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ABSTRACT: Objective

their effects on the in vitro digestive properties and glycaemic index of cookies. Methods

To investigate the structural and digestive properties of maize starch-lipid complexes and
The complex of maize
amylose with different lipids (including saturated fatty acids and unsaturated fatty acids) were prepared by hydrothermal
method. The short-range and long-range order of starch molecules were investigated by Fourier transform infrared
spectrometer (FT-IR) and X-ray diffractometer (XRD). Results The formation of starch-lipid complexes reduced the
partial content of rapidly digestible starch (RDS), and increased slowly digestible starch (SDS) and resistant starch (RS).
The structure of starch-lipid complexes prepared by hydrophobic interaction were more stable by hydrogen bonding, and
the in vitro digestion rate decreased. Among them, maize starch-lecithin complexes, maize starch-stearic acid complexes
and maize starch-myristic acid complexes were V+B type of crystal structure, and the maize starch-soybean oil complexes
and maize starch-corn oil complexes crystal structures did not change. Among 5 kinds of starch-lipid complexes, the
hydrolysis percentage of maize starch-lecithin complexes had the lowest, and the hydrolysis index was 44.65% and estimate

the glycemic index value was 64.22%. The corresponding cookies also had the lowest hydrolysis index and estimate the

glycemic index values of 51.68% and 68.08%, respectively. Conclusion The maize starch-lecithin complexes are suitable

as novel starch-lipid complexes for the development of low glycemic index cookies.

KEY WORDS: starch-lipid complexes; in vitro digestion; estimate the glycemic index
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JEP A IR R 22 B SR B A LA AR BB R s
15 % (International Diabetes Federation, IDF)4tiT, 2021 542
BRRAA 5.37 ACHUE N BA MRS, Hh3R ERE R B2
TSR IR, B R BRI B AR 2 (2 1.41
AC IR E ZRP 3 5 B M T Ak B Ry R 4 B R
S OB T o A SR TR, DRI TR PR 8 T i 1 rh AR R
e 2 AL, AR, R B S 4K (glycemic
index, GL) & fh A & /2 B A& S SUR ISR 0 . &%
HARGHANEE I T XA o BEAEPLE, DAL
TEA IS T A G HL

TERRIE RSN AR ERT LIS A 3 25 PRtk iE
(rapidly digestible starch, RDS) . 1% il fk J& ¥} (slowly
digestible starch, SDS)HIH{ P IE# (resistant starch, RS),
SDS Fil RS Al LIS FIF5 i Ml . F08%7 235 Mg 9 A/ HE e
RAMPERP, fEsiK TR, Uik, 557 &
AL A W LA B A /NI EAA 3 2E N H LB VE M 4TI AL
PRI E I, DTS B 1 S s - o A2 4 BB e 2 4,
Wi-BE A SR FR ol RSS BUHTHERENT, 1T LAFRHTIE N T
HIART S RSO SY R BER- R R AR T
SMATRE M, RIBT AT I AR AR S R 1S 28R T I
b TH AL o KA PO AR O TE - R L 2 A i
FERPTIAERS D WERIAEEZ X, FIHER
TEM - A U AE FLSE A AR R T BT AR R R R A AR
KHEFTTE

TER-NE A SRt b, PTBOh TR @l
SO AR O AT R K SRR A
[ 5 %] R A3 ) AR P B B2, U -5 0 o P AR LA
FU o BRSPS RAB R e I R S A W S, K
BRI BE 25 T AT IR B AR ) SDS FI RS (56

A FE M K 5 i 48 A [ i ot (R0 355 SR A0 117 1R 5
AIFARITTR) S oK EEEVER IS G, FH FLR T Tl
AP GRS o il S 2L S XG4T
ST IEA-NR U SR AR, 45 Englyst (RIMIH1L
5N — 2R 8 3205 1500 R e b - N I A2 45 W A S M AR,
T I T A3 - i Jo A2 45 0 R R 28 L o e A 1,
W FEA-NR R SR A DE T GL AR R
NSRS AR S S My xt th Ay R GL sEmbL . AFTE4s
HRE TR AN TR TE RS- I8 FUL S AERTE S B b B9 AR,
IR GL &Y TT R S BEERIE R

1 MR5ERZE

L1 #R5

B KTER (maize amylose, MA)(EhZ% BibE £ K TE
M 65%, MR H RS ARAR);, KGN
(soybean lecithin, SL)(EhZk, IRGHT A 4 SR FRA F);
MR (stearic acid, SA). RIS REMR (myristic acid, MA)(ZM 4l
E AR B A D), BB IHi(soybean oil, SO).
FAiM(comn oil, COYEMN, #llhmBEMEHARATR), B
(=400 U/mg) . FAME o-TEMEHE Umg) . JEM SATHT
Miti( =260 U/mL)(Z& [ Sigma-Aldrich 2> ]); D-32 045
B(RIRZE Megazyme AHl), IKCER(GTEE, i vimA
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R IR A D), AR CEARSRREN . JOK CREOMTaE, K iR AR @)
e L] N
Ktz )e Dt:AXO.lmLxlmg/mLXVxDXIOX@ @
12 UHF5RE As w 180
MR Hei-Tec /3PS E Heidolph 247]); I %ﬁ%%%%?ﬁ%%%ﬁ%%ﬁl; Dt ¥ER AL, %;

DZF-6050 .25 THEHL(L i —1E /2 H]); 3-30KS ¥R &Ll
(7%= Sigma /> 7]); EVOLUTION220 2841 1] LGN (3 F
Thermo Fisher Scientific 2 #]); iS50 {8 HLIH-£T 481N (35
[& Nicolet 2\ #]); DSADVANCE 71 X S5 5HY (=
Bruker /A H)); A40 K556 (5 B KA.

1.3 XLWHE

1.3.1 -8R A e e &

S EF TR AA s, B 20 g HAE K
TERY, W EBE B KTER SRR KB B E A 10% (wiw)
BRI BB B 3 g IR FRIA T oK 2B, Bl iR Wik N 10%
(wiw)o 14 ELAE F R TEM BB A TIAAE] 98 °CIY/K A
JNAALEFE 30 min, SRJEI0A B HI 4 P N8 BA R Ak Som B
F# 1.5 ho BlJE A IER-TE R SR H EERBEE 0, A&
25 TR, 4391153 AS-SL.MA-MA .MA-SA .MA-CO,
MA-SO. FEAS AR S5 AH [ 25 44 Ak 3BT A5 45 i hy Xof 201
MA, {UIMATGK 2B MA-EA
1.3.2 -8R A MR sh il Au b o

HFE ENGLY ST Bk (i 7 kI 2 23 11 K-S 3
BB A RDS . SDS 5 RS & . BUREG T 600 mg,
JIA 20 mL BEERENZE v (pH 5.2)/K (37 °C, 160 r/min), Il
AFEIR o-VER I 5 M AP TTERIR G 5 mL. 7€ 20
A1 120 min 458 0.25 mL B, A 10 mL 66%Z. B,
F 3500 r/min &> 10 min, I L&, 85 GOPOD lE #
SRTEREFE 20 min 5 120 min B ATZT RS B, LATTE
AT A AR B RDS . SDS Ml RS AY#

RDS/%=(G,0—G)*0.9x100% nH
SDS/%=(G20—G20)*0.9%x100% 2)
RS/%=100—(RDS+SDS) x100% 3)

(D~ Gy A SIS 20 min JiHfiE 7 4 #5120 0 2 &, mg;
G20 0N 120 min [ ) 8545 0 2 &, mg; G W WA
A PES =0 0 1), mg.
1.3.3  Fr-F8 R A4 TRAG Sk 45 4069 ) 2

%8 SOPADE Z5H5%:, WhE /(50 mg, db)JIA 2 mL
KR, BT 37 CCOKIBERIN, PEATRETI B INA 5 mL
MY H 2 B (10 mg/mL)Jf# 30 min, A 5 mL ¥
0.02 mol/L &4 ALANIAWE, T 20 mL /) 0.2 mol/L BER4N
G SRIGINA S mL IR A R (58 B o-YE A3 T -5 3
EIFET B T AL . #E 10, 20, 30, 45, 60, 90, 120,
180 min A, 435HC 0.5 mL /L, B TEMA 1.5 mL
95% (V:V)LEEE WA 2 mL 2.0 T 4000 r/min .00
10 min, B E3E, #5d GOPOD il E FE i A A HE &5

A NRESLROCAR; As AFRIERE S ROGAE, w ok RE L T RE T i,
mg; V RIHAIR A RFR, mL; D H BG4
FRIEAE S AEAS R BF ) S R A A W 3 1, 22T D A K A
R RRRE, T FE, ARG,
THEEIK fi ZE R F (area under curve, AUC), W2 (6)5/Kfi#
&% (hydrogenated index, HI), W.2(7).

C=C, (1-e™ 5)
_ Cy —k(t-1,)
AUC=Cu(t-to)-—2[1 = exp ] (6)
HI/%=——8 % 100% (7)
AUC 0

K(GS)h: C I ¢ RESOKARE, C, R VAT B S K
sk NI R

HLHE GONI A5 U0y J 8 12X (8) 13153 T4 i 4 4 45
(estimate the glycemic index, eGI){H:

eGI=39.71+0.549HI (®)

1.3.4 A8 Zetirsh ki ot

B—E B R i S RALER L 1:100 (wiw) Y FL TR A
Fh, BT FLIR HOGEEH . sy E =, ARy
4000~400 cm™', WS 32 W, HPERK 4 em', A
OMNICS.0 X 2140 Fl 3 ifF 17 43 B Ab 3, 366 B 4 ¥ [l oy
800~1200 cm ' PEATRBBULH, FIE%E 19 em ', IR
F 1.9, BB ECK 1022 F1 1047 om™ 19U R, FETEIIE 1
$i§7ﬁ R1047/1022[17]O
1.3.5 b /megmE

W VA7 57 K 43 B VE R R it T RE S b, R A R
40 KV, %K 40 mA, 4=0.1542 nm 1) Cu-Ka 555514,
MRS RS ik R R Ml 50, kA ok 359,
HK g 0.02, FAEE N 2°/min, FH Jade 6.0 HAFHEAT
T
1.3.6 #abtFas& i it 12

IR S5 T2 ¥ 60 g K 10 g JRERHE 14 g
TR 1 g. 4 mL FLIHRELIE B 7K=40%:60%, wiw) . fIKfH
¥ 46 g, = fHIEKY 16 g, WEM-FEIE G 20 g, A=
¥ 10 go HEREIREE Jy |k 175 °C, T2k 150 °C, MLy E}E
14 min, MIZFFYFT G T ZRBELE 1,
1.3.7 Wbt e L3 eGL AW

JrikRE 1.3.3,
1.3.8 %ita#r

K FH SPSS 20.0 HA4 X Fitl kA T 50 R Ry 22 430 F i
FH VR 53 HT(P<0.05), SR Origin #EATER
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Fig.l Cookies preparation process flow chart
F3-Hi B S G WK g At 2k H MA /K e fh AR, 1BEE
2 GFR55HH

2.1 SEM-FEREASYMEINENMESKEERIZ

NETER-NE B Z A RDS, SDS 5 RS & & A
2 i BB 2A WAL, ST ERZEAR L, RDS 234 [F) #2 B
B FRAR %, MA-SL . MA-SA . MA-MA . MA-SO . MA-CO
H RDS &4 MA 3 5IBER T 30.33%.36.27%.26.62% .
7.79%F1 23.41%, 3% FI fE& HLA 6 IR 5E 0 A T 58 R 5 B4t
TE Y BT K B4 AR LR SR, I A HR % R T R A T
RS B A 48/, HOLM ZUrsr &, 1
IS 1AV Vs Ak 0 223 A1 BEL 2 3 3 52 6 0 %ok ¥ A i B0 e v
REAR A E R . SDS & MA 49T T
23.35%. 25.17%. 31.52%. 10.29%. 4.17%., 5%t ME4HAH
o, BEM-IE A AWM SDS S B AR, X RN
FEATEHE, HA RSN RS TR, AR R
fEEPTERY S YEAS-BR T AW BT B A AR R o R A 4
K, 5T R Ak AR X RN Hd MA-SO 5
MA-CO 7=A: 1) SDS &g/, XK WTE B B 3E K3 -A5 i
BAYERE, W R X e 28580 -HE 5 2 A W5 A
/No RS FHE MA 533 & T 6.97%. 1.43%. 4.73%.
13.11%F0 3.62%. TEVER-BEIILAE & MA-SA 1) RS &
wi/b, XATRERE T SA BREERK, BAT A MTER A
REE R R[], E R -1R 0T A W0 B Ak Bl R R
Bt < JBE ) 8 o g AR 22

TE R -PR 2 A R AR S I AL T Ak Z 5 R ) H A
eGI HUNE 2B iR, MK 2B Ha] LB H MA BI7KfiR3RTE
20 min PYFFERRIZIEINE] S5% A4, 185 SRS T LA f
A7  MA-SL \MA-SA 5 MA-MA Bk i 2e s, B
1€ 10 min 3] 60 min Z [B] 2 IE P _ETHES, 5 MALE
K AESE 40 min, AT REVH PR T HEZ AP 0T B3 m 1
TER R, LR TR OB OK R e ek A
AL I3y S R S T R, SRR A R A
H bR P22 Hi MA-CO 5 MA-SO HI/Kf#%AE 1 h
PIRIZSE N, I HA 3 FiEs-RRIE A8, XM T
CO #1 SO H g SEMIERME Y&/, Co
A SO & JUFME AR EEAF M AR NIFRIE A9, TR
JE, ARMESE A BV R B E PN . A IE] 2B T DU

TERY-PRIE A — B M RELE IR AE R EH . AR 2B
] LIE H MA-SL . MA-MA 5 MA-SA i) HI 5 eGI {H#HIK,
HEE R GIRINE b = B8 SRR — 3B 2A). 25 LI
AN AL = BE Szttt MA-SO BYHMEVER & B i, (H
SDS &8 # A%, T MA-SL. MA-MA 5 MA-SA (1] SDS 5
RS & &4, RDS & B8AK, Bk 3 Fiekh-lgmE &
Y EA R FES HAAEF . W MA-SL /9 HI 5 eGI {EHix
i, 73 91°H 44.65%5 64.22%, XA RESEH T HItERY SL 8
25 5 1\ TE Ky BABUE N AN T R ST - S A A,
B MA-SL 7EABIFSE BT R4 4 22 i A6 iU /E L T
PAAE SR A IS 250 i 1 S5k
22 EM-BEREASYNERERRFLEN

TEM-BR LR G WL SR BN 3 B, S FhIE -
NI AR A WIFE R Y FT-IR AL, 7 1705, 2846 cm ' Ak
PURFIE IR S 43 A M AR TR C=0 MUk 4RdR 3k 5 Mg
07 R V. FFY 3R 44 C-H AN X R e i Iy 04 i 8 i s e )
FEARBE I BIAEL) 1701 em™' . (K 3 A0S AR &
Je VI B R A I A S U1 DXL B I 2 [ 1) S St s I
BRI T B AE JE M 2Z B B &, 5
ZHENG 225 CHEN ZP™Hi 8 W) 4 . 2928 cm ™' 4b R ek
-CH, (R4 PR s8] 53 BEZH AR HE, JEMs-HR A &4
-CH, WfhaaiRahiee kA= 41 8, RUWEEWHH-CH, Hint
o 1745 em™' BT ASRAIS BT R C=0 AYFRAER i),
MM SO, CO 5 SL WBER-IE I E AH7E 1730 cm™ [t
I B g, X ULRE R E A R A SRS C=0 B
JnfaE ., Hrb 995 em™ o C-O-H ByURAE{RZhIE, SiEk
S FRK AN Co FIRIER TN AT Pl
3EHEIAE TR A5 995 em™ Ab (W Ac b £ 38 B5UAER Fy T
R sh, T REIL AN N A SR e T P By ) U,
FEs-le R E A mEEER", 1047 em ™ 5 1022 em ™ 4k
R R AU it 35 4 A D o it AR 5 4 5 0 il s R T i
TR AL R A 0 5 8 1 B AL (R 047/1000) FT T T SRALTE MR S5 HA 11
AR M, LR 8 AR UE M 5 1 S AR I R AT
SEREE LA R 1T LI H MA B Riga71002 HAB T
TUEM-Ha A2 G, BEWIRE T A WS IR AIR T V€ B 1 e A
A, 53k E— s,
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- i 18] /min

EEWHAEEE, B HUEM IR E S WK FRINE S eGL{H; 2. AR/NE FEFRIRIF —F8 5 AR R 40 22 5 12

(P<0.05), ~H 5.
K2 sEm-NE R &I SME L S5 KRR ik (n=4)
Fig.2 Invitro digestibility and hydrolysis percentage curves of starch lipid complexes (n=4)

*1 EHEMAEMERESYNEREFEMENERESH

Table 1 Relative crystallinity short-range ordering parameters of amylose starch and starch lipid complexes

FE MA MA-SL MA-SA MA-MA MA-SO MA-CO
Rios7/1022 0.76 0.50 0.51 0.61 0.57
AHXT 45 i BE /% 19.4 252 21.9 24.3 22.0
i B MEE v, B AL R o MA-MA \MA-SA 5 MA-SL

BICEI%

—MA —MA-SL —MA-SA
—MA MA —MA SO —MA CO

1 1
4000 3500 3000 2500 2000 1500 1000 500
%/ cmt

K3 HERER SER-IRRE SRR A

Fig.3 FT-IR spectrum of amylose starch and starch lipid complexes

2.3 EMSTREIMEEFRMELERNESRMERNE

BLAEVER 5 A FITE R -8 T 5 A i XRD A B dn
K 4 Fion . AR 4 1550, MA K B BISERERE, 78
5.6, 17, 19.4 Fi1 22.2°4 A B fin i, 2R TAEM &2
FURE A B v 30 % A AL 8B, s, v, %
1€ 7.4, 12.9 F1 19.8°4b H BT HFUE, T V7€ 7.8, 13.6 FlI
20.7°40 HBUATETIEDTY Sk -BE R E A IE 7.8.17.19.8.
21.8° W3 H BUARRAE AT 30, By B - i &2 A 4 2 B A

1 7.8°5 19.8°FHE H BRATH 1%, MA-MA 5 MA-SA
12.9°fHi IR SS fir S, BRRB AT V RS IRZE Ry . mTLL
HEWTHE SL. MA. SA S5iE# 2 [l i 1EH Jr e ie ik ik
N EL B U R R 45 P 1 K A T R SR SE R - TR A A
Wy DA T BEL RS R A W Tl S M R - TS T T AR AR
PG AT R, MA-MA IR R FFIE I I IR AR 153908, RH
HEVIE R 245X, dhihe et m . WE 4 vTLUE
HIEH-IE R E At B B RS AL AT 0, i T
A TR A SRR NIBRTE A &4 - T MA-SO 5 MA-CO
FE P B AT 7 A T, AT BB S R T T =R AT 3 A
I 1 P2 5 B 0 MR B e 2 5 M i 25 62 B, SO il CO
HR (4 A R - L A 2 R A AR B A R AT RE S 59 Y. SO
5 CO Wi —Fhak Z ER IR 5 A E ML E SRS
FRAY, PR T IEREK, IimFEAL RDS a2, x5
ML RLIR R —3, Ht, &#F SO 5 CO MEk -
JEAE AW XRD AT R R VR IRSE B RRAE
1§, T MA-EA 34 RPLHE v RLARZE, LR &5
TR S TEMEE AT V B ShIARZE R . nlal 4 fip
R, MA BUAIXFSE T 19.4%, YERS-N8 & &4 A
S EA I . X RIRRNIR S E ML A, HA
AP STEE R, R ICE LR E .
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K4 HEEER SUER-ME G Y XRD f1 4 K i (=4)
Fig4 XRD patterns of amylose starch and starch lipid complexes (n=4)

2.4 EM-IERESYIX R AT RUEILER Gl B
o

B 5t a] LIE HRI0 MA 9T K i 2 i i, TEW
N2 G RN 2 S BOK iR i R BEAR, Ui vE# -Ag
AT ARG IR A . AL S o] LUE T Rk
R 10~60 min PYPGETF R, 60~180 min 2 [A] 2 BT
. R T IA DT sy AR S B A R S
EA S REEL Y, RIS MAE T S IR R A RE R Y
FERMOL BT LLE HU I MA-SO 5 MA-CO i il #f 114
HI 5 eGI {E# & HAHZR/DS, REERMILZETER -8 A
EYEMA YT PSR RE B . Wi MA-SL #f
T HI 5 eGIUEEUD, 73510 51.68%5 68.08%, i MA-SL
B BT VE R TR SE IS R AR T B MA-SL 5
MA-SL HJ9FT HI 5 eGI {HAR A &AL, W AL MA-SL
TEATFFE H BLAT 00 1 0B 2 IO A A

70 -

D
(=]
T

W
(=]
T

A%
S

——MA

30 - ——MA-SL
—— MA-SA
2ol —+— MA-MA
—+— MA-SO
—+— MA-CO
10 ! ! 1 HI, .Gl 1 ! !
0 20 40 60 80 100 120 140 160 180

1 B4 Fis} 18] /min
5 FER-NE A AW R xd i il A7 1 7K 2 i 4 (n=4)

Fig.5 Hydrolysis percentage curves of starch lipid complexes and
corresponding cookies (n=4)

3 Fig5ihe

AW R K PGER ST 5 Fiek-gREaY, 4
%%%Eﬁ Tl e -IR R 2 A SDS SR B,

TGN, FT-IR UER T V€M 5 M8 ot =2 )38 o A S 1
ﬁ;‘&f%- B ARG E . XRD RIUTEH -8R E &
VT vV BSASEHS B BRARSEWIRSY, A
MA-MA 5 MA-SL (A X 45 5 B8 55 i 2 W L 25/ A 7
RGBT MA-SO 5 MA-CO By SARZEH R & A 2L
A, BARE BB AE A . TER -8R &P n] LLIE A
EIFRRI ARG, A MA-SL JER S U HT 5 eGI HAAIK,
HUWALEESCR B, 28] MA-SL B i BBtk v by A
BARRTH A, AR ATk HAT BT RN AT R .
WA F T B S BOms . FReL iRt RB R VE R, b
PRI R H TERIN & AR AT T T 5%
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