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INTRODUCTION
Sodium nitrite has been used for the 
curing of meat products from time imm
emorial. In addition to its microbio
logical stability, in particular inhi
biting the growth of Clostridium b o t 
ulinum. Nitrite has been used to 
provide a desirable characteristic 
color and flavor in the meat product 
(KLOMOTO et al., 1976).

Recently, however, it has been found 
that nitrite can react with secondary 
and tertiary amines to form nitrosami-

NDMA,NDEA and N-nitrosopiPe^ ouS cO* 
(NPIP) have been found in va ^
ed meat products in c o n c e n t r a ^  (5 
mostly below 10 pg/kg in ave ;
et al. 1973a). N-nitrosopyrrOfri0d 
(NPYR) has been detected in \9 \̂ 
cooked bacon (GRAY and COLl /$

’'30° > S'Higher concentrations (50-
have been detected in som rLtfl .c-e»especially those prepared w1
addition of spice-nitrite 
(SEN and McKINLEY,1874 and *
1978). SEN et al. (1976) i 0 ^
model systems and cured mea ^ ac1

preDi V t;

have demonstrated that a bic s f '  

täte' *
s ces

sation reaction by reac 
t r i t e .

tin9
as well as ascorbyl palm1 - ^  jj.. ^
ducing agents, can block witn

waeThe present investigation
ted to determine the nitr 
tent, and other chemical P ^ ct5r ^
of three Egyptian meat Pr° e3lheon C1ely, beef sausage, lunen—  g 
bastirma. The effect of 
corbly palmitate on the st110
content of bastirma was a

nes, a class of compunds found to p r o 
duce tumors in a number of animal 
species (MAGEE and BARNES,1967). The 
quantity of amines does not play an 
improtant role in the reaction but the 
concentration of nitrite has a major 
role in the formation of nitrosamines 
(IIOHLER et a l . ,1972) .

Reduction, or e l i m i n a t i o n ,of the n i t 
rite used in curing could reduce or 
prevent formation of nitrosamines.

With the decrease of the basicity of 
the amine and increase of the alkyl 
chain length the carcinogenic effect 
of the nitrosamines is decreased. N- 
nitrosodimethylamine (NDMA) ana are there
fore the most dangerous carcinogens in 
comparison to all other nitrosamines 
(MOHLER et a l . 1972).
It is not yet known what are the toxic 
or carcinogenic doses of nitrosamines 
for man. The"permitted dose" of 5-10 
yig nitrosamines/kg food is under dise- 
c u s s i o n(LENGES et al.,1974).

Expe r imen ca1
Materials

3 ;9 samples representing J ^ c v
;ured meat products were / s a g a2i9
from the local markets °̂ ~ sa£Xs&9e' 
Cairo. Samples of fresh „ weiS
luncheon meat and bastirm3^  
tained from different shop

_preJn' iBeef used for laboratory R  ̂ ¡jr 
bastirma was obtained fr° 
issimus dorsi muscle of '

of sla
9 ^ K , i'

males within 3 hours
(19b „ K

Bastirma preparation : m w
technique was followed °  ^  e

The Xfacture of Bastirma. 
was carried out at room 
for 24 hours using 103n  salt l- $t n% or u a - tchloride), containing u . 
sodium nitrate+ sodium n^ ed 
Ascorbyl palmitate was a pf ^adde 

, lOU1
at the levels of 500 an ^ y
Pressing lasted 18 hours
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2
c0v-1 t Q J

0 hour~'̂ ry;i-n g before coating 
\  prts* Applied weights dur- 
^igltessing were one-half the 
S  Cq the meat- Bastirma 
V  a7-eb with a paste made 
/Sqj. *̂-9 finely ground fenu-
0 25 °-5o kg ground garlic 
a *9 paprika + 0.25 kg 

°r each 100 kg of dried
l6thrl03s

(5°tej e ' fat (ether extract) , 
(Nx6.25), ash, and salt 

•u the Viere determined according 
Ob described by the
t  ̂ ‘ The method of
ti the h MIRN a  (1957) was used 

,determination of nit-
Aitrate.

line content was de-

k

5S^ned°aami^es according to the met-
k h U o S be^ by H I ™ A ' « s o )
t (25 • the sample of ground
M_th Was thoroughly mix-
' +1 ml glycerin + 15 mlli0

Í?:2 Pq?1. 4o% NaOH + 0.2 ml
so w 7 n i r o s o d i _ n _ P r c P Y l a -
fto~ tlon (as a standard) 

n using liquid nit-
V

sS»Ple Was then distilled 
^ 0fUader vacuum. Three 
It® thp^40  ̂ NaOH and 3g NaCl 
Of ^  w added and the disti- 
Ok^it^Q^ hsed for extraction
V ° i°met-KItlines with 10 ml di_
Ok kCM^?ane (DCM) 5 times.

^te^ pdase was washed with 
, q|0/ then dried throu- 

^ q+- 2** c°lumn and concent-55
8, C to a volume of 1

%  atthn6c. aud detection of ni-
Was carried out us 

a s, lc3Uid chromatograph 
* ika7n less steel column 

2o m l n *°-<l-) of 12% car- 
n°n 100-200 mesh of 

and 9as flow 30 ml/ 
with a thermal 

tir°h no Zer (TEA) of Thermo 
SA- model 502.

Results and discussion
Nine commercial samples of cu
red meat were pruchased and 
analyzed for their moisture, 
protein,fat, ash, NaCl, nitr
ate, nitrite and nitrosamine 
content (Table 1). The gross 
chemical composition of the 
samples was generally within 
the legal amount permitted by 
the Egyptian standards for cu
red. meats (Table 1). Exceptions 
were sample 7 for moisture con
tent, sample 8 for fat content 
and sample 9 for moisture and 
fat content- The legal amounts 
of residual nitrite and nitrate 
(determined and calculated as 
nitrite) in sausage and lun
cheon (125 ppm) and in bastirma 
(300 ppm) were exceeded in most 
of the samples, with the exce- 
ptiong of samples Nio, 6,7 and 
9. Samples 1-5 and 8 showed 
about 32-287% more total NaNO 
+ KNO, (determined as N a N 0 2 ) 
than the standards. The in
crease above the allowed dose 
was marked, particularly for 
samples 2, 3 and 5 (sausage 
samples).

NDMA, NPIP and NPYR were found 
in most of the cured meats 
examined and NDEA only in 
sample No. 1. Only one sample 
contained nitrosamines in con
centration greater than 10 ¿ig/ 
kg !(sample of sausage No.l). 
In this sample total nitrosam
ines were higher than the per
mitted dose (10 ¿ig/kg) by 
about 180%; NDMA content alone 
was greater than allowed by 
about 40%. All other samples 
showed a nitrosamine content 
lower than 4 jig/kg. No associa
tion between residual nitrite 
content and nitrosamine concen
tration was found.

The Egyptian sausage and lun
cheon meat were characterized 
by the presence of NPIP and 
NPYR, which were found only in 
some cured meat products. The 
occurrence of NPIP may be due
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Table (1) Chemical composition and nitrosamine content of some Egyptian cured meat products
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to
arn Use °f a relatively la- 

°uat of spices especially 
¡*on Pepper, in the prepara- 
W *  E<?yptian cured meat

s * Piperidine, the pre- 
bia NPip, is a component

b nil
c Pepper and other spices 
i „ also be formed in meat

ĉicj ?r°°ganisms from the amino 
^  Ysine (SEN et al. 1973b,

l97QMcKlNLEY 1974, W A S S E R -  
w 8 and S E N  et al. 1979) . 

feand in spice-cure 
9 to 7^at levels ranging from

Federal laws
^st p e<l States, Canada and 
> k et^ any now prohibit the

_°f meat spice^” ^^
's (Ha v e r y  et al. 1976).

r., H t^ j. o f  m e a t s p ic e c u r e  
a e in  S  H A V E R Y  e t  a l .  1 9  7 
f Sc° t b C|pr E> 0 ra ' t i - o n  o f  s o d iu m  
i ^ i o n  e d o e s  n o t  o f f e r  p r o -  
K0jrH intx a^ a a n s t  n i t r o s a m in e  
f ^ c t i  ° n  i n  p e r m ix e s .  S t o r a g e  
J ^ r it s  6  W as c h a n g e d  a n d  c u r in g  
(ô  S e r,an<  ̂ s P ic e s  a r e  now  s t o -  
^°UGl1P a r a t e l y  p r i o r  t o  u s e  

^  a n d G O O DHEAD, 1 9 7 5 ) .

A cc>n aa b e e n  d e t e c t e d  i n  f r i e d  
% t  ' bht
^ ScNctred

not in raw bacon or 
meat products. The

y ? 5
o^ c0n rendered fat has arou- 
qbs ttioHS^Arable interest in 
b^tly0 formation. Conse
ns bef Various precursors ÿj fcoK-suggested, including
C 6 andlne_ — — —

S i

of NPYR in fried bacon

proline, pyrimi- 
l9'*o l973putrescine (BILIS et

GRAY and COLLINS
k lh6 Eried bacon appears to
H  Cr,°aby cured meat product 
U  .°atair,o i__significant le-

(SK-^g/krTfVerage up to 20 or^  et g of NDMA and NPYR 
9« ab; 1979) . According 
bh ihe al. (19 7 8) up to 80‘ 

th^A anĉ  NDEA produced 1 1^ frying process was
D, the

& ! Tabl
vapor.

e (2) indicate that 
C  Palmitate was effec- 

l^itrC)1:e(̂ Ucing the formation 
h J H  i Samines at the 1000 ppm 

^ î l R Î P i e  4) . Studies by 
et al. (1974) have

shown that the addition of 550- 
5500 ppm sodium ascorbate mar
kedly reduced the formation of 
NDMA. Similar studies (SEN 
et a l . 1976) on bacon indic
ated that 1000 ppm of sodium 
ascorbate or ascorbyl palmitate 
considerably reduced the for
mation of NPYR during cooking. 
Frying bastirma sample indi
cated that ascorbyl palmitate 
at the two levels was effective 
in reducing the formation of 
new NDMA, NPIP and NPYR (un
published data from this labor
atory) .

Moreover, the possibility exists 
that the addition of excess as^ 
corbate at the initial stage of 
the cur., ing process may des
tory the added nitrite and re
duce its inhibitory effect ag
ainst C. botulinum. It would 
be more disirable to add the 
ascorbates or other nitriite- 
scavenging food additives
-— — -------at the end of the
curing process, because at this 
time the cured meat would 
already contain the botulinum- 
inhibitory factor which is 
believed to be formed (from nit
rite) during the curing process. 
Recent studies have indicated 
that the initial level of ni
trite used, and not the resi
dual level, is the important 
factor (SEN et al. 1976) .

From Table (2) it is evident 
that samples 2 and 3 had mar
kedly higher nitrite + nitrate 
contents than the standard 
( > 300 mg/kg), while sample 
4 did not, indicating that the 
addition of 1000 ppm ascorbyl 
palmitate is the only way of 
producing bastirma, unless 
added nitrite contents are red- 
duced.

The formation of nitrosamines 
in control-sample N o ^ ^  to 
which no nitrite ancf?were added, 
means that the salt or spices

6 5 7



used may contain quite enough 
nitrite and nitrate. Nitrite 
can be also a result of bacte
rial reduction of nitrate, nat
urally present in the salt and 
spices used. The samples sh»- 
owed a nitrite and nitrate con
tent of 4 and 165 mg/kg respec
tively. This calls for further 
fundamental research to deter
mine nitrate and nitrite in 
salt and spices from the local 
market, and to determine the 
possibility of reducing the 
level of added nitrate and ni
trite in the curing of meat.
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