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  تأثير اإلشعاع الجامى على أيض الفطريات 
  رالمحمولة على بعض البذو

 إسماعيل محمد على عفيفى و هالل رجب موسى و محمود عبد المنجى 

   سمر منصور أحمدو
ةـخالص  

لوجراى ي ك٣و ٢و ١أجريت هذه الدراسة لبيان تأثير اإلشعاع الجامى بجرعات تراوحت بين 
عض البذور مثل الذرة والقمح والتى تم تجميعها من محافظة على أيض الفطريات المحمولة فى ب

  .  مصر،الغربية
   األسبرجلس تريكوال فى هذه البذور هى  الدراسة أن الفطريات األكثر شيوعاًأوضحت

معظم الجرعات اإلشعاعية الجامية المستخدمة خفضت من معدل و ميجتسفااألسبرجلس  و
أحدثت زيادة فبعض الجرعات اإلشعاعية الجامية أما . المحتوى الكربوهيدراتى والدهون الكلية

.  فى الحماية من التأثير الضار لإلشعاع هاماًفى المحتوى البروتينى والذى يعتقد بأنه يلعب دوراً
ألفا أميليز وزادت من نشاط إنزيمى ثبطت عمل إنزيم المستخدمة والجرعات اإلشعاعية 

األحماض العضوية فى كال الفطرين المستخدمين  من محتوى ز والبروتييز وأيضاًليالسلليو
 فى محتوى  ملحوظاًالدراسة نقصاًكما أوضحت ) ميجتسفا األسبرجلس  واألسبرجلس تريكوال(

 حزمة بروتينية ٦٩وقد لوحظ وجود . األحماض األمينية الكلية مع زيادة الجرعات اإلشعاعية
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يحتوى  ميجتسفا األسبرجلسفطر  ؛ كيلو دالتون١٧٨ إلى ١١,٥بأوزان جزيئية تراوحت بين 
ى حتوا كيلو دالتون بينما ١٢٠ إلى ١٥ الجزيئية بين ها حزمة بروتينية تراوحت أوزان٣١على 
 كيلو ٩١ إلى ١٢ حزمة بروتينية وتراوحت األوزان بين ٢٧ على اإلسبرجلس تريكوالفطر 
 حزم بروتينية ٥وجود ولوحظ أن تقدير البروتينات بطريقة التهريب الكهربائى أثبتت . دالتون

وظهور حزمتين ) ميجتسفااألسبرجلس  و األسبرجلس تريكوال(مشتركة بين كال الفطرين 
 كيلو دالتون ٦٠,٤ بوزن جزيئى ى كيلوجرا١ جديدتين تحت تأثير الجرعة اإلشعاعية نبروتينيتي
  .التريكو األسبرجلس كيلو دالتون فى فطر ٦٦,٧ووزن جزيئى  ميجتسفا األسبرجلسفى فطر 

 فإن تعرض البذور مثل القمح والذرة لجرعات إشعاعية قبل التخزين يزيد من وأخيراً
  .مقاومتها للفطريات ويحفظها ويحسن من الكم والكيف للبذور

ABSTRACT 
The influence of gamma irradiation on the metabolism of some seed born fungi 

isolated from maize and wheat grains, collected from different localities of  
El-Gharbia Governorate, Egypt, was the target of this study. The most common 
fungi isolated are Aspergillus terricola and Aspergillus fumigatus. Mostly all 
doses of gamma irradiation applied decreased carbohydrates and total lipids. 
Meanwhile, certain doses increased total proteins which suggested that protein 
might play a part in protection against the harmful effect of radiation. Application 
of gamma irradiation treatment inhibited α-amylase activities but increased 
cellulase, protease and organic acids production by Aspergillus terricola and 
Aspergillus fumigatus. The present data showed a pronounced reduction in total 
free amino acids upon increasing the gamma radiation doses. The results showed 
that 69 protein bands of molecular weights from 11.5 to 178 kDa were observed. 
Aspergillus fumigatus contains 31 protein bands from 15 to 120 kDa and 
Aspergillus terricola contains 27 protein bands from 12 to 91 kDa. According to 
the results from SDS-PAGE, 5 common bands could be seen between A. fumigatus 
and A. terricola while SDS-PAGE electrophoresis demonstrated emphasis of  
2 new bands under influence of gamma irradiation with molecular weights of  
60.4 kDa identified as phytochelatin synthase in Aspergillus fumigatus treated 
with 1 kGy and 66.7 kDa as protein from chaperone family in Aspergillus 
terricola treated with 1 kGy. 

 It could be concluded that the major advantages of gamma irradiation 
treatment to maize and wheat seeds before storage can reduce the pathogenic 
fungi and preserve the quality and quantity of processed seeds. 

INTRODUCTION 
Aspergillus species are a common group of filamentous fungi which have 

universal dissemination and are readily recovered from soil, decaying vegetation, 
air and many other environments, and their conidia turns into aerosol and are 
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largely distributed in the environment and inhaled by humans and animals (St. 
Germain and Summerbell, 1996). Some members of the genera Asp. fumigatus, 
Asp. flavus and Asp. niger can operate as an opportunistic aggressor and cause a 
group of diseases known as Aspergillosis, especially in individuals with weaken 
immune systems (Kurup and Banerjee, 2000). 

Wheat and maize grains are the major important cereal crops in Egypt which 
considered the major ingredient in animal feed throughout the world and the 
human dietary staple in many regions of Africa, Asia and Central South America 
(Troxell, 1996). Wheat is liable to be infected by many diseases causing great 
losses in grain yield and quality and during the last few years, the fungus attacks 
different wheat crops in Egypt causing great losses of grain yield, especially in the 
1994/1995 season. The rate of infection ranged between 45 to 62 % in some Delta 
governorates and about 65 % in Kafr-El-Sheikh Government, Egypt (Saber and 
Hussein, 1998). 

The microbial contamination of cereal grains may occur during harvesting, 
handling, transportation and storage (Mahrous et al., 2001). Cereal plants have 
received widespread attention, as a mean of better nutrition and health protection 
(Hetzel, 1983), to minimize fungal contamination which is of great interest (Duan 
et al., 2007). Decontamination or reduction of fungi from edible storage seeds is a 
necessary process before storage, packaging or distribution to the market 
(Osweiler, 2010). 

Methods for sterilization include treatment of seeds with surface sterilizing 
substances (hot water, natural compounds, aerated steam, commercial bleach, 
ethylene oxide, fungicides). These methods have several disadvantages for 
application to the sterilization of grains such as toxic residues which are left, and 
organoleptic properties that changed. For these reasons, reduction of pathogenic 
microflora by alternative means is highly desirable and irradiation may be a 
method of choice, particularly because unlike heat decontamination, it does not 
destroy nutrients (Campbell et al., 1986). In recent decades, gamma radiation has 
been employed as an excellent tool for application in sterilization and preservation 
of food (Maity et al., 2008). 

Ionizing radiation is approved to be an efficient physical method for prevention 
and/or reduction of fungal growth in food and feed products. Gamma rays from 
Co-60 are the most widely used technique in irradiating food due to the high 
penetration power they have, and those processed by radiation in accordance with 
the recommended doses are not considered radioactive and because gamma rays 
can kill spoilage organisms and/or slight rise in food temperature in a process 
known as cold physical process.  

The aim of the present investigation was to determine an appropriate doses 
range of gamma irradiation for stored seeds to reduce growth of the pathogenic 
fungi, in addition to the direct effects of gamma irradiation on the fungal mycelial 
contents of total protein, lipid and total carbohydrates. Also, amino and organic 
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acids contents and extracellular enzyme activities (α-amylase, cellulase and 
protease) were estimated. Protein electrophoresis technique was also carried out to 
investigate the protein status of both Aspergillus terricola and Aspergillus 
fumigatus. 

MATERIALS AND METHODS 
From different localities of El-Gharbeya Governorate, Egypt, samples of each 

of the infected cereal grains were collected such as wheat (Triticum vulgare) var. 
Giza 168 and maize (Zea mays) var. Giza 113. The cereal grains were packaged as 
100 gram samples in polyethylene bags as described by Maity et al. (2008) then 
irradiated with doses of 1, 2 and 3 kGy from a cobalt-60 (Gamma Cell 4000A, 
India) located at the National Centre for Radiation Research and Technology, 
Atomic Energy Authority, Nasr City, Cairo, Egypt. The dose rate was 4 kGy/h at 
the time of irradiation and the samples were irradiated at room temperature. Non- 
irradiated sample was packed as a control. Both the control and the irradiated 
grains were preserved under the same conditions. Potato dextrose agar medium 
was used for cultivation and after 4 days of incubation, the developed fungal 
colonies were purified by removing hyphal tips from each colony and sub-cultured 
on the surface of sterile new potato dextrose agar plates for identification. The 
well grown spreaded single colonies were picked-up and sub-cultured on potato 
dextrose agar slants (Abo-State et al., 2010). The most identified common fungi 
were identified as Aspergillus terricola and Aspergillus fumigatus. 

Protein was determined by the method of Lowry et al. (1951) using bovine 
serum albumin as a standard protein and carbohydrates estimation was carried out 
using the anthrone technique as described by Umbriet et al. (1959). Total lipids 
content was measured using the phosphovanillin method (Barnes and Blackstock, 
1973). A modification of the reducing sugar method described by Khan (1980) 
was used for the assay of endo-1,4-β-glucanase (EC 3.2.1.4). Extracellular 
protease was assayed (Ito, 2003) while α-amylase in enzyme preparation was 
determined according to Gracheva et al. (1982). The cellular amino acids were 
analyzed at amino acid unit and analytical services at the National Centre for 
Research, Dokki, Giza, Egypt. The high performance liquid chromatography 
(HPLC) is water system controller (600E detector 484). The organic acids content 
was analyzed by HPLC system (The Regional Centre for Mycology and 
Biotechnology, El-Azhar, Nasr City, Cairo, Egypt). The system comprising a 
GBC UV/vis detector (the samples were analyzed in UV spectrophotometer at 254 
nm wavelength) and a GBC LC1110 pump. The column used was kromasil 
column (250×4.5 mm) and the eluent used was acetonitrile: water (85% : 15%)  
with flow rate of 1 ml/min. The analysis of organic acids was performed using 
WinChrome Chromatography Ver. 1.3 . The extracts of fungi were analyzed by 
making use of SDS-PAGE method with 11% separating gel and 4% stacking gel 
in a discontinuous buffer system according to the method of Laemmli (1970). 
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RESULTS AND DISCUSSION 
Protein content of mycelial dry weight of Aspergillus terricola was decreased 

by increasing gamma irradiation doses (fig.1). At doses of 1 and 2 kGy, protein 
content was reduced by 26.0% and 55.3%, respectively, as compared to the 
control. Treatment with 3 kGy inhibited completely the protein synthesis in 
Aspergillus terricola and Aspergillus fumigatus. These results were in conformity 
with the findings of Nadia et al. (1988) and Gherbawy (1998). At 2 kGy, gamma 
rays increased enhancement of protein content showing high significant increase 
by 28.4% as compared with control in Aspergillus fumigatus. These results are in 
agreement with the findings of Osman et al. (1987) who reported that gamma 
irradiation caused increase in total protein in Fusarium solani which suggested 
that protein might play a part in protection against the harmful effect of radiation. 

The gamma irradiation doses caused great reduction in carbohydrate content of 
mycelial dry weight of Aspergillus terricola and Aspergillus fumigatus (fig. 1). 
Treatment with a dose of 3 kGy completely inhibited the carbohydrate contents of 
the two fungi which are in agreement with the findings of Hayashi (1986). 

Figure (1) indicated that the total lipids contents of Aspergillus terricola and 
Aspergillus fumigatus were reduced gradually with increasing the gamma 
irradiation doses. The average of total lipids content of Aspergillus terricola at 1 
and 2 kGy was reduced by 21.2% and 39.5%, respectively, as compared to the 
control while the average of total lipids content of Aspergillus fumigatus at 1 and 2 
kGy was decreased by 13.6% and 4.0%, respectively, as compared to the control 
but at 2 kGy doses, the total lipids content was increased as compared with 1 kGy 
doses but still less than the control sample. All doses of gamma irradiation 
decreased the total lipids content of Aspergillus fumigatus more than that of 
Aspergillus terricola. These results were in conformity with the findings of 
Geweely and Nawar (2006), Abo-State et al. (2010) and Osman et al. (1988). 
Treatment with a dose of 3 kGy completely inhibited the total lipids content of the 
two fungi. 

Figure (2) shows that both Aspergillus terricola and Aspergillus fumigatus at 
all treatments reflect an enhancement in cellulase enzyme activity upon radiation 
treatment. Treatment of Aspergillus fumigatus with a dose of 1 kGy increased 
cellulase levels by about 52%, and by 96% at a dose of 2 kGy as compared to the 
control samples. Meanwhile, gamma irradiation treatment of Aspergillus terricola 
by a dose of 1 kGy increased cellulase levels by about 50%, and by 116% at a 
dose of 2 kGy as compared to the control samples (fig. 2). The trend of 
stimulation in cellulase activities is greater in Aspergillus terricola than in 
Aspergillus fumigatus and these results are in conformity with the finding of  
El-Batal (2012) and El-Yasergy (1997). 

Figure (3) shows that both Aspergillus terricola and Aspergillus fumigatus 
were able to produce α-amylase enzyme but the production was decreased by 
radiation effects. Gamma irradiation treatment of Aspergillus fumigatus by  a dose 
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of 1 kGy inhibited α-amylase activity by about 52%, and by 73% at a dose of  
2 kGy as compared to the control samples. Meanwhile, gamma irradiation 
treatment of Aspergillus terricola by a dose of 1 kGy inhibited α-amylase 
activities by about 62%, and by 81% at a dose of 2 kGy as compared to the control 
samples (fig. 3). The trend of inhibition of α-amylase activity is greater in 
Aspergillus terricola than that of Aspergillus fumigatus and these results could 
concert with the findings of Nahed (1999). 

Data presented in figure (4) reveal that both Aspergillus terricola and 
Aspergillus fumigatus were able to stimulate protease enzyme by radiation effects. 
Gamma irradiation treatment of Aspergillus fumigatus at a dose of 1 kGy 
accelerated protease activities by about 46%, and by 124% at a dose of 2 kGy as 
compared to the control samples. Meanwhile, gamma irradiation treatment of 
Aspergillus terricola by a dose of 1 kGy stimulated protease activities by about 
31%, and by 86% at a dose of 2 kGy as compared to the control samples (fig. 4). 
The trend of stimulation in protease activities was greater in Aspergillus fumigatus 
than in Aspergillus terricola which are in conformity with the finding of Nahed 
(1999). The results shown in tables (3) and (4) showed pronounced reduction in 
the amount of total free amino acids by increasing gamma irradiation doses. These 
results are in agreement with the findings of Abo-El-Khair (1986) and Awny et al. 
(1988). 

Aspergillus terricola and Aspergillus fumigatus were able to produce organic 
acids such as oxalic and citric acids in the growth medium as secondary 
metabolites. Gamma irradiation treatment increased the organic acids production 
by Aspergillus terricola and Aspergillus fumigatus (figs. 5 and 6). The results 
indicated that at exposure dose of 1 kGy, the oxalic acid production was not 
detected but at 2 kGy, the amount of oxalic acid was highly increased to about 2.6 
times with concentration of 40.9 mg/ml higher than the control of 20.1 mg/ml. 
However, the production of citric acid was not detected at 2 kGy and was 
increased at 1 kGy by concentration of 10.9 mg/ml and R time 3.3 as compared 
with the control of 8.4 mg/ml and R time 3.5 in case of Aspergillus terricola . 

Aspergillus  fumigatus contains 31 protein bands with the maximum band from 
15 to 120 kDa while Aspergillus terricola contains 27 protein bands from 12 to 91 
kDa (tables 1 and 2). Among these bands, protein bands with molecular weights of 
15, 23.5, 27, 33.5 and 61 kDa were observed in the two species of Asp. fumigatus 
and Asp. terricola. SDS-PAGE electrophoresis demonstrated the emphasis of two 
new bands under the influence of gamma irradiation with molecular weights of 
60.4 kDa identified as phytochelatin synthase in Aspergillus fumigatus treated 
with 1 kGy and 66.7 kDa as protein from chaperone family in Aspergillus 
terricola treated with 1 kGy. These results suggest that the gamma irradiation 
caused the change of secondary structure of proteins resulting in change in the 
physicochemical properties of proteins and these results are in agreement with the 
findings of Smith and Pillar (2004) and Taupe (2001). 
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Fig. (1): Total protein, soluble sugars and lipids content of 
mycelial of Aspergillus terricola and Aspergillus 
fumigatus as influenced by different doses of gamma 
irradiation after growth for 7 days. 
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Fig. (2). Effect of different doses of gamma irradiation on 

cellulase activity for Aspergillus terricola and 
Aspergilus fumigatus. 

 
Fig. (3):  Effect of different doses of gamma irradiation on 

α-amylase activity for Aspergillus terricola and 
Aspergillus fumigatus. 

 
Fig. (4):  Effect of different doses of gamma irradiation on 

protease activity for Aspergillus terricola and 
Aspergillus fumigatus. 
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Fig. (5): Organic acids (oxalic acid and citric acid) content 

of culture filtrate of Aspergillus terricola at 
different doses of gamma irradiation. 

 
 

 
Fig. (6): Organic acids (oxalic acid and citric acid) content 

of culture filtrate of Aspergillus fumigatus at 
different doses of gamma irradiation. 
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Table (1): Effect of different doses of gamma irradiation on the number of 
protein bands observed using the SDS-PAGE technique for 
Aspergillus terricola. 

Radiation doses 
(kGy) 

Protein bands  
(kDa) 

Total  
bands 

0 
12, 15, 22.5, 23, 23.5, 26, 27, 28.5, 30.5, 

33, 33.5, 35, 36, 37.5, 39, 40, 42, 43,  
47, 50, 55, 58, 61, 73.5, 80, 86, 91 

27 

1 42, 43, 47, 50, 55, 58, 61,  
 66.7, 73.5, 80, 86, 91 12 

2 73.5, 80, 86, 91 4 

 
 
Table (2): Effect of different doses of gamma irradiation on the number of 

protein bands observed using the SDS-PAGE technique for 
Aspergillus fumigatus. 

Radiation doses 
(kGy) 

Protein bands  
(kDa) 

Total  
bands 

0 

15, 18, 23, 23.5, 25, 25.5, 27, 28,  
29.5, 31.5, 32, 33.5, 34, 35, 36, 37,  
41, 46, 49.5, 52.5, 57, 61, 70, 74,  
76.5, 81, 84.5, 93, 103, 111, 120 

31 

1 52.5, 57, 60.4,  61, 70, 74, 76.5,  
81, 84.5, 93, 103, 111, 120 13 

2 81, 84.5, 93, 103, 111, 120 6 
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Table (3): Effect of different doses of gamma irradiation on amino acids content 
(g/100g d.wt.) of Aspergillus terricola. 

Gamma  irradiation  (kGy) 
Amino acids 

0 1 2 

Lysine 

Alanine 

Proline 

Valine 

Isoleucine 

Leucine 

Phenylalanine 

Methionine 

Tyrosine 

Threonine 

Glycine 

Aspartic acid 

Arginine 

Cystine 

Y-Aminobutyric acid 

Serine 

Tryptophan 

Glutamic acid 

Histidine 

0.295 

0.789 

0.185 

0.310 

0.153 

0.213 

0.098 

0.011 

0.201 

0.169 

0.113 

0.379 

0.315 

0.309 

0.198 

0.118 

0.068 

0.508 

0.008 

0.233 

0.720 

0.170 

0.313 

0.123 

0.178 

0.056 

0.005 

0.180 

0.190 

0.100 

0.350 

0.380 

0.260 

0.130 

0.096 

0.045 

0.601 

0.002 

0.200 

0.733 

0.152 

0.270 

0.100 

0.113 

0.027 

0.002 

0.112 

0.118 

0.078 

0.298 

0.218 

0.212 

0.099 

0.034 

0.012 

0.618 

0.001 

Total 4.131 4.131 3.397 

Data are expressed by g amino acids/ 100 g mycelial dry weight.  
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Table (4): Effect of different doses of gamma irradiation on amino acids content 
(g/100g d.wt.) of Aspergillus fumigatus. 

Gamma  irradiation  (kGy) 
Amino acids 

0 1 2 

Lysine 

Alanine 

Proline 

Valine 

Isoleucine 

Leucine 

Phenylalanine 

Methionine 

Tyrosine 

Threonine 

Glycine 

Aspartic acid 

Arginine 

Cystine 

Y-Aminobutyric acid 

Serine 

Tryptophan 

Glutamic acid 

Histidine 

0.306 

0.769 

0.213 

0.279 

0.170 

0.233 

0.076 

0.009 

0.233 

0.150 

0.125 

0.360 

0.318 

0.312 

0.169 

0.123 

0.082 

0.531 

0.013 

0.278 

0.777 

0.176 

0.233 

0.122 

0.250 

0.055 

0.004 

0.240 

0.133 

0.099 

0.334 

0.279 

0.256 

0.190 

0.100 

0.095 

0.488 

0.007 

0.200 

0.680 

0.112 

0.188 

0.091 

0.270 

0.023 

0.001 

0.256 

0.110 

0.046 

0.279 

0.200 

0.260 

0.211 

0.078 

0.045 

0.398 

0.002 

Total 4.471 4.116 3.450 

Data are expressed by g amino acids/ 100 g mycelial dry weight. 
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