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Linh vuwe k¥ thuit dwoc dé cap

Giai phap hitu ich dé cap quy trinh phan tich dinh lugng ddng thoi cac aflatoxin
B1 (AFB1), G1 (AFG1), B2 (AFB2), G2 (AFG2) trong san phdm bdt 6t bang hé théng
sic ky 1ong siéu hiéu nang cao véi dau do huynh quang (UPLC-FD). Phuong phap khong
str dung dan xuAt véi nhiing wu diém nhu: tiét kiém thoi gian phan tich, giam luong
dung mdi st dung, gitip giam viéc gy 6 nhiém moi trudng, bao vé stc khoe kiém
nghiém vién, quy trinh xtr Iy mau don gian, gia thanh phan tich thép, d& trién khai cho
cac phong thi nghiém kiém nghiém an toan thuc phdm.

Tinh trang ky thuit cia gidi phap hiru ich

Trong nhém mycotoxins, aflatoxin (AF) 12 mét trong nhitng loai doc t6 ndm mde
doc nhat va dugce sinh ra boi mot sb loai ndm mée (Aspergillus flavus va Aspergillus
parasiticus) phat trién trong dat, tham thyuc vat muc nét, co kho va ngii cdc. Hat c6 dau

(dau twong, dau phong, hat huéng duong va hat bong), ngii cbe (ngd, lha mién, Ita mi,

112

va gao), gia vi (6t, hat tiéu den, rau mui, ngh¢, va giing) va céac loai hat (qua hd tran, ,

hanh nhén, va qua 6c ché) thuong bi nhiém aflatoxin sinh ra boi loai ndm Aspergillus
spp.. V61 ham luong 16m, aflatoxin c6 thé din dén ngd doc cép tinh (aflatoxicosis) va co
thé de doa tinh mang, thuong 13 thong qua tén thuong gan. Do dé, can c6 phuong phap

phén tich v6i d§ nhay cao va chinh x4c dé kiém so4t ham lugng cac AF trong thuc phim.

Do d6, nhiéu phuong phap da duge nghién ctru va cong bb, bao gdbm céc phuong
phap dinh tinh nhanh va cac phwong phap dinh lugng bing sic ky. Cac phuong phéap
dinh tinh nhanh, nhu‘ phuong phap hap thu mién dich lién két enzym (ELISA) va cac
que thir nhanh (Lateral flow test), c6 wu diém 1a cho két qua nhanh, chi phi thip, c6 thé
4p dung sang loc ddi v6i nguyén lidu tai nha may. Tuy nhién, cac phuong phap nay ton
tai mot s6 nhuge diém nhu kha ning cho dwong tinh va 4m tinh gia con cao, phan tich
aflatoxin & dang tong chtr khong phan biét dugc timg chit. i véi phuong phép phan
tich dinh luong, hién hay Viét Nam dang 4p dung cac phuong phép ctia to chitc AOAC,
MF, nhu: (1) dinh Iuong aflatoxin trong ng6, hanh nhan, qua hach Brazil, ddu phong va
hat hd tran biang cot ¢t da chirc ning Mycosep (AOAC 994.08); (2) xac dinh aflatoxin
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trong ngd, dau phong va bo d4u phong bing phuong phép sic ky 1éng véi dAn xuit
quang héa sau cot (AOAC 2005.08); va (3) xac dinh aflatoxin B1 trong thuc &n tré em
(stra bot) bang phuong phap lam sach véi cot mién dich ai luc va dinh lugng bing sic
ky long tao dan xudt sau cot véi brom (AOAC 2000.16). Pay déu 1 cac phuong phap
tiéu chudn dugc 4p dung rdng réi tai cac phong thi nghiém trén thé giéi. Uu diém cia
chung 13 da duoc thim dinh ddy du va két qua déng tin cdy vi da duoc so sanh lién phong
trén khip thé gisi boi cac td chire doc 1ap. Tuy nhién, c6 mot nhuoe diém vo ciing 16n
do 1a viéc tao din xuét sau cot (do Aflatoxin khéng nhay v6i ddu do huynh quang). Viée
bnély dan dén mot sb kho khin nhu: phai trang bi b dan xuét sau cot (néu tao din xudt
sau); hodc do 1ap lai khong t6t, d& hong cot sic ky (phwong phap din xuit trudc cot).
Gan day, phuong phép séc ky 1ong ghép khdi phd (LC-MS/MS) da duge ap dung, cho
d6 nhay dép g duoc cac quy dinh do nhay dép tng gidi han t6i da (ML) ctia cac nudc.
Tuy nhién thiét bi nay cé chi phi cao va doi hoi kha ning van hanh ctia k¥ thuat vién
phén tich, kh¢ trang bi cho cac phong thi nghiém ctia nha méy cling nhu cac co quan
quan ly thi truong tai cac dia phuong.

Pén thoi diém hién nay, & Viét Nam va thé gidi chua c6 nghién ciru cong bd day
da vé quy trinh phan tich dong thoi aflatoxin B1, G1, B2, G2 trong bdt 6t trén hé théng
sic ky 1ong siéu hiéu ning diu do huynh quang, khong sir dung dan xuat.

Ban chit ky thuit ciia giai phap hiru ich

Muc dich cta giai phap hiru ich 1a dua ra quy trinh phan tich dinh lugng dong
thoi aflatoxin B1, G1, B2, G2 trong bot 6t trén hé théng sdc ky long siéu hi€u nang dau
dd huynh quang (UPLC-FD), khong st dung din xuat, gép phan phat trién cac phuong
phép phan tich méi than thién moi truong, van hanh don gian, nhanh chong. Bén canh
d6 phuong phéap dugc thim dinh ddy du cac thong s theo yéu cia ctia tiéu chudn Viét
Nam TCVN ISO 17025:2017, va do nhay dép tmg giéi han tdi da (ML) cho phép ctua
d6 t6 ndm mdc AF trong thuc phim theo quy chuin Viét Nam QCVN 8-1:2011/BYT.

Dé dat duoc muc dich néu trén, quy trinh phan tich dinh luong doc 6 nAm méc
AFBI1, AFG1, AFB2, AFG2 bao gém cac budc:

i) chiét mau bang dung moi MeOH/H,O (8/2);

ii) lam sach va lam giau mau bang ¢t ai lyc mién dich;
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iii) phén tich trén thiét bi UPLC-FD véi c4c thong sb cu thé; va
iv) phén tich két qua véi cac chat chuan aflatoxin B1, G1, B2, G2.
M6 ta vin tit cic hinh vé

Hinh 1 1a so dé mo ta quy trinh phan tich dinh luong dé)ng thoi aflatoxin B1, G1,
B2, G2 trong bot 6t trén hé thdng sic ky 16ng siéu hidu ning dau do huynh quang, khong

st dung din xuat theo giai phap hitu ich.

Hinh 2 13 anh chup thiét bi UPLC-FD dugc st dung trong quy trinh phan tich
dinh lugng dong thoi aflatoxin B1, G1, B2, G2 trong bdt 6t trén hé théng sic ky long
siéu hiéu ning dau do huynh quang, khong sir dung din xuét theo giai phép hitu ich.
MO té chi tiét giai phap hiru ich

Sau day 14 phan m6 ta chi tiét phwong an thuc hién wu tién theo giai phap hiru ich
cung voi viéc tham khao hinh 1 kém theo. Phén mo ta chi tiét nay chi nhim muc dich
minh hoa c4c nguyén tic chung theo giai phap hitu ich va cic nguyén tac nay hoan toan
khong bi giéi han bai phan mo ta chi tiét nay.

Quy trinh phan tich dinh lugng dong thoi aflatoxin B1, G1, B2, G2 trong bot 6t
trén hé thdng sic ky long siéu hiéu ning dau do huynh quang (UPLC-FD), khong sir

dung din xuét duge thuc hién bao gdm céc cong doan chi tiét nhu sau:

i) chiét mau bang dung mdi MeOH/H2O:

14y mAu bot &t tir ta dong (-20°C), dé yén mAu dén nhiét d6 phong va dong nhét mau
bing cbi xay kho; bd sung 20mL MeOH/H,O (8/2) vao 5¢g mau bot 6t, khudy déu, siéu
am 30 phut, sau d6 ly tam 9000 vong/phut trong 3 phut, loc qua gidy loc xanh;

ii) 1am sach va lam giau mAu bang cot 4i lyc mién dich:

rat SmL dich loc, bd sung 20mL Phosphate Buffered Saline (PBS), khudy déu, ly tim
9000 vong/phut trong 3 phut, cho 20mL dich loc qua cot 4i luc IAC (IAC chira cac
khang thé don dong aflatoxin B1, B2, G1, G2 d? lién két véi aflatoxin dé ¢d dinh trén
bé mit rén. Khi mAu chiét di chuyén xubng cot IAC, aflatoxin lién két v6i cac khang thé
va dugc gitt lai trén cdt. Dé loai bo céc protein khong lién két va tap chét, budc rira
thuong dugc yéu ciu str dung chét dém cudng do ion thich hop hodc nudce cAt. Sau do,

aflatoxin duge thu hdi hodc loai bé khéi IAC bang cach sir dung cac dung méi tinh khiét
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nhu Axetonitril (ACN) hoic MeOH dé phé v& lién két giita khang thé va aflatoxin), rira
cot béng 20mL HO; rira giai 3mlL MeOH, théi kho biang khi No;
iii) phén tich trén thiét bi UPLC-FD vdi c4c thong sb cu thé (hinh 2):
sau khi miu duge thdi kho, dinh muc 1mL dung dich ACN/HCOOH (Axetonitril/axit
formic) 0,2 % (1/1), loc PTFE 0,22pum, sau d6 tiém mau vao hé UPLC-FD; trong do ti
16 pha dong 0,1% HCOOH/ACN/MeOH (64/18/18), c6t phan tich Ciz 1,7p
(150%2,1)mm & nhiét d6 40°C, vai tde do dong 0,2 mL/phit va thé tich tiém SuL, két
hop thong s6 diu do huynh quang FD véi bude song kich thich Ex = 365nm va budc
song phat xa Em = 455nm; va
iv) phan tich két qua v6i cac chat chuan aflatoxin B1, B2, G1 va G2.
Vi du thuc hién gidi phap hitu ich
Vi du 1: So sanh quy trinh phéan tich dinh luong déng thoi aflatoxin B1, G1, B2, G2
trong bot 6t trén hé thdng sic ky 16ng siéu hiéu nang ddu do huynh quang (UPLC-FD),
khong sir dung din xuat theo giai phap hitu ich (CASE.SK.0192) vé&i quy trinh theo tiéu
chuén TCVN 10638:2014. |

Phén tich dong thoi 10 mAu bot 6t tuong tmg 20 miii tiém bao gdm 1 blank dung
moi, 5 dung dich chudn, 1 blank miu, 1 mau kiém soat (QC), 10 mAu bot 6t, 1 blank
mau va 1 mau QC.
Béng 1: So sanh quy trinh thuc hién phan tich ddng thoi aflatoxin B1, B2, G1, G2
trong bot 6t theo quy trinh giai phap hiru ich va quy trinh theo tiéu chuan Viét Nam

Céc muc thuc hién Phuong phéap Phuong phap tiéu chuin
CASE.SK.0192 TCVN 10638.2014 |

Luong dung moi tieu hao  MeOH: 300-340 mL MeOH: 2900-3000 mL
ACN: 80-120 mL ACN: 80-120 mL

Lam sach mau c6t IAC ~ C6 Cé

Bo din xuét sau cot Khong Co
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Ho4 chit sir dung din xuit Khong Pyridini hydrobromua
sau cot perbromua

Quy trinh xir Iy mau ft thao tac, don gian Nhiéu thao tac, phirc tap
Thoi gian phan tich 420-460 phut Khong cu thé

Quy trinh phén tich ddng thoi aflatoxin B1, G1, B2, G2 trong bot 6t trén hé thdng sic
ky 16ng siéu hiéu niang ddu dé huynh quang (UPLC-FD), khong st dung dén xuét bao
gbm:
Thude thir va vat liéu thir

— Axetonitril HPLC véi d6 tinh khiét > 99,9 %, ham lugng nuée < 0,02 %

— Axit formic v6i d6 tinh khiét > 99,9 %, ham luong axit axetic < 0,05 %

— Metanol HPLC véi @6 tinh khiét > 99,9 %, ham lugng nude < 0,02 %

— Cot 4i luc mién dich Aflatoxin voi tée d6 dong chay 1-3 ml/phut, nhiém chéo chét
khac < 0,01 %, thé tich cot 3mL (IAC- AflaTest WB)

— Nudc cét 2 14n loai ion.

— NaCl v6i do tinh khiét > 99 %, d6 am < 0,5 %

—PBS v6i do pH = 7,4

— Chuén hén hop Aflatoxin: B1: 2 pg/mL; B2: 0,5 ug/mL; G1: 2 pg/mL; G2: 0,5
ng/mL trong dung mdi axetonitril
Thiét bi phan tich

— Hé théng sic ky 16ng siéu cao 4p — Khay dé pha dong Waters Solvent Tray.

— Bom Waters Acquity Quaternary solvent manager.

— B0 tiém mau ty dong Waters Acquity Sample Manager FTN.

— Budng cot Waters Acquity Column Heater.

— Dau do Waters Acquity FD detetor.

— COtBEHC18 1,7p (150%2,1)mm + tién cot ctia hing Waters hay cot twong duong

- 5/12
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Thiét bi khac va dung cu

May lc, may vortex, may ly tdm, bdn siéu Am, hé loc pha dong.
Cén phan tich gram, chinh xac téi 0,0001g

Cén phan tich miligram, chinh x4c téi 0,001mg
Micropipet, loai 20-200pL va 100-1000uL

Ong dong 100 mL, 500 mL, 1000 mL.

Binh dinh mte 5 mL, 10 mL, 25 mL, 50 mL.
Vial thuy tinh 1,5mL

Binh dung dung mai loai 1 lit c6 nip day.

()ng ly tdm 50 mL chiu dugc dung méi loai PTFE
Gidy loc xanh @ =11 cm

Siéu loc PTFE loc 0,22um, duong kinh 13mm

Chuén bi cac dung dich dinh mtrc va ly trich

Dung dich 0,1% HCOOH: Rat 1 mL HCOOH vao binh dinh mirc 1000 mL, dinh
muic dén vach bang H>O lic déu, danh siéu 4m 5 phut.

Dung dich 0,2% HCOOH: Rut 100 pL. HCOOH vao binh dinh mirc 50 mL, dinh
mirc dén vach bang H>O lac déu, danh siéu 4m 2 phut.

Dung dich 0,2% HCOOH /ACN (1/1): Pong 50 mL 0,2% HCOOH vao binh dinh
muc 100 mL, dinh mac dén vach béng ACN lic déu, danh siéu 4m 5 phut.
Dung dich ACN/HO (6/4): Pong 640 mL ACN vao binh dinh mirc 1000 mL,
dinh mirc dén vach bing H>O lic déu, danh siéu 4m 5 phit.

Chuén bj cac dung dich chuén

Chuén gbe Co héng d6 5 pg/mL: Chuan hdn hop Aflatoxin B1: 2 pg/mL; B2: 0,5
pug/mL; G1: 2 pg/mL; G2: 0,5 pg/mL trong dung moi axetonitril (ACN).
Chuan trung gian 1 Crgi ndng dd 500 pg/L: Rut 1 mL chudn gdc Co ndng do 5
ng/mL vao binh dinh mrc 10 mL lam déy t6i vach bing ACN.
Chuén trung gian 2 Cro2 ndng d6 50 pg/L: Rut 1 mL chuén Crai vao binh dinh
mirc 10 mL lam d4y t6i vach bing 0,2% HCOOH /ACN (1/1).
Chuén trung gian 3 Cras nong d6 50 pg/L: Rut 0,5 mL chuin Cra1 vao binh dinh
murc 5 mL lam day toi vach bang ACN.

6
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— Chuén gdc duoc luu trit & nhiét d6 2-8°C sit dung trong 12 thang

— Chuén trung gian dugc luu trit & nhiét d6 2-8°C st dung trong 6 thang

Chuin 1am viéc dugc xay dung 5 diém chuén lam viéc 0,5; 5,0; 10,0; 20,0;

50,0pg/L trong 0,2% HCOOH /ACN (1/1)
Quy trinh xir Iy mau

Bao quan mau: mau bdt 6t chua phan tich duge Ivu trong ti dong (-20°C) khong
qué 21 ngay.

Bff)ng nhét méu: Mau duoc léy ra tir ti dong, sau dé dé yén mau dén nhiét do

phong, sau d6 mau dugc ddng nhit bang cdi xay kho.

Cén méu: mau sau khi duoc ddng nhit, cAn miu véi luong can (5 + 0,0001g) vao

dng ly tim nhya PTEE béng cin phén tich 4 s6 sau ddu phay.

X ly miu: thém 20 mL MeOH/H2O (8/2), siéu 4m 30 phit, ly tim 9000
vong/phit trong 3 phut, loc qua gidy loc xanh. Rut 5 mL dich loc, thém 20 ml PBS, d4nh
siéu am, ly tim 9000 vong/phut trong 3 phut, 1y 20mL dich loc qua cot 4i luc IAC, rira
cot bing 20ml, HO. Rira gidi 3mL MeOH, thdi khd mAu bing khi Nito (No).

Tiém vao hé sic ky UPLC-FD; M&u sau khi thdi kho, dinh mirc ImL dung dich
0,2% HCOOH/ACN (1/1), siéu loc PTFE 0,22um. Tiém vao hé UPLC-FD

Phén tich két qua v6i cac chit chuan aflatoxin B1, B2, G1 va G2.

Xac dinh ndng d6 khéi lugng cac chit aflatoxin, biéu thi bing microgam trén lit
(ug/L) trong dung dich bom tir dudng chuan. Tinh him luong céc chét aflatoxin B1, B2,
G1 va G2 c6 trong mau dua vao cot bidu thi bang don vi vi microgam trén kilogam

(ng/Kg) theo cong thirc

Paa x Vi xVox F
I_[Laﬂa =

V3 Xmg
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Pafa 1a ndng d6 cta aflatoxin trong dung dich thir d4 dugc bom va thu dugce

tir duong chuén, tinh bing microgam trén 1it (ug/L);

Vi 1a thé tich cua dung méi da 14y dé chiét (trong trudng hop nay 14 20 mL),
tinh bang mililit (mL);

V2 1 thé tich cta dich chiét mAu chua pha lodng dugc 1y (trong truong hop

nay 14 5 mL), tinh bang mililit (mL);

V3 12 thé tich cua dich chiét mau sau pha lodng va cho qua cot i luc mién

nhiém (trong trudng hop nay 1a 20 mL), tinh bang mililit (mL);

F 1a hé sb pha lodng ctia dung dich dinh murc cudi cung trudc khi dua vao hé

thng tiém (trong trudong hop nay 1a 1)

me 13 khdi luong miu dugc 14y dé phén tich (trong trudng hop nay 14 5 g)
tinh bang gam (g).

Hiéu qua dat dwgc cia gidi phap hitu ich

Giai phap hitu ich méi ctia chiing t6i nhim dua ra quy trinh phén tich dong thoi
aflatoxin B1, G1, B2, G2 trong bot 6t trén hé thdng sic ky long sidu hiéu ning dau do
huynh quang (UPLC-FD), khong sir dung din xuat, v&i thoi gian phén tich mau nhanh
giam lugng dung méi chay may, it gdy 6 nhiém mai trudng, bao vé strc khde ngudi thao

tac, quy trinh xi Iy mAu don gian, it tn dung méi va trén thiét bi don gian, d& van hanh.

Tdng thoi gian phan tich 10 mu bot 6t, 1 mau bot 6t kiém soat (mau QC), 1 miu
bot 6t khong chua doc t6 aflatoxin (miu blank) va cho ra két qua dao dong 440 + 20
phit, bao gdm thoi gian ddng nhét va can 12 mau bdt 6t vao dng ly tim (60 phit), thoi
gian xtt Iy mAu trude khi tiém vao thiét bi (60 phut), thoi gian tiém mau vao thiét bj bao
gém 5 diém chuén, 1 blank dung mdi, 1 blank mau, 1 mau QC, 10 miu bot 6t, 1 blank
dung méi lap lai, 1 miu QC lip lai (300 pht), thoi gian tinh toan va cho ra két qua (20
phut).

Luong dung méi sir dung phén tich dong thoi 12 mau bot 6t (320 + 20 mL MeOH

va 100 + 20 mL ACN) bao gdm dung méi xtr Iy mau va dung mai tiéu hao khi chay

8
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may.

Quy trinh phéan tich dua ra c6 d¢ tin cdy cao khi ¢ két qua so sanh gifta 2 phong
thi nghiém khéc trén cung 1 mAu bot 6t duge chudn bi va bao quan trong cling diéu kién
(-20°C) trude khi xir Iy mAu va phan tich trén thiét bi véi do tai 1ap gitta 3 phong thi
nghiém rét tt tai mirc ndng do < 100 pg/Kg (% do tai lap RSD = 0,95-5,09% cho cac
chit Afla B1, G1, B2, trong khi theo tiéu chi chip nhan AOAC 2016 bang F quy dinh
% RSD tai 1ap < 22% tai muic ndng d < 100 pg/Kg).

9112
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YEU CAU BAO HQ
1. Quy trinh phén tich dinh luong déng thoi aflatoxin B1, G1, B2, G2 trong bdt 6t trén
hé théng sic ky 16ng siéu hiéu nang dau do huynh quang, khéng sir dung din xuét bao
gbm céc bude:
i) chiét mau bang dung méi MeOH/H,O:
14y mau bot 6t tir ti dong (-20°C), dé yén mAu dén nhiét do phong va ddng nhét mau
bing cbi xay kho; bd sung 20mL MeOH/H»O (8/2) vao 5g mau bot 6t, khudy déu, sidu
am 30 phut, sau d6 ly tim 9000 vong/phit trong 3 phiit, loc qua gidy loc xanh;
ii) lam sach va 1am giau mAu bing cot 4i luc mién dich:
rat SmL dich loc, bd sung 20mL Phosphate Buffered Saline, khudy déu, ly tim 9000
vong/phut trong 3 phat, cho 20mL dich loc qua cét i luc IAC, rira cot béng 20mL H>O;
rira giai 3mL MeOH, th6i kho bang khi Na;
iii) phan tich trén thiét bi UPLC-FD vdi cac thong sb cu thé:
sau khi mau duogc thdi kho, dinh mtc ImL dung dich ACN/HCOOH 0,2 % (1/1), loc
PTFE 0,22pum, sau d6 tiém miu vao hé UPLC-FD; trong d6 ti 1& pha dong 0,1%
HCOOH/ACN/MeOH (64/18/18), c6t phan tich Cig 1,7p (150*2,1)mm & nhiét 4§ 40°C,
v6i the do dong 0,2 mL/phut va thé tich tiém SpL, két hop thong sb diu do huynh quang

FD véi budce song kich thich Ex = 365nm va budc séng phat xa Em = 455nm; va

iv) phan tich két qua véi cac chét chuén aflatoxin B1, G1, B2, G2..

10

10/12



Hinh 1

Budc 1

Budc 2

Budc 3

3872

il Luu mau -20°C

Ddng nhét mau va can méu (5+0,0001 gam)

v

Thém 20 mL dung dich MeOH/ H,O (8/2) (DD1)

A

Rat 5 mL DD1 sau khi loc, thém 20 mL PBS (DD2)

Siéu 4m, ly tdm 9000 vong/phut,

i loc gidy loc 110 mm

Rut 20 mL DD2 sau khi loc qua cdt &i luc mién dich IAC

v

Rua cot IAC bang 20 mL HO

v

Rura giai 3 mL MeOH

v

Théi kho bang khi N,

v

DPinh mic 1 mL 0,2 % HCOOH/ ACN (1/1)

Qua siéu loc PTFE 0,45um,
‘ dua vao vial 2 mL

A

Tiém hé sac ky UPLC/FD

11

Siéu &m 30 phut, ly tim 9000 vong/phut,
loc giay loc 110 mm
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Khay dé pha dong Waters
Solvent Tray

Budng cot Waters
Acquity Column Heater

B6 tiém mau tu dong
Waters Acquity Sample
Manager FTN

Bom Waters Acquity
Quaternary solvent
manager

Diu do Waters Acquity

FD dectetor
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