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Abstract. Glyphosate-tolerant genetically modified (GM) soybeans (Glycine max (L.) Merr.), known commercially as
RoundupReady soybeans, dominate oil consumption and are partly used for protein intake inChina. Chemical composition
of soybean seeddetermines its nutritional value, its processing suitability for variousproteinproducts, andmarket decisions.
We conducted a compositional comparison of eight GM and 16 conventional Chinese representative soybean varieties.
Crude protein, crude fat,moisture, ash, carbohydrate, crudefibre, amino acid and fatty acid contents of the different soybean
genotypes were compared and analysed. The GM soybeans had the highest oil concentration but poorer quality, whereas
conventional soybeans from the Huanghuaihai region of China showed significantly higher protein, total amino acid,
essential amino acid and oleic acid contents, and lower n-6 : n-3 ratio and carbohydrate content, which suggested superior
nutritional value. Principal component analysis indicated that protein, carbohydrates and amino acids (except tryptophan,
methionine, tyrosine, histidine and proline) contributed most to distinguishing GM soybeans from conventional Chinese
soybeans. Differences among theGMand conventional soybeans collected from twomajor producing regions in China can
help to guidemanufacturing processes andmarket decisions with respect to soybeans. High protein and amino acid content
in conventional Chinese soybeans mean the potential to expand and improve the International Life Sciences Institute Crop
Composition Database used for safety assessment of GM soybean.
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Introduction

Soybeans (Glycinemax (L.)Merr.) originated inChina and serve
as a vital source of nutrition for human health (Rizzo and Baroni
2018). Genetically modified (GM) soybeans have been
commercially cultivated in America since 1996 and their use
has spread globally, with GM soybean becoming the highest
yielding soybean. Because of increasing domestic consumption
demand, Chinese soybean imports have continued to show
sustained growth. In 2017, China imported ~93.50 Mt,
accounting for more than 60% of total global soybean
imports by quantity, whereas Chinese soybean production
was only 12.90 Mt in the same year (USDA 2018).
Furthermore, planting of GM soybean was forbidden in
China, and most of the imported soybeans have the
glyphosate-tolerance characteristic. Therefore, GM soybean
has a predominant role in Chinese soybean consumption.

In China, GM soybean is mainly used for oil extraction, with
residual soybeanmeal used as animal feed. GM soybean has also
been used in the manufacturing of soybean protein products
(Wang and Zhu 2016; Song et al. 2018). For soybean products,
high protein, essential amino acid (EAA), cysteine, methionine,
fat and oleic acid contents, and a high n-3 : n-6 fatty acid ratio, are
positively correlated with superior nutrition, whereas high fibre

and carbohydrate contents are negatively correlated with
nutritional performance (Hoffman and Falvo 2004; Krishnan
2005; Rizzo and Baroni 2018). The biomass composition of
soybean products such as refined oil andmeal for animal feed can
be predicted from the soybean-seed profile (Karr-Lilienthal et al.
2004; Amaral et al. 2008). Moreover, the quality attributes of
traditional soybean food, such as tofu and soymilk, are reportedly
usually affected by soybean-seed biomass composition (Yang
and James 2013; James and Yang 2014; Ma et al. 2015).
Soybean-seed composition characteristics are also essential to
making market decisions (McClure et al. 2017). Therefore,
understanding differences in compositional characteristics
between Chinese traditional soybean and imported GM
soybean can inform development of the soybean market and
guide further processing efforts, with the aims of using soybean
more efficiently and developing soybean foods of high
nutritional value.

Many comparisons of the compositions of GM soybean and
conventional soybean from the United States and Brazil have
been conducted (Padgette et al. 1996;Harrigan et al. 2007, 2010;
Zhou et al. 2011; Bøhn et al. 2014; Galão et al. 2014). The
chemical compositions of soybeans from Brazil, China and the
United States have also been compared without discussing
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soybean transgenic characters (Grieshop and Fahey 2001; Karr-
Lilienthal et al. 2004). However, specific research aimed at
supplying data for a comparison of GM soybean and
conventional Chinese counterparts has rarely been reported.

Consequently, this research aimed to determine
compositional differences between conventional Chinese
soybean and imported glyphosate-tolerant GM soybean.
Soybeans from the northeast single-cropping spring-planting
eco-region (NEC region) and the Huanghuaihai double-
cropping, spring- and summer-planting eco-region (HHC
region) of China account for ~35% and 30% of total Chinese
soybean production, respectively (Gai and Wang 2001; NBSC
2017). Accordingly, soybean samples for this work were
collected from these two typical soybean-producing regions as
representative of conventional Chinese soybean samples.
Principal component analysis (PCA) was performed to
determine the most important variables for differentiating GM
and traditional Chinese soybeans. The potential contribution of
adding Chinese conventional soybean composition data to the
International LifeSciences InstituteCropCompositionDatabase
(ILSI-CCDB), which is used for GM soybean safety assessment,
is also discussed.

Materials and methods
Biological material

Eight soybean varieties were collected from the NEC region:
Huajiang4, Kenfeng22, Suinong43, Suinong50, Heinong66,
4139, Suizhongzuo40 and Heinong68 (numbered 1–8,
respectively). Eight soybean varieties were also collected
from the HHC region; Zhonghuang13, Jidou12, Zheng120,
Zheng9525, He14, Zhoudou23, Xu9302 and Zhoudou22
(numbered 9–16). GM soybean seeds were obtained from
Henan Sunshine Oils and Fats Group, Zhengzhou, and Henan
Shennong Feed Technology Company, Zhengzhou. Of these
seeds, four typeswere imported fromUnited States and the other
four from Brazil. An immunochromatography test strip assay
showed that 5-enolpyruvylshikimate-3-phosphate synthase
(EPSPS) was positive for glyphosate resistance for all GM
soybean seeds. Therefore, the GM soybeans were identified as
RoundupReady (Monsanto, St. Louis,MO,USA), and theywere
numbered 17–24, respectively.

Nutritional analyses

Seed samples were first ground in a 1095 Knifetec sample mill
(FOSS, Höganäs, Sweden) with liquid nitrogen to avoid oil loss,
and then passed through a 60-mesh sieve (0.250 mm) and stored
at �208C for further analysis.

Soybean seeds were dried to a constant weight in a DZF
vacuum oven (Yongguangming Medical Equipment Co.,
Beijing) at 1058C for 3 h. Moisture content was determined
from the weight loss. The Kjeldahl method was used to analyse
thenitrogencontent (Kjeltec2300AnalyzerUnit; FOSS), and the
corresponding crude protein content was calculated by
multiplying by a factor of 6.25. Total oil was extracted with
petroleum ether (bp 30–608C) for 6.5 h in a 2050 Soxtec auto
extraction unit (FOSS), with the extraction temperature set to
758C, and soaking, solvent reflux, evaporation and drying times
of 2.5 h, 2.5 h, 59min and 30min, respectively. Crude fat content

was determined gravimetrically from the residual crude fat after
drying. Ash content was determined gravimetrically from
residual remaining ash after combustion at 5608C for 6 h.
Carbohydrate content was calculated by using Eqn 1, in
which all components were fresh weight-derived data (OECD
2012):

Carbohydrate% ¼ 100� ðcrude protein%þ crude fat%

þ ash%þmoisture%Þ
ð1Þ

Crude fibre content was investigated with a Fibretec 2010
system (FOSS) according to manufacturer’s instructions. Data
were converted from fresh weight to dry weight by using the
moisture content.

Amino acid analysis

The amino acid composition was analysed according to the
methods of Nielsen and Hurrell (1985) and Liu (1994). Samples
of 20–25 mg were used in this work. Samples were subjected to
acid hydrolysis, and the contents of 16 amino acids were
determined: threonine (Thr), valine (Val), methionine (Met),
isoleucine (Ile), leucine (Leu), phenylalanine (Phe), lysine (Lys),
aspartate (Asp), serine (Ser), glutamate (Glu), glycine (Gly),
alanine (Ala), tyrosine (Tyr), histidine (His), arginine (Arg) and
proline (Pro). Quantities of Asp andGlu included the amino acid
and its corresponding acid. Samples were also subjected to
alkaline hydrolysis for determination of the tryptophan (Trp)
content.

Fatty acid analysis

Fatty acid analysis was performed via the protocol of Galão
et al. (2014). The fatty acid composition was calculated and
expressed by using the area normalisation method.

Statistical analyses

Measurements were performed as three replicates. One-way
analysis of variance (ANOVA) was used to analyse the
differences in nutrients among soybean groups, and multiple
comparisons of means were conducted by the least significance
difference (l.s.d.) test, with significant differences determined at
P= 0.05. PCAwas used to investigate the nutrition variables that
contributed most to differentiating NEC, HHC and GM
soybeans. SPSS software version 21.0 (IBM, Armonk, NY,
USA) was used for data analysis.

Results and discussion

Comparison of the general nutritional characteristics of NEC,
HHC and GM soybeans

TheGMsoybeanshadnutrient compositionsdifferent fromthose
of NEC and HHC soybeans (Table 1). The GM samples
contained significantly higher moisture, fat and fibre contents
than conventional Chinese soybeans, whereas protein and
carbohydrate contents showed the opposite trend. Ash
contents did not differ among groups. The higher oil contents
of GM soybeans facilitated soybean oil extraction, which is
important considering that almost all imported soybeans are
used for oil processing in China. HHC soybeans had
significantly higher protein content than NEC and GM
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soybeans, corresponding to the higher EAA and total amino acid
contents in HHC soybeans. In addition, low fibre and
carbohydrate contents characterised HHC soybeans as a
superior protein source (Grieshop and Fahey 2001; Rizzo and
Baroni 2018). Chinese soybeans have been previously shown to
have higher protein and lower lipid contents than soybeans from
Brazil and the United States, and a negative correlation has been
observed between soybean oil and protein contents (Grieshop
andFahey2001;Karr-Lilienthaletal. 2004;Qinetal. 2014;Song
et al. 2016). Those results are reinforced by the present study.
Methionine, which contains sulfur, is critical for animal health
(Krishnan 2005). However, Table 1 shows thatmass concentration
differences of Met were not significant (P > 0.05) among NEC,
HHC and GM soybeans. Therefore, the total protein and EAAs

contents were crucial for evaluating the nutritional value of
soybeans, with the higher protein and EAAs contents in HHC
soybeanspredictingabetternutrientperformance.Furthermore, the
higher protein content of HHC soybeans indicated limited
applicability for production of soymilk (Ma et al. 2015) and
natto (Yoshikawa et al. 2014).

The NEC soybeans had both the highest average saturated
fatty acid (SFA) and linolenic acid contents. High SFA content
has negative effects on human health, and linolenic acid can
promote oil oxidation. By contrast, oleic acid improves the
nutritional value and oxidative stability, with the oleic acid
content of HHC soybeans shown to be significantly higher
than of NEC and GM soybeans. Therefore, HHC soybeans
had superior nutrient composition compared with NEC

Table 1. Nutrient composition of different soybean genotypes
Results expressed as means � standard deviation. NEC soybean is conventional soybean from the northeast single-cropping spring-planting eco-region of
China; HHC soybean is conventional soybean from the Huanghuaihai double-cropping spring- and summer-planting eco-region of China; GM soybean is
Roundup Ready genetically modified soybean.Within rows, means with the same letter are not significantly different at P = 0.05. EAAs, Essential amino acids

(threonine–tryptophan in the first column of the Table); n.s., no significant difference

Index NEC soybean HHC soybean GM soybean ANOVA
P-valueRange Mean ± s.d. Range Mean ± s.d. Range Mean ± s.d.

Moisture (g 100 g–1 fresh weight) 5.67–7.31 6.63 ± 0.58a 6.18–7.32 6.58 ± 0.43a 6.57–8.95 7.71 ± 0.88b 0.04

Broad compositional analysis (g 100 g–1 dry weight)
Crude protein 37.59–42.10 40.10 ± 1.69a 42.00–48.57 44.63 ± 2.12b 37.95–42.22 40.54 ± 1.44a 0.00006
Crude fat 18.69–21.31 20.15 ± 1.00a 16.99–20.75 18.50 ± 1.44b 19.86–24.75 22.63 ± 1.77c 0.00005
Ash 4.67–5.18 4.98 ± 0.19a 4.37–5.50 5.09 ± 0.36a 4.91–5.88 5.26 ± 0.43a n.s.
Crude fibre 4.82–5.75 5.32 ± 0.31a 4.76–6.19 5.37 ± 0.49a 4.90–6.46 5.77 ± 0.55b 0.04
Carbohydrates 32.35–36.22 34.78 ± 1.26a 28.62–35.82 31.78 ± 2.35b 29.25–33.99 31.57 ± 1.67b 0.003

Amino acid content (g 100 g–1 fresh weight)
Threonine 1.48–1.67 1.58 ± 0.07a 1.67–1.83 1.75 ± 0.06b 1.48–1.76 1.63 ± 0.08a 0.0004
Valine 1.98–2.19 2.08 ± 0.08a 2.21–2.43 2.32 ± 0.09b 1.96–2.29 2.17 ± 0.10a 0.0004
Methionine 0.19–0.54 0.43 ± 0.11a 0.32–0.58 0.48 ± 0.09a 0.20–0.55 0.39 ± 0.13a n.s.
Isoleucine 1.91–2.12 1.99 ± 0.07a 2.09–2.37 2.22 ± 0.10b 1.92–2.26 2.13 ± 0.11b 0.0003
Leucine 3.03–3.34 3.17 ± 0.13a 3.40–3.76 3.56 ± 0.13b 3.03–3.61 3.39 ± 0.18c 0.0001
Phenylalanine 1.98–2.23 2.08 ± 0.10a 2.25–2.63 2.46 ± 0.13b 1.89–2.44 2.25 ± 0.18c 0.00009
Lysine 2.53–2.78 2.65 ± 0.08a 2.68–3.13 2.91 ± 0.14b 2.47–2.87 2.68 ± 0.14a 0.0005
Tryptophan 0.27–0.33 0.31 ± 0.02a 0.27–0.34 0.32 ± 0.02a 0.30–0.33 0.32 ± 0.01a n.s.
Aspartic acid 4.56–5.03 4.82 ± 0.17a 5.21–5.95 5.51 ± 0.28b 4.63–5.33 5.00 ± 0.26a 0.00003
Serine 1.81–2.11 1.98 ± 0.10a 2.08–2.48 2.21 ± 0.12b 1.91–2.22 2.06 ± 0.10a 0.001
Glutamic acid 7.56–8.38 7.99 ± 0.27a 8.60–9.48 8.91 ± 0.34b 7.44–8.82 8.34 ± 0.44a 0.0001
Glycine 1.71–1.88 1.78 ± 0.06a 1.81–2.09 1.98 ± 0.09b 1.65–1.95 1.83 ± 0.09a 0.0002
Alanine 1.73–1.92 1.81 ± 0.07a 1.78–2.12 2.02 ± 0.11b 1.69–2.02 1.90 ± 0.10a 0.001
Tyrosine 1.46–1.71 1.54 ± 0.09a 1.60–1.91 1.74 ± 0.11b 1.48–1.81 1.71 ± 0.11b 0.002
Histidine 1.21–1.60 1.45 ± 0.11a 1.41–1.76 1.64 ± 0.11b 1.26–1.58 1.47 ± 0.11a 0.006
Arginine 2.74–3.27 2.98 ± 0.18a 3.26–3.98 3.55 ± 0.24b 2.88–3.26 3.10 ± 0.12a 0.00002
Proline 2.04–2.50 2.30 ± 0.17a 1.81–2.83 2.32 ± 0.35a 1.73–2.26 2.01 ± 0.19b 0.04
Sum of EAAs 13.74–14.90 14.29 ± 0.51a 15.15–16.88 16.03 ± 0.63b 13.45–15.80 14.96 ± 0.77c 0.0001

Fatty acid content (%)
16:0, palmitic acid 10.19–11.62 10.92 ± 0.52ab 10.22–11.97 11.08 ± 0.55a 10.00–10.88 10.43 ± 0.35b 0.04
18:0, stearic acid 4.16–5.36 4.58 ± 0.40a 3.54–4.47 3.91 ± 0.33b 3.86–4.19 3.98 ± 0.14b 0.0004
18:1, oleic acid 18.91–23.11 20.75 ± 1.43a 22.00–30.38 25.93 ± 3.01b 22.63–24.70 23.68 ± 0.86c 0.0002
18:2, n-6, linoleic acid 52.31–55.33 53.67 ± 0.91a 47.77–53.81 51.00 ± 2.14b 53.19–55.99 54.42 ± 1.18a 0.0004
18:3, n-3, linolenic acid 7.95–10.23 9.02 ± 0.92a 5.88–9.17 7.07 ± 1.16b 6.22–6.84 6.42 ± 0.24b 0.00002
20:0, arachidic acid 0.38–0.48 0.43 ± 0.04a 0.29–0.45 0.38 ± 0.05b 0.34–0.41 0.38 ± 0.03b 0.02
20:1, eicosenoic acid 0.15–0.21 0.18 ± 0.02a 0.18–0.26 0.21 ± 0.02b 0.22–0.26 0.23 ± 0.01c 0.0001
22:0, behenic acid 0.35–0.49 0.44 ± 0.04a 0.26–0.58 0.42 ± 0.10a 0.39–0.52 0.46 ± 0.05a n.s.
n-6 : n-3 5.29–6.79 6.00 ± 0.59a 5.87–8.46 7.34 ± 0.95b 7.96–8.99 8.48 ± 0.38c 0.000002
Sum saturated 15.63–17.06 16.38 ± 0.50a 14.82–16.40 15.78 ± 0.61b 14.78–15.65 15.25 ± 0.35c 0.0007
Sum monounsaturated 19.06–23.29 20.93 ± 1.45a 22.19–30.59 26.14 ± 3.02b 22.88–24.92 23.91 ± 0.85c 0.0002
Sum polyunsaturated 60.46–64.41 62.69 ± 1.35a 54.45–62.99 58.08 ± 3.05b 59.52–62.25 60.84 ± 1.16a 0.0007
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soybeans. Furthermore, a highomega-6 (linoleic acid) intake and
low omega-3 (oleic acid) intake presents an increased risk of
obesity (Bonafe et al. 2011; Carbonera et al. 2014; Bøhn et al.
2014). A lower n-6 : n-3 ratio was observed in NEC and HHC
soybeans; therefore, conventional soybean varieties were more
likely to perform better than GM varieties with respect to
consumer health.

PCA of crude protein, fat and fibre, and moisture, ash and
carbohydrate

Two principal components (PCs) were selected to differentiate
NEC, HHC and GM soybean samples. The contribution rates of
PC1 and PC2 were 31.42% and 26.88%, respectively. The NEC
and HHC soybean varieties partially overlapped, and GM
soybean varieties were well distinguished from the
conventional soybeans (Fig. 1a). Clearly, from the PC1
dimension, HHC soybean scores were overall lower than
NEC soybean scores, which were in turn lower than GM
soybean scores. From the PC2 dimension, NEC soybean
scores were overall lowest, and the GM soybean scores were
highest. All score differences contributed to the distribution
distinction shown in Fig. 1a.

EachPCscorewas calculatedbyusing a formula consisting of
standardised data for original nutrition indices, and summarised
the variability of the original data (Peng et al. 2014; Galão et al.
2014). The importance of each index to the PC was evaluated by
using loading values. Figure 1b implies that crude protein
contributed most to PC1, whereas carbohydrates contributed
most to PC2. Given that ~60%of the variance in the original data
was explained by PC1 and PC2, crude protein and carbohydrates
were themost important variables differentiatingNEC,HHCand
GM soybean samples compared with other indices.

PCA of amino acid data

The average amino acid PC1 score increased fromNEC toGM to
HHC soybeans, whereas the PC2 scores of the three groups were
equal (Fig. 2a). The groups NEC, GM and HHC were

distinguished from each other to some extent from the PC1
axis. Furthermore, PC1 explained ~70% of variance in the
original data and was therefore the main contributor to
distribution differences among the NEC, GM and HHC
soybean groups. The loading graphic (Fig. 2b) indicated that
Asp, Ser, Glu, Gly, Ala, Arg and EAAs (except Trp and Met)
mainly represented PC1. Accordingly, Asp, Ser, Glu, Gly, Ala,
Arg and EAAs (except Trp and Met) contributed most to
differences among NEC, GM and HHC soybean samples.

Because all 17 amino acids reported in this study contributed
positively to PC1, the PC1 scores showed obvious positive
correlations with the mass fraction of amino acids. The PC1
scores in Fig. 2a demonstrate that the mass fraction of amino
acids in soybean samples decreased in the order HHC > GM >
NEC soybeans, in agreement with the potential nutritional
quality in soybean-derived food intake.

PCA of fatty acid data

According to Fig. 3a, the NEC soybean group was well
distinguished from the HHC and GM soybean groups,
whereas the latter two groups overlapped. PC1, rather than
PC2, played a vital role in distinguishing the NEC group. The
loading graphic (Fig. 3b) showed that C18:3, C18:1 and C20:1
were the most important components of PC1. Therefore, C18:3,
C18:1 andC20:1 explained the separationofNECsoybeans from
HHCandGMsoybean sampleswith respect to fatty acid content.

For visual assessment of the fatty acid saturation of NEC,
HHC and GM soybean samples, SFA, monounsaturated fatty
acid (MUFA) and polyunsaturated fatty acid (PUFA) contents
were set as independent variables to conduct PCA among these
three groups. From the score graphic (Fig. 3c), the PC1 scores
were ranked in the order HHC < GM < NEC soybeans; the PC2
scores for GM soybean samples were lower than those of the
conventional soybeans. The loading graphic (Fig. 3d) showed
that PC1 was mainly negatively correlated with MUFA and
positively correlated with PUFA, whereas PC2 was mostly
positively correlated with SFA. Accordingly, the MUFA
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planting eco-region of China; GM soybean, Roundup Ready genetically modified soybean. 16:0, Palmitic acid; 18:0, stearic acid; 18:1, oleic acid;
18:2, linoleic acid; 18:3, linolenic acid; 20:0, arachidic acid; 20:1, eicosenoic acid; 22:0, behenic acid; SFA, saturated fatty acid; MUFA,
monounsaturated fatty acid; PUFA, polyunsaturated fatty acid.
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ILSI, International Life Sciences Institute. Thr, Threonine; Val, valine;Met, methionine; Ile, isoleucine; Leu, leucine; Phe, phenylalanine; Lys,
lysine;Trp, tryptophan;Asp, aspartic acid; Ser, serine;Glu, glutamic acid;Gly, glycine;Ala, alanine;Tyr, tyrosine;His, histidine;Arg, arginine;
Pro, proline. Data were converted from fresh weight to dry weight basis by using the given moisture level.
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contents of different soybean groups were in the order HHC >
GM > NEC, and PUFA contents showed the opposite order.
SFA content was lowest in the GM soybeans, and SFA
contents of the two Chinese conventional soybean groups
were almost the same. SFA allowed GM soybean to be
distinguished from NEC and HHC soybeans, but failed to
distinguish the NEC and HHC soybean groups. By contrast,
MUFA and PUFA more efficiently differentiated the NEC,
HHC and GM soybean samples.

Comparison of the SFA, MUFA and PUFA contents by one-
way ANOVA is shown in Table 1. The results were consistent
with the PCA conclusions; however, PCA had the advantage of
allowing visualisation of the sample distribution in the score
graphic and verifying themost important variable to differentiate
the original data.

Effect of compositional differences on GM soybean safety
assessment

A concept of substantial equivalence has been proposed and
accepted worldwide as a guideline to assess the safety of novel
foods derived from biotechnology (OECD 1998; FAO/WHO
2000;Kuiper et al. 2002; Alba et al. 2010; Kitta 2013).When the
nutritional composition of novel foods falls within the range of
the corresponding index of conventional counterparts,
substantial equivalence is verified. Therefore, obtaining high-
quality and comprehensive compositional information for
natural varieties is of great importance. The ILSI-CCDB plays
an important role in building compositional databases of
conventionally bred crops and provides open access to global
visitors (OECD2012). For soybean, thefield trial locations of the
ILSI were distributed in South America (Argentina, Brazil,
Chile), North America (Canada, Puerto Rico, United States)
and the European Union (France, Italy, Romania) (Sult et al.
2016). However, China, as the biological origin and a major
growing region of soybean, has yet to be included in this
database. Objective reasons might have contributed to this
exclusion, and the potential contribution made by compiling
Chinese soybeancompositional-characteristic data into the ILSI-
CCDB will be discussed below.

Although significant differences were observed with respect
tomoisture, crudeprotein, crude fat, crudefibreandcarbohydrate
contents among NEC, HHC and GM soybean groups
(Table 1), certain target contents in GM soybean fall within
the range of corresponding indices supplied by the ILSI-
CCDB. For example, the GM soybean crude protein content
(37.95–42.22%) was within the range 29.51–46.60% for protein
in the ILSI-CCDB. Therefore, GM soybeans tested in this study
were substantially equivalent to conventional soybeans based on
these data.

Furthermore, a compositional comparison was conducted
between the ILSI-CCDB and data from NEC and HHC
soybean varieties. The highest protein content was found in
HHC soybean (48.57%), which was above the corresponding
range given by the ILSI-CCDB (29.51–46.60%). Similar results
for crude protein content were also found previously in soybeans
from theHHC (46.82%), the northwest spring-planting region in
China (48.96%), and the south cropping region in China
(49.78%) (Song et al. 2016). Therefore, crude protein data for

Chinese soybean cultivars would probably contribute to
expanding and improving the ILSI-CCDB.

For individual amino acids, the maximum contents of Thr,
Val, Ile, Leu, Phe, Lys,Asp,Glu,Gly,Ala, Tyr,His,Arg andPro,
and the minimum contents of Met, Trp and His, in the GM
soybean cultivars (Fig. 4) were beyond the range of
corresponding indices in the ILSI-CCDB, indicating the
absence of substantial equivalence in GM soybeans. However,
when amino acid content data forNECandHHC soybean groups
were added to the ILSI-CCDB, the substantial equivalence of
GM soybeans was verified.

Many reports have emphasised that soybean seed
composition is affected by abiotic and biotic factors
simultaneously (Padgette et al. 1996; Kuiper et al. 2002;
Harrigan et al. 2010; Galão et al. 2014; Song et al. 2016;
McClure et al. 2017). Compositional variations among NEC,
HHC andGM soybeans reported in this studywere partly caused
by different environment factors. Whether the soybean
compositional variation caused by different environment
factors was greater than variation caused by biotechnology-
driven genetic modification should be evaluated in future
studies. However, China, as the origin and a major producing
country of conventional soybean, should be included in the field
trial locations used by the ILSI to make the soybean data more
comprehensive and to improve the ILSI-CCDB further.

Conclusions

Compositional analyses reported in this study showed that
indices such as moisture, crude fat and crude fibre contents in
GM soybean varieties were significantly higher than those in
NEC and HHC soybean varieties. On the other hand, crude
protein contents in HHC soybeans and carbohydrate contents
in NEC soybeans were higher than in GM soybeans. Amino acid
concentration showed a variation trend similar to crude protein,
with the highest total amino acid contents (except Met and Trp)
observed in HHC soybean. The highest linoleic content and
n-6 : n-3 ratio were observed in GM soybeans, which predicted
poorer nutritional value. PCA showed that crude protein,
carbohydrates, Asp, Ser, Glu, Gly, Ala, Arg and EAAs
(except Met and Trp) contributed most to differentiating
NEC, HHC and GM soybeans, and that MUFA and C18:3
allowed NEC soybeans to be efficiently distinguished from
HHC and GM soybeans. The compositional characteristics of
Chinese soybeans would expand the ILSI-CCDB, and their
inclusion is highly recommended.
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