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The formation of N-nitrosopyrrolidine from various pyrrolidine 

ring-containing compounds and sodium nitrite at elevated temperatures 

was investigated.    N-nitrosopyrrolidine was formed when dry samples 

of L-proline,  glycyl-L-proline,   L-prolylglycine,   and pyrrolidine were 

heated with nitrite at 170oC for two hours.     When proline was heated 

with sodium nitrite at 170oC in a neutral buffer solution,   N-nitroso- 

pyrrolidine was produced.     L-Hydroxyproline did not produce N-nitro- 

sopyrrolidine in either aqueous or dry medium under similar condi- 

tions.    Collagen samples were heated with sodium nitrite in buffered 

solution at pH 4. 6,  6, 2,   and 9. 0 and dry at temperatures of 120,   145, 

170,   and 195  C for two hours.     Three observations were noted in the 

aqueous  samples:    (1) only the pH 6,2 samples produced N-nitroso- 

pyrrolidine at 120oC,   (2) small amounts of N-nitrosopyrrolidine were 



produced at 1450C,   (3) in the temperature range  145 to 1950C there was 

a large increase in the amounts of N-nitrosopyrrolidine produced. 

The dry collagen samples did not yield N-nitrosopyrrolidine in the 

temperature range 120 to 170oC,  but at 1950C,   N-nitrosopyrrolidine 

was produced.     The identity of N-nitrosopyrrolidine was confirmed 

in the heated samples by gas-liquid chromatography coupled with mass 

spectrometry. 
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FORMATION OF N-NITROSOPYRROLIDINE FROM VARIOUS 
PYRROLIDINE   RING-CONTAINING COMPOUNDS AT 

ELEVATED TEMPERATURES 

INTRODUCTION 

N-Nitrosamines have recently gained public attention due to 

their possible role in the formation of human cancer.     In nitrite- 

treated foods,   amines may react with nitrite to form nitrosamines. 

The presence of nitrosamines has been reported in a number of foods. 

In particular,   N-nitrosopyrrolidine (NPYR) has been found in cooked 

bacon and has been found to be highly hepatocarcinogenic in rats. 

Proline (PRO) and pyrrolidine (PYR) have been implicated as possible 

precursors for the formation of the NPYR. 

The purpose of this study was to investigate the formation of 

NPYR by the reaction of sodium nitrite with various pyrrolidine   ring- 

containing compounds under varying reaction conditions.    PRO, 

hydroxyproline (HPRO),   PYR,   collagen,   and two proline-containing 

dipeptides   were studied. 



REVIEW OF LITERATURE 

N-Nitrosamines in foods have become a matter of concern 

because of their possible formation from nitrite and certain amines. 

Of particular concern are those foods where nitrite has been added 

as a preservative or a color fixative.    In animals studied,   N-nitro- 

samines and N-nitrosamides have been shown to be carcinogenic 

(Magee and Barnes,   1956; Druckrey et al. ,   1967) and they may be 

mutagenic and teratogenic as well (Magee and Barnes,   1967).    Of the 

approximate  100 N-nitrosamines tested,   about 75 percent produced 

lesions in test animals (Wolf and Wasserman,   1972).     Although 

cancer in man has not been traced to N-nitrosamines as causative 

agents,  experimental results in animal studies suggest that these 

compounds could also be carcinogenic to man (Greenblatt and Lijinsky, 

1972a). 

Toxicological studies have been done on compounds containing 

the nitrosopyrrolidine ring.    Greenblatt and Lijinsky (1972a) found 

that NPYR produced hepatocellular carcinomas in 25 of 25 MRC 

(Wistar-derived) rats when fed for 67 weeks at a total dose of 1, 340 

mg.     Liver tumors were found in all animals autopsied and were the 

only tumors found in females,    In males,   testicular,   adrenal,   and 

gastric neoplasms were present.     The acute oral- LD 50 for NPYR 

was 900 mg/kg of body weight in BD rats and would not be considered 



very toxic (Druckrey et al. ,   1967).        However,   according to Green- 

blatt and Lijinsky (1972a) NPYR has a hepatocarcinogenicity compar- 

able to that of dimethylnitrosamine (NDMA) and all cyclic, 

unsubstituted nitrosamines are considered to be carcinogenic. 

Druckrey et al.   (1967)   and Greenblatt and Lijinsky (1972b) have 

studied N-nitrosoproline ethyl ester,   and NPRO,   respectively,   and in 

both instances substitution on the saturated nitrosopyrrolidine ring 

greatly decreased the toxicity and carcinogenicity of the compound. 

N-Nitroso compounds,  principally NDMA,  have been reported 

in a number of foods.     The presence of NDMA has been confirmed in 

herring fish meal (Ender et al, ,   1964) and in various fish products 

(Fazio et al. ,   1971).      The presence of N-nitrosamines have been 

ii 
reported in wheat meal (Kroeller,   1967; Marquardt and Hedler,    1966), 

milk (Marquardt and Hedler,   1966),  mushrooms (Ender and Ceh,  1968; 
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Freinuth and Glaser,   1970),   and fish products (Ender and Ceh,   1968). 

However,   the actual identification of nitrosamines was questionable 

because the analytical methods used for confirming the identity of the 

nitrosamines lacked specificity (Pensabene et al. ,   1972; Wolf and 

Wasserman,   1972).    More recently trace amounts of N-nitrosamines 

have been identified in some commercial samples of fish and various 

meat products by gas liquid chromatography-mass spectrometry 

(glc-rms),   (Sen,   1972; Crosby et al. ,   1972; Fazio et al. ,   1971; Fazio, 

White,   and Howard,   1971; FDA Papers,   1972).     In particular,  the FDA 



reported in preliminary studies that NPYR was formed at levels 

ranging from 3 0 to 106 ppb in four different brands of bacon when 

cooked in a conventional manner.      NPYR was not found in the raw 

bacon.     Crosby et al_.   (1972) and Sen et aL   (1973) detected NPYR in 13 

of 24 samples and seven of eight samples of fried,   commercial bacon, 

respectively. 

Various polarographic (Lydersen,   1967),   colorimetric (Daiber 

and Preussmann,   1964; Fan and Tannenbaum,   1971),  thin layer 

chromatographic (tic) (Preussmann,   Daiber and Hengy,   1964; Kroller, 

1967; Sen et al, ,   1969; Sen and Dalpe,   1972) and glc techniques 

(Kroller,   1967; Howard et al. ,   1970; Fiddler et aL ,   1971; Fazio et al. , 

1971; and Essigmann and Issenberg,   1972) have been proposed for the 

separation,   detection,   and estimation of N-nitrosamines in food. 

Although many of these methods have been used for analysis of 

N-nitrosamines,   Fiddler et al. ,(1971),   Fazio et al.   (1971),   Essigmann 

and Issenberg (1972),   and Pensabene et. al,   (1972) reported that for 

complex mixtures,  glc-ms offers the most potent tool for separation 

and unequivocal confirmation of identity, 

N-Nitrosamine precursors in food can be intentionally added or 

may be naturally occurring.    Nitrites may be used as preservatives 

and color fixatives in various smoked fish and meat products under 

prescribed limitations in food additive regulations,   CFR 121. 1063 and 

CFR 121. 1064 (Code  of F e d.e r a 1. R e.gul a t i o n s ) .    Sodium nitrite 



may be used in combination with salt as prescribed in the regulation, 

CFR 121. 123 0 (Code of Federal Regulations),    to inhibit the  out 

growth of and toxin formation from Clostridium botulinum, type E, in the 

commercial processing of smoked chub fish.     Lijinsky and Epstein 

(1970) suggested that cooking of protein containing foods might cause 

pyrolysis of protein and produce free amino acids and nitrosatable 

secondary amines such as PYR and piperidine.    The greatest source 

of pyrrolidine   ring compounds in food would be the two imine amino 

acids,   PRO and HPRO which are abundant amino acid residues in the 

protein collagen.    In collagen,   glycine,   PRO,   and HPRO represent 

one third,   12 percent,   and 10 percent of the total amino acid residues, 

respectively.    Collagen is  the major fibrous element of the connective 

tissues and the most abundant   single protein in the body,   representing 

20-25 percent of the total protein,   and makes up 3-30 percent of the 

total protein in muscle tissue (Price and Schweigart,   1971). 

Mirvish (1970) reviewed and studied the mechanism and kinetics 

of the nitrosation of secondary amines.     The chief nitrosating agent 

of secondary amines -was nitrous anhydride which was formed 

reversibly from two molecules of HNOo at pH   >   1.      The rate of 

nitrosamine formation was proportional to the concentrations of 

nonionized amine and to the  square of the HNO2 concentration. 

Fan and Tannenbaum (1972) investigated the stability of NPYR, 

NPRO,   and various other N-nitrosamines in solution under varying 



pH and temperature conditions and found the compounds to be stable. 

When solutions containing NPRO were heated for three hours at 

various pH's and temperatures up to 110oC,   decomposition of ISTPRO 

to NPYR was not detected.     Fan and Tannenbaum (1972) did not rule 

out the possibility of simultaneous decarboxylation and loss of the 

N-nitroso group.     Lijinsky and Epstein (1970) reported that in the 

presence of dilute alkali at ambient temperatures NPRO undergoes 

decarboxylation to form NPYR. 

Ender and Ceh (1971) found the formation of large quantities of 

N-nitrosamines in biological material to be dependent on the following 

factors and conditions:   the presence of nitrite and secondary amine, 

pH and temperature,   time of reactionr and the presence of a protec- 

tive colloid which prevented the loss of volatile nitrosamines.    NPYR 

was produced when PYR was reacted with nitrite in aqueous solutions 

at pH 6. 0,   6. 5,   and 7. 0 and temperatures of 220C to 250C.    The 

formation of N-nitrosamine increased markedlywhen temperatures of 

50oC and higher were used.     When various amino acids and nitrite 

were heated in a dry starch environment,   large amounts of N-nitros- 

amines were produced.    In particular,- one gram of PRO produced 

3.47,   18.7,   and 72. 5 mg.   of NPYR when heated at 13 0,   150,   and 

170oC,   respectively.     NPYR was identified by tic using Griess 

reagent as the indicator (Preussmann et al. ,   1964),   and quantitated by 

the method of Daiber and Preussmann (1964).     Ender and Ceh (1971) 



suggested that heating   led   to the decarboxylation of PRO to form 

PYR which reacted with nitrite to form NPYR. 

With respect to pyrrolidine ring-containing compounds, 

Lijinsky et al.   (1972) showed that under mildly acidic conditions and 

increased temperatures,   N-methylpyrrolidine reacted with nitrite to 

form a 6. 7 percent yield of NPYR.    When a N,   N-disubstituted amide, 

dimethylforamide, was reacted with nitrite in a pH 3. 8 acetate buffer, 

there was only a 1. 0 percent yield of NDMA.     Lijinsky et al.   (1972) 

suggested that the  1. 0 percent yield resulted from hydrolysis of the 

amide bond followed by direct nitrosation of the secondary amine. 



EXPERIMENTAL 

Sources of Chemicals 

L-Proline,   L-hydroxyproline,   L-nitrosodipropylamine (NDPA) 

and NPYR were purchased from the Eastman Kodak Co. ,  Rochester, 

N. Y.    Glycyl-L-proline (GLY-PRO),   L-prolylglycine (PRO-GLY), 

and collagen from bovine   achilles   tendon were purchased from the 

Sigma Chemical Co. ,  St.   Louis,   Mo.     PYR was obtained from the 

Aldrich Chemical Co.,  Milwaukee,   Wis.     The GLY-PRO,   PRO-GLY, 

and collagen were shown by tic (Pataki,   1968) not to contain greater 

than 1 percent PRO contamination.    Anhydrous,   granular,   analytical 

reagent grade sodium sulfate,   and methylene chloride were obtained 

from theMallinckrodt Chemical Works,   St.   Louis,   Mo.     The solvent 

was redistilled and the first and last 10 percent of the distillate were 

discarded.     The buffers were prepared from 0. 1 M KHCgH^O^ 

0. 1 M NaOH,   0. 1 M KH2PO4,   and . 05 M NaHC03 solutions as 

described by Weast (1966). 

Experimental Precautions 

The internal standard,   NDPA,   and NPYR are potent carcinogens. 

Caution was taken in handling nitrosamine solutions,   spiked samples, 

heated vials,   and concentrates,   and all work was done in efficient 

fume hoods.    Rubber gloves were worn and precautions were taken 



to avoid spills,   skin contact,   and inhalation.     The gas chromato- 

graphs used in the investigation were either in a hood or the 

detector was vented to a hood. 

Preparation of Samples 

Weighed amounts of compounds under investigation and 

powdered sodium nitrite were added to 35 ml test tubes.    PRO and 

HPRO samples were prepared and heated in the dry state and in pH 

7. 0 buffer.     For the collagen samples which were heated in the dry 

state,   nitrite was added in solution and the collagen,   nitrite mixture 

was subsequently freeze-dried.     For the collagen samples which 

were heated in solution,   1 ml of buffer was added to the test tube 

prior to sealing.     The test tubes were shaken to completely mix the 

components,   sealed in an oxygen-methane flame,   and immediately 

placed into the oven. 

Heating of the Samples 

Samples of PRO,   HPRO,  PYR,  PRO-GLY,  GLY-PRO,   and 

collagen were heated at 170oC for two hours.    Samples of collagen 

were heated at 120,   145,   and 190oC for two hours.    After heating, 

the  samples were removed from the oven and allowed to cool. 

Samples not analyzed immediately were stored in a freezer until 

extraction. 
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Extraction of Samples 

The vials were broken at the tip and the contents were dissolved 

with 50 ml of distilled water saturated with anhydrous Na2S04.     The 

solution was transferred to a separatory funnel and a predetermined 

amount of internal standard,   NDPA,  was added.     The aqueous solu- 

tion was extracted with CHUC^ and the CH2CI2 layer was drained to 

a flask containing anhydrous Na2S04 to remove any traces of moisture. 

The collagen samples were continuously extracted in a soxhlet- 

extraction apparatus.    After heating,   the vials were broken,   the 

contents were saturated with anhydrous Na2S04,   and the broken vials 

and contents were placed in Whatman single strength cellulose thim- 

bles.     The broken vial was crushed into small pieces and additional 

anhydrous Na2S04 was added   and stirred with the contents of the 

thimble to insure saturation.    NDPA,   the internal standard,  was 

gravimetrically added to the receiving flask before extraction.     The 

samples were continuously extracted with CH2CI2 for 18 hours. 

Sample Concentration 

The CITUCIT extract was transferred to the Kuderna-Danish 

evaporative concentrator.     The apparatus was fitted with a 150 mm 

Snyder  distilling column with three floating ball valves and a 4 ml 

concentrator tube and was suspended in a 650C water bath.     The 
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column was pre-wetted with solvent to prevent initial small losses 

and periodically washed with solvent during concentration to rinse 

the  sides of the column and the flask.     When approximately 4 ml of 

solvent was left,   the sample was removed from the bath,   and  further 

concentrated with a slow stream of pre-purified nitrogen at room 

temperature until the desired volume was reached. 

The  collagen extracts were concentrated with a modified Kuderna 

Danish apparatus.    A 250 ml.   Erlenmeyer flask was fitted with a 

150 mm.   Snyder   distilling   column,   and the column was pre-wetted 

and periodically washed to prevent loss of volatiles.     The apparatus 

was placed in a 650C water bath and removed after the solvent was 

concentrated to approximately 10 ml.     The column was rinsed and the 

contents were transferred to a graduated concentrator tube.     The 

solvent was further concentrated under a slow stream of pre-purified 

nitrogen at room temperature until the desired volume was obtained. 

Gas Chromatographic Analysis 

Quantitative determinations were done on a Varian Aerograph 

Model 1400 equipped with a flame ionization detector.     The column 

was a 5 ft,   x 1/8 in.   o. d.   stainless steel packed with 5 percent 

Carbowax 20M on 70-80 mesh Chromosorb G,  AW.     Column tempera- 

ture was  120oC isothermal and the nitrogen flow rate was 30 ml.   per 

min at 120   C.     Injection port and detector temperatures were 210 and 
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270oC,   respectively. 

Peak height (h) times retention time (tr) was used to quanti- 

tatively  determine NPYR according to the following formula where 

(f) was the calibration factor: 

h x tr NPYR   _       mass NPYR 
h x tr NDPA    ~   fmassNDPA 

Gas Liquid Chromatography-Mass Spectrometry 

An Atlas CH 4 rapid scanning mass spectrometer (ms) connec- 

ted directly to an F and M model 810  glc    was   used to identify 

NPYR from heated PRO samples.     A 5 ft.   x 1/8 in.   o. d.   stainless 

steel column,  packed with 5 percent Carbowax 20M on 70-80 mesh 

Chromosorb G,  AW,  was used to separate NPYR from other com- 

ponents in the  sample.        The flow rate was 30 ml.   of helium per 

min.   at 120oC.     The injector,   detector,   and column were 228,   248, 

and 100oC,   respectively.     The glc was fitted with an effluent splitter 

which directed 17 percent of the effluent to the flame ionization 

detector and the remainder to the ms.     A micro-volume switching 

valve (Carle Instruments,   Inc. ,   Fullerton,   Calif.) was installed 

between the ms and glc to divert air from the ion source during 

sample transfer.    The ms operating conditions were:   filament 

current 20yA,   electron voltage 70eV,   accelerating voltage 3. 0 KV, 

analyzer  pressure  1. 75 x 10"° mm,   and multiplier voltage  1. 6 KV. 
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Spectra were scanned from m/e 25 to m/e 250 in 5. 0 sec. 

A Finnigan Model 1015C glc-ms system which included a 

Varian Aerograph Model 1400 glc was used to identify NPYR in the 

heated GLY-PRO, PRO-GLY,   and collagen samples.    A 10 ft.  x 1/8 

in.   o. d.   stainless steel column,  packed with 5 percent Carbowax 20M 

on 70-80 nnesh Chromosorb G,   AW,  was used to separate components 

of the samples.    The flow rate was 30 ml.   of helium per min.   at 

175   C.    The injector and column temperatures were 210° and 1740C, 

respectively.      The glc-ms interface was a Gohlke all-glass,  jet 

orifice splitter which allowed optimal amounts of sample components 

to pass to the ion source.    A total, ion current monitor provided a 

chromatographic stripchart.    The operating conditions were:   filament 

current 400 yA,  electron voltage 70 eV,   analyzer pressure 5 x lO"? 

torr,     and multiplier voltage 2, 9 KV.    Spectra were scanned from 

m/e 34 to m/e 300 in 1. 0 sec. 
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RESULTS AND DISCUSSION 

The amounts of NPYR produced from the dry samples of PRO, 

GLY-PRO,   PRO-GLY,   and PYR are given in Table  1.     The dry 

samples of PRO produced the largest amounts of NPYR.     The amounts 

of NPYR produced from PRO are in close agreement with the values 

reported by Ender and Ceh (1971) when they heated PRO under similar 

conditions but in a starch environment.    A modified method was used 

in this study.    Sealed vials were used instead of starch to trap the 

nitrosamine and to eliminate interfering compounds possibly produced 

from the starch.     These findings confirm the thin-layer Greiss identi- 

fication of NPYR reported in the work by Ender and Ceh (1971). 

Table  1,    Amounts of NPYR produced from dry samples heated at 
170oC for two hours. 

Sample 
Moles Compound         Moles NaN02      Amount NPYR 
 x 10-3 x 10-3 mg 

PRO 
PRO 
PRO 
GLY-PRO 
GLY-PRO 
GLY-PRO 
PRO-GLY 
PRO-GLY 
PRO-GLY 
PYR 
PYR 
HPRO 
HPRO 

. 94 
1. 03 
1. 04 
1. 00 
1. 03 
1. 00 
1. 00 
1. 00 
1. 00 
1. 03 
1. 27 
1. 00 
1. 00 

1. 23 
1. 22 
1. 03 
1. 02 
1. 00 
1. 01 
1. 00 
1. 00 
1. 00 
1. 00 
1. 03 
1. 00 
1. 00 

3. 84 
2. 67 
4. 59 

.76 

.23 
1. 41 

. 52 

. 36 

. 08 

. 43 

. 45 
N. D. a 

N.D. 

NPYR was not detected. 
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The PRO sample produced approximately ten times the amount 

of NPYR that  was produced by the PYR samples.    Ender and Ceh 

(1971) suggested that heating led to the decarboxylation of PRO form- 

ing PYR which reacted with nitrite to form NPYR.     The amounts of 

NPYR produced from PRO and PYR in this study suggested that PRO 

was nitrosated and followed by decarboxylation to give NPYR.    A 

general scheme as shown in Figure  1 would take both possibilities into 

account.     This dual route scheme would be consistent with the 

mechanisms recently suggested by Sen et al.   (1973). 

The two dipeptides formed   NPYR   when heated with NaN02 

under dry conditions at 170  C.     The formation of NPYR from PRO- 

GLY and GLY-PRO indicate cleavage of the amide bond,   cleavage of 

the substituent at the No.   2 carbon and nitrosation of the pyrrolidine- 

ring.     It should be pointed out that GLY^PRO is a common sequence 

unit in the protein collagen. 

When PRO was heated to 170oC in a neutral buffer solution, 

NPYR was produced.     These results,   shown in Table 2,   indicate that 

nitrosation and decarboxylation occur at neutral pH and high tempera- 

tures.     HPRO did not produce NPYR in either aqueous or dry medium 

under the conditions used.     These results suggest that HPRO would 

not be a precursor of NPYR,    N-Nitroso, 3-hydroxypyrrolidine may 

have been produced,  but it was not analyzed for in this study. 
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Figure  1.    Proposed pathways for the heat induced formation of 
NPYR from PRO and nitrite. 
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Table 2.    Amounts of NPYR produced from buffered samples heated 
 at 170oC for two hours. a' b  

Moles Compound            Moles NaN02        Amount NPYR 
Sample x 10-3 x 10-3 mg  

PRO 1.00 
PRO 1.00 
HPRO 1.00 
HPRO 1.00 

1. 00 . 62 
1. 00 . 55 
1. 00 N. D. c 

1. 00 N. D. 
a . 3 ml of buffer was added to each sample. 

pH was measured before heating. 
c NPYR was not detected. 

Collagen samples were heated in buffer solution at pH 4. 6,   6. 2, 

and 9. 0 and dry at temperatures of 120,   145,   170,   and 190oC for two 

hours.     Results are given in Table 3 and in Figure 2 the average 

amounts of N-PYR produced for a particular pH were plotted against 

temperature.     Three observations were noted:    (1) only the pH 6.2 

samples produced NPYR at 120oC,   (2) small amounts of NPYR were 

produced for all aqueous samples at 1450C,   (3) in the temperature 

range  145 to 1950C there was a large increase in the amounts of 

NPYR produced.     The dry collagen samples did not yield NPYR in the 

temperature range from 120 to 170oC)  but at 1950C NPYR was pro- 

duced.     The results indicate that the pyrrolidine-ring can be cleaved 

from a polypeptide chain and nitrosated by nitrite in acidic,  neutral, 

and alkaline buffers and dry at elevated temperatures. 
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Figure 2.    Plot of the average amount of NPYR produced versus 
temperature at various pHs.from the collagen samples. 
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Table 3.    Amounts of NPYR formed from collagen when heated at 
various temperatures and pHs,   and dry for two hours. a» " 

Mg of NPYR P roduced 
Temperature pH 4. 6 pH 6. 2 pH 9. 0 Dry 

120OC N. D. i c . 12 N. D. N. D. 
11 N. D. ; 06 N. D. N;D; 

1450C ; 07 . 10 . 14 N. D. 
11 . 07 . 16 . 04 N;D: 

170oC . 43 .87 1. 73 N.D. 
ii ; 33 . 84 .30 N.D: 

1950C . 77 . 57 1. 03 6. 76 
11 1. 60 .92 1. 51 2. 27 

a All samples contained . 3 00 gm collagen and . 150 gm NaN02 and 
buffered samples contained 1 ml of buffer. 

" pH was measured before heating. 
c NPYR was not detected. 

The identity of NPYR was confirmed in the heated PRO,   PRO- 

GLY,   GLY-PRO,   and collagen samples by glc-ms.     Table 4 compares 

the spectrum obtained from a heated collagen sample with a standard 

spectrum of NPYR obtained under the same analytical conditions. 

Table 4.    Mass and intensity table presenting the spectrum of NPYR 
from standard and collagen samples. a  

Relative Intensity^3 

m/e Standard Collagen 
41 Too Too 
42 67 59 
43 28 92 
67 10 25 
68 33 33 
69 23 33 
70 10 33 
99 0 8 

100                                        57                                                   40 
101 5 0 

a The gc retention times for the NPYR peaks of the standard 
and collagen samples were identical. 

° Based on the most intense peak arbitrarily set at 100. 
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The results of this study suggest that collagen could be a pre- 

cursor of NPYR in cooked bacon.     Caution must be observed in 

extrapolating the results of this study directly to cooked bacon because 

the temperature and nitrite concentrations in this study were higher 

than would exist in cooked bacon.    Nevertheless,   PRO makes up 12 

percent of the total cimino acid residues in collagen and collagen makes 

up 3-30 percent of the total protein in muscle.     The heat induced 

formation of NPYR from collagen may explain the reports of NPYR 

in cooked but not raw bacon (FDA,   1972; Crosby et al. ,   1972; Sen 

et al. ,   1973).      Bacon contains approximately 8. 4 percent protein and 

19. 3 percent water when raw and 3 0. 4 percent protein and 8. 1 percent 

water after frying (Price and Schweigart,  1971).     The cooked bacon 

contains large amounts of protein which could be as much as 30 per- 

cent collagen.     The presence of nitrite,   coupled with high cooking 

temperatures,   could favor the formation of NPYR during cooking. 



21 

BIBLIOGRAPHY 

Code of Federal Regulations,   Title 21,   Section 121. 1063. 

 ,   Title 21,   Section 121. 1064. 

,   Title 21,   Section 121. 12 30. 

Crosby, N. T., J. K. Foremen, J. F. Palframan, and R. Sawyer. 
1972. Estimation of steam-volatile N-nitrosamines in foods 
at the 1 (xg/Kg level.    Nature.    238:342-345. 

Daiber,   D.   and R.   Preussmann.    1964.    Quantitative coloremetrische 
Betimmung organischer N-Nitroso-Verbindungen durch 
Photochemische Spaltung der Nitrosamenbendung.    Zeitschrift 
Analytische Chemie 206:344-352. 

Druckrey,   H.,   R.   Preussmann,   S.   Ivankovic,  _et al.    1967.    Organo- 
trope carcinogene Wirkungen bei 65 verschiedenen N-nitroso- 
verbindungen and BD- ratten.     Zeitschrift Krebsforsch 
69:103-201. 

Ender,   F.,   G.   Havre,   A.   Helgebostad,   N.   Koppang,   R.   Madsen,   and 
L.   Ceh.    1964.    Isolation and identification of a hepatotbxic 
factor in herring meal produced from sodium nitrite preserved 
herring.    Naturwissenschaften 51:637. 

Ender,   F.   and L.   Ceh.    1968.    Occurrence of nitrosamines in food- 
stuffs for human and animal consumption.    Food and Cosmetics 
Toxicology 6:569-571. 

1971.     Conditions and chemical reaction mech- 
anisms by which nitrosamines may be formed in biological 
products with reference to their possible occurrence in food 
products.     Zeitschrift Lebsmittel Untersuchung Forschung 
145:133-142. 

Essigman,   J.   M,,   and P.   Issenberg.     1972.    Gas chromatographic 
determination of volatile nitrosamines.     Journal of Food 
Science 37:684-688. 



22 

Fan,   T.   and S.   R.   Tannenbaum.    1971.    Automatic colorimetric 
determination of N-nitroso compounds.    Journal of Agricultural 
and Food Chemistry.    19:1267-1269. 

  1972.    Stability of N-nitroso compounds.    Journal 
of Food Science 37:274-276. 

Fazio,   T.   R.,   R.   H.   White,   and J.   W.   Howard.    1971.    Analysis of 
nitrite and/or nitrate processed meats for N-nitrosodimethyl- 
amine.    Journal of the Association of Official Agricultural 
Chemists 54:1157-1159. 

Fazio,   T.,   J.   N.   Damico,   J.   W.   Howard,   R.   H.   White,   and J.   O. 
Watts.    1971.    Gas chromatographic determination and mass 
spectrometric confirmation of N-nitrosodimethylamine in 
smoke-processed marine fish.    Journal of Agriculture and 
Food Chemistry 19:250-253. 

Fiddler,   W.,   R.   C.   Doerr,   J.   R.   Ertel,   and A.   E.   Wasserman. 
1971.    Gas-liquid chromatographic determination of N-nitroso- 
dimethylamine in ham.    Journal of the Association of Official 
Agricultural Chemists 54:1160-1163. 

FDA.     1972.    USDA,   FDA,   note findings small amounts of nitros- 
amines on some  processed meats.    FDA Papers,   February: 34. 

Freimuth,   U.   and E.   Glaser.    1970.    Zun Auftreten von Nitrosaminen 
In Lebensmitteln.    Nahrung 14:357. 

Greenblatt,   M.   and W.   Lijinsky.    1972a.    Nitrosamine studies: 
Neoplasma of liver and genital mesothelium in nitrosopyrrolidine 
treated MRC rats.     Journal of the National Cancer Institute 
48:1687-1693. 

1972b.    Failure to induce tumors in Swiss mice 
after concurrent administration of amino acids and sodium 
nitrite.    Journal of the National Cancer Institute 48:1389-1392. 

Howard,   J.   W.,   T.   Fazio,   and J.   O.   Watts.     1970.    Extraction and 
gas chromatographic determination of N-nitrosodimethylamine 
in smoked fish:    application to smoked nitrite treated chub. 
Journal of the Association of Analytical Chemists 53:269-274. 



23 

Kroller, E. 1967. Untersuchungen Zum machweis von nitrosaminen 
in Tabakrauch und Lebensmittelin. Deut Lebensmitt Runaschau 
63:303-305. 

Lijinsky,   W.   and S.   S.   Epstein.     1970.    Nitrosamines as environ- 
mental carcinogens.    Nature 225:21-23. 

Lijinsky,   W. ,   L.   Keefer,   E.   Conrad,   and R.   Van de Bogart.     1972. 
Nitrosation of tertiary amines and some implications.    Journal 
of the National Cancer Institute 49:1239-1249,  pp.   65-74. 

Lydersen,   D.   and K.   Nagy.     1967.     Polarographische Bestimmung von 
Dimethylnitrosamin in Fisch Produkten.     Zeitschrift fur 
Analytische Chemie 230:277-282. 

Magee,   P.   N.   and J.   M.   Barnes.     1956.     The production of malignant 
primary hepatic tumors in the rat by feeding dimethylnitrosa- 
mine.    British Journal of Cancer 10:114-122. 

         1967.     Carcinogenic nitroso compounds.    Advances 
in Cancer Research 10:163-246. 

Marquardt,   P.   and L.   Helder.     1966.     Uber   das Vorkommen von 
Nitrosaminen in Weizenmehl.    Arzneimittel-Forschung 
16:778. 

Mirvish,   S.   S.     1970.     Kinetics of dimethylamine nitrosation in 
relation to nitrosamine carcinogenesis.    Journal of the National 
Cancer Institute 44:633-639. 

Pataki,   G.     1968.     Techniques of thin-layer chromatography in amino 
acid and peptide chemistry.    Rev.   ed.   Ann Arbor,   Ann Arbor 
Science Publishers,  pp.   65-74. 

Pensabene,   J.   W. ,   W.   Fiddler,   C.  J.   Dooley,   R.   C.   Doerr,   and 
A. E. Wasserman. 1972. Spectral and gas chromatographic 
characteristics of some N-nitrosamines. Journal of Agricul- 
tural and Food Chemistry 20:274-277. 

Preussman,   R. ,  D.   Daiber,   and H.   Hengy.     1964.    A sensitive color 
reaction for nitrosamines on thin layer chromatograms. 
Nature 201:502-503. 



24 

Preussmann,   C. ,  G.   Neurath,   C.   Walf-Lorenstzen,   D.   Daiber,   and 
H.   Hengy.     1964,    Anfarbmethoden und Dunnschicht-Chromato- 
graphic von organischen N-nitrosoverbindungen.     Zeitschrift 
Analytische Chemie 202:187-192. 

Price,  J.   F.   and B.   S.   Schweigart,(eds, ).     1971.     The science of 
meat and meat products.    2nd ed.    San Francisco,   W.   H. 
Freeman,   pp.   18,   112-113, .297. 

Sen,   N.   P. ,   D,   C.  Smith,   L.   Schwinghamer,   and J.   J.   Marleau. 
1969.    Diethylnitrosamine and other N-nitrosamines in foods. 
Journal of the Association Official Analytical Chemists.     52:47-52. 

Sen,   N.   P.     1972.     The evidence for the presence of dimethylnitros- 
amine in meat products.     Food and Cosmetics Toxicology 
10:219-223. 

Sen,   N.   P.   and C.   Dalpe.     1972.    A simple thin-layer chromatographic 
technique for semi-quantitative determination of volatile nitros- 
amines in alcoholic beverages.    Analyst 97:216-220. 

Sen,   N.   P. ,   B.   Donaldson,   J.   R.   lyengar,   and T.   Panalaks.     1973. 
Nitroso-pyrrolidine and dimethylnitrosamine in bacon.     Nature 
241:473-474. 

Weast,   R.   C.   (ed. ).     1966.     Handbook of Chemistry and Physics. 
47th ed.   Cleveland,   The Chemical Rubber   Co.    pp.   D80. 

Wolff,   I.   A.   and A.   E.   Wasserman.     1972.     Nitrates,   nitrite and 
nitrosamines.    Science  177:15-19. 


