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Abstract Objective: To establish a multiple fingerprint analysis method for polysaccharides from Sanghuangporus
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sanghuang, providing a reference for quality evaluation. Methods: High—performance gel filtration chromatography
(HPGFC-RID) was used with a TSK-GEL*G3000 PWXL column (7.8 mm x 30 ¢m, 7 pm). The mobile phase
was 20 mmol + L' HAc—NaAc buffer (pH 5.7) at a flow rate of 0.5 mL * min"". The injection volume was 15 uL,

column temperature was 35 °C , and detection was carried out using a RID detector. Fourier transform infrared
(FT-IR) spectroscopy was performed in the range of 4 000 to 400 cm™ with a resolution of 4 cm™ and 16 scans.
HPLC-UV monosaccharide profiling was done using an Agilent 5 HC-Cis column (250 mm x 4.6 mm, 5 pm), with
acetonitrile—0.02 mol * L' ammonium acetate (20 : 80) as the mobile phase, at a flow rate of 1 mL *min™', detection
wavelength of 250 nm, an injection volume of 10 pL, and column temperature of 35 °C . An UV detector was used for
detection. Multiple fingerprints of Sanghuangporus polysaccharides were established, and the mass average molar mass,
characteristic absorptive functional groups, and monosaccharide compositions of 29 batches of Sanghuangporus
polysaccharides were compared and analyzed for their intraspecific and interspecific variations by combining with
chemometrics and principal component analysis (PCA). Results: HPGFC—RID monosaccharide profiling revealed
that the polysaccharides from Sanghuangporus sanghuang (SH), Sanghuangporus vaninii (YH), Sanghuangporus
baumii (BH), and Phellinus pini (SHH) all exhibited two major chromatographic peaks (P1, P2). For P1, BH
polysaccharides had the highest molecular weight, followed by SSH, SH, and YH polysaccharides. For P2, YH
polysaccharides had the highest molecular weight, followed by SSH, SH, and BH polysaccharides. FT-IR analysis
indicated that SH, YH, BH, and SSH polysaccharides shared similar infrared absorption peaks, with no significant
differences between species or within species. However, the intensity of the main uptake peaks in the range of
1 800-900 cm™" was different between bagged and linden cultivated Sanghuangporus polysaccharides. HPLC-UV
monosaccharide profiling combined with chemometrics revealed that Sanghuangporus polysaccharides consist of
mannose, rhamnose, glucose, xylose, and fucose. Glucose content was the highest in SH, YH (linden cultivation),
BH, and SSH polysaccharides, while xylose was the highest in YH (bagged cultivation). Monosaccharide composition
varied significantly among different Sanghuangporus varieties. PCA grouped YH (bagged cultivation) as one class,
and SH, YH (linden cultivation), BH, and SSH as another, indicating that cultivation methods also influence
Sanghuangporus quality. Conclusion: The multiple fingerprint analysis method for Sanghuangporus polysaccharides
effectively evaluates the quality of different Sanghuangporus varieties, providing a foundation for quality control.
Keywords: Sanghuangporus; polysaccharide; mass average molar mass; infrared spectrum; monosaccharide

composition; mannose; rhamnose; glucose; xylose; fucose
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Tab.1 Information on 29 batches of Sanghuangporus herbs
G K
(No.)
YHI 458 (BEARSS ) [Jinzhai, Anhui (linden cultivation )]
YH2 4 E (AR ) [Jinzhai, Anhui (linden cultivation )|
YH3  EAREED (BEAFLHE ) [Yanbian, Jilin (linden cultivation )]
YH4  FAAED (HAFES ) [Yanbian, Jilin (linden cultivation ) |
YHS ARG (HBEASRHS ) [Linging, Shandong ( linden cultivation ) |
YH6  ILZRITE (HBEAFD: ) [Linging, Shandong (linden cultivation ) |
YH7 R B (BBEARFEHE ) [Nanyang, Henan ( linden cultivation )]
YH8 IR REFH (HAFES ) [Nanyang, Henan ( linden cultivation ) |
YHO  HIACEEMN (HEAFRES ) [Suizhou, Hubei ( linden cultivation ) |
YH10 HIACEEM (HAFRES ) [Suizhou, Hubei ( linden cultivation ) |
YHIT BRIt el (A ) [Raohe, Heilongjiang ( linden cultivation ) |
YHI12 IRVIGE (FEARHHS ) [Raohe, Heilongjiang ( linden cultivation ) |
YHI13 AR g P (22853 ) [Nanyang, Henan ( bagged cultivation ) |
YH14 ARG P (28R 85 ) [Nanyang, Henan ( bagged cultivation ) |
YH15 7R & (488 ) [Qingdao, Shandong ( bagged cultivation ) |
SH1 DY AR (BF4: ) [Linzhi, Xizang, low altitude (wild )]
SH2 DY ARIMHE (B4 ) [Linzhi, Xizang, low altitude (wild )]
SH3 VUMK (874 ) [Linzhi, Xizang, low altitude (wild )]
[
[

( source )

SH4  PURCMCEARIEL (BF4: ) [Linzhi, Xizang, low altitude (wild )]
SH5  PHRAE midk (BFE ) [Linzhi, Xizang, high altitude (wild ) |
SH6  PUMIAKE #5idk (B4 ) [Linzhi, Xizang, high altitude (wild ) |
SH7  PUBMCE EnifEdk (3542 ) [Linzhi, Xizang, high altitude ( wild ) ]
SH8 P EnifEdk (B4 ) [Linzhi, Xizang, high altitude ( wild ) ]
BHI  #HAK 1l (B4 ) [Changbaishan, Jilin (wild ) |

BH2  HIpiTi4R (M4 ) [Yichun, Heilongjiang (wild )]

BH3 K& Ak (EFA: ) [Jilin, Jilin (wild ) ]

SSH1  FARFE AR CHEFAE ) [Jilin, Jilin (wild ) |

SSH2 - i kkEds) (L ) [Huadian, Jilin (wild )]

SSH3 i pkHEfs (B/E ) [Huadian, Jilin (wild )]
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Fig. 1 Macroscopic features of 29 batches of Sanghuangporus herbs
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10 pL, Kl #s 4 UV kil &, #7535 <C.
3 BERESW
3.1 FE LM HPGFC-RID ¥

B S B WA T, $ “2.27 Ty i 45 kit
AR TR “2.2.17 SRR E , A2 iU HPGFC—
RID S MEIILEL 2. 29 #ESREFE G 51 o
K EAARL, 7 9~18 min =4 2 A4~ 3252 ) (i i P1
P2, RIIRE L 2 AR T i 2 hE
HMBREY ., FH HPGFC-RID RAEA R H 7
X R T ], GPC AR A T P A b B, A5 1) 53
FREMIEMZ, MR E(r) A 0.998, Iz I il 2k
H A5 B A B oy T, LAk 2. P1IWER Y
TR K 4.068 x 10°~6.007 x 10°, P2 (4 3443
2 ol 1.466 x 10°~3.880 x 10, 2 Fh £ 4 B )/ 1
A2 1A ECE S 29 LS 2B TR EUs
PRI 3. 255 IR AN b S 8 ) SR ok 2 0
HEI T EEAATE 25 T EE A% P1, BH
25 W () 1 34 o3 f f e, ORIl SSHL SH R YH
L XT B REE P2, YH 2B 4> T
fo, R AR Y R SSH . SH il BH 224, S 45 e it —
AW, HPGFC Wi AT 4F 2 EHR S BliG 2 — AR
WP EY AR, TR ORGSR, R
SO A PR B

0.0 2.5 5.0 7.5

2 REZHEHPGFC 159 EiL
Fig.2 HPGFC fingerprint of Sanghuangporus polysaccharides
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Tab.2 The mass average molar mass (M,,) of Sanghuangporus polysaccharides
Hir'r M, Y5 M,
(No.) P1(x 10°) P2(x 10 (No.) P1(x 10°) P2(x 10%)
YHI1 4.068 1.466 SH1 4.496 2.814
YH2 4.102 1.558 SH2 4.640 2.843
YH3 4.566 1.568 SH3 4.596 2.938
YH4 4471 1.812 SH4 4.631 2.959
YH5 4.578 2.202 SH5 4353 3.068
YH6 4.531 2.397 SH6 5.166 3.160
YH7 4.611 2.401 SH7 4.402 3.161
YHS 4.636 2.404 SHS 4.233 3.170
YH9 4.456 2430 BH1 5.520 3317
YH10 4514 2.500 BH2 5.840 3.324
YHI11 4.886 2.555 BH3 5.604 3.409
YHI2 4334 2,653 SSHI 6.007 3.532
YHI3 4.485 2.657 SSH2 5.005 3.616
YH14 4227 2.674 SSH3 5.567 3.880
YHI15 4222 2.723
Pl P2
6% 10° - 4% 10" 1 .
A *
AL W
3% 10" A e
: 5 z v * = —t—
= 5x107 * * = % —%}—
&
i . 2% 10" A
— g @
.’ A —a__
4x10° A 4
1x 10"
T T T T T T T T
YH SH BH SSH YH SH BH SSH

3 RESHBENSTESH

Fig. 3 Distribution of mass average molar mass of Sanghuangporus polysaccharides
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Fig. 4 Superimposed spectra of Sanghuangporus polysaccharides
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Fig. 5 Average spectra of Sanghuangporus polysaccharides
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Fig. 6 HPLC fingerprint of Sanghuangporus
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Fig.7 HPLC overlay chart of Sanghuangporus

332 MR dEa 2 ke so A AL EE
PR R G0, XF 29 it SR8 1 S8 PR AL i dE SRS
HH W s (] AR — EUAY 10 AN AT W E A T AR BLRE 204
BERF 3, ZER IR, A FEA S 0 IRAE S EE A
RUBEISFE 0.9 LA L, HAUE B AR By, 36 R 29
S HERE S AL S A B AR

&3 HAUETENER

Tab.3 The result of the similarity evaluation

i3 (No. ) AEUE (similarity ) || 45 (No.)  HBUE (similarity )
YH1 0.996 SH1 0.996
YH2 1.000 SH2 0.994
YH3 0.996 SH3 1.000
YH4 0.999 SH4 0.997
YHS5 0.991 SHS 0.997
YH6 0.997 SH6 0.992
YH7 0.982 SH7 0.999
YHS8 0.996 SHS8 0.991
YH9 0.982 BH1 0.999
YH10 0.927 BH2 0.999
YH11 1.000 BH3 0.999
YHI2 0.991 SSH1 0.992
YH13 0.936 SSH2 0.975
YHI14 0.954 SSH3 0.979
YHI15 0.967
333 JAERTRIN a2 @5 R S RS AR

BEVEAN ZRGE IR 29 it i 25 SOl A i (1 15T

1A AR, R 4R 45 0 e i AR WA N A B
10 N EF I IF 55T B S G RE T HUX, B2
FE 1SN H RN, 3 506k 2R NE, 6 516 k) 4
W, 8 Sl R A, 10 S5y 7 e

34 RELHET MK RN E

341 LREVEAE KB “2.47 WUR RGO R
AR R AR [ P FR VAR, 7F “2.4.47 T 4%
P eIl sk s L, UL 8. 255 R, BAYEXT
MW T, &Rt

342 LMERRFE KEEHWIL “2.437 Wi PMP fif
A AR TR G X R S R o, BRJE R R 2.4, 16,64
4% “2.4.47 ARSI TINE o DAREI AR 40 1
WREE X AR AR, TR B o0 TR Y A AR , 23]
PR, TR Ay R S OE R B, 25 R 4,
343 K®ERE % 2447 Wik s, BUHIR
A% B SR BGE ST 6 WRERE 1O SRR AR 4316 T
FUETHA RSD. &5 5 H 820 . B2 b 2 1 L A
I S TR ALY RSD (n=6 ) ¥ < 1.6%, 32 WA
A RAG % B R AT

344 RoEtERE  BUE—1 PMP AT LA AR
W CYHD), 530 THIF S 0.2.4.6.8.10,12. 24,
36,48 h, 4% “2.4.47 WA S AF IR TI AE , 1 SR T
FUAT R H #E0 B A AR RS bl &
FIRSD, 4553 5 A HUr & 1 RSD )< 2.0%, & W
BER SRR 48 h WRAFAE .,
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1. H#& B (mannose ) 3. fZEHE (rhamnose ) 6. F %34 ( glucose ) 8. A (xylose )  10. A4 ( fucose )
A RAXT R A (mixed reference ) B.YH C.SH D.BH E.SSH F. XS & ( negative control )
B8 RAENBMEARIERRE RN EE
Fig. 8 Comparison of mixed reference and sample solutions
x4 5OHSMEIAFE LEEE
Tab.4 Regression equation and linear range of 5 components
1443 ( component ) [A1 U 7572 ( regression equation ) VI (linear range )/ (pg * mL™) r
&M ( mannose ) Y=264.4 X-1.799 8 9.375~600 0.999 8
FZ=8¥% ( rhamnose ) Y=183.38 X-0.097 4 0.781~50 0.999 5
HiZHE (glucose ) Y=219.93 X-4.768 5 31.250~2 000 0.999 7
AHE (xylose ) Y=241.13 X-0.909 8 9.375~600 0.999 8
FIHHE (fucose ) Y=155.62 X-0.424 7 4.688~300 0.999 8
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345 HEMRAE EERBGERBREHZHERT
¥y CYHL), AT 6 6y, Fi “2.4.17 157 11 & Ak b
W AT AL R L i “2.4.47 WA S SEA TN E 38
SRR, 1 H R L BRASME A A0 AR A
BEIG & B RSD. 25 5 H @ b L RS0 A A 0 LR
WERI A B 5 (n=6 ) 254 7.99% .0.49%
37.44% . 0.88% .5.68% , RSD (n=6 ) ¥J /N T 2.4%, %
WA AR R M R AT

34.6 JIFEIIBCRIAL SR E O & S0 5R
ZHHDE (YHL ) 2.5 mg, P47 6 153, 43 I AKT E i
W 28 300 pl SLZEHE 400 pL A AGHE 450 pl AR
33 UL A HERE 500 ul, 3% “2.4.17 T7 B AR
AR 1 “2.4.47 TEGESSAFA TN T HREAAE
W (-4 SR A RSD, 455 W36 5. MRS, 5
ANFFI B A3 F- 2 JIRE DR AE 98.1%~101.9%, RSD
BUINF 2.0% , KA 515 0] LIARAS 3 HERf 25 5

x5 S5SAMMSMELKRIKRE (n=6)

Tab.5 The recoveries of 5 components

% B T HUEEST HEfEs SEH R RSD/%
(. component ) (content ) /mg (added ) /mg (detected ) /mg (recovery ) /% (‘average recovery ) /%

H#H% ( mannose ) 0.19 0.18 0.38 100.6 101.9 1.1
0.20 0.18 0.38 101.3
0.19 0.18 0.38 101.4
0.20 0.18 0.38 102.8
0.20 0.18 0.38 101.7
0.20 0.18 0.38 103.5

L2289 ( rhamnose ) 0.01 0.02 0.03 95.3 98.1 1.6
0.01 0.02 0.03 99.3
0.01 0.02 0.03 98.7
0.01 0.02 0.03 97.3
0.01 0.02 0.03 99.3
0.01 0.02 0.03 98.7

HiZHE (glucose ) 0.91 0.90 1.85 103.9 101.4 1.4
0.92 0.90 1.83 101.1
0.91 0.90 1.81 100.1
0.92 0.90 1.83 101.2
0.92 0.90 1.82 100
0.92 0.90 1.84 1022

A (xylose ) 0.02 0.02 0.04 98.9 99.7 15
0.02 0.02 0.04 100.1
0.02 0.02 0.04 97.7
0.02 0.02 0.04 102.2
0.02 0.02 0.04 99.4
0.02 0.02 0.04 99.7

UM (fucose ) 0.14 0.15 0.29 100.2 100.1 0.95
0.14 0.15 0.29 101.3
0.14 0.15 0.29 100.1
0.14 0.15 0.29 98.7
0.14 0.15 0.29 100.7
0.14 0.15 0.29 99.3

347 FESEEIE B2 HELEES,, H% 2407 W 8.999%~23.45% , KKEE LN 1.17%~4.89%, - ¥

T 7 VR A A A, HE 2.4.47 T R R
FEM 2, AN T A B &, 25 R L3R 6. 29
HEAE A A R S VS F R 3.38%~10.25%, R ZE

N

B A 50 B R 0.59%~1.13%, 75 %4 B A7

WS RN 1.55%~2.67%.

AT R W 5 AR S AR EL DA
AR 2 B R AR b, B0 55 7S S 8RR b PR b ]
B2 5, WK 9, 25 R, 20 LS L Hd 5

RO
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Tab. 6 Content of five monosaccharide components in Sanghuangporus polysaccharide
F15 (No.) @%( content ) /%
H#%bE ( mannose ) FZEHE ( thamnose ) Hi%IWE ( glucose ) AW ( xylose ) A (fucose )
YHI1 7.99 0.49 37.44 0.88 5.68
YH2 7.12 0.28 31.81 0.65 4.27
YH3 8.24 0.21 31.85 0.77 2.60
YH4 8.00 0.74 16.37 1.81 4.19
YH5 9.33 0.37 22.46 1.03 2.23
YH6 9.20 0.69 16.25 2.18 543
YH7 7.01 0.22 10.08 1.62 291
YHS 9.70 0.35 23.24 1.73 6.28
YHO9 6.51 0.21 11.41 091 1.46
YHI10 6.72 0.22 11.39 0.94 1.49
YHI1 8.85 0.26 18.50 1.04 1.88
YHI2 9.86 0.74 18.87 2.39 5.64
YHI13 3.45 1.59 4.87 13.34 3.31
YHI14 3.75 1.42 4.75 11.42 4.15
YHIS5 3.86 1.44 4.54 10.84 3.95
SH1 7.25 0.20 36.04 0.85 3.84
SH2 6.97 0.28 36.53 1.29 3.63
SH3 7.86 0.43 32.98 1.25 4.02
SH4 7.27 0.40 34.77 1.37 3.54
SHS 6.03 0.53 28.52 1.51 3.05
SH6 3.38 0.59 8.99 1.17 1.55
SH7 6.63 0.30 25.05 1.09 3.49
SHS8 4.89 0.41 28.75 091 2.37
BH1 7.11 0.49 22.71 3.05 2.89
BH2 6.33 0.85 21.79 2.52 4.14
BH3 6.19 0.71 21.59 2.10 4.15
SSH1 6.53 0.30 23.70 2.57 3.51
SSH2 10.25 1.13 23.45 4.89 2.67
SSH3 8.83 0.76 39.03 4.23 3.01
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=
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Fig. 9 Histogram of the contents of 5 monosaccharide components
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Fig. 10 Map of the distribution of samples
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Fig. 11 PCA diagram of 29 samples
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