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2® ■SjSTRJBUTTOM OF N-NITROSOPYRROLIDINE BETWEEN LEAN, FAT AMD VAPOUR IN FRYING BACON
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letl bac 
'Und_ °n rasbers were fried after separation into lean, fat and rind components N-nitrosopyrrolidine was 

fried exclusively in the residual fatty tissue and cooked out fat. The nitrosamine in the residual
e d i t o r i a l  and cooked out fat only represented a small part of the total nitrosamine produced. The 
total N Vapours «ere found to contain 70-80% of the total N-nitrosopyrrolidine formed during frying. The 

w~nitrosopyrrolidine yield from the fat was at least fifteen times higher than that from the lean.

Resence de N-NITROSOPYRROLIDINE entre le maigre, le gras et les vapeurs dans le bacon qui f r it  

M0TT*AM, R.A. EDWARDS & R.L.S. PATTERSON
J
®s..tranches de bacon ont é té  f r i t e s  après le u r  séparation en m aigre, gras e t couenne, du N -n itrosopyrrO -

Cüi 
Mt n 
la >

Sson découvert presque exclusivem ent dans le  t is s u  gras ré s id u a ire  e t le  gras qui s o rt pendant la  
qu• La n itrosam ine dans la  m atiè re f r i t e  ré s id u a ire  e t le  gras qui s o rt pendant la  cuisson ne represent 

cyis ne P e tite  p a r t ie  de tou te  la  n itrosam ine p ro du ite . On a trouve que les  vapeurs p rodu ites  au cours de 
1dücti°n contena ient de 70 â 80% de to u t le  N -n itro s o p y rro lid in e  p ro d u it au cours de la  cuisson La

n to ta le  de N -n itro s o p h y rro lid in e  du gras a été au moins quinze fo is  plus élevee que c e lle  du maigre.
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DAS VORKOMMEN VON N-NITROSOPYRROLIDIN ZWISCHEN MAGEREM FLEISCH, FETT UND KOCHDUNST BEIM BRATEN VON

idi"
D.S. MOTTRAM, R.A. EDWARDS & R.L.S. PATTERSON

Als Speckschnitten nach Trennung in  mageres F le isch , F e tt und Rinde gebraten wurden, kam N-N itrosopy|"r ° 1 
fa s t  a u ssch ließ lich  im zurückbleibenden Fettgewebe und im ausgekochten F e tt vo r. Das N itrosam in im. }ltlt  
zurückbleibenden gebratenen M ateria l und im ausgekochten F e tt b ild e te  nur einen k le inen  A n te il des insLyrrO' 
erzeugten N itrosam ins. Der Kochdunst e r h ie l t ,  wie es s ich h e ra u s s te llte , 70-80% des gesamten N -N itros 
l id in s ,  das beim Braten entstand. Die Gesamt-N-Nitrosopyrrolodinabgabe des F e tts  war mindestens fünfzen 
höher a ls  d ie  des M agerfle isches.

ÜPKCyTCBKE N -  HHTPOCOIIKPPOJIHÄHHA MEW ilOCTHbIM K sKPHilM WlilCCU T ilClIAFErirBM IIPH 

EEKOHA
Ä . C .  MOTTPAM, P.A. SjiyAPZIC h P.A.C. ilATTEPGOil

IIpH xapeHBB KycKOB mnmca noc»e pa3.ae.ieHHH Ha nocTHae KycoHKH, SHpime KycoHKH n Kop&y 
N-HHTpOCOnHppOJHAHH ÖHJ OÖHapyXeH IIOHTH HCKJÜOHHTeJÈHO B OCTaBHle2CH KEpHO fi TKaHH H 
BHacapeHHOM xapy. B ocTaBiaHxcH sapeHNX KycKax n BHsapeHHOM xnpy HHTpocaniH cocTaB^*1 
TojiBKo MajteHBKyio nacTB Bcero npon3Be,aëHHoro HHTpocaMHHa. B b iAe.iHBEiixcs napax oöHapy 
ö h j i o  7 0 - 8 0 %  Bcero N-HHTpoconHppojH^HHa, oöpas^BaHHoro npn sapent!. KojHHecTBO 
N-HHTpoconHpposH^HHa, oöpasoBaHHoro^ npH xapeHBH x h p h h x KycKOB öa.io no icpaftHeä *»MCPe 
□HTHazmaTB pa3 BHme, neM npu xapeHBi iiocthhx KycKOB.
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E duction

YeL°CCUrrence o f N-nitrosam ines in  cured meat products has been the sub ject o f much research during recent 
Nitrosamines have on ly  been found s p o ra d ic a lly  in  cured meats w ith  the exception o f f r ie d  bacon where 

J t r oso pyrro lid ine  (NPYR) has been found c o n s is te n tly ,  ge ne ra lly  a t concen tra tions in  the range 5 -2 0 ^ /k g  
o rr , . .- .  . . . . .  - ,, i- s  I t  bas been SUggested th a t NPYR is  formed from p ro lin ebut

by r°c^asio n a lly  a t le v e ls  in  excess o f 100iig/kg'
Put*!;n’ ,ned decarboxyla tion  and n itro s a t io n ,  although o ther amino acids and diamines such as spermidine and. « 5 V . U I  U U A J  I O U I U I I  U M U  II I VI V  JV* W . V-.. , ~  . v • - ~  ' - .........-  >

Scine have been shown to  produce NPYR on heating w ith  n i t r i t e 0 .
Putr,
NPyr _ 0
iierp ^ N a t io n  in  bacon is  temperature dependent; cooking below 100 C produced no NPYR whereas concen tra tions 
to L f0und to  increase w ith  increasing cooking tem perature3. Bacon con ta in ing  a high p ro po rtion  o f f a t  appears 
RPYr oduce more NPYR than leaner cuts and the f a t  exuded during cooking appears to  con ta in  a t le a s t as much 
Npyj| as the bacon i t s e l f .  When bacon was separated in to  lean and f a t  and f r ie d ,  F id d le r e t a l4 found th a t 

Was formed in  the fa t  but not in  the lean.

^ ® c e n t  work5, we examined the fo rm ation  o f NPYR in  the lean , f a t  and r in d  components o f bacon (Table 1).
table

1 • N -N itro s o p y rro lid in e  (ug/kg) in  the lean , fa t  and r in d  components o f f r ie d  bacon. 
Residual sodium n i t r i t e  concen tra tions (mg/kg) before cooking shown in  paren thesis .

Lean Fat Rind Exuded Fat

Dents separated before f ry in g  a ND (76) 13 (42) 1 (407) 7 H
rs f n'ed whole b 2 (113) 3 (36) 3 (437) 6 ( - )

%<
'  N°t Detected a = mean o f 4 determ inations b = mean o f 6 determ inations

ere
T'at, bu?shers were f r ie d  whole s im ila r  le v e ls  o f NPYR were found in  the th ree  components and in  the  exuded Tatty wben the lean , f a t  and r in d  were f r ie d  sep a ra te ly , NPYR was found almost e x c lu s iv e ly  in  the res idua l 
levels 1Ssoe.and the exuded f a t .  Rind from W ilts h ire -c u re d  bacon was known to  con ta in  very high n i t r i t e  
NPyp a r is in g  from immersion o f the sides in  cover b rine  during c u rin g , but th is  d id  not re s u lt  in  high 

hcentrations in  the r in d ,  nor d id  i t  appear to  in flu e n ce  the y ie ld s  in  the ad jacent f a t .
'his
di$triUu?b dl' scusses fa c to rs  which may be responsib le  fo r  fa t-p re fe r re d  NPYR form ation  and rep o rts  on the 

utio n  o f NPYR between cooking vapours and rasher components during f r y in g  o f bacon.

C ental

JPd n i t r df s ’ °b ta ined  from a lo ca l fa c to ry  were cured by a W ilts h ire  process w ith  brines con ta in ing  n i t r i t e  
ai^'hg.' t k ' Tde bacon was s lic e d  in to  rashers , some o f which were fu r th e r  separated in to  f a t  and lean before 

m a te ria l was f r ie d  a t 178°C, in  a th e rm o s ta tic a lly  c o n tro lle d  e le c t r ic  f r y in g  pan equipped w ith  an 
a Ss sort and f i t t e d  w ith  a short chimney te rm in a tin g  in  a con ica l jo in t  machined to  accept a B19 ground
ed the oth*'' *n tb l"s way, the pan was connected to  th ree  traps  in  s e r ie s , the f i r s t  cooled w ith  ic e /s a lt
P̂ hed er two w ith  s o lid  carbon d io x id e . The m a te ria l was f r ie d  fo r  12 m ins, during which tim e i t  was
" t i l  s u ff1̂ ?nce; both lean and f a t  components a tta in e d  a temperature o f 145° + 5°C. The procedure was repeated
°°k ing p c ie n t  f r ie d  m a te ria l and trapped vapours had been accumulated fo r  N'FYR a n a ly s is . Fat exuded during
M^lysis f  eacb datcd was poured o f f ,  stored and then combined w ith  the appropria te  f r ie d  m a te ria l before

H i t
dine Ana lysis

. Tracts w c
j fled f af ei~e Prepared according to  published procedures from 250g samples o f res idua l f r ie d  m a te r ia l,  in c lud ing  
Ss^^ted i anb Trom s im ila r  q u a n tit ie s  o f trapped cooking vapours from the whole rashers and the batches o f 

S chr0t)) )ean and f a t .  The e x tra c ts  were analysed fo r  NPYR by the la b o ra to ry  o f the Government Chemist using 
.  atography-high re s o lu tio n  mass spectrom etry7 .

,8 using p ic r ic  acid1Q. acids in  5g samples were extracted  by the method described by Zumwalt e t a l _
^ i e d  o i^ate the P ro te in  and Am berlite  CG-120 cation-exchange re s in  to  p u r ify  the  e x tra c t.  Ana lys is  was then 

tl0n~exrh ° n a Locarte Mk I Bench Model Amino Acid Analyser using c ro s s -lin k e d  sulphonated po lystyrene 
nange re s in  (6-8 m icron).
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RESULTS AND DISCUSSION

A high p ro po rtion  o f the to ta l NPYR formed during cooking was evolved in  the cooking vapours (Table 2 ). . f  
The loss in  weight o f the lean during cooking was approxim ately 5556 and since th is  was recovered in  the f ° rl" 
trapped vapour, i t  can be ca lcu la ted  th a t approxim ately 80% o f the to ta l NPYR formed had been v o la t i l is e d .  
S im ila r ly ,  f o r  the f a t t y  t is s u e , the cooking loss (as vapour) was 14% and thus the p ro p o rtio n  o f NPYR in  
the vapour was 78%, w h ile  the corresponding values fo r  the whole rasher were 39% and 65% re s p e c tiv e ly . _____„

TABLE 2. N -N itro s o p y rro lid in e  (yjg/kg) analysed in  the tis s u e  residues and cooking vapours o f f r y in g  bacon.

Lean f r ie d alone Fat f r ie d alone Whole rasher

Residue Vapour Residue Vapour Residue Vapour

Bacon side 1 2 7 14 198 12 20

Bacon side 2 1 3 8 296 10 43

In a recent re p o rt Gough e t a l^  a lso  found th a t the h ighest p ro po rtion  o f NPYR from f ry in g  whole bacon rasherS 
was recovered from the cooking vapours.

The h igher water con tent o f the lean re s u lts  in  h igher cooking losses, and since NPYR is  f a t  so lub le  and 
v o la t i le  i t  m ight be expected th a t NPYR would accumulate in  f a t t y  t is s u e  during cooking, w h ils t  being l ° s t ,  ̂
steam d i s t i l la t i o n  from the lean. However, the much h igher q u a n tit ie s  o f NPYR in  the trapped f a t  vapours “  ^ ¿ e  
not support th is  hypothesis. S im ila r ly ,  d iffe re n ce s  in  temperature o f  lean and f a t  during cooking do not P ^y 
a tenable exp lanation  o f the  fa t-p re fe r re d  form ation  o f NPYR. The f a t  reaches a h igher temperature more 9 
than does the lean due to  i t s  lower water con tent and low s p e c if ic  heat, but in  the experiments described 
here thermocouple measurements o f temperature during cooking showed th a t the lean a tta in e d  a temperature s 
to  th a t o f the fa t  desp ite  the v a ria b le  nature o f pan f r y in g .  I t  does not seem l i k e ly  th e re fo re , th a t sl"? J els 
d iffe re n ce s  in  the ra te  o f heating or f in a l  temperature could be respons ib le  fo r  the re g u la r ly  high NPYR |e 
found in  f r ie d  bacon fa t .

d
A more promising exp lanation  may l i e  in  d iffe re n c e s  in  the physica l and chemical com position o f the le an aL i  
Adipose t is s u e  comprises 10-15% w ate r, 2-3% s tru c tu ra l components, the remainder being l i p id .  The structu 
components are over 90% co llagen and th is  must provide the  main source o f  the amine precursor fo r  NPYR.
In fac fg  co llagen has been shown to  y ie ld  0.07 mg NPYR/g when heated w ith  n i t r i t e  a t 140°C in  a simulated 
system . A lthough f a t  con ta ins more co llagen than le a n , the r in d  comprises 20% collagen (Table 3) and 
th e re fo re  i f  the  concen tra tion  o f  co llagen was an im portant fa c to r  the r in d ,  which a lso  has the highest m 
concen tra tion  (Table 1 ), should have y ie ld e d  more NPYR than e ith e r  the f a t  o r the lean.

TABLE 3. Collagen and fre e  p ro lin e  le v e ls  in  lean , fa t  and r in d  components o f bacon.

Collagen a Free p ro lin e

Before f ry in g A fte r  f ry in g

Lean 0.3 0.43 0.48

Fat 2.5 0.11 0.21
Rind 20 0.47 0.65

a = mg/lOOg uncooked m a te r ia l.

b =pm ole/g uncooked m a te r ia l,  a f te r  adjustment fo r  weight losses during f r y in g .

The fre e  p ro lin e  concen tra tions in  the th ree  components do not d i f f e r  to  an exten t which could account f®|je 
the observed d iffe re n c e s  in  NPYR fo rm a tio n . I t  is ,  th e re fo re , necessary to  consider the l i p id  phase o f e 
adipose tis s u e . A lthough i t  is  u n lik e ly  th a t i t  provides the b io lo g ic a l p recursor fo r  NPYR, i t  may cata^y 
n itro s a t io n  and decarboxy la tion  by the promotion o f mechanisms o ther than the c la s s ic a l io n ic  reactions 
aqueous systems. F urther work is  in  progress to  in v e s tig a te  these p o s s ib i l i t ie s .
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