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Fig. 1. Overview of the development of a bioassay (for screening) and LC-MS/MS (for confirming) for analysing veterinary

antibacterial drug residues in livestock and fishery products
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Table 1. Veterinary antimicrobial drugs

Classes Target Analytes

Tetracyclines Chlortetracycline, Doxycycline, Oxytetracycline,
Tetracycline

Penicillins Ampicillin, Benzylpenicillin, Cloxacillin, Dicloxacillin,
Nafcillin, Oxacillin, Phenoxymethylpenicillin

Cephalosporins Cefalexin, Cefalonium, Cefapirin, Cefazolin,
Cefoperazone, Cefquinome, Ceftiofur, Cefuroxime

Carbapenem Biapenem, Doripenem, Ertapenem, Imipenem,
Meropenem

Macrolides Erythromycin A, Josamycin, Mirosamicin,
Oleandomyecin, Spiramycin, Tilmicosin, Tylosin,

Lincosamides Lincomyein, Pirlimycin

Aminoglycosides  Amikacin, Apramycin, Dihydrostreptomyecin,
Gentamicin, Hygromycin B, Kanamycin, Neomycin,
Netilmicin, Paromomycin, Ribostamycin, Sisomicin.
Spectinomyecin, Streptomycin, Tobramycin

Quinolones Flumequine, Nalidixic acid, Oxolinic acid
Ciprofloxacin, Danofloxacin, Difloxacin, Enrofloxacin,
Marbofloxacin, Norfloxacin, Ofloxacin, Orbifloxacin,
Sarafloxacin

Sulfonamides Sulfadiazine, Sulfadimethoxine, Sulfadimidine,

Sulfadoxine, Sulfamerazine, Sulfamethoxazole,
Sulfamonomethoxine, Sulfaquinoxaline,
Sulfathiazole, Sulfisozole
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Fig. 2. Inspection procedure for veterinary antibacterial drugs in livestock and fishery products at Tokyo Metropolitan Institute of
Public Health (Reproduced with permission from YAKUGAKU ZASSHI, 145(2), 109-115 2%

Copyright 2025 The Pharmaceutical Society of Japan)

. . L. Suitable extraction
Various characteristics

Sample preparation A for bioassay

and clean-up methods Extraction with Macilvain buffer (pH4)
Clean up by mix mode cation-exchange column
1st elution with 2" elution with
14 Drugs with PBS/acetonitrile  28%NH,OH/PBS/acetonitrile
0 13 @ antibacterial Extraction  (1:9, v/v) mixture  (5:10.6:84.4, v/v) mixture
13 W)  representative activity
12 veterinary =2 9 )
antimicrobial @ Sample @ |:: id . |:|]> —_>
H drugs 9, &/ i I?.,j&
10 n v | Buﬂ'erl \‘/ ,
9 Matrix Clean-up using [ |
Oasis® MCX column -
] 3
K
L 7 \ /
6 _\
3 Extraction with organic solvent
4 - Clean up by liquid-liquid partitioning
Extraction
3 -  Drugs
-2 -1 0 1 2 3 4 5 6 7 8 9 ) 1 J,:;{_ E
% #K | Organic
log Pow \_ Matrix |_Solvent A Yy,

Fig. 3. Characteristics of veterinary antibacterial drugs and sample-preparation conditions for multiple-residue analytical methods
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Fig. 4. Bioassay procedures (Reproduced with permission from
YAKUGAKU ZASSHI, 145(2), 109-115 ?®. Copyright
2025 The Pharmaceutical Society of Japan)
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Fig. 5. Detection and confirmation of residual doxycycline in eggs using multiple analytical methods based on different principles
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Table 2. Improvement of screening specificity in Method I

Number of Number of
false-positive samples positive samples
Sample n? The The The The
previous  developed previous  developed
method method I method method [
Bovine 13 3 0 0 0
muscle
Swine 5 2 0 0 3b
muscle
Chicken 29 1 0 0 I
muscle
Fishly 3 1 0 0 16
products
Honey 15 4 0 0 0

a number of samples

b Lincomycin residues were detected 3 samples

¢ Cefquinome residue was detected 1 sample

d Oxytetracycline residue was detected in 1 sample
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Fig. 7. Determination of lincomycin residues in swine muscle
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AL TFR A fat L7z 727,

RAFT v A FMHTHE, v 7HIcs LTEITET
fEH LTV d o 7= Bacillus megaterium® % Fi\ O 2 E#R%E
THAEBAL, HEHRIEELZ 45°C 952 LT, MHRE
ZHUTIEORI 100 fFlcm Exw7=. $£72, ¥/ v #ITiT,
&R ED /D I WESIZ Bacillus subtilis BGA Z 1RR L 7= EhR
ERAWD Z & T, BERBATEICHART 2-5 fFm L L.
INHDOEMFICEY, w5 21 AlOBHERIL 0.25-0.5
pg/mL Thoto. 2 FMOFERBEHITN T a4 60 T
WEFFHEBERAMENICH D, BEREICLE R REREE
PRELUCHRTEDLZ L 2R L (Table3) .
RBPARORETIE, MBS &K ORTLERE DO
BEIZ DD, SAAT vEA & LC-MS/MS HIEDHI I
WHTE 552 Rma L. BIRIEIORTAMELETI
Bacillus subtilis BGA -HUZHEG M2 4 Ule 7=, MCX ik
% RIS ERSE 2 2 B Lz, 30 mL O AT < 2 [[]
T 5 Z LIC L VEIERERED . EHIZ, MCX #7
LD DIRBIRIEIZOWT, NAFT v A T Z R
%, 23O LC-MS/MSHIEIC b 3TE % 5 % 22 \WOFAR & st
L7z, TOMBE, FERMEEEYSET, tRIEHOBEICE S
T ThHhol MV F AT I« AX ) — )L - K
(0.5:75:24.5) IRIERZREHER E L CEIR LT (Fig. 8) .

Sample preparation \

Two extraction with Macilvain buffer (pH4)
Clean up by mix mode cation-exchange column
Elution with the solution including non-volatile salts

Elution with
Triethylami h l/water

(0.5:75:24.5, v/v/v) mixture

) Drugs with Extraction

antibacterial activity I

o
x o 99
Sample |:> EX :> 5
‘!IIPT} S’ o

sz | Buffer \’/ Clean-up using
Matrix x2

Oasis® MCX column @
\ /

Fig. 8. Schematic of sample preparation for Method II




Table 3. Bioassay conditions for Method II

The previous method The developed method 11
Reference organisms Bacillus subtilis BGA Bacillus megaterium Bacillus subtilis BGA
Characteristics of the L . Mueller hinton agar including Lab-lemco agar with low levels
. Antibiotic medium 5 - . . -
culture medium trimethoprim of metal impurities
. Spore suspension. Spore suspension Spore suspension.

Plats t . . . . .

ale preparation was seeded in the medium. was spread on this plate. was seeded in the medium.
Paper disk Non preparation Preparation with Tween® 80 Preparation with Tween® 80
Volume of sample 75 100 1L 150
solution WL " WL
Diameter of the inhibition
zone at 0.5 ug/mL N.D. 20 mm N.D.
sulfamethoxazole
Diameter of the inhibition
zone at 0.5 ug/mL 17 mm 15 mm 28 mm
enrofloxacin
Quality control

—C—the mean of inhibition zones
of two replicates (X)

=== upper control limit

— — control limit

1 6 11 16 21 26 31 36 41 46 51 56
number of trials number of trials

....... lower control limit 1 6 11 16 21 26 31 36 41 46 51 56

a diameter of the inhibition zone at 0.5 pg/mL enrofloxacin

b diameter of the inhibition zone at 0.1 pg/mL enrofloxacin
(Reproduced in part from annual report of Tokyo Metropolitan Institute of Public Health, 72, 43—55%7. Copyright 2021 Tokyo Metropolitan
Institute of Public Health)

Table 4. Bioassay conditions for Method III

The previous method The developed method IIT
Reference organisms Bacillus subtilis BGA Bacillus megaterium Bacillus subtilis BGA
Characteristics of the L . Lab-lemco agar with low levels of Lab-lemco agar with low levels
. Antibiotic medium 5 . . . .
culture medium metal impurities of metal impurities
. Spore suspension Spore suspension Spore suspension

Plats t . . . . ) .

ale preparation was seeded in the medium. was seeded in the medium. was seeded in the medium.
Paper disk Non preparation Preparation with Tween® 80 Preparation with Tween® 80
Volume and pH of sample 75 75 150 85 150 85
solution WL, 7. ML, 8. WL, 8.
Diameter of the inhibition
zone at 0.5 ug/mL 17 mm 24 mm 28 mm
streptomycin
Quality control

—=—the mean of inhibition zones
of two replicates (X)

== =-upper control limit

= = control limit

1 6 1116 21 26 31 36 41 46 51 56

1 6 11 16 21 26 31 36 41 46 51 56
number of trials number of trials

------- lower control limit

a: diameter of the inhibition zone at 0.1 pg/mL enrofloxacin
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Nhotz. NAFT v A Tl 5-25 nghkg THrIGHEHA%
R TE, LC-MS/MS O ER FIRIT0.1-1 ngkg T, 731 4
7oA ORHBREVIECERETE L LD, HIEM
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TA T L, WHREEER T 28 BR Z Xa7
N2 EBZIZOIF 1 BOAKATH- 2. BiiekBRak B
W, NEEALVT 7Y 150ugks) ThZ Aa71%2
PNTHDY,
FEREFHA TIE 93 B, BAA 2 BFUBFCRIEM 2389
LC-MSMS iz hxxvmrvuaxHh o kv a 7ok
UEREE LR, W BRBEIIAELNTH o 2.
UEXY, REEL7 7 EIROF 7 v o F o @
A7 V== 7 LR - ERL R BREE CHETE D,
ERAMEOBNFETHDHZ EERLE.

3. 1IXb A oW AG RHAEWE (BARIEID
AG RPUEWE X, TS TOMAI
2002 FZIEBHHONDLA RNV T vy (SM) KUY
EReX b7 h=wAa v ropdfmtan, Y4 —THNn
AFT AL DRE (SME) #FEL &= 0. L
ML, AG RIUVEMEHEFEEH 4 MR z&u~~yﬁ
T 520, A CRABBENRE S B, Bt

D ERFETLEL S N CH > 72720, R 2 FNCR 62%1
W, E72, pH BRBRIRIC X 2 T ELE & B EREICER
M olz. EHIC AG REUVEMEILEBUKIEDL DR
‘ﬁf%é:&#%,@mﬁ?Af@%ﬁﬁ%< %@ﬁ?

SINT T T BDBEDEE L. RS K DR
%%H%¢<,unﬁmsm;émﬁ-ﬁium,4ﬁ/
R RIECBUEOFMERF 2 TS 2 Z & AmEIhTn
4. 22T, AGRPUEWE 12 A% SRR FTEE 72
WA FT A MO LC-MS/MS (T & BHERR « EREAT:
ERE L. S5, M SEH R O pH % E C
DRTLBRSA % il U, WilE (2 A v] RE e s BRyis i i
BT D OFTLEE TR AL L7 9.

WA FTT A T, HHERBRERZ ST 3 WK, 2
FEIH O BE 1 OSEARVERL T RS A G oz 8 Selh & bt
2 L, Bacillus megaterium X% Bacillus subtilis BGA % &g
BODRWEEHNZIRIR Uz 2 EiREaRA L. £, o7
TCHEEEN RN & 2B E 2, REHBREIRO pH %
7516 8SICEE L. A AR OBINL OB 4 )8
EOMHBEERIHIC LY, BATEICHAREE L 20-50 {51
ELU, 12FORBHERERE 0.0025-0.1 uyg/mL THo7-. 2FE
DFFEREANIOT I HFRITEL 50 CHedt & B Rl
WIZHY, HIEHEL2ZELCHRTEDZLEMHAELL
(Table 4) .

ik L RIFOSREL AT D 2 & 2 L7z,

RO STV,

RBIRE OB CIX, SM {E& LT, BB A 23Ht
71T DOERRE 1%X 854 0.2 mol/L FET v E=v
DERIRA~EE L, BPERRIC R — BRI & LC-MS/MS JIIE
WCHET ARER L L7z, E£72, 5 EEOBA Al 5
L, IWHIREOREL ORE —E & L&k L,
TR A ETH TS REIEREOND, A4
HLBED E ) InertSep CBA 38R U7, fHHIVAIKIC IXEIN =R
ﬁﬁﬂ&z%kU7mm%@%ﬁ(mn)%mbanﬁ%

i«”&d\ﬂfﬁﬁ pH A —#—FK O 1 mol/L + VU AKIKE% A

N, EREME SRR OB A E DT (Fig. 9) .

ﬁ%%%ﬁbtk:é,27@@%%&%@%#O®w
TNTH, "M FT veAICL2BEHIZERD 5T,
LC-MSMS HIEIZHRWTHEREIHT 5 B — 7 Z TR
Niginole. NAFT vEA ORI 2.5-50 png/kg,
LC-MS/MS D& & FRI% 2.5-10 ugkg TH Y, A 4T v
A ORHEBRR ERIZEXIIENLU T Tho7eZ &, [
1B %R U723kl & A — 3BT CLl I g - ERC &

7= &4y &ﬁfi12ﬂ#~fﬂﬁ4h74/%ﬁéﬁ
7-L7-. WEREEE B CITEATE S B, ZAaT7R2 %
Bz T=D iz@f%@ NI T BB —HEZ X5

iz, HREREREEE (1548 SM 43 ngkg K0T 7T~ A
21308 ughkg) THLZ AT 2UNTHY, iELF
FEOONREERTHZ L&A L. £z, 100 BtOE
RBRATIX, A7 v A BHEREHIRD b ho Tz,
PLEXY, KEL, 13655 AG RUEWE O &Y

A7 Y == 7 LR - EREER -HBREK CERTE S
FEMWRTETHDLZ L xR LT
Sample preparation \

Extraction under strongly acidic conditions
Simplification and stabilization of pH adjustment
Clean up by weak cation-exchange column

Elution with the solution including non-volatile salts

@ Streptomycin

¢ Gentamycin Extraction Ad‘j“St pH with
Neomycm Tris Buffer
EQ? o |
Q=& LTy
2% \&/ Q
Matnx TCA aq.
Elution with

\/‘

0.1% formic acid
in 0.2 mol/L ammonium
formate solution

Clean-up using

Inertsep® CBA column /

Fig. 9. Schematic of sample preparation for Method III
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MS/MS Zi#fE L= HriETh Yy, H—OpiLE T Tht
BIETED A 7 ) —=0 7 L BRI ORIE - % Eii T
5. WHEZFE—RBPISETITY 2 8icky, Relom
SYBCCIBMATEI A RE L 20, TROMFE I, &
BHE AR, REFEHE, BEREL N FINLX —HEEOH|
B TE D, R, [TEMRE CIXZ 0 RMERE 23
HIELT 2 MERNH D70, BEUIHERMEEZ R Lz
BED I 7 [6] — BRI TR I HTICHE T 2 Z R TE DR
%, BRAETEROEL L EBREAMUROmZICET 5. L
TN oT, TRHDOFEZT ) =ik Z20% 2 51
BT 5. EEARSIIITEN TS, OPEOMERER T
T, REEAE, R BETREAOEESZS
PR 25D CREFFMEZ T 28 2 TR IER > TV D
B39 Fie, HYRAEEBEESITICBNTY, 2D —

FohT, ERE LR ORHMLEEO R LR ED TR Y,
EETIEZ Y — o el 2 P Licliis b 26405
28 7Y — vy Mk @ FE Al I 1%, National
Environmental Methods Index (NEMI) “Y, Green Assessment
Profile (GAP) %), Green Analytical Procedure Index (GAPI)
40} % Analytical GREEnness metric (AGREE) “NZ D 4%
DRENREINTEY, FHMHEE LA 27 o ks R
5. FIT, RFFETIEBRARIEIZOWT, 4 FEAOAN
V=L HWT T U — it b 2Rk L 7.
BAFSIEINZ R B & LT Table 5 (2. EMERIZREEHM %
TR &9 2 NEMI L O'GAP T, A 47 A L LC-
MSMS FIZH % ORITAERZAT 9 ik & OZITHIfHETIE 2
Dofo. THUL, IDORENEEREOH ECHEIEY
wEaEICHET S, 7, R—RBskEsHns Z Ltk
2 TRERABIFR 2+ KB LI Wi LB 2 bild.

Table 5. Evaluation of the green analytical chemistry of Method II

National environment methods index

Method

Green assessment profile

bioassay LC-MS/MS method bioassay LC-MS/MS method
PBET Hazadous
the developed
method IT
Corrosive Waste
the
conventional
method
Method Grenn analytical procedure index Analytical GREEnness
etho
bioassay LC-MS/MS method bioassay LC-MS/MS method
the developed 6 \
- gi .j o
the .é l B
conventional
method? g .

a The sample preparation of LC-MS/MS method was reported by Nakajima et al. (2012).
(Reproduced in part from Food Addit. Contam. Part A Chem. Anal. Control Expo. Risk Assess., 41,900-913 7.

Copyright 2024 Taylor and Francis)
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Development of Analytical Methods for the Inspection of Residual Veterinary Antibacterial Drugs in Livestock and Fishery

Products

Maki KANDA?

The Tokyo Metropolitan Institute of Public Health screens livestock and fishery products for residues of veterinary antibacterial drugs
using both bioassay and liquid chromatography-tandem mass spectrometry (LC-MS/MS). These screening methods support compliance
evaluation, whereas LC-MS/MS enables confirmatory identification and quantification when definitive analytical evidence is warranted.
This review outlines the residue inspection framework, representative detection cases, and three linked analytical methods that utilize a
single sample solution for both bioassay and LC-MS/MS. In Method I for multiclass veterinary antibacterial drugs, the sample solution
was prepared through sequential extraction with two solvents followed by solid-phase cleanup. Validation in 10 livestock and fishery
products, supported by internal quality control and proficiency testing, revealed that the method was suitable for regulatory use. To
extend the same sample solution to bioassay screening, the bioassay format and sample preparation conditions were further optimized,
which improved sensitivity, reduced false-positive results, and enabled detection of 33 target drugs at concentrations corresponding to
their maximum residue limits or reference levels. In Method II, newly developed bioassay plates and optimized sample preparation
conditions were introduced for 10 sulfonamides and 11 quinolones that were insufficiently detected with Method 1. In Method III, the
linked approach was applied to 12 aminoglycoside antibiotics in honey. These modifications enabled bioassay screening and LC-
MS/MS-based confirmatory identification and quantification employing the same sample solution. Consequently, samples that test
positive by bioassay can be confirmed and quantified by LC-MS/MS without additional sample preparation, streamlining the residue
inspection workflow, improving the reliability of confirmatory identification and quantification, and reducing reagent consumption and
waste generation. Together, these three linked methods provide a practical approach for the residue inspection of veterinary antibacterial
drugs in livestock and fishery products by integrating broad bioassay screening, LC-MS/MS—based confirmatory identification and

quantification, and enhanced green analytical chemistry.

Keywords: veterinary antibacterial drugs, livestock and fishery products, residue inspection, bioassay, LC-MS/MS, linked analytical

method, green analytical chemistry
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