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Abstract  – The objective of this work was to evaluate the chemical and physical characteristics of grains 
of soybean (Glycine max) cultivars for food processing. The soybean cultivars evaluated were: grain‑type – 
BRS 133 and BRS 258; food‑type – BRS 213 (null lipoxygenases), BRS 267 (vegetable‑type) and BRS 216 
(small grain size). BRS 267 and BRS 216 cultivars showed higher protein content, indicating that they could 
promote superior nutritional value. BRS 213 cultivar showed the lowest lipoxygenase activity, and BRS 267, 
the lowest hexanal content. These characteristics can improve soyfood flavor. After cooking, BRS 267 cultivar 
grains presented a higher content of aglycones (more biologically active form of isoflavones) and oleic acid, 
which makes it proper for functional foods and with better stability for processing, and also showed high 
content of fructose, glutamic acid and alanine, compounds related to the soybean mild flavor. Because of its 
large grain size, BRS 267 is suitable for tofu and edamame, while small‑grain‑sized BRS 216 is good for natto 
and for soybean sprouts production. BRS 216 and BRS 213 cultivars presented shorter cooking time, which 
may be effective for reducing processing costs.

Index terms: Glycine max, amino acids, fatty acids, hexanal, isoflavones, lipoxygenases, sugars.

Composição química e física de soja tipo grão e tipo alimento  
para o processamento de alimentos

Resumo – O objetivo deste trabalho foi avaliar as características químicas e físicas de grãos de cultivares de 
soja (Glycine max) para o processamento de alimentos. As cultivares avaliadas foram: tipo grão – BRS 133 
e BRS 258; tipo alimento – BRS 213 (desprovida de lipoxigenases), BRS 267 (tipo hortaliça) e BRS 216 
(tamanho de grão pequeno). As cultivares BRS 216 e BRS 267 apresentaram maior teor de proteínas e poderiam 
promover valor nutricional superior. A  cultivar BRS  213 apresentou a menor atividade de lipoxigenases 
e a BRS 267, o menor teor de hexanal. Essas características podem melhorar o sabor dos alimentos. Com o 
cozimento, os grãos da cultivar BRS 267 apresentaram maior teor de agliconas (forma biologicamente mais ativa 
das isoflavonas) e de ácido oleico, o que a torna adequada para alimentos funcionais e com melhor estabilidade 
para processamento, além de maior teor de frutose, ácido glutâmico e alanina, compostos relacionados ao sabor 
suave da soja. A cultivar BRS 267, com maior tamanho de grãos, é adequada para tofu e edamame, e a BRS 216, 
com menor tamanho, é apropriada para natto e para produção de brotos de soja. As cultivares BRS 216 e BRS 213 
apresentaram menor tempo de cozimento, o que pode ser eficaz para reduzir os custos do processamento.

Termos para indexação: Glycine max, aminoácidos, ácidos graxos, hexanal, isoflavonas, lipoxigenases, 
açúcares.

Introduction

Soy processing industries select raw material 
based on weight, moisture, impurities and grain 
damage. Differences in chemical and physical 
properties of soybean cultivars are not taken into 
consideration in soyfood processing. Information on 
these characteristics could help food industries obtain 
products with better functional, nutritional and sensory 
qualities with greater cost‑benefits (Sbardelotto & 
Leandro, 2008).

According to their different uses, soybean cultivars 
are classified as grain‑type, which are conventional 
soybeans for oil and animal feeding, and food‑type, 
which are those for human consumption in fermented 
foods (misso, tempeh and natto) and non‑fermented 
foods (tofu, soy flour and soy milk) (Liu, 1999). 
Therefore, soybean cultivars for human consumption 
should present special chemical, physical and sensory 
characteristics.

Protein, fatty acids (oleic, linoleic and linolenic) 
and sugar contents as well as absence of lipoxygenase 
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enzymes, grain size, clear hilum and cooking time are 
some of the characteristics that can be modified through 
genetic breeding in order to obtain suitable soybean 
cultivars for human consumption. These characteristics 
must be confirmed by chemical, physical and sensory 
analysis (Carrão‑Panizzi, 2000; Meneguce et  al., 
2005).

Soybean is an important source of high‑quality 
protein. Soybean cultivars with high protein content 
allow the production of foods with superior nutritional 
value and yield, such as soy milk and tofu (Liu, 
1999; Moraes et  al., 2006). Low concentration of 
polyunsaturated linoleic and linolenic fatty acids and 
higher oleic acid content increase oil stability and 
prevent oxidation and production of off‑flavors during 
food processing (Fehr, 2007). Genetic elimination of 
lipoxygenase enzymes can improve the flavor of soy 
products by reducing the formation of the hexanal 
compound associated with the beany flavor (Furuta 
et al., 1996).

Isoflavones are compounds found in soybean that 
have estrogenic, antifungal, antioxidant and antitumor 
properties. Soybean grains present different forms 
of isoflavones such as glucosides, acetylglucosides, 
malonyl-glucosides and aglycones. The latter form, 
composed by daidzein and genistein, has greater 
biological activity. Therefore, soybean cultivars with 
high content of isoflavone aglycones can increase 
functional properties of soy foods (Aldin et al., 2006).

In soybean grains, the amount of sucrose, the main 
carbohydrate, can range from 15 to 102 g kg‑1, while 
glucose is found in trace quantities (Liu, 1999). The 
oligosaccharide content can vary from 1 to 21 g kg‑1 for 
raffinose and from 14 to 67 g kg‑1 for stachyose. These 
saccharides can be associated with flatulence problems 
in monogastric animals, although in humans they can 
also contribute to the growth of beneficial colon bacteria 
(Tomomatsu, 1994). Vegetable‑type soybean cultivars 
present milder and sweeter flavor than conventional 
cultivars (Masuda, 1991), a consequence of the higher 
content of sucrose and of glutamic acid and alanine 
amino acids.

Soybean grain size can be an important quality 
characteristic for soyfood depending on the type of 
utilization. Small grain sizes (weight of 100  grains 
of 7–10  g) are more suitable for natto and soybean 
sprouts, whereas large grain sizes (weight of 100 grains  
of 20–30 g) are recommended for tofu or edamame. 

Water absorption capacity and shorter cooking time 
are other factors related to the reduction of costs in 
processing (Meneguce et al., 2005).

There is little information about the chemical, 
physical and sensory characteristics of food‑type 
soybean cultivars that could help soy food industries 
to properly process high‑quality products for human 
consumption.

The objective of this work was to evaluate chemical 
and physical characteristics of grains of soybean 
cultivars for food processing.

Materials and Methods

The soybean cultivars evaluated were: grain‑type 
– BRS  133 and BRS  258; food‑type – BRS  213 
(null lipoxygenases), BRS  267 (vegetable‑type) and 
BRS 216 (small grain size). The grains were produced 
in the 2005/2006 growing season and were supplied by 
Embrapa Soja, located in Londrina, Paraná, Brazil.

The chemical analyses were carried out on both raw 
and cooked grains. The cooking process inactivates 
lipoxygenase enzymes, improves flavor, and reduces 
anti‑nutritional factors, improving protein digestibility. 
For cooking treatments, the grains were soaked in 
distilled water for 16 hours at room temperature 
(25°C), cooked in an autoclave at 121°C for five min, 
dried in a ventilated chamber at 50°C for 72 hours and 
then ground in a knife grinder (100  mesh) (TE 631, 
Tecnal, Brazil).

The protein, lipid and carbohydrate contents were 
determined according to a method developed by 
Instituto Adolfo Lutz (2005). Lipoxygenase activity 
was determined using a spectrophotometer (3000 
Series, Cecil Instruments, England) according to the 
Axerold et al. (1981) method. In a glass cuvette, 5 μL of 
extract (soybean sample) and 50 μL of linoleate stock 
solution were mixed with 2 mL of sodium phosphate 
buffer (50 mmol L‑1, pH 6). The lipoxygenase activity 
was read by measuring the increased absorbance at 
234 nm over 1 min.

The hexanal and fatty acids contents were 
determined by gas chromatography according to the 
Min et al. (2005) and Rayford et al. (1994) methods, 
respectively. The gas chromatograph (HP 6890, 
Hewlett Packard, USA) was equipped with a silicone 
capillary column (30 m length, 0.32 mm diameter and 
0.2 µm thick film) (SP 2340, Supelco, Sigma‑Aldrich, 
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USA). The hexanal analysis was performed with an 
initial column temperature of 45ºC and the temperature 
of the injector was kept constant at 150ºC throughout 
the analysis. A  flame ionization detector (HP 6890, 
Hewlett Packard, USA) with temperature programmed 
at 220°C was used for detecting the constituents. 
The carrier gas (ultrapure hydrogen) flow was set to 
20 mL min‑1. The analysis of fatty acids was conducted 
by isothermal chromatography at 190ºC. Detection was 
performed using a flame ionization detector (HP 6890, 
Hewlett Packard, USA) with temperature programmed 
to 300ºC, with the injector at 250ºC throughout the 
analysis. The gas flow settings were: 40 mL min‑1 for 
helium, 40 mL min‑1 for hydrogen and 450 mL min‑1 
for synthetic air.

The isoflavones were extracted according to 
Carrão‑Panizzi et al. (2002) and quantified by Berhow 
(2002) method using a liquid chromatograph (model 
2690, Waters, USA). The separation was carried out 
in a C18 reverse type column (model YMC‑Pack 
ODS‑AM, YMC Europe Gmbh, Germany) (S‑5 mm, 
120  A, 250  mm long x 4.6  mm diameter), and a 
photodiode array detector (model 996, Waters, 
EUA) was used to detect the isoflavones at a 254 nm 
wavelength. A linear binary gradient system with 
methanol, trifluoroacetic acid and ultrapure deionized 
water was used for separation. The initial gradient 
was 20%, reached 90% at 35 min and returned to 
20% at 40  min. The mobile phase flow rate was of  
1 mL min‑1, and the temperature during the race was 
kept constant at 25°C.

Sugar contents of the samples was determined 
following the protocol described by Masuda et  al. 
(1996), using an ionic exchange chromatograph 
(ED  50, Dionex Bio LC, USA) equipped with an 
amperometric detector, AgCl electrode (ED 50, Dionex 
Bio LC, USA), amperometric gold cell and sample 
self‑injector. A  CarboPac PA  10 column (250  mm 
length x 4 mm internal diameter and 5 µm particles) 

was used to separate the sugars. The analyses were 
conducted adopting the system isocratic analysis and 
a 50  mmol  L‑1  NaOH solution as mobile phase at a 
1.0 mL min‑1 flow rate at 25°C.

The composition of amino acids was determined only 
in cooked samples by the technique of Spackman et al. 
(1958) in an ionic exchange chromatograph (ED  50, 
Dionex Bio LC, USA) using the automatic recording 
apparatus according to Alonzo & Hirs (1968). The 
column temperature was initially programmed to 
55°C and subsequently raised to 75°C throughout the 
analysis. The sodium citrate buffer elution solution’s 
pH began at 3.25 and was increased to 4.25 and 5.28 
by the end of the analysis.

The average raw grain size was the weight of 
100  grains. The difference in grain weight was 
calculated as water absorption percentage and 
measured before and after soaking in distilled water 
for 16 hours at room temperature (25°C). The cooking 
time was measured using a Mattson equipment (model 
3020, Mattson Technology, Inc., USA), according to 
Meneguce et  al. (2005). After cooking (autoclave at 
120°C for five minutes), the quantity of grains with 
lost seedcoats and broken cotyledons were counted to 
measure sample integrity.

A completely randomized experimental design was 
used in factorial arrangement: five soybean cultivars and 
two preparation methods (raw and cooked grains), with 
three replicates. The data were submitted to analysis of 
variance (ANOVA) and the means were compared by 
Tukey’s test, at 5 % probability using the SAS‑Statistical 
Analysis System scientific package (SAS Institute, 
2001). The Sanest (Zonta et al., 1982) analysis system 
was used for the partitioning of treatments.

Results and Discussion

The highest protein content in raw grains was observed 
in vegetable‑type soybean cultivar BRS  267 (Table  1). 

Table 1. Chemical composition (g kg-1 dry weight) of raw and cooked soybean grains(1).

(1)Means followed by equal letters, small in the columns and capital in the lines, do not differ by Tukey’s test, at 5% probability.
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After cooking, the BRS  216 (small seed size) and 
BRS 267 cultivars showed the highest protein contents; 
the lowest content was observed in grains of the 
conventional soybean cultivar BRS 133, irrespective of 
raw or cooked. Raw grains of soybean cultivars did not 
present differences in lipid content and had a mean value of 
192.47 g kg‑1. The lowest lipid content in the cooked grains 
was observed in the BRS 267 cultivar, while BRS 258 
showed the highest content. Sugar contents ranged from 
343.80 g kg‑1 (BRS 213) to 306.46 g kg‑1 (BRS 258) in raw 
grains and, after cooking, from 320.53 g kg‑1 (BRS 133) 
to 248.03 g kg‑1 (BRS 258). No differences were observed 
between BRS  213 and BRS  133  cultivars regarding 
protein and lipid contents. Similar results were obtained 
by Ciabotti et  al. (2006), indicating that the genetic 
elimination of the lipoxygenase enzymes in BRS 213 did 
not interfere in those constituents. Working with cultivars 
for human consumption, Vieira et  al. (1999) observed 
variations of 385.60 to 419.50 g kg‑1 for protein content; 
222.40 to 238.00 g kg‑1 for lipid content and 298.10 to 
333.30 g kg‑1 for the carbohydrates.

A decreased concentration of carbohydrates was 
observed after cooking, probably due to the solubilization 
of sugars in the soaking and cooking water, which 
increased protein and lipid contents. Giami (2002) 
observed that the highest carbohydrate content (339 g kg‑1) 
after cooking was detected in soybean cultivars for human 
consumption. In soybean near‑isogenic lines, Moraes 
et al. (2006) described variations in protein content from 
406.8 to 477.8 g kg‑1 and reported that the increasing of 
protein content was followed by the reduction of oil (from 
167.1 to 207.8 g kg‑1) and carbohydrates (from 300.1 to 
336.1  g  kg‑1) contents. Differences observed in those 
studies can be attributed to the processing conditions 
of soybean grains but are mainly related to genetic 
differences among cultivars.

The lowest enzyme activity was observed in raw 
grains of the BRS  213 cultivar (Table  2), which 

confirmed its special characteristics of absence of L1, 
L2 and L3 lipoxygenases. The residual value (0.90) 
observed for enzyme activity for this cultivar was 
probably due to the presence of other lipoxygenases 
(L4, L5 and L6), as described by Hildebrand (1996), or 
to waste metabolites from physiological post‑harvest 
conditions. The other studied cultivars presented mean 
values equal to 1.5 and did not differ among each other. 
The cooking process reduced the enzyme activity and 
the smallest values were observed in the BRS  213, 
as expected, and BRS  267 cultivars. The results are 
similar to those observed by Nishiba et al. (1995), who 
reported reduced enzyme activity in null‑lipoxygenase 
soybean cultivars and greater activity in conventional 
cultivars in comparison to the vegetable‑type soybean.

The highest hexanal contents were observed in raw 
samples of the BRS  258 and BRS  133 conventional 
cultivars (Table 2). The results obtained in the present 
study are similar to those obtained by Nishiba et  al. 
(1995), who reported that genetic differences for 
presence or absence of lipoxygenase among soybean 
cultivars can be observed in hexanal formation. 
However, an interesting result was observed in the 
raw grains of the vegetable‑type cultivar (BRS 267), 
which presented the lowest hexanal content even 
with the presence of the lipoxygenase enzymes. This 
result is probably due to genetic characteristics of 
the vegetable‑type cultivars, which present higher 
concentration of sucrose, glutamic acid and alanine 
contents (Masuda, 1991). The cooking process reduced 
the volatile compounds and no differences were 
observed among the cooked samples. The lipoxygenase 
enzymes are inactivated when the grains are soaked 
and cooked, resulting in similar outcomes for both the 
conventional cultivars (BRS 133 and BRS 258) and the 
null‑lipoxygenase cultivar (BRS 213).

The highest total concentration of isoflavone 
glucosides was detected in raw and in cooked grains 
of BRS  267 cultivar, which did not differed from 
BRS 133 cooked grains, however (Table 3). The highest 
total malonyl‑glucosides contents were detected in 
raw and cooked grains of the BRS 133 cultivar. The 
cooking process reduced the malonyl‑glucosides 
contents due to the cleavage of malonyl esters groups 
to daidzin and genistin forms. Heat during cooking 
and during the later stages of the grain grinding 
and drying mechanisms can affect malonyl forms 
(Carrão‑Panizzi, 1996). BRS  258 cultivar presented 

Table 2. Lipoxygenase activity (1 µmol of linolenic acid 
hydroperoxide min-1) and hexanal (µmol mg-1) content of 
raw and cooked soybean grains(1).

(1)Means followed by equal letters, small in the columns and capital in the 
lines, do not differ by Tukey’s test, at 5% probability.
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the lowest concentration of isoflavone glucosides 
and malonyl‑glucosides. Carrão‑Panizzi & Kitamura 
(1995) reported reduced content of total isoflavones 
in BRS 36. This cultivar genetically originated 
BRS 258 (cross BR36*6 x Tracy‑M). No differences 
were detected among cultivars (raw samples) for 
total aglycone contents. After cooking, BRS  267, 
the vegetable‑type soybean cultivar, presented the 
highest aglycone content. This characteristic makes 
it a good source of bioavailable forms of isoflavones. 
Ciabotti et al. (2006) reported the following contents 
of isoflavones: BRS 133 – 0.75 g kg‑1 of glucosides, 
0.85  g  kg‑1 of malonyl‑glucosides and 0.01  g  kg‑1 
of aglycones; BRS 213 – 0.96 g kg‑1 of glucosides, 
1.19 g kg‑1 of malonyl‑glucosides and 0.04 g kg‑1 of 
aglycones. The differences detected among isoflavone 
contents can be assigned to environmental conditions, 
and processing conditions of soybean grains (Aldin 
et al., 2006).

The presence of monosaccharide fructose in the 
raw soybean grains was not detected (Table  4). The 
highest sucrose content was observed in raw grains 
of BRS  267, the vegetable‑type soybean cultivar. 
According to Masuda (1991), the mild and sweet 
flavor of vegetable‑type cultivars are ascribed to the 
high sucrose content. After cooking, soybean cultivars 
did not differ in sucrose content. However, BRS 267 
presented the highest content of fructose, what could 
also contribute to the sweet flavor of this material. The 
soybean cultivars for human consumption (BRS 216, 

BRS 213 and BRS 267) presented higher amounts of 
raffinose in the raw material (9.18 g kg‑1, in average). 
Stachyose contents ranged from 35.36  g  kg‑1 for 
BRS 216 to 20.27 g kg‑1 for BRS 267 in raw grains. 
Among cooked samples, the content ranged from 
7.43 g kg‑1 for BRS 216 to 3.56 g kg‑1 for BRS 267. 
Reduced contents of sucrose, raffinose and stachyose, 
and presence of fructose in the cooked samples could 
be a response to sugar hydrolysis, which included 
water absorption during soaking and cooking at high 
temperature. Wang et al. (2007) also observed reduced 
contents of saccharides and oligosaccharides after 
soaking and cooking soybean grains.

The results of amino acids composition of cooked 
grains showed that the BRS 267 presents the highest 
content of glutamic acid and alanine (Table 5). Similar 
results were obtained by Masuda (1991), who observed 
that vegetable‑type soybean cultivars presented the 
highest contents of glutamic acid and alanine. The most 
abundant amino acids were aspartic acid and glutamic 
acid, and the least abundant ones were tryptophan and 
methionine. These results are in agreement with Vieira 
et al. (1999).

The palmitic acid content in the raw grains ranged 
from 139.10  g  kg‑1 for the BRS  258 cultivar to 
118.80  g  kg‑1 for the BRS  267 cultivar, and among 
cooked samples there were no differences (Table  6). 
Cultivars BRS 267 and BRS 258 presented the highest 
content of oleic acid, whereas after cooking the lowest 
contents were detected in the BRS 133 and BRS 216 

Table 3. Isoflavone contents (g kg-1 dry weight) of raw and cooked soybean grains(1).

(1)Means followed by equal letters, small in the columns and capital in the lines, do not differ by Tukey’s test, at 5% probability.

Table 4. Sugar contents (g kg-1 dry weight) of raw and cooked soybean grains(1).

(1)Means followed by equal letters, small in the columns and capital in the lines, do not differ  by Tukey’s test, at 5% probability.
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cultivars. After cooking, BRS 267 also presented the 
highest content of oleic acid. This characteristic may 
contribute to the stability of the soybean oil during 
food processing (Fehr, 2007). Among raw samples, 
the content of linoleic acid ranged from 591.40 g kg‑1 
(BRS 216 cultivar) to 494.30 g kg‑1 (BRS 258 cultivar). 
After cooking, grains of BRS 216 and BRS 133 cultivars 
had the highest contents of linoleic acid, while BRS 267 
had the lowest content. The contents of linolenic 
acid among the raw grains ranged from 77.20 g kg‑1 
(BRS 213 cultivar) to 55.40 g kg‑1 (BRS 267 cultivar). 
Kumar et al. (2006) also observed great variability for 
fatty acids concentrations among different soybean 
cultivars (96 to 145  g  kg‑1 for palmitic acid, 200 to 
487 g kg‑1 for oleic acid, 320 to 573 g kg‑1 for linoleic 
acid and 42 to 100 g kg‑1 for linolenic acid).

Grain sizes are defined by weight of 100 grains, which 
ranged from 10.40 g (BRS 216) to 24.92 g (BRS 267) 
(Table 7). At soaking treatments, BRS 133 cultivar grains 
presented the greatest water absorption capacity and 
the highest percentage of integral grains after cooking. 
Although the BRS  258 cultivar grains had high water 
absorption capacity during soaking, they presented lower 
percentage of whole grains after cooking, indicating that 
the higher degree of water absorption might interfere 
negatively in the grain integrity after heat treatment. 
Cooking time ranged from 31.35 min for BRS  213 to 
47.20 min for BRS 258. Sharma et al. (2004) observed, 
in different soybean cultivars, variations of 106.1 to 
133.1% for water absorption during soaking, of 58 to 66 
minutes for cooking time, and of 8.5 to 11.6 g for weight 
of 100 grains. Vieira et al. (1997) worked with soybean 
cultivars for human consumption and reported differences 
of 15.31 and 19.76 g for weight of 100 grains, 132.54 
and 125.67 g per 100g for water absorption degree during 
soaking, and 155 to 219 min for cooking time.

The soybean cultivars for human consumption 
developed towards genetics breeding program at Embrapa 
Soja and analyzed in the present study can help processing 
soyfoods with better nutritional, functional and sensory 
properties: BRS 267 and BRS 216 cultivars can be used 
for the production of foods with superior nutritional 
value due to their high protein content; BRS  213 
(low lipoxygenase activity) and BRS 267 (reduced 
hexanal content) can contribute to the development 
of soy products with reduced beany flavor. Cultivar 
BRS 267 also presents high oleic acid, sucrose, fructose, 
glutamic acid, alanine and aglicones contents. Because 
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of all these characteristics, the BRS  267 cultivar is 
one of the best sources of raw material for soy food 
products. Its larger grain size makes it proper material 
for tofu salads or green vegetable soybeans. BRS 216, 
a unique soybean cultivar with small seed size, is 
important for the production of natto and soybean 
sprouts. BRS  213 and BRS  216 presented shorter 
cooking time, which would allow reducing industrial 
processing costs. BRS 133 and BRS 258, as all other 
conventional soybean cultivars, are suitable for oil and 
animal feeding.

Conclusion

1. The food‑type soybean cultivar BRS 213, which 
has null lipoxygenase enzymes, can improve the flavor 
of soyfood products.

2. The food‑type soybean cultivar BRS 267 is the 
best raw material for soyfood processing, and it is 
indicated for tofu, soy milk, soy flour and vegetable 
green soybeans.

3. The food‑type soybean cultivar BRS 216, which 
has small seed size, is proper for the production of 
natto and soybean sprouts.

4.  The grain‑type soybean cultivars BRS  133 and 
BRS  258 are suitable for oil processing and animal 
feeding.
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