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Abstract: Metabolites of Heihe 43 soybeans in three origins (Beian Longmen, Weishan and Yinlong River) were isolated and
identified using non-targeted metabolic profiling based on gas chromatography-mass spectrometry. The metabolites in the soybean
samples were extracted by 80% methanol, derivatized with N,O-bis (trimethylsilyl) trifluoroacetamide, eluted on an HP-5ms column,
detected with GC-MS. The metabolic pathways of the differential metabolites were analyzed by KEGG annotation, the metabolic
mechanisms were explored. A total of 68 metabolites were detected in soybean samples, and 62 metabolites were isolated and identified,
included 22 carbohydrates and their derivatives, 14 fatty acids and their derivatives, 7 alcohols, 4 esters, and 2 amino acids, and 13 kinds
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of intermediates, inferring the structure of 6 kinds of unknown metabolites, 4 kinds of WS-soy samples, 2 kinds of YLH-soy samples.

Soybean metabolites and metabolic mechanisms were different in different producing areas, and they had the attributes of producing

areas. This not only provides a theoretical basis for the quality analysis of soybeans in cold regions, and also provides a basis for soybean

classification and processing or extraction of functional components by origin.
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Table 1 Metabolites form soybean samples from three producing areas

A5 RGN (o g (ot Arcal’e
BALM WS YLH
1 5.06 Boron, trihydro(pyridine)-, (T-4) LREIFEN - - 0.11
2 5.068 1-Butylpyridinium bromide o 8] 4K - 9.53 -
3 5.338 1-Pentanol [ - 2.87 -
4 5.482 Formamide & 8] 4k - 2.78 -
5 5.755 Trans-4,5-Epoxynonane K gndh - 2.71 -
6 6.849 Cycloheptanol B2k - 0.58 -
7 7.091 1,8-Di(4-nitrophenylmethyl) KAl - 0.78 -
8 7.336 1,2,3-Butanetriol, BE R 0.87 - 0.15
9 8.551 N,N-Dimethyloctylamine o 8] 4K - 1.14 -
10 8.74 Valdetamide o 8] 4K - 0.90 -
11 8.811 Glycerol, i3 0.63 - -
12 9.281 2-Methyl-4H,6H-thieno K gndh - 1.13 -
13 10.096 Anethole LIEN - 3.59 0.16
14 10.605 1-Hexyne 7 JA] A - 0.72 -
15 10.676 DL-Proline 3 - 547 -
16 11.201 Homocysteine FHBR 0.59 - -
17 11.917 Benzoic acid JE For B - 0.63 -
18 13.354 6-hexadecenoic acid JIE W BR. - 1.33  0.18
19 14.23 D-glucofuranoside HEE - - 0.12
20 14.395 D-Ribofuranose BE - - 0.13
21 14.512 D-Tagatofuranose, EiES 0.25 - 0.13
22 14.79 Octanoic acid JIE W BR. - 0.46 -
23 14.794 Uridine RN - - 0.24
24 14.928 D-Erythrose EE - - 0.19
25 15.854 1H-2-Benzopyran-3-carboxylic acid Kgndh - 0.72 -
26 16.008 Phthalic acid, RIg P B2 - 0.79 -
27 16.454 Butylphosphonic acid JIE W BR. 1.01 - 1.65
TR
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28 16.928 L-Threose BE - - 0.80
29 17.562 D-Tagatose HEE - - 0.60
30 17.604 Myo-Inositol LIEN 0.96 - 0.15
31 17.702 D-Psicose BE 0.41 - -
32 17.728 D-Ribose EE - - 14.62
33 17.877 D-Arabinopyranose HE - - 0.42
34 17.994 3,6,10,13-Tetraoxa-2,14-disilapentadecane T Ly - - 2.31
35 18.038 3,7,11,15,18-Pentaoxa-2,19-disilaeicosane ETL7] - - 0.71
36 18.29 D-Fructose S 0.99 - 315
37 18.33 D-Xylose EE 1.65 - 200
38 18.495 D-Talose HBE 2.91 - -
39 18.75 D-Allose S 0.46 - 139
40 18.945 Tetradecanoic acid, ethyl ester fs & - 2.43 -
41 18.974 Erythritol B2 % 0.75 - -
42 19.017 beta-Sorbitol [ 0.83 - -
43 19.061 Ribitol S 0.25 - -
44 19.362 Eicosanoic acid JIE W BR. - 3.85 -
45 19.384 L-Arabitol BE R 1.25 - -
46 20.761 Pentadecanoic acid JE For B 0.22 - -
47 21.147 8,11-Octadecadienoic acid g T BR. 0.45 - -
48 21.459 6-Octadecenoic acid JE Py B8R 5.14  1.07 -
49 21.577 Methyl stearate B - 231 -
50 21.606 13-Teradecenal & 8] 4k 2.98 - -
51 22.383 Octadecanoic acid JE For B 0.73  0.93 -
52 22.424 9,12-Octadecadienoic acid g T BR. 1.83 - -
53 22.493 9-Octadecadienoic acid JiE Py B8R 0.74 - -
54 25292 Sucrose HBE 0.61 - -
55 25.632 1,3-dipalmitoylglycerol fig & 0.29 - -
56 25.694 D-Trehalose BE 0.69 - 0.31
57 26.127 Hexadecanoic acid JIE W BR. - 0.72 -
58 26.878 1,2-O-Isopropylidene-D-glucofuranose EE 39.07 - -
59 27.446 D-Turanose ES 232 - -
60 27.582 D-Galactopyranoside HE 0.56 - -
61 27.922 2-Monostearin RS 2.78 - 087
62 28.017 Squalene RlLIEES 2.60 - -
63 28.066 beta-D-Lactose BE 1.53 - 0.19
64 28.261 Methyl Galactoside EE 0.52 - -
65 29.657 Sitosterol o Ja) 4K 0.25 - -
66 28.673 9-Octadecenamide & 8] 4k - 0.65 -
67 30.689 beta-Arabinopyranose HE - - 0.42
68 34.987 Mannobiose (i 0.41 - 11.43

E O RT AL B .
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Fig.1 Totalion flow diagram of BALM-soy samples
7Z: (a): BALM-soy # & 89 T %34 5L , 0.0~35.0 min;
(b): BALM-soy # w6928 5% F L E, 16.0~30.0 min.
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Fig.2 Total ion flow diagram of WS-soy samples
7E: (a): WS-soy # w89 T 2B L E, 5.0~35.0 min;
(b): WS-soy # a5 893 5% B 5. B , 5.5~16.5 min; (c): WS-soy
Houeg A4S E L E , 17.0~28.0 min,
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Fig.3 Total ion flow diagram of YLH-soy samples

7E: (a): YLH-soy # o=t T 834 EEE, 5.0~35.0 min;
(b): YLH-soy #8934 E 0. H, 14.0~28.0 min.
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2.2 BALM-soy # ity £ 2 X #2047

3R 2 BALM-soy ¥ RINEF KB
Table 2 Differential metabolites of BALM-soy samples

F5 tRgatia b 2 AR feb-th o 3%
1 8.811 Glycerol R P B8
2 11.201 Homocysteine FIRBR
3 17.702 D-Psicose Mk
4 18.495 D-Talose Mk
5 18.974 Erythritol RS
6  19.017 D-Sorbitol RS
7 19.061 Ribitol EEES
8 19.384 L-Arabitol EEES
9  20.761 Pentadecanoic acid R P B8
10  21.147  8,11-Octadecadienoic acid A8 A7 BR
11 21.606 13-Teradecenal o a4k
12 22424 9,12-Octadecadienoic acid  J§ A7 BR
13 22493  9-Octadecadienoic acid R P B8
14 25292 Sucrose Mk
15 25632 1,3-Dipalmitin iEE S
16  27.582 D-Galactopyranoside Mk
17 27922 2-Monostearin, s &
18 28.017 Squalene LA
19 28.066 beta-D-Lactose Mk
20 28.261 Methyl Galactoside Mk
21 29.657 beta-Sitosterol LLIEEN

A EL B AR B A= X K E AR A, BALM-soy £f
M 21 FhZE AR (6 FiBEE, 5 FRARHIER, 4
FREES, 2 FPEESS, | MR EERAN 3 P (alfd) (%
2). ZESARUY £ B R R IR CERRE R A
HERAUIRE) . BRAW GRS,
REREAIERMCIT . HIE LR i R 40, JRed
WElE i R0, FRERTH B BERARH CH
TR RARIT . WIhERARIST . B BT RR A A ORI AN T
R G RO KM EESE (SEEME
B . FERE, FE TR A EA S R TCA JE3R 2 1R]
fEE—EMIRFR, MKW EDRE, B
AU YS S LIRS, KGR
2 AR D-BTISEANE (0.41%), D-¥E%'HE
(2.91%), HEHE (0.61%) KHM (0.63%) S5HA
%, Abze el 17 X g R A KRG TR S A%, BEK
Wz HEPHEE T, EEKEMEK, EFIRN
K, HRFHATCEIER, BARERE, A%
(0.56%) ZEHE, Jrmd AN H SRS R
HATHAG . et RN R, IS A R
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2, BEJIKEm, TEYSR LIRSy, MKE AR
EREAHIE, TRERERFE A, 39 Sk S R
pH 7E 6.0~8.5 2 [a], HFIT D-Bily&EpEF1 D-#5 %
BRI F=AE o VRN IR TR BB I K AE R LR AT
ARG 197 R AE SR A Hr AT B AE T, 782 1
H B AR T AT S A, 2 i i 1y e
FEH A TR (0.22%), LR AT S B i,
5 8,11-1 )\Bk AR (0.45%), 9,12-+ )\ Bk 4
g (1.83%), 9-1 )\ Ml (0.74%).

2.3 WS-soy # &ty = B R #47

%R 3 WS-soy HmAIERNEY
Table 3 Differential metabolites of WS-soy samples

R ttth 448 ey
1 5.068 1-Butylpiridinium bromide Al 4&
2 5.338 1-Pentanol B2
3 5.482 Formamide o a4k
4 6.849 Cycloheptanol B2 &
5 8.551 N,N-Dimethyloctylamine LAEIEEN
6 8.74 Valdetamide o a4k
7 10.605 1-Hexyne LAGIEES
8  10.676 DL-Proline RAB
9 11917 Benzoic acid R P B8
10 13.354 6-hexadecenoic acid R P B8
11 14.79 octanoic acid R P B8
12 16.008 Phthalic acid R P B8
13 18.945 Tetradecanoic acid, ethyl ester ~ B§ %
14 19.362 Eicosanoic acid R P B8
15 21.577 Methyl stearate fig &
16  28.673 9-Octadecenamide LLIEEN

WS-soy £t 16 Pz AR (5 Bl IR,
2 PREESR, 2 PRERSE, 1 Phad B AN 6 M A i) (3R
3)o ZEFARUY) B AR CRE R BRI
TR WHRAE) . IR CERERAE. A8l
R E e ANEAARITER A& D AR
BE (FEARBHRAMERRE R EHREDD., B
L= & SR A K Bl S, BRI, AR
WA RARAR, LRI IAN ], AoKAL
WD . RGN Z R AU 22— R
I, B, WREEE KEAENRNIRAE & - Nai
TRIEMR . A6 EVUGRRARIE RE R =42 T 6-1 /SN Ths
2 (1.33%). ¥R (0.46%). 1L (0.79%) Fl
LR —HR (3.83%). 1%/ Hi IR e+, HAE
AR, BBARERZE, S6FEMNERL



M BEmBHL

Modern Food Science and Technology

2021, Vol.37, No.6

LA, Bkt tedb 2 e A, AR T R
(5.47%) HIRR, HINE N AR E KR A g
PR BASE U B AT SR A, A . BRAE
O ERE T R REE I, A AR B 2 AR
.
% 4 YLH-soy HMmHERRIHY
Table 4 Differential metabolites of YLH-soy samples

py Y Hon 4 4 fee
1 5.06  Boron,trihydro(pyridine)-,(T-4) % &4k
2 14395 D-Ribofuranose HE
3 14794 uridine o I 4R
4 14928 D-Erythrose HE
5 16.928 L-Threose HE
6 17562 D-Tagatose HE
7 17728 D-Ribose ES
8  17.877 D-Arabinopyranose HE
9  30.689 beta-Arabinopyranose EE

2.4 YLH-soy F ity = 3R H 047

YLH-soy a3 9 Pz AR =4 (7 Fifi=R
A2 Fpe A (WK 4 Fis). 2 m AR 3%

PR GRS s B IR AR
BR) RHEAMAE RS (e REHEE) . ZFEM
F=H 5 BALM-soy 7= # [7] J& =il 7 R il 2= KU fik
HESREEZEZME, M HE BALM-soy 1%
W= — SRR, AT BRI RN K AL &)
AW I AR a0 o FLORE AR W& AR 7 AR S A B
(0.60%), JHEBERISE= M (14.62%), LA
FEnE AR S A PR AF (0.24%) S5, BERA S
A T IR R AN, SRR S B8O AR
R A

2.5 Rt A M & A A

MR A o 3 P e B U B fer B, HEDN 6
FhARFN S MARW =Y (W3R 5 Fizn), HH CoHi50
H(28,39)-2- T FH-3- N B4 4 Jt , CpsHoaN, A 1,8~
T(4- Y R R W 3L )-3,6- R4 B -o- B, HE
CeHoN3S 4y 2-F3E-2,6- — S -4H-BEW; I [3,4-c] L me
3-fg, HEW CyyHpOn N a-EA R, HENN
C13H3,048i, N 3,6,10,13-PU4H &-2,14- —HE R KT
2,2,14,14- 4 R BE B &E s HE W Ci7HaoOsSi, N
3,7,11,15,18- FLA8 44 -2,19- —kE —+ %%, 2,2,19,19-
DY F L Ak e

x5 RN EMERTR

Table S Unknown compound structure list

%
A5 f;; AN RN ad 2 AR fe bt 4 4k T
(0]
1 5755 CoHj;0 (2S,3S)-2-butyl-3-propyloxirane (2S, 39)-2-THA3-RIEIFLATIK \/\/L\/\
o
I
= Nxo
2 7091 CoH,N 1,8-Di(4-nitrophenylmethyl)-3,6 1,8-—(4-FH XK F )- .
. 2324 1N4 -diazahomoadamantan-9-one 3,6-— 22 f-9-FR 0 HQO
< -~
NH,
2-methyl-4,6-dihydrothieno 2-F XK -2.6-—A-4H- P
39281 CHLNS [3,4-c]pyrazol-3-amine Ry FH[3,4-c]rttrk-3- e y N/N
methyl7,8-dihydroxy-6-[2-(8-hydroxy-5,7- 0 Q m om
4 15.854 CyHy0;,  dimethoxy-4,9-dioxobenzo[f][1]benzofuran a-EaEE o

-2-yl)ethyl]-1-oxoisochromene-3-carboxylate

0 0
0
o \

> 17.994 CisHO8iy 2,2,14,14-tetramethyl-

3,6,10,13-Tetraoxa-2,14-disilapentadecane,

- RE-2,14-2F 2 8
3.6,10,13-WAL2 14252 \VAVAVAVAVAY
|

KNz, 22,1414 F etk

6 18.038 C7HyOsS1, 2,2,19,19-tetramethyl-

3,7,11,15,18-Pentaoxa-2,19-disilaeicosane,
Bk, 2,2,19,19-m9 F 3k abir

3,7,11,15,18- L A %%-2,19-— 0 0 0 0 si
SVAVAVAVAVAVAVAVAY
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3 Zhip

PR AR T 7 B S e, A
68 PR, o 62 PiokEifsEE, AAE 22 Pk
NEATEY), 14 PRI S HATAY), 7 MEEE, 4
PR, 2 PRE BN 13 FhohmfA, FHHERTH 6 FhRk
HAREF=W)4E1, WS-soy i 4 ', YLH-soy I 2
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