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ABSTRACT: Objective

quantitative analysis of monosaccharide composition in edible fungi polysaccharides. Methods

To develop a highly sensitive detection method suitable for accurate qualitative and
Four kinds of edible
fungus polysaccharides samples: Lentinus edodes, Pleurotus eryngii, Hypsizygus marmoreus and Auricularia
auricula were selected, after hydrolyzing with trifluoroacetic acid, and deriving with acetic anhydride, the sample
was analyzed by gas chromatography-mass spectrometry (GC-MS/SIM). The specificity, precision, linear range,
limits of detection (LOD) and limits of quantification (LOQ) of this method were investigated with mixed standards
of 7 kinds of monosaccharides. At different m/z, the best linear relationship was used as the standard to select the
most suitable quantitative ion for each monosaccharide. The stabilities and recoveries of the method under selected
ion monitoring (SIM) mode were investigated using edible fungus polysaccharide samples. Results The results
showed that m/z 115, m/z 103, m/z 115, m/z 115, m/z 115, m/z 115 and m/z 103 were selected as the characteristic
quantitative ions of the corresponding derivatives of ribose, rhamnose, arabinose, xylose, mannose, glucose and
galactose, respectively. The separation of each monosaccharide was greater than 1.2, and the linear relationship
between each monosaccharide in SIM mode was good between 10.00-50.00 pg/mL, and the correlation coefficient
(%) was greater than 0.998. The LOD and LOQ were 5.75-22.23 ng/mL and 17.26-66.67 ng/mL, respectively. Using
monosaccharide mixed standard and lentinan as sample matrix, it was proved that this method had good precision and
stability, and the average recovery of each monosaccharide was between 94.4% and 101.3% under different standard
adding levels. And the rationality of selecting the above characteristic ions was discussed by mass spectrometry
analysis. Conclusion This method has good separation, precision and stability, and its sensitivity is higher than
most similar detection methods reported so far. It is suitable for the detection of monosaccharide composition in
various edible fungi polysaccharides.

KEY WORDS: edible fungi; polysaccharides; monosaccharide; gas chromatography-mass spectrometry/selected ion

monitoring mode; mass spectrometry analysis
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Fig.3 Mass spectra of 7 kinds of monosaccharide derivatives at EI mode
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Fig.3 Mass spectra of 7 kinds of monosaccharide derivatives at EI mode
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Table 1 Mass spectrometry search results, retention time and resolution of the 7 kinds of monosaccharide mixed derivatives
ELRe) Ew) iyl i PR 7 15 B] /min IrEE R
1 Rib D-ribononitrile,2,3,4,5-tetraacetate 9.630+0.01 0.450
2 Rha D-rhamnononitrile,2,3,4,5-tetraacetate 9.675+0.02 2.190
3 Ara D-arabinononitrile,2,3,4,5-tetraacetate 9.970+0.02 1.510
4 Xyl D-xylononitrile,2,3,4,5-tetraacetate 10.215+0.01 27.150
5 Man D-mannononitrile,2,3,4,5,6-pentaacetate 15.645+0.01 1.200
6 Glu D-glucononitrile,2,3,4,5,6-pentaacetate 15.930+0.02 3.020
7 Gal D-galactonitrile,2,3,4,5,6-pentaacetate 16.685+0.01 -

T AR RAR BRI EAE, % 2 7.
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PIFE SCAN #5:X T Rib A REARLF )5 Rha 43 ; Man 5 Glu
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VR A B R R B L TN S A R AR
BT o AT ITARIEIE 3 4 RAT A W S, S8R T m/z
43 m/z 103, m/z 115, m/z 145 4 DB TAE N & BB i 1

SERVRIE B T, AR AT X 7 FhepsIR A b il A7
GC-MS/SIM i, 75 FI7E 4% 2+ T 1Y 5 &2 7% &l (mass
chromatography, MC), UK 4 Fis.
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JERE T, HE 4 A, Rib 5 Rha AN RESE L5,
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Fig.4 Mass chromatography of each ions at SIM mode

H: G 1~7 5B 19 1~7 MIF
SIM #2045 B 7 14 o i (33 4]

& 4

BB A B A RT 1.2, 7R SIM & FREL
B ST (3 P R T RE 20 A i R AR Rib A1 Rha AN BE
64T B FL R R R )

FT2 THEBEBAEARE vz THLMEXHR. %&MHEE. LOD #1 LOQ

Table 2 Linear relationships, linear ranges, LOD and LOQ of 7 kinds of monosaccharides mixed derivatives at different m/z

wE&Y pivcigaa etk e ? VT FEl/(ug/mL) LOD/(ng/mL) LOQ/(ng/mL)

115 Y=187620.2X-689069.1 0.9989
43 Y=1029672X+1310161 0.9902

Rib 10.00~50.00 22.23 66.67
145 Y=142331.0X-555445 4 0.9932
103 Y=179145.5X-718347.2 0.9939
103 Y=146351.6X-558478.7 0.9986
145 Y=154199.9X-565288.5 0.9940

Rha 10.00~50.00 6.67 20.00
43 Y=1116449X-3212196 0.9882
115 - -
115 Y=140285.1X-509095.2 0.9991
103 Y=162676.8X-644338.3 0.9938

Ara 10.00~50.00 6.13 18.39
43 Y=1029672X+1310161 0.9902
145 Y=127224.5X-470380.2 0.9935
115 Y=146695.0X-567417.3 0.9988
103 Y=150688.8X-620990.4 0.9943

Xyl 10.00~50.00 5.75 17.26
43 Y=501399.9X+8077441 0.9186
145 Y=117089.0X-469574.3 0.9936
115 Y=127612.3X-539161.0 0.9992
103 Y=141578.4X-626835.9 0.9937

Man 10.00~50.00 6.67 20.01
145 Y=136254.6X-596638.6 0.9932
43 Y=857753.9X+1487770 0.9692
115 Y=123525.0X-524411.9 0.9988
103 Y=147143.3X-659757.2 0.9936

Glu 10.00~50.00 20.48 61.43
145 Y=140658.5X-613838.9 0.9930
43 Y=865977.8X+936414.6 0.9746
103 Y=133927.9X-616647.6 0.9987
43 Y=869562.1X+259366.3 0.9761

Gal 10.00~50.00 9.32 27.96
115 Y=128878.5X-594181.5 0.9931
145 Y=121891.4X-544504.0 0.9929

Y TR AR X g B VE ¥ (ug/mL); 4% HH R (limit of detection, LOD); 5 R (limit of quantitation, LOQ).



202 b A T A A %16 %5
213 REEER ® 38
FH 7 B s TR A b i T O — RS R 7 R &Y bR (pg/mL)  FERHR/% I EIE/% RSDs/%
ROV, I HABIFE L) EXEE R GC-MS/SIM £/ F Il 5.0 96.7
SE, VAR AR R E R L, DARET A 3 A (SR Ara 10.0 98.6 96.5 22
FEARVCHE ) LOD, HEF/E 10 fiF W LL U RE AR E 7 LOQ, 1.0 243
SIFFIAE SIM BGUF ALY LOD FILOQ A 2. ikt S EE— i o
2 AL, 7 PR LOD 7E 5.75~22.23 ng/mL Z [i], LOQ 7E 50 976
17.26~66.67 ng/mL Z [8], X} LI 2 FNE] 4 T R U5 S0 B 45 5.0 98.9
S, AT SIM AR A HE SR A R B e i R A, 1 Man 10.0 101.3 99.2 1.9
FHF o 2R i Hh BRI 2R R B O e (G A e 2 B ), A 15.0 97.6
RS 7 7 HE AT R HETT 450 | XIA 252 BT 1 K 100.0 1014
N . . Glu 200.0 103.9 101.3 2.6
BSR4 5 72K H BRI BEFRES 200 5L E 3000 956
214 HEEERE 5.0 97.6
DL TN 16.67 png/mL (9 ZBHE-A B e S AL, Gal 10.0 95.3 96.0 1.1
TEARWFFEFTE GC-MS/SIM 254 F BEATIN A, JELEHEFE 6 15.0 96.8
YR, 5 A5 AT A 7 0 0 O R st i) B i B, ORI
FH . B A X FR Al 22 (relative standard deviations, RSD), %% SO0 EEse Ui
&M, Rib, Rha, Ara. Xyl. Man, Glu Fl Gal fij4= ¥yl 700 | ﬁ%gg*ﬁ §§
TR RSDs 43518 4.26%, 5.92%, 3.72%, 3.77%, 3.56%, 600 |- ) ?i
3.52%7 6.16%, KUNT 7%, [REEEE RSDs AT 3 | §
0.1%, LWIZRINZE Iy v HORS 0 BLAF . ® 27
215 RRMER w 400 o
LT LN S R, MR LM R MEEK < 500 | ZHNAN
f# . AL BES, BCE 0. 6. 12, 24, 48 h J5 2l iE, 200 L §
F 1.2.4 W EMEEET GC-MS/SIM 234, 52 A ) s B st 1) &
JF: % BT A 00 9 % B ) B R TR, O HOA I 100 - g
RSDs fH. Z55EFRM, a5 20 b & SORAT A 4 10 e 1T A 0 s B 4 (e
RSDs 4/ F 8%, (LRl RSD Y/ F 1%, B Rib Rha Ara qé*;(fli Man Glu Gal
PR HR

ZH P R CTRAL S PORE S FE 48 h Z N IEARRE
2.1.6 AeiRE R LI
DA 2N B 55, PRI 4 20 4 0y, #21.3.3
I3 KA Ja # LA 5 5 I ABR HE FLBEAE Al Rib \Rha 1 Xyl
ARSI 23510 1.0, 3.0, 5.0 ug/mL; Ara, Man F1 Gal
AT 4351 5.0, 10.0, 15.0 pg/mL; Glu il A
W43 5028 100.0, 200.0, 300.0 pg/mL, 3% 1.4, 1.5 (5%
AT AAL D GC-MS 4T, ZBiin A FE3 AT i 4 s [l
ek, Z5RnEE 30 R 3 ATANE a4 A HURB -2 IRl
¥IFE 94.4%~101.3%22 10, [i# RSDs HI/NFEEF 2.6%,
VLT 7 ik A B i TR, R 2 BTS2 i 22K
#=3 BHELZEHERPSEENMAREYEF] RSDs

Table 3 Recoveries and RSDs of each monosaccharides in
lentinan samples

L&Y ntra/(ng/mL)  FERE% SR EICR/% RSDs/%

1.0 95.7

Rib 3.0 97.6 95.7 2.0
5.0 93.8
1.0 96.3

Rha 3.0 94.3 94.4 2.0
5.0 92.6

s 4 Fiver T 2 M b v B
Fig.5 Content of monosaccharide in 4 kinds of edible fungi
polysaccharide samples

2.2 4 FhE ARG

FEBEE N GC-MS/SIM 454 F, 435Il 7 o 22 1
Bt 20 VAL 0 . AR E 2P SR A o S
Forr 4 B F DA 2 00 SRR AL R I B RN R 5 i . SR 3R
W, ek BT AR YIRS 1 R B IS TR SR e 1, ASBIFSR ik
FRES TR, 150 4 Fi AW 20 i o sl % & &,
HA Rib, Rha, Ara, Xyl, Man. Glu fil Gal ¥gife i, {HA
[ FH TR Z2 M 0 2 I B 5 B AR TR o s 2 25 B
B 5.06,5.51,16.65.4.34,21.37, 342.58,25.92 ng/mL,
FE/R M 1:0.99:3.29:0.86:3.52:56.43:4.27, H:rf Glu fT 5 A7)
By, AR 2 A O S =4 B 574, 6.38. 4296,
459 . 2628 . 47626 . 1630 pg/mL, FE IR A
1:1.02:7.49:0.80:3.82:69.16:2.37, H:H Glu Fr & bl &
W Z W S B 6.29. 7.10, 17.87. 5.35.
25.35.336.72.19.11 pg/mL, FE/K LK 1:1.03:2.84:0.85:3.36:
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44.61:2.53, FLr Glu it o by ; AT 20 A ol &
A9 8.48.9.11.26.52.40.77.733.32.192.62.10.30 pg/mL,
BEJRH N 1:0.98:3.13:4.81: 72.07:18.93:1.01, H:H Man ff
oA, 4 FhE TR S 20 20, R n kT 25
SR S PSR [ (5 PO 4 5 2 SR
23 BPENERE CEREERUE SR MR

h T iR Rha AREER] m/z 115 IR, XF 44T
HEAL BRE Y T RS AR AR AT T AT . ZIBEAL S 1R 25 BN
BT, ARAR R OLAT 43R 3 4. 2R 1 40 ik
i TESh Rib. Ara Ml Xyl, HAT W0 T8 K

(&)

CisH;;NOg (Mr=315); 25 2 475 28 Man, Glu
1 Gal, HATAEA Y5> 038 C1gHyNOyy (Mr=387);
3 ¢H K Rha, HATAALF=914r T K C,H )NOg (Mr=329),
5 1AM 3 AT AR LTS R B miz
242, 200, 145, 115, 103, 43; %5 2 201 3 /BT
AR R TR miz 314, 242, 200, 145,
115, 103, 73. 43; %5 3 AR s K b F 20
W miz 45314, 231, 145, 105, 103, 43 &,
AMWEFEXT R R 2T AT . 1 6(A) s AAS
) C-C =z Ial &AM mz BETF, #5

2 o
115 115 | 98 | 98)
A |CN A AcO—CH 5] AcO—CH "
98 el [ Rk EEREEE ’
157 AcO—cH S ) 1575 Hé—OA 700 4 7 oA (170)
N {------ ‘a0 A e A 4 B ’
| HC— OAc, ' v HC—OAc 4 ¥ HC—OAc 242
27 oo J--oo 2y 217,77 34 <159 - - ‘
145" HC—OACc ) ¥ HC—OAc v ¥ HC—OAC
R e s e A
7 C—OAc ¥ C—OAc CH
H, 73 H, 3
Mr=315 Mr=387 Mr=329
R . S NBEE LSS I
(B) o
0 )||
I B
RO—C—CH, — H,C
__________________________________________ mEe
© y— .,
H,CC0 —0=C" H,CCO—0—C H,CCO —O=—CH
~ EREHF o |
H,CCOO0— _ O — — —C
| -CHO, ») O_ﬁ -CH,=C=0 HO™
HC) _C C—H CH
O CH3 H, 2
m/z 217 m/z 157 m/z 115
l -CH,=C=0
HO—CH .
| HO —CH
—C -— |
| HO —C
CH, I
CH,
m/z 73 m/z 73
D) .
HC=0"— OCCH, HC =0 —OCCH,
I — I
C—OOCCH, -CH=C=0  C—OH
H, H,
m/z 145 m/z 103
()]
3

H,CCO —y— COCH,

m/z 145

D ——
-CH,~C=0

H,CCO —qp— COCH,

m/z 103

B 6 HBERENG 2R EI-MS Al fE i 2dists

Fig.6

Proposed fragmentation pathways of aldononitrile acetates derivatization at EI-MS mode
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Bl AR e R 2, FEARNSE R R AL S EL S
(Lm/z FFE S 30R); WA 6(B)FT/R, BT bl iy Fat s
R R SRR T 4 81 5 A2, Horb m/z 43
BIZBMLEZ o 248, LS FAENE SRR Y
RS R AR R, HOo SR, LZRAILE R T SR IR R A
m/z 43 BB FHLH— 20 WP 6(C), FSEAAI TR Y
A 43 IHE C3-C4 . C2-C3 [AIWT 4 AT A= Bl m/z 217 BB F,
H 3 A OB p-H B0 A IREHE, b2k
m/z 157, m/z 157 L HEHE 2GR F IR m/z 115,
Rha MATAEY T C6 R 2L, iR m/z 231 #
159 W A& AR DL B2 72, (HHA: i R 3 N m/z
171,129 Fl m/z 99,57, AEEFERL m/z 1155 4nf&l 6(D), 75
TMEAE C4-C5 Z MW, HARBEAE C3-C4 Z MW, "I E
B miz 145, m/z 145 5 P HIETR 2FIE B m/z 103,
B Rha RNREE AR m/z 145 (e, HTRER b X igg
% m/z 145, PRICEP I BIEMANN 25 B2 55 24 ol
TRACKENGE ZERERATAEY), HEM M ST R 6(B)F
m/z 145 ¥ v, It —2 A B m/z 103,

WL LTS TE T 3 AN R H R A S e B
FHIEE R, 76 SIM AU T AIIRE S AR b e i
, BT DN TS FIRB B AT A4 43 B, RGN 7 3 A B ik
PEE AT RBUE, SN B alifb iy i,
T 2lifb 5 ZHEEREAIG . B/ A58, K0t i n 145
2 BRI R R R LA B R A P

3 Hie51ie

Z Wb R ZH Y T A TR A S B
G LW FAE P DB — I, AR5 B alifbiy
SRR AE G SRR PRSI, AR @S T —
FlH GC-MS/SIM K] 4 Fb£x FH B 228 v Fupl v o R AU
Tk BFEMAZHERIN, =R OBKMF . LRRETEL,
2SO - T R /26 1 B WA A 7 M =T
A B RRIE B AR R SIS RE B TR . T/
TAET, 0P AFERHMEE T T 5 BE — @ W v
WL PE R, MR AH OC R B0 B i 18 W FR IR 8 1 8
FE MR BTG LU X | RRAIE 2 OR B8 B[R] L X 1A 7, JF iR
XoF 45 BB () ST 1 R A AL A T AT i — 2P AR e T i
WA HRPE , ISR S5 R KW, R GC-MS/SIM Xf Rib. Rha,
Ara, Xyl., Man. Glu I Gal 7 F sS4 TINE, SRk s
m/z 115, m/z 103, m/z 115, m/z 115, m/z 115, m/z 115,
m/z 103 fE2h 7 i BRHRT AT A W 8 MRS, 7 P
MWEF L EES N 10.00~50.00 ug/mL, LOD 7&
5.75~22.23 ng/mL Z i), LOQ 7 17.26~66.67 ng/mL ZJi];
£ SCAN =T SR SRt B8 T H kM E 1k,
45 5L 3R BR Rib F1 Rha 4b, RSB EHRT 1.2; #
SIM BT, ¥ m/z 115 fERFHIEE FBE, Rib 5 Ara ()

FENS

o

SYESEN 2.3, BHART DIREFAY 4T . FE SIM AT H
16.67 pg/mL MRS IRIEM BT H kMRS ® I, 45
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i) RSD ¥/NF 0.1%, UtBIZINE ik iR % RiT. 16
SIM #50 FAIE Z AR i 25 22 T O I i deuE M ADAR 191
ek, S5 48 h INFrah ZHERE S AT A P& TR ALY RSD
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AT L ARSI £ FH TR 2o M b O R L X 4 R 2
B BB BRI 5, R B AT 9 BT ST L R T e
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43 ST IR RE S AEMLRIIEAT T AT, B RE T XA
() 25 ) 1) AR IO [ O RAAE 25 R A SIML ASEXAG I, A
A FAS TR SO ) 2 P 0 BT, A RE E— 253 v vk i) R
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