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Abstract: A method based on high-resolution mass spectrometry library and characteristic component diagnostic ratio was established for
identifying illegally added epimedium in food. A high resolution mass spectrometry library of six characteristic components of epimedium was
constructed by high performance liquid chromatography-quadrupole-time-of-flight mass spectrometry (HPLC-TOF-MS) for preliminary
screening. Simulated wine, substitute tea and drink samples were prepared using Chinese medicinal materials of epimedium obtained from
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different origins and picking times. A liquid chromatography analysis method was established for the characteristic components of epimedium in
three different matrices. The characteristic component peak area diagnostic ratios, DR1 (epimedin A/ epimedin B), DR3 (epimedin A/ icariin)
and DR7 (epimedin B/ icariin), which were less affected by the origin, picking time and processing technology, with no significant differences
among different matrix groups, were selected and combined to draw box plots. . Then, the non-abnormal value ranges of diagnostic ratios were
determined to be 0.60~0.96, 0.26~0.64 and 0.35~0.91, respectively, which were used as identification indicators. The actual samples of prepared
wine, substitute tea and drink were analysed. The prepared wine samples of one batch matched with the high-resolution mass spectrometry
library of the six characteristic components of epimedium. The diagnostic ratios of the three characteristic components DR1, DR3 and DR7 were
0.73, 0.28 and 0.38, respectively, which were all within the specified range, inferring that epimedium-containing Chinese medicinal materials
had been added to the prepared wine samples. The method is accurate, fast and stable, and can quickly identify the illegal addition of epimedium
to food and provide technical support for cracking down on the illegally added epimedium in food.
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Table 1 Mobile phase gradient program
BT Ymin ik v/(mL/min)  AEHAE A%  AEHAE B/%

0 0.3 5 95

2 0.3 5 95
20 0.3 95 5
25 0.3 95 5
26 0.3 5 95
30 0.3 5 95

(2) TOF/MS TAEZAt:

B MR ST ER TR Em
FHE: 5500 V; BRI : 550 C; KA 35 psis
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Table 2 Mobile phase gradient program

B t/min - AR v/(mL/min)  RSHAR A% AR B/%
0 0.8 25 75
26 0.8 25 75
40 0.8 37 63
62 0.8 37 63
66 0.8 75 25
70 0.8 25 75
80 0.8 25 75
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Table 3 Information of characteristic components of epimedium

BRFET ME e

“ﬁf ®XE CASE AT ATE L g)‘f i ’;?ﬁ‘ TREL FEF2 FET
u /(x10™) /min
EEEY Icariin 489-32-7  Csz3HyOq5 677.24455 -8.89 [M+H]Jr 10.33 677.23853 313.06884 369.13104 531.18184
BEEA Epimedin A  110623-72-8 Cs9Hs500, 839.29737  -7.36 [M-"-H]Jr 996 839.29119 369.13450 531.18512 677.24190
HEZLB Epimedin B 110623-73-9 CsgHy3019  809.28681 -7.76 [NH‘H]Jr 10.08 809.28053 369.13143 531.18293 677.23974
FHEZC Epimedin C  110642-44-9 C;oHs50Oy9 823.30246  -7.19 [M-"-H]Jr 10.16 823.29654 369.13114 531.18310 677.23981
EEH 1 Baohuosidel 113558-15-9 CpH;00, 515.19173 -4.43 [M-"-HTr 12.91 515.18944 85.02791 313.06874 369.13162
EEF I Baohuoside I 55395-07-8 CoHogOq9  501.17607  -0.50 [M+H]Jr 11.63 501.17582 85.02800 299.05441 355.11734
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Table 4 Diagnostic ratio number and description of characteristic components of epimedium
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DR3  #EZ AEFEH DRS8 MEZBIEERF I DRI3  EFEH/EEFI
DR4 WEXANZEF DRY YEXBEEFI DR14  ZFEHFZEHFI
DRS5 PEXAZERI DRI0  #AER C/I2FEH DRI15 EEFWERERFI

&5 10 #REFEPHMEINECHERIFHER 7S HitL &
Table 5 Diagnostic ratio of characteristic components in 10 batches of prepared wine of epimedium

Hdh DR1 DR2 DR3 DR4 DRS5 DR6 DR7 DR8 DR9 DR10 DRIl DRI2 DR13 DR14 DRIS
Y1 072 096 031 564 937 134 043 788 13.09 032 587 9.74 1842 30.58 1.66
Y2 094 0.11 036 079 010 012 038 084 0.10 3.13 694 084 0.14 1.19  0.12
Y3 063 015 054 8448 745 024 085 13386 11.81 3.59 56534 49.88 0.03 0.02 0.09
Y4 077 028 036 558 095 036 047 724 123 129 1989 339 0.05 030 0.17
Y5 074 095 027 346 481 129 037 469 653 029 3.63 505 028 020 139
Yo 072 064 028 251 19 089 038 348 272 043 392 306 026 033 078
Y7 071 050 048 447 324 070 0.68 632 457 097 899 651 0.11 015 0.72
Y8 064 039 050 492 246 061 078 770 3.85 128 1258 630 0.08 0.16 0.50
Y9 063 055 047 648 390 087 074 1031 621 0.85 11.86 7.14 0.08 0.14 0.60
Y10 073 059 064 383 260 081 087 523 355 107 644 4.37 0.16 023  0.68
RSD,% (n=10) 12.49 57.36 29.30 208.29 77.84 56.47 35.00 216.09 78.89 86.27 272.72 149.12 295.01 287.78 77.50
& 6 10 HOREFE PRI B R AFHEA DML &
Table 6 Diagnostic ratio of characteristic components in 10 batches of substitutional tea of epimedium
5 DR1 DR2 DR3 DR4 DR5 DR6 DR7 DR8 DR9 DRI0 DRIl DR12 DRI3 DR14 DRI15
Y1 063 115 027 771 8.67 182 042 1223 1374 023 6.72 755 2881 3238 1.12
Y2 096 0.12 035 132 0.5 0.12 037 138 016 293 11.02 126 009 079 0.11
Y3 064 0.16 054 12323 3401 025 0.84 19334 5336 334 76936 21235 003 0.02 0.28
Y4 072 033 031 566 327 046 043 783 452 093 1720 993 006 0.10 0.8
Y5 075 129 026 378 323 172 035 503 430 020 293 250 034 040 0.85
Y6 074 0.75 028 292 267 101 037 392 359 037 38 356 026 028 092
Y7 072 0.84 038 11821 6.54 1.16 053 16331 9.04 045 140.18 7.76 001 0.13 0.06
Y8 072 0.87 041 11996 455 120 057 166.11 631 047 13796 524 001 0.19 0.04
Y9 060 0.72 032 3926 3.66 122 054 6598 6.15 044 5420 5.06 002 020 0.09
Y10 073 099 043 378 391 137 059 520 538 043 381 393 026 025 1.03
RSD,% (n=10) 13.83 55.50 24.47 128.84 137.79 56.37 29.75 127.80 144.77 117.86 205.94 252.98 303.64 292.38 86.84

XTIIET 10 FEIEE 8 R 2Rtk 1.2.2 i
MR, SIS W B IR 5~3K 7 Fos, TERCH]
WL AR, BAEE 2 A 53 ¢ B AR LL{E DR1
BUHEEHTE 0.63~0.94 [X[8], A% 5] FRIAH XS AR
7 (RSD) N 12.49%; FHEE A HEFETIEMHA
Et{l DR3 BUEEATE 0.27~0.64 [X[0], 5FE5 8] I
SHFRERZE (RSD) N 29.30%; ##E B 5 FE+
T AN LU DR7 $UEAEHTE 0.37~0.87 [X[a], HAFEM
[B] AR PR R ZE (RSD) N 35.00%. 7EAR AR
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910.53%; HAFEE A SIEFEHIEMAALLE DR3 £
HEEFTE 0.35~0.58 [X[A], EAF b A A A i 22
(RSD) 4 18.63%; HHZE & B Sy R HIGMAN LU
DR7 HUHAETTE 0.41~0.91 [X[a], KFEAIIALG bR
HEfmZE (RSD) A 26.49%. i#it %212 Wit Lk
B, TERCHIE. ARCHZFFIOR = FhBAR R b, 10 4t

UHERL Y DR1, DR3, DR7 BEBEIAXTEN, &Ff
A AR AR 25 (RSD) HIARE T 35.00%, HE
12 HS Wi LU E BB X AR, FTRER T2 EE A
A= MR ASCZE T A R T i 1 2 W7 LU AE PR sl st
K, WM& W E DRI, DR3, DR7 /ENEF
T 2 S .

R 7 10 HOREFEPAMEINRRIAVEHELE S BTt E
Table 7 Diagnostic ratio of characteristic components of 10 batches of drink of epimedium

H ot DR1 DR2 DR3 DR4 DR5 DR6 DR7 DR8 DR9 DR10 DRIl DRI12 DR13 DRI14 DRI15
Y1 077 082 041 2883 4347 1.06 054 3743 5644 051 3525 53.14 6953 10482 1.51
Y2 08 447 035 244 021 517 041 282 025 008 055 005 1.83 2094 0.09
Y3 064 015 058 1613 4203 024 091 2512 6543 3.82 10595 276.00 0.02 0.02 2.6l
Y4 080 030 039 1444 278 037 049 18.02 346 131 48.07 924 0.02 011 0.19
Y5 080 082 035 11.04 17.06 1.02 044 13.80 2133 042 1346 2082 0.07 0.05 155
Y6 079 047 036 807 560 059 046 1026 7.12 0.77 1732 1202 006 0.08 0.69
Y7 070 047 041 1481 1766 0.68 0.59 2120 2527 0.88 3137 3740 003 0.03 1.19
Y8 070 044 049 1494 1128 0.63 0.70 2127 16.06 1.10 33.71 2545 003 0.04 0.76
Y9 061 049 042 1237 1000 0.80 0.68 2022 1634 0.86 2535 2049 004 005 081

Y10 076 059 054 11.00 1449 0.78 0.72 1454 19.16 092 18.64 2455 005 0.04 132

RSD,% (n=10) 10.53 140.77 18.63 50.48 91.19 12693 2649 50.15 9341 96.48 87.58 170.08 305.74 261.98 68.90

8 ECHIE. FMAARI R mESETtER ES

Table 8 Analysis of variance of the diagnostic ratios of prepared wine, substitutional tea and drink

BUHAE  FERR  Fik A HHF FMA plh 2F#
2 14] 0.00 2 0.00 0.18 083 REF
DRI1 E:Ra| 0.22 27 0.01
B2 0.22 29
20 19] 0.03 2 002 172 020 REF
DR3 1A 0.26 27 0.01
p¥ 3 0.30 29
2A 18] 0.06 2 0.03 097 039 REF
DR7 R 0.81 27 0.03
B3 0.87 29
24 FREREFALHNELERE RS o
0.8 F
il s
g 0.6 -
SRFH SPSS 21.0 G524 R 46 1 R 1308 S
RAZ R 3 42 ki tb{E DR1. DR3. DR7 041
HHT RSV ST, SRR (RS 3 M 02}
SRS HIZHIHE LR E M ER (p>0.05), K DRI DR3 DR7
Frigi 3 iz b B — e ffE e, Asert ik b f4H

s INT L ZRGERETIRI T, WA E R bk
JRH R T 2R R 5

2.5 YTt AE R E I E B

2 BRPEFEDAMAISHILETELE
Fig.2 Box plot of diagnostic ratio of epimedium in food
BEWZER RN 3 A2 LU E T AR50 5]
BT REIEER, AEREG X AE &R
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BTSN, R EA s, B 3
ANFIBEJT 1) &2 LU T & 5, TR 2 an &
2, e & EAEREETEE, 2WiE DR JEREN
0.60~0.96, ZWrLtb{E DR3 JuHElA 0.26~0.64, Z2lkitl
B DR7 Y&} 0.35~0.91.
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