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Flavor Control of Soy Protein Isolate by GC — IMS

SHI Yuqiang' LIU Xiqgian® LI Shunxiu' MA Jun' LIU Jun' QU Lingling'
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Abstract: The flavor of soy protein isolate (SPI) is a key factor affecting its application range. In order
to improve the flavor of soy protein isolate, especially to reduce unpleasant soybean flavors, and improve
the pleasant soy flavor of soy protein isolate, gas chromatograph — ion mobility spectrometer was used to
analyze the changes in the content of volatile organic compounds in soy protein isolate produced from
different raw materials and different processing techniques. The study of raw materials showed that the
SPI produced by soybeans with loss of lipoxygenase had significantly lower ( E)-2-hexanoaldehyde and no
hexanol, indicating that the lipoxidase was the key control enzyme for the generation of hexanol, and
could significantly affect the production of hexenal. And the 2-furanmethanol, (E,E)-3,5-octadien-2-
one and maltol (which were considered to be the ingredient of pleasant soybean flavors) of SPI produced
by DF3 — variety were significantly higher than the other two varieties ( DF1 — variety was loss of
lipoxygenase, KS1 — variety had three kind of lipoxygenases). The study of enzymatic hydrolysis process
showed that the main unpleasant soybean flavor substances in non-enzymatic samples, such as 2-pentyl
furan and 1-pentanol were significantly higher than that of enzyme hydrolysis products, while the
concentration of hexanol was slightly lower than that of enzyme hydrolysis products. Compared with the
protease hydrolysis sample, the unpleasant soybean flavors ( such as 2-pentyl furan, 1-pentanol, 1-Octen-
3-ol, (E)-2-hexanoaldehyde and hexanol) produced by the two-step enzyme sample were significantly
reduced, and the pleasant soybean flavors ( such as benzaldehyde, phenylethanol, 2-furanmethanol,
heptanal (dimer) (E, E)-3,5-octadien-2-one and maltol) were also reduced. The study of degassing
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process showed that degassing twice process could promote the generation of some pleasant soybean

flavors, and effectively reduce unpleasant soybean flavors. The study of grinding process showed that

crushing process had disadvantages in flavor control, but improved the taste.

Key words: soy protein isolates; GC — IMS; protease; flash degassing; grinding
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Tab.1 VOCs of SPI
=2 % CAS 5 [(a=25y i RH 7146 %% %*%%% %ﬁ_ﬁ% TR
i [E] /s AL/ s

1 T C124196 C9H180 142.2 1104.7 657.703 1.4772 B fk
2 TR C124196 COH180 142.2 1103.0 653.913 1.944 1 EZ 1IN
3 (E)2-FmE (2548870 C8H140 126.2 1057.9 552. 854 1.3311
4 1-E-3-EE (3391864 C8H160 128.2 983.7 412. 815 1.1576
5 FHE €100527 C7H60 106. 1 961. 4 381. 615 1.148 4 LEZRAN
6 ARHIEE C100527 C7H60 106. 1 960. 8 380. 815 1.468 8 EZ 1IN
7 (E)-2-BHERE 18829555 C7HI20 112.2 960. 2 380. 015 1.668 3
8 2-s ki 3777693 C9H140 138.2 961. 4 381. 615 1.569 4
9 B C111717 C7H140 114.2 899. 4 314.414 1.3315 Hfk
10 BemE C111717 C7TH140 114.2 899. 4 314.414 1.697 6 EZ I/
11 2-pif C110430 C7H140 114.2 887.9 304.014 1.6317
12 2-CU-1-BE (2305217 C6H120 100. 2 848.6 271.177 1.1817 LA
13 2-CM-1-F% (2305217 C6H120 100.2 847.9 270. 634 1.5204 EZ U
14 O 66251 C6H120 100. 2 791.6 229. 383 1.564 1
15 1- kB C71410 C5HI120 88. 1 762.9 210. 386 1.5159 ZRK
16 1- Kk C71410 C5H120 88.1 767.2 213.100 1.2570 Bk
17 R 79094 C3H602 74. 1 750.7 202. 787 1.106 5 Hfk
18 Nk (79094 C3H602 74.1 748. 1 201. 158 1.360 9 EZ 1IN
19 R €110623 C5H100 86. 1 694.7 172.934 1.424 1 ZRIK
20 3-FZETRE 590863 C5H100 86. 1 654. 4 157.193 1.406 0 ZRK
21 3-HETRE 590863 C5H100 86. 1 652.8 156. 651 1.1802 iV
22 R C110623 C5H100 86. 1 694.7 172.934 1.1938 CIRUN
23 2-THd (78933 C4H80 72. 1 582.2 135. 482 1.246 5 EZ 1IN
24 2- T (78933 C4H80 72.1 582.2 135. 482 1.0613 LEZRAN
25 AR 67641 C3H60 58. 1 521.0 118.113 1.1170
26 2-Z KLk 3208160 C6HS8O 96. 1 696.0 173. 477 1.044 7
27 2-J%ER C107879 C5H100 86. 1 673.8 164. 250 1.1215
28 ZIM C118718 C6H603 126. 1 1091.5 627.753 1.2212
29 3-3ESf-2-fR C1669449 C8H140 126.2 1027.8 490. 087 1.266 1 Nz
30 GEmE 124130 C8H160 128.2 1 006. 4 449. 893 1.408 2
31 (E,E)2,4-FE 4% (4313035 C7H100 110.2 1014.9 465. 426 1.1952
32 (E)2-CHmE (6728263 C6H100 98. 1 884.2 300. 731 1.1817
33 1-OE C111273 C6H140 102.2 868.2 287.032 1.3279
34 2-Ff (821556 C9H180 142.2 1093.2 631. 634 1.410 1
35 2-IR I R e €98000 C5H602 98. 1 870.5 288. 944 1.1137
36 Bk C111477 C6H14S 118.2 878. 4 295.731 1.1580
37 ZE3-HHEE2(3H) -Wk R C1679476 C5H802 100. 1 944.3 360. 586 1.176 7 N
38  (E,E)-3,5-%¢ _f-2-F (30086023 C8H120 124.2 1072.3 584. 563 1.2291 HEM
39 RO 60128 C8H100 122.2 1080.7 603. 236 1.303 1
40 2-ZETE C104767 C8H180 130. 2 1032.7 499. 94 1.4113
41 4-ZEHCEE (4534741 C8H160 128.2 991.9 425. 567 1.2522 AR

WG & BIF T 1 A R, I 2 R I 2R ) o A2 B SR,
SCHRL 15 JIA T O T R I e S 0% o o LR ) S IR
Mo, SCHKL 16 1R 5075 b i SR IR 420 8 E £
WOl N (E)2-CMRE ., (E,E)-2,4-% 0
e LR - -3 SCHR [ 17 ] WA 4 e 2
B CUBE R (E)-2-CGHE (E,E)-2,4-28 0%
W (E,2)-2,4- 5 ZIHME | (2) 2-CHBEE, (2) 2-HEk

B B SCRR (18 N B R A EECEE.
BE (E)2-CEE, (E,E)-2,4-B T IREE 1-74%-3-
B SEE . NEIWFSE N B % S IR R 40 1 i 8 A7 AE
— M ZE 5, R KR A7 3 0 G R R {5 )
K AH R ER 2l 4338wl 1 3, 2-8g kg | &
U 1B -3 (B) 2-CORIESE

e FH 3 A S AR (KS1) 1R iy S8k il e 2



552 (NI IR S R A S 2 4 U PN s S VAL S et 0 359

T N 2 HRETEMFE
Tab.2 Sensory evaluation form of SPI
WA i o bR SRy
31 ~40 NSRRI RISV
HEK 21~30 UNEREE =Y SRS B RA]
(40 43) 11~20 AHNTLEEFER,FWASEHFK [EEsR i)
% 0~10 AHLEEERE,JFRILE A
& 200 e ETE 31~40  ATIEGIE , J5 VT o IRk
2 GG 21~30  ATUETIENR, SR SRRk _
& o NG
% (40 4%) 11 ~20 UNSEEE =T 5N S
0~10 NS ETACN RS
- 16 ~20 A I, TE AR ik
- 10 ~ 15 N RSSOk
(20 4%)
31} 0~10 A FUHUES | 0k R i
7 Pl A R A LA 0 TR G T A
B2 PAANEE R S SRS SE LR B 2 HIL REe B R FS , REEE R A PR,
Fig.2  Schematic of fingerprint conversion of single sample JE;[I_?E ﬁ [Zl T X ﬁ .':lj IE: SN [Ek% tll]
— 2-P ALK O (E)2-C M mE - 1 4 -
B MR 2 3-FEAE 3 A S AR A Y LA O Y T AR A
2 i B JLF- 6 22 3, BRI T AR ¢ S I R A g e
pedlh> A4
Ty I ) 77 A Je AR %A 20, DF3 R DFL & i
P =
BOR R W (E)2-C & & B E AL, 8358 KS1 KRB

L4 B

PR — B A

BB, T 2-786 2 e R B U2 D3 T KS1 AH
3 H BB & T DFL;DF3 B9 1-580 8 1 -S54 -3 -5
SEU S ST DF1 FI KSL, H i DF1 F1 KS1 #9 1-
IS R WA [E M DF1 A 14 3-S5 1l
3 M iRk, Hob KS1 H i O BN A R R

&Rl
F

BRER
AL

\4 VL&Y, P mT LA A I 4 Ak i X st N
100 (E)-2-C M T 19 52 i 5 K, P b it % s s A AL T
” F it 28 7 K T 43 B8 4R 11 LT R B

1.0 1520 101520 %gé;%ﬁ(])ltﬂl/:) 1520 1.0 1520 (E) 2- ahﬁ@gﬁ_ﬂ‘@a'jﬂ&ﬂ: El j_un*cl:lo H EFI DF1 I:FI
B3 IRIRIRE S 48 SRS S5 AL L 2R FL R MR AN 1 -3 -EE A T H AR S
Fig.3 Comparison of fingerprints of different samples [R1RE H i 105 48 Ak T 42 Bk 2 5 (B2 DF1 il DF3

Al (DFL #l DF3) A7 Y R G- B s A EAT 48 % PR R G HITR IR B 8 H I L A UL &
PEAHUL S PR S E TR A S L i WA e R 2200

Kl 4 Frs t/\#nﬂ/ﬁ*?ﬂﬂ? V‘{ﬂ'o Horp g b DF3 ifﬁﬁﬁjﬁééﬂ&sﬁﬁqﬂﬁﬁﬁéﬁlﬁ“mﬁ
e O oI=-X: D& 08 00 IDF3
D O 0 B ¢ DF3
TR R . WDk
s bhes +.0 IDF1
008Pob*0ale . BKS1
009 Pol*0sl0e D D BKS1
e e e e e R e
EREIDEERETREFRKAF RN REERRECE 0 ExgsNtIEREEsssrroHrsssrsUss
T R R D e | B Lo | | g ] g | R [ B & B o—ll K e b
o o Lo E OE BRERE i & R A e iy )
Hig A SOCBORE S LRE Xg xg SRl S : .
wEAY  YEARE Keg R ORE X FoOHS e & 3
¥ Q o H o~ 2 a9 =5
A = g o B
g AF o
h_«m

j

e
TA-3-

RN NCIERT LD NCRE Vi U PN o ki - S NE RS PO

Fig.4 Comparison fingerprints of SPI produced with different varieties of soybeans



360 &k HL

e
¥

M i 2021 4F

REAPACA Y & T DFL AN KSL, ol 2
ARG 1B (AR 1-I0EE (R AR 2 (K,
E)-2,4-5¢ TIREE 1 -2E0-3- 2-0 H i (ELE) -
3,59 a2 UA-3-H -2 (3H) - I i 2 5
42 43 45 31X 3 B A A oA B S v T LAt R AR
LR

AHOCSCRR R B AR B A A R P R | TG\ 2- B
SR 321 3-SR |2k g R L R
B 3-FdE2-H . (E, E)-3,5-9F " f-2-10 4 2 )
SEH0L. D3 rh 2-mk i BE (B, E)-3,5-9F T-2-
il | 22 25 Wy W e T HAB P S

9 NH R ECE /N PEN N, TR
K DF3 Fl DF1 AH 22 AN K, 34947 T KS1, 1 DF3 /) 52
TR e T HA A A A 25 2R 5 R R
g2, HAR DF3 TP o Y S g T
DFL, HZPPN 5 R R 2Z A B (P =0.33), 45
RN 3 Fn, SR EE TR TR E FER
TUN R R SR A LY U RE 1 5 I E TR
A 7 P, 2 R A R 2 A A R S M R M A WL
AREICHR[ 15 - 18 1 4518 — B, [WIBF I UE T 5 i 4
AR R G A R 1 SR R 2R

R3 R SRR KBKITH
Tab.3 Sensory evaluation of SPI produced with

different varieties of soybeans

i H Z IRy KS1 DF1 DF3
AT (40) ARIIER 24.8+1.99 25.6+1.96 31.2£2.01
LR . O 1. .0 £ 1. 22X

I
TIER(40)  ARTH  124£1.16 22.8+1.84 22.3+1.98
U
U
-
. A of

SRS EEEESC e R S R S R
SRR ITRTIIRRIRN
@ OTERTTONE S mwe g g T

mgd#R Ribedke g g =g SHE

HE" .3 BabE #gg K OHEX A% o7

o mm H = A
ad =)
)

5

2.2 ARIZMAXESBEBRXKEIR NG

TEA 7 b B v Al DAY K G R H AT vk DLk
HBRGEEA X, B A A R E K e
FEAME RS T2 B RS MG KN
GERERRER L, FE A QREE R
LI ST WS o WS ST AN N5 || 2 €))/4
T GERI FE AEAh E BOI | v A RR E A 1
SCHRT 21 ]I B0 28 5 ] el o R AR ol 4 7 Jo e
JE SRR, AH R ER 4 T A ALY Tl
A A 7= i A AR X S B, o B R AR e Ak B
AR AR7E 2 A B, A SCHE 1 3R B 52 1) 256 fil
e W R Ay B A AR TR AT Tolk Ak ] S
(R L AT, B 4 WK i T 20 IR N 2 < T
LR T AR
2.2.1 KT L

SCHRL 6 120 81 1 K 5043 8 3 115 R 1 AUk
Yy 50 ELARAE FH A D B Sy Tl AR R R S B RUBR B
S R4S A SR AL T BRS SERE  R) R R K
fRARTR B BRI 5 A A & AR T K
PEA PG P 0 BB, ) B B 11 il K B 1 B AIG
EHSEREAVALG WSS R8T, 7R N ZE
AR R T RSURAYMEER . AF R B AE K &L
R R R AR R AR R 7 T & B L HL 2
XoF IR F14 5 M) 1y TE i A 0, 0T A R R AR
F G A5 B T2 K E A B E H B GC — IMP 43
MregsRunE s s,

i ) 8 SCEE AT A3 A S AR A (B S

NOE) 538 i % 11 g K i 09 #E & (B 5 ONE) A
5 1 NOE
NOE
ONE
ONE
& TWE
A TWE
E?Qﬁﬁiﬂg@ﬁﬁﬁ?g\?????‘gg?\?F:Esﬁgﬁ
g%%%%ﬁ%pﬂ%ﬁgggggaae%%%%%%@#y
pas — (o]
I 2 N N
e = ° a
lﬁ‘r\I] E} '
R ai
mE o
5‘".‘

1

Pl Acb 3055 A il ALk FHLR 773 8 2 1 )RR ST RE X L

Fig.5 Comparison fingerprints of SPI produced with different varieties of enzymes
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Fig.6  Comparison fingerprints of SPI produced with different vacuum degassing times
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Fig.7 Comparison fingerprints of comminuted and non-comminuted SPI
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