PHAN TICH MELAMINE TRONG THUC PHAM VA
THUC AN CHAN NUOI BANG KV THUAT SAC KY LONG
GHEP KHOI PHO (LC-MS/MS)

TRAN CAO SON, VU THI TRANG VA CS.
Trung tam Kiém ngiém VSATTP - Vién Dinh duéng quoc gia

Tém tat:

Mot phuong phap sang loc va dinh lugng melamine da dugc phét trién va (mg dung dé
phan tich mau thuc phdm va thitc an chan nudi. Melamine trong mau dudc chiét béng acid
trichloacetic va lam sach qua cét chiét pha ran trao déi cation manh, dich chiét sau d6 dugc phan
tich bdng hé théng sac ky 18ng khéi phé 2 l1an LC-MS/MS véi ngudn ion héa ESI (+). Két qua
tham dinh phuong phap trén cac ddi tugng sira, banh keo va thitc an chan nudi cho thay phudng
phap c6 dé tin cay cao vdi gidi han tuyén tinh tir 20-1000 ng/ml, giéi han phat hién va gidi han
dinh lugng tuong (mg 1a 10 va 40 ng/ml. D6 lap lai tét véi hé s& bién thién nhd han 10% cho tat ca
cac déi tugng mau, do thu héi ctia phuong phap dat tr 98 dén 102% (loai trir sai s& bang noi
chudn melamine-C'3N'%). Phuang phap da dudc ap dung dé phan tich hon 1000 mau thuc phdm
va thifc an chan nudi trén dia ban Ha Noi va lan can, ty 1&é s6 mau phat hién c¢d melamine 1a 4,8%.

THE ANALISYS OF MELAMINE IN FOOD AND FEED BY TECHNIQUE
OF LIQUID CHROMATOGRAPHY TANDEM MASS SPECTROMETRY
(LC-MS/MS)

Abstract:

A method has been developed for screening and confirmation of melamine in food and
feed. This method includes extraction procedure with trichloacetic acid, purification by strong
caution exchange cartridge and determination by liquid chromatography tandem mass
spectrometry (LC-MS/MS) in ESI (+) mode. The method has been validated for milk, candy and
feed sample. The linearity is between 20 ng/ml and 1000 ng/ml. Limit of detection and
quantification is 10 ng/g and 40 ng/g respectively. The repeatability is good with standard
deviations lower than 10% and recoveries were between 98% and 102% with presence of
melamine-C13N' as internal standard. The method has been applied to analysis over than 1000
samples, with 4,8% positive to melamine.
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formaldehyde dé tao thanh chat melamine-formaldehyde 1a mot loai polimer téng hop
chéng dan nhiét va chdy. Tuy nhién ciing bdi cdu tao c¢é 6 nguyén tir nito nén nhiéu nha
san xuat da cho thém vao san phdm cua minh dé 1am tang ham luong protein.

Nam 2007, nhiéu nudc trén thé gidi cling da d6i mat véi van dé nay khi hang loat
dong vat nudi bi chét cho an phai thifc an c¢6 melamine. Dac biét gan day ¢ Trung Quéc,
khi melamine dugc phat hién thdy trong sfta va trimg ga gay sbi than cho nguoi su dung
dac biét 1 tré em. Viéc san pham cla nhiéu hdng sira ndi tiéng ctia Trung Quéc bi phat
hién thdy chat melamine da rung 1én hoi chuéng canh bdo déi véi toan thé gidi. Viét Nam
v6i vi tri dia 1y gan Trung Qudc, thi vén dé nay cang dang lo ngai hon. Trén thi trudng
Viét Nam c¢6 rat nhiéu céc loai sira va trimg nhéap khdu tr Trung Quéc, dodi hdi phai ¢ su
kiém tra k§ ludng nham dam bao su an toan cho sitc khoe ngudi st dung. Pong thoi, viéc
kiém sodt t6t luong melamine trong cdc ngudn thic an chan nuoéi cling 1a mot cach hiru
hiéu dé ngan ngira melamine t6n du trong tring gia cdm.

Gan day, nhiéu nudc trén thé giéi dd ban hanh tiéu chuén vé gidi han cho phép clia
melamine trong thuc phdm. Theo FDA My, ham lugng melamine cho phép déi vdi céc loai
thuc phdm 14 2,5 mg/kg, ngoai trir thitc an cla tré so sinh 12 khong dugc phép cé. O céc
nudc thudoc khu vuc Béng Nam A nhu Singapore va Thai Lan déu quy dinh gié han
melamine tuong déi cao, trong sita tré so sinh 12 Img/kg va trong thuc phdm khéc 1a 5
mg/kg. O Viet Nam, Bo Y t€ méi day da ban hanh tiéu chuin melamine trong sira va thuc
pham, theo dé déi véi thic an tré so sinh gidi han cho phép 1a 1mg/kg, d6i véi cac loai
thyc phdm khdc 1a 2,5mg/kg trong khi Bo Nong nghiép va Phat trién nong thon ciing da
quy dinh ham luong melamine trong cac loai thic an chan nuéi duge phép téi da la 5
mg/kg. Hau hét cdc nudc trén thé gidi déu quy dinh st dung phuong phdp LC-MS/MS dé
phan tich melamine, day 12 mot k¥ thuét hién dai va cho két qua déng tin cay.

Véi tinh hinh nhu vay, Trung tam Kiém nghiém VSATTP thuoc Vién Dinh dudng
Quéc gia di tién hanh trién khai kip thoi phuong phdp dinh lugng melamine trong thuc
phdm, ciing nhu trong thitc an chan nuéi bang ky thuat LC/MS/MS.

I1. POI TUGNG VA PHUONG PHAP NGHIEN CUU
2.1. Doi tugng nghién ciru

- Mau thue pham bao gém céc loai sita bot, sita nudc, sita chua, sita tuoi, nguyén liéu
dung lam sita, cdc san pham bénh keo ché bién tir sita, tring gia cdm céc loai.

- Mau thirc an chan nu6i bao gém céc loai bot c4, bot thit xwong, bot ngé, va thic an
chan nuéi hén tap.

2.2. Phuong phap nghién citu
2.2.1. Nguyén tac

Melamin dugc chiét bang dung dich acid tricloacetic & pH=1-2. Dich chiét sau dé

dugc lam sach qua cot chiét pha ran trao ddi cation SCX va phan tich bing mdy séc ky
long kh&i phé 2 1an (LC-MS/MS).

2.2.2. Dung cu thiét bi chinh
- Méy sac ky 16ng khoi phé 2 1an LCQ-Duo clia hing Thermo (dé sang loc)
- Mdy sac ky 1ong khéi phd 2 14n TSQ Quantum Access cta hing Thermo
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- Cac dung cu khac: Bo chigt SPE; mdy ly tam; mdy rung sieu am; mdy lac Vortex;
b loc dung moi sac ky.

2.2.3. Dung moi héa chat
- Chudn melamine (hang Dr. Ehrenstorfer).
- Noi chudn melamine-C'"'N" (hdng Cambridge Isotope).

- Acid tricloacetic, Methanol. Acid acetic, Pentafluoro Propionic Acid - PFPA amoni
acetate (Merck).

- Nudc cdt 2 1an hoac nudc siéu sach.

- Mang loc 0,45 pm.

2.2.4. Xu ly két qua

X 1y két qua theo phuong phap théng ke.

11 KET QUA NGHIEN CUU VA BAN LUAN
3.1. Két qua xay dung phuong phap
3.1.1. Xdy dung duong chudn

- Dung dich chudn géc melamine 100 mcg/ml: Can chinh xdc khodng 10mg chat
chudn melamin, hoa tan (rung siéu am cho tan hoan toan) va dinh mic dén 100ml bang
nudc cat.

- Dung dich chudn trung gian melamine 10 mcg/ml: Hit chinh xac 10ml dung dich
chuén géc & trén cho vao binh dinh muc 100ml, dinh mic dén vach bang hén hop nudc
cat. (ES)

- Dung dich noi chudn I mcg/ml: Pha tr dung dich néi chudn géc 1a 100 mcg/ml
(nha san xudt) trong nudc cat dén noéng do 1 meg/ml (IS).

- Ddy dung dich chudn chay sdc ky: Céc dd chuan chay mdy dugc pha nhu sau:

Nongdo | DAES | DdIS | Nudc cat § 8 - 00199+ 00288
(ppb) (ml) (ml) (ml) 1o R’ =0.9999
20 20 50 930
0 50 50 900
100 100 50 850
200 200 50 750
500 500 50 450 . o " » s -
800 800 50 150 b

- Ldp ditong chudn dua vao tuong quan gilta ty 1é dién tich cta pic melamine chuan
so vGi ngoai chudn véi néng do dung dich chuan tuong tng.
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3.1.2. Cdc budc xu Iy mau

Can 2g mau da ddng nhat/dng ly tam
i + 200 mcl ndi chuzfin Imecg/ml
+20ml TCA1%, lac, siéu am 30 phut
Ly tam 5000 vong/phit, trong 5 phut
* .
Loc 16p trén qua giay loc

v

Hoat héa: 6ml MeOH; 6ml—p SPE SCX-500mg/3ml

TCA1% Rrira: 3ml TCA1%:; 3ml MeOH
Hut khoé cdt 1 phat

Rira giai: 2x2ml MeOH:NH,OH (95:5)
\
Bom 20 pl vao LCMSMS
3.1.3. Diéu kién chay may
a. Sang loc trén may LC-MS/IMS LCQ Duo (ion trap MS)
Diéu kién HPLC:
- Cot Symmetry C18 (150 mm x 4,6mm x 5 mem) va tién cot C18 cia Waters
- Nhiét do cot: Nhiét do phong hoac 30°C; Thé tich bom mau: 20 mcl
- Pha dong: A: Dung dich PFPA 0,5 mM trong nudc; B: Acetonitril

Thoi gian A (%) B (%) Toc dé dong (ml/phiit)
0 95 5 0,5
1 95 5 0,5
5 5 95 0,5
5,5 5 95 0,5
7 95 5 0,5
10 95 5 0,5

Diéu kién khéi phé:
Nguén ion: ESI (+) 4000V
Ché do chay: SRM 127 -> 85 (CE: 40V) sang loc
SRM 133 -> 89 (CE: 40V) ndi chuan
b. Khang dinh va dinh ligng bang may TSQ Quantum Access (triple quadrupole)
Diéu kién HPLC:
- Cot HILIC (150 mm x 4,6mm x 5 mcm) va tién cot ciia Phenomenex.
- Nhiét do cot: Nhiét do phong hoac 30°C; Thé tich bom méu: 10 mcl
- Pha dong: A: Dung dich Amoni acetate 20 mM trong nudc; B: Acetonitril
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Thoi gian A (%) B (%) Tdc do dong (ml/phit)
| 0 10 | 90 0,5
1 100 | 0 0,5
6 10 90 0,5
5,5 10 90 0.5

biéu kién khdi phé:
Nguén ion: ESI (+) 4500V

Ché& do chay:
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Hinh 1. Sdc dé mdu chudn 50ppb (trdi) va mdu sita cé melamine

3.2. Két qua tham dinh phuong phap

3.2.1. Khodng tuyén tinh
.Khoang tuyén tinh x4c dinh duoc trong khoang tir 20ng/ml dén 1000ng/ml.

3.2.2. Gidi han phdt hién va gidi han dinh lugng

Thém chuan vao mAu trang & cdc mic néng do gan gidi han phat hién, tai nong do
ma chiéu cao pic gdp khoang 3 lan chiéu cao nhiéu dudng nén la gisi han phat hién (LOD)

va gap khoang 10 14n nhiéu 14 gi6i han dinh luong (LOQ).
Két qua xdc dinh LOD va LOQ nhu sau: LOD = 10ng/g LOQ = 40ng/g

Két qua xac dinh LOD va LOQ cho thdy phuong phép c6 do nhay tot, ddp tng yéu

cau so vdi gidt han cho phép melamine thap nhat 1a 1ppm.

3.2.3. Do lap lai va dp thu héi ciia phuong phdp

Phan tich mau trang thém chuan & c4c mitc néng do khic nhau, phan tich lap lai 6

|an tinh hiéu sudt thu héi R% va hé s6 bién thien RSD%.
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Bdng 1. Két qua xdc dinh do thu hoi va hé s bién thién (n=6)

DG tuong Nongdo | Hieusuat™| 'Ey (%) R(%)
z chuan thém chiét (da loat trir saj s& (da loar trur sal so
mau (ng/g) (%) theo noi chuin) theo noi chuan)

50 81,4 6,3 98,2
Sira 150 75,5 4.8 98,0
750 72,9 3,6 98,6
’ } 50 90,0 5,6 100,4
Keo 150 87,6 5,0 98,1
| 750 86,9 3,9 99,6
o 50 79,4 9,2 101,7
el T 150 773 8.9 1006
750 70,1 8,8 99,8

Hiéu suat thu hoi dat tir 98-102% va RSD% tir 3,6-9,2% dap ting yéu céu cla chau Au
theo Quyét dinh 2002/657/EC (R% tir 80-110% va CV% tr 15-20%).

3.2.4. D¢ ditng cua phuong phap

Phuong phap dugc ting dung dé phan tich mu lién phong thi nghiém do phong thi
nghiém Health Sciences Authority (HSA) thudc Singapore (6 chifc.

Bdng 2. Két qua so sanh lién phong

Mau NIN - VN (ng/g) REF (ng/g) E,
Stta 0} ND ND 0
Sita 02 244 199 0,94
Sita 03 200 190 0,24
Stta 04 1025 1012 0,09

Céc két qua thu dugce cho thay phuong phép c6 do ding t6t véi E, déu nho hon 1.

3.3. Két qua phan tich melamine trén cic déi tuogng mau thuc té

Tir thang 09 nam 2008 dén thang 03 nam 2009, Trung tam Kiém nghiém VSATTP -
Vién Dinh dudng da phan tich hon 1000 méu. Két qua duge thé hién trong bang sau:

Bang 3. Két qua phdn ticl cdc déi tugng mau tai TTKN VSATTP

D tuong mau §6 lugng S8 mau Ty lé
; mau duong tinh | duong tinh (%)
Nhém sita bot va nguyén liéu sita 458 42 8,3
Nhoém sita tuoi, sita chua, caramen 196 4 2,0
Nhém bdnh keo va sén pham tir sita 287 4 1,4
Nhém tring 42 0 0,0
Nhém thidc an chan nuoi 132 8 6,1
Téng s6 1115 54 4.8

480




Trén dng s6 54 mau duong tinh véi melamine, chi ¢ 1 mau thuéc nhém thic an
chan nuoi ¢ ham lugng melamine vuot qué tiéu chudn cho phép (5 mg/kg).

3.4. Ban luan

- Melamine cé 3 nhém -NH, nén ¢é kha nang tao muéi véi acid, loi dung diém nay
ching t6i dung dung dich acid dé tach melamine ra khoi nén mau. Acid trichloacetic 1%
vira ¢6 tac dung acid héa vira cé téc dung tia protein khoi nén mau sita. Cac phuong phép

khdc trén thé gi6i hién nay déu sir dung acid hydrochloric, nén phai thém mot buéc loai
tap nita bang dichlomethan.

- Cot SPE SCX 1a cot trao ddi cation manh, melamine trong moéi truong acid ton tai
dang cation -NH;" duoc lién két chat ché véi nén cot va dé dang dugc rra giai ra khi
chuyén dang -NH, (trong mai trudng kiém) hon so véi cot MCX.

- La mot chét ¢6 tinh phan cuc manh, melamine rat khé cé su luu giir trén cot sac ky
C18, do d¢ khi str dung cot C18 chiing t6i cho thém chét tao cap ion 1a (PFPA) ¢6 tdc dung
tang su luu gilr melamine trén cot C18 gilip tdich melamine ra khoi cdc chat cé trong nén mau.

IV. KET LUAN VA KIEN NGHI
4.1. Két luan

- Pd xay dung thanh cong phuong phdp phan tich melamine pht hop diéu kién
phong thi nghiém, bao gém quad trinh x 1y miu va phan tich trén mdy LC-MS/MS.
- D3 thdm dinh cdc théng s6 chinh cda phuong phdp cho thdy phuong phép cé do

nhay dat yéu cdu, do chinh xdc cao c6 thé ting dung dé phan tich melamin trong cdc d6i
tuong thuc pham va thic an chan nuéi.

- Da kiém nghiém, gidm sat ham lugng melamine trong cac d6i tugng khac nhau
trén dia ban Ha Noi va phu can, giip cdc co quan quan ly nha nudc quan 1y t6t hon su
vi pham vé ham lugng melamine trong cdc loai thuc pham dac biét 1a sia.

4.2. Kién nghi

Bén canh melamine, acid cyanuric cling 12 mot chat quan trong can kiém sodt.
Hién nay nhiéu nuéc trén thé gidi di cé tiéu chuan vé acid cyanuric tuy nhién & Viét
Nam van chua c6 tiéu chuan vé gidi han cho phép ciing nhu phuong phdp phan tich
chat nay. Do d6 cén cé nhitng nghién ciu thém vé phuong phép phan tich ca hai chét
melamine va acid cyanuric cing nhu maéi lién hé gira hai chét nay.
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