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Rapid screening of 19 kinds of characteristic components in functional health
food by ultra performance liquid chromatography-quadrupole/orbital
trap high resolution mass spectrometry
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ABSTRACT: Objective To establish a rapid method for screening 19 kinds of characteristic components in
functional health food by ultra performance liquid chromatography quadrupole/orbitrap trap high resolution mass
spectrometry. Methods Methanol was used as the extraction solvent. After ultrasonic, high-speed centrifugation and
filtration, the separation was performed on XDB-C,gcolumn using 0.1% aqueous formic acid (0.02 mol/L ammonium

acetate) and methanol as the mobile phase for gradient elution. The real-time switching of positive and negative ions and
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the primary ion/automatic trigger secondary ion scanning mode were selected, a mass spectrometry database was

established using the retention time, primary ion and secondary ion information, so as to complete the qualitative analysis,

and complete the quantitative determination using the primary molecular ion peak. Results The relative deviations

between the measured mass number of ions of 19 kinds of characteristic components and the theoretical values were less

than or equal to 8.10x10™°. The 19 kinds of characteristic components had good linearity within their corresponding linear

ranges, and all correlation coefficients were higher than 0.99. The limits of detection were 0.25-1.00 mg/kg, the recoveries were

in the range of 72.33%-97.93% with the precision of 1.09%4.86%. Conclusion The method has strong anti-interference

ability and high accuracy and can meet the rapid screening of 19 kinds of characteristic components in functional health food.

At the same time, the authenticity of the raw materials can be identified by combining with the product label.

KEY WORDS: functional health food; characteristic component; ultra performance liquid chromatography

quadrupole/orbitrap trap high resolution mass spectrometry; mass database; quantification
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electronically stored information, ESI), Vanquish #8 & 5%
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FRAATEDY; MEFRFRAESL(LEEE 99.0%, FRHF/RESBIHABRAF);
SRIFTRERMEA (LI 99.48%, J5[H Stanford Chemicals 23 F));
Agilent XDB Cg {0if#E(50 mmx2.1 mm, 1.8 um, 3%[F Agilent
Al); Waters BEH Cg (47%41:(50 mm=2.1 mm, 1.7 um, & [F
Waters A F)); CHE. FEE(EIGL, EERTAR); BER
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100.00 ., 250.00. 500.00 ng/L RFIFRUE TAEMMLIFR, AT
AR MG e B B AR, R I BT o
122 #Honara =

[ ARRE S RIRENLETRE, WREE SOBY IR, WARFES 27
SHRA), EEHUH RIGH A LT AR S 1 gCRSH 2 0.001 g),
T 50 mL25HHH A, A 30 mL I, PR%TRS), A 20 min,
RHEZR, BFAPERBEEASMZE, Ry, &l
9 0.22 pm IR UE, SRR

1.2.3 A ZH0RAE €% -m AT /S8 B G

(1) SRR i 2 1

3N Agilent XDB Cig (50 mm x2.1 mm, 1.8 pm);
FEIR R 35°C; UERERFR 5 uL; 3EHER 300 uL/min; Hish
A 0.1%FFBRIH(F 0.02 mol/L BSERER)(A)FIH fE(B);
VEMSFEF: 0~1 min, 95% A; 1~2 min 95%~80% A; 2~4 min,
80%~40%; 4~12 min, 40%~5% A; 12~13 min, 5%~95% A;
13~16 min, 95% A.

QIS4

HE R ESI JRQE 618 F L Ui ), BN k.
3.0kV(IE). 2.5kV(fi); BT EE 350°C; &k n
IR E 250°C; S E S 35 psi, HBVRIETT 5 psi; B FiB
Bi(S-lens)HL R 50 V; B — R T/ A Sk R
FHE(Full MS/dd-MS?). AH#i4r BE% 70000, ikt
BJa Bl (m/iz) 100~1500, H 3 38 25 # ifil (automatic gain
control, AGC) 1.00x10°, 5 B4 [a] (LA F & #K 1T) 50 ms. —
A4 PE% 17500, AGC 5.00%10°, IT 50 ms, 43 £5 % (m/z)
2.00, H—fkflfERERE A 20, 40, 60 eV, 19 FAFAETE >
PSS EOLER 1.
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Table 1 Mass spectrometric parameters of 19 kinds of characteristic components
B = 3 B A =
. BTV BT —RETFINNR — AR _
%y G - o ey ., Y SR T(mi2)
XA EEE(Mz) H#(m/z) R ZEx10
" . 134.03623; 178.02740; 193.04954;
(RN C1oH,004 ESI 193.04954 193.05067 1.10 191.02841: 149.05971
R CieHsNO  ESI' 166.12282 166.1227 0.72 121.06479; 93 '062286 6150133'05423 5 33.03858;
_ 249.12739; 266.09375; 235.07536;
;/SQ + s > B
FHZEIIA C1oH,50; ESI 295.13281 295.13278 0.10 207.0815: 277.12231
i CorHuOs ST 407.27920 4072807 370 343.265; 363.29205; 289.21621; 194.20290;
251.20056
R CuHaOs EST 52737310 527 37469 3.00 465.33742; 221.19109; 97.06479; 59.01275;
481.36762
o . 297.07575; 381.09688; 363.08631;
HRE C,1H300y ESI 417.11795 417.11783 0.30 321.07575: 281.08084
e . 351.05714; 193.03562; 175.02505;
TR CioHe 016 ESI 821.39541 821.39777 2.90 113.02332: 43324321
oA o0, ST 299.11253 269.11389 4.60 89.02332; 59.01276; 101.2332; 131.03522;
119.03522
[ . 143.10666; 437.34141; 297.22129;
TS CaHesO14 ESI 807.44934 807.44922 0.15 767.45762: 731.43649
BURAF V. CooHiogOn ESI* 1285.64355 1285.64294 0.47 305.24751; 457.36762
. ] 191.05635; 161.02332; 85.02841;
45 3 5 5 5
2 )R Ci6H1500 ESI 353.08671 353.0882 420 179.03389: 93.03349
38T Cy7H340yy ESI 533.07874 533.08209 6.30 373.16456; 305.11722
ABHEFFRbl  CyHyOss ESI 1107.59457 1107.59644 1.70 945.54468; 631.71153; 515.16417;

433.20682; 113.02332
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KR FimE(miz) HH(m/z) {2210
N . 621.43794; 459.3878; 783.4931;
P 3! 5 5 5
AZBAF Re Cs3HoOns ESI 1077.58400 1077.58557 1.50 13103389 19105501
ASHBEIF Rgl  CpHpOu ESI 845.49152 845.49133 0.22 637.43211; 475.37928
- . 793.36864; 433.36226; 99.00767;
ABEFAF R0 CyHy0p0 ESI 955.48971 955.492 2.40 633.36920: 523.37819
s o . 313.07066; 531.18609; 369.13326;
ELFET Cs3H40015 ESI 677.24347 677.24323 0.35 85.02841: 433.22208
- . 190.9975; 206.02231; 163.00259;
=4 I > s s
SEWR I W C11H100s ESI 221.04445 221.04565 5.40 221,045, 135.00767
BULKRE  GHO,  EST 137.02332 137.02443 8.10 109.02841; 81.03345; 93.03349;

119.01276; 65.03858
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AR 0.1%F BRIA (T 0.02 mol/L BERRERT, 19 Fh4FAE
PE R 53 00 BT 3 o 8 BT AR XS B s CEVE A HLAHI, 85
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Fig.1

Chromatograms of 19 kinds of characteristic components
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Fig.1 Chromatograms of 19 kinds of characteristic components
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5.321.8.596 mg/kg) WIEFRE S, #4850 mL (¥ HIiE 2.1 . é[s 100 -

ZEXT 19 FRERAEPE B A SR IRDBCR A 5200 . 3 ARG 80 L
PRRRIL JTORE & FR R ) B R AE T o R Ok B A R B, &

B L B Hk B A 7 TR, O Tk — B P A 60r
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e e S e g ISR BN S Ely UL K B T i B2 27 a0

5.0 pg P TIRBGHCR 5, 45 R R KF ZEMMES IR EE L E%Mg\ﬁ\l ﬁ?m@ﬁm”ﬁﬂﬁﬁm?%@ﬁ;%%i
e ESCRAE T 70.00%, FEAVRIIEFAE MRS E 2 Bl e SER B HmE
Z%*@W%ﬁﬁ%,Eﬁﬂ%ﬁ%ﬂﬁ*%ﬁ%ﬁ%% %EMM%%<.<
Z, T EPRY I E; BEAEREEBORES, PR

=1, N ¥ A 410 - =1 4. Y2 X

JIe DA% R A D A IR
2.3 REVRFRME RPN E R

DL 1S OR AR AN B I & 7 SRR B, 542 10,25,
50 mL PR RF AN A REIEME B DGR ISR, TR
TR D L TR b AR A O RRIE T R A bR HER T 5.0 g,
S5 R R BTSN RFAE M B e SR BORA T 10,25 .50 mL
BF, s [ e 258 it 2 Y ) 2 1 396 K B B T v e A (L
K 4. 5), IRBUATN 50 mL B, ZINBERAETE RS Efi R
PIRER R 74.83%L b, FRUIEE IR 2, BINAEE
T B0 A7 A0 N TR) R P %) i S k) 255z, (L i 2 Y B4 ) o
FIE N, BB ZHIEER, ISR R G R )
— SRR, BOEEARBOR AR, 50 mL.
24 FBEREER

DA 1S ORI & F g SR S, VS I o i
B R ARAG BRI PE B AR IR 5.0 pg, HESHER ]
A5, 10, 15, 20, 25 min BPXEIAGRRENERL S PIBCE Y
SN, 25 5L B IR S T P S I A R A 143 A s ]
R AERR A I 10 min FFREIRR)] 72.89%~87.34%

Fig.2 Recoveries of 18 kinds of characteristic components in
No.1 health care solution in different extraction solvents
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Fig.3 Recoveries of 16 kinds of characteristic compounds in
Caoshanhu tablet in different extraction solvents
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Recoveries of 18 kinds of characteristic components in LiK
health care liquid at different extractions
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Fig.5 Recoveries of 16 kinds of characteristic components in
Caoshanhu tablet at different extraction volumes

N T SRR S AR U AL, B IPEEE
SRR . LLRRSIOE . 1 SR . PDURM .,
HHE R 5 FRENL, AR 1.2.2 Zb3, ARSI 5. 10, 15,
20,25 min, HACARFRIERRI A T A AR B & Y
A4k, A TR B BN M R P Y TR R R,
SEILRW, AE 5~20 min P, 5 FEESE LIRS AFAEE RS
T R R I R KRG K, Sl R O 2200, B

SRR B B A AL I 3 25 S (P<0.05) (L3R 2), FEiRFS
BRI 20 1125 min B, FE 5L FPRAERE B & 3R AN B,
JIT A28 75 B [ 2 >4 20 miin.

2.5 FRiEEEMk

%8 2 W) B E e R e, IR AR kR Full
MS/dd-MS? B TE BT AL 100~1500 m/z 36 il A 743,
GER R IOy PR R, R BOR BT, (R A S B0
b, ARG Y N R B AR, G BiR B IE, LI E —
G R RE S HER N 70000, 17500, BEFE 20 R 4L
(5 o B EA T AT, MRS T 2R B FE R
[vi) sf 446 S AP ST, 19 v AiE 1 A 43 Y — S B8 I Aoy EL s
E S IS M 22/ T 8.10x10°°(IL% 1)

2.6 BUBEFEN

WF B 19 Fl e AE 1 140 169 % v 49 S5 TR A V% TR
(200.00 pg/L)HEATBTikAH, LR 6 1R, 15 19 F H
PRI AR B IR — 2 B T S 2 5 8, A Xcalibur
B B BEAE (8 I 22 /N0 — G F B, Ol B A I 1
3~5 NIRRT, HESL 19 FRREYE B R R RO 12,
SEPLAETCARAE A B B0 T, 388 2o 50 126 sk 7 5 2 1 43
BE ST E AT (19 FMERIEME L4 -

27 WUHR. &MXR ERESHEEE

TF 5% SR I AE 23 11 35 0 HP s A [k 38 %) o 900 I,
PLBESS IRAT 0B 1 I SRR B vk B M G B, SE R 1
SMER (T AS BT Rgl h 0.685 mg/kg)fF e L
BRMBALFE SR B RES KR S 24T Rgl 11
FARF R, BPAS B Rel WA R 0.34 mg/ke;
A 18 FRFAE T A3 A4S HH BRCOR FHAE 15 AR R A A [)
W AR ER IR, BEARIBUR N, — 2% B It A9 e (0K o vk
RIAiZ HAR IR R, LAy 18 BIRRAE 1 43 i A 4 B
} 0.25~1.00 mg/kg(WL3% 3).

2 AEBAEEE 5 #HERERPFEER S & 2L (n=6)
Table 2 Changes of the content of characteristic components in 5 kinds of samples under different ultrasonic time (n=6)
. T P PEHUA B /(me/k

Fran R FAEAERSY 5 min 10 min -~ 15 miil el 20 min 25 min
BB 24.353+2.54° 28.156+3.08% 33.441+1.92° 34.128+2.53" 33.986+1.94°
AZ 1 Rbl 156.423+3.81° 187.156+4.05° 197.712+2 81° 213.128+1.97* 213.423+2.18"
NS NSRBI Re 611.251+4.15¢ 659.452+3.27° 695.328+2.49° 723.354+2 .47 723.809+1.94°
BRI R AZBAF Rgl 295.224+3.54¢ 325.24142.56° 335.378+2.08° 341.725+1.54° 340.714+1.72°
AZ A Ro 8.421+3.85" 13.254+2 34° 14.951+1.46 16.524+2.61° 16.253+2.38°
TR 332.051+3.11¢ 356.125+2.19° 385.526+2.18" 396.854+1.75 395.861+2.05°
RS LT FAT 4.215+4.02° 7.851£3.21% 10.124+2.33° 12.214+2.01° 12.321+2.71°
- JE L ZS 0.102+3.51° 0.305+2.79" 0.712+2.54° 0.835+1.67* 0.796+2.05°
B ASE1H Rgl 0.826+4.17° 1.121£3.04* 1.564+3.11° 1.721£1.88° 1.720£1.34°
15 NSRBI Rel 0.111+3.13* 0.3524+2.27° 0.607+2.31* 0.685+1.58* 0.681+2.14*
B AT 2.244+2.96" 5.524+3.24% 8.245+3.14° 9.423+2.82° 9.021+2.12°
HLf FPORTT V 42.235+3.27° 47.329+2.57° 49.362+2.46™ 51.284+1.21" 51.863+1.57°
AT 3.125+3.09" 6.325+2.73% 8.068+2.19° 8.596+2.08" 8.503+2.81°
LM SRR R 23.356+2.18" 27.359+3.11% 28.563+2.04° 29.354+2.34° 29.253+2.34°
J L ZS R 0.856+3.28" 3.41242.19° 4.256+3.16° 5.321£2.79* 5.201+2.17°

T [ — S it o [ — R AE P 20 AN ) 7 BE R f 3512 5+, P<0.05.
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Table 3 Linear ranges, linear equations, correlation coefficients, limits of detection of 19 kinds of characteristic components

RS B ZEPEVE R/ (ng/L) 2k R LIS {() K B /(mg/kg)
[ TA 20.00~500.00 Y =1.47x10" X —1.86x10° 0.9956 1.00
KAz 20 20.00~500.00 Y =1.75x10° X —4.72x10’ 0.9915 1.00
FHZ: 1 20.00~500.00 Y =1.27x10°X —6.67x10’ 0.9910 1.00
JilENizd 20.00~500.00 Y =1.59x10° X —6.10x10° 0.9902 1.00
R R 10.00~500.00 Y =1.17x10° X =7.05x10° 0.9981 0.50
HRE 5.00~500.00 Y =5.89x10* X —7.89x10* 0.9996 0.25
HHER 20.00~500.00 Y =1.52x10°X —1.22x10° 0.9971 1.00
SN 10.00~500.00 Y =9.57x10° X —1.22x10° 0.9942 0.50
R 10.00~500.00 Y =3.67x10* X —2.50x10° 0.9943 0.50
FIRAT V 20.00~500.00 Y =2.37x10° X —9.05x10* 0.9901 1.00
)5 20.00~500.00 Y =2.96x10%X —4.20%10° 0.9982 1.00
HBEAT 20.00~500.00 Y =4.64x10° X —4.75x10° 0.9933 1.00
NS A Rbl 5.00~500.00 Y =2.92x10° X —4.40x10° 0.9947 0.25
ASBEH Re 5.00~500.00 Y =3.26x10° X —5.93x10° 0.9921 0.25
ANZ A Rgl 5.00~500.00 Y =2.62x10* X —4.82x10* 0.9984 0.34
AZ B Ro 5.00~500.00 Y =2.06x10*X —1.16x10° 0.9975 0.25
R 5.00~500.00 Y =8.37x10*X —1.14x10° 0.9911 0.25
SR Rz e 10.00~500.00 Y =3.73x10* X —5.41x10° 0.9983 0.50
B LR 10.00~500.00 Y =4.62x10° X —3.64x10° 0.9980 0.50

DU A/ R 7 T B v 40 I R R 1 — R 4
PERATIRE] 70000, 454 PLTHERE T, [AlBF B IE
Jo e S — R N S8 AT B Y RS B, SEIR A —
5 B 1 43 PSRRI RORG B AR R R AT AT, SR Full
MS/dd-MS* HBE, — RS AL T — % BT
VAT, ORI — RTS8 19 FVRAE M 03 19 7
Sy, WRFTECHT 19 FERAEPE B A bR v 1A VA VB vk
4 5.00.10.00., 20.00 ., 50.00., 100.00 ., 250.00 ., 500.00 ng/mL,
LT (ng/mL) g X-h, DT i 1 R Y-k, sl 4 A v
TAERRZR, 19 FhRRAEAE: B Y5 2R AR I PR 90 B A7 AR 5 1)
SRR, r fERF 0.99(W.3% 3).

U1 S ag . B OURNE . RO & A R TR 2
TR S BE RTINS IS 8G, 1 SRR R & A S
1F Rgl 7 0.685 mg/kg, HF &M, T AS A Rl

T ESCSE R R BGIBR IZIE T i A S B Rgl M5
TR, B I R B UURT V 51.284 mg/kg. fF5E
17 9.423 mg/kg, RIS A rf & 50 K IE 29.354 mg/kg .
JLASHE 5.321 mg/kg . 4351F 8.596 mg/kg, H X IR
WA B R b S DR AR R sy, HE R,
(R It 2 DR R ARSE A C DURTE V2R 359 B a1 i
Ry, RIS R AN E A R R e L R LR L AR
SEFFAYINAR ISR SE 5 o 3 PR i 35 T v FLAYRRAE 1 A 43
M9 0,40, 2.00, 8.00 mg/kg, HAEME
il es 6 AFESL, Hie 1.2 BAE, 3 FIFES LT b 19 FhRRIETE
B4y AR B W 72.33%~97.93%, A XF AR A w25
(relative standard deviations, RSDs)} 1.09%~ 4.86%( L5
4), AR A TR EER

F4 19 FFEMR D 3 FHERE R PR MARE S EIEZE (=6, %)

Table 4 Spiked recoveries and the precision of 19 kinds of characteristic components in 3 kinds of samples (n=6, %)

. T 1 Sk B UUR B A
’ /(mg/kg) [A]1 #(RSDs) [ & (RSDs) [ 22 (RSDs)
B 0.40;2.00; 8.00  76.72 (3.67); 83.54 (3.12); 76.96 (3.44); 89.38 (2.96); 83.12 (4.03); 85.52 (2.61);
82.76 (2.13) 91.69 (1.80) 82.58 (2.76)
Sogsppg 0405200800 75.64 (3.17);78.27 (273); 85.95 (3.11); 88.72 (2.46); 82.37 (2.53); 85.43 (3.35);
’ 79.33 (2.25) 82.25 (1.73) 86.12 (2.14)
S5 0.40;2.00; 8.00  82.57 (3.16); 84.67 (2.82); 82.12 (2.13); 85.92 (1.68); 86.78 (3.51); 85.14 (2.08);
' 82.73 (2.23) 87.37 (2.92) 87.35 (2.58)
P 0.40;2.00; 8.00  83.57 (3.36); 87.35 (2.44); 83.78 (2.93); 86.44 (3.06); 82.17 (3.55); 91.22 (2.33);
. 89.22 (2.04) 93.76 (2.43) 93.64 (1.97)
o 0.40;2.00; 8.00  86.29 (3.85); 92.87 (2.66); 82.76 (3.93); 85.15 (2.57); 88.11 (2.12); 93.46 (2.43);
h 95.80 (2.47) 93.74 (1.59) 96.75 (1.52)
Bz 0.40;2.00; 8.00  76.39 (3.21); 75.90 (3.34); 78.37 (4.11); 78.34 (3.40); 86.34 (3.98); 97.26 (3.12);
78.62 (2.75) 77.92 (2.93) 79.10 (2.94)
g 0.40;2.00; 8.00  81.38 (2.22); 86.56 (3.07); 86.17 (2.52); 88.47 (3.10); 85.22 (3.79); 91.85 (2.86);
89.63 (2.36) 93.33 (2.86) 93.92 (2.35)
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= AL
b Sy 1 SRR LAY I
FROEVERLSY  WSINEE/(mg/ke) [k % (RSDs) i % (RSDs) [A] it % (RSDs)
gy 040200800 75.18(3.53);83.51 (2.45); 75.30 (3.73); 75.63 (2.84); 76.13 (3.53); 83.45 (2.97);
89.80 (2.72) 86.19 (1.52) 85.83 (1.32)
ey 040200800 7632 (421); 83.56 (3.23); 7233 (4.04); 81.54 (2.29); 81.11 (3.24); 85.71 (2.83);
H 86.92 (2.34) 87.53 (1.86) 88.11 (1.91)
— 0.40;2.00;8.00  81.25 (4.33); 83.80 (3.59); 1151 75.16 (4.63); 83.57 (3.83);
FURHV 87.63 (2.13) 87.14 (2.11)
SR 0.40;2.00;8.00  76.26 (4.56); 76.35 (3.88); 8137 (4.25); 83.75 (3.41); 7931 (4.32); 82.74 (3.24);
78.27 (2.93) 88.76 (2.93) 86.44 (2.05)
. 0.40; 2.00; 8.00 88.35 (4.31); 85.97 (2.24) vy 111
S 97.93 (2.50)
Jmrrgr Ry 040:200,8.00  83.48 (412);83.74 (3.24) 81.77 (3.46); 85.79 (3.07); 89.21 (4.74); 86.37 (4.24);
' 89.54 (2.78) 90.42 (3.42) 86.24 (2.95)
Jsmgrre  040:200,800 9231 (486); 88.34 (3.44) 8433 (4.52); 87.71 (3.14); 91.32 (4.74); 82.74 (3.64);
' 96.44 (2.05) 88.06 (2.91) 81.44 (2.55)
Jssrnfprgl  0A40:200:8.00 8278 (4.05): 8342 (.13) 79.72 (2.22); 81.47 (2.18); 78.38 (4.32); 82.63 (2.46);
8534 (2.21) 82.67 (2.37) 84.92 (1.98)
Jmrgr R 0402000800 8333 (3.71); 9155 (2.08); 79.07 (3.20); 81.37 (3.39); 83.27 (3.59); 81.06 (2.34);
95.42 (4.14) 93.47 (4.73) 85.47 (4.50)
ey 040:200:800  88.65(3.04): 8166 (2.79); 87.64 (3.81); 93.72 (2.49); 89.25 (3.24); 91.56 (2.91);
: 85.27 (4.53) 95.47 (4.03) 95.40 (3.53)
Gy 040200800 §9.25(3.54)81.27 2.87); 82.05 (3.76); 88.16 (2.24); vy
85.07 (4.19) 87.32 (4.05)
gLgeme 0405200800 8285(3.21);88.01 (1.09); 83.71 (2.07); 95.71 (3.34); vy
87.15 (3.51) 9132 (3.67)

T AR IETT  AMOZ RAE M 53 14 s [l e 32 52 56

2.8 BOPREEMZSEMOMATRIEENELR T AN TR R, X5 PRy 1 0
2 SERPEATROXREAR tHR S0, 45 5L W% PURRROI 7 %t 5 A

BFGE LA R TGP S 00 BORCHE . DR RS AO e 1 RE S TPURRE P 4 1 U 5 R T 2 3 2 B (P>0.05), t
B B OURME . SBIA T S RRER AR E R EROK, REIXT A SRR, tEIE S 5
S EARY, TR 1.2.2 JruEATANER, SRR S R S AR T s T DB R
R = S DU R BB A PO, R PRI R RS

RS SHEMARPIHEMRS NS S RIEES ZEMNRATRIEENESRLE
Table 5 Comparison of determination results of characteristic components in 5 kinds of samples by high resolution mass spectrometry
and triple quadrupole mass spectrometry

= DU AT B/ (mg/kg) AT PRI /(mg/kg)

v T
s WY TaER T woRe VORI PR t "

T 30.208 29.153 31.415 31.265 -3.667 0.169

BT 34.532 33.245 36.853 38.354 -2.665 0.229

S b Aiﬁ‘;ﬁ“ Rbl 210.281 209.235 213.516 221.125 —1.748 0.331

e AZBTH Re 725.124 721.254 723.809 712.256 1.342 0.408

ANZ BT Rgl 345.254 350.231 340.714 331.235 1.628 0.351

AZ BT Ro 14.951 13.253 16.253 18.235 -1.708 0.337

TR 390.325 381.234 395.354 401.234 -1.672 0.343

RS St 14.534 13.254 12.254 13.245 1.008 0.497

AR RSN LA S 0.623 0.785 0.796 0.835 -1.813 0.321

AS BT Rgl 1.253 1.065 1.325 1.489 -1.409 0.393

1 SO A2 B Rgl 0.525 0.489 0.685 0.546 -2.107 0.282

P ﬁF%E 11.254 9.235 9.021 11.236 0.055 0.965

BRI V 53.452 49.536 51.863 50.236 0.388 0.764

L HBEFF 10.254 9.356 8.503 10.235 0.332 0.796

SR R e 31.211 29.531 29.253 30.264 0.455 0.728

JE LS 4.025 4215 5.201 4297 -1.150 0.456
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XPRAEN 26 HUFESE A LA TR I, I SAR eI
FEAREEXT, S5, 25 bR A dh a5 A H R 2 AR
PR IEORE, 3 A ECRH AR AR B 4G AT ORE S ] e
Kt ZRPRAEPE S, 1 PRI B AR ™ A A H 2
FROEE RGO E5ARZE o 5 LS B DUR AR & S K T 4%
TEPER B UURAF v, Fl 30.218~5004.543 mg/kg; 4 it
WETEES I RIS 1 T A S 247 Rbl. Re. Rgl.
Ro $FAEYER Y, S &40 176.315~453.724 . 285.181~
4302.307. 15.328~1735.439, 3.231~695.763 mg/kg; 2 #LIKFR
WETESE 50 B T AS BT Rel, THN 0685,
1.721 mg/kg; 4 #EUCHEIHI S ke H 5008 B e REAE M A 4,
B E o 7.351~323.983 mg/kg; 2 IR LIRS £ b kG A
HEPE R 215 TE, il 12.214,75.785 mg/kg; 2 HEVRIRIE
PRI R BT3RS, 7y 54.742 ., 63.062 mg/kg; 1 LR
FARM ISR A S A AR, &l 345.093 mg/kg; 5
HEWR A ARTE S O £ W A Y 32 BERRAIE T 1 S S R
Srith 357.492~3798.048 mg/kg; FIRSE B RIS
[v] — o JSURH A A [e) 7= it b A 1 P SR A 2 o 00 AN —
TR,

3 &

AW HT UPLC-Q/Orbitrap HRMS $5 A, FIFH 19 F3=
BRHEPE R PR I fR), — S T R R 8,
19 Flr S BEREAEE R R HERE 2, SEBRAE JChRE St T 10
T IREME AR A AL R 19 Fh B R B PR T A, I
X R R AR B S e — R 1) e B i A 7
R FE DU E o IR PL TR ik, RS, Aethai
B INREEAR A A P Y 19 Fh ESAREME Y, %O EERIRE R
W S5 R 54658 = 5 DURRAT T e 45 SR e B 22 57,
(i) s AR AR e AR RO i 2 = v ol ORI L DR I, SRR
TR SR ER R AL IR R S5
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