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Research on the retrogradation properties of rice starch hydrolyzed
by a-maltotriohydrolase

WU Chun-Sen, ZHANG Yan, KANG Ji-Ping, ZHANG Jian, QIAN J jan-Ya'

(College of Food Science and Engineering, Yangzhou University, Yangzhou 225127, China)

ABSTRACT: Objective To investigate the effects of a-maltotriohydrolase on the retrogradation properties of rice
starch. Methods The rice starch were hydrolyzed with different amount of a-maltotriohydrolase (0, 200, 300, 400,
500, 600 U) to perform retro gradation. The retrogradation properties and re-crystallization properties were analyzed
by differential scanning calorimeter and X-ray diffractometer, and the molecular structure was analyzed by the gel
chromatography system. Results With increasing a-maltotriohydrolase hydrolysis, the retrogradation enthalpy,
relative crystallinity and molecular size of rice starch stored at 4°C for 14 days were significantly decreased, whereas
the proportion of short chains with degree of polymerization (DP) less than 9 were significantly increased. When the
degree of hydrolysis over 25.96%, the retrogradation enthalpy and recrystallization peak were both disappeared under
the experimental conditions. Conclusion The a-maltotriohydrolase can effectively inhibit the retrogradation of rice
starch. When the hydrolysis degree over 25.96%, the retrogradation is completely inhibited, which mainly because
the amylose and longer chains of amylopectin are hydrolyzed to generate a large proportion of chains with DP less
than 9. These results can prove theoretical reference and technical basis for enlarge the use of a-maltotriohydrolase in

the field of enzymatical control of retrogradation of rice starch products.
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FORCEER): A RAE CRE) A FRAF]

FIE =M (AMT 1.2L, Microbacterium imerial)[ B
U R T R R B R () A R A FE] 5 UE R
(Pseudomonas sp.)(%% /K% Megazyme A Al); & 2 bRifEfh
(5rF ik 342~2.35x10° Da)(3EE Merck 2 rl); Fif HAlfk
2Ein (R, i E 25 4R AL A TRA FD
1.2 UE5REF

YWDG-680 ¥ Uk TR HL(F 5 BIHR AR IR BRAS 7]);
759S A WL AR (R HOR A FR 2N H]); DSC3500
ZoR i Y (differential scanning calorimetry, DSC)[ T
SR A & 7 5 (1) A B2 R ); D8 Advance £ X H14k
i (X-ray powder diffraction, XRD)(f%[E Bruker-AXS
3Hl); LC-20AD & ¥t R BOBURH €0 i A3 (H A4S 5 A B
2D, XPE 2307 REDRSEE 0.00001 g, HEER)-FEH] £ E bR
A5 (R PR F; IM-50 BUBEPRJE (1 e 2 AL
HIRATD; H1650 & &0 ML R A LI = AR TT &
HIRAFD); GRAM 30/100/300/1000 2518 (21541 (12
Mainz A 7).

1.3 ZWFFE
1.3.1  KREHagRR

FTOKTER BRI, 2% WANG 26 3HHE f3R B0 12
FEREVEIE A, #4500 ¢ FORIZIET 2500 mL ZEIR/K
B 12 h, FRAKEIEI TG 200 HE, B0, 7k i
Wio B OMETIRES PR 11 ()WY ELBR S 5,
BT 4°CH#E 24 h, T 8000xg B.0> 10 min, F&E FiEH.
JEITTE 5 0.2%09 NaOH W LA 1:5 (m: V)Y LR A 1975,
FELL 200 r/min PFEHEERE 48 h, WIE] 24 h H 4 NaOH %
W, F 8000xg BI.L» 10 min, 725 FiHW A F AT, KT
YER KV E ZREMFLE pH AR, B TR 45°CHE
T, 3 200 Hf .
1.3.2 KR 69 EER7

FOKTER RS IR WU S8k, B8 0.1 mol/L
pH 6.5 MIBERRELZZ vh I 8% (m: V)R KTEN S B,
Tl K7 B HE WAL 30 min, #34 300 r/min. Wik
LERREEIZE 50°C, 43 HIAIA 200, 300, 400, 500, 600 U
(22 2 MBSO 30 min 753 KoK IEM K, T kKT
P 10 min HATKAEG, BHEEERG, $43 8000 r/min
B0 20 min, BG4 LBV R BN T A SR,
ARFES A TR TR, IR 200 B . Tk BIKMRE
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1.3.3  ABaft = 4 60 = A R

TR AR 7 A A D] A R G S S R LT I ik
K DSC #Ef7, WL HHBRUERFRE 5 mg BRSNS, DL
2:3 (mm)MELBIINA BB FKE T E S, FREE 4°CH 4
TP 12 ho B BT RS 2 DSC IR an
T PIsHR A S, N 25°CTHRZE 100°C, TR N
5°C/min, G SEFE B R 2 4°COKAE R IV 14 d, T
25~100°C X [B] A 5°C/min B3 2 R 201 TR e FHE
1.3.4 Tty XS &It 4 547
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1.3.5 o oMot
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1.3.6 sk koAmz
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14 Zitoih

AL /DTSR 3K, SR PASS Statistics 24.0 X5
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b5 I RORTER A RS N 2 9 22 25 — A1 E FH 2
RIFEKRARIE, LARFFTAZ 2 =R KORTERY o145+ K [l
AR . NFE 1 FTRAE H, KOKTEN K i3 b i
NI G R R M2 2 RS I 600 U B, R
KIEH KA AT IR 30.15%, FIITESCIAMET, it
P TIE 2 R R I AT DA KK TR B K AR
2.2 RKIEMESRE YR E A M R R

AN E KT B = WA 4°CIEZK 14 d Y [el AR PR Y
RIS BLILER 1o FKOKTER A A KGR 6.13 /g, Tk i
N 8.06% . 12.17%F1 17.62% A B ™11 1 [nl A 4 (i 5 3
A BIFRAR T 39%. 68%F1 91%, i H YK dksiiiy
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A S T 1] A A SR AR — ).
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Table 1 Degree of hydrolysis and retrogradation properties of rice starch hydrolysates generated by a-maltotriohydrolase

JE 7 I /0 IK AR /% 7,/°C T,/°C T./°C AH/(J/g)
0 0° 39.70+0.14° 49.40+0.28° 61.70+0.00° 6.13+0.25¢
200 8.06+0.14° 39.85+0.07" 47.70+0.14° 61.25+0.07¢ 3.74+0.35°
300 12.17£0.78° 40.65+0.50° 48.20+0.00° 59.40+0.14° 1.98+0.28°
400 17.62+0.14¢ 44.25+0.07¢ 52.10+0.42° 58.60+0.14° 0.57+0.09"
500 25.96+0.28°
600 30.15+0.49"

T TR IR EE s T, V(IR T 2RI EE; AH K5 M [Rl— 3[Rl 75 3R Al 22 i) 2 5

W (P<0.05); -FmARtith, T
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Fig.l X-ray diffraction pattern of a-maltotriohydrolase-treated rice
starch after 14 days storage
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Bl 2 S RORTER B 22 28 — WA I A 22 19 231
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Fig.2 Effects of different doses of a-maltotriohydrolase on
molecular size of rice starch

BEEHR 2 RTIORIEM DT RAF iS5t 28,
ATLAFR Y, ROKTERAF-34 Ry B H AR 2 A0 5 g A Wiy
/N SHROKRTER KA 8.06% 0, ELAETE#YIE(P1)
IKIEA LT Ry Ry 4.75 nm ZEA BB, HoR ROT B R
I, XMW 25 =l Al REIE o YDA 7 U0 T B
Biro SCHETERY P2 VERTRS, 201 RoTREA/D, XATaEREA

N A ZF = WA K S 0SS LM J5 AR T S
VERI M, 43T RSFRRIRD . P3 Bl /K i i) HEA T AS B
FRER, AT REE 9 L I T B 3 o A AU BB R 4 1 ROk 3
Ty H B SCBEE R T A R S 9 /N 70120 SO

R2 EFREBERAKEMNSTFRISH
Table 2 Starch molecular size parameters of
a-maltotriohydrolase-treated rice starch

IKFEFRI%  Pl/nm P2/nm P3/nm S Ry/nm
0 20.42+0.14" 243.31+0.06° 166.88+0.30°
8.06  4.75+0.00° 142.58+2.42° 25.17+0.03* 72.11+0.21¢

12.17 4.52+0.06° 100.41£0.20" 26.85+0.02° 41.210.14°

17.62  4.36+0.01° 39.06+0.88° 33.23+1.23°
2596  4.02+0.02° 26.67+0.27°  22.01+0.47°
30.15  3.88+0.02° 25.23+0.07*  20.73+0.05"

2.5 RAKEMHIEK S

R BB B K/ B, S B A 4 S [ 43 S 4 AT DA
N A BE. B HEBI~BHF C 4%, 45E 52k KokiEk it
FER AR5y M 44 K38 24 (degree of polymerization,
DP)<9. DP 9~24, DP 25~130 1 DP>1301* %1, H:tp DP<9
Firh st DP 9~24 43 5% N S #EVER MU RS A B AN
A+BI1 4%, DP 25~130 WX} hj %5 B2~B4 4 Fl S04 3E 8y P #E C
Bk, T DP>130 XF 5 KK TR 19 B RS BE R 2 sk 3
Fs, Xt RRAH DP<9 fit i le Bl f/)s, XA 14.32%, T DP
9~24, DP 25~130 H1 DP>130 it (5 L5 ) 43511y 45.79%
23.75%H1 16.14%. BEE FORIER /K A3E I, W LA )
DP>130 F1 DP 9~24 fit 5 Ll £ R54L TR, 1ii DP 25~130
H1 DP<9 BT (4 FBiIAE AT Tk, 222 2F = R lE i g A
Y1y A F RS I BE 4> T, 2B T K DP<9
R %, 355 i 0 R P 22 28 — R /K A S D R 1 45 R AR
— 8O GG AT R/ INEHE LA B R A ST s SR e
A 122 2 = R /K i OR B A 2B K o 1 e i 4 SR
R4y SOWIKE vh DP<9 A% 5% 5 b FH&i o [FIRTL 5 GREWAL
S ORI 2 2 a- MY /I IS I3 1 K TR, A R T
AN, A BRI B DP<9 14 % A 25 A — K.

F=3 EF-HREEBAKEMNEKSH

Table 3 Unit chain length distributions of
a-maltotriohydrolase-treated rice starch

Kf#EHE/% DP>130  DP25~130  DP 9~24 DP<9
0 16.14+0.12"  23.75£0.03* 45.79+0.04°  14.32+0.01°
8.06 13.44+0.04° 25.28+0.02° 44.48+0.04° 16.80+0.00°
12.17  10.30+£0.28"  28.55+0.04° 43.93£0.14°  17.22+0.01°
17.62  8.49+0.00° 30.89+0.42% 41.71£0.74° 18.91+0.04
2596  2.82+0.14° 36.25+0.20° 40.61+0.42°  20.32+0.03°
3015 1.21£0.01°  36.41£0.03° 40.05+0.18"  22.33+0.00"
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