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Abstract: Fatty acids (FAs) and normal corn starch (NCS) complexes prepared by the HCI/KOH method, were analyzed for in vitro
digestibility in terms of the curve for degree of hydrolysis. Additionally, the crystal structure was analyzed using an X-ay diffractometer and a
Fourier-transform infrared (FTIR) spectrometer. T he results identified seven fatty acids that exhibited the strongest complexation capability with
corn starch a the crystallization temperature of 60 C. FT-IR spectroscopy confirmed FA-NCS complexation. Except for linolenic acid, the
optimal comp lexation ratio for the six remaining FAs to NCS was 10:1. The timeto form inclusion complexes with corn starch varied between
the FAs. With increasing chain length and degree of unsaturation, the complexation ability of the FAs with NCS decreased gradually and the
content of slowly digestible starch increased, whereas the hydrolysis rate, relative digestion rate, and glycemic index decreased. After forming
comp lexes with FAs, the crystal structure of NCS changed from Ato V|, while the degree of crystallinity decreased gradually with increasing FA
chain length and degree of unsaturation.
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Fig.1 Standard curve of glucose
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K F: Gy BHE 20min B 697 24542 (mg); Gro-
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Fig.2 Effect of complexation ratio of NCS to FAon CI values of
FA-NCS complexes
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Fig.3 Effect of crystallization tempe rature on the CI value of
FA-NCS complexes
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Fig4 Effect of crystallization time on the C1 value of FA-NCS

complexes

FA-NCS L&) CIHEBESE Shi 8] 1) 14K S5 &
B0 JE R . 2445 SN R A 30 min 1Y,
MA-NCS . PA-NCS. OA-NCS ff CI f# 1. SA-NCS.
LA-NCS. CLA-NCS. LOA-NCS ] CI 14 54 60
min. 120 min. 60 min. 90 min A i & K.

it 2~ A UUER, SHEARITR-NCS £
GIRHLL, AHAEDTR-NCS BEW1) CI ERK.
X U6 ORI A7E PT RE RS FA JEN NCS FIXUIZ e 45

21



M EmBHL

Modern Food Science and Technology

2016, Vol.32, No.2

#, 52m NCS 5 FA RS, MFE ClLEFFK.

Tang ZMWF SR, RGN/ NE VM E AR &
(1) Cl AE = ARG R -/ N 22 ek H &1 &K Cl
1 - Zhou £ i S VRN XU A7 7E LRSI R 5 K

KIEBE S .
2.2 FA-NCS &, &4y B 4878 10 1 i
221 BafRJE FA-NCS &.54h 478 5~ K Bt

7 1 FA-NCS 8444 RDS, SDS. RS W& =
Table 1Contents of RDS,SDS, and RS in FA-NCS complexes

) AT =
Pz
RDS/% SDS/% RS/% RDS/% SDS/% RS/%
NCS 30.59+1.02 8.67+40.05" 60.74+0.74° 65.254102 205540059  14.2040.74°
MA-NCS 20674009 15594007  63.744025% 59.224009°  24.6940077  16.0940.25¢
PANCS  21.08+111° 16.184010°  62.7440.14° 57.924H111° 252140107  16.87+40.14¢
SA-NCS  20.99#4095™  16.054009°  62.9640.25¢ 53.374095%  27.924009  18.714025
OANCS  18.3240.15° 18.354008%  63.33+0.35% 50554015  29.73+0.08  19.7240.35°
LA-NCS 15.5940 57 20.224021°  64.1940.09° 48.6240 57"  32.444021°  18.944009"
CLANCS  11.25+1.059 23584015  65.1740.11° 38.77H05"  40.624015  20.6140.11°
LOA-NCS  12.584069"  22.86+011°  64.564023% 42254069  37.8740.11°  19.8840.233"
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HUITEK A FER, FAIRETHRE, (HHFI FA T
HARE R S TOKMHRE 37 °C, BREBRSEN
5 NCS 738, ASFEm NCS KR MiAVHAT FA
FH T AR bl FEAIS,  AE/KARVRh T3S NCS 4564 —
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AT E5 3. Crowe &g 0, H R
I IBEEZE . Guraya Z:PWF st 1, IR BRI TR
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NFE, XA IR ER-VE A R K AR R R B
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R sMNEEN 125550 MALE T Com TRML AT,
Dr+ pGl BUETHIALAT -

ExtIRAALL, FA-NCS L &WHIKIEEBIL AT S
BT AN . B FABRSER B S ANLRIRE (I3 i
C.~ D Fl pGl ¥IZWIEAL, 5 EChaEwE 7 B
(113 bt R—5. WL RTAE S Con Dy A pGI 4351
ik T NCS %) 20.04~39.77% . 17.79~42.33% .
16.25~36.49%; HifL/EHEM T Con D A pGI 73 55K T
NCS #] 6.04~36.35%. 17.13~37.25%. 6.50~34.01. b
% CLA-NCS A1 LA-NCS B.&¥mr %, PN 17
TEF#(K T NCS 5 C.n D, Fl pGl.

LRI RS, ANHORT FA-NCS &1 GI $17E
55~75 . [al, JETH GI &9 Wb /Emrts 4, Br
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Gl 1t ¥47E 55~75 2, J& T Gl &,
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Fig.5 Hydrolysis rates of FA-NCS complexes kefore and after
pasting

7 2 FA-NCS BRI IEINER TN ZESH
Table 2 Kinetic parameters of in-vitro digestion of FANCS complexes

. HALAT iz
58
k| C. D, pGl K| C. D, pGl
NCS 0.030 0729 100.00 92.40 0.038 0968 100.00 94.40
MA-NCS 0.032 0.685 92.87 88.26 0.041 0774 8221 79.06
PA-NCS 0.028 0.676 89.79 85.59 0.042 0752 76.44  74.09
SA-NCS  0.032 0.647 867 82091 0.032 0715 7333 7141
OANCS 0.032 0566 76.04 73.74 0.034 0707 70.08 68.61
LA-NCS 0.034 0538 7266 70.83 0.037 0673 66.76  65.75
CLANCS 0.031 0464 6275 62.29 0.031 0583 57.67 57.91
LOA-NCS 0.029 0521 69.96 68.50 0.033 0638 63.16 62.65

2.3 FA-NCS & a4y iy X- 5 & ATH 247

F P 6 7T LA H, NCS 5 FA-NCS 117 g A
B %R . 5 NCS MLk, FA-NCS B&¥HIER. fiT
W A TRk, KBRS PIITE L T NCS 45
i 25 14 o

%% 3 %0, NCS7E 15.32 23594 BT

W, 1E 17.1°0 18.2FbAXUE, J&T M) A B
RER). NCS 5FABE)G, 17.12 18. 2% XU as
LU Hs B R RES, 76 1312 2019 I T B
(RIRTHNE, 9V REE R RTIE. Putseys S Ui iE,
B AN dmaita o VL 4545 18 6 18T LA
E tH, FA-NCS .64 B TR AT 22 HIRISCEE AR
Hi Seneviratne™ . Vb RAPIERER HENH FA-NCS
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BEVREERT Vi &, 5 OANCS. LA-NCS.

CLA-NCS. LOA-NCS G&YIAFEITIZ, MA-NCS,

PA-NCS.SA-NCS H&YI7E 222 24FHE TME fiTh 16
W e, AEYITE 222 24T FIAT S nTBE &
BT FA VA R AR T A SR 4 Pt Bl pry e B

Chang™. 3kikPIRR X5 2R S e
WEEY, KIS 21.392 23.97%b A5 14,
HEDZIE TR Rt HHERRR 4T . Tang 5™ M5,

T A LRSI R T BT B2 R AR By BRAE T4 dide X
2 B AT FORE it 2% R AR I 3 IR BE/K B AN A2 LA
BRESH MA, PA. SA X SSARIA MR IS a1
JEFEE. Lesmes ZMHE N, MUKBEAEIRZ, SA
(AT SHIGERES . (H Biais ZEROBTSC G 1, [RIRERG
B /K Pec A H e LK R . R e 4 fhds, HBLXFh

72 S IR KT e MR BRI BREE I RE AN, 7ERE /K
A AR AN 512 1,

ﬁ i LOA-NCS
NCLA-NCS
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20
6 FA-NCS BLE4IHY X-5F LT SHEIE
Fig.6 X-ray diffraction patterns of FA-NCS complexes

# 3 FA-NCS BEMINLERE
Table 3Degree of crystallinity of FA-NCS complexes

A o 20 am A S AR RO et M AEL ARI%

NCS 15.3= 17.1< 182< 235° A 18.05 34.25 65.75

MA-NCS 13.1= 20.1<= 217 24.3< \YJ 11.93 29.18 70.82

PA-NCS 13.1= 201 222< 24.0° Vv 12.72 28.50 71.50

SA-NCS 13.1= 201 217 24.3< \Y/ 13.14 27.32 72.68

OA-NCS 13.1< 20.1° \Y/ 13.93 27.02 72.98

LA-NCS 13.1= 20.1°< \V 12.94 26.44 73.56

CLA-NCS 13.1= 20.1° Vv 11.93 25.56 74.44

LOA-NCS 13.1= 20.1° Vv 12.56 26.61 73.39
FA-NCS 12 40 0780 bR L) R4 o B A T — LOANCS
NCS, JEshHELEIE T NCS. NCS 5 FA 4 Ja i .\/‘ﬁ\/\”\f\ — CLANCS
LT %4 2283-33010% 45 @ B R I 4 oancs
14.80~22.81%, 5 Chang £:PHiH i A iR -NCS . & V/ IR
WIS EIR T NCS 04516 5. B FA T BE K A7/ RN —NANGs

(P3G, FA-NCS &Pt AH L ims A 14 . B
5 FA XU H R8I0, FA-NCS A8 VIRt AR EL A1)
WA P, o CLA-NCS B & MR i AR L AT 11K
B FABREE R RS H 0, FA-NCS f1&4)
(14 45 (P ST A, 5 Siswoyo 2 PR 1845 —5.

256 0T FA-NCS B W) A AN 2 Rk T
A, BLE IR I T S5 2 (R —E 1
1 Z. Shin?f1 Gurary 20N, IR ETE
To e BUIX RN BT PRI 4 A X 1) 536 A (ol i
AT DASERLVER It . Rk, BE FA BREEK
Jo RUEE BN, FA-NCS A&7 45 S 30 %
I, SRS THATER B EEET 0 .

2.4 FA-NCS &, 44y th 21 48 Ko i 4 A

24

40|00 35IU(J 3060 25IOO ZOIU(J IS(I)O IUIOO 560 6
TWH/ em?!
7 FA-NCS BI&YIRILIoN Ak ]
Fig.7 FT-IR spectra of FA-NCS complexes
€ 7 J& NCS K FA-NCS fl&#)7E 400~4000 cm™
P BILLAME B BT IR . 2933.85 om ™ R 14
T L R 4R S04, 3473.67 cm™ FIHUT [ 58 I8 2 v
R PR SR I AR B0, 2 TN (PR TR A0

7 B8 R RRAE 1703 cm™ MHI 254 C=0 %L B iRan ik,
fF 1240~1249 cm™ [ 4> -COOH 3 [ iR ek, T
FA-NCS &9t AR Blizig, £8 FA &5 NCS
TR ALY, BUE FA ISR . R AP
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Fot R, FLFIREN R RIE AR, {3 EER AR AL

W i, Bt IMUE PR STE R KT &Y

3 4 FA-NCS EL& 4RI LIH M ERE AfAR
Table 4 Infrared spectral analysis of FA-NCS complexes

9 S o™ BT 64 4%

e 4> #-OH -CH, H,0 fCH. BOH (A@ME ##%3h)  C-O. C-C
NCS 3473.67 2933.85 1638.20 1384.68 1081.44
MA-NCS 3455.93 2919.99 1635.07 1384.75 1081.36
PA-NCS 3447.% 2916.37 1637.07 1384.69 1081.87
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