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properties of high amylose corn starch-lipid complexes
P E & i
DENG Jia-yi' HAN Wen-fang'
W 1 r =1 |
HER HA&EH mEZ F O FiLKE
JIANG Zhi-rong® XIAO Hua-zi' LIN Qin-lu' LI Bo* LI Jiang-tao'
(1. wppg MOl BB R 2 R IR W dn LR & TR R b0 8 Kb 4100045
2. WAL Dol KA e 3R 43006853, Ky SRMP R gl A R AR HIM K 4100005
4 VLA Z R A R A R IR fiE 2238000
(1. National Engineering Research Center for Rice and By-Product Deep Processing . Central South University

AR

JIANG Jia-ni' XIANG Gui-yuan'

of Forestry and Technology, Changsha, Hunan 410004, China ; 2. Hubei University of Technology, Wuhan ,
Hubei 430068, China; 3. Changsha Rongye Intelligent Manufacturing Co., Ltd., Changsha s, Hunan 410000,
China; 4. Jiangsu Kangzhiyuan Grain and Oil Co., Ltd., Suqgian, Jiangsu 223800, China)

Abstract: Objective: This study aimed to investigate
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formation mechanism of starch-lipid complex. Methods: Using
different fatty acids with carbon chain length of C1; ~Cjs to com-
plex with debranched / non-debranched high amylose corn
starch, by measuring the thermal properties, crystalline
structure and ordered structure of the complexes with differential
scanning calorimetry, X-ray diffraction, and Fourier transform
infrared spectrometer, the effects of fatty acid chain length and
debranched/non-debranched high amylose corn starch on the
structure and properties of starch-fatty acid complexes were ex-
plored. Results: The compound degree of debranched starch and
fatty acid decreased with the increase of carbon chain length, and
the composite rate of lauric acid (15.00%) was found highest.
The degree of composite of non-debranched starch and fatty acids
increased first and then decreased with the increase of carbon
chain length, and the composite rate of palmitic acid (13.73%)
was the highest. The thermal properties, crystal structure and
ordered structure of the complexes were related to the compound
degree. After forming complexes with fatty acid, the crystal
structure of high amylose corn starch changed from B-type to V-
type. Conclusion: Fatty acid chain length and starch debranching
had great influence on the structure and physicochemical
properties of starch-lipid complex.

Keywords: fatty acid; chain length; starch-lipid complex; de-

branched; thermal properties
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(1) B0 3 e T4 K U8 0 s « AR Sk [ 14 048 e
TR 8.0 g B 1 A T K 3E# (HACS) , B 80 mL
B PR R 22 ph i (pH 5.5) B & il 5L 1090 (1 43 10K » 121 °C
B ZE R K T 30 min. B HIE 55 CL A T & 22
(40 U/g JEM) M 12 h, B 0.1 mol/L NaOH ¥ ¥ 8
pH £ 7.4 ¥ 15 min, 13 3 B 3 & B 5 K WM, 0 4
b DHA7,

(2) JB 32w 4 B KR VE R SRR MR (DHAT-FA) I &
&K ARREEK B IEINERGYORHAT 2 mL LKk 2B,
I3 B Z B8 S IE N S 3K . 90 "CHEHE 30 min, ¥ HI L 4k
24 dE 1 ho4 000 r/min 5.0 30 min, F 50 %4 2, B i W
PRV 3 UKo A BB S A EORTER - AR A A
WOHAT-LA) R S HEE ERER—KIERE G
(DHAT7-PA) L) J B 32 i B4 B oK VER— IR IR 2 &
(DHAT7-SA) 4 Uk % J5 1 U1 JE T M B 5 . 2 100 B ¥
#H.

(3) HHBEFEXRER SRR (HACSFAWE G
Xof BEURE (i oA AT B S A 3, FL A 4R A 5 I SR — B 15
B B EORIEN — AR E &Y (HACS LA & B i
EARIEM— AT 2 &% (HACS-PA) B K /&5 B 5 £ K
RS R A A (HACS-SA) , ¥ ETER T 121 CTK
30 min, 90 CHEF: 30 min, R A ARLEHEFE 1 h, 15 3%
BT B RE 5 (CHACS-0) L B0 1 8 BF B8, 53 100 H
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2 mL MUK %40, #E 10 min, P 5E 620 nm 4b W G
BB ALRE R TATIGE 3 W (D E B 4

HHRBCD,
fAO*A 0
Ci= A, X100% , (1)
IQEF':

Ci—H%AE1E 1%
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FH Execl 2019 1 SPSS 25 5 {4 k47 5088 48 31 43 » 3%
PEGFHr K P<<0.05,
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MR 1L R AR X IR R E AW E A
A — E W, HACS-FA 41 ', HACS-LA, HACS-PA
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(CIE) B % K, 5 Kaur U g BF o0 45 £ — .
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%1 HACSFA # DHA7-FA iy CI &'

Table 1 CI values of HACS-FA and DHA7-FA

FE b BEWE/ % FE i HEHE/ %
HACS-LLA 11.82+1.08> DHA7-LA 15.00+£1.12%
HACS-PA 13.73+£1.65 DHAT7-PA 12.93£0.06%
HACS-SA 8.1140.09¢ DHA7-SA 11.14+1.60"

T S T REAN ] 32 m 22 5 i 3 (P<<0.05)
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197 (8] o BEAE AR T H 5 08 B2 & WUk A [ 4§
P e I R 5 Mt S b 3 VE A — i B B S W 1 A U A —
FE RGN, — SR U 12~ 16 -l J5L 1 19 g 10 i o8 4 Fl T &2
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LA B 3 b 3 R AR T SR I 4 SR A . T S B R A
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FE 20° 40 1) AT SF 04 B B B8 R F X R ) HACS-FA 41, il
WATHT U SR E 5 A AWM A R R I A G, R
DHA7 5 FA (5 &4 B It HACS B, 1fi DHA7-LA i
HACS-PA XAl Rx Wl th & & B ERIIW. 5 CIH
M 5 45— 50, kA HACS-PA HACS-SA 1 22°,24°
BEIE AL 3 BAT G 0%, 09 T B FA MR DY, i
DHAT7-SA 1 DHA7-PA ) 5 4 fir 4 06 W] & P AR 4L = 31
I TR R g I S T A 18 3 M A Ak 1 0 e 2 R R AR A
3 FA BB TE 740 5 Z IR A NI > R4

WS & & W 1 45 & B AT, HACS 1 45 & )
(23.11%) B B & F DHA7 (17. 95%) f1 HACS-0
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Table 2 Characteristic peaks and degree of crystallinity of HACS-FA and DHA7-FA
FE il 20/ SR/ Y 207 MR AL/ %
HACS 5.3,15.1,17.3,19.8,22.1,24.0 23.11 10.50£1.35"
HACS-0 16.8,19.7,21.9 11.44 4.4042.25¢
HACS-LA 7.2,12.8,16.5,19.8 17.47 6.90+1.16¢
HACS-PA 5.4,7.2,12.9,16.9,19.7,21.5,24.0 19.63 9.9042.89b
HACS-SA 5.2,7.7,12.9,17.8,19.7.21.6,24.1,31.4 16.35 5.40+2.11¢
DHA7 5.4,7.2,16.8,19. 7,22.0 17.95 8.40+1.62°
DHA7-LA 5.6,7.5,13.0,16.8,19.9,22.1 26.29 15.90+2.80°
DHA7-PA 5.9.7.4,13.0,16.8,19.9,22.1 23.35 10.20+1.78>
DHA7-SA 5.3,7.3,12.8,16.6,19.7,21.6,24.0 21.38 9.70£3.07"

TR R RN 25 7 B 3 (P <<0.05)
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Figure 1
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Figure 2 Infrared spectra of HACS-FA and
DHA7-FA complexes
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SEUCURR TR L MR BB B A A K P SR ) T AR
BTETER 701 B K R E S A . PRI B B R B S T
ST 1A IS Y 6L K AR AR TR K L 7 O i A IR R R A
X LE s HLEK W I BRAE 2 T A 0 A A R )
SR A RUST DA T B0 B T e
2.5 ERHM—ERESYHBABRESHEKE

Hi e 4 AT YR AR 5 6 Wi R AL A IR L 9 A R i
k5L A DHA7>HACS-0>HACS, o] fig J& i1 T4
sty 1 R e T A S B ML AR S A R A R

TERE ENRERNSEEEREN —ERESWE BN RIELER

kA

BEsg .

FA X JEW A B E LW —Jrmgh TR
P 9 IR I I B 1 S W R L TR UG T — E R
JE L REAS T K BOREA o 53— J5 T AT RE 2 B D IR Uy R gk
ABITER R K 25 N 5 2 5T R E Y R E 45 A L
AT HEETEA B R B IR L TR A i R R B S
SCBEVE R BRI AR A W TT TR — E AR D SE R I
WA B K/ DHA7T-SA>DHAT7-PA>DHA7-LA, 5
2.1 B R —B0 R WG Wi AR 45 08 by 52 A R B vy L K o i

L — 25 AR 43 Tkt B I S Ak LR 9D o A 9 A

HACS
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L R
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B 3 HACSFA # DSC A i B 4 DHAT7-FA # DSC A%
Figure 3 The DSC spectrum of HACS-FA Figure 4 The DSC spectrum of DHA7-FA
x3 MERESEK HACSFA #1 DHA7-FA £ & # s gm’
Table 3 Effect of fatty acid chain length on thermal properties of HACS-FA and DHA7-FA complexes
I 1 W 2
FE i - -

T,/C T,/C T./C AH/(J g™ ") T,/C T,/C
HACS \ \ \ \ 75.21+£0.17¢ 87.08+0.41¢
HACS-0 \ \ \ \ 94.9340.80*  98.954+1,72%
HACS-LA \ \ \ \ 88.51+0.34¢  97.10+0.25"
HACS-PA 58.7140.18¢ 60.7340.03" 62.1340.62° 1.89+0.12" 91.74+1.37¢ 97.7840.12°
HACS-SA 63.5240.32° 67.17+£0.07° 69.44+0.32% 3.38+0.047 93.9640.89%¢ 99,08 +1.15
DHA?7 \ \ \ \ 94.00+1.33*>  101.46+0.35°
DHA7-LA \ \ \ \ 93.8340.37%c  96.67+1.24"
DHAT7-PA 58.85+0.15¢  61.07+0.35>  62.9440.07" 1.7740.40" 91.8440.48" 101.07+2.00%
DHAT7-SA 64.81+0.21*  67.65+£0.35*  68.97+£0.33% 2.1640.32> 94.1441.43*  100.91+2.03®

% 2 W 3
FE - )

T./C AH/(J+g™» T,/C T,/C T./C AH/(J+g™"
HACS 103.1840.39¢¢  4.16+0.14* \ \ \ \
HACS-0 102.0940.314 0.5240.064 \ \ \ \
HACS-LA 103.2540.18<¢  3.72+0.34*>  105.6540.24¢ 111.8543.61¢ 119.04-0.33¢  1.27+0.09¢
HACS-PA 104.5940.14>  3.28+0.31° 109.5541.52*  114.0340.32> 125.65+3.69*  1.54+0.25"
HACS-SA 104.8741.15% 2.0440.24¢ 109.4241.93*  117.13£2.36* 123.43+2.96° 1.2540.15¢
DHA7 105.9840.16*»  0.7840.15¢ \ \ \ \
DHAT7-LA 102.2640.594 1.5340.14¢ 102.9540.07¢  108.0240.49¢ 114.83+2.32¢ 1.8140.06*
DHAT7-PA 107.4442.09¢ 1.7140.28¢ 108.67+0.34% 112.73+0.98° 118.92+3.17¢  1.63+0.07"
DHAT7-SA 108.24+1.30° 1.53+£0.54¢ 108.0240.84%> 117,52+2.73* 122.0344.54" 1.554+0.11"

T\ [ 51 5 B AN [ R 22 v ik 2 (P <20.05) .

NN BB GG 45 R G M BE K {3 fE HACS-FA 4
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#4141 HACSH DHA7 5EXRE#KEHBRESEN
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Table 4  Solubility and swelling degree of HACS and
DHAY7 with different chain length fatty acids
%
FE it ey 358 7k e

HACS 5.96+0.76¢ 4.64+0.25¢
DHA7 19.64+0.509 7.5240.10%"
DHAT7-LA 9.32+0.39¢ 6.67+0.18¢
DHA7-PA 10.41+0.134 7.30£0.17"
DHA7-SA 13.4440.06¢ 7.3240.19"¢
HACS-0 15.324+0.48" 7.81+0.15%
HACS-LA 19.3140.42 7.1740.17"
HACS-PA 13.1740.49¢ 7.10+0.25¢
HACS-SA 13.30+1.05¢ 7.4040.26%

T [F SRR [ R 22 57 1 35 (P<<0.05) ,

HACS-SA 5 HACS-PA M B2 JL-F o 22 5 . 7T fiE 2
Ja RENE R AS B 1 SR g K e T SR A R ORI 22 5
3 i

IR R T I 7 TR B3R 6 I B8 % U M e S 9 4 B2 I e
MR S W R R B M BT 2 v B K
i 5 8 W5 B E B A I s 12 ~ 16 ARl J 1 19 1 i AR
FER IR R k7 LU ] 3 ol NN Y I % (B AR
R AR T H 5 A U8 My B 45 (B S Ak BRUS S T i 2
TECHEVE A B g — P O IR R ) I A L S E R
4 1 Al P 38 68 52 5 T R S R ST B R . 5 IR R
B JE S VER IR A W e A g SRV ORLZ fy s HLAE
I W B i O 5 3 94 0 o TR 3 54 L S Ak R E 3 5 O
—BHRRINE LW R EAR TN, RS SR
ST L BAREE A T R BRI L T T A
AN B B A I N 7 B 5 R ) 99 I T e L 32
Ak BB 23 5 W X — e (8 B AR 1 82 R AL A —
WL

2 % STk
(1] AR AT TRT, 26 3. 18 2% o) i T O Ay % LAY A W 0T 5 3 i (7],
135 5P, 2020, 36(6): 208-213.
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