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Comparison of sample preparation methods for quantification of
febantel, an anthelmintic agent, and its metabolites in rockfish
(Sebastes schlegeli) muscle using liquid chromatography-
tandem mass spectrometry
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This study presents the evaluation of sample extraction and purification procedure for the determi-
nation of residues of febantel and its metabolites, fenbendazole, oxfendazole and oxfendazole sulfone
in rockfish (Sebastes schlegeli) muscle using liquid chromatography-tandem mass spectrometry.
Residues of febantel and its metabolites in rockfish muscle were analyzed using each different sample
preparation method from Korean Food Standards Codex (KFSC), Food Safety and Inspection Service
(FSIS, USA), and the modified FSIS method using QuEChERS kit (FSIS-Q), respectively. Each meth-
od was compared for mean recoveries and repeatabilities. Since FSIS-Q showed higher repeatabilities
(coefficient of variation, CV of 2.4%~10.9%) than those of FSIS method (CV of 4.6%~17.5%), recov-
eries from FSIS-Q were compared with those from KFSC method. FSIS-Q showed significantly higher
recoveries of 83.1%~110.1% (P <0.05) than those from KFSC method of 64.7%~107.4%. In addition,
FSIS-Q showed a good linearity over the range of 2.5~200 pg/kg, and excellent sensitivities with
limit of detection of 0.46~0.71 pg/kg and limit of quantification of 1.08~2.15 pg/kg. Although all
the sample preparation methods turned out to be able to meet CODEX guideline for all the compounds,
FSIS method and FSIS-Q validated in this study could be applied to screening and quantification
for residues of febantel and its metabolites in rockfish muscle with efficient preparation procedures.
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Fig. 1. Chemical structures of febantel and its metabo-

lites (M.W., molecular weight).

o] A T+ FBT9]
Eol thg MRLO] &
Aol A 50 pg /kg, Zroll & 500 pg/
kg, 7+ 10 ngkg= 274 = o A H(European Com-
mission, 2010). =Wl A= 201913 &, HA], T
Ab, 42, F B 9ol thek FBTS MRLO| Aj 0]
7H7e,ﬂ°i°fr1 =Z3 F-9lol w2t 50 WAl 1300
ngkgz 274 5 A THMEDS, 2021a). 3413 & A7}

2 AR digk 2HRE 871 f7] Wil 2024
WEE Add #E JEEd5sE BYAE
(positive list system, PLS)E thu|3te] AE&E7]FS
10 pgkg o MFFENMAE TE3] BFL +
= 4% 9 dAe] i gEVF @7 THMEDS,
2021b).

ja}
=
O

< T7kek AFTIROA FAE W A 3T
| ik S et %‘Oﬁ] et
(Korean Food Standards Codex, KFSC)ll
W«] FBT % 1 tiARA ol ek A
o] A o] QITHMFDS, 2021c).
Aol g 240 g} Aol A

Zo| me} AR vjEL ST} OhE
FBTH Z2 A2& 7549 4§
< 29 AR g A 4
o] 5ol Fesit dddn mepA 2 A
J+ CODEX (CAC/GL71-2009)#) % (CODEX,
2009)° we} v &2t Z&olA FBT ¥ 1 thA}
AES g5st7] A AA8 S
matography-tandem mass spectrometry (LC-MS/MS)
£ o] 83t "= FFF Food Safety and Inspec-
tion Service (FSIS)2] A& H(FSIS, 2018)3 A&
Z(KFSC) (MFDS, 2021¢)2] A1dHe vin 9 A=
stk shieh.

B g Tto] AFEH water, methanol, n-hexane, ace-
tonitrile< HPLC 53 (Honeywell B & J, Morris-
town, NJ, USA)S ARE3FA AL, o] &3l A7t =
formic acid= LC-MS & (Fisher Scientific, Hamp-
ton, NH, USA)& AHE-3tATH AlS A @A o A
AF8-% QuEChERS (Quick, Easy, Cheap, Effective,
Rugged and Safe) kit (MgSO4 900 mg, primary sec-
ondary amine (PSA) 150 mg)x= CHROMAtific (Hei-
denrod, Germany)oll A, C18%'Z(OctaDecylSilane,

2

off 1x 7
2Y

4
<

oorr e A og
T

T oug
r.{

)
=

o
(d

X0,
" ﬁu

2 01F
mi ox
o o

—Hﬂmi-l>r9~'$£4iﬁim
i
ir
;o
Ko
1“”’

2
>

liquid chro-



LC-MS/MSE o] &g z3|&

12 nm, S-150 pm)< YMC Co., Ltd., (Kyoto, Japan)
AN Fujste] ARESEAT A EES febantel
(FBT), fenbendazole (FBZ), oxfendazole (OXF), ox-
fendazole sulfone (OXFSO2) ¥ WHEIZFEZHQ
oxibendazole-d7 (IS)= % 98% ©]/4<! analytical
standardE Sigma (St. Louis, MO, USA)ll A 43}
%2 dimethyl sulfoxide (DMSO, Sigma)Z 1 mg
/mL %9 stock solutionS #|Z3ld AFE A 71X
20°Co] BA3IATH RE BAEE L AMS Al A
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2 0.1%E 9A B Ak =9 AR A
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717184 221-& Table 13 2th

Zt A2 o E2RY 4 4 AEEY B
3] 9=&-& Prism 5.02 Z 2 1 3(GraphPad Software
Inc., CA, USA)= ©]-8-3}%] one-way analysis of var-
iance (ANOVA)E A AI3FH 2™, tukey's multiple
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Q)9 total ion chromatogram®] H]x = AB Sciex
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9—’3}9}1?(Table 1).
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T FAEATE KFSC Al @2 o] 5%
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Table 1. Analytical conditions for febantel and its metabolites

Column ZORBAX Eclipse XDB-C18 (2.1 x 150 mm, 3.5 pum)
Mobile phase A: 0.1% formic acid in water
B: 0.1% formic acid in acetonitrile
Flow rate 0.3 mL/min
Injection volumn 5 uL
Column oven temperature 40°C
. . N
LC conditions Time (min) B (%)
0.0 17
0.1 17
Gradient program 7.0 25
14.0 95
18.5 95
21.0 17
26.0 17
Ionization electrospray, positive
MS Ionspray voltage 5500 V
. Gas temperature 350°C
conditions . .
Curtain gas pressure 25 psi
Ionsource gas 1, 2 pressure 30 psi
Compound Rt (min) Q1 mass (m/z) Q3 mass (m/z) CE (V)
382.8 27
Febantel (FBT) 12.97 447.1 415.1 19
280.0 41
267.9 37
Fenbendazole (FBZ) 11.10 300.0 159.0 45
131.0 63
QTRAP
MS/MS 159.0 51
conditions Oxfendazole (OXF) 6.41 316.0 191.1 31
283.9 27
299.9 33
Oxfenfazole sulfone (OXFSO2) 9.83 332.0 159.1 49
77.1 95
225.2 29
Oxibendazole-d7 (IS) 6.02 257.1 176.9 37
149.1 49
QTOF Mode Information dependent acquisition (IDA)
MS/MS m/z range 100 to 1000 m/z
conditions MS/MS criteria MS signal exceeds a threshold of 100 counts per second.

Bold numbers are quantitative ions and others are qualitative ions. Rt, retention time; CE, collision energy; 0.1%
FA ACN, 0.1% formic acid in acetonitrile; IS, internal standard
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Table 2. Comparison of two sample preparation methods for determination of febantel and its metabolites
Methods KFSC FSIS
Sample 2 g of muscle with skin (excluding scales)
Number Number
of tubes of tubes
required required
1. Add 2 g of ammonium sulfate and |
1 mL‘antioxidant soln., then mix for (50 mL) 1. Add 40 pL of IS (10 .
10 min. pg/kg), then mix for 10 s (50 mL)
2. Add 200 pL of IS (10 pgkg), then and allow to stand 5 min.
stand 60 min.
Extraction 3. Add 0.3 g of sodium chloride and
2 mL of Mcilvaine buffer, then mix 2. Add 10 mL of
for 5 min. ACN/water (8/2, v/v), then
: homogenize with ultrasonic
4. Add 5 mL of ACN and mix for homogenizer (5 min,
15 min, then centrifuge the tube at amplitude: 60%)
5600 rcf for 20 min, -4°C.
iSt. t"f)al;e r:}el\?v Sti%zm?g:z ngi tsr?)nsfir 2 3. Centrifuge the tube at
o ’ K (15 mL) 4700 ref for 10 min, 4°C.
antioxidant soln.. Repeat step 4-5.
1. Decant the extract into a
new tube containing 500 )
mg of C18 or QuEChERS
1. Def:a.rlt the extract into 2.1 new tube kit (MgSO; 900 mg, PSA (50 mL)
containing QUEChERS kit 3 150 mg)
(MgSO4 900 mg, PSA 150 mg), then (15 mL)
mix for 10 min. 2. Add 10 mL of ACN
saturated n-hexane, then
Purification shake the tube using Vortex
mixer for 1 min.
2. Centrifuge the tube at 5600 rcf for 3. Centrifuge the tube at
15 min, room temperature. 4700 rcf for 5 min, 4°C.
4. Aspirate the hexane
3. Take the supernatant and transfer 4 layer, then take 5 mL of 3
it to a new tube (15 mL) ACN layer and transfer it to (15 mL)
a new tube
Evaporation Evaporation with N2 gas blower for 90 min. at 45°C (+30min. for C18)
o . .
Reconstitution 1 mL of methanol I mL of 0.1% formic acid in
water/methanol (1/1, v/v)
Filter Regenerated cellulose (0.2 pm pore size) syringe filter

Total required
time

250 min.

125 min. (+30min. for C18)

IS, internal standard; ACN, acetonitrile; rcf, relative centrifugal force
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Fig. 2. MS chromatograms of standard mixture (10 pg/kg), sample blank (pre-spiked internal standard (IS) in rockfish
muscle, 10 pg/kg) and pre-spiked standard mixture in rockfish muscle (10 pg/kg).

Table 3. Comparison of recovery (%) and repeatability (%) for KFSC, FSIS and FSIS-Q methods

Spiked KFSC FSIS-Q (C: FSIS)
Compounds levels Recovery Repeatability, % Recovery Repeatability, %
(ng/kg) (%) (within-laboratory, CV) (%) (within-laboratory, CV)
25 105.7 + 12.6° 12.0 91.8+2.5° 2.7
Febantel 5.0 107.4 + 8.0° 7.4 83.1+1.4° 1.7
(FBT) . 97.8 £10.7° 10.9
10.0 852455 6.5 .
C: 105.5+52 5.0
2.5 76.5 + 0.4° 0.6 104.6 £2.2° 2.1
Fenbendazole 5.0 762 £ 4.6° 6.0 104.3 £3.3° 3.1
FBZ 105.1 = 4.0 3.8
(FBZ) 10.0 76.5+3.3° 43 .
C: 96.5+10.2 10.6
25 64.7 +4.6° 7.1 104.7 +3.7% 3.6
Oxfendazole 5.0 68.4+3.4° 5.0 103.4+4.2° 4.1
(OXF) . 105.8 +2.6° 24
10.0 64.7+29 45 .
C: 90.5+15.8 17.5
2.5 73.5+£2.6° 3.6 108.5 = 1.6° 1.4
Oxfenfazole sulfone 5.0 76.2 +3.3° 4.4 110.1 £ 1.5° 1.3
OXFSO2 108.2 +2.8% 2.6
( ) 10.0 724+1.8° 2.5 .
98.4+4.5 4.6
- ] 92.7+3.7° 4.0
Oxibendazole-d7 10.0 65.6 428 43 .
(IS) C: 87.1+8.8 10.1

Recovery (%) was expressed as mean + standard deviation. Repeatability test was performed with 3 replicate samples
for each spike level (total n = 9). FSIS-Q, modified FSIS purification method using QuEChERS kit (MgSO4 900
mg and PSA 150 mg); C, FSIS method using 500 mg of C18; Values within a same row with different superscripts
differ significantly at P < 0.05.
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Fig. 3. Total ion chromatograms of solvent blank (50% methanol), C18 purification (FSIS) and QuEChERS purification
(FSIS-Q), and extracted ion chromatogram of pre-spiked sample (10 pg/kg) for febantel (FBT), fenbendazole (FBZ),
oxfendazole (OXF), oxfendazole sulfone (OXFSO2) and oxibendazole-d7 (IS).
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Table 4. Linearity, limit of detection (LOD), limt of quantification (LOQ) and precision for FSIS-Q method

. . LOD LOQ
Compounds Range /k Linearity (1*
P g (heke) Yo (hgke)  (uko)
Febantel (FBT) y=34496x+32688 (0.9997) 0.71 2.15
Fenbendazole (FBZ) 2.5, 5, 10, 30, y=20797x-218.28 (0.9991) 0.36 1.08
Oxfendazole (OXF) 100 and 200 y=4406.6x+2023.5 (0.9999) 0.64 1.95
Oxfenfazole sulfone (OXFSO2) y=11429x+9061.5 (0.9997) 0.46 1.40

Y
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