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INTRODUCTION

Because o f  w ide-spread concern over the  fo rm a t io n  o f  N - n i t r o s o p y r r o l id i n e  (N-Pyr)  in  bacon, the U.S.D.A. issued 
a c a l l  f o r  p rocessing and s a fe ty  in fo rm a t io n  on a v a r i e t y  o f  n i t r i t e - t r e a t e d  products in  October,  1977. Based 
on data compiled by in d u s t r y ,  government and u n i v e r s i t y  research on n i t r i t e ,  n i t rosam ines  and Cl_. bo tu l inum  to x in  
the U.S.D.A. ru le d  th a t  pumped-bacon must employ 120 ppm in -g o in g  sodium n i t r i t e  to  prevent bo tu l inum  to x in  f o r ­
mation and 550 ppm sodium ascorbate o r  e ry th ro b a te  to  i n h i b i t  n i t ro sam in e  fo rm a t io n .  The o b je c t i v e  was to  reduce 
N -n it rosam ine  c on ten t  to  the "c o n f i rm a b le "  le v e l  o f  10 ppb.

Despite these e f f o r t s ,  occas iona l pumped-bacon samples are found to  exceed the minimum acceptab le  l i m i t  f o r  
N - n i t r o s o p y r r o l id i n e .  Furthermore, a rece n t  survey o f  n i t ro sam in e  le v e ls  in  d ry  cured bacon revealed th a t  
46 percen t o f  the d r y - s a l t  cured bacon analyzed by Thermal Energy A na lyzer d e te c t io n  con ta ined N-Pyr q re a te r  
than 16 ppb.

There have been a number o f  s tu d ie s  designed to  e l im in a te  N -n it rosam ine  fo rm a t io n  in  foods. A v a r i e t y  o f  sub­
s t i t u t e s  f o r  n i t r i t e  have been proposed bu t none s a t i s f a c t o r i l y  rep laced a l l  the  f u n c t io n a l  p ro p e r t ie s  o f  n i ­
t r i t e .  A l t e r n a t iv e s  are  to  reduce the  amount o f  n i t r i t e  added by a l t e r i n g  the processing procedure an d /o r  add­
ing chemicals which would enhance the  b e n e f i t  o f  n i t r i t e  w h i le  i n h i b i t i n g  i t s  harmful e f f e c t s .

In view o f  the  growing concern rega rd ing  the use o f  n i t r i t e  f o r  c u r in g  o f  meat p roduc ts ,  the  f o l lo w in g  o b je c t iv e s  
Were pursued in  t h i s  research:

1. To s tudy  the e f f e c t s  o f  pH and hea t ing  t ime upon the N - n i t r o s a t io n  o f  L - p r o l i n e  by sodium n i t r i t e  in  a 
c losed system.

2. To study the  e f f e c t s  o f  a d d i t i v e s  on the  fo rm a t io n  o f  N - n i t r o s o p y r r o l id i n e  in  the above model system and 
in  bacon, and

3. To develop a s imple and d i r e c t  s c ree n ing ,  c o n f i rm a t iv e  a n a ly t i c a l  procedure f o r  de te rm in ing  n i trosam ines  
in  bacon.

Ma te r ia ls  and methods

Model System S tud ies o f  N - N i t r o s o p y r r o l id in e  I n h i b i t i o n .

¿re p a ra t io n  o f  re a c t io n  m ix tu re s . Eleven re a c t io n  m ix tu res  were s tu d ie d .  They were prepared to  co n ta in  0.133M 
° f  each component s t u d i e d ] T h e  c o n t ro l  sample con ta ined o n ly  L - p r o l in e  and sodium n i t r i t e .  Components o f  the 
° th e r  m ix tu res  added to  the c o n t ro l  m ix tu re  were as f o l lo w s :  de x t ro s e ;  sodium asco rba te ;  sodium c h lo r id e ;  d ih y ­
droxyacetone; pyruvaldehyde; dex trose  and sodium asco rba te ;  d ihydroxyace tone and pyruvaldehyde; propy l gal l a te  
and L -c y s te in e .H C l ; d e x t ro se ,  sodium ascorbate and d ihyd roxyace tone ; d e x t ro se ,  sodium asco rba te ,  pyruvaldehyde 
and d ihydroxyace tone .

F(?ur se ts  o f  samples were s tu d ie d .  The v a r ia b le s  were pH (5 .5  and 7 .5 )  and hea t ing  t ime a t  180°C (15 o r  30 
minu te s ) .  The samples con ta ined 0.1M phosphate b u f fe r  to  m a in ta in  pH.

Ext r a c t i o n  and c o n c e n tra t io n  o f  N - n i t r o s o p y r r o l i d i n e . The n i trosam ines  were e x t ra c te d  w i th  methylene c h lo r id e  as 
described by Huxel e t  a l . (1974) and d ie th y ln i t r o s a m in e  added as in te r n a l  s tandard .

¿ngj y s i s  o f  N - n i t r o s o p y r r o l id i n e  in  model system s tu d ie s . N-Pyr con tents  o f  the model system samples were ana­
lyzed using  the e x t r a c t io n  systenTHescribed by Lane e t  a K  (1974) and the g a s - l i q u id  chromatography method o f  

and B a i le y  (1973).  These methods were m o d i f ic a t io n s  o f  the procedure o f  Howard e t  a K  (1970) f o r  the ex­
a c t i o n  and d e te rm in a t ion  o f  N -d im e thy ln i t ro sam in e  in  f i s h .

^-Pry was a lso  analyzed and i t s  presence conf irm ed by the  gas-chromatographic-mass spe c t ro m e tr ic  method o f  Lane 
£Eal_. (1947).

Bacon S tud ies o f  N - N i t r o s o p y r r o l id in e  I n h i b i t i o n .

jj4£on c u r in g  and cook ing .  Pork b e l l i e s  were s l i c e d  i n t o  4 mm t h ic k  s l i c e s  and 500 g-samples cured w i th  1000 ml 
c u r ing  s o lu t io n  c o n ta in in g  c u r in g  in g re d ie n ts  and o th e r  chemica ls l i s t e d  in  Table I .  The b e l l y  s l i c e s  were 

yred f o r  24 h rs .  a t  4°C and excess s o lu t io n  removed by b l o t t i n g .

5°°king was c a r r ie d  ou t  a t  175°C in  an e l e c t r i c  f r y i n g  pan f o r  8 m inutes on both s id e s .  Cooked bacon was b lo t t e d  
0 remove excess d r i p .

j^£on N - n i t r o s o p y r r o l id i n e  e x t r a c t i o n , c o n c e n tra t io n  and a n a ly s is . E x t ra c t io n  and c o n c e n tra t io n  o f  cooked bacon 
ampTes f o r  n i t ro sam in e  a n a ly s is  was c a r r ie d  ou t  by the method of Goodhead and Gough (1975) and analyzed by the 
LC~MS method o f  Lane e t  al_. (1973).  The mass spec trom eter was s e t  a t  a r e s o lu t io n  o f  1 /10,000 to  scan f o r  the

237



presence o f  paren t ion  peaks o f  DENA (m/e 102.079308) and N-Pyr (m/e 100.063659) by continuous scanning. The 
chromatographic column was 7% po ly  MPE on 60-80 mesh Tenax.

TABLE I

CURING INGREDIENTS FOR BACON

Sample No. In g re d ie n t

* 1 120 ppm Sodium n i t r i t e 1 
2% Sodium C h lor ide

2 Sample 1 + 2% Dextrose

3 Sample 1 + 2% Dextrose 
+ 550 ppm Sodium Ascorbate

4 Sample 1 + 500 ppm D ihydroxy- 
acetone + 500 ppm pyruvaldehyde

5 Sample 1 + 500 ppm Propyl g a l l  a te 
+ 500 ppm Cyste ine . HC1

1 R e p l ic a te  samples were a ls o  prepared co n ta in in g  0.1M phosphate 
b u f f e r ,  pH 6 .8 .

D i re c t  Sampling For G as-L iqu id  Chromatographic-Mass S pec trom etr ic  Ana lys is  o f  N -N i t ro s o p y r ro l  id in e .
An e x te rn a l  sampling dev ice  s im i l a r  to  t h a t  descr ibed by Legendre e t  a l .  (1979) was used to  analyze N -n i t r o s o -  
p y r r o l id in e  in  cooked bacon. The d i r e c t  sampler was connected to  a Varian Aerograph 1520 gas chromatograph-
C .E .C .—21-11OC mass spec trom eter equipped w i th  a peak matching u n i t  f o r  h igh re ^o1 u t i o n a n a ly s is .  High reso 
t io n  peak matching was se t  a t  1/10,000 ( 10 pe rcen t V a l le y ) .  Per f lu roke rosene (m/e 99.993608) was used as 
re fe rence  to ensure accuracy. The presence o f  N-Pyr was determ ined^by^continuous scann ing^ fo r  the^pa ren t k >
peak a t  10.06359 and the  in te r n a l  standard DENA a t  m/e 102.079308 a t  the a p p ro p r ia te  re te n t io n  t im e, 
sponses (mv) o f  the n i trosam ines  were compared f o r  q u a n t i t a t i v e  purposes.

Cooked bacon analyzed f o r  N-Pyr was separated 
F ive hundred mg o f  sample was placed on glass 
in je c te d  onto the sample.

from d r i p ,  f rozen in  l i q u i d  n i t ro g e n  and blended to  a f i n e  powder, 
wool packed in  the sample tube and 10 ng (DENA ( in te r n a l  s tandard ;

The sample in  the e x te rn a l  sampling tube was heated to  180°C f o r  20 minutes to  e lu te  the n i t ro sam in es .  The 
v o l a t i l e  n i trosam ines  were e lu te d  from the sample on to  the G.L.C. column which was main ta ined a t  ambient tempena 
t u r e .  The chromatographic column was temperature-programmed a t  20°C per minute from ambient temperature to  11U 
and then to  215°C per m inute .

RESULTS AND DISCUSSION

I n h ib i t i o n  o f  N-Pyr Formation in  Model System.

Results  o f  i n h i b i t i o n  s tu d ie s  o f  N-Pyr fo rm a t io n  in  the model system are given in  Table I I .  The data show the 
in f lu e n c e  o f  var ious  a d d i t i v e s ,  pH, and hea t ing  t ime on the fo rm at ion  o f  N-Pyr. G e n e ra l ly ,  a l l  i n h ib i t o r s  
except NaCl were very e f f e c t i v e  in  re ta rd in g  N-Pyr fo rm a t io n .  A l l  i n h i b i t o r s  except NaCl and sodium ascorbate 
were added to  reduce amine con ten t  in  the re a c t io n  m ix tu re .  The re s u l t s  from GLC-MS d e te rm in a t ion  were genera 
low er than those ob ta ined by AFID (n o t  shown), a l though the percent i n h i b i t i o n  was found to  be in  e x c e l le n t  ag> 
merit i n  samples analyzed by the two methods. Heating f o r  30 minutes a t  180°C ins tead  o f  15 minutes r e s u l te  
o n ly  s l i g h t  increase in  N-Pyr fo rm a t io n .

The data in d ic a te  t h a t  increase in  pH from 5.5 to  7 .5 causes a sharp decrease in  N-Pyr. These r e s u l t s  se
the  data o f  M irv is h  (1970, 1975); Ender and Ceh (1971);  Sander e t  al_. (1972) and o the rs  who contend t h a t  in c re  
in  amine b a s ic i t y  reduces the degree o f  n i t r o s a t i o n .  I t  was a n t ic ip a te d  t h a t  dextrose would be more i n h i b i t o r  
a t  the  h ighe r  pH s ince  carbonyl amine i n te r a c t io n  occurs more r e a d i ly  a t  a l k a l i n e  pH than in  ac id .

I n h i b i t i o n  o f  N -N i t ro s o p y r ro l id in e  Formation in  Bacon.

A n a lys is  bv e x t r a c t io n  and GLC-MS. A na lys is  o f  bacon f o r  N-Pyr by e x t r a c t io n ,  p u r i f i c a t i o n  and GLC-MS r e v e a l ^  
d a la d T m i la r  to  those dTscussedTor the  model system. Results  in  Table I I I  in d ic a te  t h a t  a l l  compounds stuo 
were very  e f f e c t i v e  in  reduc ing N-Pyr fo rm a t io n .  A m ix tu re  o f  c ys te in e  and propyl g a l la t e  was most e f f e c t i v  
in  reduc ing N-Pyr fo rm a t io n ,  c o n f i rm in g  r e s u l t s  by Sen e t  a l . (1976),  bu t the bacon was o f  unacceptable qua 
because o f  d is c o lo r a t io n .

A n a ly s is  by d i r e c t - sam p ling -GLC-MS. Apparent N-Pyr co n te n t  in  bacon was somewhat g re a te r  as determined by tP 15 
method (Table IV) compared to  a n a ly s is  by the e x t r a c t io n  method (Table I I I ) .  Th is  is  exp la ined  p a r t l y  by 
s u p e r io r  recover ies  o f  N-Pyr by t h i s  method and perhaps a ls o  due to  the fo rm a t io n  o f  the m trosam ine  Puri 9 
d i r e c t  sampling. The general e f f e c t s  o f  pH, i n h i b i t o r s  and hea t ing  t ime appear to  be comparable to  those o 
ta in e d  by e x t r a c t  a n a ly s is .

Except f o r  the c o n t ro l  which had no i n h i b i t o r ,  a l l  samples would have been judged acceptab le  f o r  N-Pyr conten 
as measured by t h i s  method.
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TABLE I I

INHIBITION OF N-NITR0S0PYRR0LIDINE BY VARIOUS ADDITIVES 
IN MODEL SYSTEM DETERMINED BY GAS-LIQUID CHROMATOGRAPHY-MASS-SPECTROMETRY

PH pH 5.5 pH 7.5

g a t i n g  t ime 
^ h i b i t i o n  
Cone, o f  N-Pyr

15 min

ug
%

30 min 

ug
%

30 min 

ug
X % due to  pH2

C on tro l1 68.6 __ 78.0 __ 25.0 68.0
°ext. 18.1 73.6 22.6 71.0 12.6 49.6 44.3
Ni> Asc 10.3 85.0 13.2 83.0 9.3 62.5 29.3
ÛHA

A id .

14.7 78.5 14.0 82.0 7.3 70.8 48.0
28.7 59.2 29.8 61.8 8.9 64.2 70.0

Cl

C®xt. + Na Asc

65.1 5.2 72.8 6.7 21.3 14.8 70.8
8.7 87.3 8.6 89.0 4.5 82.1 47.7

dha + Pyr> Ald .

V  Gal + Cyt.HCl

De* t .  + Na Asc + DHA

+ Na Asc + 
y r - A id .  + DHA

N.D. N.D. 15.0 80.7 4.1 83.4 72.5
N.D. N.D. 6.2 92.0 1.2 94.9 79.5
6.1 89.9 8.9 89.5 5.0 80.1 44.3

N.D. N.D. 8.6 88.9 3.2 87.0 62.5

Contro l:  Equal pa r ts  o f  1M NaNO, and 1M L -P r o l in e :  f o r  a l l  o th e r  samples, 1 mL o f  a d d i t i v e s  were mixed w i th  
? <-

mL o f  c o n t ro l  sample and d i lu t e d  to  7.5 mL w i th  the a p p ro p r ia te  b u f f e r .
2 o
°/o Reduction in  N - n i t r o s o p y r r o l id i n e  compared to  pH 5.5 b u f f e r  samples.

DHa
n '  D ihydroxyacetone; PA -  Pyruvaldehyde; Pro. Gal.  -  Propyl G a l la te ;  Cyt.HCl -  Cys te ine .  H c l .
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TABLE I I I

INHIBITION OF N-NITROSOPYRROLIDINE BY VARIOUS ADDITIVES IN BACON , 
AS DETERMINED BY GAS-LIQUID CHROMATOGRAPHY-MASS-SPECTROMETRY OF EXTRACTS

Normal Cured Bacon pH 5.5 B u f fe r  pH 6.8 Cured Bacon

N-Pyr Con. 
ug/Kg(.ppb) 2 I n h i b i t i o n

N-Pyr Con. 
ug/Kg(ppb) 2 I n h i b i t i o n

3
2 Reduction 
due to  pH

2
Contro l 40.2 — 33.6 16.4

Dextrose (2%) 12.4 69.2 8.0 76.2 35.5

Dextrose (22)
Sodium Ascorbate (550 ppm)

7.5 81.3 6.4 80.9 14.7

Dihydroxyacetone 
Pyruvaldehyde (500 ppm)

3.8 90.5 1.7 94.8 54.3

Cysteine.HCl
Propyl Gall a te  (500 ppm)

2.2 94.5 1.5 95.5 32.8

1 Bacon Sample s iz e  lOOg cooked w e igh t .

^ C o n t ro l -120 ppm NaN02 and 22 NaCl.

^2 Reduction in  N - n i t r o s o p y r r o l id i n e  compared to  normal cured bacon.

TABLE IV

INHIBITION OF N-NITROSOPYRROLIDINE BY VARIOUS ADDITIVES IN BACON1 
AS DETERMINED BY DIRECT SAMPLING GAS-LIQUID CHROMATOGRAPHY-MASS-SPECTROMETRY

Normal Cured Bacon pH 5.5 B u f fe r  pH 6 .8 Cured Bacon

N-Pyr Con 
ug/Kg(ppb) 2 I n h i b i t i o n

N-Pyr Con 
ug/Kg(ppb) 2 I n h ib i t i o n

3
% Reduction
due to  pH

-------------TContro l 46.0 — 42.0 — 8.7

Dextrose (22) 8 .0 82.0 3.0 92.6 62.5

Dextrose (22)
Sodium Ascorbate (550 ppm)

10.0 79.3 3.0 92.6 70.0

Dihydroxyacetone (500 ppm) 
Pyruvaldehyde (500 ppm)

15.0 67.4 2.0 95.4 86.6

Cysteine.HCl (500 ppm) 
Propyl G a l la te  (500 ppm)

16.0 65.2 12.0 71.4 25.0

^ 0 0  mg o f  bacon was analyzed.

2C o n tro l -1 20  ppm NaN02 and 22 NaCl.

^ 2 Reduction in  N - n i t r o s o p y r r o l id i n e  compared to  normal cured bacon.
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