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Study on the Preparation of V-type Porous Starch with High Oil Absorption Capacity

MENG Yue, CHANG Qing, LIANG Xiao-li, LI Jia-xin, JIN Zheng-yu, ZHOU Xing[><
(School of Food Science and Technology, Jiangnan University, Wuxi, Jiangsu 214122, China)

Abstract: In this research, V-type porous starch (VPS) with high oil absorption capacity was obtained by
enzymatic hydrolysis of V-type granular starch (VGS) in ethanol aqueous solution. Firstly, the reaction
condition of V-type granular starch (VGS) was optimized with oil absorption capacity and V-type crystal
crystallinity as indexes. In 50% ethanol, aqueous solution the oil absorption capacity of VGS obtained by
reaction 100 °C was the highest (176.23%). Then, the influence of enzymatic hydrolysis time, temperature
and speed on the degree of hydrolysis, yield and oil absorption capacity of VPS were investigated. The
optimal preparation conditions of VPS were obtained through single factor and orthogonal experiments:

enzymatic hydrolysis time 4 h, temperature 25 °C, and enzymatic hydrolysis speed 300 r/min. The oil
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absorption capacity of the optimal VPS was the highest (550.28%). Finally, the difference in the crystalline

structure, granular morphology, specific surface area and bulk density were compared among normal maize

starch (NMS), traditional A-type porous starch, VGS and VPS. VPS exhibited a unique sponge shaped

irregular dense honeycomb structure, the highest specific surface area (39.94 m?%g) and the lowest bulk

density (0.19 g/cm’), which were the reasons for its higher oil absorption capacity.

Key words: V-type granular starch; aqueous-ethanol heat treatment; ethanol-phase enzymatic hydrolysis;

V-type porous starch; oil absorption capacity
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Table 1 Factors and levels of orthogonal test at 50% ethanol

KT %A % B A% C -
Efnt i/ EERRE/C it A 5% 3%/ (r/min)
1 3 20 200
2 4 25 300
3 5 30 400

232 155 A BIZALUER (APS) HIHil#

MR S SCBU T Oy i % AR i APS FE N
Xt H5 20.00 g FEHSS 200 mL, pH N 5.0 AYHE
MR A IR G PO 250 mL AU BERR
H, IRAYISIEMA 2 mL BB IR (JER
fitf : WELEE=1: 4), KNRER 45 °C, FElh
500 r/min, SR EFER 6 h, [AERFAIA 1 mL
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HeJE N 4 mol/L 1Y NaOH K Z EJ i, 15 min J5
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Fig.1 Effect of reaction temperature on the oil absorption 280
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Fig.2 Effect of enzymatic hydrolysis time on the hydrolysis
degree of VGS and yield of VPS
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Fig.3 Effect of enzymatic hydrolysis time of VGS on the oil
adsorption capacity of VPS
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Fig.4 Effect of hydrolysis temperature on the hydrolysis
degree of VGS capacity and yield of VPS
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Fig.6 Effect of reaction speed on the hydrolysis degree of VGS
and yield of VPS

AN ) il i 2 8 S 17 45 31 VPS B Wl R LI 7,
Bl e T 3G, T v R 2 e R R I N R
£ 300 r/min W IA 5 KM, X 51054 3T g AE
SIRW TR AR, AR ORI B R K K
i b, R R IE, $HE 300 r/min BFRUR
Fef, B ARR T 68.55%, 3% K 30.11%, T
MEH 547.93%,
3.2.4 IELEE AR NS

HRAE ALK 2R SE g i 25 3, AT = R =KF
MIEAS S0, SCIREE R Hr LR 2. DIGhRR

J2 N6 7 /(t/min)

B 7 VGS EfREIE VPS Rl =i m
Fig.7 Effect of reaction speed of VGS on the oil adsorption
capacity of VPS

HELAER, B AT A5 R 2R AR Y 32
KOCFR N« Tl i I (1) > il e e R >R TRLRE , 25
e 22 3 AT AT AR S5 14 4,B,C5, B VPS 1AL
4 0F . WEFRITE] 4 b, JEA#TEE 400 r/min,
Ftf i 25 °C, MEEHF RN VPS MR Ff i,
H550.28%. ELEUESLEY, RUNZAM T HAT
1) VPS Wil 83k B f i o

F2 EXTWERIWE
Table 2 Results of orthogonal test

o~ FH AR W7 Fig e
it Ial/h BRI /°C MR EE B/ (r/min) TR/ %
1 3 20 200 392.33"
2 3 25 300 375.02°
3 3 30 400 500.92¢
4 4 20 300 545.89°
5 4 25 400 550.28"
6 4 30 200 475.81°
7 5 20 400 453.77"
8 5 25 200 526.19°
9 5 30 300 433.62¢
Kl 126827 1 402.00 1394.19
K2 1603.10 1 447.49 1364.53
K3 1413.58 1410.20 1500.97
k1 422.76 467.33 464.73
k2 534.37 482.50 454.84
k3 471.19 470.07 500.32
R 111.61 15.17 35.59
e Frp ] — ) bR A A [ B 0 B ) I 3 25
( P<0.05 ),

Note: Values with the same letters in the same column are not
significantly different (P < 0.05)

3.3 VPS SRMIERRERRE
R G E T A B VPSR PR A Y
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T EEEVERY o-1, 4 BEEFEEA X
3.3.2 Pk g5 R ARk

NMS. APS LUK VGS Fl VPS 1) Fik: 4 W44
FE 9 i, NMS 22 MIE, REA ML
8o &8 J7 e—— KA P % NMS 132119 APS,
FLIR K HARXT LR B o NMS 28 B 7K B Ah 2
il #5753 20 VGS AT P-FR 4 TEH 1 BURE S, (HR
A /NS, X 50%0) CBE B AR AT LI
il N AR5 VE R ORI K, (AT — 04 ELRETE

2\

9 MFHiEH (NMS, APS. VGS #1 VPS ) HIRI M &544

AHXT 4 R
\ |
- VPS VEIGES . 13.99%
b
g VGS VREIZES, . 8.91%

ARIZE S 20.10%

1 000 ARIZERL . 18.72%

0 5 10 15 20 25 30 35 40

8 [MUFIEH (NMS, APS. VGS 1 VPS) § X S £ 175
EREMNEBEAOENERE
Fig.8 XRD pattern and relative crystallinity of four
different starches (NMS, APS, VGS and VPS)

W TE F R A0 T i P, VGS iR 15359 VPS
WARFE T — @ WBRDE A, HAR 2 4R AR
TN f 25 S e SR 2548 . VPS X Al AR 1) e B3tk
Gl b 55 LR B e DDA G
3.3.3  VPS W fE 1 i 53 A

NMS. APS UK VGS F1 VPS ff L R miFL
SRR, PR . HEBUR BRI R L3R 3,
AL R BURALBE ) APS A EL, VPS Y H 3 T AL
KT 27 £, BILAFBIERT 4 55 £5, 6L
IR T 2 9 A%, (i HATORE B 1A (0 W B BB T b
BK o HER AT DLRRVEM I sl i, X —
PS5 MARZY . INTAH XK, SRR —
HEHEARSH BB B TEm B A E LY

Fig.9 The microstructure of four different starches (NMS, APS, VGS and VPS)
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W, MFEBUR T S 2R ZALIER

HET A AW B TE 2 BT, VPS B HERR % B 1 3
filXT NMS Fl APS, iXJ& T VPS [ 2 B A
W, PRI, WOk ANEE R AN, R
Wl R W = . NMS, APS. VGS 1 VPS Y&

®3 HAMEMBILLRER.

BELER.

A FRE O B A TR LI 10, MAEIHRRTAT, AR
Fff i VPS> VGS > APS > NMS, #f— 5 4F T
VGS TE Z BEAK U W 1Y) Bl e 08 2 o 3 e T AR
4 NMS TE/K AR IR B0% . VGS X il Y B
R ER .

FiFLE. HERR T E IR 2R

Table 3 Specific surface area, total pore volume, average pore diameter, bulk density and oil
absorption capacity of four different starches

HRRA/ (mYg)  BALAF/(x10em’/g) 4 fL4% /mm HEFLE B /(g/cm’) W 3 /%
NMS / / / 0.53+0.04° 121.90+2.90¢
APS 1.43+0.04° 432° 3.41° 1.20+0.10° 176.24+2.48°
VGS 3.78+0.24° 5.87° 11.49° 0.75+0.02° 218.32+12.40°
VPS 39.94+0.26° 23985 27.61° 0.19+0.07¢ 550.28+13.30°

T [ — 2 P AR AT AR ] 5 B B B R BT 3% 22 5% (P<0.05 ).

Note: Values with the same letters in the same column are not significantly different (P < 0.05).
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