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Structural Identification of Saline—Alkaline Tolerant Lycium barbarum Oligosaccharides and
Their in vitro Digestive Ability and Antibacterial Effect
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Shandong Academy of Sciences, Jinan 250353, Shandong, China; 2. School of Food Science and Engineering,
Qilu University of Technology , Shandong Academy of Sciences, Jinan 250353, Shandong, China )
Abstract: The saline—alkaline tolerant Lycium barbarum oligosaccharides were obtained by the method of acid
hydrolysis and enzymatic hydrolysis. The structure of the L. barbarum oligosaccharides was identified by Fourier
transform infrared spectroscopy, nuclear magnetic resonance spectroscopy, gel permeation chromatography, and
high—performance liquid chromatography. The content of reducing sugar in its digestive products was determined
by simulating the in vitro gastrointestinal fluid system, thereby determining its digestibility. The effects of
L. barbarum oligosaccharides on the growth curve and pH value of Staphylococcus aureus were determined by
ultraviolet spectrophotometer to show its antibacterial ability. The results showed that the molecular weight of L.
barbarum oligosaccharides was 507.48 Da, and L. barbarum oligosaccharides were composed of mannose,
rhamnose, and glucose. The glycoside bond configuration was mainly type —a.. L. barbarum oligosaccharides
were not easily digested or absorbed by gastrointestinal fluid. Meanwhile, the growth curve of S. aureus showed
that with the increase in L. barbarum oligosaccharide concentrations, the growth was inhibited, showing a

certain antibacterial effect.
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1 #MR5RE
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MOAC « 1L AR 2R 385 BT = F U R el b ; Tt 6 Bl A
KSR (Lycium barbarum oligosaccharides, LBO ) : 576
Tl R A B R 0 3 AR R K o S
#il s = LR (wrifluoroacetic acid, TFA) A7 ik . B K
(D,0) AL (KBr) Ot 4l ) : i sobRA= AR A
PR R S5 IE T B R M (NayCO,) LK L% .95%
L1 =4 4.1 (wichloroacetic acid, TCA) bR Z 4N
(NaHCO;) . Jo/K A0 B2 EH (CHACOONa ) - [ 2542
AR AT BN B 5 Tris—EhBRZE I - Sigma—Aldrich(_L
) S 504 BN B 5 R R (HCD) B R (HLS0,) : JH 4 18 45
KA T AT PR W] s 555 25 F1 1 (Pronase E, 7000 Ulg) |
B AR i (30 000 U/g) . 8 5 H (3 000 U/mg) | BT
(4 000 Ulg) JHE#E (4 000 U/mg ) JEABKS .3, 5- il
KGR (3, S—dinitrosalicylic acid, DNS YR LR
S FEPHA B | SO o3 B bR o il (BT HL AR s LR
WA LR AR R (B et |
IR A RO B2 W) 5 4 0 65,3 45 BR T (Staphylo—
coccus aureus CGMCC.1.12409) 5% 37 3 CM0002: H1 [

LRl PR 545 B s Sephadex G-100 ., Sephadex
G-25 bt Bk fE R A A FRZA W) o A FR R 15 1Y
el g T
12 U5 RE

FA2004 73 MR-« gk FE P REAA A IR A
A s FSJ-AOSN6 /NELKYREHIL . ) AR /N RE HA 2 AT FR A ) 5
TDL-40B B0 : b2 5= B3R T 3 RE2000A JiE
Sz s BRI AR A FR A 7] s DF-1018 £E44
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HH-21-8 H HAE R KV B « 5 P A a8 AT BR A A
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) ; MixTable W IEdR 77 : 5 HE A TRRL AU A BRA
A LAIS3T JRAUSEF46 : LI RIS B A BN A
FE28 4 pH it MpFF 48 1 24U ( B ) AR A F
UV-6100 RIS HAT WA RE 1. BT IR
Nl Frontier YR B AR 32T MY - 55 [ Perkin—
Elmer 23] ; Avance 11400 A% 2@ %4  H 1 Bruker
AT} LC-20A AR IS AL : HA R HAH]

1.3 ik
1.3.1 AR SRR il 2%

PR T A B, Y E T R RN 7
b o 8 R TR S T AT | 284 i ik
Il A B 3 U, HET SRR 12 3 (g/mL)
A ZER KT 90 CO/KIFEI 2 h, i &, 15 U8 W,
4000 r/min B.L> 15 min, F+ 250, EEE L 2 I, &
It FIHW . RINBERE 25 R an s WRAE 2 1/4 KRR Y 20
FEIR(25°C). A 15 PRF Sevag I (&5 : IET
=4 1, KB ), RIZUEREE , A H 5870 2 , 4 000 t/min
B0 15 min, B FIEWE, B 25 RSP BE RTT 25
P35, EE UL FERAEE 2 R E AR R BT
WM A 4 FEARFRIY 95% B UUTE , Hr i 24 h, JEAG T
U8V UR TR S 15 BIMIAC 285 (Lycium barbarum polys—
accharides, LBP)™, 7£ 0.1 mol/L # Tris—$h 2 5% i i
A—ZE =M LBP . Pronase E(LBP : Pronase E=1: 2, i &
Fb ), 60 CHIHA 30 min i H- e i IO o ARG FEAE S
JIAKE S TR 19%08Y Pronase E,37 Cilfk 24 h |, F-4b
JIRE SRR 0.5%F) Pronase E, 4622714k 48 h, Bi{f )2
N R pH AR FF7E 8.0 &£ 4 o I &5 W JE VU
Sephadex G100 4fifk,,Sephadex G-25 [%:th, ZJFMA
40 mmol/L H,S0,, 80 CHit 4 52 i HUFE , LA 0.25 mol/L
Na,CO, U A, SR 5 LA ZE IR KB T, I AR 48 Nk
4, IA0.5 mol/L TFA JKfif# ,80 CI N 4 h, &1 /K ik
AEROR 2= Ik R TR S 13 3] LBOY,

132 MIRCARERMESS AL (1) 408
1.3.2.1 A HEMNAR LT /NGRS (Fourier transform infrared
spectroscopy, FT-IR)73#7
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1.3.2.2 i dERIEE (nuclear magnetic resonance spe—
ctroscopy , NMR )3T

W TR LBO W% T35 A 0.19% 00 H 6 b 1
0.5 mL D,O 1, fiff ARG IR S35 1 (400 MHz ) XA
HEAT 'H NMR 1 °C NMR 31504720,

1323 @RS A3 (high—performance gel chro—
matography , HPGPC )/ Ht

e ] A SR AR v A, R VR S AR A% LBO AR, i
0.45 wm (ALIERE 5 000 r/min 2.0 10 min J5 B F 4
T, P Bl AR wh e €0 3% A 2SBS0 RE
A3 HEREIN A o 8 S5 1 R (TS A - TSKgel G4000-
PWXL(7.8 mmx30 cm, 10 wm); i 8141 : 0.1 mol/L. NaNOs;
R &« 7% A 5 5 A3 40 °C5 HiLE £ 0.5 mL/min;; #F
FEARAR :20 wLo  DIAE SRBHAR U i 55 15 43 it i X 4k
(IgMw ) X {4 B3 HsJ 1] (e )V (B, 38 25 537 o o o 1 4 22
W=7 AR 1 LBO 431,

1.3.24 %&ﬁ?&*ﬁ@ﬁ%(high—pelformance liquid chro—
matography , HPLC ) /34T

MU 10 B B BAT 471 4 (arabinose , Ara ) A B
(xylose, Xyl) . FZEH¥ (rthamnose, Rha) .- FLi# (galac—
tose, Gal) . %% B¥ (glucose, Glu)FlH & (mannose,
Man)FRUEZEHE 1.000.500,200.100.50 pL, K ERE
1 mL, BC A 4 100.50.20.10 .5 mg/L RIFRIER
W, FHLAE FRE 0.1 g LBO, M 4 mol/L TFA 10 mL, 58
AL 110 CKAfR 2 h, AHIEZETE(25 °C), A 4 mol/L
NaOH ¥ pH {84 6.5, 7K 2 7% . S RESCHR[22]/ 77 1%
BT mL A S VR R AR — AT AR )5 L 4 0.45 wm f
FLUEHE EAL. (A iE 55 (354 : Diamonsil Plus 5 pum
Cis 3% FE (250 mmx4.6 mm); 3 8H 40 A:0.05 mol/L
KH,PO,~NaOH ; i 1AH B : 21 ; K £ « 22 AN 25 ;
FEIRL - 40 °C; 333 < 1.0 mL/min; SFEEARFEL . 20 pl.

1.3.3  MACAIRER ARG MEALL B W 1 A BE T il e
1.3.3.1  THIBIR R A&

Z: MR SCHR (2310 77 v e 1) 3 R A IO R i F i O
BB FREX 12.5 mg S IEHAEAT 11.8 mg B HEH
fif, A 50 mL & HLf# AN 1.5 mL CH;COONa( 1 mol/L,
pH5) , FEZE (25 C)ZM T TR FEas L,
0.1 mol/L HCI ¥ pH fH % 2544 100 g I HLf# )5 . 100 gl
AW 13 mg B85 A 200 g AHVHIE S, JH 0.1 mol/L
NaHCO; i pH fHZ 7. B WA -4 CR s H .
1.3.3.2 BHITHEL

B 4 mL LBO #£5 W (1 mg/mL), il 10 mL B,
JICAE 37 °C.200 v/min $EIRH R, 7E 0.2.4.6 h BFHURE
I mL, ¥ 7KI& 5 min KEFIE . 1L 6 h J5 H 0.1 mol/L

NaHCO, ] pH {H % 7, A 1.8 mL, 1E5), 4k4E 37 .
200 r/min FER N, 7E 0.2 4.6 h BFEURE 1 mL, 7K
W5 min KEEE . [FIBAESE2S O IRA, Hohn S A s
A, AN IR B8 3 AN R 3,5- 3k
1% (3,5 —dinitrosalicylic acid, DNS )0 & 14 1k 7= ¥
ORI A R o DR AR B R AR b TR A\
ABBREE S, BRI R . B 200 WL BE S, B 600 wL DNS ¥
W, B KIS 15 min, R HG N 3.2 mL 7K, F550 nm4ih
DR S JRE 0 o e TR 2
1.3.4 MRS SRpE 0y R
1.3.4.1 WAPHEL

RIS AT TE IO R AR EAR T W 4 75 (o 3 28 Bk v
T 3 v 1 R T R B A A TG TR A B R K A
W SR IR G RARIR 53 5) . UL 0.1% 3 W e Fp T
10 mL 3G fERE 7R3, 37 CIRAREF7 AL 2 WK, T
Tl 2 1% 18 h J5 15 A RER
1.3.4.2 ARl pm e

Z: R SCHR[25]0 77 15 I T & ok, LBO s fin 4R
YR Ry A SR P A AR I Y 1/3.2/3 R 1 BRI
fith 3% 75 35 v () A ARV R R 97 3, 13 CIR K
B 20 min, BUEFIEER LA 0.1942 5520 DA R Al 1
FRIEFNAI G AR . 37 CIRAREFE 48 h, 739l F 0.2,
4.6.8.10.12.24 h BUFEIN 2 7E 600 nm T 4 8 {45 4
BRI B AR A b B 3 A . LUISE IR AN
B ARER , TRAHR BE ODgo, AR, 23T AR M 2R
1.4 FEabr

K HI SPSS 20.0 # 4 H1 ) Duncan %17 8048 1Y
F 55T, Origin 8.5 1E K .
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Fig.1 Infrared spectrum of LBO
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AN N-H i Zadeshs M=, Kk, LBO W HES-OH
—NH, 3{-NH-3£[41, 2930 em™ C-H Hh4aiEsh 2hik
FARRAIE 06, 22 B 228 % A6 A J 4 A7 —CH,— S AT
1 640 cm™ BT A I IS0 UG Sy — 2 a2 Al — 2 2k N-H
B9 78 F IR BB —C =0 A4 38 X5 Bk A 48 41 sl 141521, & 1
A A BUSAAETE . ~COOH 1Y C-0 a3l 51 iy
1420 em™ Y4 , ~COO K C=0 XFR4E IR sh5 Y
1 350 em™ WS4 FI-COOH 1) O-H 25 IR sh 5 B /Y
1 250 em™ W W& 21 LBO P &4 —COOH £: A1,

1040 em™ Ab 1) W2 WAL 048 Ay — 0% I 0 66 118 A28 F i 2l 0
1 400 em™~1 160 em™ ZE AU LIRSS C—H B8 Y 22 i 4k
1, E5 C-H MY 4a 4 g0 #4 B 188 0 R AR el
1 160 cm™'~1 040 cm™" [H] ity W AL s i B 7 it e A
AOAFAER, 840 em™ A1 760 em™ ZE47 R o B Al a—
DA HEER (MUY, 870 em™~810 em™ Ky H #&KH T
FEHEIE

2.1.2 'H NMR #1 *C NMR Z3#Hr

LBO /Y 'H NMR 31 2 fis .

oo~

Lo EE

F—5.85

17 16 15 14 13 12 11 10 9 8

6 5 4 3 2 1 0 -1 -2

Ab2#i % /ppm

2 LBO 'H NMR B
Fig.2 Spectrum of LBO 'H NMR

1 &l 2 FIHTL LBO M55 KZ 4 HTE § 2.9 ppm~
5.1 ppm Z[A],8 4.58 ppm A A9 T 155 A DO 1Y
JEFHIF%, 8 3.2 ppm~4.3 ppm FBER 55 i K
HIRTE 8 5.15 ppm AT M AT TI(E S, &P LBO
S E A o BB R, Skl B MAb2E IS B
2.9 ppm~4.1 ppm HHBBE I RRIE 73 2405 5, 77 AE Wl
g 53 4 1) Ji PRI R R 2 AH 4B 1 1 e A% (&% ) =2 () 3

b BB H - AR A BT AR TR B 22 R AR R
i, A RIS () 24 B, BRI Z A 1S ] s HAT
/NT 8 4.8 ppm [T FA55 , iIX R A LE ML IR % 5L,
BC NMR &35 L 'H NMR &34 & G T 2=
%, HA &K = 3 PE3, Befs B4 b X 43 43 - 144
RUFIRI S

LBO “C NMR &g WL 3.
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3 LBO “C NMR i
Fig.3 Spectrum of LBO “C NMR

W 3 Fos , LRI 4 MES 198 o
RUBETT 53k B, W] LBO EE DL o BUBE TR T A7
1E. 9351, LBO M55 R ZEHTE 8 60 ppm~T77 ppm Z
(], e W bt i B 5 A AR bL ), LS 71.50 ppm~

71.69 ppm .8 73.29~73.96 ppm . 76.68 ppm~76.81 ppm .
8 72.65 ppm~72.81 ppm A & KRGS, EAE T L
HIAETRIET C,.C5.C Cs IRBNF 5P, X5 FT-IR
H1'H NMR (A58 45 R0 —2L
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Fig.4 Molecular weight distribution chromatogram of LBO
H & 4 AT R, RS2 LBO FE SR 505 %
BB BT 1 AR B A HR DX TR] R e R
FREFE] 2 20.092 min, XX A28 LBO 2457 F it 41
53,15 LBO BEf Y 63.1% AR 4R 481 R0 i b v il £k
leMw=-0.043 9¢;*+2.300 12,>~40.552 7t,+244.938 5,R*=
0.994 2, J1E R[5 LBO AYF ) F 45 F i Mw 1£
507.48 Da /47 .
2.1.4 PMP-HPLC /3 ffuieh nli st ;e
T A XS] TR P BRORR (1A Y 1A LRI M O (1]
MARAE B E T LBO B SUBEAL AL, 25 R an &l 5 Al 6

Js o
1200 000 PMP
900 000
=
2
% 600 000 |
= Gal
300 000 - (’1‘1
kManRha\\\
oLl J bl W\
0 5 10 15

PRER ] /min
PMP IR 12K -3 5L MRBHTR ( 1-phenyl-3-methyl-5-
pyrazolone) .
5 tRERENSNEIEE
Fig.5 Analysis chromatogram of standard monosaccharide
HIEL 5 18 6 AT, N 247, 2% KTl PMP
HEa b s A R U hL AR S 1 RE
At 7K ARIBUI , H SR | B2 A0 4 1 0 25 D 1 e
IR I PR — 80, SR 7 14 B A 06 T B A, 25 SR
8 L WML A o H S L B2 A4 B , U IR
KRR AL X 3 R
2.2 PRSMEAULS AL RE S b
DNS 3522 )38 JEORR bRt LA AT 7 BiR o

PMP #/R 1-755E-3 -1 -5 MEmRIER ( 1-phenyl-3-methyl-5-

pyrazolone )o

6 LBO BEERARSHBIEE

Fig.6 Composition analysis chromatogram of LBO

monosaccharide
0.6
y=1.101 3x-0.034 3
R?*=0.996 5 e
0.4}
i P
E »
= .
02+ o
A
L1
0 . . . ,
0 0.2 04 0.6
AR %/ (mg/mL )

7  DNS SRRFIEE R 2k
Fig.7 Drawing glucose standard curve by DNS method

VAR B AR R 22 1 W AL )5 7 1 1Y i i
B, DUHORSOR LBO 76 8 WA B 1 i T 1L e
I3 AT P 3 JEORE 5 T AL AE D R B, AR
fefaFank 1 s

®1 FEEHELHET LBO B MMERES B

Table 1 Reducing sugar content of LBO digestion products at

different simulated digestion times

i SR il /h A/ (mg/mlL)
0.128 3=0.002*"
0.128 6=0.006"
0.132 3£0.005"
0.121 3+0.002"
0.083 8+0.005"
0.086 5+0.006"
0.085 60.002"

0.086 5+0.002*
AN EAR TR R R B 2 R (P<0.05) .
e 1Al 5n, B s b & — g ik b,

FE0.2.4.6 h B HURER I, % 20 B A V03 Ak 1 it
7, 8 S 0 h 1Y 0.128 3 mg/mL [ 2 6 h (1)

H i

[N S S e > T N S )
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0.121 3 mg/mL, 3 J5UA A &5 52 1350 I i T, B0 A
TR WEAE B W R A iR B e i, B = AN A
M 75 5 BB A, LBO Y38 JFOE & 5 0 . 5 22 5%
(P>0.05), UtEHRIMEAEVEAL T 6 h J5 , th A D & iid
JERE= A A D R R A T AR MR LBO 75 B il
HOR KA R — 2518, nl LIPIEHERT H LBO vl fE
—Fhas A o B8 MU, PR I T A
2.3 ST
&1 8y LBO Xof 4 ¥ €6 ) 4 3K P 7E A [l TS fin 2 1
SFR I AR 2R
141 -2y
12k~ 13w
——2/3 IR
LOF —— 1 iz
0.8
0.6
041
02
ol

ODeoo

IR} ] /h
8 SEEBHEEKEEKHE
Fig.8 Growth curve of Staphylococcus aureus

Hi [ 8 AT AT, RIS I LBO 114 4 B (0, 8] 4 BRI 10K
AN A TR I 1 A ) 20 T AR AR A R 2
SIS AL TSN T LBO Y 4 B (0 A A BR B 1 A K
LB T HE, G A BRI A B A KV
TR AR RE I TR B A R A 0 HI R 2 L 7
SE TR AR TR BSINSE R KR LBO, X 4 8 (5
R4 BRTA B A A TS ]

3 it

BNy S A S RO R ) (W2 i il
fife A2 T HIFCARIRE . 2 A B AR 2T A
FEREFEHRE TS | R REE 15355 (0 15 R ey RGO €033 X
MACAR SR I EE R AT TIPS i T HoAT REAF
TE ) SE AR AE o0 AL 4y . AR AR Ss
W, A LI E MAC I SRR 4> F B 7E 507.48 Da 247,
FEEL o B B FE ML RO A A, b H R L S
WEFI IR . 2 R G0 50 48 M A3 BT L L5 A i 5 Bk
FH 55 BURR 45046 Smith B 55 0 A 7 ik #EA T R IR A
WHFE o[RBT, ZEACAUL S W v g h & A A SR bR
o it R P I, MO AT SR 1T BBAE Ry — i 25 2E T B L
PRI R X AT DAE R — 20 0 A W 6 P 2 0 4
B T, A, DL UL A 00 T 4 2 (0 A BR 1A R
R, AT BB HA B i wIE A, HL B RE
Wil 25 VA R T B 5 X AR AR P S35 (R L
PRAF TP AL T Ry Al SE AR A B TR R AR R

27 —

5 i R RRE TP AR B PR TSR &R

S -

(1]

(2]

[3]

[7]

9l

[10]

[11]

[12]

[13]

[14]

KULCZYNSKI B, GRAMZA-MICHALOWSKA A. Goji berry (Lyci—
um barbarum): Composition and health effects—A review[J]. Polish
Journal of Food and Nutrition Sciences, 2016, 66(2): 67-75.

JINM L, HUANG Q S, ZHAO K, et al. Biological activities and po—
tential health benefit effects of polysaccharides isolated from Lycium
barbarum L[]]. International Journal of Biological Macromolecules,
2013, 54: 16-23.

LUO Q, CAI'Y Z, YAN ], et al. Hypoglycemic and hypolipidemic
effects and antioxidant activity of fruit extracts from Lycium bar—
barum|]]. Life Sciences, 2004, 76(2): 137-149.

T, sk TR MIAC 2 WE OB R G PR R G2 S RE A2 IR ().
IR, 2003, 25(2): 200202, 214.

GAN Lu, ZHANG Shenghua. Effect of Lycium barbarum polysac—
charide on antitumor activity and immune function[J]. Acta Nutri—
menta Sinica, 2003, 25(2): 200-202, 214.

LIU W, XU J N, ZHU R, et al. Fingerprinting profile of polysaccha—
rides from Lycium barbarum using multiplex approaches and chemo—
metrics|J]. International Journal of Biological Macromolecules, 2015,
78: 230-237.

LIX L,ZHOU A G, LI X M. Inhibition of Lyctum barbarum polysac—
charides and Ganoderma lucidum polysaccharides against oxidative
injury induced by y—irradiation in rat liver mitochondria[J]. Carbo—
hydrate Polymers, 2007, 69(1): 172-178.

CHENG J, ZHOU Z W, SHENG H P, et al. An evidence—based up-
date on the pharmacological activities and possible molecular tar—
gets of Lycium barbarum polysaccharides[J]. Drug Design, Develop—
ment and Therapy, 2015, 9: 33-78.

CAIHZ, LIU F K, ZUO P G, et al. Practical application of antidia—
betic efficacy of Lycium barbarum polysaccharide in patients with
type 2 diabetes[J]. Medicinal Chemistry, 2015, 11(4): 383-390.
YANG Y, LI W, LI Y, et al. Dietary Lycium barbarum polysaccha—
ride induces Nrf2/ARE pathway and ameliorates insulin resistance
induced by high—fat via activation of PI3K/AKT signaling[J]. Oxida—
tive Medicine and Cellular Longevity, 2014, 2014: 145641.

ZHOU F, JIANG X Y, WANG T, et al. Lycium barbarum polysac—
charide (LBP): A novel prebiotics candidate for Bifidobacterium and
Lactobacillus|]]. Frontiers in Microbiology, 2018, 9: 1034.

YANG Y, CHANG Y F, WU Y, et al. A homogeneous polysaccharide
from Lycium barbarum: Structural characterizations, anti—obesity ef—
fects and impacts on gut microbiota[J]. International Journal of Bio—
logical Macromolecules, 2021, 183: 2074-2087.

kO, HEe A, B OCEE. AR RS R M s M S TR AR MR
Wi PR 3R —— LA = A P e AR S A B IO (). o R B R
2%, 2019, 39(4): 1696-1704.

ZHANG Shuai, DONG Huizhong, ZENG Wenxia. The time —space
evolution characteristics of the vulnerability of land ecosystems and
influencing factors: A case study of the Yellow River Delta Effi—
ciency Eco—economic Zone[]]. China Environmental Science, 2019,
39(4): 1696-1704.

ZHOU L S, LIAO W F, CHEN X, et al. An Arabinogalactan from
fruits of Lycium barbarum L. inhibits production and aggregation of
AB42[]]. Carbohydrate Polymers, 2018, 195: 643-651.

CAO C,ZHU B W, LIU Z Q, et al. An Arabinogalactan from Lycium
barbarum attenuates DSS—induced chronic colitis in C57BL/6] mice

associated with the modulation of intestinal barrier function and gut



202343 H
2 44 55 510

RaftnSAR

2010

—_ 28

microbiota[]]. Food & Function, 2021, 12(20): 9829-9843.

[15] DE MOURA F A, MACAGNAN F T, DA SILVA L P. Oligosaccha—
ride production by hydrolysis of polysaccharides: A review[]J]. Inter—
national Journal of Food Science & Technology, 2015, 50 (2): 275-
281.

[16] ZhRiie, & FE, LARAS, % & WILA T REVE G R I 18 i

TEVRAT AL O BFTEHE R[], SE 2 T fE 2 R, 2017, 45(6):
89-92.
MA Lina, LUO Bailing, SHI Junjie, et al. Progress on regulation
mechanism of intestinal flora by several common functional oligosac—
charides[J]. Progress in Microbiology and Immunology, 2017, 45(6):
89-92.

[17] 4R, B4R BRSF. S REVEAR SR B W 52 28 ke S i HH BLAR D],
o R, 2021, 46(2): 180-185, 195.

Z0U Yue, HUANG Jinfeng, WEI Qin. Research progress and appli—
cation status of functional oligosaccharides[J]. China Condiment,
2021, 46(2): 180-185, 195.

[18] DING Y, CHEN D, YAN Y M, et al. Effects of long—term consump—
tion of polysaccharides from the fruit of Lycium barbarum on host’s
health[]J]. Food Research International, 2021, 139: 109913.

[19] ZHANG X R, ZHOU W X, ZHANG Y X, et al. Macrophages, rather
than T and B cells are principal immunostimulatory target cells of
Lycium barbarum L. polysaccharide LBPF4-OL[]]. Journal of Ethn—
opharmacology, 2011, 136(3): 465-472.

[20] ARARAE, B, MR, S5 232 SR S0 B Al Ak S S5 A DEIE ). &5
SRR 2ESER, 2005, 26(7): 1242-1247.

HAO Linhua, CHEN Lei, ZHONG Na, et al. Separation, purification
and structure of burdock oligosaccharide[J]. Chemical Research in
Chinese Universities, 2005, 26(7): 1242-1247.

[21] BT BEREEGLRRZ S SRR S5 T FE (D). 75 5 Pl
R, 2014,

ZHAO Chungi. Structural characterization of the sulfated polysac—
charides and oligosaccharides from Monostroma angicava kejll—
man([D]. Qingdao: Ocean University of China, 2014.

[22] WANG L, CHENG R, SUN X Q, et al. Preparation and gut microbiota
modulatory property of the oligosaccharide riclinoctaose[J]. Journal
of Agricultural and Food Chemistry, 2021, 69(12): 3667-3676.

[23] HU J L, NIE S P, MIN F F, et al. Artificial simulated saliva, gastric
and intestinal digestion of polysaccharide from the seeds of Plantago
astatica L[J]. Carbohydrate Polymers, 2013, 92(2): 1143-1150.

[24] VAL SRR BRI AL . PUE IR P S RSB
PR BERTFED]. Bt B AR, 2017,

SHEN Jialin. Isolation, purification, antioxidant bioactivity, stimu—
lated digestion and fermentation of polysaccharides from Lycium
ruthenicum Murr[D]. Nanjing: Nanjing Agricultural University, 2017.

[25] IR, UGS B 8 (A % BRI T /E IS D). B PR TR
AR, 2019.

CAO Jiarong. The antibacterial effect of lactobionic acid on Stap —
hylococcus aureus|D]. Shenyang: Shenyang Agricultural University,

2019.

[26] XIEJH, XIEM Y, NIE S P, et al. Isolation, chemical composition and
antioxidant activities of a water—soluble polysaccharide from Cyclo—
carya paliurus (Batal.) lljinskaja[]]. Food Chemistry, 2010, 119(4):
1626-1632.

[27] J5 0. RSO ) o N XM T8 £ A TR R 8 T 941 5 AL 7
WISED]. A : AR bR, 2015.

LU Xu. Study on the preparation and regulatory mechanisms of lotus
seed oligosaccharides to probiotics and pathogens in the intestinal
tract[D]. Fuzhou: Fujian Agriculture and Forestry University, 2015.

[28] LIU H H, FAN Y L, WANG W H, et al. Polysaccharides from Lyci—
um barbarum leaves: Isolation, characterization and splenocyte pro—
liferation activity[J]. International Journal of Biological Macromole—
cules, 2012, 51(4): 417-422.

[29] SRHEAS. WL G WA ALIFSEH AR M. A : BV D A,
2003.

ZHANG Weijie. Biochemical research technology of sugar com-—
pounds[M]. Hangzhou: Zhejiang University Press, 2003.

[30] REHEm. FIFC AR LS 0BT B AR A AT TED]. B AT AR K
*#,2016.

TANG Huali. Study on the structural analysis and metabolism of
Lycium barbarum polysaccharides[D]. Nanjing: Southeast University,
2016.

[31] RIS, KF5 2RI 85 B S I 43T ()). VU RRH,
2004(4): 22-26.

SUO Langsangmu. Extraction, separation and content determination
of garlic polysaccharide[J]. Tibet’s Science and Technology, 2004(4):
22-26.

[32] MATHLOUTHI M, SEUVRE A M, BIRCH G G. Relationship be-
tween the structure and the properties of carbohydrates in aqueous
solutions: Sweetness of chlorinated sugars[J]. Carbohydrate Rese—
arch, 1986, 152: 47-61.

[33] THASK. 2RI B Al Al R i A W VERT YD), Jell: 2B T
FERA7, 2021,

DING Bole. Study on isolation, purification and proliferation activity
of oligosaccharides from yam[D]. Wuhu: Anhui Polytechnic Univer—
sity, 2021.

[34] BRI ], A5 B 7 SR M PR Al AL | SR RAE K KRN I 1k

WIFED]. Va2 BEPERHR, 2020.
ZHAO Yuanyuan. Study on extraction, purification, structure char—
acterization and lipid—lowering activity of polysaccharide from Pleu—
rotus eryngii fruit body|[D]. Xi‘an: Shaanxi University of Science &
Technology, 2020.

[35] ALQUINI G, CARBONERO E R, ROSADO F R, et al. Polysaccha—
rides from the fruit bodies of the basidiomycete Laetiporus sulph—
ureus (Bull.: Fr.) Murr[J]. FEMS Microbiology Letters, 2004, 230(1):
47-52.

TN T 4R35 Gk
s H#5:2022-03-24



