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Extraction Process Optimization and Quality Analysis of Pectin from Citrus Peel
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Abstract : In order to optimize the extraction of pectin from citrus peel as an agricultural waste by simultaneous hydrolysis
with cellulase and hemicellulase, the effects of three key factors including extraction time, temperature and total enzyme amount
on the extraction rate of pectin were explored by Box-Behnken experimental design based on Placket-Burman design, by which
the optimal initial pH, mass ratio of cellulase and hemicellulase, ratio of solid to liquid and material granularity were determined
to be 4.5, 1:1, 1:20, 60 mesh, respectively. As a result, a mathematical model describing the relationship between the above three
factors and the extraction rate of pectin was established. Based on canonical analysis of the model, the optimal extraction
conditions were determined to be 0.46% total enzyme amount, 5.1 h extraction time and 41 °C extraction temperature. Under
the optimal extraction conditions, the predicted maximum yield of pectin was 12.35%, which was close to the actual value of
12.22%. Meanwhile, each tested physical and chemical index of obtained pectin reached or even exceeded the requirements of the
national standards.

Key words: citrus peel; pectin; double enzymatic extraction; Placket-Burman experimental design; response surface
methodology; mathematical model
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Table 1 Placket-Burman design and results (n = 2)

e i i
WES X pH Xe B 1% X WEB G BRREI T %emEIC | XL R
1 —1(3) —1(4) —1(0.4) —1(1:1) — 1(40) — 1(40) —1(1:15) 7.6
2 -1 1(5) 1(0.5) -1 1(60) -1 -1 7.9
3 -1 1 1 1(1:2) -1 1(50) 1(1:25) 8.5
4 1(5) -1 -1 -1 1 1 1 9.7
5 1 —1 1 1 —1 1 -1 10.7
6 1 1 —1 1 1 —1 1 8.9
7 —1 —1 —1 1 1 1 —1 8.5
8 —1 —1 1 1 1 —1 1 8.7
9 —1 1 —1 —1 —1 1 1 8.2
10 1 —1 1 —1 —1 —1 1 9.7
11 1 1 —1 1 —1 —1 —1 9.3
12 1 1 1 —1 1 1 —1 10.8
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Table 2 Box-Behnken experimental design and results

£3  Placket-Burman Hit [EFHERI 5 2 K £ 308 4#r
Table 3 ANOVA and significance testing of the mathematical model
established based on Placket-Burman design

- e s
RS R BmEIC CuAmRmEme | RREM W AmE T 7 Fii P
1 16) 1(45) 1(0.45) 10.88 o 7 11.08583333 158369048 1259  0.0138
2 1 1 —1(0.35) 10.28 Tes 4 050333333 0.12583333
3 1 —1(3) 1 10.76 B 1 11.58916667
4 1 -1 -1 9.07 W 7 58 9.041667
5 —1(4) 1 1 9.68 B 0.354730
6 -1 1 -1 11.05 R? 0.956569
7 -1 -1 1 10.10 B RE 3.923280
8 -1 —1 -1 10.28 W t P> I LA
9 1682(6.7)  0(40) 0(0.4) 9.16 . 289 0.0014 1
10 —1.682(3.3) 0 0 8.63 & 106 0.3497 4
1 05)  1.682(48.4) 0 11.49 . 334 0.0289 3
12 0 —1682(3L6) 0 10.08 . 057 0.5994 6
13 0 0 1.682(0.48) 12.09 & 041 0.7049 ;
14 0 0 — 1.682(0.32) 10.90 - 350 0.0249 )
15 0 0 0 11.70 Xy —0.90 0.4213 5
16 0 0 0 12.69
17 0 0 0 11.85
18 0 0 0 12.36
19 0 0 0 12.62 SR FAE AT W BIARIS, 152 BL R kiR
20 0 0 0 1248 SIENE b
Y = 12.2838 + 0.0569A -+ 0.2966B + 0.2007C + 0.1225AB +
143 FETEREL 0.4800AC —0.2850BC —1.2008A2—0,5328B2—0.2818C? (2)
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Table 4 Variance analysis, contribution rate and parameter estimates of the regression model established based on Box-Behnken experimental design
A 5 KR Rl A B Sk PRt 2= t{E F 1 P{H  TTHRE /%
il — 1 12.2838 0.1484 82.80 — << 0.0001 —
A 0.044 1 0.0569 0.0984 0.57 0.33 0.5787 —0.29
LT B 1.20 1 0.2966 0.0984 3.01 9.08 0.0130 3.66
C 0.55 1 0.2007 0.0984 2.04 4.16 0.0687 1.44
AB 0.12 1 0.1225 0.12860 0.95 0.91 0.3633 —0.034
A H IR AC 1.84 1 0.4800 0.1286 3.73 13.93 0.0039 5.85
BC 0.65 1 —0.2850 0.1286 — 222 491 0.0510 1.78
A? 20.79 1 — 1.2008 0.0958 —12.53 157.10 < 0.0001 70.68
/e B? 4.09 1 — 0.5328 0.0958 — 5.56 30.92 0.0002 13.55
c? 1.14 1 —0.2818 0.0958 —2.94 8.65 0.0147 3.46
A Sk UR Rl A ¥ 5 F{H. P DU
il 27.91 9 3.10 23.44 < 0.0001 —
R 1.32 10 0.13 — — 0.00
hs¥il 29.23 19 — — — —
KA 0.47 5 0.094 0.55 0.7336 —0.62
Bz BB % 0.85 5 0.17 — — 0.68
Mk 1.32 10 0.13 — — —
A S AR ~EJ7HI A R? F{E P 1{E P&
2 PRI 1.80 3 0.0614 4.52 0.0299 4.82
ol RN 23.50 3 0.8040 59.22 << 0.0001 79.06
AT H. I3 2.61 3 0.0894 6.58 0.0099 7.59
S EA 27.91 9 0.9547 23.44 < 0.0001 —
Wiy S 4 10.907500
Ko7 0.363748
R? 0.9547
R2agj 0.9140
R 3.3348
I3 M KA E % PR 3R B A K 2 AN AT R gg>.m ~o— %M (x1. A)
RN NN . y P (X210 B)
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%i&(ﬂﬂﬁl?ﬁ)%%ﬂj}— 2.4016. — 1.0656. — 0.5636. Fig.2 Marginal effect index of each factor
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Fig.1 Effect of each factor on the extraction rate of pectin
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Fig.3 Response surface and contour plots showing the interactive
effects of three factors on the extraction rate of pectin
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Table 5 Determination of optimal extraction conditions based on
experimental codes through canonical analysis

p, , TR
R S SR B — ﬂf* — i
A 0.060735 5.06 0.196063 — 0.336673  0.920983 — 0.505311
B 0.117988 40.58 12.350539 0.202333  0.932891 0.297953 — 1.598410

C 0203809  0.460 0.959490 —0.127928 —0.251025 — 3.597976

®6 WHEIET

Table 6 Ridge regression analysis for optimization of three extraction

conditions
, . s Sl
GiRP WM A x %B‘ﬁ c
0 12.283813  0.148355 0 0 0
0.1 12.329847  0.147870 0.035143  0.123678  0.108443
0.2 12.348904  0.146706  0.081369  0.192347  0.263717
0.3 12.348041  0.145756  0.128388  0.191107  0.449016

1.0 12.013223  0.283485 0.389461 — 0.156219 1.628816

FIF SAS RSREG Procedure ifi5E & K Z AL S5
ST ZASRAE T IRFAEAE, RO #02 SR, WA e 1%
R BEVEAEIR G SR B fe KA IS 2 Y = 12.350539%;
SR FH ST 5 BTt AT W [R]JH (ridge analysis) 4012529,
3B ER Al Bgeik42 0.2, A=5.08h, B=
40.96°C. C = 0.463%, ULAET, m i FuHAE Rz = A
FRINAGHh 12.348904% . SEBrAzr =, AlKGINE] 5.1h, Vi
E41°C. EEERINE 0.46% FARETESH.
236  RAUFSLE

TR T2, R % 0 (12.22 +
0.16)%(n = 5), LLEEIBE 12.35% FHA%; 1 B[Rl A Y
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Table 7 Major technical parameters of pectin obtained in this study
sk [ R AR S b KR 25 2% o E R AT AR TSR [REREINE

21 41(FAO) ik (FCC) #74-(EEC) #E(QB 2484 — 2000) P RIE 7 SEIE
TR E <12% <12% <12% <8% 7.4 6.3
K5y — — — <5% 3.9 2.1
AR <1% <1% <1% <1% 0.8 0.5
THEAGBR (X 10) <50 <50 <50 <50 42 27
R LA R B — <0.1% — — — —
TR R B ¥ A7) <1% <1% <1% — — —
A, R — — <2.5% — — —
Aos, Rk <25% — < 0.5% — — —
IR R Al = 65% — = 65% — — —
ST R — = 65% — = 65% 76.7 87.3
Ak < 25% < 25% < 25% — — —
Tl (X 10°) <3 <3 <3 <2 1.6 0.4
A& (X 10%) <10 <5 <10 <5 4.1 2.8
{8 (X 109) <50 — - - - -
BEET (X 10°) <25 — <25 — — —
HBEREL(9 X 10%9) — — <50 — — —
4 JE (LA Phi)(X 10%) — <20 — <15 13 10
pH — — — 2.6~3.0 2.7 2.8
JReEFE (SAG 1) — — — — 165 186

e — AR BCRAL .
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