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Abstract: Jerusalem artichoke polysaccharide (JAP)-Zn complex was prepared using JAP and ZnSO, as raw materials, and
single factor and response surface methodology methods were applied for the optimization preparation process of JAP-Zn
complex. Besides, the antioxidant activities in vitro of JAP and JAP-Zn complex were investigated. The optimal preparation
process of the JAP-Zn complex was as follows: The weight ratio of JAP and ZnSO, was 32:1, the reaction time was 60 min,
the reaction temperature was 50 °C, and the reaction pH was 8.50. Under these conditions, the chelation rate was
87.06%+0.28%. The results of antioxidant activity in vitro showed that both JAP and JAP-Zn complex exhibited excellent
antioxidant activity in the concentration range of 0.3~2.7 mg/mL. The maximum scavenging capacity of JAP-Zn complex
on the maximum scavenging rates of DPPH free radical, hydroxyl free radical and superoxide anion free radical, ABTS"
free radical was 23.42%, 13.47%, 29.36% and 18.50%, respectively. The results would provide a theoretical basis for the
development of functional foods and nutritional supplements for JAP and JAP-Zn complex.
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PG B0 BB R4 2, BREEAS S L LA
GPEINT  AARKSE 0L, EFRAR . AN . AEH
BEITIES SEAEIR Y, ARG MR Z R TThLEE, 22
FIFHZAR, X B ImEREER R, 2 &h 2105
FLFRLH, ] S8R T LI SRS B TE R S b el i
S O ) 338 X A 25 T BIGA i iE P, 5oL
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7 ZZWHEECY G, A KA 2Rt g5 b A Tk
TEPERTRFST A DL R -
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1.1 #RSEE

FETY R WA SN GRAREr . SR A
AN s AN Yo tral, R ELE Ak
FIAFRA T #hie (ks . E AN (ortrat) X
BERME R A2 GA RR A s Wehsie  figlsti, 73
rnE LI BRA T Rt #57% (1000 pg/mL)

FE A B A IE AT B FT 5 1,1-2 832 = Al e
BH(DPPH)  fhazal, a2 (i) A Tk &2 el
BROAE]; ek fhadal, WlfbamaGhl s Kigig

Srtre, iR AR RHCE R A ] ABTS |
W32 e B A FR AN F]; s R e srdivali, B2
P25 A BN 7] 5 Tris-HC1 £2 vhig . SPB28 =
LR ZER R A R 2 Fl 5 iEHT42 (500, 2000 Da)

=95 R A Y N il S v M 2 SN HE /NS IS

7800 U HL JBAH 5 45 B TR BT 1% {Y (inductively
coupled plasma mass spectrometer, ICP-MS) & [E
LBEAE; Avanti J-15R RIS HREG AEL.OHL 5L

DI 5e 8 2 IR A RR 2N F]; SECURA224-ICN U H, 1K
- FRZFIHHLES (RO A R F]; S210 #Y pH
R -FE R AU A R 7] ; DKZ-2B BIKiHfE
R es AR SR RS 7] FD-304 1%
HTIRHL B RIBUERA BRAS 7l PR AR
JTHUAFE AR A R H o
1.2 LT3
1.2.1 ZEZHEEEEIES =% Li 5507 Jrik g i
25220, IfaE it Sevage HEMSER FUHS HERARS 7
SR A Sy, Laue sy | BT BEDUS SRS 2
WHo SRR 5T, SRR EA S A28 £
VT 2 R RR T 53 W T, KRR
SEARRRIR AT, BETEASIR] Y SO B de e . S BT L 2
R R Y. pH 5 TR IR KSR e U T B,
FOMVEEHIEINA 4 FHARFIGK 0%, BT, 10000 r/min
250 10 min, BRULTER Y, AR 53T 5~ 500 Da
MBHTASENT 72 h, BASR R TIAS 5 20T
1.2.2 W EE
1.2.2.1 AruEMIZLA2dl 43 5H 0.1 mg/mL 444
MEFRAES M 0. 0.2, 0.4, 0.6, 0.8, 1.0 mL T,
FHEBAUKFMSTZ 2 mL, SRJG43 5N 1.0 mL 5% 5%
BT, REv B 5], SERDIIA 5 mL MRERIER, LA BRK
HNF 15 min, BUBEEIEZ=IE, 78 490 nm A8
FERE . DIBRUESR IR EE (X AL fR . W6 (YY) A9k
AR, 2Rl 2, 1S BFRERTZR )7 72: Y=0.0757X+
0.0495, R’=0.9992
1.2.22 ZHESEONE  SRAZEH-GRRENE £
PSR UO OK PRI 0.1 mg/mL Y ZBEE
Wo B 0.5 mL F4L THE H, i A 1.5 mL 4K,
1.0 mL 5% ZRIVAENR, 5 mL R, ST EPFES), A
BEAKNER 15 min, BUNKREI 2 3R, 76 490 nm 40
HWSCREE o FRIAS AW EE Y ARRUEINZR, T4
1.2.3 ZEEFRIME
1.23.1 Fhrh 2l B 1 mL $F A HE B K’
(1 mg/mL) JH 2% iR a2 45 2 100 mL 25 2 il
5 10 mg/L MEEARUETP R . 43R HL 1. 2. 4. 6.
8. 10 mL FEAnEH MW 2% EMEE 22 100 mL,
45 0.1, 0.2, 0.4, 0.6, 0.8, 1.0 mg/L FYEFFRUEZRY)
W LA ICP-MS g R Se R AN TR 55
Sy N AE, 15 2 fm v il 28 7 72 : Y=0.9801X+0.0142,
R’=0.9998, 1. Y LA X R T, pg/L.
1.2.3.2 EHRIITE SIS B9rikit
BB, MR I —E AR A 52 0 2R G
W, SRIGINA 4 F5AFR A JC/K ZUE, BEEDT, B0, MR
I 2% RS, FH ICP-MS 52 % 85 T 5
B, BEERIEAKUTT:

Bt (o) =

Txloo
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o Hy BRI AW B3 T IR ba ik B,
pg/mL; H, F/R FIEW PR FIIHOE, ng/mL.
1.2.4 PRSI Sk B Ml S m iR e i
b SN ESHE] . NI RN pH DU PRI E A TR
FRE S MIGMIVE - St SN 2 2=y e 2 23D S S Ui PSS
YT EE A FRINFE
1.2.4.1 ZFF5HAREETE XSG Ry sEm B
0.2 g/L FYBRAREEHS R, 53 545 22 08 5 iR B i) o1 it
bk 15:1.20:1, 25:1,30:1, 35: 1 Z5AFUR S, ¥
% pH & 6, T 60 °CJZ )W 60 min, $% 18 1.2.3.2 ik
T Z - EEEE SR
1.2.4.2 NVBFEXEEG R I 0.2 g/L 6
PR, T HE SIREFR R bR 2511 S8R
RE .. XWIEE N 60 °C, )W pH N 6, 535 ) W
30, 60. 90, 120, 150 min, ¥ /& 1.2.3.2 FikitH L
PE-EEES 3R
1.2.4.3 JOWVIREXESGZMsEm B 0.2 g/L HIAR
FREFIN L, T3 2 SR BT Lo 250 1 S5 AFR
R4S N BEE] A 60 min., 2 pH M 6, 43 BITE
30. 40. 50, 60. 70 °C Ay &1 R 47 I B, F4 B
1.2.3.2 Jriki i - R B 6%
1.2.4.4 JZpi pH XEE R B 0.2 g/L AR
BREFA I, T W STIREF BT el 2511 S8R
BE . ROV IRE N 60 °C. W EFTE] 2N 60 min, 4751
HRN pH 2 5.6.7.8.9 MEMA P T, HdlR 1.2.3.2
T - B SR
1.2.5 map ke DAPRPI R SC Rl LIsgEE
W55 BAL TR A 1) JO ek bl L T LT ] . RN T RE L RNE
pH & AR, LIS RN NAE, SEF e ik
it. >R JH Design-Expert 8.0.6.1 G143 Wik 2 5k ~r.
Box-Behnken BEAHAT RIS 5347, B E 25T 2 HHEEL
BRI T 2555 R T aRae B 1 2R 57K
WL 1,

F R P KPR

Table 1 Factors and Levels of response surface test
KF AZBERBIREE BRI CRBHRE
Tl Gy DR
-1 25:1 30 40 7
0 30:1 60 50 8
1 35:1 90 60 9

1.2.6 RAMLEALTE I a2

1.2.6.1 DPPH H HRIEFREEIE >R DPPH
ek ERE A A DPPH A A3ETEEREE S1WY, 451
ZHY 1.0 mL AR (0.3, 0.9, 1.5, 2.1, 2.7 mg/mL)
FYZZHERI AU S 0.2 mmol/L DPPH WK
ERFUR G, RIS, #HCHEE 30 min, 7 517 nm
PR A AE 25 S I SGE . DPPH H 3L 7E R
£ = R/NG= W (I o

A -A
A

0

DPPH H HHIE R (%) = (1 - z)x 100

b A ROV SERE S IWOGIEL, A, SRS ST
WA B RIGE, A, ES X IRTSGIE .,
1.2.6.2 FIEEAMIIEREEME  RAKIIRIL
M AR S R RE B R R BRAE 1. e T 4]
SO 1 mL AR[FHEE(0.3. 0.9, 1.5, 2.1, 2.7 mg/mL)
114 Z2 M8 F 2 BERE R U, I AR 10 i AL 1 mL
9 mmol/L TRV ARIE AT 1 mL 9 mmol/L /KRR IE
W, FEAIERE S min, BRI 1 mL 8.8 mmol/L i 5%
SRR BNN, IRE35, 78 37 °C T H#E 30 min,
TE 510 nm FAAR I E AL ROGIE . F2EE A i
FIFBRARATH A AT
A -A,
T)XIOO

B E R0 = 1-
O A SRR TERE S B GIE, A, RS
W B RSCE, A, 2SI RIS GIE
1.2.6.3 MBEBIEF HHIEERGEDME  RALE
IR =y A AT R S AR A S 1 R RTE R
B 19, ¥ 4.5 mL 50 mmol/L 4 Tris-HCI 2% ik
(pH8.2) 4335 1 mL AR E (0.3, 0.9, 1.5, 2.1,
2.7 mg/mL) [ ZHE AN ZBEREE MR ST, 25 °C
20 min, FFFEZIEE T I 100 uL 30 mmol/L f44£B
KWW, IR, I 5 min J5 37 BIiIIA 1 mL
8 mmol/L M EL PRI L 1B B, 7E 320 nm P
MRS GE . AR H H BRI
7N (T
A -A,
A

0

ﬁﬁmg%ﬁmgﬁﬁz%ﬁﬁ— }mo

o A B TERESH B GIE, A, RS TE
WA B WOCE, Ay Shas FR RRIIOGIE
1.2.6.4 ABTS'H HZEIEREEIME #4288 Wootton-
beard ZEM B N ERE AL XT ABTS H R 3EAYTE bR
e 7. FCiil ABTSTA W, FBER L 2% vh ik (pH7.4)
H ABTS V% WA B 22 OGIE R 0.70+0.02 13 I#
JHo 7EIRAE F 0B n A 0.1 mL AEHREE (0.3, 0.9,
1.5, 2.1, 2.7 mg/mL) B Z W FIZ PP S 2 mL
M BEUF I ABTS' W, 1R 5, OG5 min, 7F
734 nm PEASFIESAETROGE. ABTSH B3t
TESRRAT AT

AMVﬁm%%@$MF@—5§ﬁ}mo

Fav el Ay A RN SERE R B R G AE, A, AR L
WA B WOCE, Ay Shas T RRIIOGIE
1.3 IR

RGBT 3 WOVAT, Bt LAV S8 bR I 22
(Mean£SD) /RN, 22550 B & MR AN E o 25
H1(One-Way ANOVA)ZEE SPSS 25.0 Hf4#) Tukey's
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R EA TP, P<0.05 “H7E 2557 . 2RA] Origin
2019 FHfF2E
2 ZERE5Hh
2.1 ZHERBERZESESRINE
PRI BB 2RI 25.41%
AR B ] 25 BB o 2R A5 25 = 2 b 2 hE Sy
84.54%.
22 BREZRLWNER
2.2.1 SRR T S SR g R
El 1 A, A 2 S TR e T 2 ELFE 20:1~30: 1
J BN, B SR W (P<0.05) 5 X4 )5 Lh oK
30: 1 B, ZEGRR BT KRAE N 73.95%; it Lt
30:1 B, BEA RN LA BEA L HE R A 1
— LI, B 22055 IR T A Ee g, 2855
TS B I 2 AR AN S PR L2, A
AR T, BRI LRI N, SRR R R,
LEG LRI, W SRR T A A AR R ™,
A, 25 2 S R 0 i FE e R 30 1.
1001
90
o] —

601
501 .
40 ¢
30]

201
101
0

BAE (%)

15|: 1 20I: 1 25l: 1 3OI: 1 35I: 1
ke HE
P A5 20 SRR BT X 25 AR AR R
Fig.1 Effect of the weight ratio of Jerusalem artichoke
polysaccharide and ZnSO, on chelation rate

T NG FREANRIEFOR2E 7K B TKF(P<0.05); [ 2~ 4 [A],

2.2.2 WBTRIGTES AR A2 FRIE 2 A, 2
BB E] 2R 60 min By, 255538 B i KAE N 60.00%:;
Y RS Al 60 min B, Bl SN B (] AR, %
GRS T K, HEI R S BEAE B Rl R B, AR R R
REPEREAIL, H ISR I2 i B g, S8 G R PR,
PRI, SO B TEERE S 60 min.

1001
90
801
707 ab
601 §

50- ‘\g

401

301

201
10
0

BaR (%)

30 60 9 120 150
Fif ] (min)
B2 S st [a] X B R AN S i)

Fig.2 Effect of reaction time on chelation rate

2.2.3 WVIRBEXTES ARz fRIEl 3 AL RV
IREAE 30~50 °C JulEl N, 263 W (P<0.05);
TE 50 °C B, ZE AR B KRIEN 46.59%; 4 SV i
FEE T 50 °C B, BEA AT RS, RIS S SO T
TE— 2L B N T B sG 2= Z2 08 551X 30 he,
Rt THizsh, G R TEM T SRS T8 5,
AT . RS S WA 2 W S5, ST
B8l TR, ZHE S5 T 45 6 S AIK T 20 ol
BE, FEEEAE TR, R, RVIEFESESER 50 °C.
1004
90
80
70

60
a

50+ b i

401 4 I/ be

C

30 & ¢

20 t

10-

0

BA% (%)

30 40 50 60 70
R (°C)
B3 SO iR X B A R IR

Fig.3 Effect of reaction temperature on chelation rate

2.2.4 JV pH XFEEGRAsm B 4 w5, )
I pH 1E 5~8 JL N, B4 5 W EH N (P<0.05); 24
pH iy 8 B}, A RIR B B RAE N 80.42%. HEI R
HERARBRTESAE ™, H & S8 T R AR LR, Ik
DT R TR 2B LS A A R,
BT R UUE, (R TR, SRS R T
BB, PRI, I pH #EEEA 8.

100+
90

a
801
] b b/N
0] P
50

401
307
207
107

0

HEH (%)

5 6 7 8 9
pH

B4 [ pH XA R
Fig.4 Effect of reaction pH on chelation rate

2.3 Moz mEIRIELE

2.3.1 [EERREST S5 T728538T B Design Expert
8.0.6.1 A XTSI B P 1A T MU 434, 4521 iy i i
TS MT a5 AN 2 FroR, @7 342 20 5 mi iR B o
(A L ETEN(B) | SR E (C) | W pH(D)
PUAN R R SN EES S RO PRSI RE A Y=84.86+
5.54A+2.17B—2.59C+6.73D—3.31AB+5.95AC—
2.86AD+2.06BC—3.12BD+3.60CD—6.43A%—6.67B>—
8.81C*—5.70D%, A UG IEiZ [al V= 75 R BOA Rk, X H:
AT I 22587
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Table 2 Response surface test results

TS ARURLL BEfE(min)  CiJE(C) DpH HEHE(%)
1 30:1 60 50 8 83.65
2 35:1 60 50 9 83.36
3 30:1 60 50 8 84.00
4 35:1 60 50 7 76.70
5 30:1 30 40 8 69.82
6 30:1 60 40 7 72.17
7 25:1 60 60 8 55.93
8 30:1 60 50 8 87.94
9 25:1 60 50 7 57.65
10 35:1 60 40 8 69.25
11 25:1 90 50 8 71.78
12 30:1 90 50 7 68.82
13 25:1 60 50 9 75.75
14 30:1 30 50 9 80.25
15 35:1 60 60 8 78.21
16 30:1 90 40 8 73.65
17 35:1 30 50 8 79.25
18 25:1 30 50 8 63.12
19 30:1 60 50 8 85.48

20 35:1 90 50 8 74.67
21 30:1 90 50 9 77.02
22 30:1 30 50 7 59.57
23 30:1 60 60 7 55.88
24 30:1 60 60 9 76.62
25 30:1 30 60 8 62.23
26 30:1 90 60 8 74.30
27 30:1 60 50 8 83.23
28 30:1 60 40 9 78.52
29 25:1 60 40 8 70.78

Nk 3 PR, X AR RS T 5 22 5307, 1A
225 PE 3 (P<0.01), XA g 35 (P>0.05) , s
B R H 0.9640, KEIE A BRAE B R? g M 0.9281,
VAT B RGBT AT {5 BE A% g, Al R HASE
XS EA H A T T

*3 0 MIEBE Ty 2504

Table 3 Analysis of variance of regression model

P37 oA AmE ¥y P Pl ERE
el 2205.13 14 157.51 2681 <0.0001 B3
A 367.75 1 367.75  62.61  <0.0001 ok
B 56.33 1 56.33  9.59  0.0079 ok
C 80.19 1 80.19  13.65  0.0024 ok
D 543.11 1 543.11 9246  <0.0001 ok
AB 43.82 1 4382 746  0.0162 *
AC 141.73 1 14173 2413 0.0002 ok
AD 32.72 1 3272 557 0.0333 *

BC 16.97 1 1697 289  0.1112
BD 38.94 1 3894  6.63  0.0220 *
CD 51.77 1 51.77 881  0.0102 *
A? 268.01 1 268.01 45.63 <0.0001 ok
B’ 288.94 1 288.94 49.19  <0.0001 ok
c? 503.93 1 503.93 8579  <0.0001 ok
D? 210.41 1 21041 35.82  <0.0001 ok
52 82.24 14 5.87
AU 67.50 10 6.75 183 02935 AF
AXFiR2E 1473 4 3.68

syl 2287.37 28
T *4P<0.01, 2254 13 *P<0.05, 27 1.3

A3 3 AT A, — K3 A, B, C. D, 3211 AC,
TIRIAZ, B2, C?, D, X EE AR IS R S 2 (P<
0.01), 32 H I AB. AD. BD. CD X4 %5400 i 8
(P<0.05), Ve 12 P I 22 550w B AH I | 187 B A R E G
R, X HI BC X2 AW R, v ET
PRI DRI, B R ] AR S Y=84.86+
5.54A+2.17B—2.59C+6.73D—3.31 AB+5.95AC—2.86AD—
3.12BD+3.60CD—6.43A>—6.67B*—8.81C>—5.70D?,

2.3.2 W EESTAT  ARPEN HSET AT AL
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Fig.5 Response surface diagram of the interaction of various factors on the chelating ability of Jerusalem artichoke polysaccharide-Zn
complex
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Fig.8 Superoxide anion radical scavenging ability of Jerusalem
artichoke polysaccharide and Jerusalem artichoke
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