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Determination of Nequinate and Buquinolate in Livestock Products Using Liquid
Chromatography-Tandem Mass Spectrometry

Takayuki Nagasima®, Hiroshi Havasui, Takeo Sasamoro, Maki Kanpa, Tomoko Kusano,
Youko MATSUSHIMA, Setsuko KanAl, Kazue TAKEBA and Toshihiro Nagavama

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

We studied the simultaneous determination of nequinate and buquinolate, which are used as
feed additives to prevent coccidiosis, by means of liquid chromatography coupled with tandem
mass spectrometry (LC-MS/MS). The sample was extracted with acetonitrile, then loaded onto an
HLB mini-column with 209% methanol. After clean-up with 20% methanol, the analytes were
eluted with acetonitrile-methanol (1:1). The coccidiostats in the purified samples were deter-
mined using ESI-MRM mode LC-MS/MS with a sample matrix calibration curve. Mean recoveries
of nequinate and buquinolate from 8 kinds of livestocks samples (chicken muscle, chicken liver,
chicken heart, swine muscle, swine heart, cattle muscle, sheep muscle, egg) were in the range of
89.5% to 108.6%, and the relative standard deviation values were <20% (n=10) at the levels of
0.01 ng/g and 0.05 ng/g, respectively. The limits of quantification of these compounds were 0.001
ng/g in each sample.
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Fig. 1. Chemical structures of nequinate and buquinolate

Table 1. LC-MS/MS conditions for nequinate and buquinolate

LC-MS/MS conditions

Column

Column temperature
Flow rate

Mobile phase

Injection volume
Tonization
Analysis mode

L-column 2 ODS (2.1 mm i.d.X 150 mm, 5um)

40°C

0.2 mL/min

(A) 0.1% formic acid: (B) acetonitrile

(A% :B%)=0 min (95:5)~>3 min (95 :5)—10 min (10 :90)~>15 min (10: 90)—15.1 min
(95:5)—20 min (95:5)

5ul

ESI positve

Multiple reaction monitoring (MRM)

lon-spray voltage 3,000V
Vaporizer temperature 450°C
Capillary temperature 220°C
Precursor Quantitative Collision Qualitative Collision
. . . Tube lens
ions product ions energy product ions energy W)
(m/z) (m/z) (eV) (m/z) (eV)
Nequinate 366 145 47 91 33 100
Buquinolate 362 204 35 260 29 95

PREEEE O WO B SBR[ A L .

eI BEEAE 5 mg IO EEICRERL, FhE 4
8/ = THER, 50mLIKERL, 100 ug/mL EEEE
EEBIL7, THhEREEA 4/ —VTTRIRL, BREIER
B L CANENERICER L 7.

EFEA — b U w ¥ Waters #181 Oasis® HLB (200 mg)
ZAY/—=N5mL, KbmLTaIvFsva=vsLi
BRI L7,

A YT LT 4y = Millipore # 8 Millex-1.G 0.2
pm

3. BERSLIUVAERHE

EEEA s 0w 75 70 (B BERIER S Promi-
nence ¥ I} — X

BE5S¥rEEE . Thermo Scientific #:8! TSQ Quantum
Access MAX

BB LS L OBIESRME Table 1 1R L7z

4. HERBAROFR

RAE50gE2BWML, TEr=YA30mLBLUT
£ b= b ) VAEFIANF v 20 mL A 0A THEREL 7245,
457 3,000 BlEx T 10 SEELSBEL 72, £ O LEEE S
WIRFCERY, 72 b= P YVEESE, ~FY VEER
BYICEL, HFilow v =Y 20mL 204 &<
CldARE, 45 3,000 [HEET 10 HELDEL 2. B85
N BB E SRR - 728, B LcT 2 =Y

NEEFEDT 2 P =Y VBICEbE ., ChiTl-7asx
/=10 mL 2IA, BETEEZEL /. CoBREY
A%/ —n2mL ZMATE® LI, K8mL 2
BFIL, £B% HLB #— Y » ¥ (200 mg) iICEWL 7.
H—b Ny VEW0BRAY ) —VTEHER TN
=A% /= (1 D) BETEHL 10 mL ITEA L 72,
FO—HHEA TV T 4 NI —THBRLTRBIERE L
7z,

BRELUER
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b7 b IS TFAEASRECRET S ENSTE K
KIhoDAA V2TV A=A & LTI b
AAVRF Yy EFTY, Y g VIRNNESLBED
MS/MS &tF 2 &8, ROBEOCRP /70y 7
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EALZEYE MRS R L-column 2 ODS, BEH®



180 BfgEk Vol 52, No. 3
Table 2. Recoveries of nequinate and buquinolate from 8 kinds of livestocks
Recovery {%6)*
Spiked
Compound level |Chicken muscle | Chicken liver | Chicken heart | Swine muscle | Swine heart | Cattle muscle | Sheep muscle Egg
(hg/g)
Heg Mean RSD | Mean RSD | Mean RSD  Mean RSD [Mean RSD | Mean RSD | Mean RSD |Mean RSD
N inat 0.01 91.7 9.9 95.3 18.1 89.5 169 | 1043 150 | 91.0 120 | 1025 119 99.6 17.0 96.8 16.3
neduinate 505 0 1010 90 | 901 140 | 936 117 | 915 136 | 932 136 | 1027 105 | 993 86 | 987 86
B ol 0.01 99.9 9.0 1064 146 98.9 137 | 1086 172 | 90.2 169 | 107.6 105 | 1059 154 |1020 185
uquinolate o5 | 1038 85 | 933 138 | 974 88 | 976 95 | 97.6 167 | 1020 67 | 1028 59 |1014 67
#n=10

IKBAEE LT HFBKATE & FBEEIET v =9 40K
B, ERRAEE LT TN Y NERA Y s -V EE
WL, 2NFNOMAELEEBRET L. #0iEH Table
LIORTEREFILBVT, E- 7 ERBIUBEDOSICE L
TRIFLERSB O NI

1.3 1&&EiF

LC-MS/MS iz L 2IMETIE, 3K~ r )2 208EL
ZiF, b S 2 VIE CEEOSETH » THEFET
WHIDA A MDY — v BEILB I EMBH B, 274
= bBLUNT A/ L—+®D0.0]1 pg/mL EERRS
oUNT, FERNPY, EEHTEEL RSO, BRERN, BOLE,
A, EfN, IO 8 D 75 v o BBRARK 900 uL i<
0.1 pg/mL EiErsag 100 ul 24 o< b U 7 ZEERE
BROE =7 IRBLOWEL I L. ZO/ER, *7
4 F = MIBRLNES & CEIFTA & UEESE,ED 5
N, N4 71— FETRTORBTHIHIEIZED S h
7o, BEETe P Y 7 ARISEVAEL B T LA
Lzl &ds, TERRFAZFRO= MY 2 XBEEERV
T2 & &Lk SR 75 v 7 HBRAK 900 uL
12, 0.001, 0.005, 0.01, 0.05 pg/mL DEE LB LI
BRI 100 L 2L TESNL7 o 75 40
E- RS OBBEREER L. TOMR, x74
F—bBLUIA L= &b, TRTOEREHIDWL
T R*>0.998 DHEMMENB SN,

2. RIALEBER OB

Ui, BEOSFEOBERAIC> VTR L. B
MEEROSHED S B, &b OIFEXREER T
5T EMTEL T EDSEAYNEHE—FRAMIE THPLC
Ic & 2B AEESFO—FHERE I IcER Ui, Rk
ICHE U TER A & OUINENEER 21T > 1o & T A, M3
Bl& HENER 0BT EEVEDTH » 7o, BINED
EWEER HEBIRICH 200, HEELBRICH 200 %
m¥h B 1w, MHIEOBHEEREY % A 4/ - 2mL
WHEBRLUEE, ILRE045umor vy T Ly g —
TABUIHEARIC OV THELcE A, WEEAIE b
5% Ll EoEINEER L, IO &hs, BUERSE

AT EE RE AR EREEHEENBIR: TR 1T F
1 A 24 HAZFEE 0124001 %5 (2005)
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Z I TARMETIEPRI O IEBREZEICHLB A~ b Y » ¥
RO R R BRI ERICBINT A T Lic L.

T, A~ Yy VD OOEHERIC o WTHRE L
FRHAE Y, it o RS ERE I 20% £ 5/ —
VTR L 72 0.01 pg/mL BEFR A 10 mL A CHERR
SHEE AREHA-MY o VIRER L. A5 =,
FTEr=bYN, TEFZP -2 57— (1:1)iRE
0I%¥MEF 7L =YD 4EHOEE 10 mL TF
HL, TNFNOBEREELAELLETA, TN
=2 5 = (1 D)IBRT 96K L, oA MR T &
foo RISA— MYy VRERTABO X 7/~ VEEID
WTHET L7z, LR EEROFET, ik o EiEeEE
Ba 10%, 20%, 40%, 60% A ¥ / —IENENTIHE
BLI-bD%E, TEFZMIA-2 5/ - (1:)BRET
BH LT, FoiER, ATEO A ¥/ — VEBEM 40%D)
LT, BREHICERO—EARE L, EICRSERE L
DHETFT LA F7, 10% x5/ — L TERLIEE,
WM DHITH L, =)y YNICHEE 0 U,
Plodziisz, BWTIEOA S/ —VEEA 20%
EEREL T,
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ug/g BLU0.05nug/g MO WFhicB W T b EIE
{4 89.5~1086%, HMEERE I 206 KRB TH »
(Table 2). 8, FEATHE, POV CoORIMENER TE
SNz ow M9 s%Fig 2R BE, Kk
BUBRZ2A - BLUNT A/ L= DERBTIRE
(S/Nz10) i3, 8O FhIcBVL TS 0.001 ng/
g Th T,

4. RERAE

Aiga BV CHROMABIRA 3 HBE BAKHA S
Wik, AN 4R, 510 BiKIc > TR EER



June 2011

LC-MS/MS IC X AEHERFEFDA I 42—~ BLUNI A/ L~ OO 181
(A) 100 100
2 Nequinate 366 > 145 Buquinolate - 362 > 204
2 5.38e4 3.20e5
3
£ a
©100 100
2
=]
K
)
o
11.8 120 122 124 128 1.2,8 13.0 118 120 122 124 126 128 130
<B) 100 100
> . .
"2 Nequinate . 366 > 145 Buqumolate\ 362 > 204
8 3.20e4 2.38e5
R 0
‘$100 100
e
o
[}
o
11.8 120 122 124 126 128 130 118 120 122 124 126 128 130
(C) 100 100
:*g Nequinate 366 > 145 Bugquinolate 362 > 204
§ 4.40e4 3.00e5
Lo ol
2100 100
® |
K] |
& |
118 120 122 124 1286 1‘2.8 13.0 0 {1,3 120 122 124 126 128 130
time (min) time (min)

PFig. 2. T ypical MRM chromatograms of nequinate and buquinolate
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