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Abstract  
Spoilage of nutritional value of stored grains and seeds by the surface-infesting microbes, 
especially those producing mycotoxins, has been a worldwide economic problem. In this 
perspective our present work aims at probing into the potential of gamma rays to reduce the 
microbial infestation on stored grain surface and additionally to focus differential radiation 
sensitivity, if any, of the different fungi in response to gradient of gamma exposure. Co-60 
source at 250C emitting gamma rays at 1173 and 1332 keV energy (0.12 kGy/h) was used in 
the range of 0.5-6 kGy (absorbed dose) for irradiating some common stored seeds in India 
namely rice (Oryza sativa. Cv-2233 and Oryza sativa. Cv-Shankar), Bengal gram (Cicer 
arietinum. Cv-local), wheat (Triticum aestivum) and Mung (Phaseolus mungo). Gamma 
irradiation results in dose-dependent delay in colony formation and growth inhibition of the 
fungi on the seed surface. Differential rate of depletion was noted for different fungi. 
Effective absorbed dose for depletion of Alternaria sp., Aspergillus sp was 1–2 kGy while 
that for Tricoderma sp., Curvularia sp was 0.5-1 kGy. Complete inhibition of all the selected 
fungi was found above 2.5 kGy. Germinating potential of the irradiated grains remained 
unaffected upto an absorbed dose of 2kGy while their respective nutritional value in terms of 
protein and carbohydrate content was not significantly altered. Higher doses of exposure 
however, documented delayed seed germination. Colony forming ability (CFA) of the 
exposed fungi documented significant variation between fungi attached to the seed surface 
and that when isolated from the host. Alternaria sp, Aspergillus sp or Curvularia sp exhibited 
total inhibition of CFA at a much lower dose (1-3 kGy) in isolated conditions than that when 
seed attached (>4kGy). On the other hand Trichoderma sp expressed a different trend 
revealing more sensitivity in seed–attached condition. Such differential response possibly 
reflects species-specific radio-sensitivity of respective fungi associated with their host–
specific interaction. 
 
Keywords: Gamma irradiation, Fungi, Oryza sativa L., Cicer arietinum L., Triticum aestivum L., Phaseolus 
mungo L. 
 
 
1. Introduction 
         Mycoflora in association with food grains have been a subject of interest since decades 
(Hill and Lacey, 1983). Major works in this aspect concentrated upon a limited number of 
osmophillic Aspergilli and Penicilli of various food grains, generally referred as storage fungi.  
Available reports document Penicillium sp. as the predominant contaminant of storage grains 
in temperate regions, and Aspergillus sp. in tropical and subtropical regions, accompanied by 
Penicillium and Rhizopus in the humid tropics. Several reports are available focusing 
investigation on mycofloral infestation of barely seeds (Hill and Lacey, 1983), almonds 
(Philips et al, 1979), maize (Brodnik and Klemenc, 1972), bean seeds, wheat and rye, paddy. 
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It has been documented that the sterilization through heating was effective against fungal 
infection but drastically degraded the physico-chemical properties of the seeds resulting in 
complete loss of seed viability (Pixton, 1968; Harwig and Chen, 1974;). Furthermore, surface 
sterilization could seldom eliminate the contaminating fungi (Flannign, 1977 and Sauer and 
Burroughs 1980). The sensitivity of these microbes for radiation has also been tested, though 
mostly in laboratory culture condition of the fungi, and application of radiation has been well 
utilized in fields of food preservation (IAEA-FAO, 1970 1978; Saleh et al, 1988, Ramkrishna 
et al, 1991, Farag et al, 1995; Aziz et al, 1997; Bazza et al., 2001). However, till date, in our 
country where storing of cereal grains and seeds is one of the utmost important practice as far 
as food rationing is concerned, no major attempt has been taken to employ radiation for 
disinfecting the stored seeds and improve their status thereby without greatly affecting 
chemical composition and their viability. In this perspective the basic aim of our work is to 
probe into the potential of gamma radiation to free some common stored grains of West 
Bengal from the surface infesting pathogenic fungi with minimal loss in viability, food value 
and/or germinating potential of the seeds. 
 
2. Materials and Methods 
 
2.1.   Samples and irradiation  
         The seed grains (Oryza sativa. Cv-2233, Oryza sativa L. Cv-Shankar, Cicer arietinum 
L., Triticum aestivum L., Phaseolus mungo L.) were collected from the district of Midnapore, 
West Bengal, one the major rice producing districts of India. Cicer arietinum L. Cv-local was 
collected from Calcutta, India. The original water content of the Oryza sativa was 9%-10% 
while it was 9%-9.5% in Bengal gram. Twenty-five gm of such collected seeds were stored in 
the polythene bags for irradiation following the method as described by Cuero et al (1986). 
The fungi (Alternaria sp. Aspergillus sp. Tricoderma sp. Curvularia sp.) were collected from 
the above seed grain. The seeds and isolated fungi were exposed to a 60Co gamma source for 
irradiation at the 25 0C at Chemical Science Division of Saha Institute of Nuclear Physics, 
Calcutta, India using doses of 1-6 KGy for seed sample and 1-3.5 KGy for fungal sample. The 
radiation doses were measured with Fricke Dosimeter (Spinks & Woods, 1976). All 
experiments were repeated three times and 3x25g replicates of the grains received each dose.  
 
2.2 Seed viability test 
       Seed viability was determined before and after gamma irradiation by incubating 60 
seeds each seed type in three subsets (20 per subsets) in sterile petridishes containing sterile 
wet filter paper and cotton at 28 0C and 90% relative humidity following the method as 
described by De Temple (1961) and later followed by Chaudhuri et al., 2002 and Christensen 
(1974). The percentage of seed germination was determined up to 4 days for each exposed 
group of samples and then compared with that of the control group (non exposed). 
 
2.3. Fungal diversity assay of stored seed 
       The surface and internal microflora (fungi) before and after radiation exposure was 
determined according to the method of Cureo et al (1986) by placing 60 seeds (20 seed/plate) 
on the malt agar medium and incubating at 29 0C for 4 days. The microbial colonies were 
counted and then the isolated micro floral populations were identified up to genus level 
according to classification procedure described in earlier literature (Onions, 1966; Lodder, 
1970; Cureo et al 1986).  
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2.4 Fungal spore germination test 
         Spore viability of Alternaria sp. Aspergillus sp. Tricoderma sp. and Curvularia sp was 
determined by dilution plate method (Lacey et al, 1980). in three subsets (up to 10 -4 dilution) 
on potato dextrose agar media containing sterile petridishes.  The microbial colony were 
counted following plate count method (Pelczar, 1996) 
 
2.5 Estimation of the total Carbohydrates of seed 
         Total Carbohydrate content of the control & exposed seed was measured by anthrone 
method (Hedge et al, 1962) 
 
2.6 Total protein estimation 
         Total protein content of the control & exposed seed was measured by the Lowry’s 
method (Lowry et al, 1951). 
 
3. Results and Discussions 
 
3.1 Effects of seed germination and fungal infection 
         The radiation exposure up to 4-5 KGy did not hamper germination while exposure 
doses higher than that, exhibited 10-15% loss in geminability (Fig-1). The depletion of 
germination percentage 10% were found in Oryza sativa Cv-Shankar seed at 5 KGy exposure 
where that percentage were found for Oryza sativa Cv-2233 at the dose of 6Kgy. The 
Triticum aestivum exhibited more gamma radiation sensitive. It has been found 15% loss of 
germination potential at 5 KGy where as 30% loss of germination potential at 6 KGy dose. 
The rate of degradation of total fungal population (infection) of Oryza sativa Cv-Shankar, 
Cicer arietinum L and Phaseolus mungo L were very high from 2-3 KGy gamma dose where 
as in case of Triticum aestivum and Oryza sativa Cv-2233 were in the range of 1-2 KGy. 
While at the 4.2 KGy of exposure the infection index was zero for all the seed type. 
 
3.2 Radio sensitivity and diversity of seed borne fungi 
         The investigation show exposure of the stored grains taken under study resulted in 
gradual depletion of the fungal population. This decrease in fungal colony on the seed surface 
was directly proportional to the increasing gradient of radiation exposure (Fig 2, 3, 4, 5 & 6). 
Out of the nine types of infecting fungi in both strains of non-exposed Oryza sativa seeds, 
four fungi representing the genera Rhizopus sp., Fusarium sp., Cladosporium sp., 
Trichoderma sp. were found to be completely inhibited at an exposure of 1.0 KGy, inhibition 
of Drechslera sp. was noted at 2.0 KGy while Helminthosporium sp. and Curvularia sp. 
exhibited 100% mortality when exposed at 3.0 KGy. At an exposure of 4.0 KGy Aspergillus 
sp. could not survive where as Alternaria sp. was viable at this dose while totally inhibition of 
4.2 KGy exposure.             
         The differential response of different fungi upon exposure to radiation could be the 
consequence of difference in radio sensitivity of the different genera. In Bengal gram, like 
that of rice. Depletion pattern in frequency of infecting fungal population in Bangal gram was 
found similar to the Oryza, reflecting a positive correlation between frequency of fungal 
inhibition and increase in exposure dose. It may be interesting to note that though  
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Fig 1: Radiation (60Co) effects of seeds viability (germination %)with respect to there fungal 
infection (%). Line represents mean ± SE of n=60; (p<0.05). Diversity of fungal colony (Fig 
2: Oryza sativa. Cv-2233 Fig 3: Oryza sativa. Cv-Shankar), Fig 4: Cicer arietinum. Cv-local, 
Fig 5: Triticum aestivum) and Fig 6: Phaseolus mungo). Line diagram represents mean ±SE of 
n=120; (p<0.05). Maximum error for infection 0.05. Fig-7: Germination of isolated fungal 
colony with 60Co gamma irradiation source. Line diagram represents mean ±SE of n=120; 
(p<0.05). Maximum error for infection 0.05. Fig-8: Radiation effects of seeds carbohydrate 
content. Bar represents mean ± SE of n=6; (p<0.05). Fig- 9: Radiation effects on total protein 
of seed. Bar represents mean ± SE of n=6; (p<0.05) 
 
the inhibition pattern of colony frequency of Fusarium sp., Drechslera sp., Curvularia sp., 
Aspergillus sp. and Alternaria sp. in Bengal gram in response to specific exposure doses was 
found similar to that rice, the intensity of such effect on the fungi varied greatly in two 
different hosts. Furthermore Helminthosporium sp. was found to exhibit a differential survival 
response in the two different seed types. In gram seeds it was completely inhibited when 
exposure to 1.0 KGy while in case of Oryza complete inhibition of its colony required 2 KGy 
exposure (Fig 2, 3 & 4). 
  Triticum exhibited five fungal genera like Aspergillus sp., Alternaria sp., 
Helminthosporium sp., Curvularia sp., and Fusarium sp in non-irradiated sample (Fig 5). The 
trend of degradation of fungal diversity was same as Oryza seed. But their total count was 
very high in case of Triticum and Phaseolus seed. The % of CFA of the Alternaria sp was 

Fig 7 
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13.2 in Phaseolus, 15 in Oryza and Cicer where as only 9.1 in Triticum. The total depletion of 
CFA has been found 75% in Oryza where as 88-90% for Cicer and Triticum seed (Fig 4 & 6).    
        The present result shows exposure at 2 KGy to be the most effective since at this dose 
50% or more of the different types of infecting fungi exhibited 98% lethality in all the 
experimental seed samples. 
 
3.3 Radio sensitivity of isolated seed borne fungi  
         Colony forming ability (CFA) of the exposed fungi documented significant variation 
between fungi attached to the seed surface and that when isolated from the host. Alternaria sp, 
Aspergillus sp or Curvularia sp exhibited total inhibition of CFA at a much lower dose (1-3 
kGy) in isolated conditions than that when seed attached (>4.2kGy) (Fig 1&7). On the other 
hand Trichoderma sp expressed a different trend revealing more sensitivity in seed–attached 
condition.  Such different response might be indicateted of host-specific interaction of a 
particular fungal type. The isolated fungi from stored seed like Alteranria sp Tricoderma sp, 
and Curvularia sp, are more radiosensitive than Aspergillus sp. The complete inhibitions are 
found for Tricoderma sp at 2 kGy and for Aspergillus sp at 3 kGy where as, the Alternaria sp 
and Curvularia sp are inhibit at 2.5 kGy dose. The germination percentage of all fungi is 
decreased with gamma dose. The rate of degradation of germination percentage is greater then 
other three selected fungal species. 100% germination inhibition are found for Tricoderma sp 
at 2 kGy gamma dose but at the same dose that are 80% for Alternaria, 61% for Aspergillus 
sp and 90% for Curvularia sp. similar findings from Abyad et al 1979 shows that the gamma 
ray inhibits the fungal spore germination at the range from 1-5 kGy. Ramkrishna et al 1991 
and Aziz et al 1997 eliminated the Alternaria spore from barley seed and tomato (paste and 
juice) at 4 kGy respectively. Also similar findings from Bazza et al 2001 for decontamination 
of seed sample at dose level of 6 kGy. 
 
3.4 Effects of gamma irradiation on carbohydrate 
        The carbohydrate content was 36%-38% in the Oryza sativa seed were as nearly 45% 
in Cicer arietinum seed. Gamma ray was found to damage the seed carbohydrate content. The 
degradation of carbohydrate was higher in Bengal Gram compared to rice seeds. Radiation 
exposure was found to reduce carbohydrate content in both the seed types. Loss in 
carbohydrate content in both Oryza and Cicer was observer to be linearly proportional to 
increase in radiation exposure. At 4.2 KGy of exposure when total fungal decontamination 
was accomplished, loss in carbohydrate content was approx 15- 20% in the exposure seed  
(Fig-8). The total carbohydrate content of Triticum and Phaseolus were 46.97mg/g and 
39.56mg/g. The percentage loss of carbohydrate content in higher dose (>3KGy) was more 
with respect to the selected seed. But less than the dose of <2KGythe loss of carbohydrate 
content was very less. However, a minimal loss of 5-10% was noted when exposed to 2 KGy 
for all seed types. 
 
3.5 Effects of gamma irradiation on total Protein 
         Total protein of non-exposed Oryza sativa has been found to be in the range of 20 to 
22 mg/g while that for Bengal Gram 25 mg/g (Fig- 9). In general, the gamma radiation 
damaged the total protein content of seeds. The rate of loss of total protein decreases with the 
increase of exposure dose, for Oryza sativa while the pattern of change in total protein content 
in Bengal gram was different. At 4.2 KGy of exposure when total fungal decontamination was 
accomplished, loss in protein content was approx 23% in the exposure seed. The protein 
content of control Triticum seed has been found 22% where as 28% in Phaseolus seed. The 
degradation of total protein content was very less in irradiated Phaseolus with respect to the 
other irradiated seed type. Only 6% of total protein has been found in Phaseolus seed where 
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as 15-16% for other seed type. However, approx 15% loss of total protein was noted when 
exposed to 2 KGy for all seed types. 
 
4. Conclusions  
         Gamma irradiation is effective for decontamination of seed-surface infecting 
microflora. A series of experiments are initiated to study radiation-induced effects on 
common storage edible seed infected with surface microflora, namely two strains of rice 
(Oryza sativa Cv-2233 and Oryza sativa Cv-Shankar), Bengal gram (Cicer arietinum. Cv-
local), wheat (Triticum aestivum) and Mung (Phaseolus mungo). Seeds in question are 
irradiated with gamma radiation in the dose range of 1 - 6 kGy. After the exposure it is 
observed that a significant depletion of fungal population (80-90%) occurred with a dose of 1-
2 kGy while total inhibition of contamination took place at 4.2 kGy. It has also been observed 
that the germinating potential of the treated seeds did not alter significantly. Colony forming 
ability (CFA) of the exposed fungi documented significant variation between fungi attached 
to the seed surface and that when isolated from the host. Alternaria sp, Aspergillus sp or 
Curvularia sp exhibited total inhibition of CFA at a much lower dose (1-3 kGy) in isolated 
conditions than that when seed attached (>4.2kGy).  Effective dose range 2-4 KGy imparted 
minimal loss of natural value with significant removal of infecting fungal colony. 
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