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BETE, g oM AL A A R 28 w5 MR NI 4 A
SEEE AL R GE G120 #4588 20 BT (GM9) , L 5t R
PRk R BR A
1.3 RIEH*
1.3.1 HEAWH  FREL100 g 15 E8E F oK iE
¥y, FHEL AN K 43 W G 7 VE ¥ v i K 43 1 H B
i 7K 53 3] 209 BT 5 B ZE R K I o, AR R 1) 25
TRIKINA 1.5 g 09 K 2 DIl g 7K T 0 5L 78 43 i
SR G A B BRAT 1 R 185 LA K U8 B 1 4 55 22 1
P PR A YA BB R 7R = T UE 24 h L
AT KT

W LIRFE T HEAE b B OR [RR (R b
RO B 0y R &R 45 1F .100,110,120,130, 140
C), B4 h RJEEIREE 1 h, FRBNEH 1 R HE
d s PREERAR 1 WA RE A A R N T L 4
h, BIREA 1 h, 520 E 2 ARG, DL S HE
158 R EIR AR R A RS (R EZ IR B IR
KN K 51E.2,4,6,8,10 1), HEHIG HIEE
i PE — Ik BT MR T A R ) GE 22
A S (] Y B PR R S5 R .2,4,8,12,24 h), A

BT EZR K LA A IR R AR (3 TR
MR 2 5 .1,2,3,4,5 MR G H 1:1 i 2
AR bR i) HEAT 3 R EAE,  DARR 50 B 0
B, F 45 CHET (R K o & 2K T 10%) , 8
Wt 100 H i, BIAS 203E M - IR B AR = 540

1.3.2  BE4&F0E

1.3.2.1 FEMMHE B2 aEE 502 M
ZRIBK (1 mL) FELETIRA, HYBEER A
Y1 A 3457 885 B0 (5 000 r/min, 15 min) B L
B

1.3.2.2 Wil s E AR IBCE AR (1 g) F
(0.6 g), T 25 mL ZXIB /K5 E 4 50 mL,

R A 15 mL 2818 7K |2 mL MU W K
iR 500 L BiEW, AN G THE K
620 nm AbE WO RPN () IR B E AR,

A (%)=

UM A U WO S —VE R - B AR AL T RO BE

VE M WO FE

100 (1)
1.3.3 IEZIRE IS E DL R S o 3
filt, 5 5 AH DG PR 28 O 1 A b 3 B e 52 AR AL B
YB35 210 P A A (i) A AR R, DA U
M-I E A E AN RAE IR E =
IKAPIEAS IS, B Lo(3*) IEAC IR 5, IF % gk A7 5%
Ik,

1 EXRBERKER
Table 1 Orthogonal test factor level table

ey
o R A AR (A)IC E R AL R (B)h  RERAARE(C)R (D)
1 120 4 4 1
2 130 8 6 2
3 140 12 8 3

1.3.4 MHEMHLAME & AR ERER ., KT
DNWERE \E AW AR BB (m xammmm g exmn=
1:67) 4351 5 1R AL B0 4% 5 = HE 1:200 B9 HEBITR A 34
AY WFEE JE UEATE R, EA T L 4 000~400 em™,
1.3.5 X-SHLATHME  Z% Zou FE ML 7
%, ffi | MDI-Jade 5.0 X4 FAdi 45 i )

1.3.6  #HmfE kil 28 Adebooye 4519 77
2K AR BORE i (3.00 g) TR, i A 50 mL

FEARK BE I 69 1 UE M FL , I foff 28 Rk i JEE f
F R /N s hi b o HAE 95 CRYK
AL 30 min 5, B A B SR, B 10 mL AR5
I 50 mL 208 s BT -14 CUKAF 8 R
22 h JEHUH T 25 CoKm I b AR 2 b ok R
1 AR ] — 25 N URAE 26 1,2,3,4 1K,
H4 R w4k B S 9 RE G ZE 3 000 /min 2514 R B O
15 min, 7% P VS, PRECITIE D) T i, #5X (2) 155
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Fig.1

3 K5 IR I AUk 43 L A VE B 5 DR g 1 4
BRCEREAR, X — 25 R 5HT AR Es R 50, Y
B R T 150 °C, R T HRIK Ve 46 TE B UL & 2B
4 BB B0 TURL R BEARIR , T B0 i 5 E R A G Y
JUE/N, PR 40~130 CRETER -8 0 & & Wb
P T R Y R

212 REBRMIREBOTE AR FmE  hE
Ib AT g, R A B A 2 R E 6 Ik
i, &2 AR M 41.54% L FH = 49.27% , Zb R 6 Y
AR BN e, Ak S i Ak B R B, B A
K 2 37.78% ., i W BEJ& H R S W0 A B 6 YR AT
KGOS HEETE I AR B, 4hs
ISP RS CE N E A, S8R
B BT OB R TR | AL T DR A e Ak
AW R LK B

2.1.3  FELEE AL FRAT R B AR A
le A4S HY, BERHRALFRNEIN 4 h 3] 8 h B4

RBILE T 63.26%, MM 8h & 12h, EAHETKT
30.23% , iX Wl g 2 R Rl 7E 36 200 AL BRI (3] A8 h

50 -

45

40+

HH%
Recombination rate/%

35 * + L L il
2 4 6 8 10
Number of times/IX
(b)

35

/\\

20

P

R
Recombination rate/%

S !
T A )

Continuous heat-moisture treatment alternating cycle/4>

(d)

continuous heat-moisture treatment time (c¢), and alternating cycle (d) on recombination rate



316 hoE

i oF i

2024 “F-55 5 H)

B, KZH KT BEAR O 4wk e by 2 & 2F 18iE
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214 RN EGFNEW  BIE 1d T,
B 5 2 52 /42 252 28 5 1 Ik BT 3 0 3 i, &2 A R
S ETHE RS, A2 IR SR
EFERK, N 31.35%), bt % 4b BRE W65 0, &
GBI TR S R 17.62%, J5 FUZRAHE 2
JEL ST JE A 1) BB E A R S5 R L T AT T, KRR
BB R fe KRR JEE 1 A 38E

22 EAMHEMERIKRE

MR 2 nl L, r ELEE R o, i Ak BEE S
(A)XHEEYIE G RIS K, SRR AR B R
B (C) R HAb BRI (D) IR Z | 14 2230 HAb B
6] (B) X S & R R/, RS R K fH,
THIVAL A ASBICD, HITENS - IR NR S 5 Wi 2 &
ik, MR AEE G A Ak BE 2 140
C RS AL PRI [R] Oy 4 h | S 52 3% 223 A Ak B
WA 6 U, 1R ARAE TR S 9 2 A3 iz s
TSR, 3 R R, AR SR
59.05%

R2 EM-DIHESEAYNERRITER
Table 2 Orthogonal design results of starch—lecithin complex

K2 KIS (B FEARE) 5 5 2/%
A B C D
1 1 1 1 1 46.69
2 1 2 2 2 54.98
3 1 3 3 3 43.05
4 2 1 2 3 58.60
5 2 2 3 1 48.12
6 2 3 1 2 54.35
7 3 1 3 2 60.07
8 3 2 1 3 52.81
9 3 3 2 1 57.48
K, 0.4824 0.5512 0.5128 0.5076
K, 0.5369 0.5197 0.5702 0.5647
K; 0.5679 0.5163 0.5041 0.5149
r 0.0855 0.0349 0.0661 0.0571

2.3 EBEEHZEHMHNE

K5 OPBE R R A0 E AE AT E R AE 2 880~
2 650 cm™ 23 H B 2 /> B A I A e I ST 0 A
Jay K (B 2b) o] DL K S B i BR AE
2 710 ecm™ 12 680 em™ BT A 2 /> 58 B AH UL 1) 1
W TR A o AR U g X BERATR & ) HU2
AT P K e BB R DK DE M R BN i R 1) R A
BN, IR B R, AWK 2 AN
BRI L, E— LRI K E s R AT
o LA R KT R I BB E s b, DT e VR A R
ok AN 7ETR AL BT AR v YE R TR AR
REfETE U 2 1) ELREVEN , B4 5 SRR E &,
TP 1 B TE R - TR 5 &

2.4 RIKEN

WE 3 Fiw, A EKIER FEZ A%k
WA B+V AL AREER . B R ORTE R TE 17°,
20°,22° , 24° [} 3 35 A7 g Horp 22001 24° [ i
T e s B2 4055 . A WA 15°,17°,20°,22°,24°
BAF 30T 357 HH B B 4 07 S 06, e 22 B B4V B R AR
F 3% — 45 3L 5 ANV GE 0 5E B - L2 A
B AR —B, S s BB Vb B S B AW TE 220
T 24° B3 fr U 5 8 T S e 5 O K T DR A
HEAY P REE R, 7o, Ba R E K
W oK TE M 5 H R E A B, 21.5°F 23.9°/f ik
WA SR AT S, DR T S R R R AR A
T I U AR R P RS
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Fig.2 Infrared spectrogram (a) and partial magnified infrared spectrogram (b) of samples
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Fig.3 X-ray diffraction patterns of samples
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KNG 7 526 W) R AR N R LR OKTE - K
IR EERR B A W AE 20040 i 05 L AR B K TE R
SRR, U DR B R X R I B A i A
TEM B K 25 1 o Alvarez—Ramirez 5520k | 4T

AR LA SRR A4, R
JIG 2 M o 14 ik ST ) R R BE T B 1) R T
AL WS B Y R E— AP UL T 4G Y
AR 4 R 9 A2 A 32 B R B/ S R O HLBE
Hor TURL K /N AR oAl AT 44 DL Koy 1
M C-6 (R EIE ) Ui & i i 2 2 S WY
SERRIEPS L R S B/ S SR T A PR
TR R O i F S v LB TR TR
25 FRBEMESHT

TE A 1) VR RASUE PR I AR R, — BT
K AR FRE VR B R 3 R BB TR
ORI B o LA EOKTE R R G ME S Y
AT K ARG T, T A2 5 0 B A 2K R 4 A
INFHEWH, RY T R RAE B 2 S
WESAEE A S BR Ol B Rk B i b i
5 Li SFPIBESE A L 24 58 B — A i R 52 5 W B0 VR
T MESS R —E, 7300 KRB AL At 22 32 B by
HR L/ SR 3 AT AR R A S A 5 i

R 3 FEARBIAT K 2 A0 T 0 vE S BE

Table 3 The syneresis rate and predictive glycemic index (preGl) of samples

ey & AR B ORIEH b ]
MK H 1% k1R 35.42 + 0.44° 33.38 £0.28" 33.27 £0.19"
RER 2R 50.63 = 0.36* 48.38 +0.06" 40.08 = 0.28°
HREk 3R 58.56 + 0.45* 55.49 £0.18" 42.35 +0.53¢
Hwk 4R 65.81 + 0.47* 63.22 £0.72" 46.38 +0.17¢
preGl 47.34 +0.21* 46.30 £ 0.23 35.65 + 0.39°

TE < 0 s LA 3 (b 1 22 38R | (6] — 47 A ) (9 5 Bk 2 7 22 e 18 Bk 25 7K F (P<0.05)
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(R 550 200/ SR LI 180 ), AL K2, F
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U, [R] 2 B IR 17 A8 R Vi A A 2 5 S A1 e o A g I
WEA, FEVER SRR E B W ZEGY
I T R o R8RS K 3 R
PETF 7 i
2.6 T i 4ETE K (perGl)

37 AR AN AR A 2R 0 S GLAE , FR R
T BE S A . B 3 A SRR b T
AW perGL ALK 35.65 , A1 L JRUIEH#) , preGl [
I8 T 24.69% , 1t W iy ELAE T K € #3550 B AR
KA, FBEAKEE B VE Ry SRR AR EAE
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AMEE R BN E SR L R 2IE
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TG, HAE Shg—Fh Ty 1 140 17 FH 30 4 o, L
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3 it
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Analysis of Preparation of Starch-lipid Complex by Repeated/Continuous Heat-moisture

and Its Properties

Feng Yongting', Xu Meijuan?>, Zhao Xiaodong', Yang Peiyu', Zou Jian'*, Zhou Bin'
(‘College of Bioengineering and Food Science, Hubei University of Technology, Wuhan 430000
“College of Food and Bioengineering, Henan University of Animal Husbandry and Economics, Zhengzhou 450000)

Abstract The preparation methods of starch-lipid complex have some imperfections such as low preparation rate, com-
plicated process and industrial waste liquid pollutants. In this study, high amylose corn starch—soybean lecithin complex
with higher recombination rate was prepared by repeated/continuous alternating heat—moisture technique, and the struc-
ture, physicochemical properties and predictive glycemic index of the optimized complex were investigated. The results
showed that the optimum recombination condition was performed by single factor and orthogonal experiment to obtain the
highest recombination rate, namely, the heat—moisture treatment temperature was 140 “C, the continuous heat—moisture
treatment time was 4 h, repeated heat—moisture treatment number was 6 times, and alternating cycle was 2 periods. The
recombination rate at above conditions was as high as 59.05%. Fourier infrared spectroscopy found that two similar inten-

sity absorption peaks of soybean lecithin at 2 710 c¢m™

and 2 680 cm™ did not appear in the compound, demonstrating
that the modification technology could compound soybean lecithin in the spiral cavity of starch. X-ray diffraction pattern
observed that the peak intensity at the diffraction angle 20° of the complex increased significantly. In addition, the
freeze—thaw stability of the complex was significantly improved, and the predictive glycemic index was obviously reduced.
Therefore, repeated/continuous alternating heat—moisture technology as a green, safe, and easy—operating physical measure
was an effective means to improve the recombination rate of starch—lecithin complex, and significantly reduced the preGI
of starch. This provides new ideas for the development of starch composites.

Keywords high amylose corn starch; lecithin; complex; heat-moisture treatment; predictive glycemic index



