XV.—CONTRIBUTIONS T0 THE KNOWLEDGE OF THE CHEMICAL
COMPOSITION AND NUTRITIVE VALUES OF AMERICAN FOOD-
FISHES AND INVERTEBRATES.

By W. O. ATWATER, Ph. D.,
Professor of Ghemistry, Wesleyan University, Middletown, Conn.

The report of the Commissioner of Fish and Fisheries for 1880 con-
tained a preliminary *‘report of progress” of an investigation of the
subject named as title of this article. The investigation has since been
prosecuted as time and circumstances allowed, so that a considerable
amount of material has accumulated. It is my aim to collate and pre-
pare this for publication as soon as may be. Meanwhile, at the request
of the editor, I state here a few ot the results of that branch of the
research which has to do more particularly with the nutritive values
of the fish and invertebrates.

The investigation embraces—

I. Chemical analyses of the flesh of American food-fishes and
invertebrates.
II. Experiments upon the digestibility of the flesh of fish.

IIL. Studies of the constitution of the flesh of fish.

1. Ohemical analyses of the flesh of the American food-fishes and inverte-
brates.

The larger part of the results obtained in the chemical analyses are.
of interest chiefly in their bearing upon the nutritive values of the
materials. A not inconsiderable portion of the work done in connec-
tion with the analyses has, nevertheless,like the study of the constitu-
tion of the flesh, been of a decidedly theoretical tendency. Indeed, I
can see no reason why I should not frankly say that, so far as my own
connection with the investigations is concerned my chief interest in it
has been that of the biological chemist, a sentiment which I think is
Warranted, if by no higher cousiderations, by the very simple fact that
in the present condition of human knowledge and progress the most
flbﬂtmct; research is a condition of the best practical results. The
investigation in its present status includes the chemical analyses of—

(@) Flesh of ish . ccouevvennnnaeveennn 118 specimens of 51 species.

() Flesh, &e., of invertebrates ...... 64 specimens of 11 species.

Total food-ﬁshés and invertebrates. 182 specimens of G2 species,
(1] : 423
H. Mis, 67—28
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Along with these a parallel series of analyses of meats, dairy prod-
ucts, and other food materials, animal and vegetable, have heen under-
taken, at the instance of the United States National Museum, to furnish
data for illustrating and explaining its food-collection. These analyses,
though not specitically a part of the investigation herewith reported,
form a most important supplement to it, because of the great desiri-
bility of data for comparisons of fish with other foods. The number of
analyses of the latter kind already made is 90. These, with the 182 of
food-fishes and invertebrates, give a general idea of the amounts of
nutritive substances in our more common foods. Of course, an at all
complete and satisfactory knowledge of the subject will require the
prosecution in much more¢ detail of the work of which these analyses
represent only the beginning.

I1. Experiments upon the digestibility of the flesh of fish.

The importance of studying the digestibility of the flesh of fish led
me to improve the occasion of a stay in Munich, Germany, to conduct
a series of experiments upon this subject. In this I was very mate-
rially aided by Professor von Voit, who courteously placed the necded
room and applianees in the physiological laboratory of the University
at my disposal, and rendered material assistance by his counsel.

The general outcome of the experiments may be expressed in a fow
words. The proportions of the nutrients digested were tested in a
series of experiments with a healthy man and with a dog. The man
digested some 98 per cent. of the protein of the fish and nearly the
same proportion from meat (lean beef). That is to say, the digestion
of the protein of both meat and fish was nearly complete. Essentially
the same results were obtained for the other nutritive ingredients.
The experiments with the dog gave practically like results with both
kinds of food.

Regarding the ease and rapidity of the digestion of fish, the experi-
mental evidence is as yet insufficient for exaet conclusions. The in-
vestigations thus far made upon the constitution of the ingredients of
the flesh, as well as those upon artificial digestion, indicate no great
difference between the fish and the leaner meats, as lean beef, and imply
that both would be very readily digested. In brief, the experimental
facts at hand do not indicate any decided difference in digestibility be-
tween fish and the leaner meats. Both belong to the more readily and
completely digestible foods.

III. Studies of the chemical constitution of the prozimate ingredients of
the flesh of fish. .

It was my fortune to spend some months in Heidelberg, where Pro-
fessor Kiihne, of the University. kindly offered me the facilities of the
physiological laboruatory under his eharge, and added his own valnable
assistance in the prosecution of an inquiry into the constitution of
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some of the albuminoid compounds of the flesh of fish as compared
with those of mammalg. This included with other matters the experi-
ments upon artificial digestion above referred to. T have not yet been
able to complete the investigation. The results obfained, however,
point to a very great similarity between the flesh of our food-fishes and
that of the domestic animals we use for food. I hope to be able to
continue the inquiry and to present its resuits hereafter.

The present report includes only the analyses of fish and inverte-
brates, referred to above as already completed, and such brief explana-
tions as its purpose, that of a record of the chief statistical facts in
the form of a report of progress, seems to require.

The details of the chemical analyses have been performed, for the
most part, by my assistant, Mr. C. D. Woods, with the aid of Mr. E.
B. Voorhees, to whose skill and faithfulness I am happy to bear tes-
timony.

In thie report referred to above I had the pleasure of acknowledging
contributions of one hundred dollars each from Mr. A. R. Crittenden-
of Middletown, Conn., and Mr. E. G. Blackford, Fish Commissioner of
the State of New York, to which latter gentleman, as well as to Mr. G.
H. Shaffer, of the firm of Dorlan & Shaffer, of New York, thanks are
due not only for a very large number of the specimens of fish and in-
vertebrates, but also for collateral information of no little value. It is
“a source of no little gratification to be permitted to add that Mr. F. B.
Thurber, of New York, has generously contributed $500 toward the ex-
benses of the analyses of foods, other than fish, just mentioned, and
that a still larger sum has been furnished by the liberality of Hon. J.
W, Alsop, M. D., of Middletown, Conmn., in aid of researches in the
Mboratox‘y, a considerable portion of which has been used in defraying
the cost of the studies in the chemistry of fish. These with some other
gifts from private sources have, with a larger amount appropriated to
the purpose through the courtesy of Prof. S. F. Baird, Secretary of the
Smithsonian Institution and United States Commissioner of Fish and
L‘islleries, defrayed the incidental expenses of the investigation for as-
sistants, materials, &e., and thus rendered it possible.

ANALYSES OF FISI.

Tables 1 to X, herewith, contain a réswmé of the analyses of the flesh
of 99 speeimens of fish, and of 19 samples of prepared fish-foods, making
118 specimens belonging to 51 species of American food-fishes. Thoy
gi"e, however, only such of the data as are most important in their direct
bearing upon the food values. The further details, which include de-
8criptions of specimens, the composition of the water-free as well as the
fregh substance, and nunerous determinations of organic and inorganic
Constituents not mentioned here, will, I trust, be published elsewhere
1 the near future.

The methods employed in preparing the materials for apalysis and
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in the analytical determinations have been described in the prelimi.
nary report* above referred to, and in less detail in the Berichte der
Deutschen chemischen Gesellschaft, xvi, 1883, 8. 1839. It will therefore
guffice here to refer to them very briefly.

Separation of edible portion (flesh) from refuse (bones, skins, entrails,
spawn, &c.).—The sample, as received at the laboratory, was weighed,
the edible portion, ¢“flesh,” was then separated from the refuse, and
both were weighed. There was always a slight loss in cleaning, due,
evidently, to evaporation and to slimy and fatty matters and small
fragments of the tissues that adhered to the hands and to the utensils
used in preparing the sample. Perfect separation of the flesh from the

other tissues was difficult, but the loss resulting from this was small, so
that, though the figures obtzmned for edible portion represent somewhat
less than was actually in the sample, yet the amount thus wasted was
doubtless scarcely more than would be left unconsumed at an ordinary
table. The reasons for rejecting the skins, which generally has con-
. siderable nutritive value, were that its chemical constitution is different
from that of the flesh, and that, 8o far as we have observed in this
country, it is not ordinarily eaten. With the closer domestic economy
that increased density of population must bring, people will doubtless
become more careful hereafter to utilize such materials.

Water, and water-free substanoe.—The material is carefully sampled
and partially dried at 95° centigrade, or thereabouts, generally in 4
current of hydrogen, then finally ground and the drying completed in
hydrogen. The residue, after removal of all the water, is called water-
tree substance.

Nitrogen, albuminoids.—The nitrogen is determined by the soda-lime
method, The results of a not inconsiderable amount of labor devoted
to the study of the conditions under which this method yields correct
results have been partially and briefly recapitulated in the accounts
above referred to. We have come to believe that with proper precau-
tions extremely accurate determinations may be made with soda-lime
but that great care is needed to insure them.

1t is customary to compute the albuminoids or protein by multiply-
ing the nitrogen by 6.25. In our analyses this factor has in general
been very nearly correct. The subject, however, demands extensive
discussion, for which this is not the proper place. I have thought it
more to the present purpose to state the percentages of nitrogen, and
instead of giving the protein as calculated by multiplying these by 6.25,

.or any other factor, to estimate the albuminoids by difference. That is
to say, the remainder, left after subtracting the sum of ether extract
and ash from the water-free substance, or the sum of water, etber
extract, and ash from the fresh substance, is taken as the percentage of
albuminoids. This is, of course, not absolutely corrcct, but it is more

* Report of the U. S. Comumission of Fish and Fisheries for 1880, Washington, 1883
Appondix D, pp. 242-248,
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nearly so than the product of nitrogen by 6.256 would be, and in fact
varies but very little from the exact truth. For that matter the pro-
tein, as ordinarily estimated, would be so near the truth as to make the
variations of but little practical importance as regards the nutritive
values, In the analyses of fresh fish there were no cases in which the
sum of water, protein (N'x 6.25), fat, and ash fell below 99, and but three
in which it rose above 101 per cent. In the dried fish the variations
were of course wider.

Futs; cther extract.—The figures for fats denote the amounts dis-
solved out by ether and properly denominated ether extract. In the
extraction, which is conducted by use of the apparatus described by
Johnson,* we find it advisable to repeat the extraction with fresh flasks
until weighing of the latter shows no considerable amount of extract
rather than to depend upon evaporation of the percolating ether upon
a watch-glass or any other ocular test. The extract is freed from ether
by heating at 93° C. in a current of hydrogen. 1 think that the extract,
a8 determined in this way, in the flesh of fish, represents very closely
the actual amount of fat. :

Mineral matters; ash.—The ash is determined in the usual way by
carbonizing, extracting with water, incinerating, adding water-extract,
drying, and incinerating again.

TABLES OF ANALYSIS OF FISH,

The tables show the percentages of water, water-free substunce, nitro-
£en, albuminoids estimated by difference, as above explained, and ash
Or mineral watters in the flesh—i. ¢., edible portion of the fish. The
Number of specimens analyzed of each kind is shown in the first columu.
Where more than one specimen was analyzed the average is given, and
In cage the differences were marked the maximum and minimum per-
Centage of each constituent is stated.

_ Table V gives the composition of the fish, as found in the markets,
Weluding both the refuse, bone, skin, entrails, &ec., and the edible por-
tiou, Some of the specimens were entire, others dressed, as indicated
1 the table by the terms * whole,” “entrails removed,” &e.

. From the purely economic standpoint this table is the more interest-
g one since it represents the composition of the fish as ordinarily
Sold, and thus shows the amounts of nutritive materials which people
Ordinarily receive in return for the money invested. Further stale-
Ments regarding the economical bearings of the figures in the tables
Will be given beyond.

ANALYSES OF INVERTEBRATES.

OfTH-ble VI herewith recapitulates the principal results of the analyses
6‘% Specimens of invertebrates (two of vertebrates) belonging to 11
SPecies. "As the variations in the composition of different specimens of

*Am. Jour. Sci. [3], 1877, 190.
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the same species are very wide, a fact especially noticeable in the
oysters; and as this is a matter of no little economic interest, 1 give the
results of individual analyses as well as the averages.

Tt will be observed that with oysters, clams, &c., the coinposition of
both the flesh (so-called ¢ solids”) and the liquid portion of the shell con-
tents isgiven. Other tables have been prepared stating the proportions
of flesh and liguids in the edible portion, proportions of edible portion
and refusc (shells, &c,) in whole specimens, and numerous other details;
but on account of theirbulkiness are not inserted here. 1In the last col-
umns of Table VI, however, under the heading ¢“ In whole sample,” are
given the percentages of total edible portion and of total water-free sub-
stance in the specimens as received for analysis. Thus,in tho last col-
umn but two, we have the weight of total edible portion (which includes
both flesh and liguids in the oysters, clams, and mussels) in 10¢ parts
of each specimen. The percentage of refuse, shells, &e., may be found
by subtracting the total edible portion in each case from 100. The last
column but one gives the percentage of water-free substance (actual
nutrients) in each case. This subtracted from the total edible portion
will show the percentage of water in the latter.

As the data of Tables IV and V express the facts only incompletely,
T havo sclected from other tabular statements that have been prepared
for future publication, Tables I, I, 111, and IV, which show the re-
sults of the analyses of fish more fully, as explained in the appendix,
in which several of the larger tables are placed for convenience.

While, as said above, I do not deem this exposition of the more
practical results of the investigation the proper place for discussing
its theoretical aspects, I trust it may not be out of piace to speak in
somewhat greater length of the relations of the amou.ts of nitrogen to
the amounts of the nitrogen compounds than was done in describing
the methods of analysis.

It was there stated that the amouuts of protein, as computed by mul-
tiplying the nitrogen by 6.25, differed in some cases very materially from
the amounts as computed by subtracting the sum of the ether extract
* and ash from the whole water-free substance.  Or, to put it in another
way, the sum of the percentages of ash, cther extract, and protein thus
computed, in water-free substanee, varied considerably from 100, in sev-
eral cases. This is illustrated by the following figures from Table I,
which inelude 1] those in which the sum of these percentages in water-
free substances varies 2 per cent. or wore from 100. The variations in
the flesh are, of course, less.
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Sum of Protein (N X 6.25) ether exiraot, ash and waler in flesh of fish.
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40 | Spent 1and-loo OR ....- wnoesssssesnensaimenan e 98,00 - ;
41 .?:..do.................... sasseennemanene 102,08 100,43
7 | Striped DABS ..ocuenneeimnancecmannsmasnanananee cormmn s 102. 07 100, 66
47 | Horring...ccovoueesiarenememaaniaraononsraninnnncneess 102. 08 1 100,48
250 { Sheepshead 102. 16 100. 88
220 | Haddook «eveneoeecanececnnnocenn commramcecerionnueens 102, 10 | 100, 33
22 | Flounder 102.20 | 100, 52
45 | Masquallonge.... . . 102. 33 100. 66
43 | Sheepshend ..... : 102.97 100. 61
‘80 | Mackerel .......... o 102.89 ! 100. 87
80 Mackorel ...oocoiiiiiine el cene s e 102.87 100. 87
18 | Whitofish. AR 102.04 | 100. 62
211 | Red groupe : 103, 03 | 100. 52
ST LSRN 103. 08 100. 56
250 | Haddook o 108. 09 100. 62
23 | Srelt ..... RN o 103. 23 | 100. 62
257 1 PIKOPOICH -oeeeeeseseeeeiininteie s e ” 103. 41 | 100. 62
298 | Flounder......... . ] wsics' w068
3 T Rt Sl 1eme 10073
200 | TROCK COM . oo v vnrernssmmnenasmocsenns comesasacsnmsscansenns e 100, 41
79 | Desicoated cod ........ e 104.22 | 100,72
3‘23 30d ..iiiiinannns 104, (,i ! ig(l)gg
2 | Red snapper ...- 105. 04 ° .
251 | Seq asagl.)? ...... 100. 87 : 101.14
1 Codeeannt.n. 107. 08 | 103. 70
3¢ | Salt cod....... 109,03 | 104.12
25 Sultcod.o.....- ... 109,06 | 104,19
37 | Doalcoated salt cod 116, 01 102.85
UT | SKato .oovenrnn.nn
—

A more satisfactory way of getting at this matter is the usual one of
dividing the total amount of nitrogenous matter by the amqunt of 1}1tro-
gen and obtaining as quotient what may be to:rmed the mtrng@ /acto.r
of the protein, the amount of protein l)ein{?r simply the sum of th:ﬁ nlt-;
trogenous compounds, determined either directly, or, as 1¥1 t‘hfs prcs:ll:
cage, by difference. 1f the protein contains 16 per cent. of mt'w‘gen e
hitrogen factor is 100—:—16:6.251. If tllle.percentage of nitrogen 18
larger, the nitrogen factor is smaller, and vice versa. o

Igha’ve imprnvé(,ed the occasion of analyzing the flesh of other a:mmals
Teferred to in the introduction to this article to compute the nitrogen
factors for protein in those as well as in the fish. Some of the results
are stated in the following table. Only the fresh (not the preserved)
h are included.
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Nitrogen factors of protein in flesh of fish and other animals.

§'§ Nitrogen factor.
g -
“3 Kind of fleah. g g s
o2 Eﬁ
¢ s g
K [
=8 <
FLESH OF FISH.
2 | Land-locked salmon, spent (Saime salar subsp. sebago) 8.61 6.40 6.45
2 | Salmon, spent (Salmo salar) ......-- 6.82 6.28 6.30
1 | Pollock (Pollachiug carbonariug).-.ooeeeeecerereciiensoeneieoiliieioaeoc]oaniennns 6. 20
2 | Yellow perch (Perca fluviatilis). 6.28 6,18 G.23
3 | Porgy (Stenotvinus argyrops) . 6.25 6.20 6. 23
1 | Cusk (B. osmius brosme) .....- 6.23
1 | Lamprey cel (Petromyzon marinug 7)......- .. 6. 23
1 | Pickore] (E80% IUCTUS) «ccvurn saermsoorsomsrssrotsmsstincnoeceens . 6.3
2 | Pickerel (F80x relictil@iies) . cov-ooerenronecceen . 8. 92
1 | Buffule-fish (Myzostoma celata) .. .oovvecvrnee . 6.21
1 | Cisco (drgyrosomus tullibee). ..c.ovvoevsccennces .- - 8.20
1 | Hako (PRycischUSY) ccvnvnnnmeacnnmmcencnacanns . . 6.20
1 | Mullet (Mugil albul@) .c....ovvveeeacereeacness . 8. 20
1 | Pike porch (Stizostedium vitreum) «.o-oo.o---. 8. 20
1| Alewife (Pomolobus vernalig) --...-c--ccceeen- 6.19
2 | Black bass (Micropterus pallidus) ------------- 6.19
1 | Butter-sh (Poronotustriacanthtes) .. - cocvevevenen it oiiianece]innencannc]ocencniant 6.19
2 | Pompano (Trachynotus carolinus) . .c.ceeceeeeces K 6.20 ¢.18 6.19
1 | Sturgoon (Acipenser sturio) ..c..oeecoeriooeee S TR T 6.19
1 | Tomcod (Microgadus tomeodus) «.o-oeoeveomeeecameecceiancenceccscfeniacicc]iirnnne.e. 6.18
2 | Bel (Anguillg 7080@LE) .o eemvnmeminvrmmnscecooenes . 6.20 6.15 6.18
1 { Red bass (Scicenops 0cellatud) . covvvcveraceereeeas T P 8.17
6 | Striped bass (IZoccuslineatus). . 6.20 6.11 6.17
4 | Blackflsh (Tauloga onftis).....ccoacesenccecenccnes . 6.10 6.13 8.17
3 | Halibut (Hippoglossus americantis) ......cocveeees . 6.24 8.12 6.17
2 | White perch (Morone americang).c.oec-ccceevee.os . 6.20 6.14 6.17
2 | Smelt (08merusg mMordax) . ... covevnvsnne 6.81 6.02 6.17
1 | King Fish (Menticirrus nebulosus) - cococveenentniiienniniiiifieeicaeecclioainnnans 6.10
7 1 Shad (Alosa sapidigstma) .oo-....- 6.21 6.11 6. 16
3 | Brook trout (Salvelinus fontinalis) 6.10 6.13 6.16
8 | Salmon (Salmosalar) ...ceceevveeeaeea-o 6.17 6.13 6. 14
2 | Salumon trout (Oristivomer namayoush) 6.15 6. 14 R, 14
2 | Floundor (Paralichthys dentatus)........ 17 6.10 6.13
1 | Mascalonge (E$0x ROBItOT) .- veeereeemnnnnnreneneiiceaneneannn|oveenai i fiiiinen.. 6.13
8 | Mackorel (Scomber scombrus). 6.97 6.13
1 | Weakflsh (Oynoscion regalis) . e 0.13
1 | Bluefish (’omnatomus 8allatri) ..o voeeerenionans PO I 6.12
4 { Haddock (Melanogrammus aglefinus) c............ 6.12
2 | Grouper (Epinephelus moria) . ...-...oooceianin N 6.11
1 S{:nn gh mackerel (Oybium MaulAtUmM) «coovviini ittt oaenenaeaa|oeieeaiaan 6.11
2 | Sheepshesd (4rchosargus probatocephalus) ......... 6.08
2 | Red snapper (Lutjanus blaokfordit)........cocceet . 6. 04
1 | Herring (Qlupea harengus) ... seecseeeccnccaccacese . 6.04
1 | Pike perch (Stizostedium canadendis) ... .cooooveen.n ee-- . 0,03
1 | Flounder (Pseudopleuronectes americang) «......... N PO, .. 6.02
1 | Whitefish (Coregonus clupe(forms) ......coceveenn.. . 6.01
b | Cod (Qadus MOTTAUA) eeveeeeercnconaarotomtsasesans . X 5.97
1 | Skate (Raia 2 3 5.27
Average, 47 8pecies86 8PECINNs. . ...vvvy sverieieasanne e 6.51 6.27 6.14
PLESH OF OTHER ANIMALS.

28 | Beof, flosh from different parte of body . ..c.cocevnoeriiaaaion vaes 6.41 6.02 6.21
8 | Mautton, flesh from different parts of body . 6.49 6.26 6. 83
i }l’or]i ..... e iy e . 6. gg

"urkey, white muscle .. 6.
1| Turkey, dark muscle of same animal. ..ot . 578
1 | Chicken, entire floah of one animel...c.cccoveevvveeennionnian . 8.02

Were it not for the especial care observed in the analyses, of which
more complete descriptions of methods and analytical details will, I
trust, be given in a future report, 1 should be inclined to guestion the
aceuracy of some of the above figures for percentages of nitrogen. 1n
every analysis the determinations were made in duplicate, and in @ num-
ber where the results were out of the nsual line, the determinations were
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.repeated. Thus,in the flesh of the skate, in which the nitrogen factor
is the smallest of all, the two regular nitrogen determinations gave, re-
spectively, 16.28 and 16.29 per cent. in the water-free flesh. These figures
were s0 large that the analysis was repeated, with 16.30 per cent. as the
result. It is worth noting that the flesh of a number of specimens of
preserved fish gave results similar to those for the flesh of the fresh fish
in the table. Thus a specimen of desiccated flesh of cod gave 5.98 as the
nitrogen factor,a number identical with the average of the specimens
of the fresh cod. The figures for the salted fish are, however, more
variable, a circumstance which 1 am unable to explain.

The small nitrogen factors in the skate, cod and some other specimens
are of no little interest. Thatof cod, 5.97, corresponds to 16.75 per cent.
of nitrogen, and that of skate, 5.27, to 18.95 per cent. of nitrogen in the
protein. These facts may point to decided peculiarities in the constit-
uents of the tlesh, particularly in the case of the skate.

RECAPITULATION OF THE ANALYSES OF FISH.

As the large Tables I to VI (at the end of this article) are somewhat
bulky and inconvenient for perusal, I give some of the more important
details of the percentages of nutritive and other ingredients of the speci-
mens of fish, invertebrates, ete., in Tables VII and X which follow and
will explain themselves. It will be borne in mind that the figures are
computed from Table I1,in which the protein is estimated by difference.

TaBLe VIL.—Composition of flesh (edible portion, freed from bone, skin, shells, and other
refuse) of food-fishes and invertebrates, ete., arranged in order, from those with the largest
o those with the smallcst percentages of nutrients.

Nutrieuts.

Kinds of food-fishes, invertebratos, eto.

! No. of srocimenam-
/ yzed.
Water-free subatance
{nutrients)

: Carbobydrates.
‘ ‘Mineral matters.

o £ |
2

B Eld

21e g &

VRRBH FISH. H | i
3 | Salmon (Salmo sglar).........ccorveve e 63.2 1368|226 (1201 ... 1.8
1 %pnngsh mackerel { Oybitem maculatum) . 1os1|8Lo|2Le]| 0.4 | ...... 1.5
o | Jorriug (Clupea harengus) . ..j69.0 | 31,0185 |1L01...... 1.6
= | Salmon” trout, * lminnw trout® (Oristivomor |------ 60.1 |80.9(183!1L3 ...... 1.8

1! WMmaycuah). :
1y hitotish (Qoregonus Clupelformis) coeeeereneennndeer - 60.8 [80.2 221 6.5 1.6
Sutternnh (Poronotus triacanthtis). ....occeee e Y [N 70.0 [ 30.0 [17.0 . 1L O 1.1
hl&(l (Aloga sapidissima), very fat. .c.o.coovenncii]annens 66,2 | 84.8110.7|13.6 1.6
7 Shud (Alosa eapidigeimo), rather 1A, coveeeiveren fereens 72,0 [ 28.0 | 20.0 | 6.5 1.5
1|1 ad (Alosa uagidi:m'ma). BVETAZO « e vvrermenannscascfoonon 70,6 {20.4 | 18.6 | 9.6 1.3
o | pbprey eel (Petromyzon marintus)....oveeneniaeae]ereens 71.1 [ 28.914.9(13.3 0.7
.3 P0 » Balt- water (Anguilla rostyata) . ........ccooenee ...] 7.6 (284}18.3| 9.1 1.0
1 ‘l’mpnno (Trachynotus carolinus). .. ]72.8)|27.21187) 7.5 1.0
ewife {I’Omolobun vernalis) ......... 178.021.0|10.6] 6.0 1.6
M‘wkero (Scomber scombrus), vory fat .. |e40[86.0]18.2|10.8 1. L5
8 M“ckﬁrel (Scomber soombrus), rather lea 75.4 [ 24.6]10.1| 4.2 1.8
1 tokerol Scomber scombrue), average. ... 17341206 )183} 7.0 1.3
3 allot (Mugil albula).... o.oeueveenes . 740]2.11108¢ 4.6 12
H""F.‘! (Stenotomus ATGUTOPE) vueeennennr oeeeneninneas 76.0 [ 25,0 | 18.6] 5.1 1. 14
{“{‘bm (Hippogloesus americanus), very fat........[...... 70.1]20.9]18.2!10.6 . 1.1
8 alibut, (1lippoglossus americanus), rather lean ....|...... 79.2 | 20.8 | 17.6 | 2.2 1.1
nlibut (Ilippoglossus americanus), AVOTAG®. .. ..o d.veet 76.4 | 24.6 118.8( 6.2 L1
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TABLE VIL.—Composition of flesh of food-fishes, &¢.—Continued.

9 8 Nautrlente.
: i
£y £E 3|k
8 Kinds of food-fishes, invertebrates, etc. > 5 a
g g 8| 4 218
ot =2
° o S |8 K3 § 2 e
3
d 3 - 3 ;E g i
% BB & Q
FRESH F18H—Continued.
2 | Sheepshead (drchosargus probatocepihalus). N 75.6 | 24.6 {10.6 | 3.7 ...... 1.2
2 | White perch (Morone americGn@) . .ceeeeveecceneanfeani. 75.71243110.0] 4.11...... 1.2
1 | Poliock (Pollachius carbonarius).....cooevnnvooooifooail 76,0124.0 1217 0.8]...... 1.6
1! Cisco (Argyrosomus tullibee). ......oveeeeeeaeaeoaa)ooo . 76.1]23.9)10.1] 3.5 1.3
1 | Mascalouge (K80 nobilior) .. ..ooveeneneesmeanneannaline... 76.3 | 23.7119,6| 2.5 1.6
2 | Black basa (Micropterus pallidus). .. ... . [ I 70.7 | 23.8 ; 20.4 | 1.7 . 1.2
6 | Striped bass (Joccus lineatus). ....-. FOUTUTUURIE N 777228188 2.8/ 1.2
3 | Brook trout (Salvelinus fontinalig) ... .coooael ot 77.71223110.0] 2.1 /. 1.2
1 | Blueflsh (Fomatomus 8@UaIIAT) ce-eeccae caeeennnnnn. 78.5 | 21L.5[190.0] 1.21. 1.3
1 Buffalo-fieh (Myzostoma celata).....coovneennni... . 17861 21.4{17.9 2.8, 1.2
2 | Red snapper (Lutianusblackfordii)........o......._. 78.6 (214,188 1.2]. 1.3
1 Smrizon (Acipenser 8tUrio). . ..o.oeeeeeeeonnaaa... 78.7 | 2.3 1 18,0 1.9, 1.4
1 | Weakflsh (Cynoscion regalig) «.......... e . 70.0 1 21.0 | 17.4 | 2.4 |. 1.2
4 | Blackflah (Tauloga onitig).....coovneoveneneennan. .. . . 70.1 209|185 1.31. 1.1
2 | Smolt (08merus Mmordazr) ...  .coneevreevraasernsina. 79.2120.8117.3] 1.8 . 117
1 ( Kingfish (Menticirrus nebulosus).....c.....ooooee.o. ceenad 79.2(20.8 186 ‘1.0 . 1.2
2 | Yellow perch (Perca Auviatilis)......cooceveenenn.n. ceeee ] 79.2120.8118.8] 0.8 1.2
1| Sea bass (Oentropristis atrarius) ... cerieeeennfeeea [ 703207 18,8 0.5 . 1.4
2 | Grouper (gpinephelu: TOPLO) e e evrnmmnnnnane o ceee..|78.4120.6 (188! 0.6 1.2
2 { Pickorel (Esoz relictilatus) .oe- - caeeceeceeeeenaann. .. 79.7120.3{18.8| 0.5 1.2
1 | Pike perch (S8tizostedium vitrewmn).................. . 79.7 2.3 1184 0.51...... 1.4
1 | Pickerel (E80Z WCTUS) vuevnrvsreocroeeaacnesias onnifun 79.8 (20,2 [18.6] 0.6 ...... L0
1 | Pike perob (Stizostedium canadensig) .............. .. 80.9110.1]17.2| 0.8 [...... 1.1
1 | Tomeod (Mierogadus tomcodus) . .eveenennennnan ... 81.5| 185|171 0.4 |...... 1.0
1 | Red bass (Sciamops ocellatus). ... .. ... . 81.6 (184 116.7| 0.5/...... 1.2
4 | Haddock (Melanogrammus eglefinus). 81.7/18.8116.8| 0.8 f...... 1.2
1| Cusk (Brosming Lrogme).......cooevceeeeeveeaaneee|onnnn. 82.0(18.0:16.0] 0.2/(...... 0.9
1| Skate (Raiaf) ........... g1 1n0 153 L4l 1.2
6| Cod (Gadus Mmorrhum)...o.ovvvvvovnvrerivenenneafii.. 82.6 | 17.4 [ 15.8 | 0.4 |...... L2
1) BHake (PRYss oRUSS) «ocoveeeevooniannnnneanneaaaafiiiin, 83,1169 (152 | 0.7/{...... 1.0
2 | Flounder (Paralichthys dentatus) ...................|.___, 84.2116.8{18.8| 0.7} ..., 1.3
1 | Flounder (Pseudoplcuronectes amerinanus) ......... |...... 84.4 (1561 14.0( 0.4...... 1.2
ROE.
PR T R OSSR I 7.2 [28.8(23.5] 3.8/...... 1.5
BPENT FISH.
2 | Balmon (8almo #alar) - cwocoeeinneieennneianiii i, 76.7|28.8 186 8.6 |...... 11
3 | Land-locked salmon (Salmo salar subsp. sedago) ...\, . 785 2L5)17.8 | 8.0...... 1.2
PRESERVED FISH,
Dried.
1 | Deslceated ood, dried flesh (Gadus morrlua)........ 20163 | 81.8| 745 1.9(...... 6.4
Salted. -
1 | Salt mackerel (Scomber scombrus) -....ccooovvuennn. 10.6 | 42.2 | 47.2 [ 22.0 | 22,6 |...... 2.6
' Salted and dried. :
1 | Deslocated cod, dried flesh (Gadus morrhua) .......} 6.6 |11.6 | 81.8 6.2
1| Cod, boned (Gadus MmorrAUG)....covvemrecccamcuinns 10.1 | 54.4 | 26.5 4.1
2] Cod (Gadug MOTrAUG) . ..o vovoeneeeiiiarancannnaen, 20.6 | 53.6 | 25.8 4.1
Salted, smoked, and dried.
1| Herrlng (Olupea Marengus)....cc.coaeececsssscacess. 1L7 | 34.5 8 1.6
2 | Halibat (Hiéna U Y L el ) 18.0 | 49.4 N 2.1
1 | Haddock, * on haddie” (Melanogrammus agle- | 2.1 [ 72.5 | 25.4 1.5
Jinus).
COanned.
1 Tt;m;y, ‘** Horse mackerel " (Oreynus secundo-dorsa- | 9.5 | 43.2 | 47.8 | 16.9 | 27.9 |...... 2.6
isf).
2 | Salt mackerol (Scomber 8cOMbrA) ... eeveeensennnan 10.3 {48.4 | 40.3 [ 17.3 | 26.4 |...... %6
1 | Bardines (Olupea pilechardtiai) «....eeesswsemnsonssoelossnnn 56.4 ' 48.6 | 28,3 1 127122000 5.6
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TaABLE VIL.—Composition of flesh of food-fishes, §-0.—Continued.

<
g é Nutrients.
g 3
8 CF 2 §
g_b Kinds of food-fishes, invertebrates, ete. gﬁ 5 a
g2 b
5 s |Rel 4 £ %
: AR RENE AR
# g BB |&|&|S g
S— —
PrEeREVED Fisn—Continued.
Canned—Continued.
3 i Salinon (Onoorhynchus chouich@).......oceneeeuean. 1.8]50.9}38.8|10.4 (18.0 |.c..e. L4
1 | Maokerel (Scomber sCombrug)..o.ooceecaasecrecnnn. 1.9|68.2|20.90|10.9) B7 [.c.... 1.8
1} “INndon haddie,” smoked haddock (Melanogram- | 6.6 [ 68.7 | 25.7 21.7 28 Jeeeans 1.7
mus eglefinus).
Shell-fish, do.
Oys%,olrs (Ostrea virginiana), shell contents, poor- l...... 91.61 86| 45| 006/ LT 1.7
est.
Oyste]rs (Ostrea virginiana), st:oll contents, rich- !...... 86.8 | 14.7| 62! 1.3 50 2.2
N ost.
3 Oystox;s (Ostrea virginiana), shell contents, aver- |...... 87.8 127 60| L2 3.8 2.0
age. R
4 Oyngwrs (Ostrea virginiana), “80lids"? . ceverioaoolooeone 87.2;12.8| 6.8 16| 4.0 0.9
4 | Long clams (Mya arenaria), sholl contents ....... .|8591141] 85| 1.0]| 2.0 2.6
1 | Ronnd clams ( Venus mercenaria), shell contents 86.2 | 13.8| 66| 0.4 4.2 2.6
1| Muascls (Mytilus edulis), sholl contents. .......... 843(158| 87| L1]| 4.1 1.9
2 | Scallops (Pectenirradians) edible portion (muscle) 80.3110.7114.71 0.2 | 3.4 1.4
4 | Lobster (Homarusamericanus), shell contents.... .| 81,8182 | 14.7( L8| 0.0 1.7
1 | Crabs (Ballincctes hastatus), shell contonts. . ... .. 711229166 20 1.2 8.1
1| Crayfish, shell contonts......... erreseseeianae N P 81.2 (188|180 0.6| 1.0 1.8
1 { Terrapin shell CONtOMB .+ cvnmennencnneennnnns I OO 74.6 [ 25.6 { 2.0 | 8.5 |...... 1.0
1 | Groen turtle (Chelonia mydas), shell contents.......f...... 79.8120.2)1856( 0.5 [...... 1.2
Oanned.
8 | Oysters (Qstreg virginiana)....... 74 21| 40| 18
1| Long clama (Mya arenaria). ..... 01{ 1.8 28| 23
1) Round clams ( Venus mercenaria) . 9.6[ 07 81| 8.7
2 | Lobster (Homarus americanus). .. 18.0f L1| 0.6 25
2 | Crabs (Ballinectes hagtatus) ... ...couveeercermamene 6.9 1L5] 0.7 1.9
—

11 respoot to percentage of nutrients, with no reference to flavor.
35hell contents as commonly sold, including whole of fiesh and part of liquids.

PROPORTIONS OF FLESH IN THE BODIES OF THE SPECIMENS OF
FISH.

As was stated in the description of the methods of analysis, the speci-
Meng were received for analysis in the forms in which they are ordi-
Rarjly sold in the markets—some whole, others dressed. They were
Weighed as received, and the flesh, thereupon, separated from the skin,

ones and other organs as perfectly as could conveniently be done.
The flesh and the refuse matter thus separated were each weighed and
their percentages computed with results as set forth in Tables V and
. More or less of the flesh adhered to theskin and bones; but the
Quantities thus neglected were extremeoly small in proportion to the
Whole amount, and the figures in the tables are practically correct. The
esh, except in the fatter specimens, consisted mainly of muscular tissue.
© proportions in the specimens of cutire (not dressed) fish are re-
Capitulated in Table VIIL.
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TABLE VIII.—Percentages of flesh in specimens of entire flsh, arranged in order from
those with the highest 1o those with the lowest proportions of flesh.

Kinds of fish.

No, of speci-
Iyzed.

:
:

»  Percentages of flesh.

Makximam.

Minimuam.

Avernge.

FRESH VIBH.

Spanish mackerel (Oybium maoulatum) ...
Salmon (Salmosalar) coeeveieencavnn--
Smelt (Qsmerus mordaz) ........
Pickerel (Esox lucius)..coavean..
Cisco (Arqyrosomus tullibse) - ...
Butter-fish (Poronotus triacanthu
Spent salmou (Salmo salar) ...
Mackerel (Scomber scombrug) ...
Poropano (Trachkynotus carolinus) .
Lamproy eel (Petromyzon marinus
Herring (Olupea harengus)........ .
Pickerel (E80x reticulatus) .....-coeoevevsrsaasnnscancons.
Spent land-locked salmon (Salmo salar subsp. sebago).. ..
Drook trout (Salvelinug fontinolish..ceeeeeee ecerionene.
Mauscalonge (Esox nobilior) .......
Alewifo (Pomolobus vernalis) ...
Shad (A loza sapidissima) .......
Weakflsh (Cynoscion regalis) ...
Cod (Gadus morrhua)...... .. ...
Whiteflsh (Corcgonus clupeiformis)
Blnck bass (Micropterus pallidus).
Striﬁed Lass (Roecus lincatus) ....
Bea Lass (Uentropristis atrariug) .......---- .
Flounder (Pseudopleuronectes americanus) . ceean
* Salmon tront (Oristivomer namaycush) ..co.ccovevaannann.
Kingfish (Menticirrug nebulosus) .....corvvcenerancacian.
Pike perch (Stizostedium vitreum). ..
Mullot (Myvgilalbula) ......coeenen..
gomcod‘s’(x)licrogadm tomcod)ua) .
orgy (Stenotomus argyrops) ....
Blackfish (Tautoga oﬂ%’t’t:s) ......
White perch (Morone americana)
Yecllow perch (Perca fuviatilis) .
Pike perch (Stizostedium canadensis
Red bass(Sciwnoga ocellatus) . ...
8heepshead (A7 gus probat

Flounder (Daralichthys dentatis)s ... SIS -
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Thus the largest percentage of flesh was in the Spanish mackerel,
65.4, and the smallest in the flounder, 33.2, per cent. I shall refer to

these figures again.

The variations in the composition of the flesh are as wide as those of
the amounts of flesh in the whole animal, as appears from Table 1X,

which follows:

TABLE IX.—Percentage of water-free substance (nutrients) in flesk of fish, arranged in
order from those with the highest to those with the lowest proportion of water-free sub-

atance.
: g Percentages of water-free subatance
in flesh.
Kinds of fish. - 52 —
g Chs Maximom. | Minimum. | Average.
FRESH FI8H.

S8almon ........... Metesceencnaescanact canseenaneisaninsas 8 38.97 82.85 38 Hg
Spanish IMACKETEL. ... evunnreeeenenneennanaecnsonranaonnns S S FTUUR ISR 81 01
erriug .......... ceeeeecrenes O P 30-90
Balmon trowb coem ottt accaeeee e ecane 2 31,922 30. 50 80, ?7
R 11173 1) N b O N s ?0- o8
Butter-08h. ... iiiiiiiiiiiiiiiieceeec e iemcr s aneonan 1 R 29. 28

=) 7, g P 7 84.76 26.44 | 20.
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TaBLE 1X.—Perocntage of water-free substance, §0.—Continued.

2 | Perocentages of water-froe subatance
3 in flesb.
Kinds of fish. o3
@ N
S Hed aximum. um,. | Average.
z g2 | Maxim Minim |
FResn FIsH—~Continued.
D) L N 1 28,88
el, 8alt-WAter «cvviiiieiiiiiiaiiiiiiiiiennann, . 2 38.40
Aomp.p,no ..................... 2 577 33
JOWifO. ceveeceosorecicrersonornneacaceoceacoeses . 1 f
MACKETrOl v cececcaocrceonnncansaasenannernnen . 8 20. 63
A D) ] 1 %: %)213
i[orny .......... 8 2.01
E10 R 13 8 24.
Sheepshead.cceeeceeiieneereroreeeannnaceaaaanen. 2 24.45
White perch...... 2 24.29
l’i)llock ........... i . ég gg
8CO ccceacnnn . .
Masenlongo 1. 28.74
Black bas%. e 2 23.20
>Peot salmon . 2 23.28
Striped bass .. 8 29.29
TOOK £rott. c.vvevarvenrercnronceecarcnancncceeses 8 22.28
2T Ty R, % g}. %
................................ 1 21. 44
........... 3 21,43
................ 1 21.03
................ 4 20.00
.............. 2 20, 84
........ 1 20.79
2 20.76
1 20. 08
2 20. 60
2 20, 32
1 20. 26
14 20.21
1 19.15
11 18.46
1 18. 44
4 18.81
1 17.909
1 17.85
5 17.38
1 16. 89
2 15.79
1 15.66
b U P P 28.76
PRESERVED FI8H.,
Cod, bo, 81.87
ned, steam-dried, and ground ........ceieiiianaas 1 .
% » boned, steam-dried, and ground (salted) ............ 1 81. 87
potTing, salted, smoked, and dried .......o..oeeiiiiienss 1 63.79
Mag ¥, ‘Horse mackerel,” c2nned ..c.cevevuiaciicnaione, 1 47.83
M kere], galted...... . e e hee et eesa et 1 47.21
Bapgrorel, salted, canned . I 2 do.21
Salmon, Ganmed 1111 1111 8 42,04 88,61 38. 81
M.Ibut, saltod, amoked. and driod 2 50,43 85.89 87.00
Cod orel, canned.......c.... D N PSRN PR 29. 89
Cog’ salted and dried (boned .. L eeenearneoafoaaonaciannn 28. gi
c&n'nmﬂte(l and dried ........ - - 2 26.24 25.43 25. o
Haj od * Findon haddle,” smoked haddock .. O OO R 25. o
dook, * Findon haddle,” salted, smoked, and dried .. B IS IO 25

OLASSIFICATION OF FISH BY THEIR OOMPOSITION.

On the basis of the figures of Tables VII, VIII, and IX, I have
attempted a classification of the specimens of fish by their content of (1)
8sh, (2) water-free substance in flesh, and (3) water and fats. With
tpe following figures, the classifications will need no further explana-
OL.  Where more than one specimen was analyzed the averages of the
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Of course a satisfactory classification would re-

Nevertheless these figures may be assumed
to give a tolerably fair idea of the relative composition of the fish, or ab
least, an approximation that may serve until more complete data are
obtained. Accordingly the order of the kinds in each of the four fol-
lowing groups must be regarded as by no means fixed, since further
analyses would very likely give averages varying more or less from
the results here tabulated.

CLASSIFICATION OF SPECIMENS OF FISH BY AMOUNLS OF FLESH
(OOIEFLY MUSCULAR TISSUE)IN THE BODY, OR, IN OTHER WORDS,
Y THE RAT10 OF THE WEIGHT OF THE FLESH TO THE SUM OF

WEIGHTS OF THE OTHER TISSUES.

SPECIMENS CONTAINING OVER 60 PER CENT. OF FLESH.

5 &b

8 Kind of fish. Flosh. o § Kind of fish. Flesh.

(-]

3 § S é

% B 7 B

R o I

Per cen Per cent.
1 | Spanish mackerel .......cceuvoene- 65.4 || 2] BAMIOD.cueverearianicarciiaenns 61.5
*
SPECIMENS CONTAINING BETWEEN 60 AND 50 PER CENT. OF FLESH.

2 | Smelt 68110 1 | Lamproy eel 54.2
1| Pickorelt c.eune..- 57.3 | 1| Herring. 4.0
1| Cisco....... 57.3 || 2| Pickercl? .. 53.0
11 Buttorfish... 57.2 i 2 | Spent land-locked salmon 62.7
2 | Spont salmon 66.4 || 3| Brook t1out ..eeeeoeannn.n 5.9
5 ackerel. 55,4 || 1| Mascalongo . 50.8
2 | POMPANO0.crerrrnnreerrarananensae: 54. 1 ‘ AJOWifo . ree i 50.6

:Qloz  reticulatus.
F: "

/4

$ Paraliohthys dentatus.

7 | Shad 4.9 || 1
1 | Weakfish 48114 1
2| Cod......... 47.5 1
1 | Whiteflsh .. 46.51 1
2 | Blaock bass 45.2 4 1
b | Striped bass .. 45.1 1
1 43.0 3
SPECIMENS CONTAINING BETWEEN 40 AND 30 PER CENT. OF FLESH.
; I
2| Blackflah...veercceecnenrorcaceonnn 39.8 (1 1 | Rod bass.. .. 88.5
2 | White perch . 37.5 || 1| Shcopshead . 84.0
1| Yeliow perch. 37.8 || 1| Flounder®..... ... 88.2
1| Pikoperch®. ... ....c.ocniieraanns 30. 8,
S SE—
1 Esox lucius. 4 Stizostedium vitreum.
8 Stizosteds: denats.
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OLASSIFICATION OF SPECIMENS OF FISH BY AMOUNTS OF WATER-
FREE SUBSTANCE IN THE FLESH.

The kinds of fish analyzed are grouped below on the basis of the per-
centages of water-free substance in the flesh. The specimens are
ranged in order from those with the largest to those with the smallest
amounts of water-free substance. Of course those with the most water-
free substance have the least water, and vice versa. Hence, the first in
this sxrrangement have the lowest percentages of water, while the Jast
are the most watery.

SPECIMENS CONTAINING OVER 30 PER CENT. OF WATER-¥REE SUBSTANCE.

] :
%3
ater- ater-

*’S Kind of fab. pater- g Kind of fish, Pato
d s8

8 | Maine 8almon. ...coouereerncernees

1 | California salmon?

1 | Bpanish mackerel....cceeececennees

. BPRCTMENS CONTAINING FROM 80 TO 25 PER CENT. OF WATER-FREE; SUBSTANCE,

1| Batterfish.... 80.0 || 1] Alewlfo.. coociierannneanianninne 27.0
7! Shad ceeenenss 20.4 || 6 | Mackerel.... 26.6
1 | Lamprey eel . 28,9 || 1| Muall 25,1
2 | Eel, salt-water 28,41 8 25.0
2 | Pompano 21.2

- BPRCIMENS CONTAINING BETWEEN 82% AND 20 PER CENT. OF WATER-FREE SUB-

ANCE.
g | S 24.6 | 2| Red snapper ........... [T [ 2L 4
Sheepshead .. 24.64 1| Sturgeoml....ceeeveraccacreniane. 21.8
2 | White perch 24.8 || 1| Weakfloh ...cevueee- USRS 21.0
1) PONOOK ..veereamercanneremnnnannns 24.0 1 4| Blackflsh ..oeouucereinrareannnas 20.9
11 CIB00 -cvnevvenanceaccnesanes 28.9 1 2{8wmelt ...... . . 20.8
1 | Mnsoalongs ...... 23.7 | 1| Kingfieh ... .. . 20.8
Black Dass .coceecmccernne- 23.8 || 2| Yellow perch . 20.8
g Spent sAlmon. .. .cocnenrans 23.8 |t 1| Seabass . 20.7
i Btriped bass... 22,8 || 2| Groaper.. 20.6
1 Brook treut .. 22,8 || 2 | Pickerel2. 20,8
2 luofiah ....... 91.5 1] 1| Pikeperch® ..cccvieemvocncinnanns 20.8
{ | Srent land-lock 21,6 || 1| Pickerel® .......cevsverscnaronanes 20.2
o fish...... 21. 4 R
—

EPECI.MENS CONTAINING BETWEEN S%AAN%% 16§ PER CENT. OF WATER-FREE SUB-

—
1 101 ] 1| 8Kato reiiieieee s 17.9
1 18. 5 51 Cod.. 17.4
e 18.4 | 1| Hake... .. 16.9
1 18.8 || 2 | Flounders.....cecoeevrnrcrnonienas 15.8
18,0 || 1 | Flounder”..c.cuoceevreoieancacnces 15.6
—

1

edn'ﬁh" apecimen contained only & scotion of tho body, and not the whole body or the wholo of the
* 10 Dortion of a flsh, 88 was the case with the other spooimens. R

B o reticulatus. 4 Eso luoius. ¢ Paralichthys dentatus.

bzostedium vitrsum. 5 Stizostedium canadeneis. 7 Prcudoy tog amer
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PERCENTAGES OF FATS AND WATER IN FLESH OF SPECIMENS OF
FISH OF DIFFERENT SPECIES.

It is interesting to observe the connection between the proportions
of water and those of fat in the flesh of the fish. In the tissues of fish,
as of other animals, as is well kuown, an increase of fat is generally
accompanied by a decrease of water. This is strikingly the case in the
flosh of the fish analyzed, as is shown in the following classification, in
which the specimens are grouped on the basis of their percentages of
fats (ether extract), in order commencing with the fattest and ending
with the leanest specimens. Where more than one specimen was ana-
lyzed the average tigures are given, as in the preceding classifications.

SPECIMENS CONTAINING OVER 5 PER CENT. OF FATS.

2% 2%
g'_té. II %b
w8 Kinds of fish. Water. | Fats, I-,“ § Kinds of fish. Water, | Fats.
o
2 .2
59 oo
P A B
[ I _
Per cent.| Per cent. i! Per cent.| Per ot
1| Lamprey eel...... . 13.3 | 2 ! Eel, enlt-water.......... 71.6 0.1
3| Salmon . ... 6.2 1201 2 POMPANO ceurerererrennt - 728 7.5
% 1 Snlmon trout g0.1| 113 | 61 Mackerel :l.10lIIIII0 3.4 7.0
1 | Butter-fish 200! 110 1| Whitefish -...oiiiei... 60.8 6.6
1| Herring .. 60.0: 1L.0| 1| Alewife ... 73.0 6.0
7 | Shad 70.0 9.5 | 8| Talibat..overecacnenn-- . 5.4 5.
1 | Spanish mackerel....... 68.1 0.4 2| POXEY coveernnnnccnconen 75.0 5.1
—_—— e e rmmr e o e e e ——I ' e
SPECIMENS CONTAINING BETWEEN 5 AND 2 PER CENT. OF FATS.
. . . e e = e "
1 ! Mullet ....- 74.9 ‘ 4.6 1 | Mascalonge............ 76.3 2'2
2 ! White perch 75.7 411 1° Weakflah -...- 79,0 29
2 i Sheepshoad 6.5 . 3.7 | 1| Buffulo-fish ... 76.6 29
1| CHBCO ayemmmrenenannnens 76,2 | 3.6 || 3| Brook trout..........--- 7.1 2
6 | Striped bass ........-.-- 7.7 2.8 . ' ]
) ) e

SPECIMENS CONTAINING LESS THAN 2.F'1‘Afrll}g MAJORITY LESS THAN 1, PER CENT. oF

o | Swelt...... A e 18| 2! Grouper..ooeeceren.n. 79.4 0.8
2 | Block bass 76.7 1.7 1 Pickerel (® .....cceeu... 79.8 0‘5
11 Skato...... ] szt 144 1)B8cabass........ 3 b
4 [ Blackfish .. coceremeen: 70,10 L8|l 1|Pikoperch () ..c.ooeunr| 707 %
1| Blueish ..... | s 12| 21 Pickerel @) ... IS X oz
2 | Rod suapper . 78.6 121 1! Rodbass.... . 81.8 0'4
1| Kingfish...--. 79.2 10| 1; Tomcod .. 81.5 %4
1 | Pollock. .- ... 76.0 | 0.8 5;Cod......... 82.6 o2
2| Yellow perel . veeeeeee-- 79.3 0.8 1 1. Floander (5. 84.8 8‘3
1 | Pike perch (1) . 80.8 0.8 4| Haddock ... 81.7 'g
1| Hako.novnren 83.1 0.7 1|Cusk §2.0 0
2 | Flounder (3) .......ceuee 84.2 0.7 |

1 Stizostedium canadensis. . 8 Egoz lucius. 8 Egox reticulatus.

32 Pgralichthys dentatus. & Stizostedium vitreum. 8 Pgcudopleuronectas amerioant¥

Trom these figures the general decrease of the water with the increas®
of fat is very apparent, though mnot perfectly regular. This might
geem to be due simply to replacement of the water by fatin the tigsues
It will be worth while to inquire whether this assumption is borne out bY
the analyses. To answer this question w¢ should compare differed
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analyses of flesh of the same species, and see in how far the principle
holds good, in other words, whether the protein remains constant, or
nearly so, and whether the fat increases at the expense of the water
or the water at the expense of the fat.

The following figures include all the cases in which two or more anal-
yses were made of flesh containing in any case over 3 per cent of fats:

Porcentages of fats, water, and protein in flesh of fish, different specimens of same gpeoies.

Kind of fish. Number. | Fats. ‘Water. Protein.
Percent. | Per cent. Per cont.

Salmon (Salr0 8AMGF) «ceerneaecraarareeonecesecnennnn. *280 18.1 61.0 2.5
1270 13.0 61.4 4.2
14 12.5 67.1 10.2
SPONt BAIMON vavmceemrereecanceamcmcenrere coaenensnnns *85 4.4 75.3 | 19.2
. 136 2.8 78.2 17.8
Salojon trout (Cristivoner namayoush).........ce.... 17 12.5 68.8 17.3
- 255 10.2 60.5 .1
Shad (41086 JAPIABFIMNAY .ooveereneeoencnocransannnnnn. 10 13.8 5.3 19.7
6 10.8 60, 7 18,38
212 10.2 710 17.8
82 10.1 0.7 17.8
246 8.1 72.1 18.2
249 7.0 73.6 18.0
221 6.5 72.0 20.0
Eel, nalt-water (Anguills o8tPala) « oeeueeeneceenenennn. 4 10.8 0.8 18.9
217 7.9 73.4 17,8
Pompano (Trachynotus carolinug) «-ceee.eeecrececesnn. 234 18.5 67.4 181
2063 1.8 78.2 10.2
Mackerel (Socomber scombdrus) 89 16.3 64.0 18,2
18 7.0 74.3 17.5
80 6.9 74.1 17.4
280 5.9 78.7 19.2
261 4.2 76.4 19,1
8 2.2 8.7 18.1
Halibut (Hippoglossus amerioanus) . ..eeenneeeeennnens. 9 10. 6 70.1 8.2
a 2.8 77.0 19.4
P 1 2.2 79.2 17.5
OTEY (Stenotomus Argyrops) «ee...veeveevaveneeanennns 81 7.9 72.0 18.8
202 6.0 73.8 10.3
w 16 L5 70.7 17,6
hite peroh (Morone americana)......ccceveeeereeann. . 44 5.0 75.6 17.6
8k 48 2.5 75.8 20.4
eepshead (drchosarfus probatocephalus)............. 48 6.7 72.0 | 20.2
8ty 250 0.7 79.1 18.9
Ped bass (Rocous linoalus). ...cecevecenroneecascanes 260 4.6 76.6 ' 17.8
- 237 3.6 - 15.8 10.3
225 2.8 7.3 18,8
248 2.2 7.9 18.8
18 2.2 70.7 18.7
7 1.6 7.0 18.8

\

* Male. t Female.

‘Ill this juxtaposition of the figures, the very regular increase of water
With decrease of fat in the flesh is striking. It is also very notice-
able that, except in the case of the salmon, the percentage of protein
11.1 each species remains nearly constant while the percentages of fats
gﬂe a8 those of water fall and vice vers¢. In other words, the protein
i ’i‘i&}ns practically constant, while as fat is stored in the flesh water

riven out, and as the fat is removed water takes its place. The

Phy Siological bearing of this, 1 do not feel competent to discuss, if in-

8ed it means anything more than simply that the fat and water mutu-

ally replace each other, volume for volume, in the flesh. 1f it be true,

?’s I have seen it stated, that the fat globules are stored both without

and within the muscular fibers, and that o considerable quantity may
H. Mis, 67——29 '
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be thus stored or removed without materially changing the volume of
the tissue, the above simple explanation would, to one ignorant of his-
tology, seem very natural.

I have been struck by this mutual replacement of fat and water in
looking through a column of analyses of the flesh of fish and of other
animals. In a colored diagram it is especially striking, though it i8
very well brought out in Table XL If weleave out, on the one hand,
a few of the most watery sorts of fish, as flounder, and, on the other,
gome of the fattest flesh of mammals, we have in the remaining fish and
in the flesh of animals, an almost uniform content of protein, the chief
variations being in the fat and the water, of which one increases as the
other decreases, and vice versa.

CLASSIFICATION OF HPECIMENS OF FISH ON THE BASIS OF THE
AMOUNTS OF FAT IN THE FLESH.

On the whole, perhaps, as appropriate a general classification as any
for our present purpose would be based upon the proportions of fat in
the flesh. The subjoined grouping, for instance, seems to be a tolerably
satisfactory one.

1. Very fat fish ; flesh containing over 10 per cent. of fat.

2. Moderately fat fish; flesh containing between 5 and 10 per cent-

of fat. .
3. Rather lean fish; flesh containing between 2 and 5 per cent. of

fat.

4. Very lean fish, flesh containing less than 2 per cent. of fat,

I append a list of the specimens coming within each of the above
categories, giving their approximate composition.

1. Fish whose flesh contained over 10 per cent. of fat (very Jat).—Lam-
prey eel,* salmon, salmon trout, butter fish, herring. Composition of
flesh: Water, 69 to 71 per cent.; water-free substance (nutrients), 30 t0
37 per cent.; protein 18 to 23 per cent.; fats, 11 to 13 per cent.; mineral
matters, 1.1 to 1.5 per cent.

2. Fish whose flesh contained between 10 and 5 per cent. of fat (mod-
erately fat).—Shad, Spanish mackerel, eel, pompano, mackerel, whitefish,
alewife, halibut, porgy- Composition of flesh: Water, 68 to 75 per
cent.; water-free substance (nutrients), 25 to 32 per cent. ; protein, 1810
22 per cent.; fats, 5 to 10 per cent.; mineral matters, 1.0 to 1.6 per cent-

3. Pish whose flesh contained between 5 and 2 per cent. of fat (rather
lean).—Mullet, white perch, sheepshead, cisco, striped Dbass, mascd
longe, weakfish, buffalo-fish, brook trout. Composition of flesh: Wateh
75 to 79, average, 77 per cent.; water-free substance (nutrients), 21 to
25, average, 23 per cent.; protein, 17 to 20, average, 19 per cent.; fats,
2 to 5, average, 3 per cent. ; wineral matters, 1.2 to 1.6, average, 1.3 per
cent.

R
*The composition of the specimen of lamprey eel was somewhat anomalous, having
only 15 per cent. of protein and 0.7 per cent. of ash. ’
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4. Fish whose flesh contained less than 2 per ceni. of fat (very lean),—
Smelt, red snapper, pike perch,! pickerel,? cod, kingfish, hake, sea
bass, flounder,? skate, pollock, flounder, red bass, haddock, blackfish,
yellow perch, grouper, tomcod, cusk. Composition of fleshi: Water, 76
to 84 per cent.; water-free substavce (nutrients), 16 to 24 per cent;
protein, 4 to 22 per cent.; fats, 0 to & per cent.; ash, 0.9 to 1.7 per
cent.

‘““FOUL” OR ‘‘SPENT” FISH #$, THOSE IN GOOD CONDITION.

The figures for salmon are very interesting in this connection. Nos.
279 and 280 were Penobscot River salmon in nearly their best condition.
Nos. 35 and 36 were from the same source, but ¢ spent,” i, ¢., taken just
after spawning. The spent tish had not only less fat, but less protein
than the fat fish, the spent fish averaging 18, and the fat fish, 24 2 per
cent. of protein. How generally such differences would obtain, 1 can-
- hot say. The fact that No. 14, which was also said to be from Maine
(though whether it was from the Penobscot or not was not stated), had
only 19 per cent. of protein, about the same as the spent salmon, would
imply that the difference Letween the protein of the fat and the spent
fish may not always be as great as in these specimens from the Penob-
8cot. Nevertheless the difference is very striking. The very elaborate
Tesearch of Professor Miescher upon the Rhine salmon has many inter-
8sting facts bearing upon this subject, but no analyses exactly compara-
ble with those above cited. The four specimens of Penobscot salmon,
two taken in season and fat and two just after spawning and “spent,”
Were furnished through the courtesy of Mr. Charles G. Atkins, of Bucks-
bort, from the Governmeut hatcheries, for the especial purpose of com-
baring their composition. The analyses from Tables 1II and V (those
of whole fish from a table not given in this article) are as follows:

R
Compogition of flesh of fut and spent salmon, .

F ——

fg_g; l . Wator- | In wator-freo substance.
Ss Selion. i Water.  freosubej. — e
;q ‘ I stance. ' Protoiu. I'ats. Ash.
—— e o e e e SR DU R S, S

IN BRABON {fat). Percent. Per cent, . Per cent, ! Per cent. | Per cent.
20 | Malo....oooeunenn.. e 6L B0 24,4 | 13.1 1.3
209 | FOmnlo. - veennnmnineeeeees et | oual  aae|  snal e 4

AVOIBEO - cvvn it
—

'Both §. vitr. and 8. can. ' s Bpth K. lue. and F. rel.

3 Both Pseudopl. am. and Paral. dent.

Zur Lebonsgeschiohte des Rheinlachses im Bhein. (Aus der scloceitzerischen Litterqtur-
eammlung eur internationalen Fischerei- Ausstellung in Berlin,)  Trunsluted and reprinted
in the Report of the U. 8. Fish Commission of IPish and Pisheries, for 1880,
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Composition of fat and spent salmon, whole fish.

In flesh.
Entrails, ”
Salmon. bones, | Flesh. Water. | 1 water-free substanco.
Xin, &0. .
A210, Weter. | freesab|———— . —o -
stanco. -
o Protein. Fats. Ash.
PAT. Per cent.| Per cent.| Percent. | Per cent. | Per cent. Per cent. | Per cent.
MAYD. e cereocrnr ammmeenrenns 30.5 60.5 36.9 23.6 14.8 7.9 0.9
FemAlo -oooos wmemarmeeennn: © s 62.5 8.3 2.2 15.2 81 09
. [P e
AVOTRLB oenre cmennns | 385 6L.5|  37.6 93.9 15.0 8.0 0.9
56.2 42.3 13.9 10.8 2.5 0.0
56.5 2 12.3 10,0 1.6 0.7
4—_/
56.4 4.2 18.1 10.4 2.0 0.7

Recapitulation. Percenta&es_of Slesh, water-free substance, and nulrients in fat and tqw"‘

salnon.
I
‘Water- In water-free subetanco.
Flesh, | freo sub- -
Salmon. edible |gtancein T -

portion. | flesh. | Proteiu.! Fats. | Ash.

t.

In flesh: \ Percent. | Per cont. | Percent. | Percent. | Per
24.3

wﬂ4

T ooensvesannommnannmnseresasosssnaneeccsce 100.0 38. 8 04. 13.1 1 4
SPODL <.nvnvvaceecnmmemmenrmae e tee .- 100.0 2.2 18.5 3.0 1.

In whole fish 0

TG - ennn ceenaenaanesaman ot . 61.5 23.9 15.0 8.0 oy
SPEDb «cononeurnensamn s . 50. 4 13.1 10. 4 2.0 0.

In the above statements the protein is estimated by difference, as ©X’
plained in the description of methods of analysis, and, the discussion O
the nitrogen factors of the protein. Some differencesin the compositiod
of the nitrogenous constituents of the flesh are brought out by the fol-
lowing figures, which will be made clear by reference to the discussion
of the nitrogen factors referred to.

"Phe figures show (1) the percentages of protein as estimated ﬁy mul:
tiplying the nitrogen Dy 6.25; (2) the sum of the percentages ©
protein thus estimated + fats + ash 4+ water; (3) the percentage ©
protein a8 computed by subtracting the sum of water 4 fats + as
from 100, ¢protein by difference”; (4) the nitrogen in the flesh, and (%)
the “nitrogen factors,” obtained by dividing the percentage of proteil
by difference” by the nitrogen.

In flesl of salmon. Tat. ' Spont-
(1) Protein, N X 6.25 ......coooomen-oeres v reensessnerieeeiaeaenaanan per cont.. 24.7 %)gg
(2) Protein, N X 6.25, + fat + 08h 4 WAEOT. o .oeee i eeee do....] 100.4 8'5
(3) Protein by differonco .. 24.8 12‘0
(4) Nitrogen im (3) cocvnenneenns aee 89 6.55
(5) Nitrogen fretor . ooovvvveaencnsaoemens FR R T T 6.10 i
/

Professor Miescher has shown that in the Rhine salmon the develo”
ment of the reproductive organs is done entirely at the expense of ¥
other organs and tissues, or, to be more specifie, at the expense of b
albumirioids and fats of the flesh; the fish taking no food during its 8%
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journ in the fresh water, which sojourn includes the period in which the
eggs and milt are developed. The natural result is a very large loss of
both fat and albuminoids from the body. We have here an exaggerated
case of leanuess, one in which there is not only a decrease of fat, but of
protein also, and the latter in large quantity.

We thus find in the spent salmon (1) a loss of flesh, so that the
flesh of the spent salmon makes up but 56 per cent. of the whole
weight of the body, while that of the fat salmon is 62 per cent. ; (2) aloss
of both fat and protein of the flesh, so that the flesh which remains in
the speng fish contains only 23 per cent. of water-free substance against
38 per cent. in the fat flesh. The water-free substance of the flesh makes
only 13 per cent. of the total weight of the spent, while it amounts to 24
per cent. of the fat, fish, Not only does the whole body lose weight
from the fat to the spent condition, but the lighter spent fish contains
pound for pound only about half as much nutritive material as the fat
fish. The deterioration of the nutritive value of the flesh in the repro-
fiuct,ive season is, if possible, greater than that of the flavor. The bear-
ing of this upon legislation against the capture of the spent fish is very
evident.

OOMPOSITION AND RELATIVE NUTRITIVE VALUES OF FISH AS COM-
MONLY SOLD. '

Ag already stated, the specimens were received for analysis in the
forms in which they are commonly sold in the markets, some entire,
others dressed. The condition of each in this respect is stated in Table
IV, which gives the percentage of edible portion—flesh; and of refuse—
bones, skin, entrails, &e. I have included the skin with the refuse,
Trather than with the edible portion, partly because it seemed best to
analyze simply the flesh, and partly because the skin, though it gener-
ally ¢ontains more or less of nutritive matcrial, is not usually eaten in
this country, so far as I have observed. Of course it is eminently desir-
able from the chemical standpoint to know more than we do of the com-
Position of the skin as of the other organs, and the time will doubtless
¢0me when increase of population will bring the need of such closer econ-
Omizing of food material as will lead the people of this country to eat the
8kin of the fish that come on their tables, thus following the example of
the inhabitants of older countries, where rigid economy of food, as of
Other necessaries of life, has long been necessary. Accordingly, in future
analyges of fish for determining their economic value, the analyses of
the gkin will Goubtless be desirable, and I do not question that such de-
terminations would have added much to the value of the work reported.

ith the resources at my command, however,I did not feel myself war-
fanted in undertaking them.

In Table X, I have recapitulated the composition of the specimens of

! h ag received for analysis, assuming them to represent the composi-
tion ag ordinarily sold. Here, a8 previously, the protein is computed on
the basis of Table I, i. e., by difference.
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here.

The same remarks apply to the classification beyond which is based

upon the amounts of nutrients in Table X.
Further remarks upon the comparative natritive values of fish, in-

vertebrates, and other food materials may be found beyond. .

TABLE X.—Perceniages of refuse, water, and nutritive ingredients in apecimen'a of Ameri-

can food-fishes, invertebrates, 4-0., as found in the markets.

[Arranged in order, from those with the largest to those with the smallest proportion of putrients.]

Kinds of fish, invertebrates, &c., and
portions taken for analyses.

Number of specimens
analyzed.

skin,

Refuse—bone,

Salt.

Edible portion.

shells, &o.
Edible portion—fiesh.
Water. o
Nutrients.

Nutrients

- -5

R ]

2|5 |22

<4 S o]
&1 & |S

FRESH FISH.

1 | California salmon, section of body -....|..

1, Salmon, entrails removed
2 ' Salmon, Wholo «.ceenverons vomooee--
+ 2 Eel, skin, head, and entrails remov!
1 - Spanish mackerel, whole. .------...
H‘:ﬂihut, sections of body, very fat ...
Halibut. sections of Lody, rather lean
Halibut, sections of body, average
Salmon trout, entrails réemoved.
: Sturgeon, sections of body .--
Pollock, head snd entrails removo
; Batter-flsh. whole . ....ec0. .
i Horring, wholo .........--
Lamprey cel, whole....----
Mackeorel, entrails removed .
Pompano, whole. ....-.-..--
Mackerel, whole, very fat ...
Magkerel, whole, rather loan
Mackerel, whole, &vOT8ge . ...
Shad, whole, very fat.....
Shad, whole, lean .....
Shad, whole, average .........--
Yellow perch, entrails removed.
Whitefish, whle ......c......-t
Salmon trout, wholo
Alowife, whole .....
Cisco, wholo ..coeovannn.
Sheepshead, entrails removed.. .
Cod, head and ontrails removed. .
Mascalonge, Whole ......o.oeeeeeee
Smelt, whole.......
Pickerel,! whole.. .
Brook trout, whole ...........
Striped bass, entrails romoved.......
Blueflsh, entrails removed «.......---

IO b bt s Bt e e bt T3

o
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1 Esox retioulatus.
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Piokorel,2 wholo.. ...o..coieicaennees 47.0
Red snapper, entrails removed......- - 48.9
Cusk, cutraile removed ..oo.v vaiaeenonee 40.3
Mullet, whole. .....ooveeemeracienanenns 57.9
Black bass, wholo........ooioaeeoenante 64.8
Buffalo-fish, entrails removed .......--|- .| 62,5
Weakfish, wholo .. ...coeeciiiiunenonnn . .| 61D
Porgy, Whole .........coeimeniaienas . .| 60.0
Striped bass, whole...........coce0eeee . .| 54.9
Blackfish, ontrails removed ........... I .| 6.7
White porch, whole ..........coccemeneyorenee 62.5
Sea bass, whole ....... ......ooeioennns (DR 560.1
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Table X hardly needs explanation after all that has been said above.
The arrangement of the specimens in the order of their amounts of actual
nutrients is correct for these particular specimens, but, as was said re-
garding the previous tables, analyses of a larger number of specimens
of each kind might give averages considerably different from the figures

Mineral
roatters. |

\
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TapLe X.— DPercentages of refusc, water, and nuiritive, ingredicents, §-c.—Continued.

& g = Edible portion.
5 i |8
© ot ;
g'g ‘;g é | Nutrients.
&R} Kinds of fish, invertebrates, &c., and Ea| = |
5] portions taken for analyses. - ¥ g i s =
B 2, .
§° dei ez | B8, 385 §
E 2 |S |5 |55 5|3 88|33
=y 3 |& BlE |2 |&|& 878
FrEsH FIsH~—-Continued.
2 | Red grouper, entrails removed ........J..-e-- 65.8 | 44.2(35.1] 01| 88} 0.3 0.5
1| Kingfish, whole ..............oceovini]onnnes 56.6 | 43.4 | 34.4 [ 9.0 81| 0.4 0.5
4 | Haddock, entralle removed .....cooooni]eecens 61.0 | 40.0 | 40.0 | 0.0 | 83| 0.1 0.6
}| gk ol PR
od, whole ................ 2.5 . 38.7 . . 3 3
% Ir;%kek%eli:xh,l w]hole. 57.‘; 42.2 34.1] 87| 7.9 0.2 82
ackflsh, whole ................. G0. 39. 31.6| 88| 7.4| 0.5 3
i }liuko, t:intrali‘lsl TEMOVEd ceevninennnran fooenns 222 g 3;7) .;: 30.6 | 8 2 '(I, g g é gg
'omcod, Wholo ..oovv voennieeeaniiaen]oemees 9, 3 3271 1 5 .2 . 3
1 | Yellow perch, Whole....oooicienaiaases]oennns 62.7|87.3|300f 7.3| 67 0.24. 0.4
1 | Flounder,? entrails removed .. .........1---.-- 57.0 | 43.01035.8| 7.2 6.3] 0.3 0.6
1| Pike perch,2 whole. .....oooiiieiiniionifoenns. 63.2136.8|20.7| 7.1| 64| 0.3 0.4
1 | Sheepshead, whole............. 66.034.0|2.0| 71| 64| 0.2 0.5
1| Flounder,d Wholo .. ccoveniiimnnnonaeerifonnnn 56.2]43.8(37.0| 68| 61} 0.2 0.5
1| Redbass, Wholo ..o.o.ovvaiiarianecinani]onnnes 63.6(36.5|2.8| 67| 61| 0.2 0.4
1 | Flounder,2 whole .....oonvverrnrneenensfonnns 60.8 | 33.2]27.2] 60| 52| 0.8 0.5
SPPENT FISH.
2 | SAImon, WHOIO «aeeenecan.veamneaeaans|oeenns 48.6|56.4|43.8(|131{10.4| 21[......{ 0.6
2 | Land-locked salmon, whole............ oolans|s27|4.4 |13 91 L6 [...... 0.8
PRESKRVED FISH.
Dried.
1| Dosiceated cod (dricad flesh) ........... 2.0 009071162819 7468]| 1.00......] Bb.4
Salted R
1" Salted 10RCKETE] oo v ovevonennsaeannan| 8.2]22.0168.0(32.5 364 |17.0]17.4 ..ot 2.0
Salted and dricd.
1 | Boned cod (salted flosh)......cccveeees. 19.1] 0.0|80.9|6%.4[2.5]|221; 0.8]...... 41
2 | Salt cod (common *‘salt codfish™)...... 15.4 | 24.9 ' 5,07 | 40.3 | 19.4 [ 16.0| 0.4 }...... 8.0
SALTED, BMOKED, AND DRIRD. L
2| Smoked halibUt...ovvvneecrennvnnns 12.0 | 7.0 810 45.9 1 85.1 1.9
1| SinoKed MerTIng . ceens ccozurnmrnn-oenes | 6.5|44.4{40.1| 102|200 0.9
1| Smoked haddock, * Findon haddie"..] 1.4 |32.2 . 66.4 1 48,2 17.2 1.0
Canned.
11 Bardines 0.0| 50050636414 6.3
2| Balmon ...o..ecoeieeennan Lo| 290l9051]69.3!358 1.2
‘1’ Salt mackorel.......... 8231071720} 34.8 | 37.2 2.1
117 ackerel 1.9} 0.0 081082230 1.8
1 sunny, “ horse mackerel” ..... ....... 0.0 0.0 |!00.0 72.7127.8 1.7
Findon haddio,” swoked baddock....[ 56| 0.0!04.4]687 | 257 1.6
SHELL FIBIL, ETC.
Oyataors, in shell, poorest 5. gj1.2f02) 1ol o6| 011 03] 02
N ystors, in shell, vichest 8 7| 24.3[2.7] 3.6, 1.0} 0.8 L2 0.5
¢ | Oyatory, Meotidar 8 oToE” | B2 L0 001 68 o
yaters, “solids" & ...... . . 5 .0 | 87.2 | 1: . . . .
4| Long clams, in shell -2 11771700 - "0|'50.4 | 466| Bol 48| 06| L1| 18
1 und clams, in shell.......ooooeeieene .. 3| 81.7127.8] 44| 21| 01| L8 0.9
2 | Mugsels, in aholl.....ocovmeeeeesnnsss 31607 427 | 80| 4.4] 0.6 21} 09
1 Ng;gm. eidih}le Horﬁon. ......... Q.0 100.0 80.3 | 19.7 u.7 0.2 a4 14
ors, in shell..... R FN 0.2 | 30. 32. .2 . . . g
H CTabe, in gholl...o..ieeeeseeeee e 558|442 {340 1001 | 7.8| 0.0| 0.5]| 14
1 Tayfish, ilnghe)l ......cocviianeniannn. lenmlizaj10.0f 23) Lol 01} O 1 0.2
1 Gommn, inghell....ccoeovimminnaia]iennn 79.0|21.0 166 53| 44| 0.7 [...... 0.2
Teen turtle, in shell coveuevenveeccane]eennnn 76.0 | 24.0]10.2| 48| 4.4 0.1 ]...--- 0.8
Canned.
3| Qyeters....... T AUUTUUURTU I 0.0 hooo |82 |1a8] 7.4| 211 40| 18
1 | poDE clams.. 0.0 1000 |86 |1556| 01| 1.3 28] 28
2 l‘;"d clams... o000 |8xo17.1| 86| 07! 811 87
g | gCbster........ 0.0 1000|778 |2z21180] 11| 0.6) 2.5
Tabs............ 0.0 [100.0 | 80.0 | 20.0 159 1.51 0.7 1.9
— .
181 [ R A S
[ %‘;’x‘.’:'ﬂdium vitrewm. % Paralicthys dentatws. * 8. canadensis, 4 Pacudoplewronecies americanyd,
] sheuspect to porcentage of nutrients, with no respoct to flavor,

contents as commonly sold, including all of the flosh and pact of the liquids
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CLASSIFICATION OF FISH, FRESH AND PRESERVED, AS FOUND IN THE
MAREKETS, ON BASIS OF PERCENTAGES OF ACTUAL NUTRIENTS.

Specimens containing over 0 per cenl. of nutrienls (protein, fat, and mineral maticrs).

i
|
'
L
H
i
1
i
1

s | AN
7 ; |
8% ! g%
@ b I 3 lm b 3
g Kind of fish. 2 '.,E Kind of fish. g
e 5] s €
- R Py &
A B < ||z ] -
i i e e ——
| Per ce'nt.' Per cent.
1| Desiccated cod?...... o.cocvnnnn 81.9 ; 1| Saltmackerel ........... .. ..... ! 36.4
1 | Capped eardines...........c.oeens i 41.4 |, 2! Smoked halibut..........oo...o... ! 35.1
2 | Canned salmon. . ... oooieonnes | 38.8 | 1 California salimon, sectious of body! 31.8
2 | Canned salt mackerel........c---- ! 3.2, 1 :
I
Specimens containing between 30 and 20 per cent. of nutrients (water-free substance).
] ;
1 i Smoked herring.coveevoomeenceaens i 290.9 || 2 ! Salmon, whole .................... : 23.9
1 | Canned mackerel....cooooenn N 20.8 .4 2 Eel, skin, lhead, and entrails ro- |
1| Canned tunny ....... - 27.4 % 1 moved. i 22.7
1 | Boned salt cod® . ....... - 26.5 11 %Pumeh mackerel, whole......... . 20.9
1 | Canned amoked haddock. A 95.7 3 . Halibut, sections of body .......... i 20.2
1 | Salmon, entriils removed . ... . 25.0 | )
Specimens containing between 20 and 10 per cent. of nutrients.
. i
1 | Salmon trout, cntrails removed .. .| 19.85 1| Sheepshead, entrails removed. .. 12.2
2| Saltcodd. ..o . 19. 4 | 3 i Cod, head and cntrails semoved. .. 12.2
1 | Sturgeon, scctions of body . ....--. 18.2 i 1 1 Mascalonge, whole.... ... ... 12,1
11| Pollock, head and catrails re- | ¢ 2| Smelt, whole.......... 12.0
LIOVEUL . «vens mmeenenncmnnnnns i 17.2 1 |Pickurel,‘ wholo 11.8
1 | Smoked haddock. . | 17.2 | 3 | Brook trout, whole ....... .. 1.6
1 | Butter-fish. whole.. . 17.1 i 1 Striped bass, eutrails romoved ... 11.4
1 { Herring, whole ... . 16.7 1 2 | Spent land-locked salmon, whole. . 11.3
} | Lamproy eel, whole....... . 4 15.7 1 | Bluetish, entraile removed ........ 1.1
1 | Mackerel, entrails removed ...... 15.86 | 2 | Dickerel,s wholo .. 10.8
2 | Powmpano, whole ...........- . | 16.0 || 2 | Red snapper, entrails removed. ... 10. 8
5 | Mackerel, whole - 4.7 1 \ Cusk, entrails romoved 10.7
7| Shad, whole .....ovoemneieraaezaen 14.7 1} Mullet, whole . ...... 10.6
1 | Yellow percly, cntiails removed.. .| 14.2 [ 2 Black bass, wholo ....... 10.6
1 | Whitefial, whole. ... ccoceerens | 14.0 | 1 | Buffalo-fisl. ontrailsremoved.... 10.2
1 | Saimon trout, whole PR, 13.7 1 | Weaktfisly, wholo........... .. 10.1
1 | Alewite, whole........ ... 18.7 % 8| Porgy, wholo. .. .. 10.0
1 | Clsco, whole . ovooceneninaronanen: | 13.7 | 5 | Stripod bass .......oviieeieeniaenn 10.0
2 | Spent sulmon, wholo - ...cooeeeee 18.1 i
. 1 1
Specimens containing anu than 10 per cent. of nuirients.
T ;
2 i Blackfish, entrails removed .....-. ! 0.3, 1 l 1Inko, entrails removed ....... 8.0
2 | White perch, wholo ...... e I 0.2 1 l Tomcod, whole....... . 7.4
1! Sea bass, WHOE «eeeeeevanereoconnnt 9.1 ; 11 Yellow perch, whole .. 7.8
2 | Red grouper, entrails remwoved. ... 9.1 1 1| Flounder, entrails removed o 7.2
1! Kingfish, wholo ... .ceocenvennes! 9.0 | 1| Pike perch,” whole......... . 7.1
4 | Haddoek, entrails removed ...-.- | 0.0 ~ 1| Sheepshead, whole . | 7.1
1| Skate, loit lobe of body ...+ . 8.8 1| Flounder holo. 6.8
21 Cod, wholo ....... IO 8.8 | 1| Red bass, whole . . 6.1
1 | Pike perch,® whole..............-- 8.7 : 1 Floundor,® whole ................. | 6.0
2 | Blackfish, whole ...........cceeett 8.3 i

(F| Bleekllsh whelo ooy 20 L
1¥losh freed from bones and artificially dried. 2Theflesh of ordinary salt codfish, $Ordinary * salt
codfish.” 4F. luc. SE.ret. ©S. vit. 75. canad. “Ps.am. *Par. dent.

ECONOMIC APPLICATION OF TIE RESULTS OF THE ANALYSES*
In estimating their nutritive values, the constituents of our ordinary
food materials may be succinctly classified as follows:
1. Bdible substance : c. g., the flesh of meats and fish, the shell coD-
tents of oysters.

“The follo\\'ing-éiBTJix;ﬁTﬁﬁg;égnl‘tling tho nutritive values of fish and other food-
materials are adnpted, by request, from statements prepared for tho food collection @
the National Museum.
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9. Refuse: e. g., bones of meat and fish, shells of oysters.

The edible substance consists of—

1. Water. 2. Nutritive substances or nutrients.—The refuse may, for
our present purpose, be left out of ‘account, and our attention confined
to the edible substance. And, as the water which forms a part of the
edible substance, though indispensable, is nevertheless inexpensive and
distinet from the nutritive ingredients, we may consider simply the
nutrients. ,

Speaking as chemists and physiologists, we may say that our food
supplies, besides mineral substances and water, albuminoids, carbo-hy-
drates, and fats; and that these are transtormed into the tissues and
fluids of the body, muscle and fat, blood and bone, and are consumed
to procuce heat and force. Viewed from a chemico-physiological stand-
point, then, the nutritive ingredients of food can be classified as follows:
Of the actually nutritive substances or putrients of foods the most im-
Portant groups (exclusive of water) are—

1. Protein (proteids, albuminoids, &ec.): ¢ g albumen (*white”) of
egg, fibrin of blood, “lean” of meat, gluten of wheat.

2. Fats: e.g., fat of meat, butter, olive-oil.

3. Oarbo-hydrates: e. g., starch, sugar, glycogen.

4. Mineral matter or ash: e. g., caleium and potassium phosphates and
chlorides.

. The terms protein, proteids, and albuminoids are applied somewhat
indiscriminately, in ordinary usage, to several or all of certain classes
of compouunds characterized by containing nitrogen. The most impor-
tant are the proteids or albuminoids, of which albumen, the white of
¢gg, and myosin, the basis of muscle, are types. Allied to these, but
occuiring in smaller proportions in animal tissues and foods, are the
n.itl‘Ogenous compounds that make the basis of connective and other
tissues. Gelatin is derived from some of these tissues, and may be
taken as a type of the compounds of this class. As these constituents
are of gimilar coustitution, and have similar or nearly similar uses in
Dutrition, it is custowmary to group them together as protein. The mus-
cular tissues of animals, and hence the lean portions of meat, fish, &c.,
contain small quantities of so-called nitrogenous extractives—ereatin,
carnin, &e. (contained in extract of meat, &e.)—which contribute mate-
Tally to the flavor and somewhat to the natritive effect of the foods
Containing them. They are not nsually deemed of sufficient importance,
hO‘VGVer, to be grouped as a distinet class in tabular statements of the
composition of foods. Concerning their chemical composition, it will
Suffice to state that the compounds classed together as protein contuin
E::‘bon, oxygen, hydrogen, and nitrogen, while the carbo-hydrates and
8 contain no nitrogen, but consist chiefly of carbon, oxygen, aud
qugen. The fats are much richer in carbon than the carbo-hydrates.
ﬁll(!)l'mal 'foods, as meats, fish, &c., contain but little of carbo-hydrates,

iv chief nutrients being protein and fats. Milk, however, and some
8hell ish, as oysters, scallops, &c¢., contain more oOr less of carbo-hy-
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drates. Vegetable foods, as wheat, potatoes, &c., contain less protein,
and consist largely of starclh, sugar, cellulose, and other carbo-hydrates.
Functions of nutrients.—The different nutrients have different offices
in nourishing the body, in building up its tissues, repairing-its wastes,
and serving as fuel to produce animal heat and muscular and intelleet-
ual energy. The chief part borne by each in nutrition is shown below :
’ forms the (nitrogenous) basis of blood, muscle, connective
. . tissue, &c.
The protein  } i transformed into fats and carbo-hydrates, and stored
of food as such in the body.
lis copsumed for fuel.
The fats are stored as fat.
of food { are consumed for fuel.
The carbo-hy- { are transformed into fat.

drates of food 1 are consumed for fuel.

In classifications formerly maintained and frequently wet with still,
the protein compounds were regarded as the ¢flesh-formers” and the
sources of muscular energy, whilethe carbo-hydrates and fat were looked
upon a “fat-formers” and “heat-producers.” A vast deal of painstak-
ing research, however, has shown that these distinctions were not cor-
rectly drawn. The albuminoids are flesh-formers, it is true; indeed,
flesh, 4. e., muscular and other nitrogenous tissue, according to the
nearly unanimous testimony of the most trustworthy experimenters, is
made from the nitrogenous constituents of the food exclusively. But
the balance of testimony is decidedly against the production of muscu-
lar energy by nitrogenous compounds exclusively or mainly. Each of
the three groups of nutrients probably shares, directly or indirectly, in
this function. So, too, it appears that the combustion which produces
animal heat is not confined to the carbo-hydrates and fats, but the pro-
tein compounds, or the products of their decomposition, are also used
for this purpose. Again, the production of fat in the body was formerly
ascribed to the fats and carbo-hydrates alone. The view was held at
the same time, and is still maintained, by some physiologists, that the
carbohydrates cannot be transformed into fats, and that a very large¢
part of the fat of the body is formed from the disintegration of the albu-
minoids. The weight of evidence to-day is decidedly in favor of the as-
sumption that all three of the great classes of nutrients in our foods—
the albuminoids, the carbohydrates, and the fats—are transformed into
fat, and that the fat thus formed is consumed, either before or after
being stored as body-fat.

1t appears, then, that protein is the most important constituent of
our food, because, while it performs the functions of each of the other
two chief nutrients in being transformed into fat and in being consunred
for fuel, it has a most weighty office of its own in forming the basis of
the blood and in building up the muscular and other nitrogenous tis-
sues, an office which no other nutrient can perform at all. And, as we
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shall sec further, in examining the pecuniary cost, protein is the dear-
est as well as most important of the ingredients of foods.

Lxperiments and observation have led to the assmmnption that the
minimum proportions of the several classes of putrients required per
day by an ordinary man, doing moderate manual labor, would be, on
the average: Protein, 118 graws (4.2 ounces); fats, 56 grams (2 ounces);
carbohydrates, 500 grams (17.6 ounces).

Of course, the food actnally consumed by people in different conditions
of Jife varies widely in composition as well is amount. The food of peo-
ple in good circumstances generally contains larger, and the food of
the poor, smaller, proportions of protein than the above standard re-
quires. _

The same experimental research which lias revealed to us the ways
in which our food supplies our bodily wants, has shown us how to es-
timate the relative nutritive values of different foods from their chemi-
:al composition. The estimates are only approximate, because the nu-
tritive effects are influenced by various conditions, some of which re-
search has not yet definitely explained, while others vary with the
nature of the food or of the user, so that the value of a given food in &
given case may vary from the standard set by the analysis. These
sources of uncertainty are nevertheless so narrowed down by late in-
vestigation, and the errors confined within such limits, that by-intelli-
gent use of the facts at our disposal we may judge very closely from
the chemical composition of a food what is its value as compared with
others of the same class, at any rate, for our nourishment.

CHEMIOAL ANALYSIS OF FOODS.

Tables XI and X1I, beyond, give the composition of a number of the
more jmmportant kinds of animal and vegetable foads. The details will
berhaps be best explained by an example. A sample of beef, sirloin,
of medium fatness, was found to consist of about one-fourth bone and
three-fourtbs flesh, edible substance. The flesh was analyzed and found
to contain, nearly: water, 60 per cent.; protein, 19 per cent.; fats, 20
ber eent.; mineral matters, 1 per cent. Calculated upon the whole
Sample of meat, of which one-fourth, or 25 per cent., was bone and other
Tefuse, and 75 per cent. flesh, the analysis would stand as in the sched-
ule below, in which the composition of the flesh by itself and that of
the meat, bone, and all, are both given:

In meat

In flesh, - as bought,

edible por- : molndfn
tion i mfuﬂo.8

Per cont. | FPer cont.

None. 25
00 45

19 14%
20 15

1 0g
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This very imperiect analysis may be stated in the i‘ollowiug form, as
is done in the tables beyond:*

Constituents of sample of beef, sirloin.

In edible portion, <. e.
o o In meat as purchased, including
flesh ﬁ;eﬁgrx;%r?u&?no and both edible portion and refuse.
g Tdible portion.
Food-material, Nutrionts. o R
2 Nutrients.
P | & 5 |- L
. a 3 ¥ - . g K ~d
2|8 |, (585 5|2 |8, |58
2 B E 2 (83| B = = ] % |8
B |a ' S8 | & | B |®m ;| & |SE
P.ct.|Poet.[Poct.|Poct.|Poct.! Poet.| Pt | Pct.. PcL!Pct P.ct
Beef, sirloin, medfum fatness ...| 80 40 19 20 1, 2 45 30 14.3 ¢ i 15 | 0.7

Table X1 gives the composition of a number of animal 1'oods, mostly
from late American analyses. It is only a short time since analyses of’
American meats, &c., have been undertaken in any considerable num-
ber, and those as yet accomplished are far from sufficient for a complete
survey of the subject. Indeed, the work already done can be regarded
only as a beginning. Still, the figures will give a tolerably fair idea of
the compaosition of the artlcles named.

The analyses of this table, with the exception of a few from European
sources and indicated by italics, are selected from the results of the in-
vestigation referred to above, as conducted under the auspices of the
Smithsonian Institution and the United States TFFish Commission. Tbe
specimens of meats were purchased from a dealer in Middletown, Conn.,
and said by him to be “fair average samples of the better kinds of
meats.” A side of beef, freshly brought in the winter from Chicago, and
said to Le a good specimen of first-class «Chicago beef,” was cut into
about twenty-five pieces in the ordinary way. From each a sample
fairly representing the whole cut was taken and analyzed. Thus the
composition of each piece and of the whole side was learned. The com-
position of one ol the leanest portions, the round, a moderately fat picce,
sirloin, a very fat portion, flank, and of the whole side, together with @
tongue, liver, and heart from another animal, are given in the table.
The samples of a side of mutton and of parts of the same side were ob-
tained and analyzed in like manner, as were those of the other meats and
fowl. The specimens of meats were purchased in Middletown, Conit.
Those of cheese were from Washington Market, New York; the analyses
in the table represent the averages of several samples. The Dbutter
was from a Vermont dairy. The analyses of fish, &c., are taken from
Tables VII and X. Some of the specimens were from Middletown,
Conn., markets, but the majority were supplied by Mr. E.G.Blackford, of

* The tables contain also columns for carbohydrates, ete., which oceur in milk and
in some shell fish, but are not found in ordinary meats in sufficient amount to war

rant their insertion in such tables as these.
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Fulton Market, New York. A considerable number of the materials in
Tables XI and XII were supplied by Mr. F. B. Thurber, of New York.

Table XII gives analyses of vegetable food materials and beverages.
The figures for wheat flour represent the results of forty-nine analyses
of Awmerican flours, of which the majority were analyzed under the di-
rection of Professer Brewer, and the rest collated by hiw from other
sources for the ¢ Report of the United States Census, 1880.” Thelargest
and the smallest percentages of eacl ingredient found in the analyses
are given opposite “maximum?” and “minimum.” The specimens of
bread, erackers, &ec., were purchased and analyzed at Middletown,
Conn., and have probably about the usnal cowposition of such materials.
With these explanations I think the tables will require no further com-
ment.

COMPARATIVE COSTS OF ACI'UAL NUTRIENTS IN FISH AND OTHER FOODS.

A subject that has received but little attention in this country, though
it has become a vital one in Europe, and is becoming so with us, is the
cost of the nutritive material of our foods. The relative cheapness or
dearness of different foods must be judged by comparing, not the prices
per pound, but the costs of the actual nutrients: In making such com-
Darisons, the cost may be assumed to fail, not upon the inedible portions
and the water, but solely upon the three classes of nutrients: protein,
fats, and carbohydrates. 'The relative physiological value of the nutri-
ents in different foods depends upon (1) their digestibility and (2) their
fonetions and the proportions in which they ean replace each other in
nutrition. An accurate physiological valuation is, in the present state
of our knowledge, at least, impracticable. The pecuniary costs of the
nutrients are, however, more nearly capable of approximation.

Various methods have been proposed for computing the relative
Decuniary costs of the nutrients of foods, none of which, however, are
cutirely beyond criticism. Thé following, based upou German* csti-
lates of {he relative costs of protein fats and carbobydrates, is perhaps
48 satisfactory as any.

From extended comparisons of the composition and market prices of
the more important animal and vegetable food-materials, such as meats,
fish, flour, &c., those which serve for nourishment and not as luxuries,
2nd form the bulk of the tood of the people, it has been estimated that
* pound of protein costs, on the average, five times as much, and «
bound of fats thiee times as much, as a pound of carbohydrates; that,
b other words, these three classes of nutrients stand related to each
Other, in respect to cost, in the following proportions:

Protein ........cecuen. b
Assumed ratios of costs in staple foods: d Fats ......co.ocvvnenen 3
Carbohydrates......... 1

Konig, Nahrungsmitrel 1. These figures demand revision for our markets, but are
:wurute enougl for the present purpose, that of illustrating tho cowparative costli-
€88 of the nutritive material of our foods,
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Suppose a pound of beef of average fatness to cost 25 cents and to
contain 25 per cent. of inedible matters, bone, &e., 45 per cent of water,
and 30 per cent. of nutritive substance, upon which latter—the bone
and water being assumed to be withont n@tritive value—the whole cost
comes. The 30 per cent. or 0.30 pounds of nutritive substance thus
costs 25 cents; or at the rate of 83% cents per pound. If, now, we teave
out of account the minute quantities of carbohydrates and the mineral
matters, the whole cost will fall upon the protein and fats, Assuming
these to cost in the ratio of 5:3 and the amounts in the weat to be,
protein 14} per cent. and fats 15 per cent., an easy computation will
show the protein to cost 107.7 cents, and the fats 64.6 cents per pound.
Proof: 0.1425 pound of protein at 107.7 cents=15.3 cents; 0.15 pounds
of fats, at G4.6 cents=9.7 cents; 15.3 cents + 9,7 cents=25 cents, the
cost of the pound of meat which contained the given amounts of pro-
tein and fats. The above ratios, protein: fats: carbohydrates=5:3:1,
represent at best only general averages, and .may in given cases be
more or less incorrect. A method free from these objections consists
in simply computing the amounts of nutrients that may be bought for
the same price in different food-materials. At the same time the
method above detailed is doubtless accurate enough for a general com-
parison of the relative cheapness and dearness of ordinary foods, and 18
used for the calculations in the table below. '

Of the different nutrients, protein is physiologically the most im-
portant, as it is pecuniarily the most expensive. In fish, furthermore,
as in the leaner kinds of meat, it is the predominant nutritive ingre-
dient. For these reasons the cost of protein in fish and other foods
may be used as a means of comparing their relative cheapness or dear-
ness, as is done in the following table. The figures represeut the
ordinary prices per pound and the corresponding costs of protein, in
specimens of food-materials obtained in New York and Middletown
(Conn.) markets, and of which analyses are given. Though the num-
ber of specimens is too swall for reliable averages, the figures, talen
together, doubtless give a tolerably fair idea of the relative costliness
of the nutrients in the different classes of foods.

Comparative costs of protein in animal and vegeotable foods.

Ordinary i Cost of
Foods. prices ?cr protein per
pound. pound.

Meats, dairy products, &c.

f:

Sirloin, medium fatness
Same, 8t lower prico............. e . 20 86
Roung, rather lean............. R 70

Round, rather lean, lower price 16 62
18 56
15 36
4 22 107

Sid0, MEAIRID FAUDOBE - -« <o ceanar omasmmsrrms e ote et e e 20 &
TPOUK,* VETY TA ¢ o« ceeee eenvuaaanas s s e anee e sa s e 16 30
SINOKOU I « oo vttt eeec e e e ' 18 48
MK, 8 CCRB POT QUATE <o enerneennennnmrene oo or ocsmnn st aaey, 4| al

« Containing very little protoin,
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Comparative costs of protein in animal and vegetable Joods—Continued.

|
| Ordinary | Coat of

Ifoods. : prices per | protein por
pound. ' pound.
Meats, dairy products, ¢c.—Continued.

Cheese: Conta. Cents.
‘Whole milk 18 38
Skimmed milk 8 19

Salmon :

%glrly inI BORBOM - e e oo vamens asneaaaccass amnres raseeeaattesenanaanaens 108 g;g
- wen plenty ....ccono. et te sees cetemsscesccsatssiccaaannn . 3

Shad...... pen y ..................... eeceeeecieenenenraaen . 12 98
Whon abUDAODE o ovverreeesneereenarorecsosassroruieassecscccoscnas .. 8 65

BlUOHSH .veunerneenecrararoneeannnseoes emenes . . 10 08

Haddock . o. o nnmmmeemamennnrnnaee eeeen s nnanasans . 7 94

alibut..... ceaes 16 87
ackerel co..vciiaeireaanee 10 80
When abundaat ....... [ 40
Wiien pienty 1111 o 5
1en plent; . il
Alewife. . p . LTI 3 19
SONNGA BALINON «oovvrvernnennsocaceeasnernsnsonaccsoarctasoonaaacconcn-s - 20 70

SBIL 1HCKOTOl. . onvveenrnanascancccocsannsrrssnmesoancccs ceees veae 12.6 48

Salt cod. ... . eees 7 38
Lower .. 6 33

Ystors:* .
2 CODEB POT UBTD. .- ocemnenenstisnrsosacsesrmnnrarmuarsecsictesatonness 124 156
45 cents per quart.......... 17.5 220
L 50 cents per quart, ohoice. . 25 312
ODBLOES ..o v .. ceveeon e seeeseanmeseesssessmsmesanncossesctosassucsocssaosenss 12 209

Wheat-flour, bost -......... 5 10

) dian.corn (maize) mesl 8 12

Bﬂtmen] 6 15

PNlns ......... 5 u

Ot&rt»ous t
0 cents per bushel ........ 0.8 3
100 conts Per DUBHOL «ocnntvumrmnceecrerecceesenaiane seraaneiieienes 1.7 28
\..
*shell contonts. tContaining very littlo protein.

Thus. the nutrients of vegetable foods are, in general, much less costly
than in animal foods. The animal foods have, however, the advantage
of containing a larger proportion of protein and fats, and the protein,
at least, in more digestible forms. And further, the so-called ¢ nitro-
genous extractives” (creatin, carnin, &e.,) of meats, which contribute
80 much to their agreeable flavor, exert a nutritive effect which, though
}lob yet explained, is nevertheless important. It is these which give to

8xtract of meat? its peculiar flavor and stimulating eftect.

]ie:\tmong the animal foods t!mse which rm}k as delicacies are the cost-
oo By the above caleulations the protein in the oysters qosts from
2 t0 3, and in salmon rises to nearly $6 per pound. In beef, mutton,

&uq. pork it varies from 108 to 48 cents; in shad, bluefish, haddock, and
alibut the range is about the same, while in cod and mackorel, fresh

‘:E‘i salted, it ranges from 67 to as low as 33 cents per pound. Salt cod

ev; salt nnwk.erel are nearly always, fresh cod and mackerel often, and

Sonlu _ﬂle choicer fish, as bluefish and shad, when abundant, cheaper

rees of protein than any but the inferior kinds of meat.

. l.]f short we pay for many of our foods :wcording 11.) ﬂ'l(fll' agree:xl')le-
€8s to ony palates rather than their value for nourishing our bodies.

A.t the same time it is interesting to note that the prices of the mate:

Hals that make up the bullk of the food of the people seem to run more
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or less parallel with their actual nutritive values. Here, as elsewher¢,
the resultant of the general experience of mankind has led slowly and
blindly, but none the less gurely, to the same general result to which
aceurate research more understandingly and quickly guides us,

The above calenlations are open to the objection that the relativo
costs of protein, carbo-hydrates, and fats are only estimated and cannot
.be pronounced exactly accurate in any given case. In the following
table the relative expensiveness of the foods is estimated in another
way. From the price of a pound it is a very simple matter to calculate
how much, in pounds and hundredthbs of a pound, any given sum, as 25
cents, would pay for. A comparison of this amount of the material with
the pereentages of the geveral nutrients the analysis shows it to con-
tain gives the amounts of the several nutrients which would be supplied
in 25 cents’ worth of the food material. Here, as before, the figures ar6
based upon the analyses. :

COOMPARATIVE EXPENSIVENESS OF FOODS.

Amounts of aotual nutrients obtained for 25 oents in different food materials.

< Quantitios obtained for 25 cents, J)onﬂds
| and hundredths of & pound.
& —
t
Actual nutrlents in food
Food materials. g, g aaterials. .
] —
E | o3 Carbo
: arbo-
= 3 |Protetn.| Tets | rdrates.
B
f:
Sirloin, medium fatness 1. 00 14
Sirloin, ut lower prico - 1.26 .17
Round . coveeeeconnnoosn L38 .29
Mutton:
Leg . .ooet L13 .14
Sido.......- 125 .18
Pork (salted), fav . 1. 56 .04
Milk, at 8 contsper GuATt . .cecveessmanoosaoeocnoe 6.25 .2
Checso:
Wholo Il Leeeeneceacsnoamsenmcoesmroraosenns 18 1. 38 .37
SKiln MlK.aaeerroasasroosanearennoarossoccsce, 08 8.12 119
Salmon:
Foarly BCABOM .. eeereannresesaccne 100 .25 .04
‘When plenty - 80 .83 .12
Shad ... convamacens 12 2.84 .27
When abundant . . 08 3.12 .20
Blueflsh . .ovveenennen . 10 2.60 .25
AMACKETCl . e queaanmrnoemcennnanmmmameemmmrr oo 10 2.50 .26
Whot PIODLY «cavenneornnmnnsessmsarorsnrsoas l 05 5.00 .52
‘od eon s (SRR ;08 8.12 .80
WD PIOUEY . .o e evemeennnee soeerssrmmenmtonns | 06 4.16 .48 i
SO0 INACKOTL . -« - eamcecnsnnnanonmmmmsmsmmroessens: I 12.5 2.00 .88 it
Salt cod 07 | 8.67 .06 -
Oysters: 08
At 25 oents per quart 12.5 2. 00 .12 .03 R
At 35 cents per quart 17.6 1.42 .00 .02 ‘o
At 50 cents per quort 25 1. 00 .06 . 0156 " 78
Whent flour (best) | oa 5.00 .08 3.8
Indinn meal .- ceueeee | o3 8.83 .12 .29 b4
Ontmeal ..oeeenennnns . 05 5.00 76 .86 R
BeANS «coevecccorerarsccsosconceacans . 06 5.00 1.16 .11 -
Potatocs 66
At 50 cents por bushel .. 00.8 81,25 .63 . 008 6. o0
‘At $1 per bushel.....oeonarfone 0L7 16.62 .81 . 003 85
Daily ration for ordinary mau &t moderate Work ..[..o..o.... [ .20 13 1,30
| g
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IN CONCLUSION—TFISH AS FOOD.

Such facts as the following are among the more important ones to be
gathered from the tabular statements herewith.

The flesh of fish contains, in general, about the same proportions of
protein, less fat, more water, and hence, on the whole, less nutritive mate-
rial than that of domestic animals used for food. Thus we have in the
flesh of flounder only 16 per cent. and in that of cod 18 per cent. of nutri-
ents, while ordinary lean beef has from 25 to 33 per cent., and the fatter
neats considerably more. The fatter kinds of fisl, however, as herring,
mackerel, salmon, shad, and white fisk, approach nearer to medium
beef., Dried and salted fish also contain good proportions of nutricents,
the specimens of ordinary salt codfish having 28 per cent., salt mack-
crel 47, and desiccated cod, & material as yet less kknown commercially,
82 per cent. of nutrients. The edible portion of shell-fish is poorin nu-
trients, oysters varying from 9 to 19 and lobsters averaging 18 per cent.

Itish as found in the markets generally contain more refuse, bone,
skin, &ec., than. meats, as is illustrated in Tables V and X. With the
larger proportions of both refuse and water the proportions of nutrients,
though variable, are usually much less than in meats. Thus a sample
of flounder contained 67 per cent. of refuse, 28 of water, abd only & per
cent. of nutritive substance, while the salmoun averaged 23, the salt cod
22, and the salt mackerel 36 per cent. of nutrients. The nutrients in
meats ranged from 30 per cent. in beef to 46 in mutton and 874 in very
fat pork (bacon). The canned fish compare very favorably with the
meats. It is worth noting that the nutrients in fresh codfish, dressed,
in oysters, edible portion, and in milk were nearly the same in amount,
about 124 per cent., though differing in kind and proportions.

Vegetable foods have generally less water and more nutrients than
aninal foods. Ordinary flour, meal, &c., contain from 85 to 90 per cent.
or more of nutritive material. But the nutritive value is not propor-
tional to the quantity of nutrients, because the vegetable foods consist
mostly of carbo-Liydrates, starch, sugar, cellulose, &c., of inferior nutri-
tive effect, and because their protein is less dlgestlble than that of ani-
lig] _foods Potatoes especially contain a large amount of water and
Sxtremely little protein or fats.

PLACE OF FISH IN DIETARIES.-——IMPORTANCE OF FISH CULTURE.

' The chief uses of fish as food are (1) as an economical source of nutri-
lnent, and (2) to supply the demand for variety in diet, which increases
With the advance of civilization and culture.

As nutriment, the place of fish is that of a supplement to vegetable
f°°d5, the most of which, as wheat, rye, maize, rice, potatoes, &c., are
eficient in protein, the chief nutrient of fish.
The so-called nitrogenous oxtractives contained in small quantitiesin
fish as in other animal foods are doubtless useful in uutrition. The
H. Mis.'GT—-‘—SO
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theory that fish is especially valuable for brain-food, on account of an
assumed richness in phosphorus, is not sustained by the facts of either
chemistry or physiology.

It is an interesting fact that the poorer classes of people and com-
munities almost universally select those foods which chemical analysis
shows to supply the actual nutrients at the lowest cost. But, unfortu-
nately, the proportions of the nutrients in their dietaries are often very
dofective. Thus, in portions of India and China, rice; in Northery
Italy, maize-meal; in certain districts of Germany and in some regions
and seasons in Ireland, potatoes; and among the poor whites of the
Southern United States, maize-meal and bacon make a large part and
in some cases almost the sole food of the people. These foods supply
the nutrients in the cheapest forms, but are all deficient in protein.
The people who live upon them are ill-nourished and suffer physically,
intellectnally, and morally thereby. ,

On the other hand, the Scotchman finds a most economical supply of
ptrotein in oatmeal, haddock, and herring; and the rural inhabitants of
New England supplement the: fat of their pork with protein of beans,
and the carbo-hydrates of potatoes, maize, and wlheat flonr with the
protein of codfish and ‘mackerel, and, while subsisting largely upon
such frugal but rational diets, are well nourished, physically strong,
and noted for their intellectual and moral force.

As population becomes denser, the capacity of the soil to supply food
for man gradually nears its limit. Figh gather materials that would
otherwise be inaccessible and lost, and store them in the very forms
that arve most deficient in the produce of the soil. Thus, by proper
culture and use of fish, the rivers and the sea are made to fulfill their
office with the land in supplying nutriment for man.



APPENDIX.

The following is a list of the larger tables in this article. Nos. I to
VI, XI, and XII ure, for convenience, placed in the appendix herewith ;
the rest are embodied in the text of the article.

Table I.—Analyses of fish (protein estimated by multiplying nitrogen
by 6.25). In this table the specimens of fish are arranged in the order in
which the analyses were made. Each bears the laboratory number by
which itis referred to in the other tables and in the text. The ¢ protein”
is estimated by multiplying the nitrogen by 6.25. The figures for Loth
« water-free substance” and *fresh substance ” or flesh are given. Tor
reasons given in the text, under Methods of aualysis” and ¢ Nitrogen-
factor of protein,” I do not regard this as the most correct way of ;',omput-
ing the analyses of naterials which, like the flesh of fish, contain little of
non-nitrogenous compounds other than fats and mineral matters, and
have made no further use of the results thus obtained. In deference,
however, to the very common usage of estimating ¢ albuminoids” or
“ protein ” by multiplying the nitrogen by 6.25 and stating results of
analyses on this basis, T have given the results of all the analyses of the
flesh of fish in this way in Table L.

Table IT—Analyses of fish (calculated on water-free substance, pro-
tein by difference). In this table the protein is estimated by subtract-
ing the sum of ether extract and ash from 100.

The water-free substance consists essentially of nitrogenous com-
pounds, insoluble or nearly insoluble in dry ether; fats, soluble in
ether; and mineral matters, for the most part insoluble in ether and in-
cluded in the ash. The determinations of ether extract were made
in the nearly dried substance by use of purified and dried ether, and
represent very nearly the actual quantities of fats. The figures for ash,
though representing ¢ crude ash,”.are a very nearly accurate measure
of the actual amounts of mineral matters. I believe it correct to as-
Sume that the flesh of fish contains ordinarily but very little of non-
nitrogenous compounds, other than fats and mineral compounds, though
" @ more thorough study of the carbohydmteé and complex nitrogenous

and phosphorized fats is much needed. Accordingly it seems to me
that in these analyses the most accurate measure of the nitrogenous
" compounds is to be found by subtracting the sum of the ether extract
and ash from the whole. 1 have, therefore, in Table 11, cstimated the

Dercentages of protein by subtracting the snm of ether extract and ash
from 100. '
{35] 467
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The protein in Table II, therefore, includes all the nitrogenous com-

pounds of the fish, albuminoids, gelatinoids, and so-called nitrogenous

extractives.

" In the preliminary report of progress of the present investigation,
published in the Report of the United States Commission of Fish and
Fisheries for 1880, pages 243-4, 273, and 275, are given results of deter-
mination of ¢ extractives ” (cold-water extract not coagulated on boil-
ing), albumen (cold-water extract coagulated on boiling), gelatin (hot-
water extract), and myosin and syntonin (insoluble protein) in a number
of specimens of fish. I hope in a future report to discuss these com-
pounds more fully, and hence only refer here to the analyses already re-
ported. In Table II, as in the succeeding tables of the composition of
fish, the terms protein and albuminoids, as said above, include all these
nitrogenous compounds of the flesh. Ior the sake of completeness I
give, with the protein thus calculated, the actual percentages of nitro-
gen. :

Table III. Analyses of fish (calculated on fresh substance, protein
by diftérence).—This table shows the composition of the flesh, as de-
duced from the figures for waterand composition of water-free substance
in Table II. Accordingly the protein is that estimated by difference.

Table IV. Analyses of fish (percentages of water and nutritive
ingredients).—This table recapitulates in more convenient form the fig-
ures of Table III.

The insertion of both these tables may seem unnecessary. Table IV
was already inu type when a change of plan, necessitated by circum-
stances out of the writer’s control, called for the details ot Table III,
and Table IV was allowed to stand. I think, however, it will not be
entirely out of place. The figures for “maximum?” and “minimum?”
represent the largest percentages of each of the several ingredients
found in the specimens analyzed.

Table VI. Percentages of refuse, water, and nutritive ingredients
in specimens of fish as found iu the markets.—This table gives the
composition of the specimens received for analysis, including both
flesh and refuse, and is on that account of economic importance, since
it shows the composition of the fish as commonly sold. The table js
taken from a more detailed one, which with others I have reserved for
a future and more extended report.

Table VII, Composition of invertebrates, &c.—This table, deduced
from some more detailed tabular statements prepared for future publi-
cation, recapitulates some of the more important results, from the eco-
nomic standpoint, of analyses of invertebrates (and two specimens of -
vertebrate animals). In many of the shell-tish—oysters, clams, mussels—
the solid and liquid contents of the shells were analyzed separately.
The amount of nitrogen and ether extract in the liquid portion seemed
to me interesting, and led to more analyses of the latter than would
otherwise have been undertaken. In removing the shell contents from
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the shells for analysis, less was allowed to escape than is generally the
case in the commercial process, I think, so that the specimens opened
at the laboratory had doubtless a larger proportion of liquids than oc-
cur in those ordinarily found in the markets. This seems to be the ex-
planation of the fact that the shell contents of the oysters received in
the shell at the laboratory had larger proportions of ash than were
found in the so-called “solids,” as purchased of the oyster dealers.

The last two columns of Table VII need a word of explanation. They
give the amounts of ¢ edible portion » and ¢ actual nutrients” in the
whole specimens. In the case of oysters, for instance, the majority of
the specimens were received in the shell, The percentages of edible por-
tion—shell contents, flesh and liquids together—was of course small §
that of water-free substance, which constitutes the nutritive material
of the shell contents, was of course much smaller. If the mineral mat-
ter of the salt water were subtracted, as was not done, the amount of
actual nutrients would be smaller still. If, however, the specimen con-
sisted of the shell contents simply, of course the percentage of cdible
portion would be 100, and that of nutrients correspondingly large. In
the lobsters, crabs, turtle, &e., the edible portion and nutricuts are
determined and stated in the same way as in the mollusks.

Tables VII to X are, I think, sufficiently explained in the text with
which they are incorporaeed. They are derived from Tables II-VI,

Table X1 is also explained in the text. The figures for meats, dairy
produets, &e, are, with the exception of some from European sources,
and indicated by italics, compiled from the results of the analyses re-
ferred to in the beginning of this article as nndertaken in behalf of the
Smithsonian Institution (National Museum), but as yet unpublished.
Those of fish, Invertebrates, &c., are selected from the tables which I
have just described. The minor differences betweoen sowme of the figures
for invertebrates, especially in this and the preceding tables, are due to
the fact that, since this table was put in type, the former tables have
been revised and slight changes introduced. Thus, in the revision,
for « oysters best” a different specimen was selected from that whose
composition had been given in Table XI. Of course, such matters as
this are of small moment, and demand only & passing notice provided
the analyses are in themselves correct.

Table XII. Analyses of vegetable food.—The reasons for inserting
this table hero are, that it is interesting for comparison with the fish and
other animal foods and that some of its figures are used for data in com-
Puting the costs of nutrients in the section on the economic application
of the analyses.
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TABLE 11.—dnalyses of fish. Caleulated on waler-free subsianoe.
tein (alouminoids) estimated by subiracling sum of fats and ash from 100.

[42]

Percentages of pro-

ke 1

2 Tnflesh. |  In water-freo substance.

5 Fl | .

a2 N

g 8. | 2, ! &
Kind of fleh. £g -8 . P8 ) 8, &
S8 v e g - g .3 2
IR IR R N

ﬁu 3 2% X . 35 1 - 2

g% & | %2 | E [ gE | =% | B

G] B g = 25 I ] E

s g | B | &7 1& | ©

- i '
FREBH FIBH. : ! '
Perct. | Perct. | Perct.; Perct. Perct. | Per et .
Halibut! (Hippoglossus americanus) .....---- 11 70.15 | 20.85 . 13.45 ' 83.88 . 10.50 5. 63
Flonnder (Paralichthys dent@tud) .co.ccoae--- 2| 83.37| 16.63 ' 14.35 88.60. 3.73 7.67
Cod (Gadus morthua) ..... RSO 3, 8348( 1652 1500| M.72; 1.0¢ 7.62
Eel, snlt-wator, (Angutlla rostrata) -....-.--- 4 ] 69.80 | 30.20 | 10.20' 62.75 34.23 8. 04
Shad (Alo8a sapidigsIMA) .« onnesneeesnnarans: 61 #0.65| 30,35 | 983 00.07 35.07 4.2
Stripcd bans ({tocous lineatus)coeeeesrnvmeses: 71 70.02) 2008 | 1%.25| sno2l 7.47 5,51
Mackerel (SeomMber SCHMYTUE) amneeenernrensns 81 78.67| 21.33 | 1372 85.02' 10.81 4.67
Halibut? (Hippogloseus americanus) -....... 8| 90.13; 29,87 0.03| 60.76| 3541 3.8
Bhod (Aloq 80334 IREIMA) - enenmananeenese--| 10| 65.25 3495 | 0187 50.04 39,10 4.28
Cod (GAAUS MOT 10 (@) o+ ovmmmmeenesmnmneon 11| 83.30| 16.61 1550 00.01 | 23 7.00
Blunfish (Pomatomus sallalriz) «.cceoovmvv--- 12 | 78.46 | 2).54 14. 42 ! 83. 30 5.70 5.81
Nackerol (Seomlwr xcembrus) . 13| 74.26 2574 10.#9, 07.81: 27.26, 4.43
Salmon (Salmo a'or) .oo.-.. 14| 6116 | #2u5| 957 se7L| 3Le4y 8.9
Poray (Stenuterine 00 qyYrops) -« 15 79.68! 2082 | 13.74 ! 8594 7.18 6.88
Haddock (Melan grammus gl 16| 80.30: 19,70 | 15,08 03.33 0. 86 5.82
Salmon trout, (Urrticomer numaycush) . ...... 17 1 68.78 . 31 %Y 0.04 | 5553 40.14 4.33
Whitofish ((nrgunud cupeyformis) .-------..| 18 60.83 | 3017 | 12.16 |- 73.13 | 2151 5.36
Stripod bass (Roccus lineatus). .. - 4 107 7973 wo27| 1340 22| 10401 6.0
Haddock (Melanogrammus cxglefin 21 82.03! 17.97: 1477 900.60: 0.78 872
Flounder (Paralichthys dentatus).. ... 221 8.04 | 14.96| 1414 8610 518 4 63
Swelt: (Osmerus morda®) cee--- - . 23 | 80. 16 18, 84 13. 32 80.16 9.5 10. 08
Brook trout (Salvelinus fontinalig)........... 240 77.54 | 9v.46! 13.25] 82.06 | 11.01 6. "g
Tled snapper (Lutjanus blackfordii) ......-... 261 77.34 | 22.66 | 13.06 | 85.56 8. 58 5. 8
Mackerel (Scomber sCOMBTUE) cevvvenrcorannens 80| 74.14 | 25.88| 11.25| 67.04 | 27.04 5.02
Porgy (Stenotomus argyrops)-- .. eeccceveees 31 71981 28.02] 10.77 | 67.15 | 28.04 4.8
Shad (Alosa sapidisgima) - ...oeceeeceessens g2 709! 20'25| 9.90 092 | 3450 488
Llacktish (Tautnga onitis) - . ... cemaes 38 76,95 23.05| 13.42} 82.20| 12.20 5.64
Mackerel (Seomber SCOMDTUE) eavzesn e  n 301 os.01: 3500| 48| 50.61| 45.28 | 411
S1-anish mockvel (Cybium maculatiem)...... 43§ 68.10 1 31,80 | 10.76 | 6573 20. 56 4'7:3
Whito perch (Morone americana) ............ 1 44 75,64, 24.36| 11.70 | 72.37| 2407 4.5 .
Mascalonge ([560x noblior) c..eveeeeinn-ee ! 455 70,26 23.74 | 13.58; 83.27 | 10.70 6.l
White peroh (Morone americana) .-« ....--- 6 7577, 2423 | 1350 sl | 1042 OZ
Herring (Qlupea harengua).-..ccooeoo-vv ons 47§ 69.03  30.97 0.87; 69.62 8555 4. 8-§
Sheopshoad (Archosarpus probatocephalus) ...| 48 72.01 ¢ 27,00} 11.00: 72,05 | 24.02 a. 95
Yollow piko perch (Perca fuviatilis) .......-. 62 79,74 20.26! 14.67 | 00.94 2ol |, 60y
Black bass (Mficropterus pallidus) ........---- 53 1 7861 2130 14.54 | 80.96 4.47 5.01
Poltovk ( Pollachits carbonarius) ... ... BL 7002 2508 14.41| o032 | s, & b
Butter-fish (Poronotus triacanthus).......... 80 | 70.02; 29.98 8.60 | 59.38| 3c.gol B 83
Biack bass (Micropterus pallidus) «....c...... 91! 7482 2518 | 13.70 | 85.38 9. 60 i 4. 97
Pickerel (Fsox lucius) ..o cceeeeeseiaoennns 98 . 70.79| 20.21 | 14.78 | 92.06 2.87 ' 5. 09
Tomeod (Microgadus tomcod 09! BLG5| 18.45| 14.95| 92.60| 208; O 3;
Pickorel (Evox reticulatus).. 100 ¢ 79.84 20.16 14.G3 01.¢8 2,08 : 8. 18
Cusk (Brosmits brosme). ... .-+ 110 82.01| 17.00 | 1530 | 94.08] 0.94: 4.9
Cisco (Argyrosomus tullibee) .. 11 76.15| 2.85 ! 12.92) §0.16 ' 14.59 5. ;ﬁ
Hake (Phycis chusg)......... veee 113 | 83,11 10.80 ! 14.56 | 90. 26 3.07 5. I
Grouper (IZpinephelus morio) - ...| 14 70.86| 20.15 1 14.88 | 01.82| 2.30 5.0
Mullet (Mugil albula) .- - ... feeaerneees 1261 74.87 | 25.13 | 12.40 | 70.80 | 18.45 ]
Yellow perch (Perca fluviatilis) . ..l 1271 80.43 | 10.57; 14.54| 01.33| 2.81 5"48
Blackfish (Tautoga onitis) ...... Dhozostosuae| 1864 1612 | 0357, 295, g
Rock cod (Gadus morrhua).. S 208| 71| w20 1520 | er2dl s8] TH
Smolt (Osmerus mordaz) ... . . S..| 2079 78.16| 21.84 | 13.66| 86.21 | 7.95 839
Yellow perch (Perea fuviatili®) c.ooo -------- 208 7R.07| 2L03 1 14.37 | 88.77 5. 11 8. 8l
THalibut (Hippoglossiis americantie). .-« «----- 211 | 76.97 | 23.03 | 18.67 | 84.2¢4 | 11.05 3.0
Shad (Alosa sapidigsing)......... ... slo2121 TL04| 2806 10.06 61.59 | 385.32 3. 16
Eel. salt-water, (4dnguilla rostrata) . .of 217 | 73.40 | 26.60 i 10.68 | 66.22 | 29.02 4. 48
Alewife (Pomolobls vernalia) ... .. 220 | 7200 | 27.04| 1.67| 7224 | 2228 B
Shad (A4losa sapidissima)...... 2011 71.08 | 28.02: 11.48 | 71301 23.24 6. 46
Pickerel (Evoz reticulatus) ... 24 | 70.521 20,481 .86 0210| 238 | g
Striped bass (Roceus lineatus). .. 25| 127 22,73 | 13.36 82.73 12.85 4. 03
Cod (GadUS MOTYRUA) . vrsereenseeneins 228 | #3.43 1067 | 1530 | vz.08| 1.8 | S
Haddock (Melanograinmus eglefinus) 2201 B2.566 1 17.44 | 14.07 | 01.40 1. 82 6. o0
Mackerol (Scomber gcombrus) ... 230 ; 73.68 ! 26,32 11,85 78.12 | 22.28 4. 8
California aalmon (Oncorhynckus ., 233 | 64.53 ) 4547 .87 | 50.04 | 46.51 2 o5
Pompano (Trachynorus carolinuy) . ... Clous4 | 67.881( 82.62 9.00 | 56.65| 41.40 g a1
anpm‘? eel (Pelromyzon marinus.) Joa3e| 7132 | 28.88 8.30 | 51.70 | 46.03 523
Striped hass (Roccus lincatus) ... | 237 | 75.76| 24.24 | 12,901 70.76' 15.02 L]
Stu)-g(mua (Acipenser sturio) ... .. .o 238 78.71 21. 20 13.63 84,38 8. 80 6' 48
Red anapper (Lutjanus blackfordii) ......-... | 9421 79.81| 20.19 . 15.26| 90.85 2.67 6' 95
| 2431 s2.20! 17.801 15101 90.161 2.80 g

Cod (Gadus MorrhUBY cvvmanveeeeecnennnanen:

1 Tostorior part of body, lean.  ?Sectlon of body fatter than 1.

8 Sectlon of anterior part of bod¥:
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TaBLE II.—Analyses of fish. Calculated on waler-free substance, §6.—Continued.

Y
! 2 In flesh. In water-free substance.
13,
- |82 s, | Tz, 5|
Kind of fish. s 1 &8 - “g | Bs |4
52 PT2 | g ! L8| ®8 1 @
155) . 133 B L eE | TR
! Gem 3 3%, o ' &g P
25| 2 1 EE | ozl
_— (3 B oy ! 2 & | m . 0©
. PP | [ —
[ 7 ;
Fuesn Fieli—Continued. : i ! | |
) | Perct. . Per¢l. | Perect. | Perct.| Perct. | I'erct.
s}}“kﬁsh (Tautoge onitis). . ; 70,611 20,36 | 14.86  0L90: 305, 505
Sk:‘; (xu;;m capid’iasima) ;5 }‘3 Lo2n, gg [ }o. % { gg gslx i 23 }‘(1) | g.gg
ool (Raig —1)..... . 2,15 1 17.86 . 16.° . .
Sty ed bass (Ioccus lineatus) . . 77,87 22.13 1 1372 85.02 ! 0,83 : 5,05
Zg“ (Alosa SADIAISHIMNGA) < eneee e aaneann D766 28,440 10,08 | ggo81 2058 518
Se;c[?“mng (Archosargus probatocephalus) 250 i ZD. 03 . 20.02; 14,81 gg :ﬁ i -{ )g l 6. gg
ag; L8t 277 JA, 5 9.32 " 20, 5. 3 , 8 2.9 0.
{gt;s&;nlsﬁ‘(afé’?iﬁ’é’sﬁifé" wendomaa) 1L | 35 Tar: saee! deer R0 4 | s
bl g 7 5 i 5, 65 14. 0. 47 .85 .
Hrook \or (Pacudopleuroncctes amerieumua) - B3| JLE 1 o600 14w | ousal g 47
0&1.12?12 hrout (Crislivomer namaycush) . ... 255 | 69. 50 | ':0 5 l 10.19 | 2398 i J: 47! gf!.g
C By took trout (Salvelinus fontinglis) ..., 250 1 74 780 24.22 ) 13.41; 8278 1% 4] 5.0
Blltﬁ;i’r rl::y ‘{}urch (buzoatledmm canadensis). 3:}; i 23' f:E [ ;ﬂ. :2 ! 14% ' ‘8'{; }g ! l'(;' gé | ggg
o fis! zostoma ta) .......- eeeas 5 5 1. 3.43 1 B3.46 . . 08 | . 5
g‘ﬁlg(gﬂl«j (M(cugwgr?z;ﬁmifa‘Z’;}rﬁnua) . | %0t suer! 1812 { 15,27 l g’ 6 ! !1) 919 [ 5 ;'1,
¢d bass (Roccus lineatus) ......... 200 . 76.65 1 23.35 12,32 6.83 ;¢ 19.75 3.02
f,in.ckm-ol (Soomber ;combru.e)) ....... 61| 7544, w1585 12.00) 70.64| 17131 5.9

gl‘gy (Stenotomus argyrops) . ..-.... 262 ' 7331 26.60 ] 11,65, 72.24 ] 22 54 5.22
B ‘”f"mn (Irachymatus carolinus) . .- 267 GR18. 21820 14.161 BLBO.| .5V | 4.60
R«:u Ktigh (Tautoga onitis). ....oo.... 260 © GR4%  2L.O6 [ 1407 KO 6,60 6.30
Rm} bass (Scienops ocellatus) ....... 270 ; 81.56. 18.44 | 14.65 . 00.44 [ 6.67)

i’ e : . i e o
Woukia G acbesons repatte.-or.- I R I R T A
sa]'“"", fomnlo (Salmo salar) ....... 979 ' 61,37  AR.63 ] 10.24] 0273 3376 3.51

mon, male (Salmo salar) ......ccocoianninn 280 61031 1B.97 ! 10.17 | 02,74 | 33, 63 3.78
BPENT FIBH. i | l l
§ , i |
s:{mon, malo (Salno 8alar) coeeweoeeeenvenns| 85 75,270 2473 | 12.30 | 77.83 | 17.66 4.51
Ln"‘]“h. fomalo (Salmo salar) ............ ... a6 78.20 ) v1.80 12,93 81.GG | 12.88 6. 36

an '”;:cka:l()l. salmon, male (Salmo galar, 4 | oy ! w1z 1812 5,76
L, b, sebago).... .. e 0° F1.88 22124 1L70 6. , 1 2

:ﬁ%‘lookcd galmon, fewmale (Salmo | | I -

BP0 BCDAGO) e vvme s womnnsennns menneinnens at! 7n.20] 2080 ! 13.20( se88] o6 578

| i ! )
PRESKRVED FISI. ' : [ | - |
. ] . '

::]’:S‘d falt cod (fleah froed from bone) . . ' 25 54.35 i 45.05 1 0.20 | 4857 ' 0,71 , 50. 7
Cunn:d halibut ( Hippoglossus americanug) ...} 281 51061 4804 | 604§ 37.00 | 31,90 8101
ngkgll"“‘““’“ (Oncorhynchug chounicha)...... I 29 l 05.86 3414 0,87 ¢ 62.06 ¢ 2 40 524
Shpka e (Gl farengue .1 a0 am | e R AR

a1 aduy morrhua)........... el 53,62 X L5681 45.65 .63 1 63,
Bag 2% (Gadus morrhue) o2 o Lo 8T ] 5354 hl N i 40.63] opsi G243

hco::,?;.:,k(;rd' “No. 1 muckaerel” (Seomber | : . | . s i 616 ] 20,08 | 076

WTtea) (i ieniianee oo 42 @210 D sTALL B85 48160 30.08. 2
A]:[:ﬂ,ﬂ dried froah ood (lesh desicented) ....1 70 : 15,2 .75 1472 87.08 | 2241 9.78
Ca ondricd salt cod (flesh denicented) ... Ri) | 11,65 1 8835 0 13.04 ( 81,06 6.54 1 13.40
Y Pina. 8ardives (Clupea pilchardus?y ... . 87! 56,970 43.631 9120 5801| 20.14 . 12.85

idoy haddge ked haddack). (Me- - ' '

&n’l:zr;ram.mus“w I(:j,ll:::w‘)(‘“m(.{| 88 | 72061 27,44 } 14,58 [ R0, 28 0.62 13.10
Q nm':l freal mncier«-l (Scomber gcombrusg) .., H41 6818 ° 3L82 [ 0.87 | 62.55 | 27.28 10.17
Canpgy "1t mackerel (Seomber scombrun) .| 05 43 56.77 | 4.68 ' .60 49.22. 21,00

mok..,l']ml’"o" (Oncorkynchus chovicka) ... .. 96 | 02,24 ' 37.77 R48 1 n2.11 | U865 0.4
c““nn' libut (Hippoglossus americanus) ..\ 218 II 47.70 1 6230 7.04 § 43.071 2761 28. 42
Cannm :l\lt mackorol (Seomber seombrus) ....| 2101 43,62 | 56.38 5081 81.42 | 44.05 ' 24, 5%
Canpgy LURBY. ** Horwo mackerel” .. 240 | 7274 7.0 1 1272 TEGT | W.E4 610
C“Dod salwon (Oneorhynchus chowicha).....| 241 67,55 | 4245 7.34 | 45.2% | 50,62 f 4.16

wgkﬂnsmoked haddock (Melanogrammus .

UB) taee i eee e e aeanane e 276 | 08.73 l 3127 | 11.40| 60.68| 7.18| 23.1¢

—

1 Left lobe of body.
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TABLE IIL.—dnalyses of fish. Composition of flesh. Protein (albuminoids) cstimated bY

difference.
—
|8 :
,g 5 In water-free substance.
3 @Q
88 ° e ——
g °g I
Kind of fish. e Eel-] o8 .,
2 & o a g
I K3 . a qe Bl
S . 8 ? o o
a3 . - IR i} .
2% £ 5 | @ 32| £ | 2 2
3 & Bl E &0 | A 4 “
J I S e e | ee—
FREBH II8H,
Per ct. | Ier ct. | Per ct, | Per ct. | Per ct. | Ier ct. | Per, dﬁ
Alowife (Pomolobus vernalig) ........ D20 | aenennn 72.06 | 27.04] 10.54 6. 02 1.48 :Jl
Black bass (Micropterus pallidus) ....| 53 1....... 78.61 [ 21.39 | 10.24 0.96 1.19 ;5'17
Black bass (Micropterus pallidus) ....; 91 f........ 74.82 1 2518 | 21.50 2. 44 1.24 3 ;9
Avurago of two specimens. ...l ... eeieee 76.71 | 23.99 | 20.47 1.70 1.22 3. 70
Red bass (Scianopy ocellatus) ---+=e=) 270 |........ 81.56 | 18.44| 16.68 | 0.53| 1.23 %1
Soa bass (Centropristis atrarius) 251 70.32 [ 20,08 | 18.75| 0.40 | 1.44 )
Striped bass (Roccua lineatus) .- ..---. 7 .02 | 20,98 18,26 1.56 1.16] * 2 b
Striped bass (Loccus lineatus) . ...-- 20.27 | 16.74 2.17 1.38 204
Striped baes (Roccus lineatus) . 22,73 | 18.81 2,81 1.1 33
Striped bass (foccus lincatus) 24.24 | 19.33 8. 04 1.27 -‘-(1“
Striped buss (foccus lineatua) .. 92,13 | 18.81 2,20 1.12 3'88
Striped bass (Roccus lineatus) .. 23.35 | 17,82 | 4.61] oo2| 2@
Avorago of six specimens ..... . e . 92,20 | 1830 2.8 1. 16 ‘-!‘09
Blackilsh (Tawloga onitig) .. ...------. - 23.05| 18.06 | 2.81 1.28 3. g2
Blackfisl (Tawutoge onitie) ... .- .---- 2 : 18.64 | 17.44 | 0.66| 005 %7
Blackfish (Tattoge onitis).......m--- e . 20.36 | 1871 | o0.62| 103 AL
Blackfish (Tautoga onitig) .. .c..-v.exe 200 |. 7 2160 | 18,70 1.44 1.36 "'ob
Averago of four spocimous ... . 92 20.90 | 18.47 1.85 1.08 2. 1
Bluefish (Pomatomus saltatriz) ...... . 3 21, 54 19, 02 1.25 .27 :i #
Buffalo-fish (Myzxostoma celata). ...... . . 21.44 | 17.00 2.35 1.10 1'88
Butter-fish (’oronotus triacanthus) .. 20,08 | 17.81 | 11.03{ 1.14 208
Cisco (Argyrosomus tullibee) ......-. 24.85 | 19.12 3.48 1.25 & @
Col (Gadus morrhua)........ . 10.52 | 14.07( 0.28( 127 2.5
- Cod (Gadus morrhua). ... 16.61 14.95| o0.40| 126 244
Cod (Gadus morrhua).. 10.20 [ 17.50 | 0.30 [ 1.40| ZGy
Cod (Gadus morrhua).... 16.57 | 15,28 0.31 1.00 2 68
Cod (Gadus morrhua)..... s 17.80 | 16.08| 0.51] 121 0
Averago of five speciuons. ... 17.36 | 1577 | o0.86| 1.23 2. b
Cusk (Brosmiuabrogme)(americanus). 17.09 | 18.92 0.17 0.80 2'08
Ecl, sult-water (Anguilla rostrata).. .. 80.20 | 1805 10.84 | o091 B
Eel, salt-water (Angmlla\m_:trata) ceen 26.60 | 17.61 7.88 .11 2 06
Avorage of two spieinens. .. .. 28.40 | 18.28| 9.11| 101 20
Lawproy cel (Petromnyzon mannus i . . 28.88 | 14.93 | 13.29 0. 66 2 30
Plounder (Paralickthys dentatus).. ... ) 16.63 | 14.73 0. 62 1. 28 2. 12
Flounder (Faralichthys dentatus). ... 2 14,06 | 12,90 0.77 1.29 2 26
Avernge of two specimens. .. .. . 3 15.79 | 13.82 0. 69 1.28 2
Flounder (Pscudopleuronsctes ameri- "
CANUE) ..o ee e R 15,05 | M.01| o044| L20| 25
Grouper ( Epinephelus morio) 20.15 ] 18,51 0.48 1.16 2. 1
Grouper ( Epinephelus morio) .. .. . 21.04 | 19.19 0.71 1.14 3'04
Averago of two specimens. . .. 2060 1885( 0.60] 115| g
Haddlock { Mclanogrammus aglefinus) - 10.70{ 18.88| 0.17( 1.18 2.8
Haddock(Melanogrammus ceglefinus) . 17.97 | 16.268 0.14 1.57 2 6l
Haddock(Melanogrammus aglefinus) 17.44 | 15.04 0.32 1.18 2 7
Haddook ( Melanogramnus aglefinus) 1838 1677 | 036 1.03| Zgp
Averago of four speciens - . . 18.31 16.83 | 0.25| 1.28 2%
Hake (Phycis chuss) ....-..- e . 1680 | 15.24| o.67| o008 *
Halibut (Hippoglossus americanus). . 80
Section 0f DOAY ... s c.oor--or 20.85| 17.49] 22| 115 2
Halibut (Hippoglossus americanus). o ol
Soction of body...... Jrereeees 20.87 | 18.16 | 10.57 | 1.14 2 16
Halibut (Hippoglossus americanus . .. 23.03 | 10.40 2.7% 0. 88 ‘i of
Average of throo specimens ...[. 24.581 18.35 5.17 1.00 306
Hoerring (Qlupea harengus) . ......... 30.97 | 18,40 | 11.01 1. 50 503
King fish (Menticirrus nebulosur) 20.70 | 18.66 0. 95 1.18 o)
Maxcalongo (Esox nobilior)...... ... 23.74 19. 63 2. 54 1.57 - o o
Mackerel (Scomnber scombirus) 21.83 | 18,13 2,20 1.00 2, 80
Mackoerel (Scomber scombrus) .. - 25.74 | 17.48 7.02 1.24 ool
Mauckerel (Scomber scombrus) ... .... 25.80 | 17.42 6. 04 1.50 3 05
Mackerol (Scomber scombrus) ........ 35.00 | 18.21 16. 30 1.48 :: 12
Mackorel (Scowber scombrusgy ........ 20,32 | 10.25 H. 86 .21 311
Mackerol (Scomber scombrus) ........ 24,50 1 10,07 4.2 .48 ]
Average of 8ix specimons. ... . 26.65 | 18.26 7.09 1.u8 -
Spanish 1ackorel (Oybium incoula- 5,43
LT S T 31.90 1 20,07 | 9.43| 150 318
Mullet (Mugil albula)................ 25.13 1 19.32 4.04 1.17 * !
* In compnting the minoral malter In the salted fish, it wus assumed that percontagos of the ml‘|ug:;'

matters properly bolonging to tho fish wonld bo the saame as in correaponding specimens of frea wen
Theao porcontages are computod for the salt ish, uud the excees of ash found in the salt fish ls t#
as * salt.”
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TaBLE II1.—Analyses of fish. Composition of flesk, §-0.—Continued.

§y

1m°ll (Salmo sal@r) ... ccvevuss
§q1 00 (Salmo salar). Female..

Saly, Avorage of two specimens. ... |......

n

S
wweww
bt pud o
hl@ga

——
e
2 ’3 In water-free substanoe.
o ]
LE: o,
°g S
King of fish. & 2 o 3
8 & E
gal | g o= | B
5l x| 2 s (%8| 5| 8| 8
Ki K E | B &% | & < =
Fresu y1sE—Continued.
P, Per ct. | Per ct. | Per ot. | Per ct. | Per ot.
pompano (Trachynotus carolinug)....| 284 82.62| 18.15| 18.61| 0.98 2.04
Omapano (Trachynotus carolinus). ... 21,82 19.15| 1.64] 1.08 3.00
Pix Averago of two 8pecimens. ....loexrs. 27.22 | 18.65( 7.57| 1.00 3.02
Wy 6 perch (Stizostedium canadensts) | 267 19.16 | 17.268 0.76 1.13 2.86
\vﬁ}“’ perch (Morone americana) ....| 44 24.30 | 17.63) &s02] 111 2.87
te perch (Morons americang) ... .. 24,23 | 20.43| 2.52 28 8.20
Yen Averago o? two specimens ....j....-. s 24.29 | 10.03 4.07 19 3.08
Yel ow perch (Perca fluviatilis)...... 127 |.. 10.57 | 17.88} 0.55 14 2.86
ellow perch (Perca fuviatilis) ...... 208 |... a1.93 | 10.47] 112 34| 815
) I Avorage of two specimens..... caeeee . 20.75| 18.68 | 0.83 24 8.00
mﬁNM(MWMMMMmm. 20,26 | 18.42 | 0.47 87 2.97
p,ckarel (K802 LUCTUBY - e vv mnnmen .. 20.21 | 18.60| 0.58 03 2.99
piokerel (Egox retizulatus) .- 100 |- 20,16 | 18.40| 0.2 24 F 2.96
orel ( Esox retioulatus) - .... 224 |. 20.48 | 18.88 | 0.49 11 3.04
Poy Average of two apecimens .....|...... . 20,82 | 18.6¢4| 0.50 18 3.00
Pop ek (Pollachiua carbonariud) - 25.08 | 21.66| 0.78 55| 3.46
pOrKy (Stenotomus argyrops) .- . 20.32 | 17.46 1.46 40 2.78
poPEY (Stenotomue argyrops) . 28,02 | 18.81| 17.868 85 3
RY (Stenotomus argyrops)... 26.69 | 19.20 6.01 39 3
ed Averago of three amimens. IO PR 25.01 | 18,52 b6.11 38 2,
Req snapper (Jatjanue blackfordii) .. 22.66 | 19,89 1.04 33
snapper (Lufjanus blackfordii) .. 20.19 [ 18,31 (IJ 54 34
. 33
32.86 | 10.17 | 1247 21
3¢
45
34

oy (Salmo salary. Malo. ... .
Cayig, AVorage of three specimens ... ......
‘ch:ruia salmon (Oncorhynohus ohou-

§

N}ﬁ:g (dlosa sapidissima) ..

Shyy {4losa sapidissima) ..

Shaq (4loga sapidissima) ..

Shyy 4Alosa sapidissima) .-
Alosa sapidissima) -

sk‘w*\\'emga of seven specimens i

Shogg Reia—1). Loft lobeof body.

CePhalig
8

sh%p

8

us)
c’ph}&?:(nl) (Archosargus prodato-

8G sapidissima) ..
lose zapidissima)

ol (Archosargus probato-

smelg?v‘”’“go of two specimens. . _..[---...
ey, (O:’T:’-?‘w Mordag) ...cevnenn-n

erUS MOTARL) «vveeevoenne

Stup, &ver"g,e of two specimens ....|------

Ny, It ieesieresescecacencnacs
s“lmo(,),d (tM""'Oﬂadu: tomcodus). ... ..
s“'n’zfxt VOMmer nanaycush) . ... . eene.

(Origy; YOUL “ Mackinaw trout™

Brog A

BroY
Brogj,

Wiy
ek gy,

Sa)

imop

&\lmon (&,
Aver,

lnutlh Com

Lhiggg.

k %’““t (Salvelinus fontinalia). ..

D (4 cipenger sturio). Section

eoat *‘Mackinaw trout"

ivomer namg;
vor, YOUB) . covenernes
Crago of two specimens.....|-+---

Yout (Salvelinus fontinalis
trou ( Salvelinug ‘g'ominalic; .

8h (Qore 3 .
rgonug clupe .
(Ounoxcion reg:ligo'mu)

SPENT FPIEH,

almo salar). Malo. -
(Salmo salar). Fomulo .. ..

ago of two apecinxmns

0 ot threo specimens ...[---:-- seee

PSSR b e e e e e e e

EEERARREES
PEPORPPOPR D ©90©
22BRN33xER 388

o100 | 2.17| 672| 1.10| 333
20.02| 18.03| o6s| 18| 310
2446 10.64| 2.60] 122 8.22
1084 15.00| 1.04| 2.00| 284
2184 | 18.83) 1.05] 136| 208
2084 | 17a7| 179| e8| 281
o120 tm.86| 190 143} 290
1845 | 17.08) o0.38| 0.90| 276
sl.22| 17.34| 12.53| 1.35| 2.8
30.60 | 10.12] 1021 17| 311
3088 | 18.34| 1L.26| 1.26| 297
2046 18.43| ze1| 142| 298
5016 | 1845| U6 oes| ot
2422 “o.03] 204 193| 325
5098 1807| 210| 12| 308
50.17 | 2200 | G4o| ne2| .87
Srosl| 146! Zaup]| 11| 28

24.78 1 10.24 4.87 1.12 3
21.80 | 17.80 2.83 1.17 2.
24.26 | 18.52 3.60 1:14 2,

R3R

A prl"'"liflu tho mineral matter in the salted flsl, it wis assumod that percentagos of the mineral
o Perly belonging to the fish wonld be the sume ua in corresponding apoecimens of fresh fish.

U8 5yl nCentagos are contputed for tho sult fis, and tho excoss of ash found in the salt fish is taken
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TaBLE 111.—Analyses of flsh. Composition of flesk, §o.—Continued.

Kind of fish.

SPENT FisH-—Continued.

Salmon, land-locked (Salmo salar,
subps. sebago). Male. ...cooen. -
Salmon, land-locked (Salmo salar,
snbsx. sebago). Kemale ..... .....
verage of two specimens.....

PREPARED FIBH.
Dried.

Dosiceated cod. TFlesh froed from
bone and dried. .......ceeeerenrnene

. Salted.
Mackerel (Scomber scombrus), ‘' No.l
mackerel” .......iiieieens PP

Salted and dried.

Cod (Gadus morrhua) ** chanpel fish”.
Cod (Gadus morrhua) ** bont fish"....
Average of two specimens. ...
_Boned cod. Flesh freed from bone ..
PDesiccated cod. Flesh freed from
bone and dried. ... ccoeeieeennes

Salted, smoked, and-dried.

Haddock ** Findon lhaddie” (Melano-
rammus aqlefinug) . ... o-- -
Halibut (Hippoglossus americanud) ..
Halibut (Hippoglossus americanus) ..
Avernge of two apecimens. ...
Herring (Olupea harengus)

QOanaed.

Mackerel (Scomnber 8combrus) .o.oc-o-
Salmon (Oncorhynclus chouicha). ...
Salmou (Oncorhynchus chovicha) ...
Salmon (Oncorhynchus chouicha). ...
Average of two specimens.....
Sardines (Clupea pilchardus)......--.
Tunny., ‘*Horse mackerel.”"  (Orcy-
nus sceundo-dorsalis f) . .o-o--oo-ee
Mackerel {Scomber scombrus), ‘' No.

2 mackerel,” salted oooon o ene !

Mackerel (Scomber scombrus), ** No.
2 muckeroel,” salted . .ooo.oiooaainnn
Average of two HPOCIIONS. .. -
Smoked hadidock (Mclanogrammus
@Plefiniug) .. .ooviinie e menes

In (-'.omputing the minera] matter in the suited fish, .ib--\;'ns assumed that tho pe
matters properly belonging to the fish would be the same as in correspondin
These percentagzes are computed for the salt lsh, snd the excess of ash foun

a8 ‘‘salt.”’

of specimen.

Laboratory number

Water.

Per ct.

77.88

79.20
78, 54

15,26

63. 62

53. 58
54. 86

1L.65

72.60
51.00
47.70
49. 38
34. 55

08,18
G5, 80
62,23
57.55
59. 89
56.37

72.74
43. 23

43.62
43.43

5.50 | 08.73 ‘

Waterfree sub-
stance.

Per ct.

22.12

20. 80
21,40

8L 87

47.21

25.43
26.24
25.84
26,52

8L, 76

35.58

42.04

38,81
46, 63

27.20
47.38

45. 22
40. 27

25. 68 4

In water-free sabstance.

i Protein by
| difference.
Fats.

]
i

[46]

/

£

e

; 2

g 2
E A

Perct. | Per ot

Lor| 298
Lo 276
124 26
5. 41 12.48
o.57| &8
so| 3%
PRCY I
4.08 42

4.08 +
og 15
1.53 3-;’3
2. 18 2.8
1.99 ﬁ‘sz
Ths| s®
1.30 3-#,
126 B
1.84 , 3. 12
138 536

.80 .
5. 61 5.9
e 34
2,68 I 2.6
2.8
Ba| 2™
| ] n%
el
rcontages of wind
uimen§ of fresh q?:ln

tho salt fish i8 18
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NUTRITIVE VALUE OF FISH AND INVERTEBRATES.
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NUTRITIVE INGREDIENT S, WATER AND REFUSE
IN SPECIMENS OF FISHAND OTHER FOOD MATERIALS
AS FOUND IN THE MARKETS.
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