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YANG Shengru', ZHANG Qiushuang”, WEN Xukang', XIAO Wenhui', WU Kaige', ZOU Jian',

NIU Wenfei', ZHANG Puyue', DUAN Jun', HOU Yinchen'

(1.College of Food and Bioengineering , Henan University of Animal Husbandry and Economy, Zhengzhou 450046, China; 2.Henan Province Institute of
Veterinary Drug and Feed Control, Zhengzhou 450001, China)

Abstract: In this study, the optimum technology for preparation of the wheat starch-lipid complex was explored with
the complex rate as the index, and the structure, digestibility, solubility, swelling rate and freeze-thaw property of the
wheat starch-lipid complex were analyzed. The results showed that lauric acid was the most suitable lipid to compound with
wheat starch. The optimum compound conditions were compound time 66 min, temperature 75 °C, lipid content 5%, mass/
volume ratio of wheat starch to distilled water 1 : 10. Under these conditions, the complex rate of the wheat starch-lauric
acid complex was 88. 74%. The content of rapidly
5 H 8. 2024-01-29 digestible starch (RDS) of the wheat starch-lauric acid
EEWA AR H (232102111060) ; 1 [ TR L e complex was significantly lower than that of wheat starch
RO T R OF 5T BE 2023 AR SR OBE A A BF 52 T H
(2023HENYBO1 ) ; s 0k 2 55 2 e B d B 22 5 TRR E
2ERHIH (XJXK202203)

YEZE B AR50 (1988-) &, TR R FL A, WL WF 9 AR UFUm, 322
WFE 5 10 FIRTE M4 . (E-mail) 81692@ hnuahe. edu. and SDS was the highest, and the content of rapidly di-
cn gestible starch was the lowest in the complex of wheat

BIEE AR, (E-mail) 80891@ hnuahe.edu.cn starch-lauric acid at 66 min. The solubility and swelling

(P<0.05), while the contents of slowly digestible starch
(SDS) and resistant starch (RS) were significantly higher
than those of wheat starch (P<0.05). The content of RS
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rate of the wheat starch-lauric acid complex were significantly lower than those of wheat starch (P<0.05). The solubility

and swelling rate of the wheat starch-lauric acid complex were the lowest at 66 min. The results showed that the crystal

structure of the prepared wheat starch-lauric acid complex was relatively compact, and its freeze-thaw stability was high.
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FEPE TR EE R KR ORI SE , LU i #5722
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1 ARSIk

1.1 #R 5

INFZVERS (B , FRN T 2 S L A BR A
P a-TEREE (10 000 U/g) , b iEJRM- A MRS A
B2 w7 i s BEAL G (A= 0ik50), 1x10° U/g) , L
DR A PR A B2 w7 s RE IR TR | A 1R TH TR
(Arpral) , KT R I3k 00 A BR A |7 5 A
BERR (A Hr4li) , R RO A7) i, HAt
JITFHR R R A Ml
1.2 U H#EHiEE

TDZ4-WS B0, 11 A A B O AL SR A R
N E] s BlurStar B 2840 AT WA BT, db 5T 3k
TAZBHES By A B2 7™ i s HH-6 2R fH K %
By, T RHMES CRN ) A BR R = 5 DF-101S TURE
PEFEAS , UL ST T RALES A BR B4R A A7 IR-
Tracer-100 BYfd B 0421 /bG48, H A B iR
Al
1.3 REHE
1.3.1 D EEH-BRRLGMNOHE SHEFE
P75 3k 1 £ /N 22 T8 -G 5 R A 91 RS el
., B AERREL 2. 00 g /N TE M 5 AR KIR A, BL
B TE N BT, 45 °CH TR KIBHR S 30 min, {3 K}
K, A T oK S BE AR TR (10% , m/v) ,
TEIRKIEIR G . ARG E GRS 500 g .0 15
min, 7 50% LBV DTIEY) . A R ERAER
WELE LW K UTE Y E T L 40 €
P BB, i 100 H M
132 D EEBD-BRALGHISFHMNT HEH
REJME S Chao 2 b IERE1ETR L, Bk
YERFRELO0. 4 ¢ B AWHFESCA 50 mL 2504,
ZEMRK 2 5 mL, 7l KA M 10 min, Y H1 50



W B 55 /N TR -HR LR

AP B PR 2379

A 25 mL ZZ 1B K PR %% 2 min, 3 000 r/min &> 15
min, B EIEW 500 pl, 5 15 mL Z&1%7K .2 mL B
(1.3% LA 2.0% KI) 58504, T 620 nm A0 0%
JCEEMA.,

A/J\iiﬁ% -A INEVER-HRIRE A

Cl= x100% (1)
Az

K, CINE G R A NPOLEE,
133 /DERES-MERESWA IR R L RYE
130 /N BER I U A W 5 0 5 ik, o gk
FERENEIR FRRR MR A AR 5/ N A M E A
AT /NETER-IR R S WIS 5 5 ik
RAERIAR
1.3.4 D Em-RE R e TR
1.3.4.1 HPNFRWE GBI 13,1 /NAEER -
U il a6 0 s il s /N A2 e - U5 0 AR B
Ik 1.3.2 /NEVER-NRRE WA AR RINER
1, SR TE ] w7 N A2 e K- N I A2 5 W A s T R
A AL ] BRI, BN R R
IES WD
®1 MEEH-EREAWERZRE
Table 1 Single factor test of the wheat starch-lipid complex

14 SE&YRLIIRIED T

BEFEh 5 KBr #2081 = 100 ( i ) 1R &, RS
J5 BB I H, 4 000 em™" ~500 em™ GG
IYHER A 4 em™
1.5 E&8YRELERNE
1.5.1 #HEHEAFEWEGLH 4350 mL.0.2
mL 0.4 mL.0.8 mL.1.0 mL. 1.2 mL & %5Hbr i
Wk AR ZEZI RS (10 mL) , #hFE B FKE 2.0
mL, A 4.00 mL 3,5- 43 KA (£ 3) .
hKIE 5 min J5 37 B 2 200 5 a2, T i A A 4
WEBR HE W 4> 9 4 0 mg/mL. 0. 02 mg/mL. 0. 04
mg/mL 0. 08 mg/mL 0. 10 mg/mL 0. 12 mg/mL, T
540 nm 4b 0 E W OGAE, 2wl AR ERR & R Y=
5.759 76x-0. 090 82,R*>=0.998 78,
#3 WEBGERL

Table 3 Glucose standard curve

e AT T EBTK 3,5-ZhEEIK IR

’ (mL) (mL) (mL)
0 0 2.00 4.00
1 0.02 1.80 4.00
2 0.04 1.60 4.00
3 0.08 1.20 4.00
4 0.10 1.00 4.00
5 0.12 0.08 4.00

K gt EARE GaEE BRI
(%) () (min) (g mL)
1 1 55 30 1:5
2 3 65 60 1:10
3 5 75 90 1:20
4 7 85 120 1:30
5 9 95 150 1:40
1.3.4.2  mip AR  ZE A R R IR AR,

YA I AR EANEERNHRE, ZHE
=IKERE B E W 2 PR,
£2 MWEEXEEZEKE

Table 2 Factors and levels in response surface test

%
K e G 4t
(%) () (min)
-1 3 65 30
0 5 75 60

1 7 85 90

1.5.2  4RSME AL gl 2 B 100 mg FE&, A 15 mL
PR ER 22 wh VR (pH 5.2,0.2 mol/L) , ¥ /K 30
min, @ H G A «-3E ¥ B (290 U/mL) F1H# 1k
(15 U/mL) IEA ¥ 10 mL,37 CHE¥% 120 min, 535
TEKf# 20 min 120 min B HC 1 mL B %, N A 4
mL JE/K Z 1,4 000 r/min 0> 20 min, B35 1
mL, 1L B F7/KE 2 mL, A 4 mL DNS &5, ¥ 7K
%5 min JFERZE 10 mL, 7EPEK 540 nm Zb43 510
FE KA 20 min 120 min IR O A, X BE AR 1fE
gk, 4% UL 2 3550 P I A e & =
(RDS) M2 AL TE by & & (SDS) FIHTIE TE by & &=
(RS)™,

G x0.9

RDS=

x100% (2)

( Glzo_Gzo ) x0.9

SDS= x100% (3)
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S=TS_(0120+G20>
TS

K, Gy FTER B KA 20 min 77 A ) 45 2 A et
(mg) 3G, N TE K B /K AR 120 min 7= A= 1) 7 2 A
(mg) ;TS MEES P BIEN & (mg) o
1.5.3  =H-F5 R A4 s iR An I ik A vyl s
FREL 0.5 g FESINA 25 mL 2848 /K, 7£ 50 °C .60
°C .70 °C .80 °C 90 C WA TH 30 min, SRI51%
1% 25 °C,3 000 v/min .0 15 min, B EIEWR, T
105 °C T4 120 min"*"

x100% (4)

TR =C/Mx100% (5)
K = W/ Mx100% (6)

Ko, € T RIS ERARTEN i, 507 g3 M
JERES R BN g WONTTTERS B g,
1.5.4 EH-JRRASMHAE MmN T B
i 1 g, A 16 mL £ 85F7K, B FKIEH kK iE
30 min J5, & F 10 mL FUGCHRE R ELE T, A
-20 CUKFETVR R 24 h, #E 30 CARIBI T f#ZR 4 h,
BB FEL 500 g FESO 15 min, 37 EIHR ., A
PRI E S 3 K, HHENTIKE,

ﬁm$=%ﬂm% (7)
U WO K A TR G g M R
A, B g,

1.6 RIGEIEAIR
WRIEHE 3 Wik +An 2= 2,
SPSS F A M Ab PRI E i , P<0.05 KRR B

2 ZER55HT

2.1 BBRMITEIE
R TR I ek 2 AR D R PR R B e K 3 S A

], R AR AN TR, B 1l e R R A 45
PN (ZAHE 75 C, 2 AHHE 30 min, BRE LKL ¢ 10,

RTINS 5%) , A RERRIY 2 A% 2 5 TR AR
FiR FEREIAR (P<0.05) , ARERRINE A% R 74.9%, BH
REGHRRARREE K B 5 7RG, IR R BB EE ALK | 25 7]
PEBHARL A B TOME LA i A B T A3 TR A P,
SyEkRiz . MR, R SRR R, DU 527 51
(b7 [ BE /N, 25 5 ST IR 4 & A AR IR
(R EER S U 12 MRIET
22 BERKELER

221 AMBRAREBANLASFGYm 5N

80~ a
701
60+ b
50+
40+ [
f& 30k d
20+
10
0

(%)

JIHER IR WEiER AR
=908
P B ARG PR R 22 5 B3 (P<0. 05) .
E1 FEERMESENZIN
Fig.1 Effects of different lipids on the complex rate

1% 3% 5% 1% 9% H 2 , i 2 vl 20, 24 H R
WSINE A 1% ~ 5% , B A 2 Bt 4 N5 B oS i & i 384
M e, YA BRBNEN 5%, 85 F A8 HRK
8,0 87. 8%, 4 HEERRININE N5%~9% , &K
Rt g B as NG g3 g i PR TR e, X2
IR A B B SO o ) 388 0 A SR 5 1R B 445
FE ORI i IR RN InE p it — e 2 24y
B 4 ME LA E A T8 Ay TR 1% PN B, T I A2 A %
HaTEE,
951
90
< 85
w80
75
70

65
60

I (%)

Pk LR/ NE FREFRIR 24 57 3 (P<0.05) ,
B2 AEBRAMENESEHIN
Fig.2 Effects of addition amount of lauric acid on the complex

rate

222 HAAEBEMIASFGYw BE 3 EHLY
HAMWEHRS55~75 C,bEERE T, 26 F A
Wi, S AT E R 75 O, AR, N 80%,
MEHBENTS~95 C,HELFRIENTIEHE R
B A W SO THE 25 #4 W e IR, 52 B W 2540 N B
B 7K 3k A AR e R i v , &2 A R BRIk, i,
Bl R TR, R AR BRI B TR TR
P

223 H&utRAEAFGn R 4R R
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Pk RE/ING FhFRR 25 57 3 (P<0.05)
B3 BEMNESERNIMm

Fig.3 Effects of temperature on the complex rate

A HAN30~60 min, B AR BEE & A B E] ) 2E K i
T, E4AWE KA 60 mn B, 4G K&K, N
84. 6% . 4 AT H60~ 150 min, & & RpiEE 5
FTE] A SE R R, X R R 2 AR RS K:
INFETEN S AR NS o, B AR T e, (H)E
MG AR, HEERR A T [ R, A5 /NETER
TERIZ A, W S8 G R IR

86
84
82
80
78
76

74
7

a

T T T T T T T 1

ZEHR (%)

s} ] (min)

Prek EARFR/NG FRFRR 225 83 (P<0.05)
4 SEFENEERNEIE

Fig.4 Effects of complex time on the complex rate

224 Ayt A A Feon BRI /NETER
SZRBKE BT AR, B S AT BB R T
10 If S AR, B G R W E & TR L AL« 5,
1:20.1:30.1:40 i, 258 W 3E oA, SR s o
I S AATRRE S AIHA] 3 AN H R T,
2.3 M HEIRIEER

R4 Box-Behnken .U 2H A 35 1 R 3, Wi 1o A
IR ZE RN 4 Fis

XPER AR | PR32 BAE FHA Y | B g A
RIBEAT I 22000, WNFE 5 /R, o &5 A AR i 25
(P<0.01) , R4IFA B3 (P>0.05) , K —Fr
Gy BTN

72+
70}
68}
661 b
4o 641 c

o 62} J %%
W 2
58 1:5 1:10 1:20 1:30 1:40
BHELE (¢ © mL)

2 (%)

FERE AR R)/ING SRR RIR 22 53 1 3 (P<0.05) .
E5 #iklkWNESEHZINE
Fig.5 Effects of solid-liquid ratio on the complex rate

F4 MmEEXEIKERITRER

Table 4 Experimental design and results of response surface test

s ok i
X,(%) Xo(C)  X;(min) (%)
1 7 85 60 82.30+0.10
2 5 75 60 87.90+0.06
3 5 75 60 87.50+0.30
4 5 75 60 88.30+0.04
5 3 65 60 80.60+0.40
6 3 75 90 80.70+0.06
7 7 65 60 81.30+0.06
8 5 75 60 88.90+0.27
9 5 65 90 77.94+0.45
10 7 75 30 77.90+0.55
11 7 75 90 83.50+0.07
12 5 75 60 89.50+0.58
13 5 85 90 83.47+0.67
14 3 75 30 77.53+£0.45
15 5 65 30 78.15+0.39
16 3 85 60 80.98+0.08
17 5 85 30 77.43+0.02

X, JREGING X, . B ABRE; X, ZAEE,

I DesignExpert8.0.6.1 8K {4-x} 3% 4 Hr i 5
PEHEAT R Z 300 [m] )3 LA 4 A, 45 2 [ E B A y =
~153.550 00+ 7.216 88X,+ 5.564 87X,+ 0.970 75X,+
7.750 00x 10° X, X, + 0.030 38X, X,+ 0.015 63X,X,~
0.808 12X2-0.038 93X2-0.052 80X>, J5 2 /3 br &% R
W 6 fis , iZ R F=43. 93, P<0.000 1, 7MiZ% )5 12
A DAFEARA AR A B AL R AT A0, %A rh X,
St B E A R 2 (P<0.01) it FAGES =R
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AN R KRB IMER X, >X,>X, . RAUTTh
1.432 7,P=0.357 7, R W TN B 3 i iR 22 5K
N R R BE X /N A2 GE B 2 52 R AT AR
EORTRIESIES XV

x5 FAERBSHER
Table 5 Analysis results of different models

R B P P P {E R?
2R AR 0.647 4 0.001 1 -0.088 7
Wi F S EAERIEAL 0.928 6 0.000 6 -0.3552
BRI A A <0.000 1 0.357 7 0.960 2

R6 HENNER

Table 6 Results of variance analysis

TR IR A AR ¥y F{E PE
mISEEHL 296.263 5 9 329182 439379  <0.000 1
X, 33670 1 33670 44942 00717
X, 4789 0 1 47895 63929 00393
X, 26.645 0 1 266450 355648  0.000 6
XX, 0.0% 1 1 0.09 1 01283 07308
XX, 1.476 2 1 1.476 2 19704 02032
X,X, 9.765 0 1 97656 130348  0.0086
X,? 43.996 0 1 439960 587243 0.000 1
X,? 63.796 0 1 63790 851526 <0.000 1
X;? 117.382 7 1 1173827 1566782  <0.000 1
iz 5244 4 7 0.749 2

AU 2716 4 3 0.905 4 14327 03577
HriRZE 25280 4 0.6320

KR 301.507 9 16

Al )9 B Y Y= -153.550 00+ 7.216 88X, + 5.564 87X, + 0.970 75X+
7.750 00x 10° X, X, + 0.030 38X, X;+ 0.015 63X,X;— 0.808 12X3-
:‘?:](138 93X2-0.052 80X3, X, fEEAsIneE; X, . HAWE; X, . ZA 0

X IR AT BN 234, ani&l 6 i, Kotk 5
TCREIN S35, d B abe 2H 8040 T AR A e e a6 9 3
Stk WIE 7 R BE UL e SR |
BRIEFEARRFT G IES I

& 8 M AHHE 60 min, JE I IR ATE AR
BERY 3D We b AR, AR B N 3% ~ 5% , 2
B AR BE AR STV I (4 3G D0 O, 24 AR B R
it 5% 525 AR BE NG AN IR RSN/, X
PRI Ay 2 iR B oA i 58 /0 I 3 93 OB B 68 5 5 o 72
OyEEE A AR BEAE R TS I A GRS (H 2
MR BTAS NG 2, Z2 4% 1B BT JC 12 30E A Ve M J0RE

3k
2 -
o . -
= Ir -
= oo . -
= 0 = =
| . ; -
2+ -
_3 1 1 1 1 1 1 J
76 78 80 8 84 8 88 90
SbRE
Ble6 RES
Fig.6 Residual analysis
90r B
ask -
m 86f
E 841 =
M=
= 82r )
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= gor &
78F ==
76" I 1 I | L )

78 80 82 84 8 88 90
SPrA

7 EXNTH
Fig.7 Normal distribution

M EHEER T, EEHREN6S~T5 C, 24
REEE R AR LT R, M E AEE AT 75
C,BERUEEZAIRE LF N, X R Y
VL A v B SE - N T A 0 1 LR e 45 ) 25 4
IR, ZEAE R R K 3 11 A1 88 Mg D R i 7, 5 30
BRFER,

P9 Sl S in i 5 2 A IR %) 3D i 7 T A
A A A K30~ 60 min, A5 A N K 3% ~
5% , 52 A FR M A I ] (14 E R0 RS I3 R o i 1) 444
I, HE AR L s R AR it £
HARTRE, XN A EREL AR, N
5 H RIS & R,

K10 B G E 55 G BF A 3D i i A5
R B R e e ) R B AR H R
JEEE 75 CHE, E A TR, MK 10 AT%, /NE
VERY - H AR B A ) &5 Aol A BRI In i 5% ,
HAIHE 66 min, B A 75 C . BJE ST RE
RIS, DI ERL e M . FER A ARE T, /h
MR R E AW E A RN BN
88.698 1% ,SZBRAH My 88. 74% , T I 5 52 (&
I EEW A, 26 A R E T H0I0 /N 22 3 # -
HA WAL &5,
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Fig.8 The 3D response surface model of lipid addition amount and complex temperature
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Fig.9 The 3D response surface model of lipid addition amount and complex time
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Fig.10 The 3D response surface model of complex time and complex temperature

1710 em™ AR I BT 2 AR A | 32 th TR
U TR SV 8 AN T o 20 R 177 TR B 14 Ao 4
P AW T E A WIE L.

2.5 INEIEB-BERE & WxtiE B R AR
WACHE i 12 AT AN A R

24 EM-EERESYHNEEMAMIINER
ZUAM O 3 H UL A I I IX R 32 24 -OH
3700~3200 em™ , C-H 3 100~2 800 em™ . C =0
2 000~1 500 em™ fAEEFEIE C-O 44301 200~
1100 em™, HHE 11 ATHL, EE5WH2 850 em™ FI - 2.5.1
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)
C=01710cm

1 1 1
4 000 3500 3000 2500 2000 1500 1000

PBHEL (em)
JNEJENT ; — 150 min; — 120 min; —90 min; —60 min; —30 min

11 £I5ho3aR
Fig.11 Infrared analysis

BAYPSEE AL TER (RDS) & WX T/ NETER
(P<0.05), 18 18 AL UE ¥y (SDS) &t 147 P v By
(RS) i Fh i 1 35 & T/NETEM (P<0.05) , 3R W]
INFZVEN-ARERR E A YR E R ME LA BE T AE, MR
B IHE R0 ~ 66 min, Fifi 2 & A s 8] B9 RE 4, HTE T
By e s W T TR AR R 66 min BT JE A
TR R, N 25% , M A IR 66 min, BT
PEWER B & R T REaH AN~ 66
min, Ff 5 52 A B T) AR B K R VS b U A P e 32
TR, AEE AT 66 min B HUE W AL TE R & B
fiX, 9 40. 34% ., 452 G HE R0~ 66 min, iHE E A
I PR 9 E P T AT 3 7 iR T v, 7 R ) [
4 66 min B 18 AL TE A i A B R, o 35.03%,
M4 AR 66 min B M8 ALTEM IS EE T
Rekadh, nIHITESE A BE Y 66 min B, /N2 € H-
HHERE A WPTERE etk

252 WkEfmmgg mE 13 AH, 5/NEE
KA LL , /INAZ e Hy- H AR S5 100 R0 fik 3 R Jik 2
W EREIR(P<0.05) . H/NETEHAH L, 2 A1 E Y
30 min .66 min .90 min. 120 min 150 min FY/N3EIE
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Fig.12 Analysis of in vitro digestion characteristics
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