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Abstract

Aflatoxin B1 (AfB1) is a mycotoxin produced by certain species of Aspergillus such as A. flavus and A.
parasiticus, which is highly toxic and classified as group IA — potentially carcinogenic to humans (according
to IARC). AfB1 mainly appears in cereals, oilseeds (peanuts, sunflower seeds, corn, dried peppers...) and can
be converted in the liver into a potent carcinogen, AfB1-8,9-epoxide. Due to the danger of AfB1, many
countries, including Vietnam, have issued regulations limiting the amount of AfB1 in food. Common methods
for creating AfB1 standards include culturing Aspergillus flavus in a suitable medium and chemical extraction.
However, this method requires very strict biosecurity requirements because of the danger of AfB1 to human
health. The development of the AfB1 standard process in Vietnam is not only scientifically significant but also
brings economic benefits, reduces dependence on imported sources, and helps control the quality of food in
the country. In this study, AfB1 was extracted from peanuts by solid-phase extraction (SPE) and enriched and
cleaned with silica gel column chromatography. The standard solution was then purified with diethyl ether:n-
hexane solution (1:1, v/v) to remove residual non-polar impurities. The analysis by thin layer chromatography
showed that the standard solution met the purity requirements. The homogeneity and stability of the standard
solution were evaluated, resulting in 100 mL of AfB1 standard solution with a certified value of 99.6 ng/mL
with a measurement uncertainty of 3.0 ng/mL and an estimated shelf life of 587 days (until 09/12/2026) at -
20°C.
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Research on the process of creating standard solution of Aflatoxin B1 from peanuts

Nohién ciu xay dung quy trinh tao dung dich chuin Aflatoxin B1 tif lac

Phiing Céng Ly', Tran Trung Thanh', Bui Cao Tién', Nguyén Thi Hong Ngoc!,
Nguyén Phwong Anh?, Nguyén Thi Thity Linh?
1Vién Kiém nghiém an toan vé sinh thyc phdm Quéc gia, Ha Ngi, Viét Nam
2Truong Pai hoc Duoc Ha Noi, Viét Nam
Tém tit

Aflatoxin B1 (AfB1) 1a mot doc 6 vi ndm do mot sb loai Aspergillus nhu A. flavus va A. parasiticus tao ra,
¢b doc tinh cao va duge xép vao nhom IA - ¢6 kha nang gy ung thu cho ngudi (theo International Agency for
Research on Cancer (IARC)). AfB1 chu yéu xuét hién trong cac loai ngil cde, hat chia dau (lac, hat huéng
duong, ngd, 6t kho...) va c6 thé chuyén hoa trong gan thanh chét giy ung thu manh l1a AfB1-8,9-epoxide. Do
tinh nguy hiém ctia AfB1, nhiéu qudc gia, bao g@)m Viét Nam, da ban hanh céc quy dinh gidi han ham luong
AfBI trong thyc pham. Cac phuong phap phd bién dé tao chat chudn AfB1 gém nudi cay Aspergzllus Sflavus
tren mdi truong pht hop va chiét tach hoa hoc. Tuy nhién, phuong phap nay doi hoi yéu cau rat nghiém ngat
vé an toan sinh hoc boi sy nguy hién ctia AfB1 ddi véi strc khoe con nguoi. Viée phat trién quy trinh tao chat
chuin AfBI1 tai Viét Nam khong chi c6 y nghia khoa hoc ma con mang lai loi ich kinh té, giam phu thudc vao
ngudn nhap khéau va gitip kiém soat chét lugng thuc phim trong nudc. Trong nghién ciru nay, AfB1 duoc chiét
tach tir lac bang k¥ thuét chiét pha rin (SPE) va lam giau, lam sach bang séc ky cot silica gel. Dung dich chuén
sau d6 duoc tinh ché bang dung dich diethyl ether:n-hexan (1:1, v/v) dé loai bo cac tap chat khong phan cuc
con du. Qua phén tich bang thiét bi sic ky 16p mong, két qua cho thdy dung dich chuén dat yéu cau vé do tinh
khiét. Tién hanh danh gia do déng nhét va do 6n dinh cua dung dich chuén, két qua thu dugc 100 mL dung
dich chuan AfB1 c6 gia tri chimg nhan 14 99,6 ng/mL véi d6 khong dam bao do 1a 3,0 ng/mL va han sir dung
woc tinh 14 587 ngay (dén 09/12/2026) & -20°C.

Tir khoa: Aflatoxin Bl, lac, silica gel, Aspergillus.

1. PAT VAN PE

Aflatoxin B1 (AfB1) 1a m6t san pham chuyén hoa thir cip ctia mot sb nam mdc nhom Aspergillus nhu A.
flavus, A. parasiticus, A. nominus. AfB1 13 loai aflatoxin manh nhat va phd bién nhét, gy hai cho strc khoe
clia con ngudi trén toan cau [1]. Aspergillus flavus 14 loai san sinh aflatoxin phd bién va rong rai nhét. Ching
¢6 thé gy 6 nhidm aflatoxin cho nhiéu loai cdy trdng nhu laa, ngd, khoai, lac... Trong khi d6, Aspergillus
parasiticus thich nghi hon v6i moi trudng dat nén ching thuong xudt hién trong cac loai dau phong. Khi xam
nhap vao thuc pham, nim Aspergillus san xuat aflatoxin, bao gdbm AfB1. Loai ndm Aspergillus thuong phat
trién thudn loi & nhiét do tir 25°C dén 33°C va d6 4m cao (hoat do nudc > 0,98), do d6 thuc phém tai cac khu
vuc & chau Phi va Pong Nam A thudng bi nhiém aflatoxin nghiém trong [2].

Trong nhém aflatoxin, AfB1 la hop chét co tinh gdy ung thu manh nhét, duoc ghi nhan 1a tdc nhan chinh
gy ung thu biéu mé té bao gan (HCC), ddng thoi con giy te ché ting truong, suy giam hé mién dich va suy
dinh dudng (IARC, 2012) [3]. AfB1 c6 thé gay dot bién manh va lién két vdi acid nucleic, cling nhu protein
trong gan, giy dot bién tir guanine (G) thanh thymine (T). Co ché doc tinh ciia AfB1 ¢ gan I tao ra cac gdc
oxy phan tng, din dén tén thuong té bao va oxy hoa, giy doc cho gan. AfB1 con c6 kha nang gy chét té bao
theo chuong trinh (apoptosis) qua con dudng tin higu ty thé, 1am suy giam chirc nang gan [1]. Ngo doc AfB1
chu yéu xay ra do con nguoi an thyc pham bi 6 nhiém, diéu nay rat kho kiém soat vi nAm mdc trong thuc pham
rat phd bién. Cac nghién ciru cho thdy viéc tiéu thu thyc pham c6 ndng dd AfB1 thip trong thoi gian dai 1a
nguyén nhan chinh gy ung thu gan, ung thu da day va cac bénh khac.

Do tinh nguy hiém ciia aflatoxin trong thic phdm, viéc kiém soat ham lwong aflatoxin trong thuc pham la
mot viéc hét stre quan trong. Tai Viét Nam va nhiéu nude trén thé gidi da dua ra cac quy dinh vé gidi han cho
phép d6i voi AfB1 va cac doc td vi ndm khac. O Chau Au, Quy dinh cta Uy ban Chau Au (EC) s6 1881/2006
va 401/2006 di dua ra mirc gidi han d6i véi lac, qua hach va cac san pham ché bién cua ching 1a 2 pg/kg voi
AfBI va aflatoxin tong gdm (B1, B2, G1, G2) 1a 4 pg/kg [4, 5]. Tai Viét Nam, ham luong AfB1 t6i da cho
phép trong lac va cac loai hat c6 dau 1a 8 ug/kg d6i véi loai so ché trude khi sir dung va 2 pg/kg khi sir dung
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truc tiép (Theo QCVN 8-1/2011 BYT) [6]. Vi vy, viéc nghién ciru tong hop va phat trién chat chudn AfB1 rat
can thiét, gop phan danh gia chat luong thyc pham va dam bao an toan vé sinh thuc pham cho nguoi tiéu dung.

Hién nay, trén thé gi6i s lugng cac nghién ctru vé quy trinh tao chat chuan AfB1 dugc cong bd con rat han
ché. Trén thé gidi, phuong phap tao chat chuan AfB1 dugc nghién ctru nhiéu nhat hién nay 1a nuéi cdy va gia
tang nam Aspergillus flavus hodc Aspergillus parasiticus trén chit nén ran hodc méi truong trong phong thi
nghiém. AfB1 duoc chiét xuat bang dung méi phi hop va tinh ché bang sic ky. Theo nghién ciru ctia Danieli
Cristina Schabo va cac cong su [7], AfB1 dugc san xuét tir loai ndm Aspergillus flavus. Phuong phap tao chat
chuan AfBI tir viéc phéan 1ap va ting sinh nAm mdc 1a phuwong phéap c¢6 nhiéu uu diém boi kha ning tao ra chat
chuan AfB1 ¢6 d6 tinh khiét cao va hi¢u suat Ién. Tuy nhién, phwong phéap nay doi hoi rit nghiém ngat vé diéu
kién méi trudng, trang thiét bi nghién ctru phai dap img yéu cau sinh hoc cp 3 do bao tir nAm mbc Aspergillus
¢6 kha ning phat tan manh trong khong khi, rit nguy hiém khi con ngudi hit phai. Do han ché vé diéu kién
phong thi nghiém, nghién ciru nay khong thyc hién ting sinh bao tir ndm mbc Aspergillus ma thyc hién ting
sinh tu nhién aflatoxin bang cach bao quan lac bi nhidm aflatoxin & nhiét d6 phong (khoang 30°C) trong hop
kin. Tai Viét Nam, hién nay chua c6 quy trinh san xuét chat chuan AfBI tir lac, do do, viéc xay dung quy trinh
tao chét chuan AfB1 tir lac c6 ¥ nghia khoa hoc va mang lai loi ich kinh té, giup giam phu thudc vao ngudn
nhap khau va nang cao hiéu qua kiém soat chat lugng thuc phdm trong nudc.
2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Doi twgng va miu nghién ciu

Dbi trong nghién ciru 13 aflatoxin B1. Téng cong 100 miu lac gdm 61 mau lac dé va 39 mau lac tring, mdi
mau c6 khdi lugng 100 g, dugc thu thap ngau nhién tai cic cho & Ha Noi. Uu tién cac mau di c6 hién tuong
nam méc hodc di dé 1au ngay. Cac mau dugc dong goi mang vé phong thi nghiém va dugc phan tich sang loc
bang phuong phap QUEChERS dé xac dinh ham luong AfB1. Sau do, lya chon 05 mau c6 ham lugng AfB1
cao nhat rdi tién hanh thu thap véi khdi lugng khoang 2 kg/mau.
2.2. Héa chit va chét chuin

Cac chat chuan: aflatoxin B1 (Lot: STD#1041, d6 tinh khiét 98,8%), aflatoxin B2 (Lot: STD#1051, d6 tinh
khiét 99,1%), aflatoxin G1 (Lot: STD#1061, d6 tinh khiét 99,0%), aflatoxin G2 (Lot: STD#1071, d6 tinh khiét
98,9%) clia hing Pribolab. Cac dung méi, hoa chat ctia hang Merck gom: acetonitril, methanol, acid formic,
acetone, chloroform, diethyl ether, natri clorid, n-hexan, silica gel 60; cac dung méi, hoa chat ciia hang Agilent
gdm: bot hip phu Primary Secondary Amine (PSA) va C18; nudc deion.

2.3. Thiét bi va dung cu

Heé théng sic ky long khdi phd ba tir cuc Triple Quad 5500 ciia AB Sciex, hé thong sic ky 1ong khdi phd
phan giai cao LC-HR/MS Dionex Ultimate UHPLC + Q-Exactive Orbitrap MS ctia hang Thermo Scientific,
hé thdng sic ky ban mong ban tw dong HPTLC cua hing CAMAG (Thuy Si), cot sic ky Symmetry C18 (150
mm x 3,0 mm x 3,5 pm). Mot s6 thiét bi phu trg khéc bao gdm can phan tich (c6 d6 chinh xac 0,1 mg) XS105
(Metter Toledo); may ly tdm lanh Mikro 200R (Hettich); ban mong TLC Silica gel 60 F254, buret 25 mL, may
lic ngang HS260 (IKA), thiét bi chiét pha ran SPE va céc thiét bi, dung cu thong thuong khac trong phong thi
nghiém.

2.4. Phwong phap nghién ciru
2.4.1. Piéu kién sdc ky long khoi phé LC-MS/MS dé phan tich AfBI

Qua tham khao tai li¢u [8, 9], diéu kién xac dinh phan tich AfB1 trong céac mau lac duge lva chon nhu sau:
sir dung ngudn ion héa phun dién tir & ché d6 ion dwong (ESI+), ché d quét lua chon da phan tmg (MRM), 1
ion me va 2 ion con (313 — 241%, 269), pha dong gdm acid formic 0,1% trong nudc (A) va acetonitrile (B)
theo ché d¢ gradient (0 — 2 phiit: 95% B; 2 — 4 phit: 95% — 10% B; 4 — 6 phut: 10% B; 6 — 10 phit: 95%
B) duoc dat ¢ te d6 dong 0,5 mL/phut, thé tich tiém 10 uL, nhiét do cot & nhiét &6 phong.

2.4.2. Khao sat ham lwong AfB1 trong cdc mau lac

Cac miu lac duoc phan tich bang phuong phap QUEChERS [8]: Can chinh xac 5,0 g mau lac di dong nhét
bang cach xay nho vao éng ly tim 50 mL. Thém 10 mL nudc deion va 5 mL acetonitrile chira 1% acid formic.
Mau duoc vortex k¥ trong 1 phut rdi lic ngang 30 phut vé6i téc do 180 vong/phut. Sau d6, thém 2,0 ¢ MgSO4
va 0,5 g NaCl, vortex trong 1 phiit va ly tim 5 phit & 6000 vong/phat. Hat 1 mL 16p dich phia trén vao ong
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chiét pha rén d-SPE chira 0,15 g magie sulfat, 0,05 g C18 va 0,05 g PSA, vortex 1 phut. Ly tdm 2 phit & 13000
vong/phat. Hat 16p dich vao lo dung mau va phén tich trén thiét bi LC-MS/MS dé xac dinh ham lugng AfB1
trong tirg mau lac.
2.4.3. Quy trinh xir Iy chiét xudt AfBI tir lac

Trén co sé tham khao tai liéu [9-13], quy trinh xtr Iy mau duoc lwa chon dé chiét xuat AfB1 tir lac nhu sau:
Can khoang 500,0 g mau lac da ddng nhit bang cach xay nho vao binh 2,5 L. Thém 25 g NaCl va 1,5 L dung
mai chiét methanol:nudc (70:30, v/v). Lic ngang trong 60 phut, sau d6 dé lang va loc dich bang gidy loc thu
dich loc 1an 1. Thém 1,5 L dung moi chiét, 1ac tiép trong 60 phut, dé l'fmg, loc thu dich loc 14n 2. Gop dich loc
2 1an chiét, co quay dich chiét & 65°C dé loai methanol trude. Thu lai phén methanol dé st dung cho lan chiét
tiép theo. Tang nhiét dd co quay 1én khoang 90°C va c¢6 dén con khoang 10 mL. Sau d6, thém khoang 2 g silica
gel, lac déu va dé yén trong 10 pht, rdi ¢6 quay dén kho.
2.4.4. Khdo sat diéu kién lam sach bang sdc ky cét silica gel

Trén co s¢ tham khao tai liéu [14], thuc hién khao sat diéu kién lam sach bang phuong phép sic ky 16p
mong dé lya chon dung méi rira giai trén cot silica gel. Cac diéu kién khao sat gom:

+ Khao sat h¢ dung moi rira gidi: chloroform:aceton ty 1¢ 9:1 (v/v), diethyl ether:methanol:nudce ty 1€ 96:3:1
(v/v/v) va toluen:ethyl acetat:chloroform:acid formic ty 1€ 7:5:5:2 (v/v/v/v).

+ Khao sat ty 1¢ dung mdi: chloroform:aceton ty 1¢ 9,5:0,5; 9:1; 8:2 (v/v).
2.4.5 Tinh ché dich chiét AfBI tir lac va xdc dinh dj tinh khiét ciia dung dich thu dwgc

Phan dich thu duoc tir cic mau sau qué trinh chiét tiép tuc dugc tinh ché trén cot silica gel. Kiém tra cac
phan doan AfB1 duoc rira giai tir cot bang sic ky 16p mong. Gop cac phan doan chira AfB1, sau d6 tién hanh
lam giau bang cach thoi kho dudi dong khi nito, ¢ dac dich dén thé tich khoang 5 mL. Phan dich ¢6 nay duoc
tiép tuc tinh ché 1an 2 va loai bo cac tap chit khong phan cuc con sot lai bang dung dich diethyl ether:n-hexan
(1:1, v/v) [14].

Khai trién dung dich chuén AfB1 thu dugc sau khi d3 tinh ché 14n 2 va loai bo cac tap chét khong phan cyc
trén sac ky 16p mong va xac dinh do tinh khiét dua trén phan mém winCATS cua thiét bi HPTLC.
2.4.6. Xdc dinh nong do ciia dung dich chudn va tao dung dich chudn AfB1 100 ng/mL

Dung dich chuin sau khi tinh ché bang sic ky cot silica gel dugc xac dinh ham lugng AfB1 bang thiét bi
LC-MS/MS. Sau dé pha loing dung dich bang methanol vé& nong d6 100 ng/mL. Chia déu dung dich vao cac
lo dyng mau t6i mau, mdi lo 1 mL va bao quan ¢ -20°C.
2.4.7. Bdnh gia @6 dong nhat ciia dung dich chudn AfB1 100 ng/mL

Sau khi hoan thanh qua trinh tao dung dung dich chuin AfB1 100 ng/mL, 10 lo dung dich chuén dwoc phan
tich 46 dong nhat, m&i mau thyc hién phan tich lap 2 lan va danh gia d6 dong nhét theo ISO/IEC 17034 [15]
va ISO 33405:2024 [16]. Do khong dam bao ddng nhét unom lién quan dén tinh khong dong nhat cua 1 16 mau
san xuét theo mé duoc tinh theo cong thirc:

— 2 2
Unom = ’ubb + Uwp

upb 12 d6 1€ch chuan gitra cac mau,

Trong do:

Uwb 13 d0 1éch chuén trong 1 mau.
2.4.8. Banh gid dé on dinh ciia dung dich chudn AfBI 100 ng/mL
Tién hanh phan tich d 6n dinh cta dung dich chuan & 4 thoi diém khac nhau 1a: 4, 8, 14 va 34 ngay ké tir
ngady san xuat, moi lan s dl_{ng ngau nhién 5 mau, phan tich 1ap lai 2 }én. Sau d6 1ap mo hinh tuyén tinh: y =
bit + bo (duong xu hudng) dé wdce tinh han str dung cua dung dich chuan.
Do khong dam bao do ctia do 6n dinh 1au dai (uys) dugc tinh bang cong thire [17]:

Uies = Spy X Csheir life
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S

Sb =
?:1(ti - ttb)z

1

Trong do6:
+ tenetriife 12 han st dung udc lugng tr duwong xu hudng;
+ s duoc tinh tir cac gid tri d6 dong nhat va d6 on dinh theo cong thirc:

_ J a0 = by = byt)?

n—2

2.4.9. Gia tri chirng nhan va do khong dam bao do
Gia tri dugc ching nhén ciia dung dich chuan AfB1 100 ng/mL dugc tinh bang trung binh cua 20 gia tri
két qua danh gia do ddng nhét. Do khong dam bao do ciia mau chuan (ucrm) dugc chimg nhén 1a cin bac hai
ctia tong binh phuong cua cac thanh phan: d6 khong dam bao do cua tinh dong nhat (unom), 46 khong dam bao
do cua d¢ 6n dinh 1au dai (uys) va d6 khong dam bao do lién quan dén dic tinh ciia chat chuan (Uchar), dugc tinh
tir két qua danh gia do ddng nhét [16, 17].
Ucrm(95%) = 2 X Ucgy

— |2 2 2
Ucprm = \/uhom t Ups + Utpar

Trong d6: Ucrm (95%) 1a 6 khong dam bao do md rong & murc d6 tin cay 95% va uchar dugc tinh theo cong
thue:

m—1) xn

_ \/Z?=1(yi - ychar)z
Uchar =

2.4.10. Phwong phdp xik Iy s6 liéu
‘Céc ‘sé lidu théng ké dugce xir Iy bang phrﬁn mé’m Microsoft lrExcelﬂ 2016. Nong d6 AfB1 duoc tinh toan bang
phan mém Analyst 1.7 va Xcalibur trén thiét bi sac ky 16ng khoi pho.
3. KET QUA VA BAN LUAN
3.1. Két qua khao sat ham lrgng AfB1 trong 100 miu lac thu thap
Thuec hién theo quy trinh da néu ¢ muc 2.4.2, két qua phan tich duoc thé hién ¢ Béing 1.

Bing 1. Ham heong AfBI trong 100 mdu lac thu thip

Miu HL (ng/kg) Miu HL (ng/kg) Miu HL (ng/kg)
M3 1,02 M32 0,182 M55 0,495
M6 22,8 M35 3,01 M58 24,6
M15 1,10 M40 0,165 M67 6,18
M18 1,14 M41 0,526 M71 0,177
M21 1,84 M46 1,38 M73 20,8
M27 21,4 M49 0,858 M76 3,70
M30 0,325 M51 2,40 M83 15,2

*79/100 mdu con lai khong phat hién AfBI.

Tir két qua & Bang 1 cho thay c6 21/100 mau lac ¢ chira AfB1 v6i ham luong tir 0,325 dén 24,6 pg/kg.
Trong d6 c6 5 mau ¢6 ham lugng cao nhit 1a M6, M27, M58, M73, M83 (ham lugng trong khoang 20,8 dén
24,6 pg/kg). Lua chon mdu M73 va M83 dé thuc hién khao sat, 3 mau M6, M27 va M58 duogc dung dé tao
dung dich chuan. Cac miu nay dugc bao quan trong til hut ¢ didu kién phong (khoang 30°C) trong 2 thang.
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3.2. Két qua khao sat diéu kién 1am sach bing sic ky cdt silica gel

St dung phuong phép sic ky 16p mong (TLC) nham khao sat va t6i wu hoa cac didu kién can thiét cho qua
trinh tinh ché AfB1 tir dich chiét tho bang cot séc ky silica gel. Phuong phap TLC giup danh gia truc quan kha
ning tach biét giita AfB1 va cac tap chit di kém thong qua su di chuyén khac nhau cua cac hop chét trén ban
mong pha silica gel dudi tac dung ciia dung moi rira giai.
3.2.1. Khdo sat hé dung méi rica gidi

Tién hanh khao sat kha ning di chuyén cua AfB1 trén ban mong trong cac hé dung méi khac nhau gém:
(1) chloroform:aceton ty 1¢ 9:1 (v/v); (2) diethyl ether:methanol:nudc ty 1¢ 96:3:1 (v/v/v) va (3) toluen:ethyl
acetat:chloroform:acid formic ty 1& 7:5:5:2 (v/v/v/v). Két qua dugc trinh bay trong Hinh 1.

Cmix C-B1 = Cmix C-B1
Hédungmail Hédung mai 2: Hé dung mai3:
Chloroform:Aceton Diethyl ether:MeOH:H20 Toluen:Ethyl acetat:
(8:1) (96:3:1) Chloroform:Acid formic

(7:5:5:2)
Hinh 1. Két qua khdo sat hé dung méi rira gidi ¢t silica gel
(Cmix: chudn mix aflatoxin B, B2, G1, G2 100 ng/mL; C-B1: chudn aflatoxin B1 100 ng/mL)

Tir két qua & Hinh 1 cho thay, hé dung méi 1 cac vét phat huynh quang rd rang, phan tach tbt, di chuyén
déu va khong bi kéo dudi. Vi hé dung méi 2 cac vét phat huynh quang rd rang, tuy nhién, hé dung méi nay
¢ d6 phén cuc cao hon, ¢ thé lam giam su di chuyén ciia AfB1. Hé dung mdi 3 cac vét phat huynh quang
khong r6 rang, kho phan biét va hé dung moi kha phie tap. Do d9, lya chon hé dung mai 1 1a chloroform/aceton
(9/1, v/v) lam dung moi rira giai cot silica gel (phu hgp véi nghién ctru cua Castro va cac cong su [14]).

3.2.2. Khdo sat ty ¢ dung méi rita gidi

Thyc hién khao sat anh hudng cia cac ty 1€ thé tich khac nhau ddi véi hé dung mo6i chloroform:aceton tdi
kha nang tach AfB1 va cac chét tap khéc, vdi cac ty 18 1a: 9,5:0,5; 9:1; 8:2 (v/v). Két qua duoc thé hién ¢ Hinh
2.

Cmix C-B1 Cmix C-Bl

8:2 g:1 8.5:0.5
Hinh 2. Két qua khao sdt 1y 1¢ dung méi rira gidi
(Cmix: chudn mix aflatoxin B, B2, G1, G2 100 ng/mL; C-B1: chuan aflatoxin BI 100 ng/mL)
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Két qua cho théy, hé dung moi chloroform:aceton véi ty 1€ 9,5:0,5 (v/v) tach kém do c6 tinh phan cyc kém
hon, 1am cho AfB1 bi luu giir lai 1au hon, trong khi d6 hé dung mai ty 18 8:2 (v/v) @ phan cuc cao hon khién
céc chét di chuyén nhanh va kho phan tach rd. Hé dung mai ty 18 9:1 (v/v) ¢6 cac vét phat huynh quang rd rang,
sdc nét, phan tach tot nhét trong 3 ty 1&. Vi vay lua chon ty 1¢ dung méi rira giai chloroform:aceton 1a 9:1 (v/v)
3.3. Két qua tinh ché dich chiét AfB1 tir lac bing sic ky cot silica gel

Dua vao két qua khao sat diéu kién 1am sach phia trén (muc 3.2), tién hanh tinh ché dich chiét bang sic ky
cot silica gel sir dung dung moi rira giai 1a chloroform:aceton 1a 9:1 (v/v). Tién hanh qua cot 2 lan va thu cac
phéan doan c6 chira AfB1. Két qua do tinh khiét cua dung dich chuén AfBI sau 2 lan qua cdt dugc thé hién &
Hinh 3.
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Hinh 3. Két qua do tinh khiét cia dung dich chudn AfBI sau 2 lan qua cét
(4) Qua cot lan 1; (B) Qua ct lan 2

Tir két qua & Hinh 3 cho thiy, khi qua cot 1 1an thi pic sic ky HPTLC cua AfB1 (pic s6 1) ti1, khoang chan
pic kéo dai hon so v6i khi qua cot 2 1an. Sau khi qua cot silica gel 2 1an thi dé loai bo dwoc céac tap chat phan
cuc, tuy nhién van con xuét hién tap chat khong phan cuc véi ty 1¢ kha 16n (khoang 30%). Theo nghién ciru
ctia Castro va cac cong su [14], dung méi diethyl ether c6 kha ning loai bo cac tap chit khong phan cuc nhu
lipid con du khi rira giai cot silica gel bang dung méi chloroform:aceton. Pé ting do tinh khiét ciia dung dich
chuan AfB1 thu dugc, co thé sir dung dung dich diethyl ether:n-hexan (1:1, v/v) dé loai bo cac tap chat khong
phan cyc nay trong dung dich chudn AfBI.

Két qua d¢ tinh khiét ciia dung dich chuan AfB1 sau khi loai tap bang dung méi khong phan cuc duoc thé
hién & Hinh 4. Tir két qua & Hinh 4 cho théy, c4c tap chat khong phan cuc (pic s6 2 & Rf = 0,85) dd giam dang
ké tir khoang 30% xudng con 20% sau lan loai tap thir nhat, dén 14n loai tap thi 2 thi tap chét chi con khoang
14% va dén 1an loai béo thir ba, pic tap hau nhu khong con xuét hién, chung to cac tap chét d3 dugc loai bo
gan nhu hoan toan. Do d6, c6 thé két luan ring sau ba lan xir Iy loai tap bang dung dich diethyl ether:n-hexan
(1:1, v/v), dung dich chuin AfB1 da dat dugc do tinh khiét cao, pht hop véi yéu cu cua dung dich chudn.
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Hinh 4. Két qua do tinh khiét ciia dung dich chudn AfBI sau khi logi tap bang dung dich diethyl ether:n-
hexan (1:1, v/v).
(4) Logi tap lan 1; (B) Loai tap lan 2; (C) Logi tap lan 3

Tu cac két qua thyc nghiém trén, quy trinh tao chit chudn AfBI tir lac duge tdi wu nhu sau:

+ Bué6c 1 — Chiét mau: Can khoang 500,0 g mau vao binh 2,5 L. Thém 25 g NaCl va 1,5 L dung méi chiét
methanol:nudc (70:30, v/v). Lic ngang trong 60 phut, sau do6 dé léng va loc dich b.';“mg giéy loc thu dich loc lan
1. Thém 1,5 L dung moi chiét, lic tiép trong 60 phut, dé le“ing, loc thu dich loc 14n 2. Gop dich Ioc 2 lan chiét,
¢6 quay dich chiét & 65°C dé loai methanol trudc. Thu lai phdn methanol dé sir dung cho 1an chiét tiép theo.
Tang nhiét d6 c6 quay 1én khoang 90°C va c6 dén con khoang 10 mL. Sau d6, thém khoang 2 g silica gel, lic
déu va dé yén trong 10 pht, rdi c6 quay dén kho.

+ Budc 2 — Tinh ché dich chiét bang sac ky cot silica gel: Lot mot 16p bong dudi day cot. Can khoang 10
g silica gel vao cbc thay tinh 100 mL, thém 15 mL dung méi rira giai chloroform:aceton (9 : 1, v/v). D4 tir tir
hdn hop silica gel va dung méi vao cot qua thanh dé tranh tao bot khi. Thém phan silica gel trong binh ¢6 quay
1én cot. M& khoa day cho dung méi thoat tir tir dé silica gel nén xudng déu dén khi dung méi rt xudng sat bé
mit silica gel. Thém tir tir dung moi rira giai chloroform:aceton (9 : 1, v/v) 1én cot, ddng thoi thu phan doan
dich rira giai theo thoi gian 1 phat/dng roi chdm séc ky 16p mong dé phat hién AfB1, ngimg thu khi da rira giai
hét AfB1. Gop cac dng c6 phat hién AfB1, thdi kho bang khi nito dén khoang 2 mL. Tién hanh qua cot silica

Vietnam Journal of Food Control - vol. 8, no. 3, 2025



Phung Cong Ly, Tran Trung Thanh, Bui Cao Tien, ... Nguyen Thi Thuy Linh

gel 1an 2 va nap mau d thoi kho phia trén 1én cot. Tiép tuc rira giai bang dung méi chloroform:aceton ty 18 9 :
1 (v/v) va gop cac dng co chita AfB1. Thoi kho hoan toan rdi hoan nguyén bang 5,0 mL methanol. St dung
dung dich diethyl ether:n-hexan (1 : 1, v/v) dé loai bo céc tap chat khong phan cuc con du bang cach thém 10
mL dung mdi diethyl ether:n-hexan (1 : 1, v/v), lac trong 30 phut rdi loai bo phan dung méi phia trén. Lam lap
lai cho dén khi dung dich dat d¢ tinh khiét mong mudn.

Chuyén dich chiét d4 tinh sach vao lo dung mau t6i mau rdi phéan tich trén thiét bi sic ky long khdi phd dé
xac dinh néng d6 dung dich AfB1. Sau khi xac dinh dugc néng d6 cua AfB1, tinh hé s pha lodng va thyc hién
pha lodng dé thu dugc 100 mL dung dich chuan AfB1 ¢ nong d6 100 ng/mL.

3.4. Két qua tao dung dich chuin AfB1
3.4.1. Xdc dinh nong dé cia dung dich chudn AfBI thu dwoc va tao dung dich chuan AfBI nong dg 100 ng/mL

Str dung thiét bi LC-MS/MS d¢é xéac dinh nong do dung dich AfB1 thu dugc, két qua cho thiy ndng d6 dung
dich chuan thu dugc sau khi tinh ché bang sic ky cot silica gel 1a 2100 ng/mL véi thé tich 1a 5,0 mL. Dung
micropipet chinh xéac 4,762 mL dung dich AfB1 2100 ng/mL véo binh dinh mirc 100 mL rdi dinh mirc vira du
100 mL bang methanol, thu dugc 100 mL dung dich chuan AfB1 100 ng/mL. Chia vao 100 lo dung mau tdi
mau, 1 mL/lo, cac vial duoc ma hoa tir C1 téi C100 va bao quan & nhiét do -20°C. Ngay san xuit dung dich 1a
01/05/2025.

3.4.2. Bdnh gia @6 dong nhat

Do dong nhét 13 yéu t§ quan nhit trong qua trinh san xuat chit chuén, yéu té nay lién quan dén su bién dbi
cua gia tri dac tinh gitta cac don vi riéng biét va sy bién ddi trong mét don vi. P déng nhét cua mdi 16 duoc
danh gia bang phuong phap “ANOVA one way”. Su khac nhau gitra cic lo dung dich chuan AfB1 100 ng/mL
dugc danh gia trong Bang 2. Két qua cho thdy rang mau dat d6 dong nhat vai P-value 16n hon 0,05.

Bing 2. Két qua ANOVA-one way va do khong dam bao danh gia do dong nhdt cia
dung dich chuan AfB1 100 ng/mL

Gia tri trung binh . Uwb Ubb
(ng/mL) MSbetween M Swithin (ng/ml) (ng/mL) P-value  unhom (ng/mL)
99,6 0,34689 0,425 0,461 0,062 0,6149 0,465

3.4.3. Panh gia do on dinh, woc tinh han sw dung va do khong dam bao

Thu thap dir liéu theo ddi d6 6n dinh ham lugng AfB1 trong 34 ngay ké tir ngay san xuat dé thiét 1ap duong
xu huéng. Trong trudng hop nay, sy thay doi ndng d6 12 nho nén xu hudng tuyén tinh duoc ap dung. Gid tri
dugc ching nhén, phuong trinh duong xu hudng, han str dung udc tinh va d6 khong dam bao cua dung dich
chuan AfB1 100 ng/mL duoc trinh bay trong Bang 3.

Bdng 3. Gia tri duoc chirng nhdn, phwong trinh dwong xu huong, han sw dung woc tinh va do khong dam bao
cua dung dich chuan AfB1 100 ng/mL

Gia tri chirng Phwong trinh Han s& dung Uits Uchar P khong dam
nhin (ng/mL) dwong xu hwéng wée tinh (ngay)  (ng/mL) (ng/mL) bao do (ng/mL)
99,6 y =0,0055x + 99,42 587 1,427 0,132 3,0

Theo nghién ctru cta Li va cac cong su [19], dung dich chudn AfB1 6n dinh trong cac dung dich benzen,
methanol va acetonitril & nhiét do thap hon 4°C, tuong tw nhu cic nghién ctru trudc ddy ciia Diaz [20] va
Garcia [21]. Pdng thoi, theo cong bd ctia CPI International [22], dung dich chuin AfB1 10 pg/mL trong dung
mdi benzen:acetonitril (98:2, v/v) 6n dinh trong 730 ngay. Do d6, dung dich chuin AfB1 100 ng/mL c6 thé 6n
dinh trong 587 ngay. Tuy nhién, didu nay van chwa c6 minh ching cu thé va can c6 ké hoach tiép tuc theo doi
d6 6n dinh trong khoang thoi gian nay. Nhu vay, gia tri duwgc ching nhén cia dung dich chuén thu dwgc 12 99,6
ng/mL véi d khong dam bao do 13 3,0 ng/mL va han st dung u6c tinh 1a 587 ngay (dén 09/12/2026) & didu
kién bao quan -20°C.
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4. KET LUAN

Nghién ctru da st dung k¥ thuat chiét pha ran va sic ky cot silica gel dé ché tao dung dich chuan aflatoxin
B1 ¢6 ndng d6 100 ng/mL tir lac. Dung dich chuan thu dugc c¢6 gia tri chimg nhan 13 99,6 ng/mL véi d6 khong
dam bao do 14 3,0 ng/mL va han sir dung wdc tinh 1a 587 ngay (dén 09/12/2026) & -20°C. Tai Viét Nam, quy
dinh ddi voi doc td vi nam aflatoxin B1 thap nhat 12 0,1 pg/kg [18] va d6 nhay ciia cac thiét bj nhu LC-MS/MS
va HPLC khi phén tich AfB1 1a khoang 0,1 — 1,0 ng/mL, do d6 dung dich chuén aflatoxin B1 ¢6 ndng do 100
ng/mL rat thuan loi cho qué trinh st dung. Mt khac, qua trinh san xudt khong doi hoi yéu ciu nghiém ngit vé
phong thi nghiém an toan sinh hoc cap 3 nhu khi ché tao chuan rén; chi phi cho san xuat twong di ré do chi
su dung cac dung mai ré tién nhu methanol, chloroform, aceton va co thé tan dung lai dung moi. Nghién cuu
nay 1a bude dau dé phat trién cac quy trinh tach chiét, phan 1ap va tinh ché cac chat chuan tir ngudn nguyen
lidu sdn co trong tu nhién, dic biét 1a cac chit chudn co gia thanh cao va khé nhap khau. Nghién ciru s& tlep
tuc duoc mo rong dé tao ra cic dung dich chuan AfB1 c6 ham luong cao hon va phat trién quy trinh tao chuan
ran khi d4p tmg dugc yéu cau vé phong thi nghiém an toan sinh hoc cdp 3. Dung dich chuén aflatoxin B1 da
tao s& dwoc tmg dung dé phan tich chi tiéu aflatoxin B1 trong cac mau thyc pham, gop phan dam bao an toan
thuc phdm trong nudc.
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