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Tom tat: 

Mot phifong phap sang lpc va djnh lupng melamine da dupe phat trien va dng dung de 
phan tich mau thuc pham va thirc an chan nuoi. Melamine trong miu dupe chiet bang acid 
trichloacetic va lam sach qua cot chiet pha r in trao ddi cation manh, dich chiet sau dd dupe phan 
tich bang he thdng sac ky long khdi phd 2 lan LC-MS/MS vdi ngudn ion hoa ESI (+). Ket qua 
tham djnh phuong phap tren cac ddi tupng sira, banh keo va thirc an chan nuoi cho tha'y phuong 
phap cd dp tin cay cao vPi giPi han tuyen tinh tP 20-1000 ng/ml, gidi han phat hien va giPi han 
dinh lupng tUOng img la 10 va 40 ng/ml. Bp l§p lai tdt vPi he so bien thien nho hon 10% cho tat ca 
cac ddi tupng mau, dp thu hdi cua phuong phap dat tP 98 den 102% (loai trp sai sd bang npi 
chuan melamine-C13N15). Phuong phap da dupe ap dung de phan tich hon 1000 mau thpc pham 
va thirc an chan nuoi tren dia ban Ha Noi va lan can, ty le sd mau phat hien cd melamine la 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-C13N15 as internal standard. The method has been applied to analysis over than 1000 
samples, with 4,8% positive to melamine. 

I. Di\T VAN D£: 

Melamine la mpt hpp chat huu co cd cPng thdc 
phan tu C 3 H 6 N 6 , vdi ten khoa hpc la 1,3,5-triazine-
2,4,6-triamine. Cha't nay chu yeu dupe su dung trong 
cong nghiep che bien cha't deo nhd phan dng vdi 
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formaldehyde dd tao thanh chat melamine-formaldehyde la mpt loai polimer tong hpp 
chong dan nhiet va chay. Tuy nhien cung boi c i u tao co 6 nguyen tir nito nen nhieu nha 
san xuat da cho them vao san pham cua minh de lam tang ham lupng protein. 

Nam 2007, nhieu nuoc tren the gidi cung da do'i mat vPi va'n de nay khi hang loat 
dpng vat nuoi bi chet cho an phai thdc an co melamine. Dac biet gan day d Trung Quo'c, 
khi melamine dupe phat hien tha'y trong sua va trung ga gay soi than cho ngudi sir dung 
dac biet la tre em. Viec san pham ciia nhieu hang sua ndi tieng ciia Trung Quo'c bi phat 
hien tha'y chat melamine da rung len hdi chuong canh bao do'i vdi toan the giPi. Viet Nam 
vdi vi tr i dia ly gan Trung Quo'c, thi van dd nay cang dang lo ngai hon. Tren thi trudng 
Viet Nam cd rat nhidu cac loai sira va trung nhap kh iu td Trung Qudc, ddi hdi phai cd su 
kiem tra ky luong nham dam bao su an toan cho sdc khde ngudi su dung. Ddng thdi, vi€c 
kiem soat to't lupng melamine trong cac ngudn thdc an chan nuoi cung la mpt each huu 
hieu de ngan ngda melamine ton du trong trung gia cam. 

Gan day, nhieu nude tren the gidi da ban hanh tieu chuan vd gidi han cho phep cua 
melamine trong thuc phim. Theo FDA My, ham lupng melamine cho phep ddi vdi cac loai 
thuc pham la 2,5 mg/kg, ngoai trir thdc an cua tre so sinh la khong dupe phep cd. O cac 
nuoc thupc khu vuc Dong Nam A nhu Singapore va Thai Lan deu quy dinh gidi han 
melamine tuong ddi cao, trong sua tre so sinh la 1 mg/kg va trong thuc ph im khac la 5 
mg/kg. C" Viet Nam, Bp Y te mdi day da ban hanh tieu chuin melamine trong sua va thuc 
phim, theo dd ddi vdi thdc an tre so sinh gidi han cho phep la 1 mg/kg, ddi vdi cac loai 
thuc pham khac la 2,5mg/kg trong khi Bp N6ng nghiep va Phat trien nong thPn cung da 
quy dinh ham lupng melamine trong cac loai thdc an chan nuPi dupe phep tdi da la 5 
mg/kg. Hau het cac nude tren the gidi deu quy dinh sd dung phuong phap LC-MS/MS de 
phan tich melamine, day la mpt ky thuat hien dai va cho ket qua dang tin cay. 

Vdi tinh hinh nhu vay, Trung tam Kiem nghiem VSATTP thupc Vien Dinh dudng 
Quo'c gia da tien hanh trien khai kip thdi phuong phap dinh lupng melamine trong thuc 
phim, cung nhu trong thdc an chan nuoi bang ky thuat LC/MS/MS. 

II. DOI TUONG VA PHUONG PHAP NGHIEN CUU 

2.1. Ddi tupng nghien cuu 

- Miu thuc pham bao gdm cac loai sua bpt, sua nude, sua chua, sua tuoi, nguyen lieu 
diing lam sua, cac san phim banh keo che bien td sua, trung gia c i m cac loai. 

- Miu thdc an chan nuoi bao gdm cac loai bpt ca, bpt thit xuong, bpt ngp, va thdc an 
chan nuPi hdn tap. 

2.2. Phuong phap nghien cuu 

2.2.1. Nguyen tdc 

Melamin dupe chiet bing dung dich acid tricloacetic d pH=l-2. Dich chiet sau dd 
dupe lam sach qua cpt chiet pha ran trao ddi cation SCX va phan tich b ing may sic ky 
long khdi phd 2 l i n (LC-MS/MS). 

2.2.2. Dung cu thiet bi chinh 

- May sic ky long khdi phd 2 lin LCQ-Duo cua hang Thermo (de sang lpc) 

- May sic ky long khdi phd 2 l i n TSQ Quantum Access cua hang Thermo 
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- Cac dung cu khac: Bo chiet SPE; may ly tam; may rung sieu am; may lac Vortex; 
bp lpc dung moi sac ky. 

2.2.3. Dung mdi hoa chat 

- Chuin melamine (hang Dr. Ehrenstorfer). 

- Npi chuin melamine-C 1 3 N 1 5 (hang Cambridge Isotope). 

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

- NuPc c i t 2 l i n hoac nude sieu sach. 

- Mang lpc 0,45 pm. 

2.2.4. Xuly ket qud 

XCr ly ket qua theo phuong phap thong ke. 

I I L KE'T QUA N G H I E N CUU VA BAN L U A N 

3.1. Ke't qua xay dung phuong phap 

3.1.1. Xdy dung dudng chuan 

- Dung djch chuan gdc melamine 100 mcglml: Can chinh xac khoang lOmg chat 
chuin melamin, hoa tan (rung sieu am cho tan hoan toan) va dinh mure deh 100ml bang 
nuPc ci t . 

- Dung dich chuan trung gian melamine 10 mcglml: Hut chinh xac 10ml dung dich 
chuin gdc o tren cho vao binh dinh muc 100ml, dinh mdc den vach b ing hdn hpp nude 
cit . (ES) 

- Dung dich ndi chuan 1 mcglml: Pha td dung dich npi chuin gdc la 100 mcg/ml 
(nha san xui t ) trong nude c i t den ndng dp 1 mcg/ml (IS). 

- Day dung dich chuan chay sdc ky: Cac dd chuan chay may dupe pha nhu sau: 

Ndng dd D d ES Dd IS Nude cat 
(ppb) * (ml) (ml) (ml) 

20 20 50 930 
0 50 50 900 

100 100 50 850 

200 200 50 750 

500 500 50 450 

800 800 50 150 

5 I* 
U 16 

14 

y = 0,0199x +0,0288 
RJ = 0,9999 

600 1000 
ppb 

- Lap dudng chuan dua vao tuong quan giua ty le dien tich cua pic melamine chuan 
so vdi ngoai chuin vdi ndng dp dung dich chuin tuong dng. 
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3.1.2. Cdc budc xu ly mdu 

Can 2g mau da dong nhat/ong ly tam 

+ 200 mcl noi chuin 1 mcg/ml 
| + 20ml TCA1%, lie, sieu am 30 phut 

Ly tam 5000 vong/phut, trong 5 phut 
i 

Loc lop tren qua giay loc 
i 

Hoat hoa: 6ml MeOH; 6ro4 • SPE SCX-500mg/3ml 
T C A 1 o / o Rua: 3ml TCA1%; 3ml MeOH 

Hut kho cot 1 phut 
• 

Rua giai: 2x2ml MeOH:NH4OH (95:5) 

Bom 20 ul vao LCMSMS 

3.1.3. Dieu kien chay may 

a. Sdng loc tren may LC-MSIMS LCQ Duo (ion trap MS) 

Dieu kien HPLC: 

- Cot Symmetry C18 (150 mm x 4,6mm x 5 mem) va tidn c6t C18 cua Waters 

- Nhiet do cot: Nhiet do phong hoac 30°C; The tich bom m i u : 20 mcl 

- Pha dong: A: Dung dich PFPA 0,5 m M trong nude; B: Acetonitril 

Thoi gian A (%) B ( % ) Toe do ddng (ml/phut) 

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 

Dieu kien khdi phd: 

Ngudn ion: ESI (+) 4000V 

Che do chay: SRM 127 -> 85 (CE: 40V) sang loc 

SRM 133 -> 89 (CE: 40V) nPi chuin 

b. Khdng dinh vd dinh htong bang mdyTSQ Quantum Access (triple c/uadrupole) 

Didu ki6n HPLC: 

- Cpt HILIC (150 mm x 4,6mm x 5 mem) va tidn cot cua Phenomenex. 

- Nhiet do cot: Nhiet do phong hoac 30°C; The tich bom m i u : 10 mcl 

- Pha dpng: A: Dung dich Amoni acetate 20 m M trong nude; B: Acetonitril 
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Thoi gian A ( % ) B ( % ) Toe do ddng (ml/phut) 

0 10 90 0,5 

1 100 0 0,5 

6 10 90 0,5 

5,5 10 90 0,5 

Dieu kien khdi phd: 

Ngudn ion: ESI (+) 4500V 

Che do chay: SRM 127 -> 85 (CE: 26V) dinh lupng 

SRM 127 -> 68 (CE: 27V) khang dinh 

SRM 133 -> 89 (CE: 26V) npi chuan 
i 1009-1-2 00869 

MA 6S1Q3 

10/24/2006 10 37 34 AM 

7 17£3 
TIC r - = eai 
SRM -n«2 
127 ooooaosa ' 4 9 2 1ft 2 07 4 03 3 1 ! 3 88 '. 8 32 

MA 130329 

O 72 I 80 2 24 2 9i * 22 * ** ' 

t S3 2 2t 3 27 4 SO 3 38 

" O 81 1 28 2 3* 3 82 5 1 

IOOO-t-2 OOSSQ 

O SS 19? 3 Ttt 4 Ofi 8 77 S 38 1812 4 0 3 93 -

Hinh 1. Sac do mdu chuan 50ppb (trai) va mau sua cd melamine 

3.2. Ket qua tham dinh phuong phap 

3.2.1. Khoang tuyen tinh 

.Khoang tuyen tinh xac dinh dupe trong khoang td 20ng/ml den lOOOng/ml. 

3.2.2. Gidi han phdt hien vd gidi han dinh luong 

Them chuan vao man t r ing d cac muc ndng dp gan gidi han phat hien, tai ndng dp 
ma chieu cao pic gap khoang 3 lan chieu cao nhidu dudng nen la gidi han phat hien (LOD) 
va gap khoang 10 lan nhidu la gidi han dinh lupng (LOQ). 

Ket qua xac dinh L O D va LOQ nhu sau: L O D = lOng/g LOQ = 40ng/g 

Ket qua xac dinh L O D va LOQ cho thay phuong phap cd dp nhay tdt, dap dng yeu 
cau so vdi gidi han cho phep melamine tha'p nhat la lppm. 

3.2.3. Dp lap lai vd dp thu hdi cua phuong phap 

Phan tich m l u t r ing them chuan d cac mdc ndng dp khac nhau, phan tich lap lai 6 
lan tinh hieu suat thu hdi R% va he so bien thien RSD%. 
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Bdng 1. Kit qud xac dinh dd thu hdi va he sd bie'n thien (n=6) 

Ddi tuong 
mau 

Ndng dd 
chuan them 

(ng/g) 

Hieu sua t ' 
chiet 
(%) 

C V ( % ) 
(da loai tru sai so 
theo noi chuan) 

R ( % ) 
(da loai trd sai sd 
theo noi chuin) 

50 81,4 6,3 98,2 

Sua 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 

Thdc an 
chan nuoi 

50 79,4 9,2 101,7 
Thdc an 

chan nuoi 
150 77,3 8,9 100,6 Thdc an 

chan nuoi 
750 70,1 8,8 99,8 

Hieu suat thu hdi dat td 98-102% va RSD% td 3,6-9,2% dap dng yeu cau cua chau Au 
theo Quyet dinh 2002/657/EC (R% td 80-110% va CV% tu 15-20%). 

3.2.4. Dp dung cua phuong phap 

Phuong phap dupe dng dung de phan tich m i u lien phong thi nghiem do phong thi 
nghiem Health Sciences Authority (HSA) thupc Singapore td chdc. 

Bdng 2. Kit qud so sanh lien phong 

Mau N I N - V N (ng/g) REF (ng/g) E n 

Sua 01 ND N D 0 
Sua 02 244 199 0,94 
Sua 03 200 190 0,24 
Sua 04 1025 1012 0,09 

Cac ket qua thu dupe cho thiy phuong phap cd dp dung tdt vdi E n ddu nhd hon 1. 

3.3. Ket qua phan tich melamine tren cac ddi tupng mau thuc te 

Td thang 09 nam 2008 den thang 03 nam 2009, Trung tam Kiem nghiem VSATTP -
Vien Dinh duong da phan tich hon 1000 m i u . Ket qua dupe the hien trong bang sau: 

Bang 3. Kit qud phdn tich cdc ddi tupng mdu tai TTKN VSATTP 

Ddi tupng mdu Sd lupng 
mau 

Sd mau 
duong t inh 

Ty le 
duong t inh (%) 

Nhom sua bpt va nguyen lieu sua 458 42 8,3 
Nhom sda tuoi, sua chua, caramen 196 4 2,0 
Nhom banh keo va san pham td sua 287 4 1,4 
Nhom trung 42 0 0,0 
Nhom thdc an chan nuoi 132 8 6,1 

Tong sd 1115 54 4,8 
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Tren tong so 54 mau duong tfnh vdi melamine, chi co 1 m i l l thuoc nhom thdc an 
chan nu6i co ham luong melamine vuot qua tieu chuin cho phep (5 mg/kg). 

3.4. Ban luan 

- Melamine cd 3 nhom - N H 2 nen cd kha nang tao mudi vdi acid, loi dung diem nay 
chung toi diing dung dich acid de tach melamine ra khdi nen m i u . Acid trichloacetic 1% 
vda cd tac dung acid hda vua co tac dung tua protein khdi nen m i u sira. Cac phuong phap 
khac tren the gidi hien nay deu su dung acid hydrochloric, nen phai them mot budc loai 
tap nua b ing dichlomethan. 

- Cot SPE SCX la cot trao ddi cation manh, melamine trong moi trudng acid ton tai 
dang cation - N H 3

+ duoc lien ket chat che vdi nen cot va dd dang dupe rua giai ra khi 
chuyen dang - N H 2 (trong moi trudng kiem) hon so vdi cot MCX. 

- La mot chat cd tinh phan cue manh, melamine rat khd cd su luu giu Uen cot sac ky 
C18, do dd khi su dung cot C18 chung toi cho them chat tao cap ion la (PFPA) cd tac dung 
tang su luu giu melamine tren cot C18 giup tach melamine ra khdi cac chat cd trong ndn miu . 

IV. KET LUAN VA KIEN NGHI 

4.1. Ket luan 

- Da xay dung thanh cong phuong phap phan tich melamine phii hpp didu kien 
phong thi nghiem, bao gdm qua trinh xu ly m i u va phan tich tren may LC-MS/MS. 

- Da t h i m dinh cac thPng sd chinh cua phuong phap cho th iy phuong phap cd dp 
nhay dat yeu c iu , dp chinh xac cao cd thd ung dung de phan tich melamin trong cac ddi 
tupng thuc ph im va thdc an chan nuoi. 

- Da kiem nghiem, giam sat ham lupng melamine trong cac ddi tupng khac nhau 
tren dia ban Ha Npi va phu can, giup cac co quan quan ly nha nude quan ly tdt hon su 
vi pham vd ham lupng melamine trong cac loai thuc p h i m dac biet la sua. 

4.2. Kien nghi 

Ben canh melamine, acid cyanuric cung la mpt ch i t quan trong c i n kiem soat. 
Hien nay nhidu nude tren the gidi da cd tieu chuin vd acid cyanuric tuy nhien d Viet 
Nam v i n chua cd tieu chuin vd gidi han cho phep cung nhu phuong phap phan tich 
chi t nay. Do dd can cd nhirng nghien cuu them ve phuong phap phan tich ca hai ch i t 
melamine va acid cyanuric cung nhu mdi lien he giua hai ch i t nay. 
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