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PREFACE

The kilocsalorie, which has been defined as the amount of heat energy needed to raise the temperature
of a kilogram of water 1° C,, is the unit that has been used traditionally for expressing the energy value
of foods. Recently the International Bureau of Weights and Measures has recommended that the joule,
& unit of energy applicable to electricul, work, and chemical energy, be adopted as the preferred unit for
all forms of energy. The joule is derived from basie units in the International System of Units (SI) and
is defined as a measure of force (newtons) times distance {metres).

In the interest, of uniform nomenclature, some nutritionists have proposed that the kilojoule replace
the kilocalorie, The conversion factor for expressing kealories as kjoules, as recommended by the Com-
mitiee on Nomenclature of the International Union of Nutritional Sciences, is 1 kcalorie equals 4.184
kjoules, based on the kealorie determined at 14.5° to 15.5° C,

Use of kjoules in place of kealories as the unit of measure for energy in no way invalidates the
prineiples underlying the Atwater system for determining energy value of foods and the energy needs
and energy expenditures of man.

The Atwater system is based on the demonstrated principle that the oxygen used, the carbon dioxide
formed, and the energy evolved in oxidizing foods are the same whether this oxidation tskes place in the
body of man or in a bomb calorimeter. Furthermore, Atwater has clearly shown that by applying appro-
priate factors, which allow for metabolic losses, to the contents of protein, fat, and carbohydrate in a
food, the physiologically available energy value of that food can be caleulated with cutstanding aceuracy.
The results obtained by this procedure are in excellent agreement with data from measurements made
by bomb calorimetry on food and metabolic products. Results of studies by Atwater and others could
be expressed either in kealories or in kjoules.
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Energy value of foods

. . . basis and derivation
INTRODUCTION

Accurete evaluation of the energy value of foods
is essential for dealing with problems of normal
nutrition, undernutrition, or obesity. The classic
investigations of Professor W. O. Atwater and his
associates at the Storrs (Conn.} Agricultural Ex-
periment Station some 50 years ago provided the
basis used in this country for measuring the energy
values of food. The general calorie factors 4, 9, 4
developed from that work gained widespread
acceptance, and until recently they were used for
calculating the calories shown in official food com-
position tables. Properly applied, these general
factors provide a satisfactory measure of available
energy In average diets and food supplies in this
country. Following Atwater’s period little atten-
tion was given to methods of calculating food
cnergy and to the details of Atwater’s procedure,

However, in recent years attention has again
turned to the important problems of determining
and meeting man’s energy needs. In attempis to
alleviate food shortages experienced during and
following World War II consideration was given
first to meeting energy needs in stricken areas.
Maynard, who represented this government in
various interallied food-planning groups, pointed
out the necessity of understanding the bases of
the different methods for estimating energy values
in use in Canada, the United Kingdom, and in
this country. On several occasions he called at-
tentich to the correct application of the general
calorie factors 4, 9, 4 and pointed out their limita-

PART I

The chief food sources of energy to the human
body are fat, carbohydrate, and protein, Fats
and carbohydrates contain carbon and hydrogen
which can be oxidized to their end products, CO,
and H;O, both in the bomb calorimeter and in the
body. In addition, protein contains nitrogen.
This nitrogen together with some carbon and
hydrogen leaves the body chiefly in the form of

! The authors express appreciation to Mildred Adams
for her review of the manuscript and her invaluable sug-
gestions; to William Kunerth for his generous help in
transiating numerous articles from German; and to Blanche
C. Spears for her coliaboration in various phases of the
study,

tions and misuse when applied to individual foods
and different types of diets (114, 115).2

The Food and Agriculture Organization, faced
with the urgency of assessing energy values of food
supplics in various countries and population groups,
convened an ad hoc committee of experts 1n 1947
to study the problems involved and to make
recommendations. While endorsing the Atwater
method as one that in the light of present knowl-
edge is suitable if properly used, the committee
pointed out the limitations of the use of general
factors and the need for more specific calorie
factors (55) when dealing with individual foods.

These developments have pointed to the necd
for summarizing the kinds of information Atwater
used, the steps followed in his procedure for deter-
mining fuel values of food, and the need for revising
caloric data for foods to take account of additional
rescarch accumulating since his time. This pub-
lication has been prepared to provide more back-
ground information on food energy data than that
given in current texthooks and food tables and to
show the basic data drawn upon in deriving the
revised calorie factors now used in tables of food
composition in this country. Excepi for a few
recent revisions, factors derived as shown in this
publication have been used in U. S. Department of
Agriculture Handbooks No. & (185) and No. 34
{100) and in various other sources, inchuding food
tables published by the Food and Agriculture
Organization (36).

SOURCES OF FOOD ENERGY

urea. Thus protein is incompletely oxidized in
the body, whereas it can be completely oxidizedfin
the calorimeter. The heat released by oxidation
of food in the bomb calorimeter is its heat of
combustion and is & measure of its gross cnergy
value,

Rubner (147), as early as 1885, realized that
each of these broad groups of energy-yielding
components of foods consisted of substances of
more or less unlike composition and that the heat
values for pure protein, neutral fat, and pure

’5It.a.lic figures in parentheses refer to Literature Cited,
p. &1




carbohydrate might not be applicable to foods.
He salso recognized that methods of determining
how much of each is present in a food were not
entirely patisfactory. Innumerable improvements
in methods and techniques for separating and
determining the fractions making up these three
main sources of energy in food have been made in
the intervening years, but many of the limitations
of determining and dealing with the main sources
of energy in %ood that were pointed out in 1890
by en ad hoc Committee of the Association of
Official icultural Chemists (5) still remain.
In the following sections the terms as they are
used today in tables of food composition are
discussed so that their meaning and limitations
will be better understood.

Fat

Determination of fat content

The fat content of foods ususlly is determined
by one of three general methods: (1) simple ex-
traction with a solvent, (2) acid hydrolysis with
extraction, and (3) saponification with extraction.

The fat content reporied for foods in American
tables of composition refers as a rule to the weight
of crude fat and is obtained by simple extraction
with a solvent, usually ether. Included with the
fatty acids and the true fats {triglycerides) thus
extracted are other materials having similar
solubility, such as the sterols, and chlorephyll and
some other pigments. Special precautions are
necessary to insure complete extraction; carbo-
hydrate-containing foods, particularly those high
in starch, present additional problems (61, 66, 104,
164).

A method based on acid hydrolysis before ex-
traction gives, in addition to substances listed
above, fats which are in combination or which for
other reasons are not removed by the usual fat
solvents. Egg and yeast have been shown to
contain apprectable amounts of fat not extracted
without preliminary hydrolysis (78)}.

Theg third procedure used in determining the
fat content of a food, saponification, is usually
followed by extraction and titration of the fatty
acids. The data obtained by this method are
translated into terms of total fat on the assump-
tion that all the fatty acids are present as
triglycerides.

The determination of fat in foods is fraught
with complications. Particular care is necessary
to avoid oxidation of fat during sample prepara-
tion and analysis, loss of volatile fatty acids, and
the possible formation of esters of fatty acids with
alcchol.

Heaot of combustion

The heat of combustion of the ether extract
from a food depends on the particular fatty acids
maicing up the triglyveerides and on the compo-
nents and proportions of the other cther-extract-
able materials present. The triglycerides of beef,
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mutton, and pork fat have been found to have
heats of combustion of 9.50 or 9.51 calories per
gram; butterfat, 9.27; and the fats from several
common plant sources, about 9.3, Lower figures
for heats of combustion have been found for total
ether extract, indicating that the extractable
matter other than the glycerides has a lower heat
value than the glycerides alone.

Atwater (I7) applied the heat of combustion
factors determined for triglycerides to crude fat
on the assumption that the error resulting from
the use of the higher heat of combustion factors
would in some measure offset the error resulting
from the incomplete extraction of fat in the deter-
mination of the fat content of the food. The
table containing the data which Atwater as-
sembled from the literature and from his own
work and the heat values he considered best
suited to apply to the fat content (ether extract)
has been reproduced here as table 1.

TarLe 1.—Average determined heats of combusiion
of fats and oils as assumed factors for fat of dif-
Jerent groups of food materials

Heat of combustion per gram
Elnd of material -
Determined | A3juted or

Calories Calories
Beeffat __.________.___________ 950 |__________
Beef “‘ether extract”_ ____._.______ 924 | ______.
Matton fat___________________. 951 |_____._...
Mutton, "ether extract''_________ 932 |__________
Pork fat_ _______________....__._ 9.50 | oo .o
Pork, “ether extract”__________. 913 | ..
ard_ e ______ 9589 |__________
Cottolene______ ... ____ 9 32 | .
Butterfat ___.____________._____. 987 |_._______.
Wheat ofl.______.___.__________ 9.36 |_________.
Wheat, “ether extract’™ . _._______ 9. 07 | ooaao..
Ryeoll . __ ... _______________. 9.32 |__________
Rye, “ether extract”____________ 0.20 .________
aizeoil ________________._... 9. 28 |_____.._._
Oats, “ether extract” __________ 893 |__________
Barley, “ether extract”__________ 007 |oooaoea .
Nut oil (except cocoanut) . P 549 |______._..
Qlive oil.__.___________ ___ 947 |__________
Cocoanut oil___________ - 5. 07 |-

Fat of meat, fish, eggs, ete [ P 9
Fat of dairy pro(‘iucts _____________________ g9 25
Fatofecereals_ _________________|__________ 9. 30
Fat of vegetables and fruits____ __|._________ 9 30

Note.—This table appears as table 7 in The Avail-
ability and Fuel Value of Food Materials (17).

Carbohydrate

Determination of carbohydrate content

The difference between 100 and the sum of the
crude protein and fat, moisture, and ash is called
“total carhohydrate” or “curbehydrate by dif-
ference,” & practice used by Atwater in his food
tables and continued in this country. In addition
to the true carbohydrates, this “differcnce’” frac-
tion may include such compounds as organic acids.




Foods of animal origin, except the milk prod-
ucts, contain little carbohydrate. Foods of plant
origin, on the other hand, have a variety of car-
bohydrates. The principal ones are starch, sug-
ars, and cellulose, but appreciable amounts of
pentosans, dextrins, gums, and other carbohy-
drates also may be present. It has been general-
ly assumed that the starches, at least when
cooked, and the monosaccharides and disaccha-
rides are well used by the body. Much less is
known about the utilization of cellulose, pento-
sans, and other of the more complex earbohy-
drates,

“Carbohydrate by difference’” has been shown
to be generally satisfactory for estimating energy
values of foods (I7). However, for certain pur-
poses, such as dietary planning for the diabetic,
carbohydrate values are needed which exclude the
fractions that are not potential glucose formers.
For these purposes nitrogen-free extract, “carbo-
hydrate by difference’” minus fiber, may be calcu-
lated. As the digestibility of fiber may be ve
low, nitrogen-free extract is considered a mue
closer estimate of the sum of potential glucose
formers than the “earbohydrate by difference.”
“Nitrogen-free extract,” sometimes abbreviated to
NFE or Nifext, has been used for classifying fruits
a(md vegetables into different carbohydrate groups
2, 87).

Another approach has been the determination of
the sum of the sugars, starches, and dextrins
measured as total reducing sugars but exclusive of
pentoses and hemicelluloses. In such cases it is
fairly common to report total reducing sugars ex-
pressed as glucose based on analyses in which cop-
per was used. For routine determinations, this
procedure is not entirely satisfactory since the ex-
tent of the reduction of the copper reagent differs
for the various sugars, and mixtures of sugars may
be present. In addition the determination may
be complicated by the presence of noncarbohy-
drate reducing substances. Improvements have
been made in procedures Involving the use of cop-
per reagents, and progress is also being made in
the development of totally different methods which
may some day provide the specific information
needed. For example, differcntial fermentsation,
chromatographic separation, and differential spec-
trographiec analysis give promise of quantitative
determinations for specific carbohydrates.

Heat of combustion

Atwater assumed that 97 percent of the carbo-
hydrate in flours and meals was composed of starch
with & small amount of fiber, about 2 percent
dextrin, and 1 percent sugar. As the heats of
combustion of dextrin, 4.11, and of sucrose, 3.96,
are not greatly different from that for starch, 4.2,
he considered 4.2 calories per gram the suitable
factor to use for carbohydrate in cereal foods. He
also applied this figure to the carbohydrate content
of foods consisting largely of starch, such as eorn-
starch and tapioca, and to dried lepumes because

he considered that the carbohydrate portion of the
latter consisted mainly of starch.

In many vegetables the carbohydrate is largely
starch and cellulose with more or less sugar.
Atwater suggested the same calorie factor for
vegetables that he had used for cereals and for
legumes, 4.2 calories Eer gram. He thought that
vegetables had a higher proportion of pentosans
than the cereals and that the higher heat of com-
bustion of pentosans as compared with polyhexoses
might offset the lower heat value of the sugars.

n fruits a large proportion of the carbohydrate
is present as sugar, especially monosaccharides,
but some starch, cellulose, and pentosans also are
present. Combining the lower heat of combustlion
of the sugars with the higher value for starch,
Atwater considered that 4.0 calories per gram was
probably not far from a correet figure for carbo-
hydrate in fruits.

The main carbohydrato of animal source iz milk
sugar. Atwater found that figures on record for
its heat of combustion were not I agreement and
he used 3.9 calories per gram. Muscle meats and
fish contain traces of glycogen, which in ordinary
analyses is not taken into account. Oysters, other
shellfish, and liver, however, may contain an ap-
preciable amount of glycogen, which has a heat of
combustion of 4.2 calories per gram. Since the
amounts of these foods contained in ordinary diets
were small, Atwater used 3.9 calories per gram of
carbohydrate in all foods of animal origin for gen.
eral dietary calculations,

The table prepared by Atwater summarizing
data on heats of combustion to apply to carbohy-
drate is reproduced here as table 2.

TaBLE 2.—Average determined heats of combustion
of different carbohydrates and assumed factors for
carbohydrates of different groups of food materials

Heat of combustlon per gram

Kind of material

Det {ned Asgsumed or

caleulated

Calories Calorier
Pentoses'. .. _.____________ 372t 4. 38 | ______.___
Dextrose_ _ . _________._._. B 1
Levulose_ __ ______________. 3.76 |_._._.____
Cane sugar. . _.____________ 3.96 | ________.
Milk sugar__ . . _____..._ 386 | oo
Cellulose_ ______________.__ 420 {____._._.__
Starch. .. ___________ 4.20 1.________.
Dextrin_ _ _________________ 3 [ A S
Glyeogen_ _________________ 4.19 |________.._

Carbohydrates of animal
foods, meats, dairy prod-
uets, ete | _______

Carbohydrates of cereals. . _ _|. _____________

Carbohydrates of legumes. ..

Sugars____________________

Starches oo, oo oo . ..

Carbohydrates of vegetables_|. .. __.._.

Carbohydrates of fruits_.___ | ____________

B g 00 g 00
o b b gD b bl oS
oMo oo

I Apparently includes not only the simple pentoses but
also the pentosans,

N'ore2.—This table appears as table 8 in The Availability
and Fuel Value of Food Materials (17).

3



Protein

Determination of protein content

It is customary in this country o calculate the
protein content of a product from the nitrogen
present by applying a factor considered suitable
for converting nitrogen to the protein in the
particular food. The factors used are based on
the nitrogen content of the predominating pro-
tein present in various foods. As a great many
commonly occurring proteins contain approximate-
Iy 16 percent nitrogen, 6.25 is the factor often used
for general purposes. In the course of extensive
mvestigations, however, Jones (76) found rather
wide variation in the nitrogen content of different
kinds of protein, for example, 15.4 percent for an
aleohol-alkali-soluble protein preparation from
avocado and 19.3 for amandin in almonds. He
thercfore prepared special factors for converting
nitrogen to protein wr those foods for which he
considered there was sufficient information to justi-
fy their derivation. Table 3 lists these factors
along with others obtained from him through
personal communication.

TanLe 3.—Factors for caleulating protein from
nitrogen content of food !

Food ‘ Faetor ! ! Food | Factor
Animal origin: ‘ Plant origin—Con.
Eggs. . ________ 6. 25 Legumes—Con. |
Gelatin. ... ... 5. 5h Beans—Con,
Meat___________ 6. 25 Soybeans_ . 5. 71
Milk___________ 6.38 Velvetbeans.© 6. 25
Plant origin: : Peanuts. .. ___ 5. 46
Grains and cereals:' | Nuts: :
Barley__._____: 5 83" Almonds__ ... _ 5. 18
Corn {maize)__. 6. 25 : Brazil . . _____. 5. 46
Millets_ . _____ N Butternuts____| 5. 30
Qats____.___. ¢ 583 Cashew_______ b 30
Rice _________ 595 |; Chestnuta_____ 5 30
Rye. ... _____ 5. 83 Coconuts_ __ __ 5. 30
Serghums_____| 0. 25 Hazelnuts_ ____ 5. 30
Wheat: Hickory__ . ___ 5.30
Whole kernel | 5. 83 Pecans. ___. .| 5.30
Bran.______ 6. 31 Pine nuts. ____ 5. 30
Embryo_.__.| 5 80 Pistachio_ .. __ 5. 30
Endosperm_.| 5. 70 Walnuts_ _____ 5. 30
Legunes: i Seeds: ;
Beans; : Cantaloup____} 5 30
Adzuki_ __ . 825 Cottonseed____i 5. 30
Castor______ 5.30 Flaxseed_____._ 5. 30
Jack_._____; 8.25 Hempseed____; 5. 30
Lima_ __.___ 6. 25 Pumpkin_ . ___ 5. 30
Mung_____. 6. 25 Sesame_______ 5. 30
Navy_______| 6.25 Sunflower____ . 5. 30

1 Adapted from table 5 of U. 8. Department of Agricul-
ture Circular 183, revised edition, February 1941 (?8) and
from unpublished data obtained by personal communica-
tion with the author. For groups of foods not ineluded
here, the conventicnal factor 6.25 should be used until
more is known regarding their proteins,

The figures commonly reported in American
tables of composition for protein actually repre-
sent crude protein, since as a rule the figures are
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derived by applying the appropriate factor to the
total nitrogen present. This procedure involves
the assumption that all of the nitrogen present is
in the form of protein, which is not wholly valid
because in this procedure counted with the true
protein may be other nitrogenous eompounds,
such as nitrates, nitrites, purine bases, choline,
and free amino acids.

Heat of combustion

The heat of combustion of the nitrogenous
portion of food depends on the kinds of protein
present and on the proportion of protein 2nd non-
protein nitrogenous material —the latter usually
having lower heat of combustion than the former.

Atwater’s procedure for obtaining a figure for
the heat of combustion for the total nitrogenous
portion of a food may be illustrated by his figures
for cereal grains having 17.5 percent nitrogen in
their proteins. The protein would therefore be
computed by multiplying the nitrogen by the
factor 5.7. He assumed, from analyses of Teller
(4), Suyder (163), and Wiley (183), that not less
than 96 percent of the nitrogen of the seeds of
cereals was in the form of protein and not over
4 percent as nonprotein material. One gram of
cereal nitrogen, .then, would be equivalent to
5.47 grams of protein (0.96 gm. N X 5.7) and,
using asparagin (21.2 percent N) as a model of
the nonprotein mtrogenous fraction, 0.19 grams
of asparagin (0.04 gm. N X 4.7).

Applying to the protein portion the heat of
combustion of the principal proteins in the cereals,
about 5.9 calories per gram according to Atwater’s
data, and to the nonprotein portion, the heat of
combustion of asparagin, 3.45 calories per gram,
the total heat of combustion for the nitrogen-
containing compounds in cereals was calculated
as follows:

5.47 gm. protein X 5.9 cal./gm,.=232.27 calories
-19 gm. asparagin X 3.45 cal./gm.=.655 calories

5.66 gm. nitrogenous compounds=32.9 calories
1.0 gm. nitrogenous portion==5.8 calories

For the heat of combustion of the nitrogenous
portion of meat, Atwater felt the most satisf%.ctory
procedure was to use the value for the fat-free
musele tissue including the nonprotein extractives,
as quantitative data on creatin and other non-
protein compounds were lacking. The heat of
combustion for fat-free muscle meat was about
5.65 calories. He used this same factor for the
protein of milk. He estimated the heat of com-
bustion for the nitrogenous portion of egg to be
5.75 calories per gram, based on data for proteins
in the white and yolk, assuming that very little
nonprotein nitrogen is present.

able 4 is a reproduction of one prepared by
Atwater showing average determined heat of com-
bustion of “proteids’” and “nonproteids” and
calculated heat of combustion of “protein.” At-
water used the term “proteid”” to.cover the true
proteins, and the term “protein’’ to cover both the




nonprotein compounds, the extractives, amides,
etc., and the true proteins. If Atwater’s heat of
combustion values for protein (as defined by him)
is applied to protein as currently determined, that
is, tota] N times a factor, some error will result
because the heat of combustion of the true proteins
15 usually higher than that of other nitrogenous
compounds, Tt has become the custom in this
country, however, to apply heat of combustion
factors to total nitrogen treated as protein without
weighting the composition dats according to the
proportion of the different nitrogen-containing
compounds present. This has been done because
of the limited information available on the parti-
tion of nitrogen in foods between true protein and
other forms, Although this procedure may re-
sult in an appreciable error in the calorie value of
the protein of & food, the error in the total energy
value is generally small, as most foods having a
large proportion of their nitrogen as nonprotein
nitrogen (mostly vegetables and fruits) contain
relatively small amounts of total nitrogen.

TaBLE 4, —Average determined heals of combustion
of proteids and nonproteids and caleulated heat of
combustion of protein

| TIeat of combiustion per gram

Kind of materkal -
Determined fﬁgﬂg&g’
Calories Calories
Beef, fat-free musecle. _______ 5,65 | _________
Beef, fat-free muscle, extract-
ives removed________._. B 73 (.
Veal, fat-free musele_ .______ 5.65 |._________
Mutton, fat-free muscle_ ____ 560 [___._._..
Proteinof meat. ______ .. ... _________ 5. 65
Egg alburain, ______________ 5. 7L po._ ..
Egg, protein of yolikk__ ______ 584 | .. ...
Vitelin._______________. . 5.76 (__________
Proteinofegg_ __ __________ | __________. 5.75
Milk casein__ .- _.._ _____ 5. 63t0 5 B [___.___ _
Milk protein____________. _ 5 67 i _________
Protein of dairy products___ ' ____________. 5. 63
Gliadin___._________.. . S92 | _______.
Glutenin_ ________________. 5 .88 | . ________
Gluten of wheat__ ... ______ 595 |___._.. ...
Legumin_ . ______________ _ 5,79 |,
Plant fibrin________________ 5. 89 __________
Protein of cereals (96% pro-
teids) - ______________._. . 3 80
Protein of legumes (96 9% pro-
teids) .. . I 5. 70
Protein of vegetables (680%,
proteids) . __._ . _________| ___________. 5 00
Protein of fruits (709 pro-
teids) _ __ .| _.. 5. 20
Qelatin__________ _ ol 527 |- __.
Creatin, as type of non-pro-
teids of animal foods .. __ 4,27 ...
Asparagin, as type of non-
protelds of vegetahle foods 3. 45 e L

Note,—This table appears as table 6 in The Availability
and Fuel Value of Yood Materials (17).

The effect of method of ealculation on estimated
energy values for the nitrogenous compounds in a

food can be shown by using potatoes as an ex-
ample—a food known to contain a considerable
portion of nonprotein nitrogen. If 60 percent of
potato nitrogen is attributed to protein and 40
percent to asparagin, the heat of combustion of the
nitrogenous matter equivalent to 1 gram of nitro-
en should be 28.2 calories and the heat of com-
ustion per gram of nitrogenous ecompounds, 5.01
calories, as shown by the calculations below:

0.6 gm. NX6.25=3.75 gm. protein
0.4 gm, NX4.7=1.88 gm. asparagin

1.0 gm, N=5.63 gm. nitrogenous compounds

3.75 gm. proteinX 5.8 cal./gm.=21.75 calorics

1.88 gm. asparagin<3.45 cal /gm.=6.49 calories
5.63 gm. nitrogenous compounds=28.24 calories

1.0 gm. nitrogenous compounds=>5.02 calories

If, however, all of the nitrogen is assumed to be
protein (6.25 gm. protein) and to this is applied
the factor 5.02 calories (corrected as shown above
for the lower heat of combustion for the nonpro-
tein portion), an energy value of 31.4 calories per
gram nitrogen results (1 < 6.25 X 5.02). This
result is about 11 percent higher than that ob-
tained 1n the first calculation becauss the content
of protein is overestimated. If no correction is
made for the presence of nonprotein nitrogenous
compounds and if the higher heat of combustion
of potato protein, 5.8 calories per gram, is applied,
an energy value equivalent to 36.25 ealories per

ram of nitrogen would result {1 X 6,25 X 5.8),

his result is nearly 40 percent higher than the
first calculation because ihere has been overesti-
mation in botih the eontent of protein and the heat
of combustion of the nonprotein fraction, This
illustration shows that we should have data on
the actual partition produets, but until we do, it
seems best to continue the rather arbitrary pro-
cedure shown here as the second caleulation,
namely, to apply a weighted calorie factor to total
nitrogen treated as protein.

Determined versus calculated gross
energy valves of foods

(Gross encrgy may be determined directly by
burning 4 sample of foud, or 1t may be calculated
by applying previously determined heats of com-
bustion to composition data on the energy-yielding
components of food and obtaining the sum.

In view, however, of the diversily within the
fractions of the so-called protein, fat, and total
carbohydrate components of food pointed out in
preceding paragraphs, and in view of the assump-
tions made in deriving heat of combustion values
to apply to each fraction, Atwater recognized the
importance of checking the gross energy values
calculated for fouds. He compared results for
caleulated and determined gross heats of combus-
tiorn for 276 samples including foods of animal
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origin a8 well as a variety of plant products. He
found that when he applied the heats of com-
bustion he had worked out for protein (actually
nitrogenous compounds), fat (as ether extract),
and carbohydrate (usually determined by differ-
ence) to amounts present, the results were in good
agreement with those obtained by bomb ecalo-
rimeter. Although in a few cases discrepancies
were a8 much as 5 or 6 percent, agreement was
very much closer in most cases and justified the
use of the caleulated values.

The table in which Atwater summarized these
comparisons has been reproduced here as table 5.
Possibly the difficulties in getting satisfactory
composition data for dried samples of high original
water content was responsible for the larger
discrepancies observed between the calculated
and determined gross heats of combustion for
fruits and vegetables. Differences might be
expected for milk likewise and may have been
observed for individual samples, but the averages
for the 37 samples are in excellent sgreement.
With the improved techniques in moisture deter-
mingtions now available, we would expect even
better agreement between the gross heats obtained
by calculation and the determined values.

TasLe 5.—Comparison of calculated heats of
combustion with results of direct determinations

A verage heal Calen-

Number combeation per | Sated

atal- ram of water- | results

Eind of food materlal yges In. | free substance | in per-
Tased Sralags

e | 20 | Sl |
Culories | Calorier | Percent
Beef ____________________ 556 | 6507 | 6619 | 101, 7
Beef, canned______________ 7| 6197 | 6268 | 101.2
Mutbton_ ___.____________. 10 | 7146 | 7316 | 102. 4
Pork_ ____ .. ____ 10 | 7835 | 7944 | 101. 4
Poultry_ . .. ___ _______ 5 | 6310 | 6508 | 103. 1
Fish. __ . __ 3| 6317 | 6427 | 101. §
Eggs . 10 | 7103 | 7180 | 100. 8
Butter. __ . _____________ 20 | 8832 | 8918 | 101. 0
Mitk . ___ .. 37 | 5437 | 5413 99, 6
Breakfast foods______.__.__ 3 | 4367 | 4360 90. 8
Bread, crackers, ete________ 36 | 4536 | 4513 99. 5

Corn (maize) meal and corn

preparationa_ ___________ 7| 4580 | 4624 | 101. ¢
Rye preparations_ . ______. 6| 4353 | 4343 | 99.8
Barley preparations___._____ 2| 4352 | 4365 | 100. 3
Riee._ ________.__________ 5| 4390 | 4474 | 101. 9
Oatmea) {rolled cats)______._ 2 | 4834 { 4811 99, 5
Oatmeal, cooked.__________ 6 | 4488 | 4480 | 99.8
Wheat, pastry____.________ 8B | 4579 | 4605 | 100. 6
Legumes, fresh . _._________ 8 | 4367 | 4361 99. 9
Legumes, cooked _ _________ 51 4312 | 4343 | 100. 7
Vegetables, fresh. . ________ 10 | 4195 | 40561 96. 6
Vegetables, cooked_________ 3 | 4057 | 4277 | 105, 4
Vegetables, canned____.___. 2| 4264 | 4102 96, 2
Fruits, fresh__ ____________ 12 | 4389 | 4123 03.9
Fraits, canned_____________ 4 | 4078 | 4056 89, 5
Average 276 samples_____|. _____|______|______ 100. 3

Note—This table appears as table 9 in The Availability
and Fuel Value of Food Materials (17). Figures for heat
of combustion are in terms of small or gram calories rather
than large or kilogram ealories customarily used for foods.

&

We have compiled gross calorie data for a
number of samples of wheat and flours produced
in this country. For 15samples of whegt or whole-
wheat flour reported in the literature (164, 1686,
168, 183, 194, 195) differences between determined
and ealculated gross heats varied from 0.1 percent
to 1.9 percent and averaged only 0.6 percent. For
16 ad(fitional samples of wheat flour of varying
degrees of refinement the average difference
between gross calories obtained the two ways was
slightly higher, 1.3 percent.

Other sources of energy

Two other sources of energy—organic acids and
alcohol—are noted below since in some circum-
stances one or both may be important,

Organic acids

Occurrence of organic acids.—Organic acids
are widely distributed in foods but for the most
part in small concenirations. Among the various
acids that have been identified are: Malic, citric,
isocitric, ascorbic, oxalic, lactic, succinic, acetic,
quinic, tartaric, benzoic, glyoxalic, salicylic, aconi-
tic, and malonic. As explained earlier, figures for
the total carbohydrate content of a food, that is,
“carbohydrate Ey difference,” include organic
acids. In a very few foods the acids are suffi-
ciently abundant that they should be determined
separately for estimations of ene values of
those foods, inasmuch as they are distinctly differ-
ent chemically from carbohydrates and their heats
of combustion are lower L{:an for carbohydrates
generally. Total free acid is commonly deter-
mined titration against standard alkali and
expreSse(f as the predominant acid in the food.
To the extent that the organic acids may be
present in bound form the total acid value may be
underestimated, but this error is ordinarily con-
sidered of little importance.

Fruits contain organic acids in more significant
amounts than other food groups. In table 6 a
number of fruits have been classified according to
the total free organic acid content as reported in
the literature. Citric and malic acids predomi-
nate in all fruits listed except grapes and tamarind.
Tartaric acid accounts for most of the total in
these two fruits. Other organic acids have been
found present in small amounts in fruits. Of the
fruits listed in table 6 only 7 have been re-
ported to contain more than 2 percent organic
acid; 15 contain from 1 to 2 percent; and more than
35 contain less than 1 percent. However, in pro-
portion to the total soﬁds, the organic acids may
provide an appreciable percentage of the total
ene value of some fruits. For lemon juice, it
wourlgg amount, to over half, but for peaches, only
about a twentieth,

Less information is available on the acid con-
stituents of vegetables, but the amounts in most
vegetables tend to be less than 0.5 percent.




TABLE 6.—Fresh fruits classified as to organic acid content !

3 percent and over 4 2 to 3 percent :

1 to 2 percent

Leas than 0.5 percent

‘ 0.5 to 1 percent

Lemons (C}. Cranberries (C). Apricots (M). Apples (summer) (M). | Apples {fall) (M).
Limes (C). Currents, red, black, | Carissa or natal plums | Blackberries (C), Apples (winter) (M).
Tamarind (T). and white (C}. i . Blueberries {C). Bananas {M).
Gooseberries (). | Cherries, sour (M). Cherries, sweet (M), Cherimoya (C).
| Grandillas, purple, or (rapefruit, ait {C). Crab apples (M), Feijoa (C).
passion fruit (C). Groundcherries {in- Grapes, pulp or juice, . Figs {C).

cluding poha and

cape-gooseberry) (C). -
Kumgquats (C}.
Loganberries (C).

Loquats ().

Nectarines (M),

© Oranges (C).

- Plums, exeluding

prunes (M),

l black (C).

. Pomegranates ().
Raspberries, red and

Strawberries (C).

Tangerines, ather
Mandarin type
oranges ().

Jujubes (C).
Limes, sweet {(C}.
Muskmelons (C).

Armerican type, all
)

Grapes, European type,

o all (TY Papayas (C).

i Guavas (C). Pears, all (C).

{ Mamey or Mammee Persimmons, Japancse

. appte (C). or Kaki (M),

" Mangos (C). Persimmons, native
Mulberries, black, (M),

white, and red {M}).
Peaches, all S\I).
Pineapples (C),
Plantains {M).
Prunes (M),

Quinces (M),

Prickly pears (M),

Roscapples (C).

Sapodilla or sapota (),

Sapote or Marmalade
plum ().

Sugar apples or
sweetsop (C).

Watermelons (M),

! Total frea aeid axpressed in terms of the predominating seid as malie {M}, anhydrous eitrig (C}, ot tartarie (T in the edible portlen of frult.

2 Lemons snd limes, 6 pereent; tamarind, ripe, 13 percent,

Hartman and Hillig (63), reporting results from
analyses of organie acids in & large number of food
products, included a table of 29 vegetables which
showed & total malic and citric acid conient (free
and combined) ranging from 0.1 to 0.8 percent.
Only for lima beans, cauliflower, white potatoes
{Idaho), and tomatoes were the values above 0.5
percent.

In certain types of processing by fermentation
the total acidisy of the product is incressed several
fold over the original content of the food. Cab-
bage, for example, contains only a fraction of a
percent of acid as malic and citric, while sauer-
kraut has around 1.5 percent lactic acid. Simi-
larly apples contain less than 1 percent acid
expressed as malic, but vinegar made from apples
averages about 4.5 percent acetic acid.

Some of the acid constituents of food are
available to the body as a source of calories;
others are known to be unavailable or of doubtful
availability. Oxalic acid is probably excreted in
the form of its insoluble calcium salt; tartaric
acid is thought to be either excreted unchanged
or destroyed by micro-organisms, Little is known
about the availability of such acids as glyoxalie,
malonie, and aconitie, but since they occur in
insignificant amounts they would make a negligible
contribution to tha total energy value of the foods
in which they are found.

Heat of combustion.—For the several acids
found in appreciable amounts and considered

available, the heais of combustion or gross calorie
values per gram of acid calculated from gram-
molecular weight data are as follows:

Calories

Acid: per gram
Acetic. . ____ . _______. 3. 488
CitMie . e oo 2,471
Laetie.____ ___ __ . ___ 3. 620
Malie. ________________________. 2388

Organic acids contribute a very small portion
of the total daily calorie intake, but in a few
foods they are present in amounts that should not
be overlooked as potential sources of energy,
The gross energy value of organic acids in 100
grams of a few foods has been estimated as follows:

Food: Calaries
Lemons, limes___ . _____ ... . _ ... ._._ 15
Currants, gooseberries__________________.__ 6
Fruits, 1-2 percent group (see table 6).____ 25t0 5
Apple vinegar. . __ .o aeinaa.- 16
Sauerkraut__________________________.__ 5

Alcohol

Aleohol, with a gross energy wvalue of 7.07
calories per gram, 1s another source of energy
which may be important in the diet of some
individuals or some population groups, It is
discussed in connection with the availability of
energy from the various sources (p. 18) since the
availability of its fuel value 1s the point of un-
certainty.




PART Il

Definition of terms

Meanings of some of the terms necessary in a
discussion of energy value of foods have changed
over a period of years. In the following para-
graphs terms of most importance are explained
and attention is called to differences in past and
present. connotations.

Digestibility wes the term Atwater used for
the proportion of food material actually digested.
If there had been a way to measure the undigested
residue in the feces, digestible food would have
been computed as the difference between the total
food eaten and the undigested residue. However,
as he pointed out, methods for distinguishing
bhetween metabolic products in the feces and
undigested residue from the food were not suffici-
ently accurate to permit the determination of the
undigested residue separately and he did not
compute digestibility,

Availability was the term Atwater used to
designate the quantity or proportion of the food
or of the nutrients which could be used for build-
ing and repair of tissue and the yielding of energy.
Some of the absorbed nutrients are used to form
digestive juices and returned to the tract in the
form of bile and other digestive secretions. Inas-
much as these metabolic products are not used
for tissue building or as fuel, they are not avail-
able in the sense in which Atwater employed the
term. He computed the amounts of available
nutrients (protein, fat, carbchydrate) by sub-
tracting the amounts in the feces from the amounts
in the food. Availability as Atwater used the
term is the same as epparent digestibility in more
recent years and in current usage. He calculated
the coefficient of availability, using nitrogen for
illustration, as follows:

N in ft;od—N in feces

N i food ¥ 100=coefficient of

availability,

According to present usage this would be called
the coefficient of digestibility, meaning of course
apparent digestibility, and it corrects only for
total fecal losses.

Heat of combustion data are obtained by burning
samples of food in a bomb calorimeter. The heat.
of combustion is a measure of the gross energy
value of the food.

Available energy of a food takes into account
both fecal and urinary losses. The total available
energy of the food is its heat of combustion less
that of the urinary and fecal residues. For fat
and carbohydrate the available energy is the gross
energy of the amounts absorbed (intake—{ecal
fat and carbohydrate) since each nutrient is
assumed to be completely oxidized. The incom-
Eletely oxidized matter of the urine is assumed to

e of protein origin and the available energy of
protein is the gross energy of the absorbed protein

DIGESTIBILITY AND AVAILABLE ENERGY OF FOODS

(intake—fecal protein) less the gross energy of
the urine. Available energy of a food may'be
obtained entirely from data on heat of combustion
or it may be caleulated in part from analytical
data on nitrogen according to thefollowinglproce-
dures:

1. Gross energy of food—{(gross energy of urine}-
feces).

2. Gross energy of food — (gross energy in feces+
net absorbed grams N <7.9).

3. Gross energy of food — (gross energy in feces+
urinary N i gramsX7.9).

If the subject is in nitrogen balance, no difference
would be expected in the deduction for urinary
loss between procedures 2 and 3. A discussion of
the extent of the differences resulting from these
metheds of caleulation under other conditions
follows the section on calorie-nitrogen ratio of the
urine, page 18.

Atwater distinguished between physical and
physiological fuel values, the latter being the actual
benefit gained by the body from the use of fuel for
the different purposes served. This disiinetion
was made in recognition of the possibility that the
energy value of a grain of fat, for example, might
be different for mechanical work from what it
would be if used only for maintaining body heat.
Atwater used the term fuel value as obtained by
method 1, 2, or 3 deseribed above to mean physical
fuel value, not physiological fuel value. The
latter term, however, has since been applied to his
data and to his method of obtaining fuel values
(66, 111, 159). Likewise, in the present publica-
tion physiological fuel value is the term used to
connote energy value of & food obtained by sub-
tracting energy lost in the excreta (feces and urine)
from the total energy value of the food, no con-
sideration being given to the specific functions
served in the body.

Digestibility of fat, carbohydrate,
and protein

On any diet some ether extractable matter,
nitrogenous matter, and other organic matter are
lost in the feces and must be taken into account in
caleulating the energy value of foods. The nitrog-
enous matter present in the feces may be due in
part to undigesied food residues, bacteria and their
products, the residues of digestive juices, and
mucus or particles of epithelium mechanically
separated from the walls of the digestive tract.
Numerous studies have been made to determine to
what extent the nitrogenous matter in the feces
under different kinds of dietary conditions is
metabolic and to what extent it 18 undigested or
unabsorbed food material. Some investigators
have concluded that all the nitrogenous matter in
the feces results from metabolic processes but that




some foods cause greater loss than others (104,
106, 147). Other workers, including Murlin and
coworkers (40, 127, 128} and Bricker, Mitchell, and
Kinsman (31), as a preliminary step in obtaining
biological values of proteins, have estimated the
digestibility of foods with the assumption that
part of the fecal nitrogen is metabolic in origin and
part is from food eaten,

Sinee this publication is concerned primarily
with estimation of energy value no attempt has
been made to distinguish between metabolic and
undigested food nitrogen appearing in the feces,
beeause neither is available to the body as & source
of energy. Actually, level of N intake may appre-
ciably affect the apparent digestibility of protein:
on low levels of protein intake the fecal N may
represent chiefly metabolic N which, when charged
against a specific test food, leads to low values for
apparent digestibility of this food. Results re-
ported in the literature in which digestibilities of
test foods were measured under conditions of
extremely low protein intake are therefore not
satisfactory for application to a more normal level
of protein intake. Even under conditions of
higher protein intake, losses attributed to the
protein of the test food by this method of calcula-
tion may actually be due to the influence of the
test food on the digestibility of the entire diet.
Similar problems occur in calculating the energy
factors for carbohydrate and fat (188, 190, 191).
More information or possibly an entirely different
approach is needed to relate fecal losses directly to
the test food.

Atwater assembled results of many digestion
experiments on men in which the apparent digesti-
bility of a food was studied. In some experi-
ments a single food was fed and in others the test
food was fed as part of a simple mixed diet.
From these findings he developed tentative co-
efficients of digestibility. As they had been
based largely on the digestibility of single foods
in very simple diets, Atwater tested these tentative
coeflicients by applying them to the several foods
in experiments in which ordinary mixed diets
were eaten. In these latter experiments the
amount of protein, fat, and carbohydrate in the
feces was compared with that in the total food so
that the “availability” measured applied to the
whole mixed diet and not to nutrients in individual
foods. The results found for these actual ex-
periments were then compared with the calculated
results in which the various tentative coefficients
for each kind of food had been applied to the
quantities of the respective foods in the diet.

Atwater reported that some adjustments in the
tentative coefficients were necessary and be altered
them slightly in the way he considered most
probable. The resulting average coefficients of
apparent digestibility (availlability as Atwater
used the term) for the nutrients in different food

oups and for nutrients in a mixed diet were as
ollows:

Food group Froteln Fat Ca:irrl;otl;y

Pereend FPercent Pereend
Animal foods_ ________._____ 97 95 98
Cereals_ ... ___._.______.__. 85 90 98
Legumes, dried_ ___________ 78 90 97
Sugars and starches__ . __ | _______i_.___._._ 98
Vegetables. . .. ___________ 83 90 95
Fruits. . _____ _____________ 85 90 90
Vegetable foods____ . _______ 84 90 97
Total food ' . _______ 92 95 97

! Weighted by consumption statisties based on a survey
of 185 dietaries.

When these coeflicients were applied to data in
93 digestion experiments on ordinary mixed diets
very good agreement was found between calculated
values and the results of actual determination.
The caleulated coefficient for protein in the whole
diet was 93.6, and that found by actual determina-
tion, 93.3; for fat the calculated value was 94.5
and that found by determination, 95.0; for carbo-
hydrate the calculated value was 98.1 and the
actual value, 97.7. From this Atwater concluded
that for average mixed diets the calculated
coefficients were close enough to the determined
so that the calculated could be used. But he
pointed out that the calculated coefficients might
not be applicable under all circumstances and
might not apply to all foods in one class.
Digestibility studies published since his time have
indeed shown rather wide differences among foods
within these groups.

A review o%rthe literature shows that in most of
the experiments very simple diets have been used
in which the test foods made up & large proportion
of the total diet. In experiments where the test
foods were fed alone or contributed essentially all
of the nutrients tested, the supplemental action
of one food upon another cannot be observed.
Woods and Merrill (193} reported that some of
their early digestion experiments with men showed
milk and bread to be more completely assimilated
when fed together than when eaten separately.
A similar conclusion was reached by Bryant (32)
regarding milk and oatmeal when fed together and
separate%y to infants, Unfortunately there is not
adequate basis at this time for estimating how
significant the differences in digestibility are under
different. conditions of diet intake,

Auvailability of energy from digested

nutrients
Fat

Atwater illustrated his method of estimating
the fuel value of fat (ether extract) with the fat
of meat. The coefficient of digestibility (current
usage) had been determined to be about 95 per-
cent, As its heat of combustion was about



9.5 calories per gram, its fuel value was 9.0 calories
per gram (9.5X.95=9.02).

Carbohydrate

The fuel value of carbohydrates was determined
in like manner. For example, cereal carbohy-
hydrate was considered about 98 percent available
(absorbed) for use in the body, and using the heat
of combustion of 4.2 calories per gram, the fuel
value was 4.1 calories (4.2X.98=4.12).

Protein

For protein (nitrogenous products), in addition
to the use of the coefficient of digestibility, it was
necessary to correct for the loss of incompletely
oxidized mnitrogen from the body. To do this
Atwater determined the ratio of the nitrogen in
the urine to the heat of combustion of the urine.
The average of 46 determinations showed that for

every gram of nitrogen present in the urine there
wasg suflicient unoxigize(f matter to yield 7.9 calo-
ries, the equivalent of approximately 1.25 calories
(7.9-+-6.25) per gram of svailable (absorbed) pro-
tein. The heat of combustion of a gram of ab-
sorbed protein (nitrogenous compounds) was
therefore reduced by 1.25 calories per gram to
allow for incomplete metabolism. In the case of
digestible meat protein, for example, the heat of
combustion per gram is 5.65 calories. Of this
number, 1.25 would be deducted for the heat of
combustion of the unoxidized products in the
urine. This figure was derived from the ratio of
the calorie value of the urine to the nitrogen con-
tent of the urine on the assumption that the sub-
jects were in N-equilibrium and that all of the
nonmetabolized part of the available N was re-
covered in the urine. The fuel value, 4.40 calo-
ries, would then be applied to each gram of protein
available as a source of fuel,

TaBLe 7.—Factors for heats of combustion and fuel values of nutrients in different groups of food materials
and in mized diet

) Fuzel value
N : P tl
furaished by | Heat of oom- | oftors | ToWl energy
Kind of food materlal each group bustlon per | nuirient pzl;vgu“;ab]e Per
per 108 grams gram actually nutrients avadiable Per gram total nntrients
Total avallable autrisnts
A B ¢ - u?xc; E: F3 F revised 3
Protein
Qrams Calories Caloriea Cularies Calories Calories
Meats, fish, ete..________ . ________. 43. 0 5. 65 0. 97 5. 50 4 40 4 25 4,27
S 6.0 5. 75 .97 5. 60 4, 50 4. 35 4 37
Dairyproduets____ .. __________ .. 120 5 65 .97 5. 50 4 40 4 25 4, 27
Animslfood________.________ ... 61. 0 5. 65 .97 5. 50 4. 40 4. 25 4, 27
Cerenls__________________________. 31,0 5. 80 . 85 4 95 4 55 370 3. 87
Legumes_____....._________._______ 2.0 5.70 .78 4 45 4 45 3.20 3. 47
Vegetables _______ .. _____________ 8 5 5 00 . 83 4,15 3. 75 2.90 3.11
Twits_ . . _______ .5 5 20 . 8BS 4 40 3. 95 3. 15 3. 36
Vegetablefood ___ . ___.________. 39.0 5. 65 85 | 4 80 4. 40 3. 55 374
Totalfoed_ . ________.__________. 100. 0 5. 65 a2 5 20 4. 40 4, 00 4. 05
Fat
Meat andeggs_____._______._ oo 60,0 - 9. 50 . 95 9.00 | 9. 50 9. 00 9.03
Dairyproduets_________________. - 32.0 : 9. 25 .95 8 80 1 9. 25 8. 80 879
Animalfood__________ . ________. 92.0 9. 40 .95 8. 95 9. 40 B. 95 8 93
Vegetablefood .. ________ ________ 50 9, 30 .90 | 8 35 9. 30 8 35 8. 37
Totalfood___ . __________. . 100. ¢ 9. 40 : .95 8. 90 9 40 8 90 8 93
Carbohydrates '
Animal food. .. __________ ________. 50° 3. 90 .98 3. 80 3. 90 3. 8O 3. 82
Cereals_.______.__ e 55. 0 4 20 .98 ! 4. 10 4,20 4. 10 411
Yegumes . ___________. ________.__ 1.0 4. 20 .97 4. 05 4 20 4 05 14 07
Vegetables______ . ____.  _______._ 13. 0 4. 20 .95 4 00 4 20 4, 00 3. 99
Froite_....______ ______. _ . o 50 4. 00 .90 3. 60 4. 00 3. 60 3. 60
Sugars____._______. .. _______._ R 21. 0 3.95 .98 3 85 _ 3. 85 3. 85 3. 87
Vegetablefood _______ . ________ 85. 0 4. 18 . 97 4. 00 i 415 4. 00 4. 03
Totalfood___ . ________. R 100. 0 . 4 15 .97 4. 00 - 4 15 4. 00 4. 03
i i

! Values for fats and carbohydrates, same as corre-
spending values in eolumn B.  Values for protein, same as
corresponding values in column B minus 1.25.

? Values for fats and carbohydrates, same as corre-
sponding values in eolumn D). Values for protein, same as
corresponding values in eolumn D minus 1.25.

# Proportion of total nutrients available (column )
applied to heat of combustion values {(column B). (Heat

10

of combustion values for.protein adj usted for energy loss in
the urine by deduction of 1.25.)

Nore.—This lable appears as table 10 in The Availa-
bility and Fuel Value of Foed Materials (17) with the
exception of column F, revised. The figures in this column
appear in tabular form in Investigations on the Nutrition
of Man in the United States (95, p. 18).



The basic data needed for computing fuel value
of a diet, were brought together by Atwater and
Bryant in a table, reproduced here as table 7.
They presented two sets of factors for use in esti-
mating energy values. In column E of their table
they listed the factors to apply to & gram of avail-
able protein, fat, and carbohydrate in each of the
various food groups and the average calorie factors
per gram, 4.4, 9.4, and 4.15, to apply to the total
amounts of protein, fat, and carbohydrate avail-
able in & mixed diet. The factors in column E
were therefore to be applied to absorbed nutrients.

The fuel value factors listed in column F in-
eluded a correction for digestibility loss and were
to be applied to grams of ingested protein, fat, and
carbohydrate in each of the food groups; the
average factors rounded to 4.0, 8.9, and 4.0 calories
per gram were to be applied to the total amounts
of the nutrients in mixed diets. These then were
the factors that they considered could be applied
directly to representative data on the chemical
composition of foods,

For some time after the publication of this work
of Atwater and Bryant, apparently no consistent
policy was followed with respect to the factors
used to estimate energy values of foods (6, 8, 10,
18, 19, 20, 68, 89, 157, 169, 171). For a period of
time the Atwater and Bryant general factors ap-
peared in the literature as 4, 8.9, 4; then a refer-
ence to a further rounding of the factors to 4, 9, 4
was made in the 1910 revision of Farmers' Bul-
letin 142 (71). The 4, 9, 4 factors later came into
widespread usage In estimating calorie values of
food and not only were applied to the total
amounts of protein, fat, and carbohydrate (by
difference) of a mixed diet as Atwater and Bryant
had originally intended but also were used in
assessing the fuel value of individual foods.

Following the publication of the 1899 report, it
was realized that for protein the number of calories
calculated by applying factors in column E to
absorbed nutrients was pot identical with the
number derived by applying factors in column F
to total nutrients. Results obtained by the latter
were too low. The error resulted from the misuse
of the factor 1.25 derived from a gram of protein.
It had been applied to protein which, after diges-
tion loss was taken into account, was less than 1
gram, To illustrate: If a subject ingests 1.0
gram of protein the gross fuel value of which is
5.65 calories, and if only 0.97 gram is digested,
the gross available calories are 0.97 X 5.65, or 5.48.

Since only 0.97 gram is available from each gram
of ingested protein, only 0.97%1.25 or 1.21 cal-
ories should be deducted. Thus for 1 gram of
ingested protein, the available energy value would
be 5.48—1.21, or 4.27 calories. This is the same
as 0.97 (5.65—1.25),

Corrected values for column F were written in
file copies ? of the report and have been included
a3 column F revised here in table 7. The cor-
rected values were also published by Langworthy
and Milner in 1904 in & summary of investigations
on the nutrition of man in this country (98). This
publication may not have had wide circulation
and has seldom been cited. The revised values
make for consistency in the use of columns E and
F. It should be pointed out that the revised
figures for column F were unrounded in contrast
t.obtlha values in columns D and E in the original
table.

The calorie value per gram of urinary nitrogen.—
Several questions have been raised on the advis-
ability of applying 7.9, the calorie-nitrogen ratio
in urine published by Atwater (12, 17), to ener
calculations for which dietary conditions may be
greatly different. Lusk (107) summarized data
showing that the ratio was affected by the propor-
tion of dietary protein, fat, and carbohydrate.
Other questions have been raised concerning the
effect of negative or positive nitrogen balance,
and of high-fruit diets having more than the usual
amount of organic acid.

Unfortunately, at the present time no record is
at hand showing the specific experiments from
which Atwater derived the ratio of 7.9 calories per
gram of urinary nitrogen and from it concluded
that 1.25 calories per gram of available protein
should be subtracted for loss of incompletely
oxidized material in the urine.

As early as 1897 Atwater and Benedict in the
Storrs Agricultural Experiment Station report for
that year (12,. p. 167), stated, *“ . . . the heat of
combustion of the water-free substance of the
urine will be 1.25 calories for each gram of digested
(available) protein. This factor is the average
found in a number of experiments in this labora-
tory, in which the heat of combustion of the
water-free substance of the urine was determined.”

At the time this statement was published, results
probably were available from the first 16 of a
series of 55 experiments on the metabolism of
matter and energy in the human body conducted
under Atwater’s supervision. We found the ratio
of the heat of combustion of urine to urinary nitro-
gen when caleulated for these 16 experiments to
average 7.9 calories, or the equivalent of 1.26 cal-
oriesj per gram of absorbed protein (7.9-+6.25=
1.26).

The study that included the 55 metabolism
experiments was made at Middletown, Conn.,
during the years 1896-1902 under the auspices
of the U. 5. Department of Agriculture in coopera-
tion with the Storrs (Conn.} Agricultural Experi-
ment Station and Wesleyan University. The
subjects were normal healthy men of similar
weight, around 65 to 79 kg.

® A pote on one of the marked copies on file in U. §.

Department of Agriculture reads, © coK showing cor-
rections as made on slips sent to Magnua Levy in letter of
July 6, 1904,
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A complete outline of the work, and the pro-
cedures followed were given in considerable detail
by Atwater and Benedict (16). Those aspects of
the study thought to have s direct bearing on the
calorie-nitrogen ratio of the urine will be referred
to here. Some additional details are given in the
section on alcohol (p. 18). Selected dasta from
the 55 experiments have been summarized in
table 8 along with data from a later series in which
Benedict and Milner continued the study.

Atwater designated the first four experiments
of the series as “respiration experiments;’ for
these, analyses were made of food intake, drink,
feces, urine, and respiratory products. No deter-
minations were made of the heat given off from
the body nor of the heat equivalents of external
work in these experiments, He called the remain-
ing experiments, Nos. 5 through 55, *‘metabolism
experiments.”’ They included measurements
of energy in addition to the data obtained in the
respiration experiments. Each metabolism experi-
ment had two parts, a digestion experiment in
which the subject lived under ordinary conditions
and the metabolism experiment proper in which
the subject lived in a respiration chamber. Di-
gestibility data were available from the second

art as well as from the first part of each metabo-
ism experiment,

The respiration calorimeter, described in detail
in U. S. Department of Agriculture Bul. 63 (21),
was especially designed for this series of experi-
ments. It included among other equipment a
bed and a stationary bicycle with an ergometer for
Imeasuring external muscular work, thus providing
for the study of metabolism of matter and energy
under conditions of rest and strenuous sactivity.

In the so-called work experiments, the activity
of the subject varied but in most cases he rode
the stationary bicycle for 8 hours daily. During
the preliminary digestion period, prior to the work
periods within the calorimeter, the activity of
the subject was sometimes comparable to that
during the work period and sometimes was only
his normal activity with some additional light
exercise. This latter activity was designated as
“light” in table 8 to differentiate it from the
more strenuous activity of pedaling the stationary
bicycle for 8 hours daily, referred to as a “work”
experiment. In the‘rest’” experiments the subject
remained quiet, avoiding all muscular activily as
far as it was practical.

Certain precautions were taken 1o minimize
errors in the nitrogen and energy determinations,
The urinary nitrogen was determined in 6-hour
intervals throughout the day, using the Kjeldahl
method. A portion of each collection was reserved
as part of a composite sample for the day. Nitro-
gen and the heat of combustion were determined
on a portion of this composite and the remainder
was preserved by adding formalin or thymeol.
This became s part of the composite sample for
the whole period of usually 3 to 4 days, The
analysis of the total composite sample checked

closely with results obtained when the urine was
analyzed each day. This assured the investigators
that no significant error occurred from nitrogen
or energy loss in the urine during storage.

The %leats of combustion were determined b
the Kellner method. A weighed absorption blocﬁ
of cellulose of known heat of combustion was
saturated with a known amount of urine, dried
at about 60° C., and burned in a bomb calorim-
eter. The results were corrected for the heat
of combustion of the absorption block. This latter
factor was an average of determinations for a
number of similar blocks. The method was given
in detail by Atwater and Snell, 1903 (22).

The investigators took into account the possi-
bility that a lag in nitrogen excretion by the
subjects would introduce some error in urinary
estimations in the relatively short experimental
pertods of 3 to 4 days. This possible error was
reduced by having periods on the same diet run
consecutively. In addition to the incompletely
oxidized matter lost in the urine the perspiration
losses should be recognized. However, as nitrogen
losses have been shown by 25 work experiments of
Atwater and Benedict (76) to be small, averaging
only 0.29 gram per day, and as data on compa-
rable energy loss in the perspiration were lacking,
the data in table 8 apply to urinary losses only.

The series was planned to study metabolism (1)
while fasting, (2) when the proportions of fat and
carbohydrate of an ordinary diet were varied,
and (3) when a moderate amount of alcohol
replaced fat and carbohydrate isocalorieally. In
the first 16 experiments rather simple mixed diets
were used as shown in teble 9. For these experi-
ments the amounts of protein, fat, and carbo-
hydrate, and the gross calories found by deter-
mination were reported. The amounts of other
nutrients present in the diet have been ealculated
from tables of nutrient compositicn; these cal-
culated values are shown in table 10. '

In the annual report for 1899 (17} Atwater con-
tinued to use the same factor, 1.25 calories per
gram of digested protein, in his caleulations of
evailable energy, although he recognized that this
deduction was not aceurate for foods. Some
error is introduced when this correction, based on
the factor 6.25 to convert nitrogen to protein, is
used with proteins or with nonproteins containing
more or less than 16 percent nitrogen. In the
same publication he mentioned briefly the deriva-
tion of the basic figure 7.9 calories per gram of
urinary nitrogen. He stated that the figure was
based on the average of 46 determinations. They
were mainly from his laboratory with a few from
Chas. D. Wood of the Maine Experiment Station.
In addition to the first 16 experiments conducted
prior to the 1897 report, the next 25 of the series
may have been completed before the 1899 report
wes prepared. lossibly these 41 experiments,
together with 5 unpublished from the Maine
Experiment Station, made up the 46 experiments
to which Atwater referred in the 1899 report.
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TapLg 9.—Daily food intake in the experiments from which Atwater originally obtained the calorie-nurogen
ratio of 7.9 for urine

Respiration experlments Metabolism experiments Diigestion experiments
Food ltem i
1 | 2 3 4t 5 1] T B a7 39 41 43
Grame | Grams | Gramsz| Grams] Grams| Grams| Grame: Greame| Grems| Grams | Grams | Groms

Beef, fried . . ... ... __ 12% 121 120 1 69 150 121 100 170 150
Beef, dried__ _. .. e[ ona 25 |- 20 o __.. 25 |-_____ P25 o ..
Ham, deviled. .. .l || feei oo 1571 I PR (RPN (AU B2 fooooo o ooee
],E\:fgs ________________________ 98 101 100 |____. 95 54 (141 1 107 52 144 103

ilk, whole (assumed TAW) .- I, 000 500 660 650 775 850 (575 850 775 850 575 850
Cheese_____ e 75 i P S SRR FRUIERINU SEPUUUUUN PP IUUPRRRRI SNUPUPIUNY NPT S
Butter. ..o ____ 33 35 20 45 35 751 16 35 34 75 | 15 35
Bread, brown___ .. oo |ooos b1 I Y (SR SRR [NRROUURO) IEOUPUPOUPIS NPyt Sy a e
Bread, white._ - . || feioaas 150 |- ____ 460 Lo oo __ SRNURE 114 [ T S
Bread, vrye_ . _______._________ 250 228 276 . ____ 325 |-_-._. 150 325 316 . _____ 150 328
Crackera, milk_._._ . __._._ .. 100 W00 [t e oo e [ PR
Oatmeal . . immce|mce oo e e feeeae - T 2 [ PR IR P, FRRNN IR S
‘Wheat breakfast food. . | . |eaoohe o[- [ TP AR [,
Bugar_ ... 20 40 46 20 35 50 | 45 40 38 | 5 45 40
Beans, baked_________ ... |- ___._ VRSN VR 120 125 125 125 125 125 ; 125 (125 125
Potatoes, boiled in skins_____._| 150 150 270 100 | oo |e e RS (RSP EP,
Apples .. aa|—----- | 85 125 |._____ S . 200 |- | |ooooo- 200
Peaches____..______.__ USSRV PUSURRIP AR 140 | ____|______ [N IR DRNUURIPINN AP FUUNIUPN FUSSURpRY R
Pears, canned_ _ _ .. . __o|aooolooo 210 |- _._. 150 300 (150 |.._... 150 300 (150 |-
Aleohol _ _ . e emme oo 725 |l __.. ‘ ______ 725 |- ..

|

In the 25 additional published experiments in
this series conducted prior to 1800, the diet was
medified somewhat as compared with. the first 16.
It consisted of beef, whole or skim milk, butter,
bread, cereal breakfast foods, graham ecrackers,
ginger snaps, and sugar. The estimated nutrient
intake was similar to that of the preceding experi-
ments except that the ascorbic acid content was
lower, probably only between 10 and 20 milligrams
per day. The average calorie-nitrogen ratio for
the 41 experiments, 7.88 (table 8), is not different
from that found for the first 16 alone, 7.86.

The calorie-nitrogen ratio of the urine in these
41 experiments showed a wide variation with a
range from 5.22 to 10.54. As the number of
experiments under any one set of conditions was
limited, it is scarcely feasible to conclude from this
series how different factors such as level of intake,
extent of digestibility, type of diet, and degree of
activity influenced the calorie-nitrogen ratio of the
urine. To the data in table 8 already mentioned,
we have added data selected or caleulated from the
rest of the 55 metabolism experiments completed
after 1899, and data from a series of metabolism
experiments, numbers 56-67 by Benediet and
Milner (27), which was actually a continuation of
the earlier series of Atwater and Benedict. DBene-
dict and Milner resumed the investigations of
matter and energy in 1903. We have included
data from these studies for reference since copies
of the various publications in which the experi-
ments were reported are no longer readily available
and they furnish much valuable basic data.

The diets of the experiments conducted in 1900
and later showed very wide variations in gross
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1 Includes experiments 47, 44, 4B, 4C, and 43. {See table 8.}

calories and in the levels of protein, fat, and carbo-
bhydrate. The urinary calorie-nitrogen ratio for
these experiments varied from 6.44 to 10.36. Both
extremes wera within those observed for experi-
ments conducted prior to 1900; the average was
8.32, a little higher than for the preceding
experiments.

Many other studies have been made in which
data on urinary nitrogen and energy have been
reported. To facilitate further study of this
problem, some of these are noted below.

Rubner (148) determined the calorie-nitrogen
ratio in urine on a variety of mixed diets, reporting
an average ratio of 8.5. But a number of years
later in a paper with Thomas (151) he reported
that the ratio was between 7 and 8, although he
had found variations outside this range. Among
othe- problems Rubner (148) studied the influence
of level of fat, single foods, and periods of rapid
growth on wui..ie-nitrogen ratio of the urine and
summarized the results as follows:

Fond g Dt
Days

Mothers milk___ . . __..._.___ 12. 10 7
Cow’s milk, infanta_____._..._______.. 6. 93 7
Cow's milk, adults__ .. _________....- 7.71 7
Diet. ]})mor infat. o oo_____ 8. 57 2
0 e e e e ecaao- 8 33 4

Diet richinfat__ .. _____ ... - 8 BY 2
[ TN 8. 44 4

Boys' mixed diet_____________....__ 6. 42 4
Boys' mixed diet richin fat____._____ 7. 50 4
Meab_ oo eanmeea PV 69 1
PotRtoes . . e 7. 85 1
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Rubner and Thomas (f6f) found the urinary
calorie-nitrogen ratio for a subject on a diet solely
of potatoes to be 9.04, 11.92, and 10.09 for the 1st,
4th, and 6th days respectively—ratios which were
much higher than Rubner had observed in earlier
experiments except for the infant on mother’s
milk. Sherman (156) reported a series of metab-
olism experiments on very simple diets of crackers
and milk and in some cases butter. In one series
periods of restricted and liberal intakes were alter-
nated. Experimental periods of 3 to 5 days fol-
lowed consecutively, two series for 12 days each
and & third series for 20 days, to provide a better
basis for following and interpreting changes in the
composition of the urine. Thers was no apparent
difference in the calorie-nitrogen ratios found for
the periods on restricted and liberal intakes. The
range was 7.39-8.00. In general the ratic was
somewhat lower than that tound by Atwater and
coworkers for subjects on mixed dists,

Benedict made an extensive investigation of
nitrogen and energy losses in the urine under
fasting conditions, reporting his results in two
publications (25, 26). When body material is
metabolized the calorie-nitrogen ratio appears to
be even more variable than- that found for differ-
ent kinds of mixed diets but the average ratio 1s
higher. He reported ratios in the range of 8 to
10 for the first day of fasting, increasing with each
successive day until after several days some were
in the range of 14 to 18.

Several investigations have been made in which
calories and nitrogen in the urine of children have
been reported, notably those of Macy (111, 112).
Her studies provided data on a group of children
ranging from 4 to 12 years of age over an extended
period of tims, From the composition of the urine
reported the calorie-nitrogen ratio has been cal-
culated for each child. The ratio does not appear
to differ appreciably from that obtained by
Atwater for adults. Related problems have been
studied by Folin (54}, Rubner (749}, Rubner and
Heubner (150), and Tangl (180).

In view of the wide variation observed for the
calorie-nitrogen ratio of the urine, the use of an
average calorie value per gram of nitrogen may
be questioned. Data providing a measure of the
magnitude of the discrepancies when the avail-
able energy of the whole diet is calculated by the
three procedures outlined on page 8 have been
brought together in table 11, The experiments
selected represent the more extreme conditions on
record as follows: (1) Those in which the actual
calorie-nitrogen ratio of the urine was considerably
above or below the average; (2) those in which the
subject was in different states of N-bsalance; and
(3) those in which the subjects had diets of widely
different composiiion with respect to proportions
of calories from fat, protein, and carbohydrate.

The data show that although the amount of
energy lost in the urine is highly variable, on the
whole it is small compared with the gross energy

of the food eaten. This is not surprising since
less than a third of the gross calores from the
digestible protein iz involved, and digestible
protein makes up only 10 to 25 percent of the
total calories in these dists. Consequently, an
error introduced by the use of an average calorie
value per gram of either urinary nitrogen or net
absorbed nitrogen does not affect greatly the
calculated avallable energy of the whole diet.

For individual high-protein foods such as lean
meat and some defatted nut and legume products,
urinary loss might be & much more significant
factor in determining available energy. If suitable
data were available not only for foods of high
nitrogen content but for all foods having some
nonprotein nitrogen, and if data were available
on the digestibility and utilization of the various
nitroaglenous compounds, 8 more accurate procedures
for calculating available energy could be developed.
Such data are not available and we are continuing
to use Atwater’s correction of 1.25 ealories per
gram of available protein (nitrogen content 16
percent).

For purposes for which the calculation of urinary
energy loss from nitrogen in the usual way is not
satisfactory, attention is called to the work of
Rubner {149) and of Benedict (25, pp. 490-482).
Benedict found less varighility in the ratios of
calories to either carbon or organic matter than
in the ratio of calories to nitrogen, He found
closer relationship when he related the energzy to
carbon but in view of the difficulty in determining
carbon he suggested as a more feasible procedure,
using the somewhat less constant calorie-organic
matter ratio of the urine. The latter was largely
proportional to the carbon content of the urine
and far more readily determined. Benedict’s
guggestion for making the urinary energy deduc-
tion on this basis rather than using the more
variable calorie-nitrogen tatio in estimating avail-
able calories in foods should be given further
consideration,

Alcohol

The perplexing subject of the energy value of
alcohol has been investigated from time to time
for more than 50 years. Investigations have
included such problems as the extent to which
alcohol can spare protein for building or mainte-
nance of body tissue, and the use of alcohol for
muscular activity, deposition of fat, and generation
of heat for maintenance of body iemperature.
Particularly controversial has been the question
of the body’s use of alcohol for muscular work,

The gross energy value of aleohol is 7.07
calories but its physiological energy value has
been assessed variously by different groups of
investigators. Daniel, 1951 ({5} suggested using
about 5.0 calories per gram, since from animal
experiments and various biochemical studies it
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appears that only 65 to 70 percent is available for
muscular work. The Food and Agriculture
Organization Committee on Calorie Conversion
Factors and Food Composition Tables did not
publish a review of the literature but suggested
i their report (55) that alcohol be omitted in
computations of energy value of diets for two
reasons—it 18 seldom possible to estimate alcohol
consumption accurately, and little is known
regarding its physiological energy wvalue,

The gross potentia% energy value of alccholic
beverages was estimated by Atwater and Benedict
to be as much as 500 calories per day for an
individual’s consumption described as “moderate.”
Statistics based on alcohol tax receipts in this
country indicate that the average per capita
consumption (man, woman, and chﬁd) of aleoholic
beverages in recent years is approximately equiv-
alent to 76 calories (gross value) per day. Were
children and all other nonusers ecliminated, the
average consumption for users would be much
bhigher. For numerous purposes, therefore, some
assessment must be made of the energy value of
alcohol.

The question is still being debated whether the
energy of aleohol can be used for various physio-
logical processes to the same extent as the organic
constituents of food or whether its use iz limited
entirely or partially to providing heat, Reviews
of the different aspects of alcohol utilization have
been published by Carpenter (35), Mitchell and
(()urizon (122), Keys (80), and Klatzkin and others

82).

To be accurate, the assessment of food encrgy
should take into account the site of the energy
conversion and physiological destination of the
nutrients. Up to the present no such additional
refinements have been attempted in any common
method of estimating energy values of foods.
Attempts to do so with a view to obtaining calorie
values to apply to foods under real lifo situations
would be very complex. To illustrate, Keys (&81)
pointed out that when starch is hydrolyzed to
glucose in the gastro-intestinal tract, approximately
14 calories per 100 grams are released 1n the body.
This is available only as body heat and for no
other purpose. If the hydrolysis occurs during
cooking, these calorics are lost before ingestion.
In estimating calorie values of starch this type of
difference is not taken into account. Of more
importance, he pointed out, is the demonstration
that, calorie for ealorie, fat is about 12 percent
less efficient for production of external muscular
work than carbohydrate, yet there is no difference
if calories are needed solely to maintain body
temperature.

The potential energy of moderate amounts of
alcohol may have a more limited usefulness in
body metabolism than energ'y froin proteins, fats,
and carbohydrates. In view of f{he fact that in
estimating calorie values, differences in avail-
ability and efficiency of use of the energy from
these common sources are hot considered, 1t does
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not seem necessary at present to discount the
energy value of alcohol, particularly since there
is considerable evidence that when intake is
moderate a large part may be available for mus-
cular work and that all of 1t may serve as a source
of body heat.

The calorie factor for alcohol used in the tables
in this publication is the one proposed by Atwater
and Benedict (15}, 6.9 calories per gram, based
on respiration calorimeter studies in which they
found that 98 percent of the heat of combustion
{7.07 calories per gram) was utilized by the human
body in its combined needs for energy in muscular
work, building tissue, and maintaining body
temperature,

Altogether Atwater and Benedict conducted 26
experiments, each lasting 2 to 4 days, in which
they compared the metabolism of man on diets
with and without alcohol. These experiments
were part of the long series already referred to
and are included in table 8.

In three groups of the first experiments, the
periods with and without alcohol were not as
directly comparable as in the six groups of later
experiments, owing largely to lack of means for
providing a food supply of uniform composition.
By the tume the later experiments were conducted,
ways of preserving considerable quantities of food
by canning and by cold storage had been devised.
T)lrlree men in good health and with apparently
normal digestion served as subjects in these 26
rest and work experiments, The respiration
calorimeter used (see p. 15) was so constructed
and equipped as to permit measurement and
sampiing for analysis of ventilating air, food, and
excreta, and also for measurement of heéat given
off and external work performed by the subject.

The experimental plan for these 26 experiments
was in general the same as that for the other ex-
periments in the entire series. One difference
was that in this group of experiments all periods
were more than 1 day.

A preliminary digestion experiment of 3 or 4
days preceded each metabolism experiment. Each
subject was on the experimental diet he was to
have in the following period in the respiration
chamber. During this preliminary period the
subject made adjustments considered necessary
in the diet and controlled his activity as much as
possible to that he would iave during the metabo-
lism experiment in the calorimeter. The amounts,
heats of combustion, and composition of feod,
feces, and urine were determined,

During the metabolism experiment these deter-
minations were continued and in addition deter-
minations were made of the water and carbon
dioxide content of the ventilating air eniering
and leaving the respiration chamber, the heat
given off by the body, and the heat equivalent of
the muscular work percformed during the work
experiment, These data made it possible to
determine the carbon, nitrogen, and hydrogen




balance, the potential energy of food and unoxi-
dized excreta, the kinetic energy of heat given off,
and the external work performed.

Each subject had a rather simple diet consist-
ing of such ordinary foods as meat, miik, bread,
cereals, butter, sugar, and in some cases, coffce.
During the rest experiments the diet supplied about
2,500 calories and during the work experiments,
about 3,900 calories. In the rest experiments the
subject performed as little aclivity as possible in
addition to the necessary motions of dressing, un-
dressing, handiing of samples, recording of data,
and the daily setting up and taking down of his
cot. Moast of the day was spent sitting, reading,
or writing. In the work experiments he rode a sta-
tionary bicycle for a total of 8 hours a day.

Alcohol was substititted for either carbohydrate
or fat or a mixture of both in 13 experiments, in-
cluding rest and work experiments. About 72
grams (about 500 calories) were given in 6 small
doses, 3 with meals and 3 at regular intervals
between meals, Thus it furnished about a fifth
of the calories during the rest experiments and
between a seventh and an eighth of the calories
during the work experiments.

The data showed that aleohol had no practical
effect on digestibility except possibly in the case
of protein. The cosflicient of apparent digesti-
bility of protein was a little larger in the experi-
ments when the diet included aleohel than in
comparable experiments without alcohol, 93.7
percent as compared with 92.6 percent.

The amounts of unoxidized alcohol given off by
the kidneys, lungs, and skin were measured and
deducted from the amount ingested. The differ-
ence was taken as the amount of aleohol oxidized
in the body. Previous research by another
worker had indicated that alcohol was not ex-
creted by way of the intestine even when con-
siderable quantities were taken, Therefore, no
analysis of feces for alcohol was made. In these
experiments only small amounts of unoxidized
aleohol (0.7 to 2.7, aversging 1.3 grams} were
recovered. The authors concluded that not more
than about 2 percent would be given off unoxidized
when taken in amounts comparable to those in
these experiments. They suggested using 98
percent of the gross heat of combustion as the
value of aleohol.

From these results Atwater and Benedict com-
pared the energy of the daily net income and the
outgo for subjects on diets with and without
alcohol. The net income was the energy of the
material actually oxidized in the body, and was
determined by adjusting the available energy
{gross food energy minus total calories in wurine
and feces) for calorie equivalent of loss or storage
of body protein and fat. The total heat outgo
was the energy measured by the apparatus as the
heat given off plus the heat equivalent of the work
performed by the subject. Whether or not the
diet contained alcohol, the average energy outgo
was equal to the average amount of energy of the

net income. Atwater and Benedict concluded
that the energy of aleohol oxidized was trans-
formed completely into kinetie energy and ap-
peared either as heat or as muscular work, or both,

Atwater and Benedict made some deductions
concerning the protecting effect of aleohol on
body material, based on the carbon, nitrogen, and
hydrogen balances of the subjects. From these
halances they estimated the daily gains and losses
of body fat and protein, assuming that the glyco-
gen stores for each individual at the beginning and
end of the experiment were the same. They
found some gains and some losses of body fat on
either kind of diet but on the average there was
a gain, This gain was slightly larger when the
subjects were on the diets including alcohol than
when on the ordinary diets; 2.4 grams daily as
compared with 1.1 grams of fat in comparable
experiments with and without aleohol, Storage
and loss of body protein also was calculated. Com-
parisons made between the ordinary and aicohol
periods indicated that aleohol was shightly inferior
to carbohydrate or fat in protecting body protein;
that is, a larger average daily loss, 5.9 grams, of
body protein occurred in the alcohol periods than
the average loss, 3.5 grams per day, for the ordi-
nary periods.

Loss of the energy of alcobol by radiation of
heat seemed to account for only a small proportion
of the calorie value. Atwater and Benedict found
that the radiation of heat from the body was onl
slightly greater with the alcohol diet than wit
the ordinary diet, and amounted to not more than
6 percent of the energy of alcohol.

Some of the results of the six groups of experi-
ments {(totaling 15 balances on 2 men) in which
the aleohol and nonalcohol periods were more
nearly comparable are shown in table 12. As the
protein intake within each group of comparable
experiments with and without alcohol is nearly
constant, these data indicate approximately the
effect. of alcohol on both the apparent digestibility
of protein and on the retention or loss of digested
protein. There was a small increase in apparent
digestibility and also some increase in urinar
nitrogen excretion when the diets included aleohol.
The heats of combustion which Atwater and
Benedict applied in experiments 9 and 10 to
changes in body protein and fat were 5.65 and 9.54
calories per gram, respectively. In their later
experiments they chaoged the figure for body fat
as they considered 9.4 calories per gram more
nearly correct. The net effect of alcohol on gain
or loss of body protein and fat in terms of total
energy change is shown in column 13. The last
two columns of the table show excellent agreement
between cnergy expenditures obtained in two
entirely different ways: by sadjusting available
energy of food intake for changes in amounts of
body protein and fat, and by direct measurements
of the heat given off by the body plus the heat
equivalent of the muscular work performed (in
the work experiments),
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A comparison of the experiments with and
without aﬁzohol (column 13) indicates that within
each group, when 72 grams of alcohol (500 calories)
replaced an approximate calorie equivalent of
fat and/or carbohydrate, the calenlated net gain
or loss of energy value in the form of body tissue
was somnetimes a little larger and sometimes a
litstle smaller than the change calculated for the
comparable experiments when no aleohol was
included. In these six groups of experiments
the caleulated calorie change of body tissue
varied from an additional gain of 83 calories to a

larger loss of 95 calories as compared with the

PART Ill. DERIVATION OF

Since Atwater first proposed his individual foed
group factors and his general factors for estimating
the fuel value of mixed diets as a whole (17),
enough data for a number of foods have accumu-
lated to make possible some revisions and addi-
tions. For other foods more data are urgently
needed.

Prior to 1947 the Bureau of Human Nutrition
and Home Economics had summarized the
available information on digestibility by man of
bread made from wheat of three levels of extrac-
tion and had compiled preliminary material for

otatoes. Since then, study of the scientifie
iterature has been continued, permitting the
addition of coefficients of digestibility for many
more items. Data from the digestibility studies
reviewed are given in appendix tables 23 and 24.
The resulting summary of data on human digesti-
bility and heat of combustion needed for deriving
apecific calorie values of individual items of food
or of small food groups is given in table 13.
Where further information was lacking, Atwater’s
data were taken from the revised figures for col-
umn F in table 10 of his report cited above and
rei)roduced as table 7, page 10. The figures in
columns 4, 7, and 10 are the specific factors to be
applied to the grams of protein (nitrogenous
material), fat (usually ether extract), and carbo-
hydrate (determined by differences) in the food
to obtain the physiological energy value.

Before discussing the derivation of the specific
calorie factors shown in table 13, a few general
ohservations should be made regarding the basis
of the data,

The basis for the coefficients of digestibility in
table 13 could have been broadened greatly, if the
large volume of work with experimental animals
in the literature had been included. Some work
has been done t¢ compare digestibilities of man
and experimental animals., Brierem and Nico-

corresponding nonalcohol experiment.  Under the
conditions of these experiments Atwater and
Benedict: concluded that alcohol must have been
used by the body about as efficiently as the nutri-
ents from ordinary food it replaced. In the most
extreme case, aleohol calories were only about
four-fifths as well used as the food calories which
alcohol replaced. These experiments do not
prove but suggest that under the conditions
comparable to those in these experiments much
of the energy of alcohol can be used in the body
for internal or muscular work,

CURRENT CALORIE FACTORS

laysen (30} compared utilization of protein and
dry matter in wheat and rye brans by man with
utilization by sheep and swine. Later Crampton
and others (43) compared man’s use of several
grain products with that of rats, sheep, and swine,
However, there is insufficient evidence at present
for concluding that digestibility of nutrients by
experimental animals can be used to predict that
of man. If a relationship could be established,
research in this field could proceed more economi-
cally and more rapidly,

he energy factors shown in table 13 do not
rest on equally reliable information. The number
of subjects for different foods varied considerably.
In general, no information was available on the
possible departure of the test diet from the previ-
ous dietary pattern. Lack of uniformity was
observed in the experimental procedures used,
including lengths of the preliminary and experi-
mental periods, choice of marker, and the relative
proportion of the diet furnished by the test food.
The foods tested, expecially in the early digestion
experiments, were not a{,ways adequately de-
scribed, nor was the chemical composition of the
sample always reported. In some cases, reason-
able assumptions could be made as to the identity
of the samples. For a few foods neither descriptive
nor composition date were reported by the
investigators, and energy factors derived from
digestibility data in those experiments may be
shown by future work to need considerable
revision. Grain products of various degrees of
milling as deseribed some 50 years ago have
presented particularly knotty problems, Although
the products were identified by extraction and
other recognized milling terms, composition data
in addition were necessary to classify them in
terms of the most nearly comparable products on
the market today.




TaBLE 13.—Data used for caleulating energy values of foods or food groups by the Atwater system

Protein Fat Carbohydrate
I;Ecbtgr l:acgr I:n.cbtgr
Fo . » - 0 - o
od ar food group c%‘:ﬂ) I c}.}:;‘t:'l;{ a{)op{]ned g::{nof He)::) of n?pg}ed c?eorf:ﬁor Heat of | applisd
digestl- | tion less| o 0% | digesti. | SOOI ggstod digesti- "03102“" ;’éﬁd
billty 1,251 nutH- Bility nutr- hility nuLri-
ents onts ents
n @ @ (4] 5 (& ¢4] 18) o {10}
Eggs, Meat products, Milk products: Pg, | Caligm. Culigm.| Pu. |Coljem.|Coligm.| Pe. | Goligm.| Cutigm.
RS . .l ____. 97 | 4.50 | 4. 36 95 | 9.50 | 9.02 98 | 3.75 | 3.68
Gelatin______________________________...°°°° 97 | 402 | 3. 90 95 1950 | 9.02 |______|...___|.__.__
Glyeogen_______________ [ TITTTTom TR TR S R I e 98 | 4.19; 4,11
Meat, fish__________ . ________ 7777 07 | 4.40 | 4. 27 95 | 9.50 ) 9.02 ______|.____. *)
Milk, milk preduets_ .. _________.________ " 97 | 4,40 | 4. 27 95 | 9.25 | 8.79 98 | 3.95 3.87
Fats, separated:
Butter . _______ ... 97 1 4.40 | 4. 27 95 19.25 | 879 98 | 3.5 | 3 87
Other animal fats______._ _____________ """t Ty . 95 | 950 | 9.02 |______j__.___|.____.
Margarine, vegetable . ___________________ " 97 | 4 40 | 4. 27 95 | 9.30 | 8 84 98 [ 3.95 | 3. 87
Other vegetable fats and oils________________ | [ 7T 95 | 9.30 | 884 | _.___| _____[...__.
Fruits:
All (except lemons, limes)y __ __________._____.__ 851 3.95| 3. 36 90 | 9.30 | B 37 90 | 4. 00 3. 60
All fruit juice (except lemon, lime} unsweetened B3 | 303 | 3. 36 90 | 930 | 837 YOR 14 00 | v 392
Lemons, bmes._ ________ . ________ _____ 7 K3 | 3043 7 336 )| O30 | w37 L 00 | 275 0 42 4,
Lemon juice, lime juice, unsweelened ... ____ B5 1 3.95 ) 8 36 G| 9 30 | 837 U5 | 275 2,70
Grain products:
Barlev, pearled________.__________________.____ T8 | 4.55 ] 3. 55 90 | 9.30 ¢ 8 37 94 | 4. 20 3. 95
Buckwheat flour, dark _ . _____________________. 74 | 4 55 | 3. 37 60 | 9.30 | 8 37 90 | 420 | 3.78
Buckwheat flour, light . _.____ .. _______________ 78 | 4.55 | 3. 55 90 | 9.30 | 8 37 94 | 4.20 | 395
Cornmeal, whole ground________ .. ________ . . 60 { 4.55 | 2. 73 90 | 9.30 | 8.37 96 | 4.20 | 4.03
Cornmeal, degermed _______..________._______. 76 | 4.55 | 3. 48 90 | 9.30 | 8 37 99 | 4. 20| 4 16
Dextrin. . _____ . 1.0 TTTTITTTTT T NIV D e 98| 4 1LY 403
Macaroni, spaghetti . ______ 7" 86 | 4. 55 | 3.9} 90| 9.30 | 8 37 98 | 4.20 | 412
Oatmeal, rolled oats____________________ "] 76 | 4. 55 | 3. 46 90 { 9. 30 | 8 37 98 ¢ 4,20 4. 12
Rice,brown_____.________ . _________._____. 75 1 4.55 | 8. 41 90 | 9.30 | 8. 37 98 | 4.20 | 412
Rice, white or polished__________.._ _______ . __ 84 [ 4 55 3.82 90 ¢ 9,30 | 8 37 99 | 4. 20 4. 16
Rye flour,dark . _______ .. __________________ " 65 | 4.55 | 2. 96 90 | 9.30 | 8. 37 90 | 4. 20 3.78
Rye flour, whole grain__ . __.__________________ 67 | 4.55 ! 3.05 90 | 9.30 | 8 37 92 | €20 | 3.86
Rye flour, medium. ___________ ______ 11 7] 71| 4.55 | 3.23 90 | 9.30 | 8.37 95 1 420 | 3.99
Rye flour, bight_______ ___________ . . ____ 75 | 4. 55 | 3. 41 90 | 9.30 | 8 37 97 | 4. 20 4. 07
Borghum {(kaoliang}, whole or nearly whole meal__ 20 | 4. 55 .91 90 | 9.30 | B 37 96 | 4. 20 4.03
Borghum (feterita, kafir, milo), S0-85 pereent
extraction ..o ___________________________. TAk 7 4.05 |+2.28 90 [ 9,30 | K37 AOT | 4020 | s4.07
Wheat, 97-100 percent extraction_ . ________.___ 79 | 4. 55 | 3. 59 90 | 9.30 | 8 37 90 1 4.20 | 3. 78
Wheat, 8593 percent extraction_ _ _____________ 83 | 455 | 3.78 90 [ 9. 30 | B. 37 04 | 4. 20 3. 95
Wheat, 70-74 pereent extraction. . __ . __________ 89 | 4.55 ] 4.05 90 | 9.30 | 8 37 98 | 4. 20 4,12
Wheat, flaked, puffed, rolled, shredded, whole
meal .. 79 | 455 | 3. 59 90 | 9.30 | 8. 37 90 | 4. 20 378
Wheat bran (100 pereent) . _ . _________________. 40 | 4. 55 | 1. 82 90 | 9.30 | 837 56 | 4.20 | 2 35
Other cereals, refined __ . ________________.____ 85 | 4. 55 | 3. 87 90 | 9.30 | 8 37 98 | 4.20 | 4.12
Wild rice. . ... . 78 | 4.55 | 3. 55 90 | 9.30 | 8. 37 94 [ 4. 20 3. 95
Legumes; Nuts:
Mature dry beans, cowpeas, peas, other legumes;
nubs . e ___. 78 | 4.45 | 3. 47 90 | 9.30 | 8 37 97 | 4. 20 4. 07
Iromature lims beans, cowpeas, peas, other legumes. 78 | 4. 45 | 3. 47 80 | 9 30 ; 8 37 97 | 420 | 407
s Boybeans, dry; soy flour, flakes, grits_ _____.____ 78 | 4.45 | 3.47 80 | 9.30 | 8 37 97 | 4. 20 | 4.07
UEArs:
Cane or beet Bugar (sucrose)____ ... .______ || |a. |, 98 | 3. 95 3. 87
Glueose__ . _____ oo b e 98 | 3.75 | 3.68
Vegetables:
Mushrooms.___ ... _ ______________. ... _______ 70 | 3.75 | 2. 62 90 | 9.30 | 837 85 | 410 3. 48
Potatoes and starchy roota__ ___________ . .___ 74| 3,75 2.78 90 | 9.30 | 8.37 96 | 4.20 403
Other underground erops *__________________._. 74 | 3.75 | 2.78 90 | 9.30 | 8. 37 96 { 4.00 | 3 84
Other vegetables _______ . ________. 65 | 3.75 | 2. 44 90 1 9 30 | B 37 B51 4.20 | 3 57
Miscellaneous foods:
Aleobol o _____ e e e e
Chocolate, cocoa_ ___________________________._ 42 1 4.35 | 1. 83 90 | 9. 30 | 837 32416 1. 33
Vinegar_ _________. e e 98 | 2. 45 2 40
Yeast _ .. .. 80 | 3.751 3. 00 90 [ 9. 30 | 8. 37 80420 | 335

! In a few cases values in columns 4, 7, and 10 are slightly
different from those shown in table %, column F, revised,
because of different methods of rounding figures.

* The correction, 1,25 calories, has been subtracted: from
the heat of combustion. This gives values applicable to

ams of digested protein and identical with Atwater's

actors per gram of available protein.

3 Carbohydrate factor, 3.87 for brain, heart, Lkidney,
liver; 4.11 for tongue snci shellfish.

t Revision made sinee 1953,

¢ Vegetables such as beets, carrots, onions, parsnips,
radishes,

* Coefficient of digestibility, 98 percent; heat of com-
bustien, 7,07 calories per gram; factor to apply to ingested
aleohol, 6.93 calories per gram.
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Physiological Fuel Values of Foods of Animal Origin

For determining physiological fuel values of
foods of animal origin, Atwater’s factors for the dif-
ferent categories are still being used with only slight
changes. His coefficient of digestibility of 97
percent for the protein of mesat, fish, eggs, and
dairy products has been used without change in
this publication (see table 7).

Many items of animal origin contain small
amounts of carbohydrate to which Atwater
applied the energy factor 3.82 calories per gram,
He obtained this using 3.90 calories as heat of
combustion and a coefficient of digestibility of 93
percent. Some small revisions in this factor are
indicated in view of current informsation on the
form of carbohydrate predominating in the dif-
ferent kinds of foods of animal origin. These
revisions, which are very minor, are noted in the
following paragraph.

For the carbohydrate of milk and milk produets,
we have used for the physiological energy factor,
3.87 calories per gram, This is based on the heat
of combustion for lactose, 3.95 calories per gram,
and Atwater’s coefficient of digestibility, 98
percent.,

Eggs contain a small amount of carbohydrate,
chiefly glucose, bound in a large complex. The

energy factor used in this publication, 3.68 calories
per gram, was obtained by applying the coefficient
of digestibility, 98 percent, to 3.75, the heat of
combustion of glucose, Perhaps this figure is too
low for simple sugars which require no digestion.

Appreciable amounts of glucose and glycogen
have bebn found in tissue of brains, heart, and
glandular organs, the relative amounts varying
according to metabolic conditions at the time of
slaughter and conditions of storage. For heat of
combustion, 3.95 calories per gram, a figure inter-
mediate between the heats of combustion of
glucose and glycogen, has therefore been selected,
resulting in a physiological energy factor of 3.87
calories per gram.

Analyses have shown glycogen to be the main
carbohydrate constituent of tongue and some
kinds of shellfish, Hence, to derive an appropriate
energy factor, we applied the coefficient of digesti-
bility, 98 percent, to 4.19, the heat of combustion
of glycogen, and the resultant factor was 4.11
calories per gram,

For animal fats we have used Atwater’s energy
factors, 8.79 calories per gram for fats in dairy
products and 9.02 for fats from other animal
sources.

Physiological Fuel Values of Plant Products

Separated fats of plant origin are important
items today but were practically unknown 50
ears ago. For them we have used the digesti-
gility coefficient, 95 percent, that Atwater used
for butter and other animal fats. For the heat of
combustion of fat in plant products, whether or
not separated, we have continued the use of
Atwater’s factor, 9.3 calories per gram,

Margarine as manufactured 1 the United
States of America may be made of either animal
or vegetable fats, and a few States have laws
requiring a specified high proportion of animal
fats. However, as most margarine in this country
is made with vegetable oils, the factor 8.84 calories
per gram for fat in margarine shown in table 13
was based on heat of combustion of 9.3 calories
per gram and a coefficient of digestibility of 95
percent. Margarine of either type and butter
contain small amounts of protein and carbo-
hydrate carried over from the milk in which the
fats were blended or churned. The calorie factors
for protein and carbohydrate of milk were used
for those constituents of margarine.

For fat as it occurs in cereals and other plant
sources Atwater assumed the apparent digesti-
bility to be 90 percent and we have continued this
practice. The energy factor for fat in plant foods
18 therefore assumed to be 8,37 calories per gran:.

The revisions we have made in the Atwater
factors for the physiological fuel values of protein
and carbohydrate of plant products have resulted
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mainly from adding daia from a comprehensive
review of digestibility studies reported since 1875.
For a few foods the revisions resuli from changes
in the heat of combustion factors used. More
specific energy factors, together with the average
coefficients of digestibility and heats of combustion
from which they were derived, are presented in
table 13. The basis for the differences in these
figures as compared with Atwater's factors for
food groups is discussed in the remainder of this
section. In some instances the values may prove
to need further revision as the result of future
research, but we believe them 1o be better ap-
proximations for individual foods than either the
general, overall factors or the food group factors
that were developed in 1899. The l%asic data on
digestibility from which the factors were obtained
have been compiled in table form (appendix
table 23).

This compilation is not entirely complete for
studies reported in foreign languages, but we
believe it covers the bulk of early and recent
research in which apparent digestibility of the test
food was measured. Articles in which apparent
digestibility was not reported or could not be
calculated for the test food alone were not in-
cluded. By this criterion, digestion experiments
such as those of F. Erismann (52) were excluded.
His coeflicient of digestibility for protein has been
quoted by various authors in early publications as
applying to peas, but a translation of the original




article shows that the coefficient was applied to
bread made of 50 percent pea meal and 50 percent
rye flour without adequate basis for caleulating the
digestibility of the pea meal alone. Included in
the compilation are several experiments which
contribute useful information although for various
reasons they have been excluded from the dats
used for obtaining average eoefficients.

The dertvation of the energy factors in table 13
18 discussed in the following paragraphs by food
groups since foods within a group have certain
characteristics and problems in common. Where
no mention is made of the derivation of factors,
Atwater's data considered most applicable to the
particular item or small food group have been used.

Products of wheat

By far the largest proportion of the digestion
experiments reported have been concerned with
foods of the cereal group. Of the cereal foods
wheat has been studied in most detail.

Flours

Digestibility of wheat flour was studied first by
Rubner and other European scientists during the
latter part of the 19th century. As milling
practices and the terms used have changed over
the years, we encountered problems in deciding
how to combine and group the large volume of
data on the digestibility of wheat flours. Wheat
flours milled commercially and experimentally
have been studied extensively since 1900, par-
ticularly in the United States and in Great Britain.
For a great many of these flour samples, enough
information is available so that the flours can be
arranged in three groups according to degree of
exiraction from the kernel. These three groups
were described by United States scientists 1n the
early part of the 20th century as graham, entire
wheat, and as straight or standard patent. Not
all %lie terms used then still apply but the data are
usable.

Graham was essentially whole-wheat meal, but
may have had a very small amount of coarse
material removed. The straight and standard
patent flour group contained the first and second
patent flours and the first clear flour and made up
about 70 to 72 percent of the wheat kernel, which
is in line with modern-day yields of straight
grade flour. Data on the composition of the
straight patent flours used in the early experiments
when reported also indicated that from the stand-
point of proximate constituents the straight
patent flours were similar to those produced in
recent years. In some instances the standard
patent was blended with small amounts of the
low-grade flours, seecond clear and red dog.

More variation existed in the flours included in
those of the intermediate extraction. The so-
called entire-wheat flour as described by Woods
‘and Merrill (194} included patent, first clear,

second clear, red dog, and shorts, indicating that
1t may have been somewhat more than 85 percent.
of the kernel. For comparison, the average mill-
ing yields from several commercial mill of
cleaned wheat reported in 1941 by Sherwood and
others (160) have been included here as follows:

Percent

Milled fraction: yield
Patent flour_______.____________..______... 83. 0
First clear four___________________________ 7.0
Becond elear flour. _.__________.______.____ 45
Reddog flowr.____.____._________________. 40
Germ _ ____ i .2
Shorts. . _________ . L ___.____ 12,3
Bran____ ... ___. 9.0

If it could be assumed that the sum total of the
fractions comprising the entire-wheat flour of the
early experiments was comparable to the fractions
reported by Sherwood, theoretically the yiald of
entire-wheat flour would have been close to 91
percent. Usually the entire-wheat flour was re-
ferred to as being of about 85-percent extraction.
Probably this was a little low. Woods and Mer-
rill (194} stated that 100 pounds of cleaned No. 1
wheat would make 85 to 88 pounds of entire-wheat
flour, that the large mills gave rather larger yields
than small mills, and that a starchy wheat yielded
I to 3 pounds more than a hard wheat. They
also stated that the ash content of the entire-wheat
flour was about half that of the whole-wheat flour.

Snyder (164, 166, 168) also conducted experi-
ments in that period and used entire-wheat flours,
but the indications are that the flours he used
wers of somewhat longer extraction than those
described by Woods and Merrill. The flours of
longer extraction were obtained by removal of
part of the coarser bran by screening and the
inclusion of fine bran, shorts, and germ. The
amount of coarse bran removed varied from a
small pro%mtion to over half the total amount
present, Data he reported showed that the ash
content of the entire-wheat samples ranged from
51 to 92 percent of that in the wheats from which
they were milled. In view of this kind of infor-
mation it is likely that entire-wheat fiour repre-
sented about 90 percent of the cleaned wheat.
The latter figure was also arrived at independently
by & milling expert in the United States Depart-
ment of Agriculture who estimated the probable
extractions of a number of samples of entire-wheat
flour from their ash contents in relation to the
ash content of the whole-wheat from which each
was milled.

Since such estimates may be more or less in
error, and since the information on the milling
and composition of the flours suggests that the
entire-wheat flour was not always of uniform
extraction, we bave considered it preferable in
this publication to assume that the data applied to
flours within the range of 85- to 93-percent extrac-
tion. Likewise for flours designated as standard
patent we have assumed that the data applied to
flours of 70- to 74-percent extraction. With re-
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gard to the whole-wheat or grabham flours used in
the early studies, it has been assumed that flour
80 designated may have been of from 97- to 100~
percent extraction, since there was some evidence
that a small amount of the outer portion of the
kernel may have been removed.

The average coefficients of digestibility of pro-
tein and of carbohydrate for wheat flours of these
three extraction ranges are based en more than
70 digestibility trials on whole-wheat and near
whole wheat flours, more than 50 trials on wheats
of intermediate extractions, and over 100 digesti-
bility trials on straight and patent flours. The
average coeflicients of digestibility are shown in
table 14. The variation 1mn digestibality found for
the protein of wheat was much greater than that
for the carbohydrate, and there was greater varia-
tion in the digestibility of longer extraction flours
than for refined flours of shorter extraction.

The wheat samples used in the digestibility
studies were largely hard wheats, both spring
and winter varieties; a few soft wheats were
included. Data on proximate composition were
avallable for the whole-wheat flours used in 18
digestibility trials, for the flours of intermediate
extraction in 22 trials, and for the straight and
patent flours in 28 trials. Average values for
the flours of known compesition are shown in the
first column of table 14.  Within each of the three
groups there was much variation, The protein
conteni of the whole-wheat samples, for example,
ranged from 8.5 to more than 15 percent, the
mejority containing over 12 percent. At present,
data are inadequate to determine to what exient
variation observed in digestibility within groups
and between groups may have been due to differ-
Ences in protein and carbohydrate content of the

ours.

TarLe 14.—FEnergy volues of wheat flours celeulated by use of specific energy factors for protein, fat, and

carbohydrate

1i Energy fac- Avallable
: A E -al 'tors to be { [ood

Type of dour : Compaosition 1: %‘Izgﬁqﬂgﬁ:‘tgr orflj.lt}f:;;gﬁ]ge "31215;3950 ?}:l&%?%g}ﬂg

nutrienls % ol 5)'

{eol. 3 X col. §) ol
{1 (2) [61] (43 (5} (6}

Essentially whole wheat ? {G7-100 percent extraction}: Fercent Percent . Cal.jgm. Cal.lgm. Cal.[100 g,
Protein {N X 8.83) . . .o .. 12, 6 91 Y4 55 3. 59 45. 2
Fat __ __ . 1.9 190 ! 9. 30 8. 37 15. 9
Carbohydrate by difference . __ ..o .. 71. 8 90 4,20 3.78 271. 4
L 7 Y e 332. 5
Intermediate extraction (85—93 percent):? 0 T
Protein (N X 5.7) . oo oo ___ 12. ¢ 83 14 55 3. 78 45, 4
Fat. e eeaien 1.8 400 ! 9. 30 8. 37 i6.1
Carhohydrate by difference___ . _______________ 73.0 G4 1 4, 20 3. 95 288. 4
LT I EU R P 348. &

Patent ? (70-74 perccent extraction): )
Protein (N X 5.7 o ___ 11. 7 89 34 55 4. 05 47. 4
Bt o iimacaaaa 1.3 + 90 9, 30 8. 37 10, 9
Carbohydrate by difference_____. ... ____________ 4.5 98 . 4. 20 1. 12 306. 9
Total e el P I 365. 2
I

! Composition data are caleuianted to a 12-percent
moisture basis.

1 The ash content found for the wheat flours are 1.7
percent for essentially whole wheat, 1.2 percent for wheat
of intermediste extraction, and 0.5 percent for patent
flour.

The average digestibility of the protein and
of the carbohydrute for any one type of flour of
known chemical composition showed differences
of less than 1 percent from average coefficients of di-
gestibility obtained by using data from all of
the samples of that type. The coeflicients based
on all the samples within the group, therefore,
were used for deriving the energy factors shown
in table 14. It is unlikely that the heat of com-
bustion value would be the same for the nitroge-

3 1.25 calories have been deducted from the heat of
combustion of 1 gram of protein to correct for loss of
incormpletely metabolized products in the urine.

¢ Assumed coeflicient of apparent digestibility for fat in
plant products, 90 percent, used because actual data for
wheat were Unsatisfactory,

nous portion of flours of different extraction rates.
The relative preportions of protein and nomrprotein
nitrogen compounds and the composition of the
protein fraction itself are each known to vary.
Theso changes would be expected to affect the
heat of combustion and hence the energy factors
also. However, in preparing table 14, no attempt
was made to adjust the heat of combustion data
for differences in the heat values of the protein or
fat mixtures in the flours of different extractions,




Energy values for flours at each of the three
extractions have been worked out from the com-
position data of the known samples. The results,
shown in the last column of table 14, are con-
sidered suitable for flours of the extractions and
compositions specified.

From time to time calorie values for flours of
other exiractions are needed. To estimate co-
efficients of digestibility for protein and carbo-
hydrate in such flours, the digestibility data
estimated at the three extraction rates, 100, 90,
and 70 percent, for the wheat flours just disecussed
were used. This was done inasmuch as the few
scattered digestion experiments reported on flours
of other specified extractions of wheat were so
varied i conditions and methods that the results
were not usable for this purpose. The relalion-
ship between the percent extraction and coefficient
of digestibility of wheat can be expressed in the
form of the equation y=a- bx4-¢2?, where 2 =per-
cent extraction and y—=coefficient of digestibility,
By the method of least squares the constants for
this equation, fitting the three points based on
average digestibility data for wheat of 100-, 90-,
and 70-percent extraction, were as follows for
protein and carbohydrate;

Value of constant
Equation constant
Proieln Carbohydrato
[ 2 Q. 890 0. 700
b .. - - . 00233 . 00867
€ .. —. 0000333 —. 00667

Digestibihity coeflicients (¥} for other extraction
percontages {(r) were computed by solving the
equation.

From this equation, coefficients of digestibility
of protein and carbohydrate were calculated for
flours of 95-, 85-, 80-, and 75-percent extraction.
The values found are shown in table 15. Addi-
tional intervening points may be determined from
the equation or read from a curve. For conven-
ience the encrgy factors to apply to the protein
and carbohydrate in wheat flours of the specified
extractions ave also included in table 15,

Degree of extraction has been accepted here as
the most important influence on digestibility of
wheat flour, To test this assumption an estimate
was made of the extent to which rate of extraction
was associnted with coefficients of digestibility,
The relationship of these two, based on those
subjects for whom datla wero available at each of
three extraction rates, was found to be represented
by an equation of the form y=a-+br+ex?, where
the extraction rate is the independent variable.
%, the variance, was 44 percent, showing that
almost half of the variation in the coefficient of
digestibility was associated with wvariation in
extraction, This indicates that the assumption
was warranted since 56 percent of the variation
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remained to be distributed among such factors as
level of protein intake, level and nature of carbo-
hydrate, length of experimental period, the varia-
tion characteristic of each subject, and fineness of
grind of the flour.

TABLE 15.—Apparent digestibility and physiological
Juel value of wheat fours

| Coefficient of digestl-
bllity

8pecific anergy factor
Percent Extraction
Protein | CSLY- | proren | Carboby-
Percent Percent Cal fgm. Cal.fpm,
1000 . . ___. 79 40 3. 59 3.
95_ .. ... ___ {BL) (92) 3. 69 3. 86
90___.__._. R 83 94 3.78 3. 95
15 (85} {96) 3. 87 4, 03
80___. R (86} (97) 391 4. 07
5 ... (88) L{9B) 4. 00 4. 10
T0.. o _. 89 98 4. 05 4. 12

L 97.5 by ealculation from equatlon, page 20,

Since 1945, when the relationship between
coefficient of digestibility and degree of extraction
were worked out rather hastily for wheat of 100-,
90-, and 70-percent extractions, some additional
data have been located in the literature and others
have become available as the result of more
recent research. The inclusion of these additional
values did not warrant any change in the coef-
ficients of digestibility pubhished earlier (55, 118),
and we have continued to use them.

Methods of determining energy values used in
Great Britain.—McCance and his associates have
given special attention to assessing the energy
values of cereals (702, 104, 108). They differ-
entialed between available and phystological
calories and as both procedures differ from the
one used in this country and as certain of the
terms have different meanings we include here a
brief discussion of their work—particularly as it
relates to wheat.

The consideration given carbohydrate has
been an important difference between the systems
for estimating ecnergy used by English and
American scientists. Data on carbohydrate in
British tables of food composition are based on
“available carbohydrate,” which includes sugars,
starches, and dextrins—carbohydrutes assumed to
be fully utilized by the body, but exclude as un-
available, fiber and nonfermentable sugars or
pentoses, The analytical determination of avail-
able carbohydrate has been discussed by McCance
and Lawrence (103),

Apailadle calories as calculated by McCance are
the sum of the gross calories in the available
carboliydrate {fraction of the food, plus thae
calories from fat after deduction for fecal lipids,
plus the calories from protein after deduction for
fecal and urinary losses of nitrogenous matter.
In principle this procedure is similar to that used




in this country but the method for determining
available calores from carbohydrate is different;
also there are some differences in the actual
calorie factors selected for protein and fat.

To illustrate how the caloria factors for the
calculation of available calories are obtained,
data are presented here from a study of McCance
snd Walsham (704). Digestion and utilization of
calories of two samples of whole-wheat flour, one
made from a low-protein English wheat and the
other from a high-protein Canadian wheat were
determined for adult subjects. The ealorie factors
for protein were found by applying the coeflicients
of apparent digestibility of protein found in these
digestion experiments to the factor 4.35 calories
per gram (5.65 less 1.3 calories per gram for urinary
loss) used by Sherman {7158) for the heat of com-
bustion of protein in a mixed diet. The apparent
digestibility of protein was found from the experi-
ment to be 84.9 percent for the Canadian flour
and 74.2 percent for the English flour,

The calorie factor for fat was obtained by apply-
ing 58 percent, the coefficient of apparent digesti-
bihty found for fat, to 9.45 calories the heat of
combustion per gram of fat in a mixed diet (158).
From these experimental data the calorie factors
to be applied to analytical data on the content
of protein and fat to obtain the calories from these
nutrients in the two samples of flour were thus
found to be 3.65 and 5.5 calories per gram,
respectively, for the Capadian and 3.21 and 5.5
calories per gram for the English wheat flours.
Calories from carbohydrates were obtained by
applying the gross calorie factor for starch, 4.2,
to data on content of ““available carbohydrate”
expressed as starch for each wheat,

Physiologiecal calories as calculated by McCance
include ong the gross calories from those fractions
of the nutrients which definitely may be con-
sidered usefully available. Provision is made for
excluding urinary calories, a loss resulting from
incomplete combustion of protein, but no deduc-
tion is made for nitrogenous matter in feces; like-
wise no deduction is made for fecal fat, The
fraction of the carbohydrate measured is con-
sidered completely available. It is treated in the
same way for determining physiological calories
as In the determination of avalable calories—the
fraction of questionable value as a source of ener,
is excluded and a gross heat value is used with the
data on available carbohydrate content. For use
in fond tables physiological calories are the values
MeCance considers most suitable (102, 104, 108)
because, as he has pomted out ({07), it is unusua
to make allowance for losses in the feces in pre-
senting data on composition of foods,

Physiological calories based on data from the
experiment with the two whole-wheat flours were
calculated to be the sum of the calories from
carbohvdrate obtained in the same way as for
available calories above, plus the gross calories
from fat (9.4 grams of fat in the wheat sample)
present in the food, plus the gross caleries from

protein present with a deduction for urinary loss
(4.35Xgrams of protein content in the wheat).

Data reported by McCance and Walsham from
this study for gross, available, and physiological
calories for the two samples of whole-wheat flour
(15 percent moisture) were as follows:

Type of data C“ﬂfe‘:{m ]if',féfth
Gross caloriea: Calorier | Caloriex
Food (homb)___.__________._.._ 372 350
Fecal (bomb)__________________ —45 — 40
Urinary loss (1.3Xnet absorbed
Ny o .... —17 —8
Available ealories {from above)_______ 310 302
Available calories csleulated by
McCance procedure_______________ 299 304
Physiological calories caleculated by
McCance procedure_._____________ 320 320

Additional calculations of energy values.—
Using data from the same study, McCance and
Walsham also made two additional energy cal-
culations—one attributed to the Atwater pro-
cedure and one in which energy factors for wheat
used by Food and Agriculiure Organization
were applied. We have not included results for
these two ecalculations for two reasonms, 'The
application of the gencral calorie factors for pro-
tein, fat, and carbohydrate of a mixed diet to a
specific food is not a procedure used by Atwater.
Moreover, McCance and Walsham do not report
values for ash content and thus it is not possible
to determine the total carbohydrate (by difference),
a value needed to use the Atwater procedure
correctly. When assumed figures for ash suggested
by the authors were used, gross calories calculated
from composition were observed to differ from
bomb determinations by 15 calories per 100 grams
in the case of Canadian wheat and 24 calories per
100 grams in the case of English wheat. In
view of the close agreement previously reported
{p. 6) between calczﬁtt,ed values for gross calories
and bomb calorimeter determinations, the dis-
crepancies of 4 percent for the Canadian and 7
percent for the English wheat seem too large to
warrant the use of these assumed figures for a
comparison between the two methods of caleula-
tion.

We have not located any reports in the literature
in which adequate data are given for evaluating
the two methods of assessing available calories
in foods—the MecCance procedure outlined above
and the Atwater procedure as we use it. For a
correct appraisal of the two methods by means of
digestion experiments, the following data are
essential: (1) Chemical composition of the food
samples, which should include moisture content,
nitrogen compounds, fat, ash, carbohydrate b
difference, and available carbohydrate (starc
and sugar); (2) bomb calorimeter determinations
of the %oods and excreta. Such an evaluation, if




made for other types of food as well as wheat,
would provide very useful information.

Alimentary pastes; other flour mixtures

Macaroni and other alimentary pastes usually
are made with semolina or durum flour as the
principal ingredient. This type of wheat has
characteristics different from wheats used for
%reparing wheat flours for bakers and homemakers.

igestion experiments were carried out in 1905
by Snyder (168) and at an earlier date by several
European scientists to determine the digestibility
of macaroni and other kinds of alimentary pastes.
Only in the study reported by Snyder was the
flour used in making the pastes described in any
detail. In this latter study the flour milled from
durum wheat represented a somewhat larger
portion of the kernel and was more granular in
appearance than the patent flour used for bread
making purposes. The average coeflicients of
digestibility found for macaroni, 86 percent for
protein and 98 percent for carbohydrate, seemed
reasonable in view of other studies indicating that
both degree of extraction and coarseness of grind
affected the apparent digestibility, particulaSy of
the protein, of flours.

The specific energy factors for protein and car-
bohydrate calculated by use of these coeflicients of
digestibility and the heats of combustion of
wheat flours were 3.91 and 4.12, respectively,
The factors are considered applicable to the various
alimentary pastes made from flour and water.
Digestibility of those containing eggs or milk might
be somewhat different, but as only small amounts
of these opticnal ingredients are present separate
factors are not proposcd.

The digestibility of some other produets in which
flour is the main ingredient has been studied also.
Deuel published results found for a variety of
baked preducts including yeast breads, baking
powder biscuits, cakes, cookies, crackers, and
others (48). The coefhcient of digestibility of
protein ranged from 85 to 94 percent and that for
carbohydrate from 97 to 99 percent.

For flour mixtures that vary considerably with
respect to ingredients, such as cookies, energy
factors were calculated for each produect, weight-
ing the energy factors of cach ingredient in propor-
tion to the amounts present in the product.
This procedure 1s explained in more detail on
page 42,

Bran

Differences in apparent digestibility between
whole-grain fiours and those of short extraction
suggested that bran might have a low coeflicient
of digestibility. Some investigations have been
undertaken to determine the digestibility of bran
alone, and while the resulis were variable, the co-
efficients were in every case very low., The aver-
are apparent digestibility found for the protein of
bran was 40 percent based on 14 digestion experi-
ments, and for earbohydrate, 56 percent based on

16 experiments. These coefficients were applied
to the heats of combustion of protein (nitrogenous
matter) and carbohydrate of wheat, and the energy
factors obtained for the two nutrients after cus-
tomary deduction for urinary nitrogen loss were
1.82 and 2.35.

Wheat breakfast foods

Foods in this group have been studied in some
detail in digestion experiments, but as the experi-
mental diets were low in protein the apparent
digestibility as determined may have been too
low. Hence, rather than use these data in esti-
mating digestibility, we used the coefficients of
digestibility of whole-wheat flour (table 13) to
obtain tentative estimates for whole-wheat meals
and other whole-wheat cereals. Likewise for
farina and other breakfast foods made from the
endosperm we used the coeflicients of digestibility
of patent flour. These factors would result in
some overestimation of energy values for foods
subjected to spectal processing that redueces
utihzation of any of the organic nutrients and
possibly for meals of a coarser grind than that of
wheat flour. For breakfast foods that are mix-
tures, we derived weighted energy factors if we
knew the kind and approximate proportions of
ingredients,

Products of grain other than wheat

The digestibility and physiological fuel values of
corn, oat, rice, and rye products have been studied
less than wheat but more than most of the remain-
ing grains.

though information on the various cereals is
not strictly comparable, on the whole it indicates
that differences in digestibility may be expected
among grains and that neither the fiber content
nor the level of protein intake alone appears to be
adequate basis to explain differences observed
among cereals when fed to human subjects,

Spriggs and Weir (172) found the digestibility
of the protein in a mixed dict containing bread
made with white flour to be 91 percent, but when
only a third of the flour was replaced successively
by oatmesl, barley flour, fine sifted corn Hour or
rice flour the digestibility was 87.8, 81.5, 86.7,
and 89.7 percent, respectively.  Jones and Water-
man (77) observed significant differences in the
extent to which proteins may be digested in vitro
by pepsin and trypsin. They found that arachin,
casein, and cooked phaseolin were 48, 61, and 58
percent digested and suggested that the order in
which the amino acids were united to form the
proteins might be responsible for the incomplete
digestion; gome linkages are more resistant than
others to the hydrolytic action of digestive
enzymes.

Other workers studying the physiological avail-
ability of purified proteins have observed wide
differences in the proportions of a given amino




acid in the feces of experimental animals, depend-
ing on the protein fed. These and other studies
indicate that among the various kinds of cereals
considerable difference in digestibility and physi-
ological fuel values may be expected. Digestibil-
ity data from the literature for the various kinds
ofy cereals have been summarized separately. The
average coeflicients of digestibility and the number
of experiments on which each was based are shown
in table 16. As more research becomes available
these data will no doubt need revision. [Data on
wheat have been included in the table for ease in
comparison.

TaABLE 16.—Coefficients of apparent digestibility for
grain products

Protein Carbohydrate
Grain Product Coeffi- | g oyony. | Coeffi- Experi-
sttty Tty fonfotes| T2
Cornmenl, whole- Percent | Number | Percent | Number
ground, bolted_______ 60 3 96 3
Cornmeal, degermed___ 76 21 94 21
Oatmeal, rolled oats____ 78 48 98 24
Rice, brown___________ 75 22 98 22
Rice,.white or milled_ __ 84 119 99 119
Rye flour:
Dark, ____ . ______ 65 n 90 {1}
Whole-grain_______ 67 {1 i 92 (1)
Medivm_________. 71 (o] 95 ("
Light____________ 75 O 97 )

Wheat flour:
Essentially whole
wheat, 97 — 100
percent  extrac-
tion__ . . _._. 79 72 a0 72
Intermediate, 85—
93 percent ex-
tion___ .. _ . . _. 83 53 94 53
Straight or patent,
70 - 74 percent
extraction_ . __.. 89 104 98 104

1 Coeflicients of digestibility for rve fours were derived
less directly as explained on pages 33 and 34. Therefore,
the number of experin:ents is not indicated.

Commeal

The cornmeals studied have heen of two general
types, whole meal, sifted through a 16-mesh
sieve which may have removed a small amount of
the bran, and degermed cornmeal which probably
had most of the bran, as well as the germ, re-
moved. In addition to the meals, digestibility
data for several other corn products have been re-
ported. Although most of these other studies
were not used directly they have been included in
appendix table 23 and were helpful in that the
digestibility coefficients tended to confirm the
averages for the two cornmeals shown in table 16.
Data for only three digestion trials were found in
which sifted whole-ground cornmeal was used.
The average coefficient of digestibility of the meal
eaten in the form of cornbread by three subjects
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was close to 60 percent for protein and 96 percent
for carbohydrate. These values are in line with
digestibility coefficients for field corn (pressure-
cooked) and for hulled corn (hominy), which,
judging by their fat and fiber content, must have
contained the germ and more of the branny por-
tion than degermed corn products. Degermed
cornmesal prepared as mush or as cornbread has
heen used in several studies. Average coefficients
based on 21 digestibility trials were found to be
76 percent for protein and 99 percent for carbo-
hydrate. Hence, the energy factors suggested
and used here for protein and carbohydrate in
whole grain corn products are 2.73 and 4.03
calories per gram, and in degermed corn products,
3.46 and 4.16.

Data on apparent digestibility of frozen raw
cornmeal and toasted corn breakfast products also
were found in the literature or could be calculated
from the information reported by the authors.
They have been recorded in appendix, table 23,
for reference but for various reasons were not used
in assessing the energy value of corn produets.

Ouatmead!

Several studies have been made of oat products,
mainly oatmeal or rolled oats, which were either
cooked and used as a porridge or baked as oat
cakes. Also recorded in this appendix table but
not used in obtaining average digestibility figures
were a few experiments on ready-to-eat cereals.

Based on 48 digestibility trials, the average

- coefficient of digestibility for protein was found to

be 76 percent and that for carbohydrate, based on
24 trials, 98 percent. .As was the case with most
of the cereals there was more variation in the
coefficients of digestibility for protein than for
carbohydrate. Using the average coefficients of
digestigility, the energy factors for protein and
carbohydrate are 3.46 and 4.12 calories per gram,
respectively,

In most cereals the quantity of fat present is so
small that the use of Atwater’s assumed digesti-
bility coefficient of 90 percent for fat in plant
foods introduces very little error in the total
energy value of the food. Qatmeal, which con-
tains 7 to 8 percent fat on an average, has more
fat than most cercals and its digestibility is of
more significance. In 28 experiments in which
the digestibility of fat in oatmeal has been reported
or could be calculated from data given, the results
have varied from 56 percent to complete digesti-
bility. These values were largely from two studies,
a recent report by McCance and Glaser, 1048
(102}, and a much earlier article by Harcourt and
Fulmer, 1907 (62). The range in digestibility of
fat found by McCance and Glaser was 62.5 to
77.6 percent. In their experiments, six subjects
were fed a mixture of two oatmeals, having an
average fiber content of 0.9 percent, supplemented
with a little bramble jelly or sirup. The daily
intake of 34 to 67 grams of fat was supplied
entirely by the oatmeal.




A very wide range, 57.6~97.9 percent, in the
coeflicients of digestibility for fat in oatmeal was
calculated from dala in 16 experiments published
by Harcourt and Fulmer (62). These investi-
gators tested four oatmeals with fiber contents of
1.94, 1.15, 1.12, and 1.04 percent. Seven subjects

articipated but not all subjects ate each of the
our meals. The daily intake of 58-120 grams of
fat was supplied by catmea! and either milk or
cream, Witﬁ about one-fifth to one-third of the
total contributed by oatmeal. For the purpose
of calculating the digestibility of the fat in oat-
meal from data supplied we assumed the digesti-
bility of the fat of milk and cream to be 95 percent.
To the extent that this average figure may not be
applicable for these specific experiments there may
be some error in our calculated results for catmeal.

The data from Harcourt and Fulmer suggest that
there may be some relation between digestibility
and fiber content of catmeal. When the oatmeals
of both 1.94 percent fiber and lower fiber contents
were fed to the same subjects under similar experi-
mental conditions, the fat digestibility of the oat-
meal of 1.94 percent fiber was lower than that of
samples with the much smaller percentages of
fiber. Of interest in this connection are results
reported by McCance and Glaser (702) who
found that the substance or mixture of substances
which they estimated as fiber in oatmeal passed
throungh the gut almost without change. The
results raise several questions.  Is intestinal motil-
ity related to the fiber content of oatmeals and if
s0 does this affect the digestibility of fat? To
what extent do metabolic products account for fat
(ether-extractable matter) in the feces? The ex-
perimental evidence is inadequate either to inter-
pret the widely divergent coefficients found or to
determine which part of the range would be closer
to the true value. The Atwater energy factor,
8.37 calories per gram of fat in cereals and other
plant foods in general, therefore has heen used
without change for fat in oat products.

Rice

The most extensive study on digestibility of rice
was carTied out in s series of experiments by Sugi-
moto, Higuchi, Momyeda, Tonaka, Yasuda, and
others and was published by Saiki in 1926 (178).
The subjects, all Japanese men, ate rice as part of
8 mixed diet. The rice used was of four categories

which were described in one of the articles gs
follows:

{a) Unpolished rice.—Rice from which the
husk had been removed, but which still retained
the outer layer, or silver skin, and the embryo
Or germ.

(b} 509 polished rice.—Rice which had been
milled and polished but which retained half of
the outer layer and germ.

(e) 70% polished rice.—Rice which still re-
tained about 30 percent of the outer layer and
germ,

(d) Polished rice (white rice).—Rice which
had been polished perfectly, so that the germ
was almost entirely rubbed off in the milling.

The actual amounts of the rice kernel removed in
the polishing differ somewhat with the variety of
rice, but about 4 percent of the unpolished rice
kernel was removed in making the half-polished rice,
nearly 6 percent in making the 70-percent polished
rice, and approximately 7 to 8 percent in making
the fully polished white rice. According to one
article in the series no polishing powder was used.
Judging from other information given, the unpol-
ished rice may have been the same as brown rice:
the half-polished rice may be considered as an
extraction of about 96 percent of the brown rice;
the 70-percent polished, as an extraction of about
94 percent; and the polished rice, about a 92-per-
cent extraction. On the basis of paddy or rough
rice, which is a more common basis for expressing
milling yields, the extraction rates, assuming the
loss in removing the hulls to be 21 percent, would
be about 79 percent for brown rice, 76 percent for
half-polished, 74 percent for 70-percent polished,
and 73 percent for polished white rice,

Rubner (144) and also Snyder (167) studied the
digestibility of rice when eaten by men subjects
as part of very simple diels, Probably the rice
used was ordinary white rice but it was not de-
scribed in either study. The number of experi-
ments in which Europeans and Americans were
subjects was too small to permit a good comparison
but there appeared to be no marked difference in
digestibility of the rice for the Japanese men who
very likely were accustomed to eating it as a major
item in their diet and for the German and American
subjects who probably had it only occasionally.

he average coefficients of digestibility for the
unpolished (brown) rice, based entirely on the
dJapanese studies, were 75 percent for protein and
98 percent for carbohydrate; for hali-polished rice
the coefficients were 82 and 99 percent, respec-
tively, for the two nutrients, and for 70-percent
polished rice, 83 and 99 percent. For white rice
the average coefficients of digestibility based on
data reported by Saiki, Rubner, and Snyder were
84 percent for protein and 99 percent lor carbo-
hydrate,

The energy factors we suggest for the protein
and carbohydrate of brown rice are 3.41 and 4.12
calories per gram respectively, and for white rice,
3.82 and 4.16.

Rye

Many of the digestion experiments on rye flours
were conducted years ago in Germany. In some
studies the diet was simple rye bread or rye bread
and beer. Some of the su{)jects who were un-
accustomed to eating large quantities of rye
bread experienced pain in the digestive tract and
in some cases diarrhea, a factor that might vitiate
the digestibility fizures. But on the basis of the
data reported there was no clear-cut means of
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eliminating this factor. In other experiments
there was more veariety in the diet but on the
whole the diets were simple. Results indicate no
apprecizble differences in digestibility when sub-
jects had rye bread alone or as part of simple
mixed diets,

~ Rye flours have been described as dark, whole-
grain meal, medium, and light, and the following
data on their composition have been cited as
being representative for these products (100, 185):

{ Whole-
Constituent i Tark | graln |Medfum| Light

i tneal
Percent | Percend
. 11.0 11. 0
A 11. 4 9 4
1.7 1.7 1.0
1.8 1.1 .7
2.0 1.0 .4

Carbohydrate, total by dif-

ference___._____ .. ______. 68.1 | 73.4 | T4. 8 7.9

As there are no standards of identity for these
products, much variation may be expected in
appearance and composition of samples of a given
designation or grade. For example, light rye has
been described as ranging from wbite to medium-
light flour with a compsratively wide range in

roximate composition. In these circumstances,
1t wag difficult to determine the type of flour used
in the early digestibility studies. However, there
is & marked decrease in fiber and ash content
with increasing degree of refinement, and the ash
content reported for the rye flours studied in the
digestion experiments served as a criterion for
deciding in which of the above four categories—
dark, whole-grain, medium, or light—to include
the data.

Little information is available on digestibility
of medium and dark rye flours. However, the
relationship of the digestibilities of either protein
or carbohydrate observed between the light and
whole-grain rye flours was similar to that observed
between the straight patent and whole-wheat
flours. On the assumption that this similarity in
ratios can be extended to include intermediate
extractions of rye and wheat flours, digestibility
values for other extractions of rye flour were
imputed from ratios for wheat flours where data
on ryve flour were lacking. Ash content was taken
as a general index of the degree of extraction of
the flour. Thus for rye flours of the composition
shown in Agriculture Handbook No. 8 (185) and
described as dark, whole-grain, medium, and
light we estimated the digestibilily of protein as
65, 67, 71, and 75 percent and the corresponding
digestibility of the carbohydrate as 90, 92, 95,
and 87 percent, respectively, Using these coeffi-
cients of digestibility and Atwater's heats of
combustion for cereals, the energy factors to
apply to dark, whole-meal, medium, and light rye
flour are, respectively, 2.96, 3.05, 3.23, and 3.41
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calories per gram of protein and 3.78, 3.86, 3.99,
and 4.07 per gram of carbohydrate,

Other grains

For grains and grain products not included in
table 18, very few digestibility data are available,
Among the reports on these products is one by
Woods and Snyder ({196} which summarizos the
results of the digestion experiments on cereal
foods at the Connecticut (Storrs), Maine, and
Minnesota Agricultural Experiment Stations.

For pearled and flaked barleys, Woods and
Snyder applied their estimated coefficients of
digestibility of barley products, 78 percent for
protein and 94 percent for carbohydrate., These
products had undergone some refinement and in
chemical composition were much like modem
pearled barley (785). The energy factors for
gearled barley, calculated from these coeflicients

v use of the customary heat of combustion of
grain products, are 3.55 and 3.95 calories per gram
of protein and carbohydrate, respectively.

For buckwheat flour, “farina,” and groats, Woods
and Snyder estimated digestibility at 78 percent
for protein and 94 percent for carbohydrate.
Their composition data indicated that the products
were refined forms, the fat, fiber, and ash content
of 1.2, 0.4, and 0.9 percents for the flour being
comparable to compesition of modern light buck-
wheat flour. The above coefficients of digestibility
applied to thn heats of combustion for protein
and carbohydrate in cereal products result in the
following energy factors, 3.55 calories per gram
of protein and 3.95 calories per gram of car-
bohydrate.

For dark buckwheat flour, we have found no
experimental work on digestibility, The figures
in table 13 have been calculated arbitrarily from
data for light buckwheat flour, assuming that the
ratio of digestibility of dark to light flour would be
the same as that between whole-wheat flour and
wheat flour of intermediate cxtraction, Judging
by the ash content, the light. buckwheat flour may
have been comparable in degree of refinement to
wheat flour of intermediate extraction and the
dark buckwheat flour to whole-wheat flour. The
coeflicients of digestibility thus assumed for dark
buckwheat flour were 74 percent for protein and
90 percent for carbohydrate, and the energy factors
were 3.37 and 3.78 calories per gram, respectively

For wild rice, data sre also to be found in the
summary by Woods and Snyder. They report the
coeflicients of digestibility to be 78 percent for
protein and 94 percent for carbohydrate, which
would result in energy factors of 3.55 and 3.95
calories per gram, respectively,

Sorghums and millets, while little used in this
country for human consumption, are important
foods in some parts of the world. In sections of
the Far East, both grains are used extensively,
frequently prepared as a mush or ground inte meal
and used in bread.




Langworthy and Holmes (98) conducted experi-
ments with the dual purpose of eomparing the
digestibilities of the different kinds of sorghums—
kaoliang, feterita, kafir, and milo—and the digesti-
bility of sorghums in general with that of other
cereals, namely, wheat and corn. The grains were
ground in the same mill and put through a 16-mesh
sieve. By this treatment 5 percent of the bran was
removed from kaoliang, 15 percent from feterita,
19 percent from milo, and 21 percent from kafir,

The differences in the structure of the grains
probably account for the different amounts of the
ground meals that passed through the 16-mesh
sieve, being largest for the softer kaolieng which
grinds more readily than the corneous types. The
portions of the wheat and corn kernels removed
was not stated. Each of the sorghums was used as
bread or 2s mush; the corn and wheat as bread
only.

In one of the kefir bread series the remainder of
the diet consisted of milk, orange, and sugar.
Otherwise, the diets in the bread series had in addi-
tion to the bread, applesauce, butter, sugar, and in
most cases, potato. In the series containing mush,
the diet was similar except that potato was
omitted so that essentially all of the protein would
be supplied by the test food.

Whether a sorghum meal was served as bread or
as mush appeared to have had little influence on its
digestibility. The carbohydrate was well utilized
in all the sorghums: the average digestibility for
the kaoliang was 96 percent and the carbohydrate
of the other sorghum meals was as well or better
utilized. Using 96 percent and 4.20 calories per

ram as the heat of combustion, the energy factor
or carbohydrate ig 4.03.

The digestibility of the protein was extremely
varigble but considerably lower than that found
for the protein in either wheat meal or cornmeal.
Feterita and kafir, both hard corneous types of
sorghum, showed similar average protein digesti-
bility, approximately 50 percent. Milo is a some-
what softer type with a larger proportion of starchy
endosperm; its average protein digestibility was
about 40 percent. Kaoliang, whil(ﬁl is very soft
and has a high proportion of starchy endosperm,
had & very low digestibility, slightly less than 20
percent.

In an experiment conducted by Abe and others
(1) with Japanese subjects, when kaoliang was the
main food in a mixed diet, the average digestibility
of the protein in the total diet was 77 percent and
the carbohydrate, 99 percent. No estimate was
made for the sorghum alone. For the total diet
the averages in the Langworthy and Holmes
experiments were lover, only 24 percent for protein
in the diets containing kaoliang, and 42 to 64 per-
cent for protein in the other sorghum diets; for
carbohydrate, 96 percent in the diets containing
kaoliang and a range of 96 to 97 percent in the
dietg containing the other sorghums, The digesti-
bility was lower in the experiments of Lang-
worthy and Holmes, particularly for the protein,

We question whether the higher coefficients for
protein indicated by the experiments on Japaness
subjects, possibly accustomed to eating kaoliang,
are applicable for measuring digestibility in persons
with an entirely different dietary pattern, Further-
more, we need to consider the composition of the
other foods used with the sorghums. In manv of
the experimental diets of Langworthy, fruit, either
oranges or applesauce, was a major item.

The data available do not provide a good basis
for deriving a satisfactory figure for the apparent
digestibility of sorghum protein. The variations
observed were extremely wide and the particular
extractions used for the Langworthy experiments
may not be typical of the sor:,lium meals ordinarily
used for food. A kaoliang meal of 95-percent
extraction may not be typical but is not far short
of whole meal. If a factor for whole-meal sorghum
or nearly whole meal is necded, we suggest as a
tentative factor 0.91 caloric per gram of protein.
This is based on a digestibility of 20 percent, indi-
cated by the work of Langworthy and Holmes for
kaoliang and the usual heat of combustion for
protein in cereals. We recognize the possibility
that for persons accustomed to eating kaoliang,
this factor may be too low. Better digestibility of
protein and carbohydrate was indicated for the
more refined meals of the other sorghums,

Millet also was studied by Langworthy and
Holmes {94). The experimental plan was similar
to that used for sorghums. Two millets were
studied, common millet, Setaria italica, from
which 40 percent of the bran portion was removed,
and proso millet, Panicum miliaceum, from which
29 percent bran was removed by sifting the
meals through a 16-mesh sieve. Both were fed
as bread in a simple mixed diet of potato, orange,
butter, and sugar.

The utilization of carbohydrate in millet was
about like that for the sorghums, The average
digestibnlity observed for the carbohydrate of each
of the millets was high, 96 percent. The digest-
ibility of protein of both millet meals was varable
but was low, averaging approximately 40 percent
for each kind. For millets as for the sorghums
these samples prepared as described may not be
at a]l comparsable' to the millet meals actually
used. We have not attempted to derive calorie
factors for millets but have called attention to
this work since anyone needing data on millets
may be able to adapt the information to their
purpose,

Other grain products include various refined
cereal foods such as breakfast foods prepared
from a mixture of grains and also starches and
flour mixtures. For some a few scattered data
are available but the experimental conditions wera
not always such as to make them suiéasble for use
in obtaining representative coefficients of digest-
ibility. In heu of satisfactory data, Atwater's
group factors for cereals were used for thess
various products. His factors, 3.87 calories per
gram for protein, 8,37 for fat, and 4.12 for carbo-
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hydrate, were predominantly weighted by refined
cereals and therefore should give a fairlv close
approximation of the cnergy value of foods that
have undergone considerable refinement.

Legumes

The arrav of data on digestibilitv of foods in
the drv legume group (see appendix table 23)
shows that several studies have been made of the
more important items. For beans, peas, and
soybeans the digestibility of carbohvdrate (deter-
mined by difference) was high, averaging 96 to 98
percent; for cowpeas it was lower, sbout 90
percent. These high coefficients suggest possible
utilization of some of the fiber and pentosans.
Data are inadequate to explain the disappearance
from the gut of much of the complex carbohvdrate
matter. Results of some investigations indicate
that some are split by means of bacterial action
into their simpler components and ultimately
into end products that may be discarded by the
body. To what extent intermediate products are
absorbed is an unanswered question,

Both the kinds and amounts of carbohydrates
present are of particular interest in comparing
digestibilities of various legumes, Some legumes
are similar in their content of moisture, protein,
fat, ash, and total carbohydrate by difference,
but several experiments indicate that the similarity
does not hold for individual carbohydrates,
Differences in digestibility might be more casily
understood had more information been obtained
on the makeup of the carbohydrate fraction in
the legumes samples used. Data in the literature
indicate that the proportion of the total carbo-
hydrate (by difference) in the form of the so-called
available carbohydrates, mainly starch, sugar, and
dextrin, is less than one-half for cowpeas, two-
thirds to more than three-fourths for beans
(kidney, lima, mung) and chickpeas, 85 to 90
percent for lentils and peas. The total amount
of crude fiber plus pentosans varied for the several
foods, 12 percent for kidney beans, 10 percent for
mung beans, 13 percent for chickpeas, 10 percent,
for cowpeas, and 7 percent for lentils. The
undetermined fraction makes up a relatively
large portion of the total carbohydrates in beans
and cowpeas but only a small percentage in the
other legumes,

For soybeans as much as two-thirds of the
total carbohydrate is made up of the carbohydrate
fraction usually considered to be of questionable
availability. In this fraction a variety of sub-
stances has been found in widely varying amounts.
These include raffinose, stachyose, pentosans, ga-
lactans, arabans, cellulose, lignin, organic acids,
pbytin, and %lycosides. In addition to these
some waxes, color principles, tannins, and undeter-
mined hemicelluloses are helieved to be present.

Bowers (29) studied the composition of the
complex carbohydrate fraction of defatted 80y-
bean meal and the digestibility of separate con-
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stituents with a healthy man engaged in moder-
ately active laboratory work as tlie subject. The
digestion experiment was carried out according to
customary procedures. The methods of analyses
employed were those used by Street and Bailey
(174). Analyses were maude of both the sovbean
meal and the feces resulting from s ration of S0V~
bean meal porridge, milk, butter, and cane SUgAr.
Bawers reported the coefficients of digestibility
for the carbohydrates of cooked soybean meal as
follows: Dextrm and starch, 99 percent: sucrose,
100 percent; raffinose, 100 percent; organic acids,
99 percent; pentosans, 93 percent; gslactans, 96
pereent; cellulose, 79 percent; and the remaining
fraction, presumably waxes, color principles, and
possibly undetermined hemicelluloses, 94 percent
by difference. By calculation from the separate
constituents he arrived at a digestibility coefficient
of about 94 percent as compared with 96 percent
which he found independently for total carbo-
hydrate by difference.

Entirely different results for digestibility of the
carbohydrate of uncooked soybesns were obtained
by Adolph and Kao (3) in a series of in vitro
experiments in addition to in vivo digestibilit
experiments with rats. They cstimated the avail-
ability of soybean carbohydrate to be about 40
percent. This figure has been widely used in
assessing soybean carbohydrate (36, 37, 185), hut
its application to soybeans for human use seems
questionable,

In the manufacture of soybean curd and milk,
much of the carbohydrate fraction is removed and
the carbohydrates that are left appear Lo be almost
completely digested. A digestibility coefficient of
98 percent was found for curd in a Japanese
experiment (154).

Although there may be significant differences
in digestibility of carbohydrates in different log-
umes as indicated in the very few studies avail-
able, it does not appear wise at the present time
to depart from the group factor, 4.07 calories per
gram, originally used by Atwater for carbohydraie
in legumes.

A large number of studies has provided data
on the apparent digestibility of protein in leg-
umes. Although some variation may be observed
(see appendix table 23) the data on the whole
support the digestibility and energy factors used
by Atwaler, gl‘hey are suggrested here for use
with soybean curd and milk because the data in
the literature are too variable to indicate whether
or not the factors for either protein or carbohydrate
are applicable to these two products.

Nuts

Nuts present problems regarding digestibility
and composition similar to those of the legume

- group. Little has been reported on their digest-

ibility and it is difficult to evaluate the few results
thet have been published. The most extensive
work on this food group was reported by Jaffa




(78), who detlermined the digestibility of diets
composed of fruit and nuts 1 28 experiments.
The kinds of nuts studied were almonds, Brazil
nuts, coconuts, pecans, walnuts, and peanuts, a
legume which is used like nuts. In 20 of these
experiments, in which most of the protein was
supplied by nuts, the wverage digestilnlity for the
dietary protein was about 75 percent, This value
is lower ihan usually is found for mixed diets in
which plant foods predominate. Possibly the low
apparent digestibility was the result of the large
quantities of fruit consumed. TUnfortunately the
effect of the amount and kind of carbohydrate
from the fruit on the digestibibity of the protein
and fat in the nuts could not be determined from
these studies,

The appsrent digestibility of the protein of
nuts alone estimated from these 20 experiments
by use of Atwater’s figure of 85 percent digesti-
bality for fruit protein, ranged from 54 to 87 per-
ceni, averaging 70 percent for nuts as a group.
From the two experiments on peanuts the calcu-
lated coefficient of digestibility for pretein would
be 81.5 percent. These figures may be too low
since the ealculation is dependent on the digesti-
bility of the whole diet. Holmes (70, 72) found a
much higher digestibility, 92 percent, for peanut
protein. He used a simple mixed diet which
mecluded either pressure-cooked peanuts or baking
powder biscuits that had been made with peanut
flour. The peanuts Jaffa used were not described;
presumably they were ordinary roasted peanuts.
In diets in which boiled or roasted chestnuts con-
tributed most of the total protein intake Heupke
and others (67) found that the digestibility of
chestnut protein ranged {from 68 to 79 percent.

In view of the variable results for peanuts and
for nuts, there is no good basis for ecstimating
digestibility of protein in nuts of different kinds
or even as a group. It is preferable to continue
to use, as an interim value for nuts, Atwater's
group coefficient for protein in legumes, 78 per-
cent. The grouping of nuts with legumes 15 a
common practice and has some basis since there
are many points of similarity in ihe proximate
composition of these two food groups.

Very little work on the digestibility of carbo-
hydrate material in nuts has been reported.  Only
a small fraction of the total carbohydrate intake
was furnished by nuts in Jaffa’s series of experi-
ments and the digestibility of carbohydrate m
nuts has not been estimated.  Merrill (120} found
that more than 98 percent of the carbohydrate in
chestnut flour was digested. Heupke and others
(67} found digestibilities ranging from 96.5 to 99.9
percent in several cxperiments in which chestnuts
were fed as raw flakes or cooked by Dbeiling or
roasting.

Data reported in the literature on the composi-
tion of various nuts indicate that most nuts con-
tain from one-half to two-thirds of their carbo-
hydrate in the form of sugars or starch or both,
up to one-third as crude fiber, pentosans, and

gunilar complex carbohydrate constituents, and a
like amount as undetermined matter. Almonds
appear to have a lower proportion of sugar and
starch, averaging around 40 percent, and have
about 25 perceni in the form of complex carho-
hydrates that are ol questionable availability,
The nature of the remaining portion is undeter-
mined. The limited data for peanuts are too
variable to estimate the proportions in which the
carbohydrate components are distributed.

As readily can be scen, the information on the
composilion and the digestibility of the carbo-
hydrate fraction of nuts is far from complete.
Thersfore, it appears best to continue to use the
coefficient, 97 percent, assigned by Atwater to
carbohydrate in legumes and nuts, and his energy
factor, 4,07 calories per gram.

Vegequcs

Very few digestibility studies of vegetables had
been made when Atwater proposed ?or all vege-
tables as a group the factors 3.11 calories per gram
for protein and 3.99 calories per gram for carbo-
hydrate. Data accunulated sinee are still limited
but provide some basis for separate factors that
may be applied to smaler groups of vegetables.

Potataes

Potatocs have been studied more than other
vegetables; results from 10 investigations have
been noted in the literature. In most cases the
composition of the samples used in the digestion
experimentis was not reported,

The average digestibility coefficients found for
protein by the 10 investigators were from 64 to 85,
averaging 74 percent. Tlese are surprisingly low
values amd we consider them tentative estimates,
In several of the experiments the total protein
intake was low. l’otatoes contain very little
nitrogen, only about 0.3 percent, bub several
observers have pointed out that subjecis have
remained in generally good physical condition for
long periods of time on diets in which potatoes
are practically the sole source of protein.

One such study was reported by Kor and Klein,
1928 (88}, who conducted digestion experiments
over a period of 167 days. The two subjects, a
man aged 25 and & woman aged 28, remained in
nitrogen equilibrium and in apparent good health
on & very simple diet with the daily intake of
nitrogen chiefly from potatoes, averaging only 5.7
grams for the man and 3.8 grams for the woman,
The coefficients of digestibility of the potato pro-
tein were 66 and 62 percent respectively for the
man and woman.

Three subjects in the study by Hindhede, 1913
(69), also were on simple diets 1n which potatoes
contributed nearly all the protein over an ex-
tended period of time. The dicts were planned
to provide the minimum protein intake at calorie
levels just sufficient to maintain nitrogen equi-
librium. The digestibility of the potato protein
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ranged from 71 to 86 percent. For 9 months
one subject, M, had a daily nitrogen intake from
5.8 to 8.4 grams and maintained a schedule of
varying activity, including 3 months of hard laber,
without any apparent ill effects—his excellent
physical condition at the end of the period was
confirmed by four physicians. The apparent
digestibility of the potato protein in this cese
averaged 84 percent,

In a 10-day experiment Rose and Cooper (142)
also observed good utilization of potato protein.
The subject, A woman, was able to maintain
nitrogen equilibrium, after the third day, on a
diet of potato, sugar, and agar-agar, which pro-
vided & relatively low nitrogen intake, 4.8 grams
per day. The apparent digestibility was 74
percent,

The detailed analyses reported on the nitro-
genous fractions of potatoes by Street, Kenvon
and Watson, 1946 (I73), Crook and Watson,
1948 (44), Neuberger and Sanger, 1942 (130),
and Headden, 1927 (65), indicated that most of
the nitrogenous matter in potatoes would be
available. The proportions of the different nitro-
genous materials vary greatly from sample to
sample, the coagulable fraction (proteins, proteoses,
peptones) ranging from 30 to almost 75 percent
and averaging around 40 percent, and the amino
acid fraction from 30 to 60 percent, averaging
about 50 percent. Of the small remaining frac-
tion, 2 to 6 percent has been determined as
ammonia and nitrate nitrogen.

Of more practical significance than nitrogenous
compounds in estimating ocnergy values for
potatoes are data on digestibility and composition
of the carbohydrate fractions. Results from six
studies reporting digestibility of total carbohy-
drate ranged from 92 to more than 99 percent,
with an average of 96 percent. These values
appear reasonable in view of the high proportion
of starch, sugar, and dextrin in potatoes. Also

present are lignin, cellulose, pentosans, pectins,
and other hemicelluloses, but the complex carbo-
hydrate constitutents of doubtful availability
appear to make up only about 1 to 3 percent. of
the potato. Bugars have been found in varying
amounts, from less than 1 o as much as 6 percent.
The quantities of dextrin present are small,
Starch makes up nearly all of the rematning carbo-
hydrate.

In a recent compilation the following average
data were obtained: Carbohydrate by difference,
19.1; starch, 17.1; sugar, 0.3; crude fiber, 0.6;
and undetermined, 1.1 percent. This last fraction
may contain pentosans, pectins, and other carbo-
hydrate constituents not determined as crude
ﬁ{;er by the Weende method. It has been shown
by Remy (139}, Williams and Olmsted (787), and
Weinstock and Benham (786) that this method
fails to measure much of the total fiber.

For potatoes it seems to us best to continue the
use of the heats of combustion which Atwater
assumed for potatoes and other vegetables (see
table 7). As a check on the application of these
factors to potatoes, we calculated gross heats
from the chemical analyses of three samples
and compared the results of our calculation with
values determined in the bomb calorimeter for
the same samples. Data from protetn, fat, and
carbohydrate analysis and from the bomb calo-
rimeter were taken from a study of Bryant and
Milner (33)., Close agreement between the deter-
mined and calculated heats of combustion was
found as shown in table 17, The energy factors
we derived for potatoes were 2.78 calories per
gram for protein and 4.03 calories per gram for
carbohydrate. They were derived by applying
average coefficients of digestibility found 1n the
literature, 74 percent for protein and 96 percent
for carbohydrate, to the heats of combustion,
500—1.25 and 4.2 calories per gram, respec-
tively.

TapLE 17.—Comparison of determined and calculated gross energy values of potatoes

Composition Heat of mr;rglilggiun per 104}
Sample number | Calenlated
i Cartwhydrate . Romb cal cnlated |
Water Protein Fat by P2 vl Fiber Ash Himetar Ir];nor:i gom-
FPercent Pereent Fercent Pereent Percent Percent Calories Caloriea
1. 79. 5 22 01 17. 4 0.8 84.8 .0
2 L. L. 78. 3 23 .1 18 4 1 ____...__ .9 90. 0 89, 7
S 81.2 1.9 .3 15.5 |-, 1.1 78.2 77. 4

! For heat of combustion faptors used see table 13, page 25,

Other vegetables

Because published data are lacking on the
digestibility of many vegetables, we have applied
group factors—the encrgy factors for dried legumes
to immature shelled beans, peas, and other
legumes, those for fruic to rhubarp and tomatoes,
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and those for potatoes to starchy roots and tubers,
For other underground vegetables such as beets,
carrots, onions, parsnips, and radishes we have
applied the encrgy factor for protein and the
coefficient of digestibility for the carbohydrate
in poiatoes, but have made an adjustment in the
heat of combustion factor generally used for




vegetable carbohydrate to correct for the rela-
tively large proportion of sugar. We assumed
that from two-thirds to three-fourths of the
carbohydrate in most of these underground vege-
tables is present as sugar, and one-third to one-
fourth as starch and fiber. On this basis the
weighted heat of combustion would be 4.00
calories per gram and the energy fuctor calculated
for carbohydrate, 3.84 calories per gram.

Coefficients of digestibility for protein and
carbohydrate in the few vegetables for which
data have been reported vary widely. We
rounded the median figure for digestibility of
protein, based on 14 experiments, to 65 and have
used it rather than Atwater’'s figure of 83 percent.
The carbohydrate fractions are an important
source of energy in some vegetables. We have
used a coeflicient of 85 percent, the median value
for 13 experiments on a variety of vegetables, in
place of Atwater's figure of 95 percent. For the
remaining vegetables except mushrooms we have
calculated the energy factors by applying diges-
tibilities of 65 percent for protein and 85 percent
of carbohydrate to the heats of combustion used
bg Atwater for vegetables. The energy factors
obtained in this way are 2.44 calories per gram for
protein and 3.57 calories per gram for earbo-
hydrate.

Mushrooms

Reports in the literature cover various aspects
of the composition of the nitrogenous matter of
mushrooms, but as yet there is no complete picture
of the quantitative distribution of the various
constitutents. From 63 to 72 percent of the total
nitrogen has been termed “protein nitrogen’ (53,
123, 175). Other known constituents are free
amino acids, amides, purines, and ammonia. In
some instances appreciable amounts of urea have
been determined. Iwanoff (73) reported that
amine acids are formed autolvtically during the
ripening period before spore formation and ere in
turn changed into urea. He found that urea was
several times as high at the ripencd stage as in
the young immature mushrooms, and that in some
samples the urea nitrogen approximsated half of
the total nitrogen. Mendel (7716) suggested that
some of the nitrogen in mushrooms is bound with
cellulose and that all attempis to scparate the
nitrogenous constituent from the portion that
yields sngar on hydrolysis had failed.

Thus it is apparent that use of the conventional
factor 6.25 1o convert nitrogen to protein intro-
duces an error in the value for the nitrogenous
matter, but at present there are insufficient data
to provide a better factor. Ience, we have con-
tinued to use the factor 6.25 in calculating total
nitrogenous material in mushrooms, although we
realize that the error involved may be of some
significance,

Urea, as well as some of the other nitrogen-
containing substances, has a lower heat of com-
bustion than protein, but since we couid make no

accurate estimate for these substances we have
used the heat of combustion of vegetables, 5.00
calories per gram, for nitrogenous matter in
mushrooms.

Very little work has been noted on the digesti-
bility of the nitrogenous matter of mushrooms,
Seltet (152), in a 2-day study of a 31-year-old
man, found that his subject digested 69 percent
of the nitrogenous matter when mushrooms com-
bined with a little butter and seasonings were
fed. A similar result, 72 percent digestibility,
was obtained by Skinner, Peterson, and Steenbock
(161) when mushrooms were fed to albino rats.

A digestibility coeflicient of about 70 percent
seems a reasonable estimate and following the
usual procedure of applying it to the heat of com-
bustion, 5.00 calories less 1.25, we derive an
energy factor of 2.62 calories per gram of nitrog-
enous mattoer.

The carbohydrate fraction of mushrooms also
ineludes a variety of components, not all of which
have been determined guantitatively.

One of the most complete analyses of carbohy-
drates in mushrooms reported to date was made
by McConnell and Esselen (109}, but 51,8 percent
of the total carbohydrate was still unidentified.
The data from this study expressed as percont of
fresh mushrooms and as percent of iotal carbohy-
drate follow:

Cuarbobydrates ln mushrooms Cogtenh: P](?l’pr.%ﬁ?n

( Agaricus campesiris) Olﬁa;i;; carbo-

hydrate

Percent Percent
Total carbohydrate (by difference)_ . _ 5. 73 100. ¢
Mannitol. o ___ .. ___.___________ .05 18. 5
Reducing sugars (as dextrose}___.___ : .28 4.9

Pentoses, methyl pentoses, hex- -

uronic acida.. ... ... __________ .04 .7
Glyeogen_ ______________._____..._ . 59 10. 3
Crude hemicellulose___.___________ | .91 15. 8

Other carbohydrate constituents that have been
reported as occurring in mushrooms include cellu-
lose, lignin, trehalose, indican, and amino-hexose.
The published data indicate that not only is the
total carbohydrate fraction complex but also that
some of the components vary in amounts, possibly
depending on variety and other factors such as
drying and slorage.

There is ne very relinble information from which
sn estimate of the digestibility of the carbohy-
drates in mushrooms can be obtained. Only one
digestion experiment, reported by Oshimsa (/84),
has been noted in the lLiterature. The subject, a
Japanese army surgeon, was on an experimental
diet consisting of 74 grams of dried mushrooms
( Agaricus sitake) and 40 grams of soy sauce for
1 day. According to the author a sstisfactory
separation of the feces was obtained by the use of
buckwheat flour. The digestibility found for the
carbohydrate was 84 percent
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¥or calculating the energy value of the carbo-
hydrate in mushrooms, Watt and Merrill (184)
used a factor of 1.35 on the assumption that only
mannitol, reducing sugars, and glycogen, which
account for approximately 33 percent of the total
carbohydrate, were available for absorption. The
data from the one digestibility study which has
since heen located suggests that such a procedure
may underestimate appreciably the energy value.
Until additional digestibility data on mushrooms
are available, it therefore seems preferable to use
a digestibility coefficient of 85 percent as for most
vegelables and to apply it to a heat of combustion
value which corrects for the presence of appre-
ciable amounts of sugars, Using the composition
data of McConnell and Esselen and assigning
heat of combustion values of 3.75 to mannitol,
reducing sugars as dextrose, and pentoses, 4.19
to giycogen, and 4.20 to the remaining fraction,
the resulting heat of combustion value for total
earbohydrate becomes 4.1 calories per gram, By
applying the coefficient of digestibility, 85 percent,
to this value the energy factor for carbohydrate
in mushrooms is 3.48 calories per gram.

Fruits

The energy from fruits comes largely from
carbohydrate. The cnergy factor, 3.60 calories
Eer gram, was applied by Atwater to carbohydrate,
ased on the heat of combustion figure of 4.00
calories per gram and digestibility of 90 percent.
In arriving at this heat of combustion value he
took into consideration that the carbohydrates of
fruits are a mixture of sugars, mainly levulose
and dextrose, but that starch, cellulose, pento-
sans, and other complex carbohydrates are also
present.

We consider 3.60 a reasonable group factor and
have applied it to most individual fruits, but with
full recegnition of the possible inaccuracies
involved. For example, the coefficient of digesti-
bility 90 percent is probably too low for fruit
juices and for sweetened canned or cooked fruit.

The group factor for heat of combustion of
carbohydrate in fruits will not apply equally well
to individual fruits. A compilation of the proxi-
mate composition of fresh fruits (38) showed
considerable variation among fruits in the pro-
portions of sugar, starch, acid, and crude fiber
present. There is need for revision and extension
of this compilation to include dats available since
its publication, particularly with respect to the
carbohydrate constituents, before further esti-
mates for heats of combustion of carbohydrate in
individual fruits are made.

Attention is called to lemons in particular,
since they have considerable citric acid with a
heat of combustion of only 2.47 calories per gram.
As the value 4.00 would be too high for the heat
of combustion for total carbohydrate (by differ-
ence) in lemons and lemon juice, we have used
2.75 derived by the following calculations:
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Constituent oo arams | por mran | caorns
Tovert sugar____________. e 1.5 3. 75 5 6
Citric acid fanhydrous)_____ 6.0 2,47 14. 8
Fiber and unknown constit-
uents. ... ________._.._ .2 4 2 .8
Total carbohydrate
(by difference) . ____ A A P 21. 2

1 gram carbohydrate=2.75 calories (21.2+7.7),

Since the fiber fraction of lemon juice is very
low and since both invert sugar and citric acid
may be completely utilized, we took the figure
recommended by Atwater for sugar, 98 percent, as
a reasonable value for apparent digestibility.
The resultant energy factor was 2.70 calories per
gram of carbohydrate. Since limes are similar to
lemons in carbohydrate constituents we have
applied the same energy factor for carbohydrate,

For lack of better data for other fruits we have
continued to use the carbohydrate factor, 3.60
calories per gram, derived by Atwater. Likewise,
his factors for protein and fat in all fruits have
been used.

Miscellaneous foods

Many specific foods have not been studied in
human digestion experiments, as can be seen from
the compilation on digestibility coefficients (ap-
pendix table 23). In many cases when digest-
ihility data on individual foods were lacking, we
have used a general value for & group of foods for
each food in that group. In other instances when
a food has undergone some treatment to change
its form, the energy factor of the food in its
original form has been applied to the product or
products. These procedures no doubt result in
SOme errors,

Where the above procedures were not applicable
and when the methods of estimating the energy
factors differed in some respects from the general
procedure usually followed, these deviations will
be explained in turn for the several miscellaneons
foods.

Chocolate and cocoa

Chocolate and cocoa present a vartety of
problems in regard to hoth chemical composition
and digestibility.. Determinations of various ni-
trogen-containing eompounds have been made in
2 few studies. It appears that from 12 to 23
percent of the total nitrogen present is in the form
of alkaloids, mainly theobromine and caffeine,
and 1 to 9 percent as ammonia, and that the
remainder, although not clearly identified, may be
in the form of protein or protein derivatives.

Data reported by Stutzer (/77) are the most
complete of the analyses located and seem to he
representative values when compared with several




less complete analyses made by other investi-
ators. Stutzer analvzed severaf,kinds of cocoa.

or one product which had not been treated wilh
alkaline chemicals (potash, soda, or ammonia) he
found that 16.6 percent of the total nitrogen was
from alkaloids (mainly theobromine), 1.4 percent
from ammonia, 6.3 percent from amides, and
75.8 percent from other witrogenous matter.

Using these data, we have calculated the gross
energy per gram of total nitrogen in cocoa as
follows:

|

Nitro- | Conver- | Amount| Heat of {tross
Compound gen per sinn of com- [ eombus- :nﬁ{gg‘

gram | factor | peund t tlon qlent

‘ b oam, om. |caijom.| cut.
Protein_ ___________ 0.768 | 6.25 | 4. 74 | 5 80 27. 5

Alkaloids as  theo-

bromine________._._.| . 166 | 3. 22 .h3 | 5 22 2.8
Ammonia_ . ________ .14 | ). 22 02 oL
Amides as asparagin_| . 063 | 5.35 | .34 | 3. 45 1.2
Total_.._____ 1.001 [ _.. F 5. 63 |______ 3L 5

|
Gross energy equivalent of 1 gm. nitrogenous
matter = 5,60 calorics.

Digestibility of the nitrogenous portion of
cocoa was studied by some of the early German
scientists. In these studies there was no attempt
to distinpuish beiween the protein and§'non-
protein fractions of the nitrogenous matter. In
some of the studies cocoa supplied all of the
nitrogen, and in some the diet included other
protein foods in addition to the cocoa. Experi-
ments conducted by Weigmann and by Lebbin,
reporied through Konig (84, pp. 244-245), showed
the following results: For three kinds of cocos fed
in amounts of 188-304 grams per day along with
sugar and water, Lebbin found protein digesti-
bility coefficients of 41.1, 45.2, and 41.6 percent;
for a diet of cocoa and beer or wine, Weigmann
found a digestibility of 41.5 percent after correc-
tion for metabolic nitrogen. The apparent di-
gestibility was calculated to be 12,7 percent. For
two kinds of cocoa, Neumann (131} reported that
Beddies found digestion coefficients of 55.3 and
54.1 percent. In these latter experiments, 150
grams of cocoa were consumed daily but no
ié‘gformat.ion was given on the remainder of the

tet.

Several studies have been reported in which
€ocoa was eaten in combination with other protein-
containing foods. There is some indication that
digestibility of the cocoa may be affected by the
level of cocoa and its proportion of total dietary
nitrogen, the combination of foods used with the
cocoa and possibly its preparation—whether raw
or cooked. TForster (56) found for a diet of milk
alone that the protein digestibility was 93 percent
as compared with 93.2 and 92.4 percent for diets
of milk and cocos, with the latter taken in amounts
of 20 grams (2 to 3 cups of beverage) and 60 grams

(8 cups), respectively. Schlesinger (153) found a
digestibility of about 86.5 percent for protein in
a mixed diet consisting of milk, meat, refined
cereal, and fat, whereas when 60 grams of cocoa
were eaten in addition the digestibility of the
protein of the total diet was slightly lowered and
was about B4 percent, Beddies, as reported by
Neumann (7317), alse found the digestibility of
protein to be about &4 percent for a mixed diat,
which included 50 grams of cocoa. Cohn (41)
observed a lower digestibility coefficient, 75.5 per-
cent. IHis diet differed from those of Schlesinger
and Beddies mainly in that larger amounts of
cocoa, 100 to 130 grams, were used and milk was
not included.

Neumann has reported two studies on cocoa (131,
132). In one series of investigations he deter-
mined digestibility of diets made up of sausage,
brie cheese, ryve bread, lard, and sugar, in which
cocoa replaced equivalent amounts of protein and
fat of the diet. The digestibility of the protein of
the diet without cocoa averaged 82 percent., When
35 grams of cocoa were inc%uded in the diet, the
digestibility dropped to 75 percent, decreasing still
further to 57 percent when the daily intake of
cocoa was increased to 100 grams. In the second
series, Neumann found very low digestibility of
the cocoa protein, namely, 45 and 25 percent in
two experiments in which 35 grams of cocoa were
eaten with 350 grams of sugar as the only other
food in ihe diet. Inasmuch as he corrected for
the nitrogen in the digestive juices in petting his
digestibility of cocoa, the apparent digestibility
would be still lower. These results indicate that
the digestibility of the nitrogen portion of coeoa
is considerably lower than that of the other foods
in the mixed diets studied. Unfortunately the
digestibility of cocoa cannot be calculated in the
several studies on mixed diets and there is no
means of determining whether the utilization of
cocon as a flavoring ingredient in the diet as it is
nermally consumet? is better than when it is used
alone or with sugar only.

On the basis of studies in which cocoa was the
chief source of nitrogen, we have used & digestibil-
ity of 42 percent, although this may be too low
for ordinary application. When the 42 percent
figure 1s applied to 5.6, the heat of combustion
derived as shown above, less 1.25, an energy
factor of 1.83 calories per gram of nitrogen-
containing material results. Information on the
utihzation of the nonprotein nitrogen is needed
before a more accurate factor can be developed.

The carbohydrates of chocolate and cocoa pre-
sent problems similar to those for the nitrogenous
matter. Some unpublished data* for chocolate
liquor show the following complex composition:
28.4 percent total carbohydrate by difference; 8.0
percent starch; 2.8 percent fiber; 3.5 percent
pentosans; 2 to 3 percent gums and hemicellulose;

{ Winkler, W, 0. Unpublished data. Food and Drug

Administration, U. 8, Department of Health, Education,
and Weifare [n. d.].
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9.5 percent products such as tannins and cocos
red; 0.5 percent sugars, mainly glucose; 0.6 percent
organic acids; and the remainder, undetermined
matter. These data were used in estimating the
heat of combustion for the total carbohydrate (by
difference). The value obtained was 4,16 calories
per gram, using as heats of combustion 3.75
calories per gram for sugar, 2.45 for organic acid,
and 4.20 for the remaining constituents and weight-
ing them according to the percentage composition
above.

Digestibility data for the carbohydrate of cocoa
are even less conclusive than those reported for
protein. In the few experiments located in which
cocoa was fed in mixed diets, the digestibility of
carbohydrate could not be calculated for the total
diet or for the cocoa. The experiments of Lebhin
on diets of cocoa and sugar reported by Konig
(84) indicated that probably less than a third of
the total carbohydrate of cocoa is available to the
body. Here, as in the case of protein, this esti-
mate may be lower than actusally found when
cocoa 15 used in a mixed diet, As a tentative
coefficient, until satisfactory data can be obtained
on the digestibility of cocoa carbohydrate, we are
using 32 percent. This was indicated both by
the work of Lebbin and by the carbohvdrate
composition data above for chocolate lquor,
assuming the starch, sugar, and organic acids to be
almost completely digested and the remaining
constituents to be undigested. The energy factor
calculated from this coefficient and the {).eat, of
combustion factor 4.16 is 1.33 calortes per gram.

Yeast

The utilization of yeast “protein” has been a
matter of preat ibterest. A number of studies
have been reported on the digestibility of the
nitrogenous matter in yeast, but in only a few of
these were human subjects used. uen and
Puringer (87) compared its digestibility in dried
and fresh compressed veasts, presumab{y baker’s
yeast, fed in a mixed diet that furnished 10 to 11

ams of nitrogen and 2,460 to 2,840 calories
E:Lily. The estimated digestibility was 90 percent
for the nitrogenous matter of dried yeast but only
53 percent for the fresh compressed yeast.

Dirr (60} reported experiments in which either
dried yeast or animal sources of protein were fed
in alternate periods of 7 days each. The daily
nitrogen intake in cach case was 104 grams from
the test food with additional 34 to 5.6 grams
from plant foods. The calorie intake for the four
subjects ranged from about 2,000 to 2,800. The
digestibility of the nitrogen of the total diet
averaged 87.5 percent in the peried in which
nitrogen was supplied largely from animal sources,
and 83.4 percent in the period in which yeast
predominated in the diet. These results indicate
that the nitrogenous matter of the yeast was
almost as completely abserbed as animal protein.
Dirr and Soden (51) referred to the yeast as wood
sugar dried yeast and estimated {)rom analyses
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that 67 percent of the total N was amino N and
7.5 to 16 percent was ammonia N.

Funk, Lyle, and McCaskey (59) reported ex-
periments in which a dried anaerobic yeast
preparation was caten in a diet consisting largely
of vegetables and fruits. The daily nitrogen
intake, mainly from veast, was 5.9 grams and the
digestibility of the nitrogenous matter was esti-
mated to range from about 60 to S0 percent,
averaging about 70 percent. Results of Murlin
and others (125) indicated that the apparent
digestibility of nitrogen in brewer’s yeast was
about 57 percent. The daily nitrogen intakes
were very low, averaging 3.7 grams daily.

The data indicate that the average apparent
digestibility of the nitrogenous matter of dried
yeast 1s probaltly in the range of 70 to 90 percent
when the level of intake is fairly adequate, In
deriving an eunergy facior, we have estimated the
coefficient of digestibility as 80 percent,

According to an analysis of yeast reported by
Frey (68) the nitrogenous matter is composed of
60 percent monoamino acids, 20 percent diamino
acids, 12 percent purines snd pyrimidine bases,
and 8 percent ammonia., These data indicate
that the heat of combustion is lower than if the
nitrogenous matter of veast were all protein.
Therefore, for yveast protein we used the heat of
combustion 5.00 caJories per gram that we applied
to vegetables, The digestibility coefficient, 80
percent, applied to 3.75 (5.00 less 1.25) results in
an energy factor of 3.00 calories per gram,

Very little research has been noted on the com-
position of the different specific carbohydrate
constituents in yeast and none at all on their
digestibility. Frey (58) has reported that 81.5
percent of the total carbohydrate is glycogen and
18.5 percent, such substances as cellulose and
gums. On the basis of these data we used 80
percent as a tentative coefficient of digestibility
on the assumption that the glycogen is digestible
and the other carbohydrates may not be, This
coefficient applied to the heat of combustion 4.20
calories per gram, assumed for total carbohydrate
(by difference), resulted in the energy factor 3.35
calories per gram.

Food mixtures

To keep pace with marketing practices as well
as buying habits, successive editions of food com-
position tables contain a growing proportion of
items that are food mixtures. Included are a
wide assortment of baked goods, meat and ceresl
mixiures, salad dressings, and others that are
combinations of ingredients. Because the many
food mixtures vary so much in the kinds and pro-
portione of ingredients used, information on their
digestibility from experiments can scarcely be
expected. If the weights of ingredients are
known, calorie factors per unit weight of total
proiein, fat, and carbohydrate in the finished
product may be calculated, For products in




which the proportions of ingredients are fairly
standard, the calorie factors once worked out may
be applied directly to data on the amounts of
proetein, fat, and carbohydrate in the product.

To calculate the calories for any piven weight
of an item from its recipe, the weight of the finished

product must be known in addition to the weights
of the ingredients, Calculations indicating the
derivation of energy factors and of calories per
100 grams of baking powder biscuits made with
skim milk, item 98 in Agriculture Handbook No.
8 (185), are shown in the sample calculation below.

Sample caleulation of energy factars for food miztures (baking powder biscuits)

Protein Fal Carbohydrate (by differenece)
Kind of data . Waight Specifle Specifi Bpecifi
. ¢ E pecific E . pecific E
e | oy | valwe | Wewhe | evemy | SR | Weishe | Cenersy | SRR
Ingredicnts: Gm. Gm. Cat.jgm. Cal. Gm, Cat.jgm. Cai. om. Cal.fgm. Cal.
Wteat flour, patent. 336 36. 3 4.06 | 147, 02 30 8.87( 2511 255.0{ 4.12 |1, 050. 60
Fat_____________. 55 | _____ I R 55. 0 8.84 | 486.20 |_______ i _____
Milk, skim________ 244 85 427 | 36.20 .2 879 . 176 12. 4 3. 87 47.99
Baking powder____ 16 || S S S I
Salt______________ ! 2. [N e ) [ R ! PO
Total.__..__.... P 653 | 448l 183.32 | 582 ... 513.07 | 267.4 | _...._. 1, 098. 59
Weighted factor (per | | ‘
gram) . _____________ el L. 409 _______ . ______ B.B2 ||l 411 | _____.
Baked yield:
Total_____._....__ 549 4.8 || __ 32 S I 2674 |oooon |
100-gram portion_ _ 100 82 4.09 | 33 54 10. 6 } 8 82| 93 40 52, 2 4.11 | 214 54

The factors 4.09, 8.82, and 4.11 calories per
Era.m were applied to the protein, fat, and carbo-
ydrate values of the baked biscuits, with the
resultant calorie value 342 calories per 100 grams.

PART IV. APPLICATION

The physiological fuel value of a food resulting
from applying the factors summarized in table 13
to the amounts of protein, fat, and carbohydrate
present is considered to be a measure of its avail-
able energy. Attention is again called to the
interpretation of this term to connote that portion
available to the body as a source of energy. The
difference between total or gross calories of a food
and available calories is the caloric value of the
organic matter in the urine and feces. Whether
this fecal organic matter is entirely of metabolic
origin plus bacterial residues and desquamated
tissue, or whether it usually or only under some
circumstances includes undigested protein, fat, or
carbohydrate residues also, 1s a question of very
great importance in dealing with such problems
as determining man’s use of various foods as
sources of specific nutrients. When this question
is resolved the information should be helpful
also in devising methods for estimating energy
values of specific nhutrients in food when fed in
various combinations and at different levels;
present methods are actually not completely satis-
factory for estimating available energy from the
different nutrients. As a result of changes in
method, however, no big changes in actual total

Similar calculations were made for the other nnits
of weight given for this item in tables 2 and 3 of
Handhook No. 8.

OF CALORIE FACTORS

available calorie values for the foods are antici-
pated.

In using data on apparent digestibility for
developing the energy factors shown in table 13,
the assumption is made that the amount and
character of the fecal matter (protein, fat, and
carbohydrate) present is dependent on the food;
a low apparent digestibility could result from
greater excretion of metabolic products caused by
that food, from incomplete digestion, or from a
combination of several causes. Whatever the
contributing factors are, the assumption is that
the apparent digestibilities of the energy-yielding
components of t,gat food would not vary widely for
a subject on a reasonably adequate intake of the
nutrient. If the total intake of a nutrient in a
diet is very low, the relative proportion in the
feces is too high for satisfactory measurement by
this procedure. More information is needed on
the effect of level of the foods on utilization of
nutrients. Most studies in the literature at
present are on rather extreme diets, for example,
either very high or rather low levels of protein,
and moderately high and very high levels of the
test food. Data are needed also for intermediate
levels, those which are more realistic tn terms of
common food practices.
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Comparison of calculated and determined
available calories for diets

The end results olstained by use of the current
factors (table 13) for estimating availahle energy
of diets have been compared with results obtained
by direct bomb calorimeter determinations. An
experiment conducted by Snyder (164) with a
subject on & very simple diet of whole-wheat
bread and milk serves to illustrate the details of
caleulation (table 18). Snyder’s protein figures
based on the factor 6.25 for converting nitrogen
to protein were recomputed with the factors 5.83
and 6.38 for the bread and milk, respectively; the
necessary adjustments were made 1 the figures

for carhohydrate by difference. The gross calorie
values for food and feces were from bomb calo-
rimeter determinations and were found to be 4,143
for the food and 418 for the feces. For comparison
we also caleulated the gross calories of the food.
The hests of combustion, 5.80, 9.30 and 4.20
calories, were applied to the protein, fat, and
carbobydrate (by difference), respectively, of
whole-wheat bread; and 565, 9.25, and 3.95 to
these nutrients in the milk. The caiculated gross
calories for bread (2,407) were a little higher than
the determined (2,353), and the calculated gross
calorics for milk {1,737}, a little lower than the
determined (1,790), but for the total diet the
calculated gross ealories were in excellent agree-
ment with the determined.

TaBLE 18.—Summary of steps for checking available energy values caleulated by factors from table 13

Available encrgy Deviation of
i . :Ealclzllatel:l
Typo ol dats ‘:n?xltgelgi'a?f FProtein Fat ht_‘;%r;;;a Gross energy ; Caleulnted | er?;;?z]:«nghem
I)g;_c E?Iglgd by use of | determined
; factors ! | vajue
Food eonsumed in 2-day period: i
Bread made from whole- | grams Grams Grams Grams Caluries | Colorier Clalories Percent
wheat fiour____________ 1,020, 8 73.9 12. 9 442. 4 2,363 L _________ 2,045, 6 | _L.___._
Milke .. ______ 2, 500. 0 75. 2 87.5 127. 2 1,780 ... _.___ 1,582, 5 | oo
Total .|l | 149.1| 100.4 | 560.6 | 4,143 | 13,561 | 3,628 | 419
Exereta: ! ) :
Feces (water-free)_________ 47.0 17. 6 10, 2 52.1¢ 418 || e
Urine e e |e e BA64 e ..
Total . . . .|| 582 ... ____ | __________ I __________

! Energy factors from table 13 applied to the protein,
fat, and carbohydrate: 3.59, 8,37, and 3.78, respectively,
for bread and 4.27, 8.79, and 3.87 for milk,

? Gross energy of food minus total energy of excreta
{4,143 —582),

The urinary calories were 181 when determined
by bomb, but 164 when estitnsted nccording to
Atwater’s procedure by multiplying the grams of
digested protein 131.5 by 1.25 calories. The wide
rangs in the calorie to nitrogen ratio of the urine
(p. 16) indicates that there is less satisfactory
agreement between the usual ealeulation of urin-
ary energy loss and direct determinations. In
fact, with the difficulties of drying and burning
urine, it may be that much of the discrepancy is
in the bomb determuination. We have considered
it advisable when estimating available energy
data to use the calorie-nitrogen factor based on a
large number of samples rather than a bomb
determination of the particular sample of urine.

The calorie-N ratio for this individual was 6.9,
which is lower than the average but within the
range found for a large number of studies, table §,
p- 12. This individual was also in negative bal-
ance, excreting 26.4 grams of nitrogen in the 2-day
period during which he absorbed only 21.8 grams.
However, the errors involved are insigmficant
when considered in terms of total available energy.
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17.9 x difference between amount nitrogen in food and
in feces.

NoTte.—Dats used in this procedure taken from experi
ment No. 171, Studies of Bread and Breadmaking (164)

The available energy of the diet determined
from gross energy values of food, feces, and urine
was 3,361 calorles. When the average wheat and
milk energy factors for protein, fat, and carbo-
hydrate shown in table 13 were applied to the
nutrient intake in this experiment, the figure
obuained for available calories was 3,628, differing
from the determined figure by 1.9 percent. As
pointed out earlier, the factor for fat in whole
wheat may be too high since it is based on digesti-
bility of 90 percent. If the average digestibility
s nearer two-thirds, as indicated in a number of
experiments, the energy factor would be approxi-
mately 5.95; the figure for available calories, 3,597,
would then he in even better agreament with the
determined value, differing by oniy 1.0 percent.

We have checked the results obtained by apply-
ing factors from table 13 to data in 108 digestion
experiments which provided information on com-
position of the foods in the diet and data on bomb
calorimeter detertninations of the food and feces,
Although the experimental data needed for using
every factor in table 13 were not provided by these




experiments, most of the factors could be tested
in this way. The available energy caleulated by
applying the appropriate energy factors to the
composition data for the various foods was in excel-
lent sgreement with the comparable values for the
diets obtained by dircet determinations of foods
and feces and calculated urinary calories. The
differences between the deternuned and caleu-
lated values, not taking direction into account,
ranged from 0 to 5 percent and averaged 2 percent.
The caleulated values were in some cases higher
and in some lower than the determined values.
These positive and negative deviations were noted
even in experiments in which the same type of
diet and the same subject were used and suggest
that the differences may be in part the result of
experimental error.

The digestion experiments that were used to
make this comparison include many types of diets:
Ordinary mixed diets with foods of animal and
plant origin; mixed diets containing large amounts
of legumes; diets of fruits and nuts; very sitople
diels such as combinations of meat and bread,
eggs, milk, and bread. whole-wheai bread and
milk, bread made of lower extractions of wheat
flour and milk, catmeal and milk, or crackers and
milk; other simple diets containing large amounts
of rice, dry peas, vegetables, or fruit; and a few
diets of single foods. The proportions of protein,
fat, and carhohvdrate in the food intake as well
as the level of protein intake varied widely, the
[atter ranging from 14 to 184 grams daily, We
have grouped somo of the diets and summarized
the difterences we found between determined and
calculated values as follows:

In 14 diets of fruits and nuts the abscluto
deviation (that is, not taking signs into account)
ranged from 0 to 5 percent, averaging 2 percent.

In 16 diets containing large quantities of dry
beans, peas, or cowpeas the absolute deviation
ranged from 1 to 5 percent, averaging 2 percent.

In 7 diets comtaining a large proportion of
rice or oatmeal the absolute values deviated by
only 1 percent in all cases.

In 6 diets of whole-wheat bread and milk the
absolute deviations ranged from 2 to 4 percent,
averaging 2.5 pereent.

In 11 diets containing a large proportion of
cabbage, potatoes, beets, green corn, or apple-
sauce, the absolute deviations ranged from ¢ to
3 percent, averaging 1 percent.

In 6 ordinary mixed diets the absolute devia-
tions ranged from 0 to 3 percent, averaging 1.5
percent.

In 36 simple diets in which lower extractions
of wheat flours were fed as bread or creackers
the absolute deviations ranged from 0 to 5 per-
cent, averaging 2.5 percent.

Several genera] observations appear reasonable
in view of these data:

1. That the energy factors in table 13 give an
accurate estimation of the available energy
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when applied in various diels containing foods
of bath animal and plant sources either as mixed
diets or simple diets of two or more foods.

2. That the factors are equally suitable when
applied to foods in diets in which various plant
foods are predominant, as in fruit and nut diets,
diets 1n which large amounts of beans or peas
are calen, and diets in which large proportions
of the calories are supplied by rice, wheat, or
vegetables.

3. That the factors applied to the several diets
of single foods give results in good agreement
with the determined values for available energy.
This indicates that the factors are applicable to
foods used alone in the diet, but further confir-
mation with additional data is needed,

4. That the level of protein fed apparently
does not affect the extent of agreement obtained
in estimating available energy by use of the
factors. This was indicated particularly in the
group of experiments in which fruit and nuts
made up a Jarge part of the diet and the daily
protein intake ranged from as low as 14 grams
to & maximum of 85 grams; there was no evi-
dence of difference in the percentage deviations
between calculated and determined values at
the different levels of protein intake.

The energy values of the 108 diets were calcu-
lated also by applying the general factors, 4, 9, 4.
There were larger differences between the direct
determinations and caleulated values than were
observed when the values were calculated by use
of the factors from table 13. The largest differ-
ences were hotled in those diets in which foods of
plant origin predominated.

Data have been summarized in table 19 from a
few of the experiments selected to represent differ-
ent types of diets. The data illustrate the extent
of agreement belween available calories directly
determined and those calculated by use of the
factors from table 13 and by use of the general
factors 4, 8, 4. Although there is good agreement
between the determined and the calculated avail-
able energy values as illustrated by the data in
table 19, examination of the data show that for
some kinds of diets similar agreement for the
available energy value of specific nutrients does
not necessarily follow. For example, in the case
of experiment 388 which represenis a diet low in
protein and fat, the apparent digestibility of the
total protein from the diet was 45 percent, with an
estimated 25 calories available from protein in-
stead of the 46 which would be calculated by the
factors from table 13. Likewise, an estimated
146 calories would be available from fat if the
calculation were based on the apparent digesti-
bility for the total fat in the diet, instead of the
201 obtained by use of the factors with the indi-
vidual foods. For carbohydrate, however, the
data from this experiment would indicate approx-
imately 861 available calories instead of the 823
obtained by application of the factors from table
13 to the carbohydrate of the items in the diet.
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In this experiment these discrepancies in the
values for available calories from the different
nutrients are large, as is 1o be expected in view of
the items in the diet and the very low level of
protein and fat. This example is useful, therefore,
to point out that although the calorie factors in
table 13 are satisfactory for calculating total
available calories in & diet of widely different
composition and character from the ordinary
mixed diet, under some conditions there may be
considerable error in calculating available calaries
from specific nutrients, Caution should be used
also in applying general digestibility coefficients to
such diets with a view to obtaining data on avail-
able nutrients.

General factors and more specific factors
forcalculating caloriesinindividuval foods

When the factors shown in table 13 are applied
to individual foods and the resulting calories
compared with calories obtained by use of the
general factors 4, 9, 4, very large differences are
observed for some foods, A list of foods repre-
sentative of different groups has been assembled
below in tabular form to illustrate this difference:

. Energy value per 100 |

grams edible portion
derived by use ol—
| Ratlo
Fooil col. b
Specific  |General fac- ol &
factors fors 4, 46, 4
(a} (b}
Animal foods: Calorier | Calories Percent
Beef. . . ... __ 273 268
Salmon, canned_______. 143 138 a7
Egegs. . ____________ 162 158 a8
Milk_ o L.... 68 69 101
Fats:
Butter._._ ... _...... 716 733 102
Yegetable fats and oils__ &84 900 102
Cereals:
Cornmeal, whole ground
{unbolted). _________ 3505 367 103
Cornmeal, degermed._ ... 363 456 98
QOatmenl ______________ 390 346 102
Rice, brown . __________ 360 356 99
Riee, white or milled_ _ _ 362 351 97
Wheat flour, whole
wheat______ ___.___ ! 333 355 107
Wheat flour, patent___ _; 364 355 98
Legumes:
Beans, dry seeds. ... _ 338 346 102
Peas, dry seeds________ 339 349 103
Vegetables:
Beans, snap___ . 35 42 120
Cabbage___. . . 24 29 120
Carrota_ _ e 42 45 107
Potatoes. . 83 85 102
Turnips_______ .. ...__ 32 35 199
Fruits:
Apples, raw_ . _________ 58 64 110
mons, raw._ __ ___.___ 32 44 138
Peaches, canned_ __ ____ 68 5 110
Sugar:
Cane or beet ___ _____._ 385 398 103
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The significance of some of the differences
llustrated above becomes more apparent when
related to emergency feeding problems. For
example, the general factors overestimate the
energy value of whole wheat by 22 calories per
100 grams, and a ton therefore would supply some
200,000 fewer calories than calculated, To supply
the higher number of calories, estimated, however,
2,132 pounds instead of 2,000 would be needed.

Application of general factors to
national food supplies

Although general factors 4, 9, 4 may not be suit-
able for estimating avatlable energy values for indi-
vidual foods, the guestion arises as to whether they
may be suitable for calculating calories of present-
day food supplies. Food consumption patterns have
changed over the years (/82). There have been
major shifts in consumption of foods within groups
and between groups, As a result there has been
some shift in the proportions of protein, fat, and
carbohydrate supplied by the different foods
within a group, and also a shift in the proportions
of these nutrients from the various food groups in
the national food supply.

We have grouped the foods into a few large
categories and have calculated average coefficients
of digestibnlity and calorie factors for the protein,
fat, and ecarbohydrate of each of these groups.
For this we weighted data selected from table 13
by the amount of the nutrient each food in the
group supplied. These food group averages are
shown in table 20. The average or general calorie
factors for the total foed supply also weighted
by current distribution data on nutrients were
found to be 4.00, 8.92, and 3.97 calories per gram
as shown in table 20,  These factors if rounded o
simple whole numbers are the same as the general
factors that have been used nearly 50 vears. No
large error is introduced in the calculation of
national per capita figures per day if general
factors rounded to whole numbers are used instead
of the unrounded 4.00, 8.92, and 3.97. The net
result of applying these rounded factors to the
amounts of protein, fat, and carbohydrate of the
food supply would be to overestimate the totel
available calories from about one-half to less than
1 percent. On a 3,000-calorie diet this would be
less than 30 calories.

General factors such as these provide a quick
means of calculating the physiological fuel value
from composition data of the total food supply
in this country. They may be used with family
or institutional diets also if the pattern is compara-
ble in the types and proportions of food to those
used in this country. However, for limited or
unusual diets such as are found in some areas or
for food supplies of totally different composition,
these general factors might not be suitable. Data
in table 21 illustrate the differences that may
result from applying the rounded general faciors




TasLe 20—Factors for digestibility, heats of combustion, and physiological fuel values of nutrients in food
groups as used in present-day mired diets !

‘ Protein ¥at Carhobydrate

. Propor- e . . | Propot- _
Olosescfeod materies | woror | Apper | Boobof | FOIS | wiar | AZSRT | siengor| Yaysie-| Siomar | Apgar: | montor| 2350

mined | digesti- | tionless | fuel | TR | digesti. | POINT) el FOUA MU digesti. | COHHIUST| Trnel

©diet bility 1.25% valua diet bility value . diet bility valug
| Peroent }’ercm!: Cal.jom.| Callgm.| Percent | Percent | Caljgm.: CaI.,u’am.: Pereent | Percent | Calfgm.! Cal.fpm
%}Ieat&, fish, poultry_ __________ 3'} g; . i ‘ég 4, gg 36 95 1 9.50 9. 02 | |eeoo_|a___ ..
04 I L 4. 36 4 95 0 9,50 802 _____|_.__ . |..____l..____
Dairy produets_ ______________ 23 97 | 4.40 | 4. 27 18 : 95 ;9.25 | 8 79 8 98 1 3.95 387
Separated fats___.___________ | ____ | . _|o.oo|ii____ 19 0 95 | 9.40 | 8.93 (... b L.
Total fuood of animal origin_ __ 63 l: 97 | 4.41 | 4. 28 77 95 | 9.42 | 895 8 98 | 3. 95 3. 87
Cereals_ _____________________ 23 86 | 4 551 3. 91 2 90 | 9. 30 | 8 37 40 98 | 4. 20 4.12
Legumes and nuts_____________! 6 TR | 445 3.47 3 90 | 9.30 | 837 3 97 | 420 | 4.07
Vegetablea_ _ ______________.__ i 6 70 | 3.75 | 2.62 1 90 | 9.30 | 8 37 9 93 | 419 39
Froits_______________________ : 2 B5 | 3.95 | 3.36 1 90 | 9.30 | 8 37 8 90 | 4. 00 3. 60
Sugars and sirups. o oL |oo____|_L.__|ooo.o|iiL o _ SRS (PO IR SR 32 98| 3.95| 3. 87
Separated fats and oils___.._ .. |... ... _.. ] BT 16 95 . 9. 30 | 884 | s
Total food of plant origin. . __ a7 82 | 4.37 | 3.58 23 1 94 1 9.30 | 8 74 92 97 1 410 3. 98
Total food_____________ 100 91 | 4. 40 | 4, 00 100 05 | 9.39 | 892 100 + 97 | 409 3.97

! Based on United States of America food consump-
tion data, 1949 (182%),

4, 9, 4 and the specific factors for individual foods
or food groups to different kinds of diets. Diet
A may %e considered comparable to that used
currently in this country. It has fairly large
quantities of meat, milk, fats, and sugar, and
relatively small quantities of cereals; the greater
proportion of the cereals are refined products.
Diet B, on the other hand, follows the dietary
pattern of some of the Eastern European countries
and has very high proportions of unrefined cereals
and potatoes and relatively small amounts of meat,
fat, eggs, and sugar.

Results of applying the general and specific
factors in this example show that for Diet A
either set of factors would be satisfactory. No
gignificant error is to be expected from applying
general factors in this case because the proportions
of the different types of food are the same as

¢ Heat of combustion corrected for incompletely oxidized
products in the urine.

those used in developing the general factors.
In the case of Diet B, which is also & mixed diet
but one in which the proportions of different types
of food are very different, calories calculated by
the use of the general and specific factors are not
in as good agreement,

General facters may therefore be used for esti-
mating the energy value of average family dieta
or of the national food supply of this country
from the total quantity of protein, fat, and carbo-
hydrate. The more specific factors should be
used for most other calculations, such as those for
cxperimental and therapeutic diets, individual
foods, food supplies of a totally different character
from that of this country, and particularly for
areas of the world where the food supplies consist
largely of unrefined cereals and vegetables.
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CONCLUSIONS

It is recognized that some of the physiological
fuel factors for food groups and individual foods
developed as shown in this publication and
summarized in table 13 are based on a limited
amount of data and that factors for food groups
may not always be equally suitable for individual
foods within the group. Also revisions are antici-
pated as more complete information hocomes
available on the various constituents in the
nitrogenous matter, fat and carbohydrate of
food, and on therr heats of combustion and
digestibilities. Moreover it is realized 1hat there
are problems with direct bearing on the digesti-
bility of protein, fat, and carbohydrate that have
not been resolved satisfactorily at this time.
Although all of the calorie factors may not be
entirely suitable as a result of the various limita-

tions existent in the basie data, nevertheless when
they were applied to the nutrients in foods fed
alone or in various combinations, the estimated
total avallable energy of the food was always
in excellent agreement with the value determined
by use of the bomb calorimeter.

In view of the agreement noted and until more
basic information becomes available, the modifica-
tion of the method of Atwater and Bryant as pro-
posed in the present publication for estimating
the available (or physiological) energy value of
foods seems the most salisfactory procedure to
use; the calorie factors presented in table 13
arc recommended for caleulating the total available
energy value of foods until there is basis for furiher
revision or refinement of the factors.
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APPENDIX. TABULAR SUMMARY OF EXPERIMENTS ON DIGESTI-
BILITY OF FOODS OF PLANT ORIGIN BY HUMAN SUBJECTS

Avpparent Digestibility and Available Energy

Scope of compilation.—The compilation of human di-
gestion experiments given in table 23 presents data on the
apparent digestibility of protein, fat, carbohydrate, and
energy, and in some cases the availability of the total
energy of varicus foods of plant origin. It covers research
in this field since 1875, Data published in languages other
than English may not have been covered completely but the
greater portion is believed to have been reviewed. The
reports included in the eompilation may be identified by
the numbers in the last colutnn of the table, which refer
to Literature Cited, page 51,

Coeflicients of apparent digestibility of fat are shown in
the table, but in many cases are not considered to be reli-
able. ‘With the exception of a few kinds of plant foods,
such as nuts, the fat content is too low to contribute more
than a small part of the total fat intake. Thus, in caleu-
lating the digestibility of the fat of the test food even a
small error in the assumptions made for digestibility of
fat of the remainder of the diet may result in a relatively
large error in the estimated digestibility of the test food.

oo much importance should not be given to the re-
ported figures for gain or loss of body nitrogen in studies
in which the experimental periods were short and in
studies in which no preliminary period on the experimental
diet was indicated. If the period on the experimental
diet had been sufficiently long the subjects might have
reached nitrogen equilibrium,

This compilation includes studies in which the apparent
digestibility of the fest food was reported or eould be cal-
culated from date given by the author. A wide variety of
experimental eonditions are represented, some of which
were too extreme for derivation of coefficients of digesti-
bility for general use s represented.in table 13, However,
they are useful in considering the effects that various eon-
ditions of dietary intake and experimental procedures may
have upon the digestibility of foods and for this reason
are included in the compilaticn,

Order of foods.—The order in which the food groups
appesar in the table follows that used by Atwater and
Bryant in their report of 1899 (17) and by the Food and
Agriculture Organization ad hoc Committee in its report
of May 1947 (#5). This order seemed desirable in that
the first two groups, “Grain, Grain Produeis” and “Le-
gumes and Nuts,” are both Important sources of calories,
and it is on foods in these two groups the greater portion of
Lhe research on digestibility of feods of plant origin has
been done.

The food items within each group have been arranged
alphabetically excepi where some other arrangement is
believed to be mere useful to the reader. For example, the
wheat iterns are in the order of their relation to the original
grain, starting with the items most similar to the whole
grain in composition and form. Thus, the whole-grain
flours appear first, followed by intermediate extractions,
80-percent extraction and lower extractions.

The commoen plent names in table 23 are followed by
their scientific names to aid the user in identification of
items, Occasionally the scientific names were given by
the authors (items 23, 24, 88-91, 316-320). Otherwise we
have used the ones preferred in Standardized Plant Names
{78 with a few exceptions where other names were recom-
mended by the Horticultural Crops Research Branch of
the Agricultural Hesearch Service, U. 8. Department of
Agricuiture.
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Apparent digestibility.—The coefficients of digestibility
reported in the table represent apparent digestibility. In
caleulating the apparent digestibility no attempt has been
made to distinguish between metabolic products and un-
digested food in the feeces. Tlsing protein as an exemple,
these coefficients are calculated as follows:

Protein in- Protein {from
take from— test food) in

test food feces : T .
— X 100=digestibility of protein
Protein intake from test food of test food as percent.

Where there were no data on the basal diet and the diets
used were relatively simple, the fecal protein for the diet
exclusive of the test food was calculated from the coeffi-
cient of digestibility of the various items in the diet. For
example, in a very simple diet of bread and milk in which
bread was the test food, it was commonly assumed that
milk protein would have a digestibility of 97 percent.
Then the fecal protein from mijlk would be 3 percent of the
milk protein intake (100—97) acd that from bread would
be the difference between the total fecal protein and the
milk feeal protein.

‘When the authors determined the digestibility of & mixed
diet during a preliminary period and then substituted the
test food for a specified proportion of the mized diet, it was
assumed that reducing the intake of the basal diet did not
change its digestibility., If the test food replaced 15 per-
cent of the basal diet, the fecal protein in the test period
due 1o the basal diet was considered to be 85 percent of the
fecal protein found experimentally for the basal period.
The resulting value was subtracted from the iotal fecal
protein in the test period to obtain the protein from the
test food in the feces.

The ccefficients of digestibility of fat, carbohydrate, and
of energy have been calculated in the same way.

The proportion of gross energy available to the body was
reported in & limiteg nuinber of studies. To obtain this
value the energy lost in the urine, as well as the energy
value of the feces, was dedueted from the gross energy of
the food intake. The absorbed fat and carbohydrate were
considered to be completely oxidized, and the unoxidized
organic matter of the urine was assumed to be mainly
nitrogenous products. The energy less in the urine was
assumed to average 1.25 calories per gram of absorbed
protein.  On these assumptions the available energy of the
test food was caleulated as follows:

Coefficient of apparent

Gross energy of test food —fecal energy from test
food—energy lost in urine (digestible protein from test
food X 1,25] = available energy from test food.

Avaiisble energy X 100__Percent of gross energy available
(ross energy to the body.

Table 22 shows in detail the results of caleulations for
estimating the coctlicients of digestibility of protein, fat,
carbohydrate, and energy, and the proportion of energy
aclually available to the body. This experiment was taken
from vne of the early reports of Snyder (164).

Adsptations of published data.—All the studies in which
original basic data were reported by the authors have been
recaleulated prior to inclusion in teable 23, Differences
when found, between the results as originally reported anci
the reealculated figures were of three types:




1. Whereas in most studies investigators assumed di-
gestibility coefficients for the basal foods close to or the
sate a8 those shown in table 13, in occasional studies
they applied other coefficients of digestibility. As a re-
sult, the original figures for digestibility and propariion
of energy available from the test food were in some cases
considerably different from results we obtained by apply-
ing the usual coefficients to the basal diets.  If our recal-
culaled figures differed from the reported results by more
than 1 percent, they were entered in table 23, and atten-
tion called to this change by a footnote,

2. In some studies the authors did not report apparent
digestibility or available energy but reported the basie
data needed for making such calculations. For these
cases we have ealeulated the values entered in table 23
a5 noted in a footnote.

3. In still gther experiments when we used the basie
data and assumptions reported by the authors in ealeula-
tion, we obtained a different result. Our recalculated
values have been enfered in brackets in table 23

TaBLE 22.—Use of digestibility data to determine coefficienis of apparent digestibility and available energy

B Weight of | Protet Carbo- . Heat of
31?(}?13 mealgeria? (Iixogzg) Fat ll}‘?{rate Ash oom?&s?ion
Food consumed: Crams Grarisy Grams Grams Grama Calories
70 Bread (made from graham flour) _________________ 908. 3 70. 5 1.5 380.0 8.6 2,093
69 Milk e mm el 3,250, 0 95. 9 113. 8 167. 4 257 2, 327
Total oo e e 166. 4 125. 3 556. 4 34. 3 4, 420
71 | Feces (water frec) ... ____________________________ 9.0 | 163 9.4 | 4a0.6| 147 392
Estimated feces from food other than bread_ _ _______|________ 2.9 5 7 33 ... 53
Estimated feces from bread ____________________|________ 13. 4 3.7 46. 3 |_ ... 309
Total amount digested______ _______.________|_____._. 150. 1 115. 9 506. 8 19. 6 4, 028
Estimated digestible nutrients in bread _ __ ____.______|________ 57.1 7.8 342.7 | .. 1, 784
i i Percent Fercent Percend - Pereent " Pereent
Coefficients of digestibility of total food__ . __________|________ 90. 2 92. 5 91. 1 57.1 91. 1
Estimated coefficients of digestibility of bread_ _ _____|________ 81.0 67. 8 88,1 |____.... 85. 2
Proportion of energy actually available t¢ body:
In total food_ .. __ e e e e 86. 9
Inbread alone. .. . || 81. 8

NoTte.—This table appears as table 18 in U. 8. Department of Agriculture Bul, 101 (184).

Terms and symbols used.-—References to ““authors’ in
either the footnotes or descriptive columns in table 23
apply to the authors of the specific digestibility reports and
not to the compilers of table 23.

The proporticn of protein, fat, carbohydrate, and energy
supplied by the test food in the diet has been shown in the
table wherever suitable information on composition and
amounts of food were reported. In some cases composi-
tion data given were not complete and we have used
figures from Agriculture Handbook No. 8 (185) to supply
missing composition data and have entered the results in
parentheses in tabie 23,

Parentheses were used also in the deseriptive ecolumns
for added explanatory phrases as interpreted from the

authors’ description. Teo illustrate, for item 9 the term
“hominy” was not used in the text of the artiele but since
there was little doubt as to the identity of the product this
interpretation of the test food was noted in parenthesis in
addition to the author’s description of the produet.

(Juotation marks have heen used with certain food items
to indicate that they were quoted directly from the articie.
This was done whenever a termn might have different con-
notations. For example, entire-wheat flour, as used in
studies reported in the early part of the 20th century, was
a flour of intermediale extraction having part of the bran
removed. Today this term applies to a whole-grain
product.
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Composition and Heat of Combustion of Foods

Composition and heat of combustion data are recorded
in table 24 for test foods used in digestion experiments
described in table 23 whenever such 5ata were reporied.
Composition data are usefu! in identification of a food item
and in interpretation of experimental resylts in digestion
experiments in which that item is used.

For ease in using the data the test foods with composition
reported carry the same itern number in both tables 23
and 24. The composition data are recorded as reported
by the authors and the factors they used for converting
nitrogen to protein are noted in footnotes. More complete
deseription of the food items is given in table 23.

TasLe 24, —Composition and heat of combustion of food items used in experiments on human digestibility

(table 23)
Carbohydrate Heat of
Test food, description Water | Protein Fat Ash | S0MUBUS- | Raef. No.
d'i'g:m Fiber gram
GRAINS, GRAIN PRODUCTS
Barley Products (Hordeum vulgare): Pereend | Peveent | Percent | Percemt | Pereend | Pereent | Cuiories
1 Barley, flaked __________ . _____._._._ . 79 18 87 1. 24 79. 22 077 0.88 {________ 62
2 Barley, lgermmated flaked . ___.____ 10.18 | 110. 62 1.21 76. B9 1. 27 L1 | . 62
Buckwheat FProducts (Fagopyrum escu-
lentum):
§ Flowr____________________________. 11.34 | 2813 1.22| 77.60 |._.____. Lez | __._.__ 134
Corn, Corn Products (Zea mays):
8 Hominy.. . .. @ oo 10. 96 *g 44 67 | T8 61 a7 32| 3 986 120
9 (Hommy) hulled wusing alkali,
ﬂteamed ________________________ 0 : g 96 5. 30 76, 77 1. 51 7. 97 4. 440 121
0 18 02 500 7796 . 69 812 4164
0 110. 05 56851 76 67 .78 7.63 | 4.625
11 Menl __ o .._ 9, 52 16 87 . 65 82. 87 .48 29 | .. 62
14 Meal granulated:
____________________________ 11.79 | *B 50 .98 | 78.25 .46 .48 | 3.8238 120
b ____________________________ 7.77 | *869 1.92 | 8112 .40 .50 | 4023
15 Meai, waxy variety of maize im-
ported from China______________ 10. 54 | *B8. 88 4,24 | 7504 1. 67 ) - T 57
16 Meal, white_________ ... __.___ 9. 88 | *10. 63 6.17 ! 7152 1. 83 1.8 [_____.__ o7
20 Corn endosperm, toasted, added
sugarandealt__._______________ 7.49 f 17 38 1.68 | 80.38 |___._... 3.07| 3 869 128
Oats, Qat Products {Amma sativa):
25 Rolledoate_._._ . .. ... ___.___. B.66 | %14, 60 6.96 | 67.B9 |._.._... 1.80 | 4. 560 164
27 Rolledoats. ... - ... . _____.___ 11.02 | 3 15. 69 7.23 | 64.23 |--_____. 183 |_____._. 126
28 Rolled oats. oo . ooooo ool 7900 |318. 10 || feeme e el 88
32 Rolled oats, quick-cooking________. 7.36 |*16 13 6. 14 | 68 53 .90 184 (______. 129
33 Mesl, granula.ted or pinhead _ . _____ 7.51 (112 43 6. 31 72. 23 1. 94 .62 | ______. 82
34 Meal ____________________________ 7.35 [113.17 7.53 70. 23 1. 04 1.72 | ____ 62
35 Meal rolled ... .. .. ... 745111221 7.27 71. 37 1. 15 L70 ... 62
36 Meal ________ T T TTTITIITT 812|113 25 7.28 | 69.57 1.12 .78 ___.___. 62
38 Meal:
a, Coarsely ground pinhead____.| 15, $11.70 7.21 1 64 47 . Bb 1.62 [L___._. 102
b. Medium ground____________ 15. 18 60 7.78| 67.15 .83 .47 _____
Average_______________.__. 15. 10. 10 7. 50 65. B6 .89 L8 | . _
Rice, Rice Products (Oryza sattva):
49 Polished or white_ ________._______ (12. 923 *8 55 31 T1.89 |________ .33 3. B54 167
50 Undeseribed._____._____.___.__._._. 13. 50 | +8.27 3 T7.26 | _.__ 67 | ... 144
Rye, Rye Producis (Secale cereale):
54 Flour No. 18 . ... 9. 25 | *15. 48 2.0 71. 1B | ____... 141
55 Flour IIT, a comercial flour________ 11. 40 | *14. 92 1. 89 | 69, LO7 ... 141
5 FlourNo.17_____________________ 10. 96 | *15. 78 1.80 | 69 L90 | .. 141
57 Flour No. 4. oo 9 30 | *15. 67 1.78 71 1LB7 . ___.. .. 141
58 Flour Ne, 16 10. 06 | *16. 14 L7611 70 L74 ... 141
59 Flour No, 15___ 11. 00 | *15. 38 1. 71 70. 22 L69 [ ._ 141
60 Flour II__ . __. ... 11. 26 | *15. 33 1. 89 69. B4 1.68 1 _______ 141
v N X 5.7. + N ¥ 5.95.
TN X 6.25. *N-conversion factor not reported.
¥ N X 5.83.
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TaBLE 24.—Composition and heat of combustion of food items used in experiments on human digestibility
(table 283)—Continued

OCarbohydrate Heat of
Test tood, deseription Water Proteln Fat Ash 09"31’"51_' Rel, Ne,
digea % | Fiber -y
GRAINS, GRAIN PRODUCTS—Con.
Rye, Rye Products (Secale cereale)—Con,
61 Flour, whole grain, most external | Pereent | Pereent | Percent | Percent reent Pereent | Caloriea
layer removed_ ____._____________ 130 (3 (8. 40)| e e 5 (2 03) 62 ____... 99
(Whole-grain Swiss rye before pro-
eessing)® ___ ___ L _o.... (13.0) (¥ (828 . . . - | -_.___. 8(1.65) (L.6I)-~.-....
64 Fiour, flours No. 6 and No. 18
blended in equal amounts______ __ 9. 16 | *12 42 1.30 | 75,72 |._.__.__ 1.40 | __._ 141
65 Flour, finely ground flour com-
monjy used in Wurzburg___ .. ____ 11. 6 19,33 e 1.24 ... ____ 99
66 Flour, flours 0 snd IIT blended in
equal amounts__________________ 11. 32 | *10. 76 1.38 ) 75.84 | _.____. .20 | __. 141
71 Flour, made by Steinmetz process
frotn rye of Silesia__ ______._______ (13.0) | ¥ {9.62) .. ____|.____._. B(L&T) (1.18)___._._. 99
{Whole-grain rye of Silesia before
processing)? . . __._.__________. 13.0 [ Y (9. 21 ool 5(2.71) (1L.84)_._._...
72 Flour, made by "old process” of
milling from Swiss rye___________ (13. 0} | ¥ (7. 11| | ___ B(.86) (L10)._._._.. 99
73 Flour No. 13._._________________. 11.19 | *11. 85 1.14 T4 78 f LO4 o .. 141
74 FlourNe, I12____ .. . _____________ 11. 56 | *11,42 1.69 [ 7487 [...._.. L96 141
75 Flour, 75 percent yield____ . __._.._ 1473 | ¥ 09 || .._. 86 Lo _._ 49
7 Flowr I _______._. 11. 84 | *10.22 1.00 | 7613 (. _____ R ) I 141
78 Flour No. 10...._. . ____________ 11,76 | *10. 8 9T | TE69 Lo . B i 141
79 FlourNo. 2_________ ... ... 12. 14 ) 8 LT3 T660 .. .. B £ S P 141
80 FlowrNo. 7....______________.._... 11. 87 *9. 31 LIB | VT A2 | __ B2 L 141
81 FlourNo. 6__._ . . _.___________ 9.07| *2.35 VB9 | 8037 | __ LB2 . 141
82 Flour, 62 percent yield_ ________.__| (13.0) |3 (8.69)|_ . ____|..._____ 5 (.67) (.88)|. .. __ 99
83 owr O____ . _______________.. 11.25 *6. 50 . 88 80.85 |._______ - & O 141
8 FlourNo.l_ .. .. ._____________ 12.49 | *5 36 S50 BLIT [ooo.._ . _ I 1 2 R, 141
85 Branny portion, fraction of 67-85
percent® _____________________. 14. 8 | *20.2 33 58. ¢ 2.9 28 ... 30
86 Branny portion, fraction of 67-95
pereent d®______________ . _______ 14.8 | *18. 5 3.4 59. 6 4.6 37 | 30
87 DBranny portion, fraction of 8595
pereent 8. ___ . _____________. 14.2 | *16. 2 3.6 61.1 7.5 4.9 | _______ 30
Whest, )Wheat Producte {Triticum aesti-
vum):
Flours, whole grain and nearly whole
grain:
92 Graham, 100-percent extraction,
Scotch Fife, hard spring. .. ______ 861 |112. 65 2 44 7458 |____.___ 1.72 4. 148 164
(Whole grain before processing)?_.__ 8. 50 | 112 685 2 36 74.69 |__._____ 1.80 | 4.140
93 Graham, 100-percent extraction,
Seoteh Fife_ . _______ . __._.___ 13.21 [ 114 21 2.01 68.56 ... ____ 2.01 3.971 166
{(Wheole grain before processing)’®.__ .| 10. 41 | 1 15. 50 2,28 | 69.88 [.___.. __ 1.93 | 4.023
94 Graham, 100-percent extrastion____[ 10. 51 | * 14. 00 2,521 V0.97 |.___..__ 2.00 | 4.004 195
96 Graham, milled from Oregon white
winter wheat ___________________ 815| '8 18 1. 68 80.27 ... .. 1.72 3. 990 168
{(Whole grain before processing)1___ 899 !B 32 1.B3 | 7910 |________ 1.76 | 4.008
97 Graham, milled from hard winter
Weissenburg wheat from Okla-
homa_.___ .. ____ 7.73 1115 33 1.79 | 73.8% |_____... 1.32: 4178 168
{Whole grain before processing)?__ _ 865 11533 1. 83 T2.87 |..______ 1.32 | 4110
98 Graham, milled from Michigan soft
winter wheat__ ... _.________ 11,23 [ 112 24 1. 41 73.27 | ___.. 1.85 | 3.908 166
{(Whole grain before processing)?__.| 10.25 | 12 34 1. 35 7423 | __.____ 1. 83 4. 000 ¢
102 Geaham . _________________. 11.82 | *10. 63 1.71 74,12 2 25 L7972 . _______ ! 97
1N X 5.7 from thiz sample. Also from this wheat werc prepared
? N x 6.25. items No. 94, 114, and 137 appearing in another report.
' N X 5.83. ® Ttermns No. 93, 113, and 13 were prepared from this

5 Reported as gellulose.

¢ Ttems No. 61 and 72 were prepared from this sample.

7 Items No. 71 and 82 were prepared from this sample.

8 The rye was milled to 67 percent and the branny frac-
tion obtained from the remaining portion. Refers to
original grain with 5 percent loss from cleaning.

¥ Items No. 92, 112, 135, 146, and 147 wete prepared

sample,

1 Ttems No. 96 and 115 were prepared from this sample,

2 [tems No. 97, 116, 139, 173 and 174 were prepared
from this sample.

B Jtems No. 98, 118, and 141 were prepared from this
sample.

*N-conversion factor not reported.

10




TABLE 24.—Composition and heat of combustion of food items used in experiments on human digestibility
(table 23)—Continued

Carboliydrate Fnet of
Test food, deseription Water | Proteln Fat Ash ‘;’?umgb;;‘ Ref. No.
'{‘ota.l oy Flber gram
difference)

GRAINS, GRAIN PRODUCTS-—Con,

Wheat, Wheat Products {Trilicum aesti-
sum)—Continued
Flours, whole grain and nearly whole
grain—Continued
106 Whole megl, milled from Canadian | Peeme | Pereent Percent | Percent | Percent Percent | Culories

wheat _____________ .. __ 15. ¥ 15. 40 2. 23 (M} 2. 86 |- l|eeeaal__ 104
107 Whole meal, milled from English
wheat. ______. . _____________ 15, '8 52 1. 83 (15} 202 | |eoo__.. 104
108 Wholemeal ___. . ______.__...____ 13, 50 | * 11. é6 1.82) TL49 |________ 1.583 ... .___ 28
108 100 percent of wheat kernel.___.__ 14. 38 | * 10. 92 1L.B1| 7L69 .. _____ 1L20 ) __...__ 146
Flours, intermediate extractions:
112 “Entire wheat' . . oo . ._ 10. 81 | 112, 26 2.24 | 7367 | ._ 102} 4032 164
113 “Entirewheat™____________.___._. 13. 51 | 11372 1. 69 7010 (. _____ . 98 3. 877 166
114 “Entire wheat” milled from hard
spring wheat, S8cotch Fife_______ 10.99 |7 13. 00 2.28 | V281 |._..____ 1.22} 3 944 195
115 “Entire wheat'’ milled from Oregon
white winter wheat ____________ 8.66| 17.52 .67 | 8LO8 |[.._____. 1.07 3 900 168
116 “Entire wheat' milled from hard
winter Weissenburg wheat from
Oklshoma___________________. 7.46 | 115. 16 164 7452 [L__.____ 1.22 | 4. 159 168
117 ‘"Entire wheat' milled from Indians
soft winter wheat._ .. .. ... _.._ 9.60 1112 80 154 7440 | .____ 1.66 | 4020 166
(Whole grain before processing)._%| 8.09 {113 18 1.52 | 75.38 |--__._. 1.85 ) 4 090
118 “Entire wheat'’ milied from Michij-
gae soft winter wheat_ _ __._____ ILol (1201 153 "417 ... L2581 A 860 166
123 90-percent extraction, milled from
nglish wheat______.____._____ 1s. 18,32 |- coo o |omeiao . LIS ool 106
124 90-percent extraction, milled from
Manitoba wheat_______________ 15. LI 2.3 N P LG oo oo 108
131 80-percent extraction, milled from
nglish wheat ______ . __._._._ 15. LI - 0 1 S S O & [ A N8
132 80-percent extraction, milled from
Manitoba wheat _______._._____ 15, T13.05 |oomooe o |cmeeen s 24 . |eaa. 106
Flours, lower extractions:
135 Btandard patent, milled from hard
spring wheat, Seoteh Fife_____ __ 10.54 |1 11, 99 181 75,36 |-weue.__ 0.50 | 4 050 164
136 Btraight patent, milled from hard
spring wheat, Bcoteh Fife_______ 12.38 | 1 13. 80 .30} 7204 |.__.____ .68 | 3.861 166
137 Btraight patent, milled from hard
spring wheat, Scotch Fife_______ 11 55 |3 12. 75 1.43 | 73.67 [-_____._ .60 | 3.889 195

138 Standard patent, about 70 percent
¥ield, milled from QOregon white

winter wheat_ ______ . _________ 8 94 1§ 80 1.25 B2.47 |._.__.._ .44 3. 380 168

139 Stsndard patent, about 70 percent
ield, milled from hard winter
eissenburg wheat from Okla-

homa_____.______________.._.__ 9.93 113 74 .92 74.80 |- ____ .52 4, 040 168
140 Standard patent, milled from Indi-

ana soft winter wheat_ _________ 17, 30 1 12 30 .93 T5.94 |- _.____ . 53 4. 010 186
141 Siandard patent, contained less .
than 72 percent wheat kernel
milied from Michigan soft winter
wheat _______________________ 10.97 | 110, 92 P11 0 i A 1 N . 46 3. 799 166 -
145 70 percent of wheat kernel, milied .
from & mixture of Girka and

Minnesota wheats_ . ___________ 15.02 | 211 57 . 81 T2.19 (oo ___ AL oo 146
146 lst patent, milled from hard spring

wheat, Scotch Fife______.______ 10.55 | 111. 08 1. 15 76.85 [._______ .37 4.082 164
147 2dpatent_____________._________ 10.49 (111, 14 1. 20 T6.78 |- . .42 | 4. 006 164
148 Patent, milled from hard spring

wheat, SBcotch Fife_.___________ 12, 36 | *12. 44 1. 62 73.07 | ... B L 170
I'N X 5.7. ¥ Available carbohydrate 63.60 percent; undetermined
*N X 6.25. maiter (pentosans, ete.} 9.02 percent.
*N X 5.83. 15 Jtems No. 117 and 140 were prepared from this sample,
Y Available carbohydrate 55.20 pereent; undetermined *N-conversion factor not reported.

matier (pentosans, etc.) 9.78 percent.
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TapLe 24 —Composition and heat of combustion of food items used in experiments on humaen digestibility

(table 23)—Continued
Carbohydrate Hest of (
Test [vod, deseription Waber Protein Fat Totad b Ash ‘{‘i’;‘;";:; Ref. No.
o .
d.if!erelgng} Fiber gram

GRAINS, GRAIN PRODUCTS—Con.

Wheat, Wheat Products—Con,

Flours, lower extractions—Con,
149 Patent, baker’s grade, milled from | Pereent Percent Pereent Percent Pereent Pereent | Culories
Beotch Fife. .. ____________ 8. 01 | *15 50 2 .22 78.52 ... _ B 1 T 170
181 Patent___ ______________________ 11.07 | *¥12. 75 .90 74. 84 .14 44 | 97
163 30 percent of wheat kernel, milled
from a mixture of Odessa, Cali-
fornia and English wheats.____. 14.63 | *8 91 96 | VH18 |___ . ____ .82 .o 146

Flours, other:
164 Bemoiina, milled from durum

whest, Kubanka_______________ 10. 77 [ 2 11. 64 127 75.56 | _._.___ B 5 T 168
{Whole grain before processing)?__ 876 |*12 37 2071 7492 | ______. 188 ...
165 Semolina, ¥ milled from durum

whesat, Kubanka_______________._ 7. 57 | * 1L 57 0.8 79.08 .. ___. 0. 91 4 16 168
{Whole grain before processing) ®._.f 10.48 | f 12 45 2. 48 | T2 92 2. 83 L67 [
Flour mixtures: .

173 “Bran flour,” a mixture of 86 per-
cent straight grade and 14 percent
very finely ground bran from hard
Weissenburg wheat. _ . _____.____ 9 69 {113 96 1. 48 73.62 [ ___... 1. 25 3. 876 168

174 “Germ flour,” & mixture of 93 per-
cent straight grade flour and 7
percent finely ground &erm milled
from hard winter Weizsenburg

wheat ___ . __ 9. 63 |14 8T 1.66| 7297 . _._..._. .87 | 38 962 168
Whest breakfast foods:
Whole grain and partially refined:
176 Flaked. .. ... _______ .. . __.__ 2.72 | %11 69 .49 | 79.13 1. 88 497 (____..__ 129
179 Meal __ ... 7.06 |711. 25 1. 89 78.45 | 1 2 10 1.35 |acnaoao 129
180 Meal _____ . . ___ .. ___ 808 | 216 32 1. 47 72.68 | ® 2 07 1.45 | ___.___ 129
182 Meal_ ... _______ 8.08 | 715 16 1.35| 7408 | _______ 1.33 | ... 126
184 Puffed, whole grain_ _ _____________ 4 90 {215.06 1.94 76. 70 2.3 1.40 (. ___... 12%
185 Relled . ___ _____ ___ . _ . __.___._._. 9 19 19 81 2 27 77. 22 1. 07 1.5 |____.__. 62
187 Rolled______ .. . ____ 1L 35 [ 211. 14 212 | 7385 |__...._. 1. 54 | 4020 168
189 Shredded _ __ .. __ .. ____._.... 6. 20 |10 60 1.37 | 80.06 |._.__.__ 177 |-—--. .| 127 ?gg
190 Shredded. _____.____________...__ 5. 62| 19 .87 1,35) 8127 242 L79 | .. 129
Refined:
192 Endosperm, granulated _ . _________ 9.35 | 110. 54 .85 7876 .27 I B P 129
193 Endosperm, granulated ______....__ 12.88 | 2 11, 81 2.40 | 7246 |..._.... I 1 2 126
194 Endosperm, gsrrina ________________ 10.556 | 19.70 1.36 | 77.97 . 44 A2 . 62
195 Eundosperm, farina______.______.__ 10,58 | 1918 1.10 | 78 60 . 36 .54 [ 3. 877 62
196 Endosperm, farina.________._.__.___ 11. 37 | *13. 03 LTT| T 27 .28 N S 97
Wheat breakfast food mixtures:
198 Wheat and barley malt_______.__.__ 6.47 | ' 11. 63 L T7 78.96 | __._.._. 217 | 4.061 9
199 Wheat, whole grain and barley
malt, “Foree™ ___ _ . . _._______ 10.86 | 19 86 1. 65 £ N i A P 286 | 3. 822 9
200 Wheat, whole grain and barley
malt mixture, “Foree”_____..____ 7.37 | 14.81 213 78. 29 1. 85 2,40 |......_. 62
201 Wheat and barley malt, “Malta
Vite” oo .- 11. 32 (112 20 1. 52 72,03 |_.._.. 2. 93 3. 841 9
202 Branny portion, fraction of 73-95
percent ¥ ______________._._____ 14. 7 *15. 7 4 2 61.1 76 43 ... 30
203 Branny portion, fraction of 82-95
percent #V____ ___ ___ . ______..__ 14. 3 *¥15. 0 4 4 61. 3 10. 3 5O .. -.-. ] 30
LEGUMES AND NUTS .
|
Beans, dry {(Phaseolus vulgaris): : i
210 Common white, navy beans________ i1.21 [ *18 25 1. 63 64. 89 |____..__ 4.02 : 3 885 | 184
211 Common white, navy beans _______ 11. 19 1 2 20. 69 1. 58 62. 54 |__._____ 4. 00 . 3. 922 . 184
1IN X 5.7. 19 Items No. 165 and 187 were prepared from this sample.
1IN X 6.25. 0 Estimated by authors of article.
7 Ttem No. 164 was prepared from this sample. #1 The wheat was milled to 73 perceat and the branny
1 Composition for macaroni, dry; used here for flour as fraction obtained from the remaining portion. Refers to
Bnyder found by previous analtyses that flour and uncooked original grain with a 5 percent loss from cleaning.
macaroni made from it have practieally same composition. *N-conversion factor not reported.
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TaeLe 24.—Composition and heat of combustion of food iteme used in experiments on human digestibility
(table 23)—Continued

Carbohydrata Heat of
Test food, deseription Water | Protein Fat T Ash ombus | Ref. No.
dlgemgg) Fiber gram
LEGUMES AND NUTSB—Continued
Beans, dry—Continued
212 Common white, navy beans, gkins | Pereent Pereent | Percent Pereend
removed_ __ ... __________ 13.32 | *23. 75 L7 59. 50 165
213 Common white, navy beans. __.___ 12.82 | *22.08 |- _.]-e__-. .. 137
215 Kidney beans_________ .. ____.._. 11.25 | 2 25. 38 1. 41 58 38 184
Cowpeas, dry (Vigna sinenats):
221 ClBY e e 13. 37 [ 223 19 1.45 ] 58 49 184
222 Clayo oo . 10.77 |121. 4 1.781 6L 79 184
223 Ledy_ oo e ___ 11. 32 | 25 50 1.73 57. 88 184
224 Lady . .. 10. 27 1292 38 .76 ] 6215 184
205 Tady _ .. 10.05 }123. 75 1.75 60. 54 184
226 Whippoorwill ___._______________ 808 [223 00 1.35| 63 64 184
227 Whippoorwill ... ... ..___ 12. 84 |719. 94 1.48 1 62 17 184
228 Whippoorwill.______.___________. 8. .36 | 121 44 1.70| 6474 184
Peas, dry (Pisum salivum):
235 Peaa___ _ . _____ .. 130 |[121.2 1.2 61.9 145
236 Peas__ .. ___...__ 13. 2 1212 1.2 1. 8 145
237 Pems_ . . ____ 11. 53 | 722 81 1. 51 €1 7t 140
238 Pema, gplit.________ . _ .. ___....___ 12. 61 | * 23. 44 .71 61. 68 113
Seybeans, Soybean Products (Glycine mazx):
248 Soybean flour, about 6.5 percent fat. 4,17 | 249 31 650 | 34 22 26
249 Soybean flour,about 3.3 percentfat_.{ 6.5 [144.1 3.3 40. 4 29
252 Boybean curd (Tofu)_ _.__________ 87.80 | 15 83 4. 41 1. 25 134
Greund nuis or peanuis ( Arachis hypogaea)
259 Pemnuts_ . ______ . ______...____ 4. 88 | 132 64 47. 33 12, 59 75
261 Pesnut flour, partially defatted .. _ 4. 44 | *58. 98 9.68 | 2305 64
Tree nuis:
264 Almonde (Prunuz amygdalus)______ 4.42 21728 | 5430 2122 75
2685 Brazil nuta {Bertholletia excelsa)_ ___ 4.33|119.78 63. 31 8 96 75
286 Brazilmuta. ______ . ______________ 5, 28 |18, 00 66. 07 800 75
267 Chestnuta, fresh (Castanea sative) _ _|--- - ___ 15 4. 1.4 38.3 a7
268 Chestnut flour (Castanea deniala)_ .| 6.36 | 26 38 3.32 Bl.54 120
(Kernel before processing)®_____| 44.89 | *3.85 2.10 47. 75
269 Coconuts (Cocos nucifera) ___..___ 19.17 | 525 | 51.00 | 23 44 75
270 Pecans (Carya illinoensis)__ ______. 4.30 [715.67 | 71.52 6. 96 75
271 Walnuts (Juglans regia) (presum-
ably Persian or English). .. _.___ 3.97 |*24.58 | 6292 6. 62 75
YEGETABLES
272 DBeans, snap (Phaseolus vulgaris)._.{ 92.44 1. 18 .13 5. 44 1. 04 . ) 57
274 Beecta (Beta vulgaris) . _ __.._______ 82. 6 *1.9 .3 13. 8 1.0 1, 4 673 33
275 Beets_.__ ... ___________..._._ 85. 4 *2 2 .2 108 |(__...._ 1,4 599 33
276 Cabbage (Brossica oleracea var.
capilata) . ___ ... __ 947 * 9 .3 3.3 L1 .8 214 33
277 Cabbsge . __ .. _._________._._____ 94, 8 *1.0 .3 3.0 ... _ .9 210 a3
278 Cabbage.. ______ .. ._________ 94 4 ¥ 9 .1 3.7 |______.. .9 203 33
280 Cabbage, savoy. . . _____________ 89, 4 121 .6 6.6 |..______ 1.3 ... 144
281 Carrots (Daucus carela) ___________ 90, 53 * 88 .33 7. 40 1. 12 . N S 134
282 QCarrote__.___________________.__ 86. 3 11,6 .2 1.0 ..., I T T 144
283 Collards (Brassica oleracea var. i
acephala) . _ ... ______ . _.__ 88, 44 | 23.13 .54 5. 53 1. 51 236 - ___. LY
284 Corn, green (Zea mays) .. _______ 76.0 4.9 1.4 17. 3 5 .4 1. 112 33
286 Potatoes, white (Solanum tubero-
SUM) e . 79. 5 2. 2 .1 17. 4 4 .8 848 33
287 Potatoes, white__________________ 78. 3 *2.3 .1 18.4 |_______. ) 8900 33
288 Potatoes, white._________________ 31.2 *1.9 .3 155 |..____.. 1.1 782 33
291 Potatoes, white___.______________ 73. 4 2.3 .. 23,3 ... __ 1.0 |-———--_. 144
292 Potatoes, white__________________ 74. 33 *2, 38 .03 22. 32 .28 L T: T 42
293 Potatoes, white_________________. 80.16 | 7149 .07 17. 35 .39 .93 |- __ 134
294 Potatoes, white ®___ . _________ 75, 1 L | N P 21,8 |_....___ 1.0 1. 014 69
205 Potatoes, white. _____________.___ 77. 668 2204 |_______. 1047 (____ ... Y .7 N D 69
296 Potatoes, white__________________ 7480 | 21,20 |..______ 23. 19 .______. ) O PR ! 69
1IN X 6.25, ¥ Average of several samples weighted by their con-
# Ttem No. 268 was prepaved from this sample. sumption during period of digestion experiment.

*N-econversion factor not reported.
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TasLe 24¢.—Composition and heat of combustion of food items used in experiments on human digestibility

(table 28)—Continued
Carbohydrate J Hest of
Test food, description Water | Protein Fat Ash Smbis | Ref. No.
A (T | Fiber i
YEGETABLES—Continued
Percent Percent Percent Pereent Percent Percent Colorier
297 Potatoes, white__________________ 73.66 | 31.95 |-__..._. 23.38 |._______ Lol | .. 80
298 Potatoes, white__________________ 76. 23 Y2011 . 2070 | ___. OB | 69
299 Potatoes, white__.._____.__._____ 77.66 | 2,04 ... __ 19,47 | __ . T 69
300 Potatoes, white_ ____ . _______._.__ 74. 80 1120 | __._... 2319 |______._ - 3 B 69
301 Potatoes, white®________________ 74.3 18 ... 232 .. __._. I T 69
302 Potatoes, white ®_______._________ 79. 4 L3 PO S 18. 4 |.______. ¢ S P 89
311 Pumpkin (Cucurbila pepo) ________ 8401} *1.94 19 13. 23 1.30 63 [..oo._ 134
312 Sweetpotatoes, partially dried
(Ipomoes batatas) . ... _______ 496 21,71 76 | 90.27 7. 65 280 | ....__. 134
FRUITS
322 Bananas (Muse peradisiaca var.
BAPVERIUMY . __ . ______._._.___ 77.15 | 11.60 .24 | 2020 . b2 . 1 I PR 75
323 Grapes (Vitis spp.),* mixture of
Tokay, Muscat and Cornichon__] 86. 8 1 7 .2 12,0 .5 - S O, 7%
MISCELLANEOUS
330 Yeast, dried.______.____________. 6.82 1847 28 || |- 4, 478 87
331 Yeast, fresh compressed . _ ________ 69,92 121520 || ee . 1. 443 87
*N X 625 _ ¥ Weighted average of 3 kinds of European type grapes
B Average of several samples weighted by thewr con- used in the di%est.ion experiment,
sumption during period of digestion experiment. N X 8.

5. Authors also rNeporbed 7.05 percent
protein N and 0.51 percent purine N,
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