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Analysis of the main chemical components in fresh and dried Pheretima
aspergillum from Guangdong by UPLC-Q-TOF-MS/MS and HPLC
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Abstract : This study aims to compare the chemical composition differences between fresh and dried Pheretima aspergillum
produced in Guangdong and to establish quality evaluation standards by determining the contents of hypoxanthine, xanthine,
and uracil. Ultra-performance liquid chromatography coupled with quadrupole-time-of-flight mass spectrometry ( UPLC-Q-
TOF-MS/MS) was used to analyze the primary chemical components in both fresh and dried samples,while high-performance
liquid chromatography ( HPLC) was employed to quantify the levels of hypoxanthine,xanthine,and uracil. The results indica-
ted that,based on comparisons with databases established from literature and laboratory work ,56 compounds were identified in
the dried samples,including 11 free amino acids,16 organic acids,9 nucleosides,9 dipeptides and cyclic dipeptides,and 11
nitrogen-containing and miscellaneous compounds. In the fresh samples,48 compounds were identified , including 11 free ami-
no acids, 17 organic acids, 10 nucleosides, 8 dipeptides and cyclic dipeptides, and 2 nitrogen-containing and miscellaneous
compounds. The separation of hypoxanthine , xanthine , and uracil was achieved with satisfactory results , exhibiting good lineari-

ty within the calibration range (r=0.999 9). The average recovery rates ranging were between 98.36% and 99.82% ,and
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the relative standard deviations were between 0.25% and 3. 1% . The UPLC-Q-TOF-MS/MS technique used in this study pro-

vided a rapid and efficient qualitative analysis method for identifying the chemical components in both fresh and dried Phereti-

ma aspergillum samples. The HPLC method developed is simple, fast,and accurate for quantifying hypoxanthine , xanthine , and

uracil. This research provides a scientific basis for studying the chemical composition and quality control of fresh and dried

Pheretima aspergillum.

Key words : Pheretima aspergillum ; UPLC-Q-TOF-MS/MS ; HPLC ; fresh products ;dry products; component analysis
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FFCR ZRHER IR AR .

1.2 RERF

R ({2 3% 2%, L2 302Y1906HB, 3% [H Fisher
chemical A H]) 5 L (A5G, #Hit45 200-835-2 , 1l [
Merck 23] ) 5 it B FAR K (M i B B £ b Rt
ABRAF) s HER (g, L5 73C1812PR, |- ¥ff fi]
PTG FRAF] ) 526 FAZ 1 28R A % B ( 2h
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TMO313XC13, ¥l R 2= 254G BRA ) 5 BEIERS (4l
FE=99. 0% , it 5 200107, | ¥ Fil K & 25 4 PR >
H)) 5 FRMERE (43 =98. 0% , It T14A8X33880, |-
MR A=A D)

1.3 SEIE##l

fif by T 2019 4RI TR, 47 PP BEZ R
f 2 0 T R R L R A AR IR Bh W 2
IANFE: 15| ( Pheretima aspergillum)
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AR PSR R, B2 AR, i 0, 55
BRI, 2R T8 24 h i i) HoE R T8 4

CHRAF#H
2 HFEEER
2.1 WRBBEHEE
S B IV X R A 0 JHER | DR R E o R

AfE fE A SR E , 20 KR 1 mL 4545 1 mg
ARV A R 2 B DU B W i 459 2 mL B
WIS i 35 W 1 mL PR IE AR 3598 0. 5 mL 23 HMA
10 mL ZF 8, H8RE 1 mL 4575 200 pg Y I
1% .100 pg BRSSO g PRI BE I3 I, A D 3 iR
AR, o3 OB IR i 37 0. 5 mL B NG it 4
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W 0.5 mL JREEBERF AW 0.5 mL % 50 mL 2 HH
K AR 1 mL &5 10 ug BRI, VE 4 R
R AW, 75 o

2.2 #iXminmeH &

W THE 2y 2.0 g METHFRE , B HIEHIE N
HORE AT 50 mL, FR7E # i, H S 40 min, L
R E R, FEAROE B A, T AR U8R Y B
FEIL) B U ISR, BIAS
2.3 ‘iE RIEEH
2.3.1 &#5Ht

{4, 1% 4+ . Agilent poroshell 120 SB-Aq C, (2.7
pum,3.0 mm x 150 mm),¥shAH A.0. 1% H R, i
B B:0. 1% -2 N 5 K - 30 C 5 EREARL:S
L ik 0. 3 mL/min; I K 205 nm; P BER BE,0 ~
18 min,95% —80% A ;18 ~30 min,80% —50% A ;30
~39 min,50% —50% A ;39 ~42 min,50% —30% A ;
42 ~18 60min,30% —0% A ;60 ~ 62 min,0% —0%
A;62 ~64 min,0% —95% A, iR KM T EH0
Bro

{4,3% 4+ . Luna Omega Polar C i (250 mm x 4.6

mm,5 pm) KR 30 C R shAH A FEE, wzhAH B
0. 1% Bz — &80, B 254 nm B B V6, I 4L
0.8 mL/min , Z 5T & 2IE .
2.3.2 &4

LI 25 15 1 U8, IE B PR U, AR
71:38 Psi; $1 R EE 350 C5 Bk : 11 L/min;
BHEH A +4 000 V;Bi55H . +1 000 V; fr B
HLE: +120 Vi filf 48 AE 5. 10 .20 40 V; £ din R A5
o Auto MS/MS; — 2 i T TE FE (m/z) 1100 ~ 1
000 ; — 2 B u [l (m/z) :50 ~ 1 000 ; &1 FF
I RBEE A5 5 [ R B AL (isotope model ) : 47
BN
2.4 FEFZER
2.4.1 KMHXFRFER

B 200 pg/mL YK #5 EERS (100 wg/mL B 50
g/ mL JR P IE X BE Gt VS WA O E A 1,58 .10 (15,
18 20 pL, 7E°2.3. 1730 N (A 35 2 R A 7, 1 5%
b LR oy N g A O T A W e S
YR B IGERG B NSNS | DR % WE A 20 1 31 PRl P 4 1k R
(WF&1),

x1 FRSEMEXR

Table 1  Linear relationship of various constituents
% mlEpy ARG R B LM
Component Regression equation Correlation coefficient( R) Linear Range( pg/mL)
YFEIE Hypoxanthine Y=1x10°X +540 813 0.999 9 0.20 ~4.09
H# IS Xanthine Y =266 032 X -144 405 0.999 9 0.10 ~2.03
PRUZIE Uracil Y=739 955 X -336 178 0.999 9 0.15~3.02

2.4.2 M E X

RERFW I 2. 17 R B Wk B Ry 10 wg/mL 1Y
TRAG R IR GA W 10 pL, B HF 6 I, 7272, 3. 17 30
TEOGESRAFHEATIE  IC RTINS A R R
UCB IR v I I | DR I ) U TET ARURE X o v Al 22
(relative standard deviation, RSD) 7E 0. 35% ~ 0. 80% ,
R R A
2.4.3 EHMHIKE

BUF) #2544 20 2.0 g, KG9 PRE , 7172, 27
BT il 2% 6 Ay i S, L2, 30 17 IR gk 4%
PEFEATINE | id 5% 6 fy st it Yk BT ERS | B IS IR
W E U T AR, T AR B i, THAR L RSD . 45 R R
B RSD 75 0.28% ~0.36% , 35086 7 B 2 M
4o

2.4.4 FBERERE

B 37IN T 25 M 2 2.0 o, KB ARE
2.3, 17 I N ik A5l AE 0.4 .6.10 12,18
h SEATIN A, T SR VR ML | MEE S | BR R N ) U TR
R, THA RSD H X IR25 R F Wk B RS | B IEES |
PREENEWE T AR RSD 43518 1.8% 3.0% .0.61% ,3
B 18 h A b AS e MRS
2.4.5 mAREDK R

BCL 37T SR AT e 25 A A K2 1. 0
g KE W PR, 3 6 0y, K %5 A K RE S R I RS
0.111 0 mg &ME 0. 081 2 mg JRIELE 0. 040 Omg,
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U A AT I E 10 SR RS B RES R
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98.36% ~99.82% ZJa] ,RSD 7£ 0.25% ~3.1% 2
], WAy A edf (R 2) .
2.5 B FriEUFERITERE
2.5.1 foemERLER

¥ H UPLC-Q-TOF-MS £, 7E“2. 37 I | 41
XA it VS TR LA B TR 5 T TR s R A T A, A5 3
IEB TR T b R (WL 1) Fi e 5=
MBI EE I (LR 2) 38 S g E ) B AT
AR 4 AT HE S 2, #5 BRI KOG Zhang 2517 SCik
W) Je Hi B AL S AE S ST U i — 2R BT
TR . B R R F: A Peakview 1.2 #ff

H, BEAT 0 H bRl A, A A S AT
TLEXT S A il Ok B IR RS A 23 R AR
Fr BT MS/MS i UL, S ) g A1)
Tt o o
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15 56 MMUE Y, Hoh i s @AM 11 b A PR
16 Bl B9 i IR KR IR O B AR
Fe Pl FHABZE 11 o #5465 W00k B e 231
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Table 2 Sample recovery rate
. v AR NIFES S EES S AT R WAL 228
By B B kg U‘lﬁg EIES -l ]
C . Sample weight(mg) Added Found Recovery Average RSD(% )
omponer ample welgnii me amount( mg) amount( mg) rate( % ) recovery rate( % )
YRV I A 0.110 3 0.1110 0.219 8 98.92 98.36 0.38
Hypoxanthine
0.110 0 0.219 2 98. 64
0.109 8 0.219 3 98.91
0.109 6 0.217 9 97.83
0.109 9 0.218 2 97.83
0.109 5 0.218 0 98.01
A 0.089 8 0.081 2 0.171 1 100. 12 99.82 0.25
Xanthine
0.089 5 0.170 6 99. 88
0.089 5 0.170 9 100.24
0.089 7 0.170 8 99. 88
0.089 4 0.170 0 99.26
0.089 6 0.170 4 99.51
DR IE 0.039 5 0.040 0 0.078 7 98.00 98.67 3.1
Uracil
0.040 0 0.080 7 101.75
0.040 3 0.080 9 101.50
0.040 5 0.081 6 102.75
0.0390 0.076 8 94.50
0.039 3 0.076 7 93.50

fif 18] Time (min)

23t/ 1( Continued Fig.1)
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Fig. 1 Total ion chromatograms of fresh P. aspergillum (A) and dried P. aspergillum (B) in positive ion mode
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Fig.2 Total ion chromatograms of fresh P. aspergillum (A) and dried P. aspergillum (B) in negative ion mode
R3 EMEMTFIMAEANERSENEETER
Table 3  Identification results of chemical constituents of fresh P. aspergillum and dried P. aspergillum
. . g R R
JF5 RERTE 0y BT e 43 7€ {8 1%./% ﬁ#ﬁnﬁ?
N . I i C d Molecular Measured  Error Fragment ion DPA  FPA
o (min) on mode ompouy formula value ( x107) (MS/MS)
1 2,165 [M+H]* & Lysine CeHN,0, 147.1161 -0.31 130'0950660‘583'20809‘ vV vV
70.065 3.116.202 8
RS Argini CoHuN,0 - . ‘
2 2.302 [M+H]* &% Arginine oHiuN,0, 175.1174 2.10 158.093 5.60.057 Vv %
3 2.508 [M+H]* 4%z Valine CsH;NO, 118.0791 1.12 55'0515181 ‘0736'(;81 8. Vv Vv
70.065 9 .55.055 0
* = iR i CsHyNO . 2. * :
4 2439 [M+H]* AR Proline stoND2 - 116.063 5295 57 56 9 68.050 2 VoV
R 84.044 9 .102.054 7
N X i aci CsHyNO . -1. ' ;
5 2.371  [M+H]* #% Glutamic acid sHoNO,  148.0532 -1.92 56.049 7. 130.050 0 v oV
124.037 7 ,80.050 1
o RS N H R .
6 3.299  [M+H]* 4l Nicotinic acid C¢HsNO,  124.0377 1.01 78.034 1 52.022 7 Vv Vv
7 3.809 [M+H]* M Adenosine CioHysNs0, 268.1059 1.02 268"?15996]3262;0625\ N,
8 3.202  [M+H]* HERER Methionine CsH; O,NS 150.0521 -1.01 133.0324.,104.053 6, Vv Vv

61.011 4 87.026 6
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N " - :Illr'—» -L"' 2R H- B
i RBIEL 1 B FRGY oy AFA el xE TR T :
N ; | f C d Molecular Measured  Error Fragment ion DPA FPA
o (min) on mode ompou formula value x10°) (MS/MS)
136.062 2 .119.035 6
+ [ 1Ay ine CsHsN . . ’ ;
9 3.333  [M+H]* JREER Adenine sHss - 136.0622 1,00 o) 0406 109,050 7 vV
165.054 2 .136.075 3 ,
10 3.665 [M+H]* &% Tyrosine CoH NO;  182.0749 0.40  123.043 4.119.048 9, v oV
91.054 4.77.038 1
152.045 5 .135.033 0
CCA 1S i CsH,N;0 . *
1 3.388  [M+H]* B Guanine sHsNsO - 152.0455 1.01 110.033 7. 82.038 9 v v
) 284.102 1,152.059 5
+ H T Guanosi C,oH;;N50 . . : ,
12 4015 [M+H]* 5F Guanosine 0 NsOs 284102 1 11255 035 47 110,037 2 v
: 37.
13 4152 [M+H]* [ Lnosine CoHpN,05 269.0910 0.92 2% 09111(? ‘01357 1046 5. vV
137.046 5.119.035 8,
14 4141  [M+H]* K¥EEX Hypoxanthine CsH,N,0  137.0465 0.95 110.035 5.94.040 4, v oV
82.040 5
15 4.014  [M-H]"  J¥HIRR Succinic acid C4HgO,  117.116 0 0.91 7. “763062979;‘006 7 vV
17 3.751 [M+H]* Z3%% Leucine CeH;3NO,  132.093 6 -1.40 86.096 5.69.070 1 v vV
18 4.230 [M+H]* 5524 Isoleucine CeH;3NO, 132,093 6 -1.40 86.096 5.69.070 1 vV
328.1413.310.122 7
e T A A A N
19 5864 [M+H]" RBERNER CisHy NO; 328.1413 0.51 292.113 5.265.121 5, - vV
Fructose phenylalanine 120.080 6
100.076 2 82.065 4
20 5.796 [M+H]* 2-BREEH 2-Piperidone CsHyNO  100.076 2 0.91 72.043 7.56.505 0, Vv -
55.054 3
166.086 7.120.080 7
+ TSN L-Phe ine CoH,, NO . ) : :
21 6.354 [M+H]* ZKN%: L-Phenylalanine oHNOy166.086 7 1.51 03 "1y 6.77.039 0 .93.070 0 v v
R _— 384.113 1.252.078 9,
22 7.272 [M+H]Y MR Y RS ST T ) Ci H;;NsOg 384.1131 0.89  206.061 6.192.046 8 - vV
Adenosine succinyl nucleotide 136. 067 7
188.071 4 .146.061 1
v e T CyHLN,0 \ :
23 9.760 [M+H]* (a4 Tryptophan 1 HeN,0; 205.078 9 0.51 118.066 2 91.055 5 v Vv
237.124 8.166.088 3
[ i R T A e ~ ~
24 0780 [Mem]c DVAEURPTEE CHN,05 237.1248 0.53  120.081 1.103.054 6. vV
Alanylphenylalanine 77 038 6
BRBEA AR 120.081 6.103.057 0,
+ C,HgN,0
25 6.676 (M+H] Glutamylphenylalanine 1o 05 2951216 0.34 84.043 7 v v
BEBTETN AR St 295.129 0.,166.084 5 .
+ € HgN,0
26 10.490  [M+H] Glutamylphenylalanine isomer 14tis 205 295. 1216 1.02 120.081 8 .84.045 8 v v
RN AR 279.170 8.120.080 9,
+ CysHy,N,0
z 16.125  [M+H] Leucylphenylalanine 15528205 279.170 5 1.02 103.052 2.,77.040 3 v v
S A TR S S 1A 166.079 6 .120.079 5
.3 v JToeiou CysHyN,0 . . : )
28 17370 IMAHTT o eieyl Leucylphenylalanine fsomer 15 22203 2791705 0.54 86.097 9 .69. 069 6 A
ELe /R A Tk T 4 T S A
FT U )u%Mﬁ' J%ﬁ&ﬂ“«j'ﬁ:
120.080 4 .103.053 8
+ , - CysHy,N,0 : :
29 18.612 [M+H] iI:z:z;l:yl/LeuC}lphenylalanme 1sHp N, O3 2791705 0.54 77.040 1.166. 084 9 vV Vv
22 G S T L e 279.170 5.166.079 5
+  JFLu/ LU It C,<H,,N,O N N
300 19.090 IM+HI" eyl Leucylphenylalanine isomer 15 2203 2791705054 120.081 4 86.096 7 VoV
N-Z B3 R £ g 208.097 0,120.082 4 ,
+ ¢, H;;NO _
3 19770 [M+H] N-Acetyl ethyl benzoate nthaNO; - 208.097.0 1.72 103.054 5 v
A 238.109 4.192.103 7
IH 57 £ 7 N N
32 21.350 [M+H]* SRR A i CioH3N,0; 238.1094 1.01 120.080 5.103.057 0, VvV -
Histaminylasparagine 77.038 5
238.109 4.192.103 7
~ Vg - A e ST =i N N
3 20350 [Man]c NCUTRBODALRNER g N0, 2381004 100 120.0805.103.0570. V-
N-(Methoxycarbonyl ) -L-phenylalanine 77.038 5
7,8-— U AR UENE-2, 4- i 244.084 4 .198.056 0
N i rine2 4-di-  CpH,N,O . . ; e ' -
34 23.680 [M+H] 7,8-Dimethylbenzopterine-2 ,4-di 12HioN4O, 244,084 4 2.00 172.082 8 .165.053 5 %
one
35 27.580 [M+H]* A B ZE Dihydrocapsaicin CigHyNO;  308.2147 0.22 290.206 5.262.214 4., vV -

192.1342,179.1329
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%23 3 ( Continued Tab. 3)
N " - :|!| =g _Ln Vi =i
s BB 1, BTG L4 ghraL o WER R T ot A
NO. (m]n) I()n m()de Comp()und olecular easure rror ragment on
formula value ( x107) (MS/MS)
5,8, 11, 14-+F POk Bz 304.264 5.287.231 9
. 5.8,11, Co HNO . .
3 49890 [M+H]" ,8,11,14-Eicosatetraenamide 07 304.2645 1.01 245.222 3 203.176 7
Z R 301.203 8.,257.226 7
HI- CyyHap O : :
37 51.150 [M-H] Eicosapentaenoic acid wt00; 301,203 8 1.82 203.178 7 v
38 51712 [M-H]"  WBKAR a-Linolenic acid CisH30, 277.2053 -1.02 277. 20159; \9283;.7219 0. - vV
39 55.710 [M-H]-  +H%ElR Pentadecanoic acid CisH30, 241.2176 0.92 241. 21;7656?3;)62 3 vV
4,7,10,13,16,19-—+ " foN :
VTR 327.232 4 283.284 8,
. “H]- CyHy, O : -1
4053450 IMHTT 4T 10,13, 16, 19-Docosa- 2202 3212324 L0108 20,107 5 v
hexaenoic acid
41 53.861 [M-H]"  #EH45HR Palmitenic acid CisH30, 253.2183 -0.84 253. 211213 ‘12(;77'1851 I - vV
42 54.472  [M-H]" B4 PUKEER Arachidonic acid CyH3 0,  303.226 4 -0.99 303. 22854 i21§;9§236 2. vV VvV
43 55.161  [M-H] *+Jz’£‘£%& . CpHy 0, 329.2402 -1.00 329.240 2 285.248 9 vV Vv
Docosapentaenoic acid
44 55.310  [M-H]"~  Fylif2 Linoleic acid CisHy0, 279.2324 0.86 279.232 4 280.230 8 Vv Vv
45  58.370  [M-H]" ##HAB2 Palmitic acid CigH30, 255.2269 0.45 255.226 9 vV Vv
46  56.720 [M-H]" 8,11 ’14'f+ﬁ&?@M . CyH3,0,  305.2400 0.67 305.240 0 Vv vV
8,11 ,14-Eicosatrienoic acid
47 62.700 [M-H]" Hlif§MR Stearic acid CisH30, 283.258 6 0.88 283.258 6.265.235 8 - Y
48 58.850  [M-H]™ & Oleic acid CigHy, 0, 281.2426 -1.45 281.242 6 vV vV
49  60.080 [M-H]- LM Heptadecanoic acid C;;H3,0,  269.2435 0.98 269.243 5 270.256 1 v VvV
50 2.544 [M+H]* TR it 5.—$@;$ﬁ& CioH4N;0,P 348.072 8 1.56 348.072 8.136.062 5 Vv v
Adenosine 5'-monophosphate
5'- TR IR 428.042 7 .348.075 1,
+ C1oH;sNs0,4P
51 3.161 (M+H] Adenosine-5'-diphosphate wtisNs Ol 428.0427 1.77 136.063 5 v v
52 3.983 [M+H]* %Ei ) CioH;3N50; 252.1125 0.55 252.112 5 .136.064 6 Vv vV
3'-Deoxyadenosine
6- 2T AU 1F O 2 Y 189.124 3.143.119 5
+ CoHy40 : :
53 7659 [M+H] Methyl 6-acetoxy-hexanoate otheOs  189.124 3 0.67 132.102 2 .86.097 9 v v
T R e
54 8.207 [M+H]* Tris(hydroxymethyl) CyH; NO; 122.1352 1.45 105'07511 60‘2737'6039 3 Vv Vv
aminomethane :
s 114.055 2 86.061 5
+PRGE — 2R Cyelic dileuci Cp,Hy,N,0 : : -
55 12.715 [M+H] G5 55 %R Cyclic dileucine HpN,O, 227.1833 2.03 72.045 0 68. 049 5 vV
56 22.854 [M+H]* 9-ZIERIENE 9-Ethyladenine CH,Ns  164.1065 0.41  1O% 107675613(;5(.)069 3. v -
-3 F BL AR 28— R I 30 fi 178.041 6.,105.070 5
+ CoH,NO . : -
57 25868  [M+HI" b droxymethylphthalimide oty N0 178.0416 0.76 77.038 1 v
58  27.855 [M+H]* Z'EH'L'E%@M ) CeH\ 00,  195.1862 1.08 195.186 2.83.061 5 Vv Vv
2-Keto-L-gulloic acid
— 149.023 9 121.028 4,
59  45.393 [M+H]* 9’12’15'+/\ﬁ’%f%,& ) CigHy0, 279.4296 1.21 121.029 1, 93.034 8, Vv Vv
9,12 ,15-Octacatrienoic acid
55.039 9
f e 265.255 4 247.243 4 |
60  54.505 [M+H]* 4’4,3 TXT%*Z,’:H“ . CyHpy N 282.2806 -1.11 135.1159.93.070 9, Vv 2
4 ,4'-Di-tert-butyldiphenylamine 100.077 1
3-[ (22 9E) A ] Pk 131,063 6 85 064 4
61  14.897 [M-H]- 3-[ ( 2-Hydroxyethyl ) amino ]  CsH,N,0, 131.0659 1.01 600342 4 -
propionamide T
N-LPk-L-5E TR 172.091 3 .130.084 2,
HI- CgH,sNO
62  16.853  [M-H] N-Acetyl-L leucine ¢HisNO;  172.091 3 0.88 %6968 2 Vv %
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%23 3 ( Continued Tab. 3)
N " ) 52 Y= 75 X
s BB 0 BTRG it grst o WER U N ,
N . I i C q Molecular Measured  Error Fragment ion DPA  FPA
o (min) on mode ompoun formula value ( x10%) (MS/MS)
—ZHECRT BRI £
274.107 7.256.097 6
“H]" i - : -ami- Gy, H, NO N N
63 21.567 [M-H] Diethyl ( tert-butoxycarbonyl-ami 12HNOg 274,107 7 1.42 230.081 8 79.956 8 vV vV
no) ethyl ester
. N-ZBE-D-RNEBR . 206.079 1.,164.068 8 ,
- G, H;3NO -
64 19.810  [M-H] N-Acetyl-D-phenylalanine nH N0 206.079°12.43 147.046 5 58.028 9 v
(S)-BUT 3 4-(2-(6-4 H8-4
165.6.7 8- A (4,3 0]
g)‘;}éu:f‘fgj (4H)-R) 2 454.330 8.,184.073 7,
65 37.831 [M+H]* . e B CpsHisNsO; 454.3308 -0.65  125.000 0,104.108 1, vV v
(S) -Tert-butyl 4-(2-(6-benzyl-8- 26.097 6
oxo-5, 6, 7, 8-tetrahydropyrazolo ’
[4,3-e][1,4] diazepin-2 (4H) -
yl) ethyl) piperidine-1-carboxylate
T = IR R B B T 5 V7 FR BRI B T FPA L BE) H e s DPA T M
Note:“ — 7 ; This substance is not detected in this sample;\/;The substance is detected in this sample;FPA ;Fresh P. aspergillum;DPA :Dried P. aspergillum.
2.5.2 8 F A RARK BRLLBIE A 00 | BRI, 4 2 1ETE B AR
2.5.2.1 FEEREMLEY NEDE T m/z 175,117 4 [M+H] ", 7353

RAEMIBAE W H S A Z AR I 5 £k
NH, .HCOOH ,CO, \H,0 4§37 7= . — R 51 ¢
TR R o AR SCHR A A 7 15 28] 60 202 2 2R
AR KRR FNER S axZm™ . ke
W1 AEIE B TR N T3 T m/z 147,116
1 [M+H]*, 5%k CH,N,0,, F% 1 4+F NH,
RFE B BT m/z 130,090 6, F % 1 4T COOH-
NH, 5 3] # F B 1 m/z 84. 080 9, £ 1 43+
COOH-NH,-C,H, 155 K B F m/z 56. 050 2, i 4
SCHRS A T R R 1 A 1 AR R

[= R

84.080 9

55.0502

57.0295

el

ﬂ‘j C6H14N402a2:§9€ 1 5&’% NH3 XFE"F§U6$H4%¥ m/z
158.093 5, £k 1 437 CHyN, 45 A B F m/z
116.202 8, %% 1 43 CH,0,-CH N, 15 3| fr 255
m/z70.065 3, %2 1 43F NH,-COOH-C,H, 153 fit
FET m/z 60.056 5,45 % SCik ™™ b &y 2
2 iE B B SR AR AR, B L E L &9 2
THERTR . A2 IR 55 0 28 0 9, X s ke 2
1B W0 246 7 =X o b, i R 1 e iz A2 DL AL 3,
KRR Z R LA 4,

130.090 6
e 147.116 1

" "
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vy =
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m/z
+H
o +_HI
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i -Lahy
o | +_H‘
MOH H2N\/\\
NH, m/z 56.050 2

m/z 130.090 6

B3 mMEBORMEER
Fig. 3 The cleavage pathway of lysine
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Fig. 4 The cleavage pathway of arginine

L5913 .4.5.8.10 .17 18 21 NEHEMKAE
YL TEIE B FRLUR S BIME S 5 7 m/z R
WH118.079 1 [M+H]* .116.063 5 [M+H] ",
148.053 2 [M + H]".182.074 9 [M + H] ",
1320936 [M + H]*.132.093 6 [M + H] ",
166.086 7 [M + H] ", G ILM K EW L BB ) 5k
2% COOH |NH, , OH % 3 Pl , #R4i5 Schik i, ik
A413.4.5.8.10 17 18 21 (K UCH AR JHE M |
HRAMR GHEAR(HmER) AR AR 755
AR ENAMR., tbEW 23 D T8 TR m/z
205.078 9 [M+H] ", ik F 7 w5
Tl m/z188.071 4 [M + H-NH, | * .146.061 1 [ M
+ H-COOH-CH, ]*, 118.066 2 [ M + H-
CH,0,N]* 91.0555 [M + H-C.H,N ] * 43 # 5%
SRS BT LA Y 23 (IR
2.5.2.2 EHELEY

TEIEA B AT AR B SCRRHE T AT 21 54
UL | PR W g | i NEE RS | I MEERS | YR VI N A AL 2 )
R B RR B S R E 1T CGH,0, 5
B R R 1 o F I NHy b &9 9 T3

TN m/z 136.062 2 [M + H] ", fb2 45 # K
CsH Ny MR8 g0 ik i o dr, KL 1 0 F Iy
NH, 15 2| 8+ m/z 119.035 6,k X 1 411
HCN, P2 A% B m/z 94. 042 6,2 4 CN P A= g
F BT m/z 109.050 7,48 Scik'™ " A5 8 HEM X
G 9 MRS . LAY 11 HEsr T B T m/
z2152.0455 [M+H] " fb2eg5# 0 C;H NSO 4R
it G SH AT, R 1 A NH, P2 AR R
B m/z 135.033 0,24 1 4> FhY NH,-CN = e
R BT m/z 110.037 7, % 4 CO-H,CN, F=A: i B 5
T m/z 82.038 9, M AL AW 11 2 5 IS | 47 5]
SR A 10 I 0 S N A Y R i 06
1 —30, ML AP 11 S SRR 2R ie LK S
A4 12 .13 14 22 50 51 .52 A RS
WL EIEEF RS TR SRS T T
g m/z KRR 284.102 1 [M +H]* 269.091 0 [M
+H]*".137.046 5 [M + H]* . 384.113 1 [ M +
H]" 348.0728 [M+H]* 428.0427 [M+H] ",
252. 1125 [M+H] " &Y 12 KBS T 15
B F B F 0% m/z 152.059 5 [M + H-C,H,0,] ",
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Fig. 5 The cleavage pathway of guanine

m/z 110.037 2 [M + H-C,H,O,N, ] " fk&4 13 —
PSR T AR R B g m/z 137.046 8 [ M +
H-C,H,0,]* .m/z 110.035 1 [M + H-C,H,0,N] *,
&Y 14 Z 90 Fil 9 #5159 2 08 R 8 1 0§ m/z
119.035 8 [M + H-H,0] * .m/z 110.035 5 [ M + H-
HCN] " m/z 94.040 4 [M + H-CH,N, ] * ,fb& 4 22
B B R T m/2 252.078 9 [ M +
H-C,H,0,]"* .m/z 206.061 6 [M + H-C,H, 0, ] * .
m/z192.046 8 [M + H-C,H,,0, ] " .m/z 136.067 7
[M+H-GH,O4 ] ", k&Y 50 — K15 20
BTl m/z 136.062 5 [ M + H-C,H,0,P 1" {b &y
51 Z 415 B 0E R 85 16 m/z 136.063 5 [ M +
H-CH,,0,,P, | * ,fL&W) 52 — AR 2 A i+
W5 m/z 136. 064 6 [ M + H-C;H,0, | * A4 scik!” 4
L HEN AL S 12 13 (14 22 50 51 .52 {RIRCH 5
HOPUH RBTEENS R TR BRI AL R ST
BERR S5'- WM AR T IRREER
2.5.2.3 AW

AR SCHRHE BT i A7 11 3R 30 RR AR R TR | e
W U RRIR BB RETR A LR i 15 15

AR FRIA T B UES 78 Ty m/z 117.116 0
[M-H] ;4b&% 38 1etn By TR U T s 155 1
I m/z277.205 3 [ M-H] " ;fb& 4 41 75 1 B At
TS T g m/2253.218 3 [M-H] . L&Y
15 7351k £ 1 73+ H,0 5 1 43F CO, 15331 F i
F1499. 006 7 [ M-H-H,0]".73. 027 4 [ M-H-CO, ],
G SCHkaE R 5T A 15 hBEIIRR . kA
38 ;74 m/z 233.219 0 .m/z 192. 983 7 B FREA, 4%
BEFES 1 4F COOH 5 1 43F COOH-C,H, , 454
SCHRBERL kA 38 R WEIRRIR . T 41 —
PR BT m/z 217.851 1 .m/z 181.107 1,435
BER2 4T H,0 51407 CHO, k" 55
PR TR R IR — 3, B G 41 F Rtz
G 6 TeiE B TR ST 15 1 m/z
124.037 7 [M+H] ", k% 1 53pF 11 CO, 153 &5
i i m/z 80.050 1 [ M + H-CO, ] ", 262 1 4TI
CH,O, 355 FRE 6 m/z 78.034 1 22 1 44T
() COOH-C,H, BT 7% Kl m/z 52.022 7 [ M + H-
COOH-C,H, ] ™ M4 SCik'™ {5 &, mT 4 1k & 4 6
HAHTR , HR SRR WL 6.,
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Fig. 6 The cleavage pathway of nicotinic acid
2.5.2.4 TRREFH RS NH, ] " .m/z 120.080 5 [ M + H-CONH-C,H,NO | * |

&4 24 25 27 32, 78 1E & T A0 1 9E 5
FEFUE S & m/z 237.124 8 [M + H]* . m/z
295.1216 [M+H] " m/z279.170 5 [M+H] * .m/
2238.109 4 [M+H] " fE “RJFREHI T LEY
24 13 B ERAF R BB F 06 m/z 166.088 3 [ M + H-
C,H,NO ], m/z 120.081 1 [ M + H-COOH-
C,H,NO]* . m/z 103.054 6 [ M + H-NH,-CONH-
COOH-C,H,]* .m/z 77.038 6 [ M + H-NH,-CONH-
COOH-C,H, | " fbA¥ 25 13 BFFAERE R B8 T 06 m/
2120.081 6 [M + H*-C;H,NO | * . m/z 103.057 0
[M + H-C,H, N,O, ]*. m/z 84.043 7 [ M-
CsH,N,O5 ] 7 Ab& W 27 15 20 FRAERE 8 1 m/z
120.080 9 [ M + H-NH,-COOH-C,H,0 ]* . m/z
103.052 2 [ M + H-NH,-COOH-C,H,, NO | *  m/z
77.040 3 [ M + H-NH,-COOH-C,H,,NO | * , fk &%
32 5 F AR BB T 1% m/z 192,103 7 [ M-CO-

m/z 103.057 0 [ M + H-CONH-C,H,N, ]* . m/z
77.038 5 [ M + H-CO-NH,-CONH-C,H,N, ] *, 2 4%
SCHR U RE, KR SR KRR A MRS £k
NH, .COOH 5 CONH, fk &4y 24 .25 27 32 (8 T
FROEWE 30 5N R AR N AR A AR N &R 5
SRR DA R 21 S I A MG 1) A B P VA ]
Kb A ) 24 .25 27 32 43 5102 P92 e AR TN 2018
A AR N 2R | 5o 28 Tk N 2 IR 41 24 5k R 4% Tk
J¥
2.6 B FrivkPEEN EER RERNSE
ME

Bt T EZ) 2.0 g A ERROE TR IR12. 27
TR T35 43 00 A LT b e R R, AE
“2.3. 17 WUR A SR TN TR UG ERS B
MRS PR IE (1) & fE o, THER B IS IS | DR
WERY & AR LR 4 KT,

£4 8 FribHKOBNELER (x+5,n=3)

Table 4  Determination results of fresh P. aspergillum and dried P. aspergillum(; +s,n=3)

B Hoke i WIS &kt TN B i DR ik
S uri Sampling Content of Content of Content of
ample quantity (g) hypoxanthine( mg/g) xanthine (mg/g) uracil (mg/g)
N ﬁfrf@jz 2.014 0.18 £2.36 0.14 +£0.30 0.06 +0. 82
Fresh P. aspergillum
T 2.016 0.19 £0.59 0.26 £0.53 0.10 +£0.26

Dried P. aspergillum
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Fig.7 HPLC chromatogram of mixed standard solution (A) and fresh P. aspergillum (B) and dried P. aspergillum (C)
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