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Development of a method for the determination of ionophores in

medicated feed using liquid chromatography-mass spectrometry

Chusak Ardsoongnearn, Ongart Boonbanlu, Thanathorn Duangthong,

Panadda Taochaiyaphum

Abstract

This study aimed to develop an analytical method for ionophore compounds,
including lasalocid, maduramicin, monensin, narasin, and salinomycin, in medicated
feed using liquid chromatography-tandem mass spectrometry (LC-MS/MS). The
method was designed to evaluate mixing homosgeneity and drug carryover. The
experimental results indicated that 40% methanol provided the most suitable
chromatographic conditions, yielding the best theoretical plates and asymmetry
factors, while 60% methanol could be considered as an alternative. Comparison of
extraction solvents revealed that 90% methanol and 90% acetonitrile demonstrated
comparable performance, except for salinomycin, which showed a significant
difference (p < 0.05). Matrix effects were found to have a pronounced influence on
the analysis; however, the use of a matrix-fortified calibration curve effectively
minimized such effects and provided values more representative of real conditions.
Furthermore, extraction time studies showed that lasalocid, maduramicin, and narasin
achieved optimal results at 60 minutes, whereas monensin and salinomycin performed
best at 15 minutes. Therefore, the developed method can be applied for validating

the analytical performance of LC-MS/MS in medicated feed testing.

Keywords: ionophores, medicated feed, homogeneity, drug carryover, liquid

chromatography-mass spectrometry
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unin

mmju ionophores (lasalocid, maduramicin, monensin, narasin k&g salinomycin)
\Huansufiugifinalaniseengilanzlunssuniuaunavedleseurinudevfuisadues
Raun3d novimidusamilessuuin 1wy Na', K', Ca** way Mg® siuldevuieadves
wuafise ilveaddeddndinunntulunmsnvaunasunseimdsunuauazmeluiian
prnauildenldlugaamnisunindssdnd lnsanzludaUnuaslade Wonuaulse
coccidiosis L 1UsEANE A mMN15lTe1m13 wazdeadulsa bloat Tula dre7i deuldldun
monensin dmiulaiouasTau salinomycin d@1m5udniUnuazgns narasin dmsulnie
uay lasalocid dwiulalouardnitn nsldonduilfesogniglinaquaresdniunme fas
szansldsiuiuengy macrolides wagsasnilafsszagneneneudilsen sutadedinig
wangluomsdaieg 1wiaieneiaissmanomsdnifiduszansam Insasaaeunim
nduvessnfuszey uazufdRmudorimuanengrneSosinaeaniagaaaiiond
Uaonspvesiuilan seduuililuowandimstangnseiliivssansnmenniu mudiy
mMsidemmaudond uiileannislde1frusuarnisimuiszuunsrsseuinnAnaliid
UsAvBn ity

Fommradainaneldunugnsaansnisdansmsnosduqainlssndlng wa.
2560-2564 guseaniii 4 madestunazmunudonosuazauauiiuguanisldendiu
Padwethanzarlunianainwnsuazdaiides nauuadadldysaiuduiunaieliug
WhnglunisannisldeufTauzasiosas 30 TaudanismunuAuAINeITAR AN
Uszniansuuadnd 1309 Mmuandninaeiuazisnisniugunseane i sdniinauen
afinsimuandninasinsaiuauaanwiidifyde naasunisnszarsersasinaneiiy
W ewdeatu (homogeneity) Lagnaaaun1sUuLd outuve e (drug carryover) lngil
Tnquszasdileliiinisnszaeivesenegsminanenaludsveadmunndauauyinfu
annsnilUlflumsinunlsadaiossiivssansnm mufvliAnnsuudoudrusewinge
nsudn aufinguanedvus WumsaslenaiRaasandesafniniadefosdugadn
FsmanrrvaourmualfldismaviosufoRnislunmsiinsiest homogeneity way carryover

Vincent Ursula et al. (2008) Ynaueisnsinsgilnifivmngauiuisnisingei
413na4 coccidiostats luaMm15dnd Wy emishiwazdl awnsailalagldmada liquid
chromatography-tandem mass spectrometry (LC-MS/MS) FalgsumsWaniuaznTiadeu
mnugndedluriesufiinng Tnsidudusnenisanin coccidiostats 9Mndaee1semIsIEIE
wanzauiielildansiidesnslulsinadiiismed nsunsiasieyt 9:rnild solid-phase
extraction (SPE) 1#l 8i1A1 @z e1nd g 19n oud 9zt Ui evisaelasunlnnsil
LC-MS/MS Fatelunisuenuazszyviiaves coccidiostats liogausiugt nan1s3inszs
wandlfiiuin precision glutng 4 - 109% Tusgifurlisvesauazsiogaemsild Tuvme
7i recovery a8 Uy 19 86 - 120 % uana1ni A1 Limit of Detection (LOD) 111 4
0.014 dadnTusoflansy wag Limit of Quantification (LOQ) iU 0.046 TadnTusie

v ¢

naunsIvEe AN MENdniuaz IngdunTeunTUadn Wi 3 90 27



asa o

Alansy MWL uiitefiaumunzaudsun1snsiadey coccidiostats AINNG Y
e1glsU FajaiuluiinseunuseduansildSuougnuas seduslugasnaitlioya el
Tdansmaniluemsdnsdounisan Tnesuuddadaetndudsduduimunzaudmiunis
AMNIN coccidiostats wgﬂ 6 UM LA LA monensin A, salinomycin, narasin A, narasin |,
lasalocid, semduramicin k&g maduramicin waganunsabdidumadenasuiuis HPLC-UV
Pfunensle

Vincent Ursula et al. (2011) lasimun35n1995997na19ngu coccidiostats 6 ¥in
TawA monensin sodium, salinomycin sodium, narasin, lasalocid sodium, semduramicin
sodium Uag maduramicin ammonium alpha luensdninaudmiudnitn 37 vy uazgn
$ Tneldia3os LC- MS/MS Lﬁammaaaumiﬂuﬁau%’wuaqmim&hﬁmu%’aﬁmummamaq
annnglsy 3 33n15H15ua1nMsafnans coccidiostats 91nEaeg1991MsERS udanludy
wisaznseaiiousnadiula ImLawuiumazmmmiammaamumamwmmmamsmfm
l9sfuse n-hexane antldinaflia standard additions figauuadunmsiasizivsuna 3
vlFmsvinaudieduiieuwindunisle matrix-matched standard calibration curves Tag
anusaldarndududortulunslinseidaud 05 - 2.5 wivasrigeandingranedmun
Namimmaauwm’ﬁ%ﬁyﬁmmLLu'usi"]aq Imaﬁﬂ'wmwmamﬂa‘"'au 3-12% (8nt1u
maduramicin ammomum alpha W8 g semduramicin sodium i e g 03 21%) wazdl
recovery 80 - 111% ﬁuuaaﬂmjumaammaumamq uaﬂmﬂummmsamammmﬂm1/1
aududusn fe 0.01 - 0.65 Aadnsusedlansu FesninAfidesnisInasenn J9ayy
I§asnsiiirnumnzandmsuldlunisasiinsey

Narasin Lasalocid

Fig. 1 Structure of ionophores

v ¢

ﬂami’maaummmwmamm G]Q umw@humiﬂqam WA 4 970 27



Maduramicin Nigericin

Fig. 1 Structure of ionophores (19)

1. dnguszena

Lﬁaﬁwuﬁﬁmaaw’mﬁju ionophores (lasalocid, maduramicin, monensin, narasin
H salinomycin)1ua’1m’3§1’m’517‘iwau8’ﬂﬂamvﬁlﬁﬂ liquid chromatography mass spectrometry
2. YUY

Tddm3unaaeuuInaeInga ionophores Tui1eg 1901 sdn i nausn uagns
ns¥aeatsaianeafuieoieniu (homogeneity) itassysiummududu 10 - 120 fadndy
senlandy uaznagaumsUuiloudiuvecen (drug carryover) Tug295¥av 0.25 - 5 dadnsu
sonlansy
3. Usgleviifinnndnezldsu

1§38 Asun AN ISnaaous1nga ionophores lusmsdniinaneilaesinaia
liquid chromatography mass spectrometry waziluldlunisasiageuniuldlavesds
Aol
4. F|/Anduns

4.1 iesileuargungnl
4.1.1 1p389 LC-MS/MS Bvfe Thermo $u TSQ plus

L Aw

4.1.2 Lﬂ%@ﬂNSﬁ‘J’]U%QWﬁ 878 Thermo Ju Lab Tower EDI 30
413 westmaden 5 duvs S Mettler Toledo u XP205DR
4.1.4 ganau (fume hood)
4.1.5 Beaker vu1A 50 Iadans
4.1.6 Volumetric flask vu1n 10 wag 50 fladdns
4.1.7 Micropipette U119 200 — 1000 lulAsans
4.2 TamInedans
4.2.1 Acetonitrile, HPLC grade
422 dnsgvsarwinumulitiesndt 18.2 Ma.cm (1 DI)
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4.3 a13U1nIFI
4.3.1 @19U1m957U lasalocid sodium §%a Dr.ehrenstorfer
4.3.2 @1307m3§1U maduramicin ammonium §vf0 Dr.ehrenstorfer
4.3.3 @1307M3§1U monensin ?Jﬁa Dr.ehrenstorfer
434 @UNIFIU narasin B TRC
435 @151m351U salinomycin 8% HPC
4.3.6 @515 nigericin e TRC
4.4 Fupounsneaes
4.4.1 Anw1 condition U84 Liquid Chromatography (LC) kag m/z A15W U1
condition 183 LC afinnsannisidenaedutifimunyay n1slvaves mobile
phase uazguuyfifmuizaud olvldnsuend fuszdniaim drunis
AMUART m/z fadden ionization mode 7 inu1zAUSNYULYDIATN
precursor ion k@ product ion MRMILL1ZAY kazUsuRANIITimese
mass spectrometry 1% 4 collision energy wa ez Dwell time vt 81414
sensitivity ﬁﬁﬁqm
442 Fnwenududunss (inearity) Ineweuasazaisuinsgiu 5 Anududy
finseunguAandutureined1993e vesmImaaeuUTINUied A yuaz
Asnszansegvalanerdui o eaiu (homoseneity) waznagaunis
ﬂuLﬁyau“UD’]msﬂaw’l (drug carryover) n15Usgldunan 18 correlation
coefficient () Aidodien r = 0.995 ieBufunnuduiudidaudussninany
Wuduwardyaiauneuaues d9sfinanuynd of0rein1s3iATEiL T
Usuu
4.4.2.1 nM13M384 mobile phase
4.4.2.1.1 Mobile phase A: 0.1% formic acid in di water: w3ealay
19 cylinder 9unm 500 daddns ae di water USu10s
500 fiadans aslu erlenmeyer flask vu19 500 dadans
Y1Ua formic acid 0.5 fadans asluwauiuny di water
My NIodK 14 cellulose acetate filter AU M
0.22 lulasiuns Wrarsazarelaly laboratory bottle
19 500 Jaddns wazily degas
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4.4.2.1.2 Mobile phase B: 0.1% formic acid in acetonitrile: L93eu
Tagley cylinder vunm 500 Tadans R4 acetonitrile
USu1as 500 Tadans aslu erlenmeyer flask aua
500 Hadans Yiua formic acid 0.5 fadans aslunauiu
AU acetonitrile @18 nS8IW 1Y PTFE filter 9un
0.22 lulasiuns Wraisazanelaly laboratory bottle
1R 500 Hadans waztll degas
4.4.2.2 MIHILNAITALANUINTFIY
4.4.22.1 N5 UUAITALAIUIATIINEING U ionophores
(lasalocid, maduramicin, monensin, narasin & @8 ¢
salinomycin) A28t S U 500 fadnSuredns: T9a13
ey uusaziiaUsyna 25 fadndu (Cufindmingse)
aslu volumetric flask au1n 50 Hadans azarsuazlsu
USuIm38 methanol
4.4.2.2.2 M3W3UUAITATAIBUIATFIY nigericin (internal standard
(1S) Anadudu 1,000 fadnfusedns: Faansuinsgiu
Uszanas 25 fiaanda (Suiindmdnese) asly volumetric
flask 3U10 25 Tadans azarsuazUsuliuInsmnae
methanol
4.4.2.2.3 n15M38Y standard calibration curve solution azangly
40% acetonitrile @niunaasuUsUIUMIPIFIAYLAZNT
nsvawetsaiEefuieieniu (homogeneity)
a) paduduil 1: Twmann stock solution 500 fadnsu
fantansy 0.1 4a8ams waz IS 1,000 4adnsume
Alansy 04 Taaans aslu volumetric flask
100 31addns (0.5 Hadnsusioilansy) Uius 1 Haddans
aslu volumetric flask 25 dadans (0.02 Jadnsusme
Alansw)
b) AU 2: Ymann stock solution 500 fadn3u
fantansy 0.3 Uadans way IS 1,000 Jadnsume
Alansy 04 Taaans aslu volumetric flask
100 31addns (1.5 fadnsusioilansy) Uius 1 Haddns
aslu volumetric flask 25 dadans (0.06 Jadnsume
Alansw)
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o paduduil 3: Twmann stock solution 500 fadnsu
ponlansy 0.6 dadans wag IS 1,000 adnsUaD
Alansu 04 Taaans aslu volumetric flask
100 Haddns (3 dadnSuneilansy) Uiun 1 daddns
aglu volumetric flask 25 fiaddans (0.12 Aadnsueo
Alansu)

d) audududi 4: Twman stock solution 500 fadnsy
ponlansy 0.9 dadans wag IS 1,000 adnsUaD
Alansu 04 Taaans aslu volumetric flask
100 addns (4.5 fadnsusioilansy) Uius 1 Haddans
aglu volumetric flask 25 fiaddans (0.18 Hadnsuso
Alansu)

e) paduduil 5: Yman stock solution 500 fadnsu
ponlansy 1.2 dadans wag IS 1,000 adnsUao
Alansu 04 Taaans aslu volumetric flask
100 Haddns (6 dadnsuneilansy) Uiun 1 daddns
aglu volumetric flask 25 fiaddans (0.24 Hadnsueo
Alansu)

4.4.2.2.4 n15M38 standard calibration curve solution aganaly

40% acetonitrile dmsunaaeunsdul sudruwesen

(drug carryover)

a) audududi 1 Yweaan stock solution 25 fadnsuy
monlansy 0.05 addns uag IS 25 Hadnsumanlansuy
0.4aaans aslu volumetric flask 100 Tadans
(0.01 Hadnsusailaniy)

b) AMuEuTuT 2: Timan stock solution 25 fadnsa
ponlansu 0.1 Uaddns uaz IS 25 dadnsusenlansy
0.41ad8am5 aslu volumetric flask 100 Tad8n 3
(0.03 Hadnsusailaniy)

o audududi 3: Ywman stock solution 25 fadnsuy
ponlansy 0.2 Taddns wag IS 25 faansumenlansu
0.41a8d8am5 aslu volumetric flask 100 Tad 8 ns
(0.05 fadnsusenlansy)

d) audududi 4: Yweaan stock solution 25 fadnsuy
ponlansy 0.4 addns wag IS 25 faansumenlansu
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e)

0.41ad8am5 aslu volumetric flask 100 Tad 8 n 3
(0.1 fiadnSusionlansu)

audududi 5: Tunaan stock solution 25 fadn3u
ponlansu 1 daddns waz IS 25 Aadnsusanlansy
0.47adam5 aslu volumetric flask 100 Tad 8 n s
(0.25 fadnsusenlansy)

4.4.225 A1SLASYUDINISAAT AINSUNAEDYU matrix-fortified

calibration curve

a)

b)

Fas081991915LA7 Tn1sasI9dsund Aty wu
lasalocid, maduramicin, monensin, narasin & a ¥
salinomycin (blank sample) Useanau 200 Ny

UARM8E198281A3 83UNE T FRITSCH d1msuLn3 oy
matrix-fortified calibration curve 1agumn ’ivyﬂ ae
Uszaad 100 n5U AIUL5I99991UMY Y 400 TOUAD
it Wanndaay 5 uiit saudegsUssana 200 n3u

4.4.2.2.6 N15.75 ¥U matrix-fortified calibration curve @115
1/1maauﬂ%mmé’hmﬁﬁmuazmﬁﬂ'ﬁzmaaEJNaﬁwLauatff;lu
ety (homogeneity) Ww3eumna Table 1 Wiluadn
FIOE1NRMNTD 4.4.2.2.8

Table 1. Matrix-fortified calibration curve for homogeneity.

Compounds  Stock Yuasfiiia (mL) Blank
(mg/L) 10 30 60 90 120 sample
mg/kg mg/kg mg/kg mg/kg mg/kg (e)
Lasalocid 500 0.1 0.3 0.6 0.9 1.2 5
Maduramicin 500 0.1 0.3 0.6 0.9 1.2 5
Monensin 500 0.1 0.3 0.6 0.9 1.2 5
Narasin 500 0.1 0.3 0.6 0.9 1.2 5
Salinomycin 500 0.1 0.3 0.6 0.9 1.2 5

44227 n15.M3 84 matrix-fortified calibration curve @115 v

NAgeUN1TULUUTILUD981 (drug carryover) ATBUAIY

Table 2 ildannsag1ennude 4.4.2.2.8
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Table 2. Matrix-fortified calibration curve for drug carryover.

Compounds  Stock U3anasiidial (mL) Blank
(mg/L) 0.25 0.5 1 2 5 sample
mg/kg mg/kg mg/kg mg/kg mg/kg (9)
Lasalocid 25 0.05 0.1 0.2 0.4 1.0 5
Maduramicin 25 0.05 0.1 0.2 0.4 1.0 5
Monensin 25 0.05 0.1 0.2 0.4 1.0 5
Narasin 25 0.05 0.1 0.2 0.4 1.0 5
Salinomycin 25 0.05 0.1 0.2 0.4 1.0 5

4.4.2.2.8 JURBUNITLATIUAIDES

N13ENAAIBEIY homogeneity

'
Y

F99719819 5 NSU

b

WY 90% methanol 20 mL (1)

b

e 30 Wi (2)

o

Centrifuge 5,000 rpm 20 °C 10 W17 (3)
wiaudlaadlu VF 100 mL vieude (1)-(3)
an 2 sau

O

USuUSumsmie 40% methanol

O

YwUnun 1 mL ashy VF 25 mL Ysudsunes
A28 40% methanol

o

ns0eee filter PTFE 4119 0.2 um

o

UHPLC-MS/MS

AN3ENAAEIY drug carryover

'
Y

F99719819 5 NSU

5

WY 90% methanol 20 mL (1)

O

W 30 W9 (2)

O

Centrifuge 5,000 rpm 20 °C 10 W (3)
wiaulaadlu VF 100 mL vieude (1)-(3)
an 2 sau

b

USuUSumsmie 40% methanol

O

ns09ee filter PTFE 4119 0.2 um

L

UHPLC-MS/MS

Fig. 2 Sample extraction procedures for homogeneity and drug carryover
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4.4.3 fnwin151d methanol lunisasanedi Avandudu 40%, 60%, 80% way
100% methanol fiaidenanundudufimungay
4.4.4 AnwinsiUieufisuainududuaes methanol way acetonitrile 71 40%
Wieidendvhavanefimanyay
445 Anwuieutneunisananaog13laelyd 90% methanol way 90%
acetonitrile wiawdenisnsaafivinzay
4.4.6 @nw1 matrix effect 999 homogeneity Wag drug carryover 1agn1SIN gy
slope ¥® 4 matrix-matching calibration curve Wa ¢ standard calibration
curve solution
4.4.6.1 N13W3BU matrix-matching calibration curve d1M5UNA@BU matrix
effect @19SUNAABU homogeneity Lag drug carryover LHTgNAL
Table 1 uaz Table 2 auaau Wnlvadnfegemude 4.4.2.2.8
4.4.6.2 N15tM35 8 standard calibration curve solution @1%s UNAgEDU
matrix effect @195 UNA@0U homogeneity Way drug carryover
WSENANTD 4.4.2.2.3 uaz 4.4.2.2.4 9E16U
4.4.7 nsAnwIsTEzaIN1sans lnenusssaussegainsadadu 15, 30 way
60 U nagsulaely matrix-fortified calibration curve wag standard
calibration curve solution d1%3unAaaU homogeneity Wag drug carryover
W3 BNAIU Table 1 way Table 2 U lUadnd9g 190 1UTD 4.4.2.2.3 lLag
4.4.2.2.4 AUAIRU
5. NaN1InNAaag
5.1 Wan15An®1 condition U84 Liquid Chromatography (LC) Way m/z a1u Table 3
ey Table 4
Table 3. LC condition.

Parameters Value

Column: Phenomenex, Kinetex 1.7 um C18 100 x 2.1 mm
Mobile phase: 0.19%FA in water: 0.1%FA in Acetonitrile (5:95, v/v)
Flow rate: 0.2 mL/min

Column temperature: 40 °C

Sample temperature: 10 OC

Injection volume: 5 uL

End time 6 min

v ¢
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Table 4. H-ESI parameters.

Parameters

Value

Positive lon (V)

Sheath Gas (Arb)

Aux Gas (Arb)

Sweep Gas (Arb)

lon Transfer Tube Temp (C)
Vaporizer Temp (C)

CID gas (mTorr)

3500
40

325
300
1.5

Breakdown Curve of lon 613.383 m/z at 1.5 mTorr (+)
Max Intensity: 7.18E+004

1004

Productions Col. Energy
80 377.167 miz 39V
595.25 miz 28V

Relative Intensity
» (=2
o o
1 1

N
o
1

o

- —T T T J
20 40 60 50
Collision Energy (V)

Lasalocid

Breakdown Curve of lon 693.367 m/z at 1.5 mTorr (+)
Max Intensity: 3.99E+004

100+
4 Productions Col. Energy
80 -] 675333 miz 38V
461.167 miz 55V
. ]
G 60 o
2
2 o
E
g
s ]
¢
20
0 - T 7 T T T T T |
20 40 60 80
Collision Energy (V)
Monensin
Breakdown Curve of lon 773.750 m/z at 1.5 mTorr (+)
Max Intensity: 9.45E+001
100
B Productions Col. Energy
80 ] 43125 miz 55V

531.333miz 44v

Relative Intensity
» @D
S 3
1 1 1 1

N
S
1

o

T T T T T N
60 80
Collision Energy (V)

Salinomycin

Breakdown Curve of lon 939.450 m/z at 1.5 mTorr (+)
Max Intensity: 1.12E+005

100+

B Productions Col. Energy
80 877.417 miz 30V
895.417 miz 48V

-3
S
1

L

Relative Intensity
N
o
1

N
S
1

L

o

T T T T d
80

T
20 40 60
Collision Energy (V)

Maduramicin

Breakdown Curve of lon 787.550 m/z at 1.5 mTorr (+)
Max Intensity: 3.91E+004

1004

4 Productions Col. Energy
80 - 431.167 miz 53v
531.167 miz 47v

Relative Intensity
» [~23
o o
1 1

N
S
1

=}

T T T T T T )
20 40 60 80
Collision Energy (V)

Narasin

Breakdown Curve of lon 747.550 m/z at 1.5 mTorr (+)
Max Intensity: 2.10E+005

100
L Productions Col. Energy
80 - 703.333 miz 56V
729.333 miz 4a3v
% 60 —
e
] o
E:
2 1
k! ]
2
20 +
0 T T T

T T T T T v
20 40 60 80
Collision Energy (V)

Nigericin

Fig. 3 CID breakdown curves of ionophore and internal standard (nigericin)
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Table 5. MS detection.

Compounds  Precursor Product Collision RF Lens  Dwell Time
ions (m/z) ions (m/z) Energy (V) V) (ms)
Lasalocid 613.38 377.17 39 299 33.694
595.25 28 299 33.694
Maduramicin 939.45 877.42 30 299 33.694
895.42 48 299 33.694
Monensin 693.37 675.34 38 250 33.694
416.17 55 250 33.694
Narasin 787.55 413.17 53 299 33.694
531.30 a7 299 33.694
Salinomycin 773.75 431.25 55 250 33.694
531.33 44 250 33.694
Nigericin 747.55 703.33 56 281 33.694
729.33 43 281 33.694
4.065 - 4 680729_lonophores-add IS std solution 40ACN #3 STD 60 ppm MS Quantitation
]| counts Monensin
3.565;:‘
3.0e5-E
1 Maduramicin
245e5—:
] Lasalocid Salinomycin
2.0e5
] Narasin
] Nigericin
1.5e5—~
1.0e5-§
5.0e4—5
0.0EO-E
-5.0e4—:I - - - - - ]
1.00 2.00 3.00 4.00 5.00 6.00 6.50

Fig. 4 Chromatogram lonophore
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5.2 wansAnw1AUduldunsaves homogeneity Wag drug carryover

nan1sLUSEULiBuaNn1S calibration curve ¥89 homogeneity S¥1#319n151a
standard solution calibration curve waz matrix-fortified calibration curve d1%3u
NA@BUYING U ionophores M1y Table 6 WU3 1 slope Y84 standard solution
calibration curve ff13111N91 matrix fortified calibration curve luvnans asviau
fawavas matrix effect iviTlek sensitivity anasfionsiataluannigfidfisuniuass
MNDIMITART dIUTUAT intercept NUAIUUANANTEWINEDIIS LABUNENT LUU
maduramicin Wag narasin 1%@1 intercept Tu matrix 10uuan wanafadyayu
SUNIUDIN matrix 7 9198 swan on15UszLTuUS U a1 d9ur 1 correlation
coefficient (1) vasvisanansdioglutng 0.9963 - 0.9999 Fsaundn 0.995 ynen Ustis
Ay linearity finvasiinagay

nan15iUSYULABUALNTS calibration curve Y84 drug carryover S¥#I1901S
14 standard solution calibration curve Wag matrix-fortified calibration curve
d1mTuna@aueINg ¥ ionophores A4 Table 7 WUI1A1 slope 317 standard
solution calibration curve qmdﬁmﬁmﬂ matrix-fortified calibration curve I‘L!‘Vqlﬂ
nsdl FeUeddeBnsnaves matrix effect ivlvdua amsnsainanas uonani
A1 intercept Y84 matrix-fortified calibration curve ﬁﬂ'ril,ﬁauuumﬂ@us?mﬂﬂfh
11314 standard solution calibration curve 141 maduramicin wa monensin 71k
A1 intercept g4 wansliiiudsrnandululdvesnisifin systematic bias Tuvauzfian
r YosE s tANINATY 0.9978 axviauaaniu linearity

p819lsAMUNITNAZOU homogeneity wag drug carryover N13M standard
solution calibration curve wiazlieA1 slope ﬁqmazﬁ linearity 715 wifinnandes
9INAITIUNIUVDI mMatrix eﬁqawﬂﬁzmm’ammgﬂﬁawaqmam'ﬁLﬂ'ﬁwﬁ et 1
4 matrix-fortified calibration curve 3adunuimafivanzaunin eswinaiunse
A auAN NI IASIZRDSveeR10g 19emsdn IR g s edeunnT wilfdn
slope 2zsNIIARIY

v ¢
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Table 6

. Linearity of ionophores compounds for homogeneity.

Compounds Slope Intercept r
Std Matrix Std Matrix Std Matrix
solution fortified solution fortified solution fortified

calibration calibration calibration calibration calibration calibration

curve curve curve curve curve curve
Lasalocid 3.42 2.73 -7.88 -5.16 0.9987 0.9963
Maduramicin 2.27 2.08 -4.92 5.61 0.9989 0.9999
Monensin 5.6 5.09 -1.49 -5.32 0.9987 0.9970
Narasin 0.87 0.77 -1.93 0.66 0.9985 0.9984
Salinomycin 3.42 2.73 -7.88 -5.16 0.9985 0.9982
Table 7. Linearity of ionophores compounds for drug carryover.
Compounds Slope Intercept r
Std Matrix Std Matrix Std Matrix
solution fortified solution fortified solution fortified
calibration  calibration calibration calibration calibration calibration
curve curve curve curve curve curve
Lasalocid 141.11 57.22 -0.99 -3.58 0.9978 0.9980
Maduramicin 97.11 67.06 -4.87 20.6 0.9991 0.9984
Monensin 232.74 140.34 3.87 7.34 0.9986 0.9986
Narasin 36.41 33.73 -0.68 2.57 0.9985 0.9978
Salinomycin 166.32 138.14 -15.26 -7.81 0.9987 0.9980

53

Nan1sANYIEIYazate methanol tlunisazanefinnududu 40%, 60%, 80%
WAy 100% M1UAI5197 8 - 11 Wud 1 A uduYes methanol d8n3wane
dussauzn1uenlaeUsziiiuainal theoretical plates, A1 asymmetry factor uag
retention time Tnasi2lUp theoretical plates 1% uaived Usyansamues
podullasanlnneil BeenfiangebsagiioufisnisuendifiussAnsnmanniu due
asymmetry factor Wlng 1 Ysuendspuauuinsvesiasunlansfinfindia 3ad
ANUEIA YA BAMNLLTUTIUNITMIUS U MET Han1SANEILARSLELAUIN 40%
methanol Tuadnsfiafign lasfidn theoretical plates agflutaa 6010 - 11612
wazA1 asymmetry factor lnatAss 1 (0.99 - 1.19) LLﬁ@x‘]ﬁQEULLUUﬁﬂﬁILﬁQJWSﬁQJ
YT 60% methanol §1asuananni oglutaeiisouduld (theoretical plates
5599-10991, asymmetry factor 0.97 - 1.18) uazilivalaussuaunisaaailuns
Fu9819 115U 80% methanol wag 100% methanol WuIMUsEANSAINAITLEN
LAZAINALNINTVOITNABAGT TABLanIzfi 100% methanol & 4lAn theoretical
plates 0" gn (2018 -3095) wagA 1 asymmetry factor L g UuNINT Y
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(0.92 - 1.15) dwwaliiAnnsdod srvesfiauazananugnieswestayaldsuiina
iy ansaasulddnld 40% methanol iluanngfunzandian osanls
aunafiAansenineUszdnnmnnsuen wazamauNInsvesia luvae? 60%
methanol 813t umadendrsesiimunzailunsdidesnisansyazinailunis
Aaseilagliayidennninveiniskenuintn

Table 8. Chromatographic parameters using 40% methanol as solvent.

Compounds Retention Peak Area Asymmetry Theoretical
Time (min) Factor Plates
Lasalocid 2.28 16716 1.19 6010
Maduramicin 4.11 27405 1.02 11612
Monensin 3.36 16071 0.99 8224
Narasin 3.54 14561 1.04 10082
Salinomycin 2.99 16071 1.10 9404

Table 9. Chromatographic parameters using 60% methanol as solvent.

Compounds Retention Peak Area Asymmetry Theoretical
Time (min) Factor Plates
Lasalocid 2.25 17712 1.18 5599
Maduramicin 4.08 47313 1.02 10991
Monensin 3.33 36995 0.97 7702
Narasin 351 21000 1.11 9068
Salinomycin 2.97 16604 1.02 8956

Table 10. Chromatographic parameters using 80% methanol as solvent.

Compounds Retention Peak Area Asymmetry Theoretical
Time (min) Factor Plates
Lasalocid 2.23 18354 1.11 5112
Maduramicin 4.06 35280 1.05 9994
Monensin 3.31 36907 0.97 6982
Narasin 3.50 19661 1.05 8512
Salinomycin 2.95 18427 1.06 7832
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Table 11. Chromatographic parameters using 100% methanol as solvent.

Compounds Retention Peak Area Asymmetry Theoretical
Time (min) Factor Plates
Lasalocid 2.19 18535 1.15 2018
Maduramicin 3.99 34620 0.92 1759
Monensin 3.24 38062 1.00 1657
Narasin 3.44 21759 1.07 3095
Salinomycin 2.90 18990 1.15 2681

5.4 wan1sAnwIn1sUsziuauiAnig chromatographic 984 lasalocid, maduramicin,
monensin, narasin g salinomycin #14 Table 12 gy 13 NUIN 40% acetonitrile
9irin asymmetry factor Ind 1 wag theoretical plates g1n31 40% methanol Tu
a1sdulng aseudanisueniifiuszdnsaim agaelsfiniy 40% methanol
wnlthilian area gandn Tagiamne salinomycin wa narasin vaiz#l lasalocid wag
maduramicin lAe1 area gdﬂdﬁmﬁmlﬁﬂ% acetonitrile @1 monensin WiA1 area

InalAeaiiu ue acetonitrile §3palH plates gena

Table 12. Chromatographic performance of ionophores compounds dissolved in 40%

acetonitrile.

Compounds Parameters Peak Area Asymmetry Theoretical
Factor Plates
Lasalocid Average 16964.50 1.17 4615.00
SD 288.75 0.06 78.22
%RSD 1.70 5.07 1.69
Maduramicin Average 75700.83 1.11 7322.67
SD 1650.94 0.04 163.75
%RSD 2.18 3.61 2.24
Monensin Average 69545.17 1.01 5705.83
SD 1219.78 0.02 164.55
%RSD 1.75 2.22 2.88
Narasin Average 14945.00 1.05 7640.83
SD 192.12 0.02 983.47
%RSD 1.29 1.97 12.87
Salinomycin Average 44344.67 1.11 6580.17
SD 1203.62 0.04 140.61
%RSD 2.71 3.86 2.14
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Table 13. Chromatographic performance of ionophores compound dissolved in 40%

methanol.
Compounds Parameters Peak Area Asymmetry Theoretical
Factor Plates
Lasalocid Average 32.00 1.20 4625.17
SD 4.52 0.13 569.01
%RSD 14.11 10.62 12.30
Maduramicin Average 46264.00 1.14 7412.83
SD 2182.52 0.02 121.08
%RSD 4.72 1.70 1.63
Monensin Average 60564.50 1.02 5587.50
SD 3026.33 0.01 167.95
%RSD 5.00 1.44 3.01
Narasin Average 8711.50 1.17 7560.33
SD 462.06 0.03 307.05
%RSD 5.30 2.29 4.06
Salinomycin Average 85843.83 1.08 5361.17
SD 5052.92 0.06 169.12
%RSD 5.89 5.29 3.15

5.5 WANISVIAAOU ttest i alUTsuiBUUTEANE ANN15ARATENII 90% methanol
Lag 90% acetonitrile # Table 14 - 16 wuln lasalocid, monensin, narasin wag
maduramicin lduansninuuansnsegaifediymieada (p > 0.05) Feuedin ik
aosdihazatedaussauslndifeatudmiunisaineingy ionophores ag1dlsh
a1 Tunsalues salinomycin wuaAUKANANEENHTEEATY (p < 0.05) Inauansl
Wi fvavaneiinasenisarinanseiing fetuSesiansandendavhazansld
winzaw Tnswwzdedmnefienisasaiansedingzi salinomycin

Table 14. Peak areas of ionophores compounds extracted using 90% methanol.

No. Peak areas
Lasalocid Maduramicin Monensin Narasin  Salinomycin
1 16922 30818 52482 6460 18268
2 17635 31468 52541 6350 17742
3 17235 30940 52457 6324 17419
4 17849 32119 55794 6853 18817
5 18583 31113 54314 6369 18458
6 18469 32398 55640 6638 17826
Average 17782.17 31476.00 53871.33 6499.00 18088.33
SD 660.07 650.48 1595.06 207.79 517.04
%RSD 3.71 2.07 2.96 3.20 2.86

NAuUATIIERUAMNINETN Iuae TngdunTeiunsUAda Wi 18 910 27



Table 15. Peak areas of ionophores compounds extracted using 90% acetonitrile.

No. Peak areas

Lasalocid Maduramicin Monensin Narasin ~ Salinomycin
1 15520 30022 51256 5520 16514
2 16648 32550 53166 5973 17044
3 16599 32018 51538 6134 17059
a4 17586 33520 53609 6389 16915
5 16974 32648 52953 6429 16085
6 18785 35631 56686 7371 18542
Average 17018.67 32731.50 53201.33 6302.67 17026.50
SD 1095.75 1839.52 1945.41 618.78 831.82
%RSD 6.44 5.62 3.66 9.82 4.89
Table 16. Results of the t-test for each compounds between extraction with 90%
methanol and 90% acetonitrile.

Compounds t-statistic p-value Significance (a=0.05)
Lasalocid 0.85 0.42 Not significant (p > 0.05)
Maduramicin -0.69 0.509 Not significant (p > 0.05)
Monensin 0.28 0.788 Not significant (p > 0.05)
Narasin 0.47 0.659 Not significant (p > 0.05)
Salinomycin 2.63 0.028 Significant (p < 0.05)

5.6 Wan1sANWIAT matrix effect Y89 homogeneity ¥848n& ionophores A3l Table

17 wudwnansiian matrix effect lutag 91.36-248.25% Fanandliiifiuimaves
matrix S8 V3 wad en150oUANeIURId YU IIINLAS 03Tl 0T AT 1Y TnBianiy
lasalocid fifiAn matrix effect gafle 248.25% Us¥9nil signal enhancement vz
41591 9 U monensin waz maduramicin A1 matrix effect Uszaas 91-92%
dzvioudis signal suppression 1@ntes @11 narasin way salinomycin oglusydu
IndilAes 100% (101.96% uag 119.78%) LAAIAINITYNTUNIUIIN matrix biuniin
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Han15ANWIA1 matrix effect ¥84 drug carryover ¥8481ng 4 ionophores
»13 Table 18 WUITAITUWAAEIIT AT TLAUNITIUNIUINA Mmatrix kANA1AULAY
maduramicin (62.60%), lasalocid (75.65%) Wag monensin (76.97%) Landn4 signal
suppression Iusumzﬁ narasin (93.96%) & signal suppression Hodiu salinomycin
(105.11%) WU signal enhancement W&ntfos il afa150192458 70 narasin wae
salinomycin eglutsiivanzay vazfidnaansiiaiininnue azviouliifuds
ausdulunsld matrix-fortified calibration curve WiouAlunanszyuan matrix
u,azLﬁummgﬂéfawaqmﬁmwﬁ

feu agUlfdn naves matrix effect wansnsfulunuriavesans Selinase
Anugndesuazauiuglunsmaaey Tnolanzlunsddl matrix effect 61
1INNI1 120% %3e tesnin 80% snuduresldinaiin matrix-fortified calibration
curve iaudladgymuanfinanuuniedovesmanadou tloa1nnisld standard
solution calibration curve LigsagaAgI9anelAlAn systematic bias 19

Table 17. Calibration curve parameters and matrix effects of ionophores compounds

for homogeneity.

Compounds Slope Intercept r Matrix
Std Matrix Std Matrix Std Matrix effect
solution matching solution matching solution matching

calibration calibration calibration calibration calibration calibration

curve curve curve curve curve curve
Lasalocid 1.14 2.83 292 12.45 0.9999 0.9982 248.25
Maduramicin 5.41 6.48 48.4 56.21 0.9977 0.9978 91.72
Monensin 5.09 4.65 36.03 17.33 0.9971 0.9986 91.36
Narasin 1.02 1.04 7.54 3.39 0.9984 0.9990 101.96
Salinomycin 3.02 2.77 26.82 14.48 0.9975 0.9982 119.78

Table 18. Calibration curve parameters and matrix effects of ionophores compounds

for drug carry over.

Compounds Slope Intercept r Matrix
Std Matrix Std Matrix Std Matrix effect
solution matching solution matching solution matching

calibration calibration calibration calibration calibration calibration

curve curve curve curve curve curve
Lasalocid 64.36 48.69 -4.62 6.05 0.9985 0.9993 75.65
Maduramicin 202.44 212.79 73.86 19.93 0.9972 0.9981 62.60
Monensin 189.52 145.87 37.38 235 0.9973 0.9969 76.97
Narasin 36.95 34.72 9.4 6.11 0.9983 0.9987 93.96
Salinomycin 122.04 76.4 33.55 11.19 0.9980 0.9955 105.11

v ¢
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5.7

Table 1

mMsAnwsTegnaIMsana lneuusseausveznainsanmdy 15, 30 wag 60 U
f14 Table 19 - 28

IINNANTANYY %recovery U84 ionophores fiAududy 60 fadnsuse
Alansu ﬁg\‘iiwznaﬂumiaﬁmmz calibration curve #il4inase %recovery 1ag
1519 matrix-fortified calibration curve 1¥f1 %recovery genithavagyiouna
TnalABeivan1Ea399891981911NAINNSLY standard solution calibration curve
Tunnans 7sazvioudsBnSnaveq matrix effect 7idsnasranismagey dmiu
SE8LIANUATANANUANNBANA1AINTEAE15tAY lasalocid, maduramicin kay
narasin TA" %recovery gegaiiloadaduian 60 und Tumisndufu monensin
way salinomycin d@1 %recovery qqﬁ 15 Wi udanastmaudiodfivnan §9o19
Aannnsaatediamienmsgapdsansluaniiznisataiieniuiuiu lngamsiuen
9%RSD d@nluaisinnii 5% Busufsnnuuiugiuazanunaiosvesis

Fedunuameilmnzaudmsunisnageuienisidenld matrix-fortified
calibration curve Saufunatlunisafaimunzananizaovings lown 60 wad
@5 lasalocid, maduramicin W@ narasin Wag 15 WITIEINSU monensin kag
salinomycin %qazsdaaLﬁuﬁqaawugﬂé’TWLLazﬂawuLﬁaqmwaqmﬁmaaﬁlu matrix
o1nsdnildnniign

9. Calibration curve results of lasalocid at 60 me/kg for standard solution and

matrix-fortified samples under different extraction times.

No. Extraction Time 15 min  Extraction Time 30 min  Extraction Time 60 min
std matrix std matrix std matrix
solution fortified solution fortified solution fortified
calibration calibration calibration calibration calibration calibration
curve curve curve curve curve curve
1 55.16 67.97 54.67 67.35 57.10 70.39
2 52.43 64.55 53.81 66.28 58.16 71.72
3 55.05 67.83 54.17 66.73 58.52 72.17
a4 54.99 67.76 54.18 66.74 58.19 71.75
5 56.04 69.07 55.76 68.71 58.91 72.65
6 55.97 68.98 53.26 65.60 59.22 73.04
Average 54.94 67.69 54.31 66.90 58.35 71.95
SD 1.32 1.65 0.85 1.06 0.74 0.92
RSD 2.40 243 1.56 1.59 1.27 1.28
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Table 20. Calibration curve results for % recovery of lasalocid from a 60 mg/kg

standard solution and matrix-fortified samples at different extraction times.

No. Extraction Time 15 min  Extraction Time 30 min  Extraction Time 60 min
std matrix std matrix std matrix
solution fortified solution fortified solution fortified

calibration calibration calibration calibration calibration calibration

curve curve curve curve curve curve

1 91.93 113.28 91.12 112.26 95.16 117.32

2 87.38 107.58 89.69 110.47 96.93 119.53

3 91.75 113.05 90.28 111.21 97.53 120.28

4 91.66 112.93 90.30 111.24 96.98 119.58

5 93.40 115.11 92.93 114.52 98.18 121.09

6 93.28 114.97 88.77 109.33 98.70 121.74

Average 91.57 112.82 90.51 111.50 97.25 119.92
SD 2.19 2.74 1.41 1.77 1.23 1.54
RSD 2.40 2.43 1.56 1.59 1.27 1.28

Table 21. Calibration curve results of maduramicin at 60 mg/kg for standard solution

and matrix-fortified samples under different extraction times.

No. 128101580 A 15 WA LI8IN158NA 30 U LI8IN158NA 60 U
std matrix std matrix std matrix
solution fortified solution fortified solution fortified

calibration calibration calibration calibration calibration calibration

curve curve curve curve curve curve

1 54.74 63.88 52.89 61.58 60.86 71.49

2 52.94 61.65 52.95 61.66 62.59 73.65

3 55.71 65.08 53.51 62.35 61.99 72.90

4 56.32 65.85 56.99 66.68 60.95 71.61

5 54.24 63.26 58.97 69.14 62.38 73.38

6 54.66 63.78 57.96 67.89 61.69 72.53
Average 5477 63.92 55.55 64.88 61.74 72.59
SD 1.17 1.46 2.74 3.41 0.72 0.90
RSD 2.14 2.29 4.94 5.26 1.17 1.23

v ¢
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Table 22. Calibration curve results for % recovery of maduramicin from a 60 mg/kg

standard solution and matrix-fortified samples at different extraction times.

No. LIAINISENR 15 U9 LI8IN587A 30 U LI8IN158NA 60 U
std matrix std matrix std matrix
solution fortified solution fortified solution fortified

calibration calibration calibration calibration calibration calibration

curve curve curve curve curve curve

1 91.23 106.47 88.15 102.64 101.43 119.15

2 88.24 102.75 88.25 102.76 104.32 122.74

3 92.84 108.47 89.18 103.92 103.32 121.50

4 93.87 109.74 94.99 111.14 101.59 119.34

5 90.41 105.44 98.29 115.24 103.96 122.29

6 91.10 106.31 96.61 113.15 102.82 120.88

Average 91.28 106.53 92.58 108.14 102.91 120.99
SD 1.96 2.43 4.57 5.68 1.20 1.49
RSD 2.14 2.29 4.94 5.26 1.17 1.23

Table 23. Calibration curve results of monensin at 60 mg/kg for standard solution

and matrix-fortified samples under different extraction times.

No. LIAINIFENA 15 U9 LI8IN158NA 30 U LI8IN158NA 60 U
std matrix std matrix std matrix
solution fortified solution fortified solution fortified

calibration calibration calibration calibration calibration calibration

curve curve curve curve curve curve

1 63.48 70.55 62.58 69.57 53.17 59.21

2 62.74 69.74 63.17 70.21 52.35 58.31

3 63.28 70.33 59.25 65.90 51.09 56.93

4 62.82 69.83 57.43 63.90 49.86 55.58

5 65.34 72.60 54.13 60.27 50.09 55.83

6 65.11 72.35 53.72 59.82 48.43 54.00
Average 63.79 70.90 58.38 64.95 50.83 56.65
SD 1.14 1.26 4.05 4.45 1.74 1.91
RSD 1.79 1.77 6.94 6.86 3.42 3.37

v ¢
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Table 24. Calibration curve results for % recovery of monensin from a 60 mg/kg

standard solution and matrix-fortified samples at different extraction times.

No. LIAINISENR 15 U9 LI8IN587A 30 U LI8IN158NA 60 U
std matrix std matrix std matrix
solution fortified solution fortified solution fortified

calibration calibration calibration calibration calibration calibration

curve curve curve curve curve curve

1 105.80 117.59 104.30 115.95 88.61 98.69

2 104.57 116.24 105.28 117.02 87.25 97.19

3 105.46 117.22 98.74 109.83 85.15 94.89

4 104.70 116.38 95.71 106.50 83.10 92.63

5 108.89 120.99 90.21 100.45 83.48 93.04

6 108.52 120.59 89.53 99.70 80.71 90.01
Average 106.32 118.17 97.30 108.24 84.72 94.41
SD 191 2.10 6.75 7.42 2.90 3.18
RSD 1.79 1.77 6.94 6.86 3.42 3.37

Table 25. Calibration curve results of narasin at 60 mg/ke for standard solution and

matrix-fortified samples under different extraction times.

No. LIAINIFENA 15 U9 LI8IN158NA 30 U LI8IN158NA 60 U
std matrix std matrix std matrix
solution fortified solution fortified solution fortified

calibration calibration calibration calibration calibration calibration

curve curve curve curve curve curve

1 61.39 65.43 61.77 65.87 60.26 64.17

2 57.87 61.50 59.76 63.61 61.76 65.85

3 61.81 65.91 58.43 62.12 62.35 66.51

4 61.34 65.38 58.44 62.13 63.12 67.37

5 60.90 64.89 60.09 63.99 64.56 68.99

6 61.33 65.37 57.41 60.98 63.80 68.14
Average 60.77 64.75 59.32 63.12 62.64 66.84
SD 1.45 1.63 1.55 1.74 1.54 1.72
RSD 2.39 2.51 2.61 2.75 2.45 2.58

v ¢
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Table 26. Calibration curve results for % recovery of narasin from a 60 mg/ke

standard solution and matrix-fortified samples at different extraction times.

No. LIAINISENR 15 U9 LI8IN587A 30 U LI8IN158NA 60 U
std matrix std matrix std matrix
solution fortified solution fortified solution fortified

calibration calibration calibration calibration calibration calibration

curve curve curve curve curve curve

1 102.31 109.06 102.96 109.78 100.43 106.95

2 96.45 102.49 99.60 106.01 102.93 109.74

3 103.02 109.84 97.38 103.53 103.92 110.86

4 102.23 108.97 97.41 103.56 105.20 112.29

5 101.51 108.15 100.16 106.64 107.61 114.99

6 102.22 108.95 95.69 101.63 106.34 113.57

Average 101.29 107.91 98.86 105.19 104.40 111.40
SD 2.42 2.71 2.58 2.90 2.56 2.87
RSD 2.39 2.51 2.61 2.75 2.45 2.58

Table 27. Calibration curve results of salinomycin at 60 mg/kg for standard solution

and matrix-fortified samples under different extraction times.

No. 128101580 A 15 WA LI81N158NA 30 WA 1981N158NA 60 W
std matrix std matrix std matrix
solution fortified solution fortified solution fortified

calibration calibration calibration calibration calibration calibration

curve curve curve curve curve curve

1 68.34 69.54 65.72 66.68 38.95 37.45

2 68.12 69.30 67.32 68.43 34.35 32.43

3 69.22 70.50 60.07 60.51 29.84 27.51

4 64.88 65.76 56.88 57.03 27.33 24.76

5 67.58 68.71 51.85 51.54 26.68 24.05

6 71.49 72.98 52.56 45.93 25.67 22.95
Average 68.27 69.47 59.07 58.35 30.47 28.19
SD 2.16 2.36 6.52 8.70 5.19 5.67
RSD 3.16 3.39 11.04 14.90 17.03 20.10

v ¢
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Table 28. Calibration curve results for % recovery of salinomycin from a 60 mg/kg

standard solution and matrix-fortified samples at different extraction times.

No. 1281n1580A 15 WA LIa1N158NA 30 WA 1I81N158NA 60 W
std matrix std matrix std matrix
solution fortified solution fortified solution fortified

calibration calibration calibration calibration calibration calibration

curve curve curve curve curve curve

1 113.90 115.90 109.54 111.14 64.91 62.42

2 113.54 115.50 112.20 114.05 57.25 54.06

3 115.37 117.50 100.12 100.86 49.74 45.85

4 108.13 109.60 94.80 95.05 45.54 41.27

5 112.64 114.52 86.42 85.90 44.46 40.09

6 119.16 121.64 87.60 76.55 42.78 38.25
Average 113.79 115.78 98.45 97.26 50.78 46.99
SD 3.60 3.93 10.87 14.49 8.65 9.44
RSD 3.16 3.39 11.04 14.90 17.03 20.10

6. @3UNANITVIAADY

nsfnwi Uszauanudisaluniswaunisnaaousinga ionophores i uf
lasalocid, maduramicin, monensin, narasin Lag salinomycin 1umvmﬁmfﬁwamm Tngly
wAilA liquid chromatography-tandem mass spectrometry (LC-MS/MS) Feflenuluay
ANUT UGS INHANTNARRINUIN ANUTNTUTRIFIIazauiinaeE1INsoaNTTOUL
Y9911548NA1T 1A 40% methanol wansnanIsLend duseAnsaingsan sisludiudn
theoretical plates wazein asymmetry factor §9U4% d9AuanLInsvaIRNATA @91 60%
methanol uiffirUszansamenindntos uddsnsegluinasineensulduazivazaily
nsdifidesnisanalunisiesed dwsunswieudisudssansnmnisainsening 90%
methanol kag 90% acetonitrile Wuq1 lasalocid, maduramicin, monensin wag narasin
Liunndnafueehedifeddnmneada (p > 0.05) agffeufisemannsalunsadailndifssiu
pgalsinu Tunsdlaes salinomycin wuindinnuuansnsegsiidedfny (p < 0.05) wandl
WinInsiendvhazanefinasenisannansunseialaglang

UBNIINE M3ANY matrix effect wansliidiuinesdUssnovvasemsdniinase
AUYNABIVBINANITIATIEVBE19UN TneA1nssunauilsiednuae signal suppression
wag signal enhancement uanarsnululunmazans n1sld standard calibration curve Ll
ag1ai8a919naliIAN systematic bias 16 luvasdl matrix-fortified calibration curve
anunsaudlatgidenanuariinaiiaziouanimaswesdesneldfinga dmsunisfne
SLYLLIAINITENA WUINLANULANAITENINTUAVD9E1S tae lasalocid, maduramicin way
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narasin 19A1 Y%recovery qquﬁlnm 60 U9 ﬁumz‘ﬁ monensin ka¥ salinomycin 1ﬁmaﬁa
fgafleataiios 15 Wi widuwlfuanaadoiuszeznainisada T9019LAna1nn1s
aaesvesanviiontsgapdseminanszuaums aguld Fidautuansonouausade
nasiauiuguazauiionssla s wazanunsatluldlunisussdiusts homogeneity
wag drug carryover laagadiuse@nsnin
7. daiauauuz
diolinsnseaouiianugndesuasindedef st u wuzdlild matrix-fortified
calibration curve 1 usnmsgrundnlunsiiasiedt 1 esainanunsovaenansznuain
matrix effect lAfn71 standard calibration curve Msidenld fviazatswazszeziiaInis
afnrsUuliinunzaun uydauesdns W el uuszan3an % recovery wazanaINy
PaAAAOUTRINATIATIEN el msdinameaeuifiaiAutusedsemsdaivanesiouay
vanpany Welsuidiuauannsolunsssgndlivesisluaninadefivanvatsunndu
FIFIAITTNIINTIVAOUANUED BT VBIAITIZNININTTUIUNTANARAZNITAUTNYIF08 19
iledoafunisgaydevidensidsuulasmesansiionvdmanioninisiinses
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