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ABSTRACT 

Simple, rapid and sensitive method for determination of melamine in baby milk and liquid milk was developed using LC-
MS/MS. Different extraction procedures were tested, including Acetonitrile/water (1:1), ammonium acetate buffer pH 4, 
and 2.5% formic acid in water. Extraction with ammonium acetate buffer at pH 4 was selected based on the resulted 
accepted recovery and precision. The Sample was extracted with ammonium acetate buffer at pH 4, followed by 
centrifugation; the supernatant was diluted with acetonitrile, and re-centrifuged. The extract was filtered and injected 
into LC-MS/MS system. Different parameters (e.g. declusting potential and collision energy) were optimized using Sciex 
4000 QT in electron ionization positive mode (ESI +Ve). Due to LC-MS/MS signal suppression/enhancement, 
determination of melamine was based on matrix matched standard calculation. The method was validated at different 
fortification levels for liquid milk and baby milk. Recovery values ranged from 74% to 97% for liquid milk and 72% to 
91% for baby milk samples. Relative standard deviations were found to be lower than 5%.  A limit of quantification of 
0.05 mg/kg and 0.01 mg/kg was obtained for baby milk and liquid milk, respectively. Also, the method performance was 
confirmed by participating in different proficiency tests from FAPAS, UK and EURL-SRM, Germany, with accepted Z-
scores.  
Key words: Melamine, Baby milk, LC-MS/MS,  
 
Received 22.06.2016 Accepted 05.08.2016                                              © 2016 AELS, INDIA 

 
INTRODUCTION 
Melamine (MLN)(Figure 1) is 1,3,5-triamino triazine heterocyclic compound with important industrial 
applications; it is usually used in the manufacture of plastics (Melamine Formaldehyde) and in food 
contact materials [1,2]. Therefore, it is produced in large amounts (1.2 million tons in 2007) [3]. Recently, 
some manufacturers have illegally used MLN in adulteration of milk and pet food production due to its 
high nitrogen content [4]. Additionally, MLN can contaminate food at low levels through leakage from 
food contact materials [5]. 
There are many risky effects of MLN such as fertility, where it lowers sperm number and motility causing 
abnormal sperm morphology in mice [6]. And also the scarcely soluble complex of MLN and CYA 
(hydrogen bonding) can lead to renal failure [7]. 
One of recorded food crises of MLN contamination occurred in china in the 2008 year, where 6 children 
died and around50 thousands had suffered from renal failure as result of consuming MLN contaminated 
infant formula [8]. Also, there are several reports referring to killing of pets that consumed MLN 
contaminated pet food in United States, South Korea, Taiwan, and Italy [9-11]. 
The development of enhanced methods for MLN detection is mainly performed via liquid 
chromatography with UV detector [12-14], gas chromatography tandem mass spectroscopy (GC-MS-MS) 
[15-17], and liquid chromatography-tandem mass spectroscopy (LC-MS/MS) [5,7,18,19]. 
Several extraction procedures have been described forsample extraction of MLN using LC-MS/MS. 
Extraction with acetonitrile/water (1:1), centrifugation, cleaning up on ion-exchange solid-phase 
extraction cartridges [5,18]. The usage of acetonitrile/water also was reported in addition to hydrochloric 
acid to adjust pH value at 2–3, followed by centrifugation, adding of hexane and re-centrifugation, and 
then transferred to solid phase extraction [19].  The sample was mixed with water followed by two times 
dilution by acetonitrile, shaken, and further centrifugations [7]. 
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The previous methods have common drawbacks like time laborious procedures and a lot of consumable 
reagents, what are unsuitable for the purposes of routine analyses.  
The current study aimed to introduce simple, rapid, sensitive and cost effective method for MLN 
determination in baby and liquid milk using LC-MS/MS. The proposed method has been validated on baby 
milk, liquid milk samples based on the EU guidelines; Eurachem guideline [20]. The validation 
parameters; linearity, LOQ, LOD, repeatability and intermediate precision were carried out. The 
Applicability of the method has been investigated using spiked samples, real samples and three 
proficiency test samples.    
 
MATERIAL AND METHOD 
Chemicals 
MLN standard (99% purity) was obtained from Dr. Ehrenstorfer (Augsburg, Germany). Acetone, 
Acetonitrile (ACN), and Methanol of HPLC grade are purchased from Sigma-Aldrich (USA).De-ionized 
water (DIW) is obtained by Millipore water purification system.  
Standards Preparation 
A stock solution of 100 μg/ml concentration of MLN was prepared in DIW, from which an intermediate 
solution 10 μg/ml was obtained in DIW by dilution and kept at 4±2oC. 
Calibration mixtures of concentration levels 0.001, 0.005, 0.01, 0.05, 0.1 μg/ml were freshly prepared in 
ACN/DIW (8:2). Matrix matched standards were used in order to compensate for the matrix effect for 
suppression by fortifying 450 μl of blank sample with 50 μl of standard solutions (0.01, 0.1, 0.2, and 0.4 
μg/ml) to get 0.001, 0.01, 0.02, and 0.04 μg/ml concentration levels, respectively. 
Instrumental analysis 
The Ultrasonic cleaning unit is Elmasonic S 30H (Germany). The used shaker is 2010 Geno/Grinder from 
spexsampleprep (United Kingdom), and the centrifuge is Heraeus Megafuge 40 Centrifuge from Thermo 
scientific (USA). 
HPLC-MS/MS 
HPLC (Agilent 1200) coupled with triple stage quadrupole/linear ion trap mass spectrometer, model 
4000 Q TRAP (Applied Biosystems/MDS SCIEX, Concord, Canada) was used for all analyses. The analytical 
column was Kinetex™ 2.6 µm HILIC 100 ÅLC Column 50 x 2.1 mm  (Phenomenex Inc., Torrance, CA). The 
HPLC was fitted with a 5μL injection loop. The mobile phase consisted of: (A) 
90/5/5Acetonitrile/Isopropanol, /10 mM ammonium acetate in water + 0.1 % Formic acid, (B) DIW.  At a 
flow rate of 500 μL/min. Gradient elution was utilized as shown in Table 1. 
Sample preparation 
In a 50 mL centrifuge tube1 gm sample for baby milk dry samples or 5 gm for liquid milk samples was 
mixed with 10 mL of 100 mM ammonium acetate buffer in DIW at pH 4, the tube was closed and shaken 
at 500 rpm for 1 min, and then centrifuged for 10 min at 10000 rpm. 1mL of supernatant was transferred 
into a 15 mL centrifugation tube and mixed with 4mL ACN. The tube was shaken for 30 sec and 
centrifuged for 10 min at 10000 rpm. After centrifugation supernatant was filtered by acrodisc syringe 
(0.45 µM) and injected on LC-MS/MS system. 
 
RESULTS AND DISCUSSION 
HPLC optimization 
Hydrophilic interaction liquid chromatography (HILIC) can provide a good retention for polar compounds 
which made a great complement to conventional reversed phase chromatography (RPC). However, it is 
known that HILIC columns have problems with re-equilibration and chromatographic robustness [21-23]. 
This was observed in the decreasing of a fortified sample recovery after injection several times and this 
can be due the accumulation of protein residues in the column. The using of DIW in eluent B for 8 min 
(2.3.1) helps the column to elute the protein residues, which reflected on the fortified sample recovery 
robustness. Furthermore, using of 5% isopropanol enhances peak resolution and decreases the peak 
tailing (Figure 2a,b). On the other hand, the eight min re-equilibration time was checked by monitoring 
the variability of the retention time. For 24 injections of baby milk samples containing MLN, retention 
times ranged between 1.28 and 1.34 min (RSD= 1.59 %). the chromatograms in Figure 1 (c-f) indicate 
that there is no interfering peaks from baby milk or liquid milk samples with MLN peak and the MLN 
signal is clearly distinguished at 1.3 min. 
Mass optimization 
Mass spectrometric data were acquired in electron spray ionization (ESI) positive mode, using the 
multiple reaction monitoring (MRM) function. Instrument operates with the following parameters: 
curtain gas, 25 (manufacturer's units); source gas 1, 45; source gas 2, 45; CAD gas pressure high; and 
nebulizer current, 3.0. Two SRM transitions were monitored for MLN. Collision energy and collision exit 
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potential settings were optimized for each transition during infusion of the MLN solution. These 
precursor/product ion transitions ( Figure 1) and their associated collision energy CE, declustering  
potential DP, Exit potential EP and collision exit potential CXP values are listed in Table 2. 

 
Table 1: Gradient mobile phase data for MLN 

Time (min.) 
Mobile phase 
A (%) 

Mobile phase 
B (%) 

0 – 4 0 100 

4-8 10 90 

8-16 0 100 

 
Table 2: Mass parameters of MLN 

Precursor ion (Q1) 127 127 
Product ion (Q3) 85 68 
CE (V) 27 43 

DP (V) 66 61 

EP (V) 10 10 

CXP (V) 14 2 

 
Table 3: Results obtained from contaminated MLN baby milk and recoveries of fortified baby milk 

sample, using different solvent compositions. 
 Fortified sample recovery 

%  
(0.5 mg/kg) (n = 3) 

RSD % Contaminated sample  
concentration mg/kg 

(n = 3) 

RSD % 

Acetonitrile/water mixed 
solvents (1:1) 

65 12.1 0.25 10 

2.5% formic acid in water 64 14.4 0.27 11 

Ammonium acetate buffer 
pH 4 

85 1.3 0.61 1.1 

 
Table 4: Mean recoveries (n=6) and RSD% of MLLN fortified baby and liquid milks samples 

MLN 
Concentration 
(mg/Kg) 

Baby milk 
(n=6) 

Liquid milk 
(n=6) 

0.05 0.5 1 2 0.01 0.1 1 2 

Mean recovery % 82 89 78 74 94 77 79 78 

RSD % 1.6 2.6 2.9 2.6 4.5 2.8 3.2 4.4 

 
Table 5: Results obtained from MLN Proficiency tests 

Proficiency 
test code 

Lab result 
(mg/kg) 

Assigned value 
(mg/kg) 

Z-score  Z-score 
accepted range 
(mg/kg) 

FAPAS 3046 2.77 3.24 -1.1 2.37-4.11 

FAPAS 3064 7.85 9.94 -1.9 7.69-12.19 

EUPT-SRM9 0.292 0.365 -0.8 0.274-0.456 
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Figure 1: MRM spectrum of MLN transitions 127/85 and 127/68
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Figure 3: Calibration curve of MLN 

 
Sample extraction 
The objective of the current study was to develop a simple extraction procedure that still delivers 
extraction efficiency that are comparable to those obtained using solid phase extractions, as described in 
the literature, but also to produce an extract that can be directly introduced in LC-MS/MS. 
The extraction procedure consists of two extraction steps. In the first extraction step, three different 
solvent compositions were tested. 
(a) Acetonitrile/water solvent mixture (b) (1:1) 2.5% formic acid in water (c) 100 mM ammonium 
acetate buffer at pH 4.  
The second extraction step included shaking with acetonitrile only. Extraction with 100 mM ammonium 
acetate buffer at pH 4 gave the highest extraction efficiency of real MLN contaminated baby milk sample. 
However the use of recovery test to measure extraction efficiency shows the same conclusion (Table 3). 
The extraction using 100 mM ammonium acetate buffer at pH 4 give duplicate the concentration of that 
using the other solvents, what is thought to be due to the high protein denaturation of this buffer. Besides, 
In case of extraction with Acetonitrile/water mixed solvents (1:1) or 2.5% formic acid in water,  the 
filtered extract shows, what thought to be, a protein precipitation after storing at 4 oC temperature for 
one day, while there is no observed precipitation in case of extraction using Ammonium acetate buffer pH 
4 even after staying at the same temperature for one week. 
Method validation 
Validation is confirmed by examination and provision of objective evidence that the particular 
requirements for a specific intended use is fulfilled (ISO 8402:1994). The selected parameters for in-
house validation were mainly taken from Eurachem guidelines. 
Recovery test 
Baby milk samples were spiked with 0.05, 0.5, 1, 2 mg/kg MLN; liquid milk samples were spiked with 
0.01, 0.1, 1, 2 mg/kg MLN. The average recoveries of six replicates ranged between 74 and 94% with 
R.S.D. values ranging between 0.4 and 2.9% indicating that the method is accurate over these 
concentration range (Table 4). 
Limit of detection (LOD) and limit of   quantification (LOQ) 
The LOD and LOQ of the method were estimated at a signal-to noise ratio of 3:1 and 10:1, respectively, by 
injecting a series of diluted solutions with known concentration. A precision study was also carried at the 
LOQ level by injecting six individual preparations and RSD % of the peak area was calculated. The LOD 
was determined to be 0.02 mg/kg and 0.003 mg/kg for baby milk and liquid milk, respectively and the 
LOQ was determined to be 0.05 mg/kg and 0.01 mg/kg for baby milk and liquid milk, respectively. The 
RSD % of the precision study carried at the LOQ level was within 5%.  
Linearity 
Linearity test solutions were prepared from the stock MLN solution at four concentration levels ranging 
from 0.005, 0.01, 0.05, 0.1 µg/mL. A calibration curve was obtained by plotting the peak area vs. 
concentration. A linear calibration plot (Figure 3) is obtained over the calibration range of 0.005-0.1 
µg/mL with a correlation coefficient (r) of 0.999. The RSD % values of the repeated injections are <2% 
within each concentration. 
Repeatability 
Repeatability experiments were done by fortification at four-concentration levels of MLN (0.05, 0.5, 1, and 
2 mg/kg) using 1 g of baby milk or (0.01, 0.1, 1, and 2 mg/kg) using 5 g of liquid milk. The recovery data 
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in Table 4 that reflect the average of six analyses at each concentration shows accepted RSD% at the 
different three levels (<5%). The method shows reliable recovery. 
Reproducibility  
In this study intra-laboratory reproducibility were considered, spiking milk samples are analyzed by 
different analysts on several days.  The reproducibility of a sample separately processed (in triplicate) on 
day 0 and day 4 resulted in recoveries of 75–80 (2.9 % RSD) 
Melamine Proficiency tests 
A MLN-contaminated baby milk proficiency tests were provided by FAPAS that performed at April 2014 
(Round No.: 3046) and April 2016 (Round No.: 3064), and one liquid milk material provided by the EURL-
SRM Proficiency Test performed in April 2014 (EUPT-SRM9). 
The LC–MS/MS method described in this paper was applied to the analysis of these tests. Satisfactory 
results were obtained in all (Table 5).  
 
CONCLUSION 
A sensitive and simple method for the determination of melamine residue in baby milk and liquid milk 
was developed and validated. The proposed method is fast, easy, cheap, and sensitive while it permits the 
detection of melamine residues of 0.05mg/kg and 0.01 mg/kg in baby milk and liquid milk, respectively. 
The method can be used for the routine determination of melamine residue in different milk samples. 
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