A1sAsavdaunulYlaveIdsnadau tiamulin Tusuisdnlnuauelagwmalin

liquid chromatography mass spectrometry
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UNANELD

nsasvaesuadldldveiinaaeu tiamulin Tuemsdnifinavelasmadia liquid
chromatography-mass spectrometry Iagldmaaul Kinetex Cig, 100 x 2.1 Tadluns WA
ounia 1.7 lulasiuns B%o Phenomenex 1¥a1sazatedauimide 0.1% formic acid Tu
water: 0.1% formic acid Ty acetonitrile (60: 40, v/v) WU isocratic elution 9MIINTA
0.2 fadansreund Usunasnisan 2 lulasans Wsvevnaludaudazass 5 undl neaeum
U‘%mmé’hmeﬁ’wﬁ’zyLLazmimzmsasiNaﬁ%amaLﬂuLﬁaLamﬁu (homogeneity) Tut3A3
Wadu 50 - 250 fadnfudenlaniy n1snageudiotsUuideuduvesen (5% drug
caryover) luthannududu 4 - 12 fiadnsudenlandy waznmsvageusnegsuuioudwves
61 (1% drug carryover) lugaaaanududu 0.5 - 2.5 fadnfusedlansu Iaardudszdns
andunus (correlation coefficient: r) WINAU 0.9999, 0.9996 waz 0.9995 MIUAIAU
mimaaummuaju%wizLﬁumﬂ%faaazmiﬂé’uﬁuagﬂusﬁm 99.30 — 104.08 %, 84.12 —
97.45 % Waz 99.14 — 106.00 % MINE1IAU HYATNAVDINITATIANU (LOD) WwinAu 27.07,
3.06 way 0.41 Hadnsusienlansy auaau JUAT1AAYINIIATIAIN (LOQ) Windy 46.96,
4.23 uaz 0.53 fadnsusenlaniu sudiu Wethuildnsageunisnszaneiivesenly
9IM5ANINUIEHAT repeatability 8¢luya9 0.75 - 5.14 %RSD, 1.29 - 7.57 %RSD uaz
1.55 - 6.20 %RSD M1UAGU Uag intermediate precision agluyi4 2.18 - 3.29 %RSD,
4.08 - 5.44 %RSD U 2.67 — 4.80 %RSD AuEFU Feuisiiumnzandnduldly
AsnAdeU tiamulin Tuemsdmiinausn amnsansiaaeunisnszateiivosenduile
Feafuuazmsvudloudusevitaganiawaels

ATy : tiamulin @vnsdRIinauen nszaredveseduiofeaiu nsvwdeudu

liquid chromatography-mass spectrometry
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Method validation for the determination of tiamulin in medicated feed

by liquid chromatography-mass spectrometry

Chusak Ardsoongnearn, Sunan Kittijaruwattana, Ongart Boonbanlu,

Thanathorn Duangthong, Panadda Taochaiyaphum

Abstract

This study aimed to validate a method for analyzing tiamulin in medicated
animal feed using liquid chromatography-mass spectrometry. A Kinetex C18 column
(100 x 2.1 mm, 1.7 um) from Phenomenex was employed. The mobile phase
consisted of 0.1% formic acid in water and 0.1% formic acid in acetonitrile (60:40,
v/v), with isocratic elution at a flow rate of 0.2 mL/min. The injection volume was
2 pL, and the total run time for each injection was 5 minutes. The method was
validated for uniform drug distribution (homogeneity) across concentrations of 50-250
mg/kg. Furthermore, drug carryover tests were conducted at 5% (4-12 mg/kg) and 1%
(0.5-2.5 mg/kg) contamination levels. The correlation coefficients (r) were 0.9999,
0.9996, and 0.9995, respectively. Accuracy, assessed by recovery rates, ranged from
99.30% to 104.08%, 84.12% to 97.45%, and 99.14% to 106.00%, respectively. Limits
of detection (LOD) were 27.07, 3.06, and 0.41 mg/kg, while limits of quantification
(LOQ) were 46.96, 4.23, and 0.53 me/ke, respectively. Repeatability ranged from
0.75% to 5.14% RSD, 1.29% to 7.57% RSD, and 1.55% to 6.20% RSD, while
intermediate precision ranged from 2.18% to 3.29% RSD, 4.08% to 5.44% RSD, and
2.67% to 4.80% RSD. The method demonstrated suitability for determining tiamulin
in medicated feed, allowing for the assessment of drug homogeneity and cross-

contamination between production batches.

Keywords: tiamulin, medicated feed, homogeneity, drug carryover, liquid chromatography-

mass spectrometry

Veterinary Drugs and Hazardous Substances Assay Division, Bureau of Quality Control of

Livestock Products, Department of Livestock Development.
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i duiladomandavieitanuddlunmsitesdind duduulunadosdnives
inwmsnsuaztiuedesflonidunsinwlsaiinadequnmdnd uavanud Jedududeating
muguamANdRilTluUszmanTndmeludunesdnd nasnauisnisniugy
AN MW Tdn iNauelssnunane M sdn fitennsinulsadadldnafiusmaintaym
Mnedeinnde waztievzasiymmsiindenosludns

Fremapafnannglfuugnsmaninisianisnmsresndugaindsanalneg wa.
2560-2564 gvsmani 4 matiosfunaramuauilonosuazauauffuguansldond
adnegramuzaulunianainensuardnfides nauadaflddiudidunaiieliussg
Wmnglunsannisldeufuzasiosas 30 audamsniuauaanIweIMsER Tnaue
Uszmiansuuadnd 1309 Muuandninasitazisnisaiuaunindne i sdniinau e
Fafimsivuandninausinismuauauamildifyfe nageunInsratgouanaueldy
Weieatu (homogeneity) waznaaauni1sUuitouduaasen (drug carryover) Tneil
Snquszasdiiloliiinsnszaneivessret saiiauemnsludisvosdmunmdmuausu
annsntlUlflumsinulsedniesnaiszaniam swddldiRamstudeuduseninegs
nsudn sufinguanesisun Wumsaslemafinansanéerufniniadefes dugadn
FamsnsraaeuimuslldiEmaiesufiinslunsiiaseh homogeneity wag carryover

Tiamulin uasufTugitenlddmiuinmansuazdnitn uidednsldlula wng
wazlng %qﬁqw‘élumiﬁwmwﬁﬁL%&JLmimmﬂ WU streptococci, staphylococci thag
wuaiieiasaldfluanieilsifionnie (obligate anaerobes) uazifunillisnwlsadngn
Lﬁaﬂ’[,uqﬂﬁs?f«,ﬁﬂmmﬁ'ﬁya Brachyspira hyodysenteriae, Iiﬂﬂ@ﬂU’mﬂ’mL%ﬁJ Pasteurella
multocida (Dorota et al., 2010)

Fig. 1. Structure of tiamulin

Dorota et al. (2010) lﬁﬁwmiﬁﬂmma‘aﬁmﬁaaﬂw tiamulin lugduuuaisuay
A99%N (premlx) a0 TN I TiNaNen (med|cated feeding stuff) lnoannsioe19a19
NauaMtinRet uavaiafegn e sdnSiinausndae 1% sodium acetate in water
ey hexane: ethyl acetate mﬂuumiﬂi‘]mmm N384 WAzLI8919678 1% tartaric acid
solution neautludaniumeauil C18, 4.6 x 150 fadwuns 5 lulasiums 14 mobile phase
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.Ju methanol: acetonitrile: 1% ammonium carbonate ﬁm’mmm?iu 208 ULULUAST
wazu1luIAsgvinenae high performance liquid chromatography (HPLC) 917015
nageunuin JUs1veslasIlaunsuiiiiigaainnismaasuazlisnsndiu mobile phase
50:25:25 pH W84 ammonium carbonate v1AU 9.1 fArAudutdunse () i
0.9999 Tuea3a1uLduTu 0.02 - 0.9 Tadnsunedasans Tlesidurni1sAUNAY
(% recovery) Wiy 93% wazdiAdudszAnaanduiusivindu 1.5%

Ewelina et al. (2018) lawaiuruaznaasualnulylavesiSnisnageua1nsuni
UFuau tiamulin, trimethoprim, tylosin, sulfadiazine wag sulfamethazine Iua’lmiﬁm’iﬁ
nanen lagasninogneden uanhluTaseRie3s LC-MS/MS 14 Phenomenex, Kinetex
biphenyl column wu1a 50 x 2.1 fiadwuns vumeunia 5 lulasiuas mobile phase Wu
WUU gradient lnadidiunauszing 0.1% formic acid Tu acetonitrile wag 0.1% formic
acid luth 9 nnsAnwwudn i linearity Tédn 2> 0.99 A1 precision < 14% A7 within-
laboratory reproducibility < 24% @1 recovery AU 73.58-115.21% dn15nadeu
sensitivity, LOD uay LOQ uaglfinisdliresujoinislilunisnsivaoueimsdnifinay
g1 2 198193 NHKARND1MsERTIINa Ul uARUEMIAL 2017 WUTIAIUITANTIINY
tiamulin, tylosin Wag sulfamethazine 19

3NN UIIENAaeU tiamulin Tue1nisdniiinaveilnemaina liquid
chromatography mass spectrometry U 2565 Feldmodudl Phenomenex, Kinetex Cig, 2.6
lulasiwas vu1m 150 x 3.0 Jaduns 9n51n1501a 0.2 Hadansaour UsSununisida
5 lylasans Wansazaewlandauiide 0.1% formic acid Tu water wag 0.1% formic acid
Ty acetonitrile (60 : 40, v/v) Tukuv isocratic elution @1u150%¢@15 tiamulin tantgTy
10 W9 NAADUANMUFUNUSITUEUYIIANULTNTU 100 - 300 Tadnsusenlansy dan
duuszaAnsandunus () 9 0.9982 Anwn matrix effect wudnfin1siindeyaiavesansi
NAgoUAnad TuNSHAILNISN1TanalasuUsyialay dnsidiuvasmivinazanedunss Jsuns
a1savany syezian wazsuuseuTildlunsatniegis wuinnisld 0.19% formic acid lu
80% acetonitrile U3uas 30 faddns szeziaan 20 urfl vnisada 3 seu WHwdsnnsadai
wnzay lutuneudaludainisasisaeuniuldldvesisins edauuuIniewes
Guidance for Industry Validation of Analytical Procedures for Type C Medicated Feeds
(2005) Tuirve specificity, linearity, range, accuracy, precision, limit of detection, limit
of quantitation W& robustness/ruggedness
1. dngusena

Wens1aaeumldldvetisnageu tiamulin lushetgenmsdnifinauelnomaia
liquid chromatography - mass spectrometry @%SUnNaaaUUTUIUAIWFIAYLAZNITNTLAE
ag19aan o1 uii o1 82/ (homogeneity) waznagoun1sUuLoud1uvesen

(drug carryover)
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2. YUY
TddmsunstagauanulglavesiSnaaau tiamulin Tudiag 199 1unsdnINNaLen
NYWTLAUAMULUUU 50 - 250 Aadnsumanlansy d1nsunaaauUSufil81d1ALasn1s

o

a a

nszarwegnsaianaluilaentiu (homogeneity) aaadudulugig 4 - 12 fadnsuse
Alansu d@msunaasunisvuideudiuvesen (5% drug carryover) hagastinduluaag
0.5 - 2.5 fiaansusionlansu dmsunageun1sUullaudnuuese (1% drug carryover)

3. Uszlevunaininazlasu
T AHuNsnsIaeuANUltleveISnaaay tiamulin Tufag9e1san I NNaLeN
Inewaila liquid chromatography mass spectrometry

4. Foanlunig
4.1 w3esdlouazgunsnl
4.1.1 @599 LC-MS/MS 8% Thermo §u TSQ plus

'
Q(dy

4.1.2 Lﬂ'%"aﬂwémfw'%ejm g% Thermo Ju Lab Tower EDI 30
413 edosdmation 5 fums 8% Mettler Toledo u XP205DR
4.1.4 \e30suAsiog1s B%e FRITSCH Ju PULVERISETTE 6
4.1.5 \eeavguude B Yamato u SA 31
4.1.6 faaadu (fume hood)
4.1.7 Beaker vu1A 50 dadans
4.1.8 Volumetric flask vu1a 10 uag 50 Hadans
4.1.9 Volumetric pipette UM 1 UadaNS
4.2 JaeInemans
4.2.1 Acetonitrile, LC grade
4.2.2 Formic acid, LCMS grade
0.23 thudavsenudunuliitiosndt 18.2 Mo.cm (11 DI)
4.2.4 LC-column 8%e Phenomenex Kinetex 1.7 lulasiuns C18 vw1a 100 x
2.1 dadlns
4.3 @5NIFIY
a151M 351U tiamulin 8% TRC
4.4 FuneunIINAABY
4.4.1 Condition 484 LC wag m/z ldlun1snagey

v ¢
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Table 1. LC condition.

Parameters Value

Column: Phenomenex, Kinetex 1.7 um C18 100 x 2.1 mm

Mobile phase: 0.1%FA in water: 0.1%FA in Acetonitrile (60:40,
v/V)

Flow rate: 0.2 mL/min

Column temperature: a0 OC

Sample temperature: 25 OC

Injection volume: 2 uL

End time 5 min

Table 2. H-ESI parameters.

Parameters Value
Positive lon (V) 3500
Sheath Gas (Arb) 50
Aux Gas (Arb) 10
Sweep Gas (Arb) 1

lon Transfer Tube Temp (C) 325
Vaporizer Temp (C) 300
CID gas (mTorr) 1.5

Table 3. MS detection.

Compounds  Precursor Product Collision RF Lens Dwell Time
ions (m/z) ions (m/z) Energy (V) V) (ms)
Tiamulin 494.3 192.0 16.9 180 118.986
494.3 119.0 23.20 180 118.986

4.4.2 A19w383 mobile phase
4.4.2.1 Mobile phase A: 0.1% formic acid in di water: ta38ulne 1
cylinder ¥u1% 500 Uadans #29 di water UUms 500 Hadans ad
Tu erlenmeyer flask vu1a 500 daaans Yila formic acid 0.5
faddns aslunauiunu di water 18 n99HIU cellulose acetate
filtter aunm 0.22 lulasiuns ra1sazanyldly laboratory bottle
u1m 500 Haddns waziilu degas
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4.4.2.2 Mobile phase B: 0.1% formic acid in acetonitrile: tn38ulaeTd
cylinder ¥u1m 500 Haaans #19 acetonitrile Usuns 500 Hadans
aslu erlenmeyer flask vu1n 500 Haddns Ywa formic acid 0.5
faaans aslunauiuiu acetonitrile Ay nsean 1y PTFE filter
yun 0.22 lulasiuns diarsazaneldlu laboratory bottle AU
500 fiaddns wazily degas

443 A15M38Y standard calibration curve solution @®SUNAGBU matrix

effect

4.4.3.1 MSHIYUAITALAIWUINGGIY tiamulin AMLUTY 5,000 TadnFu
foAng: Teansuinsgiu tiamulin Uszana 50 Sadndu (ufindmin
9549) aslu volumetric flask vu1e 10 Hadans avarouasusu
USUm5AI8 0.1% tartaric acid in water

4.4.3.2 M5wm3ey standard calibration curve solution level 1 ANMALUNTY
0.013 Jadnsusenlansu: Utum standard solution AINULTUUY
5,000 daansumadns 0.05 Aaaans adtu volumetric flask vuA
200 Jaadns USuUsuInsale 0.1% tartaric acid in water (A4
WUTU 1.25 Jaansunedns) Uila 1 fadans aslu volumetric flask
YUA 100 Haddans USuUsuinsaae 0.1% tartaric acid in water
(ANULNTY 0.013 HadnSunoans)

4.4.3.3 n9wmsey standard calibration curve solution level 2 ANMLLUNTY
0.025 Jaansusenlansy: Uwum standard solution A3INLLYUTY
5,000 fadnsuneodans 0.1 1addns aslu volumetric flask vu1m 200
Ja88ns USuUSuImsnie 0.1% tartaric acid in water (AULTNTY
2.5 Gadnsuseans) Uwa 1 Jaadns ashu volumetric flask vun
100 fiadans YSuUSuInsaAie 0.1% tartaric acid in water (A214
WNTY 0.025 Hadnsuneans)

4.4.3.4 M58 standard calibration curve solution level 3 ANALUNTY
0.038 Jaansusenlaniu: Utum standard solution AINULTUUY
5,000 Aadnsunedans 0.15 Jadans aslu volumetric flask 411
200 §8adns USuUsuinsaae 0.1% tartaric acid in water (1Y
WNTU 3.75 dadnsusedns) e 1 adans aslu volumetric flask
YUA 100 Haddns USuUsuInsaay 0.1% tartaric acid in water
(ANUNTL 0.038 Hadnsusedns)

v ¢
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4.4.3.5 N15LA384 standard calibration curve solution level 4 AMLILUU
0.05 fadnsusionlansu: UiUs standard solution MINALTUTU 5,000
faansumedns 0.2 Uaddns aslu volumetric flask au1A 200
HadanT USuUsunsae 0.1% tartaric acid in water (A213LIUTY 5

ia

1a
0.05

4.4.3.6 N15LA384 standard calibration curve solution level 5 AMLILUU

a o 1

anSusadns) Twum 1 0adans aslu volumetric flask u1m 100
aams YSuuSumsmie 0.1% tartaric acid in water (ANLIUTY
TaaNSUMDENST)

a a o

0.063 fiaansumenlansy: UsUs standard solution AINULTUTUY
5,000 18an5ufedns 0.25 1aaans adtu volumetric flask vu1A
200 §addns USuUsunnsnae 0.1% tartaric acid in water (@314

a a

WUTU 6.25 Haansusiadns) T 1 Jadans aslu volumetric flask
YUIA 100 Haddans USuUsuImnsaly 0.1% tartaric acid in water
(ANUTNTY 0.063 HadnSuADENS)
4.4.4 n19M38Y triturated matrix-fortified calibration curve @nsunngau

homogeneity, 5% drug carryover g 1% drug carryover

4.4.4.1 3551081901590 57¥N13MT9a0ULE LNy tiamulin (blank
sample) Uszanad 200 N3y

4.4.42 UAFIBEIFIBIATEIUARIDENIBTE FRITSCH d1vSuIases matrix-
fortified solid reference standard fianududu 1,000 dadnsuse
Alan%y TnsunndeasUssuiar 100 ndu A1UL5IVBIITUNY U
400 seUseunT Hnanasias 5 unft sauetsUseana 200

4.4.4.3 n15LMT8Y matrix-fortified solid reference standard A LN TY
1,000 fiadnsusenlansy dmsunageu homogeneity (25 n3u)
Suneudl 1 Feinogeomsdniiiuaudiannde 4.4.4.2 Usina

24.969 + 0.010 N5u

Funewudt 2 snuvsasly mortar Uszana 4 WINYRETUINTFIU

tiamulin 0.03 NSy

a

upaud 3 Teansu1nsgIuliale tiamulin Ussuna 31.3 Jadnsy

Qe

<2

WninNgeneelidninin minimum weight wagUudin
Umiinase) Aeee) Waslluanauivemsdninuanalu
mortar 1uan 5 Wil

a

JUNDUN 4 FNFIBENDIMISARINUALAIINNTURDUN 1 DnUTZUI
4 1YINU9NMINTINABE1NVBITUADUT 3 AREY Wnadly
Ty mortar uaRaLUA1 5 Ui

v ¢
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Funoudl 5 uvefrog1991ndunoud 1Idiuaqwawaaﬂ%ﬁm
potypropylene Use mm 10 N wazufegefiun
NANUEIINTUROUT 4 Aeeq wldlugananainlvivue
Sagananadnlvialinlaglvidoinimediuluy Aeeq nay
megtlugmanafinuazryuyndianisliddudunan
5 W

fupoudl 6 ﬁ’léf';asmﬁmﬁaagﬂu%umauﬁ 1 31 rinse feganely
mortar IngLUIRI9E198 935U rinse 3 sau 1alu mortar
uanan gl mortar udunldlugemaradingauiu
wyuynfienasbindiduduian 5wl ¥1nas rinse
mortar 8n 2 59U INTUHANFIBE1 VLA VLUNN
fanrnduadegaviieliidaduifuiaan
5 U1l (25 nsu)

%’umau‘ﬁ' 7 W1 matrix-fortified solid reference standard A713
WYy 1,000 Jaansumanlansy LWWwwSeu matrix-
fortified calibration curve a1y Table 4.

4.4.4.4 n15LMT8Y matrix-fortified solid reference standard A HLUHTY

20 fadnsurenlansy dwsunagou 5% drug carryover (60 NS)

%’umauﬁ' 1 9 matrix-fortified solid reference standard A2y
WNTY 1,000 Hadnsusenlansy 1.2 nsu aslu mortar

Funouit 2 Faf1eg1901M15dnIAUALAT 58.8 Ny Fnulsadly
mortar Uszanes 4 wihesdegnsanduneud 1 ADE ")
wadluly mortar uanaaLdwaan 5 Wil

Funoudt 3 #ndeg19e1msdainuandiandunsud 2 ldly
gananadnvila polypropylene Wiviua Sagenaradinlv
allnlaglillonnimegaiuly feeq naudiegiely
gananafnuazryuynievdlidriudunan 5 wid

Funoudl 4 viegiidosglutuneudl 2 11 rinse fegrenslu
mortar LAgWUIAI98198195U rinse 3 50U lalu mortar
uawaslinely mortar wdwldlugswanadnsanriu
nyunniianisiididuiluian 5 w1l ¥ns rinse
mortar 3n 2 59U NTURANFI8E1IVIVLA VLUNN
fanrnduadegavieliidaduifuiaan
5 U1 (60 NS1)

v ¢
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Gﬂgumau‘ﬁl 5 W1 matrix-fortified solid reference standard 21y
WuTu 20 Saansudenlansu luwIeu matrix-fortified
calibration curve s14 Table 5.
4.4.4.5 N15WT8U matrix-fortified solid reference standard A 1ULINTU
5 faansusenlansy d@usunndau 1% drug carryover (50 n5)
%umau‘ﬁ 1 9 matrix-fortified solid reference standard A2
Wudu 20 dedansudenlansy 12.5 ndu aslu mortar

a

g ) | v ea Y Y] ) '
TURDUN 2 TIA198199191TdRINUALAL 37.5 nFu Fnuusasiu
mortar Uszanad 4 1vinveiieg 199 ntunauil 1 Asee)
waslulu mortar uanaslunan 5 und
d‘ (4 £ 1 U n‘d‘ ¥ g.J/ d' 1
URDUT 3 ANFI198190 1M ITERINUALAI9 nTUROUN 2 Tdlu
gananadnviln polypropylene Wiviua Sngenaiadinlv

e

atinlaglvilenniaegiuly Aseq naudiogely
gananafnuazvyunniavnslidiudunan 5 wi

funoudl 4 vinegiindooglutumeudl 2 11 rinse fogrenelu
mortar InekUeFI9e19815U rinse 3 sau Talu mortar
uananlsnigly mortar uduvldlugemaradngaudu
nyunniianisliididuiluian 5 wrdl ¥ins rinse
mortar 8n 2 59U NTUHANFIBE1VIVLA VLUNN
faniafuafagaiieliidafuiduiaan
5 U (50 n¥Y)

fumeuil 5 1h matrix-fortified solid reference standard A1
Wuty 5 fadnsusdenlansy luw3eu matrix-fortified

calibration curve a1 Table 6.

v ¢
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Table 4. Matrix-fortified calibration curve for homogeneity.

Level blank sample (g) 1,000 mg/kg tiamulin final
addition (g) concentration
(mg/kg)
1 19 1 50
2 18 2 100
3 17 3 150
a4 16 a4 200
5 15 5 250

Table 5. Matrix-fortified calibration curve for 5% drug carryover.

Level blank sample (g) 20 mg/kg tiamulin final
addition (g) concentration
(mg/kg)
1 8 2 il
2 7 3 6
3 6 4 8
4 5 5 10
5 4 6 12

Table 6. Matrix-fortified calibration curve for 1% drug carryover.

Level blank sample (g) 5 mg/kg tiamulin final
addition (g) concentration
(mg/kg)
1 9 1 0.5
2 8 2 1
3 7 3 1.5
4 6 4 2
5 5 5 2.5

NAUATINERUANNMNENER TLar TngdunsieaunsUadnd Wi 11 970 29



Table 7. Sample preparation.

Homogeneity

5% Drug carryover

1% Drug carryover

woN e (=2 2 B

10
11

12

13
14

Hagoene 5 nfu
W1 1% sodium carbonate 10 mL
WAL Hexane : Ethyl acetate
(3:1,v/v) 10 mL

WwEULARs 60 Wit (speed 9)
Centrifuge 5000 rpm 10 °C 15 min
anduladuuuas tube Wiluseiney

Wikade Turbovap # 40 °C
yanude 3-6 Bnsau
WU 0.1% tartaric acid in water
10 mL aslu tube
Vortex 30 3undl
Sonicate 5 W1l
U 1 mL adlu volumetric flask
50 mL Usuusunsene 0.1%
tartaric acid in water
Un 1 mL asly volumetric flask
25 mL YsuUsunsnig 0.1%
tartaric acid in water
n599M8 nylon filter vwA 0.2 um
AoudueSee UHPLC-MS/MS

Fasoee 5 nfu
WA 1% sodium carbonate 10 mL
171 Hexane : Ethyl acetate
(3:1,v/v) 10 mL

WwEMLIRe 60 Wit (speed 9)
Centrifuge 5000 rpm 10 °C 15 min
aeauladuuuas tube Wiluseive

wikaae Turbovap 7 40 °C
ate 3-6 dnsou
L¥3 0.1% tartaric acid in water
10 mL aslu tube
Vortex 30 Uil
Sonicate 5 W1
Ym 1 mL aslu volumetric flask
100 mL Usuusunseae 0.1%
tartaric acid in water
n39958 nylon filter v 0.2 um

dnA3es UHPLC-MS/MS

Fasoene 5 n¥u
WAl 1% sodium carbonate 10 mL
WAl Hexane : Ethyl acetate
(3:1,v/v) 10 mL

WwEuLad 60 Wit (speed 9)
Centrifuge 5000 rpm 10 °C 15 min
anduladuuuas tube Wiluseive

Wikaiae Turbovap # 40 °C
vimude 3-6 8nsou
WAy 0.1% tartaric acid in water
10 mL aslu tube
Vortex 30 3l
Sonicate 5 Ul
Un 1 mL adlu volumetric flask
25 mL UsuUsunsenng 0.1%
tartaric acid in water
A998 nylon filter YA 0.2 um

AAt1A309 UHPLC-MS/MS

NAUATIVEBUAMNNENER TUar Tngdunsreaun1sUad

445 dumpunsnsivaeualdlduesdd (method validation)
4.4.5.1 Anw1919999n15NAdeU (linearity and working range) lagtn3 e
matrix-fortified calibration curve fagwAfiA trituration TslAIY
Winduegluyae 50 - 250 Tadnsusefilaniu (50, 100, 150, 200 wa
250 Hadnsunailaniu) dnsunaaoulIuiudisndAgy
homogeneity "3l Table 4 Tidanudutuaglugig 4 - 12 dadnsu
fantansy (4, 6, 8, 10 way 12 Nadnsumanlansy) dnsunnday
5% drug carryover M3 Table 5 uaglidadududusgluye 0.5 -
2.5 faansusantansy (0.5, 1, 1.5, 2 way 2.5 Aaansusanlansy)
dmSunndau 1% drug carryover 1 Table 6 lA3ENANLLTNTY

az 391 9 ay 1 injection W1A" ion ratio VBINUNTANATLIN

analyte/internal standard wagal1utguduliasransinuian
correlation coefficient (r) INE9INI5EBUTU r > 0.995 (FDA, 2005)

v ¢
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4.4.5.2 Anw accuracy laun1se3ua matrix-fortified sample Aa8ALia
trituration iAUUTY 3 s¥du fie 100, 150 wae 200 Jadnsusie
Alansu dusunegoulTuiu@iwdiAey homogeneity a1l Table
8 AINNLTUTU 6, 8 Lag 10 Haansudeilaniu dmSunagaou %5
drug carryover @ Table 9 WagAuUuty 1, 1.5 uaz 2 fadnsuy
panlansu m‘m‘umaau %1 drug carryover 71y Table 10 lay
w3snAmududuas 7 81 3ag1as 2 injection ¥hnsnageu 3 Ju
LNUINITYBUSU % recovery homogeneity aqiuma 90 - 107%
wag drug carryover agluyas 80 - 110 (AOAC, 2019)

Table 8. The preparation of matrix-fortified sample for testing of homogeneity.

Level Blank sample (g) 1000 mg/kg Final concentration
tiamulin addition (g) (mg/ke)
36 4 100
2 34 6 150
32 8 200

Table 9. The preparation of matrix-fortified sample for testing of 5% drug carryover.

Level Blank sample (g) 20 mg/kg Final concentration
tiamulin addition (g) (mg/ke)
28 12 6
24 16 8
20 20 10

Table 10. The preparation of matrix-fortified sample for testing of 1% drug carryover.

Level Blank sample (g) 5 mg/kg Final concentration
tiamulin addition (g) (mg/kg)
32 8 1
2 28 12 1.5
24 16 2

NAUATIIEOUAMNMENFR WAy IngdunseinunsUadn’ w9 13 970 29
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4453

4454

ANy precision Inen13mIoL matrix-fortified sample AaetnALla
trituration fiavdudu 3 szu fe 100, 150 way 200 fadnsusie
Alansu dusunegeuusuia@iendiAy homogeneity AULTNT
6, 8 way 10 Tadnfuroilaniu d1usunaaau %5 drug carryover
WAZAMNLUNTY 1, 1.5 uay 2 Haansudeilansu dusunndeu 1%
drug carryover anal Table 8 - 10 Tnawssuarududuas 7 91 aa
g1ag 2 injection 1MN1SNAEDU 3 TU LAUNNITEDUSU
homogeneity %RSD < 4.8 L@ g drug carryover < 11 (AOAC,
2019)

Anw1 limit of detection (LOD) Taetm3eu matrix-fortified sample
frewmadla trituration Anududy 20 fiadndusenlansy dmsu
NAFOUUTUIA81d1ATY homogeneity AMNLTNTY 2 HadnTuse
Alansu @1uSunndau %5 drug carryover WagAINULUNTY 0.25
fadnsumeilansu d@usunnaeau %1 drug carryover a1 Table 11
aududuay 10 91 tnasinisadey signal to noise ratio (S/N) >
3 (FDA, 2005)

Table 11. The preparation of LOD testing samples for homogeneity and drug

carryover study.

Sample Tiamulin Blank sample Addition Final
concentration (9 (9 concentration
(mg/kg) (mg/kg)
Homogeneity 1000 19.6 0.4 20
5% drug carryover 20 18 2 2
1% drug carryover 5 19 1 0.25

4455

Anw1 limit of quantitation (LOQ) Tae LA T U matrix-fortified
sample senafla trituration Aiaududy 50 fadnsusedlansu
d1MSUuNAdaU homogeneity AMuLTNdU 4 Hadnsumenlansu
A MSUNAdaU %5 drug carryover kag AMNLUNTY 0.5 Hadnsune
Alansu @1nsunagaeau 1% drug carryover @13 Table 14 A21%
Fuduaz 10 91 nainismageu signal to noise ratio (S/N) > 10
(FDA, 2005)

v ¢
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Table 12. The preparation of LOQ testing samples for homogeneity and drug
carryover study.

Sample Tiamulin Blank sample  Addition Final
concentration (9) (9) concentration
(mg/kg) (mg/kg)
Homogeneity 1,000 19 1 50
5% drug carryover 20 8 2 aq
1% drug carryover 5 9 1 0.5

4.4.5.6 ﬂ’]ﬁﬁﬂiﬂ?ﬂ'}’lll"\i’]L‘W’18/?’1'3?11ﬁ?ﬂJ’]'ﬁﬂIUﬂWiLLEJﬂﬂ’]i
(specificity/selectivity) Tnan15ifiuansfinininvsdedyayiusuniu
Toun salinomycin, monensin, amoxicillin Wwag ampicillin RGN
F19871901M158A 7 tiamulin AULNTY 150 Hadnsunenlansy
5 A% Ynsmedeu 3 91 anw Table 13
Table 13. The preparation of specificity and selectivity testing samples

Blank sample 1,000 meg/kg Final concentration
(9) Amoxicillin addition (g) (mg/kg)
20 3 150

4.4.5.7 AN5AN®I robustness 1AEN1SNAZDUAINUAINUTDIIDINLBINS
WaguwUaatadenlalunisnada Ui wantogwal9sg9liNans
NagEpULLp ULl EUFIDE19RNY Table 14 @nnfiagiy Table
7 3% homogeneity LazINULNUAITNAADUALISUDY Youden’s test
»71 Table 15 - 16 W38 2 91 9 8z 1 injection

Table 14. The preparation of robustness testing samples.

Tiamulin Blank sample (g) Addition (g) Final concentration
concentration (mg/kg)
(mg/kg)
1000 120 30 150

NAUATINERUANNMNENER TLar TngdunsieaunsUadnd w9 15 910 29



Table 15. Factors and levels investigated in the robustness test.

Factor Parameter Nominal  High value (+) Low value (-)
condition
1 J3UmIn19iL 1% sodium carbonate (mL) 10 mL 12 mL (A) 8 mL (a)
2 AdNtuYes sodium carbonate (%) 1% 1.2 % (B) 0.8 % (b)
3 USUIMIN9LAL hexane : ethyl acetate 10 mL 12 mL (O) 8 mL ()
(3:1,v/V)

4 wanlunsag (W) 60 Wi 65 117 (D) 55 U9l (d)
5  alunis centrifuge (W) 15 W 20 W (E) 10 W19 (e)
6 ANLL52TBUVDS centrifuge (rpm) 5,000 rpm 5,500 rpm (F) 4,500 rpm (f)
7 qmugmu chamber 984 centrifuge (°C) 10 °C 12 °C(G) 8°C (g

Table 16. The selected Youden’s test design.

Factor Parameter factorial combination
m it m w2 m 3 m a4 m 5 m e m w7 m i 8

1 A A A A a a a a

2 B B b b B B b b

3 C C C C C C C C

4 D D d d d d D D

5 E e E e e E e E

6 F f f F F f f F

7 G g g G g G G g
Result s t u v w X y z

ANUIBYIONAVDIAILUT I AT A

« ” S+t+u+v WH+X+y+2z

A-a’=(——) - ()
q 4

» N S+t+w+Xx U+t X+y+2z

B-b”=( ————) - (—————
q 4

'“ ” S+HV+X+y t+u+w+z

G-g” = ( p ) - ( . )

ANUANTELUUNINTFIY (5) VBIHARNVIINUA 7 A7 LNUINNITHIUTU V2 * s
01 [A-al..[G-g] > V2 *s w181 MsUSURUENaRDAIINUYBIOAdB U
RN R HRIRNGRE

Y

ydIAYNIE0H

v ¢
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4.4.6 #nwy1 matrix effect Y0IN1SNAABUUTUIUAI81E1ATY  homogeneity, 5%
drug carryover way 1% drug carryover 1agn15Lt@ 383 matrix-fortified
calibration curve a1y Table 4 - 6 Wdaeg19lUananiu Table 7 uas
3w standard solution calibration curve a378 4.4.3 ﬁ]”mﬁ'uﬁ’lmmm
matrix effect Imﬂ%’qm

) Slope ¥®9 matrix-fortified calibration curve
Matrix effect = x 100

Slope 94 standard solution calibration

5. WaN1sNAaBg
5.1 Wan1IANYIYU0IN1TNAEaU (linearity and working range) laeta3uu matrix-
fortified calibration curve f3ginAila trituration Il A3 uiduduegluyag
50 - 250 Hadnsusenlansy dnsunaaauUsINIUAI81d1AY homogeneity A3
Wuduegluya 4 - 12 Tadindudedlandy dwmiunaaeu 5% drug carryover Uag
Aadudueglugig 0.5 - 2.5 Tadnfusdeilansy dmsunaasy 1% drug
carryover 13 Table 17 - 20 wae Fig. 2 - 4

Table 17. Linearity and working range of tiamulin.

Parameters Homogeneity 5% drug 1% drug
carryover carryover
Slope 188.7 2353.6 8492.1
Intercept -19.6 -1444.2 4a61.4
r 0.9999 0.9996 0.9995

1NWANITANYA linearity and working range U84A15NAADU homogeneity, 5%
drug carryover wag 1% drug carryover WUAIHAT r 111AU 0.9999, 0.9996 wag 0.9995
MuEaU Pellragluinaminiseeausu r = 0.995 (FDA, 2005) a1u Table 17 uay Fig. 2 - 4

Table 18. Linearity and working range of tiamulin (homogeneity).

No. Concentration (mg/kg) % Recovery
50 100 150 200 250 50 100 150 200 250
me/kg meg/kg  mg/kg  me/kg  meg/kg
1 51 100 153 204 255 102 100 102 102 102
2 51 101 151 202 252 101 101 101 101 101
3 50 100 150 201 251 100 100 100 100 100
Mean 50.50 100.33 151.50 202.08 252.58 101.00 100.33 101.00 101.04 101.03
SD 0.50 0.63 1.39 1.77 2.27 1.00 0.63 0.93 0.89 0.91
%RSD 0.99 0.63 0.92 0.88 0.90 0.99 0.63 0.92 0.88 0.90

v ¢
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MNNAN1IANEN linearity and working range 1831151Ad@BU homogeneity Nagouy
accuracy ag precision Aa9A%I9UDY linearity and working range Wu131 %recovery agj
1939 100.33-101.04% Uag %RSD 9e/lura 0.63-0.99 a1l Table 18

60000 400 A
y = 188.72x - 19.559 *
© 40000 R2 = 0.9998 w 200 7
o E . *
S
< 20000 ie) 0 T T 1
"
& 100 200 300
0 - T T 1 -200 (] °
0 100 200 300
-400 -
Concentration (mg/kg) X Variable 1

Fig. 2. Linearity and working range of matrix-fortified calibration curve of tiamulin

(homogeneity).

Table 19. Linearity and working range of tiamulin (5% drug carryover).

No. Concentration (mg/kg) % Recovery
4 6 8 10 12 q 6 8 10 12
meg/kg meg/kg meg/kg mg/kg mg/kg
1 3.98 5.98 7.98 9.98 11.96 100 100 100 100 100
2 4.04 6.06 8.08 10.08 12.10 101 101 101 101 101
3 4.04 6.06 8.08 10.08 12.10 101 101 101 101 101
Mean 4.02 6.03 8.05 10.05 12.05 100.50 100.56 100.58 100.47 100.44
SD 0.03 0.05 0.06 0.06 0.08 0.87 0.77 0.72 0.58 0.67
%RSD 0.86 0.77 0.72 0.57 0.67 0.86 0.77 0.72 0.57 0.67

1NNANISANYA linearity and working range 993n1MAADYU 5% drug carryover
NAADU accuracy Wag precision #a0AYI9U0Y linearity and working range WU 31
%recovery gjluyaq 100.44-100.58% Uag %RSD agluye 0.57-0.86 a1y Table 19

30000 7
400 A
25000 4 Y = 2353.6x - 1444.2
R2 = 0.9991 i
20000 - v 200 . o
3 3 .
£ 15000 1 T 0 : . )
wn [ ]
10000 1 & 5 10 15
-200 A
5000 o
[ ]
0 T T 1 -400 -
0 5 10 15 X Variable 1

Concentration (mg/kg)
Fig. 3. Linearity and working range of matrix-fortified calibration curve of tiamulin (5%

drug carryover).

v ¢

NAUATIVEBUAMNNENER TUar Tngdunsreaun1sUad w9 18 910 29



Table 20. Linearity and working range of amoxicillin (1% drug carryover).

No. Concentration (mg/kg) % Recovery
0.5 1 1.5 2 2.5 0.5 1 1.5 2 2.5
mg/kg mg/kg mg/kg mg/kg mg/kg
1 0.51 1.02 1.53 2.04 2.55 102 102 102 102 102
2 0.51 1.01 1.52 2.02 2.53 101 101 101 101 101
3 0.51 1.01 1.51 2.02 2.52 101 101 101 101 101
Mean 0.51 1.01 1.52 2.03 2.53 101.33 101.17 101.22 101.25 101.20
SD 0.003  0.008 0.01 0.013  0.018 0.58 0.76 0.69 0.66 0.72
%RSD 0.57 0.75 0.69 0.65 0.71 0.57 0.75 0.69 0.65 0.71

NNANITANEA linearity and working range ¥93n15NA&8Y 1% drug carryover

NAADYU accuracy Way precision AaDAYIIVDY linearity and working range WU 11
%recovery ag/luye 101.17-101.33% Uag %RSD aglutis 0.57-0.75 11y Table 20

25000

20000

15000

Area

10000

5000

y = 8492.1x + 461.42
R2 = 0.9989

0 1

2

Concentration (mg/kg)

Residuals

400

200

-200

-400

X Variable 1

Fig. 4. Linearity and working range of matrix-fortified calibration curve of tiamulin (1%

drug carryover).

5.2 wafnwn accuracy WMuN1SIAIEN matrix-fortified sample aaeiAila trituration 7
AMILUUTU 3 S¥AU AB 100, 150 way 200 daansumenlansy @nsuneagauusuia
f8181A5y homogeneity 13 Table 21 AULTUTY 6, 8 Wag 10 Hadnsuse
Alansu @ nsunaaou %5 drug carryover @1 Table 22 wagAuuty 1, 1.5

NAUATIVEBUAMNNENER Tuar TnndunTIeauNITUeA

way 2 Haansudenlansu d@wsunegaeu %1 drug carryover @i Table 23

v ¢
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Table 21. Accuracy of tiamulin LC analysis (homogeneity).

No. Day 1 Day 2 Day 3

100 150 200 100 150 200 100 150 200

meg/kg  mg/kg  me/kg  mgskg meg/ke  mes/kg  me/skg me/kg me/kg

1 10390 16192 19853 105.13 15395 202.13 101.79 151.60 204.53

2 10436  160.19 198.15 105.09 15592 20392 103.57 156.83 205.56

3 91.48 15518 20592 105.18 154.75 203.08 103.57 15394 206.47

4 95.75 14740 18272 10546 156.54 201.59 10540 156.27 205.31

5 103.12 150.82 20830 103.43 15322 204.08 104.94 14850 19851

6 104.41 15541 206.07 10145 151.15 20422 104.72 155.04 203.82

7 103.79  153.65 19057 10230 154.81 206.24 104.58 154.99 205.27

Mean 10097 15494 198.61 104.01 15433 203.61 104.08 153.88 204.21
SD 5.19 5.03 9.31 1.62 1.79 1.54 1.22 292 2.65
RSD 5.14 3.25 4.69 1.56 1.16 0.75 1.17 1.90 1.30

%Recovery 10097 103.29 9930 104.01 10289 101.80 104.08 10259 102.11

3710 Table 21 WU % recovery 484 tiamulin &Sunagey homogeneity dfag
139 99.30 - 104.08 % Feaglunaeiniseeusufie %recovery 90 - 107% (AOAC, 2019)
Table 22. Accuracy of tiamulin LC analysis (5% drug carryover).

No. Day 1 Day 2 Day 3
6 8 10 6 8 10 6 8 10
mg/kg  meg/kg  me/kg  me/kg meskg meskg meskg me/ke meskg
1 4.82 7.11 9.77 5.18 7.37 9.34 5.29 8.12 8.75
2 4.84 7.65 9.78 5.17 7.66 9.09 5.26 8.07 8.33
3 5.65 7.50 9.61 5.01 7.54 8.73 5.40 8.05 9.11
4 5.27 7.71 8.97 5.04 7.49 8.75 5.21 8.18 9.99
5 5.23 6.93 8.37 5.02 7.61 8.67 5.21 8.26 9.48
6 4.89 7.49 8.52 491 7.62 8.83 5.47 6.82 9.40
7 5.23 8.13 9.09 5.00 7.55 8.64 5.21 7.07 9.51
Mean 5.13 7.50 9.16 5.05 7.55 8.86 5.29 7.80 9.22
SD 0.30 0.40 0.58 0.10 0.10 0.26 0.10 0.59 0.55
RSD 5.89 5.28 6.36 1.91 1.29 2.90 1.96 7.57 5.94
%Recovery 8555 9379 9159 8412 9436 88.64 8821 9745 9224

970 Table 22 WU % recovery U84 tiamulin @%sUNAEBU 5% drug carryover il
Aegluyae 84.12 - 97.45 % Faagluinauainiseausufie %recovery 80 - 110% (AOAC,

2019)

NAUATIVEBUAMNNENER Tuar TnndunTIeauNITUeA
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Table 23. Accuracy of tiamulin LC analysis (1% drug carryover).

No. Day 1 Day 2 Day 3
1 1.5 2 1 1.5 2 1 1.5 2
meg/kg  mg/kg  me/kg  me/kg meskg me/skg meske meg/skg me/kg

1 1.01 1.60 2.07 0.93 1.47 1.97 1.07 1.38 2.07
2 1.08 1.50 2.11 0.99 1.47 1.98 1.06 1.45 212
3 0.90 1.44 1.93 1.00 1.49 2.06 1.06 1.52 2.02
4 1.07 1.45 2.13 0.99 1.51 2.10 1.06 1.54 2.05
5 1.01 1.39 2.04 1.01 1.54 2.02 1.08 1.51 2.07
6 1.02 1.61 2.11 1.02 1.54 2.09 1.01 1.51 2.04
7 1.07 1.62 2.15 1.06 1.55 2.04 1.08 1.50 2.08
Mean 1.02 1.52 2.08 1.00 1.51 2.04 1.06 1.49 2.06
SD 0.06 0.09 0.07 0.04 0.03 0.05 0.02 0.05 0.03
RSD 6.07 6.20 3.59 3.92 2.26 2.48 2.25 3.68 1.55

%Recovery 10229 101.05 103.86 100.00 100.67 101.86 106.00 99.14 103.21

970 Table 23 WU % recovery U84 tiamulin @sunAaeyu 1% drug carryover i
A18gluY3e 99.14 - 106.00 % Feogluinuain1sueuiude %recovery 80 - 110% (AOAC,
2019)

53 wan1ifnen precision 1Ay n150 3y matrix-fortified sample faeLnAila
trituration iAuudy 3 SE6U Ao 100, 150 waz 200 HadnSusenlansy dmsu
NAdUUTUIAI871d1ATY homogeneity A1) Table 24 AMNLTUTY 6, 8 Lag 10
fadnsusoilansu @1usSunaaau %5 drug carryover i Table 25 LazA214l
Wudu 1, 1.5 wag 2 Saansumenlansy dmsunageau %1 drug carryover ANy
Table 26

Table 24. Precision of sample LC analysis (homogeneity).

No. 100 me/kg 150 mg/kg 200 mg/kg
(n=7) Dayl Day2 Day3 Dayl Day2 Day3 Dayl Day2 Day3
Mean 100.97 104.01 104.08 15494 15433 153.88 198.61 203.61 204.21
SD 5.19 1.62 1.22 5.03 1.79 292 9.31 1.54 2.65
%RSD; 5.14 1.56 1.17 3.25 1.16 1.90 4.69 0.75 1.30
%RSDRg (N=21) 3.29 2.18 295

NUNELAR) \dlo %RSD; Ao repeatability waz %RSDs A intermediate precision

310 Table 24 Wu31 repeatability ¥8In15MAaRY homogeneity fA1agluy39 0.75
— 5.14 %RSD, ka¥ intermediate precision 31AN1sNAGBUMIBEN 3 U HlA1egludie 2.18
— 3.29 %RSDg bNEUTNITEBUSU %RSD < 4.8 (AOAC, 2019)

v ¢
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Table 25. Precision of sample LC analysis (5% drug carryover).

No. 6 mg/kg 8 mg/kg 10 mg/kg
(n=7) Dayl1 Day2 Day3 Dayl Day2 Day3 Dayl Day2 Day3
Mean 513 5.05 5.29 7.50 7.55 7.80 9.16 8.86 9.22
SD 0.30 0.10 0.10 0.40 0.10 0.59 0.58 0.26 0.55
%RSD; 5.89 1.91 1.96 5.28 1.29 7.57 6.36 2.90 594
9%RSDg (n=21) 4.08 5.44 5.36

NUELP) e 9%RSD; A® repeatability waz %RSDr A8 intermediate precision
310 Table 25 Wu11 repeatability ¥9IN15NAAOU 5% drug carryover df1agluyae
1.29 - 7.57 %RSD; Wag intermediate precision 3MNA5NAAD U081 3 Ju enegluyag

4.08 - 5.44 %RSDg LNUTINTURUTU %RSD < 8 (AOAC, 2019)

Table 26. Precision of sample LC analysis (1% drug carryover).

No. 1 me/kg 1.5 mg/kg 2 mg/kg
(n=7) Dayl1 Day2 Day3 Dayl Day2 Day3 Dayl Day2 Day3
Mean 1.02 1.00 1.06 1.52 1.51 1.49 2.08 2.04 2.06
SD 0.06 0.04 0.02 0.09 0.03 0.05 0.07 0.05 0.03
%RSD; 6.07 3.92 2.25 6.20 2.26 3.68 3.59 2.48 1.55
9%RSDg (n=21) 4.80 4.23 2.67

NP e 9%RSD, A9 repeatability az %RSDg Ao intermediate precision

310 Table 26 WU repeatability ¥9IN15NAAOU 1% drug carryover df1agluyaa
1.55 - 6.20 %RSD; Wag intermediate precision 31AN15NAAB UL 3 Tu HArgluts
2.67 - 4.80 %RSDg 1NUTNTBONTU %RSD < 11 (AOAC, 2019)

54 wan19Anw limit of detection (LOD) lautn T matrix-fortified sample A28
wmadle trituration Anududu 20 fadnsusedlansu dmsunaaeuusuasie
d1A7y homogeneity AMMLTUTY 2 Hadnsusiadlansu dusunaaou %5 drug
carryover WagANLUUTU 0.25 Hadnsusonlaniu dmsunaaay % 1 drug
carryover ArdLTUaE 10 81 A Table 27

v ¢

NAUATIVEBUAMNNENER TUar Tngdunsreaun1sUad Wi 22 970 29



Table 27. LOD in the studies of homosgeneity, 5% drug carryover and 1% drug

carryover.

No. Homogeneity 5% drug carryover 1% drug carryover
20 mg/kg S/N 2 mg/kg S/N 0.25 mg/kg S/N

1 29.26 151 292 180 0.41 14

2 29.10 246 2.86 105 0.42 22

3 24.71 308 2.87 162 0.41 15

4 25.10 200 294 216 0.42 25

5 29.92 280 292 242 0.42 24

6 29.24 216 3.16 22 0.42 25

7 25.42 352 3.26 42 0.40 17

8 26.13 306 3.30 a7 0.41 30

9 26.01 225 3.15 168 0.39 11

10 25.79 150 3.19 202 0.42 19
Mean 27.07 243,51 3.06 138.76 0.41 20.21
SD 2.04 67.86 0.17 78.94 0.01 6.01
%RSD 7.54 27.87 5.57 56.89 2.41 29.76

5.5 wan1sAnwl limit of quantitation (LOQ) laula3uu matrix-fortified sample Aqg
wadla trituration finnududu 50 fadnsusedlandy dwsunaaeu homogeneity
AMULUNTY 4 Hadnsunenlansu d@nsunndau %5 drug carryover Lay AL
WUty 0.5 Jadnsusenlansu dnsunagou 1% drug carryover ANUITNTUAY
10 %1 A1a Table 28

Table 28. LOQ in the studies of homogeneity, 5% drug carryover and 1% drug

carryover.

No. Homogeneity 5% drug carryover 1% drug carryover

50 mg/kg %recovery 4 mg/kg  %recovery 0.5 mg/kg %Y%recovery

1 45.03 90.06 4.13 103.17 0.53 105.88
2 44.20 88.40 4.17 104.25 0.52 104.44
3 46.60 93.19 4.28 107.07 0.53 106.87
a4 46.11 92.22 4.25 106.34 0.47 94.67
5 45.33 90.67 4.43 110.76 0.54 107.16
6 46.38 92.75 4.12 102.69 0.51 101.83
7 46.89 93.77 4.36 108.93 0.53 105.86
8 46.51 93.03 4.01 100.35 0.53 105.34
9 53.19 106.38 4.19 104.77 0.53 105.73
10 49.36 98.72 4.39 109.79 0.55 109.06
Mean 46.96 93.92 4.23 105.84 0.53 104.68
SD 2.58 5.16 0.13 3.34 0.02 3.98
%RSD 5.50 5.50 3.16 3.16 4.29 3.81

v ¢
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5.6 NANITNAABUAIINTUNILIIZARBaTANAaBY (specificity) Tnenisifia
salinomycin, monensin, amoxicillin tag ampicillin aslusauAu tiamulin WuI13d
nagouaN1Tanen tiamulin lawazldnuiiasuniuly MRM channel 984 tiamulin
a4l Fig. 5

17 MV-specificity-670916_Tiamulin #1 Specificity MS Quantitation
counts

6.0e5
5.065—:
4,085-:
3.0e5 :
2.0e5 :

1.0e5 }

0.0e0

-1.0e5-
0.90 1.00 125 1.50 175 2.00 225 2.50 275 3.00 3.10

Fig. 5. Chromatogram ﬁuaqmsmmgmﬁﬁmilﬁm salinomycin, monensin,
amoxicillin ag ampicillin
5.7 Wan1SVAdeU robustness 11 Table 29-30 wag Fig. 6 WUINITNADUNITITLNOS
[A-al f4 [G-g] T v2+s Houndn 28.11 Fsarunsaasuldiinisuiudeu
WimesiiinaseSnageusg1lted Ay NEns
Table 29. The result tiamulin 150 mg/kg Youden’s test.

Factor Parameter factorial combination
Treatment1  Treatment2  Treatment3  Treatment4  Treatment5  Treatment6  Treatment7  Treatment8
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
1 A A A a a a a
2 B B b b B B b b
3 C C C C C C C C
4 D D d d d d D D
5 E e E e e E e E
6 F f f F F f f F
7 G g g G g G G g
Result 173.02 159.01 140.77 149.17 156.67 154.78 105.87 157.43
S 19.88
V2xs 28.11

v ¢
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Table 30. Effects from a seven-factors Youden’s test design.

a19u Parameter Value
1 UYSuwsn1siy 1% sodium carbonate (mL) [A-a] 11.80
2 ANULNTUTRY sodium carbonate (%) [B-b] 2256
3 YFunsNsiid hexane : ethyl acetate (3:1,v/v) [Cc] -11.02
4 natlunswgn (Wd) [D-d] -1.52
5  anlunis centrifuge (W) [E-e] 13.82
6  AA5EITEUTD centrifuge (rpm) [F-f] 18.97
7 aumngiilu chamber ¥84 centrifuge (°C) [G-g] 7.76

25.00

20.00

15.00

10.00

5.00

0.00

-5.00

-10.00

-15.00

||
B-b D-d E-e F-f r

Fig. 6. Effects from a seven-factors Youden’s test design

5.8 WaN13AN®Y matrix effect ¥93n1TINAARUUTUIUAI81E1AEy homogeneity Lay

drug carryover fnd Table 31 wag 32 way Fig. 7

Table 31. Matrix-fortified calibration curve and standard solution calibration curve in

the studies of homogeneity, 5% drug carryover and 1% drug carryover.

Parameters Matrix-fortified calibration curve Standard solution calibration curve
Homogeneity 5% Drug 1% Drug Homogeneity 5% Drug 1% Drug
carryover carryover carryover carryover
Slope 2370671 723770 566392 2493914 1514990 2642989
Intercept -3263 -500 -1348 3313 -13997 997
r 0.9999 0.9980 0.9988 0.9997 0.9996 0.9994

NAUATIVEBUAMNNENER TUar Tngdunsreaun1sUad
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Table 32. Matrix effect in the studies of homogeneity, 5% drug carryover and 1%

drug carryover.

Homogeneity

5% drug carryover

1% drug carryover

95.06

ar.ar

21.43

NAN1TANY matrix effect 91nN151UTBULABU slope U89 matrix-fortified

calibration curve Wguniu standard calibration solution ®13 Table 32 WU NSNAEDU

USurudie1d1fey homogeneity, 5% drug carryover kag 1% drug carryover 3n15LAn
dyauanveIEsINAEU (signal suppression)

90000
80000
70000
60000
50000
40000
30000
20000
10000

Area ratio

Fig. 7.

180000 1
160000 - y = 2493914x + 3313
140000
120000 y = 2370671x - 3263
2 _
% 100000 r=09999
3
z 80000 @ Matrix-fortified calibration curve
60000 4 @ Standard solution calibration curve
40000
20000
0 T T T T T T J
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07
Concentration ratio
Homogeneity
q 160000 7
B y = 1514990x - 13997 140000 4 y = 2642989x + 997
- r=0.9996 r=0.9994
120000
| y = 723770x - 500 o 100000
r = 0.9980 s
i 80000
2
4 < 60000 A
4 @ Standard solution calibration curve 40000
4 @ Matrixcfortified calibration curve
20000 /
T T T !
0 T T
0 0.02 0.04 0.06 0.08

Concentration ratio

5% Drug carryover

@ Standard solution calibration curve

® Matrix-fortified calibration curve

y = 566392x - 1348
r=0.9988

0 0.02 0.04

Concentration ratio

d
0.06

1% Drug carryover

Matrix-fortified calibration curve and standard solution calibration curve in the

studies of homogeneity, 5% drug carryover and 1% drug carryover.
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6. @3UNan1TNAABY

910n15 R UI3EVAaeU tiamulin Tuenisdnifinanenlnewmaila liqud
chromatography mass spectrometry U 2565 Faldmoduil Phenomenex, Kinetex Cys,
2.6 lulasiums vu1n 150 x 3.0 Jadwns oasin1siua 0.2 Tadansdaurdl Usuianisae
5 lulnsans Wansazanemanioudife 0.1% formic acid Tu water wag 0.1% formic acid
Tu acetonitrile (60 : 40, v/v) Tukuu isocratic elution @1u150%¢@15 tiamulin tan1ely
10 U9 NAFDUAMUFUNUSITUAUTIIAMULTUTY 100 - 300 Hadnsusedlansy 14
0.1% formic acid Tu 80% acetonitrile UTu1915 30 Jadans szeziian 20 w1 vin1sana
3 59U uinudflenaaeu calibration curve lugas drug carryover waamnudawen r ik
nawinududunse (> 0.995) Feldinisnunivassanssusiisndiy wud Dorota et al.
(2010) Tgvin1sfinwinisatndiegns tiamulin Tuemnsdm ifinauen (medicated feeding
stuff) Tneadniiog1901915dn Ainaneaae 1% sodium carbonate in water was
hexane: ethyl acetate ¥n1snageusein3as HPLC Tinaiduiiuinelafaiunldlunis
atnsegrafiomanuiululdlunisldveaeu tiamulin luenmsdnifinauelunisveaey
homogeneity, 5% drug carryover W a ¢ 1% drug carryover L 8 14 matrix-fortified
calibration curve #ewmaia trituration tenadeumuldldvedisluadeil

nnnsAnwImageuaNltlaveislagltaeauil Kinetex Cig 100 x 2.1 HadLUAT
yurneynin 1.7 lulasiuns 8% e Phenomenex @1415075293LA 8% tiamulin
homogeneity latuga 50-250 Aadnsusonlaniu 5% drug carryover Laluegag 4-12
fednsumenlandy way 1% drug carryover lalutag 0.5-2.5 Jadnsusenlansu

N15ANEY matrix effect WU NMINAFDUUINIIAIBTEFY homogeneity, 5% drug
carryover Lag 1% drug carryover umim@am mﬂmammmaﬁ%‘wmaau (signal
suppression) fatiu matrix iavswasen1snageUUSinaneEienadeuLuy homogeneity
way drug carryover 3354 matrix-fortified calibration curve Tun1svineu

N15AN®I robustness WUIINISNAGDOUNITIALADS [A-al D9 [G-g] TAT VZ*s
fioundn 28.11 FsamnsoaguliinnisuiudsuminiimeslifinadeiSnaaovegiedl
ydIAYNIEnH

A1SAN YA specificity Tnegn1LA Y salinomycin, monensin, amoxicillin & ¢
ampicillin aslusauAu tiamulin WuIIsnaaeuaIusawen tiamulin akaglunuiinves
salinomycin, monensin, amoxicillin ez ampicillin Tu MRM channel @4 tiamulin

fadunansnsnaeunnuldldvesisnaaeusduusineg WWulumursasgiums
Table 33 ssiiun1snielénseunisujiauvesyaains tadesile an1izuandex
eIl URN1IngunIsaaugua medndnas Ingdunsien1unisuadnd Isnaaeu
nsnedeu tiamulin luenmserinsdn ifinaesn Inewadia liquid chromatography mass
spectrometry losun1snsiadsunnuldlaassisnaaou (method validation) uluaiu

v ¢
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Taguszasanisldeu ansadunldlunisnegsudiegisvewiesfiRinig nsuseiiu
Anuliuiveuvemmegey wagldusuiliunuaunsavesinaaeuselula

Table 33. Method validation performance characteristic of tiamulin in medicated

feed.

Parameters ﬁwﬂaau WnaEinsNAdaU NAN1INAFIU
Linearity (r)
Homogeneity r=0.995 0.9999
5% Drug carryover r=0.995 0.9996
1% Drug carryover r>0.995 0.9995
Accuracy (Yorecovery)
Homogeneity 90 - 107 % 99.30 - 104.08 %
5% Drug carryover 80 - 110 % 84.12 - 97.45 %
1% Drug carryover 80 - 110 % 99.14 - 106.00 %
Repeatability (%RSD,)
Homogeneity %RSD < 5.3 0.75 - 5.14 %RSD
5% Drug carryover %RSD < 8 1.29 — 7.57 %RSD
1% Drug carryover %RSD < 11 1.55 - 6.20 %RSD
Intermediate precision (%RSDg)
Homogeneity %RSD < 7 2.18 - 3.29 %RSD
5% Drug carryover %RSD < 8 4.08 - 5.44 %RSD
1% Drug carryover %RSD < 8 2.67 — 4.80 %RSD
LOD
Homogeneity S/N >3 S/N = 24351
5% Drug carryover S/N =3 S/N = 138.76
1% Drug carryover S/N =3 S/N = 20.21
LOQ
Homogeneity 50 mg/kg 46.96 mg/ke
5% Drug carryover 4 me/ke 4.23 me/ke
1% Drug carryover 0.5 me/ke 0.53 meg/ke

7. doiauauuz

8. fAnAnsIUUTTAA
YBYRUANKEIUIBNTATNATIvERUAMAINEUAUAFR IR s e Tun Ty

= % Y o w a va i v ¢ A =

YeuUszunas 2567 WmtiviesuuRin1snguasisaauamnnendnds Ademaslunig

UftRnulidnSgaluied

v ¢
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