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at different microwave powers

S TR AN B s T LR A o IR
SIS 0, 531 TR] SREAEAE s ™, 2 B s Ak
BEOTHE = A W A, T L RE — AR E K
T BT 22 W I A T 5 | 0% 25 11 50 i B I
22 EEMREKEBEMNE

M & 2 AT G MR R 143.67%, W3
T REEH (168.67%), il Kk ErEN
21.67%, %% T RO HE M (13.67%), Ye FEHE
XRGEA-HTE GNP R b w72k
SEUL . JRUPR AT RE A S I R 1 105 M 3 1A 3 L 43 R
YEF J7 o ST A5 2R AN RE 8 67 R, F 3K
AL TR AR, 1T 7K 25 05 1T RS A e e 1 4 v 2
WIRFREE LI, T A A — 8 B L Re R
IR T8 R M RN R R e, A kR
M2 Je, 52610 R R M B 2 0 D 0 I e St

2] sp1
40 - EE5EH SPI-CA
= 30+
# B
W2
#E 20
i& [}
2 g
(=]
= 10+
0
4157
Groups

(b)

B2 AEMEHET SPIF SPI-CA Wi a i xiaE
Fig.2 Foaming properties and foam stability of SPI and SPI-CA complex at different microwave powers



O

122

B

FUR
g5

i

2024 455 7 #

TR IR, B AP R E T W
T IR HS I DR S 700 WOB | R v 4
F+ 2 156.30% , 1L IR F2 € Pk 2 36.00% ., R WK
W ST SRR R 1) B2 A BE AR Ak K G
Mk
2.3 Ffbi

FLAME 48 8 A S o A K S T AL
faE B —ZLAL M Re 1, hIE 3 il A
GO T = R N A = e G B AP -
Djuardi SFPHfF 58 45 50—, TR 0] 24t R e 5
KOG 0 0 556 AR 41 2 1 P &R A 22 IKEE fif
Ji& A5 W 2K Rl RE T HE R DT AR T Il -k
AR AT 5K F7 e A RS B2 A R FLAR
H X R ZH 1) 43.00% 48 T+ 31 52.67% , 11 H {2
B FLACHE BT | SR AP R ) Rk
WK EEA-ETE SR Wms T
LR, TTREH THESAESEAS TR A"
A WAL B T NIPE S5 A8 B IR A BT & A
AL o MR HE I B—HE M A5 R, 4 T INAA L, 5%
PEIG KOS 57 3 W] 00 2% A7 R0 43¢ J5 1R 1Y) o A %6F
W0 R R L FL A A B AE A
2.4 #HkiE

& 4 B, B A YH K EE R 420.90% , B 3%
TR F(807.98%) , AT fig 1) Jit PRI ¢ it 1 i
U e 0 I T & [ o Sl NI o = s e R
P2 0 KA ST AN G BT S, Al b PR
ERPNGR: ASER Y S TE 2 (R B ORI -RE g /TN
P Bl LD T A T R B TR BT R,
H S 2% 700 W Bk 3] 432.88%, 22
SRR R T LSS R, X T B Tk A B
I TR A YL F T, DT i3t = 4k W 26 45 4, {1
23 [V 25 R M ¥ 50 o 5 ¢ BH A 38 14 Bl V8 FH vt
ZE MRS T A BURAE .
2.5 #Himt

M & 5 AT, A W T R 269.70% , b
FART R EHE A (332.88%) , It K 1] BE S 45 SR 4
THRGEAMSESHEAWREESE, I
o R 5 R A S I R A A T BT B
WA, KGR A KSR G AW 0 R
SRR AN = E RIS 5N I TR RN 5 N .2
T DI 700 W I, 43 5135 3] 465.55%F1 402.51%

FLA
Emulsifying properties/%

Rk
Water holding capacity/%

bk

601 |z spi

5 SPI-CA A
50 - * -'.E-i
i
** B a [real
€ b ant
"=t 'n gt
g pnnyn| o
40+ L FiTas g T
o o, e
e i e,
TiN] Wi NI
oL L L
301 2 Y T
ol e o
TN Wi 1%y
A it Rt
20 S i A
NTNTh "a "
T "u LI
e e S
10 S AR N
L Ly i ha %!
A it O
g L u s,
R e N
0 Wi Wi Wi
pai 210 W 700 W
20 5
Groups

3 AEMIEMET SPI 1 SPI-CA MZL k1%
Fig.3 Emulsifying properties of SPI and SPI-CA

complex at different microwave powers

900
800
700
600 |-
500
400
300
200+
100 -

SPI
SPI-CA

700

A

R

R R R e R R e
b B

LT
(ST

g

B4 AEBIKEINET SPI#1 SPI-CA BJFK 1%

Fig.4

Water holding capacity of SPI and SPI-CA

complex at different microwave powers

*

e e e T

LT Ly
Feiiee
i

e
@

SEE R
L T L L e

et

A
et

w

s :g{ CA 2

= 77
400 | Z
Nl .
B0 300 /
3 c Z
= 200} i /
0 Xt 700

B 5 AEMKET SPI 1 SPI-CA gyt

Fig.5 Oil-holding of SPI and SPI-CA complex

at different microwave powers



245 HTH

BB FATREEO-FRIRE A0 AR LM 123

XA HY T O Ak 3ol R A R R T 6 )
TE, KBS I 9 6 7K Jik P 2 58 i 050, 2 B A ip ] 42
AR IR ] HETE 2 W TS R R
R P R AR B FR B
2.6 HEMOIMKIESHT

mE 6 Mk 1w, S8 7T KGEA-LR
2 52 5 WI7E 4 000~500 cm™ BICTEFINE S8 —
A L, B B e 147 (1 600~1 700 cm™,
5 C=0 #2454 ) i T4 (1 480~1 580 em™, X
N N-H 25 il F1 C-N fi 4 ) A % 100 28 (1 220~
1 300 cm™, %} C-0 1 C-0-C $E5h), L JF R
55K SR B A AR AT LG e O R 1 A
Pk fie 10 5 () ' T 457 B R AR AL ok e, 5K 6
EEMEL, EAWAE 3430 em™ kb0 i i 3
55 ,7E 3 014~2 838 cm™ F1 1 620~1 390 em™ 7 [
PR R 3 W A0 e A T I R R L T R D PR
FW o3 iE ok E5E 5 H 1 C-N \N-H ,COO-2: 141
RAEAEF DT X 5 4 W A e 7 A S ] EF H
T 45 i IR X AR 10T P S R R R B B R A
THAER, R A W v DRI 46 1t Fn B4 &
I%,B-5 My, B 25 MR L

KEEAMEZGYAE 210 W % o 4b 7
T, Wk BOoR A AR B AR R, 7E 1 059~600
em™ 1 B W 50 0 A 5 L AR TR 04 A B 0 7
700 W I S HRAL B R |3 014~2 838 em™ L 1)
W i i 725 588 725 5 1 600~1 100 em™ 15 [ 4 4 W i
W R A A RS R R R e B ARk T 2 ] LAl
AW R R E AR, R TR e g
YR AT R X R T AU K RE
He, MRS RS G R AR RS
fift \(C=N {45 9% 3h F1 N—-H 25 fh 4% 30 28 1L Fr 8,
2.7 X-H&LTH O

Bl 7 Fngk 2 3l R AR N, KO
H RO H -2 RR 55 Y X1 4 A 565 &R
gE R KREE L 20 {55510 19.5°F1 9.1°f
IR BRATT SR W T A2 AT S U R R R 4 o B Y
TR, HAE 11.2°,14.7°,17.7°,30.8°F 3T H B 1
TG e R W 4 JE IR A I A BG T T 43 F Rl R B
P SR BRI IR T &R A T T HES 51
P ER AR AL, 3X 5 2R A IR 5% B B R i R TR
IS 285 & B PR AR I 25 e AL, & b B

SPI-CA-700W

m

S
N
g
q PI-CA
R Y _ma
% g SPI-700W
=~ SPI-210W
SPI
1 1 1 1 1 i ]
4000 3500 3000 2500 2000 1500 1000 500
et

Wave number/cm™
T B SRR LIS 24 210W 7 A< T00W ™ 43 5l 21 Bl D1 4 210
WAL T00 W T B A5 4E f , AR bR IC IS 28 09 0 R AT i Ak B A
i, R A
6 AREMKINET SPI# SPI-CA B 55t E
Fig.6 Infrared spectra of SPI and SPI-CA at different

microwave powers

F£1 AEARKENET SPI#1 SPI-CA ZR 4 (%)
Table 1 Secondary structure of SPI and SPI-CA

at different microwave powers (%)

# 5 a-Fik Pk PiA AN
A

SPI 0.00 3166 3348  34.20
SPI-CA 000 1323 6073 2575
SPI-210W 2200 4700 2500  21.00
SPI-CA-210W 824 7654 1532 0.00
SPI-700W 1780 3672 2993  16.53

SPI-CA-700W 28.00 22.00 58.00 91.00
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Fig.7 X-ray diffraction pattern of SPI and SPI-CA

complex at different microwave powers



124 hoE

T 2024 4E55 7 M

F2 AEAMKEINZET SPIF SPI-CA K& RE (%)
Table 2 Crystallinity of SPI and SPI-CA at different

microwave powers (%)

Bk o & [ &2 ES
o AR
210 W 700 W
SPI 57.35 56.75 49.29
SPI-CA 24.20 41.04 41.39
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Physicochemical and Structural Characteristics of Soy Protein Chlorogenic Acid

Complex under Microwave Conditions
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Abstract To investigate the influence of chlorogenic acid on the physicochemical properties and structural characteristics
of soy protein under microwave conditions, microwave was used to analyze the changes in solubility, water holding ca-
pacity, emulsifying capacity, oil holding capacity, and foaming capacity of soy protein chlorogenic acid complexes (SP-
CA). The crystal structure was characterized and the particle morphology was observed. The results showed that the solu-
bility, oil retention and foaming ability of soybean protein decreased to 290.55 wg/mL, 269.70% and 143.67% respec-
tively, while the foam stability and emulsifying ability increased to 21.67% and 43.00% respectively when chlorogenic
acid was added. The solubility, oil retention, foam stability and emulsification of SPCA can be increased to 368.00 g/
mL, 402.51%, 156.30% and 52.67% , while the water retention decreased to 432.88% after microwave treatment at 700
W for 5 min. The structural analysis of SPCA showed a decrease in diffraction peak intensity and crystallinity, with the
appearance of new diffraction peaks and a significant reduction in particle size. The surface was rough and uneven, with
the structure curling inward and significantly affected by microwave action. The conclusion is that microwave can offset
the decrease in protein solubility and oil holding caused by the addition of polyphenols, and adding chlorogenic acid
under microwave conditions can more effectively improve the foaming and emulsifying properties of soy protein.

Keywords microwave treatment; chlorogenic acid; soybean protein; physicochemical properties; structural properties;

interaction



