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Abstract: Cassava roots were used as the raw material. Single factor tests combined with the Box-Behnken response
surface method were used to optimize the extraction process of cassava crude polysaccharide (CPCR) assisted by ultra-
sonic wave, and the process of enzymatic hydrolysis of cassava tuber roots by four different enzymes was analyzed. The
results showed that the four enzymatic hydrolysis processes were different. The extraction yield of CPCR with enzyme
was significantly higher than that without enzyme. The CPCR yield of the four enzymes was o-medium tempera-
ture>pullulanase>hemicellulase>a-low-temperature amylase, the ultrasonic treatment time of a-low-temperature amy-
lase was the longest (360 min), but the CPCR yield was the lowest (7.02%). The a-medium temperature CPCR yield was
the highest (20.25%), and the best enzymatic extraction process was as follows: ultrasonic power 300 W, ultrasonic
temperature 70 ‘C, enzyme content 5 KU/g, solid-liquid ratio (g/mL) 1 : 2.5, and ultrasonic time 240 min. The ultra-
sonic treatment time of pullulanase was the shortest (60 min), and the CPCR yield was 13.98%. The yield of CPCR un-
der hemicellulase hydrolysis was 7.99%. The optimized conditions were further verified, and the results showed that the
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yield of crude polysaccharide was close to the predicted value. However, the crude polysaccharide content was also

detected under the condition that only enzyme was added without cassava sample, and the extraction rate of medium
temperature a-amylase was still the highest (17.22%) after deducting the influence of enzyme. It can be seen that me-
dium temperature a-amylase enzymatic hydrolysis of cassava tuber roots is an efficient way to extract CPCR. This study

is expected to provide technique basis for its further research and utilization of crude polysaccharide.

Keywords: cassava; crude polysaccharides; response surface analysis; enzymolysis extraction
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Fi4h (T I FEAR AT ); UXFSTPRP-24 4 [ kL M
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Fig. 1 Extraction process flow of CPCR
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R o-TERN . DL CPCR 15% Mi84R, 76
IR 300 W, B IREE 70 CAMFT, #I 1.2.2
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3.5, 45, 6.0KU/g). B (g/mL) (1: 1.5,
1:2,1:3,1:5,1:8), #HENME (30, 60,
120, 240, 360, 480 min ) X} CPCR 15520,
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1.0, 2.0, 3.0KU/g). B (g/mL)(1:2, 1:
3.1:5,1:8,1:10), @R (15, 30, 45,
60, 80, 100, 120 min) X} CPCR 75500,
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Tab. 1 Factors and levels in RSM experiment

it SES IKF Level
Enzyme Factor 1 0 1
R o-3E IR /(KU-g™) 0.6 0.8 1.0
Hri BB/ (g-mL ) 1:2  1:3 1:5
7 B [ /min 180 270 360
TR a-JE T /(KU-g™") 2.0 3.5 5.0
Hi i R I/@mL)  1:15 1:23 1:3.0
7 B[] /min 60 150 240
e g8 22 i TR /(KU-g ™) 2.0 3.0 4.0
BB L /(g-mL ™) 1:2 1:5 1:8
J# 75 I ] /min 60 210 360
e o Y Jnfg R /(KU-g ™) 0.3 1.7 3.0
L RHE L/ (g-mL ™) 1:3 1:5 1:8
A5 I ] /min 45 82 120
2 #ERE5HMH

21 BREAFRRKK

2.1.1 /mBgE3r CPCR £ F 6% 4 FIEFHIA
[ N X CPCR AR (R 52 B, 78 R A8 i Al
RGBT, CPCR 15 REMK. B I &=
3N, CPCR H3R& W&, YNk is s —
FEFEFERT, CPCR 1330 E 3G, #1810
IR BT RAR (& 2)o 33X AT RES PR 7E fin il
BARES, BT DASE o 5P, B e
IR 5E A RNy, i — 2L B I il 2 7T fig 5 30
Bl ) T PR B AR O IR o T AR T
0.9 KU/g i3 38ik B i, i — 0BG il i ok
WS CPCR 5% ([ 2A), WL, #E4#f 0.6~
1.0 KU/g YERPLACTER; rhild o-TE A0 BN it i 35
3| 4.5 KU/g B}, MHZHESRRERE, M 23.11%
(& 2B), HAALTERE A 2.0~5.0 KU/g, & 2
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A: G o-TEMEE; B: TR o-VEMEE; C: HE2ME; D: RA4EERM; AF/PEFEFRRERDE (P<0.05),
A: a-low-temperature amylase; B: a-medium temperature; C: Pullulanase; D: Hemicellulase;
Different lowercase letters indicate significant difference (P<0.05).

B2 jmEgExt CPCR BRMZM
Fig. 2 Effect of enzyme dosage on CPCR yield
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HETHE, E AR AR o- A A 76 PR R T
Bl , FIrABEE 875 i (R ZE K, CPCR 3% K0,
b TR o B B ] R B 60~240 min 1F AL TG 5
6 22 il A P I () o K R 2 0 R A R A 4C
fis, BEF FEHCRIAE K, CPCR 4R in,
{HiEE T 360 min J5 A 8 E 2 mHH 2 MR, IR
B E] B B 60~360 min /E NIGALIE R KeF4ER
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D: LA ; RFNETHFRAERBE (P<0.05).
A: o-low-temperature amylase; B: a-medium temperature; C: Pullulanase; D: Hemicellulase;
Different lowercase letters indicate significant difference (£<0.05).

B3 #HKL3 CPCR BRI M
Fig. 3 Effect of soild-liquid ratio on CPCR yield
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3 D: RLFYEREE; ARG FRERREREE (P<0.05),

A: o-low-temperature amylase; B: a-medium temperature; C: Pullulanase; D: Hemicellulase;
Different lowercase letters indicate significant difference (P<0.05).

4 #BEREYN CPCR BXRMSIH
Fig. 4 Effect of ultrasonic time on CPCR yield
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FERB WG, HAE 100 min BHEFE A (K 4D ),
VA IE 24 4E R 75 R[] o] DA s A R 2 A R

AT RESE R BEM IR AN I RE A A s (RS
B[] 100 min J5 AR EHH Z WIS R TF 46 T RE, T
RET I [ER P EIR T ML A T e, 34

222 Wi o-%AEE i Design-Expert 12 4K
PEXT2R 4 Th BRI T AR , 1R 2 2 S
R (R) N (4) . BHEEL (B) . AR B[R] (O)
B2 ICE A5 FE: R=16.4300+2.84004+1.9300B+

2 ImMmEEREIZRITESE
%FF%D%O] , PR P B AT R 45~120 min AEM 2 Tab. 2 Desin and?guﬁsff:‘zsﬁpi:l Isﬁurl}fe experiment
feiti e .
2.2 MmN mEfit ErRe) Enzyme  Raw material -~ . CPCR %“%
. . No. dosage to water ratio . .~ CPCR yield/%
2.2.1 &3 o-2E#rBE N H Design-Expert 12 #ff (KU-g")  NgmL ' me/min
XF2 2 h B BAEE A T A AT, HE THZEE 1 0.8 1:2 180 4.040.64
3 (R WYL (4) . RHAEEE (B) . RBFTATT] (O 2o 2 360 s8I0
[ 2 56 [ U9 )5 B2 R=3.7600+1.27004-1.30008+ ; o o L
0.1613C-0.37254B+0.01504C-0.4975BC-0.35904, 5 1.0 1:3 360 5.0840.22
*03365B2+03410C20 ”ﬁﬁjﬁiﬁgﬁﬁﬁ‘ E/‘Jﬁ*ﬁ%% 6 0.8 1:3 270 5.44+0.47
W 3, HE P=0.0413<0.05, R*=83.62%, il 7 0.6 1:3 360 2.27+0.29
PR B 5, R0 P=0.9053>0.05, Ui B 211 8 08 1:5 180 2.71%0.13
S B AR, FI AR5, KR F ° o b 20 27eR03
AT R0 3 S %Xt CPCR A AMEF Y e ames
o o X 11 0.8 1:5 360 2.49+0.32
B BRI ) >4 (IR ) >C GRS ). o O s s sissose
AR R E R 7 A 4528, 12 ] Design-Expert 13 0.6 1:5 270 0.84+0.11
12 B Optimization DIfE, DI M & i 14 1.0 1:5 270 2.3940.23
KJ ot R mIABA AT B R SE: 15 0.8 1:3 270 2.25+0.22
gy 1 KU/g, BHEE (g/mL) b 1:2, #E 16 0.6 1:2 270 2.99+0.16
BFEI2A 360 min, AHZ RN 7.02%. 17 0.8 1:3 270 3.59+0.28
% 3 Box-Behnken #iEH &R
Tab. 3 Box-Behnken data analysis results
e H R ¥y S5 A PfE FA M
Item dt Mean square Sun of squares P value F value Significance
el 9 3.3000 29.7200 0.0413 3.9700 *
Y 1 12.8800 12.8800 0.0056 15.4900 *ox
B 1 13.6200 13.6200 0.0049 16.3800 *ox
c 1 0.2080 0.2080 0.6323 0.2501
AB 1 0.5550 0.5550 0.4409 0.6674
AC 1 0.0009 0.0009 0.9747 0.0011
BC 1 0.9900 0.9900 0.3113 1.1900
A, 1 0.5427 0.5427 0.4458 0.6526
B, 1 0.4768 0.4768 0.4737 0.5733
G 1 0.4896 0.4896 0.4860 0.5888
% 2% 7 0.8316 5.8200
KA 3 0.2299 0.6896 0.9053 0.1792
gl 2z 4 1.2800 5.1300
p=ymYE} 16 35.54
R*=83.62% Rai"=62.56%

W *FRREREE (P<0.05); **FREFWEFE (P<0.01) .

Note: * indicates significant difference (P<0.05); ** indicates extremely significant difference (P<0.01).
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Tab. 4 Design and results of response surface experiment

BHE L

1.5300C-0.51634B-0.86234C—0.0935BC—0.48834,
—1.9400B,+0.5730C, . Wil Jo7 [ 32 56 B b 7 43 A 45 SR
L3 5, P=0.0014<0.01, R’=94.34%, 15iHH A7)

gg DL material o B M cpeg e . N .
No,  Enzyme dos- SRS Ultrasonie peptody, o BB, S P=0.5926>0.05, UL [ S UL
e ) gmrty  tmelmin AL, FIGZIAT RS, F e
1 3.5 1:23 150 15.64+0.26 FI U B A8 ] R B AR RS2, AT 3 DRI
2 3.5 1:15 60 11.76+0.32 S0 CPCR $£BCRAREE A A4 (IR ) >B (B
3 5.0 1:15 150 15.75+0.23 W) >C (M E ),
4 2.0 1:23 60 10.82+0.51 HRAE A AR 73 Afr 455, iz ] Design-Expert
5 3.5 1:15 240 13.96+0.92 12 B4R ) Optimization ZHAE, DAL B & &
6 5.0 1:23 240 20.49+1.02 KMEA, KRR AT B RS 5: n
7 5.0 1:3.0 150 18.04+0.73 Mgty 5 KU/g, BHEL R 1: 2.5, BAEE R
8 5.0 1:23 60 18.09+0.26 240 min, HZHEFFRN 20.25%.
9 3.5 1:3.0 60 16.34£1.32 223 & =8 )i/l Design-Expert 12 #{FXt
10 35 1123 150 16.7540.62 6 MBI T BT, 193] T 2R
0 e iis 50 somons (R FIBNEER: (4) ORHRLE (B) . AR (O)
12 20 23 240 16.66£0.69 () Z JC [ I3 )5 B . R=8.4900+3.21004+0.00725~
. 35 23 150 15145115 O.4989C70.1425AB70.3443AC+0.‘6839BC+0.3117A
14 2.0 1:3.0 150 13.27+0.73 2-0.01208,40.3152C;. WL TBA S8 R4 1993
FILZ 7, P<0.01, R*=98.04%, ihiMA AR, B
15 35 1:3.0 240 18.170.49 S LI P=0.0564>0.05 , P4 % 81 J B AT
16 3.5 1:23 150 18.13+0.81 H1 F AT 3 A 22 BS 0 CPCR 5502 [ T
v L2 DY OB 4 O ) >C GEAITD) >B OB ),
% 5 Box-Behnken HiEH &R
Tab. 5 Box-Behnken data analysis results
T H A Yo7 x| PH F {8 B
Item dt Mean square Sun of squares P value F value Significance
9 9 15.0300 135.2600 0.0014 12.9600 ok
4 1 64.4100 64.4100 0.0001 55.5400 ok
B 1 29.7600 29.7600 0.0015 25.6700 ok
c 1 18.8200 18.8200 0.005 16.2300 ok
AB 1 1.0700 1.0700 0.3696 0.9193
AC 1 2.9700 2.9700 0.1533 2.5600
BC 1 0.0350 0.0350 0.8671 0.0302
A, 1 1.0000 1.0000 0.3832 0.8655
B, 1 15.9000 15.9000 0.0076 13.7100 ok
C, 1 1.3800 1.3800 0.3111 1.1900
k2% 7 1.1600 8.1200
SR AU 3 0.9442 2.8300 0.5926 0.7146
gl 4 1.3200 5.2900
Sy rlE| 16 143.3800
R*=94.34% R,"=87.06%

TE: RN ZERWIE (P<0.01)
Note: ** indicates extremely significant difference (£<0.01).
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Tab. 6 Design and results of response surface experiment
P il Raw*jjﬁetr%al to I I‘E,TJ CPCR 5% ETRS IRl Ra\;:fjrjﬁtt:rial I I\E.T] CPCR 14
No. f;;}(,gg ngj; water ratlio Ltjilrt;Z?r?lIilrllc CPCR yield/% No. aE;leZ/}(]gE dgo% to water relitio liilﬁz/sr%?rllc yCieI;dC/I;)
/(g'mL™) /(g'mL™)
1 3.0 1:5 210 8.54+0.20 10 4.0 1:5 60 13.68+0.22
2 2.0 1:5 60 6.05+0.23 11 3.0 1:5 210 8.08+0.11
3 3.0 1:5 210 8.55+0.16 12 3.0 1:2 360 8.09+0.13
4 3.0 1:5 210 8.44+0.28 13 4.0 1:2 210 11.65+0.08
5 4.0 1:5 360 11.49+0.21 14 3.0 1:8 360 9.00+0.03
6 2.0 1:2 210 5.44+0.23 15 3.0 1:8 60 8.13+0.15
7 3.0 1:2 60 9.96+0.07 16 3.0 1:5 210 8.86+0.02
8 2.0 1:5 360 5.25+0.31 17 2.0 1:8 210 6.21+0.05
9 4.0 1:8 210 11.85+£0.19
R 7 Box-Behnken #{EHTER
Tab. 7 Box-Behnken data analysis results
it H H ¥J5 V- J5 PfH FfH B E
Ttem dt Mean square Sun of squares P value F value Significance
A 9 9.7700 87.9700 <0.0010 38.9100 **
A 1 82.6800 82.6800 <0.0010 329.1200 ok
B 1 0.0004 0.0004 0.9685 0.0017
C 1 1.9900 1.9900 0.0260 7.9300 *
AB 1 0.0812 0.0812 0.5874 0.3233
AC 1 0.4740 0.4740 0.2119 1.8900
BC 1 1.8700 1.8700 0.0295 7.4300 *
A 1 0.4091 0.4091 0.2426 1.6300
B, 1 0.0006 0.0006 0.9621 0.0024
C, 1 0.4184 0.4184 0.2379 1.6700
L2 7 0.2512 1.7600
AT 3 0.4813 1.4400 0.0564 6.1200
4R s 4 0.0787 0.3148
psyEE 16 89.7300
R’=98.04% Rai?=95.52%
T *FR2EF B FE (P<0.05); **FIREFHEE (P<0.01) .

Note: * indicates significant difference (P<0.05); ** indicates extremely significant difference (P<0.01).

H A AR BT 255, iz ] Design-Expert
12 4k H i) Optimization ZfiE, LUH 285 & &
KA, K EIHB R AT B RIS 8: n
fif i 4 KU/g, BRI 122 g/mL, #7R6fE
60 min, FZHEFFEN 13.98%.,
224 ¥4 F&B D] Design-Expert 12 3KfF
XPER 8 WA HE HE T BN A, AR B 2R
K (R) W (4) . BREEL (B) . AR A (C)
fZIC A7 2 . R=3.59000+0.720004—0.20250B+

0.86250C+0.130004B+0.345004C+1.82000BC-1.1

10004,+1.530008,40.06957 Cs ., Wi 7 [ 356 2548 1
IR 9, P=0.0060<0.01, R*=91.14%, i
H AR b3, 2R 4BLI0T P=0.4365>0.05, Ui i%
BV IR T O RS IR NS =AU TR ¢
R R ¢ CEFAEIH ) >4 (InEfs ) >B
W ).

H A AR BT 252, 15 Design-Expert
12 1 fF 9 Optimization TIRE, PIMHZHE & EHEK



552 4 RIFEHRAE AR EHE T 200 AR S PR 275 3 10 S ) 415
*8 MEEFRWZITELER
Tab. 8 Design and results of response surface experiment
= Bl § N = y S8/ . N
ETRS gﬂfgri Raw*rjrn{ftletr%al to lﬁ;fﬂi CPCR 15}% ETRE) Enff/i@ei;os- Rajvjrr{f;tt:rigl ﬁzszi?c CPCR ﬁ"i
No. dosage water ra- . .~ CPCRyield/% No. _1, to water ratio . . CPCR yield/%
(KU-g ") tio/(g-mL ™) time/min age/(KU-g™) /(g-mL ™) time/min
1 0.3 1:8 82 3.36+0.25 10 1.7 1:5 82 3.07+0.11
2 1.7 1:3 45 6.22+0.12 11 0.3 1:5 45 0.93+0.03
3 1.7 1:8 45 2.27+0.23 12 1.7 1:8 120 7.79+£0.17
4 1.7 1:5 82 3.26+0.15 13 3.0 1:5 120 4.85+0.18
5 3.0 1:8 82 4.15+0.15 14 1.7 1:3 120 4.46+0.12
6 3.0 1:3 82 4.39+£0.28 15 1.7 1:5 82 4.84+0.28
7 0.3 1:3 82 4.12+0.35 16 1.7 1:5 82 3.37+0.17
8 3.0 1:5 45 2.59+0.25 17 0.3 1:5 120 1.81+0.06
9 1.7 1:5 82 3.39+0.24
& 9 Box-Behnken #ENTER
Tab. 9 Box-Behnken data analysis results
TiH H ¥J5 K5 P{H F1H B
Item dt Mean square Sun of squares P value F value Significance
el 9 4.2900 4.2900 0.0060 8.0000 *ok
A 1 4.1500 4.1500 0.0272 7.7400 *
B 1 0.3280 0.3280 0.4597 0.6120
C 1 5.9500 5.9500 0.0126 11.1000 *
AB 1 0.0676 0.0676 0.7330 0.1261
AC 1 0.4761 0.4761 0.3774 0.8881
BC 1 13.2500 13.2500 0.0016 24.7200 *ok
A 1 5.1900 5.1900 0.0170 9.6900 *
B, 1 9.8500 9.8500 0.0036 18.3700 *k
C 1 0.0203 0.0203 0.8511 0.0379
B2 7 0.5361 3.7500
R AU 3 0.5741 1.7200 0.4367 1.1300
AR 4 0.5075 2.0300
sy EpE) 16 42.3400
R*=91.14% Roi™=79.74%

W *FRREREE (P<0.05); **FREFWEFE (P<0.01) .

Note: * indicates significant difference (P<0.05); ** indicates extremely significant difference (P<0.01).

F Ak, SRR RS R R S5
WM 24KU/g, BHEER 108, AN
120 min, HIZHERRR 7.99%,
2.3 BSEWIE

FRAE 2 o [l H 5 R ALY F0 T 4 Fh ks
B P R BOR B 2R S 4 5 Ik
FATilE , CPCR M523 10 Fis . 45 R R,
4 FhEGXTAR B R Z MR/ Pl o-TE R
> e 2t il > PLFYER G > IR o-JEREE, ik

o-TE M TG K 230 I CPCR 188 . #F—4
GYMTRER, BTN 2 T i CPCR 75 1
E R T ARINEGEAAFARR, SOE TR BB
it it BEA 0 25 32 25 CPCR MR IUSCR , ok, 7F
ASUII ATt T AS I A S AR AR (1 3t v A I 3 1 22
BER Y, TOREAS BN £ A KL 2 A RN R
W 22 (5.23% ) SRR a-TEMTEE (2.97% ) >H
I o-TERI G (2.58% ) >PLFAERE (0.04% ), X
AR T A A B R 0, s TERE Y
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Tab. 10  Actual detection of CPCR extracted by different enzymatic hydrolysis processes
e Tt i B 2% _— " 2 15 % Yield of crude polysaccharide/%
=2 . . S~
No. Enzyma‘tlc hydr(iqusls extrac- Sample Enzyme AW AR AR R
tion conditions Glucose Glucuronic acid Protein
# Eip d e

1 (TR o G AR + 7.03+0.40 0.98+0.04 0
2 A 1.49+0.18¢ 0.39:0.04' 0
3* T + 2.97+0.25" 0.41+0.04" 0
4 HhE o-TE R REH + 19.800.33" 3.09+0.22° 0.1240.04°
5* TG + 2.58+0.08" 0.46+0.03" 0
6" 48 22 g AR + 14.23+0.57° 3.91+0.23° 0.25+0.06
7 AnEdy 0.30+0.03" 0.07+0.01" 0
8" I + 5.23+0.17° 5.39+0.17° 0.06+0.01°
9" LY T KEHR + 7.94+0.40° 1.17+0.08¢ 0.09+0.02%
10" A EA 1.69+0.08¢ 0.27+0.038 0.08+0.01%
11* G + 0.04+0.00" 0.02+0.00" 0

e FPIANE/NG FRERR 25 B3 (P<0.05); +Fmiin, —FmLBM,

Note: Different lowercase letters in the same column indicate significant difference (P<0.05); + indicates added, — indicates not added.

7 i R b A 3 A I DAL I A R Y RE A 2 Y
WA TR BRI R, AR A Hn A
THOLT, HE = E 2SR m, 5% 5.23%,
MP2F e R 1) 205 R A8, U8 0.04%. 7E
HBREEA G =L 2 s, RATR R o-
TER T AR Z h CPCR (1 $ B RATH R N de 5
(17.22% ). (HMAFEENZ, T o-TEk 8
FEFE IR A 70 C, 3% 5 A Ve B 1 B Ak 63 A
B I, AIEERREL T, T REA G
CLEERE , REOCEABILPOREM 0, L,
HL o-VE R A IR T N INEGIC 1 3845 AR 20k
LW RARDE, BT AY ] AR A ER S 3
AR XA E R 2R, JIf HSPRSs

ST AR B HET o 20 m 7 T VA A Ak B A R U
B W AR ECR SRR A S BRI E . A
CPCR WY FEHURAL T A 8 H AR 7k .

3 itig

ARERM R EEREEY, YR &%
WYREFAE R, JeA% 5t A Y 3 Z2 0 B IO 25 1 AR
R, 4R A POKR SRR R, 8
R EUETE (65 CLIE ) S5lEIEH R,
TR A E R 2 BRI . TR a-TERY
Tit T Tk Tt EBG 75 it A A 3 111 25 1) 22 A5 R O HRK
AR 3.5 544, A, R ULAE R TR 1Y
B2 0N o-TEM G . BEALREG . 2B R T

IR A AR O R APSERN],

T o-VE Ry W HE B 2R A R A, X AT REH R o-
TEMEERVE FHIRE Jy 70 °C, S R iR S T
B, FECEERMEREE & T 70 C, (AEdEE T
T o-TER I B E IR VS RN, TR
AREJER CIAL, 4k B T A 25 A) 25 44 T AA R,
WO T, e TR RS R0
MIREU T A&, 8 4l B S B 2 — b
R BB IO R TR B 28 Ay HLA
S ) el S ANBT Yy, BENE SR E AN EE , AT
PEME IR s T, i, PR,
o TR /N, WEEREP A s
W 300 W 3 75 I 4l B Tt e B il 25 $2 =5 CPCR 5%,
AR R W B S A E AR TR, Frfs =i 2
5o VPR MR, AN 0B 2514 T s 200
ZHEE B LR . TR SNBSS )
A 2 O WL R R A B R A A 4 A
PRI RE 2 WE AT BB A A P AR R I A
ARG ST T CPCR MR T &, NIG4tk
CPCR ({5 B alifb Fe i 41430 93 B e S A, 45 Bl
Filbt— B M S5 AW Z R &
1T, AN [ 8 7 B [ea] R0t 2 4 AT v R0 KA D
CPCR =5 B R VR T € M7 i J2 21 4 ol 4l e e S5 R} 27

[ AN AE , R4 R AT TS I E
Sk

(11 BSE, SFRK, mihug, fERsms. IR B e fLm 2
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