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ABSTRACT 
         This study was conducted to study the effect of γ- irradiation on both the 
microbial and the chemical quality of cumin, caraway and Mix Spice Powder 
(MSP) as well as their antioxidant and antimicrobial activities. Irradiation at 10.0 
kGy eliminated yeasts and molds, pathogenic bacteria and reduced the total 
mesophilic and thermophilic bacteria to the permissible limits of WHO. The 
storage of the irradiated samples at ambient temperature did not significantly 
affected its microbial quality. Also γ irradiation at 10.0 kGy significantly 
decreased moisture content and elevated the peroxide value (PV) of all tested 
spices. On the other hand, such dose did not change the volatile oil content of 
cumin and caraway seeds, while it was decreased in the case of MSP. In 
addition, this treatment resulted in 4.4 % reduction in total amino acids of 
caraway; it resulted in an increase of 3.5 and 4.1 % in case of cumin and MSP, 
respectively.  GLC analysis of essential oils showed irradiation (10.0 kGy) 
resulted in 2.9 % and 4.4 % loss in the total volatile oil components of cumin and 
MSP, respectively. On the other hand, such dose did not change in the total 
volatile oil components of caraway seeds. The storage at ambient temperature for 
one year of the studied spices (irradiated and non-irradiated) resulted in a 
decrease in all of the studied chemical properties except peroxide value (PV) 
which showed gradual increase by extending the storage. The application of the 
essential oil of cumin, caraway and MSP (200 ppm) compared with BAH and 
BHT showed significant delay in the oxidation rate in sunflower oil and 
enhanced the shelf life of the oil. γ-irradiation (10 kGy) showed no significant 
effect on the antioxidant activity of the essential oil of cumin, caraway and  
MSP. The antibacterial and antifungal activities of the tested spices and herbs 
essential oils were studied. Also the minimum inhibitory concentration (MIC) 
values were recorded for MSP essential oil. The cumin, caraway and MSP 
essential oils were generally more effective against bacteria than molds. The 
antimicrobial activity of MSP essential oil was more effective than those of 
cumin and caraway essential oils at the tested concentrations. From the MIC 
obtained values, it could be conclude that the gram-positive bacteria were more 
sensitive than the gram-negative. The inhibitory effect of the MSP essential oil 
against bacteria was dependent on the type of microorganisms and it mainly 
acted upon decreasing the final cell concentration, while it acted upon increasing 
the lag phase, the generation time and decreasing the final cell mass in the case 
of molds.  
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INTRODUCTION 
Spices are an important group of agricultural commodities 

being used by many civilizations all over the world to aid flavor, 

taste and nutritional values in the food (Singh et al., 2004). Some 

spices posses medicinal properties as well and are used in 

pharmaceutical purposes. Spices can be primarily defined as farm 

products used in various forms: fresh, ripe, dried, broken and 

powdered (Lampe, 2003). They may be either bark, buds, flowers, 

fruits, leaves, rhizomes, roots, seeds, stigmas and styles or the entire 

plant tops.  

Herbs are described as a seed-producing annual, biennial or 

perennial plants used for its medicinal, savory or aromatic qualities 

(Svoboda et al., 2006).  

Spices and herbs are widely used in food preparation, both 

on domestic and industrial levels. The major reason behind the rapid 

increase in spices and herbs consumption is the increase in the 

production of processed foods, some of which depend upon spices 

and herbs for their characteristic properties. The high demand for 

meat, fish and vegetable products, bakery products, soup mixes, 

pizza mixes, prepared sauces and convenience foods has resulted in 

increased spices and herbs usage since the acceptability of such 

products mainly depends on the spices and herbs (Rtmitchell, 2003).  

         Essential oils have been recognized to possess biological 

activities, including antibacterial, antifungal and antioxidant 

properties (Nakatani, 2003). Antioxidant properties are important 

both for food preservation and for the protection of unsaturated 
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lipids in animal and human tissues (Dwivedi et al., 2006). 

Antimicrobial activities have been intensively exploited in recent 

years, mainly in respect to the extensive ban on antibiotics in the 

animal industries and antibiotic overuse in human medicine (Souza 

et al., 2005). Consumers all over the world are becoming 

increasingly conscious of the nutritional value and the safety of their 

food and its ingredients. An increased preference for natural foods, 

which are generally believed to be safer, healthier and less subject to 

hazards over foods containing artificial additives, was obvious 

(Bugno et al., 2006). Therefore, the use of natural preservatives to 

replace the synthetic forms is gaining importance and studies have 

shown that the consumer is willing to pay higher prices for natural 

products (Souza et al., 2005). Since spices and herbs are classified as 

GRAS (generally recognized as safe) substances, their inclusion into 

food products to control food-borne pathogens and improve its 

quality may be one solution to this problem.  

Spices, whole and ground, are known to be contaminated with 

heat resistant bacterial spores and molds and the microbial bioburden 

of spices is ranged from 103–108CFU.g-1 (Rtmitchell, 2003). 

Moreover, spices contain pathogenic microorganisms of health 

significance as well as toxigenic molds and the presence of these 

organisms constitutes a potential hazard to human health (Bugno et 

al., 2006 and Phianphak., et al., 2007 ). The microbial characteristics 

of spices depend on their origin and the nature of the processing, 

transportation and storage condition (Mandeel, 2005). Dried spices 

and herbs are microbiologically stable due to their low moisture 
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content. However, once they contact with water-rich food products 

(such as meat, soup, etc.), their microbial content is rapidly 

increased shortening the shelf-life of theses products (Rtmitchell, 

2003). Therefore, decontamination of spices and herbs that are used 

as an ingredient in processed foods is necessary in order to reduce 

the number of spoilage microorganisms and eliminate pathogens.   

Conventional decontamination methods are not suitable for 

spices treatment. Heat cannot be used due to the thermolability of 

many essential oil components, while ultraviolet radiation, is not 

effective in decontaminating great volumes due to its short 

penetration, (Fine and Gervais, 2005). Fumigation with ethylene and 

propylene oxide are being progressively banned in several countries 

because of their toxic, mutagenic and carcinogenic effects (Fowles et 

al., 2001). Gamma irradiation appeared to be the best way for 

microbial decontamination of spices and herbs without causing 

alterations in the condiment quality (Lee et al., 2005). The utilization 

of gamma irradiation for microbial decontamination of whole spices 

and spice powders is legally permitted in some 34 countries world 

wide  and 23 countries are using this technology commercially 

(Anon, 1996).  

Although there are abundant informations on the effect of 

irradiation on the microbial decontamination of whole spices, there 

is lack in the information on the effect of gamma rays on both of the 

chemical and microbial quality of cumin, caraway seeds and Mixed 

Spices Powder (MSP).  Therefore, this study was initiated with the 

following goals: 
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1-  Evaluation of the microbiological quality of some spices and 

herbs (cumin, caraway, mixed spices, cinnamon, black pepper, 

red pepper, anise, fennel seeds, coriander and turmeric) available 

in Egyptian markets. 

2-  Isolation and identification of fungi and some pathogenic 

bacteria from cumin, caraway and mixed spices powder. 

3- Detection of aflatoxin levels in cumin, caraway seeds and mixed 

spices powder. 

4-  Estimation of γ-irradiation dose response curves of some 

pathogenic bacteria and aflatoxin producing molds isolated from 

cumin, caraway and mixed spices powder. 

5- Study the effect of γ-irradiation level (2.5, 5.0, 7.5 and 10.0 kGy) 

and storage (one year) on the microbiological and chemical 

quality of cumin, caraway and MSP  

6-To study the antioxidant and antimicrobial activities of the 

essential oil of cumin, caraway and MSP prior and after irradiation 

at 10.0 kGy. 
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REVIEW OF LITERATURE 
1. Microbial contamination of spices and herbs. 
  a. Bacterial  

            Spices and herbs are widely used in prepared foods all over 

the world. Cleanliness and flavor properties are considered the most 

important factors when evaluating the quality of herbs and spices 

(Banerjee and Sarkar, 2003).  Most spices are produced in tropical 

and subtropical regions. The hot and humid climate, the simple, 

unpretentious production conditions, extended drying times, and 

often inadequate instructions of the farmers may cause considerable 

hygienic and quality problems (Hudson and Hasell, 1998). As with 

other agricultural products, herbs and spices are exposed to a wide 

range of microbial contamination during their cultivation, harvest, 

processing, storage, distribution and sale. Sources of microbial 

contamination include the macro environment (i.e. soil or plant in 

which the products are grown), dust, insects, faecal material and 

contaminated water (Pafumi, 1986; ICMSF, 1998 and Chan, 2003). 

In addition, microbial contamination can arise from poor handling 

and poor hygiene practices by food handlers (McKee, 1995; Oily, 

and Muroki, 2002 and Banerjee and Sarkar, 2004). Spices after 

harvesting are often sun-dried by spreading them on open field or 

tarfelt road and then sold without any treatment in order to reduce 

the microbial load.  (Andress et al., 2001 and Fennell et al., 2004). It 

should be noted that many herbs and spices are cultivated and 

harvested in countries with poor sanitary conditions. Thus, it is 

expected that spices solds in these areas contain a more microflora 
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and increase the potential for microbial contamination and 

proliferation (Kneifel et al., 2002). 

Most herbs and spices are known to be contaminated at the 

point of origin by varying degrees with aerobic and anaerobic 

bacteria (Sharma et al., 1984; McKee, 1995 and Martins et al., 

2001). The microbial content of herbs and spices has been 

thoroughly investigated and documented since the early 1930’s 

through to present day. Members of anaerobic spore-forming species 

are found but usually in low numbers. Thermophilic organisms are 

also indigenous to spices but their presence is generally at low levels 

(Seenappa and Kempton, 1981 and Banerjee and Sarkar, 2004). Bers 

of the Enterobacteriacea family occur regularly in herbs and spices 

at levels up to 106 colony-forming units CFU.g-1. However, total 

coliform counts are usually in the order of 104 CFU.g-1 (Baxter and 

Holzapfel, 1982 and Beckmann et al., 1996).  

Potentially, pathogenic bacteria such as Salmonella species, 

Shigella, Escherichia coli and staphylococcus aureus are 

occasionally found in spices. However, Salmonella species are 

known to have caused food poisoning outbreaks in Norway and 

Germany. Recently, contaminated Paprika powder was implicated as 

the causative agent of human salmonellosis in Germany during April 

to September 1993 (Lehmacher, 1995 and Carlin et al., 2004). 

Bacillus cereus a principal source of spore-forming bacteria in large-

volume foods, such as soups, casseroles, stews, and gravies 

produced by catering establishments; under favourable conditions, 
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they germinate and multiply to infective and toxic levels (Seenappa 

and Kempton, 1981; Chan, 2003 and Banerjee. and Sarkar, 2004). 

When the spices add to foods that are able to support outgrowth of 

the microflora carried by the spices during distribution and storage, 

the spice microflora can shorten market life of the products through 

spoilage and/or conceivably contribute to consumer illness (Banerjee 

and Sarkar, 2004). This is because the heat generated during the 

cooking process will not kill the heat resistant spores but may 

provide the energy required to initiate spore germination. 

Subsequent temperature abuse during cooling/storage will result in 

germination, cell proliferation and possibly toxin production (Oily 

and Muroki, 2002; Rtmitchell, 2003 and Banerjee and Sarkar, 2004).  

The risk of food-borne illness is greatest when contaminated 

herbs and spices are added to meat, poultry and seafood products 

that are not cooked (i.e. deli meats), or incompletely cooked (i.e. 

barbecued) before being eaten, Dairy products, such as specialty 

cheeses or vegetable dips, Dressings and sauces or their dry mixes 

used to make salad dressings, gravies and soups, particularly for 

restaurants, hospitals or other institutional kitchens, refrigerated 

cooked foods (salads, meats, specialty foods) sold at retail and Snack 

foods (Banerjee and Sarkar, 2004 and Bugno et al., 2005 ). 

There are no microbiological standards or specifications 

relating to these products, only recommended microbiological limits 

for Standard Plate Count, Molds and Escherichia coli. Therefore, a 

need to survey and assess the microbial flora of a range of spices and 

herbs is evident (Kneifel and Berger, 1994). The microbial 
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contamination of ingredients is critical control point in many food 

processing operations using HACCP systems. It is important that 

ingredients enter the processing area with very low bacterial and 

fungal count to prevent contamination of the processed foods (Oh et 

al., 2003). Therefore, decontamination of spices and herbs that are 

used, as an ingredient in processed foods is very necessary in order 

to reduced the number of spoilage microorganisms and eliminate 

pathogens (Al-Bachir, 2007).                                                                                                    

In general, the microbiological quality of herbs and spices 

often reflects the hygienic situation of the region where produced 

and manufactured. Microorganisms which are present in herbs may 

affect the quality of the final product (WHO, 1994 and Chan, 2003).  

Many of researchers investigated different commodities and 

levels of contamination by different microorganisms. They found 

that the contamination levels range from plate counts of zero to 108 

microorganisms CFU.g-1 for standard plate count, 0 to 106 for 

coliforms and 0 to 107 for yeasts and molds, depending on the 

product and the researcher. Some products are more susceptible to 

mold contamination, including pepper (white and black), chilies and 

chili powders, coriander, caraway and other herbs.  

Tjaberg et al. (1972) investigated 36 samples of spices and 

herbs from various sources. They found that the high total viable 

numbers of spore-formers were present of which a considerable 

percentage was proteolytic and/or amylolytic. The total number of 

colony forming units varied from several hundred to several million 

per gram, depending on the source, the manufacturing process, age 



 27

and type of condiment. Exceptionally high contamination was found 

in black pepper, coriander, paprika, mace, pimento and white 

pepper. No significant numbers of potentially pathogenic organisms 

were found except for Bacillus cereus, moulds and faecal 

streptococci. Enterococci were isolated and identified from paprika, 

white pepper, black pepper, pimento and onion powder.  

Flannigen and Hui (1976) found that the Initial Total Plate 

Counts (TPCs) and aerobic spore forming bacteria were 107 and 105 

cfu/g, respectively, while Escherishia coli and coliforms were 

present in lower counts. Salmonella, Bacillus cereus, and sulfite 

reducing clostridia could not be detected (<102 CFU.g-1) in ground 

spices.  

          Wilson and Andrews (1976) reported that the fresh herbs 

(basil, cilantro, dill, oregano, parsley, rosemary, tarragon, thyme) 

and whole spices (allspice, black pepper, white pepper and mustard) 

were obtained from two grocery stores and one international farmer's 

market location. The microflora of herbs and spices varied with 

source, with an aerobic mesophilic count (APC) of 2.9 x102 to 3.2 

x107 CFU.g-1, a coliform count of 7.9 x 102 to 1.9 x 107 CFU/g and 

Salmonella levels of 7.9 x 102 to 2.7 x 105 CFU.g-1. Fungal, Bacillus 

cereus and Clostridium perfringens populations ranged from 

undetectable to 1.7 x 107 CFU.g-1, 1.4 x 106 CFU.g-1 and 8 x 103 

CFU.g-1, respectively.  

          Bagiawati et al. (1985) stated that the total aerobic bactaria in 

26 kinds of spices were 7x102 to 4x107 CFU.g-1 and sporeforming 

bactaria were 1x102 to 3x107CFU.g-1. Coliforms were detected in 8 
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kinds of spices at 2x102 to 4x104 CFU.g-1 while no Salmonalla was 

detected.   

Pafumi (1986) investigated 579 samples of 34 kinds of spices 

and herbs from retail shops of Australia to determine their microbial 

quality. The Stander Plate Count (SPC) ranged from less than 102 

CFU.g-1 in cloves and cayenne pepper to 108 CFU.g-1 in black 

peppercorns. Most other spices and herbs averaged a total microbial 

load of about 105 CFU.g-1, cloves and cayenne were the only spices 

found to be free of Bacillus cereus, Clostridium perfingens, 

Coliforms, Escherichia coli and Salmonella spp. and low in moulds 

count. In contrast, peppercorns consistently had the highest level of 

microbial contamination, containing high level of all organisms 

tested. Sporeformers and, Coliforms were detected in most other 

spices and herbs; B.cereus at a load  ranging from less than 102 to 

105 CFU.g-1, with most being less than103 CFU.g-1 (except for 

cinnamon and broken mace which yielded higher counts); 

presumptive Clostridium perfingens count were usually <102CFU.g-1 

(except for mixed spices and ground paprika); and coliforms at 

<10/g (except ground paprika which yielded higher counts). 

Salmonella was isolated from black pappercorns, while pappercorns 

and fenugreek seed at a relatively high incidence level (8.2, 1.5 and 

7.1%), respectively.  

          Bhat et al. (1987) evaluated the microbial quality of 2 kinds of 

spices, (cumin seeds and chilli powder) sold in retailed shops in the 

city of Bombay. They found that the aerobic plate counts ranged 

from 2 x106 to 2 x108 CFU.g-1 for chilli powder and 1x104 to 1x108 



 29

CFU.g-1 for cumin. Among the bacteria present, 50-95% constituted 

sporeformers, which included amylolytic and proteolytic. 

Salmonella, Shigella and Vibrio were completely missing from chilli 

and cumin samples. However Staphylococcus aureus and Bacillus 

cereus were found in chilli powder.  

       Munasiri et al. (1987) notice that the prepacked ground India 

spices which included pepper, turmeric, chilli and coriander were 

found to be heavily contaminated with bacteria and molds. The total 

bacterial counts ranged between 105-107 CFU.g-1, whereas total 

fungal counts ranged between 102-106 CFU.g-1.  Red chilli was found 

to be most contaminated spice. The bacterial population consisted 

mainly of spores.   

           Sjoberg et al. (1993) found that the most frequently used 

spices, black and white pepper, are heavily populated with 

microorganisms. Aerobic plate counts are generally in the order of 

107cfu/g. Members of the Bacillus genus predominate frequently as 

spores rather than as vegetative cells. Other spices known to be 

heavily populated with aerobic bacteria include Ginger, Chilli and 

Paprika powders. Some spices contain relatively low numbers of 

micro-organisms where aerobic plate counts are usually in the order 

of 105-106 cfu/g. Examples of commodities fulfilling this 

requirement are cassia, clove, mace, nutmeg and most herbs.  

        El-Sayed (1994) isolated 16 bacterial isolates from sweet 

marjoram, spearmint and thyme herbs. Six bacterial isolates were 

Gram-positive spore former bacilli, two isolates were Gram-positive 
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non-spore former bacilli, three isolates were Gram-positive cocci 

and five isolates were Gram-negative rods.  

       Ito and Islam (1994) investigated the microbial quality of some 

spices (green pepper, fresh ginger rhizomes, chilli and coriander) 

were purchased from a local market in Thailand. They found that the 

total bacterial count were 107 CFU.g-1 for green pepper and 

coriander, 108 CFU.g-1 for, chilli and ginge. Spore forming bacteria 

counts ranged between 102-105 CFU.g-1 in all samples .Salmonella 

and Escherichia coli were found in green pepper, ginger and chilli. 

However Staphylococcus aureus and Bacillus cereus were found in 

coriander only.  

        Kneifel and Berger (1994) determined the microbiological 

quality of 160 samples of 55 kinds of spices and herbs originating 

from six suppliers and retailed at outlets in Vienna. They showed 

that the highest total aerobic mesophilic count (<107 CFU.g-1  ) for 

some spices such as cumin, black pepper, chillies and china spice, 

more than 50% of spices contained between 104 and 106 CFU.g-1. 

Bacilli were found in nearly all samples, showing counts >105 

CFU.g-1 in almost 40% of the products. Enterobacteria, 

Pseudomonades and Aeromonades as well as Lactobaciilli and 

Enterococci were present mainly at levels of <102 CFU.g-1. 

Anaerobic spore-formers could be detected only in three products. 

One black pepper sample contained Salmonella arizonae. Although 

several samples gave colonies indicating the presence of coagulase-

positive Staphylococci, representative isolates were not identified as 

Staphylococcus aureus. Some samples especially ginger and curry 
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had Bacillus cereus counts as high as 105 CFU.g-1. On the contrary, 

Clostridium perfringens was detected in caraway samples.  

          Farag et al. (1995) studied the microbial quality of some 

spices (hot pepper, marjoram and ginger) collected from Egyptian 

local markets. They showed that hot pepper was more contaminated 

(9.2 x 105/g) than marjoram (4.2 x 103 CFU.g-1 ) and ginger (14.3 x 

103 CFU.g-1) with respect to total aerobic bacterial content. The total 

contents of moulds were 4.8 x 103/g, 5.7 x 103 CFU.g-1 and 19 x 103 

CFU.g-1 in the same spices, respectively, but the pathogenic moulds 

and bacterial strains differed according to the type of spice. 

          Czech et al. (2001) examined one hundred and thirty-eight 

medicinal herbal drugs obtained from different suppliers for 

microbial contaminants and for the detectability of pathogenic 

microorganisms. The microbial load of the samples varied 

considerably. While none of the samples contained Escherichia coli 

(EHEC), Salmonellae, Pseudomonas aeruginosa, Listeriae, 

Staphylococcus aureus or Candida albicans, four samples were E. 

coli positive, two samples were presumptively Campylobacter jejuni 

positive. 

         Martins et al. (2001) evaluated the nature and content of 

microbiological contamination, 62 samples of seven medicinal 

plants (chamomile, leaves of orange tree, flowers of linden, corn 

silk, marine alga, pennyroyal mint and garden sage) using 

conventional microbiological methods. Practically all samples 

(96.8%) were contaminated with Bacillus cereus; 19.2% of them 

with levels higher than103 CFU.g-1. The highest levels were found in 
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corn silk samples (> 107 CFU.g-1). Spores of Clostridium perfringens 

were detected in 83.9 % of samples, but only 19.2 % had levels 

greater than 103 CFU.g-1. Corn silk samples were the most 

contaminated, with levels above 106 CFU.g-1.  

Al-Bachir and Lahham (2003) reported that the most herbs 

(liquorice) were carry large numbers of microorganisms capable of 

causing spoilage or, more rarely, disease. The aerobic plate count of 

these herbs may sometimes reach (80-100) x106 CFU.g-1. 

           A total of 154 samples of 27 kinds of spices from retail shops 

of 20 States of India were investigated to determine their microbial 

status. The total aerobic mesophilic bacteria count showed that 51% 

of the samples were in the unacceptable level (>106 CFU.g-1). 

Bacillus cereus, Clostridium perfingens, Staphylococcus auureus 

and members of Enterobacteriaceae occurred in 85, 59, 11 and 85 %, 

respectively of the kinds. Whereas black pepper powder, anise, 

garlic and red chilli did not contain Bacillus cereus. Foodborne 

pathogen was found in all the samples of ajmud, small cardamom 

and cumin powder. Coliforms and faecal coliforms were found in 33 

and 15 %, respectively of the tested kinds. Escherichia coli was 

detected in only one samples, of garlic. Salmonella and Shigella 

were found only in 2.6% of the samples. The non-packaged spices 

had a higher load of Bacillus cereus and Enterobacteriaceae than 

that of polyethylene-packaged ones (Banerjee and Sarkar, 2003). 

           A microbiological study of ready-to-eat foods with added 

spices or spice ingredients was undertaken to identify any risk 
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factors in the production, storage and display of this product and to 

establish their effect on microbiological quality.  

         Examination of 1946 ready-to-eat foods from sandwich bars, 

cafes, public houses, restaurants, specialist sandwich producers, 

bakers, delicatessens, market stalls and mobile vendors found that 

1291 (66 %) were of satisfactory/acceptable microbiological quality, 

609 (32 %) were of unsatisfactory quality, and 46 (2 %) were of 

unacceptable quality. Unacceptable results were due to high levels of 

Bacillus cereus and/or other Bacillus spp. (>/=105 CFU.g-1). 

Unsatisfactory results were mostly due to high Aerobic Colony 

Counts (up to >/=107 CFU.g-1), Enterobacteriaceae (>/=104 CFU.g-1), 

Escherichia coli (>/=102 CFU.g-1), and Bacillus spp (>/=104 CFU.g-

1). Examination of 750 spices and spice ingredients revealed that B. 

cereus were present in 142 (19 %) samples, other Bacillus spp. in 

399 (53 %) samples, and Salmonella spp. Approximately a third 

(222) of spice and spice ingredients examined contained high counts 

(>/=104 CFU.g-1) of B. cereus and/or other Bacillus spp., and 

appeared to be associated with the corresponding ready-to-eat foods 

containing similar high counts of these organisms (P<0.0001). 

Acceptable microbiological quality of ready-to-eat foods to which 

spices or spice ingredients have been added was associated with 

premises that had management food hygiene training and hazard 

analysis in place. Poor microbiological quality was associated with 

preparation on the premises, premises type, little or no confidence in 

the food business management of food hygiene, and small premises 

as indicated by local authority inspectors' confidence in management 
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and consumer at risk scores (Little et al., 2003). Also Carlin et al. 

(2004) found that 65 samples of spices and herbs used in 

refrigerated processed foods were positive for Clostridum. botulinum 

A and B.  

          Mankee et al. (2005) determine the prevalence of Escherichia 

coli, Staphylococcus aureus, Bacillus spp. and Salmonella spp. in 

condiments (spices). Of 196 samples of condiments spices 

examined, Escherichia coli was detected in 67 (34.2 %), 

respectively; Staphylococci were isolated from 123 (62.8%) samples, 

respectively; and Bacillus spp. were recovered from 88 (44.9 %) 

samples, respectively. Salmonella spp. was not isolated from any 

sample. 

           The increasing consumption of natural drugs has made their 

use a Public Health issue, due to the possibility of accessing 

products without quality. The concern about quality is mainly due to 

the potential microbiological contamination of the products, by their 

natural origin. Ninty-one samples of sixty-five herbal species were 

evaluated in relation to microbial contamination. Results indicated 

that 92.3% of the herbal drugs failed to comply with the 

pharmacopeial parameters of acceptance and therefore, it suggests 

that regulatory and educational measures are needed in order to 

guarantee the quality of these products (Bugno et al., 2005).  

          Nakajima et al. (2005) enumerated the number of total bacteria 

on powdered traditional Chinese medicines. They found that the 

colony-forming unit (CFU) was approx. 103 CFU.g-1 in ginseng 
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radix, and no bacterial colonies were detected from others. However, 

the total bacterial number was more than 107CFU.g-1.  

Phianphak et al. (2007) examinated the microbial quality of 

seventeen species of herbs in Thailand. The levels of microbial load 

of herbs were (>105-1011 CFU.g-1) of total aerobic bacteria, (>103-

107 CFU.g-1) of Staphylococcus. sp, (>104-107 CFU.g-1) of 

Salmonella. sp., (>103-107 CFU.g-1) of coliform bacteria and (>103- 

106 CFU.g-1) fungi.  

      b. Fungal  

          Most of spices and herbs are known to be contaminated to 

varying degrees with fungi species of Aspergrllus, Fusarium and 

Alternaria were found to be the most common types of in air, soil 

and many agricultural commodities studied (Aziz et al., 1998 and 

Abu-Irmaileh and Afifi, 2003). The spoilage caused by moulds in 

agricultural products during the period of growth, storage and 

consumption is of great importance. It has been reported that 5–10 % 

of agricultural products in the world is spoiled by mould to the 

extent that cannot be consumed by human and animals (Chourasia 

and Roy, 1991). 

          Many investigators (Flannigan and Hui, 1976; Lin and 

Dianese, 1976 and Ayres et al., 1980) undertook mycological 

examination of the spices cardmon, cinnamon, fennel, coriander, 

cumin, black cumin and white pepper used as common drugs, and 

within the food industry. They found heavy, to extremely heavy 

moulds contamination in all spices samples.  
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        Domsch et al. (1981) isolated and identified sixteen species 

from black cumin, fennel, absinthium, and lesser galangel samples 

with a moisture content of 6 %. The isolated species of fungi belong 

to the genera Absidia, Aspergillus, Cladosporium, Penicillium, 

Paecilomyces, Fusarium, Rhizopus, Mucor, and Scopulariopsis. The 

greater number of species was held to the genus Aspergillus. Seven 

species were recovered namely: A. flavus, A. parasiticus, A. niger, A. 

oryzae, A. ochraceus, A. terreus, and A. tamarii. Five species of 

Penicillium were isolated, namely P. viridicatum, P. chrysogenum, 

P. nigricans, P. variable, and P. commune. Two species were 

isolated from the genus Fusarium.  

          Farkas (1981) observed an apparent correlation between the 

source and the quality of spices and the microbial contamination. 

Black pepper, caraway, coriander, capsicum pepper, ginger and 

turmeric were all found to be highly contaminated by molds.  

         Youssef et al. (1986) reported that within all spice samples 

stored for different time at retailers, the domination of Aspergillus 

and Penicillum may be attributed to the suitability of the substrate 

produced by the plant. They revealed that the mean total fungal 

spores on the produced spices ranged from 2.6x104 CFU.g-1.  

         Mohamed et al. (1987) studied the mycological quality of three 

important spices used in Egypt (anise, cumin and fennel). Anise was 

found to be the most contamination with molds (3.1x104CFU.g-1). 

The predominating molds species in the three types of spices were 

Penicillium asclopium, P.chrysogenum, Aspergillus terreus, A.ustus, 
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A.flavus, A.niger, Fusarium oxysporum, Alternaria alternate, 

Trichoderma viride and Cladosporium herbarum. 

         El-Bazza (1988) studied the fungal on powdered cinnamon. 

She found that 10 % of the samples have less than 10 CFU.g-1, 70 % 

of the samples have counts from 10 to 100 CFU.g-1. The same author 

found that thirty fungal organisms were isolated from ten samples of 

powdered cinnamon and were identified as Aspergillus and 

Penicillum species.  

El-Sayed (1994) isolated 17 molds from sweet marjoram, 

spearmint and thyme herbs. Eleven molds were found as 

Aspergillus.sp, three as Penicillum.sp and three as Rrizopus.sp.  

Vrabcheva (2000) found the presence of xerophilic mould 

species, especially Aspergillus fumigatus, A. flavus, A. niger, A. 

ochraceus, in most pepper samples. 

Martins et al. (2001) evaluated the fungal contamination of 

62 samples of seven medicinal plants (chamomile, leaves of orange 

tree, flowers of linden, corn silk, marine alga, pennyroyal mint and 

garden sage) using conventional microbiological methods. The mean 

level of fungal population was 105 CFU.g-1. Corn silk samples were 

the most contaminated, with levels above 106 CFU.g-1. Fusarium 

spp., Penicillium spp., Aspergillus flavus and A. niger were 

predominant in all samples with the exception of garden sage 

samples. Many types of yeast were found in chamomile, flowers of 

linden, corn silk, pennyroyal mint and garden sage. Predominant 

species were Cryptococcus laurentii (28.1%) and Rhodotorula 
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mucilaginosa (22.8%). The mean level of Crypt. laurentii 

contamination in corn silk was greater than 104 CFU.g-1.  

Mandeel (2005) examined seventeen imported raw spice 

samples obtained from retail outlets for spoilage mould profile. A 

total of 665 fungal isolates, representing 14 species, were recovered 

and identified from dried and ground spice samples on several media 

using standard dilution plate method. The most heavily contaminated 

spice samples examined were observed in red chili and black pepper 

in order of magnitude of 1580 and 1120 CFU.g-1, respectively. The 

most predominant fungal genera encountered were Aspergillus, 

Penicillium, Rhizopus, Cladosporium and Trichoderma. Yeasts were 

also frequently recovered, but not identified. Relative occurrence 

values of taxa disclosed ranged between 36.4% for A. flavus and 

0.6% for A. parasiticus and Absidia corymbifera. Samples obtained 

from gunny bags encounter higher colony counts and contamination 

frequency than other packing methods. The present magnitude of 

contamination and spectra of mycobiota approximate those reported 

for similar spice samples. Although several potentially 

mycotoxigenic fungi were isolated during the present study, neither 

the foodstuff nor the fungi were assayed for the presence of these 

toxins. A piprika and ginger was higher than in cumin and pepper.                        

Bugno et al. (2006) investigated ninety-one samples of 

medicinal plants for the fungal contamination. They found that 

predominant mycoflora was distributed in 10 genera. From these, 

89.9% of the isolates corresponded to genera Aspergillus and 
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Penicillium, which are extremely important from the 

mycotoxicological standpoint.  

                                1. Aflatoxin producing-fungi  
           Mycotoxins are secondary metabolites of mold fungi 

identified in many agricultural products screened for toxigenic 

molds (El-Kady et al., 1992; Efuntoye, 1996 and Bent and Ko, 

2004). The food contaminated with mycotoxins, when consumed by 

human and animals may because diseases called mycotoxicosis and 

poisons even resulting in death (Fennell et al., 2004). The increases 

in the consumption of natural drugs have made their use a public 

health problem due to the possibility of access to products without 

adequate conditions of use. The concern with the quality of the 

natural products is due to the potential fungal contamination and the 

risk of the presence of mycotoxins. The presence of toxigenic 

moulds represents a potential risk of mycotoxin contamination and 

considering the worldwide increased use of herbal products as 

alternative medicines, it is necessary setting standards for toxigenic 

moulds in crude herbal drugs in order to reduce the risks for 

consumers' health (Bugno et al., 2006). 

         Mycotoxins are natural food and feed contaminants, mainly 

produced by moulds of genera Aspergillus, Penicillium and 

Fusarium. The number of mycotoxins known to exert toxic effect on 

human and animal health is constantly increasing as well as the 

legislative provisions taken to control their presence in food and 

feed. Extensively considered mycotoxins are aflatoxins (AFs), 
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ochratoxin A (OTA), Fusarium toxins and patulin (Miraglia and 

Brera, 2000 and Santin, 2005). 

           On a global scale, the contamination of spices by mycotoxins 

was especially reported in Ethiopia (Fufa and Urga, 1996), Egypt 

(Selim et al., 1996) and Portugal (Martins et al., 2001). Nonetheless, 

few countries have effectively established regulations as for AFs in 

spices. For instance, the maximum tolerable limit for AFs allowed in 

spices in EU member state has been set at 10 µg/kg for total AFs and 

5 µg/kg for AFB1 (Commission Regulation, 2002). Mycotoxin 

contamination, and especially aflatoxin contamination is favored by 

drought conditions coupled with above average temperature (Garrido 

et al., 1992).   

         Spices are largely produced in countries where tropical 

climates (high ranges of temperature, humidity and rainfall) are 

favorable to mycotoxin contamination. Furthermore they are usually 

dried on the ground in the open air in poor hygienic conditions that 

even more promote growth of moulds and production of mycotoxins 

(Martins et al., 2001). Aspergillus flavus has been found in herbs and 

spices at levels ranging from less than 10µg/g to 51µg/g (Aziz et al., 

1998 and Mandeel, 2005).                                                                                                

Medicinal plant materials have been examined by researchers 

to determine rate of occurrence of fungal species present and levels 

of mycotoxin contamination. Most of these studies have been 

focused on ginger and turmeric, which are herbals roots grown in the 

tropical and subtropical regions. These studies have found the 
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presence of AF and OTA, often at high levels (Abou-Arab et al., 

1999; Rizzo et al., 2004 and Bugno et al., 2006).  

           Saowarose et al. (1987) found that out of thirty nine samples 

of medicinal herbs, and thirty three samples of spices and one 

hundred and four samples of materials to prepare curry which were 

randomly collected, 15% of the medicinal herbs contained aflatoxin 

B1 (20 to 150 ppm) and 5% contained aflatoxin G1 from (20 to 90 

ppm).  El-Bazza et al. (1990) investigated thirty-one different herb 

samples of tea, anise, fenugreek and licorice collected from different 

places in Egypt. They found that out of 160 molds isolated from the 

herb samples, three fungal isolates were aflatoxigenic.           

Geeta and Reddy (1990) analyzed 6 samples of spices for the 

contamination molds and aflatoxin. Aspergillus flavus, other 

Aspergillus species, and species of Rhizopus, Mucor, Penicillium, 

Tricothecium, and Fusarium were found on seed surfaces. A. flavus 

which is implicated in the production of carcinogenic aflatoxin was 

mainly found on ginger, mustard, garlic, and pepper. The highest 

fungal counts (10.6×104/g) occurred in stored pepper (Piper nigrum 

L.) and the lowest in curry contamination of pepper and mustard 

with A. Flavus. Goto et al. (1990) found that 89 % of samples of 

fennel, coriander, cumin, and caraway were contaminated with 

aflatoxin B1 at the levels 3000 ppb, 1640 ppb, 1580 ppb, and 2550 

ppb, respectively. Roy and Chourasia (1990) found that the 

mycological examination of herbal samples (collected from markets) 

showed the relationships of a large number of fungi including 

mycotoxin producers. Isolates of Aspergillus flavus, A. ochraceus 
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and Fusarium oxysporum were screened respectively for aflatoxins 

(Afl), ochratoxin A and zearalenone production and a considerable 

number of these were found to be toxigenic. Ten different samples 

of each plant were also analyzed for mycotoxin contamination. Afl-

B sub(1) was the most frequently occurring mycotoxin, in fairly high 

concentrations (0.17-0.67 mu g/g) in all of the contaminated 

samples, whereas, ochratoxin A, citrinin and zearalenone were found 

in comparatively few samples.  

Scholl and Groopman (1995) analyzed one hundred and fifty 

seven samples including 29 curry powders, 37 pepper samples 

(excluding cayenne pepper), 41 miscellaneous spices and 50 samples 

of chilli, cayenne pepper and paprika for aflatoxin B1, B2, G1 and G2 

and  a limited study of the stability of aflatoxins in chilli and curry 

sauces during domestic cooking processes was also carried out. 

Nearly 95 per cent of samples analyzed contained aflatoxin below 

10µg/kg (parts per billion) and only nine samples contained higher 

levels. These samples were all chilli and cayenne pepper. The 

highest concentration of aflatoxins (47.5µg/kg) was detected in a 

sample of chilli powder. The majority of samples were below the 

limit of determination (<1.0 µg/kg). The cooking experiments 

showed that aflatoxin is not destroyed under domestic cooking 

conditions (microwave or heating in gas oven).  

         A total of 120 different samples belonging to 24 kinds of 

species collected from different places at Assiut Governorate 

(Egypt) were examined for the natural occurrence of mycotoxins. 

TLC analysis of spice extracts revealed the presence of aflatoxins (8-
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35 micrograms/kg) in 16 samples of anise, black pepper, caraway, 

black cumin, fennel, peppermint, coriander and marjoram, 

sterigmatocystin (10-23 micrograms/kg) in ten samples of red 

pepper, caraway, cumin and marjoram and citrinin (8-12 

micrograms/kg) in two samples of black cumin, while ochratoxin A 

and zearalenone could not be detected (Candlish et al., 1995).   

         Selim et al. (1996) collected different samples of common 

Egyptian foods (17 nuts and seeds, 10 spices, 31 herbs and medicinal 

plants, 12 dried vegetables, and cereal grains) from local markets in 

Cairo and Giza. They were analysed for aflatoxin production. The 

highest prevalence of aflatixin B1 was in nuts and seeds (82 

%),followed by spices(40 %),herbs and medicinal plants (29 

%),dried vegetables (25 %),and cereal grains (21%). The highest 

mean concentration of aflatoxin B1 was in herbs and medicinal 

plants (49 %), followed by cereal(36 ppb), spices(25 ppb), in nuts 

and seeds(24 ppb),and dried vegetables(20 ppb). The highest 

concentrations of aflatoxin B1 were detected in foods that had no 

potential for filed contamination but required drying during 

processing and storage.  

             A total of 84 medicinal plant samples and spices were 

examined for the contamination of molds and mycotoxin. Ten fungal 

genera of different taxonomic groups were detected. Aspergillus 

flavus, A.parasiticus, A.niger, Fusarium oxysporum, and penicillium 

viricatum occurred most often on the medicinal plant samples and 

spices. Direct determination of mycotoxin in medicinal plants and 
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spices revealed aflatoxin B1 in 17 samples at an average of from 10 

to 160 ug/Kg1 (Aziz et al., 1998).   

          Efuntoye (1999) studied the ability of fungi isolated from 

stored herbal drug plants to produce mycotoxins in semisynthetic 

media. The obtained results showed that aflatoxins and ochratoxin A 

were produced by Aspergillus flavus, A. parasiticus and A. 

ochraceus isolates. The time-production courses of aflatoxins B1, 

B2, 1 and ochratoxin A in crude herbal drug preparations show that 

more of these toxins were produced with increase in time of storage 

of the drugs. The results indicate that the potential exists for the 

toxigenic strains to elaborate mycotoxins in a large quantity in 

herbal drug substrates than in semisynthetic media. 

          Erdogan (2004) investigated 44 red-scaled pepper and 26 red 

powder pepper samples obtained from various spices retailers in 

Erzurum, and 20 isot (red pepper produced in Sanliurfa) for aflatoxin 

contamination using thin layer chromatography. Aflatoxin (B + G) 

was found in 8 red pepper samples (18.2 %), and 3 red powder 

peppers (10.7 %), and 1 isot sample (5 %). The aflatoxin amount 

ranged from 1.1 to 97.5 ppb in all samples investigated. The highest 

amount of aflatoxin was found in red-scaled pepper. Species of 

Aspergillus, Penicillium and Rhizopus were generally contaminants 

of all samples. 

Tassaneeyakul et al. (2004) investigated twenty-eight herbal 

medicinal products from Thailand for aflatoxin (AF) contaminations 

by employing a specific HPLC assay for the determination of AFB1, 

B2, G1 and G2. The results revealed that five (18 %) of herbal 
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samples were contaminated with detectable amount of the total AFs 

ranging from 1.7 to 14.3 ng/g. The association between particular 

herbal/plant and the AF contaminated could not be determined due 

to the low frequency of positive samples. None of the AF 

contaminated level found was above the current legislative level 

permissible in Thailand (20 ng/g). A word of caution, however, 

exporting some high AF-contaminated herbal products to countries 

where more stringent permissable level of aflatoxins exist could 

result in trade Barriers.                                                                                                               

Bircan (2005) analysed a total 75 samples of different spices 

(paprika, chilli, black peppers and cumin) marketed bazaars, herbal 

shops and supermarkets in Turkey for aflatoxin. Twenty-seven 

paprika, all the chilli powder and four ground black pepper samples 

were contaminated with aflatoxin B1 in the range of 0.5-116.4, 1.6-

80.4 and 0.3-1.2 -g kg1 respectively. Twenty-three (30 %) paprika 

and chilli powder samples were above the regulatory limits used in 

the European Union. No aflatoxin contamination was detected in the 

cumin samples.  

Zinedine  et al. (2005) analyzed 55 sample of spices (14 of 

paprika, 12 of ginger, 14 of cumin, and 15 of pepper) purchased 

from popular markets of Rabat and Sale in Morocco for aflatoxins 

contents. The average contaminations found for aflatoxin B1 

(AFB1) were 0.09, 0.63, 2.88 and 0.03 µg/kg for black pepper, 

ginger, red paprika and cumin, respectively. The higher levels of 

contamination were found in red paprika, with 100 % of positive 

samples and an average concentration of 2.88 µg/kg for AFB1. 
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Among spices, the maximum value was from red paprika sample 

(9.68 µg/kg).  

Bugno et al. (2006) evaluated Ninety-one samples of 

medicinal plants for the fungal contamination and the mycotoxigenic 

potential of Aspergillus and Penicillium isolated from the samples. 

Results indicated that predominant mycoflora was distributed in 10 

genera. From these, 89.9% of the isolates corresponded to genera 

Aspergillus and Penicillium, which are extremely important from the 

mycotoxicological standpoint. 21.97 % of the Aspergillus and 

Penicillium isolates proved to have the ability for producing 

aflatoxins (42.9 %), ochratoxin A (22.4 %) and citrinine (34.7 %).  

Colak et al. (2006) determine the aflatoxin levels in red 

scaled, red and black pepper. For this purpose, 84 spice samples 

were randomly obtained from markets and bazaars in Istanbul. 

Thirty-six of 84 spice samples (42.9 %) were found contaminated 

with aflatoxins in the range of 0.3-46.8 µg/kg. In conclusion, 

aflatoxins continue to pose a health concern via human exposure to 

contaminated spices. 

2. Controling methods used for microbial decontamination        
of spices and herbs. 

A number of conventional methods have, therefore, applied to 

spices and herbs for microbial decontamination and insect 

disinfestations. Both chemical and physical methods have been used 

with varying degrees of success. Fumigation with of spices and 

herbs with ethylene oxide (ETO), methyl bromide (MB) or 

propylene oxide (PO) is the main chemical method commercially in 
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several countries. Physical methods commercially used for microbial 

decontamination include steam and heat sterilization and irradiation 

(Ayres et al., 1980 and Lee et al., 2004). 

    a. Fumigation 

Some commercial food processors treat spices with methyl 

bromide to kill insects or with ethylene oxide to control bacteria and 

mold. Chemical treatment is widely used for reducing bacterial 

count or for the complete sterilization (Farkas, 1998). Ethylene oxide 

(ETO) is commonly used to decontaminate spices, with varying 

degree of success. Use of ethylene oxide is, however, prohibited in 

many countries (Japan, some countries of EEC, the United 

Kingdom) because it reacts with organic spice components to leave 

the harmful residues ethylene chlorohydrin and ethylene 

bromohydrin on spices. Ethylene chlorohydrin is a known 

carcinogen that persists in the spice for many months, even after 

food processing. Ethylene oxide (ETO) is considered by the 

International Agency for Research on Cancer (IARC) to be a human 

carcinogen (Fowles et al., 2001).  For this reason and because of 

worker safety issues, its use in the United States is under review by 

the Environmental Protection Agency under the Food Quality 

Protection Act (residues levels of 50 ppm are currently allowed). Or 

spice mixtures containing salt (residues of 1500 ppm are currently 

allowed) (Toofanian and Stegeman, 1988). As a fumigant, ETO gas 

is currently used as a way to disinfect spices potentially 

contaminated with pathogenic bacteria, such as salmonella, in New 

Zealand, the United States, and Canada.   However, in Europe, ETO 
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is banned as a food fumigant due to concerns of the potential 

toxicological risks to workers and consumers. Many countries permit 

irradiation as an alternative treatment to ETO fumigation of spices 

(Satomi et al., 2005). 

Fumigation may result in reduction of volatile oil content 

(Kuruppu et al., 1983 and Satomi et al., 2005). Some spices are 

important for their color (Chilli, paprika and turmeric). ETO can dull 

the color of these spices (Farkas, 1998). 

      b. Heat treatment 

Seeds and powdered food products are widely represented in 

the food industry. The increased microbial quality required by 

consumers has caused the attention of the industry to products like 

flour, herbs and spices (Fine and Gervais, 2005). The 

decontamination of dried powders is difficult, and the difficulty 

correlates with the presence of a specific microflora adapted to low 

water content. Both vegetative cells and spores are found in dried 

products. Microbial heat resistance depends on the water activity 

(aw) of the medium. The thermal resistance of spores is more 

important in dry media than in liquid media: for microorganisms 

such as Clostridium botulinum type E and Bacillus megaterium there 

was a substantial decrease in decimal reduction time at 110 0C as the 

aw value approached 1.00 (Mann et al., 2001 and Leuenberger and 

Lillford, 2002). Processes used for the decontamination of dried 

products, such as high pressure steam, often induce organoleptic 

degradation or achieve only a low destruction rate. Indeed, most 

decontamination processes involving heating induce severe damage 
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to the products. Besides color modification lipid oxidation, and 

aroma volatilization was often recorded and can be quantified due to 

essential oil content for spices and herbs the losses of volatile oils 

are up to 20%. Moreover, from a nutritional viewpoint, thermal 

processes often performed nutritional values losses of powders 

correlated to essential amino acids removal (notably lysine) or 

vitamins (C or K) and decrease of proteins solubility and 

digestibility. So Heat is not so suitable since an increase 

in temperature is accompanied by loss of volatile oil 

contents and reduction quality (Krebbers et al., 2002; 

Wuytack et al., 2003 and Fine and Gervais, 2005). 

     c. Ultra violet (U.V.), Infrared and Microwave 

 Ultra violet (U.V.) irradiation dose not penetrate the spices 

surface. The U.V. irradiation as a method of sterilizing spices is not 

effective because of its low penetrating power (Sharma and 

Demirci, 2003). Infra red and microwave irradiation have proved 

to be of limited value because these methods are basically forms of 

heating and consequently have the same disadvantages of the use of 

heat. Microwave irradiation is not effective enough to reduce 

bacterial population during the treatment (Plessi et al., 2002). 

                     d. Ionizing radiation 

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 micro-

organisms causing food spoilage. The aim is to prolong the shelf-life 
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of foods kept under various conditions such as in shops and 

households, and to eliminate pathogenic organisms that cause 

diseases as a result of food consumption. Ionizing radiation is used 

to generate highly active chemical species within the food that react 

with DNA (Lee et al., 2004).  

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, 

seafoods etc (Moy and Wong, 1996).   

       Use of ionizing radiation as a physical method of 

microbiological decontamination of food, including spices and 

herbs, was approved by the Codex Alimentarius Commission. The 

experts agreed that radiation does not cause any toxicological 

changes or activation of irradiated food products (Thorne, 1991 and 

Diehl, 1992). Irradiation carried out under conditions of Good 

Manufacturing Practice, is recommended as a safe and effective food 

processing method that can reduce the risk of food poisoning and 

preserve foods without deterioration to health and with minimum 

effect on nutritional quality. This View has been endorsed by 

international bodies such as the WHO, FAO and Codex 

Alimentarius (IFST, 1999). 

         Gamma-ray irradiation is now internationally recognized as an 

effective method to maintain the quality of spices for a long time. 

The Directive 1999/3/EC established a community list of foods and 
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food ingredients that may be treated with ionizing radiation and 

maximum overall average absorbed dose may be 10 kGy for dried 

aromatic herbs, spices and vegetable seasonings. Limitation of FDA 

for culinary herbs, seeds, spices, vegetable seasonings, and blends of 

these aromatic vegetable substances has not to exceed 30 kGy (CFR, 

2004).  

           Herbs and spices, often produced in third world countries, are 

highly valued for their beneficial properties. Unfortunately, like all 

foodstuffs, they can be exposed to high levels of bacteria, moulds 

and yeasts and pests which, if left untreated, would result in spoilage 

and possible serious food borne illness. Controlled and low levels of 

irradiation effectively kill bacteria, moulds and yeast. It also helps 

retain the colour and flavour, while ensuring the functional 

properties of the herbs are not impaired (Sharma et al., 1984). 

Research clearly indicates that gamma irradiation maintains the 

sensory properties of spices, herbs and vegetable seasonings better 

than ETO treatment. Generally, the sensory properties of spices are 

more resistant to gamma irradiation than are some herbs. Also, herbs 

are more damaged by ETO treatment (Marcotte, 2001).  

           Gamma irradiation has been extensively studied as a means of 

reducing the microbial contamination of spices. Experiments 

indicate that spices with water contents of 5-12 % are very resistant 

to physical or chemical change when irradiated. Since spices and 

herbs are used primarily as food flavouring agents, their flavour 

integrity must not be changed by the process. Sensory and food 

applications analyses indicate no significant difference between 
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irradiated samples and controls for all spices tested (Kneifel and 

Berger, 1994). The effect of irradiation on the microbial 

contamination of spices is dependant on dose the type of 

microorganism present and initial contamination level (Al-Bachir 

and Lahham, 2003). 

           Many countries have approved irradiation of spices and herbs 

for microbial decontamination and for insect's disinfestation. Among 

these countries Argentina, Brazil, France, India, South Africa, USA, 

etc (ICGFI, 1991). Gamma irradiation results in a much lower level 

of microbial contamination and is often the only treatment effective 

enough to meet standards set by processors operating under Hazard 

Analysis, Critical Control Points (HACCP) or International 

Organization for Standardization (ISO) (WHO, 1994).  

                   1. Effect of γ irradiation on the microbial load of spices and   
herbs 

                                      a. Bacterial  
         Ionizing radiation has the ability to ionize compounds along it a 

pathway, thereby creating highly reactive free radicals. The killing 

effect of radiation can be attributed to breaking of chemical bonds of 

essential macromolecules such as DNA(the target theory) or to the 

ionization of water which results in forming of highly reactive 

radicals such as H,OH etc (the free radical theory).This free radicals 

split carbon bonds of macromolecules in living organisms, thereby 

killing the organisms. Since no heat is generated in this from of 

destruction of microorganisms, radiation sterilization of food is 

commonly knowing “cold sterilization” (Fung, 1987).  
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            Herbs and spices are examples of food products that are 

suitable for treating with ionizing irradiation, as the process does not 

affect the chemical/physical properties of the material, yet at a dose 

of 10 kGy the microbial population is reduced by at least 105 CFU. 

g-1 (Singh et al., 1988). The effect of different radiation doses upon 

the microbial content of spices has been studied in detail and it has 

been confirmed that doses between 10 and 20 kGy lead to complete 

sterilization of the spice (where the original level of contamination 

was of the order 107 CFU.g-1) (IAEA, 1992). The radiation dose 

depends upon the initial level of contamination of the spice, it also 

depends upon the type of microorganisms present (Alam et al., 

1994). In general, it was found that molds, fungi and coliforms are 

eliminated by doses lower than those required for bacteria. Studies  

indicates that minimum doses as low as 4-5 kGy will destroy these 

organisms while some bacteria and yeasts required minimum doses 

of 10 kGy to reach non-detectable levels (Kiss, 1982; Alam et al., 

1994; Farkas et al., 1998 and Owczarczyk et al., 2000).  

 Studies carried out in Turkey on ground paprika, black pepper 

and cumin also support this view in that a dose of 8-10 kGy achieved 

a satisfactory reduction in microbial contamination (Fu et al., 1980). 

Similarly, Japanese studies on eleven powdered spices irradiated 

with doses ranging from 3.3 to 15 kGy revealed that spices could be 

adequately sterilized by this means, the dose level varying according 

to the particular spice (Moy and Wong, 1996).  

          Silberstein et al. (1979) reported that the average minimum 

dose of 9 kGy resulted in a count reduction to below 2.5 x 104 in 
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onion powder, even when initial contamination was very high; 

results not dependent on spice quality or type of packaging; a dose 

of 15 kGy reduced aerobic plate counts to 50 per gram.  

        Szabad and Kiss (1979) studied the influence of gamma 

irradiation (10 kGy) and Ethylene oxide (ETO) tretment on 

microflora of paprika. Dose of 5 kGy resulted in a reduction in 

mesophilic aerobic cell count of 2.5 orders of magnitude (identical to 

that achieved with 600g m--3, 25 C, 6h ETO treatment.  

          Farkas (1983) found that a dose of 4-10 kGy was effective and 

sufficient to reduction the viable plate count 3 log cycles in garlic 

powder, 4 log cycles in white pepper and 2 log cycles in ginger. He 

also found a dose 5 kGy was sufficient to eliminating coliforms in 

cumin, coriander, turmeric and rosemary. A dose 10.0 kGy reduced 

spore-forming bacteria to <10 CFU.g-1 of ginger, turmeric and 

rosemary. Sharma et al. (1984) reported that doses of 7.5-10 kGy 

were in sterilizing or adequately reducing bacterial contamination in 

black pepper, nutmeg, mace, cinnamon, cardamom, cloves samples.   

        El-Zawahry et al. (1985) showed that irradiation dose of 10 

kGy completely inhibited all bacterial flora in 17 samples out of 26 

examined spices samples. The irradiation dose required to inhibit the 

bacterial flora in the other nine samples ranged from 15 to 25 kGy. 

Thus, the exposure of spices to irradiation dose of 10 kGy 

completely inhibited the bacterial flora in most of the examined 

samples and at least reduced greatly the bacterial load in the other 

samples with the result of increasing the shelf life of spices during 

the storage periods.  
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          Grecz et al. (1986) suggested minimum doses to achieve 

commercial, sterility (<10/g) were: black pepper (13 kGy), thyme 

(13 kGy), anise seed (10 kGy), curry (7.3 kGy), poultry seasoning (6 

kGy), pickling spices (7kGy), cardamom (9.4 kGy), cumin (12 kGy ) 

and cream of tartar (4 kGy) based on initial bioburdens and 

resistance of contaminating microorganisms.  

           Mohamed et al. (1987) studied the influence of gamma 

irradiation on microbial load of white and black pepper (whole and 

powdered), turmeric (whole and powdered), rosemary (whole and 

powdered) and basil (powdered). Doses of 12 to 15 kGy reduced 

total aerobic bacteria to non-detectable level; doses <10 kGy reduced 

spore-forming bacteria to less than 103 CFU.g-1. 

          Hammad et al., (1987) reported that application of gamma 

irradiation greatly reduced the microbial load of all the spices (anise, 

cumin, red pepper and curinder). A dose of 5 kGy could bring down 

the number of bacteria to below103-104 CFU.g-1.   

         Munasiri et al. (1987) found that a dose of 5 kGy could bring 

down the number of bacteria in India spices (pepper, turmeric, chilli 

and coriander) to below 103-104 CFU.g-1. Meanwhile, Farkas (1988) 

reported that a dose of 7.5-10.0 kGy was sufficient to 3-5 log 

reduction in total aerobic viable cell count of some herbs 

(chamomile, fennel, rose hip, lime blossom mint, Rooibos and 

vervain). In addition Toofanian and Stegeman (1988) found that 

doses of 6 kGy for cinnamon and ginger, 6-10 kGy for fennel and 6-

8 kGy for fenugreek gave microbial effects similar to those achieved 

with commercial Ethylene oxide (ETO)  fumigation methods.   
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         Narvaiz et al. (1989) reported that complete microorganisms 

inactivation took place when spices (ground cinnamon clove, 

coriander, nutmeg, white and black pepper) were treated with 10 

kGy, whith the exception of cinnamon.   

         Alam et al. (1994) reported that irradiation dose of 3 kGy 

without heat treatment reduced the microbial load in coriander, 

cumin, turmeric and chilli from 6 log to 3 log and from 5 log to 2 log 

units depending on the storage temperature whereas the same dose 

of radiation combined with heat treatment reduced the microbial 

load from 6 log to 2 log units and from 4 log to below detectable 

level depending on storage condition. In this connection,  El-Sayed 

(1994) concluded that irradiation dose of 10.0 kGy can be used to 

decontaminate sweet marjoram and spearmint herbs from bacteria.  
          Andrews et al. (1995) found that, radiation treatment (10 kGy) 

of fresh dry ground ginger resulted in a decrease in total microbial 

counts from 108 to 101 CFU.g-1. Bolander et al. (1995) studied the 

efficacy of gamma radiation and ethylene oxide fumigation as 

decontaminating treatments for spices used in sausages. Microbial 

loads of sausages containing irradiated, fumigated or non-treated 

spices were examined over three intervals of time. No significant 

differences between microbial loads of Mexican sausages containing 

irradiated spices (10 kGy) verses ethylene oxide-treated spices were 

found. Mexican sausages containing treated spices had significantly 

lower spore counts than control sausages. After 8 weeks of storage, 

only the microbial loads of control sausages suggested spoilage. No 
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discernable differences in treatment efficacy were noted with respect 

to spore counts in Italian sausages. 

             Farag et al. (1995) studied the effect of gamma irradiation at 

5, 10, 15, 20 and 30 kGy on the microflora of marjoram, ginger 

rhizomes and hot pepper. They found that a dose of 10-20 kGy was 

required to reduce microorganisms to below a detectable level 

(103/g; coliforms (found only in hot pepper) eliminated by a dose of 

5 kGy; generally molds and coliforms eliminated with lower 

irradiation doses than were bacteria; doses of 16-20 kGy would 

likely be necessary to achieve sterility (<10/g).  

         Fang and Wu (1998) showed that the sterilization dose 

recommended for most herbs was 10 kGy for dry herbs, 7 kGy for 

herbal medicines and 5 kGy for more sensitive herbal medicines.  

           Variyar et al. (1997) reported that at dose 10.0 kGy the total 

aerobic bacteria reduced by 2-4 logs; sporeforming aerobic bacteria 

reduced 2-5 logs in cayenne, onine and ginger.  

          Farkas (1998) reported that radiation doses of 3 to 10 kGy 

proved to be sufficient to reduce the viable cell counts to a 

satisfactory level in dry ingredients and herbs. In this respect, Kim et 

al. (2000) found that gamma irradiation at 5–10 kGy inactivated 

contaminating microorganisms in twenty-one kinds of Korean 

medicinal herb. Katusin-Razem et al. (2001) reported that the 

resistivity of microflora in botanical raw materials used in the 

manufacture of pharmaceuticals to irradiation, expressed as a dose 

required for the first 90 % reduction, increases along the same 

assortment as 2, 4, 5 and 5 kGy, respectively. This results in doses 
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between 4 and 30 kGy required to treat typical contamination, or 

between 10 and 40 kGy for severe cases. The contamination of final 

products, phyto-therapeutic ointments (104–107 CFU.g-1), is 

relatively sensitive to irradiation (Dfirst90%red=1 kGy) and usually does 

not require doses higher than 8 kGy. Marcotte (2001) reported that 

irradiation dose of 5 kGy effectively kills bacteria in spices.  A dose 

of 5 -10 kGy results in an immediate minimum 2-3 log cycle 

reduction of bacteria. Spore forming bacteria require higher dose 

levels to kill because spores are less sensitive to radiation. Surviving 

bacteria and spores are, however, much more susceptible to heat. 

This is an important consideration for the food processing uses of 

spices. Abdel-Karem et al. (2002) studied the effect of gamma 

irradiation at doses 1, 3, 5 and 7 kGy on microbial load of karkade, 

tamarind and licorice. They found that radiation at dose levels of 1, 3 

and 5 kGy reduced the total bacterial counts by 83, 92 and 97.5 %, 

respectively while; complete elimination was achieved at dose level 

7 kGy. Swailam and Abdullah (2002) found that irradiation at doses 

5, 10 and 15 kGy greatly reduced the total viable bacterial in qarad, 

anise and caraway. Irradiation dose of 5 and 10 kGy reduced total 

bacterial counts of qarad (the highly contaminate products among 

material studied) by about 49.9 and 80.9 %, respectively.  

        Al-Bachir and Lahham (2003) found that the total microbial 

count was 11x104 CFU.g-1 in unirradiated ground liquorice roots. 

liquorice roots treated with 0, 5, 10, 15 and 20 kGy of  gamma 

irradiation had significantly lower counts than untreated control and 
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the total microbial count in commercially ground liquorice roots was 

reduced to below 102g-1 by a doses of 10 kGy or above.  

         AL-Bachir et al. (2004) exposed the licorice root products of 

gamma irradiation (0, 5, 10, 15 and 20 kGy). Irradiated and 

unirradiated samples were stored at room temperatures. Microbial 

population of products was evaluated after 0 and 12 months of 

storage. The results indicated that gamma irradiation reduced the 

counts of microorganisms on licorice root products. D10 value of 

total count was about 1.4 kGy. Lee et al. (2004) found that the 

irradiation dose of 7 kGy reduced the population of mesophilic 

bacteria effectively without affecting major quality factors in Korean 

red pepper powder (Capsicum annuum L.). Mishra et al. (2004) 

reported that gamma irradiation was found to extend the shelf life of 

farm fresh ginger. A 5-kGy radiation dose and 10 °C storage 

temperature were found to keep peeled ginger samples microbe free 

and acceptable until 70 days of storage, whereas nonirradiated 

(control) peeled ginger spoiled within 40 day under similar storage 

conditions.  

         Ramamurthy et al. (2004) indicated that capsicum normally 

harbours 105 CFU.g-1. After irradiation at 1 and 2 kGy, the initial 

microbial population was reduced by 2 and 3 log cycles, 

respectively. Al-Bachir (2005) reported that gamma irradiation (10.0 

kGy) decreased the microbial load of spices, and packaging 

materials used in luncheon meat, due to increased the shelf-life of 

luncheon meat. Al-Bachir and Zeinou (2005) evaluated the microbial 

population of ground roots (fine particles, medium and coarse 
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particles) after exposed to 5, 10, 15 and 20 kGy of gamma radiation 

from a 60Co source. The results showed that microbial count of fine 

particles of ground licorice roots were 106 g-1, that of coarse ones 105 

g-1. All sizes of licorice roots treated with gamma irradiation had 

significantly (P<0.05) lower microorganism counts than untreated 

(control) ones. The dose needed to reduce the microbial load to less 

than 10 bacteria per gram was 15 kGy for the fine particle and 10 

kGy for the coarse ground root. Soriani et al. (2005) noticed that 

after irradiation, of two medicinal herbs (ginkgo and guarana) all 

samples showed reduction of total aerobic counts to a level of ≤ 10 

CFU.g-1 when submitted to an average dose of 11.4 kGy.  

         Al-Bachir (2007) reported that gamma irradiation at 5, 10, 15 

and 20 kGy eliminated the aerobic plate counts of anise seed. 

      Seventeen species of herbs established in Thailand traditional 

remedies were microbially decontaminated by gamma-irradiation 

doses of 7.7 and 8.8 kGy. The herb samples were randomly collected 

four times from producers in Chiangmai during a 1-year period. 

These were tested, qualitatively and quantitatively, for total aerobic 

bacteria before and after gamma treatment. No microorganisms were 

found after gamma treatment. The applied dose of gamma irradiation 

was within the regulatory limits in Thailand (<10 kGy) and the main 

export country (USA< 30 kGy). Gamma irradiation is an effective 

treatment for microbial decontamination of Thai export herbs 

(Phianphak et al., 2007). 
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       c. Pathogenic bacteria  

       Radiation treatment at doses of 2-7 kGy depending on condition 

of irradiation and the food can effectively eliminate potentially 

pathogenic nonsporeforming bacteria including both long-time 

recognized pathogens such as Salmonella and Staphylococcus 

aureus as well as emerging or "new" pathogens such as 

Campylobacter, Listeria monocytogenes or Escherichia coli 

O157:H7 from suspected food products without affecting sensory, 

nutritional and technical qualities (Diehl, 1990 and Farkas, 1998).  

            Pathogenic bacteria that may be present in spices, herbs or 

other vegetable seasonings can be inactivated by a relatively low 

absorbed dose. Microorganisms belonging to the Enterobacteriaceae 

family are generally susceptible and can generally be killed by 4-6 

kGy. The number of mesophilic aerobic microbes usually decreases 

by 2-3 orders of magnitude after being treated with 5 kGy. Of the 

spore forming bacteria, the most frequent genus in spices is Bacillus. 

In general, the number of spores decreases by at least 2 orders of 

magnitude as a result of irradiation with 5 kGy. The number of 

anaerobic bacterial spores is normally low and an absorbed dose of 5 

kGy kills them (Grecz et al., 1986 and Marcotte, 2001).   

          Farkas (1988) found that irradiation dose of 1.3-1.6 kGy was 

effective in eliminating 90 % of five Salmonella serotypes in 

artificially contaminated coconut. Singh et al. (1988) reported that 

irradiation dose at 4-5 kGy is effective in eliminating most the 

pathogenic microorganisms in spices (Turmeric, black pepper, 

chilli).                                             
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        Kneifel and Berger (1994) reported that a dose of 2 to 3 kGy 

are sufficient to control or reduce many foodborne pathogens, such 

as Salmonella, Escherichia coli, and Vibrio, which may be found on 

spices and herbs.  

          Higher doses would be needed to control sporeforming 

bacteria such as Clostridium botulilum. Doses of gamma irradiation 

used (5.0 and 10 kGy) were sufficient to decrease spore-forming 

bacteria (SFB) and inhibit coliforms which contaminated the black 

pepper powder (Emam et al., 1995).  Swailam and Abdullah (2002) 

showed that irradiation dose of only 5 kGy was effective and 

sufficient to eradicate all tested pathogenic bacteria contaminating 

different spices (anise, caraway and qarad), indicating that spices 

treated with 5 kGy will safe for use either in fresh or processed 

foods, thus do not posing a health hazard to the consumers.  

        Ramamurthy et al. (2004) reported that a dose of 2 kGy was 

sufficient to eliminate coliforms, Listeria and Yersinia in capsicum.    

         Trampuz et al. (2006) found that doses of 2.8 and 3.6 kGy for 

Staphylococcus epidermidis and Escherichia coli, respectively were 

enugh to eliminate them. The radiation dose required to reduce 

viable bacteria by one log10 (D10 value) was 0.31 and 0.35 kGy for S. 

epidermidis and E. coli, respectively.  

Phianphak et al. (2007) reported that irradiation doses of 7.7 

and 8.8 kGy  were enough to eliminate Staphylococcus. Sp. 

Salmonella sp. and coliform bacteria in Thai traditional herbs. 
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        c. fungal 
The sensitivity of fungi to ionizing radiation has been established 

by different investigators. Aziz (1982) noticed that irradiation at 5 

kGy was lethal dose for all fungi and yeast contaminated the dried 

foods. Hassanein (1987) reported that when the examined spice 

samples were exposed to dose level 5 kGy, all fungal flora was 

completely inhibited. El-Geddawy et al. (1988) concluded that 

irradiation dose of 5.0 kGy was found to be effective in destroying 

most of the fungal population contaminating red chilli pepper, black 

pepper and coriander. Shigemura et al. (1991) concluded that 

irradiation dose at 10.0 kGy was found to be effective in destroying 

most of the fungal population contaminating all spice, greek 

oregano, pepper, garlic powder and red pepper.  

  Mahmoud et al. (1992) reported that dose level between 2.0 and 

4.0 kGy are sufficient for mold inhibition on tea, anise, fenugreek 

and licorice. El-Tablawy (1993) mentioned that the fungal count 

survivors per gram of herb samples decreased with increasing the 

irradiation dose (0.0-5.0 kGy). Doses of gamma irradiation used (5.0 

kGy) were sufficient to inhibit the fungal flora which contaminated 

the black pepper powde (Emam et al., 1995).     

        El-Bazza et al. (1996) studied the effect of gamma radiation on 

the viability and resistance of the aflatoxigenic Aspergillus flavus. 

She was noticed that the fungal counts decreased with increasing the 

radiation dose. A straight-line curve with a logarithmic decrease was 

obtained and inhibition of spores was observed at 3.0 kGy. The D10 

value obtained from the curve was 0.5 kGy. Also she found that 
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gamma irradiation dose level of 3.0 kGy proved to be able to 

decontaminate Carumcarvi and Metricaria chamomilla samples from 

fungi, while Ammi visnaga and Artimisia judica samples could only 

be decontaminated at a higher dose level of 1.0 kGy.   

       Aziz et al. (1997) evaluated the effect of gamma radiation on the 

viability of fungi contaminate medicinal plants. They found that the 

viable counts of these florae decrease approximately exponentially 

with the radiation dose, the effective dose for the elimination of 

these microorganisms being about 5 kGy for all the medicinal plants 

under study. Aziz and Moussa (2002) reported that irradiation of 

spices at dose of 1.5 and 3.5 kGy decreased significantly the total 

fungal counts compared with non-irradiated controls. After 28 days 

of storage at refrigeration temperature, the non-irradiated spices 

were contaminated with high concentrations of mycotoxins as 

compared with irradiated 3.5 kGy samples. Mycotoxins production 

in spices decreased with increasing irradiation dose and were not 

detected at 5.0 kGy. Swailam and Abdullah (2002) found that 

irradiation doses of 5 and 10.0 kGy reduced total fungal counts by 

about 57.4 and 97.5 % respectively in caraway, anise and qarad 

(medicinal plant). Pezzutti et al. (2005) studied the effectiveness of 

selected doses of gamma irradiation to decontaminate imported 

onion flakes. They found irradiation doses of 7 - 15 kGy reduced 

yeast and mold counts by two log cycles. 



 65

              2. Effect of gamma irradiation on the chemical constituents of 
spices and herbs 

Application of gamma irradiation as a physical method of 

food preservation induced several effects on food components 

depending on the dose level, composition of food, temperature 

during irradiation, presence of oxygen, etc. Several workers 

investigated the effect of gamma irradiation on the main components 

of food as well as the minor constituents. 

                       a. Moisture  
         Sharabash (1979) and Abd-El Salam (1985) found that the 

moisture content appeared to be of great importance when seeds 

were irradiated. The moisture content of seed grains decreased from 

6.35 % to 5.98 % as a resulting irradiation with 3.2 kGy. Ragab 

(1994) showed that the moisture contents of anise seeds decreased 

by irradiation with different doses up to 10.0 kGy. 

                     b. Lipids  
           Fats are ranked among the less stable food components and 

hence very sensitive to ionizing radiation (Hammer and Wills 1979) 

that may induce many auto-oxidizing and hydrolytic reactions (Wills 

1980) leading to undesired organoleptic changes and losses of 

essential fatty acids. 

The effect of gamma irradiation on the fats and fatty acids 

investigated by Farkas et al. (1973) found that the linolic and 

linolenic acid contents of ground paparika were affected to a 

significant extent even by a sterilization dose (16 kGy).  
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Vajdi and Percia (1973) exposed six spices to gamma 

radiation, and then indicated that there was an insignificant change 

in the non-volatile oils after irradiation with sterilizing doses of 14 

kGy. Bachman (1978) studied the alterations in the chemical 

composition of lipids in caraway, coriander, mustard, marjoram, 

cardamom, juniper, black pepper and a spice mixture. No distinct 

changes in lipids fraction composition were noticed in the samples 

exposed up to 20-kGy gamma irradiation. Studies on the lipid 

fraction of caraway as stated by Bachman et al. (1978) showed no 

distinct change in its composition. It can therefore be concluded that 

radiation dose up to 50 kGy had no influence on the quality of an 

irradiated spice. The content of fatty acids did not change in the 

range of doses under study. Biacs and Gruiz (1980) exposed paprika, 

black pepper and nutmeg to 15 ky gamma radiation. The lipid 

content of the methanol extracts was relatively constant for all doses 

used and different storage times. The lipid content of the petroleum 

ether extract of all irradiated spices was close to the control value.  

Kiss et al. (1985) reported that the lipid chemical changes 

induced by 4-kGy dose were negligible as compared to those of 

untreated spice. The quantity of free fatty acids increased by 

irradiation, though this quantity was not greater than that occurred 

during storage in the non-irradiated spices. Ragab (1994) studied the 

effect of gamma irradiation (1, 2 and 10 kGy) on fatty acids and 

peroxide value of anise seed. He found that gamma irradiation 

induced remarkable change in fatty acids and the palmitic acid was 
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more susceptible and less stable than the others were. The peroxide 

value increased by increasing the dosage of gamma rays.  

Gupta et al. (1995) studied the effect of gamma irradiation (7.5-

10 kGy) on major fatty acid (oleic, linoleic, linlenic, palmitic, 

stearic), Saponins, including Ginsenosides Rb1, Rc, Rg1, Rb2, Re 

(major effective components and TBA (2- thiobarbituric number - 

chemical test to assess degree of lipid oxidation) in ginseng-red 

powder. No effect of irradiation on major fatty acid composition. No 

significant changes in saponins concentration by irradiation. 

Differently,  irradiation resulted in  increasing in TBA value.          

Abdullah (1999) studied the effect of gamma irradiation (5, 10 

and 20 kGy) on fixed oil of fennel seeds and nigella. He found that 

the different doses of gamma irradiation used in the work had, in 

general, no marked effects concerning the stability of fennel seeds 

oil. In case of nigella, he found that 5 kGy dose had no marked 

effect concerning the fixed oil content of nigella oil. Differently, 

increasing the irradiation doses to 10 and 20 kGy, resulted in 

decreasing the fixed oil content of nigella seeds.  

Swailam and Abdullah (2002) reported that gamma irradiation 

doses (5, 10 and 15 kGy) used resulted in fluctuation changes in the 

relative percentage of the major fatty acids identified in irradiated 

samples. However they revealed that irradiation doses used reduced 

the relative percentage of total unsaturated fatty acids and increased 

the total saturated fatty acids in anise and qarad. 
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                    c. Protein and amino acids of            
           A protein was the main components of foods. Extensive 

research has shown that proteins little change during irradiation even 

at doses over 10 kGy. Similarly, the essential amino acids, minerals, 

trace elements and most vitamins do not suffer significant losses. Al-

Jassir (1992) found that the contents of arginine, methionine, lysine, 

phenylalanine and norleucine of garlic-bulbs were slightly increased. 

However, reduction in other amino acids in irradiated samples was 

also showed especially at higher doses.   

           Badr and Georgiev (1990) studied the effect of gamma 

irradiation (3 kGy) on some amino acids (niacin and lysine) of 

cumin. They reported that no effect of gamma irradiation on niacin 

and lysine.  Meanwhile, Shigemura et al. (1991) found that no 

effects up to10 kGy on proximate composition and amino nitrogen 

content in ginseng-red and white powders. Pradeep et al. (1993) 

reported that the amino acids lysine and histidine were resistant to 

gamma irradiation (5 kGy) in Ginseng-Panax leaf tea (herb). 

       Sharabash et al. (1999) found no significant effects regarding 

the contents of protein of coriander seeds in response to either 

storage time (for 6 months) or irradiation with gamma rays (10 

kGy). Swailam and Abdullah (2002) found that the effect of gamma 

irradiation (5-15 kGy) on the amino acids percentages differed 

within different amino acids. Irradiation at different doses used had 

no real effect on lysine content in anise and qarad. However, they 

noticed that the high doses (10-15 kGy) of gamma irradiation caused 

in remarkable decrease in total amino acids of anise and qarad.         
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                                 d. Essential (volatile) oils              
Volatile oils are very complex mixtures of compounds. The 

constituents of the oils are mainly monoterpenes and sesquiterpines 

which are hydrocarbons with the general formula (C5H8)n. 

Oxygenated compounds derived from these hydrocarbons include 

alcohols, aldehydes, esters, ethers, ketones, phenols and oxides. It is 

estimated that there are more than 1000 monoterpene and 3000 

sesquiterpene structures. Other compounds include phenylpropenes 

and specific compounds containing sulphur or nitrogen. Hundreds of 

new natural substances are being isolated and identified every year 

(Svoboda, and Hampson, 1999). 

           Concerning the effect of gamma irradiation on contents and 

components of volatile oils, different results were reported. These 

differences were mainly due to the species of the plant (spices) and 

the dose applied to the plant. 

         Backman et al. (1978) reported that GLC analysis did not show 

any changes in the quantitative composition of caraway oil. 

Limonene did not change even at doses higher 30 kGy. Most volatile 

components such as terpene hydrocarbons are resistant to irradiation.                                     

Uchman et al. (1983) reported that the treatment of spices with 

higher doses (>6 kGy) had been suggested to have a dose-dependent 

reduction effect on the volatile oil content of black pepper.  

       Weber (1983) found no changes in the volatile oil content and 

the other chemical constituents of the seeds of most spices when 

they were treated with irradiation doses up to 10-15 kGy.   
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         Kairiyama et al. (1988) showed that no marked differences 

were found between control and irradiated seeds samples of some 

spices (anise, cumin and fennel) which were irradiated with doses up 

to 10 kGy. Toofanian and Stegeman (1988) observed that gamma 

irradiation up to a dose of 10 kGy did not affect significantly the 

volatile oil contents of cinnamon and fennel.  

       Piggott and Othman (1993) observed that, no systematic change 

was observed in black pepper volatile oil content with radiation dose 

(10, 20 and 30 kGy) or storage time (1, 30, 90 days at 24oC). While 

Sjövall et al. (1990) found significant changes due to the irradiation 

occurred only in (±)-linalool and -terpineol, which are typical 

components of, for example, coriander and bay leaf. Their total 

amounts decreased by about 4–13% and some minor peaks increased 

as a result of irradiation.  Emam et al. (1995) investigated the effect 

of gamma irradiation at a dose 5 -10 kGy and microwave treatments 

on volatile compounds of black pepper. Gamma irradiation caused a 

decreased of the numbers of identified compounds from 21 (86.58% 

concentration) in untreated samples to 16 (59.22% concentration), 

15 (54.06% concentration) at a dose 5 and 10 kGy respectively. In 

comparison, microwave treatments, particularly for 40 s and 75 s, 

increased the concentration of the same compounds. Farag et al. 

(1995) studied the effect of gamma irradiation (0, 5, 

10, 20 and 30 kGy) on the volatile oils, pungent and 

pigment materials of some spices from Egyptian local 

markets (dried leaves of marjoram (Majorana 

hortensis Moench), rhizomes of ginger (Zingiber 
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officinale Roscoe) and powdered hot pepper 

(Capsicum annum L.). With the GLC method, chosen 

18 and 50 compounds could be detected in the 

extracts of marjoram and ginger, respectively; 

gamma-terpinen and zingiberen being the major 

compounds in marjoram and ginger, respectively. A 

noticeable reduction was observed in the amount of 

terpenes present in irradiated marjoram; they were 

converted to monoterpenes-alcohols. Ginger was more 

sensitive to irradiation, especially at high doses, but 

moderate changes were detected at low doses (5 and 

10 kGy). A slight, but significant effect on the 

capsaicin (pungent compound) in hot pepper was 

observed following irradiation, whereas no changes in 

total pigments resulted at any dose. These results 

proved that 10 kGy was a sufficiently high dose to 

eliminate the microorganisms in spices, causing only 

slight changes in the flavouring materials.  

Sharabash et al. (1999) reported that no marked changes were 

noticed regarding the volatile oil content and oil components 

between irradiated (10.0 kGy) and non-irradiated of the coriander 

during storage period at Egyption ambient temperature.  

Fan et al. (2002) studied the effect of gamma irradiation (10 

kGy) on the volatile compounds of fresh Cilantro. The amounts of 

linalool, dodecanal, and (E)-2-dodecenal in irradiated samples were 
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significantly lower than those in nonirradiated samples. However, 

the most abundant compounds [decanal and (E)-2- decenal] were not 

consistently affected by irradiation. Lee et al. (2004) investigated the 

effect of gamma-irradiation (7 kGy) on the volatile oil of Korean red 

pepper powder (Capsicum annuum L.) and headspace volatiles of 

gamma-irradiated red pepper powder was evaluated by gas 

chromatography/mass spectrometry with solid-phase 

microextraction and electronic nose with metal oxide sensors, the 

profiles of odor were classified into irradiated dose levels of 0, 3, 5, 

and 7 kGy by principal component analysis and multivariate analysis 

of variance. Such a difference of odor might result from the 

disappearance of some volatiles, such as hexanoic acid and 

tetramethyl-pyrazine, and the appearance of 1, 3-di-tert-

butylbenzene during irradiation. Moreover, it appears that the 

irradiation of packaging material induced a formation of 1, 3-di-tert-

butylbenzene, which migrated into the red pepper powder.   

Mishra et al. (2004) reported that the dose of 5-kGy led to a 

decrease in 6-gingerol, the compound responsible for the pungency 

of ginger, was found to be insignificant after irradiation.                    

Topuz and Ozdemir (2004) studied the effect of gamma 

irradiation on the pungency of paprika and related compounds. 

Capsaicinoids increase with the effect of irradiation treatments can 

be explained by changing the conformation of the molecules and /or 

accompanying compounds, which affects the xtraction yield. 

However, the level of isodihydrocapsaicin did not change with 

gamma irradiation. Doses up to 5 kGy of gamma irradiation led to 
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greater increase of capsaicin and dihydrocapsaicin levels. With doses 

of more than 5 kGy, the levels of the same components did not show 

any statistical differences. In other words, both 7.5 kGy and 10 kGy 

doses had similar effects on capsaicin and dihydrocapsaicin.   

Lee et al. (2005) showed that the pungency and red color 

caused by capsanoids and capsanthin, respectively, were not altered 

by irradiated (3, 7 and 10 kGy) red pepper powder.  

The content of essential biologically active substances such as 

essential oils, flavonoids, glycosides, anthocyanins, anthra-

compounds, polyphenoloacids, triterpene saponins, oleanosides and 

plants mucus did not change significantly after irradiation. 

Pharmacological activity of medicinal herbs has been found 

satisfactory after microbiological decontamination by irradiation 

(Owczarczyk et al., 2000). Koseki et al. (2002) studied the effect 

radiation doses (0, 10, 20 and 30 kGy) on the flavonoids, essential 

oils and phenolic compounds of Barzil medicinal herbs. From the 

described pharmacological tests of Barzil medicinal herbs carried 

out by this study, it is concluded that phytotherapy showed identical 

therapeutical action as non-irradiated preparations after exposure to 

a dose of 10, 20 and 30 kGy of ionizing radiation).  The irradiation 

of botanicals, traditional medicines and herbal products does not 

result in any negative chemical changes or important losses of active 

components. Irradiation of natural health products is recommended 

to improve microbiological quality without compromise of their 

beneficial effects. After irradiation up to 17.8 kGy, the content of the 
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main biologically active substances of two medicinal herbs (ginkgo 

and guarana) was not modified (Soriani et al., 2005).  

Lai et al. (2006) noticed that the total volatile compounds 

were decreased by more than 50 % in irradiated (5 and 10 kGy) dry 

shiitake (Lentinus edodes Sing). Irradiation increased the 

concentrations of some minor volatile compounds, such as 3-methyl-

2-butanol and I-hexanol. However, the major flavour compounds 

including eight-carbon and sulphur-containing compounds were 

significantly reduced. The ratio of the eight-carbon compounds, such 

as 3-octanone, 3-octanol and 1-octen-3-ol, to total volatiles 

decreased from 72% in the control to 21% in the 10 kGy irradiated 

samples. The unidentified compounds which may have been formed 

by decomposition or polymerization following irradiation.   

         The volatile compounds of γ-irradiated dried Welsh onion were 

isolated and then analyzed. A total of 35 volatile compounds were 

identified in non-irradiated and 1 kGy irradiated samples and 36 

volatile compounds were identified in 3, 5, 10 and 20 kGy irradiated 

samples so far belong to chemical classes of acid, alcohol, aldehyde, 

ester, furan, ketone and S-containing compound. S-containing 

compounds were detected as major volatile compounds of all 

experimental samples. Though the content of several compounds 

was increased after irradiation, content of major S-containing 

compounds was found to decreased in the process. Application of 

high-dose irradiation if required for microbial decontamination of 

dried Welsh onion is feasible as it enhanced the total concentration 

of volatile compounds by 31.60% and 24.85% at 10 and 20 kGy, 
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respectively (Gyawali, 2006). Al-Bachir (2007) indicated that 

gamma irradiation improved sensory characteristics of anis seed 

water extract tested immediately after irradiation; however, after 12 

months of storage, no significant differences (p > 0.05) were found 

in taste or flavor between extract of irradiated and non-irradiated 

seeds.                                                                                    

3. Antioxidant activity of spices and herbs                                                      

The use of synthetic chemical food additives decreased in the 

few years, for their toxic and mutagenic role (Ninfali et al., 2005). 

Synthetic antioxidants such as butylated hydroxy toluene (BHT), 

butylated hydroxy anisole (BHA) and propyl gallate (PG) are widely 

used in many foods in order to retard development of lipid rancidity 

and extend the shelfe-life (Agbor et al., 2005). There has been some 

discussion recently of the undesirable use of synthetic antioxidants 

due to their toxic and carcinogenic effects (Natarajan et al., 2006). 

However, these antioxidants are approved for food use within limits. 

Consequently, there is an urgent need for other types of compounds 

to act as antioxidants. Today much attention has been focused on 

using natural antioxidants. Consumers prefer natural antioxidant 

because they are safer and harmless natural products. Natural 

antioxidants of plant origin have been used in oils, lipid containing 

foods to prevent their oxidative deterioration. Herbs and spices have 

been used as food and traditional medicines for centuries.  

Recent research interest has focused on their antioxidant 

activities that are associated with reducing the risk of some chronic 

diseases such as cardiovascular disease and cancer (Tsao and Deng, 
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2004; Kempaiah and Srinivasan, 2004 and Blomhoff, 2005). The 

spices and herbs possess antioxidant activity because they contain 

chemicals (including the flavonoids, terpenoids, lignans, sulfides, 

polyphenolics, carotenoids, coumarins, saponins, plant sterols, 

curcumins and phthlalids) (Kaur and Kapoor, 2001).  

           Spice and herbs are proper materials to search for safe 

antioxidants in such a time of worldwide tendency for consumers to 

prefer natural additives (Dorman and Deans, 2000 and Aruna et al., 

2006). Naturally occurring compounds in rosemary extracts have 

been reported to exhibit antioxidant properties greater than BHA and 

equal to BHT (Kim et al., 1994).  

          It is well known that the spices showed different antioxidative 

activities, which depend on the substrates of oxidation, the 

preparation procedure and the oxidation test. Antioxidative herbs 

and spices are summarized as follows: rosemary, sage and clove 

were remarkably effective allspice; anise seed, basil, cardamom, 

cassia, cinnamon, ginger, thyme, nutmeg, oregano, black and white 

pepper, savory and turmeric were highly active (Tsao and Deng, 

2004).  

         Some spices essential oils (caraway, clove, cumin, rosemary, 

sage and thyme) and major constituents were added to emulsified 

linoleic acid to examine their antioxidant activity. The essential oils 

under study possess an antioxidant effect and this phenomenon was 

increased by increasing their concentration. Generally, the 

effectiveness of the various essential oils on linoleic acid oxidation 

was in the following descending: caraway> sage> cumin> 
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rosemary> thyme> clove. It appears that there was a relationship 

between the antioxidant effect and the chemical composition of the 

oils (Farag et al., 1989).  Shobana and Naidu (2000) investigated the 

potential antioxidant activities of selected spices extracts (garlic, 

ginger, onion, mint, cloves, cinnamon and pepper) on enzymatic 

lipid peroxidation. Among the spices tested, cloves exhibited highest 

while onion showed least antioxidant activity. The relative 

antioxidant activities decreased in the order of cloves, cinnamon, 

pepper, ginger, garlic, mint and onion. Spice mix namely ginger, 

onion and garlic; onion and ginger; ginger and garlic showed 

cumulative inhibition of lipid peroxidation thus exhibiting their 

synergistic antioxidant activity. The antioxidant activity of spice 

extracts were retained even after boiling for 30 min at 100 oC 

indicating that the spice constituents were resistant to thermal 

denaturation. The antioxidant activity of these dietary spices 

suggests that in addition to imparting flavor to the food, they possess 

potential health benefits by inhibiting the lipid peroxidation.  

Lee and Shibamoto (2002) evaluated the antioxidant activities 

of volatile extracts isolated from thyme, basil, rosemary, chamomile, 

lavender, and cinnamon. The antioxidant activities of the extracts 

decreased in the following order in both of the lipophilic assay 

systems: thyme > basil > rosemary > chamomile > lavender and 

cinnamon. Thyme and basil extracts inhibited the oxidation of 

hexanal for 40 days at the levels of 10 g/mL and 50 g/mL, 

respectively. The extracts of thyme and basil were effective in 

retarding methyl linoleate deterioration at 40 C, with activity 
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increasing with concentration in the range 10-200 g/mL. At a 

concentration of 50 g/mL, thyme extract was similar in antioxidant 

activity to BHT and -tocopherol.  

Yu et al. (2002) evaluated the water soluble rosemary extracts 

for their inhibitory effects on lipid oxidation and color change in 

cooked turkey products during storage. The rosemary extracts 

showed significant protection of lipid oxidation and color change. 

Tsao and Deng (2004) reported that phytochemicals in spices and 

traditional herbal medicinal plants have been found to play 

protective roles against many human chronic diseases including 

cancer and cardiovascular diseases (CVD). These diseases are 

associated with oxidative stresses caused by excess free radicals and 

other reactive oxygen species. Antioxidant phytochemicals exert 

their effect by neutralizing these highly reactive radicals. Among the 

tens of thousands of phytochemicals found in our diets or traditional 

medicines, polyphenols and carotenoids stand out as the two most 

important groups of natural antioxidants.  

Ninfali et al. (2005) measured the antioxidant capacity of 

fifteen aromatic herbs and some spices. Among the spices tested, 

cumin and fresh ginger made the most significant contribution to the 

antioxidant capacity. The results are useful in surveying the 

antioxidant parameters of vegetables, herbs and spices produced and 

consumed in our geographical area as well as in quantifying the 

daily intake of phenolics. The results can be used in public health 

campaigns to stimulate the consumption of vegetables able to 
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provide significant health protection in order to prevent chronic 

diseases.  

             The essential oils of Ocimum basilicum L., Origanum 

vulgare L., and Thymus vulgaris L. were analyzed by means of gas 

chromatography-mass spectrometry and assayed for their antioxidant 

activities. The antioxidant activity was evaluated as a free radical 

scavenging capacity (RSC), together with effects on lipid 

peroxidation (LP). RSC was assessed measuring the scavenging 

activity of the essential oils on 2, 2-diphenyl-1-picrylhydrazil 

(DPPH(*)) and OH(*) radicals. Effects on LP were evaluated 

following the activities of essential oils in Fe(2+)/ascorbate and 

Fe(2+)/H(2)O(2) systems of induction. Essential oils exhibited very 

strong RSCs, reducing the DPPH radical formation (IC(50)) in the 

range from 0.17 (oregano) to 0.39 microg/mL (basil). The essential 

oil of T. vulgaris exhibited the highest OH radical scavenging 

activity, although none of the examined essential oils reached 50% 

of neutralization (IC(50)). All of the tested essential oils strongly 

inhibited LP, induced either by Fe(2+)/ascorbate or by 

Fe(2+)/H(2)O(2) (Bozine et al., 2006).  

Dwivedi et al.  (2006) determined the antioxidant of 

cinnamon, cloves, fennel, pepper, and star anise (Chinese 5-spice 

ingredients) in cooked ground beef. Mean thiobarbituric acid (TBA) 

values were high (3.4 ppm) for control cooked ground beef samples. 

With 1% use level, all spice treatments had lower pooled mean TBA 

values than controls. At the lowest use level of 0.1% of meat weight, 

all spices except pepper had lower TBA values than controls. 
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Treatments with 0.1% cloves had lower (P< 0.05) TBA values than 

0.1% levels of other individual spices. Star anise, fennel, pepper, and 

cinnamon samples at 0.5% use level had lower mean TBA values 

than controls, but not different from 1.0% levels, respectively. Thus, 

the lowest effective spice level for cloves was 0.1% and 0.5% for the 

other spices. There was a high correlation (P< 0.01) between TBA 

values and panel scores for rancid odor and flavor (0.83 and 0.78, 

respectively). Spice flavor was inversely correlated (P< 0.01) with 

rancid odor and flavor (-0.57 and -0.61, respectively). All spices and 

blends had a dual effect, reducing rancid odor/flavor and imparting a 

distinctive flavor to cooked ground beef.  

         Natarajan et al. (2006) evaluate the antioxidant property of 

individual ingredients in Amrita Bindu (combination of spices (Piper 

nigrum, Piper longum and Zingiber officinale), herbs (Cyperus 

rotundus and Plumbago zeylanica) and salts make up Amrita Bindu) 

against the free radical 2,2'-azinobis-(3-ethylbenzothiazoline-6-

sulphonic acid) (ABTS). The analysis revealed the antioxidant 

potential of the ingredients in the following order: Piper 

nigrum>Piper longum>Cyperus rotundus>Plumbago 

zeylanca>Zingiber officinale. Amrita Bindu, a salt-spice-herbal 

mixture exerts a promising antioxidant potential against free radical 

induced oxidative damage.   

Chatterjee et al. (2007). Reported that Antioxidant potential 

of phenolic compounds from green pepper (Piper nigrum L.) and 

lignans from fresh mace (Myristica fragrans) were inhibited lipid 

peroxidation and protect plasmid DNA damage upon exposure to 
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gamma radiation further suggested the potential use of green pepper 

and fresh nutmeg mace and their extracts as a nutraceutical in 

preventing oxidative damage to cells. 

        Padmashree et al. (2007) evaluated the various solvent fractions 

of star-anise (Illicium verum) and black caraway (Carum nigrum), 

along with their spice powders and volatile oils, were prepared and 

for antioxygenic activity, using different methods. Volatile oils from 

both the spices exhibited antioxygenic activity and the activity did 

not seem to be concentration-dependent. Volatile oils from star-anise 

showed relatively higher antioxygenic activity than did those from 

black caraway. 

                a. Effect of gamma irradiation on the antioxidant activity  
Not many contributions concern to the study of influence of 

irradiation procedures on antioxidant activity of herbs and spices. 

The effect of this processing technique on antioxidant properties of 

seven dessert spices (anise, cinnamon, ginger, licorice, mint, 

nutmeg, and vanilla) was evaluated by Murcia et al. (2004). With 

respect to the non-irradiated samples, water extracts of irradiated 

spices at 1, 3, 5, and 10 kGy did not show significant differences in 

the antioxidant activity in the radical scavenging assays used.   

Farag and Khawas (1998) evaluated the antioxidant property 

of anise, caraway, cumin and fennel essential oils extracted from 

untreated, gamma-irradiated and microwaved seeds. Gamma-

irradiation at 10 kGy and microwave treatments did not affect the 

antioxidant property of the essential oils under study. In addition, 

essential oils extracted from γ-irradiated fruits were more effective 
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as an antioxidant in sunflower oil than those produced from 

microwaved fruits. Myung-Woo et al. (1999) reported that the 

gamma irradiation for hygienic quality of Korean medicinal herbs at 

10 kGy had no effect on antioxidative capacity.  

Ghazy and Shaker (2002) found that the aqueous, butanolic 

and hexanoic extracts for thyme and caraway oils exhibit effective 

antioxidative activities under UV irradiation (24 nm)for 6 and 10 hr 

compared with that for alfa-tocopherol. The antioxidative effect of 

thyme and caraway oil extracts was found to be strong and stable 

towards UV irradiation and equal to that for alfa-tocopherol. Thyme, 

s extracts were the most potent extracts under the same conditions.  

Effects of γ-irradiation at 10 kGy on the free radical and 

antioxidant contents in nine aromatic herbs and spices (basil, bird 

pepper, black pepper, cinnamon, nutmeg, oregano, parsley, 

rosemary, and sage) were studied by Calucci et al. (2003). 

Irradiation resulted in a general increase of quinone radical content 

in all of the investigated samples, as revealed by EPR spectroscopy, 

and in a significant decrease of total ascorbate and carotenoids 

content of some spices.   

Fan and Sockorai (2005) reported that irradiation increased 

phenolic content and antioxidant capacity of both tissue types of all 

three vegetables at day 4 and day 8. The rates of the increase were 

higher in midrib tissues than in non-midrib tissue, and increased with 

storage time and radiation doses. Irradiation at 0.5 kGy or above, 

however, increased tissue browning of Iceberg lettuce. Currently, a 

maximum dose of 1 kGy has been approved by the U.S. authority for 
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use of ionizing radiation on fresh fruits and vegetables. At 1 kGy, 

antioxidant capacity was increased by at least 14% in lettuce and 

endive after 8 days of post-irradiation storage.  

Suhaj et al. (2005) reported that irradiation (5 to 30 kGy) of 

ground black pepper shows some significant influences on the 

antioxidant activities with respect to the non-irradiated samples. The 

most significant changes of antioxidant activity were observed in 

creation of thiobarbituric acid reactive substances.  

 4. Antimicrobial activity of spices and herbs    

            Food conservation has been characterized for nutritious and 

microbiologically stable foods and it has been archived by 

controlling the growth of spoiling and pathogenic food-related 

microorganisms. Microbial control in foods could be assured by 

suppressing one or more essential factors for microbial survival 

(Horace, 1982). It could be possible by adding suitable substances 

(weak organic acids, hydrogen peroxide, chelators, organic 

biomolecules) and applying physical (temperature, packaging) 

and/or chemical procedures (pH, oxide-reduction potential, osmotic 

pressure) (Ray, 1996 and Brull and Coote, 1999). These procedures 

could kill or make unviable some microorganisms. 

           There has been increasing concern of the consumers about 

foods free or with lower level of chemical preservatives because 

these could be toxic for humans (Bedin et al., 1999). Concomitantly, 

consumers have also demanded for foods with long shelf-life and 

absence of risk of causing foodborne diseases. This perspective has 

put pressure on the food industry for progressive removal of 
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chemical preservatives and adoption of natural alternatives to obtain 

its goals concerning microbial safety. This resulted in increasing 

search for new technologies for use in food conservation systems, 

wich include: modified atmosphere packaging, combined effect of 

underlethal procedures, alternative antimicrobial compounds 

(ecstatic or cidal effect), combination of conventional (used in low 

levels) and alternatives antimicrobials (Brull and Coote, 1999). 

Uncontrolled use of chemical antimicrobial preservatives has 

been inducing factor for appearance of microbial strains more and 

more resistant to classic antimicrobial agents. Difficult to control the 

microbial survival, showed by isolation of multi-resistant strains, has 

been reported all over the world. Fifty years of increasing use of 

chemicals antimicrobials have created a situation leading to an 

ecological imbalance and enrichment of multiples multi-resistant 

pathogenic microorganisms (Levy, 1997). The successful story of 

microbial chemocontrol lies in the continuous search for new 

antimicrobial substances to control the challenge posed by resistant 

strains (Notermans and Hoogenboon-Verdegaal, 1992). Antibiotic 

resistance in foodborne pathogens is a reality, though substantial 

qualitative and quantitative differences have been observed (Teuber, 

1999). Strains of resistant foodborne pathogens to a variety of 

antimicrobials have become a major health concern (Kiessling et al., 

2002) and it could decrease the successful application of control 

measures on spoilage and pathogen microorganisms, many times 

leading for use of less safe, neffective or expensive alternatives 

(Levy, 1997). 
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          Recently, there has been increasing interest in discovering new 

natural antimicrobials (Sagdic et al., 2003); this is also has been true 

in food microbiology. Plant products with antimicrobial properties 

notably have obtained emphasis for a possible application in food 

production in order to prevent bacterial and fungal growth (Lanciotti 

et al., 2004). Plant products are characterized for a wide range of 

volatile compounds, some of which are important flavor quality 

factors (Utama et al., 2002). Moreover, plant volatiles have been 

generally recognized as safe (GRAS) (Newberne et al., 2000). 

Systematic screening for biological interactions between 

microorganisms and plant products has been valuable source of new 

and effective antimicrobial substances, which could have different 

action ways on/in the microbial cell when compared to other 

conventional antimicrobials. Plants synthesize by a secondary 

metabolism many compounds with complex molecular structures 

and some of them have been related with antimicrobial properties 

found in plant and their derivatives. Among these secondary 

metabolites are found alkaloids, flavonoids, isoflavonoids, tanins, 

cumarins, glycosides, terpens and phenolic compounds (Tassou et 

al., 2000). Being plant natural foodstuffs, spices appeal to consumers 

who tend to question the safety of synthetic additives (Farag et al., 

1989; Sagdic 2003).          

         Antimicrobial activity of spices and herbs depend on several 

factors, which includes: i) kind of spice, ii) composition and 

concentration of spice, iii) microbial specie and its occurrence level, 

iv) substrate composition and v) processing conditions and storage 
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(Kizil and Sogut, 2003). Several scientific reports describe the 

inhibitory effect of spices on a variety of microorganisms, although 

considerable variation for resistance of different microorganisms to a 

given spice and of the same microorganisms to different spices has 

been observed (Akgul and Kivanc, 1988).    

 Gould (1995) has emphasized the possible use of spices and 

derivatives like alternatives for inclusion in a new perspective of 

food conservation called "natural antimicrobial system", which 

could use the synergistic effect of antimicrobial compounds from 

animal, plant and/or microbial origin, more physical procedures in 

order to create an inhospitable environment for microbial survival in 

foods.  

   a.  Antibacterial activity  

          Exact mechanism of antibacterial action of spices and 

derivatives is not yet clear (Lanciotti et al., 2004). Although some 

hypothesis have been given, which involve: i) hydrophobic and 

hydrogen bonding of phenolic compounds to membrane proteins, 

followed by partition in the lipid bilayer (Juven et al., 1994); ii) 

perturbation of membrane permeability consequent to its expansion 

and increased fluidity causing the inhibition of membrane embedded 

enzymes (Cox et al., 2000); iii) membrane disruption (Caccioni et 

al., 2000); iv) destruction of electrons transport systems (Tassou et 

al., 2000); v) cell wall perturbation (Odhav et al., 2002). Generally, 

gram-negative bacteria have been reported to be more resistant than 

Gram-positive to essential oils antimicrobial effect because of their 

cell wall lipopolyssaccharide (Russel, 1991). Cell wall 
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lipopolyssacaride may prevent that essential oils active compounds 

reach the cytoplasmic membrane of Gram-negative bacteria 

(Chanegriha et al., 1994).  

        Antibacterial activity of spices and herbs has been reported by 

several researchers. Sensitivity of Staphylococcus aureus, Bacilluc 

cereus Pseudomonas spp and Salmonella typhimurium of sage was 

studied by Shelef et al. (1984) in broth and foods. The inhibition 

activity was highest in broth (MIC of 0.1-1.0%), and diminished in 

rice (MIC of 0.4 to >2.5%), and chicken and noodles (MIC of 1.0 to 

>2.5 %). Little or no inhibition was seen in meat at <2.5% of sage. 

In each growth medium B.cereus, strains displayed the least 

resistance, followed by S.aureus, Pseudomonas sp., and S. 

typhimurium. Growth from spores of B.cereus was inhibited in a 

manner similar to that seen in vegetative cells.While antimicrobial 

activity of sage increased with increase in the volatile oil fraction, 

essential oils alone had limited inhibitory effect in broth, and no 

effect in foods. 

          Bara and Vanetti (1995) examined the antibacterial effects of 

ground spices on the growth Yersinia enterocolitica. They found that 

all spices showed bacteriostatic effects after 12 H when added at 

concentrations 4.1 to 4.7 percent (w/v) to Trypticase Soya Broth. 

The most effect spices were cloves, allspice, sage, cinnamon, 

rosemary, and oregano of which ethanol extracts reduced bacterial 

cell counts in a concentration dependent manner. Cloves extract at a 

concentration of 2000 pmm revealed bactericidal activities and 

prevented recovery of viable cells of Yersinia enterocolitica within 1 
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min. Ela et al. (1996) screened 16 essential oils for their 

antimicrobial activity against Staphylococcus aureus, Escherichia 

coli, and the fungi Aspergillus niger and Candida albicans, by using 

the agar diffusion technique and measuring their inhibition zone. 

They classified the tested oils according to their activity: strongly 

active (inhibition zone,>8mm), moderately active (inhibition 

zone,>6 to >8mm), and inactive (no inhibition zone <6mm).Basil 

and parsley were inhibitory to S.aureus, E.coli, A.niger, and 

C.albicans. Outara et al. (1997) reported antimicrobial activity of 

many spices and classified their activities as strong, medium, or 

weak. Several studies (Shelef et al., 1980 and Aureli et al., 1992) 

showed that cinnamon, clove, pimento, thyme, oregano and 

rosemary had strong and consistent inhibitory effect against several 

pathogen and spoiling bacteria. Arora and Kaur (1999) analyzed the 

antimicrobial activity of garlic, ginger, clove, black pepper and 

ground green chilli and their aqueous extracts on human pathogenic 

bacteria including Bacillus sphaericus, Staphylococcus aureus, S. 

epidermidis, Enterobacter aerogenes, Escherichia coli, 

Pseudomonas aeruginosa, Salmonella tiphy and Shiguella flexneri 

and found that all tested bacteria were sensitive to ground garlic and 

its extract. Moreover, garlic extract showed considerable cidal effect 

on S. epidermidis, S. tiphy and E. aerogenes.  De et al. (1999) 

indicated that clove, cinnamon, bishop's weed, chilli, horse raddish, 

cumin, tamarind, black cumin, pomegranate seeds, nutmeg, garlic, 

onion, tejpat, celery, cambodge, have potent antimicrobial activities 

against the test organisms Bacillus subtilis (ATCC 6633), 
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Escherichia coli (ATCC 10536) and Saccharomyces cerevisiae 

(ATCC 9763).   

         Study carried out by Al-Jedah et al. (2000) analyzed the action 

of combined spices, including cumin (Cuminum cyminum), 

coriander (Coriandrum sativum), mustard (Brassica juncea), black 

pepper (Pipper nigrum) and lemon (Citrus aurantifolia) on Vibro 

parahaemolyticus, Staphylococcus aureus, Salmonella tiphy and 

Escherichia coli count in fish sauce, which showed that the spices 

mixtures were able to exert static effect on all assayed bacteria when 

in interaction with an initial inoculum of 1.0 x 104 CFU.ml-1, except 

on S. typhy.  

          Dorman and Deans (2000) assessed the antibacterial activity 

of volatile oils of black pepper, clove, nutmeg oregano and thyme 

against 25 different genera of bacteria. These included animal and 

plant pathogens, food poisoning and spoilage bacteria. They found 

that the volatile oils exhibited considerable inhibitory effects against 

all the organisms under test while their major components 

demonstrated various degrees of growth inhibition.  

       Grohs and Kunz (2000) observed that spices mixtures were able 

to inhibit the growth of various meat-spoiling microorganisms 

(Bacillus subtillis, Enterococcus spp., Staphylococcus spp., E. coli 

and Pseudomonas fluorescens) providing stabilizing effect on colour 

and smell of fresh portioned pork meat.  

          Bagamboula et al. (2001) established effect of antibacterial 

activities of cloves, thyme, oregano, rosemary and basil on Shigella. 

The presence of 1% basil did not affect growth of Shigella in potato 
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puree at 22 oC or survival at 7 oC in spaghetti sauce. Thyme and 

essential oils and thymol and carvacrol showed inhibition of Shigella 

sp. in the agar well diffusion method (MIC 0.1-1.0%) and they have 

potential to be used as a desinfectant in the washing water e.g. in the 

process line of minimal processed vegetables. However, more 

studies combining sensoric properties with microbial analysis are 

needed to investigate the possible use of these compounds.  

         El-Gayyar et al. (2001) examined the effectiveness of 

cardamom, anise, basil, coriander, rosemary, parsley, dill and 

angelica essential oil for controlling the growth and survival of 

pathogenic and saprophytic microorganisms. The results showed 

inhibitory property for oregano, basil and coriander essential oil, 

which presented minimum lethal concentration (v/v) ranging 

between 8 and 50 ppm for Pseudomonas aeruginosa, Stahylococcus 

aureus and Yersinia enterocolitica.  

          Bagamboula et al. (2003) reported that of 17 samples tested 

(spices and herbs) at 1% (wt/vol) in Mueller-Hinton (MH) agar, only 

cloves, thyme, oregano, allspice, basil, rosemary, and marjoram 

showed antimicrobial effects on Shigella. The MICs of thyme, 

oregano, basil, and rosemary (as determined by the agar dilution 

method) ranged from 0.5 to 1% (wt/vol) depending on the Shigella 

strain used. Kalemba and Kunicka (2003) reported that the essential 

oils of spices and herbs (thyme, origanum, mint, cinnamon, salvia 

and clove) were found to possess the strongest antimicrobial 

properties among many tested. On the other hand, Valero and 

Salmeron (2003) studied the antibacterial activity of 11 essential oils 
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from aromatic plants against the strain INRA L2104 of the 

foodborne pathogen Bacillus cereus grown in carrot broth at 16 

degrees oC. The quantity needed by the essential oils of nutmeg, 

mint, clove, oregano, cinnamon, sassafras, sage, thyme or rosemary 

to produce 14-1110% relative extension of the lag phase was 

determined. Total growth inhibition of bacterial spores was observed 

for some of the antimicrobial agents assayed. The addition of 5 

microl cinnamon essential oil per 100 ml of broth in combination 

with refrigeration temperatures of <or=8 degrees C produced the 

conditions necessary to inhibit the growth of B. cereus for at least 60 

days in a model, refrigerated minimally processed food product, 

made with carrots and tyndallized. This is especially important 

considering that the psychrotrophic enterotoxigenic strain of B. 

cereus INRA TZ415 was able to grow in this substrate at low 

temperatures in the absence of any essential oil.  

        Banerjee and Sarkar (2004) reported that the minimum 

inhibitory concentrations (MICs) of garlic were 6–10 mg ml–1 for 

Bacillus cereus, 30–40 mg ml–1 for Staphylococcus aureus, 20–30 

mg ml–1 for Clostridium perfringens, 10 mg ml–1 for Escherichia 

coli, 40–100 mg ml–1 for Salmonella, and 10–40 mg ml–1 for 

Shigella. Burt (2004) studied the antimicrobial activity of essential 

oils (EO) of some spices and herbs againts Listeria monocytogenes 

Salmonella typhimurium.Escherichia coli O157:H7, Shigella 

dysenteria, Bacillus cereus and Staphylococcus aureus at levels 

between 0.2 and 10 microl ml (-1). He found that the gram-negative 

organisms are sightly less susceptible than grame-positive bacteria. 
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A number of EO components has been identified as effective 

antibacterials,e.g. carvacrol, thymol, eugenol, perillaldehyde, 

cinnamaldehyde and cinnamic acid, having minimum inhibitory 

concentrations (MICs) of 0.05-5 microl ml(-1) in vitro. A higher 

concentration is needed to achieve the same effect in foods. Studies 

with fresh meat ,meat products, fish, milk, dairy products, 

vegetables, fruit and cooked rice have shown that the concentration 

needed to achieve a significant antibacterial effect is around 0.5-20 

microl g(-1) in foods and about 0.1-10 microl ml(-1) in solution for 

washing fruit and vegetables. EO comprises a large number of 

components and it is likely that their mode of action involves several 

targets in the bacterial cell. The hydrophobicity of Eos enables 

theme to partition in the lipids of the cell membrane and 

mitochondria, rendering them permeable and leading to leakage of 

cell contents. Physical conditions that improve the action of Eos are 

low, pH, low temperature and low oxygen levels. Synergism has 

been observed between carvacrol and its precursor p-cymene and 

between cinnamaldehyde and euggenol. Synergy between EO 

components and mild preservation methods has also been observed. 

Some EO components are legally registered flavourings in the EU 

and USA.Undesirable organoleptic effects can be limited by careful 

selection of Eos according to the type of food.                                                                          

          Outbreaks of food poisoning associated with drinking un-

pasteurised apple juice contaminated with enterohaemorrhagic 

Escherichia coli O157:H7 are a cause of serious illness and 

occasionally death. Whilst a well-established heat process 
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(pasteurisation) will readily eliminate the pathogen, some consumers 

are demanding more fresh-like foods that have not been subjected to 

processing methods that are perceived as severe and may lead to loss 

of flavour and vitamins. Therefore, alternative methods are being 

investigated to replace pasteurisation and improve the safety of 

minimally-processed juices. The addition of natural antimicrobial 

substances such as the phenolic substances carvacrol and p-cymene 

(derived from the essential oils of herbs and spices) provides a 

potential new route to assure safety and extend the shelf-life of raw 

fruit juices. Treatment of the juice with 1.25 mM carvacrol or p-

cymene reduced the numbers of Escherichia coli O157:H7 to 

undetectable levels within 1-2 days at both storage temperatures. 

The effective concentrations of carvacrol could be reduced even 

further by combining it at 0.5 mM with cymene at 0.25 mM. The 

phenolic compounds were biocidal against both spoilage yeasts and 

E. coli O157:H7 thereby increasing the shelf-life and improving the 

safety of un-pasteurised apple juice, particularly when stored at chill 

temperatures (Kisko and Roller, 2005).            

           Singh et al. (2005) studied the antibacterial activity by disk 

diffusion and poison food methods. Black cumin essential oil 

showed complete zone of inhibition (P < 0.05) against tested 

bacterial strains of Staphylococcus aureus, Bacillus cereus and 

Bacillus subtilis at 2 and 6 µL level by disk diffusion method. Black 

cumin and black pepper extracts showed complete reduction of 

colonies against tested bacterial strains of S. aureus, B. cereus and B. 

subtilisat 5 and 10 µL level by poison food method. Poison food 



 94

method exhibited good results for the tested essential oils and 

extracts. Essential oils of black pepper, cumin, black cumin and 

mace may be used to stabilize mustard oil after screening.  

       Thongson et al. (2005) studied the effect the potential 

antimicrobial activity of extracts and essential oils of spices (ginger 

(Zingiber officinale), fingerroot (Boesenbergia pandurata), and 

turmeric (Curcuma longa)) from Thailand against foodborne 

pathogenic bacteria. In the agar dilution assay, water extracts of the 

three spices had no effect on L. monocytogenes. Similarly, 50% 

ethanol extracts of ginger or turmeric had no effect. In contrast, 

ethanolic fingerroot extracts at 5 to 10% (vol/ vol) inhibited most L. 

monocytogenes strains for 24 h in the agar dilution assay. 

Commercial essential oils (EO) of ginger or turmeric inhibited all L. 

monocytogenes at < or = 0.6 or < or = 10%, respectively. Fingerroot 

EO inhibited all strains at < or = 0.4%. In the enumeration-over-time 

assay, a 5% fingerroot ethanol extract reduced ca. 4 log CFU/ml 

Listeria by around 2 log in 24 h while 10% inactivated the 

microorganism in 9 h. Fingerroot EO at 0.2% inactivated 4 log 

CFU/ml L. monocytogenes in 6 to 9 h. Neither extracts nor 

commercial EO had any effect on Salmonella Typhimurium DT 104 

with the exception of fingerroot EO, which inhibited all strains at < 

or = 0.7%. Addition of 0.2% fingerroot EO to apple juice reduced 4 

log of L. monocytogenes Scott A and both strains of Salmonella 

Typhimurium to an undetectable level within 1 to 2 days.  

         Bozine et al. (2006) tested the antimicrobial activity of the 

essential oils of Ocimum basilicum L., Origanum vulgare L., and 
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Thymus vulgaris L against 13 bacterial strains and 6 fungi. The most 

effective antibacterial activity was expressed by the essential oil of 

oregano, even on multiresistant strains of Pseudomonas aeruginosa 

and Escherichia coli. A significant rate of antifungal activity of all 

of the examined essential oils was also exhibited.  

         Cervenka et al. (2006) investigated seventeen spices and 

medicinal plant extracts (methanol and chloroform) and assayed for 

their antimicrobial activity against Arcobacter butzleri, A. 

cryaerophilus, and A. skirrowii. In general, all of the tested extracts 

were able, to a different extent, to inhibit the growth of the selected 

Arcobacter species. Cinnamon, bearberry, chamomile, sage and 

rosemary extracts showed strong antimicrobial activity toward 

arcobacter strains tested. The inhibitory dose of the most active 

extracts (the diameter of zone of inhibition 20 mm) was determined 

using the disc-diffusion method as well.                                             

          Uharts et al. (2006) showed that the spices inhibit or inactivate 

Salmonella Typhimurium DT 104 when they are in direct contact. 

However, when spices are added to a complex food system such as 

ground beef, the inhibitory activity of these spices considerably 

decrease.  

  b.Antifungal activity  

          Little information on spices and derivatives action on/in the 

fungal cell in order to promote fungistatic or fungicide effect. In 

general, inhibitory action of natural products on mould involves 

cytoplasm granulation, cytoplasmic membrane rupture and 

inactivation and/or inhibition of intercellular and extracellular 
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enzymes. These biological events could take place separately or 

concomitantly culminating with mycelium germination inhibition 

(Cowan, 1999). Also, it is reported that plant lytic enzymes act in the 

fungal cell wall causing breakage of b-1,3 glycan, b-1,6 glycan and 

chitin polymers (Brull and Coote, 1999).   

           Natural plant extracts are of interest as a source of safer or 

more effective substitutes for synthetically produced antimicrobial 

agents and may provide an alternative way to prevent food or feed 

from fungal contamination (Thanaboripat, 2002). Powders and 

extracts of various herbs, spices and essential oils have been reported 

to have antifungall activity and some also to inhibit aflatoxin 

formation (Thanaboripat et al., 1997). 

          Antifungal activity of spices and derivatives has been studied 

regarding viable cells count, mycelial growth and mycotoxins 

synthesis. Karapinar (1985) analyzed the inhibitory effect of various 

concentrations of mint, sage, bay, anise and ground red pepper (0.5, 

1.0, 2.0, 4.0, 8.0, 16.0% w/v) on the growth of Aspergillus 

parasiticus NRRL 2999 and its aflatoxin production and reported 

that only thyme presented significant delay on the fungal growth up 

to 10 days at 2.0% and up to 30 days at 4.0, 8.0 and 16.0%.  

         Basílico and Basílico (1999) studied the inhibitory effect of 

oregano, mint, basil, sage and coriander on the mycelial growth of 

Aspergillus ochraceus NRRL 3174 and its ochratoxin synthesis and 

the results showed that oregano (750 ppm) completely inhibited the 

fungal growth and ochratoxin A synthesis up to 14 days at 25°C. 

Basil (750 ppm) was effective to inhibit the mycelial growth up to 7 
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days.  Grohs and Kunz (2000) observed that mixtures of ground 

spices (2 and 5% w/v) were effective to inhibit the growth of 

Candida lipolytica. Elgayyar et al. (2001) found that anise essential 

oil was highly inhibitory on Aspergillus niger, Geotrichum and 

Rhodotorula, although it was not active on bacteria. 

       Soliman and Badeaa (2002) tested the essential oils of 12 

medicinal herbs for inhibitory activity against Aspergillus flavus, A. 

parasiticus, A. ochraceus and Fusarium moniliforme. The oils of 

thyme and cinnamon (<500 ppm), marigold (<2000 ppm), 

spearmint, basil, quyssum (3000 ppm) completely inhibit all the test 

fungi. Caraway was inhibitory at 2000 ppm against A. flavus, A. 

parasiticus and 3000 ppm against A. ochraceaus and F. moniliforme. 

A. flavus, A. ochraceus, A. parasiticus and F. moniliforme were 

completely inhibited by anise at <500 ppm. However, chamomile 

and hazanbul at all concentrations were partially effective against the 

test toxigenic fungi. The results indicated that the test toxigenic 

fungi are sensitive to the 12 essential oils, and particularly sensitive 

to thyme and cinnamon. The results also showed that the essential 

oils of thyme, cinnamon, anise and spearmint have more effect on 

fungal development and subsequent mycotoxin production in wheat 

grains. The extent of inhibition of fungal growth and mycotoxin 

production was dependent on the concentration.  

          Velluti et al. (2004) studied the effect of five essential oils 

(oregano, cinnamon, lemongrass, clove and palmarose) on growth 

rate, zearalenone (ZEA) and deoxynivalenol (DON) production by 

Fusarium graminearum strains. The influence of the essential oils 
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was tested on irradiated maize at two concentrations (500 and 

1000 mg kg 1), at different water activity (aw) (0·95 and 0·995) and 

temperature (20 and 30°C) levels. At 0·995 aw all essential oils 

tested had an inhibitory effect on growth rate of F. graminearum at 

both temperatures studied. At this aw level, DON production in 

general was inhibited by all essential oils at 30°C and, although 

palmarose and clove were the only essential oils with statistically 

significant inhibitory effect on ZEA production, an inhibitory trend 

was observed when cinnamon and oregano oils were added to maize 

grain. Ozcan (2005) investigated the inhibitory effects of 16 spice 

hydrosols (anise, basil, cumin, dill, Aegean sage, fennel (sweet), 

laurel, mint, oregano, pickling herb, rosemary, sage, savory, sea 

fennel, sumac, and thyme (black)) on the mycelial growth of 

Aspergillus parasiticus strain NRRL 2999. The hydrosols of anise, 

cumin, fennel, mint, pickling herb, oregano, savory, and thyme 

showed a stronger inhibitory effect on mycelial growth, while 

sumac, sea fennel, rosemary, sage, Aegean sage, laurel, basil, and 

rosemary hydrosols were unable to inhibit totally the growth. Of 

these, sumac had the least effect on the mycelial growth of A. 

parasiticus. The effectiveness of the inhibitors followed the 

sequence anise = cumin = fennel = mint = pickling herb = oregano = 

savory = thyme > laurel > dill > sage > rosemary > basil > sea fennel 

> rosemary > sumac.  

            Delouee and  Urooj (2007). Evaluated the effect of addition 

of phenolic extract from M. indica (herb) on the shelf life of 

pineapple juice stored at 4°C by monitoring the changes in titrable 
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acidity and sensory parameters for 8 weeks. The extracts of natural 

phenolic compounds can be used to improve the quality and safety 

of pineapple juice. 

            Chinese medicinal plant extracts were screened against some 

fungal strains, such as Aspergillus niger, Botrytis cinerea, Fusarium 

moniliforme, Glomerella cingulata, and Phyllosticta caricae. The 

effect of various combinations of these extracts on antimicrobial 

activity has also been examined. The acetone extracts of Cu. longa 

and Coptidis rhizoma maintained their activity against fungal strains. 

The combinations of herb extracts showed higher inhibitory effect 

towards tested fungi than that of individual extract. Results from 

these findings suggest that these herbal extracts may be used as 

natural antifungal agents to inhibit growth of foodborne pathogen 

(Lee et al., 2007). 

            c. Effect of gamma irradiation on the antimicrobial activity  
           Information available on the effect of ionizing radiation on the 

antimicrobial activity of spices and herbs is rarity. 

          Sharma et al. (1984) investigated the effect of gamma 

irradiation (10 kGy) on the antimicrobial activity of cloves and 

cinnamon volatile oils. They found that the inhibitory activity of the 

steam distilled oil from the irradiated cloves remained unchanged. 

On the other hand, irradiation affected on the antimicrobial activity 

of cinnamon when compared with the non-irradiated controls.                                                

           The radiosensitization of Escherichia coli and Salmonella 

typhi in ground beef was evaluated in the presence of 18 active 

compounds of volatile oils. Medium fat ground beef (23% fat) was 
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inoculated with Escherichia coli or Salmonella typhi and each active 

compound was added separately at various concentrations. For E. 

coli, the most efficient compounds were trans-cinnamaldehyde, 

thymol and thyme. For S. typhi, the most efficient compounds was 

trans-cinnamaldehyde, carvacrol and thymol. The addition of 

tetrasodium pyrophosphate, carvacrol and ascorbic acid had no 

effect on the irradiation sensitivity of E. coli. For S. typhi (Lacroix  

et al., 2004). 

         Song et al. (2004). Investigated the effects of gamma 

irradiation on nutritional, physiological, physicochemical and 

sensory properties of the Korean lactic acid fermented vegetable, 

Kimchi. The antimicrobial activity of Kimchi extracts were stable up 

to 10 kGy.        

          Kim et al. (2006) determined the biological activity of citrus 

essential oil (CEO) in order to examine possible applications of this 

citrus processing by-product as a functional material for food and 

cosmetic compositions. The effect of γ-irradiation at doses of 0, 10 

and 20 kGy on bioactivity was investigated. CEO showed exhibited 

antimicrobial activity against 1 yeast, 4 moulds and 4 bacterial 

species. Irradiation of CEO did not affect any of the physiological 

effects. A Salmonella mutagenicity assay indicated that the 20 kGy 

irradiated CEO did not show any mutagenicity. It is therefore 

concluded that CEO had potential for use as a functional material in 

various applications. 
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MATERIALS AND METHODS 
1. Materials 

  a. Spices and herbs 

Cumin, mixed spices powder, black pepper, red pepper, 

caraway, anise, coriander, fennel, cinnamon, and turmeric were 

obtained from local markets in Cairo and Giza area. Cumin, caraway 

and mixed spices powder (MSP) (cumin, black pepper, red pepper, 

coriander, caraway, anise, cinnamon, clove, and cardamom) were 

obtained from Harraz market for seeds and pesticides (Bab El Khalk 

square, Cairo, Egypt). Pure sunflower oil (with no added synthetic 

antioxidant) was from Safola Egypt (Cairo, Egypt). 

  b.Chemicals 

Butylated hydroxyl toluene (BHT), Butylated hydroxyl 

anisole (BHA), anhydrous sodium sulphate, acetic acid, potassium 

iodide, thiosulphate and starch were obtained from Sigma Chem. Co. 

(St. Louis, Mo. USA). All solvents and chemicals used throughout 

the present work were of analytical made and purchased from El-

Nasr Company (Cairo, Egypt). Plate count agar (PCA), Nutrient agar 

(NA), Czapeks-Dox yeast extract agar (CDYEA), Malt extract agar 

(MEA) Baird-Parker agar (BPA), Buffered peptone water (BPW), 

Selenite broth (SB),  Brilliant green agar (BGA), were purchased 

from Difco (Difco labs., Detroit, Michigan, USA). MacConkey agar 

(MCA), Eosin methelene blue agar (EMBA),  Kanamycin aesculine 

azid agar (KAAA), Mannitol-egg yolk polymyxin agar (MEYPA), 

Tryptic soy broth (TSB), Tryptic soy agar, (TSA), Muller Hinton 
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agar, (MHA) and Malt extract agar (MEA) were obtained from 

Oxide (Oxide Comp., Basigstoke, Hants, UK). 

    c. Microorganisms 

Several bacterial and mold strains were used to study the 

antimicrobial activities of the essential oil of irradiated (10.0 kGy) 

and non-irradiated cumin, caraway and MSP. The code number and 

sources of the used bacteria and molds are listed in Table (1 A and 

B). All bacterial strains were maintained at 4 oC on TSA and 

transferred monthly. Before use, bacterial strains were twice 

activated in TSB at 35 oC for 24 h. While, mold strains were allowed 

to grow at 28 oC on MEA and spores from 5 days old MEA slants 

were harvested, combined, microscopically counted (2.2 x109 

spores.ml-1 saline), stored at 4 oC and utilized as stock inoculums.  

Table (1-A): Types and sources of used bacteria. 

  Microorganisms                                                                           Source 
Bacillus cereus  
Bacillus subtilis
Bacillus megaterium 

Department of Microbiology, Faculty of  
Agriculture,Cairo University, Giza 

             Department of Microbiology, National         
             Center for Irradiation Research and  
             Technology 

Escherichia coli  
Salmonella sp.  
Staphylococcus aureus  
Enterococcus faecalis  
Aeromonas hydrophila  
Proteus.sp  
Pseudomonas aeroginosa 
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 Table (1-B): Code numbers and sources of used molds.          

Microorganisms & Code                                   Source 
Aspergillus niger 1 (EMCC- 104)    
Aspergillus flavus 2 (EMCC-10) 

 
 
Aspergillus niger 2 (NRRL-326) 
 Aspergillus niger 5 (NRRL-2322)   

 
Aspergillus niger 3      
 Aspergillus flavus 1 

 
  
Penicillium fellutanum    
Penicillium implicatum 

  

  

Aspergillus niger 4 

 

 

Aspergillus paraseticus 

Cairo MIRCEN, Faculty of Agriculture, Ain 
Shams University, Cairo 

Northen Regional Research 
Laboratories, IL, USA 

Department of Biotochnology, 
NRC, Cairo  

 

Department of Mycological Center, 
Faculty of Science, Assiut University, 
Egypt 
 
 
Department of Microbiology, Faculty 
of Agriculture, Cairo University, 
Giza 
 

Department of Food Toxicology and 
Contaminants, NRC, Cairo 

     

2. Methods 

   a. Microbial quality of selected spices and herbs 

A total of 195 randomly collected samples of 10 kinds of 

spices and herbs (cumin, MSP, black pepper, red pepper, caraway, 

anise, coriander, fennel, cinnamon, and turmeric) were analyzed to 

evaluate their microbiological quality (total mesophilic aerobic 

counts, thermophilic bacteria, yeast and mold counts, Salmonella, 

Escherichia coli, Staphylococcus aureus, Enterococcus faecalis and 
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Bacillus cereus). These kinds of spices and herbs were purchased 

from retail markets at Cairo and Giza area in the three available 

commercial forms, non-packaged, packaged in polyethylene bags 

and glass containers. 

   b. Microbiological examination 

The microbiological examinations of spices and herbs 

samples included the determination of total mesophilic aerobic 

counts, thermophilic bacteria, yeast and mold counts, Salmonella sp. 

Escherichia coli, Staphylococcus aureus, Enterococcus faecalis and 

Bacillus cereus. Twenty-five grams of each sample were 

homogenized in 225 ml peptone water (0.1 %) using a stomacher 

model 400 (Seward Laboratory, London, UK) for 1-2 minutes to 

give a final dilution of 1:10. Samples were then serially diluted and 

plated using the appropriate medium. 

   1. Total aerobic bacteria (mesophiles)  

Total aerobic bacteria were plated on PCA medium using 

pour plate technique according to APHA (1992). The inoculated 

plates were incubated at 35 oC for 3 days. The developing colonies 

were counted, and the Total Aerobic Bacterial counts (TABC) were 

expressed as colony forming untis (cfu) per gram of samples. 

   2. Thermophilic spore-forming bacteria 

The total numbers of spore-forming bacteria were determined 

according to the method described by Harrigan (1998) using PCA 

medium. To estimate thermophilic bacterial spores, a portion of the 

original dilution was heated to 80 oC for 15 min, and then 1 ml of 
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each suitable decimal dilutions was poured using NA medium. 

Plates were incubated at 55 oC for 48 h and counted. 

3. Escherichia coli  

Escherichia coli was counted according to the method 

described by IAEA (1970) using MCA medium.  The plates were 

incubated at 44 oC for 24-48 hr and the suspected colonies were 

streaked on EMBA and incubated at 44 oC for 24 h. Escherichia coli 

colonies appeared as greenish with metallic sheen colonies with 

blue-black center (APHA, 1992). 

    4. Detection of Salmonella sp. 

Salmonella was detected according to Harrigan (1998). 

Twenty five grams of the homogenized samples were placed in 250 

conical flasks containing 225 ml BPW (pre-enrichment medium), 

incubated  at 37 oC for 24 h. After incubation, 1 ml of the each flask 

was transferred to a SB tube and incubated at 37 oC for 24 h. Then, 

aliquot from positive tubes was streaked on the surface of BGA 

plates, incubated at 37 oC for 24 h and the suspected Salmonella 

colonies (pink or red surrounded by a zone of bright red) were 

isolated and biochemicaly confirmed using biochemical testes (triple 

sugar iron agar, urea agar).  

     5. Enterococcus faecalis 

Enterococcus faecalis was enumerated on KAAA medium 

using surface spreading technique according to Mossel (1978). The 

inoculcated plates were incubated at 37 oC for 16-24 h. The 

Porcelaneous colonies, which are surrounded by black haloes, were 

counted as Enterococcus faecalis. Confirmation of E. faecalis was 
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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 was added. Effervescence, caused by the 

liberation of free oxygen as gas bubbles, indicates the presence of 

catalase in the culture under test.  

    6.  Staphylococcus aureus 

Staphylococcus aureus was counted on BPA medium using 

surface spreading technique according to ICMSF (1978). The plates 

were incubated at 37 oC for 24 h-48 h. The black colonies 

surrounded by a clear zone were counted as Staphylococcus aureus. 

Confirmation was carried out by Gram staining and by coagulase 

test using tube method. In this method, 0.5 ml of rabbit plasma was 

added to 0.5 ml of 18-24 h broth culture in a glass tube. Tubes were 

incubated at 37 oC and visually examinated for clotting after 1 h and 

at intervals for up to 24h.  

    7. Bacillus cereus 

Bacillus cereus was enumerated on MEYPA (Mossel et al.,1967). 

The plates were incubated for 16- 24 h at 37 oC. Confirmation tests 

of suspected colonies were biochemically performed by testing acid 

formation from different sugars. Colonies which ferment glucose but 

not mannitol, xylose or arbinose were considered to be B. cerues.       

    8. Total mold and yeast count 

Total mold and yeast per gram sample were counted on 

CDYEA medium according to Koburger and Marth (1984) using 

pour plate technique. Samples were serially diluted, plated and the 
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inoculated plates were incubated at 25 oC for 3-5 days and then 

counted. 

      9.  Isolation and identification of molds 

Three replicate were used for each spice sample (cumin, 

caraway and MSP). One gram of each sample was plated on the 

previously prepared of malt extract agar medium containing 100 mg 

chloramephenicol to suppress bacterial growth. The seeded plates 

were incubated at 28 oC for five days. The emerged mold colonies 

were then purified using single spore technique at the same medium. 

The purified isolates were individually kept on MEA slants at 4oC. 

Taxonomic identification of all isolates was achieved through 

morphological characters, macroscopic observation in accordance 

with the description given for each genus. The identification of mold 

isolates was performed in the Mycological Center, Faculty of 

Science, Assiut University. 

      a. Preparation of molds spore suspension 

Isolates of Aspergillus flavus was grown in 250 ml 

Erlenmeyer flasks contained 100 ml of CDYEA medium at 28 oC for 

14 days to promote sporulation. Spores were harvested by adding 

sterilized 0.1% tween-80 solution (as a surfactant), filtering through 

several layers of sterilized cheese cloth, centrifuging (1085xg) for 15 

min, washing three times with sterilized distilled water, 

resuspending in sterilized tween-80 solution and the number of 

spores was then microscopically counted (Applegate and Chipley, 

1974). 

      



 108

         b. Detection of Aspergillus flavus for aflatoxin production 
Eighteen Aspergillus flavus isolates were tested for their 

ability to produce aflatoxins (B1,B2,G1,G2) in CDYEA liquid 

medium. Each isolate from stock MEA slants, was sub-cultured on 

CDYEA plates and incubated at 28 oC for 7 days. A disk of 

mycelium (0.3 cm diam) was transferred by cork-borer into an 

Erlenmeyer flask (250 ml) containing 50 ml of CDYEA liquid 

medium. The inoculated flasks were incubated at 28oC for 10 days 

and then aflatoxins were extracted and qualitative determined. 

Similarly, the ability of these isolates to produce such compounds in 

cumin, caraway and MSP was evaluated by inoculating 250 ml 

Erlenmeyer flask containing 25 g of irradiation-sterilization (20 

kGy) tested spices with 1 ml spore suspension (107 spore.ml-1), 

flaskes were incubated (28 oC,10 days) and then aflatoxins were 

extracted and qualitative determined. 

    10. D10- value determination 

 The radiation resistance (D10- value) of the tested pathogenic 

bacteria (Staphylococcus aureus, Escherichia coli and Bacillus 

cereus) and mold (Aspergillus flavus) were determined as follow: 

      a. Inoculum preparation  

The stock cultures of the tested pathogenic bacteria and molds 

were separately activated by growing each in 100 ml TSB at 37 oC 

for 24 h. The culture broths were diluted with 1 % peptone water to 

obtain cell suspension of approx. 107 – 108 cfu/ml or spores/ml. 
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          b.  Inoculation 

Five hundred grams of each product in sealed polyethylene 

bags were exposed to 20 kGy of gamma irradiation for sterilization. 

Each product was placed in a sterile flask containg 1000 ml of each 

pathogen inoculum and gently shaked for 3 min. The liquid was then 

withdrawn and the samples were drained and kept at 30 oC for at 

least 8 h for equilibrium. The same method of inoculation in the 

substrate was used for inoculation of Aspergillus  flavus. 

       c.  Irradiation 

After inoculation, 25g of each inoculated product samples 

were packed in sterilized polyethylene bags and sealed. They were 

exposed to gamma rays with different irradiation doses (from 0.5 to 

10 kGy). Irradiation was performed in the National Center for 

Radiation Research and Technology, NCRRT (Nasr City, Cairo, 

Egypt) using Russian gamma cell, Model Issledovatel utilizing 

Cobalt 60 as an irradiation source (2.5 kGy.h-1). For determination 

of D10 value of Aspergillus flavus in physiological saline solution, 1 

ml of the spore suspension (107 spores/ml) was added to sterilized 9 

ml of saline solution (0.85 % Nacl) in test tubes, then exposed to 

incremental doses (0.0, 0.5, 1.0, 1.5,  up to 10 kGy) of gamma 

radiation.  

       d Plating 

After irradiation, the samples were homogenized in the 

presence of 225 ml of 0.1 % peptone water using stomacher model 

400 (USA) for 1 min to give a final dillutionn of 1:10 and decimal 

dilutions were done. One ml of selected dilutions of each 
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microorganisms were transferred (in duplicates) onto Petri dishes 

and poured by TSA medium in case of bacterial pathogen  

(37 oC, 24 h) and MEA in case Aspergillus flavus (28 oC, 3 days). 

     e. D10- value calculation 

D10 value for each tested pathogen was determined from 

dose-response curve, which was constructed by plotting log survival 

counts against irradiation doses used and from the following 

equation: 

D10 = -1/b 

   
x = Dose level (kGy) 

y = Log number of bacterial surviving after receiving x amount of 

radiation 

n = Number of calculated po 

   11. Antimicrobial activity 

The antibacterial activity (ABA) of non-irradiated and 

irradiated (10 kGy) cumin, caraway and MSP essential oil were 

assessed by disc diffusion method (Bazaraa et al., 2005).  All 

bacterial strains were activated (24 h) in TSB and then inoculated 

onto the surface of MHA using sterile cotton swabs. The inoculum 

was allowed to dry for about 15 min and filter paper discs loaded 

with different concentrations of unirradiated and irradiated cumin, 

caraway and MSP essential oil were aseptically placed on the 

surface of the inoculated agar (3-4 discs per plate). The plates were 
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then incubated at 37oC for 24 h. The diameter of the resulted 

inhibition zone of each concentration was then measured in 

millimeter (mm) and recorded. For the determination of antifungal 

activity (AFA), 0.1 ml of stock spore suspension of each fungal 

culture was spread onto the surface of MEA and plates were allowed 

to dry for 15 min. Discs containing different loads of unirradiated 

and irradiated cumin, caraway and MSP essential oil were 

aseptically placed on the surface of the inoculated plates ( 3-4 discs 

per plate). The plates were incubated at 28 oC for 5 days and the 

diameters of inhibition zones were then measured in millimeter. 

                               12. Growth studies and minimum inhibitory concentration                        
(MIC) 

          The growth studies were conducted as described by Bazaraa et 

al. (2005). Flasks (250 ml) containing TSB (50 ml) were 

supplemented with different concentrations of the nonirradiated and 

irradiated (10 kGy) MSP essential oil (2-16 µl.ml-1) and inoculated 

with 0.1 ml of active (24 h old) bacterial cultures.  Bacteria were 

allowed to grow at 37 oC for 24 h in shaker water bath and the 

growth was monitored by spread plating over the surface of PCA at 

time intervals (4 h). The MIC value was recorded as the lowest 

concentration that completely inhibited growth.  On the other hand, 

growth of the tested molds was performed in 250 ml flasks 

containing 50 ml of MEB medium supplemented with different 

concentrations of the nonirradiated and irradiated MSP essential oil 

(3-14 µl.ml-1). Flasks were inoculated with 0.1 ml stock spores 

suspension and incubated for 24 days at 28 oC in shaker water bath. 
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Growth was daily monitored by filtering the content of each flask 

through Whatman No.1 filter paper. The obtained mycelium was 

washed twice with saline solution (0.85 % NaCl) and dried under 

vacuum at 80 oC to a constant weight. Generation time for tested 

microorganisms was calculated as described by Mossel et al. (1995). 

 c. Aflatoxin determination 

    1. Extraction  

The inoculated flasks 10 days old were autoclaved (121 oC , 

30 min) to facilitate aflatoxin extraction and to kill conidia (Tsai et 

al., 1984) and aflatoxins were extracted (from mycelium and filtrate) 

by chloroform according to the method of AOAC (2000). The 

chloroform phase was filtered through filter paper over anhydrous 

sodium sulphate. The chloroform extract containing aflatoxins was 

evaporated to 1 ml using a rotary vacuum evaporator to near 

dryness. On the other hand, Aflatoxins were extracted from the 

tested spices by adding 150 ml of chloroform to each flask. The 

flasks were mechanically shaked (150 rpm) for 1 h. The chloroform 

layer was passed through filter paper over anhydrous sodium 

sulphate. The chloroform extract containing aflatoxins was partially 

concentrated under vacuum to reach about 50 ml using a rotary 

vacuum evaporator to near dryness.  

     2. Purification  

Chloroform extract was purified through silica gel-g column. 

The aflatoxins were eluted using chloroform: methanol (93:3 V/V). 

The eluent (50 ml) was collected using rotary vacuum evaporator up 

to 1-2 ml as described by Eppley (1968). 
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         3. Qualitative analysis 

Aflatoxins were detected by thin layer chromatography (TLC) 

using pre-coated glass plates (20x20 cm) with a thin layer (0.25 mm) 

of silica gel GF 254. Aliquots of 40 µl of the sample exteract and 40 

µl of aflatoxins (B1, B2, G1 and G2) standards (10 µl/ml chloroform) 

were separately spotted on the TLC plates. Plates were developed 

using chloroform: acetone (9:1, V/V) as a running solvent. After 

solvent front has advanced, 13-15 cm above the origin of the spots, 

the chromatographic was removed, dried and examined under UV 

lamp (362 nm) in a dark champer. Aflatoxins in the positive samples 

were visually identified (AOAC, 2000). 

d. Gamma irradiation and  storage. 

Cumin, caraway and MSP obtained from harraz market were 

packed in polyethylene bags (200 g for each bag), sealed and stored 

in dark and dry place. Bags were divided into five groups, the first 

group was left without irradiation and considered as control, while 

the second, third, fourth and fifth groups were exposed to gamma 

irradiation at dose levels of 2.5, 5.0, 7.5, and 10.0 kGy, respectively. 

Irradiation was performed in the National Center for Radiation 

Research and Technology, NCRRT (Nasr City, Cairo, Egypt) using 

Russian gamma cell, Model Issledovatel utilizing Cobalt 60 as an 

irradiation source (2.5 kGy.h-1) Both unirradiated and irradiated 

samples were stored at ambient temperature for twelve months and 

samples were bimonthly withdrawn for microbiological and 

chemical analysis. 
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e. Chemical analysis 

Chemical analysis including moisture, crude oil, peroxide 

value, amino acids, extraction of volatile oils, and the volatile oils 

composition using Gas Liquid Chromotography (GLC) were carried 

out according to AOAC (2000) as follow: 

    1. Moisture Content 

Ten grams of sample were dried at 105 ± 2°C in a drying 

oven until a constant weight was reached.  

     2. Crude Fat 

 Total lipids (crude fat) were extracted using Soxhlet 

extraction apparatus using petroleum ether.  

     3. Peroxide Value (PV) 

The peroxide value of the crude oils was determined 

according to AOAC (2000) as follow: Five grams of the extracted 

oils was dissolved in a mixture of acetic acid: chloroform (3:2, v/v), 

one ml of saturated solution of potassium iodide was then added. 

After exactly 5 min the liberated iodine was titrated with sodium 

thiosulphate solution (0.1 N) in the presence of starch solution (0.5 

ml, 1%) as an indicator. The results are expressed as milliequivalent 

peroxides per kilogram oil. 

    4. Amino acid profiles 

Sample (50-100 mg) of dried and defatted spice was placed in 

the screw capped tubes and 5 ml of HCL (6.0 N) were added. The 

hydrolysis tubes were attached to a system, which allows the 

connection of nitrogen and vacuum lines without disturbing the 

sample. The tubes were placed in an oven 110 oC for 24 h (AOAC, 
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2000). The tubes were then opened and the content of each tube was 

then filtered and evaporated for dryness in a rotary evaporator. A 

suitable volume of sodium citrate buffer (pH 2.2) was added to each 

dried film of the hydrolyzed samples. After solubelization the 

sample was then filtered using a 0.2 µm membrane filter, (Baxter, 

1996). High Performance Amino Acid Analyzer, Biochrom 20 (Auto 

sampler version) (Pharmacia, Germany). Data analysis of 

chromatogram was done by EZChromTM Chromatography Data 

System Tutorial and user's Guide-Version 6.7.     

    5. Exteraction of volatile oils content 

The volatile oil of the cumin, caraway and MSP was obtained 

by water distillation method for 3 h (AOAC, 2000). The volatile oil 

was collected, dried overnight using anhydrous sodium sulphate, and 

stored in dark at 0 oC until use. The components of each volatile oil 

were determined by gas liquid chromatography. The antioxidant and 

antimicrobial activities were also evaluated.       

    6. Volatile oil profile 

The volatile oil of the cumin, caraway and MSP samples was 

analyzed by Gas Liquid Chromatography (GLC) using a Unicam 

PRO-GC equipped with a flame ionization detector (FDA) and a 

glass column (1.5 m x 4 mm) packed with the chromosorb WHP 

(100-120 mesh) with methyle phenyl silicone (3 % OV- 17). The 

temperatures of injector and detector were 250 and 300 oC, 

respectively. The column temperature raised from 70 to 200 oC at a 

rate of 8 oC, min-1.  Peaks were identified by comparing their 
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retention time (Rt) with that of authentic standards separately 

injected under the same conditions. 

     7. Antioxidant activity  

The antioxidant activity of the cumin, caraway and MSP oils 

were measured by determining the peroxide value, (PV) (AOAC, 

2000). The essential oils (200 ppm) separated from the non-

irradiated and irradiated (10 kGy) cumin, caraway and MSP were 

separately added to sunflower oil (with no added antioxidants), kept 

at ambient temperature and PV was measured at intervals. A control 

experiment was performed under the same conditions using BHA 

(200 ppm) or BHT (200 ppm) as synthetic antioxidants. 

   f. Statistical analysis 

Results obtained were subjected to statistical analysis using 

one-way analysis of variance (Rao and Blane, 1985). All data were 

the average of three experiments 
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RESULTS AND DISCUSSION 

1. Microbial quality of selected spices and herbs 
The microbial quality of 195 samples of 10 different spices 

and herbs (cumin, mixed spices, black pepper, red pepper, caraway, 

anise, coriander, fennel seeds, cinnamon, and turmeric) were 

evaluated as follows: 80 samples of non-packaged spices and herbs; 

65 samples of polyethylene packaged spices and herbs and 50 

samples of glass container packaged spices and herbs. The 

microbiological analysis were total aerobic bacterial counts, 

thermophilic bacterial counts, Enterococus faecalis, 

Escherichia.coli, Staphylococcus aureus, Bacillus cereus, 

Salmonella sp. and total molds and yeasts were carried out.  

     a. Total Aerobic Mesophilic Bacterial Counts 

Total aerobic mesophilic bacterial count (TBC) is known to 

be the most commonly and quality parameter for evaluating the 

hygienic status of food and food additives. The data obtained (Table 

2) indicated a wide variation in the total bacterial populations in the 

different kinds of spices and herbs, and even within samples of the 

same kind. The total aerobic count at 37 oC ranged from <106 up to 

>107 CFU.g-1 spices and herbs samples.  

In the non-packaged samples, it appeared that cinnamon, 

coriander, anise, turmeric, fennel seeds and caraway samples mostly 

contained mesophilic bacterial load in the lower limit (<106 CFU.g1) 

with no samples in the upper limit. Cinnamon was the cleanest 

product since 100 % of the samples were in the lower limit.  
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Table 2. Total aerobic bacterial counts in some selected spices and herbs. 

Nonpackaged samples (%) 
>107  106-107 <106 # of tested 

samples 

 
Spices and Herbs  

40  40 20 15 Cumin 
80 20 0 15 MSP 
0 47 53 15 Caraway 

60 40 0 5 Black pepper 
60 20 20 5 Red pepper 
0 40 60 5 Fennel seeds 
0 20 80 5 Coriander 
0 40 60 5 Turmeric 
0 0 100 5 Cinnamon 
0 20 80 5  Anise 

30 31.25 38.75 80  Total 
Polyethylene packaged samples (%) 

>107 106-107  <106 # of tested 
samples 

 
Spices and Herbs  

30 40 30 10 Cumin 
40 0 60 10 MSP 
0 30 70 10  Caraway 

20 0  80  5  Black pepper 
40 20 40 5 Red pepper 
0 80 20 5 Fennel seeds 
0 20 80 5 Coriander 
0 100 0 5 Turmeric 
0 80 20 5 Cinnamon 
0 40 60 5 Anise 

15.38 36.92 47.69 65  Total 
Glass container samples (%)  

>107  106-107 <106 # of tested 
samples 

 
Spices and Herbs  

0 60 40 5 Cumin 
20 40 40 5 MSP 
0 0 100 5 Caraway 

20 20 60 5 Black pepper 
0 20 80 5 Red pepper 
0 0 100 5 Fennel seeds 
0 40 60 5 Coriander 
0 0 100 5 Turmeric 
0 0 100 5 Cinnamon 
0 20 80 5 Anise 
4 20 76 50 Total 

On the other hand, MSP showed the lowest quality since 80 

% of the samples were in the upper limit (>107 CFU.g-1). In the case 

of polyethylene packaged and glass container samples, the microbial 
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quality was tremendously improved (Table 2, Fig.1), where the total 

number of samples contained <106 CFU.g-1 increased from 38.75 to 

47.69 and 76 %, respectively.  

 

Fi.g 1. Percentages of total bacterial counts (CFU.g-1) in some selected spices and 
herbs. 

Such improvement was due to the prevention of 

recontamination of spices and herbs using the packaging materials. 

Also, the low level of microbial load found in the samples of glass 

containers could be due to a cleaner process and better sanitation that 

are usually applied to these products. Similar results have been 

found by many other investigators. Ubach et al. (1990) showed that 

mesophilic aerobes of black cumin were 7 x107 CFU.g-1. Ito and 

Islam (1994) reported that the total bacterial count were107 CFU.g-1  

for green pepper and 108 CFU.g-1   for chili and ginger. Kneilfel and 

Bergen (1994) showed that the highest total aerobic methophilic 
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count (<107 CFU.g-1) was found in cumin, black pepper, chillies and 

china spice. Banerjee and Sarkar (2003) determined total aerobic 

mesophilic bacterial count of 27 kinds of spices and herbs and found 

that 51% of the samples were in the unacceptable level (>106 

CFU.g1). Total aerobic bacterial counts in the range 106 to 107 

CFU.g-1 were found in some medicinal herbs as reported by 

Nakajima et al. (2005) and Soriani et al. (2005).  

The wide variations found in the microbiological quality of 

spices and herbs may be attributed to the general conditions during 

their cultivation, harvesting, drying, handling, processing, storage, 

distribution and sale, as well as the selective actions characteristic of 

spices and herbs. Although the physical characteristics of the 

surfaces are likely to play a role in colonization by microorganisms 

(Kedzia and Holderna, 1984 and Mousuymi and Sarkat, 2003), 

chemical composition is dominant in determining bactericidal 

(Baxter and Holzapfel, 1982) and antibacterial as well as antifungal 

activities (Arora and Kaur, 1999). Similar results were also obtained 

by Munasiri et al. (1987) who reported that the total bacterial counts 

ranged between 105-107 CFU.g-1 in prepacked ground India spices. 

Garcia et al. (2001) found that the high levels (105 to 107 CFU.g-1) of 

mesophilic aerobic microorganisms were found in most of the 

samples of non-packaged garlic powder, cumin seeds and black 

pepper. While the Glass and polyethylene-packaged samples 

contained less than 105 CFU.g-1 of mesophilic aerobic 

microorganisms. 
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b. Yeast and mold counts 

Yeasts and molds do seem to play a dominant role among the 

microflora of the spices and herbs samples. The degree of 

contamination regarding the yeasts and molds is presented in Table 3 

and Fig 2. The mold and yeast counts were generally < 105 CFU.g-1 

in all tested spices and herbs samples. In case of the non-packaged 

samples the high contamination level (104 CFU.g-1) was found in  60  

% of the samples of MSP and black pepper. While 40, 33 and   

27 % of red pepper, cumin and caraway samples contained such 

level, respectively. On the other hand, the lower microbial levels 

(<103 CFU.g-1) were found in anise (100 % of the samples), turmeric 

(80 %) and fennel seeds (60 %). The results are conformable with 

those reported by Munasiri et al.  (1987) who found that the total 

fungal counts ranged between 102-106 CFU.g-1 in red chilli. Ubach et 

al. (1990) found that the total fungal count in cumin seeds was 4x102 

CFU.g-1.  Farag et al. (1995) showed that the total counts of molds 

were 4.8 x 103, 5.7 x 103 and 1.9 x 103 CFU.g-1 in, hot pepper, 

marjoram and ginger, respectively.                                                                                           

The results in Table 3 and Fig. 2 also indicated that the glass 

container and polyethylene packaged samples had lower levels of 

molds and yeasts than non-packaged samples. About 28.75, 10.78 

and 4 % of the non-packaged, polyethylene packaged and glass 

container contained 104 CFU.g-1, respectively.  
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 Table 3.  Total fungal counts of some selected spices and herbs.                       

Nonpackaged samples (%) 

104 103 <103 # of tested 
samples 

 

Spices and Herbs  

33  40 27  15  Cumin 
60 27 13  15 MSP 
27 73 0 15 Caraway 
60 40 0 5 Black pepper 
40 40 20 5 Red pepper 
0 40 60 5 Fennel seeds 
0 80 20 5 Coriander 
0 20 80 5 Turmeric 
0 60 40 5 Cinnamon 
0 0 100 5 Anise 

28.75 43.75 27.5 80  Total 
Polyethylene packaged samples (%) 

104 103 <103 # of tested 
samples 

 
Spices and Herbs  

10 30 60 10 Cumin 
30 50 20 10 MSP 
20 60 20 10 Caraway 
20 60 20 5 Black pepper 
0 60 40 5 Red pepper 
0 20 80 5 Fennel seeds 
0 0 100 5 Coriander 
0 20 80  5 Turmeric 
0 0 100 5 Cinnamon 
0 20 80 5 Anise 

10.78 35.38 53.84 65  Total 
Glass container samples (%) 

104  103  <103  # of tested 
samples 

 
Spices and Herbs  

0 20 80 5 Cumin  
20 60 20 5 MSP 
0 20 80 5 Caraway 
0 20 80 5 Black pepper 

20 60 20 5 Red pepper 
0 0 100 5 Fennel seeds 
0 20  80 5 Coriander  
0 0 100 5 Turmeric 
0 20 80 5 Cinnamon 
0 0 100 5 Anise 
4  22 74 50 Total 
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Fig. 2. Percentages of total fungal counts (CFU.g-1) in some selected spices and                           

herbs.                          

    The presence of large number of fungi may represent a spoilage 

problem and a potential public health problem when these spices are 

added to water-rich foods such as meats, poultry and fish. Finally, 

toxigenic fungi may produce toxins under certain conditions.  

 c. Thermophilic spore-forming counts  

   Spices often act as important vectors for various 

microorganisms, especially spore-formers implicating possible 

health problems for consumers. The results of thermophilic spore-

forming bacterial count of the samples are summarized in Table 4, 

Fig 3. Thermophilic spore-forming bacteria were detected in all 

spices and herbs samples, with the range of 101 to 103 CFU.g-1. 

Concerning, the non-packaged samples, revead that the highest 

levels (103 CFU.g-1) were found in most samples of red pepper (80 

%) and black pepper (60 %). Meanwhile, 40, 27 and 20 % of cumin, 
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caraway and MSP samples had also high levels (103 CFU.g-1) of 

spore-forming bacteria.  
Table 4. Total thermophillic spore-forming counts of some selected spices and 

herbs. 
Non-packaged samples (%)  

103 102 101 # of tested 
samples 

 
Spices and Herbs  

40 60 0 15 Cumin 
20 80  0 15 MSP 
27 73 0 15 Caraway 
60 40 0 5 Black pepper 
80 20 0 5 Red pepper 
0 60 40 5 Fennel seeds 
0 40 60 5 Coriander 
0 80 20 5 Turmeric 
0 40 60 5 Cinnamon 
0 80 20 5 Anise 

25 62.5 12.5 80  Total 
Polyethylene packaged samples (%) 

103 102 101 # of tested 
samples 

 
Spices andHerbs  

30 50 20 10 Cumin 
40 60 0 10 MSP 
10 60 30 10 Caraway 
80 20 0 5 Black pepper 
20 60 20 5 Red pepper 
0 40 60 5 Fennel seeds 
0 80 20 5 Coriander 
0 20 80 5 Turmeric 
0 20 80 5 Cinnamon 
0 60 40 5 Anise 

20 49.23 30.76 65  Total 
Glass container samples (%) 

103  102  101  # of tested 
samples 

 
Spices and Herbs  

0 40 60 5 Cumin  
20 60 20 5 MSP 
0 20 80 5 Caraway 

40 20 20 5 Black pepper 
0 60 40 5 Red pepper 
0 20 80 5 Fennel seeds 
0 40 60 5 Coriander 
0 0 100 5 Turmeric 
0 0 100 5 Cinnamon 
0 40 60 5 Anise 
8 30 62 50 Total 
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Fig. 3. Percentages of total spore-forming counts (CFU.g-1) in some spices and herbs. 

           Results of the non packaged cinnamon and coriander samples 

indicated that most of these samples (60 % each) contained 

thermophilic spore-forming bacteria in the lower level (101 CFU.g-1).  

These results have been confirmed by Bagiawati et al. (1985) who 

found that the spore-forming bacteria in 26 kinds of spices ranged 

from 1 x102 to 3 x107 CFU.g-1. Ito and Islam (1994) found that the 

spore forming bacterial counts ranged between 102-105 CFU.g-1 in all 

samples of green pepper, fresh ginger rhizomes, chilli and coriander. 

Czech et al. (2001) and Banerjee and Sarkar, (2003) found that the 

spore forming bacterial counts ranged from 102 to <105 CFU.g-1 in 

some spices and herbs. 

It is evident from the results in Table 4 and Fig. 3 that the 

non-packaged samples were higher in contamination with 

thermophilic spore-forming bacteria than those in packaged samples. 

About 25, 20 and 8 % of the non-packaged, polyethylene packaged, 

and glass container samples contained 103 CFU.g-1, respectively. 
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The distribution of the spore-former count patterns was in fair 

accordance with that observed with the total aerobic mesophilic 

counts.  

     d. Bacteria of public health concern 

   The frequencies of Staphylococcus aureus, Enterococcus 

faecalis, Escherichia coli, Bacillus cereus and Salmonella.sp in the 

non-packaged, polyethylene packaged and glass container packaged 

selected spices and herbs listed in Table 5 (A, B and C) 

  1. Staphylococcus aureus             

 Staphylococcus aureus is a bacterium associated with food-

borne intoxication (Bergdoll, 1990). The results in Table 5 (A, B and 

C) indicated that S. aureus was found in all kinds of non-packaged 

spices and herbs in numbers did not exceed 103 CFU.g-1 except 

turmeric and cinnamon. All polyethylene packaged spices and herbs 

except, cinnamon and fennel seeds, contained S. aureus at the 

contamination of 102 CFU.g-1. Turmeric, cinnamon, anise and 

caraway samples packaged in glass containers were S. aureus free. 

Generally, the level of contamination by such microorganism was 

higer in non-packaged samples of spices and herbs in comparsion 

with packaged samples. Similar results were also obtained by 

(Kneifel et al., 2002; Swailam and Abdullah, 2002 and Banerjee and 

Sarkar, 2003) they reported that S. aureus was detected in many of 

spices and herbs. 
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Table  5-A. pathogenic bacteria in selected non-packaged spices  and herbs.  

ND = not detected  

Table  5-B. pathogenic bacteria in selected polyethylene- packaged spices and 
herbs.   

Frequency %  

Salmonella B.cereus E.coli E.faecailis S.aureus  

102  102 101 102 102 

 
# of 

samples 

 
Spices and   
Herbs 

      ND 2 6 7 4 10 Cumin 
ND  4  5  9  6  10  MSP 

ND  1 5 4 3 10 Caraway 
ND 2 4 3 3 5 Black  

pepper 
ND 1 1 3 1 5 Red pepper 
ND ND  2 2 ND  5 Fennel seeds 
ND 2 2 1 2 5 Coriander 
ND 1 2 1 1 5 Turmeric 
ND ND 1 NG  ND  5  Cinnamon 
ND ND 3 2 3 5 Anise 
ND 13 31 32 23 65 Total 

ND = not detected  

 

      

 

 

 

Frequency % 

Salmonella B.cereus E.coli E.faecalis S.aureus 
102 102 101 102 102 

   
# of 

samples 

 
Spices and    
Herbs 

ND 4 5 10 7 15 Cumin 
ND  6 8 13 11 15 MSP 
ND  3 2 9 6 15 Caraway 
ND  3 3 4 4 5 Black  pepper 
ND 2 1 3 3 5 Red pepper 
ND ND ND 2 1 5 Fennel seeds 
ND 1 2 3 2 5 Coriander 
ND 2 0 2 ND 5 Turmeric 
ND ND 1 ND ND 5 Cinnamon 
ND 1 1 4 3 5 Anise 
ND 22 23 50 37 80 Total 
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Table 5-C. pathogenic bacteria in selected glass container spices and herbs.                                                           

Frequency %  
Salmonella B.cereus E.coli E.faecalis S.aureus  

102  102 101  102 102 

 
# of 

samples 

 
Spices and 
Herbs 

      ND 1 1  3 1 5 Cumin 
ND  1 1 3  2 5  MSP 
ND  ND  ND  1 ND 5  Caraway 
ND 2 1 4 2 5 Black  pepper 
ND ND  2 2 1 5 Red pepper 
ND 1 1 2 2 5 Fennel seeds 
ND ND  2 1 1 5 Coriander 
ND 1 ND ND ND 5 Turmeric 
ND ND  ND ND ND 5 Cinnamon 
ND ND  ND 2 ND 5 Anise 
ND 6 8 18 9 50 Total 

ND = not detected  
 

 

   Fig.  4.  Peresence some pathogenic bacteria in some spices and herbs. 

        2. Enterococcus faecalis       

 This organism is considered as one of the most important 

members of group Streptococci that are found in foods. 

Enterococcus faecalis was found in all kinds of non-packaged and 
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exceed 103 CFU.g-1 except cinnamon. Turmeric and cinnamon 

packaged in glass container were E. faecalis free. The counts of  

E. faecalis in the spices and herbs did not exceed 103 CFU.g-1. Glass 

container packaging followed by polyethylene packaging obviously 

improved the microbial quality and number of samples contain, this 

organism was greatly reduced (Fig. 4). These results have been 

confirmed by Bhat et al. (1987) in chilli powder; Kneifel and Berger 

(1994) in some spices and herbs, Swailam and Abdullah (2002) in 

some spices and medicinal plant and Banerjee and Sarkar (2003) in 

coriander seeds, garlic, black cumin, turmeric powder and black 

pepper. 

  3. Escherichia coli 

           The presence of fecal Escherichia coli (Table 5 A, B and C) 

indicate the possible presence of enteric pathogens (Adams and 

Moss, 1995). In the present study, Escherichia coli was detected in 

all kinds of polyethylene packaged spices and herbs samples with 

higher numbers of contaminated samples than that of non packaged 

samples. This probably due to the contamination prior to packaging 

and not due to the packaging it self.  

         Caraway, turmeric, cinnamon and anise samples packaged in 

glass containers were E .coli free. The rest of the samples 

contaminated E. coli counts less than 102 CFU.g-1. The obtained 

results agreed with those obtained by Garcia et al. (2001) who 

reported that more than 72 % of the tested non-packaged and 

polyethylene packaged spices contained < 102 CFU.g-1 of E. coli. On 

the other hand, they reported that 97 % of the glass-packaged 
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samples contained less than 30 CFU.g-1. This could be due to 

handling procedures for packaging samples. The low level of 

microorganisms found in the glass container spices and herbs could 

be due to a cleaner process or sanitation procedures that are usually 

applied to these products. When the counts of different shops were 

compared, the most unhygienic shops showed the highest counts of 

E. faecalis and E .coli. The counts decreased proportionally with an 

increase in hygienic conditions (Adams and Moss, 1995). 

    4. Bacillus cereus 

 Bacillus cereus is considered as one of the most frequent 

food-borne bacterial pathogens in spices and herbs (Banerjee and 

Sarkar, 2003). Results in Table 5 (A, B and C) indicated the 

presence of Bacillus cereus in little number of the tested samples. 

Glass container followed by polyethylene packaged significantly 

reduced the number of contaminated samples by this organism. 

Bacillus cereus counts for all samples did not exceed 102 CFU.g-1. 

Similar results were previously reported by many investigators 

(Kneifel and Berger, 1994; and Banerjee and Sarkar, 2003). 

However, when evaluating the toxicity potential of B.cereus one has 

to take into account the degree of contamination. Given the 

arbitrarily chosen maximum tolerance level of 5 log units per gram 

this density could provide some enteropathogenic amount of the 

specific toxins, depending on the specific nature of the individual 

(Mousuymi and Sarkat, 2003).                                                                                                  
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   5. Salmonella sp.  

           Salmonella sp. is an important enteric pathogen that can 

contaminate many foods. In the present study, salmonella. sp was 

not found in any tested samples of all kinds of spices and herbs 

under investigation. The absence of salmonella in the tested samples 

agreed well with the findings of many authors (Baxter and 

Holzapfel, 1982 and Katusin-Razem et al., 2001). 

            According to the microbiological criteria recommended by 

the International Commission on Microbiological Specifications for 

Foods (ICMSF, 1998), spices and herbs samples are of an 

unacceptable quality when the bacterial counts exceed 106 CFU.g-1 

and the number of molds is higher than 104 CFU.g-1. Accordingly, 

61, 52 and 24 % of the non-packaged, polyethylene-packaged and 

glass packaged samples of the tested spices and herbs, respectively 

were of unacceptable quality from the view point of total aerobic 

bacterial counts (Table 2).  

Presence of Escherichia coli in spices and herbs samples 

indicates fecal contamination and unhygienic handling of the spices 

and herbs during cultivation, packaging and storage. Also, the 

presence of other pathogens is very possible. Presence of Bacillus 

cereus and Staphylococcus aureus in spices and herbs indicates 

possible intoxication. Other factors like antimicrobial activity of the 

spices and herbs also control the number and type of contaminations 

(Ozcan, 2005).  
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Once contaminated spices and herbs were added to water-rich 

foods, microorganisms can grow quickly and shorten market life of 

the products through spoilage and/or conceivably contribute to 

consumer illness. The application of knowledge of the factors 

inhibiting the growth of different pathogenic bacteria can contribute 

to minimize the risk of food manufacturing operations and it is 

advisable to lay down criteria for decontaminated spices and herbs.                                     

There is an evident need to establish standards of compliance for 

spices and herbs to give the user a reliable safe product (Banerjee 

and Sarkar, 2004). Although the microbiological quality of spices 

sold in the studied region was similar to that of several countries 

(Baxter and Holzapfel, 1982 and Garcia et at., 2001), treatments to 

enhance the microbiological quality of spices and herbs are 

necessary, particularly if we take into account that these items could 

be added to foods that are not further processed.  

        From the microbiological quality study of the ten kinds of 

spices and herbs, the MSP followed by cumin were found to be 

highly contaminated and since cumin and caraway seeds are 

important commodities in Egypt, therefore, they were selected for 

further experiments.                                

2. Molds associated with cumin, caraway, and MSP 

          Molds isolated from cumin, caraway, and MSP were listed in 

Table (6). Generally, 13 species of fungi belonging to 6 genera were 

isolated and identified. They were Aspergillus, Penicellum, 

Heliminsporus, Nigrospora, Rhizopus, and Fusarium. 84, 60 and 58 

species were isolated from cumin, caraway and MSP, respectively. 
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The data indicated that the greater number of species belonged to the 

genus Aspergillus. Seven species were recovered namely: A. niger, 

A. flavus, A. terrus, A. fumigatus, A. sydowii and A .tamarii. Three 

species belonged to the genus Penicillum: P. fellutanum, P. variable 

and P. implicatum, and only one species was found in the other 

genera of fungi: Heliminsporus, Nigrospora, Rhizopus, and 

Fusarium.  
Table 6. Molds speies isolated from cumin, caraway and mixed spices 

ND = Not detected. 

The most prevalent molds spices were Aspergillus niger 

followed by Penicillum. The dominant of Aspergillus and Penicillum 

sp. in spices was in accordance with the results of Ayres et al. (1980) 

who mentioned that Aspergillus and Penicillum sp. were the main 

molds found in of cardamom, cinnamon, fennel, coriander, cumin, 

black cumin, and white pepper, all of which are common in the food 

MSP Caraway Cumin 
% No. of 

isolates    
% No. of 

isolates    
% No. of 

isolates 

 
Isolated mold genera 

72 42 58 35  50 42 Aspergillus         
59 25 51  18 61 26 A.niger 
14 6 23 8 9 4 A.flavus 
7 3 17 6 19  8  A terrus 
5 2 6 2   ND A fumigatus  

12 5   ND 9 4 A.sydowii 
2 1 3 1   ND A tamarii 

15 9 37 23 34 29 Penicillum 
33 3 8.6 2 24 7 P. fellutanum  
44 4 39 9 59 17 P. variable 
2 2 52 12 17 5 P. implicatum  

1.7 1   ND   ND Heliminsporus sp. 
1.7 1   ND 8 7 Nigrospora sp. 
5 3 1.6 1 7 6 Rhizopus sp. 
3 2 1.6 1   ND Fusarium sp. 

 58  60   84 Total 
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industry. Roy et al. (1988) isolated Aspergillus flavus, A.  niger, A.  

fumigatus, A. orchaceus, A. candidus, A. sydowi, Chaetomium 

dolicholrichum, Penicillium oxalicum, Alternaria, Curvularia, and 

Rhizopus from the seeds of Amomum subulatum, Coriandrum 

sativum, Cuminum cyminum, Foeniculum vulgare, Piper nigrum, 

Cinnamomum zeylanicum, and from the bark of Acacia catechu, all 

of which are commonly used as a drug plants. 

   a. Detection of aflatoxin production 

           Different species of molds were found to contaminate spices 

and herbs. Particular species of these molds are able to produce toxic 

substances called mycotoxins which can adversely affect the health 

of humans and animals (Pitt and Hocking, 1997). Of the known 

mycotoxins, the most potent carcinogenic are aflatoxins. These 

aflatoxins are produce by certain strains of Aspergillus flavus, A. 

parasiticus and the newly identified A.nomious (Bugno et al., 2006). 

         From the obtained results (Table 6) concerning the isolation 

and identification of molds, contaminating cumin, caraway and MSP 

samples under investigation, the results revealed that Aspergillus 

flavus was found in cumin, caraway and MSP by 9, 23 and 14 %, 

respectively. Thus, all Aspergillus flavus isolates was tested for their 

aflatoxins potential in synthetic liquid medium and in natural 

substrate.  

        The isolated Aspergillus flavus isolates from cumin seeds were 

screened for their aflatoxin potential in both liquid medium 

(Czapek's-yeast extract liquid) and in substrate (cumin seeds). 

Results in Table (7) show that 2 isolates of the 4 Aspergillus flavus 
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were found to produce aflatoxins B1 and B2 in liquid medium. 

Several investigators reported that many strains of A. flavus group 

produced aflatoxins on the vast variety of synthetic media (Hammad 

et al., 1995 and Erdogan, 2004). 

Table 7. Detection of aflatoxin production by Aspergillus flavus isolates in  
              liquid medium and in cumin seeds. 

Liquid medium Cumin seeds A. flavus isolate No. 
B1, B2 G1, G2 B1, B2 G1, G2 

2 ++ — + — 
16 — — — — 
25 — — — — 
33 ++ — — — 

— = No production                                                 + = Weak production 

++ = Moderate production                                     +++ = Strong     

Table (7) also shows that 1 out of 4 Aspergillus flavus isolates 

produced aflatoxin B1 and B2 in cumin seeds from which they were 

isolated. Although A. flavus isolate No. 33 produced moderate 

amounts of aflatoxin B1 and B2 in liquid medium, it failed to produce 

any aflatoxin in cumin seeds (natural substrate). Besides A. flavus 

isolate No. 2 produced aflatoxin B1 and B2 in liquid medium 

moderatly and weakly produced aflatoxin B1 and B2 in cumin seeds 

(natural substrate).  

Aspergillus flavus isolates from caraway seeds were screened 

for their aflatoxin potential in both liquid medium and in substrate 

(caraway seeds), the results are present in Table (8). Of the 8 

Aspergillus flavus isolates, 4 isolates were found to produce 

aflatoxin B1 and B2 in liquid medium while 1 isolate was found to 

produce aflatoxin B1 and B2 in caraway seeds. It was reveled that all 

tested isolates failed to produce any aflatoxin in caraway seeds 
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(natural substrate) only A. flavus isolate No. 30 weakly produced 

aflatoxin B1 and B2 in caraway seeds.  
    Table 8. Detection of aflatoxins production by A. flavus isolates in liquid medium 

and in caraway seeds. 
Liquid medium Caraway seeds A. flavus isolate 

No. B1, B2 G1, G2 B1, B2 G1, G2 
6 — — — — 

11 + — — — 
19 — — — — 
26 + — — — 
30 + — + — 
37 — — — — 
43 — — — — 
50 + — — — 

— = No production                                + = Weak production 

++ = Moderate production                     +++ = Strong     

       Aspergillus flavus isolates from MSP were screened for their 

aflatoxin potential in both liquid medium and in substrate (MSP). 

Table 9 shows that 3 out of 6 Aspergillus flavus isolates produced 

aflatoxin B1 and B2 in liquid medium and failed to produce any 

aflatoxin in MSP (natural substrate).  
Table 9. Detection of aflatoxin production by A. flavus isolates in liquid medium and 

in MSP. 
 

Liquid medium MSP A. flavus isolate 
No. B1, B2 G1, G2 B1, B2 G1, G2 
1 + — — — 

9 — — — — 
14 + — — — 
28 + — — — 
44 — — — — 
54 — — — — 

— = No production                                + = Weak production 

++ = Moderate production               +++ = Strong     

       The above results indicated that none of Aspergillus flavus 

isolates produced aflatoxin G1 and G2 in liquid medium and natural 

substrate. Yin and Cheng (1998) found that 89 % of samples of 
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fennel, coriander, cumin, and caraway were contaminated with 

aflatoxin B1.  Pitt (1993) reported that Aspergillus flavus produces 

only type B aflatoxins, while A. parasiticus and A. nomius produce 

both types of B and G aflatoxins consistently. Bircan (2005) stated 

that the paprika, chilli powder, ground black pepper and cumin 

samples were contaminated with aflatoxin B1.  

3. Radiation-decimal reduction dose (D10-value) 

           Microorganisms differ greatly in their resistance to radiation. 

There are differences in radiation resistances from species to 

another, and even among strains of the same species. The radiation 

resistance of microorganisms is measured by the so-called decimal-

reduction dose (D10-value) which is defined, as the radiation dose 

(kGy) required killing 90 % of the population of a microbe (Ingram 

and Roberts, 1980). Therefore, D10-values of potentially pathogenic 

bacteria and the isolated aflatoxin producing fungi, namely 

Staphylococcus aureus, Escherichia coli, Bacillus cereus and 

Aspargillus flavus contaminated of cumin, caraway and MSP were 

determined. D10-value of a microbe can be determined from dose-

response curve of the microbe, which is obtained by plating the 

number of surviving cells against radiation dose (kGy). The effect of 

increment doses of gamma irradiation on the viable count of 

Staphylococcus aureus, Escherichia coli, Bacillus cereus and 

Aspargillus flavus are illustrated in Figs. 5 (A, B, C and D) and 

Table 10 (A, B, C and D appendix), respectively. It is clear that log 

viable counts of tested microorganisms decreased with increasing 
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radiation dose; also these microorganisms greatly differed in their 

sensitivity to gamma irradiation. 
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Fig. 5-A. Radiation-dose response curve of Staphylococcus aureus in spices.                            

 

          

 Fig 5-B. Radiation-dose response curve of Escherichia coli in spices 
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Fig. 5-C Radiation-dose response curve of Bacillus cereus in spices. 
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Fig 5-D. Radiation-dose response curve of Aspargillus flavus in spices.       
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         A dose 2.5 and 3.0 kGy in the present study was found to be 

sufficient to eliminate the S. areus, E. coli and A. flavus except B. 

cereus (resistance to irradiation) was needs to high a dose (8.0 to 

10.0 kGy) to eliminate from cumin, caraway and MSP 

         From the radiation survival curves Fig. 5 (A, B, C and D) it 

was found that the D10 value (calculated from linear regression and 

equation) of Bacillus cereus (it had the highest radiation resistant 

among other tested pathogens) was1.9 kGy in cumin, 1.96 kGy in 

caraway and 2.32 kGy in MSP. While the D10-values of 

Staphylococcus aureus were 0.48, 0.44 and 0.53 kGy,  Escherichia 

coli 0.55, 0.48 and 0.42 kGy and  Aspergillus flavus  0.59, 0.45 and 

0.54 kGy in cumin, caraway and MSP, respectively Table (11). 

Table 11.  Decimal reduction doses (D 10 values) of some pathogenic microorganisms in 
spices. 

 

D10 values in kGy  
MSP  Caraway Cumin 

Microorganisms 

0.53 0.44 0.48 Staphylococcus aureus 
0.42 0.48 0.55 Escherichia coli 
2.32 1.96 1.9 Bacillus cereus 

0.54  0.45 0.59 Aspergillus flavus 

Many investigators have found the variations in radiosensitivity of 

different bacterial and fungal species. Generally, the genera 

Aspergillus and gram-negative bacteria are relatively sensitive to 

ionizing radiation, while the genera spore-forming bacteria are more 

resistant (Aziz and Moussa, 2004). Hammad and El-Bazza, (1988) 

found that the D10-value of Aspargillus flavus isolated from smoked 

herring was 0.55 kGy. Thayer and Boyd (1993) found that the D10-

value of Escherichia coli isolated from dry foods was 0.42 kGy. 



 141

Moussa (1994) found the D10-value of A.flavus isolated from 

medicinal plants was 0.52 kGy. Thayer et al. (1995) reported that the 

D10-value of  Staphylococcus aureus on 5 types of meat ranged from 

0.40 to 0.46 kGy. Abdel Karem et al. (2002) found that the D10-

value of Bacillus circulans and Aspargillus flavus isolated from 

medicinal plants was 1.75 and 0.52 kGy, respectively. Al-Bachir and 

Lahham (2003) reported that the D10-value of Bacillus cereus was 

2.08 kGy. Aziz and Moussa (2004) found that the D10-value of 

Aspargillus flavus isolated from spices was 0.52 kGy.  

          Determination of the D10-value for microorganisms from 

survival curves (dose-response curves) is very important and useful 

in:                                                                                                                           

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

- Providing information about the relative resistance of particular 

microorganisms to ionizing radiation.  

 - Calculating the exact radiation dose required for 5-log cycle's 

reduction of pathogenic bacteria and mycotoxin production fungi, 

which is very important for the practical application of ionizing 

radiation. By knowing the D10-value of any microorganisms and its 

level in a product (food, feed, medicinal or pharmaceutical products) 

one can calculate the exact irradiation dose required to eliminate that 

microorganisms from that product. 
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4. Effect of γ irradiation on the microbial load (CFU.g-1) of 
the cumin, caraway and MSP during storage for one year. 

     a. Mesophilic bacterial counts (CFU.g-1)      

Figure 6 (A, B and C) and Table 12 (appendix) indicated that 

the non-irradiated cumin, caraway and MSP samples (Harraz 

market) were highly contaminated with mesophilic bacteria, at the 

levels of 3.2x106, 1.9x105 and 1.4x107 CFU.g-1, respectively. These 

values exceeded the level of 1.0x104 CFU.g-1 reported by WHO 

(1998) as the maximum permissible total count level. 
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    Fig. 6-A. Effect of γ irradiation on the mesophilic bacterial counts (CFU.g-1) of 
cumin seeds during (12 months). 
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Fig.-B. Effect γ of irradiation on the mesophilic bacterial counts (CFU.g-1)                                               
of caraway seeds during storage (12 months). 
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Fig. 6-C. Effect of γ irradiation on the of mesophilic bacterial counts (CFU.g-1) of                 

MSP during storage (12 months). 
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Figure 6 (A, B and C) also shows that non-irradiated MSP 

samples had the highest total bacterial counts followed by cumin 

seeds and caraway seeds samples had the lowest count. The obtained 

high contamination level was expected and could be refered to the 

high natural microflora of the whole spices as well as the 

contamination during grinding, mixing and packaging. The obtained 

results were very close to those reported by McKee (1995) and 

Banerjee and Sarkar (2003). Sharma et al. (1989) suggested that 

spices used in food industry should not contain higher than 102 

CFU.g-1 as total count. Therefore, the cumin, caraway and MSP used 

in this investigation were considered microbialy unaccepted.  

Oh et al. (2003) indicated that the effect of gamma irradiation 

on the microbial population of spices is dependant on the irradiation 

dose, the type and initial number of microorganisms present. They 

also reported that the irradiation effect on bacterial reduction is 

relatively linear. The effect of different doses of gamma irradiation 

(2.5, 5.0, 7.5 and 10.0 kGy) on total mesophilic bacteria in cumin, 

caraway and MSP is shown in Fig. 6 (A, B and C) and Table (12 

appendix). In general, a progressive increase in the dose levels 

showed concomitant decrease in the microbial counts of the cumin, 

carawy and MSP, where irradiation at 2.5, 5.0, 7.5 and 10.0 kGy 

reduced the number of the initial mesophilic population by almost 

1.1, 2.7, 3.8 and 4.6 of cumin, by almost 1.1, 2.2, 3.2 and 5.2 of 

caraway and by almost 1.5, 3.3, 4.7 and 5.3 of MSP log cycles, 

respectively. Such results indicated that a dose of 5 kGy could be 

successfully used to reduce the total mesophilic bacteria to the 
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permissible level recommended by WHO. The highest irradiation 

dose used (10.0 kGy) reduced the total bacterial count of all spices to 

less 100 CFU.g-1. The obtained results were very close to those 

reported by (Lee et al., 2004 and Ramamurthy et al., 2004).  

Apparently, Fig. 6 (A, B and C) and Table 12 (appendix ) the 

storage of the irradiated cumin, caraway and MSP samples at 

ambient temperature showed no effect on its microbial counts since 

the storage was in sealed polyethylene bags and recontamination 

therefore, was prevented. The obtained results were in agreement 

with those reported by Swailam and Abdullah (2002) and Al-Bachir 

and Lahham (2003). 

b. Thermophilic bacterial counts (CFU.g-1) 

         Figure 7 (A, B and C) and Table 13 (appendix) revealed that 

the non-irradiated cumin, caraway and MSP samples were 

contaminated with thermophilic bacteria, at the levels of 3.4x102, 

2.6x102 and 6.1x102, respectively. Contamination of spices by 

thermophilic bacteria causes many problems to meat products and 

canning industry. Such heat resistance bacteria can cause spoilage to 

these products. Ito et al. (1985) fond that 50 % out 26 kinds of spices 

contained spore-forming bacterial counts more than 104 CFU.g-1 and 

they found that the most highly contaminated spices were black 

pepper and white pepper.          
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Fig.7-A. Effect of γ irradiation on the thermophilic bacterial counts (CFU.g-1) of      
cumin seeds during storage (12 months). 
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Fig. 7-B. Effect of γ irradiation on the thermophilic bacterial counts (CFU.g-1) of 
caraway seeds during storage (12 months). 
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Fig. 7-C. Effect of γ irradiation on the thermophilic bacterial counts (CFU.g-1) of 
MSP during storage (12 months). 

Hammad et al. (1987) evaluated the microbial quality of the six most 

important and extensively used spices in Egypt (i.e., black pepper, 

red pepper, coriander and nigell) and found that the counts of spore-

forming bacteria ranged from 6x103 to 8.3x103 CFU.g-1 .  

          The effect of different doses of gamma irradiation (2.5, 5.0, 

7.5 and 10.0 kGy) on total thermophilic bacteria in cumin, caraway 

and MSP is shown in Fig. 7 (A, B and C) and Table 13 appendix. In 

general, application of different gamma irradiation doses greatly 

reduced the counts of thermophilic bacteria. Irradiation at 2.5, 5.0, 

7.5 and 10.0 kGy reduced the number of the initial thermophilic 

population by almost 0.2, 0.6 and 0.9 of cumin, by almost 0.1, 0.5 
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and 0.8 of caraway and 0.1, 0.3, 0.7 and 0.9 of MSP log cycles, 

respectively. 

         Application of 10.0 kGy completely destructed all thermophilic 

bacteria in cumin, caraway, while it is led to decrease of 

thermophilic bacteria in MPS to less than 100 CFU.g-1. The obtained 

results are very close to those reported by Variyar et al. (1997) who 

found that a dose 10.0 kGy reduced the spore-forming bacteria from 

2 to 5 logs in cayenne, onine and plack pepper. Swailam and 

Abdullah, (2002) reported that a does 10-15.0 kGy was sufficient to 

eliminate spore-forming bacteria from medicinal plants.           

           During storage at ambient temperature for 12 months, there 

was a slight increase in the thermophilic spore-forming bacteria 

count of non-irradiated spices samples and those exposed to 2.5 and 

5.0 kGy, but the rate of increase was higher in the non-irradiated 

samples. The counts of spore-forming bacteria in the spices samples 

receiving 7.5 kGy still constant or decreased upon storage.  

c- Total molds and yeasts 

          The results in Fig. 8 (A, B  and C) and Table (14 appendix) 

indicated that total molds and yeasts count of non-irradiated cumin, 

caraway and MSP were 1.8x102, 1.3x103 and 2.1x103 CFU.g-1, 

respectively. The results reveale that the MSP followed by caraway 

samples had higher counts in comparison with cumin seeds. 

Munasiri et al. (1987) found that the total fungal count of some 

prepackaged ground spices (pepper, turmeric, coriander and mix 

powder) was in the range of 102 to 103 CFU.g-1 . 
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Fig. 8-A. Effect of γ irradiation on the total molds and yeasts (CFU.g-1) cumin seeds               
during storage (12 months). 
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Fig. 8-B. Effect of γ irradiation on the total molds and yeasts (CFU.g-1) caraway          
seeds during storage (12 months). 
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Fig. 8-C. Effect of γ irradiation on the total molds and yeasts (CFU.g-1) MSP during 
storage (12 months). 

Data also revealed that the dose level of only 5.0 kGy 

sufficient to eliminate all fungal count in cumin while the dose level 

of 7.5 kGy was sufficient to eradicate all yeasts and molds from 

caraway and MSP. The obtained results are very close to those 

reported by Alam et al. (1994) who found that irradiation dose of 5 

kGy was sufficient in eliminating fungi in chilli, coriander, cumin 

and turmeric. Onyenekwe and Ogbadu (1995) found that fungal 

count in red chilli pepper (whole and ground) reduced by 2 log 

cycles at 2.5 kGy. 

          During storage total fungal count of un-irradiated cumin 

increased from 1.8x102 to 1.9x103 CFU.g-1 after 12 months of 

storage. While total fungal count of non-irradiated caraway was 
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stable (1.3x103 CFU.g-1) up to 4 months, then increased to reach 

3.2x103 CFU.g-1 after 12 months of storage. Total fungal count of 

non-irradiated MSP decreased from 2.1x103 to 1.2x103 CFU.g-1 after 

12 month of storage. Meanwhile, total fungal counts of all irradiated 

spices tended to decrease upon storage.   

      d. Pathogenic bacteria 

Spices and herbs have been shown to contain some bacteria 

of public health significant. The presence of any of these bacteria in 

spices is significant from the viewpoint of food safety and sanitation. 

In this study, Bacillus cereus, and Staphylococcus aureus, 

Enterococcus faecalis and Escherichia coli were determined in 

cumin, caraway and MSP. Table (15-A) indicated that Bacillus 

cereus was found in cumin and MSP at levels of 6.0x102 and 9.5x102 

CFU.g-1, respectively. Farkas (1981) reported that the majority of the 

microbial flora of spices consists of aerobic spore-forming bacteria 

and B. cereus is among these bacteria. On the other hand, caraway 

seeds were free from B. cereus. Staphylococcus aureus was found in 

all studied spices at considerable levels, being 2.5x102, 3.0x102 and 

3.5x102 CFU.g-1 in cumin, caraway and MSP, respectively. It is well 

known that good dry spices have low moisture content therefore not 

suitable for proliferation of the present microorganisms, 

microbiologically stable products. But once these spices which 

having spoilage and pathogenic bacteria, are added to water-rich 

foods, these microorganisms can quickly grow and cause spoilage to 

such products as well as serious health hazard. Therefore, the present 

of Bacillus cereus and Staphylococcus aureus in studied spices 
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creates a health hazard problem and should be eliminated. Monk et 

al. (1995) reported that presence of these pathogens in spices a 

potential hazard to human health. 

Table 15-A. Effect of γ irradiation on the Bacillus cereus and Staphylococcus aureus in 
cumin, caraway and MSP during storage (12 months). . 

              
Staphylococcus aureus            Bacillus cereus 

5.0 
kGy 2.5 0.0 kGy 10 

kGy 7.5 5.0 2.5 0.0 Storage 
months 

 
 
Products 

<100 1.0x102 2.5x102 <100 1.0x102 2.0x1014.0x102 6.0x102 0 
<100 1.5x102 2.0x102 <100 1.0x102 2.5x1014.5x102 5.0x102 2 
<100 <100 1.0x102 <100 <100 3.5x1013.0x102 6.0x102 4 
<100 <100 5.0x10 <100 <100 3.0x1013.5x102 4.0x102 6 
<100 <100 <100 <100 <100 1.0x1015.0x102 4.0x102 8 
<100 <100 5.0x10 <100 <100 <10 3.5x102 4.5x102 10 
<100 <100 <100 <100 <10 <10 2.0x102 2.5x102 12 

 
 
 
 

Cumin 
seeds 

<100 <100 3.0x102 <100 <100 <100 <100 <100 0 
<100 <100 3.5x102 <100 <100 <100 <100 <100 2 
<100 <100 1.0x102 <100 <100 <100 <100 <100 4 
<100 <100 1.0x102 <100 <100 <100 <100 <100 6 
<100 <100 2.0x102 <100 <100 <100 <100 <100 8 
<100 <100 5.0x10 <100 <100 <100 <100 <100 10 
<100 <100 1.0x102 <100 <100 <100 <100 <100 12 

 
 
 
 

Caraway 
seeds 

<100 <100 3.5x102 <100 1.5x102 3.5x1027.5x102 9.5x102 0 
<100 <100 3.0x102 <100 <10 3.5x1029.0x102 8.0x102 2 
<100 <100 1.0x102 <100 <100 3.0x1027.0x102 9.0x102 4 
<100 <100 1.0x102 <100 <100 2.0x1023.0x102 6.0x102 6 
<100 <100 <100 <100 <100 1.0x1021.5x102 6.0x102 8 
<100 <100 <100 <100 <100 <100 <100 4.0x102 10 
<100 <100 <100 <100 <100 <100 <100 5.5x102 12 

 
 
 
 

MSP 

         Also the results in Table (15-A) revealed that irradiation at 

dose levels used almost eliminated Bacillus cereus and 

Staphylococcus aureus, since its count was less than the detectable 

level <100 CFU.g-1. B. cereus could withstand irradiation doses up 

to 7.5 kGy. Indicating it is resistance to gamma irradiation while a 

dose of 10 kGy was required to eliminate Bacillus cereus 

(sporeforming microorganisms). The radiation resistance of B. 
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cereus spores (as spore-forming bacteria) has been shown by many 

investigators (Narvaiz et al., 1989; Ito and Islam, 1994 and 

Ramamurthy et al., 2004). On the other hand, only, irradiation dose 

of 5.0 kGy was enough for complete elimination of Staphylococcus 

aureus in all studied spices indicating that it is sensitive to gamma 

irradiation. Results of this study are in agreement with several other 

investigators by Emam et al. (1995); Swailam and Abdullah (2002) 

and Al-Bachir and Lahham (2003).  

Irradiated spices under investigation at 10 kGy were free from 

Bacillus cereus, and Staphylococcus aureus through their storage 

period, which extended to 12 month at ambient temperature. 

        Table 15-B indicated that Enterococcus faecalis was found in 

cumin, caraway and MSP at levels of 6.5x102, 4.5x102 and 1.2x103 

CFU.g-1, respectively. In addition, the results indicated that 

Escherichia coli was found in cumin seeds and MSP at levels of 

1.0x101 and 3.0x101, respectively. Wile caraway seeds samples were 

free from Escherichia coli. Irradiations at doses of 2.5 and 5.0 kGy 

were very effective in inhibiting these dangerous microorganisms, 

and it was enough to eliminate Escherichia coli and Enterococcus 

faecalis. Similar results were obtained by Ramamurthy et al. (2004) 

who showed that the dose of 2.0 kGy eliminate the coliforms, 

Listeria and yersinia from refrigerated capsicum.  In the present 

study, it noticed that irradiated spices (at 5 kGy) were free from 

Enterococcus faecalis and Escherichia coli through storage for 12 

months at ambient temperature. 
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     Table 15-B. Effect of γ irradiation on the Enterococcus faecalis and Escherichia 
coli  in cumin, caraway and MSP during storage (12 months). 

 
Escherichia coli  Enterococcus faecalis 

5.0 
kGy  

2.5   0.0   5.0   2.5   0.0  Storage 
months  

 
 

Products 
<100 <100 1.0x101 <100 2.0x102 6.5x102 0  
<100  <100 2.5x101 <100 1.0x102 6.0x102 2  
<100 <100 1.5x101 <100 1.0x102 4.5x102 4 
<100 <100 <10 <100 <100 2.0x102 6 
<100 <100 <10 <100 <100 2.5x102 8 
<100 <100 <10 <100 <100 2.0x102 10 
<100 <100 <10 <100 <100 2.0x102 12 

 
 
 
 

Cumin 
seeds 

<100 <100 <100 <100 2.0x102 4.5x102 0 
<100 <100 <100 <100 <100 5.0x102 2 
<100  <100 <100 <100 <100 4.5x102 4 
<100 <100 <100 <100 <100 2.0x102 6 
<100 <100 <100 <100 <100 4.0x102 8 
<100 <100 <100 <100 <100 5.5x102 10 
<100 <100 <100 <100 <100  5.0x102 12 

 
 
 
 

Caraway 
seeds  

<100 <100 3.0x101 <100 2.0x102 1.2x103 0 
<100 <100 3.0x101 <100 3.5x102 1.3x103 2 
<100 <100 2.5x101 <100 1.5x102 8.5x102 4 
<100 <100 1.5x101 <100 <100 8.0x102 6 
<100 <100 <100 <100 <100 2.0x102 8 
<100 <100 <100 <100 <100 <100 10 
<100 <100 <100 <100 <100 <100 12 

 
 
 
 

MSP 

        Apparently, a dose of 10 kGy was required to eliminate 

Bacillus cereus (sporeforming microorganisms) and thermophilic 

bacteria. Therefore, a dose of 10.0 kGy could be used to disinfect 

cumin, caraway seeds and MSP to satisfactory levels. The Joint 

FAO/IAEA/WHO Expert Committee for the treatment of spices 

(WHO, 1981) recommended irradiation at dose of 10.0 kGy. 

Swailam and Abdullah (2002) reported that irradiation at doses of 5-

10.0 kGy was effective and sufficient to eradicate all pathogenic 

bacteria and fungi. In addition, they indicated that irradiation dose of 
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10.0 kGy reduced the total bacterial load by 4 log cycles and 

eliminated the spore-forming bacteria in spices and medicinal plants. 

Ramamurthy et al. (2004) showed that irradiation at 1 and 2 kGy 

reduced the initial microbial population of capsicum by 2 and 3 log 

cycles, respectively. They also reported that dose of 2 kGy 

eliminated fungi, coliform, listeria and yersinia. Lee et al. (2004) 

and Pezzutti et al. (2005) found that the irradiation dose of 7 kGy 

reduced the population of mesophilic bacteria and fungi effectively 

without affecting major quality factors in korean red pepper powder 

(Capsicum annuum L.) and onion flakes. Also Phianphak et al. 

(2007) reported that the dose of 7.7 and 8.8 kGy was enough to 

eliminate the total aerobic bacteria, Staphylococcus. sp, Salmonella. 

sp, coliform bacteria, and fungi from Thailand traditional herbs. 

The radiation process is designed to reduce, if not eliminate 

microbial growth of irradiated food to remain good for public health 

concern (Diehl, 1992 and Farkas, 1998). If some bacteria, molds or 

spore-forming bacteria do survive will probably requires more 

fastidious growth conditions (temperature, pH and nutrients) than 

untreated microorganisms (Gharib and Aziz, 1995). Good storage 

and packaging as well as handling reduce greatly the 

recontamination of irradiated food prior to use and if the food 

recontaminated but the microorganisms count will not increase 

greatly and will be in the margin of microbiological safety (Lagunas-

Solar, 1995).     
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5. Effect of γ irradiation on the chemical changes of cumin, 

caraway and MSP during storage for one year         
The changes in chemical composition of cumin, caraway as 

well as as MSP as affected by irradiation during storage for one year 

were carried out, and the obtained results are shown in Table (16-25) 

and illustrated  in Fig. 9.                                                                               

   a. Changes in the moisture 

         Table (16) shows that the initial moisture contents of non-

irradiated cumin, caraway seeds and MSP samples were 7.82, 9.52 

and 6.42 %, respectively  at the beginning of storage, while those 

irradiated at doses of  2.5, 5.0, 7.5 and 10.0 kGy contained 7.80, 

7.66, 7.45 and 7.21 % of cumin, 9.50, 9.41, 9.30 and 9.27 % of 

caraway and 6.35, 6.28, 6.16 and 5.59 % of MSP,  respectively. 

These results indicated that γ-irradiation at a dose of 2.5 kGy 

showed insignificantly effect of moisture contents of cumin and 

caraway seeds. On the other hand, the same dose (2.5 kGy) showed 

significant decrease in moisture contents (1 %) of MSP. Also the 

data indicated that the doses 5.0, 7.5 and 10.0 kGy showed 

significant decrease on moisture contents among all tested spices, 

and the reduction in MSP was higher than cumin and caraway seeds.  

          The decrease in the moisture content of MSP may be due to 

the effect of γ-irradiation on the spices powder than whole spices 

seeds. It can assume that the change in the structure of powder spices 

cell membranes speeds up the evaporation of moisture. Other 
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investigators have showed similar results. Abd-El Salam (1985) 

noticed that gamma irradiation (0.3 kGy) caused slight decrease  

(1.2 %) in moisture content of wheat grains. Ragab (1994) showed 

that the moisture contents of anise seeds influenced by irradiation 

with different doses up to 10.0 kGy.  

Table 16. The effect of γ irradiation on the moisture content (%) of cumin, caraway seeds 
and MSP during storage (12 months). 

Moisture % ± SD 

10.0 kGy 7.5 5.0 2.5 0.0 

Storage 
(month)   

 
Product    

7.21d
a± 0.02  7.45c

a± 0.03 7.66b
a± 0.01 7.80a

a± 0.02 7.82  a
a± 0.05  0 

7.18d
a± 0.01 7.44 c

a± 0.01 7.68b
a± 0.01  7.81a

a± 0.02  7.84  a
a± 0.03 2 

7.12d
b± 0.02  7.39 c

b± 0.01 7.73b
b± 0.05 7.74b

b± 0.01 7.78 a
b± 0.02 4 

7.16d
b± 0.01 7.36 c

b± 0.01   7.72b
b± 0.05 7.76a

b± 0.03 7.75 a
b± 0.02 6 

7.09d
c± 0.05 7.23 c

c± 0.02  7.58b
c± 0.01  7.52a

c± 0.02  7.60  a
c± 0.03 8 

6.93d
d± 0.01  7.11 c

d± 0.05 7.28b
d± 0.02 7.34a

d± 0.02  7.42  a
d± 0.01 10 

6.82d
e± 0.02 7.00 c

e± 0.05 7.14 b
e± 0.02 7.12a

e± 0.02  7.24  a
e± 0.05  12 

 
 
 

Cumin    
  Seeds    

9.27d
a± 0.01  9.30c

a± 0.02 9.41b
a± 0.04 9.50a

a± 0.03 9.52 a
a± 0.01  0 

9.31d
a± 0.01  9.32c

a± 0.03  9.49b
b± 0.03 9.52a

a± 0.01 9.52a
a± 0.01 2 

9.25d
b± 0.03 9.30c

a± 0.03 9.46b
b± 0.01 9.42a

b± 0.05  9.44a
b± 0.02 4 

9.22d
b± 0.05 9.24c

c± 0.01 9.31b
b± 0.02 9.37 a

b± 0.01 9.38a
b± 0.02  6 

9.13d
c±0.05 9.21c

c± 0.01 9.24b
c± 0.05 9.29a

b± 0.03  9.25a
c± 0.02 8 

9.21d
c± 0.02 9.11 d

d± 0.01 9.15b
d± 0.02 9.22 a

c± 0.03 9.19a
d± 0.01 10 

9.1 d
d± 0.01  9.00c

e± 0.02 9.04b
e± 0.02 9.14a

d± 0.01 9.13a
e± 0.01  12 

 
 
 

Caraway 
   seeds    

5.59e
a± 0.02  6.16d

a± 0.01 6.28 c
a± 0.01 6.35 b

a± 0.03 6.42 a
a± 0.01 0 

5.55e
b± 0.02 6.10d

b± 0.02  6.21c
b± 0.01  6.31b

a± 0.03 6.40 a
a± 0.02 2 

5.57 e
b± 0.02  6.00d

c± 0.05  6.22 c
b± 0.01 6.23 b

b± 0.02 6.32a
b± 0.04 4 

5.22 e
d± 0.03 5.66d

d± 0.01 5.93 c
c± 0.03  6.15b

d± 0.01 6.22 a
c± 0.02 6 

5.14 e
e± 0.01  5.33d

e± 0.01 5.59 c
d± 0.01 5.89 b

e± 0.01  6.14 a
d± 0.01 8 

5.11e
e± 0.01  5.26d

f± 0.05 5.44 c
e± 0.02 5.76 b

f± 0.01 5.88 a
e± 0.02 10 

4.66a
f± 0.01  4.82 d

g± 0.01 4.93 c
f± 0.01 5.13 b

g± 0.01  5.25 a
f± 0.01 12 

 
 
 
 

MSP       

 

Mean values followed by different superscript (within rows) and different subscripts (within 
columns) are significantly different at the 5 % level. 
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         The results indicated also that the storage period for one year 

caused a significant decreases in the moisture contents of both non-

irradiated (control) and irradiated samples. This decrease was 

parallel with extending of the storage period. Moreover, the rate of 

decrease in MSP samples was higher than that of cumin and caraway 

seeds samples. 

   b. Changes in the crude oil and peroxide value 

        Data presented in Table (17) showed that non-irradiated cumin, 

caraway seeds and MSP samples contained a crude fat being 18.68, 

14.96 and 15.98 % at the beginning of storage, while those irradiated 

at doses of  2.5, 5.0, 7.5 and 10.0 kGy contained 18.69, 18.71, 18.73 

and 18.71 % of cumin, 14.95, 14,98, 14.90 and 14.97 % of caraway 

and 15.99, 16.00, 16.11 and 15.85 % in MSP, respectively. These 

results indicated that γ-irradiation insignificantly effect on the 

content or crude fat in cumin, caraway seeds MSP. 

             These results showed also, these is no significant changes in 

crude fat either in non-irradiated and irradiated samples as affected 

by storage period as shown in Table (17). The obtained results are 

closed to those reported by Abdullah (1998) who reported that 

irradiation at doses of 5-20 kGy and storage for 7 months were 

insignificantly effect on fennel and nigella seeds. 

Peroxide value is one of the major indicator that could be used to 

measure lipid oxidation. The changes that took place in the peroxide 

value of cumin, caraway seeds  and MSP as affected by gamma 

irradiation at different doses and during storage at ambient 



 159

temperature are shown in Fig. 9 (A, B and C) and Table 18 

(appendix) and. From these results, it could be noticed that 

irradiation induced oxidation of lipids leading to significantly 

increases in peroxide value of cumin, caraway seeds and MSP.  

Table 17. The effect of γ irradiation on the crude oil % of cumin, caraway seeds and MSP 
during storage for one year. 

 
Total lipids % ± SD  

10.0 kGy 7.5 5.0 2.5 0.0 

 
Storage 
(month)  

 
 

Product 
18.71a

a± 0.01   18.73a
a± 0.04  18.71a

a± 0.06   18.69a
a± 0.03 18.68a

a± 0.03   0 
18.71a

a± 0.01  18.72a
a± 0.04  18.67 a

a± 0.01  18.66a
a± 0.02 18.65 a

a± 0.01   2 
18.67 a

a± 0.01  18.68a
a± 0.05 18.65 a

a± 0.02  18.64a
a± 0.02 18.63a

a± 0.01  4 
18.65a

a± 0.05 18.6  a
a± 0.01 18.61a

a± 0.06 18.62a
a± 0.05 18.68a

a± 0.01 6 
18.64a

a± 0.02 18.64a
a± 0.03 18.58 a

a± 0.04 18.6 a
a± 0.01 18.60 a

a± 0.03 8 
18.60a

a± 0.02  18.61a
a± 0.02 18.56a

a± 0.01 18.58a
a± 0.03 18.59 a

a± 0.06  10 
18.58a

a± 0.02  18.60a
a± 0.03  18.54a

a± 0.01 18.58a
a± 0.03 18.57a

a± 0.04 12 

 
 
 

Cumin 
seeds 

14.97 a
a± 0.03 14.90a

a± 0.04 14.98a
a± 0.00 14.95a

a± 0.01  14.96a
a± 0.06  0 

14.93a
a± 0.05 14.92 a

a± 0.04 14.95 a
a± 0.00 14.92 a

a± 0.01 14.93a
a± 0.03 2 

14.89 a
a± 0.05 14.86 a

a± 0.02  14.83a
a± 0.00 1490 a

a± 0.07 14.87a
a± 0.01 4 

14.87a
a± 0.04 14.84 a

a± 0.02 14.81a
a± 0.00   14.88 a

a± 0.02 14.84a
a± 0.06  6 

14.83a
a ±0.01 14.80a

a± 0.02 14.79a
a± 0.00 14.86 a

a± 0.03 14.81a
a± 0.04 8 

14.82a
a ±0.04 14.82 a

a± 0.04  14.80a
a± 0.00  14.80 a

a± 0.05 14.80a
a± 0.01 10 

14.79a
a± 0.01  14.81a

a± 0.01 14.77a
a± 0.00  14.85a

a± 0.01 14.78a± 0.04 12 

 
 
 

Caraway  
seeds 

15.85a
a± 0.06  16.11a

a± 0.01   16.00a
a± 0.02 15.99a

a± 0.05  15.98 a
a± 0.01 0 

16.02 a
a± 0.04  16.01a

a± 0.03 15.99 a
a± 0.01 15.90a

a± 0.04 15.96 a
a± 0.01  2 

16.01a
a± 0.01 16.00a

a± 0.05 15.97a
a± 0.04 15.94a

a± 0.01 15.95a
a± 0.05  4 

15.97 a
a± 0.02 15.98a

a± 0.03 15.96a
a± 0.02  15.90a

a± 0.01  15.92a
a± 0.04 6 

15.96a
a± 0.02 15.97a

a± 0.04 15.94 a
a± 0.02  15.92a

a± 0.01 15.91a
a± 0.03  8 

15.94 a
a± 0.01 15.95a

a± 0.03 15.90a
a± 0.01  15.89a

a± 0.05 15.90a
a± 0.03 10 

15.94 a
a± 0.01 15.93a

a± 0.02 15.90a
a± 0.01  15.88a

a± 0.02  15.90a
a± 0.02  12 

 
 
 

MSP 

 

Mean values followed by different superscript (within rows) and different subscripts (within 
columns) are significantly different at the 5 % level. 
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Fig. 9-A. Effect of γ on the peroxide value (PV) in cumin seeds during storage 
            (12 months) 

0

1

2

3

4

5

6

0 2 4 6 8 10

Storage (months)

Pe
ro

xi
d 

va
lu

e 
(P

V)

0.0 kGy 2.5 kGy 5.0 kGy 7.5 kGy 10.0 kGy

 
Fig. 9B. Effect of γ irradiation on the peroxide value (PV) in caraway seeds during 

storage (12 months). 
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Fig. 9-C. Effect of γ irradiation on the peroxide value (PV) in MSP during storage 
(12 months). 

The peroxide values of non-irradiated cumin caraway seeds 
and MSP were 5.78, 4.63 and 7.33 meqO2.kg-1, respectively while 
those irradiated at doses of  2.5, 5.0, 7.5 and 10.0 kGy resulted in  
significantly increase in the peroxide value by 1.0, 3.0, 6.0 and 8.0 
% of cumin, 1.2, 2.5, 4.3 and 6.0 % of caraway and 1.2, 4.2, 5.2 and 
8.2 % of MSP, respectively. This increment was proportionally 
related to the irradiation dosage. Therefore, the highest increase in 
peroxide value was observed at the dosage of 10 kGy. The increase 
in peroxide value could be attributed to the effect of irradiation doses 
applied in enhancing lipid oxidation, whereas, the peroxides 
themselves are the primary products of fat oxidation upon ionizing 
radiation treatment in the presence of oxygen.  
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          The changes in peroxide value of the studied spices i.e. cumin, 
caraway and MSP during storage for one year at ambient 
temperature, as affected by irradiation are given in Table (18). It has 
been declared that the average in PV significantly increased 
progressively by extending the shelf life in non-irradiated and 
irradiated samples. It means that the highest PV was occurred at the 
end of storage period (12 months). The obtained results are in 
agreement with those obtained by Ragab (1994).        

 c. Changes in amino acids profile  

There is no enough available data about amino acids in spices 

and herbs. Moreover, almost no data are available on the effect of 

irradiation on the amino acids content of spices and herbs. 

Therefore, the amino acids contents of investigated spices were 

carried out. 

The effect of 5 and 10 kGy irradiation doses on the amino 

acids (g per 100 g dry mater) of non-irradiated and irradiated cumin, 

caraway and MSP immediately after irradiation (zero time) and after 

12 months of storage was studied. The results are tabulated in Tables 

(19-21). Results revealed that 17 amino acids were detected in 

cumin, caraway seeds and MSP samples. Eight of these amino acids 

are considered essential from the food nutrition point of view. 

Glutamic acid was the predominant amino acid in these spices 

followed by aspartic acid and proline. Glycine, leucine, serine, and 

argininen were found in moderate leveles.While, cystine, Histidine 

and methionine were found in low amounts. Similar results were 

reported by Al-Jassir (1992) who analyzed the black cumin seeds 

grown in Saudi Arabia for amino acids content and showed that 
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glutamic acid, arginine and aspartic acid were the main amino acid 

present. Badr and Georgiev (1990) found that the amino acid 

composition of the Nigella sativa seeds protein of Egypt cultivars 

was rich in aspartic acid, serine, glycine, threonine and proline. 

Table 19. Amino acids content (%) of cumin as affected by γ irradiation during 
storage (12 months). 

 
  

Irradiation doses (kGy)  
      10.0           5.0           0.0  

12 M 0T   12 M 0T   12 M 0T  
   

Amino acide 
Conc.mg/g 

  9.9  9.1  8.2  9.8    9.4   9.5  Aspartic 
  2.7  2.6  2.2  3.2   3.2  2.8 Threonine 
 4.9  5.8  3.6  5.2   5.2   5.0 Serine 
11.7 13.6  13.5 14.4  16.4 14.8 Glutamic acid 
12.7 12.9  12.2  8.5   6.5  8.7  Proline 
 6.9   6.6   6.2  7.1   7.1  6.4  Glycine 
 3.0   4.0  2.4  3.8   3.8  3.0 Alanine 
 1.8  1.9  1.7  1.9    1.9  1.9 Cystine 
 4.0  4.4  5.0  4.8   4.8  4.6 Valine 
 0.8 0.6  0.6  0.9   0.9  0.8 Methionine 
 3.8  4.0  3.1  2.8   2.8  3.2 Isoleucine 
 6.2   5.4  4.4  6.7  6.7   5.6 Leucine 
 2.0  2.2  3.2  2.0   2.0  2.4 Tyrosine 
 3.5  3.7  4.2  3.4    3.4 4.0 Phenylalanine 
  1.2  1.4  2.5  1.6    1.6  1.6 Histidine 
  3.6  4.4  4.1  4.2   3.2  4.1 Lysine 
  5.1  5.4  4.0  4.3   2.3  4.7 Arginine 
83.8 85.6  81.1 83.6  80.2  83.1 Total amino 

acids 
0T = zero time, M = month  

         These results indicated that no real effect of γ-irradiation at (5 

kGy) on the total amino acids of studied spices. While γ-irradiation 

at (10 kGy) caused a decrease in total amino acids of caraway by  

4.4 %, on the other hand γ-irradiation at (10 kGy) resulted an 

increase in total amino acids of cumin and MSP by 3.0 and 4.2 %, 

respectively.  
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Table 20. Amino acids content (%) of caraway as affected by γ irradiation during 

storage (12 months). 
 

Irradiation doses (kGy)  
   10.0          5.0                  0.0               

12 M  0T      12 M 0T  12 M  0T      
Amino acide 
  Conc.mg/g      

11.4 11.3  10.2 11.8  12.4 10.5 Aspartic 
2.6 3.0  5.4 3.5   3.4 3.3 Threonine 
3.8 4.4  3.3 4.2  4.2 4.0 Serine 

15.4 14.8  14.4 13.6  15.8 14.2 Glutamic acid 
3.8 4.8  3.5 4.2  3.2 4.8 Proline 
4.8  6.8  5.8 6.0  6.4 6.2  Glycine 
2.8 3.4  3.9 5.4  5.2 4.2 Alanine 
1.0 1.0  1.0 1.2  0.8 1.1 Cystine 
4.0 5.4  4.8 4.2  6.8 5.6 Valine 
0.6 0.5  0.2 0.6  0.7 0.3 Methionine 
3.4 2.2  4.5 3.1  3.9 3.8 Isoleucine 
7.3 6.0  7.6 5.6  5.5 6.3 Leucine 
1.2 1.0  1.4 2.4  2.7 2.8 Tyrosine 
4.5 3.2  3.2 3.6  4.6 3.8 Phenylalanine 
1.8 2.6  2.3  1.0  2.2 1.7 Histidine 
4.2 3.8  4.4 4.2  3.7 4.0 Lysine 
3.0 3.6  5.6 4.8  4.4 4.2 Arginine 

75.6  77.2   81.5 79.4  85.9 80.8 Total amino acids  

Table 21. Amino acids content (%) of MSP as affected by γ irradiation during 
storage (12 months).  

                      
Irradiation doses (kGy)  

   10.0          5.0                  0.0                     
12 M  0T      12 M 0T          12 M 0T     

Amino acide 
  Conc.mg/g     

11.0 10.8  11.0 11.6  9.0 10.5 Aspartic 
4.2 4.4  4.2 4.4  4.4 4.6 Threonine 
5.0 5.6  5.0 5.6  5.2 5.4 Serine 

15.6 15.2  15.8 16.4  13.6 13.8 Glutamic acid 
5.4 7.8  6.4 5.0  6.4 6.8  Proline 
5.4 5.6  5.4 5.6  5.4 5.2  Glycine 
5.0 5.2  5.0 5.2  5.2 5.4 Alanine 
1.0 1.2  1.0 1.2  1.0 1.3 Cystine 
4.8 5.2  4.8 4.2  4.5 5.0 Valine 
0.8 0.6   0.6 0.6  0.8 0.5 Methionine 
4.0 4.2  4.0 4.2  3.6 3.6 Isoleucine 
7.0 7.6  7.0 6.6  6.8 7.8 Leucine 
2.2 2.6  2.2 2.6  2.2 2.5 Tyrosine 
4.6 4.8  4.2 3.6  4.8 4.4 Phenylalanine 
2.2 2.0  2.0 2.0  1.8 2.1 Histidine 
5.0 5.4  5.0 5.0  4.0 5.0 Lysine 
5.0 5.2  5.0 5.4  5.2 5.4 Arginine 
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88.2 93.4  82.6 89.2  83.9 89.6 Total amino acids  
0T = zero time, M = month  

   The obtained results are very close to those reported by 

Swailam and Abdullah (2002) who who found that a dose of 10.0 

and 15.0 kGy results in an increase in total amino acids of anise and 

medicine plant qarad 

   Also data in Tables (19-21) indicate that there was a fluctuation 
in the amount of some amino acids as a result of γ-irradiation at  

(10 kGy). This irradiation dose resulted in decrease in glutamic 
acid (8.1 %) of cumin and isoleucine (42 %), alanine (19 %) and 
tyrosine (64 %) of caraway. The decrease which occurried in some 
amino acids upon irradiation could be due to that γ-irradiation 
induced the formation of free radicals upon water radiolysis, which 
are associated with splitting of peptide bonds and deamination-
decarboxylation of these amino acids (Elias and Cohen, 1977). On 
the other hand, the same irradiation dose (10 kGy) caused an 
increase in proline (48 %) and alanine acid (33 %) of cumin, 
histidine (53 %) and aspartic (6.7 %) of caraway and isoleucine 
(16.7 %), proline (14.7 %) and glutamic (10.1 %) of MSP. The 
increase in some amino acids could be attributed to the reaction of 
irradiation-induced free radicals on the peptides to cause cleavage of 
the peptides and causing cross linkage (Fu et al., 1980).  The 
available lysine content is considered as an important index for 
foods from the viewpoint as nutrition. Irradiation at different doses 
used had no real effect on lysine content of both cumin caraway 
seeds and MSP.   

    The results (Table 19-21) also show that the storage for one 

year resulted in a decrease in the total amino acids of both the non-

irradiated (control) and irradiated samples. The decrease in total 
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amino acids (3.5, 3.0 and 2.5 %) of cumin and (6.3, 7.4 and 5.5 %) 

of MSP were noticed in the samples irradiated with 0.0, 5.0 and 

10.0. On the other hand, the storage for one year of caraway resulted 

in an increase by 6.0 and 2.6 at irradiation dose 0.0 and 5.0 kGy, 

respectively and a decrease by 2.8 at irradiation dose of 10.0 kGy. 

Swailam and Abdullah (2002) found that a dose of 10.0 and 15.0 

kGy caused a decrease in total amino acids after storage for 12 

months of anise and medicine plant qarad.  

Data in the literature does not indicate much radiation 

destruction of amino acids in various foods and feeds up to doses of 

about 70 kGy. Induced free radicals on the peptides to induce 

cleavage of the peptide and causing cross linkage (Fu et al., 1980).   

          It seems that at the dose levels used, protein molecules did not 

elevate their structural changes since the dose levels, at which 

protein molecules were exposed, were not enough to produce a 

strong radical attach that can influence the protein configuration of 

the molecules themselves. In addition, the irradiation of protein in 

complex of foodstuffs is more radiation resistant than isolated 

protein (Fu et al., 1980). It could be concluded that the moisture 

content which ranged from, 6.42 to 9.52 % (Table 16) dose not 

favour the production of enough radiolytic products needed to 

induce any significant effects in the gross composition of the spices 

samples (Farkas and andrassy, 1981). The obtained results are in 

good agreement with those reported by (Farag et al.,1995 and 

Hammad et al., 1996)  

 



 167

 

d. Changes in volatile oil content (%) 

       Table (22) shows that non-irradiated cumin, caraway seeds and 

MSP samples contained a volatile oil percentage of 4.32, 5.50 and 

0.91 % at the beginning of storage, while those irradiated at doses of  

2.5, 5.0, 7.5 and 10.0 kGy contained 4.45, 4.36, 4.33 and 4.42 % of 

cumin, 5.47, 5.51, 5.56 and 5.48 % of caraway and 0.87, 0.85, 0.84 

and 0.74 % of MSP, respectively.  

Table 22. The effect of γ irradiation on the percentage of volatile oil of 
cumin, caraway and MSP during storage (12 months). 

 
 Volatile oil % ± SD 

10.0 
kGy 

7.5 5.0 2.5 0.0 

 
Storage 

(months) 

 
Products 

 

4.42 a
a±0.01 4.33 a

a±0.02 4.36 a
a±0.00 4.45 a

a±0.024.32a
a±0.02 0 

4.32 a
a±0.02 4.37 a

a±0.02 4.33 a
a±0.02 4.46 a

a±0.024.35 a
a±0.01 2 

4.36 a
b±0.03 4.33 a

b±0.03 4.28 a
b±0.01 4.45 a

b±0.004.29 a
b±0.02 4 

4.28 a
c±0.02 4.26 a

c±0.02 4.21 a
c±0.02 4.42 a

c±0.034.22 a
c±0.03 6 

4.22 a
d±0.00 4.19 a

d±0.01 4.16 a
d±0.03 4.33 a

d±0.024.17 a
d±0.00 8 

4.16 a
e±0.01 4.00 a

e±0.02 4.08 a
e±0.02 4.24 a

e±0.034.01 a
e±0.02 10 

4.07 a
f±0.03 3.75a

f±0.00 3.97 a
f±0.03 4.13a

f±0.02 3.92 a
f±0.01 12 

 
 
 

Cumin 
seeds 

5.48 a
a±0.03 5.56 a

a±0.02 5.51a
a±0.01 5.47 a

a±0.035.50 a
a±0.02 0 

5.45 a
a±0.02 5.5 a

a±0.02 5.54 a
a±0.02 5.49 a

a±0.025.58 a
a±0.02 2 

5.39 a
b±0.03 5.55 a

b±0.01 5.46 a
b±0.00 5.41 a

b±0.005.43 a
b±0.03 4 

5.32 a
c±0.03 5.43 a

c±0.00 5.41 a
c±0.03 5.32 a

c±0.025.37 a
c±0.01 6 

5.21 a
d±0.02 5.45 a

d±0.02 5.36 a
d±0.02 5.22 a

d±0.005.26 a
d±0.00 8 

4.97 a
e±0.02 5.24 a

e±0.03 5.29 a
e±0.01 5.00 a

e±0.035.17 a
e±0.02 10 

4.55 a
f±0.01 4.92 a

f±0.02 5.02 a
f±0.02 4.88 a

f±0.025.11a
f±0.03 12 

 
 
 

Caraway 
seeds 

0.74 e
a ± 0.03 0.84 d

a± 0.03 0.85c
a± 0.000.87 b

a± 0.020.91 a
a±0.030 

0.75e
a ± 0.03 0.76d

a± 0.03 0.85 c
a± 0.030.85b

a± 0.030.92 a
a±0.032 

0.77 e
b± 0.03 0.79 d

b± 0.00 0.87 c
b± 0.03 0.79 b

b± 0.020.87 a
b±0.03 4 

0.75 e
c ± 0.00 0.76 d

c± 0.03 0.86 c
c± 0.00 0.73 b

c± 0.030.77a
c±0.02 6 

0.71 e
d ± 0.03 0.72 d

d± 0.02 0.77 c
d± 0.02 0.72 b

d± 0.020.72 a
d±0.03 8 

0.58 e
e± 0.03 0.62 d

e± 0.03 0.74 c
e± 0.03 0.67 b

e± 0.030.63a
e±0.02 10 

0.53 e
f± 0.03 0.57 d

f± 0.03 0.68 c
f± 0.00 0.62 b

f± 0.000.59a
f±0.03 12 

 
 
 

MSP 
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Mean values followed by different superscript (within rows) and different subscripts 
(within columns) are significantly different at the 5 % level.  
        These results indicate that γ-irradiation insignificantly effect on 

the volatile oil content of cumin, caraway seeds. The obtained results 

are very close to those reported by Abdullah (1998) who found that 

γ-irradiation (10 kGy) showed insignificant effect on volatile oil 

contents of fennel, nigella seeds, cardamom and nutmeg. On the 

other hand, γ-irradiation at 2.5 5.0, 7.5 and 10.0 kGy resulted in a 

decrease in the volatile oil content of MSP by 4.4, 6.6, 7.7 and  

18.7 % respectively.  

         These results indicate that γ-irradiation significantly decreased 

the content of the volatile oil of MSP. Similarly, Uchman et al. 

(1983) reported that the use of doses of γ-irradiation (> 6 kGy) 

negatively affected the volatile oil content of black pepper. 

Toofanian and Stegeman (1988) observed 14 and 34 % loss in 

volatile oil content of ginger irradiated by γ-rays at 5 and 10 kGy, 

respectively. Differently, increasing the irradiation dose to 10 kGy, 

resulted in increasing the volatile oil content of clove by 23.8 % 

when compared to the non-irradiated control (Variyar et al., 1998). 

       The previous results indicate that the loss in the volatile oil 

content by γ-irradiation of whole spices lower than the ground spices 

powder. It can be assumed that the change in the structure of the 

MSP cell membranes speed up the evaporation during irradiation. 

       The results (Table 22) also show that the storage period for one 

year resulted in a significant decrease in the volatile oil content of 

both the non-irradiated (control) and irradiated samples, where a loss 
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of 9.2, 7.2, 9.0, 13.1 and 8 % of cumin, 7.1, 10.8, 9, 11.5 and 17 % 

of caraway and 35.2, 28.7, 20, 32.1and 28.4 %  of MSP were 

obtained for samples irradiated with 0.0, 2.5, 5.0, 7.5 and 10.0 kGy, 

respectively. On the other hand, Bahari et al. (1983) reported no loss 

in volatile oil content of irradiated black and white pepper during six 

months of storage. Onyenekwe et al. (1997) found a gradual 

decrease in the volatile oil content of the irradiated Ashanti pepper 

during the first 9 months of storage followed by unexplainable 

increase after that. Therefore, it is highly recommended to store the 

spices in the form of whole seeds to decrease the loss of the volatile 

oil during storage.       

   e. Changes in the components of cumin, caraway and MSP 
volatile oils during storage for one year. 

       1. Cumin oil 

         Changes in the volatile oil components of cumin seeds after γ-
irradiation at a dose of 5 and 10 kGy (necessary for microbial 
decontamination) were investigated. The volatile oil constituents 
responsible for aroma of the spices were isolated by steam 
distillation and then subsequently analyzed by GLC. Chromatograms 
revealed the presence of 21 peaks representing 21 compounds, 10 of 
them were identified. Table 23 shows that the identified flavour 
components of the non-irradiated cumin seeds represented 92.5 % of 
the volatile oil composition and could be classified into three 
categories: hydrocarbons, aldehydes and oxides. Hydrocarbon 
monocyclic included the monocyclic terpenes such as gamma 
terpinene (20.9 %) beta phellandrene (1.49 %), limonene (0.31 %) 
and para cymene (5.8 %). The bicyclic terpenes include alpha pinene 
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(1.2 %) and beta pinene (11.7 %). The aldehydes included cumin 
aldehyde (20.22 %) and perilla aldehyde (26.1 %). These 
components are responsible with aroma in cumin seeds. Cineole was 
the only member of oxides group (0.52 %). 

         Results (Table 23) indicated that γ-irradiation at dose of 5 kGy 
did not show a remarkable changes in the total concentration of 
volatile compounds, while the dose of 10.0 kGy resulted in 2.9 % 
loss in the total concentration of volatile compounds. The treatment 
at 5 kGy affected most of the volatile oil components, where there 
was an increase in the content of cineole (121.2 %), beta pinene  
(6 %), beta phellandrene (70 %) Myrecen (37.1 %) and cumin 
aldhyde (10.5 %), and a decrease in the content of alpha pinene  
(57.3 %), gamma terpinene (7.8 %), limonene (13 %) and perilla 
aldehyde (4.2 %), on the other hand, the content para cymene was 
almost constant. 
Table 23. The composition (%) of the cumin seeds volatile oil as affected by γ 

irradiation and storage (12 month). 

 
        Irradiation doses (kGy)  

   10.0           5.0 0.0  
12 M 0T   12 M 0T   12 M 0T    ** 

*  RT 
    

(min) 

 
*Componentes      
 

1.01 0.40   1.12 0.50   1.13 1.17 5.65 Alfa pinene ِِ 
2.12 1.62  1.03 1.15  0.46 0.52 6.48 Cineol 
7.31 8.03  13.16 12.37  9.33 11.66 7.60 Beta pinene 
3.16 3.22  1.32 2.53  1.22 1.49 8.56 Beta phellandrene 
4.53  6.58   4.79 5.95  4.70 4.34 9.85 Myrecen 
13.48 17.23  20.60 19.31  18.93 20.95 10.41 Gamma terpinene 
0.33 0.29  0.30 0.27  0.29 0.31 13.76 Limonene 
4.93 3.22    5.80 5.96  5.64 5.79 14.80 Para cymene 
21.16 18.10  19.35 22.35  17.51 20.22 15.73 Cumin aldhyde 
26.45 31.49  23.00 25.00  29.62  26.10  16.48  Perilla aldhyde 
83.48 89.82  89.47 92.94  88.83 92.55    Total 

 

*  RT = Retention time    ** 0T = zero time, M = month 
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         At radiation dose of 10 kGy, the changes of most of the 
volatile oil components was obvious except limonene was almost 
constant, where there was an increase in the content of cineole  
(211.5 %), beta phellandrene (116 %), Myrecen (51.6 %) and perilla 
aldehyde (20.6 %) and a decrease in the content of Alfa pinene  
(66.0 %), para cymene (44.4 %), beta pinene (31.1 %), gamma 
terpinene (18 %), and cumin aldhyde (10.5 %). Klaus and Wilhelm 
(1990) reported an increase of 20 % in para cymene content of 
irradiated (10.0 kGy) nutmeg. In addition, a reduction in 
cinnamaldehyde content (33 %) faced by an increase in 
cinnamylacetate and eugenol (27 %) was reported by Farkas (1998). 
The concentration of the most prominent volatile compound 
(arcurcumene) of ginger decreased by 34 % following irradiation (10 
kGy) (Andrews et al., 1995).  

        Application of high-dose (10 and 20 kGy) irradiation of dried 
Welsh onion is feasible as it enhanced the total concentration of 
volatile compounds by 31.60 % and 24.85 % at 10 and 20 kGy, 
respectively (Gyawali et al., 2006).            

        The mechanism by which radiation induces changes in the 
volatile oil composition is not yet well understood, but such changes 
could presumably be due to the sensitivity of the components of the 
volatile oil, the changes in molecules conformation due to 
irradiation, the changes resulted from the oxidation and 
hydroxylation of the aromatic rings of terpenes and the possible 
degradation of some essential oil constituents during γ-irradiation as 
well as the radiolytic effect and the possible production of free 
radicals, (Emam et al., 1995; Variyar et al., 1997 and Lai et al., 
2006).  
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After 12 months of storage a 4 % loss in total concentration 

of volatile compounds for the non-irradiated samples was noticed 

(Table 23), while irradiation at 5 and 10 kGy resulted in 3.7 and 7 % 

loss, respectively. Topuz and Ozdemir (2004) found that all 

capsaicincid components in paprika decreased by almost 30 % 

within ten months of storage.  

    2. Caraway oil 

           Changes in the volatile oil components of caraway seeds after 

γ-irradiation at a dose of 5 and 10 kGy were investigated. The 

volatile oil constituents responsible for aroma of the spices were 

isolated by steam distillation and then subsequently analyzed by 

GLC. Chromatograms revealed the presence of 2 peaks representing 

2 compound. Table (24) shows that the identified flavour 

components of the non-irradiated caraway seeds represented 96.4 % 

of the volatile oil composition and could be classified Hydrocarbon 

monocyclic (limonene 46.6 %) and ketone (carvone 50.1 %). 

Table 24. The composition (%) of the carawy seeds volatile oil as affected by γ 
irradiation and storage (12 month) 

 

         Irradiation doses (kGy)  

10.0 5.0 0.0  *  RT  
  (min) 

12 M 0T  12 M 0T  12 M 0T   **  

 

*Componentes  

45.89  46.70 

 

45.34  46.74 

 

44.86  46.57 9.63 Limionene 

49.12 50.49  49.92  50.56  49.32 50.08 16.86 Carvone 

94.88 96.9  95.04 96.94  94.01 96.42  Total 
* RT = retention time (min)   ** 0T = zero time, M = month 
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Results (Table 24) indicated that γ-irradiation at dose of 5 and 

10 kGy did not show any changes in the total concentration of 

volatile compounds. It could be stated that the volatile oil 

components of caraway seeds were, generally, stable against 

irradiation. Limonene did not change even at doses higher than 30 

kGy, most volatile oil compounds such as terpene hydrocarbons are 

resistant to irradiation (Chosdu et al., 1983). The obtained results are 

in accordance with those reported by Abdullah (1998) who reported 

that no substantial changes were found in the volatile oil compounds 

and other chemical constituents of most spices seeds when they 

treated with radiation doses up to 10-15 kGy.  No significant effect 

of irradiation on the volatile oils of thyme and basil herbs up to 30 

kGy (Venskutonis, 1994). 

After 12 months of storage a 2.4 % loss in volatile oil 

components for the non-irradiated samples was noticed (Table 24), 

while irradiation at 5 and 10 kGy resulted in 1.9 and 2.1 % loss, 

respectively.  

3.  MSP oil 

  Changes in the volatile oil components of MSP after γ-

irradiation at a dose of 5 and 10 kGy were investigated. The volatile 

oil constituents responsible for aroma of the spice were isolated by 

steam distillation and then subsequently analyzed by GLC. 

Chromatograms revealed the presence of 27 peaks representing 27 

compounds, 10 of them were identified (Table 25). The identified 

flavour components represented 86.1 % of the volatile oil 

composition and could be classified into three categories: 
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hydrocarbons, aldehydes and ketones, and alcohols. Hydrocarbon 

included the monocyclic terpenes such as gamma terpinene (8.3 %), 

para cymene (2.5 %) and limonene (1.7 %). The aldehydes included 

cinnama aldhyde (12.8 %) and cumin aldhyde (10.4 %) while, the 

ketone was carvone (12.4 %). Aliphatic alcohols group included alfa 

terpineol (19.3 %), linalool (14.6 %), geraniol (3.3 %) and cineole 

(0.5 %).   

        Results (Table 25) indicated that γ-irradiation at dose of 5 kGy 

did not show a remarkable changes in the total concentration of 

volatile compounds, while at 10.0 kGy resulted in 4.4 % loss in the 

total concentration of volatile compounds. 
Table 25. The composition (%) of the MSP volatile oil as affected by γ irradiation  and 

storage (12 month). 
 

        Irradiation doses (kGy)  
   10.0          5.0                  0.0               

12 M  0T      12 M 0T          12 M  0T    ** 
*  RT     (min)  

*Componentes      
0.7 0.9  0.6 0.7  0.5 0.5 5.96 Cineole 
5.4 8.9  7.5 8.1  7.1 8.3 10.16  Gamma terpinene 
3.6 3.7  1.9 2.3  1.9 2.5 10.61 Bara cymene 
1.9 1.1  1.6 2.1  1.8 1.7 14.25 Limonene  
8.0 9.7  9.5 10.5  10.9 10.4 16.65 Cumin aldhyde 

10.5 11.8  12.2 12.3  11.3 12.8 17.63  Cinnama aldhyde 
11.5 12.6  13.4 12.2  11.1 12.4 18.26  Carvone 
12.4 13.0  13.1 14.2  13.7 14.5 18.98 Linalool 
15.0 18.5  18.9 19.5  19.6 19.3 19.65 Alfa terpineol 
2.32 3.06  2.57 3.63  2.89 3.28 22.06 Geraniol 

71.35 82.3  81.6 85.2  80.6 86.1  Total 

* RT = retention time (min)     ** 0T = zero time, M = month 

        At radiation dose of 5 kGy, the stability of most of the volatile 

oil components was obvious except for cineole and limonene, where 

an increase of 40 % and 23.5 % was detected, respectively. On the 

other hand, the treatment at 10 kGy affected most of the volatile oil 

components, where there was an increase in the content of cineole 
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(80 %), para cymene (48 %), γ terpinene (7.2 %) and a decrease in 

the content of limonene (35.3 %), linalool (10.3 %), cinnama 

aldhyde (8 %), cumin aldhyde (7.1 %), geraniol (6.5 %) and alfa 

terpineol (4.0 %) such decrease may be due to the sensitivity of the 

following terpenes: monocyclic (limonene), monocyclic aldhyde 

(cumin aldhyde) and acyclic alcohols (linalool and geraniol). On the 

other hand, carvone content was almost constant.  

          Similarly Lai et al. (2006) noticed that the total volatile 

compounds were decreased by more than 50 % in irradiated (10 

kGy) dry shiitake (herb) and irradiation increased the concentrations 

of some minor volatile compounds, such as 3-methyl-2-butanol and 

I-hexanol. However, the major flavour compounds including eight-

carbon and sulphur-containing compounds were significantly 

reduced. The ratio of the eight-carbon compounds, such as 3-

octanone, 3-octanol and 1-octen-3-ol, to total volatiles decreased 

from 72 % in the control to 21% in the 10 kGy-irradiated samples. 

        Results in Table (25) also indicate 6.3 % loss in total 

concentration of volatile compounds for the non-irradiated samples. 

Irradiation at 5 and 10 kGy resulted in 4.3 and 13.3 % loss, 

respectively.  

6. Evaluation of antioxidant activity of cumin, caraway and 

MSP essential oils as affected by γ-irradiation 

Plants volatile oils have been recognized since antiquity as 

possessing biological activates (Kim et al., 1994). Today much 

attention has been focused on using natural antioxidants and it is 

hoped that the findings will help a lot to the vegetable oil and ghee 
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industries as well as oil seed growers (Aruna et al., 2006). Therefore, 

the aim of this experiment in the present study was carried out using 

the essential oils of cumin, caraway and mixed spices as natural 

antioxidant and an alternative to artificial antioxidant in sunflower 

oil during storage at room temperature, and investigates the 

influence of gamma irradiation at 10 kGy (recommended dose for 

microbial decontamination) on the antioxidant phenomenon of these 

essential oils were studied. 

Figure 10 (A, B and C) and Table 26 (appendix) demonstrates 

the time course study of the effect of the essential oils of non-

irradiated and irradiated (10 kGy) cumin, caraway and MSP on the 

oxidation of sunflower oil in comparison to BHA and BHT as 

synthetic antioxidants. Results showed a significant differences 

between samples and control during the whole storage period. A fast 

increase in PV of the control was noticed, due to the rapid oxidation 

of oil in the absence of antioxidants, reaching the maximum 

permissible limit (10 meqO2.kg-1) of the Egyptian Standards (Anon, 

1993) after 18 days of storage.  
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Fig. 10-A. The effect of the nonirradiated and irradiated (10 kGy) cumin                  
essential oil on the PV of sunflower oil stored at ambient temperature.  
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Fig. 10-B. The effect of the non-irradiated and irradiated (10 kGy) caraway 
essential oil on the PV of sunflower oil stored at ambient 
temperature. 
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Fig. 10-C.The effect of the non-irradiated and irradiated (10 kGy) MSP of 
essential oil on the PV of sunflower oil stored at ambient temperature. 
 
System caraway & MSP oil = Non irradiated      
System caraway & MSP oil * =   Irradiated 

The application of BHA, BHT, essential oil of non-irradiated 

and irradiated cumin, caraway and MSP significantly retarded oil 

oxidation by delaying the oxidation rate, where the shelf life of the 

oil was enhanced by 4, 5, 8, 8.5, 6, 6, 9.5 and 9.5 days, respectively. 

It is of interest to report that irradiation at 10 kGy showed no 

significant effect on the antioxidant activity of the essential oils of 

cumin caraway and MSP. Farag and Khawas (1998) reported that the 

essential oil from irradiated (1, 3, 5, and 10 kGy) anise, cumin and 

fennel did not show significant differences in their antioxidant 

activity when compared to the non-irradiated samples. Calucci et al. 

C 
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(2003) noticed that irradiation dose of 10 kGy did not affect the 

antioxidant activity of eight aromatic herbs and spices (basil, black 

pepper, cinnamon, nutmeg, oregano, parsley, rosemary, and sage). 

Similarly, Topuz and Ozdemir (2004) showed that γ-irradiation at 10 

kGy and microwave treatments did not affect the antioxidant 

property of the essential oils of paprika.  

The statistical analyses indicated that the antioxidant 

efficiency of the essential oils studied (200 pmm) was superior to 

that of a BHA and BHT (200 pmm). Accordingly, the effectiveness 

of the essential oils against sunflower oil oxidation was in the 

following order for: non-irradiated MSP oil > irradiated cumin oil > 

non-irradiated caraway oil l > BHT >BHA > control. It is evidence 

from that results that antioxidant activity of MSP oil (synergistic 

effects) was more effective than cumin oil and caraway oil. Spice 

mix namely ginger, onion and garlic; onion and ginger; ginger and 

garlic showed cumulative inhibition of lipid peroxidation thus 

exhibiting their synergistic antioxidant activity (Shan et al., 2005).   

7. Antimicrobial activity of the essential oils of cumin, 
caraway and MSP 

        The use of spices and herbs and their essential oils or their 

active compounds as means of pathogens control constitutes an 

alternative to chemical additives. In the present study the 

antimicrobial activities of cumin, caraway and MSP essential oils 

against some pathogenic bacteria ( Escherichia coli Salmonella.spp, 

Staphylococcus auraus, Enterococcus feacalis, Bacillus cereus,  

B.subtilus, B.megaterium, Aromonas hydrophita, Proteus.spp, 
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Pesedomonas aereginosa and some fungi (Aspergillus nige (1-5), 

Aspergillus flavus (1-2), Aspergillus  paraseticus (1), Penicillum 

implicatum and  Penicillum fellutanum) have been established.  

a. Cumin 

     The ABA and AFA of various concentrations (15, 20 and 25 µl) 

of the cumin essential oil (irradiated and non-irradiated) are 

displayed in Tables 27 and 28, respectively. Data (Table 27) indicate 

no statistical differences in the inhibition zone, at the tested 

concentrations (15, 20 and 25 µl) of cumin essential oil, for the 

following bacteria: Bacillus subtilis, Proteus.sp and Escherichia 

coli. The data also indicate that the inhibition zones of B.megaterium 

and Aeromonas hydrophila reached its maximal values at 20 µl and 

persisted after that. While in case Staphylococcus aureus and 

Bacillus cereus the concentration of 25 µl was the most effective 

one.  

Data reveal statistical differences in the inhibition zone, at the 

tested concentrations (15, 20 and 25 µl) of cumin essential oil, for 

Enterococcus faecalies and Pseudomonas aeroginosa. Data 

generally revealed that the largest inhibition zones (7.7, 6.0, 5.7 and 

5.0 mm) were observed with Enterococcus faecalies (25 µl), 

Staphylococcus aureus (25 µl), Bacillus cereus (25 µl) and Bacillus 

subtilis (20 µl), respectively. This indicates that these bacteria were 

the most sensitive among the tested bacterial species. On the other 

hand, Proteus.sp, Salmonella.sp Escherichia coli and Bacillus 

megaterium were considered as the least sensitive one against the 

tested cumin essential oil. It is of interest to report that irradiation at 
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10 kGy did not affect the ABA of the cumin essential oil. Similarly, 

Sharma et al. (1984) reported that the inhibitoryActivity of the oil 

from the irradiated cloves remained unchanged and the eugenol 

levels were not reduced as a result of irradiation. 

            Results for AFA (Table 28) indicated that 40 % of the tested 

Aspergillus niger strains showed maximal inhibition zones at the 

concentration of 25 µl. 60 % of the tested Aspergillus niger strains 

showed no statistical differences in the inhibition zone, at the tested 

concentrations (15, 20 and 25 µl).  On the other hand, maximum 

inhibition zones (5.3 and 5.2 mm) for Aspergillus niger 1 and 5 were 

obtained at 25 and 25 µl, respectively. Results indicate, also that 

Aspergillus niger 2 and 4 were the most sensitive. It was also noted 

that Penicillum implicatum was more resistance than P. fellutanum. 

No significant differences (5 %) between zones obtained for  

Aspergillus flavus1 and  A. flavus 2.  
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Data also revealed that the largest inhibition zone (5.6 mm) was 

obtained with Aspergillus paraseticus at 25 µl. Therfore; such 

organism was considered as the least more sensitive ones against the 

tested cumin oil. Again, irradiation at the tested dose (10 kGy) did 

not significantly affect the AFA of the cumin. 

b. Caraway oil 

       The ABA and AFA of various concentrations of the caraway 

essential oil (irradiated and nonirradiated) are shown in Tables 29 

and 30, respectively. Data (Table 29) indicate no statistical 

differences in the inhibition zone, at the tested concentrations (15, 20 

and 25 µl) of caraway essential oil, for the following bacteria: 

Staphylococcus aureus , Bacillus cereus  and B. subtilis.  Also, 

inhibition zones of Escherichia coli, Salmonella.sp, Proteus.sp and 

Aeromonas hydrophila reached its maximal values at 20 µl and 

persisted after that. 

         In cases of Bacillus megaterium and Pseudomonas aeroginosa, 

there was a gradual increase in such zones till reaching its maximal 

values at 25 µl. Data reveal that the largest inhibition zones (5.7, 

5.3and 4.5 mm) were obtained with Enterococcus faecalies (25 µl), 

Staphylococcus aureus (25 µl) and  Bacillus megaterium (25 µl), 

respectively. This indicates that these bacteria were the most 

sensitive among the tested bacterial species. On the other hand, 

Proteus. sp, Salmonella. sp and Escherichia coli were considered as 

the least sensitive one against the tested caraway essential oil.  
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Irradiation at 10 kGy did not affect the ABA of the caraway 

essential oil. Similarly, Song et al. (2004) found the antimicrobial 

activity of Korean lactic acid fermented vegetable was stable up to 

10 kGy. 

  Results for AFA (Table 30) indicate that 20 % of the tested 

Aspergillus niger strains showed maximal inhibition zones at the 

concentration of 20 µl while 40 % of the tested strains showed 

maximal inhibition zones at 25 µl. 40 % of the tested Aspergillus 

niger strains showed no statistical differences in the inhibition zone, 

at the tested concentrations (15, 20 and 25 µl). The manimum 

inhibition zones (2.4 and 2.7 mm) for Aspergillus niger 2 and 5 were 

obtained at 25 and 25 µl, respectively. It is of interest to report the 

variations in inhibition (at the same concentration) between the 

tested strains of Aspergillus niger, where A. niger 1 and 3 were the 

most sensitive. It was also noted that Penicillum fellutanum was 

more resistance than P. implicatum. Aspergillus flavus 2 was the 

least sensitive strain against caraway essential oil among the tested 

strains and showed maximum inhibition zones at the concentration 

25 µl. Aspergillus flavus 2 was more resistance than A. flavus 1 with 

maximum inhibition at 25 µl. Finally, Aspergillus paraseticus 

followed similar inhibition pattern as Aspergillus flavus 2, where the 

maximum inhibition (1.3 mm) was obtained at 20 µl and did not 

significantly change after that.  
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The data indicated that caraway essential oil no reveal inhibition 

effect at the concentration 15 µl for Aspergillus flavus 2 and 

Aspergillus paraseticus.  Again, irradiation at the tested dose (10 

kGy) did not significantly affect the AFA of the caraway essential 

oil.  

c. MSP oil 

         The ABA and AFA of various concentrations of the MSP 

essential oil (irradiated and non-irradiated) are displayed in Tables 

31 and 32, respectively. Data (Table 31) indicate no statistical 

differences in the inhibition zone, at the tested concentrations (15, 20 

and 25 µl) of MSP essential oil, for the following bacteria: 

Staphylococcus aureus, Proteus. sp, Aeromonas hydrophila and 

Pseudomonas aeroginosa. The data also indicated that the inhibition 

zones of Bacillus subtilis, B. megaterium, Escherichia coli, 

Enterococcus faecalies, and Bacillus cereus reached its maximal 

values at 20 µl and persisted after that. While in case of 

Salmonella.sp the concentration of 25 µl was the most effective one.              

Data generally revealed that the largest inhibition zones (8.4, 8.3, 8.4 

and 7.2 mm) were obtained with Staphylococcus aureus (15 µl), 

Aeromonas hydrophila (15 µl), Bacillus subtilis (20 µl) and Bacillus 

cereus (20 µl), respectively. This indicates that these bacteria were 

the most sensitive among the tested bacterial species. On the other 

hand, Proteus.sp was considered as the least sensitive one against 

the tested MSP essential oil  



 188

 



 

 189

.       It is of interest to report that irradiation at 10 kGy did not affect 

the ABA of the MSP essential oil. Similarly, Kim et al. (2006) found 

that no effect of γ-irradiation at doses of 0, 10 and 20 kGy on 

bioactivity of citrus essential oil. 

          Results for AFA (Table 32) indicated that 20 % of the tested 

Aspergillus niger strains showed maximal inhibition zones at the 

concentration of 15 µl while 60 and 20 % of the tested strains 

showed maximal inhibition zones at 20 and 25 µl, respectively. On 

the other hand, maximum inhibition zones (7.3 and 6.3 mm) for 

Aspergillus niger 1 and 5 were obtained at 20 and 25 µl, 

respectively. It is of interest to report the variations in inhibition (at 

the same concentration) between the tested strains of Aspergillus 

niger, where A. niger 1 and 5 were the most sensitive and A. niger 4 

was the least sensitive strain. It was also noted that Penicillum 

implicatum was more sensitive than P. fellutanum. Aspergillus flavus 

1 was the least sensitive strain against MSP essential oil among the 

tested strains and showed maximum inhibition zones at the 

concentration 25 µl. While, Aspergillus flavus 2 was less resistance 

than A. flavus 1 with maximum inhibition at 20 µl.  Finally, 

Aspergillus paraseticus followed similar inhibition pattern as 

Aspergillus niger 2, where the maximum inhibition (4.0 mm) was 

obtained at 15 µl and did not significantly change after that. Gamma 

irradiation at the tested dose (10 kGy) did not significantly affect the 

AFA of the MSP essential oil.  
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          Results in Tables 31 and 32 indicated that MSP essential oil 

was generally more effective against bacteria than fungi. From the 

forgoing results, it appeared that MSP essential oil exhibited 

antimicrobial activities against food spoiling as well as food 

pathogenic microorganisms. Synergistic effects were reported (Sinha 

and Gulati, 1990) with essential oils from Ocimum basilicum and O. 

sanctum where a 1: 1 combination of the oils was more effective 

than each oil alone against various gram–positive and gram–negative 

bacteria and some fungi. The combinations of herb extracts (Chinese 

medicinal plant extracts) showed higher inhibitory effect towards 

tested fungi than that of individual extract (Lee et al., 2007). 

d. Growth studies and minimum inhibition concentration ( MIC) 

          The results of bacterial growth experiments are illustrated in 

Fig. 11 (A and B) and 12. This study was conducted using important 

pathogens and toxin producing bacteria frequently found in foods. In 

all tested bacteria, there were pronounced drops in the cell numbers 

by increasing the concentrations of the MSP essential oil. This drop 

may be due to either the killing and /or the inhibition effect of the 

MSP essential oil against tested microorganisms. Staphylococcus 

aureus is a bacterium associated with food-borne intoxication 

(Bergdoll, 1990). Fig. (11-A) shows the growth of Staphylococcus 

aureus in the presence of various concentrations of MSP essential 

oil. The lowest concentration (2 µl.ml-1) increased the lag phase 

period up to 8 h comparison to < 4 h in control with no change in the 

generation time (1.5 h) (Table 33). Also, a reduction of 2.15 log of 

final cells concentration was observed.  Higher MSP essential oil 
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concentrations (4 and 6 µl.ml-l) resulted in sharp decrease in the final 

cells concentration. The MIC was obtained at 9 µl.ml-l, when the 

growth of the organism was completely inhibited.  
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Fig. 11-A. Growth of Staphylococcus aureus in TSB at 37 oC in the presence               
                   of various concentrations MSP essential oil. 
        Each year, increasing cases of salmonellosis from infected food 
were reported. The effect of various concentrations of MSP essential 
oil on the growth of Salmonella. sp are illustrated in Fig. (11-B). The 
addition of 3 µl.ml-l did not affect either the lag phase (< 4 h) or the 
generation time (1.6 h) but only reduced the final cells concentration 
by 1.02 log. Increasing the concentration to 6 µl.ml-l resulted in 
similar lag phase (< 4 h) followed by a decrease of 0.94 log cycle, 
then the cells number remained constant up to 20 h of incubation and 
finally a gradual decrease was noted. On the other hand, the addition 
of 9 µl.ml-l directly reduced the cells number by 2.21 log cycles 
followed by a gradual decrease reaching no active countable cells 
after 20 h. MIC was reached at the concentration of 11 µl.ml-l.                      
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Bacillus cereus is a spore forming, toxin producing bacterium and 
causes intoxication (Banerjee and Sarkar, 2003). 
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Fig. 11 B. Growth of Salmonella sp in TSB at 37 oC in the presence of various 

    concentrations MSP essential oil.  
        Figure 12 shows the growth Bacillus cereus in the presence of 

various concentrations of MSP essential oil. The addition of 2 µl.ml-l 

did not affect the lag phase (< 4 h) but slightly increased the 

generation time by 23 min (Table 33) and slightly decreased the final 

cells concentration by 0.4 log. While, the increase of the 

concentration to 6 µl.ml-l resulted in a gradual decrease in the final 

cells concentration reaching uncountable cells after 24 h. A slight 

decrease in cells number was noticed upon the addition of 4 µl.m-l of 

the MSP essential oil reaching 3.38 logs CFU.g-1 after 24 h. 

 



 

-1

1

3

5

7

9

0 4 8 12 16 20 24

Time (h)

lo
g 

(C
FU

/g
)

0 µ/ml
2 µl/ml
4 µl/ml 
6 µl/ml
9 µl/ml

 
Fig. 12 Growth of Bacillus cereus in TSB at 37 oC in the presence of various 

                              concentrations of MSP essential oil.  

         The results of MIC of MSP essential oil (non-irradiated and 

irradiated 10 kGy) are shown in Fig. 13. The MIC test revealed that 

the MIC values (µl.ml-l) were lower for Bacillus subtilis (6 µl.ml-l), 

Aeromonas hydrophila (7 µl.ml-l), Staphylococcus aureus (8 µl.ml-l), 

Enterococcus faecalies (9 µl.ml-l) and Bacillus cereus (9 µl.ml-l), 

indicating the sensitivity of these strains to the essential oil of MSP.                                      

        On the other hand, Bacillus megaterium followed by Escherichia 

coli and Proteus.sp were found to be the most insensitive tested 

bacterial strains to the MSP essential oil, and the MIC values were 16, 

14, and 12, respectively. In general, the MIC tests revealed that the 

gram-positive tested strains were more sensitive to MSP essential oils 

than the gram-negative bacteria. The obtained results agreed well with 

those obtained with the diffusion discs technique. Similarly Rota et al. 

(2004) tested the antibacterial activity of the essential oils of Satureja 



 

montana, Thymus vulgaris, Salvia sclarea and Hissopus officinalis and 

found that the MIC values for Staphylococcus aureus and Listeria 

monocytogenes were less than Salmonella typhimurium and 

Escherichia coli. 

Table 33. The effect of MSP essential oil on the lag phase periods and generation 
time of the tested bacteria and molds.                                             

  Generation time 
(h) 

    Lag phase 
(h) 

MSP essential oil 
(µl.ml-1) Microorganisms 

0.75 4 0 
0.98 4 2 

 - 4 
 - 6 

 
Bacillus cereus 
 

1.6 4 0 
1.6 4 3 

 - 6 
 - 9 

 
Salmonella sp. 

1.50 <4 0 
1.45 8 2 

  4 
  6 

 
 
Staphylococcus 
aureus      

15.0 - 0 
24.0 - 2 
32.0 12 4 
72.0 24 6 

 
Aspergillus flavus 

16.0 - 0 
20.0 - 3 
27.0 12 6 
60.0 24 9 

 
Aspergillus 
paraseticus 
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Fig. 13. Minimum inhibitory concentration (MIC) of the onirradiated   (N) and 
irradiated (I) MSP essential oil. 

          The results of fungal growth experiments are illustrated in Fig. 

14 (A and B). In general, data revealed that there was a decrease in 

cell mass and an increase in generation time by increasing the MSP 

oil concentrations. Fig. 14-A shows the growth of Aspergillus flavus 

in the presence of various concentrations of MSP oil. The lowest 

concentration (2 µl.m-1) increased the generation time from 15 to 24 

h (Table 33). Higher concentrations (4 and 6 µl.m-1) positively 

increased the generation time to 32 and 72 h, respectively. The effect 

of various concentrations of MSP essential oil on the growth of 

Aspergillus paraseticus is illustrated in Fig. 14-B. The addition of 3 

µl.ml-l increased the generation time to 20 h compared to 16.0 for 

control. While increasing the concentration to 6 and 9 µl.ml-l 

increased the generation time to 27 and 60 h, respectively.  
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 Fig. 14-A Growth of Aspergillus flavus in MEB at 28  oC in the presence of  

various concentrations of MSP essential oil.  
    

-0.2

0

0.2

0.4

0.6

0.8

0 12 24 36 48 60 72 84 96
Time (h)

D
ry

 c
el

l m
as

s 
(m

g/
m

l)

0 µl/ml
3 µl/ml
6 µl/ml
9 µl/ml
14 µl/ml

 
 

Fig. 14-B. Growth of Aspergillus parasiticus  in MEB at 28 oC in the                     
 presence of  various concentrations of MSP essential oil.  

          



 

 

        The results of MIC of MSP essential oils (nonirradiated and 

irradiated 10 kGy) are shown in Fig. 15. It appeared that Aspergillus 

niger 3 was the most resistant to the tested volatile oil. While 

Aspergillus niger 1 was the least and the MIC values were 11 and 6 

µl.ml-l, respectively. No difference between MIC values of 

Penicillum implicatum and P. fellutanum and the MIC values were 

12 and 13 µl.m-l, respectively.   Aspergillus flavus 1 exhibited similar 

MIC value as Aspergillus flavus 2 (11 µl.ml-1) while Aspergillus 

paraseticus was the most resistance (14 µl.ml-1). Ii is of interest to 

report that the γ-irradiation did not significantly affect the MIC 

values of the MSP essential oil. Little information on the antifungal 

activity of spices and derivatives is known. However, the inhibitory 

action of such products on mold involves: cytoplasm granulation, 

cytoplasmic membrane rupture and inactivation and/or inhibition of 

intercellular enzymes. 

       The obtained results confirm the potential of plant essential oils 

as biopreservatives in the food industry against spoilage bacteria and 

fungi as well as increasing the shelf-life of foodstuffs. 
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Fig. 15. Minimum inhibitory concentration (MIC) of the nonirradiated (N)     

and  irradiated (I) MSP essential oil. 

       

 

 

 

 

 

 

 

 



 

EFFECT OF γ-IRRADIATION ON THE 
MICROBIAL, CHEMICAL QUALITY AND THE 

BIOLOGICAL ACTIVITY OF SOME SPICES 
AND HERBS  
SUMMARY 

      The purpose of this work is to provide a general understanding of 

the problem of microbial contamination of cumin, caraway seeds 

and mixed spices powder (MSP) and give an over view about the 

effect of gamma irradiation on the microbiological quality, chemical 

composition and biological activity (antioxidant and antimicrobial 

activity) of cumin, caraway seeds and MSP.  

Microbial evaluation 

A preliminary experiment was carried out to survey the 

mesophilic bacreria, thermophilic sporeforming bacteria, fungi and 

some pathogenic bacteria flora (Staphylococcus aureus, 

Enterococcus faecalis, Escherichia coli Bacillus cereus and 

Salmonella.spp) contaminating of 10 kinds (195 samples non-

packaged, polyethylene packaged and glass container packaged) of 

spices and herbs (cumin, mixed spices, black pepper, red pepper, 

caraway, anise, coriander, fennel seeds, cinnamon, and turmeric).  

- Results indicated that the total aerobic count ranged from <106 to 

>107 CFU.g-1. The average thermophilic sporeforming ranged from 

101 to less than 104 CFU.g-1. The total molds and yeasts were 

generally lower than 105 CFU.g-1. Staphylococcus aureus was 

detected in the majority 37, 23 and 9 %,  Enterococcus faecalis 62, 

50, and 38 ,  Escherichia coli 23, 31 and 8 % , Bacillus cereus  22, 



 

13 and 6 % of the non-packaged, polyethylene packaged and 

packaged in glass container samples, respectively.  

- The level counts of studied pathogenic bacteria in all positive 

samples were 101 to 103CFU.g-1. On the other hand, no 

Salmonella.spp. was detected in any sample.  

- The microbiological quality of MSP, black pepper, red pepper and 

cumin, were lower than anise, coriander, fennel seeds, turmeric and 

caraway, respectively. 

- From the microbiological quality study of the ten kinds of spices 

and herbs, the MSP followed by cumin were found to be highly 

contaminated and since cumin and caraway seeds are important 

commodities in Egypt, therefore, they were selected for further 

experiments.                                

Molds associated with cumin, caraway, and MSP                                 

- Threeteen species of fungi belonging to 6 genera (Aspergillus, 

Penicellum, Heliminsporus, Nigrospora, Rhizopus, and Fusarium). 

were isolated and identified from cumin, caraway, and MSP.  

Detection of aflatoxins production 

- Aspergillus flavus isolated from cumin seeds (4), caraway seeds (8) 

and MSP (6) were screened for aflatoxins synthesis in liquid 

medium and in the three selected spices and herbs. Nine isolates 

produced aflatoxins B1B2 in the liquid medium and 2 produced 

aflatoxins B1B2 when allowed to grow on the selected spices and 

herbs. 

 

 



 

D10-value 

-The D10-Values of pathogenic bacteria (Staphylococcus aureus, 

Escherichia coli and Bacillus cereus) as well as Aspergillus flavus 

were determined. Bacillus cereus had the highest radiation resistant 

among other tested pathogens, and its D10-value was1.9 kGy in 

cumin, 1.96 kGy in caraway and 2.32 kGy in MSP. While the D10-

values of Staphylococcus aureus were 0.48, 0.44 and 0.53 kGy,  

Escherichia coli 0.55, 0.48 and 0.42 kGy and  Aspergillus flavus  

0.59, 0.45 and 0.54 kGy in cumin, caraway and MSP, respectively. 

Effect of γ irradiation on the microbial load of cumin seeds, 
caraway seeds and MSP during storage for one year. 

-Different doses of γ irradiation (2.5, 5.0, 7.5 and 10.0 kGy) were 

evaluated as mean of microbial decontamination tool. 

-Cumin seeds, caraway seeds and MSP exposed to 0, 2.5, 5.0, 7.5 

and 10 kGy, then stored at ambient temperature for twelve months 

and samples were bimonthly withdrawn for microbiological and 

chemical analysis.  

- Irradiation dose of 5 kGy could be successfully used to reduce the 

total mesophilic bacteria to the permissible level and eliminated 

Staphylococcus aureus, Escherichia coli and Enterococcus faecalis. 

Also the same dose eliminated all fungal count in cumin, while the 

dose level of 7.5 kGy was sufficient to eradicate all yeasts and molds 

from caraway seeds and MSP.  

-The highest irradiation dose used (10.0 kGy) reduced mesophilic 

bacterial counts and thermophillic bacterial counts of all  studied 

spices to less 100 CFU.g--1- and 10 CFU.g—1, respectively. In 



 

addition, Bacillus cereus eliminated by10.0 kGy from studied spices. 

Therefore, a dose of 10.0 kGy could be used to disinfect cumin, 

caraway seeds and MSP to satisfactory levels.  

-The storage of the irradiated cumin, caraway and MSP samples at 

ambient temperature showed no effect on its microbial counts since 

the storage was in sealed polyethylene bags and recontamination 

therefore, was prevented. 

Effect of γ irradiation on the chemical changes of cumin seeds, 
caraway seeds and MSP during storage for one year. 

 -Gamma irradiation at 5.0, 7.5 and 10.0 kGy significantly decreased 

moisture content and elevated the peroxide value of all tested spices. 

On the other hand, the same doses showed insignificant effect in 

total lipid content.  

-No real effect of γ-irradiation at (5 kGy) on the total amino acids of 

studied spices. While γ-irradiation at (10 kGy) showed a decrease in 

total amino acids of caraway by 4.4 % and an increase in total amino 

acids of cumin and MSP by 3.5 and 4.1 %, respectively.  

-Gamma-irradiation at the studied doses showed insignificantly 

effect on the volatile oil content of cumin, caraway seeds, while it 

resulted in a decrease in the volatile oil content of MSP by 5.4, 8.7, 

13.0 and 19.6 % at doses 2.5, 5.0, 7.5 and 10 kGy, respectively.  

-Gas liquid chromotography analysis of essential oils for studied 

spices revealed that γ-irradiation at dose of 5 kGy did not show a 

remarkable changes in the total concentration of volatile oil 

components of cumin seeds and MSP, while the dose of 10.0 kGy 



 

resulted in 2.9 % and 4.4 % loss in the total concentration of volatile 

oil components, respectively. On the other hand, γ-irradiation at dose 

of 5 and 10 kGy did not show a remarkable change in the total 

concentration of volatile oil components of caraway seeds.  

-The storage for one year of studied spices resulted in a decrease in 

all studied chemical properties except peroxide value (PV) showed  

a progressive increase by extending the storage of un-irradiated and 

irradiated samples.  

 Evaluation of antioxidant activity of cumin, caraway and 
MSP essential oil as affected by γ-irradiation 
-The application of the essential oils of cumin, caraway and MSP 

compared with BHA, BHT showed significant delay in the oxidation 

rate in sunflower oil, and enhanced the shelf life of the oil by  8, 6, 

9.5, 4 and 5, days, respectively. Irradiation at 10 kGy showed no 

significant effect on the antioxidant activity of the essential oils of 

cumin caraway and MSP. 

 Evaluation of antimicrobial activity of cumin, caraway and     
MSP essential oil as affected by γ-irradiation 

-The effect of the essential oils of non-irradiated and irradiated (10 

kGy) cumin, caraway and MSP against some pathogenic bacteria 

and fungi were evaluated.  

-The tested cumin, caraway and MSP oils (15, 20 and 25 µl) showed 

significant effect in inhibition zone of all tested microorganisms 

(bacteria and fungi).  

-Tested microorganisms revealed different in inhibition zone at the 

tested concentrations of essential oils.  



 

-Cumin, caraway and MSP essential oil were generally more 

effective against bacteria than fungi.  

-The antimicrobial effect of MSP essential oil was more effective 

than cumin and caraway essential oils at the tested concentrations.  

-Gamma irradiation at 10 kGy did not affect the antimicrobial 

activity of the cumin, caraway and MSP essential oil 

Growth studies and MIC 

 The MIC values were lower for gram–positive bacteria than gram–

negative bacteria.  

-In all tested bacteria, there were pronounced drops in the cell 

numbers by increasing the concentrations of the MSP essential oil. -

There was a decrease in fungal biomass and an increase in 

generation time by increasing the MSP oil concentrations.  

-Gamma irradiation did not significantly affect the MIC values of 

the MSP essential oil.  
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Table 10-B. Effect of incremental irradiation doses on the viable counts  (CFU.g-1) of  Echerishia 
coli in spices. 

 
 
 
 
 
 
 
 
 
 
 
 

 
Table 10-C. Effect of incremental irradiation doses on the viable counts (CFU.g-1) of Bacillus 

cereus in spices. 
 

 
 
       
 
 
 
 
 
 
 

 
 
 
Table 10-A. Effect of incremental irradiation doses on the viable count   (CFU.g-1) of 
Staphylococcus aureus in spices 
 
 

 
 
 
 
 
            

  
 
 
 

MSP Caraway Cumin 

Log N CFU.g-1 Log N  CFU.g-1 Log N CFU.g-1  

Doses
kGy  

6.43 2.70x106 6.51 3.25x106 6.36 2.30x106  0.0 
5.42 2.65x105 5.60 4.00x105 5.54 3.45x105 0.5 
4.46 2.87x104 4.57 3.73x104 4.71 5.12x104 1.0 
3.55 3.53x103 3.54 3.50x103 3.85 7.02x103 1.5 
2.50 3.15102 2.64 4.40x102 3.25 1.80x103 2.0 
1.33 2.18x101  1.36 2.33x101 2.40 2.55x102 2.5 
 <10٠  <10٠  1.43 2.68x101 3.0  
      <10 4.0 

                               
MSP  

Caraway Cumin 

Log N CFU.g-1 Log N  CFU.g-1  Log N CFU.g-1  

Doses 
kGy  

6.16 1.45x106 6.84 6.87x106 6.63 4.25x106 0.0 
5.30 2.00x105 5.65 4.47x105 5.39 2.43x105 0.5 
4.45 2.82x104 4.52 3.33x104 4.54 3.45x104 1.0 
3.21 1.64x103 3.35 2.25x103 3.33 2.12x103 1.5 
2.35 2.23x102 2.39  2.50x102 2.50 3.14x102 2.0 
1.59 3.85x101 1.10 1.28x101 1.37 2.33x101 2.5  
 <100  <100   <100 3.0 

 
  

Caraway Cumin 

Log N CFU.g-1 Log N  CFU.g-1 Log N CFU.g-1 

Doses  
kGy  

6.50 3.15x106 6.51 3.22x106 6.35 2.23x106 0.0 
5.66 5.63x105 5.62 4.16x105 5.13 1.35x105 0.5 
4.50 3.23x104 4.36 3.44x104 4.44 2.75x104 1.0 
3.65 4.44x103 3.63 3.23x103 3.35 2.52x103 1.5 
2.42 2.65x102 2.30 1.00x102 2.09 1.22x102 2.0 
1.32 2.12x101 1.36 2.33x101 1.25 1.77x101 2.5 
 <100  <100  <100 3.0 

mixed spices caraway cumin 

Log 
N 

Count/g Log N  Count/g Log N Count/g 

Dose
kGy  

6.37 2.33x106 6.43 2.70x106 6.75 5.74x106 0.0 
5.56 3.65x105 5.52 3.30x105 5.65 4.55x105 0.5 
4.33 2.15x104 4.46 2.87x104 4.47 3.00x104 1.0 



 

  
 
 
 
 
 
 

 
Table 10-D: A Effect of incremental irradiation doses on the viable counts  
                     (CFU.g-1) of spergillus parasiticus in spices. 

  
 

 

 

 

 

 

 

 

Table 12. Effect of γ irradiation on the of mesophilic bacterial counts (CFU.g-1) of           cumin , 
caraway seeds and MSP during (12 months).                                                                

CFU.g-1  
10kGy 7.5  5.0  2.5  0.0  

Storage 
(months) 

Products 

8.5x101  2.6x102 6.3x103 2.7x105 3.2x106  0 
1.0x101  2.3x102 5.8x103 8.4x104 3.5x106 2 

<10 1.8x102 6.6x103 8.7x104 3.9x106 4 
<10 1.5x102 7.1x103 9.0x104 4.6x106 6 
<10 7.0x101 7.3x103 9.3x104 4.9x106 8 
<10 3.0x101 7.5x103 1.1x105 5.4x106 10 
<10 <10 7.5x103 1.2x105 7.3x106 12 

 
 
 
 

Cumin seeds 

<10 1.1x102 1.2x103 1.4x104 1.9x105 0 
<10 1.3x102 1.6x103 2.2x104 2.2x105 2 
<10 1.0x102 2.5x103 2.8x104 2.7x105 4 
<10 8.0x101 2.1x103 3.2x104 3.5x105 6  
<10 7.5x101 2.6x103 3.7x104 4.2x105 8 
<10 7.0x101 3.2x103 4.3x104 4.8x105 10 
<10 5.5X101 3.7x103  5.1x104 5.4x105 12 

 
 
 
 

caraway 
seeds      

8.0x101 3.1x102 6.5x103 4.8x105 1.4x107 0 
1.1x102 3.3x102 6.6x103 5.1x105 1.6x107 2 
1.0x102 2.9x102 6.4x103 5.0x105 2.2x107 4  
9.0x101 2.6x102 6.5x103 4.9x105 3.4x107 6 
5.0x101 2.1x102 5.9x103 4.7x105 4.2x107 8 
7.0x101 1.9x102 5.3x103 5.4x105 4.1x107 10 
4.0x101 1.7x102 4.7x103 5.5x105 6.6x107 12 

 
 
 
 

MSP 

  

3.60 4.02x103 3.55 3.53x103 3.52 3.32x103 1.5 
2.43 2.70x102 2.50 3.15x102 2.54 3.50x102 2.0 
1.55 3.53x101 1.41 1.62x10 1.45 2.80x101 2.5 
 NG  NG  NG 3.0 
      4.0 
      5.0 



 

Table 13. Effect of γ irradiation on the of thermophillic bacterial counts (CFU.g-1)                      of 
cumin, caraway seeds and MSP during storage (12 months).              

CFU.g-1  
10 kGy  7.5  5.0 2.5  0.0  

Storage 
months  

 
Products 

<10  4.5x101 1.2x102 2.1x102 3.4x102 0  
<10  4.5x101 1.3x102 2.5x102 3.7x102 2 
<10 3.0x101 1.3x102 2.7x102 3.9x102 4 
<10 1.0x101 1.4x102 3.2x102 4.5x102 6 
<10 1.0x101 1.6x102 3.8x102 5.2x102 8 
<10 <10 1.8x102  4.4x102 6.1x102 10 
<10 <10 1.8x102 4.8x102 6.9x102 12 

 
 
 
 

Cumin seeds 

<10 4.0x101 1.1x102 1.9x102 2.6x102 0 
<10 4.5x101 1.1x102 2.2x102 2.8x102 2 
<10 5.0x101 1.4x102 2.6x102 3.1x102 4 
<10 3.5x101 1.6x102 3.1x102 3.7x102 6 
<10 2.0x101 1.8x102 3.6x102 4.9x102 8 
<10 <10 2.2x102 4.1x102 5.6x102 10 
<10 <10 2.6x102 4.9x102 6.4x102  12 

 
 
 
 

Caraway 
seeds  

3.5x101 1.3x102 2.8x102 4.8x102 6.1x102 0 
1.0x101 1.2x102 3.0x102 4.8x102 6.9x102 2  

<10 1.0x102 3.3x102 5.2x102 7.2x102 4 
<10 1.1x102 3.7x102 5.5x102 7.5x102 6 
<10 1.3x102 3.9x102  5.8x102 7.9x102 8 
<10 1.0X101 4.4x102 6.4x102 8.7x102  10 
<10 8.0x101 4.7x102 7.3x102 9.6x102 12 

 
 
 
 

MSP 

  
  
  

Table 14. Effect of γ irradiation on the total molds and yeasts counts (CFU.g-1)   of  cumin, 
caraway seeds and MSP during storage (12 months). 

CFU.g-1  
10 kGy   7.5   5.0  2.5   0.0  

Storage 
months 

 
Products 

<10 <10 <10 3.5x101 1.8x102 0  
<10 <10 <10 3.0x101 1.7x102 2 
<10 <10 <10 1.0x101 2.4x102 4 
<10 <10 <10 <100 2.6x102 6 
<10 <10 <10 <10 1.1x103 8 
<10 <10 <10 <10 1.6x103 10 
<10 <10 <10 <10  1.9x103 12 

 
 
 
 

Cumin 
seeds 

<10 <10 4.0x101 1.1x102 1.3x103 0 
<10 <10 2.0x101 8.5x101 1.1x103 2 
<10 <10 1.5x101 1.1x102 1.3x103 4 
<10 <10 <10 1.2x102 1.8x103 6 
<10 <10 <10 1.5x102 2.2x103 8 
<10 <10 <10 1.8x102 2.5x103 10 
<10 <10 <10 2.3x102 3.2x103 12 

 
 
 
 

Caraway 
seeds  

<10 <10 4.5x101 1.1x102 2.1x103 0 
<10 <10 5.0x101 9.0x101 2.3x103 2 
<10 <10 3.0x101  6.5x101 1.9x103 4 
<10 <10 1.5x101 3.0x101 1.6x103 6 
<10 <10 <10 2.5x101 1.6x103 8 
<10 <10 <10 1.0x101 1.5x103 10 
<10 <10 <10 <10 1.2x103 12 

 
 
 
 

MSP 



 

  

Table 18. The effect of γ irradiation on the peroxide value (PV) of cumin, caraway seeds and 
MSP during storage (12 months).                         

PV (meqO2.kg-1) ± SD    
10.0 kGy  7.5  5.0 2.5 0.0 

Storage 
(month)   

 
Product 

6.28 e
a± 0.03  6.13 d

a± 0.01  5.96 c
a± 0.03  5.84 b

a± 0.02  5.78 a
a± 0.02  0 

6.36 e
b± 0.02 6.15 d

a± 0.02  5.99 c
a± 0.01 5.87 b

a± 0.01 5.81 a
a± 0.04 2 

6.48 e
c± 0.04 6.26 d

b±0.02   6.09 c
b± 0.01 5.96 b

b± 0.02 5.93 a
b±0.05   4 

6.52 e
d± 0.01 6.41 d

c± 0.05 6.22c
c± 0.04 6.18 b

c± 0.04  6.11a
c± 0.01 6 

6.61 e
e± 0.02 6.52 d

d±0.04   6.38 c
d± 0.06  6.24 b

d± 0.02 6.19 a
d±0.02   8 

6.69 e
f± 0.01 6.63 d

e± 0.02  6.48 c
e± 0.02 6.33 b

e± 0.06 6.26 a
e± 0.03 10 

6.73 e
f± 0.01 6.89 d

f± 0.01 6.51 c
f± 0.01  6.47 b

f± 0.01  6.37 a
f± 0.02 12 

 
 
 

Cumin  
seeds  

4.92 e
a± 0.04 4.84d

a± 0.02 4.75 c
a± 0.01  4.68 b

a± 0.02 4.63 a
a± 0.04 0 

5.26e
b± 0.02 4.89d

a±0.04 4.79 c
a± 0.02 4.72b

a ±0.03 4.65 a
a± 0.02 2 

5.34 e
c±0.01 4.95 d

b±0.03 4.84 c
b± 0.03 4.79 b

b± 0.02 4.71a
b± 0.01 4 

5.42 e
d± 0.03 5.11 d

c ±0.04 4.95c
c±0.03 4.88b

c± 0.02 4.80 a
c± 0.06 6 

5.54 d
e ±0.06 5.19 c

d ±0.01 5.06 b
d±0.05  4.92 a

c± 0.04 4.91a
d ±0.03 8 

5.61 d
f ±0.01 5.24 c

e± 0.02 5.16 b
e ±0.01  4.99a

d ±0.01 4.97 a
e ±0.08 10 

5.88 e
g± 0.02 5.66 d

f± 0.03 5.44 c
f± 0.01 5.33 b

e ±0.02  5.12 a
f ±0.02 12 

 
 
 

Caraway 
  seeds 

7.99 e
a± 0.02 7.73d

a ±0.04 7.65 c
a± 0.02 7.42ba ±0.01 7.33 a

a± 0.06 0 
7.98 e±a0.05 7.76d

b± 0.01 7.68 c
a± 0.03 7.41ba ±0.02 7.36 a

a± 0.02 2 
8.03 d

b±0.02 7.82 c
c± 0.01 7.75b

b± 0.03 7.46 a
b± 0.05 7.44a

b± 0.01 4 
8.17 e

c± 0.03  7.91d
d ±0.04 7.81 c±c0.03 7.58 b

c±0.04  7.52 a
c±0.01 6 

8.23 d
d ±0.01 8.04 c

e 0.04 7.87 b
d± 0.01 7.68 a±d0.02 7.64 a

d±0.03 8 
8.29 e

e± 0.04 8.12 d
f± 0.01 7.99 c

e± 0.04 7.74 b
d± 0.01 7.71 a

e±0.02 10 
8.34e

f ±0.02 8.18d
g± 0.02 8.04 c

f± 0.02  7.86b
e±0.01 7.79 a

f±0.02 12 

 
 
 

MSP  
  
  

Mean values followed by different superscript (within rows) and different subscripts (within 
columns) are significantly different at the 5 % level. 

  



 

Table 26.  The effect of the nonirradiated and irradiated (10 kGy) cumin, caraway and 
MSP essential oil on the peroxide value (PV) of sunflower oil stored at 
ambient temperature.   

 

PV (meqO2.kg-1) ± SD  
28 days 21         14           7              0            

* Treatments 
(200 ppm) 

18.6a
e ± 0.03 12.3a

d ± 0.03 6.2a
c ± 0.02 3.0a

 b ± 0.02 ** 1.9a
a ± 0.04 Control 

14.1b
e ± 0.01 9.5b

d ± 0.02 5.1b
c ± 0.03 2.8b

 b ± 0.03 1.9a
a± 0.04 BHA 

12.8c
e ± 0.03 8.6c

d ± 0.01 4.8c
c ± 0.02 2.40c

 b ± 0.01 1.9a
a ± 0.04  BHT 

12.54 d
e ± 0.02 8.13 d

d ± 0.0 4.63 d
c ± 0.01 2.48 d

 b ± 0.021.9a
a ± 0.04 Caraway oil 

12.54 d
e ± 0.02 8.15 d

d ± 0.3 4.65 d
c ± 0.01 2.46 d

 b ± 0.021.9a
a ± 0.04 I Caraway oil 

11.86 e
e ± 0.01 7.44 e

d ± 0.1 4.48 e
c ± 0.02 2.29 e

 b ± 0.031.9a
a ± 0.04 Cumin oil 

11.26 e
e ± 0.02 7.35 e

d ± 0.2 4.42 e
c ± 0.03 2.22 e

 b ± 0.021.9a
a ± 0.04  I Cumin oil 

10.7f
e ± 0.02 7.1f

d ± 0.0 3.9f
c ± 0.04 2.1f

 b ± 0.04 1.9a
a ± 0.04 MSP oil 

10.8f
e ± 0.03 7.1f

d ± 0.03 3.9f
c ± 0.02 2.2f

 b ± 0.02 1.9a
a ± 0.04 I MSP oil 

I = irradiated cumin, caraway and mixed spices powder Mean values followed by different superscript 
(within columns) and different subscripts (within rows)    are significantly different at the 5 % level. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

  ربىـــــص العـــــالملخ
  والكيميائية و النشاط الحيوي  تأثير أشعة جاما على الجودة الميكروبية

  لبعض التوابل و األعشاب
وب الكمون و الكر                   ة لحب د الجودة الميكروبي ى تحدي ة إل ة و  ااستهدفت الدراسة الحالي وط   وي  مخل

ة                . MSP)(ن  التوابل المطحو  ة و الكيميائي ى الجودة الميكروبي شعيع الجامى عل أثير الت  ،و آذلك دراسة ت

ات      النشاط المضاد لألآسدة و    شاط المضاد للميكروب ة و  االكر، في آل من الكمون    الن ل   وي وط التواب مخل

  .MSP)(المطحون 

  -:يمكن تلخيص النتائج المتحصل عليها فى النقاط التالية

  وجىالتقيم الميكروبيول

ة  ١٩٥ أجرى عمل مسح ميكروبيولوجى على       - ة      ٨٠ (عين ر معبئ ة غي اس         ٦٥،  عين ة في أآي ة معبئ  عين

ين      ة          ٥٠من البولي ايثل وات زجاجي ة في عب ة معبئ واع من     )  عين ل و األعشاب  لعشرة أن ، آمون  ( التواب

سبرة ، بهارات، آراوية ل أسود   ، آ سون      ، فلف ل أحمر و ين رآم ، فلف ان      ، آ ة و الحبه ة البرآ م     ) حب ي ت و الت

ة         ا الميكروبيولوجي يم جودته ك لتق زة وذل اهرة و الجي ي الق ة ف اطق مختلف ن من ا م ى  ( تجمعه د الكل الع

ا ة وللبكتيري ة و الثرموفلي ض   ،  الميزوفلي ود بع ن وج شف ع ائر و الك ات و الخم ى للفطري د الكل الع

ل  ة مث ات الممرض  ,Staphylococcus aureus, Enterococcus faecalisالميكروب

Escherichia coli Bacillus cereus and Salmonella.sp.                                            

      

ل من           وجد أن - ين أق ا ب راوح م ة يت ا الميزوفلي ى للبكتري د الكل ر   ١٠٦الع ى أآث ة  ١٠٧ إل و أن  جرام/خلي

 للفطريات و العد الكلىجرام و أن / خلية  ١٠٤ أقل من إلى ١٠١ يتراوح ما بين  الثرموفليةد البكتيريااأعد

ل من    الخمائر  ة ١٠٥آان في حدود أق ا    . جرام / خلي وث ببكتيري سبة التل  Staphylococcus aureus  ن

دود  ي ح ا  %٩ و٢٣، ٣٧ف دود Enterococcus faecalis،  بكتيري ي ح ،  %٣٨ و ٥٠، ٦٢ ف

Escherichia Coli    و  %  ٨ و٣١، ٢٣ في حدودBacillus cereus    ٦ و١٣، ٢٢ في حدود % 
ة      ولي           ، لكل من العينات الغير معبئ اس من الب ة فى أآي ى             إالمعبئ ة عل وات زجاجي ة في عب ين و المعبئ يثل

  .عهاي فى أى من العينات التي تم تجمSalmonella.sp.آتشاف ميكروبإ هذا و لم يتم. التوالي

ل المطحون     (لنتائج أن البهارات    ا أثبتت   - وط التواب ل ،  )مخل ر          ،  أسود  فلف ل أحمر والكمون آانت أآث فلف

  . تلوثاالتوابل حبة البرآة و الحبهان أقل ، الكرآم، تلوثا بينما آان آل من الينسونالتوابل 

ر          إ األعشاب من نتائج التقيم الميكوبيولوجى للتوابل و        - ل و   تضح أن البهارات ثم الكمون آانت أآث التواب

شاب ااألع ى ا  .  تلوث ذ ف ع األخ ار ألم ة و     عتب ل المنتج يل التواب م محاص ن أه ة م ون و الكراوي أن الكم

  .  ختيارهم مع البهارات لدراسة تأثير التشعيع عليهمإالمستخدمة في مصر، لذلك تم 

ون    ي الكم ودة ف ائر الموج ات و الخم ف للفطري زل و التعري ارات               ، الع ة و البه الكراوي
                                                                                   



 

ون  - ن الكم ة م ات المعزول ف للفطري زل و التعري م الع ا  ،  ت ضح أنه ارات و أت ة و البه الكراوي

                                       : أجناس هم٦ صنف تنتمى إلى ١٣تتألف من 

Aspergillus, Penicellum, Heliminsporus, Nigrospora, Rhizopus, and       

Fusarium.  

)                                                 األفالتوآسينات(الكشف عن السموم الفطرية   

ارات    االكر، الكمون أجرى اختبار لجميع العزالت من نوع أسبرجلس فالفش  المعزول من             - ة و البه وي

ة و  االكر، ؛ وذلك في البيئة الصناعية  و في الكمون فالتوآسينات من عدمةألمعرفة قدرتها على إفراز     وي

ار  ائج أن  . تاالبه راز     عزل١٨ من   عزالت ٩و أوضحت النت ى اف درة عل ا الق سيناتأ ة  آانت له  فالتوآ

درة             في البيئة الصناعية السائلة  و عزلتين       ٢ب،١ب ا الق ان له ي آ ى  فقط هي الت ر   عل سينات أ زا اف  فالتوآ

ن ٢ب،١ب ل م ى  آ ون   ف ارات االكرو، الكم ة و البه                                                                 .ي

           

D 10 values قيمة االنخفاض العشري   

ا D10 values) (العشري  أجرى تقدير قيمة االنخفاض - رزة     للبكتيري ات المف ذالك للفطري   الممرضة وآ

ا وجد أن          . تاية و البهار  االكرو، مونلألفالتوآسينات التى تم عزلهم من الك      ائج المتحصل عليه  ومن النت

و لميكروب ) آيلو جراى٢٫٣٢ و  ١٩٦و ١٫٩  (Bacillus cereus لميكروب قيمة االنخفاض العشري

 Staphylococcus aures )آيلو جراى٠٫٥٣ و ٠٫٤٤، ٠٫٤٨  ( و لميكروب Escherichia coli )

مما ).  آيلو جراى٠٫٥٤ و٠٫٤٥، ٠٫٥٩( Aspergillus flvusو )  آيلو جراى٠٫٤٢ و ٠٫٤٨، ٠٫٥٥

ة         يدل على أن هذة الميكروبات الممرضة تختلف في مقاومتها لإلشعاع اختالفا واضحا وأن أآثرها مقاوم

سبة للميكروب الواحد تختلف     Bacillus cereusلإلشعاع هو ميكروب   ؛ آما أن المقاومة لإلشعاع بالن

                                .ن آانت هذة االختالفات بسيطةإبة الميكروب و حسب نوع الغذاء الموجود 

اء التخزين         االكر،  تأثير أشعة جاما على الحمل الميكروبي للكمون       ل المطحون أثن وط التواب ة و مخل وي
                                                                             .لمدة عام

.             دراسة تأثير أشعة جاما بجرعات مختلفة آوسيلة للتعقيم الميكروبيولوجى تم-  

ل المطحون لجرعات     ، الكمون  تم تعرض آل من   - وط التواب ة و مخل  ١٠٫٠  و٧٫٥، ٥٫٠، ٢٫٥ الكراوي

ة   و العادي رارة الج ة ح ى درج شيع عل د الت ا بع م تخزينه راى ث و ج يالت أم ثآيل ا التحل ري عليه ج

ام الميكرو دة ع هرين لم ل ش يالت آ س التحل رار نف رة و تك شيع مباش د الت ة بع ة و الكيميائي .            بيولوجي

                                                                      

ل          ٥ أوضحت النتائج أن المعاملة بجرعة       -  ى تقلي ى        آيلو جراى أدت إل ة ال ات الميزوفلي أعداد الميكروب

ة  ا ات الممرض ى الميكروب ضاء عل ة و الق صحة العالمي ة ال طة منظم ا بواس سموح به دود الم لح

)Staphylococcus aureus, Escherichia coli, Enterococcus faecolis(  ن ل م ي آ  ف

ة في القضاء                    . ية و مخلوط التوابل المطحون    االكرو، الكمون ضا آانت آافي ى  و هذة الجرعة أي   عل



 

ى          مخلوط ية و االخمائر في الكمون بينما في حالة الكرو      الفطريات و     التوابل المطحون تطلب للقضاء عل

  .        آيلو جراى٧٫٥الفطريات و الخمائر جرعة مقدارها 

ضا أن - ائج أي ة ا أوضحت النت و جراى  ١٠لجرع اتآيل داد الميكروب ى خفض أع ة و  أدت إل الميزوفلي

ل ى أق ة ال ة١٠٠الثرموفلي ةو ١٠جرام و / خلي ى/خلي ونجرام عل ي آل من الكم والي ف ة و االكرو،  الت ي

ا         همخلوط التوابل المطحون بالتالي أن هذ      ل محل الدراسة و تصل به يم التواب  الجرعة هي المثلي في تعق

 آما أوضحت النتائج أن التخزين لمدة عام لم يكن لة   -. إلى الحدود المرضية من الناحية الميكروبيولوجية     

ك أن                     تأثير على األ   سبب في ذل د يكون ال عداد الميكروبية في آل من العينات المشععة و الغير مشععة وق

ادة    ع أع ى من ى أدت إل ين الت ولى إيثل ن الب اس م ي أآي ة ف ت معبئ ة آان ل و األعشاب محل الدراس التواب

.            التلوث  

التوابل المطحون أثناء التخزين     الكراوية و مخلوط    ، لتغيرات الكيميائية للكمون  اتأثير أشعة جاما على      
.                                                                             لمدة عام  

ات   - شعيع بجرع ائج أن الت راى   ١٠٫٠ و٧٫٥، ٥٫٠ أوضحت النت و ج ر آيل اضأظه وي انخف ي معن  ف

ة   االمحتوى الرطوبى فى آل من الكمون و الكرو          ع ا      في ي أثير          حين أن جمي م تظهر ت وي لجرعات ل  معن

ن       ل م ي آ دهون ف ى لل وى الكل ى المحت ونعل ةاالكرو، الكم ون   وي ل المطح وط التواب                       . مخل

                                                                

دل الجرع        ي آان هناك زيادة تدريجية في قيم الب       - ادة مع ضا      .  اتر وآسيد مصاحبة لزي ائج أي أظهرت النت

ل و األعشاب محل      نيةي ليس لها تأثير على نسبة األحماض األمآيلو جراى  ٥٫٠ أن الجرعة  ة للتواب الكلي

ة في الكرو   ي أدت الى نقص في نسبة األحماض األم      آيلو جراى  ١٠٫٠الدراسة بينما الجرعة     ة الكلي ة  اني ي

دار   ادة في آل من الكمون و    % ٤٫٤بمق وط و زي ل المطحون ا  مخل دار لتواب ى  % ٤٫١ و ٣٫٥ بمق عل

                                            .التوالي

أثير          آيلو جراى  ١٠٫٠ و   ٧٫٥، ٥٫٠، ٢٠٥ آما أوضحت الدراسة أن التشعيع   بجرعات          - ة ت م يكن ل   ل

لى حدوث نقص  الجرعات إهية بينما أدت هذامعنوي على نسبة الزيت الطيار في آل من الكمون و الكرو

ي  ار ف ت الطي سبة الزي ي ن وي ف ل المطحونمعن وط التواب دارمخل ى ١٩٫٦ ، ١٣٫٠، ٨٫٧، ٥٫٤ بمق  عل

                                                    .التوالي

ة    - ارة أن الجرع وت الطي ازى للزي اتوجرافى الغ ل الكرم ائج التحلي راى  ٥٫٠ أوضحت نت و ج م آيل   ل

ار لكل من الكمون            تحدث تغير في     ات الزيت الطي ة و  االكرو، نسبة مكون ل المطحون      ي وط التواب   ؛    مخل

ة  ا الجرع راى ١٠٫٠بينم و ج ون و   آيل ن الكم ل م ار لك ت الطي ات الزي سبة مكون ي ن ى نقص ف  أدت إل

ون ل المطح وط التواب دار مخل والي  % ٢٫٩و٤٫٤   بمق ى الت                                                    .عل

                                                



 

ي آل - سابقة ف ة ال صفات الكيميائي سبة معظم ال ي ن ام حدوث نقص ف دة ع ائج التخزين لم   أوضحت نت

رة التخزين             يالتوابل و األعشاب محل الدراسة فيما عدا رقم الب         ة بطول فت ر وآسيد حدث لة زيادة تدريجي

                              .ات المشععة و الغير مشععةو هذا بالنسبة للعين

 .      النشاط المضاد لألآسدة

    يةاالكرو،  أوضحت النتائج أن استخدام الزيوت الطيارة المستخلصة من الكمون-

ة مع       ل المطحون مقارن وط التواب اد       ) BHT , BHA(و مخل سدة لزيت عب دل األآ أخير مع ى ت أدت إل

ادة   شمس و زي دار   ال زين بمق رة التخ والي  ، ٥، ٤ و٩، ٦، ٨فت ى الت وم عل ا  . ي عة جام و ١٠٫٠(أش  آيل

         .لم تؤثر معنويا على النشاط المضاد لألآسدة للزيت الطيار المستخلص) جراى

                                             .النشاط المضاد للبكتريا و ا لفطريات

شاط المضاد ل- ار المستخلص من الكمون تمت دراسة الن ات للزيت الطي ا والفطري ة و االكر، لبكتري وي

ون   ل المطح وط التواب درها  ( مخل ة مق شعع بجرع شعع و الم ر م راى١٠٫٠الغي و ج ى بعض  )  آيل عل

  .  ميكروليتر٢٥ و٢٠، ١٥البكتيريا الممرضة و بعض الفطريات بترآيزات 

  ستخدمة ضد آل البكتيريا أن هناك تأثير مثبط من الزيوت الم أوضحت النتائج-

سبة                    . و الفطريات محل الدراسة    ى ن أثير عل ة ت ان ل وت آ ستخدمة من الزي آما أن اختالف الترآيزات الم

ة      ات المختلف ات من حيث الحساسية             ، .التثبيط في الميكروب واع الميكروب ين أن ا ب اك اختالف ان هن ضا آ أي

  .للزيوت المختبرة

أثير ال    - ضا أن الت ائج أي ات و أن      أوضحت النت ن الفطري ى م ا أعل ى البكتيري ارة عل وت الطي بط للزي مث

 .البكتيريا الموجبة لصبغة جرام آانت أآثر حساسية للزيت الطيار من البكتيريا السالبة لصبغة جرام

ى من زيت الكمون                   - ان أعل ، أيضا أوضحت الدراسة أن التأثير المثبط لزيت مخلوط التوابل المطحون آ

                             .          يةاالكرو

  دراسة النمو و تحديد قيمة أقل ترآيز مثبط                             

 أوضحت النتائج أن قيمة أقل ترآيز مثبط للبكتيريا الموجبة لصبغة جرام آانت أقل من البكتيريا السالبة                 -

                                                   .                  لصبغة جرام

ار - بط للزيت الطي أثير المث ضا أن الت ان  أوضحت الدراسة أي ر و آ وع الميكروب المختب ى ن د عل أعتم

ا               ة البكتيري ان          ، تأثيره ايجابيا على تقليل الترآيز النهائي للخاليا و ذلك في حال ات فك ة الفطري ا في حال أم

اد           التأثير على  و و زي رة التحضيرية للنم ة الفت ا               إطال ائي للخالي ز النه ل الترآي ذلك تقلي ل و آ       .ة زمن الجي

                                                         

 آيلو جراى آجرعة إشعاعية   ليس لها تأثير معنوي على النشاط ١٠٫٠أوضحت النتائج أن استخدام  -
      .المضاد للميكروبات للزيت الطيار

 
 
 
 

  الدآتوراة: الدرجة          عبد الخالقن حسن حنا: أسم الطالب



 

   و النشاط الحيوي لبعض التوابل واألعشابةتأثير أشعة جاما على الجودة الميكروبية والكيميائي:
  هوائل أحمد بازرع: األستاذ الدآتور :المشرفون

المجولى سلوى بيومي:               األستاذ الدآتور
على أحمد حماد: ذ الدآتور              األستا

  ٢٠٠٨ /٢ / ٢١:    تاريخ منح الدرجةالصناعات الغذائية           فرع  الصناعات الغذائية:قسم
  المستخلص العربي  

  ويةاالكر،  للكمونةعلى خصائص الجودة الميكروبية و الكيميائي تمت دراسة تأثير أشعة جاما  

 للزيوت  للميكروباتنشاط المضاد لألكسدة و النشاط المضاد        و مخلوط التوابل المطحون و كذلك دراسة ال       

 كيلو جراى هي الجرعة الكافية للقضاء       ١٠,٠أثبتت الدراسة أن الجرعة اإلشعاعية      .  الطيارة المستخلصة 

  على الفطريات و الخمائر و البكتيريا الممرضة وكذلك خفض العد الكلى للبكتريا المحبة للحرارة المعتدلة

أوضـحت نتـائج     . منظمة الصحة العالمية   ةلحرارة إلى أقل من الحدود المصرح بها بواسط        و المحبة ل  

و   ١٠,٠. الجرعـة  كذاالك أن .  أن الجودة الميكروبية للعينات المشععة لم تتأثر       التخزين لمدة عام   آيل
ة في  تأظهرجراى  سيد   انخفاض معنوي في المحتوى الرطوبى و زيادة معنوي م البيروآ  فى  PV)  ( رق

هذة الجرعة أيضا لم يكن لها تأثير معنوي على نسبة الزيت الطيار فى كـل مـن              .توابل محل الدراسة   ال

أيـضا  .وية بينما أظهرت نقص معنوي في نسبة الزيت الطيار لمخلوط التوابل المطحـون            االكمون و الكر  

دار   وية بم انية الكلية في الكر   ينقص في نسبة األحماض األم     كيلو جراى أظهرت     ١٠,٠الجرعة    % ٤٫٤ق

نتـائج  . على التـوالي   % ٤,١ و   ٣,٥ بمقدار   التوابل المطحون   مخلوطو زيادة في آل من الكمون و        

GLC   أدت إلى نقص في نسبة مكونات الزيت الطيار لكـل            كيلو جراى  ١٠,٠الجرعة   أن   ظهرتأ 

 على نـسبة    على التوالي بينما لم تؤثر      % ٢,٩و٤,٤ بمقدار   مخلوط التوابل المطحون  من الكمون و    

أوضحت نتائج التخزين لمدة عام حدوث نقص في نسبة معظـم           . مكونات الزيت الطيار في الكروية    

سي   ي ال  السابقة في كل التوابل محل الدراسة فيما عدا رقم         ة الكيميائي الخصائص ر وآ  زيـادة   ةحدث ل  دب

 لزيت الطيـار  ااستخدام  . تدريجية بطول فترة التخزين و هذا بالنسبة للعينات المشععة و الغير مشععة           

 BHA and مـع   جزء فى المليون مقارنـة ٢٠٠بتركيز   لمخلوط التوابل المطحونالكراوية و، للكمون

BHT   أشـعة  .  كمضادات أكسدة أدت إلى تأخير معدل األكسدة لزيت عباد الشمس وزيادة فترة التخـزين

  . دة للزيت الطيار المستخلصلم تؤثر معنويا على النشاط المضاد لألكس)  كيلو جراى١٠,٠(جاما 

ـ االكر،      أوضحت النتائج أن التأثير المثبط للزيت الطيار في كل من الكمون            و مخلـوط التوابـل      ةوي

 البكتيريا الموجبة لصبغة جرام كانت أكثـر حـساسية          ن الفطريات و أ   ن أعلى م  البكتيريا  على المطحون

 أيضا أوضحت الدراسة أن التأثير المثـبط لزيـت          . لصبغة جرام  ةللزيوت الطيارة من البكتيريا السالب    

لزيت مخلوط التوابـل      التأثير المثبط  .رويةا الك  و مخلوط التوابل المطحون كان أعلى من زيت الكمون       

أمـا فـي حالـة    ،  للخاليا و ذلك في حالة البكتيريا يكان تأثيره ايجابيا على تقليل التركيز النهائ      المطحون  

 أوضـحت النتـائج أن       الجيل كما  ى أطالة الفترة التحضيرية للنمو و زيادة زمن       الفطريات فكان التأثير عل   

 كيلو جراى كجرعة إشعاعية   ليس لها تأثير معنوي على النشاط المـضاد للميكروبـات                 ١٠,٠استخدام  

    للزيت الطيار
  
  
  
  
  
  
  
  
  
  
  
  



 

   و النشاط الحيوي والكميائيةتأثير أشعة جاما على الجودة الميكروبية
 لتوابل واألعشابلبعض ا

  
 

  رسالة دآتوراة الفلسفة
  فى العلوم الزراعية

  )علوم أغذية(

  

  مقدمة من
  

  
  عبد الخالق محمدحنان حسن

 ١٩٨٩ جامعة القاهرة -آلية الزراعة) علوم أغذية(بكالوريس فى العلوم الزراعية 
  ١٩٩٩ جامعة القاهرة-  آلية الزراعة) علوم أغذية(ماجستير فى العلوم الزراعية

 
  

  

  لجنة األشراف

  
 

وائل أحمد بازرعه/ الدآتور  
ةجامعة القاهر--آلية الزراعة--أستاذ الصناعات الغذائية  

 
 
 

سلوى بيومى المجولى / ةالدآتور  
جامعة القاهرة--آلية الزراعة--ستاذ الصناعات الغذائيةأ  

 
 
 

على أحمد حماد /الدآتور   
   الذرية الطاقةهيئة -ومي لبحوث و تكنولوجيا اإلشعاع المرآز الق-علوم و ميكروبيولوجيا األغذيهأستاذ 

 
  
  
  
  
  
  
  
  



 

لبعض  و النشاط الحيوي ة والكيميائيتأثير أشعة جاما على الجودة الميكروبية

 واألعشاب التوابل

  
  

 رسالة دآتوراة الفلسفة
  فى العلوم الزراعية

  )علوم أغذية(
  

  مقدمة من
  

 حنان حسن عبد الخالق
 ١٩٨٩ جامعة القاهرة -آلية الزراعة) علوم أغذية(راعية بكالوريس فى العلوم الز

  ١٩٩٩ جامعة القاهرة-آلية الزراعة) علوم أغذية(ماجستير فى العلوم الزراعية 
 

 
 

:لجنة اجازة الرسالة  
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ةجامعة القاهر--آلية الزراعة--لغذائيةأستاذ الصناعات ا  
 
 
 

  
  
  
  
  
  
  
  
  
  
  



 

لبعض  و النشاط الحيوي ة والكيميائيتأثير أشعة جاما على الجودة الميكروبية
واألعشاب التوابل  

 
 

  رسالة مقدمة من

  
 حنان حسن عبد الخالق

 ١٩٨٩ جامعة القاهرة -آلية الزراعة) علوم أغذية(بكالوريس فى العلوم الزراعية 
  ١٩٩٩ جامعة القاهرة-آلية الزراعة) علوم أغذية(ير فى العلوم الزراعية ماجست
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