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Research on the compound enzymatic extraction
process of pectin from passionflower peel
LIU Yun-hua' ,HUANG Wei'"* ,GUO Mei-yuan’ ,HUANG Miao-yun’

(1.College of Food Science,South China Agricultural University , Guangzhou 510640, China;
2.ZhengYiPin Biological Technology Co.,Ltd. of Chaozhou City,Chaozhou 521000, China)

Abstract ; Passionflower peel was used as raw materials in the reseach.With enzyme solution pH, hydrolysis time, hydrolysis
temperature ,enzyme concentration and ratio of liquid to material as single factors, the effects of four kinds of enzyme( cellulase,
hemicellulase and lignin enzymes, amylase ) on pectin extraction from the passionflower peel were studied. And the enzyme
combination consists cellulose , hemicellulase and lignin enzymes were determined. Through L, (3*) orthogonal experiment and
response surface test, the enzymatic hydrolysis and enzyme concentration were optimized. the optimal enzymatic hydrolysis
conditions were as follows: cellulose enzymes 0.8 g/100 g,hemicellulase 1.2 g/100 g,and lignin 0.2 g/100 g, ratio of liquid to
material(mL/g)6: 1, pH value 4, extraction lasts for 3.5 h under the temperature of 40 °C,the pectin gain rate can reach
2.63% +0.021%.
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Table 2 Parameters for enzyme concentration single factor experiment

fig2 pH REE(CC) ] (h) R (mL/g) filgi 2 (/100 g)
LT T 6 40 3 4:1 0~0.6 (BfEEH 0.1)
b U Z il 6 40 3 4:1 0~1.2( B} 0.2)
KIRE 4 40 3 4:1 0~0.6 (BhHEH 0.1)
TER 4 40 3 4:1 0~0.6 (BEJE 5 0.1)

Y A RLRSHRICT 2w W B TS g, H AR HUE %R
B, T s T e s ™ B v A R RN R O %
X A E SRR S, AH LT S AR ek B 1
F AT ERAO R B . IRARART A D
PRI Fe R, AR T AR SRS, B T HEH
SEAFTEIRRT , 15 3] 0 SRR BTt I e vy TRV o

AT LA B IR 2R S g6 Sy R, 45 A E A8 Ak sk
BRIV T 3E SR H2 v SR W v R I T, I A
w1 AR B G R A A B S 0 He g, LAAS Y —
ol R s A VY T 3 AR R IR R M T s, it — 2
T B B2 UR 0 45 R FAVE B 2R B 4Rk =%
1 #Rl5R*®
1.1 MREEE

TEEES IR PE R AT PSR R 4E R T (T
152007 Ul/g) IS A YRk A BN &) 5 2 47 4k
K (NG 20 U/g)  pa Bl AR A BR A
KRBT EE (NG 40 J7 U/g) T FARRZSIRAL T s UEM
fiff (Bl 3700 U/g) T MSF A ARARAF I
IKEEE(Ar)  E 2552 aRE BR A

12-ND BRI RT ML W A T = AR MR
et IR T s pHS-3C IR pH 1+ WA LigE
e ZRANAHAL R A FR 2 W] TU-1800 %5 40 7T UL 455
SGEETE W B AbETE AT A A A B2 F] s RE-5203
RIGEFEZE AL W B g W ok A b A A% ) s SHZ- I
RIEHMK B iR ERIris) .
1.2 S35k
1.2.1 T WA REER>XEB(HAKSLILS min) 5 HHm
BB i — K B (KB4 22 10 min) -5 85 (LT Rdh
) R (RIRRBGR) > K TR - & BLe BT
— R
122 SREEHIMIE  SRHGIERRRSEERE
1.2.2.1  SREPRAEIMZR LT B D- 2 ZLBE R bR
HEAh 100 mg, BT 7K H, I A 0.5 mL 1 mol/L & 4K
TLENFH , EFEZE 100 mL, IR IR E B3R 0.1.0 |
2.0.3.0.4.0.5.0.6.0.7.0 mL, 43 57E A 100 mL Z8IR
o, FHZEME KA RBE I 20 5, S Il L A5 Y R 7 R VR 3
AT Le I 2 I 4l ith 2k, BN 1 mL FR o S35 B T
25 mL @, il A 0.5 mL 0.1% [Nk — 7, s,
¥EOFE SEZV N AR IR VS WE 6 mL, T 85 “C /K LW
5 min J5¥ I E =R, ST 2 H 4600 EIHAE 525 nm
WAL 1 em Bb o ML 3 0 G AE, 75 20 b5 1 1 26
y =0.0067x +0.0295 (R =0.9997) , Hih v R Y61 ;
x R E = (pg/mL)
1222 FEmREIE BOR BRI 25 mL, 0
25 mL 7K, {EMPE# 1 g/100 mL,60 °CHEdE 15 min, i

118 5 17z%18m

VE B 1 mL BEWE A 0.5 mL 1 mol/L & & AN W
IKfHIEAL 2 h DA I, @A R 250 ml, 15 3 32 BOEE 1 7
BEM . BU1 mL BB T LI RE o

1.2.3 PO R A B E T2

1.2.4  BARZESLE BT

1.2.4.1  pH XTI IREBAS R 05 =
(27100 g) LIR &1 (100 g) i (F3XIA]) |3k 1
PR S8 pH B R 2E 5056

1 pH R ELRBH
Table 1 ~ Parameters for pH single factor experiment
, WE BHE WORHE R
Mk P e) () (mlve) (/100 )

2 Y KT 40 3 4:1 0.6
YR 28 ;“O) 0 3 41 02
AREH S 40 3 4:1 0.1
TE R Bl 40 3 4:1 0.5

1.2.4.2  Plgde B2 X R R P HUAG Rg f2 e $EE AR 2
7R W S ELAAF BT I B 1) B DR 3R 526
1.2.4.3 X B SR BUS R AR $E IR 3 Br
TN S BRIl A Ut B8 ) B D 2R S

3 AR A R R SR

Table 3 Parameters for temperature single factor experiment

s pn WE ROWRIE mRkE
(C) (h) (ml/g) (g/100 g)
LR T 6 3 4:1 0.4
LLREER 6 28 ‘28‘ 30 41 0.6
AR 4 7‘0 ’ 3 4:1 0.1
VE R Al 4 3 4:1 0.3
1.2.4.4 WA X 5 s HE B AR RS2 I F2 AR 4 B

IS B AT Il A ek ] 78 B DR 2R 5256
E N RN e

Table 4 Parameters for temperature single factor experiment

‘ W WA WRE Rk
MEH e ) (g (2100 )
24 Z i 6 30 4:1 0.4
FAREN 6 40 2T a1 06
AR ER 4 50 4 45 5 4:1 0.1
TEN 4 60 4:1 0.3
12.4.5  WORHL X S BB B SR B R IR S

FIF 7 10 2 B8 45 P A FE £ 20 R 2R 506
125 ST EmEH S0 TE Sl 3 0 A 2652
Wtk JL, e HULT 4t H A 0.4 /100 g % £F 4 % G
0.6 &/100 & AT 0.1 8/100 g 5 45 V8 Nk 75
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Table 5 Parameters for liquid ratio single factor experiment

. WEORTE e
523 pH (C)  (h) TR (/100 g)
21 Yk K 1 6 30 3 2:13:1, 0.4
SRR 6 40 4 4151, 0.6
NGy 4 50 4 6:17:1, 0.1
TER 4 60 3 8:1 0.3

F6 Ly (3") IER T HFEAKTR
Table 6 Independent variables and levels of

L, (3*) orthogonal experiment

AWk BAMA D
T e Cel )
1 4:1 3.0 4 40
2 5:1 3.5 5 45
3 6:1 4.0 6 50

1.2.6  SZEBEAIN LG ma N O DLEF4E R
“PRET Yl K AT R A AR R R T, S R
SHFEARBE B TR AL S, RUER KSR 7
TR TR R R K-
Table 7 Independent variables and levels of

Box—Behnken experiment

K
L -1 0 1
X, G4 E (/100 g) 0.30 0.40 0.50
X, HLFYEREF (/100 g) 0.50 0.60 0.70
X, A& (/100 g) 0.05 0.10 0.15
1.2.7 BEBESRKITE AT
12500

HRIBHLIAGA( % ) = (A=0.0295) x o0 =

Horr . A- SR, 12500 - Fi B 85, M— S i 5
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Fig.1 Effect of pH on extraction of
pectin by single enzyme
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Fig.2 Effect of enzyme concentration
on extraction rate of pectin
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Fig.3 Effect of temperature on extraction rate of pectin
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Fig4 Effect of extraction time
on extraction rate of pectin
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N, 22T 2 Z il B UK LU 4 1, 2 4 38 il e il
BHEESR 311, AR TR PR IE OB EE o 60 1, S A Bl i
WORFEE N 501,
2.2 FBMRRENIHILLE ST
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Fig.5 Effect of liquid ratio on pectin extraction rate
TEMEE(1.81% ) > LT 4R EF(1.63% ) . % TIEH
Tt 1) e A H IR 5 Al i AH 28 HE 0, AN A T 2 Fh
it 52 TC =5 IR AR 25 A7 g AN ] , S92 0 45 X I 3R il 2T 4
Kl LT 4R — PP T AR o

YN CROTAENE AREN RN
PNCL

Bl6 AR B IR I X L
Fig.6 Comparison of pectin extraction capacity of single enzyme
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Table 8 The results of orthogonal experiment L, (3*)

e ES S
AWkt BRFE] CpH D RJE (%)
1 1 3 2 3 2.173
2 2 1 3 3 1.507
3 2 3 1 2 1.380
4 1 2 3 2 1.373
5 3 1 2 2 1.293
6 3 3 3 1 2.073
7 1 1 1 1 2.060
8 3 2 1 3 2.600
9 2 2 2 1 2.293
K, 5.607 4.861 6.039 6.426
K, 5.169 6.267 5.757 4.052
K, 5.967 5.625 4.953 6.279
k, 1.869 1.620 2.013 2.142
k, 1.723 2.089 1.919 1.350
k, 1.989 1.875 1.651 2.093
R 0.262 0.4687 0.3623 0.7933
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Table 9  Variance analysis results of orthogonal experiment

A S SS Df MS F Sig
A 0.22066864 2 0.1103343 12.656813 0.001 "~
B 0.96940303 2 0.4847015 55.601706 0.000 **
C 0.72773998 2 0.36387 41.740725 0.000 **
D 3.36987473 2 1.6849374 193.28471 0.000 *~
R 0.15691294 18 0.0087174
AR R 97.2761695 27
o =0.01 1 BEMACTFRT =+ 3 11 7],
ABLC,D,, EIERHEE g 60 1 /g, BT ] % 3.5 b, H10 VLI T2
pH Jy 4 $RIBUIRE Ny 40 C Table 10 Box—Behnken optimization
7 2253 AT S5 R 38 O W J DO A DRl 28 X6 2R 2 B results for enzyme additions
?%%E‘J%ﬂ['ﬂi@mﬁ%,H%ﬂ[ﬁljtdlﬁﬁ{étﬁ D iB >C L X Y X, eF 4 X, AR Y HEGE %
iA,Eﬂ‘/}fﬁg > PEHUATA] > pH > WOkl EL . &2 = IRAF DR A, 2 2 2 (%)
TFIAIESE o 2], BRI T 5 2.619% 1 . 1 1 %
24 ERREMWRERNLEER S . . | e
AL 2 B e BT AR PTF % = F  7  t ; 0 o 0 520
TFIRAL , 46 R U1 10 TR A 0 0 0 bal
iz JH Design—Expert 8.5 XJ SZ 555 P5 4T IR £ 5 ~1 1 0 1.81
JTlA5AT, 52 M IH A2 Y =2.304 +0.14625X, + 6 1 0 1 1.86
0.07375X, + 0.15X, + 0.0475X,X, + 0.105X,X, + ; 1 1 0 25
0.06X,X; —0.18825X,> —0.16825X,> —0.13575X,>, iy 3 0 - | 1.99
e 1L WS B 17 5 A HE AT, S . . o Y
p <0.001 , ZRUTFA i & p = 0.0681, JeiE ZEL R = 10 0 1 -1 1.83
0.855 . BLUIPTALMIA LA IRA, WA BB R _1 . o
5 REOS B B L BUN 4 MO TR IR BB IS, 1 e 5o
YL 13 0 0 0 232
7250 BT AT L, U s 0 oo
p <0.01 , 158 B % PRI 28 X6 5 e 1) i BSO8R 552 il 34 Ay A% 15 0 0 0 299
3, R R X 45 R 0 52 i O AR B A 2R OC 16 1 0 ! 239
AT HAEH (p <0.01) , H = P 2% 8] 52 HL 0 3 1T 17 _1 0 1 178

(L 7) LB , YA B e, #2 W] A 3R 8] 52 HAE 32

OSSR E N ETFHER T 0.8 ¢/100 g, LT 4E R 1.2 ¢/100 g, K

T =k W 5 T A A TN A 3 e A 9 52 5 Tl vk R SRR WA 2 0.2 g/100 g, U AL fis 42 HUR: = af ik
A N RS E T 2200k

Table 11 ~ Variance analysis response surface test results

A5 5 SRR F 5 A A B ¥ FAg Prob > F T
ki 0.847861 9 0.094207 180.9183 <0.0001 e o
X, 0.171113 1 0.171113 328.6111 <0.0001 *
X, 0.043513 1 0.043513 83.5631 <0.0001 ok
X, 0.18 1 0.18 345.679 <0.0001 -
X, X, 0.009025 1 0.009025 17.33196 0.0042 -
X, X, 0.0441 1 0.0441 84.69136 <0.0001 o
X, X, 0.0144 1 0.0144 27.65432 0.0012 -
X,? 0.149213 1 0.149213 286.5543 <0.0001 .
X,’ 0.119192 1 0.119192 228.9007 <0.0001 o
X,? 0.077592 1 0.077592 149.0104 <0.0001 ok
B 0.003645 7 0.000521
AU 0.002925 3 0.000975 5.416667 0.0681 PNTES
st 2E 0.00072 4 0.00018
S 0.851506 16

(2017 18m 121
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Fig.7 Response surface of pectin extraction rate affected by each factor

2.81% , Yo UE 5256 3 B SRR S B 42 BUAS 5 mT 3k 2.63%
+0.021% ,
3 #Hik

L35 5 B A A AR T A5 it U e v Sl E A
SCHGAS Y PG 1k B 2 A2 G W A AR A SR OB LE
6:1 ml/g, PEHUAT[A] 4 3.5 h,pH & 4, ¥ HUIR E R
40 C AEZAAF T, Ak w7 T S 56 AR AT 52 45 Tl 4% 2H.
SriARBS NN LT YE R 0.8 g/100 g, 2T 4k 3K i
1.2 ¢/100 g, AT EFHSE R 02 /100 g, 7 LRk
AT SRR AR R T IL 3] 2.63% +0.021% .
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