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Abstract

Coccidiostats (anticoccidial antibiotics) are veterinary drugs widely used for the
prevention and treatment of coccidiosis, especially in poultry farming. The illegal use of
anticoccidial antibiotics, in the wrong dosage and duration, can lead to antibiotic residues in
animal products and harm the health of consumers. In this study, a highly sensitive and
accurate liquid chromatography-tandem mass spectrometry method was developed for the
simultaneous analysis of anticoccidial antibiotics (diclazuril, nicarbazin, robenidin and
salinomycin) in food. Samples were extracted using the QUEChERS method with
acetonitrile (ACN) as the extraction solvent and cleaned with C18 adsorbent. The cleaned
extracts were analyzed on an LC-MS/MS system with a C18 reversed-phase chromatography
column (2.1 x 150 mm, 3.5 um) and corresponding pre-column. The mobile phase used was
0.1% HCOOH in water and methanol (MeOH), the flow rate was 0.5 mL/min. The method
had good specificity, the linear range was established in the range of 10-100 ng/mL, the
correlation coefficient R? > 0 998. The method recovery was in the range of 81-109% and
the relative standard deviation (RSD%) was in the range of 1.77-10.13% for milk and meat
samples. The limit of quantification and limit of detection of the method for four coccidiostat
antibiotics were 3.0 pg/kg and 10 ug/kg, respectively. The method was applied to analyze
the content of these four antibiotics in 31 food samples (meat and meat products, milk and
dairy products) randomly purchased in Hanoi. The results did not detect four coccidiostat
antibiotics in all 31 samples, initially showing that the residual contamination of coccidiostat
antibiotics is basically safely controlled.
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Simultaneous determination of some coccidiostat antibiotics ...

Xac dinh ddng thoi mét sé khang sinh nhom diét cau tring trong thuc pham bang
phuong phap sac ky 16ng khdi phé hai 1an (LC-MS/MS)

Nguyén Thi Phwong Mai", Nguyén Thi Thu Hwong?, Nguyén Viét Khiém?,
Lwu Thi Huyén Trang’, Ping Thi Ngoc Lan? P Thi Trang®,

Nguyén Thi Ngan®, Pham Hoang Nguyén®

Wién Kiém nghiém an toan v¢ sinh thuc phém Quéc gia, Ha No¢i, Viét Nam

2r ruong Pai hoc Duoc Ha Noi, Ha Noi, Viét Nam

7 rung tam Chéng doc, Bénh vién Bach Mai, Ha N¢i, Viét Nam

Tom tit

Coccidiostats (khang sinh diét cau trung) 1a loai thudc thu y duoc sir dung rong rai dé
phong ngira va diéu tri bénh cau trung, dic biét 1a trong chin nudi gia cAm. Viéc st dung
khang sinh diét cau trung trai phép, khong dung liéu luong va thoi gian co thé dan toi viée
t6n du khang sinh trong cac san pham c6 ngudn gdc dong vat va gy hai toi stirc khoe ngudi
tiéu dung. Trong nghién ctru nay, phuong phap sic ky 1ong khdi pho hai 1an voi do nhay tot
va chinh x4c cao dd dugc phat trién dé phén tich dong thoi cac khang sinh nhém diét cau
trung (diclazuril, nicarbazin, robenidin va salinomycin) trong thuc phém. MaAu duoc chiét
bang phuong phap QUEChERS véi dung mai chiét 13 acetonitrile (ACN) va 1am sach bang
chat hap phu C18. Dich chiét sau khi 1am sach duogc phan tich trén hé théng LC-MS/MS véi
cot sic ky pha dao C18 (2,1 x 150 mm, 3,5 um) va tién cot twong ung. Pha dong duogc sir
dung 12 HCOOH 0,1% trong nudc va methanol (MeOH), téc d6 dong 1a 0,5 mL/phut.
Phuong phap c6 d6 dic hiéu tot, khoang tuyén tinh duoc xdy dung trong khoang 10 - 100
ng/mL, hé s6 twong quan R? > 0,998. B¢ thu hdi ciia phuong phap nam trong khoang 81 -
109% va do léch chuan tuong ddi (RSD%) nam trong khoang 1,77 - 10,13% ddi voi nén
mau sira va thit. Giéi han dinh luong va gi6i han phat hién ctia phuong phéap d6i voi 04 chat
khang sinh nhom diét cau tring twong ung 1a 3,0 pg/kg va 10 pg/kg. Phuong phap duge ap
dung dé phan tich ham luong 04 chéat khang sinh nay trong 31 mau thuc pham (thit va san
phém tur thit, stra va san phém tr sita) duoc mua ngau nhién trén dia ban Ha Noi. Két qua
khong phat hién 04 chat khang sinh nhom diét cau tring trong tt ca 31 mau, budc dau cho
thdy viéc ton du 6 nhiém khéng sinh nhém cau tring co ban duoc kiém soét an toan.

Tir khoa: diclazuril, nicarbazin, robenidin, salinomycin, LC-MS/MS, QUEChERS.

1. PAT VAN PE

Bénh cau tring (Coccidiosis) 1a mot bénh ky sinh & dudng rudt cua dong vat do ki sinh
tring don bao gy ra. Bénh 1ay lan tir dong vat nay sang dong vat khac do tiép xtic voi phan
bi nhiém bénh hoic dn phai mo bi nhiém bénh. Triéu ching chinh ciia bénh 1a tiéu chay, co
thé ra méau trong trudng hop bénh niang. Dong vat con non hodc bi suy giam mién dich ¢6
thé bi cac triéu ching nghiém trong va tir vong. Ddi v6i gia cim, bénh thuong xay ra khi
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nudi trong moi trudng am wot voi mat dd cao va 1a nguyén nhan chinh lam giam nang sut
chin nudi gia cam (dic biét & ga) [1]. O Viét Nam, bénh ciu tring 13 cin bénh phd bién ¢
ga, hdu nhu dan ga nao ciing khé tranh khoi, dic biét 1a trong chin nudi ga cong nghiép va
ga dugc nudi & chudng nén. Bénh khong gay ti 18 chét cao nhu cac bénh truyén nhiém khac
nhung gy thiét hai 16n vé kinh té do ga chdm 16n, ting chi phi thirc an, thudc diéu trj va lam
suy giam mién dich & ga khién ga d& mic cac bénh truyén nhiém khac [2]. Pé phong tranh
cin bénh nay, ngudi chin nuéi thuong sir dung khang sinh diét cdu tring cho vat nudi.

Khang sinh diét cau trang duoc chia lam hai nhém: nhém coccidiostats ionophore
(lasalocid, maduramicin, monensin, salinomycin, semduramicin, narasin) - nhitng hop chit
tir nhién c6 ngudn gdc tir san pham trao d6i chit cua Streptomyces spp. va Actinomadura
spp. [3] va nhom coccidiostats tong hop (diclazuril, decoquinat, halofuginon, nicarbazin,
robenidin) - nhitng chat duoc tong hop nhd phan ing héa hoc [4].

Tai Viét Nam, khang sinh diét cau trung thudc nhom thude tha y khong phai ké don
theo Quy dinh hién hanh vé ké don, don thubc thi y theo Thong tu sd 12/2020/TT-
BNNPTNT ngay 09/11/2020 [5] va Thong tu s& 13/2022/TT-BNNPTNT ngay 28/9/2022
ctia B Nong nghiép va phat trién nong thon [6]. Vi vay, viéc kiém soat ham lugng cua cac
khang sinh diét cau trung 1a diéu can thiét, d¢ dam bao chit luong thuc phim ciing nhu bao
vé strc khoe con ngudi. Quy dinh cua Viét Nam vé du luong t6i da cho phép (MRLs) cua
nhom cau tring theo thong tu s6 24/2013/TT-BYT [7] dugc thé hién tai Bang 1.

Bdng 1. Miic ton dir téi da cho phép trong thuc pham c6 nguon goc dong vt cua cac chat
khang sinh diét cdu tring theo thong tw 24/2013/TT-BYT

Tén khang .. 2 MRLs .
: Loai san pham Ghicha
sinh (na/kg)
Diclazuril Thit gia cam, thit tho, thit clru 500
Gan gia cam, gan tho, gan clru 3000
Thén gia cam, than tho, than ciru 2000
Mad/da gia cAm, m& tho, mé clru 1000
Nicarbazin ~ Thit ga, gan ga, than ga, md/da ga 200 Ap dung véi

cac loai ga thit

Hién nay c6 nhiéu phuong phap khac nhau dé phan tich riéng r& hodc dong thoi cac
chat diclazuril, nicarbazin, robenidin, salinomycin trong thuc phidm. Mot trong sb céc
phuong phép c6 thé ké dén nhu phuong phap do quang [8], phuong phap dién hoa [9] va
phuong phap sic kye long [1, 2, 10-12]. O Viét Nam, hau nhu chwa c¢6 cong b nao vé nghién
ctru x4c dinh ddng thoi cac khang sinh nay trong thuc pham, dic biét bang phuong phép sic
ky long khdi pho hai lan (LC-MS/MS). Trong nghién ctru ndy, phuong phap LC-MS/MS da
duoc lua chon dé xac dinh déng thoi bbn khéang sinh diét cAu trung (diclazuril, nicarbazin,
robenidin, salinomycin) trong thuc phdm nham gép phan vao phat trién cac quy trinh dinh
lwong khang sinh diét ciu trang mot cach nhanh chéng, hiéu qua.
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2. POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. Pdi twong, vt liéu nghién ciru

Bon khang sinh diét ciu tring gdm: 3 khang sinh nhoém coccidiostats tong hop
(diclazuril, nicarbazin, robenidin) va 1 khang sinh nhdm coccidiostast ionophore
(salinomycin) da duoc lwa chon 1a d6i twong phan tich trong nghién ctru nay. Cong thirc cau
tao cua diclazuril, nicarbazin, robenidin va salinomycin duoc thé hién trong Hinh 1.

)o]\ Cl CN
N” “NH
/@ \(f)r \Q IN"N cl cl
NO, NO, & N’Ko

H Diclazunl

Nicarbazin

,NNJLNN\
H H

Robenidin

Salinomycin

Hinh 1. Cong thirc cau tao cua nicarbazin, dilcazuril, robenidin va salinomycin

Péi tuong miu Iya chon 13 cac mau thuc phdm duoc mua ngiu nhién trén dia ban Ha
Noi vao thang 2-3 ndm 2024. Trong do, 31 mau thu thap duoc bao gém: 23 mau thit va san
phém tur thit: thit lon, thit ga, thit bo, gio, cha; 08 mau sira va san phém tur stra: stra chua, sira
bot, stra nude.
2.2. Hoba chit, chit chuin va mau nghién ciru

Tét ca cac hoa chat sir dung trong nghién ctru nay déu thudc loai tinh khiét phan tich
diung cho LC-MS/MS. Chit chuén: diclazuril (LGC, Anh), d6 tinh khiét 97,65%, s6 16
G1103115; nicarbazin (LGC, Anh), do tinh khiét 98,93%, sb 16 G1156363; salinomycin
sodium (LGC, Anh), d6 tinh khiét 79,60%, sb 16 1224352; robenidin hydrochlorid (LGC,
Anh), d9 tinh khiét 93,43%, s6 16 G1208660 (LGC, Anh). Hoa chat: methanol (CH3OH)
(Merck, Puc), acetonitrile (C2H3N) (Merck, Dtc), acid formic (HCOOH) (Merck, Duc),
nudce cat 2 1an 1ay tir may loc nudc siéu tinh khiét Milli-Q, magnesium sulfat khan (MgSQOx)
(Xilong, Trung Qudc), natri chlorid khan (NaCl) (Xilong, Trung Qudc), chat hip phu st
dung cho chiét pha rdn: Bondesil (octadecyl silica) - C18 (Aligent, M¥).
2.3. Thiét bi

Thiét bi chinh sir dung trong nghién ctru 1a hé thng sic ky long LC-MS/MS SCIEX
Exion LC 20AD ghép ndi detector khdi phd AB SCIEX Triple Quad 6500+, cot sic ky pha
dao Symmetry C18 (2,1 x 150 mm, 3,5 um) va tién cot twong tng. Ngoai ra, nghién ctru sir
dung mot sb thiét bi, dung cu théng thuong trong phong thi nghiém.
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2.3. Phwong phap nghién ciru
2.3.1. Phuong phap phan tich

Phuong phap sic ky 1ong két ndi detector khéi phé hai lan (LC-MS/MS) dugc st dung
dé phan tich dong thoi bén khang sinh diét cau trung trong mau thuc pham (thit va cac san
pham cua thit, sita va cac san pham cua sita). Pay 1a phuong phap phan tich hién dai, c6 do
nhay, dd chinh xac va d chon loc cao, phu hgp cho muc ti€u nghién ctru.

2.3.2. Phiong phdp chudn bi mau

Quy trinh dong nhit mau duogc tién hanh nhu sau: dbi véi mau sita, tién hanh dong
nhét 2 hop/tui sira va bao quan ¢ 2-8°C dén khi sir dung. Mau thit duoc loai bo da, xuong va
md sau d6 cit nho va dong nhit bang may dong nhit mau, mau duoc bao quan & nhiét do -
18°C dén khi sir dung.

Trong nghién ctru nay, phuong phap QUEChERS dugc st dung dé xir Iy mau véi uu
diém nhanh, thyc hién d& dang, chi phi thép, hiéu qua tt, on dinh va an toan. Qua tham khao
tai liéu [13, 14], quy trinh xur 1y mau du kién duge thue hién nhu sau: can chinh xéac khoang
5,0 g mau da dong nhat trén can phan tich c6 do chinh xac 0,1 mg vao éng ly tim 50 mL.
Thém 5,0 mL nuédc (miu 16ng khong can thém nude), lic xody 1 phut. Thém 10,0 mL dung
mai chiét (khao sat cac dung méi: ACN, HCOOH 0,1%/ACN va HCOOH 1%/ACN), lic
xody 3 phat. Thém hdn hop mudi chiét (khao sat lugng mudi NaCl két hop véi 4 g MgSO4
khan), lic xoay 1 phiit va ly tim 6000 vong/phut trong 5 phut. Hat 1,0 mL dich chiét vao
6ng d-SPE chira 0,2 g MgSO4 va C18 (khao sat lugng C18 sir dung), lic xoay 1 phit, sau d6
ly tim 13000 vong/phut trong 5 phut. Hiit 600 pL dich chiét vao lo dung mau va tién hanh
phan tich trén hé thong LC-MS/MS.

Céc miu tring duoc sir dung trong qua trinh khao sat gdm sita 1ong va thit ga da dugc
xac dinh bang phuong phap LC-MS/MS cho két qua khong chira cac chét phan tich.

2.3.3. Danh gia phwong phap phan tich

Viéc tham dinh phuong phéap phan tich dugc thuc hién theo hudéng dan cua Hiép hoi
cac nha hoa hoc phan tich chinh théng (AOAC 2016) [15], cac thong sb tham dinh bao gom:
do ddc hi€u, gidi han phat hién (MDL), gidi han dinh lugng (MQL) cia phuong phép, khoang
néng do tuyén tinh va duong chuén, d6 dung (duoc danh gia thong qua do thu héi), d6 chum
(dugc danh gia thong qua d6 lap lai voi gié tri do 1éch chuén tuong dbi (RSD%)).

2.3.4. Phirong phdp xit Iy 56 liéu

Céc sb lidu va két qua duoc xir Iy bang phan mém Microsoft Excel 2019.

Ham luong céc chat phan tich (bon khang sinh diét cu tring) trong mau thyc pham
duogc tinh theo cong thue:

CxVxk
X =

m

Trong d6: X 1a ham lugng chat phan tich trong mau (ng/kg); V 1a thé tich dich chiét
(mL), C 1a ndng d6 chat phan tich tinh duoc theo dudng chuan (ng/mL); K 1a hé s6 pha
loang; m 1a khéi lwong mau (g).
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3. KET QUA VA BAN LUAN
3.1. Khao sat diéu kién phan tich trén thiét bi sic ky

Trén co s& tham khao tai liéu [16] va cdu tric cua chit phan tich, diéu kién MS/MS
duoc khao sat véi ki thuét ion hoa phun dién tir ESI bang cach tiém khong qua cot vao hé
thng khdi phd 1an luot cac dung dich chuan cua tirng chat phén tich véi ndng d6 50,0 ng/mL.
Céc ion con ¢6 tin hiéu cao nhét dugc lua chon dé dinh luong va ion con c¢6 tin hi¢u 16n thir
hai dung dé dinh tinh. Piéu kién manh ion me, manh ion con va cic thong sb t6i wu cho tung
manh dugc trinh bay ¢ Bang 2.

Bdng 2. Piéu kién phan tich cac chat khang sinh trén thiét bj LC-MS/MS

Chit £s) KLPT Tonme loncon CE CXP Ung dung
phan tich (g/mol) (m/z) (m/z) V) V) )
Diclazuril () 407,64 404,817 333800 -28  -27  Dinh luong
335,898 -32  -29 Dinh tinh
Nicarbazin (+) 426,38 301,006 106,993 -52  -11  Dinh lugng

136,940 -24  -17  Dinhtinh

Salinomycin ~ (+) 750,01 773,500 431,200 48 10  Dinh luong
265,200 48 10  Dinhtinh

Robenidin (+) 3341 334,100 138,000 25 10  Dinh luong
110,900 47 10  Dinhtinh

Qua tham khéo cac tai liéu [11] két hop véi khao sat trén hé thiét bi LC-MS/MS, hé
pha dong acid formic 0,1% va methanol theo chuong trinh gradient dugc lya chon nham
phan tich dong thoi bon khang sinh diét ciu tring, cu thé nhu sau: pha dong gom kénh A
(acid formic 0,1% trong nuéc) va kénh B (MeOH); toc d6 dong: 0,5 mL/phit; thé tich tiém
mau 1a 10 pL.

Chuong trinh gradient pha dong duoc thé hién tai Bang 3.

Bdang 3. Chuong trinh gradient phdn tich cdc chat khdng sinh

Thoi gian (phut) Kénh A (%) Kénh B (%0)
0-40 100,0 0
40-73 0 100,0
7,3-9,0 100,0 0

Dbi véi chuong trinh gradient nhu Bang 3, 100% kénh A c6 vai trd can bang va 6n
dinh cot, sau do, % kénh B duogc tang dan tir 0-100% dé tach duogc cac chat trong cot sdc ky
bang hdn hop dung mdi cua 2 kénh. Sau dé, % kénh B duoc giam dan vé 0% dé can bang
cot va loai bo hoan toan chat phan tich con trong cot.

3.2. Khio sit diéu kién xir Iy miu
3.2.1. Khdo sat dung méi chiét mau

Nén mau duge lua chon dé khao sat gém nén sita long va thit ga da dugc déng nhat.

Céac mu tring duoc thém hdn hop chuan khang sinh & ham lugng 50 pg/kg. Sau do, tién
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hanh khao sat cac dung moi chiét gdm ACN, HCOOH 0,1%/ACN va HCOOH 1%/ACN.
Két qua do thu hi trén nén thit va sira lan lugt duoc trinh bay trong Hinh 2 va 3.

ACN0.1%HCOOH ACN10%HCOCH
Dung méi i chit

100

8

5

Dé thu hdi (%)
z

=1

[=]

® Diclazuril ®Nicarbazin = Salinomycin = Robenidin

Hinh 2. Két qua khdo sat dung méi chiét trén nén thit

100

80
60
40
20

0

ACN0,1% HCOOH ACN10%HCOOH
Dung moi chiét

D thu hdi (%)

®Didazuril ®Nicarbazin ¥ Salinomyein  © Rebenidin
Hinh 3. Két qua khdo sat dung maéi chiet trén nén sita

Tir két qua thu duge ¢ Hinh 2 va 3 cho thay, viéc st dung dung méi chiét ACN,
HCOOH 0,1%/ACN va HCOOH 1%/ACN cho hiéu suit cao (trén 80%) ddi véi 2 chit
diclazuril va robenidin trén nén thit va sita. Khi st dung dung méi ACN, hi¢u suat thu hoi
ctia robenidin dat cao nhat (> 90%) d6i véi ca nén sita va thit, voi 2 dung mo6i con lai cho
hiéu suat thu hoi giam dan khi ting ndng d6 acid formic trong mau. Hi¢u suat thu hdi ctia
salinomycin thip nhat (< 80%) ddi v&i ca 2 nén mau thit va sita. Piéu nay c6 thé giai thich
1a do ndng d6 HCOOH cang tang thi pH cua dung méi chiét giam trong khi cac chit phan
tich trong Hinh 2 c6 tinh kiém. Thém vao d¢, salinomycin c6 cong thirc phan tir twong doi
16n, viéc tach chét nay ra khoi nén méu phurc tap 13 twong ddi kho khan. Nhin chung, trong
3 dung moéi lya chon khao sat thi ACN cho hi¢u suét ctia bdn chét khéang sinh cao nhét. Vi
vay, dung moi chiét ACN duoc lua chon cho cac khao sat tiép theo.

3.2.2. Khado sat thanh phan muéi chiét

Hdn hop mubi chiét co vai trd 6n dinh pH va ting d6 phan cyuc cua pha nude trong quy
trinh chiét QUEChERS. Hdn hop nay bao gdm MgSO4 c6 vai trd loai nudc trong dich chiét
va NaCl gitp ting kha ning dién ly ctia dung dich, hd tro cho cac chat dugc chiét vao dung
moi tot hon va tach ra khoi pha nude. Trong nghién ciru nay, thanh phan NaCl duoc khao
sat lan luot 12 0,5 g; 1,0 g; 1,5 g va 2 g két hop v6i 4 g MgSO4 khan trong hdn hop mudi
chiét. Két qua do thu hoi ctia bdn khang sinh diét cAu tring thyc hién trén hai nén mau tring
(thit ga va sita) duoc thé hién trong Hinh 4 va 5.
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0,5z NaCl 1z NaCl 1,5z NaCl 2z NaCl 2,5z NaCl
Khéi heonz N2Cl ()

Dé thu héi (%)

mDidazuril ®Nicarbazin = Salinomycin = Robenidin

Hinh 4. Két qua khdo sdt thanh phan NaCl trong hon hop mudi chiét trén nén thit

F i
E 6
o 40
)
c X | )
0,5z NaCl 1g NaCl 1,5z NaCl 2z NaCl 23z NaCl
Khéi twong NaCl (2)

BDidazuril ®Nicarbazin ®Salinomycin ¥ Robenidin
Hinh 5. Két qua khdo sat thanh phan NaCl trong hén hop mudi chiét trén nén sita

Tir két qua thu duoc ¢ Hinh 4 va Hinh 5 cho thdy, d6i véi ca trén nén thit va sira, khi
tang lwong mudi NaCl tir 0,5 g dén 2,5 g thi hiéu suat ctia cic chat phan tich déu ting dan,
trong d6 quy trinh st dung 2 g va 2,5 g NaCl cho hiéu sut cao nhat véi tit ca 4 chat (déu
trén 80,0% va dat theo yéu cau cia AOAC [15]. Piéu nay c6 thé giai thich 12 do NaCl gitp
tang kha nang dién ly, viéc ting dan luong NaCl gitip chét phan tich dugc chiét sang dung
mdi ACN va tach khoi pha nuée t6t hon. Tuy nhién, khi ting khdi lugng NaCl tir 2 g 1én 2,5
g thi higu suat thu hdi c6 ting nhung khong dang ké. Vi vay, thanh phan mubi chiét 2 g NaCl
két hop véi 4 g MgSO4 khan duoc lua chon cho céc khao sat tiép theo nham giam thiéu chi
phi trong qué trinh phan tich.

3.2.3. Khdo sdt thanh phan d-SPE

Thanh phéan d-SPE trong quy trinh xir Iy mau c6 vai trd loai bo cac chat dong tan voi
chat phan tich, ting d6 sach ctia nén méu, giam anh hudng ctia cac chat dong tan dén su phat
hién chét phan tich cta thiét bi. Hon hop d-SPE bao gdm MgSO4 gitip loai nudc 14n trong
16p dung mai hitu co va bot C18 1a chat hip phu pha dao, ky nudc, gitp loai bo chit khong
phan cyc nhu lipid. Do d6, viéc khao sat lugng chat hap phu C18 va lugng MgSO4 trong
thanh phﬁn d-SPE 1a rat can thiét nham thu dugc hiéu qua chiét tot nhat.

Trude hét, chat hép phu C18 dugc khao sat véi cac lugng 0,05 g; 0,075 g; 0,1 g khi
két hop cung 0,15 g MgSO4 trong hdn hop d-SPE. Két qua hiéu suét thu hdi cua cac chit
phan tich khi khao sat cic lugng C18 khac nhau dugc thé hién trong Hinh 6 va 7. Két qua
cho théy, c6 sy thay d6i hiéu suat thu hdi ctia cac chat ddi voi luong C18. Khi ting dan lugng
chat hap phu C18 tir 0,05 g dén 0,1 g thi hiéu suét thu hdi cta cac chat giam dan. Hiéu sut
thu hoi ctia cac chat cao nhét tai 0,05 g C18. Didu nay c6 thé giai thich 1a do khi ting dan
luong C18, chét phan tich co nguy co bi hap phu mot phan trén vat lidu lam cho hiéu suét
thu hoi giam di. Vi vay, khdi luong 0,05 g C18 duoc lua chon cac khao sat tiép theo.
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Hinh 7. Két qua khdo sat thanh phan C18 trong d-SPE trén nén sita
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Hinh 8. Két qua khdo sat thanh phan MgSOa trong d-SPE trén nén thit
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Hinh 9. Két qua khdo sdt thanh phan MgSOa trong d-SPE trén nén sita
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Két qua & Hinh 8 va 9 cho thiy & ca nén thit va sita, quy trinh st dung 0,2 g MgSO4
va 0,25 g MgSO4 déu cho do thu hdi cao nhét ddi vai tat ca 4 chat phan tich (déu trén 80%).
Diéu nay c6 thé giai thich 1a do khi ting lugng MgSOs s& gitp loai b thanh phan nuéc 1an
trong 16p dung méi hiru co tét hon, ting d6 sach cua nén miu. Tuy nhién, khi ting lugng
MgSOa tir 0,2 g 16n 0,25 g thi hiéu suat ting 1én khong déng ké. Vi vay, lugng MgS04 0,2 g
két hop véi 0,05 g C18 trong thanh phan d-SPE dugc lya chon trong nghién ctru ndy nham
giam thiéu chi phi trong qua trinh phan tich.

Trén co sé két qua khao sat thu duoc, quy trinh xir Iy miu nham phan tich dong thoi
bdn khang sinh di¢t cau trung duoc lya chon nhu trong Hinh 10.

Cén 5 g miu 43 ddng nhit
vao ong ly tam 50mL

g = 2 - N
Thém 5 mL nudc cat 2 lan (mav 1ong
khong can thém nuoc) 1
\ J ”
[ Lac xody 1 phot ]
A N
Thém 10,0 mL ACN
i [ Lic xody 3 phit ]
'8 N\

Thém hén hop mudi chiét gomdg
MgS04 khan va 2 g NaCl

- J ( g N\

Lic xoay 1 phut

L Dem ly tam 6000 vong/phit )

l

: N\
Hut 1 mL dich chiét vao
6ng d-SPE chira 0.2 g
MgS04va 0,05 g C18.

Lic xoay 1 phit
\ i J

!

Dem ly tam 13000
vong/phit trong 5 phut

l

-

H?t 609 pL vao lo dyng
mau, tien hanh phan tich
trén hé thong LC-MS/MS

-

7

\

.

Hinh 10. Quy trinh xit Iy mau t6i wu

3.3. Danh gia phwong phap phan tich
3.3.1. Bo dac hiéu
Trong phuong phap sac ky sir dung detector khéi phd (MS), sé diém IP (identification
point) 1a mot gié tri quan trong dé danh gia do dac hi¢u. Cach tinh s6 diém IP trong phuong
phap LC-MS/MS nhu sau: 1 diém véi ky thuat taich LC, 1 diém v&i moi ion me va 1,5 diém
v6i mdi ion con. Theo két qua trong Bang 2, mdi chit phan tich déu ¢ 1 ion me va 2 ion
con. Vi viy, tit ca cac chat déu c6 diém IP > 5, dap ung duoc yéu cau vé diém IP (IP > 5).
Ngoai ra, 6 dic hiéu ctia phuong phip con duge xac nhan qua viéc phan tich mau
trang, mau chudn va mau thém chuan. Tir két qua thu duoc cho thdy, mau tring khong xuét
hién tin hiéu cac chat phan tich, thoi gian luu ctia 4 chit phan tich trong chuan va mau thém
chuan khac nhau khong c6 ¥ nghia thdng ké (< 1%). Do d6, phuong phéap c6 do dic hiéu tét,
dap tng yéu cau.
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3.3.2. Gioi han phat hién va gioi han dinh lwong

Gi61 han phat hi¢n (MDL) va gidi han dinh lugng (MQL) ctiia phuong phép dugc xéac
dinh dya trén ty s6 tin hiéu/nhiéu (S/N). MDL duogc xac dinh béng cach do cic mau tréng
thém chuin vé6i cac ndng d6 nho dan ciia hdn hop bdn chat phan tich cho dén khi thu duoc
ty sb tin hiéu/nhidu (S/N) bang 3. MQL dugc xac dinh sau khi xac dinh dugc MDL, bang
cach lay MDL nhén véi 10/3 (MQL = 10 x MDL/3). Két qua thu dugc ciia bon chét phan
tich déu 1a MDL= 3 pg/kg, MQL= 10 pg/kg. Gidi han phat hién nay nho, phu hop dé xac
dinh ham lugng bén chit khang sinh diét cau tring trong mau thuc té.
3.3.3. Puong chudn va do tuyén tinh

Trén co s& céc diéu kién phan tich da lya chon, dudong chuin ctia bdn chit khang sinh
diét cau trung di duoc xdy dung véi sy phu thudce tuyén tinh giira dién tich pic va ndng do
ctia cac chat phan tich trong khoang tir 10 d&én 100 pg/kg.

Nén mau c6 anh hudng 16n dén két qua phan tich, dic biét 1a khi mau khong dugce xir
1}'/ t6t. Nén mau co thé 1am ting hoic lz‘lm giém tin hi¢u phan tich. Do d6, du(‘mg chuan cta
bdn chat phan tich dugc xay dung trén nén mau trang (thlt va sita) dé glam thiéu anh huong
nay. Ket qua cac phuong trinh duong chuan ciia bon chit trén cac nén mau tring cung voi
hé sé twong quan duogc thé hién trong Bang 4. Trong do6, x 1a dién tich pic va y 1 ndng do
chat phan tich.

Bdng 4. Phuwong trinh dwong chudn va hé sé twong quan trén nén mau thit va sira

Nén miu Chit phin tich Phuong trinh duwong chuan  Hé sb twong
guan (R?)
Stra Diclazuril y = 30200x + 429000 0,9998
Thit y = 20200x + 234000 0,9995
Stra Nicarbazin y = 44700x + 34400 0,9993
Thit y = 48200x - 45800 0,9975
Stra Salinomycin y =12600x - 11000 0,9986
Thit y =7170x + 2790 0,9982
Stra Robenidin y = 31900x + 237000 0,9998
Thit y = 44800x + 73300 0,9985

Két qua & Bang 4 cho thdy phuong trinh dudng chuin ctia bon chat déu c6 hé sb trong
quan R? > 0,995. Do d0, trong khoang néng do da khao sat c6 sy phu thudc tuyén tinh giira
dién tich pic va nong do tuong tng. DO chéch tai tt ca cac diém ndng do déu khong vuot
quéa + 15%, dap tng yéu cau AOAC [15].

3.3.4. Bo chum va do dung cua phwong phap

Do ding (dwoc danh gia thong qua do thu hdi (H%)) va do chum (dugc danh gia thong
qua do 13p lai v6i gia tri d6 léch chudn twong dbi (RSD%)) trén co s& phan tich miu tring
thém chuén tai 3 mirc ham luong 10,0; 20,0 va 100 pg/kg. Méi mirc ham lugng dugc phan
tich ldp lai 06 lan theo quy trinh xtr Iy mau & Hinh 10. Két qua phén tich d6 chum va do dang
dugc thé hién tom tit trong Bang 5.
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Bdng 5. Két qud dg chum va dé diing trén nén mau thit va siza

Nén mau

Chat phan tich Thong so Thit Sia
Diclazuril RSD 4,01-9,77 5,29 - 10,13
Nicarbazine (%) 1,89 - 4,98 1,77 — 4,56
Salinomycin 4,32 -17,90 5,06 — 5,93
Robenidin 2,99 -6,71 3,95-9,04
Diclazuril H 81,5-104 83,7 - 106
Nicarbazine (%) 87,5-104 96,7- 109
Salinomycin 84,4 — 107 83,2 -102
Robenidin 85,7 —102 81,2103

Két qua thu duoc trong Bang 5 cho thdy, d6 thu hdi ctia cc chét trong khoang 81,5 -
107,0% va RSD trong khoang 1,89 - 9,77% trén nén mau thit. Do thu hdi ctia cac chit trong
khoang 81,2 - 109% va RSD trong khoang 1,77 - 10,13% trén nén mau sira. Theo quy dinh
cia AOAC 2016 [15], & mtic nong d6 10 - 100 ppb thi d thu hdi yéu cau 1a 80 - 110% va
d6 1ap lai yéu cau RSD nho hon 15%. Vi vay, phuong phép phan tich dap ing duoc yéu cau
vé do ding va do chum theo quy dinh ctia AOAC 2016 [15]. Phuong phap c6 thé ap dung
dé phan tich du lugng khang sinh nhém diét ciu tring trong mau thuc té.

3.4. Phan tich miu thyec té

Phuong phép sau khi tham dinh dap tmg yéu cau di duoc 4p dung dé phan tich ham
lwong bon khang sinh nhém diét cu tring trong 23 mau thit va san pham thit (bao gdm: thit
ga, lon, bo va gio cha) va 8 mau sita va san pham sita (gom: sita 16ng, sita bot va sita chua)
dugc thu thap trén dia ban Ha Noi. Két qua cho thay khong phat hién ca bon chit phan tich
trong tat ca cac mau (véi MDL 1a 3,0 pg/kg). Bé minh chimg kha ning 4p dung ctia phuong
phap ddi véi cac mau thuc té, tt ca 31 mau nay déu duoc thém chuan hdn hop bdn khang
sinh diét cau trung & mac ham lugng 20 pg/kg dé phéan tich va danh gia hiéu suét thu hoi.
Mot sb sic dd minh hoa duoc thé hién ¢ Hinh 11.

l M10 - Nicarbazine1 (Unknown) 201.006/106.993 Da . M17.1 - Nicarbazine1 (Unknown) 201,008/108.993
Area: 7,12e+001 counts Height: 4.15e+001 cps R (peak not found)
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Két qua cho thay, hiéu sut thu hoi cua tat ca cac chat trong cic mau thém chuén dat
duogc trong khoang tir 81,1 - 95,8%, dap ung theo yéu cau cia AOAC 2016 [15]. Két qua
nay da minh chimg duoc kha ning 4p dung ciia phuong phap trén nén mau thyc té.

4. KET LUAN

Nghién ctru d3 thanh cong trong viéc xay dung quy trinh xac dinh dong thoi 04 khang
sinh ¢6 tac dung diét cau trung (diclazuril, salinomycin, nicarbazin va robenidine) trén nén
thuc phim mot cach nhanh chong, hiéu qua. Phuwong phap da duoc ap dung dé phan tich ham
luong 04 khang sinh nay trong 31 méau thuc pham (thit va cac san pham tir thit, sita va cac
san pham sira) dugc thu thap ngiu nhién trén thi truong Ha Noi. Két qua budce dau cho thay
khong phat hién bon chét khang sinh nay ton du trong tat ca cac mau & mic MDL 14 3 pg/kg.
Hiéu suét thu hdi ctia bdn chit trong tat ca cic mau thém chudn ¢ mutc ham luong 10 pg/kg
dat duoc trong khoang 81,1 - 95,8%, cho théy phuong phép hoan toan co thé ap dung dé
phan tich cac ddi tuong mau nay. Thit va sira 1a hai loai thyc phém ¢6 nhu cu tiéu thy rat
16n va phé bién tai thi truong Viét Nam. Vi vay, viéc kiém soét du lugng khang sinh diét
cau trung gitip dam bao chat luong cua cac thuc pham nay va bao vé strc khoe ngudi tiéu
ding, dic biét 1a khi nhitng loai thudc thu y nay khong thudc danh muc thude phai ké don
va duoc st dung rong rai nhu hién nay.
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