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ABSTRACT 
The present work was carried out in an effort to study the possibility of making use 

of gamma radiation to elongate the storage periods of black cumin seeds (Negilla sativa). In 
this respect, black cumin seeds were irradiated at doses of 0, 5, 10, 20 and 40 KGy and 
stored at room temperature for periods of 0, 4, 8 and 12 months.  Samples from the 
irradiated and non-irradiated black cumin seeds were taken during the different storage 
periods and analyzed for volatile oil, carbohydrates, soluble and reducing sugars and fatty 
acids contents. Besides, the microbial decontamination was also investigated. Results showed 
that storage caused deterioration in volatile oil constituents (especially in the main 
component; thymoquinone), decline in total carbohydrates of the seed, enhancement of total 
soluble sugars, and reduction in reducing sugars content.  However, gamma radiation doses 
up to 40 KGy maintained the quality of the seed and volatile oil components as it lowered 
the deterioration during storage up to 12 months. In addition, gamma radiation showed 
promising effect to decontaminate the microbial load of the studied seeds. 
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INTRODUCTION 
 

Negilla sativa is a spicy plant belonging to the family Ranunculacaea. The seeds are used in 
many goals; in terms of flavoring, as a condiment and spice.  Also, it has a wide pharmaceutical 
effect as an antiseptic and in making drug that possess carminative, digestive, astringent and 
diuretic properties, (1) its expressed oil is used in asthma, respiratory appression and cough (2, 3), 
and in preventing dental plaques and caries (4,5). Moreover, it can be used to treat human obesity 
and it helps in controlling of blood sugar in diabetic patients (6). Furthermore, by decreasing hyper 
lipidemia, it can reduces the incidence of choronic heart disease (7). In addition, it helps in 
improvement of the immunity (8), and it serves as a protective agent for preoteinurea and 
hyperlipidemia associated with nephritic syndrome(9). 

 
The Egyptian variety of Negilla sativa contains 0.4% volatile oil (10), which constitute of 

thymoquinone (39.01%) and p-cymene (9.193%) as the main components (11).  Also, using an 
HPLC method indicated the presence of thymoquinone, thymohydroquinone and thymol in the 
volatile oil of black cumin seed, which are considered the putative pharmacologically active 
constituents (12). 

 
Also, the seed of black cumin contains fixed oil (30.35%) [13]; protein (20.85%), fat 

(38.20%), moisture (4.64%), ash (4.37%), crude fiber (7.94%) and total carbohydrates (31.9%) 
[14].  It was stated that the main fatty acids predominated in N. sativa fixed oil were linoleic 
(55.73%) and oleic (18.48%) acids (11) . 

Due to the attack of microorganisms, black cumin seeds could be injured during storage. In 
this respect the active ingredient might be qualitatively and quantitatively affected during storage. 

Gamma irradiation showed promising effect to decontaminate the microbial load and inturn  
prolong the storage periods without affecting the active ingredients and the other chemical 
constituents(15,16) . 



 
The present work was conducted to study the possibility of using gamma radiation to 

elongate the storage period of black cumin seeds and to maintain its volatile oil and other 
chemical constituents of good quality during storage up to 12 months. In addition, the microbial 
decontamination was also taken into consideration.   
 

 
Materials and Methods 

Sources of the used seeds : 

The seeds were obtained from El-Giza company for Seeds and Medicinal Plants, 6th of 
October City, Cairo, Egypt.   

Irradiation treatment : 

Seeds were cleaned to be free from dust and divided into five groups, and kept in sealed 
plastic packes. The first group was left without irradiation and considered as a control, while the 
rest were exposed to 5, 10, 20 and 40 K Gy gamma radiation doses using Egypt’s Mega- Gamma-
1 type J 6600 cobalt-60 irradiator at National Center for Radiation Research and Technology, 
Nasr City, Cairo, Egypt.   

Storage : 

Samples were stored at room temperature in a clean sterilized place.  Representative 
samples analysis from the irradiated and non-irradiated seeds were taken after 0, 4, 8 and 12 
months.  In each treatment of gamma irradiation and the control, the following determinations 
were carried out starting from zero time of storage and continued up to the end of the storage 
periods. 

Microbial Test : 

Microbial test were carried out according to the Official Microbiological Methods of the 
American Spice Trade Association (ASTA, 17 ) . After storage, bags of irradiated and non-
irradiated seeds were opened under aseptic conditions and seeds samples were taken for 
determination of surviving microflora. Briefly, 1 g was weighed in a sterilized screw cap bottle 
and 9 ml of sterline phosphate buffer was added and subsequent dilutions were made. To obtain 
the viable bacterial  count, 1 ml of the diluted samples was transferred into duplicate sterile plates 
of nutrient agar and incubated at 30 oC  for 72 h and  the number of colony-forming units CFU  
was counted.  

To obtain the total fungal count, 1 ml of the diluted samples was inoculated into duplicate 
plates of Wort agar and incubated at  30 oC  for 72 h  and the number of mould colonies was 
counted.  

Separation of Essential Oils : 

Essential oil was separated by a Clevenger apparatus according to El-Deeb et al., (11). The 
percentage of the essential oils were calculated and expressed as (cc/100g).  After the distillation, 
the oil was dried over anhydrous sodium sulphate and kept in a deep freezer at –20oC until 
analysis. 

Identification of essential oils : 
 

Analysis of the essential oil was carried out using GC. The apparatus was a Hewlet-packard 
gas chromatograph equipped with a FID detector.  The chromatograph was fitted with a 
Carbowax 20M  25m × 0.31mm (i.d.) fused silica capillary column.  Nitrogen was used as the 



carrier gas with a flow rate of 20 ml/min.  Air and hydrogen flow rates were 330 and 30 ml/min., 
respectively. Temperature program was as follows : 

Oven temperature 500C was held for 5 min, and was then programmed to rise from 50 to 2000C at 
50C/min.  The maximum temperature was maintained for a further 10 min before cooling. 
 
Extraction and determination of crude Lipid : 
 

The lipids of a known weight of the seeds (100 g) were extracted according to A.O.A.C.  
(18).  

 
Identification and determination of fatty acids : 
 

The separation of fatty acids was performed according to the method described by Farag et 
al., (19) after methylation .Fatty acids of oil extracted from Negilla sativa were identified and 
determined using an Hewlet-packard-GC 5890 plus series gas chromatograph equipped with a 
flame ionization detector and a HP-5  capillary column (25m X 0.32 mm (i.d.)) was used.   

Determination of total carbohydrates and soluble sugars : 
Digestion of total carbohydrates was performed using 1N HCl acid for 2 hours, 

however, soluble sugars were extracted using ethanol 70% for 6-8 hours according to 
Kawamura et al., (20).  Sugars were determined according to Dubois et al., (21).   

Determination of reducing sugars :    

Reducing sugars were determined in the ethanolic extract using the method described in the 
A.O.A.C. (18). 

Results and Discussion 
1-Microbial decontamination : 

Effect of gamma irradiation on the survival microflora of the stored black cumin seeds 
could be concluded from data presents in Table (1). 

Naturally, untreated seed showed higher value of total bacterial count (1.8 x 105 CFU. g-1) 
and this value was increased linearly with the  progress of the storage period. At the end of the 
experiment i.e. after one year of storage the T.B.C. reached 1.4 x 107 CFU. g-1 . 

On the other hand, exposing black cumin seeds to different doses of gamma radiation 
resulted in a continuous reduction in total bacterial count . Lowest T.B.C. 1.8 x 10 was exerted by 
irradiation dose of 20 KGy, after 12 months of storage however, no growth was found with 20 
KGy at 4 and 8 months of storage, also the highest irradiation dose of 40 K Gy. 
   Table (1) : Effect of gamma radiation on microbial count of black cumin seeds. 

 

Storage Doses of gamma irradiation in K Gy 

periods (month) Zero 5 10 20 40 
 Total Bacterial Counts T.B.C., C.F.U / g 

Zero 1.8 x 105 2.6 x 104 3.2 x 102 0.0 0.0 

4 1.2 x 106 2.8 x 104 3.8 x 102 0.0 0.0 
8 2.7 x 106 3.1 x 104 4.9 x 102 0.0 0.0 

12 1.4 x 107 3.7 x 104 5.7 x 102 1.8 x 10 0.0 



 Total Fungal Counts T.F.C., C.F.U / g 

Zero 5.2 x 102 1.2 x 102 4.2 x 10 0.0 0.0 

4 7.8 x 102 1.4 x 102 5.4 x 10 0.0 0.0 
8 9.1 x 103 2.1 x 102 5.9 x 10 0.0 0.0 

12 9.4 x 103 2.6x 102 7.1 x 10 0.0 0.0 

 
The irradiated and stored seeds showed lower T.BC. as compared with the non- irradiated 

ones. For example after one year of storage, black cumin seeds irradiated with 5, 10 or 20 K-Gy 
showed T.B.C. of 3.7 x 104 , 5.7 x 102  and 1.8 x 10 CFU g-1 , while that of the stored and un-
irradiated seeds was 1.4 x 107 CFU g-1. Furthermore, irradiation dose of 40 K Gy completely 
depressed bacterial growth during the different storage periods. Total fungal counts T.F.C. of 
black cumin seeds showed less values rather than those of T.B.C. More or less similar trends 
were recorded regarding the influence of both gamma radiation and storage periods on T.B.C. and 
total fungal load of black cumin seeds . No fungal growth was found with either doses of 20 or 40 
K Gy. 
 
2- Essential  Oil contents :  
 

Results in Table (2) demonstrate the volatile oil percentage of black cumin seed as affected 
by gamma radiation doses and storage periods.  It showed that storage periods up to 12 months 
declined the volatile oil percentage, however, radiation doses maintained the percentage in a 
moderate level during the 12 months of storage period.   

 
Table (2) : Effect of gamma irradiation and storage periods on essential oil percentage 

of Negilla sativa seeds (cc/100 gm seed). 
 

Storage Doses of gamma irradiation in K Gy 
 

periods (month) Zero 5 10 20 40 
Mean 

Zero 
0.13 0.12 0.13 0.13 0.12 0.13 

4 0.10 0.11 0.11 0.11 0.10 0.11 
8 0.08 0.10 0.11 0.09 0.08 0.09 

12 0.07 0.10 0.10 0.09 0.08 0.09 

Mean 
0.10 0.11 0.11 0.11 0.10  

 
 
3- Essential Oil Constituents : 
 

Table (3) illustrated the effect of gamma radiation and storage periods on volatile oil 
constituents as determined by gas chromatographic technique.  Generally, data revealed that 
volatile oil of black cumin seed contained mainly (thymoquinone 41.9%) p-cymene (21.2%) as 
predominates compounds. Concerning the effect of storage periods, it caused a decline in 



thymoquinone.  Contrarily, there was a gradual increase in p-cymene as a result of different 
storage periods.  Minor fluctuations were observed in myrecene, nerol and eugenol, while the 
consequent storage periods caused a decline in phellandrene, limonene and thymol contents.  
Regarding the effect of gamma radiation doses, there was a gradual increase in thymoquinone 
content during the consequent storage periods . However, it showed a gradual reduction in p-
cymene content.  An enhancement in nerol and a decline in myrecene and limonene contents was 
observed. Gamma  radiation doses showed fixed phenomenon towards α-pinene, phellandrene, 
cineole, borneol and thymol which slightly fluctuated up and down showing no definite trend. 
 
4- Fatty acids Content : 
 

The constituents of Negilla fatty acids as influenced by gamma radiation and storage 
periods are presented in Table (4) as it revealed that oleic and palmitic acids were the 
predominated , while petroselinic, linoleic, linolenic, palmitoleic and arachidic were found in 
moderate ratios.  Storage of the seeds caused oleic and palmitic acids to increase at all stages of 
storage. In reverse, there were decreases in contents of petroselinic, palmitoleic, linoleic and 
linolenic acids during all stages of storage. As for the effect of gamma radiation, oleic acid 
content fluctuated due to different radiation doses under study.  In addition palmitic acid content 
increased due to exposure to gamma radiation doses at zero time and the consequent storage 
periods, except for the dose of 5 KGy after 12 months of storage which decreased the acid 
content.  Petroselinic acid content decreased due to exposure to gamma radiation doses under 
study at zero time and after 4 months of storage, except for the dose of 5 KGy at zero time, as it 
increased the acid content.  Contrarily, petroselinic acid content increased as a result of exposing 
to doses of gamma radiation under study after 8 and 12 months, except the dose of 10 KGy after 
12 months which caused a decrease in the acid content. Palmitoleic and linoleic acid contents 
decreased due to exposure to gamma irradiation doses under study at zero time and after 8 months 
of storage, however, both the acid contents were increased as a result of exposing to irradiation 
doses under study after 4 months of storage, except for the dose of 40 KGy which decreased 
palmitoleic acid content. Also, irradiation doses under study after 12 months of storage caused 
linoleic acid content to decrease, except for the dose of 5 KGy which increased the acid content.  
Palmitoleic acid content gave a concave curve due to exposure to 5, 10, 20 and 40 KGy after 12 
months of storage. Moreover, linolenic acid content generally decreased as a result of exposing 
seeds to gamma irradiation doses under study at zero time and the consequent storage periods, 
however, the dose of 10 KGy after 12 months of storage exhibited an increase in linolenic 
content. Also, arachidic acid content showed the same trend as it decreased due to exposure to 
gamma rays doses under study, except for the doses of 40 KGy after 4 months and 5 KGy after 12 
months of storage which exhibited an increase in the acid content.  

 
 
5- Carbohydrates and Sugars Content : 
 

Data presented in Table (5) showed the effect of gamma radiation and storage periods on 
total carbohydrates, total soluble sugars and reducing sugars of Negilla sativa seed. Concerning 
the effect of storage periods, it was observed that total carbohydrates slightly declined during the 
consequent storage periods, in reverse, total soluble sugars and reducing sugars increased 
gradually up to 12 months of storage. As for the effect of gamma radiation doses, total 
carbohydrates exhibited a slight decrease due to exposure to the studied gamma radiation doses.  
However, total soluble sugars and reducing sugars gradually increased as a result of exposing to 
the studied gamma radiation doses. 

 
 



 
 
 
 

Table (5): Effect of gamma irradiation and storage periods on total carbohydrate, 
total soluble sugar and reducing sugars contents  of  Negilla sativa seeds 
(gm/100gm d.wt.) 
 

Storage 
Gamma irradiation doses (KGy) 

 

periods 
(month) Zero 5 10 20 40 Mean 

Total carbohydrates 

Zero 19.17 19.00 18.70 18.43 18.20 18.70 

4 18.47 18.20 18.30 17.63 17.50 18.02 
8 18.00 17.93 17.87 17.57 16.97 17.67 

12 17.47 17.33 16.97 16.80 16.70 17.05 

Mean 18.28 18.12 17.96 17.61 17.34  

Total soluble sugars 

Zero 
2.239 2.435 2.514 2.674 3.013 2.575 

4 2.340 2.500 2.624 2.703 3.133 2.660 
8 2.365 2.592 2.661 2.741 3.254 2.723 

12 2.391 2.646 2.717 2.815 3.317 2.777 

Mean 
2.334 2.543 2.629 2.733 3.179  

Reducing sugars 

Zero 0.982 0.845 0.894 1.055 1.265 0.948 

4 0.747 0.870 0.960 1.077 1.380 1.007 
8 0.779 0.955 1.042 10.98 1.478 1.070 

12 0.827 0.962 1.082 1.154 1.562 1.117 

Mean 0.759 0.908 0.995 1.096 1.421  
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