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DIGESTIBILITY OF RAW STARCHES AND CARBOHYDRATES. 
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The digestibility of over 100 different food materials has been 
tested in this department by feeding experiments with normal men.! 
Throughout the work a uniform method has been followed, so that 
the results obtained with the different materials are directly compara- 

ble. It has been commonly assumed that the coefficients of digest- 
ibility determined in such experiments with men as subjects are 
equally applicable in the case of normal women and children, but 
nothing has been found in the literature to indicate that this has 
been proved experimentally. 

The first four of the eight series of experiments here reported were 
oxen primarily to test this point. Previous experiments with men 
ad shown that raw corn, wheat, and rice starches were completely 

assimilated without noteworthy physiological disturbance. Raw 
potato starch, however, taken in the same quantity as the other 
starches was not completely digested, and the subjects experienced 
discomfort while on the experimental diet. When raw potato starch 
‘was eaten in smaller quantities the coefficient of digestibility was 
higher. This work was accordingly repeated with practically no 
change save that women instead of men served as subjects. In two 
other series of the present experiments the materials used, raw pat- 
ent and raw graham flour, though not in exactly the same form as in 
previous experiments with men, were sufficiently similar to indicate 
relative digestibility with normal men and women. 

The main purpose of the present experiments with raw flours was 
not, however, to show whether or not sex affected the digestibility, 

1U.S. Dept. Agr. Buls. 310 (1915), 470 (1916), 505 (1917), 507 (1917), 525 (1917), 612 (1917), 613 (1919), 630 
(1918), 649 (1918), 687 (1918), 717 (1918), 751 (1919), 781 (1919), 1033 (1922). Jour. Agr. Research 6 (1916), 
No. 16, p. 577-588; 6 (1916), No.17, p. 641-648. Jour. Biol. Chem. 41 (1920), No. 2, p. 227-235; 42 (1920), No. 
1, p. 27-40; 52 (1922), No. 1, p. 251-261. Jour. Ind. & Eng. Chem. 12 (1920), No. 10, p. 975. Amer. Jour. 
Physiol. 54 (1921), No. 3, p. 479-488. Jour. Home Econ. 15 (1923), No. 12, p. 699-701. 
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but rather to supplement the existing information as to the digestio 
of raw starches. The previous work had been done with separated 
starches, but there were no similar data regarding the digestibility of 
raw flours and meals; accordingly the present experiments included 
the Bi am flours already referred to and also farina and white corn” 
meal. | 
When these experiments were being carried on there chanced to be 

available a sappy of the little-known Chinese type of maize known as" 
waxy maize. The endosperm of this grain is characterized not by 
starch but by a substance that, like some dextrins, gives the red 
color reaction withiodin. As little is known regarding this substance, 
waxy maize was included among the materials ‘tested in the present 
experiments. 

EXPERIMENTAL METHOD. 

Each ie ir product under investigation was eaten as a con- 
stituent of a frozen pudding of which it made up about 20 per cent. 
The pudding, made according to the formula used in previous similar 
experiments, was flavored with vanilla and resembled ice cream in 
taste and texture. 

EXPERIMENTAL FROZEN PUDDING. 

6 quarts of milk. 24 cups sugar. 
4 pounds raw starch, or cereal product. 1 tablespoon salt. 
3 cups table oil. 4 cup vanilla extract. 

The uncooked starch or cereal product was mixed with the milk, sugar, and oil, 
and immediately frozen in the same way as ice cream. 

_ The puddings made with raw cornstarch and raw corn meal were 
not agreeable to the taste, but all of those made with wheat products, 
and Sey those made of farina and graham flour, were considered 
agreeable by the subjects. | 

The cereal products used were examined by G. L. Keenan of the 
microchemical laboratory, Bureau of Chemistry, and proved to be- 
free from foreign matter. It had been shown in previous work that, 
so far as could be determined, wetting and immediate freezing did 
not affect the starch grains in such puddings. ; 

The subjects were business or professional women who were 
conscientious and trustworthy. Three of them served in practically 
all the experiments and other suitable women were added for one or 
more experiments. 

The subjects all seemed in normal health and for the most part 
remained so throughout the experiments. The notes that they 
regularly kept of their unusual sensations indicate occagional head-— 
aches, general depression, or similar discomfort. Such symptoms 
are not referred to in connection with the individual experiments — 
because they can hardly be attributed to the raw starch itself. — 
Similar discomfort has frequently been noted when persons change > 
from a normal to a limited diet or vice versa, and the large proportion — 
of very cold food in the present experimental meals might in itself 
be sufficient explanation. Moreover, other persons employed in the 
same building as some of the subjects experienced similar discomfort, - 
which they attributed to the very hot weather and to an odor of 
fresh paint throughout the building. ; 

The experimental period for a diet was three days and included 
nine meals. Between experiments came an interval of three or four 
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days in which the ordinary diet was followed. The foods were 
attractive in appearance, and the table was neatly set with white 
covers and dishes. The subjects were given weighed portions of the 
frozen pudding along with a weighed ration of oranges and sugar, 
and tea or coffee as desired. In a preliminary experiment it was 

- found that subjects were able to eat 300 grams of frozen pudding 
at a meal, and accordingly this quantity was usually weighed out for 
each person. If any of the weighed portions was not eaten, the 
residue was weighed and careful account was kept of the amount 
eaten by each subject. 

_ The quantity of raw starch usually eaten per woman per day was 
_ about 170 grams, or a little over a pound in three days. This quan- 
_ tity of raw starch quite closely approximates that eaten by the 
subjects in the experiments with men. The quantity of oranges 

- consumed was limited to that consumed by the men. The quantity 
of sugar used in beverages was within limits left to the discretion 
of each subject and varied from none at all to 100 grams per woman 
daily. In determining the coefficients of digestibility of starch 

alone, corrections were made for undigested sugar. The quantity 
of sugar consumed did not seem to affect the digestibility of the 
_ starch as so determined. | 
The feces belonging to an experimental diet were marked by car- 
- mine taken with the first meal and were separated from the feces of 

the subsequent regular diet by lampblack taken with the first regular 
meal. It was noticed that the carmine colored the feces for two or 

three days after it was taken. The drying and analysis of foods 
and feces and the correction for metabolic products were all made 
according to methods used in the experiments with men. 

It was noticed in mixing the materials to make the frozen pudding 
that the raw cornstarch did not blend well with the oil and milk, 
and this made it difficult to obtain uniform samples for moisture and 

fat determinations of the cornstarch pudding. The other pure 
starches mixed better with the oil and milk, and the flours, farina, 
and corn meal mixed well with the oil, so that in these puddings the 

samples obtained were uniform and the moisture and fat determina- 
tions agreed closely in the five samples taken of each pudding. The 
ability of the flours and starches to mix well with the oil and milk 

as contrasted with the poor mixture obtained with the cornstarch 
can probably be explained by difference in surface attraction of the 
raw materials for the oil. 

In order to determine the coefficient of digestibility of the carbo- 
hydrate of patent flour, graham flour, farina, and corn meal, an 

_ analysis was made of these substances and the amount of carbo- 
Eparate to be attributed to each in a given diet was calculated from 
the amount of the substance known to have been eaten in the frozen 
pudding. 

Microscopic examinations of the feces were made by one of the 
authors in the microchemical laboratory of the Bureau of Chemistry 

~ to eT whether or not they contained undigested grains of raw 
starch. 

The nitrogen determinations were made in the nitrogen laboratory 
and the fibre determinations in the food-control laboratory of the 
Bureau of Chemistry. Determinations not otherwise specified were 
made in the laboratory of the Bureau of Home Economics. 

q 
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EXPERIMENTS WITH RAW CORNSTARCH. 

Four experiments were conducted with raw cornstarch. The 
diet furnished the following average amounts of nutrients and energy 
per woman per day: Protein, 22 grams; fat, 52 grams; carbohydrate, 
341 grams; energy, 1,920 calories. The average amount of raw 
cornstarch eaten per woman per day was 174 grams. 

TaBLE 1.—Djigestion experiments with raw cornstarch in a simple mixed diet. 

Constituents of foods. 

Experiment, subject, and diet. eee 

— | — Ss SE.) | | | 

Experiment No. 1174, subject G. B.: 
Frozen pudding (raw cornstarch, 529.3 | 

ams or 65.22 per cent oftotalcarbo- | Grams. 
WORRIED. oot eae FER = le be fa 2,750. 0 

Je yen Be ne ER te Ce Pahl Re Se Le 990. 0 
Bugar.¢. 22833 este... ek. )25 495 bea peat - 4k den Seer leet c a Belay eee or 

Total food consumed................ 3,740. 0 
Hacos src t Pe Pe Eke eek. D8 ta 8 35. 0 
ACHOUNUIIMUZEOs ~ sce hee eet ee [eee ee eee oe 

Digestibility of entire ration: .. 32. 2] -/2cce shen acme coe e a 
Estimated digestibility of raw corn- 

BUATCU ALON! sc. Seo. hn cbc ook ive 2 deen oe | ae cei ete es ee eae eee 

Experiment No. 1197, subject A. T. M.: 
Frozen pudding (raw cornstarch, 517.9 
pane or 65.22 per cent of total carbo- 
PALO ee aoe oe tt een Deena 

MGs 6 coals tice eee eee tee eee 1,022. 0 
Bugar’ o..Ac0ao Se eek eb eetet tele 277.0 

Total food consumed................ 3, 999. 0 
RUGRBE eh tase eotiee ik gt eS ee eet ee 36. 0 
FATROMTIU AIG ZOM soot wc oe ae cae cee eee ones 

Per cent. | Per cent. mt. 
Digestibility of entire ration...........]...--.--+-|------:--- 82.1 94.0 99.1 73.1 

Experiment No. 1198, subject C. M.: 
Frozen pudding (raw cornstarch, 517.9 
crane or 65.22 per cent of totalcarbo- | Grams. 
viet.) ey a eS ee oe 2,700. 0 

rit. 3 oh Soe Deere Cae etoeee 1, 023. 0 
Dugan ssf bi hsis ieee: glee cb eR aE. GREP sce, soba oll |. pee Sei sto232o). 4st eee ee eee 

Total food consumed..............-- 3, 723. 0 
MeCOS cysts hood 2 oe tape Meck aves 25. 0 

Estimated digestibility of raw corn- 
Btarcht alone. - =. 47-8 

Experiment No. 1199, subject R. L. P.: 
Frozen pudding (raw cornstarch, 517.9 

ams or 65.22 percent of totalcarbo- | Grams. 
VRIBG) 82 Stas, ob ate ere Ct ee 2,700. 0 

{thc Sh gl neal ph: Miatgir: LAE ap MEER | Semen cs “cy! , 035. 0 
Bitar itl Sik fos5 2 sess E525 LA ABOSO Wes ese hss se See ts: GO 555. 

Motel food. consumed ..2 > ..coue ck ee 
Méeees = only) pee obs sees?! ceeacmee ng 
PINON TITUS mite eo gad tee ite knee orgs dle ef eae ae 

Digestibility of entire ration........... 
Estimated digestibility of raw corn- 

BrarcnielonG. 2 Mesa ee eee eek sco 

Grams. 
1, 278.9 21.9 

Per cent. 
- in SEE cde sreee ee 86.6 

Average food consumed per subject per day 

Average digestibility of entire ration. ..... 
Average digestibility of raw cornstarch 

Blone...:.. <2 Aisi A ES 

Dieeshibuity-of enimre Paton sc 5.55 cfs. oss-~ abel ooscee eee 
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The coefficient of digestibility of the raw cornstarch, corrected — 
for the undigested residue from the accessory foods, was found in 
each case to be 100 per cent. This was confirmed by the micro- 
scopic examination of the feces which showed no starch present. The 
average coefficients of digestibility for the protein and the fat of the 
entire ration were found to be 87 per cent and 95 per cent, respec- 
tively. The subjects were in normal health during these experiments 
and found that the diet quite satisfied the appetite. 

EXPERIMENTS WITH RAW WHEAT STARCH. 

Three experiments were made with raw wheat starch. The diet 
furnished the following average amounts of nutrients and energy per 
woman per day: Protein, 21 grams; fat, 64 grams; carbohydrate, 291 
grams; energy, 1,825 calories. The average amount of raw wheat 
starch eaten per woman per day was 168 grams. 

The coefficient of digestibility of the raw wheat starch, corrected 
for accessory food residue, was 100 per cent, and the completeness of 
digestion of the raw starch was confirmed by the microscopical 
examination of the feces which showed no starch present. The 
average coefficient of digestibility of the protein of the entire ration 
was 79 per cent and that of the fat 94 per cent. A sample of urine 
from one subject obtained during this diet was found free from sugar 
or albumin. 

TaBLE 2.—Digestion experiments with raw wheat starch in a simple mized diet. 

| Constituents of foods. 

Experiment, subject, and diet. weiehs — | 
* arbo- | e 

Water. | Protein. hydrate. | Ash 

Experiment No. 1175, subject A. T. M.: | 
Frezen pudding (raw wheat starch, 

-0 grams or 65.22 per cent of total | Grams. | Grams. | Grams. | Grams. | Grams. | Grams. 
Gar BOWGOTALC) =. 828 27 52h so as: 2,725.0} 1,690.0 55.6 190.8 : 15.8 

Lgilb bas io oe oe eel ap Se ee 881.0 765.6 7.0 1.8 4.4 
LES... --22f Ls ae ed ee le 2h ge Ets a ene peeeee ene eine nnEn segue” os Te 

Total food consumed................ 2,455.6 62.6 192.6 20.2 
eS este b et ascacp apn 48-0 |. cdaviewac~ 13.4 14.9 ; 9.4 
Pee IEETE ME oot oe emacs ccelac anedescs)> acmame cae 49.2 177.7 864.7 10.8 

Per cent. | Per cent. | Per cent.| Per cent. 
DOS oa ese i a ae 78.6 92.3 98.8 53.5 
Estimated digestibility of raw wheat 
SPY GL PUTO S . yp ERE RAS ES eee be meee bi ee eee Pees eee TOGO.) 5 22 Se 

Experiment No. 1176, subject C. M.: 
Frozen pudding (raw wheat starch, 

499.8 grams or 65.22 per cent of total Grams. | Grams. Grams. 
eaxiohiysiedie)2.. 2225S: -. .-.0et J. 55-1 189.1 15.7 
iy LE Ree ie se Ee Ea: og Se ee 6.7 T27 4.2 
JOT 1 eel 2 <a eee SE sec: oe 37 aS 2 es ee eee Rind ey Soe 

Total food consumed................ 61.8 190.8 862.8 19.9 
CRS ee eae in ads te odd acco ce 13.0 11.1 11.2 5.7 
TUT 9. 079 ee ee ie a ee eee 48.8 179.7 851.6 14.2 

; Re Per cent. | Per cent. | Per cent. | Per cent. 
Digestabwity of entireration.iess folk J.]... 02.25.) cece cece 79.0 94.2 98.7 | 71.4 
Estimated digestibility of raw wheat 
Co eS Se Eee ec ao a fo ee Jo's ROGUB ALG eS 
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TaBLe 2.—Digestion experiments with raw wheat starch in a simple mixed diet—Contd. 

Constituents of foods. 

Experiment, subject, and diet. weet 
Protein.| Fat. | 900. | Ash. 

Experiment No. 1178, subject R. B.: 
Frozen pudding (raw wheat starch 

504.0 grams or 65.22 per cent of total | Grams. Grams. | Grams. | Grams.| Grams. 
CAPDOHYVUPAtG)sde2k seas oss ce chase Ee 2,725.0 55. 6 190.8 772.8 15.8 

rig, pee yo ck ged een Sa pe 927.0 7.4 1.9 107.5 4.6 ' 
DUBAL - oo ne co Ro adeeb ced v See Sb Eee oaks Jo eel bare ee re ee Ae eee ela ws sock oe ble eee 

Total food consumed................ 3,652.0 63.0 192.7 880.3 20.4 
MOCOS Foe o.. ectvastee due a cb snmceede aout : 12.5 11.3 10.0 8:2 
MIMNOUNT Whlved =. te. A1scnn0s s aene near ee acetal neews wane 50.5 181.4 870.3 12.2 

st Per cent. | Percent.| Per cent.\ Per cent. 
Pivesti bility of entire TAtON. 9 os ae cee wel eee oe 80.2 94.1 98.9 59.8 
Estimated digestibility of raw wheat 

Starch BlONeg << fae fds s vice cio a ols b> Geely Ss eee ee be oes oho ee acy ee oe ee 100.0: | sSs2eepeen 

Grams. 
Average food consumed per subject per day| 1,199.1 20.8 64.0 290.9 

Per cent. | Per cent. Per cent. Per cent. 
Average digestibility of entire ration.......]..........|...-...... 79.3 93.5 98.8 61.6 
Average digestibility of raw wheat starch or, 

OMOC Lee MEALECED . Sor LUCE. ASPET CRC e) See EOS Set JA. eee 100-0 1. - 2e52283 : 

EXPERIMENTS WITH RAW RICE STARCH. 

Two experiments were conducted with raw rice starch. This diet 
furnished the following average amounts of nutrients and energy 
per woman per day: Protein, 22 grams; fat, 44 grams; carbohy- 
drate, 298 grams; energy, 1,675 calories. The average amount of 
raw starch eaten per woman per day was 169 grams. 

TABLE 3.—Digestion experiments with raw rice starch in a simple mixed diet. 

| 
J : : Weight Experiment, subject, and diet. | of food. 

Constituents of foods. 

Carbo- 
Fat. hydrate. Ash. 

Experiment No. 1179, subject A. T. M.: 
Frozen pudding (raw rice starch, 507.3 

ams, or 65.22 per cent, of total car- | Grams. 
ONYVOTAtA) 2. Soe + ~ acectece soe cewtete 2,700. 0 

OT ee oO ery aera erick 939. 0 
DUPOE? oo acd one awauinecceseb cstnpe oisetclelp ce-cis mh eel tense ie nee are ome oo oll oo ete ee onl eal 

Total food consumed..............-- 3,639. 0 
TBCAS eee oe eee a ae we eee 44.0 
FATNIGUNE UULILCOL Sos oo. oc Ole maee ccs tela oes tinw ill nniswe'e ue ote 

.| Per cent. | Per cent. | Per cent. 
Digestibllity of entire ration... 0... .i0|...0.0ccdelnncscccenia : 92.6 98. 5 57. 
Estimated digestibility of raw rice 

SPATOM AION. dee ts Gawcast eheamcscetie|iss= ons ceinan ce carcekenene el seen 

Experiment No. 1182, subject R. J.: ayes. a TV GaN WET is 2 oan 
Frozen pudding (raw rice starch, 507.3 
grams, or 65.22 per cent, of carbohy- Grams. 
Phe c) ae es Se See Se, eee 2 2,700. 0 

Pere cs te eee dns Seber ebins etl 1,011. 0 
S05 a eee ee See eee ee 

Total food consumed ....cdscsseccs sin 3,714.0 
Ue Oe SE Se ee & 41.0 
A MICNIDDATINZA S Stet. bis > daksedabindcHlecsomaxicablewsdacenstt 

Dicestibility ofentive TAtion.... .cccnmcblesscasweshlesccnaccck 
Estimated digestibility of raw rice 

SLARCH GOUP ray cnt Re caes dccncstenes alse ake te Sette wens he talaee pemeees 

Grams. 
Average food consumed per subject perday| 1,225.5 

Average digestibility of entire ration......]..........]-..--.---- 
npr on digestibility of raw rice starch 
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The coefficient of digestibility of the raw starch was 100 per cent 
for both subjects, and this was confirmed by microchemical exami- 
nations of the feces, which showed absence of any starch. The aver- 
age coefficient of digestibility of the protein of the whole diet was 81 
per cent and of the fat 92 per cent. 

EXPERIMENTS WITH RAW POTATO STARCH. 

In the experiments with raw potato starch the frozen pudding was 
made up with half the ‘ranean d of starch used in the other experi- 
ments of this series. This was done with the idea of avoiding the 
unpleasant physiological effects experienced by the men when they 
ate large quantities of raw potato starch. In these experiments 
with women, therefore, the diet furnished the following average 
quantities of nutrients and energy per woman per day: Protein, 20 
grams; fat, 37 grams; carbohydrates, 230 grams; energy, 1,330 
calories. The average amount of raw potato starch eaten per 
woman per day was 68 grams. 

The coefficient of digestibility of raw potato starch when corrected 
for accessory food residue was 100 per cent for subject A. T. M.; for 
R. L. P. it was 95 per cent; while for C. M., it was 79 per cent; and 
for EK. M., only 49 per cent. These coefficients of digestibility vary 
in reverse order to the dry weights of the feces and to the proportion 
of carbohydrate in the dry feces; the latter figures were 48 per cent, 
43 per cent, 66 per cent, and 71 per cent, respectively, that is, 
highest in the experiments in which the coefficient of digestibility 
was lowest. None of the subjects experienced any physiological dis- 
comfort during the experiments and all remained in excellent health. 
Subject E. M., who digested the raw potato starch least completely, 
had not been a subject on any previous raw-starch diet, and it is not 
unlikely that she would have digested the starch more completely in 
a second experiment. 

The average coefficient of digestibility of the protein of the entire 
diet was 64.6 per cent and that of the fat, 91.9 per cent. The low 
figure for protein seems to indicate that the digestibility of the pro- 
tein was decreased when the digestibility of the raw potato starch 
was low, but since the amount of protein eaten was small the errors 
involved in the calculation of the protein coefficient are proportion- 
ately large and no definite conclusion can be drawn. Microscopic 
examination showed considerable starch present in all the feces. 
These results are generally similar to those obtained in experiments 
with men eating raw potato starch. In the latter over 99 per cent 
of the potato starch was digested when only 40 grams of starch was 
eaten per man per day, and about 94 per cent when 70 grams of starch 
was eaten per man per day. Among the men, as among the women, 
individuals differed in their ability to assimilate raw potato starch; 
microscopic examination of the feces also showed undigested starch. 
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TABLE 4.—Dvigestion experiments with raw potato starch in a simple mixed diet. 

| Constituents of foods. 

Experiment, subject, and diet. 

Water. | Protein. Fat. 

Experiment No. 1200, subject A. T. M.: 
Frozen pudding (raw potato starch 

211.7 grams or 47.4 per cent of total Grams. | Grams. | Grams. | Grams. 
GALOONVOLAUG). <-og o ccnee enemas ne 2,000.0 | 1,381.0 50.6 111.2 

i jr Dh ele SS ER TS 8 Aree SE Rs ee 8 Os 8 1,186.0} 1,030.6 9.5 2.4 
SURO i ag ee I ae ee Peers fae PE) | eee aera eo = ake ee ae 

Total food consumed..............-. 3,471.0} 2,411.6 60. 1 113.6 
MOCES e202 lols anced wean etan Soeserel 0s Aa ee eee 12.4 6.2 
A TOUDCLTLIZOGS EL se. SIE cog eked e| sha eee Seeldd ddan we 47.7 107. 4 

Per cent. | Per cent. 
Digestibility of entire ration.-.. 2.2.2.2]... ccc ce cfeceeccccce 79. 4 94.5 
Estimated digestibility of raw potato 
BPP MONG sai or. Sons ob ens cv email oo aawk eee eas ge new alec see l aes hate eee ee 

Experiment No. 1201, subject C. M.: “wwe set [ 
Frozen pudding (raw potato starch | 

206 4 grams or 47.4 per cent of total | Grams. | Grams. | Grams. | Grams. 
Carbon yOrate)=-i-. 22.2 tacHsckerc<<. 1,950.0 | 1,346.5 49.3 108. 4 

ribs ces. fro th az: od domes desepebeciws 1,209.0 | 1,050.6 9.7 2.4 
SUES when iie'e's hale nus ana teenemummatmaeldel cus ¢ antl tat eee bin wine atcha waar te [eee ae 

Total food consumed... -.. oc ne o0<h <i 3,159.0 | 2,397.1 59.0 110. 8 
OCOS I? ot 2. eta s wt Rane antensaucitawee| se’ ORO ELLE Te 8 17.6 (A: 

Amount Ufizedonc-F tse devisieceas oe ficnis ><> cmaaleae aoesicthd 41.4 102.9 
Per cent. | Per cent 

Digestibility of entire ration... ..5....0.|..ccecsccclececsccsce| 70. 2 92.9 
Estimated digestibility of raw potato | 

starelhalone.<etit st. eA thosesh State UA ROE | laid nfo Soa eee hee 

Experiment No. 1202, subject R. L. P.: a5 Bie il PEE TT,” Da uo bolo (sue 
Frozen pudding (raw potato starch 

190.5 grams or 47.4 per cent of total | Grams. | Grams. | Grams. | Grams. 
rhahydrate) ose. 524305. 43.0osse% | 1,800.0} 1,242.9 45. 5 100. 1 

BYU s- fie eee eee Soe cne me 1, 148.0 997.6 | 9. 2 2.3 
pigar. = UPI e ehh. FECLER IIIS 169! Oise SLL Eee ee, ee oe 

‘Total Tood Conse. --.ce ees. ee oe 3,117.0 | 2,240.5 54.7 102. 4 
QCOS Pee dacs & eect ht ELL e toon cece BOs css se. 23. 4 10.3 
ABOU UCUIZOG oo oe ons on Seca dusvans seam acecrdineetre sae 31.3 92.1 

Per cent. | Per cent. 
Digestibility of entire ration........... a ewe sale artes sin sim 57. 2 89.9 
Estimated digestibility of raw potato | 

starel) alone: spestS sa s7genesice ete belseLes seer eben. ta. ce leeereteest|etee eee 

Experiment No. 1203, subject E. M.: Pint Wh 3 rd daevh San nae TS ol oe 
Frozen pudding (raw potato starch 

211.7 grams or 47.4 per cent of total | Grams. | Grams. | Grams. | Grams. | Grams. | Grams. 
PAT DON YOTALE) ore. ono nk dn ceeeaate 2,000.0 | 1,381.0 50. 6 111.2 446. 6 10.6 

1 haya Alleges SA ee SiS Se ERED § Fas fe 1,153.0 | 1,002.0 9.2 2.3 133.7 5.8 
SUPE 15.21. eceemadapssiedders sae Pi 3) ||| ea | ee aes | Neyer 223 ES GR 

Total food consumed............--.- | 3,179.0 | 2,383.0 59. 8 113.5 606. 3 16. 4 
COCO et 2 We ene cil afenerehe cali), Lite QuMeeet coeee 28.9 11.1 126. 2 10.8 
AIOE UTTH ZO 2 55 Se Ss occas oe aly ohh San RIEL EA geile ot 30.9 102.4 480. 1 5.6 

Per cent. | Per cent. | Per cent.| Per cent. 
Phigestibility of entire ravion. [.ccck sc. |.. cccccanleccsc tacts 51.7 90. 2 79. 2 34. 1 
Estimated digestibility of raw potato 

BOALONIAIONO. 5 - Cee tae onuuie nth anita alte saute tI ER oes eet eee eee emer 49) 2-| oo eoeeee 

} Grams. | Grams. | Grams. | Grams. | Grams. | Grams. 
Average food comsumed per subject per day] 1,077.2 786. 0 19.5 36.7 229.6 5.4 

Per cent. | Per cent. | Per cent. | Per cent. 
Average digestibility ofentire ration.......|..........)..--eecee- 64.6 91.9 | 90. 5 55.7 
Average digestibility of raw potato starch 

PIONB 24), 5) fe tC ce eect cs bask ewes peelep «<u dunt Te Bay) Ree) NS Gee |S ae ee ‘2 Mt] eee os 

EXPERIMENTS WITH RAW PATENT FLOUR. 

Three experiments were conducted with raw patent flour made up 
in the form of frozen pudding, the proportion of flour used being 
the same as in the case of pure starches. An analysis of the patent 
flour showed 11.07 per cent water; 12.75 per cent protein; 0.90 per 
cent fat; 74.84 per cent carbohydrate, aedne 0.14 per cent crude 
fiber; and 0.44 per cent ash. 

H 

eee ee ee es 
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The entire diet furnished the following average quantities of nutri- — 
ents and energy per woman per day: Protein, 44 grams; fat, 85 
grams; carbohydrate, 279 grams; energy, 2,060 calories. The aver- 
age amount of raw flour eaten per woman per day was 181 grams 
and the average amount of the carbohydrate due to raw flour eaten 
per woman per day was 136 grams. 

The coefficient of digestibility of the carbohydrate due to raw 
patent flour alone was 100 per cent in every case. The microscopic 
examination showed absence of starch grains in the feces and con- 
firmed the chemical determination. The coefficient for the protein 
of the entire diet was 88.9 per cent; that of the fat, 93.5 per cent. 

It is of interest here to note that the average coefficient of digesti- 
bility of the carbohydrates in patent flour baked in bread, as deter- 
mined in previous experiments with man,” was 99.7 per cent. 

TaBLe 5.—Digestion experiments with raw patent flour in a simple mized diet. 

Constituents of foods. 

. Carbo- Protein. Fat. hydrate. 

Experiment, subject, and diet. 

Ash. 

Experiment No. 1183, subject A. T. M.: 
Frozen pudding (carbohydrates ofraw 
patent flour 407.1 grams or 61.19 per Grams. | Grams. | Grams. | Grams. | Grams. 
cent of total carbohydrate) .-.....-... 254.3 665.3 17.8 
eR SO 2 ee 2.0 117.2 5.1 
Seiya ere eee ee ae Sear Pee nos Ah omncaneh sfecsaces Sot decee nes sa[sececneusclancaanbeas 

Total food consumed.............-.. 256.3 782.5 22.9 

Eee eS ee ee eee 10) [2 Zeek 17.2 14,1 10.6 
2 i a SS ae gE ae Bh Rebs 239.1 768. 4 12.3 

ih Fre . | Per cent. | Per cent. |Per cent. 
PENN CHUTE TALON. 2-25 5555.) 2or22ccans|eceecetce - 53.7 
Estimaied digestibility of carbohy- 
mnenmcins seatentL torr Rosie: + *21115* 4-22 51.)-28ee- 2 eS A os iy doings BS 

Experiment No. i184, subject C. M.: 
Frozen pudding (carbohydrates ofraw 
patent flour, 407.1 grams or 61.19 per 
ay of total carbohydrate)..--....... 

Digestibility of entire ration...........).........-[-.-.-2---- 
Estimated digestibility of carbohy- 

Simspe ern Na POTENT TOUTE IONIC oo a none ee no occ cecefawmecceces OO! foe eee 

Experiment No. 1185, subject R. L. P.: 
Frozen pudding (carbohydrates ofraw 
patent flour, 407.1 grams or 61.19 per 

x cent of total carbohydrate)--.--...... 
eee SE ee eee 

: 925.0 18.2 
Japa, 484 - nt. | Per cent. | Per cen 

Digestibility of entire ration...........]......-.2.)------20e- . ; 7 
Estimated sacinrek ri of carbohy- 
TE Sg Ee ee Be Rr ee Raa iy 65 eae eee WO. fe ceeewen 

Grams. | Grams. | Grams. 
Average food consumed per subject per day. 43.6 85. 4 279. 4 7.6 

Seas Per cent. | Per cent. | Per cent. | Per cent. 
Average digestibility of entire ration......]..........|.....-.20- 88.9 93. 5 98. 7 71.5 
Average digestibility of carbohydrates of 
De lel a ial EEE Ei Rae ee i ee (SP Ree Peeps 1 eps ees Pe 

| 

} | | 

2 Proc. Nat. Acad. Sci. 7 (1921), No. 4, pp. 119-123. 

a rte 
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EXPERIMENTS WITH RAW GRAHAM FLOUR. 

Three experiments were conducted with raw graham flour made 
up in the form of frozen pudding, the proportion of flour used being 
the same as in the case of the pure cereal starches. The graham 
flour was found by analysis to contain 11.82 per cent water; 10.63 
per cent protein; 1.71 per cent fat; 74.12 per cent carbohydrate, 
including 2.25 per cent crude fiber; and 1.72 per cent ash. 

The entire diet furnished the following average amounts of nu- 
trients and energy per woman per day: Protein, 40 grams; fat, 83 
grams; carbohydrate, 295 grams; energy, 2,085 calories. The aver- 
age amount of raw graham flour eaten per woman per day was 196 
grams and the average amount of carbohydrate supplied by the flour 
alone was 145 grams per woman per day. 

TABLE 6.—Digestion experiments with raw graham flour in a simple mixed diet. 

Constituents of foods. 

Experiment, subject, and diet. vee 

Experiment No. 1194, subject A. T. M.: 
Frozen pudding (carbohydrates ofraw 
graham flour, 462.6 grams or 60.96 per 

cent of total carbo WOTALR) sj. «> 2 5 

Total food consumed............-.-- 
MOP BSE tae oe at ht Aa ees ratte ; 
Atmotmnsd Whilizedet < shee Ra ae eee Secs cead lowe sale cabs 

Dikestibility of eawre ration. -60- stelesveee ce seloneweses- 
Estimated digestibility of carbohy- 

Grates of raw. grahan flour alone. sels. soc cose foe we oes selon oie a sael pe neai eee 

Experiment No. 1195, subject C. M.: 
Frozen pudding (carbohydrates of raw 
graham flour, 446.7 grams or 60.96 per 
cent of total carbohydrate) .......-.-- 

ROO ew lw ee ele lee 

Digestibility of entire ration.......... 
Estimated digestibility of carbohy- 

drates of raw graham flour alone. . 72). ~- 0. -dal-c--.-ncddltecosepahelaaatnsnnae 

Experiment No. 1196, subject, R. L. P.: 
Frozen pudding (carbohydrates ofraw 
graham flour, 398.9 grams or 60.96 per 
cent of total carbohydrate).........- 

MONG etnias woop ios cnitideap apts c's ses 
BUSS eee cnn-- selesecenns ae duipececsesenc|. GUAM taspnu waddle cnset aneleaheaakise'd 

Total food consumed....... eye 
CUPS! 1; eer ot nat hometdacsuceamesecses| | OOO Nest. temes 

AT GHIT UCT ct ecnc costae asentlusasnce onal ccneceeu ds 

Digestibility Ofemire rawONs on. -npaslocncashecalacceascnus 
Estimated digestibility of carbohy- 

drates of raw graham four alone... {| csancwedulasscnisen dele tuaphontr aantadine xe 

ayer food consumed per subject per 
BY ete chet peers oases as 

Average digestibility of entire ration ......]..........]....-.-.-- 
Average digestibility of carbohydrates of 
raw graham flour alone 
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The average coefficient of digestibility for the carbohydrate of the 
graham flour alone was 97 per cent, the lowest single coefficient being 
96 per cent. If Prausnitz’s figure * of 53 per cent is adopted as the 
coefficient of digestibility for bran, and allowance is made for 47 
per cent undigested crude fiber in determining the coefficient of 
digestibility of carbohydrate from graham flour, the average coeffi- 
cient becomes 98.7 percent. Examination of the feces by microscope 
revealed occasional granules of undigested starch. The coefficients 
of digestibility of the protein and fat of the entire ration were 87.7 
per cent and 95.8 per cent, respectively. _ 

Previous experiments with men in which finely milled graham 
flour * was eaten in the form of bread showed an average coefficient 
of digestibility of 97 per cent for the carbohydrate of the flour, which 
is the average coefficient found for raw graham flour in the present 
experiments with women. This seems to confirm the belief derived 
from the studies with separate raw starches that sex has no effect 
on normal digestibility and also indicates that the coefficients of 
digestibility for either cooked or uncooked graham flour are the 
same. The undigested carbohydrate is in both cases probably due 
to bran. 

EXPERIMENTS WITH RAW FARINA. 

Four experiments were conducted with raw farina. Analysis 
showed the composition of the farina used to be as follows: Moisture, 
11.37 per cent; protein, 13.03 per cent; fat, 0.77 per cent; carbo- 
hydrate, 74.27 per cent, including crude fiber, 0.28 per cent; and ash, 
0.56 per cent. 

The entire diet furnished the following average amounts of nutrients 
and energy per woman per day: Protein, 45 grams; fat, 74 grams; 
carbohydrate, 276 grams; energy, 1,950 calories. The amount of raw 
farina eaten per woman per day was 190 grams and the amount of 
carbohydrate supplied by the farina was 141 grams. 

The average coefficient of digestibility for the carbohydrate of the 
farina alone was 100 per cent, the lowest single figure being 99.8 per 
cent. Microscopic examinations did not show the presence of starch 
in the feces. The coefficients of digestibility of the protein and fat 
of the entire ration were 92.8 per cent and 96.3 per cent, respectively. 
The frozen pudding made with farina was particularly well relished 
by the subjects. 

TABLE 7.—Digestion experimenis with raw farina in a simple mixed diet. 

Constituents of foods. 

Experiment, subject,'and diet. eyelet 

Water. | Protein.| Fat. ord as Ash. 

Experiment No. 1190, subject, A. T. M.: 
Frozen pudding (carbohydrates of raw 
farina, 430.2 grams or 61.02percentof| Grams. | Grams. | Grams. | Grams. | Grams. | Grams. 
total carbohydrate)................. 2,700.0] 1,622.4 130. 4 224.6 705. 17.6 

rari pee SUAS ie ee ad gh he 1,013.0 880.3 8.1 220 147.5 Sat 
SEPT oo coo ae BBR Re Be tM oc I a Oe Spe Beeman ts 5 he ee Os Oe ee ene see 2 es Oe De Coma eS 

Total food consumed................ 3,713.0 | 2,502.7 138.5 226.6 822.5 22.7 
et of i Ee rar et eee OPA 743.5381 17.8 14.9 18.3 8.9 
SATE CUEETLT TTL BTU C/ 2 Dee eae Re ng (aor es oy ema ed 120.7 ite Ty 804. 2 13.8 

4 ae Per cent. | Per cent. | Per cent. | Per cent. 
Digestibility of entire ration...........|..........J.....--0-- 87.2 93.4 97.8 60.8 
Estimated digestibility of carbohy- 
race mtrtaw Tati gictie.. 6 8557). eye TA Cec PLL een ck OO) SAivx 2 eee 

2 Ztschr. Biol., 30 (1894), p. 350. ‘ Proc. Nat. Acad. Sci. 5 (1919), No. 11, pp. 514-517. 
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TaB_e 7.—Digestion experiments with raw farina in a simple mized diet—Continued. — 

Constituents of foods. 

Experiment, subject, and diet. bitpace ¢ 
Water. | Protein. 

total carbohydrate)................. 2,625.0 | 1,577.4 126.8 
BEES o optcnn as erect ch eam eee 5 743.0 6.8 
Spear tid ee oF ae oss bk ae DOs toe ae bts pte gece sea eee ates 

Total food consumed. . .3.<. dazes=~ae 3,489.0 | 2,320.4 133.6 
INBGRS. ~\-(-'5 When oe ees ee peueeaacae ae Og: Us zas eta 10.7 
Amount utilized) S. 343. 27205 se ees cll Beer 122.9 

Per cent 
Digestibility of entire ration.l5/2.4.5.|97.34. SAE. PLR 92.0 
Estimated digestibility of carbohy- 

drates/of raw, Taming AlUne.- hos Scr Fenn a roe Sos a |ac eee eal te a dae mee | ao ouee ne 

farina, 430.2 grams or 61.02 percent of | Grams. | Grams. | Grams. 
total carbohydrate). ...............- 2, 700. 0 E 
wunitcl get hexyxgscut nate. phdesds- <2. 927.0| 805.6 7.4 

—[————S | | | 

3 3 7 
(DIE Cae, ey Ric a a ae one Ie RE tapi. A A fea ea 6. 

1 

Digestihility.of entire ration ..<t - o.2- Saje caee cpeed|sscdeseeet 
Estimated digestibility of carbohy- 

grates ofraw fgrins alone... -.5425--2|, 5 L263. Sat. eckbas Ree 8 eas Soe 5 

Experiment No. 1193, subject R. L. P.: | 
Frozen pudding (carbohydrates of raw 

farina, 414.3 grams or 61.02 percent of | Grams. | Grams. | Grams. 
total carbohydrate) ...--............. 2,600.0 | 1,562.3 125.6 

Lon bit eee ie le ea ee ee 965. 0 838.6 Tad. 
Sagar. A MA Siete het. . 3k8 PE ee ee RAE AR oo 

Total food consumed................ 3,658.0 | 2,400.9 133.3 
1): Cee eee im Soe ede Rk ee as eee AD SON Wott. FS 4.3 
AM OUNG AGAOd = ocean 5,5 0 ns ae tps can onieliann h< ae 129.0 

Per cent. 
Digestibility..of entire rations «. ..<cnghale~i cs sees eee da. 96.8 
Estimated digestibility of carbohy- 

drates of raw farina alone.............J]......--.. £3.) SSpsNeA ee. f PSI. See 
|} ___ =———_—_—S=S—_—_ Oa _E===aSS||E—=0EE=lEE|EEanEIS=|=&O|CEOl—————— Se ee —_ 

Grams. | Grams. | Grams. | Grams. 
Average food consumed per subject per day} 1, 207.2 804. 3 45.3 74.3 

Average digestibility of entire ration......|......-...|......-.-- 92.8 96.3 
Average digestibility of carbohydrates of 
Fawuarine alone... rhe sss Les FSS Lae. . 2252 Pe. 2S Eee SAA RS lagennatetas es 

EXPERIMENTS WITH RAW WHITE CORN MEAL. 

Three experiments were conducted with raw white corn meal. 
Analysis showed the composition of the corn meal to be: Water, 
10.54 per cent; protein, 8.88 per cent; fat, 4.24 per cent; carbo- 
hydrate, 75.04 per cent, including 1.67 per cent crude fiber; and 
ash, 1.3 per cent. 

The entire diet furnished the following average amounts of nutri- 
ents and energy per woman per day: Protein, 34 grams; fat, 68 
grams; carbohydrate, 242 grams; energy, 1,715 calories. The aver- 
age amount of corn meal eaten per woman per day was 158 grams 
and the carbohydrate supplied by the corn meal was 119 grams. 
The average coefficient of digestibility of the carbohydrate of the 

corn meal alone was 98.6 per cent. If allowance is made for 47 per 
cent undigested crude fiber, the resulting coefficient of digestibilit 
is 99.6 per cent. Microscopic examination showed absence of stare 

a . 
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grains in the feces. The coefficients of digestibility of the protein 
and fat of the entire diet were 86.3 per cent and 95.6 per cent, 
respectively. 

TaBLE 8.—Digestion experiments with raw white corn meal in a simple mixed diet. 

Constituents of foods. 

Experiment, subject, and diet. | of food. 

| Experiment No. 1186, subject A. T. M.: 
| Frozen pudding (carbohydrates of 

raw white corn meal, 362.2 grams or | Grams. | Grams. | Grams. | Grams. | Grams Grams. 

—_—————_ 

Water. | Protein. Fat. hydrate. | Asn. 

| 

61.26 per cent of total carbohydrate)..| 2,370.0] 1,460.9 94.1 205. 0 591.3 18.7 
Tac Oey eee eee 1,028. 0 893. 3 8.2 WN 119. 2 5.1 
Sie eee oe sees aes dddose ars anita shore w|mnecacisinas|- eee cnc se| acm en eces|ecrenccnccleoseasance 

Total food consumed.............--- 3,398.0] 2,354.2 102.3 207.1 710.5 B.8 
Leis. LW 4 anise HDEO Ml sear 13.7 10. 4 22.6 pe: 
WIMMPMPEI ITI ZO cco ooo ces cwsiccic et onecceccad sceece secs 88. 6 196. 7 687.9 15.5 

Per cent. | Per cent. | Per cent. | Per cent. 
Digostipility pl emtire ration... ~~...) 2 fase ewc cess 86.6 95. 0 96. 8 | 65.1 
Estimated digestibility of carbo- 
byduaies of raw white corn meal 
“ea tected SR SAA eS RS BS 22S Oe ee | ee ee nina Sed ee eee Be 8 

Oe ee eee ———S=S |s_——S | _—eueaea—SS OOO SSS OO 

_ Experiment No. 1187, subject R. J.: 
Frozen pudding (carbohydrates of 
raw white corn meal, 351.3 grams or | Grams. | Grams. | Grams. | Grams. 
61.26 per cent of total carbohydrate).| 2,298.0 | 1,416.5 91.2 198. 8 

(re, ee ee ey oe ee eee eee 1,254.0 | 1,089.7 10.0 PTS 
SUT ae ot oe ee ae ea ee 2050 Neeeeeen cine aoe mee cetetaiae So 

Total food consumed. .............- 3,572.0 | 2,506. 2 101. 2 201.3 
CLONE we ee eae Cape eho t oe 2.04 FS2 coo 622 12.5 hoD 

PATRI G EMI OG rer fas acm caine s Secl- 3<\| a cleis Sos» cic] 5 cecies owe 88. 7 193. 4 
Per cent.| Per cent 

Digestibility of entire ration...........|.........-|---------- 87.6 96.1 
Estimated digestibility of carbohy- 

dnites of taw white.corm meal-alone.|....-...-.|.c-.25-.2 [sss esas leeeeeecce 

Experiment No. 1188, subject C. M.: 
Frozen pudding (carbohydrates of 
raw White corn meal, 355.1 grams or | Grams. | Grams. 
61.26 per cent of total carbohydrate).| 2,323.0] 1,431.9 

ber des ols Ress 2S too eee eee eee 1,247.0 | 1,083.6 
er EE ese a bits So onic ines eo aeinse ofossecsd amabicane acc cclesaalalngs|ncciteaccne 

Total food consumed.............-.- 3,570.0 | 2,515.5 
i ee lane se tease wen oe os 1.0 |i. Steet 

PERSPEIUE PHONIZOULT =. 22> fet. «sph. ss |>P ebE bee p<hewidtar ess < 
; ; ; : Per cent. | Per cent. | Per cent. | Per cent. 

Digestibility of entire ration...........).......-.-|...-2-.--- 84.8 95.6 96. 8 61.8 
Estimated digestibility of carbo- 
hydrates of raw white corn meal 
MOM Ge aoe asec faves orcs S. oes ech Ses ate see t| 5 Ses - woo hae hs esate - |e em seicinjere OB: 8: | asaee 

Average food consumed per subject per | Grams. | Grams. | Grams. | ‘Grams. | Grams. | Grams. 
GE tS 8 REE SAC 2 ee Oe Eth 819. 5 34. 0 68. 0 241.5 8.1 

Per cent. | Per cent. | Per cent. | Per cent. 
Average digestibility ofentire ration.......)..........]...-...-.- 86. 3 95. 6 96. 8 65. 8 
Average digestibility of carbohydrates of | 
AWA THUG COLMANCALAIONG ) ooo. occ.c cocc|cccnn ows mclaeuceiccceclsccnlse-sce eo edeSes 98.6) [ica cate 

EXPERIMENTS WITH RAW WAXY MAIZE MEAL. 

Three experiments were conducted with raw waxy maize meal. 
The material was obtained from G. N. Collins, Bureau of Plant 
Industry, who had discovered this previously unknown type in 
samples of maize sent from China in 1908.° The characteristic 
of this grain is the endosperm which when cut shows a dull, 
smooth surface like that of hard wax. There is only a trace of starch 
in the scutellum. The endosperm contains a considerable amount 
of material having granules similar in appearance to those of corn- 

5U.S. Dept. Agr., Bur. Plant Indus. Bul. 161 (1909). 
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starch. This material when crushed and treated with water and 
stained with a diluted solution of iodin in potassium iodid gives the 
siene brown or violet color said to be characteristic of erythro- 
extrin. 
The waxy maize used in the digestibility experiments was ground 

at the Bureau of Chemistry; the kernels were more dry than is usual 
in milling corn, and as a result only 3.2 per cent of the total grain 
was removed as bran. Chemical analysis shows the general food 
value of waxy maize meal to be similar to that of the white corn meal. 

TABLE 9.—Chemical composition of waxy maize meal and white corn meal. 

. ; Carbohy- 
Moisture. Protein. | Fat. auclee Ash. 

Per cent. | Per cent. | Per cent. 
6.17 71552 1. 80 
4.24 75. 04 1.30 

Per cent. | Per cent. 
Way Are NIST ete cee coe Cree iy og eee here 9. 88 10. 63 
White corm meal: 5.2 te oe at tee eee be 10. 54 | 8. 88 

The carbohydrate of the waxy maize meal included 1.83 per cent 
crude fiber, and that of white corn meal 1.67 per cent. As indicated 
by these analyses, there is no great difference in the amounts of 
protein, fat, carbohydrate, and ash furnished by these two types of 
maize. 

The ground raw waxy maize was made into frozen pudding and 
served in the usual way. The diet furnished the following average 
amounts of nutrients and energy per woman per day: Protein, 39 
rams; fat, 78 grams; carbohydrate, 279 grams; energy, 1,970 calories. 
he average amount of raw waxy maize eaten per woman per day 

was 184 grams, and the average amount of carbohydrate from the 
maize alone was 132 grams. 

The average coefficient of digestibility for the carbohydrate of 
the maize alone was 97.3 per cent. If allowance is made for 47 per 
cent undigested crude fiber, the average coefficient becomes 98.5 
per cent. The coefficients of digestibility of the protein and fat of 
the entire diet were respectively 86.9 and 96.7 per cent. Micro- 

; 

7 

scopic analysis of the feces gave no evidence of undigested starch or | 
dextrinlike substance. The digestibility of waxy maize meal as 
shown by these experiments is very slightly lower than that of white 
corn meal, but the difference is too small to seem of practical aaa 
cance. The subjects enjoyed the flavor and texture of the pudding 
made with waxy maize meal. 

TABLE 10.—Dvgestion experiments with raw waxy maize meal in a simple mixed diet. 

Constituents of foods. 

Weight 
Experiment, subject, and diet. of food. 

hydrate. 
Water. | Protein. Fat. Carbo- 

408.4 grams or 60.11 per cent oftotal | Grams. | Grams. | Grams. Grane Grams. 
Car hdnvaratey sss sats we eee. oe 2,600.0} 1,543.9 114. 1 6 

i .0 
ewww www ewww ew ewww www ewww eee se] bbe U [www wwe we w elem n wenn eelonwsewnneee | Bhhe U lowe weeccce 

-_—_—— ———_— | | —__  _____ ] __ | | LLL 

Total food consumed. .....23.-c000¢ 3,518.0] 2,244.3 120. 5 240. 5 884. 9 
MOCES./ tf. 22h) Me REE Fie se ced HAVO ees 2 eee 14.2 8. 8 26. 4 
AMOUNT WHA is eis Showed oaks carck Glaeex een cd ee ies 106. 3 231. 7 858. 5 

: Per cent.| Per cent. | Per cent. 
Digestibility of entire ration. i. 22.3.3 2b. thi fliftile. 2 88. 2 96. 3 97.0 
Estimated digestibility of carbohy- 

Grates of raw waxy maizemeal alone:|_. <-2.c- ee. ees <select ueeecc|etcacencss 07. 7 'ISoeeeaeeee 
—————————————————— 

H 
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TaBLE 10.—Digestion experiments with raw waxy maize meal in a simple mized diet—Con. 

Constituents of foods. 

E 1riment, subject, and diet. of food. 
= ; Water. | Protein.| Feat. eee | Ash. 

—— | —_____——_—_| 

Experiment No. 1205, subject C. M.: 
Frozen pudding(raw waxy maize meal, 

398. 2 grams or 60.11 per cent of total | Grams. | Grams. | Grams. | Grams. | Grams. | Grams. 
ET See a ee | 2,535.0] 1,505.3 111.3 233. 0 662. 4 | 23.1 

Re oo cn oe 2 one cos So eee = 1, 056. 0 917.7 8.4 | 2.4 122.5 5.3 
SREDT. 2 A5o se Se a ee F750" & S238 320- fo 572s. ~ - Pere ae - ET Oe ee ee 

Total food consumed.............--- | 3,608.0] 2,423.0} 119.7} 235.1 801.9 28, 4 
J LS.) 2 eed Lae | eee eee - 5. 2 25. 8 7.3 
ATAGHME GHNZE” _. .. 25.422 ---2.5------ PORE US esies.| 106. 0 229.9 776. 1 ZL1 

Per cent. | Per cent. | Per cent. | Per cent. 
Digestibility of entire ration........... eee pee Sol 88.6 97.8 74.3 
Estimated digestibility of carbohy- 

drates of raw waxy maize meal alone.|......----|----.---1.|---------- Beater ee = ORGS: 2.255 

Experiment No. 1206, subject E. R.: ed) El es EGebia tbat katie 
Frozen pudding (raw waxy maize meal, 

376 grams or 60.11 per cent of total 
Girbehyerate)....<...--..5-b34 22 + 2,400.0} 1,425.1 105. 4 220.6 627.1 21.8 

oT i | 1,158.0] 1,006.3 9.3 2a 134.3 5.8 
epee eeers sree! s...Ss.2ts-e= ACS SC CES Ee Ee ee ee os Bek iy Men sancean 

[SSS SE eee 

Total food consumed............---- | 3,621.0 | 2,431.4 114.7 222.9 824.4 27.6 
CCS. = 5-2 ee a AE SAAS eee £026 eo 18.6 8.7 34.0 9.8 
BT Se ot ee Se a ee 96. 1 214.2 790. 4 17.8 

Per cent.| Per cent. | Per cent. | Per cent. 
Dicestiahityveueniire ration’. .<. 3. 2. o[a- LE... ]2...-2--.- 83. 8 96. 1 95. 9 64.5 
Estimated digestibility of carbohy- | 

drates of raw waxy maize meal alone.|.......-.-|........-- Jnsrececee: |s2=-bse--- 96. 2 Gerretse 

Grams. | Grams. | Grams. | Grams. | Grams. | Grams. 
Average food consumed per subject perday.| 1,194.1 788.7 39. 4 77.6 279. 0 9.3 

Per cent. | Per cent. | Per cent. | Per cent. 
Average digestibility ofentire ration-.-.....]....--...-|.--------- 86.9 96.7 96. 6 69.3 
Average digestibility of carbohydrates of | 
raw way aiaiza immed) gione=.2>. -.- 2.22. |o 2. 2 2-25 e]se.2se-es- | scm sconea= [seeeeeeeee CL ps al Pee ak SR 

SUMMARY. 

In digestion experiments with women it was shown that pure raw 
starch from corn, wheat, and rice flours was completely digested. 

Experiments on raw potato starch gave coefficients of digestibility 
varying from 100 per cent to 49 per cent. The average value was 81 
per cent. 

Experiments with raw patent flour and raw farina, wheat products 
containing practically no bran, in all cases gave a coefficient of digest- 
ibility of 100 per cent for the starch. 

The average digestibility of the carbohydrate in raw graham flour 
was 97 per cent. The lower coefficient as compared with that of 
patent flour is doubtless due to the high bran content of graham flour. 

The carbohydrate in raw corn meal was in round numbers 99 per 
cent digested. 

The average coefficients of digestibility of the raw starches as deter- 
mined in these experiments with women are practically the same as 
.those determined in previous experiments with men as subjects. 

The carbohydrate characteristic of the endosperm of raw waxy 
maize, a substance reacting red with iodin, gave a coeflicient of 
digestibility of, in round numbers, 97 per cent and is apparently as 
digestible as the starch in raw corn meal. 

An interesting point in connection with several of the tests is that 
high coefficients of digestibility were obtained in spite of the fact that 
the subjects experienced general nervousness at the beginning of the 
experiments and were subject to occasional headache or other slight 
bodily discomfort at times during the experiment. 
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