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Chap t er !

The value and impor t an ce of t he fi shing grounds of America in the
vi c i nity of Ne wf oundl and wer e r ecogni zed a s ea r l y as l 504 , when t he fishe r men
ofFrancebegan s endi ng ves s el s t o our shor es andthey s t ill continue th e
pra ctice af t er more than f our centu r i es . Accor di ng t o McFarlan d ( 2) , before t he
yea r 1-522, hous es ha d been erect ed f or the ac commoda t i on off1shermenonNe,,­
f oundland . Local traditions ha ve l a i d cl a i m t o t he d iscovery of th e ba nks of
Newfoundland by t he fisherm en ofllorm a ndy and Brittany bef or e 1492, but t he r e
is no p ositive evidence th at t hes e ear ly voyagee were really made .

The interest mani f es t ed i n the fi s hi ng i ndustry i n th e r egion ofthe
Gulf of Ma i ne i ncreased steadily a nd re sulted i n the establishment of se t t lements
along the New Engl and coast , which wer e devo te d al most entire ly to t his purpose .
The town of Gloucest er , Mass achu s et ts , was f ound ed in 1623forthe ma i n pur pos e
of conducting fi sh ing operations . The st at e of Massachusetts has always bee n
th e large st singl e contributor of th e f i sh pr oducts i n th e Unit ed States . The
value of t hes e in 1908 constitut ed 13% of the t ota l , Ala ska exce pte d •

A summary of s t a tistics of th e fi sh er ies of t he United St at es a nd Alaska
for1908(6) , and of Alas ka f or 1913(7) , f ollows .

Unfortunat el y , no compl e t e s t atistics of th e fisher i es of t he United
States and Als s ka have be en compiled a in ce1908 .



Pound! V.1". Pound_ val".
89,821,02.( 5,895,168 67,17) 209.892



It is seen that t he value of the t ot al f is h pr oduct s of the Unit ed Sta te s,ex­
clusiveofAlaska ,verynearlyequalsthatofEngland,and f ar exceedsthoseofthe
other countries .

Canada su pplied th e greatest val ue of impor ts Q!fisher y pr oduct s in t o this
country, cont ributing 37% of the t otal in 1908 . Imports fr om Eur ope furnished S4%
of the value of the t ot al imports in 1908 . Lack of import dut y on fishnowlIIake
these figures of little comparetive value under pr esent condit i ons . TheEuropean
country which l eads in the importation of t hese products, th e United Kingdom,sup­
pliedimportsvaluedat17%ofthetotal valueofourimports offishary productsin
1908. The follo'fingtable gives the Atatistics for 1913 , (sl: -

FI SH DIPORTS AND EXPORTS OF THE UNITED STATES IN 1913

Imports
Quantity Val ue

S

Fresh--Salmonandall 52,9 68,.301 2,331,822

~:~9~r·P;e~~~~~ ; .
Cod, Haddock, Hake and
Pollock • • • pounds •• 29,761,996 1, 646 , 073
(dried, smoked , slat ed,
or pickled)

AnchovieeandSIlrd in es .
(packed in oil or oth erwise 2, 664,130
treated)

Ex p or ts
Quant ity Val ue,

Herring•• • pounds • •
76, 838,454 3,1 65, 748 208 ,880(p ickled or sa lted) 14 , 539 , 140

I18ckerel. • • pound s ••
26,204 ,73 5 1,319 , 363(pickled or salted)

Mackerel and all others. . . poun ds • • (pickl ed) 21,9 56 143,612

Other sp ecies 1,804,3 19

Fresh--exc eptSalmon- -
pounds. . ... . 5,5 17 ,248 291;332

Dr1ed,smoked, or cured .
Cod,Haddock,Hake , and
Pollock• • •pounds •• 4,4 84 ,414 245 ,842

Dried, smoked, or cure d .
aUothers • • •pound. 6 , 681 ,334 272,649



Salmon-canned-pounds ••

Salmon-others-freshor
cured•••pounds •••

FiehotherthanSalmon
canned-pounds•••••

111 other fish and fish
products•••pounds •••

Imports
Quantity Value

S

$12,931,455

Exports
Quantity Value

S

55,290,966 5,103,340

2,122,566

103,284 '

8,610,765



THE CHEMISTRY OFFISH I

I ntroduct ory

Thevslue of fi s h ss s f ood for t he Amer i cs n people cs nnot be ove re stimeted.
The necess ity f or substitut il.l! fish for meet in orde r t o s ol ve t heproblem of mee t
shortsge is di s cu ss ed st l ength i n a r e port by Penn in gt on (2) . The United St s t ee
could profitsbly utl1izemore fi shthsn i t now con sumes.

There a re ple nty of fish aval1able to Amer i ca n fisherme n , more th an eno ugh ,
at certain seasons, t o sup ply t he demand. I ndeed, occa sions often ar i se wben it
is nec es sary f or t he fish dealer to car t hundred s of pounds offi sh to th e dump, be­
csuseofthelackofdemandforthisvsr i e t y offood . This ususlly hspp ens onl y
tothes"slldeslerwhenfisharetooplentifu1, f orthelsrgerfirmscsnforestsll
sny such grestwsstebyplsc1ng the fish in cold storsgeand hol din gthem unt l1
such time ss fishsre in grester demsnd. This fr eezingsnd storage offish is now
csrried out ons lsrger scale by many firms s nd is sboontothe cons umer,forit
suppl1es him with s qusntity and variety of f is h which would ot herwise be unava l1 ­
sble on account of the fish being out ofsesson . Thequsl1ty of a fish so stored
apparen tlyremalneunlmpaired,forthefoodvaluedoesnot change ,accordingto
Smit h, (J), s nd it i s ver y diff i cul t t o de t ec t t he d iff er ence be h ee n t he t as t e,
in t he cooked condition , ofe f re sh fiehand one pro per l y frozen en d heldin
storsgefor s ev er sl mont hs. Insdditiontopreservingfishintheicedsnd
frozen conditi on t her e s r e, of cour s e , t he ot her me t hods, such s s pa cki ng in 011 ,
dry i ng ,smoking,ss1tin g,pickl1ng,sndcsnning,sllofwhich lsttermethodssome­
whs t modi fy t he t s s t e of the origin s l fish . Ther e is stpresent s s omewhst
unre sso ns blesndwidespresdprejudicesgsinsttheuseofcoldstora gefoodproducts ,
but thissttitudeofthepubl1cwi11doubtlessnot prevsl1forsnygrestlengthof
time ,becsuseoftheimportantrole whichthe coldstors geindustry playsin

~~i~~~~~i~~ ~~~ ~~;e~r~:s~fc ~~~;~i~ peris hsble f oodstuffs like fish, th e supply

Thereareagreat manyvariet i es of both fr esh andsalt-wsterfishaccessible
to Amer i can fishermen. The common names gl ven t o ce r t a l n sp e c le s are quite varied
sndconfusing. Ac'ompl etel1st of th e f ood fi shes of th e UnitedStstes in cluding
theirscientif1csndcommonnsmesendthei rhsbitst,w111befoundinthe Gove r nment
publ1cstion , "Fisheries of theUnitedStstes ,1908" (4) .

A large amount of chemleal r es earch on flsh has been done during S8 veral de ­
csdes ofthe psst century. The gre s te rpsrt of the wor kws s cs r r ie d out i n
Germsny, s ver y smsll smount being done i n t his country. Cons i deringthe vs st
qus nti t i es of fi s h svs l1 s bl e t o t he Amer i ca n peopl e , t he f ood , f or f er t l1 iz er , f or
ol1 , e t c . , t he smount of chemi cs l r es es r ch on Amer i cs n fi s h i s ext r emel y l1 mi t ed .
Atwst er( l ) who hs s done t he gr es te rps r t of the Americsnwork on t his problem,
s tsted inl888 "that th e work he re reported cs nbe reg s r ded s sonl y t he beg i nn i ng
ofamuch-neededresear ch ." No systemat i c s tudy of t he chemls try ofAmerican
food fi.hhs. be en medesince t hst r eported by the ab ove author . The extreme lsck
~~/~~~b~~s~::~ on th is sub j ect mske s its own pIe s for s more extended s t udy of



Chapt er !.

Food Component s of Fresh Fi sh

The value ofa food depends upon its tissue-build i ng and energy-producing
powers. lll f oods conta i n more or l es s of t he f ollowi ng nut r i e nt s , - - - pr ot e i n ,
carbohydrate, lipi na( fst andfa t - like suba t s nces ) minor al cons tituentsandWllter.
Fats and carbohydr a t es a r e the chief fuel ingredients, andtheproteincompounds ,
esp ecially t he a lbuminder iv ativos, ar e the pr i nc ip s l tissue former a , In general ,
fishflesh is es s ent i allya pro t e i n f ood , l ower i n f a t a nd hi gher i n wa t er cont ent
than mea t , a nd, like it , containing only a minute quantit y of carbohydrate.

The ear lierinvestigationsonthechemist r y of f oodfishareimportantonly
from a histori cal point of vi ew. Among th e first of th ese is the work oflol orin ,
(27) ,inI822, on t he cons tituents of t he smelt . Eigh t een years later we have the
rep ort of Schl oss ber ger, (J 9) onthe quant ita t i ve s epa r a t i on of wa t e r soluble
coagulable protein, alcohol so lu bl e sUbstances , fibrous matterwithcell tis sus ,

;:~i~ati: o~ei~:n~~~~h~Cmjn't~8~;ju:~dC::~:~~~:r~a(~)s i 9i"11~f8i~ed:~~~:i~:~l~~e
el ement a r y compos ition of t he al bumi n separ a t ed f rom the fleah of the p ike and of
the tunny, flounder and hadd ock .

The first ana l y ses of any i mportance of fi s h fo r water, protein , fa tand as h
arethoseofPayer( 29)inI854 . Thes e figures , toget her with analyse s made by
Koeni g, (17),Buck1and,(12)Almen,(6) Kos t y - t as che f f (21) ,Popoff, (J4)and
Sempolowski,(41), ar ediscussed i n detail by ll . C. Atwa t er ,(I) , i nthe r eport of
t he U. S . Commi s s i oner of Fi sh and Fi sher i es f or I 888 . A complete r eport of t he se
an alyses in this place would be of slight val ue, but a few representative an al yse s
of wall known fish would pe rhaps not be out ofplace:-



1 . Fr es h Herring Payen
2. Smolted Herri ng Koeni g
3. Herrin g Buckland
4. Little Herr in gAlmen
5. Fr esh Her ring Ko~~~;~-

Atwater

~~~~and
Umen

"at ar "ater Albu- Fats Ash Nit-

~~~~ ~~~; :~g-
stance

70.00 30 .00 17 .80 10 .30 1.90
69.4930.5120.768.511.243.38
80.71 19.29 10 .11 7. 11 2.07 ,
73.2526.7519.23 5.87 1 .653,01

76 .11 23.8917.294.891.71
69.0330.9718.4611 .01 1 .503.06

75.70 24 .30 18.174.851.28
77 .0622.9410.11 7.11 2.07
70.3329.6718.0610.121.493.10

Pro - "ater­
t ei n Protein
NX -Fat­
6.25 Ash

21.12100,36
100 ,00

18.8399.60

19 .12100.66

100 .00
19 .39101.3 3

(aver a ge of 5
Spac imens ) Atwater 63 .6136.3921.60 13 .38 1 .413.59

Thefiguresintheprecedingtablewereobtainedby Atweterafterrecalculating
th e original dat a into the present form, for the sake of comparison . On inspection
of th e anel yt i cal r-eaul t s above, it will be seen that, if t he per cent fa tissub­
tracted from the per cent water -free sube t ance in the cases of Nos.1,5,and6for
f re Bhher r ing ,theper centoffat-free solidsisquite uniform,namely,19 .7%,
19. 00%, and 19 .96% r es pect iv el y . This const&ncy in the amount of fat-free solids ,
hol ds t r ue f or the majority offish and averages about 19 . 5%.

Miesher, (25) observed a decrease in the pr ot e i n and fat content ofthemuBcle
of Rhi ne selmon at Bpawn time. AccordingtoPolimanti, (32) and (33) eurf'ace swim­
ming fiBh have the highest fat content .

Bearing in mind t he factors i nfiuencingthe composition of fish flesh, one can
re adily see t ha t s n s nal ys i s of a f i sh of unknown hi Bt or y i B lisbl e t o l eed t o an
erroneous l mpr es s i on of its food value . As a caae in point, note the analysis of
bluefi Bh i n the f ollowin g table (No.8) of Atwater's . Thefst content of this
fi s h i B gi ven as l . 25%, w1t h a moi s t ur e cont ent of 78 . 46%. Ina recent ana lysis
(ilot publiBhed) by the author. of a blue fish, the following figures fo rmoiature

~~~/~;\~::~:~;~vm: ;:~~~~~a~~~:in;;;-0~3f~;~ha~~~~fi~~;s (:~;;a:~~ ~ni;) ~ It
Bhould be underBtood, however, that while the figureB are correctina gener al ws y
f or most of t he fish, some of them ps r t i cul ar l y the surfaceswimmingfish,are
Bubjectto wi de var i ations i n f a t cont ent . Until we know the extent of these change s ,
i tiBunwisetoacceptasfinalaBingleanalysisofafish,andjudgetherefrom
as to its fuelvelue as a food .





,
j~ jJ hl~ ~~l !; ~~~~~j

=
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~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ 1.2 8 2. 26 ~ ~

~ ~ 15.32 1 .l9 1.14 ~ ~ ~



Containing over

63.6 17. 9
5% of fats .

78. 7 1.9
69 . 1 11 .4 :{~~f;~~h 79 . 1 1 .4
70 .6 9 . 5 Kingf i Bh 79 .2 1 .0
75 . 0 5.1

74 .4 4. 9 Sea Bass 79 . 3 0. 5
76 . 2 3.5 Tom Cod 81. 6 0 .4
77. 7 2.8
77 .7 2.1

The author f ollowa t he general custom of class1fying th e fi shaccordingtotheir
proportions of fat into t hr ee classea: (1 )conta ining over 5%o f f a t ; (2) containing
batween5%and2%offat;(J)cont ai ni ng l es s tha n2% offat. Practicaluae of such
:b~;:~a1fication i s ne cessar ily l imi t ed on ac count of the variations r ef erred to

The following excerpts from Atwat ar ' s tab le ar e givan in or de r to i llustrate
the principle that, as a rule, the amount of water inthefleBhdBcreaseBasthe
fat increases and vi ce versa .
TablBNo.3. CLASSIFICAT ION OF FI SHES BY PROPORTIONS OF FAT

KindB of Fish Ki~d:r~;n;~:~B are O~~e;Bt b;:~:)

~~n;:~~~ng over 5%

California Salmon
Lake Trout
Shad
Por gy
Containing between 5%

m~~eOffats .

:;~~ee~r~~~s

Kianizyn, '(16),determine d t he f oodconstituentsofthedriedBndsBltcod:the
fish so prepared contains 25.09% ine dible por tion .

I n 1898 Balland, (7) , r~ported ana lyses of 38 varietieB of fish, crustaceans and
molluBcsfor water,nltrogen cons t l t uent s , fat, ex t r ac t i ves and 8s h. He noted that
fiBh containing a l ow per cent of fat are us ually hlg h in ni t r ogenouBconatituents .

Beythien, (11) de t e rmln ed th e composit i on and food value ofbeef,por k and mut ­
ton,andcomparedthem wit hthoae of sal t her r i ng andfreBh cod . The relative food
valuea of salt herrin g and f r es h cod In Cermany per mark ar e 3765.9 and 2000 .0
r eBpectively, while th at of beef averageB 1 529 unt t.s ,

That tbe nutritive val ue ofafiBb lOaybeverylowon ac coun t of i ts high pr o­
portionofwaterandrefusB mat t er , a B head , boneB, et c ., lB s hownbyllilonB(26),
inhiBBtudyofthe foodfiBheB of Ital y, i n whlc h hecalculatedthe priceof
differentvarietieBoffiBh(whol e) lnlire and cent lmeB per kilogram, ' and per
1,000unitaofnutritlvavalue . Thenutritlvevalue of fiah per unit cost, as
purchaBedinItalyiBtwicethat of mBat .

Holland,(15),foundthatthe common f r eBh waterfisheBofFrance compare
favorably lnfood value with th ose lmported fr om foreign count r i es •

Vaillant,(43),foundthat eel s var y l n chemi cal compoBltion,and hence i n food
value,atvariousstageB ofthei r gr o" t h . The ee l fry , or "cive lle" , whi ch ar e
colorleBs, contaln 19 .3 5% fa t . Then , wheninthesteteof"monte e" ,when t he Bel
fry hBveturnedbl ack, t hefat dr ops t o 12. 53% and inthe half gr own eel(6-l0incheB
in length) thiBconBtituent ha B lnc r ea sed t o 17 . 13%. The expl anation i s that the
eelaarehatched wlt hari ch amount of f a t andalBo vitellin, whi ch iB exhausted

~~~~ ~~u~~l~fa7a~~; ::t:~~a~t~~~ ~~ ;:~~:~:~ . by I:e:~:no~ef~~e:a~~~~ t ime bef'or e



Reuss , (J 7) , ana1yzed car p , whi ch had been l1 vi ng i n har d wat er and so f t wate r,
andfoundsl1ght var iations , whi ch cou1d , however , be exp1ai ned as be in g due to
the greater amount of ash constituents in the fish l1ving i n hard wate r , llhen
ca1culat edtothe as h-free basis t hese di f f er ences i n compos i tion bet weenthetwo
varieties of carp di sa ppe ared .

estim;~e: ~~~i~~o~fc~~~~~~~:~~:, o~n~~~d~~~g~:r~ ~~~~~:~:~~ ~~ g:~ti~~:,{e~~t;;~~lon
of the flesh wit h hot wat er and ethe r .

The following ta bl e by Koenig and Spl1 t t ger ber , (19) , give s a meansofcompar i ng
the food constituent s of bee f and vea l {evf.dent .Ly lean meat ) wi t h those of fi s h: -

THE CHEMIC~L COMPOSITION Of F'ISH, BEEf, ~ND VEAL
(Aver age val ue s )

Kind of "at er NX Bas- Alb- Ge1 - Fat Ash Wat er Wate r
flesh % 6.25 ic umin at i n % % sol. s ol.

% Nit . % % ash
%

Beef 74 .4 5 22 . 20 0. 44 1. 81 0 . 97
i: ~;

1. 32 4 .32 1,14
Veal 78 .1 6 20.2 3 0. 31 0 .78 0 . 70 1. 07 2.9 1 0 , 96
Dried Cod 9 . 02 90 . 41 1. 01 1. 57 5.8 8 1. 12 5. 12 12 .97 4 .27
Haddock 76 . 18 23.94 0 .38 0 .84 0 .94 0. 27 0.8 4 4.43 0.71
Halibut 76 .77 20.59 0 .3 1 1.65 0.60 2.5 4 1. 13 3.13 0,89

;~~:ing 77. 98 18 .5 9 0 . 16 1.23 2.2 9 3.44 1. 35 3.39 1 ;08
78 .7 3 20.89 0 .4 7 2.5 3 1 .3 9 0. 31 1.04 5.2 9 0.8 0

~~PSalmon
73. 34 20.50 0.42 1. 45 1. 15 6.2 1 1. 22 3.60 0,82
67.1 5 23.02 0 .52 1. 19 0.79 8.82 1. 20 4.66 1.00

Food Componen t s of Cooked Fish

Uniqu.res'. ar ches w. r e car ried on by Wei gelt, (45) ,andby Schrump f, (40) ,
in order todet.rmi ne what proport ion of the food cons ti t uen ts of t he pur chased
fish is actually util iz ed by the consumer . Forthis purp ose , t he fl . s h of t he
fishaftercookingwasremoved wit ha kni f . and f or k,in or der t obe comparable
withtheusua1d.l1b.rat••atingoffish, and t he fleshsoobtainedwas
anal]zedforsolids, pr otein, f a t , et c . In the case of some small fi s h, ' t he
r.fu•• matter exce eded the edib le por tion . I n ot hercase s , a swl.t htheood;
hal1but,sea pi ke,and sa 1mon, t he i nedi bl e por tion of t he pur chasedfl.sh varied
from 11.4% in th e sea pike t o 18 .8% i n t he 'cod . Cer t a i n f i s h ar e ctis t oniar lly sol d
guttedandwiththehead i nt a ct, s ome gut t ed and withoutthe head , whlle 'still
othersareso1d" intheround",that i s , ungut t ed and wi th ,t he , hea d i.ntsc: : ..... __

Ultimat e analyses of the dried fl esh of different cooke dfiah 'a re 'r eported'oy
lrillisms,(47),withdetar mi na tions offat , pr ot e i n , and r educi ng substances :" 'T he
latter were obtained on the dried fl es h after hydr ol ys i s with hydr ochloric aci d,
and varied fr om 2 .17% in t he amelt to 17. 59% in sa lt herr ing .

Lehman,(22) ,recommends t heuse of fi sh al ong wit h added f a t 'an d caro ohydrates
asaratlonforasol dler , ba s i ng hla conclus i on on an al yse s ofseveralvarleties
~~u~~~~::. fish . Canned f i sh hes been made a p..r t of the army r ation i n cer t a i n



Ulr i ch , (42) , r ecor ds numerous analys es of f i sh under different condi tions,
su ch as cook ed , smoke d , salted , pickled, mar i na t ed, dried, etc . Fresh fish unde r
~~~;~~~~:n~: ~hOd S of preparation and cook i ng l ose va r yi ng amounts of their chemical

Thechemi cs l compos it i on of fl es h of ce r t . i n f i sh r es embl es t ha t of be ef and
vea l very cl os el y , and in t he ca se of sll ch f at f i s h as t he western s al mon , and mac"
kerel, th e fu e l value compar es very f av or abl y with that of the flesh of other
animals. In genor al , however, fis h contain mor e wat er and less fat tha n meat,and
f or this re as on t he fue l va l ue i s l ower tha n meat. However, when fish are eaten with
suchsuppl emen t al f oods as cer eal e .and ot her ', eget abl es, whi ch supp ly ca r bohydrate
and whi ch ar e usua lly de ficient in pr ot e i n, a ba l an ced diet is obt e Lned whi ch is
equa linfuel val u e and mus cl e bu ildi ng power t o s similsr di et cont a i ni ngm ea t .
An exampl e of a whole nation living on suc h a di e t i s af forded by t he J apanesewith
their nearly uni ver s al rs t i on of fishsnd rice .

Los s of Subs t an ces on Cooking and Drying Fish

I n an effor t to det er mi ne the l oss , if any, of su bs tances in cook i ngfish , ' Pe t er ,
(Jl) ,cooked pi eces of f i sh fl es h i n bea ker s pl aced ona st eami ng pot kep t at 98. 50 C.
for one hour . The average loss in weight was 30 . 18%, bein g princ ipally water ,
t hough some of th e fish which were poo r in fa t l ost con s iderable et he r s ol ubl e ma te r i aL

Ulri ch
'
s , (42) , r esu lts on f r es h and cooked fi shseem t o i nd i ca t e a s light loss

of food cons t ituent s of f is h du ring cooking an d after cur in g or pre serving i n
pickle,oil , et c . Some of his figures f or salmon and he rring f ollow:

ANALYSES OF FRESH AND COOKED FI SH
(Per cent on dry bases)

Fa t Ash Nit . Pure N,free P205
% % sub . Ash ex t.

%% % matter
%

Salmon- f r e s h 24 .03 4 .6 1 69 .94 4. 27 1,42 1 . 98 0 .34
boiled 23 .92 4 .20 68 . 63 3. 33 3.25 1,62 0.8 7
bak ed 20. 59 8 .34 69 . 38 1.. 62 1.69 1.75 3; 72
smoked 24 .32 20 .77 51, 06 3. 50 3.87 162 17 ; 27

Herri ng - ;~~~~d 29 .14 3.88 63 . 94 3. 65 3.04
i : i~

0.23
29 .79 12 .84 56 . 50 6. 64 1,47 5.60

ur ea, T~~s~~g~i:~bsi:~~;l~~ma~~:~~:) r:~~~~o~l ~:'hd~~~n~n:~r~~~og~ga~~~~~~i~~c~:in

~~g~;:a~ndI~o~~:a~:;~oi s (;;l;e~h~~ i~0~~~2~g . a~~~~;a i;o~m~~s;r~~ :~~s~:~~:;o~it;~~d
reaction,presumsbl y valatilefatt yac1ds . The au tho r s conc lude t hat on dry in g
such prod ucts th e l os s affects the nitrogen a nd moist ure de termination .

Schrumpf , (4 0) , f ound that fish which were poor i n fa t seemed to losenitr ogenous
substances when cooke d. Lik ewi s e , t he resear che s of Beyt hie n, (1 0) , on t he wa te r
in which f i s h wer e cooked show th at 8 .8 t o 11 . 3% of t he t ot al nitrogan is ext r a c t ed
by t he wat er . This ext r act is not fit f or fo od purp os es on account of the odor .



It appears t hen, that l oss es occur " hen fi s h ar e cook ed but those ar e soslight
from a f ood s t a ndpoi nt as to be neg ligible , and thet the10sses occurringon dr ;ri ng
mi ght ver;r eas il;r v i tiatethe r esults i n

The Chemi cal Composition of Fish Proteins

Weid enbus ch , (44),in1847 , s nd Bs umnauer , (89) ,1n1848,ana1;rzedforit s
e1ementar ;r cons t ituent sthea1bumi n ext r a ct ed f r om t he fl esh of t he pi ke,tunn;r ,
flounder, and haddock, ,,hich i s of hi s t or 1ca1 i nt er est on1;r. Pa;ren ,(JO),afe"
;rears later determined th e compos i t i on of the fat -free fl esh of th eee1, macker e1 ,
barbel and s ol e .

That the e1e ment ar ;r composit i on of t he fis h fl esh agrees ver ;r "e 11 "ith that
of beef and ve al is sh ownb;r th e foll o" i ng f i gur es of Koenig and Splittger ber , (19) .
Albumin se par a te d f r om the fis h b;r col d "ater extraction " as found tohav e an
aver age nitrogen content of 16%. .

Beef
Veal
OriedCod

~:m~rring
Pike

~:~on

I n t he as h- f r ee drv substance
Nitr ogen Car bon Hydr ogen Sul ohur Oxygen

22. 44
23.49
21.37
22 .90
21 .14
21.84
22. 97
21 .5 1
20 .86

I n an i nves t i ga t i on of the proteins of the her ring , do g salmon, pike ,et c. ,
Prutchnitzky , (J 5), f oundtha t t he phosphor us cont ent of t he m;ros i ns i s hig her than
thetof t he m;rostromins , and i n be ef t he r eve rse re l ation is true .

The ultima t e ana1;rses of co oked fish fle sh recor ded b;r Wi111ams , (47 ),,,ere
performed on t he dried crud e pro t e i n be f or e r emova l of th e fa t and so cannot be
used f or compar is on wi th the r es ul t s ta bul a te d a bove . The on1;r da t a we pos se s s at
pr es ent on the compos i t i on of t he pr oduc t s ofh;rdro1;rs is of fi shmus c1e isthatof
Osborn eand He;r1,(28), who ccmpar ed t he h;rdr o1;rt i c pr oduct of hal i but mus cl e "ith
those of ch i cken muscle . The mono- amino ac ids wer e de t ermi ned b;r the Fischer ester­
ificationm et hod a nd th ehex one bas es b;r t he me t hod ofKoss e1 andPatten,(20), on
the filtrat e f r om t he t;rrosin de t er mi na t i on: -

~i~~~~ol1
Valin
Leucin
Prolin

0 . 68%
2.;8

11 . 19
4 .74



l'tlenylll1anin 3.04 3 .53

:~:~:~~ :~~~
2 . 73 3.21

Ser i n
10;13 16;48

Tyroe in 2 . 3, 2.1~

~~~~~~~n
6 . 34 6 .50
2 . 55 2 .47

Lys 1n 7 . 45 7 .24
. Ammoni a

pr ; ; ; :' t Pr;;~:tTryptophsne

At t ent i on is cs lled to the similsrity in cca pcs dtd cn of the two kinds ofmuscls,
slthoughs slight diff s r e nce may be noted i n tn e pr opor t i ons of alanin and glutamic
acid . Note th e hi gh per cent of lys in .

Anal yt1 .calCons t >.l1t s ofF1s hOils

Fish oils ar e charactsrized by a hi gh 1odin e numbe r , usually over 100 . Ulrich,
(42) , however, obt a 1nsd val ues by thsHubl meth od which averaged considerably below
100 . Those of Koenig and Splittgerber (Tabl e No . ) are also low ; The low
iodine values obtained by these observers migh t be due to any of threacauses:(l)
ths oil hss been hs a t ed excessively at one or ano th er of the stages in ite extraction;
(2) the oil has been allowed to stand expos ed to t he a i r in thin l ayer sandbecome
:~~;~~~;ti~~. t oo much oil has been us ed 1n the eampl e taken for the iodine numbe r

I n considerin g th e constants of a f 1s h oil for comparison rl t h ot heroileit
is always nece ssary to know the history of t he oil, L e., how it was prepared , its
ageandunderwhatconditionsitwBs st ored. Forexampl e , a commerei alproduet such
asJapanes e s ar d1ne oil , usually pre par ed by allowing the oil to exude from a heap
of decomposing fis h, rlll have differen t con stants f r om the oil s ep arated from the
sardine by extr a ct i on of the dried fles h wit h pe t r ol eum ether .

The follorlng t ables (Nos. 8 and 9) wer e complled f rom t abl es 1n Lewkorltsch,
ChemicalTechnol ogyand Analys1sofOils , Fa t , andlraxss,Vo1.1,(19lJ),pages
3?9-43?, and voL 11, (1914) pages 408 -4 23 , wit hadd1t10nsfromKoen1gand Splitt­
gerber , (19 ), Ros enfeld , (J 8),andllhite, (46) .

A f ur t he r cons i der a tion or .f.i s h oils will he mads 1n t he chapt s r of fi sh wa s te .

Lev1 ( 23) record s thefollo,,1nganal ys1s of fi sh bone ash:-

CaO 52. 53% P205 34. 09%

JlgO 1.19% Cl 2. 21%

2.54%

K 1.90%

CO2 3.00%

DuJlenil , (1 836), (14),determ1ned t he mi ner al content off1shscaLes ,

The follow1ng1s a table compiled f r o:n a na ly . es recorded by Albu and Neuberg ,
( 5) , and ~oen1g, (18) .
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ASH CONSTlT UENTS OF FISHFIESH

Total K20 Na20 CaO MgO Fe 203 P205 S03 Cl
ash

Eel 1.74 0 . 18 9. 48 45.8 3 43 . 18 0.17
Pike 6. 13 23.92 20 . 45 7.38 3. 81 38. 16 4. 74
(Fresh

1.29 24. 40 13 .6 6 8 . 60 9 .49 20 .32 21 .4 4
~~~~:~~
(Anchovi ee

11. 26 13.84 36.5 1 3.3 9 1 .9 0 13.70 0.31 38 . 11

(Salted

Ubu and Neuberg

J .Koenig

Chapt er II

Lesee r ImportantConstituentsofFishFlesh

Extrac t s of fish fl es h cont ai n many compounds similar t o t hose foun dinbeef
extracts . Thoseare pres ent onl y i n mi nut e quant lt i es, howBver, sndlargeam ounts
of fi sh muscle must be extracted to obtain sufficient quantities 0 f them fo r id ent ­
ificationandquant ita t i ve esti mat i on . Of these compounds , some ar e always pre sent
in th e fr esh fish fl esh; othe rs are the result either of bacterial 0 renzymi c
dec omposition or, and t hi s point cannot be over es t i mat ed, of a chemical chan ge
wrought by th e act io n of the chemic als employed in isola ting them • The following
substanceshave pr esumabl y been i sol a t ed f r om f i s h , whi ch ar e f it f or food . The
~~:e;,;~:~~;~:.:rom the decomposition of fish will be di s cus sed in re sulti ng from

Isaac , ( 50), i n 1904 , exami ned her r i ng br i ne t hat was one year ol d and r eported
xant hin e pr es ent . Suzuki and Yoshimura, (71},likewise foundthissubs t ancepr esent
in the hot wate r ext r ac t of dried bonita . Usingthemethodadopted byMicko , (58 ),
~~~~i~a~~~ ;~~;:~~e~~e~is~;:}' found the following amounts of xanthine ba se s in the

Ifa t er
Pure Xant hi ne Bas.es

% Naturr~ ~u~st:~~l) Dr j<-·JJas i ",
% %

Dried cod 9 .02 0. 190 0.209
Haddock 76 .18 0 .08 1 0.3 40
Halibut 76 .77 0 .079 0 ; 338
Pike 78 ;73 0 .0 15 o.on -
Carp 73 .34 0 .039 0 ;14 6
Salmon (Elb .) 67 . 15 0 .045 0 . 137.



pre.entintheextrectofc..r p andperch. Lik ewi.e ,Is....c , (50 ) ,r.por t s5. 0 gme .
ofhyPox..nthinein10011ters of one ye..ro1d her r i ng br ine. He ..1sosepar ..t ed "
3.S ·gme.of ..denin ..sthepic r ..t e ..nd20gms . ofgusnin ..sthe hydr ochloride from
lool1tersofthe .same br i ne.

Koenig ..ndSpl1tt gerb er .(19) , det er mi nedthe t otal mono- smi no ..cid s i n the
cold w..ter extr..ct of sev er ..1 fish . The ..mino a e1ds weredet ermined by t he sodi um
nitritemethod.using t he app..r ..tu.designedbyBohmer . The mono- ..mino ..cids
compri ..e on1y ..bout14% to 40% of the nitrogen in the fntr..te from t he phosph ot ungs t i c
..cid precipitat e . The gre ..terp..rt of the nitrogen i s in the form ofother compounde.
perhs p...cid smid es , withsm..ll ..mountsofcre..tin ..ndcre..tinin:- "

UONO-lIIINO ACIDSOF P'ISH FLESH
(per cent on wet b... i.)

~~~~;a~;t~~~:nP~:s - :;;~~g:~i~: .
Remsini ng Nitro-
gen. in the f orm

photungstic a cid of ot her com-

%
precipit..te , pounds.

%%
Dried cod 9.02 0.091 0 .013 0 .078
Haddock 76. 18

g:g~~
0 .006 0.033

Hal ib ut 76.77 0.0 11 0 .01.6

~;:on
78.73 0.009 0 .003 0 .006
67. 15 0 .034 0.007 0 .027

ti1son.(76) . exsmi ned t he ....terextr..ct of .. ser iesofre1..tedvertebr ..te.nd
in vertebr ..te ..ni m..Le end Tound .. definitere1..Uonbetween thesmount. of mono-
..nd di-smino ..ci d nitroge n . Thefollowingt..b1e gi ves the per cent ..mino ..c1d
ni t r ogen on th e dry b..s1 e .

lIIINO ACIDNITROGEN OF
RELATEDVERTEBRATEAND INVERTEBRATEMARINEANI MALS

(Per cent on dry basis)

Ki nd of
..ni m..1

Tot al
Amino Aci d
Nitrogen

%
1.31
2.98
1.78
2.14
2.63
1. 94

0 .212 1.10
0 . 514 2;1,6
0.799 0 ;99
1. 18 0 ;97
1.77 0.86
0 .598 1.34

I Bo'hmer.C. Koeni g, J . Di e Unt er suchung 18nds . u . ge"er b1.
wichtigerStoff e . Ber l1 n, 1906. p..ge215.



Theebo17eresuUswereobtainedbr t he method of VanSlrke (74) whlle inthefol­
lo wl ng t sbl e froll Okuda (60 ) the amino sc l ds wer e determl ned br the meth od of
S'Or ens en (66) . Tbe f ea t ur e ofthe l a t to r sresults ls the r elativel ;r higb per cent
of monc- ami no se1d nitr ogen in t he moll uscs and cru sta cea ns , thou gh t he value of
0 .4 85% for cuttlefish is low er than t be figures obt a l nedb;r"llson above for squ id .

1I0NO-AKINO ACIDS I N SOMEMARINE ANIMALS
(Percent ondr;rbasis)

lis ter lIono- amlno acl d Nit r ogen
:c :c

Car p

~~~~io
Por gy
Cru ss i s n carp

~~~~iel~~:~er

76 . 61
73 .52
69.3 7
76. 79
82 .00
75.9 8
81 . 67

0.0 94
0 .0 72
0.0 72
0. 069
0 . 194
0. 608
0. 485

Costa~~~n~og~}lng re sul t s on t he torpedo and dog f is h were obtained br Bugl1a and

lminolci d Ni t ro gen
Totalamlno 1I0no- aml no Di - aml no acld nitrogen
ae1 dnltrogen acl dnltrogen (b;rdifference)

:c :c :c
to rps do
(Torped oocellsts l 0 .35 0·47

Dogfi s h
(Scylli um cat ul usl 0 .19

YoshlmuraandJl:anai( 77)found O. 05% anal1 n ( al r dr ;r ba s is) , andatrace of
glutamlc aci d l n t be hot water ext r e ct of t he cod. Suzukl and Yoshl mura(71) fou nd
0 .0 1 gram al anl ne pe r 100 gr ams of dri ed muscl e l n tb e hot water extraot or-fr esh
salmon,and O.13%leucineand2 .0 S%of - aml no val er lan icae1d ln th e ex t r act of
drledcuttlef i sh . Tbeauthors ,also se parated f r om the hot wat er ext ra ct ofdrled
bonito , fr es h bonlto andtunner fi sbl . 50%,0.17% and O. 47% r espectivel r ,(ondrr

, bas i s ) of hl s t i dl ne .

Cr eat l n , ~4H9N302 , and

Cr ea t i ni n , C4H7N30

Creat ln l s a normal constit uent of all muscl e , wbllecreatinln1eusuall;rabsent
in t he case qfmamms l1 an musc l e, but occurs quite of ten in t he flesb of certain fi she s .
The foll owin g table 1e areeume of the ear l r wor k on the crestinand cr eatinl ncont ent
offiebfleshandisvalue,ble onl rfrom s hi s t or l cal po i ntof vl ew. -



RESUME OFEAR1Y ~RK ONTIfE CREAT INAND CREAT IN IN CONTENT OF FISH FLESH

(Per ce nt on wet bs s i s )

I nves tigat or

Gregory (49) Cod f) 0 .0935 Present
Ray 0 .0 607

Vs1en ci ennes s nd Fr emy( 73)

St sd e1er(67)

Schulte (65) ····· 1 861 E1ectricrsy

Limpr ic ht( 56) (57 ) 1863 Roach
~;;~ent1865 Herring

Krunkenb er g ( 51)
~:~~h

None

Krunk enber g( 52) Sturgeon

~~~rk
x The . e1e ct r i c or gsn of t he r ay .

x This wa s pro bsb1ybets ine . ,

The r ec ent re sear ches on cr es tin s nd cr es tini n i n fi s h fl esh, hs ve been s s sembl ed
i n t he tBb1e which fo llows . Att ention Is called t o the wid e vsr is t ion in the results
obtsined on th e same kind offish. It is at once sp nsr ent th s t s gr es t deal of work
rems in s t obe done on t he det ermi nat i on of t hese subs t snces i n fi sh fl es h.

~~~:~ ~~~s~OO gr ams of

Crest in

Ca~p ,

ContinuedonPsge 24



~~~:~ ~~:s~oo grams of

Creatin Creetinin
O~da ( 60)

Suzuki e nd Yoshi mur e (71 l

Su zuki end Yo~himure (71)

O.14 0 gr . ms i n l OO gr ams ei r dry fl esh .

Isocree tini n ,C4H7N
30

.

In 1897 , Theaen, (7 2), iaoleted fr om th e wat er ext ra ct of the fle sh offre.h
had dock a substance which had an elementary compoaition si milartocreatinin . The
extract, f reed fr omalbumlnw&s evaporated t oa small volume , trea t ed wi th an
equalvol ume of al cohol, f ilt er ed e nd conce nt r e t ed . On ta kin g up t he syrup;y r eaidue
withalcohol and allowing itto cool , e compound cry s ta l lized out i n fi ne ;yellow
l eaflets which he termed ieocreetinin . One kilogram of freshheddock flesh yi el de d

~~~ur.~me~~o~~~s~~n;:ilO~r;i:~:~: sf~~mi:~~~~~~;n;~~0~~~7~t~ee~~::el~~z~~0~:0~n:ater
pert is so lu bl e in 4 .2 perte of water . It f orms sslts with hydrochlo ric a cid
(n eedl ee) , sulphuric ecid (l ea fl e ts) , oxelic aci d ( needl es ) andcadmiumchlo r i de
( needl es) . Meny doubt t he ex is tence of en isom er of creetininand believe th e
su ppoaed di f f er ences in the properties of the "isomer" t o be due to insuffic ie nt
purificetion .

Methyl guen i di n , C2H7N3•

Methyl guanidinisclosel;yreletedto creatin, beingobteinedfram it by bo il ­
in g with mer cur i c oxide end dilute sulphuric acid . The bas e , in the organism, is
pr obebl yderived f romcreatin . Suxe , (69) , i s ol e t ed me t hyl gue ni di n f r omthe hot
..at er extract of t he bed dock . The compou ndwss identifiedbymaens of its gold
salt . Yoehimure and Kanei, (77), obte ined O. 07%(eirdrybesis) of this compound
es t he picre t e in the extract from the cod .

Cholin,CSH1 SN02•

Bocklisch,(48),foundcholininher r inibrine,--lO gr ams ofthehydrochloride
perJO litersofbrine. Likewise, Mb'rner, ( S9),foundthissubstanceinthefles h .
of t he I Gahr s t r omli ngl, ("S ur fi ck" ), e f ood pr epar e t i on eet e n by t he peopl e ofnor tjl­
er nSwed en and pr epar ed by allowi ng t he fi s h , pi ckl ed with e small amount ofsalt ,
tofarment ane er obi cel l y . Yoshimura and Kanai, (77), exa mined the extract f rom t he
cod and f eiled t o f i nd cholin .

Neur in , CSH13NO•

Neurin,whichmeybe pre per edchemically fr omcholinbytheremovalof one
mole cule of wete r has been fou nd in meat ex tracts, but has not been f oundinfish fles h
and i s not cons i der ed a normal constituent of mus cl e , buta product ofputref action.

Muscarin,CSH1SN03 •

L1us car i n i sal s o r el a t ed t o cholin , i n t he ta syn t hetic pr odu ct , ps eudo- muscar in ,



~~yt~: ~:~~~:rm~~~:ri~ ~~e~~;:~ti~~~ :~ni~;Sm~~~:;~:~e(i~eC~~;i~~;ro)~'1h~~:~:ar
o pbyai ol ogi cally , it is much less t oxi c . Li ke neurin, this substance isa
putrefactive pr oduct of muscleandhas not been f ound i n f r es h fi s b.

TrimethylamineOxide,C
JH9NO

Suwa, (70) , f ound 20 gr ams of t he hydrochloric acid salt of trimethyladne oxi de
inthe ...aterextractfromI8Kg.ofthe f l esh of t he s har k , (Acant hi a s Vulgari s )

Betaine ,C
5HllN02H20

B.taine , ortr i met hyl gl yc i ne ....asfoundby Suzukiand Yoshimura ,(71) ,in t he
cuttlB-fishto t he ex ten t of 2.0 5% on the dry basis . Accor di ng t o Yoshi mur aand
Kanai ,(77) .thi s substanceisalso pr esent i n t he cod , O. 044 gra ms of bet a i ne as
t he chlo r i de bein g fo und in lOO grams of aiT dry flesh . Suwa, (70 ) ,isolated I5 Ip'ams
betaine hydroc hlo r i de f roml8 kilograms of the fle sh of the shark (lcantbiasvulgar i s ) .
Likewise, Kutsc her . ( 54) .repor ts f i ndi ng O. 07% of bet a i ne i n t he same kind offi sh .

Carn1r,C~8N40JH20

lrunkenber g
O

andlfagner(5J) , (1885) j s epar a t ed f r om t he ext r act s of Bar bus
fluvi8tilis lbra;!is Bra ma, andLeuei s cus dobul a , a substance re s embling t he
hydr ochloride of car ndn, The bas i c lead aceta t e pr eci pita t e obtained from th e ext r act s,
whendis so lv ed i n hotwat er .filtered,and freedfromleadbymeansofhydrogen

~~~~~:is~~;~ ~~i1t:: s 6;h~~~o::~::~ ' a~ ' 2~~8c:i:~~a:h~~~u::~e~~:~Sto\:o~de~~ical in
form ...ith those of th e hydro chloric acid salt of t he carnin-likesubstence pr epared

. fr om th e flesh of fr ogs end alliga t or s . Thedoubl e pl at i num chl oride salt ...as
prepared fr om it .

Car noBi n, C~140JN4

Carnosin wasdetermi nedbySuzuk i and Yos himur a ( 71) , i n t be ext r a ct f r om the
flesh of a number of fi sh and t he f ollorlngresults obtainedg-

In hot wat er extract
oftbe fl eBhof

TunnyfiBh,fre sh
Salmon,fresh
Eel fr esh

0.J6%
0.00%

0 .20%
0.055%
0.067%

Treatment of t he phosphotun gBtic acid precipitat e of the prote in free extract
of t he f ish with silver nitrate and ba lium hydroxide sol utions for tb eremoval of

~~~~;;:::fr~~:it;;~~i:~~d::;i~;:{id~:~~~z:~:~~:~~l~~~~~;~~p;~::~:!~i~~~::~~l~~~



I n1855 Val enci ennes s nd Fr smy,( 73), s sps r a t eda phosphor us and nitr ogen con­
taini ng su bstan ce f r om t he fl esh of fi sh , whi ch r s sembl ed t he compound often foun d i n
t he gray ma t t e r of the brain. It is possible that this substance was impure lecithin.

In an endeavor t o as cer t a i n t he phys i ol ogi cal action of ha r d and s of t wat e r on
carp, Reuss , (J7),determinedthelecithincontentofthisfishunderdifferent
conditions . 3. 21% lecithin (dry fat-free basis) was found in a carp which had
lived 2t years in soft water , while 2 .11% lecithin was found in a carp which had
lived t he same l engt h of time in hard water . If the results are calculated to a n
ash-free bas is, however , the difference in lecithin cont ent is gre atly reduced .

Urea was determined in the blood , muscle , and liver of a number ofdogfi sh by
Sc hro eder, (64) . The constancy of the amount of ure a in the blood leads to the
as sumpt i on that the physiological processes in the body. lIhs n t he bl ood cont ent
r eac hes a certain amount, the excess is excreted lntheurine Inmuchthesame
manner that sodium chloride is maintained at a constantproportioninthebl ood
of warm-b lo oded ani mal s by elimination of the excess t hr ough t he kidneys .

UREA I N THE DOGFISH (Scy11iumca t ul us )

Olea n of seven analY~~:aof diffsren t dO~~~:1. variation~

Blood 2 .61 14 . 83
Muscle 1 .95 18.68
Li ver 1.36 8712

The great amount of urea in the organs ofselachians is due to its slow
elim in ation. lIhite andCr ozi er , (75 ), found 8 .27% of the total nitrogen of dogfi s h
fl esh t o be urea nitrogen. Rabu t eau and Papi11on, (62), found aurea-like subs t a nce
in th e per i to neum of the r ay , which they conclude to beamixturs ofure a an d ur ea
compound . The same phenomenon was no ted by them in the case of the cramp fi sh and
do gf ish .

InoeinicAcid, ClO'1. 3Nl08 '

Gre gory, (49),inhisworkonthscodandray,and Limpricht, (57),in the exam­
i nat io n of the her r i ng, failed to find inosinic acid . lIe have no r s cor d t hat his
compound ha s eve rbsensepar ated f rom the flesh of fish.

Taurin, C2H~S0J'

Val enciennes and Fr emy, (73) , i n 18 55 i s ol a t ed a subs t ance f r om cu t tIe-fis h ,
which according t o i ts chemic al constitution , was pr obabl y taurin. Thrseyears l a t er
Stadler and Frsrichs, (68) , found it in the flesh of th s ray and sh ark . Limpricht, ( 56),
(1863 ),foundO . 106%(fresh ba s i s) oftaurinin the fl esh of the roach • Suz uki and
Yoshimura, (71) ,separated1.3% ( ai r dr y bas i s) of t aurin f r omthe cod ,while
YoshimuraandKanai ,(77) ,foundl . 74%(dr y baei s ) in th e fles h of dr i edcut t l ef i sh .



Lactic Aei dC3H60 3

Lie bi g ( 55) (1847) separated lactic acid from the pi ke and prepar ed the calcium
;~~: :~:~~f~~:~h. I n 1863 Li mpr i cht (5 6) fo und 0 .0 64% l actic ac id in th e " a t er extract

G1ycogen C6HlO05

The gl ycogen content of t he mus cl e of fi sh varies from ° t o 0 .59%, according
to Schondorff and Wachho1der (63) . Fr esh " at er fi.h contain mor e gl ycog en than do
salt " a t er fish . The ccntent in thi. subs tance chan ge s ra p i dl y aft er dea t h of the
fish. Thefresh carpcontainsO.5 27%,after one hourO .35 9%,after onedayO. 145 %,
and on third and fourth days t he gl ycoge n ha s dis appe a r ed . The mus cl e of f r esh
.a1mon ..nd cod contain no gly cogen . In t he f i s h liver s t he gly cogen varies from
2 .5 to 12 .94%. . .

Unknown compounds.

Occas i onally compound . ...re se p..r ..te d f rom the ext r act . offi sh"hic hc..nnotbe
identified "ith a ny previous1yknownsub.tanee ; Suwa,(69) ,iso1ated" sub.t..nce
fr omthehot"ater extractof ha ddock , fr olil " hic h he pre p..re d,fir.t,the mercury
•• It,thenthe go1d chloride ... Lt , The latt er s..lt r esembled neuri n gol d chl or i de
i n compo.ition,excepttha tthecarbon cont ent ... s so me" h..t1ow. Bugli..... ndCo.tantino,
(13), obtained a crystalline deposit on t he 1nside sur fac e ofa flask , i n " hich the

~~~~I~~fc~~r1~~f~~~p~~~db~~cl~e~~~db:
t p;~~;;:~ ' i~o~u:~I~~e~~ ~~~~~ara; i~~~tification

of th e subs tance. Limpricht ,( 56) , obta i ned a subs t en ce f r om t he r oa ch on addi t i on
of sulfur ic a ci d t o t he f iltrat e f r om hi . cr eatin d et er mi na t i on , whi chhecalled
"pr ot s!fur e . " l'Ihen i n so l u tion i n ammonia , most metallic sa lts precipitated it . It
al s o fo rmed a bar i um s alt . .

Philot hi on(Hydr ogenas e)

Accord i ngto Rey-P ailhade ( 61) , fi sh fl e . h pr es er ved i n oil or s alt cont a i n.
a.ubstancewhichhastbepropertyor po"e rofreduction . Itissometimescall.d
ahydr ogenas e , mai n1ybecaus e of its ab ility t o f orm hydr ogen sul f i de f r om sulfur .
lIbet berthe . ub.tanc e i s a ctual1y an enzyme or wbe t ber t he r eduei ng pr opor t i e .
obs erv ed are due to unsaturated compounds is not known.

Chapter III

Fisbare prepared 'for "marketin many diff er en t " ays . In.ome cas e.the purpo.e
i . mere1yoneofpre.ervation . ·lIhen10ng voyage. to t he f isbin g gr ound. ere necessary
thecatchmust be pre. srve dbysa1tingor pickli ng,or"henfisharecaught in large
number e during a very sbo rtnat ur al seasontbey er e canned as intbe case of . a1mon
ortheyarefrozenandhe1din co1d.torage , as i n t heca.eofa1argenumberof tbe
fi.hcaught of fbothcoa.ts of tbe United Co•• t , In otber ca . e. , bowever,the
mode of prepar.. tion is gove r ned by th e popul ..r demand .

I n tb e pr-esent chapter will be mentioned a fe w of th e commonervarietie. of
pre.ervedfi.b (ex ceptcanned) on "h icbwe bave chemic al da t a .



Pr ese r ve t i on of fish by freezing is perhepe the best met hod in many respec t.s ,
Iteomes the nearest to prsserving the na tu re l eppe ar enes e nd teste of t he fi s h .
As s oon as t he fi s h ar e br ou ght t o s hor e t hey er e gut t ed ( i f 1e r ge , ) washed ,
ar r angedinrows,heedsandteils alternat i ng, i nshallowiron pans,end these pans

~;:~:~/~: :;i~~a~~e~o~sf~:mt~~oe~~d4~~ne.::;~e~h;nf~S~r~::;n~e:~o~;oz~~i~ard,

~~~yO~r~h~::o~~~e~r~~ i~~e~:~l~n i~t~O; i~r~~~~ ~~dw~~:~e~n~t~o~~ee~ye~~~~gIg~p~e~ SOp .
;h~o~e~::p:~: t~~:nn~~X:~e:::i~~a~;g,~n permenent eold storage r ooms me i nt ai ned et

Aeeor d i ng t o Smi t h , (J ) , end el s o Per l zwe i g a nd Gi es , (84) , fl ounde r s d i d not
undergoany ehemi eal ehe nge of i mpor t a nee f r om t he s t e ndpoi nt of nut r i t i ve value ,
etany timedur i ng e per i od of two yea r s s t ora ge , es shown by t he f ollowi ng t ebl e : -

The met hods of pr eeerv i ng fi s h by "a r t i f i e i a l eol d " , as us ed by t he Dut eh
Commissi on, (80) , i n s n i nves t i ge t i on of th i ssubjeet, differed f r om th ose used
in this eoun try in thet no attempt was made to pr ev ent the fish from dryingout .
158 cons equen ce , the taste, odor, and ap pearance of the fi sh,,85 unfavo rably
influeneedbythi s one f ee t or ,12% t o 24% l os s i n we i ght hevi ng oeeur r ed i n t he
ease of s ol es kep t hard frozenfor4 -Sweeks . An interesting diseussionofthe
physieal and hi s t ol ogi eel ehe nges oeeur r i ng i n t he t i s sues i s gi ven inthe r eport
of t he ab ove eommission. It eppears that in free zi ng fish, theweter i s dth­
drawn from t heeells and t hen erystallized outs ide of them in the interveni ng
spaces , end is not f rozen in its originel posit ion with i n the cells . Inthewin g,
it is supposed t ha t if the fi sh i s t hawed slow ly the weter f ro m themelt in gice
wi ll be r eabs or bed by the ce lls end t he flesh re t ur n to i t s neturel s t ate .

Accor di ng t o Well , (90) , f r ozen f i s h keep es well , or even bet t er i n t he
r oundthsn when gutted . Theeefish, howev er, keptthei roriginel qualities fo r

~~i~e~~~t~~~t~e:n~b:;";~~ ~~db~~i~hr~et~~n;~~nm~~: ~~::~si:~~~n~~~;~veg~de;h:roper
conditlons of st orage ,ho1t'ever , t hi s decompos i t l on woul d not have occurred .

A new method hesreeentlybeenintrodueed i n Helifex, N. S . , whi ch des erve s
spe ci al notice . The principle of the met hod consis t s in pI ec i ng t he fi sh fo r 2
hour s i na br own suger e ndselt(17. 8%) s ol ut i on l ower ed t o - lOoC. Thehard
fro zen fi s h are th en removed end pl a ced i n t he r eguler shippi ng pe ckege t o ewai t
trens por te tion t o mer ke t . It is c1eimed t bat fi sh s o pr epar ed can be brought to
th e marlre t i n ex8c t l y t he same condi t i on a8 when t hey wer e drawn f r om t heIr
nativewet er ,(8) .



(1) Uilligr'lllls1t:OHrequlredtoneutralizelgrslllofthetotall1pinmixtureo

(2) Cubic centimeters N/5 NaOHsolutlon requlredto neutralize 100 c ;c , ofextre.ct .



IoIarinated(Herrin g), salted ,
pickled, br oiled fl sh .

Koe ni g and Splittgerber , (19) , f ound t hat i n t hr ee corn, on rnet hods of preservi ng
herring, brollecl, mar in s t edand pi ckl ed , s per cept i bl e amount of f ood cons t ituen ts
and stir.:ulant sarelost dur ingthe courseoftheirpreparatlon . Tbe f ol ' owi ng
table will gi ve an idea of the ex t ent and character of t bi s lo s s . The ba. i s
nitrogen ofthe br oiledandtbe mar i na t ed ber r i ng cons i s t ed ma i nl y of pur in e bas es ,
cre at tn, cre at in i n , di amin oacids and mono-a mi no ac i ds .

LOSS OF FOODCOI~STITUEN'l'S I N THE PREHR ATI ON OF COl.WERr,IAL BROILED, MARINATED AND
. PICKLEDHERRINC•

. (In per .centof.the f r es h we i ght of t he f i sh) .

Kind of Pre par ation Ubum i n

:~~i~:~e:er;ing
Pi ckl ed n
(grams i n 1000 e , «,
of . brIne .)

Bas i c
Nitrogen

%

0.47
0. 26

A!nmonia
Nitrogen

%

Residue on
eva poration

%

6. 60
3.4 7

2.5 3
1.48

4.04
1 .99

In northern Sweden is foun d a variety of pickled fish called nCa"hrs t r omling n•
Tbepeculiarflavorbroughtabout by t he bact er i a whi ch t hr i v e i ndilut e salt
solution,isconsidereda delica cy by t he in hab i t ant s but l s desp i s ed by peop le
in otber lands . Inthe water ext r act oft hi s pr epar a t i on Mllr ner ( 59) , f ound t he
f ollowing (a ) acids and ba se as>

8 . succ lnic ac i d

:~:~~c :
val er i a..oni c"
re M ie n

~~t~~n~atty acids

b . Ammonia
Ilathylamine
Dimethyl"",ine

~~~~~hYlamlne

Indol,skat ol , phenol, putr esc l n and cadaver i n were abs ent .

Schm idt-Niel s ~n , (86) , (87) , (88) , eonc I uded f r om a number of experiments tbat
the chan ges pr oduc ed in t he fat and flesh of herr mg in pickle for 10ng periodsof
tlme, ware duetoensymeact i on. A.a thefollowlng tables show, there are many
constituent s pres ent i n her r i ng br i ne whicbar e not pr es ent Inflsh meat ,due to
t he f ermentati on pro ces se s which ar e car ried on in saturated sod i um chl or i de s ol ution.
Note t he hi gh propo r tion of ni t r ogen as amid es and amino -acids .



Age

ANAL~SES OF HERRING-BRINE OF DIFFERENT AGES

Total Nitrogen
nitr ogen Spli t off by

Hj02 N,rO

3 .7
5. 3
8. 8

12.•0 .

~ :~
3.7
5.7. L6 .

ANALYSES OF FAT OF PICKLED HERRING OF DIFFERENTAGES- -

Kind of Herring Ti me after pickling Characteristics of fat (obta1nedby
leaching out with boillng wa t er .1
Aci d No. Acet yL No, I odi ne No.

Norwegian

o
o

14-3 0 days
~ge unknown

0 .6
0 .8

10 . 6
30 .2 i34 .

122 .
127.9

The increase i n the a cet yl number , as shown i n Table No , 22-Bindicates an
i nc r eas e i n t he propo r t i on of oxy fa t t Y ICi ds , or an apparent increasein - OH
grou ps ~

The extent t o whic h vary i ng amount s of salt willnreservemeat and f ish is
clearly shown in t he .f ollowin g table by Pet er s on , (85 ) . Fish decomposes much
quicker than mea t . lt15%concentration of t he salt , a fu ngus gr owth was obs erved
in both kinds of meat . I n all concent r ations a t 1 5% or bel ow, ammoni a , pept ones
and butyrlc acid W8S proven tobe pr ese nt o

COMPARATIVE. RATE OF DECOMPOSITION OFFISH ANDBEEF PRESERVED I N SALT SOLUTION

% NaCl ' ''' F I S . H

- H2S · · · · · I nd"l e

6 16

~~ ~~
....... 58. __ . __.. 7.5

l~
40

26
75
75



The same author , (8 5), i n a bac t er i ol ogi ca l s t udy of t he ques t i on of meat pr e­
serv.t ion by means of s alt, f ound t h. t 5% solutions of salt stoppedthe gr owth of
oblig.toryanaerob es ,while t he hi gher per cent s ol utions permit onl y t he pr e.ence
offacultat i veanaerobes.nd.erobe• • Byu.ingthesmallesta:nountof.altpos.ibl e
to prevent putrefac tion,certai n or g..nismscontinuetheiractionand chan ge t he
appearanc es ,odorandtastein t he des i r ed di r ect i on ( f or a cer t ai n ki nd of f i sh
pr eparation) . _ \

The number ofd . ys necessary to pr oduce a contirmative t es t .

I.a . c ,( 50) , t ound 20 gr ams guani n a s t he hydr ochl or i de , 3 . 5 gr ams . deni ne as
t he picr a t e , 5.0 gr ams of hypoxanthin , and a trace of xan t hin in 100 lit er s of year­
old herring brine .

The technic a l processes empl oyed in curing , ickling,"water-hor.ing" , drying,
et c. , of -salt cod iswellde.cribedinan.rticlebyBitting (79) . The au thor
sugg es t s a number of sanitary methods to prevent the spoilage of the f ish by
"r eddeni ng" , a condition br ought about by i nfec t i on otthe fish wit hachromoge nic
org an i .m, s.idtobe found i n thebogs ,mar.hesandlo"landsinthevicinity of
Gl oucester , and al s o in the saltemol oyed in pre .erv in gfi.h .

Canni ng ofFish .

The cann in g of fish i s avery large ind ustry in thi. coun try . Tbeestimated
pack of cann ed sa lmon i n th e United St a t es . nd Alaska duringl914 ex ceededeight
million cas es . Inl908 ,alittle over five mi ll i on doll. r s " or t h of sa r di nes " ere
canned ; No discuss i on of t he chemistry of thi. kind of pr es erv ed fish "ill be
made in this pap er ,

Fi.hsausage .

Bi tter ( 78) , pr epar ed a numb er offish sausages from the flesh of the cod a nd
sea •• Lmcn, The finely chopp ed fish fleahand aone k1nd of fatty material
( or i gi nally hog l . r d was us ed but l a t er chopped bacon "•••dopted) "ere filled into
bladders i n th e us ual manner . Anal y . i s of this seusage gave thefollowingvalues. -

• ".t er
• Pr ot e in 65 .70%
. F. t 28 . 00%
• Ash 6 . 03%

66 .64%
21090%

9 .33%
2.01%
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Fish meal and sim ilar prepa r a t ions .

Anu mber of proceBs es f or t he pr eparat i on of f i sh meal s i f i sh ext ract s , and s o
f orth, have been r ecor ded inthe lit er a t ur e i n r ecent year s . Among t hese i s .

Em~~~~:(~~t::!~~~~mrf~~~h!~!~:~f~~~h:~~::~::~:~~ ::::~~~~~~~~:i~6g;;m~fw~~
hour s , t he expressed s ol ution the re frombeingtreated ..ithmilkof lime,hea te d
untila fl occulent pr eci pitat e se par at es , f il t er ed , and t he f ilt r a t e evapor Bt edto

~~::~~~~ ; n:~t~;f~:i~;~ ;~~t:;~~::n~~:nm~{::~r~~~r:~~ e~o~~~:t~;~~n;i~~ :;~~~~,a t
Danilevs ky , (81) , obt ai nsa t a st y fi sh br ot h.

Chapt er I V

The Di gest i bility ofFish Flesh
Ar t ifi c i al di geBtion by means of pep s i n snd tryps in

Among the ea r lies t expe rimen ts on t he relative dig estibility of fis h ar e t hos e
of Honi gsber g,(94) , in1882, who f ound t hat cooked whi t e f i sh was di ges t edles s
r api dl y by pepsin than ra w beef and more rapidly than cooked beef •

The wor k of Chit t enden and Cummins , (9 2) ,onanumberofdiffere ntki nds of
mea t s and fi s h fl esh showed, however , that cooked b eef was more re adllydiges t ed
th an cooked fi sh . A f ew of their r esult s are gi ve n below , -

RELATI VE DIGESTIBILITY OF FISH FLESH I N G~STRIC JUIC E.

Per cent

~~~~~r
AV. Bmt . Rel a t i on of amount e di gee ted

of eolid ~;~:S~~d
toamountedigeeted f ro m20

mat.t.er-, gr ams of cooked bee f .
( Average 4.461 1

Beef 26.03 5.20 6' 4 .11 67 100 . 00
Lake whitefi sh 25 .56 5.11 2 3.8350 94 .78
Salmon 31.0 6 6 . 212 3.7345 92 .29

~i~~~~:~
19 . 84 3.9 68 3.588 5 88 .6 9
23 .0 4 4 .60 8 3.452 5 85.3 2

;:pp~~s~ass
20.7 3 4. 164 3.2770 80 .99
19 . 78 3.95 6 2 .9~80 12. 11
21 . 7B 4.356 2.90 62 71.82

lIerter and Popof f , (93) , on f i ndi ng t ha t cooked fi sh wBs l es s di ges t i bl e t han
ra w, e xpl a i ned t hi s phenomenon as be in g due to t iw f act or s; first l y , t heheat
coagula t es t he pro t e i n and t hus r ender s it more r esistant to t he a ctionof th e

~~:t:~~r~~~~e~n~e~~~~~~ , o;h~h:t~~;~ti~:n~~ui~s:ea~na~::~, t~~/~~~~: 1n t~~s f avor in g
coagu l a t ed in to impenet r Bbl e andtena ci ous l umps , while in f i sh wher e the connect i ve

~!i~E~~~mt~~::;~:~~~~ m:;:~~~t~~w:~:~~m~~e~~::~;~~g~::~;~:~~;:f~~ ,:~~e::::::ve



fles h isnot as gr eat ,--86:l00 . I n s ome later experiments, (9 5) ,Popofffound
th a t smoke d eel and pla1cewer emoredigestible than the raw , butthat smoked bee f
waslessd i ges t i bl e t h"n .r8w.

Wor kin g on th e fa t - f r ee drj- flesh of fi~h;- Koen1g end Split t gerber (19) ,
f ound th e t t her e is no marke d diff er enoe bet l' . en t he digestibility 0 fbeefandof
fish flesh w1th pepsin.

1 method for comparing the di ge stibility of va r io us pro t e1nsubstanceshas be en
devised by lIhite and co-workers, (75) , (1 02) , ,,hofollowedtherate of hyd ro lysis
by means of amino acid determinations, us in g th e methods of Van Sly ke, (74 ) , and
Sor ans on , ( 66) . They f ound ' t hat ' t r yp s i n di ges t s d lioiled codfi sh and d6gfi s h much
more readily 'tlian it didboiled ·be ef . Fi gur es fo r weakfish ar e al so gi ve n . lIhite
sug gests 't hat r apid hydrolysis of s 6me pr ot ei ns is not benefi ci a l totheorg ani sm,
as th e org an is m is not ca pable of bu ildtng up in to more 'compl exbod1as, theproduct
of ra pid and complete hydr ol y8i s , abs orb ed by it . Othe rwi s e stated, the slowly .­
dige s te d food s ar e more th orou ghl y catabolized because the organism can more readily
transform iDt ohighercomplexesthe 1nt ermedi ary pr oducts ' of hyydr ol ys i a , such as
pol yp ept i des, th an 1t can _th e fin!, l prod ucts- -amino acids .

_ Metabolism Experimen~s with Fish.

Kian iz yn .(16),(1887),foundtha t when sal t cod was f ed t o huma n sub j ect s ,
alone, 90 . 02% of t he nitrogenou s su bstances was abs or bed , butwhen fed with a mixed
di et, 94 .44%wa s . b aor bed . 1 correspon di ng increase"as noted i n t he degree of
as s imila tion of dried cod alone wit h a mixed diet .

l~ COrd ing t o R~~sno~~ , . (~6) , th e fa~ of smoked smelt is more completel y abosrbed
than that of th e fresh fish . But since the amount absor b ed was appr oxima te ly 98%
1nthe formerand 97%inthe latter , we do not t hin k the author was j us t ified i n
dra wing t~is. conclusion. . '

l b a t er , (9l ) , f ed mea:t and fi sh i n per i ods of t hr ee days each t o a ma n and
a dog and concl uded there f r om that beer and f i sh are equally well absorbed as r egards
protein,fatandash . Li kew1se,Ros eDfel d ,' (97) , experimenting w1t h t he s ea pi ke
endsea 'salmon ,foundthatf1sh 'flesh was equal t o b eef in ma i nta in in " nitrogen
equili br ium. It gi ves t he same setisfaction of appe tite f or en equal length of t ime,
produces t he s ame or a littleless 'uric acid, and has the same strength-gi v i ng . power
as t he best beef . Furthermor e,accor din g t oSlowzof f ,(98 , 99) and al s oSl owzoff
a nd Kraqtschenko (100) t he org an i sm ass imilate s the f resh fish flesh nitrogenbst te r
th an then1tr ogen of beef, while the nitr ogen of dried orsaltfishisaseasily,
ora little less eas ily , assimilated th an t hat ofbeaf . on substituting f ish for
b eer i n a human diet, th eilrin e showed a decr-eas e in urea, uric acid, cr eatinin,
ammonia , phosph ori c ac id and s odiu m chl oride , and an i ncrease in residual nitro~en .

Theabs or ptionof mineralealtsin t he i nt es tine wasbet t er on adi e t of fr esh -and
s alt fi sh and poorer on dried fish than on beef . In ord er to confirm some r esults ,
( 75) , on t he "a r tif 1c i a l d i ges tion of fi sh fl esh , Va n Sl yke and llhite , (101) per ­
form ed metabolism experimentilwithboiled cod , f r ie d 'c6d,boiledbeef ,boiled
weakfish,boiledmtlsilel ,-etc ..., -and found · as . i nthe pr evi ous ca s e that -boiled cod

m:=:~~~~~ai:~~~:~is:i~!~:~~~~;~i~~!~!n~:~;~r~~~:~~i~;::~~~~~:~~~~:!~:n1:

s

. ;
a s an in dex of 't he 'relative"co mpletenes s with' "hich the pr ot einsofthii-different
fo ods are abs orb ed . The results s how that the proteins are more ca pab le of



amintaintingnitrogen equilibrium when t hey are sl owly digested t hanwhenthed i ­
ges t io n israpid . Addit i on of starch to the diet cau sed p,retardation of the
abs orp t io n of the prote i n, f r om which it is app a r en t th a t t heamoont of ot her f oods
in t he di et af f ects t he ra t e of abs orp t i on . llhen ar r anged s ccor di ngto t hera t es
at whichnitrogen was di gested endabs or b ed , t he fl esh pr ot e i ns(b oiled) app ea r in
t hefollowi ng order:fresh ced, beef ,tau t og , ee1 , wea kf i sh , mussel,salt ced, peri­
winkle . But when ranked acc or di ng to t he amounts of nitro gen retained from e sch,
th e order is practically reversed .

Takingtbe f or egol ng fac t s i nt o cons i der at i on , t her e i s not reason to believe
th a t fisharenotfullyasdigestible ,wholesomeandpalatableasother forms of
fle sh f oods . Their ability t o suppl y t he pr ot e i n needs of t he bedy i s unques t io nable .

Chapter V.

Some fi sh a r e a l ways poi sonous ; ot her s ar e poi s onous onl y dur i ng spawni ng time;
stillothersare sub j ecttoepidemic ba ct er i al di s eas es ,and t hos e affec t ed with
certain of thes e dis ea s es furnish flesh t hat is toxic t o man . Lastly , f i sh,like
~:h:~n~inds of meat, may bec ome infected with sa nro phyti c ger ms t ha t may be harmfu l

I n Rus s i a and J apan , cer t a i n spec i es of f i sh , pa r t i cul a r l y t he Tet r adon and
Or t hagor i cus , hsve been known t o caus e s i cknes s and dea t h . The toxin i s appa rently
natural t o the fish and though it is di stributed throughout th e body , t he amount i n
t he flesh i s small compared t o t hat whi ch is conoentrs ted i n th e ovar Las , The
maximum of to xicity coincides with the maximum of overianactivity . The to xi n i s
destroyed onl y af t er pr ol onged hea ting (b oiling f oratleastthreehours) . Ther e
ere no suchnsturallypolsonous fish, howeve r , In t he water s of t he United States .

1 gr eat amount of illness has bee n csu sed bypoiso nlng f rom eatlngfish , either
polsonous spe oi es or ed ib l e fi sh psrtlally decompos ed . The poi s oni ng effectssre
a scribed to the t oxic sctlonof pt omi ne s . Very lit t l e i s known at pr esent con ­
cerni ng theexact nat ureof t hesetoxic9ubstances . Qu1t ea f ew of t he c8.s es
r eported as pt omsine poi s oni ng ar e undoubtedly du e to a cut e ind i ges tlonand
bacterl allnfe ction. Accor dl ng t o a cl as s1f l cation o'f f l sh pol s ons by Bl a ncha r d ,
t he poison dueto putrefsctivechs nges i s cs lled bot ul i sm. Bar ger (104 )ststes t ha t
t he t erm ptomai ne has fall en i nto di sf svor and recommends in its steadamore
comprehens1veterm, putr ef act ion bas e .

A par t i al dec ompoadt.Lon t ake s place i n herr ing in p i ckl e . Accor di ng t o Schmidt ­
Nielson (86 ) , (88) , t hese cha nges a re the r esul t . for the most ps r t ,of sut olyti c
processes whi ch compl ete themselv es inssturate d sal t s ol ut l on. It is not entirely
imposs ible t ha t some of th e toxic suhs ts nces pr oduced i n fish flesh a r e theresult
of s uto l ysis as well a s of ba c t eria \ action .

l not her e xampl e of s n edi bl e vs r i et y of f i sh l n par tial ds compos it i on i s t he
Gahrstromli ng,a pecullarSwedis h f i sh pr eps r ation made by allowing t he fish to
ferment under sns er obic condi tions in a dilute salt so l ution . lIorner , (5 9) ,
detectedami nes , choline ,volatil e f s t t y ac l ds s nd l euci ne , but f a iled t o find indo l ,
sca to l, phe nol , putresc l nsndcadsver i n i n t he fl esh of fi sh t r eat ed i n t hi s way .



~~~~i~~~e~~:if~~:~~~~~:~;~e;~~:~~~:~~~: ~~:~~;~~::~~~:::~~~~;:~~~:i;~r:t~~~~~in,
met hylam ine , dime thylamineandtrimethylamine . Bot h Brieger and Bocklisch be lieve t hat
the mos t po i son ous sub stancss ar e prod uc ed i n the ear lier s t ages of de compo sition,
and t ha t oxida t io n in t hs l at er steges r ed"ces t hstoxicity . " I n some cas es peopl e
like spoiled fishandAatit"ithnoappa rent sign of trouble . Infact , certain
dwellers on the s ea coas t in As i a bury t he fr esh fish and allow th em t o rema in unt il
th ey dev elop a bad odor before eating . Ho" eve r , " emust not con clude from this that
spoiled fi sh are harmless . The questi on must be more t hor oughl y inv est i ga ted" from
t he chemical and pha rn acol ogi cal st andpoin t .

ln r ep,(lOJ) , s epar at ed t1fo ba s es f r om t he s al t ed s t ur geon whi ch had caus ed
dea t h i nChar kow i n188 5. One of t he bases re s smbled t he pt omat r opi n of Kobert and
was tox ic , while t be oth er base was non- t oxi c . Quoted f rom Smol ens ki (112 ) .
Furthermor e , Lievent hal , (11 0) , obtained f r om s alt sturgeon by t he Stas- Brieger
met hod , two ba ses , one s olid and th e oth er oily . The fo r mer when te s te d on dogs
proved to be non -toxi c . WassiljewandMot s chal of f , (1l4) obt a ined poi s onousbase sfrom
ordinary frozen and sa lted sturge on and sa lmon in St . Petersbur g , and al so f r om
the same fish whi ch had ca used s i ckness i n Cha r ko" . On fe eding t he sub s t an ces to
f r ogo and dogs , t he f ac t " as es t ablished t ha t t he poi s oni ng ef f ect " as due t o t he
combi ned act ion of t hewhol egr oupof ba s es ,rather t h.n t oany single bese . Inen
i nves tigat i on of t be toxic sub stanc e of the fi s h of Russ ia , Konstanov and Manov
(109) f ound t ba t t hi s subs t anc e di d not l os e its t oxi ci t y f or mi ce when di ge sted
"ithere ps in ,butlostit"bendi gested with peps i n an d wit htryp s in . It " as ,
t he refor e , a prote1n and not a proteose or peptone ..

Accor di ng t o Vauehan and Novy, (ll J) the fo rmer f ound in cann ed sa lmon, ,,hi ch
had caused s ic kness ~ a micro cocc us ~ which ~ "hen grown f or t went y days i n a s t er i li zed
egg under anaerobi c condit io ns pr oduced a po te nt poison . Ten dr ops of the "h ite
of t be egg su ff iced to ki ll " hite ra t s .

bas e , G~~~;:~i~n~i~~a~~;7~~~~~ ' c;~~i~:e~r~mb~:~o~;~~:~ ~~~~~~~i: id ine ,

Des gr ez and Cains , (10 7) ,isolatedbytheStas-Otto method f r omcannedfish
ce r tain base s , more or less oily liquid s , "h i cb wer e onl y sU ghtlytoxi c and " hi ch
ac t ed favorabl y in stimul a t i ng t he appetite .

Si eber -Schowmow, (1l 4) , s epar a t ed f r om dead a nd i nf ect ed f i sb , and f r om t he wa t er
in an aquar i um "here sev eral fish had di ed intbe cour se of two days , a hig hl y t oxi -

~~r:n~~cf~~~ ~ w~;~~v:~~ng;:~no~~:rn:~~~rp~tre~:~i~~=U~a::;l;:~e ~~~:i~~~:ures of

Chapt er VT

AConsideratl on ofFi sh Na st e ,
Fertilizsr ,

s ettl~~: f~r~~i:n~:n~;; . ofF~;s~e~~ i~i;~~:i~~~~s~~c~~~e~n~~~~r:l:~:da~~:n~ro~w~arlY
fish i n each hill of cor n , Carried to ex trem es , t he pra ct lce had a deleterious effec t
uponthe soil , due t o t heaccumul a t i on i n it of undecompos ed oil , Later,theoil

:::r:~~O~~~ ~~~mr~~: ~~8~h~Ys~~~:~n~ft~~: ;~t~;C~~~o:sw~~i:m:~s~;~~edT~~ ;:;~~~e
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w8s sprea d upon t he l and . At the present tim e , however , s te am pressBsar e us ed i n
ellnew fectories for the seperetlon of t he 011 f rom the sc r-ap , The1et t er l s dr l ed
I n er t l fi c l sl hot e l r dr l er e f or s hl pp l ng .

The recover y of f ertilizer and all fr om can ne r y wA,st er l s a comparativel y new
I ndus tryln thi s country . The pr oduction of fe rt111 zer end 011 f r oM th is so urc e
des erves more attention then it has bee n giv en in th e pa s t . The beef pecker relies
t oe considereb1e extent upon the menuf ect ur e of me r ke t eb1e prod uc t s f ro m t he
inedible por t i on of th e eteer f or t he su cce as of hi s bus t ns ae , The M j or ity of t be
salmon pac kers, h01l'8Ver , th r o1t'BwByjOpercent of t hel r rawmate r iRl , t he val ue
ofwbich,thougbitdoesnoteque1 i n i mpor t ence t be by- pr oduc t s of t he meetpeckl ng
bu eines e , i e of euf fi ci ent ve1ue t o pey f or wor ki ng it up l nt o f e r t i li zer and oi l.
A few of the pr ogr eesivecenneri es of t hePe c i fi c coas t s r e e waket o th e ve1ue of
these products a nd bev e instelled mechi ner y f or t he i r r ecove ry .

The f ollowingteb1e gi ves t he outp ut of cr udesnd dr i ed f er t 111zer bythestetes
of tb e At1e ntic coestduring'the yeer 1912 , f rom e r e por t by Tur r e" t 1ne, (13 5) .

Ol1rPl1rOFFISHSCRAP BYSTATES OF THE ATLAlfl:I CC OAST, 1912 .

Acid
~~~e

Aci d
~~stons tons

lleine 100 256 Del aware 6,312 500
Connec t i cut 1,500 6 ,500

i~~!~:~:roline
34 , 000

New York 19,800 7,250
New J ersey 530 1, 500 160

Tbepr ln cipe1sourceoffiebscr epfer t i li zer 1e t he men hede n, ot hereources
be1ng1ns1gn1ficentin comperleontolt . The Unl t ed Stetes Governm ent hee been
i nves t 1ge t1ng the pr obl em of tbe fees ibl1ity of using the dogfish es s f ood . Tbe
f i sh1s not popu1er es e food end it w111 prob eb1y i n t be f uture be usedext ene i ve1y
.s eiert 111ze r, esityle1de escrephlghin nitr o/:en , (12 9) . Fertl1izer l s e le o
made .f romherring, salmon, and sardine can ner y wa at.e , Scr ap coul.d also be prepared
from the refusefromtbedrese1ngofcodend ot ber fi sh , but t he i ndi vI duelp1ents
arescat t er ed over a l ong s t re t ch of s hore , s nd at pres ent no at t empt l s made t o sBve
it, for now it 1sthrowneweyes festesproduced .

The followingenslysee mede under t he d1r e ct l on of J. 71. Tur r ent i ne, (13 5),
serve to sho w t he val ue ot fish s cr ap a e f er t l 11zer p



Descri pt i on Nitro­
gen . P20; ~~;:~­

%

1 Kil marn ock ,Va . Dryscra p f r om 6 sacks o 6 048

2 Taft ,vao Dryscr ap o Sampl e of 8 096
525 t ons o

3 Irv i ngt on , Va . Dr yscrap ,drl ed l n hot
11 . 1>8ai r a nd s te am dr iers (From

one s acks) Fall pr oduc t .

4 Cape Charles , Vii. Scr ap $ groun d f r om 3 sa cks . 7 . 86

Dust fr om grinders .

6 Bea uf ort , N. C. Dry scrap , hydraulic pres -
6 . 13aee , sampl e from hea p .

7 :~r~~ead Ci t y , Dry scrap f rom open heap .

Dry scrap from hydrllu l1 e 9065 7 .56
P18'3S8S .

9 Len oxv i lle , N. C. Ground s crap ~ sundri eds
7. 46hydr auliepresaes . Sampl e

fromheap o

Dry aerapfound,hydr aul1 e
pre s s es . Sampl e fr om heap .

Accord in g t o Tur r entine , (1 36) , onthe Paeificeoaat , th e aal mon can ner iesof
theUnitedStat e a, i n 1913, pr oduce d a t ot al of ap pro ximat ely 4 , 000 , 000 eas es of
8ock eyesalmon, and 2, 700 , OOO cas es of ot her ki r..ds of s al mon, rrom whl ch l t l s cal ­
eulated there r eaulted 119 , 900 tons 01 was t e , va lued at ~n ,798,650 .00 .

In t his sa me ye ar onl y 1 ,630 to ns of dr y scr ·.- , and 280 ,000 gallons of oil , were
manuf aetur edfromthewaat e f r om aal mon eanner i es on t hePae1f i e coa s t of t he Unit ed
St a t ea , t hi s amount be l ng t he out put of fi ve pl ant s . Fro m the abo ve f i gures , it is
pl ain th at the greate r amount of the ca nnery wast e is t hrowna"ay . Thefertll1zer
i ndustry coul d eas ily make r oom f or se veral:nor e ren der i ng plants to take cere of
the was t e that I s not being thrown aw.y . The dl ffi cul t y at tendin g the rend ering of
fish scrap is In proc uring t he ra w mater ial , whl eh oftsnmus t be 0 0lleet ed f r om
several canneri es scattered over a great l engt h of s hor e . I nsddi t io n t oth ls



diffi cul ty , t he re finer is never sure ofa steady supp ly of canner y " ast e , t he
amount being gre a t at times and negl1gib1eat oth ers. I t has bee n su gges ted t ha t
thefis h- sc r ap f er t il i zer p1ant s be used i n ,dull sells ons f 0r t he pr epar a t i on of
fertilizer f ro m the gia nt ke1ps foun d all al ong ,t he Pacif1c coas t . Acentra lly
10catedrender i ng p1ant i s not as des i r ab1e a s t he small by/ pr oducts p1ant oper a te d
as an in te gra1 par t of the cannery , as by th e 1attermethod all of t he ..as t e of
the can ner y may be ut ili zed wher eas .. i th th e formermuchofthe ..a s t e of t he
canner i eaupon ..hf ch it depends f or its supp1yis th r ownawaybecaus ethe ba rg e
orvehi c1e f or conveyi ng it t o t he pla nt is not availab1e a t t he pr oper time .

~~~ai~;~o;;~; :~~;e:o~;~~~ _..111 sho .. t he compos! tion of ,a.. and dr ie d scrap

ANALYSES OF SAMPLES OF RAlf MATERI AL PRODUCED AS lfASTE I N THE MECHANI CAL DRESSI NG
OF "HUMPBACK SALMON. "

Moist - Nitro- P205 Ca3(P04)2 - 0il Oil
Chara cter of samp1e gen . per

t on
Roe and Milt . ( 50% of eac h . ) 68. 7 3 .68 1. 08 2. 35 • 3.Ht 8 .2 4
Heads . 63 . 2 2.6 5 1. 54 3 . 36 13 .7035 .5 1
Fin s and t ails . 63 .2 6 3. 11 2 .20 4 .80 11.16 28. 94

Avera ge- 64 .6 3.46

ANALYSES OF DRIED FISH SCRAP PREPARED FROM SALMON C1rrTINGS .

Descr i ption Nitrog en P20
5 Oil"

1

1 . St eam Dr ie r 9 .39 5. 32 5.36 - 14. 96
2.

Hcit ai r dr i er
8 .26 7.9 1 5.21 -' 17 . 36

3. 9 . 49 9 . 26 5.26 8 .32
4 . Ste am dr i er 8 . 76 7.00 3.9 1 20 .02
5. Hot air dr ie r 7 . 63 12 .08 5.11 10 .9 6

(1 ) Jlore ac cur a t e1y , et her ext r ac t . Thi s cons l s t e principally of olls . "

Many anal yses of fi sh guano or f er t il i zer ' !,p••r i n the l1terature fromtime
t o t i me. Intere st i nginf ormat i on may be obt a i nec. i n r egar d t o t he f i sh 'fe rtilizer
industry of Nor ..ay , Ja pan, Ruas i a, Germany, and Engl and by consul ta tionof t pe
..or ks of Cl1 gny (117), AUdeb er t (116) , Kossovi chandK010 tov (127 ) , Weib ull (137) ,
and Dougl a s (118) . Addi tional ana1yses of f i sh s cr ap in th i s country are re ported
byLindemuth andPar ker (128) , Ab at er (115) , and J ohnson (125) .



Tha t fish sc r ap may al s o be used su cce ssfullyasa 'foxl f or farmanimal swas
sh own bySche nke , (11 3) , \linberg , (139) and Kleeman , (126 ) . Acco' ding t o Henry (123)
two kin ds of f eeds ar e on t he mar ke t ; (1) f ie hscrap , wh ich i s t he dried an dground
refuse i nthemanuf a ct ur e of dr i ed codf i s h , and (2) fi s h ca ke , whi ch i s the whol e fi s h
dried and grou nd . Bot h feeds ar e used as cattle feeds in th e coas tal re gion s of
Eur ope . Fi sh s c r ap has been us ed in this country as ear l y as 1864 as a foo d f or
s heep , swine and poultr y .

On f eedi ng f i s h s crap to ca t tle , milk and butter normal quality are pr oduce don
a daily allowance of 2 . 3 pound s of f at -free scrap su pplied with a variet y of other
fe ed without deleterious effec t . Kellner calculates that the maximum daily allowance
of fish s cr a p f or sheep, in the beginning , sh oul d be f ro m t to 2/3 of a pound .
Chi cken s fare well on a diet offi s h scra p a nd see m to prefer it to co r n,bula.ye t,
ver y little of this kin d of chi ck en feed is being us ed . The uni ver sally sati s factory
r esults of all t he r ecor ded exp er iments with fis h scrap as a f ood f or fa rmanim.ls
l eav es little r oom for doubt as t o its effi : ie ncy .

Fish Glue , Gelatin , and Isingl as s .

A pr oduc to lmown as f i sh gl ue is pr epar ed f rom t he s cales and skins of largefisb
. like t be ca r p by ac ting en tb emw lth hydrochl or i c acid and t he ext ractlngwithwat er .

In maki rl'g i s i ngl as s , .t be swi" rr, r.g bl adder s of s ounds of 'f is h ar e t a ken and
t hor oughl y wa<lhed i n we t er t o r emove all f a t t y a nd bl oody pa r t l cl es . They are th en

~~:~:~dd~~ , c~~o~o~~~;~~i:~lt1n~~ns~;e~:s:~~o~~:ow;~et~n~~; ' f:~;ho~h~h~u~~~d~:~: is
pure l s i ngl a s s , whi ch can be r emoved f r om t he mus cul a r coas t when th e bl adders sre
par tially dry . The isinehss l ayer lsbleachedw1th Bul phor otlsac i d and then
th oro ughl y dr ied .

Inl908 ,. $1 50 , OOO wor t h of i s l ngl a s s and $632 . OOO. ..or thofgluewere pr odu ced
In t he United St at es , most of ..hlch was manuf actured ln Maasachusetts .

Kellner , Lendw. Versuchs . 1677 , p . 4JO, quot ed by Henr y . (135) .
rishOils .

The bes tknown var i et l e s of f l s h o11s of commerc 1al i !l1por t ance are t he menhade n ,
Japanes e s ardi ne , 5s 1mon, herr i ng and a European s ardi ne o The oi lssre obt ai ned rrom
t he entlre fi nhby boil ln g with water and r emov'i ng th e oil whlch ris e .. to the surface .

The odour , ool our a nd t a s t e of fi s h oils a r e ver y muoh aff ect ed by cont act with
th e decompoe lng matter of t he flsh . This d1fflculty i 8 overcome toa great ext en t
by r emoving the oil from the fish before t h,· h~t.r have had a chance to putrefy.
An i mpr ovement i n the qu.lity of fish oils pr epared 1~. th e la st decade has been due
l ar gel y to t he sub sti tu t i on of steam trawlors and ",ot or boa t for th e s l ow-gol ng
sa il i ng vess els , f or with th e former type of f1 < ~ 1r.g ,-boat there results less decom­
position of fish and a cons equent better quality 01 011. The olls pr eoa r ed und er th e
bes t condi tion are paler in colour and have a mucn l es s dlsagreeablesmell.

tlehadenoilis a nAm ericanfisholl of great ns por uan ce , In1912theUnitea
States pro duc ed fr om t hi s source 6 , 651 ,203 gallons of 011 valued at$1 ,5 51 , 990 . This
oil i s pr epa re d by bo iling the fish wi th live s t eam and s ki mmlng th e oil from the
surface of t he wa te r . The neshis .t henpr e . s ed byhydra ulic f or ce , a little more



oilrecover ed , and t heflesh dr ie d a nd s ol ci es f er t ill zer . lIenhedenoilio uoedln
theleather in dus t r y forcurry i ng , a s a lu br i ca ntln s oaD maki ng, i n t he paint and
varnis~ l ndustry as a substitute f or hnseed oil, f or t empering steel, fo r t he
manufeoture of linoleum, . rubber su bs t itut es end wat er -p ro ofing s olu tions, a nd f or
adulter llt i ng cod liver oil. Japanese sard in e oil l s usually pre pa r ed by allowing
t he r i sh to dec ompose in heaps, wher eby th e 011 fl ows out , th e r emai nder of t heoil
beingexpr •• sedfromtheresidnebyforce . Oil so prepar sd does not lend itself
easily to refini ng me th ods . Thi s oil i s used for t annIng a s a l1nseed oil
aubs tit ut e , i n ma ki ng s of t s oap , et o .

Sa i mon oil i s r a t ed a s a hi gh- gr ade f i s h oil , but ver y lit t l e of t hi s oil i s
pre par ed in th e United Stat es , 286,000 gallons being the output in 1913 . ThIs oil
Is light a nd s weet , a nd inthisres pectreaembl es th e ed i bl e oils . I t maybeueed
for the l de nt i ca l purp caes fo r whI ch menhaden oil Is now used .

}l'or most USes of fis h oils it is particuierly desireble that th e ob j ectional
odor be re move d by eome means or other . The odor an d consistency of fi sh oils may
befavorablyalteredby e pr oceas of hydr ogenation . Accor dIng to EllI s (119) , by
hydrogenat i on,oils whic hformer l y made onl y s of teoaps , now y i el d ha r dsoape ,and
lnthe caa e of f i ahoils t he char acteri at 1c disagr eeable odor Isalso remov ed .
lIhal e oil treated in this mann er yIelds a sa tiaf act ory substance for 1ar d , Other
pr oces s es and variouo foreign pa h nt s a r e recorded whIch deal wlt h the prob le m of
deodor i zl ng fi sh oil , a mong t hem be i ng t hos e of Heyden , (124) ,Sandverg, (lJ2),
an d de Hemptinne , (122) . Okada , (130 ) f ound on di vi di ng f I sh oil into solid and
~i6g~~ that the odor per sl sted in th e portion of the 011 which remalns liquid at

Accor dI ng to Ts uyi ma t o, the odor of fish 011 is due almost entirelytoaratty I
eons t i t u ent and not t o so-called impur ities . This f atty constituent Is clupenodonic
ec id ,havi ng t he f ormul a CsH2802 , wh l ch t her e f or e by t he ad di t i on of 8 Hat oms b ecomes
stearic a cid .

Vlll enc i ennea a ndFr emy, (73) , i s ol e t ed whet t hey called s al moni c a cid f r om th e
fat of salmon . It has all th e properties ofa fattyacldand contsinedmost of t he
co louring mat t er of the fis h .

Psy en (J O) ,not edthatthe flu i di t y of t hefa t var ied with diff er entfish ,
be ing gr ea te s t with fat -rIch fish a nd least with fish -poor in fat, aathe cod,
whiting and s ole . In t hisconne ct l on ,lIhite , (10 2) foun d that the fluidI tIes of
mixtur es of fish oils is additive i that is fr om th e fluidity the per cen t ag e composi tion
ofthe .. l xt ure can be calculs.ted .

That t here i s no direct relationbetween t " . body fat of. fish and t heamount
offatconsumed by it i n itsfood i s s hown by Ros enf el d , (J 8) , who f oundtha t f a t­
rich fi sh will th rive on a di et poor in fat , and vice ve rs a .

Accor d l ng t o lle i ll , (138) , t he f a t t y ma t er 1al of t he body of fi s h l e di s t r i but ed
amongthevarioustissueain nr opor t i ona var y i ng with th e s pec i es a nd " ith t he s easop .



In t he carp and trout t he acc umulat l on cffat is i n t he subcut aneou s ti s su e and
muscles ; in t he whi t i ng an d sole ths r eserve of fa~ 10 11' the liver , and In the
mackerel t he suppl y i s con ce ntrated inboth llluscie s and liver . The fo llowing ta ble s
will sh ow th e variation in t he f at ty ac i d cont e nt of the or gan s and musc l es of t he
carp at differ ent t i mee (s pec ifi ed times ar e not given .)

Fa tty ac i ds i m

IC1dney

11 . 30%
9. 43%

12 .38%

7. 59%
8 .92%

16 . 84%
5.29%

Fr om t he above tBble i t a ppears t ha t there is an i nt er eha nge of fat fr om t he
mus el es to th e l1v er, and wi ce ver s a , an d but l1ttle change in the f a t co ntent of
th e ki dneys of th e ea rp st differe nt times .

Cod liver oi J pos s es s es a medi e1 na l val ue f r om t he f act t hat i t i s ea s ily
hydrolys ed or di g. s t ed , t hi s pr oper t y be i ng eaus ed by t he peeuliar eons tit u tion
of its uns..t ur atedfatty aei d• • Thether apou l1 e pro per t ie s ofthl s ollhave be en
aseribed t o a numb or cf caus.s of doubtful wor t h . By s om. its act l onisat tr i bu t ed
tothe pr ese nee of a sma11 amount of i odl ne , by ot hpr s t o t he pr es enee of such
bases as but yl &llline , i soa myl &llli ne , hexyl amine , dl h ,d r olu t id l ne , e t e. , s spa r a t ed
from t he oil by Gaut ie r and Mourgues , (121) .

Certai n di et s eons i s ting of i s ol at ed pr ot e i ns , s la r eh "pr ot e i n- f r ee milk"
andeommer e1a l l ar dwer e f ound by Osb or ne alld ' endel (131) t o be l a eki ng in some
substanc e whi ch wa s nece s s ary t o ma1nta1n gro wth i n white ra t s . The addi tion of
cod l i ver o11 tothese diets p however p c:aus ed theanimal s t oresume t helr normal
rate of gr owt h . It l s th er eforequite pos s ib la thet t he real value ofeod l1ver
oil a s a l:lodielne lsdus t o t hs fa et that it eont a1 ns ons or more of t he nsce s sa ry
accessory f ood subs t ances o The latter subs taneesmay be cons i der ed as carry ing
r edieal ..hi eh th eani mal body leunable tosynthes1Zeof Uself , butwhlehlt mus t
re ceive preformed 0

Thes e oil s s re obt ai ned f rom t he f i sh l i vers l n a manner very s t m1l ar t o th e
met hod use d ! or t he ext r a ctlon of fi s h 011 .

For t he an a l yt ic al cons t ant s of fish o~ls ..r-d flsh liver ol1s see Cha pt er II ,
Tables Noe . 14 and 15,fae i ng page 18 .

It i s hope d t hat the f oreg oi ng r esume wi 11 be of help to t hos e enga ged in
in vestigationoffiah pr obl ems . A f ur t her eont r i bution of s s l mllar na t ur e but
dealing prilllarily with t he ehemi cal pathol ogy and phyaiology of fish,wl11 app ear
ina future number of the Bi ochemi ea l Bulletin .



The Chemlcal Phys i ol ogy of Fish.

A" in telligent c8lllpaignforthepur po.e of pr otectlngfi.hfrom cond i tions

~;~~~:~~~~~~~B:?e~~::~o;~~~:~~~~~e:o;~~::::~:r~;:~:!f~o~~!~:~~:!~r~:~~~~~~~:~~~Ch
of this nature sup plie. information whi ch cay be use d not onl y as a contributionto
puresc1ence,butalsotoincrease ourfood . uppl y andto pro pagatenew.peciesof
fo odfi . h . Thefishingindustries re cogniz e t he econoc ic val ue oftheaeinve s tigations .

The Resp iratory Exchange of Fl.ah .

Therespiratlon of fish isfundament ally t he.amea.thatofwsrm-bloodedanimal s .
The ga ses of tnewater come In t o contact with the v" . cul ar filamen t • of the gill.
wher e t heYRre combined with the gases of the bl ood . Thebreathin grhythmof fi. h
i s af f ect.en moreby a decres.e i ntheoxygenconte nt ofthewater(withconsequent
alterati one i n t he bl ood) t han by an accumula t i on of car bon di ox id e i n t he blood .
A t hor ough dt s cuesfon o~ th i s question may be foun d 1n a review by Babak (140 ) and
in an arti cl e by Pet r i k (201) .

Fish suf foc a te whenple ced in boiled water becau se such wat er i spr actically
free from dissolved oxygen . Kupzis(180) f ound tha teigns of as phyxiation appeared
in fi s h when pl eced inw"terconts in ingO o91 c . c . oxygenperliter,sndthstdes t h
occurred when the oxygon con tent bec ame as lo w as 0 . 66 c , c , per liter .

Clark andAdams (153) e. t i ms t ed t ha t a one- pound ri' ; h w1l 1 us e l O p.P .m. of
oxygen per gsllon of wat er psr hour .

Thedat er mi nat i on cf t he oxygen coneumpt ion of squa tic animal e l s f raught,with

::~~gd ~~;i~~i~::t b:~~~ ~~:~~~/::b~~~~ld::~S;~o;~~c:~C~:~l~~h~~~m;~~s(i~Tn855) .

1/ Humbol dt G.andPr ovencs l - lIem. de l a Soc . de phys . et chem. d ' a r cueil ,Paris .
21 359 (1807) .

I n t he met hod empl oyed by t he f or mer , and by Ver non (22) , t he s ni mal i s
conf i nd for a dcfi i tetimein aclosedrecept aclsconts i nln gwster . Thewster
is subs eque'ltl;; dr awn of f in or de r to determ ln~ th e ga see . This pr ocedur e i s ope n
to crit~c1em because the absence of aerst i on c~ ~ses t he met abolic and respiratory

~~~c=::~~s~iet~~::~a\~~ :~~~yo~l;~~y;~e.~~m~~;;:;~n(~~6)~eb::;~ru~~nd~:;~i~~ing
Regrat:ltandRei.et , for l and an i mals , cone1 .ts inpu.'Dping a i r t hrou gh the water i n
a h.rm~tic.lly .ealed j ar. The amoun t of oxygen used and t he amount of carbon
di oxid e prod uc ed by t he animal 1na giv e:> tim e can be calculated from the composition
of t he entering and i • •uingair and wat er . TahleNo.31pr e. ent . t he f i gnr e. i n

, connect i on wi t h t he r e. pi r a t ory exc hange of a number of fi . h . It will be not ed ' th a t





the te mper at ure of the water has a very mariced eUectupon th e oxygen consumption.

Accor di ng t o Jolyet and Regnard (177) , t he oxyge n consumedbythecarp ,(in

m1Eg::l:~:!:~g::f:§;'11::fd.:r:~~:~!:~;;:;~~:~~~J?;',
:~;~~~~esG~~~n;~d;~~t~e:t~~im1) :e~~;~~~r~ei~:~~ :h~o;~V~~s~~~:~~r;n~u~~~e~:m~~r
rish kept i n col d wa h r , than for th ose kept at hi gher tempero.tu ree , and concl uded
t ha t i n col d ..at er t he rish i n a s ta t eofhibernat i onor s t arv at io n, may live on
their fa t , par t i ally conver t i ng i t in t o gl ycogen and sugar , and t hus l ower i ng t he
CO2/ 02 r atio.

ZULz(228) also experimenting with t ne carp , observ ed that partaking of f ood
raises thegsseous eXchsnge of rish during t he dig estive pr ocess , t he gr eat es t r i se
bein gcaused by . pr ot e i n-r i ch f ood , e5peci ally t he nat ur al di et of t he ri sh .

Vilri a t i ons i n th e r el stion be t ..een t he oxygen consumption and thebodysurf ace
offish, wer e note d by Put t er (204) , whose rigur es ar e pr esent i n TabI e No. 32.

~~~:;:~~f~~~~::~~~:~~:~~~~~~~;:~~:~P~~~X~:::na c~~~:~~io~a~~efi~~: ~:~s~ni~
The oxygen consumpt i on of flounders " as f ound by Morgul1s (195) to hav e no

l~~~:~~~~~~~~£~~t~~!~ir..r:~~:~~~~~t



Rel a U on of t he Oxyge Consumpt i on ofFish to Ma.s and Body Surface .

Oxygen Consumption per

l"i eh ::~:isoin
I\g.driedor- Sq . met er of

I T~~ . ganicmatter body surface
per hour perhour o

Salt Wat er
23 0 .348 1050 335Hippocampue

Billiot es 23 178 .0 463 672
Scorpae na 23 16. 3 535 408
Gob iu s 23 10 . 5 840 374
Heliastes 23 13 .2 980 625

P'reehllater
562st16°C.G'oldf i s h 23 4 .2 360

Stickl eback 23 0 .71 6 2750 st 16°c . 375

SomeCondi t i ons of ter lIbi ch Aff ect Fish.

·. I nthe same way tha t · human beings are affected by aonorma l condition of t he
a tmospher e , such a s s defici ency .in oxyge n, t he presencs of dust ~nd of carbon

. .monoxi de . nd e t hyl ene . f r om ill umi nat i on gas , et c . , fi sh are al so aN'ected by alter ­
ation i n t he ga s cont ent , mi ner al compos i tion, et e.. , of t he wat er i n whi ch t hey live .

Marsh (189) fou nd t hat aerated di s tilled wate r wss fatal to fish . The cau se
i s pr obably t he ina bility of fish to ma i ntain the pr oper concentration of t he body
fluids , o..i ng to the gre atd1fference in the osmotic preseure betwe enthe ext ernal

:~~ ~~t;~~:~a~;~i:~ich":~o~~ i~ju~~~~;l~~t~~~ ~is~~e water , poisonous sub stances

Occa s i onally waters ere found which have an abnormal ga s content . Twowaters
of t hi s na t ur e ...eredescribedbyllarsh,one ofwhich (189)containedat150C. ,

~: i~e~ '~i ~~c , 5i8~~ '~ :c~ 'N.a:~d°8~4c~~~ .o o~e~e;ii~~e~~d ;:: ~~~~r(;~) o~~:~ned
fro m a dr i ven well 83 f eet deep , i nt ended t o supply the water for th etrout

:~~~~~~;d ~;e:~Sd~~~~e~;s~~~e~~~hi~a: ;~~u:ln:~:: ~~~:~ ~~e;~i:p::;:~h;ts~~~~cated . I
By pour i ng t he wat er t hr ough seve r al per f or a t ed pans i n succes s i oD, t hus pr oduci ng
t hr ough aeration, it wa s poss i bl e t o lo wer the car bon diox ide and nitrogen cont ent
of the wat er , a nd raise the oxygen content , to con centr at io ns whic hwoul d suppor t
the li f~ of t he t r out .

Inthesecondwater , menti oned above , t hs ! onormaleondlt i on wascausedbya
fa ulty pump, air having entered through holes in th e pip e on the suct ion s ides of
the pump . ln excess of 6 . 31 c . c . of ni t r ogen and of 2. 09 c . cof oxygen , i n addit ion
t o the amount which would normally saturat e the water at the same t emper at ureand
pr es sur e , proved fatal to fish which died rapi~ly when placed i n such water . An
auto psyrevealed t ha t t he heart was d i s t ended wl t h gas , t he l a r ger bl oodvesse ls
particularly th e mai n ves se l of t he gi ll filament , was f i lled with ga s , and t he walls
of the aur ic le end ventricle were pos sibly enphysema t ous . A fatal embolism re sulted,
dea t h being due to s t asis . .
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l:xh1s d1seas e of f 1sh 1s terme dbyllarsh "t he gasd1eease ," theeausebe1ng

:~;~1~~~ ~~w;~l~~:~' th~~e0~1~~: ~:~~u: ~~~~~:a;~~ha~:~~;e:h~t:a~:a~s f;~:to~~d:~~ons
1ne1den t t ometabol1e pr oeeese e . Undernormaleondit10ns,theblood doeenot
bec ome completely satur ated at th e g111s , as otherwise the gas would beeonst ant ly
t hr own cut , owing t othe h1ghertemper a t ure ef t he s yet emi e e1r eul a t i on . It 1s
pr obable , that unde reond1tions of supersaturation , the blood at the gills collects
more gas tha n it ean hold atthehi gher t emper et ur e eneount er ed 1n t he blo od whic h
c1reula te s t hrough t he body , endthusgasembol1ar eformed . Under eond1 t1 ons of
mlldsupereet ur et 10n of geees 1n t he wat er , t her e r esults , 1n eer t e1n fi s h ,eneeeu­
mulation of gasbeh1nd the eye, 'eaue1ng it to pr otrude . Thieeond1tion,eelled
"pop- eye" , 1s not al weye due t o exee ss of dl s eolv ed ga ses , however , a s it mey be
caused bye bl ow on t he heed and by ot her eond1tione not definitelyknown.

( 507 ~\~i~;Y~:ns::~ ~rt~~:)e~~~f ~~: ~~~:~ ~~~::;t~~n0~~1~~:~:~~~~e~~:::de~ter ;
1s eontinua lly su ppl1 ed t o 1f8te r In whi ch the y l1ve , e1ther by netural or ert1fieial
eer at 10n , t he fi s h w1l 1 suf f oea t e . Deeompos l ng orgen 1emetter,and eerte1nehemiea l s
endbe ct eria w1l 1 al.o lowe r the oxyg en cont ent of the water . The waste of the
sulp hite - eellul oe e f a et or i es (160) cons i st s par t l y of 1nor geni e mat t er , suchas
so diumsul ph1t e lind , tlt t ime. , calci um eerb onete , and t he r ema l nder ,consists of
wood perti cl es and cellul oBe fibr eB. The oxygen conte nt of water into whic h th e
weste pour s is very 10.. . The f b e wood par t i cl es cover the bottom of the wet er

, cour Be , meki ng t hem unsuitabl e e s br eed i ng pl eces f or fi sh, whi eh avoi d such wet er B,
a s th e woodenperticles elsotend t o clog up th eir gills • •

Accor di ng t o But t er f i e l d (1 52) , t a r r ed r oeds er e a menece t o fi s h l1 f e bec euse
sur fac e waters car ry1mpur1tiee fr om the m 1nto t he streams . Seydel (217) de term1 ned
t he ef fec t pro du ced upon fish, by ver 10us eommonfertiltzere . He expresse d the
op1nl on n0 1nj ur y w1l 1 r eeult , if nor mal dr es s i ngs of eal e i um ni t r et e , cal c i um
auperp bosphet e , bee1celag, potaesium chloride, potessiumsulphste , ke1ni t e, sodi um
n1trat e , or guano ar e appl1 ed t o l and i n t he vl e1nity of s t r eams , s 1nce gudgeon wer e
unaf f e ct ed by 18 hours exposure totheee s ol utione . Lime (ex ceptinsmellquentit1 es )
end ,eyanam1de ki ll t he gudgeon r ap1dl y , end ammon1um sul phat e and s t ebl e menur e el eo
cause the dee th off1sh. For this reeson it 1s i nadvi sabl e to dress the borders of
s treems l'1 t h t heee f er t ll i zer e .

Cl llr k and Adams(l5J ) f ound t ha t pur e a er a t ed sewage i s f a t el t o fi sh, a
dllut10n of t he sews geto mor e t hen 50% be i ng r equ1r ed t o ma i nt a1n t hem al1 ve . Thi s
shows t he ef fe ct of concentration of th e t oxi c pr i nci pl e upon the l1teofthe
or gani sm. In inve stigetingproblems of this nature it 1s impor tent to determine
t he pr opor t i oh ofpollut10n1n t he water . llhen faetoryweste reaches the etreame
it i eenor mous l ydllut ed , and , l n t he ma j or ity of ce ses , t h i s dllution 1s suf fi e1ent
t o r ender t he L di esol ved i mpur 1tie s 1nnocuous . l!ars h(l89) states that the wast e
f ro m tannery and dye works and from t he eul phi t e-peperandthe sod a -pa per pulp
pro cesses , indllutionsof l -200 , falled to k1l 1 fish . Illum1net1nggesiethemos t
t oxi c ' factor y weet e , ss dllut i ons of one per t to Se7er el hundr ed t housend per t s of

::;~: ~~~~eC~:ie~1~~e f~:h;ls~ci~~;~ of 1r:~~swmr) c~~~~~ ~~a~u~~~~~i~~~;df~~ht~~efer
sl1ght s cid ityto neu t rs l1 t y or al kal1 nity . Thi s find ing 1s ratherunusuales
Oswel d ( l99 ) , Garrey (166),andotherehave.ta ted t hetamoderatealkal1nity1s pr e­
f era bl e . Aeeord i ngto Loebend ll'es t eneye (l 86) , t he t ox i c1t y of e ei ds , bot hm 1neral
and or gan ie ,canbe per t i ally neut r a l1 zed by s odi um end eal e1um chl or i de s .



Sal mon ascend rlvers a cons l der abl edi s t a nce for the purpose of spawning .
Roul e(214 ) observed that sal:n on prefer wster havlngan oxyg en cont e nt equa l to
orslightlyabovethesaturat l on pol nt . lnycondlt1onbuch a scontamlna tlon .l'1t h
se wage , etc . , whichwouldlower t he oxy gen cont ent of t be wa t er , mi ght r esul t l n
drlvlngthesalmonfro",thestrea m.

Although t hes e was t es , whe n h l ghl y dllut ed , ar e not l mmedl a t el y f a t al , l t l s
not known wha t effect a pr ol onged s o j ourn ln such watermlghthaveupon the l1 f e
cycle offish. 1I1gbtnot a time even t ua lly come when such conditlons , ( if maln ­
tained Jwollldresult In the extl nct i on of the l es s har dy sp ecles? Ther e i . good
r eas on to believe, ~hat the alm ost complete dlsappe arance of shad and salmon fr om
certainriversinNewEngland,wbere th ey werefor merly abunda nt l s l a r gely owln g
to t he pollut ion of the water by harmful chemicals and dyestuffs fromnum er ous
f act or i es,aswellas to th epre senceof damsandbarriersinthestreams .

Copper lsnormallypr es en t In the sy s t ems of some marlne an1:nals . Dubo ls(159)
gl ve s the f ollowing figu res , showing the coppe r content i n th e bl oodoffish.

Coppe r 1n t he Bl ood of Fi sh
(wei ght of cop per per lOO gra ms)

Trac e

T~~~:2 gr ams

Trace

Trace

~~m5 gr ams

The cop per cont ent In t he bl ood and mus cle of molluscs and crustaceansis
much hlgh... t ha n 1n the bl ood of th at f i sh r ef erred to above . I n 'the blood of t he
cr ab,theingr ed l entwhlchcor r es ponds t o t he hemoglob l nin mammal s , l , call ed
hemocya nin and contains coppe r i ns te ad of iron . However, althoughcopperis
occaslonally pre s entlntheblood of fl sh , 1t l s known t hat coppersalts l n t he
smelter was t e maycausethelr dea t h .

The wor k of Thiergardt (221) s hows t hat fish sre unusuallyresistant t o th e
action of a r s eni c a nd l ead , i n t he pr opor tion of ona par t of me t al t o 20 , 000 pa r t s
of wa t er . Gol dfishabsorbedas muohas . OO99 gr ams of t he f ormer and .0 557 gra ms
ofthelatter , perlOO gra msof fi s h , bef or e su ccullb l ng .

Changes in the Oensity of 'IIat er and ;' e l r Eff ect s upon Pf sh ,

A condition havlng avery gre a t effect upo n fish i s t herel et l v e cone entra tlon
of t he miner a l constituents of t he water . It th e gl 11s ar e exce llent organs for
the diff usl cn of ga s es, may t hey no t also be lnstru!llentallnthedlffus i on ofsalts ?
A number of l nves tigat i ons bave been made t o de t erml ne t ha caus e of di s t r es s and
deathoccurrlng in fis h which hav e been transferred fromamed1umof lowdenslty t o
one of high density, and vice ve r sa .
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Rodier( 2l 3) , obse r ved t ha t t he hi gh osmot i c pr es sur e of t he b ody flu i ds i n

~;~~=.o~~a~~~ ~;;:~i~h~~~S ~~t~:~{s~e~~~~ ~~U~~et~r:~:~c~fO~e:i~:;:I ' S ~~t:~reT~:rgelY
lim it in g membra nes of t he t eleosts constitute an etfective barrieragainst osmotic
chan ges ,and itwasfoundbY Quin t on (21O, 2ll) , Garrey (165) and Da ki n (15 6) t hat
th e body fluid s of marine i nvertsbratesars iaotonicw1ththe aurroundingwate r .
Garrey(167) ,not ed t hat in f r es h- water t el eos t s and ga noi da t he fr eezirig poi nt of
th e blood i spractically tha sa me.

Accor din g t o Fre de rica (163) , t he t hr ee ki nds of aquatic an i mal s may be cl as s ­
ifi edasfollows ' (1) mol ecul ar concentration and salt content , t he same in the
bodyT'Lufda of the animal as in th e surrounding water (mar i ne i nvertebra t es); (2)
mole cular conce nt r at i on t he s ame i n bot h body flu1ds a nd wa t er , but t he pr opor t i on
ofsalts less i nthe b odyfluid s t ha n i n t he wat er , t he def.i c i e ncy be i ng compensated
f or by or gani c matter in so l ution (el asmobr a nch) ; (J)molecular concentration and

,:ii ~~i:~:~ s ~fa~~ef~~~~_~~~;~\~::~~~~r~~::~lY t rom those ot the external wa t er

The following figure s wer e obtained by Botazzi (149),

El a smobr anch
Teleost
Reptile , Turtle
Mammal,llhals

2 .26 00 .
1.04 -0 .76 00 .
0.6100 .
0 .65 -0 .70 00 .

lre f 1nd t ha t a s ani mal s as cend i n t hs s cal e of evol ut 1on , t he bl ood i s mai nta i ned
at a near l y cons t ant osmotic pressure by regulative mecham sms , Thef1neradju s t ment
ofthe 'osmotic prea aur e of t he body flu i d' , i n t he h1gher a ni mal a , may beexpl a 1ned
as an ef fort of t he body t o maintain a conatant condit1onmoat favo rableforthe
delica t e pr oceaaea carried on in it .

' and c~~:~~ ~~:~i~~u~~ i~:~k~:~t~;ns;i~~w~~:rw~~:ht~:~~~~r~~v ~~:u~;;~ ;0g~:~u~ter,
tranafer t o pur e fr ea h wate r. In confirma t i on of similar results obtained by
Giard (1 68 ) i t waa obs erv ed t het "some salt-water fi sh ca n aurvive daily alt er ations
inthe sa linity of t he aqua r i um wa t er , f r om f r esh t o salt , f or f al r l y l ong per i ods
of time ( h o weeka ) . The osmot i c cha ngea i n t he b ony fi ah t ake pl a ce by means of
t hethin membr anes cover i ng t he gi ll f ilament s , and not t hr ough t he s ki n . Thi s was
pr oven in t he cas e of fr esh- wat er teleost, "hen a loss of".ight ..asproduced by
pa s s i ng s al twat er t hr ough the gills and fresh water over the body . Salt- water
a ni mal s gai ned i n we i ghtwhentrsnsfsrred fora short t i me tofreshwater . Alth ough
osmot ic phenomena are evident i n most of the cases observed ~ other considerations
of pos sibly a phys i ol ogical or ch emica l nature may modify th e ef f ectspro duced .

Scot t (216) inv es tiga ted t he effect upon the blood ofthekill1f1sh (Fundulus
hetero cl1 t us ) , ca used by chang es in th . density of wate r . The change in the
numbe r of cor pus cl es per cub i c ce nt i me t er .l' "the per cent age of hemoglobin 9the

s pecific gravity, andthedepr es s i on of t ha f'r e , " l ng po1nt , cor-reapondedexactly with
wha t mi ght hav e been exp ec ted fr om the dilution or conc entration of the blood,
f ollowin g tra ns f er of the fi sh to w.ter of higher or 10\Ver sal1nitythan that to
whi ch t he f i sh had been accustomed . The results would indicate tha t ther e i s neither
destruct io nnor l ncreasedformat i on of red corpuBcl es under t hes e condi t l ons o

Ontheot he r ha nd , acco r di ng t o lloss o (196) an d Ber t (147),fishwiII die when



placedinfresh ..at er ,deathbei ng due t o as phyxi a t.l on as a r esul t ofthe gi ll
capi llar i es be in g blocked by disint egrated blood ce lls . Ther e appear . to be a rela­
ion between the re. i.tance of bl ood of f i sh to the hemolysingactlon of dilute sRl t
. olution , and the eb ility of t he fi.h towithst..nd chang es inthe.allnit y of the
medium . There.ult.obtainedby o• • o i n t,h i s conn. ction agre e i n pr i nci ple ..ith
tho •• obtained by Hambur g.r (l 72) and Bot&zzi and Ducceschi (1 50).

Thedea t h of fish ..hi chhav.beenpl..ced In t el" deticientin.alts is b. lleved
byRinge r( 212)tob.causede i t herby t h...ithdra lofmineralconstitu. nts f ro m
th.body , (mai nl y th r ough t he gills ,) or by th. fact t hat t he water , actingo.motic..lly
on th. tis.u•• ofth. gill s destr oy. by interfer in g ..lth the r-eepar-at i cn ,

Sl edl e cki (219) ob•• l"V.d t ha t t he . t l ckl eb. ck l . , or di nar ily , abIe to pr ot ec t
its.lf ..gai ns t the ..ctionof.altsinth.extern..lmedium. But ..hen the body
resist8.Dceof t heani mal i slowere d, t he l l mi t l ng membranes no l onger prevent
o.motic ch..nge , andthe ..nlm..lveryeasilyauecumb.toth...etionofsaIt• • Th.
chan gea inth. blood of salmon at spawni ng t l me may b. du. to th • • a.me esua• • Th.

~~::~:~~~~~Jii=:i:;~~~g~~:~:~~~~~~r:~~.*~~;~:;:r~:·~:i;~~~;~h~;~;f;~~t::~~:~;o
lo ..ering ofthe concentr..tionof th e blood salts , at.pawnlngt i me , 1so..i ng to
absence of f ood and t o metab olIc proc ess es whi ch occur dur1n g the se veral weeks so­
journ In Tr eah ..et . r , r ..therthento o.motic ch.n g•• •

Si edl . cki (218) noeed th. i mpor t ant fact t hat t he toxie ..ction of potas sium

~~i~~i~~s c:~i~~ ::;:r~~;~:fv:l;~.~";~~~~y~~l~~~~: ,b;~a~:r~~~~ce~~~~n~~::~o:~th
et her-s , The\mportanee of Magnesium.al t . i n r . duci ngthe t oxl ci t y of oth.r .alt

~;~;~;·h~6) ~e..~~e~o~~~ ~~:/~~:~;w~~:~ ~~~~d~ ~~~:n~~.Ri:~:r ~~s ::~~~ i~~

:;~~:~i~~tc~~~;~d; i~:d i~~:~l:~~:~: i~o:~n~~~~) ;~~~~i~~a~ob;h;~~..~;a;;i:~~~n~~. o~on_

~:ni~~;;~~.~~ N~~l:~~I~~a~~~t ~~: ~~:~~i~~c~!o~h~i:~i:~la l~~:~V::C; ~~;~~i~:" c~~~t.
surfaceby th . hi gh. rconcen trat i on. of t h••alt.in • • a -w.t.r, .specially th e

~:;~~~c~~C~~~d~~~s:O.~~~~i~~~ :~~~e~~~:r~i8~~~.~~~~~:~:n~~~c~0;~: i~~:~t~~;~~to;; e-
kind oramount f orsupporting f l Bh l1 f . , ,, ' ll i ncr . ase t he p. r meability of t he c.lls .
Inth.c.se of .. v.rytoxicsalt , t he f i s h dl es b. f or . a mar ked ch..ng. inth.
osmot i c ')r< . sur . of t h. body flui d ha s t ak. n pl ac. ; whil . i n t h. ca s . of th e I • ••

~~~icI~a~; ~::~b~:m~~;~e~~~:~e~h:~yC:~~:i~l:;~p~~t~~~.f~;ht~:f~~~t;h~ns:;~_~;~;~
maychangethecell membran•• , .it her t oth. ..dv..nt ..g. ord.trim.ntofth.fis h.

! n thetabl.ebelo.. , a.givenbyLip. chut z ; : 8J) ,thevarlationincompo.ition
of the flesh of t he car p i s expf e fned onth.bas 10 ofth. fish being invarious
st&g •• ofhung. r . The poi nt s t o be noted ar e the decr-eas e in solids , pr ot e i ns,

:rm~~~; l;:l~~i~h.g:~ , b:n~';;:ti:n~h:h~a;~c:;a;~u~; ::~:: ::~t ..~~ . co~~ui~~~t:r:omeWhat ! .
without food , f or mor e than s ix we~k• • The r •• ul ts obt af ned by orgull . (194) i n
exper i ment a on f s s t i ng f l ounders , show t he s ame general t rend , i o e o s. decreas e i n



pro t ein and fat and an i ncr ease inwst er as the f astingprcceeds .

"Influence of t he St ate of Nutrition on the Chemica l Compos iti on 0ft he Carp" .

100 parts of solids contai n
Class Lengt h Dry 100 parts live , Ni trogen Pr o- Fat Sol ub le Insol-

Wei ght weigh t conta i n cont aini ng te i n Carbohy - uble N-
Water Solida Ash ex t ra ct i ve dra t es . f reesuh-
-- mat t er o s tance s.

54.5 0 .98076.1 23.924.2 9 .7 46.22.9 1. 0 16. 0
51.7 0 . 71277.4 22 .629 . 8 9 .3 42.3 0 .7 1. 0 16 . 9
65. 0 0 . 666 79 . 3 20. 741.2 8 .9 :>4.30. 9 0 . 9 13. 8

°Aver age of sev er al f is h

oOA'_n:::::~ (:O:~d c: r:i::o::s::v:l::::::eo:e::::V:;i::erime~ ~quatic animal s,

~~u~:~e~~:~nt~~ea~~;~~: ~;o~~;eo~~:~;cf~~~df~~~e~;~l.~~~~~::d'n~~ei~:mfr~~dt~~n;oluble
organic :l3t t er cfthe sea -wat er ( t hr u t he gi lls ) and fl' om par t i cul a t e or gani c mat ter .

~~:t~~:~l:i~:s d:~:c~o~r:::~~dm~~t~;h~~ ;:::::~~~;~~~v;n3t~;s/;~i~lgr=:: z:;r(m~r, i t
can be s tated t ha t s ea -water con t ains a pr ac t i cally negl1gibl e quant ity of di s sol ved

~~~~n;~am::~:~ . dU~~~;ef~M~~ d~9~~/~~~t;:~~ :~;oO~:;~i~om~~~:; ~~~~ i~:h ~~~~~~~~s
(182) foundthat ' certei n compounds , l1keaspar agin , glu eos amine , t yro s in eand
glucose,placed ' inaquar iUll' wat ar , a r e not obser ved and r et ai ned , as such , by t he
organ is ms of the carp and ee'l , Furthermore , a ccor d i ng to Kerb (188 ) gr ape sug ar
dissolved i n ' wat er i s not absorbed byaquatic an i mals o The high values obtained by
Put t er for t he oxygen consumption of f is h ar e expla i ned by Morgu lis (194) as bei ng
due t o a r estles s condi tion , in ci den t t o their be i ng placed in th e apparatus f or
measureme nt of t he r espirat or y activity . I n th is exc ited state t he ir r espirato ry
exchange mi ght be i ncr eased 50 per cen t . By measuring t he oxygen consumption of
fl ounders during a fa sting per i od of 671 hour s , it was found th a t t hed l f f er ence
between t he amount of oxygen cons umed an,d t he oxygen in t he wastedbodymaterialwas
small enough to be within tbe lim its of exper i ment al error and shows, i n a gr eemen t
with ot her opponent s of Put t er , t hat aqua ti c animals subs ist only on particula t e fo od .

Knaut he(170) " exper 1ment i ng with f as ting carp , not ed an i ncr ea sed nitrogen
elimina tlon on ra is i ng the temperature of t he wat er . As in t he cas e of war m bl ooded
animal s , a car bohydr atedi e t when f ed t o f i s h re duced t he nitr ogen elim i nat io n below
the st ar vat i on va lue . It It'8 S also f ound th a t mi ner al salts were neeessary ln th e
food,the irabsencecaus i ng di s t ur bance i n t he o l ges t i on and an i ncr eased nitrogen
excretion . C:ookedstarch i s not r eadily ut il i zed by young car p unle s s pr ot e i n isfed
with it. the di gestion grad ually be comes l ess compl et e unt il t heent ire amount of
carbohydrate whic h has been giv en i s elimina te d i n t he fe ces .

I n r egar d t o t he enzymes of f i s h , t he ev i dence i ndi ca t es t ha t a t l ow t emper a t ur es
th eiracticn is much gr ea t er t han t hose cf warm-blooded ani mals . Bas ing t he ir con-



clusi on on the greater a ct i vity of theproteclytic enzymes of the p i keandtro ut
t han t hos e of pi gs and dogs a t OoC. , l.Iur i s i er and Fl ck (198) s ta t e t ha t t he pep sin
of cold-bloode d animals is an enz yme distinct fr om th at of warm- bl ooded an i mal s.
Exper i menting with the pike and car p , ~full er (1 97) found t hat th e enz yme of these
fi sh (diasta sefromthel1ver,pepsin ,rennl n , an d t r yps i n) are sl owly activeat
OoC. Hoppe -5e yl er (175) no ted t ha t t he optimum t empera t ur e for th e a ction of
pe ps in fr om th e stomach of th e pike was ap proxim ately200 C.

! ccord i ng t o Cohnhe i m (1 54 , 155) the sur vi v in g i nt estines offish (~
E!!.2. and Labrus f es tivu s ) have a deami ni zin g ef f ec t on th e endproductsofpro t ei n
di gestion . The i nt es tinal muco sa of cats and dogs di d not r eac t in th ls manner •
~~~: ~~:n~~~:~no;a~i:~~ount for the hig h ammonia fi gure s obta i ned by Deni s (s ee below)

The met abol1 sm of t he elasmo br an ch fish is di ffer ent f r om th at of t heteleosts,
asmaybe s ee n by compa r i ng t he col!pOsi t i on of t he bl ood of t hes e two cl a s s es offish.
I n t he t abl e bel ow, (158) , t he per cent age of non- pr ot e l n nitr oge n a ccount ed f or by
t he ur ea fr action , i nthe ca s e of t el eos t s , i s much smaller t ha n i n t he blood of
man,orofanymammalsofarexam i ned o

Non-ProteinNitrogenFract i ons of t he Bl ood of F1s h .
(The figures r epr es ent milligrams per 100 grams of blood)

Non-Pro tein Urea Ammonl a Urlc !c id Cr ea t i ne
&

Cre a tinin e

El a smob' a nc h
Dogfi sh (Mus t el1 s cani s )

/ Sa nd sh ark (~~~~~;~i~:

Te~~:~s(RO ja erinacea) )

Butt er fi s h (P or onot us

Mackerel (Sc~~~~~n:~~:~rus)
squeateague (~;on

1160
1100

50
86

100 0 2 . 5
868 1. 6

i:i 16 . 0
7. 5

Th e compos it i on of t he ur i ne of t he goos efi s h , a t el eos t ean , i s shown by t he
s ame author , in t he table bel ow. I n t he ur in e of a bony fi sh t he creatin lne is
al mos t en t irely re pl a ced by creatine .



Table No. 36.

! na l ys i s of a Compos ite Sampl e of Urin e from Si x Goosefish .

Tbt al Ur ea immoni a Uric Cr ea t - Cr ea t i nePhoa- Chl or id es Total I nor -
Ac i d i n i ne pha t es sul - gani c

P20 5 phur S03

Mill i grama
per liter , 830 120 12

Per cent of total
N. - - - 14

S-p . Gr . - 1 . 616 Albumen and reduc i ng sugar abs ent .

On exa mini ng t he ur ine of tb edogfish (I.lus t elis can is) , Deni s (1 57) f ound
t hat t be ur ea -N amounts t o 80"89% of th e total nitrogen of th e urine • The amount
ofamm oni a nitrogen varied froml . 9 t o 6 . 1% of t he t otal nitrogen of t he ur i ne ,
exce pt i n one cas e, wher e i t wae 10 .6%. Very little cr eatinine an d no cr ea t in e ,
sugar , nor a l bumen wer e r ound 0

Accor di ng t o Bagl oi ni(143) , t he phys i ol ogi ca l r e t ent i on of ur ea i n t he bl ood
of t he dogf i sh , is a nal ogous t o t he re t ent i on of s odi um chl or i de a nd ot he r bl ood
salts i n a defini t e perc entage conce ntra t i on in t he blood of oth er vertebrat e animal s .
This agre es wit h t he findings of Schroeder (215) wbonoted aconstancy i n th e ur ea
conce ntrationoftheblood of t he dogf i s h , t oget her wi t h a s omewha t more varied
concen t rati on of ure a i n t he mus cle and a de oi dedl y va r i abl a ure a cont ent i n the
liver . Schr oed er believ es t hat th i s condition i s due t o s low elimi nation of urea
by th e org anism. Ure a r a i se s t he tonus of hea r t musc l e, and i n el as mobr anch f i sh
its action i s contrar y t o t ha t of NaCl , whic h r educes th e t onus . Urea a nd NaCl
bot h of which are pr es ent i n t he blood ofelasmobr a nch fish to th e extent of 2 gre ms
pe rlOOc .c .are , t he r ef or e , compens a t i ng f a ct or s i n t he r egul a t l ons of t he he ar t •.
Ifaglioni (141 , 142) believes that tb i s sp ecific a ction of ur ea Is notdep enden t
upon t he fact t hat it is anon- electrolyt e , a s sugar d oe s notreplace it , bu t t hat
its action depe nds entir el y on i t s che mi cal composition .

Diffe rences in t he Body Compos i t i on of ris h .

i e .ir.T~~em~~~~ ~~r:~:1~~ ;~~d:: i:~i~~ i~~ ;~l~~:C:a~~~ :~~~:~~n~fa:~~~n:r:e~~e~~~::: .
Thi e is shown in th e t able helow byll'il s on (n7) . Anot her not ewortby f ea tu r e l e t he
small amount of amin o ac id nitr ogen i n percent of total ext r ac t i ve ni t rog en i n th e

i~~:~!~~::;~:~~:~~~~h::~h::~:~~:{n;:~~~:~~:~~~:~:;~;;;~~!~~:~~:~~;~:~~:~::~~~~e ,
and pe r i wink l e ar e true in ver t ebr ates .



Nitrogen Di st r i but i on in the Pr ot e i n- f r ee lIat er Ext r ae t of Muse 1e i n a Ser i es of
Re1ated Uar i neAnimals .

Kind of ......ino -ae idni trogen
lIar i ne I n % Grams of nitrogen per 100 ga e , Grams of nitrogen per 100 gme,

Ani mal s . TO~;l N ~~t;~e sh ~:g~~l - PTA pre- ~~t=? mu:~~~_smino Di - ami no
Water Ext raet trate , ei pi ta te Extraet ae i d ae id
Extraet mono-a mi no di - ami no fract ion fraction

acid acid
frae tion fraeHonOo

0. 032
0 . 203
0 .1 01
0 .073
0 .078

o Phosphot ungs t i c Aei d
00 By Diff er enee

lIe1y (225) found t hat t he el ec t r i c organ of th e ~orpedo has a peeuliar pro ­
portion of mi neral salts , t he ratio of KC1 to NaC1 i n t " o cases bei ng 1. 35 ; 100
and 0 . 69 ; 100 . The pot as s i um, in very small amount , i s pra ct i oally insignifieant
as compared t o the s odi um, "herea s in ord inary muscle t hepotaa si um i s t hs
1a r geet mi ner al cons tit uent .

Polimant i (202) noticedamarkeddifference bebeentheappearanceofthe
liver ina pre gna nt f emal e e1asmobranehfish and that of a male ; t he former ,
th ough t he same " e i ght , ,,a s mor e v o1urni nous a nd y. llo,,er i n eo1our .

The bile of the s ha r I< (Seympus bor ealis ) is fr ee from chol esterol andeontains,
instead oft he us ua1taur ocholic ae i d , t " o e t her ea1 su1phat es " hi ch Hammar s ten(17 3)
ca l1 s a - s eymno1- su1phur i e ae i d and b - s eymno1su1phur i e a ci d . The latter have a
10"er sUl phur eontent thantauro ehoH e ac i d and a pra et ieallynegligib1 e nitrogen
cont e nt. Si mila r aci ds " er e i s ol at ed fromtheblle of the roa ch . Noatherea1
su1phates eoultlbe fo und in the bile of t he ma eker e1 . Hammarstenobservesthatthe
preseneeof su1 phuricaeidinother bile a e i de t hantauroehol1eaeidr"ndarsnse­
essaryarev i sion of vie"sinregard t o t he eont en t intaur oeholie a ei d ofthebile
of other ani mals .

Polimant i ( 20 3) believes t ha t t her e i s .. definltere1at lo n be twee n t he de pth
i n "hieha f ish habi t ually s"ims and itsspecifiegravity , and that th espeeifie
gr avity is influenee d largely by t he a mount of f a t . The f ollo" i ng c1a ssifi ea t i on
is giv en by him.



Classification of Fi ah ac cor d i ng to their Fat COlltent and Habitat •

Irat er Fat
% %

A-Wandering sea fish .
B. Li v i ng " inshore" between cliffs at various

depthsfrom30m.to1000m.
C- Livinginths sand of t he shore at a maximum

de pthof1001'l.
D-Li vi ng among t he s eaweeds of the shoreata

depth of not more than 50m.
E-Li vi ng i n mud a t a dept h of 100m. t o 8001'l.
F- Living in the deep sea at, a de pt h of 1000 to

20001'1.

1.03
0 . 57

As a n examp1e of C1a s s A t he ma cker e1 may be c i t ed , t hou gh t he f a t cont ent of
t hi s fis h averages much hi ghs r t han 4%. The floundsr, a typical bottom fi sh, has
an average f at cont e nt, of ab out 0 .4 0%.

The alterations i n the f a t content of the same species during a sea sonis
closel y conne ct ed with the phys i ol ogi cal cha nge s a ttsndant upon spawning.
Mischer (191) f oundthatther s i s a gr ea t decr ea sein t he qua nt i t y of fa t a s the
sp awnin g sea s on appr oa ches when t he salmonaseend therivers o H1S reeul t.s wer e
confirmed by Noel Pa t on (200) and Greene(170) . Miecher 'sinterpretationof hi s
findin gs was i ncorrect in one particular . Hebelie"7edthattheconsiderah1e
qua ntity of fat whic h he obs erv ed in the muscle fibres was a stage of fa tty degen ­
eration, preliminar ytothe use of t hefa t f or buildi ng up t he i mmense amount of
f ood materials pr es ent i n t he s ah on ova at spawnlngtime . Bot hPa t on and Grs sne
contend that the fat st orsd in t hs b ody dur i ng t he ps r i od offssding and growth i s
th simmediatssourcsofensrgysxpsnded bythe s &lmon dur i ng t he spa wni ng
migrationandisnot , inanyssn ssa f a t t y ds gs ns r a t i on .

Ths foll owin g table illustrat es the changes in the composition of t he fl esh
of s had at the period of spa wni ng.

(Aut hor ' s unpublished da t a ) 0

Var i a t i on of th e Fat Content of th e Fl es h of t he Shad a t the Spawni ng Per i od.

Des cr i pt i on

Roe shad (not very ripe)

~~: :~:~ ~~;~~~ t o spawn) '
Roe s ha d (af ter spawning)

Localit y

No~th Car~lina Co~st

Del awa r e River
New Je rsey Coast

4 -5 - 15
4-15 -15
4-24-15
6-19-15

% Fa t

(wet basis)

14 . 43
13 .93

5.87
2 .95

°E. D. Cla r k and L. H. U my J .Bio1.Chsn.Vol.33,483-498
(1918)



It ie not t he purp ose of this peper to go i nt o the ~ue st i on of the occurrence
and ef fects of t he various par aeites found on fish . I n this countrv much work on
t h is sub j ect has been done by Lin t on (181) whose papers contain nun.ero usreferences
t o t he l1 te ra t ure . Ot her cont r i butionB have been made by llU son (226) , lI'a rd( 22J ) ,
Hahn ( l 71) , and ot her s .
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