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Tom tat

Séc ky long khéi phd phan giai cao (LC-HRMS) da duoc ung dung dé xay dung
phuong phap phat hién va dinh luong dong thoi 03 doc t vi ndm Alternaria (Alternariol
(AOH), Alternariol Monomethyl Ete (AME), acid Tenuazonic (TeA)). Piéu kién sic ky
gdm: ¢t pha dao C18, pha dong & ché do gradient vai hai kénh HoO va MeOH cung chira
0,1 % acid formic va 10 mM amoni format. Khéi ph6 phan giai cao HRMS véi ngudn ion
hoa dién tr am (ESI-) da duoc st dung. Mau dugc 1am sach va lam giau bang cot chiét pha
ran Oasis HLB. Phuong phap c6 giéi han dinh luong (LOQ) cua AOH va AME 1a 1,0
ng/kg va TeA 1a 3,0 pg/kg voi do thu hoi tir 80,0 - 114,8 %, do lap lai tir 0,07 - 9,9 %, dat
yéu cau theo quy dinh cia AOAC va chau Au. Phuong phap di duoc ung dung dé phat
hién va dinh lugng céc ddc t6 vi nAm nhoém Alternaria co trong 80 mau thuc phérn duoc
liy trén dia ban thanh phd Ha N¢i. Phat hién AOH trong 04/20 mau rau (3,3 - 178 pg/kg),
03/20 mAu trai cay (5,6 - 7,3 pg/kg), 06/20 mau ngii cbc (13,4 - 17,4 pg/kg), 03/20 mau hat
chira dau (13,2 - 25,2 pg/kg); phat hién AME trong 01/20 mau rau (7,5 pg/kg), 02/20 miu
trai cay (< 3 pg/kg), 01/20 mau ngii cde (9,5 pg/kg), 02/20 miu hat chira dau (< 3 pg/kg);
phat hién TeA trong 02/20 méu rau (9,0 pg/kg), 01/20 mau ngii coc (< 3 pg/kg), 02/20 mau
hat chtra dau (< 3 pg/kg), khong phat hién & miu trai cay.

Tir khoa: LC-HRMS, SPE, Alternaria, AOH, AME, TeA, thuc phcfm.

1. DAT VAN PE

Trong khéu phﬁn dinh dudng, cac loai rau cu, trai cay, ngii cdc, hat c6 dau va cac san
pham ché bién ctia chung 1a nhimg thanh phan quan trong. Tuy nhién, trong giai doan phat
trién cta nhiéu loai cay tréng hodc qua trinh thu hoach, cac loai thuc phém nay dé bi lay
nhidm cac loai ndm, dic biét 1a ndm Alternaria. Hon nita, do c6 kha ning phat trién ngay
ca & diéu kién nhiét do thip nén Alternaria c6 thé giy hong nhirng san pham nay trong qua
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trinh van chuyén va bao quan lanh [2]. Sau khi xam nhap vao thuc phém, nam Alternaria
tao ra san pham chuyén héa thtr cdp 13 cac doc t6 vi nAm nhom Alternaria [3].

Trong céac thir nghiém in vitro va trén dong vat, mot sé hop chét trong nhom nhu
AOH, AME, TeA da dugc bao cao gay ra cac tac dong co hai trén gen va thai nhi. Theo
Hoi dong cac chit gdy 6 nhiém trong chudi thyc phdm ctia Co quan an toan thyc phim
chau Au (EFSA), ngudng doc t6 can quan tdm (TTC) la can thiét d¢é danh gia twong dbi
mirc d6 lo ngai do phoi nhiém doc t6 vi ndm nhém Alternaria hang ngay véi gia tri TTC
cua AOH va AME la 2,5 ng/kg can nang/ngay; TeA la 1.500 ng/kg can nang/ngay [2].
Ngoai ra, mot bao cao tai Trung Qudc cho rang doc t6 nhom Alternaria trong ngii cde cd
thé 1a nguyén nhan giy ra bénh ung thu thuc quan [5]. Do lo ngai ¢ thé gy ra cac anh
hudng c6 hai trén con ngudi khi str dung san phdm c6 chira doc t6 vi ndm nhom Alternaria
hang ngay trong thoi gian dai nén viée tién hanh cc nghién ctru phan tich nhom doc t nay
trong thuc pham dang dugc xem 1a mbi quan tam ddi véi sirc khoe cong dong.

Nhiéu phuwong phap di dugc xdy dung dé xac dinh cac doc té vi ndm nhoém
Alternaria. Mot s6 ki thuat phan tich nhom Alternaria dugc sir dung phd bién bao gdm: xét
nghiém hap thy mién dich lién két véi enzym (ELISA), sic ky 16p mong (TLC), sac ky khi
(GC), sic ky long hiéu nang cao (HPLC), sic ky long khdi phd (LC-MS). Céc k¥ thuat
phan tich nay duoc st dung két hop v6i nhidu quy trinh xtr Iy mau khac nhau nhu: chiét
pha ran SPE [8, 11], QUEChERS [6, 9], chiét 16ng - 16ng [7, 10]. Trong nghién ctru nay, k¥
thuat xir Iy mau SPE két hgp LC-HRMS da dugc lya chon dé phat hién va dinh luong dong
thoi cac doc to vi ndm Alternaria do c6 do nhay, do ldp va chinh xéc cao.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Doi twgng nghién ciru

Ba ddc t6 vi nAm nhom Alternaria (AOH, AME, TeA) duoc lua chon lam ddi tuong
nghién ctru. Hai ddi twong mau dugc lua chon dé xac dinh gié tri str dung ctia phwong phap
gdm ca chua va bot ngd. Pdi tugng mau dugc Iya chon dé phan tich tmg dung phuong
phap 1a thyc pham c¢6 nguy co chira doc t6 vi nAm nhém Alternaria (dap, nat, thdi, moc,
cac san pham trong chai khong nhin mac, san xuat thii cong,...) gdm: rau cil va cac san
pham tir rau cu; trai cdy va cac san pham tir trai cdy; ngii cdc va cac san pham tir ngi cdc;
hat chira dau va céc san phém tir hat chira dau duogc léy tai cac cho, si€u thi, cua hang tap
hoa trén dia ban Ha Noi.
2.2. Hoa chit

Céc chit chuan (AOH, AME, TeA) duoc str dung c¢6 do tinh khiét > 93 %, cung cip
boi hang Toronto Research Chemicals, Canada. Cac dung moi tinh khiét dung cho phan
tich séc ky gém methanol, acetonitril, acid formic, acid acetic va cac hoa chat MgSOskhan,
NaCl, CHs:COONa, HCOONH: duoc cung cip bdi hing Merck; nudc cit hai 1an dugc 1ay
tir may loc nudc siéu tinh khiét Milli-Q; bot PSA va C18 dugc cung cap boi Agilent.
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2.3. Thiét bi, dung cu

Hé théng sic ky long khdi phd phan giai cao gdm sic ky 1ong siéu hiéu ning
Ultimate 3000 két ndi v6i khdi phd Q-exactive Plus ctua Thermo Scientific. Cac thiét bi
khac bao gébm: may doéng nhat miu (Phillips); can phan tich chinh xac dén 0,01 mg
(MS105, Mettler Toledo); can k¥ thuat, chinh xac dén 0,01 g (ME2002T, Mettler Toledo);
may ly tim (Mikro 200R, Hettich); may lic xody (Vortex 3, IKA); may rung siéu am
(S300H, Elma); cot chiét pha ran Oasis HLB 500mg, 3 mL (Waters).

Cot sic ky pha dao BEH C18 (2,1 x 100 mm; 1,7 pm) va tién cot twong ing, Waters.
Céc dung cu co ban trong phong thi nghi¢m: micropipet (Eppendorf), binh dinh muc cac
loai, 6ng ly tam, dng dong.
2.4. Khao sat va tham dinh phwong phap
2.4.1. Diéu kién LC-HRMS

Khéo sat va lua chon diéu kién khoi phé: manh phé Iy thuyét duoc tra ctru dua vao
cong thirc phén tir ciia cac hop chat. Sau dé, cac diéu kién MS dugc tdi vu dé xac dinh ion
me; lya chon cac ion con phu hop. Tién hanh tiém truc tiép dung dich cac chat chuan
AOH, AME va TeA c6 ndong d6 1 pg/mL vao hé thong khdi phd. Xac dinh manh phd thuc
nghiém bang ché d quét toan bo manh khéi (Fullscan) doi véi manh me va tat ca cac phan
manh ion (All ion fragmentation - AIF) dé tim kiém manh con cua chat phén tich.

Diéu kién sic ky 1ong: cot sic ky pha dao UPLC BEH C18 (2,1 x 100 mm; 1,7 um),
pha dong hai kénh H>,O va MeOH cung chura 0,1 % acid formic va 10 mM amoni format.
2.4.2. Phirong phdp xir Iy mdu

K thuat xir Iy mau bang cot chiét pha ran SPE dugc Iya chon dé khao sat. Cac budc
thyc hién ctia quy trinh lam sach bang SPE nhu sau: can chinh xac khoang 2 - 20 g mau da
ddng nhét bang can phan tich vao dng ly tdm 50 mL. Thém 20 mL dung mdi chiét MeOH :
H>O : CH3COOH (80 : 19 : 1, v/v/v), lic xody trong 10 gidy, lic ngang trong 45 phut. Ly
tam & téc d6 6000 vong/phut trong 10 phut. Chuyén toan b dich chiét sang dng ly tim
dung tich 50 mL mé&i. Thém 5 mL hexan, lic xody trong 1 phit. Ly tdm ¢ toc do 6.000
vong/phiit trong 3 phit, bo 16p hexan bén trén. Loc dich qua gidy loc vao dng ly tim 50
mL khac. Hut 10 mL dich mau sau loc vao 6ng ly tim 50 mL. Thém 10 mL dung dich
dung dich acid acetic 1 % trong nudc, ldc vortex 1 phut, lam sach qua cdt HLB. Hoat hoa
cot bang 7 mL MeOH; 7 mL nudc cat; 3 mL dung dich acid acetic 1 %. Nap mau qua cot
véi tbe do chay 1 giot/gidy; trang ng ly tAm bang 3 mL dung dich acid acetic 1 %. Rira tap
bang 7 mL dung dich acid acetic 1 %, hut kho 30 gidy; tiép tuc rira bang 7 mL n-hexan, hut
kho 1 phat. Ong himg dugc thém sin 100 pL DMSO. Rua giai bang 6 mL dung dich
MeOH; hut kho 10 gidy. Dich rira giai dugc thdi kho bang khi nito cho dén khi con 100
uL. Thém 100 uL nude, lic xody 30 gidy, loc qua mang loc PTFE 0,2 pm vao lo dung mau
c¢6 dng thay tinh dung miu. Dich loc dugc phan tich bang LC-HRMS.
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Céc thong sb cua quy trinh duoc khao sat, tdi vu gdm: dung mdi chiét, dung mai rira
giai, thé tich rira giai, dung moi hoa can.
2.4.3. Tham dinh phwong phdp phan tich

Tham dinh phuong phap phan tich duoc thuc hién theo quy dinh boi AOAC [1] va
Hoi dong chau Au (SANTE/2019/12682) [4]. Cac thong sd tham dinh gdm d6 dic hiéu,
gidi han phat hién, gi6i han dinh luong, duong chuan va khoang tuyén tinh, do thu hoi va
do lap lai.
2.5. Ung dung phwong phap

Phuong phap d3 dugc ing dung dé phat hién va dinh luong ddng thoi mot sb doc td
vi nAm nhom Alternaria (AOH, AME, TeA) trong mau thuc phém duoc léy ng'?lu nhién tai
cac cho, si€u thi va ctra hang ¢ Ha Noi.
3. KET QUA VA BAN LUAN
3.1. Piéu kién LC-HRMS
3.1.1. Piéu kién khoi pho

Céc dung dich chuan AOH, AME va TeA c6 ndng d6 1 pg/mL dugc tiém vao thiét bi

khéi phd véi thé tich 5 pL dé xac dinh manh me va manh con thyc nghiém. Piéu kién phan
tich ctia cac chat duoc trinh bay & Bang 1.

Bdng 1. Diéu kién phdn tich cua cac doc to vi nam nhom Alternaria

Chit Mdanh me Mdnh con Dang ion
phan tich (m/z) (m/z) phdn tich
207,13872; 152,03448; 121,02842; 215,00960;
AOH 257,0456 [M-H]

196,09744; 194,08180; 242,17628; 228,03020

257,04577; 228,06630; 224,09270; 221,15454;

AME 271,0612 215,00957; 216,01294; 218,00421; 273,06741; [M-H]
250,14481
138,01866; 112,98449; 126,09947; 121,02839;
TeA 196,0979 108,02050; 102,98753; 96,95891 [M-HJ

93,03336; 187,09703; 201,11232

3.1.2. Piéu kién sdc ky long

Mau duoc phan tich véi toc do dong 14 0,3 mL/phut va nhiét d6 budng cot la nhiét o
thuong. Chuong trinh gradient pha dong duogc khao sat va lya chon dua vao thoi gian luu
va hinh dang, d6 can xtmg cta pic sic ky. So sanh két qua khao sat thanh phan pha dong
cho thay khi str dung dung méi 1a MeOH séc ky dd cua cac chat phan tich c6 tin hiéu cao,

Tap chi Kiém nghiém va An toan thuc phdm-tap 5. s6 1, 2022



Vi Ngoc TU, Hoang Lan Huong, BUi Cao Tién,... Thdi Nguyén Hung Thu

sdc nhon va can dbi nhat. Khi str dung dung méi 1a ACN hodc ACN : MeOH (50 : 50, v/v),
tin hiéu cia AOH va AME thap, kém cén dbi va dudng nén dang rat cao. Ngoai ra, TeA
khong 1én tin hi¢u. Do do, hé pha dong tdi wu dugc lua chon 1a: kénh (A) amoni format 10
mM va acid formic 0,1 % trong nude, kénh (B) amoni format 10 mM va acid formic 0,1 %
trong methanol. Chuong trinh gradient pha dong dugc dua ra tai Bang 2.

Bdng 2. Chuong trinh gradient pha dong
Kénh A Kénh B

Thoi gian
(phiit) (Amoni format 10 mM, acid (Amoni format 10 mM, acid
Sformic 0,1 % trong nwdc) Sformic 0,1 % trong methanol)
0+1,0 100 % 0%
1,0 +4,5 0% 100 %
45+17,0 100 % 0%

3.2. T6i wu quy trinh xir Iy miu

Céc khao sat duoc thuc hién voi mau tring (miu ca chua, bot ngd khong chua cac
chat phan tich) thém chuin & mirc ham luong 100 pg/ke.
3.2.1. Khdo st dung méi chiét

Khao sat 03 dung méi chiét: dung méi 1 (MeOH : nudc : acid acetic (80 : 19 : 1,
v/v/v)), dung méi 2 (MeOH:nudc:acid acetic (50 : 49 : 1, v/v/v)), dung méi 3 (MeOH :
nude : acid acetic (19 : 80 : 1, v/v/v)). Két qua dugc trinh bay ¢ Hinh 1.

KHAO SAT DUNG MOI CHIET KHAO SAT DUNG MOI CHIET
NEN RAU NEN NGU COC
1,5E+08 807
Dién
= ] Dung mbi tich 6,407
21,0E+08 pic
S 4 E+07 m Dung moi 1
= ] Dung maoi
55 0E+07 2,E+07 I l ' W Dung méi 2
= Dung moi 0,E+00 Dung mdi 3
0.0E+00 AOH AME TeA
! Chat phén tich
Chat phan tich

Hinh 1. Biéu do khao sat dung moi chiét trén nén mau rau, ngii coc

Két qua dua ra tai Hinh 1 cho thiy tin hiéu cia AOH, AME cao nhit khi st dung
dung méi chiét MeOH : nudc : acid acetic (50 : 49 : 1, v/v/v). Tin hiéu ctia TeA khong co
su khac biét nhiéu so v6i dung moi MeOH : nudc : acid acetic (19: 80 : 1, v/v/v). Diéu nay
cho thdy ty 168 MeOH nhiéu hon s& khong thé chiét hoan toan TeA ra khoi nén mau do chit
nay c6 do phan cuc cao hon AOH va AME. Do d6, MeOH : nudc : acid acetic (50 : 49 : 1,
v/v/v) duoc Iira chon cho cac nghién ctru tiép theo.
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3.2.2. Khao sat dung maoi ria giai
Khao sat 04 dung méi rira gidi: methanol, acetonitril, methanol chita 1 % acid acetic,

acetonitrile chira 1 % acid acetic v&i cting thé tich 6 mL. Két qua dugc trinh bay ¢ Hinh 2.

KHAO SAT DUNG MOI RUA GIAI

5,0E+07

4,0E+07
3,0E+07 B Methanol
. 2,0E+07 B Acetonitril
Methanol 1% Acid acetic
1,0E+07
Acetonitril 1% Acid acetic
0,0E+00
AOH AME TeA

Chat phan tich

tich pic

Dién

Hinh 2. Két qua khdo sat dung méi riva gidi

Két qua dua ra ¢ Hinh 2 cho thay tin hiéu cta ca 3 chat phan tich cao nhat khi sir
dung dung méi rira giai 1a MeOH. Khi thém acid, tin hiéu ctia cic chat giam, chimg to qué
trinh rira giai cac chét phy thudc vao pH. Khi rira giai bang dung méi ACN, tin hiéu cac
chét phan tich thp hon khi dung MeOH do ACN c6 d6 phan cuc thdp hon MeOH, trong
khi cac chat phan tich (AOH, AME va TeA) la cac chat kha phan cuc nén kha ning ria
giai cac chét nay ra khoi cot bfmg MeOH la cao hon. Do d6, MeOH duogc lya chon 1a dung

.....

3.2.3. Khao sat thé tich dung méi rira gidi
Khao sat 4 mic thé tich dung méi rira giai: 4, 6, 8, 10 mL. Két qua khao sat duoc

trinh bay ¢ Hinh 3.
KHAO SAT THE TiCH DUNG MOI RUA GIAI
120000000
100000000
.2 80000000
[-%
= ma4mL
£ 60000000
{5_ m6mL
&S 40000000 g8mL
0
AOH AME TeA

Chat phan tich
Hinh 3. Két qua khdo sat thé tich dung méi rira gidi

Két qua dua ra & Hinh 3 cho thiy tin hiéu cta ca 3 chit phan tich khong thay dbi
nhiéu khi thay doi thé tich dung mai rira giai. Tin hiéu cac chat tang khi ting dan thé tich
tir 4 mL 1én 8 mL. Tuy nhién, khi ting thé tich 1én 10 mL thi tin hiéu cac chat phan tich
khong ting. Diéu nay cho thay 8 mL 1a thé tich dung méi rira giai tdi uu.
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3.2.4. Khao sat dung moi hoa can
V61 muc dich lam giau mau, dung dich mau duoc thdi kho, sau d6 duge hoa cin vai
thé tich dung moi nho hon. Viéc lua chon dung méi hoa cin rat quan trong vi nd anh
hudng toi kha ning hoa tan cua chat phan tich vao dung méi d6. Khao sat cac dung moi
hoa can: MeOH, H,O, DMSO : H>O (50 : 50, v/v). Két qua duogc trinh bay ¢ Hinh 4.
KHAO SAT DUNG MOI HOA CAN
250000000

200000000

=3
=
£ 150000000
= B DMSO+H,0
S 100000000
@ H0
S 2
50000000 I . VieOH
0
ACH AME TeA
Chét phan tich

Hinh 4. Két qua khdo sat dung méi hoa cin

Két qua dua ra tai Hinh 4 cho thay tin hiéu cta ca 3 chét c6 su chénh léch dang ké
khi str dung cac dung mai rira giai khac nhau. Tin hiéu cac chat thdp nhat khi hoa cin bang
nude va cao nhat khi hoa can bang dung méi hdn hgp DMSO : H>O (50 : 50, v/v). Diéu
nay co6 thé duoc giai thich do DMSO 14 chét trg tan nén viéc thém DMSO lam ting kha
nang tan cia cac doc td vi nam Alternaria vao dung méi hoa cin. Vi vy, dung moi hdn
hop DMSO : H>O (50 : 50, v/v) dugc lya chon lam dung mdi hoa cén.

3.2.5. Quy trinh xir Iy mdu toi wu

Sau qua trinh khao sat, quy trinh xtr Iy mau tdi vu dugc dua ra nhu sau: can khoang 2
- 20 g miu di duoc dong nhit héa vao dng ly tim 50 mL c6 ndt kin. Thém 20 mL dung
moi chiét MeOH : H,O : CH3;COOH (50 : 49 : 1, v/v/v), lac xody trong 1 phut, lic ngang
trong 45 phut, ly tim ¢ toc d6 6000 vong/phit trong 10 phiit. Chuyén toan bo dich chiét
sang 6ng ly tim dung tich 50 mL m&i. Thém 5 mL hexan, lic xoay trong 1 phut, ly tam &
tdc d6 6.000 vong/phiit trong 3 phit, bo 16p hexan bén trén. Loc dich qua gidy loc vao dng
ly tam 50 mL khac. Hut 10 mL dich mau sau loc vao 6ng ly tim 50 mL. Thém 10 mL dung
dich dung dich acid acetic 1 % trong nudc, ldc vortex 1 phut, lam sach qua cdt HLB. Hoat
hoa ¢t bang 7 mL MeOH; 7 mL nudc cat; 3 mL dung dich acid acetic 1 %. Rira tap bang
7 mL dung dich acid acetic 1 %. Ong hing dugc thém san 100 uL DMSO. Rira giai bang 8
mL dung dich MeOH. Dich rira giai duoc thoi kho bang khi nito cho dén khi con 100 pL.
Thém 100 puL nudc cat dé hoa cin, ly tim ¢ toc do 13.000 vong/phit trong 3 phat. Hat
dich trong vao lo dung miu c6 dng thiy tinh dyng mau. Dich loc duoc phén tich trén thiét
bi LC-HRMS.
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3.3. Tham dinh phwong phap
3.3.1. Do dac hiéu

Séc ky d6 ctia mau tring, mau thém chudn va mau chuan pha trong dung méi ¢ nong
do 30 pug/kg cua 03 doc t6 vi nam nhom Alternaria (AOH, AME, TeA) duoc trinh bay
trong Hinh 5 va Hinh 6.
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Hinh 5. Sac ky do cua mdu trang, mau chudan va mau thém chudn tai nong do 30

ug/kg ciia TeA, AOH, AME (theo thit tw tir trdi sang phdi) trén nén mau ca chua
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Hinh 6. Sac ky do cua mdu trang, mau chudn va mau thém chudn tai nong do 30 ug/kg cua

Ted, AOH, AME (theo thit tw tir trdi sang phdi) trén nén mdu bot ngé

Theo két qua tir sic ky do, mau trang khong xuat hién pic tai thoi gian luu twong
g, thoi gian luu ciia mau chuan va miu thém chuan khong léch qua 2,5 % déap ung yéu
cau theo tiéu chuan ctia Hoi dong chau Au [4]. Ngoai ra, trong phuong phap phan tich
HRMS, d6 dic hiéu dugc khang dinh théng qua do chinh xac khéi. Do chinh xac khdi 1a
muc d6 chénh 1éch cua manh khéi thue té xac dinh duge so véi manh khéi ly thuyét. Két
qua thu duoc cho thdy d6 1éch khdi cua cac chat phan tich trong mau thir khong 1éch qué 5
x 107, dap tmg yéu ciu theo AOAC [1].
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3.3.2. Gioi han dinh luong, gioi han phat hién

Tién hanh phén tich méu tring thém chudn véi ndng d6 thap con co thé xuat hién tin
hiéu chét phan tich, xtr Iy mau theo quy trinh phén tich, phan tich lap lai 6 lan. Xéac dinh ty
1¢ tin hiéu trén nhidu (S/N) ty dong theo phan mém cua thiét bi. Giéi han phat hién 1a nng
do ma tai d6 c6 S/N = 3. Gid1 han dinh lugng 1a gidi han ma tai d6 S/N = 10 hay LOQ =
3,3 x LOD. Két qua xac dinh LOD va LOQ dugc trinh bay ¢ Bang 3.

Bdng 3. Gid tri LOD, LOQ cua AOH, AME, TeA

Chit phan tich LOD (ug/kg) LOQ (ug/kg)
AOH 0,3 1,0
AME 0,3 1,0

TeA 1,0 3,0

Véi gioi han dinh luong cua AOH va AME 1a 1,0 pg/kg va TeA 1a 3,0 pg/kg,
phuong phép c6 di hiéu ning dé c6 thé phan tich cac mau thuc pham trén thi trudng, dap
mg duoc yéu cau theo quy dinh cia AOAC [1].

3.3.3. Puong chudn

Thuc hién tiém cic miu chuan pha trén nén miu tring & cic muc nong do trong
khoang tir 300 - 3.000 ng/mL vao hé¢ thong LC-HRMS. Cac phuong trinh dudng chuan
déu c6 hé s6 twong quan R 16n hon 0,995 va do léch tai cac diém khong qua 15 %. Két qua

dugc trinh bay & Bang 4.
Bing 4. Phurong trinh dwong chudn

Nén mau  Chdt phén tich Phwong trinh dwong chuin H¢ sé twong quan R
AOH Y =241493x + 8920230 0,9985
Rau AME Y =386059x + 52413200 0,9977
TeA Y =96408x + 2000000 0,9997
AOH Y =258122x + 23015200 0,9979
Ngii coc AME Y =428870x + 52254500 0,9976
TeA Y =99671,2x + 40461100 0,9994

3.3.4. Bo dung va do lap lai

Thuc hién phéan tich cac mau thém chuan & 03 mic nong do: 3; 15; 30 pg/kg. Mdi
mirc ndng do phan tich 1ap lai 06 1an riéng biét, tinh tir budc can mau. Két qua phan tich o
dang va do 1ap lai duoc thé hién trong Bang 5.
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Bing 5. Két qua do thu héi va dé Idp lai

Mirc thém Ca chua Bt ngo
chudn Dé thu hdi Délap lai P thu hdi D6 lap lai
(ug/kg) R (%) RSD (%) R (%) RSD (%)
3 87,5+ 114,8 0,07+4,1 81,0+ 1145 12+59
15 85,0 + 108,9 35+59  87,1+103.2 6,1 +6,5
30 80,8 + 102,0 1,9+69 80,0+ 105,1 2,3+99

Két qua dua ra tai Bang 5 cho thay do thu hoi cta cac chat nam trong khoang 80,0 -
114.,8 % va d6 léch chuan twong d6i khong vuot qua 15 %. Piéu nay ching minh phuong
phap phan tich dap ing duoc yéu cau theo tiéu chuan cia AOAC [1].

3.4. Ung dung phuong phip phén tich ddc t6 vi nAm nhém Alternaria trong miu
thue té

Phuong phap dugc img dung dé phan tich 80 miu thyc duge mua ngau nhién tir cac
cho (Pong Xa, Phung Khoang, Yén Phiic, Vin Quén) trén dia ban thanh phd Ha Noi. Két
qua phan tich sang loc dugc dua ra tai Bang 6.

Bing 6. Két qua phdn tich sang loc dc té vi nam nhém Alternaria thiec té

S6 méu phdt hi¢n

Loai méu Téng s6 miu
AOH AME TeA

Rau, cu va cac san phém tir rau, cu 20 4 1 2
Trai cay va cc san pham tir trai cay 20 3 2 -
Ngii cde va cac san pham tir ngil cdc 20 6 1 1
Hat chira ddu va cic san pham tir 20 3 2 2
hat chtra dau

Téong 80 16 6 5

Chui thich: “-": Khong phat hién

Két qua phan tich dua ra tai Bang 6 cho thiy AOH duoc phat hién trong 16/80 mau,
AME trong 06/80 mau, TeA trong 04/80 mau.

Két qua phan tich dinh lwong 03 doc t6 vi ndm nhom Alternaria (AOH, AME, TeA)
dugc dua ra tai Bang 7.
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Bing 7. Két qua phan tich dinh lwong AOH, AME, TeA trong mau thirc

S0 mdu phdt hi¢n (khoding ham lwong ug/kg)

Loai méu

AOH AME TeA
Rau, cii va cdc sin phim 04/20 01/20 2/20
tir rau, cii (3,3-178) (7,5) (<3,0;9,0)
Trdi cdy va cdc san phim 03/20 02/20 0/20
tir trdi cdy (5,6-173) (<3,0)
Ngii coc va cdc san phim 06/20 01/20 01
tir ngii céc (13,4 - 17,4) 9,5) (<3,0)
Hat chira ddu va cdc sin 03/20 02/20 02/20
phém tir hat chira diu (13,2 -25,2) (<3,0) (<3,0)

Chu thich: LOQ = 3,0 ug/kg

Tir két qua dua ra tai Bang 7 cho thay dinh luong duoc AOH trong 04/20 mau rau
(3,3 - 178 pg/kg), 03/20 mau trai cay (5,6 - 7,3 pg/kg), 06/20 mau ngii coe (13,4 - 17,4
ng/kg), 03/20 mau hat chtra dau (13,2 - 25,2 pg/kg); phat hién AME trong 01/20 mau rau
(7,5 ng/kg), 02/20 mau trai cay (< 3 pg/kg), 01/20 mau ngii cde (9,5 pg/kg), 02/20 miu hat
chtra dau (< 3 pg/kg); phat hién TeA trong 02/20 mau rau (9,0 pg/kg), khong phat hién &
mAu trai cdy, 01/20 mau ngii ce (< 3 pg/kg), 02/20 mau hat chira dau (< 3 pg/kg). Tuy
nhién, trong nghién ctru nay, ) lugng mau dugc phan tich con kha han ché dé dua ra mot
két luan mang tinh dai dién. Piéu nay doi hoi nhitng nghién ctru tiép theo trén sd luong
mau 16n hon va trén nhiéu nén miu khac dé co danh gia day du hon vé viéc c6 mit cua cac
doc t6 vi nAm nhom Alternaria trong thyc pham.

4. KET LUAN

Phuong phép sang loc va dinh lugng dong thdi 03 doc t6 vi nAm nhém Alternaria
(AOH, AME, TeA) trong thuc phdm di duoc xiy dung dua trén ky thuat chiét pha ran
bfmg cot HLB két hop véi k¥ thuat dinh lugng bang LC-HRMS. Phuong phép da dugc
tham dinh dat cac tiéu chuan ctia Hoi dong Chau Au (EC/657/2002) va AOAC, phu hop
va du tin cdy dé phan tich cic mau thyc pham trén thi truong. Két qua cho thdy c6 su xuat
hién cua doc td vi nAm nhém Alternaria trong mot s6 mau thuc phém.

LOT CAM ON
Nghién ctru nay dugc tai trg bi Vién Kiém nghiém an toan vé sinh thuc pham qudc
gia v6i ma sb dé tai NIFC.DTCS.21.03.
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Development of method for determination and quantification of Alternaria
mycotoxins in food by high resolution mass spectrometry

Vu Ngoc Tu!, Hoang Lan Huong?, Bui Cao Tien!,
Tran Cao Son!, Thai Nguyen Hung Thu?
!National Institute for Food Control, Hanoi, Vietnam
’Hanoi University of Pharmacy, Hanoi, Vietnam
Abstract

High-resolution liquid chromatography-mass spectrometry (LC-HRMS) is a highly
sensitive, specific and accurate method for the simultaneous detection and quantification of
three mycotoxins Alternaria (Alternariol (AOH), Alternariol Monomethyl Ete) (AME),
Tenuazonic acid (TeA)). Chromatographic conditions include: column reversed phase C18,
mobile phases in gradient mode with two channels of H>O and MeOH containing 0.1 %
formic acid and 10 mM ammonium formate. HRMS high resolution mass spectrometer
detector with negative electron ionization (ESI-) source is used. Samples were cleaned and
enriched using an Oasis HLB solid phase extraction column. The method has a limit of
quantitation (LOQ) for AOH and AME of 1.0 pg/kg and TeA of 1.0 pg/kg with recovery
from 80.0 to 114.8 %, repeatability from 0.07 - 9.9 %, meeting the requirements of AOAC
and European regulations. The method was applied to detect and quantify Alternaria
mycotoxins in 80 food samples collected in Hanoi city. AOH was detected in 04/20
vegetable samples (3.3 - 178 ug/kg), 03/20 fruit samples (5.6 - 7.3 pg/kg), 06/20 cereal
samples (13.4 - 17.4 pg/kg), 03/20 oil seed samples (13.2 - 25.2 ng/kg); detected AME in
01/20 vegetable samples (7.5 pg/kg), 02/20 fruit samples (< 3 pg/kg), 01/20 cereal samples
(9.5 pg/kg), 02/20 oil seed samples (< 3 pg/kg); detected TeA in 02/20 vegetable samples
(9.0 pg/kg), 01/20 cereal samples (< 3 pg/kg), 02/20 oil seed samples (< 3 pg/kg), not
detected in fruit samples.

Keywords: LC-HRMS, SPE, Alternaria mycotoxins, AOH, AME, TeA, food.
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