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This study was conducted to determine the content of non-steroidal anti-inflammatory drugs (NSAIDs)
in meats available on the Korean markets. The analysis was carried out using following conditions;
C18 column (100x2.1 mm, 1.7 um), mobile phase composed of DW (containing 0.1% formic acid):
acetonitrile (containing 0.1% formic acid), binary pump at a flow rate of 0.3 ml/min and 5 ul of in-

jection volume, MS/MS detector with ESI positive mode.

The calibration range of five NSAIDs

showed linearity (r">0.99) at concentration range of 3.125~200 pg/kg. The recoveries in fortified
muscle more than 78.7~100.3%. The detection limits for meloxicam, ketoprofen, flunixin, carprofen
and tolfenamic acid were 3.5, 1.6, 1.7, 9.8 and 4.8 ug/kg, respectively. We also monitored NSAIDs
residue in cattle muscle 51 samples. The test results, NSAIDs were all not founded.
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2010), $--&(Daeseleire 5, 2003; Dowling 5, 2009;
Malone 5, 2009; Gallo %, 2010), A $H(Peters %, 2009)
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Ao AFE-3E 2529 meloxicam, ketoprofen,
flunixin, carprofen, tolfenamic acid®} WHEFEZEZQ]

d3-flunixin Sigma-AldrichAHSt Louis, MO, USA)<]

24101 R 22
= UPLC-MS/MS (Waters Premire XE,

47172
USA)Z, H## 2 BEH Cis (100x2.1 mm, 1.7 um, Wa-
ters)S ©]-&3tth o5 &= formic acidE &
49} opHl RO B o] 247} 0.1%7) HES 27
sto] 7|27 82O o EYUC|EY F=7} 40
~80%= WHASHA 29 03 m= &7, 249 2
EE 35°C, FUFE 5 wE sto] A sEITK(Table
1). AHEEA7|= capillary 3.5 kV, source 2%
120°C, desolvation 2% 300°CZ, gas flow:= des-
olvation 800 L/hr, cone 50 L/hr=2 3}o] ESI positive
mode® ©|23}5}31 a1, 7t EAE oY xEEH 0.5
ug/mle ==& ZH MS/MSo| F25to] precursor
iong A5l o, collison energysS Z A3l &
A& F709 product ion Asteict 2t =4E
precursor ion W product ion®] T3t cone voltage,

= 24 MRM E4% 7L Table 2

collison energy & =21

o} zroreh.

Table 1. Mobile phase conditions of UPLC for NSAIDs

IeE AoFS AFR3191al methanol, acetonitrile-- , H,0 with Acetonitile with
. Min 0.1% formic acid (A) 0.1% formic acid (B)
MerckAH(Darmstadt, Germany)®] HPLCH 2 =, formic S S
acid= KANTO Chemical (Tokyo, Japan) S S & A} 0.0 60 40
- - = _ - 9.0 50 50
gatoich BARA o] A48T DA ThEA o1 % 0
= Qasis HLB (60 mg, 3 ml, Waters, USA)E A3} 14.0 20 80
T A2 B2S 98k B%7] EZ2 plus Genevac, 141 o s
UK)E A&t :
Table 2, Parameters of HPLC/MS-ESI analysis for NSAIDs
Compound Precursor ion (m/z) Product ion (m/z) Dwell time (s) Cone voltage (V) Collision Polari e
P g energy (eV) v typ
Ketoprofen 255 105 01 30 24 .
209 ' 30 14
Meloxicam 352 184 30 16
0.1 +
115 30 18
Tolfenamic acid 262 209 01 26 26 .
244 ' 26 14
Carprofen 274 193 o1 10 36 .
228 ’ 10 16
Flunixin 297 264 28 36
0.1 N
279 28 24
d3-flunixin 300 264 o1 30 34 .
282 ' 30 24
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(A)
350 300.134 > 263.965 (Flunixin-D3)
1007 1.09e4
=]
0 T T T T T T T T T T T T T T
2.00 4.00 6.00 8.00 10.00 12.00 14.00
352.069 > 114.731 (Meloxicam)
1007 1.25€3
=]
o3
2.00 4.00 6.00 8.00 10.00 12.00 14.00
297.066 > 264.024 (Flunixin)
100+ 980
=]
o4
2.00 4.00 6.00 8.00 10.00 12.00 14.00
273.972 > 192 946 (Carprofen)
100+ 847
2]
o % T T T T T T T T T T
2.00 4.00 6.00 8.00 10.00 12.00 14.00
262.018 > 208.958 (Tolfenamic acid)
100+ 759
3 MMWMM‘WW%MMMNM
o T T T T T T 3 5 T T T T T T
2.00 4.00 6.00 8.00 10.00 12.00 14.00
255.07 > 104.748 (Ketoprofen)
1003 1.49e3
2]
0 T T T T T Time

6.00 5.00 10,00 12100 14.00

(B)
3.50 300.134 > 263.965 (Flunixin-D3)
100, aved
5]
0 T T T T T T T T T T T T T T
2.00 4.00 6.00 8.00 10.00 12.00 14.00
3.33 352.069 = 114.731 (Meloxicam)
100 3.03e5
=]
0 T A B A R A s s s AR
2.00 4.00 6.00 8.00 10.00 12.00 14.00
3.50 297.066 > 264.024 (Flunixin)
1007 2 64e5
S
0 L L B B A R AR R B RARS RAA N LA
2.00 4.00 6.00 8.00 10.00 12.00 14.00
1004 273.972 > 192.946 (Carprofen)
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Fig. 1. Chromatogram of a blank bovine muscle (A) and a spiked bovine muscle at 50 ng/ml (B).
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]| Y31 methanolof] $HA3] o] TEYH(100 ug/ml)2.
2 3l E E2YNS methanol 2 3]45}1] 1 ug/ml2
o] EFEgMog ALE3I9th H7EA)E(spiked sam-
ple)= w4lgh 51 Rl =7} 10, 20, 30 ugkgo] =&
5 539 RZ8HTHAS Hrtste] Alxsit

TA3SE Al& 5.0 g¢& 50 ml YHFH FHoF &
=22l d3-flunixin (100 pg/kg) 20 wl FH7}sk
41229 $88 5130 opEel=d 15 mi )
, 5,500 rpmoi| A 10E7F OJ/“—‘?‘—FJ@ =
—sH 600°Co A &HA %2 F 50% HEhS 3 mE
PHE =9l e, 1ml RS | ml FRGE 2
A3lst HLB 7HE2| o] Al RS loadingdtth. 5%
AR 1 A2 F A Aol 108 42
o 230 60°COlA Al
71 = 0] 0.2 um syringe fil-
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2, The standard calibration curves of 5 NSAIDs (r220.99). The
response value of carprofen was redrawn as five hundred
times because the sensitivity of carprofen is lower than other
compounds.
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Table 3. Recovery of the NSAIDs in meat

Recovery rate (%, mean+SD, n=3)

Coefficient of variation (%)

Analyte
10 (ng/g) 20 (ng/g) 30 (ng/g) 10 (ng/g) 20 (ng/g) 30 (ng/g) Mean
Ketoprofen 104.3+3.7 95.244.0 99.6+6.4 99.7+4.7 35 42 6.5 4.7
Meloxicam 105.7+5.7 96.246.1 99.0£1.9 100.3+4.6 54 6.3 1.9 4.5
Tolfenamic acid 84.3+2.4 77.147.5 78.248.4 79.9+6.1 2.9 9.8 10.7 7.8
Carprofen 82.445.7 87.442.0 101.9+3.7 90.6+3.8 6.9 2.3 3.7 43
Flunixin 82.3£1.0 75.8+0.9 78.1+0.3 78.8+0.7 1.2 1.2 0.4 0.9

A= o]FA gul2 10 mM ammonium formate (pH
3.005 ARESIR oY formic acide}l w3 E Ay}
formic acid”} signal®] £32] L intensity”} ¥ <=4
Jedziniak £(2010)2] ATLHE & ATE wYrh

NSAIDs 5<(ketoprofen, meloxicam, tolfenamic acid,
carprofen, flunixin)®] FA|E4 I Z0lE 132 Fig, |
7} 7t} 5%9] NSAIDs: 3.125~200 ng/ml9] 5%0]
A BEFAS A 3 AT 5F BF 0.99 o] 4
o] AHHA () S KA tH(Fig. 2). Carprofene 7H=7}
£ EHo] u|3)] Wo} responseZt-S 50082 3lo] 11
Iz

epe,

£

o
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C @ Fec

7} 10, 20, 30 pgheo] HES EEO] Bl H7t
stol A=CAT S4-8) 2 AUECHIADS

3t A3} 3488 78.7~100.3%, AUEE= 0.9~7.8%
A tH(Table 3). ©]= EAH validationo]] 33t Codex ¢
A 17F 10~100 pgkgoll A 3l4a0] 70~120%, ¥

FATE 20~30%0] 22 Haghe & 4 itk

5% NSAIDs #F=4S& 71 2% &S 7}
A] 31 International Conference on Harmonization of Tec-
hnical Requirements for Registration of Pharmaceuticals
for Human Use (ICH) Q2B Validation of Analytical
Procedures: Methodology®l w2} H<3HA|(limit of de-
tection, LOD)2} A ZFHA| (limit of quantitation, LOQ)E
T3 A3, AETAE 1.6~9.8 ugkgolal, A
= 4.9~29.8 ughkg H= LERHTHTable 4). o] 2|7t
Auk Yoot ele] AT urk tha A U
ERSEAIRE EUOA] 250 o3l carprofen 500 ug/kg,
flunixin®} meloxicam 20 pg/kg, tolfenamic acid 50 pg/kg

Table 4, Limit of detection (LOD) and limit of quantification

(LOQ) of heavy metals
Analyte LOD* (ughkg)  LOQ' (ugkg)
Ketoprofen 1.6 49
Meloxicam 35 10.5
Tolfenamic acid 4.8 14.6
Carprofen 9.8 29.8
Flunixin 1.7 5.0

*3.3 (0/S), "0 (0/S). o=standard deviation of the response. S=slope
of the calibration curve.
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20109 447 E 69714 5 ¢ AsS e
2 AEAIW P utEA AR &a17] 5174
meloxicam, ketoprofen, flunixin, carprofen, tolfenamic
acid 5 559 H|AH Ro|EA AT oFEo ART
T 2ARE A9 HEUH9E ok Sl-¢f NS-
AlDs #A4lo] 3t At=meS B4 el gt
Aoz ZhgeArdt7E glojA] Blud 4= giich 1
Yo} o= AlEQFA A= (Food safety and inspection
service, FSIS)2] 2009 residue sample results (FSIS, 2011)
of W= 4317] 5797 0f sl flunixing HAFSH
o AUl gloltkn @k 53 el
(Department of agiculture, fisheries and forestry, DAFF)
9] 2009-10 annual report (DAFF, 2010)= A Al7%o]| 4]
flunixin, ketoprofen, oxyphenbutazone, phenylbutazone,
tolfenamic acid 5 5%2] NSAIDs 32142 AHAFSH S
U BE EdEoldviar Hagich

A= FORZE2 QA 3] (Veterinary residues com-
mittee, VRC)2] 2007 annual report (VRC, 2008)°] 2]
St AEA); 28474 0] thdll phenylbutazone2 AN}
1794 6 pgkgs H=3=tll, phenylbutazone> ARt
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£ ok A%l AAt Bashtn YzEc.

7z £

7|04 5F9] BlAE|RO|EA FHF o= S
Z(meloxicam, ketoprofen, flunixin, carprofen, tolfena-
mic acid)E LAAFFSH O E F&351o] HPLC-MSMS
2 olgdtel BA ABEALGOm EHRACE
27435t meloxicam, ketoprofen, flunixin, carprofen, tol-
fenamic acid FEF90] EETA A oA BE A=
0.99 o]/o] gt AAdE Hlrk 10~30 pgkee
2 Z7Vet A RoA HiE 34-SL meloxicam 96.2~
105.7%, ketoprofen 95.2~104.3%, flunixin 75.8~
82.3%, carprofen 82.4~101.9%, tolfenamic acid 77.1~
84.3% olglow HEA U A=A = 22t melox-
icam 3.5 ug/kg, 10.5 pg/kg, ketoprofen 1.6 ugkg, 4.9
ug/kg, flunixin 1.7 pg/kg, 5.0 ugkg, carprofen 9.8
ugkg, 29.8 ug/kg, tolfenamic acid 4.8 ug/kg, 14.6
ugkg G==o] ek

AL T A FEE I Q= 2a17]of tfs) H]
A ROEA FHF oFE 5Tl AT TS 24
o 23 dE e e
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