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Enzymatic extraction of inulin from Jerusalem artichoke pulp
and its composition and antioxidant activity analysis
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Abstract:In this study,we applied enzymatic extraction technology to solve the problem of low recycling of Jerusalem arti-
choke pulp,which comesArom waste in the industrial production of Jerusalem artichoke inulin,and then evaluated the antioxi-
dant activity of inulin from Jetusalem artichoke pulp. The enzymatic exiraction process was optimized by using response sur-
face methodology ,and the optimum parameters were as follows;pH4. 5 extraction temperature 50 °C , pectinase-substrate ratio
7.5 U/g,extracting time 2 h. The yield inulin from Jerusalem artichoke pulp was 35.30% +0.85% by using optimized enzy-
matic extraction,process ;which is 38. 16% higher than that by traditional hot water extraction. Subsequently , we comparatively
analyzed the chemical composition and antioxidant activity of primary water-extracted inulin (PWI) and secondary enzymatic-
extracted inulin (SEI). The results showed that the total sugar and inulin contents of SEI were significantly higher than those
of PWI (P-<-0:05). Compared with PWI,SEI contained more inulin with six and higher polymerization, but less sugarcane
trisaccharide and sugarcane tetrasaccharide. Furthermore, the antioxidant activity of SEI was superior to PWI,according to the
total antioxidant capacity, DPPH  hydroxyl and superoxide anionradicals scavenging activity, Fe’* -chelating ability and reduc-
ing power assays. Therefore , pectinase-enzymatic extraction method has the potential to be a new solution for the problem on
reutilization of inulin of Jerusalem artichoke pulp in the inulin industry.

Key words: Jerusalem artichoke pulp;enzymatic extraction;response surface methodology ; chemical composition ; antioxidant

activity.
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Table 1  The factors and levels used in response surface methodology
2% JKF- Level
Factor 1 0 1
A:pH i pH value 4.0 4.5 5.0
B : #2 I  Extraction temperature( °C ) 45 50 55
C: )i . Enzyme-substrate ratio( U/g) 5 10 15
D . $2HUAF ] Extraction time(h) 1.0 1.5 2.0

L5 HFEFMHAURSENE

B SR Bl 1 B JBCH HEL 2 3 32 IO, o /K TR R
SRS 20 K BRUTVE , 1 R 42818 K& (3
B 731 500 Da) BRER 5 ¥ Uk T4, 15 3 44 5 #1 il
ARBCHL Ky . BEIS , B4 K0 2 H F 4 =F RA Tilg 1k 42
HUHZE 8 , 43 5% Fl DEAE-2F- 4 25 [ 85 738 460 £, i
HE(S5 em x 10.5 em i. d. ) HEAT 4l , ek 28 MK Uk
JBEER >, BE4E 5 v VR T A5 B Al Ak AG By B i, 403
%4 NI IK L2685 ( primary water-extracted inulin,
PWI) Fll — YR i 2235 45 ( secondary enzymatic-extracted
inulin,SEI) .
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Fig. 1  Effects of pH,extraction temperature , enzyme-substrate ratio and extraction‘duration on the yield
B NG PR R S B B 2 RN EAE (P <0.05) , Note: Lowercase letters

mean a significant difference among the different treatments at P'<0. 05 level in single factor experiment.

2.5 WERHEIZITSERER B2 o VA U1 e O S Y RS R g e )
TEEA P R SCHR LA I, 46 Box-Benhnken H1.0™ 45 29 ASEH 5 5,24 Dok i, 5 bl ilse
AR BT IR R, DL ARy S R S e W AL L, RIS S 1R 22 0 45 40 453 B2 B A wig )3 T
pHAE(A) G (B) AIE L (C) R (D) e eidmieit MARILE 2,
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Table 2 Box-Benhnken design and results(n = 6, x =5 )

rue Ao fi O\ P CHEH DB Y 4k
No. pH value xtraction temperature  Enzyme-substrate ratio Extraction time Yield of inulin
) (U/g) (h) (%)

1 0 1 0 -1 33.37 £0.91
2 -1 -1 0 0 34.73 £0.35
3 1 0 0 -1 31.89 £1.25
4 0 -1 0 -1 32.64 £1.43
5 0 -1 0 1 35.35+0.56
6 1 1 0 0 31.28 £0.61
7 -1 0 0 -1 34.42 £0.80
8 1 0 0 1 33.69 £0.49
9 0 0 0 0 36.22 +£0.98
10 -1 0 -1 0 34.12 £0.48
11 0 0 1 -1 32.96 £0.37
12 0 0 0 0 35.88 £0.77
13 1 0 1 0 29.98 £0.56
14 -1 0 0 1 33.05+£0.33
15 -1 1 0 0 31.47 £0.98

16 0 0 1 1 34.66 £1.41
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2:5% 2 ( Continued Tab. 2)

JEE NS PR AR %
;QN?% Aﬁ??‘lﬁ Extracti]rgvr.l{]tlgn%)erature Enzym(j::fijirzlt:e ratio h]ztrimcfz\fﬂ?le Jiélfi}fjﬁjn
' P e (C) (U/g) (h) (%)
17 -1 0 1 0 32.96 £0.42
18 1 -1 0 0 31.37 £1.14
19 0 0 0 0 35.38 £0.48
20 0 0 -1 1 36.91 £0.87
21 0 1 0 1 33.06 +£0.32
22 0 0 0 0 36.75 £0.65
23 0 0 -1 -1 34.36 £0.54
24 0 1 -1 0 33.46 £1.33
25 0 1 1 0 31.52 £0.61
26 0 0 0 0 35.24 £0.54
27 0 -1 1 0 32.75 £0.78
28 0 -1 -1 0 33.55+1.11
29 1 0 -1 0 33.35+0.33
2.5.1 W ES WATIEAT 22 3B (% 3) o 45 R R, R PTUA B

¥ Design-Expert 8. 0.6 Xf {58048 47 [0] 15
30T, X R RLE 5 A5 8] mE 5 A E .

Y=35.66-0.077A -0.52B -0.91C +0.59D

+0.79BC +0.794AD —0.76BD — 2.054>
- 1.76B° -1.01C?

2.5.2 @)ARER T £ 5T

Sk e O TR S g s 4 A BRSO A p
W2 | L R 451~ AL 2R B8 A2 BAE RN 25k

FH(P>0.05), MR 8% (P <0.000 1), Hr
R* =0.901 1, {3 B S0 80 A 552 s (0 EL A 705 88 ) 4 6
PR R RO S R, S B RN E
FRNKFR:A>D>C>B, BIFEFIE L > pH {H > #2HL
WL > $REUET R, 2 BD (AB AD Fl C* X HEHUK
RBE,MKNEAB.CA B CXHEPHCR A
ETEA AT

R3I AENWER

Table 3 Results of variance analysis

Ti A S5 F ¥J7 F{E Py mEM
Source Quadratic_sum Df Mean square F-value P-value Significance
Model 78.366 16 14 5.597 583 13.579 95 < 0.000 1 o

A 7.041.072 1 7.041 072 17.081 91 0.001 0 o
B 3.253 125 1 3.253 125 7.892 207 0.0139 o
C 9.944 481 1 9.944 481 24.125 69 0.000 2 o
D 4.153 633 1 4.153 633 10.076 87 0.006 8
AB 2.521 744 1 2.521 744 6.117 848 0.026 8 *
AC 1.227 664 1 1.227 664 2.978 36 0.106 4
AD 2.496 4 1 2.496 4 6.056 363 0.027 5
BC 0.322 624 1 0.322 624 0.782 698 0.3913
BD 2.286 144 1 2.286 144 5.546 273 0.033 6 *
CDh 0. 181 476 1 0.181 476 0.440 268 0.517 8
A? 28.961 58 1 28.961 58 70.261 9 < 0.000 1 o
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2:5% 3 ( Continued Tab. 3)

T3 2RI -5 H ¥75 FAH PE M
Source Quadratic sum Df Mean square F-value P-value Significance
B2 21.747 13 1 21.747 13 52.759 38 < 0.000 1 o

c? 7.559 301 1 7.559 301 18.339 16 0.000 8 .

D? 0.819 918 1 0.819 918 1.989 151 0.180 3

W 5.770 725 14 0.412 195

L) 4.229 425 10 0.422 943 1.097 626 0.506 1 Not significant
R 1.541 299 4 0.385 325

S 84.136 89 28

TE:" " P<0.01 MR ; " P<0.05 NEF,

Note: * * P <0.01lwas considered to be extremely significant; * P <0.05 was considered to be significant.
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HRAE 3K A Design-Expert 3§ 45 i i {E i1 3D i
T, 73 AT 25 D5 3 % 3 0 75 R 10 52 i) B 4% PR 3R 22 [) )
ZLHAEH . B2 ~7 hrR R pH 32 BOR
Fb RIS ] FP AT B A B 2R KO, AR AN
PR 22 (B] 9 28 B T 48 A AR 520, 2 K (753
Bl AT B8 B A 3G N34 2 o A R B
—EERT, MR T RO T, B2 .4 Fie il

B2 pH EFREGR X 50 #4528 22 00 89 e Sz o E
Fig.2 Responsé sutrface plot for pH value and extraction

temperature effect on the yield of inulin

B3 pH {EFERNR b X 554315 2 3 i A i) R T ]
Fig. 3 Response surface plot for pH value and

enzyme-substrate ratio effect on the yield of inulin

TETBEDH , AR pH AL | pH MV ] | 58 A [] 2
B AE A ., 575 2 Brdiit— 2

D: {EEB 1
Extracton time (h)

B4 pH EF0EZELET 8% 59 #1345 22 25 0 9 i Sz 1

Fig. 4 Response surface plot for pH value

and extraction time effect on the yield of inulin

5 $RENE B FNER R bt X 50 435 22 2 0m B i 2 1 [
Fig. 5 Response surface plot for extraction temperature

and enzyme-substrate ratio effect on the yield of inulin

2.5.4  BEAACK FAR LA IIE

FEE ) PR 220 B, AR A 3R [T S B 780 3 A
1540, SEL B S AERHE SR IR A - pH {H 4. 51 42
IR 48.46 C WKL 7.59 U/g SRHUHTE] 2 hy 1
it S A SR A F RN SE PR i A 1 P 8 42 : , R  H BUSR
5 :pH4. 5 FREUR B 50 °C BIELIL 7.5 U/g 2HK
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Fig. 6 Response surface plot for extraction

temperature and extraction time effect on the yield of inulin

B 2 h, 28 3 YA 505, 45 1Y SEL 15 5
35.30% +0.85% , 5L 36. 6% JC B E 25, 1
W] bR A 5 SEPRAE LA & A F . SRS HUKIR 1
PAR G (PR BB L 1020 w/w BRI E] 2 h,
PLECELEE 80 °C, 458315 %.25.26% +0.50% ) , SEI
1R 38.16%
2.6 #RAKERFEM(PWI) Fn R EFR % (SEI)
B R A 53 L3R

FH T B0 A BT AN [F] AT RE 23 6 46

200 5300

180 510

7 49.00
C: B I

D: {RAUH ) 140
Extraction time C: Fngyme-subSRAE ratio (U/g)

-
e (h) 120 /4.0

100 745,00

7 B b AR BN A (8 X+ 5 #3452 2 0 4 il iz T [
Fig. 7 Response surface plot for enzyme-substrate

ratio and extraction time“effect on the yield of inulin

(2 G LR S, B AT X PWI R SET 149 25 il 7 i
1 TINRE . SBERAE 4538 5 R, SEL 1 B AE 1%
B S WA ST PWIH(P <0.05) o R4 MRS E
J7 T, PWI Fp AR AR OB & B A, T SEX
R ADHE RSB S FE LA B RS B AR A
B o AR T RE R TR A B A I R
11T 5 SC A B, 10 2R 45 38 50 vy ) 26 0 14 i P A /N
52 BRI A A0 O BE R R T ACERAR B, R
ISR il B A1 BT, 200 PO BE o W IR, TR 5 A
Tl FA 3 B B IR R o

R4 SUFHESHSE N FIAEBRINEARSE

Table 4  Total sugar, inulin; galacturonic acid and protein content of purified inulin fractions

oy SRS i Bk & WERE IR &5 BHE®E
LAy R . AR .
Polvsaccharide comnonent Total sugar content Tnulin content Uronic acid content Protein content
olysaccharide compone @) (%) (%) (%)
PWI 82.67'+0.2" 77.74 +0.30" 0.08 £0.01" 0.22 £0.03"
SEIL 90.06 +0.5* 89.21 £0.52* 0.23 £0.02° 0.36 £0.03*

T AR FVNG P FR BWIRINSEL Z M4 B P E (P <0.05)

Note : Different lowercase letters_indicate a significant difference between PWI and SEI (P <0.05).

RS SAUFHESNREEARSITER

Table 5  Polymerization analysis result of purified inulin fractions

G4y REARL =l JEAL DU TS FObE RESR Ml B H DL - R A B2 K
C N \ Kestose Nystose Fructo-pentasaccharide Inulin with six and higher polymerization
Va (%) (%) (%) (%)

PWI 24.25 +0.44° 29.28 0. 62° 15.48 +0.87° 30.99 £0. 19"

SEI 16.99 £0.26" 8.09 +0.16" 20.72 £0.26° 54.19 £0.37°

H ANFVINE AR R PWI AT SEL 2 Al HA B 2R (P <0.05)

Note ; Different lowercase letters indicate a significant difference between PWI and SEI (P <0.05).

2.7 mEAEENELER
2.7.1 EB#FLEARES

K HLEBTEALRE BN E ABTS H 3G R Ak
71, Trolox bl , BiifiE £ 22 il LA Trolox 7 X
(ng/pL) AREALAR, ABTS [ i ZENGBRAR Y(% ) A

+
oélii

Ak, ARl ¥ =0.007 5X(R* =0.997 1)
AP 8 fiTan, PWI A SEL ) ABTS [ iy 3L 3% B fiE
JI WG A B SR BERE N b T, MRS EE S 5
mg/mL i}, SEL [¥) ABTS H 3L bR fg 1 B 8+
PWI(P <0.05), =% TEAC {843 %4 3.93 +1.02
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F12.95£0.47 mg TE/g,
2.7.2 DPPH g wikFrks

WE 9 Fros , BIFRIAE KR 5 (Y DPPH J5BRRE 13
Wi 751 v ) B i 2 T ¥, 7 0 ~ 0.4 mg/
mL ¥ BRI P, SEL (1) DPPH Y& FRBETI LT PWI {2
#£0.4 ~0.6 mg/mL ¥R BV FEIIT 35 2 55k AE U 0.
6 ~ 1.0 mg/mL Ff PWI ) DPPH 3% [&:fig /1 B &k T
SEI, 1.0 mg/mL ¥ JERT, PWI i1 SEI () DPPH 538
43R 15.1% +0.139% F110.6% +0.76% .

—— PWI —« SEI — Trolox

100
30
S 604
g 404
= o204
£ 157
C=l) a a a
2 104
3 b
2 54 . a 3 b
0 — T T r
0 1 2 3 4 5

R
Sample concentration (mg/mL)
B8 HR/KERHH(PWI) F1 2k EgIR %
# (SEI) B BRI BE
Fig. 8 Total antioxidant capacities of primary water-
extracted inulin (PWI) and
secondary enzymatic-extracted inulin (SEI).
HAF/NG FBER R PWI AT SEL Z [ B 1 35 25 (P <
0.05) . Note:Different lowercase letters indicate ‘a significant

difference between PWI and SEI (P <0.05).

oo -~ PWI = SEI =-e_V¢
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Fig. 9 DPPH-scavenging activities of primary water-
extracted inulin (PWI) and secondary
enzymatic-extracted inulin (SEI).
AR/ NE SRR PWIHI SET Z (B A B EMZ R (P <
0.05) , Note:Different lowercase letters indicate a significant difference

between PWI and SEI (P <0.05).
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Fig. 10  Hydroxyl radical-scavenging activities of primary
water-extracted inulin (PWI) and secondary
enzymatic-extracted inulin ( SEI).
HAF/NG FRER R PWIATSEL Z M EA B 2R (P <
0.05) , Note: Different lowercase letters indicate a significant

difference between PWI and SEI (P <0.05).
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Fig. 11 Superoxide anion scavenging activities of primary
water-extracted inulin (PWT) and secondary
enzymatic-extracted inulin (SEI).
AR/ NE SRR PWIHI SET Z (B BA B EMZE R (P <
0.05) . Note:Different lowercase letters indicate a

significant difference between PWI and SEI (P <0.05).
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2.7.5 Fe’ HARA
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Fig. 12 Fe’* chelation abilities of primary water-extracted

inulin (PWI) and secondary enzymatic-extracted inulin ( SEI)
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Fig. 13 Reducing power of primary water-
extracted inulin and secondary enzymatic-extracted inulin.
AR R/NG SRR PRI SEL Z A B HEE R (P <0.05)
Note ; Different lowercase letters indicate a significant

difference between PWI and SEI (P <0.05).
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