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ABSTRACT 
Ionizing radiation applied to agriculture has mainly benefited food production, as it reduces natural losses caused by 

physiological processes, as well as eliminating or reducing microorganisms, parasites and pests. In addition, this tech-

nique also allows the production of mutants with characteristics of greater productivity, precocity, smaller size, greater 

resistance to diseases and pests. These mutants are used to obtain new varieties of species of agronomic interest. The 

objective of this study was to evaluate the physic-chemical quality of the oil extracted from seeds of G. max (soybean) 

obtained from irradiated seeds with different doses of gamma radiation (0, 25, 50, 75 and 100 Gy of a Cobalt-60 source, 

type Gammacell-220 installed in CENA-USP). The physic-chemical analyzes included: AOCS Cd-3d-63, AOCS Cd-3-

25 and AOCS Cd-1-25, Acids Index (I.A.), Saponification Index (I.S.), Iodide Index (I.I.), respectively. All analytical 

determinations were performed at least in triplicates. The values found for I.A., for I.S. and for I.I., did not differ from 

the oil sample obtained from soybean seeds from control subjects (without irradiation) regardless of the concentration 

and dose of radiation applied to the seeds. The oil analyzed did not show physical-chemical variation in comparison 

with the oil obtained from non-irradiated seeds, thus suggesting the absence of modifications in these parameters after 

the genetic improvement induced by the radiation. 
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        1. INTRODUCTION 

         In consideration of the characteristics of ionizing radiation, many areas are benefited by its 

application, from Medicine, Industry (mainly Pharmaceuticals), Agriculture and even the War In-

dustry. Among its applications stand out: radioactive tracers; radio sterilization of medical equip-

ment and instruments; radiodiagnosis (tomography and mammography); radiopharmaceuticals; ra-

diotherapy among others [1]. Among these areas, agriculture has benefited from the use of tech-

niques that use radiation, where food irradiation reduces natural losses caused by physiological pro-
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cesses, as well as eliminating or reducing microorganisms, parasites and pests without causing any 

damage to food. In addition to improving the shelf life of food, this technique also allows the pro-

duction of mutants with characteristics of greater productivity, precocity, smaller size, greater re-

sistance to diseases, pests and lodging. These mutants are used to obtain new varieties of species of 

agronomic interest [2]. 

         Within this context, radiation becomes an important tool for mutation induction, a technique 

that seeks to increase genetic variability in plant breeding. One of the methods used is the irradia-

tion of plant seeds for aggregation of agronomic values such as resistance to some diseases and tol-

erance to toxic metals in the soil, such as aluminum [3]. Several studies have been carried out to 

study the potential of controlled seed irradiation as an effective tool for large-scale genetic im-

provement [4]. 

          Despite the radiation technique in agriculture, both for food irradiation as a tool for genetic 

improvement, to be safe from a physical and biological point of view, other analyzes are necessary 

to corroborate with the use of this technique. Among these analyzes is the Alium cepa L. Test that 

allows for the phytotoxic, cytotoxic and genotoxic evaluation of chemical substances, waste and 

industrial waste, water and sediments of rivers and effluents, as well as monitoring substances pre-

sent in the environment and contaminants and radiation [5,6,7,8,9] which is based on the results 

obtained in the literature. 

         With regard to ionizing radiation, it can be considered a vector of high mutagenic potential, 

since it can act directly on organic molecules by modifying the DNA structure. Example of the use 

of the Allium cepa test was the genotoxic evaluation on soils of inhabited and contaminated regions 

by Cs-137 after the Chernobyl accident in Ukraine, resulting in a dose-dependent relationship be-

tween the increase in the number of chromosomal aberrations and the fall of the mitotic rate insofar 

as the soil was more contaminated [10]. Another example of the application of the test was the 

analysis of the impact of the high level of natural radiation on the soil of the inhabited region of 

Ramsar in Iran [11]. In relation to irradiated foods the test was carried out to evaluate the genotoxic 

potential of Allium sativum L. (garlic) irradiated with Co-60, the study showed that, despite the in-
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centive to irradiate the food, these can present high genotoxic potential when submitted to specific 

doses , which may lead to cytotoxicity and genotoxicity when ingested by other organisms [12]. 

          Given the importance of the study of the genotoxic potential of irradiation as an agricultural 

tool and the applicability of the A. cepa test for the detection of genotoxic events, studies and inves-

tigations are necessary to elucidate biological and environmental risks in the use of this technique. 

           The objective of work was evaluate the genotoxic potential and the oil quality of G. max 

seeds (soybean) produced by individuals from irradiated seeds. The Allium cepa test was used to 

evaluate mitotic process disorders, chromosomal aberrations and micronucleus frequency, and the 

oil quality evaluation was performed according to international standards for the production of bio-

fuel. 

 

2. MATERIALS AND METHODS 

 

            2.1 Radiated Seeds of G. max. 

             

             The seeds of G. max were obtained from the Center for Nuclear Energy in Agriculture 

(CENA) of the University of São Paulo, Piracicaba-SP, Laboratory of Radiobiology and Environ-

ment. The seeds were irradiated at doses of 25, 50, 75 and 100 Gy. For the irradiation of the seeds, a 

source of Cobalt 60 (Co-60), type Gammacell-220 was used. Seeds without irradiation were also 

used as controls. The seed irradiation process was carried out at CENA-USP. The seeds were sown 

and planted in an experimental farm belonging to the Center for Nuclear Energy in Agriculture 

(CENA) of the University of São Paulo in the municipality of Palmital-SP, with cultivation and 

own management for soybeans with technical support. 

              2.2 Extraction and characterization of the oil of G. max. 

          

              The soybean seeds were macerated to facilitate the penetration of the solvent and conse-

quently to optimize the extraction of the oil. Subsequently, moisture was determined for each sam-
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ple after drying in a forced air oven with an average temperature of 100ºC, and the weight of each 

sample was measured every 12 hours for 48 hours, if necessary. After obtaining constant weight for 

each sample, about 20 grams of it were wrapped in filter paper and the whole was transferred to 250 

mesh stainless steel capsules and placed in a Soxhlet fat and lipid extractor to remove the oil. Three 

different solvents were used: ethanol, methanol and hexane and two mixtures of ethanol / methanol 

and methanol / hexane in proportions of 1: 1 and 3: 1. The Soxhlet extraction set was initially heat-

ed for 2, 4, 6, 8 and 10 hours to determine the optimal extraction time. After extraction the solid 

material contained in the capsule was transferred to oven to constant weight and the material con-

tained in the flask was transferred to rotary evaporator until complete removal of the solvent. The 

quantities of pie and oil taken from the seed were determined by gravimetry. 

         2.3 Physic-chemical characterization of oils 

          

         The physic-chemical characterization of the oils was performed using standard methods 

(AOCS, 1990 and 1993), as described below: (a) Iodine Index (II) by AOCS method Cd-1-25, simi-

lar to ASTM D5554-95 , which allows the determination of the degree of insaturation of an oil by 

the percentage of iodine absorbed by the sample; (b) AOCS Method Cd-3d-63, similar to ASTM 

D664-06a, which is associated with the number of milligrams of potassium hydroxide required to 

neutral-lize free acids in one gram of sample; (c) Saponification Index (I.S.) by AOCS method Cd-

3-25, similar to ASTM D5558-95, which may be defined as the amount of potassium hydroxide 

required to saponify a defined amount of sample. The I.S was used to calculate the mean molar 

mass (MM) of the forage turnip oil sample, which was later used to calculate the number of regents 

and quantification of the products of the transesterification reactions. 

 

         2.4 Determination of toxicity in meristematic cells of Allium cepa root 

To verify the genotoxic activity of the water resulting from cyanotoxin tests on Allium cepa L. root 

(onion) seed cells were previously germinated in Petri dishes containing germination paper mois-

tened with distilled water, when the roots of the seedlings reached 1 cm in length were used to as-
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semble a completely randomized design experiment (DIC). Each plot consisted of a Petri dish con-

taining 25 onion seedlings, in four replicates per treatment. 

         The onion seedlings were exposed to the water resulting from the tests for a period of 48 

hours, after which time they were placed in a Petri dish containing distilled water until they reached 

5 cm in length (recovery period) and, finally, the collection of the roots. The whole experiment was 

carried out under conditions of relative humidity, temperature and luminosity artificially controlled 

in greenhouses of germination type BOD. After collection, the roots were fixed in Carnoy (absolute 

ethyl alcohol and glacial acetic acid, 3: 1) for 8 hours at room temperature, after which time Car-

noy's solution was replaced with a freshly prepared solution and the roots were stored in (± 4ºC) 

until the preparation and analysis of the slides. 

           2.5 Preparation and Analysis of Blades of Allium cepa 

           The roots were hydrolyzed in 1N hydrochloric acid (HCl) at 60 ° C for 8 minutes, and then 

stained in Schiff's Reagent for 2 hours in the dark. The roots were placed on slides and a drop of 2% 

acetic Carmin was added over the meristem and the covers were covered by coverslips. Then they 

were crushed and fixed in the flame of the lamp. The analyzes were performed under an optical 

microscope (increase of 100x with the aid of immersion oil). Five roots were used per plot, where 

5000 cells / treatment were observed. The cytotoxic effects of the extracts were determined by mi-

totic index analysis (total number of cells in division / total number of cells analyzed x 100) and cell 

death index (total number of cells at death / total number of cells analyzed x 100). Chromosomal 

aberrations were also determined (aberrant anaphase and telophase), and their frequencies were 

used to determine the index of chromosomal changes (total number of cells altered / total number of 

cells analyzed x 100). Micronucleate cell frequency determination was used to determine the muta-

genic effects by analyzing the mutagenicity index (number of cells with micronucleus and breaks / 

total number of cells analyzed x 100). For the statistical analysis of the A. strain strain the results 

were submitted to the non-parametric tests: Kruskal-Wallis and Mann-Whitney (significance level 

of 5% and 1% analysis) according to [11]. 

 

3. RESULTS AND DISCUSSION 
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          Table 1 shows the values found for I.A., I.S., I.R and I.I. of the oils obtained from seeds of G. 

max (soybean) produced by individuals from irradiated seeds. Where it is possible to verify that the 

values of the indices did not differ from the oil sample obtained from soybean seeds from control 

subjects (without irradiation) independent of the concentration and dosage of exposed radiation. 

Table 1. Results of physico-chemical analyzes of soybean oil obtained from seeds of G. max (soy-

bean) produced by individuals from irradiated seeds. 

Samples Parameter evaluated  Results 

 Acid Index 2.012± 0.1 mg NaOH/g oil 

0 Gy 
Saponification Index  130± 6.9 mg KOH/g oil 

Refraction Index 14.20±0.001 

 Iodine Index 52.30±1.76 mg I2/100g oil 

 Acid Index   2.22± 0.1 mg NaOH/g oil 

25 Gy 
Saponification Index  147± 3.9 mg KOH/g oil 

Refraction Index 13.70±0.001 

 Iodine Index   47.18±5.16 mg I2/100g oil 

 Acid Index   2.069± 0.1 mg NaOH/g oil 

50 Gy 
Saponification Index  134± 4.7 mg KOH/g oil 

Index Refraction  11.80±0.001 

 Iodine Index   50.11±3.23 mg I2/100 oil 

 Acid Index    2.014± 0.1 mg NaOH/g oil 

75 Gy 
Saponification Index  148± 3.9 mg KOH/g oil 

Refraction Index 12.5±0.001 

 Iodine Index   54.93±2.16 mg I2/100g oil 
Gy - dosage of radiation imposed on the seeds that originated the individuals producing seeds used in the study to ex-

tract the evaluated oil. 

 

            Table 2 shows the results of the mitotic indices of the meristematic root cells of A. cepa 

strain exposed to 10% solutions of Oil that received different doses of radiation (0, 25 and 100 Gy) 

diluted in Tween 80. According to the results it was possible to verify that there was no significant 

difference in relation to the mitotic index between the treatments Tween, Oil 0, Oil 25 and Oil 100 

Gy and that there was significant difference in comparison to the positive control group (MMS) and 

negative. 
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Table 2. Mitotic index of Allium cepa root meristematic cells treated with Tween extracts, Oil 0, 25 

Gy Oil, 100 Gy Oil, Negative Control (CN) Distilled Water and Positive Control Methylme-

thanesulfonate (MMS). 

Extracts 
  Cell division   Índex 

Mitotic Prophase Metaphase Anaphase Telophase 

CN 89.20±46.10 9.40±6.65 6.20±4.43 8.60±5.32 11.52±5.52a 

Tween 47.75±30.63 7.25±6.80 7.00±7.39 9.75±12.76 5.39±3.25b 

Oil 0 174.50±53.03 34.00±7.07 10.50±0.70 35.0±5.65 5.91±2.30b 

Óil 25 Gy 67.00±42.63 7.75±3.86 6.75±2.06 6.75±4.85 7.05±4.14b 

Óil 100 Gy 30.71±23.03 2.57±1.13 4.57±2.93 5.71±4.608 5.71±2.37b 

MMS 64.40±13.50 13.00±7.30 4.60±3.57 15.40±6.02 9.74±2.50c 
Results expressed by mean ± standard deviation. Equal letters in the same column did not differ significantly Kruskal-

Wallis and Mann-Whitney (significance level of analysis of 5% and 1%). 

 

          Table 3 shows the values of death rates, chromosomal changes and mutagenicity of A. cepa 

strain root meristematic cells exposed to 10% solutions of Oil that received different doses of radia-

tion (0, 25 and 100 Gy) diluted in Tween 80 According to the results, it was possible to verify that 

there was no significant difference in relation to the Cell Death Index and the Index of chromoso-

mal alterations between the treatments Tween, Oil 0, Oil 25 Gy and the negative control, however 

there was a significant difference in comparison to the treatment 100 Gy Oil and the positive control 

group (MMS). For the mutagenicity index, there was no significant difference between the treat-

ments and the negative control, and there was a significant difference in comparison with the posi-

tive control. 
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Table 3. Mitotic index, death index, index of chromosomal changes and Mutagenicity index of Al-

lium cepa meristematic root cells treated with Tween extracts, Oil 0, 25 Gy Oil, 100 Gy Oil, Nega-

tive Control (CN) Distilled Water and Control Positive Methylmethanesulfonate (MMS). 

Extracts Death 

Index 

Chromosomal 

change index 

Mutagenicity 

index 

CN 0.26±0.19a 0.26±0.10a 0.0a 

Tween 0.27±0.03a 0.20±0.07a 0.04±0.001a 

Oil 0 0.25±0.08a 0.21±0.08a 0.04±0.001a 

Óil 25Gy 0.06±0.01a 0.21±0.03a 0.04±0.009a 

Oil 100Gy 0.07±0.02b 0.41±0.07b 0.03±0.003a 

MMS 3.20±1.17c 1.20±0.59c 1.22±0.077b 

Results expressed by mean ± standard deviation. Equal letters in the same column did not differ significantly Kruskal-

Wallis and Mann-Whitney (significance level of analysis of 5% and 1%). 

 

         Table 4 shows the results of determination of the micronucleus frequency and chromosomal 

aberrations of the meristematic root cells of A. cepa strain exposed to 10% solutions of Oil that re-

ceived different doses of radiation (0, 25 and 100 Gy) diluted in Tween 80. In the analysis of the 

determination of micronucleated cells, it was observed that there was no statistical difference in the 

micronucleus frequency between the treatments 100 Gy and the negative control and that there was 

a statistical difference in the frequency of micronuclei between treatments Tween, Oil 0,25 Gy in 

comparison to the positive control. For the determination of aberrant metaphase no significant dif-



 Franco, et. Al.  ● Braz. J. Rad. Sci. ● 2021 9 

 

ference was observed between the Tween, 0 Gy Oil and negative control treatments, and they dif-

fered statistically in comparison with both the positive control and the 25 and 100 Gy treatments. 

However, the aberrant anaphase analysis showed no significant difference between the treatments 

25, 100 Gy and the negative control, and they differed statistically in comparison with both the 

positive control and the treatments Tween and Oil 0 Gy. For the aberrant telophase analysis the 

Tween, 25 Gy Oil and 100 Gy Oil treatments did not differ from each other and compared to the 

negative control, differing only from the positive control and the 0 Gy Oil treatments. 

Table 4. Chromosomal aberrations (AC), Micronuclei (MN) and Chromosomal losses of Allium 

cepa meristematic root cells treated with the extracts Tween, Oil 0,25 Gy Oil, 100 Gy Oil, Negative 

Control (CN) Distilled water and Positive Control Methyl methanesulfonate (MMS). 

Extracts Micronucleus Aberrant   

Metaphase 

Aberrant Ana-

phase 

Aberrant Telo-

phase 

CN 0.0a 1.20±0.17a 0.600±1.342a 0.2±0.04a 

Tween 0.25±0.05b 1.00±2.00a 1.500±1.291b 0.0a 

Oil 0 Gy 0.50±0.07b 1.00±1.41a 3.000±4.243b 1.00±0.40b 

Oil 25 Gy 0.25±0.05b 0.25±0.50b 0.0a 0.0a 

Oil 100 Gy 0.0a 0,28±0.08b 0.0a 0.0a 

MMS 5.40±2.40c 7.40±0.30c 6.600±5.595c 1.00±0.22b 
Results expressed by mean ± standard deviation. Equal letters in the same column did not differ significantly Kruskal-

Wallis and Mann-Whitney (significance level of analysis of 5% and 1%). 

 

4. CONCLUSION 

 

          By of the results, it can be concluded that the oil obtained from seeds of individuals from ir-

radiated G. max seeds does not present differences for I.A., I.S., I.R and I.I. in  comparison to the 

oil obtained from seeds of individuals originating from non-irradiated seeds. At determination of the 

genotoxic potential by the test method with A.cepa strain soybean oil samples showed no genotoxic 

and cytotoxic activity. 
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