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Under the term niirozmm extractives h included a
nubu of non-protein nitrogen constituents which occour to a
amall peroentage in tissue and are extracted by water, alcohol
or sther. Among other subatances this group contains methye
lamine, creatine sand greatinine, urea and several purine bases
1mming mthln. hypoxanthine and wuric acid,

It s & matter of common knowledge that if m«ic is
hne& in water the greatest portion of the flavour of the fish
or meat 1o extracted, It would appear likely therefors that
the group of substances known as the non-protein nitrogen exe
tractives were intimately concerned with the characteristic
flavour of fish, Hence since the flavour of muscle largely
determines ite marketability it aeemed highly desirable to
underiake & etudy of the factors concernsd, especially those
‘pertaining to marins products, In additicn to the sbove n
. seoond consideration must be admitted, Wher the nitrogen
content of fish musele is multiplied by the "protein factort,
and the molsture, fat and ash content added, the total in
certain species of fish adds to less than, in other speoles to

ter than, 100f, Thie disorepancy must arise from the

act that difrerant species of (ish ocontain different amounte
of momgroteinsnitrogen and hensce the protein factor must vary
from one spacias to another, - Since only the protein and fat
of fish muscle have any {amm value it is imperative that
one should knmow the quantity of non-protein nitrogen and Hence
the ocorrect "proftein fagtor® for the muscle of each specise in
order to properly appraise and evaluate tho biclogical valm
of diffevent fish preducis,

Henoe 4n an attempt to throw some 1ight on these very
interesting and highly important problems it scemed advisable
to undertake a study of and eventuamlly to attempt to acsownt for



M8 Reportas ﬁul.,_hoazd | 2

the total non-proteim nitrogen #mcnt in fish muscle., The
study carried on consisted of a prnnuamry investigation and
comparison of the tity of ammonia, ures, creéatine and urie
acid present in different varistioes ef commeroial fish, The
inveatigation has not been extended sufficiently far as yet to
enable one to draw any broad oouolasiou but has neverthel ess
shown some interesting results, '
MPTHODS
Agmonia .
The fish which were as fresh as could be prooured, and
which as a rule were not cut of the water longer than about 3
hours at & maximum, were measured and the musele %o be analysed
was ground in a meat chopper as soon as the fish were received

at t he laboratory, Sohmidt-Nielsen and Stine (1) have shown
that the ammonia content of muscle chopped in air was somewhat
higher than in muscle chepped in sodium borate solution owing to
the dacomposition in air of adenoaine tri phosphate by mu P
tissue, However, as our interest lay for the most part in the
amount of ammonia present in the muscle under ordinary oircum-
stanoes no such precaution as that followed by Schmidt-Nielsen
was taken, Hunter (2)}%Binted out that the creatine content of
different musoles variss considerably, hence only the caudal
musole wae used in this series of experiments, After mincing,
samples of between 2 and 3 grams of the musole were weighed into
pyrex test tubes for ammonia determinations, These were carried
out by serating the minced muscle to which was added 5 ce, of
saturated sodium carbonate, with sir washed by passing through
sulphurie acid, The -uacio was aerated for 2 hours and the
swmonia trapped in N sulphuric acid and determined by back titrae
tion with - standard alkali, The determination
actually rcprqmt- the total volatile base present, but since
this can be alwost quantitatively accounted for as monh and
tri methylamine and as the amount of the latter is very low in
fish muecle no corrsotion was applied, Determinations were
carried out in triplicate and checks made wsth an accursey of !’.

Ures determinations

' ?répafation of Urease

The urease used im these experiments was prepared by
adding to 30, zrams of jack bean meal 100 ce., of 30% ethyl alochel
and 2 grm%utlt previously washed with dilute acetic acid,
Thie mixture was allowed to stand in an iee-box over night and
was filtered nex%t morning, Préliminary experiments with urea
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showed that 5 ce, of tﬁinmmuefa in the presence of small
smounts of phosphate was sufficient to convert 5 mmg, of urea
to ammonia in 30 minutes at room temperature, :

The phoschate buf fer wee prepared by msking 39 grams
of sold potassium phosphate and 87 grams of 41 potassium phosphate
up to 500 ec, The pH of the eolution was found to be 6,8,

Urea determinations were carried out by treating about
5 grams of minced muacle with 5 oo, of ureass solution and 0,1 ¢c.
of phosphate buffer and sllowinz the urease to react for 1 hour
at room temperiture, The tubgs were then made alkaline with
sodium carbonate and aerated for ammonia as desoribed abovs,
From the total ammonia value thus obtained was subtraocted the
value previously found and the difference calculated as urea,
B:h::i?; one wers ocarried out in triplicate with an acouracy
0 abonu - . = : .

Junter (3) has shown that there is present little or
no creatin’'in fish muecle and henos mo determimation for thie
compound as such was oarried out, Creatine was determined in
the manner outlined by Hunter, Between 4 and 5 grams of musocle
were weighed into tubes and hydrolyzed with 20 ce, of 5% sulphurie
acid by ting on a water bath for 5 hours, The digest was then
filtered and made up to a volums of 50 oc.j; 10 ce, of this solu-
tion were then placed in a 250 oo, volumetric flaek, sbout 150

eg, of distilled water, 25 oo, of saturated plcoric acid, and 10
co, of 10% sodium hydroxide were added, and the flask mads to
volums with distilled water, After ellowing the colour to
develop for 2C minutes 1t wgs compared againet a standard ocn-
taining 5 mmg, of creatins Bino chloride and prepared in a manner
gimilar to the experimental flaesk except that in thie case only

5 ce, of sodium hydroxide were added, Creatine detemminations
were carried out in duplicate with an mcourapy of 3%,

ki MTNAT

) For uric aeid determinations samples of minced muscle
of about & grams were weighed into tubes and hydrolysed with 20
eo. of 5% eulphuric acid by heating on a boiling water bath for
5 hours, The tubes were then filtered and the filtrate treated
with 15 go, of 10% sodium tungstate, The precipitate was fil-
tered off the filtrate, made slightly alkaline with lithium car-
bonate, and evaporated $0 a volume of 25 oe, The residue was
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then washed into a 50 ee, centrifuge tube and treated with 1 oo,
of 3% silver laotate, 0,5 ve, of magnesia mixture, and 2 cc, of
concentrated smmonia, The tube was sllowed to stand overnight
and the precipitate centrifuged off next morning, The olear
liquid wae discarded and the residue treated with 5 cec, of 10%

- sodium chloride in .1V hydrochlorioc aeid., The tubes were then
heated in boiling water and after cooling were again centrifuged;
the exiraction proocess was répeated and the combined liguids
treated in a 50 ce, volumetric flask with 1 ce, of a 15% sodium
cyanide eolution and 0,5 co, of Folin's uric acid reagent when
the flask was made wp to volume, After development of the blue
golour it was compared against a standard prepared in a similar
manner, When smounte of uric acid of the order of 0,02 mmg, were
added to a sample of ﬂ,& muscle the above orocedure gave results
which agreed %o within 2%, However triplicate dﬂausuuoa on
untreated muscle showed an accuracy of 1ittle greater than 10%,

¥agneels mixture

 The magnegla mixture used in oomnection with the urie
acid determinatione was prepared by making 8% grams of magnesiun
chloride orystals, 100 grams of smmonium ohloride and 200 co, of
asonesentrated smmonia wp to 500 co, :

Folin's wrioc soid reagent

Folin's uric acid resgent was orvemared by adding to
750 ce, of distilled water in a 2 1itre Erlemmeyer 100 grams of
podium tungstate and 80 ce, of €% phosphoric acid, The mixture
. was then bolled under a reflux condenser for 2 hours when 2 co,
of bromine water were added and the flask again doiled for 10
umt“. : : AP s : : 4

The experimente carried out consisted of an analyeis
for ammonia, urea, creatine and urio acid of a number of specimens
of 5 different species of fish, The results obtained from that
investigation are eumarized in the following table,
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o A “The exfra‘.'dg;&ag'_grom fish muscle
Species m Size An-a : Urea cimtino Uric Acia
omg, | mng./g, |wog./g. g, /e, mag, /2.
d Female | 14 - - Sl <ﬁ049
pg ' 7% .164 2195 5,40 L0070
» . zg a77 161 6,08 .0023
" R 58 .121 5,10 ,00
g kl‘ 65 .161 .2 2062 .007
. " g | 162 212 11 .ou;
" Pemele | 42 | ,189 13 5.07 « 0062
ddook L 143 0368 |  5.86 . 0040
" L1865 L0189 6,12 . 0047
U .121 . 0483 5, 66 m
: « 157 0159 g.gé « D04
" .ak6 | o83 | 583 . 0060
Hake Pemale | . Zg JI48 065 3,49 0,0
¥ 0167 -025 '30 -0075
. » 60 120 083 | 3, 0030
" " 62 <237 19 1 L0020 . -
d . 26 - Lob2 % L0017
" Male L6 19 040 4.2 . 0029
. Female 1 L108 075 4,06 L O04E
Magkersl) . 225 110 4,13 e,0
» Male W3 201 . 189 5,85 008
" 6 | 202 192 2.71 . O149
» 6 0186 0185 087 00137
Herring e 164 120 6,68 -
" Male 30 o232 01” 5.92 0108

Although the number of mackerel and herring exmmined
was hardly great enough to permit of any definite conclusion it
appeared that the quantity of ammonia per gram of muscle was of
the same order of magnitude in all speciea, The fast swisming
surface fish, mackerel and herring, showed elightly higher values
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howgver, than the ground fish, Il gontrast to the relatively
gongtant values for asmonis the mtﬂy of other eXxtractives
studied varied rather widely from one svecies to another, Thus
the urea value found for haddook wase very much lower than that
for 41ts near relative the cod, which showed the highest wvalue of
any sogcies investigated, Mackerel and herring ccoupied an
intermediate Position and hake showed wvalues =lightly lower,
The lowest values for creatine were found on analysis of hake
mascle, The highest were obtained on examination of haddock
and herring, with intermediate values being shown by mackerel
and cod, Prior to 1929 HEunter ie authority for the statement
that only 23 reliable determinations of orestine have been made
on 15 different soecies within the class “isces, Mellanmby - '
found only O,28% in the flesh of skate, and 0,35% in that of cod,
¥uch higher values were recorded, bonﬂr. for cod by Hunterj
thus he found for the ocandal musole of ling cod taken from the
waters of f the coast of British Columbia a value of arcund O,6%,
~and for rock cod a value of about O, ~ Although thers is ocon-
slderable variation In the ficures rmrnd in Tegble 1 Hunter's
value for god agrees very well with the average value found in
our exveriments provided that the creatine content of the large
god fiesh =t the head of Table I, and which could not be regarded
as formal sines the water content of the muscle was over 90%, be
nsglected, On the other hand Hunter's value for Pacific herring
of about C,7% was much higher than that found in the caso of the
two herrinz examined in these ex -eriments, where values of around
0,63% were obmsrved, The loweet value of O, 4% recordedby Hunter
wap obsarved on analysis of skate muscle; thie value was 'conside-
rably higher than our lowest value of O,38% for hake muscle., In
svite of large individual differences Hunter was able to conglude
that each s %oles, and poesibly all species of a single genus
showed fairly characteristic wvalueas, Observations on Table i
appear %o support thie ¢ontqaticn.

From the data a pearing in Tsble I, ome is struck by
the large individual wvariations in uric acid content of the
muzole of different fish, Because of this one is unable to con-
clude that any value ig characteristio of any particular species,
The table illustrates quite clearly, howsver, that the Jeraentage
of uric acid in fish muscle is of a much lower order of magnitude
than that of human muscle being ae 1t is of abeut C,0006F in con-
:tnt to a figure of about 0,04% for human muscle recorded by

alentd,

SUMMARY

i Examinations of a number of elecimens of & different o ecies
of fish for ammonia, urea, creatine and uriec acid have been
carried out,
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It wae found that each amoin sho\ud values for ammonis of
about the same order of !mw‘.

Bagh speoies, in evite of !.w muﬁm variation, ssemed
to show a vniun for urea ahm“ﬂtﬂa of that speoiea,

Analyeis for qmum showed Mgﬁn valuss on examination of

herring, lowest on analysie of ¢, with haddock, cod and
maoker i showing intemediate Muu. ‘

o cauparhcn of the quantidy of urle utd in fish susele wtn

that of human muzcls shewed the fornr to be of 2 much lower
01‘63.!' of magnitude, :
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