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Determination of Oxolinic acid and Flumequine in Feeds by LC

Yasutoshi SUGIMOTO" Masayo NOMURA " and Kazuya WASHIO®

(" Food and Agricultural Materials Inspection Center, Fukuoka Regional Center)

An analytical method for determination of oxolinic acid and flumequine in feeds using
liquid chromatography (LC) was developed. = Oxolinic acid and flumequine were extracted with
0.2 % metaphosphoric acid solution-acetonitrile (3:2).  The extracts were filtered and topped up
to 200 mL with the extracting solvent.  Sample solutions were purified by C;g cartridge (GL
Science, InertSep Slim-J C18-B) and graphitized carbon cartridge (GL Science, InertSep GC), and
subjected to LC for determination of oxolinic acid and flumequine. A recovery test was
conducted using two kinds of formula feed and fish meal spiked with 5, 1, 0.5 and 0.3 mg/kg of
oxolinic acid and flumequine. @ The mean recoveries of oxolinic acid and flumequine were
71.1~94.4 % and 71.5~90.5 %, and the relative standard deviations (RSD) were within 12 % and
16 %, respectively. A collaborative study was conducted in eight laboratories using a formula
feed for layer and a fish meal spiked with 3 mg/kg of oxolinic acid and flumequine. = The mean
recovery of oxolinic acid in the formula feed for layers was 88.7 %, and repeatability and
reproducibility in terms of the relative standard deviations (RSD, and RSDg) and HorRat were
5.9 %, 6.6 % and 0.48 respectively.  For the fish meal, these respective values were 83.0 %,
6.1 %, 9.5 % and 0.68.  The mean recoveries of flumequine in the formula feed for layers was
87.7 %, RSD,, RSDy and HorRat were 5.5 %, 6.9 % and 0.50 respectively.  For the fish meal,
these respective values were 82.0 %, 4.1 %, 8.3 % and 0.59.
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Oxolinic acid Flumequine
(5-ethyl-5,8-dihydro-8-oxo0-1,3-dioxolo(4,5- (9-fluoro-6,7-dihydro-5-methyl-1-oxo-1H,5H-
g)quinoline-7-carboxylic acid) benzo[ij]quinolizine-2-carboxylic acid)
Ci3HiINOs  MW:261.2 CisH1,FNO;  MW:261.3
CAS No.: 14698-29-4 CAS No.: 42835-25-6

Fig.1  Chemical structures of oxolinic acid and flumequine
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Table 1  Compositions of the formula feed used in this study

Formula feed Ingredients Proportion

Ingredients
types types (%)
For layer Grains 54  Corn, Polished rice
Oil meal 28  Corn gluten meal, Soybean meal, Rapeseed meal
Animal by-products 6  Fish meal, Poultry by-product
Others 12 Calcium carbonate, Animal fat

Salt, Paprika extract, Feed additives

For finishing  Grains 74  Corn, Milo, Cleaned rice
pig Oil meal 21  Soybean meal, Rapeseed meal
Animal by-products 1  Fish meal
Brans 1 Corn gluten feed
Others 3 Animal fat, Molasses, Calcium carbonate

Calcium phosphate, Salt, Vegetable oil, Feed additives

For red sea Animal by-products 64  Fish meal, Antarctic krill meal
bream Grains 17 Wheat flour
Oil meal 6  Soybean meal, Corn gluten meal
Brans 5 Rice bran, Wheat bran
Others 8  Refined fish oil, Animal fat, Calcium phosphate, Seaweed

powder, Banana powder, Feed yeast, Feed additives
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Table 2 Operating conditions for LC for analysing oxolinic acid and flumequine

Column L-column ODS (4.6 mm i.d.x150 mm; 5 um)

Mobile phase 0.2 v/v% Formic acid solution-methanol (7:3)—20 min—(6:4)
Detector Fluorescence detector (Ex: 325 nm, Em: 365 nm)

Flow rate 1.0 mL/min

Column temp. 40 °C
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Sample 10.0 g

——add 20 mL of water

—— leave standing for 30 minutes

add 100 mL of 0.2 % metaphosphoric acid solution-acetonitrile (3:2)
—— shake for 30 minutes

filtrate under suction filter (No.5B)

wash with 50 mL of 0.2 % metaphosphoric acid solution-acetonitrile (3:2)

— top up to 200 mL with 0.2 % metaphosphoric acid solution-acetonitrile (3:2)

4 mL of sample solution
|— add 10 mL of water

C,5 cartridge (prewash with 5 mL of acetonitrile and 5 mL of water)

apply sample solution
—— connect graphitized carbon cartridge (prewash with 5 mL of acetonitrile and 5 mL of water)
under the C;g cartridge

wash with 5 mL of 0.2 v/v% formic acid-acetonitrile (1:1) three times

—— remove C,g cartridge

—— elute with 15 mL of acetonitrile-toluene (3:1)(containing 0.2 v/v% of formic acid)
—— evaporate to dryness under 40 °C

—— dissolve in 2 mL of water-methanol (7:3)

— filtrate with a membrane filter (pore size 0.45 pm)
LC-FL(10 pL)

Scheme 1  Analytical procedure for oxolinic acid and flumequine in feeds by using LC
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Fig.3  Results of stability test for oxolinic acid
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Table 3  Results of recovery test for oxolinic acid and flumequine

(%)
Fraction volume (mL) 0~15 15~20  Total
Oxolinic acid 96 0 96
Flumequine 98 0 98
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Table 4  Results of recovery test for oxolinic acid and flumequine

(%)
Fraction volume (mL) 0~15 15~20  Total
Oxolinic acid 98 0 98
Flumequine 99 0 99
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Fig. 4 Chromatograms of each sample solution
(A) Sample solution of formula feed for layer
(B) Sample solution of fish meal
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Table 5  Results of recovery test for oxolinic acid
(%)
Spiked Formula feed Formula feed for Fish meal Fish meal Fish meal
level for layer red sea bream (domestic) (Peru) (Ecuador)
(mg/kg) Recovery” RSD®”  Rec.” RSD®”  Rec.” RSD?  Rec RSD®” Rec” RSDV
5 944 (22) 71.1 (11 ) 90.8 ( 3.8) 71.8 ( 1.7) 80.3 ( 3.6)
1 81.8 ( 7.3) 74.5 ( 2.4) 76.3 (10 ) 833 (57 78.2 ( 1.5)
a) Mean recovery (n=3)
b) Relative standard deviation
Table 6  Results of recovery test for flumequine
(%)
Spiked Formula feed Formula feed for Fish meal Fish meal Fish meal
level for layer red sea bream (domestic) (Peru) (Ecuador)
(mg/kg) Recovery” RSD®”  Rec” RSD®  Rec” RSD® Rec” RSD”  Rec” RSD”
5 90.5 (2.5) 747 (12 ) 86.7 ( 1.9) 733 (11 ) 80.5 (5.2
1 833 (1.7 742 ( 2.6) 71.5 ( 1.4) 853 (16 ) 82.0 (2.7

a) Mean recovery (n=3)

b) Relative standard deviation
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Fig. 5 Chromatograms of standard solution and sample solution
(A) Standard solution of oxolinic acid and flumequine (500 ng/mL)
(B) Sample solution of formula feed for layer (spiked with oxolinic acid and flumequine at 5 mg/kg)
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OR LK EE 2 sk Tz

RE B A A R NEELRICA X Y U VS LT 0.5 mgkg, 7/ AF L LT 05 K
0.3 mg/kg Y &R LIZ3EHZ DWW T 3 ST 24T o 72, T OSSR, RN K O
WU (X Table 7 XN D EBY Thoto., Fiz, AX YV VBOE—27 O SN LN 10 &7 5
FEFEIL 0.5 mg/kg, 7V AF 0% 03 mgkg ThHoiz.

LEDORER NS, RIETEE T OA XY U UiE% 0.5 mgkg, 7V AF % 03 mgkg £ TR
ARE L F X bz,

Table 7  Results of recovery test at the concentration of detection limit for oxolinic acid

(%)
Spiked level Formula feed for layer Domestic fish meal
(mg/kg) Recovery” RSD ” Recovery®” RSD ”
0.5 72.6 ( 3.9 77.7 12 )

a) Mean recovery (n=3)
b) Relative standard deviation (RSD)
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Table 8 Results of recovery test at the concentration of detection limit for flumequine

(%)
Spiked level Formula feed for layer Domestic fish meal
(mg/kg) Recovery” RSD"” Recovery” RSD ”
0.5 78.9 ( 6.8) 72.2 (7.5
0.3 89.3 (12 ) 77.5 (11 )

a) Mean recovery (n=3)
b) Relative standard deviation (RSD)
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Z— R O RME 2 v % — D 8 3B E T LR T & FhE L 7-.

FX VU VBRIZONWTORERIL Table 9 DL 3B0 TH Y, AKHTIE, FEHEIEIT 3.0 %, Z
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NM9.5%T&H Y, HorRat L 0.68 Tho7=.
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Table 9  Collaborative study results of oxolinic acid

(mg/kg)
Lab.No. Sample
Fish meal Formula feed for layer
1 2.22 2.42 2.47 2.73
2 2.42 2.33 2.43 2.78
3 2.49 2.19 2.27 2.53
4 2.17 2.41 2.72 2.87
S 2.73 2.66 2.78 2.51
6 2.74 2.96 2.75 2.88
7 2.80 2.48 2.66 2.68
8 2.32 2.47 2.84 2.68
Spiked level 3.00 3.00
Mean value” 2.49 2.66
Recovery (%) 83.0 88.7
RSD, ” (%) 6.1 5.9
RSDR? (%) 9.5 6.6
PRSD” (%) 14 14
HorRat 0.68 0.48
a) n=16

b) Relative standard deviations of repeatability within laboratory
¢) Relative standard deviations of reproducibility between laboratories
d) Predicted relative standard deviations of reproducibility between laboratories calculated from

the modified Horwitz equation
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Table 10  Collaborative study results of flumequine
(mg/kg)
Lab.No.
Fish meal Formula feed for layer
1 231 2.43 2.51 2.71
2 2.47 2.47 2.43 2.57
3 2.33 2.15 2.23 2.61
4 2.13 2.38 2.83 2.96
S 2.59 2.62 2.57 2.50
6 2.69 2.86 2.70 2.79
7 2.68 2.54 2.50 2.79
8 2.32 2.38 2.75 2.63
Spiked level 3.00 3.00
Mean value” 2.46 2.63
Recovery (%) 82.0 87.7
RSD, ” (%) 4.1 55
RSDR? (%) 8.3 6.9
PRSD” (%) 14 14
HorRat 0.59 0.50
a) n=16

b) Relative standard deviations of repeatability within laboratory

¢) Relative standard deviations of reproducibility between laboratories

d) Predicted relative standard deviations of reproducibility between laboratories calculated from

the modified Horwitz equation
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Table 11  Instruments used in the collaborative study

LC column
Lab.No. LC system ) ) )
(i.d.xlength, particle size)

Shiseido, CAPCELL PAK C18 UG120
| Agilent Technologies, LC-1100 Series oo 0

(4.6 mmx150 mm, 5 pm)

Agilent Technologies, Ecli XDB-C18
2 Agilent Technologies, LC-1100 Series o 1 CC 10T081ES, BEIPSE

(4.6 mmx150 mm, 5 pm)

Shiseido, CAPCELL PAK C18
3 Agilent Technologies, LC-1100 Series . 00

(4.6 mmx150 mm, 5 pm)

JASCO, Pump PU-980

4 Auto sampler AS-950 Showa Denko, Shodex C18M4E
Column oven CO-965 (4.6 mm>250 mm, 5 pm)
Detector FP-2025 Plus
Chemicals Evaluation and Research Institute,
5 Agilent Technologies, LC-1100 Series  L-column ODS
(4.6 mmx150 mm, 5 pm)
6 Shiseido, NANOSPACE SI-2 Tosoh Bioscience, TSKgel ODS-80TM
Detector NANOSPACE SI-2 3013 (4.6 mmx150 mm, 5 pm)
7 Agilent Technologies, LC-1100 Series Shiseido, CAPCELL PAK C18

(4.6 mmx150 mm, 5 pm)

Shimadzu, Pump LC-20A
System controller CBM-20A
8 Auto sampler SIL-20AC
Column oven CTO-20A
Detector RF-10AXL

GL Science, Inertsil ODS-3
(4.6 mmx150 mm, 5 pm)

4 FEH
RO XV U VBRI VAR AZOWNT, gt —ikERKIL, Bk~ N o 7%

W2 B BiEOFR AT EHE~DOBEH O AT HGIZ OV TR L, ROMEEE.

1) XYV UBERTIVAX S OBRERIZ 0.1~50 ng DHIFH CHEMMEL R LT,

2) CyX=HTLERNT T 7574 NI —HR =0T MMUBEOEHE S OB EIToT2 8 2 AR
HIKDOVLEEIZZNLEN 15SmL THo ThoTz.

3) wHMEABHAK P COAF Y Y VBORENZHR LIZE 24, EXLARWES, BRFFNICER
BRI TDZEnn, EXANALTLERHOVDOIMLERHD EEZ LN,

4) 3HEEORAEE N 6 mEOFEHFEEHZ W T, KB/ TrZu~v b7 7 AEERL
A, AXVIYUVBKRTLAX UV DOEREYETOIE = IIRO LRSI,

5) 2FEEOEAFEE N N3 EEOAREHNT, XYV UVBER 7V AF L LTI mgkg &
O 5 mg/kg MY BRI L, WRINEIIGRER % F20E L2/, 4% U VBBl oW L, FHREILER
13 71.1~94.4 %, Z O URGEIZHXEERZE (RSD) & LT 11 %LAT, 74 F A5 T
1%, FEBIENNEIL 71.5~90.5 %, £ O UKEEIZ RSD & LT 16 %Ll FORRS G Sz

6) AiEFZHETROAF Y U UEEE 0.5 mgkg, 7V AT % 0.3 mgkg THRIEAIEETH - 7=,

7)) B ROREE TSR A XY U VATV AF & LTH 3 mekg HHYEZ ZNLE
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WLk 2 VT, 8RBECARBICL 2 A2 EE LT-. ZORRE, 4% v
IZOWT, BT, EHEIERI 83.0 %, T DOENMEIK URE K OEMBEIEEIXIZEN

FERFEHER 72 (RSD, X TVRSDg) & LT 6.1 %% TN9.5 % TH Y, HorRat |%0.68 THh-o7z. F7o,
R AR E B A R CIE, IR 88.7 %, T DENMIK UK E K ONREFIEE X

ZXRSD, LOVRSDg & LT 59%K%106.6%TdH Y, HorRat 1L 048 ThH o7z, 7L AF LT

W, T, BN 82.0 %, F DENME UK K OV M FFBUR 1L 2 2 st

FEYEfR 7% (RSD, X (ONRSDg) & LT 4.1 %K% UN83%ThH Y, HorRat 1L 0.59 THh-o7-. F£7=, ik
B AR AR CIE, FHIEIERIT 87.7 %, T OENMEIE UK E R OCEMEBBE XL

AURSD, . (NRSDg & LT 5.5%M106.9%T&H Y, HorRat i 0.50 Th - 7=,

ks, ARIEIX, L2145 A 1 BT TR AT RIS v

Bl i
H[FERERIC S ATEW - MEEAN B AR SOt v % —Z 2T, HHEAN B AR e 2
B st o % —, JA HAARL HHWEBEE S AR08 7 o ¥ — OFRERE O &0 2T
DEEZRLET.
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