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ABSTRACT

Melamineisa small polar compound which isvery rich in nitrogen (67% by mass). It isrecently been found in milk
products and animal food, where it possibly have been added to give a falseimpression of high protein content. It is
believed that melamine combined with cyanuric acid can cause fatal kidney stone due to the formation of an
insoluble melamine-cyanurate complex. The consequences are fatal for the youngest, the babies and small kids.
The reason for adding Melamine to milk to make it appear in proteinin order to achieve a better price for the milk.
The protein content of the milk is measured non-specifically as cumulative parameter with nitrogen compound
determination by Kjehldahl so that the addition of Melamine was not detected. So determination of Melamine and
other small nitrogen-rich- compounds (ammeline, ammelide and cyanuric acid) is there for of large important to
ensure food safety. In this project a suitable pretreatment of the milk product and determination of Melamine with
the other nitrogen compounds performed using High Performance Liquid Chromatography-UV Detector
techniques. The project determined the best way meet the various method criteria ( suitable procedures to handling
the sample, preparation standard ).

Keywords: Milk, HPLC-UV detector, Melamine, lon pair chrorogtaphy, Symmetry g column.

INTRODUCTION

Melamine is a polar organic compound with a 1,2&zine skeleton see scheme one, is commonly foseits
fire retardant properties and Is often combinedvidrmaldehyde in molding of plastics [1& 2]. Setnmelamine
contains 66% nitrogen by mass, the addition of méla to food boost the apparent protein conterdri¥ing force
for the adulteration of a food product with melaaia that it's high nitrogen content increasesapparent content
measured by standard protein analysis tests, ssidjeddahl or Dumas [3]. Melamine contamination Hhmeesen
reported in products such as milk, infant formdtazen yogurt, pet food, biscuits, candy, and @ftlinks [4].
However, unfortunately, melamine can result in fibvrenation of insoluble melamine cyanyrate crystal&idneys
thus causing renal failure [5]. In early 2007, éceme a topic of much of hundreds of pet deathstaypet food
contamination [6]. In September 2008, infant forasuthat were illegally adulterated with melaming te health
problems for thousands of infants in China, and &tcident captured the attention from all overwiorld. A more
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recent incident of contamination of milk with melia has resulted in numerous cases of renal coatjns in
children and six deaths have been attributed tgwoption of tainted product [7&8].

Scheme 1 Structure of melamine.

To ensure that the food supply in not affected leyamine adulterated products, several countriesoagahnization
have taken proactive steps by increasing samplithtesting of imported milk-derived ingredients dimdshed
products. Recently , a threshold of 1 ug/ml for am@he in infant formula was set by Food and Drug
Administration (FDA) in the USA [7&10]. In Decemb@008, WHO (Word Health Organization) expert megtin
concluded that the limit of melamine content ifaiit formula should be 1.0 mg/ kg [9]. At the satime, a
national standard method GB/T 22400-2008) for ragietermination of melamine in raw milk using LCsHzeen
issued in China with the limit of detection of 5@/kKig ( China National Standardizing Committee, 28908008b).
Following these, detection of low levels of melamin infant formula or milk-based products has beearitical
[11&12]. A safety limit of melamine ingestion hasdn officially set at 2.5 ppm for adult food angdm for infant
formula by the USA food and Drug Administration [18he maximum residue level of melamine in inféorimula

is legally regulated at 1 ppm by Chinese governmaéiet the melamine accident [14].

Gopalakrishnan Venkatasami and John R. Sowa Jdg2¢loped HPLC method to determinate of melamine in
infant formula acetonitrile free. The mobile phages 0.1% Trifluroacetic acid/ methanol 90:10 is pechat a flow
rate of 0.3 ml/min and C18 as analytical columnantten Sun et. al. [15] determination of melamingdee in
liquid milk by reversed phase high- performanceiligchromatography with solid-phase extractioneyrhised ion
pair chromatography by using sodium n-heptaneaatfsacetonitrile as a mobile phase in addition thegd PCX-
SPE cartridge to clean-up milk samples. YongqgiangnTet al [16] studied the comparison between the
chromatographic methods such as HPLC-Uv and nomonadtographic methods such as enzyme-Link
immunoassay (ELISA) and the new rapid colorimetissay (RCA). They reported different of the resalid the
advantages and disadvantages of each methods. ike®gr et. al. [17] review the recent developmeéntshe
analytical method in the detection of melaminehia milk powder, infant formula and pet food. Theganted and
discussed the advantage, disadvantage and theapfity of chromatographic and non chromatographathods.

In the recent years, gold nanoparticle (Au NPs) aitekr nanoparticles (Ag NPs) have been widelyduas
colorimetric probes for chemical sensing and bies®nof various substance such as melamine in fh8i&19].
Xiao-Lin Zheng et. al. [20] presented hydrophiliteraction chromatography (HILIC) using NH2 colugombined
with ultraviolet detector to determined of melamin dairy product.

several analytical methods High performance liqghidomatography (HPLC) is a common for detectinglaméne
and several HPLC methods have been proposed fantitative determination of melamine [2,21-25]. HPL
techniques have been applied to the simultaneetestibn of melamine, ammeline, ammelide, and cyaracide
in rice, wheat, and corn flours by Ehling et &6] liquid chromatography/mass spectrometry (LC/NBR),27-29],
gas chromatography (GC) [30], gas chromatograplagsnspectrometry (GC/MS) [31] and capillary elguiifresis
(CE) [9,32], have been developed for the deteatfomelamine in infant formula and milk-base produd¢iowever,
most of the above methods required expensive amplicated instruments ( such as MS) and time coirsgim
sample pretreatment ( such as derivatisation waetion), which made high throughput.

In recent years, HPLC has been proven to be ondhef most powerful techniques for the anaylsisdgmal
matrices, pharmaceutical preparations, due to hgyh efficiency and good reproducibility. The itieamalytical
technique for melamine detection should possesrakfeatures. It should be suitable for a varietgomplex food
or environmental material and have high sensitj\iigh specificity, short detection time, low camtd require and
minimal sample preparation [33].
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In this work , a symmetry £ column form waters was used to identification aagarate of melamine in powder
milk, after clean-up by solid phase extraction SEaXtridge . Buffer of citric Acid and sodium 1-ane sulfonate
acetonitrile was used as mobile phase compoRantors affecting retention of melamine were exgudoincluding
buffer concentration, pH, and percentage of orgadlvent in the mobile phase. The optimal UV detect
wavelength was selected to be 240 nm. Satisfactigntion of melamine, good peak shape, and highitbéty
were obtained under the chosen conditions. Thegs®pvas to find a condition under which, the grpolar
melamine can be detect directly without dervatarati

MATERIALS AND METHODS

2.1 Reagents

Melamine , sodium 1- octane sulfonate HPLC gradem Acros organic, new jersey, USA, Methanol HPg§@de
,Acetonitrle HPLC, Trichloroacetic acid, Citricidanonohydrate, sodium 1- octane sulfonate, Ammaniation,
from Sigma-Aldrich, Germany.

2.2 Preparation of standards of Melamine

A 1000 ug/ml melamine stock standards was prepayedccurately weighing 100 mg of melamine ir@d.00 ml
volumetric flask . Melamine was dissolved with aqus methanol (50% v/v). The stock standard wastedil
appropriately to prepare working standards witbnaentration of 0.01, 1.00, 2.00, 5.00, 10.00, 6Q@/ml for
calibration curve.

2.3 HPLC system of Analysis

Melamine composition determined by HPLC Watexgstem equipped with 515 pump from ( Milford, MA
USA) stainless steel filter, guard column Symm&iss (5 um, 3.9x 20 mm) , Symmetryolumn (5 um, 250x
4.5 mm) was used through this study Waters colbeeter module with Waters Temperature control utegd
Waters 486 Tunable Absorbance Detector , WatersrAated Gradient Controller associate with Dethputer
system using Empower software to run and conttahal calculations for the instrument. The tempeeof the
oven was set up to 5C. The loop of the injection was set up to 20 ithvikheodyne injector ( Rohnert Park,
USA) model 712 . The concentration of the produwetse determined from the peak areas under theeausing
Empower software for instrument control and datitection and processing. Solid phase extractioa pexformed
using SCX SPE cartilage 3cc 60mg supplied from ®lgiechnolgy. Centrifuge kind Mikro 22R was supgdlfrom
Hettich, Republic of Germany. Water purifications®m and the ultrasonic bath supplied by Bardstea
International.

Before the quantitative and qualitative determoratdf melamine in the milk (infant milk samplese \prepared
standard solutions of different standards concéaotrs. With those standard solutions of differemelamine we
made calibration lines for each one of the melamiwhich later used for assessing the concentramoresponding
to the different peaks in the chromatograms.

2.4 Chromatographic conditions
Guard Column: Symmetry;g(5 um, 3.9X 20 mm) Guard Column
Analytical Column: Symmetry £ (5 um, 4.6X 250 mm) Column

Preparation of mobile Phase : Buffer of citric &4&.10 gm and 2.16 gm sodium 1-octane sulfonate @dissolved
in 980 ml dionized water and two ranges of pH wested 4.5 and 3.0 the volume brought to one Etfier the pH
adjust by sodium hydroxide. Then 920 ml of the déiglution was taken and mixed with 80 ml AcetoletriSo the
ratio is 92:8 volume to volume used for the isdcraeparation mode for melamine. In the same nraanether
ratio of the mobile phase buffer solution to aoétde (85:15) was prepared and studied too.

Column Temp: 56C

Flow Rate: One ml per minute

Injection Volume: 20 ul

UV Detection: 240 nm

739
www.scholarsresearchlibrary.com



Mahmood Salmaret al Der Pharma Chemica, 2012, 4 (2):737-748

2.5 Sample Collection

There are different brands of powdered milk samplesilable in KSA markets which are imported froifiedent
milk producing countries in the world. For our exp®nt we used seven different varieties of powdemglk
samples collected from local market of Taif.

2.6 Sample preparation

Food samples are typically complex matrices thatdifficult to analyze because of the abundancprofeins and
carbohydrates. Effective isolation and extractibmelamine and analogs from complex matrices igssary prior
to melamine determination. The main objectives ahgle treatment, including extraction, preconcdiatna and
derivatization, are to achieve lower limits of eldton by removing matrix constituent that may etfféetection or
enrichment of analytes [35]. However, because @& tlomplexity of the matrices, most sample-prepamnati
procedures require extraction followed by one orarclean-up steps that can take from ten minotéstrs.

Milk powder samples blank control free from anyiidn of melamine and the second sample is spiwmple
with 20 ul from the stock standard solution wereumately weighed into 50-ml centrifuge tubes, &3dml of
aqueous trichloroacetic acid and 5 ml acetonitsiége added to each. After one minute of vortexisitga samples
were placed in an ultrasonic bath for 30 minusesl then shaking for 15 minutes. The tubes wemsferred to
centrifugation ( setting rpm to 6000 for 30 mirs)tethe supernatants were passed through filteerpapp 25 ml
volumetric flasks. Samples were brought to volumité DI water.

2.7 Fortified Sample preparation

Milk powder sample around one gram was accuratelighed into 50-ml centrifuge tubes then fortfiwith
0.001 mg and the final weighed one gram exacilyd 5 ml of HPLC methanol and 5 ml of deionizedewratvere
added. After one minute of vortex shaking, eachs wlaced in an ultrasonic bath for 30 minutes.ed@oh was
added 10 ml of 1% trichloroacetic acid (1 gram @® Inl dionized water). Vortex shaking was caried for five
minutes and sonication for 15 minutes . After 30hubés of centrifugation ( setting rpm 6000), snpgants
transferred to 25 ml volumetric flasks and the lgtduto volume with DI water if needed. Prior tasped it on the
activated SPE cartilage. The solutions were &ierthrough a 0.45 um desk filter. Same diluticaswnade to
brought the concentration of the sample withinrdrege of the calibration curve.

2.8 Solid-phase extraction (SPE) for milk samples

Prior to use the SPE column was activated by pgssiml of methanol and 5ml water in turn. The migtof 5 ml
of sample extract and 5 ml of water was passedugiiro the activated SPE. Then the SPE washed withl 3
methanol and 3 ml water respectively. The eluticarried out with 6 ml of aminated methanol solutfoeshly
papered by mixing of 5 ml ammonia solution and 95mmathanol. The eluent collected and dry at°&Dand re-
dissolved in 1 ml of the mobile phase. Prior t@ation the samples filtered with 0.45 um deslefilt

RESULTS AND DISCUSSION

Peak identification was based on the retentiondiigeidentification of the melamine was confirmed withown
standards injected individually through the HPL@ dime retention time for melamine was 19.78 minukégure 1
shows the peak identification and a typical chragetm for 100 ug/ml melamine.

The mobile phase of the buffer and acetonitritedescribed elsewhere above is the most commah akent in
RP-HPLC ion paring chromatography. The retentiometfor melamine decrease with the percentagehef t
acetonitrile in the mobile phase decrease. Thepthe mobile phase was a prominent factor of deitgng the
retention of melamine. Within the pH range of 3.8;4he retention time of melamine decreasing \whth mobile
phase pH get closer to 4.5. So the buffer soliaiah acetonitrile at 92:8 ratio and pH 4.5 was nlikety optimum
conditions for the system we finally chosen asrttobile phase for separation melamine in this waitie shorter
retention time, nice and symmetry peaks were aehieas shown in figure 1. Linearity for calibratioarve of
melamine under the chosen condition, the calibnatiorve for standard solutions at a series of cainatons as
described elsewhere above shown in figure 2.
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Figure 1 Peak Identification for the retention time for 100 ppm melamine
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i pH: 4.5
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Figure 2 Calibration curve for melamine.

Excellent linearity between the peak area and menconcentrations was obtained in the tested nieam
concentrations rang of 0.01-50 ug/ml. It is covilies concentration for the powder milk samples. Tégression
equation was as shown in figure 2. Where Y ispiisegk area and X is the concentration of melamidmugFigure
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5 demonstrated the measurement for melamindnismtethod was provide and cleared to determirel 0g/mi
or less. Figure 3 showed a typical overlay chragims for standards of melamine was injected séggrto
confirm the proper check for the retention timenvadl as presented very good reproducibility of te&ention time.
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Figure 3 Overlay chromatograms on individual standad for melamine.

Figure 4 lllustrated the typical chromatographicofiles for the mobile phase only. It is appeavery nice and
clear back ground without any peaks in the ranthefappearance of melamine.

P Analysis column: Symmetry
Mobile phase: Buffer 92:8 Acetonitrile
I pH: 4.5
=.00] Flow rate: 1 ml/min.
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E Detection: 240 nm
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Figure 4 A typical chromatogram for the mobile phag only.

Figure 5 gave a list of chromatogram for 0.01 dg/mf melamine three repeated injection represenied
reproducibility and sensitivity of the method faery low level of melamine .
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Figure 5 Triple injections chromatograms for 0.0lug/ml for melamine
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Figure 6 Chromatogram for infant formula powder milk spiked with 20 ul of melamine stock solution
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Figure 8 Chromatogram for infant formula powder milk fortified with a 0.001 mg melamine powder

The mobile phase and the infant formula milk powdes first injected to assure that it containeal melamine
and there are not any peaks in the retention ¢ifrthe melamine as we located before this canglea  figures
4&7 no melamine was detected. The HPLC method stia@ssentially no interference by matrices ( thegincand
carbohydrate) on the appearance of melamine hiSartethod is powerful to separate of melaminestdrsequent
identification and quantification using Symmetryg@€olumn. Figure 6 Showed the chromatogram for tiant
formula milk powder spiked with 20 ul from the skogolution (1000 ug/ml of melamine). Melamine igedtted as
can seen at 19.63 minutes retention time. FiguterBonstrate the chromatograms of a infant forrmill powder
fortified with 0.0010 gram melamine. A large peakswobserved for melamine due to the high concémtraf
melamine in the sample and this can be avoidalile. dilution was carried out to reduce band broadgim the
peak of melamine, the result shown in chromatogsam

Six milk powder samples (1-6) obtained from mankete analysis. Figure 9 is illustrated chromatogg of these
sample in addition to the mobile phase only. Traults showed all the sample free from melamineorbter to

ensure and identified that in Figure 10 sample@ao. that the peak at 12 minute in figure 9 sample6nis not
melamine by spike the sample no. 6 with know amafimelamine as the peak of melamine it appdar lan in

the regular position.
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Figure 9 chromatograms of six milk powder samplesii addition to the mobile phase
CONCLUSION

Recent product recalls and food safety incidents wumelamine adulteration or contamination hasased a
worldwide food security concern. This has led @y methods being developed to detect melaminedds, but
few methods haves been reported that can rapidlyreliably measure melamine in environmental sampl®
meet the need, a RP- HPLC ion pairing chromatdgrapith UV detection method it used in this studit. is
demonstrated that melamine is conveniently deteat very low concentrations 0.01 ug/ml. Using &¥&&HPLC
with symmetry Gg as analytical column and SCX as SPE for cleathepsamples. It is possible to detect and
quantify melamine at concentrations relevantatodfauthorities in less than 25 minutes with re&dsi with low
cost. It is simple , sensitive and robust and aldar analysis of large number of samples, withdegradation in
column performance. Very low noise is observedplessizing the effectiveness of the clean-up guiace for
complicated matrix

Because of the simplicity and the sensitivity, {ispose method has the potential to be a usedlfar the routine
melamine monitoring in real-time.
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