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Nghién ctru dé xay dung thanh cong phuwong phap xac dinh dong thoi furan, 2- methylfuran
va 3-methylfuran trong mét so thuc pham bang phuong phép sic ky khi khdi pho GC-MS. Méu
phan tich dugc xu 1y bang k¥ thuat 1dy mau khong gian hoi (headspace - HS), ¢6 st dung ndi
chuan furan-d5. Giéi han phét hién cua phuong phép 1a 0,3 pg/kg, giéi han dinh lugng cua
phuong phap 1a 1,0 ug/kg. Do thu hoi ctia phuong phap trong khoang 72 - 110 %. D¢ 1éch chuan
tuong d6i RSD trong khoang 3,3 - 13 %. Phuong phap da dugc ap dung dé phan tich ham luong
furan va cac dan xuét trong 100 mau thyc pham, bao gdm: ca phé, thit hop, thirc an dam tré em,
sita bot. Két qua phan tich phat hién furan, 2-methylfuran va 3-methylfuran trong 30 mau trén
tong sé 100 mau khao sat. Trong d6, cac dan xudt furan dugc phat hién chu yéu trong cic mau ca
phé, bao gdm ca phé hoa tan va ca phé rang xay, ham lugng trong khoang tir 5,7 - 2.803 pg/kg.
Ngoai ra, nghién ctru ciing da phat hién 01 mau thitc in dam cho tré em chira furan, 04 mau thit
hop phat hi¢n furan va 2-methylfuran. Trong khi d6, furan, 2-methylfuran va 3-methylfuran
khong phat hién trong s6 25 mau sira bot thu thap dugc.

Tir khoa: GC-MS, Headspace, furans, 2-methylfuran, 3-methylfuran.

1. PAT VAN DE

Furan 1a mot chat cong nghiép duoc sir dung trong san xuét cac hoa chat khac nhu tetrahy-
drofuran, nhwa, son mai va cac san pham nong ‘nghiép. Tuy nhién vao dau nam 2004, Cuc Thuc
pham va Duoc pham Hoa Ky (FDA) tuyén bd da tim thiy furan trong mot loat cac loai thuc
phém, dac biét 1a cac loai thuc phém dong hop. Furan sau do ciling dugc phat hién trong mot sb
loai thuc phim, bao gdm ca banh quy gion, khoai tiy chién,... Cac mirc dugc phat hién bai FDA
dao dong tir 0,2 - 170 ppb [1].

Céc nghién ctru chi ra rang, furan va cac dan xuét ciia né c6 thé hinh thanh trong qua trinh
ché bién thuc pham, cac chit thuong gip 1a furan, 2-methylfuran, 3-methylfuran [2-4]. Tuy nhién
co ché vé sy hinh thanh furan chua 6 rang. Furan c6 thé dwoc hinh thanh trong qua trinh oxy hoa
acid béo khong bio hoa da thé, phan huy cac din xuit acid ascorbic, carbohydrat va acid amin

[5].
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Céc nghién ctru trén dong vat cho théy, furan duoc hép thu dé dang qua tAt ca cac con duong
tiép xtic. Furan da dugc chimg minh 14 ¢6 doc tinh cao khi hit phai dbi voi dong vat thi nghiém.
Céc tricu chu’ng dugc bao cdo khi hit phai phoi nhiém qua mic bao gém: ting toc do ho hap,
giam huyét ap, gdy mé, co giat va tir vong do liét tiy va ngat. Furan ciing c6 tac dung gay kich
Ung va an mon mang nhay va duong ti€u hoa [1]. Con nguoi hit phai hoi furan co thé gay e ché
than kinh trung wong bao gom dau dau, bun non, chong mit [1]. Trong cac nghién ctru trén dong
vat ggm nhdm cho thdy, viéc st dung liéu cao furan va 2-methylfuran gay doc t6 manh cho gan
[3]. 3-methylfuran duoc phat hién 1a chat giy doc cho phoi [6]. Ngoai ra, khi hit phai 3- -methylfu-
ran cling gay doc cho than ¢ dong vat nghién ciru [7]. Co quan Nghién ciru ung thu quoc té
(IARC) da xép furan 1a chét c6 thé gdy ung thu ¢ nguoi (nhom 2B) [8]. Sy c6 mét cua furan trong
thue pham ché bién sén thuc sy 1a méi lo vé an toan thuc phadm cho nguoi tiéu dung.

FDA da udc tinh muc ti€u thu trung binh cua furan cho nguoi tiéu dung Hoa Ky 1a 0,2
ng/kg trong luong co thé/ngay [1, 9]. O Ptic quy dinh muc tiéu thy hang ngay c6 thé chip nhan
dugc (ADI) la 2 pg/kg trong luong co thé/ngéy [10]. Hiép hoi cac nha Hoa phan tich chinh thic
AOAC quy dinh muc hleu nang t6i thiéu cta phuong phap phan tich phai dat la nhé hon hoac
bang 20 pg/kg ddi voi mau ca phé va nho hon hodc bang 5 pg/kg ddi voi cac mau khac. Tai Viét
Nam, hién chua c6 cong bd nao vé ham luong ctia furan trong cac dbi twong thuc pham ché bién.

Trong nghién ctru nay, quy trinh xac dinh ddng thoi furan, 2-methylfuran va 3-methylfuran
trong cac d6i7 tuong thqfc pha:lm da dugc xay dung va ap dung dé khao sat ty I¢ nhiem trong céc
mau thyc pham dugc lay ngau nhién trén thi truong.

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

Ba chét trong nghién ctru nay gdm: furan, 2-methylfuran va 3-methylfuran. Pay 1a cac chat
duoc quan tdm nhiéu nhit va thuong duoc phat hién trong thuc pham ché bién sdn. Déi tuong
mau khao sat bao gém: ca phé, thirc an dam cho tré em, thit hop va stra bot dugc léy ngéu nhién
trén thi truong

2.2. LAy miu

Phuong thirc léy‘mﬁu dugc thue hién theo Thong tu 14/2011/TT-BYT cua Bo Y té. B~6n
n}lém méu duoc lay ng: stra b(f):[, thirc an glém cho tré, thit hop, ca phé. Mai loai lay 25 mau,
tong s6 mau la 100. Mau thue pham duoc 14y nguyén hop, nguyén géi tai Ha Noi. Mau sau khi
lay dugc bao quan ¢ 4°C dén khi phan tich

2.3. Héa chit, chit chuin

TAt ca cc hoa chét duoc su dung trong nghién ctru déu thudc loai tinh khiét phan tich, dugc
cung cap bd1 hang Merck. Cac chat chuan furan, 3-methylfuran va chat ndi chuan furan-d4 duoc
cung cap baoi hang LGC, 2-methylfuran dugc cung cap boi hang Chemservice.

2.4. Piéu kién thiét bi, dung cu thi nghiém

Thiét bi chinh duoc sir dung 13 hé thng sic ky khi khdi phd ISQ 7000 cuia hing Thermo
Scientific. Ngoai ra, cac thict bi thong thuong khéac ctiia phong thi nghiém gom: can phéan tich do
chinh xac 0,1 mg (MS-205DU, Mettler), may lic xody (Genius, IKA), may dong nhat mau
(Phillips).
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Céc dung cu thi nghiém gom: lo dung mau bang thuy tinh thé tich 20 mL ¢ nap chira
septum kin, ong dong, cac loai binh dinh muec.

3. KET QUA VA BAN LUAN
3.1. T6i wu quy trinh phén tich
3.1.1. Téi wu diéu kién phdn tich trén thiét bi GC-MS

Diéu kién phan tich dugc ti wu hoa tu dong theo phén mém cua thiét bi, cu thé nhu sau:
ché d6 EI-SIM, toc d6 khi mang 0,75 mL/phit, ché do tiém khong chia dong, nhiét do cong tiém
mau 150°C, nhiét do ngué)n: 200°C. Méanh ion dinh lugng va manh ion dinh tinh cta furan lan
luot 1a 68, 39; cua 2-methylfuran va 3-methylfuran 1a 82 va 53; manh ion dinh lugng cua
furan-d4 1a 72 [5, 9]. Sau khi khao sat 03 loai cot sdc ky, gdm: TG-WAXMS 60 m x 0,32 mm x
I um, TG-WAXMS 30 m x 0,25 mm % 0,25 um, TG-POLAR 105 m % 0,25 mm x 0,2 um, ching
t6i chon sir dung cot sac ky TG-WAXMS 60 m x 0,32 mm x 1 pm vi c¢ot cho két qua tach pic tot
nhat. Chuong trinh gradient giir nhiét d6 35°C trong 1 phut; tang 8°C/phut dén 62°C, giir 3 phut;
tang 2°C/phit dén 70°C, giir 2 phut; tang 50°C/phut dén 200°C, giir 2 phut. Tdng thoi gian phan
tich 1a 18 phut. Sic do ctia hdn hop 03 chéit phan tich ¢ diéu kién tdi uu dugc biéu thi trong
Hinh 1.
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Hinh 1. Sic dé cdc chdt chudn tai nong dé 50 ug/L
3.1.2. Toi wu diéu kién xir 1y mau

Qua tham khao tai liéu [9] va trén co so diéu kién phong thi nghiém, quy trinh xir Iy mau
duoc du kién nhu sau: can 5 g mau vao lg lay mau khong gian hoi 20 mL, thém 10 mL dung dich
chiét NaCl bao hoa, gia nhiét va lac mau dé chat phan tich chuyén sang thé khi, sau d6 dung kim
tiém hat mot thé tich khi trong khong gian hoi phia trén 1o mau r61 bom vao thiét bi GC-MS.
Céc diéu kién xu ly khong gian hoi dugce khao sat, bao gom:

- Ty 1é mau va dung dich muébi chiét;
- Nhiét d6 chiét;
- Thoi gian lic mau.

Cac mau khao sat dugce thém chuan va nodi chuan ¢ cing mirc ndng do 20 pg/L. Két qua
phan tich trén thiét bi so sdnh hi¢u suat cua cac qua trinh dugc danh gia thong qua vi¢e tinh ty 1€
dién tich chuan/néi chuan. Nén mau dugc lya chon khao sat 1a bot an dam tré em vi day la nén
mau hon hop, tuong doi dai dién cho cac nén mau con lai.
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3.1.2.1. Ty 1é mdu va dung méi chiét

Theo tham khao tai li¢u [5, 9], cac nghién clru thuong sir dung NaCl bao hoa lam dung moi
chiét mau, do NaCl bdo hoa gitip thim w6t miu, giam do hoa tan cua furan trong mau, 1am ting
kha ning bay hoi ctia chit phan tich. Ty 16 mau va dung mai chiét dugc khao sat trén co so thay
d6i lwong can mau 1, 3, 5 g va chiét bang 10 mL dung dich chiét NaCl. Viéc sir dung 5 g mau
chiét trong 10 mL gap khé khan khi xir 1y cho cac mau tham nudc manh nhu bt dn dam tré em,
dan dén khong thim wdt hoan toan miu. Luong can mau 1 va 3 g cho két qua tin hiéu pic khac
nhau khong dang ké, do d6 dé dam bao do dong nhat mau thi lwong can miu 3 g va chiét bing
10 mL dung dich NaCl da dugc chon dé khao sat tiép theo. Két qua khao sat dugc trinh bay &
Hinh 2.
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Hinh 2. Khao sat khoi heong cdn mdu

3.1.2.2. Khao sat nhiét do chiét

Nhiét do chiét 1a thong s6 quan trong anh huong dén hiéu qua chiét va kha nang bay hoi
ctia chat phan tich trong k¥ thuat xir Iy mau khong gian hoi. Ba nhiét d9 chiét duoc khao sat 1a:
40°C, 60°C va 80°C. Két qua phan tich dugc thé hién ¢ Hinh 3.
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Hinh 3. Khdo sat nhiét do chiét
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Két qua cho thiy, tin hiéu ctia chit phén tich ting dan theo nhiét do chiét. Tuy nhién theo
khuyén cdo cua FDA, céc furan c6 thé hinh thanh trén 60°C ¢ nhitng mau c¢6 ham lugng béo cao,
do do6 nhiét do 60°C dugc chon lam nhiét do chiét cho quy trinh phan tich.
3.1.2.3. Khao sat thoi gian ldc méu

Thoi gian lic mau cho quy trinh xtr Iy mau khong gian hoi dugc khao sat tai 5, 10 va 15
phut. Két qua cho thay, tin hi¢u pic cua cac chat chuan tai 5 phit 1a thap nhat, tin hi¢u pic tai 10
va 15 phtt 1a twong duong. Nhu vay, sau 10 phtt chiét mau, chat phan tich hau nhu da chuyén
hoan toan sang pha khi. Thoi gian chiét cho quy trinh la 10 phut dugc chon 1a toi wu (Hinh 4).
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Hinh 4. Khdo sat thoi gian ldc mau

Nhu vay quy trinh t6i uu phan tich dong thoi ba din xuat furan bang GC-MS nhu sau: cin
chinh x4c khoang 3 g mau vao lo ldy mau khong gian hoi, thém 10 mL dung dich mubi NaCl bao
hoa, day kin nap. Chuyén miu sang thiét bi HS véi cac thong s cai dat nhu sau: nhiét do chiét
60°C, thoi gian lac chiét 10 pht. Mau sau d6 duoc bom phan tich trén GC-MS ché do giam sat
ion chon loc SIM str dung céc diéu kién dd néu & myc 3.1.1.

3.2. ThAm dinh phwong phap

Phuong phép phan tich da duoc tham dinh cac thong s6 sau: do dic hiéu, duong chuén, gioi
han phat hién/ gi6i han dinh luong cua phuong phap MDL/MQL, d thu hoi va d6 chum. Do dic
hleu cua phuong phap duoc khing dinh bang viéc tinh d6 chéch thoi gian luu cta chuan trong
mau chuén - mau thém chuan 13 1,7 % va ty 1¢ ion dinh tinh/ion dinh luong cua mau chuén va
mau thém chuén léch dudi 10 %. Pudng chuan cta cac chit xdy dung bang cach v& dudng phu
thudc gitra ty 1& dién tich pic chuan/ndi chuan va ndng do twong Gmg véi cac tiéu chi chap nhan
1a R2 > 0,99, d6 chéch cua cac diém chudn < 15 %. Két qua thyc nghiém cho khoang duong
chuan 1am viéc cta furan tir 1 - 100 pg/L, ctia 2-methylfuran va 3-methylfuran tir 1 - 500 pg/L.
Gidi han phat hién cua phuong phap MDL cua cac chét duoc xac dinh béng cach thém chuan
vao mau trang (rnau d3 dugc xac dinh khong chitra chit phan tich) & mirc ndng do thap ngay sau
khi can mau, tlen hanh phan tich theo quy trinh va xac dinh ty 1¢ tin hi¢u cua chuan trén tin hiéu
nhidu. MDL 1a ndng d6 chét phan tich tai mirc S/N > 3. Két qua MDL cong b ctia phwong phap
1a 0,3 png/kg, MQL cua phuong phép 1a 1,0 pg/kg.

Do thu h01 va do lap lai cua cac phuong phap dugc danh gia ¢ 03 muc ndng d6 khac nhau
cho cacloai nén mau thyc pham goém ca phé, thirc an dam cho tré em, thit hop va sira bot. Két
qua khdo sat do thu hdi va do chum dugce thé hién & Bang 1.
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Bing 1. B¢ thu hoi va dé chum cua furan, 2-methylfuran, 3-methylfuran

Théne s& Do thu hoi Dé lap lai
£ (R%) (RSD%)
Furan (10 ug/kg, 20 pg/kg, 120 ug/kg) 72 -110 57-13
2-methylfuran (30 ug/kg, 300 pug/kg, 1300 pg/kg) 91 - 104 3,5-5.2
3-methylfuran (30 pug/kg, 300 pg/kg, 1300 pg/kg) 84 -110 3,3-9,2

D¢ thu hf)i dat dugc trong khoang 72 - 110 %, do chum trong khoang 3,3 - 13 %, dap ting
céc tiéu chi vé tham dmh phuong phap phan tich theo quy dinh AOAC [11]. Do do phuong phap
phan tich dat yéu cu vé do tin cdy va do nhay dé phén tich furan va cac dan xuit ctia no.

3.3. Két qua phan tich miu thue

Mau duge dong nhat va xir Iy theo quy trinh da t6i vu & muc 3.1.2. Mau tring duoc chon
dé phan tich lap 10 14n, két qua khong cho tin hiéu tai thoi gian luu ctia chat phan tich. Mu kiém
soat (QC) dugc chuan bi bang cach thém chuan vao méu trang va phan tich cung cac 16 mau
phan tich trong ngay dé kiém soat hiéu suat cta qua trinh chiét. Két qua phan tich miu thuc duoc
trinh bay trong Bang 2.

Bing 2. Két qua phan tich furan, 2-methylfuran, 3-methylfuran trong céc mau thuc phiam

Déi f  x . Somau  Khodng phdt  Trung binh,
T Hg,
S tugng S0 mau op chat phdt hién  hién, ug/kg ug/kg
furan 0 - -
1 Siia bét 25 2-methylfuran 0 - B,
3-methylfuran 0 - -
fi 1 , ,
Thiic éin uran 5,6 5,6
2 ddm cho 25 2-methylfuran 0 - -
tré 3-methylfuran 0 - -
furan 25 5,7 -2612 606
3 Ca phé 25 2-methylfuran 25 6,5 - 2803 656
3-methylfuran 6 67 - 154 110
furan 4 2,8-6,7 4,8
4 Thit hop 25 2-methylfuran 6 3,5-5 3,5

\®)

3-methylfuran

Két qua phan tich cho thiy furan, 2-methylfuran va 3-methylfuran da dugc phét hién trong
30 mau trong tong s6 100 mau, chiém ty 1¢ duong tinh 1a 30 % s6 mau dugc khao sat. Mau thit
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hop phat hién 16 % mau chira furan, 8 % chua 2- -methylfuran, ham luong trong khoang 2.8 - 6,7
ng/kg. Mau thirc dn dim cho tré em woc khao sat bao gom cac mau chi chira gao ngil coc va cac
mau ¢ bo sung thit, tuy nhién chi phat hién 01 mau chira furan & mirc ham luong 5,6 pg/kg.
Khong c6 mau sita bdt nao phat hién furan.

Mau ca phé 100 % phat hién chira furan hodc dan xuét cua furan & mirc ham luong kha
cao. Ca phé hoa tan c6 ham lugng furan va 2-methylfuran trong khoang 5,7 - 54 ng/kg. Ca phé
hat rang xay phat hién c6 furan, 2-methylfuran, 3-methylfuran véi ham lugng dao dong tuwong
ung trong khoang 5,7 - 2.612 pg/kg, 6,5 - 2.803 pg/kg, 67 - 154 ng/kg. Viéc ham lugng furan
trong mau ca phé rang xay cao hon han cic mau ca phé hoa tan, c6 thé do qué trinh rang hat &
nhiét 46 cao hodc do ty 1& ca phé nguyén chat cao hon trong ca phé hoa tan. Nhu vdy néu tinh
theo lugng an hang ngay chap nhan dugc (ADI) ciia Co quan An toan thuc pham Cong hoa Lién
bang Duc la 2 ng/kg thé trong co thé/ngay [12] thi mot ngudi ning 60 kg co thé tiéu thy 120 pg
furan. Nhu véy, néu ham luong trung binh cua furan trong ca phé rang xay la 1.300 pg/kg thi
ngudi ning 60 kg c6 thé tiéu thy 92 g ca phé rang xay dugc coi la an toan. Két qua nay cho thy
mic di c6 phat hién ham luong furan va cac dan xuat furan trong ca phé, nhung viéc tiéu thy ca
phé hoa tan 14 hoan toan an toan cho stc khoe ngudi tiéu dung. Tuy nhién, dé c6 thé danh gia
day du anh huong cia furan va cac dan xuét furan dén stc khoe, can co nghién ctru danh gia
nguy co toan

4. KET LUAN

Phuong phap xac dinh furan va mét s6 dan xuét ctia furan da duoc nghién ciru t6i uru theo
quy trinh phan tich lay mau khong glan hoi va phan tich trén thiét bi sic ky khi kh01 ph6 GC-MS.
Quy trinh tdi vu duge tmg dung dé phan tich 100 mau thyc pham cac loai, bao gdm ca phé, thirc
an dam cho tré em, thit hop va sita bot. Két qua phan tich mau cho thiy, furan, 2-methylfuran va
3-methylfuran dugc phat hién trong 30 méu trong tong s6 100 miu dugc khao sat, ham lugng
cac chét trong khoang tir 2,8 - 2.803 pg/kg. Nhom thuc phdm c6 nguy co cao nhét 1a ca phé hoa
tan va ca phé rang xay. Mic du hién chua cé quy dinh gidi han ti da cho furan nhung viéc nhiém
furan véi ty I¢ cao va & mic ham lugng 16n trong mot s6 ddi tuong thuc phém da qua ché bién
da tiép tuc gdy nén mdi lo ngai cho cac nha quan 1y va nguoi tiéu ding. Vi vay, nghién ciru duge
dé xuét tiép tuc mo rong phan tich cac dan xuat khac ciia furan nhu: 2-butylfuran, 2-pentylfuran
va 2-acetylfuran, mé rong d6i tuong nghién ctru, sé luong san pham, khao sat murc tiéu thu va
danh gia nguy co phoi nhiém furan va cac dan xut dbi véi sirc khoe tiéu ding nguoi ngudi tiéu
dung 6 Viét Nam nham dé xuit muc gi6i han t6i da cho phép ctia nhom doc chit nay trong thuc
pham.
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Abstract

A method for the simultaneous determination of furans, 2-methylfuran and 3-methylfuran
in some food by gas chromatography-mass spectrometry (GC-MS) has successfully developed.
Analysed samples were treated by a headspace technique using furan-d4 as an internal standard.
The detection limit of the method is 0.3 pg/kg, the quantitative limit of the method is 1.0 pg/kg.
The recovery of the method is in the range of 72 to 110 %. The relative standard deviation ranges
from 3.3 to 13 %. The method was applied to analyze 100 food samples, including: coffees,
canned meats, baby foods, powdered milk. The results showed that furans, 2-methylfuran,
3-methylfuran were detected in 30 samples out of 100 collected samples. In particular, furans
were found in a ranges of 5.7 to 2,803 pg/kg in all of coffee samples, including instant coffee and
roasted coffee. In addition, furans were detected in one baby food sample contains, furans and
2-methylfuran in four canned meat samples, and no furans milk were detected in powder sample
among 25 analysed samples.
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