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VOL '-TILE NITROGEN -  COMPOUNDS AND DETER I  OR AT I  OH OF MEAT 

Short communication by HUGO FREDHOLM

Res.lab. dept. SVERIGES SLAKTERIFOEBUNDj STOCKHOLM, SWEDEN

Introduction and general considerat ion. In meat research and particulary in  meat 

trade there is some confusion as to  the value of d ifferen t methods fo r  the 

judgment of keeping qualities of meat on one hand and as a c r ite r ion  o f sanitary 

quality of meat on the other.

Today we are a l l  convinced of spec ific  e tio log ies  lik e  enterotoxins or in fec tive  

bacteria beeing the main causes fo r  the symptomatology found in gastrointestinal 

ir r ita t io n  and that f . i .  s p lit  proteins frora "normal" putrefaction of meats 

seldom give r ise  to  gastrointestinal upsets.

This is  one side of the problem. Another, just as important economically, is 

the fact that meat in  the state of putrefaction or m icrobiological or enzymo- 

chemical deterioration  as a whole cannot be sold or used in  the manufacture of 

most meat products.

This means that we need not only such methods which give us fu l l  information 

about meat from a public-health point of view, but also methods which as 

ob jective ly  as possible can inform us about the state of deterioration  and so 

give us means fo r  the testin g of keeping qualities of meat and fo r  the judgment 

of the best disposal of the meat in  question. Sometimes i t  is  of value to  have 

a method enabling the food technologist to  judge f . i .  what influence d iffe ren t 

slaughtering methods w i l l  have on the keeping quality of the meat.

Detecting meat decompositions which might lead to food defects, by means of 

chemical methods, therefore is  an in teresting problem. But we have no comparison- 

standard. Bacterio logica l examinations are of l i t t l e  value, since the reason fo r 

the deterioration  may be principally  chemical in  one case, mainly m icrobiological 

in  another. Correlations are very seldom found between results of chemical tests 

and bacterio log ica l examinations. This fact is ,  of course, a good reason fo r  

the view of many b acter io log ica lly  experienced s c ien tis ts , tnat existing chemi­

cal methods are of l i t t l e  value compared to  bacterio log ica l examinations, so 

fa r  as a judgment of meat from, a public-health point of view is  concerned but 

i t  is  not relevant i f  we want to  judge of deterioration  as such.

Only organoleptic tests are today our tools fo r  comparison. Everybody who has 

followed the results of a su ffic ien t number of organoleptic tests by even very 

trained persons fo r  years must regret th is fact deeply.
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Methods. Very many chemical methods fo r  determination o f, say, ineipent 

putrefaction of meat have been published ( l ,  2) and i t  is  very l ik e ly  that 

several methods described are valuable fo r the special task here treated, 

namely objective detection of deterioration of meat without regard to  public- 

health points of view. In our testing of well-known chemical methods, orig ina l 

and modified by us, during several years we have found the determination of 

v o la t i le  ammonia and ammonia compounds a fter treating of the sample with a very 

weak a luali worth more attention than i t  is  usually paid by meat technologists.

According to  Edelmann and coworkers ( 3) ammonia production does not afford one 

a c r ite r ion  of sanitary quality of meat. Maybe th is statement has discouraged 

x ooci. chemists xrom Suudying ammonia production as a measure of meat deteriora­

tion . There are la te r  contributions on ammonia production in  meat to  be found 

in lite ra tu re . As a rule organoleptic and bacterio log ica l tests are used as 
comparison standard { ¿ r) .

Vie have found a s lig h t ly  modified d is t i l la t io n  method of the type described in  

A llen 's  handbook ( l )  to  be the most suited method, fo r  our purpose:

Twenty grm. of the well-hashed sample are weighed into a l l .  d is t i l l in g  flask . 

450 nil. of water and 10 grm. of fresh ly  calcined, ligh t magnesium oxide are 

added, and the whole mixed. The mixture is  quickly brought to  the b o ilin g - 

point and the d is t i l la t e  co llected  in  an Erlenmeyer-flask containing N/lO 

hydrochloric acid and cochineal indicator. Methyl red indicator can also be 

used. The d is t i l la t io n  is  carried out in  50 - 60 minutes and exactly 200 mis. 

are d is t i l le d  over. The Erlenmeyer-flask is marked at the exact volume of 

200 mis + volume of acid. Sticking of the material to  the bottom of the flask  

and charring is  prevented by carefu l d is t i l la t io n  especia lly  at the s tart.

When 200 mis have been d is t i l le d  over the Erlenmeyer-flask is  heated to  bo ilin g  

and boiled fo r  2 minutes with some small pieces of unglased china. Then the 

fl*Kk  is  cooled by cold water and back t itra tio n  carried out using N/lO sodium 

hydroxide.

A sharp t it ra t io n  point and exactly comparable results are obtained. I t  is  well 

known that some meat bases, as well as some amino acids and acid amines w il l  

give some ammoniacal nitrogen by d is t i l la t io n  ( 5) even when tiio wo alecs t  alkalies 

as magnesium oxide are used. This fact seems to  be of no importance fo r  the 

use of the method fo r  the purpose fcere treated as w ill  be seen from the results 
below.
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Results. In table 1 some measurements of v o la t ile  nitrogen compounds in  meat 

from the same muscles of beef are co llected . Samples were taken under s te r ile  

precautions as w ell as without s te r ile  measures of precaution but in  ordinary- 

hygienic way in order to  avoid an unusual microflora. Sample I I  S, taken under 

s te r i le  precautions, remained s t e r i l  during the whole time i t  was under in vesti­

gation. Sample I I  I.S . which was not taken under s te r ile  precautions but from 

the same muscle as sample I I  S showed (5/3) a to ta l count on nutrient agar of 

000 000 bacteria/gm together with a low count of anaerobes on l iv e r  extract. 

Samples I  A and I  B were taken from, the same muscles of other beef carcasses, 

as samples I I  immediately a fter slaughter. They were co llected  in  the abattoir of 

Stockholm. Though no true s te r ile  precautions were taken sample A was co llected  

In a most aseptic way where-as sample B was co llected  with only such precautions 

taken which would avoid other in fection  than with ordinary air-born f lo ra  of the 

abattoir. At the end of the investigation  (5/3) sample I  A showed a bacteria l 

oontent of 10 000 000 and sample I  B 22 000 000 pr gm.

Table 1.

V o la tile  nitrogen compounds in  s te r ile  and unsterile samples of the same beef- 

muscles.

JE A........... I B
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N
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N
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N
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5.3 3o 28.0 ¡3.82 .73 16 25.2 3.68 .68



Organoleptically sample I  B showed decay on 5*3

Independently of the m icrobiological state ox the meat, decay w il l  be indicated 

by a certain  quantity of v o la t i le  nitrogen compounds, determined as above. Deter­

minations carried out on samples of meat from individual ca ttle  give results as 

the fo llow ing, Table 2 -  L .

Table 2.

V o la tile  nitrogen compounds in  beef. Gracilis-muscle from 11 years old cow,

Class I I .  The ground meat stored at 4° C. Protein calculated as Nx 6.25 • 21.04 % .

Days a fter 
slaughter

V o la tile  N 
% of sample

V o la tile  N 
% of protein

Organoleptic
test

0 0.0161 0.0765

3 0.0191 0.0907

7 0.0188 0.0893

10 0.0169 0.0803

14 0.0243 0.1154 Slight decay

17 0.0424 0.2015

T able 3 .

V o la tile  nitrogen compounds in  beef. Gracilis-muscle from 5 years old cow c la ss i­

fied  1-, k illed  4.9.1956 at 750 a.m. i n the abattoir of Stockholm.

Protein;Nx6.25 = 21.5 %•

Date V o la tile  N 
% of Sample

V o la tile  N 
% of protein

pH

Z.,9 0.0165 0.0767 6.2

4.10 0.0192 0.0893 5.2

4,11 0.0187 0.0869 5.25

4.12 0.0177 0.0823 5.2

4.13 0.0162 0.0753 5-25

4.14 0.0165 0.0767 5.25

4.16 0.0152 0.0711 5.25

4.17 0.0156 0.0725 5.2

4.19 0.0167 0.0776 5.1

4.21 0.0177 0.0823 5.1

4.23 0.0186 0.0865 5 .1

4.25 0.0221 0.1030 5.3

On 4 .23 organoleptic tests gave indication, characterized as fa in tly  sour.
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Table 4.

V o la tile  nitrogen compounds in  pore. Gracilis-muscle from 75 kgs carcass of 

pig slaughtered in  the Tranas abattoir on 1,11 and kept under re frigera tion , 

until sample was taken on 1 .20. Ground sample kept at + 4° C. ProtoinsN.6 .25 

= IS 58 % as determined on 1 .20.

Date V o la tile  N 
% of sample

V o la tile  N 
% of protein

1.20 ! 0.0162 0.0861
l

1.23 1 0.0209 0.1111 i
1.27 | 0.0197 0.1047

II

1.30 0.0302 0.1606 i
2.3 ! O.O636 0.3882 1

Organoleptic tost indicated decay on 2 .3 .

More than 1000 determinations show l i t t l e  d ifference between contents of 

v o la t i le  nitrogen in  d ifferen t muscles of the same carcass. Material w il l  be 

published elsewhere.

During cold storage meat w il l  deteriorate slowly even at low temperatures. 

Table 5 gives results ox some determinations of v o la t i le  nitrogen compounds 

in  pore stored at - 20° C fo r  8 months.

Tabic 5.

Pore stored at -20° C fo r  8 months. Muscles from d iffe ren t parts of carcass 

co llected  to  general sample.

Sample
co llected  from 
muscles of

pH V o la tile  N 
% of sample j

Sow 5.8 0.0296
Pore 5.4 0.0304

" 6.2 0.0280

Sow 6 .1 0.0329 ;
t! 6 .1 0.0312

A l l  pH-measuroraents were made with glass electrode.

Theory of meat deterioration , discussions of resu lts and conclusion. The 

economically most important type of meat deterioration is  an enzymatic 

decomposition of protein and other nitrogen compounds of the muscle.

4..-



This type of decay w i l l  take place vtether microorganisms are present or not. 

The v e lo c ity  of the deterioration processes w il l  depend on several factors 

e .g . quantity and a c t iv ity  of o rig in a lly  present proteolytic enzyms of the 

meat, quantity and a c tiv ity  of proteolytic enzyms produced by microorganisms 

present, resistance of meat tissue to  decomposition. Even a s te r ile  sample of 

meat w il l  change in to  an evil-sm elling, viscous mass, provided enzyms have 

not been destroyed through heating or other treatment.

During decomposition of the kind described v o la t ile  nitrogen compounds w il l  

be formed. The quantity of these compounds need not have any correlation  

whatsoever to  bacteria l count but gives, as a ru le, a good picture of what 

is  usually and p ractica lly  called deterioration . Nor is  there any correlation  

between sanitary quality of meat on one side and deterioration  on the other. 

The quantity of v o la t ile  nitrogen compounds is  therefore of no importance 

fo r  the judgment of meat from, a public-health point of view.

For the most important kinds of meat e.g . beef and pore the quantity of 

v o la t i le  nitrogen compounds determined as described above is  low and constant 

immediately a fter slaughter. I f  calculated as per cent of to ta l nitrogen or 

protein there is only a s ligh t change of the quantity of v o la t i le  nitrogen 

compounds during the f i r s t  days of storage i f  proper ch illin g  and re fr ig e ra ­

tion  is  applied. When the meat is  stored fo r  a su ffic ien t time, and even i f  

kept at very low temperatures the quantity of v o la t ile  nitrogen compounds 

w il l  increase. When organoleptic tests are positive, the increase is  marked.
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