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Abstract: To enhance the functionality of lotus root polysaccharides (LRPs) and stabilize chlorogenic acid (CHA) while also facilitating
its use, the noncovalent LRP and CHA interactions were studied alongside the physicochemical properties, stability, and bioactivity of the
LRP-CHA complex. Based on single-factor and response surface design experiments, the optimal parameters for the preparation of LRP-CHA
complexes (measured by CHA binding to LRP) were a temperature of 0 °‘C, pH of 5.5, and polyphenol-to-polysaccharide mass ratio of 4:1.
These parameters yielded a CHA-to-LRP binding rate of 2 174.01 mg/g and an increase in the average molecular weight from 146.3 ku to
162.1 ku. The IR and UV data indicate noncovalent binding between LRP and CHA. As the dissociation rate of the LRP-CHA complex was
found to be positively correlated with temperature, low temperatures are assumed to maintain the stability of the complex. Nonetheless, the
dissociation rate was generally less than 25% following simulated oral cavity, stomach, or intestine digestion. The LRP-CHA complex shows
dose-dependent scavenging activity for DPPH free radicals, which is indicative of antioxidant activity. Furthermore, the LRP-CHA complex
significantly induces NO production in RAW264.7 cells, while also suppressing LPS-stimulated NO production, indicating that it possesses both
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immunoactivatory and immunosuppressive effects. The findings of this work are expected to serve as theoretical support for the processing and

utilization of LRP and CHA.
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e BERIA R A R A R]; CCK-8 Wifll&, rntA
VIR A IR A T T25 R8I, 24/48/96 ZHAAL
B, 22HE Corning AF]; EHTLE (500 w), _FiFJEA
YRR R A

12N B IRTEA  TBOH Z AR R AR 2
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MR, I 125 uL 1 Folin-Ciocalteu X7
BEYE SN 5 min, Bl JEIIA 1.25 mL 7%/ Na,CO; 77
JEERZR S mL, JRAE T HIREHERA 90 min, 1E
760 nm JPAALINE IO, AR R R TR
WP EZmEE. 45% CitEARXWT:

c="m"m QD)

M

NS

C——CHA #8%+F LRP #944-%, mg/g;

m;——LRP-CHA A& T Aty CHA JiE, mg;
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Fig.1 Effect of different factors on the binding rate of LRP and
CHA in lotus root

E: aRE; b pHAA; c /e, dHRE;, RRINE

FHEETE 005 KT L9 REHZF (P<0.05).
R 2 EESESRERESIHE L ZZHRHREER
Table 2 Optimization test results of the preparation process of the

ol

complex of LRP and CHA
KA BE AC pHB FEWC  44% Dimgg)
1 1 -1 0 623.37
2 -1 0 -1 716.99
3 0 -1 -1 405.33
4 0 0 0 1451.40
5 0 0 0 1499.68
6 1 0 -1 257.01
7 0 1 -1 505.73
8 0 0 0 1509.68
9 1 1 0 602.44
10 -1 1 0 1405.14
11 -1 0 1 2179.09
12 -1 -1 0 1 .009.93
13 0 0 0 1522.66
14 0 -1 1 1431.80
15 1 0 1 1 108.06
16 0 0 0 1577.58
17 0 1 1 1988.51
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3 ERSESHRRRESEEIURBENHFENT
Table 3 Variance analysis of regression model for binding rate of LRP and CHA in lotus root

FERR A 204

BT AR F{& P&

A 5.083E+006 9
A-BE 9.250E+005
B-pH  1.330E+005
C-igh  2.907E+006

5.647E+005 105.00 <0.000 1
9.250E+005 171.98 <0.000 1
1.330E+005 24.72  0.0016
2.907E+006 540.48 <0.000 1

significant

1
1
1
AB 43293.12 1 43293.12 8.05 0.025 1
AC 93 345.53 1 93 345.53 1736 0.0042
BC 52 054.70 1 52 054.70 9.68 0.0171
A’ 4.040E+005 1 4.040E+005  75.12  <0.000 1
B’ 3.595E+005 1 3.595E+005 66.85 <0.000 1
2 79 194.74 1 79 194.74 1472 0.006 4
KRE 37 648.83 7 5378.40
PEOEN 29 405.14 3 9801.71 4.76 0.0830  not significant
iR £ 8243.70 4 2 060.92

EAn 5.120E+006 16

22 M EERAE T RER

221 ZRENAIEBoh R EAER E S

R 20 -2 IR R S - ) 2% T2 I i 8 T 45 SR
G 2T W 20 X3 2 BRI EdE 1T k2 10
[EUA5 T, AR =R

Y=1 512.20-340.034+128.92B+602.80C-104.044B-
152.764C+114.08BC-309.774%-292.21B*-137.14C*
222 R EARR B ST

XA T B b (GR 3) AT, 1%
AT 2 il B R 2 7K (F=105.00 2 P<<0.000 1),
KAUTL P>0.05, FIIZBA LA IR 1445
R PesE ZER=0.992 6, [BIFARIREL R o S ITMIAH
5= 28 Pred R* 4327905 0.983 2 1 0.905 6, 45 BAHIT,
I PME AR I B A IR G (AR s W4 F )
Wrth, SEMEREZ N S ERE A TIFRRTN: i
> 5 >pH.
223 MEZXEZEA

F = 4R — 4B IR & TR 3R 2 B 22 AR F X &5
HRMEm . mE 2 ATUUE Y, BERE. pH MZ 5
2 WELEITE, SNSRI 45 A IR
K, IEPNEEJE S N, HYmibey, —# M
B XU AR R R o SRS i 2 I
534, 13ENERE 2 M S SRR S & k%
N WE0°C, pHAE 5.5, £M5LmEL 4.1,
TEICACAE P25 & 3 0N 2 267.43 mg/g, =R
UESZIG AR SZBRME N 2 174.01 mg/g, 5 TUME 2 18]
WIRZEAN 4.12%, FBHE AR BA B A A

0.0
) 45 5.0 5.5 6.0 C:HIEHE o5

s 50
B: pHIi{ -1.040 ™ B: pHIt

B 2 RZXE{ERFTEE RSN EE
Fig.2 Response surface diagram of interaction effect on binding
rate

23 ERLR-FRREGMEMEE

231 HTFTESHK

ifid HPSEC-MALLS-RI yZAG 3% 8 4 [ 2 &
YIRS FEMIWER 4 Fin. SEMEZHERE SIS
A7 45y, BEHS NS RAEEESR,
SR, EAYH 10° 51 10" SRR &85
BINT 14.1%H 34.0%. UEAb, SEFEZ T T
BN 146.3 ku, MESGVHI YIS TEEKN
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162.1 kuo [FIRS, REPFAK L /NT 500 u HI2H 57,
KHE EVHAFIEN B RFIR, XSS

RERL I ERAN IR % R e, BEa
Wi FRABEIA, K2 Li -5

a b
16x10¢ 2 8x10° 2
0.040 g 005 g
z I £ = 6x10° £
S 0035 Jax10¢ = > R=
an ) o0 o
£ = £ 004 2
S 0.030 {3x106 8 £ 4x10¢ g
= =] £ fi=]
8 o =t 5
3 0025 12x10¢ 5 8 0.03 =
] E 3 2x10 2
- -6 [} o
0.020 10 (:E_’ 0.02 g
0.0 S e 5

20 25

time / min

E3 SFEEE

Fig.3 Chromatogram of molecular weight
E: a R IE b ERSE-RREALEM.
R4 ERSENERSE-RRRESYNT TEST

Table 4 Molecular weight distribution of LRP and its compound with CHA

time / min

Fan b AR ARG B IE /min 2T rFEE/%  F¥sTFEA

7297~9.107  1.144x10%0.791%) 8.4

9.077~11490  1.359x10°(:1.050%) 33.1

11.490~12.184  2.628x 104(i4.650%) 6.3

LRP 12.184~13.934 9.036X103(i3.661%) 20.6 1.463x10°

13.934~14.718 3.695X103(i5.083%) 12.7

14.748~18.398  6.798x10°(+4.744%) 18.3

21.868~24.402  2.494x 103(i5 1.551%) 0.9

7.207~8.956 1.157X106(i0.660%) 7.8

8.956~11.370 1.365x% 105(i0.960%) 47.2

11.400~12.576  1.840x% 104(i5.402%) 19.8

LRP-CHA 12.576~13.934  2.211x10%%5.505%) 8.2 1.621x10°

13.934~15.020 1.253X104(i5.063%) 7.5

15.020~16.317 1.676X104(i4.756%) 4.8
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Fig.4 UV spectra of LRP, CHA and their compounds and

mixtures
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Fig.5 FT-IR spectra of LRP, its compound and mixture with
CHA
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Table 5 Determination results of thermal stability dissociation
rate of the complex
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Table 6 Determination results of digestion stability dissociation

rate of the complex
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Fig.6 Determination results of DPPH free radical scavenging

rate of the complex
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Fig.7 The result of NO production in RAW264.7 induced by
LRP and CHA in lotus root
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