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Nutritional constituents of soybeans (Glycine max L. Merr.)) grown in the
Northeast Region of China were evaluated through measuring amino acid
composition, fatty acid profile and mineral content. Results showed that there
were eighteen detectable amino acids in soybean samples. The fatty acid profile
indicated linoleic acid, oleic acid, palmitic acid and linolenic acid as the most
abundant fatty acid followed by stearic acid, lauric acid, arachidonic acid, behenic
acid and gondoic acid. Mineral content analyses indicated that the most abundant
mineral in soybeans was potassium, followed by calcium, iron, magnesium,
sodium, zinc and manganese. The soybean cultivar “JinYou” contained higher
(P<0.05) values of essential amino acids, essential fatty acids, calcium and iron
contents compared to “HeFeng”, “NongKe” and other cultivars previously
reported.
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Introduction

Soybean (Glycine max L. Merr.) is a very old legume consumed worldwide, but
mainly in Asian countries (Liu et al., 2008). In the Orient, soybean seed has been
used as human food for more than 6000 years (Agarwal et al., 2013). In China it is
consumed as cooked beans, soy sauce, soy milk or tofu (Yu et al., 2013).
Nowadays, as one of the exotic healthy and fashionable food, the importance of
soybean for human consumption on Chinese markets is increasing.

Soybean is an inexpensive source of dietary proteins, fats and carbohydrates. Other
important chemical components of soybean are isoflavones and lignans, well-
known for their beneficial effects on human health due to their antioxidant activity
(Shao et al., 2009). Essential amino acids, essential fatty acids and minerals are
necessary nutrients for health maintenance. The human body cannot synthesize
these compounds therefore they must be obtained through the diet (Koyuncuet al.,
2014). Soybean is rich in essential amino acids, essential fatty acids and minerals.
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Thus, the nutritional value of soybean is very important for the Chinese population
because various processed soy-based foods are consumed on a daily basis
supplying thus required nutrients.

Factors like genotype and environmental condition are known to influence the
nutritional constituents of soybeans (Jurgonski et al., 1997). In literature, there
were several reports about the chemical composition of different soybean cultivars
grown under different ecological conditions in the United States, Brazil, India and
Argentina (Esteveset al., 2010; Kaushik et al., 2010; Bghnet al., 2014; Adie et al.,
2015). A recent study reported data about crude protein, total lipids, and ash
contents of soybean grown in China (Yu et al., 2013). However, there is no further
detailed information on amino acid, fatty acid and individual mineral element of
soybean cultivated in China. Therefore, the specific objective of this study was to
evaluate amino acid composition, fatty acid profile and mineral content of three
soybean cultivars (“HeFeng”, “JinYou” and “NongKe”) grown in the Northeast
Region of China. In addition, the contents in essential amino acids, essential fatty
acids and minerals (calcium, iron and zinc) of the studied cultivars were
investigated and discussed.

Materials and methods
Materials

Three soybean cultivars (“HeFeng”, “JinYou” and “NongKe”) were harvested from
the Northeast Region of China in 2014, grinded for 2 min (FSD-100A, Xinen
Instrument Co. Ltd., Taizhou, China), and sifted through a 0.15 mm sieve. The
resulted soy flour was stored in dark bags at -20 °C. All standards used in the
experiments were purchased from Sigma—-Aldrich Chemical Co. (St. Louis, Mo,
USA). All other reagents were from Sinopharm Chemical Regent Co., Ltd.
(Shanghai, China) and were of analytical grade.

Determination of amino acid composition

Amino acid composition analysis was performed using the method previously
described by Tu et al. (2009) with a minor modification. Briefly, the sample (100
ug) was mixed with 0.4 mL of 6 M HCI heated at 120 °C for 24 h in a vacuum
sealed tube. The hydrolysate was evaporated to dryness in a vacuum and was
dissolved in 800 pL of glycine-HCI buffer (pH 2.2). Further, for amino acid
composition analysis, an amino acid analyzer (L-8800, Hitachi Ltd., Tokyo, Japan)
was used. Standard amino acids were used for identification. The chromatograms
were recorded and the area of individual peaks was calculated. The amino acids
were identified by comparing their retention times with standards and the area
under the peaks was calculated in order to determine amino acids content present in
the sample. The results were expressed as g/100 g of soybean sample.

Fatty acid profile analysis

Lipids were obtained from soybean sample by Soxhlet extraction using petroleum
ether as solvent under reflux for 6 h, according to the method described by Herchi
et al. (2014). The lipid fractions were initially subjected to esterification of fatty
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acids, which were converted into fatty acid methyl esters using the method
described by Hartman and Lago (1973). The analysis of fatty acid methyl esters
was performed using a gas chromatograph (6890N, Agilent Technologies, Santa
Clara, USA) equipped with flame ionization detector with a fused silica
Supelcowax 10 capillary column (30 m x 0.25 mm i.d., 0.20 pm film thickness).
Split injection mode (1:50) was used, and helium was used as the carrier gas at a
constant flow of 1.2 mL/min. The gradient temperature program started from 60°C,
maintained for 2 min, and raised, at 6 °C/min rate, up to 220°C, then maintained
for 20 min. The injector and the detector were set at 220 and 250°C, respectively.
Identification of the fatty acid methyl esters was carried out by comparison of their
retention times with that of the standards, and the quantities were calculated from
the area obtained by the recorded integrator. The results were expressed as g/100 g
of soybean sample.

Mineral content determination

Mineral content was evaluated according to the method detailed by Tu et al. (2009)
with slight modifications. In short, the sample (500 mg) was weighed into a beaker,
digested in 7 mL of HNO3-H;0, (5:2) for 10 min, and the mixture heated to near
dryness. After cooling, the residue was treated with 0.1 M HNOs and brought to 50
mL with bidistilled water. Minerals were determined with an inductively coupled
plasma-optical emission spectrometry (Teledyne Leeman Labs Ltd., Prodigy,
Hudson, NH, USA). Calibration curves of standard elements (sodium, potassium,
calcium, zinc, magnesium, iron and manganese) were performed and their contents
in samples were calculated with regression equation (Excel 2007, Microsoft
Corporation, Redmond, USA). The results were expressed as mg/100 g of soybean
sample.

Statistical analysis

The experimental results were expressed as means * standard deviation (SD) of
triplicate. Differences among means were evaluated using Fisher’s F-test at a
significance level of P<0.05.

Results and discussion
Amino acid composition

Proteins and amino acids are essential for human health. Amino acids are required
for the growth, development, regeneration and reconstruction of the body and are
responsible for the production of antibodies, blood cells, hormones, and enzymes
(Sousa et al., 2014). Amino acids composition of three soybean cultivars grown in
the Northeast Region of China was analyzed and results are given in Table 1.
Obtained data revealed only eighteen identified amino acids in soybean samples,
which agreed with result reported by Esteves et al. (2010). Results also showed
that the main amino acids of soybean samples were glutamic acid, histidine,
aspartic acid, tryptophan, leucine, arginine and lysine (above 4 g/100 g), followed
by valine, isoleucine, proline, serine, tyrosine, alanine, glycine and threonine (1-4
9/100 g). The contents of phenylalanine, cysteine and methionine (below 1 g/100
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g) were the lowest, as compared to other amino acids. These results were similar to
those previously reported by Bghn et al. (2014).

Table 1. Amino acid composition of different soybean cultivars

Cultivar
Amino acid
HeFeng (g/100 g) JinYou (g/100 g) NongKe (g/100 g)

Aspartic acid 4.5810.08° 4.80£0.112 4.77+0.102
Glutamic acid 7.34+0.122 7.074£0.13° 7.09+0.09°
Serine 2.05+0.06°¢ 2.19+0.04° 2.29+0.032
Arginine 3.13+0.07° 3.41+0.072 3.02+0.06°
Glycine 1.7740.04° 1.85+0.022 1.86+0.022
Threonine 1.62+0.06° 1.93+0.062 1.76+0.04°
Proline 2.06+0.04¢ 2.53+0.062 2.41+0.04°
Alanine 1.8240.032 1.88+0.042 1.75+0.04°
Valine 2.17+0.04¢ 2.30+0.04° 2.39+0.022
Methionine 0.19+0.01°¢ 0.50+0.012 0.32+0.01°
Cysteine 0.21+0.01° 0.37+0.012 0.38+0.012
Isoleucine 2.10+0.04° 2.15+0.05° 2.23+0.052
Leucine 3.27+0.072 3.32+0.042 3.36+0.052
Tryptophan 3.31+0.10? 3.40+0.09? 3.21+0.07°
Phenylalanine 0.89+0.01°¢ 1.1340.022 1.04+0.02°
Histidine 4.650.11° 5.43+0.102 4.750.08°
Lysine 3.09+0.08¢ 3.68+0.092 3.28+0.05°
Tyrosine 1.86+0.04° 2.19+0.032 2.22+0.042

Values with different letters in same row are significantly different (P<0.05)

Total amino acid contents of soybean cultivars “HeFeng”, “JinYou” and “NongKe”
were 46.11, 48.73 and 48.13 g/100 g, respectively. It accounted for 46, 49, and
48% of the samples’ mass, which indicated that protein was the most prevalent
component in soybean. Several authors had reported previously that protein
contents of soybean cultivars grown in other regions ranged from 36.40 to 42.40
9/100 g (Redondo-Cuenca et al., 2006; Darmawan et al., 2010; Adie et al., 2015),
lower than the amount of protein determined in studied cultivars. Thus, protein
provided by “HeFeng”, “JinYou” and “NongKe” might be used as an important
nutrient source to meet the nutritional requirements of the Chinese population.

Among three soybean cultivars, “JinYou” contained significantly higher (P<0.05)
amounts of arginine, threonine, proline, phenylalanine, histidine and lysine. In
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particular, the content of eleven essential amino acids (threonine, valine,
methionine, cysteine, isoleucine, leucine, tryptophan, phenylalanine, tyrosine,
histidine and lysine) in “JinYou” (26.40 g/100 g) was approximately 1.13 - and
1.06-times higher compared to “HeFeng” (23.36 g/100 g) and “NongKe” (24.93
9/100 g). In general, essential amino acids of three soybean cultivars exceed the
requirements established by WHO/FAO/UNU (2007) (Table 2) except methionine
and cysteine with amino acid score (AAS) of 35, 69, and 58, respectively. This
result indicated that methionine and cysteine are the main limiting amino acids of
soybeans grown in the Northeast Region of China.

Table 2. Amino acid score for essential amino acids from different soybean cultivars

HeFeng JinYou NongKe

Amino acid FAO Content AAS Content AAS Content AAS
Isoleucine 31 46 >100 44 >100 46 >100
Leucine 63 71 >100 68 >100 70 >100
Lysine 52 67 >100 76 >100 68 >100

Methionine + Cysteine 26 9 35 18 69 15 58
Phe%'r"’g;':]?e ¥ 46 60 100 68 >100 68  >100
Threonine 27 35 >100 40 >100 37 >100
Tryptophan 8 72 >100 70 >100 67 >100
Valine 42 47 >100 47 >100 50 >100
Histidine 18 100 >100 111 >100 98 >100

Results are expressed in mg amino acid /g protein
FAO: Requirements in essential amino acids (mg/g protein) proposed by the WHO/FAO/UNU (2007)
AAS: Amino acid score

Fatty acid profile

Lipids are one of the body’s energy sources, and they provide fuel for the central
nervous system and for other organs of the human body (Sousa et al., 2014). Fatty
acids profile of studied soybean samples is given in Table 3. The experimental
results showed linoleic acid (8.35-8.75 g/100 g), oleic acid (3.64-3.91 ¢/100 g),
palmitic acid (1.82-2.04 g/100 g) and linolenic acid (1.44-1.64 g/100 g) to be the
most abundant, followed by stearic acid (0.61-0.68 g/100 g), lauric acid (0.11-0.19
9/100 g), arachidonic acid (0.04-0.05 g/100 g), behenic acid (0.04-0.05 g/100 g)
and gondoic acid (0.02-0.03 ¢/100 g). The current findings on fatty acids
composition were in agreement with those reported in previously published studies
(Bghn et al., 2014; Sawada et al., 2014).

Unsaturated fatty acids (oleic acid, linoleic acid, linolenic acid and arachidonic
acid) have an important role in reducing blood cholesterol levels and improving
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treatment of atherosclerosis (Uchda-Thomaz et al., 2014). Meanwhile, the essential
fatty acids, including linoleic acid and linolenic acid, are indispensable for human
health (Ozcan and Juhaimi, 2014). In the present study, contents of fatty acids
unsaturated and essential of “JinYou” was 14.07 and 10.39 g¢/100 g, being
markedly higher (P<0.05) compared to “HeFeng” and “NongKe” grown in China
and “OCEPAR-19” and “UFV-116" grown in Brazil (Esteves et al., 2010).

Table 3. Fatty acid profile of different soybean cultivars

Cultivar
Fatty acid
HeFeng (g/100 g) JinYou (g/100 g) NongKe (g/100 g)

Lauric acid 0.15+0.01° 0.19+0.012 0.11+0.10¢
Palmitic acid 1.8240.03¢ 1.9640.04° 2.04+0.022
Stearic acid 0.65+0.022 0.68+0.022 0.61+0.01°
Oleic acid 3.91+0.06° 3.64+0.04¢ 3.80+0.03°
Linoleic acid 8.44+0.17° 8.75+0.142 8.35+0.19°
Linolenic acid 1.4440.02° 1.6440.042 1.59+0.042
Avrachidonic acid 0.0540.012 0.0440.012 0.0440.012
Gondoic acid 0.02+0.012 0.03+0.012 0.02+0.012
Behenic acid 0.0440.012 0.0540.012 0.0440.012

Values with different letters in same row are significantly different (P<0.05)

Mineral content

Minerals are one of the most important nutritional quality factors in many crops
and have many biological activities in the human body. In a similar study, Kaushik
et al. (2010) found that the most abundant mineral in soybean was potassium,
which agrees with the data obtained in this study (Table 4). The level of potassium
was higher (P<0.05) than that of sodium, which could realize a mineral balance
and favor hypertension control. Moreover, a diet rich in potassium could lower
blood pressure and, consequently, the risk of morbidity and mortality due to
cardiovascular diseases (Sousa et al., 2014). In addition, potassium intake could
decrease urinary calcium excretion and, consequently, reduce the risk of
developing osteoporosis (Cetin et al., 2011).

Calcium, iron and zinc are considered essential for the human body. Calcium is one
of the most important compound in human bone. Iron is associated with the
production of blood cells and zinc is essential for the immune system (Sousa et al.,
2014).

As shown in Table 4, the contents of calcium and iron of “JinYou” were

significantly higher (P<0.05) than the values of “HeFeng” and “NongKe”. The
measured zinc content of “JinYou” was similar to those of “HeFeng” and
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“NongKe”, but approximately 1.4-2.2 times higher than the values reported by
Elsheikh et al. (2009) and Plaza et al. (2003) for soybeans. It is important to note
that the intake of the minerals, particularly calcium, iron and zinc, is often low in
some mountain areas of China. Thus, the consumption of soybean could increase
the amount of minerals in the daily diet in these regions of China.

Table 4. Mineral contents of different soybean cultivars

Cultivar

Mineral element -
HeFeng (mg/100 g) JinYou (mg/100 g) NongKe (mg/100 g)

Sodium 7.49+0.212 5.41+0.17° 5.69+0.11°
Potassium 4363.12+22.74° 5068.32+20.41° 5228.19+16.58?
Calcium 297.61+7.71¢ 389.3248.832 367.61+9.15P
Zinc 5.57+0.182 5.32+0.112 5.47+0.16°
Magnesium 7.6940.232 3.35+0.08¢ 6.27+0.12°
Iron 23.39+0.56° 25.35+0.302 21.98+0.21°¢
Manganese 2.5140.06°¢ 2.93+0.08° 3.18+0.08?

Values with different letters in same row are significantly different (P<0.05)

Conclusions

The soybeans (cultivars “HeFeng”, “JinYou” and “NongKe”) grown in the
Northeast Region of China were evaluated in relation to amino acid composition,
fatty acid profile and mineral element content. Results showed that there were
eighteen detectable amino acids in soybean samples. The fatty acid profile
indicated linoleic acid, oleic acid, palmitic acid and linolenic acid as the most
abundant. Analyses of mineral content indicated that the most abundant minerals in
soybeans were potassium, followed by calcium, iron, magnesium, sodium, zinc and
manganese. The soybean cultivar “JinYou” contained higher (P<0.05) contents of
essential amino acids, essential fatty acids, calcium and iron contents compared to
cultivars “HeFeng” and “NongKe”. Obtained results showed that soybean
consumption can be considered to improve diet and dietary deficiencies in certain
nutrients.

Acknowledgments

This work was supported by the Fundamental Research Funds for the Central
Universities (DC201501080).

References

Adie, M.M., Krisnawati, A., Harnowo, D. 2015. Agronomic characteristic and nutrient
content from several soybean promising lines with high isoflavones. Procedia Food
Science, 3, 348-354.



Zou & Liu/ AUDJG - Food Technology (2016), 40(1), 58-66 65

Agarwal, D.K., Billore, S.D., Sharma, A.N., Dupare, B.U., Srivastava, S.K. 2013. Soybean:
Introduction, improvement, and utilization in India - problems and prospects.
Agricultural Research, 2(4), 293-300.

Bghn, T., Cuhra, M., Traavik, T., Sanden, M., Fagan, J., Primicerio, R. 2014.
Compositional differences in soybeans on the market: Glyphosate accumulates in
Roundup Ready GM soybeans. Food Chemistry, 153, 207-215.

Cetin, E.S., Altindz, D., Tarcan, E., Baydar, N.G. 2011. Chemical composition of grape
canes. Industrial Crops and Products, 34(1), 994-998.

Darmawan, R., Bringe, N.A., Mejia, E.G. 2010. Antioxidant capacity of alcalase
hydrolysates and protein profiles of two conventional and seven low glycinin soybean
cultivars. Plant Foods for Human Nutrition, 65(3), 233-240.

Elsheikh, E.A.E., Salih, S.S.M., Elhussein, A.A., Babiker, E.E. 2009. Effects of
intercropping, Bradyrhizobium inoculation and chicken manure fertilisation on the
chemical composition and physical characteristics of soybean seed. Food Chemistry,
112(3), 690-694.

Esteves, E.A., Martino, H.S.D., Oliwveira, F.C.E., Bressan, J., Costa, N.M.B. 2010.
Chemical composition of a soybean cultivar lacking lipoxygenases (LOX2 and LOX3).
Food Chemistry, 122(1), 238-242.

Hartman, L., Lago, R.C. 1973. Rapid preparation of fatty acid methyl esters from lipids.
Laboratory Practice, 22(6), 475-476.

Herchi, W., Kallel, H., Boukhchina, S. 2014. Physicochemical properties and antioxidant
activity of Tunisian date palm (Phoenix dactylifera L.) oil as affected by different
extraction methods. Food Science and Technology, 34(3), 464-470.

Jurgonski, L.J., Smart, D.J., Bugbee, B., Nielsen, S.S. 1997. Controlled environments alter
nutrient content of soybeans. Advances in Space Research, 20(10), 1979-1988.

Kaushik, G., Satya, S., Naik, S.N. 2010. Effect of domestic processing techniques on the
nutritional quality of the soybean. Mediterranean Journal of Nutrition and Metabolism,
3(1), 39-46.

Koyuncu, F., Cetinbas, M., Ibrahim, E. 2014. Nutritional constituents of wild-grown black
mulberry (Morus nigra L.). Journal of Applied Botany and Food Quality, 87, 93-96.
Liu, X., Jin, J., Wang, G. and Herbert, S.J. 2008. Soybean yield physiology and
development of high-yielding practices in Northeast China. Field Crops Research,

105(3), 157-171.

Ozcan, M.M., Juhaimi, F.A. 2014. Effect of sprouting and roasting processes on some
physico-chemical properties and mineral contents of soybean seed and oils. Food
Chemistry, 154, 337-342.

Pefias, E., Gomez, R., Frias, J., Baeza, M.L., Vidal-Valverde, C. 2011. High hydrostatic
pressure effects on immunoreactivity and nutritional quality of soybean products. Food
Chemistry, 125(2), 423-429.

Plaza, L., Ancos, B., Cano, M.P. 2003. Nutritional and health-related compounds in sprouts
and seeds of soybean (Glycine max), wheat (Triticum aestivum L.) and alfalfa
(Medicago sativa) treated by a new drying method. European Food Research and
Technology, 216(2), 138-144.

Redondo-Cuenca, A., Villanueva-Suarez, M.J., Rodriguez-Sevilla, M.D., Mateos-Aparicio,
I. 2006. Chemical composition and dietary fibre of yellow and green commercial
soybeans (Glycine max). Food Chemistry, 101(3), 1216-1222.



66 Zou & Liu/ AUDJG - Food Technology (2016), 40(1), 58-66

Sawada, M.M., Venancio, L.L., Toda, T.A., Rodrigues, C.E.C. 2014. Effects of different
alcoholic extraction conditions on soybean oil yield, fatty acid composition and protein
solubility of defatted meal. Food Research International, 62, 662-670.

Shao, S., Duncan, A.M., Yang, R., Marcone, M.F., Rajcan, I., Tsao, R. 2009. Tracking
isoflavones: From soybean to soy flour, soy protein isolates to functional soy bread.
Journal of Functional Foods, 1(1), 119-127.

Sousa, E.C., Uchda-Thomaz, A.M.A., Carioca, J.O.B., Morais, S.M., Lima, A., Martins,
C.G., Alexandrino, C.D., Ferreira, P.A.T., Rodrigues, A.L.M., Rodrigues, S.P. 2014.
Chemical composition and bioactive compounds of grape pomace (Vitis vinifera L.),
Benitaka variety, grown in the semiarid region of Northeast Brazil. Food Science and
Technology, 34(1), 135-142.

Tu, Y., Sun, Y., Tian, Y., Xie, M., Chen, J. 2009. Physicochemical characterisation and
antioxidant activity of melanin from the muscles of Taihe Black-bone silky fowl
(Gallus gallus domesticus Brisson). Food Chemistry, 114(4), 1345-1350.

Uchoba-Thomaz, A.M.A., Sousa, E.C., Carioca, J.O.B., Morais, S.M., Lima, A., Martins,
C.G., Alexandrino, C.D., Ferreira, P.A.T., Rodrigues, A.L.M., Rodrigues, S.P.,
Thomaz, J.C.A., Silva, J.N., Rodrigues, L.L. 2014. Chemical composition, fatty acid
profile and bioactive compounds of guava seeds (Psidium guajava L.). Food Science
and Technology, 34(3), 485-492.

WHO/FAO/UNU. 2007. Protein and amino acid requirements in human nutrition report of
a joint WHO/FAO/UNU expert consultation. Chapter 6, Protein Quality Evaluation, 94-
96. Series 935 World Health Organization, Geneva.

Yu, D., Elfalleh, W., He, S., Ma, Y., Jiang, L., Li, L, Hu, L., Zhang, J. 2013.
Physicochemical properties and minor lipid components of soybean germ. Journal of
the American Oil Chemists Society, 90(10), 1551-1558.



