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Abstract

In Vietnam, the regulation QCVN 8-1:2011/BYT has been issued to control mycotoxin
content in food products. However, there are currently no regulations or studies on their
derivatives and metabolites. Deoxynivalenol-3-glucoside (D3G) and two acetylated
derivatives of deoxynivalenol (DON), namely 15-acetyldeoxynivalenol (15-AcDON) and 3-
acetyldeoxynivalenol (3-AcDON), have been frequently detected in naturally contaminated
grains such as wheat, barley, and corn. This study developed and applied a liquid
chromatography-tandem mass spectrometry (LC-MS/MS) method to determine
deoxynivalenol (DON) and its metabolites, including deoxynivalenol-3-glucoside (D3G), 3-
acetyldeoxynivalenol (3-AcDON), and 15-acetyldeoxynivalenol (15-AcDON) in maize. The
instrumental conditions comprised a C18 HSS SB (150 mm x 2.1 mm x 1.7 um) column for
separation and an MS/MS detector in positive and negative electrospray ionization (ESI)
source, employing multi-reactive ion monitoring mode, with an injection volume of 2 uL.
The method has been fully validated and meets the performance requirements of AOAC,
demonstrating high specificity. The linearity range was established from 100 ug/kg to 1000
pa/kg, with a method detection limit (MDL) of 30 pg/kg. The repeatability and recovery
rates were determined to be between 1.45% to 4.31% and 90% to 110%, respectively. The
validated method was applied to analyze 50 maize samples. Deoxynivalenol (DON) was
detected in 10 samples (20%), while deoxynivalenol-3-glucoside (D3G), 3-
acetyldeoxynivalenol (3-AcDON), and 15-acetyldeoxynivalenol (15-AcDON) were not
detected in any of the samples.
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Xac dinh deoxynivalenol va cac chat chuyén hoa trong ngd bang LC-MS/MS

Buii Cao Tién!, Nguyén Thi Hong Ngoc!, Nguyén Quang Huy?,

Lé Thi Lan Huwong®, Vii Ngin Binh®

YWién Kiém nghiém an toan vé sinh thuc phcfm quéc gia, Ha Noi, Viét Nam
27 ruong Pai hoc Y Duoc, Pai hoc Thai Nguyén, Thai Nguyén, Viét Nam
7 ruong Pai hoc Duoc Ha Noi, Ha Noi, Viét Nam

Tom tit

Tai Viét Nam, QCVN 8-1:2011/BYT da dugc ban hanh dé kiém soat ham lugng doc
t6 vi ndm trong thuc pham, tuy nhién hién nay chua c6 quy dinh va cac nghién ctru vé cac
dan xuét cling nhu chét chuyén héa cia chiing. Deoxynivalenol-3-glucoside (D3G) ciing véi
hai dén xuét acetyl hoa ctia deoxynivalenol (DON) la 15-acetyldeoxynivalenol (15-AcDON)
va 3-acetyldeoxynivalenol (3-AcDON) thuong duoc phat hién trong cac loai ngii coc bi
nhiém vi ndm ty nhién nhu lta mi, laa mach va ngd. Trong nghién ctru nay, phuong phap
sac ky 1ong khéi pho hai 1an (LC-MS/MS) di duoc phat trién va tmg dung dé xac dinh DON
va 3 chét chuyén hoa bao gom D3G, 3-AcDON va 15-AcDON trong ngd. Hé thong sic ky
1ong AB Sciex 5500 v6i cot C18 HSS SB (150 mm x 2,1 mm x 1,7 pm), két hop vai detector
khéi phé ba tir cuc nguén ESI, ché d6 theo ddi ion MRM, thé tich tiém mau 2 pL da dugc
str dung trong nghién ctru. Phuong phép da dugc tham dinh cho thay c6 tinh dac hiéu tot, do
tuyén tinh t6t trong khoang dudng chuan tir 100 — 1000 pg/kg, gisi han phat hién cia phuong
phap (MDL) 14 30 pg/kg; do6 lap lai va do ding dap tng yéu cau caa AOAC véi do léch
chuan twong dbi va d6 thu hoi lan luot twong Gng trong khoang 1a 1,45 — 4,31% va 90 —
110%. Két qua phan tich 50 mau ngd thu thap ngau nhién trén thi truong cho thdy, 10 mau
(20%) phat hién DON, tuy nhién khong phat hién cac chat chuyén héa ciia DON trong cac
mau nay.

Tir khéa: Chat chuyén héa, DON, D3G, 3-AcDON, 15-AcDON.

1. PAT VAN PE

Trichothecenes loai B (deoxynivalenol, nivalenol, 3-acetyldeoxynivalenol, 15-
acetyldeoxynivalenol va deoxynivalenol-3-glucoside) 14 cac chat chuyén hoa doc hai thir cap
duogc san xuét cht yéu boi ndm Fusarium mycotoxigenic va di duoc cong nhan 14 chit gay
6 nhidm ty nhién trong ngii cbc va cac san pham lam tir ngii cde [1].

Céc ngudn sinh ra chat chuyén hoa ciia doc t6 vi nam chi yéu tir bén ngudn chinh la:
nam, thyc vat, qua trinh ché bién thyc phdm va tir dong vat co vii. Ngudn gdc cua chung va
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muc do 6 nhidm tdi da do duogc trong cac loai thuc phém khéac nhau ciia DON va céc chat
chuyén hoa dugc dua ra trong Bang 1 [2].

Bdng 1. Mét sé chat chuyén hoa ciia DON

Nguén goc Chit chuyén héa ciia DON Nguyén nhén hinh thanh
Nam Ngii cdc bi nhiém nim
3-AcDON )
Fusarium
15-AcDON Ng6 nhim nim Fusarium
Thuc vat D3G Tur laa mi, ngo, lua mach, bia

Thuc phdm ché bién Khong c6 chat chuyén hoa

bong vat c6 va D3G Nude tiéu

3-AcDON va 15-AcDON dugc ndm bai tiét truc tiép, co thé dugc tim thay trong ngii
cdc bi nhiém Fusarium. Ca hai chat déu phat sinh tir mot tién chat chung 1a 3, 15-diacetyl
deoxynivalenol va 1a tién chét sinh tong hop ciia DON [3].

Céc nghién ctru da chimg minh nhiing tdc dong ti€u cuc khéac nhau cua trichothecenes
loai B ddi véi stre khoe con nguoi [1-3]. Do su xuét hién rong rai cua céc loai Fusarium, sy
6 nhiém bai cac doc td nAm mdc nay da tré thanh mot khia canh quan trong ddi véi strc khoe
cong dong va cac hé théng nong nghiép - thuc pham trén toan thé gidi. Do dé, viéc nghién
clru va giam sat cac loai thuc phém khéac nhau dd nhan duoc rat nhiéu sy quan tam trong
nhirg nim gin day.

Sy lay nhiém doc t6 vi ndm va cic chat chuyén héa ctia chung 1a mot van dé toan cau
vé an toan thuc pham, trong d6 DON 14 chat phd bién nhat. Mot khao sat v6i 17316 mau
trén toan thé gidi (40% mau lay tir chau A, 38% mau ldy tir chau Au, 15% mau ldy tir My,
4% mau lay tir Uc va NewZealand, 2% mau ldy tir chau Phi, 1% mau lay tir Trung Dong)
thuc hién tir nam 2004 dén 2011 do trung tdm nghién ciru BIOMIN dat tai Ao tién hanh cho
thy, so v4i zearalenone (ZEA), aflatoxin (AF), fumonisin (FB) va ochratoxin (OTA) thi
DON chiém ty 1& cao nhét (55%) [2].

Poc t6 vi ndm c6 thé gay ra nhitng anh hudng nghiém trong cap tinh va mén tinh dén
strc khoe. Cac anh huong nay phu thudc vao nhiéu yéu t6 khac nhau, nhu: mtc d6 doc tinh
ctia doc t6 vi ndm bi 6 nhiém, murc do phoi nhiém ciing nhu tinh trang dinh dudng cua timg
ca thé [1]. Ngudi va dong vat khi bi nhiém doc DON s& c6 cac biéu hién nhu: thay ddi hinh
thai va md hoc, tinh toan ven ciia hang rao rudt va suy giam kha niang hap thy chat dinh
dudng, r6i loan hé vi sinh vat; thay ddi céu trac gen, diéu hoa 1én cac gen don boi va diéu
hoa gidm cac gen chéng lai, nhim ddc riboxom, thiéu hut téng hop protein, roi loan hoat
dong cua ty thé, suy giam sy tang sinh té bao va chét, giam biét hoa té bao gdc, tac dung tc
ché mién dich, réi loan chu ky noi tiét o, giam kha ning séng st cia tinh tring, thay doi
hinh thai va mé hoc. Cac chit chuyén hoa ctia DON duoc cho la it doc tinh hon [4], hodc do
chung chua dugc giai phong va bién doi tir chit nén trong qua trinh ché bién va tiéu hoa [5].
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Nam 2002, Uy ban chau Au di thiét 1ap TDI ctia DON 1a 1 pg/kg can ning/ngdy. Theo
EC 1126/2007, DON la trichothecenes duy nhit c6 gi6i han quy dinh trong ngii cdc va cac
san phdm lién quan. Tai chdu Au va Viét Nam déu quy dinh ham lwong DON dao dong tir
200 pg/kg (trong cac san pham cho tré nho) dén 1750 pg/kg (trong cac san phdm ngii cde
chua qua ché bién). Hién nay, chua c6 quy dinh cu thé vé gi6i han 6 nhiém cac chét chuyén
hoa cia DON trong thue phidm. Nam 2010, JECFA coi D3G, 3-AcDON va 15-AcDON 13
yéu td gop phan bo sung cho viée tiép xtic vdi DON trong ché d6 an udng [6]. Theo thdng
ké [2], DON va céc chat chuyén héa ctia n6 dugc phat hién nhiéu nhét so véi cac doc t6 vi
nam khac. Do d6, nguy co tir DON va cac chit chuyén héa caa DON la déng ké va can c6
c4c nghién ciru dé xac dinh va danh gia anh hudng cua chung t6i stirc khoe con ngudi va vat
nuoi tai Viét Nam.

Trén thé gidi da c6 nhidu nghién ctu xac dinh ham lugng DON va cic chat chuyén
hoéa trong cac nén mau khac nhau, sir dung cac phwong phap sic ky nhu: sic ky 16p mong
(TLC) [1], sic ky khi (GC) [1], sic ky long (LC) [7-11] va phuong phap mién dich gin
enzzyme (ELISA) [12]. Milena Zachariasova va cong su da so sanh hai phuong phap ELISA
va sic ky 1ong khéi phd hai lan (LC-MS/MS) khi phéan tich DON va céc chat chuyén héa
trong bia [13]. Két qua cho thdy, khi phén tich bang ELISA c6 phan tng chéo cia 3-AcDON
Vi tat ca cac lan thir nghiém, cua D3G trong khoang tir 32 — 78% trong mau nudc va 51 —
104% trong mau bia.

Trong nghién ctru nay, phuong phap LC-MS/MS két hop véi ki thuat QUEChERS ¢6
nhiéu wu diém vuot troi nhu phan tich dong thoi, do nhay tdt, do dic hiéu cao, thoi gian phan
tich nhanh, qua trinh xir Iy mau don gian da dugc sir dung dé xac dinh dong thoi DON va 3
chit chuyén hoa, nham muc dich phat trién mot phuong phap kiém nghiém phu hop cho viée
giam sat, danh gia mirc 6 nhidm DON va céc chit chuyén hoa trong ngo.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. P6i twong nghién ciru

DON va ba chat chuyén héa duoc Iira chon trong nghién ctu gém D3G, 3-AcDON va
15-AcDON (Bang 1); 50 miu ngd dugc 14y ngau nhién véi dinh huéng c6 nguy co nhiém
doc t6 tai cac cho & khu vue Ha Noi.

2.2. Hoa chflt, chét chuin

Céc dung moi va hoa chat str dung trong nghién ctru déu thudc loai tinh khiét phan tich
dung cho LC-MS/MS.

Céc chét chudn va ndi chuan doéng vi: DON 100 pg/mL trong ACN, D3G 50 pg/mL
trong ACN, *C15-DON 100 pg/mL trong ACN, 3-AcDON 99,9% - 1 mg, 15-AcDON 90%
- 1 mg duoc cung cap bai hang TRC (Canada).

Cac dung méi, hoa chat: acetonitrile (ACN), methanol (MeOH), acid acetic
(CH3COOH), amoni acetat (CH3COONH4) dugc cung cap bai hing Merck (Pric).

2.3. Thiét bi va dung cu

Nghién ctru sir dung céc thiét bi sau: Hé thong sic ky long khéi phd hai 1an gom may

LC20AD-XR (Shimadzu) va MS 5500 (AB Sciex) véi ngudn ion hoa ESI, cot sic ky C18
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HSS SB (150 mm x 2,1 mm x 1,7 um) (Water); May ly tdam Mikro 200R (Hettich); may
rung siéu 4m S100H (Elma); may lic ngang HS260 (IKA); can phan tich (c6 d6 chinh xac
0,1 mg) XS105 (Metter Toledo) va cac thict bi thong thuong khac trong phong thi nghiém.

Dung cu duoc st dung trong nghién ctru bao gom: micropipet c6 thé hut chinh xac thé
tich 10-100 uL, 100-1000 uL (Eppendorf), pipet pasteur, éng ly tim 15 mL va 50 mL
(Corning), binh dinh mirc cac loai (Isolab), gidy loc, mang loc PTFE RC15 0,2 pm
(Sartorius), 1o dung mau 1,8 mL (Agilent).

2.4. Phuong phap nghién ctru
2.4.1. Phuwong phap phan tich

Phuong phap phén tich duge st dung trong nghién ciru nay 1a sic ky long sir dung
detector khdi phd hai 1an (LC-MS/MS). Trong d6, cac diéu kién phan tich dong thdi DON
va ba chat chuyén hoa dugc khao sat, cy thé nhu sau:

- Khao sat diéu kién MS/MS: viéc khao sat diéu kién phan tich dong thoi DON va ba
chét chuyén hoéa trén thiét bi MS/MS dugc thue hién vé6i cac dung dich chuén don c6 né)ng
do 1 pg/mL, tdi wu tu dong béng phén mém cua thiét bi, ché do quét lya chon da phan tng
(MRM). M&i chat chon ion me va thuc hién ti uu cac diéu kién phan manh dé chon ra 2 ion
con, 1 ion dugc sir dung dé dinh lugng va 1 ion dugc sir dung dé xac nhan.

- Khao sét diéu kién LC: cac diéu kién phén tich dong thdi DON va ba chat chuyén
hoa trén thiét bi LC duoc lya chon khao sat nham ting cuong hiéu qua tach 1a thanh phan
pha dong, cot tach va tdc do dong. Cac khao sat dugc thyc hién trén cot S4C ky C18 vdi cac
thong s cot khac nhau.

- MAu trang: 1a mau d duoc xéac dinh khong chira cac chét phén tich.

- Mau tring thém chuan: 1a miu tring thém chuan ¢ muc ndng d6 200 pg/kg.

2.4.2. Phwong phdp xir Iy mdu

Trong nghién ciru ndy, phuong phéap xir Iy va lam sach mau sé& dugc khao sat. Qua tham
khao céc tai liéu [7-11], quy trinh xtr Iy mau dy kién duoc lira chon nhu sau: Mau dugc can
chinh x4c khoang 10 g vao binh nén, thém 100 mL hon hop dung moi chiét, chiét bang phuong
phap phu hop trong 45 pht, loc qua gidy loc. Hut 15 mL méu vao ong ly tam 50 mL, thém 5
g MgSO; khan. Lic vortex 30 gidy, ly tim 6000 vong/ph(t trong 5 phat. Hat 8 mL dich phia
trén, chuyén vao ong ly tim 15 mL c6 chtra sdn 1,2 g MgSOs khan va 0,2 g C18 + 0,2 g PSA,;
lic vortex 30 gidy, ly tim 6000 vong/phdt trong 5 phut. Hat 5 mL dich chuyén vao ong ly tim
15 mL, thoi kho N2 & nhiét dé 40°C, hoa cin trong 0,5 mL MeOH/H20 (20/80, v/v). Loc qua
mang loc 0,2 um trude khi phan tich trén thiét bi LC-MS/MS. Trong do, hon hop ACN va
H20 voi cac ty 18 khac nhau duoc lira chon 1am dung moéi chiét DON va ba chat chuyén hoa
trong nén mau. Qua trinh khao sat diéu kién xur Iy mau dugc thyc hién véi mau trang (1a mau
ngd di duoc xac dinh bang phuong phap LC-MS/MS khdng phét hién tin hiéu cac chit phan
tich) thém chuan & murc nong do 200 pg/kg. Cac thong so dugce khdo sat nham thu dugce hicu
suat chiét tot nhat dé xac dinh dong thdi DON va 3 chat chuyén héa bao gom:
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+ Khao sat phuong phap chiét: thoi gian lic ngang, siéu am tir 30 — 60 phdt.

+ Khao sat dung mai chiét: ty 16 ACN/HzO tir 50 — 100%.

+ Khao sat nong do acid: acid acetic 0 — 1%.

+ Khao sat cac phuong phap lam sach véi cac cot: i luc mién dich (IAC, DONSstart),
cot chiét pha rin (SPE: HLB, C18) va QuEChERS.
2.4.3. Phuong phdp tham dinh

Viéc thadm dinh phuong phap duoc thuc hién véi cac thong sb théng sb co ban gom:
d6 dic hiéu, giéi han phat hién, gii han dinh luong, xdy dung dudng chuan va danh gia do
tuyén tinh, d6 chum dugc dénh gia thong qua do 1ap lai va do tai lap nodi bd (thuc hién phan
tich trong 2 ngay khac nhau béi 2 ngudi khac nhau) va d¢ dung dugc danh gia thong qua do
thu hoi (R%). Céc két qua duoc danh gia so sanh véi cac quy dinh theo AOAC [14].
2.4.4. Phwong phdp xir Iy s6 liéu

Viée xtr Iy cac s6 liéu duoc thyc hién bang phan mém Microsoft Excel 2020.

3. KET QUA VA BAN LUAN

3.1. Khao sat LC-MS/MS
3.1.1. Két qua khdo sat diéu kién phdn tich trén khéi pho

Dé khao sat diéu kién phan tich trén khéi phd, dung dich chudn c6 nong d6 1 pg/mL
dugc bom tryc tiép vao thiét bi MS/MS nhim lya chon ion me, ion con va ning luong va
cham. Két qua duoc tom tat trong Bang 2.

Bdng 2. Piéu kién phan tich DON va ba chdt chuyén héa trén thiét bi MS/MS

Chit phin 86 diem
Ion me loncon CE(eV) loncon CE(eV)

tich IP
DON 355 265 -20 295 -15 5
D3G 517 457 -18 427 -28 5
3-AcDON 397 307 -20 247 -30 5
15-AcDON 356 231 25 261 29 5
13C15-DON 370 279 -20 310 -15 5

Két qua & Bang 2 cho thay, diéu kién khéi phd hoan toan pht hop véi cong thirc phan
tir clia cac chat phan tich véi ion me ¢6 sb khdi 1a [M+CH3COOQ] hodc [M-H] ¢ ché d6 ion
am va vai ion me c¢6 s6 khdi 1a [M+NH4]* hodc [M+H]* ¢ ché do ion dwong. Mdi chit déu
Ira chon duoc t6i thiéu hai ion con, phtt hop véi quy dinh cia chau Au vé sé diém IP [15].
Do d6, nham tang cuong tin hiéu cua cac chét phan tich, cac gbc CH3COO™ va NH4* duoc
bd sung thém vao pha dong. Hinh 1 thé hién sic ky dd phén tich cac chit chuan don 3-
AcDON va 15-AcDON véi ché d6 ion 4m va ion duong ¢ mirc néng d6 200 ng/mL.
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Hinh 1. Séc do khdo sat diéu kién phan tich khoi pho. A: 3-AcDON - ché dg ion éam, B: 15-
ACDON - ché dg ion dm, C: 3-AcDON - ché dj ion duwong, D: 15-ACDON - ché dé ion diong

Két qua ¢ Hinh 1 cho thay, 3-AcDON phu hgp dé phan tich & ché d¢ ion 4m, nguoc
lai, 15-AcDON phii hop phan tich & ché d6 ion dwong. Tuy nhién, tin hiéu ctia 3-AcDON &
ché d6 ion dwong va 15-AcDON & ché d6 ion am xudt hién & cing thoi gian luu (5,7 phiit).
Do d6, can thiét phai khao sat diéu kién LC dé c6 thé tach 3-AcDON va 15-AcDON, ting
cuong hiéu qua phan tich.

3.1.2. Két qua khdo sat diéu kién phan tich trén sdc ky long

Qua tham khdo tai li¢u [7-11], cdt pha tinh C18 dugc lua chon dé phan tdich DON va
ba chit chuyén hoa bang phuong phap sic ky long. Do 3-AcDON va 15-AcDON c6 cling
cong thirc phén tir, tinh chat héa hoc tuong tu nhau nén viéc phéan tach sic ky 1a mot thach
thire 16n. Mot s6 nghién ctru trude day [9, 12, 16] déu khong phan tach dugc 3-AcDON véi
15-AcDON va két qua s€ dugc tinh theo ham lugng DON téng $0. Qua khao sat so bd, Kkét
qua ciing duoc thé hién twong tir. Do d6 trong nghién ctru ndy viée khao sat sy phan tach chi
duoc thuc hién véi ba chét D3G, DON, 3-AcDON trén thiét bi LC sur dung cdt C18 vdi pha
dong kénh A 1a CH3COONH;4 10 mM + CH3COOH 1%/H20 va khéo sat pha dong kénh B
la CH3COONH4 10 mM + CH3COOH 1%/MeOH hodc ACN. Két qua dugc trinh bay ¢ Hinh
2.
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B

Hinh 2. Khdo sdt thanh phin dung méi pha dong. A- pha dong kénh B: CH3COONH4 10
mM + CH3COOH 1%/ACN, B- pha dong kénh B: CH3COONH4 10 mM + CH3COOH
1%/MeOH

Két qua & Hinh 2 cho thdy, khi sir dung pha dong kénh B 1a ACN cho tin hi¢u ciia
DON rit thap con D3G pic kéo dudi, thoi gian luu giit kém. Trong khi d6, khi sir dung pha
dong kénh B 1a MeOH cho tin hiéu tdt, pic nhon va sdc nét ciia ca 3 chat phan tich. Do do,
hé pha dong kénh B 1a CH3COONH4 10 mM + CH3COOH 1%/MeOH dugc Iya chon cho
cac khao sat tiép theo.

Vé&i myc tiéu phan tach hai chat 3-AcDON va 15-AcDON bang phuong phap LC-
MS/MS, céc yéu té téc do dong pha dong, ban chét pha tinh, kich thudc hat nhdi da duoc
khao sat. Day 1a cic yéu td quan trong nhat anh hudng téi qua trinh tach sic ky. Hinh 3 1a
két qua khao sat sy phan tach ciia 3-AcDON va 15-AcDON trén céac cot C18 véi kich thude
va toc do dong khéc nhau ¢ cung diéu kién gradient, ché d6 ion duong.

Két qua khao sat & Hinh 3A va B cho théy, v6i hai cot sic ky c6 cung chiéu dai, cot
C18 (2) 6 kich thudc hat nho hon twong tmg vé6i sb dia Iy thuyét 16n hon, tuy nhién chua
phan tach duoc 3-AcDON va 15-AcDON. Pé c6 thé phan tach dugc hai chit ndy, hai cot
C18 di duoc ghép ndi tiép nhau nham ting cudng hiéu qua phan tach. Két qua thu dugc &
Hinh 3C cho thay, pic ctia 3-AcDON (11,9 phut) va 15-AcDON (12,1 phut) khong tach khoi
nhau hoan toan du van phii hop dé dinh luong timg chét, tuy nhién tong thoi gian phan tich
rat dai (35 phat). Hon nita, kha ning ion hoa cta 3-AcDON & ché d6 ion duong va 15-
AcDON ¢ ché d6 ion am rat kém. Do d0, dé t6i uu hoa thoi gian phan tich, cot sic ky C18
(150 mm x 2,1 mm x 1,7 um) va tién cot twong tmg dugc lya chon trong nghién ciru nay.
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c
Hinh 3. Khdo sdt cét tach. A- Cot C18 (1) 6 kich thuée: 150 mm % 3,0 mm % 3,5 um, téc
dé dong: 0,5 mL/phiit; B- Cot C18 (2) ¢6 kich thude: 150 mm x 2,1 mm x 1,7 um, téc dé

dong: 0,3 mL/phlt; C- Cét CI8 x 2 (2) ¢6 kich thude: 150 mm x 2,1 mm % 1,7 um, téc dé
dong: 0,15 mL/phut

Tir cac két qua khao sat thu duoc, diéu kién xac dinh déng thdi DON va ba chat chuyén
hoa bﬁng LC-MS/MS dugc lya chon cho viéc dinh lugng va phan tach céc chit nhu sau: cot
sdc ky C18 (150 mm x 2,1 mm x 1,7 um) va tién cdt tvong tmg; thé tich bom mau: 2 uL;
tbc do dong pha dong: 0,3 mL/phut; pha dong A (CH3COONH4 10 mM + CH3COOH
1%/H,0); pha dong B (CH3COONH4 10 mM + CH3COOH 1%/MeOH);

Gradient rira giai (ap dung khi tinh ham Iuong DON tong s6): 0 — 1 phut, giit nguyén
5% B; 1 — 6 phut, ting dan t6i 50% B; 6 — 6,5 phit, ting dan tdi 99% B; 6,5 — 7,5 phut, giit
nguyén 99% B; tir 7,5 — 8 phut, giam dan vé 5% B; tir 8 — 10 phut, giit nguyén 5% B.

Gradient phéan tdch 3-AcDON va 15-AcDON (ap dung khi tang hiéu qua phan tach 3-
AcDON va 15-AcDON): 0 — 1 phit, giit nguyén 5% B; 1 — 30 phut, ting dan ti 50% B; 30
— 31 phat, ting dan t6i 99% B; 31 — 32 phut, giit nguyén 99% B; tir 32 — 33 phut, giam dan
vé 5% B; tir 33 — 35 phit, giir nguyén 5% B.
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3.2. Khio sat quy trinh xir Iy méu
3.2.1. Khdo st phirong phdp chiét

Hai phuong phap chiét phd bién trong phong thi nghiém 14 lic ngang va siéu am duoc
khao sat, thay doi thoi gian chiét dé Iua chon di€u kién t61 wu. K&t qua khao sat thé hién &

Hinh 4.

180
= 160 m 15-AcDON
& 140 B 3-ACcDON
— 120
% - . 1 DON
= 100 ! B ‘ ‘
‘A 80 ‘ ‘ ‘ D3G
S 60 ‘
o 40 | ‘ ‘
& | | ‘ ‘
5 20

& . |

Phwong phap va
Lac ngang-30 Lic ngang-45 Licngang-60 Siéuam-30  Siéuam-45  Siéuam-60 thoi gian chiét (phut)

Hinh 4. Khdo sat phwong phdp chiét

Két qua khao sat & Hinh 4 cho thdy, ca phuong phéap chiét va thoi gian chiét déu anh
hudng khong dang ké téi hiéu suat. Do vay, dé tiét kiém thoi gian phan tich va don gian hoa
khi thuc hién, chiét lic ngang trong 30 phut da dugc lya chon dé tién hanh cac budc khao
sat tiép theo.

3.2.2. Khdo sat dung méi chiét

Viéc khao sat dung moi chiét duoc thuc hién két hop gitra H2O véi cac ty 1€ khac nhau

ctia ACN trong khoang 50 — 100%. Két qua thu dugc ¢ Hinh 5.

I
.:\:' 2
T‘ 100
£ ®WACN/H20 - 100/0
2 80
2 = ACN/H20 - §0/20
5 60
= ACN/H20 - 70/30
= 40 1
’“2 ACN/H20 - 50/50
A 2 |

0 |

15-AcDON 3-AcDON DON D3G Chat phan tich

Hinh 5. Két qua khdo st dung méi chiét

Két qua khao sat & Hinh 5 cho thdy, khi ting lugng dung méi hitu co ACN thi hiéu
sut ciia 3-AcDON va 15-AcDON ting 1én con DON va D3G thi giam xubng va ngugc lai.
Dé tbi wu cho qua trinh chiét dong thoi ca bén chat phan tich, dung méi ACN/H,0 (70/30,
vIV) duge Iya chon cho cac bude khao sat tiép theo.

3.2.3. Khdo sdt nong do acid

Céc chét phan tich c6 tinh base rat yéu va c6 tinh phan cuc, tan tdt trong nudc va mot
sb dung mo6i hiru co nhu MeOH, ACN, ... Viéc str dung dung méi chiét co tinh acid véi néng
d6 thip thuong tang hiéu sut chiét do co thé pha v céac lién két tiém an giira cac chat phan
tich va nén mau, vi du nhu duong hoac protein. Acid acetic 1% duogc lya chon dé thém vao
dung mai chiét do c6 thanh phan twong dong voi pha dong. Két qua khao sat duoc thé hién
¢ Hinh 6.
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Hinh 6. Két qua khdo sdt nong dé acid acetic

Két qua & Hinh 6 cho thay, hiéu suat chiét tang 1én khi str dung dung méi chiét c6 chta
acid acetic 1%. Vi vy, dung méi chiét ACN/H,O/CH3COOH (70/30/1, v/vIV) duoc lya chon
cho cac khao sat tiép theo.

3.2.4. Khao sat phwong phap lam sach

Cot 4i Iyc mién dich (IAC) chira chat hd tro pha ran dugc kich hoat lién két cong hoa
tri v&i cac khang thé co thé twong tac chon loc kiéu khang nguyén — khang thé véi cac doc
t6 vi ndm tir dich chiét mau, trong khi cac thanh phan giy céan tré c6 thé dugc loai bo bang
mot budce rira tap don gian. Sau d6, dung moi hiru co hoac bién tinh khéang thé dugc st dung
dé rira giai doc td nAm mdc khoi cot IAC. Do d6, cot IAC rét dic hiéu cho viée lam sach
hiéu quéa va nang cao tinh chon loc ddi voi chat phén tich trong nén miu thuc pham phirc
tap. Tuy nhién, cot IAC ciing c6 nhitng nhugc diém nhu: kha ning phan tng chéo ciia khang
thé véi cac doc td khac co cau trac tuong tu, chi phi cao va kha ning ap dung chi cho mot
hodc mot sd it doc td vi ndm c6 céu tric héa hoc twong déng. Cac nghién ctru trude day [10,
16-18] cling da st dung va so sanh kha nang lam sach cuia cac cdt IAC va cac loai cot SPE
khéc nhau. Trong nghién ctru nay, cdt ai luc mién dich DON-start, cac cot SPE (bao gém
cot HLB, C18) va lam sach béng QuEChERs str dung bot C18 va PSA da dugc lya chon dé
khéo sat hiéu qua 1am sach nham phan tich DON va ba chat chuyén héa. Két qua khao sat
duogc thé hién ¢ Hinh 7.

-
N
o

.”: W DON-start
n 100
[5 W SPE-HLB
- 80 "
# ) W SPE-C18
g 60 ‘ C18+PSA
G 40 | m khoénglam sach
& 20 ' I ‘
A b g L |
15-AcDON 3-AcDON DON D3G Chat phan tich

Hinh 7. Khdo sdt phwong phdp lam sach
Két qua khao sat & Hinh 7 cho thiy, khi sir dung bot lam sach C18 két hop PSA co
hiéu suét tdt, 6n dinh cho ca bdn chat phan tich va két qua nay ciing phu hop véi cac nghién
ctru trudc day [10, 16-18]. Do d6, phuong phap lam sach bang QuEChERS sir dung C18 va
PSA duogc lya chon trong nghién ctru nay.
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Trén co so cac két qua khao sat thu dugc, quy trinh phan tich dong thoi DON va ba
chit chuyén hoa bang phuong phap LC-MS/MS két hop xtr Iy mau bang QuEChERs dugc
lya chon nhu trong Hinh 8.

Can 10 g mau / binh tam gidc 250 mL,
thém 100 uL IS 1 pg/mL
+ 100 mL ACN/H20/CH3COOH
l (70/30/1, v/v/v)
Lac ngang 30 phut, loc qua gidy loc.
Hut 15 mL vao éng ly tim 50 mL + 4 g MgSO4

J' Ly tam 6000 vong/5 phut

Hut 8 mL dich phia trén, chuyén sang 6ng ly tim 15 mL khdc cé chirasan 1.2 g
MgSOskhan va 0.2 g C18 + 0,2 g PSA

Ly tdm 6000 vong/phit trong 5 phut

[ Hut 5 mL dich vao ng ly tdm 15 mL khac |

l Théi khd N2 & 40°C

| Hoéa can 0.5 mL MeOH/Hz0 (20/80, v/v), loc qua mang 0.2 um |

| Phan tich bang LC-MS/MS |

Hinh 8. Quy trinh xir Iy mdu lira chon nham phadn tich DON va ba chat chuyén héa bang
phuong phap LC-MS/MS

3.2.5. Khdo sat anh hwéng nén mau

Sau khi khao sat lya chon duoc quy trinh xir Iy mau anh hudng ctia nén mau ciing dugc
khao sat. Duong chuan trén nén dung méi va trén nén mau tring da duoc thiét 1ap trong
khoang 100 -1000 pg/kg st dung quy trinh xt Iy mau & Hinh 8. Pudng chuan ctia bn chit
duogc xay dung trén co so ty 18 dién tich pic trén nén miu trang (amatix) va trén nén dung moi
(@sotvent) (@matrix /@solvent) phu thudc ctia vao ham lugng cac chét phén tich. Két qua dugc thé

hién ¢ Hinh 9.

1200
T 1 y=1.0768x+14.383-"®
s R =0,9997
o .
~ 800 . 4 =
\e @ Solvent
.2 600 RET am
& B ® Matrix
S 400 e e y=0.7494x-13.143
o PSS o R?=0.9996
T 200 e e
A [ it

0
0 200 400 600 800 1000 1200 NOngdod (ng/mL)

Hinh 9. Anh hudng ciia nén mau

Tir két qua & Hinh 9 cho thdy, anh hudng clia nén mau lam giam tin hiéu khi phan tich
trén thiét bi dbi voi nén mau ngd khoang 30,4%. Anh huong nay 1a dang ké va can phai st
dung chit chuan ndi hoidc dudng chuin trén nén mau dé loai trir sai s6. Do d6 trong nghién
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ctru ndy, chit ndi chuan **C15-DON duoc st dung két hop véi dudng chuin xay dung trén
nén miu tring nham ting cudng do chinh xac cua phwong phap.
3.3. Thim dinh phwong phap
3.3.1. Do dac hiéu

Trén co s6 két qua & Bang 1, s6 diém IP cua tat ca cac chat phan tich déu 1a 5, dép tng
yéu cau phan tich trén khoi phd [15]. Dong thoi, ty 1¢ ion ciing dugc danh gid trén co s¢ phan
tich mau chuin va mAu tring thém chuin. Két qua duogc thé hién ¢ Bang 2.

Bdng 2. Két qud xdc dinh ty 16 ion

Chat phén tich DON D3G 3-AcDON 15-AcDON
Chét chuan 62,0 81,2 22,9 37,2
Mau thém chuin 64,0 79,4 233 38,0
% sai léch cho phép + 20 +10 +30 25
Khoang cho phép 496-744  731-893  160-298  27,9-465

Két qua thu dugc & Bang 2 cho thdy, cac chét phan tich déu dat yéu ciu vé ty 18 ion
theo EU 2021/808 [15]. B9 ddc hi¢u cling dugc khao sat thong qua viéc phan tich mau tréng,
mau chudn va mau thém chuan. Két qua thé hién trong Hinh 10.
sl W sime

[ 7270 DO Unkmowm 298109265109 O - sampre 109 o 1 from Ot [ sebars: 03 e 238 10528 13 G st 1086 111 ko o T [ 68150 001 ingnc 298 10308 100 - et 1034111 o OuaSET v
Area: 2.271004 counis Height: 3891003 cos RT: 483 min S ,

Hinh 10. Sdic dé danh gid dg déc hiéu khi phan tich mau trdng thém chudn, dung dich
chudn va mdu trang ciia DON

Két qua & Hinh 10 cho thiy, mau trang khong c6 tin hiéu cta chat phan tich, mau tring
thém chuan c6 pic clia cac chat phan tich & thoi gian tring khdp véi thoi gian luu cta chat
chuén tuong tng (chénh 1éch khong quéa 2%). Nhu vy, phuong phap co d6 dic hiéu tot dé
phan tich DON va ba chét chuyén héa.

3.3.2. Gioi han phat hién (MDL) va gioi han dinh lwong (MQL) cua phwong phap

Viéc xac dinh MDL duogc thuc hién béng cach phan tich lap lai 6 1an mau tréng thém
chuin & mirc ndng d6 100 pg/kg, xac dinh ty 1¢ tin hidu so véi nhiéu nén (S/N) st dung phan
mém cua thiét bi. Gigi han phat hién 1a nong d6 ma tai d6 c6 ty 1¢ S/N bang 3. Gi6i han dinh
luong duogc xac dinh véi ty 18 S/N bang 10. Két qua khao sat tai Hinh 11 cho thiy, phuong
phép c6 gidi han phat hién (MDL) 1a 30 pg/kg va gi6i han dinh lugng (MQL) 1a 100 pg/kg.
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Hinh 11. Sdc d6 xdc dinh DON tai mirc ham lwong vmg véi MOL la 100 ug/kg

3.3.3. Xdy dung dwong chudn

Puong chuan xac dinh bdn chét phan tich bang phuong phap LC-MS/MS duoc thiét
1ap v6i nam muc ndng d6 100; 200; 400; 800; 1000 pg/kg. Puong chuin dugc xdy dung trén
co s sy phu thudc gitta dién tich pic ngoai chuan/ dién tich pic ndi chuan va néng do tuong
tmg. Két qua duong chuan cta 3-ACDON duoc thiét 1ap theo phan mém cta thiét bi dugc
thé hién & Hinh 12.
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Hinh 12. Puong chuan xdac dinh 3-AcDON bang phirong phap LC-MS/MS

Céc két qua thu duoc cho thiy, trong khoang duong chuén, tin hi¢u ciia DON va ba
chit chuyén hoa c6 su twong quan tuyén tinh véi nong do, cac hé sé twong quan (R?) déu 16n
hon 0,995.

3.3.4. DBanh gia do dung va do chum

Do diing (danh gia théng qua d6 thu hoi) va d6 chum (d4nh gia thong qua do 1ap va tai
1ap noi bo khi phan tich & cac ngay (cach nhau 2 tudn) va ngudi thuc hién khac nhau) cua
phuong phap duoc danh gia bang cach thém chuan vao miu tring, & ba mirc ndng do 100;
200; 400 pg/kg, phan tich 1ap lai 6 1an. Két qua cho do thu hoi trung binh (Re) trong khoang
tir 90 — 110%, do6 1ap lai (RSD%): 1,45 —4,31%, d6 tai lap nodi bo: 2,7 — 10,3%. Cac két qua
nay cho thiy, phuong phap c6 do dung va do chum dap tmg yéu cau cia AOAC [14].

3.4. Phan tich miu thuc té

Phuong phép sau khi thdm dinh d4p tUng yéu cau dd duoc ap dung dé phan tich ham
lwong DON va ba chit chuyén hoa trong 50 mau ngd thu thap ngiu nhién trén thi truong Ha
Nbi. Song song, cic mau thém chuén ciing duoc phan tich nham kiém tra d¢ thu hoi. Két qua
phan tich dugc thé hién & Béang 3 va sdc do mot sb mau duong tinh dugc thé hién & Hinh 13.
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Bdang 3. Két qud phan tich mau thuc té

Nén S6 miu S6 miu dwong tinh va khoing ham lwong (ng/kg)
miu  phan tich DON D3G 3-AcDON  15-AcDON
Ngb 50 10 mau: <MDL <MDL <MDL

174 — 1350 pg/kg
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Hinh 13. Scc do6 ciia mét s6 mau dwong tinh

Két qua phan tich 50 miu ngd cho thay, 10/50 mau (chiém 20%) phat hién DON trong
khoang ham lugng tir 174 — 1350 pg/kg, tuy nhién khong c6 mau nao vuot theo quy dinh tai
QCVN 8-1:2011/BYT (1750 pg/kg) [19]. Khong phat hién ba chat chuyén hoa caia DON
trong 50 mau da phan tich.

4. KET LUAN

Nghién ctru di thanh cong trong viéc xay dung quy trinh xac dinh déng thoi DON va
ba chét chuyén héa trong mau ngd bang phuong phap LC-MS/MS két hop véi xtr Iy mau
bang QUEChERS. Gid6i han phat hién dat duogc ctia phuong phap dbi véi DON va ba chat
chuyén héa 1a 100 pg/kg. Phuong phap dugc tham dinh dap tmg yéu cau ciia AOAC va ap
dung phén tich ham lugng DON va ba chat chuyén héa trong 50 miu ngd thu thap trén thi
truong Ha Noi. Két qua da phat hién DON trong 20% (10/50) s6 mau nhung khong phat hién
ba chat chuyén hoa ciia DON trong cac miu nay. Trong twong lai, nghién ctru sé tiép tuc
duoc thuc hién nham danh gia téng quat hon vé muc do6 6 nhiém bdn doc td vi nAm trong
thuc phém tai Viét Nam.

LOT CAM ON
Nghién ctru nay dugc thyuc hién trong khuon khd dé tai co s& cua Vién kiém nghiém
an toan vé sinh thyc pham qudc gia ma s NIFC.DTCS.22.05.
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