10.—THE CHEMICAL COMPOSITION AND NUTRITIVE VALUES
OF FOOD-FISHES AND AQUATIC INVERTEBRATES.

By W. O, ATWATER, 11, D,

Professor of Chemistry in Wesleyan University, Middlctown, Connecticut.

INTRODUCTION.

The Reports of the U. S. Commissioner of Fish and Fisheries for
1880 (Washington, 1833) ant 1883 (Washington, 1885) contain prelimi-
nary accounts of the progress of an investigation ot the chemical com-
position and nutritive values of American food-fishes and aquatic inver-
tebrates, the details of which are given herewith. The investigation in
its present status includes: (1) Chemical analyses of the flesh of Amer-
ican food-fishes and invertebrates; (2) experiments upon the digesti-
bility of the flesh of fish; (3) studies of the chemical constitution of
the albuminoids of the flesh of fish.

Analyses have been made of the flesh of 123 specimens of American
fishes belonging to 52 species; of 3 specimens and 2 species of Buro-
pean fishes, and of 64 specimoens representing 11 species of American
mollusks, crustacéans, ete. Two of the liuropean specimens were of a
species included in the American fishes. The total number of specimens
of fish analyzed is, therefore, 126, belonging to 53 species. These, with
the invertebrates, malke 190 specimens, belonging to 64 species. Since,
in many cases, analyses were made of more than one specimen, the
actnal number analyzed is larger than these figures imply.

Nearly 1,000 different species of fish are used for food in the United
States. When we consider that almost no other analyses of American
food-fishes have been made (1 am aware of but two); that different
specimens of the samne species vary considerably in composition,so that
several analyses of each are NeCeSSary to show the ranges of variation
and the average composition under different circumstances of loeality,
season, size, age, sex, etc.; and that, from both éhewmical and economical
standpoints, studies of the constitution of the ingredients of the flesh
and of other tissues arc needed to malke our information at all com-
plete, it is evident that the work here reported ean Le regarded as only
the beginning of a much-needed research,

Along with these studies, o series of analyses of meats, dairy prod-
ucts, and other food materials, animal and vegetable, have been under-
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taken at the instance of the U. S. National Museum, to furnish data for
illustrating and explaining its food collections. These analyses form an
important economical supplement to the investigation herewith reported,
because of the desirability ot data for coupa,nsous of fish with other
foods. Some of the principal results are embodied in the tables of com-
position of food materials in Part TI.

The studies of the digestibility of the flesh of fish were carried out
in the physiological institute of the University of Munich. 1 am in-
debted to Professor Voit of that university, not ouly for the hospitali-
ties of his laboratory but also for kind assistance. As the details of
the experiments have been published elsewhere, only the main results
are recapitulated here.

An investigation upon the constitution of the flesh of fish was begun
in the physiological institute of the University of Heidelberg, where
opportunities were furnished through the courtesy of Professor Kiihne,
to whom also I wish to express iy indebtedness. The investigation
has been continued in the laboratory of Wesleyan University, but has
not reached that stage of completion which would make the publication
of results satistactory. Circumstances may hereafter permit its further
prosecution, and the outcome may be combined with other studies,
including those of dietaries of which fish forms or should form a part.

All of the work of investigation here reported, except that upon the
digestibility of fish, was performed at Middletown, Connecticut, in the
chemical laboratory of Wesleyan University.

‘While the work has been constantly under my immediate supervi-
sion, and much of it has been done by myself, the larger part of the
details bave been skillfully and faithfully performed by my assistants,
Messrs. G. P. Merrill, W, H. Jordan, J. . Long, Miles Beamer, E. B.
Voorhees, E. W. Rockwood, and especially C. D. Woods. The last-
named gentleman has performed the larger portion of the work of
analysis and calculation of results besides contributing very materially
to the elaborating of the methods of analysis and assisting in numerous’
other ways, including the preparation of diagrams and reading of proofs.

Thanks are due to Mr. I. T. Lane, of New Haven, Connecticut, Mr.
J. F. Ely, of B'thimore, Maryland, to Messrs. Dorlon & Shaffer, of New
York, and to Mr. E. G. Blackford, fish commissioner of the State of
New York, for o Llrge number of specimens of fish and invertebrates
geuelousl) furnished for aunalysis, and for valuable information as well.

Especial thanks are due tp Mr. Blackford, not only for a very con-
siderable number of specimens and for 1nform.mon which was extremely
helpful, but also for a gift of $100, which was used in defraying some of
the incidental expenses of the analysis of invertebrates.

I wish also to acknowledge the generous contribution of Mr. A. R.
Crittenden, of the firm of Wilcox, Crittenden & Co., of Middletown,
Connecticut, of 100, which was used in defraying part of the incidental
expenses of the analyses of fish.



PART 1.
THE CHEMICAL COMPOSITION OF FOOD—FISHES, MOLLUSKS,
CRUSTACEANS, ETC.
SEcTiIoON A.—AMERICAN FISHES.

1 NAMES OF AMERICAN FISHES AND NUMBER OF SPECIMENS
ANALYZED,

In most of the tabular statements and discussions I have followed the
arrangement of families given by Jordan and Gilbert in their Synopsis
of the Fishes of Nortb America, Bulletin No. 16 of the U. S. National

_Museum, 1883.

LIST OF SPECIES AND NUMBER OF SPECIMENS OF RACH.

The following is a list of the speecies analyzed, with the number of
specimens of each, including both fresh and preserved fish:

No. of
Acipensgerida:: spectmens.
Acipenser sturio oxyrhynchus, Sturgeon ... ____ ... ... ... 1
Catostomida:: .
Moxostoma velatum, Small-mouthed red-horse ____ _____...__.. 1
Clupeida:
Clupea harengus, HOITINgG - - -enceenn St et e, e 2
pilchardus, Sardino. .. ..e.ooooevea L L 1
vernalis, Alowif® .o ococceeeeneena L. Q
sapidigsima, Shad .. eeoveeeemenni L -
Salmonide: :
Osmerus morda®, SMOM.cecvnecenennnoa il L 2
Coregonua olupeiformis, Whitefish...o.... ..o _ | 1
8p., tullibee or artedi, Ciscoo ... . e e eiaanas 1
Oncorhynchus chouicha, Californin salmon ... ... ... ____, 5
Salmo salar, SalioN ..aceeccecccccocman i, 7
subsp. sebago, Land-locked salmon __.. . ... ___. 2
Salvelinus namaycush, Linke trout ... ....._... et 2
fontinalis, Brook trout ... ... Lo ..., 3
Esocida::
Esox lucius, Piko .o cvcmacecemeiee i el 1
retionlatus, Pickerel.o . ... ..o ol 2
nobilior, Muskellunge -....coeoe el 1
Anguillide : :
Anguilla rostrata, el . o.ooocemoniiii Q
Mugilide : i
Mugil albula, Mulleb ... ... Ll 1
Scombridw :
Scomber scombrus, Mackerel .. ... ... ... ... ... ... ... 10
Scomberomorus maculatus, Spanish mackerel ... ... .. ... ... 1
Orcynus thynnus, Tunny ... oooieiiiii oot icnnanenens 1
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- . No. of
Carangider : specimens.
‘rachynolus carolinus, Pompano ..o .ottt it 2
Pomatomide: :
Pomatontns saltatric, Bluefishoae oo oo ooo i iiiaaiiaanoat 1
Stromateidw :
Stromateus triacanthus, Butter-fish ... .o ciieieiiiiaiaaae 1
Centrarchidw :
Micropterus salmoides, Large-mouthed black bass............. 1
dolomien, Small-mouthed black bass.......... ... 1
Percide :
Perca fluviatilis, Yellow perch . .oocceooooieueniiioanananens 2
Stizostedion vitreum, Wall-eyed pike ..cocevcceecioiaeannnann 1
canadense, Gray piko...oc. . cceae et icovannanann 1
Serranidw :
Rtoccus lineatus, Striped DASK cooaee ooien i it aans 6
americunus, White perch..ooo. oo ..o iano, 2
Centropristis atrarius, Sen baBS ... oo oeemmiin e 1
Epinephelus morio, Red grouper...c.. .. eovceemuomorece.n eee. 2
Sparida: :
Lutjanus blackfordi, Red snapper. ..-.. b eeemeee e e, 3
Stenotomus chrysopsy POTEY ccoeve i iimmmeaaacaeaieciecnn aee. 3
Diplodus probatocephalus, Sheepshead. . .oooiiriinaonnan..n. 2
Scienidae: :
Scicena ocellata, Roed bass ..o ococeaant. tececocnnaaaanns 1
Menticirrus saratilis, Kingfish. ._.... ... ....ooeivinnn 1
Cynoscion regale, Weakfish ......occoei it eanane 1
Labridaw :
Hiatula onitis, Blacktigh cooeen ot i ceieeee i ianencoaenn, 4
Gadida :
Phycis chugs, Hake .cooeeieimsiaaeciiiiiiaircoericenceenaeee 1
Brosmius brosme, Cusk ..oooeimemcecnicceaeceecmmmcecnenn n o1
Melanogrammaus w@glefinies, Haddock -cvnieeaniiiienaannann. 6
Gadus morrhua, Cod.c. ot mmcen e et e ee s 10
Mierogadus tomeod, Tomeod .o ooonvmmananann i 1
Pollachius virens, PONOCK ceceae civeennietiiarerinnes erenee 1
Pleuronectida: :
Hippoylossus hippoglossus, Halibut . .. .. .o.iiiiiiaaaiaae. o
Platysomatichihys hippoglossoides, Turbot. .. .ooooiniianionan. 1
Paraliohthys dentatus, Flounder ...oaocoenivaeoevoineiaananns 2
Pscudopleuronectes americanus, Flounder...... teeeoe ceearenean 1
Petromyzontida: :
Petromyzon marinus; Lamprey eel ... oo ioeintiiiiannnaa. 1
Raiida :
T LT 11 4 L T R 1

The whole number of specimens analyzed for this report thus amount
to 123, Belonging to 53 species. One specimen was, however, of I'rench
origin, while two specimens of European fish have been analyzed in
counection with the present investigation, so that the latter actually -
includes analyses of 125 specimens. This report contains also an anal-
ysis of American halibut by Professor Chittenden. We have, therefore,
analyses of 124 specimens of American fishes belonging to 53 specios.
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NAMES AND SYNONYMS.

Of the spccimons of fishes analyzed in connection with the investiga-
tion whose details are reported here, a considerable number were found
in fish markets in Middletown,Connecticut. These werenostly of com-
mon species whose names were well known to us. By far the larger num-
ber were supplied through the kindness of Mr. E. G. Blackford, fish
commissioner of the State of New York, who gave with each speci-
men the common name, and in some cases the Latin name. Specios
with which we were not familiar, or the names of which were for other
reasons @ matter of doubt, were referred to Dr. W. N. Rice, professor
of natural history in this college, who was so kind as to either iden-
tify them himself or have them identified under his supervision by an
assistant or advanced student. Professor Rice tells me that the specific
differences are sometimes difficult to distinguish in specimens that have
been distorted in packing and trausportation, so that it is not impos-
sible that errors may have been made. I cannot believe, however, that
with the literature of the subject,andmany typical specimens in the col-
lege museum, conveniently ab band and freely used, many or serious
mistakes could have occurred.

There may perhaps beno obligationin & monograph on the chemistry
of fish to lay much stress upon the natural history of the subject; but
I had desired to group the specimens in accordance with their natural
relationships, and especially to put the analyses of the same species’
together, thinking that guch a comparison of the chemical characters
would be of interest, and bence desired to have the classification as
correct as might be. In the following list of American fishes the
names given in Dr. Jordan’s Catalogue of I'ishes of North America*
have been adopted.

I am under obligations not only to the gentlemen named, but also
to Prof. D. S. Jordan and Dr. T. H. Bean for assistance in the prepara.
tion of the list of synonyms.

In preliminary reports of the present investigation published in the
reports of the U. S. Commissioner of Fish and Fisheries for 1880 and
1883, some of the Latin names employed differ from those here given,
The list contains the names used in this report with Latin and English
synonyms. Where the names-in former reports differ from those here
used they are included in the list of synonyms. The FEnglish names
are mostly those given by Jordan and Gilbert. The French and Ger-
man names are taken from Giinther’s Catalogue, except that one or -
two of the German names are as given by Linné.

*Report U. S. Commissioner of Fish and Fisheries for 1885, pp. 787-973.
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LIST OF NAMES OF AMERICAN FISHES ANALYZED.

Acipenser sturio oxyrhiynchus Mitch. Common sturgeon ; French, Esturgeon ; (er-
man, Stor, No. 238,

Moxostoma velatum Cope,* Moxostoma veluta Jordan, Man. Vort. Small-mouthed
red-horse ; Buffalo fish. No. 268. '

Clupea Larengus Lin. Common herring; Whitebait (young). I‘rench, Hareng;
German, Hering. Nos. 33, 47.

Clupee pilchardus Walb., Sardine; Pilchard. French, Sardine; Gorman, Pil-
chard. No. 87.t )

Clupea vernalis Mitchill; Clupea matiowocca Giinther, Study of Fishes, p. (59 ;
LPomolobus vernalis, Goode & Boan. Alewife; Branch herring; Gaspereau.
Nos. 5, 220, b

* Clupea sapidissima Wilson, Giinther, Study of I'ishes, p. 659. .{losa sapidissima
Cope. Common shad. Nos. 6,10, 32,212, 221, 245, 249, .

Osmerus mordax Mitchill (Gill); O. viridescens Giinther. American smelt. Nos.

23,207,
Corcgonus olupeiformis Mitchill (Miluer); C. albus Giinther. Common whitefigh.
No. 18.

Coregonus 8p. (tullibec or artedi ?t); Argyrosomus Jor., Man. Vert. Cisco; Lake
herring. No. 111.

Oncorhynchus chouicha (Walb.) Jor. & Gil.; . quinnat, Giinther. California
salmon; Quinnat salmon; Kingsalmon; Columbia salmon ; Sacramento sal-
mon; Chinook salmon ; I'yee salmon; Fall salmon (mmale); Spring salmon;
‘Winter salmon ; Saw-Kwey ; Chouicha. Nos. 27,29, 96, 233, 241.

Salmo salar Linn. Common Atlantic salmon. Fr., Saumon ; Ger., Lachs, Salm.
Nos. 14, 35, 36,77, 78, 279, 280.

Salmo salar subsp. sebago Girard. Land-locked salmon. Nos. 40, 41.

Salvelinus namaycush (Walb.) Goode; Salmo namaycush Giinthor; Cristivome.
namaycush Jor., Man. Vert. Lake trout; Mackinaw tront; Great Lake
trout ; Loonge (Vermont); Togus (Maiue), Nos. 17, 256.

* This specimen was seut to us by Mr. Blackford, fish commissioner of the State
of New York, as a buflfalo fish from Cleveland, Ohio. The natural inference would
be that it came from somewhere in that region, porhapsfrom Lake Krie or one of the
Great Lakes. It was here idontified as Myxostoma velata Cope, seeming to conform
more closely to the description of that species as givon by Jordan, Manual of Verte-
brates, 1830, than to the closely related Ictiobus, to which the buffalo fishes proper
belong. I understand that the differences between this and some of the species of
Ictiobus aro such that one not a specialist in ichthyology might mistake the one for

.the other. That any such mistake could have been made, however, seems to me very
improbable, asthisspecimen was examined with care. I have, howover, changed the
spolling to Moxosioma, thus following Jordan & Gilbert’s Synopsis since published.

t This specitnen was, or at least purported to be, of IFrench origin, and should more
propor]y bo classed with European specimens. It wasincluded in the tables of Amer-
ican fishes because analyzed with them.

t This specimen was sent by Mr. Blackford as ClSCO, or Lake herring, drgyrosomus
tullibee, from Lako Erie. The name . tullibee is given by Jordan, Mau. Vert., 1880;
but Jordan & Gilbertin their Synopsis designate the same species as Coregonus tullibee,
Tullibeo, Mongrel Whitefish. Dr. Bean informs me that this is rare, and I find in
Jordan and Gilbert’s Synopsis the Lake herring or Cisco designatod as C. artedi. The
desoriptions of the two species represent them as very similar, and it is not at all
impossible that our specimen may have been artedi rather than tullibee. T do not, at
this writing, find any note of the identification of the specimen here, and consider it
safest to designate it as Corcgonus species, leaving the specific numo in question,
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Salvelinus fontinalis (Mitebh.) Gill & Jor.; Salmo fontinalis Giinther. Brook
trout; Speckled trout. Nos. 24, 264, 256.

FEsox reticulatus .o Sueur. Common Eastorn pickerel ; Green pike. Nos. 100,224.

Isor lucius Linn. Pike, Pickerel® (Vermont, New York, etc.). Fr., Brochet;
Ger., Hocht, No. 98.

280 nobilior Thompson ; Ksox estor Giinther. Mascalongo; Muskallunge ; Mus-
quallonge ; Maskinonge. No. 45. .

_ Anguilla rostrate Le Suour ; . bostonicnsis Giinther, Comumon eel. Nos. 4,217,

Muygil albula Linn. ; M. lineatus Giinther. Striped mullet. No. 126.

Scomber scombrus Linn. ; Scomber scomber Giinther. Common mackerel. Fr.,
Maquereau vulgaire; Ger., Makrele. Nos. 8,13, 30, 39, 42, 94, 95, 219, 230, 261.

Scomberomorus maowlatus (Mitoh.) Jor. & Gil.; Cybium maculatum Giinther.
Spanish mackerol. No. 43.

Trachynotus carolinus (Linn.) Gill; 7. pampano Giinther. Common pomnpano.
Nos. 234, 263. .

Pomatomus saltatrix (Linn,) Gill; Temnodon saltator Giinthor. Bluefish ; Green-
fish ; Skipjack. No. 12 : .

Stromateus trigcanthus Poclk ; I’oronotus iriacanthus Gill. Butter-tish ; Dollar-fish;
Harvest-fish ; La Fayette. No. 90.

Micropterus salmoides (Lac.) Henshallt; M. salmoides Jor. & Gil.; Huro nigricans
Giiather. La.rge-mouthed black bass; Oswego Lass ; Green bass; Bayou bass.
No. 53.

Micropterus dolomieu Lac.t; M. salmoides Jor., Man. Vert; Grystes fasciatus
Giinthor; M. achigan Rafinesque. Small-mouthed black bass. No. 91.

Perca lutea Raf.} (vide Giinther, St}‘“)’ of Fishes, p. 375); Perca americana
Schranck. Yellow perch; American perch; Ringed perch; Perch. Fr.,
Perche ; Ger., Barsch. Nos. 127, 208.

Stizostedion vitrewm (Miteh.) Jordan & Copeland; Lucioperoa americana Gliinther.
Pike poreh; Wall-eyed pike; Dory ; Glua_s-eye; Yellow pike; Blue pike;
Jack salmon. No. 52.

Stizostedion canadense (Smith) JOT; Lucioperca canadensis Giinther, Pike perch;
Gray pike; Sauger; Sand-pike ; Horn-fish. No. 2577

Roccus lineatus (Bloch) Gill; Labrax lineatus Giinther. Striped bass; Rockfish ;
Rock. Nos. 7, 19, 225, 237, 248, 260. '

Roccus americanus (Gmel.) JOT. & Gil.; Moronc americana Gill ; Labrax rufus Giin-
thor. White porch. Nos. 44, 46.

Serranus gtrarivs (Linn.) Jor. & Gil.; Centropristis atrarius Giinther. Sea bass;
Bluckfish; Black sea bass. No. 251. '

Epincphelus morio (Cuv.) Gill; Seryanus morio Giinther. Rod grouper. Nos. 114, 271.

Lutjanus blackfordi Goode & Bean. IRed snapper. Nos. 20, 26, 242,

. Stenotomus chrysops (Linn.) Boan; Pagrus argyrops Glinther; Stenotomus argyrops
Gill. - Porgy ; Porgee; Seup; Scuppm?g. Nos. 15, 31, 262,

Diplodus probatocephalus (Walb.) Jor. & Gil.; Sargus ovis Giiuther. Sheepshead.

Gor., Schafbrassen. Nos. 48, 250.

* Abont Lake Champlain, in New York and Vermons, and, for aught I know, else-
whero, the Lsox lucius is popularly knowl.l as “pickerel.” This spocimen was callad
by Mr. Blackford, from whom it was received, ¢ Large pickerel.”

{These two, M. salmoides and M. dolomien, havo occasionod us some perplexity,
(Compare Jordan, Man. Vert.,and Jor. & Gil,, Synopsis.) They were received at
different timos and identified as above stated; ono may havaq boen mistaken for the
other, but this seems to mo &0 improbable that I use the names as given.

t OQur common yellow perch has heen designated in previous roports as I’. fluvia-
tilis, but I find that aunthoritios (Jor. & Gil., Synopsis 524) have-como to regard it as
Qdistinet from the Buropean spocies of that name.
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Sciena ocellata (Linn.) Giinther; Sciwnops ocellatus Gill. Red bass ; Channel
bLass; Red-horse. No. 270. -

Menticirrus saxatilis (Bl. & Schn.) Jor.; Umbrina nebulosa Giinthor. Kingfish ;
Whiting ; Barb. No. 252. .

Cynoscion regale (Bl. & Schn.) Gill; Otolithus regalis Giinther. Weakiish; Sque-
teaguo ; Gray tront. No. 273. '

" Hiatula onitis (Linn.) Jor. & Gil. Blackfish ; Tautog ; Oyster-tish. Nos. 38, 203,
244, 269.

Phycis chuss (Walb.) Gill; I’. americanus Giinther. Hake; Codling ; Squirrel-
hake. No, 118.

Brosmius brosme (Miiller) White. Cusk. No. 110.

Melanogrammus aglefinus (Linn.) Gill; Gadus aglefinus Giinther. Haddock; Tr,
Lglefin; Ger., Schellfisch. Nos. 16, 21, 88, 229, 259, 275.

Gadus morrhua Linu.; Gadus cellarias Linn. Common cod. Fr., Morue; Ger,,
Dorsch (young and fresh), Stockfisch (dried), Leberdan (salted), Kabljau (old
and fresh). Nos. 3, 11, 25, 34, 37, 79, 80, 206, 228, 243,

Microgadus tomcod (Walb.) Gill; G. tomcodats Giinther ; Microgadus tomcodus Gill.
Tomcod ; Frost-fish. No. 99..

Pollackius virens (Linn.) Giinther; Pollachius carbonarius Gill. Pollock ; Coal
fish ; Green cod. Fr., Colin; Ger., Kohler. No. 81.

Hippoglossus hippoglossus (Linn.) Jor.; Pleuroncotes hippoglossus Giinther; M.
americanus Gill. Halibut. Fr., Fletan; Ger., Heilbutt. Nos. 1, 9,28, 211, 218,

Platysomatichthys kippoglossoides (Walb.)Gill. Turbot; Greenland halibut. No. 94.

Paraliokthys dentatus (Linn.) Jor. & Gil.; Pseudorhombus dentatus and I, ocellaris
Giinther. Common flounder. Nos. 2,922,

Pleuroncetes americanus (Wall.) Giinther; Pseudopleuronccies americanus Blecker.,
Winter flounder; Mud dab. No. 253.

Petromyzon marinus Linn. Lamprey eol; Great sea lamprey; Sea lamprey,
Fr., Lamproie; Ger., Neunauge. No. 236.

Raia sp. Skate*. No. 247..

2. METHOD OF ANALYSIS OF THE FLESH OF FISHES.

During the course of the earlier part of the work here recorded a not
inconsiderable amount of labor was devoted to the study of the methods
of analysis. After a time the information thus obtained and, what is
perhaps of as much consequeuce, the getting of the routine well in hand
enabled us to turn out the analyses rapidly and with what seemed to us
reasonable accuracy, at least so far as the principal determinations,
moisture, nitrogen, ether extract, ash, sulphur, phosphorus, chlorine,
ete., are concerned. The methods employed were as follows:

PREPARATION OF MATERTAL FOR ANALYSIS,

Separation of flesh (edible portion) from refuse (bones, skin, entrails,
spawn, ete.).—The specimens as received at the laboratory were wei ghed.
The flesh was then separated from the refuse and both were weighed.
There was always a slight loss in the separation, due to evaporation,
and to slimy and fatty matters and small fragments of the tissues that
adhered to the hands and to the utensils used in preparing the sample.
Perfect separation of the flesh from the other tissues was diffienlt, but

* This specimen consisted of only a part of the animal, Joft lobe of body, and wo
~were unable to ideutil‘y the spocics with certainty.
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the loss resulting from this was small, so that, though the figures repre-
sent somewhat less than the actual amount of edible portion in the
specimens, yet the amount thus wasted was doubtless less than would
be left unconsumed at an ordinary table.

The reasons for rejecting the skin, which generally has considerable
nutritive value, were that its chemical constitution is different from that
of the flesh which we wished first of all to study, and that circum-
stances forbade our entering into the examination of the tissues other
than flesh, valuable as their study would be. Nor is this omission en-
tirely without warrant even from the economical standpoint, since,so far
as T have observed in this country, the skin is not usually eaten. With
the closer domestic economy that increased density of population must
bring, people will become moro careful to utilize such materials.

DRYING.

Partial drying.—In each case one ormore samples of 50 to 100 grammes
each, selected fromn different portions of the freshly chopped flesh, were
weighed on a watch glass or small sauce plate and heated from 24 to 48
hours in an ordipary drying oven at a temperature ot about 96° C., in a
current of dry hydrogen. They were then allowed to cool and stand
in the open air, but carefully protected from dust, for about 12 hours,
when they were again weighed, pulverized, sifted through a sieve with
circular holes .5 mm. in diameter, bottled, and set aside for analysis. The
material in this condition constituted what was termed the ¢ partly
dried ” sample. A few of the fattest samples, however, could not be
worked through so fine a sieve. For these either a coarser sieve was
used or the substance was crushed as finely as practicable and bottled
without sifting. ,

Drying in hydrogen and in atr.—The especial object in drying in
hydrogen was to prevent possible oxidation of fats, whereby the latter
would be rendered insoluble in ether or the accuracy of the caleula-
tions impaired. That this isat all necessary inanimal tissues, or when
it is necessary and when not, 1 am not prepared to affirm. In the early
part of the work we arranged an apparatus for drying in hydrogen as
a precaution, and although comparative trials in air and in hydrogen
did not show large differences in results, the apparatus was so conven-
jent that we have used it throughout the investigation in the partial
drying of the material to be used in the determination of water, fat,
nitrogen, and ash.

As drying in air is more convenient for Iarger quantities and answers
perfectly well for certain determinations, as sulphur, phosphorus, and
chlorine, a sufficient quantity of material for these determinations was
prepared by drying inair. This was effected by weighing 200 grammes

. or more of the freshly chopped substance at the same time that the
portion was taken for the drying in hydrogen. With the exception
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that the drying was conducted in the air the treatment of the samples
was tlie same as that described above.

Water and water-free substance.—For the complete drying, from 1
to 2 grammes of the partly dried material were weighed in small drying
bottles and dried in hydrogen for two periods of about 2 hours each.
It is extremely difficult to get an absolutely constant weight, though
we find that the object is in most cases approximately attained in the
above method. The total moisture and water-free substance are com-
. puted fromn the partial drying in hydrogen and from the final drying.

Examinations of the analytical details will show a number of cases
in which the percentage of water-free substance in the portions used
for the various determinations differs fromn those given in the water
determination. This is due to the fact that some time intervened
between the determinations, and that our experience shows that though
reasonable care was used to procure bottles with well-fitting glass
stoppers to hold the partly dried material, yet the moisture in the
latter was likely to change on standing in the. laboratory and that
neither the use of rubber stoppers nor that of paraffin on the glass
stoppers sufficed to prevent this so completely as to make us feel safe
in using the substance after it had stood for some days, without rede-
termination of the water.

It is only just to say that although no little pains has been taken in
this laboratory to learn how to make accurate determinations of water
in animal and vegetable substance, we are far from satisfied with the
success of our efforts. Indeed, I am inclined to regard this as one of
the decidedly difficult determinations, so far as accuracy is concerned.

NITROGEN, PROTEIN, ALBUMINOIDS, ETC.

The nitrogen was determined in the partly dried substance (partial
drying in hydrogen) by the soda-lime method.

It is customary to compute the albuminoids or protein (nitrogenous
substances) by multiplying the nitrogen by 6.25. In our analyses this
factor has, in general, appeared to be very nearly correct. I have
thought it best, for the present purpose, to state the percentages of
nitrogen and of protein as calculated by multiplying these by 6.25, and
also to estimate the ¢ albuminoids, etc.” by difference. TFor the latter,
the remainder left after subtracting the sum of ether extract and ash
from the water-free substance, or the sum of water, ether extract, and
ash, from the fresh substance, is used. This is not absolutely correct,
but is more nearly so than the product of nitrogen by 6.25 would be.

The importance of correct estimation of the nitrogenous matters led
us to spend a not inconsiderable amounnt of time in the study of the
gources of error and means of avoiding them, especially in the use of
the soda-lime method for determining nitrogen in animal tissues.

Sources of error in the soda-lime method and means for avoiding them.—
As the investigations of these questions have been published in de-






