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ABSTRACT: Objective To analyze the differences of nutrients between organic and non-organic soybeans and
establish a rapid method for identifying organic and non-organic soybeans. Methods The protein, fat, moisture,
daidzin and genistin content of forty organic and non-organic soybeans were determined and analyzed for the
differences. The near infrared spectra of soybeans were collected, and a rapid discrimination model between organic
and non-organic soybeans was established using partial least squares discriminant analysis (PLS-DA) based on the

main nutrients and near infrared spectra combined with different pretreatments. The characteristic wavelengths of
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near infrared spectra that contributed significantly to the distinction between organic and non-organic soybeans were
screened by the PLS-DA model to establish the best rapid identification model. Results There was no significant
difference between organic and non-organic soybeans in terms of protein, moisture and genistin content, but the fat
and daidzin content of organic soybeans were significantly higher than those of non-organic soybeans. The
identification model based only on major nutrients showed low model parameters and correct prediction, while
models based on near infrared spectra and their combination with major nutrients had high model parameters and
correct predictions. The characteristic wavelengths of near infrared spectra that contributed significantly to the
distinction between organic and non-organic soybeans were 5974-5372 cm™' and 50644000 cm™'. It was noted that
the absorption peaks at these two characteristic wavelengths were related to the vibrations of functional groups of fat,
flavonoids and protein. The model based on the characteristic wavelengths of near infrared spectra combined with
Smoothing-SG pre-processing showed optimal model parameters (R?X of 0.996, R*Y of 0.735 and Q* of 0.677) to
effectively identify organic and non-organic soybeans. Conclusion Due to different cultivation patterns, the
nutrients of organic and non-organic soybeans are different, and the nutritional value of organic soybeans is higher
than that of non-organic soybeans. The fat and daidzin content can be used as important quality indicators to
distinguish between organic and non-organic soybeans. Near infrared spectra technology is practicable in identifying
organic and non-organic soybeans, which provides a technical basis for the quality control of soybeans.
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Table 1 Information of soybean samples

Pz 7= R4y Bl
1~7 EIRT 2018/2019 AL
8~14 K 2018/2019 AL
15~22 T 2018/2019 EEHL
23~29 EEy/AIN 2018/2019 AHHL
30~34 I 2018/2019 AL
35~40 oy 2018/2019 fHL

K1 AP SIEAILE) RS

Fig.1 Appearance of organic (left) and non-organic (right) soybeans
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Table 2 Comparison of main nutrient compositions of organic
and non-organic soybeans (n=3)
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High performance liquid chromatograms of soybean isoflavones standard (A) and soybean sample (B)
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Table 3 Isoflavones content of organic and non-organic soybean
BHLKRE EHHIKRE
Gp-sit Cp FrE A G
KIEAF/(ngle) 273.00~837.98 468.05+133.94" 258.46~606.94 386.67+104.92

QBT (ng/g) 173.46~977.94

529.66+233.42

265.27~992.20 467.71+187.67
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Fig.3 Near infrared spectra of organic and non-organic soybeans
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Fig.4 PCA score plot for organic and non-organic soybeans
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Table 4 Parameters and validation results of the PLS-DA model based on near infrared spectra and nutrient composition

H A IR S AL T = R*X R%Y Q? Pcv-anova EHIE /%
0.997 0.732 0.662 1.41x10° 100
SNV 0.565 0.519 0.480 1.46x10* 90
LTS MSC 0.565 0.519 0.480 1.46x10* 90
— B8 0.241 0.994 0.769 6.85x107° 90
ZHreE 0.195 0.998 0.737 0.72 60
S-G V- 0.980 0.713 0.663 4.27x107 100
eI %ix - 0.191 0.309 0.0912 0.27 60
0.977 0.713 0.663 425107 100
SNV 0.563 0.519 0.480 1.45x10* 90
BN MSC 0.563 0.519 0.480 1.45x10* 90
SIRAR /S — BT 0.240 0.994 0.767 6.68x10° 100
ZHreE 0.195 0.999 0.740 0.71 60
S-G Vi 0.977 0.713 0.663 4.25%107 100

TE: R AR E IR i A R
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Table S Parameters and validation results of the PLS-DA model based on the characteristic wavelength

Bl b e S (I UBLIpIE R2X R2Y Q? Pcv-anova ETHR/%
0.995 0.735 0.677 2.39x10”° 100
SNV 0.47 0.35 0.259 1.76x107 60
MSC 0.469 0.351 0.259 1.75x107 60
PRI K
— B 0.265 0.769 0.707 6.40x107 100
Zhre 0.111 0.986 0.477 0.008 90
S-G Vi 0.996 0.735 0.677 2.39x107 100
TE: -RR WAL
S 3k

AW AT T A LS A PR E 08 55 80 25 5%,
FOLSEENREAE AT Ko U RPRART & -
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B 5 78 R A M DL SE I R R G S — 2B ik
T X XA WL AR MUK 9 A 5 B STk 0 I £ A0 i
HE BE(5974~5372 cm™ Fl 5064~4000 cm™), F3THEE
WRKEE S-G FIBTA P, TR L ry SRR, feag
BHREMNEHSEAIRE, B2, BTFREERAR
AISEAIRKENE R RS FHEES, EOIMEIEH
RELEMNAY GGV RE EEA T, A RER R
EH R T R IR . A F R TR — P
AR IEAR s N 48 1 N RS NI 2 4 A L B S () TS
I MBI S B0 AR Ak 0 531 T 1 ) R v s AR T
ARG FE RS e M .

[1] KIM EH, OH SW, LEE SY, et al. Comparison of the seed nutritional
composition between conventional varieties and transgenic soybean
overexpressing Physaria FAD3-1 [J]. J Sci Food Agric, 2021, 101(6):
2601-2613.

[2] 35, &5, EFI7, % STIRTIRRARHE KR REAR ).
b A RGN AAAR, 2020, 11(8): 2375-2379.

ZHANG Y, LI X, WANG XF, et al. Research on identification of imported
soybean based on fatty acid composition [J]. J Food Saf Qual, 2020, 11(8):
2375-2379.

(3] WS, Z/ME, T, 4. RE ™ E RS TR bR 2 S rsE (1] &
S A FURASINAAR, 2021, 12(6): 2068-2072.

GU Q, YI XJ, DING P, et al. Study on the differences of quality items of
soybeans imported from different countries [J]. J Food Saf Qual, 2021,
12(6): 2068-2072.

[4] REZE, EEE, SRBY,  EINCE ARG T A SR TR AR ]
TARHE, 2022, 47(2): 207-214.

ZHANG YR, KOU HX, WU Q, et al. Changes on nutritional quality of
high-oil soybeans during storage [J]. Food Sci Technol, 2022, 47(2):
207-214.



146

B ah % A BR K I

1 %14

[10]

(1]

[12]

[13]

[15]

YUN DY, KANG YG, YUN B, et al. Distinctive metabolism of flavonoid
between cultivated and semiwild soybean unveiled through metabolomics
approach [J]. J Agric Food Chem, 2016, 64(29): 5773-5783.
BARRETO NMB, PIMENTA NG, BRAZ BF, et al. Organic black beans
(Phaseolus vulgaris L.) from Rio de Janeiro State, Brazil, present more
phenolic compounds and better nutritional profile than nonorganic [J].
Foods, 2021, 10(4): 900.
eV, BhEAERL, PR, SF SR REORAH CREEOR X A BLRIEE
AR BRG], LB R R (RO R ERR), 2017,
35(6): 20-25, 30.
GUO HP, LU WY, NIU YG, et al. Differentiating organic and conventional
cherry tomatoes by using ultra performance liquid chromatography [J]. J
Shanghai Jiaotong Univ (Agric Sci Ed), 2017, 35(6): 20-25, 30.
KAZIMIERCZAK R, HALLMANN E, RUSACZONEK A, et al.
Polyphenols, tannins and caffeine content and antioxidant activity of green
teas coming from organic and non-organic production [J]. Renew Agric
Food Syst, 2013, 30(3): 263-269.
IGLESIAS-CARRES L, MAS-CAPDEVILA A, BRAVO FI, et al. A
comparative study on the bioavailability of phenolic compounds from
organic and nonorganic red grapes [J]. Food Chem, 2019, 299: 125092.
JIMENEZ B, RIVAS A, LORENZO ML, et al. Chemosensory characterization
of virgin olive oils obtained from organic and conventional practices during
fruit ripening [J]. Flavour Frag J, 2017, 32(4): 294-304.
Ay, BFAL, M, 5 BTN SRR R AN R4
DB TR MIFE[T]. B AhAIT S FF &, 2021, 42(19): 171-178.
YU M, L1JY, FAN W, et al. Combination of near-infrared spectroscopy
and partial least squares discriminant analysis in detecting the quality of
Panax notoginseng [J]. Food Res Dev, 2021, 42(19): 171-178.
B, Ak, SR, A5 R LI ZS T LIS BRI S AT ]
i 5T %, 2022, 43(15): 175-181.
LI CB, NIU CW, SU L, et al. Identification and variance analysis of
Chinese yam from different origins by near infrared spectroscopy [J].
Food Res Dev, 2022, 43(15): 175-181.
USSP, AUEPC, $4, S5 BB AR ZL A MR
SE[I). AR EE 2R AER, 2018, 41(1): 34-37.
LIU JY, LI FQ, GUO H, et al. Establishment of rapid NIRS qualitative

SEVESE IR

identification model of Rhizoma Bletilla powder varieties [J]. J Chengdu
Tradit Chin Med Univ, 2018, 41(1): 34-37.

GONZALEZ-MARTIN MI, HERNANDEZ-HIERRO JM, REVILLA 1, et
al. Differentiation of organic and non-organic ewe’s cheeses using main
mineral composition or near infrared spectroscopy coupled to chemometric
tools: A comparative study [J]. Talanta, 2011, 85(4): 1915-1919.

LIU N, PARRA HA, PUSTJENs A, et al. Evaluation of portable
near-infrared spectroscopy for organic milk authentication [J]. Talanta,
2018, 184: 128-135.

ERE, O, WERR, F KT

TRV & T ZLAME R Ry 27 ]

[17]

[18]

[19]

[20]

[21]

[22]

[24]

[25]

[26]

KITFRHE, 2017, 36(2): 295-299.

WANG D, ZHANG L, FAN SJ, et al. Establishment of NIRS model for
the main fatty acids in soybean [J]. Soybean Sci, 2017, 36(2): 295-299.
B, G, A, S5 SET TN ST K A BRI
NS PRSI [T]. KRS, 2014, 27(12): 57-60.

LI LL, JIN HL, CUI BB, et al. Rapid determination of soybean protein
and crude fat content by near-infrared transmittance spectroscopy [J]. Cere
0Oil, 2014, 27(12): 57-60.

WK, XU, 22008, 4. JEF T andhd iy i £ 0T i BT
FAR[]. 2 THEPF R, 2018, 16(12): 4062-4067.

WEN BX, LIU WG, LI HQ, et al. Rapid analysis of edamame quality by

PR

near infrared spectroscopy [J]. Mol Plant Breed, 2018, 16(12): 4062-4067.
Figle, M, Y)Y, S LMD RS E A TR R G R
HIEHERIBITE]. Seihs 5
WANG HL, YANG XD, ZHANG C, et al. Fast identification of transgenic

SEiESMT, 2016, 36(6): 1843-1847.

soybean varieties based near infrared hyperspectral imaging technology [J].
Spectrosc Spectral Anal, 2016, 36(6): 1843-1847.
B, TR, MO, GF. SETRLLAME G UG E AR SRR
BRG] MRl K4k, 2022, 45(4): 691-698.
LI KN, SHEN GH, YE WW, et al. Identification method of soybean seeds
with purple spot and moldy based on near infrared hyperspectral imaging
technology [J]. J Nanjing Agric Univ, 2022, 45(4): 691-698.
FRBE, W, RR, SRR SR SRR A K RS R
PEAMITIT. ETdh Tl RHE, 2021, 42(17): 247-255.
WANG FH, HUANG L, XUE CC, et al. Analysis on the isoflavone profile
and antioxidant activity in vitro of different soybean varieties [J]. Sci
Technol Food Ind, 2021, 42(17): 247-255.
555, AR, EAL. HPLC Wl e KT ER Iy h R 7 S BT 5 4t i)
FE[I). WEHNT, 2012, 37(5): 79-81.
CHAO FF, LI S, WANG Y. Research of determination of isoflavone in
extracting of soybean by HPLC [J]. Grain Proc, 2012, 37(5): 79-81.
QI SW, XU DP, CHEN QW, et al. Indirect competitive chemiluminescence
immunoassay for glycosides daidzin and genistin in soy products [J]. Food
Anal Method, 2017, 11(2): 367-373.
BUICTH, A8TL, &5, KT E i KGR LR b Y
FE[I]. WL, 2022, 47(2): 148-152.

PRUksr,

FEI HL, RUAN CQ, LI ZJ, et al. Screening of soybean isoflavone as
characteristic index of soybean traceability [J]. Chin Oil Fat, 2022, 47(2):
148-152.

XUSCH. TR S SRR AE Y R 7 Ml IR 22X [D]. KRR RRJEVT
IR B2, 2018.

LIU WIJ. Origin traceability of soybean based on soybean isoflavone
features [D]. Daqing: Heilongjiang Bayi Agricultural University, 2018.
AMANAH HZ, TUNNY SS, MASITHOH RE, et al. Nondestructive

prediction of isoflavones and oligosaccharides in intact soybean seed using

fourier transform near-infrared (FT-NIR) and fourier transform infrared



557

A, S ANLSARA LRI E TR 3 M B 2L A 4 5

147

[27]

[28]

[29]

[30]

[31]

(FT-IR) spectroscopic techniques [J]. Foods, 2022, 11(2): 232.

FERREIRA DS, GALAO OF, PALLONE JAL, et al. Comparison and
application of near-infrared (NIR) and mid-infrared (MIR) spectroscopy
for determination of quality parameters in soybean samples [J]. Food
Control, 2014, 35(1): 227-232.

AR, IR, XU, A5 ELLAMEREHORZE G e N IR 43 Bk
W=, B A BRI AEAR, 2022, 13(12): 3923-3929.

LI 'Y, MA YC, LIU M, et al. Combination of near- infrared spectroscopy
and partial least squares discriminant analysis in detecting the quality of
Panax notoginseng [J]. J Food Saf Qual, 2022, 13(12): 3923-3929.
WANG P, ZHANG H, YANG HL, et al. Rapid determination of major
bioactive isoflavonoid compounds during the extraction process of kudzu
(Pueraria lobata) by near-infrared transmission spectroscopy [J]. Spectrochim
Acta A Mol Biomol Spectrosc, 2015, 137: 1403-1408.

X, ZER. ETILLLIMNERE I G A - I ]. &
b A RGN A, 2014, 5(3): 754-760

WANG WX, PENG YK. Discrimination of fresh and frozen-thawed meat
based on near infrared spectroscopy [J]. J Food Saf Qual, 2014, 5(3):
754-760.

B, IR, X, 55 SET a2 i O AN ™ DX e A A it
TN AIA[D). TR, 2022, 49(1): 64-70

HUANG T, YANG YJ, LIU MM, et al. Discriminant analysis of
Luzhou-flavor original liquor from different producing areas in Sichuan

based on chemometrics methods [J]. Liquor Making, 2022, 49(1): 64-70.

(32]

[33]

TRIBA MN, MOYEC LL, AMATHIEU R, et al. PLS/OPLS models in
metabolomics: The impact of permutation of dataset rows on the K-fold
cross-validation quality parameters [J]. Mol Biosyst, 2015, 11(1): 13-19.
TEIR, Sk, BURRRR, F WSk 4 R i i BoH 3R
g3 e/ AN BN G BTI]. A BoP BE 2 KA R, 2020, 39(4):
86-89.

WANG HB, ZHANG NN, HONG WW, et al. Content determination of
four constituents in Buddleja officinalis and its principal component
analysis and partial least squares-discriminant analysis [J]. J Anhui Univ

Chin Med, 2020, 39(4): 86—89.

(2% FHH i)

fE& T

K&, MLHRE, TERARAM
AREMIEZRE,
E-mail: 632445160@qq.com

FR o ZE, B, EXESIH, TEMR
FRARRRESZE.
E-mail: chenyi-417@163.com



