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Abstract: The main nitrogenous compounds in methanol extracts of Ctenopharyngodon idellus were analyzed and identified using
high-performance liquid chromatography coupled with quadrupole time-of-flight mass spectrometry (HPLC-Q-TOF-MS). Both positive and
negative ionization modes were used to confirm the related chemical compounds and their characteristic fragment ions according to the accurate
molecular mass information of the excimer ion peaks and the fragment ions. Using the ChemSpider database, 33 nitrogenous compounds in
Ctenopharyngodon idellus were ultimately determined, and the data for the main fragments of each component were analyzed. These 33
nitrogenous compounds included 11 amino acids (eight types of a-amino acids), 12 amines, eight amide compounds, and two heterocyclic
nitrogenous compounds. The results showed that the structures of monomer compounds in fresh aquatic products and raw materials could be
elucidated directly using the HPLC-Q-TOF-MS technique and fragmentation analysis by mass spectrometry, which can improve the efficiency
of analysis and identification of chemical components in fresh raw material. This study shows that these techniques are conducive for the
identification and analysis of active components and newly generated compounds during the storage of fresh raw materials.
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Fig.1 TIC of methanol extract from Ctenopharyngodon idellus meat under the positive ionization mode
# 1 HPLC-Q-TOF-MS BB R FEMH BT
Table 1 HPLC-Q-TOF-MS data and the main fragment ions

Vi teb-th 4 AR PR A 8] /min S»TE AT

1 3-amino-2,2-dimethyl-1-propanol 0.67 103.1628 CsH3NO
2 Creatinine 0.55 113.1179 C4H;N;O
3 Indoline 0.87 119.1638 CgHgN

4 Picolinamide 0.83 122.1246 CeHgN,O
5 (2R)-2-Piperidinecarboxylicacid 0.44 129.157 CsHuNO,
6 3H-[1,2,3] Triazolo[4,5-b]pyridin-3-ol 1.07 136.1115 CsHsN,O
7 2-amino-1-thien-2-ylethanol 1.76 143.2068 CgHgNOS
8 3-Amino-5-methylhexanoicacid 1.29 145.1995 C;H15NO,
9 DL-Lysine 0.43 146.1876 CeH1aN,0,
10 DL-Histidine 0.94 155.1546 CeHgN30;,
11 2-Amino-4(1H)-quinazolinone 21 161.1607 CgH;N3O
12 3Amino-phenylpropionicacid 0.87 165.1891 CoH;3NO,
13 D-(-)-Arginine 0.48 174.201 CeH1N,O,
14 3-Amino-3-p-tolyl-propionicacid 1.3 179.2157 C1oH13NO,
15 4-Methoxy-N-methyl-2-nitroaniline 8.23 182.1766 CgH1oN,05
16 2-Methylquinoline-6-carboxylicacid 1.18 187.1947 C11HgNO,
17 Propamocarb 0.46 188.2673 CgHyoN,0,
18 N-(2-Phenylethyl)acetamide 1.29 163.2163 C1oH1zNO
19 L-Tryptophan 1.18 204.2252 CuHiN,0,
20 tert-Butyl-2,7-diazaspiro[3.5]nonan-2-carboxylat 1.38 226.3153 C1oH,N,0,
21 N-Boc-DL-2-piperidinecarboxamide 0.73 228.2881 CuHxN>O3
22 N-(tert-Butoxycarbonyl)-3-methyl-D-valine 0.88 231.28874 CuH21NO,
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3S)-5-Methyl-3-({[(2-methyl-2-propanyl)oxy]carbonyl}a
39 Y ({[(_ Y p p Yhoxy] vl 1.62 245.3153 C1oHxNO,
mino)hexanoicacid
(isopropylimino ) dipropanoate/Diethyl3,
24 P p-y ) -p p- Y 41 259.3419 CysHxNO,
3'-(isopropylimino)dipropanoate
4-Methylsulfanyl-benzyl)-[2-(1-methyl-1H-tetrazol-5-yls
25 ¢ Y Y YO -y Y 14 295.4269 C1oH17NsS,
ulfanyl)-ethyl]-amine
26 5-Methylthioadenosine 251 297.3335 C11H15N505S
27 D-y-Glutamyl-L-cysteinylglycine 1.59 307.3235 CigH17N306S
2-(4-Hydroxy-1-piperidinyl)-N-{[1-(4-morpholinyl)cyclo
28 (4-Hydroxy-1-pip YD-N-ALA ) P Yhey 341 339.4729 C1gH33N30;3
hexyl]methyl}acetamide
2-Methyl-2-propanyl2-{[cyclopropyl(L-valyl)amino]meth
29 yiepropany {[Y . propyK Y ] 8.53 339.4729 C1gH33N303
yl}-1-pyrrolidinecarboxylate
30 L-Leucyl-L-lysyl-L-proline 0.47 356.46038 C17H3,N4O4
2-{[(2-Methyl-2-propanyl)carbamoyl]amino}-2-oxoethyl4
31 I Yieprop .y). . Y]_ } Y 6.82 420.4595 CaoH28N405
-(4-methyl-1-piperidinyl)-3-nitrobenzoate
N,N'-Bis[(1-hydroxy-2,2,6,6-tetramethyl-4-piperidinyl)me
32 [(A-hydroxy ) .y PIP Y 6.32 452.6306 Cu4Hu4N4O,
thyl]-2-butenediamide
3-Cyclohexyl-N-(ethoxycarbonyl)-L-alanyl-N-[(4S,5E, 7R
33 Y XYHH(ethoxy ¥ Y [_( . 7.23 565.7882 CsoHssNs0s
)-7-carbamoyl-9-methyl-5-decen-4-yl]-L-lysinamide
75 o-dh 44k Kpd+H1Afwz) TOF-MS/MS 7k & F
H . SN R fhl ) Sk
3-amino-2,2-dimethyl-1-propanol 104.10741 104.10744 104.1077, 59.0751
2 Creatinine 114.06668 114.06657 86.0729
. 120.0815, 103.0552, 93.0716,
3 Indoline 120.08083 120.08066
91.0555, 77.0406, 65.0410
- [123.0560, 106.0296, 96.0458,
4 Picolinamide 123.05555 123.05548
78.0357
5 (2R)-2-Piperidinecarboxylicacid 130.08649 130.8648  130.0860, 84.0818, 56.0520
) - 137.0460, 119.0354,
6 3H-[1,2,3] Triazolo[4,5-b]pyridin-3-ol 137.04583 137.04541
110.0353, 94.0407
) ] 144.1481, 126.0377, 113.03,
7 2-amino-1-thien-2-ylethanol 144.04805 144.04796
85.0122
) o 146.1175, 118.0656, 85.9409,
8 3-Amino-5-methylhexanoicacid 146.11776 146.11772
72.9385, 57.9372
9 DL-Lysine 147.11295 147.11284  130.0868, 84.0820, 67.0566,
o 156.0576, 110.0723, 93.0462,
10 DL-Histidine 056.0768 156.07665
81.0468
11 2-Amino-4(1H)-quinazolinone 162.06607 162.06602  162.0671, 144.0569, 93.0458,
12 3Amino-phenylpropionicacid 166.08616 166.08607  120.0813, 103.0551, 77.0405
» 175.1192, 158.0928,
13 D-(-)-Arginine 175.11907 175.11898
130.0974, 70.0671
14 3-Amino-3-p-tolyl-propionicacid 180.10207 180.1018  180.0101, 121.0646, 103.0551
15 4-Methoxy-N-methyl-2-nitroaniline 183.07777 183.07773 127.0160, 97.9695
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16 2-Methylquinoline-6-carboxylicacid 188.0707 188.07078  188.0712, 170.0601, 142.0657
17 Propamocarb 189.1599 189.15988  189.1599, 144.1384, 130.0867
. 179.0701, 136.0758,
18 N-(2-Phenylethyl)acetamide 196.09692 196.09662
121.0293, 107.0497
188.0714, 170.0606,
19 L-Tryptophan 205.09709 205.09712
159.0925, 144.0814, 130.0656
20 tert-Butyl-2,7-diazaspiro[3.5]nonan-2-carboxylat 227.17541 227.17518 227.1761, 209.1656
21 N-Boc-DL-2-piperidinecarboxamide 229.15465 229.154 229.7556, 114.0553, 96.0823
22 N-(tert-Butoxycarbonyl)-3-methyl-D-valine 232.15447 23215433  232.1547, 73.0812, 85.0296
3S)-5-Methyl-3-({[(2-methyl-2-propanyl)oxy]carbonyl}a
23 (39) Y ({[(_ Y p p Vo] vl 246.16999 246.16982  246.1697, 187.0983, 144.1022
mino)hexanoicacid
(isopropylimino ) dipropanoate/Diethyl
24 . o 260.18582 260.18575  260.1858, 201.1123, 85.0293
3,3"-(isopropylimino)dipropanoate
(4-Methylsulfanyl-benzyl)-[2-(1-methyl-1H-tetrazol-5-yls
25 . 296.09929 296.09878  296.0987, 136.0622, 119.0360
ulfanyl)-ethyl]-amine
26 5-Methylthioadenosine 298.09723 298.09718 136.0623, 119.0362
291.0651, 245.059, 233.0589,
. . 215.0493, 187.0530,
27 D-y-Glutamyl-L-cysteinylglycine 308.09176 308.0914
179.0490, 162.0221,
144.0110, 130.0495, 116.0164
2-(4-Hydroxy-1-piperidinyl)-N-{[1-(4-morpholinyl)cyclo
28 (4-Hydroxy-1-pip YO . P Yhey 340.26005 340.25984  322.2494, 227.1754, 209.1648
hexyl]methyl}acetamide
2-Methyl-2-propanyl2-{[cyclopropyl(L-valyl)amino]meth 340.2598, , 322.2496,
29 yrepropany {“f . propyi Y : 340.26003 340.25998
ylI}-1-pyrrolidinecarboxylate 209.1649
\ 357.0121, 298.1776,
30 L-Leucyl-L-lysyl-L-proline 357.25038 357.25038
242.1508, 229.1556
2-{[(2-Methyl-2-propanyl)carbamoyl]amino}-2-oxoethyl4
31 {[( yrepron .y). . Y]_ } Y 421.2086 421.20838 421.2086, 322.1617
-(4-methyl-1-piperidinyl)-3-nitrobenzoate
. o 453.1121, 435.3333,
N,N'-Bis[(1-hydroxy-2,2,6,6-tetramethyl-4-piperidinyl)me
32 o 453.34408 453.34399 340.2604, 322.2495,
thyl]-2-butenediamide
226.1917, 209.1650
566.0121, 453.3455,
3-Cyclohexyl-N-(ethoxycarbonyl)-L-alanyl-N-[(4S,5E,7R
33 )-7-carbamoyl1-9-methyl-5-decen-4-yl]-L-lysinamide 566.4289 566.42867 +435.3348, 340.2613,
322.2505
R2 SNUENETERRBEFHIUESRILENN
Table 2 Analysis of the main fragment ions of the N-containing compounds and their classification
i Aot AR B BT RRAES ank
1 3-amino-2,2-dimethyl-1-propanol [M+H]"104.1077, [M+H-CH3-CH2NH,]'59.0751 e
2 Creatinine [M+H-CO]*86.0729 EA37S
[M+H]"120.0815, [M+H]"103.0552, [M+H-HCN]"93.0716,
3 Indoline [M+H-CH,N]"91.0555, [M+H-CH,CH,N]77.0406, IR
[M-CH,CH,-CHCH]'65.0410
o [M+H]"123.0560, [M+H-NH,]"106.0296, [M+H-CHCH]"96.0458, .
4 Picolinamide i3

[M+H-NH,-COJ*78.0357
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o o [M+H]*130.0860, [M+H-HCOOH]"84.0818, .
5 (2R)-2-Piperidinecarboxylicacid . AR
[M+H-HCOOH-NHCH]56.0520
5 3H-[1,2,3]Triazolo[4, [M+H]"137.0460, [M+H-H,0]"119.0354, [M+-CHNH2]"110.0353, -
7]: N
5-b]pyridin-3-ol [M+H-HN3]"94.0407
_ _ [M+H]"144.1481, [M-+H-H,0]"126.0377, [M+H-CH3NH,]*113.03, ‘
7 2-amino-1-thien-2-ylethanol . i3
[M+H-NH,CH,CHO]"85.0122
e . [M+H]*146.1175, [M+H-CO]*118.0656, [M+H-HCOOH-CH5]*85.9409, "
8 3-Amino-5-methylhexanoicacid [M+H-CyHo-NH5] 72.9385, [M-+H-C3H7-HCOOH]'57.9372 &
) [M+H-NH3]"130.0868, [M+H-NH3;-HCOOH]*84.0820, .
9 DL-Lysine . AR
[M+H-2NH,;-HCOOH]*67.0566,
o [M+H]"156.0576, [M+H-HCOOH]'110.0723, -
10 DL-Histidine N . FURER
[M+H-HCOOH-NH,]"93.0462, [M+H-HCOOH-CHNH,]'81.0468
1 2-Amino-4(1H)-quinazolinone [M+H]*162.0671, [M+H-H,0]*144.0569, [M+H-NH3-N,C,]"93.0458, Ji:
_ o [M+H-HCOOH]*120.0813, [M+H-HCOOH-NH;]*103.0551, .
12 3Amino-phenylpropionicacid . i3
[M+H-HCOOH-CH,-CHNH,] 77.0405
- [M+H]'175.1192, [M+H-NH;]"158.0928, [M-CO,]"130.0974, .
13 D-(-)-Arginine [M+H-NH,-HCOOH-CNHNH;]*70.0671 anm
. o [M+H]*180.0101, [M+H-CH,COOH]"121.0646, .
14 3-Amino-3-p-tolyl-propionicacid . AR
[M+H-HCOOH-NH3]"103.0551
15 4-Methoxy-N-methyl-2-nitroaniline ~ [M+H-NHCH;-C,H,]"127.0160, [M+H-NHCH,-C,H,-CHOH]*97.9695 i3
16 2-Methylquinoline-6-carboxylicacid ~ [M+H]"188.0712, [M+H-H,0]"170.0601, [M+H-HCOOH]"142.0657 RAR
[M+H]"189.1599, [M+H-C,HsNH]"144.1384, ‘
17 Propamocarb . Bz
[M+H-C,HgNH-CH,]"130.0867
) [M+H]*179.0701, [M+H-CH,CO]*136.0758, ‘
18 N-(2-Phenylethyl)acetamide = B
[M+H-CH3CO-NH]"121.0293, [M+H-CH;CO-NH-CH,]"107.0497
[M+H-NH3]"188.0714, [M+H-NHs-H,0]"170.0606,
19 L-Tryptophan [M+H-HCOOH]*159.0925, [M+H-HCOOHCH;]*144.0814, EF3]
[M+H-CHNH,HCOOH]"130.0656
tert-ButyI-Z, + + 2
, - . ZRIN
20 7-diazaspiro[3.5]nonan-2-carboxylat [M+H]'227.1761, [M-NH;]'209.1656 w3
o _ [M+H]*229.7556, [M+H-CONH,-CsHsCOH]"114.0553, \
21 N-Boc-DL-2-piperidinecarboxamide i3
[M+H-CONH,-C3HgCOH-H,0]"96.0823
- N-(tert-Butoxycarbonyl)-3-methyl-D [M+H]"232.1547, [M-C4Hy]"173.0812, Sk
A HR
-valine [M-C4Hy-NHCHCOOH-CH3]"85.0296
3S)-5-Methyl-3-({[(2-methyl-2-pro|
) VHI _ Y p_ P [M+H]*246.1697, [M+H-COOHCH,]*187.0983, ‘
23 anyl)oxy]carbonyl}amino)hexanoica . B
y [M+H-COOHCH,-C3H-]"144.1022
ci
(isopropylimino )
24 dipropanoate/Diethyl3, [M+H]"260.1858, [M-2C,Hs]"201.1123, [M-C,C,4H;0,]"85.0293 Je
3'-(isopropylimino)dipropanoate
e B s, (e ChS 138052
mine [M+H-CHj3-C;HgN,S-NH;] 119.0360
26 5-Methylthioadenosine [M+H-CsH,Ns-COJ*136.0623, [M+H-CHs-C4HgN,S-OH]*119.0362 fe
TR
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[M+H-NH;]"291.0651, [M-+H-HCOOH-NH;]"245.059,

[M+H-HCOOH-CH,N]*233.0589,
[M+H-HCOOH-CH3N-H,0]215.0493,

[M+H-HCOOH-CH;N-H,0-CH,CH,]*187.0530,

27 D-y-Glutamyl-L-cysteinylglycine

[M+H-HCOOH-CH;N-2H,0]*179.0490, ER S

[M+H-HCOOH-CH,N-2H,0-OH]*162.0221,
[M+H-HCOOH-CH;N-3H,0-OH]*144.0110,
[M+H-HCOOH-CH,N-3H,0-OH-CH,]130.0495,
[M+H-HCOOH-CH;N-3H,0-OH-2CH,]116.0164

2-(4-Hydroxy-1-piperidinyl)-N-{[1-(

[M+H-H,0]'322.2494, [M+H-H,0-CgHoN]*227.1754,

28  4-morpholinyl)cyclohexyl]methyl}ac Brfe
P Yhey ) 4 vl [M+H-H,0-CgHgN-H,0]7209.1648
etamide
2-Methyl-2-propanyl2-{[cyclopropyl
29  (L-valyl)amino]methyl}-1-pyrrolidin ~ [M+H]"340.2598, [M-NH;]"322.2496, [M-C;3H;-C3Hs-C4Ho]"209.1649 Bz
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