.20 3.82c

c±0.02 
 

2.46d
c±0.04 
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Fig . (20): Ascorbic acid content (mg/100 ml) of carrot juice treated   
         with irradiation during storage at 4°C±1. 

b) Total carotenoids content 

 Carotenoids are among the most important nutrients in 
food, owing to their diverse functions and actions. The attractive 
red or yellow colour conferred to many foods is their most 
apparent contribution to food quality. It is accepted that 
carotenoids in general and carotenes in particular provide 
significant antioxidant activity to the human food and animal 
feed supply, and thus may be responsible for some of the 
significant correlations between increased intake of vegetables 
providing significant carotenoid content and improved health 
status (Akhtar and Bryan, 2008). Recently it has been reported 
that the world carotenoid market is expected to reach U.S. $1.06 
billion by the end of 2010 as consumers continue to look for 
natural ingredients (Nutraingredient, 2007). 
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 Total carotenoids in our irradiated and non irradiated 
carrot juice are presented in table (26). It is evident that the total 
carotenoids in non irradiated carrot juice were 3738 µg/g. This 
results was in the range of total carotenoids content in carrot 
samples prepared in large quantities (expressed on insoluble 
solids basis), as analysed by spectrophotometry (2237- 4714 
µg/g) reported by (Sant'Ana et al., 1998).  The data revealed 
that no significant difference in total carotene content between 
irradiated samples and non irradiated. Gamma-irradiation did 
not seem to decrease the total carotenoids content. According to 
the International Consultative Group on Food Irradiation 
(ICGFI), gamma-irradiation does not affect the content of b-
carotene or other carotenoids with pro-vitaminic A activity 
(ICGFI, 1999). Also, Wen et al. (2006) reported that gamma 
irradiation had no effect on b- carotene content of Lycium fruit. 

 During the refrigeration storage period, the total 
carotenoids decreased significantly in all samples. It is well 
known that carotenoids are extremely susceptible to 
degradation. Their highly unsaturated structure makes them 
sensitive to heat, oxygen and light (Britton, 1992). 
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Table (26):  Effect of γ irradiation and refrigeration storage on the 
total carotenoids (µg/g) of carrot juice 

 
R = Samples sensorially rejected.                                                                          
Mean values followed by different superscript (within rows) and different 
subscripts (within columns) are significantly different (p < 0.05). 
 

 
 Fig. ( 21 ): Effect of γ irradiation and refrigeration storage on the 
total          carotenoids of carrot juice. 

 

 

Storage      
( days ) 

 

 
  
         0 

Irradiation dose  ( kGy ) 
 
       1.5   3.0                       4.0 

0 3738a
a±38.5 3535a

a±20.0 3451a
a±10.0 3400a

a±20.0 

5 2075a
b±28.0 3535b

a±35.0 2927c
b±23.2 1282d

b±87.50 

10 R 1360b
b±40.0 1325b

c±75.0 1250b
b±50.0 
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5.4. Effect of γ-irradiation and refrigeration storage on 
physiochemical properties of carrot juice 

a) Viscosity 

 The rheological behaviour of juices is largely influenced 
by their quantitative and qualitative composition and, therefore, 
it will depend on the fruit type and on the treatments to which it 
is subjected during processing. Table (27) indicated the 
viscosity of carrot juice, it is clear that all irradiation doses used 
(1.5, 3.0 and 4.0 kGy) had no significant decrease in the 
viscosity of carrot juice. However, a significant increase in the 
viscosity of the juice has observed during refrigeration storage, 
and this may be due to the increase in the microbial load of the 
juice which leads to deterioration of the juice and increase its 
viscosity. Also Huis in’t Veld (1996) reported that chemical 
spoilage processes of food may also bring about physical 
changes such as increased the viscosity, gelation, sedimentation 
or color change of food. 

Table (27):  Viscosity (cPs) of carrot juices treated by irradiation    
             during storage at 4°C±1.  

R = Samples sensorially rejected.                                                                          
Mean values followed by different superscript (within rows) and different 
subscripts (within columns) are significantly different (p < 0.05). 

Storage 
( days ) 

 

 
  
        0 

Irradiation dose  ( kGy ) 
   
         1.5      3.0                  4.0 

0 4.0a
a±0.005 4.0a

a±0.02 4.0a
a±1.0 4.0a

a±2.0 
3  12.0a

b±0.005 4.0b
a±0.01 4.0b

a±1.0 4.0b
a±2.0 

5 R 9.0b
b±1.0 7.0c

b±0.5 6.0d
b±0.01 

10 R 18.0b
c±2.0 17.0c

c±3.0 16.0d
c±0.02 
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Fig. (22):  Viscosity (cPs) of carrot juices treated by irradiation during     

storage at 4°C±1. 
 
b) pH  

 The pH of carrot juice ( control ) was 6.92 indicating a 
neutral medium, irradiation at 1.5, 3.0 and 4.0 kGy showed no 
significant effect on the pH of the carrot juice ( table  28 ).  
However, during storage the pH of non-irradiated and irradiated 
carrot juice samples significantly decreased. Wang et al. (2006) 
studying the kinetics of enzymatic darkening in carrot juice 
during storage, observed a considerable reduction in the pH over 
time for samples stored at 25 and 37 °C, which was not noted at 
-18 and 0 °C. The authors assigned the decrease in the total 
sugars, total amino acids and pH to the Maillard reaction. They 
attributed the pH reduction to the formation of 
hydroxymethylfurfural (HMF) from the reactions involving 
amino acids and reducing sugars. The darkening of the juice was 
also attributed to HMF formation. The physico-chemical results 
for untreated juice are in  
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agreement with Saldana et al. (1976), Lombrana and Dias 
(1985), Bawa and Saini (1987), Anastasakis et al. (1987). 

Table (28): pH value of irradiated and non-irradiated carrot juices    
           during storage at 4°C±1 

R = Samples sensorially rejected.                                                                          
Mean values followed by different superscript ( within rows ) and different 
subscripts ( within columns ) are significantly different ( p < 0.05 ). 
 

 
Fig. ( 23 ): pH value of irradiated and non-irradiated carrot juices    
       during storage at 4°C±1. 

 

Storage 
( days ) 
 

  
 
         0 

Irradiation dose  ( kGy ) 
 
         1.5        3.0       4.0 

0 6.92a
a±0.04 6.85a

a±0.005 6.53a
a±0.01 6.77a

a±0.07 
3 5.37a

b±0.21 6.85b
a±0.005 6.52b

a±0.01 6.78b
a±0.07 

5 R 5.52b
b±0.125 6.45c

a±0.065 6.98c
a±0.13 

10 R 4.62b
c±0.20 5.51c

c±0.005 5.52c
c±0.005 
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5.5. Effect of γ-irradition and refrigeration storage on the 
sensory evaluation of carrot juice 

 All the carrot juice samples (irradiated and nonirradiated) 
were subjected to sensory evaluation for color, odor, taste and 
overall acceptability using 9-hedonic scale. The panellists scores 
were tabulated in table (29) and illustrated in figure (29). 
Irradiation at 1.5 and 3.0 kGy had no significant (p<0.05) effect 
on sensory characteristics of carrot juice as the panellists gave 
these samples almost the same scores. However, irradiation dose 
of 4.0 kGy significantly (p<0.05) affected the sensory 
characteristics of carrot juice. This suggests that carrot juice 
should not be irradiated at more than 3.0 kGy doses for storage 
at refrigeration temperature as 4°C±1. 

 During refrigeration storage at 4C°±1, the sensory 
characteristics of all carrot juice samples (irradiated or not) 
significantly decreased. Odor, taste and overall acceptability 
scores became the worst at day 3, where the panellists rejected 
these samples because of off-odor and very bad taste. Therefore, 
control samples could not be used for evaluation after that time. 
It is clear that carrot juice had very short shelf-life, not more 
than 2 days at refrigeration temperature. Similar results have 
been found by Song et al. (2007) who reported that the sensory 
quality of non – irradiated carrot juice (control) was deteriorated 
at day 3. The panellists rejected carrot juice samples receiving 
1.5 kGy after 5 days of refrigeration storage. Meanwhile, carrot 
juice samples irradiated at 3 kGy were sensorial rejected after 
10 days or refrigerated storage. Carrot juice samples exposed to 
4 kGy still accepted at day 9. This means that irradiation doses 
at 1.5, 3.0 and 4.0 kGy could extend the shelf-life of carrot 
samples at refrigeration temperature to 4, 8 and 9 days, 
respectively. It could  
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be concluded that irradiation dose of 3.0 kGy could be used to 
extend the shelf life of carrot juice without adverse effect on 
sensory quality.  

Table (29): Effects of irradiation on the sensory scores of carrot juice 
during storage at 4°C±1 

 Where 0 (dislike extremely) to 9 (like extremely).                                              
R = Samples sensorially rejected.                                                                                                           
Mean values followed by different superscript (within rows) and different 
subscripts (within columns) are significantly different ( p < 0.05 ) 

 

Sensory 
parameters 

Storage 
( days ) 

 

 
 

0 

Irradiation dose ( kGy ) 
 

1.5                    3.0                  4.0     
 0 8.9a

a±0.05 8.8a
a±0.05 8.8a

a±0.10 8.5b
a±0.05 

 3 8.6a
b±0.05 8.6a

b±0.05 8.6a
b±0.05 8.4b

a±0.05 
color 5 R 7.5b

c±0.15 7.5b
c±0.25 7.4b

b±0.05 
 
 
 
 
odor 
 
 
 
 
Taste 
 
 
 
Overall 
acceptability 
 

 

10 
 

0 
3 
5 

10 
 

0 
3 
5 

10 
 

0 
3 
5 

10 

R 
 

8.7a
a±0.05 

3.8a
b±0.05R 

R 
R 
 

8.9a
a±0.05 

3.7a
b±0.20R 

R 
R 
 

8.7a
a±0.05 

3.7a
b±0.20R 

R 
R 

6.7b
d±0.05 

 
8.6a

a±0.05 
7.3b

b±0.10 
3.9 b

c±0.25R 
R 
 

8.8a
a±0.05 

6.5b
b±0.10 

3.3b
c±0.20R 

R 
 

8.6a
a±0.05 

6.5b
b±0.10 

3.5b
c±0.20R 

R 

6.8b
d±0.05 

 
8.6a

a±0.10 
7.7c

b±0.05 
6.7c

c±0.25 
3.8c

d±0.15R 
 

8.8a
a±0.10 

7.5c
b±0.20 

6.3c
c±0.25 

3.6c
d±0.10R 

 
8.6a

a±0.10 
7.5c

b±0.20 
6.7c

c±0.10 
3.6c

d±0.10R 

6.8b
c±0.05 

 
8.4 b

a±0.05 
7.7c

b±0.10 
6.3d

c±0.45 
3.9c

d±0.55R 
 

8.6b
a±0.05 

7.7d
b±0.10 

6.5c
c±0.15 

3.3c
d±0.15R 

 
8.5b

a±0.05 
7.8d

b±0.05 
6.8c

c±0.05 
3.9c

d±0.10R 
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                      Color                                                      Odor 

             
           Taste                                        Overall acceptability 

  

Fig. (24): Effects of irradiation on the sensory scores of carrot juice     
during storage at 4°C±1. 
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6. Combination treatment of irradiation and 
cinnamaldehdye 

6.1. Effect of γ irradiation and cinnamaldehdye on the   
microbial load of carrot juice 

 Radiation treatment is a process with excellent potential 
for controlling or eliminating food borne pathogens in food. 
However, the use of radiation to kill pathogens is limited 
because radiation induces effects in the sensory quality of the 
food products (Lacroix et al., 1991). When irradiation is used in 
combination with other preservation methods such as addition 
of spices and plant extracts, the global efficiency is reinforced 
through synergistic action, and the irradiation doses can be 
reduced without affecting the product quality (Mahrour et al., 
1998). Essential oils are known as antimicrobial agents that 
could be used to control food spoilage and food borne 
pathogenic bacteria (Espina et al., 2011). Preservation and shelf 
life extension have been the historical focus of research on 
irradiation of juices (Niemira and Deschenes, 2004). 

 The results of previous study indicate that although 
irradiation dose of 4.0 kGy reduced all microbial counts to 
below detectable levels thereby improve microbial shelf life and 
safety, it had an adverse effect on sensory quality of carrot juice. 
While, irradiation dose of 3.0 kGy could reduce the microbial 
counts to great extent as well as it reduced coliform bacteria, 
Escherichia coli and Enterococcus faecalis to below detectable 
levels without adverse effects on sensory qualities of carrot 
juice. But carrot juice samples irradiated at this irradiation dose 
had limited shelf-life at refrigeration temperature (4°C±1) 
almost 8 days. To get more refrigeration shelf-life extension of 
carrot juice, it was designed to use irradiation in combination 
with other preservation techniques.  
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 Table (30) show the effect of γ-irradiation (3 kGy ) in 
combination with cinnamaldehyde ( 8µl/100ml) on total aerobic 
bacterial counts, lactic acid bacteria and  total mold and yeasts 
of carrot juice samples during refrigeration storage. Addition of 
cinnamaldehyde alone at concentration of 8µl/100ml reduced 
the counts of these microorganisms by 1.01, 0.23 And 0.5 log 
cycles, respectively. Meanwhile, combination of 
cinnamaldehyde at 8µl/100ml concentration and irradiation at 
3.0 kGy reduced all microbial counts under investigation to 
below detectable levels <10 cfu/ml. Conner and Beuchat 
(1984) proposed that essential oils damage a variety of enzyme 
systems of yeasts affecting structural component synthesis and 
energy production. They also reported that essential oils prohibit 
repair of injury in yeasts metabolically or structurally damaged 
as a result of being exposed to elevated temperatures. Oussalah 
et al. (2006) reported that the mechanism of action of the 
cinnamon oil and its main active compound on microorganisms 
appear to be related to the cell membrane from a slight 
disruption seem to occur, causing dispersion of the proton 
motive force by leakage of small ions without leakage of large 
cell components, such as ATP, which were subsequently 
degraded by the ATPase enzyme. This fact could be attributed 
to the hydrophobic nature of the oil, which may directly diffuse 
across the lipid bilayer of the cell membrane, and /or gain acess 
to the periplasm and deeper parts of the cell through the porins, 
which have also showed to allow the penetration of lipophilic 
substances of Low molecular weight at significant rates, despite 
of its hydrophilic nature (Helander et al., 1998). 
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Table (30): Effect of γ-irradiation and cinnamaldehyde (8µl/100ml) on 
          the microbial counts (log cfu/ml) contaminating carrot  
           juice during storage at 4°C±1  

 
 R = Samples sensorially rejected. 
<10 = below detectable limit (<10 cfu/ml).                                             
Mean values followed by different superscript (within rows) and different 
subscripts (within columns) are significantly different (p < 0.05) 

  

 

             Treatments Micro- 
organisms 

Storage  

( days ) 
0.0 8µl 

cinnamaldehyde 
3.0 kGy + 8µl  

cinnamaldehyde 

 

Total 
aerobic 
mesophilic 
bacteria 

 

 

Lactic acid 
bacteria 

 

 

Total mold 
and yeasts 
 

0 
3 
7 

14 
21 
28 

 
0 
3 
7 

14 
21 
28 

 
0 
3 
7 

14 
21 

     28 

4.25a
a±0.01 

7.11a
b±0.03 
R 
R 
R 
R 
 

2.20a
a±0.03 

4.98a
b±0.01 
R 
R 
R 
R 
 

3.15a
a±0.05 

5.15a
b±0.03 
R 
R 
R 
R 

3.24b
a±0.01 

4.33b
b±0.02 

6.40b
c±0.01 
R 
R 
R 
 

1.97b
a±0.05 

3.98b
b±0.01 

4.02b
c±0.02 
R 
R 
R 
 

2.65b
a±0.01 

3.25b
b±0.02 

5.40b
c±0.01 
R 
R 
R 

<10 
2.48c

b±0.12 
3.32c

c±0.05 
4.69c

d±0.05 
6.41c

e±0.02 
7.53c

f±0.02 
 

<10 
<10 
<10 
<10 
<10 
<10 

 
<10 

2.18c
b±0.12 

3.03c
c±0.03 

4.96c
d±0.08 

5.73c
e±0.04 

6.94c
f±0.04 
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During storage, it is evident from the results in the table 
(30) that all microbial populations are significantly increased as 
storage period increase but the rate of increase was lower in the 
samples contain 8µl/100ml cinnamaldehdye and was more 
lower in the samples contain 8µl/100ml cinnamaldehdye and 
irradiated at 3.0 kGy. The counts of total aerobic bacteria, lactic 
acid bacteria and yeasts in non-irradiated carrot juice were 
increased and reached 7.11, 4.98 and 5.15 log cycles after 3 
days of storage at 4°C±1, respectively.  The counts of these 
microbial populations in carrot juice containing 8µl/100ml 
cinnamaldehdye and carrot juices containing 8µl/100ml 
cinnamaldehdye and irradiated at 3.0 kGy were also increased. 
These counts almost reached almost the same counts but after 7 
days of storage for samples containing 8µl/100ml 
cinnamaldehdye, and 28 days for samples containing 8µl/100ml 
cinnamaldehdye in addition to irradiation at 3.0 kGy. This 
indicated that combination treatment of irradiation (3.0 kGy) 
and 8µl/100ml cinnamaldehdye increased the shelf life of carrot 
juice from 3 days to 28 days from the view point of microbial 
counts. Valero and Salmeron (2003) reported that the addition 
of 5µl cinnamon essential oil to 100 ml of carrot broth, 
inoculated with Bacillus cereus spores and preserved at 
temperature of 8°C or lower, made it possible to inhibit its 
germination and growth for at least 60 days in a model RMP 
(refrigerated minimally processed foods) food made with carrots 
at 16°C.  

6.2. Effect of γ irradiation and cinnamaldehdye on the   
pathogenic bacteria contaminating carrot juice 

 Results (Table 31) revealed the presence of coliform 
bacteria (350 MPN/ml), Escherichia coli (22 MPN/ml). The 
table shows that no reduction effects of 8µl/100ml 
cinnamaldehdye on total coliform bacteria of carrot juice, while 
it was slight  
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reduction in E.coli. Meanwhile, combination treatment of 
irradiation (3.0 kGy) and 8µl/100ml cinnamaldehyde was 
effectively for elimination of coliform bacteria and E.coli 
populations found in carrot juice below the detectable levels (< 
3). 

 Lacroix et al. (2009) showed that irradiation technology 
in combination with other treatments is effective for reducing or 
eliminating the growth of bacteria and subsequently extending 
the shelf life of ready–to–eat vegetables, by increasing the 
radiosensitization of bacteria and by lowering the dose 
necessary to eliminate them. Abd El-Aziz and Abd El-Khalek 
(2010) reported that the cinnamon essential oils showed 
moderate effects against Zygosaccharomyces rouxii, 
Enterococcus faecalis and Escherichia coli. Also they added 
that combination treatment of 4 or 6 µl/ml of orange peel 
essential oil in orange juice and irradiation at 2.0 or 3.0 kGy 
completely inhibited the growth of these microorganisms after 
96 h. 
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Table (31): Effect of γ-irradiation and cinnamaldehyde ( 8µl/100ml ) 
on  pathogens contaminating carrot juice during  storage at 4°C  

 
Treatments Micro- 

organisms 
Storage 
( days ) 

0.0 8µl 
cinnamaldehyde 

3.0 kGy + 8µl  
cinnamaldehyde 

 
 

Coliforms 
(MPN/ml) 

 
 
 
 
 

Escherichia coli 
( MPN/ml ) 

 
 
 
 
Enterococcus 
faecalis 
( cfu/ml ) 

 
 
 
 
Staphylococcus 
aureus 
( cfu/ml ) 

 
 
 

Aeromonas 
hydrohila  

(cfu/ml) 

0 
7 
14 
21 
28 
 
0 
7 
14 
21 
28 
 
0 
7 
14 
21 
28 
 
0 
7 
14 
21 
28 
 
0 
7 
14 
21 
28 

350 
112 
R 
R 
R 
 
22 
< 3 
R 
R 
R 
 

<100 
<100 

R 
R 
R 
 

<100 
<100 

R 
R 
R 
 

<100 
<100 

R 
R 
R 

350 
112 
R 
R 
R 
 
19 
< 3 
R 
R 
R 
 

<100 
<100 

R 
R 
R 
 

<100 
<100 

R 
R 
R 
 

<100 
<100 

R 
R 
R 

< 3 
< 3 
< 3 
< 3 
< 3 
 
< 3 
< 3 
< 3 
< 3 
< 3 
 

<100 
<100 
<100 
<100 
<100 

 
<100 
<100 
<100 
<100 
<100 

 
<100 
<100 
<100 
<100 
<100 

; 
      R = Samples sensorially rejected.                                                                              

< 3 = No positive tubes have been shown in the first three dilutions.                
<100 = below detectable level. 
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6.3. Effect of γ irradiation and cinnamaldehdye on the 
physiochemical properties of carrot juice 

a) Viscosity  

 Table (32) indicated the viscosity of carrot juice, it is 
clear that all treatments had no significant decrease in the 
viscosity of carrot juice. However, a significant increase in the 
viscosity of the juice has observed during refrigeration storage, 
and this may be due to the increase in the microbial load of the 
juice which leads to deterioration of the juice and increase its 
viscosity. While no increase occurs in the irradiated juice 
containing 8µl/100ml cinnamaldehdye. 

Table (32):  Viscosity (cPs) of carrot juices treated by irradiation in     
            combination with cinnamaldehyde (8µl/100ml) 

R = Samples sensorially rejected.                                                                          
Mean values followed by different superscript (within rows) and different 
subscripts (within columns) are significantly different (p < 0.05). 

 

 

Storage 
( days ) 

 

 
           0 

   
8µl cinnamaldehyde               3.0 kGy + 8µl     

cinnamaldehyde 

0 4.0a
a±0.001 4.0a

a±0.01 4.0a
a±0.003 

7 12.0a
b±0.002 10.0b

b±0.05 4.0c
a±0.002 

14 R R 4.0c
a±0.005 

21 
28 

R 
R 

R 
R 

4.0c
a±0.001 

4.0c
a±0.002 
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Fig. (25):  Viscosity (cPs) of carrot juices in combination with         

cinnamaldehyde (8µl/100ml). 

 

b) pH 

 The pH of carrot juice (control) was 6.98 indicating a 
neutral medium. (Table 33 and fig 31) showed no significant 
effect on the pH of the carrot juice as a result of adding 
cinnamaldehyde alone or in combination with irradiation. 
However, during storage the pH of control sample and the 
sample containing 8µl/100 ml cinnamaldehyde significantly 
decreased. While, the irradiated sample with 8µl/100 ml 
cinnamaldehyde showed no significant decrease in the pH of the 
juice during storage. Baskaran et al. (2010) reported that 
addition of Trans-cinnamaldehyde didn’t result in any 
significant change in the apple juice or apple cider pH. 
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Table (33):  pH values of carrot juices treated by irradiation in              
combination with cinnamaldehyde (8µl/100ml)              
           

R = Samples sensorially rejected.                                                                          
Mean values followed by different superscript (within rows) and different 
subscripts (within columns) are significantly different (p < 0.05). 

Fig. (26):  pH values of carrot juices treated by irradiation in      
       combination with cinnamaldehyde ( 8µl/100ml).               
    

 

          

Storage 
( days ) 

 

 
           0 

   
8µl cinnamaldehyde               3.0 kGy + 8µl     

cinnamaldehyde 

0 6.98a
a±0.04 7.0a

a±0.01 6.99a
a±0.01 

7 3.05a
b±0.01 3.89a

b±0.02 6.30b
a±0.01 

14 R R 6.29b
a±0.01 

21 
28 

R 
R 

R 
R 

6.07b
a±0.01 

6.04b
a±0.01 
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6.4. Effect of γ irradiation and cinnamaldehdye on sensory 
evaluation of carrot juice 

 The evaluations of the panellists are summarized in table 
(34). There was no significant effect on the color, odor, taste 
and overall acceptability of juices as a result of adding 
cinnamaldehyde alone or in combination with irradiation. 
Although the essential oil of cinnamon has a strong smell and 
flavour,the organoleptic and,especially, smell-taste 
characteristics of carrot juice seem to mask any perceived 
differences among the samples. Similar results was indicated by  
Valero and Salmeron (2003) who found that the sensory 
analysis related to the use of cinnamon essential oil as an 
antimicrobial agent in  carrot broth showed a masking effect and 
provoked smell-taste reactions in the panel members such as “ 
not bad’ or “ I liked it a lot”.   

 During storage at 4°C±1, the sensory scores significantly 
decreased in all the samples but at different rate. The rate of 
decrease in carrot juices containing 8µl/100 ml cinnamaldehyde 
and irradiated at 3.0 kGy was the lowest in comparison with 
other treatments. The panellists rejected carrot juice samples 
(control) at day 3 due to the off-odor and bad taste. Carrot juice 
samples containing cinnamaldehyde were organoleptically 
rejected after 7 day of storage at 4°C±1. Combination treatment 
of cinnamaldehyde and irradiation at 3.0 kGy extended the 
shelf-life of carrot juice to 21 days from the view point of 
organoleptic quality.  
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Table (34) Effect of γ-irradiation and cinnamaldehyde ( 8µl/100ml ) on 
          sensory evaluation of carrot juice during  storage at 4°C   

Where 0 (dislike extremely) to 9 (like extremely).                                                                 
 

Sensory 
parameters 

Storage 
( days ) 

 

 
 

0 

Treatments 
 
8µl cinnamaldehyde           3.0 kGy +8µl        
.                                           cinnamaldehyde    

 0 8.7a
a±0.05 8.6a

a±0.05 8.6a
a±0.10 

 3 8.6a
a±0.05 8.5a

a±0.05 8.6a
a±0.05 

 7 R 8.4 b
b±0.05 8.5b

a±0.25 
Color 
 
 
 
 
 
 
Odor 
 
 
 
 
 
 
Taste 
 
 
 
 
 
Overall 
acceptability
 
 

 

14 
21 
28 

 
0 
3 
7 

14 
21 
28 

 
0 
3 
7 

14 
21 
28 

 
0 
3 
7 

14 
21 
28 

R 
R 
R 
 

8.7a
a±0.05 

4.0a
b±0.05R 

R 
R 
R 
R 
 

8.7a
a±0.05 

3.8a
b±0.20R 

R 
R 
R 
R 
 

8.7a
a±0.05 

3.9a
b±0.20R 

R 
R 
R 
R 

R 
R 
R 
 

8.7a
a±0.05 

6.8b
b±0.10 

3.7 b
c±0.1R 
R 
R 
R 

 
8.5 b

a±0.05 
6.3b

b±0.10 
3.8b

c±0.20R 
R 
R 
R 
 

8.5a
a±0.05 

6.15b
b±0.10 

3.9b
c±0.20R 

R 
R 
R 

8.5c
a±0.05 

8.4c
b±0.25 

8.3c
b±0.25 

 
8.5b

a±0.10 
8.3c

b±0.05 
7.7c

c±0.25 
6.6c

d±0.15 
6.3c

e±0.15 
3.9 c

f±0.15R 
 

8.4b
a±0.10 

8.1c
b±0.20 

7.6c
c±0.25 

6.8c
d±0.10 

6.4c
e±0.15 

3.8 c
f±0.15R 

 
8.4a

a±0.10 
8.0c

b±0.20 
7.7c

c±0.10 
6.8c

d±0.10 
6.3c

e±0.15 
3.9 c

f±0.15R 
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Summary 

 The consumption of fresh (unpasteurized) fruits and 
vegetables juices has increased in recent years due to the 
characteristics of freshness, high vitamin content, low calorie 
contribution and an active promotion of fruits and vegetables 
and their derivatives as important component of healthy diet for 
immunocompromised patient.  

 Fresh fruit and vegetable juices are more perishable than 
the raw fruits and vegetables from which they are processed and 
usually have very short-life not exceeding 1-2 days at the best 
refrigeration condition. This very short-life may be due to the 
natural microbial flora (mainly yeasts and acid-love bacteria) of 
raw fruits and vegetables as well as microbial contamination 
during squeezing and packaging. Moreover, fresh fruits and 
vegetables harbor some pathogens and a number of outbreaks of 
foodborne illness have been reported due to the consumption of 
fresh fruits and vegetables. Therefore, cold physical method has 
to be used to extend the shelf-life of these fresh juices and to 
eliminate contaminating pathogens without or with minimum 
effect on their sensory qualities and nutrition. Thus, the main 
objectives of the present study are: 

1)  Evaluate the microbiological quality of fresh pomegranate, 
tomato and carrot juices. 

2) Isolate the most predominant yeasts contaminating these 
juices and investigate their sensitivity to gamma radiation 
through determination of so - called D10 - value for each 
isolated yeast. 

3) Use of different doses of gamma radiation either alone or in 
combination with other technologies to extend the shelf-life 
of  
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these juices and to inactivate the presence of pathogenic 
bacteria.  

4) Evaluate the sensorial and nutritional quality of the irradiated 
juices during storage in order to identify the optimum 
irradiation dose for each product and its shelf-life.  

The results of this study can be summarized as follows:  

Isolation and Identification of yeasts 

 Twenty yeast colonies were isolated from the juices under 
investigation, pomegranate juice (7 colonies), tomato juice (8 
colonies) and carrot juice (5 colonies). The identification 
revealed that the 7 colonies from pomegranate juices were 
Candida tropicalis (4 colonies) and Debaryomyces hansenii (3 
colonies). Meanwhile, the 8 colonies from tomato juices were 
Saccharomyces cerevisiae (5 colonies) and Trichosporon 
pullulans (3 colonies). While, the 5 colonies from carrot juice 
were Rhodotorula glutinis. 

 Radiation – decimal reduction dose ( D10- value) 

 The effect of incremental doses of gamma irradiation 
(0.0, 0.5, 1.0, 1.5, 2.0 and 2.5 kGy) on the viable count of the 
isolated and identified yeasts, i.e. Rhodotorula glutinis, Candida 
tropicalis, Trichosporon pullulans, Debaryomyces hansenii and 
Saccharomyces cerevisiae were investigated. Generally, log 
viable counts of tested microorganisms decreased with 
increasing radiation dose but at different levels indicating that 
these yeasts greatly differ in their sensitivity to gamma 
irradiation. The D10-values of of, Candida tropicalis, 
Rhodotorula glutinis, Saccharomyces cerevisia, Trichosporon 
pullulans, Debaryomyces hansenii and in saline solution were 
0.84, 0.92, 1.01, 1.25 and 1.29 kGy, respectively. Meanwhile 
the D10-values of these yeasts 
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 in the juices were 0.98, 1.34, 1.34, 1.40 and 1.63 kGy, 
respectively. It is obvious that Debaryomyces hansenii had the 
highest D10-values, followed by Trichosporon pullulans 
indicating that they had the highest radiation resistance in 
comparison with the other studied yeasts. While, Candida 
tropicalis had the lowest radiation resistance, i.e. had the highest 
sensitivity to radiation. 

Pomegranate juice 

 Effect of γ irradiation and refrigeration storage on the 
microbial load, pathogenic bacteria, anthocyanin content, some 
physiochemical properties and sensory evaluation of 
pomegranate juice was investigated. It was found that the initial 
microbial counts (total aerobic mesophilic bacteria, lactic acid 
bacteria, molds and yeasts) of fresh pomegranate juice were 
4.90, 4.10 and 3.96 log cfu/ml, respectively. The most probable 
number of coliform bacteria was 75 MPN/ml, while Escherichia 
coli, Enterococcus faecalis, Staphylococcus aureus and 
Aeromonas hydrophila were below detectable level. Exposure 
of fresh pomegranate juice to gamma radiation (1, 2 and 2.5 
kGy) greatly reduced the initial microbial counts and completely 
inactivated coliform bacteria.  

 During refrigeration storage of pomegranate juice at 
4°C±1 there was a progressive increase in the viable counts of 
aerobic mesophillic bacteria, molds and yeasts of irradiated and 
non-irradiated pomegranate juice but the rate of increase was 
lower in irradiated samples in comparison with unirradiated 
ones.  

 All irradiation doses used (1, 2.0 and 2.5 kGy) decreased 
anthocyanin content of pomegranate juice by 7.07, 14.00 and 
15.45 %, respectively.  
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 The lowest irradiation dose used, i.e. 1 kGy had no effect 
on the viscosity of pomegranate juice. Meanwhile, the other 
irradiation doses used (2.0 and 2.5 kGy) reduced the viscosity 
by 25 and 50 %, respectively. Irradiation at different doses used 
had no effect on pH value of pomegranate juice.  

 The results of sensory panelists’ scores showed no 
significant effect of irradiation at 1 kGy on the sensory 
properties (color, odor, taste and overall acceptability). 
Meanwhile, irradiation dose at 2.0 and 2.5 kGy reduced the 
sensory panelist scores. From the view point of sensory 
characteristics, panelists rejected unirradiated (control) 
pomegranate juice samples after 7 days of refrigeration storage 
because of off-odor and color changes. The same panelists 
rejected pomegranate samples receiving 2.0 kGy and 2.5 kGy 
after 14 days of refrigeration storage.  

Tomato juice  

 Effect of γ irradiation and refrigeration storage on the 
microbial load, pathogenic bacteria, ascorbic acid content, 
lycopene content, some physiochemical properties and sensory 
evaluation of tomato juice was investigated. It was found that 
the total log counts of aerobic mesophillic bacteria, lactic acid 
bacteria, yeasts and molds of fresh tomato juice were 3.98, 3.67 
and 3.57 cfu/ml, respectively. The most probable number of 
coliform bacteria was 240 MPN/ml, while Escherichia coli, 
Enterococcus faecalis, Staphylococcus aureus were below 
detectable level. Irradiation of fresh tomato juice at different 
doses (1.5, 3.0 and 4.5 kGy) caused a significant decrease in all 
the initial microbial counts and completely inactivated coliform 
bacteria.  
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 During refrigeration storage of tomato juice at 4°C±1 the 
viable counts of aerobic mesophillic bacteria, lactic acid bacteria 
and molds and yeasts in the unirradiated tomato juice were 
progressively increased reaching 7.94, 6.96 and 7.07 log cfu/ml, 
respectively after 10 days of storage. However, these microbial 
counts in tomato juice receiving 1.5, 3.0 and 4.5 kGy reached 
almost similar counts but after 15, 20 and 25 days. 

 All irradiation doses used (1.5, 3.0 and 4.5 kGy) 
decreased ascorbic acid content of tomato juice by 15.35, 58.22 
and 67.37 %, respectively. While the same irradiation doses 
didn’t affect the lycopene content in tomato juice.  

 Irradiation at (1.5, 3.0 and 4.5 kGy) lowered the viscosity 
of tomato juice by 17.39, 39.13 and 47.82 %, respectively. 
Irradiation at different doses used had no effect on pH value of 
tomato juice.  

 The results of sensory evaluation revealed no significant 
effect of irradiation at 1.5 and 3.0 kGy on the sensory properties 
(color, odor, taste and overall acceptability). Meanwhile, 
irradiation dose at 4.5 kGy didn’t affect the color of the tomato 
juice but affect the odor, taste and overall acceptability of 
tomato juice samples. From the view point of sensory 
characteristics, panelists rejected unirradiated (control) tomato 
juice samples after 10 days of refrigeration storage because of 
off odor, color changes and bad overall acceptability. The same 
panelists rejected tomato samples receiving 1.5, 3.0 and 4.5 kGy 
after 15, 20 and 25 days of storage at 4°C±1, respectively.  

Carrot juice  

 Effect of γ irradiation and refrigeration storage on the 
microbial load, pathogenic bacteria, ascorbic acid content, total 
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 carotenoids content, some physiochemical properties and 
sensory evaluation of carrot juice was investigated. It was found 
that the initial microbial counts (aerobic mesophillic bacteria, 
lactic acid bacteria, molds and yeasts) of fresh carrot juice were 
4.98, 4.76 and 3.25 log cfu/ml, respectively. The most probable 
number of coliform bacteria was (460 MPN / ml) E. coli (21 
MPN/ml) and Enterococcus faecalis (3.5 x 10 2 cfu/ml). In 
contrast Staphylococcus aureus and Aeromonas hydrophila 
were not detected in unirradiated carrot juice. Gamma 
irradiation of fresh carrot juice at 1.5, 3.0 and 4.0 kGy, 
significantly reduced the microbial contamination level with a 
dose-dependent tendency. A dose of 1.0 kGy or above 
effectively reduced the coliform and E.coli population to below 
the detectable level, while, irradiation doses of 3.0 and 4.0 kGy 
reduced the counts of Enterococcus faecalis to below the 
detectable level.  

 During refrigeration storage of tomato juice at 4°C±1, 
there was a progressive increase in the viable counts of aerobic 
mesophillic bacteria, lactic acid bacteria and molds and yeasts 
of irradiated and non-irradiated carrot juice but the rate of 
increase was lower in irradiated samples in comparison with 
unirradiated ones indicating that irradiation retarded microbial 
growth on storage. Total coliform and E.coli found in fresh 
carrot juice decreased from 460 and 21 MPN/ml to 150 and < 3 
MPN/ml, respectively at day 3. Meanwhile, Enterococcus 
faecalis increased reaching 7.6 x 10 3 cfu/ml. Coliform bacteria, 
E.coli and Enterococcus faecalis counts in all irradiated carrot 
juice samples were below detectable level throughout the 
refrigeration storage.  

 Gamma irradiation at dose of 1.5 kGy didn’t show 
changes in the ascorbic acid content, while doses of 3.0 and 4.0 
kGy resulted in 25.79% and 55.11% loss of total ascorbic acid 
content,  
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respectively. While the same irradiation doses didn’t seem to 
decrease the total carotenoids content.  

 All irradiation doses used 1.5, 3.0 and 4.0 kGy had no 
effect on the viscosity and pH value of carrot juice. 

 The result of sensory characteristics scores showed no 
significant effect of irradiation at 1.5 and 3.0 kGy. However, 
irradiation doses of 4.0 kGy affected the sensory characteristics 
of carrot juice. Panelists rejected unirradiated (control) carrot 
juice samples after 3 days of refrigeration storage because of 
off-odor and very bad taste. The panelists rejected carrot juice 
sample receiving 1.5 kGy after 5 days of refrigeration storage. 
Meanwhile, carrot juice samples irradiated at 3.0 kGy and 4.0 
kGy were sensorial rejected after 10 days of refrigerated 
storage.  

Combination treatment of irradiation and cinnamaldehyde  

 Effect of γ irradiation in combination with 
cinnamaldehyde on the microbial load, pathogenic bacteria, 
some physiochemical properties and sensory evaluation of 
carrot juice was investigated. It was found that the initial 
microbial counts of aerobic mesophillic bacteria, lactic acid 
bacteria and molds and yeasts of fresh carrot juice was 4.25, 
2.20 and 3.15 log cfu/ml. Addition of cinnamaldehyde alone at 
concentration of 8µl/100 ml reduced the counts of these 
microorganisms by 1.01, 0.23 and 0.5 log cycles, respectively. 
Meanwhile, addition of cinnamaldehyde at 8µl/100 ml 
concentration followed by irradiation at 3.0 kGy reduced all 
microbial counts under investigation to below detectable level 
(<10 cfu/ml). 

 During refrigeration storage, It was evident that all 
microbial populations significantly increased as storage period 
increase but the rate of increase was lower in the sample contain  
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8µl/100 ml cinnamaldehyde and was more lower in the sample 
contain 8µl/100 ml cinnamaldehyde and irradiation at 3.0 kGy. 
Combination treatments of cinnamaldehyde and irradiation had 
no significant effect either on viscosity or pH value of fresh 
carrot juice.  

 The results of sensory evaluation scores showed no 
significant effect on color, odor, taste and overall acceptability 
of juices as a result of adding cinnamaldehyde alone or in 
combination with irradiation at 3 kGy. During storage, the 
sensory scores significantly decreased in all the samples but at 
different rate. The rate of decrease in carrot juice containing 
8µl/100 ml cinnamaldehyde and irradiated at 3.0 kGy was the 
lowest in comparsion with other treatments. The panelists 
rejected carrot juice samples (control) at day 3 due to the off-
odor and bad taste. Carrot juice samples containing 
cinnamaldehyde were organoleptically rejected after 7 day of 
storage at 4°C±1. Combination treatment of cinnamaldehyde 
and irradiation at 3.0 kGy extended the shelf-life of carrot juice 
to 21 days from the view point of organoleptic quality.  

Conculsion 
 A large part of the world's fresh fruits and vegetables are 
processed into juices and other products. Gamma irradiation 
alone or in combination with other techniques is used in this 
study to preserve fresh pomegranate, tomato and carrot juices. 
The conclusion drawn from the results obtained in this study 
are:  

1- Fresh pomegranate, tomato and carrot juices prepared 
under the laboratory condition had generally high 
microbial counts. All studied fresh juices contained 
coliform bacteria;  
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however, fresh carrot juice in addition to coliform 
bacteria contained E.coli and Enterococcus faecalis.  

2- Five yeast species have been isolated from these juices; 
they are Rhodotorula glutinis, Candida tropicalis, 
Trichosporon pullulans, Debaryomyces hansenii and 
Saccharomyces cerevisiae. 

3- The D10-value of these yeasts ranged from 0.98 to 1.63 
kGy in the juice from which they were isolated. 
Debaryomyces hansenii had the highest radiation 
resistant (D10-value of 1.63 kGy) while Candida 
tropicalis had the lowest radiation resistant (D10-value 
of 0.98 kGy). 

4- The lowest irradiation doses used (1- 1.5 kGy) were 
sufficient to ensure the microbiological safety of these 
fresh juices. Since they were very effective in 
elimination of coliform bacteria and E.coli 
contaminating fresh juices.  

5- Irradiation dose of 2.5 kGy was the optimum dose for 
preservation of fresh pomegranate juice. It extended the 
shelf-life of fresh pomegranate juice to 14 days at 
refrigeration temperature (4°C±1) with minimal 
changes in its anthocyanin content and sensory 
properties.  

6- Irradiation dose of 3.0 kGy was effective in controlling 
the microbial flora of tomato juice and extended its 
shelf-life to 15 days at 4°C±1 against only 5 days for 
unirradiated control without significant changes in 
lycopene content.  
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7- Irradiation dose of 3.0 kGy was also efficient in 
reducing, to great extend, the microbial load of fresh 
carrot juice and at the same time had no effect on 
sensory characteristics or total carotenoid content, it 
extend the shelf-life of fresh carrot juice to only 7 days 
at 4°C±1, while the unirradiated (control) samples 
organoleptically rejected at day 3. 

8- Irradiation dose of 3.0 kGy in combination with 
cinnamaldehyde (8µl/100 ml) could extend the shelf-
life of fresh carrot juice to 21 days at 4°C±1 without 
adverse effect on its sensory and nutritional quality. 
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 شكر
.اهللا هدانا أن لوال لنهتدى كنا وما لهذا هدانا الذى هللا الحمد  

 كانوا الذين الفضالء أساتذتى إلى واالمتنان والتقدير الشكر بخالص أتقدم
.والعمل البحث رحلة في لى عونا  

 لعلوم،ا كلية الميكروبيولوجي، أستاذ  :يوسف الغنى عبد خيرية /.د.أ إلى
 و إلشرافها وذلك واالحترام التقدير كل لها أهدي شمس عين جامعة
.بالعافيه اهللا متعها و الجزاء خير عني اهللا جزاها وتشجيعها، لي لمساعدتها  

 رئيس نائبو الميكروبيولوجى أستاذ  :حماد إبراهيم أحمد على./ د.أ إلى
 االحترام كل منى له .السابق الدولى والتعاون للتدريب الذرية الطاقة هيئة

 البحث احتياجات بكل وامدادى البحث لنقطة واختياره إلشرافه والتقدير
  .بالعافيه اهللا ومتعه الجزاء خير عنى اهللا جزاه والعمل،

  قسم الميكروبيولوجى، مدرس:  الخالق عبد حسن حنان./ د إلى
 شعاع،اال وتكنولوجيا لبحوث لقوميا بالمركز االشعاعيه الميكروبيولوجيا

 فى ومساعدتها إلشرافها والتقدير االحترام كل منى لها. الذرية الطاقة هيئة
.الجليلة والمعلمة الكبيرة األخت بمثابة فهى البحث، خطوات كل  
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 عربىال المستخلص

 
        تستهلك اآلن عصائر الفواآه والخضروات الطازجة على نطاق واسع لما تتميز به من نكهه جيدة 

دة من الميكروبات خاصة وقيمة غذائية عالية، ومع هذا نجد أن هذه العصائر تحتوى على أنواع عدي
الخمائر التى تسبب فسادها وتلفها فى فترة قصيرة فضال عن وجود بعض الميكروبات الضارة بالصحة 
لذا البد من معاملة هذه العصائر بطريقة حفظ مناسبة تعمل على تحسين جودتها الميكروبية وفى نفس 

عة جاما لهذا الغرض لما لها من قدرة على الوقت تحافظ على طزاجتها وقيمتها الغذائية وتستخدم األن أش
فى هذه الدراسة تم . قتل الميكروبات دون أن يتسبب ذلك فى رفع درجة حرارة المادة الغذائية المعاملة

عزل الخمائر الموجودة فى عصائر الرمان والطماطم و الجزر وتنقيتها وتعريفها وتحديد مدى مقاومة 
ج وجود خمسة أنواع من الخمائر فى هذه العصائر ووجد أن قيمة وأوضحت النتائ. آل منها ألشعة جاما

 .  آيلوجراى١،٦٣ إلى ٠،٩٨ بين االنخفاض العشرى ألشعة جاما لهذه الخمائر تترواح ما
 

وتخزينها على ) آيلوجراى ٤،٥ -١ (عات مختلفة من أشعة جاماتم تعريض هذه العصائر لجر        
سة تأثير هذه الجرعات على األحمال الميكروبية وعلى محتوى ودرا) ١±م °٤(درجة حرارة التبريد 

العصائر من المغذيات الهامة وعلى بعض الخواص الطبيعية والكيميائية وعلى الخواص الحسية بعد 
 آيلوجراى ادى إلى ٢،٥وقد وجد أن تشعيع عصير الرمان بجرعة . التشعيع مباشرة واثناء فترة التخزين

ية بهذا العصير والقضاء تماما على بكتريا القولون دون أن يكون لها تأثير يذآر تقليل األحمال الميكروب
على الخواص الحسية وعلى القيمة الغذائية وأدت هذه الجرعة إلى إطالة فترة حفظ عصير الرمان إلى 

 آيلوجراى إلى تقليل األحمال الميكروبية وآانت هى المثلى ٣آما أدت الجرعة . ١±م °٤ يوم على ١٤
دون أن يكون لها تأثيرعلى ) ١±م °٤ ( يوم على درجة حرارة التبريد١٥ ى حفظ عصير الطماطم لمدةف

 ٣المعاملة المشترآة لعصير الجزر بالجرعة األشعاعية . مرآب الليكوبين الهام من الناحية الغذائية
ثر فى تقليل مل عصير من مرآب السيناملدهيد آان لها أآبر اآل١٠٠/ ميكرولتر٨آيلوجراى مع ترآيز 

 يوم على ٢١جميع اعداد الميكروبات الموجودة فى عصير الجزر واطالة فترة حفظ عصير الجزر إلى 
 . ولم تؤثر هذه المعامالت المشترآة على الخواص الحسية لعصير الجزر أو على قيمته الغذائية١±م °٤
 

  الغذائيةيع ، الجودةن ، عصير الطماطم ، عصير الجزر، التشع عصير الرما:الكلمات الدالة 
 

 

 

 

 

 



  
 
 

-١- 

العربىالملخص   

 العربى الملخص

 الفاآهة عصائر استهالك نحو المستمر االتجاه األخيرة اآلونة فى زاد 
 ولمحتواها مميز وطعم مذاق من لها لما العالم مستوى على الطازجة والخضروات

 السعرات من محتواها وانخفاض األخرى والمغذيات الفيتامينات من العالى
 المناعة فاقدى أو ناقصى لمرضى تقدم التى الهامة األغذية أحد عدوت الحرارية
 الممرضة الميكروبات من التخلص بعد وذلك الكبرى العمليات ومرضى الطبيعية

 والخضروات الفاآهة عصائر أن المعروف ومن ، بها موجودة تكون قد التى
 الميكروبات من عديدة أنواع على ألحتوائها نظرا والفساد التلف سريعة الطازجة
 لنموها الالزمة المغذيات جميع العصائر فى تجد والتى الخمائر خاصة المفسدة
 حتى يوم ٢-١ تتجاوز ال الطازجة العصائر هذه حفظ فترة أن نجد ولذا ، وتكاثرها

 من بعض على تحتوى قد العصائر هذه أن عن فضال ، التبريد ظروف أحسن تحت
 الحفظ طرق من طريقة استخدام يستلزم طلقالمن هذا من ، الممرضة الميكروبات

 كروبيةالمي األحمال تقليل طريق عن العصائر هذه حفظ فترة أطالة على تعمل
 ممرضة ميكروبات من بها ما على والقضاء مكنم حد ما أقل إلى بها الموجودة

 .الغذائية مكوناتها أو الحسية اصفاته أو طزاجتها على التأثير دون

. األهداف هذه لتحقيق المختلفة الحفظ طرق من طريقة داماستخ يستلزم لذلك 
 – غليان – مبستره ( الحرارية المعامالت استخدام المعروفة الحفظ طرق ومن
 وعلى العصائر هذه طزاجة على آبيرا تأثيرا تؤثر المعامالت هذه ولكن) تعقيم

  . الغذائية قيمتها وعلى الحسية صفاتها

 إآس أشعة - االلكترونية األشعة - جاما أشعة ( هالمؤين األشعة ناآل تستخدم 
 إذ عديدة يزاتومم فوائد من لها لما البلدان من عديد فى األغذية ومعالجة حفظ فى) 
 األغذية حرارة درجة رفع فى تسبب وال للبيئة وصديقة منةآ طبيعية طريقة تعد

 وعلى يةالحس صفاتها وعلى األغذية طزاجة على تحافظ هنا ومن بها المعاملة
 العالم مستوى على دولة ٦٥ من أآثر اآلن حتى التقنية أجازت وقد الغذائية قيمتها
 وآندا وروسيا األوربية السوق دول ومعظم األمريكية المتحددة الواليات بينها من

 العربية والمملكة وسوريا مصر العربية الدول ومن وباآستان والهند أفريقيا وجنوب
  . وليبيا وتونس السعودية
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  : الدراسة من الهدف

  : بهدف الدراسة هذه أجريت

 الطازجة والجزر والطماطم الرمان لعصائر الميكروبيولوجية الجودة تقييم -١
 . المعمل ظروف تحت المحضرة

 والخضروات الفاآهة عصائر لفساد الرئيسى المسبب ( الخمائر وتعريف عزل -٢
  . العصائر هذه فى الموجودة ) الطازجة

 جاما ألشعة والمعرفة المعزولة الخمائر أنواع من نوع آل حساسية مدى معرفة -٣
( باإلشعاع الحادث العشرى االنخفاض قيمة بإسم يعرف ما تقدير طريق عن

D10‐value .(  

 معامالت مع أو بمفردها جاما أشعة من مختلفة اشعاعية جرعات استخدام -٤
 حد من أقل إلى العصائر هذه فى الموجودة الميكروبية األحمال لتقليل أخرى
 وإلطالة بها موجودة تكون قد التى الممرضة الميكروبات من وللتخلص ممكن
  . حفظها فترة

 هذه تخزين فترة وإطالة لحفظ الالزمة المثلى االشعاعية الجرعة وتحديد تقدير -٥
  . التخزين ظروف تحت العصائر

 وعلى العصائر لهذه الحسية الصفات على باإلشعاع المعالجة تأثير دراسة -٦
  . والكيميائية الطبيعية الصفات بعض وعلى الغذائية المكونات من محتواها

  : يلى فيما الدراسة هذه فى عليها المتحصل النتائج تلخيص ويمكن

 ( الدراسة تحت بالعصائر الموجودة الخمائر من عزلة عشرون عزل نأمك -١
 الخمائر أنواع أن وجد وقد ) الجزر عصير ، الطماطم عصير ، الرمان عصير

 Candida هى الرمان عصير فى الموجودة tropicalis  ) عزالت ٤ ( 
Debaryomyces  hansenii ) هى الطماطم عصير وفى ) عزالت ٣ 

Saccharomyces  cerevisiae ) و  )عزالت ٥ Trichosporon 
pullulans  )عزالت ٣(  الجزر عصير وفى Rhototorula glutinis  ) ٥ 

  ) . عزالت
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  للخمائر العشرى االنخفاض قيمة أن وجد -٢

Candida  tropicalis,  Rhodotorula  glutinis,  Saccharomyces 
cerevisiae  ,  Trichosporon  pullulans  and  Debaryomyces 

hansenii  فى آيلوجراى ١٫٢٩ ، ١٫٢٥ ، ١٫٠١ ، ٠٫٩٢ ، ٠٫٨٤ آانت 
 ١٫٦٣ ، ١٫٤٠ ، ١٫٣٤ ، ١٫٣٤ ، ٠٫٩٨ وآانت ، الفسيولوجى المحلول

  . التوالى على منها المعزول العصائر فى آيلوجراى

 ، الالآتيك حمض ولبكتريا ، الهوائية للبكتريا الكلى العدد لوغاريتم أن وجد -٣
 / خلية ٣٫٩٦ ، ٤٫١ ، ٤٫٩ الرمان عصير فى الموجودة والخمائر والفطريات

 . مل /خلية ٧٥ الكوليفورم لبكتريا حتماالا األآثر العدد وآان ، التوالى على مل
 / خلية ٣٫٥٧ ، ٣٫٦٧ ، ٣٫٩٨ الطماطم عصير فى األعداد هذه لوغاريتم وآان
 مل / خلية ٢٤٠ الكوليفورم لبكتريا احتماال األآثر العدد وآان التوالى على مل
 خلية ٣٫٢٥ ، ٤٫٧٦ ، ٤٫٩٨ الجزر عصير فى األعداد هذه لوغاريتم آان نمابي
 والىايشيريشياآ وبكتريا الكوليفورم البكتري احتماال األآثر العدد وآان مل/ 

 على مل / خلية ٣٥٠ ، ٢١ ، ٤٦٠ السبحية البرازية للبكتريا الكلى والعدد
  .التوالى

 ، آيلوجراى ٢٫٥ ، ٢ ، ١ قدرها اشاعية لجرعات الرمان عصير تعريض تم -٤
 خفض إلى أدت جراىآيلو ٢٫٥ الجرعة خاصة الجرعات هذه أن وجد وقد
 الكوليفورم بكتريا على تماما وقضت للعصير الميكروبية األحمال فى جدا آبير

 حرارة درجة على الطازج الرمان عصير فترة إطالة إلى ادى مما ) القولون( 
 إلى اإلشعاعية الجرعات هذه أدت وقد هذا ، يوم ١٤ إلى ) ١ ± م ° ٤ ( التبريد
  % . ١٥٫٤٥ قدره نيناألنثوسيا مرآب فى نقص حدوث

 . آيلوجراى ٤٫٥ ، ٣٫٠ ، ١٫٥ قدرها لجرعات الطماطم عصير تعريض تم -٥
 الهوائية للبكتريا الكلى العدد تقليل إلى أدت آيلوجراى ١٫٥ اإلشعاعية الجرعة
 ، التوالى على لوغارتميه دوره0.5  و ١٫٣ بمقدار والخمائر الفطريات واعداد
 حمض بكتريا على للقضاء تماما آافية آانت ةاالشعاعي الجرعة هذه أن آما

 المثلى هى آانت آيلوجراى ٣ االشعاعية الجرعة . القولون وبكتريا الالآتيك
 دون) ١±م°٤(التبريد حرارة درجة على يوم ١٥ لمدة الطماطم عصير حفظ فى
 لىع أو الغذائية الناحية من الهام الليكوبين مرآب على يذآر تأثير لها يكون أن

 أثبتت أخرى ناحية ومن,  ) الطعم ، اللون ، رائحة ( الحسية العصير صفات
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 من آل على سيئ تأثير لها آان آيلوجراى ٤٫٥ االشعاعية الجرعة أن النتائج
  . االسكوربيك حمض وعلى للعصير الحسية الصفات

 . آيلوجراى ٤ ، ٣ ، ١ قدرها اشعاعية لجرعات الجزر عصير تعريض تم -٦
 الكلى العدد تقليل إلى أدت آيلوجراى ٣ االشعاعية الجرعة أن لنتائجا أوضحت
 والفطريات الخمائر واعداد الالآتيك حمض بكتريا واعداد الهوائية للبكتريا
 تماما قضت آما ، التوالى على لوغارتميه دوره ١٫٥٢ ، ٢٫٢٨ ، ٢٫٠٧ بمقدار
 السبحية البرازية رياالبكت وعلى آوالى ايشيريشيا وبكتريا القولون بكتريا على
 من الجزر عصير حتوىم على يذآر تأثير الجرعة لهذه يكون أن دون

 ٧ لمدة الجزر عصير حفظ فترة إطالة إلى أدت الجرعة هذه نكلو الكاروتينات
 . )١ ± م ° ٤ ( التبريد على فقط أيام

 ٨ ترآيز مع آيلوجراى ٣ االشعاعية بالجرعة الجزر لعصير المشترآة المعاملة -٧
 فى األثر أآبر لها آان السيناملدهيد مرآب من عصير مل ١٠٠ / ميكرولتر

 تماما القضاء وفى الجزر عصير فى الموجودة الميكروبات أعداد جميع تقليل
 فترة إطالة إلى أدى الذى األمر آوالى اشيرشيا وبكتريا القولون بكتريا على
 . )١ ± م ° ٤ ( التبريد حرارة درجة على يوم ٢١ لمدة الجزر عصير حفظ
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