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SUMMARY 

A novel procedure is described for the detection and determination of N- 
nitrosamino acids (NAAs) on activated silica gel thin-layer chromatographic plates. 
N-Nitrososarcosine, N-nitrosoproline, and N-nitroso4hydroxyproIine could be 
detected as fluorophors at the 200-pmole level (20-30 ng) after being irradiated with 
ultraviolet light and sprayed with fluorescamine reagent. Spectrophotometric deter- 
mination of the relative fluorescence of 0.440 nmoles of NAAs gave rise to similar 
calibration curves when plotted on a log-log scale. An application of this method to 
the detection of NAAs in uncooked bacon is described. 

INTRODUCTION 

N-Nitrosamino acids (NAAs) are considered to be potential precursors to the 
carcinogenic N-nitrosamines (NAs)‘-“. N-Nitrosoproline (N-Pro) has been con- 
verted to N-nitrosopyrrolidine (N-Pyr) on heating in model food systems4-6*8*9 and 
by microbial action”, and N-nitroso4hydroxyproline (N-HO-Pro) has been con- 
verted to N-nitroso-3-hydroxypyrrolidine (N-HO-Pyr)“. N-Pro has been detected 
in raw but not in cooked bacon, whereas N-Pyr is found in cooked but not in raw 
bacon13, and N-HO-Pyr has been detected in cooked baconlJ. Production of NAs 
from various amino acids and sodium nitrite has been demonstrated’@. 

Volatile NAs are generally determined directly by gas chromatography (GC) 
combined with high-resolution mass spectrometry (MS). Methodology for analysis 
of NAs has been recently reviewed 16*17_ NAAs have been detected or determined by 
thin-layer chromatography (TLC) on paper, cellulose powder or silica gel’8-3L; liquid 
chromatography (LC)18,32,33; polarography”-39; thermal energy analysis3’*J0*“; by 
conversion to their corresponding alkyls~9~42~6 or tetramethylsilyl” esters followed 
by GC or GC-MS; cleavage in solution by ultraviolet (WV) irradiationa*Jg. hydro- 
bromic acid in glacial acetic acidso, or thionyl chlorides1 to give nitrite, which isthen 
complexed and determined calorimetrically, or to give the free ammo acid, whichis 
converted to a fluorescent derivativea and then quantitated by TLC or LC; and 

* Contribution Number 980. 
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cleavage by hydrobromic acid to give nitrosylbromide, which is quantitated by 
chemiluminescence5’. 

Detection of NAAs on TLC plates has been accomplished with a wide variety 
of reagents including: bromocresol green”, bromophenol blue*O, diazotized o- 
dianisidine’O, 4-dimethylaminobenzaIdehyde’“*21, 4-dimethylaminocinnamaldehyde’0, 
Draaendorff rea~entZo*Zz, ferric chloride’O, fluorescaminez3, Griess reagent (UV irradi- 
atioz and 1-ncphthylamine-sulfanilic acid)2G26, isatin”, iodine1g~27~28, NEDSA 
reagent (UV irradiation and N-1-naphthylenediamine-sulfanilic acid)‘g, ninhy- 
drin’0-“*“6,30, 4nitrobenzenediazonium fluoborate20, phosphomolybdic acid20, Preuss- 
mann reagent (UV irradiation and palladium chloride+liphenylamine)Z’~‘g, and 
sulfuric acid and heatZ8. The majority of these reagents have been used only for 
diagnostic purposes; detection limits of 2, 20, and 500 pg have been reported for 
NEDSAZp, iodine and sulfuric acidZ8, and Preussmann reagents2g, respectively. 

In earlier studies it was observed that most NASTY and the NAA N-nitroso- 
N-(phosphonomethyl) glycine” could be detected and determined by TLC at the 
picomole level with fluorescamine. This paper reports an extension of the use of 
fluorescamine to the detection and determination of other NAAs on TLC plates and 
its application to some samples of bacon. 

EXPERIMENTAL 

Materials 

r-Proline, 4-hydroxy-L-proline, and sarcosine were purchased from Aldrich 
(Milwaukee, Wis., U.S.A.). The corresponding NAAs were synthesized by the method 
of Hansen et ~1.” and gave infrared (IR) and nuclear magnetic resonance (NMR) 
spectra consistent with those reported by Lijinsky et al. 5J_ Methyl esters were prepared 
by treatment of the parent NAA with ethereal diazomethane. Standard solutions of 
NAAs in methylene chloride were freshly prepared before each determination and 
stored in a refrigerator_ Solutions of 0.1 mg/ml fluorescamine (Fisher Scientific, 
Pittsburgh, Pa., U.S.A.) in acetone were prepared and stored at room temperature 
in a stoppered flask. Eastman Chromagram sheets (No. 13179; 0.1 mm silica gel) 
without fluorescent indicator (Fisher) were stored in a dry atmosphere and activated 
by heating at 105” for 1 h prior to use. Acidic aluminum oxide (W200 acid Woelm 
from ICN Pharmaceuticals, Cleveland, Ohio, USA_) (10 g) was washed first with 
2Q% hydrochloric acid (100 ml) and then sufficient water until the eluate was neutral, 
heated at 400” for 4 h, cooled, mixed with water (0.3 ml), placed in a stoppered flask, 
and kept overnight in a dessicator prior to use. Bacon was purchased from local 
grocery stores. All other reagents and solvents were of reagent grade and used as 
received from commercial sources. 

Spectral determinations 

IR spectra were determined in chloroform or nujol mull on a Beckman IR-20A 
spectrometer_ N MR spectra were determined in pyridine-d, on a Varian T-60 spectrom- 
eter. Mass spectra were determined on a Finnigan Model 9500 gas chromatograph 
(1.8 m x 6.5 mm 0-D. glass column containing 3 % SE-30 ultraphase on high- 
performance Chromosorb W, SO-100 mesh) coupled to a Model 3100D quadropole 
mass spectrometer and a Model 6000 computer controlled data aquisition system. 
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Thin-layer chromatography 
Standard solutions of NAAs were spotted, developed in 95 % ethanol-benzene- 

water (4:l :l)“, dried for 15 min in a vacuum desiccator, and irradiated with UV light 
using the apparatus previously described 53 The plates were then sprayed sequentially _ 
with fluorescamine solution and triethanolamine (10% in methylene chloride) and 
viewed under long-wave UV light. Fluorescence intensities were determineds3 and the 
relative values normalized by assigning to 1.0 nmole of each NAA a value of 10. 
Detection limits were determined by spotting decreasing volumes of standard solutions 
of each NAA, developing, irradiatin,, p y _ u s ra ino with fluorescamine reagent, and then 
viewing under UV light. Mixtures of methanol<hloroform (4:l) and acetonitrile- 
chloroform-95 o/0 ethanol-acetic acid (100: 100:97 : 3) were also used as developers. 

Gas chromatography 
The methyl esters of NAAs were examined on a Pye Model 104 gas chromato- 

graph (1.5 m x 6.5 mm 0-D. glass column containing 5 ‘A Carbowax 20M-TPA on 
high-performance Chromosorb W, SO-100 mesh) fitted with both a flame ionization 
detector and an alkali flame ionization detector_ 

Coluntn chromatography 
Mixtures to be analyzed were dissolved in methylene chloride (25 ml) and 

passed through a column of acidic aluminum oxide (2 g). The column was then eluted 
successively with ethyl acetate, acetone-methanol (3:1), and water (25 ml each), and 
20 o/0 aqueous acetic acid (50 ml). The final fraction was evaporated to dryness under 
reduced pressure, dissolved in acetonitrile, filtered if necessary, and analyzed by TLC 
using methanol-chloroform (4: 1) as developer. 

Extraction and atzalysis of bacorz 
The clean-up procedure is based on one developed by Sen et al.‘.‘. A 50-g 

sample of ground bacon was extracted in a blender for 10 min with acetonitrile 
(125 ml), allowed to settle for several minutes and the supematant filtered through 
glass wool. The residue was treated in a similar manner and the combined filtrates 
washed with heptane (2 x 250 ml) and evaporated to dryness under reduced pressure. 
A methylene chloride solution (25 ml) of this residue was further purified by column 
chromatography and then analyzed by TLC. Samples spiked by addition of NAAs 
to the ground bacon were also analyzed. 

To confirm the identity of NAAs, samples were spotted, developed in methanol- 
chloroform (4: l), developed in the other dimension with acetonitrile-chloroform-9.5 Y. 
ethanol-acetic acid (100 : 100 :97 : 3), irradiated, sprayed with fluorescamine reagent 
and viewed under UV light. In addition, samples were spotted, developed in methanol- 
chloroform (4:1), irradiated, developed in the other dimension first with a 0.01 Y. 
solution of fluorescamine in hexane-acetone (4:1)55 and then with methanol-chloro- 
form (4:1), sprayed with triethanolamine solution and viewed under UV light. 
Alternatively, after development, the adsorbent at the appropriate R, was scraped 
off, collected using the apparatus of Clemetts6, and eluted with 300 ~1 of ethereal 
diazomethane. The eluate was concentrated under a stream of dry nitrogen and then 
examined by GC or GC-MS. 
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Safety precarrtions 

Many NAs and some NAAs are known to be potent carcinogens. Thus, safety 
precautions to prevent skin contact and inhalation must be exercised at all times. 

RESULTS AND DISCUSSION 

Alkyl and some heterocyclic NAs can be cleaved by UV light on activated 
silica gel TLC plates to give products that yield fluorophors after being sprayed with 
fluorescamine reagenF3. Under similar conditions, NAAs also yield fluorophors. 
This technique is very sensitive and can detect as little as 200 pmoles. Detection limits 
and RF values for the three NAAs studied are given in Table i. In this context, 
detection limit is the minimum amount of an NAA that ultimately gives a detectable 
visual fluorescence. The NAA N-nitroso-N-(phosphonomethyl) glycine can be 
detected at the 50-pmole leveF3. 

TABLE I 

THIN-LAYER CHROMATOGRAPHIC R, VALUES AND VISUAL FLUORESCENCE DE- 
TECTION LIMITS OF N-NITROSAMINO ACIDS 

N-Nitrosamino acids are determined on activated silica gel by spotting, developing, irradiating 
with UV light, spraying with IIuorescam me reagent, and viewing under long-wave UV light. Amino 
acids are detected by spraying with ninhydrin reagent and heating. Solvent systems: A, 95% 
ethanol-benzene-water (4:l :I); B, methanol-chloroform (4:I); C, acetonitrile-chloroform-95 oA 
ethanol-acetic acid (100:100:97:3). 

Compound RF 

A B 

N-Nitrososarcosine 0.64, 0.70 0.71 
Sarcosine 0.23 0.10” 
N-Nitroso-r_-proline 0.63, 0.69 0.72 
L-Proline 0.33 0.12” 
N-Nitroso4hydroxy-L-proline 0.60, 0.66 0.67 
4-Hydroxy-r-proline 0.28 0.09 * - 

* Determined in solvent system A. 
** Streak. 

Detection limit’ 

c Nanograms Picomoles 

0.75 20 180 
0.02 
0.21 30 200 
0.03 
0.13 33 210 
0.01 

Fig. 1 shows that the calibration curves for the NAAs are not significantly 
different_ 

There is a 23-kcal/moIe barrier to rotation 57 about the nitrogen-nitrogen bond 
in the N-N=0 system due to contribution from the zwitterionic form. Since NAAs 
are unsymmetrical, (E)- and (Z&conformers (e.g. I and II, respectively, for L-proline) 
are possible and can be resolved by LC’8*33 or TLC’8~1g~26~31~56. In this study it was 
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Fig. l_ Calibration curves for UV-irradiated and fiuorescamine-treated N-nitrososarcosine (-A-), 
N-nitroso-r-proline (-•-_), and N-nitroso4hydroxy-r-proline (- - -O- - -) on silica gel TLC plates. 
Fluorescence values normalized so that 1.0 nmole gave a relative fluorescence of 10. Error bars are 
standard deviations calculated from measurements made in triplicate. 

2 - CH$N-CHCI3 -EtOH-AcOH (100:100:97:31 

-I 

Fig. 2. Two-dimensional thii-layer cbromatogram of purified uncooked bacon extract. Silica gel 
plate was developed, irradiated with UV light, sprayed with fluorescamine reagent, and viewed under 
long-wave UV light. Mixture of N-nitrososarcosine (N-SAR), N-nitrosoproline (N-PRO), and N- 
nitrosohydroxyproline (N-HO-PRO) standards spotted alongside. 
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observed that the conformers could be separated with the ethanol-benzene-water 
(4:l:l) developer and their ratios determined directly from the TLC plate, thus 
complementin,o LC1s~19 or NMR”’ methods of ratio determination_ Agreement with 
the NMR method was good. 

Recovery of NAAs in bacon samples spiked at the I-ppm level from columns 
of aluminum oxide was variable, ranging from 25-80 y0 (median, 30 %) and depended 
not only upon the brand of adsorbent but also upon the individual lot. The highest 
recoveries were obtained from W200 acid Woelm (aminotropic) that had been acid 
washed, heated to 400”, and made to 3 ok water. This brand was used for the analysis_ 

Two samples each of two brands of uncooked bacon were examined for the 
presence of NAAs. In only one sample of one brand was N-Pro detected at the ppm 
level. The presence of N-Pro was confirmed by two-dimensional TLC (Fig 2), by 
comparison of RF values of the fluorescamine derivative5’ of the UV photolysis 
product, and by GC and GC-MS of the methyl ester. N-Pro has been reported at the 
1-ppm level in some uncooked bacon samples5 and not observed in othersg. N-Nitroso- 
sarcosine and N-HO-Pro were not detected in any samples at this level. 
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