
2011 International Nuclear Atlantic Conference - INAC 2011 
Belo Horizonte,MG, Brazil, October 24-28, 2011 
ASSOCIAÇÃO BRASILEIRA DE ENERGIA NUCLEAR - ABEN 
ISBN: 978-85-99141-04-5 

 

MORPHOLOGICAL CHANGES OF ASPERGILLUS OCHRACEUS 

IRRADIATED ON PEANUT GRAINS 

 

Valéria B. Borges
1
, Helio C. Vital

2
, Maria C. A. Maia1, Maria A. P. G. Couto

1
 and

 

Mauro C. L. Souza³ 

 
1
 Coordenação dos Programas de Pós-graduação em Processos Químicos e Bioquímicos  

Escola de Química da Universidade Federal do Rio de Janeiro (EQ/ UFRJ) 

Bloco E do Centro de Tecnologia, Ilha do Fundão 

21949-900 Rio de Janeiro, RJ 

valeriabborges@hotmail.com 

antun@eq.ufrj.br 
gimenes@eq.ufrj.br 

 
2
 Seção de Defesa Nuclear do Centro Tecnológico do Exército (CTEx) 

Av. das Américas, 28705, Guaratiba 

23020-470 Rio de Janeiro, RJ  
vital@ctex.eb.br  

 
3
 Laboratório de  Instrumentação Nuclear (LIN/COPPE/UFRJ) 

Bloco F do Centro de Tecnologia, Ilha do Fundão 

21949-900 Rio de Janeiro, RJ 

mauroclsouza@hotmail.com 

  

 

 

 
 

ABSTRACT 
 
This study investigated the morphological changes of Aspergillus ochraceus inoculated on peanuts and irradiated. 

The effects of radiation on the morphology of the fungus were evaluated macroscopically and microscopically. 
The experiments were performed with samples of peanuts in natura (raw and peeled) purchased in supermarkets 

in the city of Rio de Janeiro. The samples were inoculated with the fungal strain Aspergillus ochraceus (CMT 

00145) in petri plates that were kept incubated in a BOD germination chamber at 25°C for 5 days. They were then 

exposed to gamma radiation from a cesium-137 source to doses of 0, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, and 

5.5 kGy at an average dose rate of approximately 1.6 kGy/h. Radiosensitivity as well as morphological and 

microscopic changes induced by irradiation were investigated for colonies kept for 7 days in MEA medium at 

25oC. Inactivation was found to occur for all colonies irradiated with 5 kGy and for none irradiated with 2.0 kGy 

or less. Also investigated was the time needed for irradiated colonies to resume growth. The impact of irradiation 

on the morphological and microscopic characteristics of the fungus were found to become significant at doses 

above 1 kGy, causing some structures to gradually shrink or even vanish with increasing dose. 

 
 

1. INTRODUCTION 
 

Grains are adapted to the wide range of climates within the tropics and subtropics excepting 
those excessively humid. The cultivation of grains has an entire ecosystem of its own. After 

harvesting, they undergo severe changes in their environmental conditions as they are 
submitted to drying and storage, which ultimately impact the mycobiota originating from the 

field, sometimes leading to the predominance of the fungi Aspergillus spp. and Penicillium 

spp. Brazil has several major deficiencies in the processes of grain production both at harvest 
and postharvest stages. Regarding storage, lack of silos on the network still remains a serious 
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problem since it causes grains to be kept outdoors in the countryside exposed to environmental 

conditions. In addition, transportation is mostly accomplished through a poor network of roads. 

As a consequence, beans remain long periods under conditions of high temperature and 

increased humidity that facilitate fungal growth and eventually lead to the production of 

mycotoxins, causing loss of quality. This situation is of concern to agribusiness. 

 

Fungi are ubiquitous microorganisms present in various climates, dominating especially in 

warmer areas. They are more common in the tropics, where the diversity of species is greater 

[1]. In those regions, more efforts should be made to avoid fungal contamination of agricultural 

products and growth of toxigenic species [2]. 

 

Aspergillus is a genus of anamorphic fungi that reproduce by producing phialoconidia [3]. It 

has great metabolic versatility and ability to disperse conidia in the environment to such an 

extent that it can sustain growth even under adverse conditions such as low humidity and low 

water activity [4]. 

 

Various Aspergillus species are of particular importance for humans and animals due to their 

ability to produce toxic metabolites when present in food (mainly A. flavus, A. parasiticus and 

A. ochraceus). They are most commonly found as contaminants of food and other materials in 

regions of tropical and subtropical climates. Many species have great capacity for growth and 

metabolism at low water activity [1]. The genre is considered a major cause of degradation of 

agricultural products both before and after harvest. Apart from food spoilage, representatives 

of this genre also have the ability to produce a wide variety of mycotoxins, affecting the food 

chain and contaminating products such as peanuts, tree nuts, sorghum, soybeans and other 

oilseeds [3]. Fungal growth reduces the nutritional value and digestibility of food. Moreover, 

the production of mycotoxins in grains can cause direct harm to the health of animals by 

poisoning, as in the case of mycotoxicosis, found at acute, subacute, or more commonly 

chronic stages [5]. As it becomes clear after consulting the available literature, the best method 

for avoiding mycotoxin contamination of foods is to prevent the growth of fungi [6].  

 

Gamma rays are electromagnetic waves with high penetrating power which pass through the 

food leaving no residue. That is an advantage of irradiation when compared to disinfestation 

treatments that use chemicals. The exposure to ionizing radiation in order to eliminate or 

reduce the number of microorganisms present in foods, consequently improving their hygienic 

quality and safety, has been proposed in order to control spoilage agents, including fungi. Food 

irradiation is effective in reducing or eliminating contamination by toxigenic fungi. Thus it is 

an efficient tool for production of safer products, maintaining food quality in the domestic 

market, and also contributing to make the export of grains more competitive, also bringing 

benefits to the whole production chain [7-8]. The dose of radiation to be used in the treatment 
depends on the type and composition of the food, its initial contamination, on the 

radiosensitivity of the contaminating microorganisms and on the proposed treatment [9].  

 

Irradiation has been used to reduce or eliminate the microbiological load of different 

substrates, such as peanuts, rice, oats and wheat [10], corn [11], books and old documents [12], 

peanuts [13] and guarana powder used as a stimulant [14]. 

                                                                 

However, there are still many unanswered questions concerning the effects of irradiation on the 

mycobiota of peanut grains so that more studies are needed to investigate the impact of the 
treatment on the toxigenic fungi Aspergillus spp. Therefore the purpose of this work is to 
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investigate the effects of gamma radiation on the morphology of strains of the Aspergillus 
ochraceus fungus in peanuts by using macroscopic and microscopic techniques.  

 

 

                                                  2.  EXPERIMENTS 
 

Fresh and peeled samples of peanuts were purchased at supermarkets in the city of Rio de 

Janeiro. Measurements of water activity in the samples were performed at the Laboratory of 

Rheology and Grind of EMBRAPA in Guaratiba, Rio de Janeiro.                                           .                                                                          

 

The species Aspergillus ochraceus (CMT00145) was investigated in this work. The strain was 

provided by the Laboratory for Evaluation and Promotion of Environmental Health, 

Mycological Collection Trichocomaceae of the IOC (FIOCRUZ). In order to be reactivated, 

the lyophilized strain was inoculated in petri dishes containing PDA (Potato Dextrose Agar) 

culture medium and remained incubated for 10 days in a BOD (Fanem 347F model) 

germination chamber at a temperature of 25
o
C. The experiments were performed in triplicate. 

The mycological analyses were performed in the Laboratory of Taxonomy, Biochemistry of 

Fungi and Bioprospecting (LTBBF) IOC of FIOCRUZ.  

 

After growth the reference strain of Aspergillus ochraceus (00145 CMT) was inoculated on 

groundnut kernels and the plates were incubated in a BOD germination chamber at 25 ºC, 
where they remained for five days for growth of fungal colonies. On the sixth day, the samples 

were exposed to gamma radiation doses of: 0, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0 and 5.5 

kGy at the Technology Center of the Army (CTEx) in Guaratiba, RJ. Conditioned inside petri 

dishes, the samples were inserted into the central region of the upper irradiation chamber of the 

cesium-137 irradiating facility and exposed at an average dose rate of 1.6±0.2 kGy/h. During 

irradiation, the average temperature was 33°C. Repositioning of the samples were performed at 

mid-irradiation in order to compensate for vertical dose gradients, providing a total dose as 

uniform as possible throughout the samples. Exposure times were calculated using a program 

developed for that purpose. The program takes into account the date in order to compensate for 
the decay of the source, geometry and density of samples and is based on dosimetric mappings 

of the irradiator [15]. The uncertainty associated to the absorbed doses is ±15%. The plates 

were brought to LTBBF-IOC (FIOCRUZ) where the irradiated grains were removed from the 

plates and directly inoculated in petri dishes containing PDA culture medium in order to verify 

the presence or absence of colony growth and other fungal characteristics after irradiation. The 

dishes were then kept in a BOD germination chamber at 25
o
C for 1, 7 and 15 days and then 

analyzed for colony growth.                                           

 

The morphological features of colonies were observed in accordance with instructions 
available in the literature [3] in order to identify species of the genus Aspergillus by meticulous 

inspections of characteristics of colonies and their reverses such as color, texture, diameter and 
presence of resistance structures such as sclerotia. The grown colonies and the control (a non-

irradiated colony) were transferred to petri dishes containing culture medium MEA (Malt 

Extract Agar) by inoculation onto three equidistant areas of each dish. The inoculated dishes 

were kept incubated for 7 days at 25
o
C and then monitored for growth rate (by using an 

electronic caliper) and changes in the macroscopic and microscopic characteristics of the 

colonies. Growth rates of the colonies were measured with the aid of an electronic caliper.  

Also recorded, for later comparisons with the literature and analysis of time variations, were: 
the overall appearance of the colonies and of their reverses in addition to coloration. Cultures 

were also analyzed in order to investigate fungal radiosensitivity by studying 
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micromorphological changes in the characteristics of structures, including conidiophores, 

vesicles, metulae, phialides and conidia.  

 

During the analyses the sizes, shapes, textures and colors of colonies were monitored. After 7 

days of growth, slides were mounted, stained and observed in an optical microscope. In a 

typical analysis, 50 structures were identified, measured and photographed for later 

comparisons with data for that species reported in the literature. Control and irradiated strains 

were compared with macroscopic and optical microscopy according to a widely accepted 

taxonomic key [3]. 

 

 

                                              3. RESULTS AND DISCUSSION 
 

Optical analyses included macroscopic as well as microscopic inspections of the cultures. The 

main results from such observations are summarized in this section. 

3.1 Macroscopic Observations 

    

Information on growth of colonies of A. ochraceus (CMT 00145) incubated for 7 days on 

MEA as a function of post-irradiation time (1, 7 and 15 days) is provided in Table 1.  

  

 

 

Table 1. Growth of A. ochraceus as a function of post-irradiation time 

 

Time after Irradiation (days)  

Dose (kGy) 1 7 15 

0 
+ + + 

1.0 
+ + + 

1.5 + + + 

2.0 
+ + + 

2.5 
- - + 

3.0 - - + 

3.5 
- - + 

4.0 
- - + 

4.5 - - + 

5.0 
- - - 

5.5 
- - - 

                                     Note: (+) means there was growth and  (-) means there was no growth                   .                   

  

 

By inspecting it, it can be concluded that all colonies irradiated with 2.0 kGy or less continued 

to grow after irradiation. In contrast, no colonies irradiated with 5.0 kGy or 5.5 kGy continued 

to grow after irradiation, meaning that inactivation occured for all colonies of Aspergillus 

ochraceus (CMT 00 145) treated with dose of 5 kGy or higher. Another interesting finding is 

that the number of colonies that resume growth tend to increase as more time is allowed for 
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recovery. That is very important since premature analyses made during the recovery period can 

lead to the wrong conclusion that inactivation occurred, even in cases the colonies would be 

still preparing to resume their growth after the stress caused by irradiation.  

 

The diameters of colonies of Aspergillus ochraceus (CMT 00 145) measured after incubation 

for 7 days in MEA are listed in Table 2. The figures are averages of 3 measurements. The 

normal range for diameters of colonies after 7-day incubation in MEA is 44-55 mm with values 

up to 57 mm accepted [3].  

 

 

 

Table 2. Measured diameters of colonies of Aspergillus  
 ochraceus incubated for 7 days in MEA 

 

Absorbed dose (kGy) Diameter (mm) 

0 55.0 

1.0 50.4 

1.5 49.8 

2.0 45.7 

2.5 41.8 

3.0 35.4 

3.5 6.3 

4.0 5.8 

4.5 4.2 

 

 

 

A strong correlation is readily noticed as the diameter of the colonies decrease with increasing 

dose, so that their sizes become abnormally small when irradiated with 2.5 kGy or more. The 

colonies shrink proportionally to dose and an abrupt reduction in diameter occurs as the dose is 

increased from 3.0 to 3.5 kGy.    
                                                        

The macroscopic characteristics of colonies of A. ochraceus in MEA medium for 7 days are 
described as non-dense, flaky sporulated colonies ranging in color between yellow and amber. 

The mycelium is white, with the color of reverse ranging from yellow to pale orange or gray 
gold. The sclerotia (when present) is opaque, ranging in color from pink to purple and that is 

the main distinguishable feature for the species [3]. 
 

Listed in Table 3 are morphological differences between control and irradiated strains, such as 

changes in color, texture and reverse of the colony. Such changes tend to become more 

conspicuous with increasing dose. A gradual decrease in the presence of sclerotia (asexually-

formed structures consisting of a dense arrangement of closely associated packs) with 

increasing dose can be clearly noticed in data from Table 3. Although visible in many colonies 

irradiated with doses up to 1.0 kGy, that structure becomes gradually less common in the range 

from 1.5 to 4.5 kGy, practically disappearing at doses 5.0 kGy or higher. 
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Table 3. Morphological characteristics and coloration of A. ochraceus colonies after 

irradiation and incubation in MEA culture medium at 25 °C for 7 days 
 

Dose 

(kGy)
Morphological characteristics and coloration of A. ochraceus colonies 

  0 
Non-dense colonies, sporulated, amber-colored, flaky texture, white mycelium with 

yellow to pale orange or gray gold reverse. Strong presence of light brown sclerotia.    

1.0 
Non-dense colonies, sporulated, amber-colored, flaky texture, white mycelium with 
yellow to pale orange or gray gold reverse. Strong presence of light brown sclerotia. 

1.5 

Non-dense colonies, sporulated, amber-colored, flaky texture, white mycelium with 

yellow to pale orange or gray gold reverse. Small reduction in the presence of light 

brown sclerotia.  

2.0 

Non-dense colonies, sporulated, amber-colored, flaky texture, white mycelium with 

yellow to pale orange or gray gold reverse. Small reduction in the presence of light 
brown sclerotia.  

2.5 
Non-dense colonies, sporulated, gray orange with orange ends, flaky texture, white
mycelium with yellowish white reverse. Moderate decrease in the presence of light 

brown sclerotia. 

3.0 
Non-dense, sporulated, orange-brown colonies with brownish gray edges, flaky texture, 

white mycelium, yellowish with beige reverse. Moderate decrease in the presence of 

light brown sclerotia. 

3.5 
Slightly dense, sporulated, beige brown colonies, fibrous texture, yellowish white 
mycelium with yellowish white reverse. Moderate decrease in the presence of light 

brown sclerotia. 

4.0 

Slightly dense colonies, sporulated, beige brown, fibrous texture, yellowish white 

mycelium with yellowish white reverse. Moderate decrease in the presence of light 
brown sclerotia. 

4.5 

Not dense colonies sporulated, light yellow to orange yellow, flaky texture, white 

mycelium yellowish with yellowish white reverse. Small presence of light brown 

sclerotia.                       

 

 

 
It should also be highlighted that several morphological characteristics listed for colonies 

irradiated with 2.5 kGy or more are abnormal for A. ochraceus according to criteria from the 
literature [3].     

3.2. Microscopy Analysis 

 
The microscopic characteristics of Aspergillus ochraceus kept in MEA medium for 7 days are 

described as follows [3]: stem- measuring (100) 300-1700 µm, thick-walled to slightly rough 
and yellowish or brownish walls; vesicle- globous to elongated, measuring (12) 25-55 (80) µm, 

biseriate; metulae- biseriate along the entire vesicle, measuring (5) 6-12 (30) µm; phialides- 
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measuring 7.12 (14) µm; conidia- measuring (2) 2.5 - 3.5 µm thin, uniform, rough, generally 

spherical to ellipsoidal. Numbers in parentheses refer to less rigorous limits. 

 

Listed in Table 4 are measurements of microscopic structures of irradiated colonies of A. 
ochraceus after irradiation and incubation in MEA culture medium at 25 °C for 7 days. 

 

 

 

             Table 4. Measured dimensions of microscopic structures of A. ochraceus  

             kept in MEA medium for 7 days at 25 °C after irradiation  

 

Structures  (µm)  

Dose 

(kGy) Stem 
Vesicle 

(Horizontal/Vertical) 
Metulae Phialide Conidia 

0 272.4 15.51 – 17.18 7.64 7.00 3.59 

1 229.4 12.17 – 13.09 6.89 5.75 2.82 

1.5 201.1 11.37 – 12.59 5.26 4.14 2.70 

2.0 163.8 9.31 - 9.65 3.76 2.95 2.40 

2.5 140.0 8.94 - 9.19 Absent 2.48 2.31 

3.0 133.5 8.23 - 9.27 Absent 2.22 2.19 

3.5 126.6 7.20 - 8.22 Absent 2.06 1.93 

4.0 59.4 7.16 - 7.24 Absent 1.97 1.62 

4.5 52.1 5.34 - 5.53 Absent 1.40 0.98 
 

 

   

Several dimensions of microscopic structures measured in this work were below the minimum 

defined for the species [3]. Thus, the stem was about twice smaller than the minimum 

described in the literature at 4.0 and 4.5 kGy; the vesicle was smaller than the minimum at the 

dose range from 2.0 to 4.5 kGy and twice smaller than the minimum at 4.5 kGy; the metulae at 

2.0 kGy were smaller than informed in literature, and completely absent from 2.5 to 4.5 kGy; 

phialides also had dimensions below the minimum informed in literature, from 1.0 to 4.5 kGy; 

finally, conidia irradiated with 4.0 and 4.5 kGy were also smaller than normal. 

 
Listed in Table 5 are the microscopic characteristics of colonies of Aspergillus ochraceus 

(CMT 00145) after incubation in MEA medium for 7 days at 25
o
C. Optical magnifications of 

100, 200 and 400 times as well as a 2.5 µm-spacing graduate ruler were used in the 

microscopic analysis.  

 

Radiosensivity experiments performed by inoculating A. ochraceus on grains of peanuts, oats, 
rice and wheat and irradiating provided results in agreement with findings from this work as 

the doses found to inactivate 50% and 100% of the colonies were 2.2 and 3.2 kGy, 

respectively. An incubation period of 7 days was also used in both experiments [10]. 

 

Aspergillus flavus and Aspergillus parasiticus incubated on crushed corn grains and kept for 7 

days in culture medium suffered partial inhibition of growth when exposed to 2.0 kGy. 

Consistently with findings from this work, colonies exposed to doses in the range 2-4 kGy 

were found to exhibit fewer conidia, slower growth and presence of resistance structures in 

their mycelia [16]. Complete inhibition was observed for 4 kGy, compared to the dose of 2.5 
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kGy found in this work for colonies grown for 7 days in MEA. In another work [13], fungal 

growth on irradiated peanut seeds kept incubated for 15 days was observed for doses as high as 

5.0 kGy in agreement with results from this study. In addition, when treated with 3.5 kGy, 

cornmeal sustained growth of Aspergillus spp., Eurotium spp. and Penicillium spp. However, 

when efforts were made to identify the species, the fungi only showed growth of sterile 

mycelium [17].  

 

 

 
Table 5. Microscopic characteristics of irradiated colonies of Aspergillus ochraceus (CMT 

00145) kept in MEA medium for 7 days at 25
o
C 

 

Dose 

(kGy) Microscopic characteristics of colonies of Aspergillus ochraceus 

0 Thick, smooth and unsepted conidiophores; globous vesicles, biseriate and hyaline 

with 16.34 µm in diameter; globous pale yellow conidia with 3.6 µm 

1.0 Thick, smooth and unsepted conidiophores; globous vesicles, biseriate and hyaline 

with 12.63 µm in diameter; smooth globous hyaline conidia with 2.82 µm 

1.5 Thick, wrinkled and unsepted conidiophores; globous vesicles, biseriate and hyaline 

with 11.98 µm in diameter; smooth globous hyaline conidia with 2.7 µm 

2.0 Thin, smooth and unsepted conidiophores; globous vesicles, biseriate and hyaline 

with 9.48 µm in diameter; smooth globous hyaline conidia with 2.4 µm 

2.5 
Thin, slightly wrinkled, unsepted conidiophores; globous vesicles, uniseriate and 

hyaline, 9.06 µm in diameter; smooth globous hyaline 2.3 µm long conidia  

3.0 Thick, smooth, mostly unsepted conidiophores, globous vesicles, uniseriate and 

hyaline with 8.75 µm in diameter; smooth globous hyaline conidia with 2.2 µm 

3.5 Thick, slightly wrinkled and unsepted conidiophores, globous vesicles, uniseriate and 

hyaline with 7.71 µm; smooth globous hyaline conidia with 1.9 µm 

4.0 Thin, smooth, slightly wrinkled and unsepted conidiophores; globous hyaline 

vesicles, uniseriate with 7.2 µm; smooth globous hyaline conidia with 1.6 µm 

4.5 Thick, slightly wrinkled and unsepted conidiophores; globous, biseriate and hyaline 

vesicles with  5.4 µm; smooth globous hyaline conidia with 0.98 µm 

 
 

 

4. CONCLUSIONS 
 

Based on the findings from experiments performed in this work, the following major 

conclusions can be drawn regarding the effects of gamma irradiation on Aspergillus ochraceus 

(CMT 00145). Inactivation in MEA medium is dependent on the time granted for the irradiated 
colonies to resume growth, since as time goes by more colonies succeed in recovering from the 

stress caused by irradiation. Thus, complete inactivation of colonies incubated for 7 days or less 
on peanuts occurs for 2.5 kGy in contrast to those incubated for 15 days that require 5.0 kGy. In 

addition, significant changes in the characteristics of the irradiated colonies have been detected 
so that morphological effects have been found in samples treated with doses as low as 1.0 kGy. 

Also, such changes in the fungal structures have been found to become more pronounced as 
dose was increased from 1.0 kGy to 4.5 kGy. The colonies were found to shrink and their 

structures such as mycelia, stems, vesicles, metulae, phialides and conidia gradually tended to 

become smaller or even disappear with increasing radiation dose.  
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