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Determination of Crystal violet and Methylene blue in Feeds by LC-MS/MS

Akiko TAKAHASHI'
(‘Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

(Now Ministry of Agriculture, Forestry and Fisheries of Japan))

An analytical method for determination of crystal violet and methylene blue in feeds using
liquid chromatography-electrospray ionization-tandem mass spectrometry (LC-ESI-MS/MS) was
developed.  After addition of 5 mL of mixed internal standard solution (crystal violet-d4 and
methylene blue-dg) and 20 mL of acidic buffer, the sample was left standing for 30 minutes.
Crystal violet and methylene blue were extracted with 100 mL of acetonitrile. =~ The extract was
filtered and topped up to 200 mL with acetonitrile. 4 mL of sample solution was mixed with 40
mL of water and 5 mL of phosphoric acid buffer, the sample solution adjust to pH 7 with 1 mol/L
sodium hydroxide. = The sample solution was purified by weak acidic cation-exchange mini
column (Varian, Bond Elut CBA) with 10 mL of methanol-hydrochloric acid (1,000:1).  After
the elute was evaporated to dryness, the residue was dissolved in 2 mL of acetonitrile-water (1:1)
and subjected to LC-ESI-MS/MS for determination of crystal violet and methylene blue.  The
LC separation was carried out on an ODS column, (Shiseido, CAPCELLPAK C18 AQ, 2.0 mm
i.d.x150 mm, 5 pm), and acetonitrile-5 mmol/L heptafluorobutyric acid solution was used as a
mobile phase.  The determination was performed in a selected reaction monitoring (SRM) mode.
A spike test was conducted with there kinds of formula feed and fish meal spiked with 10 and 100
pg/kg of crystal violet and methylene blue.  The spike test resulted in recoveries ranging from
98.6 % to 112 % of crystal violet and from 97.2 % to 110 % of methylene blue, and in relative
standard deviations (RSD) within 7.6 % and 7.4 % respectively. A collaborative study was
conducted in eight laboratories using formula feed for layer, formula feed for red sea bream and
fish meal spiked with crystal violet and methylene blue at 20 pg/kg, 40 pg/kg and 80 pg/kg
respectively.  The mean recovery of crystal violet in the formula feed for layer was 94.5 %, and
the repeatability and reproducibility in terms of the relative standard deviation (RSD, and RSDy)
and HorRat were 3.4 %, 7.5 % and 0.34 respectively.  These values were 101 %, 2.1 %, 3.1 %
and 0.14 for the formula feed for red sea bream, 99.1 %, 0.83 %, 3.2 % and 0.15 for fish meal
respectively.  The mean recovery of methylene blue, in the formula feed for layer was 83.5 %,
and the repeatability and reproducibility in terms of the relative standard deviation (RSD, and
RSDg) and HorRat were 2.2 %, 13 % and 0.59 respectively.  These values were 93.3 %, 2.6 %,
15 % and 0.70 for the formula feed for red sea bream, 97.7 %, 2.9 %, 14 % and 0.62 for fish meal

respectively.
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Crystal violet (CV) Methylene blue (MB)

4-Bis(p-(dimethylamino)phenyl)methylene)-2,5-
(« - ) Y ) » ) v Y .) 3,7-Bis(dimethylamino)-phenothiazin-5-ium
cyclohexadien-1-ylidene)dimethylammonium

chloride
chloride
C,sH30CIN; MW: 408.0 C;cHisCIN3;S MW:319.9
CAS No.: 548-62-9 CAS No.: 61-73-4

Fig. 1 Chemical structures of crystal violet (CV) and methylene blue (MB)

Table 1  Compositions of the formula feeds

Formula feed Ingredient Proportion .
Ingredients
types types (%)
For layer Grains 59 Corn, Milo

Oil seed meal 26 Soybean meal, Corn gluten meal

Brans 2 Rice bran

Animal by-products 1 Fish meal

Others 12 Calcium carbonate, Animal fat, Calcium phosphate,

Salt, Paprika extracts, Silicic acid,
Bacillus subtilis, Enzyme processed copra meal,

Fermented milk powder, Feed additives

For growing  Grains 68 Corn, Milo, Cassava

pig Oil seed meal 19 Soybean meal, Rapeseed meal
Brans 5 Rice meal, Distiller's dried grains with solubles
Others 8 Bakery waste, Calcium carbonate, Molasses, Salt,

Calcium phosphate, Wakame powder, Feed additives

For red sea Animal by-products 60 Fish meal
bream Grains 16 Wheat flour
Oil seed meal 12.5 Soybean meal
Brans 2 Rice bran
Others 9.5 Fish oil, Calcium carbonate, Calcium phosphate,

Feed yeast, Seaweed powder, Licorice powder,
Marigold, Bread yeast, Dextrin, Feed additives

22 A ¥
1) CV EHERIK
CV [CysH3CIN;)  (Riedel-de Haén #, HiEE 89 %) 11.3 mg % [EffEIZ & > T 100 mL D4 &
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7T AN, AKX = NVEMZTENL, FITERE CREEEZ M % T CV %K % 3
L7 (o ImLiE, CV ELTI100pg (F=1.006) Z2E5HT5H. ) .
2) MB fEHEFK
MB [Ci¢HsCIN3S) (ARl T 3B HlifE 97.2 %) 10.2 mg % EMEICE > T 100 mL D4 &
TIAICAN, AX = EMATENL, LITERE CRIEEEAZ M2 T MB fZH#FK %
B L7 (Zo# 1mL 1%, MB & LT 100pug (f=0.991) 26479 5. ) .
3) REFRNMAKITHELER CV (CV-dy) PAEHERK
CV-dy #E7E S [CpsDsHpCING)  (ARHIZRE T2EH, MIEE 97.9 %) 5 mg ZIEfEICHE > T 50 mL
DEET T AIZAN, AX 7 —VEMZTENL, FITERE CRIEEZ % T CV-dy NIZ
YRR ZFHR L7 (Z0 ImL 1%, CV-d; & LT100pg (f=0979) 2#&HT5H. ) .
4) LERNARTHEIEH MB (MB-dg) PN YUK
MB-dg fE % [C16D6H,CIN5S)  (BRATIE T8, HAE 98.5 %) 5 mg & IEfEIZ & > T 50 mL
DEFET T AZAN, AZ ) —NVEMZATENL, BITERE CREEZ I Z T MB-ds N
BERERE AR L7 (20 1 mL %, MB-dg & LT 100ug (f=0.985) #&H+5. ) .
5) IRAPEEHEIR
CV-dy & 0N MB-dg % WAZHEJF IS 1 mL % 100 mL D287 7 A2 ZEMIZAN, 7 k=
U=k (1+1) ZAEHRETMAT, 1 mL FIZ CV-dg KN MB-dg & L TENEIN 1 ug &5
AT DIRENIEEREZREL -
6) TR EHRAE R AR YR
EAIZE LT, CV KO MB fZH#EJFRI NI A NIEERO —E&% 7 h= KU L —K
(1+1) TIEFECHARL, 1 mL HiZ CV X O'MB & LTZREH 025, 05, 1, 2.5, 5, 10 &
15 ng &0 L, 7D CV-dy KO MB-dg & L TENLH 50 ng & &4 545 i VR Rk A
Y 2 EL U7z
7 A=, T M= NI VTERERIERBHAREZ W, ~7 2 7 v a i gL, IPC-
PFFA-4 (AU bR TR, 0.5 mol/L K¥EK) Z M7z, Frat LTV 5 LA OFAERIZ- DWW TR
ek 2 =,
8) 7w e— VU UIEREEIR
7 T UR—KF 63.0 g ZAKIZENLT 1,000 mL & L7k, Vg =>1rU 7 A-12
7K 228 g ZIKIZ¥EDL T 1,000 mL & L72¥E#K 110 mL FREE A 12 C pH % 3.0 (A% L 7-.
9) VU VERKEEIR
UUBE = AKFEHY 7 271 g ZAKICEHENLT 1,000 mL & L, AT bY v aEE (1
mol/L) TpH % 7.0 ICFHE L 7=.
23 HEROEGE
1) Wikr o~ 27578057 WE RS HTE
LC 5 : Agilent Technologies # 1200 Series
MS B : Agilent Technologies 2  Agilent 6410 Triple Quad LC/MS
2) REOM: 24T v 78 LTy x—H—SR2W
3) m—# Y —x\RL—%—:BUCHI# R-200
4)  BIRETER A A A HAR I =4 F & : Varian B Mega Bond Elut CBA (72 C A& 1,000 mg)
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EEEEIE, Y LRIETIT o 72
1) i H

BT 10.0 g 2B T200 mL D=7 5 232 AN, BAWEERER 5 mL RO — Bk
— U UPRAEER 20 mL 22 T30 yMEE L., FIZ7 & h=KrVU /L 100 mL 1%, 30 %
ROBECTHH L, 200 mL O2E 77 2a27 7 —F}IO FiIc@EE, ks A8 (5
i B) TWEIABLEE, KO=ZAT7 T AARUOFEIFIERTEZ =KUY/ 50 mL THHEL,
FARICKB AL, FICREY 7 A3 OEHRE CREHZMZ 7. 20K 4 mL % 100 mL ©
=7 T ATIEREIZALL, 7K 40 mL KOV CERFEER S mL A% 72, KEE(ET RYU U A
Wi (Imol/L) TpH % 7IZHHEE L, 77 LLE T 230N & L7z,

2) BT LR

IERPERA A BRI = H T L E A K ) — 5 mL HUUK 5 mL CHERESE L7 (%5~ =
A= FEMER L. UTREE. ) . BREHARZ I =7 7 LI AR, #KiE AT TAHO Bkl
ETLHETCHR TSR BEHARDO A TWE=Z A7 T 2Aa% A% ) —)L 5 mL 32T 2 ALk
WL, WEREZNER S 7 22N CRERIZHH S 72, S0mL ORI I T A2 I =07 LD
TlZEE, A%/ —/—H% (1,000+1) 10 mL %I =747 AZMZT CV, MB, CV-d; X
MB-d¢ ¥ H S H 7z,

WHIK % 40 °C L F ORI TIZ & A CRAET 2 £ TRUERME L, ER T A% %o THE L.
T Rr=FU—K (1+1) 2 mL Z EMICNZ THEREMEZEDL, 5,000xg T 5 47y B
L, EERREZRIE o~ 7T 78207 DRVEEGHTFHC L 2 MEICT 23 BHEKR & LTz

3) ks a~ I T 7T ARERSHFHICE DHIE

AOBHATE K OB W B E R S YEG 45 10 pl 2k u~ 75 7 2 0 F W BT
(LLF TLC-MS/MS] &£ 9. ) IZHEAL, Table 2 & UK Table 3 O ESRAEIHE > CTRIREE
M7 v~ N7 AEET.

Table 2  Operating conditions of LC-MS/MS for analyzing CV and MB

Column Shiseido, CAPCELLPAK C18 (2.0 mm i.d.x150 mm, 5 pm)
5 mmol/L heptafluorobutyric acid solution-acetonitrile (3:1)—5
Mobile phase min—(9:11) (5 min)—0.01 min—(1:9)(6 min) —0.01min—
(3:1)(14 min)
Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)
Mode Positive
Nebulizer gas N, (340 kPa)

Drying gas temperature N, (350 °C)
Capillary voltage 4kV
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Table 3 MS/MS Parameters

Precursor ~ Product Qualifier Fragmentor Collision

Substance

(m/z) (m/z) (m/z) V) (eV)
CcvV 372 356 340 100 45
CV-d, 376 360 100 45
MB 284 268 240 100 40
MB-d, 290 274 100 40

4) i
BHONIEIRS RN 7 =~ ~ 7 F L2025 CV, MB, CV-dy X' MB-dq O &' — 7 [if 4 K
O THEEREEIC L Y B A ER L, BBt o CVER O MB Ex2HH L7
nE, EEEOHEZ % Scheme 1 128 L7-.
Sample 10.0 g
add 5 mL of mixed internal standard solution
add 20 mL of citrate-phosphoric acid buffer
allow to stand for 30 min
add 100 mL of acetonitrile
shake for 30 min
filtrate under suction filter (No.5B)
wash with 50 mL of acetonitrile
top up to 200 mL with acetonitrile
100 mL of erlenmeyer flask
add 4 mL of sample solution

add 40 mL of water and 5 mL of phosphoric acid buffer

adjust to pH 7 with 1 mol/L sodium hydroxide

Mega Bond Elut CBA

prewash with 5 mL of methanol and water

apply sample solution

wash with 10 mL of methanol

elute with 10 mL of methanol-hydrochloric acid (1,000:1)
evaporate to dryness under 40 °C

dissolve in 2 mL of acetonitrile-water (1:1)

centrifuge for 5 min at 5,000xg
LC-MS/MS

Scheme 1 Analytical procedure for CV and MB in feeds

3 WBRRUBE
3.1 Z v T KRR RO RE
St v & —ik YTk, BT MB 2HIET ABRICIIEMEORELZ TS0, LC-
MS/MS IZ XY JIEEITV, CV KZOfMofEtF o MB ZJIET 5IC1E, ke~ ~7
7 7E &R (LC-MS) I XV IET 2 kL LTRF S v,
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T, BIZONT 24 IR LI HIEICHE - THB L 723BHAR Z LC-MS THIE L& Z
5, Fig. 2 LBV, CV XU MB OEHRMEICHFEE—7 BB 6. D), LC-
MS TOREIZRETH 2 LB L, XV IERED SV LC-MS/MS TORIE S it L.

CV, MB, CV-d4 &X' MB-ds DK FEHERIZ DOV T, zli/i&@@l ERMEICELY ZAFx ¥ o E— RTH
ELTEZ A, Fig. 3 ® MS/MS A7 bMARELNTL. ZOMENSL, CV, MB, CV-dy X}
MB-dy D& EEA A & LT, ZIEI mlz 356, m/z 268, m/z 360 TN m/z 274 A L, CV
K OYMB OEFERA A & L TEILEI m/z340 KT m/z 240 8 H L7-.
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Fig.2  SIM chromatograms by LC-MS (CV; m/z 372, MB; m/z 284)
(A) Standard solution of CV (0.5 ng/mL) (B) Standard solution of MB (0.5 ng/mL)
(C) Fish meal (not spiked) (D) Fish meal (not spiked)

(Arrows indicate the retention time of CV and MB)
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Fig. 3 MS/MS spectrum of mixed standard solution
(A) CV, (B) MB, (C) CV-d4, (D) MB-ds



FRRD Y AZNAL by NROAF VY T =0tk = ) 575 07 WEEEMTEHC L2 RIE R 37

3.2 MEMROIERK

CVEO'MB & LT 1mLHIZ025 05, 1, 2.5, 5, 10 XN 15 ng Z&H T 5K RIEAEWR %
TR, DO 10 uL &2 LC-MS/MS ([ZIEA L, &N @IRMIGHm 7 o~ 87 F A
5CVEKOMB O —7 HifZ RO THREMRZIER LTZ. 2O/, MEMRILFig. 40LB0,
CV KX O'MB & LT 0.25~15ng/mL (7EAE L LT 2.5~150 pg) OFiFH CEGMEZ R LT-.

22 0 6) THEL L 7= & M B VER S HEHE 45 10 L 2 LC-MS/MS ([ZHEA L, 155 7= 3R s
M7 o~ 87 Z 505 CV & CV-dy X MB & MB-dg D4 B — 7 [Hifd b & 5RO TR B %2 1
L7z, ZOfEE, BERIL Fig. 4 DL B0, CV RO MB Ot Bt & R CERE 2 R
L7=.

(A) R?=0.9995 (B) R?= 09993

Peak area/ arb.units
Paek area/ arb.units

0 5 10 15 0 5 10 15
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(C) R?=0.9996 (D) R?=0.9993
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© 5]
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0 01 02 03 0 01 02 03
Relative concentration of CV/ CV-d, Relative concentration of MB / MB-dg

Fig. 4  Calibration curves of CV and MB
(A) CV (absolute calibration method), (B) MB (absolute calibration method)
(C)  CV (internal standard method), (D)  MB (internal standard method)

3.3 LS ORE
MB 1%, MEMEDERNERETH D720, BOLRMEOMLENEIZOW TR 21T - 7. AT H
AR, PIRIEE HECA R, E72WE RS EE R CEELBIZONT, B0 AL RER
FIZBWTHNT 2RI 7568 E, BXOALRWRBREICE O CRIMRZBRE LRI Z 800
TG A TARBICHEVERZITV, NIEEHEORINEEZ RO =, TOFEREIL, Table 4 O LBV
Thbv, B LIIREDOHD, RTORE CHIZEEYEDOEINEREL 2o, £z, MB-dg I
WL LRV IRRE TO RN R 40 %% FEl-> TWAH 7=, ARIEDOEBERIEITEE LIRETIT
ZrEL7Tz.
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Table 4 Recoveries of CV-d, and MB-dg under shading or not-shading conditions
Internal standard name

CVv-d, MB-d,

Matrix Not-shading”  Shading” Not-shading”  Shading”

Recovery®  Recovery® Recovery®  Recovery®
(%) (%) (%) (%)
Formula feed for layer 89.1 97.6 34.6 74.4
Formula feed for growing pig 90.7 96.3 38.8 61.7
Formula feed for red sea bream 82.9 90.6 11.2 48.6
Fish meal (domestic) 76.7 90.3 22.8 50.9

a) Under the fluorescent lighting in a laboratory with window that daylight enters

b) Under the lighting that removes ultraviolet rays in a laboratory with window that
daylight doesn’t enter

¢) Mean(n=3)

3.4 BRMEVERGA A U RWIKR I =T T L O Sy ORRET

R B B A SR R OEEAS 2 AV T, ZhEh 24 © DIZX D H 217V, Stk
DEENCV HOMB & LT 5 ng/mL fHYS 8 L7220 L) ICKEERERMLUZ. Z0O#K 4 mL
(27K 40 mL X OV EERRTEIR 5 mL 2Nz, S9EEVERSA A QWA =1 T AITARTL, BEHRIRT
BDLAR ) —=NEI=HTEANDLDEHIR TH D A X ) — /= (1,000+1) O&IEH#ES %
MR L7, ZOFE%, Table 5 D& BV CV, MB, CV-dy X MB-d¢ 12, St & —ik VLR
Bk A Z 7 — A XD WEESIIEm 3, A% — = (1,000+1) 10 mL TRAFIZEH
Shiz.

Table 5  Elution pattern from weak-acid cation exchange mini column
Methanol Methanol-hydrochloric acid (1,000:1)

Matrix 10 mL 010 . 1020 oL Total
Recovery” of CV (%) 0 105 0 105
Formula feed Recovery” of CV-d, (%) 0 105 0 105
for layer  Recovery” of MB (%) 0 922 1 93
Recovery” of MB-d, (%) 0 92 1 93
Recovery” of CV (%) 0 106 0 106
Fishmeal Recovery” of CV-d, (%) 0 106 0 106
(domestic)  Recovery” of MB (%) 0 86 1 87
Recovery” of MB-d, (%) 0 86 1 87

a) n=l1

3.5 WiEWHE OB
Fl G el 8 FEdE (BB N, ST 2 FA, WKIEEH, 1AM TKREMRA, HEKEEH,
FLEVWERM, 7VEBERHAROETEHERM) , EEAR 2 fEK O AR 3 fEZ HW,
ARYEIZT LD R Lf:afh*ﬁr‘/ﬁ‘{fﬁi% LC-MS/MS (ZIEAL, EREZHTOE -7 OFEEZHER LT &
A, BEY—I7ITREDLARNo T,
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3.6 IRINENEER

AVENT 12 B J O UG JE & fesR 3 2 72 O IS RN B ERBR & FEJie L 7=

Table 1 OFLAEE (RBHETH, AKEETHLKOELZWERMH) KO&EH (EHEMY, @A
fal (~L—JE) ) ITCV KO'MB & LT 100 KON 10 pg/kg F834 &% Z 2 U730k 2 H
W, AIEICHES T3 mHMTHT 2 920 L, [BIIER K Ol UKS BE 4 Rt L 7.

T H—IETIE, MR ERIE COEINEDOE N MB O A2 NIZEYEZHnWb 2 L &
LTCW22, CVONEEYEOHERIZOWTHRE LT,

ZORERIT, WAL TIX Table 6 ® L350, CV OFHEULEIT 98.6~112 %, K UIFEIX
FEXHEEHEfR 72 (RSD) & LT 7.6 %LA T, MB OFEHEILEEIL 97.2~110 %, K LIEEIL RSD &
LTCT4% U TFTHolz. Mt ERETIE Table 7 D EF Y, CV OFHEILHEIL 89.0~109 %,
MR URSEEIZ RSD & LT 7.5 %A T, MBIX, FEXEIUNEIT 48.2~87.6 %, i LA5E L RSD &
LT24%LLFTHoT-.

CV X, PARYEE R ORI EARE & b R RER TH o727, MB X, WIEHEEIZ LD ES
FEROBMPRAFTH oo, ARIETHE, MBAKONCV RICHEEMELZERT L2 & L.

E, WHINENNGRER TR OIS 7 v~ 7T A O—Hf% Fig. 5 1ITR L7z,

il

Table 6 Recoveries of CV and MB from five kinds of feed with internal standard method

Feed types

Spiked Formula feed Formula feed Formula feed Fish meal Fish meal

level for layer for growing pig for red sea bream (Domestic) (Peruvian)
(png/kg) Recoverya) RSDY Recoverya) RSD” Recoverya) RSDY Recoverya) RSD” Recoverya) RSD”

(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

cv 100 103 0.5 103 0.5 101 0.5 98.6 0.9 100 1.0
10 109 2.3 103 7.6 108 3.3 99.3 5.3 112 5.1
MB 100 106 0.6 105 2.0 97.2 0.9 101 2.9 105 0.8
10 108 3.3 104 24 110 4.0 99.9 7.4 106 2.9

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

Table 7 Recoveries of CV and MB from five kinds of feed with absolute calibration method

Feed types

Spiked Formula feed Formula feed Formula feed Fish meal Fish meal

level for layer for growing pig for red sea bream (Domestic) (Peruvian)
(ng/kg) Recovery” RSDY Recovery” RSD” Recovery” RSD®  Recovery” RSDY Recovery” RSDY

(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

oV 100 102 0.9 100 1.5 91.7 4.2 89.0 3.8 92.5 0.5
10 108 2.3 103 7.5 104 3.5 91.1 5.6 109 4.4
MB 100 79.2 3.1 65.7 2.4 48.2 24 522 9.8 61.9 4.6
10 87.6 4.4 74.6 33 71.5 15 58.7 9.6 78.5 4.8

a) Mean (n=3)
b) Relative standard deviation of repeatability
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A + MAM [372.0 > 340.0, 356.0] WorklistD ata03.d B + MRM [372.0 > 40,0, 356.0) WorklistD ata06.d
(A) e B) a0
z 2 1
S 11 S 13
1 1.24
g 114
0.8 1
g 0.3
0.7 nad
06 074
05 0.6
n44 gi
0.3 0l
0.2 2]
014 014
0 0
0.4 014
13 142 134 1ds 138 14 13 132z 134 136 138 T4
Acquisition Time (min] Acquisition Time [min]
+ MRM [284.0 > 240.0, 268.0) WorklistDataDd.d + MAM [284.0 > 240.0. 268.0) WorklistDatal6.d
(C) £ wins] (D) £ wlne
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2 054
1.5 0.4
N 03
02
05
01
il i
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Acquisition Time (mir) Acquisition Time [min]

Fig.5 SRM chromatograms of CV and MB
LC-MS/MS conditions are shown in Table 2 and 3.
(A) Fish meal spiked CV at 100 pg/kg (B) Standard solution of CV (10 ng/mL)
(C) Fish meal spiked MB at 100 ug/kg (D) Standard solution of MB (10 ng/mL)

3.7 M TR

AREOKRI TR (CV XX MB IE, fAEHIEENTEROLRWHIEENE TH LD, ER
RS OEEZHTHREZ o TRIBTREERT. ) ZHEERT L0, BIMEIGERIC XY 5
BNDHE—27 D SNEN 10 R 5iREEZRDT-.

ZORER, B—27 O SN 10 &7 DREE, 5pgkg ThoT-.

MR D T8, R E B G &R CEFEMARKIC CV XO'MB & LTS5 pgkg fAYEAZ RN L
TeBHZOWT, RIEICKY 3 GfMTCERZITo72. TORKRIE, Table 8 D LB, CV D}
PIEHRIE 109~116 %, A UKSEE 1T IR R 2 (RSD) & LT 2.4 %L T, MB OFEEIL
T 112~114 %, MR UFSEIZRSD & LTS55% UL FThoTo.

U EDORERENS, REICED CV EOMB O/ FIRIZ, k5 ugkg TH- 7=,

Table 8 Recoveries and limit of detection of CV and MB in feeds

Feed types
Spiked Formula feed Fish meal
level for layer (Domestic)
(ng’kg)  Recovery’ RSD” Recovery” RSD”
() (%) (%) (%)
(Y 5 109 24 116 1.1
MB 5 114 5.5 112 2.0

a) Mean (n=3)
b) Relative standard deviation of repeatability
3.8 JL[EEABR
AIEOFBREEZREST D720, REHAEHESEFEZ CV XO'MB & L TZNE 20 pgkg
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FAME, £ VWERHARAEEBIZ CV XUNMB & L TENRZEN 40 pg/kg FHYE, #AfBIC CV
KON MB & LTENEI 80 pngkg Y EA TN LIZEtZ2 W, MEENB ARSI E
2 —ZBEFIEET, WRERER AL, BARD +— & — XGRS 4, MNTATBOE MK PE %2
e v 2 — B2 ERAER, Filetr 42—, R4 ERty % —, RfFEE s % — KO
B2 — G 8HBA=) 2B\ T, KRBTV ILFEIRER % I L 7.

CV O % Table 9 I8 L7z, ARSI E R G AL TIX, SFHEIEIL 94.5 %, ZDO=ENE
W UAEE K O SR BFEREE T Z N E AR R 2= (RSD, 2OV RSDR) & LT 3.4 %KV 7.5 %
ToH Y, HorRat % 034 ThHolo. ELEWVEMRMBEEETIX, FHEINEIL 101 %, £DO=EN
MR UKS B L V=R R BURS B 132 240 RSD, LTV RSDg & LT 2.1 %M 3.1 % ToH Y, HorRat
1% 0.14 THo7=. A TR, FHEILERIT 99.1 %, ZOEPNMGK UKSEE &K VS BHERE T2
NZIRSD, X TNRSDg & LT 0.83 %&%1N3.2% T Y, HorRat !X 0.15 TH-o7=.

MB O F % Table 10 1278 L7z, pEEE ARG R CIEL, EHEIIERT 83.5 %, Z OENME
W URERE L OV B X2 24 RSD, XTOVRSDr & LT 22 %KV 13 % TH Y, HorRat i
0.59 Tholo. ELEVERAEEGEECIX, FEHENEIL 933 %, ZOENMIKR LURE K OE
MBS EIXZ 24 RSD, X OV RSDg & LT 2.6 %K%V 15 % TdH Y, HorRat [X0.70 Th 7=,
i, FHEIGRIE 97.7 %, FOENBIK URSE K O SEB BB EIXZZ RSD, KT
RSDgr & LTCT29%& N 14%TdH Y, HorRat i 0.62 TH-o7-.

723, MB OFEFIZHWT, Grubbs fE THNE L SNDHT—F RO LN, DT —F %
B4t L2 THEDR DO L B0 BIF R TH 120, BEELETICZDOT — & 2RI L TR
UK, =SMEBUREE KO HorRat [IZOWTHHEM L7z, ORI, MG E HEGEE T,
SN MR UK B N OV R R R BURS E 1X 2 24U RSD, OV RSDg & LT 2.3 %M 11 3.9 %, HorRat |
0.18 Thoto. EFLEVHERMHEAEE CTIX, BN UKEE LK OERBFEREEIXZNE RSD,
KOYRSDg & LT29 %K V7.1 %THY, HorRat 1L 0.32 THo7=. A TIE, TORNMIKL
K M OV BB EE 13 N2 RSD, JLOVRSDg & LT 3.3 %&T05.3 % Td Y, HorRat X 0.24
Thot-.

SEZEDS, FRBETHEA LK a~ N7 T 7% 07 MVE ESHTE O % Table
112/ RL7z.
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Table 9  Collaborative study for CV
Formula feed Formula feed Fish meal
Lab.No. for layer for red sea bream (Ecuadorian)
(ng/kg) (ng/kg) (ngkg)
1 19.6 19.5 40.8 41.1 81.4 80.0
2 20.0 19.5 40.5 40.0 79.2 79.2
3 18.1 18.5 40.0 40.4 79.6 79.5
4 18.9 16.8 39.6 39.8 717.5 77.8
5 18.4 17.8 38.9 40.3 78.7 79.5
6 17.7 17.5 39.3 39.1 76.1 77.5
7 18.3 18.6 41.8 38.9 77.2 76.6
8 21.1 22.2 43.0 42.4 83.8 85.2
Spiked level (ng/kg) 20 40 80
Mean value” (ug/kg) 18.9 40.4 79.3
Recovery” (%) 94.5 101 99.1
RSD,”(%) 3.4 2.1 0.83
RSDR%(%) 7.5 3.1 3.2
PRSDR"(%) 22 22 22
HorRat 0.34 0.14 0.15
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 for MB

Formula feed Formula feed Fish meal
Lab.No. for layer for red sea bream (Ecuadorian)
(ng/kg) (ng/kg) (ng/kg)
1 16.3 16.2 364 372 82.6 818
2 16.7 16.1 36.3 35.8 3.0 727
3 16.5 16.4 362 363 749 753
4 16.6 16.2 34.8 34.1 757 7124
5 14.9 15.5 322 286 756 6712
6 16.3 15.5 37.1 37.4 74.5 73.6
7 14.9 15.5 37.1 36.9 717 73.0
8 2169 22.1° 5049  50.1° 103 103°
Spiked level (ng/kg) 20 40 80
Mean value” (pg/kg) 16.7 37.3 78.1
Recovery® (%) 83.5 93.3 97.7
RSD,”(%) 2.2 2.6 2.9
RSDR%(%) 13 15 14
PRSD"(%) 22 22 22
HorRat 0.59 0.70 0.62
RSD,”(%) 2.3 2.9 3.3
RSD:(%) 3.9 7.1 5.3
HorRat” 0.18 0.32 0.24
a) n=16

b) Relative standard deviations of repeatability within laboratory

b’) Relative standard deviations of repeatability within laboratory calculated
excluding Lab.No.8

¢) Relative standard deviations of reproducibility between laboratories

¢’) Relative standard deviations of reproducibility between laboratories
calculated excluding Lab.No.8

d) Predicted relative standard deviations of reproducibility
between laboratories calculated from the modified Horwitz equation

e) Date excluded by Grubbs test

f) HorRat calculated excluding Lab.No.8
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Table 11 Instruments used in the collaborative study
Lab. No. LC MS/MS - LCcolumn
(i.d.xlength, particle size)
Agilent Technologi Agilent Technologi Shiscido
gilen ecnnologies gilen ecnnologies
! 1200series 6410 Triple Quad LC/MS CAPCELL-PAK C18 AQ
(2.0 mm x150 mm, 5 um)
Wat Wat Shiseido
aters aters
2 ACQUITY UPLC System  ACQUITY TQ Detector CAPCELL-PAK CI8 AQ
(2.0 mm x150 mm, 5 pm)
Wat Wat Agilent technologies
aters aters .
3 ACQUITY UPLC System ACQUITY TQ Detector ZORBAX Eclipse XDB-C18
(2.1 mm x150 mm, 5 um)
Waters Shiseido
Waters . .
4 . Micromass Quattro micro CAPCELL-PAK C18 AQ
Alliance2695
API (2.0 mm x150 mm, 5 pm)
Wat Wat Shiseido
aters aters
> ACQUITY UPLC System ACQUITY TQ Detector CAPCELL-PAK C18 AQ
(2.0 mm x150 mm, 5 pm)
Shiseid Th Elect Shiseido
1S€1d0 €rmo ectron
6 NANOSPACE SI-2 TSQ Quantum DISCOVERY CAPCELL-PAK C18 UG120
(2.0 mm x150 mm, 5 um)
Agilent Technologi Agilent Technologi Shiseido
gilen ecnnologies gilen ecnnologies
7 1200series 6410 Triple Quad LC/MS CAPCELL-PAK C18 AQ
(2.0 mm x150 mm, 5 pm)
Wat Wat Waters
aters aters .
8 ACQUITY UPLC System ACQUITY TQ Detector Allantis dC18

(2.1 mm x150 mm, 5 pm)

3.9 Ao

ARSI D 3.8 OIEFRER E CEERIEICHERT S A\, oty —iETHEHAL T
Te 42 L CTWniens, PLAMEDBLE D O SR AT EEEIZ W T O £ < D[k O E & T
ENTWD SHEBMERAHED Z ENEE LV, 5 BIE, 4 MICHAMEREILENRKI N &0
5, HHTHAMAEATENS SHEBICEFR LEBEAOEEBIZOVWTHRALE

Fl G el 8 FidE (BB M, ST 2 FA, WKIEEH, 1AM TKREMRE, HEKEEH,
FLEVWERM, 7VEBERHAROETEHERM) , EEAR 2 fEK O AR 3 fEZ H,
AR (SFEB) ZfEH L TAREICL VRE L7 EHRK Z LC-MS/MS IZVEA L, ERmZHITSE
—VORBLHRALILEZA, BIFE—27ITRD o7,

oo feh (RBEERERNELVERH) kO (=277 KVE) 12 CV KON MB & LT
100 pg/kg FHY B2 TN ENEM L2k 2 AW, A8 (5T B) % AW CAREIC X 28 nEIL
B A FENE L2, T OREFR%E, Table 12 (TR L7z, CV OEIERIE 105~106 %, CV-d, O[E[LR
1% 93.8~100 %, MB D[R |IL 109~111 %, MB-d¢ DAL 75.1~77.7 % ThH o 7=, EmfEE
X7 a< 77 MI4FEERNEGEERRTHY, NEEDEORINENLWEFELRD L
NRIoI21-0, AMAEAENL SHEBICAEZ L THREITIRAVWEDEEZ BN,
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Table 12  Recoveries of CV and MB in feeds using filter paper No.5B

Formula feed Formula feed Fish meal
for layer for red sea bream (Ecuadorian)
(ng/ke) (ng/ke) (ng/ke)
Spiked level o Recovery of . Recovery of » Recovery of
(ng/kg) Recovery internal std® Recovery internal std® Recovery internal std”
(%) (%) (%) (%) (7o) (7o)
CV 100 106 100 106 98.4 105 93.8
MB 111 754 110 77.7 109 75.1
a) n=l
4 FEO

FRFICEBE L TWD 7 U RAZ AL F Ly b (CV) KA F LT 0— (MB) IZ2WTC, 4
Wrer 2 —ikaiEc, Riksa~ N7 o782 07 MVE BN % O T2 E BIE O BT R~
DBHD A I ONWTHRELIZEZ A, ROBREET-.

1) fEIZHOWTIE, KHER DY DRI LY LC-MS ([Z Xk 2 EBIZNEETH - 7228, LC-MS/MS (Z
rrEELTHETHESINE

2) IRGEHERAEHL TCV KO MB OMEMREIER LIz 25, fk i Stk &k AR AL
B L BT 2.5~150 pg OFPH TEMRMEZ R L7z

3) L U 7oMRAE & O LRV R T O WNIEYEM B O BN R 2 boie L 7ofE R, 0 LRV IRRE T
EEIEEZIT O & MB-dg BIED 40 %% FED Z ERD o772, RIEOEEERIEITEL T TfT
>z kb L.

4) GHEEVERG A A AWK I =T T A b Oy A AT LR, WHEEOLEEIE, 10
mL Th o7z,

5) 8 FEORGRE KO 5 FEOEGEEENC SWT, KB T a~ NI 058k Lz L
ZACVEUOMBOEREYTA2E—7 @8O LR T.

6) RFEAE MBS R, AKEEHESER, F72VWEARA G L O 2 BEIZ, CV &
O'MB & LTENEI 100 LY 10 pgkg S EZ RN L, AREIZTHERIMNEIGRER 2 56 L 7-.
ZORER, CV OFHEILERIL 98.6~112 %, < OO UK T xHE AR 2% (RSD) & LT
7.6 %LL T, MB OFEJENLHEIL 97.2~110 %, Z O LFEEIL RSD & LT 7.4 %LL T ORAE A
Bohni-.

7) CV L, CV-dy #fEH LianWiastmEfIEIC X2 ER D ABETH 7228, MB X, MB-ds 2 H >
TENEREERICE D ERENMLETH D720, REIXCV KO MB & HICIERELIC X 5 & &% A
L7,

8) AIEIZX D CV KT'MB Ot TIRIE, #BH 5 pug/kg TH o7,

9) REFAEHEAFEHZ CV XO'MB & LTZENZE 20 pg/kg FHY &, F72WE A AR
CV XO'MB & L TEAEI 40 pg/kg FY &, @ AHHIZ CV XY MB & L TENEI 80 ng/kg
Y BEZFM LR 2 VT, 8 MBREICBWT, REICHEWIEFEREREZ ER L. %0
H, CV IZ2oW\WT, BT HEAERCIX, FHREIEIL 94.5 %, ZDO|ANMUR UK E KO
EMWHFBREE X TN ZNAHERERF 2= (RSD, LY RSDp) & LT 3.4 %KY 75 %TH Y,
HorRat |% 0.34 Th o7z, FLEWVWERRMEGE LTI, FHEIEIT 101 %, Z O=AMKR UK
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JE R OV FHBUREE (X224 RSD, LUV RSDg & LT 2.1 % &8 3.1 % TH Y, HorRat (X 0.14
Thol-. B TIE, FHEIEIT 99.1 %, TOENEE UELOEMESEEIZEh
RSD, X T'RSDg & LT 0.83 %} 3.2 % T& Y, HorRat (X 0.15 TH-o7-. MBIZOWT, K
fil B RELA RN CIE, FEHIEILERT 83.5 %, T OREWNMIK UK E R OEMEBBEE XTI TN
RSD, X TNRSDg & LT22 %K 13 % ThH Y, HorRat 1X0.59 THHo7=. F72WE B AL
TiE, FHEMERT 933 %, ZOFENBOUK UK & OVE R BRI 2 212 4L RSD, X U° RSDg
ELT26%MNTN15%THY, HorRat (£ 0.70 TH o7z, A TiX, FHEINHEIT 97.7 %, £
FENARIE UK N OV BB IXZ N2 RSD, X TN RSDg & LT 2.9 %M 14 %TH Y,
HorRat /% 0.62 TH o 7=.

10) BREEW O EFERBRE CHEMRLTWEAK (4 ) %, SR EEICE S Tn A1t
DEL DR DOERIETHN TS A (SHB) ICAHET 201, A B ZHWT
RIEIZHENEREZ T 28— 7 OFEOMER L INEGRBR AT 72, TOREER, ARELE
THIEIWEDEEBIITROON o7 led, KIETIEIAK GHEB) 28 L.

# ##
HEFRIFRBRICSI L CHWEMETEAN RAR GO o 2 —ZBENZERT, WRGEHR S, AA
U= = ARASHOMBREOSNMIEH OB LR L £7.
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