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detection technologies

YANG Fu-Ming', FENG Li-Li*, LUO Shu-Nian?, WANG Li-Feng', SHI Yong-Ge*’

(1. College of Food Science, Northeast Agricultural University, Harbin 150030, China;
2. Jiusan Grains and Oils Industry Group Co., Ltd., Harbin 150090, China)

ABSTRACT: Soybean is origin from China, and soybean products have been eaten for a long time in China.
Soybean is not only rich in protein, fat, vitamins, minerals and other nutrients, but also contains phospholipids,
sterols, isoflavones, saponins, oligosaccharides, vitamin E, polypeptides, dietary fiber and other bioactive
components, which is the treasure house of functional factors. With the continuous research, the function of bioactive
substances has become more clear, and the analysis and detection methods of these substances are also gradually
improved. Especially in recent decades, with the continuous development and progress of chromatography, mass
spectrometry and spectrum technology, the detection of bioactive substances in soybean has made great progress, the
detection methods are more advanced, and the qualitative and quantitative detection methods are more scientific,
rigorous and efficient. The progress of detection technology will promote the deeper development and utilization of
bioactive substances in soybean, and make greater contribution to human nutrition and health. This paper reviewed
the types and functions of bioactive components in soybean and the progress of detection technology of bioactive
components in soybean, and it provides a reference for the future quality and safety control and more in-depth
scientific research of soybean bioactive substances.

KEY WORDS: soybean; bioactive components; detection technology

EE&WmB: EERESHE I H (2017YFC1601905)

Fund: Supported by the National Key Research and Development Projects(2017YFC1601905)

SEEEE: LK, WL, OFT R RSP T AEIN, FEEPESE T RS T, E-mail: shiyongge@263.net

*Corresponding author: SHI Yong-Ge, Master, Professor, Jiusan Grains and Oils Industry Group Co., Ltd., No.386, Changjiang Road, Nangang
District, Harbin 150090, China. E-mail: shiyongge@263.net



%3

WE i, S5 RS AR R 3 B HASI B AR5 ik i 859

il

0 5

KREFE=FrE, o3RRG AiAEmE, EREE
5000 “EMFMET . REPAUEEEAT ., 5. 44
. UYISERAE YR, W H AR, fE. 5%
Fil . R, IR, dEER B SR EYm i,
T A 1 B B T2 S A SR T P K IR 5 1 3R
S B R R MR A, A T P 1 Ok
L R R AT, B A E R A S AL, TER
GEA . RS PR Tz R AT RSy
FORT AN 6] F Rl 5 R L, B0 AR WG 55 LAl =
SR ARSI 7k O e AR A, A S A T 43 R A
JrRRTEAR W B s oe 5 B B BRI . (i
JOT T SR F B AN i A, R R A W P 5 ) A A
FARBUSG TARKIEE . ASCK E A Wi PR i Fk
FTIREE K, XA W TEPE A PR IR L i A5 T T R g
GURIEA LR, XK G A T o i 5 e AR PR
ARSI Jy ik 1 R A T 4R, A 503 7R B i R P T A
X5 T A BFFEBOIR, S K A T ) T o R B o 2 4
PEH A IR R E R S5

1 REHEWEMRSFHESIIREMY

1.1 KE#bE

KRG R U5 T R I K AR B0 e 2o 2 v A T A,
ERGHM LR Y. BEL, B K Saie ™ i+
B WRAEHAS RO ARG 2 RO I & A e
. EARE TR, TR R g wile . Wamuiig
ERPPRIEES, &F 40%LEG M REMN, RE/ENEMS
WA R R, BRI T . BET L stk
RIS RSB SORRBR SRR, 2 K R 4 B i R N
A I R 2L ik, LR T S 1 40%
s, SRIRLEE 95%LL ERR AR B ah . KRERAR
Wilg e —FhvERe Ut B R LR, fERLOoRE . 224U FL
By OGRS R T R Y,

KRS 1 BENE B 2 B2l (phosphatidy] ethanolamine,
PE). Mt ULEE (phosphatidyl inositol, PI). 5k HH 5%
(phosphatidyl choline, PC). i Jli§ It £ % & (phosphatidyl
serine, PS)JLFP EZ A - A, HA 57K | SR B BUE Rk,
R RARBIFUER, A0 & SR A s
KGR BA SN . Ak . 39 A . TRh O
G 1M A P A W TE R . BRI, R SRS O TR )
BN ¢/ SO T
1.2 KEHE

K5 R A A (5 I — i, DA B LA A

RE, EEH -2 S BE(46.9%) , SIS BE(25.5%) . S BT
(27.6%)3 FhAl s W, ANETK, WP EEE %A
AU KRG EEA G IR, SIS LA I RS B A 5
T, KO P EA EAURE R bt HE. Bims
LR A N

2010 4F, FE T A FRA A 4y HS BRI ) £ B R N
BIIRE S, MY SRR AR <24 g/d, MY EE
BRI R <3.9 g/d. NIk, KOG EEEAT DL LI B
BEE BB EE ARG, G, 7E
N A N

1.3 KEHEZEE

e 2 B(VE)N A E B, T4 LRk a5
Y RURAELRF R ZEh, AR —Fh 2 . B R e
RATAAT], T HATEST . kbt . SRR T
KRR VE B—FRRGEA R, FEMSHN a-VE,
B-VE. y-VE. 0-VE 4 fl°l, lFEE AR LAY 225, R
R VE 420 B 5 H A A RS VR AR IR B AL 2 It A
PR, 25 B4l 43 A6 A= 0 R D9 1 T M R 55 )T R
a>p>y>d. H, B2, &, FREERERD VE HLL o
IRV, AR, E AN R YA R E R A A
IR T T HIRA RIS, &3 VE 8BS S5HUKZ )7
AR R, YERIT Iz 4, I ERA AR
SHELMER, AN EH 2ELE, AgEZL, CWR
FIN. S 3 L. B Bk U AR, BB
FrrZat | VE Lk, B4R R B RE, 2 1
B2l hh . Al sh | AR T AT H 35K, R
K E PR R R R —

1.4 XS REE

IR T - S Il NI S o Al o]
0.05%~0.70% F A\ 1931 4 WATZ 1 90% H B )\ K 5
AR B B R T S i T DOk, BLE e 3 b
SRR OGN 9 Fh SRR EIE T, o 6 FE K E
i f) = B 43U R S R B R S S R Y OC A
VEZ RE N ARG PE, bR EA B AR RSN, B REBTAR
b BV I, X0 I L B T E A E DA R B A 45
AE HA B B G AR O peAh, KSR AR N
0 M U8 3R T AR = Sl 0 S D RE, Bl S iR
AR RIS ). AR, BSOS R, —H
B BB IR A K S R AT 5 Sh A N
PF AL 25, X I SR 3 A 4 5 A A 1 9 R
R R,

KSR e K T b EZ DA U e, AR
AK G R L 5, S B0 7 i 3 v 2 W T G 4 i,
BRI A AN AT AR TS R T O, X S R I A
i 1 T R A o B e M I S A A e A i
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AAEEN R S it LA /NI L3 A S R 9 8 7 o,

LT P ) S5 5 A 5 K R T ) v S S A PR A A G,

PR, 2 Rt R S R A R SR R R 58
LA SR A B U A O . B2y
il it S Ty BE B 0 S 7 AR A
1.5 KEER

KERREIRT | KGR SRR SRR
ok, HRARRNES RS =i AT —2h 5 fhkE
BTG AY aFRY, mAek, R EIFE LR
E R T R . AR R R T TS, 4
BRI A TR EA RIS, YA, PURdE. BimeTe
B SR AL G 7 i A e

KO BwEWEEIE Y, A &ML A,
JE—F R AR IR, AT MCE A AR
R O B M | B A A OB R, AT G K A
B ORFEITR M RS ok, A AT R O L RORE R
R o H A — 2 35 70 i U ok R i T
KRN, FEEBER T & SRS R R e
ai S R E R RO S PO FE R 2 AT, K E R N
F GRS B oan ok S g R R R
RGO . JEE M s 98, e 400 il i 4 7%
B WRE L B . DU R SE Oy I A N, YU T
B R BOR P
1.6 XZIREHE

K GARRRESE —Fh T2 A A T S RHE ) i B K Ak
B, EIRHKTIE . AR TR RS TR —
AR IR G, RS ETEW 7%~10%, AT LILIR
ORI KREIRZEN R R

AR IR o T (R PR BB AE S 5 AR A
ML A 37 4 R L SR X B0 U T T Y e S S 0 T,
2 g BT DR T o £ LY DR 12 At 1A P T R A
R A PR XL PR T34 A 80 0 TR, R SR A2 5
JATRY AR 32 T8 R R A 7

Har, EbE X TICRBEMRA T RAkR, &
T Ak 4 4840 55 O S YRR I, R Y R B4, DA
FHE N 500 D RE MRS T R L, © U A9
BRI 5T 18 U B 1988 4F KGR R BiAE H A IE
A BT, PR OB ORI . R HGE 1996 45,
RS ALY T R B 43485 85000 t, Ik by
FIEFRAEE A . B IR 75 H AR, LLAThagtE
R R B 5235 400~500 Ff, 41 H AT 548K 4
ff“Oligo CC I RBYCEL h B AR R IE, M
AR 9000 T3 . AU 1 0 SR B S BE B A LR Y
FYOS YR FITEHEZF 1 Seltess FLakB152, 1bdh, £ .
faf 2% RIS . HSL . B E I KRS LA A 4k TF

i TR RO
2 KREEWEM RS BN 75 %

2.1 KEHEERNGE
2.1.1 ARRESE

FHT, RS URIN 7 A= v 4 i B FURY K A 2 Pl
AT it o KGR AR AR TR G AR BEAR ™ i i 45 B AT
Wi AN ) R F bR EA T PR A, PR AR Vs 4 DA 4 B A
6 S W B Hh ANV T DS TR 9 0 0 1) 5 o S ANV T k)
JoR B4 S5 2 22 R A R ER A JRERE A ) ELAG  aod
S B RBEBR T E Y, A G3 BRI < g, A
B OB, RGBT YR, R, R TIN
VEBRBE G i AR S T IR AT, FEANBR Z RN Y,
AW RSP SRR 5 vk B — 5 Rk A
AR, (A R, PSR 2E, HONE AR kT
A THERE 243 AR
2,12 BRfigsik

KE WG & A WIS BEHE(PE) . BERRBEALEE(PT) . B
BEEAA(PC) . WERETE22 AR (PS) . WA IR (phosphatidylic
acid, PA). ¥ I BEASHEAETR (Iysophosphatidylcholine, LPC)%
Z M 5y, BTZ R &PORAH 3575 (high performance
liquid chromatography, HPLC)i#E4 TBENE H AR [R1 41 435 12 i A
P = S o 7 R s i I B N S| N 0 I 7
(HPLC-ultraviolet, HPLC-UV)HI A (231%-7% /& 6 B A6
#% 7% (HPLC-evaporative light
HPLC-ELSD). HPLC-UV #RAHBYE UV Kl#s, 1E R
EFE, TSR IE O e+ 5 N EE+ 1% S RK I IR TR A 7
W(8:8:1, V:7p), XAy gL PE. PI. PC =FZH 47,
Frge e PEALhy, (AR IIES (] (40 min Z247), PC 4A43HI 0
T Ty B G, 3B RS 220770 HPLC-ELSD R FRY
JZ ELSD ks, 1EmIBER (EHE, WahiE A MQEC Hi+
SN EE R+ — LMK FRIIR A ER)S B MG
T B+ R K VR T+ = MK U TR A VTR B TR B
SXRPAGIN 7 B BERIN Y PA . PE. PC., PI. LPC 5 #h4H4y, H
RIS R]E (20 min Z247), 241040 B BT o iSRG I 3
PR ZE, RAIEFER R, R AR S .
213 Bresahnik

B A FH A 0 ) Bl Pl i 2 B i — A
FEFEAR, R0 SR T A 2 B e K = Bl ik
JIg & i <200 mg/kg. Bl P RENG A & A SRR E
TR LR B, ARJEE T Ty 550 °C
SN TR A AR, Bl B R A 220 FE AR e
OB T BT R . BREAERR I S5 T P15 B R e 2 o A= J ol
RS, BEEHRELARSE 5 WA R BN . Xt B S by AR s £
A YA . SHIETE 660 nm Ab WG 3 (8 5 s 1 v J3E i

scattering  detector,
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1EFE, FAEE RN R R A OGS REIR
BRI H e PN ORI il B TIRBEAR A b i
FRRS N, G AS 2 R 0 B A, (ELO RIS & B R
MWIARTE
2.2 KREEEEENGE

P BERRIRIRZ, mik 250 Z2Fh, AR S i i
ML AT A 10 A Fh, B4 (IS, S ESs . LHSIE 3 Fha
O R B 99%, HAZH MY 1% A
AP, AR ik R A S IS L O S
SAREIE BT . EAMPOEETHE, H ANt
OB, A )y g S ) A R HERR . = B
B 2SR IR Y T e AT
22.1 AfE#EE

S A% (gas chromatography, GC)TEMLY 5§ BE Y
i vh B 8 22, SCRRHRIE Hh 22 R T A 2 N AR I, Gk F)
RGBT & EE . ERIER . FESANRY
S A AL - WA A . LR AR R 2k, 2
AW AEN AL AR E AL, RS R Ve i 64T AR 25 T 4y
B o SAALER 2 TR SR AR P R R D5 1R B S W Y, TR
S R R BTRE o R 28k K BN B h i
RUG, R FHZ G Bk, K R i S HAR R A
AL Iy B o B n DEREE N INARY), Sl S AN AR
AAH € 33 WG ) O B I [0S S B 20 43 AT 1, A 3
W e T R AT R B s B0 GC R I s R A R A
B, RERT I S AR Ay AN S 22, A B AT LGk B AR
IR ER AR Bl A Jr vk B A A B FRAR S, 5 2
b, W= a8 RELe AT A SE DR, A BT B AR 2
T 5O
2.2.2 HPLC *

BEAE BT EOR AN BT #E A, HPLC ¥ATE K
DA KR o2 (5 W mRAG I b i) o g i e I, ELA Iy vk 1)
H AL FRET B 2221 43[R ARSI (4 5 1) K i o VROAH iR
FH B UV AGIES, RSB 210 nmo @A QLR
SRR EAT AT, 40 A SCIBRAE SR A% G2 8 R
B3 A B I +K R S AR, % e it S AR A P, A6
VB 1] AP 5 LR 3 o B R R R AR AT, Ak,
HPLC EAEGRBIAHME A FilfAT T hedk, RIS IE+PI
(L3 B He 1 05 SRR AR T 3 sh AR B 1k o it 5 /Y
HPLC :5 T Af AEAT HS BEH A AN, 34 m] LLXEAS [R]
I S R AL Ay E Y. 5 GC M EL, HPLC 3£ 1 R Ab
DL FRHRAE R B, KRR o B TS A AR, IR U85 AT
PLEE EALR, {2 HPLC &R R Oy 2%, ot BR
PR B 1
223 AMMEE-SEE

S ARG 3 - 3% 7 (gas  chromatography-mass spectro

metry, GC-MS) AL FE S GC ¥EAMIM, iR Ea Ak
B-z WERAL . AR RO . R A, A2
SOAE T RS BE Bl INFRY, IR s T )z Eas B
AR FRA RIS G PRSE R AIRFEZE GC-MS K, 21535
B R AR R A L A bR o O S R S
(-4 S5 WE . SRS EE . RS, Rl AR AR S X R
B4 A B B V) 0BRGP 2R A T e T o P T R L R v SR
TR, GC-MS il HAT — AR e PR g, XAt
AN Wy S B AR v & 09§55 B2 4y, PR B A A T A5
TR ST AT X, 25 G R B BRI T . GC-MS Tk
R o, WA IR BOIREE, 4 GC-MS 2351 5 7 $R U
TARME T AU TRT R, AR PN bR A0 1 0 TR REURI oG o VR 3 0 7
THERITHE . GC-MS Wk = 7 1 AL SAE TR R U =,
RERS AT I SRR 2 2
23 XKSYHEZEERNGE
23.1 HPLC %

HPLC ¥:N AT VE Bykill, A IEm Rz 5. &
] HPLC M FHEZ, SR I B B (100%) F1H K
(98:2, VY RTREIM, Cis BEIEAT, UV 3 ZHAS A A
2 WK 290 nm!, 1F 5] HPLC iR 1 Sigo BURERE (2354,
DU O ki+1,4 Z2UNFR97:3, VY)W B, UV 8L %
FEFIASIN 2%, P4 295 nm. 1E [ HPLC ¥t ] 2R FH 2 6HG:
MR, AW 298 nm, ZHHEK 325 nm™, VE BH§E
PEYEA 2, KN K T R VE 5 I3 5 75 20k K SR,
FEAH RO T A R E, RIERIK Sl VE &
i, ARG W E BRI AR Tt VE SR,
FE G B RTAC L — R AL L SRIC, WAL, BT
SR SAHIR L . R R R, AR A bR
TR . i =R, Zuile/b, N5 Ysaitrs, &
TSCRAFST, E BARBOL WV T3R50 G, 215 Y i
R, 1530 @i eiE 2, KRPOERRS 2. X o-VE . B-VE .
y-VE. 5-VE 4 R4y, IF )RR [ 3 ) HE WA i A
[, KM R 6-VE, p-VE, B-VE, a-VE, X 2 f
HPLC 3 (ki B (8] 3858, — i 20 min PN RIAT S8 K &
VE 5#7 .
232 GCik

HPLC 7578 VE £ 24050 1) &t Rl b AR 22, A
M5 GC LN kJEH M, H GC-MS MEWIEZBHHR, H
GC I F iR AE] HPLC #:7KEY), GC RAEA
KM FALA I 2% (flame ionization detector, FID), DB-5
5 HP-5 BANE @A, LIIE =1+ "k W Nend, Mirik
FERE, AHUMIETT VE 400 SR, A VE F
Hoh 4% 20 43 [l 8 i AR GaE . GC-FID 81 GC-MS
PR AL AT AL AT HPLC L AR, 055 B0 Ih i B Al 1E
frde . $EE, gifk, SR)E EPUGI . GC Bkny A pt 3
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TET )5 2 G Hh PR A | R Sy, S I A IS f A
S VE 453 BRI .
2.4 REFEREEN X

R G5 B B G — R T HPLC-UV %, 43 BiIHCR
T REET, JRART . KER, RUBR, AR
6 P AL S AR HES, BRI 5 DASIRI v BE 1 bR v
R B R G W RS S, FREUREM 0.2g, JH
80%~90% 1) /K TR (B8 80% I £ Wi /K 15 V) 75 D A1
PEH, PREURA IR EAE 50 mL A &iH, 7 UV K
1 254 nm £&FF, HPLC #FFf 10~20 pL M, SMRikE
R TR AL L, RS AR 2 AR,
HPLC 213 s AH 22 5% ] LI+ B K vl a8l O i+ S Bk
VAU FE PRI A Jr T 2+ IR K R R T N Y
K 7 B B, 29T % 45 ming L+ RRIK T HORS
BE VR 5 0 R, 25 min B[R] B RTK 6 FiZl 4y
SEASTES . HPLC-UV LA I ES R E IS, 4y B RER, 45
DB [RIA  BiEE AR T ROR 1 & R, T S 80B0R 3%
% (ultra high performance liquid chromatography, UHPLC)#l
TR 63 - T 1% 12 (liquid chromatography-mass spectrometry,
LC-MS) 2 £ HI TR B i i A, UHPLC-UV %A%
BT 4G, A 2 OR T R, LC-MS ke i BR AR, 4
DRGSR 4
2.5 REERKENGE

KREEREME %, FREZL, sFEmOo 6 gl
YT ATE. B, E WA DDMP kG2, B, K
IR A3 HT RS A7 AE — 8 PIXERE .
251 BRI E

SEA A 00 B R RS SRR K A R R
T SERERE R AN, FFE 560 nm Ab77 A I,
I, TE IR A T s LW O B AR FE AT 0 i AR T
50% FH AT WOV i, AETRPE S5 T /KR, DL 2R Z TR AR
By e moT, R 5FEE .. AR B A, 75
560 nm YR I E RO HE, SRR H A R kRl
DB RAER I, LA—Fh e 2 R [ vk i R G2 2
PIAR A RO T E PR HE M 2R, & A iR R By &
o XA 5 i AR X AR HE IR 25 2.29%, “F-RIhndR
By 99.15%, AIFITERY . JEFT. S8, S, S8
T SEFEZFGH G RGBS =R, Hr%km
AE B Al R, BRI E B —Fh R G A
HAR G &
2.5.2 HPLC %

BRFAEG W, HAERE N2k 52,
I GC EAE R S il i iy 1 2 3 7 R . M Tk

TRRAG R MR, HPLC 375K T2 w0 407 s
2|72 M. HPLC BHIFSEIRZ, A5 HPLC-UV ¥,
HPLC-ELSD 321 HPLC-MS % o 33X £ 5 ¥k [ R A0 BN €33
ZAERIL, AR Z ARTE TSI G A . R 80% £
RIS, 42045 um MR IR, RA Cis SOMEG BIEH:,
i+ 7K+ R R B 2 I+ 7K+ = 98 R AR S A, MR A 4% 40
oy I T BUE B, TR T R AR & R AR
KREBIR G L, HPLC Bkedh T /D | Bk B
B, R FOR [R5 UEAT E B, 45 S AR G U B T A
HPLC-UV ¥:A]LI%t B &1 DDMP 5k G = 740 5,
H P9 25 1k 22 B0 H 8] 78 1k R 800 5 R it 7.9%
9.0%°, HPLC-ELSD #: 1] AX 4 Fhok 52 g1 40k 7 74
B, XA E RN 10.4~142 mg/mL, [BICER R
96.8%~101.0%7, fiz i JLAE, HPLC-MS 1= RIS F W %5
Z, XA EEA S . R R R R G B
BRG]
2.6 KEERBHERMSGE

R GRS & 5 A IE R ] HPLC %, UV BUR 2%
oA #3% (differential refractive detector, RID), Zd5:(0i%
FE, TSl AH = 47K (92%+8%) 50 £ i +7K (80%+20%), 1%
BARR RIS . HEEh . AR KR SRR
AR . FERFE R B S R Z AT AR AR
S 80% I Fe AR fi, TUALIEN L g JF, Ml HPLC ¥
PEATI B Rl A SROB A ARSI i 8 AN ST B,
SEERI S R TR R R, HPLC BRI A e, K446
TR BLE 22, KRR RISCR R AR G, A TR —2
FAIF 5% ATt

3R B

KREh S AE. §i. VE, 28, 2W, KR
BE Z R A YIS PR T, JEINRENEIN TR BR T ik
TP AEYREED SN, REZIK, RERBRLTYE . KE
A A AR A Y s ) B T SRR AE R B R R . A
P k0 3 ) D RE R L 2 T B, 3K 6 My S5 114 23 Bt A AG:
WIFEBAEZ LI e . Ak, BE @, Bk, ik
BRI AW K AN 2, R A A Wy 358 P 9 Joi 4 A I
Beox HONA ek, MR B AR Iy i 2 OB
TR T NS QO 211K 5 % N Ui N S (1T NS R 567/ RN
Wy 50 B R PR T R FRI I, 1k RS N 2 Y 78 5 AR A
H R TTHR

SE Mk
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