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Monitoring for cephalosporins residues in raw meat in Seoul
Mi-Ran Kim*, Yoon-Hwa Choi, Hoon Choi, Doo-Hwan Kim, Young-Seob Kim, Ju-Hyung Lee

Seoul Metropolitan Government Research Institute of Public Health & Environment, Gwacheon 13818, Korea
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We investigated the residues of 6 cephalosporins (cefquinome, cephalexin, cephalonium, cefazolin, cef-
tiofur, cefuroxime) using LC-MS/MS in raw meat in Seoul. This method involves extraction of the resi-
due from the meat by distilled water and methanol followed by a manual of residue analysis published
by the National Institute of Food and Drug Safety Evaluation. The recoveries ranged between 74.71 ~
90.01% in beef, 73.37~101.40% in pork and 70.87~95.53% in chicken, respectively. The limits of
detection were 0.0004~0.0563 mg/kg, and the limits of quantification were 0.001~0.169 mg/kg
respectively. Residues of cephalosporins which exceeded maximum residue limits (MRL) were not ex-
ceed in any of the 287 samples. However, it is necessary to develop multi-method, which includes the

active metabolites of ceftiofur.
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Table 1. HPLC and MS conditions

Column Cis (2.1x100 mm, 1.7 pm)

A: 0.05% Formic acid in water
B: 0.05% Formic acid in acetonitrile

Mobile solvent

Column temperature Room temp.

Flow rate 0.2 mL/min

Injection volume 10 uL

Gradient Time (min) A(%) B(%) Curve
0.00 90 10
8.00 50 50 6
8.10 90 10 6

10.00 90 10 6

Ionization ESI (positive mode)

Capillary 34kV

Nebulizer 45 psi

Gas Source temp. 150°C

Temperature Desolvation temp. 400°C

Gas flow Desolvation 800 L/hr

Cefquinome, cephalexin, cephalonium, cefazolin, cef-
tiofur, cefuroxime % 6%9] *FE(Fluka co, Seelze,
Germany)= 212} 10.0 mg#] % =Fsto] 100 mL &=
2230 F3F1l methanol (MerckA}l, Darmstadt, Ger-
many) 50 mLE2 £33t & SH,2 FHA|A 7HA] A
9 BEUNORE g o] EEUANE FRS
2 AYY SRR SAste] £EgoR Agalt

Ao ZXl

AFEAE ZoArE folEd B AUAE
O oFEbAIH 7Y, 2013)0f whef, SRt AR 1 g
< 50 mL e HF & SF I mLE ¥
53 ddsHA skl 91710 methanol 2 mLE
50 mL centrifuge tubeo]] Y11 158E7F w23} 3Kt

4,500 rpm/minojl A 15527F 9141 5-](Beckman Coulter™
A}, California, USA) & Ar&olS 3t & 0.2 um fil-
ter2 & § ojusto] A|lPLH o= LGt

2AIJ & BMXA

ol¥ ¢to]] A& BA7|7]| 2% Tandem quadru-
pole mass spectrometer (Water US/XEVO TQS, USA)
E, 492 BEH Cis (2.1x100 mm, 1.7 um, Waters co,

=, 2 uv

USA)& ARS8l

Table 2. MRM parameters for analysis of cephalosporins residues

Precur-  Produc-  Dwell Cone  Collision
Compounds  sorion tion time voltage  energy
(m'z) (/) (s) V) (eV)
Cefquinome 529 134 0.2 17 15
396 11
Cephalexin 348 158 0.2 16 7
174 15
Cephalonium 459 152 0.2 30 20
337 9
Cefazolin 455 156 0.2 11 15
323 10
Ceftiofur 524 241 0.2 40 16
285 18
Cefuroxime 447 386 0.2 30 11
342 12

Korean J Vet Serv, 2015, Vol. 38, No. 4



MEXY RE AT 59 MERAZZ

0l

261

0!

b2 THRAE] ZAL

=z a2

=224~ 099.5 mLo|| formic acid
(Kanto Chemical co., Tokyo, Japan) 0.5 mL& Y3 &
gslo] oJakst AT} acetonitrile (MerckA}l, Darmstadt,
Germany) 999.5 mLo]| formic acid 0.5 mLS €3 &3}
sto] ofifgt Aoz o] gsiglon A Alg EE
2 gl EeE IME Hasehe ol 24 Y
2|2 gksto] ZA o o]-8-5 A tH(Table
G #2E=4 01 pgml F=5 Ay
MS/MSe]l F2Ql5te] A% 9]
Alsgt oA A=

=
ion chroatogram)3tof 9] 7

olFd &=

gradient 272

D). Zr 544

of Q5 71 (2013) 0l A
ko] EIC (extracted

o -
Precursor ionS A543 o

EEEERE B

product iong A5ttt 2 E2% precursor ion 2

™, collision energys 43}

=

product ion®f] th3} cone voltage, collision energy

°l

ZH MRM (multiple reaction monitoring) &4 %
Table 29} Zom, 659 ATRAzEA A9
7+ 524 MRME Fig. 13} Zt}

A FEEN FEAo|A AE AZnE T of A

fr olt & do
1o ot

std 100m
20140710_008 MRM of 14 Channels ES+
277 528.95 > 396 (cefquinome)
100 8.44¢5
] i
G T T i T 1 T i T 1 1 1 T i T 1 1 1
000 100 200 300 400 500 600 700 500 9.00 1000
20140710_008 MRM of 14 Channels ES+
am 528.95 > 134.15 (cefquinome)
100 : 1
; ]\ 3.04e6
£
0 T T 1 T T T i T T T T T 1 T T T 1
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 5.00 9.00 10.00
20140710_008 MRM of 14 Channels ES+
587 523.97 = 285 (cefliofur)
100
3.88e6
m
I AR R RRRRaE L e o R EEEEARARERRa=as s s L A REARRRRRES
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
20140710_008& MRM of 14 Channels ES+
587 523.97 = 241 (ceftiofur)
100; 15667
o
U T T i T 1 i T 1 1 1 i T 1 1 1
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 5.00 9.00 10.00
20140710_008 MRM of 14 Channels ES+
3.28 458.9 » 337 (cefalonium)
100 [\ 17226
-
I EARERREEamms s o AR EE A SA R e e RRRASRA AR mas
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 5.00 9.00 10.00
20140710_008 MRM of 14 Channels ES+
327 458.9 > 152 (cefalonium)
‘00} 1.95¢6
ES
0 T T i T T i T T T T T i T T T 1
000 100 200 300 400 500 600 700 500 900 1000
20140710_008 MRM of 14 Channels ES+
3.85 454.85 > 323 (cefazolin)
1””3 1 8666
E2
0 1 i 1 T 1 T T T T T T T i i 1 T 1
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
20140710_008 MRM of 14 Channels ES+
385 454 85 > 156 (cefazolin)
100 1.88¢6
& 0.89
G T T 1 T 1 T T T T T T i i 1 T 1
-0.00 1.00 2.00 3.00 4.00 5.00 £.00 7.00 5.00 9.00 10.00
20140710_008 MRM of 14 Channels ES+
4.26 446589 > 385.97 (cefuroxime)
100 3.60e5
- y
:1 1.02
G T T T T T T T T T T T T i i T T 1
000 1.00 200 300 400 500 600 7.00 800 900 1000
20140710_008 MRM of 14 Channels ES+
425 446.89 = 341.94 (cefuroxime)
100 1.82e5
= 114 227 272708313
0.00 100 200 = 300 400 500 BOO 7.0 8.00 900 | 10.00
20140710_008 MRM of 14 Channels ES+
3.15 348 = 174 (cephalexin)
100 2 0566
<]
G T i T T T T T T T T T T T i T T 1
000 1.00 200 300 400 500 600 7.00 800 900 1000
20140710_008 MRM of 14 Channels ES+
315 348 = 158 (cephalexin)
‘003 6.04e6
E2
0% T T T T T T T T T T T T T T T 1 Time . .
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 Fig. 1. MRM of cephalosporins.

Korean J Vet Serv, 2015, Vol. 38, No. 4



B
o
LOL
B
Fok

2

S8 2B - 01F

o2

2ot o &

A

—

J2OEJ# X 2

M
JH

BlankE Z3}slo] 7} 5219 validation levels T 2]
0.1%, 0.5%, 1x, 2%, 4x 6TA R Z A T2 Al(matrix
standard curve)2 ZHAJStil, LC-MS/MSE HAl5}o]
P2 ARutEI A Z42o] wEEA High

=
o F TZIALS
—_ AL U=

87.91%, 10~100 pghke g EzolA] 70.87~99.57%,
100 pgkg o)A ‘oAl 80.38~101.40%°]| 2L, AF
o} 2 HAXHRSD%) = 9.36% o]at= ZAFE| QI THTable
3). o= EA validationo]] 33+ Codex guidelines (FDA,
2012) AR A7F 1~10 pgkgol A 348 60~120%,
10~100 pgkgollAl 3|4=& 70~110%, 100 pgkg o]/
oA Zl& 80~110%, A EE=HAL 15%US At

oo AHEtE & 4 ATk
7129 AlFT A FOFEFAA, 2013)9]
§- ceftiofurg TEC 82 EA517] o] 65S HA

sh7] glalAle e AgE AAlstelof sht ofu

y=1818.3%<+-117 9462
R*2=099%7

200000
180000

A3 Yo 35 W

o

UEL AgEiz
H37), 2 37], $i7]
M Bt HEs H7tstol
3sie. 3]

2 A3

= =2 u

;D
|
al
[€

2~
T

A7
A&l
AA 22} -5
70.87~

O
=

160000
140000
20000
ooooo
80000
40000
40000
20000
0

woe I

20

40 &0

80 o0

Concentration [u/kg)

Fig. 2. Example of a standard calibration curve :

120 140

cefquinome in

101.40%0°]1 o1, e FERZ= 5 pgkg F=oA  chicken.
Table 3. Recovery data of cephalosporins
Beef Pork Chicken

Compounds corl?;):::tf::gon Recovery RSD co:;)ertnltf;ljgon Recovery RSD corl?;):::tf::gon Recovery RSD
R

Cefquinome 25 80.63 0.82 25 73.37 541 15 71.34 1.55
50 74.71 5.57 50 73.54 3.84 30 70.91 1.86

100 87.54 5.21 100 81.66 1.61 60 70.87 0.73

Cephalexin 100 83.38 0.74 100 97.84 3.77 100 85.55 420
200 81.47 2.14 200 100.54 0.98 200 95.53 1.29

400 80.38 3.59 400 101.40 3.74 400 90.88 4.26

Cephalonium 5 87.91 3.94 15 93.27 3.27 15 91.97 5.77
10 82.92 5.52 30 99.57 8.35 30 83.92 4.12

20 86.91 5.97 60 95.40 3.66 60 78.75 6.03

Cefazolin 25 81.49 6.23 25 93.41 4.00 15 84.73 4.77
50 90.01 245 50 86.82 3.30 30 84.71 2.88

100 88.36 4.85 100 93.21 442 60 79.05 7.36

Ceftiofur 500 89.53 1.03 500 92.53 2.60 15 72.69 9.36
1000 86.99 5.41 1000 91.99 2.69 30 72.04 3.43

2000 81.55 2.16 2000 95.89 3.79 60 73.67 5.46

Cefuroxime 10 83.33 1.79 15 93.93 1.59 15 81.54 1.39
20 87.80 1.69 30 92.30 1.62 30 79.00 8.11

40 78.37 2.39 60 93.12 3.58 60 85.13 1.52
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Aol AHES SatkE foli=d BAY HEH
ceftiofurE AE§5lo] 62 FA| g

Ao QoA = ceftiofurE A L3 AlE=
A A E4-L acetonitrile ©]-&-3!
St 212 methanolS ©]-§-3lo] 13] F&35H3e &
Pt HETYS AR oot AA el A7HS
2 & QT E7 AR AZHE 353
0.2 9 4 o] el s szl

6% NZEAZAA A7 AEHA e 2
7] A= 77H0ﬂ 587 l-’ffr e 12 =5 A
7¥sto] Aldrgol weh AR &, AEA(limit of
detection, LOD)Q} J &3t (limit of quantitation, LOQ)
2 73 An, AE3HAE= 0.0004~0.0563 mgkgo] i,
A= 0.001~0.169 mg/kg W= LERETHTable
4). oldt A= AEFTAA FAHT FFFAR
o o WA Yebto ], AFRA 7150l @l ceftio-
fur®] 79, =3 87]F 1.0 mgkgHEct AR WA
Uepgrong B0 AgshE o 4 Atk

7S AS U NZEZATEH FIH TS

A8 2877 0f| A th3f cefquinome, cephalexin, cepha-
lonium, cefazolin, ceftiofur, cefuroxime 5 69| A&
Az YA ARGS 2AG 4 nE A%
@A ot LhEhstTH(Table )

S QoA F-5 A4S T AEEAEY A2
ZFRAlgof tiete] vlwE whel Haivt glov, =&
Aol Al A FH T A& T8 447 F cefazoline fHE0] ¢l

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

Compounds LOD* (mg/kg) LOQ' (mg/kg)
Cefquinome 0.0010 0.0032
Cephalexin 0.0069 0.0209
Cephalonium 0.0004 0.0014
Cefazolin 0.0007 0.0021
Ceftiofur 0.0563 0.1691
Cefuroxime 0.0009 0.0027

*(8/m)x3; TLODx3.
d=standard deviation of the response, m=slope of the calibration
curve.

© m(Geis-Asteggiante, 2012), Becker (2004)= &
173_01]7\1 cefquinome HEH o 25 A RofA=
cephalexin, cephalonium, cefquinome, cefazolin®] <
H ] okgkoty R gt uf gk ESE 2013~20144
g9l 7F 30043 &9 A% 9707 S+ ceftiofur, cefur-
oxime, cephalonium& 7|&X%] oJAto & HEER oF
The HI(BF YR, 20149} Fy) EEAe] 4

A)
2 8627 = 149 A] cephalexino] 7]&X2] o]Ato g
AEE Qe Hi(sdESA 925, 2015)= o]

24} Ahel AT,
oWl ZAWIA AZRATA FaAt 2
QAT AEARN S48 9 A A1l

WAL 8RS SABk] 59 AR ofFh AALE
S Eote, AR S ARl el TAE
of Gttt M 1el T ) O o FH A

T} thoksk A|2E glaroZ s &zl A AT
3 Aor wAhE

ESE o|H AdHOZL ceftiofur JAFERS FA4]
B 8F 4= 219l e Bjorn} Berendsen (2012)-2 cef-
tiofurs Gl Z5HFAF 4X3E F 5 ceftiofur= 4
SEA] 2 WHHo] ceftiofur®] tHARZZQD desfur-
oylceftiofur= 12A]7F oo = HEEHJActL HI13t
vl o, Foll A ] Fefrixt Bl ARrlEe] A
o] QIR goHF(FYHZAHIER 2013b; 4]E9]
OFZ oA %], 2013) ceftiofur HAFEZ Q] SHA TS
A3 AFERS EAEA T 4 9 A|F o] sfur

o] = ashtha erEch

—

2 =B

AR oA & S A5 28770 thsto] Al
2 AL HA A = cefquinome, cephalexin, ceph-
alonium, cefazolin, ceftiofur, cefuroxime?] ZFFAIE|E
2F317] 918) LC-MSMSE 54 ek 24 5tec,
Aol AMAL PS5 23 BT 4TS 098

Table 5. The result of monitoring for cephalosporins residues in
meat

Commodity Number of test ~ No. of samples detected
Total 287 0
Beef 101 0
Pork 105 0
Chicken 81 0
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