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WrE TR . ML TN RIORTEN, = BB oK TER
HHEAER SRS, HE5RHRRKESS, TREE
B E AU . BeA, B A RURIE 2%
ik (k. WEE. BRI B, Hod, ik
AP R, AR S R b R A IR R PTG IR
VIIE T2 R R R, (B0 3R BRI A BE
AR, 2atmS s, HEmE s AW
fify 7 2 s 21,

B AR NV BL R VE B 1 TRz —, S
T UEk-HE i &1 4% . Cervantes-Ramirez 2501
B BREAT B R AL 4% FoK e -TER IR 2 &9, 4R K
TER 5 R R A B3 R KR R AR I . TRk
FEHONVA A . Bhatnagar 51 ] BLEAT £ B HLEF B
KT FIAS [F RSB K P IR TRV A, 25 AR A HF e b
HUR R HEE R S B IR R G A & Pilli &R
KUZAFH5 AL LA K K35 493 R0 381 182 S SRk i 1 i) 6 i 0 -
RERE AW, HHRUE AR SRR SRR E A
A EZERFEME (P<0.05) o FEF ER#FF, wLLHEN g
JREEBY VIR J3. #FIE TP [R5 SR R ST T R
BEW. TR &R R AR — P
BN & T, FRERA TR ST
BAE . SRR R R U310 Rk, ASHIFFE R XU
FH R, Lhm B AE EoKUEH (High Amylose Corn
Starch, HACS) FlIHBKH (Fax Oil, FO) AJER, HFK
BRI S5 Ve Ry o B . MRORLK . MLRETEE S R R
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SRR E ERREEmE, SSRGS e - R RS
) (HACS-FL complex) Wt T 2% iR E
AW B A T ) 2% 5, DU R &S B E
KIEMTEPTH AL B S RIRI A, 04 T & o B oK TE#
MR A= R BEF TR TR X

1 MRERE

1.1 MR5E&

o ELEE RORVER (2B B B oy 000 Tl o L B
TR 69.32%, HEEH 0.62%, AElT 0.046%, K45 0.35%,
FKE 7.82%) , PRMEEGERMBHA IR AR BRI,
THZKRTAZLNFHEA R A ; a-iEk EE (100 U/mg,
Cas: 9000-90-2) . 41k (10x104 U/mL, Cas: 9032-08-0),
Sigma-Aldrich ( i) G HRAA .

KUEATHFEHL (DS56-II1, 5 5 Fe4= AL WL G BR A
"D, WEAFAMEN 24 mm, BEFFKAREL RN 25 11, WEHTIE
HLF L AT AR X . JBAE X ZBE XA HIX,
CEBG ZUVREML, wm@BTEs LA IR AR ;s UV1800-
RN, RS ER AR AR SU3500
FHi T SME, HA Hitachi A7) AIR BUEOGIL R
S M4s, HA Nikon A ; Nicolet FT-IR ZL4MEREAY, 2
[E Thermo Scientific /A%]; D2PHASER 7 X-H28%7 4}
1 MEEAAE T AXS ARAHR; TA Q20 Z/RiIHiE#H
1% (Differential Scanning Calorimeter) , [ TA A#];
DHR-1 it A%, EHE TA AF.

1.2 R E
1.2.1 EW-IeR A bmils

e BRI VPR — 2 ol R ) o LB ROK TE R S A
] LU A FD 5 RR 1 i N TR R BL R R R (25+1) C LA
100 r/min $E3E 15 min &A%, UL 8 kg/h BEAFFEML,
FERT IR RIS 45 AR E, BRI . REAKX.
AEXIRE R E N 250 40, F1 40 C. 76— 5E MIIRAT 5%
T VTSR IR 25 DX AR K o AT B e A
o HETHYAE 40 CHRAE T 10 h, RSEHHET 80
HIER (MFL42: 0.18 mm) JE155ekr-g i 2 &Yk .
B S - 5 PR I YR B e Ak R
1.2.2 Aadssomz

RAE Tu PRI T — BN B & e s
(Complex Index, CD Il o F3Ekn-NEE A4 (20 mg,
FH) IO 8 mL —HIEWHNAR, HEFRIRE, AT
WA, EREER AN FRERA N R EIR)S,
25 mL ZETK I ANBIACRE S, PO SR IE S min, I
LA 5000 r/min 2.0 10 mine $ 500 uL FiEHS 15 mL 2518
7K~ 2 mL BEAW (0.002 5 mol/L 1,/0.0065 mol/L KID 78431k
Ho 1E 620 nm AMEWOEE, A EEIRH TR IEN
YT, I N A EARTER- R 2 S HEE .
HETRECCO=[(0 BALFE IO -5 R 2 SO %)/

Xof HEAEAE RO ] < 100% (D
1.2.3 HFESEGEH-IER LM R E XK
FEHT AW MBI SR, DHRERE SRS

MR R BT H AR, G H BRI 5 e R S
It (0.06. 0.12. 0.18. 0.24. 0.30) . MELK (30%.
35%- 40%- 45%- 50%)  HLEE (65, 85, 105, 125,
145 °C) + WEFFE#E (90, 110, 130, 150 170 r/min)
SRNFEERME R, CUER-IRRE GO R iEhr,
G NEIPSE P =Reg Ve =2 P
1.2.4 FEFEH-IER A E KR
LR RIS LR L, T Lo 3YIEAS LB B0 52
IR 4 AR K- E AR R, S B R AL B
MR ETZSH. £ 1 RNELZREEZKEE.

*1 EXEHRKFEE

Table 1 Orthogonal factor level table
B MRl K 4 BiR IH
KT REH LZ* P7J§/} 5 *Jlltf“—ﬂm)ﬁt Sii%ﬁﬂild
Levels Mass ratio A Feed moisture arrel temperature Crew Sp(??
B/% C/'C D/(r'min™)
1 0.18 35 105 130
2 0.24 40 125 150
3 0.30 45 145 170
1.2.5 {52 etirs kg

B TE RE L S LB R FCHR 12100 ELBIFESS
TR R I ST S R T IR A3, BT FT-IR LM REAY
AT . K TEEN 400~4 000 e, S 32 1K,
ft8) Peak Fit v4.12 HAHSEBERTE 1 047 cm™/1 022 em'!
AR ERELE, A HTRE SR AR R
1.2.6 ZUF 4%

IDRESEK:

e /b R SR AR TR S [ E S A RUTH R A R AR
b XSRS EATI A AR, IR E 15 KV REET I
E, WEFERIERMIESL (3 000%) o

2) WO RS

R Jia Uik BT, RS (20 mg, T
E A 5 mL RIEIRE R CRIRBRIRKIEER, 0.25%;
JEZ L 0.025%) FFE T RGBSR 10 h, HHE
WU B AT E T E3 O B, HBEob L RE R
WLEERE S 450 . SRR RIR G & M B B 2L R /K
SR 51 488/518 nm Al 568/625 nm.

1.2.7 X5+ &474¢

22 Qin S T 1000 5 RE S S 8 AT 5 A Dl 40~
40° (20) , FARMGEE 4°/min, FHFIFH JADE 6.0 Bt
HRE AN 45 S (Relative Crystallinity, RC).

1.2.8 A F4F M0z

M % /" 3 #f & # { ( Differential Scanning
Calorimeter, DSC) Ml EFE 5 #4722 . HERAFREL
2.5mg (T3 FERIFIMN 7.5 ul Z818/K % E T8+,
TR FPA 12 h HdbATile . WK% RERRE
25~140 'C, FHilf#E= 10 C/mins
1.2.9 AT F4HNE

RAE Liv P53 R RS R
HATRIM, 285 P RE SR B TP AR AT .
MR K CP-50 HETEAR, DAXSHH A7 A 0.01~
100 5™ HHATHE R, IC RS RSB . ERAR
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N 0.5%%AF FHHTHER (REFHX A , HREREN
0.01~100 Hz, idsgffd PGt (GD FIfHFe
B (G k.
1.2.10 4RI AbaF e 2

27 Englyst 5PV 7L e R S AR M L3R . B
BFEM (200 mg, T35 ThREAHd, A 15 mL BEERHY
L2 (pH 18 5.2, 0.2 mol/L) , 3 7K ¥R 3% #1414 20 min
Ja, WEIRZERMA a-JEMEE (290 U/mL) FIFELEG
(15 UmL) R & BEETR 10 mL, T 37 CRIB IR N,
£ 20 F1 120 min B, 43 HIHCH 1mL /KARH, KH DNS
VED 58 B i ks JEBE 2 R UE LA JE R (Total Starch,
TS) + tRIEILIER (Rapidly Digestible Starch, RDS) . 8
WHALVER (Slowly Digestible Starch, SDS) FlHuih: e #r
(Resistant Starch, RS) & &,
1.2.11 HABERE 554

23 SIFH Origin 8.5 F1 SPSS 19.0 ¥ iE47 % # 22
5 225507, R 45 R LI Z RO, ARG

701

62r
3 2 60
< 00r X
g £ %
8 50+ £ 56k
B 5
T a0t Al
g g s
o] o]
30t = sof
&= & 48l
{9t {z
o o 46F
i
0.06 0.12 0.18 024 030 30 35 40 45 50

Jii 2 Lt Mass ratio
a. B BRI 50k o Lo B2 A AR B s

a. Effects of mass ratio of flax oil and starch
on the complex index

M kLK 43 Feed moisture/%
b. WORLK 23 % 52 A TRE e

b. Effects of feed moisture on the
complex index

FRMUEREFEREE (P<0.05 . ArERBIYEL 3 K.
2 HBREHH

2.1 ARIEZNESMRNIFM

HERE (CD RIS 080 E 4 687110 K8
SR, BERBEEEREN SRR E SRR D,
2.1.1 AR 5 E et A8 n

HARE R CBRIK: 40%. HUETEE: 105 C. 84T
#3130 v/min) PREFAVAE, W FCEARRIN S vEkn i Ho &
ErfaBun R R B 1a WL, R A TREE R L 0.06~
0.24 21, M 13.52%T 2 62.69%, 1M4FELH
= 0.30 B, FETREE R 56.13%. X EMTTE
— Y R P4 AR A G i R S ek SRR R IR A
BAGKM BRI, kAT E&H D2 i &
FEUER B A R AR S HE P 2 T 45 6 07 05 S BRI
SETE mEE s S EAR TR AR
SEME. PRI, BUESHRRIM S e R 0.24,

30- 701
< 75t 2 60F
% 75 % 60,
2 701 Z 50t
% #

% 65 ;5_40_
g oo g

ﬁ sst ;% 30r
'<: 501 i: 20p
® g5t = ot

40r 0

90 110 130 150 170
WEAT #4534 Screw speed/(r-min™)
d. SR HEE S A R
d. Effects of screw speed on the
complex index

60 70 80 90 100 110 120 130 140150
PL{E i S5 Barrel temperature/°C
c. ML X 5 A FR B s
c. c. Effects of barrel temperature on the
complex index

B 1 RRRE LKA A

Fig.1

2.1.2 "RAPRS A AR R A

HAMRHE R (FiEL: 0.18. HUEIE: 105 C. W8
H: 130 r/min) PREFFAAR, BEFUMERIK 0 %) 5 & Fa 5
S . B 1o AL, 7EREEK S 30%~40% KN, B
A 8 B 5 BE PRORE K 2 38 i AN W R R (44.57%~
59.06%) , X H] AL HH T IE & K 2 R T UE R ORI
MFIRAIAL, (T AR 2 Tk NTER R N R AE B A R
N, T PR K A Ak SR IR 45%~50%F, B AR
£ 54.12%, X T @ KA AR T e b 5 e R
SIS KM EAER, st SEmka2sl ki
MRSl SRR 0 FE A1 Hik, Rk
KN 40%.
2.1.3 AEEREM I A48 F0

HABE R (FE: 0.18. MRIK: 40%. 18414
M 130 r/min) fREFAAE, WHHLEREN 24 TRER#
MR . B 1o WAL, EATREBIENEERE 65~125C
PR I, B 44.93%INE 77.16%, X2
NI T R T U R AR Ak, (R A T 2 E R
Mo TSRS TS M, VLEERET - PiReT
MEGRBAE R, XFEELHTEENFERES

Effects of different factors on the complex index

SR IER o TR, AR 58 5 08 o) 7 [ S
YER JIRITE R T HL A 55 R T s, 2 $e i fg
PARRe R R Bk, BAENFEERE N 125 C.
2.1.4  SEATEERR A A A 4R40 %R

HAFEZE REH: 0.18. MERIKSN: 40%. HLER
JE: 105 °C) PREFAAR, W FEMEAF L 2 A R EU Rz A
. B 1d iR, A TR BB AR AT e s n 2 o F
J& T RERI#%s, 1E 150 r/min Ik )R KE 62.91%, FEE
WEAT LG BN 170 v/min B, E&EHEF%E
59.88%. FI e AZ PR A B ARK ) B AT i 3l 7= A= (1) BY 1) 7 A EE
BRI, ARIF BEEE R 2 T IS ARG T
W AT Tl et v N K R B D) g 2 B A L B S oy Tk T
TR ELBE VA B K MR i, 2 SRR S UE R N B S
BRI, BB IR RN 150 t/min.
2.2 EXRBERSHH

FRYE PR FARE W IEASRIE S5, Bk 2 A,
FHZEX R AR EEE W 1 RIT N A>B>C>D, fitd
G AByCoDye BT HRHE IEAZ 50215 B S 2 & 5F
REEFEIEZERR 9 MRKH, B AT R
ERE, SR ERFEMESTRECN 85.63%, KT &AE
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ERBIEZREH 6 Sk (84.07%) , LR AHIE

BT E &M A,B,CoDy, BIHRRIN S 3E K R & L 0.24,

MERLIK 43 40%, HLIGILEE 125 °C, $EAFH%E 150 r/min.
R2 EXREERSH

Table 2 Results and analysis of orthogonal experiment

i FRELEL  MRADKSY BRI AT Ak g ey
Test No. Mass Feed moisture Barrel Screw sptﬁed Cl/%
ratio 4 B/% temperature C/°C  D/(r'min")

1 1(0.18) 1(35) 1(105) 1(130) 78.92+1.84
2 1 2(40) 2(125) 2(150) 83.78+0.71
3 1 3(45) 3(145) 3(170) 68.58+1.57
4 2(0.24) 1 2 3 81.48+0.51
5 2 2 3 1 84.03+0.46
6 3 1 2 84.07+0.64
7 3(0.30) 1 3 2 80.45+1.22
8 3 2 1 3 83.57+0.20
9 3 3 2 1 82.72+0.45

k1l 77.09 80.28 82.19 81.89

k2 83.19 83.79 82.66 82.77

k3 82.25 78.46 77.69 77.89

R 6.10 5.34 4.97 4.89

3300 cm™!
2920 cm™!
o ELEE FORE B
High amylose corn starch
e 2850em™ ) 945 o
\ yé

I
|
X1 o
Control mixture | 1743 ¢cm™!
! s

BRSO b
Extruded complex

4000 3 I500 3000 2500 2000 1500 1000 500
% Wavenumber/cm-!

a. fH L 2L A
a. FT-IR spectrum

2.3 FELESEM-HRREE S PSRN
2.3.1 AGRetinyf kit oAt

Kl 2a 1 3300 em™ Jy i ELAE TOKVER (HACS) ¥t
O-H (4R EN I, 2 920 cm™ AVEHR 4+ TN &5 C-H fif
FEPRB SIS, XTIVR A Y GREIWURS) M ER &
WIAE 2 850 et BB (ARG, X RN RSP ) C-H
HAFRS I . XTIEVR A 1 745 cm™ HIBL C=0 25
PRBIM Y IEN, SR, SXHEEAWIME, BEEEM
C=0 WLk R BT R85 (1 743 em™) , BEHIHE
TR ARt TR S R R AP

BT HIE 9 2 BHRE SR ZE 1047 11022 cm™ (Riga71000)
(RIS FE AR R SRR AR b o 7R FE A et R 3
W, S5EEEEEKTER AL, XHRIB SRS T
FIFEREE T AL (P>0.05) , REIEREIHIYHE
TR A HRRIN SR R I B SRR T ERE A
SR B E. R, BELBEESYH RS T
R1047/10221§i%ﬂ% (P<0.05) , Efﬁ‘é%ﬁﬂﬂ:%ﬁﬁﬁiﬂq
PRI ST e i T R AR v B4
i, SRETER O TR E RS R

19.68

1714 / 2226
2428
e LB R KRy

High amylose corn starch

XGRS
Control mixture

GG
Extruded complex

5 10 DD 5 30 35
74} fiDiffiraction angle/(°)
b. X-SF AR AT B
b. X-ray diffraction

B2 AL Rt Sl B Ao X4 AT E AT
Fig.2 FT-IR spectrum and X-ray diffraction of samples

x3 HEmBCLEEMBNERE

Table 3  Absorbance ratio (R;o47/1022) and relative crystallinity of

samples
Bt W P EEAEL FERS &5 B
Samples Absorbance ratio Relative crystallinity/%
oy
| FEEERAVER 0.703£0.011b 252740.13a
High amylose corn starch
THE VRS
FIHER o " 0.704+0.012b 25.23+0.05a
Control mixture
S
FRILSL A 0.713+0.015a 22.04+0.04b

Extruded complex
VE: Riogmionn RRZLAMGRER 1047 em™ 11 022 om™ ZbWOERELUAE ;[R5
ARFERRREREE (P<0.05).
Note: Ripa7/1022 represents the ratio of absorbance at 1 047 em” and 1 022 em™ in
the FT-IR spectrum; The different letters represent significant differences
between the data in the same column (P<0.05).

2.3.2 St

FE b 1) X5 2R A7 5 B LI 2b, HACS 7ERTSH AR
5.7°. 14.82°, 17.14°, 19.68°. 22.26°F11 24.28°H HAFE
RIS, FHONIA B A RARLEAE, St IR S WIAT

SIS HACS fiTffIgREAR —5, RITRENEIRA IE
W5 BRI R MR E R R T . AR, BRE R A WTERT
WA 7.5°F0 13 BT AT 906, REHE R ER (e 3t T
VEM 5 MR R A ST 1S BRI R AR f B B B EL
o v AL, kA, 5 HACS #HLE, XTHRRE A0 ik i
FHXT 25 LR EMEE R (P>0.05) , FB L D BH R
WA EEUREMPIKEG . FEEAaMHich R
B EARART 45 5 (22.04%) , XAEHTFHIE S AERK
PR BIY) )RR ) S 3 A ek 1 LAY
Tl T, 0 XRS5 F A, R T UE R i
ghERGEN, 25 XA N E AL X
2.3.3 AL AT

1) RS

B 3 2 s OS], BT 3A, T AT, HACS 231
BRERTE AN A B3R 6, HfimRg R ERE LA
W3, & 3B, Sonxt IR AW ek Bk k
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ARAE, X RER RO E Y PR A HIVE TR TR AN
SURTEN 73 T REE . I 3C, WA, Tk BT 2 B2 R HE
A H AR IR AL, X0 il T BF R AL PR e K 5
SR A A S I BB R a5k, TR, R S A
BIY) )1 5 SR ORI R o

2) WERLEH

WO R R, 2 KR TS Bk, 21

50 um 10 yum

a. i FLE RORUER)
a. High amylose corn starch

b. XHRRA
b. Control mixture

O XA E R > 7. I 3A, A1, HACS 23R %11
GEuoefE s AR B aX s, REARKE K
B R oK TEM A PR . ] 3B, SR G A RNt X e A T
ECRES, WEHIER AR AL TR SRR AEHRENE
A B 3G, BB EE A e R4t X AT HAH S
ERE, RUERSEM S TREGUES, X5 X-4
LG RARFE—3

50 pum

T AR EARR 10.0 um; WORILRESRR 50 um; SO DIRARGER IR, 200 XIERIER> T

Note: Scale of scanning electron microscopy 10.0 um; Scale of confocal laser scanning microscopy 50 um; Green areas represent starch molecules and red areas

represent lipid molecules.

B3 Hofadas ot ERESMEE

Fig.3 Scanning electron and confocal laser scanning microscopy micrographs of samples

2.4 FFELEIEM-HHREE SR RS2
2.4.1 A FAFESHT

FES TR S E0n 3R 4 B, HACS WE{ERI1L
HEN 97.24 °C, HWILIA{E N 13.051/g, 5 HACS L,
X RETRA ) e B A BRI E R AR S, SRR
BUAER IR G 5H BRI 5 V8 k2 BRI vE A i #vEa e v . 48T,
BrE Ak B R 25 R AW e R e E ML R R R
118.12 °C, 1] GES& K Ay e Ab BRAR i3k i B A0 R i 11 &2
&, BEER T VEM AR ETE . Putseys S5O H AR 4 14
BRI AR R T e A - R S A T )2 AL, B
WAL AT 100 CXR T BEAY); @it 105 TR 1T
B AEY . T, PSS Ak 21 ) 45 1 oK GE R -1 AR
MEAEWET 1 MEAEY, RMHEENHFEHE. 5
HACS L, xtRURA Y ek B A BRI E, &
B R 35 R PR IO BRI T e R Ak BT R L R . BF
A J5, EEVTHIEm R E =R 1545 /g, B
o ) 8 A A2 DR R 5 R A B 3R R R S e M 4y TR AE R
A AREEER 2 T 5 2 T EHE SR AR A
AR SR TR TR R R, X 5 REEAE
A 745 AR R — 3.

x4 HRBRDFFEMEINECR T

Table 4 Thermal properties and in vitro digestion properties of

samples
- A T ——
‘ VAL TRLE Bl TR EhEE R
e Peak oy Rapidly  Slowly LR
Samples gelatinization . .%y digestible  digestible etSlS in
temperature/'C starch starch COZ::; /%
content/% content/% °
By Bl T Sz N
mﬁtﬁtiﬂﬁ%*ﬁ 97.24+ 13.05¢ 41.95+ 23.68+ 3437«
High amylose 0.93b 1.12b  0.12a 13ab 119
corn starch
X IR A ) 81.60+ 1030+ 40.53% 2400+ 3547+
Control mixture 0.89¢ 0.69¢ 0.55ab 0.73a 0.90bc
PN
}?E}Eﬁdnj@ 118.12+ 15.45« 12.95+ 6.93+ 80.12+
xtrude 1.45a 1292 0.79 10lc  037a
complex

I FAARF R R ZEREE (P<0.05) .
Note: Different letters in the same column are significant different (P<0.05).

2.4.2 AREFAFESHT

1D RWFHE b

1] 4a AT, AR b R RO P B A B D 1
N BEAR, RIS A B UIREAAT . B XS b
HI, RIS YR R N TER R ET FEICT HACS BIE:
B, X AEECANE B T B NHE] T E R > TG UE
MBEB I ESS, 594k TR RgEgs X, BeR A EEE—25
FEAR T EEWh ik MR MR T, X2 m TH RO
FSCELE AN SCEEVE M 70 B B AR AN 7 FRERI T L, > T
W FHEZ Mg [, $E 51 R e 5
JE R 43 ¥ B A 2 T B 2 TR BEL 2880 S 400 ) 3 9 o ROV
i, R ATER FUMEE FE T — P PR

2) SEFRE T

Kl 4b v HACS FVEkn-E i &Yk RIS E
A, R, ERANERIEEN, AT
ftRetiE (G) WETHERERE (¢ , HEAFHER
BRERARAGANE, 2 BH I SE R 20T 22 [T B = 4 X 45 4514
S H 59 IR B B AT NP0 X IR SR B 5
HACS #tRAHE, G G A8k, Ul BHIEES I
JRREH XT3 K REA 1 2R B TG B T . R B R A R S E
-SRI 2 SR R TP IE R RHIH) G GUKIR AR, %
B IR 52 G0 Ve A B IR R BRI o IX AT R R R B
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Optimization processes and structural functional properties of high
amylose corn starch-lipid complex synthesized via extrusion

Yu Xiaoshuai®, Zhang Junjie?, Wang Peng?, Xin Guang®, Wang Haiguan?, Wang Zhenguo?,
Yuan Yuan?, Xiao Zhigang™*

(1. College of Food, Shenyang Agricultural University, Shenyang 110866, China;
2. College of Grain Science and Technology, Shenyang Normal University, Shenyang 110034, China)

Abstract: Low glycemic index (GI) food can be very necessary to alleviate the ever-increasing prevalence of diabetes,
particularly for the high-quality living standards and health care services. Among them, the starch-lipid complexes can serve as
a new type of resistant starch for excellent anti-digestive properties in recent years. High amylose corn starch (HACS) is
considered an ideal raw material for the preparation of starch-lipid complexes, due mainly to the high amylose content.
Meantime, the twin-screw extrusion has been successfully applied to fabricate the starch-lipid complexes. It is a high demand
to enhance the preparation efficiency of starch-lipid complexes for scale production in anti-digestive food. The purpose of this
study was to optimize the extrusion process for better structure and physicochemical properties of HACS-lipid complexes
using single-factor and orthogonal experiments. Among them, the complex index (CI) was selected as the indicator. The
high-amylose corn starch and flax oil were used as the material to prepare the complexes using twin-screw extrusion. The
process parameters were adjusted separately, including the mass ratio, feed moisture, barrel temperature, and screw speed. The
extruded complex was dried at 40 °C in an oven for 10 h, and then ground and passed through an 80-mesh sieve. The highest
CI reached 85.63%, when the optimal parameters were 0.24 of flax oil-to-starch ratio, 40% of feed moisture, 125 °C of barrel
temperature, and 150 r/min of screw speed. Fourier transform infrared spectroscopy (FTIR) pattern found the new peaks at
2850 and 1743 cm’ in the extruded starch-lipid complex, corresponding to the C-H and C=0O vibration absorption peak of
lipid molecules in the complex. Moreover, the C=0 vibration absorption peak of the extruded complex was shifted to the lower
wavenumber, compared with the control. It infers that the lipid molecules combined with the starch were at the actions of
shearing, friction force, and heat moisture during extrusion. Specifically, the extrusion first broke the hydrogen bonds of starch
molecules to expose the hydrophobic helical cavity, where the lipid molecules were entered under hydrophobic interaction.
The morphologies showed that the complexation induced the stacking and aggregation of starch granules. The V-type
crystalline X-ray diffraction (XRD) pattern was found in the extruded complex, indicating the feasible preparation of the
complexes after twin-screw extrusion. Compared with the control and HACS, there was a higher gelatinization enthalpy in the
extruded complex, indicating that more energy was required to gelatinize the complex. By contrast, the extruded complex
demonstrated a lower apparent viscosity, storage modulus, and loss modulus, compared with the control. Additionally, there
was the highest total amount of slowly digestible starch (SDS) and resistant starch (RS) in the extruded complex among all
samples, indicating the better anti-digestible properties of the complex. It can be concluded that the extrusion can promote the
effective complexation between the starch and fax oil, thus altering the structure and physicochemical properties of corn starch.
Therefore, the starch-lipid complex prepared by twin-screw extrusion can be expected to serve as a potential material for low
GI food production.

Keywords: extrusion; structure; functional properties; starch-lipid complexes; complex index



