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Introduction

Sodium nitrite is an essential additive in the manufacture of cured weats.
Although it is only present at a level of 50-150 mg/kg in the cured product 1t
is responsible for the characteristic pink colour of cured meats; it provides
microbiological stability; and it imparts a characteristic flavour to the meat
over and above any flavour which may be imparted by smoking. In a number of
reports comparing the sensory properties of cured meats prepared with and
without sodium nitrite clear differences between the products have been tound
(1,2). A sensory study of the efrect of the concentration or sodium nitrite in
bacon upon the tlavour (3) showed an increase in bacon flavour with increasing
nitrite concentration.

There have been very few reports on the chemical nature of riavour volatiles
released from cured meats and none adequately explain the observed sensory
differences between products prepared with and without sodium nitrite. It nas
been reported that cured pork contained lower amounts of aliphatic aldehydes
than the uncured meat (4), and differences in amounts of thiols in cured and
uncured pork have also been found (5). Recently, Ho et al. (6) found 135
substances in the volatiles or fried bacon, although cured flavour was not
attributed to any individual compound. Although quantitative differences in
aldehydes and thiols may play some part in the aroma dirrerences between cured
and uncured meat, the nitrite ion is a reactive species and could be expected
to react with other flavour precursors to give hitherto un=-identiftied compounds
which may contribute to cured flavour.

Recent work at this laboratory has shown the presence of certain organic
nitrates and nitriles in the volatiles of bacon (7,8). 1his paper reports the
presence of nitriles and nitrates in various cured pork products contaiming a
range of sodium nitrite concentrations, and gives evidence ror possible

mechanisms involved in their formation.

rMaterials and Methods

Bacon was prepared by a slice cure method (7) in which slices of pork loin
were suspended in a brine containing NaCl and NaNU, 1wo levels of NaNU, were
used which gave products containing residual Hany, Ievels or 22U and 1U6U
mg/kg. A nitrite-free salt pork was also prupared and slices of uncured pork
were taken. Minced lean samples (Z50g) from each treatment were boiled ror 3h
in a Likens-Nickerson continuous steam distillation - solvent extraction
apparatus using purified diethyl ether as the solvent (3). 5amples were also
fried for 10 min in a pan at 170°C betore the volatiles were extracted in a
similar way.

Comminuted cured pork products containing 2% wWaCl and either 200 or 100U

mg/kg NaN0, were also prepared in 100g batches by mixing wincea lean pork (o/g)

with an aqueous solution (3/g) containing NaCl and WaNU,. After storing for J
days at +5°C the products were boiled and the volatiles extracted as described
above.

Volatiles from the reaction of pork lipid with aqueous Wall, were also
analysed. Rendered pork fat (5a) was boiled for 3h with an aqueous citrate
buffer (500 ml) at pH 5.0 containing NanU, (3.459) in the Likens-iWickerson
apparatus with purified diethyl ether as tie extracting solvent.

the volatile extracts rrom all the samples were concentrated to ¢50 4l and
analysed by gas ciiromatography - mass spectrometry (g.c.-n.s.) on a rinnigan
400U instrument using a 5SUm x V.32 mm 1.d. silica column coated with Cr wax
57C8 (Chrompak Ltd.).

Results and Uiscussion

The range of volatile compounds expected tfrom cooked meat (i.e. aldehydes,
alcohols, ketones, furans, pyrazines, etc.) were found in all sawples. In
addition a nuwber or novel li-containina compounds were obtained from the cured
meat volatiles which were absent from the uncured pork and the pork cured
without nitrite. These comprised alkanenitriles, benzonitrile, phenylaceto-

nitrile and alkyl nitrates (lable 1).

178

1ABLE 1 of
: I cts
Concentrations (ppm in meat) of nitriles and nitrates in volatile extrd
pork.
s ted
sacon: slice-cured Comminy
meat
jled
Boiled rFried poile
a { . b 1008
Sodium nitrite 2208 Lue0? 2202 10003 A
1
Hexanenitrile - 30 25 120 £ =
heptanenitrile 3 By v /20 - 7
anenitrile 3 9 tr Y] - 4
Nonanenitrile 3 1J 1 45 - r
Jecanenitrile - Z » 3 5 -
undecanenitrile - ) - b Lo '
Dodecanenitrile tr 29 - 20 " 5
Iridecanenitrile 1 05 - 110 3 1h
letradecanenitrile - 80 8 v 100
rentadecanenitriie 30 510 15 5¢2u 29 5
Hexadecaneni trile wu 45 - 30 =/ -
Heptadecanenitrile * n - 40 2 10
genzonitrile 2 20 1 15 1 1
vhenylacetonitrile tr 2 tr 3 ir
ventyl nitrate Z 2 15 5 - .
Hexyl nitrate 1 5 4 5 = .
Heptyl nitrate - - 3u 15 ‘s 2
Octyl nitrate 20 ¢0 30 15 1
2 residual danU, analysed 3 days arter curing
b amount added to pork
tr trace (< 1 ppm)
- not tound (detection limit approximately U.1 ppm)
y
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In order to determine if the toraation of these compounds was ar ]
dud
nitrite concentration, meat products were prepared with higher rest q
mie g4
nitrite levels than those normally permitted in cured meats. 1hese apsé’
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nitrite samples contained twelve alkanenitriles, several of which W l"
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from samples containing lower nitrite concentrations, and the Tevel ls”’J
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e cﬂ"!

alkane and aryl nitriles were considerably areater in the sampl
: : in o
high amounts of nitrite. rowever, the alkyl nitrates were not sian o 1é
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intluenced by the nitrite concentration. rrying resulted in the hig P

f
of nitriles whilst the couminuted cured meats, which contained less
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the slice-cured bacon, contained the lowest levels. art
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The aroma properties of these nitrogen compounds suqgest that W y) il
responsible themselves for cured flavour. lhe aliphatic nitrates an ,a‘tl‘
6 Daf ¥

appear to have relatively high odour thresholds (> 1 part in 1V

and odours similar to aliphatic alcohols and aldehydes v’eSpPCUVE‘y'_ﬂlaév

penzonitrile and phenylacetonitrile appear to have lower odour 1”"850‘“].‘_
their aromas are very similar to benzaldehyde which is tound in nels 3 u«’”f‘
larqe amounts in the volatiles or all cooked meats. nowever, the red 3,,10"“
which the compounds are derived may have great importance in ihe [or“ !
other as yet unidentiried compounds contributing to cured rlavours C!‘Jﬂ"‘

Ihe most likaly oriqin ot these nitrogen-compounds is from the re Deﬂ'
Nanu, witn lipids. wWhen comminuted cured pork was preparaa Wi th d 4
sodium nitrite the volatiles from the boiled meat contained nitr ies n"i

nitrates with mass spectra showing molecuiar ions and ni unqen-co" ‘,|"‘”

ments with m/z one mass unit higher than the spectra or compounds of
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dcig at -,:o'gp"“"ﬂs Obtained rrom the reaction ot rendered pork fat with nitrous
¥ U
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Pentanenitri le Benzonitrile
feXanenitrile
Heptaneniterile rentyl nitrate
UCtanenitrile Hexyl nitrate
Nonaneni trije deptyl nitrate

’

UeCanenitrile

Ndecanenitrije

Dodecanenitri le

. Trid i
1decanenitrile

’entadecaneni trile

He::ladecanenitrﬂe

Octyl nitrate

The

alky) .

freg = o Mtrates probadly result rron the re
i

gbt‘”ned ?‘” SPecies derived rro
N the thermy

action of nitrous acid, or

N nitrite, with the rree radical intermediates
oxidation or unsaturated ratty acids, e.q.:
H-CHp~CH=CH= + Up ———s R=CH(OUH)-CH=CH-
R=CH(VOH)~CH=(CH~ ——a K-CHe

K~CHe + Uy + RH = R-CH-00H + Re

R-CH-0UH ——  K-CH-is
K-CH-Ue + Ny, = R-Cri-0NU
Ay

i mecham-s,,, for th
/| ey, E:bvhus.

. € Qroyp

" ag " the aliphatic chain of a tatty acid, which is activated by
J"Cem s
reSqun arbony |

€ Formation of nitriles involving nitrite and lipids is
flovever, a possible route involves the C-nitrosation of a

carboxyl or similar group. Thermal degradation of the

+0Xiy N
8 could give the CN group.

b
CHy~co- nitrosation R=CH-CO- RC-CO
—nitrosation . o
NO NUH
ReCo
Ei £0- heat R-C=n
Noy

Ay,
0
Ureg N these

eat 1triles and nitrates may not themselves be responsible for
Yoy " Mavoyy,

M, "Cct; their presence in the volatiles of cured pork demonstrates
on | ) :
av““r f S which May give rise to other compounds associated with the
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9%ked cypeq meat.
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