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Abstract: A qualitative screening library from the mass fragmentation patterns of benzyl and m-methoxybenzyl macamides was
constructed based on the theory of charge or free radical center induction by ultra performance liquid chromatography-quadrupole-time of
flight(UPLC-Q-TOF), and a quantitative determination method for 4 macamides was also established. The library includes retention time,
mass-to-charge ratio and molecular structure of the excimer ions and fragment ions, and other information. The results showed that not only ten
macamides were completely separated, but also more than 10 fragment ions for each macamide could be matched in library with a mass analysis
error smaller than 10 Mu. The peak times of the macaamides (A-J) were 5.83, 5.32, 5.93, 6.50, 6.40, 5.23, 7.32, 6.58, 6.47, 7.32 min,
respectively. In quantitative detection, the detection limits of 4 macamides (Mb18:3, Mo18:2, Mb18:2, Mb16) were 0.50, 1.20, 1.20, 0.50 mg/kg,
respectively, and the quantitative limits were 1.50, 3.60, 3.60, 1.50 mg/kg, respectively. An average recovery rate ranged from 81.6% to 113.0%
(RSD<10%) for 4 macamides. This method had high accuracy and precision, puting great significance for origin traceability, identification,
quality classification and market supervision of maca and its products.

Key words: ultra performance liquid chromatography-quadrupole-time of flight (UPLC-Q-TOF); mass fragmentation pattern; macamides;
screening
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Table 2 Monitoring parameters
o 4 A 2450 ) /min - ARAEAL/V  F BT (i) FBF(mlz)
N-F -+ 2B Mbl6 6.2~6.7 20~35 346.3104 239.2382*  109.1014
N-F 39 Z,12 Z)-+ N\ — Btz Mb18:2 5.8~6.2 10~30 370.3104 108.0808*  204.1383
N-18] &AF 9 Z,12 Z)-+ N —Hi Bz Mol8:2 5.6~6.2 20~30 400.3210 121.0648*  383.2948
N-F#-(9 Z,12 Z,15 Z)-+ 8K = M Bt Mb18:3 5.0~5.6 25~30 368.2953 106.0651*  261.2213

E ARESBT.

A ESI FRt: R B

EHE: 2.5kV; HEFLHE: 40 eV B FURIREE: 110 °C;
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Fig.1 The mass spectrum of Mb18:3
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Table 3 The fragmentation pathway and theoretical fragmentation information of Mb18:3
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Table 4 The fragmentation pathway and theoretical fragmentation information of Mo18:2
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Fig.2 The mass spectrum of Mo18:2
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Table 5 Q-TOF library information

%5 AR

CAS No. 2T KR

»TE EXTET e ail

N-F£-92,12 2,15 Z)

108.0808. 106.0651. 261.2213.
246.1852. 312.2322. 232.1696.

A B = M 883715-18-2 CpHyNO  367.2875  368.2956
204.1383. 218.1539. 274.2165.
(Mb18:3)
190.1226. 300.3222
. 121.0648. 138.0913. 136.0757.
B FALFHE-(9Z,1227)
. ‘ 263.2369. 220.1332. 234.1489.
B N k3., 883715-22-8  CyHy;NO, 3993137 400.3210
248.1645. 262.1802.
(Mo18:2)
276.1958. 316.2271
108.0808. 106.0651. 204.1383.
N-F£-(9Z,12Z)-
‘ 190.1226. 218.1539. 176.1070.
C + N W B 18286-71-0  CypsHyNO 3693032 370.3104
263.2369. 292.2635.
(Mb18:2)
232.1696. 278.2478. 246.1852
108.0808. 239.2369. 268.2635.
N-F 5+ s B 254.2478. 111.1168. 125.1325.
D (Mb18) 74058-71-2  CpHiNO 3453032 346.3104 1301481 114.0913.
128.1070. 226.2165. 212.2009
1 121.0648. 256.2635. 152.0706.
E N_'j—iiﬁf' 847361960 CyuH,O, 3753137 3763210 2201410, 102.0913. 1161070,
(/1;/101 6) s 24412 : : 300.2791. 263.1880.
331.2506. 125.0961
L 121.0648. 138.0913. 136.0757.
M RAFEOZ122, 219.1254. 262.1802. 261.2213
F 15 Z)-+ B = Wil 883715-23-9  CyHoNO, 397.2981  398.3054 oI SRAAOTON L st
(Mo18:3) 290.2115. 276.1958.

304.2271. 234.1489
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EER
108.0808. 282.2791. 240.2322.
N-F -+ s B 198.1852. 254.2478. 111.1168.
G 883715-19-3  CpH,NO 3593188  360.3261
(Mb17) 139.1117. 125.0961. 114.0913.
212.2009. 226.2165. 128.1070
108.0808. 106.0651. 204.1383.
N-F#%-92) - 302.2478. 190.1226. 218.1539.
H \ 101762-87-2  CosHyNO 3713188 3723261
+ A KB (Mb18:1) 176.1070. 294.2791. 232.1696.
246.1852. 260.2013. 274.2169
121.0648. 301.2036. 299.1880.
N-Ji] ¥ £ F -9 2)- 217.1097. 151.1117. 138.0913.
L . \ 883715-21-7 CyHiNO, 4013294  402.3367
+ BB (Mol8:1) 299.2244. 176.1070.
137.1325. 300.2322
108.0808. 111.1168. 114.0913.
N-3F 2 BB 128.1070. 125.0961. 139.1117.
J (Mb18) 3327457 CostlgNO - 373.3345 3743417 111.0804. 282.2791. 254.2478.
268.2635. 240.2322. 2262165
%< 6 Mb18:2, Mb16 ShlliERECEC A IIAFERERE

Table 6 Matching fragmentation information of Mb18: 2 and Mb16 at high collision energy

1ot 5 R WAL AL % £/Mu
1 CysH3oNO 370.3108 370.3104 0.40
2 CHyoN 108.0810 108.0808 0.20
3 CHgN 106.0655 106.0651 0.40
4 C3H;sNO 204.1383 204.1383 0.00
5 C,H;NO 190.1229 190.1226 0.30
N-¥%£-9Z7,127)
6 C4HyNO 218.1543 218.1539 0.40
N Sk 17,3
Mb182 7 C,H,,NO 176.1072 176.1070 0.20
8 CyHy,0 263.2373 263.2369 0.40
9 C1sHy,NO 292.2636 292.2635 0.10
10 C,sH,NO 232.1698 232.1696 0.20
11 CsHpNO 278.2481 2782478 0.30
12 C16H,NO 246.1855 246.1852 0.30
1 CysH3oNO 346.3104 346.3110 0.60
2 CHgN 108.0808 108.0828 2.00
3 CH N 239.2369 239.2374 0.50
4 C3H gNO 268.2635 268.2639 0.40
5 C,HNO 2542478 2542488 1.00
N-3F 2 Sosk Bt 6 C14HyNO 111.1168 111.1174 0.60
Mb16 7 C,;H,NO 125.1325 125.1328 0.30
8 CysH;,0 139.1481 139.1487 0.60
9 C1sH3,NO 114.0913 114.0918 0.50
10 C,sH,NO 128.1070 128.1074 0.40
11 CsH;NO 2262165 2262173 0.80
12 C1gHyNO 212.2009 2122021 1.20
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Table 7 Matching information of 10 macamides

et FRAS & PR e 1]
FTELR C/H, (N C;HgN Cy5Ha00 C,6H24NO C,H3NO C,sH,NO Cy3H sNO C4H,NO C,5HsNO C,H,;(NO
WAL 108.0811 106.0654 261.2200 246.1853 312.2326 232.1697 204.1325 218.1541 274.2169 190.1228
A E R 8 108.0808 106.0651 261.2213 246.1852 312.2322 232.1696 204.1383 218.1539 2742165 190.1226 8
% %£/Mu 0.3 0.3 -13 0.1 0.4 0.1 5.8 02 0.4 0.2
FTELR CgHyO CgH,NO CgH{(NO CysH3,0 CHigNO,  CHyNO,  CisHpNO,  CigHpuNO, — CiHpNO,  CygHigNO,
B WAL 121.0648 138.0914 136.0758 263.2369 220.1340 234.1476 248.1639 262.1795 276.1945 316.2303 s
E RS 121.0648 138.0913 136.0757 263.2369 220.1332 234.1489 248.1645 262.1802 276.1958 316.2271
% £/Mu 0.0 0.1 0.1 0.0 0.8 -13 0.6 0.7 -13 32
FAELAR CH N C7HgN Ci3H;sNO C,H;gNO C14HoNO C;;H;,NO Cy5H;,0 C1oH3NO C,sHpuNO C,5H3;,NO
. MEA 108.0810 106.0655 204.1383 190.1229 218.1543 176.1072 263.2373 292.2640 232.1698 278.2481 593
E B8 108.0808 106.0651 204.1383 190.1226 218.1539 176.1070 263.2369 2922635 232.1696 2782478
% £/Mu 0.2 0.4 0.0 0.3 0.4 02 0.4 0.5 0.2 0.3
TUELAR, CH(N Cy6H5,0 C7H;,NO CH:,NO CsH; s CoH,; CysH5,0 C¢H,NO C,H;,NO C4HsNO
MEAE 108.0814 239.2374 268.2639 254.2488 111.1174 125.1327 139.1486 114.0918 128.1074 226.2173
b E R 108.0808 239.2369 268.2635 254.2478 111.1168 125.1325 139.1481 114.0913 128.107 2262165 63
% £/Mu 0.6 0.5 0.4 1.0 0.6 0.2 0.5 0.5 0.4 0.8
AR, CgHoO C1cH3NO CgH,(NO, CsH;,NO Ci3H;oNO, C¢H14NO C,H;3NO CiHsNO,  CyH3NO, CgH,;0
M EAE 121.0648 256.2635 152.0618 102.0917 221.1336 116.1070 330.2774 263.1795 331.2511 125.0963
E E RS 121.0648 256.2635 152.0706 102.0913 221.1410 116.1070 330.2791 263.1880 331.2506 125.0961 64
# £ /Mu 0.0 0.0 8.8 0.4 7.4 0.0 -1.7 8.5 0.5 0.2
FAELAR CsHy0 CgH;,NO CgH,(NO CsHi;NO,  CgHuNO, C15H,00 CisHysNO,  CsHyNO,  CyoH3NO, C14HoNO
AL 121.0649 138.0915 136.0759 219.1321 262.18 261.2224 290.2129 276.196 304.2264 234.1459
F A 121.0648 138.0913 136.0757 219.1254 262.1802 261.2213 290.2115 276.1958 304.2271 234.1489 >
% £/Mu 0.1 0.2 0.2 6.7 0.2 1.1 1.4 0.2 0.7 3
FAELAR CH;\N Cy5H3NO C,sH3NO CpH2NO C,H3,NO CgHys CoH,50 CH,50 C¢H;,NO C13HeNO
WAL 108.0813 282.2789 240.232 198.1858 254.2489 111.1167 139.112 125.0964 114.0915 2122012
G E R 108.0808 282.2791 240.2322 198.1852 254.2478 111.1168 139.1117 125.0961 114.0913 212.2009 732
& £/Mu 0.5 02 0.2 0.6 1.1 0.1 0.3 0.3 0.2 0.3
TR
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#EER
TUE LR, C,H (N C;HgN C3H;sNO CyH3,NO C,HsNO C4H;0NO CigHsNO CHi4,NO C;5H;,NO C9H36NO
q MZAE 108.0811 106.0655 204.1386 302.2475 190.1227 218.1543 274.2168 176.1072 232.1702 294.2792 658
b 108.0808 106.0651 204.1383 302.2478 190.1226 218.1539 274.2165 176.1070 232.1696 294.2791
1% % /Mu 0.3 0.4 03 -0.3 0.1 04 0.3 0.2 0.6 0.1
FAFEUHR CsHoO CioHyNO, CyoH;50 CioH,sNO, Ci3HsNO, CyH9NO CypH3;NO C;;Hi,NO CioHyy CyH3NO
L MZAE 121.0652 301.2017 151.1122 299.1887 217.1066 299.2150 326.2513 176.0971 137.1331 300.2335 647
A 121.0648 301.2036 151.1117 299.1880 217.1097 299.2244 326.2478 176.1070 137.1325 300.2322
% Z£/Mu 0.4 -1.9 0.5 0.7 -3.1 94 35 9.9 -0.6 13
TUE R, C,H (N CsH;s CgH,NO C,H\4,NO CgH,50 CoH;50 C,H;,0 CgH36NO Cy¢H3,NO Cy5H;30NO
] MZAE 108.0810 111.1167 114.0915 128.1069 125.0964 139.1120 111.0805 282.2789 254.2489 240.2320 73
A 108.0808 111.1168 114.0913 128.1070 125.0961 139.1117 111.0804 282.2791 254.2478 240.2322
1% % /Mu 0.2 -0.1 0.2 -0.1 0.3 03 0.1 -0.2 1.1 -0.2
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Fig.4 Total ion chromatogram of 4 macamides
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Fig.5 Mass spectrums of 4 macamides
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for tHPRAE WAR 8, AHRREIHIAT 099, LMXARR
If. Mb18:3. Mol8:2. Mbl8:2. Mbl6 75345 Hi R
3514 0.5 mg/kg. 1.2 mg/kg. 1.2 mg/kg. 0.5 mg/kg,
T R AT AR BRI 3 £
252 AR A G iEEEE K

FEME T =R, G55k, EmsEmA &
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ARTIEE R AR 9 B,

3 8 4 MIDUIBEARAILAE 7572, X RBFAEHIR

Table 8 Linear equations, correlation coefficients and detection limits of 4 macamides

2 AR KH A2 KMTEE)(ng/mL) ARX BE F iR B R/ (mgke) F kA ER/(mgkg)
N-F#-92,12 2,15 Z)-
o y=2.67x+3.89 0.9976 0.50 1.50
+ A\ = HaBlE Mbl8:3
N-Ja] ¥ £2AF A9 2,12 2)-
i y=168.453x+544.04 0.9978 1.20 3.60
B Bt Mol8:2
N-¥#-09Z,12 7)-
BB MbIS:2 y=3.66x+12.00 0.9984 1.20 3.60
N-F H- sk B
=17.81x+20. . ) )
>4 y=17.81x+20.59 0.9998 0.50 1.50
F9 HENESER
Table 9 Test results of the sample
B 474 4 A WHElg WBER MR E/(ngml) HedF/(mgkg) FHEF/(mgkg) RSD%
. 0.1007 369.7 91.78
N-F - Soak B
0.1012 357.2 88.24 91.58 3.54
Mb16
0.1002 | 379.6 94.71
FNER =B 0.1012 196.1 48.44 47.43 271
Mb18:2 0.1002 184.3 4598
TR
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H#LER

N AR E(9Z127) 01007 232 5.76
+ N M B 0.1012 232 5.73 5.70 1.36
Mo18:2 0.1002 225 5.61
N £(9Z122.152)- 0.1007 84.6 21.00
N = S 0.1012 86.3 21.32 21.53 3.09
Mb18:3 0.1002 89.3 2228
F 10 EHEFIEZENELER
Table 10 Test results of accuracy and precision
B 474 % AR IARElng  MEEE  HBRMEH WE/(ng/ml)  =E% FHEIE/ % RSD/%
0.1011 3452 108.80
7.35 0.1005 3426 107.81 108.48 0.81
N-2 Hf R A 0.1002 ) 343.6 108.83
Mb16 0.0998 3523 84.71
10.0 0.1013 349.7 82.03 82.07 2.58
0.1010 344.0 79.46
0.1011 333.8 74.95
47 0.1005 339.7 78.69 81.64 9.94
N-F£-9Z,127)- 0.1002 362.8 91.29
+ NBR = A
Mb182 0.0998 380.0 82.64
5.73 0.1013 411.1 94.97 91.90 9.52
0.1010 4177 98.10
0.1011 477 110.04
0.56 0.1005 45.9 102.62 108.47 4.80
N-ja] ¥ 2 FH-(9Z, 122)- 0.1002 48.1 112.74
A= St Mol8:2 0.0998 52.2 109.54
0.67 0.1013 533 112.36 113.00 3.77
0.1010 545 117.08
0.1011 162.9 94.94
2.0 0.1005 1713 106.09 104.65 8.23
N-F1-92,122,15 7)- 0.1002 176.5 112.91
+\BR = M
Mb18:3 0.0998 187.3 97.57
2.6 0.1013 186.3 95.37 93.91 453
0.1010 179.2 88.79
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