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Table 1. Matrix Calibration Standard Preparation : . . .
P Q Exactive Method Parameters FIGURE 5. Calibration Curves of Neat Mix Standards

Overview Standard mix| Level | 100ng/mL | 100ng/mL | fug/mL | ug/mL | 1ug/mL | 10 ug/mL Full MS / dd-MS? with polarity switching (0.05 ppm to 5 ppm, linear fit) o Results
Purpose: Demonstrate a simple workflow for the simultaneous analysis of melamine volume] 2aul | T25ul | 2oub | sub | 125u | 2ol Resolution: full scan 70,000 FWHW; dd-MS? 35,000 FWHW (at m/z 200) a2 izsesoan o~ 008y w1 Y= 1151164350001 % AP =00938 W1 Confident detection and quantification of melamine and its analogues were
and analogues in pharmaceutical components using a Q Exactive benchtop Orbitrap Matrix Smg/ml | 997.5uL | 987.5uL | 997.5uL | 997.5ul | 997.5uL | 997.5uL AGC target: 16 1 ] achieved using HR/AM full scan and ms/ms in a data-dependent fashion with
mass spectrometer. Finial concentration [ 0.05ppm | 0.25ppm | 05ppm [ 1Tppm | 25ppm | 5ppm Scan Range (Full MS): 123 to 133 amu R 1500000 polarity switching. HR/AM full scan data at 70,000 resolution (FWHM) were utilized
80000000 — ] . . . .
Method: A sensitive, simple and robust method employing high resolution mass FIGURE 2. Sample Preparation Flowchart 2 co00n000 3 £ 1000000 for quantitation, the high quality full scan spectra have sub-2 ppm masslfccuratig/
spectrometry coupled with UHPLC and HILIC mode chromatographic separation Guar Albumin o < ooooom i with ex.t?mf’." calllb-ratl-on and f”?e Isotopic pat-tern of A+2 isotope jon on : Cand ®N
' - N - N FIGURE 3. Full Scan and MS/MS Spectra of 0.25 ppm Melamine in 5 mg/mL oonsccs ] 500000 for positive identification (see figure 3 a), which ensure accurate detection and
Results: Simultaneous detection and quantification of melamine and its analogues in Weigh 100 mg Guar, add 5mL Weigh 100 mg Albumin, Dissolve totally Albumin with sub 2 ppm Error. = oi"'/ll/ N quantification of ions of interest in the presence of complicated matrices. High
Albumin and Guar gum were achieved with a high degree of confidence. Acetonitrile. vortex for 30 sec. in 5mL water. then vortex mix. o A ppm BV 0 1 2 3s s resolution accurate mass measurement of signature product ions were utilized for
L ) L ) A+2 isotope pattern at 70K . e Ammade conflrn?atlon of mela'mlne and its analogue's (see figure 3 b).
Intro d u Cti on e kae —— - {} N show separation of 15N and 13C ¥=-63019.7+1.51969e+007°X R"2=0.9961 W: 1/X 2500000 Isocratic I__C separa_tlon was co'nducted using an Acquqore H!LIC column.
_ : _ a) Full Scan 80000000 2000000 Reproducible baseline separations were obtained within 5 minutes. Excellent
Potential drug contamination by melamine and its analogues remains a major concern f:rolng(?:itr:at't?‘gr?faﬁ% Tgr; T'A CSI\CI’”\'/CO‘T;X COnceﬁggﬂlfnri‘;LSAr‘n%?'r}]t[‘etrf]':r?'Vmex EN \ 60000000 - . sensitivity and selectivity were obtained by the HR/AM. The signal to noise ratio at
of the FDA. * Currently, the FDA requires that the method used should be suitable for mix for 1 n.w’in. After settling, tranéfer top mix 1 minutej < Experimental §4ooooooo—: g E A 250 ppb Igvel was 27 for Cy.anunc acid and 191 for melgmlne which exceed FDA
detecting melamine contamination in at-risk components down to at least 2.5 parts \ solution to Eppendorf tubes. ) \ y . 200000003 1000000; specification (S/N > 5:1 for ions of quantification) (see figure 4).
per million to give a high degree of assurance that they are not contaminated.* {} {} Gl ] SOOOOO/ The analyses of albumin fortified with melamine and analogues have good linearity
f -l A f -l ) - i SRR AR AR AR RPN PERARFREREFEELEF SR RO with six-point calibration curves over the range from 50 ppb to 5 ppm with
We present a workflow for simultaneous detection, confirmation, and quantification of Prepare matrix calibration standards Prepare matrix calibration standards ; - ppm opm excellent linear regression coefficients (12>0.99), (see figure 6)
melamine and its analogues: ammeline, ammelide, and cyanuric acid (shown in (table 1) and control, vortex mix 30 sec. (table 1) and control, vortex mix 30 sec. ] 15N 1B * Theoretical D '
Figure 1) in at-risk pharmaceutical components Albumin and Guar gum.t A Thermo N ‘ . ’ e _ _ _ o _ _ For the analyses of guar gum fortified with melamine and analogues, melamine
Scientific Q Exactive benchtop Orbitrap™ mass spectrometer coupled with Thermo - {} N - {/17 N ] FIGURE 6. Calibration Curves of Albumin Fortified with Melamine and and ammelide have acceptable quadratic fit for six-point calibration curves over
Scientific Dionex Ultimate 3000 RS UHPLC system were employed in this study. Place vials in -30°C freezer for 30 Place vials in -30°C freezer for 30 ] Related Compounds from 0.05 ppm to 5 ppm (linear fit) the range from 50 ppb to 5 ppm with regression coefficients (r2>0.99), and for
minutes, then centrifuge at 17000 g minutes, then centrifuge at 17000 g o L/l — emrioncd cyan'uric acid and ammeline, five-point quadratic fit galibration curves were
_ _ for 30 min. for 30 min. ] e e - Y = 1.37689e+006+2.11909e+007*X RA2=0.9930 W: 1/X Y =-4221.45+558333*X R"2=0.9938 W:1/X obtained over the range from 0.25 to 5 ppm (cyanuric acid) and 0.05 to 2.5 ppm
Figure 1. Structures of Melamine and Analogue . | | ’ . | .[. ’ n 1000000005 . ....... EZZZZZZ '''''''''''' | B (ammeline), both with good regression coefficients (r2>0.99), (see figure 7).
)N\Hz )N\HZ j'\HZ j\H anster the super Tt to 2-mL vials 4 Transior 500 | P eUoermatant ) 03 DA I 17400 1710 naogo 0 g by » Zzzzzzzz: ......................... st TR Compared to commonly used triple quadrupole MS methods, this workflow is
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HZNJ\NJ\NHZ HO)\NJ\NHZ HOJLNJ\OH HOJ\NJ\OH mi?%ﬁiﬁ?;”f’gﬁfg'f'?jfze?'flo}‘g’gt;’i‘n_ . N“;H 20000002;‘."."‘.’”.".,‘. I oo IT o provides simultaneous detection and quantification of melamine, ammeline and
Centrifuge at 17000 g for 30 min. 2 0 1 2 3 4 5 0 1 2 3 4 5 ammelide at 50 ppb level, and 250 ppb level for cyanuric acid, which is well below
Ammeline Ammelide Cyanuric Acid b) dd-MS? gﬁ Signature Fragment lon ppm pem the FDA current requirement (2.5 ppm).
Melamine [ {/E il < m—
C3HsNO C,3H5N,0 ) 1329 e R ]
(M+H§E’3|162I\|76.0727 (M"'H;Jr 51258-6567 (I\/|+|C-|:§’l'_l4ll\l249(?8407 (M-H)S' 31238.8102 [ Transfer the supernatant to 2-mL vials ) 100: Y=-749953+2.356559A+007*|X R'2=0.9929 W: 1/X L Y = 2630.06+588956°% IFgﬂzzo.9919 W: 1/X CO NC I usion
for injection. a0 20000000y A o000y |
Liquid Chromatography / ] 1000000004 7 25000004 7 ' o | | o | .
UHPLC Ultimate™ 3000 RS system consisting of : i1 g Soovooood (2000003 Slmultanequs def[ermlnatlon, cor_lflrmatlon, and quantitation of melamine and its
M et h O d S DGP-3000RS pum ] N A < 60000000 A ©aso000 i analogues in at-risk pharmaceutical components Albumin and Guar gum were
. WPS-3000RS zamrp)aler " " es\oz':o 4000000y 1000000 T achie_ve_d. This was accomplished by usjng a complete T_hermo Scientific solution,
Material and Reagents TCC-3000RS column compartment ; i NS 06 200000003 _ 2000003 _ m” consisting of a high resolution Q Exactive benchtop Orbitrap mass spectrometer,
Melamine CAS # 108-78-1, Ammelide CAS# 645-93-2, Ammeline CAS# 645-92-1, P 20} HZNSO;&T‘HZ HZN/”\N//I\NHZ T SRS AR SRR AR A Ultimate 3000RS UHPLC system, and Accucore HILIC column. This UHPLC-
and Cyanuric acid CAS#108-80-5, purchased from ChromaDex Inc. California. LC Conditions: S . . SN RN PP PP HRMS MS/MS method is simple, fZaSL and robust. The combination of HR/AM
Albumin CAS# 9048-46-8, Sigma-Aldrich, p/n A7906. Thermo Scientific Accucore HILIC Column 100x3 particle () 2.6 Thermo 0% 0 & W B ® H % % W w05 W w5 o B w1 w w1 narrow range full scan and dd-MS? provides rapid, confident identification and
ﬁuaf C_Sﬁ# 9033\'/30'0’ i?grr?a'A'd”Ch’ p/n GA4129. Scientific p/n 17526-103030 : FIGURE 7. Calibration Curve of Guar Gum Fortified with Melamine quantification.
cetonitrile and Water, Fisher. Hae- ™ Antifi : .. . JUPIIN
Ammonium Acetate, Sigma-Aldrich, p/n 73594-25G-F. f;sagg%igggge Accucore ™ HILIC 10x3.0 mm 2.6 Lm Thermo Scientific p/n E/:sgrlzig.arfgtlr?aecl;?g dl?oﬁgrgﬂztsg:%ngfpgllzul:anvlgl Fortified with and Related Cor:n:zunds, Quadratic it Further experiments will be carried out to investigate the potential for screening of
Acetic Acid, Sigma-Aldrich, p/n A6283-1L. Mobile Phase A: Water or 138 ' e T oo mazomr e REEE melamine and its analogues in other at-risk pharmaceutical components using this
: Mobile Phase B: Acetonitrile 109 o 280101 Cyanuricacid (-) _— workflow.
f’ag‘ p_c'je Plretpa{(a“?”t_ o o acid |' ; i Mobile Phase C: 100 mM Ammonium Acetate, adjusted to pH 5 using Acetic acid 50 ] o
ndividual stock solutions of melamine, cyanuric acid, ammeline and ammelide were : i 0 0 i = A e . _ _ o _
prepared at 1.0 mg/mL. Melamine and cyanuric acid were dissolved in water. Iﬁf)v?lr?a%re?rg:gsngﬁ;i;ﬁ. 90%8 10% C for 5.5 minutes “'3' i 40000000} 2000000 l/ In addition, with approprla.tfe sample preparation in pla(j‘e, .thIS HR/A.M full scan and
Ammeline and ammelide were dissolved in 2 N ammonium hydroxide. Standard Column Temp: 35 °C - ST Melamine (+) ,' soooo00] " dd-MS2 method can be utilized for trace amount material identification,
mixture of 100ng/mL, 1ug/mL and 10 pg/mL were used to prepare neat and matrix Injection Volume: 5 pL g% T . e e confirmation, and quantitation in other applications.
calibration standards. £ e pom o
Neat standard calibration Mass Spectrometry E . _
Neat standard mixtures were prepared by serial dilution of 10 ug/mL standard Q Exactive high resolution benchtop Orbitrap MS E - Ao soorcs FETname sl oo Ty o ksl References
mixture using 3:1 acetonitrile/water to final concentration of 0.25, 1.25, 2.5, 5, lon source conditions: . B 125.0410 Ammelide (+) o e
12.5 and 25 ppb, which are equivalent to 0.05, 0.25, 0.5, 1.0, 2.5 10 5 ug/g of lonization mode: alternating positive/negative ESI = - ],_,_,_,_,_,,./""""" 1.US FDA Guidance for industry: Pharmaceutical Components at Risk for Melamine
standard mixture in 5 mg/mL matrix solution. lon source: HESI-II . e d Contamination
Extracted matrix calibration standards preparation Sheath gas flow rate: 45 units N, 20 " - 2.US FDA LIB 4421 Melamine and Cyanuric Acid Residues in Infant Formula
Extracted matrix calibration standards were prepared at 0.05, 0.25, 0.5, 1.0, 2.5, | auxiliary gas flow rate: 10 units N, g _ NI o0} October 2008
and 5 ppm level by adding standard mixtures to 5 mg/mL Albumin and Guar Spray voltage (KV):+3.5 for positive, -3.4 for negative b e Ammeline (+) o S e,s - L-
solutions as shown in Table 1. Capillary temp (OC): 320 = * : | | . : o | -- : . : i All other trademarks are the property of Thermo Fisher Scientific and its subsidiaries
Matrix effects and percent recoveries were determined by spiking neat solutions S-lens RE level: 50.0 - Melar.nlne.and Ammelld.e have 6 pom.t callbratlop curves in the ranges of 0.05 to 5 ppm. o o . property . ' o
into 5 mg/mL Albumin and Guar solutions. Heater temp (°C): 400 "”I D S, SO Cyanuric acid and Ammeline have 5 point calibration curves in the ranges of 0.25 to 5ppm and Ht‘fl»lg‘cft%g?ztrggjty”ﬁ;'r:'ttsegggfhteisncourage use of these products in any manners that might infringe the
. 0.0 0k 10 15 20 25 3.0 15 40 45 50 0.05to 2.5 ppm, respectively.

The sample preparation flowchart is shown in Figure 2. ' } Time (i)



