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LETTER OF TRANSMITTAL.

U. S. DEPARTMENT OF AGRICULTURE,
OFFIcE 0F EXPERIMENT STATIONS,
Washington, D. (., June 20, 1903.

Sik: | have the honor to transmit herewith a report of investiga-
tions among fruitarians carried on at the Agricultural Experiment
Station of the University of California in 1901-2 by M. E. Jaffa, assist-
ant professor of agriculture at the University of California, and
recommend that it be published as Bulletin No. 132 of this Office.
The special object of this and the earlier work which it continues
was a study of the value of fruits and nuts when these articles consti-
tute an integral part of the dict. Nine dietary studies and thirty-one
digestion experiments were carried on.  In the majority of the dietary
studies and all but one of the digestion experiments fruit and nuts
constituted all or almost all of the diet.  The results of the investiga-
tion emphasize the fact that hoth fruit and nuts should be considered
as true foods rather than food accessories, a fact which is commonly
overlooked.

‘redit is due Prof. G. E. Colby and Mr. C. A. ¥riebel for assistance
in the chemical work incidental to this investigation.

Respectfully,
A. (. Trug,
Director.
Hon. Jamrs WiLsox,
Seerotary of Agriculture.
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INVESTIGATIONS AMONG FRUITARIANS IN
CALIFORNIA, 1901-2,

INTRODUCTION.

An investigation of the nutritive value of fruits, instituted by the
Office of Experiment Stations, was undertaken at the University of
California in 1900-1901, and dietaries of five fruitarians—two women
and three children—were studied. At the same time with one of the
children—a girl—a digestion experiment was made in which fruit and
nuts constituted the entire diet. A study of the income and outgo of
nitrogen and the estimation of the so-called metabolic nitrogen in the
feces were included in the digestion experiment. The results, which =
were given in an earlier publication, showed in every case that though
the diet had a low protein and energy value, the subjects were appar-
ently in excellent health and had been so during the five to eight years
they had been living in this manner.

in continuing the investigations on the nutritive value of fruits and
nuts it was deemed advisable to extend the work to include, in addi-
tion to the women and children previously studied, subjects whose
lives and habits differed considerably from those of the earlier inves-
tigation. Accordingly four men were selected, two being past the
middle age and two young men university students.  The elderly men
had been more or less strict vegetarians and fruitarians for years.
One of the young men had been experimenting with the fruitarian
diet for several years, while the other was accustomed to the ordinary
mixed diet.

The purposes of the inquiry were in brief: (1) To make dietary
studies and digestion experiments in which the diet should consist
exclusively or largely of fruit and nuts; (2) to obtain information
regarding the practicability of maintaining nitrogen equilibrium in
the body with an exclusive fruit and nut diet, and (3) to collect. data
on the digestibility of fruit and nuts.

In studying these problems 9 dietary studies haye been made in
which, with 2 exceptions, the food consisted chiefly of fruit and nuts,
and 81 digestion experiments with the four subjects just referred to,
in 18 of which fruit and nuts constituted the main and in 17 the entire
diet.

The income and outgo of nitrogen was determined in each of the
digestion experiments, and the so-called metabolic nitrogen in the
feces was also studied.

T. 8. Dept. Agr., Oftice of Experiment Stations .»ul. 107,



COMPOSITION OF THE FRUITS, NUTS, AND OTHER MATERIALS.

Samples of fruits and nuts and of some cereal preparations were
analyzed in connection with the dietary studies and digestion experi-
ments. The methods were those adopted by the Association of Offi-
cial Agricultural Chemists.* In addition to the usual analyses, the
crude fiber was determined in all samples examined as being of special
interest in a fruitarian diet. The results obtained for this constituent,
however, are not fullv satistactory, since the determinations of fiber
in the fresh sample of fruit and in the same sample dried in the usual
manner gave disagreeing results. The study of so-called crude fiber
in fruits deserves to receive further attention. The heat of combus-
tion of the feces and of many of the foods was determined at Wesleyan
University, Middletown, Conn.  The analytical results obtained in the
present inquiry are summarized in Table 1

Detailed descriptions of the different samples of fruits and nuts
analyzed are hardly vecessary. The only fruit which requires special
mention is No. 201, scarlet haw, a small red fruit, from the tree of
same name { Cratiegus coccinea), which is about the size of a cherry
and has a comparatively large seed. It is not commonly used as food.

Nos. 243 and 244, ““Granose” and *‘Optasite,” are wheat prepara-
tions. No. 246, “*(Gofio,” is a combination of cereals, roasted until
quite brown, and then finely ground. It is eaten dry or moistened
with water, milk, honey, or fruit juice. This food product is largely
used by the inhabitants of the Canary Islands. Nos. 247, “Fruit
Nuts,” 248, *‘Frait Nuts Malted,” and 249, ‘“‘Malt Nuts,” are also
cereal preparations, and apparently the grain used has been malted
during the process of manufacture.

Tarvre L—Composition of jood materials used in dietary studies and digestion
experimenis—co mpoxumn determined.

i Carbohy- | O8]
i drates. | é &
i - ©g
Food materinls. | 58g
=
528
=
FRESH FRUITS. . ! |
Apples ! . |Peret, \I’u el lP(»rct Per ct. |Per o, |Per ct. | Calories.
Bdlﬁov er, edible portion . . ‘ 0.641 065 977 111 | 0.29 0.249
Rellfiower, u¢ purchased . 73.28 581 .54 8.18 .93 B
l\ewmwn l'zppm edible por» f |
ti0) 82.68 , 63! 151516 1.21 .18 - 320
I\ewwvm Pippin, aspurchaﬂed 72,511 .85 .13]13.29| 1 .16 .81
Winesap, edible portion ....... o] | 2 iwoe| 7| (o Tk
‘Winesap, as pirchased . 474 | .82 / .36 | 851 74) .23 M
Pearmain, edible pomun 88,50 .36 J14 | 10,14 .61 .26 210
Pearmain, as purchased. .. ... 73.99¢ .30 (12| 847| .51 21 176
Rhodeh)aud Greening, edible | P ¢
portion 86.74 J 40 .16 1L56 | .77 | .80 237
Rhode Iﬂhmd Greening, a8 / ‘
purc. 4160 41| .14 9.87 .28 208
Spitzenburg, edibie port 83,75 | 51| .10 1458 | .73| .82 301
‘Spitzenburg, as purchased. 72.08 ! .44 ‘ ] 12.54 63 V28 . 269
Average, edible portion [ 86.21 .56 . 11.87 .88 W27 257
Average, ag purchased. 73.45 .43 .23 ’ 10.14 .76 28 220

aT. §. Dept. Agr., Division of Chemistry Bul. 46, revised.



TasLE 1. ——Cbmpomwn of food materiuls used in dietary studies and digestion

experiments—composition determined—Continued.

Food materials,

| Reference No.

FRESH FRUITS—COntinued.
Banana

Emble pomrm
As purchased. .

Grapes:
Muscat, edible portion .
Muscat, ay purchased. .
Tokay, edible portion -
Tokay, as pure.
Verdal, edible reion .
Verdal, as purchased .
‘ormchou, edible ortmn -
Cornichon, as purchased. .

Average, edible portion .
Average, us purchased.

Oranges:
Navel, edible portion..
mavel as purchased .
Navel, edible portion.
Navel,as purchased ...

Average, edible portion _
Average, as purchas .

Pedrs.
Eusterb\m edibie portion
haﬂterbury /Y purchused
Duchess, edible portion .
Duchess, ag purchased ..
Glont Moreean, edible portion,
Glout Morceau, as purchased
Winter Neliss, edible portion
Winter Neliss, a8 purchased.
Guava, edible portion.
Guava, as purchased .

Average, edible portion.
Average, as purchaged ..

Japanese persimmons: ,

343 3

e s
g2BggEE  BH

Protein
(N X 6.26).

bustion per
gram,

| Heat of com-

|
i
|

216 110.84
BB AT

[ S I
5la) 19.14 !

RE =

¥sezsegs

80,
65,83 |

Large Seedling, edible portion. 1 .93 ‘ 72 ‘,
Large beedlmg, ay purchased 1.25 T2 G |
Tane Rashi, edible portion L6 293 e |
Tane Nushx a8 purchased. . 2,38 ! Ri\
Yemon, edible portion 12 257 Lol
Yemon, as purchased . 2168 4 .92 1.64 A2
Average, edible portion. 52 1.3 2.08 65 .384
Average, as purchased 524 1 1.58 A S22
Olives: f H
Mission, edible portion . 239 . 244 | 11 713
Mission, s purchased. - 3, 2031 9 593
Mission, edible portion R 3 2,52 1 23, 080
Mission, as purchased. R 51, 2,04 i 876
Average, edible portion. 67.00 [ 2.48 | 887
Average, as purchased 55. 08 I 2.04 1 785
Searlet haws: | |
Edible portion .. 40201 ... 75.83 i 1.98 8. .84 . 468
R | 201a] 20,0 ( 60.65 | 1,58 4.85 . 66 374
Edible portion .. . . \’ 92.17 87 J10 | 6.41 .18 .27 L148
As purchased. . b | 35.03 .33 031 2.4 07 .10 . 056
DRIED FRUITS, |
Raising:
Edible portion . Jo2e7 . 28.47 1 4.55 61 | 62.57 314 1.336
As purchased. ... || 257a) 9.5 [25.77| 4.12 65 {.56.63 2.84 1.208
Pranes: o
Edible portion . 26 {..e..- 20.14 | 2,54 63.37 2.71 1.292
As purchased. .. A 256ai 11,9 125,671 2.24 52 ! 65.83 2.39 1.140
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TABLE 1.—Composition of fond materiols used w _didary studies and digestion
experiments—compogition determined—Continued.

Lk
s g8
£] Sa
£
Food materials, £< B8sg
£ T
S SA 5
=]
CANNED FRUITS,
; P Per et. | Culovies,
Peacheg, as purchased. ... : QR o. 2,20 0.43 0,247
! : !

NUTS,

Almonds:
Edible portion . 2.78 2. I‘)q
As purchasged. . 1.41
Rlanched, us purchased. 2.70 i, 147
Brazil nuts:
Edible portion . S s 2. 60 3,307
As purchased. .. R >43. 49.0 1,35 ]
Shelled, us purchs 210 Ll 3.62 3,125
Cocounuts:
Edible portion . 1.14 2,712
As purchaseda | 7 ‘ 1,848
Peeans: !
Edible portion . ' 1.5l |
As purchased. : .74
Shelled, as purehaser S e 1.55
Peanu |
Edible pordon . 4,88 - 2.56 |
As purchased. . 3.2 1.73 ¢
Pignolias (pine  put |
ehased _... 5 e 618 4.15 | 2,976
Walnuts: i
Edible portion . 228 .l 191 3,318
As purehased .. 223ai 60,4 .76 } 1,314
Nut preparation: i !
Nutand fig = bromose,” aspur- : !
chased Lo 288 G RS 206 2,081
Cereals: :

Br«ad (5t Helena Sanitarium,
Caly m]»urohmud

Granose, &8
<>pm~m>, e
Rice, us pu
(,ntm a8 pure
Fruit nuts, as purchased . B
Fruit nuis (malted), ax pnr— ;
chased |
Malt nuts, ax pur( hased

1.3ZJ

a2 | 306 |

aghell and wilk included in refuse.

A number of the foods were not analyzed, as it was believed their
composition could he assumed with sufficient aceuracy. from analyses
previously reported.  The following table includes the data for such
foods:

Tarre 2.—Comgposition of food materials used in dictary studies—composition assumed.

|
|
Refer- Energy
Foofl materials, \ ehee | Water, per
: No. | gram.«
! i
§ |
ANIMAL FOODS, i i
ee! I { ber ol Calories,
Medmm fat, edible portion | 11 67 2. 436
Corned, edible portion. ... | 2 53, b 3.076
Hamburg stcuk edible portion. | 3 65.5 2,095
Beef heurt edibie portion . i 4 62.6 2,558
Beef sot s ey 265
Pork, ham, ediblu portion | 6 40.8 4,277
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TanLe 2.—Composition of food materials used in dictary studies, ete.—Continued.

T

Food materials,

ANIMATL Poobs—continued,
Fish

xmpod bass, edible portion.. ..

Lobster, edible portion
Milk -
Rutter .
Cottage chees
Tges .

VEGETABLE FOOIs, i
Cerenls: i
Bread, corn . !
Bread, wh]te
Cake, e
(m(’ku'\ (J.mhum
Gluten flour ...
Datmeal, boiled
Pie, pudding, ete.
Apple pie .
Custard pie .
Tapioca pud
Rice custard -
Gelati
Vegewble
Artichoke
Beans, edlbk portion._
Beans, baked ... _..
Cabbage, (:dlh]e portion
Canteloupe, edible porlmn N
Caulifiower, sis purchased.
Lettuee, edible portion .
Totatoes

as purchased
Fresh fruits; Pomegranat
hle portion i
Dried fru
Aprl(*ots
2]

, edible portion .
, s purehasedh |

Raspberries, red .
Ireserves: Apple sanee |
Nuts: ‘
Fxlbert edible portiom . _,.....
Hickory nuts, edible portion
Peanut butter
Locoanut mil
Sugar, starch, and oil:
Sugu

9
Whisky ¢

Refer-;
ence
No.

i i

: ; (‘urbnhvdmtes. |
Uopeg e | Energy
Water, § 3,"‘ Fat. w;znr i | Ash. per
i, {staren, | Crude | orama
M i, | &

PR

Srsrar

Calories,
! 1,025

« Fuel vnlm, not heat uf combustion.
56.5 per cent of refuse in this sample.
« Proportion of aleoho! assumed to be equivalent to 51 per cent earhohydrates.
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COMPOSITION OF FECES AND URINE OBTAINED IN DIGESTION
EXPERIMENTS.

The composition of the water-free feces from the digestion experi-
ments reported heyond (pp. 35-68) is given in Table 3, while Table
4 records the amount, specific gravity, and percentage and amount of
nitrogen of the urine, the data in hoth cases being arranged accord-
ing to subjects.

TanLe 5.—Composition of waler-free substance of feces.

| Carbohydrates.
[“f‘}[g“” Nitm ‘ i Arbonydr o [ Heat of
of feces itra-{ Pro. | i
per | gen. | tein, | Tat Sug{ar, | Ash 1 t\onpcr
| starch, |
ate, | fi her. gra

f
I
|

SURTECT W, & M,

PR x[»ermum XNo,

}
; 1
| day. ‘
!
|
f

14 duy .
16 nd dy
17 Third day
1% Fourth day. ! SJ
18 AVerage ... ‘ 0L 3960 2475 2033 2871 1102 {1318 |
Fu»er:ment No. ¢ )
19! First duy
20 Seeond dm
it Third day’..... 8. 08 [
AN Fourth day. .. 23. 80 ;18,65
20 Average. .. e 38,91 i 21,86 [
Experiment
b X
21
26 Third day
26 Fourth day
206n Average.. ... 4213 8,72 23,25
| Experiment No, 8 N
34 First day
35
37 33.26
37a Average . .......... ! 30,69 |
{ Experiment No. 394 | R
38 First day !
39 !
10 H
41
414 Average ....... |
| Experiment No. 3 | i
46 | irs : -] o4m
47 | 3.78
4.18
3.98
3.9
3.49 | 2184
3.48 | 2L.75
2.93 | 18.30 |
8.12| 19.48 ¢
3.25 | 20.34 |
| ;
i Experiment No. 401: ! i ;
66 1 First day 53, i 5.27| 3291
67 | 55,28 4.88 | 30.5%
68 | 41.17 548 | 34.26
69 ) 70.98 5,94 37.10
698/ 55.31 | 5.89 | #3.70! 23.77|
i
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TaBLE 3,~—Composition of waler-free substance of feces—Continued, =

7 i ‘ ! | Garbohyd
. | h d S.
Lab- |t e Pro- | (e ! Hoat of
ara- ined. ro- , combus-
tory Whence obtaine | xer gen. * tein, | Fat ‘\sstlgflrf Crade | 4B {ion per
No. | ay. ’ ‘ ote, | fiber, gram.
i i
. = e e
i SUBJECT W. 8. M.—-cont’d. | ! 1 f
| Experimen \ Grame. | Per cf. | Per cf. | Per ct. | Per ot Per cf, | ber ot. | Calorie
| 6970 ) ho | Ts2.08 |67t o | il 10| 144 5 i
7 X 6§ 0 4.55 ] 28,44 | 38.70 | 64 4.88 3 6.344
| 47. 55 5,29 ! 2%12 ™ :7. 10 [ 35 5. 6.314
T Fourth day 3LE0 | 485 27.16 | 3243 | 9%l A 5.990
77,,1 Average............ Uma| 487 3039 sl | 19.93 | 5994
| Experiment No. 40 |
i First day .. - 5,242
A ‘ 5704
o 2 5.310
%5 | 2104 | 6.138
| !
50 25,83 5.598

f9n AVerage. ... ...
‘1 Average of averages,
|
l SUBJECT C. . H
[ Experiment No. 381:
27 | First dey
%" | Second d:
28 Third dasy
|
2, Average .
! Experiment No,
50 First day
3l Recond d
32 Third day
34 Fourth day
33a Average . ......_.. ..
Experiment No. 395
42 First day
43 Becond day
44 Third day
45 Fourth 4
458 Average. .. .........
Experiment No. 397;
50 First day -
81 Second day :
52 Third day . !
b3 Fourth day
b3a, Average.............
Experiment No. 399:
58 First day ..
59 Second day
60 Third day .
61 Fourth day
6la, Average ............
Experiment No. 400:
62 First day ..
63 Second day
64 Third day
65 Fourth day.
65, Average............

30.12 5.5
20,88 5.852
20.46 6. 080
18,08 35,970
22,39 | 5.867

4.
4,
4.
: 3.9 :
[ o | s wmas| 2005 Wa| 55| 1746 122
| ! ' | |
. .98 23,00 | 27,82 9.45( 1477
100 | 1040 | 2002 | 10093 | 1603
I 29.09 \ 28.59 | 6.68 | 12.79 i
25,86 ! B84.96 i 3.19 10.47 |
|

.17 {32,338

1.61

i [ (350 | 1851 472| 1415 6.087
| | ! i i :
| | ;

[ asge 469 298] 21| wwl 1000 @t 53M

Y 481) 80047 S097| 1613 128 987, 6.1

49! 28703 | 4092\ 14200 b47| IL8! 668

400 25,020 48,93 £72] 583 1.50| 6897

450 25,10 %48 | 1650 858| 13| 625

! | J | !

5491 34.33) 1818 2.07] 7.70) 16.72]  5.2%

o0 74| 75| 20| 482{ 15191  5.648

516 s2.23] 2.8 27.73, 4.91 | 1228 5.860

701 20035 | %.20| ST 234 1037 6.7

49| sL16| ®75| 251 40| BBe4| 576
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TaBLE 8.— Compaosition of waler-free substance of feces—Continued.

ey 7 ———
N | Carhbohydrates.
Lab-, ; Wf'eilght it P ' ‘ — Hea‘(; of
ora. ¢ S 5 i of feces | Nitro- TO- i combus.
tory Whenee obtained, i er zon. | tein. Fat. g:;%gi | Crude Ash, fion per
N, | day. | . fiber, gram,
| ete.
- e - g [ -
SURIECY € 7 He—cont'd. | | b
LExperiment No. 404 frams. Perel. f Peret. | Perel. | Perct. ! Calories.
70 First da 36,99 2027 | 27.01 | © 9.44 | 12,31 5, 804
al Second d 16.88 1 29.10, 11.85 | 14.68 2714
2 Third day 35.87 ' 18.35 1 3.58 | 13.72 6. (M6
T3 Fourth day 41,65 0 1832 244 | 12,67 .5
T Avernge 2059 | 2319, 650 133 ems
Experiment i ! i o
T8 Firat day .94 3595 0 1250 | 16.83 2, 88
e Recond da. 7. { 10.04 | 16.91 b
R0 Third day 66| 17.42
81 Fourth da 4.61 14.46
8la Average
Experiment | .
4 6,04 16.35
91 I 10.42 15.36
92 Third day 4 :
oy Fourth da
W Average ..o L 45 44D

¥.xperiment No. 408 ! ;
i First day 2104, 1638
o i Hecond day
o Third day
i Fourth duy

w74 Average

| Experiment No. o0
a8 First day

A062
3216

200 |
101
Tela
Experiment No, 41 H i
102 First day . 2456 0 10,90 | 14399 | 5,400
108 & Second day . 3408 | 10.87 | 14.04 | 5,144
0 Third day 34.85 1 11.88 } 13.66 ‘1 4962
305 Fourth du) . 33.65 | 10.44 ) 15.36 4.822
105 Average ..o 31.79 | 10.90 ‘ 1486 | 5.082
ixperiment No, 41 : . |
106 ¢ First day . - 4,26 35,02 D56 13.06 | £.134
107 Second da . 4,40 13.83 10, 6.444
108 Third day 3,82 2261 | 6.00:  9.54 6224
1081 Average ... 5,934
Experiment No, 412
109 First day 20,30 6.49 1 12.80 6.272
110 Second day 118,00 752 10.60 5,736
111§ Third day 54.00 ¢ 7.76 9.29 8,008
112 ¢ Fourth day 83.66 6.58 1 9.75 8.132
112 Average .. BT 7.09 | 10.61 6.060
113 | ¥ ‘ .00 ¢ 6.92 1 15.94 5,861
114 Second day I 120030 | 92 9.81 6.324
115 Third day .00 | 6.33 8.86 6,366
116 ;  Fourth day 2 ! 6.85 , 10.55 5,962
70.62 | 7.01] 1129 6.128
60.00 3.431 21.41 ] 33.84 ] 24127 8.2 1241
45, %0 8.87 | 21,09 | 2L.44 37.88 8.04 1 1L.55
96.48 |  3.03 | 18.93 | 24.89 | 39.91 7.07 .20
81,06 8.001; 1882 2600 33.36| 11.04| 10.78
70.84 | 3.21| 20.06 | 26.54| 33.82 | 8.59( 10.99
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TaBLE 3.—Composition of water-free subat, of fe Continued.
L | | (O
org- ¢ o | =
tory { Whence obtalned. | gen, v‘l teim, § FaL ‘q”gf{" / Cmd\, Ash. J;;\:)I::t]))\é!;
No. | ] ! i etc. | B : gram,
s X e i - 77 R
KUBJECT C. P. H.o—cont'd. { l
vaenmenf No. 414 Per ot Per of, ! Per o
121 39.48 | 1145
) 38,02 14.62
2, Average

Average of average:
omitting  experi-i

ment No. 415, ... 49.89.1

SUBJECT &, V. 1

Experiment No, 416:
st day

1
15 ‘J
126
1268
SUBJECT J, E. B H
i Experiment No. 417: | :
127 | First day | 90 504 6. 442
125 Second du i R030 a7 d [ eas
329 Third da ; BL.&S LB 3] 6,210
130 Fourth dny 27, m [N 1n ! 6. 144
1380 Average . v 3.90 6,295

Experiment \ o,

i
Fum day LB 10,91,
oud «lu ENTRER I
. Tlnrd day . 426 1213
Fourth duy 4501 1141,
sata Aversge ... 2] der ) 4] s
i
H Average of experi- i {
| ments  Nos, 437 | : | i i
[ and 418 . OALEY T BN S523RBS R NTT 6. 328
Average of 30 ox”| ; | i !
periments, omit- ! ! : | ;
ting No. 41 { B30 414 (RN R IR I RS IR TR 5,716
Average of 317 ox- | . | ] ! i
periments . } 9086 4130 MRS w07 | 2787 [ 826 | 12568 | AT
|

@ Thrup»da ¥ experiment; no fec

s passed on second dny,

Table 4 summarizes the analytical data for the urine, the results

having heen determined in connection with the studies of the halance
of income and outgo of nitrogen reported beyond pp. 85-68.

TasLy 4.—.dmowunt, speeific gravity, and nitrogen of urine.

Lahora|

¢ -y N 1 Total ! Specific o

"{1{? Whenee obtained. % ameonit. | Rty ] Nitrogen.

RO —— S ! ——
SUBJECT W. 8. M. !
|

Ex; enment No. 388; i Grams. | | Per cent. | Grams.
14| PEiret day IoL3dl Lo | 0.470 6.18
15 second day ! 1,512} 1,008 | .331 5.00
1% Third day . {1,540 LO09 i 281 4.87
1 Fourth day a1z | 1008 | .29 B3
Average perday.. 45 | 1o | s8] 4.6
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Tanre 4.—Amount, specific gravity, and nitrogen of urine—Continued.

Labora-, - ; Total , Specific
olggy Whenee obtained. axpount. \ gravity. Nitrogen,
SUBJECT W. 8. M.—continued. !
Experiment No. 389: rams. |
20 First d&g 1,826 | 1.012
Second da; 1,264 ¢ 10116
i 930 | Lo1
09, L
1,067 1 1.012
!
,267 1 1.
1,269 1.
L2191
1,240 0 1.
AVEIAZe POTABY . o omt e ca i 1,249 1.

5%

65
66

67

78 |
7

(2R

2ggz

Experiment No. 393:
First day .
Second day
Third day
Fourth day .

Average perday

s

¥xperiment No. 394:
First day .
Second day
Third day
Fourth day.

Average perday

e

Experiment No, 3
First d.

ol pom e
|yRey

2

Average peraday. .. oooriiioii i

g poas
R 2ES

Experiment No. 401:

First day .. 5.80
Second day 5.83
Third day . 6.14
Fourth day 6.67
AVETREE PETAAY . we e mieiiae e 5.9
Experiment No. 403:

First day . 6.86
7.92

6.70

8.16

.4

504

7.87

4.88

6.04

5.83

Experiment No. 406:
First d;

rat day ...
Becond day.
Third day .
Fourth day..

Aversge perday.,.....
Average of averages...

oo | poenon
2RI RESY
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Tasrg 4.—Amount, specific gravity, and nitrogen of wrine-——Continued.

]:)lb()l'ﬂ' | T

| i
g i Total | Specifi "
Whence obtained. | amennt. ggm \ Nitrogen.
o e ———— ‘, [ 3

SUBYECT C. P, H. i |

,
Experiment No. 391: i Grams, i Per cent. : rams.
% First day ST Lo 0.640 [ 45
23 Second ds LoLITE oL | 4w

30 Third day . . U WiT 488 25

i I

Average perday.. ..ol i 807 Lo 47 4,01
Experiment No, 392:
32 rst day 1.015 b.46
83 1.024p 4.90
34 1.025 .64
39 1.016 4.64
N 5.18
I

44 766 1 ' 675 517
15 634 | LT12 4.51
46 T ! 543 4.21
47 614 | 665 | 4.08
AVETAGEPET ARY . ereeroees il 697 oo e | 449

Experiment No, 397:

Fourth day

Average Per daY ...l iiiiiai

Experiment No. 408,
First day

44 First day
19
50
81
Average per day
« Experiment No. 399:
60 First day
81 Second da.
62 ThirG da;
13 Fourth dajy
Average per day
, Experiment Xo. 400:
68 First day .
69
70
71
Average per day
Experiment No. 402 | !
kg First day . 1,052 1,012
73 Second da; [N TR
78| Third day | onus 1o
7 ‘« Fourth day i 1,067 1.016
i AVErRZe POF ABY ... oo e
! Experiment No, 404:
80 | First day
81 second da
82| Third day
83 | Fourth day.
( AVETBEE PP QRY « v ocninet e eiainaaaeaan
| Txperiment No, 407:
2 | First day .
93 ¢ Second day
o4 | Third day
[
!
i
!
!

: |
96 a7 | rows ! s 7.87
97 M5l Le@ | ey 6.6
28 Q9| 1,024 Lo 836
W 8 1025 | LM7l 8.3
|
| s S

1453—No, 132—08——2



18

TaBLE 4.—Admount, specific gravity, and nitrogen of urine—Continued.

100
101 |
102
105

104
106
106 1
107

119
120
121
122

180 §
1311
182 .
183

Total

Speeifie

Whence obtained. amount. | gravity. Nitrogen.
SUBJECT €. P. H.—continued.

! Experiment No. 4 (rame. Per cend. | (vrams.
First day 1,797 0.34 7.9
Second day 6.49
Third day 4.84
Fourth a: 5.21

Average perday ......... 6.11
Experiment No. 41i
First day 8.65
Second day 7.35
Third da; 7.82
Fourth dajy 7.81
7.91
5.41
Second d: 593
Third day 3.03
Average per day L.l 4.79
Experiment No. 412:
5,16
4.69
3 3.40
Fourth day 5.91
AVCTage Pr @AY ooviiiiii i e 4.79
Experiment No. 413:
898 1.020 836 8.10
757 1.023 638 4.83
1,443 1.0i6 . 869 5.82
1,088 L017 | 512 5.42
Average Perday....oeoiiiiii i 1,03 ...l i 577 5.99
Experiment No. 414:
First day 0 1014 4,47
Second Sivd 1,026 5.47
Third day 877 1.020 5.46
Fourth day 1,250 1.016 7.16
Average per da; B8 .. i 5. 64
hxperu:ucm No. 41
First day 1,680 1.012 432 7.26
Second da T2 1017 | 760 5,41
Third day . 440! 1.021 L9957 1.569
Average per day YHT L 601 5,75
Average of avel !
415 LOow | 519 5.67
SUBIECT AL V. |
hxponmem. No. 416; i i
First day 1,949 ¢ 1.015 . 690 13.45
Second dav 1,734 | 1.014 552 9,57
Third day . 1,424 1.017 716 10.20
Fourth day.. 1,084 1.023 .876 9.49
AVerage Perday. ... .cooveniiiiiiiiiiaaaeaans 1,548 ‘ .......... I 690 10.68
BUBJECT 4. E. K
Experiment No. 417:
First day . 507 Lo3L 1.304 7.26
Second da; - 776 1.021 ¢ -922 7.16
Third day . 412 | 1.030 | 1.338 5,51
Fourth day 480 1082 1.585 7.61
Average perda¥.....oovvuniiiiiiiiiiiiiiiia 556 ... i 1.240 6.89
hxperlment No. 418; i i
First day 436 | 1.039 ; 1.994 8.68
a7d . 1os! 197 7.40
1. ! 1794 ¥
1. 1 1.277 B23
| 1760 ’ 7.29
1462 | 7.00
|
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THE DIETARY STUDIES.

The subjects of the dietaries here reported include seven different
persons—two elderly men, two young men university students, a
woman, and two children. With the exception of the students all
were accustomed to the diet, having been vegetarians for years and
having limited their diet quite largely to fruit and nuts. One of the
students, though accustomed to the ordinary diet, had heen experi-
menting with vegetarian and fruitarian diet for some time. Three of
the subjects, i. e., the two students and one of the elderly men, ate
three meals & day at the usual hours. The others ate but twice, their
first meal being taken between 10 and 11 a. m. and the second between
5and 6 p. m. The diet included a large assortment of fresh fruits
with considerable quantities of dried fruit and nuts. Honey and olive
oil were also eaten, and cereals were used to a small extent in some of
the dietaries, and in four cases (dietaries Nos. 855, 357, 860, and 361)
some animal foods were consumed, which were limited, however, to
a little milk and eggs in dietary No. 357, and to a small quantity of
cottage cheese in dietary No. 335,

DIETARY BTUDY OF A FRUITARIAN (NO. 355).

The study began October 21, 1901, and continued for twenty days.
The subject was a man 63 years old, weighing 124 pounds. The num-
ber of meals eaten was sixty, or three per day.

The subject had lived upon the fruitarian diet for upward of twenty
years, and, while he had at times used cooked vegetables and cereals,
he believed that a diet of ripe and sweet fruits with nuts agreed with
him best. During, the experimental period the subject walked from
4 to 8 miles a day, besides working a little at gardening.

The results of this study are given in Table 9. The figures in
parentheses after each food material in this and the succeeding tables
of dietary studies refer to corresponding figures in the tirst column in
Tables 1 and 2, thus indicating the values used in calculating the
amounts of nutrients of the food.
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TasLE 5.— Weights and cost of food and nutrients consumed in dietary study No. 355,

Cost nnd cnmposmon of food per person per dny

Kinds, amonunts, and cost of different food - i
materials. Cost. |

! | sugar, |
Pro- | PUBAL, | (‘mde i Fuel
tein. | Fat. “"m’h ber. | value.

ANIMAL FOOD.

Grams. ] Calories.
16

i Cends. ‘(yramt Grams. | (‘mm&
1 0.60 ........ 3

Cottage cheese, 279 grams, 12 cents (11} ............ 9" o014 }
I

i
VEGETABLE FooD, i i :

Honey, 133 grams, 7 cents (48], l

\Lp.'(lﬂb]e~ "omatoes, 666 gram I

Fruits, fresh: Apples, Newtown Pippin., 6,6

grams, 22 cents (242a); bananas, 118 grams, 2

cents (212a); Lnnmloum 3,714 grams, 29 cents | J | . J
{
!
i

(22K); grapes, Verdal, 7,825 grams, 69 cents

(211%); grapes, Cornichon, 7785 grams, 68 cents |

grams, 22 cents

474 grams, 30 cents

gmnn (201a}; pears,
pomegranates, 62

nmmw 2,008 grams, 16

("07&), grapes, Tokay,
{ 3 Erapes, Mu

{ Zﬂ) seariet huws,
2,802 grams, 19 c
grams, 1 cent (33);

808 R‘]‘}Ulh 12
grams, 13 eents .00!

225,14 18.23 976

5 7

Fruits, dried: Figs, 1,509 gram 1 180
Olue oil, 207 grams, 23 cents (49 1. 9
h butter, 1,006 gmm\ 44 cents (44) 5 422
Total vegetahle food 22 5300 | 26674 | 24631 1,607

Total food ... ‘ 23 40&54‘ 53,73 22%6.34i 24.63 1,718
I

The commonly accepted dietary standard for a man at sedentary
work calls for 92 grams of protein and 2,700 calories. ¥rom the table
it appears that the protein in this dietary was less than one-half and
the energy about two-thirds, respectively, of thesc amounts. It is
true that the subject’s weight was sinall; but even if the data are cal-
culated to the basis of a man weighing 150 pounds the results will
still be far below the standard.

It is interesting in this connection to compare this dietary with those
followed by the same subject in 11 four-day digestion experiments,
in which the diet was made up of several fruits and nuts alone or in
combination. (Reported on pp. 35-43 and summarized in Table 27.)
In the dietary studies the subject ate at the dictates of his appetite, but
in the digestion experiments the kind and amount of food eaten was
determined upon beforehand in every case. In one experiment the
diet consisted of grapes only, and furnished 18.75 grams protein and
1,096 calories per day. Such a diet soon becomes unpalatable, no
matter how appetizing the food may he under ordinary circumstances.
It must also be remembered that though the bulk consumed was
large, the amount of nutriment supplied was very small, owing to the
high percentage of water in the grapes, and the food is therefore not
strictly comparable with a more varied diet. In all the other diges-
tion experiments the diet was made up of fruitsand nuts and furnished
more protein and energy than the food eaten during the dietary study,
the average of all the tests, including that with the grape diet, being
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58.7 grams protein and 8,075 calories per day. In other words, the
diet of the digestion experiment when the food was limited in kind
was more generous than that of the dietary study when the food was
selected at will. That the subject was benefited hy the more abundant
diet is indicated by the gain in weight of several pounds which he
made during the time covered by the digestion experiments.

DIETARY STUDY OF A VEGETARIAN (NO. 856.)

The study commenced November 8, 1901, and ended December 1,
lasting twenty-four days. The total number of meals taken was forty-
cight, or two per day. The subject was a man 64 years old, height 5
feet T inches, weighing 136 pounds.

He stated that be had been a strict vegetarian for eleven years and
that previous to that time it had heen his custors to eat but little meat.
He also said that he had led an active life, working hard with hrain
and musele.

In Table 6 are given the results of this study.

TanLg 6.— Weights and cost of foud and nutrients conswmed in digtary study No 356.

(‘on uud I nmpu‘utlon of iaod per perwn per duy

Kinds, amounts, and cost of different food /\ T i ,5 “#y "
aterials. Cost. | Pro- Fat. ugarl, | crude . Fuel

. S tarch, | ¢ I yalae
[ tein. ote, ‘, fiber, | value.

VEGETABLE FOOD. i ! “ i
Cends. | Grame. Graaps. | Grams. | Grams. | Calories,
Cereals: Granose, 2,155 grams, 48 cents (243): glu- [ { i

ten flour, 454 grams, 16 cents (17); rice, flaked,

1,673 grams, 26 cents (245 [ 147 1 18190 ENY 645
i N Y R I 66.x1 | 254
eents (261 A 1.7 3 64
Fruits, fre»h Apples, Belifiower, 5,585 grams, 18 !
cents (209a); bananas, 2,722 grams, 42 cents ; !
121.)1), grapes, Verdal, 3,31/ grams, 29 cents ; i I H
(211a): berries, 397 grams, 6 cents (40) LU BBE T 2, RG] B08 214
dp 5 grams, 9 cents (37} { i ! . |
grams, 1 cent (35); prumes, 794 grams, 1 i : i | t i
cents (266a); Taising, 256 grams, 6 cents {z(uu) L2 LW 29 .82 101§ 135
Kuts: Almnnd: 907 grams, 30 cents (249); Bruzil 1 . i !
nuts, 1,361 gramy, 47 cents (254); pine nuts, 198 | ! i |
grams, 3 cents (252); walnuts, 907 grams, 30 1 J i
cents (228a) ..., 4.50 0 23,19 T1.28) 0.5t 378 726
Total vegetable food. . . 76.89

401,84 ‘? 9,98 2,043

The table shows that this dietary contains about one-third more pro-
tein and nearly 12 per cent more energy than were noted for the pre-
vious one. 'The corresponding figures for a man weighing 150 pounds
would be 59 grams protein and 2,444 calories.

The food eaten during this test, there is every reason to believe, rep-
resents very well the normal diet of this subject, who throughout the
whole experimental period (October, 1901, to April, 1902) remained
in excellent bealth and strength. It thus seems that this man could
maintain his health when the daily diet furnished only 50 to 60 grams
of protein, or about 60 per cent of the amount called for by the com-
monly accepted standard for a man at sedentary wo. <.
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The discussion of the preceding dietary showed that more protein
and energy were furnished hy the restricted daily diet during the
digestion experiments than by the food consumed by the same subject
during the period of the dietary study when he ate food chosen at will.
As may he seen by a reference to Table 46, page 61, like conditions do
not obtain for the subject of the present study. On an average the
daily food eaten during the 16 digestion experiments furnished 44.01
grams protein and 1,831 calories. In other words, when the subject
selected his daily food at will he ate somewhat more than was the case
when his diet was fixed upon for experimental purposes.

DIETARY STUDY OF A BOY (NO. 357).

The study continued for twenty-one days in March, 1902. The sub-
ject was the same boy as in dietary study No. 331, previously reported,«
and was now 10 years old. He weighed 58 pounds at the beginning
and at the close of the study.

The number of meals eaten was forty-two, equivalent to one boy for
twenty-one days or one¢ man for thirteen days.

The details of the study are shown in Table 7.

TanLe 7.— Weights and cost of food and nutrients consumed in dietary study No. 357,

Kinds, arnonnts, and cost of different food

materinls, Sngur, Crude

Fat. | s@reh, | Fiper,

Fuel
value.

ANIMAL FOOD,

Calories.

Cents. | Grams.’ Grams.: Grams, | Grams,
Milk, 4,763 grams, 21 centa (9) ! 1 7 P07 134
Eggs, b7 grams, 2 cents (12) .

Total animal food - ...l

VEGETABLE FOOD.

crackers, graham, 227 grams, 5 cents (16): fruit- | H
nuts, 312 griams, 17 cents (247} gluten flour, 794
grams, 26 cents (17); granose, 340 grams, 8 cents
(143) ‘matted l‘,ablem 369 grams, 20 cents (259} ..
Honey, 16 grams, 1 cent (48)..
Vegembles: Canlifiower, 312 gra: reTLs
Fruits, fresh: Apples, Permain, 13,920 grams, 46 ,
cents, (229a); #pples, Pxppm 6,946 grams, 23 | i
LLnl-S (Mzu)‘ oranges, 7,626 grams, 101 cents ; | ‘

'
i
Cereals: Bread, corn, 595 grams, 7 cents (13); i ‘ }

IS

Frmus dried: g8, 482 grams, 7 cents (;

Nuts:  Almon. 5, 539 grams, 18 cents (L’)O il
nuts, 312 grams, H cents (255); peeans, 794 grams,
26 cents (233); walnuts, 113 grams, 4 cents (228).. 3] 16.63

Olive oi], 8 grams (49) «.ooooviireovmniimaienieaa]oremnnaadoanas

Total vegetable food. ... 15 | 40.56 1,570
Totalfood. . ..............on dememacneiianaans | 16 ‘ 48.42 ; 67.68 l 246. 70 ] 18.89 1,728

524
3

aU. 8. Dept. Agr., Office of the Experiment Stations But, 107,
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The tentative standard for a boy 10 years old calls for 65 grams
protein and 1,750 calories, and it will be seen that the daily diet (48
grams protein and 1,558 calories) is far helow it. It is, however, of
wore than passing interest to note that the present diet furnishes
much more protein and energy than did that of the study previously
reported,® which was made in the summer of 1900, which contained
hut 27 grams protein and 1,255 calories per day. It is true that at
the time of the present investigation the boy was somewhat older and
consequently would normally require more protein and energy, but the
increase is about 65 per cent for the protein and 25 per cent for the
energy, which is much greater than the difference in age calls for.
The later diet was richer, presumably hecause it was more varied in
character. In the previous study it was strietly fruitarian, while in
the present case about 16 per cent of the protein and 10 per cent of the
energy were of animal origin, and 32 per cent of the protein and & per
cent of the energy were derived from cereals. In other words, in the
present case the fruit and nuts supplied only about 56 per cent of the
protein and 62 per cent of the energy of the diet.

The use of the mixed diet was accounted for by the fact that for
certain family reasons it was expected that the boy would in future
live with relatives in the East, and as they were not fruitarians, or
even vegetarians, it was deemed advisable to have the dietary inelude
some of the more common foods in order to accustom him to their use.

DIETARY STUDY OF A GIRL FRUITARIAN (NO. 358).

The study commenced Febrnary 28, 1902, and ended March 20, last-
ing twenty-one days. The.subject was a girl (sister of the subject of
study No. 357) 8 years old, and weighed 37 pounds at the beginning
and end of the test.

Studies were made of the dietary of this subject during the summer
of 1900, and again in the spring of 1901, both of which have been
reported. As was then stated, her light weight and small measure-
ments were presumably due in part at least to heredity, as her mother
and grandmother were very small women.

The total number of meals taken was forty-two, equivalent to one
girl for twenty-one days or one man for eleven days.

@ U S Dept Agr, 6ﬁce of Experiment Stations Bul. 107
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The table following gives the details of the study:

TapLE 8.— Weights and cost of food and nutrients consumned in dietary study No. 358.

| Cost and vomporsiuon of food per person per day.

I-
Kinds, &Inmmh and eost of different food h
aterials, | cost. | PIO | pat S&%‘g{l’ Crude | Fuel
i WL tein, | TEE ‘ eto, || fiber. | value.
- o T | ; {
VEGETABLE FOOD. B i
Cents. | Grams. | Grams, | Grams. | Grams.| Calories,
Cereals: Gluten flour, 113 grams, 4 cents (17): i
fruit nuts, 113 grans, 6 cents malt tab- | !
lets, 340 grams, 19 cer | 0.19 101
Honey, 8 grams (48) . JE S TS - I Oy 1
\egemb]e Camiflower, 454 [ |
c¢, H7 grams, 1 cent (30). 17 2% S DA T O i /3 P 7
Fraits, fresh: Apples, Permain, 1€
cents (229a); apples, Pippm, a,
cents (242a); olives, 142 gram:
oranges, 10,408 grams, 138 cents ( 7.45 48%
Fruits, dried: Raisins, 28 grams, 1 0 3
Olive oil, 104 grams, 11 cents (4 [ I VO N EET T OO 43
Nuts: Almonds, 907 grams, 30 cents (250); pecans, 1
1,191 grams, 39 cents (2 hickory 1uats, 8h [ !
grams. 2 cends (43); piguoling, 113 grams, 6 cents |
(252): put and fig bromose, 340 grams, 19 cents | !
I U . 457 | 2164 72,99 [ 1818| 3.02 760
Total vegetable food . .o..ooo oLl ©15.78 } 32,27 | 81.68 i 165.06 | 10.67 1,403

Some cereals and commercial articles of vegetable origin were eaten
in addition to vegetables, fruit, nuts, olive oil, and honey. Cereals
supplied about 8 per cent of the protein and hetween 5 and 6 per cent
of the energy of the diet. Such a dietary is not strietly fruitarian,
but as fruit and nuts, chiefly the latter, furnished about 92 per cent of
the protein and nearly 95 per cent of the energy, it was thought best
to classify it under that head.

Notwithstanding the small amount of protein in this dietary the
subject seemed, as she did at the time of*the studies made the pre-
vious year, to be perfectly healthy but very small for her age.

DIETARY STUDY OF A FRUITARIAN (NO. 359).

The study began March 1, 1902, and continued -for twenty-one days.
The subject, a woman, was the same as in dietary study No. 828 pre-
viously reported, 34 years old, height 5 feet, weighing 93.5 pounds at
the beginning and end of the study. The number of meals taken was
forty-two, equivalent to one woman for twenty-one days or one man
for fifteen days.

Table 11 shows in detail the results of this study.

¢, 8. Dept. Agr., Oﬁlce of prerlment bmmons Bul 107
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Tmm, 9. ——ngim and cost of jood and nutrients conswmed in dietary stndy No. 859,

(‘mt s.nd compositmn of inod per pemnn per d ;

Kinds, amounts, and cost of different food ‘ -
materials. Pro- Sugar,
wmrch

(‘mde Fuel

Cost.
ber. ( value,

tein, | Fut

VEGETARLE FOOD.

[

Cents, | Grams, ‘ Grams,

i
1
ive g
covenls: Gluten Bour, 198 grams, 7 cents (17);  Grams. t’ rams. | Calories,
Granose, 57 grams, 1 cent (243); fruit nuts, 5/ | : |
grams, 3 cents (247); malt tablets, 85 grams, 5 { ! “
vents (259) . 0.76 0.45 | 13.98 | 70
Honey, 12 grams, Leent (48) ...l : s b
\<gl$&b]£‘s anliflower, 680 ‘19 36 NS - 2
jrinits, fresh: Apples, Permain, 11,0624 grams, ! i

cents (rzsm, applev Pippin, BB12 grams, 19
(2424 3 ; oranges, 8,907 grams, 118 cents (238a) .
rmits, dne Apricots, 85 grams, 2 cents (34);
raising, b7 grams, 1 cent (257) .
(Mive 0il, 140 gratos, 16 cents (49) .
Nuts: Almonds, 1,332 grams, 44 cents (2501; filberts,
112 LTUIS, 10 cents (42); pecans, 28 gmmﬂ 1eent
; p)g-nn ing, 1,049 grams, 68 cenis (252);
hu kory, 85 gmms, 2 cents (4'3, nut and fig
bromose, B7 grams, 3eents (258) . ... Ll

Total vegetable food. ..

In the study with this subject previously reported the diet far-
nished 83 grams protein and 1,300 calories per day. The above table
shows a daily consumption of almost 25 per cent more protein and
about 7 per cent more erorgy. In the present study cereals formed
part of the diet, supplying 2.7 grams protein and 13.5 grams earbo-
bydrates, whereas during the former test the diet with the exceptions
of a little olive oil and honey consisted exclusively of fruit and nuts.

The tentative standard for a wornan at light work calls for 90 grams
of protein and 2,250 calories, amounts which are far in excess of thosa
furnished by the present diet.

DIETARY STUDY OF A STUDENT (NO. 360).

This study and the two succeeding ones, Nos. 361 and 362 beyond,
form part of an investigation undertaken for the purpose of ascertairi-
ing the value of an exclusive fruitarian diet for a healthy, active young
man accustoned to the conventional mixed diet.

The subject selected was a vigorous, healthy university student, 22
vears old, conscientious in his studies and prominent in athletics.

The investigation was divided as follows: (1) A study of seven days’
duration (No. 360), during which time he ate his usual mixed diet; (2)
a study of nine days’ duration (No. 861), during which time a large
proportion of fruit was used as a substitute for part of the meat, eggs,
and cereals of the usual daily fare; and (3) a study of eight days’ du-
ration (No. 362), during which time, with the exception of 10 grams
per day of cane sugar, the diet was composed exclusively of fruit and
nuts. Following the above two metabolism experiments on a strictly
fruitarian diet were carried on, for the details of which see pages
67, 68.



26

Dietary study No. 360 continued for seven days in March, 1902, the
total.number of meals taken being twenty-one, or three per day.

The subject weighed 169 pounds at the beginning and 169.5 pounds
at the end of the test. It was not practicable to weigh him without
clothing, but the same clothes were worn and the same scales used for
both weighings. .

TanLe 10.— Weights and cost of food and nutrients consumed in dietary study No. 360,

Cost and eomposition of food per person per da;

. Kinds, amounts, and cost of different fond l Sugar

materials. Cost. | Protein.| Fat. | starch, Fuel

et value.

i
I
ANIMAL FOOD, i
Cents, | Grams, | Grams. | Grams. | Calories.
Beei: Medium fat, 992 grams, 44 cents (J 25,95 25.51 R 341
Hamburg steak, 312 grams, 11 cents (3) 6.06 i
Beef heart, 113 grams, 3 cents (4) 3.29 41
Beef soup, 454 gratms, 5 cents {5) <2 17
Pork, ham, 227 grams, 11 cents 12,58 135
Fish: Stnpcd bass, 113 grams,

85 grams, 3 cents (8) - 114 4.95 W67 2
Fgegs, 66 grams, 2 cents (]Z) 28 1.32 1.13 . 16
Butter, 198 grams, 11 cents (10) 1.5% L2% 24.04 1. 212
Milk, 463 grams, 8 cents {9) ... 2.65 3.21 b5

Totat animal food...... o ... 13.98 54.63 76,75 | 986
VEGETABLE FOGD. : i
Cereals: Oatmecal, 1,219 grams, 27 cents (18); brend |

1,985 grams, 29" cents (14); cake, 340 grams, 8

cents {15 4 | 8.14 58 9.78 217.79 1,091
Pie and pudding: Apple; 2, gm ents (19); |

cuswrd pie, 85 grams, 2 cen: (20); mpmca ud- |

ding, 85 grams, 2 cents (21); rice mmmf 85 |

22): gelatin, 2 grams, 1 cent (‘)’i),* 1.57 ~01 2.90 15. 60 96
sugar, grams, 4 cents (46

sago, $grams, Teent (47). ... .. ... ... il & O 46.86 | 181
V(gcmblu Beans, 170 grams, 2 cents (25); pota-

toes, 1,332 grams, 4 cents (31); <-auhﬂ:mer, 57 |

Brams (20) ...l i L K6 7.38 5.90 41.32 . 237
Fruits, fresh Apples, 198 grams, 1 cent ( i

oranges, 193 grams, 3 cents {238); banangs, 85 |

grams, T eent (212) ... L0 .71 72 J12 10.23 40

Total vegetable food ... ... ... _......... 1 11.99 39.80 18.70 331. 80 1,645
Totalfood ... ... . ... ... 25.97 94.43 95. 40 336.58 2,581

The protein and energy furnished hy the present diet are consider-
ably below the tentative standard for a man with light to moderate
muscular work, namely, 112 grams protein and 3,050 calories, but since
the subject had the opportunity to eat all he wanted and gained in
weight it would seem that the 94 grams protein and the 2,600 calories
per day were sufficient for his bodily needs.

DIETARY STUDY NO. 361.

The study commenced March 26, 1902, and ended April 3, lasting
nine days. The total number of meals eaten was twenty-seven, or
three per day. The subject weighed 168 pounds at the beginning and
170 pounds at the close. As previously stated, the proportion of fruits
and nuts eaten was large, the purpose being to thus accustom the sub-
ject to such foods and avoid a sudden change from ordinary fare to a
fruitarian diet.
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Table 11 shows in detail the results of this test.

Tastk 11—~ Weights and cost of food and nuirients consumed in dietary study No. 361,

" Cost and compmm(m of food per pem’m pu day.
.

Kinds, amounts, and eost of different food
aterials.

Cost, ) Pro-

] T i
|3 i Crude | Fuel
i ; tein. \’ Fat. { ts.r(h; tiber. | value.
— e - i I ‘
) j S —
ANIMAL FOOD. z ’ i I
Fof: Medfum fat, 1,418grams, 63 cents (1); corned, | ‘i | B Calorics.
NF gmms 2 cents (2); beef soup, 425 grams, 5 [ \ ; ‘ |
cents {5) S T8 364D 34,89 R 4,3
ftter, 142 grams, 8 cents (10) - De ! e o |
Total animal food ... ! 67 ;49,991 606
YEGETABLE FOOD. i | ;
|
cerenls: Bread, 1,276 grams, 14 cents (14} eake, | i !
enp, 680 grams, 15 cents (16) ... ! 17.29 0 2! 773
Iu pud«lmg, ete.: Rice custard, 25 ‘:grm s !
22}, tapioca puddmg, 85 grams, 3 ceuts (21); . i
;:omtm 2 grams, 1 eent (28 SLR3T O Lsdg L1 6
Cane sugar, 307 grams, 4 cents (%) £ T ! 148
vegetables: Potatoes, 1,162 grams, 4 ! i
cabbuge, 85 grams, 1 ¢ent (27); artichaol 13 i
grams, 2 cents (24) ...l 13 1311 165
Fregh fruits: Apples, 170 grams, 1 ; | i
bauunas, 1,247 gramas, 19 cents (212 |
1.724 grams, 22 cents {23 L7 53| Py
Dried fruits: Raisins, 680 grn :
apricots, 907 grams, § cents (3 PRI 9.20 | 1.65 1 494
Cooked and canned fruits pphsnu((- 2858 | ,
3 eents (41); peaches, canned, 113 grams, 4(‘ems i i
¢ Joonmsl 4 f .25 | 52
Nuts: Walnuts, 397 grams, 18 cents (223) ( 1.45 ) 12,20, 31.22 sl . 314
\\ Total vegetable fopd. _...o....ioiiiiii.. 2201 | s0.32 | 50341 43206 %5 2,261
Total food B0.68, BG sm ! 100, 8 | 4826

W5 L E6T
]

[t will be seen that the present dletm v fm nishes 7 grams less protein
and 300 calories more energy than study No. 360 with the same sub-
jeet. It is interesting to note that while in the previous study fruit
furnished only 0.72 gram protein, in the present study it supplies
14.7 grams, and nuts 12.2 grams, protein per day.. The total animal
protein in study No. 360 was 54.6 grams, and in the present study only
36.6 grams per day.

In this period of change from the ordinary mixed diet to one con-
taining a considerable quantity of fruit and nuts, the subject stated
that on the fourth and fifth days of the study, in addition to his regu-
lar college duties, a large amount of extra work was performed,
involving mental strain and loss of sleep. Notwithstanding this
extra demand on his vitality, his physical condition so far as could be
judged was unchanged and his weight increased two pounds. The
subject stated that, having made the comparison, he preferred a fruit-
arian breakfast to any other. In general he relished the diet consist-
ing almost exclusively of fruit and nuts.

DIETARY STUDY NO. 362.

This study began April ¢ and continued for eight days The total
number of meals eaten was twenty-four, or. three ror da\' During
the six daye’ interval between this and dietary study No. 361 the sub-
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ject continued to use a large proportion of fruit and nuts in the diet.
With the éxception of about 10 grams of cane sugar per day, the diet
in the present study consisted entirely of fruit and nuts. The subject
weighed at the commencement of the experimental period 170 pounds,
and 168 pounds at its close.

The details of the study follow: .

Tasry 12.— Weights and cost of jood and nutrients consumed in dietary study No. 362.

Rindg, nmomnts, and costs of different food | -
materials, cost. | Irotet . q‘lgﬂlfi U Puel
Sont, | Tofein, i, ‘ \tilu value,
|
[ e B o
VEGETABLE FoON. l !
Cents, | Grams. | Grams. | Grams. o Colories,
Fresh fruits: Bananas, 4, ]’-DG gmmb 65 cents { ! ‘
L B0 830 | 195.95 i 8y
|
i 0 7ol 9 1 126.29 ‘ 48%
Canned fruits: 7 o5, 34 1,38 23 | e 20
Nuts: Almonds, M7 grams, 19 cents !
85 gmms 1 cent {2A0); walnuts,
cents (223) ?8411 1 1,508
Cane; 41
Tol vegetable fvod . 366,32 ‘f 2,936

There were no restrictions regarding the kind and amount of fruit
or nuts to be used in this dietary. On the other hand, the subject was
instructed to eat all he wished of any fruit and nots which he desired.
Bananas and oranges, dates and raisins, almonds and walnuts were hix
favorite foods, though some other sorts of fruit and nuts were eaten.
The protein in the diet thus selected is almost identical in amount with
that furnished by the diet in study No. 361, though less by 9 grams
than in study No. 8360, while the fuel value is higher in this test than
in either of the other two. In all these tests the protein is below the
requirement of the tentative American standard for a man at mod-
erately active work. In the present test, however, the energy is equal
to that called for hy the standard. It will be seen by noting the data
in Tables 50 and 51, experiments Nos. 417 and 418, that the unre-
stricted fruitarian diet selected by the subject himself, which furnished
nearly as much protein and rather more energy than was consumed
by him when using his ordinary mixed diet, was superior as regards
both protein and energy to the restricted diets of hananas, dates, and
walnuts, and bananas, oranges, and walnuts, used in digestion experi-
ments made with the same subject.

As noted above, there was a loss of 2 pounds, but the initial weight
was above the subject’s normal, and during the test he was under
unusual strain, both physical and mental, particularly on three days
(April 11~13). It seems, therefore, that it is not just to ascribe the
loss in weight during the experiment entirely to the fruit and nut diet,
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As the loss i8 not great, and indeed quite within the range which is
observed in the weight of persons under normal conditions during a
period of equal duration, it would seem fairer to give the diet much
credit for heing able to carry an active, energetic, healthy man through
a period of unusual strain, both physical and mental, attendant upon
some special work in addition to his regular college duties,

DIETARY STUDY OF A FRUITARIAN (NO. 363.)

The study commenced April 23, 1902, and continued for ten days.
The subject was a man who had been experimenting with the fruitarian
diet for several years. He was 25 years old and did not gain or lose
weight (without clothes), the weights for the different days, with the
exception of the third and ninth days, when no weight was recorded,
being 151.3, 153, 154.3, 153.1, 148.1, 150.3, 150.8, and 151.1 pounds,
On the fifth day the subject ate no supper and en the ninth day no
lunch. On other days three meals were eaten. The total number of
meals taken was therefore 28, which in this case was assumed to be
equivalent to one man for ten days.

The details of the study are shown in Table 13.

TasLE 13.— Weights and cost of food and wutrients consumed in dietary study No. 363,

l
]
L

Kindy, nmounts, and cost of different food !
MATETIAIR. D ost,

Cost and compe

i Bugar,
Fat. | stareh,
Poete,

i Crude : Fnel
i fiber. | value.

Pro- |
tein.

VEGETARLE FOOD. . ! i ;
[ Crmts, R s, s, Grams. | Calivis.
Fresh fruits: Apples, Pippin, 7.068 grams, & 8t
(2420); bananas, 5,498 grums, 85 cen
oranges, navel, 12,440 grams, 178 cents
oliver, 107 grams, 2 cents 4240a)
Dried fruits: Dates, 1,799 gran
igs, 2,018 grams, 83 cents (3f

wstoomye | AT w6 BLsLy 1,2ty
95.00

Total vegetable food.

This diet furnished practically 68 grams protein per day, or ahout
two-thirds the amount called for hy the commonly accepted standards
for a man at light muscular work. The fuel value, however, slightly
exceeded the limits of the standard.

Notwithstanding the variety of foods in this diet which were selected
by the subject, it did not furnish as much protein as did the diet limited
by the experimental conditions and consisting of bananas, oranges,
and almonds, used in a digestion experiment (No. 416, Table 49) with
the same subject.
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DISCUSSION OF THE DIETARIES.

In the study of a fruitarian diet previously published « it was notec
that the foods used were almost exelusively fruit and nuts, the latter
being the main sources of protein and fat, while the fruit furnishe
the bulk of the carbohydrates, consisting chiefly of the different sort.
of sugar, with considerable crude fiber and a small amount of starch.
All the food was eaten raw. The cost of the diet varied frotn 17 cents
to 27.5 cents per person per day, and was on the average 20.7 cents.
Both the protein and the energy in every case were far below the
limits called for by the tentative American standards for persons per-
forming a like amount of muscular work. No general conclusions
were drawn, as the data did not seem sufficient to warrant them. An
examination of the data recorded above will show that the present
studies agree essentjally with those previously reported.

In discussing the general question of a fruitarian diet it is of interest,
for purposes of comparison, to quote the results obtained by other
investigators in studies of a vegetarian diet with subjects whose daily
fare included a considerable amount of fruit and nuts.

Voit? studied the dietary of a vegetarian 28 years old, height 5
feet 5 inches, weighing 125 pounds, whose average daily diet con-
sisted of 181 grams pumpernickel, 438 grams graham bread, 777 grams
apples, 114 grams dried figs, 247 grams dates, 66 grams oranges, &
grams olives, and 21 grams olive oil.

Ten years later Rumpf and Schumme¢ reported a metabolism exper-
iment with a vegetarian 19 vears old, weighing 138 pounds, whose
daily consumption of food was as follows: 330 grams graham bread,
1,160 grams apples, 260 grams dates, 140 grams Quaker Oats, 100
grams rice, 75 grams sugar, and 30 grams nuts.

Albu,? in 1901, made a digestion experiment lusting five days, with
a vegetarian, a woman, 42 years old, whose weight was 83 pounds and
height 4 feet 8 inches. IHer average daily diet included 120 grams
graham bread, 400 grams apples, 400 grams plums, 200 grams grapes,
64 grams nuts (without shells), 170 grams dates, and 100 grams lettuce.
The same author reports a twelve-day dietary study of one of the
leaders of the vegetarian movement in Germany, a man 48 years old,
height 5 feet 8 inches, weighing (with clothes) 153 pounds. - The aver-
age daily diet consisted of 1,000 grams potatoes, 166 grams hazelnuts.
12.5 grams peanuts, 83 grams plums, 71 grams sugar, 93 grams raisins,
354 grams apples, 63 grams oranges, and 50 grams olive oil.

In Table 14 are given the results of all the dietary studies made with

«U. 8. Dept. Agr., Office of Experiment Stations Bul. 107,
bZtschr. Biol.,, 25 (1889), p. 232.

eZtschr. Biol., 39 (1889), p. 153.

d Ztschr. Klin, Med., 43 (1801), p. 7.
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yuitarians at the University of California, and, for purpose of com-
wmrison, the tabulated results of the German dietaries referred to
hove, the average results of a number of American dietaries, and the
entative American standards for a man at sedentary and at moderately
wtive work and for a woman at light work. In making the caleula-
jons it was assumed that a woman would consume seven-tenths as
nueh as a man at moderate muscular work. The usual factor for a
woman is 0.8, but in the present instance the subject was very small
 stature, below the average in height and weight, and did only light
lwusework. The factors used for the boy and girl were 1.6 and 0.5,
respectively,

Tapnk M4—Comparison of daily dietaries of fruitarians and vegetarians with commonly
aceepted slundards.

Bm 9 )enrs old, dietary : ! Fruitarian.... 19.9

Weight |  Nature | I car- | INutri-
of | of [ Cost. ‘ Fro- | Futveny- | Fuel (T
|subject.!  dietary. | ‘ el [drates, Ve ‘mtm
S MR e - -
§ ; , o re—
SIUDIES WITH WOMEN AND ; ! | L
CHIIDREN, VALUES A8 i : i
DETERMINED. i { ( | ;
Tounds.! i Grans.  Grams.; 1
Woman, 83 years oid, diet- 4.6 | Froitatian._. [ B 50 | 8.6
ary No. 338.a | | :
Woman, 34 vearc old, diet- ! Vegetarian ... 15 ‘ 8. 67 8.0
ary b
|

a6 152 1,;{.&5] 10.8

o \

|
|
5 |
l
|
,\‘é:ara old, dietary \ b8.0 Mixed........ } 16.0 48 ‘ 68 | 260 | 1,730 " 7.6
2\'5 old, dietary ; 33.0 ‘ Frllimriml.._.‘} 17.0 ‘ 24 6 s " 134 :‘ 1,190 \‘ 1Ll
ars old, dietary | 5.0 .. A0 e : 7.5 w072 Lo f 1,385 " 7.4
B3 ars old, dietary ‘ 37.0 i Vegetarian - 15,7 32 l 82 i 165 ‘ 1,408 10.9
w :\r\mla)ra) 42 years old i 83,0 ... do.ooua.. 1 ....... 81 36 i 227 \ 1,399 9.1
Do 44 5t 324 | 1,998 ¢ 9.1
o || | ! I .
CULATED Tu  BASIS GF | ! ! | !
R AT M , bl |
\’\:;:1\\&1{1 3vean¢ old, diet- 1 ......... Fmitarian,.,.l 359 47 I 84 l 214 1,850 j 8.6
\\:;glnyosz\i’c&n 0ld, dict- : ......... Vegetarian j 210 i 61 i 116 " 239 2, 060 J 8.0
B(j\lu. Sa)l'tjgr% old, dietary 1 ......... Fruimtiun..“}\ 39.8 ; RO 112 1 304 2, 10 : 10.4
10 yeurs old, dietary “ ......... Mixed........ ) 27.0 } 8 ; | 433 2,880 ‘ 7.6
(;irl, 6 iegxﬂ 0ld, dietary ‘ i Fruit,ar'mn....} 34.0 48 i 116 : 268 2,875 & 11
um 7 3‘%%1‘5 old, dietary f......o..io... 30 ainnnns 1 55,0 80 | 2% ‘ 268 2,770 | \‘ 7.4
11M,’ S&years old, dietary ‘ ......... Vegetarian . | 31.4 84 1 164 1 828 2,805 i 10.9
“[{mn,)-‘;z years old [oouoocufoenne do...... } ....... a| 43[ om | 1,609 ..
..................... PO Y. - SO R 59! S
STUDIES WITH MEN, | l 1 J
Mau 63 years old, dietary é 124.0 Fruimrism..._j 23,0 40 j 54 1 311 1,n2| 10.9
’ﬂan 64 )eam old, dietary ] 136.0 Vegemrian,..] 18.1 54 ik } 312 2,044 9.0
\i}lqn %enm old, dietary | 169.0 Mixed........ [ 26.0 94 \ 9% ! B7 2,58 l 6.9

agee U. S. Dept. Agr., Office of Experiment Stations S\Jl 107, p- 18,
bNot ineludes in average.



32

TaBLE 14.—Comparison of daily dietaries of fruitarians and vegetarians with commonly
accepted standards—Continued.

S — N R T

Natri-

{ Weight Nature . Car-
o? . of Cost. gg;; Fat. | bohy- F‘l“el tive
subject. dietary. | . drates.| YRIUe | maiie,
[ — |-—— | e S
BTUDIES WitH MEN-—cont'd, ;
Pounds. Cente, | Grams.; Grams. | Grams. | Calories. | 1.
M;n 22 \earrx old, dietary | 168,0 | Mixed ........ 30.7 ; 87 100 433 2,870 7.6

M;n 2‘31vean. old, dietary Fruitarian.._.| 33.4 L5] 150 | 366 i 2,937 8.5
o !

1550 ... do ... 47.0 ¢ 68 103 616 ! 3,305 12.3

Man, 25 years old, dietary
No. 363,

62 98 401 2. 493 10.0
63 593 , 302 11.8
54 22 878 2,775 1.6
years old (Rumpf 74 28 700 3,431 10.3

and Schumm).
Average of 53 studies of
well-to-do  families in
the United States,

103 138 436 3.500 7.3

DIETARY STANDARDS.

Man at sedentary or wo- 160 [enniii 2,700 6.1
man  with moderately !
active work (Atwater). i

Man with light to moder- | 1L | 3,050 | 6.1
ate muscular work (At- |
water). i ; : !

Man with moderate mus- j......... [P T [ | 118 A6 500 3,006 5.3
cular work (Voit). | ! :

Man with moderately ac- i.........0 .. Ao 125 ... Tieeas 3,400 6.2
tive muscular work {At- : :
water), : i N

Woman with light toi......... faeres Ao 90 ol 2,450 6.1

moderate muscular !

work, or man without !
museular exercise (Af- |
water).

aNot inelnded in average.

It will be seen from the table that the results of the two investiga-
tions at the University of California (1901 and 1902) correspond very
closely and also agree in the main with the findings of the German
investigators quoted in showing a uniformly small amount of protein
in the daily diet. This appears to obtain whether the diet is exclu-
sively or partly fruitarian.

It will he noted that the nutritive ratios of dietaries Nos. 3569 and 857
are narrower than in previous dietary studies with the same subjects.
This and the increased fuel value and the decreased cost of the dieta-
ries also ohserved are presumably partly due to the use of cereals in
the laster studies. A comparison of dietaries Nos. 832, 333, and 358
shows that at less cost the Jatter furnishes more protein and energy
than No. 332.° Dietary No. 833 furnishes more protein with nearly
the same fuel value as stated for No. 358, but the daily cost of the
former (27.5 cents) greatly exceeds that of the latter (15.7 cents).

The tabulated results of the fruitarian and vegetarian dietaries for
men show that the minimum quantity of protein (40 grams) and energy
(1,712 calories) per day are found in dietary No. 355. It is of more
than passing interest to observe that the maximum daily protein con-
tent for the fruitarian dietaries (85 grams) is not reported with a
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fruitarian or even with a vegetarian, but with a student accustomed
all his life to a mixed diet, who followed the fruit and nut diet for the
first time during the period covered by study No. 362. It appears
from the table that, notwithstanding the high price of meat, the eost of
the mixed dietary No. 860 (26 cents per day) is less than that of either
of the two succeeding studies made with the same subjeet. The fuel
value, however, is greatest in study Na. 862, with & strictly fruitarian
diet, the protein being but % grams less than in study No. 360.

The average value for the daily protein (52 grams) of the American
vegetarian and fruitarian dietary studies made with men is practically
identical with the corresponding average for German experiments.
There is not. however, such a close agreement in the case of energy,
for in the German studies the winimum, 2,775 calories, reported by
YVoit exceeds by 10 per cent the average of the Ameriean studies.
Finally, it should be noted that as regards protein all the dietaries here
recorded are decidedly deficient ax compared with the commonly
accepted American dietury standard for men ut similar work., The
guestion how much protein is necessary daily for a man in order that
he shall maintain his nitrogen balance ut the most satisfactory protein
level ix an exceedingly important one.

The fuel value of the dietaries here reported seems to approach
much nearer the accepted standard than the protein, and in one case
(study No. 363) is slightly in excess of it.  The cost of the daily diets
varies from 18,1 cents in study No. 356 to 46.5 cents in study No. 363.
1t would thus seem that for a man at moderate work a strictly fruita-
rian diet would not he economical. At the same thme it seems certain
that a vegetarian diet fulfilling ull the requirements of our tentative
standards could be arranged which would cost no more than the aver-
age conventional diet and might in many cases coxt fess. The fruita-
rian diet possesses an advantage in that there is practically no waste.
In the case of nuts and frait of the hest quality the only refuse ix the
uneatable portion, such as shells of puts, stems of fruit, ete., and in
the case of prepared cereals even this does not obtain, as the waste
(hulls, ete.) is supposed to have heen removed hefore they have heen
marketed. .

It appears to the writer from his experience that one serioux and
very common fault with the vegetarians is their ignorance of the nutri-
tive value of the different fruits, nuts, and vegetable foods in general,
which accounts for the selection of foods furnishing at a fairly high
price much less nutritive material than could be furnished for the
same sum or less by other vegetable foods or by more reasonsble
combinations.

1453—No. 132—(8——3
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DIGESTION EXPERIMENTS.

The object of conducting the experiments here recorded was to
gather data relative to the digestibility of fruit and nuts, not only for
the purpose of ascertaining the quantities of nutriment utilized by the
vegetarian and fruitarian, which is of course of great physiological
interest, but also in order to learn whether fruit and nuts should be
considered as sources of nourishment in any considerable degree and
not merely as luxuries or as articles of supposed hygienic or medical
value,

Thirty-one digestion experiments, which included also determina-
tions of the nitrogen balance, were made with four different men.
Two of them, W. 5. M. and C. P. 1., subjects of dietary studies Nos.
355 and 356, respectively, werc upward of 60 years old. They had
been, as already noted, accustomed to the fraitarian and vegetarian diet
for many years. Subject C. P, H. was in cxeellent health throughout
the entire experimental period.  Subject W. 8. M. complained at differ-
cnt times of numbness in the feet and fingers, which had been troubling
him for several years.”

The other two men were university students in good health. J. E.R.,
subject of dietaries Nos. 360, 361, and 362, was accustomed to a mixed
diet and was placed on the fruitarian diet for purposes of comparison.
A. V., the subject of dietary No. 363, had been experimenting with
the fruitarian diet for several years.

The usual method was followed in conducting these experiments,
which, with two exceptions, lasted four days each. All the food eaten
and the resulting urine and feces were carefully weighed and analyzed.

The energy of the urine was computed by assuming that for every
gram of protein in the digested material there would be 1.25 calories
of energy lost in the organic matter of the urine.” The separation of
the feces was made by means of charcoal, taken cither in the form of
compressed tablets or in gelatin capsules. 1t was somewhat difficult
at times to make an accurate geparation, but in the majority of the
tests the line of demarcation hetween the feces colored by the char-
coal and those not %o marked was clear and distinct. In nineteen of
the experiments the feces were examined for the so-called metabolic
nitrogen.

It was planned to make tests with single fruits and then combine
them in succession with the different nuts ordinarily used, as it was
thought that in this way the digestion coeflicients of the different nuts
alone could be obtained by making the nsual calculations and that
their comparative digestibility would also be shown. Iln all, ten

«Bix months after the conclusion of the experiment tixe subject became ill, and the
physician diagnosed the case as ocomotor ataxia, which later termunated fatally.
bU. 8. Dept. Agr., Office of Experiment Stations Bul. 53, p. 27; Bal, 121, p. 21.
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different varieties of fruit and six of nuts were experimented with.
The subjects ate ad libitum of the fruits and nuts decided upon for the
experiment. In some cases the diet of a single fruit or of a fruit with
nuts proved so unpalatable that it was deemed best to supply small
amounts of olive oil, tomatoes, or other materials in addition, in a
number of cases these articles being taken simply as relishes. When
this was done the diet was regarded as palatable. Itis to be regretted,
however, that owing to the difficulty of following such a diet for any
length of time only two experiments were made with a single fruit.

EXPERIMENTS WITH W. 8. M.

The experiments with each of the subjects are grouped together.
Those with W. S, M. follow:

DIGESTION EXPERIMENT No. 383,

Hind of food.—Grapes, with small quantities of olive oil, tomatoes,
and olives. )

Subject.—W. 8. M.

Weight (with clothing).—At the beginning of the experiment 56.3
kilograms (124 pounds) and at the close 55.3 kilograms (122 pounds).

Duration.—Four days, with twelve meals, beginning with breakfast
November 14, 1901.

TasLe 15.—Results of digestion coperiment No. 388,

Carbohydrates.

i |
| H I
Sam-| Weight; Total Nitro- | Pro- Rt o Heat of
ple | Kindof food. ' of mu—‘orﬂﬁlﬁc e bl | Far, | sugar, | Ash. |combus
No. | ; terial. | matter. Fen. " j starch, ‘ Fiber. tion.
i i ! | e |
I T | [ | . o
' Grams, (¥ Oirauns, | Grams, - Grams.
| Grapes, 4,835 4 4.02: 25.14 b,
A, (Frpe - 2,01
207a: Grapes, Cor: i 6.89
49 | Olive oil.. 52,00
32 i ‘Tomatoes. L 23
240 ; Qlives 26.00
1
i 92.
18a! Feces (water-free}| 127,74 29.96
Amount digested. 62.
Per cent digested. 7.

Energy of urine..
Energy of food
oxidized in the

! Percent of energy
| " utitized. .. L
i !

During the experiment the subject eliminated 5,692 grams urine,
containing 0.33 per cent or 18.69 grams nitrogen. 'The average nitro-
gen balance per day was therefore as follows: Incomc in food 8.8
grams; outgo in urine 4.67 grams, and in feces 1.22 grams; indicating
a loss of 3.69 grams nitrogen, corresponding to 23.06 grams protein.
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The diet of grapes only was so monotonous that it was hardly possi-
ble to consume the required quantity. To obviate this difficulty a
small amount of olive oil and some olives and tomatoes were also eaten,
the total nutrients supplied by these foods being small as compared
with the grapes. The subject considered this diet quite appetizing.
During the last two nights of the period, however, sleep was inter-
mittent and toward morning a hunger was cxperienced.

DIGESTION EXPERIMENT NO, 389,

Kind of food.—Grapes and Brazil nuts, with small quantities of
honey, milk, and olive oil.

Subject.—W. S. M. :

Werght (with dothing).— At the beginning and end of the experi-
ment, 56.2 kilograms (124 pounds).

Duration.—Four days, with twelve meals, beginning with hreakfast
November 26, 1901. .

TanLe 16.—Besalts of digestion ceperiment No. 389.

\
| 1

! 1
Sam-t IWeight. Fotad it pros | L
ple Kind of foad.  'of ma- organic - M Fat. “ugar,
No. [ terial, matier, BO D el

1 Heal of
Ash. ‘L ombus-
-[ tion,

Graues.
.d]w

2

|
A

(irapes, Tokay
‘(m\pv,\ Musent ...
"07;: Grapes,Cornichon |
210y Brazil nuts
45 \

o | Ml
44 | Olive ol

Total ... ... [N

2t Feces (water-froe)!
Amount digeste
Per cont digested

88.72

During the experiment the subject eliminated 4,229 grams of urine,
containing 0.452 per cent or 18.77 grams nitrogen. The average
nitrogen balance per day was therefore as follows: Income in food
8.50 grams; outgo in urine 4.69 grams, and in feces 1.38 grams; indi-
cating a gain of 2.46 grams nitrogen, corresponding to 15.38 grams
protein.

The subject believed himself to be amply nourished by the above
diet, and found it more enjoyvable at the close than at the commence-
ment of the test.



37
DIGESTION EXPERIMENT NoO. 390,

Kind of food.—Grapes, Brazil nuts, and granose, with small
quantities of tomatoes, milk, and olive oil.

Subject.—W. 8. M.

Weeght (with clothing).—At the beginning and end of the vxp(‘n—
ment, 56.2 kilograms (124 pounds).

Drration.—Four days, with twelve meals, beginning with breakfast
December 3, 1901.

TABLE 17.—Results of digestion experiment No. 390.

Carbohydrat

Weight- Total |

Sam- . ; i Ni e | r— . Heat of
ple | Kind of jood. | of ma-; organic | S1T0- Pro- L opac | Sugar, | Ash. |combus
No. | terial, | matter, gen. ' i stareh, | Fiber. { tion.

! i ! | ete
e .

um ‘(.rmm« (y’rmus.ltulnrim.
0. 7. 6 335 1 13

Grams
]

2055 '“mpes Tokay
2020; Grapes, Muscat , 048
207a' Grapes, Cornic hnu} 2,073
211a; GTapes, Yerdal [ 1 166

3
120, 40 \ R
181500 054, A0
JENIE - C R
41840 | 2881

i 16,91

248 Granc . 1,275 1

210 | Brazil nuts 457 |
82 Tomatoes -l ns:
9 | Milk . i

44 - Olive of

Total ..., 1,530,209 | 89,37 | 6184

26a; Feces (water-free)
i Amount digested .
. Per cent digested.
{ Energy of urine ..

Energy of food

1 89,07 |
2], 82 1002 !
SLB2 jt

15 2818
24 ity

4,916
i Percentofenergy | '

wugilized. ..o -

i ,

, i i i i !

RY. 01

During the experiment the subject eliminated 4,995 grams urine,
containing 0.488 per cent or 21.88 grams nitrogen. The average
daily nitrogen balance was therefore as follows: Income in food 10.66
grams; outgo in urine 5.47 grams, and in feces 1.55 grams; indicating
a gain of 8.64 grams nitrogen, or 22.75 grams protein.

"The subject appeared to be well satisfied with this diet.

DIGESTION EXPERIMENT NO. 393.

Kind of jood—Grapes and walnuts, with a small quantity of
granose.

Subject.—W. S. M.

Weight (with clothing).—At the beginning of the experiment 55.8
kilograms (123 pounds) and at the close 55.8 kilograms (122 pounds).

Duration.—Four days, with twelve meals, beginning with breakfast
December 10, 1901. #
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Tanue 18.— Resulls of digestion experiment No. 393.

; j o { B Carbohydrates, } )

Sam- Weight] Total Tro- e | Heat of
ple | Kindof food.  |of ma- omeanic Sl wein Fut. . Sugar, | I Ash. icombus-
No. terial, | matter, ; ¥ o ! starch, | Fiver, | tion,
i | ' | cte. | :
R e T — R e
| [ Girams. | Frams.  Grams. I(h‘mn&  Grams. | Grams. | Grams. Calories.
211a; (irapes, Verdal 7,950 1 6,74 42.13 | 86,57 | 779.89 | 31.00 ] 28.62 8,884
223 | Walnuts 680 | 26,75 | 167.14 § 427,86 | 12,721 12,900 5,083
243 | Granose 57 | 1. 6,23 ! .59 1,04 129 230
! Total ... .. {8,687 [1,579.87 ¢ 44.76 ; 42.90 9,147
i ;
378! Feces (water free); 150,23 | 120.98 | ! 866
Amount digeted 9 . 8,281
Per cent digested . 54
Energy of urine . ns
Eunergy of food ¢
| " oxidized in the |
| body . 8,006
\ Pere ntofun,rg\ :
! 8818

i utilized

Durlnu' this expcrunent the subject (’lll.lllldt(‘d 4,729 grams urine,
containing 0.478 per cent or 22.84 grams nitrogen. The average
nitrogen balance per day therefore was as follows: Income in food
8.62 grams: outgo in urine 5.53¢ grams, and in feces 174 grams;
indieating o gain of 1.29 grams nitrogen, corresponding to 8.06 grams
protein.

DIGESTION EXPERIMENT NO. 394,

Kind of food.—~Japanese persimmons and peanuts, supplemented
by small quantities of tomatoes, granose, olive oil, and milk,

Subject.—W. S. M.

Weight (with clothes).—At the beginning and at the close of the
experiment 56.2 kilograms (124 pounds).

Duration.—Four days, with twelve meals, commencing with break-
fast December 18, 1901,

T ABLE 19.— Resulls of digestion experiment No 894.

I T i ! Carbohvdrite

0
|

pie [ Kind of food. Juf ma- | organie |
!

Bam- ; \mght Total | \ L il Heat of
I:z”a”'\ 5’;7‘ | Fat. I Sugar, | Ash. jcombus-
No. ! terinl. . matter, i | stam 1, \ Fiber. tion,

bun! Japanese pemm-
mons
256 | Peanuts

32 | Tomatoes,

i
f-‘ru.ms.i Granes. lrmms { rams. 1Gwznw‘ Grams, 1 Calarics,
|
\ 41 ‘N)\ 886.50 | 115.97 | $5.96 4,725
90.50 | 16.89 | 21.84 5, 715
1.49 ¢ .27 .22

24) Granose . 444
49 | Olive o; 260
9| Milk... . ; . 172

Total ........ 8,604 12,017.27 | 60.00 | 374.98 | 483.22 11 023. 90 ( 135,17 | 62.16 | 11,327

41a; Feoes(water-free) 232.89, 207 27 U o) gl hsen | £9.%6 | 13.207 2562 1,30

Amount digested. .1,810.00 | 52.08 | 325.46 | 428,62 | 934.04 | 121.88 | 36,54 | 10,007
Per cent digested. 9. | #6.80 | 86.80 1 88.70 | 9122 90.16| 58.78| 88,83
:

Energy of urine ..
KEnergy of food
oxidized in the

.. 9,600

84,76
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During this experiment the subject eliminated 4,538 grams urine,
containing 0.652 per cent or 29.58 grams nitrogen. The average
daily nitrogen balance therefore was as follows: Income in food 15
grams; outgo in urine 7.40 grams, and in feces 1.98 grams; indicating
a gain of 5.62 nitrogen, corresponding to 35.12 grams protein.

This unusual diet was of the subject’s own selection and apparently
was satisfactory.

DIGESTION EXPERIMENT NO, 396.

Kind of food.—Pears and walnuts, with small quantities of granose
and milk.
Subject.—W. 8. M.
Weight (with clothes).—At the heginning of the experiment 57.1
kilograms (126 pounds) and at the close 56.7 kilograms (125 pounds).
Duration.-—Four days, with twelve meals, beginhing with breakfast
December 26, 1901.

TanLr 20.— Results of digestion experiment No. 896.

i i i i , Carbohydrates

o s | |

Sam- Weight. Total | I | T T Heat of
[\:le Kind of food. | of ma- organic ‘\,‘g“'l”' ; L,‘;“’l | Tat. ' Sugar, | Ash. [combus-
No. iterinl. , matter gen. | S starch, | F‘lb(.l‘ tion.

| ete,

Grams, | Grams. . Grams. Calories,
37,16 1, 131 W 118.48 . 3825 6,287
485,10 ¢ 4420 14 7% 5,1
008 10,85 ... i . 171
116 84. 06 2067 2 5') i 444

Total. ... 110,889 2,315.94 | 45,85 | 286.60 | 3250 1,369.93 | 120.91 . 5212 12,542

27.92
113 99. 64

=g

Granose ...

494 Feces(waler-free)! 184, 48

Amount digested. .

Per cent dlge\ted.
Energy of urine .

| Energy of food”

H oxldlzed in the !

:

During this experiment the subject eliminated 5,480 grams of urine,
containing 0.397 per cent or 21.55 grams nitrogen. The average
nitrogen balance per day was therefore as follows: Income in food
11.46 grams; outgo in urine 5.39 grams, and in feces 1.82 grams;
indicating a gain of 4.25 grams nitrogen, corresponding to 26.56
grams protein.

DIGESTION EXPERIMENT NoO. 398.

Kind of food.—Pears and ooeoanuts chiefly, with cheese, tomatoes,
and olive oil.

Subject.—W. 8. M. ¥

Weight (with clothes).—At the beginuing of the experiment 57.1
kilograms (126 pounds) and at the close 56.8 kilogrms (124.5 pounds).
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Duration.—Four days, with twelve meals, beginning with breakfast
January 6, 1902,

Tanre 21— Resulis of digestion experiment No. 398.

; ' ! : : T carbobydrar !

o -, [ -— —— <H\~ut0{
ple Kind of food. | of ma- organie I\"Lf",”' E ‘}\::; | Fat. | sugar. | ! Ash. lcombus-
No. | jwn’u] matter. | FOT- e smn h, | Fiber. ! ! tion.

; |
i

§ | | i

B
Sam- i Weight | Total
|
[
|
!

-

| Frams ‘ frams. | Calaories.
Bla, Pears..... | 2. 652 115, R 6,421
ry31 | Coconnuts. .77 N 5,804
\ Cottrge.che .93 B 81
Tomatoe .73 Nix 5
49 L Olive ol - | 586
Total ... ‘ .34 22.71 | 141.m l 596. 7% 12,897
,’\m\ Feces (water- fl"(‘t; 175,45 1 3, 65 46,30 ¢ ‘ 52,11 3,002
| Ammlm Qigested.’ 2, it 5 | 106,61 | 51«1 m 11,875
r cent digested. 5|7 Y2. 09
inergy of urine . 133
Ener of fnod
oxidized in the |
body 11,742
' Pereéntof energy
booutilized. 91,06

During this experiment the subject eliminated 6,792 grams urine,
containing 0.344 per cent or 23.37 grams nitrogen. The average
nitrogen balance per day was therefore as follows: Income in food
5.68 grams; outgo in urine 5.84 grams, and in feces 1.41 grams; indi-
cating a loss of 1.57 grams nitrogen. corresponding to 8.81 grams
protein.

The diet used in this experiment was chosen by the subject and
proved appetizing. The pears were ~aten in three different ways, 1. e.,
raw, baked, and combined with tomatoes in a salad, which was dr(u,,s.sed
with a little olive oil.

DIGESTION EXPERIMENT NO. 401,

Kind of food.—Apples, dried figs, and walnuts, with some grancse
and milk.

Sudject.—W. 8. M.,

Weight (with clothes).-——At the beginning of the experiment 57.6
kilograms (127 pounds), and at the close 58.1 kilograms (128 pounds).

Duration.—Four days, with twelve meals, beglnmng with breakfast
January 14, 1902,



41

TABLE 22.— Results of 'lzj(stmu experiment No. 401.

Carbohydratos,

Sam- “ Plgh( Totul Ni p - - Heat of
ple ;  Kindoffood. :ofma-forganic "0 P gy sugr, Ash, feombus-
No. | terial, . matter, ¥ vin. starch,  Fiber. tion,

! ete.

PGrams.. Grams, Grams, Grame: Grams.; Grams, ('mma.. firams,

{ Flgﬂ, dried. 012 0 769,11 1 TOR 63250 #.02 0 13,16

230a Apples. %63 5143 20,26

'2"3 Wulnuts 12,98

27292
STEROP

- 1.69
2,061 2.55
\51.79' .11

Milk. .
246 \ Granose .

1 !t:

Total ....... 9,801 2,378.39 ¢ 441,61

an Feces (water-free) 221,23 | 193,41 | 2. 00 33, 51 1. 1,856
Amount dlgerted 184,98 ¢ 60 11, 22 10,818
i 89,7

umdxzed inthe |

I

body 10, H%G
Per centof energy
| utilized K787

. . . - s

During this experiment the subject eliminated 5,645 grams urine,

containing 0.424 per cent or 23.84 grams nitrogen, The average

nitrogen halance per day was therefore as follows: Income in food

10.27 grams, outgo in urine 5.99 grams, and in feces 8 grams; indi-

cating a gain of 1.28 grams nitrogen, corresponding to 8 gramms protein.
DIGESTION EXPERIMENT NoO. 403.

Kind of food.— Apples, dates, and peanuts, with some granose, olive
oil, tomatoes, and milk.

Subject.—W. 5.- M.

Weight (weth clothes).—At the beginning of the experiment 58.1
kilograms (128 pounds) and at the close of the experiment 58.2 kilo-
grams (128.5 pounds).

Duration.—Four days, with twelve meals, beginning with breakfast
January 21, 1902

TABLE 23.— Results of digestion e l[;ulm(‘/l[ No. 403,

( nrhoh) drates.

Sam- {Weight' Total | Nitro-  Pro- 3 T Heat of
pie Kind of food. | of ma- - organie . tein Fat. ‘ugur Ash. lcotnbus-
No. ! terial - matter . © g ' ~mtrch, , Fiber. tion.
! ' H ©oete.

PGrams. | Grams, {Froms,

L G, Gram L Grams, : Ca
d 7.9 &! 1 9.77

X,

917.57 3,782

1392 2,495

17,77 4,601

H 13

586

M4

172

Total ....... 8,328 49. 49 i 414.11 {1,582.57 | 103.32 | 45.87 | 12,152

77a; Feces (water-free)| 220,55 5. 85 .82 | 67, 69.15 | 43.56 | 18.54 1 24.70 1,315

Amount digested - 2, 16: 38, 10,837

Per cent digested. 89,16

Energy of urine .. 302
Energy of food

e .

86.70
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During this experiment the subject eliminated 5,893 grams urine,
containing 0.503 per cent or 29.64 grams nitrogen. The average
nitrogen bhalance per day was therefore as follows: Income in food
12.37 grams; outgo in urine 7.41 grams, and in feces 2.70 grams;
indicating a gain of 2.26 grams nitrogen, corresponding to 14.13 grams
protein.

DIGESTION EXPERIMENT NO, 405,

HKind of food.—Apples, dates, pecans, with a little granose and
cottage checse.

Subject.—W. 8. M.

Weight (wrth clothes).—At the beginning and close of the experi-
ment 59 kilograms (130 pounds).

Duration.—Four days, with twelve meals, beginning with breakfast
January 28, 1902,

TasLe 24.—Results of digestion experiment No. 405.

| [ Carbobydrate
S Weight' Total | o e Heat of
ple © Kindof food. Lol wia-; organic] Mg:»- | gg;: U Fuf. , Sugar, } Ash. icombus-
No | | terinl, - nmter. | §¢7 . starch, | Fiber. | [ tion.
i ote. | :
Gram (ir(un,&“(r‘rm]m. Calori
2 Appl BE.03  13.29 E b,
Dates 60 2867 ES
243 1 Pecans . 22,51 15.83 | 4,

1 ¢ Cottage cheese 94 65
243 ¢ Granose ... 83.48 . 177

Totad ..._... 30. 30. 440.62 11,863, 26 | 136.35 y 42,08 13221
}Jmi Fecos (water free) 41,87 | 16,47 0 19.28 ¢ 893

i1,821.89 nyss !l 280 12,30

+ Amount digested . 3 i
i 9153 1 97.78 . R7.92| 5418 93,28
181

ecent digested.
ergy of urine _.{. .

: of food i

| oxidized in the | :

o body ool [P, | IR - D12, 147
. Percentofenergy i

“ utilized. “1.88

During this experiment the subject eliminated 5,648 grams urine,
containing (.413 per cent or 23.83 grams nitrogen. The average
nitrogen balance per day was therefore as follows: Income in food
7.60 grams; outgo in urine 5.84 grams, and in feces 1.81 grams;
indicating a loss-of 0.05 gram nitrogen, corresponding to 0.31 gram
protein.

Concerning the diet used in this test the subject stated that it was
enjoyable throughout and eaten with increasing relish.

DIGESTION EXPERIMENT NO. 406,

Kind of food.—Apples, raisins, and walnuts, with peanuts, peanut
butter, granose, cottage cheese, and butter.
Subject.—W. 8. M.
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Wei ght (with clothes).— At the begiuning and close of the experi-
ment 59.4 kilograms (181 pounds).

Duration.—Four days, with twelve meals, beginning with hreakfast
February 4, 1902,

TavLe 25.— Reswlts of digestion cxperiment No. 406.

| T

[ / (‘zlrbnh)dmte-&
Sam- VS mght Taotal 1 N Heat of
ple Kind of food. | of ma- { organic| N[:" l{::;;’ | Fat. ngnr, Ash, |eombns-
No. )rlal | matter. | . . starch, | Fiber, tion.

i

| ete. H

Grims,
242a| Apples. oa\a. 20 |
257 | Raisins
223a) Walnuts

10 | Butter.
243 | Grano-
255 | Peanuts 7T
44 § Peanut . A 10.09
11 | Cottage che ose . 3 . . 26 Wt 3,14

Total ........ . 2,743, 383 | 273,93 | 3490 {2,001.50

suai Feces (water-free)!
Amount digested
Per cent digested.
Enetgy of urine....
Lnerg» of food i

oxidized in the | ! ! !

body 12,801
Percent

ntilized. .

During this experiment the subject eliminated 5,055 grams urine,
containing 0.446 per cent or 22.57 grams nitrogen.  The average nitro-
gen balance per day was therefore as follows: Income in food 10.96
grams; outgo in urine 5.64 grams, and in feces 2,12 grams; indicat-
ing a gain of 3.20 grams nitrogen, corresponding to 20 grams protein.

The subject stated that the combination of fruits and nuts used in
this test was quite satisfactory. The raisins were seeded and with the
nuts made into a sort of mincemeat, which was eaten with great relish.

DISCUSSION OF DIGESTION EXPERIMENTS WITH SUBJECT wW. 5. M.

A stady of the foregoing experiments hrings to light a large amount
of interesting data. In order to facilitate a review of these the results
have been summarized in the following tables.

Table 26 shows the weight, composition, and fuel value of the food
eaten per day during the different experiments; Table 27 summarizes
the coeflicients of digestibility for each of the eleven experiments, and
Table 28 gives a summary of the income and outgo of nitrogen as
determined for the individual experiments.
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. Tamixr 26, Weight ond composition of food per man per day.

(‘m\mhxdrm ‘
Weight Total | [, — ! Heat of
bt Kindof fond.of ma- organic \R(}"l“ ; “.m Fat. . Sugar, combus-
W terial, maiter. \ - . ! sturelt, tion.
i i cte,
i s Grams,; : rams, - Grams.  Grams, | Grams. Calovics.
SR8 [ Girapes, gssorted o Q508 0 265,656 | 22000 18,78 23,28 222,65 6, 02 7.61 1,047
389 | tirapes, and Bra- ! !

Zil nuats,

12 342,41 199,64 34,47 12,75 2,198

| i
i it ! . I -
s, granose...i 1,917 5 2B | 1086 | BO.81 1 S3.AG . BK2.AT DoB8E 18496 2487
. i
I

Jooam meer s me2 1 5T

Japanese persim- '

i mons, peanuis

; 1mitk, 227grames)

;}’uurs walnut:

{milk 227 grams: :

[ granose, 137 i

‘ : ) ’ ’
!

6, 21, 1.19 7 1072, 2,007

W

2,400

|
RIS ' 15. «)0

H

|

grams) ...
Penrs, coconnut ..
Drivg figs. ﬂ.]:pl(*\ i i
walnuts .. 2450 1 A8 G0 ! 110406 BR2.05
Apples, dutos ' i |
PeAtitts .. S22 =S R TS 10% A K314
405 Apples, dates
! peeans

406, Apples,
walnmts oL Ny

2,795
2 936

208
401

2,647
3,634
10.52 \‘ 2,087

44

LN

o) TR TI015 T 6hK6

oP00.39
T |

Average, 11 ! i

11 3,07

expoer | | [
ments 2,579 DECEE S ,o 0748 | 83833 | 26,71 \ 12.55{ 2,47y
Tantn 2V —-SNonry of digestion exrperitaents.
¥ | \ t (‘url mhy xl TaLeS
. . Total | e | Energy
L Kind af Tood. organic ’mu‘m\ Pat. | Sugar. . Ash. | avail
N mtter, starch { Fiber. | i able,
- T | p et [ ' i

s Per et
38N Grapes, with smallamountof olive !

oil, tomatoes, and olives 85,35

384 - Grapes, Brazil ts ... ‘)1 88,72
890 Grapes, Brazil nuts, grane 93 89, 01
- 9L 8818

I
393 Urapes, walnuts, granose.
Per~|n1mnm and pvumm (mllk. J

l‘(‘{u\ walnuts, milk

396 1 - By, 12
898 1 Pears and cocosuut. ...

400 ; Dried figs, apples, walnugs
¢ Apples, dates, peanuts

403 i 86.70
405 | Apples, dates, perans. 3 91, 88
406 ¢ Apples, raising, walnuts i 90,78

! Average, 11 experiments. . 88.61 ‘ 96.85 | .78
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TABLE 28.— Income and outgo of nitragen.

Ex- (‘ Nitrogen.
E:erln Kind of food. | i T
No. i Iu food. | In urine, 1 In feces. |

| ;
Grams, . Grams. | Grams, |
388 | Grapes, asanwd who]o period (4 day R 80 . 69 4.89
Average forlday ...... ...,
389 | Grapes, Bn\/ﬂ nu(s whole period (4 da;
Average for ] d.
390 | Grapes, Brazil uu
Average for 1 d
893 | drapes, walnuts, granos
€]

T
5,38

s.62

ge for 1d '
394 1MOns, yrmnuts u.um. grams), whole !
eriod (4 d 60,00
15.00 |

207 grans
grams), whole period (4 days).
Avernge for1 day
anut
orld
401 | Dried figs, apples,
Average for 1 day
403 | Apples, dutes, peaniuts, whole p
Average for 1 d
s [14) Ap]des de

In considering thew and the succeeding digestion experiments it
must be remembered that the digestibility of the food, and therefore
the coeflicients of digestibility, depend on many factors.  The point has
been so freely discussed in previous publieations of this Ofhee® that in
this present instance it ix not necessary to treat the matter in detail.
1t might not he out of place, bowever, to call to mind some of Praus-
nitz’s? ohservations in this connection.  He points out that there are
three possibilities—either (1) each food digests as if it were used alone,
or (2) one is hindered or (3) is helped in digestion by the presence of
others. F¥or the experiments under discussion the question is an
exceedingly important one.

It appears from an examination of the data in Table 32 that in the
first experiment, No. 388, in which the diet consisted entirely of grapes,
the coefficients of availability for protein are extremely low. This
may be accounted for in several ways. The protein of the grape may
contain considerable amid nitrogen, although an examination of the
data for the urine and feces would tend to an opposite view. The total
amount of protein supplied by the food during the experimental period
was 55 grams, while the feces contained 80.53 grams, or over 60 per
cent, implying either a large amount of undigested protein or an
unusual excretion of nitrogen in the so-called metabolic products. A
reference, however, to Table 55, page 73, showing the metaholic nitro-
gen of the feces, indicates that for the experiment the feces contained
about 1.3 grams of nitrogen in the so-called metahglic products, while
the average of the 11 expeuments is 1.35 grams. Wether the low

«U. 8. Dept A«rr , Office of Experiment Stations Bul. 21, pp. 53-80. See also
Konig’s Chemie der menschlichen Nahrungs- und Genussmittel, 1889, p. 46.
b Arch. Hyg., 1893, p. 626.
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coeflicient obtained in this instance is due to the indigestibility of the
grape protein, or whether it is a case of personal equation, or whether
it is to be accounted for by the monotony of the diet, is one of the
many questions which this investigation has given rise to.

The coeflicient of digestibility for sugar, ete., is fairly high. -That
for the fat (ether extract) is low, but as we are not perfectly familiar
with the composition of this waterial little can he said regarding its
digestibility.

The food eaten in this experiment is less than a maintenance diet,
as proved by the loss in body protein and total weight. The results
obtained from experiment No. 389 are much more satisfactory in every
way. The amount of protein was almost four times and the energy
more than double the quantity ingested in the previous experiment,
The coeflicients of digestibility, 84 per cent for protein, 91 per cent
for fat, 85 per cent for tiher, and 55 per cent for mineral matter, are
all far higher than those reported for the grape experiment. This
implies that the Brazil nut is quite thoroughly digested, at least by
this subject.  Whether like conditions would obtain with other sub-
jeets is u question for further study.  The Brazil nut does not find as
much favor with fruitarians generally as either the almond or walnat,

When walnuts were substituted for Brazil nuts, as in experiment
No. 893, a decided lowering of the digestive coeflicients was noticed,
which tends to show that for this subject at least walnuts are not as
well agsimilated as Brazil nats.

It is of more than passing interest to note the high digestibility
observed in experiments Nos. 394 and 39S for a diet consisting in the
main, respectively, of Japanese persimmons and peanuts and of pears
and cocoanut. These two combinations are not usually considered to
be inviting or appetizing even for one meal, yet this subject suhsisted
on each of them for four days. During the first test he gained 140
grams in body protein, while during the second he lost about 39 grams.

It appears from a consideration of experiment No. 401, in which the
main foods used were apples, dried figs, and walnuts, and No. 406,
where the diet consisted chiefly of apples, raisins, and walnuts, that
the raisins were more thoroughly digested than the dried figs. This
point ix further emphasized by referring to Table 22, which shows for
the period covered by experiment No. 401 a gain of 32 grams protein,
while for experiment No. 406 a gain of 80 grams is recorded. The
fact that the diet used in the latter experiment contained some pea-
nuts and peanut butter may account to some extent for the increased
digestibility but not for the great difference observed. :

A comparison of the results of experiments Nos. 403 and 405, in
which apples and dates were eaten, combined in the former test with
peanuts and in the latter with pecans, indicates that for this subject
there is little choice between the two nuts as regards dlgestlblhty
The main difference ohserved was in the fat.



- 47

The average coefficients of digestibility for the fruits and nuts in the
above experiments made with this subject indicate that these foods
possess a high nutritive value. This is shown further by the fact that
during the entire experimental period of eleven weeks, from November
19, 1901, to February 7, 1902, while living upon a diet consisting
mainly of fruit and nuts the subject gained 7 pounds in body weight.

It appears from Table 28 that the income of nitrogen in the food was,
with the exception of experiment No. 894, generally low. The
minimum quantity of nitrogen, recorded for experiment No. 388,
namely, 2.2 grams per day, was naturally coexistent with the maximum
loss. It would seem from the results of experiment No. 403 that with
a diet furnishing about 4,400 calories of energy this subject required
about 8 grams of nitrogen per day for the maintenance of nitrogen
cquilibrium, for with a daily income of 7.6 grams of nitrogen there
a loss of only 0.05 gram. In two experiments, Nos. 388 and :"
where the income fell still lower, there was a corresponding gre‘mt
loss of body protein. In the remaining experiments, notwithstanding
the small income of nitrogen, there is recorded an average daily gain
varying from 1.28 grams of nitrogen in experiment No. 401 to 5.62
grams in experiment No. 394.

EXPERIMENTS WITH C. P. H.

The details follow of the digestion experiments made with C. P. 1L,
who, as previously stated, was a man about 60 years old and in excellent
health. For many years he had bheen accustomed to a diet similar to
that eaten during the experimental period.

DIGESTION EXPERIMENT Xo. 341

Kind of food.—Bananas.

Subject.—C., P. H.

Weight (with clothes).—At the beginning and close of the experi-
nient, 61.7 kilograms (136 pounds).

Duration.—Three days, with eight¢ meals, heginning with breakfast
December 2, 1901,

TaBLr 29.—Results of digestion experiment No. 391.

! E \ Carhohydrates, '
Sam- Weight: Total i i I S Hent of |
ple Kind of food. | of fm organie | 8T t{f" ! \:lol;;; | Far ‘ Sugm Ash. jcombus.
No. i terial. mmter | gen | iber. : tion.
| : ewc. |

: Grams \ Grams. ‘\ Grams. (‘mms \Gmms | Grams. \ Grams.! Gmme. Calories.
212a) Bananas.......... 56520{9()0281103 .85 | 978}80915\2102‘332:’ 3,839

298 FeLeq(water free)[ 57.40 | 50.21 299

Amount digested 856,07 3,513

Per cent d}gested 9230

Energy o( \mne 63
Energy 0

gg(l]dlzed in t e | 5.4

90.66

aThis sub;ect usually ate but two meals per day.
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During this experiment the subject eliniinated 2,422 grams urine,
containing 0.497 per cent or 12.03 grams nitrogen. The average
nitrogen balance per day was therefore as follows: Income in food
8.51 grams: outgo in urine 4.01 grams, and in feces 0.84 gram;
indicating a Joss of 1.34 grams, corresponding to 8.88 grams protein.

The subject usually rose at tn3<) and took a cold-water sponge bath,
followed by gymnastic exercises. e was cngaged in literary work,
though he also exercised about four hours daily in the open air,

This dict of hananas hecame exceedingly monotonous, and the subject
craved some variation soon after the conmencement of the experi-
ment.  The fruit was caten both yaw and cooked, and was most
pleasing when toasted, with a little salt added. 1t was noticed that
when raw hananas were eaten the subject was not hungry as soon as
when the tousted fruit was eaten.  Owdinarily the subject ate but two
weals a duy, hut Lie found that two menls of hananas were not sufli-
cient 1o keep hinr from being umgry all the time. He stated that he
felt as well at the elose of the experinent as at the beginuing, except
that be was hungry for something which hananas did not furniszh and
which he thought nuts or somening akin to nuts would supply. He
did not think that bananas should have all the credit for his continued
Liealth and good phy=ical condition, since e believed that he could have
fasted for the three days and still have been strong and well, provided
he could have had at least eight hours «leep per dd\'

ok

DIGESTION EXPERIMENT NoO, 542,

Hend of food. —Bananas and almonds.

Subjoct.—C, P H.

Weight (rith dothes)—At the beginning of the experiment 62.8
kilograms (135.5 pounds), and at the ¢lose 62.6 kilograms (138 pounds).

Dration.—Four days. with eight meals, beginning with breakfast
December 10, 1401.

Tante 30— Resulis of digestion coperiment No

i | ' Carbohydrates. ‘l

| !
sam- | Weightl Total . Jom Heat of
ple Kind of food, | of ma- [ organic | M\;;‘ \ &,‘i;: Fat, | sugar, | [ Ash. combus-
No. terial. | matter. * £ i . | starch, | Fiber, i tion.
§ooete I

Yo [ T ‘7‘\’ )‘7, —
A, | l}mmx firams, Jhmrm frams, 3. Grams.
11.41 10. 59 891 2829 |

Arams. Colorics.
2124 Banunns. . 7,008 | 981, 728 36,00 | 154
249 Almonds . 451 | 44688 1 13,80 | 85.12 ¢ 261,19 18.87 3 317

Total ....... 17,589 142743 | 2471 154,40 - 2

143,49 7.41 | 46.34
1, 283, ¢ 7.300| 108,06
K391 7000 [ 70000

w3 1,4m

330 Feees (water-free)]
| Amount digested. .
Per cent digested .

1 Der cent of energ:
‘ utiiiz
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During this experiment the subject eliminated 8.750 grams urine,
containing 0.553 per cent or 20.73 grams nitrogen. The average
nitrogen halance per day was therefore as follows: Income in food
6.18 grams; outgo in urine 5.18 grams, and in feces 1.86 grams: indi-
cating a loss of .86 gram nitrogen, corresponding to 5.8% g
protein.

During the first day of this test the subject ground the almonds to a
tine paste, thereby cusing a separation of the oil.  Thix pasty mass,
closely resembling peanut hutter, did not digest well.  During the suc
ceeding three days he ate the nuts without grinding, and they scemed
to digest move casily.  The diet was appetizing and very satisfactory
to the subject, who believed that he could follow it much longer than
four days and also work hard, hoth physically and mentally.

The results of the experiment, bowever, do not hear out this helief.
The nitrogen equilibrinm was not kept up, the energy utilized was
very low, and there was a slight loss of body weight.

ms

1

DIGESTION EXPERIMENT NO. 34D,

K/m,lbfgf'(fl/«)d.f—Bmuums and walnuts,

Subject.—C. P H.

Weight (irith clothes).—At the beginning of the experiment 63.2
kilograms (189.5 pounds), and at the close of the experiment 62,1
kilograms (137 pounds).

Duration.——FYour days, with =ix wmeals, beginning with first meal
December 18, 1901,

TaBLE S~ Results of digestion eoperiment No. 394,

Carbol

sam- Weight  Toial | e { Heatof
ple Kind of food, of M- organic

No. terini. . matier,

Fat.  Sngar., ANl combus-
starch, | Fiber. | tion.
o,

itre-
men. teln,

Cretms.

firaams,
0.9

H Grams
a. Banunus 9.
« Walnuts

Total

donf Feces twater-ree) 16,

[ Amonnt igested.
| Per eent digested. .
Energy ol urine
Energy  of food
dized in the

¥3.78

During this experiment the subject eliminated 2,740 grams urine,
.coutuining 0.644 per cent or 17.97 grams nitrogen. The average
nitrogen balance per day was therefore as follows:  Income in food
6.58 grams; outgo in urine +.49 grams and in fecr: 1.59 grams;
indicating a loss of 0.50 gram nitrogen, corresponding to 3.13 grams
protein.

1453—No. 132—08—4
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As ahove noted, only six meals were taken during this test—on the
first day, one; on the second day and third day, two meals each; and
on the fourth day, one meal.

. The subject noticed that the diet used was monotonous, and that
he did not look forward to mealtime with any degree of pleasur-
able anticipation. He also observed that while his general health
remained good, when running up hill his legs hecame weak before
reaching the top. which did not happen when using a diet of cereals,
legumes, fruit, and nuts. Undoubtedly the loss of weight would
have been much less and more meals would have bheen taken during
the experiment had the subject heen able to cat the food with more
relish.

DIGESTION EXPERIMENT NO. 397,

Kind of food.—Apples and walnuts,

Subject —C. P H.

Weight (ith ciathes).—At the beginning of the experiment, 63.1
kilograms (139 pounds), and at the close of the experiment, 61.9 kilo-
grams (136.5 pounds).

Dhration.—Four days, with nine meals, beginning with breakfast
December 26, 1901,

TanrLe 32— Resulls of digestion erperiment Noo 367

Sani- Weight. Total 0 pro. | Heat of
ple Kind of food.  of ma- | orgunie © ,‘U:l‘ tein, | Fat Ash. jcombus-
Ko. terial. ' matter, © FC ' 1 tion.

Grame. Gromns,
4,593 |
J1,589 1 5Yn. 93

Grame, Grams, (rams. Grams.
89 . 24.34 | 2480 70
24,74 | 15460 796,00 | 2

Granes. Grions, Calories.
42.72 11.02

200a Apples.
22 Walnuts

1076 | 12008 |

Totad ... 420,80 40:

bsn Feees (water-free)
T Amount digested
Tar cent digested

utilized....

During this experiment the subject eliminated 4,024 grams urine,
containing 0.450 per cent or 18,14 grams nitrogen. The average
nitrogen halance per day was therefore as follows: Income in food
7.18 grams; outgo in vrine 4.53 grams, and in feces 2.69 grams;
indicating a loss of .04 gram nitrogen, corresponding to 0.25 gram
protein, ’

The subject stated that he did not find this dict as sustaining as
when bananas were used in the place of apples.  Usually two meals
sufficed for the day’s need. but on the second day of the experiment
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he felt the necessity of a third meal, which was eaten about 7 p. m.
In this instance the physiclogical results are entirely in accord with
data of the test. The diet furnished only a small amount of nutri-
ment, and as a natural consequence the suhject felt weak and unable
to perform his usual gymmastic exercises or to take his accustomed
long walk.

DIGESTION EXPERIMENT NO. 394,

Kind of food.—Apples and almonds.

Subject.—-C. P. H.

Weight (with clothes).—At the beginning of the experiment, 3.7
kilograms (140.5 pounds). and at the close, 61.9 kilograms (136.5
pounds).

Duration.—Four days, with eight meals; heginning with hreakfust
January 6, 1902,

TanrLe 83.—Results of digestion experiment No. 209,
j ! ! Carbohydrates. !
Sam- ! ) Weight  Total Nitro- | Pro- ' o i Hentof
ple | Kindoffood.  of ma- organici SUC T RO pan sugar, Ash. combus-
No. ; terinl.  matter. - 8¢ . starch, | Fiber, tion.

ete.

L trams. ceorams. | it
3095 | 3153 477,70 | 5432
704 [ 46210 15860 | 20085
i

Grims. | Grams, Grams,
.50 o B0. 95

Graans, Calori
02 2,6

2098 ! { 5
249 Almond

5, 883

Total coooa... 177.99 |

636.30 | 76,

6la Fece

(wat 5 14410 26,45 | 14.09 | 18.3

38
6218 | 19.30

- Amount dig 6,526,562 1.240.10 | | 754
| Per cent digested. 9. 61 SLAS T BL22 L #6101
{ Bnergy of urine .. . . 165
! Encrgy uf food |

| oxidized in the |

! 3 7,383

) - : :
Percentof energy i i .
utilized

During this experiment the subject eliminated 5,125 grams urine,
containing 0.399 per cent or 20.45 grams nitrogen. The average
nitrogen balance per day was therefore as follows: Income in food
-7.14; outgo in urine 5.11 grams, and in feces 1.82 grams; indicating
a gain of (.21 gram nitrogen, corresponding to 1.31 grams protein.

The subject drank no water during this experiment and although
apples are quite succulent and supply considerable water, the lack of
it as a beverage may tend to account to some extent for the loss of 4
pounds in body weight. The fact that there was such a decrease
in weight combined with a slight increase in protein would seem to
warrant such a conclusion.

The subject found himself becoming steadily weaker as the experi-
ment continued. He omitted much of his usual exercise and consider-
ably shortened his daily walk,
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DIGESTION EXPERIMENT NoO. 400.

Nind of food.—Apples, bananas. walnuts.

Subject.—C. P H.

Weeyht (irith cluthes).— At the beginning of the experiment, 64 kilo-
grams (141 pounds). and at the close, 64.2 kilograms (141.5 pounds).

Dt ion- Four days, with eight meals, beginning with hreakfast
January 14, 1902,

T silts of digestion esperiieal No. 400,

[—
Carbohydraies.

Sam- B eisnt; ot I xitro ?}{g,nof

U ¢ ! oo b ,
ple o Kindofiaed, Lofmae borganie P SIT0T PIOR g gy, Ash. jcombus-
No. [ terial, matrer, KU T | starch, | Fiber, | tion,

el i

g Apples .
2 Bunangs
223 Walnuts .

Total .. K74,10

48, 14

REAR

Seees water
Amaunt dig .
i+ Per cent digeste
Energy of urine |
ol food |
n the |

(G

461

i Ener.

Fere

o i .
utilized. .o e e

During thix experiment the subject eliminated 3,350 grams urine,
containing 9.575 per cent or 1930 grams mtrogen. The average
nitrogen balance per day was thercfore as follows: Inconme in food
8.51 grams; outgo in urine 4$.32 grams, and in feces 2.16 grams:
indicating a gain of 1.53 grams nitrogen or 9.56 grams protein.

The bananas were sliced and cooked to a mush without adding water
orsalt.  They were found to he more palatable than when caten either
raw ot toasted.

Thix test was much more satisfactory than the previous one in many
ways,  The weight was slightly increased and there was an appre-
ciable gain in protein.  The subject remained in good physical con- |
dition during the entire experimental period, exercising and taking
long walks. On the second day he ran almost a mile in six minutes,
and remarked that he could have kept up the exercise longer. He
also performed cousiderable mental work during the four-day experi-
ment, writing as late as midnight on two occasions.




DIGESTION EXPERIMENT NO. 4032,

Kind of food.— Apples. bananas, almonds.

Subject.—C: P H.

Werght (with clothes).—At the beginning and end of the experiment,
64,2 kilograms (141.5 pounds).

Dryation. - Four days, with eight meals, heginning with breakfust
January 21, 1902

TanLe 35.—Results of digestion copevinant No. joz,
Carbobiydrates, |
Himn- Weight' Total 0 v Feand of
ple Kind ol food.of ma- organie 0| P‘i‘f' EoTal o Sugar, Ash.  eombus
No. terinl. morter.  EUN Cik- stareh, | Fiber, o,
LRI

(menis, £nlories,
S48 1,612

N
9,199

frams,
o

EYALY

7au Fecos{water-fr
i Amount digested.
Per cent digested.
Energy of urine ...

of food
iinthe |

During this experiment the subject eliminated 4,253 gramm urine,
confaining 0.46% per cent or 1997 grams nitrogen. The average
nitrogen halance per day was therefore as follows: Income in food
11.41 grams: outgo in urine .94 grams, and in feces 2.29 grams; indi-
ating a gain of 413 grams nitrogen. corresponding to 25.81 grams
protein.

The diet of apples, bananas. and almonds was eaten with consider-
able relish, The subject believed that he could, if necessary, main-
tain his condition on this diet; but for the sake of variety he felt that

. it would be well to add food made from cereals and relishes, such as
honey, ete.  On such u diet he believed he could perform heavy man-
ual labor.  During the study he exercised a great deal every day, and
wias also occupied with considerable mental work.

DIGESTION EXPERIMENT No. 404,

Kind of food.—Apples. bananas, and Brazil nuts.

Subject.—C. P. H.

Weight (with lothes).—At the beginning of the experment, 64
kilograms (141 pounds), and at the close 63.5 kilograms (140 pounds).

Duration.—Four days with eight meals, beginning with hreakfast
January 28, 1902,
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TABLE 36.— Results of digestion mpr'rmwn[ No. 404.

]’ ! ’ ra,t
Bam-i Weight Toial Nitro- i Pro- R Heat of
ple i Kindof feod. ol ma- organie ©) o i tein Tat. Sug Ash. jeombus-
Ko, | "ferial. matter, £eh- | tein. i staroh, | Fiber. ton,
- i ctc. i .
Grams.  Gran Grams | Grams. | Grams. ‘ Grams. 1(111»:
B, 844 30.95 | 51.53 J 477,70, 54.82 14.02 2,67%
374 34,08 5.06, 418.70 [ 11.13 ; 17.2L 1,986
954n. Brazil Duts 14990 93,72 | w3408 [ 19.70 | 21, 13.78 | 3,897
—
Total ... 20.40 1 168,75 | 870.67 | 916,10 ) B L40 ] 4B.01 | 8,502
Xin' Feces (water-frec) 18
I Amount digested

| Yer eent digested
1 Lnorg\ of urine .

3 Uf

During thix (‘\peumtnt the xub]oct ohmmdted 4,807 grams urine,
containing 0.464 per cent or 22,29 grams nitrogen. The average nitro-
gen hLLm( e per day was therefore as ff)ll()\\\ Income in food 6.37
grams; outgo in urine 5.57 grams, and in feces 1.57 grams; indicating
a loss of (.77 gram nitrogen, corresponding to 4.51 grams protein.

It appears from the above results that although t]w subject consid-
ered this diet pleasing and appetizing he did not partake of the bananas
and Brazil nuts quite so freely as he did of hananas and almounds in
the previous combination, There was a constant craving for greater
variety and especially for cereals and vegetables.  The general health
of the subject continued excellent throughout the experimental period.

DIGESTION EXPERIMENT No. 407,

Hind of fond.—Apples, bananas, pecans.

Subject.—C. P. H.

Welght (with clothes).— At the commencenent and clore of the
experiment 63.5 kilograms (140 pounds).

Duration.—Four days with eight meals, heginning with hreakfast
February 4, 1902,

TABLE 37.— Resulls of digestion experivent No. 407.

‘ (‘urbnh)dmtob \'
Sam- Weight : Total | e Heatol
oje !+ Kind of food of ma- ! nrgum('! \‘J:”. t] {g‘ Fat. | dugar, | ! Ash. ‘combus-
Na. terial. mdtter. © starch, | Fiber, | tion.
— e . ‘
S Grams. . Gram rams. | Grams. | Grams. |

209a° Apples. 41106 41»4 40 .48 2L 22,20

21n) Bananax 4,818 P 7.22

283 1 l'ecall i 453 420 5" 1185 ; 324, 00

Towl

........ 62 ¢ 14143 951.27 ; (58. 48 \

93a. Feces (waler- free)\ 173,
‘ Amount digested.
Per cent digested. |,

! Energy of urine ..
[ Energy of food
+ oxidized in the

I bod

Per centorf energy
’ utilized

‘:)4%
59.00 |
86.16 |
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During this experiment the subject climinated 4,776 grams urine,
containing 0.607 per cent or 20.02 grams nitrogen. The average
nitrogen balance per day was therefore as follows: Income in food
5.68 grams; outgo in urine 7.25 grams, and in feces 1.73 grams;
indicating a loss of 8.30 grams nitrogen, corresponding to 20.63 grams
protein.

From the above results it appears that the diet during this test was
less sustaining than that used in experiment No. 404.  The subject had
been suffering from a slight laxative condition, which quickly disap-
peared upon the present diet. The general impression is that fruits
are more or Jess of a cure for constipation, hut in the case of this sub-
ject the combination of fruit and puts had the opposite effect.

The subject during this test again felt a craving for some kind of
cereal food, but maintained his usual good health and spirits, notwith-
standing the loss of body protein. Had the experiment lasted for
eight or ten days this probably would not have heen the case.

DIGESTION EXPERIMENT NO. 408,

Hind of food.— Apples, Dananas, pecans. and granose.

Subject.— P

Weight (with clothes).—At the heginning of the experiment, 64.6
kilograms (142.5 pounds). and at the close, 64.2 kilograms (141.5
pounds).

Durativn.—Four days, with eight meals, heginning with hreakfast
February 11, 1902,

TasLr 38, —Results of digestion experiment No. 408,

\‘ i i ! Carbohydrates. \

Sam Weight, Total |y pro. . . e ! Heat of
Pe | Kindof fond.  tofma organic’ o 8 PO g amear, | Ak combus
No. [  terial. | matter. . #T g | starch, | Fiber, r [ tion.

ete.

— T D - i i o

! Groms. | Grams, G Graws. Grams, | Grams. 5| Calories.
Apples . 5y, B.07 ‘;403 D28 | . 240
2128} nATIAL 3.06 53. A 203
é:i:i& ﬁi‘:;n: 320. w 243,15 | 1289 | 10.78 X 2,663
243 | Granos 874. 7 10.22 | 737.95 | 18,06 | 22.4% 3,887
| Total 6.48 | 209.50 11,000.70 | 40.85 | 3946 | 8,013

97n| Feces(water-free)| 2 P10.64 . 66,49 48161 83,684 89.15 1,374
jAast™ digested).‘ | .08 s e s 910 ‘ 0.31{ 6639

¢ Per cent digested 64,16 | 6416 \ 92,04 | S8

i Encrgy of urine. 149

{ Energy of f(md . [
oxidized in the !
b d

During this experiment the subject eliminated 3,209 grams urine,
containing 0.980 per cent or 31.43 grams nitrogen. The average
nitrogen balance per day was therefore as follows: Income in food
7.49 grams; outgo in urine 7.86 grams, and in feces 2.66 grams; indi-
cating a loss of 8.10 grams, corresponding to 19.38 grams protein.
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A thick pudding was made of the bananas cooked in their own juice
with the addition of granese. This dish the subject declared to be
very palatable and satistying.  The apples were eaten either haked or
stewed. The subject considered this diet very palatable and did not

crave any other foods. .
DIGESTION EXPERIMENT NoO. 409,

AVnd of food.—~-Oranges, bananas, pecans.

Nihject.—C. P H.

Weight (with clothes).— At the heginning of the experiment, 64.9
kilograms (143 pounds), and at the close, 64,2 kilograms (141.5 pounds).

Dwration.~Four days. with eight meals, beginning with brealkdust
Fehruary 150 1902,

Tasre 3. —Reodts of digestion erperiment No. 408,

|
Far. ! Sugar, i Asin, combus

Sam- i Weight, Total Proe Heat of
ple ‘ Kind of food. of mu- . organic i orein,
XNa, : terial. " matter. : stareh,  Filer,’ tion,

ete,

s,

ferem . s,
o 5A7

2,638
4,439

ENCY

Y0
7,141
88, s

138

104

7003

87,12

During this experiment the unh)cct ohmmated 6,006 grams urine,
containing 1,407 per cent or 24.46 grams nitrogen. 'lhe uverage
nitrogen halance per day was therefore as follows: Income in food
6.95 grams: outgo In urine 6.11 grams, and in feces 1.83 grams;
indicating a loss of 1.64 grams nitrogen, corresponding to 10.56 grams
protein.

It was noted by the subject that the diet used in this test wax very

‘weakening.™ It had been his custom to exercise an hour each day
by climbing o steep hill, and to run part of the distance. This he
could do without difficulty when on a diet which includes cereals, hut
not on the diet used in the present test.

DIGESTION EXPERIMENT NO. 410,

Kind of food.—Oranges. hananas, pecans, granose.

Subjeet.—C. P L

Weeght (with elothes).— At the beginning of the experiment, 64.2 kilo-
grams (141.5 pounds), and at the close, 63.7 kilograms (140.5 pounds).

Duration.—Four days, with eight meals, beginning with breaktast
February 95, 1902,
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o

TanLi 0. —Reswlts of digestion eoperinent No. 10,

Nam
ple
N

Kind of food.

"IZn' Bananas,
2;&1 Oranges
Fecans ...

248 ‘ {(jranose ..
Tostal (...
1050 Feees (water-free)

Awmount diges
i 1'er cent digested
" Energy of urine .
Energy

body
Pereentof energ
utilized

During this experiment the subject eliminaied 5.3

containing (.589

nitrogen balance per day was therefore as follows:
T.81 grams: outgo in urine 7.90 grams,
indicating a Joss of 2.45

protein.

Hind of tood.
Subject.—C.

of food |
. oxidized in the |

e s,

per

igh
of ma-
terial,

CoToel oo b
ongamie Nitres Pro V.
matter. SO tein
{iram, Lirehs. orams, hlulu\_
£, BIUNEYS 5,90
154§
207,40 [
e

Carbehydrtes,

Heat of

Sugar, Ashi L combus-

starch, © Fiber tion.
e,

terams, Graws. Gram. oalorics.
A0 o2

U430 1

‘.

cent or 8163 orams ni

and
erns nitrogen, corresponding to 1531 grams

1w

grams urine,
The average
Income in food

~ 9

A

trogen.

in feres ) oTRINS

DIGENTION RXPERIMENT No. £11,

—QOranges. dried prunes, walnuts,

P. H.

Woight Ceeith clothesy,—At the heginning of experiment, 65.8 kilo-
grams (145 pounds). and at the elose, 64,0 kilograms (41 pounds),
Duration.—Three daxys. with six meals, beginning with breakfast

Marveh 4. 1902,

TanLe

; ; |

Sam- | Weight

ple | Kindof food.  fof ni-

XNu. ‘ i terial,

R

238 Orange
Prunes .

2506
223

Walnuts
Total

Toma

Teces (waler-free)
Amount digested.
Per cent digested.
Energy of urine..
of food |

!

Energy
oxidized in the
i body
Per centof energ)
utitized

\1/.4\

Total . - Iro-
arganie: St o gy
matter.  © ’ |

41— Resudtx of digestion vaeperiment No. 411

Carboliydrates,

"Hertof

sugar, Ash. combus-
starely, . Fiber. U tion,
ete. :

Arttims. /uu:m ‘lu[(u
49

During this experiment the subject eliminated

containing 0.657

per cent or 1442 grams nitrogen.

6. 0U 3, ‘M)

26,48 4,021

| 886,10 11, 05, s B, 639
1,561 2578 0ty

14 63 11,008.79 7,430
883 \ 7t YL R0

2,195 grams urine,
The average
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nitrogen balance per day was therefore as follows: Income in food
9.87 grams; outgo in urine 4.81 grams, and in feces 1.64 grams;
indicating a gain of 3.42 grams nitrogen, or 21.38 grams protein.

This experiment was originally planned as a fom-ddy test, but
owing to the laxative character of the digt, which the subject attrib-
uted to the prunes, it was deemed advisable to shorten it to three
days. The subject noted that while this diet did not make him ill,
it did cause him to feel very weak. Had a smaller quantity of prunes
been used, perhaps the vesults would have heen different.

Notwithstanding this intestinal trouble and loss of body weight, the
results indicate an appreciable gain of body protein. This is more
important than the loss of hody weight, which was presumably due
to the loss of fluids occasioned by the diarrhea.

DIGESTION EXPERIMENT No. 412,

Hind of food.—Dates, olives (pickled ripe), walnuts.

N//?{jf'(‘/.‘(j. P, H.

Weight (with clothes).—At the beginning of the experiment, 63.5
kilogram- (140 pounds). and at the close, 64.4 kilograms (142 pounds).

Durniion.——Four days, with eight meals, heginning with hreakfast
Mureh 11, 1902,

TanLe 42.—Resulls of digestion experiment No. 412,

Sam- "Weight' Total
ple | Kind of food. of ma- | organic
No. terial. ‘muner i

Xt
1
[ i
i

l Sugn
! starch, | Fiber,
| oete.

I
Grmm. Grams,
202. 88 . 20

| Grams. ! Grams,
71

| ,094.30 | 44,71 4,991
1 ook [ 296 S IECH SR B )
22| e NI L6 AT 1

Towal ... 8,660 '1,663.90 | 201,87 | 136.62 | 83L.00 {1,124.53 + 7LD 0.8 ‘ 8,509
12n; Feces (witer-freey| 284.76 | 255,35 | 579 5192 7145 10 L2046 | 24 -1,702
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During this experiment the subject eliminated 3,665 grams urine,
containing 0.523 per cent or 19.15 grams npitrogen. The average
nitrogen balance per day was therefore as follows: Income in food
5.47 grams; outgo in urine 4.79 grams, and in feces 2.20 grams;
indicating a loss of 1.52 grams nitrogen, corresponding to 9.50 grams
protein.

The subject believed the combination of dates, olives, and nuts to be
an ideal fruit diet for him; and his physical condition and the fact that
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he increased his weight during the experimental period showed that
at least it agreed with him. In order. however. that the nitrogem—
equilibrium be maintained the proportion of nuts in the diet should
have been increased.

DIGESTION EXPERIMENT NoO. 413,

Kind of food.—Dates, olives, and almonds,

Subject.—C. P. H.

Weight (writh clothes).~—At the beginning of the experiment, 64.4
kilograms (142 pounds). and at the close, 64.0 kilograms (141 pounds).

Duration.—Four days, with eight meals, beginning with breakfast
March 18, 1902,

TABLE 43.~— Results of digestion expeviment No 413,

Carhohydrates,

Sam-| Welht Totl | iiv i pen — : [Heat of

pie | Kind offood. | of ma- | orgunie| XOT 0PI gy s, Ash. leombiis-

No, | terial, | matter. gt . starch,  Fiber, Dotion.
; ot

Graoms,” Grams.
AC T i

L Grams, G Grames. falories,
811, 4

mne,
7

249 ¢ Almonds .

Total ......

116a Feces {water-free)
Amount digested .
Per cent dige

utilized.

During this experiment the subject climinated 4,156 grams urine,
containing 0.577 per cent or 23.97 grams nitrogen. The average
nitrogen balance per day was therefore s follows: Income in food
3.98 grams: outgo in urine 5.99 grams, and in feces 2,05 grams; indi-
cating a loss of 2.06 grams nitrogen, corresponding to 12.88 grams
protein.

The subject seemed to relish the diet.  The only criticism made was
that for a longer period the diet would have been greatly improved
by the addition of some cereal food. If the kind of food was
unchanged more nuts would have been required to maintain nitrogen
equilibrium.

DIGESTION EXPERIMENT No, 414,

Kind of food.—Datex. olives (pickled ripe). almonds, granose.

Subject.—C. P. H.

Weight (uwith clothesy.— At the beginning of the experiment, 63.5
kilograms (140 pounds), and at the close, 64.6 kilograms (142.5 pounds).

Duration.—Four days, with eight meals, beginning with breakfast
March 25, 1902.
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TaBLE 44w Resulix of digestion coperiment No. 414,

! ,mh(vh\dr\w\ !
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: D i | o | . i Heat of
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Yereont of one
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I)ur‘nw this experiment the subject eliminated 3,431 grams urine,
containing 0.657 per cent or 22.56 grams nitrogen.  The average
nitrogen halance per day was therefore as follows: Income in food
T4l grams: outgo in urine 5,64 grams, and in fecex 2.24 grainst
indienting 1 loss of 0,47 gram nitrogen, corresponding to 2.94 grams
protein.

The subject was well pleased with the diet used in this experiment,
but stated that he would have relished oceasionally a few green vege-
tables or some ripe. fresh fruit in addition.

DIGESTION EXPERIMENT NoO. 415,

Kewd of food —Gotio” (a parched cereal preparation).

A((]{/wrﬁr ¢ P H.

Weeght (iréth elothes).—At the beginming of the experiment, 64.0
kilograms (141 pounds), and at the close, 63.1 kilograms (139 pounds).
© Dl ion=Three days, with seven meals, heginning with hreak-
faxt April 1, 1902,

Taspy 40— Results of digestion experiment No. 415,
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containing .601 per cent or 17.26 grams nitrogen. The average
nitrogen halance per day was therefore us follows: Income in food 8.95
grams; outgo in urine 5.75 grams, and in feces 2.17 grams; indicating
a gain of 1.03 grams nitrogen, vm'rmpondinw to 6.44 grams protein.

As previously stated, gotio is a mixture of cereals roasted and
ground, which is quite commm\lv eaten in the Canary Islands.

A diet consixting of only one article of food— and an unpalatable
one at that—can not be satisfying, and 1t is natural that the subject
experienced some difliculty in carryving out the experiment. The
nitrogen equilibriun, however, wax more than maintained, although
there was a decrense of 2 pounds in the body weight.  During the
experimental period the subject \mrk«-(l a long time each day at
gardening.,

During this experiment the subject eliminated 2,872 grums urine,

DISCUSSION OF DIGESTION EXPERIMENTS WITH SUBJECT C. P L

The results obtained in the digestion experiments with subject
C. P. H. are summarized below, Table 46 showing the weight and
composition of the food eaten per day, Table 47 the pereentages
digested, and Table 45 the balance of income and outgo of nitrogen

during the periods covered by the digestion experiments.
) ¢
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Tanre 47.—Supemary of digestion crperiments.
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¥x- Total : . H Heat of
lg‘:)l‘llt f Kind of food. {organic  Protein.| Fat. : Sugar, I ash. %E’:
No. | | matter. X smr(h Fiber. i \ o,
,,,,, — [ . [—
i r
( Peret. t Peret. | Irr(' | Jer e,
841 Bananas ... 4, 46 7H.ud 8,38 90. 66
392, Babanas and xdmonds & 70.00 85,78
395 © Banauas and wahts 83,78
B47 © Apples and walnuts T4, 86
299 0 Apples and almonds ! 86,18
100 Apples, bananas, and walnuts. 86.20
402 Apples, bananas, and almonds . . 8K8.15
404 Apples, banunas, and Brazil nuts. 86, 61
407 s, wnd peeans ..., 86. iy
S0 . bananas, pecnns. granose. 8L 02
409 DRUALAR, pecans .. 87,12
A1 OPANEEs, Preans, grmmw 84,53
411 prunes and walnuu R 89,58
4127 Ditdes, m\ . 4 71,48 78,79
4137 Dates, olives) and almonds I s | og2lla ] 8i3e 82.45
414, bates, glmonds, olives, and gra- | |
noLe.., . . TH08 | M.15 1 63,424 80.89

Averuge of 16 oxperiments. . N;.ns! 03.70 | 74,60 1(:54.021 81,76
‘ i

A Average of 14 experinends.

TapLe 8. —Income and oudyo of vitrogen.

& |
i Kind of food. S ;
2 P In food, Tonurine. ! In feces.

Gain (+)

=B

{

{ Bananas, whole prriod (3 days
’ Average Jor 1day. ..

| Bananag and almonds
I Average for ) day -
| Bapanns aud walnuts, whole period (4 da
i Average for 1 day
| Apples and wulnuats
l Average for 1 day
{

Apples and almonds, whole period (4 days)
Average for 1 day
‘Apples, bananas, and walnut:

#5308
Average for 1 da; 8,19
Apples, bananas. and almonds, whote period 14 0 1
45. 60
11. 40

Av Lrugc T
| Apples, bananas

(4 days) .
Awm;:e for I dn

6.35

3
3 =

?

2040 | 2229
o
!

407 aud pecans, whole period (i'

AV cmg(, for 1 day
Apples. bananas,
period (4 duys)
Average for 1da
Urang hata:
Adays) .. R
Average for 1 da
410 Oranges, bananas, peeans, atd granos
period i4duays).
Average jor 1 duy
Oranges, pruves,
days)y
Aversge for 1 da
Dates, olives, and
Average for 1 day .
Dates, olives, and almonds, whole penml (1dn
Average for Tday .
Dates, olives, almon
(tdays) ........
Average for 1 day
435 ; Gofio {prepared éerealy, whole puriod
P Average forlday ...l . . 95 5.7 EA Y + 1.3

408

404

3102 a3 63 9.40 - 9.81
78] AL 2.35 —2.45

s960 | M7 4.93 +
.87 479 1.64 +

'




63

Tt appears that the minimum amount of food enten per day was
during experiment No. 391, in which the diet consisted exclusively of
bananas. This furnished only 22 grams of protein and 1,160 caories
of energy, and while, as was to be expected, there was a loss of hody
protein, it is somewhat surprising that the subject did not lose wvigh{,.
This is presumably due to the large quantity of water ingested with
the bananas. From Table 47°it is seen that the coefficients of diges-
tibility in this experiment, for all the nutrients except fat, are very
satisfactory and in cach case considerably above the average for all
the tests with the subject. The body utilized over #0 per cent of the
energy supplied by the diet, the corresponding average for the 16
experiments being 84.76 per cent. This can perhaps he accounted
for on the supposition that the hody. having so little nitrogenous

- material at its disposal, was compelled to use all supplicd to the atmost

advantage, or the subject may have had some idiosyneracy favorahle
to the digestion of bananas.

The maximum food conswmption during this series of experimenis
is noted for experiment No. 402, with a diet of apples, bananas, and
almonds. During this experiment about three and a half times as
much protein and energy were consumed as in experiment No. 391.
In this case the maximum average daily gain of protein (4.13 grams)
was also observed. 1t is of interest to note that during the two
experiments, representing, respectively, the maximum and minimum
amounts of food eaten, the body weight remained constant.  The fact
that 79.9 per cent of the protein was digested and 58.15 per cent of
the energy was available indicates the high nutritive value of the
combination of apples, bananas, and almonds,

The high digestibilty of the almond, aus compared with waluuts,
Brazil nuts, and pecans, i shown by a comparison of the results of
experiments Nos. 399 and 402 with those of experiments Nos. 400,
404, and 407,

The coeflicients of digestibility in experiment No. 897, where walnuts
were used, are all lower than in No. 399, where almonds were eaten in
place of walnuts. This is especially true of the protein and energy,
the percentages being 62.56 and 78.87, and T4.48 and 86.17, respec-
tively. Tn the other four experiments the combination of apples and
bananas remained constant, while a change was made in the variety of
the nut. In No. 402, wherc almonds were eaten, the coefficients arc the
highest, and in No. 407, in which pecans were used, the coeflicients are
the lowest. A reference to Table 46 shows that during experiment
No. 407 the amount of protein furnished by the diet was but 35.36
grams per day, the lowest reported for any of the experiments in
question. Again it is of interest to note that, with the exception of
experiment No. 400, the coefficient of digestibility of protein varied
directly with the amount consumed per day during the four experi-
mental periods.
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The great difference between the guantities of food eaten during
these four experiments may have arisen from several causes. It may
he that the almonds were more palatable, and that this accounted for
the increased consumption of food in No. 402 or possibly the diet
becarie too monotonous during the fourth period (experiment No, 407),
and therefore less food was caten. On the other hand, it will he
ohserved that the maximum amount of food ingested was not with
experiment No. 400, the first of the series with apples and bananas
with nuts, but during experiment No. 402, the second of the series,
and that in the third experiment. No. 404, when Brazil nuts were
used, there was a sudden drop of over 45 per cent in the protein and
nearly 8 per cent in the energy in the diet. A comparison of exper-
iments Nos, 412 and 413, in which theve was an cantirely diffevent com-
hination of fruits. also emphasizes the high digestihility of the almond.
Notwithstanding the fuct that almonds were used in experiment No.
413, thus putting it at a disadvantage as vegards the monotony of the
diet, the coeflicientx of digestibility of all the nutrients and encrgy are
appreciably higher than inexperiment No. 412, In view of these data
the conclusion seetms warranted that almonds possess a higher coefli-
clent of digestibility. at least for this subject, than do either walnuts,
Brazil nuts, or pecans.

The reason of the low coeficient of digestibility for protein in exper-
iment No. 892, s noted carlier. ix that the almonds eaten were ground
to 4 paste and in this forn did not agree with the subject, but caused
indigestion.  In view of thix fact almonds were not compared with
the other nuts in the {foregoing discussion.

1t uppears from the tables that the diet which resulted in the highest
coeflicients of digestibility furnished next to the highest protein and
energy per day, and induced next to the highest net increase in hody
protein, was u combination of oranges, prunes; and walnats, This
dietary, however, was so laxative for the subject that the experiment
had to be terminated at the end of the third day.

The diet consisting of dates. olives, and walnuts, ured in experiment
No, 412, vielded the lowest coeflicients of digestibility.

While it appears from Table 47 that a combination of apples,
bananas, and pecans {(experiment No. 407) is as digestible as a diet of
oranges, bananas, and pecans (experiment No. 409), a reference to
Table 4%, showing the income and outgo of nitrogen, indicates that in
the latter case the loss of body protein is ounly about one-half that
poted for the former. But it must be remembered that in experi-
ment No. 404 about 25 per cent more pecans were eafen, thus sup-
plying a notable increase in the daily protein as compared with
experiment No. 407.

Chemical analysis has shown that the apple contains very little pro-
tein, and a study of the data in Table 47 would seem'to indicate that,




85

for this subject at least, the quantity present has a very low coeflicient
of digestihility. The coefficient for the protein in a diet of bananus
and walnuts was 75.80 per cent. When apples were substituted for
bananas the coeflicient was 62,56 per cent, and again when apples and
bananas were used in combination with walnuts (experiment No. 400)
the cocflicient was 7463,

Comparing experiments Nos, 407 and 408 and Nox, 409 and 410 it
would seem that the addition of granose to the diet lowered the coefli-
cients of digestibility of all the nutrients and the cocficient of availa-
bility of the energy. In view of the relatively high coeflicients of
digestibility of foods like granose it is more than likely that the lower
values observed were due to the granose interfering with the digestion
of the nuts,

The coeflicients of availability of the gofio used in experiment No.
415 compured very favorably with the averages obwmined for the 14
experiments with fruit und nuts with the same subject given in
Table 47.

Considering all the experiments. the average coeflicient of digesti-
bility of fat, 86.16 per cent, implies that the fat of the nuts possesses
a high nutritive value,  This average would be materially increased if
experiment No. 391, showing the minimum 15,96 per cent, were not
included in the calculation.  The maximum digestibility, 41,84 per cent,
wus noted for experiinent No. 402, in which the diet consisted of
bananas, apples. and almonds.

The results given in Table 47 indicate that in every experiment the
sugar and starch of the fruits and nuts were very well assimilated.  The
minimum, maximum, and average coeflicients of digestibility for
sugar, starch, ete., are ®9.15 per cent, 9748 per cent, and 93.73 per
cent, respectively.  The digestibility of the crude fiber ranged from
19.71 per cent iy experiment No. 858 to 8441 per cent in experiment
No. 411, and was on the average T4.36 per cent. The highest coetii-
cient of digestibility for the mineral natter (78,38 per cent) was noted
in experiment No. 391, and the lowest (3451 per cent) in experiment
No. 404,

s may be seen by reference to Table 43 there was a loss of body

protein in eleven of the sixteen experiments. The average daily loss
of nitrogen ranged from 0.04 gramn (0.25 gram protein) in experi-
ment No. 807 to 8.30 grams (20.63 grams protein) in experiment No.
407, The maximum gain {£.12 grams) is yeported for experiment No.
409 and the minimum gain, 0.21 gram nitrogen, in experiment No. 399,
Tt thus appears that in order to attain nitrogen equilibrium thix subject
required about 8 grams of nitrogen (30 grams protein) per day, when
the daily food furnished not far from 1,800 calories f emergy. It
must be remembered, however, that much depends on the source and
digestibility of the protein. In experiment No. 408 the daily diet of

1453—No. 182—03——5
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apples, bananas, pecans, and granose furnished 7.42 grams of nitro-
gen, which evidently was insufficient, as there was recorded an average
daily loss of 8.1 grams nitrogen. Again, in experiment No. 407, with
a diet of the same fruit and nuts but no granose, the daily income of
nitrogen wax 5.65 grams and the loss 3.3 grams.

EXPERIMENTS WITH A. V. AND J. E. R.

The digestion experiments made with the subjects A. V. and J. E.
R. follow. Both were voung men, university students, and in good
health. Neither subject was used to a vegetariun or fraitarian diet,
though A. V. had been experimenting with such diets for a number
of vears,

DIGESTION EXPERIMENT No. 416,

Kind of Food.—Bananas, oranges, almonds.

.’\'1/7{]‘!’(’1,* AV,

Woinyht (rithout clothes).--At the beginning of the experiment 63,9
kilograms (152 pounds), and at the close 69.4 kilograms (153 pounds).

Dhration.~—Four days. with twelve meals, boginning with breakfast,
May 5. oo,

Tavee 44— Resaltx of digestion ecperinent No, 416,
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During this experiment the subject eliminated 6,191 grams urine,
containing .69 per cent or 42.71 grams nitrogen. The average nitro-
gen balance per day was therefore as follows: Income in food 14.06
gram=: outgo in urine 10.68 grams, and in feces 3.73 grums; indicat-
ing a loss of 0.35 gram nitrogen, corresponding to 2.19 grams protein,

Owing to the larger consumption of nuts the protein supplied per
day during this test was 80 per cent more than the daily protein aver-
age for the same subject in dietary No. 363 (p. 29). The fuel values
for the two studies (3,305 and 3,135 calories, respectively) show
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a much closer agreement. In spite. however, of the compuratively
larger quantity of protein consumed there was u slight loss of nitrogen,
thus implying that this subject required between 15 and 16 grams por
day, with about 3,300 caloriex of energy. in order to attain nitrogen
equilibrium. The data recorded indicate that the body assimilated the
food very thoroughly.

DIGESTION EXPERIMENT NO., 417,

Hnd of food—Bunanas, dates, walnuts, with a sl quantity of
sugar.

Subject.—J. E. R.

Weight (oith clothes).—At the beginning of the experiment 76.7
kilograms (169 pounds). and at the close 75.3 kilograms (146 pounds).

Dhration.—Four days, with twelve meals. beginning with breakfast
Mav 6. 1002,

TABLE B—Resndis of digestivan vopevigient Noo G177
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During this experiment the subject eliminated 2,225 grams urine.
containing 1.40 per cent or 27.54 grams nitrogen.  The average nitro-
gen halance per day was therefore asx follows: Income in food 7.23
grams; outgo in urine 6.59 grams, and in feces 2.21 grams: indi-
cating a Joss of 1.82 grams nitrogen, corresponding to 11.3% grams
protein.

This experiment was preceded by a preliminary period of three
days, during which the subject followed the sume diet ax in the diges-
tion experiment. During this time there was no appreciable loss of
weight. The subject had to perform an unusual amount of hard work
during the test proper, which accounts, in part at least. 1or the los= of
weight experienced. Furthermore, he drank very little water.
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DIGESTION EXPERIMENT NoO. 418,

Kend of food.—Bunanas, oranges, walnuts, with a small quantity of
sugar. y

Subject.—J. E. R.

Weight (with clothes).—At the beginning of the experiment 75.8
kilograms (166 pounds), and at the close 75,9 kilograms (167.3 pounds).

Dhuratioe.—Four days, with twelve meals, beginning with breakfast
May 13, 1902,

Tarve dl—Results of digestion

caperiment No, J1a.
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During this experiment the subject eliminated 1.657 grams urine,
containing 1.76 per cent or 20.16 grams nitrogen. The average
nitrogen balance per day was therefore as follows: Income in food
§ grams: outgo in urine T.29 grams, and in feces 2,18 grams;
indicating a loss of 1.89 grams nitrogen, corresponding to 11,81 grams

protein.

The subject considered the diet of bananas. oranges, and walnuts
more palatable than the previous one of bananas, dates. and walnuts,
but a comparison of the results of the two tests does not indicate that
the smount of nutrients eaten or assimilated was increased.

In dietery study No. 362, p. 27, with the same subject, the daily
diet furnished 85 grams protein and 2,937 calories of energy, amounts
which are far in excess of the average values for the two experiments
just reported. In no case was the amount to be eaten limited, but in
the digestion experiments the diet was lhmited to two kinds of fruit
and one of nuts, while in the dietary study the variety of fruits and
nuts was larger, as may be seen by reference to Table 12.

Considering this and the preceding experiment, the average daily
income of protein, 46.44 grams, was evidently below the limit of
tolerance for this subject. In both experiments a loss occurred which
waus almost identical. It would appear, then, that the nitrogen limit
of this subject wax about 10 grams per day, when the diet furnished
about 1,900 calories of energy.
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GENERAL SUMMARY OF DIGESTION EXPERIMENTS.

It is of interest to compare the average amount of nutrients digested
by the different subjects, as is done in Table 52, which also includes
the average results of alarge number of tests with young men on a
diet consisting of ordinary food materials, but in many cases supplying
a large proportion of fat or carbohydrates ax compared with protein,
and of a large number of tests with voung men on an ordinary mixed
diet. -

Tamre B2—SNuponary of digestion ecperinens.
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The lowest coeflicients of digestibility were found with subject
J. ERooand the highest with subject W. S, M. The high coeffi-
cients noted for the latter subject may be accounted for in part hy the
addition to the diet of small quantities of relishes, such ax olive oil,
tomatoes, and olives. which possibly increased the flow of digestive
juices, or may be due to the fact that he had heen Jonger accustomed
to the diet.

As will be seen from the figures in the above table, the aver
coefficients of digestibility of carbohydrates obtained for the fruits
and nuts compare favorably with those quoted for a mixed diet.

While coefficients of digestibility can easily be caleulated from the
foregoing data for the several fruits and nuts alone, it seems unwise
to do so at present. Later, when more data have accumulated, par-
ticularly regarding the digestibility of fruits and nuts in a mixed
diet, it should be possible to obtain coefficients of digestibility which
will stand the test of criticism and be of practical use in determining
the real nutritive value of dietaries containing such foods.

oe
ge
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INCOME AND OUTGO OF NITROGEN.

Ax will be seen hy reference to the tables reporting the results of
the individual test=. there was considerable variation in the income and
outgo of nitrogen with the different subjects. Table 53 summarizes the
data on this topic, recording the tests in which maximum and minimum
gain or loss was noted, and alxo xhows the energy in the several cases.

Tarte

W —dneoiwe and outgo of witrogin—Nummeary of daily morime and winima
girine dnd loxees,

Nitrogen, . !

orioss

|
i
Exper- D - o e o . Enemgy
iment I Gain (4 of duily
No | fn food. IIn urine. Iu feces, 705 0 ) dier
! i -

| i i
rams.

1.73
2

RIECT ¢, P H. (16 EXPERIMENTS,

Grame. 1 Gra

4% Maximum Joss
i Minimum o
Muximum ga:
Minimum en

SURJECT W. M, .

Maximmn joss
Minimun Joss
Muximum gain .
Minimum gain .

2 EXPERIMENTSG,

SURIECT 1, E.

mui Joss
rium foss

SURBIECT 4. V. i
916 L . e Lo i 10, 6%

A< may be =een by reference to the table, the daily excretion of
nitrogen in the urine in thexe experiments with fruitarian or vegeta-
rian diets was small. It must be remewmbered in this connection that
under ordinary conditions the daily excretion of nitrogen in the urine
depends mainly on the amount of nitrogen ingested in the food and
not on the nature of the diet, and in these tests the amount of protein
in the food eaten per day was small,

It appears that for sabjects W, 3. M. and (. P. H. the minimum
daily losses (0.04 gram and 0.05 gram) are veported for the experi-
ments where the nitrogen ingested is 7.18 grams and 7.60 grams,
respectively, thus implying that to attain nitrogen eguilibrium, with
the same amount of energy as was furnished by the diet studied, these
subjects should receive at least X grams of nitrogen per day. The
losx of nearly 2 grams of nitrogen per day, experienced by subject J.
E. R. in the two experiments with an income of 7 to 8 grams per day,
would seem to indicate that, at least in a fruitarian diet with the same
amount of energy, the nitrogen required daily would be about 10
grams.

The comparatively large daily income of nitrogen (14.06 grams)
reported for subject A. V. wax insufficient for the maintenance of his
nitrogen equilibrium, although it was practically twice as great as that
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(7.14 grams) of subject C. P. H. in experiment No. 309, where a slight
gain of nitrogen was noted.

It is true that the above results are not in harmony with those
observed with the ordinary mixed diet, yet at the same time they are
not unique.  Voit, Rumpf, and Schumm, and Albu, as already pointed
out (p. 30), have-reported experiments with vegetarians whose average
daily income of nitrogen was far helow the tentative standards but yet
was found to be sufficient either to just maintain the nitrogen cquilih-
rium or to cause a slight gain. Hirschfeld,” Kumagawa,” Klemperer,”
Peschel,? Caspari,” Siven,” Neumann,? and others have conducted
metabolism experiments with subjects on mixed diets furnishing much
less nitrogen than the commonly accepted standards call for and have
found that the nitrogen equilibrium can be nmintained with small
amounts of protein in the food.

As regards the experiments quoted, it will be secn that the minimum
amount of protein necessary to maintain the nitrogen balance varies
between wide limits. Klemperer reports the minimum amount 33
grams of daily protein and the writer the maximum $7.9 grams. In
the former case a gain ix noted and in the latter a loss. It thas
appears that with one subject, weighing 141 pounds, 83 grams protein
and 5,018 calories were more than sufficient to attain nitrogen equilib
rium; another subject, A. V., weighing 150 pounds, with a diet fur-
nizshing 87.9 grams protein and 3,155 ealories, suffered a slight losx of
nitrogen. These findings serve to emphasize the conclusion of Caspari
that the wmintrau awaouat of daily protein vequived vavies with the
individual and may even vary with the same individual at different
times, ‘

It must be remembered that although a gain of nitrogen was reported
by Albu when the daily diet supplied only 34 grams protein and 1,400
calories the subject was a very small woman, weighing hut 83 pounds.
Siven” hrings out one point in his conelusions, in full accord with the
results of the present investigation and which should serve as a warn-
ing to anyone contemplating any appreciable decrease in the protein
of the daily diet, namely, that when the protein of the food is increased
after the hody has suffered a loss of nitrogen, there is at once an effort
to attain nitrogen equilibrium, and it appears that any gain of nitrog-
enous body material is a comparatively slow process. This apparently
indicates that the living substance must be slowly formed from the
protein furnished by the diet.

aArch. Physiol. [Pfliiger], 41 (1887), p 533.
bArch. Path. Anat. u. Physiol. [Virchow], 116 (1889), p. 370.

¢ Arch, Path. Anat. u. Pbysiol. [Virchow], 116 (1888), p. 362

4Der Eiweissbedarf des gesunden Menschen, Inaug. Disw.. Berlin, 1890,
¢Arch. Anat. u. Physiol., Physiol. Abt., 1901, p. 323.

fS8kand. Arch. Physiol., 11 (1801), p. 308.

7Areh. Hyg., 45 (1902), p. 1.

2 8kand. Arch. Physiol., 11 (1901}, p. 330,
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Evenif it could be proved by a large number of experiments that
nitrogen equilibrinm can be maintained on a small amount of protein,
it would xtill be a great question whether or not it would he wise to do
so. There must certainly be a constant effort on the part of the
human organism to attain this condition. and with a low protein supply
it might be forced to do so under conditions of strain.  In such a case
the bad results might be slow in manifesting themselves, hut might
also he serious and lasting, 1t has also been suggested that when
living at a fairly high protein level the body ix more resistant to
disease and other strains than when the protein level is low.

AMOUNT OF FECES ON A FRUITARIAN DIET.

It ix interesting in thix connection to compare the composition of
he water-free feces from the digestion experiments here recorded
with ximikr data from other sources, as ix done in the following tahie:

Tavve Mo—Comparison of compusition of waler-free eces.

Hear of

. o UWelht Nio- Pro- 4 Cnr- . .
Whener oftudnet Nutnre of dier, - SVERBU Xiros Pro- g 0 Tp0 T Ly, eombus
of fvees, ren. Tein. drrtas tion per
N 2rain,
Trered. e
Yroftartian ..ol PN ;

2l

=
ST experimentss .da.
V. H.

BIES R TS AN

.4 G 1’*\

[ riment Stations Bul. =5,
sriwent Stations ul, J17.

Dt e B s ment <ttions i 121

An examination of the above table shows that the average amount,
41,35 graus per day, of water-free feces from the 30 digestion experi-
mentx with fruitarian diet is much less than the corresponding amount
reported for either bread and milk or mixed diet. Tt is wlso consider-
ably helow the average weights, 71.16 grams and 56 grams. of wuter-
free feces from digestion experiments with vegetarians yeported by
Voit” and Albu?, respectively.

It will be observed that the feces from the experiments with mixed
diet and the average from the 12 experiments with bread aund milk
diet are much larger in amounnt and contain more protein than the
average of the feces from the fraitarian experiments. The latter,
however, contain more fat and carbohydrates.’

« Zischr. Biol., 25 (1889), p. 234.
b Ztschr. Klin. Med. [Berlin]. 43 (1901), p. 75.
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It thus appears from the table that the feces from the digestion
experiments made with fruitarians here reported ure not excessive in
amount, as hax usually heen found to he the case with experiments
with a vegetarian diet containing very little or no fruit.

METABOLIC NITROGEN IN THE FECES.

When considering the digestibility of any wrticle of food it ix quite
important that allowanee he made for the so-called metabolic prod-
ucts. At present there ix no accurate method in vogue for the
separation of the metabolic nitrogen from the nitrogen helonging to
the undigested residue of the food in question. which is necessary
in determining the true or absolute digestibility, The coeficients of
digestibility of protein, therefore, which are obtained without taking
into account the metabolic nitrogen, are Jower more or less than they
should be. '

1f, however, the digestibility of any food or combination of foods
is looked at in another light, the matter appears somewhat differently.,
Whether a certain amount of nitrogen is lost to the body throueh the
undigested residue of the food. or whether it ix lost through the
metabolic products, makes practically no ditference as regards the net
income of nitrogen from the food: or, in other words, the real value of
that food or food combination ax a souree of nitrogen ta he utilized for
other functions of the body than digestion.

The metaholic nitrogen in the feces in niveteen of the experiments
was determined. the method followed heing the =ame as that previous(y
used:” that is. the feces were treated successively with liot ether, hot
aleohol, bot water. and cold limewater, reagents which experiment
has shown dissolve the metaholie prodncts present.

The resultx of these analyses are given in Table 55,

Tanvi 8. — Total witvoyen iv Jeees aod pitrogea corcected jor metabolic prodirets,

EX- | Amount m-—— -
Ex. Dura- = re R
perl- Kind of found, tion of 1n un- T mieta-
ment tost. treatud b Bolic prod-
No. i foees with re- tets,
| ¢ agents. S
SUBJECT ¢, ¥ B ;
: Pev et
891 ' Bananas, Ist day 461
Bananas 415
Bananas, $d day . 4.40
For whole period _............. 3 57,40 141

392  Bananas and almonds. Ist day.

4,72

Bananas and almonds. 2d da 1.91

! Bananas nnd almonds, 3d day . r{ 42

Bananas and almonds, 4th da; 85,24 3.9
For whole pertod 4 172,03 4.31 8.3 .97

aRee discussion of the subject in U, &, Dept. Agr.. Office of Ixperiment Stations
Buls. 85 and 107,
bT. 8 Dept. of Agr., Office of Experiment Stations Bul. 107.
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Nitrogen—
AIMOUnt | = em e e e
Dura- . f
e Kind f food. 1on of ?{vl):}t; Inun- | I“r'efife‘g In meta-
Nos test. p treated 1 (SREEY [ bolie prod-
fece | agents. nuets,
SUEIRCT o He—continmed, !
i Tuijis, G, Lercent, | DPer eont. Prreent,
S04 Bananas and walnuts, Isf day . 2. 8 § 278 1.20
i Bananas und walnuts, 2d day 400 2,92
Rananas and walnuix, 34 s 657K 3,06 2,88
Bananas and walnats, dth day 3041 1 4.08 3.30 !

For whole period (. 4 164, U6 R R

T Apples und walunts, 1st da «.« 56 1.59
Apples and wulnuts, 2d da ; 1.60

i Apples and walnuu i 1.7
Apples and walmts, gl 1.48
For whole periad ... .. 4 1.5

su o Apples and almonds, 1 100
i Apples and almonds T
Apples and almonds, Wil ¢ R
i Apples and almonds, 4ih (.n )

For whote petiod . I 3 o7

4.0 Apples. bananss, and walnnte Ist .

duy .. 2. 40§ 4,05 1.4
‘ 4,60 3.31 1.29
A6 1.43
Y e e B e L0 3.83 1.37
Far whate period ... 4 176.47 | 4.%9 | 803 1.36
i Appies, banangs, and almonds, Ist i i - T
Aay . ! bt i 5081 1.15
Apples, bununas, and aimonds, 24 !
i 448 347 1.0
App
dny 4.61 1.08
5,99 2,00 1eo
4. 40 3.41 1.05
Sl
5.7 2,61 56
2,80 56
40 4.13 B.38% 8
. :\mvlu lmmmw and Brazil nuts, |
Jth duy .20 B4R 72
For whole period (. 4 3.44 R 63
AveTage of experiments 166,90 1,36 2.3 § 1.05
SUBJECT W, £ M. \ .

Ak Grrapes, assorted, b 87
Grapes, assorted. | .82
Grapes, assorted, ¢ \ 1.51
Grapes, assorted, 4th Qiy ; 1.00

For whole period 3.82 I 1.05

4w Grapes and Brazil nuts, 18t day. 388 i .80

Grapes and Brazil nuts, 24 3.08 | 1.08

' Grapes and Brazil nuts, 3d ds LRG| i -8
Grapes and Brazil nuts, 4th day 3.81 ¢ i 116

For whole period (... 4 3.53 | | .97

290 Grapes, Brazil nuts, granose, 1st day. 4.20 | | Lol
| Grapes, Brazil nuts, granose, 2d de .57 .96

; Grapes, Brazil nuts, grunose, 3d day | 3,85 .59

i Grapes, Brazil nuts, grauose, 4th day . 3.66 1.01

H For whole period ... .......... 16K. 51 3.68 ‘ | .96
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TaBLE 55.—Total nitrogen in feces and witrogen corrected for metabodic products—t'd.

o Nitrogen—
rf:-f Pug.  Amount - - -
- Kind of fnod, LU ol feves ! In feces
ment : Wl u;::'ut (water- (Ir“- u..»r‘ tronted In metas
Ro | tost, T et With re. botic prod-
i Al agents. nets.
SUBIRCT W, & M.—continned, '
. o Days, - Grams, Per vent. Fureent,
893 - Grapes, walmuts, granose, I8t day B R, 4,43 3
Grapes, walnuts, granose, 2d day . 11.20 5,

fGrapes, walnuts, granose, 3d day
Greapes, walnuts, granose, 4th da;

For whole period ..o 4

804  Persimmons and peanuts, 1st day
Persimmons and peannts, 2d da
Persimmons and peanuts, 3d day
Persimmons and peanuts, 4th day

For whole perind ! 4

.............. 3.41
396 . Pears, walnuts. milk (227 grams),
i _granose (113 grams}, Ist day. JST, m 2URN 113
i Pears, walnnuts, milk (227 grams), ;
granose (113 grams), 2d dayv... ... . ... 2R ENEY 1.10
Pears, walnuts, milk (227 grams), |
granose (113 grams), 3d day.... .20 ER R BN L13

Pears, walnuts, milk (227 grams),
granose (113 grams;, 4th duy

For whole period ..............

398 Pears and cocoanutg, Ist da
Pears and cocoanuts, 24 day
Pears and coconnuts, 3d day
Pears and eocoanuts, éth day

For whole period

401 * Dried figs.appies.and walnuts,Istday
Dried figs,apples,and walnuts 2d das
bried tigr.apples,and walnputs3d day
Dried tigs,apples.and walnuts 4thday

For whole period ..............
203 Apples, dates, and peanuts, 1st duy
Apples, dates, and peanuts, 2d da

o5

Apples, dates, and peanuts, S dny
. Apples, dates. and peanuts, 4th day ! 2.04
: For whole period ... 220,55 4.9 269 2. 22
i e
405 | Apples, dates, and pecans, 1st day 433 1.15
i Apples, dates, and peeans, 24 4 4 77
! Apples, dates, and pecans, 3d day 4.97 1.38
Apples, dates, and pecans, 4th da, 4.40 ¢ .02

For whole period . 4 : 159.76 4.55
406 | Apples raising, and walnuts,1st day 20 4{! :LK‘J
| Apples, raisins, and walnuts, 2d day G498 5.11
i Apples, raising, and walnuts, 3 28.40 4.98
Apples, raising, and walnuts, 4th day B0 5.3
. For whole period .............. 165.87 | 12 5.1 | 1.8
Average of experiments . [RERT 1 LM l 1.35

As will be seen by the figures in the table, the metabolic nitrogen
is equal to the total nitrogen in the untreated feces less the zuno.ur.]t
remaining in the feces after treatment with the veagents: that is, itis
equivalent to the amount dissolved out by the reagents. In a previous
experiment¢ it was found that the solvents above mentioned dissolved
42 per cent of the total nitrogen present.

« t'. S De;)t. Agr., Office of Experiment Stations Bul. 107,
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The -average amount of metaholic nitrogen in the feces in the
experiments with the three subjects was 42,0, 32.1, and 24.1 per cent,
respectively, or a general average of 32.7 per cent, a value which
agrees very closely with that found hy Woods and Merrill @ for a man
on bread and milk diet, viz, 32 per cent. In later experiments not
yet published the same authors with a different method of examina-
tion obtained much higher results.  They state, however, that they
consider that the ether. aleohol, and limewater method yvields the most
trustworthy results.

It would scem dexirable and neeessary to uccumulate nore data
regurding metaholic nitrogen before drawing any definite conelusions,

PECUNiARY ECONOMY OF FRUITS AND NUTS.

The object of this diseussion is to present one side of the pecuniary
economy of food. especially fruit and nuts. The composition and
digestibility of nuts and fruits has heen diseussed in the foregoing
pages. but little has been said regarding their comparative cost as
sources of nutrients und energy.

The table below shows the comparative cost per pound of the total
protein and per 1,000 calories of energv when farnished by different
fruits and nuts and foed products derived from them. wud ulso the
amount of nutrients and energy furnished for 10 cents rating the
foods ut certain average prices per pound. For purposes of com-
parison a few of the more common foods have been ncluded also.  As
already noted. fruits contain very little protein. therefore no matter
how Jow the price of the fruit per pound the cost of the protein must
of necessity be high.  Nuts. on the other hand, being rich in protein,
would supply thix nutrient at & much lower cost. The principal nutri-
ent in fruits belong= to the group carbohydrates.  Nuts are rich in
fats.  Bothfruit and nuts therefore arve sources of energv, the amount
varving within rather wide limits.

Ttk ol oppprereutive coxt o folal wadvicnts aiid coergie o difecent food inederials of
arerage prices.
Costof  Costof
Price Total
Kind of food waterial, per ”’_’_“"f‘d oy weight Curbo-
pound. PIos GUOE artaad (T v by-  Energy.
. 85 mate- drates
rind

Fresh fruits
Apples .
Apricots |
Bunauas .

Dallors, (% s Pounds’ Pownds.: Ponds,
B 0.2 72

Lemons
Limes

;
H
3
M

a1, & Dept. Agr., Office of Experiment Stations Bul.
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TaBLe 36.—Compurative cost of total materials and encrgy in different foud waterials at
average prices—Continued.

Amounts for 10 cents.
Price |, Cost of Cost of -

Kiud of food nnterial. i 1 pound| 1,000 . L0l

i y : o Weight B Carbo-
| pro- iealories f Tro- -
[pound.| PO = of food r Fut Iy- Energy,
i €. energy. g - N nerey.
L2 H:\\\ tein Araies.
H rini
Continued. i "!‘nh\L l)ullur» Crnts Pawnds. Powds onnds. Posatds. Catories,
S d 3. BT L (18] 24
10 x ‘ 0 | o7 4
PO .
3 600 ¢
5 10 9, .
Pineapples. 4 4.
JRABVE -
Prunes .

Pomeloes |
Pomegranates ..
Watermelon ...
DLirjed fruits,
Appiex
Apricoty .
Citron. .
Currants

Jums, prmor\ s, e
Apple
Apple Sauc
Apri(~m sl
currant
Cherry
Currant and m\l”
Blackherry
Damson
(1O0oseherT)
Grape .
Figs istewed |
Orange marmalade
Pineapple marmalude ..
Prune sauce
FPeaech jam .
I'ear jum.
Tincapple
Plum .

Quince

Strawbe

Tomato jam .
Raspberry ... B .

Jellies: i
Apple .
Barberry

urrant
Grape.
Guava .
Hucklebery
Pineapple
Ca
Plum
Orange
Pear ..
Quinee.
Raspberr)
Strawherr;
Canned fruits:

Apple (fall pippin).
Blackberry
Crab apple .
Grape (Ives seedlmy)
Orange (Florida navel}

20 L85
PO T
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Tapre 56.—( omgrerative cost of iolal matevials and energy in different food materials at
arerage prices—Continued.

Cost of Cosi nf‘ ’(‘olal

Price ‘
- N . Ipound 1,000
Kind of food material. per .\ ,‘ weight| n. Carbo- -
pound. (‘"“" g;x]\(:m( of food 1“‘;‘;1 ‘ Fat. hy-  Energy.
i ten. TEY - mate- . drates.
b na\ ;

Juices—Continu Cepte,  Dollrrs. (end: I)mul» Calories.
* 2 90,91 1 04 U

Peach ... 7
Pear 1 Bartletty - Uﬁ 10%
Plneapple. ... 06 120
Plum ¢ Datnson . 6 113
Plum ( W lld £t 101,01 [153 b9

1724 03 5%

Berr
Bluckberries
Cranberries
Currants .
Goischerrie:
Huckleberries
Lngnmmrnu
ui\pht" o
Strawberries
Whortleberrie

Nuts:

Almonds.

100

Cocoannts .
Filberts ...
Hickory s
Lichi uw
Peanuts.
Peeans
Ploe nurs .
Pignolias
Pistachios

Walnuts 1
Butters:
LS UX ) 5,6
- 20 6% %1
] e
6 62
Y
5 - G2
Pork: Hum, sniok it
Fish:
(r-d mcwvd 10 1o
L stenk.or weetions . 1% . Ah
\}ldd \\lmlc 20 ' 5
Fish: Cunned sardines 10
Shellti
Oysters, - solids,” 80 eents
yn r q\mn L0 92
<, 15 e L6 129
3 per dozen . 62 B4
Driry products i
Whole milk.. . 3} 09 1 .14 925
Ctheese, eheddar - . 16 17 23 .03 1,330
=kim milk 2 17 02 2 &50
Flour. meal, ete :
Entire whent flour 2 1.5 4,00 .08 28K 6,700
Gluten flour 15 el &, 87 02 43 1,18
Wheat Honr. patent Totler”
process, high grade and . i
medium . 24 o2 1.5 46 .00
Mucaroni and vermicelli ... 25 1.47 15.2 i 205 1 .30
Whent hreakiast jood. - 5 4.4 16 1,00
Out brenkfast food., . - i 1.1 235 L2 B8
Bread, pastry, ete.: ! i
White bread | 3 200 18 .03 1.06
Rye bread . 2,00 ‘ 1% .01 106,
7 1.67
4%
119 3,210
.05 140

D08 2,068




79

From the data in the above table it appears that the fruit juices are
the most expensive sources of protein among the fruits and their
produets and that dried fruit i the cheapest. although the latter ir fav
outranked in this respect by the nuts.

The average price per pound of the protein of nuts ranges higher
than the corresponding average of meats, but the cost (36 cents) )} per
pound of peanut protein is lower than that reported for meats, tish,
eggs, milk, dairy products, prepared cevesls, and eluten lour.  The
only foods mentioned in the table which furnish protein at a les< cost
than peanuts are the flours and dried bheans,

The nuts are the cheapest source of energy for the strict fruitarin,
the peanut ranging far ahead of any other variety. The price, 3.8
cents for 1.000 calories of energy. vecorded for peanuts is considerably
less than the (0119\1)0ndmw cost noted for any of the animal foods,
and is below that given in the table for potatoes at %0 cents per bushel.
Wheat flour supplies energy move cheaply thun peanuts. but the cost
of 1,000 calories, when supplied by sugar at 6 cent< and by dried
beans at 5 cents per pound. approaches very closely to the cost when
furnished by peanuts. The peanut deserves special mention because
it i= the cheapest of the doniestic nuts. containing the highest percent-
age of protein, with maximam fuel value and minimam refuse.

As may be seen by a reference to the table, 10 cents will pureise
more protein and encergy when expended for the flours and weals than
in any other way. but it must be remembered in this connection that
these are the raw materials reguiring comsiderable preparation hetore
they are palatable.  This ix not necessury with fruits and nuts, except
in the case of the peanut, which is usually rousted hefore it is considered
palatable hy most persons. though there are those who prefer it raw,

While it is true that 10 cents will buy more animal protein than
fruit protein, it will on the average purchase fully us much energy
when spent for fresh fruits and more in the case of dried fruits than
when expended for lean meats.  When considering nuts it is readily
observed that 10 cents will buy about the same amount of nut protein
as of animal protein, except in case of cheese and skim milk. If
spent for peanuts. it will purchase more than twive the protein und ~ix
times the energy that could be hought for the same expenditare for
porterhouse steak.

It is of more than passing interest to note that 1o cents worth of
peanuts will contain about 4 ounces (120 grams) of protein and 2,767
calories of energy. which ix more protein than that furnished by any
of the diets and more energy than most of the diets used in the experi-
ments here reported. Although peanut- »upply protein and energy
for a smaller sum than bread, they ave outranked by dried b ans, which,
at 5 cents 2 pound, will supply for 10 cents over 200 grams of protein
and 3,040 calories of energy. If more peanuts and dried beans had
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been used by the fruitarians studied, the diet would have been enriched
and the cost decreased.

The almond, so much in favor with fruitarians, furnishes for 10
cents uhout one-third the protein and less than one-balf the energy
supplied by peanuts. .

SUMMARY.

A review of the results of the studies of the fruitand nut diet seems
to bring out the following points of interest perbaps more promi-
nently than some others:

‘While some of the dietaries make it plain that it is possible to obtain
the requisite amount of protein and a proper fuel value from a fruita-
rian diet, still the majority of those studied fell fur helow the tentative
standards. At the same time it is not just to aseribe this entirely to
the form of diet.  These same people might have consumed no larger
quantities of nutrients on a mixed diet.

The nutritive value of the fruitarian diet is shown most clearly in
the case of the university student. who. though entirely unaccustomned
to such fare, gradnally changed from an ordinary mixed diet to one of
fruit and nuts without apparent loss of health or strength. e was
then able for eight days to carry on hiz usual college work and also for
part of the time to porform heavy physical work on an exclusively
fraitarian diet without any material los~ in weight.

1t would seem from the data that it was more difficult for two of the
subjects to obtain the requisite amount of protein when on a lunited
diet of one kind of nut combined with fruits than it was when they were
unrestricted and ate of a variety ot cach.  In nearly all eases where the
diet was limited in variety, consisting of combinations of one or two
fruits with one kind of nats, the subject uniformly complained of a
constant craving for something else, asx green vegetables or cereals,
At such times it was found that the coetlicients of digestibility were
fower than those recorded when the subject ate some vegetables or
cereals which made the diet more appetizing.

The dietaries which included cereals furnished more protein and
energy in most cases than those which were limited strictly to fruit

and nuts.

The chief sources of nutriment in fruitsure the carbohvdrates, which,
judging by results of the expermments heve reported. possess a
coeflicient of digestibility only slightly lower than the carbohydrates
of the mixed diet,

The cost of the food per person per day iu the nine dietary studies
varied from 18 cents to 46 cen

The amount of nitrogen excreted in the urine was small, as would
be expected when the diet contains xo little protein.  Nitrogen equi-
libriam was maintained in 14 of the 31 digestion experiments, and in
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some cases thix was done with a smaller wmount of protein than was
usually conswmed by the ~ame subject during the dietary studies.

The feces excreted per day during the digestion experiments were
less in amount than has heen noted in some experiments with a mixed
dict or a diet of hread and milk. This is contrary to what has been
found usually with a vegetarian dict made up of hread and other cereal
foods, garden vegetables. etc., and containing little or no fruit and
nuts,  The percentage of xo-called metabolic nitrogen in the feces
examined did not exceed that found hy other investigators in feces
from a bread and milk diet.

Although it is undoubtedly advisable to wait until more data have
heen gathered hefore making definite statements regarding the digest-
ibility of different fruits and mats, enough work has heen done to
show that they are guite thoroughly digested and have a much higher
nutritive value than is popularly attributed to them. In view of this
it is certainly an error to consider nuts merely as an accessory to an
already heavy meal and to regard fruit merely as something of valne
for its pleasant flavor or for its hygienic or medicinal virtues,

As shown by their composition and digestibility, both fruit and
nuts can he favorably compared with other and more common foods,
As sources of earbohydrates, fruits at ordinary prices are not expen-
sive: and as sources of protein and fat. nuts at usaal prices are
reasonable,

In the present investigations the question of the wholesomeness of
a long-continued diet of fruit and nuts is not taken up. The agree-
ment of one food or another with any person ix frequently more or
less @ matter of personal idiosynerasy, but it seems fair to say that
those with whom nuts and fruits agree can, if they desire, readily
secure a considerable part of their nutritive material from such sources.
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