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Abstract

This study was attempted to detect six benzimidazoles [thiabendazole(TBZ), oxfendazole
(OFZ), mebendazole(MBZ), flubendazole(FLBZ), albendazole(ABZ), and febendazole(FBZ)] in
eggs using high performance liquid chromatography(HPLC) with photodiode array detector
(DAD) simultaneously. The eluates were determined by HPLC on a waters X-Terra™ Cig
reverse-phase column(4.6 X 250 nm, 5mm) with DAD at 295mm. The mobile phase was 0.04M
ammonium phosphate(pH 7.5) / ACN(62.28 v/v) run isocratically. The calibration curves were
linear(r>0.999) for six benzimidazoles. Average recovery rate from eggs were 94.54% for TBZ,
9771% for OFZ, 8882% for MBZ, 93.71% for FLBZ, 7861% for ABZ, and 75.09% for FBZ,
respectively. The limits of detection and quantification were 2.27ppb, 3.88 for TBZ, 9.34ppb,
1561ppb for OFZ, 2853ppb, 45.15ppb for MBZ, 27.39ppb, 40.95ppb for FBZ, 861ppb, 13.95ppb
for ABZ and 12.79ppb, 22.34ppb for FBZ, respectively.
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| tetracyclined] FAYEA ol carbamate
A % 59 AsdAAAP R AHEEH AR
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E#FESZA thiabendazole, albendazole,
oxfendazole, mebendazole ¥ fenendazole2
SigmaAl, flubandazole® Dr. EhrenstorferA}
AFE AHEIIR e, AlsdXEE A f7
£l 2% HPLCECSE ]JT BakerAlel AF
< AHE3sh

EEZY9| =X

Wz e E2A] FE2A BEE 10mgs FE3|
dol 100 m¢ &FZ 230 FH3t1 DMSO 10

mol] & =9 thd 50% acetonitrile® EA|A
7R A9 & EFsI 100 pg/me7t HES T
E ¥ 42%Fo2 Yol WA BEHM AHE
3ot

ANzel & 3 A

N2 FAsG 44 1.0gS 50w YA F
AT F o7 1 me 50% ACN(acetonitrile)
£ #AFsH T 79 5me) ethylacetateE
Yol of 58 F< 4olFE F 3,700 pmolAl 10
B2t fA¥est ethyacetate3& A3 8t
tl. A E ethyacetate® S ALFZ7|E AHE
Bt} FAAZ A F 1.0mee 50% ACN2ZE
£33t 045 me] JFHAA=Z 33 F HPLC
o F¢l3tdch

HPLC =d

HPLC(Waters Co, No 2690), UV Detector
(Waters Co, No 2487), x| u|t}&A & #&l3}
71 9% columne XTerra Cis(46 X 250 mm, 5
m)E, 23 °]F4L  0.04M(NH.)HPOs}
acetonitrile$ 2} AH&-3H3i T}

1.0g egg
l
Add 1m¢ 50% acetonitrile and homogenized
‘ !
Add 5m{ ethylacete and shake for 3~5min
l
Centrifuged 3,700rpm, 10min and extracted
ethylacete
!
Evaporate to dryness
{
Dissolve with 1.0m¢ 5096 acetonitrile
!
Filter with 0.45m syringe filter

!
Inject into HPLC

Fig 1. The sample preparation scheme of
benzimidazole anthelmintics in egg.
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Table 13 Zo] 0.04M(NH):HPOy/aceto-
nitrile(62 : 38, v/v) 24 6% WA UGS
A FEA FAEN] 7FsRon, Fig 29
At o] A& FAIES AYHCE HiR|n)
g&g AV A89 EXdM = s3] #A
o] glo] E4o] 7Hsatd e, 652 WA nt}
A EEFS ARH =z 25 FAAHA
(r>0999)= Yepiin. oleizre JAHE LC
o 98 *F=RE AAG A FAEH

=3

g

3|5

639 WAHYES 4o F=H02 g,
0/4 ug/g, 08 ug/g)2 5749 A8 4o} AA

& 3o HPLCY Fl8ld 4L ZAAZ 3
F€% A8l Table 2049k 2o
thiabendazole < 34§ 94.21, 9294, 96.47%,
ol A4 4.88, 883, 458, oxfendazoled 34
& 9834, 591, 98.89%, WolAF 1.98, 661,
532, mebendazole2 3|4& 83838 8347,
04.11%, WHolAl 862, 2.66, 4.21, flubendazole
L 358 9560, 91.14, 94.38%, WolAl 2.46,
458, 418, albendazole2 3}<=& 7843, 75.76,

ZAF AR 8165%, WolAl%& 624, 489, 665 fen-
Table 1. Analytical conditions of benzimidazole anthelmintics
Compound Column Mobile phase le;t:;:tlon

Thiabendazole

Oxfendazole 0.04M(NH,):HPO; /

Mebendazole XTerra Cis acetonitrile(62:38, v/v) UV 360 m

Flubendazole (4.6 X 250 mm, 5¢m)

Albendazole Flow rate : 1.0 m¢/min

Fenbendazole

Fig 2. HPLC chromatograms of benzimidazole anthelmintics fortified egg at 0.4 xg/g and blank
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Fig 3. HPLC chromatograms  of
Thiabendazole; OFZ, Oxfendazole, MBZ, Mebendazole; Flu, Flubendazole; ABZ, Albendazole;
FBZ, Fenbendazole

—s—TBZ —e—O0OFZ —a—MBZ
350 - —v-—-Flu —e— ABZ —e—FBZ
300 -
B 2501
[
% 200
e
g 150
g 100 /
€ 50 . //
0 T T T v T
0.0 0.2 0.4 0.6 0.8 1.0
Concentration{ug/ml)
Fig 4. The standard calibration curves of

benzimidazole antheimintics(r>0.999). TBZ,
Thiabendazole; OFZ, Oxfendazole, MBZ,
Mebendazole; Flu, Flubendazole; ABZ,
Albendazole; FBZ, Fenbendazole.

bendazole2 348 7559, 72.25, 77.42%, o]
A 228, 362, 6348 BT BT 75%°1432)
&3 100]319] WolAFE Ro 34E F
WolAly B% FuEgch oldge FFHL
&4 Jeoz2RH AFEE E2FF 2
thiabendazole2 34& 9522, 91.23, 96.74%,
Wol A4 478, 893, 485 oxfendazole® 34

standard benzimidazole

ol e el e e |

anthelmintics at 05uzg/mt TBZ,

£ 9743, 9594, 9898%, WA+ 1.89, 651,
523, mebendazoleZ 3|+& 8286, 8374
93.98%, WolAl4 852, 2.76, 4.31, flubendazole
£ 348 9660, 9241, 93.83%, WelASF 256,
447, 409, albendazole2 3+& 79.34, 7667,
82.18%, WolA4 614, 479, 656, fen-
bendazole & 34~& 7559, 73.23, 76.88%, W o]
A4 231, 352, 6402 25 Hd 75%01449]
383 100]3e] WolAFE B 3¢g
HolA4 BT fAleHA 2AHUH.

AEBHA

et e HYPez 6F9 WANTEA
Aoz ztzte] AE@A 2 FFIA= 42
thiabendazole 2.27ppb$} 3.88ppb, oxfendazole
9.34ppb%}t 15.61ppb, mebendazole 28.53ppb<}t
45.15ppb, flubendazole 27.39ppb} 40.95ppb,
albendazole 861ppbs} 13.95ppb, fenbendazole
12.79ppb%} 22.34ppbE thiabendazole®] 723
A7t 744 @Esken 19t ¥l 2 mebendazole
3} flubendazole2 ZHETA7L Eol AFAE
Al 50ppbel FEoldtel e HEo] ojye R
o2 Jeyiel. olshz2e A4# L Fletouriss"
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Table 2. Recovery rates of benzimidazole anthelmintics in spiked egg

Recovery rate (%)

Coefficient of variation

Compounds — —Gro™ M  Mx2 Meam M2 M Mx2 Mem
Thisbendazole 9421 9294 9647 9454 488 883 458 610
Oxfendazole 9834 9591 9889 9771 198 661 532 464
Mebendazole 8388 8847 9411 8882 862 266 421 516
Flubendazole 9560 9114 9438 9371 246 458 418 374
Albendazole 7843 7576 8165 7861 882 624 489 665
Fenbendazole 7559 7225 7742 7509 1313 228 362 634

* M : benzimidazole anthelmintics 0.4 pg/g

9 AAAA A7 FEIA 2 AF¥A= 4
2} thiabendazole 2.26ppb®} 3.91ppb, oxfendaz
ole 9.41ppb<} 15.59ppb, mebendazole 28.49ppb
9} 45.23ppb, flubendazole 26.98ppb¢}t 41.05pp
b, albendazole 859ppb<} 14.01ppb, fenbendazo
le 13.23ppb®t 23.22ppbE thiabendazole®] A
Z3A7F 713 2skon] 19 w2 mebenda
zole¥} flubendazole 2 ZA&3AI7F Fol A HA|
Al S0ppbe] FxoldMe HEO] 3N
e A ol-f FARH ZAME AL

Table 3. Limit of detection(LOD) and limit of
quantification(LOQ) of benzimidazole
anthelmintics in spiked egg

Compounds  LOD (ppb) LOQ (ppb)
Thiabendazole 2.27 3.88
Oxfendazole 9.34 15.61
Mebendazole . 2853 4515
Flubendazole 27.39 40.95
Albendazole 861 13.95
Fenbendazole 12.79 22.34

4 £
652 WX uEA 24 (thiabendazole,
oxfendazole, mebendazole, flubendazole,

albendazole, fenbendazole)ol] th§+ HPLCE o]
£3 HFRNXAL 2AEEE oW ZHe
Waters, XTerra Cis(4.6 X 250mm, 5m), ) &7

4l 0.04M(NH,):HPO, 8} oA Erto| EP e
Ted, AL ALY 29%5m= A A
28 v BEF APAL BF FPA3>0.999)
< Jel

A 8PN A4ES T ZAA thiaben-
dazole 94.54%, oxfendazole 97.71%6, meben-
dazole 88.82%, flubendazole 93.71%, alben-
dazole 78.61%, fenbendazole 75.09%2] 2+&
< Jelloh

A2PAY 3FFA+E 24 thiabendazole
2.27ppbe}  3.88ppb, oxfendazole 9.34ppbe}
15.61ppb, mebendazole 2853ppb$}t 45.15ppb,
flubendazole 27.39ppb<} 40.95ppb, albendazole
861ppbet 13.95ppb, fenbendazole 12.79ppbot
22.34ppbe] At
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