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According to established standards, the permissible content 
of n itrate in cured pork meat is  200 mg %f o f n itr ite  - 20 mg %,
I f  the n itrate and n itr ite  contents o f cooked cured pork exceed 
these standard norms the meat is considered inedible.  ̂ This is 
why the question o f the accumulation of n itrate and n itr ite  in meat 
cured under normal conditions at a temperature o f +3 to +U°C has 
teen to a certain degree accentuated.

Quite the opposite is true o f literatu re on the accumulation 
%°f n itrate and n itr ite  on pork cured at higher temperatures 
^(hastened methods o f curing). This question has not been studied 

at a l l .  This may be explained by the fact that the hastened 
Process of curing pork meat - i . e . ,  curing meat under conditions 
that lead to a simultaneous acceleration of normal colouring and 
"flavour” - has but recently been developed ("USSR Meat Industry” , 
N 6, 23, 1953. N. Drozdov and A. Iskandaryan).

However, even when normal curing methods are applied, at 
temperatures o f +3 to +U°0, violations o f the normal temperature 
cycle are at times observed, when the temperature is  somewhat 
heightened; thus the question o f the accumulation o f n itrate and 
N itrite  in meat at heightened temperatures acquires some practical 
Interest even fo r  normal curing conditions. The litera tu re on 
ĥe question contains some conjectures to the e ffe c t that in such 

Cases (particu larly for n itrate curing) the accumulation o f n itr ite  
■J-h the meat may exceed the permissible le v e l (20 mg %). 
.\£fizenmeyer, Teitschr. f .  Untersuchung der Lebensmittel, 1923, 
h5, 192; Gorovetz-Vlasova. L. Experimental Study o f Bacon Curing, 

%I^ade Literature Publishing House, 1931; Vvedensky 3 ., Lavrova L ., 
pavolvD ., "USSR Meat Industry” , 1931, 3 , 31.)

Contrary to the above-mentioned authors, Ries, Meyer and 

£ebensmittel,^55^ 325-353^1928*). However, they also note

,-y.er consider that a higher curing temperature cannot lead to 
the - - ~ •, j  ̂ •**4. ,— i CUUDlUCf uuau cx ~--- -  y -------- ----- -- T a. -u
-.he accumulation o f toxic doses of n itr ite  (Ze itsch rift i ,  Untersucn. 
^ Leb en srn itte l, 55, 325-353, 1928). However, they also note 
T*hat i f  the storage o f cured meat is not properly controlled the 
nihrate may be converted into n itr ite .

4., According to Maassen (Arb. aus dem Genussamt 18, 21-27, 1902) 
Jh© fact that"Ries, Meyer and M iller found only traces o f n itr ite  
gb meat that was cured in brines containing 2 per cent of n itrate 

he explained by assuming that the growth o f the den itrify ing 
Probes depends on the n itrate concentration.

n As to the p oss ib ility  o f the further reduction o f n itra te- 
f a ?ite in the curing process - there is an indication o f such a 
tpvt-hy L. Jensen (Microbiology o f Meats, 19h5) , who found qualita- 

hhe presence o f hydroxyl amine analysis in very old curing

0 .I** the present work the study o f the conversion o f n itrate
c nihrite in the process o f curing meat and the study o f the 
etvfnu'I'a’tion hheoe substances was performed by a quantitative 

ad we developed fo r  finding n itra te -n itr ite  and hydroxylamine
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in their/presence. (Pig. N o .l). This method is based on photo- 
colorimetric analysis o f the azo dye that is formed by the in ter
action o f n itr ite  f i r s t  with sulphanilic acid and then with 
°< -naphthylanine (Gries ’ reaction ); n itrate is defined by its  

quantitative reduction into n itr ite  through the agency o f zinc 
dust. Such a reduction leads to the formation o f subsequent 
reduction stages, - to hydroxyl amine. Therefore reduction is 
followed by re-oxidizing the reduction products to n itr ite  with 
iodine in an acetate solution in the presence o f sulphanilic acid 
(Blom’ s reaction). The superfluous iodine is removed by thio
sulphate, upon which the resultant diazonium salt combines with 
the -■< -naphthylamine, and the intensity o f the azo dye is estab
lished colorim etrically.

When determining n itrate in the presence o f n ir ite  and hydro- 
oxylamine the la tte r  two must f i r s t  be completely eliminated from 
the solution. This is  attained by oxidising hydroxyl amine into 
n it r ite ,  and then eliminating the entire n itr ite  content by adding 
sulphanilic acid in the form o f gaseous nitrogen obtained through 
heating diazonium salts.

Hydroxylamine is determined by the same Blom reaction, but 
f ir s t  the n itr ite  is removed from the solution by the above- 
described method.

Quantitative analysis is interfered with by the presence o f 
chloride ions, but this interference may be eliminated by d ilu ting 
the solution under investigation 1000-fo ld .

For the determination o f n itra te , n itr ite  and hydroxylamine 
by this method in cured meat 5-6 g o f cold-ground meat is triturated 
in a mortar fo r  20-25 minutes v/ith 20-25 ml o f water cooled to +10°C 
then the mixture is quantitatively transferred to a 100 ml flash 
and water is added up to the mark. The flask is agitated 10 to 
15 minutes and the liqu id  fi lte re d  through a paper f i l t e r .  10 ml 
o f the f i l t r a t e  or o f the brine are placed in a 100 ml flask where 
the proteins are precipitated by means o f 2 ml o f a 5 per cent 
solution o f zinc sulphate and 2 ml o f 0.5 IT barium hydroxide; 
a fter water has been added up to the mark the solution is f ilte re d . 
One sample o f this f i l t r a te  is used fo r  determining n itr ite , 
another - a fte r  the n itr ite  has been destroyed in i t  - fo r deter
mining hydroxylamine. The n itrate content is determined in a third
sample, from which the n itr ite  and hydroxyl amine have been removed.

Our f i r s t  series o f experiments was conducted on pork chunks 
weighing 200 to 250 g, taken from a single carcase and cured for 
10 days at a temperature o f +18 to +20°G. The meat and brine 
batio was 1:1. Sugar was not added. The brines contained 25 
per cent NaCl and 2.0, 1.0 and 0,5 per cent n itrate. Paralle l 
experiments were conducted v/ith 0.05 per cent n itr ite  in the brine.

The cured meat was cooked fo r  k5 minutes at a temperature o f 
63 to 85°C. Upon cooling (fo r  two hours) the sample was carefu lly 
Winced at a low temperature, well mixed and weighed in batches fo r  
investigation.

The results obtained by one such series o f experiments are 
tabled below (Table No. 1). This table shows that in the pork 
cured at +18 to +20°C in nitrate-containing brine no more than 6.Umg 
% o f n itr ite  accumulated, a quantity that does not exceed the 
Permissible lim it (20 m g£). Evenvhen there was as much as 2 per 
ent o f n itrate in the brine the n itrate accumulating in the meat 

a iu not exceed 195 mg %.

in I f  we compare the amount o f n itr ite  found in pork meat cured 
an o#5 per cent n itrate brine with its  amount at 0.05 per cent

JLSH
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of n itr ite  in the brine, i t  w ill be seen that the amount o f the 
n itr ite  accumulated in both cases is approximately the same.

The results drawn up in Table No. 1 also demonstrate that at 
a high n itrate concentration (2 per cent) in the brine, notwith
standing the accumulation o f approximately 200 mg o f n itrate 
in the meat, the amount o f n itr ite  is at a minimum (about 0.55 m g#). 
On the contrary, a low concentration o f n itrate (0.5 per cent) in 
the brine leads to the accumulation o f the highest amount o f
n itr ite  in the meat - approximately 6.5 mg %

i
TAELS K0.1

ITo. of Nitrate or N i t r i t e ________ Cured cooked meat_______
para lle l content in brines Nitrate in N itr ite  in
tests in per cents. mg % mg %

1 (N itrate 195.0 0.55
2 ( 2 .0 19b .5 0.56

3 (N itrate 115.0 2.52
b ( 1 .0 117.0 2.51

5 (N itrate b o .o 6 .bO
6 ( 0 .5 3.9b 6.32

7 (N itrate none 5 .bO
8 ( 0.05 none 5.b2

In these experiments the presence o f hydroxylar.iine in the 
cured pork meat was not discovered, although i t  had been discovered 
in the brine in noticeable quantities throughout the entire process. 
Evidently, the further-reaching reduction processes occiu? ch ie fly  
in the brines, with the participation of micro flo ra . However, 
i t  also is possible that in the meat the nascent hydroxylanine is 
rapidly engaged in further reactions and therefore not discovered.

In order to study the dynamics o f the formation of hydroxy- 
lamine in brines during the curing process two forms o f brine were 
prepared. The f i r s t  contained 18 per cent o f sodium chloride and
0.5 per cent o f sodium n itrate against the weight o f the brine; 
the second contained a sim ilar amount o f sodium chloride and 0.05 
per cent o f sodium n itr ite  against its  weight. Sugar was not 
added.

Chunks o f pork weighing 300 to 350 g that had undergone pre
liminary u ltrav io le t irradiation were cured in these brines^ in 
s te r ilized  exsiccators at a temperature of +13 to +20UC. ihe 
brines were analysed fo r  hydroxylamine at intervals o f 3» 5, 1 and 
10 days.

The results o f the tests fo r  hydroxylamine in the n itrate 
brine are drawn up in Table No. 2, fo r  the n itr ite  brine - in 
Table No. 3.
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TABLE HO.2.

ACCUMULATION OP IIYDROXYLAMINE IN NITRATE BRINE *

No. of
para lle l
test0

Curing period 
in days.

Quantity o f 
hyd rox ylam ine 

in mg f0
Discovery o f 

n itr ite

1 3 0.0332 Discovered
o 3 0.0387 If
D 3 0.0338 !!
U 5 0.0176 if
5 5 0.0179 tt
6 3 0.0176 If
7 7 0.0112 tf
0 7 0.0112 It
9 7 0.011U tf

10 10 0.05U9 tf
11 10 0. 0552 t!
12 10 0.055M tf

ACCUMULATION OP

TABLE NO. 5. 

HYDROXYLAMINE IN NITRITE BRINE

No. of Quantity o f
parallel Curins period hyd ro xyl amine Discovery o f
tests in days in mm % nitrate

1 3 O.O2Q0 Not discovered
2 3 0.0251 tf ft

3 3 0.0255 ft ff

h 5 0. 0U32 tf If

5 5 0.01428 1? if

6 5 0.0U2U tf tl

7 7 o .0336 it ti

8 7 0.03U0 t! It

9 7 0. C3I4 2 ft 1!

10 10 0.02614 tt n

11 10 0.0268 it It

12 10 0.0266 tt 11

*  In order to establish the possible oxidation o f n itr ite  
into n itrate in the brines we applied our method of 
determining n itrates, n itr ites  and hydroxyl amine in

their joint presence.
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The results drawn up in tables No. 3 and No. 2 make i t  evident 
that the formation and accumulation o f hydroxylamine in brine sets 
in from the very f i r s t  days of curing under heightened temperature 
conditions, and that i t  does not disappear from the brine during 
the entire curing period. The same experiments were the means 
o f establishing that the reduction of n itrate with the formation 
of n itr ite  and hydroxylamine takes place in the brine even in the 
absence o f sugar (see Table No.2). On the other hand, the 
oxidation o f n itr ite  into nitrate under these conditions is not 
observed (see Table No.3.)*

In the tests fo r  discovering hydroxylamine while curing pork 
under noimal conditions (+3 to +¿4°C) in brine containing 18 per 
cent - sodium chloride, 0.5 per cent sodium nitrate and 0.5 per 
cent sugar we lim ited ourselves to purely qualitative observations.

For these experiments we cured chunks of pork weighing 300 
to 350 g in brine"that contained 18 per cent sodium chloride, 0.5 
per cent sodium n itrate and 0.5 per cent sugar against the weight 
o f the brine. The ratio o f the meat and brine was 1:1._ The 
brine was analysed fo r  hydroxylamine over intervals o f 15 and 20 
days. The results obtained are tabled below.

TABLE NO.U.

THE DISCOVERY OF HYDROXYL AMINE IN BRINES KEPT AT 
TEMPERATURES OF +3 to +U°C.

No. of
parallel
tests

curing period 
in days.

Discovery of 
hyd rox yl am ine

Discovery of 
n itr ite

1 15 Discovered Discovered
2 15 !? t!

3 15 !!
k 20 It
5 20 ft
6 20 ft

The results drawn up in Table No. h show that hydroxylamine 
is formed in the course o f the curing process under normal tempera
ture conditions.

Contrary to the statements of L. Jensen (Microbiology o f Meat, 
19U5 ) to the e ffec t that the formation o f hydroxylamine in brines 
under normal curing conditions occurs only a fter 60 to 80 days of 
curing our experiments show (see Tables 2, 3 and U) that hydroxy- 
1amine forms from the very f i r s t  days of the process. Besides 
"this, our experiments prove that Jensen’ s assertion that the 
formation o f hydroxylamine occurs only a fter the complete disappear 
ance o f n itr ite  from the brine to be wrong.

Our further experiments proved that a su ffic ien t accumulation 
° f  hydroxylamine in the brine may cause a green discoloration o f 
fhe meat.

For these experiments we took pork chunks weighing 300 to 350 
^kat contained some measure of fa t. The sodium chloride concen
tration in the brines was 18 per cent, the hydroxylamine content 
" 0.0005 per cent, 0.005 per cent and 0.05 per cent aga in st the 
^eight o f the brine. To obtain these hydroxylamine concentrations 

the brines, corresponding amounts o f hydroxylamine hydrochloride 
Were dissolved in the solution of sodium chloride. Sugar was not 
a<ided. The curing temperature was +18 to +20°C. The pieces o f
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pork, placed in exsiccators, we re s te r ilized  "by u ltravio let rays 
and then covered with the prepared solutions. For each concen
tration o f "brine four tests were made. The f i r s t  test sample 
was cured 3 days, the second - 5 days, the third - 7 and the 
fourth - 10 days.

The results are presented in Table No. 5.

TABLE NO. 5*

fa i

THE FORMATION OF A GREEN DISCO" ORATION OF THE HEAT
DY HYDROXYL AI IKE.

!
The product 

under
0.00051
nii2o:i

1
1
i

0.0051
Nil 2 Oil

0.0%  
NHgOII

investigation Curing period in days

5 7 10 5 7 10 5 7 10
Muscle tissue:

1 ) Before cooking grey green grey :reen dark-green

2)A fter cooking t t t t t t t t

Back fa t (with no 
traces o f b lood). white white white

s Note: Data fo r the third day o f curing fo r  a l l  concentrations 
o f hydroxyl amine: muscle tissue - gray, fa t  - white.

The experiments in which pork chunks were cured at lowered 
temperatures (+3 to +/4°C) , with the same concentrations o f hydroxyl- 
amine, sodium chloride and the sane curing periods showed that the 
green discoloration acquired by the muscle tissue at +3 to +U°C 
is fcare intense than that acquired at +1G to +20°C. The fat is 
white.

The data expressed in Table No. 5, as well as the results 
obtained at curing temperatures of +3 to +U°C, prove tin t hydroxyl- 
amine, when its  accumulation in the brine is su ffic ien t, leads to 
an abnormal discoloration o f the meat, namely, grey and grey- reen 
hues. The higher the hydroxylanine concentration - the faster 
and more intensive the discoloration o f the neat to grey and green.

Table No. 5 also shows that hydroxyl amine-containing brine 
does not cause the back fa t to acquite a green colour.
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C 0 N C L U S I O N S

1. I t  has been shown that the accumulation o f n itrate and 
n itr ite  in pork meat cured at a temperature of approximately 
+io C in brine containing 2.0, 1.0 and 0.5 per cent o f n itrate, 
ciocs not exceed tlie permissible norms. When the "brine contains 
2 per cent o f n itra te , the nitrate content in the pork attains 
its  ultimately permissible lim it, approximately 200 mg^.

2. At high nitrate concentrations in the brine (2 per cent) 
the n itr ite  content in the pork is at its  lowest leve l (about 
0.55 mg %) ;  contrariwise, at low nitrate concentrations in the 
brine (0.5 per cent) a much greater amount o f n itr ite  accumulates 
m the meat - approximately 6.5 mg

3. I t  has been established that in curing pork meat at +13°C 
in the absence of sugar, under conditions o f comparative 
aerobiosis, processes not of oxidation, but of reduction take 
place; the oxidation of n itr ite  to nitrate does not occur.

¿4. I t  has been found that the formation and accumulation o f 
hydroxylamine under both normal and heightened temperature 
conditions begins within the very f i r s t  days o f treatment, and 
that the hydroxylamine does not disappear from the moment o f its  
appearance in the brine.

5. I t  lias been found that the appearance of a green and greyish- 
green discoloration o f the cured pork is connected with the 
formation o f hydroxylamine during the reduction o f n itrate and 
n itr ite  in the course o f the curing process.

A d e fin ite ly  noticeable green discoloration appears in the 
meat at hydroxylamine concentre.tions of 0.0005 to 0.005 per cent 
in the brine. At the same time the colouring o f the fa tty  tissue 
does not change.
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