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Optimization of process parameters for total dietary fiber from leaves of
Toona Sinensis with compound enzyme method
by response surface methodology
LIU Jing, LI Xiang-li,ZHANG Qi-mei, WEI Hai-xiang,ZHU Jiu-bin,ZHAO Min

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

Abstract: The method of single factor test and response surface analysis was adopted to optimize the enzymatic
extraction of total dietary fiber ( TDF) from leaves of Toona sinensis with cellulose and amylase (1:1).The results
showed that enzyme dosage 0.5% , enzymolysis time 2.0h, temperature 61°C, and pH6.1.The TDF extracting rate
was 74.01% under these optimum conditions with low levels of impurities. The physiological activation was good, the
holding water capacity and swelling property were 6.50g/g and 4.50mL/g respectively.
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A H B , 788 10min K, Y85 pH6.0,F 60°C
KW o A b M B B AGE 30min S5 A& W K B
10min, LI IG/K Z, BEULPE 1h,4000r/min £ 0> 20min,
FTARTTE T 105 °C JHLFA v T4 BI45 7= 5 TDF
122 HEAHHEEEEHM TDF iR EWirs &
A S 0B 0 BB - B AR IR AE B pH6.0 | 7 VR
JE 65°C |Mff At 8] 2.5h 254, SR B I 2 5 i &
(0.1% 03% .0.5% .0.7% .0.9% ) 47 1ifd i 42 B, LA
TDF $EHCR R PR 2 BRI &, & A (LT 44 %
Wity 55 GE M ) 1) LB ST 98 A0 Sl 151 il fige st (]
FA5E 3 . B M 0 B AE BN 0.5% 1 2 A 1, il i
pH6.0 (il fift il B 65°C 254+, ot 28 ifg fir ik 8] (0.5,
1.0.1.5 2.0 2.5h) #4742 HL, DL TDF $2HCR R 5 bR if
R W f TsE TR G A R AR B B AR TS E SR O
0.5% W &1, pHO6.0 , [ fiE: 2.0h S50 , A28 Wil i Uik
S (45 .50 .55 .60 .65°C ) 4T HL, DL TDF $&HUR Sy
TEPRfE B IR . WA pH Ay L4 AR TS TE IS
Jin 0.5% 152 4Tl , Tl f Y5 B8 60°C T il 2.0h , pAc AR il
fi# pH(5.5.6.0.6.5.7.0.7.5) BEATHEHL, LI TDF $#2HR
SHFRARIE B pH, TDF $EECRATTR AN

TOF 1y 52 _ TDF {1y )5tis

IDF SR (%) = e
123 BT 2K @GR TR s
SR AR Box—Behnken UL A S 56 BT U, DAAE
BB I e s A AR I A pH SR AR Sy
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Table 1  Factors and levels of Box—behnken design
SES
AKOE X, BEASIE: X, MR X, IR X, BEfR
(%) (h) (C) pH
-1 0.3 1.5 55 55
0 0.5 2.0 60 6.0
1 0.7 2.5 65 6.5

1.24 Sy KSr, BT (GB5009.3
—2010) ; & 15, % DT sE W e vk ™ R4y, 1%
AL (GB5009.4 -2010) ;5 ig i, 2R Qi $#2% (GB/
T5009.6 — 2003 ) ; & ¥y, MR 7K fi#t ¥ ( GB/T5009.9 —
2008) ; = i i B 47 4, i 5 57k (AOAC991.43) ;5 £F
IR FIFNRERK T, S BTk (13 T
1.3 HRFZi+7A=E

I A Design — Expert 8.0.7 %14, Microsoft Excel
2003 FEATECHRALEE
2 ZBRE5SWH
21 BREZEZXW
2.1.1 & A N R X A TDF 32 B Y 52
m o HEL WA, FREMREREINE & MR,
pH6.0 [65°C i fi# 2.5h , T4 't TDF $2 U 32 Fiff il 4 Jin
BN, 24084k JLLUINEF & 0.5% B, TDF $2
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HUA A 85, T 3k 73.02% (p <0.05) ;i ik &5 T 0.5%
A, TDF $EHCR T . 33X J2 R R FH B S I AT,
IDF RS AN 5 {8 i & 0k /=5 15F, SDF B i A {IG
Sr TR AR B ER SO, T JE T B L BT, S
HOTDF $2HCR FRE™ . ik, E A BRI L 0.5%

75 r

0.1 Oi3 015 Oi7 019
BN N 22 (%)
1 [ mE Xt TDF $2BCR 5 0h
Fig.1 Effect of enzyme added on the yield of TDF

2.1.2  [gfEET A XS E AR TDF $2HCR 52 i &
2 ALA, T RE Y RE MR AR N 0.5% 1Y 58 4 1, 7E pH6.0 |
65°C T By fier , B Bl A B 8] LB S, A i TDF $2 BOR3
WETF 5. W% 2.0h 3 IR A 5 T 3k 73.41% (p <
0.05) ; fif{f# 2.0h L) -, TDF $#2HCEZ M F K. KR
Tt e s TRD 20 0, Tt v 3 B 7K R AN 5 4, T i 2 1
B 6], 27 4k R KR AR G B £F 4E, 53 TDF $21R
SFRE AU AR I ] e 2.0h B .

751

73 1

711

PR (%)

4
69+

67

65 1 1 1 1
0.5 1.0 1.5 2.0 2.5

i I 1) (1)
P2 B )X TDF SRIBCR 0
Fig.2 Effect of enzymolysis time on the yield of TDF
2.1.3 PRI XS A MR TDF S ORpszm &l
3 AT, FAEMRE AN 0.5% 1y 5 4 i, 7F pH6.0
WA 2.0h , 0 6 7 06036 T 5 , 75 K 1 T $12 B % 71
51 ;60°C |5}, TDF $EHUCR & 5 ik 73.32% (p <0.05) , 5
BE T 60°C i, TDF $2 HCR I iy T [ o il 5 572 08 i
JE AT SR R T | D 5 R O R TS 2 B R
A, AR I LA 60 °C 35T B .
2.1.4  FE% pH XTI TDF S2HBCRAGSZm &
4 ATHN, AR RECER NN 0.5% B9 Al , 7E 60°C T Fif
fi# 2.0h, B pH B9 I} &, & M5 i TDF 2 ORI 5
pH6.0 s} TDF B R 5 2 73.27% (p < 0.05) ; pH
PE—2E T, TDF $RICGRIZHT T FE. XA AES pH 22
T 6.0 Bf, 52 4 Bl i 06 PR 58 A OC. il 3 P i i
pH6.0,
22 E4&BEERINEEM TOF gl EmAH
22,1 BERIEOEEST S W 2B UL A TS
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731 2 MRS 5 SR A
g 1k Table 2 Experiment design and results
g—i— 691 of response surface methodology
= gs X, X, X, x, VHERE
67 (%)
6 . . . . 1 -1 -1 0 0 69.77
45 50 55 60 65 2 1 -1 0 0 71.22
AR IRLEE(C) 3 -1 1 0 0 70.78
3 EEFEREEXS TDF S B3R 5200 4 1 1 0 0 72.09
Fig.3 Effect of enzymolysis temperature on the yield of TDF 5 0 0 -1 -1 70.01
6 0 0 1 -1 70.89
7 0 0 -1 1 70.83
8 0 0 1 1 71.76
9 -1 0 0 -1 69.62
10 1 0 0 -1 70.98
11 -1 0 0 1 71.20
12 1 0 0 1 72.21
69 , , , , 13 0 -1 -1 0 69.86
5.5 6.0 6.5 7.0 7.5 14 0 1 -1 0 70.84
FifiepH 15 0 -1 1 0 70.00
4 B pH A TDF SRR 6 0 1 1 0 73
Fig.4 Effect of enzymolysis pH on the yield of TDF 17 -1 0 -1 0 69.71
BECX,) (B AR 0 10 (X, ) A8 L2 (X)L A pH S 78
(X)) DU 22 LLFRRE OE TDF SRIRCR (V) S0 R fi e s
BT AL Sy R e 2, g 24 0L 0L 0T
AT RS2, F0E 25~29 2SR, 29 I R - 0 | 0 . 70'51
Sy AT RN 5, R b R R AR IR TR X ’ 0 1 0 | 71:26
Xy Xy Xy BT A A T A 5 2 S DO D A 4 0 , 0 ) 1216
TR EIE 5 R, UM SEER 2% N 0 0 0 0 73,8
X2 AT EERIHEA 240, > o o o o e
HRIAR 3 27 0 0 0 0 74.04
4 3 WL BU P A% 47.57 (p <0.01) 50 % 0 o o o s
Jﬁﬁlﬂﬁﬁiﬂ*&ﬁ%,ﬁ’ﬁﬁi%ﬁl@i%ﬁﬁﬁ%(})= 29 0 0 0 0 73.75

0.2314 >0.05) , AU E BE R =0.98 , P37 5E £
R, =0.96 , B A R LA B &4y, BT T 0 TDF
P SEBREEHCE X 0] U5 5 2 22 80 AT Wb 35 PR A 3 1)
ZERLR T, —RIT (X, X, (X X)) 5 IR I (X,
X,? X7 X, ?) X TDF $2 BOR S i i 3% (p <0.01) ,
ZEH I X, X, FE i 2 (p <0.05), 22 HI XX, ,
X, X, X, X, XX, XX, IR 3 (p > 0.05) ; J R
AR H I, 45 3] TDF $& B X% 25 X 2R 19 [\ )4
T

Y =73.8 +0.64X, +0.54X, +0.48X, +0.61X, +
0.32X,X,-1.35X,2-1.48X,-1.52X,2=1.39X,?

222 WRESFET K Design Expert #1445 5] —
YR = 7 - B8 ) 7 TR, T i IR RE R T8 i BT[] X TDF
RBCRMZmILE 5,

&S AT, TR R 2R I =5 82104 90 Bl P, T A 1) [a]
ANASET, B iR RS FE s, TDF $2 R 2 e T 5
AR ) 7B HA 5 VIR T S ), I T i B ) ) ARGt 3R
Ay AH R B A A a3, 130 Y Tl i Bt 1] 5 6 fige 7R, 2 [
FEEB B HAEH , X 5 B 7R X, X, IR %K

> 2,50
o 225

) jo\x‘\‘\i\\c“\
i

S g it B2 -5 TP I ] 58 TR ) TDF SRR A Wi 17 ]

Fig.5 Response surface for reciprocal effect of

5T~ 175
550 1.50

enzymolysis temperature and time on the yield of TDF
2.2.3  WAREE A EMEIE 7R SE g
FYEE P, R Design Expert £, 1551 5 4 iy 412
B TDF st 5644 . BE S i 0.54% | fig it pHO.11 |
it fig i (6] 2.1 h (il e LS 60.89°C 25 I 1] S PR Ak
AT AT PR, ¥ TDF $2 B S5 11 8 #& Sy il &5 0.5%
pH6.1 i fiF 2.0h B A IR B 61°C o LS54 19 36 k-4
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Table 3 Variance analysis for the built regression model
KU 7 FI H 175 F 1 pia BFEE
TR 50.35 14 3.6 47.57 <0.0001 ok
X, 4.86 1 4.86 64.35 <0.0001 * %
X, 345 1 3.45 45.58 <0.0001 * %
X, 2.81 1 2.81 37.21 <0.0001 ok
X, 447 1 447 59.07 <0.0001 * %
X, X, 4.90E-03 1 4.90E-03 0.065 0.8027
X, X, 0.013 1 0.013 0.17 0.6821
X, X, 0.031 1 0.031 0.41 0.5347
X, X 0.4 1 0.4 5.33 0.0367 *
X, X, 0.058 1 0.058 0.76 0.3974
X, X, 6.25E-04 1 6.25E-04 8.27E-03 0.9288
X,’ 11.74 1 11.74 155.27 <0.0001 -
X,’ 14.19 1 14.19 187.68 <0.0001 %
X,? 15.06 1 15.06 199.28 <0.0001 ok
X,’ 12.58 1 12.58 166.43 <0.0001 * %
ez 1.06 14 0.076
LEiver 0.9 10 0.09 221 0.2314
AR 0.16 4 0.041
BiRE 5141 28
e ox.p <005, %% .p<0.01,
K4 AR LT EER I (%)
Table 4 The main composition of sample and product( % )
R il TER Kar Koy HH TDF SDF IDF
iy 7.32a 1.24a 6.09b 15.55b 0.84a 65.39b 4.61b 60.78b
7=k TDF 1.13b 0.04b 6.51a 17.78a 0.46h 72.49a 6.53a 65.96a

/NG FRER CIRTE 0.05 /K L2257 W E 1, % 5

FEGLE AR, FHE T TDF 2R N 74.01% , S5
FFFIIE 74.04 % FEASAHAE
2.3 =& TDF 444

R 4 A, BrAg 7= 5 b TDF & &2k 72.49% ,
H.rh SDF K 6.53% ,IDF Ky 65.96% , 345 FRESL P 119
gL BRK A3 A0, 45 i 2 0T A A, A B Bk 2R
3L S
2.4 7= TDF TheetE R

3 5 AJ 5N, FFAE 7= 5 TDF (457K 77k 6.50g/ ¢,
2K 71k 4.50mL/ g, = 1 P8 Oy 6 5 H FH b e &k B £F
HEARRAE 4.0g/g 1 4.0mL/g " #A S5 TS TDF
DrReRr AT

5 REAK TR AK I 04 D0 5 5
Table 5 The results of holding water capacity
and swelling property

B i FKk 1 (¢/s) Jig Kk )1 (mL/g)
E B 3.16h 2.50b
7§ TDF 6.50a 4.50a
3 #Hit

DLET 4k 22 T AN GE By I 1:1 S &2 & 1, X & Ak 0
TDF $#E47H2EHL, >R FH 2 R Z 8256 FIR ] Box—Behnken

220, zoraseiom)

SRR R g g B I DVATTRE = VA == 52y 1= aN
il gt o) V1] TR TIRLBE (A pHL U TR 3R X6 i) o7 AL (B
et TDF $2E0E) A B AE B B# R . Y =73.8 +
0.64X, +0.54X, +0.48X, +0.61X, +0.32X,X,-1.35X,>
—1.48X,°—1.52X,>—1.39X,> ] miq )87 T 32 X Tl e 1
AT T Ak, B 458 TDF 42 B 2% 14 ok - B 48 0 &
0.5% , Bigf@Isf ] 2.0h, fgfig iR BE 61°C , B % pHO.1 , 1tk
FM T, A HFENE TDF #2008 74.01% . F#E N TDF
R Ak PE B8 3 4T, £ 7K J1 SR 6.50g/g, K 1 R
4.50mlL/g,
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