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THE CHEMISTRY OF FISH FLESH

Chapter T

~Introduction-

The value and importance of the fishing grounds of America in the
Tietatty of Kestixiclaidipess horgaasd s BTy AR 1904, shues e S1zLermen
ing vessels to our shores und they still contimue the

pmme atber ‘mors than four centuries, - Aecording to McFarland (2), before the
year 1522, Reen rasted for ite acommetetion of Flaharmed o N
el el el e discovery of the banks of
Newfoundland by the fishernen of Normandy and Brittany before 1492, but thore
18 no positive evidence that these early voyages were really made.

The interest manifested in the fishing industry in the region of
Gulf of Maine incressed steadily and resulted in the establishment of settlements
e

total, Alaska excepted.

value of these in 1908 constituted 13% of the
A summary of statistics of the fisheries of the United States and Alaska
for 1908 (6), and of Alaska for 1913 (7), follows.

Unfortunately, no conplete statistics of the fisheries of the United
States and Alaska have been compiled since 1908.
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that the valus of the tobel fiah products of the Titted States, ex=
m.m o[ u.m, very nearly equals that of England, and far exceeds those of
other countri

Conads mupplied the grastast, value of daports of fistary produts into this
country, contributing 378 of the total in 1908, Imports from Burope furnished 54%
CE"the value of the Loran taports 1n 1908.  Tack of import duty on fish now ke
these figures of little comparative value under present conditions. The Buropean
country which leads in the importation of these products, the United Kingdom, sup-
plied imports valued at 17% of the total value of our imports of fishery products in
1908, The following table gives the statistics for 1913, (5):-

Table No. 5
FISH INPORTS AND EXPORTS OF THE UNITED STATES IN 1913

Ttems Inports Exports
Quantity v Quantity VI

Praahefalacn and a1l 2,968,300 2,30,822

and
Pollock. . . pounds. . 29,761,996 1,646,073
ke ted,

(dried,

or pickled)
Anchovies and Sardines.

(packed 1n oil or otherwise 2,664,130
treated)

Herring. . . pounds. .
(pickled or salted) 76,838,454 3,165,718 14,599,140 208,880

Mackerel. . . pounds. .
(pickled or salted) 26,204,735 1,319,363

Mackerel and all others
.pounds. . (pickled) 21,956 143,612

Other species 1,804,319

-except Salmon--
e e e e 5,517,248 291,332

Dried, lnukud, or cured,
addock, Haks, 424
Pollock. . .poun

Ly 484,414 245,842

Dried, smoked, or cured.
all others, . .pounds 6,681,334 272,649




ITtems

Import

Expo

s rts
Quantity Value Quantity Value
E 3 $

Saluon-canned-pounds. .

Salmon-others-fresh or
cured. . .pounds. . .

Fish other than Salmon
canned-pounds. . . . .

ALL other fish and fish
products. . .poun

Total value

55,290,966 5,103,340
2,122,566
119,260

103,284
412,931,455 8,610,765




THE CREMISTRY OF FISH I

Introductory

The valus of fish as a food for the Anerican pecple camnot be overestimated.
The necessity for substituting fish for meat in order to sclve the problem of meat
shartege 1s discusted at length in o repart by Pemningion (2). The United State
could profitably utilize more fish than it now con

Thers are plesty of fish arailable to dmariosn fisheraan, aore thun encughy
tal; s often arise when it
1o necessary Tor the Tieh b o bet catretar ot pesaie oF fish £, the'doegy bal
cause of the lack of demand for this variety of food. This usually happens only
to the suall dealer when fish are too plentiful, for the larger firms can forestall
any such great waste by placing the fish in cold storage and holding them unt
1

in the cooked condition, of a fresh fish and one proerly froten and held in
In addition to preserving fish in the icec

frozen condition there are, of cow n mtlots, mich oo plcking 1a otl,
g, and cann fatich

whet Bodify the taste of the srigisal fish. Thbrs is atp

Tareascnisbye and widespread prejudice against the use of cold storage food products

but thia abkitnde of the pubids will deubiless nok prevatl for any ereat length of

ine, bec e important role which the cold storage industry pla

maintaining thaioe] Price of certain perishable foodsturts 1ike fish, the -umy

of which 18 not under huan control.

2 et nicy varistise of both fresh and mc-nm £l ascataitia

to Mericun fisbers ain
ontasing, A complote 1ist of the food Fishes of the Daited State Sncl\lding
s ki kel (o habitat, will be found in the Government
publication, "Fisheries of the United State

A1 vat o6 chestofilsaseerak on i aitaen Scté Sutineiierion
caten nf m ek sveiesy il estes pect ot (R ek ks carried out in
e bl S 55 \his ommrizy. SiiSaag i 8

quantities of Hsh svaileble to the knerican pecpie, the food, for fertiliser, for

L) etery Sho amoumt of chetieal sesearch on Anorican Hioh 15 exirosely 1iaitod:
Atwater (1) who has done the greater part of the American work on this probls
stated in 1888 “that the work here reported can be regarded as caly the boginning
of & mh-neuted ressarch,® %o aystemstic stady of the chielatry of inetiosa
sh ha e sinse thex roperted by m sbore luLher The extreme lack
tended study of

ma
ate oo this subject makes it own
our food fishes.




Chapter 1.
NOISTURE, FAT, PROTEIN AND ASH CONSTITUENTS OF FISH FLESH
Pood Components of Fresh Fish

The value of a food depends upon its tissue-building and energy-producing
power: ‘oods contain more or 1
carbohydrate, lipins (fat and fa

. the chief fuel 1 pr 4
n derivatives, are the principal tisme forsers. In geoe

2117 o protets foud, lower in fat and higher in -mr content
, and, Tive it, containing only a minute quantity of carbohydrate

The earlier investigations on the chemistry of food fish are important only
fron a historical point of view. Among the first of th
(27), 1n 1822, on the constitue
repart of { berger, (39) on the quan
coaguls rotein, slcshol soluble substan
g , of the carp (Oyprimms nass, Gar bare
hrio r.). Weidenbusch, (44) (1847) and Baumhauer, )
tary composition of the llb’uu!n separated o e lowh of the
B Wiy, {Lowader wnd baddod

The firet anslyses of any daportance of fish for wter, protein, fat and w
are those of Payer (29) in 1854. figures, together with analys
Kourlg, (17), Bucklend, (12) u-.n. (s) Kosty-taschatt (21), ot (34)
1, (41), are discussed in detail by W. C. i npm of
e \7‘ %2 un-n foner of Fish and Fisherios for 1660, A ceaplote rwurc
of slight value, but o fow representative .n.ly. 9
oY kaowa fish mould parhape 5ot be'out of Fiao




Table No. 1 REPRESENTATIVE ANALYSES OF HERRING AND SALON
Fo. Name of Author  Water Water Albu- Fats Ash Nit- Pro- Water -
Fishes free min- rog- tein Protein
sub-  oids NX - Fat-
stance 6.25 Ash
1. Fresh Herring Payen  70.00 30.00 17.80
2. Saoked Herring Toenls 9.9 0. 2.7 2112 100,3
3. Herring Buckland 80.7 19.29 10.11 100,00
4. Little Herring Almen  73.25 26.75 19.23 18,83 99,60
5 Herring Kostyte
cheff  76.11 17.29
6w " Atmater 69.03 1846 19.12 100,66
Fresh Salmon Payen 75,70 24,30 18.17 485 1.28
* Buckland 77.06 2294 1011 7.1 2.07 100,00
B S Mmen 70,33 20.67 1806 10,12 1,49 3.10 19,39 101,33
(average of 5
Spectnens) Awater  63.61 36,39 2160 13.38 1.41 3.5 22.39 100,79

figeres 12 (14 préoating faklamre sobeised by mber aftar mueu-un'
the mnnu data into the present form, for the 4son. On inspection
of the anelyticel results sbove, 4t w1l be seen that, e e e o

frasted from the per omt substance & 8 of Nos. 1, 5, and 6 for
fresh herring, the per cen solid uniforn, namely,
19,008, and 19.96% re p.mmy. This o cy in the amount of fat-free soiids,
holds true for the majority of Fish and averages sbout 19.%

Insert I.

Miesher, (25) observed a decrease in the protein and fat content of the muscle
of Rhine salmon at spawn time. According to Polimanti, (32) and (33) surface swim:
ning £i highest fat content

4ng in mind the factors influencing the composition of fish flesh, one can
‘that an analysis of a fish of unknown history is liable to le
erronecus impression of its food value, As a in point, note the analysis of
Eloatish 1a the ellowing table (Ho. §) of Atm The fat content of this

fish is given as 1.25%, with a moisture Soctent 46 T8 1E8. Tn-e Eecent RAAITATH
{not published) by the astbor,of o tluw £1sh, the folioking figures £oF olstire
cbtaioed, ——- 63,658 axd 16. u; Table No. 2 15 &

o

B
readily

e ) obtained on fr nly). It
should be understood, hmv-r, ’ that, ireoh 1a s pebteel ey
£’ than partioulasly the durface swisming fias,

8t of
-ubjm Lo ide rariikicas in, fo¥ oombant.. IniLLes bmor tte’ cxten changes,
1t 1s unwise to accept s single saalysis of o fish, and judge therefrom

as to its fuel value
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The author follows the general custom of 1fying the fish according to their
proportions of fat dato three classest (1) cm.mu; over 5% of fat; D containing
between 5% and 2% of fat; (3) containing less than 2% of fat. Practical use of such
& classification is necessarily linited on account of the variations referred to
above.

a ol ovlog ioeenta) sciNbmvlertn Lalila st glvet to order 4o (TS te
the pringiple thet, as o rule, the sncunt of mates in the flesh decreasen s e
fat, incrdnu and vice ver:

CLASSIPIOATION 0P FI3HES

PROPORTIONS OF FAT

Kinds of T Tater 5 Kinds of Fisl
Containing over 5% Containing over

fats. 5% of fats.
California Salmon 63.6  17.9  Sturge 787 1.9
Lake Trout 69.1 1l  Blackfish LB
s 70.6 9.5 Kingfish .2 1.0
Porgy 75.0 51
Containing between 5% Common Flounders 84,2 0.7
and 2% of fats.
Alewie Thh 49  Sea Bass .3 0.5
Cisco 7.2 3.5 TomCod 8.6 0.
Striped Bass 7 2.8
Brook Trout LA

Kianizyn, (16), deternined the food constituents of the dried and salt cod: the
£ish so prepared contains 25.09% inedible portion.

In 1898 Balland, (7), reported analyses of 38 varieties of fish, crustaceans and
molluscs for water, nitrogen constituents, fat, extractives and ash. He noted that
fish containing o low per cont of fat are usually bigh in nitrogenous constituents.

Beythien, (11) deternined the composition and food value of k and mut-
ik o ompirod i w1t tha8 G LT Mavplog 453 frosh ooty Toa Sorsiuetr oot
values of salt herring and fresh cod in Germany per mark are 3765.9 and 2000.0
respectively, while that of beef averages 1529 units.

That the nutritive value of a fish may be very low on account of its high pro-
va ter, as head, bones, etc., is shown by Milone (26),
t

The nutritive value of fish per unit cost,
purchased in Italy is twice that of meat.

Holland, (15) hat the common fre or fishes of France compare
mmmy A g e imported el oreign countries.

Vaillant, (43), found that eels vary in chemical composition, and hence 1n food
valus, at various steges of their gromth. The eel fry, or "civelle®, which a
Golorless, contain 19:35% fat. Then, when in the state of *nonte en the
fry bave furned black, the fat drops to 12.. 538 antis the w1 o eal (61 0 tnches
1n longeh) this constituent has inoreased fo 17.13%. The explanation is that the
521, ke Dutohod FEVAA ok amcrms eEioet wid alun viATLin, Shich 1o eeheasten
when the eels arrive st the state of "sontee". It then requires some time befors
this amount of fatty material can be replaced by means of food eaten.
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, (37), anslyzed carp, which had been living in hard water and soft water,
e #14ght vartations, which could, however, be explained as being due to
the greater amount of ash constituents in the fish living in hard water. When
basis these differences in composition between the two
varieties of carp disappeared.

%5 » werbon uf dopeiSanute su i svoss coqubsmonk of $1st, Putter, JOEy
entinates the food connbituents, dncluding carbohydrates, by frackional extraction
of the flesh with hot water and o

The following table by Koenig and Splittgerber, (19), gives a me:

s of conparing

the food constituents of beef and veal (evidertly lean meat) with those of fish:
Table No. 4 THE CHEMICAL COMPOSITION OF FISH, BEEF, AND VEAL
(Average values)

Kind of Water NX Bas- Alb- Gel- Fat Ash Water  Mater
flesh % 6.2! %

.25 ic  umin atin % sol.
Nit. %
b1
Beef 7445 2220 0.44 1,81 097 3.2 132 432 Ll
16 20,23 0.3l 0.7 0.0 1.07 1.07 291 0,9
Dried Cod  9.02 90.41 1.01 1.57 58 112 512 12.97 4,27
Haddock 76.18  23.94 0.38 0.84 0.94 0.27 0,84 4.43 7L
6. .59 031 1.65 0.60 2.5, 113 313 0,89
Herring 7798 18.59 0.16 1.23 2.29 3.4 1.35 339 1,08
ke 13.73 20.89 0,47 2,53 1.3 0.1 1.04 529 0,80
Carp. 3.3, 20,50 0.42 1.5 115 621 1.2 3.60 0,82
By sunn  Gd B2 o5 143 o s 10 iée 1o

Food Components of Cooked Fish

TUnique researches were carried on by Weigelt, (45), and by Schrumpf, (40),

1n order o deteraine vhat proportion of the food constituents of the purcased

fish 1s actuslly utilized by the consumer. For this purpose, the flesh

fish after cooking was removed with a knife and fork, in order to be zamp-r‘bh

with the umal delibarate asting of fish, and {he £1ash so obtained was

Byl fox datdey postals st 'In the cuse of same small ish, the
tor exceadsd the LER partitn” In othbe anshiy AV pILH Aba o0

1 salnon, the inedible portion of

fron 11045 1n the sea pik- %0'18.8% in the cod. Certain fish

560 45 SR b Bad ditact, acke gutted and lthott the Teat; un

others are sold "in the round", that is, ungutted and with the head intact.

Ultimate analyses of the dried flesh of different cooked Fish are reported by
Williams, (47), with determinations offat, protein, and reducing substances. The
latter were obtained on the dried flesh after hydrolysis with hydrochloric acid,
and varied fron 2.17% in the amelt to 17.50% in salt herring.

Lehman, (22), recommends the use of fish lqng mn udded ru and_carbohydrs
&8 & ration for o' scldier, basing his sonclusion of several varistie
o okt fish, ' DM ELGb Tas Dadn Mads 4 Sert of Shs eney Fetion 8 sertain
countri
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Ulrich, (42), records mmerous analyses of fish under different conditions,
such as cooked, snoked, salted, pickled, narinated, dried, etc. Fresh fish under
differont, nethods of preparation and cooking lose varying amounts of their chemical
constituents.

The chemical composition of flesh of certain fish resembles that of beef and
veal very closely, and in the case of such fat fish as the western salmon, and mac-
Yerol, the Tuol value compares very favorably with that of the flesh of other

at, and
fish are eaten with
‘bohydrate

xamp!
their nearly universal ration of fish and ric

Loss of Substances on Cooking and Drying Fish

In an effart to deternine the lots, it any,of substances in cooking fish| Peter,
{31), cocked pisces of Fish flesh in beskers placed on 8 stesaing pot; kept at 3
for one hour. The average loss in weight was 30.18%, being principally wal
Chugh sous o the Fieh Eaich vore peok in at 1ost bonsldsrarle sber solubls matertal.

Ulrich's, (42), results on fresh and cooked fish seem to indicate a:slight loss
of food constituents of fish during cooking and after curing or preserving
pickle, oil, etc. Some of his figures for salnon and herring follow:

Table Fo. 5 ANALYSES OF FRESH AND COOKED FISH
(Per cent on dry bases)
Tat Ash Wit Pure  W.fres Fj05  WaOl
% s, Ash oext, g <
H H natter
s
Salmon - fresh 24,03 461 69.94 427 la2 198 0,3
boiled 2392 420 6863 333 325 1.62 0,87
baked 20,59 8.4 9.3 L6z  Le L5 3m
emoked 2,32 20077 5106 3,50  3.87 162 17,27
Terring - fresh  29.14 3.88 6394 2.65  3.04 154 0.2
smoked 2979 12,84 56.50  6.64 147 112 5.60

The dogfish, (Seyllium catulus) whoss flesh and internal organs are rich in
urea, loses a substance of alkaline reaction on drying at 100°C. According to

. 1s
Feaction, presumably valatile fatty acids. The suthors concluds o
7ach produsts the Toss stfects the xitroges sad nolsture deteraisetias,

Schrumpf, (40), found that fish which were poor in fat seemed to lose nitrogenous
substances when cooked. Likewise, the researches of Beythien, (10), on the water
1n which T1ah wore cooked show that 8.8 so 1.3 of the fotal ettrogn 44 exirasted
the water. This extract is not £it for food purposes on account of
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It appears then, that losses occur when fish are cocked but those are so slight
from a food stan to be negligible, and that the losses occurring on drying
might very easily vitiate the results in

The Chemical Composition of Fish Proteins

Weidenbusch, (44), in 1847, and Bauanauer, (89), in 1848, analysed for its
olementary constituents the albunin extracted fron the flesh of the pike, tunny,
and haddock, which s of historical interest only. Payem, (30), a few
years later deternined the composition of the fat-free flesh of the mackerel,
barbel and sole.

Tat the elenantery oomponttion of the £1sh flesh o very well with %
of beef and veal is shown by the following figures of Kunix and Spliu‘-rbor. (19).
Albuain sepsratad fron the Hoh by “cald water sxtraction wes found &
average nitrogen content of 16%.

Table No. 6 ELEMENTARY COMPOSITION OF FISH FLESH

T2 the ssfcfres v exbetancy
a

Pash ot Nitrogen Sulphur i
.3! 1.15 22,4

7.12 0.7 23.49

Dried Cod 7.46 1.09 237
Frash Horring 7.24 0.86 22,9
Haddock 7.59 1.22 211
Halibut .57 0.94 21,84
ke 7.47 1.92 22,97

Carp 16.48 .49 134 21,50
Salmon 16,48 7.68 1.45 20.86

In en nvestigution of the protelss of he berring, dog ullon, g sto.y
Prutamtisly, (), e phosphorus content o osins is higher than
hat of ¢} 4 at:

em_m. frpt

The ultinate analyses of cooked fish flesh recorded by Williams, (47), were
perforaed on the dried arude protein bafare rescral of the fab .na 0 camnot be
used for compariscn with the results tabulated

pr componttlon of the products of hydrolyets of Tish muncle 1o that of
o-m- and Heyl, (28), who compared the hydrolytic product of halibut muscle with
those of chicken muscle. The mono-amino acids were determined by the Fischer ester-

4fication method and the hexone bases by the method of Ke en, (20), on
the filtrate from the tyrosin deternination:
Table No. 7 PRODUCTS OF HYDROLYSIS OF HALIBUT AND CHICKEN MUSCLE
Halibut Chicken
Glycocoll 0000% 0.68%
Alanin ? 2.28
Valin 0.79 ?
Leucin 10,33 1.19

Prolin 3.17 4Tl
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Continued-
Halibut Chicken
Phenylalanin 2%
Aspartic acid
Clatanis acta m 3
Serin
Tyrosin 2
in 6.3
255
7.45
1.33
Prosert

thentios! 15 aalled b i etatlertiy fu maportton of e 3mo Mnls siadaciey
although a slight difference may be noted in tie proportions of alanin and glutamic
scid. Note the high pﬂr et of Iysin.

Analytical Constants of Fish Oils

Fish oils are characterized by a high fcdine nusber, usually . Ulrich,
(42), Bomerer, cblaised veluas Hubl nethod which averaged m.mnmy below
of Koenig and smm-mr (faide Yo, ) are also low: The 1

Lodine values obtained by might be due to any of t! ¢ (1)
mesrtitipdlgendp Al e g g e, mm 12 130 saresitons
(2) the oil has been allowed to stand exposed to the air in thin layers and becoms
oxidized; (3) too much oil has been used in the sample taken for the iodire number
deternination.

In conatderiog the oonstants of & ish ofl for coapariacn with otber olle 13
1a alvays nece: to know the history of the oil, i. ared, its
a0 and under what sonditicus 1t mas svorsd. Tor sxavple; & comercial Fredust lueh
a8 Japanese sardine oil, usually prepared by allowing the oil to exude from a h

af dscomposing rish, will have §iffarent constants from the oil separated from the
sardine by extraction of the dried flesh with petroleun ether.

The following tables (Nos. and 9) were (mpllud frul ubll in Lewkowitsch,
Chemical Technology and Analys: l nf 0ils, Pat, and (1913), pages
379-437, and vol. 11, (1914) pages 408-423, with ldditiunl ffvl Koenig u\d Splitt-
gerber, (19), Rosenfeld, (38), dnd Wadte, (46).

A further consideration of fish oils will be made in the chapter of fish waste.

Ash Constituents of Fish Flesh

Levi (23) records the following analysis of fish bone

(X P05 34.09% 2548
%0 1198 o 2.21% X L.90%
0,  3.008

Du Menil, (1836), (14), determined the mineral content of fish scal
recorded by Albu and Neuberg,

The following is a table compiled fron analys
(5), and Koenig, (18).
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Table No. 10 ASH CONSTITUENTS OF FISH FLESH

Mater Total K0 Na0 Ca0 Mg0 Fe05 PO S0; Cl
ash

Bol 1 os o 45.83 43.18 017
Pike 613 23.92 2045 7.3 3.8 B16 2,50 4T
(Presh

(Saluon 1,29 2440 13.66 9.49 20.32 2144
Haddock 11,26 13.84 36,51 1.90 1370 031 11
(Anchovies

(Salted 8.44 217 3.8 1.88 1811 0.93 33.25

Albu and Neuberg
3. Kosnig
Chapter I
Lesser Important Constituents of Fish Flesh
Ertracte of fiah flash ocntatn sazy compounds siallar to hose found 1o bagt
extracts. Those minute quantities, howeve

r, and lar
of Siah muscle mst be .m.me to obtain s\lrﬂchnt qumm.- of then f
on and_quantitat; tion

in the fresh Tish flesh; othe the result e1thor of bacteris
docouposition or, and this point cannot be over sstisated, of & chemtcal change
wrought by the action of the chemicals employed in isclating them. The following
substances have presunably been isclated from £ish, wi e fit for food. The
b ulting fron the decomposition of fish will be discussed in resulting from
the Purine Bases.

(50), 4 1904, sxexised berring brize that yas e yeer old and reparied
ra,

cantiing o pre Suzul (m), iiacas pebast
0 A ek ever, dntrast aF drivdlieatad l'sin( he nethod .avpz-e by W 58,
Koenig and Splittgerber, (19), found the following amounts of xanthine b. in the

cold water extract of fish

Table No., 11 XANTHINE BASES IN FISH FLESH
Furo Xanthine Bases
Tator

H u.wm’sm e Ty Beals
Dried cod 9,02 0,190 0.209
Haddook 76.18 0,081 0360
Halibut .77 0,079 0,338
Pike .73 0.015 0.07
carp 7334 0,039 0.146
Salmon (Eb.) 6715 0,045 0.137
Hyposanthine ia 13 fish extract as shown by Susikd bd Yoibtmind,

(ny,
Who Found- in ried bopita.and. Fresh setnen 0.074F and vely, calculated
to the dry weight of the flesh. According to Krunk-nh-rgy (51), nhh lublnnu 1is also
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present in the extract of carp and perch. Likewise, Isaac, (50), reports 5. n g
in
!

& hypnnn'.hino 101100 Jivers of cne yusr cld berring br o also
e and 20 gns. of guanin as the byamum-u

of sdenin as the pic
200, Stece of sk omms ey

Anino Acids.

Koty and Splibhgucbe, (19), deternined the total mono-amino acids in the
cold water extrac
S mevicd

of other comp:

nly
Tpitate. The e, roater part of &
p.mp. S eeLias R R A1 monats of aresALaiad sro

Table No. 12 MONO-AMINO ACIDS OF FISH FLESH
(per cent on wet basis)

Total Mitrogen in Titrogen as  Remaining Witro-
filtrate from Phos-  amino gen,
Mater photungstic acid of other com-
precipitate ounds
2
Dried cod 9.02 0,091
Haddo 76.18 0.
Halibut 76.77 0,027
.73 0,009
Salnon 67.15 0.034

Wilson,
invertebrate aninals and found a definite
and 1-anine acid nitrogen. The following Tt e
nitrogen on the dry basis.

Table No. 13 AMINO ACID KITROGEN
\TED VERTEBRATE AND INVERTEBRATE MARINE ANTMALS

ween the amounts of mono-
the per cent antno acid

Total Phosphotungatic acid  Phosphotungstic acid
Kind of Amino Acid  filtrate,---mono-amino  precipitate, -di-amino
aninal Fitrogen acid Nitrogen fraction  acid Nitrogen fraction

2 b by x

Lanprey 0.212 1.10
Linulus 0.514 2.6
Squid 0.79 0.99
Clan 118 0,97
Scallop 1.7 0.86
Periwinkle 0.5% 1.3
X Bohmer, C. Koe: chung 1ands. u. gewerbl.

wichtiger Stoffe, e, me, Page 215
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s mere obtained by the method of Van Siyke B e o theitely
luling Sable, fron.Oksta, (60) the.amine acjds were deternined

( The festute of the 1aitar & remita 18 vhe Shi m;n plr cent
& am et acat nitrogen in 4 luscs and crustaceans, though the
0.4858 For cutilerish i Tower than the figures ohtained by Wilson sbove for uqulﬂ.

Table No. 14 'NONO-AMINO ACIDS IN SOME MARINE ANTMALS
(Per cent on dry basis)
Flesh of Water Wono-anino scid Nitrogen
1 1

carp 76,61 0.094
mny 0.072
Bonito 0.072
Porgy 0.069
ian carp 0.194
Spiny lobster . 608
Cuttle fish 0,485

The following results on the torpedo and dog fish were obtained by Buglia and
Costantino (13)

Table No, 15  AMINO ACID NITROGEN OF TWO SPECIES OF ELASMOBRANCHIT

nino Acid Witrogen
Flesh of Total anino Nono-anino Di-anino acid nitrogen
acid nitrogen  acid mitrogen  (by difference)
k3 b3 b3

Torpedo

(Torpedo ocellata) 0.82 0.35 0.47
Dogfish

(Scyllium catulus) 0,19 0,11 0,08

Yoshimura and Kanai (77) found 0.05% analin (sir dry basis), and a trace of
glutanic acid in the hot water extract of the cod. Susuki and Josilsury (71) found
le in the hot water oF fesas

2 and 0,
dried cuttlerish. The authors also sep ron the hot of drted
bonito, fresh bontto and ',\mnuy Tion'TT50%, 0. R a0l e ectireiy (ms ars

_ basis) of histidine.

Creatin, CjHoN302, and
Greatinin, OHizN30

Grestin 1 rael consbituent of 411 mutele, while crestinin is ususlly sbaant
in the case of mammalian muscls, but ocours quite often in the flesh of certain

The folloving table 1s & revme’of the sarly work on the creatin and erestinin content
of fish flesh and is valuable only from a historical point of views~




Table No. 16

RESUME OF EARLY WORK ON THE CREATIN AND CREATININ CONTENT OF FISH FLESH
. (Per cent on wet basis)

Date Fish Creatin Creatintn
Gregory (49) 1848 Cod 0.0935 Present
Ray 0.0607 "
and Fremy (73) 1855 Cuttle fish Present "
Stadeler (67) 1857 Shark " "
X
Schulte (65) - 1861 Electric ray ¥ L
Limpricht (56) (57) 1863 Roach 0.11
1865 Herring Present
Krunkenberg (51) 1880 Carp . None
Perch " )
Krunkenberg (52) 1881 Sturgeon . .
Shark

X The electric organ of the ray.
x This was probably betaine.

The

sasat revasrahes on sreatis and srestinin dn eish £lésh; bave:been bled
able which feliors. Aseniicn n in the results
GAaToed o the asme kiza o t deal of work
(it R o b B e i el 30

Table No. 17
RECENT WORK ON THE CREATIN AND CREATININ CONTENT OF FISH FLESH.

Author Fish
(oenig and Splittgerber (19) Dried cod
shimura and Kenal (77) Cod
Koenig and Splittgerber (19) ‘Haddock

uve
loenig and Splitigerber
ety

0.320 Nond
Gontinued on Page 24
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Grams per 100 grams of

Author Fish ied flesh
Creatin Grestinin
Onda (60) 1,52 0,162
. onito, frest, 2,011 0,481
teaned and dried  0.331 0.7
Suzuki and Yoshimura (71) onito, fresh 0,10 None.
ted Prosent. Mone
LR unny 1ok 0.3 None
‘Guda (50) . v 1,800 0,232
0 Snapper 3.327 0.,
Susuidd and Yoshimurs (71 Eel ) None

0.140 grams in 100 grams air dry flesh.
Tsocreatinin, C/HN 0.

In 1897, Thesen, (12), dsclated from the weter extract of ibe flesh of fresh
Iiddodk « hatange wich el a -lu-nhry pemgssisien olatlar:to creatinin, The
from albunin volun

i orateg. On bk (Ao ST ES

Sodliia ccmpomd lerystelsed @t ln  fin on

Teaflots which he teraed: Lo 3 am of f yielded

one gran of substance. Prepmi 5 of | Lacetaetiot c‘a.,njm cmmum m-  water

diluted alcohol m yellow plate absc 1m.- ncehol i needles. At 12°C.

Part 18 soluble in 4.2 perts of vater. It f e with hydrooklorie aoid

(needl ulpv.m 0ot (laatlets), cualic *veia” (neadios) and cadnium chioride
oubt, the existancy n isomer of creatinin and believe the

dieterances in the propertiss of the *iscaer 3o be dus o insurfictent

Puritication.

Methyl guanidin, CHNs.

Mottyl guanidin s closely related to crestin, being cbtatned from 44 by bofl-
1og with mercurlo axi iite sulphu

Gl {690, tactated
Bririerirsctier e hado e conpound was identified by means of 1ta gold
» (77, uhmﬂ-d 0.07% (air dry be of this

salt. Yoshimura and K
as the picrate in the el UGS

Cholin, Cgy SN0,

Booklisch, (i8), foud choldn dn herring brive, - 10 graas of the hydrookloride
per 30 liters of brin W, ( (%), founa this substance in the fle
G the SGahrstronling; (Surfickd), & foxd preparation saten by the peopls of mn—
o5 Sveden and propered by allo & the fish, piokled with a sadll an

Snecronioally. TYosnimusa and Kanal, (77), exanined the
oy vt g A

el

Neurtn, Cghy3H0.
Beuria, which prey handoally from cholia by th 1 of one

nolecule of wa found in meat extra ‘ound in fish

T8 a5 csaitAertdla uoraal” scuptvmect GF miBeles ot o prodest of peiredserial

Muscarin, Cghy sN03.
Muscarin is also related to cholin, in that a synthetic product, pseudo-muscarin,
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a7 be prepared from 1t by oxidation, and this substance ir chemically very eiaflar
36 the haturel muscarin prepared . a, y o), though,
Jystalogically, 1t 1o ech loos Soxies Lire eteiny fits sibetance 15 o
putrefactive product of muscle and has not been found in fresh fish.

Trinethylanine Oxide, C.NO

, (7), found 20 grams of the hydrochloric acid salt of trimethylamine oxide
e Jere eeicaoy cEmts Xg. of the flesh of the shark, (Acanthias Vulgaris)
Betaine, Cgf)NOH,0

Dtatne, or trisetiflglysine, ma fomd by Sumkd and Toshtmrs, (72), in the
cuttle-fish to the of 2.05% on the dry basis. According to Yoshimura and
Kanai, (77), this ibetamas s ine Prasant 1n the cod, 0.0k grans of betaine as
ihe cmma. being found 1n 100 grass of aiz ary 1 sh, Suma, (70), isolated 15 srans

e hy:

hloride from grams of the flesh of the shark (A anthi
e kind of fish,

betaine in the

roc!
Kutscher, (54), rvpm. mam 0.07% of

Se”i0"0
onbarg ard Nagnar (57), (1885), separated from the oxtracts of B
a substance resembling ©
precipitate cbtained from the extracts,

ydrochloride et

when d b mater, filtered, oed fr £ hydroge
e h Barger, G. Th sinilar Natural B on, on
Ssataie 1l 63 docomposed’at 23075, and- which. appenred. 4o e Ldentical in

form with tho s ipdrooiioris asld salt of the varminciis substance prepered
from the nnh nl frogl and alligators. The double platinum chloride salt was
prepared from

Carnosin, Cgy La,-

in ed by Suzuki and Yosh! (71), in the extract from the
s e o0 ok e following Tesults.btataedi-

Table No. 18 CARNOSIN IN PISH
Ta hot water extract Carnosin in per cent,
of the flesh of of dried muscle.
Bonito, dried 0.36%

" fre 0.00%
Tunny fish, fresh 0,208
Salnon, Sresh 0.055%
Eol fre: 0.067%

of the proteln free extract
olutions for the remova
Xanthin, me anthin e ook which
contained a free base, and which u—mm n color: prismatic

The concentrated solution vas irduted with sbsolute alcohol. Hested in 4 capillary

Iradinm ocitblspoenin baipt bl AjA peec oLl
of the fish or nif droxic

trongly alkali
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tube, the crystals decomposed at 233-235%C. (uncor.). The platinus chloride salt
was prepared. Analysis gave the formula Cofy N0, which corresponds to that of
carnosin prepered fron Liebig's extract of bsdf+

Lecithin,
1855 Valenciennes and Fremy. (73), sepecttad o phosplorus exd nitrogen oons
in

tadning substance fron the flesh of Fish, the compound often found
e prey aatver, or KEa URELE: P70 1n onsimia thayiARia’ miatince. wor {bpere’1 oreiHs

In an endeavor to ascertain the physiclogical action of hard and soft water on
(37), deternined the lacimin s it e mh v.mder distary
ecithin (dry 1s) was found

EeSrn water, ile 2,118 Tectihtn vas Found tn & o,  wnich nad
1lived the same length of time in hard water. If the results are calculated to an
ash-free basis, however, the difference in lecithin content is greatly reduced.

a was deternined in the blood, muscle, and liver of a number of dogfish by
smm-r. (64). The constancy of the amount of urea in the blood leads to the
sammption Wit the piysicloglosl procsises in the Man the blood contant
reaches a ted in ohy urine L mich
Etmeriitad ssdtin chlorileL I BaTEEOTRS av s, csttbang proportion in u:- blnud
of warn-blooded animals by elimination of the excess through the kidnej

Table No. 19 UREA IN THE DOGFISH (Scylliun catulus)
(Mean of seven analyses of different dogfish)
Trea Maximun variations
% 3
Blood 2.6 1483
Muscle 1.95 18,68
Liver 1.3 87,12

The Erest saount of urea in the orguns of selachians is due to its
elinination. White and Crosier, (75), found 8,27 of the Lot ndtrogen F  acgrish
flesh to be urea nitrogen. Rabuteau and P-pulen, (62), found a urea-like substance
in the peritoneun of the ray, which they conclude to be a mixture of urea and urea
compound. The same phenomencn was noted by them in the case of the cramp fish and
dogfish.

Tnosintc Actd, G B N POy

Gregory, (49), in his work on the cod and ray, and Limpricht, (57), in the exam-
ination of the herring, failed to find nosinto acid,  We bave no'recard that his
ound has ever been separated from the flesh of fish.

Taurtn, Cf NS0,

Valenciennes and Fremy, (73), in 1855 isclated a substance from cuttle-fish,
shich sccording to its chemical constitotion, was probably taurin. Three ears later

‘idler and Frerichs, (68), found it in the flesh of the ray and shark, Limprieit, (56);
(ms;) found 0,106% (fresh basis) of taurin in AN of e soach, *SEENEG
Yoshimura, (71); separated 1.3% (air dry basis) of taurin from the cod, whi
Toshimara a5 Kanads (77 found 1745 (ory basis) in-she Flesh of aeiod curilefio
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Lactic Acid C3Hg0y

Lisbig (55) (nm saparated lactic acid from the pike and prepared the calolm
1863 Linpricht (56) found 0.064% lactic acid in the water extract

alt

ther
e ot reaah,
Glycogen Cgliyo05

e glycogen content of the muscle of fish varies from 0 to 0.59%, according
to Schbaderte snd Machhelder (63). FPresh water fish contain more glycogen than do
salt vater fis ajocatent 18 thin mbitance chaages, SpALly arter dialh of Ake
0.359%, after one day 0.145%,
and on third and fourth days the glycogen has The muscl
salnon and cod contain no glycogen. In the Fian Tovers’the glycogen varies Trom
2.5 to 12.94%.

Unknown compounds.

Occastonally sompomdiiare ariisd froun the axivaste of"fah which cimot be
1dentified with any previously known subs ( ance
fron the hot Firact of haddoek, fron which he rst, the mereury
salt, then the gold chlerids salt. The Teteer alt o .m.a mnn gol

in composition, except that the carbon content was Buglia
(13), obtatned s sryetalline d-pnm o lngéd-‘aurh it flask, in which the

ety pmu od 1
of the substance. Limpricht, (56), obtained a substance from the r
f sulfuric acid to the filtrate from his creatin determination, which he called
"protsBure,” When in solution in ammonia, most mef 1ts precipitated i
also formed a bariun

1t.

Philothion (Hydrogenase)

According to Rey-Pailhade (61), fish flesh preserved in ofl or salt contains
a substance which has the property or power of reduction. It is sometimes called
& hydrogenase, saisly because of i4s ability to fom hydrogen sulfide from sulfur.
Waother or wheth eing proporties
s Toi ace dus e mansaret i Eompaemis s a0t Liowa,

Chapter III
Some Yoras of Preserved Fish

In some cas:
£1shing groun
or whed £1h are mm in large
in the of salnon
1 the cane'of & Large maber  of Ak
ko Dnited Const, In other cases, howerar,
nods of preparation s governed by the popular desan

Fish are p"pu-a for nerket tu = diferent vy
o t)

In the present chapter will be mentioned a few of the comnoner varisties of
preserved fish (except canned) on which we have chemical data.




Frozen Fish.

Preservation of fish by freezing is p.x‘hlp! nu best method in many respects.
It comes the n
As soon as the
arranged in rows,
laced

Ahaa begsdfendFliond {n parssssat 6dld starags]Foome seintaisediet
& low temperature not exc

l:cerrhn( to Smith, (3), and also Perlaweig and Gies, (84), flounde:
hemical changs of impor ndpoint of mutritive
o1 oy Aing dring & peried of Awo hown by the following table:-

414 not

atheds of preserving fish by sertificial colds, us used by the Dutch
Conntaton, (30), in' wn tnv stigation of this subject, differed from those used
L ttisjcmatey, in bt o/ oty to preve fish fron drying out.
As & consequence, ¢ ance of the fish was unfavorably
influenced by th: in weight having occurred in the
e HacHaeioafet e
n i the seport
t in ing tish, Sl i
rystallisd Gutatde of thenin e inhrv-ning
mm position within the hawing,
h 1o thawed slowly the water fron n.. ackting 1ov
& and the flesh return to its nature

, odor,
. actor, 124 to 248 1
t hard frozen for 4 - 5 wed

£ the fisl
rbed by the cel

According to Wil, (30), frosen fish keep e well, o better in the
fish, however, kept their m-sgsm qualitide for

on] gt T oot he

putrefaction was observed to begin in the skin and spread m.mny. Vnd-r Proper

conditions of storage, however, this decomposition would not ha

A new method h
grecta ot
hour:

N. S., which deserves

recantly bow {irotuced 12 Badite
Frineigle. nsists 1

placing the fish for
suga (17 sl) nlmnn lowered to -10°C. The hard
Soeen Fiah soe:\bam samoves anl Placed in the regilar shipping package to sweit
Gransportation to market.. It 1s tlained that fish 20 prepered can be brosght 1o
the narket in exactly the same condition as when they were drawn from their
native water, (83)




Table Ko, 20

GEUERAL AVEWASE DATA PERFATNING 70 THE COPOSTIION OF FLODDERS TN COLD STOMGE.

ister Tloude
Wanthe Sumer floumier (fluke
incals Wawar o Fitroger

R 1T —
= ToT setuvie Hen

cougalatle
5 il

® 0383
» o 033
183 0,353

(1) ¥ligrans KOR requirad to neutralize 1 gran of the totel lipin sixture.
@

Gubte centinaters 4/5 Na0H sclution required to nestralize 100 c.c. of extract.




Marinated (nmm), -.n.a,
pickled, brotled £

Kosalg and S51istgurbar, (19); fomd taut in diree oomon aetbods of preservisg

berring, broflad, Rarinated and plekled, a perceptible saoust of food constituents
Rt during the courss of thelr prepar oving

Sete et Give an 1dea of 4 e charpote ot ebia daas, . he pash

nitrogen of the broiled and the arinased Bereing JiGa1ebid datuiy. of puriss bedon,

creatin, creatinin, diamino acids and mono-amino a

Table No, 21
L0SS OF FOOD CONSTITUENTS IN THE PREPARATION OF COMMERGTAL BROTLED, MARINATED AND

PI( (InG.
(Tn per. cent of the fresh weight of the fish)

¥nd of Preparation Albwin Basic  Amcala  Residue on  Ksh  Organic
Ritrogen Nitrogen _evaporation matier
b1 5 3 b3 b 1 b 4
Broiled Herring 0,01 0.47 6.60 2.53 4.04
0,03 0.26 0,005 3.47 1.48 1.9
(grams in 1000 c.c.
of brine.) 5.9 5.27 322,82 289.19  33.63

In northern Sweden Al fuund a v-rhty of pickled fish called "Gi¥hrstrBmling".
peculiar flavor br out by the bacteria which thrive in dilut
oluhton, 1o consideren s delicacy vy tho iababisants but 1 sespised by peorle
in other lands. In the water sxtract of this preparation Mfrner (59), found the
following (a) acids and basess=

a. succinic acid b Ammonia
tyric  * Mothylanine
acetic " Dinethylanine
releriantc * Trizethylanine
n

uud mty acids

Tndol, skatol, phenol, putrescin and cadaverin were absent.

scmaz-nm.an, (sé) (87), (88), concluded from a number of experiments that
the chan, the fat and flesh of herring in pickle for long periods of
time, were dus k yme action, As the following tables show, there are many
constituents present in herring brine which are not present in fish meat, due to
the fernentation processes which are carried on in saturated sodius chloride solution.
Note the high proportion of nitrogen as anides and amino-acids




Table No. 22-A ‘
ANALYSES OF HERRING-BRINE OF DIFFERENT AGES

Tge of Brine  Tok Witrogen
nitrogen  Split off by  Xanthin ( Ny )N
HNO,  NaBr0

3 3 3 2 3
1 month 3.7 0.7 0.7 0.6 0.1
1 year C 5.3 1.2
2} years 8.8 37
5 years 12.0 5.7 1.6 1.3

Table No. 22-B
ANALYSES OF FAT OF PICKLED FERRING OF DIFFERENT AGES

Yiod of Herring Time after plodling Gharacteristice of fat (obtained by
out with bolling nater
etyl. Tod:

!
otan e o,
Norwegian [ 0.6 8.88 131.2
" o 0.8
Holland 14-30 days 0.6
Age unknown 0.2 2.5 134
122,
Normeglan 9 months 3.0 2.0 127.9
e incrense in the acety] nusber, as shom in Table o, 229 indicates an
m"m. in the proportion of oxy fattymids, or an apparent inc
‘oups.

The extent to which varying amounts of salt will preserve meat and fish is
clearly shom in the.following table by Peterson, (85). Fish decomposes much
quigker than msat. it 13% concentration of the sall, u fungus grovth was cbaerved
in both kinds of meat, entrations at 158 or below, amnonia, peptones
anbetyria sotd s proven to be pretests

Table No. 23
GOMPARATIVE, RATE OF DECONPOSITION OF FISH AND BEEF PRESERVED I SALT SOLUTION
% NaCl FISH UEART
HS - Tndols Phienol 025 Tndole Phenole
5 (3 16 55 z 2
8 14 29 75 12 75 =
10 28 6 - r 75 =
12 58 75 - -- - -
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same author, (85), in a h-et.-no)eglcu study of the question of meat pre~
servation by means of salt, found that 5% solutions of salt stopped the growth of

to prevent putrefaction, certain orgunisms contims their sction and changs the
appe odor and taste in the depired direction (for a certain kind of fish
preparation)s \

The mumber of days necessary to produce a confirmative test.

, (50), found 20 grans guanin as the hydrochloride, 3.5 grams adenine a
the picrna, 5.0 grass of Iyposanthds, end o trace of mathin In 100 1iters of yeer-
01d herring brine

s Sostiatoad. prs

18 owiag,. plokling, mtic-horsing!; dryisg,
(7). or

#reddening", a condition brought about by infection of the fish with a chro-ognnic
organism, said to be found in the bogs, marshes and lowlands in the vicinity of
Gloucester, and also in the sslt employed in preserving fis

Canning of Fish.

The ounmlng of £12h s o very large ludustzy 1o thls country. The estinated
pack of camed salaon in the United States und Mlaska during 1514 excesded eight
i sasas: 908, a little over five million dollars worth of sardines were

Giscisston af the chentstey of this Kiad of preserved fioh Fill be
Erg b

Fish

wsage.

Bitter (78), prepersd o numbar of fish  sausages from the flesh of the ood and
s salaon.  Tho finely chopped fish floo e kind of fatty material
originally hog lard w Ll ehoposd oo wes wiophes) weve fiiied dotd
Didddere 12 the amea) sssase. m.:,m of this sausage gave the following valuesi-

Table No.
ANALYSTS OF FISH SAUSAGE
© Water-free original -
. basts 15 .
o Mater 66,648
o Protein  65.70% 2908
. Fat 28,008 .50 -,
o dsh 6.03% 2.00% .

aring the food value of the above sausage with those of other forms of
£00d, the author found fish sausage to be an economically cheap food. He recommends
that  the sausage be cooked at 80°C. for at Tadit AEtcty mtmuten 0,611 exliitzg
bacteria and to destroy the toxins formed by
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Fish mesl and similar preparations.

mumber of processes for the preparation of fish meals, fish extracts, and so
Szt phe more-a in the literature in recent years. Among these is a
precess for making a food from pulped flesh of fish and starch powder, patented by
Davidson, (82). Schwickerath, (89), makes what he calls a proteose preparation by
subjecting the fish flesh to the action of superheated steam at 1
hours, the expressed solution therefron being treated with milk of line, honted
until’a floceulent, procipltate ssarates, filtered, axd the filtrate evaporated to
dryness. By digesting the albuninous matter extracted from fish with aliali at
90-100°, nmn:lmng, filtering, then flavoring and concentrating in vaccuo,
Denilevéky, (81), obtains a tasty fish broth.

Chapter IV

o Digostibility of Pish Flesh
Py Siesetion by Means of pepsin and trypsin

Anong the earliest experimentson the relative digestibility of fish are those
of Honigsberg, (94), in 1882, who found that cooked white fish was digested less
rapidly by pepsin than raw beef and more rapidly than cooked beef.

The work of Chittenden and Cummins, (92), on a number of different kinds of
meats and fish flesh showed, however, that cooked beef was more readily digested
than cooked fish. A few of their results sre given below: -

Table No. 25
RELATIVE DIGESTIBILITY OF FISH FLESH IN GASTRIC JUICE.

Per cent Solid Av. amt,  Relation of amounts
of solid matter  digested  to amounts digested s
Kind of Meat matter. in 20  from 20  grams of cooked beef.
grans __grams (Average 4.461)
Beef 2603 5206 4.1167 100,00
Lake whitefish 25.5  5.112  3.83%0 9%.78
Salnon 31.06  6.212 92,29
Bluefish 19.84 3.968 88.69
Dosiar Boi 16w 85.32
riped bass .73 4164 80.99
Weak fish 19,78 3.956 72.11
5% 278 4.3% .82

raw, exlained this phanoaencn us being dus to tuo factoray firatly, the hest
coagulates the protein and thus renders it more resistant to the action

EARET1o fulos) becondly, the stesaing Lends %o tess part the fibres, thus favoring
the entrance and action of the digestive fluids. In meat, the protein is

coapulated into tapenstratle and tentcious luspg, while in fish where the comective
tissue readily t} gelatin, the flesh is quickly disintegrated. The relative
aiges ot flesh and raw beef is as 70:100. As, however, the

bofling water atfacts e digestion of meat more than of fish fhe ratio or cooked
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t, --86:100 some later experiments, (95), Popoff found
that_snol Plaice were nore digestitle than the raw, but shat smoked best
was less dlg-nibln Than raw.

TS

Working on the fat-free dry flesh of ish, Koenig and Splittgerber (19),
found that there is no marked difference between the digestibility of beef and of
fish flesh with pepsin,

Dt S L e s e L L
1sed by o co-workers, (75), (102), who follo ate of hydrolysis

by means of minu Acid detern: u..um, using the methods of v-n Slyke, (74), and

Soranson, (66). They found that trypsin digested hoiled codfish and dogfish much

more rludﬂy thln 1t did bolled beef. Figures for

uggests apid hydrolysis of some proteins is

‘the o m {i o0 l:lpnbl- of building up into

id nnd culﬂph\e lvdrulylh, Ablorbsd by it. Othe
more thoroughly

ransforn
palypﬂpndll, than 1t can the final products--anino acids.

tabolisa Experiments with Fish.

Kianizyn, (16) (1887), found that when salt cod was fed to human subjects,
alone, 90.02¢ of the mitrogenous substances was absorbed, but when fed with a mixed
s ShUS e eteroenet corresponding increase was noted in the degree of
n of dried cod alone with a mixed diet

According to Rossnoff, (96), m m or smoked smelt is more completely lboarbud
than that of the fresh fish, But ount_absorbed was approxinately

in'the Tormer and 978 1n the mm, st think the suthor was justified %
drawing this conclusion,

Atwater, (91), fed meat and fish in periods of three days each to a man and
refron that beef and fish are equally well absorbed

a8 the best beef. Furthermors, according o Slowsoff, (98, %9)
nd Kragtschenko (100) the crganism assimilates the fresh fish

The sbaorption of #tnaral Silts 1n the intestine wai better on ¢ et of frésh and

salt fish and poorer on dried fish than on beef. In order to confirm some results
{79), on the artitictal aigestion of fish flesh, Tan Slyke and Wilte, (101) per-
formed metabolisn experiments with boiled cod, !’ried cod, boiled beef, boile
weakP1sh, Botled ussel, stor; and found Pretcad Sia oy Vet iadlom)
e almm the most r:gid)]. ‘i rate of orstion. I the urine
86 with which-prof

.n..nury canal, and metabolised-in the body.

of ‘the relative completeness wi
foods are absorbed. The results show that the proteins are more capable of
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gestion is X‘l x ition of starch to the diet caused » rat irdation
absorption rotein, from which it is apparent thlt the amount of oth-r foods
in the diet lﬂ'ectl Qh- rate of absorption. When arranged scl:ording ‘to_the rnu

ot which nitrogen vas Gigested and absorbed, the flesh proteins (botled) ampesr In

‘the following ordlrx fresh cod, beef, tautog, eel, we el, salt cod, plri-
winkle, But when ranked according to the amounts of nurng-n ranlned from each,

‘the order is practically rever:

sxintatating nitrogen oquilibesus when they are slovly digestad than wher the a1~ ‘
Ada of 4

g the foregoing facts into consideration, there is not reason to belleve
that, Fion sre not t ully as digeatible, whclesoms exd palstaile 1s ottir fofus of
flesh foods. Their ability to supply the protein needs of the body is unquestionatle.

Chapter V.
Putrefaction Bases of Fish Flesh.

Some £1sh ars almys poisonous; others are polaunous cnly duriog spamning basy
st111 other subject to epidenic bacterial diseases, and those affected with
Gertatn of thase diseases furnish flesh that is toric to nan. Lastly, fish, like
other kinds of meat, may become infected with saprophytic gerns that may be harmful
%o nan,

In Russia and Japan, certain species of fish, particularly the Tetradon and
Orthagoricus, have been known to cause sickness and death. The toxin is apparently
natural to the fish and though it is distributed throughout the body, the amount in
the flesh 1s small compared to that which is concentrated in the ovaries.

naxim of toxioity coincides with the maxiam of ovarian activity, The toxin ia
troyed only after prolonged heating (boiling for af hours), There
are no such naturally poisonous fish, however, in he waters of tne Doited State

A great amcunt of fllness has been caused by poisoning from eating fish, either

poisenous species or edible fish partially decomposed. The poisoning effects are
scribed to the toxic action of tle 4 t con=
cerning the exact nature of these toxic substances.
Teparted as ptonaine polsoning are undoubtedly due to acute indigestion and
bacterial infection. According to a classification of fish poisons by Bla

the poison due to putrefactive changes is called botulisn. Barger (104) e indh
the tern ptonaine has fallen into disfavor and recommends in its stead a mor
comprehensive term, putrefaction b

partial decorposition takes place in herring in pickle. According to Schmidt-
Malecn (86), (88), these changs are the result, or the Rost part, of antelytic
grocssses whch couplete themselves in saturated salt solution. It'is not entirsly
inpossible that some of the toxic substances produced in fish flesh are the result
of .umym as well as of bacterial action.

Another exasple of an editle varisty of fish in partisl decomposition s the
Gahrstrénling, a peculiar Swedish fish preparation made by allowing the fish to
fernent under anaercbic conditions in a dilute salt solution, Wgrmer, (59),

detected anines, choline, volatile fatty acids and leucine, but failed to find indol,
Scatol; phanol, putrescis and sadaverin 1n the Clash of fish treated ia this mey.



Brioger, (106), solated fron spotled cod the folloning bases: nourigis

ethylens dianine, miscarin, gadanin and triethylanine, Arcilisch, (8} (105,

obtained fron spoiled perch .snd 4 herring, :uduverin, gutrescin, neuridin, gadanin,
Seger and Bocklisch believe that

e 2ot pelacucns qioeioahReToce Teosoesd o Uigl et tes steges’of Sesiasoettin)

g that oxdation 1n the later stages redvces the loxicity, W sume cases pecsle

Like spotled fish and eat it with no apparent sign of treutls. In fact, cortain

iwellers on the sea Asia bury the eroon Foh and iliow im0 £ edb AR
Vhey deretep & bas sds berise ssting, However, we must not conclude from this thit
spoiled fish are harnl, ‘The question must be mors thoroughly investigated® from

e cheatical and phareaccioglosl stasdpolnt

2,(403); saparated tro bases from the sslted sturgean which had caused
dont'tn Bhaskon in 1685, One of i bases ressmbled the piomstropin of Kobort and
was toxic, while the other base was nor c. Quoted from Smolenski (112).

Furthersore, Lieventhal, (110); obtained fron sait. sturgoon by the Stas.Brisger
mothod, two bases, one solid and the other oily. The forner when tested on dog
proved to be non-toxic, MWassiljew and l(ouchale{f (114) obtained poisonous bases from
Srdiagey frosen nd seltad sturgeon and aslacn 1n 5t. Petaraturg, and s1s0 fron

the same fish which had caused sickns he substances to

H

cle group of bases, rather than gle
investagation of the foxic substance of the fish of Russia, Konstanoy and Manov
(109) found that this substance did not lose its toxicity for oo vhen digertes
with erepsin, but lost it when digested with pepsin and with tryp:
therefore, a protein and not a proteose or peptone.

Joosrdlag {o Ygughan and Hovy, (113) the forner found in canned salmon, which
had caused s: micrococcus, which, when grown for twenty days in a sterilized
oge under P e produced a  potent poison. Ten drops of the white
of ‘the egg sufficed to kill white ra

Gautier and Etard, (108), cbtained a base called hydrocollidine, and a
, dsomeric with parvolin, CoysN, from decomposed mackerel.

Doagres and Cains, (107), isolated by the Stas-Otto method fron canned fish
certain bases, or less oily liquids, which were only slightly toxic and which
aeted favorably dn stisulating whe ppetiter

Sieber-Schomaow, (114), separated from dead and infected fish, and from the water

12 40, aquariom where m1 Fish bad diad in the sourss of to days,  highly toxt
cogenic gern, of 1=t cultures of

1503 bee!1Tns, "ondaverta’ang ‘other Faows P B S inady

Chapter VT

A Consideration of Fish Waste,
1izer,

The first known use of fish as a fertilis advent of early
asttlers in this country. For fertilising purposes the Indian Flaced coe o w0

fish in each hill of corn, Carried to extremes, the practice had a deleterious effect
upon the soil, due to the accumulation in it of undecomposed oil, Later, the oil
was removed from the fish by tlloring then to deccapose while suspended in vater,
whereby the oil rose to the e of the water and was skimmed off. The residue
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was spread upon the land. At the p: , however, Presses are used 1a
a1l ne af

time,
acto e Sehection a2 the o13/Trom Voe serep.. Foo r s dried
In artiticial hot air driers for shipping.

The recovery of fertilizer and oil from cannery waster is a_comparatively mew
dnturtsy in this coutry, The pmdumon of Sertilizer and ofl from this sourcs
ention than i n in the past. The beef packer relie
e . upon e mnrmm Cot mmm. products from the
inedible portion of the steer for the o sejardty of the
aaluncn packers, hovever, throv avey b Taloe
af which, though 1t dous not squal a iuportance the by-profucts of the packing
Iublhses, in of mfficient valus o pay for working 1t wp iato fertiliter e s
Alfiw of Abe prosradlficarparl e Pacific cosst are the value of
PeoisrE e Bre T IaY mochivary £ sMate mvecerr:

The following table gives the output of crude and dried fertilizer by the state
of the Atlantie. coast during she yeur 1912, fron a rerors by Tarrortines (1390

Table Mo, 26
OUTPUT OF FISH SCRAP BY STATES OF THE ATLANTIC COAST, 1912.

State Acid ory State Acid ory

tons tons tons ‘tons
Maine 100 256 Delaware 6,312 500
Connecticut 1,50 6,500 Virginia ,000
New York 19,800 -ean South Carclina

New Jersey 530 1,500 Florida

Also during 1913, . znm or 1, s;o m-, (us), of dried fish scrap were manu-
factured from the n the Pacific coast of the United

tes.

The principal source of fish scrap fertilizer is the menhaden, other sources
being mx,nme.nz in comparison to it. The United States Governaent has been
€ the probles of the feasibility of using the dogfish s a food,

fisn et papul 4 and 4t wild probatly in the oo used extensively

ertl: y high in nm-em (129) Parcﬂizar s
Rads.froa herrisg, Salncn, and sardine canasry waste, Scrap could slso be prepared
fron the refuse from the dressing of cod and other fish, but the individual plants
are scattered over a long stretch of shore, and at present no attempt is made to save
1t, for now 1t is throw away as fast as produced

The following analy: de mder the irection of J. . Turrentise, (139,
serve to shos the value of fish scrap as fertilise




Table No. 27
ANALYSIS OF FISH SCRAP.

No. Location Deseription Nitro- PO, Moist- Oils
gen. ture,
% % %
1 Kilmarnock, Va.  Dry scrap from 6 sacks. 8.93 617 648 591
2 Taft, Va. By eorep. Sumle of 8.9 775 618 6,61
5 tons.
3 Irvington, Va. By, aczap, dried o bot
air and steam driers (From 7.7 5.2 | 11,68  6.62
one sack) product.
% Scrap, ground from 3 sacks. 9.29 612 7.8  5.38
5 " " %  Dust from grinders. 8.80 52 717 - 7,55
6 Beaufort, N. C.  Dry scrap, hydraulic pres-
sample fron heap. 8.82 595 613 8.5
7 Norehead City, Dry scrap from cpen heap.  8.49  5.95 9.12  8.23
c.
] " " Dry serap from hydraulic 76 9.65 8.5 7.5
prosses.
9 oxville, N. €. Ground e e orisg,
hptegatis anple  7.81 5,85 7.i6  7.89
on bosp.
10 . . Dry serap found, hydruslic
ple from heap. 8.29  9.00 7.00  5.40

Aooordiag to Turrantine, (136), oo the Pacific coast, the salacn cameries of
the nited States 913, profuoed 4 total of -ppmumly 4,000,000 &

sockeye sa cases of other kinds of oy trom whdch 3
Caietna there Fesatted nq 900 Sons of waste, values st $1,798,650.00.

s

o e sume yuar only 1,630 tone of dry scrir, and 20,000 gullons of oil, were
nunufactured fron The st From salnon sammeries on the Pacific € the United
States, this anount being the output of five plants. From the above r:gum, it is
ount of Wi cannery mate is throm sy, The ertiliser
oa for several more ma.m, pmm to taks
amey.
matorial, anich aften
Tongih of shore.

of
oring of
from

4ty T Being, throms
cted
In addition to this

in procuring the r
o g i et gre




amount at 1
he.Fianesceay fortiliser plants ug used
fortiliser fron s found all nlong

ing plant is n

ocate
as an m.g-.l part of the cannery,

o s dtaictal
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duncuny. znu e S e e SUpMINy of cacoary iy i
saaigible of otbar s been
n-dul!

suggested that
R Pl preparation of

{hFRnaicte comst; 4 cemtoiily

the cannery may be utilized whereas with the former much of the waste of the
canneries upon which it depends for its supply

or vehicle for conveying it to the plant is not available at the proper time.
The following tables (136) will show the aomposition of raw and dried scrap

obtained from this source:-

Table No. 28.

1s throm ay

avay becauss the barge

ANALYSES OF SAMPLES OF RAW MATERIAL PRODUCED AS WASTE IN THE MECHANICAL DRESSING
OF WHUMPBACK SALMON."

Woist-  Witro-
ure n.

P05 Cas(P0;) - 011 01

Character of sample per
ton

Roe and Milt, (50% of each.) 68,7 3. 1.08 2,35 3.18 8.2
Heads. 63.2 .65 154 3,36 13,70 35.51
Fins and tails, 63.26 311 2.0 480 11,16 28,9
Average 64,6 3.02 1.5 3.6 10.43 27,05

ANALYSES OF DRIED FISH

Table No. 29.
SCRAP PREPARED FROM

SALMON CUTTINGS.

No. Description Nitrogen P05 Motsture ot1e b
T Stean Drier 9.39 5.32 5.3 1.9
2 n e 8.26 7.91 5.2 17.%
3l Hot air drter 9.49 9.26 5.26 8.32
% drier 8.76 7.00 3.9 20,02
5 Hot. atr drier 7.63 12,08 511 10.96

(1) More accurately, sther

Many analys

industry of Norway
-erkl or CLi; mv

extract. This consists principally of oils.

parestiag lacumation,sey be obtato

(
mumn analyses of fish

of fish guano or fertilizer aopear in the literature from ti:
n regard to the fish fertilizer

gland by consultation of the

, and En
e). Kuuvvich .nd Kolotov (127), Weibull (137),
p in this country are reported

ac;
by Lindenath and Parker (128), Atwater (115), and Jobnson (125).

o by/products plant op-uua
by the latter Rethoy 15 of sho waste of



Feed for Farm Animals,

That tish sdtup say aleo be wred successfully s o £ood for fars aninals
(113) 126), According to nm—y (123)
‘s on the ; vhich 1a the drie
Fefuse In the mamufacture of dried cedtish, and (2) Fish sk e ia-the.whete.fish
a i ground.  Both fueds are used ao cattle fosds in the oustel regions of
on PEoh vcrep has been used 1n this sountry as eerly as 1864 as & food for
= op, swine snd penld

fouding ish gorep to cattle, ilk axd butter normal quelity are praduced on
a a.uy allowance of Polied with a varisty of other
feod without deloterdons effact. mlm snleiRtes) ighiiba mestin dailyaliontod
o tish eerep for, shew; 4 1ng, sbould be t0.2/3 of o ncun
Chickens fare weil it g R LSt St Aol
very 1tk of this Rind of chicken foed 1o being wses. The universaiiy -.mr-ecm

ta of al1 the recorded experiasnte with fiah sarsp as & food for farm animele

Teaves 1ittle roon for doubt a8 to 1ts efficiency.

Pish Glue, Gelatin, and Isingla

A products known sh glue is prepared from the scales and skins of large fish
1ke the carp by acting on thes with hydrochloric acid and the extracting with water.

In makid} 1singlass, the swlsming bladders of sounds of fish are take
thoriughly wshed i mter to rescre .n fatty and bloody pafticles.
Tonoved nd ant Longltndine and allomed to dry, with the ou

rds cod. The inner face of the blad
bl

n
turned down, upon b * Thaden br
pure isinglaas, which can be removed fron
partially dry. The isinglass layer is bl
‘thoroughly dried.

ched with sulphorous acid and then

In 1908, $150,000 worth of isinglass and $632,000, worth of glue were produced
L2 the Tnited States, most of which was manafectured 1n Mamsachusetts.

Kellner, Landw. Versuchs. 1877, p. 430, quoted by Henry, (135).
Fish Oils

4 Incmstvas (obdesy el‘ G G o
‘Buropean ardtne

o ontire Tioh by Sotling TGl o seeortag Yoo o1l splebiris

L dapcrtang

the surface.

Tha oteer, colour ued iaste S Eih olle sre very wuah dffeaked by coptastiiia
the decomposing matter of the fish. This difficulty is overcome to
by semcring the ofl from the fish Defare the latter be
I mmmm in the quality of fish oils
the substitution of ste
or Wi

tranl
h the former type of fishin to 1
position of fish and a consequent better quality oi oil. The oils prepes .a caterttha
best condition are paler in colour and have a mucn less disagreeable

Netaden ol te en  artoun clab ot of greet apriasce; Ta 1912 the Doited
States produced from 651,203 gallons of oil valued at 41,551,990, This
oil is prepared by builin( za. fieh with 11
surface of the water,

tean and ekinming the oil from the
h'ia then pressed by Eydraulic force, a 1itile acre
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, er. M
the leathier industry for o Sabeioapt. i soun ma
yeruiak tadustey oe o ebettiute for Lissed o oll,

anafibtire of 1tacleum rubbar #ubstitutes and petes-proofing selutions, sad for
Sulcorating Cod Tiver oi1: Japanese sardine ol is usually prepared by allowing
the fish to deconpose in heaps, whereby the oil flows out, the remainder of the oil
belng express rcs.  OS1 8o prepared doss not lend {tself
d for tanning as a lin

ily
hstitute, i -.m. poes soap, ete.

Salaon ofl ds rated us o high-grade fish oil, but very little of this ofl i
gropared 1n the Urited States, 286,000 gallons being the output in 1913. This ofl

Tight and evoot, sal 4a 3his revpect roseshles the edibls sils, IS my be oed
for the 10entions purposes for which menhaden oil is now used

Adtemrta are being s o Burcpa do uae mirdine ofd, chtataed from e eChse
of th eries by r the manufacture of varnishes. Herrd
ot 35 wsed couasbet 13 ML Industry. It 18 not as good & drying oil &
menhaden o

For most u

of fish otls 1t ds particularly dusirable tat the ebs.cuunn
oth onsistency of fish o

Acmam o l!)n (1!9) by
now yiel oaps,
eyl T

eotory substance for lard. otber

ocesses and various foreign patents are recorded Which deal with the problea of
Soodarising Tish ofl, ancag dhen beiag those of Heyden, (14), Slndv-rg, (132),

and de Remptinne, (132).  Gkade, (130] found on dividing f1sh ofl into solid and

Liguid that the odor peraisted in the portion of the ol which rensins liquid et

Locarding to Tawyiasto, the odor of fish oid 1a dus aluost entiraly to a fatty
jonstituent and n atty s
cid, having the formila Cai2g02, which therefore by the addition of 8  atoms becom
Stearic acid. |

Valenciennes and Fremy, (73), isolated what they called salmonic acid from the
fat of salson. It has all the properties of a fatty acid and contained most of the
colouring matter of the fish.

Payen (30), noted that the fluidity of the fat varied with different fish
th fat-rich £ish and least with fishepoor in fat, as the o
vhithg. and sele this connection, White, (102) found that the fluidities of
Rixtures of fish oile is additive; that in from the fluidity the percentage composition
of the mixture can be calculated.

Toet thare i 5o direct relation between the body fat of u fish and the exount
ia 149 food 14, shom by Rosinteld, (:a) who found that fate
on a diet poor in fat, and y!

According to Weill, (138), the fatiy material of the body of fish is distributed
among the various tissues in oroportions varying with the species and with the season.




In the carp and trout the of fat 48 in the ue and
muscles; in the whiting and sole the reserve of fat is in the liver, ina’in the
Eaciasel the supply is owcenirated Lo both muscles and Tiver. The'folleving tabl
+A11 ahow the veriatisn dn the fatty acld content of the arguns and muscles of ths
carp at different times (specified Tines are 2ok given.)

Table No. 30.

PAT DISTRIBUTION IN THE CARP AT DIFFERENT TIMES.

Tatty acids ini

Kidney Liver Muscles
11.30% 7.59%
9.43% 8.928
12.38% 16.84%
- 5.29%

Prom the above table it appears that there is an interchange of fat from the
muscles to the liver, and vice versa, and but little change in the fat content of
the kidneys of the carp at different times.

Pish Liver 0ils.

Cod liver of) possesses a medicinal valus from the fact that it is easily
Lydzciysed or digeeted, this property being caussd by the peculiar constitutio

of its unsaturated fatty The therapeuiic properties of this oil have been
e e ot et i R Tt
$o the presence of a small -nuuns of lodine, by others to th of sucl

bases as butyl amine, isoan; o, h.xy]nmin., Ebrrsetutiaigs stoes SRV
from the ofl by Gautier and lnux‘;uu az1).

Certain diets consisting of isolated proteins, siarch "protein-free milk®
and commercial lard were found by Osborne and Mendel (131) to be lacking in some
TS O TR ISR T BRI T
cod 1iver oil to these d: 4 the aninals to resume their nornal
rate of growth. It is et it possTila That the veal valus. of gl Tivgh
of1 a8 & nediolns is cue to the fast that 1t conteine one or more of the ELw
accessory food substances. The latter substances may be considered as carrys
EeiToat hiah tha! aatact Doty 1a wmtie o eyaibebtes of SHeelE] Tabaii il ity
receive preformed

These oils are obtained from the fish livers in a manner very similar to the
method used for the extraction of fish oil

For the anslytical constants of fish oils end fish liver oils see Chapter II,
Tables Nos. 14 and 15, facing page

It 42 hoped it the oregalg resund. w1 be of help to those engaged in
investigation of fish problem: urther contribution of a sinilar nature but
PR T e p-cnmgy and physiology of fish, will appear
in a future mumber of the Biochemical Bulletin




THE CHENISTRY OF FISE  II.

The Chemical Physiclogy of Fish.

in 1atelligut csmpelgn for the purposs of protecting fish from conditicns
causing their decre iecessitates prinarily a thorough study of their habits and
o work has been done (in this country, principally
a great deal remains to be accomplished. Research
1on which say be used nct o a contribution to
nd

our food supply and to pr
Tecognize the econonic value of

P eans Hmd Nlhing it

The Respiratory Exchange of Fish.

The reepiration of fish is fusdeseltally the same ae that of mrw-tlooded aninals.
ter come into contact with the vascular mmnu of the gills

where they dhrlcimite s gases of the blood, bro: hm of fish

s ttedted more by'a decraase i the cxygen ogmieat of $he et Bk sonsequent

alterations in the blood) than by an accumulstion of carbon dicxide in the blo

A thorough discussion of this question may be found in & review by Babak (140) snd

in an article by Petrik (201).

uch water 1s practically
free fre 0) Tound that signs of asphyxiation appesred
in fish wh-n pl water cont-inin( 0.91 c.c. oxygen per liter, .mi that death
ocourred when the oxygen content became as low as 0,66 c.c. per lite:

Tion nmm.- when placed in botled mater beo
d 0 xu ais (18

Clark and Adams (153) estinated that a one-pound fish will use 10 p. P.m. of
oxygen per gallon of water per hour

setion of the cxygm conmmption of aquet
e been, devised f:
being those of Musbeldt! and Fro

aught with

e s fra
e
cal and of Baunert (144} (1855).

The def
many difficult
among the earlier

1/ Humboldt 0. and Provencal - Mem. de la Soc. de phys. et chem. d'arcueil, Paris,
2 359 (1807).

thod employed by the former,

S

{2 basqueatly dram off in order to d

% oeitissenibes
of

nd hy Ve rnun (22) the animal is
alog it wat

The

cedure is open

eanoe St uar A Ion Gkises 1 SAMI1S] .,.a posididhc

i om0 eroetis e 1Aa=li mtmmces i5aroc thetuabi iy 4ininishing
The method of Jolyet and x-;md (176), blnd upon that of

r Land aninals, conists in pumping sir through the mater 1n |

ount, of carbon |

$he available cxym

1, ts the figures in
, scanestica with the respirstery exsiange of S Tumber of fhame To will b6 neted that
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very narked effect upon the oxygen consumption.

the temperature of the water has
cording to .voxy.z and ngnua (177), the oxygen consuned by the carp, (in ‘

Aco
cubic centineters per kilogran ur,) ‘varies considaratly in the sgae aninal,
aco s in the mp.r.zuu of the surrounding water. At 2°C, this |

97,8 .o at 3o°c 147.8 c.c. Frapee spiratory |
quotient period stated above, were 0.89, 0.96 and 0,75  remectively,
dch + indioste a deriaite relation H e co2 and the temp-

ratire. Gupdner and Lootoan (164); Bowsver, foumd a Towed/Sasp S Yory quotient for
fish kept in cold water, than for those kept at higher temperatures, and concluded

that in cold vater the fish in a state of hibernation or starvation, may live on
their fat, partislly converting it into glycogen and sugar, and thus lowering the
€00z Fatio-
Zuns (zzs) o experinenting vith ik fiotuerred suat -rnkmg of food
Range of fish during the die
ToLne caused by proteiacrich food, sspecislly the natural ates of the B

In ocapuriag the semiratory aetivity of the lover aid higher mirise aninals
( ; Varnon (222) found a considersble differance betwsen then, the latter
Baving a bighmr Phepitetary ¢ q\lothnt ‘than the form

Tiriatione 15 the relatiog batween it cxfyen scnsampiion and sheipoltyimictiey
of fish, Puf (201.) whose figures ar u

The figares in cetamn, (11 o estly spproxinate & constant e
column (I), from hleh he r.-cnclndod that ths oxygen consumption of mh, plr unn
of body surface is very nearly constant.

e oxygen consumption of flounders was found by Morgulis (195) to n.v- no
atroct. n..m; tpon the velght or surface of ibe fish, the ccneumpiicn per hour
the flomders | Socan
formul

S
f

can b mcum.d fron the
e (01 'k haagos 12 428 onteritn
g In the sase of Fasting aninale, is consideradly higher
than no;




Table No. 32.

Relation of the Oxygéh Consumption of Fish to Maes and Body Surfa

n_Cor tion

Weight of Rg. dried or- Sq. meter of

Fish Tesip. aninels in°  ganic matter body surface

c. per_hour per hour.
Salt Water

Hippocampus 23 0.348 1050 335
Balistes 23 178.0 463 672
23 16.3 535 408
23 10.5 840 3%
23 13.2 980 625
s 23 42 562 at 16°. 360
Stickleback 23 0.76 2750 at 16°C. 375

Some Conditions of Water Waich Affect Fish.

- . In the same way that hunan beings are affected by abnormal condition of the
atuospher idsa datisiebiy iaicapne, dhelrresence’cl MR asiaticestotly
hyler m illunination gas, etc., fish

e, Stmamilidompeadvioe, Wid., of e wtar fn' whieh n..y Tive.

onoxide a

ation in the g
Narsh (189) found that aerated distilled water was fatal to fish. The cause

48 probably the inability of fish to maintain the proper concentration of the body

fluids, owing to the great difference in the osmotic pressure between the external

and internal fluid in the distillation of the water, poisoncus substance

ed which prove injurious to the fis

1y waters are found wh outent. | Top mebare
oF b s atere et aeq e el i Innh, oo af chh (m) eonmm at 15
52.8 c.c. €0, 55.2 c.c. N., and 0.71 ¢.c. O per liter and the other (10) con-

taised a4 1075, 18.79 o.c. N, nd B84 c.c. O, plr Hisite eutaighoat
from a driven well 83 feet deep, intended to supply the yaias e i o
squarda. It vas soon GlSocyersd Ahat. Sogut; woon yisoed!inttils mmtsc et

4 £

y suffocated.

and n:
‘the axy on content, to concentrations hich vords support

tior
of the water, and e
the 11fs of the trout.

In the daciad seber) mactionad abova,. the ebniorail condifion ms stused by a
felty pumps ale Baving eokifed Uimough holes in the pige en dhe stict
.c. of nitroge
would normally saturate the i rta temperature and
es Proved fatal o fieh mhich died rapidly when placed in such water. An
tutopey revealed that the beart was distandad vith gas, the larger blood vessels
particularly the main the anent, was £111ed with gus, and the mlls
ocilia sihigsiativeitslets R tae iy seots embolism resulted,
death being due t

s
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4This disease of fish is te: by
explained as follows: The gill Al
yuter but lover than that of 580 Yenons chad shich dorives its heat fron oxidations
incident to metabolic ndor nornal conditions, the blood does
becone conpletely mmm at the gills, as otherwise the gas would be eaatail
throm cut, owing to the higher temperature of the systemic circulation. Tt
probable, ihat under conditions of Fupersatusatios, thaElood at tha gills collects
than 1% oap hold at the higher tesperature encountered in the b ood which
hrough the body, s gas enboli are forned. Under conditions of
persaturation of guees sn n-- water, there results, in certain fish, an accu-
=ulation of gas benind ¢ susing 1t o protruds. This condition, called
*pop-eye®, 18 not almys R s cxocas.cf AlHLARTSA. gass, as 1t nay be
7"a blow on the head abd by other conditions not dsfinitely known.

h “the gas disease," the cause being

1t will b P by conparing the axygen content of ordinary air-saturated -mr,
(507 c.c. oxyy r 1iter,) -uh the oxyg-n consumption of fish, tha
i

contisually supplied 1o e ey 1ive, e tura’
seration, the fish will eutfocat l:ompoling srganto aatter, and ser ol
and bacteria will alao lower the oxygen content of the water. ‘The waste of the

ulphd te-tellulor
sodtun sulphite and, at tines, caloiun carbonate, and the remainder, conaists of
a0d csllulons fibres. The aygon contont, of water into Which the
o fine wood particies cover the botiom of the WEHF
gt el e for fish, which avoid such vaters,
28 Ve’ vooden BRrtielod alas Yetd Vo Slog up thsir g11la

According to Butterfield (152), tarred roads are a menace to fish life because
surface waters carry inpurities from them into the str del (217) deterained
the effect vrnducud upon fish, by various common fertilizers. , the
opinion no injury wil 1t, if normal dre
superghosph u, Tastc o

g,

ppli since

un-rr-cm by 18 hours. expobure to the in sl qmuu )
.cyananide kill the gudgeon rapidly, and ammonium sulphate and stable namure
the death of fish, For this reason it is inadvisable to dress the borders of
Sireans with tnese fertilizers.

B

and Ac.u (153) found that pure m.d l.wlga is r. 1 to fish, a
han 502

Clark
filiasen ir e, fiimeriSa b0

g n then alive. This
e the SCoogd oF SiaspeRbA e s s pmnph upon the 1ife of the’
organism, In investigating prublnl of this nature aportant to deteraine.

the proportich of pollubion in the water. MWhen mmy waste reach stre:
1t 12 enornously diluted, and, in the majority of cases, this dilution is Sureiciont
to rendar thesdissclved fapurities Smnoouous, M h  (189) t the e to
from Sanaery and dye vorks and frou the syl lodl-pnp.r

roo u euumm Ty R th mumu.m ing g

15" the most

waste, as dilutions

prove Fatal o fish, S et by aulphuriu sotd 1 the

rom coal ni s0 fatal Wells (224) found that fre r iah prfer

Sight X n-ummy or'alkalinity. This tindtng is rather unasual as

om d (199), Garrey (166), and others have stated that a moderate .:k.unm is pre-
0. Kotording to Losh and Nastaneys. (188); she Soxiciey of acide; both atnerel

404 orguntc, san be partially neutralized by sediun and selotum chiorides:
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Salzon ascend rivers o considerable distance for the pursose of spaning,

o (214) observed that v water having an oxygen content equal to
= .ugm, thave the saturetion point. iy condition vach as contentnaiicn with
sewage, stc., which would lomer the oxygen content of the water, might result in
driving the saluon from the strean.
stas, whon bighly diluted, are not imsedintely fatel, it 1a
not, known what effect a prolonged sojourn in such wa the 1ife
cyele of fish. nghz not a time eventually come -h-n ok conditio (u ain=
tained) wovld result in the extinction of the less hardy species? Thuu in good
Teasan to beliure, Uat the slnomt comlete dlssppusrance of shed non fre

certain rive ow England, where they were forn ndant, 18 lu—gdy owing

%o the paumon o tial e Ly asatul shatosts sad feriatts. frim Bamcrons
factories, as well as to the presence of dams and barriers in the streams.
ens of some marine animals. Dubois (159)

e blood of fisht

Klthongh the

r 18 nornally present in the sys
glvea the following figures, shoving the copper ontest in

Table No. 33.

Copper in the Blood of Fish
(weight of copper per 100 grass)

Fish Fresh Basis Dry Basis
Herring Trace Trace
Sardine 00182 grans .00535 grans

nch a Trace

Carp Trace Trace

The copper content in the blood and muscle of molluscs and crustaceans is
much higher than in the blood of that fish referred to above. In the blood of the
grab, the lngredient which ocrresponds to the hemoglobin 1o mamnals, ie called

n and contains copper instead of iron.
cccasionally present in the blood of fish, it is knom that copoer
snelter maste may cause their death.
he work of Thisrgardt (221) shows that fish are unusually resistant to the
be proportion of one part of setal to 20,000 parte
ans cf the former and .0557 gr

er
oF the'Tatten, por 100 gn.l of fish, befare succumbin

sotiom of srsents, sudla

Changes in the Density of Water and tneir Effects upon Fish.

{ cpseiston jaring 4;recy. griat ktees won ish da'the et ive olonsira/of

of the wingral conetituents of the water. 1If the gills are exosllent or |
the diffusicn of ay, St b e180 be isetrmental nthe asmsson ot sa1te?

& mmioe of aiigatiins havs i e o deternine the cause of d
death occurring in fish which h.v.  been AR i el density to
ve:

one of high density, and vice




- 48

Rodier (213), observed that the high osmotic pressure of the body fluids in
slamobranch tiah, y equal to thet of sea water, 18 more largely
g to the organic constitusats, then %o the presence of mineral salts. The
Tiatting aesbran o teleosts constitute an effective barrier against ommotic
changes, and it was rmmn by Quinton (210, 211), Garrey (165) and usun (156) nhn.
the body fluids of marine invertebrates are isotonic with the surrounding waf
Garrey (167), noted that in fresh-water teleosts and ganoids the freezing pont ot
the blood 1s practically the same

5

According to Frederica (163), the thres kinds of aquatic aninals may be cl
ified as followss (1) molecy
body fluids of the aninal
Solacular ooncantration the same in both body flulds end mter, but the proportim
of salts less in the body fluids than in the vater, the deficiency being compensated
for by organic ungr in solution (a]usmnh'.!mh), (3) molecular concentration and
salt content of the body fluids varying greatly from those of the external water
(all teleosts, and fresh-water mv-rhbrutn

fhe following figures were cbtained by Botazsi (149):

EBlasnobranch 2,26%
Teleost 1 1. ~"0.76%.
Reptile, Turtle o,

e 0. 65 -~0.m0%.

We find that as animals ascend in the scale of evolution, the blood is maintained
at a nearly constant osmotic pressure by regulative mechanisns. The finer adjustment
of the osmotic pressure of the body fluids, in the higher animals, may be explained
as_an effort of the body to maintain a constant condition most favorable for the
delicate processes carried on &

Sumner (22) found that certain fish dis whem transferred abruptly to sea water,
ahd certain species of brackish or salt-water fish cannot survive even a gradual

goaerved {intlaime aslt-mber ish can murvive daily mnmm.
uariun mater, from fre

asti shasies in toe bogy ish ke place, by Seetl i
Sovering the EILL filanents, and ot through the skix  Tis ves
of Trosh-vater teleoste when a loss of weight vas produced by
through the gille and fresh wter over the body. Salt-mbsr
weight when transferred for a short tins to fre Although
Ganotio phencnsna are evident in mest 4f the cases observed, other somsiderations
of possibly a physiological or chemical nature may modify the effects produced.

Sectt (216) ovestigated the effect upon the blood of the Killifish (Fundulve
‘oolitus), caused by changes in the density of water. 0
e

, the
mpesifio gravity, and the dapreseion of the fressiog point, exactly with
zhat wight lave been expected from L The
followin, of
S Flah had been accustoasd. The remuits would indicate that there is nelther
truction nor increased formation of red corpuscles under these conditions.

On the other hand, according to Mosso (196) and Bert (147), fish will die when



placed in fresh water, death being dus to asphyxiation as a result of the gill
capillaries being blocked by disfnsegreied blood cells. Thers ampeers to be
ion between tance of blood of fish to olysing action of dilute salt
sslutle, . the abiliey of the Fish to vithotens chanes 1n the salinity of tbe

edium, The results obtained by Mosso in this connection agree in principle with
Shose cbtained by Hasvurger (172) and Botassi and Ducceschi. (150)-

0 doath of flah which bave been placed in water dafictent in salts 1s believed
by Ringar (a2) - be caused sither by the -m;a,-. nl of wineral constituents
the body, (sainly througs the gllls,) or Fact that the mater, acting omotically
e tissues of the gille destroys by mmmng with the respiration

Stadleckd (219) chanrved that the sticklobeck 19, cretuarily, atle to protect
he action of salts in the external mediun. But when the
S ithor, ey the Liniting membranes no longer pre vent
omotic changs, and the anisal very essily succumbe o the action of mlts. The
changes 1n ood of salson st Toamiiag tias may be due %0 the & The

ion of the fressing point of the blosd of sulaon is, (lncordin( to
eens (145" ta cescatns 5762%0.; in brackish-wate
Speming-ground seinon, 0.828%. Gresns expressed the cpinicn, ho'nv-r, - th-
lonering of the ennc‘nhnum of the blood salts, at spamning tine, is owing

B olte processes shich occur during the seversl veela so-

ot foggh aathr, Tathee thagesTomota changes

ium

Siedlecki (21!) noted thie aportant fach thet e taxlo estion of pok
chloride can be alized with calciun chloride, in certain concentrations
Solutians which were. insceive whon employed alone became toxic when mixed with
gthare, The {sportaoce of Namesiim selts in redusiog the toxiclty of other st
xtur d for the fresh-water fish, Notropis blemnius, was observed by
e.n.y (166), who. found that hase iah could nok Live Long 1n Ringers selutics
iy 5

m y slowly raising the con-
contration of NaCL+CLICaCl,, the resistance of fish to a pure NaCi solution coud
be inereased, "It may be il the sdsption of the anisal sivoives & "aming? of its
micticn| by e g ot imgNac fhe w110 -wster, especially

aCl,. . According to eys (188), Ao hettnesd scbuttonsh shi
Snatiioe, ‘are-thase selutions with wizerdl corstivaents. shich are umeatisfac
kind or amount for supporting fish 1ife, will increase the permeability of e Tatiss
In the case of a very vexle salt, the fish diss befors & Adsked changs in the
osmotic vressure of the body fluid has taken place; while in the case of the 1
tocte Ta0) grest ommotic changes nty take Flace in the fish before the salt kills
it. It is possible therefore, that certain proportions of the salts er
may change the cell membranes, sither to the advantage or detriment ot the Fion:

ch. a e

Metabolisn of Fish.

1n the table below, as given by Lipsc 83), the variation in composition
of the'rleth of the cery 1s crplainad on the basis of the Fish being in various

sinilar relat
without food, for more than six week: Ths rostite m.md by uermx- (1%) sn
experiments on fasting flounders, show the same general tre e. a decrea:




protein and fat and an increase in water as the fasting proceeds.

Table No. 34.

"Influence of the State of Nutrition on the Chemical Composition of the Carp".

100 parts of selids con

Class Length Dry 100 parts live Witrogen Pro- Fat Soluble Insol-
Teight weight contain containing tein Carbohy- uble N-
Yater Solids Ash extractive drates. free sub-
matter. stances.
K 545 0980 761 2.9 242 9.7 462 2.9 1.0 16,0
B 5.7 072 7.4 226 29.8 9.3 423 07 1.0 16.9
65.0 0.666 79.3 0.7 4.2 8.9 3.3 0.9 0.9 138

CAverage of several fish
©0g-normal. and C - progressive stages of starvation.
Putter (207) carried cut an elaborate series of experinents on aquatic animals,

certain the nature of the organic food material utilized by them, and con-
cluded that the anirals procure their food from two sources, namely, from the soluble
e

ater above 3 or 4 milligrans per liter, it
3 seansiter coutatan's previioadly nagiicible queseity of isvcivd
Moore et al. (192, 193) were also able to prove that fish supplied
ng do not, abstract any organic matter from it. Lipschuts
(182) found that certain compounds, like asparagin, glucosanine, tyrosine and
glucose, placed in aquariur water, are not observed and retained, as suc the
organisms of the carp and eel. Furthermore, according to Kerb (138) grape sugar
dissolved in water is not absorbed by aquatic animals. The high values obtained by
Putter Tor the Goasumption of fish are explatued by Margilis | (194) a1 betng
due to a restless conditicn, incident to their being placed in the aty
seamreseat of the rempitatory achivity. In this smitad siate hoir mpu-.m-y
szshange wight be lnorensed %0 per cent, By messurisg the axygen conmum
Flounders during a fasting pariod of €71 hours , 1t wa o Founs oat the B1Eensuce
Dotwoen the amount of cxygon cousumsd and the wiggen ia the wasted boty nsterial ma
small enough to be within the linits of experimental error and shows, in agreem
VAth othar opponsnts of Putter, Shat aquatic sainsls mubsist caly oa partiouiate %

Knauthe (170), experimenting with fasting carp, noted an increased nitrogen
elinfnation on raising the temperature of the water. As in the case of warm blooded
aninals, a carbohydrate dist when fed to fish reduced the nitrogen elimination below
the starvation value. Tt was also found that uiceral salts wer

omplete until the entire amount of
carbohydrate which has been given is slininated in the fece:

In regard to the enyaes of fish, the svidenc indicates that at low tamperstures
their action is much greater than those of warn-blooded animals. Basing their c



-n
clusion on the grester actirity of the protealytic ansyass of the plke and travt
t 0°C., Murisier and Fick (198) state that the pepsin

5) ne optimum temperature for the action of
Parits foca EhL s\REoh(CrRira  HIks s ‘xprociastary, 2000

According to Cohnhein (154,155) the surviving intestines of fish (Crenilabrus
gav and Labrus fostivus) tave a deaninizing effect an the end products of protein
Sifestiaar The {ntestissl mucots of cate and dogs 414 not resch in This n

Th0s phamcmances may Amebdul 74r Shs f4gh snmnte Tigures cbinizad by Dexts (oes Seioe)
from the blood of Pish.

The setablio af the slumobranch fish 1s different fron that of the talaostay
as may be seen by conparing the composition of the blood of these two classes of fish
In the table below, (156), the percentags of non-protetn nitrogen accounted for by
the urea fraction, in the case of teleosts, is much smaller than in the blood of
man, or of any manmal so far examined.

N Table No. 35.

Non-Protein Nitrogen Fractions of the Blood of Fish
(The figures represent milligrans per 100 grams of toot)

Won-Protein Urea Aamonia Uric Acid Creatine

] N L] N Creatinine
Elasnobranch
Dogfish (Mustelis canis! 1000 800 1.4 o
Sand shark (Carcl
Littoralis’ 1160 000 2.5 0 4.0
Skate (Roja erinace: 1100 868 1.6 0 3.1
Teleosts
Buitersish (Foroncine
50 9 51 14 16.0
P - somiis) 86 0 38 11 7.5
Squeateague (S
T -)s-j 66 20 1.0 0.7 6.0

The composition of the urine of the goosefish, a teleostean, is shown by the
same author, in the table below. In the urine of a bony fish the creatinine is
alnost entirely replaced by creatine.



Table No. 36,

Analysis of a Composite Sample of Urine from Six Goosefish.

Total Urea Ammonia Uric Creai- Creatine Phos- Chlorides Total Inor-
Acid inine phates

ul- ganic
7,0, phur S0,
¥ ¥ w % Gt 2
Wi111gr
per lfter, 830 120 12 1 7 O 40 10800 108 92
Per cent of total
- 27 01 08 16,6

Sp. Gr. - 1.616 Albumen and reducing sugar absent.

On examining the urine of the dogfish (Mustelis canis), Denis (157) found

that the urea- anounts to 80-89% of the total nitrogen of the urine.

n varied from 1.9 to 6.1% of 4 itrogen of the urine,
except in one case, where it was 10.6%. Very 120 crectiston mad ne srectice,
sugar, nor albuzen were found.

According to Bagloini (143), the physiclogical Déteitlon of ures in the Hlecd

= od of

This agrees with the findings of Schroeder (215) who noted a constancy &
concentration of the blood of the dogfish, together ¥ith a sonewhat more varied
concentration of urea in the muscle and a decidedly variable urea content in the
liver. Schroeder believes that this condition is due to slow elimination of ure

ioca, ee). WBatafore; Seapanesla facoraiLa the migeistiocs of sba bebey
Baglioni (141, 142) believes that this specific action of urea is mot dependent
upon the fact that it is a non-electrolyte, as sugar does mot replace it, but that
its action depends entirely on its chemical composition.

Differences in the Body Composition of Fish.

The nador particn of the exino soids in the water exiract of marise vertebrates
is in the form of diamino acids, while in molluscs the mun cids exc

the clan and scallop. The lamprey has a very low organization of skeleton, which
ia" carvilaginose without versebral Saguentations the Lmlul, quid clas, dosllep
and periwinkle are true invertebrates




Table No. 37

Nitrogen Distribution in the Protein-free Water Extract of Muscle in a Seri
Related Marine Animals

Kind of Amino-acid nitrogen
Marine o i Grams of nitrogen per 100 gus. Grams of nitrogen per 100 gas.
fresh mus. CrLT

Aninals,

-mun Total  PTAfil-  PTA Mgno-tatuo DI-wToo
er  Extract trate, cipitate m"u acid
ino

nzncv. di-amino fradtim’ foection
aci acid
fraction  fractionoo

Lamprey 403 0.010 0,004 0,006 0,053  0.021 0,032
Limlus 13.8 0,061  0.031 0.0 0.2  0.209 0.203
Squid 35.6 0.1 0.127 002, 0635  C.5% 0.101
lan 5.1 0.285 266 019 1,100 1,020 0.073
Scallop 56,2  0.283  0.268 0,015  1.470  0.400 0,078
Peri-
winkle  27.0 046 0,118 0028 0.524  0.423 0.100

T Phosphotungstic Acid
0 By Difference

Wiy (225) foumd that the elactric argan of the torpedo has o peculier pro-
pertion ef  minaral dalts, the ratio of BIL fo NaOL in wo cases being
100, |2k pam n very small amount, 1s practically insig.\iﬂelm.
I SR a cidtnacy mscle Abelpotessinn is
Lurgest uineral ocnstitunsts

Polimanti (202) moticed a marked difference between the appearance of the
Lliver in a pregnant female elasmobranch fish and that of a male; the former,
though the same weight, was more voluminous and yellower in colour.

The bile of the shark (Scyupus borsslis) is fres from cholestercl end comtains

tnstead of the uoual taurochollc acld, tre 1 sulghates which Fumarston (17 173}
4 and act he wve

Torer sulphar contens than searoshale acla. ama s prestieally negiigitle nitrogen
content. Sinilar acids were isolated from the bile of the roach. No ethere
lgintes coild.be 1 SinilDiglor be mack Hassaraten chsarves that the
presence of 4c acid in other bile acids than
Sy nmm o il 24 SoGREATES Abo: oontant, 1n TeoalTs avid € ATA NS
of other anim

Polimanti (203) believes that there is a definite relation between the depth
in which a fish habitually swins and its specific gravity, and that the speeific
vity 1s influenced largely by the amount of fat. The following classification
given by hing




Table Yo. 38.

Classification of Fish according to their Fat Coutent and Habitat,

Class Water Fat
2 3
A~ Wander a fish .82 4.07
B. Living "Snlhorl" hutnln cliffs at various
depths fron %0m, .77 2.67
C- Living in the nud u! ?.he shore at a maximum
depth of 100m, 70.33 ps
D- Living anong ihe seaweds of the shoro at &
depth of e.n.n SDm. 70,15 1.03

B- Living in a 4 100m. to €00m. 75.03 0.57
P- Living in the deep sea “at’a depth ot 1000 to

86,14 0,035

ample of Class A the mackerel may be cited, though the fat content of
this fiah averages much higher then 41 The flounder, & typical bottom fish, has
an average fat content of about

The alterations in the fat content of the same species during a season 18

1y connected with the physiological chanos attendant upon spawnin

Nocher (191) found that there 16 4 great deoteats in the Quantity of £4b as the
spawning seascn approaches when the saluon ascend the rivers. His results were

confirned by Nosl Paton (200) and Greene(170). Miecher's interpretation of his

fidings ms {ndorrest in cne particular, Ee beldevad that the coneidaratle
quantity of fat which h s was a
eration, pre Phegiiem il building up the immen

food materials present in the Both Paton and Greens
gomtand Shat the fat stared in the body during the period of feeding and gromth is
the imne roe of acergy sxpended by the delace duriag the spaming

nlgration and S0 not, in any sense a fatty degeneration.

The following table mun"m the changes in the composition of the flesh
of shad at the period of spawn:

(Ruthor's unpublished data) ©
Table No. 39

Variation of the Fat Content of the Flesh of the Shad at the Spawning Period,

Description Locality Date % Fat.
(wet basis)
shad (no'. very ripe) North Carolina Coast 14.43
ym shad é pe) i Y L 415~ 13.93
00 shad (ready to spawn) Delaware River 4-24-15 &7
Ilul shad (after spawning) New Jersey Coast 6-19-15 2.95
°E. D. Clark and L. H. Alay 3. Biol, vn-;.. Vol. 335 483-498
)



Parasites of Fish,

It 1o not the purpose of this paper to go into the cuestion of the ocourrence
and effects of the various parasites found on fish. In this country mich wo
this subject has been done by Linten (161) whose papers contain maerous reransd
o the literature. Other contributions have been made by Wilson (226), Ward (223),
Hahn (171), and others.
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