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Rapid Determination of Residues of 4 Tetracyclines in Meat by a Microbiological
Screening, HPLC and LC/MS/MS
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A rapid and precise determination residues of 4 tetracyclines (TCs) (oxytetracycline (OTC),
tetracycline (TC), chlortetracycline (CTC) and doxycycline (DOXY)) in meat was developed by
employing three analyses; a microbiological screening, HPLC and LC/MS/MS. TCs were ex-
tracted with pH 4.0 Mcllvaine buffer containing 0.01 mol/L EDTA from a meat sample, and then
purified using a mixed mode, reversed-phase and cation-exchange cartridge. The mean recoveries
(n="5) of 0.2 ug/g OTC, TC and CTC, 0.05 1g/g DOXY spiked in meat samples were 76.6-99.0%
(C.V.1.6-5.4%). In 13 meat samples in which the microbiological screening indicated the presence
of TCs, CTC (9 samples) and DOXY (4 samples) were identified with HPLL.C and LC/MS/MS.
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FEHH LB IEFODFETDH D, HFic DOXY 288
4 ZRO RIS OEE 3D 012,

TCs 3EMOFENTR I —{kBLU T4 v =1L
Ehusd, KEBERFTRINSOEMSEZRLT
W2 2, BESITICERELSHENAETH
3, 72T, S FAVRBRI S IRE—FA—}
Vo oh5axRY, TCs 4 ERoSEINEMSE S,
EEr-OSHEELEHOBREERIT L. FLAIEKR
2, 300HEEHAEGOEIBEDTV YR T LAOHE
KA. AOLEEERT L -HOEBORETHE, £
 OBREE—ZICNEBT 2 HENLEL NS, £0T,
F—BEE LT, BELOEIR I TCs 4 EHOFE
REEICHETE S, BMEMFENR 2 ) —=v T (X7
V—=v7) ZBELI. A2 ) —=v7ic&y TCsD
BESHEEINRER, BIEREE L GEREBIUR
AtEoZEWHPLC 2BV CEIE - EBL, SSKE=R
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EBFHE

1. BESLURE

HE oL ULDTCsHBEH L TV EAREREL
WO Ty, viBLU=9 ) OBREFERL L.

EHED: TCs& LT, AF 73442 VIEREE
G TEGDED, 7344 0 ) viEEEE EFFE1L
FEORD, sorF 3442 VEREE GhiZET
EHOB) BLUFF v a2y vIERE RHIETE
FOBD EEHRL.

EERE  STEMEOEES TV 28U, 29/ —
WMICTEMRL T, 1,000 pg/mL OFERRZFR L. X
Y —=v s BLUHPLCIcBWTIid pH 7.0 1 v EEER
BAEHWT, LC/MS/MS ikBWTidx 9/ —LERWT
FRL, EERRERRL -

0.01 mol/L EDTA &% pH 40 v+ VX VEEK (=
F VN VB 0.1 mol/L 7 = YEARKIC 0.2 mol/L
DB Y v LBHERAL, pH40ICHEL,
0.01 mol/L i3 & Hic EDTA =HA 72,

pH 7.0 Y EEEEW%: 01 mol/L DY YB—H V74

E0lmol/LoY vBEZ A Y 9 L%EAL, pH7.0ICH
g1

4I5S —NVEERK: 137/ —)6808g Kt~/
2 v 461072 g 8L U EDTA 0.37 g 27K 800 mL (/&
Lt ChicBBAMA TpH 721 C#AEL, KT
1,000 mL i EA L 1.

s — Y v Y OasisPMCX #—FY v ¥ (6
mL, 150 mg, Waters #15)) (MCX # 5 &) %2{#HL 7.
fERPICIR, A9/ -V 10mLBLEF VR VEER
I0mLAAWTIYF 4 va=v 0 %fTo1e.

MCX 75 D oDBEHBERK. 7=tV 025
mol/L i kA ) 7 4 8L U TEA % 80:20:0.01 (v/v/v)
WiBA L, CoRBHEBARL -
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297 —-nBLUT7Er =+ YNLIIHPLCH%:, ¥#
i LC/MS Bz, ZothoXZEi3GHaEERL .

2. ABBROAH

HEHzmua— (Lt L% #050g 20 sH5EL1.
Chi, v+ AVXVEEKRE100mLNZ, +€ I+ A
Z L7, 3,000[Eéx /5T 15 HREOIEE L ik, LiE
REERABLE. AlE MCX #J AICHERS 1~2mL/
min CAM L. #54% 01 mol/L Y VEE—H YD &
10 mL T#EL, 3QMT7TRAEL —§ - CHBIETVE
BEAEL RWT, #5657 A5mLELY
0.1 mol/L Y vEE—# Y v 4 10 mL TIEREER L 12,
BU3HHEgREsE. 7€+ =F ) -025mol/LiE
{tH Vv 4-TEA (80:20:0.01, v/v/v) {B#& 10 mL %=
WTTCs 2B L. COBEHES 40°CTREZRE L
7. BEWE pH 70 VY VEEEEK 050 mLiCAREL, O
hxaxs ) —=v 7 BXUHPLCHARA®RE L. £
fo, FERCHEBORIMEEITWEERZE L tEBEBYE 4 5
/= 1.0mL AL, 10,000 BlEx / 43, 5 RO
BEL &, LEEE LC/MS/MS BEEAKE L.

3. TCs DRIE

1) A2 Yy—=vy

H B2 B 12 13, Bacillus cereus var. mycoides ATCC
11778 (B. mycoides), Bacillus subtilis ATCC 6633 (B.
subtilis) ¥ & U Kocuria rhizophila ATCC 9341 (K. rhizo-
phila) D 3EEREERA L/

REREE RETVROMER, BEBERXREGBLUHIER,
[EKERRPORBNENMEBEREE ED HFcHE
L 72270, RBRBBIS UL F == F 4 X
=P

KRB OIERL: B. mycoides 7L — FiZ, OTC 0.5~25
ug/mL, TC 0.25~10 ¢g/mL, CTC LU DOXY 0.05
~5pg/mL OEBERFEEBOBO 75 L FOERF L
R—N=F 4 27 ABE, FRORIY —=vIOHEIC
- TIRIEL T, BoniflItHOBERD &R WHIRER
AR L 7.

2) HPLC

®E: B LC-10Avp ZEE

& Table laizzrL 7.

BREBHOIER: 005~2 ug/mL © TCs BB K %= H
W, 10 L # HPLC iKEAL, Bohl -7 HELS
BEREIERL ..

3) LC/MS/MS

HPLC #{&: Agillent Technologies #£%{ 1100

BEAW#E: Thermo Electron %4 Finnigan MAT
TSQ 7000

& Table 1bic/RL 72,

TCs OBESE: LC/MS/MS RSEREH 1 wL %2 LC/MS/

M EEREFEHEDINEERREN TR 6 FEEKER
SOBREFEMEE =5 ) Y TREOERIC >V T, K
647 H1H, BIE 1075 (1994).
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Table 1. Operating conditions of HPLC and LC/MS/MS for analysis of oxytetracycline (OTC), tetracycline (TC),
chlortetracycline (CTC) and doxycycline (DOXY)
a) HPLC
Column Sunfire (150X3.0 mm id., 3.5¢m pd.)
Mobile phase Imidazole buffer-methanol (4:1)
Flow rate 0.2 mL/min
Column temperature 40°C
Injection volume 10uL

Detection

FL, Ex: 390 nm; Em: 512 nm

b) LC/MS/MS
HPLC conditions

Column
Mobile phase

Sunfire (150X 2.1 mm i.d.,, 3.5 um p.d.)
A:0.1% Formic acid; B: Methanol gradient

(A:B=100:0—0:100 in 10 min)

Flow rate 0.2 ml./min
Column temperature 40°C
Injection volume 1uL
MS conditions
Ionization ESI, positive
Spray voltage 4.5 kV
Sheath gas Ny, 80 psi
Auxiliary gas N, 40 arbitrary unit
Collision gas Ar, 2 mTorr
Capillary temperature 350°C

OTC 461
TC 445
CTC 479
DOXY 445

Transition reaction
Precursor ions — Product ions (m/z)

Collision energy

(eV)
— 443 [M+H-NH3]"* 18
- 410 [M+H-—NH;—-H;07" 18
— 444 [M+H-NH;—H.01* 25
~ 428 [M+H-—NHs]* 25

MS iZ&EA L, Multiple Reaction Monitoring (MRM) C
RMEL. BTCs DEFHHEEELLZ - PREish
12384, TOMS/MS 27 + 3 4%1BT, ETCsDT

O %7 kA4 v (Table 1b) EHEIL, TCsTH B3 ED
P OWEEEIT - 1.

RBEOIEN . EERERMO 74, v vBXTF=7 b
D OFEE, ASEICHEVIIEB X ORBEIL, MCX #
5o oDBERRERELZEBL 2. BEBWE 0.025~25
pg/mL @ TCs BHEEARE 1.0 mL TERL, ZOHERAK
1 4L % LC/MS/MS iciEA L. MRM TRIEEL, 7o
7 44 v (Table Ib) X bBohr/ o2 b7 5 L
SE-JEEERD, <MYy s AREREERL .

BERBLUER

1. s UBRAZRORS

TCs offifiic iz, BRBDMIEMBEOREBICLCFBEM
323 URVEGKYEHW, 1, BEICIIMCX A
FLEFHWi, wBEEEIZ, HPLC ZHWTHEEL 7-.

1.1 MCX 15 4abhoOBEEREORS

T F NN VBEEHBK 40 mL i, OTC, TCHB LU CTC
10 ug/mL, DOXY 2.5 ug/mL ORESIEHERE 100 L
ML, MCX 4 5 Al EE%, UTomkcElL,

EINR A BT L 12,

P OEHAK 28%7 v E=TAKBSHET =t
Y-0.1 mol/L Y ¥BE—H YL (9:1,v/v) RBKS
mL Tid, TC, CTC & & U DOXY @ 3 ZE&| o [ N S
TORLUT EBR -1, JORHABERE 245D 10mL i L
Tbd, CTC DEMIRIZ 9% LXEBR ORI M. £
2T, TCs 4 EH|ORKDIICE L 708 hiE R ORI
DWTKRE L.

CTCHT VA VAP TIE—{LBLUTA V= —
{Lahed Wl EBHOSNTE DD, EfoatHial
CHWT v E=TKOEET—HELI:OTREWR
CHEINT. #IT, LOBHBHETH S 28%7 €
=7K5%EET L F="F Y101 mol/L Y vEE—HY
v (9:1,v/v) iB#i 5 mLIc CTC DIZEHEEH 10 ng/
mL % 100 pLnA, B4 8EE L% pH70Y v &
Bk 05 mLIC/ARRL, CTCEZAIELK. TDHEE,
CTC i3 50%cimbd 3 T &AHBAL, (ERIXDEREE
Zoht.

7 v E=TK%A TEA® 6 c8 %, Table 2 IZ/RTAEH
B ADT =+ Y A—7K-TEA (80:20:0.01, v/v/V)
B 10 mL TR ET 7. DI, BHBEHAK
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Table 2. Effects of the eluate from mixed-mode, reverse-phase and cation-exchange (MCX) cartridge on the recoveries of

tetracyclines (TCs) spiked in the Mcllvaine buffer

Recovery (mean®=CV)*? (%, n=3)

Eluate from MCX cartridge

oTC * TC *3 CTC*® DOXY*3
A Acetonitrile-H,O-TEA™
2 +45 + + +
(80:20:0.01, v/v/v) 76745 66+6.1 66L7.6 6772
B Acetonitrile-0.25 mol/L KCI-TEA 98+35 89+2.4 102445 95+0.8

(80:20:0.01, v/v/v)

*I TEA: Triethylamine
*2 TCs were determined by HPLC.

*3 The levels of TCs spiked in the Mcllvaine buffer are 100 zL of 10 zg/mL (OTC, TC, CTC) and 2.5 zg/mL (DOXY).

CTC DIEHEAHE 10 ug/mL % 100 pL DA, /Bit+ &%
L7t pH70 ) vEEEHER OS5 mLICHERLILET A,
CTCRIEBEAEBDLEVWI EAERELL Lo,
OTC LI#A @ TCs 3EH|D MCX 41 5 4 0> 5 O EUXE Hs
TOBLL T ThH -1, FITESIKENER LiF 5120,
BHADENA )Lt OEMA. A YD alty
LT, TEF=MYAEDRBRETHRET 8L Y v 4
RO, EBbrY v L20BEE, T =Y -dELL
A Y o A-TEA (80:20:0.01, v/v/v) BB AER LA &
= 2/BICSTEEL 12V 0.25 mol/L & L4 (AHAH B).
COBEHABEBDTE, CTCRHIEBEALEFEDLEVIE
AHRLZLET, TOBHEI0mLEZHWTMCX /75 4
HOBHELILEE, TCs 4 EHOEIREIZVWTND 89%
Pl EEMRE(CV) 3 5% LIREBIFRERMESNAL
DT, INEMCX 7L o0ENAEKEL, LITOK
ﬁ%ﬁ‘a 7.

1.2 #tAEOKES

T YDA 5.0 g KA EEEREEMEYED OTC, TC
BELUCTC 02ug/g. DOXY 0.05ug/g ML, <#
NN VRER R RV THlE U7k, AREEICREVWRBR
Ltz =% X V%K 40 mL Tk, OTC LA D TCs
3 EHIDOEINEIZ T0%LUT, CVId5%LIETH -7,
Higo < b ) v 2 ZBEE T, MCX 7 5 4 EoiEs
MEE T 2720, 22 VR VEFHEOE% 100 mL i
BN L TS L. TCs 4 EHDEINER 3T ~XT 70%LL
L, CV 5% UUT ERFLUERMSEONOT, HMH®
B%4100mL & L1,

2. FmEIXER

Ty, =7 rYBLUY VOBRG0gIc, ThENE
FEEEEYES L IEREEEED 1/2 480 OTC,
TC 8L U CTC 0.2 ug/g, DOXY 0.05pg/g ZiRML
ARMEINER AT - 7-. TCs DERICIT HPLC 2B\ -,

Bl R 3, OTC4585.6~90.1% (CV 1.6 ~45%),
TC #5766 ~ 76.8% (CV 3.0 ~4.5%), CTC »86.0 ~
90.0% (CV 3.2~4.6%) ¥ & UF DOXY #585.3~99.0%
(CV 22~54%) & BIFLRERNEB NI (Table 3). &K
STEEIC B BEINERR, EREBEEOEINE (631~
82.5%, CV 3.7~8.1%,n=5) &HEL T, BAELHEH

81

Table 3. Recoveries of TCs from meat samples

Meat Amount spiked Recovery* cv

g
TCs sample (wg/g) (%) )

Pork 0.2 90.1 1.6
OTC Cattle 0.2 85.6 45
Chicken 0.2 89.9 39
Pork 0.2 76.7 4.5
TC Cattle 0.2 76.6 3.2
Chicken 0.2 76.8 3.0
Pork 0.2 86.1 46
CTC Cattle 0.2 86.0 33
Chicken 0.2 90.0 3.2
Pork 0.05 87.9 22
DOXY Cattle 0.05 85.3 54
Chicken 0.05 99.0 4.8

n=>5

* TCs were determined by HPLC.

Table 4. The sensitivity patterns for TCs spiked in
pork muscle at the maximum residue levels
(MRLs) on the microbiological screening (screening)

TCs Amount spiked Strain

ug/g) B. mycoides B. subtilis K. rhizophila
OTC 0.2 4 -1 %2 %3
TC 0.2 ++ + _
CTC 0.2 ++ + —_
DOXY 0.05 ++ + —
n=3

*1 + +: Diameter of inhibition zone was more than 17 mm.

*2 4. Diameter of inhibition zone was more than 12 mm
and less than 17 mm.

*8 —: Diameter of inhibition zone was less than 12 mm.

BEwont £, 3-7y 7 REBLHBHRTL-BYWH
EESEZATEOBEHERIEE 2Tl LTy
7-.

3. TCsDRYY—=¥

BERIc R EEEANO TCs 4 ER % Z h ZTNiF
L, R7 ) —=v %7~ t.. BRREORZEH vy -~
% Table 4 IZ7r L1, ThoDERMLS, MCX A5 4H
W THABE AT - 12 EERIBH DS B. mycoides 7"V — b IR
bBWESHERL 158, KOHEICB VT TCs 0
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Table 5. The limits of detection (LOD) and the limits of
quantification (LOQ) of TCs

BAWETE B EREEINE,
27 Y —= v 7 OBRHBBRER, 0.005~0.03 pg/g T

TCs The LOD on The LOQon The MRLs # - 12 (Table 5). Chid, BEEEFELH+SICEWE
screening (ug/g) HPLC we/g)  g/g) Thot F1, [BRERDHOBIREYE DN
233 gg g%g 0.2* EiE @GN ¥*okHRAME (001~005ug/g) LK
CTC 0.005 0.005 ' WMETH Y, £2F 4 7Y R MEIEBITROBRRREIC+
DOXY 0.008 0.005 0.05** BRTE A EMRENT.
0.1***

4. HPLCIZ& 3 TCs DRE - ER

* The sum of OTC, TC and CTC for pork, cattle and
chicken

** For pork and chicken muscle
*** For cattle muscle

HPLC D2 v =< + % 5 4% Fig 1i1Z;R L7 TCs 4
Bov—séoy, 798U VHABKOZ LD
WE—7 LONBMBBIFTH - 1. EEBERME (S/N=10)
i, OTCE X U TC 0.003 ng/g, CTCHB & U DOXY

Pork Cattle Chicken
8 8 8
TC TC
7 7 oTC 7 oTC L
S 6 6 6 | l
<
£ s 5 5
g 4 4 4 CTC
"g 3 3 3 DOXY l
2
L
< 2 2 2 l
1 1 V-
0 [—v ’~ 0 0 —
1 | 1 | 1 1 1 L i | 1 |
0 5 10 15 20 0 5 10 15 0 0 5 10 15 20

Retention time (min)

Fig. 1. HPLC chromatograms of 0.2 ug/g OTC, TC, CTC and 0.05 #g/g DOXY spiked in pork muscles, cattle muscles and
chicken muscles

Upper profile: spiked, lower profile: unspiked, in each window

Table 6. Results of determination by screening, HPLC and LC/MS/MS of 13 TCs-positive meat samples

a) CTC detected from 9 meat samples

Screening HPLC LC/MS/MS
Meat sample Origin in]a;?)?tlieotsrzgie Concentration Concentration = MS/MS spectrum  Concentration

(mm) (ug/g) (ug/g) (m/z) (ug/g)

Pork Canada 13.86 0.007 0.007 479—462, 444 0.006
Pork Mexico 14.13 0.008 0.008 479—462, 444 0.006
Pork America 14.58 0.009 0.009 479—462, 444 0.004
Pork Mexico 15.12 0.009 0.009 479—462, 444 0.009
Pork America 15.87 0.011 0.011 479—462, 444 0.009
Pork Japan 19.20 0.028 0.029 479—462, 444 0.013
Pork America 20.63 0.055 0.052 479462, 444 0.047

Pork America 21.00 0.072 0.071 479462, 444 0.12

Turkey America 22,52 0.088 0.090 479—462, 444 0.10

b) DOXY detected from 4 meat samples
Screening HPLC LC/MS/MS
Meat sample Origin inﬁ??)?‘zfc:grzgile Concentration Concentration = MS/MS spectrum  Concentration
: (ug/g) {ug/g) (m/2) (ug/g)
(mm)

Chicken Malaysia 13.94 0.008 0.005 445428 0.006
Chicken Malaysia 15.83 0.013 0.011 445—428 0.010
Chicken Brazil 15.89 0.014 0.013 445—428 0.014
Cattle Canada 18.80 0.028 0.027 445—428 0.033

32



42

f#sE Vol 49, No. |

0.005ug/g TdH »7- (Table 5). Thicky, 27 Y —=
YR BWT TCs OBREMSHEE S h/2EE, HPLCHIE
IC &b TCs 4 EH|DREE « ERMARETH S I LEMNRS
nit.

5. EITERICETZRHEFH

IhET, DIMEEELBAVWLEESORBRADER
BIBWT, TCs DERGMHEFEXNIER 16 BikicEsy
WEABALE. wihb, X720 —=v 7 TTCsDE
ErHEESN, HPLCRIER T & T 5, 9BEDL S
CTC 0.007~0.090 ug/g (Table 6a) = L 7-. 1,

1.4
cel8eV
otc A miz 461 —443
1.2
1.0
TC cel8eV
IL mfz 445—410
g 08
S e
=
Z 25 €V
S cTC ce2Se
g A m/z 479—444
= 0.4
[
T) ________________________________
-4
0.2
ce25eV
DOXY m/z 445—428
0.6
T A A
0.2 L L
0 5 10 5

Retention time (min)

Fig. 2. MRM chromatograms of standard OTC, TC,
CTC and DOXY (0.1 ug/mL) (—), and blank pork
muscles (---)

ce: collision energy

0.14
a) o.12

0.10 CTC

- .

0.08 r=0998

0.06
L 004
a
Qo 002}
o
T 9 . . .
f 0 0.02 0.04 006 0.08 0.10 0.12 0.14
g o004
£
3
=

0.0
£ 3 DOXY
g
£ r=0995
g 002
=]
(V]

001}

0 . . ~

0 0.01 0.02 0.03 0.04

Concentration determined
by the Microbiological Screening (iig/g)

Fig. 3.
and DOXY concentrations determined by HPLC

By 7REICoWTR, 48Es S DOXY 0.005~0.027
rg/g (Table 6b) ¥ L. £1, 38> S IEER
RIBLUT Tldd » 755, CTC B& U DOXY DiljA H3 a2
Al TH -1z, IO TRIEKE, hE cERNEAREC TR
EHABETEL D 1208, EHETHIHTREEST 5
EHSHE[REL H »f. T 16 BEKICOWVWT, LC/MS/MS
THIEL, MRM 7 0= } 735 4 (Fig. 2) & UF MS/MS
2R F54LT, CTCBLUDOXY TH5HI &xiEEL
7:.

6. R U—=v45 & HPLC &L U LC/MS/MS D1

B

CTC b L I3 DOXY 042t LA-RA 13 KEIKD
W, RIEBOHEBMZF .

22 ) —=v7ELUHPLC I & 2 EEEOHEBIFE
&, CTC 0.998 ¥ & 0¥ DOXY 0.995 & BiF /i tHEAH: %7/
L 7z (Fig. 3a). BREERHABEMOES, X7 ) —=v
Wk 2FEBEASKRY, HPLCICL AFERMBEHEKT AT
LRIV EFEHAESHE-DIEERETHLLEEL 5.

TCs 4 EFOEHRBKOY — 7 EER, <ty 2R
DB BIFEITIE, Yy 7 ABLVEESEHAPE,
2 )y 7 2L BMBIMR SN, £I T, LC/MS/
MS ic & 35EREIE, EBHE 3. TCs ORIE 3) LC/MS/
MS IR U FECEWER L= b ) v 7 ARERE (H
BE{%%% 0.999) » 53K 7. HPLC LU LC/MS/MS i
& 3 EBMEOMBGEE L, CTC 0886 % & U DOXY
0.983 T& - 72 (Fig. 3b). LC/MS/MS iZ & 2EEICH,
T hY oy 2 ARBESERCEICBBEENB I N EL
5, LC/MS/MS [#B8RIcHWA T & & L, HPLC THE

0.14
b) oi2 .

0.10

0.08 }+
0.06
0.04 }

0.02

0

0 002 004 006 008 0.10 0.12 0.14

0.04

0.03

0.02

Concentration determined by LC/MS/MS (ug/g)

0.01

0 0.01 0.02 0.03 0.04

Concentration determined
by HPLC (ug/g)

a) Correlation between CTC and DOXY concentrations determined by the microbiological screening and CTC

b) Correlation between CTC and DOXY concentrations determined by HPLC and CTC and DOXY concentrations

determined by LC/MS/MS
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BEBRONIE EWELBIISCTERZT D
FLWEEZR B,

JEME

F & 08

MEMFENIR 2 ) —= 2, HPLC & UFLC/MS/MS
& 2BATPD TCs 4 EFHORES SHEEOS VO E
R L I

1. MCX #3457+ k=Y 1-025mol/L &L
#Y) © L-TEA (80:20:0.01, v/v/v)BETERT 5
& T, TCs 4 HARNZZENANCHR L (FBEEIT B 2 &5
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