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Determination of Oxolinic Acid in Whole-crop Rice Silage and Paddy Rice for Feed by LC-MS/MS

Daisaku MAKINO', Yukiko MITSUI" and Toshiko OTANI’
(" Food and Agricultural Materials Inspection Center, Nagoya Regional Center)

An analytical method was developed to determine the level of oxolinic acid in whole-crop rice
silage and paddy rice for feed using liquid chromatograph-tandem mass spectrometer (LC-
MS/MS).

After adding water to the samples, oxolinic acid was extracted with 0.2 w/v% metaphosphoric acid
solution-acetonitrile (3:2). The extract was purified with Oasis HLB (Waters; Milford, MA,
USA) and injected into the LC-MS/MS. LC separation was carried out on an ODS column
(Inertsil ODS-4, 3.0 mm i.d. X 150 mm, 3 pm from GL Sciences Inc.; Tokyo, Japan) using 0.1
v/v% formic acid solution-acetonitrile as a mobile phase. In the MS/MS analysis, positive mode
electrospray ionization (ESI+) was used.

Spike tests were conducted on feed ingredients spiked with oxolinic acid at the levels of 0.1 or
0.01 mg/kg (whole-crop rice silage), and 3, 0.3 or 0.01 mg/kg (paddy rice). The resulting mean
recoveries ranged from 83.9 to 101 % and the repeatability in terms of relative standard deviations
(RSD,) was not more than 6.4 %.

A collaborative study was conducted in nine laboratories using whole-crop rice silage and paddy
rice spiked with 0.1 and 3 mg/kg of oxolinic acid, respectively. The mean recovery, repeatability
and reproducibility in terms of relative standard deviations (RSD, and RSDg) and HorRat,
respectively, were 89.4 %, 2.9 %, 9.2 % and 0.42 for whole-crop rice silage and 92.6 %, 4.8 %,
6.3 % and 0.46 for paddy rice.

This method was validated and established for use in the inspection of oxolinic acid in whole-crop
rice silage and paddy rice for feed.

Key words: oxolinic acid; liquid chromatograph-tandem mass spectrometer (LC-MS/MS);
electrospray ionization (ESI); whole-crop rice silage; paddy rice; collaborative study
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5-ethyl-5,8-dihydro-8-oxo-1,3-dioxolo(4,5-g)quinoline-7-
carboxylic acid

C13H11NOs MW: 261.2 CAS No.: 14698-29-4

Fig. 1 Chemical structure of oxolinic acid
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50 mL 2Nz iz, BEEAEL TAX Y V= 7 BEENL, TIERETK-RAF ) —
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gl LT01mg (f=0.999) #&HT5. ) .
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4) VE=AXRUEY-N-E=Abtrl FOLEAKI =T A Oasis HLB 71— U v (&
TAKIE 200 mg, U — "—%& 6mL) Waters
5) LC-MS/MS :
LC #B : ACQUITY UPLC System Waters
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Table 1  Operating conditions of LC-MS/MS

Column Inertsil ODS-4 (3.0 mm i.d. x 150 mm, 3 pm), GL Sciences

Mobile phase 0.1 v/v% Formic acid solution - acetonitrile (7:3) (hold for 19 min)
- 1 min — (5:95) (hold for 5 min) - 1 min — (7:3) (hold for 5 min)

Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)

Mode Positive

Ion source temperature 120 °C

Desolvation gas N,, 350 °C, 800 L/h

Cone gas N,, 50 L/h

Capillary voltage 2kV

Table 2 MS/MS parameters

Tareet Precursor Product Qualifier Cone Collision
arge
& ion (m/z) ion (m/z) ion (m/z)  voltage (V) energy (eV)
244 - 30 15
Oxolinic acid 262
- 216 30 25

4) F =
Boilz SRM Z7a~ N7 AN E—J HEEZ RO THREREZIERL, P4V
=y IBEZHEE L. B, TEEOMES Scheme 1 1277 LT,
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Sample 10 g
add 30 mL of water (paddy rice: 20 mL)

allow to stand for 30 min

add 120 mL of 0.2 w/v% metaphosphoric acid solution-acetonitrile (3:2) (paddy rice: 100 mL)

shake for 30 min

—filter through GFP under reduced pressure

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

—fill up to 200 mL with 0.2 w/v% metaphosphoric acid solution-acetonitrile (3:2)

dilute sample solution 10-fold with 0.2 w/v% metaphosphoric acid solution-acetonitrile (3:2)

add 10 mL of water to 4 mL of sample solution
HLB cartridge

wash with 10 mL of acetonitrile and 10 mL of water

apply sample solution

wash with 5 mL of water-acetonitrile (9:1) (twice)
50 mL eggplant flask

elute with 20 mL of water-acetonitrile (4:1)

evaporate under 50 °C and dry with nitrogen gas

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

centrifuge for 5 min at 5000xg
LC-MS/MS

Scheme 1 Analytical procedure for oxolinic acid in whole-crop rice silage and paddy rice for feed
(analyzed under the shading condition)
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2.6 A RERAE KL O O B PE D fst 71k
FEbo DR OKICAF YV =y 7L LTENZEN 1 KO 0.3 mg/kg f134 842 {0 L 7-5le %
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ERAFIEE U CIFRL {EK OV JFRLE TR G| Aits, R 7 7 A DIEMRET 0.2 wv%h A X
VBRI — T2 b= R UL (342) AR L EEHRIRIZOWT, ZO—TEEE 0.2 wiv% A
2V UBRIRE— T b= UL (3+2) TIEREIC 10 54 2 81EZ B L CLIM O #E/EZ 1T
W, ERETZHIECOWTHREBRFZ1T- 72,
T, AIRO 2IEICONT, R TERRIEZITo B bRFT LT,
2.7 =X —AF U OREHIE
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ERE LR S, JFRLIEICRE D m/z 216 TER LSRR L et L7z,
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BRI Bk L7z
3.2 MEAR
22 O DIZEVFAMLIA XYY = v JBRIERERS 5 uL & LC-MSMS ([ZiEAL, oz
SRM 7 v~ 77 LpbE—7 HZ W THRERZER L. ZORR, Fig.20blkY, F
VU= 7 0.1~50 ng/mL FHY & (FEAEE LT 0.0005~0.25 ng FHY4 &) OHPH CEMRME

LT,

y=6,252.94436x-97.63471
R? =0.99955

Peak Area

0 10 20 30 40 50
Oxolinic acid / [ng/mL]

Fig. 2  Calibration curve of oxolinic acid by peak areas
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Table 3  Recoveries of oxolinic acid by JFRL method

Rice straw Whole-crop rice silage Paddy rice
Recovery (%) Recovery (%) Recovery (%)
runl run2 runl run2 runl run2
49.2 28.0 48.0 67.6 73.0 99.1

3.4 JFRLEDOWK B OWKG

1) AHUERLE & O O A 8% O Rt
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L7e FiEZ T 5 2 LI L0 A FERIEO A itk 2 Mst L7z,
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Table 4  Effects of dilution of extract and room lighting on recovery tests

Rice straw Whole-crop rice silage Paddy rice
Conditi f lighti d
onditions o° TOOI AgAtng an Recovery (%) Recovery (%) Recovery (%)
dilution

runl run2 runl run2 runl run2
no shadjnga), no dilution 49.2 28.0 48.0 67.6 73.0 99.1
no shadinga), dilution 66.5 38.0 74.2 75.0 79.7 92.3
shading”, no dilution 35.1 46.3 67.7 58.5 96.6 79.4
shadingb), dilution 72.4 59.1 93.7 82.2 92.3 79.0

Conducted under the fluorescent lighting, in a laboratory that daylight enters through
windows
b) Conducted under the lighting having been removed ultraviolet rays, in a laboratory that

daylight doesn’t enter
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2) EB=HX—AF DO

JFRL JEII Tkt R 2 st 2t & Licied, mEBHEY— 27 072\ miz 216 DA I T
. LinL, BRETOSIRSRIT WCS XOMKD 2 i THY, ZD~ ) v 7 ZATERYE
DIRWFREMER H D Z &, WCS OFEYEEF Y ED 1/10 O ZWIE T HI21E m/iz 216 TIL
ERRRET D ENBESNTZZEND, FE=X—AF L E L TROBENEN T2 miz 244
DEHATE 202712k 0 BRF 21T - 7.

ZORER, Table 5 DL BV, m/z 216 & 244 TIHIFEREOKENESNTZ. LL, mkz
216 TIiX WCS IZ DWW TEHEMED 1/10 DIRENIEEREDOTZORERRETH 72, Ko TLL
ORI T=F — A 4 m/z244 TEBEITHO Z LT LT,
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Table 5 Comparison of product ions

Whole-crop rice silage Paddy rice
Spiked mlz 216 m/z 244 mlz 216 m/z 244
level a) b) a) b) a) b) a) b)
(mg/kg) Recovery RSDx Recovery RSDx Recovery RSD: Recovery RSD:
(%) (%) (%) (%) (%) (%) (%) (%)
3 - - - - 90.5 3.0 90.6 2.8
0.3 - - - - 94.5 2.6 92.4 4.2
0.1 87.6 1.9 90.1 1.1
0.01 ND - 95.5 3.4

a) Mean (n=3)
b) Relative standard deviation of repeatability

3.5 VE=ARVEY-N-E=AEr U RUOREAIKRI =0T L0056 O 4y O
JFRL IS B 21T 722 & n, 77 DMEORHBE /IS TAAE T TR W iERT 57
OIT, 28128007 MOV 7 2 RS LT,
ZOREHE, Table 6 DEFY, XYV =v Z7BRIIK—TEF=FU/ (4+1) 5~20 mL THH
L, ZOMOBESIITEHIZRD bhiehotz. 2D L6, JFRL EERERICAK—T® =
FUJL (4+1) 20mL TIEHSE L Z EIT L.

Table 6  Elution pattern of oxolinic acid from Oasis HLB

Fraction Water-acetonitrile (9:1) Water-acetonitrile (4:1) Total
volume (mL) 0-5 5-10 0-5 5-10 10-15 15-20 20-25
Recovery (%) & 0 0 0 24.5 68.3 7.3 0 100
a) n=l1

36 v MU w7 APOMR
240 DERD)ICEVFB L7 WCS D7 T v 7 REHATRICA XV ) = v 7 gl L TR E
LT 0.1 mgkg Y E (RERENAKF T 2.25 ng/mL A% E) ROW KO T Z v 7 EHATKRIC
0.3 mg/kg fHY4 & (FEREHA T C 3 ng/mL MY &) 2ZNTRIHRM LA~ N v 7 AjE%E
HRIZOWT, 22 O DITHE-> THB LZRBEOA X VU = v 7 BERERIC T 5 E— 7 HfEk
R LT 2 A E— 7T 96.2~105 % THY, XV VU =y 7@iIHk~ I v 7 RiZ
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WCS 3 MR K OWIK 3 Bk Z v, AREC X v R Lz AR %2 LC-MS/MS IZiEAL, 5
b7z SRM 7B~ N T AZMERLIZEZ A, WTHOREBHZBWTHLERLYIT 58— 71
O LR Tz,
ek, BHHNZSRM 7 a~ 7T AO—fl% Fig. 3 IZ/R LT,
3.8 IRANENEER
WCS (2 #fK) IcAF Y U=y 7ie LTHEMIE L TENL 0.1 KT 0.01 mgkg tH2Y &
(e H&BURHAIR © 2.25 X TN 0.225 ng/mL fHY &) , Bk (2 #{K) (23, 0.3 %10 0.01 mg/kg HH
WE (R&ERENAR T 30, 3 XUV 0.1 ng/mL MY &) ZiRMLUEREEZ Ay, REICED 38
HMTCER L, [BUEE MR UK E 2 R 7.
ZDOFERIE Table 7 D LBV, FHEITER K ONZ OMOR UK I3 HE R (RSD,) & LT
WCS Ti% 90.1~101 % &% T* 4.8 %LL T, K TIE 83.9~95.5 %K N 6.4 %Lk FTH o 7-.
ek, O SRM 7 a~ 7T AO—fl% Fig. 3 IZ/R LT,

Table 7 Recoveries for oxolinic acid

Feed types
Spiked Whole-crop rice silage 1~ Whole-crop rice silage 2 Paddy rice 1 Paddy rice 2
(nlleg\;lilg) Rec overya) RSD.”  Rec overya) RSD,” Recoverya) RSD"  Rec overya) RSD,”
(%) (%0) (%0) (%) (%0) (%0) (%) (%0)
3 - - 90.6 2.8 95.5 0.4
0.3 - - 92.4 4.2 93.5 3.0
0.1 90.1 1.1 92.7 0.8 - -
0.01 95.5 3.4 101 4.8 83.9 6.4 93.7 5.6

a) Mean (n=3)
b) Relative standard deviation of repeatability
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Fig. 3  Selected reaction monitoring chromatograms
(Arrows indicate the peak or retention time of oxolinic acid and each peak is shown as
100 % in each segment except C, in which the peak height of the lowest standard
solution (0.1 ng/mL) is to be shown as 100 %.)
A: Standard solution (The concentration is 5 ng/mL for oxolinic acid.)
B: Sample solution of paddy rice (spiked at 0.3 mg/kg of oxolinic acid)

C: Sample solution of whole-crop rice silage (blank)
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3.9 ER FREOWH T RO MG

KIEOERETRE OB FTIRZMET 5720, WCS KUOWIKICAF VY Y =y 7 BETRIN LT
TONEUGRBRIC L VIG5 —27 O SN A 10 KN 3 LR D RE 2 R 7-.

ZORER, HoNZE—27 O SN M 10 LLE &2 B REIX WCS (RizY) KOMKF TZi
ZH0.02 X 0.01 mg/kg, SN A3 &7 DRI WCS (REZY) MK OBk TZ 24 0.007
& Tr0.003 mgkg THho7=Z Eonh, RIEOER FRIZWCS (JA&ZY) LOWXAFT TZEAZTN
0.02 %10 0.01 mg/kg, M FIRIZT WCS (REZH) K OWLKH TEHZ 4 0.007 & T 0.003 mg/kg
THoT-.

3.10  H:[EEER

RIEORMTEBREE 2RI 5720, REIE@EM, N OIEPIRO 2 sUKE CHIEREHT L 53t
[ kR 2 S L 7.

Hi@EaElE LT, WCSIZAF YV =y 7fed L CHEMEE LT 0.1 mg/kg Y& (4rHr ARt
BE10 gIZX LT 1 mLHIZ3 pg 28 H T 2K 0.75 mL RN KOBKIZAF V) =y 7k
& LT3 mgkg 4 E (N AHFEL 10 g 2% LC 1 mL #1230 pg 2 & A 2% 1 mL 1)
Z, FRBREICTHONBRBORTBICEIN L CHRERL L 7230k 2 7.

ZINFRBRE L, WA FER S TEAT, — MM EE N BB A s O T,
MVEN B ARG v 2 —ZEFZEET, INIATBOE N EAROKPE Y & 2 2 fiilit o 7 — Bkt 2
BRRAE, FELEE 22—, FMletr%—, A tBEE 2 —, FEfF 22— K OEREM 2
v H— GFIRBRE) Tholo. FEOMITICHOWTIE, EEEMICAN—FF 4 XS - LFERBR
(BT % FIE 'O WA B EI1Z, Cochran Hi7E, SMUIE 1 {8 D Grubbs 1 7E M O HUE 2 5 0 Grubbs
BEZATV, SANEOF EA R Lz L CEHEINE, Mok LEE (RSD,) & OV B

(RSDR) ZHE ML, 55472 RSDr 226, EIE Horwitz 2 2% W\ T HorRat 23K 7-.

FE 1L Table 8 DL EBY Thoiz. WCS KORLEKIZOWT, SEHEIEIZZNLI 89.4 KLY
92.6 %, RSDIZZN LI 2.9 LT 4.8 %, RSDpiZZN 4 9.2 X 6.3 %, HorRat IZZHEh
0.42 XTY 046 Toh o7, 723, HorRat 73 0.5 % FlElo TV, R ILFEBUR O F0 2 12 5
WhboleLiZB2onT, AERESME®, I=77257T 1 BERFELTHSL LC-MS/MS T
HWETDENI B ES 2D Lo TND I ENRR TRV NEEZ LN,

SEOD, FBR=ECTHEA L7 LC-MS/MS O#§fE% % Table 9 (278 L7z,
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Table 8 Collaborative study results of oxolinic acid

Feed types
Lab. No. Whole-crop rice silage Paddy rice
(mg/kg) (mg/kg)
1 0.0908 0.0890 2.98 2.87
2 0.0853 0.0891 2.78 2.82
3 0.0700”  0.0495 " 2.56 2.54
4 0.0844 0.0788 2.80 2.51
5 0.0897 0.0956 2.95 2.89
6 0.0785 0.0825 2.87 2.61
7 0.108 0.105 2.98 2.77
8 0.0882 0.0873 2.45 2.77
9 0.0898 0.0890 2.98 2.90
Spiked level (mg/kg) 0.1 3
Mean value ” (mg/kg) 0.0894 2.78
Recovery ” (%) 89.4 9.6
RSD: * (%) 2.9 4.8
RSDr ¥ (%) 9.2 6.3
PRSDk (%) 2 14
HorRat 0.42 0.46

Data excluded by Cochran test

Whole-crop rice silage: n=16; Paddy Rice: n=18

Relative standard deviation of repeatability within laboratory

Relative standard deviation of reproducibility between laboratories

Predicted relative standard deviation of reproducibility between

laboratories calculated from the modified Horwitz equation



TRFEALER R UMK OAF Y U =y JBOWRIK Y o~ ~ 75 7 5 0T MV REHTEHT

E &k

69

Table 9 Instruments used in the collaborative study
Lab. No. LC-MS/MS LC column
(i.d.xlength, particle size)
| LC: ACQUITY UPLC, Waters Inertsil ODS-4, GL Sciences
MS/MS: ACQUITY TQD, Waters (3.0 mmx150 mm, 3 pm)
5 LC: ACQUITY UPLC, Waters Inertsil ODS-4, GL Sciences
MS/MS: ACQUITY TQD, Waters (3.0 mmx150 mm, 3 um)
LC: Nexera X2, Shimadzu ZORBAX Eclipse XDB-C18,
3 MS/MS: LCMS-8040, Shimadzu Agilent Technologies
(3.0 mmx150 mm, 3.5 pum)
4 LC: ACQUITY UPLC, Waters Inertsil ODS-4, GL Sciences
MS/MS: ACQUITY TQD, Waters (3.0 mmx150 mm, 3 pm)
5 LC: ACQUITY UPLC, Waters) Inertsil ODS-4, GL Sciences
MS/MS: Quattro premier XE, Waters (3.0 mmx150 mm, 3 pm)
6 LC: Alliance 2695, Waters Inertsil ODS-4, GL Sciences
MS/MS: Quattro premier XE, Waters (3.0 mmx150 mm, 3 um)
LC: 1200, Agilent Technologies Inertsil ODS-4, GL Sciences
7 MS/MS: 6410 Triple Quad LC/MS, (3.0 mmx150 mm, 3 pm)
Agilent Technologies
LC: 1200, Agilent Technologies Inertsil ODS-4, GL Sciences
8 MS/MS: 6410 Triple Quad LC/MS, (3.0 mmx150 mm, 3 pm)
Agilent Technologies
9 LC: ACQUITY UPLC, Waters Inertsil ODS-4, GL Sciences

MS/MS: Quattro premier, Waters

(3.0 mmx150 mm, 3 pm)

4 FEOH
AR A F IR T 54 %Y U = 7 ERIZOWT, JFRL % M2 LC-MS/MS % W72 & &k

ORI R UE~DOBEHAO A G 2R LIZE 24, fMEHAA XD 25 WCS KUKk EZxSE LT

JFRL LD & 10 57K 2 BIEO BN K OVE B EE2 BRI T CEBT2 2 ik, B

TOMENRTEON, WHNAEETHL EB 2 b,

1) MREHRIE, 0.1~50 ng/mL Y& (FEARE LT 0.0005~0.25 ng A4S &) OFiPH CHEARMZ R L
7.

BB, UEBRERIZBT 2%~ MY v 7 2ORMEGRER O ERE L, WCS T 225 KO
0.225 ng/mL A4 FE, MK T 30, 3 X T00.1 ng/mL FHMEE & LT-.

2) KIEIZHENBEONLRBHARIZOWT Y M) v 7 AR AR LTZ/AER, XYV =y 7RIX
RE~ M) w7 ALK D REREELZITHZERMUEARTH .

3) WCS MUMLKIZOWT, RiEIE->TH LN e~ N7 A2, EEZITHE—271X
BN T,

4) WCSIZAXY IV =vyZ7EE LTHEWPICHE LT 0.1 XU 0.01 mgkg FHY &, FKIZ 3, 0.3
KON 0.01 mg/kg IS EZIRIML, AREICHE-> T 3 SOHMTON 20 L, [RIIER & ORI UK E
RO L T AHBRIURFERDGLNT.

5) AKEOFXY Y =y 7BEOERFRIZ WCS (R#ZY) KOBEKF TERZEL 0.02 KT 0.01
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mg/kg, M TIRIZ WCS (REZY) K ORLK I TEIZ4 0.007 LT 0.003 mgkg T o 7-.
6) WCSIZAF YV =w 7l L THEHHPICHAEL TO0.1 mgkg FHYEL KAV =y
fit L LT3 mg/kg FIY &AM LB 2 AW T 9 RBREICR W TARIEICHE W LRI FBR & 920 L
LA, BUFfERmRnEon.

# &
FHRIFERIZ S L T2 2072 1 R EEHR US AR RETEAT,  — OV R TE A £ dh BRI A A 1 = RO
AT, M EEN AAR ST > —FEWERTIC R T DBERE SLICEHFOE LR L ET.
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