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ABSTRACT 

Soybean and its derivative are considered as a functional food because it has high quality protein and are used 

for the prevention of chronic degenerative diseases. The irradiation technique is used in soybeans to increase 

shelf life and avoid problems in plant products consumed raw or processed. However, the controversy in the 

literature that the irradiation dose up 10kGy food can alter the functional properties and structures of 

macronutrients. With the prospect of more information on the use of radiation on soybeans, the objective of this 

study was to determine the activity of lipoxygenase in soybeans and to evaluate possible changes in the protein 

content of soymilk processed from grain-BRS 213, BRS 258 and Embrapa 48 subjected to dosages of 2.5 , 5.0 

and 10.0 kGy of gamma radiation. The soybean cultivars were wrapped in plastic bags and subjected to gamma 

radiation source 60Co, Gammacell 220 (Atomic Energy of Canada Ltd.), except the control. The grains 

irradiated induced reduction of enzyme activity. The results for the protein content of soymilk were similar, 

appropriate to that required by ANVISA and showed little protein solubility for cultivars BRS-258 and 

Embrapa48. It was concluded that the technique of irradiation beyond to keep the nutritional value of soy can 

contribute to the organoleptic quality of soymilk. 

 

 

1. INTRODUCTION 

Soy is an agricultural product of global significance because it has versatility for application 

in food products and animal and its economic value in national and international markets. 

Brazil is among the largest producers of soybeans in the world, being a legume grown in 

many regions of the country [1]. 
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The economic and nutritional importance of soybeans is due to its high content of lipids and 

proteins that are responsible for about 60% of the dry weight [2]. It has essential amino acids, 

polyunsaturated fatty acids and phytochemicals like isoflavones compounds, saponins, 

phytates, phospholipids, antioxidants, fibers, among others. It is also a source of minerals 

such as copper, zinc, iron, phosphorus, potassium, magnesium, manganese, calcium, vitamins 

such as A and those from B complex (B1, B2 e B6) ) [3;4]. 

After the extraction, some derivatives can be manufactured, like tofu ("cheese" from 

soybeans), yogurt, textured protein - TSP, missô (soybean paste), shoyu (sauce), concentrates 

and protein isolates, soymilk (aqueous extract of soybean-AES), bran and soy flour. These 

foods were already part of the Japanese diet and other eastern countries and also have been 

developed from the growth of production and consumption [5, 6]. 

Soymilk present similar characteristics to cow's milk, concerning to the nutritional value [7]. 

It is a drink of low cost and easy to obtain, representing an important alternative for the 

feeding of poor populations [5]. How does not contain lactose and cholesterol, is ideal for 

people with lactose intolerance or individuals with high cholesterol content. It is good source 

of protein and can be used for prevention and correction of malnutrition [8]. 

The Brazilian legislation defines soymilk as a product obtained from the emulsion resulting 

from the hydration of grains, properly cleaned, followed by appropriate processing 

technology; supplemented or not with optional ingredients. In addition, the milk and can 

submitted to dehydration processes [9]. 

Since the launch (in 1997) of soy-based drinks in the Brazilian market, there was registered a 

increase of consumption of this type of product. In recent years, soy-based substances in 

general and particularly soymilk has awakened interest in its consumption, mainly due to 

their functional properties. The industrial product can be found in Brazil in its original form 

(without taste), with taste and with different flavors and also sweetened with sucrose or 

sweeteners like sucralose [10]. 

According to the Agencia Nacional de Vigilância Sanitária do Brasil (ANVISA) [11] and the 

Comissão Nacional de Normas e Padrões para Alimentos [9], soymilk (in liquid or dry form) 

must obey the following chemical characteristics (Table 1): 

Table 1. Chemical characteristics of soymilk. 

Parameters Liquid Dry 

Moisture maximum: 93,0% minimum:    3,0% 

Proteins (Nx6,25) minimum: 3,0% minimum:  41,5% 

Lipids minimum: 1,0% minimum:  13,8% 

Carbohydrates  maximum: 2,8%  maximum:  34,6% 

Ashes maximum: 0,6% maximum:    7,0% 

          Source: Brasil [9], Brasil [11]. 

Soymilk can be considered a functional drink because in addition to basic nutritional facts, 

produces beneficial effects to the health. At moment, recognized nutritional values being 

studied as a beverage can prevent diseases like some cancers, cardiovascular disease and 
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postmenopausal symptoms, as well as reducing serum cholesterol and triglycerides [3, 12]. In 

contrast to benefits, consumer products are constrained by the population as a result of 

unpleasant taste (described as astringent, sour and bitter) attributed to the action of 

lipoxygenase (LOX), which catalyzes the sequential degradation of lipids, polyunsaturated 

fatty acids in transforming hydroperoxides that are rapidly metabolized to form various 

products [13, 14, 15]. 

To eliminate the characteristic taste and odor of soybean milk some treatments can be 

proposed: complete removal of the peel, grinding with hot water, soaking of grains with 

alkalis, grinding the beans with the addition of acid and flavor [15]. 

Alternatively, the techniques of irradiation of grains is used to extend life and prevent 

problems in plant protection products consumed raw or processed, inhibiting sprouting, 

killing insects and microorganisms [16]. Moreover, degrades protease inhibitors (anti-

nutritional factor) that consequently reduce the activity of LOX, because according to Barros 

et. al. [17], in the absence of the KTI (Kunitz protease inhibitor) the level of LOX is strongly 

reduced. The estimated costs of the benefits of irradiation trade show to be competitive with 

other methods of fumigation and heat-physical treatments [18, 19]. 

Irradiation is a physical process similar to heat pasteurization, canning or freezing, where the 

food is packed and submitted to one to three types of ionizing energy: gamma rays, X-rays or 

electron beam [20]. In 1983, the Codex Alimentarius Commission concluded that food 

irradiated with energy below 10 kGy presented no toxicological risks. Moreover, 

international organizations like the United Nations Food and Agriculture Organization 

(FAO) and World Health Organization (WHO) evaluated these studies and concluded that 

irradiated food is safe and beneficial. 

Several authors discuss the effect of radiation on the structural and functional properties of 

soy proteins [21, 22, 23, 19]. The radiation processing has been shown effective in reducing 

oligosaccharides, trypsin inhibitors and chymotrypsin and improves the production of 

soymilk and tofu [24, 25, 26]. Among other factors, also increases the antioxidant activity of 

phenolic compounds present in soy [27]. However, the literature also demonstrates that the 

use of irradiation may affect soy protein, so that the bonds that stabilize secondary and 

tertiary structures are destroyed causing conformational changes, influencing the solubility in 

water and therefore the nutritional value [28, 23, 29]. Such reports are of great importance for 

the food industry, because soy protein has several technological advantages such as increased 

moisture retention, improved texture, ligament, cohesion and final productivity, retention of 

quality attributes in general, a higher level protein, nice color, longer shelf life, better flavor, 

better appearance and nutritional value [30]. 

In order to prospect more information about the use of radiation on soybeans, this study 

aimed to determine the enzymatic activity of LOX in soybeans, as well as to evaluate the 

protein content of soymilk processed from BRS-213, BRS 258 and Embrapa 48 subjected to 

doses of 2.5, 5.0 and 10.0 kGy of gamma radiation. 
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MATERIAL AND METHOD 

2.1- Material 

Grains of soybean cultivar BRS-213 (free of lipoxygenase), BRS 258 and Embrapa-48 (both 

with the presence of lipoxygenase) were used. The grains were supplied by EMBRAPA - Soy, 

based in Londrina, PR, Brazil. 

The equipment used in processing was: liquidizer and filter bag cloth. 

2.2- Method 

2.2.1- Planning experimental 

The soy beans were packed in plastic bags and subjected to a dose of 2.5, 5 and 10 kGy 

gamma irradiation from 
60

Co source, Gammacell 220 (Atomic Energy of Canada Limited.), 

consisting by 3 soy cultivars and 3 radiation doses (9 treatments). These treatments were 

carried out in cooperation with the Center for Nuclear Energy in Agriculture - CENA / USP, 

Piracicaba - SP. 

2.2.2- Processing 

For the production of soymilk,  grains of each cultivar were soaked in distilled water for 2 

hours and ground in a liquidizer at a ratio of 1:6 (soybean: water). The obtained extract was 

filtered through filter bag cloth, transferred to Falcon tubes and stored in Ultrafreezer. 

2.2.3- Chemical analysis 

In grains and soymilk (Controls) were characterized out to evaluate the parameters moisture, 

protein, lipids, ash, crude fiber, and carbohydrates (chemical composition). For the analysis, 

the standard methods of the Institute Adolfo Lutz [31] was adopted. The routine of the 

determinations was carried out at Laboratory of Bromatology FCA / UNESP, Botucatu 

Campus, SP. 

The results of the analysis performed for the grains were expressed on a dry basis and the 

carbohydrate content was determined by difference according to the expression: 100 - % of 

solid constituents (protein, lipids, ash and crude fiber). For soymilk the results were 

expressed by wet basis and carbohydrate content was determined by difference: 100 – 

moisture - solid phase. 

In soymilk obtained from irradiated grains, was performed protein analysis according to the 

methodology of the Institute Adolfo Lutz [31]. 

2.2.4- Biochemical analysis 

It was determined the enzymatic activity of lipoxygenases in irradiated and control set of 

grains. The samples were macerated with 2 mL of Tris-HCl 50 mM buffer supplemented with 

20 mM CaCl2, pH 8.0. The enzyme extract obtained was centrifuged at 5,500 rpm for 10 

minutes at 4 ° C. 
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The analysis of activity of lipoxygenase, was based on the ability of the enzymes to oxidate 

the standard solution of linoleic acid, according to the method described by Axelrod et al. 

[13]. After the incubation time, increase in absorbance at 234 nm was recorded, resulting 

from the formation of a system of conjugated double links formed in the hydroperoxide. 

For the analysis of lipoxygenase activity, was added to 10 mL of enzymatic extract and 40 

mL of stock solution (sodium linoleate). The reaction rate was recorded each 20 seconds, at 

234 nm, for a total time of 60 seconds. Under the same conditions, the blank tubes were 

proceeded.  

The results were expressed as mol hydroperoxide / min / mg of protein using the expression: 

                                            Reaction rate: ABS x VE x DF x VC                (1) 

ε 

Where: 

ABS= absorbance at 234 nm; 

VE= volume of enzyme extract; 

DF= dilution factor; 

VC= volume of the cuvette; 

ε = 25000 M
-1

 cm
-1

 (molar extinction coefficient of hydroperoxides of linoleic acid to 234 

nm). 

To calculate the specific activity. the number of units of enzyme per milligram of protein [32] 

was considered. Thus, the specific activity values were obtained by dividing the activity 

values by the concentration of proteins (mg of protein) in which the reaction rate. 

The quantification of protein content in enzyme extracts was carried out by the method of 

Bradford [33]. This analysis was performed at the Department of Chemistry and 

Biochemistry of the Institute of Biosciences of Botucatu - UNESP. 

 

 

2. RESULTS AND DISCUSSION 

The results concerning the chemical composition of soybeans (non-irradiated-control) BRS-

213, BRS 258 and Embrapa 48, used in the preparation of soymilk (control), are shown in 

Table 2. 
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Table 2. Characterization of the soybean. Values represent the average (n = 3) ± SD. 

Parameters 
Soybean cultivars 

BRS-213 BRS-258 Embrapa 48 

Ashes (%) 5,57±0,00 5±0,00 4,7±0,00 

Dry matter (%) 90,25±0,25 91,75±0,14 91,2±0,20 

Lipids (%) 19,21±0,28 24,19±0,30 21,62±0,03 

Crude protein (%) 38,92±0,28 37,84±0,32 35,11±0,01 

Crude fiber (%) 17,72±1,14 17,59±1,09 16,56±1,00 

Carbohydrates (%) 18,58±0,78 15,39±0,78 22,01±0,78 
       Values based on dry matter 

The chemical composition of soybeans can vary depending on the cultivar, soil and climate 

conditions and cultivation practices [34]. The cultivars BRS-213 and BRS-257, used in this 

test, showed similar results with each other for all analysis (dry matter, ash, protein, lipids, 

crude fiber and carbohydrates), and were similar to those found in the literature. 

The dry matter of the cultivars under study proved according to the values found by Ciabotti 

[35], 90.7%. The ashes were similar to those verified by Bowles [36], 4.7%, and Rodrigues 

[37], 4.8%. The protein was close to the data presented by Kawaga [38], 38.0%, and Bowles 

[36], 37.3% . At the same way, the lipids agree with the values observed by Moraes (2002), 

19.93%. 

Table 3 presents the results of the chemical composition of samples of soymilk (control) 

grain produced by three different cultivars (BRS 213, BRS 258 and Embrapa 48 - non-

irradiated). 

The average values shown at Table 3 indicate that the soymilk produced by different cultivars 

has similar chemical characteristics to each other and agree with the values normally 

established by the law [9, 11]. 

Table 3: Characterization of the soymilk. Values represent the average (n = 3) ± SD. 

Parameters 
Soymilk 

BRS-213 BRS-258 Embrapa 48 

Moisture (%) 91,09±0,02 90,28±0,01 90,26±0,01 

Ashes (%) 0,56±0,03 0,57±0,00 0,56±0,02 

Lipids (%) 2,24±0,01 2,72±0,01 2,80±0,03 

Crude protein (%) 4,48±0,03 4,37±0,00 4,25±0,07 

Crude fiber (%) 0,32±0,01 0,29±0,01 0,37±0,01 

Carbohydrates (%) 1,40±0,03 1,77±0,01 1,76±0,07 
     Values based on wet field 

Although the literature suggests an average composition of reference for the products derived 

from soybeans, the analytic determinations of soymilk varies greatly depending on the used 

cultivar, of the processing and how was the used proportion for the extraction (soybeans: 

water) [37], moreover, differ also according to the analytical methodologies used in physical-
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chemical products. Thus, some results found by Rodrigues [37] do not agree with the 

observed in this study for total solids, ash, lipids, crude fiber and protein. 

However, there was similarity between the present results to those obtained by Felberg et al. 

[39] for carbohydrates (1.84), lipids (2.03) and moisture (90.92), by Tanteeratarn et al. [40] to 

ashes (0.48) and protein (4.5). 

Table 4 resume the values observed for the crude protein content of soymilk produced after 

the irradiation of the grains (2.5, 5 and 10 kGy) and those from control. The obtained results 

are similar between treatments and appropriate to the requirements of ANVISA [9, 11]. 

Table 4. Content of protein in soymilk. Values represent the average (n = 3) ± SD. 

% CP 
Reference EMBRAPA 

213 258 48 

control 4,38±0,03 4,37±0,00 4,25±0,07 

2,5 kGy 4,54±0,00 3,67±0,04 4,11±0,03 

5 kGy 4,63±0,03 3,91±0,05 3,62±0,00 

10 kGy 4,52±0,06 3,05±00 4,75±0,02 
Values based on wet field; CP=crude protein 

Compared to the control treatments, it’s possible to conclude that increasing of radiation dose 

it was observed a slight increase in protein solubility of the cultivars BRS-213 and Embrapa 

48. The highest content of proteins were observed by the treatment of 5 kGy (5.71% ) and 10 

kGy (7.65%) respectively for the cited cultivars. According to Souza and Neto [41] 

irradiation treatments allows the breaking of disulfide bonds, hydrogen and deamidation 

reactions, that in general favoring the protein solubility. Of the other hand, the cultivar BRS-

258 showed some fall of protein (30.21% reduction), mainly when the soybeans were 

irradiated with 10 kGy. The other treatments, for this cultivar apparently do not produce the 

same effect. 

The activity of LOX determined on non-irradiated grains (control), was taken as 100% of 

residual activity (Table 5). Considering that the cultivar Embrapa BRS-213 is a genetic 

modified material (LOX free), it was expected a low enzyme activity, when compared to the 

other materials (BRS-258 e Embrapa-48). 

Thus, for cultivar BRS-213, the treatments 5 and 10 kGy induced high inactivation of the 

enzyme, with respective reductions of 92.32% and 92.97% of the activity. Not far, the 

treatment 2,5 kGy differed only 36.25% of the other treatments (5 and 10kGy), a reduction of 

88.9% of the activity. For the cultivars BRS-258 and Embrapa 48, induced similar 

percentages of reduction of LOX activity, treatments 2,5; 5 and 10 kGy, an average of 

96,45%, 97,14 and 97.61% respectively. 
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Table 5. Average results and standard deviation of the activity of lipoxygenase of 

soybean irradiated and non-irradiated. 

Cultivar of soy Control 2,5 kGy 5 kGy 10 kGy 

BRS-213  72,659 8,008 5,105 5,583 

BRS-258  2423,523 95,501 85,100 69,303 

Embrapa-48 3307,434 104,814 73,217 63,827 

According to current literature, it was observed that the reduction of LOX activity of soybean 

leaves treated was possible by treatments like pH variations under 3 or above 9.5, as well as 

by increasing the temperature above 30 ° C [42]. The increased concentration of intermedeol 

(mM) could inactivate the lipoxygenase [43]. The applications of high hydrostatic pressure 

on soybeans lead to partial reduction of LOX activity, evaluated in the soluble extract. When 

combined with thermal treatment at 50 ° C, the inactivation was observed [44]. 

 

 

3. CONCLUSION 

It was concluded that irradiated soybeans, leads to high percentages of inactivation of 

lipoxygenase and allowed the stability of soymilk protein, with a slight increase in protein 

solubility in the BRS-213 and Embrapa 48. The results indicate that the technique of 

irradiation, while maintaining the chemical characteristics (nutritional value) of soymilk, 

permits better organoleptic properties (especially the smell and taste) to the commercial 

product, considering the inactivation of LOX. 
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