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ABSTRACT 

 

The irradiation of fresh post-harvest foods has as main interests: inhibit sprouting, increase shelf life, reduce or 

delay damage caused by insects and diseases. This work is a preliminary study on the use of gamma radiation in 

fresh peas grains (Pisum sativum L.) in order to evaluate its effects on the inhibition of sprout and its increase in 

shelf life. The peas were submitted at irradiation process with four radiation doses: 0 (control), 0.15, 0.30 and 0.45 

kGy, in a 
60

Co research irradiator, with a dose rate of 0.323 kGy/h. After irradiation the samples were stored at 

8 °C, being evaluated at 1, 7, 14 and 21 days by  analyzes of: visual aspect, weight loss, color, hardness, pH,  total 

soluble solids, total titratable acidity, ratio SST/TTA, water content and ash. By the results it was observed that 

in all parameters analyzes with gamma radiation doses used did not affect significantly in the shelf life of grains. 

The 0.30 kGy dose increased the germination of the peas and the 0.45 kGy dose was not sufficient to inhibit the 

sprouting of the peas.  

Keywords: gamma radiation, Pisum sativum, conservation. 
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1. INTRODUCTION 

 

Pea, one of the most produced foods in the world, belongs to the Fabaceae family, Viciae sub-

division and originating in the Middle East [1, 2, 3]. It is a vegetable of high nutritive value in it is 

centesimal composition, high levels of protein, C vitamins, B complex, minerals such as calcium, 

iron phosphorus and potassium, with ample alternatives of use in food. In the form of green grains, 

can be consumed in natura or can be canned or frozen immediately after harvesting [4, 5].  

The consumption of peas in the form of freshly harvested green grains, as a minimally 

processed product, is growing and its worldwide production is around 28.7 million tons, of which 

17.4 million are green pea. According to data from the United Nations Food and Agriculture 

Organization (FAO) the world’s largest pea producers are China with 60% of world and India with 

26% of green peas and in South America, the largest producers in 2017 were Peru with 131 mil ton, 

Chile with 15 mil ton and Argentina with 28 mil ton [6]. It was classified as the 79
th

 most traded 

product in the “Companhia de Entrepostos e Armazéns Gerais de São Paulo – CEAGESP” in 2017, 

seasonality is from May to October [7]. In Brazil the production is not expressive as in other 

countries. In 2013 Rio Grande do Sul was the largest producer with 2.1 mil tons and 2017 was an 

inversion being the state largest of Minas Gerais the largest producers with 2 mil tons [8]. 

The purpose of minimally processed foods is to provide consumers with convenient, fresh-

looking, fruit-and-vegetable products with a long shelf life [9]. In the United States, commercializa-

tion of these foods began in 1960 and in France since the eighties, but in Brazil, this type of product 

has become commercially available in  major quantity only in the last two decades. Currently, min-

imally processed foods have become an important food market in Brazil. The interest of approxi-

mately 70% Brazilian supermarkets in increasing the sales of these products makes the potential of 

agroindustry growth high [10].  

However, fruits and legumes that were benefited by this minimum processing, have a short shelf 

life of only a few days before being consumed, subsequently become unfit for consumption [11]. 

Because this processing may favor the survival of microorganisms because they constitute an excel-
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lent culture medium due to the presence of damaged tissues and high moisture content, increasing 

the availability of substrate for metabolization and its potential for deterioration [12].  

In order to increase the shelf life of these foods, [13] studied some vegetable conservation tech-

niques such as: blanching, refrigeration, freezing, drying and ionizing radiation, among others and 

in his conclusion pointed out that among the conservation methods studied, with respect to the con-

servation time, drying, fermentation, canning, freezing and ionizing radiation are the methods that 

allow plants to be conserved for longer periods, in some cases being longer than 12 months. 

Due to this, there are several studies with the use of gamma radiation to irradiate fresh post-

harvest foods, with the main interests of inhibiting sprouting, increasing shelf life, reducing or de-

laying damage caused by insects and diseases [14]. The use of gamma radiation to inhibit is widely 

used in China and Japan, and in 2005 more than 88,000 tons of food were irradiated for this purpose 

in both countries [15]. The use of low radiation dose inhibits high efficiency budding for onions, 

garlic, potatoes and yams. Soon after the harvest doses between 0.02 to 0.075 kGy and after this 

period doses between 0.1 to 0.2 kGy were used by Neves; Manzione and Vieites [16].  

The aim of this study was to evaluate the effects of gamma radiation on fresh peas (Pisum 

sativum L.), in order to inhibit sprouting and increase its shelf life, by means of physical and 

physicochemical analyzes. 

2. MATERIALS AND METHODS 

 

2.1. Samples and Irradiation 

These peas were purchased in Municipal Market in São Paulo city, in bags of nine kilo of green 

peas, harvested three days in the south of Minas Gerais. And this stages of preparation for irradia-

tion were: selected the grains, sanitized in chlorine (15 mL/L) for 5 minutes, rinsed in running wa-

ter, dried on absorbent paper, weighed (50 g) and packaged (Styrofoam tray measuring 11x11 cm 

and plastic film).  



 Albano et al.  ● Braz. J. Rad. Sci. ● 2021 4 

 

The samples were separated into 4 groups (n= 4 samples/ group) according to gamma radiation 

doses: control group (without irradiation), and with 0.15 kGy, 0.30 kGy 0.45kGy radiation doses. 

The samples were irradiated at room temperature in a Gammacell-220 irradiator at Radiation Tech-

nology Center – CETER of the Institute of Energy and Nuclear Research – IPEN-CNEN/SP. A 

0.662 kGy/h dose rate and Harwell Amber 3042 dosimeters to certify the radiation doses were used. 

After the irradiation process, all packages were stored in a refrigerator at 8 ºC and analyzed on 1, 7, 

14 and 21 days after irradiation. 

2.2. Analyzes 

The fresh pea samples were performed in the months of September and October 2018, by physi-

cal analysis (visual aspect, weight loss, color and hardness) and physicochemical (pH, total soluble 

solids, total titratable acidity, ratio, water content and ash) in the periods of: 1, 7, 14 and 21 days 

after irradiation, together with the control group. Each analysis was performed in triplicate, except 

for color that was performed in 4 samples and texture in 10 samples.  

Physicochemical, physical (except texture) and statistical analyzes were performed at the La-

boratory of Radiobiology and Environment, Piracicaba, São Paulo, Brazil and texture analysis was 

performed at the Irradiated Food Analysis Laboratory (LADAI), Center of Radiation Technology 

(CETER), São Paulo/SP, Brazil. 

 For physical analysis the peas were analyzed in grains and for physicochemical analysis the 

grains were grind in a blender.  

2.2.1. Visual aspect 

The visual aspect of the pea was evaluated by means of a subjective scale of values adapted from 

the methodology established by Santillo [17], based on the progress of ripening as well as on the 

occurrence of injuries, germinated seeds, insects and rot that may compromise the commercial 

quality of the product, being 0.4 – optimum (100%); 0.3 – good (80%); 0.2 – regular (60%); 0.1 – 

bad (40%). For the illustrative purposes, Figure 1 shows grain images for determining the scale used 

in the study. Each day of analysis 3 samples were evaluated per treatment. 
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Figure 1: Scale of values to determine the commercial quality of the product. 

 

 

 

 
 

 

 

 

2.2.2. Weight loss 

The packages with the peas were weighed on a semi-analytical balance model AS2000C. The 

results obtained from the difference between at the initial weight on the day of the experiment and 

the weight at the time of sampling and expressed as the percentage of fresh weight loss. It was used 

equation 1, according to the methodology established by Santillo [17]. 

                                % weight loss = (final weight / initial weight) x 100                              (1)  

 2.2.3. Color  

The color of the peas was evaluated using a Minolta colorimeter (Chroma Meter CR- 400) 

measuring L*, a*, b*, chroma and hue-angle, where L* represents the lightness. Hue-angle is the 

tone and chroma indicates the chromaticity or color purity. Measurement was performed directly on 

peas, considering four different positions per package according to the methodology established by 

Santillo [17]. 

For the determination of chroma value and hue-angle, equations 2 and 3 were used: 

                            Chroma Value (C*) = [(a*2 + b* 2) ½]                                                       (2) 

                                  Hue-Angle (h*) = tan-1 (b*/a*)                                                             (3) 

 

 

2.2.4. Hardness 

Instrumental hardness was evaluated using a Stable Micro Systems texturometer model TA-

TX2i, with a 2 mm cylindrical probe with the result of the resistance in relation to force applied by 

the device in Newtons per second (N/s). The test consists of attaching a support to the base of the 
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Rot, injury or 

germination 

(bad) 



 Albano et al.  ● Braz. J. Rad. Sci. ● 2021 6 

 

equipment is to activate by software where the probe moves towards the base, with speed of 1.0 

mm/s up to 10 mm after breaking stress. For this experiment was evaluated ten peas per package 

[18]. 

2.2.5. pH 

The pH was evaluated using a Marconi model MA-522, being calibrated with acid and basic pH 

standard solutions and tested with buffer solution each day of analysis, following the methodology 

of the Association of Official Agricultural Chemists (AOAC), 2016 [19]. The evaluation was car-

ried out in triplicate. 

2.2.6. Total Soluble Solids (TSS) 

The total soluble solids were quantified by direct reading in a digital refractometer, mark Ru-

dolph Research model J57. The results were expressed in ºBrix according to the methodology estab-

lished by the AOAC [19].  

The measurements were carried out by dripping 3 samples of the ground peas directly into the 

prism of the refractometer equipment. 

2.2.7. Total Titratable Acidity (TTA) 

The total titratable acidity was determined using 5 grams of ground peas, homogenized and di-

luted to 50 mL of distilled water, using the standard solution of 0.1 N sodium hydroxide (NaOH) in 

the burette, determining the volume in milliliters of NaOH required to titrate the mixing until the 

pH was recorded at 8.1, according to the methodology established by the AOAC [19].   

2.2.8. Ratio (TSS/TTA) 

The TSS/TTA ratio was calculated from the ratio of the total soluble solids (TSS) to the total ti-

tratable acidity (TTA), were used equation 4, according to the methodology established by the 

AOAC [19]. 

                                                  Ratio = TSS / TTA                                                    (4) 

2.2.9. Water Content 
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Using the protocol of the Analytical Standards of the Instituto Adolfo Lutz [20], the water con-

tent was determined by drying the sample in laboratory stove Tecnal brand, model TE-393/2 at 105 

ºC.  

Were weighed 1 gram of the fresh sample on porcelain crucibles and placed in the stove for 

three hours, removing and carrying outweighing, return the stove for 30 minutes until constant 

weight.  

2.2.10. Ash   

Using the protocol of the Analytical Standards of the Instituto Adolfo Lutz [20], in order to de-

termine ash.  

Were weighed 1 gram on porcelain crucibles and incinerated in muffle, model FDG 3P-S, fur-

nace with temperature programmed to reach 550 ºC, for four hours, and after cooling in desiccator a 

new weighing was carried out. 

2.3. Statistical Analysis 

The statistical analysis was performed using the software SAS (Statistical Analytical System; 

SAS Institute, N. C. USA, version 9,2) [21]. The means of the four treatments were evaluated by 

the Tukey test and the level of significance was 5%. 
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3. RESULTS AND DISCUSSION 

 

3.1 Visual Aspect 

Table 1 shows the means values of the evolution of the visual aspect though a subjective scale 

of values in peas.  

 

Table 1: Mean values of the evolution of the visual aspect though a subjective scale of values in 

peas (Pisum sativum L.), under the application of different gamma radiation doses, evaluated in four 

distinct periods 1, 7, 14 and 21 days after irradiation and cooling remaining at 8 ºC 

 

Visual Aspect 

 Doses 1 day 7 days 14 days 21 days 

control 0.40±0.00
a
 0.30±0.00

a
 0.23±0.10

a
 0.20±0.00

ab
 

0.15 kGy 0.40±0.00
a
 0.30±0.00

a
 0.23±0.10

a
 0.30±0.00

a
 

0.30 kGy 0.40±0.00
a
 0.27±0.10

a
 0.23±0.10

a
 0.17±0.10

b
 

0.45 kGy 0.40±0.00
a
 0.33±0.10

a
 0.30±0.10

a
 0.23±0.10

ab
 

For each column, distinct letters denote significant differences between doses of 

treatment with gamma radiation and control (Tukey test p < 0.05, n = 3) 

 

In the results, it was verified that, there was no significant difference between the doses of 

gamma radiation and control group, independently of the evaluation period Table 1. Such data dif-

fer from those obtained by Chitarra M and Chitarra A. [22], when analyzing the visual aspect of 

irradiated fresh tomatoes, obtained the best results with dose of 0.25 kGy in 15 days of storage. 

In the treatment of 0.30 kGy the grains presented an increase in their germination during the ex-

perimental period, there is the possibility of this radiation dose to have stimulated the germination 

of the fresh peas. In order to better elucidate the results, Figure 2 showing the evolution of the visu-

al aspect. 
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Figure 2: Photographs of pea samples irradiated with increasing gamma radiation doses on  

different evaluation days.  
Dose/ Days Before 1º 7º 14º 21º 

 
 

Control 

     
 
 

0.15 kGy 

     
 
 

0.30 kGy 

     
 
 

0.40 kGy 

     
  

3.2 Weight loss 

Table 2 presents mean values of the weight loss in percentage. In the results, it was verified that, 

there was no significant difference between gamma radiation doses and control group, independent-

ly of the evaluation period.   

Table 2: Mean values of the evolution of the weight loss (%), in peas (Pisum sativum L.), under the 

application of different gamma radiation doses, evaluated in four distinct periods 1, 7, 14 and 21 

days after irradiation and cooling remaining at 8 ºC. 

Weight Loss (%) 

 Doses 1 day 7 days 14 days 21 days 

control 0.97±0.22
a
 5.07±1.59

a
 10.17±3.42

a
 14.91±4.76

a
 

0.15 kGy 1.22±0.36
a
 3.88±0.56

a
 9.50±3.65

a
 13.47±1.40

a
 

0.30 kGy 1.12±0.30
a
 3.40±0.70

a
 9.63±3.36

a
 13.06±1.46

a
 

0.45 kGy 1.20±0.33
a
 4.42±0.55

a
 7.27±2.53

a
 11.88±2.74

a
 

For each column, distinct letters denote significant differences between doses of  

treatment with gamma radiation and control (Tukey test p < 0.05, n = 3)  

 

The irradiated grains the loss of fresh mass decrease proportionately with increasing gamma ra-

diation dose. The results of lower weight loss were obtained for the peas irradiated with 0.45 kGy, 
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these data agree with Santillo [17], that obtained the smaller weight loss in nectarines with 0.40 kGy 

and greater losses with control and doses higher than 0.80 kGy. 

According to Konica Minolta [23] sprouting leads to a rapid transfer of dry matter and water 

from the edible organ to the sprout and as a consequence weight loss. In this work it can be verified 

that for all treatments, there was a growing loss of weight over the days of analysis Table 2 and 

from the images Figure 2, observed sprouting in all treatments. 

3.3 Color 

For color evaluation the results were divided into three tables: Table 3, present mean values of 

the evolution of the luminosity, Table 4, shows mean values of the evolution of the chroma value 

and the Table 5, presents mean of the evolution of the hue-angle.   

 

Table 3: Mean values of the evolution of the luminosity, in peas (Pisum sativum L.), under the ap-

plication of different gamma radiation doses, evaluated in four distinct periods 1, 7, 14 and 21 days 

after irradiation and cooling remaining at 8 ºC. 

 

 

 

 

 

 
 

For each column, distinct letters denote significant differences between doses of 

treatment with gamma radiation and control (Tukey test p < 0.05, n = 4) 

 

With the results found in the luminosity analysis [24, 25], it was verified that there was no sta-

tistical difference between gamma radiation doses and the control sample in the analyzes of periods 

1 and 14 days. However, in the 7 and 21 day periods, the highest dosage 0.45 kGy presented a sig-

nificant increase in the luminosity of the peas compared to the control group. According to Brack-

mann et al. [24], the value that expresses the luminosity of the sample varies from 0 to 100, and the 

closer to 0 the darker the color of the sample and the closer to 100 the clearer. Based on this infor-

mation it can be said that there was a greater loss in coloration of these peas because it is closer to 

the range 100.  

 

Luminosity 

 Doses 1 day 7 days 14 days 21 days 

control 35.66±3.15
ab

 43.51±5.91
b
 35.85±3.84

a
 28.54±2.12

bc
 

0.15 kGy 31.28±3.48
b
 43.83±8.73

ab
 34.90±3.29

a
 31.63±2.92

ab
 

0.30 kGy 31.17±5.07
b
 44.88±9.29

ab
 43.43±5.50

a
 26.88±1.19

c
 

0.45 kGy 43.09±3.45
a
 58.55±0.22

a
 34.80±4.92

a
 33.27±1.38

a
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Table 4: Mean values of the evolution of the chroma value, in peas (Pisum sativum L.), under the 

application of different gamma radiation doses, evaluated in four distinct periods 1, 7, 14 and 21 

days after irradiation and cooling remaining at 8 ºC. 

 

Chroma Value 

 Doses 1 day 7 days 14 days 21 days 

control 32.98±1.89
a
 31.26±4.18

a
 22.37±5.36

a
 14.28±2.20

ab
 

0.15 kGy 25.85±1.31
b
 29.60±2.59

a
 27.06±5.01

a
 16.18±1.51

a
 

0.30 kGy 22.11±4.68
b
 30.39±2.17

a
 26.17±2.17

a
 12.74±1.47

b
 

0.45 kGy 31.90±3.62
ab

 35.57±0.07
a
 24.16±2.79

a
 16.36±0.69

a
 

For each column, distinct letters denote significant differences between doses of  

treatment with gamma radiation and control (Tukey test p < 0.05, n = 4)  

 

In the chromaticity analysis, a significant difference was observed only in the groups treated 

with 0.15 kGy and 0.30 kGy compared to the control group at 1 day after irradiation and these two 

were not different from each other Table 3. Visually, it was possible to observe a decrease in satura-

tion (loss of color) in all the pea grain samples during the monitoring days Figure 2.  

For the results of the hue-angle, shows in the Table 5, a significant difference was observed only 

on the first day of analysis shortly after irradiation of the peas, this difference being significant only 

in the group treated with 0.30 kGy gamma radiation dose, which presented a decrease compared to 

the control group. No significant difference between the groups was observed in the follow-up of 

subsequent analyzes. 

Table 5: Mean values of the evolution of the hue-angle, in peas (Pisum sativum L.), under the ap-

plication of different gamma radiation dose, evaluated in four distinct periods 1, 7, 14 and 21 days 

after  irradiation and cooling remaining at 8 ºC. 

 

Hue-Angle 

 Doses 1 day 7 days 14 days 21 days 

control -1.09±0.01
b
 -1.04±0.03

ab
 -1.03±0.02

a
 -0.98±0.02

a
 

0.15 kGy -1.05±0.02
ab

 -1.07±0.01
b
 -1.07±0.04

a
 -1.00±0.02

a
 

0.30 kGy -1.03±0.02ª -1.03±0.03
ab

 -1.08±0.03
a
 -1.01±0.02

a
 

0.45 kGy -1.04±0.02
ab

 -1.01±0.00
a
 -1.05±0.03

a
 -0.98±0.04

a
 

For each column, distinct letters denote significant differences between doses of  

treatment with gamma radiation and control (Tukey test p < 0.05, n = 4)  
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3.4 Hardness 

Table 6 presents a mean value of the evolution of the hardness (N/s). 

 

Table 6: Mean values of the evolution of the hardness (N/s), in peas (Pisum sativum L.), under the 

application of different gamma radiation dose, evaluated in four distinct periods 1, 7, 14 and 21 

days after  irradiation and cooling remaining at 8 ºC. 

 

Hardness (N/s) 

 Doses 1 day 7 days 14 days 21 days 

control 11.71±1.13
a
 13,18±1,54

a
 13.25±1.17

a
 10.51±2.17

b
 

0.15 kGy 10.38±2.26
a
 14,53±1,38

a
 13.41±1.57

a
 9.99±1.58

b
 

0.30 kGy 10.84±1.93
a
 12,78±1,96

a
 13.86±2.23

a
 11.36±2.57

b
 

0.45 kGy 12.50±2.09
a
 13,47±1,51

a
 14.00±1.41

a
 14.18±1.32

a
 

For each column, distinct letters denote significant differences between doses of  

treatment with gamma radiation and control (Tukey test p < 0.05, n = 10)  

 

Data on texture analysis Table 6 showed that only the group at the 0.45 kGy dose and a period 

of 21 days after irradiation showed an increase when compared as a control group. 

According to AOAC [18], the firmness of the pulp, measured by the penetration test, allows us 

to distinguish the different stages of maturation. This can be justified by the fact that when fruit 

ripens, the degradation of pectic substances occurs, causing softening of the pulp [22].  

3.5 pH 

The pH analysis as a function of the storage of the fresh peas is presented in Table 7.  

Table 7: Mean values of the evolution of the pH, in peas (Pisum sativum L.), under the application 

of different gamma radiation doses, evaluated in four distinct periods 1, 7, 14 and 21 days after  

irradiation and cooling remaining at 8 ºC. 

 

pH 

 Doses 1 day 7 days 14 days 21 days 

control 5.65±0.29a 6.59±0.32a 6.48±0.05a 6.55±0.14a 

0.15 kGy 5.96±0.41a 6.27±0.06a 6.35±0.04b 6.36±0.04ab 

0.30 kGy 5.55±0.08a 6.31±0.01a 6.35±0.05b 6.24±0.04b 

0.45 kGy 5.76±0.03a 6.22±0.02a 6.12±0.02c 6.17±0.02b 

For each column, distinct letters denote significant differences between doses of  

treatment with gamma radiation and control (Tukey test p < 0.05, n = 3)  
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The results showed that the evaluations performed at periods 1 and 7 days after irradiation were 

not able to significantly after pH in any of the treatments and were similar to those obtained by Cos-

ta [26], on the first day of evaluation. When analyzing the period of 14 and 21 days after irradiation, 

it was possible to notice significant alterations, and all the irradiated samples showed a decrease in 

pH when compared to the control, and the dose of 0.30 kGy and 0.40 kGy presented a decrease in to 

all samples in 21 days. 

When studying tomatoes irradiated with 0.25 kGy, 0.50 kGy, 1 kGy and 2 Gy for a period of 20 

days Chitarra, M and Chitarra A [22] observed that there was oscillation over the pH value with 

storage time, and that there was a small increase in the value of pH with development of maturation.  

Study carried out by AOAC with fresh and dehydrated grapes, irradiated with doses of 0.50 

kGy, 1.0 kGy, 1.5 kGy and 2.0 kGy accompanied for 21 days not found significant differences 

throughout their trials.  

3.6 Total Soluble Solids (TSS) 

Table 8 presents mean values of the evolution of the total soluble solids (ºBrix) in peas. 

Table 8: Mean values of the evolution of the total soluble solids, in peas (Pisum sativum L.), under 

the application of different gamma radiation doses, evaluated in four distinct periods 1, 7, 14 and 21 

days after irradiation and cooling remaining at 8 ºC. 

 

Total Soluble Solids (TSS) 

 Doses 1 day 7 days 14 days 21 days 

control 13.61±0.18
a
 14.49±0.17

b
 17.75±0.35

a
 19.08±0.56

a
 

0.15 kGy 11.57±0.35
b
 12.99±0.46

c
 18.06±0.38

a
 17.25±0.17

b
 

0.30 kGy 12.58±0.59
ab

 13.99±0.88
bc

 14.98±0.22
b
 19.02±0.12

a
 

0.45 kGy 13.43±0.44
a
 16.41±0.34

a
 14.47±0.25

b
 17.56±0.54

b
 

For each column, distinct letters denote significant differences between doses of  

treatment with gamma radiation and control (Tukey test p < 0.05, n = 3)  

 

In the evaluation of total soluble solids, different from the one found in the previous analyzes, it 

was possible to observe that in all periods of treatment significant differences were verified, being a 
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significant decrease in ºBrix when compared to the control in the following situations: 1 and 7 days 

and  0.15 kGy dose 14 days, and 0.30 and 0.40 kGy doses.  

The results obtained in this study differ from those performed by Santillo [17] with nectarines, 

by AOAC [18] with fresh and dehydrated grapes and Brazaca [27] with fresh plums and all did not 

find significant differences during the period of their experiments. 

3.7 Total Titratable Acidity (TTA) 

Table 9 present shows the mean values of the evaluation of the total titratable an acidity in peas. 

Table 9: Mean values of the evolution of the total titratable acidity, in peas (Pisum sativum L.), 

under the application of different gamma radiation doses, evaluated in four distinct periods 1, 7, 14 

and 21 days after irradiation and cooling remaining at 8 ºC. 

Total Titratable Acidity (TTA) 

 Doses 1 day 7 days 14 days 21 days 

control 0.14±0.01
c
 0.07±0.02

c
 0.09±0.01

c
 0.08±0.01

c
 

0.15 kGy 0.25±0.02
b
 0.12±0.02

b
 0.12±0.01

b
 0.14±0.02

b
 

0.30 kGy 0.24±0.01
b
 0.12±0.00

b
 0.15±0.00

a
 0.15±0.02

b
 

0.45 kGy 0.28±0.01
a
 0.14±0.01

a
 0.13±0.01

a
 0.17±0.02

a
 

For each column, distinct letters denote significant differences between doses of  

treatment with gamma radiation and control (Tukey test p < 0.05, n = 3)  

 

The results present a significant increase in all the evaluation periods and gamma radiation dos-

es compared to the control group, except for the 0.30 kGy dose and 14 days compared to the control 

group, which did not differ significantly. For the studies performed by Santillo [17] with nectarines 

by Brazaca [27] with fresh plums, they did not obtain significant differences between the treat-

ments. 
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3.8 Ratio (SST/TTA) 

The results of the mean values of the evolution of the ratio in peas, is shown in Table 10.  

 

Table 10: Mean values of the evolution of the ratio SST/ TTA, in peas (Pisum sativum L.), under 

the application of different gamma radiation doses, evaluated in four distinct periods 1, 7, 14 and 21 

days after irradiation and cooling remaining at 8 ºC. 

Ratio (SST/ TTA) 

 Doses 1 day 7 days 14 days 21 days 

control 12.37±0.16
a
 28.20±7.13

a
 25.68±3.38

a
 30.26±2.31

a
 

0.15 kGy 6.01±0.51
b
 14.04±1.46

b
 19.39±1.16

bc
 15.92±2.23

b
 

0.30 kGy 6.74±0.35
b
 15.55±0.98

b
 21.40±0.32

ab
 16.39±1.43

b
 

0.45 kGy 6.02±0.13
b
 15.01±1.60

b
 14.58±1.66

c
 13.60±1.46

b
 

For each column, distinct letters denote significant differences between doses of  

treatment with gamma radiation and control (Tukey test p < 0.05, n = 3)  
 

As found in the data obtained in the TTA analysis, the ratio showed significant differences be-

tween the irradiated and control groups, with a decrease in values, but in the same way as in TTA, 

the  0.30 kGy dose and 14 day period compared with the control group, did not differ statistically. 

[27], which irradiated plums, there was an increase in ratio during storage time, but there was no 

statistical difference comparing the control group in relation to the study. 

 

3.9  Water Content 

 

Table 11: Presents mean values of the evolution of the water content (%), in peas (Pisum sativum 

L.), under the application of different gamma radiation doses, evaluated in four distinct periods 1, 7, 

14 and 21 days after irradiation and cooling remaining at 8 ºC. 

Water Content (%) 

 Doses 1 day 7 days 14 days 21 days 

control 77.07±0.79
a
 73.06±1.03

bc
 70.91±5.89

a
 71.07±3.88

a
 

0.15 kGy 77.84±0.25
a
 75.88±1.15

ab
 74.76±1.12

a
 76.07±0.40

a
 

0.30 kGy 78.07±2.42
a
 75.97±0.74

a
 76.17±2.02

a
 74.89±1.05

a
 

0.45 kGy 73.21±1.28
b
 72.00±1.37

c
 72.73±1.39

a
 75.14±0.45

a
 

For each column, distinct letters denote significant differences between doses of  

treatment with gamma radiation and control (Tukey test p < 0.05, n = 3)  
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The results presented on the water content, shows that the evaluation periods 1 and 7 days pre-

sent a increase in the 0.45 kGy dose 1 day, and in the 0.30 kGy dose 7 days, both comparing with 

the group control. In addition, none of the irradiated groups presented statistical alteration for the 14 

and 21 days evaluation periods. 

Comparing the results obtained in this work and the water values found in the literature for fresh 

pea, with no radiation process: 76.94% [28], 76.80% [29], 73.90% [30] and 76.86% [31], it is noted 

that all water values in this study Table 11 are in the reference mean.  

3.10 Ash 

When evaluating the ash fraction in percentage, present in Table 12, it is verified that the gam-

ma radiation dose did not affect the pea grains. 

Table 12: Mean values of the evolution of the ash (%), in peas (Pisum sativum L.), under the appli-

cation of different gamma radiation doses, evaluated in four distinct periods 1, 7, 14 and 21 days 

after irradiation and cooling remaining at 8 ºC. 

Ash (%) 

 Doses 1 day 7 days 14 days 21 days 

control 1.53±0.41
a
 1.85±0.70

a
 0.99±0.35

a
 1.19±0.10

a
 

0.15 kGy 0.89±0.14
a
 1.75±0.83

a
 0.79±0.10

a
 1.03±0.06

a
 

0.30 kGy 1.35±0.33
a
 2.50±0.70

a
 0.64±0.15

a
 1.13±0.15

a
 

0.45 kGy 2.30±1.04
a
 2.91±1.13

a
 0.73±0.11

a
 0.99±0.10

a
 

For each column, distinct letters denote significant differences between doses of  

treatment with gamma radiation and control (Tukey test p < 0.05, n = 3)  

 

Comparing the results obtained in this work and the ash values found in the literature for fresh 

pea, with no radiation process: 0.93% [28], 1.00% [29], 0.79% [30] and 0.87% [31], it is observed 

that in the evaluation periods 1 and 7 days the values are considerably higher than those found in 

the literature and the data of the periods of 14 and 21 days are in the reference average. 

CONCLUSION 

 

        It was observed that in all parameters analyzes gamma radiation doses used did not affect sig-

nificantly   the shelf life of the grains.  
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          The 0.30 kGy dose increased the germination of the peas and the 0.45 kGy dose was insuffi-

cient to inhibit sprout growth in peas. 

.  
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