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D uring spoilage oi fish, different volatile nitrogen bases are 
formed : am m onia, mono-, di- and  trim ethylam ine and  higher 
am ines (histam ine, tryp tam ine, etc.).

These volatile bases are generally determ ined together as 
to tal volatile basic nitrogen (TV N ) w hich is considered to be a 
ra th e r reliable m ethod for the objective assessment of the degree 
of freshness of fish.

Indiv idual com pounds however can give an even more precise 
p icture of the quality  of the fish. T rim ethylam ine (TM A) is the 
only base w hich was studied extensively and w hich also appeared 
to be a good objective laboratory  m ethod for most fish species.

Besides T M A , am m onia is the most im portan t base. I t  can 
be form ed during  spoilage by  different reactions. Bacterial urease 
converts u rea into am m onia and carbondioxide.

(NH2)2 CO +  H 20  U1'CaSi  COa +  2 NH3
This reaction is of im portance especially in cartilaginous 

fish such as dogfish and ray  w here 1.5 to 2 %  urea is found (1).
Small quantities of am m onia are also form ed by degradation  of 
nucleic bases (2).
. A TP-ase . _  _ M yokinase . . AM P-desam inase A T P ------------>- ADP — 2---------->- A M P ------------  —

IM P  +  N H 3
In  a m ore pronounced state of spoilage, oxidation of am ines 

by bacterial amino-oxidases leads to the form ation of am m onia (3) :

RCH2 — NH2 +  Os +  H 20  r c h  : O +  NH3 +  H 20 2
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In  bony fish, however, am m onia is formed m ainly by oxidative 
desam inatiop of am ino acids, w hich occur either free or are splitt 
o fffro n ^g ro teins or peptides and related com pounds (e.g. creatine), 

•■fihe responsible enzymes are bacterial desaminases (4) :

R  —  C H , — C H (N H S) -  C O O H  
R  C H 2 —  C O  —  C O O H  +  N H 3 2

I t  should fu rther be noted th a t free am m onia occurs in the 
living fish as a result of norm al desam inations during  cell m eta
bolism. C oncentration varies betw een 5 and 25 mg N % in bony 
fish and 6 to 36 mg N % in cartilaginous fish (4).

O nly a few studies were published on the value of the am m onia 
determ ination in  fish and the results are ra ther inconclusive. Some 
authors (5) (6) (7) found a good relationship between the am m onia 
content and the state of freshness of several fish species. O thers, 
however, reported  less favourable results (8) (9).

For th a t reason, it was decided to study the evolution of am m o
nia during spoilage of fish and crustaceans. T he experim ents were 
carried out on four typical representatives of the bony fishes, i.e. 
cod ( Gadus morhua L ) ,  a lean roundfish, plaice (Pleuronectes platessa 
L ) ,  a lean flatfish, redfish (Sebastes marinus L ) ,  a sem i-fatty fish 
and  herring (Clupea harengus L ) ,  a  fatty  fish. Tw o cartilaginous 
fish, spurdog (Squalus acanthias L )  and spotted dogfish (Scylliorhinus 
canicula L ) ,  and two crustaceans (comm on shrim p, Crangon vulgaris 
Fabr. and  Norw ay lobster, Nephrops norvegicus L) were also investi
gated. I t  should be noted th a t favourable results were already 
obtained in  previous work on spurdog and  crustaceans (10) 
( 11) ( 12 ).

E x p er im en ta l

Fish and crustaceans :

— Cod ( Gadus morhua L )  of ca. 3 kg; 4 days old, period O ctober- 
Decem ber.

—  Plaice (Pleuronectes platessa L )  of ca. 250 g; 3 days old, period 
O ctober-D ecem ber.

—  Redfish (Sebastes marinus L )  of ca. 1 kg; 7 days old, period 
February-A pril.

—  H erring  (Clupea harengus L )  of ca. 165 g; 2 days old, period 
Septem ber-N ovem ber (plain herring , 10-15 % fat).

—  Spurdog (Squalus acanthias L )  of ca. 800 g; 5 days old, period 
D ecem ber-M arch.
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—  Spotted dogfish (Scylliorhinus canicula L )  of ca. 800 g; 5 days old, 
period D ecem ber-M arch.

— Com m on shrim p (Crangon vulgaris Fahr.)-, 1 day old, period 
A ugust-Septem ber.

—  N orw ay lobster (Nephrops norvegicus L )  ; 4 days old, period 
July-A ugust.

T he redfish was caught in Icelandic waters, the o ther fish 
species in  the Southern N orth  Sea. Spurdog and spotted dogfish 
were beheaded and  skinned before storage, as is usual in  Belgian 
com m ercial practice. Shrim ps were cooked on board  and N orw ay 
lobsters on land , a few hours after arrival in the harbour.

Chemical methods.

—  A m m onia : w ith  the accelerated m icrodiffusion m ethod des
cribed previously (11).

—  T otal volatile basic nitrogen (TV N ) : according to L ü c k e  and 
G e i d e l  (13), b u t w ith  the steam distillation still of A ntona- 
copoulos (14).

— T rim ethylam ine (TM A ) : w ith D yer’s m ethod (15) b u t on 
2 ml of the distillate of the T V N -determ ination .

Procedure.

All fish species were divided into two batches. A  first batch  
was iced im m ediately and  stored a t 0 °C. In  order to enhance spoi
lage and  at the same tim e to study the effect of tem perature, a 
second ba tch  was kept for 15 hours a t 15 °C before being iced and 
kept a t 0 °C (*)

Crustaceans were stored directly a t two different tem peratures :
0 and 20 °C. A t regular intervals, samples of 5 to 10 fish according 
to fish species and 1 kg of crustaceans were taken from  the different 
batches and analysed for T V N , T M A  and am m onia. W ith  ca rtila 
ginous fish, only am m onia was determ ined as T V N  and T M A  do 
not appear to be reliable objective quality  determ ination m ethods 
( 11) ( 12 ).

All experim ents were repeated five times.

R e su lts  and  d isc u ss io n

As results of individual experim ents were fairly sim ilar, average 
values were calcu lated ; they are reported  graphically  in  figures
1 to 7.

(*) For convenience, this procedure is further called “ 15° C -experim ent” .
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—  Bony fish

W ith cod (fig. 1) and redfish (fig. 2) am m onia values rem ained 
practically a t ca. 25 m g N  % and only a t the end of the storage 
period a slight increase to ca. 30 m g N % was noted. This indicates 
th a t bacterial desaminases have a m arked activity only in the vici
nity  of the lim it of acceptability  of these fish. This lim it was reached 
after respectively 15 and 12 days for the experim ents at 0° and 15 °C 
w ith cod and after 14 and 12 days w ith  redfish.

D uring  the w arm ing-up period of 15 hours at 15° C these 
desaminases were activated as shown by the increase of 3 to 4 mg 
N % am m onia content. D uring the following storage period in  ice, 
however, there was no further increase and  the difference of 3 to 
4 m g N % rem ained a t the sam e level.

T V N  and T M A  values on the o ther hand  increased m arkedly 
and the spoilage curve of the 15 °C experim ent was distinctly 
steeper. Both determ inations showed a very sim ilar p a tte rn  until 
the 13th or 14th day indicating th a t the increase in  T V N  during 
this period was alm ost entirely due to T M A  form ation. After this 
period, some am m onia was liberated  as already m entioned.

Plaice presented a different p icture (fig. 3). A m m onia increased 
a t the same ra te  as T V N  and the influence of tem peratu re (15 °C 
experim ent) could be clearly shown. T M A  on the o ther hand  was 
formed to a lesser ex ten t; this test seems to be less sensitive th an  the 
T V N  or am m onia determ inations. T he lim it of acceptability was 
reached after 14 days a t 0 °C; plaice w hich had  been w arm ed up 
at 15 °C before ice storage was borderline after 11 days.

W ith  herring (fig. 4) am m onia values rem ained at the same 
level the first 10 days of storage. After this time, when the fish was 
practically  spoiled, a sharp increase of 10 mg N  % was noted. W ith 
cod and redfish, this increase a t the end of the storage period was 
only ca. 5 m g N % . T he am m onia curve of the 15 °C experim ent 
was distinctly higher th an  the 0 °C curve, indicating th a t herring 
has a greater sensitivity towards tem peratu re  influences th an  the 
o ther fish species exam ined. A t 0 °C. herring was borderline after 
ca. 10 days. In  the 15° experim ent, the lim it of acceptability  was 
abou t 6 days.

T he reasons for the different behaviour p a tte rn  of plaice in 
relation to am m onia form ation during spoilage were not investi
gated any fu rther as the present experim ents were conducted in  the 
first place in order to evaluate the possibilities of the am m onia 
determ ination as an  objective freshness test. T h e  earlier production 
of the base, however, is p robably  related  to a modified m icroflora 
producing m ore active bacterial desaminases th an  in  o ther fish 
species.
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—  Cartilaginous fish.

As m entioned, the most im portan t p a r t of the free am m onia 
in those fish is formed by hydrolysis of u rea; bacterial urease ca ta 
lyses the reaction. W ith  spurdog, only a small p roduction  of am m o
nia was noted until the 8th  day (fig. 5). After this period, however, 
the concentration increased sharply to reach values of respectively 
105 m g (15 °C experim ent) and 80 mg (0° experim ent) after 15 
days. T h e  fish was posiled after abou t 13 days (0 °C) or 11 days 
(15 °C).

W ith  spotted dogfish, am m onia increased at an  earlier stage 
and  reached higher values (110 and 92 m g). This was in good agree
m ent w ith  the organoleptic ju d g m en t : the limits of acceptability 
(respectively 12 and  9 days) were reached earlier th an  with spurdog. 
Furtherm ore, spotted dogfish appeared  to be m ore sensitive to the 
influence of tem peratu re  : am m onia values of the 15 °C experim ent 
increased a t a faster ra te  th an  w ith  spurdog.

— Crustaceans.

W ith  shrim ps (fig. 6) and  Norw ay lobsters (fig. 7), T V N  and 
am m onia curves showed practically  the same p atte rn  for both  
experim ents (0 and  20°), the influence of tem peratu re being very 
pronounced. As T V N  consists m ainly of am m onia and  TM A , 
it was to be expected th a t T M A  values w ould increase to a lesser 
extent. D a ta  of figures 6 and  7 show th a t this was indeed the case. 
T M A  determ inations appeared  to be a less sensitive objective 
quality  assessment m ethod for shrim ps and N orw ay lobsters.

A t 20 °C both  crustaceans were spoiled after abou t 2 days; 
a t 0 °C they were borderline after respectively 8 and  11 days for 
shrim ps and N orw ay lobsters. I t  should be observed however th a t 
the shelf life of cooked shelfish also depends upon the cooking 
m ethod (salt content, length  of cooking, etc.). N o precise d a ta  on 
this subject were available for these experim ents.

C o n clu sio n s

Results of the experim ents show th a t the value of the am m onia 
determ ination  as an  objective quality  assessment m ethod is ra ther 
lim ited for bony fish. W ith  cod, redfish and herring, am m onia 
values increase only slightly during  storage in ice and  do not follow 
the organoleptic judgm ent. O nly  w ith  plaice a better agreem ent 
was noted b u t even in  th a t case, T V N  determ inations gave a better 
p icture of the decrease in  freshness.
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A lthough the determ ination of am m onia is a  poor objective 
quality  test for bony fish —  a t least for the species under investiga
tion —  the m ethod has its usefulness for m ore detailed spoilage 
studies and  especially in these cases were the fish is no t kept in  
„n o rm al” conditions in ice (e.g. prepacked fish, fish treated  w ith 
additives, etc.). T he determ ination of am m onia generally gives a 
fair p icture of the speed of desam inations and of proteolysis.

W ith  cartilaginous fish, the am m onia content is in good agree
m ent w ith the organoleptic judgm ent. T he usefulness of the m ethod 
should be em phasized w hen considering the fact th a t only a lim ited 
num ber of objective quality  m ethods can be used for Elasm obranchs 
T he lim it of acceptability  can be set a t 55-60 m g N % .

Finally, for crustaceans, the determ ination  of am m onia has 
practically  the same value as the T V N  determ ination  and can be 
used as an  alternative and  confirm atory test. C rustaceans become 
borderline w hen the concentration of am m onia reaches 45-50 mg 
N  %.

S U M M A R Y

In  order to evaluate the possibilities of the determ ination of am m onia as 
an  objective quality  assessment m ethod for fish and  crustaceans a series of storage 
experim ents was carried out on cod ( Gadus morhua L ) , redfish (Sebastes marinus L ) ,  
plaice (Pleuronectes platessa L ) , herring (Clupea harengus L ) , spurdog (Squalus 
acanthias L ) ,  spotted dogfish (Scylliorhinus canicula L ) , N orw ay lobster (Nephrops 
norvegicus L ) and  shrim p (Crangon vulgaris Fabr. ) .  Besides am m onia, total volatile 
basic nitrogen (TV N ) and  trim ethylam ine (TM A ) w ere determ ined.

T he experim ents showed the value of the test to be lim ited for bony fish. 
W ith cod, redfish and herring, am m onia values increase only slightly during 
storage in ice and  do no t follow the organoleptic judgm ent. O nly  w ith plaice 
a  better agreem ent was noted b u t even in th a t case, T V N  determ inations gave 
a better p icture of the decrease in freshness.

W ith  cartilaginous fish, however, the determ ination  of am m onia is of 
value and  is in good agreem ent w ith the organoleptic judgm ent. Finally, experi
ments on the two species of crustaceans showed th a t the determ ination  of am m o
n ia  has about the same usefulness as the T V N  test, and  can  be considered as 
an  alternative m ethod.

S A M E N V A T T I N G
D o ser in g  van  de a m m o n ia k  in  v is  a is  ob jek tieve  

k w a lite itsb e p a lin g sm e to d e
O m  de w aarde van de am m oniakdosering voor de objektieve kwaliteits- 

bepaling van visserijprodukten na te gaan w erd een reeks bew aarproeven op 
kabeljauw  (Gadus morhua L ) ,  rode zeebaars (Sebastes marinus L ) ,  schol (Pleuro
nectes platessa L ) ,  haring  (Clupea harengus L ) ,  doornhaai (Squalus acanthias L ) ,  
hondshaai (Scylliorhinus canicula L ) , Noorse kreeft (Nephrops norvegicus L )  en 
garnalen  (Crangon vulgaris Fabr.) uitgevoerd. N aast am m oniak w erden de totale 
vluchtige basische stifstof (TVB) en het trim ethylam ine (TM A ) bepaald.

U it de proeven is gebleken d a t de w aarde van de m etode bij beenvissen 
beperkt is. Bij kabeljauw , rode zeebaars en haring  vertonen de am m oniak
gehalten gedurende het bew aren van  de vis weinig verschil en kom en niet overeen 
m et de organoleptische keuring. Alleen bij schol w ordt een goede overeenkomst 
genoteerd, m aar zelfs in d it geval geeft de T V B -bepaling een nog beter beeld 
van het kwaliteitsverloop.
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Bij kraakbeenvissen is de am m oniakbepaling echter w aardevol en kom t 
goed m et de organoleptische keuring overeen.

V oor schaaldieren tenslotte heeft de am m oniakdosering praktisch dezelfde 
w aarde ais de TV B -bepaling, en is dan  ook een alternatieve m etode voor deze 
laatste test.

R É S U M É

D o sa g e  d e l ’a m m o n ia c  d a n s le  p o is so n  c o m m e  m éth o d e  
ob jective  d e d é term in a tio n  d e la  q u a lité .

Afin d ’évaluer les possibilités du dosage de l’am m oniac comme m éthode 
objective de déterm ination  de la qualité de produits de la  pêche, une série d ’expé
riences de conservation a  été effectuée sur le cabillaud (Gadus morhua L ) ,  la 
rascasse du  N ord (Sebastes marinus L ) ,  la. plie (Pleuronectes platessa L ) ,  le hareng 
(Clupea harengus L ) ,  l’aiguillat (Squalus acanthias L ) ,  la  roussette (Scylliorhinus 
canicula L ) ,  la  langoustine (Nephrops norvegicus L )  et la  crevette grise (Crangon 
vulgaris Fabr.).

A p art l’am m oniac, l’azote basique volatil total (AVT) et la trim éthy- 
lam ine (TM A ) furent dosés.

Les expériences on t dém ontré que la  valeur de la  m éthode est restreinte 
pour les poissons osseux. D ans le cabillaud, la  rascasse d u  N ord et le hareng  les 
taux  d ’am m oniac ne changent guère p endan t la  conservation e t ne suivent 
pas l’exam en organoleptique. Seule la  plie donne une bonne corrélation, mais 
m êm e dans ce cas, l’A V T  donne une meilleure im age de la d im inution de 
fraîcheur.

Avec les poissons cartilagineux cependant, la  déterm ination  de l’am m o
niac est à préconiser car elle concorde b ien avec l’exam en organoleptique.

Le dosage de l’am m oniac dans les crustacés enfin a  p ra tiquem ent la  
m êm e valeur que la déterm ination  de l’A V T  et peu t être considéré comme une 
m éthode alternative et confirm ative de ce dern ier test.
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