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Abstract: The soybean peptide-starch complex was prepared using microwave-assisted treatment. The effects of microwave
power levels at 350, 550, 700 and 1000 W on the interactions between soybean peptides and three types of starch—sweet
potato, corn starch, and caltrop starch—were systematically investigated. The structure, physicochemical properties, and
digestibility of the as-prepared complexes were explored. The results showed that compared with the physical mixture of
starch, the soybean peptide-starch complex subjected to microwave treatment exhibited significant structural and functional
changes. Scanning electron microscopy revealed the formation of a porous gel network along with aggregate structure,
accompanied by a notable increase in particle size. X-ray diffraction and Fourier transform infrared spectroscopy (FT-IR)
analyses demonstrated a reduction in crystallinity, characterized by a contraction of the crystalline peak at 1047 cm '/

1

1022 cm™', while the amorphous region at 1022 cm'/995 cm™' remained relatively unchanged. Functionally, the complex

displayed reduced gel strength and hardness, diminished anti-aging properties, yet improved freeze-thaw stability. In vitro
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digestion studies indicated that, compared to the physical mixture of soybean peptides and starch, the microwave-treated

complex contained significantly lower levels of rapidly digestible starch. Notably, samples treated with 700 W microwave

irradiation showed marked increases in both slowly digestible starch and resistant starch content, up to 28.20% and 35.70%,

respectively. This study provides valuable insights into the development of soybean peptide-starch complexes and supports

the potential application of modified starch as a hypoglycemic ingredient in food and frozen food products.
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Fig.1 Scanning electron microscopy images of the physically
mixed samples and SPP-starch complexes (3000%)
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Fig.2 Particle size distribution of the physically mixed
samples and the SPP—starch complex
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Table I D90 particle sizes, absorbance ratios of 1047 cm™"/
1022 cm™" and 1022 cm /995 cm ™' and relative crystallinity
of the physically mixed samples and SPP-starch complexes

. 1047 cm™/ 1022 cm™/
i D90 RC(®
Fe i Wm0 e 995 e (%)
SPP-TS 206.6+0.12° 1.32+0.016* 1.01+£0.074° 27.56+0.636"

350 WSPP-TS  245.5+0.23% 1.29+£0.023* 0.98+0.011° 18.77+1.117°
550 WSPP-TS  266.4+0.35° 1.18+£0.043" 0.96+0.013* 18.05+1.159™
700 WSPP-TS  276.5+0.11° 1.13+0.011° 0.95£0.012° 16.32+0.651%
1000 WSPP-TS 253.8+0.97° 1.12+0.012° 0.95+0.032° 15.97+1.386™

SPP-NS 212.8+0.87Y 1.30£0.016" 0.77x0.131¢ 28.67+1.725°
350 WSPP-NS  264.4+0.76° 1.19+0.002° 0.98+0.230° 21.76+1.697"
550 WSPP-NS  273.0+£0.45" 1.16+0.012° 1.16+0.145" 20.99+0.467"
700 WSPP-NS  306.4£0.33* 1.05+0.004° 1.29£0.001* 20.31x1.146™
1000 WSPP-NS 267.5+0.21° 1.02+£0.022° 1.03+0.142° 17.54+1.103¢

SPP-CS 132.7£0.24° 1.35+0.064* 1.27+0.199* 30.021.556°
350 WSPP-CS  295.1+1.23° 1.20+0.007° 1.20+0.053% 17.78+0.792%
550 WSPP-CS  300.4+0.22° 1.13£0.011° 1.09£0.049® 17.54+0.679"
700 WSPP-CS  312.7+0.09* 1.02+0.002° 0.99+0.138® 16.98+0.481°
1000 WSPP-CS  250.6+0.98° 1.02+0.065° 0.96+0.021° 16.03+£2.447"

e ANRIFHEFIR R — Ve -SPPE S Y EAR R A A T 22 7
(P<0.05), F2~F3[H.
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Fig.5 Settling volume of the physically mixed samples
and SPP-starch complexes
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2.6 UEALTERT SPP-IEME SRR M RERISZNT

T AR L0 T SPP-YERY A I R AR
Mo ANER 2 BTN, ik AL BRI & 5 1) BEE e 5 AN
WrZads i B S IC R A 08 , g 700 W AR ERY
REY T RIS R B3, X — IR Reh T7E
700 W T 5544, SPP 55 e My S 2o SV Ea R Ha
FEAEFTER T A S IES A2, Fefifbad A,
SPP K/ INGF-2H 43 an Z2 SR ANMEC SR 1T 30 1 T Ay
SRS P14 49 K3 T PR B S, I ATE R SRS A P
XA HRALNE 2 BHAS ELEEDER ORI, 155 TERY

SrFIaIAAR EAE FH N4, ST 38 A e A
DTSR R R (R R AERO
2.7 RURALIERT SPP-EME AV ARG E AR

R RIESE PE IR PPN ¥ VR BT 5 0T Y EE 2R AR,
AR, HT7KRARAR, I RalgS e TE
LY, [ Z IRERBY, Gk 2 Fr o, Sk AN E S,
SPP-VEMY I -G W AT 7K 38 b 25 FEAIG, 16 HH LR i iR
SEVEIS IR B ke, Hidh 700 Wi A T4 FE 0
S PERE BRI /K R B AN, X T REJZ: th T fm g
X 52 A WO 45 K K 2H 43 2 18] FH B AR FH 9 BR 20 5%
i, SR AR B AR R, SR DR A L A E T A
JZL T HR 8N, U R PIEP ARG 82, 3Rl
RIS M 53T MR, PEETER R TR (Y Ik S5 4%
FA L, NS FIERTE R IR 2 LEhEH . X PP
FAR AL A B 22 A0 DE A 2 R TRy PRl el HL A
SRR GE T 1 220, I sy LE 2R TATRR KR, 11 HLas &
FRILATF K LA, REAZ M I G 5im 1 A FH A 250,
W I e K53 EAh, 175 IR i) 2 FL A5 14
WS T2 SRR a8 5K 028568 ), MInTRE
A E AR B AE ER I A H oK S WS A K TS S A K
SyATHBA NI, ALY SPP-TENY B AR E
HEAARHT KR, JEHUETE 700 W 25448 F, Tk fE
HH A PPRIRRCR IR BB UV L, feigh &
520 53 UHH AR R B RS B, P SR B B fEEhd
R S e o

AREIVEMZERLE SPP BN E SR 2Z=F
PERIZRRFE EPE . W0FE 2 FTAR, SPP-CS B -5 Wi
7K 2B i 25T SPP-NS Hl SPP-TS & &%y, 0 HA
Al AR 22 . X — 22 S T RE SIEM N 4T 45
PR 26 CS & e il BLAE TSRS, T A B
FEERE I E S Es A, (BB E5S T H S ARk Sy
THISEERESIPY, AHELZ T, NS Fl TS PRy
HEFERS S B BE A R T YR E S W IKPERE, A
B B U AR Al AS 2 Tk

K2 WIIRAREGS SPP-IEME AW RBER L BURIBT K %
Table 2  Gel properties, and WD of the physically mixed samples and SPP-starch complexes

FEf BERGRE (g) K458 3 (g) 1WD(%) 3WD(%) 5WD(%)

SPP-TS 43.07+0.58" 66.69+0.31° 12.63+0.76" 17.84+0.39° 25.73+0.79°
350 WSPP-TS 30.78+0.74° 66.68+1.85 12.02:0.02%® 12.96+2.47° 14.3842.14°
550 WSPP-TS 28.29+0.46° 25.104£0.30° 11.53+0.12% 12.2141.15° 12.9240.77°
700 WSPP-TS 20.97+0.14° 23.97+0.19¢ 7.70+1.09° 8.07+0.18° 9.86+0.25¢
1000 WSPP-TS 24.50+1.45¢ 44.66+1.70° 10.59+1.64° 12.74+0.21° 13.21£0.25°

SPP-NS 33.85+1.12° 34.04+0.30° 34.03+1.67° 35.2340.51° 37.76+1.33
350 WSPP-NS 31.3+0.23° 33.95+0.29° 15.47+0.33 16.33+3.92° 17.7842.22°
550 WSPP-NS 19.1740.30° 19.52+0.44° 11.030.11° 11.3120.14° 12.95+1.76°
700 WSPP-NS 8.86+0.38° 14.63£0.53¢ 9.79+0.12¢ 10.07+4.57° 11.08+1.78°
1000 WSPP-NS 13.53+0.38¢ 19.03+0.12° 16.82+0.24° 17.44+0.29" 18.32+1.03°

SPP-CS 28.18+1.10° 30.72+0.77° 66.61£1.01° 69.23+0.13" 81.26+0.13"
350 WSPP-CS 11.09+0.19° 28.95+0.97 64.19+1.29° 67.71£5.55° 69.83+£0.21°
550 WSPP-CS 28.05+0.15° 30.63£1.79° 57.40+£0.43¢ 58.88+0.86" 65.83+0.25°
700 WSPP-CS 6.48+0.31¢ 11.11£0.45° 38.77+1.07¢ 39.69+0.03° 53.75+0.21°
1000 WSPP-CS 21.79+0.48° 29.42+0.66° 55.72+1.72° 56.91+1.48° 60.54+0.28°
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2.8 WURXTKERR-EME SEINEN ERIR T

Sy aR-ARE A b, 50 A BRS SPP-TER
B EALTER (RDS) & B34 AN R R
BRAR(ER 3) . BELHUEDIRAEEIN, RDS & 256
M5 FHika s, b, 700 W i A B S W v
RDS & i B oy .35, IR A2 I AL 3E K (SDS)
P HETER (RS) & & B3 TH&, FE7Z 700 WSPP-
CS Y SDS &5l 28.20%, RS AL 35.70%. iX
A AL PRIEHE T SPP SR T iS4, ETT
TR T I X TR 1T . HAE LSS
PTG — 7 T, R BE Y SPP 4y Tl 5 a-Te B Rl
VENS AT RSN, PRSP . O — 7L 7E
A ER T, SPP i S AN FAE AR P S5 TE R o
TaEG, SEGERY IR APRARIE S, X SRS AT Y
LIR30, RIASR TS, TE R X TE R 1) 7K i R ik
%o (EAS RIS, BRI R TE AR AR 2 A
JEE AT T VE MY S A N AR T S AR AT R AR Y
SN

*3 YIRS SPP-IERY R S IRSNE LR

Table 3  In vitro digestibility of the physically mixed samples
and SPP-starch complexes

FEM RDS(%) SDS(%) RS(%)

SPP-TS 64.83+0.40° 13.76+0.45° 21.41+0.83¢
350 WSPP-TS 60.69+0.41° 8.83+0.50¢ 30.48+0.91°
550 WSPP-TS 57.59+0.50° 9.74+0.55° 32.67+1.05%
700 WSPP-TS 42.03+0.78° 22.96+0.82° 35.01+1.60°
1000 WSPP-TS 44.32+0.65* 21.70+0.70° 33.98+1.35%

SPP-NS 65.33+0.71° 18.76£0.56™ 15.91+1.26°
350 WSPP-NS 61.25+0.40° 14.60£0.57° 24.15+0.97°
550 WSPP-NS 56.77+0.54° 25.72+0.41° 17.51£0.95°
700 WSPP-NS 45.75+0.57" 22.86+0.61° 31.39+1.17°
1000 WSPP-NS 48.51=0.42¢ 21.3540.56"™ 30.14+0.97°

SPP-CS 57.10£0.29° 16.05£0.63° 26.85+0.92°
350 WSPP-CS 51.13+0.45° 23.30+0.54° 25.57+0.39°
550 WSPP-CS 50.68+0.54" 17.99+0.40° 31.33+0.86"
700 WSPP-CS 36.10+0.25¢ 28.20+0.35° 35.70+0.59°
1000 WSPP-CS 37.30+0.39¢ 27.78+0.31" 34.92+0.45%

2.9 BURMARER-EME SYIBEHLEHFRIFN

ikl 6 BN, MIAL R SPP-TERTIC G 17K
i AR T AR O BIR A BRI D TR
AbPR AR, SPP i S AN R AH B S s
BIAE A, I TTTERE /K i R R B 5 Tk o7 a0 4h
AU REAIDE, 7 700 W RIS T il %5 19 SPP-3E
G, FPER /K AR R il 2B R T HA R 5 4k
HIROARESL o IXRBTE 700 W S EIT, RS IRXS
TERTS A BEAR E AR AR AR B 5 . PEARE Y
WA 700 W R, SPP-TEMI G 1) N ER I IR 1
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Fig.6 In vitro starch hydrolysis rate of the physically mixed
samples and SPP—starch complexes
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