
ExperimentzE studies have skow~ that amino acids possessing secondary 
amZno groups can be easily converted into their N-nftroso derivatives by nitrite under 
conditions simiIzr to those preva.iIing in the human stomach and presumably also in 
some fooWZ. Such anino acids are present as natural constituents of many food- 
stuf%. Tkerefore, treatment of srrck foods with nitrite migkt lead to formation of 
N-nitrosoamino acids. _AMmugh most of these N-nitroso compounds have been 
repotted to be norr-carclnogeriic Eqy themselves in ar~irnaP*~~ tkey may be converted 
into well known cw%ogenic nitrosamines by heat-induced decarboxylation5. N- 
NitrosoproIine for instance readily loses carEon dioxide and forms N-nitrosopyrro- 
iidirze render experimental conditions simr.dzting the frykzg process6.‘, X-Nitrosa- 
pyrrolidine is E well known Eiver carcinogen ‘. LeVek Of this titFOS2MiEle fOulId ill 

fried bacon have been correlated u3.1 the amount of inidalty added n&rite and hence 
presumably with the amount of N-nitrosoproii ne formed during the curing process. 
but not w&k the amonnt of residual tierite in the final prodrrcP_ 

For a more detailed study of the possible relation beFFteen the content of 
N-nitrosoati_no acids in foods and tke levels of the corresponding titro;amines found 
zfier cooki~g~ we have developed ;I metkod for anaiysis of trace amounts of N- 
nitr~soamino acids. We sekcted the N-nitroso compounds of sarcosfne, praline and 
Zhydroxyproline for tkis investigation because of the widespread occurrence of‘ thes.: 
amini~2cidsInfoods'~-'~ - Tne analy:~c2fpro~~~reiSbasedon trin;ethykCiyfation 2n! 

gas chrOM~tOgE@c (GC) SqXGItion of the vol&iIe trimetkylsilyl (T&E+derivative ; 
of the ?+bifro~02nirG acids. Both Aame iotizatioa and single-ion monitoring in : 

i3s cfrr~SI~~O~~pkxEss spectrometer were used for quantitative assessments. 
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p-.@aration of srir;leth~My~ derisafives 
Kncxm amounts @.2-20.0 & of the N-nitrosoamino acids, dissdved in 

’ :etonitrife, were pIaced in small reaction vessels (O.3-mI Reacti-ViaI with Mininert 
ake@>. The solvent was evaporated in I’CICCCO in E desiccator, the vessel _was closed 

. nd the dry residue was dissolved in 200 JL~ of MSTFA added by bqringe through the 
1 alve. The mixture was allowed to stand at ambient temperature for 30 min; 
;I .~~ounts were injected into the gas chromatograph. 

I-,ffI 

A Vatian 2:&l-20 gas ChrOmatOgaph, equipped with a flame ionization 
detector (FID), was used. Separations were carried opt in glass columns (I .S m x f .7 
mm I.D.) packed with 3% OV 17 OE Gas-Chrom Q (IO&E0 mesh). Carrier gas 
(nitrogen) flow-rate, 40 ml/tin. FID conditions: hydrogen flow-rate, 20 mllmin; 

EO-FRO 



MD-i-ES 

air f&x+rate, 200 ml/min; temperatr;re, 2W. Injection-port temperature, 170”. Quen- 
temperature, 4 II&Z isothermA at SO”, then programmed at 6”/min to I7ao. 
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RESUL.TS AND DISCUSSION 

A typical gas chromatogram obtained by Aame lo&at& detection of the 

TMS derivatives of the three N-nitrosoamino acids and of _my&& acid used as an 
iiterna! standard is shown in Fig. 1. The sitylating agent and some r;nsp&ffed bv_ 
products were rapidly eluted so that the peaks of interest co& be recorded w&o& 

interference. Under the conditions applied, efEctive baseline separ&on was achieved. 
As can be seen from Fig. 3, a linear reIation esists between the corrected peak heights 
and amoums of the respective derivatives in the range IO-f00 ng. My&c acid was 
used as interzzal standard because its TMS derivative behives very similarly to the 
corresponding derivatives of the N-nitrosoamino acids, especially with respect to 

sensiuityto non-specific adsorption effects. 
Analysis of trace amounts of N-Eitrosoamino acids in foods requires a specific 

detection system. If amours of less than 1-2 ‘ug of a given N-nitiosoamino acid in 
a final food extract are to be reliably detected, the FID cannot be used because of its 
Iow specif?city_ In this case, advantage can be taken of the high specificity of a GC-MS 
combination using the mass spectrometer as an ion-specific detector_ The most 
abundant and characteristic fragments of the mass spectra of the TMS derivatives 
are shown in Table I. Typical chromatograms obtained by single-ion detection of 
selected fragments are shown in Fig 3_ As can be seen, amounts of the TMS deriva- 
tive corresponding to 2 ng of the respective N-rritrosoamino acids can be easily 
detected as prominent peaks. Err the range I-10 II,, c a linear relation was found be- 
tween the peak heights and the amounts of the TMS derivatives (Fig. 4). 

ne aarro\v shape of the chromatographic peaks indicates the suitability of 
TMS derivative formation for analysis of trace amounts- The results of methyl-ester 



and the 


