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Tém tat. CAc este 2-monochloropropane-1,3-diol (2-MCPDE), 3-monochloropropane-1,2-diol (3-
MCPDE) va glycidyl este (GE) 1a nhitng chét sinh ra trong qua trinh ché bién thuc pham giau chét
béo & nhiét dd cao. Sau khi xdm nhép vao co thé, chiing ¢ thé bi thuy phan tao thanh 2-MCPD,
3-MCPD va glycidol, day 1a nhimg hop chit da dugc canh bao vé kha ning giy ung thu va doc
tinh dé stc khoe. Trong nghién ciru ndy, mot quy trinh phan tich bang GC-MS/MS da dugc xay
dung va t6i vu nham dinh lugng dong thoi 2-MCPDE, 3-MCPDE va GE trong thuc pham cu thé
12 nén mau mi an lién. Cac diéu kién tién xtr Iy mau bao gdm khéi lwgng mau, quy trinh chiét lam
sach, diéu kién brom hoa, phan tng thuy phan va tao dan xuat bang PBA di dugc khao sat dé toi
vu hiéu suét thu hdi va ting do nhay phan tich vai gidi han phat hién 1a 2 nug/kg, hiéu suét thu hoi
tir 83.6 dén 111%. Quy trinh t6i wu sau d6 duoc 4p dung phan tich 18 miu mi 4n lién thuong mai.

Két qua cho thay ca ba hop chit 2-MCPDE, 3-MCPDE va GE déu duoc phat hién trong 100%
mﬁu v6i ham luong 1an lugt tir 129-443 pg/kg, 116-224 pg/kg va 144-332 pg/kg. Mot sé6 mau
co nong dd vuot mure gioi han tham chiéu dugc EU quy dinh cho san pham dinh dudng tré nho,

cho thay nguy co tiém 4n vé an toan thyc pham. Quy trinh phan tich dugc tbi wu trong nghién cu
c6 thé tng dung trong hoat dong kiém nghiém va hd trg cong tic giam sat an toan thuc pham dbi
v6i cac san pham ché bién giau chat béo.

Tir khéa: 2-MCPDE, 3-MCPDE, glycidyl este, GC-MS/MS, mi 4n lién, an toan thuc pham.

1. GIOI THIEU

Trong nhitng nim gan déy, su hién dién ciia cic chét gy doc trong thyuce pham, c6 ngudn géc tr nguyén
liéu hodc hinh thanh trong qua trinh ché bién, ngay cang tr¢ thanh mdi quan ngai 16n do mdi lién hé truc
tiép ctia chung v6i nhidu bénh nghiém trong, bao gém ca ung thu. Theo bdo cao nam 2020 cua Co quan
Nghién ctru Ung thu Quoc té (IARC), Viét Nam x¢&p thir 16 trong s6 185 quoc gia va vung lanh tho tai khu
vuc chau A vé ty 1¢ mac ung thu. IARC ciing nhan manh rang thoi quen an udng tai cac qudc gia dang phat
trién, trong d6 c6 Viét Nam, 1a mot trong nhiing yéu tb nguy co hang dau g6p phan vao su hinh thanh bénh
ung thu [1, 2]. Viée tiéu thy thuong xuyén cac thuc pham ché bién san, thirc dn nhanh va cc san phadm
cong nghiép giau chat béo co thé dan dén tich lity cac chat doc hai, khong chi tir du lwong héa chit nong
nghiép hoic chit 6 nhidm lién quan dén bao bi, ma con tir cac hop chat doc sinh ra trong qué trinh ché bién
thuc pham [3].

Trong s& cac hoa chat hinh thanh trong ché bién dang quan tam cé 3- -monochloropropane-1,2-diol (3-
MCPD), glycidol va céc este axit béo tuong tmg ctia chiing (3-MCPDE va GE). Cac hop chit nay da dugc
ghi nhén c6 kha nang gy ung thu va anh huong x4u dén hé sinh san qua cac nghién ctru doc tinh [4-6].

Mic du thong tin ve cac este 2-monochloropropane-1,3-diol (2-MCPDE) con han ché hon, song sy tuong
ddng vé ciu triic véi 3-MCPDE cho thiy chiing c6 thé c6 hanh vi sinh hoc twong tu va can duge quan tam
& muc do twong duong. Cac este ndy thuong duoc hinh thanh khi ddu hodc thuc phdm giau chat béo tiép
xuc véi nhiét do cao trong diéu kién c6 mit ion chloride, von ¢ thé ton tai tw nhién trong nguyén liéu hoac
dugc bd sung trong qua trinh ché bién [7-10]. Do do, cac loai thuc pham nhu mi an lién, d6 chién ran, stra
bot va cac san pham xu 1y nhié€t khac 1a nhing nén miu c6 nguy co cao. Mic du vdy, dir liéu vé muc do
nhidm céac hop chat nay hién van chua ddy du, mic du viée tiéu thu thuc phim ché bién giau chat béo dang
tang 1én trén toan cau va tai Viét Nam.
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Céc bang chtng vé doc dong hoc cho thay phan 16n 3-MCPDE dugc hap thu vao co thé s& nhanh chéng bi
thity phan tao thanh 3-MCPD tu do, mét hop chat da dugc chimg minh gay doc cho than va anh huéng dén
hé sinh san nam [11]. Dua trén dir liéu co ché va nghién ctru trén dong vat, IARC da xép 3-MCPD vao
nhom 2B va glycidol vao nhom 2A, phan anh bang chimg manh hon vé dgc tinh gen cua glycidol [5,6,12].
Dé quan 1y rai ro, Co quan An toan Thuc pham Chau Au (EFSA) di dé xuat mic dung nap hang ngay
(TDI) 1a 2 pg/kg the trong/ngay d6i véi 3-MCPD va cac este axit béo ciia n6 [6].

Céac nghién clru gan déy da ghi nhan sy hién dién dong thoi cua 2-MCPDE, 3-MCPDE va glycidy! esters
(GE) trong nhiéu nén thyc pham giau chat béo, bao gom dau an tinh luyén, thuc pham chién ran, snack va
mi an lién. Ham lugng cac hop chit nay trong thyc pham ché bién thuong dao dong tir vai chuc dén vai
tram pg/kg, trong khi & dau thyc vat tinh luyén, ham lugng 3-MCPDE va GE c6 thé dat ti vai mg/kg. Ham
luong cac chat nay phy thudc vao loai dau va diéu kién xir 1y nhiét [10].

Viéc xéac dinh cac chat giy 6 nhiém nay di dugc nghién ciru rong rai, dic biét trong déu an va thuc pham
ché bién. Cac phuong phép hién c6 thuong thudc hai nhém chinh: dinh luong truc tiép tung este va dinh
luong gian tiép dua trén viéc chuyén hoa chiing thanh cac dang tu do. Phuong phap truc tiép thuong yéu
cau budc tdch phan doan este trudc khi phan tich bang GC-MS [13]. Nguoc lai, phuong phéap gian tiép sir
dung thily phan hoa hoc két hop véi cac budc dan xuat nhu halogen hoa va phan tmg v6i PBA hoidc HFBI
chuyén dang lién két thanh cac dan xudt MCPD hoic glycidol ¢6 thé do dugc [4]. Mbi phuwong phéap déu co
wu va nhuoc diém tuy thudc vao d6 phc tap nén miu va muc tiéu phan tich.

Tai Viét Nam, cac phong thi nghiém chu yéu dwa vao TCVN 12081-1:2017 cho m& dong vat va AOAC
2018.03 cho nén mau sira [14,15]. Tuy nhién, hién chwa c6 phuong phap da duoc thdm dinh danh cho cac
thuc pham ché bién giau chat béo phirc tap nhu mi an lién hodc do chién ran. Khoang trong phuong phap
hién nay han ché kha ning giam sat cua cic co quan quan ly va nha san xuit. Do do, viéc xdy dung mot
phuong phap phén tich ¢6 df tin cdy cao, dugc thim dinh day di va pht hop véi cac nén mau nay 1a can
thiét nham phuc vu cong tac danh gia an toan thuc pham va bao v¢ strc khoe ngudi tiéu dung.

Do vy, nghién ctru nay duoc thuc hién nham xay dung va t6i wu quy trinh phan tich 2-MCPDE, 3-
MCPDE va GE trong mi an lién, dya trén cac khuyén nghi phuong phap cua AOAC 2018.03 va céc bao
cao ky thuét cuia EFSA [15,16]. Viéc t61 wu tap trung vao cac thong s6 thiét bi va khdi pho khéi lwong
mau, quy trinh chiét tich — lam sach, cing cac yéu t6 then chot anh huong dén hiéu suat phat hién.
Phuong phap sau khi thim dinh duoc 4p dung trén miu thuc té dé xac dinh mac d6 6 nhiém, qua d6 cung
cap dir liéu méi phuc vu danh gia nguy co va hd tro cong tac quan 1y tai Viét Nam.
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Hinh 1. Céng thirc ciu tao cua cac 2-MCPDE, 3-MCPDE va glycidyl esters (GE)

2. THUC NGHIEM
2.1 Héa chét va chit chuin

Rac-1,2-Bis-palmitoyl-3-chloropropanediol (PP-3-MCPD), 1,3-Dipalmitoyl-2-chloropropanediol (PP-2-
MCPD), glycidyl palmitate va cac chét tuvong tu duoc gin dong vi cua ching gdm PP-3- MCPD-d5, PP-2-
MCPD-d5 va glycidyl palmitate-d5 (d6 tinh khiét > 98%, riéng Gly-P-d5 > 97%) duoc cung cip boi Sigma-
Aldrich (Singapore). Tetrahydrofuran (THF), methanol, toluene, ethyl acetate, sodium bromide va sulfuric
acid (> 99%) dugc mua tir Merck (Darmstadt, Purc). Cac cartridge SPE lam sach dang phan tdn NH: loai 2
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mL (silica lién két aminopropyl), Supelclean™ LC-NH, cling dugc cung cap boi Merck. Tét ca cac hoa
chat khac stir dung trong nghién ciru nay déu dat cap do phan tich.

Dung dich chudn va noi chuan gdc (1000 mg/L) dugc pha tir chudn tinh khiét dang este bang toluen sau d6
quy doi vé dang ancol tuong ung. Cac dung dich chuan va ndi chuan trung gian 5,0 mg/L, 1,0 mg/L va 0,1
mg/L duoc chudn bj bang cach pha loang dung dich gbc bang toluen. Pudng hiéu chuan duge xay dung tr
cac dung dich chuén 1am viéc c6 ndng do6 tir Sug/L, 30 pg/L, 100 pg/L, 300 pg/L va 1000 pg/L trén nén
mau trang 1a dau olive.

2.2 Thiét bi

Heé thong séc ky khi duoc str dung trong nghién ctru nay 1a hé thong Agilent 8890 GC (Hoa Ky), duoc trang
bi cot Agilent J&W DB-5MS Ul (20 m x 0,18 mm, 0,18 um; ma p/n 121-5522U1). Chuong trinh nhiét ap
dung cho phan tich sac ky nhu sau: 60 °C (1 phat); tang 20 °C/phut dén 160 °C (giir 3 phut); sau d6 ting
40 °C/phut dén 300 °C (gitr 4 phat). Hé thong khdi pho ba tir cuc duge sir dung 1a Agilent 7000D Triple
Quadrupole (Agilent Technologies, Hoa Ky), van hanh & ché do ion hoa va cham electron (EI+).

3. KET QUA VA THAO LUAN

3.1 Piu kién khoi pho

Dung dich chuén don cua cac chat 2-MCPDE, 3-MCPDE va GE dugc pha ¢ noéng do6 1,0 pg/mL. Céc dung
dich chuén nay sau do dugce xu 1y qua cac bude chuyén hoa tir dang este vé dang ancol va tao dan xuét véi
PBA. O giai doan tbi uu khdi phé, chiing t6i van hanh thiét bi & ché d6 quét (scan) dbi voi hé thong "kh01
pho ba tit cuc bang nguon ion hoéa El, nang lugng ion hoa 70 ev, MS dugc sur dung & ché do MRM dé xac
dinh ion meg cua ting chat, sau do tinh chinh cac mirc dién the dya trén tai liéu tham khao nham lya chon
dugc cac ion con dac trung. Quy trinh tuong tu ciing duoc ap dung cho cac ndi chuan dong vi. Pho khdi

ctia 2-MCPD, 3-MCPD, 3-MBPD va cac ndi chuan dong vi tuong tmg dugc thé hién chi tiét trong Hinh 2.
Danh sach ion me, ion con va cac mirc dién thé phan manh t5i wu dugc trinh bay trong Bang 1.
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Hinh 2. Khéi phd dang full scan ctia cac chat chun sau khi tao din xuat véi PBA: (a) ddn xuét 2-MCPD, (b) dan
xuit 2-MCPD-d5, (c) dan xuét ciia 3-MCPD, (d) dan xuét ciia 3-MCPD-d5, () dan xuét ctia 3-MBPD, (f) din xuét

3-MBPD-d5
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Bang 1. Manh phd ion so cp va tht cip dic trung va niang lugng phan méanh cia cac dan xuit chit chuén
vandi chuan voi PBA, diu (*) 1a cac ion dinh lugng c6 cudong d6 16n ding dé dinh lugng cho phuong phép

STT Hop Chét dén xuat lon me (M/z) lon con (m/z) e l;;rr?; gban
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Két qua khoi pho cua tit ca cac chat chuan va noi chuan detori hoa déu cho sb lugng IP tir 4-5, dap tmg
quy dinh cta 2002/65/EC vé6i IP=4 d6i véi nhoém chat phan tich bang khdi phd song song.

3.2 T6i wu héa quy trinh xir Iy miu
3.2.1 T6i weu khoi heong mdu

Vi MCPDE va GE chu yéu duoc hinh thanh trong cac san pham giau chat béo va chiu xir ly nhiét, khéi
lwong mau can ban déu dong vai trd quan trong trong viéc toi wu hoa qua trinh chiét béo va thu hdi chat
phan tich, dong thoi dam bao thu duoc lugng lipid du dé dat gi6i han phat hién phu hop. Theo AOAC
2018.03, khéi lwong mau can thiét dugc xdc dinh dya trén ham lugng chét béo cua nén mau: ddi véi sira
bot chira khoang 20-30% béo, lugng mau khuyén nghi 14 0,5 g; vai sita long c6 ham luong béo 3-5%, Can
can khoang 3,0 g; con cac san pham sira c6 ham luong chat béo 6-12% thudng sir dung khoang 1,5 g mau.

D4i v6i nén mau nhu mi goi, von co6 ham luong chat béo khoang 10-20%, ching i tién hanh khao sat anh
huong caa khéi lwgng mau can bang cach thir nghiém ba muc: 0,5 g, 1,0 g va 2,0 g. G mdi mirc khdi luong,
mau duoc xur ly theo quy trinh tham khao va ham luong cac MCPDE va GE duoc ghi nhan. Két qua thu
dugc duoc so sanh nham danh gia tac dong cua lugng mau dén hiéu suit thu hoi va do tin ciy caa phép
phan tich. Gia tri hiéu suat thu hdi dwgc nhu Hinh 3

200 - W 3-MCPDE m 2-MCPDE m GE
! I

160 -
120 -
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0

Ham lwong (ug/kg)

0.5g 1. Og 2.0g
Khéi lwgng can mau
Hinh 3. Méi lién hé gitra lwong mau va ham lugng cac MCPDE, GE trén nén mi goi
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Két qua & Hinh 3 cho thiy lwong mau can c6 anh huong rd rét dén ham lugng MCPDE va GE thu duoc tir
qua trinh phan tich. Khi sir dung 0,5 g va 1,0 g mu, nong d¢ céc chat phan tich hau nhu khong thay doi,
cho thay hiéu suat chiét tuong d6i on dinh & hai mirc nay. Tuy nhién, khi tang 1én 2,0 g, tin hiéu phan tich
lai giam dang ké. Hién tuong suy giam nay c6 thé dugc giai thich boi dac tinh cua nén mi géi, vén chaa
ham lwong tinh bot cao va cé kha ning tao nhii twong manh khi tiép xdc véi ethyl acetate trong diéu kién
ty 1& mau Ién so véi thé tich dung moi.

Nhil trong hinh thanh 1am can tré qua trinh tch pha, ddn dén giam kha ning thu hdi lipid va cac este can
phan tich. Hon nira, lwong mau 16n khién d6 nhét caa hdn hop tiang, 1am han ché sy tiép xic hiéu qua gitra
dung mdi va pha mau. Mic di c6 thé khic phuc bang cach tang s lan chiét hodc bd sung thém dung méi,
c4c bién phap nay lai 1am kéo dai thoi gian xir 1y va gia ting lugng hda chét tiéu thy, khdng phd hop voéi
muc tiéu xay dung quy trinh téi wu, hiéu qua va kha thi trong phan tich thuong quy.

Do d6, khéi luong mau 1,0 g dugc xem 1 téi uu cho nén mi géi. Muc nay vira dam bao thu dugc ham
lwong MCPDE va GE 6n dinh, vira han ché duoc céc van d& lién quan dén nhii trong va giam thiéu nhiéu
do nén mau , qua dé cai thién do tin cay cua phép do.

3.2.2 Téi wu qud trinh brom héa GE

Phan tng mé vong epoxit cia GE dién ra khi tdc nhan nucleophile tan cong vao mot trong hai nguyén tir
carbon cua epoxit. Mic du co ché ndy cd thé xay ra trong méi trudng kiém hoic trung tinh, su c6 mat cua
axit thuong lam tiang dang ké téc do phan tng do su hoat hoa epoxit thong qua dang axit lién hop. Tuy
nhién, diéu kién axit manh ciing c6 thé thiic ddy hinh thanh méi cac hop chat halogen hda, chang han nhu
3-MCPD, théng qua phan ng giita acylglycerol va ion halogen. Diéu ndy cho thay nong d6 H.SO. 14 yéu
t6 can dugc kiém soat chat ché dé can bang giira hiéu suat chuyén GE thanh 3-MBPD va han ché tao san
pham phu khéng mong muén.

Déi véi anh huong cua ndng d6 H2SOs, két qua & Hinh 4a cho thay ty Ié tin hiéu chuan/ndi chuan cua GE
dat gié tri cao nhat tai mic 5%. O nong d6 7%, ty 18 ndy gan nhu khong ting thém, biéu hién xu huéng bdo
hoa, trong khi muc 1% cho tin hiéu thap nhat. Piéu nay cho thiy ndng d6 axit qua thap khong du dé hoat
hoa vong epoxit cua GE, 1am giam hiéu suit chuyén héa sang 3-MBPD. Nguoc lai, khi nong d6 axit ting
cao hon 5%, lgi ich phan tng khdng con rd rét, ¢é thé do phan (ng canh tranh hoic su hinh thanh cac san
pham phu. Vi vay, nong do H2SO4 & mirc 5% dugc xem la tdi wu dé thuc day phan ang brom héa va tao tin
hiéu 3-MBPD manh nhit.

Vai tro cua brom cling mang tinh quyét dinh, vi ndng d6 qua thip dan dén chuyén héa khong hoan toan,
trong khi nong d6 qua cao c6 nguy co tao tin hi¢u duong gia do brom phan tng véi lugng acylglycerol con
lai trong mAu. T6i wu héa ndng dd brom vi vay anh huong truc tiép dén do chinh xéac cua phép dinh lugng
GE.

Két qua & Hinh 4b cho thiy ty 1 dién tich peak chuan/néi chuan caa GE dat mtrc 6n dinh trong khoang
0,3-0,7%, phan anh rang luong NaBr trong khoang nay du dé phan ng hoan toan véi vong epoxit cia GE.
Su twong dong nay cho thay khi nong d6 NaBr vuot qua mot ngudng tdi thiéu nhét dinh, toe do va hiéu
suit phan tng brom héa khong con bi giéi han bai chat phan tng. Nguoc lai, & mic 0,1%, ty 1é chuan/noi
chuan thp hon 15 rét, cho thay bromide khong dit & mo vong epoxit hoan toan, dan dén giam lugng 3-
MBPD hinh thanh va lam suy giam tin hiéu phan tich.

Mic du tin hiéu khong ting dang ké khi ndng do NaBr vuot qué 0,3%, viéc st dung ndng do bromide quéa
cao lai khong dwoc khuyén khich trong diéu kién phan tich thuc té. Nguyén nhan 1a brom c6 thé tiép tuc
phan &ng vai acylglycerol con ton du trong mau dic biét voi nhitng nén thuc pham giau chat béo dan dén
tang tin hiéu gia duong, tir d6 gy sai léch dinh luong GE. Diéu ndy cang dang luu y khi nén mau khong
duoc loai bo hoan toan lipid hodc acylglycerol trong céc budc chiét, 1am sach.

Do vay, viéc lua chon nong do NaBr can can bang giira hi¢u suat phan “img va nguy co tao tin hiéu phyu
khong mong mudn. Trong nghién cau nay, nong d6 0,4% dugc xem la t6i wu vi vira dam bao lwong brom
du dé chuyén hoa hoan toan GE, vira han ché cac twong tac thir cip Vvéi acylglycerol, qua d6 dam bao tinh
chinh xac cua phép do 3-MBPD trong diéu kién mau thyc té.

Thoi gian phan tmg ciing dugc xem xét nham danh gia dong hoc hinh thanh va d¢ on dinh cua 3-MBPD &
c4c mdc ngén va dai hon diéu kién thong thuong. Nhirng quan sat nay gitp xac dinh khoang thoi gian phan
g phu hop nhat dé ti da hoa tin hiéu phan tich ddng thoi han ché bién ddi trong qué trinh xt ly mau.
Két qua khao sat & cc thoi gian phan ung 1a 1, 10, 15, 30 pht, tai nhiét do 50 °C, chiing t6i nhan thay & 1
phdt thi ty 1¢ dién tich peak chuan/ndi chuan GE la nhé nhat va nho hon 3 1an so véi mic cao nhat, cho
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thiy chwa du thoi gian dé phan &g brom hoa xay ra hoan toan. Trong khoang thoi gian tir 10-15 pht, ty
& ting va dat cao nhat ¢ 15 phdt, trong khoang 15-30 phut ty 1 nay c6 sy giam nhe. Nhu vay thoi gian
brom héa ching ti chon 1a 15 phut, du thoi gian dé phan @ng dién ra hoan toan dong thoi tiét kiem thoi
gian xu ly mau (Hinh 4c).
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Hinh 4. Anh huong cta nong d6 HzSOq (a), nong do NaBr (b) va thoi gian phan tng (c) dén ty 1¢
chuan/ngi chuan GE ¢ giai doan brom hoa
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3.2.3 T6i wu nong do PBA dén phan iing tao dan xudt
PBA duoc lua chon 1am thudc thir tao dan xudt cho 2- va 3-MCPD do c6 d6 nhay cao va tinh chon loc ddi
voi cac hop chét chira nhém diol. Tuy nhién, lugng PBA qua 1on c6 thé dan dén hinh thanh
triphenylboroxin, gay ling cin va anh huong dén hé thong GC. Vi vay, lugng PBA dugc khao sat & ba mirc
2%, 4% va 6% bang cach sir dung chuan hdn hop 1,0 pg/mL nham xé4c dinh ndng do6 tdi wu cho phan g
dan xuat.
Két qua trong Bang 2 cho thay viéc thay d6i ndong d6 PBA anh huong dén tin ‘hiéu phén tich, nhung murc
do6 thay doi khong dong nhét giita dién tich peak ciia chuan va ndi chuan. O néng d6 2% va 4%, dién tich
peak cta chudn _gan nhu twong dwong nhau, phan anh rang luong PBA tai hai mirc nay da du dé dam bao
phan tmng tao dan xuét dién ra hoan toan. Nguoc lai, & ndng do 6%, dién tich peak cia ca chuin va noi
chuan ting dang ke tuy nhién, ty 1€ chuan/n01 chuan lai khong thay d6i tuong tmg, goi y rang sy gia ting
tin hiéu c6 thé xuat phat tir hiéu ung nén hodc hién tuwong tang tin hiéu dong loat thay vi cai thién thuc sy
hiéu suit dan xuét.

Bang 2. Anh huong ciia nong do PBA dén tin hiéu phan tich

Nang 2-MCPDE (n=3) 3-MCPDE (n=3) GE (n=3)
R Dién cn L A
do S tich | . | Dientich | DMUMo | pigngion | Diéntch
PBA 2 . ty 1€ N ndi : 2 noi Ty 1¢
chuan noi chuan 2 1€ chuan 2
(%) . chuan chuan
chuan
2% 526442 12868 | 40.9 363924 11579 31 572260 133269 | 4.29
4% 552506 12841 | 43.8 384566 12632 30 461361 109607 | 4.21
6 % 1152341 25873 | 445 762893 26090 29 1230488 286440 | 4.30

Trong khi d6, nong do 4% dap g tot ca hai yéu cau: (i) dam bao luong PBA du du cho phan tmg dan xuat
cac hop chat chira nhoém diol, va (i1) tranh hién tuong du thira PBA dan dén két tinh hogc hinh thanh san
pharn phu khong mong mudn. Hon nita, dbi véi cac miu c6 ham luong chét phan tich cao, viéc didu chinh
khéi lvong miu can hoic 4p dung pha lodng trudc khi tao dan xuat cho phép tiép tuc duy tri mirc PBA 4%
ma khong anh hudng dén hiéu qua phan tng.

Vi nhirng 1y do trén, ndng do PBA 4% duoc xac dinh 1a téi wu trong nghién ctru ndy, dam bao d6 nhay phan
tich dong thoi duy tri van hanh 6n dinh va bén vimng ciia hé thong GC.

3.2.3 Quy trinh xit Iy madu t6i wu

MAu mi an lién duoc can khoang 1,0 g (£ 0,001g) va dugc bd sung 50 pL dung dich ndi chuan 1,0 pug/L.
Qua trinh chiét béo dugc thuc hién bﬁng cach thém 10 mL nuéc va 12 mL ethyl acetate, sau d6 mau dugc
11 6 50 °C trong 15 phit, lac 15 phut va ly tam 10 phit. Tiép theo, 10 g Na2SO4 duoc bo sung, hdn hop dugc
lac trong 3 phut va ly tam lai truéc khi 16p ethyl acetate dugc thu va thoi kho ¢ 40 °C dén con giot dau.
Qua trinh chiét duoc 13p lai voi 10 mL ethyl acetate, va hai dich chiét duoc gop trudce khi 1am kho.

Cén thu duoc dugc hoa tan trong 1 mL n-hexane: ethyl acetate (85:15, v/v) va lam sach qua cdt SPE-NH.
dd duoc hoat hoa bang 2 mL cing dung moi. Mau duoc tai 1én cot va rira bang 10 mL dung mdi, sau do
dich chiét duoc thu va théi kho ¢ 40 °C.

Phan ung brom hoa duogc tién hanh bﬁng cach hoa tan can trong 2,0 mL THF, thém 30 puL dung dich NaBr
0,4% trong H2S04 5% va 1 & 50 + 5 °C trong 15 phit. Phan ing dugc dimg bang 3 mL NaHCO: 0,6%, miu
dugc chiét voi 2 mL n-heptane, ly tim va 16p hitu co dugc thu, sau d6 dugc thoi kho & 40 °C.

Tiép theo, can duoc hoa tan trong 1 mL THF, thém 1,8 mL methanol chira 1,8% H2SO4 va u & 40 °C trong
16-20 gio dé methyl ester hda. Phan ing dugc dung b:?mg 0,5 mL NaHCOs bdo hoa, hon hop duoc vortex
trong 10 gidy va dung moi dugc thoi kho dén con khoang 1 mL. Sau d6, 2 mL Na>SOs 20% duge thém vao,
va methyl ester axit béo duoc loai bo bang hai 1an chiét voi 2 mL n-heptane.

213



TOI UU HOA PHUGNG PHAP GC-MS/MS PHAN TICH 2-MCPDE, 3-MCPDE VA GLYCIDYL ESTE...

Pha dudi sau khi loai n-heptane duoc chiét hai 1an bfmg 2 mL ethyl acetate; hai dich chiét duogc g0p va dan
xuit duoc tao bang 150 pL PBA 4% trong 5 phut bang siéu 4m. Cudi cing, dung dich dugc théi kho nhe
bang N2 & 40 °C, hoa tan lai trong 1 mL n-heptane, ly tim va 16p hiru co dugc chuyén vao vial dé phén tich
bang GC-MS/MS. Quy trinh xir Iy mau dugc tom tat nhu trong Hinh 5.

3.2.3 Théng s6 tham dinh ciia phirong phdp

Can 1 g mau

Chiét chit béo bang ethyl acetate

Lam sach mau bang cot SPE (NH,)

Brom hoa chuyén GE vé dang 3-MBPDE

Thity phan véi H.SO4/MeOH & 40 °C, 16h

Chiét loai bo FAEMs bang n-heptan

Chiét 2-MCPD, 3-MCPD va 3-MBPD béng ethyl acetate

Tao dan xuit v6i PBA

Chiét cac dan xuit bang n-heptan va phan tich trén GC-MS/MS

Hinh 5. Quy trinh xtr I mau phén tich 2-MCPDE, 3-MCPDE va GE trong mi in lién

Dé dam bao d6 tin ciy ciia phuong phap phan tich sau khi ti wu, cac thong sd thim dinh vé gi6i han phat
hién, d6 1ap va hiéu sudt thu hdi duoc danh gia trén nén mau, cac thong sb thu dwoc déu dat theo yéu cau
d6i v6i phuong phéap phén tich dinh luong ciia AOAC, két qua dugc tong hop nhur trong Bang 3.

Bang 3: Thong sb tham dinh gié tri sir dung ciia phuong phap

Théng sb 2-MCPDE 3-MCPDE GE
Khoang tuyén tinh (ug/L) 2 - 5000 2 - 5000 2 - 5000
Hé sb tuong quan, R? 0,9999 0,9986 0,9989
Gidi han phéat hién ciia phuong phap (ug /kg) 1,83 1,85 1,63
Do lap RSD; (%) 4,84 6,82 7,56
D9 tai 1ap ndi bd RSDr (%) 5,00 7,04 10,40
Do thu hoi (%) 83,6 - 96,0 85,6 - 101 83,8 -110
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Phwong phép duge tmg dung thyc hién thir nghiém thanh thao trén mau mau dau thyc vét va cho két qua
Z-score tuong tmg v6i 2-MCPDE, 3-MCPDE va GE lan lugt 14 -0,1, 1,7 va 0,2. Két qua nay dam bao do
tin cdy cao khi thyc hién ap dung phan tich ham lugng cac chit phan tich trén cac nén miu tuong tu.
3.3. Ung dung phwong phap phén tich miu mi in lién
Két qua phan tich 18 mau mi an lién dugc ldy tir ba nha san xuat, mdi san pham 13y hai don vi san pham &
hai ngay san xuat khac nhau (Bang 3) cho thdy ca 2-MCPDE, 3-MCPDE va GE déu duoc phat hién trong
tat ca cac mau khao sat, véi ham luong bién dong déng ké gitra cac san phdm. Cy thé, 2-MCPDE xuét hién
trong khoang 129-443 pg/kg, 3-MCPDE trong khoang 116224 ug/kg va GE trong khoang 144 332 pg/kg.
Su hién dién pho bién cuia cac este nay phi hop vdi cac nghlen ctru trude ddy, von chi ra ring qua trinh
chién ngap dau va dic tinh giau lipid cia san pham 1a cac yéu t6 thuc day manh sy hinh thanh MCPDE va
GE [7, 10].
So sanh véi dit lidu cong bd gan day, ham lugng phat hién trong nghién ctru nay ¢ xu hudng cao hon mot
sO bao cdo tai Chau Au va Nhat Ban, noi gia tri GE thuong <100 pg/kg va MCPDE <200 pg/kg trong mi
an lién [16, 17]. Nhimng khac biét ndy c6 thé bit ngudn tir loai dau sir dung (dic biét 1a dau co tinh luyén),
muc do oxy hoa cua dau trong cac 1an tai st dung, diéu kién chién (nhiét do—thoi gian), hoac cong thirc san
pham khac nhau giira cac nha san xuét [12,18]. Viéc phat hién ham luong GE 1én dén 308 pg/kg con cho
thdy cac diéu kién ché bién ¢ nhiét do cao c6 thé 1am gia ting phan (mg ndi phén tir giita acylglycerol va
cac ion halogen, von duge md ta 1a co ché hinh thanh chinh cua hop chét nay [5,6,12].
V& mit quan 1y, Lién minh chau Au di thiét 18p gi6i han tdi da cho 3-MCPDE + 3-MCPD (125 pg/kg) va
GE (50 pg/kg) ddi voi sira cong thirc va san pham dinh du'ong cho tre nho [15] Mac du chua c6 gioi han
chinh thirc danh cho thyc pham ché bién, cac mtrc tham chiéu nay van cung cap €O s0 so sanh hitu ich. Khl
ddi chiéu voi cac ngudng trén, phan 16n mAu mi an lién trong nghién ctru déu vuot murec, ngoai tror mot )
san pham khong qua chién. Két qua nay nhit quan véi cac bao céo cho thiy ring chién ngap diu dic biét
khi dau duoc str dung nhiéu lan 1a ngudn déng gop chinh cho sy hinh thanh MCPDE va GE [10, 19].
Nhirng phat hién trén khong chi phan anh céc thach thirc trong quy trinh cong nghé ciia nganh san xuat mi
an lién ma con nhin manh nhu cau danh gia rui ro stc khoe d6i voi nhoém thyc pham nay, nhat 1 & cac
qudc gia c6 mirc tiéu thu cao. Trong bdi canh hién chua co quy dinh gi6i han cho nhiéu loai thyc pham ché
bién tai Viét Nam, dit liéu nay c6 thé hd trg co quan quéan 1y trong viéc xay dung mirc gidi han phi hop,
dong thoi khuyén khich cac doanh nghiép xem xét ci thién cong nghé chién va chat lugng dau st dung
nham giam thiéu cac hop chét gy lo ngai [15, 20]

Bang 04. Két qua ap dung phuwong phap phan tich trén miu that

S en 3-MCPDE 2-MCPDE GE
STT | Kihiau (Halkg) (Hlkg) (Hlkg)

1 All 205 116 289
2 Al2 251 176 170
3 A21 212 158 325
4 A22 188 162 332
5 A3l 156 126 144
6 A32 129 124 195
7 B11l 330 181 216
8 B12 228 158 213
9 B21 408 224 205
10 B22 320 190 213
11 B31 396 191 248
12 B32 443 216 156
13 Cl1 443 154 308
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S en 3-MCPDE 2-MCPDE GE
STT | Kiniau (Hlkg) (ulkg) (uglkg)
14 Cl12 456 160 271
15 c21 371 113 323
16 Cc22 354 203 240
17 C31 280 183 241
18 C32 307 205 192
4. KET LUAN

Trong nghién ciru nay, mot quy trinh phan tich bang GC-MS/MS di duoc xdy dung, t6i uu thanh cong
nham dinh luong ddng thoi 2-MCPDE, 3-MCPDE va glycidyl este trong mi an lién. Cac thong s6 quan
trong trong chuén bj miu, bao gém khéi lugng mau, hiéu suét chiét 1am sach, diéu kién brom hoa, thuy
phan va tao dan xudt PBA da dugc khao sat hé thong, tir d6 nang cao do nhay, d chinh xac va tinh 6n dinh
cua phuong phép Quy trinh t6i wu thu duogc cho thiy khé nang ép dung t6t dbi voi cac nén thyc pham ché
bién glau chat béo. Khi ap dung phuong phap cho 18 miu mi 4n lién thwong mai, ca 2-MCPDE, 3-MCPDE
va GE deu dugc phat hién ¢ tat ca cac mau, véi mirc ham lugng dao dong dang ké glu'a cac thuong hiéu.
Mbt s6 mau c6 ham luong 2-MCPDE, 3-MCPDE va GE vugt muc gi¢i han tham chiéu ma Lién minh chau
Au quy dinh cho sita cong thirc va dau thuc vat, cho thiy anh huéng ctia qué trinh chién dau va chat luong
dau st dung trong san xuat dbi voi su hinh thanh cic hop chét nay. Nhimg két qua nay cung cap dit liéu
quan trong phuc vu danh gia rai ro an toan thyc pham, dong thoi nhan manh nhu cau giam sat thudng xuyén
céc este chloropropanol va glycidyl trong cac san phdm giau chét béo. Quy trinh phén tich duoc phat trién
c6 thé duoc tmg dung trong hoat dong kiém nghiém va hd trg co quan quan 1y xay dung cac hudng dan phu
hop nhdm bao vé sirc khoe ngudi tiéu ding.

TAI LIEU THAM KHAO

[1] L. Chau, “Bao dong ty 1& mic ung thu tai Viét Nam.” Internet: https://thanhnien.vn/bao-dong-ty-le-mac-ung-thu-
tai-viet-nam-185241108193139364.htm, accessed Mar. 30, 2025.

[2] World Health Organization (2024). Global cancer burden growing, amidst mounting need for services. 1 February
2024. Available online:  https://www.who.int/news/item/01-02-2024-global-cancer-burden-growing--amidst-
mounting-need-for-services.

[3] C. Li, C. Li, H. Yu, Y. Cheng, Y. Xie, W. Yao, Y. Guo, and H. Qian, “Chemical food contaminants during food
processing: sources and control,” Critical Reviews in Food Science and Nutrition, vol. 61, no. 9, pp. 1545-1555, 2021.
[4] C. Crews, A. Chiodini, M. Granvogl, C. Hamlet, K. Hrn¢itik, J. Kuhlmann, and W. Seefelder, “Analytical
approaches for MCPD esters and glycidyl esters in food and biological samples: a review and future perspectives,”
Food Additives and Contaminants: Part A, vol. 30, no. 1, pp. 11-45, Apr. 2013.

[5] TARC Working Group on the Evaluation of Carcinogenic Risks to Humans, “3-Monochloro-1,2-propanediol,”
Some Chemicals Present in Industrial and Consumer Products, Food and Drinking-Water, International Agency for
Research on Cancer.

[6] K. Knott, “MCPD and glycidyl esters in the food chain,” EFSA Journal, 2018.

[7] F. Destaillats, B. D. Craft, M. Dubois, and K. Nagy, “Glycidyl esters in refined palm (Elaeis guineensis) oil and
related fractions. Part I: Formation mechanism,” Food Additives and Contaminants, vol. 29, no. 1, pp. 29-30, Jan.
2012.

[8] P. D. Collier, D. D. O. Cromie, and A. P. Davies, “Mechanism of formation of chloropropanols present in protein
hydrolysates,” Journal of the American Oil Chemists’ Society, vol. 68, no. 10, pp. 785-790, 1991.

[9] B. Svejkovska, M. Dolezal, and J. Velisek, “Formation and decomposition of 3-chloropropane-1,2-diol esters in
models simulating processed foods,” Czech Journal of Food Sciences, vol. 24, no. 4, p. 172, Jan. 2006.

[10] EFSA CONTAM Panel, “Risks for human health related to the presence of 3- and 2-monochloropropanediol
(MCPD), and their fatty acid esters, and glycidyl fatty acid esters in food,” EFSA Journal, vol. 14, no. 5, pp. 1-159,
2016.

[11]C. G. Hamlet and P. A. Sadd, “Chloropropanols and their esters in baked cereal products,” Czech Journal of Food
Sciences, vol. 22, pp. 259-262, 2004.

216



Tac gia: Lé Dinh Vii va Trirong Ngoc Quyén

[12] IARC Scientific, IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, vol. 77, Oxford
University Press, Oxford, UK, 2000.

[13] H. Y. Tsai, J. N. Hsu, C. J. Fang, and N. W. Su, “Determination of glycidyl esters and 3-MCPD esters in edible
oils by sample pretreatment with the combination of lipase hydrolysis and modified QUEChERS for GC-MS analysis,”
Journal of Food and Drug Analysis, vol. 29, pp. 153-167, Feb. 2021.

[14] Tiéu chuan Viét Nam, “Dau m& dong vét va thyuc vat — Xac dinh cac chloropropanediol (MCPD) lién két véi axit
béo va glycidol bang sic ky khdi pho (GC/MS) — Phan 1: Phuong phép st dung su chuyén hoa este kiém nhanh, do
3-MCPD va phép do vi sai glycidol,” TCVN 12081-1:2017, 2017.

[15] M. Dubois, “Determination of 2- and 3-MCPD as well as 2- and 3-MCPD Esters and Glycidyl Esters (GE) in
Infant and Adult/Pediatric Nutritional Formula by Gas Chromatography Coupled to Mass Spectrometry: First Action
2018.03,” AOAC International, vol. 102, no. 3, pp. 903-914, 2019.

[16] J. Kuhlmann, “Glycidyl esters and MCPD esters in instant noodles and related products,” European food safety
monitoring report, 2011.

[17] K. Shirotori, M. Shimizu, and M. Horie, “Occurrence of glycidyl fatty acid esters and 3-MCPD esters in instant
noodles and fried snacks in Japan,” Food Additives and Contaminants: Part A, vol. 33, no. 5, pp. 760-768, 2016.
[18] B. D. Craft, P. Nagy, S. Szeitz, and M. Dubois, “Effect of refining conditions on the formation of glycidyl esters
and 3-MCPD esters in vegetable oils,” Food Chemistry, vol. 138, no. 3, pp. 2152-2159, 2013.

[19] M. Marzocchi, M. Panseri, S. Chiesa, and S. Zecconi, “Impact of deep-frying practices and repeated use of
vegetable oils on the formation of 3-MCPD esters and glycidyl esters,” Food Control, vol. 118, pp. 107-115, 2020.
[20] FAO/WHO Joint Expert Committee on Food Additives (JECFA), “Evaluation of certain contaminants in food:
3-MCPD, 3-MCPD esters and glycidyl esters,” WHO Technical Report Series, no. 1012, World Health Organization,
Geneva, 2016.

OPTIMIZED GC-MS/MS PROTOCOL FOR DETERMINING 2-MCPDE, 3-MCPDE,
AND GLYCIDYL ESTERS IN INSTANT NOODLES
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Abstract. 2-Monochloropropane-1,3-diol esters (2-MCPDE), 3-monochloropropane-1,2-diol esters (3-
MCPDE), and glycidyl esters (GE) are process contaminants formed during high-temperature processing
of fat-rich foods. After entering the human body, these compounds can undergo hydrolysis to generate 2-
MCPD, 3-MCPD, and glycidol, which have been reported for their potential carcinogenicity and adverse
health effects. In this study, a GC-MS/MS analytical method was developed and optimized for the
simultaneous quantification of 2-MCPDE, 3-MCPDE, and GE in food, with instant noodles selected as the
representative matrix. Sample pretreatment parameters including sample mass, extraction and clean-up
procedures, bromination conditions, hydrolysis reaction, and PBA derivatization were systematically
investigated to maximize recovery and enhance analytical sensitivity with the method detection limit of 2
Mg/kg, recovery from 83.6 to 111% . The optimized method was subsequently applied to the analysis of 18
commercial instant noodle samples. The results showed that all three compounds were detected in 100% of
the samples, with concentrations ranging from 129-443 pg/kg for 2-MCPDE, 116-224 ug/kg for 3-
MCPDE, and 144-332 pg/kg for GE. Several samples contained levels exceeding the reference limits
established by the EU for infant formula and young-child food products, indicating potential food safety
concerns. The optimized analytical procedure developed in this study can be applied in food testing
laboratories and supports regulatory monitoring of fat-rich processed foods.

Keywords. 2-MCPDE; 3-MCPDE; glycidyl esters; GC-MS/MS; instant noodles; food safety.
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