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Abstract: The physicochemical properties of white lotus seed skin were investigated and the biological activities of lotus seed skin
complex polysaccharides (LSSCP) were evaluated. To obtain LSSP, seed skin was water extracted, alcohol precipitated, and purified by
deproteinization using Sevage reagent, decolorized, and dialyzed. The physicochemical properties were determined and analyzed by infrared
spectroscopy and gas chromatography. Antioxidant capacities of LSSP in vitro were evaluated according to their reducing capacities and DPPH
and OH radical scavenging abilities. Immunomodulatory activities on RAW264.7 macrophages were investigated. The yield and polysaccharide
content of LSSP was 3.72% and 86.79%, respectively. Monosaccharide composition analysis revealed that LSSP was comprised mainly of
rhamnose, arabinose, xylose, mannose, glucose and galactose at a molar ratio of 2.23: 3.47: 1.00: 3.08: 4.27: 7.00. Infrared spectroscopy analysis
indicates the presence of typical absorption peaks indicative of polysaccharides in LPPS. In vitro antioxidant capacity tests demonstrated good
reducing power and scavenging activities of LPPS on DPPH and OH radicals. LSSP enhanced immunoregulatory activities by stimulating
macrophages to release NO and cytokines (TNF-a, IL-6, and IL-1/). Secretion of all these molecules was the greatest when the concentration of
LSSP was 200 pg/mL. Compared with the control group, LSSP increased the secretion of NO, TNF-a, IL-6, and IL-15 by 48.86 uM, 98.75
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ng/mL, 85.64 ng/mL, and 46.67 ng/mL, respectively. The collective results implicate LSSP as a potentially novel immunomodulatory

supplement. The findings provide a theoretical basis for future studies involving white lotus seed skins.

Key words: skin of white lotus seeds; polysaccharide; monosaccharide composition; antioxidant activity, immunomodulation

H e — P BA S E E R R T P
F FEFBRAEIE AR Th AT LA — AP EL R AN FR I
W ARRTEACU I RE A = A (1) B R A S
THBE, BEAmELETAEY. EEELT, 3
P T A BRIA) A5 S AN R ARG, s 25 A T
SR, RN 2 B BSR4, HEMEE,
VERVFZ BRI AE BT, WISGE JdE . RS2 R
sl Rk, A RGERMRIAN 2 &1 E R AR
L) o EURRAH 3 B 2 e LR R G 5 —TER 4L,
FESE RN B s R B B AR . ERRA
MIARI A2 44, 1 Toll #F£3244 (TLR) AAMASZAA 3
A (CR3) WRe 52 HER, R E A R84
R (NO) FZHI 7 ASEm AR, Rk, ShEE
PRI E R0 M P 28 1R 15 B8 0 T REAEDUE B2 B
M B E A .

ZHEAMUE S EY) . AN RN A P 2 i
HE IR B B2 R 43 B8 5 AR A S T RR B T AH G .
ZHEE B — RN IR, BAPUEN. i
. DL, SIS EBNVEY SR, B, Bt
AN G R IEER E Z B PR R )
Sy L I P E DA (S E SR /N SN E g I S |
T SRR (1) SRR 22 8 DL S M s SR R R L Tl
PR OR IR 2 BEA U BB A R R P A A A
PEREME . T AERTo RN, Hfh— L2k
U it MU R AR SR i s, Rk, %
THAEDhRe & AR T AU AT FE R, A TR
FAEMRIRF =W R B R R 2 H

¥ (Nelumbo nucifera), WEEFREEZHFEAKE
AR EBEY EE S AWF, BFE EE
(N.nucifera Gaertn) FI1SEINEE (N. nucifera Femald)
Bl HAl, REWA A EA R 2L 800 ML, =
AT TR WL Wb, WiE . TLOR. ZELLA
TLPGSE™, SEE S, . RS, =Rk,
ZhE. ZW. HERMEZMIEERSY, BAPUEL.
WA LB ProERHE . PRILPE. 1bV5. G
SEAEFIEHERL 7B R, o [ E S AR A
ITEE B DR NSRS, TR A DT
RNERE, —HEENSN. BRI )
TR SR 2 HAEEM . ET 5O E MY B
an b, TN T RS T EBE T (A HBNMETEREE
(1) 15%) [aFgTEe, BET ARV =

BT BUsGASS, EEE, sEEEEAsE b, X
AMUE I GG, ERATFERIRR IR . [EHA
A H IR B A A iy S 2 PR R ARSI T
<R aE!' ", —EARMIER. AR ETE
I HORSRIEE A FEE T B SR AL 2 B, T
AL S 2 AT RAL, BhRAt 2R iE 5 %
PTG BAE A B R A AT 5 B TR R
P -

1 MR5RE

L1 MG

FEE T A BB EERFER iR, iR
MIBEE L% B N EEME T K, AR S N
LP-201707, CAFBHETL A R e S A 200 7T IR
P A PRI AS 2

FrftrdE i B4 D-# &M (Gle) D-F-7LAE

(GaD~ L-fZEFE (Rha). L-FHiffi## (Ara). D-K
W (XyD) Al D-H#E&FE (Man) 04 E  E & 5245
FEWF TG 1640 KiFREE. R BRI 4 yE 3504
T Gibco AF]; ZHETHK (DMSO). lEZHE (LPS).
iR C (Voo 1,1-RER-2- 1R (DPPH)
PLE 2,2-BR%-— (3-2BE-FRFFMEmE-6-TtIR ) —4idh

(ABTS ¥~ Sigma 2y 7] s A SELE - (TNF-0)
H4IMI/r R 18 (IL-18) H4ifi/r & 6 (IL-6) ELISA
P EIIE E R R IR TR LA . BRAE AR
E, 15 WAE R BT FAbiaR3 R o A Gl ma e 1
FEZ A AR A F .

12 (L& 5#4%

& EEAG RO HISSO B, JH [ IARSIE
IXERARAF; A%HTIENL FDU-1200: EYELA 43¢
AL R bR SR R RA A IR A
Tecan Infinite 200 PRO M Nano B§Fr{X: Hi-t: Tecan 24
F]; KQ-500B M HEYes: BILmiHAESERA
7]; CLM-170B-8-NF 4 AbLBrE: 740 iy ESCO
N BRI E B CKX53: HA Olympus
AT]; SYKAM S501 Series = 80RMH (1i4%; S-3250
INZERT AR S-4115 KERAE; S-5300 HBhdEFEEs;
S-1130 PU7t4E; SYKAM ol TAEus: SAHMGIEL.
GC-2010 74, SHIMADZU A#); AR 2

101



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.5

FID; &3 FE: WondaCap5 BLEBANEFE (0.25 mmx30.0
mx0.25 um); HahiEFESS: AOC-20S A, SHIMADZU
NF HEERES: AOC-20i B, SHIMADZU A #l;
LI/ ERE{L: FTIR-7600 %4, Lambad A#]; JE
FAl: DF-4 28, REBREHIKERGARAR .

1.3 RIF®

13.1  FEFHHZ P64 IR

BB T T R E (500 g), FH 95%ZBEAE
80 C NAAEIIREL 6 h LLLFRIESE. (. HUFRI/N
B FRETE 50 C HIMAR T4 SRS B R 1)
HET A . FREL 100 g BERERY R, DAZEIEACHTREUE
A, BREEEA 1:30 Gn/v), 1E 90 C T IRl HREL
=W, BRRPEEL 3.5 he FREGRA SO, Wd3E, A
e AR AR IRAR 2 IE U, N 4 R AR TEK
LIEERA, BT 4 CUKFEI, £ 12000 t/min FESO
10 min J&, @A T RIS HEE T O 2 5
(LSSCP).
132 ETHZHEHL

W% TR ZHE (1 g) 3K 10 mL VARR,
SRIGIMN sevage WFf (IETEESEMh=1:4, V/V) 74)
B, EWIRIPEE, WPBEE —IREREN
i, Gt LR, PR 2RO G LR LA A
B . MK ZHER & 10%105 %R, 60 ‘C. 150
v/min $it#E 3 h, HhEE, WK4E. IRGEBEENEE S FE
83000 u [FIENTLE A B RAKENT 48 h, Z808KET
48 h LLERR/INTHEY), KE G 2 REIREA
HRTRAARIALSE T I 295 (Lssp) M2,
133 ZABLMEIE
133.1 EF K ZHEEEIE

ST B 1) 22 B R 2 i 11 2 i vk
AT, AR bR, DUR R P A A
b, WOCE AN HIbRHEI L, THEZHE S &,
1332 ZsMeitatr

¥ 2 mg ) LSSP 5 KBr #37K 150.0 mg OEi4%)
RE, HERVUERIREREN | mmEWER, BT
FT-IR W& . {8 AR AR s T HIE T
WK A 400~4000 cm™ (1] FT-IR Jgi, 73p9E%n 2
e’ BTG AE I .
1333 4rf=EillE

K SYKAM S501 Series i AR LA e 4
AL SR BT 2T RN A R
SRR T2 (Mw) (435128 Mw 10000 u 40000 .
70000 u. 200000 u 12000000 u) FEATRHE. Whrite
fnCHi A 2 mg/mL FIARHEI, 83 0.22 pm LI,

102

TE RS N AT R i b, Eaa I OR B
[0 (T) RMEALKR, HEFEbRAES TS T2, %
B UgMw) RMPAFR, FEIEIETE. Ak
TSKG5000 s HizhtH: 0.1 M RERR Eh ez phii
(pH 7.2); ¥iti#: 0.5 mL/min, #Fif 30 C, #FfE

20 pL, IEFTHE 30 min. KEAEFHECEL 10 mg/mL )
LSSP ¥, H 0.22 um BIGFLIENRL IS 38 5 3847 HPLC
AT,
1334  HFEHSIE

R SCRTIR S R0, K LSSP (10.0 mg) 7E
100 CF, f2mL 2M = LM (TFA) 7E%5 3,
BE IR 6 he KIEWTERMRMN FET. 5,
10.0 mg ERRFRREAN 0.5 mL MHLIE I\ 25 3 B 3 o
f£90 ‘CTF /XM 30 min, WHE, EEAH, RAEH
I 0.5 mL LTI, BERMIKIR G  F8 %E I
KBHIFE 30 min, WA 90 Co RBLEAEZIRAL
NET, IIA 2 mL SUTEECBAATAEY) . BRRERR
#Ean CRARSIRNR) 5 NARZ IR Z PR B PR
ITHAE . RS 2 LSSP i sipi2H ik
TECL R 2644 AT B Ny 30.0 mL/min;
BEFEIREN 240 °C, HEAERE TN VIGGIR L : 140 °C,
A% 3 min; B 10 °C/min B F+2E 240 °C, £/ 15 min;
IZATIFA]: 28 min, RCIERIESE: 260 C; #EFEAFR
91 L.
134 ZAEEHEE
13.4.1 %K DPPH [ HEEAE J1iIE

ZHEREGLE) DPPH [ B35 R v il s g7 it
R4 2 AT SCHRFRIEFH B K 3 mL [T AL B IR
N 200 pmol/L 1) DPPH ¥4 E A B HHEEMIBER -5 0
FIAS[R A FE AR SV TR, A SV TR BE 430 R
0.025. 0.05. 0.1. 0.2. 0.4 mg/mL, FrEEE AR A
I mL. #RPCERESRE, FFAE 25 CF RV 25 min.
4 Ve FAERITERTIER, WREUR S 96 FLERH, 7E 517
nm FHEEFRCIEWOEEE . DPPH H HZEER R H R
A

DPPH E[5%/%= (A-Ay) /A;x100%

RF, A SRSBER (LAS) BCLE; A MR
BB IE.
13.42 -OH HHEHFRAE /I E

FRIEBR 9200 5 ¥4 1 B RS . B 1 mL AS
IR P 1 22 A €0.025 0.05+ 0.1+ 0.2+ 0.4 mg/mL)-
1 mL BRI ERAR (6 mmol/L) A1 1 mL /KIFR-2.F%
i (6 mmol/L) VRBA. A 1 mL ) 0.1%i SH L2
5], SRIGTE 37 “CF KGN 30 min. HUS MK 200 ul
Rz 96 fLARH, LA Ve RBAYEXT R . FHERFRXAE 510



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.5

nm FIMERIEEE Ao HR3E FHIA T LSSP 2 Ve
[1)-OH H HIEERRE:

OH 1ER%F /%= (Ag-A) /A¢x100%

Kb, Ag BIBRRBH SR A 5 Gt BB
A BRRBOLE.
1343 Fe B JEAE Sl E

FESCHR TN E 2 W8 a8 SR A AL RE
0.8 mL F£f (0.025. 0.05. 0.1, 02. 04 mg/mL) 5
0.4 mL R EL S (pH=6.6, 0.2 mol/L) £1 0.4 mL
BRELEER (1%, W) IRE, FHLE 50 C RN 20
min, PAJ5 K 0.4 mL =& LIRIEH (10%, W)
Ao B#E 10min, JIA 1.6 mL Z&18/KF1 0.4 mL &4k
T (0.1%, W/V), Zili N E 10 min, Z857E 700 nm
AR SR A G E . LA Ve ARHPEXT R
1344 Ziukiss

RAW 264.7 #fiff 52 —Fh/NR EVRAH 40 5,
W) [ 2 AR FRY R R Oy (ATCC), F RPMI 1640
BFRHET 37 CL 5% CO, HEF-f TR 7R, Rigndt
BRI 10%A6 2R3 (7E 56 C/KBH#KIE 30
min). 100 U/mL F& 21 100 pg/mL FEF xR, et
2~3 d HH—Ik. YA EIL 80%, (ISR,
1345 ZHHEPERII-MTT 2

LSSP X} RAW 264.7 4y 77 52 ma i ik
MTT SR T, S KR L 1x10° 1R/
FLEEFIT 96 FLIF . BT CO, BE #4615 9% 18 h )5, [
BRI IR EE R LSSP, 15 24 h, WL LiE
7, M 100 uL MTT ¥ (0.5 mg/mL), 4k4E557% 4 h,
FALIIN 100 uL MTT 152150, 4kE8:R59% 16~20h &,
£ 550 nm AL FHEEAR O =R OGRS, 0B E =Rk, 4
HAEE AL R DL R A AT v

FHXTAIIAFEIG /%= (A1-Ay) / (As-Ay) x100%

KT, A FRAIEAME; Ay AR RE; As
3+ 2R SLPR AR
1.3.4.6  XTAHMIPE 53 Wk B ) 52

¥ RAW264.7 ELREARIL (1x10° AM/mL) BEFh-T 48
fUARH, BT CO, BRI 24 h, BelHEEFRAL,
FAARNEMREE (12,5, 25, 50, 100. 200 B¥ 400 pg/mL)
(1) LSSP F1 1 pug/mL LPS (BHPEXIHE) 7E 37 ‘CR4k4:
F5F% 24 h, NO 535K Griess TR, B Ak
DAEAHER BN Abret, OB [RIVARFE A BRIV,
A Griess TGS MR EE, DLRFEAREARAR, TR
I BE R A bR 2 il AR AE i 2%, ELISA o571 &
TNF-a. IL-18 FlIL-6 [I5r A& .
1.3.5 HIBEH

T 56 K e Ak B AR B B R A Excel 2013 )¢

13, 4

Sigmaplot 10.0 #ff, #dE LLFRMER#EZE (SD) £
TNe PREHIF R R ¢ AT /04T, ZAHILEER
FHEA R T 2208 (ANOVA) BETELEL. p /T 0.05
PR REM.

2 HZR59Mh

21 AEETESRENERS 4L

BRI IR 13,1 5 1.3.2 8 s 7 %
PEAIAELL Z B R =N 7.92 g 1047 g, ZHERR
R NN SR ERE, S 5254
R FERRT BN 9.45%F0 3.72%, HHLHE 5401k
ZHE S A IR -TR IR A B P R A RO E, 15
FIFRUERIZE o (8] 5 FE: ¥=0.0031.X+0.0182, R*=0.9993,
Horb Yy RWOREE, X ORI . MIARH 205 5 Al 2 H
SN 35.78%F1 86.79%. IXH]HEH T7E % FEl
R, ERET R—-ait o, sl 2 hE
HHRT REIR S K PRI WK s TE = R Y. %
PR RZIR A Bk B R S A T R oy o AT 5 ORI P il
R T AL Z BRI 230]IA 8.42%, FTfs 2 hEdl
N 83.19%:; 2 TH P A B R G T 4,
ZHEFRICEN 17.37%, ZHETESECN 63.75%. b
AW I T R 2 WEAS RNl B AR vy, X ]
REAE HTSEMRIS . 3BT AR BN .

22 AT

®
)
%)
1049
160% 1097

3050 2500 2060 1500 1000 500
W/ em?

(&l 1 LSSP BILISMIEE

Fig.1 IR spectra of LSSP
ZTAMIRYSCAR F 7348 B B8 FL AT 43 A (iR 3 1
G, R Z P IIA KT B, RYE 2 WERRIE
WAL UG m AFE KT HH FL2H 7 — Se ] BE IR SEMIRREE . 215
WHT T LSSP M ZE R4, S5 FwE 1
FIt7R, 3397 em™ AL RORFIEIE S BT O-H M4HRzH 5| e
(s WEAE HILAE 3000~2800 cm™ AbJ2: H T AT FR 3k
oM C-H gRs5REM, 2977 cm™ 2
LSSP #i¥F_E ) C-H 4iREh. 5 57E 1608 cm™ AL

103

1
4000 3500



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.5

AR S VA DRI IR T 45 /K B LR T 76 1400 em™ b1
WIS T A T C=C iR Al C-H A AR 5
WIS KAE 1049 em ARFIMR IS4 C-O-H 1 O-H )
AARBIFT SR, £ 2L, ATRER2 LSSP
th C-4 fi7 C-0 IFRENP, 7 877 e’ [RIWL BRI,
LSSP W] fE & o FZUAHEFEE, LSSP [ILL /R
Wion, SHEZHHLL, 7667 cm™ BHEH — K
el TXTTAEAE B TREEE LSS BRSNS E R C-H &
RN IR e ). 24N R ] LSSP £ HETE
400~4000 e 78 FE A A 1 458 14 22 BRI A e

23 BREAREELSTRELN

a 175000 |
150000 |
125000 -
100000 -

75000 -
50000 -
25000

>

60000 |-
50000
40000
30000 -
20000
10000

5 NI

10 11 12 13 14 15 16 17

uVv

& 2 tnERESHEEILEE () SHERSHERIZE b)
Fig.2 GC chromatogram of complex monosaccharide
derivative

E: LRSSHE; 2.FT4aMA4E; 3 AN 4H SN 5K A4
6. F3UbE; 7. 0LEZ,

IR 6 FIFRAEFRNEAIE T K 2 BEFE e 5 AT
SUHEIE T, & 2a 1550, 6 FEREERRAEM AR
W B e A, T R MEREA R 2b PR,
13.35 min ACFEHE H T D HE N SRRERR IR 2>
Bribiok. 7 e 20 3 S RARE . BaTRArThE . ACHE .
HERHE. MERE. LI STIENEA R, ST ERBER)
JBEIREEA 2.23:3.47:1.00:3.08:4.27:7.00, FHrflgLpEs
R, N 33.25%, HEFERBTHATRE R X RUE .
P4 P2V 5 B R 22 i 3 e e AU R
FARELE R, o ZURE & i s, Oy 25.98%, X8

104

NP R R W T 2 R b R U & B, A0
ARG R —E, AR — A ETES
R ) P v P B

ZHEN TR R A, AR
o)A, I8 AP E SRR E M 2 T
KNP, S e R e ) 5 AN [ B i 207 2
B DUbRHER OB 1E] (T) AREARER, ArdEdhit s
TETHMEBOE (gMw) AARKR, HRHREARE 2k
LgMw=9.6167-0.2897T, (R*=0.9967) (H:rMw/e:/ T
T, THRAREERED (5 LSSPHIN 4> T #. LSSPH
PIEAN R ) o P 504, A3 AR,  HHUE [4 0 A
23.52 minf124.15 min, P47 853 5196.35%10° ukl
4.18x10° u, JETARI—2HE. TianZ5 VR Al i)
PEMGE T 208, R A G 210 J5 A I 4 B 2R
4484 v, /NT AW TRIET K Z RT3 018, Xn]
AE T J50Rk SEHRAi b Ty A R B o

Peak1 | Peak?)
25

201 24.13/min

15F

Voltage

23.52 min
1.0F

ool ,/\JKA

0.0 :
0 5 10 15 20 25 30

Time / min
[E 3 LSSP I FEN T
Fig.3 Molecular weight distribution chromatograms of LSSP
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Fig.4 The scavenging effect on DPPH (a), hydroxyl (b) radicals
and reducing power (c) ability of polysaccharide
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