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Abstract:In order to broaden the application of soybean protein isolate (SPI) and reduce the content of
soybean isoflavones in SPI, the effects of high — temperature acid precipitation on the quality of SPI were
investigated. Under different acid precipitation temperatures, the changes of main soybean isoflavone
content in SPI, the changes of the crude protein content and solid content in soybean whey, the changes of
hydration blue brightness and gel value of SPI were analyzed. The results showed that the acid precipitation
temperature increased from 70 °C to 85 °C, the total amount of soybean isoflavones decreased by 43. 84% ,
among which daidzin, genistin contents decreased by 88.76% , 83.95% respectively, and the content of

glycitin dropped below the detection limit, whereas daidzein and genistein contents increased by 72.51%

and 143. 47% respectively, and the content of
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protein content in soybean whey decreased by 25. 12% , and the solid content decreased by 6.34% . With

the increase of acid precipitation temperature, the hydration blue brightness of SPI continued to increase

and the growth rate continued to increase, and the hydration blue brightness increased by 26.83% , when

the temperature increased from 70 °C to 85 °C. With the increase of acid precipitation temperature, the gel

value of SPI decreased continuously, and it reduced by 57.02% when the acid precipitation temperature

increased from 70°C to 85°C. In conclusion, the high — temperature acid precipitation process could

effectively control the soybean isoflavones content in SPI, improve the hydration blue brightness and

recovery capacity of SPI, which is of positive significance for the development of infant products with low

soybean isoflavones content.

Key words :soybean protein isolate; high — temperature acid precipitation ; soybean isoflavones; soybean

whey; blue brightness; gel value

RS E A E BRI CrERe, fE R
g AN ) PN il NS =% A S LN = £ i 87
U H 22BN AT . — ROk K F HA
o EEW N\ RV R — (22 2021 45 A
FAO/WHO £ it ik 50 Ji KU DAk R Bk 5 e AR e v
ST, B T A AT R R R B
RO EA , Bl 2 Wy i b X T 2R A DL Bkl , 25
By IR TS BB Sy 4 Bk O g R
Klemola %> 57 & B, 80 {5 4= FLid B Lrp, R A
8 Hi(10% ) kA= GHETC 7 Wik st i, A R G
AT LAE Ry 4 3L o 08 i AR X R 4k
Fe 7RG E M S, e T A E, &
st ol A= 7 Y DR B2 40 B AR i e R PR T S K
), HAR A& A /NF 90. 0% |, L AME 5 A ol
KRG B AR SR 8 . K B 2
— K HA ZRAEYE R AR S R, A
& K G IC( Daidzein) (R 5 H ( Daidzin) Je R AR R
( Genistein ) , 4% #} K # ( Genistin ) |, % o & &
(Glycitein) \H{ & {1 ( Clycitin) %5, i T REF
i 55 MEVCR O AR, TEAR IR KA TR 1Y
ST B T 2 B S 5553 EE DA SR O Pt T AR I B
VR IN I, ELA M KT B A A (R
OR S5 2 T Y S MR A PO ) LR s i A
AN T BT, PRI 0 2 5 LG T B P S B 1 2 4
YERRAEAEVE 2 A7 o O T R AROK S
P LR AR R, T 24l LG T iR S
P R B S AR T s SR, R
BT AR R ALK 7 A R G E R UT
I AR 3 B A 7 oh, (H $ = R IR 3 AT A
i NT R o iR R Sl I B WA AN
E R A L NN B - B Y = NI A: 4 = ol e -3
HETT 52000 R L2 1 LSRN BB . A ST
FRULJE WARHREA T A AL 38, LIRS o i R U %o e

R G736 S B 5 2t 0 ol W] A
I HAPPAL O RS0 B 25 il TR 20, LA D 4
NSRS DL NSRS Y e
1 #MR57E%E
1.1 SEieast

Gt B N =2 A0 CHL & B Bt 55. 2% , HLIR i
0.3% JEELTYE 14. 6% ) , IR & EAEBE AR
ol WRBRER , 3 A 4, M B AR AL AR A
G =R A T2 W [ I et R e S /N
A s BRAR R PR , 3B 4, KR Ok R A
MR ] ToK Sl S, A% BLI (R L) BE 24k
FARABRA T ;95% L, KETTHAR RIEAL =10
T EBR R, S BT Ak, 5844 T R R AL AT BR A
SRS, s A, RS LR KAE RN A
FRA ]2 — (N - M mRf) ZBemtig , s Hrali, 2 264
YRR ( E) By A7 PR w5 vk R L WY B, (3%
4, g AR B A R F

Kjeltec 8200 I [X %€ A AX, FI 2% FOSS 4\ #;
A1204 -2C HL 7 RF, M4l - B0 2 A4 IR 7
LHS -150 — A {HIR 57746 HWS - 26 fH 5 K55,
g TERL A AR A PR ] 5 Vortex] JiE 3 k37 %
JTIHALRE S5 % BARA B F 5 ColorTouch PC [ JiE
¥, 2€ [E Technidyne 2\ 7] ; UltiMate 3000 & #H 0, 33%
A, BRI R B A |5 FDU - 2110 E= 8 R T
BEOL, 2R st A g R U 2 s R - 210 ik 28 R AR,
Fii - 20 B (Buchi) 5256 28 {4424 7] ; HT - 100C {8 I
FEIR, EIEEAR R 2 AR A R 7] ; Allegra V — ISR
VO URAL i 5 UBO L, DL e R KRR [ B B
( L) A BRZS W s MDF — U392 VHI B AIGil PR 774,
URILAR AR IR (R ) A FRAH] .
1.2 sE3drik
12,1 RS sEE R

IRTEBENE ZoR1— K (K AL 821,45 °C) —



2024 4 55 49 15 55 2 1] T

Rl 49

pH(10 g/100 mL S48 ALIAT, pH 7.3 ~7.4) -4+
ZEEL(120 r/min,30 min) — &0 505 (4 500 r/min,
10 min) — B F i (%) — 7% pH (pH 4.5 ~
4.6)— fi#A(75 ~85°C,30 min, &l BRIT) — B L
4385 (5 000 r/min, 10 min) —>¥iJE—FF(pH 7.3 ~
7.5) —ERBE AR (121°C,5 ) —Wi%E T - K

GArEEA.
1.2.2  HALIEFREI
KEFE S BN E, S B[ 10]

e Bk I E , Z ] GB 5009. 3—2016 (& &
2 EZRARE B TPk ) s TR & i,
Z: M8 SB/T 10326—1999¢ o4k FIE Pyl 2 %) s Hl &
HT & E , 2 8 GB 5009. 5—2016 & i %4>
I AR AE £ R BT I ) 5 BER(EIN A2 , 2 R
SCHRL LT T s /KA 6 1 BE A DU A < 4% (250. 0 =
0.1 g) ZEMAMAE GBI H I 5 4454k 500
r/min, 44 (50.00 £0. 01) g K527 B 8 FH A R 3
BLEEFT 30 s, ff FH 24 R FREERHLEE FREM SR,
PG TR FT 2 min , {5 1 BEAGEEA KA
G BEA

1.2.3  Fiaab e

P f e 2 /0 #8473 U, FI ] SPSS 16. 0 1 fF
XPELHEIEAT ANOVA 22 5 10 4% 7341 ,p <0. 05 Sy H
AR EVEESR.

2 HERE5HW
2.1 ZEBMANKINBEEATREL
O]

FRYE & S ELSS &, KO0 5 B mT 4 Ry Ui 2
HOCAUMZE G0 A, Hoh 85 G AL 7R 95%
RAEN o ST A A 7 4 X iR B Y 1 52 R
P A A5 1 BR DTN e = il 85 °C 4%
BEL.2.1 7k, BRI UOREX K Z s Ea R
S R i RS, 45 RN 1 TR

1 BNEBEMNAZENEEAPAERENSENZN
A FRRUOREE T & i/ (mg/kg)

KIS E

S
g

Wi H
70°C 75C 80 °C 85C

KEHIG 211.0° 216.0" 243.5° 364.0°
KEH 546.5° 477.5¢ 259.5" 61.4"
YRR R 256.5° 262.5" 467.0° 624.5°
YURIARH  1100.0° 1 000.0° 738.0" 176.5*
WOWER 26.2° 26. 4" 28.5" 26.2"
S 99.0* 87.5° 33.3" ND*
it 2239.2  2069.9° 1769.8" 1257.6

TE:ND Zn /b T R (L) 10 mg/kg, 53 35 4 D
0. 5L i1 [AAT A F/ING TR R TE p <0. 05 7KF 22 57 2
G

M 1 AT LR, BE BRUTEE T &, K= 4
R AL N &1L T] R N NITA I LY NS
I ) & AR R T Mt i K E T
MY R T2 B EmESE, e mE 5T
AR AL, RS T B T . R TS
R S B BT N 0 I A 1 A T, R UL
IR T W /K A R . FRUTTIELEE i 70 °C T
F80°C, K AT & it H 546. 5 mg/kg Tk [ A% 5
259.5 mg/kg, BEAE T 52. 52% , K G 5 & & h
211.0 mg/kg FFE5 5] 243.5 me/ke, 455 T 15.40%
R LA (A B AV RS 32 328 TR F R A e i 3 i B, 3
A e T R T R T2 1 BRI 2 25 i AR R AR A 1
P HOK PR TS BR UCHR B2 1 80 C FHm & 85°C,
KRG CRIX 537 i 416. 30) Jsi /b 45 A i K
SAFTC(AHXS 4 F it 254.24) 9324 121.0 mg/kg,
TR A TCHE N 24 120. 5 mg/kg, W4 1) 22 5%
AN (p >0.05) , 5 BL HE W 78 I o B2 b 7 2 43K
IO S8 T P A B s TR, R A A 2 R R A =
TSR TR KR 8, MRUTRE 70 CHm =
75C, Y BER & &l 1 100. 0 mg/kg [ % 2
1 000.0 mg/kg, (AL T 9. 09% , Je B} R R & i HH
256.5 mg/kg T 3] 262. 5 mg/ke, 25 T 2.34% ,
YAk AT 14 R ATK MR8 R 38 R F b R 28 1 1 K
8 B R R UGS YR AT Y BRI R R A T 4R
B T HOKE TSGR TR h 75 CTHE & 80°C,
YRR S B PR AR T 26. 20% | i Ye kel A 2 4 B4
T 77.90% , bt K il Az U AR R B FEAR
W BE I F YRR R B KR B, T e 2 K 1T o4
TR AL Ry R AR 2R i 350 BR TR B2 e 80 C T 2
85 C, PR ARTF S HFEIR T 76.08% , YRR K &
HIEINT 33.73% , YeAh AT 1 AR AV R S P K
FYCRIA A 38 KR 2, T I AR I i v Yk R 3
0 R A P 8 i P8 LA K A IR . BRIl
JEH 70 °C T & 85 C, B Ui & b RRSE R, /e
99.0 mg/kg FREEA LT, FREEHEE Mt
SEEMN SRR, X ]R8 b K &
TR gk Ry B 5B R R I E  g  ) E E EA
fifp B 4 v AR BEARY KA AR B L R K,
FERRUTr B A T 3L . BRUTHEE th 70 °C 7t
3 85 °C K S B S AR T 43.84%  JHorpk
S YRR E A RIS T 88.76% .83.95% ,
W TR R RN, Kk G40 YR AR &
ERERE T 72.51% F1 143.47% B H ¥ R 5 & TG
BER . BARRE , SIRBRIUT A R K G5
EHEL NGRS (s =g sF | N N Y s



50 CHINA OILS AND FATS

2024 Vol. 49 No.2

TER AN E N, SR T HCR 2240 L™ . H RS
1 AR FE G MR BRI L it v K S S R 1 3%
i (ER— SRR Y [ bl [ 224 LA AR R E 2

T R AR 5 B ) R 2 4 B 2 ™ B
2.2 HEBBMIAHK LK TREORATH YA
KLU 1 B R AR R T i
MR GFLEEA" . W IRER AT LK F L
W 2 VR FERR LIS 9 880 4 B 2 i P/ S UL
MFLIE 88 ke, T IR 3L b L B
S A AT R A 0 TR R TS O
B AR L oL B B A DR ) & AT

R, 255Nk 2 iR .
®2 BAUBREMNASAEFEEAR
SEMERNS BN
A BRI 7 /%

i
nH 70°C 75°C 80 °C 85°C
HE A 21.5° 19.7" 19.5" 16.1°
E5pj27] 2.05° 2.00" 2.00" 1.92¢

MF 2 TTLAE Y B FRUTIRE (9 715, K E5L
i R T T ) 2 e FOHEL AR 1 5 i ST . 1R
AL H 70 C T 3] 75 C i, R LG oL & B i
SREITT 1.8 TA R, FIRY & T T 0.05 |
Oy W 2. 44% 33 2 R A 18 IH 3 1) K 5 4
LRI R B — M Al A 1 T30, X 5K E
ORI SRR P MR BE 72,8 °C 1Y B - VE M
70 °C L) _bE— sk 235 Y BB S s 1 — 8GRI
EE R 75 °C Tt 2] 80 C B, KRG FLWE oML &
Eri R E T & R B35 BRUTIRE i 80 °C
FHEr 3 85 C oY, K G FLE M E A & EBEI T
3.4 To S I & REEAR T 0. 08 T 43 5, 1R
i54.00% , 3 J2& PR A 7 I TE] R 7 SR AL B An Pk SR 4
R 5 E AL S R SRR A S 2% , SR
3 80 C I IFHAsE" " ., s R ZHE Iy
SO, AR SCSE I A BE Al R 85°C, R DU I FE AE
85 “CIN, K T FL i P BB & AR R 1. 92% , 5
T0CHIL HFRET 6.34% 3% F BRIk G4
RIS 1E 5.8 Zegr " 78 pH 4.5 fiF, AR K
GIE PR, BN, RGEHEE R PR
S 89. 4°CH B m A K T AR R W
10% Ze 7" BRI > R e Rk 1 T 3L
o TR T3 A B0 T R BRI , 4 A ) B R
A B0 LR . AR BRUTIRBE th 70 °C This
FI 85 °C , K FLIG IR (U & IR T 25. 12%
BTG S BAIE T 6. 34% | 15 B 25 R R Vi G ) F o

AR R,
2.3 ZERILIXESHEREGRGELGEY
#

PR TR 0T R 74 g 2 /K G WD B 5 )
mE 1 R,

50
d
45
o c
Dol
KE| 40 b
i a
35
30 1 1 1 1 )
65 70 75 80 85 90
LU/

B AR T RRZER B (p <0.05), T

Bl BAREMNAESEEAKSEXAENSZM

B 1 AT LUE B RO T, R4
AR IR A B AW R i EL R AN A
570 CHFAEL,85 CHy R E B & H /KA A
JE AN IR E) 26.83% , X FE RN N KRG FH
[LEDSE S R NE - = LA NI R 81 e 14:01 4
%, SRS W6 B2 K (R b 2 TR 1)
Fhia, R & 1 — Se P OME: 8 R i IR 2
KA AR R sz — 0
2.4 FZBRAFKESBEGRBALG YW

PR TC I B X R 3 25 2 1 O S {1 1) 5 e (%] 2
FiR o

140

120 |

ERC A/ g
S

60 d

40

65 70 75 80 85 90
MRULIELHE/C
B2 BRURENKESBEEERRENZD

HIP 2 AT RUE L B RRUTIRLEE i T, K203
P B A58 S (EL AN IR AT, ot R DL IR 70 °C ip Y
121 g Fif I 2 B IR 80°C I 1 52 o, FEAR T
57.02% o X JEN ORI BRUTIREE 1 Ty, 26 1 i
ARPEIIBR , KRG B 8 AR AR Y H AN
i, S BOLEERALAMT T B
3 4 i

e BRUURE, A A TR EEER PR
L5 B A S B R R TR B R DGR RO
FLI AALBEAERE , Bls R G0 B EH ARG S, (5
SRR E B E A SR, RIRRRUUR IR



2024 4 55 49 15 55 2 1] T

i o1

TR RS (HUR N T R A O A

PRI 5 VP DR &2 S I i sl 5 TR S S

TR SN AR AR R RN T3 A, i BR T

KB EBEERE AR, 75— BB BRI TR

B R T BRI, A BRI H, i LA £

X A U i, Fh TR 00 B AR E A N A

S BRI K00 B EE Y — SR A L g4

o =R S VUSSR B R, 5 B WA T R 4

AT, e O™ AR A 0 R 0 2 2 1 LA R I

P BRI B A fr it — B IRAWTST, LAEHER

AR AR A RE

SEH:

[1] GUO X, SUN X, ZHANG Y, et al. Effect of soy protein
hydrolysates incorporation on dough rheology, protein
characteristic, noodle quality, and their correlations[ J]. J
Food Sci, 2022, 87(8) : 3419 -3432.

[2] WEIZ, ZHOU N, ZOU L, et al. Soy protein alleviates
malnutrition in weaning rats by regulating gut microbiota
composition and serum metabolites [ J/OL]. Front Nutr,
2021, 8. 774203[2022 - 11 - 11]. https://doi. org/10.
3389/fnut. 2021. 774203.

[3] KOZACZEK M, BOTTJE W, ALBATAINEH D, et al.
Effects of short — and long — term soy protein feeding on
hepatic cytochrome P450 expression in obese nonalcoholic
fatty liver disease rat model[ J/OL]. Front Nutr, 2021, 8.
699620[ 2022 —11 - 11]. https://doi. org/10. 3389/ fnut.
2021. 699620.

[4] Ad hoc joint FAO/WHO expert consultation on risk
assessment of food allergens Part 2: Review and establish
threshold levels in foods of the priority allergens[ R/OL].
(2021 =08 —20) [2022 =11 = 11]. https://www. fao.
org/3/cb6388en/ch6388en. pdf.

[5] KLEMOLA T, VANTO T, JUNTUNEN - BACKMAN K,
et al. Allergy to soy formula and to extensively hydrolyzed
whey formula in infants with cow’ s milk allergy: A
prospective, randomized study with a follow — up to the age
of 2 years[ J]. J Pediatr, 2002, 140(2); 219 - 224.

(6] MM, EHE, KM K5 HH5S I C RS
PFRELT]. PEAILTA, 2008, 24(5) : 530 - 531.

(7] mvead, B, WK, 55 SIRELRC 7 &0 55 s

Mtk ] P ER MR, 2016, 16(2): 200 -
208.

[8] @, WA K7 M HOKmAT R T]. )
mEMmBHE, 2004, 12(5) : 35 - 36.

[9] SINGH N. Process for producing a high solubility, low
viscosity, isoflavone — enriched soy protein isolate and the
products thereof; US7306821[ P]. 2007 —12 - 11.

[10] HSIEH H C, KAO T H, CHEN B H. A fast HPLC
method for analysis of isoflavones in soybean[ J]. J Liq
Chromat Rel Technol, 2004, 27(2) . 315 —324.

[11] R, B2, %, 5. IR ERXT R E 03
EEARERLIT]. P EMAE, 2017, 42(5): 45 -
47.

[12] wRmKpK, Wt , Brafi. 21 2 2 M A0 R 52 55 S Y
JKMELT]. HEhAE, 2023, 48(3) . 110 - 115, 139.

[13] Kttt REIFLNGHEK T B - TR 7 B 2l Ak L
LR REFELD ). b ARARIBRR Y, 2016.

[14] BEEHAE. KB F B 5] S DS ik 2% 15 oA
FELD]. WRIREE : ARALAll R, 2011

(15T XA, JEmAEE s mA M. bt fe2s Tl
AL, 2008.

[16] M. ISR RS R B 1T L) S T
TN G NS RBEFE (D] TLI5 Jos: LR
2,2021.

[17] X% REFEEAS SN S/ LEA R
A FEIESEI D], Y095 Jodh. VIR, 2017.

(18] AGHE, M. KEZFLHE & B R TE AL
WA LT]. i AL, 2009, 30(5) : 100 -102.

[19] EAMR, #5fE, WigeE, % KESERNIT T4
B HAUEFAE DI TEREREL T ] 35 MRA B2, 2006,
31(6): 44 -47.

[20] PIERCE E C, LAFAYETTE P R, ORTEGA M A, et al.
Ketocarotenoid production in soybean seeds through
metabolic engineering [ J/OL]. PLoS One, 2015, 10
(9): e0138196[2022 - 11 — 14 ]. https://doi. org/10.
1371/journal. pone. 0138196.

[21 ] TAGUCHI Y, ONO F, TANAKA M. Preparation of
microcapsules containing B - carotene with thermo
sensitive curdlan by utilizing reverse dispersion [ J ].

Pharmaceutics, 2013, 5(4) : 609 —620.





