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{24 — Methyl 5-(4-fluorobenzoyl)-2-
benzimidazolecarbamate
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[&— ~ Flubendazole Z #f# =
Fig. 1. Chemical structure of Flubendazole
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Fig. 2. UV-absorption spectrum of Flubendazole in methanol.
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Flg. 3. HPLC chromatograms of matrix effect of the blank sample at 250 nm.
(A). Blank sample (B). flubendazole spiked into sample
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retention time (min) retention time (min)

VY ~ FERT 70 flubendazole AFHENY 0.04 ppm L C18 JRBH [FTIFLAT#.& RO A el i
Fig. 4. HPLC chromatograms of flubendazole 0.04 ppm spiked into chicken liver samples and cleaned
up with C18 cartridge. (A). before clean-up (B).after clean-up

Sample
¢Extrated with 30 mL of CH;CN for 3 min and filtered

Filtrate
| Partitioned with 50 mL of n-hexane saturated with CH3CN for 5 min

v v

n-Hexane layer CH;CN layer
(discarded) Added with 5 mL of n-propanol
i Evaporated to dryness
Residue
Dissolved with 10 mL of MeOH : H,O (4 : 6 > v/v)
before use

Bond Elut C18 cartridge (500 mg)
Washed with 15 mL of MeOH : H,O(4 : 6 > v/v)
Eluted with 10 mL of MeOH : H,O(8 : 2 > v/v)

Eluate
¢ Evaporated to dryness

Residue
* Dissolved with 1 mL of MeOH

HPLC-analysis
8 71, ~ Be LR R

Fig.5. Analytical procedure of Flubendazole in meat samples.
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= R EUE RN B

i flubendazole AEYE KRR ILATIE HifR
BUETT R BG AL R d AR (y=153896x +

1542.3) > HARMEEERRE () 5 0.9999 -
Zk flubendazole £F 5 ug/mL A7 JE RS B
T fE A R IEEEBIRAGR (ES) -

1000000 -
_ 800000 -
= 600000 -

"5 400000
24900000

y=153896x + 142.3

R =09%9% //

0

3
conc (ppm)

& /S ~ Flubendazole 7 FE#E R [
Fig. 6. Standard curves of Flubendazole

HHFE ~ FEIT ~ HEN S HET R s R
WBERAHE 5 g0 FEHEREE - 2RI 0.05
~0.10 Bz 0.20 ppm Z flubendazole FZHE S,
CFININEE=EE - FRMEZ
WA ES A TGRS - RS (R—
) FiioR o FERZ By 92.7~100.4% >
HARER 0.8-22%  FEMFZEILEE
95.8~100.4% - BELRBRy 0.6~2.1% 5 HERA
ZENE R 93.9-99.1Y% - 8 B ARE R
1.4~3.4%  HERFZEICE R 91.6~102.00% >
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FA ARy 1.4~5.1% [ FEtaieflZ
T HEENE 2.5 g anlEin 0.05
0.10 5z 0.20 ppm Z flubendazole fEHES,
FiNnEhlF =88 k22 aEE - KRR
B 07 ik AT R B o S SR B R
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EE+—) AR ~ FEIT - FEN - HEAT
Je 2 22 ks SR flubendazole REHE
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i

FK— ~ FEA ~ FEIT - HEA - HEIT S HEE TR0 Flubendazole (& [AIKGR

Table 1. Recoveries of flubendazole spiked into swine muscle, swine liver, chicken muscle, chicken liver,

and egg
Sample Spiked level Recovery?
(ppm) (%)
Swine muscle 0.01 100.4 (2.2)
0.02 93.2(1.0)
0.04 92.6 (0.8)
Swine liver 0.01 100.4 (0.6)
0.02 95.8(1.3)
0.04 98.4 (3.4)
Chicken muscle 0.01 102.0 (3.4)
0.02 97.6 (1.4)
0.04 91.6 (5.1)
Chicken liver 0.01 95.3(2.0)
0.02 93.3(1.0)
0.04 93.4(0.5)
Chicken egg 0.02 95.3(2.0)
0.04 93.3(1.0)
0.08 93.4(0.5)

a: average of triplicate

b: value in the parenthesis is coefficient of varitation (%)
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A | ] (B) 1 (©)
6- 6—2 6
1 1 ] ]
> 4 > 4- > 44
£ 4 £ £ "]
2': FBz 27 21 FBZ
I RARRaRRzEEREEREEERRRERRS: HARRE RN AR AR AR IR R RN RN
0 4 8 121620 0 4 8 1216 20 0 4 8 1216 20
retention time (min) retention time (min) retention time (min)

& ~ #AtmiE R0 0.04 ppm flubendazole AZRHES, (& ESUBAHEATIERE (A) flubendazole EEHE
i (BYFENZZH RS (C) flubendazole FRANFFAAT
fig.7. HPLC chromatograms of (A). flubendazole standard at 0.04 ppm (B). swine muscle blank (C).

swine muscle spiked with 0.04 ppm flubendazole

8-—[ 8- 3
. @ ] (®) (C)T
6 6 6
2 4 > 4 ]
E g ! g 4
]
2 e 27 1 2- ' FBz
N | |
0 O—J oJ |
0 4 é 1]2 1‘6 20 0 4 8 1216 2 0 4 8 12 16 2
retention time (min) retention time (min) retention time (min)

&\ ~ FERT ARSI 0.04 ppm flubendazole AEHEN, Ry URAHIEATIERE (A) flubendazole FEYE
i (B)FERTZZF R (C) flubendazole FRAIFAFART

Fig. 8. HPLC chromatograms of (A). flubendazole standard at 0.04 ppm (B). swine liver blank (C). swine
liver spiked with 0.04 ppm flubendazole
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4 (B) ’ ©)
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2‘- FBZ 2__ 21 FBZ
e | EEARE RARRARARAR AR SRR AN T
0 4 8 12 16 2 004 8 121 X 0 4 8 12 16 20

retention time (min) retention time (min) retention time (min)

&L ~ #EARREE RN 0.04 ppm Flubendazole AFEHE & ESBAH I ATIEIRE(A)flubendazole FEHE N
(B)#E 22 F R (C) flubendazole AN HEAIH

Fig. 9. HPLC chromatograms of (A). flubendazole standard at 0.04 ppm (B). chicken muscle blank (C).
chicken muscle spiked with 0.04 ppm flubendazole

8J 8 8 '
] A) | (B) ©) [
8 6- 6 |
] 1
> 4 > 4 > 4 |
E E E 1
2-: - 2 2 FB
0 0:"’ e 0
KIVIIII[‘VTYT‘71YVI\I|V —V_\'_Y_V_‘\—H-VTT-FWTW—Y-:—\I“-’F' rmrm’l'rm
0 4 8 12 16 2 0 4 8 12 16 20 0 4 8 12 16 20
retention time (min) retention time (min) retention time (min)

Bt ~ FERTARES RS0 0.04 ppm Flubendazole HEHE N RS AHIE MTIEIRE(A) flubendazole AZHE 5,
(B)#ET22 F R (C) flubendazole AN FERT H

Fig. 10. HPLC chromatograms of (A). flubendazole standard at 0.04 ppm (B). chicken liver blank (C).
chicken liver spiked with 0.04 ppm flubendazole
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8 8 8J
(A) ] (B) j ©
Z ] ]
] ] ]
> 44 > 4 > 4-
: 4 I E Y
2_: FBZ 2%
04 0+ —
f'”||i|l‘il!l‘lllw|llll ""]I'Hs_"l'|>rl|!?% IRR] T H
0 4 8 12 16 20 0 4 8 12 16 20 0 4 8§ 12 16 20
retention time (min) retention time (min) retention time (min)

fil— ~ FEEAEHE RN 0.08 ppm flubendazole AHE . FsSGAHIE HTIEIRE (A) flubendazole FEEHE
m (B)REEEZZE MRS (C) flubendazole FRANAHEE+
Fig. 11. Chromatograms of (A). flubendazole standard at 0.08 ppm (B). egg blank (C). egg spiked with

0.08 ppm flubendazole

HF3EA ~ FERT ~ JEN - SERT R EEE RS
IS TR 2 flubendazole FEHEVAYR » LA
RGBT - E B R 3 f%
=ilRF o AEfg R flubendazole (& & & Ry (A%
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HiFRE - REGRERRTR - FA ~ 560 - #EA K
Hetate s e Eha iy 4 ppb @ HEE &
Ermti &2l 8 ppb o () Riafad
flubendazole F{E 5 H &~ HPLC [E3E -
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8 8
(A) (B)
6 6
> 4- > 4
£ 4: E
i
2- 2
] FBZ FBZ
0- - 0
IS SARAR R S R SRS USRS L EAE a
0 4 8 12 16 20 0 4 8 12 16 20
retention time (min) retention time (min)
8 8 8{
] © I D) ] (E)
6 5‘3 6-
] ] ]
> 4 - ]
2‘:4 2'_ 2—_
] Fez JJVM ] FBZ
07 4 07 0
LA LARAN AR RAARN RRARY IARARARAN RARAN LRARS RRRN IRARANRAARESERAN AR RARY
0 4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20
retention time (min) retention time (min) retention time (min)

fiE -+ ~ fafter flubendazole ffHukR H & v SRR g A el

Fig. 12. HPLC chromatograms for detection limit of flubendazole.
(A) swine muscle spiked with 4 ppb flubendazole (B) swine liver spiked with 4 ppb flubendazole
(C) chicken muscle spiked with 4 ppb flubendazole (D) chicken liver spiked with 4 ppb
flubendazole (E) egg spiked with 8 ppb flubendazole.
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N AR B 7 A BRARRA SRR Z L

30

SRR EERET AL flubendazole gl /7
A R LRI RE 1 B — kB iR AT Marti
22 k@ Horie 2 A® ~ Hitoshi Z A""2 % &
BERH STk o AHLANEERE O AR A ~ FEAT
HEN ~ HEIH s HEE D flubendazole 7ERA & -
ESELALIE ZBEREEL > PR Sep-pak Alumina
A BRI FEL - R S SORAHE AT
L& SR MEARIIER 31T - IR IIASHE SL R FE A
~ FERT ~ BEP ~ HEATRIEIECRAE 83.9~95.4%
il 5 #EEAGIRD 0.4 ppm JRELZ FIKERE,
90.6% - {H 0.055 ppm ZHpHIES 78.2% -
(B IR 7 - HFT#R HPLC [E[FEERRA
VAR HEE TR - I R BESOR A
> Marti S A\ VSEHIUZBE ALY - FFLL C18 &
FEEL - Bl G SRR E AT R R A R
12 o S3HTiE ~ BN RR e 2 T B ) F 2E
YR o EENIN 0.1 mg/kg flubendazole AZHE T,
EIF ~ Bfpkatet - ERERSRZ 70
% ~74% K 73% ; Horie Z AO3rEERA
AR LFS flubendazole 55 13 ) Fl 4k
» 41 0.25% metaphosphoric acid-methanol-
acetonitrile ( 6:2:2, v/v) ZHY » B LL Oasis
HLB (60 mg) HytEaLEERER AL o 5 RIR
fin 0.05 ppm flubendazole FE#E L EAA ~ 54
P~ HE PN R AT = B ] G T A Ry
83.542.8 % ~ 81333 % -~ 87.7429%
Hitoshi 2 A "9 43 #7 5% A 1 58 T o 40 35
flubendazole 25 6 f# Benzimidazole X895
FH%E » SeLIZMEZEEL - LR 2 IEC
PSR EBRAEE TR > DL Sep-pak C18 EHiF
b - Eitghe IR FLL silica EAEEL
o FHAENAN 1 ppm flubendazole HRYEN 5
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AR 5 I v HE 1T A 8 1] 0 St s o0 il Ry
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Determination of Flubendazole in Swine muscle, Swine
liver , Chicken muscle, Chicken liver, and Egg by High
Performance Liquid Chromatography

Ru-Chia Shih, Mei-Hua Chang, Yu-Han Lin, Chieu-Chen Cheng and Shin-Shou Chou

Division of Food Chemistry

ABSTRACT

A simple and sensitive detection method based on C18 reversed-phase high performance liquid
chromatography (HPLC) with UV-detection at 313 nm was presented for the residual determination
of flubendazole in swine and chicken muscle, swine and chicken liver, and egg. Flubendazole was
extracted from samples with acetonitrile, then filtered. The extract was partitioned with n-hexane,
evaporated to dryness, and then cleaned up through C18 cartridge before quantitatively determinated by
HPLC. Flubendazole was analyzed by HPLC on a column of Luna 5y C18 (25cm x 4.6 mm i.d., 5um)
using acetonitrile/ water (7/13 » v/v) as eluent > and determined by UV detector. The average
recoveries of flubendazole spiked into samples at the levels of 0.01, 0.02, and 0.04 ppm were in the range
of 92.7~100.4% for swine muscle > 97.7~100.4% for swine liver > 93.9~99.1% for chicken muscle -
91.6~102.0% for chicken liver respectively. Similarly spiking into egg at the levels of 0.02, 0.04, and 0.08
ppm were in the range of 93.3~95.3% . Coefficients of variation were less than 5.1% . The detection limits
were 4 ppb in all tissue samples but was 8 ppb for egg. No residue of flubendazole was detected in twenty

samples which were purchased from various supermarkets in Taiwan.
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