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ABSTRACT

Objectives: A high-performance liquid chromatography method was developed and validated for
the quantification of Aflatoxin B1 in Herbs and cereals.

Method: The proposed method was validated according to ICH guidelines for specificity,
repeatability, linearity, accuracy, and precision.

Results: The method was achieved including Waters C18 column (50 mm x 2.1 mm; 1.7 um), the
mobile phase contained agueous 0.1% phosphoric acid:acetonitrile 0.2% (33:67) in isocratic with
flow rate of 0.2 ml/min, injection volume of 20 pl, and detector PDA-UV at 354 nm. The developed
method showed the present of Aflatoxin B1 in 2 Herbs and cereals samples, account for about 2% of
samples analyzed.

Conclusion: The study was successfully developed and validated high-performance liquid
chromatography method for quantification of Aflatoxin Bl in Herbs and cereals. This is the
background for further studies.
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TOM TAT
Muc tiéu: Xay dyng va tham dinh phuong phap dinh lugng Aflatoxin B1 trong duoc liu, ngii cbc
bang phuong phép sac ky long hiéu néng cao.
Phwong phap: Khao sat, lva chon diéu kién sic ky, danh gia theo huéng din ciia ICH dé thim dinh
phuong phap phan tich.
Két qua: Pa xac dinh duoc cac diéu kién sdc ky gdm cot Waters C18 (50 x 2,1 mm; 1,7 um), pha
dong acid phosphoric 0,1%:a~cet0nitril (B) (33:67) chay theo chuong trinh isocratic, toc do pha dong
0,2 ml/phut, the tich bom mau la 5 puL va detector PDA-UV tai budc song 354 nm. Két qua tham
dinh cho thay phuong phap c6 d6 dac hiéu, do chinh xac, d§ ding cao, gidi han dinh luong thap, dap
g yéu cau vé do tuyen tinh. Két qua dinh luong cho thy c6 2 mau duoc liéu co phat hién Aflatoxin
B1 chiém khoang 2% s6 mau phan tich.
Két luan: Nghién ctru di xdy dung va tham dinh duoc phuong phép sdc ky long hiéu ning cao dé
dinh lugng Aflatoxin B1 trong dugc li¢u, ngti coc.

Tir khéa: Duoc liéu, ngii coc, Aflatoxin B1, sic ky long hiéu ning cao.

1. PAT VAN PE

Trong doi séng hang ngay, viéc nhiém doc té tu nhién
cua thuc phém, duoc liéu voi doc t6 ndm méc 1a khé ¢co
thé tranh khoi va du doan trude, vi vay dit ra rat nhiéu
khé khin trong an toan strc khoe dbi voi moi ngudi khi
sir dung cac san pham thuc pham, duoc liéu [1]. Poc t&
nam moc duogc tao ra dudi dang chuyén hoa thi cap cua
nam, boi cac ching ndm khac nhau nhu Aspergillus
flavus, A. parisiticus, P. expansum, A. ochraceus... [2].
Nhirng doc t6 phd bién nhét va duoc tim thdy nhiéu 1a
cac Aflatoxin chu yéu do nim A. flavus va A.
parisiticus tao ra, it nhit da c6 13 loai Aflatoxin khac
nhau duoc tao ra trong thién nhién va phan 16n trong s6
d6 duogc biét dén co doc tinh cao va giy ung thu, trong
do Aflatoxin Bl duoc xac dinh 1a chat doc nhét [3].
Tiép xuc vai lugng 16n Aflatoxin Bl co thé gay ra cac
nhiém doc cép tinh, gdy doc té bao, hoai tir cac té bao.
Ngoai ra, viéc tiép xtc voi Aflatoxin B1 liéu thap trong
thoi gian dai s& gdy ra cac bénh man tinh, phd bién va
nghiém trong nhét 13 ung thu biéu mé t& bao gan [4].
Bénh canh do, khi tiép xuc lau dai voi cac Aflatoxin

*Tac gia lién h¢

cling gy ra cac bénh nghiém trong khac nhu nhiém doc
gan, urc ché mien dich, gay quai thai [5].

Viét Nam la qudc gia khi hau nhiét déi gi6 mua néng
am, tai nguyén thuc vat da dang va phong phu v6i hang
tram loai dugc liéu quy, t6t cho sirc khoe, rat nhiéu cac
bai thudc ¢ truyén duge sir dung tir nghin doi nay. Bén
canh do6, v6i viéc phat trién khoa hoc cong nghé, rat
nhiéu cay thudc di duoc nghién ciru chimg minh tac
dung. Vi vay, viéc st dung cac san phém tr duogc liéu
dang duoc sir dung ngay cang nhiéu. Bén canh do, véi
ngudn thuc pham phong phu, doi dao, nhit 1a cac loai
gao, cac loai hat thi ngii cde cling la nguén thuc phém
dugc st dung phd bién va rong rai tai Viét Nam, nhiéu
nghién ctru di chi ra cac tac dung vé stc khoe va dinh
dudng & ngii coe. Vi khi hau ¢ Viét Nam 13 nude nhiét
déi 4m, duoc lidu va ngll cde rat d& nhiém ndm mdc,
nén nguy co c6 Aflatoxin B1 1a rat cao, can phai dugc
kiém soat dé tranh cac van dé vé sirc khoe do Aflatoxin
Bl gy ra khi sir dung duoc liéu va ngii coc co thé
nhiém Aflatoxin B1.

Ham luong Aflatoxin B1 rat thap trong dugc lidu, vi
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véy dé xac dinh chinh x4c can cac phuong phap phan
tich hién dai nhu sic ky long hiéu ning cao (high-
performance liquid chromatography - HPLC), sic ky
1ong khéi phd (LC-MS/MS)... HPLC véi kha nang dinh
lwong ham luong vét trong duoc liéu, tinh chinh xac
cao, thiét bi hoa chét it phirc tap hon phuong phéap LC-
MS/MS. Tai Viét Nam, chua c6 nghién ctru nao xac
dinh ham lugng Aflatoxin B1 trong duoc liéu va ngii
coc bang HPLC, chinh vi vy, trong nghién ctu nay
chang toi xay dung va thim dinh phuong phép dinh
lugng Aflatoxin B1 trong mot s6 duoc liéu va ngii cde
bang phuong phap HPLC, dong thoi ap dung phuong
phap xay dung dugc dé phan tich 100 mau duoc ligu va
ngii cc thu duoc trong thoi gian tir nam 2023 tai Viét
Nam.

2. POI TUQNG, VAT LIEU VA PHUONG PHAP
NGHIEN CUU

2.1. Pdi twong, vat lidu nghién ciru

- Duoc liéu, ngii coc duge thu & cac cho va khu vuc
khac nhau tai Ha Giang va Ha Ngi vao thang 4/2023,
duoc nghién nho qua cd ray 1400/355, cho vao tui
zipper d¢ ¢ dicu kién phong thi nghi€ém ky hi¢u t
DL01-DL50 va NC01-NC50.

- Aflatoxin Bl chuin 98% do Céng ty Sigma ciia My
cung cap.

- Methanol, acid formic, ethanol va cac hoa chét khac
dat tiéu chuan phén tich HPLC.

- Hé théng sic ky 16ng hiéu ning cao Waters Acquity
(My),’cét Waters Clﬁ (50 x2,1 mm; 1,7 um), coOt chiet
pha ran Alltech (th€ tich 4 ml) chira hat hap phu pha
dao C18; can phan tich, may lac si€u am.

2.2. Phwong phap nghién ciru

2.2.1. Khdo sdt, xdy dung diéu kién sic ky

- Chuén bj dung dich chuén va thi:

+ MAu chuan: hoa tan 1 mg Aflatoxin Bl chuin
trong 50 ml ACN dé dugc dung dich c6 néng do 20
pg/ml.

+ Mau thu: can chinh xac khoang 10,0g bot duogc
lidu; chiét siéu am véi 100 ml ethanol 30% (x 3 lan)
trong 90 phut. Loc dich chlet qua gidy loc, cho hap phu
qua cot chlet pha ran. Tiép d6 cot dugc ria giai 2 lan
v6i nude cat. Sau d6 dugce rira giai véi 4 ml acetonitril
v6i toe do 20 giot/phut. Dich rira giai duogc bdc hoi
trong dong khi nito téi khd & nhiét d6 40°C, cin duoc
hoa vio pha dong, dua vao may ly tdm dé ly tdm véi
tbc do 10.000 vong trong 2 phut, sau d6 gan lay 16p
trén, cudi cung loc qua mang loc 0,45 pm va tiém vao
hé théng sic ky.

+ MAu trang: dung moi pha dong.

- Lua chon diéu kién sic ky: cot Waters C18 (50 x 2,1
mm; 1,7 pum); pha dong: acid phosphoric
0,1%:acetonitril (B) (33:67) chay theo chuong trinh
isocratic, toc d9 pha dong 0,2 ml/phut, thé tich bom mau
la 5 uL, va detector PDA-UV tai budc song 354 nm.

- Tham dinh phuong phap phén tich [6]: thyuc hién yéu

cdu chung cua ICH (International Conference on
Harmonization), phuong phap phén tich duoc thim
dinh vé d6 dic hiéu, tinh tuong thich ctia hé thong sic
ky, do ding va do 1ap lai, gii han phat hi¢n (LOD),
khoang tuyén tinh va gidi han dinh lugng (LOQ).

- Ap dung phuong phap xay dung duoc dinh lugng
Aflatoxin B1 trong mau duoc liéu, ngii cbe: sir dung
phuong phap da duge tham dinh tién hanh dinh luong
mot s6 mau duge liéu, ngii cdc thu tai Ha Giang va Ha
No6i vao thang 4/2023.

2.3. Xir Iy s6 li¢u
S6 liéu duge xir Iy phan tich thong ké trén cac phan
mém chuan Excel.

2.4. Dao dirc nghién ciru

Nghién ciru tuan thu ddy di cac quy dinh vé dao durc
trong linh vuc nghién ctru y Sinh hoc va cam két khong
c6 xung dot loi ich trong nghién ctru.

3. KET QUA NGHIEN CUU

3.1. Két qua khao sat t6i wu hoa diéu Kkién chiét va
diéu Kién sic ky

- Két qua lya chon phuwong phép chiét: can khoang
10,0g duoc lidu cho vao binh chiét, dung moéi chiét xuat
12 MeOH 40%, chiét 3 1an (50-30-20 ml), thoi gian
chiét 1a 90 phuat. Tién hanh khao sat 2 phuong phép la
phuong phap chiét siéu am va phuong phap chiét hoi
Iru. Két qua ¢ cho thay phuong phép chiét siéu am cho
dién tich pic cao hon, tién hanh don gian hon so véi
phuong phéap hdi luu. Do vay, phuong phép chiét siéu
am duoc lua chon cho cac khao sat tiép theo.

- Két qué khao sat dung moi chiét: két qua khao sat
dung mai chiét giira methanol va ethanol & cac nf)ng do
90%, 70%, 50% va 30% cho thay, trong 90 phut bang
phuong phap siéu 4m & cic nong do thi chiét bang
ethanol 30% cho dién tich pic 1a cao nhat. Tir cac két
qua trén, chung toi dua ra diéu kién xir Iy mau téi wu
nhu sau: can chinh xac khoang 10,0g bdt dugc li€u
chiét siéu am véi 100 ml EtOH 30% trong 90 phut. Loc
dich chlet qua gidy loc, cho hap phu qua cot chlet pha
ran. Tiép d6 cot duogc rira giai 2 1an véi nudc cét. Sau
d6 dugc ria giai véi 4 ml acetonitril voi tbe do 20
giot/phit. Dich rira giai dugce bdc hoi trong dong khi
nito téi kho & nhiét do 40°C, cin duoc hoa vao pha
dong, dua vao may ly tam dé ly tim véi toc do 10.000
vong trong 2 phit, sau d6 gan ldy 16p trén, cudi cung
loc qua mang loc 0,45 um va tiém vao hé thong séc ky.

Khéo sat cac diéu kién HPLC duoc lva chon theo yéu
cau dé thu dugc sic ky d6 véi do phan giai tot hon ctia
cac pic lién ké trong thoi gian luu t6t hon. Cac dung
dich rira giai sdc ky dugc thém cac loai acid khac nhau
(acid acetic, acid formic, acid phosphoric) & cic nong
d6 khac nhau (0,01, 0,05 va 0,1 M) dé tién hanh khao
sat, danh gi4 kha ning tach cac thanh phan trong miu.
Két qua cho thay: acid phosphoric 0,1%:acetonitril (B)
(33:67) chay theo chuong trinh isocratic cho két qua t6t
hon cac hé con lai, do d6 hé nay dugc lira chon lam diéu
kién sic ky.

>
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Khao sat tin hiéu thu dugc ¢ budc song tir 200-400 nm cho théy tai budc song 354 nm gia tri ti 1€ tin hiéu trén
nhiéu cao n}}ét, do d6 budce song nay duoc dl;qc chon d¢€ phan tich. Sac ky d6 thu dugc tir cac mau chuan va mau
thir dugc the hién 16. Céc dinh sac ky cua chat phén tich trong mau dugc xéac dinh bang cach so sanh thoi gian luu
cua chung vai thoi gian luu ctia chat chuan doi chiéu.

3.2. Két qua thim dinh phwong phap

3.2.1. Két qud tham dinh phwong phdp dinh lwgg Aflatoxin BI trong dwoc li¢u

- Sic ky d6 cta Aflatoxin B1 trong mau chuén (a) va mau thir (b) & nong do EtOH 30%.
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Hinh 1. Séc ky do ciia Aflatoxin BI trong méu chudn (a) va mau thir (b) tiv dich chiét dwoc ligu
Két qua cho thay hinh anh pic tach rd rang, sic nét, nhidu nén thap. Thoi gian Xuét hién pic Aflatoxin B1 trong
mau thir 1a 24,343 phat, tuong Gng vdi thoi gian xuat hién pic Aflatoxin B1 mau chuan (24,330 phut) (hinh 1).
So sanh vé pho hap thu UV cua mau thir va mau chuan. Két qua chfmg phf) cho thfiy: mau thir Vé,mﬁu chuan c6
d¢ trung khit ctia pho 1a 0,99 (hinh 2). Ching to6 pic thu dugc trén sac ky do gilra mau thir tinh khiét va cac thanh

phan khac c6 trong mau thir khong anh huéng dén viée phan tich Aflatoxin B1, tir d6 cho phép tién hanh dinh
tinh, dinh lugng.

Ph6 UV mAiu chuan (a)

200’ awdn
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Ph6 UV méu thir (b)

Hinh 2. Phé UV ciia Aflatoxin BI trong mdu chudn (a) va méu thir (b) tir dich chiét dwoc liéu

3.2.2. Tinh twong thich hé thong

Tién hanh sfic ky lap lai 6 lan mau chuan Aflatoxin B1 nong do 5,0 pg/L theo diéu kién sic ky. Két qua tinh tuong
thich hé thong dugc thé hién & bang 1. Tinh thich hop cia hé thong sac ky dugc danh gia dua vao dd 1éch chuan

tuong doi, dién tich pic, thoi gian luu.
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Bing 1. Két qud tinh twong thich ciia hé théng sic ky dwgc danh gid

STT Thoi gian lwu (phat) | Dién tich pic (MAU*s) | S6 dia Iy thuyét Hé s6 bét dbi xing

1 20,505 119010,35 77833 1,04

2 20,501 110534,71 79957 1,07

3 20,504 118272,46 77225 1,03

4 20,502 119179,91 78318 1,05

5 20,503 114448,06 77448 1,04

6 20,505 115393,37 79886 1,07
X +SD 20,503 = 0,001 116139,8 + 3372,44 78444 + 1203 1,05 +0,016
RSD (%) 0,08 2,93 1,53 1,59

Két qua ¢ bang 1 cho thdy d léch chuan tuong doi RSD (%) vé dién tich pic 1,53 va thoi gian luu 0,08 déu nho
hon 2%. Nhu vay, phuong phap phu hop véi hé thong phéan tich.

3.2.3. Tinh ddc hiéu

Tién hanh phan tich dong thoi mau chuan Aflatoxin Bl, mAu tring va mau th trong cung diéu kién sic ky (ket
qua thé hién & hinh 3). Két qua cho thiy: thoi gian Xudt hlen pic cua Aflatoxin B1 trén sac ky dd mau thu va mau
chuan nhu nhau. Pic khong xuat hién ¢ mu tring trong thoi gian tuong ng. Pic trén miu chuan va mau thir sic
nét, rd rang, do rong chan pic nho. Két qua cho thiy phuong phéap phan tich c¢6 tinh dic hiéu dam bao.
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3.2.4. Khodng nong dé tuyén tinh Két qua bang 3 cho thiy phuong phap c6 d6 lap lai cao

Khao sat khoang tuyén tinh cta phuong phap, nghién v6i RSD :,2’2%'
ctru tién hanh pha mot day dung dich chuan condng 46 Bing 4. Két qud dinh gid dp diing

0,1;0,2; 0,5; 1,0; 2,0; 5,0; 10,0; 20,0; 50,0 pg/L, sau do Them Do thu | -
xéc dinh twong quan gitra dién tich pic va nong do cac  |STT VA0 Tim lai hai X +SD|RSD
dung dich Aflatoxin B1 chuan. .
Bing 2. Sy twong quan gita S pic va nong dp 1 [3062pg | 3,01pg | 98,40% 10060 | =
Aflatoxin BI chuin 2 [3062g] 3,12pg [10181% ] s, | &
+1, e
STT Nong d chuin Dién tich pic (1V*s) 3 (3,062 ug| 3,11 pg |101,61%
Aflatoxin B1 (ug/L) | —¢m e pre (s 4 |7,655ug | 6,77 ug | 88,44% <
1 0.1 7199 5 |7.655 1| 6,90 g | 9013% | 2022 | 2
2 0,2 12542 6 |7,655pg| 6,82 ug | 89,09% , °
3 0,5 18911 7 (15,31 pg | 15,00 pg | 97,96% ©
4 1 20801 8 |1531pg | 1456 g | 9512% | 12 | B
5 2 46391 9 |1531pg|1508pg| 9851% | -
6 5 115977 Két qua phan tich dung dich thir thém chuén duoc trinh
7 10 231955 bay ¢ bang 4. Ty 1¢ thu hoi ¢ cac nong d6 khic nhau tir
8 20 463910 88,44 dén 101,81 nam trong khoang 80-120% so voi
lugng chuan thém vao; RSD thu dugc tir 0,96 dén 1,90
9 50 1159775 nho6 hon 2%, chiang t6 phuong phap duge phat trién
1400000 dam bao d¢ chinh xac trong khoang noéng do 80-120%
1200000 n6ng dé dlnh lu’O’ng theo yéu cau cua ICH.
f___l 1000000 3.2.6. Gioi han phat hién va gioi han dinh lwong
e Tién hanh xéc dinh gi6i han phat hién (LOD) bing cich
2 400000 dil;lh luong hpat chﬁét E:é trqr:g r?ﬁu ;[hl"r, sau ’dc') pha
200000 lqang dung dich thur nay nhiéu .lran dé dugc cac dung
0 dich thtr c6 nong d6 giam dan, tién hanh sac ky dé xac
0 10 20 30 40 50 6o  dinhndngd¢ toithi€u ma tai d6 con phat hién dugc dap
Nbng do Ung cua chat phan tich. Két qua cho thay gioi han phat
hién va gidi han dinh lugng ctia Aflatoxin B1 lan lugt
Hinh 4. Do thi twong quan giita di¢n tich pic 120,1 pg/L va 0,4 ug/L.

v néon do Aflatoxin Bl chuén . .
& g 3.2.7. Ket qud dap dung phwong phdp da tham dinh

K&t qua & bang 2 va hinh 4 cho thay khoang nong do dinh lwgng Aflatoxin B1 trong dwoc li¢u va ngii céc

khdo sat c6 sy tuong quan tuyen tinh gira dién tich pic

va nong d6 Aflatoxin B1 chuan véi phuong trinh duong St dung phuong phap tham dinh duo ticn hanh dinh

chudn I3 y = 4117x + 23078, gié tri R2 = 0,9999. luong cac mau dugc liéu, chi phat hién 2 mau (trong
o o 100 mau phén tich) c6 Aflatoxin B1, két qua thé hién ¢
3.2.5. Dg dung va dj lap lai bang 5.
Bang 3. Ket qua danh gid dg lap lgi Bing 5. Ham luwong Aflatoxin BI trong duwoc liéu
Nongdd | [ o [Nong dd Aflatoxin| - Fyizy ™ T Kndi lwgng DL (g) | Ham lwgng (ng/k
STT| Aflatoxin l?ég(n Silsl) B1 (ug/L) tinh i ® ong (ng/ke)
B1 (ug/L) pic (W theo dwong chuan DL15 10,042 5,08
1 100 | 231955,00 10,02 NC13 10,012 10,40
2 10,0 228036,20 9,85 Két qua cho thay ty 1é mau c6 ham lugng Aflatoxin Bl
trén ngudng phat hién trong dugc liéu va ngii coc lan
3 | 100 | 28r93l21 10,28 lwot 14 5,08 va 10,4 pg/kg. Phuong phap da xdy dung
4 10,0 225475,03 9,74 cho d¢ chinh xac va tin cdy cao.
5 10,0 228872,50 9,89 4. BAN LUAN
6 10,0 239249,94 10,34 Trong nghién ciru nay, ching toi da xay dung va tham
_ 231919 98 dinh phuong phap dinh lugng Aflatoxin B1 trong ngii
X+SD +5095 ’31 10,02 £0,22 cde va duoc ligu bang phuong phap sic ky long siéu
5 : hiéu ning cao. Pic diém cua phuong phap la s dung
RSD (%) 2,20 2,20 cot siéu hiéu nang véi kich thudc hat rét bé, khoang 1,7
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um, dong thoi 4p suit cot rat cao va lwong dung méi st
dung rét it, nén tiét kiém duoc dung méi, trong khi van
dam bao hiéu luc tach chat tt, dic biét tach rat rd
Aflatoxin B1 khoi cac pic tap khac. Nghién ctu st
dung phuong phap chiét pha ran dé co dic mau phan
tich, nham phat hién Aflatoxin B1 ¢ ngudng nong do
thap. Mau duoc xi Iy véi cac dung mdi va phuong phap
khac nhau dé lya chon phuong phap téi wu. Két qua
tham dinh cho thiy phuong phap cé d6 dac hiéu cao,
khoang tuyén tinh rong, giéi han phat hién va gioi han
dinh lugng thap, cho phép dinh lwong cac mau co ham
lugng thap. Do dang va do lap lai cao dap tng cac yéu
cau cua ICH va AOAC. Két qua phan tich cac mau cho
thay ty 16 mau duoc liéu va ngii cdc co nhidm Aflatoxin
B1 khoang 2% sé mau. Ty I¢ nay phu hop véi cac cong
bd trude day.

5. KET LUAN

Nghién ctru da xay dung va thdm dinh dwoc phuong
phap dinh lugng Aflatoxin B1 trong dugc liéu, ngii cc
bang phuong phap HPLC sir dung cot Waters C18 (50
x 2,1 mm; 1,7 pm); pha dong acid phosphoric
0,1%:acetonitril (B) (33:67) chay theo chuong trinh
isocratic, toc do pha dong 0,2 ml/phut, thé tich bom
mau 1a 5 uL va detector PDA-UV tai buéc song 354
nm. Két qua thdm dinh chi ra rang phuwong phap c6 do
tuyén tinh cao, d¢ dting, d¢ chinh xac, d6 dac hiéu cao,
gi6i han dinh luong thap cho phép dinh lwong cac mau
c6 ham luong hoat chat thap.

*

* *

Cong trinh nay duoc hd tro tir dé tai doc 1ap cap nha
nude “Nghién ctru dic diém nhiém doc té vi nim trong
mot s6 thuc pham tai Viét Nam va ché tao que thir ban
dinh luong phat hién nhanh, déng thoi mot sé doc té vi
ndm”, ma s6 DTDL.CN-04/21.
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