XI.—REPORT OF PROGRESS OF AN INVESTIGATION OF THE
CHEMICAL COMPOSITION AND ECONOMIC VALUES OF FISH
AND INVERTEBRATES USED FOR FOOD.

UNDERTAKEN FOR THE UNITED STATES FISH COMMIS-
SION.

By W. O. ATWATER, Pi. D.,
Professor of Chemistry, Wesleyan University, Middletown, Conn.

Sk : Herewith I Lave the honor to transmit a report of progress of
the investigation of the chemical composition and economic values of
fish and marine invertebrates used for food, which has been in process
for some time past in this laboratory, under the auspices of the Smith-
sonian Institution and the United States Fish Commission.

This report includes analyses of fifty-one samples of fish and twenty-
five of oysters, lobsters, and other invertebrates. It is divided into
three parts.

Part I gives account of analyses of fish, including description of sam-
ples, tabular statements of results, and mechods of analyses.

Part II gives similar data regarding invertebrates. The investiga-
tion it describes was undertaken at my suggestion by my assistants,
Messrs. Woods and Beamer, who have also shared in the investigations
of fish, and who report those upon invertebrates.

Part III summarizes the more immediately practical results of the
work, especially in its relations to the nutritive values of the samples
«malyzed the detailed account of the more abstract investigations being
reserved for another occasion.

Permit me to say that I regard this as only the beginning of a much
needed rescarch. Work in this line, rightly conducted, may, unques-
tionably grow into an inquiry of the greatest value.

‘To obtain the best results the investigation should, it seems to me,
be pushed in two directions, namely, toward the study of—

1. The chemical constitution of the tissues and fluids of the bodies of
the animals.

2. Their economic values, especially for food.

The more abstract study of the chemical composition of the substances
(1] 231
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is of less immediate interest to any except the chemist and physiologist;
but, if successfully carried out, its results will have most important
bearings upon the more practical questions referred to. We must know
more of the chemical constitution of the compounds that occur in our
foods -and of their functions in nutrition Lefore we can, with satis-
factory accuracy, estimate their values and proper uses for food. At
the same time, an approximate estimate of the nutritive values, and oné
commensurate with our present knowledge of the ingredients of foods and
their functions, can be based upon analyses somewbat less detailed, even,
than most of those here given. The analyses already made, though
insufficient to permit as reliable generalizations as are to e desired, do,
nevertheless, help toward an estimate of the composition and values of
a number of our more common species of edible fish and invertebrates.

Some of the results herewith reported are striking and unexpected.
Among the different sorts of fish which the New York and Middletown .
markets furnished for my table, a sample of flounder contained only &
per cent. of dry edible solids, actual nutrients, the rest being water and
refuse; while one of salmon yielded 33 per cent. of nutritive substance.
The proportion of nutrients in salmon was nearly one-third larger than
it would be in an ordinary slice of beef-steak; that in flounder not one-
fourth as large.

Taking the fish at retail prices in Middletown markets, the total
nutrients in striped bass came to about $2.30 per pound; while in
Connecticut River shad, whose price, thanks to our fish commissions,
was very low, we bought the same nutrients at 44 cents per pound.
In good beef they were costing about $1 per pound.

It makes very little difference to the man with five thousand dollars
a year whether he pays fifty cents or five dollars a pound for the albu-
minoids in his food; but it does make a difference to the man who must
pay his rent and support his family on five hundred dollars a year. The
economical housewife who hesitates in the dry-goods store before taking
a piece of calico at eleven cents a yard when she can get another that
may do as good service for ten, goes to the market and unknowingly
pays, perhaps, a dollar for a given amount of food, when she might have
got the same materials in forms equally nutritious and wholesome, for
fifty cents.

The large amount of attention devoted to this kind of investigation
in Europe has brought resunlts capable of being successfully 1)01)111211:'
ized. In Germany, tables giving the chemical composition and nutrt-
tive valuations of foods are becoming current among even the common
people. An attempt toward a similar application of the results of the
present work is given in tabular form in Part II1.

The details of the analytical work hercwith reported have been Pel
formed for the most part by my friends and assistants, Messrs. W.
Jordan, B. 8., G. P. Merrill, B. 8., C. D. Woods, B. 8., and M. Beﬂmer7
C. E,, for whose skillful aid I desire to express my thanks.
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I wish also to acknowledge the generous coniribution by Mr. A. R.
Crittenden, of the firm of Wilcox, Crittenden & Co., of this city, of $100
towards the expenses of the analysis of fish,

Further and especial thanks are due to Mr. E. G. Blackford, Fish Com-
missioner of the State of New York, for a gift of the same amount ($100)
towards defraying the expenses of the investigation of the invertebrates,
as well as for the furnishing of samples and valuable information.

In conclusion, permit me to express my appreciation of the pecuniary
and other aid which has been courteously afforded by yourself, and
whieh has rendered the investigation possible.

Very respectfully, your obedient servant,
W, 0. ATWATER,
Chemical Laboratory, Wesleyan University,
Middletown, Conn., July 1, 1881
Prof. SPENCER F. BAIRD,
Secretary of the Smithsonian Institution,
and United States Commissioner of Fish and Fisherics.

PART I.
ANALYSES OF FISH.

DESCRIPTION OF SAMPLES OF FISH ANALYZED.

Nos. I, XIII, XV, and X VI were purchased at fish markets in Middle-
town, in the months of March, April, May, and June, 1879; the other
samples were procured as stated below.

No. I. Halibut (Hippoglossus americanus).

The sample was from the posterior half of the body. The price was
15 cents per pound. The proportions of flesh, edible portion, refuse, and
loss in cleaning (see “Methods of Analysis”) were as given in Table I.
No. I1. Flounder (Pleuronectes americanus).

The entrails of the fish had been removed. Price 10 cents per pound.
The following figures show the proportions of edible portion, waste, &e.,
in each sample and in both together. The figures for the two together
are also given in Table I.

A, B. Both.
Grama. Grams, Grama.
Weight of edible portion, flesh. ....couceiiancanaeanes 239 716 054
Weight of refuso, head, bones, skin, &0.cccceuuva-ves 855 081 1,810
Losa in preparing for AnAlY8is. cc.coevvmeiiianaenae. 19 19 88
Total weight of asmple in grAmB. ... .oeever inennnan. 613 1,695 2,808
Total weight of samnple in pounds and ounoces ........ 11b. 5. 6 0z. 81bs.11.80z | 51ibs.l.4 08

No. IIL Cod (Gadus morrhua).

The head and entrails of the fish had been removed, Price 10 cents
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per pound. Proportions of ﬂesh refuse, &c., as per Table I. Total
weight of one dressed fish, 2,780 grams=6 pounds 2.1 ounces.
No. IV. Eels (salt water) (Anguilla rostrata).

Dressed, 1. e. skin, head, and entrails removed. Price 15 cents per
pound. The proportions of flesh, refuse, &c., in Table I are those of
eleven fish, which were not welghed separately The total weight wus
1,368 grams_3 pounds 0.3 ounces.

No. V. Alewives (Pomolobus vernalis).

Caught in the Connecticut River. Price 12 cents per dozen, Twelve
whole fish weighed 2,666 grams=5 pounds 1.5 ounces. The cost per
pound was thus 24 cents. The proportions of flesh and refuse in four
of the fish were as per figures in Table I, in which table are given cor-
responding data for samples which follow
No. VI. Shad (Alosa sapidissima).

From the Hudson River. Price 20 cents per pound. Two whole fish
weighed 1,925 grams=4 pounds 3.9 ounces.

No. VII. Striped Bass (Roccus lineatus).

From Connecticut River. Price 20 cents per pound. One whole fish
weighed 2,055 grams=4 pounds 8.5 ounces.
No. VIII. Mackerel (Scomber scombrus).

Price 15 cents each. Four whole fish weighed 1,280 grams=2 pounds
13.1 ounces, which would make the price about 20 cents per pound.

No. IX. Halibut (Hippoglossus americanus). '

Section of fatter portion of body. Price 15 cents per pound.

No. X. Shad (Alosa sapidissima).

From Connecticut River. Price 8 cents per pound. One whole fish
weighed 1,595 grams=3 pounds 8.3 ounces.
No. XI. Cod (Gadus morrhua).

Price, 8 cents per pound. One fish, dressed, i. e., with head and
entrails removed, weighed 2,532 grams=>5 pounds 9.3 ounces
No. XII. Biue Fish (Pomatomus saltatriz).

Price 10 cents per pound. One fish, entrails removed, weighed 1,400
grams=3 pounds 1.3 ounces.

No. XIII. Mackerel (Scomber scombrus).

Price 18 cents per pound. Two whole fish weighed 8,982 grams=19
pounds 12.1 ounces.

No. XIV. Salmon (Salmo salar).

Sample furnished by Mr. E. G. Blackford, 74, 75, 76, and 80 Fulton
Market, 134 Beekman street, and 223 Front street N ew York City.
From ane One fish, entralls removed, weighed 47643 grams=10
pounds 8 ounces.

No. XV. Porgy (8tenotomus argyrops).
Four whole fish weighed 1,290.5 grams=2 pounds 13.5 ounces.
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No. XVI. Haddock (Melanogrammus aeglefinus).

Price 8 cents per pound. One fish, with entrails removed, weighed
1,900 grams=4 pounds 3 ounces.

No. XVII. Salmon Trout, called also “Mackinaw Trout” (Salvelinus

namaycush). .

Received November 7, 1879, from Mr. Blackford, Fulton Market, New
York, In letter of November 6, Mr. Blackford describes the samples as
follows : “Salmon trout (Christivomer namaycush) weighs 8 pounds 3
ounces. Caught in Lake Ontario November 5. This is very plenty in
market at this season of the year. You will probably find spawn in it.”
The sample, a whole fish, weighed on receipt 3,630.4 grams=8 pounds,
and had evidently shrunk slightly by loss of water and otherwise in
coming., It contained considerable spawa, which, as in other cases, was
rejected, with entrails, bone, skin, &c., in preparing for analysis.

No. XVIII. White Fish (Coregonus clupeiformis).

Received November 7, 1879, from Mr. Blackford, who says in accom-
panying letter: «“ White fish (Coregonus clupeiformis) weighs 2 pounds
15 ounces, caught at Alburgh Springs, Vt, from Lake Champlain. Is
the great food fish of the lakes, and is in its finest condition at the
present season.” Total weight of one whole fish as received, 1,313 grams
=2 pounds 14.3 ounces, showing, as usual, slight shrinkage in transport
and handling. .

No. XTX. Striped Bass (Rocous lineatus).

Received November 7, 1879, from Mr. Blackford, who described it as
“ Striped bass; weighs 2 pounds 9 ounces; caught at Bridgehampton,
Loung Island, November 5. They are very plenty at this season and in
their best condition.” Total weight of one whole fish, 1,098.5 grams=2
pounds 6.7 ounces. _

No. XX. Red Snappér (Lutjanus Blackfordii).

Sample received from Mr. Blackford November 28, 1879, ¢ canght in
Fernandina, Fla.” Total weight of oune whole fish, 3,5607.5 grams=7
pounds 15 ounces.

No. XXI. Haddock (Melanogrammus eglefinus).

Sample received from Mr. Blackford November 28, 1879, ¢ caught off
Rockaway, Long Island.” Total weight of one fish from which entrails
had been removed, 2,402 grams=>5 pounds 4.7 ounces.

No. XXII. Flounder (Paralichthys dentatus.)

Sample received from Mr. Blackford Mavch' 9, 1880. ¢ The fish was
caught at Amagansett, Long Island” The sample was rather old, and
the flesh very soft. It emitted some odor and assumed a pasty appear-
ance in drying. It is worthy of note in this connection that the per-
centage of ¢ gelatin? in this sample is large. Total weight of one whole
fish, 1,257.5 grams =2 pounds 12 ounces.

No. XXII1. Smelt (Osmerus mordaz).
Received March 9, 1880, from Mr. Blackford, from Hackensack River,
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New Jersey. Seventy-three whole fish weighed 1,023 grams. = 2 pounds
4 ounces. '
No. XX1V. Spotted Brook Trout (Salvelinus fontinalis).

Sample received from Mr. Blackford, March 16, 1880, «Cultivated
Trout.” Six whole fish weighed 1,295 grams = 2 pounds '13.7 ounces-
No. XXV. Boned Codfish.

Per label on box, ‘Packed and warranted by Henry Meigs & Co.,
Boston, Mass.,” “Snow flake” brand, Purchased April 8, 1880, in Mid-
letown, in 5 pound packages; price 50 cents each, or 10 cents per pouﬂd-
The following statements were printed on the box: *This package con
tains pure codfish, and that the best that could be cured. Great care is
taken in the selection, curing, and packing, and the fish is recommended
to the consumer for its economy, convenience, cleanliness, and quality.
In the fall of 1876 we introduced boned codfish in smatl boxes. i
We have been experimenting with paper, and we have now to offer &
paper box that is in every way water and air tight. The package is
thus always neat, the contents clean, and there no longer escapes the
fish odor, that to many is so offensive.”

No. XXVI. Red Snapper (Lutjanus Blackfordii).

From the eastern coast of Florida. Sample received from Mr. Black-
ford April 20,1880. Entrails removed. Weight of sample, 5,49 gram$
= 1° pounds 1.9 ounces.

No. XXVII. California Salmon (Oncorhyncheus chouicha).

From Sacramento River, California. Received from Mr. Blackford,
April 20, 1880. Edible portion of the anterior part of body. The fish
was evidently not very fresh. It emitted some odor, and in drying
swelled a great deal, and became pasty.

No. XXVIII. Smoked Halibut.

Purchased in Middletown, Conn., April 29, 188b. Part of one side of
fish, including skin and a few small bones. Total weight of sample, 1,616
grams. = 3 pounds 9 ounces.

No. XXIX. Canned Salmon (Oncorhyncheus chouicha, probably).

Put up by G. W. Hume & Co., San Francisco, Cal. One can, said t0
contain 2 pounds, cost 45 cents. Weight of entire sample, 8,700 grams =
1 pound 14.7 ounces, which would make actual cost of the contents of
can about 20 cents per pound. The sample had a good deal of oil.
Solids and oil were crushed together in a mortar; the oil was readily
absorbed, so that the sample was easily worked.

No. XXX, Fresh Mackerel (Scomber scombrus).

Caught off Cape May, N. J. Received from Mr. Blackford, May 11,
1880. - Total weight of four whole fish, 2,594 grams =5 pounds 11.5
ounces,

No. XXXI. Porgies (Stenotomus argyrops).

From Rhode Island. Received from Mr. Blackford, May 11, 1880.
The fish were whole. Total weight, 2,847 grams = 6 pounds 4.4 ounces
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No. XX XII. Shad (Alosa sapidissima).

From Connecticut River. Purchased May 19, in Middletown, Conn.
Price 10 cents per pound. Total weight of one whole fish, 1,7 50 grams =
3 pounds 14 ounces.

No. XXXIII. Smoked Herring (Clupea harengus).

Purchased May 19, 1880, in Middletown, Conn. Total weight of six
whole fish, 4,547 grams = 10 pounds 0.4 ounces.
No. XXXI1V. Salt Codfish.

Sample purchased in Middletown, Conn., November 16, 1880, of Mr.
8. T. Camp, who states that the fish is the kind known to the trade as
“channel fish,” and were caught in the deep water near George’s Banks,
The fish as commonly sold (head and entrails removed, salted and dried)
cost 7 cents per pound. Onpe fish weighed 4,156 grams = 9 pounds 2.2
ounces.

Nos. XXXV @ and XXXV b, Spent or foul salmon (Salmo salar), males.
Nos. XXXVI a and XXXVI b. Spent or foul salmon (Salmo salar),
females.

Received November 18, 1880, from Government salmon breeding es-
tablishment, through the courtesy of Mr. Charles G. Atkins, Bucksport,
Me. In accompanying letter Mr. Atkins suggests that though ¢ spent”
salmon [the eggs having beon removed by stripping] they were in better
condition than those that have spawned naturally. From measurements
made by Mr. H. L. Osborn, assistant in natural history in Wesleyan
University, I select the following as of interest in comparing the dimen-
sions and welghts of these with salmon in good condition:

]
XXXVa XXXV b. XXXVIa | XXXVID

Greatest height of body....... «...millimeters. . 156 154 163 160
¢t hoight of body .......... PR [, N 80 68 [1X] 64
Greatest width of body........ do ..... 58 57 66 67
irth at tip of pectornl fin..... .do...... 360 355 380 400
Girth at anterior end of dorsal......... 0. an..- 330 365 300 385
GIPEl) OVer DNUB cenevnonveeeamennseaanee do...... 200 285 340 318
Girth at posterior ond of adipose fin ... .do...... 200 190 200 210
Length to tip of middlo caudal ray ...... do... ... 828 830 015 806
Length to base of middle caudal ray..... do ..... 750 750 835 813

The proportions of flesh, refuse, &c., were:

XXXV a. | XXXV b | XXXVIa | XXXVIb

Edible portion.....coeuerueiranrieacens grams.. 2,345.7 2,881.1 2,603.0 3,040.2
nste, ontrails, skin, bone, &0...c.e.......d0. . 1,008. 4 1,715.0 2,487.6 1,055.9
88 in cleaning ...coocviceeieonn .t ....do. 28.3 14.2 7.0 21.3

Total Welght .eeeverereoseanecsoennns do.... 4,372.4 | 4,110.8| 51815 5,017.4
Total weight in pounds and onnces ........ 0 1bs. 10.2 0z. | 91bs.10z. [111bs.70z. | 111bs. 10z,

Portions of Nos. XXXV a and XXXV b were sampled together and
analyzed as No, XXXV. The same was done with Nos, XXXVI a
and b, which were analyzed as No. XXXVL
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No. XXXVII. Salt Codfish.

Sample purchased of Mr. 8. T. Camp, Middletown, Conn., November
29, 1880, who states that the fish is of the kind known to the trade as
“Dboat fish,” and was caught near the shore, in the vicinity of Nantucket.
Total weight of two whole fish, 2.813 grams = G pounds 3.2 ounces.

No. XXXVIIIL Black Fish (Zautoga onitis).

From Stonington, Conn., received December 1, 1880, from Mr. Black-

ford. Weights of t\\o whole fish as follows.

b.
Edible porti 322.0
Wasto oo 19
Loss in cleaning 1.1
Wholefish .............................. .. .. , 287. 775.0 -
‘Whole fish in pounds and ounces -1 21bs. 13. . 11D, 11. 4 v2.

No. XXXIX. Mackerel (Scomber scombrus).

From Cape Cod, Mass., sample received from Mr. Blackford, Dec. 1,
1880. One whole fish weighed 337 grams = 11.9 ounces.

Nos. XL @ and XLb. Land-locked Salmon (Salmo salar), var. sebago,
males.

Nos. XLIae and XLIb. Land-locked Salmon (Salmo salar), var. sebagos
females.

From Schoodic salmon-breeding establishment, Grand Lake Stream,
Maine. Sample received December 1, 1880, from Charles G. Atkins,
who says, in letter dated Grand Lake Stream, Maine, November 27,
1880, “I send * * * * four male land-locked salmon and four fe-
males, whose eggs have been taken from them by the artificial process.
They are as near spent fish as we can get, but I think they are in better
condition than those that have spawned naturally.” The following
measurements and weights indicate the size of the fish and proportions
of flesh and refuse:

XLa. XLb XLe. XL d
Greatest length. .. ..ooeeenvnnn..... i . 520 500 5610 500
Girth at tip of pectoral im0 TN do 285 250 205 260
Girth at anterior base of dorsal fin et 202 255 278 270
Girth 8t anus ..o.ceveereeernnnnen. -.nnn. d 218 175 220 105
Edible portion .............. - 745.1 023. 8 754.8 | 761.8
‘Waste, entrails, &o....... do.. 767.6 504.8 741.0 648.8
Loss {n cleaning .......... ..do.. 17.4 11 6 10. 4 89
Totel Weight . ..ooomomneeeonn oo . 1,530.0 | {20 1, 506. 6 1,418.5
Total woibht in pounds and ounces............... 310e.’5. 9 0z. j2 1s.11. 4 oz. 31be.5.10z.| 3lbs 20%
XL1a. XLIb. XLle | XLI d.
I
! 450
Greatest length..................... 480 460 450 10
Girth at tip of pectoral fin...... -ee... do 230 220 210 | 210
Girth at anterior base of dorsnl fin. .do....... 240 225 210 ; 160
Girthatanus......ccoooveieanaa ... 177 175 2.9
Edible portion --..._.. 562.1 404.7 402 1 ‘ e
Waste, entrails, &o . 4718 401.7 801.1 Mt
Loss in clegning...... 10.8 6.7 | a08.7
Total wolght ... .oovvieeeiuii ol 1,053.0 $08. 1 i 5. 02
Total weight in pounds and ounces l 2!b8.'5. 10z, | 11b. 16, 80z. 1 Ib. 12. B oz 11b, 14
|




[9] CHEMICAL COMPOSITION AND VALUE OF FISH FOR FOOD. 239

Nos. XL a, XL b, XLo, XL d, were sampled together and analyzed as

No. XI. The same was done with XLIa, b, o, and d, which were ana-
lyzed as XLIL.

No. XLII. Salt Mackerel (Scomber scombrus).

Bought February 23, 1881, in Middletown, Conn., price 12} cents pet
pound, deseribed as “No. 1 mackerel”. Caught probably in September
or October, as the barrel from which sample was taken was marked as
inspected at Chatham, Mass., in October. Weight of three fish at store a
_ trifle short of 2 pounds ; ‘as received at laboratory, 857.8 grams = 1 pound

14.3 ounces. As the fish had considerable adhering salt and brine, they
were rinsed in cold water and dried between folds of paper and with a
linen towel. The weight of the threé fish thus treated was 781.4 grams.
Accordingly the three fish had (857.8—781.4 =) 76.4 grams or about 9
_ber cent. of adhering salt, brine, &c. Or, taking weight at store at 890
gras, the adhering brine, &c., would be 109 grams, or about one-eighth—
124 per cent. That is, one-eighth of the weight paid for at the store
was brine, salt, &c., which would be rinsed off in preparing the fish for
cooking. Such statements as this are of course of no importance except
ag data for calculating how much nutritive material is obtamed in a
given amount of the fish as bought.
XLIII. Spanish Mackerel (Cybium maculatum).

Sample received from Mr. Blackford, March 1, 1881, It was rather
“ goft”, though entirely free from offensive odor. One whole fish weighed
1,613 grams=3 pounds 5.3 ounces.
XLIV. White Perch (Morone americana).

Sample received from Mr. Blackford, March 1, 1881. The fish con-
tained considerable spawn. The proportions of flesh and refuse in two
whole fish were:

a. b,
TAIblo POTtIOBaecceeeeeaeeacaneonntenerasosnreessnresnrescaranans grams.. 128.7 142.7
B L S PN et eieraaiaaas do.... 208.0 279.0
48 in oloaning .......... e eeetieeeetieitetitti et iaanes do.... 6.7 5.0
Total welght .. ooovoiiiriiiiiiiiiererenareiaaennaeccencn. do.... 848.4 428.7
B S 1 O ounces.. 121 150

XLV. Muskallonge (Esox nobilior).

From Saint Lawrence River. Received March 4, 1881, from Mr. Black-
ford, who says that it “is not often found in our markets.” One whole
fish weighed 4,118 grams=9 pounds 1.2 ounces.

XLVI. White Perch (Morone americana).

Received March 8, 1881, from Mr. Blackford. Proportions of flesh

and refuse in four whole fish as follows:

a. b. e d.
Ediblo portion.. .| o787 no.6| 780 7.0
Refuso . 1202 | 190.5| 127.2 125.5
71 4.6 8.8 8.8
Tota]l wolght ....oveeeiiiiaiiieiiiniiiieaienaicnaieana, do....| 2150 | B81L7| 208.6 200.7
Total welght. cceeeeioiiieimnaniiiiieioniianniaannaens ounces. . 7.6 11.0 7.4 7.0
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XLVII. Herring (Clupea harengus).
Sample received from Mr. Blackford, March 8, 1881. Proportions of
flesh and waste in four samples, as follows:

a. b. e d.
Edibleportion. ...u.ieeuninnen.. .| 136.5| 163.0] 121.5] 1815
Refuse .....coeveeeeennnn. do....| 142.0| 120.0 83.0 143.2
Loss in cleaning - 5.9 10.2 5.5 9.5
TOtRl WelEh « e veeeeneeeneanrneenseneennennennacananns do....| 284.4 | 302.2| 210.0 | 2842
B ounces..| 10.0| 10.6 7.7 10.0

XLVIIL. Sheeps-head (Archosargus probatocephalus).

From Ilorida. Received from Mr. Blackford, March 10, 1881, One
fish, entrails removed, weighed 1,974 grams=4 pounds 5.6 ounces.
XLIX. Turbot (Platysomatichthys hippoglossoides). .

From Newfoundland. Received from Mr. Blackford, March 10, 1881.
The fish had been frozen and partly thawed. One whole fish weighed
2,497 grams=>5 pounds 8 ounces.

LIIL. Yellow Pike-perch (Stizostedium vitreum).

Received from Mr. Blackford, March 17, 1881. The proportions of
flesh and waste in two whole fish, of which the heavier had considerable
immature spawn, were as follows:

a. b.
POt I 1ol o A1) TAIDS. . 232.5 230.2
Refunol.) ....................................... .. & do.... 360.2 273-g
Log8in cleBning .« cveeeecereeriaanrernnnanannnn e do 9.8 7
R Sl
Total weight do.... 611.5 511.2
Total weight in pounds 8nd 0UNCEB. +oveervuiierneecieereneceaannnnnnn 11b.5.60z.| 11b.20%

LIII. Black Bass (Micropterus salmoides 7).

- Received March 17,1881, from Mr. Blackford. One whole fish weighed
1,676 grams=3 pounds 11.1 ounces. *

DESCRIPTION OF TABLES.

The main results of the mvestlgatlon aré expressed in the tables whiclt
Yollow.

Table I states the results of analyses of fifty-one samples of fish, in
the terms commonly current in such investigations.

Table II recapitulates the analyses of Table I in such way as to set
forth more fully the actual composition of the samples analyzed.

Table III recapitulates the composition of several samnples on a some-
what different basis, the essential difference being in the method of esti-
mating the amounts of albuminoids.

Table IV gives a brief résumé of the composition of the samples in
forms more convenient for reference.



[11] cHEMICAL COMPOSITION AND VALUE OF FISH FOR FOOD. 241

In Part III of this report is a table giving the nutritive valuations of
the fish repqgted herewith and of the invertebrates, oysters, clams,
lobsters, &c., reported beyond.

TABLE I.

Under “Kinds of fish and portions taken for analysis” are given the
names and the localities, when the latter are known. The full details
may be found under ¢Descriptions of Samples” above. The meaning
of the figures in the first three columns will need no explanation; tho
rest are explained under ¢ Methods of Analysis,” beyond.

TanrLi II.

Table II recapitulates the analyses of fish., The second column
shows the percentages of flesh, edible portion, in each sample as actu-
ally received at the laboratory for analysis; some of these included
the whole fish, others were dressed. As explained under “Methods of
Analysis” these figures represent the proportions of edible material which
we were able to separate from the skin, bones, &c., after the entrails
had been removed. Thus the sample of halibut, No. IX, which was a
Bection of the fatter part of the body, ¢ halibut steak,” gave 88% per cent.
of flesh, the residual 11% per cent. being skin and bone; while a sample
of flounder, No. XXII, yielded only 32 per cent. of edible substance, the
remaining 08 per cent. consisting of entrails, skin, bone, and other
waste. The proportion of waste in this flounder, which was whole, was
haturally larger than in the other, No. II, from which the entrails had
been removed, and which gave 41§ per cent. of flesh, and 58§ per cent.
of refuse.

The remaining figures in Table II give the composition of the flesh
computed first upon the dry substance, then upon the whole flesh includ-
ing Loth dry substance and water. Explanations may be found under
“Methods of Analysis.” The albuminoids in this table are computed
by multiplying the nitrogen by 6.25, as is generally customary, at pres-
ent, in analyses of animal and vegetable food-products. As will be
Seen in the column “Albuminoids 4- Flats 4- Ash,” under ¢Summary,”
the computation brings, generally, too large results; that is, a footing of
over 100 per cent. Insome cases, however, it falls short. The variations
In the results at first led me to fear inaccuracy of the work, but the
8reatest possible pains has not availed to make them more uniform;
they seem, thercfore, to indicate wide variations in the nitrogen com-
Pounds themselves. Iaminclined to fhink thatonereason why the per-
Centages of albuminoids here given are higher than have been obtained
n many cases elsewhere, is to Le found in the especial care that has
been taken here in determining the nitrogen, which, when made by the
8oda-lime method, as is usually done, often came out too low.

The percentages of ingredients in both dry substance and flesh have

S. Mis. 20——16



242 REPORT OF COMMISSIONER OY FISH AND FISHERIES. [12]

been re-caleulated to make the footings 100 per cent. ; the original and
the altered figures being given under ¢ Summary.”

Further explanations, with recapitulations of the figures in this and
the following tables, may be found in Part III of this report.

TasLE 1II.

As is explained in ¢“Methods of Analysis,” some attempts have beent
made toward what might be called a complete analysis of the flesh. The
figures are recapitulated in this table. The ¢Extractive matters” in-
clude, as stated, all the materials dissolved out by cold water, and not
coagulated by boiling ; “Albumen,” the portion of the cold water extract
coagulated by boiling; ¢ Gelatin,” the portion soluble in hot water; I'ats,
the portion soluble in ether; and “Insoluble protein,” the residue in-
soluble in water and in ether. The footings generally exceed 100 per
cent., perhaps from incomplete separation of water or fats from some O
the ingredients, as stated under “ Methods of Analysis,” though care was
taken to get them as pure as practicable.

TABLE 1IV.

This table gives a general résumé of such of the results as are mostb
important for estimating the nutritive values of the samples. The fig-
ures, except those in the last column, *Total edible solids,” are taken
from Table 11. :

METHODS OF ANALYSIS.

PREPARATION OF SAMPLES ¥OR ANALYSIS.

Separation of edible portion (flesh) from refuse (bones, skin, 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 tissue that adhered to the hands and to the utensils used in prepar-
ing 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 obtained for edible portion represent somewhat less that
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 skin, which generally has considerabl®
nutritive value, were that its chemical constitution is different from ’ﬁh?'f’
of the flesh, and that, so far as we have observed in this country, i6 18
not ordinarily eaten. With the closer domestic economy that increase
density of population must bring, people will doubtless become more
careful hereafter to utilize such materials.

Sampling.—The whole edible portion was finely chopped and carefolly
mixed in 8 wooden tray. '
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Drying.—The drying was conducted in an ordinary bath at a temper-
ature of nominally 1000, but actually about 96°, as is usual in drying-
baths which consist of an air chamber with doublg walls inclosing boil-
lag water. Iy cach case two portions were dried,one, “A,”in a current
of hydrogen, and one, *B,” in air.

Drying in hydrogen~Trom 50 to 100 grams, in most cases preferably,
100 grams, of the freshly-chopped substance was weighed on a watch
glass or small sauce-plate, dried in a current of hydrogen at 96° for 24
to 48 hours, ¢ooled, allowed to stand in the open air for some 24 hours,
weighed, ground, sifted through a sieve with circular holes of 1™ di-
ameter, bottled, and labeled “A.” A few of the fattest samples, how-
over, could not well be worked through so fine a sieve; for these, either a
Coarge siove was used or the substance was crushed as finely as practi-
cable, and bottled without sifting. TFor the complete drying, from 1 to
2 grams of ¢“A” were weighed in small drying flasks, and dried in hydro-
gen three or four hours. It is extremely difficult to get an absolutely
constant weight, though we find that the object is in most cases approxi-
lately attained in three hours. The total moisture and dry substance
are computed from the two dryings. -

Drying in air—As the drying of large quantities in hydrogen was lessy
convenient, and drying in air suffices perfectly well for certain determi-
bations, particularly sulphur, phosphorus, and chlorine, a sufficient
Quantity of material for the work was insured by drying a portion in
air. This was effected by weighing 200 grams or more of the freshly-
chopped substance at the same time that the portion was taken for dry-
ing in hydrogen, drying in air, exposing to air of room, weighing, griud-
ing, and bottling as above, this portion being labeled *“B.” The amount
of water-free substance in “B” was calculated from the data obtained
for «a »

Proximate ingredients by direct determination.—In a number of the
Samples, determinations were made of the ingredients soluble in cold
and in hot water, and of the portion not dissolved by water, alcohol, or
ether,

The objects of the determinations were to obtain data comparable with
those of other investigations*, and to test the methods, a8 well as to learn
the amounts of the ingredients. The methods have proved unsatisfac-
tory in many respects, and wo have felt it advisable to ma%ke no more de-
tel‘mma,tlons by them than are indicated in the tables, until the subject
18 worked up more thoroughly. TFor that matter, an at all satisfactory
Cxamination of the proximate constituents will naturally involye deter-
mlnatxons of both the total amounts and the ultimate composition of the
lngredients of the Jjuices, as well as solids, of the flesh. Considering the
Complicated character of these compounds, the vagueness of our present

Rowledge regarding them, and the amount of preliminary work that is

" E. g., Almen, Analyse des Fleisches einiger Fische (Nova Aota Reg. Soo. So. Ups., Ser,

IH). Upsala, 1877,




944  REPORT OF COMMISSIONER OF FISH AND FISHERIES. [14]

always necessary before such an investigation can be got into good
running order, and adding to all this the importance of studying tho
mineral ingredients, it is clear that a great deal of labor will be necessary
to reach the desired results. :

Oold-water extract.—Of the freshly-chopped substance 33§ grams were
digested for 18 to 24, generally about 20, hours, in 500% of cold water,
and filtered.

The filtration was conducted at first through ¢“coffee filter pa-pel‘-”
Later Messrs. Woods and Beamer found it better to use fine linen cloth,
which has the advantages of more rapid filtration and of allowing the
liquid to be squeezed through with proper care. The solids do not pas8
through the cloth more than through the filter paper, and by laying o2
a glass plate, scraping, and subsequent rinsing, they are separate
much more easily and completely than they can be from the filter paper:

Albumen.—The filtrate thus obtained was boiled and filtered through
previously dried and weighed asbestos filters. After washing with ether
the filter, with its contents, was dried and weighed. That this method
for determining the albumen is accurate, is by no means proven or evel
probable. But we find that treatment, with acid,as acetic acid, in the or
dinary way, instead of increasing the amount coagulated is very apt to
hinder coagulation and sometimes to prevent it altogether, while boiling
the extract alone invariably produces coagulation. Very likely prectP”
jtation by alcohol, ferric acetate, or otherwise, might insure more co™”
plete separation of the albumen.

Extractive matters.—The filtrate from the coagulated albumen was evap”
orated in platinum capsules and weighed. One sample was used for deter”
mination of the ash, which was done by charring at a low temperatur®
extracting with water, igniting the residue until it was well burnet
adding the water solution, evaporating, igniting carefully at a low ter®
perature, and weighing. The other sample was finely ground, dried m
air to determine the percentage of water, and extracted with ether until
free from fat, usually two or three hours. . The crude extract, minus tl_‘e
water, fat, and ash, is reckoned as pure extract, and is designated n
Tables I and IT as ¢ Extractive matters.” It of course contains any &
bumen which may not have been coagulated, the other nitrogenous 0%
pounds, the carbohydrates, and whatever else, except fats and miner®
matters, was taken from the flesh of the fish by the digestion in O}
distilled water. .

Hot-water extract—*‘“gelatin.”"—The residue left after the oxtractio?
with cold water was treated for 18 to 24 hours, generally about 20 hour®
with distilled water at 100° or slightly below. It was then filtered
through weighed asbestos filters, and the filtrate evaporated to dry-
ness in platinum, and weighed as crude gelatin. In this, fatand ash O °
determined, and the pure extract called in the tables ¢ gelatina” estl-
- mated as in the cold-water extract. It should be stated that in both
bot and cold water extracts the figures for total extract in the tab.
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fepresent water-free substance, ¢. e., crude extract minus water. I am
Inclined to think it would be better to determine both water and fat in
the crude extracts in one operation by extracting with ether and notin g
the loss. .

Insoluble protein.—The residue left after the extraction with hot water
Was treated with aleohol or ether, or both, dried and weighed. Water,
ash, and fat were then determined (except, of course, that fat was not
determined in the cases where it had been previously extracted). The
ash was determined by direct burning, it being assumed that the pre-
Vious treatment with cold and hot water had sufficed to remove the
tasily fusible and volatile salts. The removal of the last portions of fut
Is often extremely difficult, and it is not impossible that in some cases
traces were left and weighed as insoluble protein. The figures for total
insoluble protein in the table denote water-free substance.

Ether extract, fats.—From 0.3 to 1.0 gram of “A” (hydrogen dried) was
€xtracted with ether until free from fat. The operation was conducted
in an apparatus similar to that described by Johnson* (Am. Jour. Sci.,
XII1, 1877, p. 190). The fat obtained was dried in a current of bydrogen
before weighing.

Nitrogen was estimated by the soda-lime process. Some study has
been made in this laboratory of the conditions under which this method
gives accurate results, especially with materials rich in nitrogen, tho
outcome of which may be reported elsewhere. It will suffice here to say
that we find it important to have the substance well ground and
ixed with the soda-lime and to insure complete ammonification of the
Ditrogen in the, decomposition products. This last we' attempt to
8ecure by a sufficiently long anterior layer of soda-lime, preferably in
Coarse particles, high enough heat and rather slow burning.

The correctness of the determinations of nitrogen was tested by com-
Darative trials by the absolute method. In this latter, two sources of
frror, often neglected, were taken into account, namely, the air which
adheres to the interior of the tube and its contents even after long
exhaustion with the Sprengel pump, and the vapor tension of the
Caustic potash solution over which the nitrogen is collected and meas-
ured jn the eudiometer.

To determine the correction for residual air in the combustion tube,
blank determinations were made with pure oxalic acid. The tube was
Well exhausted, the mercury being allowed to run three-quarters of an
hour after the “eclick” was heard, before the combustion was begun.
The amounts of gas obtained in four combustions were, when reduced
to 00 and 7 60mm, 03¢, 0.6e¢, 0.5°°, and 0.G%, averaging 0.5¢, which
amount was deducted from the volume of gas obtained in each deter-
Wination. : : '

It is common to disregard the vapor tension of the caustic potash
8olution, especially when the latter is nearly concentrated. In accu-
IEte work, however, this is hardly allowable. Even a 50 per cent.

* The same a8 that described by Tollens, Fres. Zoit. dnal. Chem., 17, 1878, s. 320,
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solution gives an appreciable vapor tension, as has been shown by
Wiillner (Pogg. Annalen 110, S. 570). Wiillner’s statements are not
perfectly clear at first reading, but the facts appear from his formula for
the tension, V =.0032T — .00000432T?, where V is the decrease of ten-
sion for every part of “pentabhydrate of potash” to 100 of water (0.51
K,O to 100 H, O.) and T the vapor tension of pure water. Several de-
terminations of the vapor tensions of the solutions actually used were,
made by my friend and assistant, Dr.J. H: Long, who has devoted con-
siderable attention to these subjects, and who conducted the investiga-
tion here referred to. The results were in harmony with Wiillner’s
formula.

Applying both corrections for residual air, Dr. Long obtained, in
determinations of nitrogen in several samples of fish, results agreeing
very closely with those obtained with the soda-lime method by Messrs.
Woods and Beamer, as appear from the following figures:

Soda-lime method.

Absoluto

‘method-

a. b. Average.
L]

XLIL Per cent. N 6.982 5.88 5.85 5.95
XLIII. Per cent. N 10.77 10.75 10.76 10.76
XLYV. Per cent. N ... 13.85 13.79 13. 82 18.01
XLVIL Per cent. N 10.19 10.24 10. 22 30.22
XLVIIL Percent. N ... 11.01 11.89 1100 11.05
L. Per cont. N . 11.85 11.85 11.85 11.78
LI. Percent. N ... 10. 85 10.83 10.84 10. 83

LIII. Perocent. N ... 14.84 14. 86 14. 85 14.8

It may be added that previous comparative trials with ammonium
sulphate and oxalate had given closely concordant results. Thus, Dr.
Long found by the absolute, and Mr. Woods by the soda-lime method,
the following percentages of nitrogen*:

Absolute mothod. Soda-lime method:
Y
Aver- Aver
a. b. } e d. oo, a. b, ago.
o s
Ammoninm sulphate ....aeveemanianan. 21. 24 21.]6! 21.20 | 21.25 21.23 |21.18}21.17 21%3
Ammonium 0xalato .eeeeereearaann. 10.84 | 10.75 l 19.71 |.o...... 10.77 | 19.68]...... 18.
| J—

Ash.—The ash was determined in the flesh in the same way as in the
hot and cold water extracts, namely, by charring, extracting with watels
burning the residue, adding the solution to the residue, evaporating an
burning. The crude ash thus obtained was practically free from coaly
and bad, naturally, no sand. No determinations of carbonic acid in the
ash were made. About 5 grams of substance were used for each deter

*It may be worth while to add that direct determinations of ammonia by distilla-
tion with caustic alkali gave in the ammonium sulphate, 21.19, 21.21, and 21.22%)
averago 21.21%; with ammonium oxalate, 19,78 aund 19,74%, averago 19.76%, results
midway between those by the two metlods above,
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mination, “B?” (the air dried material) was employed for determination
of ash, as well as for those of phosphorus, sulphur, and chlorine.

Phosphorus. (Phosphoric Acid.)—About 1 gram of substance was care-
fully burned in a platinum capsule, with some 10 grams of a mixture
of equal parts of sodium nitrate and carbonate, previously proven free
from phosphates. The white mass was dissolved in water, acidulated
with nitric acid, evaporated, and treated with nitric acid again, the ope-
ration repeated when necessary to remove chlorine, and the phosphoric
acid estimated with ammonium molybdate solution. A number of tests
were made by Mr. Merrill to determine the circumstances in which phos-
phoric acid, in presence of large amounts of sodium nitrate, as here, is
completely precipitated. The results will, I hope, be published here-
after. ' In brief, at the temperature of the trials, which in each case was
not, far from 299, two precautions are necessary: use of a large excess
of molybdate solution, and allowance of ample time for the precipitation.
Neglect of these involves risk of loss of phosphoric acid, as is shown
by the following brief recapitulation of results. The effect of higher
temperature was not tested.

g & 2
Time of precipitation and amount of molybdioc solu- 2 E E
tion used. g S S
g 8 8
a b a b ] b

10% Na, HPOs Solution with no NaNOs ylelded

losﬁ" ﬂ'ln))(ﬂ) S(;l. . .l. ..... ; .ix ......... iN .N.O . -l. .l.d. (i 0212 | .0211
3 Solution with § 8. Na elde

20 m "t L0211 | 0212

,0207 | L0211 | .0211 | .0211| .0213 | .0212

L0100 | .0191 | .0211| .0211| .0212| .0211

P30, grms

Practically we use 25 of molybdic solution, and allow 36 to 48 hours
for the precipitation.

Sulphur.—About 1 gram of substance is oxidized as for determination
of phosphorus, the mass dissolved in hydrochloric acid, and the sulphuric
acid determined with barium chloride. Quite an extended series of de-
terminations were made to Jearn the effect of varying quantities of sodi-
um chloride upon the precipitation of barium sulphate in solutions, hot
and cold, concentrated and dilute. The details, which the limits of this
article compel me to defer for subsequent publication, showed conclu-
sively that, although when precipitated cold from concentrated solutions,
the barium sulphate is apt to be too heavy, . e, to bring down sodinm
chloride; yet, when precipitated hot, or even precipitated cold from
dilute solutions, it is pure. This is in accordance with the previous
observations on which general practice is based. Our doterminations
served simply to show the limits of concentration and amonnt of sodium
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chloride within which it is safe to work. It should be noted, however,
that the solutions contained in all cases a small, but only a small, amount
of free hydrochloric acid, and that only a small excess of barium chloride
was used in the precipitation. Practically, we find the ordinary method
as recommended by Fresenius accurate for these determinations, even
in presence of the large amounts of sodium chloride, provided the proper
precautions are observed. But the solution must be sufficiently dilute,
and excess of free acid and of barium chloride should be avoided. -

Chlorine was determined by burning the substance in platinum evap:
orating dishes, as in the determinations of phosphorus and sulphur, and
estimating the chlorine in the fused mass with ammonium sulphocyanate
by Volhard’s process. Dr. Long, by whom the determinations were
made, has, at my request, made tests of the applicability of this method
of determining chlorine in animal tissues.

Ten parts of a mixture of equal weights of sodium carbonate and po-
tassium nitrate were used to each part of the substance for the oxidation:
To test the conditions in which chlorine may be lost in the burning, €%
periments were made with sugar and sodium chloride intimately mixed.
Allowing for the very small amounts of chlorine in the sugar, it was
found that when the oxidation was conducted slowly and carefully the
whole of the chlorine was, in each of four trials, recovered ; but with
rapid burning in four trials from 1.0 to 2.7 per cent. of the whole chlf"
rine was lost. But while no appreciable amount of chlorine escapes }n
careful burning there is apt to be great loss of it if its determinations m
the fused mass is attempted in the ordinary way by dissolving, precipl
tating with silver nitrate and weighing as silver chloride. Indeed, Dr.
Long found that in some cases less than half as much chlorine wag ob-
tained by the gravimetric methods as by Volhard’s process.

The method actually followed in the determinations was as follows:

1st. The substance was slowly fused with the mixed nitrate and ¢ar”
bonate so as to avoid any possible loss by spurting.

2d. The fused mass was dissolved in quite dilute nitric acid, since by
using a stronger acid some chlorine could easily be driven off, as was
found by cxperiment. ' )

3d. To the solution thus obtained an excess of silver nitrate solution
was added, and the whole boiled on the water bath for about two hours-
This long boiling with excess of nitric acid, added after the silver
nitrate, was necessary to expel nitrous ‘acid coming from the reductio?
of the nitrate in the fusion.

4th. After the boiling, the solution was allowed to become quite cold
before titrating.
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PART II.
~ANALYSES OF INVERTEBRATES,

By C. D. Woops, B. 8., AND MILES BEAMER, C, E.

[The following analyses have been undertaken and reported, at my
suggestion, by Messrs. Woods and Beamer, who have also shared in the
analyses of fish above described.

Thanks are due to Mr. F. T. Lane, of New Haven, Conn., and Mr. J. F.
Ely, of Baltimore, Md., and especially to Mr. E. G. Blackford,* Fish
Commissioner of the State of New York, for samples furnished for
analysis, and for valuable information.—W. O. A.]

DESCRIPTION OF SAMPLES.

In the descriptions as well as in the tables which follow the samples
of each species are arranged in the order of locality, the most northern
coming first.

OYSTERS (Ostrea Virginiana).

No. LXVIII. From Buzzard’s Bay, Mass.

Received from Messrs. Bunting and Warren, Newton, Mass., May 5,
1881. They were of mediym size. The relative amount of edible por-
tion (flesh and liquids) as compared with shell was large, 20.01 per cent.
Only one sanple of all gave a larger percentage of edible material than
this.

No. LXX. From Providence River, Rhode Island.

Received at the same time and from the same parties as No, LXVIII.
They were larger than the average oyster even of our northern coast,
but with this larger size of shell there was relatively less edible portion,
17.00 per cent.

"No. LV, Trom Stony Creek, Conn,

Purchased, April 5, in Middletown, but originally obtained from the
Stony Creck Oyster Company. These were very large, the length aver-
aging not far from 6 inches. There were 39 in one peck.

No. LXXV. Trom Stony Creex, Conn.

Purchased in Middletown, May 24, 1881, The analysis of this second
sample from the same locality as the previous one was suggested by
the claim of the oystermen that the oysters at this time were much
better than they had been earlier in the season. The analysis shows
very little difference in composition, No. LXXV containing relatively
less nitrogen and more fat. The percentages of water were: in No.

* A portion of the oxpense of tho investigution was also borne by Mr. Blackford, as
stated in the introduction to the present report.
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LV, 90.04; No. LXXV, 90.89. Calculated on dry substance, the ana-
lysis of edible portion is as follows:

Jtz’}))i?lx:i. TFat. Ash. |Nitrogen.

Per cent. | Per cent. | Per cent. | Per cent.
O LV i eiieieitiaaraeeraaacrecatiaennesrrssnecnssssosesee: 34.76 3.65 48. 60 5. 57
WO, LX XV - eeeiencnviaeccennoranasecenstoonsionasssncsasanes 32.89 3.99 48.93 5.27

Of course the relation between composition and quality of oysters can-
_not be determined by two analyses. An extended series of observations
might bring very interesting results.
No. LIV. Fair Haven, Conn.

Purchased, April 4, 1881, in Middletown. They were described as
“nafives,” from H. C. Rowe & Co., Fair Haven, Conn., and had been
dredged three days. There were thirty-three oysters in one-half peck.
No. LVI. Blue Point, from Patchogue, L. I.

Furnished, April 8,1881, by Mr. E.G. Blackford, Fulton Market, New
York City.

No. LVIIL From Rockaway, L. I.

Furnished, April 12, 1881, by Mr. Blackford.

No. LVIL. East River, from Cow Bay, L. I.

Furnished April 8, 1881, by Mr. Blackford.

No. LX. “Sounds,” from Princes Bay, StatensIsland.

Furnished by Mr. Blackford, April 20, 1881.

No. LXI. Shrewsbury, N. J.
TFurnished, April 20, 1831, by Mr. Blackford.
No. LIX. Virginias, from Norfolk, Va.

Furnished, April 12, 1881, by Mr. Blackford.

No. LXXIIIL Virginias Transplanted (to New Haven, Conn.).

Furnished by Mr. F. T. Lane, New Haven, Conn.,May 16,1881, In an
accompanying letter, Mr. Lane says: ‘“From James River, Virginia, and
what we consider the best stock to plant, * * * have been planted
here five weeks.”

No. LXXII. Virginias Transplanted (to New Haven, Conn.).

Received as No. LXXIII. In an accompanying letter Mr. Lane 8ays:
«Are from Rappahannock River, Virginia, and are what we use mostly for
winter and spring. They have been planted here three weeks, and taken
up into a river where the water is quite fresh, and put into floats for
forty-eight hours to fatten them.”

No. LXXI. Virginias Transplanted (to New Haven).

Received as Nos. LXXIII and LXXII. Mr. Lane writes: “Are from
the Potomac River, Virginia, and are the cheapest of anything that we
get from the South. They have been planted here three weeks.”
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No. LXXIV. % Cove” or Canted Oysters.

Furnished by Mr. J. F. Ely, Baltimore, Md., May 24,1881. In an ac-
companying letter, Mr. Ely says: “The oysters we steamers use are
gathered from all points on the Chesapeake Bay and mouth of the
Potomac River. There is no agency but heat applied in their prepara-
tion.” We received as samples two cans, ono half-pound and one pound
can. The former conained 36, the latter 77 oysters.

SoaLLoPs (Pecten irradians).

No. L1. Shelter Island, N. Y.

Furnished by Mr. Blackford, Mareh 15, 1881. The sample consisted
not of the whole scallop, but of the part usually eaten—the adductor
muscle—and, of course, contained no refuse.

No. LXIIL Shelter Island, N. Y.
Furnished by Mr. Blackford, April 26, 1881.

LoNa crAMS (Mya arenaria).

No. LXVIIL. Boston Harbor, Mass.
Received from Messrs. Bunting & Warren, May 5, 1881,

No. LXV. Napaug, L. I
Purchased in Middletown, April 28, 1881.

ROUND CLAMS ( Venus mercenaria).

No. LXVI. Little Neck, L. L.
Purchased in Middletown, April 28, 1881.

LoBSTER (Homarus americanus.)
No. L. Maine.

Sample—two lobsters—furnished by Mr. Blackford, March 15, 1881,
In separation of edible and refuse the weights of flesh, liquids, refuse,
and loss in cleaning in the different parts of each animal were doter-
mined as follows:

BN T TR 1 7 S R 870. 0 1,100.0

Flegh fn CIaWB. . o.vvucian i . 152.5 210.6
Floahin tail ..... .. 138.4 1310
Flesh fu body ..:... . 18.6 127.6
Liquids in whalo sa: .. 54.4 04.8

aste in wholo 8ample ... it it et 367.8 490.5
8 in cleaning BRMPI6 e it ie i i rtetirar et 38.8 80.7

The liquids in- all the lobsters on being exposed to the air quickly
gelatinized, and were put with the flesh for analysis,
No. LXII. Maine.

Furnished by Mr. Blackford, April 26, 1881.
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No. LXIX. Boston Bay, Mass.

Received from Messrs. Bunting & Warren, May 5, 1881.
No. LXXVI. Canned Lobster.

Purchased in Middletown, May 26, 1881. -The can was labelled ¢ Thur-
ber’s Egmont Bay Fresh Lobster,” H. K. & F. B. Thurber & Co., New
York City. In a letter Messrs. Thurber & Co. say: “Sample was packed
by Castine (Maine) Packing Company. The sampleconsisted of a pound
can, the contents weighing 469.5 grams, or 1 pound 0.5 ounce.

CrAY FisH (Cambarus).

No. LXIV. Potomac River, Virginia.

Farnished by Mr. Blackford, April 26, 1881. The animals were whole,
but only the tails were used for analysis, as this is the portion ordinarily
eaten.

The weights of the different portions in the whole 21 samples were:

Cray fish, entire. Grams.

Edible portion. ...... eeaeetesesciaeaet tetiatsantasacttentaratonoscnansectatatiatasesantcnan
RofuB .. .. iiiiiriieiiiirieiiiiiratteaiarriaananaaa, . JO
Loss in proparing for analysis

Thus while the edible portion makes nearly 50 per cent. of the parb
taken for food, it is only 12.3 per cent. of the whole animal.

PREPARATION OF SAMPLES FOR ANALYSIS.

The oysters were, with the exception of the ¢ cove” or canned oysters
all received in the shell.  All adhering foreign matters—as mud, sed:
weed, hydroids, gasteropods, &c.—were removed by thorough washing:
The oysters were then allowed to drain, wiped, and weighed. '1‘1'10
weighed oysters were opened, the liquid thus eseaping being caught 12
a large evaporating dish. The oysters after being opened were put upon
a porcelain colander (“crystal drainer”), and allowed to drain into &
beaker. In this way sowe very small particles of solid matter would
probably be added to the filtrate. TFor the purposes of analysis we have
called the part remaining upon the perforated dish ¢flesh,” and the fil-
trate “liquids.” The flesh and liquids in the cove oyster were separate
in the same way.. After this separation the flesh was chopped in 21
ordinary wooden tray till the sample was quite fine, and evenly 20
thoroughly mixed, as was done with the samples of fish reported by
Professor Atwater.
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In the scallops we have analyzed orly the part usually caten, viz, the
muscle (adductor) that holds the shell together. They came from the
market all ready for cooking, and were analyzed just as received, the
flesh being chopped and sampled in the same way asthat of the oyster.

The clams were prepared in the same way as the oysters, except that
in the long clam the black ¢ mantle” was added to the refuse. Iu the
case of the lobsters and erayfish the flesh was carefully separated {rom
the shell and prepared as above, For parts taken for analysis see “De-
scription of Samples” above.

Tn all of tho samples & portion, usually about 100 grams, of the
chopped flesh was dried in hydrogen ‘and prepared for analysis in the
same manner as the hydrogen dried samples (A) of fish described by
Professor Atwater in ‘Methods of Analysis” -

The liquids were evaporated on a water bath and then dried in air,a8
the samples of fish designated as ¢ B.” '

METHODS OF ANALYSIS.

The methods of analysis were the same that have been employed in
this laboratory and described by Professor Atwater above. We are
indebted to Dr. J. H. Long for the determinations of chlorine in all the

saimples.
DESCRIPTION OF TABLES.

In all the tables the arrangement of samples is the same, and in order
of locality, the more northern coming first. The canned oysters and lob-
sters are not included in the averages.

TABLE V.

In the second column is given the date of receipt of each sample at
the laboratory. In most cases they had been taken from the water two
or three days before they were received by us. As will be scen in the
third column, the nunsber taken for analysis was always large in order
to obtain a fair sample. In the fourth columu are given the total weights
of the samples taken for analysis, and in the fifth are the average weights
of the animals. Details as to the proportions of shell, flesh, liquids, total
edible portion, &c., in the several samples of oysters and of other inver-
tebrates are given under the heading ‘In whole sample.” Thus the 48
oysters in the sample from Norfolk, Va., weighed together 6,635.5 grams
(14 pounds 9 ounces), and averaged 138.3 grams (4.9 ounces)., Of the
total weight, 11.2 per cent. consisted of “edible portion” (solid and
liquid), the remaining 88.8 per cent. being reckoned as “refuse” (88.3
per cent. shell, and 0.5 per cent. matters lost in preparing for analysis),
while of the total weight of the 33 oysters in the sample of Blue Points,
20.3 per cent. was edible portion, the rest being shell, &e.

In an article published in Land and Water and reprinted in The Sea
World of November 10, 1880, Mr. Frank Buckland gives some deter-
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minations of the relative proportions of flesh and shell in different sam-
ples of oysters. But as he. takes only three oysters for the basis of his
percentages in each, and does not weigh nearer than one-fourth ounce,
his estimates ean DLe regarded as only approximate for the samples
examined. We may also add that we have found as great differences in
different oysters from the same sample as he finds in oysters from dif-
ferent localities, It wasin order to obviate as far as possible this source
of error that we have taken such a large number of oysters in each sam-
ple. The only American oyster Mr. Buckland notices is one from East
River, New York, laid at Beaumarais, North Wales. In thishe finds the
proportion of flesh to shell one to ten.

The figures for ¢ Flesh” denote the percentages of solids or “meat”
those under ¢ liquids” the liquid portion, “liquor” in the sample. The
solids and liguids together are designated as ‘edible portion,” which,
with “refuse” and “loss in cleaning,” make up the whole sample.

Under the heading “In Flesh” are given the percentages of water
and dry substance in the flesh. After these follow the same percent-
ages for liguids and for the whole edible portion.

Some explanation may be nceded of the way in which these calcula-
tions have been made. Tor example, in obtaining the figures in the
column headed “water” in total “edible portion”, thepercentages of
flesh and of liquids in the total edible portion were multiplied each by
its percentage of water as given in the table, the two products added
and their sum divided by the sum of the percentages of flesh and liquids,
the quotient being the percentage of water in the edible portion. The
calculation for the Buzzard’s Bay oyster is as follows:

(12.50 x 84.21) 4 (7.51 x 96.40) _
el = 88.78.

The last three columns, “dry substance of flesh,” ¢“dry substance of
liquids,” and “dry substance of edible portion” are obtained by multiply-
ing the percentage of each in the whole sample by its percentage of
dry substance.

TABLE VI.

This table gives the figures for the dry substance in the flesh and
in liguids. The only columns needing any explanation are those of -
albumineids, phosphorus, and sulphur. The per cent. of ¢ albuminoids”
is obtained by multiplying the nitrogen by the factor 6.25. The phos-
phorus and sulphur are calculated as phosphoric and sulphuric anhy-
drides. The last division of the table ¢“in flesh and liquids” is calcu-
lated as in Table V, already explained.

TABLE VII.

In the first section of Table VII the analyses of Table V1 are calculated
over to “fresh substanca.” By fresh substance are here meant the
flesh and liquids as they were after the separation described under
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“Preparation of Sample” above. The percentages in the column headed
“extractives” are obtained by difference. That is, the albuminoids (as
computed by multiplying nitrogen by 6.25), fats, and ash are added and
their sum subtracted from the total dry substance. Though this method’
of computation is common in statements of the composition of animal
and vegetable foods it is of course only a convenient and approximately
accurate way of getting over the difficulty of determining and stating
exactly the amounts of the several ingredients. It will be noticed that
“extractives” as thus determined by difference aré not the same as the
“extractive matters” of the tables of analyses of fish.

The most important column from an economic point of view is the
one headed “nutritive valuation.” The calculations are based upon the
standards assumed by Konig, and explained by Professor Atwater.
Their valuations, though not absolute, are doubtless sufficiently accurate
for purposes of comparison.

PREVIOUS ANALYSES OF INVERTEBRATES.

But very little work has been done hitherto in the way of analyses of
invertebrates. In the very full compilation of analyses of this sort, given
by Konig (Nakrungsmittel 1. 17), one of a sample of oyster and one of
the salt flesh (salted in brine) of a crustacean (* Krebsfleisch, cingemaoht”)
are recorded, both analyses being by Konig and Kraut. The analy-
ses are given below. Mr. R. H. Chittenden has reported analyses of
two samples of American scallops (Pecten irradians) with results as ap-
pended, except that in the figures herewith the percentages of albumin-
oids have been, for reasons above stated (see Methods of Analysis), recal-
culated by multiplying the nitrogen by 6.25 instead of 6.4, the factor
employed, perhaps more justly, by Mr. Chittenden. The extractives
are estimated by difference, as explained above.

Water. |Albuminoids.| Fats. | Extraoctives. Ash.

Po cent. | Per cent. Per cent. | Percent. |Per cent.
2.62 2.87

Oyator; Euro‘lean‘ ......... 89.69 4.95 0.37 X 3
"%reb:ﬂeilch. " Turopoan .. 72.74 15.63 0.30 0.21 13.06+
Scallop, American ............ 79.03 15.81 0.31 8.49 1.26
Boallop, AMOriCan «ooveeenvnnrecneeicaiees, 80.25 14.00 0.28 3.5 1.23

*The analysia of the oyster included the total shell contenta.
1 “Qf tho ush of the Krebsfleisch” 11.98 por cent. was sodium chloride.

PART IIL .
GENERAL SUMMARY OF RESULTS OF ANALYSES OF FISH
AND INVERTEBRATES.

The object of the present investigation has been to obtain informa-
tion as to both the chemical constitution of the flesh of the animals in-
vestigated and their economic values especially for food.

The work thus far accomplished must be regarded as barely a begin-
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ning. I hope to be able to prosecute it turther in both the directions
named. Meanwhile it may be proper to consider some of the results
already attained.

I do not yet feel prepared to enter upon the discussion of the chemical
constitution of the flesh, and will therefore confine myself to the more
practical question of the economic values of the samples analyzed, re-
gerving the more abstract subject until satisfactory data shall have
been obtained.

COMPARATIVE STATISTICS OF SAMPLES OF FISH.

It will facilitate a comparison of the composition of the different sam-
ples analyzed if we select somo of the figures from the tablw and place
them in more convenient juxtaposition.

Considered from the standpoint of the food value, fish, as we buy
them in the markets, consist of—

1. TFlesh or edible portion.

2. Refuse—bones, skin, entrails, &e.

In Table I, under *Proportions of flesh and refuse” are given the
percentages of flesh and refuse in the samples as received from the
markets. As explained above, there was a slight but unimportant 10ss
of flesh, owing to the difficulty of separating it from the skin, bones,
&c. Below are some of the percentages of refuse:

Proportion of refusc—bone, skin, entrails, §c.

\

g8 | £,
£

| #5 | 22

o
Kind of fish and portion taken for anrlysis. Number of 'E’j"' : g
sample. ug e
3 | g3

53 4

&4 <

S

Halibut, section of BOdY -ccv.ovreieriiiier coeiciiiiiiiineneen,
Hnlibut posterior part of oAy .....ccvieiaiiiiiiiiiiiiniiiiiiinoa.
Salmon, entraila romoved . .... .ceoiiiiiiiieiiiiiiiiriaiia e
Cod, koad and entrails FOMOVEL - - o eoemmoson o emaanaanramaaanans
Cod. head and entrails removed ..o.veevnniiieieiieiaeeaiaeiaaas,
Mackorel, Wholo - .c.oeeeiviirriraienreemaenerecaseecsesarerannennns
Mackere), Whole ..coueoeniniiiiceiireiaiiciiceceececitaneiannns
Maclerel, wholo
Mnckerd whole .
Shad, whole .

Shml. whole .
Shad, whole. ..
White perch, Wholo . ooonimenremaiae i e iiiiiiieiiee e
White perch, Wholo....ovieeiiniiiiiiiiiiieiiianae e
Stripod baas, WIoIo .. .oveieeeeiieniiieiiee et e
Striped DBBE, WHOMO - o evvonrnarsanseasasmeaneensnanaacaaananeanasns
Porgy, Wholo. . o..oiei it iiietirenie e vaeees
Porgy, wholo. ... ..o iiiiiiiiiiiiiiians .-
Ilounder, cntraile removed.......coenan ... .
Tlounder, WHOle. oo vttt iiiirieaeaeeiaaeeteccarcianas

Next to the halibut, the salmon had the least waste and most 116‘511l
Then follow salt cod, salt mackerel, fresh cod dressed, &c.; while
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striped bass, porgy, and flounders end the list with the largest waste and
least flesh of all. It is, of course, to be understood that the variations
in individual samples of the same fish are so wide as to make a much
larger number of determinations necessary to give us fair averages and
allow satisfactory generalizations.

The proportions not only of flesh, but also of water and solids in the
flesh differ widely in the different samples, as will be seen in the tables.
Thus, in the third and fourth columns of Table IT we find that the flesh
in the samples of flounder contained from 83 per cent. to 85 per cent. of
water, and only from 17 per cent. to 15 per cent. of dry substance, sol-
ids; while in the fat shad, mackerel, and salmon we have from 65 per
cent. to 63 per cent. of water, and from 35 per cent. to 37 per cent. of dry
substance. Below the samples of fish are arranged in the order of their
percentages of dry substance in flesh.

Proportion of dry substance in flesh, edible portion.

] a & A
—t
. ks g By
b4 52
g %e o
o~ a 3 ©
o ey T E
£ ST ot
& [ -g - 3
g ﬁ 55 [ > 8
7z & <
Per cent. | Per cent.
Salmon (Californis), fat ..... cescerecanarancace rescesasasesces cenees XXVII .
lmon (eastern) coeceeeanes PO eosrantaroscacens . XI1v
Canned 8alMO0N .e.eveeicerroreniceansssososscaareacrasnsronses coeen XXIX
BAlmon t10UL cevneecriiieioorsnerassoraceresacarcntssriaranansatanes XVII
.......... . XLVIL
X 3
VI 3
XXXII 9.
XVIII 3
XLIX 20.9 |.
v 20.5 |-
XLVII 28.6
X 87.8
XXX 26.3
Mackersl ... X 25,8 |.
Mackerel, lean . VII 21.4
Halibut, very fat . IX 80.7
Halibut ccconeeeerienacn canrencannnevoncascsars I 20,7
MuskallongO «ceecereeernenrnecaceraroncancenn XLV 28.7
‘White perch . XLIV 4.9
‘White perch XLVI 4.1
Alewives 24,2
Porgy XXXI 28.1
Por, . X 28,3
BlaCk flBh .u.eveeecaceeneienverccesssonnansecs saamoasreasassnsnsanes XXXVIIX gg 8
3 .6
Red BNAPPET.acer . accenncarecceraroanns cveae XXVI 28.
Spent salmon, malo. ... .. XXXV 2,
pent salmon, female XXXVI 21,
rook trout .. XXIV X
Black bass. ... LIII
Blue fish . ...... .ee XIX
Spent land-Jlocked 28lmOR, MAE «eecrerevecrreerecaannnscarcensanans XL
Spent lund-locked 82lmon, female. . ...coueeveereeeeeneonnnerancanns XLI
Striped bass ....coceeeenernn nnn cererennaenneen .. VII
Striped Lass
ollow pike-perch L
melt. ... XX1O
Haddock XVl
Haddook XXI
Ced............ .. X1
Cad.......... I
Flounder II
Flounder . ... teserescenananes Y XXI1X

—

S. Mis, 20—-17
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Thus the flesh of flounder had 85 per cent. of water and only 15 per
cent. of solids, while that of salmon contained 36} per cent. of solids
and 63} per cent. of water, and the flesh of dried, smoked, and salt
fish have still less water. Among the more watery kinds of fish are
the flounder, cod, striped bass, and blue fish. Among those with less
water and more solids are mackerel, shad, salmon, and salt and dried
fish. The flesh of fish generally, though not always, contains more
water than ordinary meats, as may be seen in Table VIII beyond.

Since neither the refuse, bones, entrails, &c., nor the water-in the
flesh have any food-value, the actual nutritive material of the fish is,
of course, the dry substance of the flesh. To find the actual nutritive
substance in a sample of fish we must first subtract the waste—the en-
trails, bones, skins, &e.—which leaves the flesh. We must then allow
for the water in the flesh. What remains will be the total edible solids
or actual nutrients in the sample. Thus, the sample of flounder No. II
has 32 per cept. of flesh, of which only 15 per cent. is dry substance,
so that the edible solids amount to only 15 per cent. of 32 per cent.,
or about 4.8 per cent. of the whole (as recalculated in Table IV, 4.85
per cent.). That is, 100 pounds of flounder like this sample would
furnish only 4} pounds of nutrients, the rest being water and refuse.
As explained in “Methods of analysis,” however, the akin, which is
nutritious and frequently eaten, is here reckoned as refuse. Consider-
ing, further, the small portions of flesh which could not be conveniently
separated from the skin, bones, &c., the figures for the total edihle solids
are a trifle too small. Stil the deficit is inconsiderable, and the figures
are doubtless not far from a correct expression of the amounts of nutri- .
tive material which the samples would furnish in household use. Below
the samples are arranged in the order of the pgrcentages of edible
solids.

Total edible solids, aciual nutrients, in 100 pounds of samples as received from markets.

D N 8
s |53 | 2
& ok | )
3 5 | 24
Kind of flsh and portion taken for analyses. w gg s g
8a 8
2 Lt
E -3

California salmon, edible portion of anterior part .....c.cceenneee...
Balmon, entrails removed. ............ ..
Smoked halibut....
Salt mackerel ......
Boned cod, salt . ..
Canned salmon ... 0 0 0 Il
Smoked herTiBg . ceuverriiii ittt iieeiianeiseciercasaacsnsess
Eels, salt water; skin, head, and entrails removed. .-
' Kaliimt, soction of body, fat ............
Halibut, posterior part of body, lean..
Spanish mackerel, whole ............. ...
8alt cod, “boatfish” ................. eerececsscscassansanns
8alt cod, “channol fi8h"..ceeiireiieiiniciiosnereentenrniennconeeans
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Total edible solids, aotual nutrients, in 100 pounds of samples, §o.—Continued.

" 2
g E E 8
& g 2
i | % | &1
Kind of fish and portion taken for analyses. 5 as 5 e
g 249 ;3,,5
7 | i) %
S DA 4
5 [ <
Per conl.’} Per cent.
Shad, wholo 8. .
8had, whole.. XXXIT
Shad, whole.. VI
rbot, whole.. XLIX
kerel, whole....... XXXIX
Mackerel, whole. ., .. .. XXX
Mackerel, whole......... . vII
Mackere), wholo, lean..... XIII
Salmon (rout, whole, lean .. XViI
Whitefish, wholo....... . XVl
Spent salmon, male, whole. XXXV
Spent salmon, fomale, whol XXXVI
uskallonge, whole........ XL
Smelt, Wholo .eeoeeenennniianennen veeeees XXIII
ps-head, entrails removed .... VILI
Alewives, Wholo.eeeeernnennennnnss v
erring, Whole...oueveeeueeacnann XLVII
Cod, head and entrails removed. XI
Cod, head and entralls removed. TII
Blueflah, entrails removed . ..-........ XII
Spent land-locked salmon, ma](;,lwhole. XL
Spent land-locked salmon, female, whole. . . XLI
Brook trout, cultivated, whole......... . - X
Blackfiah, Wholo ..cvveerene cooernreanecnsncasnces -] XXXVIII
snApperT, ontrails removed. ..o vveeecaenncneanae - XXVI
snapper, whole ........... . X
Porgy, whole..... XXXI
Porgy, wholo..... X
White percly, whole . XLIV
White perch, whole . XLVI
Black bass, whole ... LIIT
Btriped basa, whole.. VII
Striped bass, whole .......... X
Haddock, entrails removed... XV1
Haddock, entrails removed......ccevveeerneneeniennencacans XXI
Yellow pike-perch, whole ... LII
Flounder, entrails removed. .. II
Flounder, Whole...cceeurrenn veceranaaranenns XXII

Before proceeding further with the discussion of the composition of
the samples of fish we may note some of the figures for invertebrates.

STATISTIOS OF THE SAMPLES OF OYSTERS.

The samples of oysters showed much wider variations thar might
have been anticipated, both in the proportions of edible substance, solid
and liquids, to shell and in actual nutritive value.

In Table IV, under the heading “In whole sample,” are given the per-.
centages of flesh, liquids, and refuse (shell, &c.), in the samples analyzed.
Below the samples are arranged in the order of the percentages of these
constituents by weight, those with the largest proportion of each coming

first in the category.
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Proportions of flesh, of liquids, and of total shell contents ( flesh and liguids) in samples of

oyslers. .

Flesh in whole oysters. | Per ct. | Liquid in whole oysters. | Per ot. : Total "“)e;;tgg:m”“ in | por ot.

. A

Blue Point 13. 39 | Stony Creck ... 11.81 ! East River.. ‘ 20.28
Shrewsbury .. 12.64 | Stony Creek . 11.38 | Buzzards Ba, 2000
Fair Haven .. 12.63 | East River .. 10.01 | Stony Creok 1 1918
Buzzards Bay 12. 50 | Rockaway ... .l 7.72 | Stony Creek | 189
Providenco River. 10.88 | Buzzarda Bay........... 7.50 | Blug Point .....c..o..... | 18.62
Rockaway.......... .{ 10.68 | Rappabsnunook River...; 7.81 | Rockaway.............. 18. 40
East River. ...... .0 10.27 | James River............ 7.29 | Fair Haven ......c..-... | 1800
Staten lslapd............ 9.13 | Staten Island ........... 7.10 | Shrewsbury ...c.c......| 17.52
Rappahannock River....; 7.86 | Norfolk ocevvvevnnnnnnn 6.52 | Providenoce River....... ! 17.00
- Btony CreeK. .coee.eeeen. 7.52 | Providence River .| 6.12 | Staten Island ........... 18.23
Stony Creek.... .. 7.34 | 5.64 | Rappahannock River 1 1517
Potomac River. 6.51 | 5.43 | James River....... q 1
James River . 8.50 | 6.23 | Potomac River | 1B
Norfolk ...... 4.66 | 4.88 | Norfolk 11.18

Thus in the samples from East River, N. Y., and Buzzard’s Bay, Muss-
the contents of the shells, including both flesh and liquids, ¢ meat” and
#liquor,” made respectively 20.2 and 20 per cent. of the whole weight,
while of the samples from the James and the Potomac the shell contents
constituted only 12.2 and 11.2 per cent. of the whole. The East River and
Buzzards Bay were one fifth edible matter and four-fifths shell, while in-
the southern samples the shell contents made only one-eighth of -the
whole. ’

The ratios of flesh to liquids were still more variable. The sample of
Blue Points had 13.4 per cent. of solids and 5.3 of liquids, while one from
Stony Creek had 7.3 per cent. of meat and 11.8 of liquor. Taking the
flesh and liquids separately the variation is even greater. The percent-
ages of flesh range from 13.4 in the Blue Points to 4.7 in the Norfolks, the
liquids from 11.8 in the Stony Creeks to 4.9 in the Shrewsburys.

None of the above figures, however, give a measure of the actual
nutrients in the oysters, since both flesh and liquids consist mostly _Of
water, and the proportions of dry substance which constitutes the ac
tually nutritive portion are extremely variable.

Below the samples are arranged in the order of the percentages of dry
substance in flesh, in liquids, and in total shell contents.

Proportion of dry substance, actually nulritive materials, in Slesh, in liquids, and in total
shell contents of oysters.
. L)

-
In total shell contents, r ot
In flesh. Per ot. In liquid. Per ot. Hicah plus liquida. Pe
Blne Point -..cceee...- Fair Haven ce.e........ 6.00 | Bluo Polnt.....c.ucerens 10.24
Potomao River..... ee Bluo Point. -...ocenn..n. 6.67 | Providence River......- 16. ]
Providence River.. X Providence River ....... 4.95 | Fair Haven......... 1. 4
East River.............. 3 Rockaway .ccecevennnnn. 4.94 | Shrewsbury ...... . 1;: 40
Btony Creek............. 5 Shrewabuty ............ 4.93 | Potomao River.. 13 02
ROCKAWAY -.evv vouennn. .73 | East River.... ...| 4.58 | Rockaway .. 1
Fair Haven... .| 18.70 ! Potomac River 4.40 | East River.. 11' 20
Bhrewsbury .... 18.36 | James River 4.09 | Buzzards Bs; 10' 12
17.91 | Stony Creek 3.88 | Staten Islend ..... . 10. 12
17.30 | Stony Creek 3.67 | Rappahannook River...| 1 o 98
16.51 | Staten Island . ...] 8.65| Btony Creek ..........- .08
Norfolk .......cc0ce .| 16.14 | Buzzards Bay........... 8.60 | James River......c..--- 0.11
Burzards Bay ........... 15.79 | Norfolk ....covoennnaaen 8.17 | Stony Creek - 8
Staten Island............ 16.53 | Rappahannock River...| 2.76 | Norfolk...........c.oet
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Thus in the flesh of the oysters the dry substance varies from 23% per
cent. in the Blue Points to 15} per cent. in the Staten Islands. The dry
substance in the liquids varies from 5% per cent. in the Blue Points to 23
per cent. in the Rappahannocks. The flesh of oysters is quite watery,
more so than that of fish and much more than ordivary meats. The dry
substance in the latter ranges from about 25 per cent. in lean beef to 50
per cent. in fat pork. Infish we find from 40 to 15 per cent., in the flesh
of oysters from 24 to 15 per cent., and in the liquids, {rom 6 to aslow as
23 per cent. The liquids contain but very little nutriment.

By comparing the proportions of flesh and liquids and the propor-
tions of actual nutrients in them, we arrive at the figures for the actu.
ally nutritive substances in the oysters. Precisely this is done for the
whole shell contents in the last of the above categories. The figures
thero represent the nutrients in the flesh and liquids together; that is,
they show the proportions of actual nutrients in the total shell contents
of the several samples. The range of variation of the nutrionts is very
wide, the Blue Points containing 194 per cent. and the Norfolks only 8%
per cent. In general, the Northern samples are the richest and the
Southern the poorest in nutritive material. The mean of all the sam-
ples is not far from 14 per cent., a little above thar of cow’s milk; which
averages about 12§ per cent. of dry substance.

If, however, wo place the oysters in the order of tho percentages of
nutritive materials in the whole sample, including shell and contents,
thearrangement will be as below. The otherinvertebrates are appended
for comparison.

Percentages of nulritive materials in whole rample, including shell and shell contenta.

Per cent, Per cent.
Oysters, Blue Point. ... ccoceennanne 3.5¢ | Oysters, Staten IsJand ........con-. 1. G:
Oysters, Fair Haven..........cc.-. 9,69 | Oysters, Potomac River............ 1.68
Oysters, Providence River ......... 2.58 | Oysters, Rappahannock River...... 1,56
Oysters, Shrowsbury ..........-..-- 2.55 | Oysters, James River.... ..-....--- 1.37
Oystors, East River...oceoacoencen 2.53 | Oysters, Norfolk .ceavsveeenenen-az 0.98
Oysters, ROCKAWAY .quveevnmmce cane 2,438 | Long Clams. ccavs canans sevmasaenons 7.77
Oysters, Buzzards Bay ............. 2.9 | Round clams . 3.8
Ogysters, Stony Creek ... .ooo.enee 1,87 | LObBLEIB.ccuee conarncaniamnen .
Oysters, Stony Creek ...c.eeeneeon- 1.76 | Cray fish.cee ooreraacnnnarvmanenes

These variations are the widest of all. The proportions of nutrients
in the whole oyster, shell and all, are of course very small, the largest in
the Blue Points, being only 3} per cent. In 100 pounds of Norfolks we
have less than one pound of nutritive material. Here again the sam-
ples from the New York and New England waters are the best, and
those from Virginia the poorest.

THE NUTRITIVE VALUES OF FISH AND OTHER FOODS.

This subject has of late begun to attract very general attention. The
chemico-physiological research of the past two decades has brought
us where wo can judge, with a considerable degree of aceuracy, from the
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chemical composition of a food material what is its value as compared
with other foods for nourishment. The bulk of the best investigation
of this subject has been made in Germany, where chemists and physi-
ologists have already got so far as to feel themselves warranted in com-
puting the nutritive values of foods and arranging them in tables, which
are coming into popular use.

As this may fall into the hands of some readers not entirely familiar
with the latest developments of the chemistry of food and nutrition, I
may be permitted to cite a few explanatory statements from a paper
read before the American Fish Cultural Association.

THE NUTRIENT3 OF FOODS.

We eat meat and fish, milk and bread, to build up our bodies, to repair their wastes,
to supply heat, to keep ourselves warm, and strength with which to work. This is
the common way of putting it. Speaking as chemists and physiologists, we should
say that our food supplies, besides mineral substances and water, albuminoids, car-
bohydrates, and fats, whoso functions are to be transformed into the tissues and fluids
of the body, muscle and fat, blood and bone, and by their consumption to produce
heat and force.

Albuminoids ocenr in plants, as in the gluten of wheat; and in the animal body, 88
in the fibrinogen and fibrinoplastic substances of blood, in tho fibrin of muscle, in
albumen (white) of eggs, and in the casein (curd) of milk.

The albuminoids are the most important of the nutrients of foods. Not only do they
share in the formation of the fatty tissues and in tho supply of material for tho pro-
duction of animal heat and muscular power, thus performing all of the functions ©
the other food ingredicnts in the body, but they also have a work of their own in the
building up of the nitrogenous tissues, muscles, tendons, cartilage, &c., in which
none of the other ingredients can share.

The carbohydrates, of which we have familiar examples in sugar, starch, and cellu-
lose, differ from the albuminoids in that they have no nitrogen. They have, accord-
ing to the best experimental evidence, no share in the formation of nitrogenous tissues
in the body. It is hardly probable that thoy are transferred into fats to any con-
siderable extent ; their chief uso in food seems to be to supply fuel for the production
of animal heat, and very probably of muscular power. They are very important
constituents of foods, but much léssso than the albumineids and fats. They occur in
only minute proportion in meats, fish, and like animal foods. _

The fats are familiar to us in the forms of vegetable fats and oils, like linseed and
olive oils, in fat meat, tallow, and lard, and in butter. The fats, like the carbohy~
drates, arc destitute of nitrogen. The fats of the food are stored in the body as fats,
transformed into carbohydrates, and serve for fuel, but do not form nitrogenous tissue-
They are more valuable than the carbohydrates, because richer in carbon and hydro-
gen, the elements which give value to fuel, and because they supply the body with
fats.

In brief, tho albuminoids, the nitrogenous constituents of foods (albumen, fibrif
&c.), which make the loan meat, the muscle, the connective tissues, skin, and 8o o
are the most important of the nutrients. Next in importance come the fats, and 1ast
the carbohydrates—sugar, starch, and the like. One reason of the inforior position
of the carbohydrates is the fact that they have nonitrogen. The albumineids can o
their own work and all the work of the carbohydrates and the fats as well, while thesé
latter can ouly do their own. With albuminoids alono we might make a shift to got
on for a good while,but with carbohydrates and fats alone we should speedily starve-

Soe Reports of Am. Fish Cult. Assg'n., 1880 and 1881.




[33] CHEMICAL COMPOSITION AND VALUE OF FISH FOR FOOD. 263

We might live onlean meat, but not on tallow and starch, Animal foods, meats, fish,
and the like, consist mainly of albuminoids and fats, and contain very little of the
carbohydrates. Vegetable foods, on the other hand, oconsist largely of earbohydrates,
‘and contain less of the albuminoidsand fats. Scienceand experience unite in testify-
ing that a proper combination of allmakes the most wholesome, a8 we know it givea
the most agreeable, dieb.

The table below is constructed to illustrate the composition and food
values of the samples of fish, oysters, &c., analyzed, as compared with
other animal foods and with each other. The figures for meat, game,
milk, eggs, &ec., as well as the basis of estimating the natritive values,
are from German sources.—(Konig, Nahrungsmittel, I, 206-210 and
223-226,) The analyses of fish (except the dried cod) and of inverte-
brates are taken from Tables I-VII of this report.

TABLE VIIL
Composition and valuations of animal foods.

{Valoation of medium boef assumed as 100,

 BECAETEmAT o e

- mmnmnmonnonuﬁmnwm
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] "g'. Solids—aotual nutritive material,
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23 ] g 7
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Boef, 1681 ...ccveeeceoecacnictmreaanannines

1
Beef, medium ..

ork, fat.......

Bmoked beof .
Bmoked ham. ...
9
1,92 1.42 1.18 8.8
6. 34 1.20 0.91 93.9
811 2.88 1.09 104.0
8.08 4.8 0.70 8.8
0.79 4.77 0.76 18.5
2572 | 8564 0.03] bG8y
811 07| 1L19| 12.g
841| 68| 412| 150
20, 64 1.97 8.03 5L g
80.43 2.53 4.13 163.9
12l oss! 1120 rag

](1-) The figures in the first column give tho percentagos of actual nutrients In the samples pa actu-
?l‘]{. found in the markets. Those for fish apply to cithor the whole or dresscd snmples, as stated i
Tables I-I'V of Part_I of thia report; those for oysters and clams to the sholl contents ; scallops, the
muscle ; lobsters and croy fisl, tho wholo animal,

(2.) Easentially the carbobydrates, oxcopt in the Euro[ioan dried cod andin the invertebrates, in
wwhich the extractives aro calculated as cxplained in Part II, * Methods of analysis,” page 25.
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Composition-and valuations of animal foods—Continued.

IX FLESH PREE FROM BONE AND OTHER WABTB- -

" Solids—actual nutritivo material

Total edible solids, actual nutritive
materials in whole sample.
Albuminoids, protein.
\: Nutritive valuation.

Extractives.
I Mineral ingredienta.

F181 (fre .
(freeh) Par ct. | Perct.
1.14 87.
125 624
1.23 00.1
1.36 74.9
140 868
0.90| 9.8
veeenn| 12 98.3
....... 1.14 60. 4
....... 1.37
........ 1.18
........ 1.23
........ 1.27
........ 1.08 1
........ 1.20
........ 1.41
........ 1.62 I
1.38
........ 198

H

.

.

.

N

-

-

]
RREBRBSUSARINRSRERI
RO RVODRAWVLARANN IO R OND

........ . 1 .
............... . . 104 |........| 192
Spenish mackerel. | 20.631 67.77| 21.34| 9.89 |........ 160 1
hite perch........ | 874 7543 10.:8] 4.00|........ 119
Muskallenge.. | 12.47| 75.33 | 20.24 2.87 fevenen.. 1. 56
Herring...... 11.48 | 67.77 | 19.43| 11.82 |........ 1.48| 1
8heep’s-head . 11.97 | 71.54] 20.68| 6.68........ 1.10
bot ....... 15.62 | 70.10 | 14.40 | 14.15|........ 1.26
8pent 881MOT. . cc.vviiiniciraciaannan. veeees 12,96 | 76.84 | 18.41 8.60 |........ L14
CURED FISH,
8alt ood .. 10.70 | 62.60 [ 26.00 | 0.51 1e7 | 1089
Boned ood 28.78 | 51.85| 26,461 0.88 Leo| 1y
Dried cod (Buropean) «.....eeeevreeiiicniiifons oo 16.16 | 78.91| 0.78 Los| 840
Bmoked halibut . 82.45 | 50.86 | 18.43 | 15.57 104 | 1029
Bmoked herring . 28.92 | 85400 | B1.571 18.68 2.57 | "164.5
Canned ealmon .. 20.01| 66.00| 2110 11.04 Lgs| 1903
Balt mackerel 42.60 | 2L87 | 22.84 163 125
INVERTEBRATES,
Oysters, S8tony Creek, Connecticut ......... 0.54 | 00.47 4.42 0. 62 1.84 2. 88 g,} g
ysters, Fair Haven, Connecticut.......... 14.88 | 85.13 7.8 1.44 8.41 2. 60 “' 3
sters, Blue Point, New York ........... 19.24| 80.76 | 820| 172] 78| 202| M3
8ynusrs, East River, Now York ....cueu... 12.48 | 87.67 6.81 L10 8.15 1.87 220
yaters, Norfolk, Va.....ccciiveivuennannn. 8.65 | 01.45 4. 60 0.61 1. 00 1.54 20’ ]
Qysters, Virginia (transplanted) (3) ........ 6.04 { 8884 5.00 1.02 2.99 2.08 20.8
Ogyaters, average of 14 samples. ............ 12.20 | 87.71 5.78 1.12 8.41 1.93 0.2
Oysters, “'Covo” (canned) ..-..ceeueeu..... 13.86 | £6.14 | 7.8 | 2.04| 251| 142 S0
Scallops, Shelter Island, New York ........ 19.68 | 80.32 | 14.756 0.17 8.88 1.38 |- . 88' 0
ZOlAIMS. o, Cenne. 13.92 | 86.08| 7.97| 0.94 2.84| 2.47 326
Roundelams.....oocooiiiniiirniiiinnan... 1880| 86.20 6.56| 0.40| 4.17( 2.67 o
Lobsters...............00000000 il 6.80 | 6278 | 13.57 197| 0001 LT} 75
Lobsters (cepued).......c.c.eceeeeennen.... 2064 | 79.86 | 16.76f 4.62| 0.00| 2.78 720.7
Crayflsh .o, 2,31 8L22| 16.00{ 0.46( 1l.o01| 181
-

Three things should be said with reference to this table.
First. The figures represent simply the averages of analyses made up
to the present time.

4
(8.) To New Haven, Conn.
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Second. The figures of some of the kinds of food, indeed all except
the fresh meats, milk and its products, and eggs, are based upon few
analyses. More are needed to show the actual ranges of variation
and the actual averages. Sometimes different samples of the same kind
of flesh will show widely varying percentages of constituents. This is
especially true of the fats, and to a less extent of the water. But the
figures in ghe table are probably not very far from true representations
of the average composition of the several kinds of foods.

Third. The nutritive valuations are made with only an imperfect
knowledge of the digestibility of the foods and the influence of palati-
bility and other factors upon the nutritive value. They are, therefore,
of necessity somewhat crude, and to be relied upon rather as approxi-
mations than as accurate quantitative statements. Much more chemical
and physiological investigation is needed to make our knowledge of these
as complete and satisfactory as it should be.

This table is, I think, worth studying. As above explained, after
taking out the refuse, bones, skin, entrails, &e., of the sample we have
left the edible portion, the flesh (or, in case of oysters, clams, &c., the
flesh and liquids together). Multiplying the percentage ot flesh by that
of actual nutrients in each sample gives the actual nutrients in the sam-
ple, as is done in the first column. The composition of the edible portion
is given in the four columnsunder “In flesh,” the figures being taken from
Tables IV and VII. As shown above, the proportions of flesh and of
water and dry substance in the flesh differ greatly in the differentsamples.

PROPORTIONS OF NUTRIENTS.

The proportions of albuminoids, fats, &o., are, if anything, still more
varied. The cod, haddock, and bass, have scarcely any fat, and the
oysters, scallops, and clams, very little.  But the eels, shad, mackerel,
salmon, herring, and turbot are very fat. On the whole, fish average
about the same percentages of albuminoids as the meats, but generally
have less of fats.

It would be interesting to note in more detail the proportions of the
coustituents of the flesh, especially as illustrated in Tables II, III, and
IV. The cousgtu(,nts soluble in cold and hot water, for mstance, whxch
50 far as is known are analogous to those of meats, are of considerable
interest, but demand much more investigation. Meat extract has be-
come an important article of commerce. There is a fortane for some-
body, I mistrust, in the extract from menhaden.

“FOUL” OR “SPENT” FISH v8. THE SAME IN GOOD CONDITION.

Some very interesting results are found in comparing the composition
of the foul or spent fish with the same in good condition, as shown in Table
II.  As thefish becomes lean, it loses nutritive value in three ways; first,
in total loss of weight ; second, in relative increase of refuse and decrease
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of flesh ; and, third, in the deterioration of the quality of the flesh whicb,
in the lean fish, is more watery and considerably less valuable, pound
for pound, than the flesh of the same fish in good condition. Thus the
flesh of spent salmon is rated in the last column at 85, while that of fat
salmon came up to 108. There is in this a strong argument in favor of
legislation against the capture of fish out of season. In general the
fatter flsh are more valuable than the leaner, pound for pougd, because
they have more nutritive material and less water.

RELATIVE NUTRITIVE VALUES OF FISH AND OTHER FOODS.

The above table will help us to a very fair idea of the comparative
composition of some of our more common animal foods.

Looking down the first column we see that while medium beef con-
tains 72 per cent. of water, milk contains 87% per cent. Roughly speak-
ing, beefsteak is about three-fourths, and milk seven-eighths, water. A
pound of beefsteak would thus contain four ounces of solids, and, if we
assume a pint of milk to weigh a pound, a quart would contain four
ounces of solids also; that is, a pound of steak and a quart ofmnilk con-
tain about the same weight of actual nutrients. But we know that for
ordinary use the pound of beefsteak is-worth more for food than the
quart of milk. The reason is simple. The solids of the lean steak are
nearly all albuminoid, while those of the milk consist largely of fats and
of milk-sugar, a carbohydrate,

The figures in the last column are intended to show how the foods
compare in nutritive value, “medium beef” being taken as a standard.
They are computed by ascribing certain values to the albuminoidg and
fats, and taking tho sum in each case for the value of that particular
food. Theratio here adopted, which assumes one pound of albuminoids
to be equal to three pounds of fats and five pounds of carbohydrates, is
that assumed by prominent German chemists.

Taking medium beef at 100, the same weight of milk comes to 23.8;
mutton, medium, to 86.6; fat pork, 116, and so on. The samples of fish
run.from flounders, 65, to smoked herring, 163; while the European
dried cod is rated at 346. Thus we have for example the following
valuations for flesh, free from bone, skin, shell, and other refuse—

FISH.
Sm0ked DOITING . «ev wenveenneeioens 1634 | BBAA coveeerereeenereninsenenn... 98.2
8816 ACKETO oneoerenn e eranennan 1254 | Mackorel . coeueeurenennnunns 90.9
Boned cod-..ceueuceue - . 114.8 | Red snapper.. . 90-1
Balt cod........ 108.9 | Bluefish....... 85.
Salmon........... 107.9 | Striped bass ... 90-3
Canned salmon.. . ... 107.2 | HaddocK cevecvonerecevenvonmoncns 74. 1
Spanish mackerel.......cc.ceeeee. 105.9 | COQeuureeinnancanneccenocenes soen 69-4
White fish...cooeiraeraeiaraenn. 104.5 | Flounder....oceeeeneciaiane cocen 62
' INVERTEBRATES.

Oysters, Blue Point.....ccc.. -..... 44.3 | Oysters, NOoTfolk vooeueveecnnsencans 92’8
Oysters, ‘‘Cove” or ‘‘canned”...... 39.2 | 8callops..ceveeercocavennns -- f’g‘ 0
Oysters, East River........c....... 31.6 | Long clams ...... .- 32' 6
Oysters, Virginia (transplanted) ... 26.1 | Round clamng .....ccceveeienne : 32'0

Lobsters.....c...... coeoe 62.

*E. g., Konig, Zeitschrift fiir Biologie, 1876, 497.
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OHEAP versus DEAR FOOD.

These figures differ widely from the market values. But we pay for
our foods according to, not their value for nourishing our bodies, but
their abundance and their agreeableness to our palates.

As was stated in the introduction to this report, taking the samples of
fish at theirrotail prices in the Middletown markets, the total edible solids
in striped bass came to about $2.30 per pound, while in the Connecticut
River shad, whose price was very low, we bought nutritive material at
44 cents per péund. The cost of the nutritive material in one sample
of halibut was 57 cents, and in the other $1.45 per pound, though both
were bought in the same place, at the same price, 15 cents per pound,
gross weight.

" As I have said, to the man whose income will permit him to eat what

he likes regardless of cost, it makes very little difference How much he
pays for the albuminoids and fats of his food, but it does make a differ-
ence to people of small means, and the knowledge that just study of
these matters will bring, when obtained and diffused among the people,
cannot fail to do great good. .
_ The cook-books and newspapers have occasionally something to say
upon these points, but their statements are apt to be as vague and far
from the trath as in the lack of authoritative information they might
be expected to be. Certain it is that we need to know more about these
things, and that proper investigations may help us toward that knowl-
edge.

& FISH AS BRAIN FOOD.

Before closing I ought, perhaps, to refer briefly to the widespread
notion that fish is particularly valuable for brain food. The percentages
of phosphorus in the analyses above reported are not larger than are
found, according to the best analyses, in the flesh of other animals used
for food. The number of reliable determinations of flesh in the latter
are, however, small, and it is, though very improbable, yet within the
range of possibility that a more complete investigation of the subject
might reveal a smaller proportion of phosphorus in meats than in fish.

But even if the fish be richer in phosphorus there is no proof that
it would on that account be better for brain food. The question of the
nourishment of the brain and the sources of intellectual energy are.
too indeterminate to allow decisive statements, and too abstruse for
speedy solution in the present condition of our knowledge.
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Spotted brook trout, analysis of.......... s
Stenotomus argyrops, snalysis of......... 4
Stizostedium vitreum, analysis of. ... 10
Striped bass, analysis of........... . 48
Sulphur fn ish.-oeeeeeerennnsnns.. 17
Tables of analysis, description of. ........10, 11
Tautoga onitis, analysis of....... .
Trout, nutritive valuation of... cee 3:
Turbot, analysisof............. .e :7
nutritive valnation of ... - 16
Vepor tensions, determination of. .. o
Veal, nutritive valuation of ... . 2l
Venus merconaria, analysis of . .. 83
‘Venison, nutritive valuation of. 10
Wolghts of ishos ...vueevenrnenernanes 3,7,89
‘Whitefish, analysis of ....ccocooemrnnncnen 20
nutritive valuation of . 8 9
White perch, analysis of.......... 1
Woods, C. D., analysis by .c..ceeeeceorer

analysis of invertebrates .19 e ”4"
aaslstence rendered by .-.- “
Willlnor's formulay «...ceceevanes
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276

REPORT OF COMMISSIONER OF FISH AND FISHERIES. [46]

ANALYSES
TABLE IV.—Gen

Eg‘
;
5 Kind of fish and portion taken for analysis.
a
£
£
3
FRESH FISH.
1 | Halibut (Dippoglossus americanus). Postorior part of bod{, LT P 1 veser
X alibut (Hippoglossus americanus). Section of fattor portion of body ...cvvveecevnse weor
Halibut, average of two gamples.....cccoeviiirnniecanioenaeass R it
II | Flounder (Paralichthys dentatus). Entraild removed .. ......coevecenrasseeesanssenenss”’
XXII | Flounder (Paralichthys dentatug). Wholo. Amaganselt, L.I....cccieiennoonaniaacaeese®’
Flounder, average of two samples......ccoeeaeeieciiiiiiiinnnnen teeesaasccen voseent
III | Cod (Gadus morrhua). Head and entrails removed....oocevceceeccacacecocrsoassesses’
XT | Cod (Gadus morrhua). lead and entrails removed.......cvviiecmeccniecennsoaces .- °
Cod, 8verage 0f twWo BAMPIeB .. ...coiivuuuirtomitciioncacaarsoossocrcnannoaasne? )
XVI | Haddock (Melanogrammus ceglefinug). Entrails removed.......eeereernnesnnneeeser
XXI | Haddock (Melanog mus aglefinus). Entrails removed. Rockaway,L.T
Haddock, average of two 8amplea.........covveieeriennreniarcianass [rrerrs vosrt
IV | Eols, salt water (Anguilla rostrata). Skin, head, and entrails removed .......
V I Alewives (Pomolobug vernalis). Whole. Connecticut River...............
VI | 8had (Alosa sepidiseima). Whole. Hudson River. First of season........
X | Shad (Alosa sapidissima). Whole. Connocticut River. Early in season ..
XXXII | Shad (Alosa sapidissima). Whole. Connecticat River
Shad, average of three samples ......cccoieeiiiiiieiiiiiiiiencceccncnoeces seeee’
VII | Striped bass (Roccus lineatus). Whole. Connecticat River.... ---"“::
XIX | Striped bass (Roccus lineatus). Whole. Bridgehampton, L. I.. cesvecest
Striped bass, average of tWo 8aMPIes . «.occerne nniannerranes teveacnreasient PP
Mackerel (Scomber scombrus). Whole....
XIII | Mackerel (Scomber scombrus). YWhole.....c.oeeeenny. cecacs
XXX | Mackerel (Scomber scombrus). Whole. Cape May, b
Mackerel (Scomber sgcombrus). Whole. Cape Cod, Mass
Mackerel, average of four 8amples...ccvieasecisenireeieaaioracrnnes
XTI | Blue fish (Pomatomus saltatriz). Entrails removed ..oc.ececaeeevercannns vesoveen
X1V | 8almon (Salmo salar). Entrails romoved. MAINe.......cccovreeerieoconassresss ifo
XXVII | California selmon (Oncorhynchus chouicha.) Edible Ronion of anterlor part. Call ..
XVII | Salmon trout, Mackinaw trout (Salvelinus namaycush). Whole. Lake Ontario . .
XX1V | Brook trout (Salvelinus fontinalis). Whole, Cultivated .......ccoceceeeravees
XVIII [ White fish (Coregonus clupeiformis). Whole. Lake Champlain
XV | Porgy (8tenotomus argyrops). WHholo . coooeeeecniennirananans
Porgy (Stenotomus argyrops). Whole. Rhode Island ..........ccceeaaecsceres
Porgy, average of tWo 8aIMPIeB.......oviieuiiiieareaaiicasienncsonranes
XXXVIII | Black fish (Tautoga onitis). Whole. Stonington, Conn.........cceeevnaere
XX | Red snapper (Lutjanus Blackfordii). Whole. Fernandina, Fla......-
XXVTI | Red snapper (Lutj Blackfordii). Entrails removed. Florida Coast.
X Red snapper, average of tWo B8PS . ceu.ocevneeeceeeenrcososererssacsres®®"’
XXXII| Smelt (Ormerus mordaz). Whole. Hackensack River, New Jersey
XLILIX %ganla mackerel (Cybium maculatum), Whols ...............
XLIV hite perch (Morone americana). Whole. ..cueeurieniiiienareareracsonsasee®®?",
XLVI | White perch (Morone americana). Whole........ Leeee savecsssssosmescenceoet?

‘White perch, average of two 8amples........c.cceavvnee vesecanseone



[47] CHEMICAL COMPOSITION AND VALUE OF FISH FOR FooD. 277

OF FISH,
oral Résumé,

Fleah, ediblo portlon.

‘Whole or dressed flsh.

Total ediblesolids,actual
nutritive substance.

Albuminoids.
Mineral matter.

Laboratory number of sample.

Ingredients of solids
(nutrients).
; §
g k-
g g
. 4
§ 4] 8 f:
E 2 2 {3 g
L I 4 M | A
I;’; 0210 Pr.ct. | Pr.ct. | Pr.ct. |Pr.ct.
w20 20.80 | 17.52 | 214 | 114
004l 30.69| 18.03 | 10.63 | 1.13
81| 9560 | 1823| e8| L14
28| 17111 15.23| o061 127
M, os8) 10| 0| 22
B8] 1014 14.20] 070 125
8001 1100 1540 | 0.28| 1.28
~odl| 18.00| 16.42| 089 120
40| 1754 | 16.94| 034|128
ol 1030|1804 018|114
o9 1827 16.50 | 0,14 | 1.57
8.2 1878 1.28| 0.10) 136
THg o
-48 | 2062 | 18.85 | 9,77 | 0.90
g dag| aod| .03 140
- .03 | 18.67 | 10.76 | 1.
u. 31 85.47| 10.80 | 14.20 | 147
=et2] 20.38| 18.04 | 10.02| 1.92
217|383 | 1880 | 1006 | 130
B¥l ] me| Le| o
=8| 20.87| 16.80 | 2.71] 136
Jf‘-;i_ 214 | 17.86] 215 L.14
Ly 9l 2na|mer| 210w
78. g9 3.’& g 17.61 | 702} L 23
g 18.07 | 6.95| 1.2
27| 25| 1004 1045 | 148
7 3 —_
<232\ 208 | 1880 | &15| 1.23
TR 1g = =
284 | 10.82| 1,25 1.2
6, :
o0 o3 | 84.07 | 1081 | 12771 109
860y | 80431 1075 18.60 | 108
70| 820 | 1722 | 1409 1.20
70,08 | 2290 | 1847 “glog | 1.4t
Wy | 2082 2210| 620 | 162
Wog | 20281 iT.44( 145 L0
§7\\\\2&05 18.85 | 7.80 | 1.85
b.8g | o ==
~ M| 20| 85| 40| 180
8.08 | 9o ==
To.q43 | 2384 | 19.25| 281 128
T.og| 2365| 2188 0.00; 1.48
= B4 10.08| 1.94) L84
. 7. ==
$4 .28 | 20.02| 1811 142
Xb = ==
6n1| 20.20| 10.43| Lod| Loz
Wy | 82.23) 2134) 089 160
T894 | 24-88) 18.20| b5.67 L11
= .06 20.86) 2.42| 1.28
Q
=~ 287 0] 4a0| 110

X

of=!

XVI
XXI1

Vi
X1X

XXXVI
XX
XXVvI

XXIII
XL
XLI1V
XLVI
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[48]

ANALYSES

TaBLE 1V.—Genoral

Kind of fish and portion taken for analysis.

Laboratory number of sample.

Fresu Fisn—Continned.

XLV | Masquellonge (Esox nobilior). Whole  St. Lawrence River .....ceecuaeuaan..
XLVIL Hurnnﬁ (Clupea harengus). Whole. Florida......cccciaeeiinancinee
XILVJII | Sheepshead (Archosargus prod phalus). Entrails removed. Florida.

XL1X | Turbot ( Pla!ysomaticfythya hippoglossvides). Whole. Newfoundlend

LII | Yellow pike-perch (Stizostedium m’trcum.{ Whols............
LIIT | Black boss ( icrotpterzu pallidus). Whole. North Carolina ..
XXXV | Spent salmon (Salmo salar), male. Whole. Penobacot River, .
XXXV | Spent salmon (Salmo salar), fomale. Whole. Penobsacot River, Maine
XL | Spent land-locksd salmon (Salmo salar, subsp. sedago), male. Whol
Stream, Maine .. fesearene sidereenes
XLI | Spent land-locked n (Salmo salar, subs,

Stream, Maine ... .....o.eeeeiiiiiiiiaie
CURED FISH. Salt.*
}’:r et.
XXIX | Canned salmon (Oncorhynchus chouicha). Celifornin. (Oregon) ..ccc.ccecveeenifiiezezsr
XXVIII | Smoked halibut (Hippoglossus americantid) . ..ooeeeceeeaeaccenecciass ..| 13.61
XXXIIL | Smoked herring (Olupea AGYengus) - ...covueenriimmnniieanennnnns 11.80
XXV | Bonod cod (GaAUS MOPPRUB) . o veoeeaueenicaeaansssssannsasennns 10, 12
XXXIV | 8alt cod (Gadis morrhua). ‘‘Channel fish.” Bt. Goorge’s Banks.... 22,33
XXXVII | Salt cod (Gadus morrhua). ‘‘Boat fish.” Viecinity of Nantucket, M. 18.12
Salt cod, nvomgo?f three samplest .. ....c.cvieeminiimeiniiiiiiieiaaniaiaicfonenee
XLII | Salt mackerel (Scomber scombrus). *No.1mackerel" ........cceuvnnnnnn. 11, 50
*In computing the mineral matter in the salted and smoked fish, it was nasnmed that tliw mhllﬂg
8 cou

as in the averages of the corresponding samples of fresh fish; the oxcess actually found



[49] CHEMICAL COMPOSITION AND VALUE OF FISH FOR FOOD 279
OF FisH,
Résums—Continued.

Tlesh, edible portion. . Whole or dressed flsh.

Ingredicnts of solids

(nuntricuts). Edible portion,

trailg, &c.
nutritive substance.
Laboratory number of sample.

Total ediblo solids,actaal

Albuminoids.
Mineral matter.

Albuminoids.
Mineral matter.

‘| ‘Waste: bones, skin, en-

8.34 | 2000 | 17.05| 2.8 | 1.17| 43.82| 44.00] 0. 1,00 066 1218 | XXXVI
840 | 21.60| 16201 4.04| Lo7| 40.20| se78| 82| 205| 0.64| 1096 XL
953 | 2047 17.01| 1.06| 120| 4760} 4175 0.09| 1L03| 0.63| 10.75 | XLI

1 i ‘ |
%-gg 84.00| 21.10| 1t.04 | 1.86| 12.01 | 53.08| 18.566 ; 104} 2091 | XXIX
4016\ 1843 1o6T) 104 60| 4} 1083\ 122 1.40 | 32.45 | XXVIIL

1
85, L
85.00 | 6430 | 81.67| 1808 2. 1,30 | 2892 | XXXIII
SLas . 4a.05) 26.45| 0.38) L , 1.90 | 28.73 | XXV

1.92 | 4808 | 23.07| 0.24| 1.84| 2508 238.43| 17.62| O 189 | 10.09 | XXXIV

82| 4576 | 2487| 0.1 1.88) 2575 89.85 148! 0.08| 1.85| 20,49 | XXXVII

& 47.49| 25.00| 0.051| 1.87| 25.67| 88.60[ 1790 043 | 187 | 10.70

‘“01 57.84 | 2L.87 | 22.84 | 1.63 | 27.72 ao.ﬁl 15.45l m.EI" 1.18\ 83.14 | XLII

ceoR®
— e B3 D =]
RDODED —

::‘.t.t"m pmperl belonging to the fish would bear the same ratio to the fiesh (albuminoids plna fats),
Salt.™ 't Under W hole of Dressed Fish," two samples.



280 REPORT OF COMMISSIONER OF FISH AND FISHERIES. [5HO0]
ANALYSES OF
TABLE V.—Statistics and propor
% E In whole sam-
= ple.
=] 'a -
,g L : i
8¢ g & o =
“'B- . o < |
g Name and locality of sample. > g o %" i
B g 4 c B i
S I < @ & :
£ 2 2 hd £ & 2 |
2 g |5 % | g |38 |E&
g 2 2 & < & e
OYSTERS (Ostrea virginiana).
1881. G@rame. |Grams.| Pr.ct. | Pr.ct,
LXVIII | Buzzard's Bay, Mass . May 629 2,764.0 05.83 | 12.50 7.50
L Providence River, R. I Moy 5|28 3,301.0 | 117.9| 10.88 | 6.12
LV | Stony Creek Conn .. |Apr. 5|89 6,685.0 | 1714 7.52 1 11.38
LXXV [|......d0 eeeee......e May 24| 30 3,448.0 | 114.9 7.34 | 11.81
LIV | Fair anon Cobn Apr, 4|33 3,784.5 | 1147 1263 5.43
LVI | Blue Point, N. Y . Apr. 8|47 8,725.5 79.3| 13.39 5.23
Lvalr Rockawny, N.Y. Apr. 12; 60 5,058.0 ; 101.2 | 10.68 7.72
LVII | East River,N.Y ... Apr. 8|51 65,403.7{ 106.5| 10.27 ;, 10.01
LX | Staten Island, N. Y Apr. 20| 80 8,001.5 | 130.4 0.13 7.10
LXT | Shrewsbury, N.J . Apr. 20| 28 8,0804.0 | 130.4| 1264 ; '4.88
11X | Norfolk, Va Apr. 12| 48 6,635.5 | 138.3 4.66 6. 52
LXXIII | Potomao River, Va. (Transplanted.) .| May 16| 65 8,501. 4 3.7 6.51 5. 64
Rn)l)pnhnnnock River, Va. (Trans- | May 16| 28 3,300.5 | 1182 7.86 7.81
LXXI | J nmes River, Va. (Transplanted.)...| May 16| 80 3,085.9 | 102.8 6. 50 7.29
Average of 14 samples ..ceeeevens]oann cevane 87.4 | 4,181.2 ) 113.8 9.47 7.42
LXXIV | ‘‘Cove,' Chesapcake Bay. (Canned.).| May 24 [.-....|oeececeacifoaaaane, 50.23 | 49.77
SéALis (Pecten irradians.)
L1 Sholter Jeland, N. ¥..cceeeiinneniannn, Mar, 16 cccecfeveeeneni)ieeen, 00. 00
b -4 9.9 4 ORI T SR Apr. 26|.cceiifoniiiiii e, 100.00 |....
Average of 28amples ......cocuii]ieienaiiidfiiiiieiiiiiiiien it 100.00 [.oe.en-
LoxG cLaMs (Mya arenaria),
LXVII | Boston, Mass . May 520 ,504.0 1 76.2| 20.26 [ 24.64
LXV | Loog Island, N. Y. Apr. 28,20 | 1,878.5| 08.0| 8649 | 21.16
Average of 28amples ....coeeveal| ool 20 1,441.3 | 721 8287 | 22.90
ROUND CLAMSB ( Venus mercenaria). T
LXVI | Little Neok, N.Y ceev.icivnncannenne. Apr. 28120 1,007.5 05.4 | 16.80 | 14.91
LossTERS (Homarus americanus). |
. 15| 2 1,073.0 | 086.5
. 281 1 876.5 | 876.5 |.
LXIX Boston Mags «oeoo i mannaeins ay 5| 1 1,335.0 11,3350
Average of 8 8amples .. cooouoseeianenae|ocen [ |1, 005.7 |.oou.nn. leeeenr
LXXVI | Canned lobster. Maine .............. May 26'...... e, TN R [ l
CRAY-FISH. l
LXIV | Potomaoc RIVEr, V& .cevuurraeennnnnnns Apr. 26|21 695.0 | 8.1 1280 \..cvvenr
b




[51} CHEMICAL COMPOSITION AND VALUE OF FISH FOR FOOD. 281

INVERTEBRATES.
tions of water and dry subdstanoe,

In whole sample. Inflesh. |. In lguids. In w&‘;k PO™ | 1n whole sample. %
2Rk
s . . s | 85| Es
& | & g g $ % §15| 75
2 3 4 g g < | 8¢ g
g8 |7 3 g 2% |25 25| K
4 = 2 a 2 = |28 22 S
g |9 % g 5 | 5| § 2% || %8| &
g' & 2 % B 5 B 3 P E E w3l 2
g | & |3l B | Aa|B |Aa|F | A g K|
| il fa | R
Pr.et. | pr.ct. |Pr.at| Proot. | Pr.ct. | Pr.ct. |Pr.ct| Pr.ct. | Pr.ct. | Pr.ct. \Pr. ot.| Pr. ot
20.01 | o ooy | 85,21 | 16.70 | 08.40 | 8.60 | 8.8 [ 11201 18 fo.27) 225 LXVII
1700 so4lloba| 7o01! 20.00| 95.05|4.06| 8470 | 15.21| 228 (030 | 288} LXX
1890 | 70,74 [ 1.86 | 8l.02; 18.08 | 08.12 | 8.88 & 00.04 90| 1.43|0.44| 1.87 | LYV
1015 | 7966|119 | 82.09| 17.01| 06.33 | 8.67| 00.89 | 9.11{ 134)0.48 | 176 | LXXV
1808 | 7993|202 | sls0| 1870 | 900|600 | 8512 | 14.88| 236083} 2.00) LIV
1665 | 5018|122 7a24! 25.76 | 94.83 | 6.67 | 80.76 | 10.24 | 3.18 | 0.10| 8.87 | L¥I
1545 Svialods! srar| 1873 | 9508|404 sao3| 13.02| 200 0.38| 2.88) LVIII
'58 | 75.86| 0.85 | 70.92 | 20.08 | 95.44 | 4.60 | 87.57 | 1243 | 2.070.40) 2.53 | LYVIL
1523 | 516 00L| €447 | 1553 | 96.85 | 3.65 | 80.68| 10.42 | 1.42 | 0.26 | 1.08) LX
162 | 8176|073 | 8i.es| 18.85| 95.07 |4.08| 85.87| 14.63| 231 0.24| 255) LXI
116 | aa3 |05t | s3es| 1614 | 90.83 |17 0145 855| 075|0.21 | 0.96) LIX
11| e less| 7aer| 2018 os51 440 86.60| 1340 1381 0.251 1.63) LXXIIL
1517 | 8400|061 | &2.64| 17.86 | 07.24 276 | 89,88 | 10.12 | 1.30|0.20 ) 150 | LXXII
18.79 | 85.80 | 0.91 | 83.40 | 16.51 | 95.81 | 4.00| 80.05| 0.06| 1.07]0.80 | 1.37 ) LXXI
16.80 | 82.23 | 0.88 | 8143 | 18.67 | 95.69 | 4.81| 8.71| 12.20| 1.85 0.30| 2.08
100,00 |........} ..... 78.78 | 21.27 | 83.57 j6.43| 83.14 | 13.88 | 10 88 | 8.20 | 13.88 | LXXIV
100,00 |........] ceeen 77.79 | 22.21]22.21 |...eon 22.21 | LI
200,00 |.... ol 82,84 | 17.18 | 1716 |...n.- 17.16 | LXIIX
100,00 | ..ot 80,52 | 10,08 [10.68 |...... [ 19.68
83.00 | 44.28|1.82| 77.081 22.04 | 95.73 |4.27| 8611 | 13.80 | 8.45 105 T.50 LXVII
E7.64 | 80.03 | 2.45 | 8106 | 18905 94.76 | 5.24 | 80.05 | 18.95| 6.9 |1.08] 7.8 1XV
85,77 | 4211 |2.12| 70.62 | 20.48| 95.254.75 | 66,08 | 18.93 [ee8 (107 774
e

8L.71 | e7.50|0.70 | 78.24 | 21.76| 9522 |4.88 | 86.20 | 19.80 | 8.800.78 | 480 LXVI

S2.501 43.00 8,52 84.30 84.80 | 15,70 | 8.25¢|...... 835 |L
20.24| 60.87 |28 | BLTI 81.77| 1823 6.60 |...... 6.60 | LXIT
.56 | 67.57 | 1.87 | 82.11 82,111 17.89 | 5.47 |...... 6.47 | LXIX
30,

e 77| 747 12,78 82.78 | 17.27 |c-eveen. eeed| 82,78 17.27) 6.77)......| &7

100.00 |.....oolfoeeees 79.86 | 20.64 |..c..ooiloenes 70.86 | 20.64 | 20.64 |...... 20.64 | LXXVI

12.80 [ ps.15 | 285| 8128 | 1878 [ ccccefoinen ] BL22 1878 | 281 )......] 281 |LXIV
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ANALYBES OF

TanLE VI.—dnalyses cal

~
) In flesh.
Ba
2 2
24 | g
8 Name and locality of sample. 23
5 g o | EX S
@ a g H
; 1
4 ° s <
= 25 & |- B
3 z < > 5
. OYBTERA (Ostrea virgintana). prat | Pret | Proot | Prot
() . et. 7. ot 7. €
LXVIII | Buzzard’s Boy, Mass. .ccvieeiicaeiecnraceccaeeneens PP 7.85| 49.00 0. 95 9.80
LXX | Providence River, R.I ..o.coiuicaiiriiiiiniiiannancn, 7.85 | 48.06 | 12.25, 10.15
Lx%y Stony Creek, ConD. cveuvanneniiriieiiieicieiieniane, g 232 gg :g g ;3 ﬁ gg
...... O et iieciannane PR T 3 3
LIV | Fairhaven, Congn........ .. 8B40 52,88| 1002} 11.77
LVI | Blue Point, N. Y ....... I 7,081 44.25 9.9 8.60
LVIII | Rockaway, N.Y ........ J o 7.841 49,00 | 11.8¢ 8.04
LVII | East River, N.Y............ 8.32, 52,00 | 10.79 8.89
LX | Staten Island, N. Y ...oeo wenes ..} 851 56318 10.84 9.10
LXI | Shrewsbary, N.J...00 000 0000 716! 4409 1200 | T.24
LIX | Notfolk, Vit.coereienieecrinacanecacnns 9.24 1 b7.75 8.01 | 11.27
LXXIII | Potomac River, Va. (Transplavted)...... | 743 4644 | 1077 22.02
LXXII | Rappabhaunock River, Va. P Transplanted .l 7.83 ] 48.94 | 10.96 9.12
LXXI | Jumes River, Va. (Transplanted)...... Yererieaieaaaaeas 8.01; 60.06 | 10.76 } 10 48
Averago of 14 8amples . c.o.ooriiiiiiiiiiiiiianiaanen 8.00 ! 50.50 | 10.44 | 10,47
LXXIV | “Cove,” Chosapoake Bay. (Canned)...... e 10. 50 I 65.62 | 17.76 | 7.51
ScALLors (Pecten irradians). ‘ -
LY | 8helter Island, N.Y oo iiiiiiiiiiiiiiiiaaaannes .. 10.84' 67.75 0.13 6.68
LXIII |...... L PRSP 13.46| 8413 | 178 7.5
Avernge of 2 80Ples ... eeuunoieia i iiaeian e 12,16 | 75.94 | 0.0 | 7.10°
LONG CLAM (Mya srenaria). |
LXVIT | Boston, Mass . cc...oiivierrianiionceveeasareesmnannnan 10.568 | 66.00 8.13| 1261
LXV | Long Island, N. ¥ .. iiiiiiiiiiniiin i iiaiieriaannes 10.67 | ©6.08 B.03 8.28
Average of 2 samples . ........... cereenne ceenrianian 10.67 | 06.03 @ 8.08 | 10.87
! ==
ROUND CLAM ( Venus mercenaria). i
LXVI | Littlo Neok, N. Y. .iiueiiieiinniienncincenonscnsaccanes . 8.52' §3.25 8.39 | 10.19
LonsTERs (Homarus americanus).
11.85 | 74.06 | 11.62 | 10.38
77.08 | 8.47( 0.36
84,00 | 14.19 | 10.43
78,87 | 11.43 | 10.06
LXXVI | Canned lobster, Maiue.... 8113 | 2.24| 10.44
CRAY-FISH.
LXIV | Potomac River, Vo ..co..vuevnivreernrivrrennnccneeeeee.| 13,03 8510 | 2,46 ‘_a:u
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INVERTEBRATES.

culated on dry substance.

In ficah. | In lignids. In Bosh and lqulds. %
'g = é 3 é - .é s 5 &8
Q| 38 Pt Pt -
E:’,’ SR 23 26 E.g
g ) = . . 2%
s3 | .32 ¢ g S; g d | 83 'g s
3 g ; 'E go K 1] O S‘n E gl] (] ﬁ
5|25 | 5 | £ |28 . e |E2 | .| 8| 2
£~ | 37 = = =4 ] £ 2 2 ] g 3
B @ [3) P < |1 &} " L [ o
Pr.et. | Pr.ct. | Proct. | Prct. | Proet. | Pr.oct. | Pr.et. | Pr.ct. | Pr.ct. | Pr.ct. | Pr.cl
117 4.15)  8.63| b.58| 84.87 | 0.07| 4527 00| 43.088 | 6.21| 22.34| LXVIIL
L684{ 355| 2.30] 4.78| 20.87| 0.04 | 48.70| C.74| 4217| 7.85| 24.08|L
L406| b.21] 4.83| 842| 21.85| 0.35| 70.01| 6.57| 3476 8.55| 48.60| LV
L77) 86| 87| 806! 10121 181| 70.46| 5271 32801 899} 48.83 | LXXV
L57| 6.58| B.11| 5 34.76| o0.27] 53131 7.00| 47.49| 7.70| 24.35 | LIV
1.28| 870! 1.08| 6.60| 40.62| 1.54| 33.74] 6.02| 43.18| 7.65] 15.71 | LVI
15 3| 281 632| 3327, 0.71| 43.75| 6.78| 42.81| 6.83| 24.38 | LVIII
Lo2| oo1] 204! 6.8 | 86.57| 0.45| 84.45| 7.10| 44.31| 6.69| 21.51
1.08| 310| 108] 671 8508, 2.55| 23,15 7.20| 45.42| 7.21] 15.25
1.61| 223 168| 660| 41.26| 0.881 87.18| 7.00| 43.08| 8.88{ 1568 | LXI
1L79| 288 276! 6.22| 8263°| 0.18] 52.03| 6.90| 43.05) 8.86| 85.08 | LIX
17| 260| 318| b616| 8224 | 0257 564.96| €.87] 80.75| 6.8 | 8.06 | LXXIIT
150| 2313 1.93| 589| 86.81| 0.24] 53.08[ 6.90| 43.05| 6.8 | 80.59 ;
179! 278| B24) 4.64| 20000 0.27] 62.64| 6.23| 88.83| 6.21| 88.00 | LXXT
Lez| se63| 28| b524| 8275 051| 49.01[ 6.60 | 41.79 010| 28,31 |
L62| 094 2.60| 441| 27.60| 414| 10.83| 7.47| 40.01| 10.98| 13.49 | LXXIV
217| 22| 170 67.75| 0.13| 6.68 | LI
275, 276| 1.87 8.13] 1.78| 7.5
T—
5 !
246 265| 1.81 75.94| 0.85| 7.10;
298| B.14| 298, 188( 11.03] Q14| 77.20, 6.58)| 41.07| 4.48) 42.08 LXVIZ
248| 2:95| 1.8 | .92| 2450, 0.55| 66.00| 8.1¢| 50.70 | .20 | 25.75 | LXV

28| 275| 241 2._80_| 18.06 | 0.85 | 66.60 7.86 | 45.03| 4.80| 83.07

1| w1 8,22 206 1850 0.84 | 0407 6.00‘ 80.83 1.95] 8594 | LXVI

213| 2389 74,06 { 11.62| 10.38 | L

24 107 71.08 | 8.47| 0.86 | LXIX
85| B.06 800 | 14.19| 10.43 [ LXIX
XY 78.87 | 1143 | 10.08
lla| 234 81.13 | 2.24] 13.44 { LXXVI

285 1.89] L44[eeeeeidicienidiceiicsfovnnne ] 1003 [ 8529 2451 698 LXTY
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ANALYSES OF
TABLE VII.—Reoap
Calculated on
? In flesh.
T g T
g Name and looality of sample. £ é %
g ' & 95 |3
a 3 &8 | B4 |
£, |8
E g | &% 4 | Eg &
. & = 4 bl g &
g §1 %% : % |2 | &
2 s | £ |2 s | B2 |2 |2
Ki BE| & | < & | S | & & 3
OYBTERS (Ostrea virgini-
ana). Per Per Per Per | Per | Per | Per | Per
ct. ot. et. cl. ct. ct. ct. ct.
LXVIII | Buzzard's Bay, Mase .........| 84.21 | 1.24 7.95| 1.67| 1.48| 0.16 | 0.60 | 0.56
LXX i Providence River, R. I . 70.01| 1.65| 10.30| 2.58 | 2.13| 0.40 | 0.75]0.60
LV | Stony Creek Conn . . 8102 1.67( 10.46| 1.60 | 2.76 | 0.28 | 1.0l 0.82
LXXV |..c..d0 vernnnnienn. .| 82091 1.57 0.83] 1.48| 2.55| 0.82| 0.65{ 0.6
LIV | Falr anen, Conn . .| 81.30| 1.58 0.8 | 2.05| 2.20| 0.20| 104|058
LVI | Blue Point, N. Y 76.24 |- 1. 10.61| 2.85]| 2.06| 0.30 ! 0.88 | 0.47
LVIII | Rockaway, N.Y.... 81.27 1.47 918 213 1.67| 0.30| 0.73|0.53
LVII | East River, N.Y ... -79. 92 1.67 1 10.44| 2.16| 1.5 | 0.83 | 1.01 |0.59
LX | Staten Island, N.Y . 84. 47 1.83; 830 | 1.68| 1.41 0.381 0.50 | 0.31
LXI[ | Shrewsbury, N.J .| 8Le65| 131} 82| 220! 1.383| 0.20| 0.41|0.20
LIX | Norfolk, Va . ...civviinnnnnnnn 83.80 | 1.49 | 0.82| 1.45| 1.82| 0.20 ! 0.46 | 0.43
LXXIIC I’otlomno River, Va. (Tra.ns- 78.87| 167! 0.81! 227! 2.5¢4| 0.38. 0.65]0. 67
anted.
LXXIX Rnli nhunuock River, Va.| 82.64 | 1.36 8.40| 1.00| 1.58 0.81 | 0.87 | 0.34
rans lanted.
LXXI Jamcs ivor, s, (Trans. | 83.49 1.32 819 178 1.71| 0.38 0.46 | 0.54
planted. | .
Average of 14 samples..| 81.43 | 140, 0.31| 184; 1..93' 0.80| 0.680.69
P !
LXIV | Covo, ~Chesapoako Bay | 7873 | 2.24 | 13.00 | 878, 160" 0.34] 0.20]0.04
(Canned).s = | — o ===
ScaLrors (Pecten trradians). l [
LI | Shelter Island, N. Y .......... 77.79 | 2.41 15. 05 | 0.03] 1.48; 0.48] 0.50[0.39
LXI1II|...... [ 1/ T cosecssncaas 82.84 | 2.31| 14.44, 0.30 1.20 | 0.47 0.47 | 0.82
Average of 2 samplos ..| 80.82 | 2.86 | 14.75; 0.17| 138 0.48 0.40]0.30
Loxe cLAM (Mya arenaria). i
LXVII | Boston, Mass...... ...l 77.98] 2.16| 13.46 | 1.65! 2.565. 0.46| 0.64 | 0. 68
LXV | Long Islind, N. ¥ 2| sies| 200 12:53| 152 1.56| 0.47 | 0.45] 035
Average of 2 samples ..| 70.52 | 2;0_8| 12.99 | 1.69| 205} 0.47] 055 | 0.60
ROUND CLAM (Venus merce- T T
naria).
LXVI | Little Neck, N.Y ......... ..of 78.24| 1.80 | 11.50( 0.74 [ 2.22 i 0.87 | 0.89 2
LopsTER (Homarus ameri. i
canus). i
s4.80| 1.86 | 105! 182| 163} 033} o038l0.08
LXII 81.77| 2.24 ] 14.05) 1651 171 ! 0.41! 0.38;0. 50
LXIX 8211 | 2.41| 15,03 | 2.64| 187 | 042 0550
Average of 8 samples...| 82.73 | 2.17| 13.57| 197 | 174 | 0.39 043 ] 0.5
LXVI | Cenned lobster, Maine......., 70.86 | 2.68 | 10.75| 4.02| 2.78 | 0.24 | 048108
CRAY-7ISH. i l
!
LXIV | Potomac River.....conveeeee.| 8122 | 2.66 | 16,00 | 0.46 | 1.31 | 0.54 | 0.26 l . 27




(55] CHEMICAL COMPOSITION AND VALUE OF FISH FOR FOOD. 285

INVERTEBRATES.
itulation of analyses.
fresh substance. 5
2 <
In Jiquids. In edible portion = flesh and Jiquids. g 135 —g
CIS
no
g In dry substance. 8 83| ¢
E" oz | B& g
. 28
2. . | Bz s E.E g
P g m“'('t . 'ag 05 a
gs R .18 ClEd| B
; | ©x o S x i 2 s e =0
g s | .| 2 |2g s | £ 8|8 |T i
§1 ¢ 3| 8|8 |E8 S1E|E(E |3 | 2
SIE|2 |2|2 2| |88 |5 2 B 212 |8 3
\i<1 K | © Q_:n__taorx:z_______
Per | Per| Per | Per | Per | Per | Per | Per | Per | Per | Per | Per | Per | Per
%ﬂt- ot. | ct. | ct. | et | et et. ot | et | ct. | ct. | et | et | et
96401090 | 1.23 ( 0.03 | 1,63 | 88.80 | 11.20 | 530 | 0,00 | 1.54 | 3.87 | 0.85 | 28.00) 20.01 LXVIIO
55.0510.24 | 1.48 | 0.00 | 241 | 84.79 | 16.21 | 7.12 | 1.€5 | 2.23 | 4.21 | 114 | 30.83) 17. 00 IXX
95'12 0.13]0.80 | 001|272 |90.04| 0.06| 464! 0.64|273|1.95]0 74| 2208 1890 LY
%6.33 | 0’11 | 008 | 0l0s | 201 | 0.89 | B.11| 410]0.60 | 260|178 | 0.07 | 20.48 10.10 LXXV
2.00 033 - 2.03- 0:02 810 | 86.12 | 14.88 | 7.53, 144 | 2.50 | 3.41|1.20 87, 60| 18. 06{ LIV
24831 0,37 220, 0.0 | 101 | 80.78 | 10.24 | 20 1.72|2.02 | 7.30 | 131 | 44.20 18.62 LYI
95081020 | 160 0.04 | 2:26 | 86.08 | 13.02 | 0.00 | 1.25 | 192 | 3.85 | 0.90 | 3108, 18 40 LVIII
%544 031 1011 002|180 87.67 1243 | 631!110| 187|215 101 3161 2029 vl
5.85 10,21 1.80 | 0.09 | 0.85 | 8068 | 10.42 | 5.24 10.08 | 1.17 | 3.0 | 0.84 | 26.70) 16.23 LX
%507 | .33 ' 2:03 | 0:04 | 183 | 85.57 | 14.63 | €48 1.00 | 1.47 | 5.08 | 1.04 | 34.72 17.52 LXI
2.83 10,17 1.05|0.01 164 91451 885 | 450|0.61| 1561900722109 1113 LIx
61| 0,23 ! 1,42 | 0,01 { 2.47 | 80.60 ( 18.40 | 5.02: 1.22 | 2,51 | 8.75| 0.96 | 30.61 12,16
1 |
97.24 | 0,16 . 0.90 | 0.01 | 1.48 | 80.88 | 10.12 | 4.88 | 0.09 | 1.52 | 2.78 | 0.78 24.90' 15,17 LXXIT
95.81 | 0.19 ' 1.17 | 0.01 | 2.56 | 50.05 | 0.95 | 4.47 | 0.84 2,18 | 2.48 o.74|23.09 13,78 LXXI
§~‘—l—— ———:-_——‘—————‘
&Lo.za;x.m 0.03 [ 210 | 87.71 | 12.20 5.78|1.]2|].08 3.41 0,03 | 20.68) 16.89
%.5 (70,28 | 1,77 | 0.27 | 124 | 80.14 |1a.80 | 7.60 | 204 | 142 251|126 | 80.24100 00 LXIV
| | I ] |
! | ~
i
22.91 | 16.05 oos|1.4s.505 2 41 | 70.03,100.00' LI
17.16 | 14244 | 0.80 | 1'20 | 1.18 | 2.91 | 63.87100. 00 LXTII
. 1.68 | 14.75 | 0.17 | 1.8 | 5.38 | 2.80 | 66.95/100.00, .
| b
I 0.49 i .11 | 13.60 | 7.53 | 0.00 | 2.80 | 2.57 | 1.21 ; 86.09, 63.00, LXVIL
; 130 : i 80.05 | 13.05 | 8.40 | 0.07 | 2.06 ; 2.52 | 1.34 | 30.91| 67.64 LXV
95-25<| 0.15 | 0.60 ¢ 0.02 | 8,11 | .08 | 13.92 | 7.07 | 0.04 | 2.47 | 2.5 [ 1.27 | 88.00) 65.77
| — _—-:=___._: I _‘._.;
. | o
1 i ' i
95.22 1 0.14 | 0.80 - 0.02  8.17 80.20!18.80‘ 0.56 | 0.40 | 2.67 , 4,17 | 1.05 | 82.66; 81.71 LXVI
—_—— T : = '_=}= ’
| | ;
84.80 1 15.70 | 11.63 | 1.82 | 1.63 - 0.62 | 1.80 | 53.47/ 62.52 L
8177 {18.23 | 14.05 | 1,55 1.71 : 0.02 | 2,24 | 63.78; 86.24] LXII
82,11 | 17.80 | 15.08 | 254 | 1.87 | 0.00 | 2.4} | 88.08) 30.56) LXIX
82.78 | 17.27 | 13.67 | 1.97 | 1.74 | 0.00 | 2.17 | 01.07] 80.77
70.36 | 20,64, 1.75 | 4,02 2.78 | 0.00 | 2.68 | 70.11100. 00| LXVI
——
RATTEN RIS U [N IS 81.22 | 18,78 | 16.00 | 0.46 | 1.81 | 1.01 | 2.56 | 70.74| 12. 80| LXIV
\ | [}
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