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Summary

A method using ultra performance liquid chromatography tandem mass spectrometry was
developed for determination of banned Clenbuterol (CLE) substance in the chicken. The CLE was
separated from chicken by SPE technique and was dissolved in the mobile phase. The LC - MS/MS
method with the chromatographic conditions as follows: A new column ACQUITY UPLC® BEH C s
(2.1 x 50 mm, 1.7 um) packed with octylsilyl silica gel for chromatography was used as stationary
phase, temperature of column was 30 °C, a mixture of 95 volumes of acetonitrile and 5 volumes of
0.1% formic acid solution was used as the mobile phase with a flow rate of 0.2 ml per minute, using
a tandem quadrupole mass detector, injection volume was 2 ul. The exprimental results proved that
the assay was linear over the concentration from 0.1 ng/ml to 10 ng/ml. The LLOQ was 0.1 ng/ml.
The intra - day and inter - day accuracy were within 85.86% - 112.97%. The method can be use for

assay Clenbuterol in the chicken preparation

Keywords: Clenbuterol, residue hormone, assay, LC-MS/MS.

Dat van dé

Trong y hoc truwéc day, clenbuterol (CLE) la
mot chat thudc nhém B-agonist (hinh 1), dwoc st
dung nhu thubc gidn phé quan, diéu tri hen
suyén hodc bénh phéi tdc nghén man tinh nhe
tdc dung lam cho ngudi bénh théd dé dang
hon . Clenbuterol thwong dwge dung voi tén
biét dwoc l1a Broncodil, Clenburol, Ventolax,
Protoven... Ngoai ra, trong chan nudi clenbuterol
dwoc trdn vao thirc &n cho gia sic, gia cam do
tac dung lam tang tao nac va gidm m&, cai thién
dang ké trong lwong clia vat nudi ©.

Theo nhiéu nghién ctru, cac loai chat nay gay
hai cho gia stic va ca cho ngwdi néu &n phai thit
vat nudi bang loai thirc &n c6 tron cac loai chat
trén, vi cac hoéa chat thudéc nhém p-agonist
thuwong 1a nhivng chét kich thich manh, 1am suy
nhuoc chirc nang gan . Ngwoi n thit vat nudi
co6 ton dw clenbuterol c6 thé bi ngd doc cép
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v&i nhirng triéu chirng nhu: Réi loan nhip tim, co
that phé quan, phu né, liét co, tang huyét ap, rdi
loan trao ddi chat ... thém vao d6 néu str dung
lau dai cé nguy co gay ra tang ty 1& quai thai, méc
ung thw P... Tai My, Chau Au va Trung Quéc,
nhi*ng loai hoa chét trén da bj cAm s dung tw
nhibng ndm 80-90 cla thé ky truec Bl & Viat
Nam, cac chat thuéc nhém B-agonist trong do c6
clenbuterol dwoc xép vao danh muc 18 hoéa chét
bi cAm cla B& Noéng nghiép va Phat trién Néng
thén (Quyét dinh sé 54 ngay 20 thang 06 nam
2002 ctia B6 NN & PTNT) . Tuy nhién trén
thwe t& vAn con mot sé6 hd chan nudi van st
dung chét clenbuterol dé kich thich tang trong
nham thu logi nhuan bat chinh.

Viéc xac dinh dw lwgng cla clenbuterol va
cac chat B-agonist, truéc day thwong duoc
dung bang cac xét nghiém mién dich v&i d6
chinh xac chwa cao. Hién nay, séc ky 1dng khéi
phdé (LC-MS/MS) duwgc danh gia la phuwong
phap c6 dd nhay cao, phan tich nhanh, chinh
xac dang dwoc (rng dung nhiéu trong phan tich,
dinh lwong cac chéat trong dich sinh hoc 8. Sau
day, chung t6i xin théng bao két qué nghién ctru
xay dwng phwong phap dinh lwgng clenbuterol
trong thit ga bang phwong phap LC-MS/MS.
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Hinh 1. Céng thire héa hoc cda clenbuterol

Nguyén liéu va phwong phap

Chat déi chiéu

Clenbuterol cla Sigma-Aldrich,
21898-19-1, ham lwvong: 98,0%.

Dung méi, héa chat

Acetonitril, methanol, acid phosphoric, amoni
hydroxyd, dikali hydrophosphat (K,HPO,) dat
tiéu chuén tinh khiét dung cho phan tich hodc
sé&c ky.

Trang thiét bi

May sac ky léng ACQUITY UPLC H-Class's
Quaternary Solvent Manager, khéi phd: Xevo
TQD Waters, can ky thuat do chinh xac 0,01 g,
cén phan tich Mettler Toledo dé chinh xac
0,01 mg; may ly tdm; may do pH Metrohm 780
(Thuy ST), may lac vortex, micropipet, cot chiét
SPE MCX, dung cu thuy tinh can thiét (binh dinh
murc, pipet, dng dong, phéu loc...).

Phwong phap nghién ciru

Khéo sét diéu kién xtr ly mau

Mé&u tréng: Mau thit ga dwoc lay tai Ban
Cung cap Pong vat ctia Hoc vién Quan Y, khoéng
chira chét clenbuterol.

Mé&u chuén: Can chét chudn va pha trong
methanol. Sau d6 thém dich chiét tr mau tréng
dé dwoc cac dung dich chuan trong nén mau.

M3&u tw tao: Thém chéat chuan clenbuterol vao
mau thit ga da xay nhuyén.

Mé&u kiém tra QC - quality control sample:
Chuén bj déc 1ap véi mau chuan.

Phuwong phap xt ly mu: Khao sat, lwa chon
phuwong phap x& ly mau phu hop dé chiét duoc
t6i da hoat chat va loai dwoc cac tap chét.

Khéo sét cdc diéu kién sac ky, khéi phé

S dung hé théng séc ky khdi phé UPLC -
MS/MS loai t&r cwc chap 3 v&i ngudn ion hoéa
kiéu ESI. Chon ché do khao sat tw dong dé chon
ion me, ion con dung dé dinh tinh, dinh lwong.
Cac thong s6 MS/MS duoc tw dong téi wu bang
ché dd MS tune cla thiét bi.

Tham dinh, dénh gia phwong phéap

My;  16:

Theo cac chi tiéu quy dinh trong USP hién
hanh va cac quy dinh v& thdm dinh phwong
phap phéan tich trong dich sinh hoc: D6 dac hiéu
- chon loc, d6 dung, dod chinh xac, khoang tuyén
tinh, gi¢i han dinh lvong (LOQ), gi¢i han phat
hién (LOD); gi¢i han dinh lwvong duéi (LLOQ),
gigi han dinh lwgng trén (ULOQ).

Két qua nghién ctru

Khao sat diéu kién séc ky

Lwa chon cét sdc ky

Khao sat phan tich mau trén 2 loai c6t
(ACQUITY UPLC® HSS Cys (1,8 um; 2,1 X
30 mm) va ACQUITY UPLC® BEH Cyg (1,7 pm;
2,1 x 50 mm), da lwa chon duwgc cft ACQUITY
UPLC® BEH Cyg (1,7 pm; 2,1 x 50 mm) lam cdt
phan tich.

Lwa chon pha déng

Khéo sat trén hé pha dong gébm dung dich
acid formic 0,1% trong nwéc va acetonitril & cac
tyle 95:5va90:10. Oty lé 95:5 cho kha
nang tach tbt, pic gon, can dbi va thoi gian luu
phu hop. Do d6 Iwa chon ty 1& nay dé tiép tuc
khado sat nhirng buéc tiép theo.

Diéu kién phan tich sac ky

Hé théng séc ky Iéng: ACQUITY UPLC
H-Class's Quaternary Solvent Manager, khéi
phd: Xevo TQD Waters. Cot sac ki Acquity
UPLC® BEH (2,1 x 50 mm, 1,7 um); Nhiét do
cot: 30 °C. Pha déng: Acetonnitril — Dung dich
acid formic 0,1% (95 : 5); tbc dd dong: 0,2
ml/phat. Thé tich tiém: 2 pl.

Diéu kién phan tich khéi phé

Bang 1. Céc théng sb cua detector khéi ph
dé dinh lwong clenbuterol

Théng sé Céc gia tri

Ché dé ion héa ESI (+)
Capillary voltage (kV) 1,5
Cone voltage (V) 24
Desolvation temperature (°C) 360
Desolvation gas (L/H) 800
Cone gas (L/H) 25
Collision energy (V) 58

Manh ion me (Parent ion, m/z Dalton) 277,06

(Manh in con (Product ion, m/z Dalton) 167,97
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Phwong phap chuan bi mau

Mau trdng

La mau dich chiét ti thit ga theo quy trinh
chiét mau thie.

M3u chuéan

Cac mau chuan dwoc chuan bi bing cach
thém chuan vao nén mau. T dung dich chuén
gbc 100 mcg/ml, pha thanh cac dung dich chuén
trung gian cé néng dd 1000 ng/ml va 10 ng/ml.
Sau dé, chuadn bi 7 dung dich chuén trong
methanol c6 ndng dé tr 0,1 - 7 ng/ml.

Chuan bj cac mau dwong chuadn trong dich
chiét bang cach phdi hop cac dung dich chuan
trong methanol twong &ng v&i nén mau trang.

Méu kiém tra (QC)

Hoa tan chat chuadn CLE trong methanol dé
thu dwoc dung dich chuén gbc c6 ndng do6 CLE
chinh xac khoang 100 pg/mL (QC-W). Chuan bi
doc lap voi mau chuan. Pha loéng v&i methanol
thanh chudn kiém tra 1am viéc QC (cach pha
twong tw pha mau chuén). T d6, pha véi dich
chiét dé tao thanh chudn LQC (gi¢i han dinh
lwong) = 3 LLOQ; MQC gan v&i ndng do gitra
trong day chuan; HQC (& ndng do cao trong day
chuén) = 60 — 80 % ULOQ.

Mau ther

Can 1 g thit ga da xay nhuyén cho vao éng ly
tdm 50 ml. Thém 10 ml dung dich K;HPO,
0,1 M, I&c vortex 10 phut. Ly tam 15 phut & téc
dd 4000 vong/phut. LAy 5 ml dich chiét (sau ly
tdm) cho qua ct SPE MCX (Cét SPE MCX da
duoc hoat héa béng 5 ml MeOH, 5 ml nwéc cét,
sau dé cho 5 ml dém chiét mau K,HPO, 0,1 M).
Tai mau 1én cot, tbc dd 1 ml/phut. (Khéng dé kho
cot giai doan cho mau lén cét va rira cot). Rra
bang 4 ml nwéc, riva tiép bang 4 ml MeOH. Rira
giadi badng 4 ml dung dich NH,OH 5% trong
MeOH.

L4y dung dich rtra giai, thdi khé bang khi nitor
& 40°C. Hoa tan can khd bing 1 ml hdn hop cla
acetonnitril va acid formic (95 : 5), Iac bang may
vortex va loc qua mang loc 0,45 um, dwoc dung
dich dé tiém s&c ky.

Tham dinh phwong phap

Tinh twong thich cta hé théng

Phan tich sac ky |&p lai 6 lan mau tv tao &
néng do LOQ (0,3 ng/ml), ghi lai s&c ky dd, dap
&ng pic cta 6 lan phan tich. Két qua dwoc néu
ra & bang 2 va hinh 2.

Bang 2. Sv phu hop cia hé théng séc ky

CLE
STT tr Dap tng
1 0,57 146,03
2 0,56 149,21
3 0,57 154,01
4 0,56 146,11
5 0,56 139,61
6 0,56 137,36
B 0,56 145,18
CV (%) 0,91 4,21
CL159 Smooth(Mn,2x2) MRM of 3 channels,ES+
277.06 > 167.97
100+ _Clenbuterol 2.293e+003
G54
1.54e2
940
Yo
l0.01 X i
o 10.74 1.22 / .

050 | 1.00 = 1.50 = 2.00 = 2.50
Hinh 2. S&c ky d6 méu kiém tra sw tuong thich

cda hé théng séc ky

Ta th4y: Do léch cha thoi gian lwu cla
clenbuterol 1a 0,91 % (< 2%); cla dién tich pic
la 4,21% (< 5%), dat yéu cau. Nhw vay, phwong
phéap 1a phi hop véi hé théng séc ky da chon.

D6 chon loc - dac hiéu

Phan tich cac mau trdng v&i it nhat 6 mau
c6 ngudn géc khac nhau déng thdi véi mau tw
tao c6 pha chudn CLE & ndng do6 LLOQ
(= 0,1 ng/ml). Két qué dwoc trinh bay & bang 3
va hinh 3.

Bang 3. Anh hudng cua méu
tai thoi diém trung thoi gian lwu cda CLE

tréng

STT Da&p tng bap teng Ty 1é % dap trng
méutrang  mau é& mau trang/mau
LLOQ LLOQ
1 4,59 36,82 12,45
2 3,31 36,59 9,03
3 7,26 36,73 19,76
4 2,70 38,13 7,08
5 6,89 39,07 17,64
6 1,69 34,12 4,95
Két luan Dat (< 20%)
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MRM of 3 channels ES+
217.06>167.97
066 6.860e+001
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Hinh 3. S&c ky db cac mau: a) mau tréng ; b) mau thém chuén CLE nbng d6 & LLOQ.

Trén séc ky do, pic ciia CLE dwoc nhan dién
rd rang, tach hoan toan khdi pic tap chéat co
trong mau, tai thoi diém 0,57 phut (trung véi thoi
gian lwu ctia CLE): Ty |& dap &ng cGa mau tréng
S0 v&i mau c6 CLE tai ndng dd LLOQ déu nhd
hon 20%, dat yéu cau. Phwong phap dat yéu
cau vé do chon loc, dac hiéu.

Puwong chuéan va khoang tuyén tinh

Phan tich cac mau chuédn CLE trong mau thit
ga c6 ndbng d 0,1; 0,2; 0,5; 1,0; 2,0; 5,0;
10,0 ng/ml theo quy trinh da xay dwng. Xac dinh
sy twong quan gitra ndbng do clenbuterol trong
dich chiét va dap wng do dwoc bang phuong
phap hdi quy tuyén tinh. Két qua dwoc trinh bay
trong bang 4 va hinh 4.

Bang 4. Sv tuvong quan gitta nbng dé va dién tich pic clenbuterol trong méu thit ga

Tén mau S1 S2 S3 S4 S5 S6 S7
Néng d6 there (ng/mL) 0098 0,196 049 0,98 106 49 9.8
Dién tich pic 37,18 48,66 93,21 153,52 314,07 763,16 1365,80
Phwong trinh héi quy (y = ax+b) Y =0,1397182 x + 22,7104

Noéng dé xac dinh tor dwong chuan 0,10 0,19 0,51 0,94 2,09 5,32 9,65
Néng dé xéc dinh tr dwong chuan

S0 V6i gid tri thure (%) 106,05 9511 10337 9591 106,80 10857 98,47

(* y: dép ung pic clenbuterol; x: néng do clenbuterol)

Compound name: Clenbuterol

Correlation coefficient: r = 0.998710, rA2 = 0.997421

Calibration curve: 0.139182 * x +22.7104

Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Hinh 4. Buong chuén cda clenbuterol
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Két qua thdm dinh cho thdy trong khoang
nong do tv 0,1 - 10 ng/ml, cé sy twong quan
tuyén tinh gitra néng dd CLE va dién tich pic thu
dwoc véi r > 0,998. Nong d6 CLE tinh lai theo
duwdrng chuén so v&i gia tri ly thuyét ndm trong
khoang 95,11% - 106,80% déu nam trong
khoang gi¢i han cho phép la 85% - 115% va
80% - 120% dbi véi diém LLOQ, dap (ng quy
dinh cta phwong phap phan tich thubc trong

dich sinh hoc 8.

dé

Xdac dinh dé dung, cua
phwong phap

Tham dinh do dung va do lap lai trén 4 loai
mau: LLOQ, LQC, MQC va HQC chra CLE c6
nong dé twong &ng la 0,1 ng/ml; 0,3 ng/ml;
1,5 ng/ml va 8,0 ng/ml. Két qua duoc trinh bay
& bang 6 cho thy cac gia tri cia d6 dung, do
Iap lai thu duwgrec trong ngay va cac ngay khac
nhau (I, Il, Ill) d&u cao (85,86% - 112,97% ),
CV% déu nhd hon < 15%, dat yéu cau, phu
hop vé&i phwong phap phan tich thube trong dich
sinh hoc 158!,

lap lai

Bang 5. Két quéa khao sat dé dung, doé Iap lai trong ngay va khac ngay

Mau LLOQ (= 0,1 ng/mi)

LQC (= 0,3 ng/ml)

MQC (= 1,5 ng/ml) HQC (= 8,0 ng/ml)

Néngdé BHoédiung Néngds Héding Nbéngdd Doding Nbéngdé D6 ding
Ngay @ingmL) %) @ ingmL) %) @ mgmL) (%) @ ngmL) © (%)
1 0,10 106,23 0,27 91,77 1,44 98,00 7,64 97,41
2 0,09 96,04 0,31 108,21 1,60 108,96 7,01 89,44
3 0,10 98,31 0,28 97,71 1,63 111,20 7,81 99,64
| 4 0,09 95,82 0,31 108,61 1,26 85,86 8,36 106,58
5 0,11 112,17 0,29 100,83 1,28 86,97 8,49 108,23
6 0,11 108,72 0,28 97,61 1,37 93,49 8,72 111,27
B 102,88 100,79 97,41 100,05
CV (%) 6,86 6,54 11,07 8,12
1 0,10 105,94 0,28 96,23 1,49 101,41 7,03 95,04
2 0,09 92,81 0,29 100,17 1,33 90,37 7,61 102,86
I 3 0,10 98,97 0,28 97,37 1,46 99,53 7,81 105,57
4 0,11 112,39 0,30 103,11 1,41 96,05 7,67 103,68
5 0,09 92,01 0,32 111,96 1,52 103,17 7,89 106,57
6 0,11 108,65 0,30 105,07 1,41 95,69 7,76 104,80
1 0,09 96,63 0,26 90,95 1,31 89,13 7,11 96,11
2 0,11 109,68 0,28 95,31 1,38 94,01 7,81 105,49
" 3 0,11 112,97 0,31 106,53 1,46 99,42 7,01 94,73
4 0,10 97,80 0,29 100,26 1,47 100,02 6,90 93,24
5 0,09 89,95 0,30 102,89 1,35 91,98 7,91 106,89
6 0,10 103,00 0,32 110,17 1,49 101,32 6,95 93,87
X 010 10212 143 029 101,38 143 97,03 7,64
CV (%) 8,40 7,46 7,15 5,83 6,08 7,15 717 7,18
Gio#i han dinh Iwong dwéi cda dap ’ng & mau trang so véi mau LLOQ khoang
phwong phap (LLOQ) 11,9% (< 20%) va & néng dd LLOQ (khoang

Phan tich cac mau thit ga (mau trédng), mau
thit ga c6 thém chuan clenbuterol & néng do
thAp nhét trong khoang tuyén tinh (khoang
0,1 ng/ml), mbi loai c6 6 mau doc lap. Két qua
duwoc trinh bay & bang 6. Két qua cho thay ti lé

0,1 ng/mL) dat yéu cau vé do6 dung (83,65% -
119,94%; CV = 11,82%), dap (rng yéu ciu gioi
han dinh lwgng dwéi cha phwong phap phan
tich thuéc trong dich sinh hoc > &,
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Bang 6. Két qué xéc dinh gi6i han dinh luong duéi (LLOQ)

Mau thém chuan

p Dap rng pic = — s A gn o
SOoTT méu tréng Dép (ng pic Nong(gg/;g/;)'l thay D6 dung (%)
1 4,59 36,82 0,10 103,44
2 3,31 36,59 0,10 101,73
3 7,26 36,73 0,10 102,80
4 2,70 38,13 0,11 113,05
5 6,89 39,07 0,12 119,94
6 1,69 34,12 0,08 83,65
Trung binh 4,41 36,91 0,10 104,10
CV (%) 11,82
Anh hwéng cta nén mau clia nén mau dwoc trinh bay & bang 7 (trong do

Chuén bj cac m&u va tién hanh nhu quy trinh  MF Ia hé s6 anh hudng cla nén mau).
da néu, két qua danh gia sy anh huwdng

Bang 7. Két qua danh gia dnh huéng cta nén méu

Pép trng mau LQC Pép trng mau HQC
STT T, d 5i T, 2 B0 T, d 5 T X x MF
rong dung moi rong nen mau rong dung moi rong nen mau M§u LQC M§u HQC
1 201,59 157,24 3565,94 3209,35 0,78 0,9
2 203,92 161,10 3729,19 2908,77 0,79 0,78
3 187,95 171,03 4224,58 3590,89 0,91 0,85
4 162,57 149,56 3794,43 3490,88 0,92 0,92
5 172,40 163,78 3331,94 2865,47 0,95 0,86
6 206,31 167,11 3399,27 3025,35 0,81 0,89
B 187,95 161,64 3671,28 3181,78 0,86 0,87
CV (%) 9,68 4,70 8,82 9,56 8,70 5,73
Két qua cho thay gia tri CV (%) ctia MF la  dd 6n dinh ctia CLE bang cach so sanh néng do
5,73 - 8,70%, dat yéu cau < 15%. CLE c6 trong cac mau dwoc bdo quan va céac
D6 6n dinh cua CLE trong méu thit ga mau c6 néng dd twong (rng dwoc phan tich

Nghién ctru dd &n dinh ctia CLE trong mau ngay sau khj hoa tan chudn CLE vao dich chiét
thit ga trén cac 16 LQC va HQC. banh gia tw thit ga. Két qua dwoec trinh bay & bang 8.

Bang 8. Két qué dé 6n dinh cta CLE trong méu thit ga

B6 6n dinh Méau Noéng d6 ban dau Néng d6 sau bao quan D6 léch
(ng/ml; n = 6) (ng/ml; n = 6) (%)
Néng dé CV (%) Néng dé CV (%)
Sau 3 chu ky déng - ra LQC 0,31 9,6 0,30 14,2 13
HQC 8,00 4,7 7,87 3,2 3,3
O nhiét do phong trong thoi gian LQC 0,31 9,6 0,30 8,6 6,5
ngén (6 gio) HQC 8,00 47 8,22 4,8 2,7
D6 6n dinh trong autosampler LQC 0,31 9,6 0,32 14,3 2,7
(12 gio, 20°C) HQC 8,0 4,7 8,4 3,3 50
D6 6n dinh dai ngay LQC 0,31 9,6 0,34 7,4 10,9
(-35°C + 5°C, 30 ngay) HQC 8,0 47 8,2 4,3 2,5
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T bang 8 cho thdy bién thién ndng d6 CLE
clia mau sau bado quan so v&i ban dau déu nho
hon 15%, dat y&éu cau dé dinh lwong hoat chét
trong dich sinh hoc (6.9

Két luan

Nghién ctru da xay dwng dwec phwong phap
dinh lwong clenbuterol (CLE) trong thit ga bang
phuong phap LC — MS/MS. Két qua thdm dinh
cho thdy, phwong phap c6 dd dac hiéu cao, co
gi¢i han dinh lwong dwoi nhé (0,1 ng/ml),
khoang tuyén tinh kha réng ( 0,1 - 10 ng/ml), c6
dd dung cao (85,86% - 112,97%) va do lap lai
t6t voi gia tri CV% nhé (5,83% - 8,40%), thoi
gian phan tich séc ky nhanh (3 phat cho 1 1an
tiém mau), chat phan tich én dinh trong nén mau
thit ga v&i moét thoi gian dai. Phwong phap dwa
ra da dap (rng cac yéu cau cla phuong phap
phan tich thuéc trong dich sinh hoc ciia EMA va
US-FDA ® 9 Chung t6i hy vong phwong phap
nay cé thé ap dung dé dinh lwong clenbuterol
trong cac mau dé xem xét sw nhiém chat cadm
nay trong cac ché pham tw thit ga.

Tai liéu tham khao

1. B6 Nong nghiép va Phat trién Néng thén
(2002), Quyét dinh sb 54/2002/QD-BNN, ngay
20 thang 6 nam 2002 vé viéc cAm san xuét,
nhap khau, Iwu théng va s dung mot sb loai
khang sinh hoéa chét trong san xuét va kinh
doanh thirc an chan nudi.

2. Nguyén Lé Kiéu Thu (2005), “Tac dung
dwoc ly cta clenbuterol”, B6 mén Duworc ly, Chi
cuc Chan nuéi va Thu Y Thanh phé Hb Chi
Minh.

3. Bottemiller Helena (2011), "Amid scandal,
China bans more food additives", Food Safety
News, Retrieved August 22, 2012.

4. Changchuan Guo, Feng Shi, Liping Gong,
Huijie Tan, Defu Hu, Jinling Zhang, C. Guo et al.
(2015), “Ultra - trace analysis of 12 “2-agonists
in pork, beef, mutton and chicken by ultrahigh -
performance liquid - chromatography -
quadrupole - orbitrap tandem mCLEs
spectrometry”, Journal of Pharmaceutical and
Biomedical Analysis, 107, pp. 526-553.

5. European Medicines Agency, Committee
for Medicinal Product for Human Use (2011),
Guideline on Bioanalytical Method Validation.

6. John Comerford (2017), “ Use of beta -
agonists in cattle feed”.

7. Ligi Wang, Zhenling Zeng, Xufeng Wang,
Jianwen Yang, Zhaohua Chen, Limin He (2013),
“Multiresidue analysis of nine - agonists
in animal muscles by LC-MS/MS bCLEed on
a new polymer cartridge for sample cleanup”,
J. Sep. Sci., 36, pp. 1843-1852.

8. U.S. Department of Health and Human
Services Food and Drug Administration (2013),
Guideline for Industry - Bioanalytical Method
Validation.

TAP CHI Y DUQC HQC SO 20 - THANG 5/2021

79



