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LETTER OF TRANSMITTAL.

U. 8. DEPARTMENT OF AGRICULTURE,
OFFICE OF EXPERIMENT STATIONS,
Washington, .D. C., May 15, 1897,

S1R: I have the honor to transmit herewith a report on the loss of
nutrients in boiling potatoes, carrots, and eabbage, and the composi-
tion and digestibility of potatoes and eggs, by Prof. I, Snyder, Almah J.
Frisby, M. D.,, and A. P. Bryant, M. 8. These investigations consti-
tute a part of the inquiries made with the funds appropriated by Con-
gress “to enable the Secretary of Agriculture to investigate and report
upon the nutritive value of the various articles and commodities used
for human food,” and were carried on under the supervision of Professor
Atwater, special agent in charge of nutrition investigations, in accord-
ance with instructions given by the Director of this Office

The greater part of the food of man is prepared for use by cooking,
yet the changes which various foods undergo during the process and
the losses which are brought about by cooking have been little studied,
This question has a wide praetical application as well as secientific
interest. In determining the nutritive value of various articles of food,
digestibility is an important consideration. Perhaps no feature of the
subject is more discussed. Nevertheless very few experiments with
man to determine the digestibility of various foods have been made.
Almost all information has been derived from artificial digestion experi-
ments which approximate more or less elosely digestion in the body.
It is by no means certain that the two processes give the same results.
Digestion experiments with man were believed to be necessary, and
a diet in which potatoes were the chief ingredient was selected for
experimental purposes,

Professor Snyder’s work was earried on in the laboratory of the Col-
lege of Agriculture of the University of Minnesota: that of Dr, Frishy
and Mr. Bryant in the chemical laboratory of Wesleyan University,
Middletown, Conn.

This report is respectfully submitted, with the recommendation that
it be published as Bulletin No. 43 of this Oflice.

Respecttully,
A, C. TrRUE,
; Diveetor,

Hon., JamMus WILSON, .

Secretary of Agriculture,
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LOSSES IN BOILING VEGETABLES, AND THE COMPOSITION
AND DIGESTIBILITY OF POTATOES AND EGGS.

LOSS OF NUTRIENTS IN BOILING POTATOES, CARROTS, AND
CABBAGE.

By H. Bxvprr, B. 5.,
Chemizt, Minnesota Agricullural Ecperiment Station, and Professor of Agrieslivral
Clemislry, College of Adgriculture, Universily of Minncsola.

INTRODUCTTON.

THE THREE PRINCIPAL CLASSES OF NUTRIENTS IN FOODS.

The nutritive ingredients of foods are commonly divided into three
general elasses, namely, nitrogenous substances to which the general
term protein is applied, fats, and carbohydrates.

The wnitrogenous substances,—The nitrogenons substances include (1)
the albuminoids, of which egg albumen is a well-known example; (2) the
so-called gelatinoids, of which gelatin may serve as a type; and (3)
the amids; 1. e,, synthesis and cleavage produets of varions kinds.

The vegetable albumineids are to a large extent different from
those found in animal foods, They appear to be more variable in
composition, and less is known concerning their chemieal composi-
tion, structure, and digestibility.

The fais.—The amount of dry matter dissolved out of a substance by
continuons treatment with ether is designated as fat. It forms a large
part of animal foods, but in vegetable foods, with the exception of some
seeds and nuts, the proportion is very small.

The earbohydrafes.—This class includes the sugars, starches, woody
fibers, cell walls, ete., of the vegetable foods. Carbohydrates are found
in but few animal foods, with the exception of milk, and when present
are in very small quantities. In vegetable foods, on the contrary, they
form the major part of the nufritive matter. The principal constituent
of vegetable carbohydrates is starch. The starch grains are nsuaily
inclosed in thin cells, the walls of which may be composed of more or
less fibrous material,

The digestibility of the carbohydrates depends upon the preportion
of sugar and starches to cell walls or iber, The sugars are more easily
digested than the starches, since the latter must be changed to sugar in
the process of digestion before it ean be assimilated by the body. Both

T
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the starches and the sngars, however, are probably completely digested,
but the cell walls, the framework of the substance, are not so easily
digested ; in fact, while 95 to 100 per cent of the starches and sugars
may be digested, the digest-
ibility of these cell walls, or
fiber as it is called, may vary
all the way from 30 to 70 per
cent.

THE EFFECT OF COOKING ON THE
NUTRIENTS OF FOODS,

Some of the albuminoids
are soluble in water, and
nearly all in dilute saline
solutions. Ileating coagn-
lates the albuminoids and
renders them insoluble.
Cooking, therefore, preserves
albuminoids from loss, If
meat is put into cold water
and then brought to the boil-
ing point more or less of the
albuminoid material will be dissolved and some of the most expensive
part of the food will be lost unless the soup is utilized also. If put
directly into hot or boiling water the soluble albuminoids on the surface
will be eoagulated, and this
loss will be largely pre
vented.! The same princi-
ple is probably applieable
to vegetables also.

Besides rendering sol-
uble albumineids insoluble,
cooking makes others of
the nitrogenons snbstances
more digestible, and in the
case of meats loosens the
fibers of connective tissue,
rendering it tender and
more palatable. Unless the
degree of heat is great
enongh to cause scorching,
fats are doubtless little af-
fected by eooking.

The earbohydrates are
much more easily digested in the eooked than in the raw state. In the
raw food the sugars and starches are inclosed in cells. Very little of

F15. 1.—Cells of a raw potato with atarch grains in natural
eandition.

Fia. 2—Cells of a partially cooked potato,

LI, 8. Dept. Agr., Farmers' Bul. 34,
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the cellulose of the cell walls is digested by man. The cell contents,
therefore, are often excereted wnehanged. Cooking bursts these cell
walls, thus exposing the inelosed sugars and starches to the action of
the digestive juices. The starch granules also swell up and burst on
cooking, exposing more surface to be acted upon.  Starch is to a slight
extent changed to dextrin by dry heat, and possibly, also, by heating
with water. Since the majority of vegetable foods, however, eonsist
largely of starches and
have very little sugar in
them, the loss of earbohy-
drates would presnmably
not be very great during
boiling.

The effect of boiling upon
the cells of the potato is
shown in figs. 1, 2, and 3,

Several years ago Kath.
erine Williams reported?
an extended study of the
composition of a number of
cooked and a few raw vege-
tables. Ultimate and prox-
imate analyses of the vari-
ous vegetables were made
and the fuel value deter-
mined. Many cooked veg-
etables have been analyzed in connection with the food investigations
undertaken by this Department and by other investigators,

Comparatively few attempts have been made to learn the changes
which take place in vegetable foods on cooking, or the extent of these
changes. As the water in which vegetables are boiled is usually thrown
away, any matter which was in solution would be wasted. Experiments
were therefore undertaken with potatoes, earrots, and cabbage for the
purpose of studying the loss of nutrients when boiled, nnder a number
of different conditions. These vegetables were selected as the best
representatives of tubers, roots, and pot herbs.

Fii. d.—Colla of o thorewghly boiled potato.

EXPERIMENTS WITH POTATOES,
COMPOSITION OF FOTATORES.
Acecording to Lawes and Gilbert,” the composition of the flesh of the

potato differs from that of the juice. Although the flesh contains 85
per cent of the total water-free substance, it contains but 15 per c¢ent of

i

1. 8. Dept. Agr., Office of Experiment Stations Bul. 21, p. 8%; from Mireker's Stu-
dien in der Spiritusfabrikation.

£ Jour. Chem, Soc. [ London]. 61 (1892), p. 226.

34 0m the growth of the potato,” p. 26, Rothamsted Memoirs, vol, 6.
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the nitrogen. The remainder, 85 per cent, is in the juice. Of this 49
per cent is in the form of albuminoid and 36 per eent in the form of
nonalbuminoid nitrogen.

The proportion of albumineid and nonalbumineid nitrogen varies
greatly according to different writers. . Schulze and Barbieri! and
E. Sehiulze and E. Eugster® give, as the result of five analyses, from 35
to 56 per cent of nonalbuminoid nitrogen. O, Kellner? gives 44 to 53
per cent of nonalbnminoeid nitrogen, and A. Morgen * from 30 to 52 per
cent, making 45 per cent as a fair average of the amount of nonal-
bumineid nitrogen and 55 per cent for the amount of albuminoid nitro-
ren present in potatoes,  In the experiments here reported the fignres
obtained were nearly the reverse of these latter, as the average of the
two analyses made gave 40 per cent of albuminoid and 60 per cent of
nonalbuminoid nitrogen (see also p.29). 1t is evident that in boiling
the loss of a considerable portion of this albuminoid nitrogen may
OCCUr.

There is also a possibility of loss of inorganie and organic salts dur-
ing eooking. [Probably about 85 per cent of the potash of the potato,
as well as the larger part of the citrie acid, is in the juice. The total
amount of citrie acid, however, is small. While potash salts and eit-
rates have no real nutritive value, they appear to be of some considerable
medicinal or tonie value and give “relish™ to the food. No attempt was
made to determine the loss of fat and fiber in beiling. It would be
presumably, very small.

Three experiments on the effect of cooking on the composition of pota-
toes were made, In the first experiment (A) the skins were removed and
the potatoes zoaked three and five hours, respectively, and cooked in
distilled water, which was cold at the beginning of the test. In the
second expermment (B) the skins were removed and the potatoes, with-
out previous soaking, were cooked in (1) distilled water (soft water),
(2) alkaline water, (3) limewater (hard water), which was in each case
eold at the beginning; in (4) distilled water, (5) alkaline water, and (6)
limewater, which was in each case hot at the beginning of the test.
In the third experiment (C) the potatoes were not peeled and were
cooked without previons soaking in distilled, alkaline, and limewater,
which was cold at the beginning of the test, and in distilled, alkaline,
and limewater, which was hot at the beginning of the test.

About two boshels of potatoes of a uniform character were divided
into lots of about a kilogram (2! pounds)each. An apalysis was made
of the whole potato, including the skin. This was assumed to repre-
sent the composition of all the potatoes nsed in the experiments except
those which were soaked before boiling. In this latter case half of each

! Landw. Vers. Stat., 21 (1878), p. 63,
2Ihid., 27 (1832), p. 307.
* Kiinig, Chemie der menschlichen Nalrungs- und Genussmittel, Sd ed., 11, p. 631,
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of the peeled potatoes nsed in the experiment was taken as a sample
and analyzed,

The methods of analysis nsed were substantially those adopted by
the Association of Official Agrienltural Chemists, and were as follows:

Nitrogen.—In order to ascertain the relative proportion of albumi-
noids and extractives or amids the nitrogen was detfermined, (1) as the
total nitrogen by the Kjeldahl method, and (2) the albuminoid nitrogen
by the Stutzer method. The results for albuminoid nitrogen are with-
out doubt too low, as the copper proteid dissolved to a slight extent in
the moderately warm solution when filtered and separated out on stand-
ing, [If filtered when cold the filtration was so slow that fermentation,
with a consequent loss of the copper proteid, wonld begin before the
filtration was completed.

Stareh.—Stareh was determined by inversion with boiling hydro-
chlorie acid and water and estimating the amount of copper in Fehling’s
solution precipitated by the resulting dextrin.

Fat, fiber, and ash.—These were determined in the usual way in the
fresh material.

The accompanying table shows the composition of the potatoes used
in these experiments, and gives also the composition as obtained by
former analyses at the [University of Minnesota,! the average of all
American analyses,* and the average of European analyses.”

Composition of potatoes.

e — = e ——eeeeeeee .

Carbohvidrates.

Niim- L .
L];;IT Water. .?1?::1.‘1 nitro. 1];m Fat. Hiteo: || .
A : Lh B 3 Fiber. | Starch, | &0
REd. gem. | B fece ex- |
trmat, a
— - — —_ |
Used in Experi- Peret. | Perct. | Per of. | Per ot. | Per et. | Per ef. | Per ct. | Per et. | Peret.
ment A......... 1| o] ekl ess| r|iiii SR (R | 09
TUseld in Epori- |
ments Band C.. 1 77.2 .15 . i 5.5 0.1 02 16. 4 193 | 5]
Average  other |
Minnesots anal- | 1 | | |
b 20 755 | .l u“ll 3.5 | g Ll .8 19. 1 20.9 | 1.0
Averngeall Amer- | |
ican analysea ... Hik o)1 Y (i S o e 2.21 ] B el |En it 12, 8 | !
Avarage  Euro | | | 1
pean analyaes .. 178 5.0 bK.19 .M | 1] 1 5| P 2.7 1.1
. | |

i 109 Jess Lhe snm of the poreontages of water, profoein, fat, and ash.
bCaleulated, allowing 45 per cent to b albuminoid.

COORKING TESTS.

The potatoes were boiled in a metal kettle over a gas flame at
abont the same rate as when cooked in the kitchen, The uncooked
potatoes were weighed, and the water in which they were cooked was
also weighed and analyzed. The total amonnts of dry matter, albumi-
noid nitrogen, total nitrogen, starch, and ash that were removed in

! Minnesota Sta. Bul. 42,
® From an unpublished compilation of analyses of American food produocts,
*Kinig, Chemie der menschlichen Nahrungs- nund Genussmittel, Sd wd,, 11, p. 626,
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cooking 100 parts of fresh potatoes was then ealeulated. The resnlts
of each of the three experiments are given in the following table:

Loss of matler in cooking potaioes.

E Imm |-:It' u;uwur in fresk | Porcentage loas of ench con-
= platoes, atituent.
- = 2 F = T
Method of preparation and | =% E IEE = l £ = 4| &
cooking. 28 | 3 |E22]5, 5 s |E&|5a ] -
i g |E2 =8| § g8 |Bg |28 | 4
E'c"' ":I-'- = E - & e 'Dﬂﬂ E 3
z BlSsls s |l % BiSals 3| =
E Al4°in |w | 4| & | = m | -
A, Bkitngremoved ; soaked bee
Sare eooking.
Sonked 3 houra; distilled | Grams | Fhoef | Poef. | Poet. | Poet. | Poof. | Poet. | Poet. | Poot. | Poet. | Pt
water, cold atstart.........] 753 | 1.45 [0.095 [0.161 |...... [0.41 | 658|233 | 46.0 |--....| 45.8
Boaked & hours; distilled |
water, cold ot atart. ........ GO [ 1,40 | 040 § 208 |eaeaas 20| G4 BT | BT [eeee-a| 811
ATOPATO. o oo oecimmanvnmnfmmnsa=a) L AT (088 | S381 e e 35 | 6.5 26.0 | 51.8 |------ 18.3
It Skins removed; ot soaked, BREE | 3w 9 |
Distilled wator, cold st start . 043 | .63 | 007 | .065 | 0.1G) .18 | 28| 4.7 138 1.0 | 108
DNV wevncnmnnacnncnnoacanas] 930 74 ) 006 [ .080 | (2G| 15| 3.2| 4.0|20.0| 10| 16.3
AVOTAD «evvnncnnereensfsnneenss| 081 006 | . 0881 36| .20 9.0| 48l100| 10| 17.0
Alkaline water, cold at start.| 1,105 | .68 | 016 055 | .15 .17 | 8.0|10.7 138 | .9| 185
1 e S e e 052 ( .67 | .0ld|.080) .10 .17 | 29| 7.8 | 167 | 1.B| 185
AVOTALD . cociamemcnnncls sssnsaa| 6T | . 004].065 | .17| .37 | 20| 0.0|15.2| LO| 186
—_— e —— e s
Limewater, cold at start ..... ﬂi:-'rl 0| .oin | .055 | 14| .18 | 31| 7.8 | 138 LB 16
S e e S 979 | .79 |.015 m| A7) 19| 35| 10.0 | 16.7 | Lo | 20.6
AVOTage —...oonnesssnec|saserens 76| 003 | 080 (26| .28 38| 9.0|158| 10| 201
Avaorago of 6 tests start- |
ing with cold water ..|...... I“"“t'““' ...... e | et 3.1! 7.8 | 158 | 1.0 188
Distilled water, hot at start..| 939 | .72 |..._.. 88| 11| 07| 8.2 |......| 8.2 .7| 185
Wit an e et 1,052 | .52)|.004|.027| 20| 08| 23| 27| 67| .6| BT
AVOTAZE 2nvnens e (R 62 |.004|.025| .20| .13| 28| 27| 7.5( .6| 13.0
Alkaline water, hot at atart. . 70|03 |.0ea| .17| 19| 81| 20| B3| Lo| 207
11 e R 970 | B0 .o04 | 041 18] 22| 55| AT |10.2) 1.2 29
AVETRER - oot s i 76 |.003 | .087| 28| .21| 33| 2.3| 9.2 L1| 23
Limewater, hot at start......| 952 |1.16|.006|.024| .20| .16 6.1 | 4.0| 60| L0| 182
DO oiiiiaennennennnaneead L0M3 | 781,007 |.038)] 17| 10| 3.4 | 47| 0.5]| LO| 20.7
Avenage - itzeoo ool ST R 96| .006|.081| 22| 17| 4.2 4.8 7.8| 13| 185
Average of 6 tests start- i Y | NT 2
imgz With Bot water. . Joceoeooc oo e e 8.4 3.2 82| L0 181
1. KBking not remorved. i | Ré= | | o
Disiilled water, cold at start. 043 | .14 Trace 005 [.ocaa. .03 i B W B e A
D0 - cxnnsinnminensanniss]  $681| 11|Mieane| 00 fiiaces o s e onla EERE 7.6
AVOTREE ..o .ovcvsccccaifamnanaaa] 18 [Tracel 005 [...... i s B 5.4
Alkaline water, cold at start.| 988 | .08 [Tracel .004 |...o..] .03 | .4| .8 L0 |o.... 3.3
R SRR TR S R BT A T '1‘rm| 005 [...- .04 o8 | T R 4.3
AVETALD «vvenneenorsnesfencnanas| -10 |Trace] . 005 |...... J B R R AR 3.8
Limewater, cold atatart.....| 1,474 .04 |.002] .00 |......] .00 -2| v.8| .7| .1| 1.1
SeRlaensREReE R TR T ) PR 18T BT T AR L R B E| R (SR FREEE
AVOPAPS oo ooomeemccimaafenceeac] 04| 002 | 009 |...... | a-ornsl 8| 1l 11
© Averageof 6 tests start- .
ing with cold water..|. .-..colememecformceafec e e s .4 8| 1.0 o | a4




13

Loss of matter in cooking potatees—Continued.

Losa of matter in Mreah Percentage loss of each con-

r—

—
% potatoes. atituent.
x | = f T T |
Method of preparvation and E"" g = E é 'E'__.'_ | ,.E_.
i = £ |88 |= £ |88 | 2.
w.n.‘-h.m& E = = = i | B = = = E = =] g g
W (B lEE|a%| B | 45| B (BE|E®| B | 5
Z B S=s = " B l=mla | & o
B & |4 B m 4 || 85 |48 | ® -
€. Sking not remoeved—Cont'd.| [ 1 l
H Gromae. el | oot | Poed, | Poob. | Pool| Poel | Poel. | Poot. | ool | P.ot.
Distilled water, hot at start..| 1047 | (.15 0.000 0. 005 |...... 05| 0.7 0.5 L3 [|ceeaes 5.4
e e W R 8 T e e e T e ) R 4.4
P IN e a wm f m m | .18 : 0L | 006 ... .. oL Bl LG leanesa| 4B
Alkaline water, hot at start..| 1,220 __.-Ii.l travee. | 003 [.....- 8| 4| 'E.II IR, E| PR e
T T e B e B (R T AL B (R 02 4 sl | e 22
ATy T ) IR [ (1M T T (RS ) |SSEE .03 A . 4| e 27
Limewater, hot at start...... 1,075 04 001 | .002 [oon | o2| .2| 4| .6| 0.1 =2
b e e A48 L0600l | 003 .01 02 L3 B SI' il 22
AVOIDES ceunennernnnans | .05 |.001 | .002 | .01 | .02| .2 .E! N B
Averageof Gteata start- = - |
ing with hot woter ...} ccveccilicacaafeuann. Fs el e R 8 .4 Al Lo 13

The weight of each ingredient removed divided by the total weight
of the same ingredient in the fresh potatoes before cooking gives the
percentage of loss of that substance. These figures are shown in the
last five columns of the table. The same composition was assumed for
the peeled potatoes used in Experiment B as for the whole potatoes
used in Experiment C. This may not be strietly aceurate, sinee it pre-
supposes the uniform composition of all parts of the potato. As shown
on page 27, there is a slight variation between the eomposition of the
interior and the part peeled off, but this probably is not great enough
to have a material effect upon the results obtained,

DISCUSSION OF RESULTS.

By roference to the table (p. 12) it will be seen that, as might be
expected, the greatest loss oceurs when the potatoes are peeled and
soaked in cold water before boiling. In this case the loss of nitroge-
nous matter was from 46 to 53 per cent, depending upon the length of
time they were soaked. Of the albuminoids 25 per cent and of the
mineral matters 38 per cent were extracted by the water in which the
potatoes were cooked. The water would ordinarily be thrown away
and this material lost.

When the potatoes ave peeled and put into cold water, and heated
to boiling as soon as possible, the loss is much smaller, being about 16
per cent of the total nitrogenous matter (of which albuminoids form a
trifle less than half) and about 19 per cent of the total mineral matter.
When the potatoes are peeled and put directly into boiling water the
loss of albuminoid and other nitrogenous matter is only about half
that of the last case, but the amount of mineral matter is practically
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the same. The boiling water soon coagnlates the albumineids on the
surfiuce of the potato, rendering them insoluble. They fill the outer
pores of the potato, rendering the inner jnices less liable to loss, although
not before a considerable amount of the salts or mineral matter has
escaped. The relative amount of nonalbumineid nitrogen lost is greater
than when the potatoes are put into cold water at the start. There
seemed to be but little difference as regards total nitrogenous matter,
starch, and ash, whether distilled, alkaline, or limewater was used.
The limewater, however, seemed to have a greater solvent action upon
the albuminoids than did the distilled or alkaline waters. The solvent
action of cold alkaline water was somewhat greater than that of dis-
tilled water. Inasmuch as the albuminoid material of the potato is a
globulin,’ and globulins are insoluble in pure water but soluble in saline
water, this also is what would be expected. The salts in solution in the
juice of the potato doubtless carry the globulin in solution to some
extent, thus rendering a loss possible even in pure distilled water,
The loss in boiling peeled potatoes is shown in graphic form in figure 4,

STARCH

Fra. 4.—The composition of the potate and the less of mutrienta when boiled with the skin
removed : a, fiber, peetoss, faf, ete.; b, nonalbnmineid nitrégenons mattor; e, albuminoid nitrogenons
matier; o, mineral matier. The hatched portion represents the loas,

It will be seen from the table that when the potatoes are unpeeled
the loss of matter is very inconsiderable, less than 1 per cent of the
albuminoid matter, only 1 per cent of the total nitrogenous matter,
hardly a traee of starch, and but a little over 3 per cent of the mineral
matter being extracted. The different kinds of water had no effect
except on mineral matter. This was removed to a greater extent by
the distilled water than by the alkaline or limewater.

CONCLUSLONES.

The conelusions drawn from these experiments may be briefly sum-
marized as follows: '

(1) In order to obtain the highest food value, potatoes should not be
peeled before cooking.

(2) When the potatoes are peeled before cooking, the least loss s
sustained by putting them directly into hot water and boiling as rap-
idly as possible. Ewven then the loss is very considerable.

PSR,

LOsborne and Campbell, Connecticnt State Sta. Rpt. 1895, p. 2556 (E. 8. K., & p. 371).
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(3) If potatoes are peeled and soaked in cold water before boiling
the loss of nutrients is very great, being one-fourth of all the albuminoid
matter. In a bushel of potatoes the loss would be equivalent to a
pound of sirloin steak.

EXPERIMENTSE WITH CARROTS,

A series of experiments similar to those just deseribed was under-
taken with carrots. They were selected as fairly representative of the
roots used for food. While in uncooked potatoes there is but a trace
of sugar, such roots as beefs, carrots, parsnips, ete., contain a con-
siderabie amount. This renders it probable at the outset that the
loss in the cooking of carrots would be greater than in the cooking of

potatoes.
COMPOSITION OF CARROTS,

Samples of the carrots used in the Exllﬂ-rilllélltﬁ were analyzed. The
results of these analyses, as well as the average composition of carrots,
in¢luding both American and European analyses, are shown in the
following table:

Composzition of carrols,

) Carboliydrates, 4
B L o S |
. = ! ; .
= g l L e
i e = =
o &0 - - | ‘s =3
-] =] b = = =
T 13 = e = " = =
| Sk = : ool e : == | 25
el = i =] | o eE| wg
- — ks - s [ =T ) — g
S | B - I e |5 | & |27 |32 | 4
r:-I = o~ = - & = =i = = ]
E e = - R [ B | & [ =1

—- —— —— . e

Poet. | Poet (Foot. | Poot. | Foat. | Poet. | Poet. | Poot. | Poct. | Pool. | Poot.

Carrota uaed in experiments ... 87.5 | 0,08 | 018 [ 1.1 | (&) 2.6 3.0 (b) | 4.0 c10.6 05
AveragelT Americananalyses d| BB 2 | cccvaoneees B e e et e e BB 1.1
Average 35 European analyses o | BB | ..... b e (R E Bl 2L 1) LE] 50| 107 1.0

100 leas the sam of the percentages of water, protein, fat, and ash.

& Mot determined.

¢ Includes fat.

dll. 5. Dept. Agr., Oifice of Experiment Stationa Tul. 28,

¢ Kionig, Chemie der menschlichen Nahrungs: und Genussmittel, 3d ed., TT, p. 649

Although carrots contain less nitrogen than potatoes, they seem to
contain relatively more albuminoid nitrogen and therefore to furnish
more matter available for building musenlar tissue.  In the earrots nsed
in the following experiments, 44,4 per cent of the total nitrogen was in
the albuminoid form.
COOKING TESTS.

In preparing carrots (sliced or whole) for the table they are put into
either hot or cold water and boiled until they are soft enough to be
easily pierced with a fork. The water in which the carrots have been
boiled is usually drained ofl’ and thrown away. This water is colored
yellow and has a very sweet taste, plainly indicating that some of the
sugar has been extracted and lost.

In order to determine how much food value was lost in boiling car-
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rots under various conditions, twelve trials were made in which lime-
water (hard water), alkaline water, and distilled water (soft water)
were used. The carrots were prepared for cooking in the usual way by
washing with a brush, seraping, drying quickly with a towel, and cut-
ting into pieces. These pieces were wedge-shaped, usually about 4
inches long, and with three sides and a triangular base measuring
about 14 inches on a side. In some of the trials the pieces were eut
smaller and in some larger in order to determine the effect of size on
the loss of material. As in the experiments with potatoes, the water
in which the earrots were cooked was hot at the beginning of the cook-
ing period in some of the tests and cold in others. The carrots were
boiled in a metal kettle over a gas flame under as nearly the usunal
conditions as possible The loss of matter in eooking 100 parts of
fresh earrots and the percentages of each constituent lost in cooking
under the various conditions are shown in the following table:

Loss of matler in cooking carrols,

= _ e

Loga of matier in fresh Pereentage loss of cach con-

o
E | CUITOLE, stituont.
E | - | -ﬁ_ o FEa il i 1
Method of preparation and | =% | g |35 |EB | & |3 s | B
conking, ,_,ﬁ | €& |Bg | = | = | 8= |= .
= ] = | Rd . (] B | HE |
=) = = | s R |- | =0 | =2 of z
2 | p (22|38 |5 | |22(3%| 5|4
S SR = i : S
A. Small piecea. ! l | | | ! |
Girame. | Pool. | Poel. | Poel. | Poet. | Poet, | Pl [ Poof. | Poot | Poet, | ool
Alkaline water, hot at start..| 358 | 8,68 [0.006 0.063 | 2.15 | 0.81 | 20.4 | 7.5 | 35,0 | 88.0 | 41.3
Limwwater, hot at start. ...... 249 | 3.81 | .08 | 078 | 1.14 37 1 80,5 | 10,0 | 438 | 17.3 | 49.4
Tristilleal swater, cold at atart. .| 309 | 3.65 | 000 | (084 {...... 81 | 284 | 11.2 | 850 |ieaa-a] 40,3
Limewater, cold at start...... | 476 | 3.93 | 010 | .701 | L.B2 | .43 | 31.4 [ 12.5 | 661 | 27.6 | 57.3
Ly T LI [ 4. 74 | .8 , 077 ) LTL 30 | LD [ 10.3 | 42.5 | 26.0 | 473
E. Medivwm-sized pieecs. B | | S
Distillesl water, hot at start. .| 40 | .93 | 006 | (048 f...... .13 | 23.4 7.6 | 2.7 b 16, 0
I i e e 480 | 3.T0 | 006 | (047 J..ea.. a0 | M. 6 .00 28,1 |....-- 40,0
Limewater, hot at start....... 444 | 2.72 | 005 | DD - 4 ) 20,7 6.3 I L | 45. 3
Alkaline water, hot at start. .| g5 | .52 | .0 | L04G | 1.08 43 | 20.2 | 7.b | 250 22.9| 4.0
Distilled water, cold at start..]  GE0 | 2.68 | 005 | 050 ...... 15 | 204 | 6.2 [ 278 |...... 20,10
Alkaline water, cold at atart. .| Bk | 2.47 | (005 | (047 |.. 2 | 19.8 | 6.3 | 281 |..-..- 387
B e T B St Y A3 | 3,61 | 00D 055 | 1.42 43 | 28.9 a.7 | B06 | 29,1 ¥7.3
BT s ran vus v e r s | 205 | 005 | (050 | 1.75 28 | 23.5 | 0.4 5285 37.3
. Largegicecs. 5_.___ lHE T e e lie = T
Limowater, cold at atart. ... i 440 { 2. 52 (1% 41 | 1.02 = M2 Ho0 | 20.0 155 . 3
1

As will be seen, the character of the water makes little apparent
difference in the amount of nutrients lost when carrots are boiled, The
loss depends almost wholly upon the size of the pieces. The loss of
mineral matter is large, being nearly one-half of the total amount
in the case of the small pieces, and nearly one-third of the total when
the pieces were large. The loss of nitrogenous matter and sugar is
also very large. With small pieces about 40 per eent of the total
nitrogen and 26 per cent of the total sugar is lost, or about 1 pound
of sugar in a bushel of carrots. With medinm-sized pieces the loss of
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nitrogen is 27 per cent and of sugar 26 per cent.

With large pieces

the loss of nitrogen is 20 per cent and of sugar 15 per cent, This latter
loss is equivalent to over hall a pound of sugar in & bushel of carrots.

Of the total nutrients 30 per cent is lost from the
small pieces, 24 per eent from the medinm, and 20
per cent from the large pieces.  In other words, as
ordinarily cooked carrots lose one-quarter of their
nutritive value., Figured shows these losses graph-
ically,

CONCLUBIONS,

These trials suggest that in order to retain the
greatest amount of nutrients in the cooking of
carrots (1) the pieces shonld be large rather than
small; (2) the boiling should be rapid in order to
give less time for the solvent action of the water
to act upon the food ingredients; (3) as little water
as possible should be used; and (4) it the matter
extracted be used as food along with the carrots,
instead of being thrown away, the loss of 20 to 30
per cent, or even more, of’ the total lood value may
be prevented.

EXPERIMENTS WITH CADDAGE.

Experiments analogous to those with potatoes
and earrots were made with cabbage to determine
the loss of food material during the process of
preparation for the table,

Cabbage may be taken as representing the elass
of pot herbs in which the leaves are the edible por-
tion. It exposes more surface to the action of the
water than do tubers or roots.

COMPOSITION OF CABRBAGE.

The composition of the cabbage analyzed in
connection with these experiments, as well as the
average of American analyses of cabbage, is as
follows:

Composilion of cabbaye.

T, §.—The composition of

the carrot and the loss of
nubrients when Doiled : e,
fibisr, starch, fat, ete.: b,
sugar; e nonalluminodd
nitrogenons  matter;
albmmineid nitrogenvas
malter; e, mincral mat-
ter. The hatched portion
reprosonis the loss when
el i sieed pleces were
Toiledd,

| Albu- | |
1 Total . £
- mim il 4 Pro ! Carboliv-|
Water. nitro- "'é:u“ tedn, Fat. drates. Ash.
| Eei. g
Peret. | Peret. | Per ef. | Per el . FPeral.| Perel. | Percl.
l’,'.nhlmgu sl in tloese ox]mrinm'rrta ...... 2.5 .11 0. 18 1.1 | 5 | [| M) 0.7
Average of 7 American analyses g ...... L L2 A 21| A 5.8 1.4

2103—No. 43

i__:

a 7. 5. Dept. Agr., Office of Experiment Stations Dol 28,
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It will be noticed especially that in cabbage there is, relatively,
muech more albuminoid material than in either potatoes or carrots, the
albuminoid nitrogen amounting to 61 per cent of the total nitrogen.

COORING TESTS.

The plan of the experiments was the same as that followed in the
experiments with potatoes and carrots.  In each trial half of a solid
fair-sized cabbage was used. The cabbage was boiled in a metal Kettle
over a gas flame at about the same rate as on an ordinary cook stove,
The following table shows the results obtained by the different methods
of cooking:

Logs of matler in cooking cabbage.

£ Lossg of matter in frealh Tercentagze Ihlu-'-u of each con-
8 cabbago. abituent.
3 e —— ==
& = & | 2 | g |
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Aothod of cooking. 22 @ | EE' = EE = = 5 £ | =
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| 2|58l 2 |38 = |2 (28l 2 |22] 4
R e i o ‘ e b
| ko s = i b
o] Grama. | oot | Pl Poel. | Poet. | ool | Poct. | Poet. Poct. | Pl | Poct.
Distilled water, cold at atart.| 4717 | Z.48 0,003 0,062 | 176 | o3 | 33.2 | 2.7 344 | 31.1 ] 451
DO oeecimnnncccnmenmennns| OBLL [ 20D | 000 053 [ 201 ) 4| 360 B2 06| B 48. 6
T e e (R | 2.58 o060 |.058 | 188 | .34 | 34.6| 55 52.5|33.8| 478
= o — — iy —1= = 5 ———
Alkaline water, cold ot start.| ¥20.6 | 3.17 000 | . 081 ( 2.39 | .27 | 42.4| &2 | 45.0 423 | 3.6
IMD ooibeieininseoinncmeeee) SIT.5 | 8.08 | 018 | 066 | 237 .30 | 41.2 | 12.8 | 36,1 | 420 | 428
o S S T | 3.12 | .011 | .073 | 2,88 | .20 |40.8 | 10.0 | 40.0 | 421 | 40.7
e e e N ————F- — o
Limewater, cold at start ..... | 3301 8.7 | 005 | 087 [ 225 0 .40 (44| 4.6 | 45.3 ) 3D.5 7.1
i [ SRS S (B P S UL (RN R - R LR R 43.3 | #8.0 | 614
1 |
Average.......ccoaecouloeaeesoo| S0 1,005 | 083 | 2,22 | .38 | 41.6| 4.6 45.8  §0.2| 5642
Average of 6 tests in | | | 5 |
F BT P e S St |l | Fie] 1 R HI| 6.7 3.6 38.2 | 470
Distilled water, hot at start..| 45,5 217 | 005 | .000 | 1.56 .23 20.0 | 4.6 333 | 27.6, 529
0 - enrnsennranmrsnannnrs| D14 222|008 | .054 | 1.65| .28 | 20.7 | 7.3 |50.0 | 2.2 509
Ty e N el (e |2.20 | .007 | .057 | L.60| .u3|20.4| 6.0 81.7|28.4 | 329
—_— e e —— . = — — el e — —= | T —
Alkaline water, hot at start..| 317.5 | 2.90 | (008 | .067 | 2.13 | .21 | 86.1 | 7.3 | 3L.7 | 87.7 | 90.0
T (N U B T T O R U BT T
AVAIRED < nveanesannnns [ 2.75 | 011 | 067 | 2.08 | .24 |96.7| 9.0 37.0 (369 | 043
!: s——f_ fe=— —JE———— e r— =
Limewaier, ot at start...... | GKROT 1305 006 | L0710 2,21 40 | 40.8 | &6 | 49.4 | 891 | 5.1
S TR el T T BRSO T RS SR L R 47.8 | 86.1| 50.0
.ﬂ'lI.I'UI'I'I.EI".-.-.-—-............l........ 204 | 006 | 070 | 2,12 .:J-Elﬁﬂ.."-l 5.5| 3.6 | 37.6 | 53.5
Average of § tests in S = [

T T e RS ) B e R (e PR e e [ s 7.0 I 96.8 | 343 | 40.2

Even under the most favorable conditions the loss during the cook-
ing of cabbage is very great, being 30 per cent of the total dry matter
when distilled water is nsed and as high as 40 per cent when lime-
water is used. In the latter case over one-half of the mineral matter
and over one-third each of the earbohydrates and nitrogenous matter are
dissolved out during the process of cooking. The albuminoid matter
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seems to be less soluble than any other of the substances present, there
being but from 5 to 10 per cent of loss. Sinee albuminoids make up
61 per cent of the total nitrogenous substances, it follows that with a
loss of from 35 to 40 per cent of the total nitrogenous matter nearly all
of the nonalbuminoid nitrogenous compounds must be dissolved out in
the water in which the cabbage is cooked. It will be noticed that the
loss of albuminoid nitrogen was much greater where alkaline water
was used than with either
distilled or limewater. The
average loss in the cooking
of cabbage is shown graph-
ically in fig, 6.

CONCLUSIONS.

The kind of water used has
more effect on the loss of
nutrients in cooking cab-
bage than the temperature
of the water at whieh the
cooking is started. In any
case the lossis large, In 100
pounds of nncooked cabbage

an
there are but Té ]:_kl{mldlﬂﬂ of Fi, 6.—The composition of the cabbage and the loas of
(h'}" “lﬂ-t-tﬂr,. and of this dl‘f nutrients when boiled: a, starch, sugar, fiber, fat, ete.;
mutter from “H-' to 3 pl}ll[]dti i, momalbominoid nitrogenous matter; e, albumminoid

- 2 nitrogenous matter; o, mineral matter. The hatched
are lost in the process of  portion represents the loss,
cooking, This loss seems to
be nnavoidable unless the eabbage is cooked in suech a manner that
the water in which it is boiled is also used. This is frequently the

case when cabbage is cooked with corned beef.

GENERAL SUMMARY.

The losses which oceur in cooking potatoes, carrots, and cabbage
vary with the different methods of boiling followed, being quite con-
siderable in some cases. These losses must be taken into account in
computing dietaries and made good by adding other materials to suap-
ply the nutrients lost. While the loss is not so great as to render
it imperative that people in comfortable cirenmstances should aban-
don methods of preparing these foods whieh they congider make them
most palatable, there are very large numbers who can not afford to
permit even the comparatively small waste of food observed in these
experiments.

The purpose of experiments, such as those here reported, is to learn
what actually takes place in the process of preparing food by the com-
mon methods. Those having charge of the preparation of food must
determine how far it is desirable under individual circumstances to
apply the information obtained.



THE DIGESTIBILITY OF POTATOES AND EGGS.
By H. BXxYDER, B. 5,

Chemist, Minnesota Agricultural Frperiment Station, and Frofessor of Adgricelteral
Chemistry, College of Agricaliyee, University of Minnesola,

INTRODUCTTON.

There seems to be a very wide difference of opinion regarding the
digestibility of the potato, some considering it a very easily digested
food and others a food digested with some difliculty, The information
on which such opinions are based is comparatively limited. Our knowl-
edge concerning the digestibility of food is gquite largely based on artifi-
cial digestion experiments. The number of experiments made with man
is comparatively small. An experiment with man on the digestibility
of potatoes was made by Rubner and reported some years ago.'

More work of this nature seemed desirable, therefore an experiment
was undertaken with a healthy man in which potatoes formed the
principal article of diet. Potatoes being almost entirely a farinaceous
food, it was necessary to have some casily digested albuminoids in the
dietary and also some fat, since previons digestion experiments in this
laboratory have indicated that in order to obtain normal digestion it is
necessary to use a well-balanced ration supplying a suflicient amount
of nitrogenous material for replenishing the waste tissues of the body.
To furnish this nitrogenous matter and fat hard-boiled eggs were
added. Upon trial the diet of potatoes and eggs proved an unnatural
and distasteful one to the subject and it was found necessary to add
some milk and a little eream to the dietary in order to make it well
balanced and palatable.

The digestibility of the eggs was first determined by the Stutzer
method of artificial digestion, to learn something of the effect of boil-
ing for various periods. Such knowledge was considered essential in
the interpretation of the results of the experiments with man. The
digestibility of the milk and eream were assumed as deseribed beyond.

DIGESTIBILITY OF BOILED EGGS IN PEPSIN SOLUTION.

Five experiments were made to determine the digestibility of eggs
cooked under different conditions. A pepsin solution was prepared
consisting of 1.1 parts of pepsin and 7.5 parts of hydrochloric acid in

1 ftsehr. Biol., 1879, p. 147, U, 8. Dept. Agr,, Oflice of Experiment Stations Bul
21, p. 60.
20
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500 parts of water. This solution dissolved 50 parts of hard-boiled
egg albumen in six and one-half hours at a temperature of from 33°
to 40° C,

Eggs were cooked for 3 minutes at 100° C,, giving a “goft-boiled ” egg,
and for 5 minutes and 20 minutes at the same temperature. One egg
boiled 3 minntes and digested for 5 hours in about 200 ce. of pepsin
solution as prepared above, eompared with one boiled 20 minutes and
treated in the same way, showed 8.3 per cent undigested nitrogen in
the former, against 4.1 per cent undigested nitrogen in the latter.
Under similar treatment the egg boiled 5 minutes gave 3.9 per cent
undigested nitrogen.

Another trial was then made, in which the eggs were cooked for
periods of 5 and 10 minutes in water at 82.2° €, (180° F.) In both of
these cases the nitrogen was enfirely digested in 5 hours. The results
are given in the following table:

Beanlt af digesting boiled eqgs 5 howrs in pepsin zolution.

Tempera.| Waight | Total | Total
ture at | ogo used nitrogen | unli-
which |{withont in freash gmwﬂ

conked. aluedl). eFgA.  (nitrogen. |

| ‘Total | Popain
nitrogen | aolution
digeated. | waed,

No.of | Length
cxperi- | of thoe
ment. | cooked.

ll'muru Deg. F. | Grame. | Grams, | Groms, | Per cent. | Oe.

1 180 B D e Jiieeeeaaas 1O, b 157
2 I[I 18 T~ R (5 -, (] PR 104x. O ol ]
] k] 212 3B, 67 KD 0. 0768 81T | 143
4 5 212 | &L B0 | 1. 054 . 0404 MLl | Z19
& 20 |

212 |! 4. 64

- A 408 | LT | 0

From the above it seems probable that while the method of eooking
has some effect npon the rate of digestibility it does not materially
affect the total digestibility., These results agree quite closely with
those obtained by Rubner.! In an experiment with man he found that
97.1 per cent of the nitrogen of hard-boiled eggs was digested.

DIGESTION EXPERIMENT ON MAN WITH A DIET OF POTATOES, EGGH,
MILK, AND CREAM.

The subject of the digestion experiment was a healthy man, 22 years
old. He was a laboratory assistant, and his work did not demand a
great amount of muscular exercise. The experiment began with dinner
May 14, 1896, and ended after dinner May 18, covering 13 meals, or 4}
days. The weight of the sabject (without clothing) at the beginning
of the experiment was 625 kilograms (1373 ]uﬂnmlq} and at the end
62,6 Lkilograms (137F pounds).

The daily dietary as finally adopted consisted of 1587.6 grams (31
pounds) of potatoes, 8 eggs, T10 cubic centimeters (14 pints) of milk, |
and 237 enbie eentimeters (4 pint) of cream. The latter was necessary
in order to supply fat to raise the fuel value of the food to the desired

| Ztschr. Biol., 1879, p. 128. U. 8. Dept. Agr,, Office of Experiment Stations Bual,
21, p. 61,
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point. The approximate amounts and the composition of eaeh food
consumed per day are shown in the following table:

Amount and compozition of preliminary daily diet.

solid e | Carbo.

|: IIE:EIT:II‘ | Witromen. | Protein. Fat. | |l{1:fﬁ;i!..tt1-eﬂ-. Aah E‘?:L
Frome. | Groms. | Grams, | Groms, | Gramas. | fGrams,  Oalaries.
Potatosa (1,587 grams)....... 36288 6,35 39, 2 0, 45 2009, 38 14. 51 1, 304
i'."l’.:i.m {8, hard boiled). .cnenn.- 113, 40 £ 16 5}, B0 L 4, 08 il
ik (710 enbie centimaeteral . W, T2 4.08 25,40 2722 20, 39 4. 48 452
Cream (#7 cnbiccentimeters) . 40, £ _ .01 B, 44 a4, 02 &, 63 1. &6 A65
| e o P (07, &2 ! 19. 50 ]""‘] -5{5 llﬂﬁﬂ AEEE 40 24, 193 2, Bas

This diet was given for three days before the E‘E[]ﬁl‘l!l]ﬂnt- began in
order that the body might get into equilibrium with it.

After breakfast on the day the experiment commenced and after din-
ner on the day it closed some charcoal in gelatin capsules was taken,
in order to identify the feces belonging to the food of the experiment
proper. The fresh feces weighed on an average 204 grams per day and
the urine 1,108 grams.  The food, urine. and feces were analyzed. The
composition of the total food eaten and of the total feces, together with
the nutrients contained in the food eaten and lost in the feces and the
percentage of each nutrient digested, are shown in the following tables:

Weight and composition of food eaten and of feces for four and one-third days.

| Fuel
Tatal value
r ot . ¥ . - Carbohy- per
Waight. ‘r.r:ﬁi:.lt!::: I'rotein. ! Fat. Trated, Aah. gram,
| | ealeu-
| Tt
— e — —_ | i
Grams. | Per cent. | Per cent. | Per cent. | Per cont.| Per cent. | Calories.,
I"ﬂ'r'ltm asssEEmEEsEmnEE ﬁ,m LR B "15{' o, 08 1!};-‘-’? 0. 8y 0. i35
Fl[:fa ......................... 1. e | &5 BE 12, 62 11. &% | B . Bb 1. 738
e B e R e b oot B 2,7 12,27 & 25 4. 11 0. 1 - TH T
(B .11 Bl e s A Ll 17. 41 1. 09 14, i) | 1. 72 Rl 1. 4G5
e e e o 2 2.3 | 2066 1430 B4L4T | 18, 27 4_dm0

I La‘-‘.’nrrr-l‘mn snbatance,
& One: and fonr-tentha per cent is allowed for hiliary producta.  Carbohydrates — 10000 — (Protein 4
Fat - Aah + 1.40).

Weights and fuel values of nutrients in food eaten and in feces for four and one-third
dayas; and weights, ﬁr&f value, and percenlages of wutr ients digested.

——

*1nt1l . L
organic | Protein. | Fat. H?‘g}"lﬂ:;:" Ash \_I:‘lll'l’i
matier, 5 2
Frams. | Grams. | Groms. | Graomse. | ramas. ﬂah}ne_t
] e e R L e e fen ! ] F84.0 155, 5 El 18 L!Z'.!'J.-l 07. 4 5, BRG
L e = i i e = SRS 429. 6 7.4 lCIIIE! l B e 1685 &, 130
TL || e s e s e B T O &8, 5 109, 1 136. 4 2.4 | 2,060
Orelml :cc:caavaacsssinsmssssssssnmnssnns 158. 15. 3 lm'll 15.6 5.4 | 1, 330
Total eggs, milk, and cream...... LG a3l 2 438.3 l 1 220 42. 3 | 4§, 520
Total, from whole food.......c....] 2,315.5 | 490.7| 443.4| 1,814 9.7 | 12,485
Fuel value of ures (4359087 e e case]arannncaes | e ] a e R e S a7e
Nevk Tl vRne-of Tood BataN . ccocssssens)osrissncac|orssnrsomslusssnmmmmilonsmsnn s mallsmenmeioss 12, 106
Feees, i, o., nndigested residoe .. ... ... 1), 1 .8 0.5 Bl 33 6 026
Amovnt digested in whols food ... 2 1456 435.9 415.9 | 1, 55.8 66, 1 11, 150
Amount eggs, milk, and cream digested . 842, 1 ) B B R k] B S S o G, 192
Amount potatoes digested. ... covenrne..| 1, 2035 T |assaasnnas T | A 4, 082
Fer eent. | Per cent., | Per cend. | Per cent. | | Per m‘n! Per cent.
Per cent digested of whole food ... .. 827 BE. B 093, 3 038 | dix) B4, b
Por cent digested of potatoss........... i, 6 | o5 I R 9.0 [oonnnnenns Bi.6

a An nnknown amonnt of salt was eaton, which renders the amonnt of mineral matter digested
somewhat doubiful
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In ealenlating the amount of nutrients furnished by the eggs, milk,
and cream that were digested, it is assumed that 97 per cent of the
protein and all of the carbohydrates (chiefly milk sugar) in these foods
were digested. Inasmuch as the amount of fat in the potato is so
extremely small, no attempt was made to caleulate its digestibility.
The figures for the digestibility of the whole food (93 per cent) practi-
cally represent the digestibility of the fat in the eggs, milk, and cream.
The amount of nutrients digested in the eggs, milk, and cream
dedneted from the total digested noatrients gives the nutrients digested
from the potato. The percentages digested were calenlated from these
amounts.  In calenlating the fuel value 1 gram of protein is assumed
to yield 5.5 ealories, 1 gram of fat 9.3 calories, and 1 gram of earbohy-
drates 4.1 calories. Nitrogenons matter is not as completely oxidized
in the body as when burned in the air,' since it is largely excreted in the
form of urea. Urea contains some energy, which is, however, unavail-
able to the body. Driefly, the fuel value of urea is calenlated as
follows:*

M protein

6.25

¥ 2143 » 2.503=fuel value of urea.

This may be reduced to the simpler form, M protein x 0.87=fuel
value of urea.

More or less salt was eaten of whieh no account was made, therefore
the digestibility of the ash is not ealeulated. It is of comparatively
little importance, since to some extent at least the solnble mineral
maftters, e. g., salt, pass directly to the kidneys, from which they may
be secreted within a few hours after being taken into the stomach.

DISCUEBION OF RESULTS,

From the resnlts of this experiment it wonld seem that while the
nitrogenons matter is not very completely digested, the digestibility of
the earbohydrates is quite high. Since the potato consists very largely
of carbohydrates, it may be regarded, at least in the case of the per-
son here experimented with, as a food which is well digested. The
results obtained in this experiment agree very closely with those
obtained by Rubner (see p. 21), as will be seen by the following com-
parison : -

The digestibilily of potaloes as defermined by Awmerican and Koropean investigators,

| Carlw rht'-.
Prolein | :
e drates

Il!u.{l ated. digested.

er cont. | Per cent.
'T'In-.au‘t,hn'r"ﬂ.1-x||ﬂ‘t‘ill|ﬂtt1‘....--.....u;;;;.......;.......;.u-...--..--..._..“.... 71.9 FI R
it DO PHOT LMY = = o s ol = = = m i G7. 8 93 4

LT, 8. Dapt. Agr., Ofice of Experiment Stations Bul. 21, p. 104,
tConnecticnt Storrs Sta. Rpt. 1894, p. 125,
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The nitrogen balance.~The urine was collected during the period cov-
ered by the digestion experiment, and the total of solids, nitrogen, and
ash in it determined. In this way a balance of income and outgo of
nitrogen could be obtained and the resultant gain or loss of protein
alenlated.  The amount of urine exereted during the period covered
by the experiment was 4,800 grams. It contained 6.18 per eent of
water-free substance, 1.42 per cent of nitrogen, and 1.63 per cent of azh.
The gain or loss of nitrogen and the calenlated gain or loss of protein
per day are shown in the following table:

Dalance of income and owlgo of nitrogen and gain of protein,

— . - = n— —_— - _

Nitrogen | Nitrogen | Nitrogen | Nitrogen | Nitrogen | I'rotein
in Toaod. 'in Teces. dig(-r-tul in nrine. | p;uinml ained.

—m

| Hrn-ﬂrs | fframs. | Grams. | Grams. I (frame. | Grams.
Cmantities for whole peried I:-I!| :]-‘Lﬂ].} { 87T
Quantitios por day ceovesscensnrocnceann| | L.0%

69.74 | 63.16 | . 1.58 . ER
16.11 | 15. 74 - il | 2.3

During the experiment the auhi&et gained 9.88 grams (one-third of
an ounce) of protein. Assuming that muscle contained 23 per cent of
protein, the subject gained 43 grams of muscle, or about 14 ounces.



THE COMPOSITION OF DIFFERENT PARTS OF THE POTATO AND
THE LOSS OF NUTRIENTS DURING THE PROCESS OF BOILING.

By Aiman J. Frisey, M. D., and A. P. BryasT, M. 5.
INTRODUCTION.

The potato is composed of three parts, which may for eonvenience be
termed ounter skin, inner skin, and flesh, The outer or true skin is dry
in appearance, nsually grayish brown in color and corresponds to the
bark of the rest of the plant. The portion lying immediately beneath
the skin is slightly colored, containing whatever coloring matter may
be present in the potato, and is the part which turns green on continued

P, T.—Transverse and Inngitudinal sections of the potatoe (aftor Coudon and Bossand): o, sking
b, cortical layer; e, outer medullary layer; d, inner medullary layer.

exposnre to the sunlight, giving a strong unpleasant taste to the potato.
This portion has some resemblance to the skin in general appearance,
and is usually removed with the skin in preparing potatoes for the
table. Its true name is the fibro-vaseunlar layer, but it is also some-
times designated as the herbaceous or cortical layer, subeutaneous por-

tion, and inner skin (see fig. 7). The main bulk of the potato is composed
25
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of cells filled with starch grains and a little nitrogenous matter, and
may be designated as the flesh of the potato.

[Shortly after the completion of the present bulletin an extended
study of potatoes was reported by H. Coudon and L. Bussard.! The
authors investigated the botanieal strneture of a large number of vari-
eties of potatoes and determined the relative composition of large,
mediom, and small potatoes and of the different parts of the tubers,
The taste and eulinary properties of a number of standard varieties
were also investigated. The potatoes were cooked in several ways.
Among the conclusions reached by the authors were the following: In
judging the valune of a variety of potatoes analyses should be made of a
number of entire tubers. The culinary value of the potato is directly
proportional to its nifrogen content and inversely proportional to its
starch content. The different varieties of potatoes were found to vary
greatly in their resistance to boiling, some retaining their form com-
pletely, while others were almost enfirely disintegrated. In the
author’s opinion the resistance to boiling did not depend upon the con-
tent of pectin or stareh, but seemed to depend principally upon the
relative proportion of albuminoids present. No definite relation was
observed between chemical composition and early maturity. Generally
speaking, the early varieties contained more water and nitrogenous
material and less =tareh than the late varieties. The nnmber of excep-
tions was, however, large. |

In order to ascertain to some extent the variation in eomposition of
the different parts of the tuber a quantity of smooth potatoes of aver-
age size was obtained and analyses of the different parts made. The
variety selected was that known as the “ White Star.”

COMPOSITION OF DIFFERENT PARTS OF THE POTATO.
SAMILING.

Twelve medinm-sized potatoes of known weight were taken. The
skin was carefully removed by seraping with a knife and the skin and
potatoes weighed. The sum of the weights of the seraped potatoes
and of the skins did not equal the weight of the potatoes at the start.
More or less water had evaporated from the moist surfaces, It was
assumed that half of the loss came from the skins and half from the
smooth surface of the seraped potatoes, inasmuch as the amount of
surface freshly exposed to the air was the same in the two portions.
The inner skin of the potatoes, or fibro-vaseular layer, was next
removed by seraping, care being taken to include as little flesh of the
potato as possible.  The amount removed by this operation was weighed
as before and the loss of water during the process divided equally
between the part removed and the part remaining, i. e., the flesh, The
three portions were dried at 1009 C, and this partially dried material

I Ann. Sci. Apron., 1897, I, No. 2, p. 260,
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of cells was analyzed. The weights of the different parts and their
proportion of the whole potato were as follows:

5

Proportions of different parts of the potato.

Weight | Per cent
in grama.| of whole.

—— = —— —_——— B ]

Toalve unposlod potaboms. . ...vveeasiiiniiisnermsrass 1,633 | 10 O

I T T R A I N e o 41 2.5
Inner akin or fibro-vascnlar layera. ... ..., 130 £.6
B e e e e e s s e e e g I, 453 Bo 0

& Inelading & small amount of fdesh.

THE ANALYSES.

Warter, nitrogen, fat, and ash were determined by the nsual methods.
Crude fiber was determined in the fibro-vascular layer and the flesh,
but there was so little of the skin left after making the other deter-
minations that the estimation of fiber could not be made. It would,
however, presumably be quite high.

The nitrogen of the potato is not all in the form of true albuminoids
or proteids, but nearly half is in the form of amido compounds, inelud-
ing, principally, asparagin.' Inasmuech as the amount of nitrogenous
material in the potato is small, and the amido compounds can neither
build tissne nor repair waste as do the albuminoids, the nutritive
value of the nitrogenous substance (protein) of the potato is very small.
In the experiments here reported the albuminoid nitrogen was deter-
mined by Stutzer’s method.

The composition of different parts and the calenlated eomposition of
whole potatoes here analyzed as compared with results of other Ameri-
can and Huropean analyses are shown in the following table:

Composition of the whele potato and ils different paris.

| Nitrogemn. | i (}:n-tmhpdrﬂ.lqm.:
: - | TR e
Water. . Fat. | Nitro- | Ash.
| ﬁ}:;:;{l Total, | Dol genfree Fiber, |
| ] exiract,)

i FPer ol | Perel.| Perel.| Peret,| Perel.| Peret.| Per el | Per ot
Dutar, or troe, kN ccocnsiiinaas B0, 1 025 43 2T i, & 14,06 I.8
Tnner skin or fibrovasenlar layer..| 83,2 -2 .36 2.8 .1 12.4 0.7 1.1
R e e e e a  w 81. 1 158 3= 2.0 o | 15,7 ok .8

Calenlated composition of whole | |
ORI o e s hs e it e 213 .19 32| mo 1 15.7 .0
A LU T of BG American ]ﬂ]:ltl\.'ﬂ-l'!lﬂ TED |oeesrncs A5 | 2.9 1 18, = .0
Averazeof 178 Enrepean analyses J-I Th. 0 18 <84 | 2.1 1 21,0 | ] 1.1

— —- = —_— —

a From an unpublished compilation of analyses of American food prodocts,
b Kimig, Chemie der Nahrongs- nmd Gennasmittel, S ed., T, p. 626,

Although of fine appearance, the potatoes nsed in the present experi-
ment contained an nnusually small amount of dry matter and a large
proportion of water, as will be seen by comparing their chemical com.

1 Schulze, Barbieri, and Engster, Land. Vers, Stat., 21 (1878), p. 63; 27 (1882), p. 357.
See also Kinig, Chemie der menschlichen Nahrungs- nnd Gennssmittel, 3d ed., 11,
- G31.
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amount. Four trials were made, (1) with the skins removed, the peeled
potatoes being put in cold water, which was heated at once over a
moderate Hame; (2) with the skins removed, the peeled potatoes placed
directly in boiling water; (3) with the skins on, the potatoes being put
in cold water, which was heated as in the first case; and (4) with the
skins on, the potatoes being placed directly in hot water asin the sec-
ond case.  Six medinm-sized potatoes were used for each trial. They
were boiled in one liter of distilled water in an aluminum kettle until
they were easily pierced with a fork. The kettle was then removed
from the fire, the water poured off, and the potatoes rinsed with dis-
tilled water. 1t was found that the potatoes in every case except the
second gained slightly in weight during the process of cooking. This
eain was evidently due to water absorbed.

The water in which the potatoes were boiled, united with that
used in rinsing them after boiling, was made up to a definite volume
by adding distilled water. Aliquot portions were taken for analysis.
The cooked potatoes were also dried and analyzed. In most cases the
amount of each substance found by analysis in the water used in cook-
ing them, added to the amount of the same substance found in the
cooked potatoes, gave, within the limits of analytical error, the total
amount of that substance calenlated as being present in the raw
potatoes. The weight of any substance found in the water used in
cooking the potatoes divided by the weight of that same substanee
caleulated as being present in the uncooked potatoes gave the per-
centage of loss during boiling, The loss of earbohydrates was esti-
mated by subtracting the sum of the protein lost (caleulated by multi-
plying the total nitrogen lost by 5.5) and the mineral matter lost from
the total loss of dry matter.

The following table gives the loss of nutrients when the potatoes
were cooked in different ways:

The Tose of material during the process of cooking polatocs.

Nitrogoen.

Dry | Carbohy- Asl
| matier. | Albnmi- | Nonalla- Total. | ilratas, S
noid. | minoid. =i

Sking removed before boiling. | |
Per coend. | Por cend.

Per eont. | Per cont.| FPar eont. | Per eent,
Water cold at beginning of test ........ [ 3.7 4.8 12,5 8.3 - 17.0
Water hot at beginning of test......... [ 4. 0 S0 17. 49 (U1} 1.8 17.4
. R e ] 3.9 38| 154 9.2 2.7 | 17.2
Botled wnth sbing on., ‘ F 5 I e |—._ | e E ek :
Water cold at beginning of teat ........] .3 .6 o 2 1.3
Water hot at beginning of test......... | | A L7 1.0 | 1 1.2
| — : {

A TN o o o } 0 11 B L2 1.4

I ]

It will be seen that the loss of matter during the proecess of cooking
was confined quite largely to the nitrogenons substances and the min-
eral matter. The total loss of dry matter, however, was in some cases
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considerable, indicating a loss of starch and other carbohydrates. The
loss of nitrogen and mineral matter is easily explained by supposing
that substances which were dissolved in the juices simply passed out
into the water. The loss of the carbohydrates, on the other hand, is
probably largely mechanical.

It will be noticed that the ealeulated loss of carbohydrates was
almost mothing when the potatoes were protected by their skins.
When the skins were removed before cooking, more or less of the
softened and broken cell walls and swollen starch grains were abraded
during the process of boiling., Although this process is mechanical,
the material removed is just as truly lost as it an equivalent amount
of starch had been converted into dextrin during the boiling and then
dissolved. Tossibly there is a slight loss of stareh which is ehemical
rather than mechanical. In roots, such as beets, turnips, and carrots,
there is more or less sugar which might dissolve out, but the fresh
potato contains practically no sugar,

CONCLUSIONS,

When potatoes are boiled with the skins removed, there is a very
considerable loss not only of organic nutrients but also of mineral salts,
These salts, while not nutrients in the sense in which this term is fre-
quently used, are nevertheless important in nutrition. They are of
especial value, because of the potassinm ¢ompounds which they con-
tain, and are apparently necessary for health.

The greatest actual loss of nutrients seems to be due to the mechan-
ical abrasion of the soft outer portions of the potato while eooking,
In this case nearly 3 per cent of the carbohydrates and 4 per cent of
the available flesh-forming nitrogenous matter are lost. When the
potatoes are boiled with their skins on, the loss of nutrients is very
slight, consisting chiefly of nonalbuminoid nitrogenons substances and
mineral matter. 1t is self-evident that if it is desired to boil potatoes
with as little loss as possible the skins should be left on.
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