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Abstract: Common corn starch-lauric acid complex (CSLA) was prepared by extrusion treatment combined
with cool storage. The effects of extrusion treatment combined with cool storage on the gelatinization degree,
complexing index, thermal properties, crystal structure and digestive properties of CSLA were systematically
investigated by means of differential scanning calorimetric analysis (DSC) and X-ray diffraction analysis
(XRD). The results showed that compared with extrusion treatment, extrusion treatment combined with cool
storage was beneficial to the formation of common corn starch-lauric acid complex, the complexing index
increased from 29% to 35%, and the relative crystallinity increased from 25.20% to 31.82%. Extrusion
treatment combined with cool storage can reduce the digestibility of the compound and increase the content
of RS from 38.07% to 49.82%. The results of thermal properties showed that extrusion treatment combined
with cool storage made common corn starch and lauric acid form V- type complex with low thermal
stability, and the melting temperature was 89.95~101.33 °C, while common corn starch and endogenous
lipids formed a Vy- type complex with high thermal stability, and the melting temperature was 106.73~
117.48 °C. The results can provide reference for the preparation of starch-fatty acid complex with low
digestibility and the preparation of anti-digestibility starch food.
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Fif (1.96x10* U/g): J:IE Sigma /Al ML
(1x10° U/g): b e B A BB A FRA 7l 5
Ha ¥ o b4t

12 XFEH5E&

DS30- [T 5256 XURAF EHL (I2FF B 42 30 mm,
K2 22.67, BBFFKEE 820 mm, [FJEMEL, #
fLEAN 4 mm): 5B FAFHLA R R 5 MB25
IK AT EANL : BZEHALER CH N ) A R R ; DSC
22 75 B UYL Fii - Mettler-Toledo £ A ;is10
U HL 2T AP RS A3 A« 58 AR L JE 5 1 A F
1.3 KWHIE
1.3.1  FEM A

(1) B0 FOKTEH

W38 FOK TER K AT S R TH 2 40%, A
HEAD, FIR TR 12 he BEESURFFHF
FENUHLIE =AS X BRI 5350 0 = 40 °CL 100 °C,
120 °C, FHUFEH 15 Hz, MERSEE 15 Hz, £
JE R AT GY : — SRR HAETE 40 °CoY
WAEFER T 12 h, B 100 B, idh
CS40; H—#Bm BT 4 °CEw 12 h, FHIE 40 °C
SR ERA TP 12 0, Rt 100 HI, FEAC
7 CSR40 ., RLHF AL PG FERFE A IC A X R CS,

(2) B EoRTE - A HERE &Y

] e R VER RN 4% H R IR 15
SIRH KA S R T 40%, BEABEAS T, =R
KA 12 ho 1 E AURFF B R HLLE =N X
TR BE /5 k . 40 °C. 100 °C. 120 °C, FH#L
BETE 15 Hz, WERIERE 15 Hzo PR RER 4 A
oy —EBEEM AT 40 CEUNTIRA T
# 12 h, ¥yt 100 Hif, 05 CSLA40; J)—
WY ET 4 CHERE 12 h, FAE 40 CHA T4
O 12 hy, MRt 100 H, FESIE R
CSLAR40,

1.3.2 MR Jr ik

FREL 50 mg FEAE T 10 mL B0E S, A
4 mL BERRZE bl (pH 4.75), BT 59 °C/KIxH.
A 1 mL A{EEE (50 U/mL), BAI. KIBZED
45 min, ME]EEPR 10 min IRHE—IR . RIS KIA
N 10 min, K. 3 500 r/min B.0> 10 min, HL

5 W 50 uL, FH DNS S b Jibl & i . R4
B AL B3 Y58 K SE AR R S A R, A4
VEACPRIE | o A0 Rt il WO 5 A A
W AR E AR
1.3.3  HEEHEBnE

S HIEHEPIZ AT Ik, IR Tkt
FREL 0.01 g BEM, A 0.1 mL Je/K LB, FEA
0.9 mL NaOH %9, /K 10 min, #/K IG5 N
A 2mL ZEEF 5 mL 7K, 3 500 r/min &0 10 min,
B L3 0.12 mL, JiA 2.88 mL /K Fll 4 mL flLi% ,
FHE 10 min, 7£ 690 nm &4 FIEWICHE. &
A 1850 (complex index, CI) iTH AT .

Cl= (JRIEM MWL E-EZ AW OG(E ) /
JE U A ) IO > 100%
1.3.4 MRS BT

Z MRS 07, MER PR EBURE B T R
7 mg, BT, R SRR 1 3,
JE i Jo R RS 24 h LUK 3 o B0E T
L 30~130 °C, FHEHK 10 °C/min, id#ALhf
WILIREE (T,). WEMEMIILIREE (T,). ZIEMifk
W (T,) Fffess CAH ).
1.3.5 X S mbr

Z R ESEWE )5, R Cu-Ka 5
2, R 40 kV, S 40 mA, 20 HEE
4o~45°, FFEHEZE 5°/min, ME CSLA BEAWHY
X SHEATHI RS . FIH Jade 5.0 FfX X Gk &
AT, AR L AR SS
1.3.6  HIFEH BT

(1) 78 265 A s o f 2 1 0

FH 3,5-TA KR (DNS ) 3l E i85
WEE . fE 540 nm P KMESLE R, e
il s s vt 2 o P0G AR R B S O (A G
ZH N »=1.220 7x-0.032 2, R*=0.996 7, Hrh
x N E PR, ¥4 mg/mL, y A 540 nm &5
AN SR

(2) BFF R B E

M Englyst 217715, FREX 400 mg £ 5
F 50 mL B0, A 25 mg JIURERE, 54
PEREER, 20 mL ZZ0p (pH 5.2), F 37 CTFF
5 5 min, fiIIA 10 mL B (& o-TE 4 i
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290 U/mL, ##{LlE 15 U/mL ), 45308504 i
] E] B 1 min, fFHERMIRT . 78 37 CRAKIE
v, BFA 160 Y/min, 20 min, 120 min fif,
BT mL B, TR EHER R 9 mL 66%H &
b, W€, 3 500 r/min B0 3 min, B 0.5 mL
5 W] DNS BRI E H AR R R T

MRS AR v 2R, TR 5 v P 1 1k
JEH (RDS). MEHEIHILIER (SDS). Hitkich
(RS) W& &,

RDS (%) = ( G20-FG ) x0.9x100/TS

SDS (%) = (G120-G20 ) x0.9x100/TS

RS (%) = ( TS-RDS-SDS ) x100/TS

A G20—IKfi# 20 min J5AE b H K B
i (mg); G120—7Kf# 120 min J5 B i H ) A
EFE S (mg); FG— KMaiAE S b i B 20 &
7 (mg); TS—HEM PR THEE (mg ).
1.4 HUEH R

RS ERE =K, A Jade 5.0 FAfxT
X-ray B1E 475047, R H] SPSS17.0 X Bidis #t 4T
Giitaf o, KA Origin PEAT R0 £ 7041

2 HR5HH

21 ME

wYE T, ZREER . SRS
JIRIVERT, TE M B 45 i DX R A il . A0 Ak B 5
P ORI S A8 s RICIR A o WAk B i Ry Ak DE
AR R R A LA, EVERM ML SRS
VERIRZE R 1 Brs, CS40 HALEE N
89%. 5 CS40 AHLL, WMAENIFRSS, CSLA40 1Y
WAL BE B & R R 2 75%, D6 TR i H A R RE R AR
T3l TR FER OMIALE . Wang U258 2 BT
TR 5 R B A AR /N 22 S A9 O M AL P2 BB  Singh 251
R IILN TN i 1R 5 A 2 52 T R A1 7 D A TR 1)
i, SEmaTERBIfL . X AT AR B R R, R
e R s B DA 5 B0 A R B & R AL
WIALTE R 55 5 Re i R IUE ¥ -RE MR 52 &4,
e A OB AR KNS 55— AN TR T fig i B R
EAETEM BORL R, B — 2R, BHAFVE R
SoKkaFZ A, e immEY, 5
CS40 #HLL, CSR40 MyMIfLEENS A FEAR, HAH

3K T B S A A 3 A PR ATLASE TR e
Ry e R 2 e, KAl ZE &R Ak,
Ak vE R [ e Ak, PRIITAIGIR 75806 CSR40 )
PR BE S i g /N

100 -

HH

80
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H

(o)
(=]
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BILEE %
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0

CSLA40 CSLAR40
1 RIE I 5 o R - A AR
E5WHULERNZMm

Fig.1 Effect of cool storage on gelatinization degree of
extruded common corn starch-lauric acid complex
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L5 CSLA40 #f L, CSLAR40 iR £k AR 1k A
A, U BRI AN 52 e 55 e U b - e i R 2
YIRS . X S5HOFUORF g R 2, bk
4 °CARIR I8 1 K6 K UE - H HERR & & W i & 4k
S (A& A B, HAREANBR ., LB RR B B A A
AF, AR Y5 0T VE A 2 A TC I S 52 ), 3K AT B
B R A8 R B TE B - B T R B A A o T AR
TR A R BB T M SR TE S5 4 BB B, AL
ARG TR 9B X A8 A B 114 52 i e /N
22 EHIEH

325 8 BORT LUSRAE TE ¥ - B 107 B2 &2 6 1) i 4
o, WM SRS S, SMssEae IRAK,
T PE R -IUE SR i, A DU BTE R S
B WFmRZ: A R EES), &l 2 T, CSLA40 K
BETRECH 29%, FRWE-HE T AKTEHN 5 HHERE
BRAHFIE R T IERm-IRIiRE &Y . Mercier
2 DOV 5% 2% W SR % i A B A 66 3 3 5 R
FRIE L V B A1) 3 VT RS 457 TR 7 v A9 5 Ui
o R A R B U0 7 A S R ORI Ak T B EL A K
25 JE B PR TE LS M, Re i I E KA BEAEH SR
RSN E WY, S22, CSLAR4O (1
FATEEON 35%, b CSLA40 #4555 T4 6%, ik
ARG ek e E — 20 38 v VE M 5 B T 1R =2 [R) 1 &2
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Fig.2 Effect of cool storage on complexing index of
extruded common corn starch-lauric acid complex

23 MRS

HH T 3 FR 1 AT, 538 K TE M TE 65~76 °C
FEAE— DI X 5 Wang 252 5e 45 1 —3
CS40 F77E P AW H g | T B2 Y Rl 4331 46~60 °C
F105~115 °C, 55—~ W R i i B2 3 RIS 7
VERS, Xt IO S Y Ry T AP TR V- R -
JE IR 2 & W) B4 Bl . Hasjim 252 URFST % 3L R
b B TR TERIAE 41~73 °CHl 104~120 °CH
PRGN B4 S Sievert 25 PG & IEHALE B IS 1Y
K VE M R /INZE VE K 43 BIAE 40~70 °CHFL 100~
124 °CAETEPIAS IR PRI o 55— I HA AT S AR
TR 9 S EOMA b 1Y S BE TR o T T4 T 4B
AN R L B DR AT R R VE R A AE D N
TEVERR DTS , % 2 b 5 0E M IE L T VE A -RE i
MRE AP, CSLA40 F77E =AWk, Bifkis
JE YL 43 B A 38~44 °C . 91~101 °C Al 106~
117 °C, 43 5l%F i H AR 45 i R s e . V- T3
¥ -BE iR 52 6 0 ) s e RV - B 5 B - i D TR
S W R . CSLARAO A PO 0 i | 3
FEJE RS> 5 38~44 °C . 47~58 °C. 89~101 °C
1 106~117 °C. LR &5 RFE R4 H HmR
LB IRESAAE, REERIERE G . Reddy
25 35 R S 5 0 TR T ) 20 AR B 4 )
£ 63~67 °C. 97~115 °CHI 112~135 °CHi I =4~
W BRI 430 N R BE R . V- T E M- R 2

BV V-5 BB -8 TR G 0 Rl
Wang PO 26 B Bk e - A R E AW
LRI B A RERR . V- V- BRI BER-BE IR &2 &
VI aid . 5 CSLA40 AL, CSLAR40 7E 47~
58 °C H B A , 33X 1] BB -5 AR TR IY it A v v
LA R,

g1 I T jsTV CSLAR4O

x \ CSLA40

CS40
m

— N

110

50 7

0 90
RE/C
B3 HEAEBLESREDENEEEKENS-AER
E51#Y DSC #Zk

Fig.3 DSC thermal curves of extruded common
corn starch-lauric acid complex

5 CS k., BFRANHBET AL LSS SRR
TP BT AT TE R R it (R A RS (35 0 S AT, 3
5 Cervantes-Ramirez ZEW oY 45 S —3% . XAl fE
JEHF AL FE S B e AL 55 CS40 ML,
CSR40 X [ 11 (PRI A5 T 2.47 J/g, UhBAR
IR HE TR . B TR g R W
PRI 5 A 08 18 v 0 R K PR IR AR (B X
] R 2 I AR P U R o T OB HE S KA A
24, 5 CSLA40 FH L, CSLAR40 X0 TIT f
R ETHR . SE AR IS R—80 5
FRFAEPR Yu S g 2 WA T R 5 R
KVER-THFR 5 W RN Ve by R BB R 52 6 W Y
S RIS LRSI o 3T R PRI 8 5 A R T BB
VERY 5 A AR AR B P BRI L UE B - A
Wil A, SEMILIEE TR . 5 CS40
b, CSR40. CSLA40 Fll CSLAR40 X hj il TV iy
MIAEKS BT 25 25 57, U PRIV RN 4 i A A
Fig Ext 0 TV R 105 (6 JC i & 52 . k4, CS40
1 CSR40 YR Bl 111, Fakgs REMHEN S
WIRPERR T RRIE M E S YL, Vi-BE 5N
F, MER SAMEERRNRIE N E S Vi-
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Tablel Effect of cool storage on thermal properties of extruded common corn starch-lauric acid complex

., 1% 1 14 11
FEdh s 1 1
T,/°C T,/°C T./C AH/I-g T,/°C T,/°C T./°C AH/I-g
CS - - - 64.85+0.06 69.63£0.11° 76.07+0.17°  12.65+0.21°
CS40 - - - 46.09+0.28° 52.97+0.02° 60.95+£0.36°  2.07+0.16°
CSR40 43.14+0.47¢ 50.52+0.78° 59.8740.32°  4.54+0.88°
CSLA40 38.51+0.02 41.2740.11 44.15+0.21 4.66+0.31 - - - -
CSLAR40 38.46:+0.12 41.15+0.25 43744022  435+0.16  47.29+0.16° 52.72+0.13° 58.65+0.23¢ 2.44£0.10°
o I 111 I v
FE ] 1
T,/°C T,/°C T./°C AH/I-g T,/°C T,/°C T./°C AH/T-g
cs - - - - - - -
CS40 - - - 105.02+0.55° 110.4740.26°  115.45£0.62°  1.48+0.26"
CSR40 106.05+0.82% 110.97+0.47° 116.77£0.37°  1.31+0.52*
CSLA40 90.70+0.33 96.65+0.12 101.16£0.08  1.77+0.07 106.28+0.47" 112.01+£0.24°  117.36£1.05°  1.57+0.32°
CSLAR40 89.85+0.26 96.51%0.25 101.33£0.03  2.51+0.08 106.73%0.32° 112.39+0.37°  117.48+0.63°  1.47+0.08"

He FIEAR, NS FEEARRRZS B (P<0.05), HFERRZESFARE (P>0.05), T,
Note: Different lower case letters in the same column indicated the mean values were significantly different (P<0.05). Same lower
case in the same column indicated the mean values were insignificantly different (P> 0.05).

24 X SETHERSH

& 4 ATAI, CS 78 20 A 15°, 17°, 18°Fi
23U AEAERT ST, R MALAY A-TUZE A5 .
X5 Wang %P0V A 2 WIRF g 45 R —
CS40 7£ 20 S} 13°, 17°, 20°, 23°fFLERT S,
R A+V BIGE 45, 5 CS ML, CS40 1Y
TSt e A= B B8 Ak, 20 K 13°F0 20040 H 38T
ORGSR, 260 9 17°H1 18°4L fYXUIE 7S Jg 17°HY 24
W . Li 2 POVIF 5 2 A B Ak B A 3530 K i A A
T ELEE ORI AV LT 4 45 . Chen
2DV 26 I BARh B ) T K JE A 45 S 4 M il A-
RIEEAS SN “A+V AL 3] REJEHF R AL B 5 B0
B2k XA Rl B ECE R, TR TER ALY
BB o T — A R AT B SR UE R A AE D B N
VEPEWE B R DR, B R b 5 eI L V-T2
A B4 - T R A 2% . CSLA40 il CSLAR40
1 20 2 13°F1 200477 AE WAL AT 5 e, 26
K TORMAFAE— B HS AT 0, BB V-H 2 2
L, SIS R R TIE R T RER- A ERE G
AN, CSLA40 Fi1 CSLAR40 7£ 260 N 21.6°Af74E
— AT, AT RRJE A G i B T AR D 4
W, Wang ZEOVIF 5% 2 B8 oK BEMS - A EERR
EWRA V-BIZE 45, Cervantes-Ramirez 251!
WF5E R K TEM SREARRR . IR B V-TUE &
¥, Chang ZEPTHFFEIN N 260 9 21° A7 e Xt 17

FHEMR R 45 G . Wang 2P0 58 & B vE k- A A
R 525 WA e S BRI RRATT S 0 . AR SC 5 L4
—F(, 5 CSLA40 MLk, CSLAR40 7£ 260 A 17°4b
(AT ST R, AT AE S5 2L IR o TR P,
Reddy 2P RF5 26 WA IGIRIE 000 7 ELBE T K TE 83 -
T RS R 52 5 WIAE 20 g 17040 B 137 S I8 38 J3F 14 i
AT AR R AR IR R e A F LA Ve A, (AT
Ui i 3 g iR 1281

CSLAR40 (RC=31.82%)
CSLA40 (RC=25.20%)
i CSR40 (RC=22.46%)
CS40 (RC=18.23%)

CS (RC=30.67%)

\\\\\\\\\

5 10 15 20 25 30 35 40
26/(°)
B 4 HELSELESRBRIENDEEKEYN-AER
SEYKH X HELTHEE R RCE
Fig. 4 X-ray diffraction pattern and RC values of CSLA
prepared by extrusion combined with cool storage

5 CS I, CS40 MAHXT4ES & E RC M
30.67% F %% 18.23%, Zhang 21 Li Z:12900F
FER B AL IRAT IR VE R . 38 K TEH Fl
ELHE FOKTEM RCHFEAL, AFFER S H 3
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AT RESEHT R B A R L L R R BT U Ak
TERWIL, 45 AR, W R R,
5 CS40 HH Lk, CSR40 i RC {HM 18.23%H &3
T2 22.46%, X5 DSC £5 5 f CSR40 Z LIS (E
BN B 25 A — 5 Yu ZEPIF ST R 4 °CIY 7t
/NFEVERY Y RC (BB W34, Zhang 207 57 35 9
IR V2 BUAL B4 B /N2 TE R 9 RC {H . A SCHE
SR G AL, X 0] GRS AR IR IR e (2 i VE By
S FREREBHES, T AA R RUR eSS, 5
CS40 Lk, CSLA40 1y RC fHM 18.23% /M=
25.20%, Liu %P5t RIR NS & TR AESR 55
FOKVERD AR5 B . 33X AT RS2 VE# 5 1 17 R
AT, AR A R V-Igh kg,
5 CSLA40 tt, CSLAR40 f¥) RC {HM 25.20%
HmE 31.82%, UiWIRIRI e 98 12 2 1 B - B
TR AWLMo Yu 2P 53 26 DR IR A
By FHEm /N2 vE R e TR 2 & W RC . AHF
TR G5 X 0T B I8 8 1Y FH X 25 5
JEF 3 R T S A T R KU 45 A8 R S A - g
AW SRR, h-IRIRE &Y & B
T, REXE S R
25 BEFREBESW

MR K A A ARG, K AT 43 PR T AL T
¥y RDS, ZE18I4LIEk SDS Fibrtiess RSUO,
H 2 2 AT, 5 AL EHURMIC IRV 2 R e T R
KYER Y RDS F1 RS i, 5 CSHHE, CS40 1Y
RDS. SDS &&W B FE, B RS AU R L%
o 1X AT BE % H A B AR AN IR T K3 (1 45 f 2544
SUEER L, SBUER /T FHEEMRE, IIE s
W28 Ty A e A, e A gk 0, ity A
SRS RIS R R M E, Wb R Sl R ok e
¥3 % RDS #1 SDS & & Fhm , RS % & F %, Robin
25D Zhang 2PV IT 2 WA B AL T 58 Ok
TERY . B ERFIER, RDS SR, RS &
w . At 5H—8. 5 CSG Lk, CS40
[ RDS & HtfEMI%, RS Satigin. X aeest /s
b PR VE R B7K A S AR, R R TE R KA
BB, 5 CS40 AL, CSR40 (% RDS & & FA%
2.6%, SDS S 8NN 3.1%, FEWIRIRI e vE

TER AL, MEITER WAL . Neder-Suarez 461
TF 5 3 W V4 Ak L R 444 580 T K B8 A A LT AL R
71, ASCHHMFR SR —E X AR B R ALBE
SUETER L, TS AR, WY R
VEM 7T 5 SRR VE R T EE . EEEVER /T T2
TFI) 3 o) S A T A A, A T A R T R
X5 DSC Ml 5E () CSR4A0 ALK {38 fin iy 45 5 —
., 5 CS40 ML, CSLA40 f) RDS F1 SDS & &
SRR T 3.4%H1 7.2%, RS &N 10.7%,

wh BTSN R R B 0 B R v R I BLIH AL RE T

Kawai %525 2 WA 3 0 - A 5 R 245 900 F4 7 B
REB AR TE R AT Ak . Okumus 253 % 9l 07
TER SRR E A)5 RS & B, RDS &
BEE TR EEDIZ A5 R 5/ ek
b, /NZTEM-IRRE G RDS & R, RS
FrE N, AR S H—8, XA A R
ATERIRTE S I N TR S Ve A &, B 1 3E A i
XHER RO, RS RED. 5 CcSLA40
HLL, CSLAR40 #) RDS 5 SDS & /) HIF#A%
2.8%. 9.0%, RS &N 11.8%, LUK
HE A% 4 = 7 38 oK TE R - H R B B Y bt il ik
BE 1o Qin %51V o 24 MR RV 3G il 6 412 i v L
HEEOKRVEN - A SRR S RS &, A5
AL, XA AR AR R AR LA B
TH Ak 1) TR0 T B UM e 245 ) U B - I R 2

®2 HELABRSEREMENEEERES-AER

SEAVNERRESE

Table2 RDS, SDSand RS contents of CSLA prepared

by extrusion combined with cool storage %
FE ity RDS SDS RS
Cs 36.56+0.31° 4.53+1.25"  58.92+0.94°
CSG 50.44+0.62°  32.85+1.33*  16.71+0.71"
CS40 45.44+3.20°  27.15%1.25°  27.41+1.95
CSR40 42.8842.19*  30.23+1.33%  26.89+0.86°
CSLA40 42.01+0.18%¢  19.92+2.83¢  38.07+3.00°
CSLAR40 39.26+2.30%  10.92+0.00°  49.82+2.30°

e RSB, NS FERORE RS 225 B3 (P<0.05),
MFFR2ZFARFE (P>0.05), TR, CSG haLiEiE £
KIEH o

Note: Different lower case letters in the same column indicated
the mean values were significantly different (P<0.05). Same lower
case in the same column indicated the mean values were insignificantly
different (P>0.05). CSG represented the fully gelatinized common
corn starch.
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A AR TE R S R, AL AR R 2
S 18 A 24 2R o 3R ARG D R 3 3 R K B
Fr-IRMiRE S a En, 5 RS &R LES
(iR
3 Hig

ARSCHFFE T B RAL BRES SRR RO 3% 18
KM - R R A2 W B A S5 R A BT 4
Wi o SEFIRACPRAR L, HERALBRES SRR IR
AT 18 FOKTEN - A R S WRIIE L, RN
EAATREOEIN, XA T R BYRAL RIS &
AR E S v VE A O AL RE 1, 3k vl g2 IR
A M) T S B A 4 4 AT - A TR
EaYRIER, fEihEies S . SERAL
BRAH G, B IR AL BRE, S (PRI 70 (o 2 e T K S
ORI P RS (ELRE I, AR 45 R T 7, X ] BRI
S AR e e T BT RS R AR LA e 2. b
R AR R A B I Ak PZE - RHR Y8 ] Dy ] 5 BAT
PUBANE R FE R - NG TR 2 & Py S (I PSR
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