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ABSTRACT ; AIM To optimize the cellulase-assisted extraction process for polysaccharides from Nelumbinis Rhi-
zomatis Nodus and to study their kinetics and thermodynamics. METHODS  With enzyme consumption, medium
pH, enzymolysis temperature and enzymolysis time as influencing factors, polysaccharides yield as an evaluation in-
dex, the extraction process was optimized by Box-Behnken response surface method on the basis of single factor
test. The kinetics and thermodynamics were analyzed during the extraction. RESULTS The optimal conditions
were determined to be 0. 9% for enzyme consumption, 5. 0 for medium pH, 47 °C for enzymolysis temperature,, and
2.5 h for enzymolysis time, the polysaccharides yield was 5. 86% . After the addition of cellulase, the polysaccha-
rides yield, extraction rate constant (k) and surface diffusion coefficient ( Ds) were elevated. The spontaneous ex-
traction process accorded with first-order kinetic model, along with increased endothermic entropy and decreased
exothermic entropy. CONCLUSION

tion for polysaccharides from Nelumbinis Rhizomatis Nodus.

This stable and reliable method can be used for the cellulase-assisted extrac-

KEY WORDS: Nelumbinis Rhizomatis Nodus; polysaccharides; cellulase-assisted extraction; kinetics; thermody-

namics; Box-Behnken response surface method
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IXERT) ; HH-6 BUR AR KA (7 M E4E
AR E) , WA RS (4 >98%, it
110833-201805) 1t F v [ £ it 24 b K 22 B 92 B 5
LA E (B TE =20 000 U/g) W9 A AN T4 4
YIRHEARAT , 3, 5- 43K . Jok 2w,
BRFRAN , WRORIR . Rl . PUIRIMAR | B S5
Brkyorral, WA K RS fkes i A
2 HEE4ER
2.1 $@A&HEMNE RARB-HERE" e
SHESA R, K D-JCK R TR R SR
FREL 50 mg, /NREMRE R, B TARBRTMTERE
100 mL, fEAHEEE AW, WIRFRER 10, 20,
30, 40, 50, 60, 70 pg/mL, LAZEME K N X} HE
A EE 1 mL & T 10 mL E%lﬁ%qj, JImA 5% 2
MR 0.5 mL, Foor-4R¥E S5 F% N 5.5 mL WA
%, IRE¥E, R TEE 30 min, T 490 nm J%
KA R, DA A bR (A), W
Bt B AR bR (X)) SEATRIE, SRR A=
0.079 2X - 0.005 5 (r=0.999 5), 7£ 1.43 ~
10 pg/mLyE Bl N ZRTEC R R AT

K F DNS S 032 i R S A R,
0.5 mg/mL # & MEHEW 0.1, 0.2, 0.4,

0.6, 0.8, 1.0 mL Tk, Z&IMK4E 1.0 mL,
A 2.0 mL 3, 5-"fif%E/k#%fR (DNS) @],
WKW S min, ¥WH, ZWAKAZE 10 mL J5F
540 nmi K A0 WA O RE, DL O BE Sy 9 A A
(A), WP E AR (X)) #ETRIE, 15
JREHA=0.017 2X-0. 1862 (r=0.999 3), 7E5~
50 pwg/mL i FBINZMOC R BRI,

P AR A B SRR A R 2EE, |
OEZ i
2.2 SZHBAEMNT KEWRBOEER 40 HAYHTY
WA S5.0g, BT =SENCEMR T, MAL4EZ
BEUWE B, IA—E pH {EBE R Eh 2% vh i (6}
W LR BN S e (L, e S N B 15 i R] LR e
PRIFIEE, RIS, BRI 5T 2 hekirh
KV KT 10 min, U8, EHE 250 mL, 1EH
BT, TR 2R, AL 2R =
(ZHES AR/ M BTa) x100%
2.3 RRFRE ALEFEE TINEEE (0.2% |
0.4% . 0.6% . 0.8% . 1.0% . 1.2%). ¥ W It
(1:8,1:12,1:16, 1:20, 1:24_1:28),
ABpH (2, 3, 4,5, 6, 7), BftiRIE (20,
30, 40, 50, 60, 70 °C) . FEfEmE (1.0, 1.5,
2.0, 2.5, 3.0, 3.5h) XfZHIFRAGEMN, KH
L AVE BRI T, oM 4 A0 5 1 S i ik
0.8% . RHLL 1 : 20, 4 B pH 5. M fif i )&
50 °C | MWfEmE] 2.5 h,
2.3.1 JnEgE K1 SN, MR 0.2% ~
0. 8% i, ZWH TR bl 2 HAE i F+i=i ;83 0. 8%
i, BTV, KPS EARARE, HET
AP IAS B E IR AE 0. 8% A 4T .
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Fig. 1 Effect of enzyme consumption on polysaccharides yield
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Fig. 2 Effect of solid-liquid ratio on polysaccharides yield
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Fig.3 Effect of medium pH on polysaccharides yield
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Fig. 4 Effect of enzymolysis temperature on polysaccharides yield
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Fig. 5 Effect of enzymolysis time on polysaccharides yield

2.4 Box-Behnken & i & ik 4E 4L 7E B K 50
kb I, R Design Expert 8.0.5 # /4 # 1T Box-
Behnken MR AT, HEEEINEGE (X,) . /M B pH
(X,) . BEMRRE (X)) . BEMEmE (X,) fERE
MR, SRR (V) fERIPERR, LT 29
MEHRE, HRAKCFIER 1, 42K 2,

x1 EEKE

Tab.1 Factors and levels

K
22 -1 0 1
X, I/ % 0.6 0.8 1.0
X, /vt pH 4 5 6
X5 Mg EE/ C 40 50 60
X, Bt E]/h 2.0 2.5 3.0

F2 RWEIHTEER
Tab.2 Design and results of tests

__
BieE X, X, X, y,

/%
1 0 0 1 -1 4.42
2 -1 0 -1 0 3.13
3 -1 0 1 0 4. 14
4 -1 0 0 -1 2.94
5 0 0 0 0 5.47
6 0 0 1 1 3.59
7 1 -1 0 0 4. 68
8 0 1 0 -1 4.02
9 1 0 0 1 5.15
10 1 0 -1 0 5.28
11 0 1 1 0 3.70
12 1 1 0 0 4.94
13 1 0 0 -1 4.69
14 0 -1 -1 0 4.62
15 0 | -1 0 4.58
16 0 0 -1 1 4,57
17 0 0 0 0 5.62
18 0 1 0 1 4. 82
19 -1 -1 0 0 3. 81
20 0 0 0 0 5. 86
21 0 0 0 0 5.59
22 -1 0 0 1 4.83
23 0 -1 0 1 4.47
24 0 -1 1 0 4.02
25 1 0 1 0 4.57
26 0 0 0 0 5.86
27 -1 1 0 0 3.11
28 0 -1 0 -1 4.31
29 0 0 -1 -1 3.87
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SGiRu) Design-Expert 8. 0. 5 ?}Fiﬁiﬂ:ﬁ?jﬂ%, B
WA RN ¥=5.68+0. 61X,-0. 062X, -0. 13X, +
0.27X,+0. 24X, X, -0. 43X, X, —0. 36X, X, - 0. 07X, X, +
0. 16X,X, - 0.38X,X, — 0. 69X; — 0. 72X; — 0. 79X —
0.64X;, Jr224rHr b3k 3, UL AT, BA P<
0.000 1, PLEZRELR*=0.900 5, K43 P>0.05,
RN BRUEGHEOLRL; X, . X7, X3, X3, X3 &
R EAMBEEM (P<0.01), X, XX,
XX, S HABEFW (P<0.05); 45K FE
JEEHRUR Ay Jon Tt 2 > it fige EF [v0) > g At 1l B2 > 40 51 pHL,
M) 1, 1A 53 B UL IEL 6.

M AT, R PR BT 2 & 0. 9% , v
5 pH 5. 07, FEEfARIEEE 47.4 °C, FEEf#IHE 2.58 h,
ZHER R 5.87% , FIEF|LIRAE, HHEIE
INEERE 0.9% , A i pH 5.0, BEMRIRIE 47 C,
FitpfBf ] 2.5 hy $EAT 3 WHRIEL:, 1S 205
PIf34h 5.86% , SHUMA{E 5. 87% ik, R T
ZRERTEE

£ 5. . 5.
% 4, o
® W 2
Py SN 09 '
(15)?‘@; 4.5 407 0.7 @:@/“
oy 4006
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/\
6.0 60
5.5 '
5 53|
g}: 45 = ys
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= 53 g Y
% 3.0 Y
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Ty, 0 505 Lag®

g 4.
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Tab.3 Analysis of variance

R BMEVIM OAmE U7 FiH P{A

s 16.22 14 1. 16 10.05  <0.000 1
X, 4.50 1 4.50 39.06  <0.000 1
X, 0. 046 1 0. 046 0.40 0.539 4
X5 0.22 1 0.22 1.87 0.192 6
X, 0.84 1 0.84 7.32 0.017 1
X, X, 0.23 1 0.23 2.00 0.179 3
X, X, 0.74 1 0.74 6.42 0.023 9
X, X, 0.51 1 0.51 4.44 0.053 7
X, X, 0. 020 1 0. 020 0.17 0. 686 3
X, X, 0.10 1 0.10 0. 89 0.3619
X, X, 0.59 1 0.59 5.08 0.040 8
X3 3.11 1 3.11 26.95 0.000 1
X3 3.32 1 3.32 28.84  <0.000 1
X3 4.04 1 4.04 35.08  <0.000 1
X2 2. 66 1 2.66 23. 11 0.000 3
5k 1.61 14 0.12 — —

PR 1.49 10 0.15 4.95 0. 068 4
TRZET 0.21 4 0. 030 — —

JEN= = 17.83 28 — — —

ZHERE%

&, 225 0.7
% 20006 g3

C.InBEE S EEfR I

LHERE%

F BHARIR FE S REAR R [H)

B6 & E KN mEE

Fig. 6 Response surface plots for various factors
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L 42 min_'; Dy NFREY R, L <R ) cmz/min; r
EERIE R RREA . 367 em)

R 40 ¢ MR (r 2424 0.05 cm)
WEAGE R IMAR 0.9%, Ak pH 5, B
1:20, 767 MR (305, 310, 315, 320, 325,
330, 335 K) TF/KHEE, MFEZMET S mngs
HRERER R, INIFUH 0.5 hIF iR, 45
0.25 h BUFEO. 5 mL, B % 3.5 h $2HGEL M1k, W)
SESEIURE S ZHE S A B, B S R RE R IO
] AR PR, 25 SR ULIE 7,

HULATAT, TCIS RS INAL b, ZRHER
BB PR () A A T T R s E R A AR IR T
AL AR 5 2 WA R e, SR HGT R A 3P
A e e, HL A D) 21 A 2% il AT L A o e A L
KT o R I A2 BB, S
PR, IRFHRBOE A A A (H7EA4RBUR
JEF, AL 4 R 5 2018 3 @ AN AL 4
i, RSHRGA D TRELEER, RIGIH#
SET R (X TR, Y o 2R K
T1Z%ZHER 4,

305K —#-310K
—4+-315K 320K
—-325K —-330K
—~—335K

ZHEEEY%

I 1 1 1 1 1 1 1 1 1 1 1 ]

0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00 3.25 3.50
t/h

A IR

—*-305K -—#-310K
—-315K 320K
—-325K —2-330K
——=335K

THEE/%
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t/h
B. RIMAL 4R’
E7 ARERETSHEESRIMEHXE
Fig. 7 Relationships between polysaccharides yield

and extraction time under different temper-

atures

R4 REEBBEINZFRRINFESH

Tab.4 Kinetic equations and kinetic parameters for extraction process

R IMALT 4 Z IR /K AT k/(1-min™") Dg(x107%)/(em® min~") R

A 305 Y=0.014 3X+1. 664 5 0.014 3 3.6259 0.965 5
310 Y=0.015 8X+1.760 4 0.015 8 4.006 3 0.965 7

315 Y=0.015 9X+2.329 3 0.0159 4.0316 0.918 4

320 Y=0.016 1X+2.974 4 0.016 1 4.0823 0.908 9

325 Y=0.015 8X+2. 644 8 0.015 8 4.006 3 0.931 3

330 Y=0.015 7X+2. 026 7 0.015 7 3.980 9 0.9517

335 Y=0.012 9X+1. 661 8 0.0129 3.270 9 0.952 0

FKIMA 305 Y=0.002 8X+0. 163 6 0.002 8 0.710 0 0.984 1
310 Y=0.003 0X+0. 185 7 0.003 0 0.760 7 0.982 4

315 Y=0.003 1X+0.227 0 0.003 1 0.786 0 0.957 0

320 Y=0. 003 2X+0. 270 2 0. 003 2 0.811 4 0.928 0

325 Y=0.003 3X+0.301 8 0.003 3 0.836 8 0.901 3

330 Y=0.003 4X+0.354 8 0.003 4 0.862 1 0.919 4

335 Y=0.003 5X+0. 394 3 0.003 5 0.887 5 0.904 0

ML AT AT, FEASR B EGREE T TCIe & & i A LT
Ye KW, g RE R BIA/NT0.901 3, KU
PIA B R4, $BGEBAT A —Hte Fish J12¢ 4
AL IMALYE R WG, 7EREBURE 305~335 K i
FINERBGHRH AL (k) JeTta ke, 7E 320 K 5%
I KA, TESENE AR Ay d5e R A7 IR i B ] PRAIE 4
FRERBUSOR , RER R IERY H Y HRIR
HUREE T INALF 4 R BE 00 k EHE KT RINAL 4
R, REYHRE (Dy) TR,

840

2.6 BEBEAEKANFHH MIRPUIFEAPHE
SEATEY, PIaE A Van' t Hoff 7R HHE IS5
AH, AS, AGM7T | JHERAKX K In (C/C -C) =
~AG/RT=-AH/RT+AS/R [ AG J3EBGTFERY A
ik, P07 kl/mol; AS b 42 BT & A, B0
J/(mol «+ K); AH NG FERKE, BAL k)/mol;
R MBEEIRSMHEL, $(H 8.314 J/(mol - K); TH
PRUUREE, 347 K],

T4 n, 1EFRBUREE 320 K B Z 4R
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BoksFAE, BiC=C,, K In [C/ (C . -C) ] XF
UTHEL G, Al 2 HAME L, Bl ln [C/
(C,-C) ] =-7.8413X+0.029 8 (R*=0.9881) .
In [C/(C,-C)] =15.468 8X-0.042 3 (R’ =
0.987 3), MILItHE AH, AS, AG, W THEBURE
320K In [C/(C,-C)] TS, #hRiHH 305,
310, 315, 325, 330, 335 K F# 1¢S5, 4558
W35,
x5 AERERETRAZESH

Tab.5 Thermodynamic parameters under different extrac-

tion temperatures

AH/ AS/ AG/
PEHUREE /K

(kJ-mol™") [J-(mol-K)™ '] (kJ-mol™")
305 65.192 6 247.757 2 -10.373 4
310 -11.6122
315 -12.850 9
325 -128. 607 6 -351. 682 2 -14.312 6
330 -12.554 1
335 -10.795 17

A UG AT, $RBGEE A 305~ 315 K i, AH,
AS HRTF 0, LUHREGE R P Sisim7; h
325~335 K i, AH. AS ¥J/NF 0, FB4REGT
HRCEE DN s RRBRBURE T AG ¥I/NF 0, £
W R o B &b /8, HATE 320 K i AG {EH IR
AN, RUHEBGE RS AT, ik 320 K 5
AGERMEK, FRFARPGT A S 4T, M
EIE T S AR PR OB BE 6 2 320 K (47 C) W&

I,
3 it

IK B SEAE MUACRE A 0 Atk 1, R B (&
FIWE . UE R W, 2T AR RS ) IR 4 M RE S5 A
PE A Y AN MR . A0 M RE S, P N R
fife, MG RGO | a3, SCHkHGE, R
FHZ 5 3 32 U AR it A EARY L 2 ik
HEOVAE SR I 2 R A R, e, AR
0630 o 2T 4 R LB GE 1 20, IR A Tl
A=Al AT AR AS R Box-Behnken i 7 T 325 % 42
BT Ak, K BT sy AR R RS e T 5

HAEr, CAXTRAYREGI RT3 )2
PR BRSO RTINS B6 A L o
M R A R %, &2 B SO 4 TR
VANV vy b R U1 VA | 2 N2 % 18 N1V 01
G Z N R (B B0 AN G AR
JEOCHE, I, AR Fick 97 HIA R, Van’t
Hoff J5 B2/ 1A R 4 AN S R i sh 12 34

Jiy, RIET e R BERE e i F 1 MR O R
WCEARHERL (k) . RIOYERE (Dy), Ak
R, TIAh, R 4R AR UK SR 1R
W, WA RIS IR N AT, XA T AR AR
Wt e e

SE L.
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Extraction process optimization and anti-oxidant, whitening activities of total
flavonoids from Broussonetia kazinoki

ZHANG Yi-li, HU Pei-hao, HUANG Zhen, CHENG Ru-bin, ZHONG Xiao-ming’
( Zhejiang Chinese Medical University, Hangzhou 310053, China)

ABSTRACT :: AIM To optimize the extraction process for total flavonoids from Broussonetia kazinoki Sieb. et
Zucc. and to evaluate their anti-oxidant and whitening activities. METHODS  With ethanol concentration, liquid-
solid ratio, extraction temperature and extraction time as influencing factors, total flavonoids yield as an evaluation
index, the extraction process was optimized by Box-Behnken response surface method on the basis of single factor
test. The scavenging capacities of total flavonoids on DPPH and ABTS free radicals, and their inhibitory effect on
tyrosinase activity were detected. RESULTS The optimal conditions were determined to be 90% for ethanol con-
centration, 35 : 1 for liquid-solid ratio, 85 “C for exiraction temperature and 80 min for extraction time, the total
flavonoids yield was 55. 14 mg/g. The 1C,, values of total flavonoids on DPPH and ABTS free radicals, tyrosinase
monophenolase and diphenolase were 151. 70, 242.20, 24.37, 15. 64 pg/mL. CONCLUSION This stable and
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