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Abstract: Lanzhou lily polysaccharides and ferric chloride were used as raw materials to prepare the Lanzhou
lily polysaccharide-Fe (III) complex. The preparation conditions were optimized using the Fe’* content as the evaluation
index based on a single-factor experimental design and Box-Behnken response surface methodology. The structure of the
polysaccharide-Fe(III) complex was analyzed using infrared spectroscopy and ultraviolet-visible spectroscopy, and its in vitro
antioxidant activity was evaluated based on the DPPH and ABTS" radical scavenging abilities. The results showed that the
optimal parameters for the preparing Lanzhou lily polysaccharide-Fe(III) complex were as follows: reaction temperature of
61.10 C , pH of 6.92, and reaction time of 1.38 h. The Fe’* content of the complex was 7.32% under these reaction conditions. The
results of infrared and ultraviolet analyses indicated that Lanzhou lily polysaccharides chelated with Fe*". Furthermore, the
half-maximal inhibitory concentrations of the Lanzhou lily polysaccharide-Fe(III) complex and Lanzhou lily polysaccharides
against DPPH radicals were 0.63 and 0.79 mg/mL, respectively. The corresponding half-maximal inhibitory concentrations
against ABTS" radicals were 0.71 and 0.76 mg/mL, respectively. Additionally, the antioxidant activity of the complex was
considerably stronger than that of lily polysaccharides. The Lanzhou lily polysaccharide-Fe(III) complex with antioxidant
activity was successfully prepared. The findings of this study provide a theoretical foundation for maximizing the use of
Lanzhou lily resources and creating new health products.

Key words: Lilium davidii var. willmottiae (E. H. Wilson) Raffill; polysaccharide-Fe(IIll) complex; Box-Behnken

response surface methodology; process optimization; antioxidant capacity
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Table 1 Factors and levels in Box-Behnken Design

response surface test

3y K
-1 0 1
BRELiR B (A)/C 45.0 60.0 75.0
pH 14 (B) 6.0 7.0 8.0
BRLEFTA] (C)/h 1.0 1.5 2.0

125 ZMEASHESE () BATre 4N
K FHARSEMS IR 2 e FE VAN . BURE S 10 mg,
HEBET/KERE 25 mL, 780V a B E IR R
0.5mL, KIXMN 10% (m/V) ThER ¥ i 0.5 mL,
10% (m/V) AFAEWZ Mk 1.25 mL, pH 14 4.5 K1 B iR
TR 2.5 mL, FoAMIRE), BEE 30 min, JHAE
510 nm FOLIE . CABRER W 2ke ks, 2
PRAERNZR, BTl 3 IRE K .
126 ZMBEASHESR (1) BAWG LM
1.2.6.1 ZL4MGIE (FT-IR) 44T
RERBEMA G Z WA ENE G20
(I FAPS 2 mg KIRAET 200 mg, RN NG %
BOATEM, DL105S CHETZIEE, B4 AlE A
WFER 78 0 W B VR A I R R AL o 58 PR e L A 46
LA GRS E H & 20K E &2 (D i
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XF:
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FH & (1375 R A

FETAEL 10 wL AN A BT SR FE B 220 B & 2 b
KN A Z RS (D BLAEMHEHR (0.2.0.4.0.6.
0.8+ 1.0~ 2.0 mg/mL), Ml A 190 uL ABTS i 7,
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1
EN:i
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1.3 BELEEG 247

12 FH| Excel 3 %7 04 % 28, Design-Expert 11
X 7 T S 6 45 R HEAT AL B, IBM SPSS Statistics
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Fig.1 Effect of single factor on Fe'" content of Lanzhou lily

polysaccharides-iron ( Il ) complex (n=3, )_(iS)
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(OGP L A ARV, RO 2 LA, 3T 5 e 22 Bk
AR, 24 s Ny R R PR RN, 22 P
2 BT R AR KRR RORE TR o 24 e A 2 Bk
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Fe'' & &, HEAMEE THmREmE, @il
FRAE S S B AR R T RR M 3 0, AT PRI 2 B 45 4
fokaE ™ s FEEIARRRIK, SEOLEETE
ZHE LIRS TS, SRS SRR
22 e ST AR AR B AT

Box-Behnken M 3 [ 221 55 A [ 25 (19 A2 A0 3
FE/NYE BB R R BB T Sk 5, AL T AP BR
5 RS0 A vE AR b, e B AT DA g
2R P B =k i P, R R R AN K
BEAT BT, AR IS KT BLAM R et 2 3
i, HEA PRI ZMmma

RAE R 1 TR =R = A =K TR,
K | Box-Behnken Design B 1+ /775, LA B FE
pH EFINAAR N AR, 20 E &2 (D
B &0 Fe™ & oM A, Bt 17 YR R iE
R, SR 2.

HFI H Design-Expert 11 #AF X 52 2 45 21 1) 45
BAT G0, WTLMAS BN E & 20 (D i
BV R R B A T

Y=7.26+0.248 7A+0.295 4B+0.076 7C+0.055 0AB-
0.077 5AC-0.054 2BC-1.30A°-0.874 3B°-0.685 2C’

X F AR B 0L D7 R R AT O 22 40 A AN R
PERTSS (23D, B 3 AlA, A4 P<0.000 1,
M E R, RPIBIAEE, H—KIMA. B, —
WA’ B CP RN R % (P<<0.0001), CH
2% (P<0.05); A R=0.998 0, R’,;=0.995 5,
BHE T 1, X U B R A T S S B E LA
B, U TR RES RN, &3 H

FA=117.24, FB=165.36, FC=11.14, WA, %
IR 2 M EH & 2R (D BL&Y) Fe'™ & B
RNIGFE N pH B > [ NEIEE > s I 1] o

% 2 Box-Behnken Designi® g i%it R &R
Table 2 Box-Behnken Design respons surface test design

and results

% Fe' || % Fe*'
K2 A B C/z.\:%/%% A B C/z\%/%

1 60.00 7.00 1.50 7.30 10 60.00 8.00 2.00 6.06
75.00 8.00 1.50 5.63 11 60.00 6.00 1.00 5.24
75.00 7.00 2.00 5.55 12 60.00 7.00 1.50 7.22
45.00 7.00 2.00 5.19 13 45.00 7.00 1.00 4.86
60.00 7.00 1.50 7.32 14 75.00 6.00 1.50 5.03
75.00 7.00 1.00 5.52 15 60.00 8.00 1.00 6.04
60.00 7.00 1.50 7.25 16 60.00 6.00 2.00 5.47
45.00 8.00 1.50 5.04 17 60.00 7.00 1.50 7.23
45.00 6.00 1.50 4.66

% 3 Box-Behnken Designiig iz E 4L Z N E & S HES

(I BEYHEIZREEIIAFTESHER

Table 3 Experimental regression model variance analysis results

Nl e Y B - RV R )

of Box-Behnken response surface optimisation of Lanzhou lily

polysaccharides-iron (Il ) complexpreparation process

BEMK

BRR Fode %? Wx  FE PIA
9

BA 1486 1.65 391.08 <0.000 1 significant
A 0495 1 0495 117.24 <0.000 1

0.6982 1 0.6982 165.36 <0.0001

0.047 1 0.047 11.14 0.0125

AB 0.0121 1 0.0121 287 0.1343
AC 0.024 1 0.024 569 0.0485
BC 0.0117 1 0.0117 278 0.1394

A? 7.07 1 7.07 1674.99 <0.000 1
B2 3.22 1 322 76236 <0.0001
C? 1.98 1 1.98 468.16 <0.000 1
£ 00296 7 0.0042

00074 413 01021 . "
significant

£ AR 0.0223 3

thiz £ 0.0072 4 0.0018
B£ 1489 16
E: P<0.0001 AHELFE, P<0.05 ARE.
2.3 e BT AT

X5 M) R 2R P S T R R 4 e 2 AT 0 A
A UVE A AR BP0 220 A 2 ek (D) i
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w] UUE SIS m AR L T Y, BRI pA
B HEERA A LA &

;,!!!‘ . a2 80 s

7%
{I/ 250

Iron content / %
B: pH value

Tas 51 57 63 6 75

B: pH value A: Reaction temperature / 'C
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bl b2 20
s IR

< N

g SEOSF [N = 16

g - 3

s g 1.4

5 I~ \

= 131 1.2

0
C: /1C
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s WGBSR | ;
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7.0

B: pH value B: pH value

2 MEREEMEAR Fe® & &R m i 4 &
Fig.2 Response surface curves of effects of interaction of

two factors to iron content
24 BiER

AN E LR (D BA Y & 50 A
R, W HREA RS T &N R
LN 61.10 'C, JNARZR pH HA 6.92, VIS
(A4 1.38 h, fEUL B2 A, =M A A 2 HEE (D
Be&W) Fe' &8N 7.19%. L 45 B 47 56 3F P
WIS, IR T e AR AR — B BRI
ZINE A ZRES (D AW Fe 58N 7.32%,
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2.5 ZMEAZAEL () e Yo
251 oSN EENAT

o

LLDP-Fe
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E3ZMEAZHEEZMNEAaZHES (1) BEEWH
LISMEIEE (a) FAZESh - ATISESEERE (b)
Fig.3 Fourier infrared spectra (a) and UV-Vis spectra
(b) of Lanzhou lily polysaccharides and Lanzhou lily

polysaccharides-iron (I ) complex
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ZMEA LS (D B4 Y OH- 8 45 3k 31
W AR T 22 M E & 2 FE M 3 498.6 em ' AL 3] T
34085cm’; 2921.4 cm' N FH ) C-H 45 4R 5h
W0, (H R R AT MR 1617.3 em '
1409.8 cm ' 43 5l A& T 22 M H A& 2B ) OH- 12
PRSI R C=0 M 4e IR 2 R i, M E A
ZPEEL CIDD BC A9 0 A LS 0 23 73 47 78 21 T
15585, 1388.1cm'; 12545cm 2 MASE
FERIEH CO h4ifikzh, =M E & 2R (D
B VIR IR IS IE AL AL ) T 124801 cm o AR 22 ]
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Aaziegk (D REVHRERTEZMNAE S ZHE
(11000 cm ' LA R 3 8ORAE T R IR, Hop
699.5 cm ' 1 640.7 cm ' AR ISIE S E R, XS
f- FFEA R (B-FeOOH) 'Rrill My i — 5™, ix
SoEn e — 8 g LR, ACRE AR R
AR T B-FeOOH 4%, I H IR N Fe™ HImA S
FEN E A 2PN E SR AR AL
2.52 EI-TIAAEES AT

FIFH 2 4843 6 6 FEAXHE 190~900 nm ¥ [l P 4
i, BIESSHEAR (280nm) FZEE (260 nm)
AW, BB (Fe') ESRAMEX A —E Ik
WeRE P, 58 A IR W1 d R BLAE 200~350 nm P
K 78 FBL Y AR IR T 0, 310 nm Ak BTG E (OD)
HH T Fe-O # =", & 3b AT LUK BLTE
ZINEEZ RN E G2 (D a4t
AR R IR B o FIAZ BR 4% S Wi e, 3B A DA
ERRIE . N E A 2R (D BLE Y FeCl,
£ 200~400 nm )G FEAHRL, H5 2N E & 25
FIEL, ZMEA 2R (D BCAYILE 310 nm HIEE4L
WS e, SRR AR T Fe-O . 25 BA]
CAUERA RN T 22N E A2k (D Ba9.
2.6 FAAME M

HHEEAERNR, Shnidgn s L2
T2, BIREZFUNSIE. BE. BRI & AT,
TESERTIRR Fih, 2 Mg E AR AR5 DPPH
H SRR PEY, ABTS & —Fh LVEJR T Ao
M E B, fERAMERTRE, W TR SME I
HIBT TR 22 A 2R R 2SN A 2 bk
(D FLAYXE DPPH H AT ABTS' H 2175
BRyEPEan I 4 Fion, AT LUR I3 % DPPH H Hi2
T ABTS™ H A — @ RITERRAIER, 1EkRZpEk
JEMBE RN R, FERNER. &iH, ZINE
G R (MDD BEYM 2 & % B DPPH
ER:EE (W NN S IS EVINEREE A 1 Q|| D)
BLA%) (0.63 mg/mL) <Z=MEEZHE (079 mg/mL),
E R ABTS' H H 3L 1C5 M /NBI K 5 220 H &
e (D &Y (071 mgmL) <=MEAHZ
BE (0.76 mg/mL), HILATEIZEM A& 2 (D
B A PRI RE ST T 22 M E & 20, nlRe2
HNFT BN, 52 PER R B R A T A EAER,
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