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Optimization of the extraction for total dietary fiber from leaves of
Toona Sinensis by response surface method and its antioxidant activity
LIU Jing, LI Xiang-li,ZHANG Yan,HU Yan-ying,ZHU Jiu-bin

(Department of Life Science and Engineering, Jining University , Qufu 273155, China)

Abstract : Optimization of the technology for extracting total dietary fiber from leaves of Toona sinensis with neutral
protease by response surface method and its antioxidant activities were studied in this paper.The results showed
that the optimum conditions were pH5.8, enzymolysis temperature 61°C, time 50min and enzyme concentration
0.2%.Under these conditions, the yield of total dietary fiber was 72.45% .The total dietary fiber of Toona sinensis
leaves had a good scavenging capacity against DPPH radicals with IC,, values 3.26mg/mL. The highest
scavenging against O, - and -OH were 35.13% and 27.38% respectively in the range of 2~10 mg/mL.

Key words : Leaves of Toona sinensis;total dietary fiber;extraction techndogy ; antioxidant activity ;response surface
methodology
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Table 1 Factors and levels of response surface experiments
A S
A= -1 0 1
X, Migfye pH 55 6.0 6.5
X, B 2 (°C) 55 60 65
X WEfige i ] (min ) 30 60 90
X, Wik (%) 0.1 0.2 0.3

R A EEFEE S ELENCRE X, = (X,-60)/
05.X, = (X,-60)/5 X, = (X,-60)/30 X, = (X,-0.2) /0.1

TDF 132NN -

TOF 5 (%) = P e (o > 100
1.24 A2 I E KRSy, B TR
(GB5009.3 —2010) ; JK 4%, B 3% K Ak ¥: ( GB5009.4 —
2010) ;25 14T, % Ch 28 i g (k5 3 My, IR /K A
2 ( GB/T5009.9 — 2008 ) ; A5 i, 22 B 41 2 ¥ ( GB/
T5009.6 — 2003 ); y= & i & 4F 4, B & & %
(AOAC991.43)
1.2.5 F#E TDF P b ae 1 508
1.2.5.1 X} DPPH - (9 3E BRVEH >R b &2
M FHIGK 2B 10mg/mL TDF %5 3 43 591 i B¢
R B E N 2 4.6 .8 10mg/mL UIER . 1EIRE T
HA 1.0mL TDF % ,4.0mL 1.0 x 10 * mol/L. DPPH
VS (95% £, BETE i) 25°C 7K ¥ JZ W 30min, ] &2
517nm AbW G (FHZEBKRIES ) o B HEE TIK
Fiedil 5 TDF ¥R S W BE A0 Vo B, A% BH P %o He s
¥, HmAE 3 (D

DPPH - 3552 (% ) =(1

P A S 4.0mL DPPH ¥ ¥k + 1.0mL £ 5 7
WisA,Hg 4.0mL 95% Z. B + 1.0mL BE 5 Wi A, K
4.0mL DPPH ¥ + 1.0mL ZE47K .

1.2.52 X} O, -mIEBRIER  SRASERE =B A A bk
MEED L AEIRAF A 4.5mL 0.05mmol/L Tris— HCI

A—A
A *“) % 100
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ZZ Wi (pHS8.2) . 1.0mL TDF ¥ ¥ .0.4mL 45mmol/L
AR 2R = 193 % ¥R (0.01mmol/L HC1 Fit il ) #5% 57 ,25°C
JZ B 5min J5 A1 A 0.1mL 8mmol/L HCl ¥ ¥ 2 1 )2
R, I 5E 325nm A S RE (FZERKES L) o

A —A
0&%%%@@=@—‘ 0
0

FHh: A, K 45ml o + 1.0mL BE LA +
0.4mL 4B2E =B ;A0 N 4.5mL 2K + 1.0mL £
SR +0.4mL 0.01mol/L HCl ¥§ %5 ; A, N 4.5mL 28
I + 1.0mL ZE1E K +0.4mL 4B2K = s -
1.2.5.3 X} -OH MI7EBRMEA SR Fenton J2 1 & 2245
I E o #EIAE A 1.0mL 9mmol/L /K 4% i —
2B 1.0mL TDF %53 .1.0mL 9mmol/L FeSO, %
W, B A 1.0mL 8.8mmol/L. H,0, &S sh ) IV ,
T 37°C £R7E 30min Ji5 , Y 5E 510nm &b 56 (JHZE1E
IKVEZEL) o

OH%%zmm:@

0

A, i 1.0mL /K5 — L B + 1.0mL £%
THIA +1.0mL FeSO, ¥ +1.0mL H,0, E#i;A,,°N
1.0mL /KGR — Z BRI + 1.0mL FE S B + 1.0mL
FeSO, VWK + 1.0mL ZEWE K ; A, A 1.0mL Ki% e - 2
BEE W + 1.0mL FE48 K + 1.0mL FeSO, % # + 1.0mL
H,0, W -

)xlOO

_AX;A*“) % 100
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AL, NS TR B R RS B0 0.2% 1y b MEER
Wi , 7F 60°C T il fi# 60min, &A% TDF 153 [ pH Ft
E e, pH6.0 B5F, TDF 153 £ = 1] ik 71.69% ; pH
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Fig.1 Effect of pH on the yield

of TDF from Toona Sinensis leaves
212 WG EHE I TDE 155 i 2
T, G TR S B A FE PR B0 0.2% 1 rh MEER 1
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Fig.2 Effect of enzymolysis temperature
on the yield of TDF from Toona Sinensis leaves
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Fig.3 Effect of enzymolysis time on the

yield of TDF from Toona Sinensts leaves
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AT, RS R JE R A AR A TS v B e A
pH6.0 .60°C T HEfft 60min, Fr i TDF 153 AL BN
1 0.2% W] d5 8 Ik 71.57 % 5 BE 0BG i ARS8,
TDF A3 F 000 R B g AR b b 3% B B9 38 11 o it
5T

71
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Fig4 Effect of enzyme concentration on the

yield of TDF from Toona Sinensis leaves

184 5514z %05m

TEHM

S G g R A L nT B R G B A 4k b Y
Tl A B i o e 1 S P R A, I AR A3 K PG
LFYRif O, T TDF A5 SRR o b vk 28 (g 7
Jinie B 0.2% .

22 FHiFH TOF R ITZHZHHML

2.2.1 BRI AN, A Design Expert8.0.7.1 44
B O g A BT (Box—Behnken ) P31, 0] A5 A
TDF $2 B Y DU [ 2R =K P S8 e, S50 Jr 58 e 45
HILK 2,

2 RN RSB S8 M A
Table 2 Experimental design and results

for response surface experiments

;«Q% X, X, X, X, Y(%)
1 0 -1 0 1 68.96
2 1 0 -1 0 67.18
3 0 0 0 0 71.86
4 -1 0 0 -1 70.92
5 -1 0 0 1 70.57
6 0 0 1 -1 69.40
7 0 1 -1 0 70.97
8 0 1 0 -1 70.94
9 1 0 1 0 66.16
10 1 0 1 69.95
11 0 1 1 0 69.97
12 0 0 -1 -1 69.96
13 0 0 -1 1 71.09
14 0 0 0 0 72.27
15 0 1 0 69.88
16 1 0 0 -1 66.99
17 0 -1 0 -1 69.38
18 1 1 0 0 69.45
19 -1 -1 0 0 69.77
20 -1 0 -1 0 71.34
21 0 -1 0 0 66.35
22 0 -1 -1 0 70.81
23 -1 1 0 0 69.98
24 0 0 1 1 69.16
25 0 0 0 0 72.25
26 0 0 0 0 71.59
27 0 -1 1 0 69.53
28 1 0 0 1 66.21
29 0 0 0 0 72.19

FIF Design Expert FAAXT3 2 04 F296 45 e iHE 4T
S3WT, IR F4 R £ 5 TDF 4832 2 8] (14 [51 3 )7 72 .

Y = 72.03 - 1.68X, + 0.53X, —0.6X, —0.14X, +
0.72X,X, + 0.092X,X, — 0.11X,X, + 0.07X,X, —
0.16X,X,-0.34X,X,-2.28X,°-0.89X,°-0.95X,°-1.2X,>

Xof AR R AT 22T i as S (R 3) RBH (1]
VAR BRI AR i 2 (p < 0.01), T 2% #8030 28 53 1 W 35
(p >0.05) , L] [\l AR 55 S GE R U Ll & 5 —
WI(X, X, X)) 5 T ®I(X,? . X, . XX, X TDF
M i 25 (p <0.01) , ZZH.IG (X, X, ) FL0 ik 2
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Table 3 Variance analysis for the built regression model
HUE 7 FIH ¥7 F1H pia i F
R 84.02 14 6.00 15.70 <0.0001 s
X, 33.97 1 33.97 88.86 <0.0001 * %
X, 3.40 1 3.40 8.90 0.0099 * %
X, 431 1 431 11.27 0.0047 o
X, 0.25 1 0.25 0.65 0.4328
X, X, 2.09 1 2.09 5.46 0.0348 *
X, X, 0.034 1 0.034 0.090 0.7692
X, X, 0.046 1 0.046 0.12 0.7332
X, X, 0.020 1 0.020 0.051 0.8241
X, X, 0.10 1 0.10 0.27 0.6128
X, X, 0.46 1 0.46 1.21 0.2900
X,? 337 1 337 88.16 <0.0001 * %
X,’ 5.13 1 5.13 13.42 0.0026 * %
X,? 5.82 1 5.82 1521 0.0016 e
X,’ 9.41 1 9.41 24.61 0.0002 e s
2= 5.35 14 0.38
EZ000 5.00 10 0.50 5.65 0.0549
alifR 2 0.35 4 0.089
IR 89.38 28

VE: % .p<0.05, 25 B wxp <001, LM B,
(p <0.05) , BT i % (p >0.05) . f1 F {E K
/AN T LA T , 7 JIT 36 52 56900 Bl 1Y , 45 PR 2 0 7 1
TDF 53R 5E W g « B pH > A% B vl > 6 e
MRS > BRI

222 WARIEISMT I Design Expert #4755 —
YR [T 4 5 5 9 7 T8, e pH RV LR % TDF 75
SR VLIRS o P S VT A R ) G R
R AS I, It 25 Wi pH R0 A T3 (04 4 1, TDF
525 52 T i A R 0 4 25 25 28 S5 A 1 9 13 1
W pH 5 R 32 1 5 FLAE H 535, 3 15 77 92 53 7
ZEIRH,
74
72
70
68
66
64

TDF13%(%)

o 00
Wity

.
/kfﬂ

S W pH FIBEARIRRE T TDF 13- 55 05 i 1 17 1 4]
Fig.5 Response surface of enzymolysis pH
and temperature on the yield of TDF

223 BAERRFMFHE S KUE W Design
Expert 8% {F, 1% 2 & #& 1 TDF #4452 T 20
pHS.82 P i & 60.72°C | iy 6] 50.2min | i %S
hn0.2% o &G SEPR AT AR, e R PL R IR AF
pHS5.8 [ it el BE 61°C | il figt ) [6] SOmin | il #5142
0.2% , FFFEME S T #EAT Y UL, TDF 15555 72.45%

X SR (72.47 % ) AR H 230, X R I AR 7Y
AL TR PR AR HCE AR I TDF (43 R 0 .
2.3 HEET ST
Hi=% 4wl 1, Bras = di b TDF & &2 72.69%
[ e ST A DN = Y A A NS L LA D0 A o 5
ARG, BE W R AR R e
x4 RS EER Y (% )

Table 4 The main composition of sample and product( % )

Feah KRGy oy &P WERy  BEWG TDF
FREIHAS  8.12a 1550b 0.84a  1.24a  7.32a  65.14b
=4 TDF  2.86b  18.78a  0.49b  0.045b  1.43h  72.69a

TR P/NG RS LR AE 0.05 KF B AY2E 5 B .

2.4 &¥M TDF 3t DPPH-g)&E K 1EH

rh &6 ] 1, F A it TDF % DPPH - B4 75 K 1F
F . TDF ¥ FEAE 2 ~10mg/mL B}, % DPPH - & 5 4E
R 5 g T g, HLiE R3S TDF Wk 2 83— &
HIAE e . A Microsoft Excel 2003 1) CORREL pgF
B, % TDF ¥ B 5 DPPH - 37 [ 53 5 47 #H 5C P 43
7,45 2 FH ¢ R LR 0.9906; i ] FORECAST pR
B 3 W % 50% DPPH - fif 3% TDF i & IC,, =
3.26mg/ml, DL V. YEFRUESTE AN, TEAH R R BET
7 DPPH - i [55: 3% 4 K F98% , X i F A& M TDF Xt
DPPH - & BREE J155 T Vo
2.5 FH#EM TDF 34 O, -HIBERIEA

tH &7 0] H1, FAE I TDF Xt O, - ELAA W B /E A o
TDF ¥ BEAE 2~10mg/mL B, X} O, - 1& BRAE F B 5
OIS , B R A 00 T B AR G &R ; TDF ¥k i
7 10mg/mL i, 5 R %y 35.13% ;11 Ve %) O; - R
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TDF ¥ EHE 2~6mg/mL B, XT - OH 11 4 [ 5 i vk &
P3G N3G 58 s TDF ¥R 35 T 6mg/mL B, X - OH &
B384 N 22 1% , 10mg/mL B}, 3§ B % 27.38% , #H
R, Ve X - OH 3 BRFRAEIS % ~97 % Z (7], X Ui,
A A TDF X - OH #EKEAE 159 T Voo
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_ 80
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Fit A s 6] SOmin \BEZS I 0.2% , FAEH TDF 15K A]
ik 72.45% .

g TDF BA5 — 2 B PT | AL G e, & A& 0T
TDF ¥ BE#E 2~10mg/mL A5, Xt DPPH - H.A5 5058 (1 75
BREE ST, 1C R 3.26mg/mL; Xt O, - - OH f /= Ik B %
535 h35.13% F1 27.38% ,{HH i B = Fh A A1 3% 19 BE
ST Vo

S 3k
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% =2, F B L,ERFD,BOE W BRI
(LA K FARFR, LAEIARIE 150040
QAREILKRFRABAFE TARFR, A LA RIE 150090)

B EALKBRIMNIE S SRR MG R S Bt iT4hAb, B RS i Lk & S iTsib T ¥y
KALA RS, VA S By e Efosh E v BAL, 3 F KR K LB E | LR R R SRR AR A pH SANE &
3t % By th AR R 69 %ok, A Design—expert8.05 4%+t 3 B & 3 K-F ok o @LAL L3 FF 4 32 2038, 45 A L TRtk
R RHET $BERE T LM ABRKIL 125 RBLRE 47% . LA E 2.5mg/mL 26 B34 ik Sml/min ., i 44k
AR 42mL pH6.85 , L L4 T % Bp4h JE 69 T 3EAR 4 75.66% , 3o WAL E 75.52% , i it 3 ROR AR & A7 % 4
Wik, R I A S AN EARE, 5 A AR R TB®R ILEE GRR RS F T AP ILRZHE SRS,
FEIR  H AR R S By, KILAES, va i ol @, 5 30R AR &9

Study on purification technology of polyphenols from larch barks

ZHANG Zhi' YU Zhen' ,WANG Zhen-yu'> " ,DENG Xin-rui' ,LIU Ran' ,ZHANG Qiao-qiao'

(1.Department of Forestry,Northeast Forestry University , Harbin 150040 , China;
2.Department of Food Science and Engineering, Harbin Institute of Technology , Harbin 150090, China)

Abstract: Macroporous resin separation was established to purify the polyphenols from larch barks.Adsorption and
desorption experiments were carried out to select the suitable macroporous resin for purification process.As the
response to recovery and purity of polyphenols, 6 factors such as fineness ratio, elution concentration, sample
concentration, eluting speed, sample volume, and pH, were used to evaluate purification effect of polyphenols.
Response surface experiment was established about three independent variables with three levels by the tool of
Design—expert8.05 and the data was manipulated with it. Combined with actual needs, the optimal technological
purification conditions of polyphenols were as follows: fineness ratio 1:25, elution concentration 47% , sample
concentration 2.5mg/mL, eluting speed SmL/min,sample volume 42mL and pH6.85,in this process the verification
value of purity of polyphenols was 75.66% and measured value of that was 75.52% . Analyzed through high
performance liquid chromatograph,the purified liquid was discovered to contain 5 polyphenol monomers including
gallic acid, catechin, chlorogenic acid, caffeic acid and ruitin,among of which the highest content of catechin was
analyzed.

Key words :larch bark polyphenols;macroporous resin;response surface; HPLC
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