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Abstract

The monosaccharide compositions of four plant polysaccharides were determined by high perfor-
mance liquid chromatography (HPLC). Polysaccharides from soybeans, shiitake mushrooms, black
fungi, and wolfberries were extracted by ultrasonic assistance. After hydrolysis with trifluoroacetic
acid, the samples were detected by pre-column derivatization with 1-phenyl-3-methyl-5-pyrazo-
lone (PMP) and HPLC. The method was validated using specificity, precision, sensitivity, linear
range, and standard addition recovery rate. Finally, the monosaccharide compositions in polysac-
charides from soybeans, shiitake mushrooms, black fungi, and wolfberries were analyzed. The re-
sults showed that the monosaccharide components to be determined showed a good linear relation-
ship in the range of 1.03~550 pg/mL, and the resolution of each component was greater than 1.5,
the detection limit was greater than 2.01 pg/mL, and the limit of quantification was greater than
6.43 ng/mkL. The relative standard deviation of precision and stability was less than 4%, and the
recovery of standard addition was between 98.0%~101.4%. The verification results show that the
method is simple, rapid, accurate and reliable. The monosaccharide composition of soybean, shii-
take mushroom, fungus and medlar polysaccharide was determined by applying this method. The
results showed that soybean polysaccharide belongs to galactose-based heteropolysaccharide and
the galactose content was 53.40%. The heteropolysaccharide contained 45.74% and 21.07%, re-
spectively; the fungus polysaccharide belonged to D-mannose-based heteropolysaccharide, and the
D-mannose content was 18.64%.
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1. 5|

% Bl (Polysaccharide) 2 HiH T 10 AR FIE DUBEFFH2 45 & OB BELL R =y 70 TR KAk &9, T HEES
(CoH10Os)n Koo ZHEEA BT DUMRE K FEIBE . PRI PURPUma. IRy IIESSF 4 BE N, 48
B 250 B AT T AE B R B [1]-[4] . ARGERIT AT 2> Mt 2 0 . dHi 2 0. HE 22 0. Y
WS 5MR MR AR ES), HAAZMABIEN LAY A oiRe, WD TAYY . A5
KRR RAERTARBIRE, E WIS EY 2R &Y A SR th H#iRA[5]. 2 HEERZ
USR] T N I 29BN B kel e @M S mIOF A ORfk . DORE BRI, &
FRomAT AR 53 AN AT AR D SRR B BB LA R AT BRI R A RE - b b A T 7R A K B 771 [6]-[8]

22 W () SRR 2EL B A ) 22 W AN 23 A 22 B 5 A Y EE A . PO 2 B A B B B R AR
B A SR AR I R RS TR I REIN SR ), T AN RS 20 v B BB HEAT S EAE MR
Br[9]. EHERIIL R AR R, AT LAE R — ik L B8 AR B B A BRIt &, fE
MFE b, JEEMEEER, —BmE, RAMRE 2 el 48 ) Loy i 8 L+ 208 S8R [10]; e
MR L v, BEELE S A BAG I SR EBORKIE 2D, AT DL A I 40 oK ol B W B i e o TR 4 s

DOI: 10.12677/bp.2024.143019 147 Wit FE


https://doi.org/10.12677/bp.2024.143019
http://creativecommons.org/licenses/by/4.0/

ZE I

ai FH B, — IR HTIE R TR BT VAR s R EEVE R, I R B I 43 B A ARSI T ik
AT A 53 B mk MO R IR 23 H AR [9] - ALK, KELH S 4 A5 ik DL = (A (TLC) . AU
WE(GC) A BAH iV (HPLC) . s BN FRVKIE(HPCE) [11]. &bl a3k (GPC) Fl B 1A He o il
K(IEC) [12]AF. Hrh, TLC #AE4E HRCAIS, ZHT2HMPIE . GC BT E D, 733
Fim, A GC 43 B llE IR E MR R EY), FEAER, WEr R RRL, 4RmEDN
PEAHXT AL . GPC Al IEC & THIfH . #RAEAE, ATEAHIER, M2 AA &SR, BEHT R
T LRER N, T T 2R B A4k . HPCE 52 20 40 80 FEACK kit — b B 1 20 55
SIRTEIAR, B DAFARE L v 0R R R B R AR S SRAR AN GG B he R AR AR T2 T S A
T2 B AR BB A SR 1 2 B A b [11].

HPLC 7; B e iy, IFetkay, Wl REE S, #IEa i, EHYEHET, nTRAXE 70% 0L ERIA L
VAT S A Hor iy BT . BRI — Ml T o 5 A O AR B ], A HPLC I
ERERYT, — R BT R R ATAE AL [13] [14]. & TUOH i AT AE A i %, Horb B FH e %
R 1- 2K 53 BE-5- ML MR (PMP) I AT AE AL 7 V25, T IRAEBIE 26 A N kAT, XUl 2R 8L ) B
PEESIE R, JF H PMP FIERNETE B ATAE A EERAMEEA R, BRI, fE T 43 #7[15]. HPLC 434
PR AAFAESE R NVE SR G ) &, [FBS HPLC 1) 25 43 B X T i A2 DK 22 H0CAS [ P I W 11 43 25 2
CL R H AR 5 43 A de 2 R T VE[16]

AR AN — PP e A 2 i BRI v, ORE. & aE. REAMIAC R, i g
B KA R AT A AR, B#E4T HPLC Z0#fr, JREHTIENME. AR R. REUE. WEE. REML NS
ISR IGAEZ VRN IE T o B S ARG K B sl AHL, AT 2 BRI AT I e I B i

2. ¥ E55/&%
2.1 {488, ER5RN

2.1.1. KB
L . ARFL MRS TR it

2.1.2. SEHRF

1-FIE-3-FAL-5-ME e, D-R%HE, D-H#ebE, D-AWE, D-JoKMwME, BN, ~FILWE, BhifH
BE(LARIRH AR A IR AT]); =M AR, IR, A, =& Pk, 95% 7, Bk S0 N
Préaf, RERFERGGIARAR), RO ZEBHARA ).

213 UB/RE5RE

T R € A (LC-20A) , 75 U 35 B HL(KH-500TDB), i #% 2% & AX (RE-52), &K T &4 (DHG-
9146A), HLT/3Hr K F(SI-2002), ¥ HENL(YB-7008).
2.2. XWHE
2.2.1. ZHERIRE

FREX 15 g MEFRme i) S, Fras . RE. MIRCm R Thept o, R e 1:20 N 0.3 mol/L i) #hZ,
PEHCEE 60°C, A ALEE 30 min, YT pH B, HEEF RIRE, KIEZERIRYE, DU RHAR R
BNLEE, T 4CUKF S RITEZHE, WUTiE AR TR 2 hE .
2.2.2. SHERKER

FRECS K 208 100 mg 4373 & T 10 mL B ZERE d, 1A 2 mol/L 1 =4 L. 4 mL T 97 C/K¥ /K fig
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5h, JKABH] 4 mol/L ] NaOH ¥l P A=k, B, BCETEWG RIS 2R K AR AT

2.2.3. ZEENITEL

22 WA i R 7K A B PR AR VA 500 wL T, N 0.3 mol/L NaOH #3# 500 uL, JB& )5
B 0.5 mol/L PMP-HEEHE R 500 uL, JEZ1JE 70°C/K¥# 60 min, A E1EMA 0.3 mol/L HCI ¥A#E 500 pL
HFI NaOH, 4i7K#% 4 mL. B4 mL =& TR, Ry, BOERF=EFIE, JkeiETRE 2
WARR £ Z 4310 PMP, IIUKEAZE 4 mL.

224, BEEG
i Inertsil ODS-SP C18 (250 mm x 4.6 mm, 5 um); Jishtf: BEER Th 2% s Wi(oH 6.8, FHEIR —
SAEH); B =(83:17,VIV); FEif: 35C; Jii: 1.0mbL/min; #EFEE: 10pul; RIPEK: 254 nm,

3. RS54
3.1. FEFEEER

3.1.1. EBMEER
Bt ARG, DURH R A0 25 2F A 4 9300 58 25 FRE S FD BRI S B i i, BRI & b v o 11 € 13 PR
K1, FEpEA s 8 B RS R 1.

’ 1. D-#H
100000 |- 2. BRAEHE
3. D-TC /K 5
4. 30
80000 | 5. D-AHE
6. Bz fE v
2
5 60000 [ 6
<<
= 4
40000 |- 3
20000 [ g
0 1 1 1 1 1 1 1 J
10 20 30 40 50 60 70 80 90
fE] (min)
Figure 1. HPLC chromatograms of six monosaccharides
Bl 1. <#heyE HPLC BikE
Table 1. Separation results of six monosaccharides
T AMBRESBEEER
L8/ FLES PR B (1] TEER
D-1% ¥ 34.621 2.53
SR HE 38.056 9.22
D-To/K I %K 53.588 3.15
Shi 60.189 241
D- Ak 65.440 2.46

[EEX(sE 66.177 —_
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M LA, FESHTARPE T D-IHE . R D-JKMI RS IR D-RBE. FTRi(ApE5IgE R
oo MK 1 KR 1SR, $NHEDZ W3 REINT 15, RUPTHKESE2 8, BH

HE, NERCREYS
312 ZKMXARRBELER

AT A AL BRI B 20 5 T mg/mL. 2mg/mL. 3mg/mL. 4mg/mL. 5mg/mL. 6 mg/mL [ Huj
TRAIRER, 1218 2.2.4 PR EATFEREDNE . AIRBENREALRR, WETIRUNNARAR AT 2RI 51U, 6 Fhoipps

AV Bl 4 R Ik 2.

Table 2. Standard curve of monosaccharides

2. BEEZ IR

HpE A cAEIVE &
D-1% b y = 5,000,000x + 506,722
R y = 3,000,000x + 332,917
D-ABE y = 7,000,000 + 923,598

D- T /K & B y = 2,000,000x + 228,774
SeEhi y = 4,000,000x + 405,909
(TR (8L y = 4,000,000x + 465,156

R2
0.9894
0.9872
0.9537
0.9888
0.9924
0.9942

2513l (ng/mL)

1.06~531
1.03~514
1.03~523
1.05~527
1.04~519
1.03~514

M7 2 iTLAE Y, 6 FREBEAE 1.03~514 ng/mL Z [ A BUf APESC R, AHOCHE R2 #IA 2] 1 0.95 LU
b, JFHAEFUREABT R AR E] 1 0.99 BLE, Ui HIAE AR IS A A SRR AR SRR, T AR

AR,

it BR AN 58 B R I 2 A — RS A R R A AR A ROE AT I E, 0k A RAERERREL, HER

PR IR AE R IR, 45 RWE 3.

Table 3. LOD and LOQ results of six monosaccharides
7 3.6 MR PERG H IRFIE S RER

P LOD (ug/mL) LOQ (ng/mL)
D-1Z 4% 1.22 3.66
B 0.85 2.72
D-A ik 0.59 2.42

D- oK i % b 1.14 4.10
7L 2.01 6.43
e DA(EE 3 0.96 3.65

B2 3 A%, NRPEORE R HER KT 2.01 pg/mL, @ &R AT 6.43 pg/mL.

313 BEENEER

WARTAEAAL B SRR S AR AR, X 10 pL BELAEHERE 6 U0, 105 7% FROMHE A0 DR B I [ e i AU 1

56 M T RSD, A LIRS RN 4.
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Table 4. Results of precision experiments
4 BEERESER

BB PR (] (n = 6) FREE I 5] RSD (%) SEJIETIA(n = 6) I&THIFR RSD (%)
D-1% 4% 35.145 1.85 647,436 3.03
B 2=l 38.574 1.63 431,781 3.83
D-Jo /K ) b 54,537 2.11 290,173 3.05
FFLPE 61.230 2.15 510,791 2.42
D-AHE 65.102 1.11 1,529,760 3.54
Re] R A A 67.430 2.36 591,773 2.39

tH 3% 4 WT4n, & okl A4 B INHE] B RSD 4351125 0.97%. 1.85%. 1.63%. 2.11%. 2.15%. 1.11%. 2.36%,
WETH AR K] RSD 43 %1124 3.03%. 3.83%. 3.05%. 2.42%. 3.54%. 2.39%, FIH7iEEAE BRIFRIRESE.

314 REMMESR
IANTEACK IR DURIEY) Z W5, f£0h. 2h, 4hy 6h. 10h. 24 h 23l HERE, 2 lid sk P Fh
P it 25 BT OR B I 1) S W i AR 55 RSD, - 45 R Lk 5~8.

Table 5. Stability results of soybean polysaccharide
F5 KEHEHREMESER

FPE R L LR B I 1) (n = 6) TR EA I [H] RSD (%) S EJIEHEIR (n = 6) IETH AR RSD (%)

D-1% # 34.114 3.30 375,897 3.02
B2 37.638 0.74 465,268 2.34
D-To/K i % b 53.774 0.86 146,417 3.21
S=hi 59.211 0.65 21,109,022 2.87
D-AHE 62.740 1.01 2,783,870 1.24
(TER(EE 65.576 1.40 10,006,389 2.63

HH% 5 nl M, KEZHEEh D-ZhE. RabE. #ATRRR. D-L/KE &, 0. D-RWE. Blhz
{FELH B, HARBEN AR RSD 43514 3.30%. 0.74%. 0.86%. 0.65%. 1.01%. 1.40%, U&IRFRf) RSD 43
AN 3.02%- 2.34%. 3.21%. 2.87%. 1.24%. 2.63%, ZBHFH I 14600 Kk 5 22 0 B 4H 4k JRAE 24h Y
BRE.

Table 6. Stability results of shiitake mushroom polysaccharide

* 6. BWHSRHNREMLLER

FERNS PRI EI(n=6)  LREART ] RSD (%) U TR (n = 6) I TH AL RSD (%)
D-H &b 27.703 1.70 755,153 3.16
B2 H 38.360 1.76 806,755 0.86
D-To/K i % b 55.281 2.21 83,554,157 1.62

HH 6 A 0, 75 %5 2 WE A2t D-H §2 0 . R ZShE . D-JC 7K i) 4 0 28 i, LR B s 18] 79 RSD 437314 1.70%
1.76%. 2.21%, UETHIF RSD 435K 3.16%. 0.86%. 1.62%, 3 HH FH 75 v I 25 1 22 W b 4 ol 45
1E 24 h WEFaE .

DOI: 10.12677/bp.2024.143019 151 AW F

HO


https://doi.org/10.12677/bp.2024.143019

ZE I

Table 7. Stability results of fungus polysaccharide
7. KEZENRERSR

FPE R 125 LR B IR 1) (n = 6) TREIN (8] RSD (%) IR (n = 6) IETH AR RSD (%)

D-H &b 27.744 2.27 6,346,667 2.45
D-JC 7K & b 55.605 2.16 2,053,105 3.26
FFLHE 62.562 1.63 307,742 1.42
(CIEDR(SE:3 65.818 2.06 1,555,476 2.61

FHZe 7 T5n, KREZHEEH D-HEEE. D-JC/AKm &, 0. PRAiEd ek, HAEE A F RSD
RN 2.27%. 2.16%. 1.63%. 2.06%, WETEFLH) RSD 43 HA 2.45%. 3.26%-. 1.42%. 2.61%, %At
T7 AN A B 22 8 F R 2 4 RAE 24 h RS SE .

Table 8. Stability results of medlar polysaccharide
= 8. WIS HENRESER

HPERRS PR (] (n = 6) 1R B[] RSD (%) U THIFR(n = 6) T AR RSD (%)

D-H # 27.595 3.33 314,503 251
D- TG /K i % b 55.263 2.81 441,066 1.49
FFLE 60.059 1.31 70,491 0.92
D-A K 66.013 0.96 77,501 3.31

HE 8 W RN, MRS 2 M2 i D-H EERE. D-JC/K @ &0E . 30 D-RBEA R, 1R E 1 RSD
2N 3.33%. 2.81%. 1.31%. 0.96%, ‘EATAJIETAIH RSD 437N 2.51%. 1.49%. 0.92%. 3.31%, 3*
HH FH e 77 VA D A AT, 22 4 B 2E Rl &5 SRAE 24 h Wi RRE .

3.1.5. In#REIENELR

AR 10 mL (AR G 2 MRS 4 4, HR =48BI 1 mg/mL BB RAAHE 1 mL. 3mL. 5mL;
S HER RS 10 mL (A G RIMIAC 2055 4 0y, o =435 1 mg/mL A& 9% 1 mL, 3 mL. 5
mL; #EFIFEE 10 mL FIARE-Z8E 4 43, oAb =4 51mA L mg/mL 7 D-H#& M 1 mL. 3mL. 5mL; %
FEURE b A B 7 V) B R IR VRAT AR AL S, AEARRI G il 260 RIS, IE S A S T AR, B IX
VURNAR ) 2 B 7E = PO R ks & F (-4 [, g5 LK 9.

Table 9. Results of recovery rate

9. MFRERRLER

Z R Jnks&: p/(mg) [ (%) SRR (%)
1.0 108.4

INGES 3.0 100.2 101.4
5.0 95.6
1.0 104.7

e 3.0 99.9 99.7
5.0 94.6
1.0 102.3

YNEES 3.0 98.1 98.5
5.0 95.2
1.0 101.8

Fkd £ b 3.0 98.4 98.0
5.0 93.8

HO
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HI3% 9 WL, RS2 W TR B AR R E = A0SR B AR R B T2 IR0 101.4%, 7% 2 Bl D-&
AR EHEAE = AR B Inbs &R 1P ECE R 99.7%, ARH ZBEdh D-H 8 M7E = Fh AR ks &~ 1)

P ER Dy 98.5%, HIAC 22 Bl D-Jo K A HEAE =
I 5 VA B WIHE R B, 7T 2 0 Ak e ) SR

3.1.6. MFEYIZHEHERAINE

PO I InbR & T 1 2 [l Y% 0 98.0%, TEH ik

Xof DUAAE b 22 7K A L S AT AR A AL PR IR 2.2.4 P D iR EAT RN . DUMPARE & ) HPLC g3k B LI%] 2
s FL R LE HEAT E M BT, SRR 10,
, 1. D-H #&rE
1.D- %4 s 3 S
250000 |- A KT 2 5 25(;*% 120000 BN i Btiiﬁﬁﬁ*ﬁ
4.D-TEKHI &b U
200000 5L pE
6.D-AWE 80000
o el 7 KRG 5
E T 60000
100000 40000
50000 20000
) 0
10 20 30 40 50 60 70 80 910 10 2I() &I() 410 510 6‘0 7I0 SI()
Al (min) fif 18] (min)
CAHZHE DRIIRES
180000 - 1 L D-H THE i 1. D-H %EhE
160000 | 2. W EI PR 80000 2. D-To/K AT W
3. DK E 3. 7Lk
140000 | 4. 30 4 DA
5. FIRiAF 60000 L
120000
é’ 100000 jé
80000 40000
60000
40000 3 20000 |- 1 2
5
20000
2
0 ! 0 JM;L
10 20 30 40 50 60 70 80 90 10 20 30 40 50 60 70 80 90
I (min) i} [H) (min)
Figure 2. HPLC chromatograms of four plant polysaccharides
[ 2. mFEYI%HER HPLC BikE
Table 10. Analysis of monosaccharide composition and content of four plant polysaccharide samples
= 10. 4 MEM SR RN RTEAR KR 28T
Fefmaadr D-HEebl  D-ibE WHE WAERER DKM CRIRE D-RBE BTRniabE
INGES — 400.23 361.45 378.07 256.10 5951.36  2006.45 2886.06
a2 21831 — 151.09 — 4062.85 — — —
KEZHE  1166.11 — — 178.62 936.13 215.71 — 292.00
R ZpE  829.12 — — — 2835.27 256.84 271.31 —

e =7 TRk, RAPBALN pg-mL,

FHP 2 FiEk 10 vI 50, KRS ZHHE R D-1ZHE.
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Bl BTRLAABEALR, a2 Bt D-HERbE . SR D-JKM & MR, ARBZHE D-H b,
EIPERERR . D-JO/KHI & BE . FIUME. FTRAAREALR, Mic 2 PR D-H . D-JoKME &R, FILpE.
D-ARBEALS, BEPURHEY) 2 B o 2 HE

4, 4Eip

AW RF BRI G & ARF. Mild 20, @i BR/K ARG K PMP AT 4k MR 2
RN TR B ah ARE MIAD 2 0 R SE 1 o b 7 ik o DA SRR 2% v R SR T B0 AH S P e AT 254
nm A, ORI D-HEERE. D-EKE. RZERE. D-KME AR, EIbE. D-AWE. B AR B B AT
LR FEAE 1.03~550 pug/mL i il A 2 R IIZEPE DG R (R? > 0.95),  Jnks B R 7E 93.8%~108.4% 8], 7 &S
EATF 1.5, KR AT 2.01 pg/mL, EEME KT 6.43 pg/mL, EHEESEEMEL/NT 4%, nbrEE
7F 98.0%~101.4% 2 [f], PiHART @It RE 7 ykdEme. vI%E, TTHTRE. &4 KH. Ml 2 b apk
R A AT, e I At 2 B I SR AR T S

BIZ PR E . . R A 2R S SRR T, SRR T 2R T R AL,
BEFP R B AU ILRE > BIREE > D-AKBE > D-xbE > A REERE > WA > D-JoKHE &
B, ONIETRIURE 20, LIRS BN 53.40%; kS i 3 R BT AR, RN ERE S BAR K
N D-JoKFENE > D-H iR > RN, NET D-JOKHEEMNRZ M, H D-JoKHE &N & &k
45.74%; KHE-Z WL H 5 Mhp B, SR s S 8IKICh D-H B > D-JoKHE & > Blhifiars >
RLBE > HAIRERER, AT D-HEERE 2R, B D-HER S RN 18.64%:; MIfCZH &t 4 Fhip
WL, PR S BIRYCN D-O/KE S > D-HEEME > D-AWE > PLAWE, RET D- /KM &b
(P22 0%, H D-Jo/KE & HEN & &N 21.07%.

E&WE

AW Z B E 2 E T AREE LTI H “20JK06177 « BRiG A )T — LTI H “22JK0362” .
B PG Ze W R (A P S U P ML BRI SR U E . “23HKY035” % B,

SE 3k
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