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Analysis of Melamine in Melamine-added Foods Using
Mass Spectrometry-based Electronic Nose

Eun Jeung Hong and Bong Soo Noh*

Department of Food Science and Technology, Seoul Women's University

Abstract Melamine has been used to increase the protein contents of powdered foods by adding a nitrogen source.
Samples were prepared by blending melamine with powdered products such as powdered milk and coffee whitener.
Melamine was added at ratios of 100:0, 80:20, 50:50, 30:70, and 0:100 (w/w), respectively. A Mass Spectrometry-based
Electronic Nose and DFA (discriminant function analysis) were used to determine the amount of melamine. The electronic
nose results were completely separated by the mixing ratios of melamine.
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Fig. 1. Discriminant function analysis of the obtained data by
electronic nose for melamine and powdered milk (A), correlation
between DF1 and mixing ratio of melamine and powdered milk
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Fig. 2. Discriminant function analysis of the obtained data by
electronic nose for melamine and coffee whitener (A), correlation
between DF1 and mixing ratio of melamine and coffee whitener

(B).

AR o] gt deirlol ;1}/‘35]—‘:‘ FelA A A
Ad o2 229 9%

=l
tol 1 vz} :v‘i—?rﬂ] cyanuric acid,
A= Fig. 49
A el 248 5‘ Zlol7] el &
A1 YEh}= ion fragments

o Wyl ghekol wkel DF1 ol J8ks
F1 #& A2 ¥welglt). Cyanuric acids
=47, 9, 13%)4= ST Ao(Fig. 4A) EF AR
F A3} cyanuric acidE F7FSE A 7hell wlAIgE Aol
U} cyanuric acid 7Fgell wet DF1 7t 7+e] 443 A
Holz] efkom Fro ‘I}E % 7ke] ztolw ol Wl 4
o cyanuric acid7} 72 &S FA] ¥E ZAoZ HOY Q4
& B E3siie LLILI_(Flg 4B) cyanuric acide} VFR7IA|Z
B AARE S48 A 948 R B9 4 7l DFI
= JeE yeyten g4 %7}5“501] t

A & ZoF Hol E FAWRo]l 94 7 o
o] Wx] o= Aoz Bt} whd E-fol dyl
el HrEFel 7t
o= sk [

- 1

ko o o i
12
2T
"
ro
-

t%”
2, S
B H
[N
tlo :l>~
L
N
— FN
o T
Off
FR
5 <

i

i

e n2

z ML
1
)

)

o o |
o
E
;a
-,

X

oy
MU DR DY

=3
k)

rg

{

=

Z

5
%
é

¥0 o Hr &8
% 8
e N W
Gl
% off [o
i EHE
ra
17
QL
=

lo
<«



WS FA17) A FA ] MS AT E o] &3 Wejs) 4] 679
DF2 . aw DF2 - a0

7 ( A) 4060 ( A)

200 I ‘ by’ Powdered milk+
I . .
\' - ‘cyanuric acid 9%
920% ‘ 20601
U
80% 70% m P\‘ @ 2.0 - Powdered mﬂk ‘ \
ot
\ Powdered mﬁk+
50% 30% cyanuric acid;4.7%
40%
2060 0% 2EN air
40
4001
Powdered milk+
SEN cyanuric acid 13%
Melamine 100% . .
200 [T 20 Ea OcE DF1 e sea
DF2 )
DF2 - oo e s

e g (B)

Melamine 100%
2601 0w 260
DF1

Fig. 3. Disciriminant function analysis of the obtained data by
electronic nose for melamine and powdered milk (A), melamine
and coffee whitener (B). Dotted line means unknown sample.
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Fig. 4. Discriminant function analysis of the obtained data by
electronic nose for cyanuric acid and powdered milk (A), urea
and powdered milk (B), melamine and powdered milk (C).

Table 1. Prediction of melamine in mixture of melamine and powdered products. Melamine contents of unknown samples were

predicted using the following equation.

Powdered milk

Coftee whitener

YV=-0.006x + 0.327

Y=-0.006x + 0.316

£=0.991 r=0.99
Addition amount of DF1 Predicted value (%) DF1 Predicted value (%)
melamine (%)
20 0.195£0.013 2001920323 0.19020.016 209552671
40 0.0600.006 42.57£1.077 0.056£0.004 43.19120.691
70 -0.116:0.008 72.116£1.345 -0.076£0.015 65.362£1.843
90 -0.218£0.004 89.095:£0.809 -0.254£0.015 95.04142.552

YY=DF1, x=concentration of melamine
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Fig. 5. Disciriminant function analysis of the obtained data by
electronic nose for cyanuric acid and coffee whitener (A), urea
and coffee whitener (B), melamine and coffee whitener (C).

Hol= ZIo = Hol B RAwg o] Wapnligt ope} fAREE
9] g ool wEl L vMEsHA we oz Helrh 1y
- olgjgh zlolol|= EStal frks AlFolA deivle] 3 of
Fe A& - = AATE wEtA AREE o] 8¢ HWat
Wl B 3% A|Fe] A E &8 7ted AoR V)
gt B WEe ARE B4S o] 88 12F screening WHOE
Ae] 754 AJRE A ASE melamined] THF 10-30% A
52 @Wol 3HE A9 12k 7HE Al golsh ol 1

A ARES olgslel Az e 2, 3 FEEe] Fe A
F9) marixe] Aol BT FRF AW ols) o] Fo Ao}
& Zelc.

o (] 5
) =

Al Frkeke AlFEC] d 71Ee 24 AE =
Eetarat AAEE olgsto] Wekrl Hrb 39 ARk H7h &
Fol AolE wAskit. 1 A3 dWevls 2Rk 719 Z-e
TEEE A7 W Aol F5lo] EEdler o] Fa
e Wl weeh DRI A2 (Ef: DF1=-0.006x(2
2R F5)+0.327, A7) 37 DF1=-0.006x+0.316)% vigo=
2l S A2 oA W] WellA dF Thesiint. =3 W
W& ureaRHE ks AN BE= FAEER] cyanuric
acide Wl fAfste] 7)o Ao EE A TEEA
BARE AASE Fote] A FEEdAT BEle E 7
¥ Al Hrheldle dfole sEEE 2folE HUOH urea
$2 cyanuric acid H7F 5ol weEtA e g Zole BIA
RE 7 el wWE AT A UehbA 42 JoE Kol &
ArEEe] Y 79 A domA Al AARke] £40] 7}
T Aoz Wt o2’ AFE Folo] FF mx e W
gakol A7k 13k 7hesEel W grde 245k Aol 7k
st Aol AR 82 5 9= dikke AN 5 e

Ao},
dAel 2

2 7= 20109 Aoz g adjge SA]e] o
st} FE NS FAR=HY T

o
rot

. Woon JH, Lim KJ. Understanding and response of melamine in

food. Food Industry 206: 51-65 (2008)

2. Hau AK, Kwan TH, Li PK. Melamine toxicity and the kidney. J.
Am. Soc. Nephrol. 20: 245-250 (2009)

3. Kang HG. Mini-riview: Melamine related urianty stone disease. J.
Korean Soc. Pediatric Nephrol. 13: 21-25 (2009)

4. Ehling S, Tefera S, Ho IP. High-performance liquid chromato-
graphic method for the simultaneous detection of the adulteration
of cereal flours with melamine and related triazine by-products
ammeline, ammelide, and cyanuric acid food additives and con-
taminants. Food Addit. Contam. 24: 1319-1325 (2007)

5.Chou SS, Hwang DF, Lee HF. High performance liquid chro-
matographic determination of cyromazine and its derivative
melamine in poultry meats and eggs. J. Food Drug Anal. 11:
290-295 (2003)

6.Qing WQ, Xin FK, Wei S, Qiang RH, Rong Z, Hui SC. Highly
sensitive detection of melamine based on reversed phase liquid
chromatography mass spectrometry. Chinese Sci. Bull. 54: 732-
737 (2009)

7. Filigenzi MS, Tor ER, Poppenga RH, Aston LA, Puschner B.
The determination of melamine in muscle tissue by liquid chro-
matography/tandem mass spectrometry. Rapid Commun. Mass Sp.
21:4027-4032 (2007)

8. Yokley RA, Mayer LC, Rezaaiyan R, Manuli ME, Cheung MW.
Analytical method for the determination of cyromazine and
melamine residues in soil using LC-UV and GC-MSD. J. Agr.
Food Chem. 48: 3352-3358 (2000)

9.Yan N, Zhou L, Zhu Z, Chen X. Analytical method for the deter-
mination of cyromazine and melamine residues in soil using LC-
UV and GC-MSD. J. Agr. Food Chem. 57: 807-811 (2009)

10. Huang GM, Yang ZO, Cooks RG. High-throughput trace
melamine analysis in complex mixtures. Chem. Commun. 5: 556-
558 (2009)



Bl S FHHAIT] A FelA €] MS-HAta1E 0]8-3 Wehe] 24 681

11. Son HJ, Kang JH, Hong EJ, Lim CL, Choi JY, Noh BS. Authen- 13.Lim CL, Son HJ, Hong EJ, Noh BS. Discrimenation of geo-

tication of sesame oil with addition of perilla oil using electronic graphical origin of beef using electronic nose based on mass
nose based on mass spectrometry. Korean J. Food Sci. Technol. spectrometer. Korean J. Food Sci Technol. 40: 717-720 (2008)

41: 609-614 (2009) 14. Ragazzo-Sanchez JA, Chalier P, Chevalier D, Calderon-Santoyo

12. Kang JH, Son HJ, Hong EJ, Noh BS. Discrimination of grading M, Ghommidh C. Identification of different alcoholic beverages

pungency for red peppers spice using electronic nose based on by electronic nose coupled to GC. Sensor. Actuat. B-Chem. 134:

mass spectrometer. Food Eng. Prog. 14: 35-40 (2010) 43-48 (2008)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


