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D ESENCE DE N-NITROSOPYRROLIDINE ENTRE LE MAIGRE, LE GRAS ET LES VAPEURS DANS LE BACON QUI FRIT
U3
S,
O TTRAM= R.A. EDWARDS & R.L.S. PATTERSON
JMan . e
thmdes,?fanches de bacon ont été frites aprés leur séparation en maigre, gras et couenne, du N»ﬁntro;prrx@~
Qu"Ssona €18 découvert presque exclusivement dans le tissu gras résiduaire et le gras qui sort pendant la

tit U‘Q 2 Nitrosamine dans la matiére frite résiduaire et le gras qui sort pendant Ta cuisson ne re;réfeqt
WiSSne Petite partie de toute la nitrosamine produite. On a trouve que les vapeurs prodg:tes qulcours de
0N Contenaient de 70 a 80% de tout le N-nitrosopyrrolidine produit au cours de la cuisson. La

N totale de N-nitrosophyrrolidine du gras a été au moins quinze fois plus élevée que celle du maigre.
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DAS VORKOMMEN VON N-NITROSOPYRROLIDIN ZWISCHEN MAGEREM FLEISCH, FETT UND KOCHDUNST BEIM BRATEN VON CHHE]

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

Als Speckschnitten nach Trennung in mageres Fleisch, Fett und Rinde gebraten wurden, kam N-Nitrosqpyrro]w
fast ausschlieglich im zurtickbleibenden Fettgewebe und im ausgekochten Fett vor. Das Nitrosamin 1m sant
zurtickbleibenden gebratenen Material und im ausgekochten Fett bildete nur einen kleinen Anteil des T”SQevﬂc'
erzeugten Nitrosamins. Der Kochdunst erhielt, wie es sich herausstellte, 70-80% des gesamten N—Nitr0595h5
1idins, das beim Braten entstand. Die Gesamt-N-Nitrosopyrrolodinabgabe des Fetts war mindestens ftinfzef
h8her als die des Magerfleisches.
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[IPYCYTCBHUE N - HUTPOCONVPPOJMAVHA MELAY [OOCTHHM M LWPHHM MfAC04 " VCIAPEHIEM I[IPH AAPRHB

BEKOHA |

A.C. MOTTPAM, P.A. 3IYAPIC y P.J,C. [IATTEPCOd

150374 xapenbﬂ KyCKOB WNNMK& noc#é pasZeJeBUsT HaA NOCTHHE KYyCOYKHM, XU ycouxn u KOPEY
N-HATDOCONXPPOIUANH OHX OOHapyxeH [NOYTH UCKJIOWYATEIBHO B OCTaBlici pHOY: TrKaHH H
BHXapeHHOM XHDy. DB ocrasmmXxcs XapeHHX KycKaX M BHXSDEHHOM XUDY DOCEMNUH cocTa it ¢80
TOJBKO MaJEHBKYH YacTh BCEro NpOU3BeAEHHOIO HUTpPOCAMMHA. B pitenuBLuXcs napax oGHEP
6HI0 J0-80% Bcero N -HHTDOCONUDPPOJMAMHA, OO6pas3pQBaHHOIO IDH xap;wai. KoauyecTBO
N-murpoconuppormiura, 06pa3oBaHHOT O, IP¥ XapeHBE XMDHNX KyCKOB OiuJao Io kpaitmelt oM
OgTHaAnaTh pa3 BHIE, YEeM [pH XapeHBE INOCTHHX KYCKOB.
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THE
DISTRIBUTION OF N-NITROSOPYRROLIDINE BETWEEN LEAN, FAT AND VAPOUR IN FRYING BACON

0.5
* MOTTRAM, R.A. EDWARDS and R.L.S. PATTERSON

ARg
Meat Research Institute, Langford, Bristol, England.

products has been the subject of much research during recent
dically in cured meats with the exception of fried bacon where
: tly, generally at concentrations in the range 5-20pg/kg
b chC§S1ona11y at levels in excess of 100yg/kg It has been suggested that NPYR is formed from proline
mWremb1”9d decarboxylation and nitrosation, although other amino acids and diamines such as spermidine and
SCine have been shown to produce NPYR on heating with nitrited.

he

yQMQCCUPrence of N-nitrosamines in cured meat
Nmitr 1trosamines have only been found spor:
but goos0PYrrolidine (NPYR) has been found consigten

P
“IE EOrmation in bacon is temperature dependent; cooking gelow 100°C produced no NPYR whereas concentrations
to b, ound to increase with increasing cooking temperature®. Bacon containing a high proportion of fat appears
Nyp Oduce more NPYR than leaner cuts and the fat exuded during cooking appears to contain at least as much
Npyg 3S the bacon itself. When bacon was separated into lean and fat and fried, Fiddler et al4 found that

Yas formed in the fat but not in the lean.

r 2
. Scent workS, we examined the formation of NPYR in the lean, fat and rind components of bacon (Table 1).
ABLE

1P

N-Nitrosopyrrolidine (Hg/kg) in the lean, fat and rind components of fried bacon.
Residual sodium nitrite concentrations (mg/kg) before cooking shown in parenthesis.

Lean Fat Rind Exuded Fat
Om 0
\ BREBSES sonarated before frying @ ND (76) 13 (42) 1 (407) (=)
Asha -
'S fried whole b 2 (113) 3%(36) 3 (437) 6 (-)
" Yot Detected a = mean of 4 determinations b = mean of 6 determinations

re
fat, "ashers were fried whole similar levels of NPYR were found in the three components and in the exuded
fﬁtt ; when the lean, fat and rind were fried separately, NPYR was found almost exclusively in the residual
]eve]e Ssye.and the exuded fat. Rind from Wiltshire-cured bacon was known to contain very high nitrite
NPyR" arising from immersion of the sides in cover brine during curing, but this did not result in high
¥ Centrations in the rind, nor did it appear to influence the yields in the adjacent fat.

s
i 3 : : . "
dmtr? Eer discusses factors which may be responsible for fat-preferred NPYR formation and reports on the
1on of NPYR between cooking vapours and rasher components during frying of bacon.

3
XPERIMENTAL
Ma

aCon B

:2d.-§;g§i, obtained from a Tocal factory were cured by a Wiltshire process with brines containing nitrite
TH. The pacon was §11ced into rashers, some of which were further separated into fat and lean before

€ material was fried at 178°C, in a thermostatically controlled electric frying pan equipped with an
ang Socke%d and fitted with a short chimney terminating in a conical joint machined to accept a B19 ground-
o the oppe In this way, the pan was connected to three traps in series, the first cooled with ice/salt
Wmned DVQrEF two with solid carbon dioxide. The mqter1a1 was fried for 12 mins,odur1ng which time it was
Cow! SUff+ once; bqth lean qnd fat components attained a temperature of 145° + 5°C. The procedure was repeated
anoh o Clent fried material and trapped vapours had been accumulated for NPYR analysis. Fat exuded during

MySis €ach batch was poured off, stored and then combined with the appropriate fried material before

s
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£ OPyrrolidine Analysis
Xt

ract
L} S 5 i y & ¢
S:y%d f Were prepared according to published procedures® from 250g samples of residual fried material, including

qmarateq » and from similar quantities of trapped cooking vapours from the whole rashers and the batches of
*chrOmatEan and fat. The extracts were analysed ;cr NPYR by the laboratory of the Government Chemist using
B Ography-high resolution mass spectrometry’.
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1 Ne Analysis
he ¢

ty 2 Pea 3
Qrfftmp?Tfﬁﬁ acids in 5g samples were extracted by the method described by Zumwalt et a18 using picric acid
gahW&d qutnte the protein and Amberlite CG-120 cation-exchange resin to purify the extract. Analysis was then

Jn.E,rr_”" a Locarte Mk I Bench Model Amino Acid Analyser using 83% cross-linked sulphonated polystyrene
-ange resin (6-8 micron).
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RESULTS AND DISCUSSION l

A high proportion of the total NPYR formed during cooking was evolved in the cooking vapours (Table 2). o of
The loss 'in weight of the lean during cooking was approximately 55% and since this was recovered in the for
trapped vapour, it can be calculated that approximately 80% of the total NPYR formed had been vo]at111§ed-
Similarly, for the fatty tissue, the cooking loss (as vapour) was 14% and thus the proportion of NPYR in
the vapour was 78%, while the corresponding values for the whole rasher were 39% and 65% respectively.

|

TABLE 2. N-Nitrosopyrrolidine (Fg/kg) analysed in the tissue residues and cooking vapours of frying bacon:

Lean fried alone Fat fried 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

rs
In a recent report Gough et a1® also found that the highest proportion of NPYR from frying whole bacon rashe

was recovered from the cooking vapours.

The higher water content of the lean results in higher cooking losses, and since NPYR is fat soluble and stear
volatile it might be expected that NPYR would accumulate in fatty tissue during cooking, whilst being 105 0
steam distillation from the lean. However, the much higher quantities of NPYR in the trapped fat vapours ovme
not support this hypothesis. Similarly, differences in temperature of lean and fat during cooking do not skl
a tenable explanation of the fat-preferred formation of NPYR. The fat reaches a higher temperature more a
than does the lean due to its lower water content and Tow specific heat, but in the experiments describe imi 1l
here thermocouple measurements of temperature during cooking showed that the lean attained a temperature s
to that of the fat despite the variable nature of pan frying. It does not seem likely therefore, that smd vels
differences in the rate of heating or final temperature could be responsible for the regularly high NPYR 1€
found in fried bacon fat. :

fav'
A more promising explanation may lie in differences in the physical and chemical composition of the lean a:&
Adipose tissue comprises 10-15% water, 2-3% structural components, the remainder being lipid. The structy
components are over 90% collagen and this must provide the main source of the amine precursor for NPYR. frng
In facTO collagen has been shown to yield 0.07 mg NPYR/g when heated with nitrite at 140°C in a simulate
system ~. Although fat contains more collagen than lean, the rind comprises 20% collagen (Table 3) and cprite
therafore if the concentration of collagen was an important factor the rind, which also has the highest M
concentration (Table 1), should have yielded more NPYR than either the fat or the lean.

TABLE 3. Collagen and free proline levels in lean, fat and rind components of bacon.

Collagen e Free proline =
Before frying After frying
Lean 83 0.43 0.48
Fat 2.5 O i [0}/
Rind 20 0.47 0.65
a = mg/100g uncooked material.
b =umole/g uncooked material, after adjustment for weight losses during frying.

- r
The free proline concentrations in the three components do not differ to an extent which could account fg e

the observed differences in NPYR formation. It is, therefore, necessary to consider the lipid phase © 1yse
adipose tissue. Although it is unlikely that it provides the biological precursor for NPYR, it may.Cata
nitrosation and decarboxylation by the promotion of mechanisms other than the classical ionic reactions
aqueous systems. Further work is in progress to investigate these possibilities.
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