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ABSTRACT 

 
The beverages based of soymilk and grape juice contains bioactive compounds that help in maintaining the 

health of the individual, attributing functional characteristics to the beverage. The gamma irradiation technique 

of is used to reduce and / or eliminate the microbial count of foods extending shelf life. However, it has been 

demonstrated that certain dosages of gamma irradiation are capable of inducing changes in the structure of 

molecules in food. Thus, the aim of this study was to observe the effect of different doses of gamma irradiation 

about the physicochemical, chemical and biochemical in beverages based in soylmilk and grape juice. For the 

tests, were obtained soymilk in the ratio 1:6, to which were added integral grape juices (red and white). The 

beverages were treated with increasing doses of gamma radiation to be analyzed. The doses of irradiation may 

have induced inversion of sucrose to fructose and glucose. Phenolic compounds of the beverage with white 

grape juice didn’t differ significantly between treatments. The antioxidant capacity was higher for the beverage 

with red grape juice regardless of irradiation dose. It was concluded that beverages based soymilk and grape 

juice (red and white) differ from each other for most of the analyzes conducted. However, the average results of 

the control samples were not far from the results obtained for treatments. 

 

 

1. INTRODUCTION 

 

Soybean is one of the most interesting crop in the world due to the versatility of application 

of its products for human feeding [31]. The main soybean products are: tofu, soy yogurt, 

textured protein, misso, shoyu, proteic concentrated and isolated, refined oil, bran, flour, 

hydrosoluble soy extract (soymilk) [38]. In addition to these derivatives, in the food industry 

soy is present on composition of many products, such as embedded, chocolates, spices, meat 

products, mixes drinks, pasta, comfit, baby foods and dietary [14]. 
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The low consumption of soy derivatives in West’s countries was related to flavor, smell and 

eating habits [32]. The astringent and bitter taste (beany or raw bean flavor) is the result of 

auto-oxidation or enzymatic action of lipoxygenase on polyunsaturated fatty acids [29; 27; 

39]. However, due to modern processing technologies, soybean, has proved to be an 

important feed alternative in the West [17]. 

 

A soybean based mixed drink and fruit juices deserves a highlight the according to the large 

variety offered, that has been marketed successfully in the domestic market since the late 90s. 

Nowadays, the consumption of it continues to expand, indicating a possible change of 

attitude of consumers towards the products [3]. 

 

The fruit juice and soymilk added to the mixed drink desirables sensories characteristics of 

fruits and the functional properties of soy and fruit [40]. The law defines functional food as 

being consumed by part of the usual diet, which produces physiological or metabolic effects 

and / or ability to reduce the risk of diseases, besides having basic nutritional functions [7].  

 

The functional ingredients are a group of substances that present health benefits, such as 

phenolic compounds, vitamins and minerals found in fruits and vegetables, polyunsaturated 

fatty acids present in vegetable oils and fish oil, protein, etc [25]. 

 

The growing demand of the population for healthy food leads researches to developing new 

technologies that can add or maintain the nutritional value of the food, without incurring 

losses in sensory quality and a safe product to the consumer and minimal waste of harmful 

residue to the environment [13]. 

 

However, ionizing radiation has been applied for many purposes. Stands out as a food 

application, has become a promising method for conservation doing the combination or  

maintenance to the heat treatment. From controlled doses, changes in nutritional and sensory 

characteristics of the food are minimal. Beyond that, it can be applied in solid and liquids 

foods already packaged, avoiding recontamination after treatment [20; 16]. 

 

ANVISA approved by the RDC 21 (January 26, 2001), a technical regulation for food 

irradiation, establishing that any food can be treated by radiation since the minimum absorbed 

dose is sufficient to attend the main purpose and the maximum absorbed dose is lower than 

which might compromise the functional properties and or the sensory attributes of the food 

not being stipulated maximum numerical value for the allowed dose [5]. 

 

Several studies evaluated the effect of radiation on the structural and functional properties of 

vegetable proteins [2; 26]. However, there are few informations on processed and irradiated 

foods in the literature. Therefore, the objective of this study was to observe the effect of 

different doses of gamma irradiation on chemical and biochemical compounds of mixed 

drinks of soymilk, grape and white ink juice.  

 

 

2. MATERIALS AND METHODS 

 

2.1. Materials 

 

The feedstocks used to this work were: 
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• Soybean cultivar BRS-258, were supplied by EMBRAPA , located in Londrina, PR/BR 

 

• Red and white grape juice (integrals). 

 

The equipment used in processing were: 

 

• Aluminum cauldron, blender and handmade strainer.  

 

2.2. Methods 

 

a) Craft production of soymilk: 
 

For the production of soymilk the grains of BRS-258 cultivar were maintained in distilled 

water for 2 hours and ground in a blender, at ratio of 1:6 (soybean: water), the extract was 

filtered in strainer and transferred to the aluminum cauldron. Then, the solution was boiled 

(98 ± 0.8 ° C) for five minutes.  

 

b) Beverage preparation based on soybean extract and grape juice 

 

When soy milk still warm, it was added grape juice in a ratio 1:2 (soy milk: grape juice). This 

proportion was held for both grape juice (red and white). The drinks were transferred to glass 

bottles of 200 mL and frozen at -20 °C.  

 

2.2.1 Experimental Design 

 

The mixed beverages were frozen when subjected to irradiation in the dosages, 1, 3, 6, 9 kGy 

of gamma irradiation from 60Co (multipurpose irradiator), located in the (Instituto de 

Pesquisas Energéticas e Nucleares) of Universidade de São Paulo, Brasil. 

 

The mixed drinks not radiated was considered the point 0 (control). Thus, totaled five 

treatments (0-control + 1,3,6 and 9 kGy). 

 

The statistical design of experiment was based on two mixed drinks (soymilk + red and white 

grape juice) and five treatments, with three replications each one. 

 

2.2.2 Analysis 

 

a) Physico chemical 

 

Moisture, Total solids, pH, Total acidity (g tartaric acid 100mL
-1

), according to 

methodologies of Instituto Adolfo Lutz [8], RS-reducers sugars (g 100mL
-1

), TS-total sugars 

(g 100mL
-1

), and sucrose (%), according to Nelson´s Method [33]. 

 

b) Chemicals 

 

Phenolic Compounds 

The phenolic compounds content was determined by the spectrophotometric method of Folin-

Ciocalteau [37] using gallic acid as a standard. The data was determined at 740 nm. In a test-
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tube was transferred 0.5 ml of the diluted sample, 2.5 ml of Folin-Ciocalteau reagent diluted 

in water 1:10, after 5 minutes was added 2 ml of sodium carbonate at 4%.The result was 

expressed as gram of gallic acid equivalent (GAE .100 ml 
-1

 of sample). 

 

 

Antioxidant activity 

The antioxidant activity determination was evaluated by the DPPH method, which is based 

on the capability of phenolic compounds in react with radical DPPH (1, 1-diphenyl-2-picryl-

hidrazila). An aliquot of the extract (0,5 mL) was added to 3 mL of ethanol (80%) and 300μL 

of DPPH solution (0.5 mM in ethanol). The absorbance measure was 517 nm [23]. The result 

was expressed in Trolox μmoles equivalents per 100 mL sample (TEAC.100 ml
-1

) 

 

Soluble protein 

The soluble protein content quantification was conducted by the method of Bradford [4] with 

bovine serum albumin (BSA) as a standard protein. The standard curve was obtained through 

a solution of BSA (Bovine Serum Albumin) in final concentration of mg.mL
-1

. 

 

c) Biochemical 

 

Peroxidase (POD)  

The activity of the enzyme peroxidase (POD) was determined by reaction of 100 μL of crude 

extract with 4.9 mL of potassium phosphate buffer 25 mM, pH 6.8, containing 20 mM 

Pyrogallol and 20 mM H2O2. After incubation for 1 min. the reaction was stopped with 0.5 

mL of H2SO4 (5%). The absorbance measure was 420 nM and  specific activity  expressed in 

µmo H2O2 degraded.mg protein
-1

). The molar extinction coefficient of 2.47 mM
-1

 cm
-1

 [34] 

was included at the calculation for activity of this enzyme. 

 

Polifenoloxidase (PPO)  

The PPO activity was determined according to the method described by Kar and Mishra, 

[24]. In a test tube was added 0.3 mL of crude extract and 1.85 mL of 0.1 N catechol. After, 

they was taken to a water bath at 30 °C for 30 min and then added 0.8 mL of 2 N perchloric 

acid for measure of the samples at 395nm. The PPO activity was expressed as µmol catechol 

transformed. mg of sample
-1

. 

 

Lipoxygenase (LOX) 

To lipoxygenase activity was added 10 µL of crude extract (obtained from soymilk) and 40 

uL of solution of sodium linoleate (substrate) in 500 ul phosphate buffer 50.0 mol L
-1

, pH 6.5. 

The reaction rate was determinate at 234 nm for a period of 60 seconds according to (Axelrod 

et al. 1981). The LOX specific activity was expressed as µmol min
-1

 mg protein
-1

. 

 

d) Statistics 

 

The physicalchemical, chemical and biochemical characters data of beverages were analyzed 

by variance analysis and the means were compared by Tukey’s test at 5% probability. 

Analyses were performed in software Assistat [36]. 
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3. RESULTS AND DISCUSSION 

 

Beginning with Table 1, it can be demonstrated that the beverages (soymilk and grape juice) 

had a major percentage of moisture (88 92%), which is condition propitious to radiolysis, 

because the radiation in contact with the water molecule can generated reactive oxygen 

species (ROS) [15]. However, the phenolic compounds associated to antioxidant enzymes 

exert the function of preventing the oxidation generated by abiotic and biotic stresses [9; 22]. 

 

The doses of gamma irradiation didn’t affect the pH of both beverages. For beverages with 

white grape juice there was a decrease in pH when compare the results of the samples 

irradiated with the control sample. This result agrees to Iemma et al.[21] who observed in 

orange juice reduction the pH when was increased irradiation dose. 

 

The total acidity of the beverages ranged from 0.4 to 0.5 (g tartaric acid 100mL
-1

) that were 

different from the values found by Abreu et al [1], the author evaluated total acidity of 

soymilk and tropical fruits juice (0.1 to 0.3 g tartaric acid 100mL
-1

), however, the results 

were similar to those observed by Brunelli and Venturini Filho [10] found that at 0.5 g 

tartaric acid 100mL
-1

 in mixed drink (soymilk and grape juice). 

 

Table 1. Physico-chemical  characteristics of beverages (soymilk and grape juice - red 

and white) subjected to different doses of gamma irradiation. 

(%)Characteristics 
Doses of gamma irradiation (kGy) 

0 1 3 6 9 

Moisture 
Red 91,78 aA 88,61 bA 87,76 bA 87,79 bA 87,72 bA 

White 90,33 aB 89,85 abB 88,53 bA 89,01 abB 88,75 abA 

Total solids 
Red 8,22 bB 11,39 aA 12,24 aA 12,21 aA 12,28 aA 

White 9,67 bA 10,15 abB 11,47 aA 10,99 abB 11,25 abA 

pH 
Red 4,07 3,94 3,87 3,84 3,74 

White 4,24 a 4,12 b 4,08 b 4,09 b 4,06 b 

Acidity 
Red 0,36 A 0,37 A 0,38 A 0,36 A 0,36 A 

White 0,41 cB 0,44 bcB 0,47 abB 0,48 aB 0,44 abcB 

RS* 
Red 7,51 cA 9,37 bA 10,10 abA 9,49 abA 10,16 aA 

White 7,10 cA 8,36 bB 9,99 aA 9,01 abB 9,21 abA 

TS** 
Red 7,83 bA 9,52 aA 10,19 aA 9,67 aA 10,21 aA 

White 7,16 cA 8,40 bB 10,04 aA 9,07 abB 9,25 abA 

Sucrose 
Red 0,30 aA 0,15 abA 0,09 abA 0,17 abA 0,05 aB 

White 0,05 B 0,03 B 0,04 A 0,05 B 0,04 A 

Means followed by different letters in the row (lowercase) and spine (upper) indicate 

significant differences according to Tukey's test. * Reducing Sugars; **Total Sugars 

 

The similarity of results between reducing sugars (% glucose and fructose) and total sugars 

(Table 1) shows that the commercial grape juices used in this research hadn’t addition of 

sucrose to sweeten, in other words, these beverages are appropriate to current legislation, 

which ascribe that grape juice may not exceed 20% of total sugars [6]. The soymilk 

contributed little to the result of sugars, in which there is only traces amounts of raffinose-

0.012%, stachiose- 0.64% and sucrose 0.12 [35]. 
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With the increasing of irradiation doses, also increased the percentage of reducing and total 

sugars, the little remaining sucrose in grape juice and soymilk can have hydrolyzed into 

glucose and fructose (Table 1). 

 

Both beverages had in the common soymilk, thus the differences between the results of each 

analysis occurred because of grapes varieties used in processing juice (red or white grape). 

That way, it was observed that there was significant difference between the beverages (white 

x red) for all analyzes, except for protein of beverage subjected to 9 kGy (Table 2). 

 

The content of soluble protein was similar to that found by Abreu et al [1]. The authors found 

that levels of protein in the beverage - soymilk and pineapple (0.13%) and soymilk with 

guava (0.9%). However, Rodrigues et al. [35] showed a protein content of 2.24%, the 

difference between the results occurs because there is various methodologies used to 

determine the protein content of the samples, in this research was performed the analysis of 

soluble proteins, as Rodrigues [35] analyzed the total protein. Futherfore, changes in the 

content protein occur because as the proportion soy: water used and the technology to obtain 

the extract of soybean. 

 

The results obtained for phenols (phenolic compounds) and antioxidant potential are 

coherent, relate that phenolic compounds have antioxidant activities, and these two 

parameters were higher for drink with red grape juice (Table 2). However, the drink with 

white grape juice had the lowest results of phenolic compounds compared with drinking red 

grape juice, concomitantly with lower antioxidant potential. Thus, Mazza [30] reported that 

the content of phenolic compounds in the juice varies depending on the grape variety, with 

maturity, cultivation practices and regions thereof. 

 

Table 2. Physico-chemical  characteristics of beverages (soymilk and grape juice - red 

and white) subjected to different doses of gamma irradiation. 

(%)Characteristics 
Doses of gamma irradiation (kGy) 

0 1 3 6 9 

Proteins 
Tinta 0,11 A 0,10 A 0,11 A 0,11 A 0,10 A 

Branca 0,08 abcB 0,07 cB 0,07 bcB 0,09 abB 0,10 aA 

Phenols 
Tinta 3,88 cA 5,80 aA 5,96 aA 5,38 abA 4,65 bcA 

Branca 1,31 B 1,36 B 1,45 B 1,33 B 1,37 B 

AC* 
Tinta 65,42 A 67,87 A 70,92 A 65,65 A 66,95 A 

Branca 11,08 abB 11,33 aB 10,42 abB 9,17 abB 7,30 bB 

Means followed by different letters in the row (lowercase) and spine (upper) indicate 

significant differences according to Tukey's test. AC*- Antioxidant Capacity 

 

The contents of compounds phenolic obtained in this research (Table 2) were below of those 

found in the literature. Abreu et al. [1] found 18.9 mg EAT/100g for soymilk with pineapple, 

mango and passion fruit, and 92.9 mg EAT/100g for beverage based soy with pineapple. The 

antioxidant capacity of the beverages with red grape juice was higher than beverage with  

white grape juice (Table 2), the same occurred with the samples of red and white grape juice 

evaluated by Vargas et al. [41], where the white juice presented 42% of capacity to sequester 

free radicals (SRL) and the red grape  juice held 95.7% SRL. 
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Gamma irradiation has been shown to induce oxidative stress by producing reactive species 

[42]. However, the plant has mechanisms to overcome this stress, using a complex network 

of antioxidants such as phenolics and antioxidant enzymes [17]. This way, the results 

obtained in these tests showed that the doses used did not affect the antioxidant capacity of 

beverages, with the exception of drink with white grape juice subjected to 9 kGy with the 

lowest average value when compared to the others (Table 2). 

 

Independently of gamma irradiation doses and the beverages, the enzyme lipoxygenase was 

inactivated (0.00), which proves the efficiency of heat treatment (binomial time and 

temperature) for both beverages (soymilk with grape juice - red and white). 

 

However, the increasing of irradiation dosage induced POD activity in both beverages. 

Therefore, probably, the radiation induced oxidative response, which may be intensified 

under stressful conditions [19]. Due to PPO, the activity was similar with the increased of 

irradiation doses, mainly to beverage with white grape juice (Figure 1). 

 

 

 

 
Figure 1: Activity of peroxidase (POD) and polifenolosidade (PPO) on the basis of 

mixed drink soy extract and grape juice (red and white). Means followed by different 

letters in the same line (lower) and between lines (upper) indicate significant differences 

according to Tukey's test. 
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The beverage with white grape juice showed higher activity of POD and lesser of PPO, 

however, the beverage with red grape juice occurred the opposite (Figure 1). These enzymes 

should be inactivated by the heat treatment applied during or after processing, although they 

are heat resistant, especially POD [28]. Freitas et al [18] failed to inactivate both enzymes in 

grape juice (varieties: Benitaka and Ruby) even reaching 85 ºC for 10 minutes, which 

explains the presence of these enzymes in the samples obtained in this work. 

 

The peroxidase and polyphenol oxidase enzymes are oxidoreductases capable of catalyze 

oxidative reactions, transforming phenolic compounds into quinones, engender changes in the 

color and flavor of fruits, vegetables and their processed [18; 12]. However, such changes 

may not occur in the analyzed samples, although it has occurred because the increase of 

peroxidase (Figure 1), no reduction of the phenolic compounds with increased irradiation 

dose happened (Table 2). 

 

 

4. CONCLUSIONS  

 

The beverages based soymilk and grape juice (red and white) differ from each other for most 

of the analyzes conducted. However, the average results of the control samples were not far 

from the results obtained for treatments. 
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