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Study on the preparation of isomalto-oligosaccharide
by enzymatic methods of acorn starch
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Abstract ; With the acorn starch as raw material , the process of preparation of isomalto—oligosaccharide by enzymatic methods
were optimized in order to increase the content of isomaltose, panose and isomaltotriose of isomalto— oligosaccharide. Box —
Benhnken response surface analysis method was used to optimize the process conditions of liquefying acorn starch with
thermostable a—amylase. The results showed that the DE value of 13% as the best liquefaction index, the optimal liquefaction
conditions were 31 min of liquefaction time,95 “C of liquefaction temperature 6.6 of liquefying pH value,13 U/g of thermostable
a—amylase, at this point,in combination with the production practice, the value of the liquefied liquid DE was 12.91% , then
through single factor experiments, the process conditions of saccharifying acorn starch liquefying liquor with pullulanase and
glucoamylase were investigated, the saccharification conditions were optimized to be 25 U/g of pullulanase, 130 U/g of
glucoamylase ,60 °C of saccharification temperature and 10 h of saccharification time ,at this optimal condition ,the content of (1G2
+P +1G3) was predicted to 36.11% +0.17% , the optimum concentration of a— glucosidase in transglycosylation process was
1.5 U/g,under the optimal condition,the total content of isomaltose,panose,and isomaltotriose were 36.27% +0.18%.
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Table 1  Factors and levels table of
Box—Benhnken experimental design
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A YAk AT E] (min) 20 30 40
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Fig.1 The relationship between DE of
liquefying liquor and the content of (1G2 + P +1G3)
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Fig2 Effect of liquefying time
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Fig.3 Effect of liquefying temperature
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11k %2 Box—Benhnken i i i 35 5 15 1 M 45

/}/\( Table 2 Box—Benhnken experimental

design arrangement and results

LE A B C D DE {1 (% )
1 -1 1 0 0 10.16
2 1 1 0 0 11.60
3 0 1 1 0 12.27
. . . . 4 -1 0 1 0 10.64
10 15 5 ‘20 , 25 30 5 0 0 0 0 12.89
RARE ) 6 0 0 0 0 13.10
El5  JRPHR XA DE (B350 7 0 0 -1 -1 11.96
Fig.5 Effect of the substrate content 8 -1 0 -1 0 10.70
on DE of liquefying liquor 9 0 -1 0 1 11.61
10 0 0 0 0 13.06
— 11 0 0 1 -1 12.44
12 1 0 0 1 11.39
13 1 0 -1 0 11.36
14 0 1 -1 0 11.89
15 0 0 -1 1 12.63
16 0 1 0 1 12.32
17 0 -1 -1 0 11.11
ok - i - . 18 -1 0 0 -1 1033
BRI (U/2) 19 -1 -1 0 0 10.31
20 1 0 1 0 11.66
6 BEER XA DE {59520 21 0 0 0 0 12.94
Fig.6 Effect of the quantity of 27 0 -1 1 0 11.23
enzyme on DE of liquefying liquor 23 1 0 0 -1 11.93
oy, TG S ER AT 5 IR R SRA TSR B R 22, A S AT 24 0 -1 0 -1 11.59
A, PR YIH R 25% o HLARE 4 & M se e 25 0 1 0 -1 11.48
ZEELINZE 2 B, 26 0 0 0 0 13.20
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VDL, ARG ] (A) BRI EE (B) Ak pH SO ; ; By
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DE (%) = 13.04 + 0.47A + 0.25B + 0.088C + 223 M S A S G [T AR R Ty 25 4Bt
0.15D=1.47A% —=0.92B> —=0.44C?> —=0.33D* + 0.21AB + Table 3 Analysis of variance with regression model
0.09AC—-0.32AD +0.065BC +0.21BD—0.16CD FERE FHM HhE F 1t » {H
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I F =2.98,p =0.1524 >0.05; @ )7 & R® = fB gfg 1 g'fg 2'3? 8'832*
0.9762, i’%%*’%ﬂ*ﬁ%gﬁ s FUBEIE A R (R, AC 0032 1 0.032 0.87 03679
79 0.9524 , o AL RE fiff B 95.24 % SN AH 22 AL, AD 042 1 042 1L12 00049
SRR FE RN BC 0.017 1 0.017 0.45 0.5152

Ll DE {8 13% R fifb B 518, 15 3 & UL i Ak BD 0.17 1 0.17 449 0.0524
SR AR RT TE] 31,1 min EARIR BE 94.75 °C (b CD 0.10 1 0.10 2.74 0.1203
pH6.575 FFZ AN 13.44 U/g, A2 14.05 1 1405 37536  <0.0001 "

B S I SRR P L S5 4 2 7 SR K4 B S49 1 549 14680 <0.0001™
PR I S < AL IR] 31 min LI E 95 C Ak ¢ 131 123 3284 <00001™
PHG.6 BRI ML 13 U/g. fEBLA P TOML 5 YOFAT o 05 o moww
%Eﬁ#ﬁy’ﬁﬁ’mmmﬁ/‘1¥ﬂﬂ DE {£% 12.91% , 5 H 9’;&%&? 0:46 10 0:046 2.98 0.1524
PR 5 o a2z 0062 4 0016

& 7 b AB 1) pi T 1] 2 BH W Tk B TR D VR b TR RE A 2203 28
MI2c B AE F B 5w, 7E Ktk pH 2 6.5 Bl 48 & A R =0.9762 R, =0.9524

16 U/g W, 45 WA il BE — 52, V) it 25 908 A 1sF 1) 1) 34
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Fig.7 Effects of AB and AD interaction
on DE of liquefying liquor
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B IR (Ulg)
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Fig.8 Effect of the quantity of pullulanase
on the content of (1G2 + P +1G3)
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Fig9 Effect of the quantity of glucoamylase
on the content of (IG2 +P +1G3)
2.2.1.2 EEXF(IG2 + P +1G3) & EasEm  hmE
10 AF LT, L 60 CHE(1G2 + P + 1G3) & ik ik
F|i K, H L 60 CJ5 (162 + P +1G3) &4 K FE ] i
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34
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Fig.10  Effect of temperature
on the content of (1G2 + P +1G3)
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AT = UCPAT S S A3 B A 25 T I (IG2 + P +
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Table 5 Elements of isomaltooligosaccharides products

00 G M

p 1G3 (1G2 + P +1G3)

B R (%) 11.13 £0.22 52.6 £0.14

20.01 £0.25

10.22 £0.18 6.04 +0.11 36.27 £0.18

¥ : G.Glucose ( F Z ¥ ) ; M. Maltose ( 5 2f ) ;1G2.Isomaltose ( 737 28 ) ; P.Panose (3 H# ) ; 1G3.Isomaltotriose ( T3 2F —##)

(IG2+P+IG3) & §(%)
.—._‘._‘._n—‘NNNNNmuwmug

AOOOI\)AO\OOON-&O\OOON-&O\OO

g 10 12 14
IS [ (h)
B mfEXT (162 + P+ 1G3) & i (5
Fig.11 Effect of time on the content of (IG2 + P +1G3)
F4  ERTRRIT RS

Table 4 Design and results of orthogonal experiment

(IG2 +P +1G3)

LS A B C D (%)
1 1(15) 1(100) 1(55) 1(8) 28.68
2 1 2(130) 2(60) 2(10) 3321
3 1 3(160) 3(65) 3(12) 29.65
4 2(20) 1 2 3 33.24
5 2 2 3 1 33.99
6 2 3 1 2 34.84
7 3(25) 1 3 2 35.87
8 3 2 1 3 34.25
9 3 3 2 1 34.65
K, 9154 9779 9777  97.32
K, 10207 10145 101.10 103.92
K, 10477 99.14 9951 97.14
k, 3051 3260 3259 3244
k, 3402 33.82 3370 34.64
k, 3492 3305 3317 3238

R 441 1.22 1.11 2.26
B A B, C, D,

PRMELZREY LI 1,6 BiH B, anfE 12
JIr o, BEAE RS I 32 G, 38 i HPLC &G
1G2 P IG3 & ik, WA [A] oo — 7 % Wl e 1 It 45 Jom
AR, BEESINE Y 1.5 U/g 9,162 P 1G3 & &
BB R, Ho5 22 20 & ik o 19 e il Ok, Z e Bl
RSN GE I8 0 32 /), HL S 22 28 =0 T o LU 45 Bk
eI 3 e PR Sy it A e T T AN I R B S8 I, st AT B
22 BOFE RG22 258 B 22 25 — Wi Fe 1 Dl 53 A2 2P b
TWE NS 22 28 =W, (H ) oo— ) %) W3 26 1 I8 RO IR
Wy aT Lok 22 28 Ol ~ Ol Horp S5 22 2R P R S
2 ZF —BHERIE LRI Y, 2 Wi B, 2 IT AR K i
5722 2R R S 22 2 =, LA 1 OB O A B i
jjmﬁrﬂ—ﬁj .

MEFASINE Y 1.5 U/g, Hil 43 i FF i 28 HPLC 3%

156 501772218

5 1..0 1..5 2..0 2..5
o= I BIEG T EAS I (U )
12 o~ HEIERE B AS AT 162 (P IG3 3t 520
Fig.12  Effect of a—transglucosidase dosage
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