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Table 1 Detection Limit of Antibacterials
Detection limit/pg mL ™'
Antibacterials B.s. ATCC 6633 B.s. ATCC 6633 M.L ATCC 9341
(AM 8) (AM 5)
Antibiotics Penicillins Amoxicillin 0.25 0.1 0.025
Ampicillin 0.05 0.05 0.01
Benzylpenicillin 0.05 0.1 0.01
Cloxacillin 0.25 2.5 2.5
Dicloxacillin 0.25 1 1
Nafcillin 0.5 2.5 0.05
Oxacillin 0.1 2.5 0.25
Cephalosporins Cefoperazone 2 >50 0.5
Cefuroxime 0.25 >50 0.5
Cephapirin 0.01 0.5 0.1
Cephalonium 0.25 5 1
Cephalexin 0.5 5 0.5
Cefquinome 1 2.5 0.25
Ceftiofur 0.05 2.5 0.1
Macrolides Erythromycin 0.5 0.1 0.05
Oleandomycin 5 0.5 0.25
Kitasamycin 2.5 0.5 0.25
Josamycin 2.5 1 0.25
Spiramycin 10 2.5 0.5
Tylosin 2.5 0.5 0.5
Tilmicosin 2.5 1 0.5
Mirosamicin 2.5 0.5 0.1
Aminoglycosides Dihydrostreptomycin 10 0.5 2.5
Neomycin 10 0.5 10
Gentamycin 1.0 0.25 5
Kanamycin 2.0 1 125
Spectinomycin >10 >10 >10
Streptomycin 5.0 0.5 2.5
Tetracyclines Oxytetracycline 0.25 1 >10
Chlortetracycline 0.05 0.5 10
Tetracycline 0.1 1 >10
Doxycycline 0.05 0.1 1
Others Chloramphenicol 10 10 2.5
Synthetic Sulfa drugs Sulfadiazine >50 >50 >50
antibacterials Sulfadimethoxine >50 >50 >50
Sulfadimizine >50 >50 >50
Sulfadoxine >50 >50 >50
Sulfamethoxazole >50 >50 >50
Sulfamethoxypyridazine >50 >50 >50
Sulfamerazine >50 >50 >50
Sulfamonomethoxine >50 >50 >50
Sulfaquinoxaline >50 >50 >50
Sulfathiazole >50 >50 >50
Quinolones Danofloxacin 0.5 0.05 10
Difloxacin 0.5 0.05 >50
Enrofloxacin 0.5 0.25 10
Flumequine 1.0 2.5 >50
Nalidixic acid 2.5 10 >50
Norfloxacin 1.0 0.5 >50
Ofloxacin 1.0 0.25 10
Orbifloxacin 0.5 0.25 25
Oxolinic acid 0.5 1.0 >50
Piromidic acid 1.0 5.0 >50
Vebufloxacin 1.0 0.5 25
Sarafloxacin 0.5 0.25 50
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Sample 10 g

homogenize for 2 min

v
Filtrate

concentrate to ca. 20 mL

v

Oasis HLB (200 mg)

B, A, OH, TEF . SAYENRBECIZEEYTIRE T 2 BT E O S 2 & 1099

add 100 mL of 0.5% metaphosphoric acid-methanol-acetonitrile (6:2:2)

filter through ca. 2 mm of Hyflo Super-Cel coated on suction funnnel

wash with 5 mL of water
clute with 5 mL of methanol

evaporate to dryness
dissolve in 1 mL of 10% methanol

v
Test solution A

1
Pass through

add 0.5 mL of 0.5 mol L?

1-heptansulfonic acid sodium salt
v

Oasis HLB (200 mg)

wash with 5 mL of water

elute with S mL of methanol
evaporate to dryness

dissolve in 1 mL of 10% methanol

y
Test solution B

Fig. 1 Analytical procedure for antibacterials in livestock products
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AMS D 2 FEETIL, ¥ 1/100 &%), M.LATCC 9341
REWM (HHEH; AMs T 1/58) #Z,
F+HCRE LR, FO9mL EARMYILICEAL, AFE
ICHE L TERE ¥, REBFRSE2ERL: T
TARZWET EAYT v 7RFEROBEZE 1I0mm, ES 1.2
mm (BAKE 0.08mL+0.01mL) DEFZ A TEH.
POVT AR Y % RBERICRE L, RERTEROE L
Bz, Tho0FERIE, $£5C T30 5HRELHE,
30T T 18 WFfIEE L /.

2:3 REBROMEK
EEEMDIBEA 001~ 10 ppm & 25 X HITEEEHR
EHRBL, MAeEDERBEECMHLL. HBELZBEENO®R
Eroh MBI 7R THREREER L. &b

L, AR8S 7 7 OREICHEIEMEZE 2, 8 CFRER
CEAREZ IOy P LTRERZIER L 7.
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A 5mL TékiE#E, A% /—NV5mL TEHLA. BHE
ERIEEE L%, BREWE10% A5/ -V 1.0mL T
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(RERBWRA) L L7 —KH, =My VHHERVH®
B EEDbE, 0O5MATET L ANKVEEF M) 7 LBHR
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L7zA—b Yoy P %A%/ —5mL RUEEKI0mL
THE) L7z Oasis HLBH— Y v JIZBWLA. A —
Yy VERBEKSmL THE L%, A5/ —5mL
THHB L. BHEYREZE L%, BREWE 10% A
57—V 10mL THML, AGs REFABRER (RBE
#B) L7 (Fig. 1).
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Table 2 Comparison of test organisms on limit of
detection of tetracyclines

Detection limit/yg mL ™"

Tetracyclines B.s. ATCC 6633 B.m. ATCC 11778

(AM 8) (AM 8)
Oxytetracycline 0.25 0.1
Chlortetracycline 0.05 0.05
Tetracycline 0.1 0.1
Doxycycline 0.05 0.05
3 RRRUEE
3.1 ThIHI7Y)RAEMEDRE

[BERERMPOBRIVEYEMAREE &ED P T
13, AW & LT B.s ATCC 6633, M.L ATCC 9341 R Uf
Bacillus mycoides ATCC 11778 (B.m. ATCC 11778) @ 3 &
BREAZEAL T 5. 3RABREOPT, 2 Bm ATCC
11778 X TCs * RE L BB IT2HMTHRBAIA T
%Y. L2 L, REHE Bm ATCC 11778 i3, REEROFA
BAEMELEAH L. F2C, REE Bm ATCC 11778
DR DIC Bs. ATCC 6633 DER FME L7z, —fxICH
EXH B.s. ATCC 6633 DR HICIX, pHA 7.9 THDH AM 5
PEREAShTYWS., LaL TCs i, SEBEMERTEET
HHI Ehn, MBBEHERUERO pH I 558
(pH 4.5 R 6.5) BHWHNTWS. £Z T, Bs ATCC
6633 © ARMICHV, 5o pH 2°558H (pH5.9)
FEFEHXDO AM 8 2IRHALA-EZ A, Bm ATCC 11778 12
B, BGHEL30D0TCs 2 EELSHRET 22 EHT
BETH o7 (Table 2).

3-2 HMEAMHEORHER

FREEMFPIIREAT 2HEAMYEOREICHEZ COR
BRRUEBPFRASATYEY. LaLl, H4ohE%E
WEICHLTHE LVWHRBEARUERZRAT S 2 &g,
REREVEEICHEMEL LY, EREBLIITICRENE
PELTDH, 22T, LEMNEZ ORBEEYWRISHN L T
ZHERT 2 ABH, SREAFREEHVLZEEL
72 |B.s. ATCC 6633 (fERIRH: AMS R U° AMS O 2 Fisf)
RO ML ATCC 9341 (fERIEEH: AMB) | . RREHEH
XT38V EGDEOHBEEE 2 F <72 (Table 1).
Table 127" &), 20, sSHERE®BEH VL Z
Lk, SESMTICH LS BB EIZ 0.1~
05 ppm LRV TCHRIET A ERTMETH 7. B,
SAs iV b 50 ppm LAV T HIEMHOER A5 T
%L, BEOBRZIVANVTIEREEEE: Bbhl, Lz
T, BOREIS SAsiZBR I L7
BEmiCRET2RES BT LRI 71 7Y X MED
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BATICE D, EREESPIIEITNIHERYE OB
BEELTIE, REEE (TeiEzEt) RUO—81%
(0.01 ppm) ZiHETHHMBMBENERINL. REED
o, K BEOHHTWES, FRERCAMEIINTS
BRBEE (TEEELSTL) 1, PCs, CEs Tid0.005~
2.0 ppm, MLs (% 0.05~2 ppm, AGs {3 0.04~ 2.0 ppm,
TCs i 0.05~0.6 ppm, QNs %, 0.01~2ppm DM T
H5H. MEAMWERTNREMIZL Y, RELEMIIKE
KRLLZH, ZIhrUBREE—FEE2 3D REE
EEXREMIIEE TS L, MEPFHEBREIIBVOI
0.01~0.1 ppm £ DN 5.

3-3 FIREEDOBRE

BAEAFEL LTRBSh TS [EAEERTORE
MAPEHSHREE (%ED P B aEEE, 8
5g% 7 LYBT £ b VEEH 20 mL THE T F 4 XM
TEH5OLEMBLBETHS. L L, TOFEITER
mPIIERBTAEYE s BEART A0, RIRELRM
AyHD. —8, [ERKEEGTORIVEMEGHEE
& (B&ED P CRERNCRIEDIZ 10BICBHEShD
B, BIEIZ700FRVASEEAL, »OBREIED TH
HThab.

EREREDTORIMARANOFLIBEL UL DOHE
BHWLNRTWS, EHELIICNITTIL, A5 VEE- 2

= NWRBEZNEIAFY VE-TE M= MY ARE

WOCTHRY v LRBICHIBL, £ 0EYIEFS
NZBEHFZRA— Py VICEAETBESRBALTEL.
MLs % TCs i3 X %) YB-A% ) —VHR%, —F ONsid
AN VEBE-TYX P MNIAVFRERBVSZ EIZL ) EEIN
BERG-. B, By s - HilBEEbo 2 7Y CBIC
DT, FOREPEL LB, By Y3 7HRE
MEda5, BREMETT2EYIRONA. £2T,
By s - MHEBEICIZ05% A5 VBE-2AY ) —
W-TEbZ PN (6:2:2Y FHB I EIZLT.
RIZ, A—FY v T THBHN, TCs® QNsid ¥ ) A
—ADF T FINT T (ODS) Fh— 1+ v I T,
FTHEAPOBREY S/ —VERLEBEFHAYOEE T T
, ARSI —EABRESNE?. FIT, h—FYv
VICRFEY 7/ —VEREBTHMY OEEO L ViKY
~v—%HMHA— 1) v Y Oasis HLB 2HWAHZ &2 LT
B, KMEBETIZAG L, ZOEEAEREI -
Yy JICRFBIRTICHB LA, AGsIE, 7TI/HEEE
THKRBHIEXTILEM THI DL EZONDE, 22
T, A—F) v VEBEIZA X U RT=H ML, T3/
FYay FRAEEWEARFSELFELRA LAY,
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Table 3 Recoveries of Antibacterials from Swine Muscle and Liver
; or O :
Antibacterials Addetii’/ Recovery ,_A; MRL in sa_rr]lp]e/
ugg (mean, n = 3) ugg
Penicillins Penicillin G Swine Muscle 0.05 77 0.05
Swine Liver 0.05 72 0.05
Ampicillin Swine Muscle 0.05 77 0.06
Swine Liver 0.05 72 0.06
Cephalosporins Cefapilin Swine Muscle 0.1 89 0.03
Swine Liver 0.1 82 0.03
Cefalexin Swine Muscle 0.1 86 0.2 (cattle muscle)
Swine Liver 0.1 81 0.2 (cattle liver)
Macrolides Erythromycin Swine Muscle 0.1 75 0.05
Swine Liver 0.1 70 0.05
Spiramycin Swine Muscle 0.1 81 0.2
Swine Liver 0.1 73 0.6
Tetracyclines Oxytetracycline Swine Muscle 0.2 82 0.2
Swine Liver 0.2 75 0.6
Chlortetracycline Swine Muscle 0.2 70 0.2
Swine Liver 02 65 0.6
Aminoglycosides Streptomycin Swine Muscle 0.5 83 0.6
Swine Liver 0.5 72 0.6
Dihydrostreptomycin Swine Muscle 0.5 81 0.6
Swine Liver 0.5 77 0.6
Quinolones Enrofloxacin Swine Muscle 0.1 85 0.05
Swine Liver 0.1 82 0.1
Oxolinic acid Swine Muscle 0.1 88 1
Swine Liver 0.1 84 1
3-4 FMEYREER haZ LhfifEans.

BOFHARCIFRIC PCs B HRY IR ¥, T
YEYY Y, CEs bt TFEYY, £TFLFEY Y,
MLs?rbx)2u<wAf Ty, AESTAL IV, TCsh b
FFEIFIIHA 7YY, ZUnFrIH L4217, AGs
POAMLTITAL LY, FEFRUAMLTRA T,
QNs 26 ru7udxHI v, FFV) VEZRY, B
IMEINER LT 7. LA, BREEZRFICL
T0.05~05ppm & L7:. SEKEH LASHELDED
WHMEYLEE % Table 32773 . MEIEEL, BBEA
70% LLETH Y, REGHEL LTIRITWHETNEHER
ThbELBEbNE. '

REIZED, SERE L 12BEOL, K, BOHA
R R B 5 BH B, 0.005~0.05 ppm LN
NThot. REFIE LT, BHATRCEFE BT
BRHKE % Table 4 1IRY. 24, BO/AERUCKFRE
KB HBNRE L BGRNREUCERREE ZEF L THo
2. SEME L 12 EEORBEAOREICET 5 BRILER
i, ZEUTOBREOHRIEIHETHY, BETESD
DTHo7-.

A, BPHAEERE LTABEsSh, BAEEMPIC
BE T 5 MOE Y PCs, CEs, MLs, TCs, AGs, QNs
EESPOBEKEIIRET S 2 EAWMRETHY), REWNE
HEYWEOM P ORBRIELMEL L THERTICHVS

4. i

BEEMPICEB T2 ELMEMEPEL LT, "=V
CERMAEWE, T ruAR) CRUAEWE, 7 FTHA
7 YREWE, vous A FRAEWE, T/ 7Y
oY FRVAEDE, F/urZRE#EEERLE LT,
XVZOHREYELY L CRIBTE 2 5EREZREE
WENRBIE L RET L7,

LEEERNPS05% X5V V-2 5 /) —V-TE b=
P (6:2:2) THRY U7 ERBCEDEZHBL,
Y2 —FMH A — bY v P Oasis HLB VT V) —
YTy Y ARABEAELE L. VT OREW
R AE, FRBLEMBEL XV (0.06~05 ppm) THM
BEUNESR T &R, FOREEIBBEH 70% L
THhot.

AL, BPREELE LTAASH, SERLPIZRE
By auEoB RV ) Y REYHE, 7 7R AR
Y URMEWE, FEIHA0) Y REAEWE, v 70T
A FRMEWE, 73/ 792y FRIAYE, ¥/0v
FUEH A E S P OBBREICRETA I EFTETH Y,
REBVHEMEWEOE S roEmRE LR E LTHERE
CHWOhRERANLZHETHLEEIOLNS.

AREFFEIX, PR 18 EEELSBHHEMARMBPE (EROE
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Table 4 Limit of detection for swine muscle and liver

KAGAKU

Vol. 56 (2007)

Detection limit/ pg g™"

Antibacterials B.s. ATCC 6633 B.s. ATCC6633 M.LATCC MRL in sa_r?ple/
(AM 8) (AM 5) 9341 ugg
Penicillins Penicillin G Swine Muscle 0.005 0.01 0.005 0.05
Swine Liver 0.01 0.01 0.005 0.05
Ampicillin Swine Muscle 0.01 0.01 0.005 0.06
Swine Liver 0.01 0.01 0.005 0.06
Cephalosporins Cefapilin Swine Muscle 0.005 0.01 0.01 0.03
Swine Liver 0.005 0.01 0.02 0.03
Cefalexin Swine Muscle 0.05 0.5 0.1 0.2 (cattle muscle)
Swine Liver 0.05 0.5 0.1 0.2 (cattle liver)
Macrolides Erythromycin Swine Muscle 0.05 0.01 0.005 0.05
Swine Liver 0.2 0.02 0.005 0.05
Spiramycin Swine Muscle 2 1 0.05 0.2
Swine Liver 2 1 0.05 0.6
Tetracyclines Oxytetracycline Swine Muscle 0.05 0.5 0.5 0.2
Swine Liver 0.05 0.5 0.5 0.6
Chlortetracycline Swine Muscle 0.01 0.1 0.5 0.2
Swine Liver 0.01 0.1 0.5 0.6
Aminoglycosides Streptomycin Swine Muscle 0.5 0.05 0.2 0.6
Swine Liver 0.5 0.05 0.2 0.6
Dihydrostreptomycin Swine Muscle 0.5 0.05 0.2 0.6
Swine Liver 0.5 0.05 0.2 0.6
Quinolones Enrofloxacin Swine Muscle 0.05 0.02 1 0.05
Swine Liver 0.05 0.02 1 0.1
Oxolinic acid Swine Muscle 0.1 0.1 >10 1
Swine Liver 0.1 0.1 >10 1

CRERREESFE) CLVERLALOTHS. BEEIIC

EHLET.

X 73
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Sensitive Microbiological Assay of Residual Antibacterials in Meat by
Microbiological Method

Masakazu HORIE', Harumi KoeavasHi', Rie Isnn' and Hiroyuki Nakazawa®

' Saitama Prefectural Institute of Public Health, 639 - 1, Kamiokubo, Sakura-ku, Saitama-shi, Saitama 338 - 0824
" Department of Analytical Chemistry, Hoshi University, 2-4-41, Ebara, Shinagawa-ku, Tokyo 142-8501

(Received 20 July 2007, Accepted 2 November 2007)

A simple and sensitive screening method using bioassay for the simultaneous analysis of
antibacterials (penicillins, cephalosporins, macrolides, tetracyclines, aminoglycoside, quinolones,
etc.) in meat has been developed. The drugs were extraced with 0.5% metaphosphoric acid-
methanol-acetonitrile (6:2:2), and the extracts were cleaned up on an OASIS HLB cartridge
(200 mg). The pulp disk method with Bacillus subtilis ATCC 6633 (pH 6 and 8) and Micrococcus
luteus ATCC 9341 (pH 8) as test organisms was employed for assaying the antibacterials. Many
antibacterials, except for sulfa drugs, were detected with sufficient sensitivity (0.01~ 0.5
png/mL). The recoveries of typical antibacterials (penicillin G, ampicillin, cefapirin, cefalexin,
erythromycin, spiramycin, oxytetracycline, chlortetracycline, streptomycin, dihydrostreptomycin,
enrofloxacin and oxolinic acid) from swine muscle and liver fortified at levels of 0.05~0.5 pug/g
were 65~89%. Therefore, we recommend this proposed screening method for the routine
analysis of residual antibacterials in livestock products.

Keywords : antibacterials; bioassay; residual analysis ; meat.
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Rapid Determination of Residues of 4 Tetracyclines in Meat by a Microbiological
Screening, HPLC and LC/MS/MS

Maki Kanpa*, Tomoko Kusano, Taka Osanal, Keiko UsHivaMa, Kazue TAKEBA,
Miho SakamoTo, Hiroshi HavasHI, Kyoko Icusa, Akihiro IBE
and Toshihiro Nacavama ’

Tokyo Metropolitan Institute of Public Health: 3-24—1
Hyakunin-cho, Shinjuku-ku, Tokyo 169-0073, Japan;
* Corresponding author

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 0.2ug/g OTC, TC and CTC, 0.05 ug/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 HPLC and LC/MS/MS.

(Received September 10, 2007)
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DUEYRE R, SKESMOERO T B L UBEICAN
oh, EBRERROTEMBICEHKLTVE, ThoDd
L5 b9 42 o RHEWE (TCs) B, [HEFEOMLEY
WHEANZ bVEETEIE, shEMTHEII EHE
»5, BRACTEYBEEESR S L UREERm & L CRB
ENTWE, 207, ARTORFERGEMES L
TW3.

Sk 1I8ES ADHEYF 4+ 7Y X FEIEORITICLEL,
AF¥YFFS3H42Y Y (OTC), F+5442Y v (TC
BLXUE 2700575942 v(CTCDIEH I,
HPLC ic & 3 —FRBEH b L ORABNRBRESRENT

* RS
HRMEREeWi ey 5 —!
AHT 3-24-1

T169-0073 HEHHEXE
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W5, Lhl, BEDE A,
OFEBRERRENTVRH L,
IE, AR O DOXY 0EFEFSZ{RESIATL
¥ zoERKIC I DOXY BEMicis by, HEko 3%
ROV ERABEML TV AERNH L, ol eh
5, DOXY %2&% 7 TCs 4 E&| O3tk O R 2L HEL M
VETH 5.

BKEARTD TCs DATER I E TR, BEDHE
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ZAHESNTVE L LEAFE £0E < 3 TCsBiM
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EH b LR IEHOSTETH D, Fi2 DOXY 28T
4 FER ORI OIS D80T 12,

TCs 3FMIoEARTR e —{tBLUT1 v v —1k
ERBOVHAY, KERBTRBIALDOELBEE LT
Wizt BEMTICRAELSHENLETH
L. 22T, A FA VBT I RE—FA—}
)y PH 5 LERY, TCs 4 EFOFEINENE S,
fBE,L OEEE AR OBREERET L. FRAIEKR
i3, 320HEEHAGDELEEDE W R T ADHEE
ARSI, BOLLAWRT 21 DOEBORETHE, &
DAt —RICWET 3 HEPLELENS. 20T,
FE—EBMELT, BE,OEITIZ NI TCs 4 ERHORE
CEREICHETE S, MEYMENR ) —=v T (R
J—=v ) 2L A2 Y —=v 7tk TCsD
BEMSHEINRIEE, EEME L TERESIUA
AHOSEWVWHPLC AHWTCHE - EEL, SS5KKE=E
&L TmWEREZE> LC/MS/MSICL DR T 5
HEewgeT L.

EBRAHE

1. EHEIUHE

HE: Ao ULDTCsHEELTWEWLI EEMHAL
RO 7y, vvBLU=7 ) OBRAEFERL .

L TCs & LT, A% V5 3947 ViERE
FEHETEROED, 73594 7 Y viERE GIHE{L
FEOED, 7orF r3H4 ) VIEREE FOtEET
EHEORD BLUFEF 442y SIEREE GRZET %
FOED #EALI.

B . R YEOBELR AU L HEBL, 27/ -
WICTERR LT, 1,000 pg/mL OFEEFERE A ERIL /2. R
) —=v 7 BLUOHPLCIKBWTIE pH 7.0 ¥ v BER
WEAEBWT, LC/MS/MSIcBWTidA 9/ —vERWT
IR, EERR AR L 7.

0.01 mol/L EDTA &8 pH 4.0 v ¥ V<X /&K (=
F R VEEBE . 0.1 mol/L 7 = vEEERIC 0.2 mol/L
YUyBZr MY o LEEEREL, pH 40 CHFHEL,
0.01 mol/L 275 % & 5ic EDTA %#/nA& 7:.

pH 7.0 Y vEBEEHE: 0l mol/LDY vB—Hh Y v A
L 01mol/LDY »B&_H Yy L%REEL, pHT.0I5
B/

135/ —NVERE: 434/ —16808g EfE~ s
%% 41072 g 8LV EDTA 037 g 27K 800 mL 7
ML ChicBFE2MMA TpH 721CHEL, KT
1,000 mL icEE L 12,

BB A — Y V! OasisP MCX #—+ ) » ¥ (6
mL, 150 mg, Waters {£&) (MCX # 5 ) 2L 7.
RN, 25/ -1 10mL BLE<F AR VERK
I0mLZHVWTaIYF 4 va=v i %iTo1

MCX #5 o oA 72 =11, 025
mol/LiE{kH V) v 48X TEA % 80:20:0.01 (v/v/V)
WRE L. CORKIIAEEARL ..

A9 —NVBLUTEF=FYILFHPLC B%, ¥8&
12 LC/MS %, #OfhoZ IR AR L 1.

2. ABBEEORH

SEHIMUIE—{bU-ig, #050g% 20 s 2B
Thic, =+ R VEERE 100 mLMA, w€JHA4
Z Lt 3,000 ElEz /5T 15 SEELOSEEL 7otk EE
RSB LI AR MCX /1 5 &ICiEH 1~2 mL/
min TEKF L. #54%01mol/LY YEBE—H YD 4
10 mL THE#H L, 358 7TREL -9 —TEBRETVE
BEE, RWT, #56%T7b=t Y E5mLEIYT
0.1 mol/L V) »BE—# U v 4 10 mL TIEREEZEL 121&,
BU3HBERa S 72 =1+ Y 1-025mol/Li§
it# Y v A—TEA (80:20:0.01, v/v/v)iB#& 10 mL *H
WT TCs 2FEH L. CoEHK%E 40 CTRIZEZREL
7. BEMA pH 7.0 Y v ERBEEK 050 mL ICiEEL, <
he22271)—=vs7B8LUHPLC HERA®KLE L. £
t, ERRICERORBEITOWHELZE L BB E £ 5
/ —n 1.0 mL IZ7AfZ L, 10,000 [ElE: / 53, 5 SRlE Lo
BEL 7ok, EFE%E LC/MS/MS BHABAR E L.

3. TCs DRE

1) "o Yy—=vy

= ER B 12 13, Bacillus cereus var. mycoides ATCC
11778 (B. mycoides), Bacillus subtilis ATCC 6633 (B.
subtilis) 8 & U Kocuria rhizophila ATCC 9341 (K. rhizo-
phila) @ 3 EikkAEEA L 72

REEKE REIROFR, BBEXHEBIUVHER,
[BhEARRDOBBIEMEHSRES GED X icHE
MLt 12220, RBBEHR T ul 2 R—/Y—F 4 A7
ARl .

BEBOIER: B. mycoides 7V — FiZ, OTC 0.5~25
ug/mL, TC 0.25~10 ug/mL, CTC ¥ & DOXY 0.05
~5 ug/mL OERBZEREBOBD 5 L ¥ DAF L1
R—N—F 4 R ABE, BIEDRI Y —= v TOHERL
P> TEMEL T, BohiilFAoBERY SR ERER
wERk L 7z

2) HPLC

@ B LC-10Avp %&

44 Table la i/x L7z,

BEHDOVERK: 005~2 pg/mL © TCs EHEE K % F
W, 10l # HPLCIKFEAL, BohicE— 7 HE» S
BERREIER L 7.

3) LC/MS/MS

HPLC %8 : Agillent Technologies 1% 1100

BEMNITED . Thermo Electron 4% Finnigan MAT
TSQ 7000

&% Table 1bic/RL 7z,

TCs O : LC/MS/MS A EREH 1 uL = LC/MS/

*OEEEAEEERLASEREER TR 6 FEEKER
ROBEEEMEE =5 ) v IREOEMICOWVT, R
647 A1 H, HILE 107 5 (1994).
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Table 1. Operating conditions of HPLC and LC/MS/MS for analysis of oxytetracycline (OTC), tetracvcline (TC),
chlortetracycline (CTC) and doxvcvcline (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 10 L

Detection

FL, Ex: 390 nm; Em: 512 nm

b) LC/MS/MS
HPLC conditions

Column
Mobile phase

Sunfire (150X 2.1 mm id., 3.5¢m p.d.)
A: 0.1% Formic acid; B: Methano! gradient

(A:B=100:0—0:100in 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 N3, 80 psi

Auxiliary gas N3, 40 arbitrary unit
Collision gas Ar, 2mTorr
Capillary temperature 350°C

Transition reaction

Collision energy

Precursor ions — Product ions (m/z) eV)
oTC 461 — 443 [M+H—NH,]" 18
TC . 445 — 410 [M+H-NH;—H,01* 18
CTC 479 — 444 [M+H-—NH;—H,0]* 25
DOXY 445 — 428 [M+H—NH;3]* 25

MS {2 A L, Multiple Reaction Monitoring (MRM) ©
BEL K. &TCs OFEFIEBIEEL 2 -7 ki h
1iRE, ZDOMS/MS R k5 A%BT, ETCsDT
O %7 kA4 v (Table 1b) L& L, TCsTH BN E S
D OHERREIT - 1.

BREROER: EESERIOT Y, vvB8LTF=7
) DEAR%E, ARV B X OBRIL, MCX #
7 Ao DBEMKERERZEL 2. BEY% 0.025~25
ug/mL @ TCs {ZBHEAR 1.0 mL THBL, T OREBAR
1L % LC/MS/MSiciEA L. MRM THIEL, 7o
59 b4 4 v (Table Ib) X Di§ohtkso= o5 ah
LE—I7@EEERD, v M)y 7 AREFEEERL L.

BRELHLUEER

1. WS LUBRAZORS

TCs offithic i3, BBMAYMEORE L FIHE A
BTFNVEFEIER O, 1, BRI MCX B
FLa%xFut, SBEERR, HPLC 2HVWTHIEL 1.

1.1 MCX Hh5LhoOBEABROKS

7 F N VEH®K 40 mL i, OTC, TC B4 U CTC
10 ug/mL, DOXY 25 ug/mL OE&SEBHEEHK 100 1L
ZEMLU, MCX # 5 stk LUTomcEaHL,
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EINR A a1

YO E AR 28% 7 v E=T7KE%EETE = b
J-0.1 mol/L Y vEE—H VD4 (9:1,v/v) BES
mL T3, TC, CTC B & UF DOXY @ 3 HEH| D B K s
TORLUTF EEM -7, COBEHAEREZ 2O 10mL L
TH, CTCOEINEIII% EHENR oM T, %
ZT, TCs 4 EX|DRERESHTICE L 7o Hid R RIS
SWTHRETL 7.

CTCR7 VA VRER T —{tBXUTA Y v —
ftehed I tBmosnTE 21, BERoOBHER
KRWET v E=TIKOBET—HELL DT W
CHEEN, 2T, COBHBRTHD28%7 V&
=7KE%EETE =Y -01mol/L ") vE—HY
YA (9:1,v/v) B# S5 mL iz CTC DEHEAH 10 g/
mL % 100 pLMNA, BEE2FELLE pH70 ) VB
EEHR OS5 mL IC/ARRL, CTCEZRIELL. Z0EE,
CTC i3 50%ici/d 5T E AL, BREINOEREE
Zohi.

7 v E=7IK%E TEAS 18 |28 %, Table 2 IR AT
BBEADT+E =+ YIL—K-TEA (80:20:0.01, v/v/v)
B# 10 mL TR E2IT-> 7. oI, BHABKAK
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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 *3 TC *® CTC* DOXY*3
A Acetonitrile-H,O-TEA™!
2 ; + + +
(80:20:0.01, v/v/v) 76145 66+6.1 66=7.6 6772
B Acetonitrile-0.25 mol/L KCI-TEA 98+35 89+2.4 102+45 95+0.8

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

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

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

CTC DIE#EA# 10 ug/mL % 100 pL X, B2 B*
Lictg, pH 7.0 Y vEEEIK 0.5 mL IC/ERL & T 5,
CTCREBEEAERD LBV EEEELL LhiL,
OTC UUA D TCs 3HH|ID MCX # 5 4 5 & D EIREH
TO%LITFThH -1, T TESIEINEL LIS 200,
BHEADOENH YT A4 F yWEMA. A DL Y
ELT, TEh=hYLEDRECHERBT ZELI Y T 4
ZHWS. EEA) v L0BER, T =t Y -HEL
#) % A-TEA (80:20:0.01, v/v/v) Bk EER L2 &
% 2/BicsyrEEL 154 0.25 mol/L & L7 (BHEHK B).
CORBAKBDTI, CTCRIEEAERILEVWI E
R LL-ET, COB#®EI1I0mLARWTMCX A5 4
HoEtELicE &, TCs 4 EROEIRFEZVWEF NS 89%
PLE, ZEEMEB(CV) 5% LINE BFGERBEONL
DT, ThEMCXH5ohroDiEtEKEL, UTFoR
HET

1.2 HmbHEEROKRS

7 9 DA 5.0 g Ic &4 BB EEEEYLED OTC, TC
BLUCTC 0.2ug/g, DOXY 0.05ug/g &ML, <%
NN VEBERAEROTHE Lok, AETEERIC O ER
L. =+ VR VR 40 mL TIE, OTCLIA®D TCs
3 FEFOEINRIZ TO%LLT, CV IR 5% ETH -7
HiEho< rY v 7 RBEAX T, MCX # 7 4 DR
MEE FF 240, v:2 AR VEFHEOES 100 mL ic
L TRETL 7. TCs 4 FEH|DOERINER T T ~T 70%LL
Lt CV & 5BLUTERBFRERMESNICOT, MK
8% 100mL & L7,

2. FMEIXEE

7y, =7 YBLUY Y OBRAIS0g IS, ThENE
FREEHENES L IRFEEEED 1/2 H4&0 OTC,
TC X ¥ CTC 0.2 ug/g, DOXY 0.05 ug/g =ML,
RINENER %17 - 2. TCs OERICIEI HPLC 2H W /.

Bl IY 2 12, OTC #585.6 ~90.1% (CV 1.6~4.5%),
TC 55766 ~768% (CV 3.0 ~4.5%), CTC 4 86.0 ~
90.0% (CV 32~46%) ¥ & ¥ DOXY #5 85.3~99.0%
(CV 22~54%) & BIFHHERMNE SH/ (Table 3). &
SrEic B AENNEREG, EHFRBREOBRINE (63.1~
82.5%, CV 3.7~8.1%,n=5) &LH&L T, HEFELWEH

Table 3. Recoveries of TCs from meat samples

Meat  Amount spiked Recovery*
T CV (¢
© ample  wg/g (%) )

Pork 0.2 90.1 1.6
OTC Cattle 0.2 85.6 4.5
Chicken 0.2 89.9 3.9
Pork 0.2 76.7 4.5
TC Cattle 0.2 76.6 32
Chicken 0.2 76.8 3.0
Pork 0.2 86.1 4.6
CTC Cattle 0.2 86.0 33
Chicken 0.2 90.0 32
Pork 0.05 879 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 + ¥ %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.

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

Fhont, g1, a—F 9 7 REBLNRELLBUA
EELEEMEOBRETFFEE 2o/ LT
1.

3. TCsDRIU—~=Y

BRI B EEEEYS O TCs 4 BR A T h Z N
L, R2Y—=v 7 %iT-1. SRRAORZH Y-
% Table 4 ic;RL 7. ThoDERNPS, MCX A5 LH
W CHIE A (T - 7o RERIEHEHS B. mycoides 7' L — M IZEK
bBOREZH AR LIIBE, AAEICBVWT TCs 0K

69



February 2008

BADORBT + 741 2 ) yRIEDNE 4 R oTdEs T

41

Table 5. The limits of detection (LOD) and the limits of
quantification (LOQ) of TCs

TCs The LOD on The LOQ on The MRLs
screening (ug/g) HPLC (ug/g) (ug/g)
OTC 0.03 0.003
TC 0.02 0.003 }02*
CTC 0.005 0.005
DOXY 0.008 0.005 0.05%*
0.1***

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

Pork

EEHETEH I EMREENL.

2y Y == v OBEERAE R, 0.005~003 pg/g T
% -1z (Table 5), Chid, BBEEEL L+ IEBEVE
Thot. T, EKEARTORENENE D S5IHE
EiE: (FED ) MomtRAE (001~0.054g/8) LHIE
WETHY, KYF 4 7Y 2 MHERTROBREREIT
NERATES I ERENTE.

4. HPLCIZ& 3 TCs OFIE « B2

HPLC® 7 o< bt 4 5 4% Fig. 1127k L7:. TCs 4%
Flov—sbyy, 798LU0=7+ VHERBEKOE D
Y- LOoRBIBIFTH - .. TRERES/N=10)
12, OTC # & ¥ TC 0.003 xg/g CTCH & U DOXY

Cattle Chicken

TC
OTC

Absorbance (mAU)

Retention time (min)

Fig. 1.
chicken muscles

HPLC chromatograms of 0.2 ug/g OTC, TC, CTC and 0.05 ug/g DOXY spiked in pork muscles, cattle muscles and

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 inlf)l?ti)rittliec:r?rzgie 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 0.052 479—462, 444 0.047
Pork America 21.00 0.072 0.071 479—462, 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 inlk)lliétl)l;rtliec:r?rzgie Concentration Concentration =~ MS/MS spectrum  Concentration
(mm‘) (ug/g) g/g) (m/2) ug/g)

Chicken Malaysia 13.94 0.008 0.005 445—428 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 445428 0.033
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0.005 ug/g TH -7 (Table b). Thickh, R 1)—=
Y7L BT TCs ORBEMLHE S /2354, HPLC HIE
& D TCs 4 ZRIDREIE « EEWTIHETH 5 T LHRS
hire.

5. FSEICHTIREEH

INET, FIHEEEERWIFEE S OBRENEYER
BiLBWT, TCs DEREBEMVHEI NI-BA 16 ikic Ay
thEz@8A L. wThd, 27 )—=v s/ TTCsDE
BHHESI N, HPLCRERT -7 &L 2 5, 9E» S
CTC 0.007~0.090 ug/g (Table 6a) Z#Hi L. F1-,

1.4
cel8eV
oTC A m/z 461443
1.2
10 18ev
cel8e
TC k miz 445—410
§ 0.8
= N b T,
2
= 06
= CTC ce25eV
v m/z 479—444
2 04 A
=]
z ________________________________
-4
0.2
ce23 eV
DOXy m/z 445—428
0.0
0.2 r- L L
0 5 10 15

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.i4

a) o2
010 c1c

0.08 r=0998 »

0.06

0.04 |

0.02

0

0 002 0.04 006 008 0.10 0.12 0.14
0.04

0.03

0.02

Concentration determined by HPLC (pg/g)

0.01}

0 0.01 0.02 0.03 0.04

Concentration determined
by the Microbiological Screening (ug/g)

Fig. 3.
and DOXY concentrations determined by HPLC

By 7RI OVTE, 4%&M S5 DOXY 0.005~0.027
rg/g (Table 6b) B L7, £, 3RBREH»CRERR
RELITTldd - 7255, CTC & U DOXY O iR
TRETH - 1z, O THEKR, ThE cEIRBREC TR
BRERETE LD - 1205, KPHETHDCRIET S S
EMEIREL 15 - 2. T 16 BIKIZ DWW T, LC/MS/MS
THRIEL, MRM 7 o=+ 7 5 4 (Fig. 2) & U MS/MS
27 b5 LT, CTCBLXUDOXY ThbI &aMEL
7-.

6. RYY—=v45 & HPLC & U LC/MS/MS DO

3]

CTC 6L < I DOXY 0a 4t L BAW 13 Kikic>
W, JIEMBOMHEENY =F <.

27 ) ~—=v 7 BLUHPLC i & 3 EFEEOHEEIRE
12, CTC 0.998 3 & 0¥ DOXY 0.995 & BiF 12 #HRItE % R
L 7z (Fig. 3a). BREHBEBOBRE, 22 Y —=v 7
X B3ERMEAERY, HPLCICL A FEMBE L HET 5 C
LRI EFHASDLLOIEERETHLLEL S,

TCs 4 EH|OEBEERKO Y- 7 EHEE, <bY vy 7R
DHBEBEITE, <Y v 7 ANBVIBE E~NE L,
2 Yy 7 2K BIMEME SN, £ T T, LC/MS/
MS ic & 3EE{EIZ, FERAHE 3. TCs DHAJE 3) LC/MS/
MS IR UAAEBIREWVER LIc< MY v 7 RIRER (M
BA{%%% 0.999) » 5K/, HPLC 8L U LC/MS/MS ic
& 3 ERMEOMHBIFE IR, CTC 0.886 % & U DOXY
0.983 T& - t= (Fig. 3b). LC/MS/MS iZ X 2 EEITIE,
2 o ARBHEMSFECEICHBLINE I L ED
5, LC/MS/MS [2HERICHWA T & & L, HPLC THHE

0.14
b) o2} .

0.10

0.08

0.06 |

0.04

0.02

4

0.04

0.03

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

0.01

0.02 0.03 0.04

0 0.01

Concentration determined
by HPLC (g/e)

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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BENRONI L EREYLBIILLTEREIT) T ENE
FLWEER B,

F & 0

BMAEYFENR 7Y —= 2, HPLC & U LC/MS/MS
KL 3BT D TCs 4 ERlORE, >BEDOS VAL
THELL

1. MCX #3457 € k=1 Y1-0.25mol/LiE{t
# Y o 4-TEA (80:20:0.01, v/v/V) IR TIEHT 5
& T, TCs 4 BRI AZZBIRMNCHEB L (IBRIT 5 2 L aT
[ N

2. OTC, TCBL U CTC 0.2ug/g, DOXY 0.05ug/
gE@mMmL iz & ZoBIREE, 766~99.0% (CV 1.6~
54%) L RIFBSERISE SN,

3. MAMFNIZRZ Y —=> 7D TCs 4 EH|OKREE
RiEiL 0.005~0.03 ug/g T, BRPOBEBEEML 5
KHRHHEIRETH - 1o,

4, BEMIFHR 7Y —= v Jick b TCs OBRGHIHET
Eht8a, HPLCA2HAWT, TCs 4 ERARE - 8
TEYRFLISHEETE.

5. LC/MS/MSic& b, TCs 4 EH DR TEET
Hotz,

6. AOTEETHVT, BROBEEEBEL /L5,
9 kx{&H S CTC 0.007~0.090 g/g, 4 #iEH» 5 DOXY
0.005~0.027 ug/g Kk & h e,

SEHBE L 72 TCs 4 ERo N, BTOMBIRS
BichN, EELEED 720, Kis#co TCs 4 |
OEALEIFITE, EEEFESREIEBTE. £
HEUCIDA T 358, AatrEiRREORE LBV T,
FIEROGEENAED 3 L THBY TERTH 5 Z MR
Bt

B8, AHRO—MIIBEAASBEFLE 92 2FWH
i#Hex (2006 10 A, BHD KBV TRERLA.
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