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SUMMARY

VALIDATION AND APPLICATION OF ULTRA PERFORMANCE LIQUID
CHROMATOGRAPHY-TANDEM MASS SPECTROMETRY FOR DETERMINATION
OF AFLATOXINS IN PEANUT SAMPLES

Aflatoxin is the high toxicity group of mycotoxins that can lead to fatal if acute poisoning or liver
cancer if accumulating at low levels in the body. In this study, an ultra-performance liquid
chromatography-tandem trip-quadruple mass spectrometry (UPLC-MS/MS) method has been validated
for simultaneous determination of aflatoxins group B and G in produced peanut samples. Under
optimal experimental conditions, the method detection limit (MDL) for aflatoxin B1 (AFB1) and
aflatoxin G1 (AFG1) are 0,1 pg/kg. MDL for aflatoxin B2 (AFB2) and aflatoxin G2 (AFG2) are 0,03
ug/kg. The correlation coefficient (R?) of all calibration lines are 0.999. The average method recovery
(%) at three different levels and for all four aflatoxins range from 90,7 to 98%. At different
concentrations of aflatoxins, the relative standard deviations (RSD%) of repeatability is lower than 1,1
%, and the intermediate precision is lower 3.8 %. Comparison with the requirements of the Viet Nam
Ministry of Health, the validated method is very sensitive and accurate to determine the aflatoxin in
peanut product sample, and can be used for quality control and food safety.

Keywords: aflatoxin, mycotoxin, UPLC-MS/MS, peanut mycotoxin, food safety.

1. GIOI THIEU AFG1 va AFG2. AFB1 c6 doc té manh nhat
Aflatoxin 1a chat chuyén héa dugc tao ra boi trong s6 tit ca cac aflatoxin [2]. Poc tinh
cac ching ndm méc co6 doc t6 chu yéu la aflatoxin gay nén do tiép xic cdp tinh hoic
Aspergillus flavus, Aspergillus parasiticus va mén tinh vai aflatoxin va cé thé gay doc cho ca
Aspergillus nomius. Nhitng chang nam méc nguoi va dong vat [2]. Cac triéu chung khi tiép
nay phét trién trong dét, co kho, thyc vat muc xuc véi aflatoxin nhu dau bung, nén mua, co
nat va ngii coc [1]. Aflatoxin dugc tao ra trong giat. Néu tiép xtic man tinh vai aflatoxin c6 thé
qué trinh san xuat, thu hoach, bao quan va ché dan dén cac bién ching khac nhau nhu nhiém
bién thuc phdm va thirc an chan nudi. C6 nhidu doc gan, doc tinh mién dich va quéi thai [3].
loai aflatoxin khac nhau, trong d6 co bdn Aflatoxin la mot trong nhirng nguyén nhén
aflatoxin ty nhién duoc biét dén do loai ndm chinh gy ung thu biéu mo té bao gan [4].

mdc Aspergillus tao ra bao gom AFB1, AFB2, Aflatoxin hi¢n dién trong nhiéu loai thyc pham
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khac nhau, dac biét 1a ngii cbc, hat c6 dau, gia vi
nhu ngd, dau phong (lac), 6t, hat tiéu den, trai cay
khd v.v... Aflatoxin cling dugc phét hién trong
sita va c4c san pham sita. Do vay viéc kiém soéat
ham luong cac doc té aflatoxin trong thuc pham
la viéc 1am cap thiét, thuong xuyén ciia qué trinh
luu trit, san xuat va ché bién thuc pham, cua co
quan quan 1y nha nuéc vé vé sinh an toan thyc
pham va caa ca xa hoi [5].

C6 nhiéu phuong phap duoc ap dung dé phan
tich ham luong cac doc td aflatoxin trong cac
nén thuc phim khac nhau. Cac phwong phép ¢
thé ké téi nhu phuong phép phd huynh quang
[6], phuong phap phd hdng ngoai [7], phuong
phap dién hoa [8], phuong phap sic ky ban
mong [9]. Mac du dat dugc nhitng thanh tuu
nhat dinh, cac phuong phap nay con han ché vé
d6 nhay va d¢ chinh x&c cua phép phén tich
trong khi yéu cau xac dinh cac doc td aflatoxin
& ndng d6 rat thip t6i ti (ppb) [10]. Gan day,
sac ky long dau do huynh quang duoc st dung
phd bién vi do nhay tt cua dau do huynh
quang két hop su phan tach bang sic ky long
[11]. Pé lam ting d6 nhay, phuong phap nay
can qué trinh tao dan xuat huynh quang manh
hon so véi tinh chat huynh quang ty nhién cua
cac doc td aflatoxin yéu cau thuc hién cac buse
tinh ché mau nghiém ngat bang céch sir dung
cot & luc mién dich va qué trinh tao dan xuat
dac biét trude va sau cot sac ky [12]. Tir nhiing
han ché néi trén, trong dé tai nghién cuu nay,
ching toi tién hanh thdm dinh phwong phap
phan tich dong thoi cac doc chat aflatoxin
nhém B va G bang phuong phap sic ky long
ghép hai lan khéi pho trén nén mau dau phong
da qua ché bién. Vi dac diém cua phép dinh
lwong dong thoi cac chat bang hai lan khéi pho
sau khi tach chiét tir cot sic ky két hop véi sir
ly miu bang cot chiét & lyc midn dich

aflatoxin. Phuong phap dinh lugng c6 thé cho
d6 nhay va do chinh xac cao, tiét kiem thoi
gian va co thé &p dung trong thuc tién kiém
soat chat luong va vé sinh an toan thuc pham.
2. THUC NGHIEM

2.1. Héa chat va thiét bi

Tét ca cac hoa chat duoc sir dung déu dat do
tinh khiét phan tich (PA). Acetonitril, acid
formic, methanol, amoni acetate (d6 tinh khiét
> 99%), dung dich dém PBS (pH=7,4) héng
Merck (Merck, Darmstadt, Dtc). Chuan hdn
hop céc aflatoxin: AFB1 (2 pg/mL), AFB2
(0,5 pg/mL), AFGL (2 pg/mL), AFG2 (0,5
pg/mL) hang Trilogy (USA). Cot ai luc mién
dich aflatoxin cua hdng Vicam (USA). Nudc
su dung trong quy trinh phan tich la loai nudc
siéu tinh khiét c6 dién tro >18.3 MQ-cm.

2.2. Phwong phap xir Iy miu va phan tich
miu dau phong bing UPLC-MS/MS

Can 5 gam mau, thém vao 20 mL ACN/H0 (ti
16 6:4 vé thé tich). Lic déu hdn hop va danh
siéu &m trong 30 phdt. Ly tdm hdn hop & téc
d6 9000 vong/phdt trong 3 pht sau dé loc liy
dich loc. Dung 5 mL dich loc nay thém vao 20
mL nuéc tinh khiét lic déu va ly tam 9000
vong/phut trong 3 pht , loc bo hét can ran. 20
mL dung dich loc dwoc st dung dé xir Iy qua
cot & luc mién dich aflatoxin theo cac buéc
sau: (i) chuyén 20 mL dich loc qua cot &i lec
mién dich AF véi téc d6 1mL/pht; (ii) Rua
cot dé loat bo céc tap chat bang 20ml nuéc siéu
tinh khiét; (iii) Rira giai cot bing 3mL MeOH;
(iv) Lam khd dung dich ria giai dé loai bo
MeOH bing hé théng cd mau miVac (USA);
(v) Hoa tan mau thu dwgc bang 1mL dung dich
HCOOH 0,2%/ACN ti l¢ 1:1 vé thé tich sau
do siéu loc bang PTFE 0,22um. Dung dich sau
khi loc duoc phan tich trén thiét bi UPLC-
MS/MS theo diéu kién nhu trong Bang 1.

Bang 1. Thong sé van hanh cia hé thong UPLC-MS/MS phan tich

Thong s6

HPLC- Agilent 1200 Infinity

Cot tach Agilent ZORBAX Eclipse Plus C18 (100 mm x 2,1 mm; 1,8 um)
Nhiét d6 cot 40°C

Téc @6 dong 0,3 mL/min

Pha dong

MeOH (A), amoni acetat 10 mM (B)



Chuong trinh dung moi (%A)

0,0 phtt, 80%; 2 pht, 100%; 6,0 phiit, 100%; 9,0 phitt, 80%; 14,0 phtit, 80%

Thé tich mau tiém 5 uL
MS-Agilent 6410 Triple Quad

Ngudn ESI +
Capillary Voltage 4000 V
Gas Temp 350 °C
MS; Heater 100 °C
MS; Heater 100 °C
Gas flow 9,0 L/min
Nebulizer 45 psi
Scan type MRM
MS: Res Unit
MS; Res Unit

2.3.Thim dinh phwong phap phéin tich
aflatoxin trong miu dau phéng bang UPLC-
MS/MS

Pé tham dinh do chinh xac cia phuong phap
phan tich ham lugng aflatoxin nhom B va G
trong dau phong da qua ché chién, cac théng sb
nhu d6 dac hiéu, do tuyén tinh, gisi han phat
hién, d6 ding va do lap duoc xac dinh theo
huéng dan trong cac tai lieu 1SO 17025:
2017va AOAC 2016 [13, 14].

Gidi han phét hién (MDL) va gi6i han dinh luong
phuong phap (MQL) duoc x4c dinh bang cach
thém chuan ¢ nong do thap cac doc td can phan
tich. Nong d6 chat phén tich twong wng vai ti 18
tin hiéu trén nhiéu nén S/N= 3 1a gi6i han phat
hién cua phuong phéap phén tich. Céac thi nghiém
duoc thyc hién 13p lai 12 1an nham dam bao do
tin cay cua phép xac dinh MDL.

Do thu hdi, d6 lap lai va do tai lap trung gian
cua phuong phap duoc xac dinh dya trén phan

tich cac mau thém chuan. Ba mic ndng do cua
cac doc t6 aflatoxin la MQL, 5MQL va
10MQL duoc thém vao nén mau tring dau
phong trudc khi xir ly va phan tich mau. Thi
nghiém duoc lam lp lai 6 lan boi hai kiém
nghiém vién khac nhau dé tinh d6 l3p lai va do
tai 1ap trung gian ctia phuong phap.

3. KET QUA VA THAO LUAN

3.1. P dac hi¢u caa phwong phap

bic diém khéi phd cua cac doc té aflatoxin
dugc xac dinh bang céch phan tich trén chat
chuan. Séc ky d6 va cac manh phé thu duoc tir
ché do theo ddi phan ung (MRM) véi manh
khdi lugng so cap va tha cip duoc thé hién
trong Bang 2. Trong cac manh tha cip cua chét
phan tich, manh c6 tin hiéu I6n nhit (nhay
nhat) dugc chon lam manh dinh lwong. Pong
thoi, mot manh thir cip c6 do nhay thép hon
duoc s dung lam manh xac nhan cho phép
phén tich (manh dinh tinh).

Bang 2. Ddc diém khai phé ciia cde déc té aflatoxin

Chuyén MRM, m/z

Aflatoxin Dwell - Frag (V) lonsocap (thé va dap, V)
(ms) (m/z) —— S
Manh dinh lugng Manh dinh tinh
AFB1 200 120 313 313 > 285 (20) 313 > 241 (35)
AFB2 200 120 315 315 > 287 (25) 315 > 259 (30)
AFG1 200 100 329 329 > 243 (25) 329 > 311 (20)
AFG2 200 120 331 331> 313 (20) 150 > 245 (25)

Do dac hiéu cta phép phan tich dugc xac nhan
bing viéc phan tich mau tring va mau thém
chuan. Trén co so dbi chiéu tin hiéu va nhiéu
nén cia manh phé ion thir cip (dinh tinh hoic
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dinh lugng). Két qua thu dugc vé tinh dic higu
d6i v6i AFBI, AFB2, AFG1 va AFG2 nhu thé
hién trong Hinh 1.
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Hinh 1. Khéi pho trong xdc dinh d@é dac hiéu cia phép phan tich: Sdc ky do ciia mau trang (vang cam)
va mau thém chuan (xanh) doi véi AFB1 (a), AFB2 (b), AFG1 (c), va AFG2 (d). Nong dg thém chudn
cac chat 12 0,25 pg/kg.
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Séc ky d6 manh dinh luong cua cac aflatoxin
c6 sy khéc biét rat rd rang giira mau tring va
mau thém chuan ¢ nong do rat thiap (0,25
Hg/kg). Peak tin hiéu xuét hién tai thoi gian luu
4.4 phit d6i v6i AFBlva AFB2. AFG1, AFG2
6 peak tai thoi gian luu 4,1 phat. Sic ky d6
thu dwoc tuong ty dbi voi cac manh thi cap
dinh tinh. Két qua trén xac nhan d6 dac hiéu
cao cua phwong phap phén tich cac doc té
aflatoxin nhém B va G trong nén miu dau
phong bang UPLC-MS/MS.

3.2. Khoéang dinh lwgng ciia phuong phap
Dé loai bo sy anh huong cua nen mau, khOang
tuyén tinh ding dé dinh luong cac doc t6
aflatoxin dugc khao sat dya trén phuong phap
duong chuan. Tt ca cac dlem chuin duoc
chuan bi bang cach thém cac nong do tuong
{ng vao nén mau trang. Phuong trinh hoi quy
dugc xay dung 1a mdi twong quan gilra dién
tich peak cua chat chuan Vv6i nong do cua
chiing. Két qua thu dugc vé khoang tuyén tinh,
phuong trinh dwdng chuan va hé sé tuong quan
duoc trinh bay trong Bang 3.

Bang 3. Khodang tuyén tinh [trong phép dinh

hrong céc aflatoxin trong nén mau dau phong

hon 0,999. Gia tri hé sé twong quan cao hon
nhiéu so v&i yéu cau can thiét (R2>0,995) cho
phuong phap phan tich dinh lugng st dung
duogc trong thye tién.
3.3. Gi¢i han phat hién va giéi han dinh
lwgng ciia phwong phap
MDL cta phuong phap phan tich AFBL,
AFB2, AFG1 va AFG2 lan luot 12 0,1; 0,03;
0,1 va 0,03 (Bang 4). Theo quy chuan cua Bo
Y Té cho phép ham luong cac doc tb nay trong
dau phong da ché bién déi véi AFB1 1a nho
hon 2 pg/kg, va tong sé cac AF nho hon 4
ug/ kg [15], phuong phap phan tich dap ng tot
vé do6 nhay dé danh gia chat luong cua san
pham dau phong di ché bién trén thi truong.
Bang 4. MDL, MQL cua phuwong phap phan
tich dinh lrong cac aflatoxin

Nongdé S/N RSD MDL MQL
Aflatoxin hem  trung (%) (ug/kg) (Hg/kg)

chuan  binh

(Hg/kg) (n=12)
AFB1 0,100 399 1,74 010 0,3
AFB2 0025 659 168 003 01
AFG1 0,00 3,10 206 010 03
AFG2 0,025 659 121 003 01

Aflatoxin  Khoang Dién tich peak = Hé sb
ndng do a*Car+ b tuong
(Hg/kg) quan
a b (R?)
AFB1 0,2-20 18772,8 -1347,6 0,999
AFB2 0,05-5 119149 -18,6 0,999
AFG1 0,2-20 148552 -496,3 0,999
AFG2 0,05-5 72184 3294 0,999

Khoang tuyén tinh sir dung dé dinh luong ddi
voi AFB1 va AFG1 la 0,2-20 pg/kg, ddi véi
AFB2 va AFG2 I3 0,05-5 pg/kg. Tat ca cdc
duong chuan déu c6 hé sé twong quan R? 16n

3.4. P ding, dp chinh xac caa phwong phap
Tur két qua phan tich cac mau thém chuan nhu
trinh bady & muc 2.3, hiéu suat thu hdi & cac
muc ndng do tinh duoc lan lugt cho AFB1 la
94,9 — 98,1 %; AFB2 tur 91,7 — 98,6 %; AFG1
tr 97-99,8 %; va AFG2 tr 76,5 — 96,0 %
(Bang 5). B4i chiéu vai yéu cau ky thuat theo
AOAC tai ham luong chit phan tich la 1
ug/kg, hiéu suét thu hdi phai dat tir 40 — 120
%. PO ding ctia phuong phap dat dugc cao
hon rat nhiéu dé tmg dung phuong phap phan
tich cac doc t6 aflatoxin nhom B va G trong
nén mau dau phong.

Bang 5. Hiéu sudt thu hoi, d6 lgp va tai lap cia phiong phdp dinh lirong

Nong do thém Hiéu suat thu hoi bo lap lai bo tai lap
Aflatoxin chuan (ug/kg) trung binh (%) (RSDy, %) (RSDg, %)
(n=12) (n=6) (n=12)

AFB1 0,3 98,1 1,1 1,09
AFB2 0,1 98,6 0,4 0,85
AFG1 0,3 99,8 0,4 0,90
AFG2 0,1 96,0 0,2 0,18
AFB1 15 94,9 0,4 0,32
AFB2 0,5 91,7 0,2 0,25
AFG1 15 95,5 0,2 0,31
AFG2 0,5 84,6 0,1 0,45
AFB1 3,0 97,3 0,7 1,88
AFB2 1,0 92,3 0,9 3,94
AFG1 3,0 97,0 0,6 1,48
AFG2 1,0 86,5 0,6 2,98
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Tir Bang 5 cho thay, do lap lai ciia phép phan tich
la rat tot voi do lech chuan tuong ddi (RSD; %)
cho tAt ca cac néng dd nho hon 1,1 %, nhé hon
rat nhiéu so méi mirc giéi han ti da theo AOAC
(30%). Két qua ciing thé hién su on dinh t5t cua
phuong phap thong qua d0 tai lap trung gian thay
d6i trén ba muc ndng d9 va hai kiém nghiém vién
voi léch chuan twong ddi (RSDr %) thu dugc nho
hon 3,8 %. Két qua nay t6t hon nhiéu so vai quy
dinh ciia AOAC (< 45 %).

Do chinh xac cta phwong phap phan tich (d6
khéng dam bao do, MU%) dugc tinh toan dua
trén phuong phap “Top-down” [16]. Céc
ngudn chinh gay nén d6 khéng dam bao do cta
phuong phép nhu d6 ding (d6 thu hoi), do tai
lip va duong hiéu chuan. Két qua do khéng

dam bao do mé réng ¢ do tin cay 95% (k=2)
lan Iugt cho AFB1, AFB2, AFG1 va AFG2 la
3,2 %; 6,0%; 2,7% va 10,1%. MU thu dugc tot
hon nhiéu so vé6i gia tri co thé chdp nhan dbi
V6i phuong phéap phan tich dinh lugng & ndng
d6 nho hon 100 pg/kg (MU <44%). Diéu nay
chting minh phuong phap ¢6 d6 chinh xac cao
trong phan tich dinh lugng cac doc té aflatoxin
trong mau dau phong.

3.5. Ung dung phwong phap phan tich miu
thuc té

Phuong phap sau khi tham dinh dugc tng dung
dé phan tich 09 mau dau phong da ché bién
(san pham an lién), cdc mau nay duoc ban trén
thi treong Thanh phdé H6 Chi Minh. Két qua
phan tich thu dugc nhu Bang 6.

Bang 6. Két qua phan tich mau thyc té

Ki hiéu mau

AFB1 (ug/kg) AFB2 (ug/kg) AFG1 (ug/kg)

AFG2 (ug/kg)

M1 0,227 + 0,007 0,084 + 0,005 0,240 + 0,006 0,089 * 0,009
M2 0,197 + 0,006 0,055 + 0,003 - -
M3 - - - 0,025 + 0,003
M4 0,469 + 0,015 0,116 + 0,007 - -
M5 186,467 + 5,667 66,284 + 3,977 0,640 £ 0,017 -
M6 1,097 + 0,035 0,391 £ 0,023 - -
M7 4,036 + 0,129 1,006 + 0,060 4,057 £ 0,110 1,006 + 0,102
M8 151,993 * 4,864 17,175+ 1,031 0,766 £ 0,021 -
M9 1,310 + 0,009 0,157 + 0,009 - -

Két qua phan tich cho thdy 8/9 mau cé sy hién
dién cua AFB1 va AFB2, twong duong Véi
88,9% tong sé6 mau. Trong d6, sé mau c6 mat
AFG2 1a it nhat (3/9 mau). Xét vé ham lugng,
AFBI1 c6 ham lugng cao nhit (1,31 — 186,467
ug/kg) . Béi chiéu véi quy chuan cua Bo Y Té,
c6 t6i 3/9 mau (M5, M7 va M8) khong dat tiéu
chuan vé an toan vé sinh thyc pham tuong
duong véi 33,3%. Tuy sé lwong mau khao sat
con han ché, két qua thu dwoc cho thay mirc do
nghiém trong cia nam méc aflatoxin trong
mau dau phong da qua ché bién c6 trén thi
truong hién nay.

4. KET LUAN

Phuong phap phén tich dinh lugng c¢6 d6 chinh
xac cao di dugc thim dinh dé phan tich ham
luong cac doc t6 aflatoxin nhém B va G trong
mau dau phong di qua ché bién bing UPLC-
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MS/MS. Pudng hiéu chuin thu dwoc ¢ hé sb
tuong quan rat cao (R? = 0,999), gidi han phat
hién phuong phap cua tit ca cac doc td
aflatoxin déu thap hon 0,1 pg/kg. Nhiing thong
sb nay cho phép phuong phap tng dung dwoc
trong pham vi nong d¢ rong véi do nhay cao.
Do dung va do tai lap cua phuong phap t6t hon
nhidu so voi yéu cau can thiét doi véi mot
phuong phap dinh lwong ¢ muc ndng do
ug/kg. Phuong phap da duoc 4p dung dé phan
tich doc té aflatoxin nhém B va G trong cac
mau dau phong da qua ché bién dang bén trén
thi truong va c6 thé ap dung trong thuc tidn vé
kiém soét chat luong va vé sinh an toan thuc
pham.
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