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Tom tat

Trong nhitng nam gan day, mot s6 chat gay 6 nhiém thuc phdm nhu 3-chloro-1,2-propanediol
(3-MCPD) va ester acid béo 3-MCPD di duoc tim thay trong nhiéu loai thuc pham. Trong d6, mot
luong dang ké cac hop chit acid béo 2-chloro-1,3-propanediol (2-MCPD) di dugc phat hién trong
cac loai du tinh ché.

K thuat sic ky khi ghép khéi phd duge st dung dé dinh lwong céac acid béo dang ester bao gdom
2-Chloro-1,3-propandiol (2-MCPD), 3-Chloro-1,2-propandiol (3-MCPD) va glycidol trong dau. Mau
dugc chuan bi bang cach sir dung cac ndi chuin bao gdm 3-MCPD-ester-d5 (rac 1,2-bis-palmitoyl-
3-chloropropanediol-dS), 2-MCPD-ester-d5 (1,3-Distearoyl-2-chloropropanediol-d5) va Glycidyl
sterate-d5, tién hanh 2 budc & mau bang dung dich NaBr/H,S0, va H,SO,/MeOH, trich ly véi dung
mdi ethyl acetate, n-hexan dé chuyén doi Glycidyl ester thanh MCPD va glycidol dang tu do trong
mau trude khi sir dung dan xuat phenylboronic acid. Gidi han dinh lugng 14 0,1 mg/kg tuong tng, hiéu
suat thu hdi & nong do 0,1 mg/kg khoang 80 - 120% vai d6 lap lai va do tai 1ap thip hon 10%.

Tir khoa: 2-Chloro-1,3-propandiol (2-MCPD), 3-Chloro-1,2-propandiol (3-MCPD), glycidol,
phenylboronic acid, séc ky khi ghép khoi phé GC-MS/MS.

1. PAT VAN PE

3-MCPD la chét gay 6 nhiém phd bién nhit trong nhom cac chat chloropropanos. Dau tién dugc
xé4c dinh 1a mot chat gay 6 nhidm cua protein thuc vat thuy phan acid va nuéc tuong, sau do 3-
MCPD da duoc tim thay trong cac thuc pham khac. 3-MCPD va cac ester ctia n6 c¢6 thé duge tao
thanh trong cac thuc phim chtra chat béo duge xtr 1y nhiét tir glycerol hodc acyl glyceride vai su co
mit cua cac ion clorua. 3-MCPD va Glycidyl Ester (GE) chii yéu dugc tim thiy trong chit béo, dau
tinh ché va thuc pham c6 chira chit béo. Ban dau, ngudi ta cho riang céc ester 3-MCPD va GE dugc
hinh thanh boi cac qua trinh twong tw, nhung gio ddy ngudi ta da biét rang co ché hinh thanh cua
chung la khac nhau [6]. Ca hai chit 3-MCPD and glycidol 1a 2 chat thudc nhém 2A theo co quan
nghién cliru quoc té v& ung thu (IARC), 12 nhom c6 kha ning gdy ung thu cho con ngu0’1 [4]. Theo
quy dinh ctia Uy ban Chau Au (Commission Regulation (EU) 2018/290) gi6i han t6i da cho phép
cua glicydol 13 0,5 mg/kg trong mau dau thuc vét va chit béo danh cho san xut thyc phdm tré em
va thuc pham ché bién tir ngii cdc cho tré so sinh va tré nho.

Trong nghién ctru nay, chung t6i di xdy dung quy trinh xac dinh dong thoi cac ester acid béo
ctia 2-Chloro-1,3-propandiol (2-MCPD), 3-Chloro-1,2-propandiol (3-MCPD) va glycidol trong dau
bang phuong phap sic ky khi ghép khdi phdo GC-MS/MS.
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2. POI TUQONG VA PHUONG PHAP NGHIEN CUU
2.1. i twong nghién ctru

Mau dau thuc vat duoc phan tich tur khach hang tai trung tam dich vy phan tich thi nghiém
TPHCM.

2.2. Phuong phap nghién ciru

2.2.1. Thiét bi, dung cu, héa chdt

2.2.1.1. Thiét bi, dung cu
- Thiét bi sir dung 1a detector khdi phd TSQ 8000 Triplequad ctia hing Thermo Scientific;
- Cot phan tich DB-5 MS 30 m x 0,25 mm x 0,25 um;
- Cac dung cu va thiét bi phu tro khac trong phong thi nghiém.

2.2.1.2. Héa chat

- Nudc cat 2 1an loai ion, methanol, n-hexan, ethyl acetat, isooctan, tetrahydrofuran, diethyl
ether, toluen, tert-butyl methyl ether (tBME), mudi natri hidrocacbonat > 99%, sulphuric acid >
95%, mudi natri sulfat khan > 99%, amoni sunfat > 99%, mudi kali bromua > 99%, phenylboronic
acid (PBA) > 99% cua Merck hodc twong duong.

- Chuan rac-1,3-Distearoyl-2-chloropropanediol (2-MCPD ester) > 97% (Product No.: D493510.
Lot No.: 3-DTS-17-3) duoc cung cap bai TRC.

- Chuan rac 1,2-Bis-palmitoyl-3-chloropropanediol (3-MCPD ester) > 98% (Product No.:
B515200. Lot No.: 1-EJB-84-1) dugc cung cip boi TRC.

- Chuan glycidyl Stearate (3-MBPD ester) > 96% (Product No.: G615985 Lot No.: 2-JLW-
104-1) dugc cung cap boi TRC.

- Noi chuan 1,3-Distearoyl-2-chloropropanediol-d5 >98% (Product No.: D493512. Lot No.:
10-MP-99-3) dugc cung cap boi TRC.

- N6i chuan rac 1,2-Bis-palmitoyl-3-chloropropanediol-d5 > 98% (Product No.: B515202. Lot
No.: 3-ALN-28-3) duogc cung cap boi TRC.

- Noi chuan Glycidyl Stearate-d5 > 98% (Product No.: G615988. Lot No.: 4-JES-24-1) dugc
cung cap boi TRC.

2.2.2. Tién hanh
2.2.2.1. Chuan bi chat chudn

Dung dich chuan gdc nong d6 100 ppm (mg/L) trong dung moi toluen, duoc luu trit nhiét
do <-18°C.

Dung dich ndi chuan gc ndong d6 100 ppm (mg/L) trong dung mai toluen, dugc luu trir nhiét
do < -18°C.

Dung dich chuan trung gian hdn hop (2-MCPD, 3-MCPD va 3-MBPD) nong d6 1,0 va 10 ppm
(mg/L) dugc pha tir cac chuan goc trong dung mdi toluen, dugc luu trit nhiét do < -18°C, duogc sur
dung dé xay dung duong chuén.

Dung dich ndi chuan trung gian hdn hgp (2-MCPD-d5, 3-MCPD-d5 va 3-MBPD-d5) nong d
1,0 ppm (mg/L) duoc pha tir cic ndi chuan gde trong dung méi toluen, dugc luu trit nhiét do
< -18°C, duoc su dung dé xay dung duong chuan.

Xay dung cac diém chuan hdn hop 0,1 ppm, 0,5 ppm, 1,0 ppm, 1,5 ppm, 2,0 ppm c6 sir dung
n6i chuan hdn hop & ndng d6 0,1 ppm trong cac dung dich chuéan.
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2.2.2.2. Chuan bi cdc dung dich

Dung dich muéi kali bromua d3 acid hoa (3mg/ml): Can 1g mudi kali bromua cho vao binh
dinh murc 10 ml, dinh mérc dén vach bﬁng nudc cat. Chuyén 0,18 ml dung dich sang binh dinh muc
10 ml. Thém 5,5 ml nude 2 1an loai ion va sau d6 thém 0,3 ml sulphuric acid, lac manh.

Dung dich mudi natri hidrocacbonat (0 6%, v/v): Can 0,6 g mudi natri hidrocacbonat trong binh
dinh mtrc 100 ml va dinh muc dén vach bang nude cat. Sir dung bon siéu am dé dam bao sy hoa tan
hoan toan cta thudc thir.

Dung dich sulphuric acid/methanol (1,8% v/v): Léy 50 ml methanol vao binh dinh mtrc 100 ml,
thém vao 1,8 ml sulphuric acid va dinh muc dén vach bﬁng béng methanol.

Dung dich mudi amoni sunfat: Can 20 g amoni sunfat cho vao binh dinh mirc 50 ml va dinh
muc dén vach bang nudce cat. St dung bon si€u am dé dam bao hoa tan thudc thur.

Dung dich phenylboronic acid (PBA): Hoa tan 0,4 g phenylboronic acid (PBA) trong 10 ml
diethyl ether. Léc manh.

2.2.2.3. Xir Iy mdu

Mau dau: Can khoang 0,1 g mau, thém 0,05 ml ndi chuén 1 ppm, thém 2 ml dung moi
tetrahydrofuran, lic 1 phit.

Qua trinh chuyén d6i: Thém 0,03 ml dung dich mubi kali bromua dé acid héa vao mau, lic
manh va i hon hop & 50°C trong 15 phut. Dung lai phan tmg bang cach thém 3 ml dung dich muéi
natri hidrocacbonat (0,6%, v/v). Dau m& dugc tich ra khoi pha nudc bang cach thém 2 ml hexan va
lac manh. Sau khi tach hai pha, chuyén 16p trén vao mét ng nghiém khac va bay hoi dén kho dudi
nito dong (¢ 40°C). Hoa tan can bang 1 ml tetrahydrofuran khan.

Qua trinh ester hoa acid: Thém 1,8 ml dung dich sulphuric acid/methanol (1,8% v/v) viao mau
va lac manh trong 10 gidy. Pay kin nap ong nghiém va @ hon hop ¢ 40°C trong 16 gio. Sau thdi gian
u, su phan tach ester dung lai bang cach thém 0,5 ml dung dich mudi natri hidrocacbonat bao hoa
vao mau. Lic trong 10 gidy. Lam bay hoi dung méi hitu co (methanol) cta hdn hop dudi dong nito
0 40°C.

Qua trinh loai béo: Thém 1,3 ml dung dich amoni sunfat vao mau, lic 10 gidy. Thém 1 ml
n-hexan va lic trong 10 gidy. Loai bo pha trén c6 chira cac methyl ester ciia acid béo hoa tan trong
n-hexan bang cach su dung pipet pasteur. Lap lai budc nay véi 1 ml n-hexan khac.

Qua trinh chiét bang ethylacetat: Chiét 2 va 3-MCPD tu do, 3-MBPD tir pha nuéc v6i 0,6 ml
ethyl acetat 3 lan, lac mdi lan trong 10 gidy va chuyén cac 16p trén sang mot 6ng nghiém thiy tinh
khac c6 chtra mdt lugng nho natri sunfat khan dang hat.

Qua trinh dan xuét: Thém 0,15 ml thudc thir dan xut phenylboromc acid (PBA) vao dung moi
hiru co (1,8 ml ethyl acetat) lic trong 15 glay vau trong bé siéu 4m trong 5 phat. Bén khi hoan
thanh phan Gng dan xudt, 1am bay hoi cac chat chiét xuat dén kho & 40°C dudi dong nito thap.

Phan tich trén thiét bj GC-MS/MS: Hoa tan cin trong 0,5 ml isooctan bang cach lic hdn hop
trong 10 gidy, ly tdm 3500 vong/phut va chuyén phan ndi phia trén sang mot lo va phan tich trén
thiét bi GC-MS/MS.
2.2.2.4. Piéu kién sdc ky

Dé xay dung quy trinh phan tich dong thoi 2-Chloro-1,3-propandiol (2-MCPD), 3-Chloro-1,2-
propandiol (3-MCPD) va glycidol, cac di¢u kién sac ky duoi day da dugc st dung:

- Cot DB-5MS 30 m x 0,25 mm x 0,25 pm.
- Téc do dong pha dong: 1,2 mL/phit.
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- Chu trinh nhiét d§: 85°C (gitr 0,5 phut) tang 8,5°C/phut dén 150°C, tang 12°C/phut dén 180°C,
tang 25°C/phut dén 300°C (gitr 5 phut).
- Thé tich tiém mau: 2pL
- Thong sO detector MS: Cac thong s6 SRM (Selected Reaction Monitoring) khao sat cho cac
hop chat dugc li¢t ké trong bang 1.
Bing 1. Cdc thong s6 khéi phé & ché @ SRM

Peak Component Name IR (min) Qlion (m/z) | Q3ion (m/z) | CE (V)*

3-MCPD-d5 ester 13,31 201,2 93,1 25

: 3-MCPD-d5 ester 13,31 201,2 150,2 10
3-MCPD ester 13,37 196,1 91,1 25

? 3-MCPD ester 13,37 196,1 104,2 10
2-MCPD-d5 ester 13,78 201,2 93,1 10

’ 2-MCPD-d5 ester 13,78 201,2 107,1 10
2-MCPD ester 13,83 196,1 91,1 10

! 2-MCPD ester 13,83 196,1 104,1 15
3-MBPD-d5 ester 14,56 245,1 93,1 25

: 3-MBPD-d5 ester 14,56 245,1 150,2 10
3-MBPD ester 14,61 240,1 91,1 25

° 3-MBPD ester 14,61 240,1 147,2 10

3. KET QUA VA BAN LUAN
3.1. T6i wu thong so detector va
diéu Kkién sic ky

Qua tham khao cac tai liéu [1],
[2], [3], va khdo sat tai phong thi
nghiém, chung t6i dung dung dich | ~ =
chuan 1,0 ppm dé tim cac thong sb
t6i wu cho khdi phd & ché do phan
manh ion MS/MS nhu tim ion me, [+~ :
ion con, nang lugng va cham. Sau
khi thyc hién ta c6 thong s6 detector
khéi phd dugc thiét 1ap theo bang 1.

a5 2 3 4 & 3 %

)

Hinh 1. Sic ky do t6i wu va lya
chon cac thong so detector khoi pho
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Tur két qua khao sat trén, chung t6i lya chon diéu kién xu ly mau tai muc 2.2.2.2 va diéu kién
sac ky tai muyc 2.2.2.3 d¢ tham dinh 2-Chloro-1,3-propandiol (2-MCPD), 3-Chloro-1,2-propandiol

(3-MCPD) va glycidol trong dau.

3.2. Tham dinh phwong phap

3.2.1. Puong chudn
Pudng chuan duoc xay dung trén mau dua vao cac diém c6 nong do nam trong khoang 0,1 -2 ppm
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Hinh 3. Sac ky do chudn 3-MCPD, 2-MCPD va 3-MBPD
3.2.2. PG thu hoi, do ldp lai, dé tdi ldp va dé khéng dam bao do
D6 lap lai cua phuong phap duoc thé hién théng qua do 1éch chuan lap lai (RSDr) con do tai

1ap dugc danh gia thong qua do 1éch chuan tai 1ap (RSDgy) ctia cac két qua nghién ctru ¢ hai ngay
thuc hién phan tich khac nhau.

Bdng 2. Két qua do thu hoi, dé lap lai va do tai lap, do khong dam bao do

Chit Nf;izg dp thém | Recovery (%) | RSD.(%) | RSDg (%) | DPé khéng dim bdo do
phan tich mdu (mg/kg) n=12 n=6 n=12 Uexp (%)
3-MCPD 0,1 80 -120 % 14,0 12,7 25,86
2-MCPD 0,1 90 -110 % 4,5 5,1 10,89
3-MBPD 0,1 90 - 120 % 10,2 10,9 24 .81

3.2.3. Gioi han dinh lvong

Theo SANCO/12571/2013 [5], MQL 13 ndng do thém chuan & ndng d6 nho nhit ma phuong
phép c6 the xac dinh v6i do 1ap lai, do tdi 1ip nho hon 20%, higu suat thu hoi dat tir 80 - 120%,
phuong phap c6 y nghia khi MQL nén bang hodc nho hon gidi han chat cam nho nhit cho phep
Trong phan nghién ctru nay, mau dau khong c6 chit phén tich thém chuan & nong d6 0,1 ppm dé xac
dinh gia tri MQL. Két qua phan tich thu dugc tat ca cac chat déu co hiéu suat thu hi trén 80%, do
tai 1ap nho hon 20%. Nhu vay, MQL cta phuong phap dbi voi nén mau dau 13 0,1 ppm.
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Hinh 4. Sic ky do gidi han dinh lwong MOL 3-MCPD, 2-MCPD va 3-MBPD

3.3. Ung dung phén tich miu diu thue vat tai trung tim dich vu phén tich TPHCM

Sau khi tham dinh, phuong phap phan tich duoc ap dung dé phén tich 2-Chloro-1,3-propandiol

(2-MCPD), 3-Chloro-1,2-propandiol (3-MCPD) va glycidol trong dau thyc vat. Két qua 22 mau dau
thuc vat (04-08/2019) da so phat hi¢én thay ca 3 chat voi ham lugng rat 1on: ham lugng 3-Chloro-
1,2-propandiol (3-MCPD) tur 1,5 - 16 mg/kg, ham lugng 2-Chloro-1,3-propandiol (2-MCPD) tr 0,4
- 9,4 mg/kg va ham lugng glycidol tr 1,2 - 39 mg/kg.

4. KET LUAN

Phuong phap xac dinh dong thoi cac ester acid béo cuiia 2-Chloro-1,3 propandiol (2- MCPD)

3-Chloro-1,2-propandiol (3-MCPD) va glycidol trong dau bang phuong phap sac ky khi ghép khdi
phé GC-MS/MS. Pinh lugng cac chit phan tich dugc thyc hién bang cach s dung 3-MCPD
-ester-d5 (rac 1,2-bis-palmitoyl-3-chloropropanediol-dS), 2-MCPD-ester-d5 (1,3-Distearoyl-2-
chloropropanediol-d5) va Glycidyl stearate-d5 lam chat noi chuan. Két qua dugc thé hién dudi dang
tu do cac dang 2-MCPD, 3-MCPD va glycidol véi gidi han dinh lugng MQL = 0,1 mg/kg.
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Summary

SIMULTANEOUS DETERMINATION OF FATTY ACID ESTERS
2-CHLORO-1, 3-PROPANDIOL(2-MCPD), 3-CHLORO-1,2-PROPANDIOL(3-MCPD)
AND GLYCIDOL IN VEGETABLE OILS BY GAS CHROMATOGRAPHY
MASS SPECTROMETRY GC-MS/MS

Le T. Tam, Nguyen T. Duy, Phu M. Tan, Ly T. Kiet, Chu V. Hai

Center of analytical services and experimentation of Ho Chi Minh City

The food contaminants including 3-chloro-1,2-propanediol (3-MCPD) and 3-MCPD fatty
acid esters have been a matter of great concern in the past few years due to their toxicity and
their occurrence in numerous foods. Recently, significant amounts of the isomeric compounds
2-chloro-1,3-propanediol (2-MCPD) fatty acid esters have been detected in refined oil
samples.

Gas Chromatography (GC) coupled with mass spectroscopy (MS) was used for the
quantification of fatty acid esters of 2-Chloro-1,3-propandiol (2-MCPD), 3-Chloro-1,2-
propandiol (3-MCPD) and glycidol in oil. Internal standards including 3-MCPD-ester-d5
(rac  1,2-bis-palmitoyl-3-chloropropanediol-d5), 2-MCPD-ester-d5 (1,3-Distearoyl-2-
chloropropanediol-d5) and Glycidyl sterate-dS were added to samples. Spiked samples were,
then, incubated in NaBr/H,SO,4 and H,SO4/MeOH solutions. They were, eventually, extracted
with ethyl acetate and n-hexane solvents in order to convert Glycidyl esters to free MCPD and
glycidol in samples before using phenylboronic acid derivative. The limit of quantitation was
of 0.1 ppm (mg/kg). The recoveries at the concentration of 0.1 mg/kg ranged from 80 to 120%
and the repeatability and reproducibility were less than 10%.

Keywords: 2-Chloro-1,3-propandiol (2-MCPD), 3-Chloro-1,2-propandiol (3-MCPD),
glycidol, phenylboronic acid, gas chromatography mass spectrometry.
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