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BREAKFAST FOODS.
THEIR CHEMICAL COMPOSITION, DIGESTIBILITY, AND COST

By R. Harcourt, Professor of Chemistry,
AND H. L. FULMER, DeMONSTRATOr' IN CHEMISTRY.

INTRODUCTION.
The points specially studied in the present investigation into thenutritive value of breakfast foods are as follows :

""S^^"°" ""^^ ^^''

I. The chemical composition.

the o;Jnt StrofirrawZdt"^" °^ ^°°'^"^ °" ^""^ ^°'"^'"*^ °^

foo^f
^'** df«tibi«ty of the orgranic matter of the cooked and malted

oMherfZsL's t" ''fy-'T'Z'
^"' '""^ ^''^^"^ ^" -'^-h theTtarchtnese foods has been chang^ed to dextrin and maltose.

.r.B.,tJ c
digestibility of different kinds of breakfast Toods. and the

on t£ Ss^istmSSt^^^s^d^tSii;;^' ''-' - ''- --^ -'

The Importance of Cereal Grains in our Diet.

The cereal grains are prepared for human consumption in a ereat

ZhS' °^r^'' l"'^/"'"'" " ''''y '^P^'-^^"* P-^* «f our diet^^ ThirU
« M 1''"%'° **"* ^'"'^ '^^' '^^y "« ff^^" !" almost all parts of theworld; that they are cheap foods; that, when properly prepared they

aTtheToH-r^""'^-'".' '^"'"P'^^^'y digested
;
an'd tha't Se" Ltatn

fnU of th" rv.'; "i ''T:'^
to nourish the body. Moreover. If the find-ngs of the Chittedon School be proven to be correct, they are destinedto be even more important, for most of the cereal grains contain abun-

keeTthI r'"'^'
'° '"''?'^

'1! '';i'
'""''^ ^"*''°"*'" *='^''" i^ needed tokeep the human system in a healthy, vigorous ndition.

Some idea of the immense quantities of th(- foods consumed annu-
ally may be conceived when it is pointed out thz the world's yearly cropof wheat alone amounts to several billions of bushels, and all or nearly allof this IS used as human food. Furthermore, it is estimated that Great^ritain uses six bushels of wheat oer capita per year; and an American
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ISSr ^J^ !u'*'*'**
^^^ "Vegetable foods, including flour, bre.kfa.tfoods, and other cereal products, furnish 55 per cent, of the toul f«3

39 per cent, of the protein, 8 per cent, of the St. Td 95 plr «n? oHhe

J per cent, of the total food, and protein, i per cent, of the total fat and
4 per cent, of the carbohydrates of the ordini^r mixed diet Siese figuresmay not appear high, but when we consider the large quanides of f^consumed by a fam ly in a year, they represent an immense amount^
!arl?stu3;." '

""'"'''"' "''* °' """^ °''^'"*^y ^^' »o «"'«"t thdr

Outline op Work Done Elsewhere.

A large amount of work has been done in various places on this con-tlnen m determining the chemical composition and in estimating hi com

brands of these foods on the market have been analyzed. Several of the

Jfaln^e "'h ^'?P«"'"f"» Stations in the United States, principal yStorrs!Maine, and Minnesota Stations, have studied the digestibility of these

•^edi.e^
?„*„'..^*'^"'"*"*

^r'°"f
"*"'= '-estigated the influencfof thepredjges on process on the solubility of the organic matter. As thepred.gest.on" process commonly practised consifts almost entirefy ofthe cookmg and matmg to which the prepared breakfast foods are sub-

Iho olh"'' 'T !f
'" '"'"^'."^^ '''''^^ •"*° »o'"»i°". !t fo"^s that thethoroughness of the preparation processes may be at least approximately

V^]^f \ determining the amount of material soluble n wTr S^knowledge has oeen utilized by several investigators, particularly at theWyommgt and M.chiganJ Stations and the Inland Revenue LaboratoryCanada. § The two atter stations have also made a careful studTo thenature of the materials rendered soluble.
^

n„» 'J5*/°'"P'**'""" °^^'?« digestion of a food is determined by findmgout he amount of material absorbed as in the ordinary digestioJ expertments. Such results however, give no indication of the efse or rapStyof digest^n. Snyderll and Gudeman- have investigated the rate TsoZhon or d_^est.on effected by malt, saliva, and pancreatin on breakTastfoods cooked for different lengths of time.
oreaKiasi

The Nature of Breakfast Foods on the Market.

I, . r''!i°K"*^L".°'
the present numerous varieties of breakfast foods maybe traced back to the 'jorndge-Vn^byji^^ coarselyground

•r. S. Department of Agriculture, Farmers' Bulletin No. 249.
~

tWyommg Station Bulletin No. 33.

STVtejL^S'lt'*"?*! ^S"??*
Experiment Station Bulletin 211.

and
\^**°™**"7 *»' t^« I'>J*'»<J Revenue Department Bulletins Nos. 84, 127,

^Minnesota Experiment Station Bulletin No. 74, p 153
•Journal American Chemical Society, Vol. 28 d 921

la Bn'l. 162. '
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wheat or oati. These materials, while fairly satisfactory to persons of
robust health, doing outdoor labfr, were often found to so irritate the
intestines as to cause increased peristaltic action. This may be an ad-
vantage to pertons doing sedentary work, but it may be a positive injury
to others. With the development of machinery capable of removing the
coarM branny parts of the grain, this fault has been largely overcome.
More recently there has been a demand for more tasty food of a nature
that may be quickly prepared for the table, and a great variety of break-
fast cereals of the ready-to-serve type have been placed on the market.
These produbts are, in general, attractive and palatable, and afford a
pleasing variety in the diet ; and because of special treatment in the pro-
cess of manufacture, the amount of labor entailed in their preparation for
the table is materially reduced. This is doubtless one reason why they
have become so popular; but, on the other hand, no class of foods has
been so extensively advertised ; and such an endless variety of wonderful
virtues have been claimed for them that people were led out of curiosity
to try them. Some of the breakfast foods are stated to contain several
times as much nourishment as the same weight of beef; others are lauded
as especially valuable as brain food, or nerve tonics, and very many are
claimed to be particulariy well suited for persons of weak digestion. There
may be some truth in the last statement, but it is evident that many of
the claims are utteriy groundless. Yet these very fanciful statements have
ser.ed the purpose of attracting attention, and have, without a doubt,
mcreased the sales of these foods.

The grains commonly used in preparing the breakfast foods in this
country are oats, wheat, and corn, and, to some extent, bariey and rice.
The foods prepared from these may be roughly divided into four classes

:

(first) the uncooked, (second) the partially cooked, (third) the cooked, and
(fourth) the malted and cooked foods.

First. The Uncooked. In the first class we have the pranulated
'

'
f oatmeal, the wheat farinas, cornmeal, and rice. The oatmeals
three grades. The best grade is that known as granulated or pin

) In preparing it the kiln-dried and hulled grain is cut with cutters
.M fine meal, or low grade materials, taken from it. The second

tjrade, known as the standard or mid-cut, is prepared by a gradual reduc-
tion of the oat kernels by cutters and grinders and more of the germ of
the grain is left in the food. What is called coarse cut, or the third
grade, is the whole meal prepared without gradual reduction. In every
case the grain is kiln-dried. This makes the grain more brittle, and gives
it the desired flavor.

The wheat farinas are sold under a great variety of names, as Cream
of Wheat, Meat of Wheat, Wheat Crystals, etc. They are usually pre-
pared from the hard granulated particles of the wheat got from
the first and second breaks in the manufacture of flour—the part
of the wheat from which the patent flour is made. As the soft winter
wheats tend to break down too fine, the hard spring wheats are ordinarily



used in the preparation of this class of breakfast foods. Frequently they
are "fired" as a last step in their manufacture, to increase the flavor and
improve the keeping quality.

Com bread of various kinds and com mush are used quite extensively
throughout this Province; although in the latter form it does not appear
to be so popular as it was formerly. The germ of the com is rels^'vely
large and rich in fat, and flattens out in the grinding, and, therefor..., is

readily removed when the meal is bolted. As the germ is taken out of
most of the finer grades, the com meal on the market usually contains
no more fat than wheat meals. The removal of the germ improves the
keeping quality of the corn meal, because the fat tends to become rancid.

Second. The ParHaUy Cooked. These comprise the rolled oats and
flaked grains. In preparing the rolled oats, the grain is kiln-dried, either
by direct heat or by steam under pressure, hulled, steamed, and rolled.

The preliminary treatment of cleaning, kiln-drying, and hulling, is prac-
tically the same whether the oats are made into granulated or the rolled
forms. The flaked oats are prepared very much in the same way as the
rolled oats, but the ends of the grains are broken off and are placed in a
lower grade of the meal. A certain amount of fine white dust is also
separated and sold as a by-product. Possibly only about 35 to 50 per
cent, of the whole grain remains as the flaked product.

Nearly all the grains, including rice, peas, and beans, can now be
procured in flaked form. Recently a new form of barley bre. kfast food
has appeared on the market. It differs from the ordinary flaked barley
in that in the preparation the grain is first sprouted and then dried,
steamed, and rolled. Certain definite changes take place during the
sprouting which should render the product more easily digested. As all

the rolled and flaked grains, unless roasted or parched after flaking, are
only partially cooked, they require thorough cooking before serving.

Third. The Cooked. The class of foods which would naturally fall

under our third class are the Shredded Wheat Biscuit, Toasted Corn
Flakes, Puffed Wheat Berries, etc. The Shredded Wheat Biscuits are
made by softening the wheat, drawing it out into shreds and piling these
upon one another until high ei\ough for the desired purpose and then
cooked by dry heat. In some cases, as with Toasted Com Flakes, the
raw grain is flaked and then cooked by parching or toasting, or again
the raw grains are moistened with water or other liquid, then cooked by
roasting, and finally, crushed. Nearly 3II of these toasted or parched
preparations, either shredded or flaked, are sufficiently cooked to be eaten
without further cooking.

Fourth. Malted and Cooked. The fourth class of breakfast foods
includes the which are both cooked and malted. The cereal grains are
rich in starcn, which, because of the hard, impervious nature of the walls
of the granules of starch, is practically indigestible in the raw state.

Cooking ruptures these cell walls and the contents are then comparatively
readily acted upon by the digestive juices. The object of treating these

miri-



(tarchy foodi with malt is to still further reduce the labor of digestion.
Malt contains an enzyme called diastase, which has the power of rapidly
liquefying the starch after the cell walls are ruptured and of then con-
verting it into dextrin and maltose. The latter substance is a sugar and
the former is a somewhat similar conpound found in large quantities in

the crust of bread and in toast where It has been formed by the nrtion

of the high heat to which bread has been submitted and to which tae
sweetness of these ma '•rials is usually attributed. Both of these com-
pounds are very solub ; > u4 several steps nearer the completion of the
digestive process. Naturally the amount of starch changed into these
soluble compounds will depend upon the thoroughness with which the
malting process has been ccrried out. Some investigations we have made
on this point indicate that the material rendered soluble varies from 17
per cent, to over 44 per cent, of the dry matter of the food.

It is extremely doubtful if the treatment of cereals with malt materi-
ally increases their nutritive value. Persons with weak digestion may
find them helpful, but it is hard to understand how this treatment will

increase the value of the food to such an extent as is sometimes claimed
in advertising matter. They may be more easily digested, but digestion
experiments show that they are no more fully digested and absorbed than
are the older forms of breakfast foods when properly cooked.

This last class of foods is practically always sold in air-tight paper
and cardboard packages, which serve to exclude the dust and dirt that
sometimes get into the bin or barrel in which the goods sold in bulk are
kept. The neat appearance of thes»* packages, and the appetizing nature
of the goods, together with the extensive advertising they have received,
have forced the manufacturers of other lines of breakfast foods to be more
careful of the quality of their products and to pay more attention to the con-
dition in which they are put upon the market. This has resulted in im-
provements being made in the machinery for cleaning grain and, in some
instances, fr^ nreater cleanliness around the mill. Altogether we are safe
in conclud- hat the breakfast foods offered for sale to-day are more
carefully pi^^^ared and handled than they were in former years.

Composition op Breakpast Foods.

To intelligently estimate the nutritive value of any of these foods,
several factors must be considered. The most import.'nt of these are,

the chemical composition, the digestibility, the palatabiliiy, and the cost.

In the present investigation, the composition of the foods was ascer-
tained by analyzing samples collected p-rtly from the manufacturer and
partly from the retail dealer. The analyses were made according to the
methods proposed Sy the Association of Official Agricultural Chemists,
and the results arv, recorded in Table No. i.

Before we present the results of the analyses, however, let us review
the meaning of the terms • ^ed by chemists to designate the various com-
ponents of a food.
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Moistura. Every one of the foods under diecuuion, no matter how
dry It may appear, contains tome water which can be driven out by heat.
A high water content is not desirable, because it not only dimlr'shes the
percentage of actual food material, but it also tends to cause the food to
mould or turn sour. Water has certain physiological functions to per-
form in the body, but it may be nupplicd from so many sourcfii that it has
no particular value •• a food.

Protein is the name commonly given to a class of substances which
furnish the materials for the formation of bone, flesh, blood, etc. This
constituent is absolutely essential in the food of animals; for, without it.
no animal can grow or even subsist. Moreover, the animal is to»allv
unable to crrate protein ; that is a function of plant life. The animaJ can
simply appropriate and transform the protein of plants into the particular
proteids of the body. Protein, when oxidized or burned in she body, will
produce heat, and if eaten in excess of that required for other purposes,
may form fat. Altogether protein is one of the most important constitu-
Bnta of a food, and the one which is the most expensive. Hence we natur-
ally nice to find a food rich in this substance.

Fat. or ether extract, is that part of the food which may be extracted
from the water-free material by ether, beniine, gasoline, etc. It is of
value for the formation of fat in the body and for the production of energy
and heat. For this latter purpo^ it has more than twice the value of
protem and carbohydrates. Fat may, therefore, be looked upon as a
concentrated heat producer.

The Soluble Carbohydrates, or nitrc^en-free extract, consist mainly
of starches, sugan, and closely allied compounds. In the cereal break-
fast foods these soluble carbohydrates form about two-thirds of the whole
material. Their particular function in the body is to form fat, or, when
oxidized, to produce heat and energy. They are frequently called the
energy or heat producers.

Crude Fibre is the term applied to a group of substances which form
the woody or straw-like frame-work of plants. It is so indigestible that

r.u'/Tf* "^.'°°*'.j:'''"*' ""''• further, it frequently renders the rest
of the food less digestible by protecting it from the action of the digestive
fluids. Therefore, a large amount of it in a food is not desired Yet it is
undoubtedly physioIogicaHy useful in giving the needed bulk to the food

Ash IS the inorganic or mineral part of foods. It is of great import!
ance m the food of the young, as it furnishes the phosphates, chlorides
and other salts of calcium, mafrne-. m. sodium, potassium, iron. etc..
which arc needed m building vip . . and the tissues of the body.

Heat of Combustion. The various nutrients above referred to when
sunolied in the food enable the body to rrow and to repair its tissues as
they are worn out in the necessary exercise of the body functions, Thev
also supplv the body with the ene^ry needed for doing work both internal
and external, and furnish the heat to keep the body warm. All the nutri-
ents, except the ash, may be oxidized or burned in the body, and are.

:tL



therefore, lourcei of energy, ronsequently, the total energy value of a
food may be determined by measuring the amount of heat given off whrn
a definite weight of the food is buned. T» .* energy value is conveniently
stated in terms of heat, the Calo.-ie,* or unit of heat, being ufecd for this
purpose. The number of Calories of heat a gram of each food is capable
of producing, if fully burned, is given in the last column of Table No. i.

_ As it was not convenient for us to determine the actual fuel vaiues, the
'

\
* figures were obtained by calculating them on the basis proposed by Dr.

H. VV. Wiley, t

It is very difficult to form a correct compar.itivc estimate of the
nutritive value of the breakfast foods from the percentage composition
alone. For this reason we sometimes value the foods on the basis of their
ability to produce heat, and, if we assume that they arc fed in a properly
arranged diet, the fuel values indicate fairly well the comparative nutritive
vulues of the total food.

With the foregoing facts in mind regarding the value of the different
nutricntii, we now turn " the tabic of composition

:

Tablb No. 1 -PERCB.<rrA(iB Comi-imhtion or Somb RKRAKrAsr Foods.

J'
ii,

Foods and MsDufactureni.

!«

«

Oat Phodoc-w

OranuUitfd Oilim ilfroin:

10
14
40
18
27

36
39
24
20

IS

38

13.31D. R. KoM, Embro : 7.31
Martin Bros., Mount Forest.

.

Martin Bros., Mount Forest..
Am. Cereal Co., Peterboro. .; 9.1(1, 12.26
Flavelle Milling Co., LindBSv. 7.«H| 12.62

7.61 12.43
7.66 12.77

iSlandard Oatinrnlfrum:

Martin Bros., Mount Forest. .

.

7.36
Martin Bros , Mount Forest. .

.

7.84
Am. Cereal Co, Peterboro.. 8.53
D. & 8. Am. Cereal Co.. Peter-

boro 9. .33

D. R. Ross, Embro 7.95
Flavelle Milling Co., Lindsay,

i

6.71

' lb 17 7.61

1

69.10
13.44 6.96 88..St>

13.30 6.4)! 68.61

1 12.80 7.40 67.08
15.28 6.77 66. (!9,

j

12.21 7.61 70.62

i
«

c

6.30 09.16
6..<?i 70 29
6.3. VO 12
7.V"i b«.53|

4.412
4.306
4.268

4.267
4.264
4.371

*A Calorie representii the amount of heat required to raise the tempera-
ture of 1.000 grams of water T C.

tBulletin No. 13, part 9, Burttau of Chemistry, Department of Agricul-
ture, U.S.A.
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Tabu No. 1: PncniTAOK CoMPOflrnoN of Some BBCAKPAn Foods.—Continued.

FoodB and Manufacturers.

2
3

25
4

61
62
63
64
44
7

11
17
23
42
66
66
29
31
32

1

6

38

8

46

36

33

49

60

Coarte (.\<< Oatjiieal from;

Martin Bros., Mount Forest.

.

Rolled Oatmealfrom:

Gait Milling Co
.
, Gait

W. Thomson & Son, London.
W. Thomson & Son, London.
TillBon Co., Tillsonbuig

Woodstock Cereal Co., Wood-
stock

D. R. Ross, Embro
P. Mcintosh A Son, Toronto.

.

American Cereal Co. , Peterboro

Flavelle Milling Co., Lindsay.
Martin Bros., Mount Forest. .

.

Ground Oatmeal, Gait Milling
Co

Whiat Proddcts.

Wheatine, Milne Bros., Mark-
ham

Steven's Breakfast Food, Can-
ada Flour Mills Co., Chat-
ham

Steven's Breakfast Food, Can
ada Flour Mills Co., Chat-
ham

Farina, Goldie Milling Co.,

„ Ayr
Fanna, Goldie Milling Co.,

Guelph
Wheat Germ, Goldie Milling

Co., Guelph
Wheat Crystals, Hedley, Shaw

Milling Co., Toronto
Meat of Wheat, Western Cer-

eal Co., Winnipeg.
Cream of Wheat, Cream of

Wheat Co., Minneapolis.

.

I
p.

g

8.15

9.42
9.59
8.68
8.04
9.47
9.00
9.36
8.41
7.45

8.60
9.52
9.11
9.70
8.12
8.71
8.66
6.20
7.93

8.60

10.90

11.38

10.68

12.13

10.56

8.39

9.57

10.60

11.04

a

«
rs

s

= t\ a

2 e Ml

K

12.77 6.01

12.45
12.28
12.29
14.39
11.29
11.81
11.84
12.23
12.2i

13.12
13.11
11.69
13.30
13.26
12.26
12.21
11.57
12.09

12.43

11.91

9.18

9.18

9. Oil

9.70!

10.97

11.53

9.17

9.14

7.30
6.62
6.99
7.24
6.41
6.96
5
6 60
7.27

4.14
5.94
6.82
6.80
7.28
7.98
7.76
7.68
7.47

6.10

2.00

0.83

1.10

0.61

1.36

2.79

1.38

1.40

0.43

60.66

68.10
«8.83
70.16
67.37
69.82
70.20
69.94
69.70
70.22

71.72
68.61
69.20
67.23
68.46
67.92
68.51
71.96
69.72

t
.a

1.80

1.06
1.18
1.39
1.08
1

1

1

1

1

0.80
1.30
1.63
1.42
1.12
1.55
1.42
1.26
1.11

69.30 1.31

72.33 1.37

77,20 0.58

78.24 0.36

77.05 0.55

77.63 0.44

75.61 1.16

76.34 0.44

78.46

78.93

1.62 4.242

1.67
1.80
1.49
1.88
1.66
1 64
1.88
1.62
1.70

1.72
1.61
1.66
1.55
1.78
1.68
1.64
1.34
1.

2.23

1.49

0.83

0.5^

0.65

0.42

1.08

0.76

0.37

0.46

4.249
4.141
4.216
4.746
4.180
4.187
4.148
4.257
4.323

4.221
4.192
1.224
4.232
4.321
4.401
4.309
4.396
4.312

4.196

3.910

3.800

3.877

3.670

3.896

4.073

3.965

3.888

3.816
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Tablb No. 1
:
Pekcentaok Composition of Some Bbeakfabt FcoM.-Continued.

\IIy

I

•3.8
Foods and Manufacturers.

86

87

6

/\x
22

16

46
47

21

30

37

83

19

*o//*d H7,ra<;

Swiss Food, P. Mcintosh &
Son

Pettijohn Breakfast Food, Am'-
erican Cereal Co., Ghicairo

Rolled Wheat, Tillson Co.,
TillBonbuig

Rolled Wheat, Tillson Co.',
Tillsonburg

Rolled Wheat, Robt. Greiij
Co., Toronto

I
•9 o

S 2^M

Barley Pkoducts.

Cracked Barley, Tillson Co.,
Tillsonburg

Flaked Barley, Tillson Co...'.
Flaked Barley, Robt. Greig

Co., Toronto
Flaked Barley, Robt. Greig

Co., Toronto

12.10

11.66

10.96

9.19

9.63

9.63

8.16

9.81

9.86 8.94

Corn Products.

Com Meal, Tillson Co., Tillson

„ bui«.
Com Meal, Tillson Co., Tillson-

barg.
Com Meal, Tillson Co., Tillson-

burg
Rice Flakes, Robt. Greig Co.,

Toronto

59
60
34

61

43

63
64

Ready to Serve Products .

Orange Meat, Sample 1, Front-
enac Cereal Co., Kingston

Orange Meat, Sample 2.

3.
Canada Flakes, Sample 1, Pet-

erboro Cereal Co., Peter-
boro

Canada Flakes, Sample 2
<t It n :

Force, Sample 1, The "Force"!
Food Co., Buffalo, N.Y...|

Force, Sample 2
" 3

9.49
10.18

9.79

12.76

10.00

9.52

10.18

12.29

8.36
7.63

10.31

7.49
8.81
9.16

7.37
9.93
9.92

9.23
10.62

8.87

9.34

7.11

6.87

6.70

7.24

8.66
9.19
10.81

9.42
10.81
11.06

9.81
10.88
9.65

0.86

0.66

1.83

2.27

1.97

0.84
1.21

1.24

.a

E

73.66

74.64

75.14

76.15

75.19

77.72
75.62

78.45

1.88

1.98

1.71

1.07

2.39

1.88

1.54

1.75

1.51

1.65

1.34 1.38
1.27 1.10

0.88 75.34

1.88

0.65

1.22

0.08

1.12
1.33
1.51

79.72

82.21|

81.93

79.49

77.89
79.07
75.52

0.77

0.98

0.68

0.46

0.54

0.55

0.88

0.70

0.71

0.29

0.43

0.35

1.95 2.02
1.88
1.85

1.65 76.53i

1.36 76.99!.
1.00 76.23i.

2.21

2.13
l.OO

76.45!
r5.62;.

1.86

1.401 76.76

2.70
1.36
2.56

2.40
2.67
2.27

3.746

3.766

3.829

3.956

3.893

3.864
3.892

3.887

3.782

3.887

3.856

3.831

3.716

3.887
3.945
3.876

3.938
3.880
3.871

S.987
3 836
3.847
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Tabui No. 1—Pkbcbntaob GoMPOsmoN of Son Buakpast Foods.—Cbnduded.

t
Foods and Manafacturere

.

48

05
66
57

67
68
58

70
71

72
74

75
76
77
78

79
80
81

82

84

*i

88

80

90

Ready to Sbbve Products- Con.

Norka, Norka Food Co., Battle
Creek, U.S

Norka, 8amp:e 2

Malta Vita, Sample V, Pire
Food Co., Battle Creek. .

.

Malta Vita, Sample 2
" " 3

Grape Nuts, Postum Cereal
Co., Battle Creek, U.S...

Grape Nuts, Sample 2
** ** 3

Shredded Wheat, Sample 1,

Canadian Shredded Wheat|
Co. , Niacara Falls

Shredded Wheat, Sample 2. . .|

Quaker Wheat Berries, Am-
erican Cereal Co

.
, Chicago, i

Sample 1

Quaker Wheat Berries,sample 2
"

3l

41

Toasted Com Flakes, Battle
Creek Health Food Co.,
London, Ont., Sample 1 . .

!

Toasted Corn Flakes, Sample 2
H l( if o,

" << II 41

Quaker Puffed Rice, American
Cereal Co.. Chicaso

Life Chips, Battle Creek Health
Food Co., London

Gusto, The Hoco Mills Co.,!
Buffalo, N.Y

i

Granose Flakes, Battle Creek
|

Health Food Co., London
Granose Biscuit, Battle Creek;

Health Food Co., London'
Malt Breakfast Food, The

Malted Cereals Co., Burl-
ington, Vt

!

7.10
7.18
7.86

8.79
7.70
8.24

5.68
7.47
8.10

9.54
9.28

9.16
8.99
8.98
8.96

9.85
9.81
9.75
9.65

10.16

8.68

11.20

9.96

12.31

I

1 9

13.67
14.88
14.76

8.78
10.88
10.06

9.49
12.37
12.63

12.00
10.81

11.05]

11.23!

11. 5i:

12.26,

6.351

5.42
5.19
6.21

6.20|

6.78

7.18

8.32

8.04'

4.83
6.03
6.78

0.92
1.63
1.54

0.64
1.50
0.70

1.06
0.64

1 I
2 C M

69.70
69.19
68.87

79.30
77.42
78.03

82.50
76.

76.80

75.76
76.60

2.00 73.03
2.21 72.67
2.66| 72.66
2.68' 71.33

2.69
1.05
1.11
1.11

0.33

2.11

0.24

0.32

0.71

79.57
81.97
81.32
80.24

83.26

77.96

77.24

77.30

73.66

10.05 11.80 0.461 75.37

V

g

1.84

3.33
3.46
2.96
3.66

0.64
0.64
0.64
0.66

0.70

J

1.611

1.09

1.96

1.17

2.06
2.72
2.74

2.21
2.37
2.13

1.

1.77
1.68

1.64
1.77

1.44

1.44
1.43
1.32

1.90
1.11
1.99
2.13

0.361

s
.2

3

15 83
X

1.99i 2.481

I

2.63

2.11

3.34

4.183
4.276
4.232

3.856
3.968
3.037

4.002
4.022
S.963

3.913
3.874

3.069
3.989
4.014
4.033

3.866
3.806
3.800
».787

3.887

3.874

3.676

3.772

3.640

1.20] 3.876

Properly matured grain of the same species and variety is fairly
constant in composition, but different varieties of grain, or the same
variety grown in different sections of the country, or in different years,



J
t:

i-

11

will vary slightly. One of the objects of giving the results of the analysis
of the individual samples is to show this variation. It is evident that the
method of preparing the various kinas of oatmeals has not materially
affected the composition, for there is a general similarity in the percentages
of protein, fat, etc., and even in crude fibre, in all forms of these foods.
The differences in the composition are most evident in the protein column
and these must be rflue largely to the differences in the original grain.

With reference to the wheat products, it is obvious that the different
names given to the various foods by the manufacturer are not associated
with wide differences in chemical composition. When these foods are
composed of the granular particles from the first and second breaks in the
regular flour milling process, a portion of the bran layers will naturally
be excluded, and the resulting product will not contain so much crude
fibre and ash as the whole grain. This, it will be noticed, is the case
with the farinas, such as Wheat Crystals, Meat of Wheat, and Cream of
Wheat. Wheatine and the rolled wheats more nearly resemble the com-
position of the whole grain.

Judging by the similarity of the composition of the cracked and
flaked barley, it is evident that the latter is practically the whole hulled
grain.

For reasons previously stated, the germ is removed in preparing the
finer grades of commeal. Consequently, while the whole corn kernel
contains about five per cent, of fat, the cornmeals analyzed have les^ than
two. The comparatively wide variation in the amount of this constituent
IS probably due to lifferences in the amount of the germ left in the meal.
This food is also characterized by its low crude fibre and high nitrogen free
extract content.

The composition of the different samples of the same kind of the
ready-to-serve foods is fairly uniform, but, naturally, the foods are subject
to the same variations in this respect as the grains from which they are
prepared. TTius Norka is an oat prod' ct, and, consequently it is richerm both proteids and fat than the preparations made from wheat and corn.
The latter substances, as represented by Toasted Corn Flakes, are par-
ticularly low in proteids and c.ude fibre.

To bring out more clearly the difforences in composition of the vari-
ous kinds of foods analyzed, the results have been averaged, and they
are given in Table No. 2. For purposes of comparison the composition
of a few of the more common foods that occur in our daily diet are also
given.

In general, it may be pointed out that the oatmeals and Norka con-
tain the most protein and fat, while all the other foods are richer in carbo-
hydrates. The cornmeals are the lowest in protein and the highest in
carbohydrates, and wheat farinas and cornmeal contain the least fibre.

The germ of a seed is rich in protein and fat, consequently, we are not
surprised to find the wheat germ richer in these constituents than the
other wheat products. The malted foods are not richer in the valuable
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Tabu No. 2 : Tabue of Atbraob CoMPoflrnoR.

U -

Product

Granulated Oatmeal . .

.

Standard Oatmeal
Coarse Cut Oatmeal. .

.

Rolled Oatmeal
Wheat Farinas
Wheat Gterm
Rolled Wheat
Flaked Barley
Com Meal
Malt Breakfast Food

.
,

.

Oranne Meat
Canada Flakes
Force
Norka
Malta Vita
Orape Nuts
Shredded Wheat
Quaker Wheat Berries.
Toasted Cem Flakes . .

.

Quaker Puffed Rice ...

Rice Flakes
Life Chips ,

Gusto
Granoee Flakes
Granoee Biscuits

MiKeltantou* Food* for
Comparison.

Flakes Peas
White Breadt
Entire Wheat Breadt
Graham Breadt
Sirloin Steakt
Whole Egg, edible portion^

.

Cheese, as purchased!
Milk§
Potatoes

S

SI

I

6
6
1

18
7

1

5
3
3
1

3
3
3
3
3
3
2
4
4
1

1

1

1

1

1

6,0001

81

7.84
7.95
8.16
8.60
10.84
8.39
10.79
10.91
9.90
10.06
8.77
8.49
9.07
7.38
8.24
7.08
9.41
9.02
9.77
10.16
12.29
8.68
11.20
9.96
12.31

8.06
40.06
45.41
46.00
61.9
73.7
34.2
87.1
78.41

12.68
13.37
12.77
12.41
9.66
10.97
9.25
9.61
6.66
11.80
9.56
10.43
10.11
14.40
9.91
11.60
11.41
11.61
6.62
6.20
7.24
6.78
7.18
8.32
8.04

23.39
8.49
/.79

8.02
18.9
18.9
25.9
3.2
2.18

I

6.49
6.90
6.01
6.72
1.01
2.79
1.61
1.11
.26

.46

.32

.34

.61

.55

.96

.85

2.34
1.49
.33

.08

2.11
.24

.32

.71

1.74
1.87
2.27
2.49
18.5
10.5
33.7
3.9
0.1

69.78
68.67
69.66
69.36
77.54
76.61
74.94
76.47
81.28
75.32
76.49
76.33
75.06
68.02
•78.25
•78.76
•76.62
72.39
80.79
83.26
79.49
77.96
77.24
77.30
73.65

63.18
48.73
43.47
43.00

i

2.4
5.1
17.82

1.71
1.48
1.80
1.26
.47

1.16
1.80
1.01
.53

1.17
1.95
2.21
1.85
1.84

3.33
.65

.70

.66

1.99
1.51
1.99
1.95

.70

.60

1.60
1.73
1.62
1.66
.68

1.08
1.71
.89

.48

1.20
1.92
2.20
2.41
2.81
2.24
1.71
1.71
1.41
1.78
.36

.36

2.48
2.63
2.11
3.34

2.13
.85

1.06
1.49
1.00
1.00
3.80
.70

a

93

4.283
4.276
4.242
4.263
3.866
4.073
3.832
3.847
3.817
3.876
3.90S
3.919
3.890
4.230
3.919
3.996
3.894
3.991
3.803
3.887
3.716
3.874
3.676
3.772
3.640

3.716
2.673
2.463
2.468
2.836
l.t67
4.761
.761

• Includes crude fibre.

t U.S. Department of Agriculture, Office of Experiment Stations, Bull, No. 148,
p. 14. Averages of analyses of bread made from flour samples Nos. 6183, 6142
and 6166.

t U.S. Department of Agriculture, Farmers' Bulletin No. 128, p. 12.

§ " Modem Methods of Testing Milk and Milk Products," Van Slyke, p. 16.
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nutrients than the other foods, and, so far as we may judpe from theirmere chemical composition, are not superior in value.
^

ifkinHn thefacts .nto consideration, we would naturally be led to condude that asthe oat products contain the most protein.^r muscle-form n^ material

f, lit -T".*
Pf^"":^fi^« f f«t. they are the most nutritious^ioods i

pr<5ucers"
'' *''' '"^^ "' ^^° '"^^""^ »«> «" °t^e" as hea!

Influence of Special Process of Manufacture on Solubility of Foods.
The composition, as given above, does not show the changes thatcooking, parching and malting processes have effected in the r?ady-tS

fo7S,tr^ we'lr H
^''""'* °' '''''' '^"^"^^^ '^^^ ^° much is clfLe^for them we studied his point somewhat fully. The object of treating

oirJ^' "^l^ "f'V" *° '"'^^"^ '^^ «°'"'''"ty. and, consequentTv! th^ease of digestion of the starch. As previously explained, the diasta;e ofmalt converts starch into dextrin and maltose.-water-sol^ble compo,mdsCooking in water, or by dry heat, as in toasting or parching also tendsto break down starch into simpler substances which Tre solubleIn wa"e,
If, then we determine the amount of a food that will dissolve in water"we must, to some extent, measure the efficiency of the malting and cook-ing processes used in the preparation of that food. In order that we mightprocure some data on this point, we determined the amount of the total
solids soluble in water in some uncooked, partially cooked, cooked, andcooked and malted foods. We also analyzed the water extract to ascer-
tain how far the decomposition process had proceeded

^.JhtJU^'^^^l
"'"''

r "J^l"'"^
^^^ extractions and determinations

were based on those outhned by A. McGill in Bulletin No. 84, InlandRevenue Department, Ottawa. Briefly, the methods were ns follows
100 grams of the material in its natural condition and 1,000 cc of dis-
illed water at room temperature were placed in a 2-litre bottle, and fas-
tened on a rotating machine which turned the bottles end over end at the
rate of 40 revolutions per minute for 24 hours. Previous experimentalwork demonstrated that up to this length of time there was a sensible
increase in the amount of material brought into solution. The contents
of the bottle were then placed in a cup of 300 cc. capacity in a lar^e
centrifuge and whirled at the rate of 2,000 revolutions per minute for one
hour, or until the insoluble matter was thrown down. After filterine
through close paper, to insure a dear solution, the per cent of solids
dextrin, sugar, and proteids were determined. The dextrin was estimated
by evaporating a portion of the clear filtrate neariv to dryness, and after-
wards taking_ up with alcohol, filtering off, drying, and weighing the
resulting precipitate. As such a precipitate would not be pure dextrin.
It is reported simply as "alcohol precipitate." The sugar was determined
in the usual way with Fehling's solution, and, as no effort was made to
separate the probable sugars present, it was reported as "cuprous oxide
precipitate. Approximately, i per cent, of cuprous oxide is equal to
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.54* per cent, of dextrose or grape sugar, or .81 per cent, of maltose.
As generally earned out, the malting and cooking processes will not de-
compose starch into compounds simpler than maltose, and if dextrose is
present, it may, under ordinary conditions, be lookeo upon as an added
product. The amount of nitrogen was obtained by the Kjeldahl method
and multiphed by the factor 5.7 to convert to protein. It is obvious that
the results may not indicate the amount of the several constituents pre-
sentin a soluble form in the food as purchased, but they do show the
amount that is brought into solution under a similar method of treatment
and may be used for purposes of comparison. The results obtained are
embodied in the following table :

Tabu No. 3; PrntcKfTAQa or Watir Solublb Materials in Foods Examinrd.

Food.

Uncooked Foods.

Wheat Farinas
Wheat Gterm
Gnmalated Oatmeals

PartiaUy Cooked Foodii.

Shredded Wheat
Quaker Wheat Berries ,

Toasted Com Flakes. .

.

Quaker Puffed Rice

Mailed Foodn.

Malt Breakfast Food

Malted and Cooked Food* .

Orange Meat .

Grape Nuts . .

.

Malta Vita ...
Canada Flakes
Force
Life Chips
Gusto
Norka

No. of
samples

analysed.

Rolled Oats
Swiss Food (rolled wheat) . .

.

Cooked Foodn.

13
2
4

19
1

2
6
6
3
7
1

1

1

Total
solids.

6.60
7.06
6.65

6.68
6.P6

13.71
27.00
28.3
41.61

14.77

23.66
44.20
26.46
28.60
17.08
18.92
25.14
28.17

Alcohol
ppt.

(dextrin),

Cuprous
oxide ppt.

(sugar).

.97

2.46

2.63

8.26
22.58
19.63
41.82

.66

t8.66
12.96
9.97

tl0.16
9.16
9.84
8.14
12.42

2.03
3.47
6.77
2.11

10.63

t7.43
21.02
8.01

tl2.63
2.73
'2M
2.01
10.89

Soluble
Proteids.

1.18
3.03

none.

I

none.

2.42
1.93
*

.74
«

2.28
.32

1.34

.86

.1.73

1.38

.86

.53

* No determination made,
t One resalt only.
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(dextrin? and redu/ng ,Xan" s (,4ars?rthe' fl?'*^'"*' •P^!f'P'*"'«
percentage amount of the solids of tKrinaswhl^' *""""?• "^^
lated oatmeals dissolved is about equal wWr»K "'^^f} P""'.

and granu-
the rolled oats and wheat were ISSnT n ^''l.P*"'*'^! cooking to which
manufacture, has not b«n sufficient t^^ '^^1''^'^ '" **•« P^^^"" of
of these foods. Or. if. S some conLn T'T^"^ '"<=^«ase the solubility

quantities in raw grab.^XX "
,' kt. f t

"""""* '" ''"V »'"««

been influenced by^en;i;mr.ctilrn
''"^ °' ^'''^ ""^""'^^^ f'^'» has

serve^Tt°::fllt%'S2llefttrth^t"arr -5' ^"^'^"^'^ *° ^^ ^''^ '«>

of solids soluble in water ThLfnr^.'.u''''^"'""'" '" '^ P" «"»•
thoroughly cooked than others it «V,o' "i' "^T ''"^ "'"'=»' '"°«
not resulted in the format on nf i ^"Z^*"*

^''^^ ^^e cooking has
Malt Breakfast Food Srw/s StedTr^f "T"."* "^ «"ffar. The
erable amount of sug^r showing tS ^u

"°* ''°°''*''' "*'°^* « <=°"«d.-

enough to cause a farge 'portbn of ttj^^ f
''^"' ^^ '^""*'""'^'^ ^"

into the sugar. It is of^T. L \f! *° P^"' **"'°"ffh the dextrin

effort was made to ascertaTn S ^'f \
'^''' '"^" ^^^ ^'^'^''^' hut no

there was evide^^e" thTthTfclo^V^rrea./; Se5^
""^^' "^^

'

^''-

in the peTciuleTm^unroVslt^^^ ^tl ^7 ^^^ t° ^'^^ ^'•'^—
the amount of malt used and°he Lnrh^f'.-

^* '^"?'
''.I

'"^'^^'^bered that

influence the quantity^'^re'sta^ciT d^ d^^^^^^^^^^ f,
-* --*

of sugar formed Snmp r.f ft,»o r j j
soiuoie and also the amount

Certainly .here ll ':^,^7o\^l ha^ o:/,X'r L'^t" "If"'any more than cooked, and, i, will be show"UeV that .T^™ J°
"

measured by the solubility of the carbohydrate, hf.' „„, l ''°°i">S, as

as is comminly practiced in olenarinT.b;S J"'.'"^"
»« thorouRh

;rtKb^;ir,rr^^^^^^^^^^
maltmg process can affect the carbohydrates only and has nol^fl.'.

'*
the other constituents of the food.

^ "° influence on

It is quite conceivable that in the preparation of different lots of thosame brand of food the manufacturer may consciously or ^nconscSusIvhave allowed the malting process to proceed further with some than withothers or the cooking may have been more thorough. Any such differences m treatment would cause variation in solubility between "he different lots or batches, so that one package of a food m'Ly not be Is solublj



u
or u readily digested as another. In some cases these variations were so
wide as to seriously affect the value of the food. The following table,
which contains the individual results obtained from some of the foods, is
given to show these variations

:

Tablb No. 4 : PKRciNTAni or Watrr Soldblb Matbhial (.< DirrcRiirr Sampub or
TBI Samr Brand or Foods.

Food.

S.

4.

6.
6.

1.

2.

S.

4.

6.
6.

7.

8.
9.

1.

2.

3.
4.

6.
6.
7.

8.

1.

2.

8.
4.

5,

«.
7.

1.

2.

3.

Quaker Oats .

Cooked Food*.

Shredded Wheat.

Alcohol
ppt.

(dextrin) .

Farina.

Uncooked Foods,

Cream ol Wheat '

1

(( If j

Goldie'a Farina
Steven's Breakfast Food

41 tt n
1

Partially Cooked Fotnl.

Tilteon's Oatmeal
41 it

l( ti

(1 <(

6.08
4.83
6.04
6.66
6.84
6.07

8.43
7.8
6.7
8.0
10.10
6.28
7.04
9.09
7.27
6.42
6.20
6.60
6.60
6.8
6.3
6.89
6.18

8.76
14.38
14.92
14.64
13.96
14.96
14.48

Quaker Wheat Berries 28 1

28.6
*

I 23.9

Cuprous
oxide ppt.
(sugar).

1.94
1.96
1.80
1.76
1.36
1.28

2.36
3.03
1.68
99
20
16
99
45
68
*

.80

.72

.54
1.46
1.16
2.30
1.86

4.11
8.67
9.64
9.02
8.66
0.03
8.81

23.62
24.30
19.56

1.11
.88

1.43
.90

2.12
1.44

none.

.26

2.00
2.46
1.77
2.39
2.88
2.76
3.34
3.72
3.61

Soluble
proteids.

1.60
1.88
2.98
2.23
2.26

.67

1.16
1.21
.66

.68
•

.86

.87
•

.76

.67

.67

.79

.67

.60

.81

»
«

•

2.33
2..39
2 14
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Tabu No. 4; Pirckntaob or Watm Solublk Matiriai. in mrrMunr Samplm orTH« Same Brand or Fooiin.— C'(»i«'/m</«(/.

Food.

Cooked Fiio(h.—Con.

4. Qnsker Wheat Berries
1

.

Toasted Corn Flakea .

.

2. " "

3. " "

4. " "

Maltrd and Cool- d Food*.

Canada Flakei.

Maito Vita.

Grape Note

.

3.

4.

6.
-'•

I.

%. 2,S
4i. 3.
:«

4.
ii 6.

^ b.

m 7.
M 1.

S 2.

Force

27.6
28.6
28.1
28.2
28.4

26.43
30.66
30.87
29.01
30.81
25.0{»

22.37
19.97
41.84
44.61
44.83
43.78
46.14
14.08
18.08
17.40

..
I

16.59

..
I

20.34

n •••
i

16.70
Orange Meat 20.5.3

'.'..

2»'.rj

Alcohol : Cuprous
ppt. loxiae ppt.

(dextrin).
I

(suitar).

22.96
19.86
10.26
10.82
19.60

10.16
«
•

13.72
10.19
9.36
7.72
8.86

12.67
13.00
13.36
12.80
12.97
6.30
8.73
8.31

11.06
11.67
9.01
10 22
8.66

Soluble
proteids.

3.30
5.16
6.81
6.64
6.38

12.63
«

2.27
.46

.28

.29

.29

9.02 •

13.78 1.20
7.91 1.61
6.76 1.36
2.68 1.44

10.14 1.64
19.90 1.84
22.74 1.76
20 89 1.76
22.41 1.68

.61
,

•

1.73 !
•

2.63 1

«

2.73
1

•

3.38 •

2.86 '
•

4.23 •

7.43 •

No determination made.

It IS unnecessarj to dwell on the results presented in the above tableAs might be expected, there is very little variation in the amount and themake-up of the soluble matter in the various forms of farinas examined
There is, however, a noticeable difference in the amount of soluble
matter extracted from the Tillson's oatmeal and the Quaker oats If we are
not mistaken, the former are kiln-dried by direct heat, whereas the latter
are dried by means of steam. It would possibly be more difficult to control
the temperature when the former method is used, and, as the greater the
heat to which the oats are submitted, the greater the amount of the starch

2 Bull 162
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dextrinized or rendered soluble, it ia evident that the Tillton product has
been heated slightly hii^her and that different lots have not been submitted
to a uniform temperature.

Amonff the cooked, and the cooked and malted classes of foods there
is sufficient variation in the amount of soluble matter to' show that the
different lots or batches of the same kind of food are not always prepared
in exactly the same manner. It may be that in some lots more malt was
used, or the malting; period was longer, or that the toasting or parching
process to which the foods are generally submitted was more thorough

—

all of *^ lich would cause variation in the percentage amounts of soluble

mattei

.

InFLUBNCE of CoGKINO on SotUBILITY OF FoODS.

In general it may be safely stated that the thorough cooking of cereal
foods is quite as important as the proportion of the nutrients which they
contain. The chief purposes of cooking are : first, to sterilize the material,
so that any undesirable bacteria, if accidentally present may be destroyed

;

second, to improve flavor—making the food more appetizing and thus
increasing its digestibility by stimulating the flow of digestive juices;
and third, to so change the structure of the material, especially the carbo-
hydrates, that they may be more readily digested. Possibly the last may
be regarded as the most important, because, as previously stated, starch,
which forms a very large proportion of these foods, is enclosed in cells,

the walls of which are composed of crude fibre. This crude fibre is prac-
tically indigestible, and unless the walls which it forms are broken, com-
paratively little of the starch is digested and absorbed. In the cooking
process, the contents of the cells expand and the walls burst, allowing the
contents to c tne in direct contact with the water, when it is at least par-
tially converted into soluble forms. Thorough cooking of the cereals
really consists in rupturing these cell walls and in securing a maximum
quantity of starch in a soluble form. The solubility of the protein is gen-
erally lessened by cooking, especially at high temperature. Long, slow
cooking will soften the crude fibre and change the starch to soluble forms
without materially decreasing the solubility of the proteids. Some experi-

ments seem to show that, while the protein is rendered insoluble in the

first part of the cooking, long continued action of the heat sonewhat
changes them into soluble forms.

It is very generally taught that oatmeal and farinas should be cooked
six or eight hours before serving. The general practice throughout the
country is, however, to cook for a very much shorter period, probably not
mor*- "Van twenty minutes to half an hour. To gather some information
reg .? the extent of the changes affected hy the length of time the
food- a. i cooked and to get some data for comparison with the foods sold

as ready-to-serve, we cooked oat, wheat, and corn meals for periods of
twenty minutes, two hours, five hours, and eight hours, and analysed a
water extract of each, prepared in the same manner as that previously

2a Bull 162
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outlined in the stud;, of .oluoility. The method of procedure wa. as fol-low!
:
The meal was atirred into boiling: water and the boilinir continuedv«orou.ly for twenty minute.. A .ample of the "porridge"^ "SStaken out for exammation and the remainder wa. placed in a double

boiler and the cooking continued for eight hour, at a lower temperature.

removed and uMd in determining soluble matter. The percentage K>luble

.^11,;?)!,^'. 'T 'i!.
'''y ""»«" determined in a ,St of the .ample

.imilar to th4t extracted. N^ attempt wa. made to study exhaustivdy
the nature of the change, produced by the coolring. but it xv , thought
that a .tatement of the amount of soluble matter and the amount of crude

of",r.;" "w"*'" ^^'°^l^°- 5- =''<=°hol precipitate, and the «n?unt

oLT • / "**"/'"» materials, would give some indication of the natureand the extent of the changes the starch had under/rone during the cook-
ing proce... The solubility of the proteids was also determined to ascertainwhat influence the long and short cooking had on these substance.. The
result, form Table No. 5

:

Tabu No. 5
: iNri-usNc. or CgoKiNo oif thb Soi.UBaiTv or Foowi.

Percentage vompotition of fTater Extract.

Name of Food.

Tolled OaU.

Time
cooked.

Wheat Farina.

Cornmeal

.

Uncooked
20 minutefl
2 hours
6 "
8 "
Uncooked
20 minutes
2 hours
6 "

8 "

Uncooked
20 minutes
2 hours
6 "
8 "

Solids.

8.43
14.96
18.79
20.93

Alcohol
(•recipitate.

(dextrin.)

2.36
3.36
4.49
6.92

Cuprous
I

oxld«> pre-
| Soluble

dpii.Htc. I Proteids.
(8H(jar.)

i

nnne .86*

0.88
J.67
2.28

i

34. .so

6.97
27.40
37.19
38.37 '.

39.99

8.77
trace

6.87
12.8

trace

::

3.39
2.18
0.26
0.42
35

16.1 0.05

15.29
13.78 !

13.25
20.03

11.42
9.60
10.03
16.84

none
<<

1

0.32
0.40
0.47
0.60

*No determination made.

«nti, i^t°rr
^^f"'t^'"d.cate very clearly the influence of long cookingon the solubHity of the foods. Apparently the wheat farina does not requir^o be cooked so long as either the cornmeal or the rolled oats, and thatthe soluble matter in the cornmeal did not increase so rapidly with thelonger period of cooking as it did in the other foods. The results of



experimenu made with rolled oats at the Minneaota Experiment Station*
indicate that coolting (four houra) did not increaae the aolubility of the
carbohydrates, and the theory ia advanced that the difficulty experienced
in iigtMting imperfectly cooked oatmeal is due to the lar|re amount of

mucilaginoua proteid material which surrounds the starch gra\R» and pre>
venu their di«inte|rration. It is further an^ued that when the oatmeal is

thoroughly coolced, the protectinfp action of the proteid substance is over-
come and the starch ffr^nules are sufficiently broken up to allow the
digestive juices to act. The abov«> results with oatmeal show that in our
work there was an increase in the solubility of the starch, but that the
change towards the dextrin compounds was not sufficient to allow much of
it to be thrown down as an alcohol precipitate. There was also an increase
in the solubili., of the proteid substances. It Is certainly evident that the

longer periods of cooking increased the amount of soluble matter, and it

is quite probable that this would decrease the labor involved in digesting
the food.

V'th the wheat farinas 37.4 per cent, of the total dry matter of the
food was soluble in water at the end of twenty minutes, which increased
about 10 points when cooked for two hours. As the solubility was only
sightly Increased at the five and eight hour periods, it would appear as
though the longer cooking was not required with this food. More cruHo
dextrin is found in this case and a noticeable difTerence is observed in the
proteid material as compared with the oatmeal. The heat has apparently
coagulated, or rendered insoluble, the protein and it has only very slowly
changed again under the influence of the longer cooking. The commeal,
like the farina, under the influence of heat, formed considerable dextrin
and the solubility of the proteids was very little changed by the long boil-
ing.

A very interesting point in connection with these experiments is that
the amount of soluble matter obtained from the oat, wheat, and corn
meals after twenty minutes* cooking was greater than that from some of
the so-called cooked foods and even greater than that obtained from -

of the much advertised predig^sted foods; while the longer periods of
cooking, especially with the rolled oats and farina, rendered nearly as
great an amount of the dry matter soluble as was obtained from the best
of t.ie malted and cooked foods. It would certainly appear a!> though
some of these ready-to-serve foods would be the better of further cooking
before serving.

DiGESTiBiLrrv OP Breakfast Foods.

A knowledge of the composition of a food 's ."'^solutely necessary in

studying, or estimating, its nutritive value. But this is not sufficient, for
it is only that part of the food which is actually digested and absorbed

'Minnesota Experiment Station Bulletin No. 74.
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that Kfvei to uild tissue and c.rry on the life procesiei of the animiil
botfy. Therefore, to carry on the comparative atudy of the nutritive value
of theie food, further we determined the difreitibil[ty, or, as Dr. Atwater
prefers termlnsr It, the availability of the various food constituents con-tamed in them.

Practical experiments of this nature are surrounded by many diffi-
culties which it is not necessary to fully discuss at this time. Suffice it
to say that the necessity of having a large number of results to offset indi.
viduality, the separation of tho feces, and the arranging of a diet that is
simple enough for the purpose of the experiment, and, at the same time,
palatable, are among the chief difficulties in procuring reliable results
With reference to the last point, it may be stated that it is seldom possible
to have the experiment conducted with the single food under investiga-
tion, for the flow of digestive juices is somewhat influenced by the deirrec
with which the food is relished. A speciai food, such as any of those beinir
studied. If eaten day after day alone, may become so distasteful to the
subject of the experiment as to seriously interfere with normal digestion
or even to prevent the completion of the feeding period. On the other
hand, while it is necessary to mal<e the diet palatable, it must be simple
in order that the digestibility of the specific food under investigation may
be calculated. With the foods we studied, the addition of cream and
sugar, the digestibility of which are known, wns sufficient to make the
diet palatable for the full period of the experiment.

In carrying out our digestion experiments, healthy yourg men of
regular habits and taking a fair amount of exercise were used as subjects.
They were interested in the experiments and volunteered for the work
apd, consequently, willingly co-operated in every way to make the results
accurate and the experiments a success. The feeding period in all the
experiments was four days, and to offset ^he question of individuality,
each experiment was conducted in triplicate.

^

Briefly, a general outline of the plan of the experiments is as follows :

A definite weight of the food under investigation was cooked ; from this
each man was allowed to take as much as he wish d, an accurate account
being kept of the quantity taken, and at the end of the meal the remaining
potiion was weighed. From the weight of the dry meal taken and its
weight when cooked and the wei-rht of the portion eaten, it was possible
to calculate the weight of the original meal eaten by each man at each
meal, and, consequently, for all the meals throughout the four days of the
experiment. Care was taken to have the porridge for each meal cooked
alike, the time allowed for this purpose in all experiments, excepting some
which will be mentioned later, was 20 minutes from the time the bubbling
commenced. Each subject was allowed to use sugar and cream, of known
composition, to suit his taste, but an accurate account was kept of the
imount consumed. Knowing the composition of the meal, sugar, and
cream, and the weight of each used, it was possible to calculate the weight
of each constituent consumed. Before the first and after the last meal of
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the experiment each subject was given a heavy dose of lampblack in cap-
sules. This blackened the feces to such an extent that it was possible to
make a fairly accurate separation of that part derived from the food eaten
during the experiment. The lag of the lampblack on the wall of the
intestine did, in some instances, make the dividing point somewhat indis-
tinct, but in most cases it was quite clearly marked. The feces thus col-
lected were carefully dried, weighed, and analyzed, and the amount of
each constituent excreted calculated. Knowing the weight of each con-
stituent eaten and excreted, and assuming that what is not excreted is

digested and absorbed, we calculated the percentage digestibility of each
constituent.

Strictly speaking, the results thus obtained do not represent actual
or true digestibility, because the feces contain, in addition to the portions
of the food not digested, some other materials, such as digestive juices
and excretory products. On the other hand, these waste materials, or
metabolic products, may be considered as representing the cost of diges-
tion in terms of food ingredients. Consequently, while the figures arrived
at may be a little below the true digestibility of the foods, they do repre-
sent the amount of food available to the body—for what is lost in the
metabolic products must be replaced from the food.

The calculation of the amount of energy available to the body is a
little more complicated because all the food digeste<} and retained in the
system is not fully oxidized. In computing the total fuel value of the
food, we figured on the perfectly correct assumption that all the nutrients,
excepting ash, may be completely burned. In the body, however, the
protein digested is only partially oxidized, as a portion is excreted in the
urine as urea, uric acid, etc., compounds capable of further oxidation.

Consequently, in computing the amount of energy available to the body,
account must be taken of the fuel value of these incompletely oxidized
residual products of protein excreted in the urine. This may be done by
collecting all the urine for the experimental feeding period and determin-
ing the heat of combustion of the organic matter in it. But, in the
absence of any means of marking the urine for a given period, similar to

that followed in the case of the feces, the only other alternative is to collect

the urine throughout the experimental period and determine its fuel value.

This may or Tay not be equal to that which would be formed bv the

unoxidized n! rogen compounds from the food under investigation. A
much simpler method, and the only one open to us, is to calculate the
available energy. It has been found in a large number of experiments
conducted in Europe and on this continent that the average heat of com-
bustion of the organic matter of the urine corresponding to one gram of

digested protein amounts to 1.25 calories. + It is generally believed that

the energy of the urine calculated by this factor is reasonably accurate.

Consequently, the figures representing the per cent, of available energy

tStorrs Experiment Station Report, 1899, p. 100.-
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given in the following tables were obtained by multiplying the total num.
ber of grams of digestible protein by the factor 1.25, deducting the
amount got in this way from the calories representing the fuel value of
the digested portion of the food, dividing this by the number of calories
of heat got from the total food and multiplying by 100. This gives the
per cent, of the total energy of the food which is available to the body, or
the co-efficient of availability of the food.

To calculate the digestibility of the breakfast food alone, it is neces-
sary to know the digestibility of the several nutrients contained in the
tood fed with it. It will be remembered that cream and sugar only were
eaten with the cereal. As the digestibility of these has been determined
in many experiments, it was assumed that the averages of the results
obtained would represent the digestibility of the nutrients in the present
experiments. According to these results, 97 per cent, of the protein and
95 per cent, of the fat of cream, and 98 pc-r cent, of the carbohydrates of
cream and sugar would be digested ;J or, in other words, that 3 per cent,
of the protein, 5 per cent, of the fat, and 2 per cent, of the carbohydrates
would not be digested and should be found in the feces. By use of these
factors it is possible to calculate how much of the total feces should be
credited to the cream and sugar and how much to the breakfast food
experimented with. Having this data, it is an easy matter to figure the
percentage digestibility of each of the nutrients of the cereal alone.
Reference to the table showing this data reveals the fact that no figures
are given for the digestibility of the fat in the breakfast food alone. This
is because the amount of fat in the cereal is so small compared with that
in the cream that it was thought that any figures obtained would not be
reliable.

The data required to compute the available energy of the cereal alone
consists of the total fuel value of the cereal, the fuel value of the feces
for cereal alone, and the fuel value of the organic matter lost in the urine
from the incomplete oxidation of the protein of the cereal. By adding the
figures for the last two points together and subtracting the sum from the
fuel value of the cereal alone, we have the fuel value, or the available
energy, of the cereal alone, and by dividing this by the total fuel value of
the cereal and multiplying by 100, we obtain the per cent, of the energy
of the cereal available to the body. A full statement of the results of the

46 successfully completed experiments, figured out as above described,

furnished a mass of data which it has been found more convenient to place

in the appendix. The average results for each food, however, are given
in Table No. 6.

IStorrs Experiment Station Report, 1899, p. 86.
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Tablb No. 6 : Avbraok Percintaok DionriBiLmr of the Diffbbkmt NcTRiEim akd
Availability of Enbbgy of the Total Diet.

o

«

I'

Name of Food.

14
35
44
42
46
38
36
41
46
47
37
9

43
48

Total Diet.

Granulated Oatmeal
Standard Oatmeal

,

Tilbon'8 Pan Dried Oats
Quaker Oats
Ooldie's Farina

,

Steyens' Breakfast Food.
Wheat Germ
Rolled Wheat
Flaked Barley
Flaked Barley
(yommeal
Orange Meat
Force
Norka

Foods Alone.

14 Granulated Oatmeal
36 Standard Oatmeal.
44 Tillson's Pan Dried Oats.
42 Quaker Oats
46 Goldie's Farina
38 Steven's Breakfast Food.
36 Wheat Gfrm
41 Rolled Wheat.
46 Flaked Barley
47 Flaked Barley
37 Cornmeal.
0' Omnge Meat.
43 Force
48 Norka

No. of
Ezpta.

Organic
Matter.

Crude
Protein

.

Crude Carbo-
Fat. hydrates.

Heat of

Combus-
tion

Available.

3
6
4
5
6
2
3
8
2
3
2
2
2

3
3
6
4
5
6
2
3
3
2
3
2
2
2

93.1
96.1
94 9
94.8
96.6
96.2
96.4
93.6
94.

R

'•4.1

t>6.2

94.0
91.9
94.3

91.

96.
94.

94.

94.

94.
96.

91.

93.

92.
95.
91.

87.

93.

77.4
89.6
82.9
84.0
79.6
79.7
87.9
79.2
76.6
76.9
81.8
81.4
69.4
83.3

73.6
88.1
80.2
81.3
73.6
72.1
86.9
73.3
71.3
66.8
73.7
75.7
59.1
81

89.6
94.6
93.1
94.5
95.4
96.0
95.6
95.6
95.0
93.3
95.3
94.9
92.7
93.7

07.6
98.4
98.4
08.1
98.3
98.1
98.3
06.1
97.7
97.2
98.6
95.3
95.3
97.8

97.5
98.5
96.8
98.1
98.6
91.8
97.9
94.8
97.6
96.8
98.9
94.6
94.3
97.6

90.6
93.8
92.6
92.4
03.6
94.0
04.4
93.3
93.8
91.7
94.8
02.1
90.4
91.6

86.9
92.6
90.8
91.2
92.4
91.4
93.7
90.6
92.0
87.4
94.6
90.5
85.9
89.9

The foods used in the investigation, the sample number for reference
to Table No. i, and the number of digestion experiments with each are
as follows

:

Sample No, 14—Granulated oatmeal 3 digestion experi
35—Standard oatmeal 3
44—Tillson's Pan Dried Oatmeal... 6
42—Quaker Oats 4
45—Goldie's Farina 5
38—Stevens' Breakfast Food 6
36—Wheat Germ 2

41—Rolled Wheat 3
46—Flaked Barley 3

ments.
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Sample No. 47_Flaked Bartey 2 digestion experiments.
37—Cornmeal ^

•< ••

9—Orange Meat 2 " " '

43—Force 2 " ..

49—Norka 2 " "

All the foods excepting the last three were prepared by stirring the
meal mto boiling water and continuing the boiling for twenty minutes.The two samples of rolled oats and the two samples of farinas were also
cooked for eight hours and carried through digestion experiments. In
the following table the results obtained are averaged with those got from
the short cookmg period. Later on thr- results of the short and lonpcookmg periods will be discussed separately. The barley Sample No. 46
IS a new food, and is prepared by sprouting the grain, then drving. ard
flaking. The germination causes the breaking down of insoluble starch,
proteids, and even fat into simpler compounds, which are more readily
digested. Provided the germination has been allowed to proceed far
er >ugh. It would be very natural to suppose that *';is food would be more
easily absorbed. It is being highly recommended as a food for infants and
for people with weak digestion.

.. '^??5,.^*'°''f "l^s^'ts show that there is no very wide difference in the
digestibility of the foods investigated. In all the foods the carbohydrates
are the most thoroughly digested and the protein the least. Over 96 per
cent, of the organic matter of the total diet in the experiments with
standard oatmeal, wheat germ, and cornmeal was digested. The wheat
farinas are next in order, with the rolled oats and flaked barleys following'
closely. Force stands at the bottom of the list with 91.9 per cent of
the total organic matter digested. The differences in thf availability of
the heat of combustion, or energy, are also comparatively slight, and the
foods rank in approximately the same order as in the digestibility of the
organic matter. '

The second part of the table gives the percentiij,'e digestibility of the
different nutrients of the foods alone, calculated in the manner described
earlier. Here again there is no wide difference in the amount of the vari-
ous nutrients absorbed by the body and the foods rank in about the same
order as when the total diet was considered.

Taking the results as a whole, it is apparent that the nutritive value
of the oat. wheat, barley, and corn products is nearly equal. The granu-
lated oatmeal is apparently not as well digested as the standard form.
This may be due to the fact that the latter generally contains more of the
germ of the grain than the former. The two preparations of rolled oats
are practically equal in digestibility and in availability of the enerory
This is also true with reference to the farinas, but the wheat germ, wWch
was a good sample and true to name, is of slightly greater value than
the farinas, and much superior to the rolled wheat, ft is evident that of
the two samples flaked barley No. 46, the one that was germinated in its
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preparation, is slightly the better digested. • The carbohydrates of corn-

meal were very completely digested, and this food fully sustained

its reputation as a good energy producer. Apparently the malting or pre-

digesting to which Orange Meat, Force, and Norka have been submitted

in the preparation process has not improved the completeness of their

absorption. Even the carbohydrates, which would be the most affected

by the previous treatment, are not so completely digested as in the other

foods. Of these three foods, or, in fact, of all the foods experimented
with. Force has given the poorest results. It will be remembered that in

so far as the efficiency of the malting and cooking process can be measured
by the solubility of the organic matter of Force, a wheat product, it was
not equal to that produced by cooking wheat farinas for twenty minutes;

and it is quite possible that this comparatively poor preparation has

affected its digestibility.

There is one important factor, namely, ease of dipestion, that has

not been taken into consideration in the above discussion. All work done

in the body must result in the expenditure of a certain amount of energy,

and, consequently, while two foods may be equally completely digested,

one may be more easily acted upon by the digestive juices, and, as a

result, a greater amount of the total energy would be left for the produc-

tion of new material or for work. We have no way of measuring the

energy expended in doing the work of digestion, and, therefore, cannot

give figures on this point; but it seems fair to assume that two foods

prepared from the same kind of grain and cooked to the same extent,

and of practically the same composition, will require an equal amount of

energy to carry out the work of digestion. Thus, two samples of rolled

oats prepared in the same manner and cooked for the same length of time

would probably require an equal amount of energy in digestion. If,

however, the preparation of the foods for consumption had increased the

solubility of the nutrients of one food more than the other, it would

probably be more easily digested. Thus Norka contains, according !o

our determination, 28 per cent, of soluble matter, while rolled oats, after

cooking twenty minutes, contains nearly 15 per cent. But when the

cooking process was continued for five hours, the solubility of the oat-

meal was equal to that of Norka, and probably the enert^y of difji sfion

would be about equal. It would be equally correct to argue (hat as

Force contained only 17 per cent, of soluble material and wheat farinas

cooked twenty minutes 27 per cent., the former would require a greater

expenditure of energy to digest it than the latter. If this be true, then

Force not only is less completely digested, as shown in the above table,

but it also required the expenditure of more energy to do the work of

digestion and thus the nutritive value of the food would be still further

decreased.

But while we cannot measure the ease with which the digestion of

foods is accomplished, we can, to some extent, estimate the rapidity of

•"u.
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the process. Snyder* has shown that when a definite amount of two lots
of oatmeal were cooked for periods of thirty minutes and four hours
respectively, and treated with an equal quantity of malt, 6. i per cent, of
the starch of the oatmeal cooked for the shorter period, and 20.3 per cent
of that cooked for the longer period, was found to be digested at the
end of ten mmutes. Gudeman.f workinsr alonp the same lines as Snyder,
excepting that he used sfiliva and pancreaHn instead of diastase of nalt
as the dig-estion agents, "found that the raw cereals, if sufficiently oooKed
were as quickly digested as the best malted ceronls, more quickly tl-an
prepared (cooked) cereals and a large majority of the so-called malt.-d
cereals.

Ease and rapidity of digestion are probablv closelv associated for it
IS natural to assume that if a food is rapidly digested it will be done with
the expenditure of less energy than if it required a long time. This is a
point of con.siderable importance, especially to those who arc inclined to
be dyspeptic. From the data presented, it is evident that the ready-to-
serve foods are no more completely digested than the raw foods when
properly cooked; and, if we may judge from the percentage amount of
soluble matter in the different foods when ready to serve, they are no
more easily or rapidly digested.

DiGESTIBII.ITV OF FoODS, AS INFLUENCED BY ShORT AND LoVC PERIODS
OF Cooking.

It is quite generally stated that when oat meals, farmas, etc are
cooked for a long time they are made "more digestible." Data has been
presented in Table No. 5 which show that the solubility of these foods
IS increased by the longer periods of cooking. Consequently, as ;irgued
above, they would be, as commonly expressed, "more digestible" in the
sense of ease and rapidity of digestion. To ascertain whether this would
be accompanied by a greater absorption of the several nutrients, we
cooked two samples of rolled oats and two samples of farinas foi tuentv
minutes and for eight hours and carried through digestion experiments
in the same manner as previously described. To overcome the influence
of individuality in digestion, the same men were used as subjects of the
experiments with both methods of cooking, and all the conditions were
kept as uniform as possible. The only exception to this was in the case
of Sample No. 45, where two men were unable to go on with the second
part of the experiment. The results obtained in this work, calculated
to percentage, are given in the following table:

•Minnesota Eiperiment .«?tation Bulletin No. 74, p. 133.

tJournal American Chemical Society, Vol. 1Q, p. 321.
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Name of Food.

44

42

46

38

No. of
dige«-

I

Organic
tion

I
Matter,

ezpts.
{

Crude
Protein.

Crude
Fat.

Carbo-
hydrates.

Heat of
Combus-

tion.

Total Dibt.

Tilleon's Oatmeal :

Short cooking
Long cooking

Quaker Oats

:

Short cooking
Long cooking

Farina

:

Short cooking
Long cooking

Steven's Breakfast Food
Short cooking
Long cooking

44

42

45

38

Bbkakfast Food Alomi.

Tilleon's Oatmeal

:

Short cooking
Long cooking

Quaker Oats :

Short cooking
Long cooking

Farina

:

Short cooking
Long cooking

Steven's Breakfast Food :

Short cooking
Long cooking

3
3

1

3

2
3

3
3

3
3

1

3

2
3

3
3

04
95.

94.1
96.0

96.0
96.2

96.0
96.4

93.2
94.8

93.2
94.3

95.7
93.9

93.6
94.6

80.4
85.3

82.5
84.5

80.7
78.8

77.9
80.8

77.7
82.6

80.9
81.4

76.0
V0.6

71.3
72.9

92.1
94.1

92.8
96.1

95.6
96.2

94.3
96.7

98.

98.

97.6
98.2

98.6
98.2

98.1
98.0

98.3
98.7

97.6
98.3

98.6
!»8.4

98.1
98.0

91.9
93.2

89.6
93.3

94.2
93.4

94.1
93.8

80.8
91.8

89.4
91.7

03.3
91.6

90.

92.

percentage availability of the enercTr It U «,orf(,^ c 1 I .

expcnments with short cooking of Quaker Oats were lost With Z
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91.9
93.2

89.6
93.3

94.2
93.4

94.1
93.8

89.8
91.8

89.4
91.7

93.3
91.6

90.7
92.1

farina, only one subject went through both experiments, and two new
subjects were broiiffht into the second part of the digestion experiment,
thus somewhat destroying^ the value of the results.

One point worthy of special notice with all the foods is that the long
cooking has not increased the percentage digestibility of the carbohy-
drates materially, and that the chief difference is found in the protein
column. This is especially true with the oatmeals. On page 30 it was
shown that long cooking increased the solubility of the proteid bodies
of these materials, and this has doubtless influenced their digestibility.
It will be remembered that twenty minutes' cooking rendered about twice
as much of the total solids of wheat meals soluble in water as with the
oatmeals. Apparently this has not increased the completeness of the
digestion of these foods, although it may have rendered them more easily
acted upon by the digestive juices.

It is true that the percentage increase in the digestibility of the
foods when cooked for the longer period is not very large, and possibly
the additional amount of nutrients represented would not be sufficient to
warrant the longer cooking ; but it must be remembered that the amount
of energy required to digest the food will probably be lessened, and the
palatability of the food will be improved. In general, it may be argued
from the results presented that the longer cooking slightly improved the
completeness of digestion, and probably ease of digestion and palatability,
making them good nutritious foods, even for those with weak digestion

.
powers. This is especially true of the oatmeals.

Pai.atabimty.

Thorough relish for food is without doubt a factor which must be
taken into consideration when we come to deal with digestibility. The
secretion of the digestive juices which attack the ingested materials is

largely under the control of the nervous system, and, therefore, it is rea-
sonable to believe that the enjoyment of eating stimulates the secretory
power of the glands which furnish them. No energy or nutritive value is

added to a food by reason of its agreeable Havor or tasty appearance, but
the amount of it which is finally appropriated by the body for the pur-
pose of no"-='5hment may be greatly increased thereby. It is held by
some persons that dyspepsia is often contracted by reason of partaking
of food which i? not wholly relished, even though it is highly nutritious
and well cooked. Palatableness of a food, therefore, determines to a
great degree the amount of nutrients which will be extracted from it by
the digestive organs. When anticipation alone sometimes "makes the
mouth water," the potence of this factor is clearly and practically demon-
strated.

These foods are rendered palatable by processes of parching, boiling,
malting, and, in some cases, by the addition of other materials. That
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Tabli No. 8
:
Number or Ghami or DuiMTiBLt Protkin, CARBOHVDBATRi, and

NvMBBR or Calorim rROM 10 CiMTB Worth or thi Fooim*.

(iranulated Oatmeal . .
.

' In bulk 7
Kulled Oat« "

7

,
In parkaftea 2 "

Farinaa In bulk ;fl

In packafffH 2 "
Wheat Germ In bulk 7 "
Rolled Wheat "

fi

„, ,
"

.
I

In packages 2 Um. 13 ozs.
Flaked Barley In bulk 2 Um. for
Cornmt'al

\

" n "

In pa(:kageH 3 "
Orange Meat "

j20 ozs. for
Force

|

" l]8 '•

Norka "
ii>2 "

White Bread
Entire Wheat Bread . .

.

Graham Bread

In loaf 2i lljs. for

II ::

26c
2oc.

10c.

25c.

16c.

26c.

25c.
15"

25c.
I

10c, i

15c.

16c. I

15c.!

10c.

10c.

10c.

HA.

3

127.1
«0,»
75.9
41.8
118. t»

73.9
67.8
69.

U

70.1
02 6
2H.9
18.0
48.5
90.4
71.5
73.7

Grama of

digentiblf

C'arla;-
CaloriM

liydrateB.

I

M85.1
1

4,922
874.1 4,916
«24.1 3,610
84 MS.

3

3,860
448.0 2,146
950.5 4.801
793.4 3,784
619.8 2,964
«K3.1 3,036
1176.1 6,316
1049.

2

4,746
279.3 1,341
219.0 1,010
282.7 1.578
646.8 2,817
473.3 2,418
443.7 2,322

From the above figures some very interesting conchision.s may be
drawn. Obviously ten cents' worth of rolled oats, when sold in bulk, will
furnish more digestible protein than any other food on the list ; granulated
oatmeal and wheat germ are practically alike and stand second in order in
this respect; while malted or "predigested" foods supply the smallest
quantity. In digestible carbohydrates, cornmeal stands first, wheat germ
second, and the oatmeals third, with the malted foods again at the foot of
the list. In the last column, which gives the energy value of the digestible
matter of ten cents' worth of the foods, cornmeal ranks first, furnishing
400 calories of heat more than the oatmeals, which some second in order,
and 455 more than wheat germ ; while the same amount of money expended
on Force will purchase food capable of producing only 1,010 calories of
available energy, which is 4,306 less than that of cornmeal.

It may be argued that, as the "predigested" foods are sold in pack-
ages, they should be compared with the other foods put up in the same
manner. When this is done, the differences in the energy values are not
so wide

;
but, while there is a comparatively narrow margin between such

farinas as Cream of Wheat, Meat of Wheat, etc., there is so much more
protein and energy obtained from corn and oat meals that they arc still
very much cheaper. In this connection it is worthy of note that the goods
sold in packages are very much more expensive than when sold in bulk.
In the case of the farinas, only a litle over half the nourishment would be
obtained from the same money expended on package foods as when bought

m
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in bulk. In the case of cornmeal the difference is not nearly so wide, but
frequently the price of the meal sold in bulk is less than that given, some-
times as much as lo pounds are given for 25 cents. The foods commonlv
sold in the package may be cleaner and more conveniently handled, but if
they can be procured from a dealer who strives to keep them clean and.who IS selling sufficiently large quantities to insure a comparatively fresh
•upply, It 18 doubtful if very much is gained by purchasing them in thismore expensive form.

In justice to the cooked and malted foods, it is only fair to poitit out
that these foods are ready to serve, and, therefore, no expense is incurred
in preparing them for the table. It is hardly possible to compute what it
would cost under ordinary circumstances to make porridge from the oat
or wheat meals; for, in many cases, they are cooked ovrr wood or coal
fires and along with the other cooking. Where a special fire is required,
the cost of preparing the food will, to some extent, comprnsatc for the
difference in the original cost of tht goods.

The data presented in the above iable seem to cleariy show that corn-
meal is the most economical heat producer of the cereal foods. If the
meal were used unbolted and the germ retained, it would be of even
greater value. The oatmeals are nearly equal to the commeals in furl
values and contain much more of the proteids, or muscle-forming ma-
tw-ials, and more ash, which is so necessary for the formation of bone.
ITie oatmeals are also superior to the farinas, rolled wheat, and flaked
barley m protein and carbohydrates and in fuel value. Wheat germ
um" 'VV"* *° "^"'*' " ^ valuable food. In general, it is true that!

while all the breakfast foods are good nutritious materials and that each
of these foods have some quality which is specially prized by th* indi-
vidua! using it, no breakfast food on the market will furnish so much
actual nourishment for so little money as oatmeal. Another point brought
out in the last table is that corn, oat, wheat, and barley meals, when sold
in bulk and thoroughly cooked, are cheaper sources of digestible nPtritnts
than bread.

Summary.

Although there is such a iarjie number of breakfast foods on themarket, they are practically all made from five kinds of cereal grains The

»t,?,.'"^^T'*^
°.

those used in this country are n.ade from two, oats andwhea
,
and nearly all of the ready-to-serve type are prepared f^m one-

T\. r
'=•'^'"'5^' composition of the various foods shows that themethod of preparation has not materially altered the proportion of the

different nu nents of which they are composed, and that thev correspondsomewhat closely with the grain from which they were made." The exceo-
tions to this are that in the oat products the amount of crude fibre hasbeen reduced by removmg the hull, and that in preparin,r the finer erades
of cornmeal. the bolting process removes a portion of the fat Whole



wheat has about the same amount of crude fibre as the prepared oatmeals,
but the farinas have a part of this removed. Many persons consider that,
since the bran layria of the wheat contain so much protein and ash ma-
terial, they should be retained, even if the presence of the associated
crude fibre ooes decrease the digestibility of the food. There would prob-
ably be some reason for this contention, especially when fed to young
people, if these farinas formed the whole of the diet, but the ordinary
mixed diet probably furnishes all the miner'>l matter which a healthy per-
son requires. Moreover, the presence ot crude fibre may injuriously
increase peristaltic actio i, although, for this reason, it may be useful in
cases of constipation. The breakfast foods prepared from oats are rich
in protein and fat, and those of corn are rich in carbohydrates and poor
in protein and fat. Rice is poor in protein and ash and rich in carbo-
hydrates, containing very little crude fibre; while harlcy contains a fair
proportion of all the nutrients, without an undue proportion of crude fibre.

The proportion of the " ..rious constituents of the different forms of
breakfast foods digested does not differ very widely. Even the so-called
"predigested" foods are not more completely digested than the others.
What difference there is would go to show that they are not so fully
absorbed as the oat and wheat meals when properly cooked.

Thorough cooking is r.n important factor with starchy foods, and,
consequently, with all the foods under discussion. It not only makes the
foods more palatable, but it also breaks down the walls of indigestible
fibre which surround the starch granules and the other nutrients, and in
general produces changes which render the food more susceptible to the
action of the digestive juices, thus probably increasing the ease and
rapidity of diget ion. From the results obtained in our work, it would
appear that the farinas do not require so long cooking as the rolled
oats or cornmeal. Further, judging by the solubility of the organic mat-
ter, some of the much advertised prepared foods are not so well cooked
as might be desired ; for, while twenty minutes' cooking is not considered
sufficient to properly prepare oatmeal porridge, it is found at the end ot
that time to contain more soluble matter than some of the prepared cooked
foods, and nearly as much as some of the cooked and malted preparations.
Farinas cooked for the same length of time were, with one exception,
about as soluble as all of the so-called "predigested" foods examined.
The percentage amount of soluble matte, in a food may not form an
absolutely correct basis for judging the efficiency of the cooking or malt-
ing process; but, as these processes tend to render certain parts of the
food soluble, it certainly gives us a good basis of comparison. If this lie

true, we are right in concluding that some of the prepared foods should
be further cooked before serving.

As regards palatability, one food does not seem to have much advan-
tage over another. The mere fact that all are bought and used is sufficient

evidence that they are palatable. Certain foods may "agree" with some
people better than others. That is, after all, a matter of individuality and

3 Bull. i6a
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each person must chooM fo \mttU : but with the great majority of people

who use breakfast foods jlirly, it ia doubtful if the newer "malted" or

"predigeited" foods lure tasty or palatable than the older-fashiuned

oat and wheat porr.«i„ •.

The cost of the numerous kinds of breakfast foods varies widely.

The price per package may not be very different, but there is a wide

difference in the actual weight of material in the package of the different

brands of these .'oods, and this, together with the differences in compo-

sitton and digestibility that exist, is sufficient to render the actual nourish-

ment obtained from some foods very much more expensive than others.

In many cases the market price has very little connection with the nutritive

vah J, or even with the cost of the materials and preparation. The un-

cooked oa», wheat, and corn meals, especially those bought in bulk, are

the cheapest per pound, both in weight of nutrients purchased and in the

amount absorbed by the system. It is possible that the cost of cooking

may be sufficient to materially offset this advantage; and that the con-

venience of the ready-to-serve foods may compensate for the higher cost.

These considerations must, of course, vary with circumstances, and each

person must decide them for himself.

In general, it may be stated that the various forms of breakfast foods

on the market are all wholesome and nutritious fotx'i. At present prices

the uncooked oat, wheat, and corn meals are among our most economical

sources of putricnts and energy, and, taking everything into consideration,

it is probable that oatmeal ranks highest among these. It may not

"agree" with everyone, but for those who can use it, there is no break-

fast food which combines high protein content and energy producing

qualities so well as oatmeal. The reason that prepared breakfast foods

are more expensive is evidently not because they contain any mii i nourish-

ment, but because of the way they are prepared, the manner they are put

upon the market, and the cost of advertising. A curious name or appear-

ance or a mysterious process of preparation, does not give them the

extraordinary food value sometimes claimed. They may have a place in

a hurry-up breakfast, but where economy is considered, there is nothing

in the composition, digestibility, or palatability of these high-priced "pre-

digested" foods to justify the extravagant price asked for some of them.

Conclusions.

1. The various foods agree in composition with the grains from

which they are made.

2. The oat products art richest in protein and fat and poorest in

carbohydrates; the corn and rice foods are lowest in protein and highest

in carbohydrates; while wheat and barley materials stand between the

oat and corn products in composition, but more nearly correspond with

the former.
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3. The ready>to*wrve foods contain more wluble matter than tht

uncooked wheat, oat, and com meal», but when. these latter foods wer*
cooked they were ntoie soluble than some of the former class of foods.

4. >'he solubility of the ready<to-8er\-« foods varied from 13.7 to 44.9
per cent, of the food, and this aoluble part is composed principally of
carbohydrates.

5. The oatmeals increased in solubility on cooking, up to eight hours,
while with wheat meals, or farinas, no perceptible increase was noticed
afte 'vo hours, solution being apparently due to insoluble starch being
changed into soluble forms.

6. The digestibility of the various constituents of the different types

of breakfast foods did not vary widely. Proteids vaiied most in this

respect and were least digested in the ready-to-serve foods.

7. The carbohydrates of the so-called "predigested" foods were no
better digested than those of the other foods.

8. The digestibility of oat and wheat meals was but slightly increased

by prolonging the cooking from twenty m)nutes to eight hours, although

the longer cooking in(?reased palatability and probably ease of digestion.

g. The corn meals are the cheapest energy producers, but, taking

other points into consideration, oatmeals are the most nutritious and
economical ; while the ready-to-serve foods are the most expensive.

10. Foods purchased in packages are much more expensive than

those bouffht in bulk.

11. The older forms of breakfast foods, especially when sold in bulk,

are among our cheapest food.
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APPENDIX.

DETAILS OF DIGESTION EXPERIMENTS.

The sample numbers of the breakfast foods experimented with are

given in order that the source and composition of the foods may be traced

in Table No. 1. The initials of the subjects of the expeHments are also

given so that the influence of individuality in digestion may be traced.

The results of the digestion experiments are presented in much the

same manner as employed by Dr. Atwater in his publication on Experi-

ments on the Digestibility of Cereal Breakfast Foods, in the Sixteenth

Annual Report of the Storrs Agricultural Experiment Station, 1904. Three

digestion experiments were made with each food, and the detailed results

of each experiment and the average co-efficients of digestibility ofeach food

are given in the following tables.

The method of calculating the results have been fully explained in the

previous part of the bulletin and need not be repeated here.

187]



8H

TABLES SHOWING DETAII^ OF DIGESTION EXPERIMENTS.

i

pi

GrantUated or Pin Head Oatmeal
(Sample No. 14).

Total
Organic
Matter.

Protein.

Experiment No. 1. Subject : F.A.C.| Gms.
\

Food materials—oatmeal 1,280. 001
cream 314.89]
sugar 300.001,

Total 1 1,894.891

GniB.
176.82
28 89

Feces from total food
" " cream and sugar . .

.

" " oatmeal alone
Amount digested from total food

" " " oatmeal alone
Energy of urine from total food

.

" " " " oatmeal alone
Co-efficients of digestibility

Of lotal food.
" oatmeul ul< >ne

Experiment No. S. Subject: W.J.H.
Food materials—oatmeal

cream
sugar
ToUl

180.661

1,714.24

205.71

61.29
.86

60.43
144.42
116.39

Fat.
Carbo-

hydrates.

Gms.
87.37
264.00

Heat of

Combus-
tion.

361.37

60.27
13.20

301.10

per cent . per cent

.

90.5 70.2
87.4 65.7

Feces from total food
" " cream and sugar
" " (latmeal alone

Amount digested from total food
" " " oatmeal alone}

Energy of urine from total food . . . i

M " " " " ratmeal alonei

Co-efficients of digestibility

Of total food
" oatmeal alone

Gms.
1,075.50
314.89
300.00

1,690.39

118.02

1,571.47

iper cent
'

92.9
90.8

Experiment No. S. Subject: C.B.T.i Gms
Food materials—oatmeal 890.50

cream 314.89
sugar 300.00
Total 1,505.39

Gms.
140.60
28.89

percent
86.7

Gms.
69.47
264.00

160.49 333.47

40.42
.86

39.56
129.25
101.04

34.48
13.20

298.99

per cent
76.3
71.9

Gms.
123.10
28.89!

percent
89.6

Gms.
992.99)
22.001

300.00
1,314.901

43.47
6.44
37.03

1271.52
955.96

Cals.

6,927
2,716
1,230

9.873

1,007
164
853

8,866

percent
96.6
06.8

Gms.
789.46
22.00

300.00
1,111.46

28.57
6.44
22.13

1.082.89
767.33

Gms.
60.79
264.00

Feces from total food
" " cream and sugar
" " oatmeal alone

Amount digested from total food .

.

" " " oatmeal alone
Energy of urine from total food . .

.

" " " " oatmeal alone
Co-efficients of digestibilitv

Of toUlfcod
" oatmeal alone

63.02

1,442.37

per cent
95.8
95.2

161.99

21.77
.86

20.91
1S0.22
102.19

324.79

20.43
13.20

304.36

percent
85. 6i

83.0

per cent
93.3

percent
97.4
97.2

Gms.
690.80
22.00
300.00

1,012.80

12.90
6.44
6.46

999.90
684.34

181
146

percent.
87.9
^.2

Cals.

4,713
2,716
1,230
8,660

676
164
622

7,983

per cent

.

98.7
99.1

162
126

percent.
90.3
86.0

Cals.

4,124
2,716
1,230
8,070

371
164
217

7,699

163
128

percent,
93.4
91.6

Average co-efficients of digef>tibiiity i per cent . per cent

.

Of total food I 93.1 77.31
" oatmeal atone i 91. l! 73. 6i

ptTcent.
89.6

percent.
97.6
97.5

percent.
90.6
86.0

Hi
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Tables Showinq Dctaiu of Digestion Exi'bkiments— Conhr.urd.

Mid Cut ' Standard Oatmeal

(Sample No. 36).

Experiment No. 1. SubjiCt: W.J.H.
Food inata rials— oatm al

cr am
sufiar ,

Total
Oritanic
Matter.

(iiiii-.

953.41
202.11
300.00

Total 1,465.52

61.43
I.

1,394.09

Feces from total food
" " cr a II and sugar .

" " oatmeal alone

Amount digested from total food .

.

" ' " oatmeal alone

Energy of urint- irom total food . .
.

;

" " " " oatmeal alone

Co-eflScient8 of digestibility ', percent

Oftotolfo-d
j

95.8
" oatmeal alone I

95 .

1

i

Experiment No. S. Subject: F.A.C.j Gme.
Food materials—oatm al 1,125.45

cream t
255.01

Migar
i

300.00
Total

I

1,680.46

Protein. Fat.
I
Carbo-

I
hydrates.

(ims.
136.10
21.10

Gms.
;

70.37
163.00

157.21 233.37

16.86
.63

16.23i

140.36
119.87

14.16,

8.15;

219.21!

Gms.
i

728.20:

18.00
300.001

1,046.20

14.93!
6.36i

8.57!

1,031.27
719.63.

perc nt. perctat.! percent

i 60.20Fee I from total f od
" " cream and sugar
' " oatmeal alone '

Amount digested from total f od . .
|

1,621 .26
'• " " oatmeal alone!

Energy of urine fr*^"- total t < d . . .
|

" " " •itmeal alone i

Co-efficients of

Ot total foo
" tatmenl a.

.'ity

Experiment No. S. Subject; C.B.T.

Food materials—oat eal

cr; am
sugar .

.

Total.

Feces from total food
" " crea and sugar
" " oatmeal alone

Amount digfsted fr- -i total food.

.

" " atmeal alone

Energy f urine from total f(od..
" " " " oatmeal alon

Cn-efficiente of digest.' >>lity

Of total f od
i

" I atme il alone I

percent.
96.5
96.2

Gms.
673.42
234.80
300.00

1,208.22

89.3
88.11

Gms.
160.65
27.91

93.9

Gms.
I

83.07!

203.00,

188.56 286.37

20.29
.83

19.46
168.27;

141.19

15.44
10.15
6.29

270.93

percent.
89.2
87. 9i

Gms.
96.12
25.80

98.lt

W.8

Gms.
I

859.61'
23.80i

300.00
1,183.41:

14.68|
6.46!

8.12
1,168.83
860.49,

percent.
94.6

Gms. i

49.71!

187.00

121.92 236.71

47.72

1,160.50

11.91
.77

11.14
110.01
84.98,

10.84
9.15

225.89

percent.
98.8
98.9

Gms.
514.37
22.00
300.00
838.37

17.87

6.44
11.43

818.50
602.94

percent, percent, percent, percent.
1)6.1 90. i! 95.4; 97.9;

95.3 88.4 1 87.8

Heat of
Com-

bustion,

Cals.

4,443
1,714
1,230

7,387

292
102
190

7,095

i75
150

percent.
93.7
92.3

Cals.

5,246
2,161

1,230
8,626

323
121

203
8 303

'

'2i6

17«
percent.

93.8
92.8

Cals.

3,187
1,973
1.230
6,340

244
118
136

6,096

i38
106

percent.
93.9
92.7

Averase co-efficiente of dig stibility per cent per cent . per cent per cent
.

j

Of total food 96.1 89.6 94.6 98.4,

" oatmeal alone 95.6 88.1 98. 6i

percent.
93.8
93.6
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Tarlkn 8HowiK(i Oetaiu* of Diuewiiom Kxi-kkimksts— (Vmfi»i««<V.

Short Cooking T.IUo'i'.Oatm.al. o'^'^.^ p^„,^i„
(Sample No. 44.)

Matter.

Experiment No. 1. Subject: C.B.T. Ginn. Gnic.

Food materiali—oata 1,270. 60i 167.67

cream 326.(W 28. »4

BUftar 300.00
Total 1.896.69 196.01

Fat.
Carbo-

hyilraies.

I Heat of

]

Conibue-
I

tioii.

Cims. Cals.

979.80! 5,935
27.00i 2,796
300.00 1,230

370.55' l,306.80i 9,961

99.80
270.75

Feces from total food
" " cream and engar
" " oats alone

Amount digested from total food
" " " oats alone.

Energy of urine from total foo«l .

.

" " " oatB alone..

Co-efficients of digestibility

Of total food
" oats alone

120.60

1,776.09

Subject : K.

per cent.

93.7
92.1

Experiment No. : dudjcci : iv. q
G.McK.

Food materials—oate I 1,311 .30

cream 331.78
sugar 300.00

Total 1.943 58

Feces from total food
" " cream and sugar
" " oats alone

Amount digested from total fond .

" " " oats alone.

Energy of urine from total food .

.

" " " oats alone..

C!o-efficients of digestibility

Of total fowl
" oats alone

97.00

42.74
.85

41.89
153.27
125.78

33.86
13.54!

336.69

24.49
6.54
17.95

1,282.31
961.85

668
158
600

9,303

percent, perivnt.l percent.
78.2 90. 9| 98.1
75.0

!
98.1

Gms.

173.06
28.90

Gms.

103.00
276.13

201.06 379.13

1,846.58

per cent.

95.1
94.2

31.53
.87

.30.66

170.43
142.40

26.56
13.80

3.52.57

Gms. i

1,011.801

27.75!
300.00'

1.330.55J

21.66i
6.56;

16.10
1.317.89!

996.701.

Rrperiment No. .1. Subject: F. A. C. Gn>9.

Foot! materials—oate 1,306.80
cream 326.09
sugar 300.00

Total 1,932.89

j>er cent.

84.4
82.3

Gms.
172..39
28.34

per cent. per cent.

93.0 98.4

I

98.5

Gms.
102.66
207.75

200.73 373.40

Gms. <

1,007. 50j
27.00'

300. OOi

1,334.601

192
167

per cent.

91.4
88.8

Cals.

6,127
2,8.52

1,230
10.229

522
161

361

9,707

2i3
178

per cent.

92.8
91.2

Cals.

6,102
2,210
1,230

9,542

Feces from total food 115.40 42.73 28.36, 24.91 618
" cream and sugar .84 10.361 6.54 128

" " oats alone 41.89 18.01 18.37; 490

Amount digested from total food . . 1,817.49 158.00 345.04' 1,309.69 8,924
' oatsalone ' 130.40 84.641 989.13;

Energy of urine from total food ... 198
" " " oato alone

j

• 163

Co-efflcients of digestibility per cent.i per cent per cent.i per cent, i per cent.

Of total food " 94. Si 78.7 92.4 98. li 91.4

" oats alone .^ . .

.

»3.4| 75.7 1 98.2 89.3

Average Co-efficients of digesti-

bility

Of total food
" oatB alone

I>er cent
i

per cent, jier cent, per cent. 1 per cent.

94. 4| 80.4 92.1 98.2 91.9
93.21 77.7 98.3 89.8
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Tabln Rrowino DrrAiu or Dir.nriON ExPEUMCNTt*

—

CotUinufiL

Lunij Omkinij Till»<m'ii Oatmral.

(Sample No. 44.)

Total
i

Onnnic i Protein.
Matter.

I

Fat.
Carbo-

hydrate*.

Exjirrimenl No. 1. Subject: F. A.C. Gms. I

Food materialB—oats 1,178.001

cream 373.75!

sugar 300.00
Total 1,861. 76i

Oms.
165.40
37.25

F«H!e8 from total food
*' " cream and sugar
" " oa^s alone

Amount digested from total food .

.

" " " oats alone..

Energy of urine from total food . .

.

" " " oats alone...

Co-eflicientB of digestibility

Of total food
" oats alone

89.40;

ExpMmeiil No. t. Subject C.B.T.

Food materials—oats
cream
8u«ir . .

.

Total

1,762.36

per cent.

B5.7
94.4

Gms.
1,190.30
373.75
300.00

1,864.05

87.00

1,777.05

Feces from total food
" " cream and sugar
" " oats alone

Amount digested from total food
" " " oats alone

Energy of urine from total food . .
.

'

" " " oats alone ...
I

Co-efl5cients of digestibility
|

per cent.

Of total food
j

95.3
" oats alone 94.6

192.66

32.25
1.12

31.13
160.40
124.27

Gms.
92.63
306.50

per cent.

83.2
30.0

Gms.
157 00
37.25

401 "3;

23.62
16.42i

'377!4ii

Ums.
908.41
28.00

300.00
1,236.41

17.96
6. 50
11.40

1,218.46
897.01

per cept.

94.1

Gms.
93.51
308.60

194.251 402.01

.Experiment No. 3. Subject K. G
McK.

Food materials

Gms.
oats

I

1,282.40

cream 373

sugar...
Total.

Feces from total foo«l
" " cream and sugar

—

" oats alone
Amount digested of total food .

.

" " " oats alone.

.

Energy of urine from total food
" " " oats alone

Co-efiicients of digestibility

Of total food
" oats alone • . __

^f

27.28
1.12

26.16
166.97
130.84

26.39
15.42

375 !62

per cent
98.5
;»8.6

Gms.
917.96
28.00

300.00
1,246.95

18.87
6.56
12 31

1,227.08
905.64

per cent, per cent, per cent.

86.9 93.4 98.5

83.31
i

98.7

Gms. I Gms.
169.19 101.72
37.25 308.50:

300.00
1,956.15

82.50

206.14' 410.22

1,873.06!

27.48
1.12

26.36
178.96
142.83

20.73
16.42!

389.40;

Gms.
988.80
28.00

300.00
1,316.80

19.35
6.56
12.79

1,297.45
976.01

Heat of

Combus-
tion.

Culs.

6,602
3,204
1.230

9,936

484
174
310

9,462

201
165

percent
93.0
91.6

Cals.

6,660
3,204
1,230

9,994

484
174
310

9,610

209
164

per cent.

93.1
91.5

Cals.

6,998
3,204
1,230

10,432

434
174
260

9,998

per cent, per cent. i)er cent, percent.
'

<%!! ol L,a r aA a OQ f
95. 3|

95. 3|

86
84

94.0 .6

98.7

224
179

per cent.

93.6
92.6

Average Co-efflc'enta

bilitv.

Of total food
" oats alone

digesti-j^g^
cent, per cent, per cent, per cent.j

95.4 85 3 94.1 98.6|

94.8 82.6, i.7

per cent.

93.2
91.

g
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iABLB HHowiNd DwTAiiM or DiGWTiON ExnMUKim—ConlmHfd.

i\.

Shorl Cooking Quaker fMU.
(Sample No. 42.)

Total
Organic
Matter.

Eiperiment Nu. I. Sabject: J.B. .
.< Gms.

Food materiali—oata 1,896.70
cream

[

387.96
Bumr i 300.00

Total 2,584.66

Fenea from total food
** " cream and sugar
" " oats alone

Amount digested from total food

.

" " " oats alone.
Energy of urine from total food .

.

oats alone

.

C!o-effirient8 of digestibility

Of total food
" oats alone

E'j>erimmt$ No». 2 and S loat.

162.20

2,432.46

Protein. Fat.

Qms.
273.36
30.21

per cent.
94.1
93.2

303.67

63.02
.90

62.12
250.66
221.24

per cent
82.5
80.9

Gms.
160.18
330.26

480.43

34.73
16.60

445.70

per cent
92.8

Carbo-
hydrates.

Gms.
1,435.80

27.50
300.00

1,763.30

40.71
6.56
34.26

1,';22.50

1,401.54

Heat of
Com-

bustion.

per cent
97.6
97.6

Cals.

9,006
3,362
1,230

13,688

1,113
427
686

12,676

313
277

per cent.
89.6
89.4



Tabub Srowimo Ditailb op Dioibtion Experimbntb— CVmd'nunf.

Quaker Oat» {Long Cooking,)

(Sample No. 42)

.

Total
Organic

j

Matter.
;

Protein , Fat.

Ej-periment No. 1. Subject: CL-K.,
Food materials : oats

creani
njtar
Total

Fecet from total (oo '

" " cream and sugar
" " oats alone

Amount digested from total food

.

" " " oate alone.

Elnergy of urine from total food .

.

" " " oata alone.

.

Co-efficienta of digeatibility

:

Of total food
" oate alone

Oms.
I

1073. OOi

402.671

300. col.

1,775.671

«9.00|

Gni8.
164.70
30.67

GmH.
85 00!

333.00,

I

Carbo-
Ihydratee.

-i-

Heat of

Combus-
tion.

104.37 418.001

1,706.67

Etperinum No 3. Subject : J.B.
Food materials : oate

cream
sugar .

.

Total.

Feces from total food
" " cream and sugar
" " oate alone

Amount digested from total food

.

" " " oata alone.

Energy of urine from total food .

.

" " " oate alone.

.

Co-efficients of digestibility

:

Of total food
" oate alone

ExperimetU No. S. Subject: W. J.C.

Food materials : oau
cream

per cent.

96.1
96.0

Gms.
1,307.00
402.67
300.00

2,009.67

124.80

21.56

1.17|
20.39.

172.811

134. 3li.

18.40
16.H6

399.60

per cent, per cent.
88.9. 95.6
86.8

Gms.
188.50
39.67

Gms.
103.60
333.00

228.17! 436.60

1,884.87!

41.70
1.17:

40.53 .

186.471

147.971.

29.36
16.66

407.24

per cent, per cent, per cent
938! 81.31 93.3
92.3; 78.5

sugar..

.

Total.

Feces from total food
" " cream and sugar
" " oate alone

Amount digested from total food.

.

" " *' oatealone.

.

Energy of urine from total food . .

.

"
'

" " oate alone..

Go-efflcients of digeatibilitv

:

Of total food
".

" oate alone

Gms.
865.00
402.67!

300.00
l,568.57j

69.50

Cfms.
123. 90:

39.67

Gms.
68.05
333.00

163.571 401.05

1,489.07

27.16
1.17,

25.9it

136.41:

97.91!

14.97
16.6

386.08

per cent.jper cnt. oer cent
96. 6i 83.4' 96.3
94.71 79.0

Gms.
812.30
30.00

300.00
1,142.30

16.26
6.60
9.65

1,126 05
802.66

per cent
98.6
98.7

Gms.
98lt.70

30.00
300.00

1,319.70

32.70
6.60
26.10

1,287.00
963.60

per cent
97.5
97.4

Gms.
650.30
30 00

300.00
980.30

14.56
6.60
7.96

966.75
642.35

Cals.

6,034
3,461

1,230

9,716

366
188
177

9,360

216
168

per cent.
94.0
93.1

Cals.

6,133
3,461

1,230
10,814

663
188
465

10,161

233
186

per cent.
91.8
89.4

Cals.
4,030
3,461

1,230
8,711

369
188
171

6,362

161

122

per cent, per cent.

98.31 04.0
98.81 92.7

Average co-efflciente of digestibility!per cent, per cent.jper cent, [per cent.jper cent

of total food
*" oatealone.

95.0
94.3

84.5!

81.41

96.1:

98.3!

93.3
91.7
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Tablb Showing Dvtaiu or DioHrivi ExnmtMwim—Omlinutd.

7

Protein. Fat
Fbritui (Short Cooking)

(SMupte No. 46.)

Total
Organic
Matter.

Experimmt No. 1. Subject, R.J.MJ Gms.
Food materialn : farina 977.68

cream I 363.84
ROgar

I
300 00

l^tal
j

1,631.42'

J

Carbo. "••»«>'

Gms.
106.98^

36.m«

GmR. {

14.861

308.76

Feces from total food
" " cream and angar

" farinaalone
Amount diffested from total food

" farinaalone
Ktmtgy of urine from total food ...

" farina alone
Co e<l«a*nta of dige^tibilitjr

:

Of total food
" iarfoa idone

6I.0OI

1,679.821

132.07'

21.82
.78i

21.04}
110.26
84.941.

Umi.
862. 10
24.00

I

800. OOi

318.61 1,176.10;

12.98
14.97

906.63

Ej-pmmmt X". ./. Subject, H.C.W.
Food materials : fanna

cream
8Mar
'^tabtal.

Feoee frotn total foo<]
" " <*ream and sugar
" " farinaalone

Amount difeiitad from total food .

.

" " " farinaalone
Energy of urine from total food . .

.

" " " farinaalone
Co-efficients of diffftibility :

Of total food
" farinaalone

per cent.iper cent.jper cent
96.8
97.1

Gme.
1,060.10
388.46
300.00

1,738.66

83.30

i,666!26

83. 6i

80. l|

Gms.
113.02
30.22

96.9

Gmg.
16.98

330.25

144.14] 346.23

32.96
.90;

32.06!.
111.18'

81.801.

16.23
16.51

830.00

E»pirim.M No. ."i Subject. 6.E.8,
Lost.

per cent
ft5.2

94.3

per cent.;per cent
77.8: 95.3
71.9

14.00
6.48!

7.61
1,162.01
844.49

per cent
08.8
99.1

Gms.
916.70
28.00

300.00
1,243.70

22.77
6.56
16.21

1,220.93
899.49

Cal».

4,257
8,077
1,230
8,664

307
172
186

8,267

138
101

per cent.

94.8
94.4

Cale.

4,676
3,364
1,230
9,169

439
186
253

8,730

1"9

102
per cent.iper cent.

98.1, 93.6
98.2 92.2

Average i^o-elficients of digestibility per cent, per cent, per cent, per cent.iper cent.
Of total food 96.0 80.7 95.6 98.5 94.2
"farinaalone 96.7! 76. Oi 98.6i 03.3
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Tabum SRowiim Draiui or Diiiavrioii Exprrimbnti— r'on<intt«<i.

jbrtiui, lima cooking.

(SvnpleNo. 46).

Experimmt .Vo. J. Subject :

Food tnaterialB—fRriiw .

cream ..

unr. .

.

Totel

CM.

Feces from total food
" cream and midtar
" farina alone

Amount digested fron u<tat 'ood .

.

" " farina alone
Energy of urine from tutal food . .

.

" " farina alone
Co-efficients of digestibility

Of total food
" farina alone

Gms.
74D.10
354.56
300. (X)

1.394.U«

84. 50;

Gms.
80.26
38.31

Fat.
Carbo-

Heat of

•'.vi-te-s. ^'S"-

<imi.
I

11.361

288.25

118. 57i 299.60

1,310. 1«

28.68|
1.16!

27 43|

89.991

52.83!.

20.87
14.4l|

I

'278!73|

Gms.
646.00
28.00

300.00
973.00

21.03
6.66
16.37

961.07
629.63

Ejperimetxt No. S. Subject: F.M.
Food materials— fanna

cream

•|

ugar
Total . .

.

FeccH from total food
" cream and i<agar
" farina alone i

Amount di);ested from total food . . i

" " farina alone'

Energy of urine from total food ...
" " farina alone

Co-efficients of digestibility I

Of total food
1

" farina alone ,

Ex])€riment Xo. .1. Subject: H.C. W.
Food materials—farina

per cent.

93.9
91.5

lims.
H94.4tl

;i54.5«

300.00
1,349.02

M.30

I

1,288.72

|)er cent,
i

75. »|

66.8:
i

Gms.
75. sol

33.31

per wnt. 1

93.0

113. til

25.14
1.15

24.09
88.47
51.21

Gms.
10.66

288.26

1

388.81

in. 09
14.41

375.72!

per cent.

97.71

97.6

Gms.
605.30
28.00

300.00
933.30

13.71
6.56
7.16

919.69
598.15.

cr^ 111 .. .

,

supir
Total...

Feces from total food
" cream and sugar
" farina alone

Amount digested from total food .

.

" " farina alone
Energy of urine from total food. .

.

" " farina alone
Go-efficiente of digestibility

Of total food

^' fu-ina alone_. . . .^ ._•

Average co-efflciente of digestibility

Of total food
" farina alone

per cent.

95.5
m.5

GniP.
l,Ol!t.0O!

354.561

300. (X)l

1,673.56

66.00

jier cent.! per cent;! per cent.

77.8! 9«J.6! 98. 6i

68.1
i

98.81

Gms. '

110.46;

38.31

Gms. !

15.40i

5188. 25|

1,607.56

per cent.

96.1

95.7

per cent.

95.2
93.9

148.771 30J.74

25.60
1.15

24.45
123.17
86.01

12.00
14.41

2!tl.74i

.1.

Gms.
887.85
28. (X)

300.00
1,216.86

18.48
6.56
11.92

1,197.37
875.93

Calf.

3,224
3,022
1,230

7,476

463
168
286

7,023

iis
66

per cent.

92.4
89.1

Cats.

3,014
3,022
1,230

7,266

326
168
168

6,940

iii
66

percent
93.0
92.6

Cals.

3,850
3,022
1,230
8,102

338
168
170

7,764

per cent,
t

per cent. ' per cent,

82.8; 96. 0; 98.5!

_ 77.9; „.|_ 98. 7i

per cent: per cent, per cent
78.8' 96.2 98.2
70. 6| 98.4

per cent.

93.4
91.6
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Tahlw 8howi.<(u Drr\iu or DionrioN ExrtauMim—ihntimieil.

'
I

I

i.i

SItrtn'M Brrakfatt FwmI, f'lort cooking.

(teinpl* No. 38).

EtptrimeiU So. I. 8ul>Jeet: W.J.H.
Fool materikii!—(arinm.

cream
Of»r
ToUl

F«oM from total food.
" cream and auKar
" farina ainne

Amount digested fmm total food
" " farina alone

Energy of urine from total fr>o<i .

.

" " farina alone
Co-efHcienta of digestibility

Of total food
" farina alone

Totol
Organic
Matter.

Gm«.
937.70
363.84
300.00

1,691 .64

66.60

1,634. »4

Krixriment A'o. ,\ Subject: J.P,
Food raateriaiR—farina

rreaiii .

fiUKar . .

.

ToUl

.

Feceo fromr total food
" cream an<! ""ar
" farina aloi<'

Amount digested fi>>n- ' it.>i food
" " tarina alone

Energy of urine from total UxxX .

" " farina alone
Co-etticient8 of digestibility

Of total food
" farina alone

Experiment No. .1. Subject : M.F.C
Food materials—farina

cream
sugar. .

.

Total.

Feces from total food
" cream and sugar
" farina alone

Amount digested fium total food.

.

" " farina alone
Energy of urine from total foo<l . .

.

" "
farina alone

Co-efiicients of digestibility

Of total food
" farina alone

per cent.

96.4
96.4

Gms.
971.10
401. H9
300.00

1,672.99

80.00

Protein. Fat.

0ms. I

96.27'

26.09,

Omi*.
11.64

303.76

122.36 316.29

21.82
.73

21.04
100.64
76.23

12.98
16.19

SOS. 31

per cent.
I
per cent.

1,592. !>9

per cent.

95.2
94.3

Gms.
752.30
388.47
300. 00|

1,440.771

93.10!

82.2
78.1

Gms.
99.70
32.m

"i32!J4

25.68
98.00
24.70

106.661

76.00J

96.9

Oms.
11.96

340.26

'"362;26

21.02
17.03;

Carbo-
i

"•^«'

Oma.
H24.30
34.00
SOO.OO

1,148.30

14.09
6.48
7.61

1,134.21
816.69

Groa
4,066
3,077
1,330
8,S6S

307
17t
116

8,066

per cent.

98.8
99.0

Gms.
863.66
2».00j

300. OOi

1,182.661

20.87
6.68!

14.29
1,161.79
839.37

per cent, per cent.

80. Oi 94.0;
75.2'

1,347.07

IM
94

per cent.

94.8
94.3

Gala.

4,200
3,369
1,230
8,799

43S
191
242

8,366

31.26
.901

30.361

76.20i

46.88

per cent.
I
percent.

93.6 70.9
90. ll 60.7

|ier cent.

98.2
98.3

Gms.
i

661.401
28 OOi

»00.00
989.401

26.78
6.66
19.22

963.62
642.18

133
94

per cent.

»3.6
92.0

Cals.

3,061

2,434
1,230
6,716

I

per cent.

92.9
per cent.

97.4
97.1

516
139
377

6,199

96
69

per cent.

94.0
86.7

Average co-eflicients of digestibility per cent. ' percent, t per cent
Of total food 96.0 77. 9i 94 3
*' farina alone 1 93.6' 71.3 ... .

percent, percent.
98.1 94.1
98.11 90.7
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Tahlmi Showino Dm-AiM ur DinamoM Kx,-KMMRHn—Vmiliinifd.

Total Hratof
(8.Spl.No.S«)f ^V,7S^^

'^'"'*'"- •'•«• hSU.: con-
Matter buition

.

Experiment !f<>. I . Subject : J . I)

,

Food materi«li)—(arink
freHm
mmr

Total

Fecen (rom total (oo<l
" cream aiul t<u|nr
" farina alone

Amount digested from total food

.

" " farina

Knergy of urine from total food.

.

' " "
farina

Co^fficienta of digeatibiJity

Of total fo«i
" farina alone

Gran.
776.12
285.77
300.00,

1,340. Htti

ti/>.40

1,276 !41»

Umit.
7!».6H

30.72

20.22'

.»!

lit. 31 ,

»n.0N
60 27

Urn*.
8.54

218.06

(iinit.

6N1 .40

22.00
WIO.OO

222.59 1.003.40,

11.64

l').()5

2i2!06

per cent, per rent.

Experimiul Su. :.'. Subject; K.M.C.
Foo<l materials—farina

cream
Hugar . .

.

Total.

95.1
!I3.N

(illlH.

7S4.00
:te4.5»i

SOO.OO
1.438.5«

47.00

2»l M
«.44

19, )«
977. OH,

(161.601.

Cain

.

3,362

2,262
1,230
H,864

317
131

\m
6,617

llH.Sl

118
to

|»'r ^ent. per cent.l|«r cent.
95.7 !t7.4! »S.7

97.11 92.

»

CalH.

3,391

3,022
i,2:w
7,(143

Kl

73.2

GriiH. ' GniH.
80.50 9.65
3H.31; 28H.25

Gnm.
tlK9.22

28.00'

300.00
297.90 1.017 22

FecCH from total footl

cream and MUgar
" farina alone

Amount digested from total fcxxl . . l.:{9l .54>
'• farina

Energy of urine from total foo<l
i 124"

farina 77
("o-eWicientsof ditreptibiliiy [ler cent. 'per cent i>er cent. 'per cent, per cent.

19.72 6.6«1 23.5<l

1.15 14.41 H.Wi
18.5; 7.00
!t9.09 292.34 1.003.ti«

61.93 tW2.22

266
16H
97

,419

Of total food

.

" farina alone.

E.iperimenI So. .1. l*ul>je<'t: W..! II.

Foo«l materialn— farina

cream
swuaT

Total

Feces from total food
" cream and ougar
" farina alone

Amount digested from total food
"

.

• farina
Energy of urine from total focKl . .

.

" " farina
Coefficients of digeutibilitv

Of total food : . . .

.

" farina alone

96.

96.7
GniH.

l.a')9.20

.S.54.5(>

;{oo,oo

.

l,7i:<.7(i,

94.00

V.6i9.76

SUA
76 Jt

108.70
38.31

98.1

<inl^'.

98.6
98.9

<inis.

13.(J3

288.25

1-17.01

35.43
1 . 15j

34.28.
111.58
74.42.

930.84
28.00

300.00
.301. 28| 1,258.84

20.50
14.41

24.67
6.56
18 11

280.78 1.2.34.17

912.73,

95.4
94.8

(ims.

4,002

3,022
1.230

8,264

501
168
333

7,753

...., 140

j
88

per cent, per cent. r)er cent. i>er cent, per cent.
94.5 75.9 93.2 98.0 92.2
93.2 68. ,5' 98.0' 89.4

Average co-etHciente of digeHtibilitv j>er cent, jn-r cent, per cent, per cent, per cent.
Of total food '. 95.4 kO 3 95.7 98.0 94.0
" farina alone 94.6 72.9 98 Oi 92.1
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Tablh SnowiiHi DvTittu or Diuammi Mxmuumtm—Uimtinufl.

OoMi/» WhfttI ntrni.

((temple No. 3A.)

Krpfriinr,,! No. 1. Subject: W.J.H.
Food MaterialH— w'leat germ.

.

CHMtm .

ragsr .,

Total.

Free* (rum total food
" cream and migar
" wheat K^rm alone

Amount digettted from total fooil.
" "

(wriii alone .

.

£nergy o( urine from total food .

.

" genn alone
CoefHcient* of difteiitibiUtv

Of total food '.

" wheat germ alone

TMal
Organic
Matter.

Qmi.

907. Ml
25;). 76
300.00

1,401.34

68.42

Protein. - Fat.

Gmi.
j

108.40
2tt.26

Uma.

27. 6M
1M.60

Carho-
hydrate*

134.66 227.08

1,402.1)2

Ejtperimenl A'o. v. Subject : F. A.C,
Foo<l materialB—germ

cream
Huuar.. .

Total.

Feces from total fiMid
"

Ci'eutn and sugar
" germ alone

Amount digested from total food.
" " germ alone .

.

Energy of urine from total foo<l .

.

" " germ alone.

CoefficientH of digestibility *
Of total food '.

" wheat germ alone

per cent.
00.0
06.6

Gms.
1,164.07
26H.76
300. (N)

1,717.82

54.12

19.20
.76!

18.42!

116.461

8U.U8i

10.87
».»7

216.21

per cent.
86.7

83.0i

Gms.
139.401

26.261

per cent.

96.2

Qms.

768.80
28 00

3U0.00
1,086.80

20.00
6.66
13.44

1,066.80
746.36

Heatnf
Combus-

tion.

Call.

Gms.
36.46

199.SO

1,663 70

166. 66i 2:M.96

16.601

.78!

16.72.
H9.16
12:4.68.

8.47
0.97

226.48'

per cent.
98.1
98.2

Gms.
976.40
28 W

300.00
1,303.49

19.49
fl 56
12.93

1,284.00
952.47

4,007
2,128
1,230
7,366

296
124
172

7,060

144

112
per cent.

94.0
1)2.9

Cals.

6,1.51

2,128
1,230
8,509

266
124
132

8,283

186

154

per cent, per cent. {>er cent. |)er t*nt.lper cent.
96.8 90.0 95.

»

98. 5| 94.8
96. 8| 88.7 97 6 94.5

Kifmimfiil No. .t. .Subject : C.B.T.|
I / I

Average coethcienta of digeftibilityi per <-ent. per cent, jwr cent. |ier i»nt. per cent.
Ot total food n«.4 N7.<( 95.6 9<<.3 !H.4
" wheat germ alone 96.2 Ho.f i 97. cl 93,7



Tabum RnowiKn DiTAtui or DtnnrnoN E:(p»hihintr—Con/inH^

CartM)-RoUfd Whfal.
(SftinpleNo. 41.)

Total
Organic
Matter.

Erp^immt No. I. flubicct: F.A.C;
Food niateriala—wbMt

CTWUII I

ugar.

(•mi.
H97.il
3H7.87
300.00

otal
j

1,684. tM

109.67

.1.

FacM from total food
" " rrmm and lugar
" " wheat alone

Amount digeated from total foo<i. . 1,476.41
" " " wheat alone

Energy of urine from total fo<Kl

Protein.

Onii.
««.76
21.87,

Fat.
hydrate*.

Heat of

Comhua-
tion.

18.44
:iS8.00 28.001

! IJOO.OO^

10N.tt2i 360.44, ],102.a0

25.36
.66

24.71
83 26
62.04

I

18.87
16.90

337.67

<imi. Call.
774. HOi 8,868

3,387
l.SSO

8,47ft

6SS
188
SS4

7,963

47.92
6.661

40.361

1,064.381

733.94

wheat alone.
•I-

Co-efficienti of digeatibility

Of total food...
" wheat alone.

IM
78

|)er cent.ljier cent.lper rent. 'per cent.Iper cent.

Rrperimmt No. J. Subject : W.,I.II.

Foo<l materials—wheat
cream
Dusar...

Total.

93.1

II0.4J

Oma.
Hal. 40
387. H7
:ioo.oo

l.4!»l.27

76.
«'

71.6

Gnii. I

77.611

21.H7

94.7

Gma.
I

lit. 61

3:«.(io

jm..T«i 354 61

Fecea from total food 86. «1 20.09
" •' cream and miicar .66
" " wheat alone lit. 44

Amount digested from total fo<Hl . . I,406.<i«| 7».47
" wheat alone

|
5«.25

Energy of urine from total food
" " " wheat aloiu- i

Co-etticientB of digestibility (n-r cent, jier cent.

Of total food .' 93.6! 79.8

17.21

16.90

';W7]2I

96.6
94.8

(ima.
093.40:
28.00!

:«io.ooi

1,021.40!

40.08
(1.66!

3;i.52i

981.321
6.')9.88|.

92.6
89.3

Cida.
3,466
3,387
1,230

8,072

443
188
266

7,629

!

99

1
:

73
per cent, per cent, per cent.

wheat alone. 92.3

KiiHrimenl \o. -i. 8ubje<t . C.It.T. (ims.

Foo<l materialn—wlu-at t>9(i.f<()

cream ...'... Wi H7

sugar 300. (X)

Total I,38l.ti7

79.41

77.7

(llllH.

67.40
-M.H7

»6.1

time.
14.32:

338.00'

96.0:

96. l!

93.3
90.4

•><!•. 27 362.32

1,305.26

16.83

lti.18 ,

72.44i

51.22

10 42l

16.90.

341.901

lm«.
i

Cals.

601 ..54t 2,997
28. (X) 3,387

300.001 1,230
929.641 7,614

:«.93 366
6.6« 188

32.37i 168
890.61: 7,268
669.17 .

Feces from total t'o<wl

" cream and sugar
'• " wheat alone

Amount digested from total food

.

" " " wheat alone

Energy of urine from total food !
!

91
"" " " wheat alone.' ' 64

Co-efflcientB of diitentibilitv iper cent, per cent, per cent, per cent.lper cent.

Oftotallooti.. 94.2 81.1 97.0. 96. 8i 94.1

"wheatalone I 92.1 70.6
|

94.6' 92.2

Average Co-efticients of digesti- \< r cent.
|

per cent, per cent.; per cent
bility \ \ \ \

Of total food i
98.6! 79.2i 96.6 96.1

"wheatalone ,
916! 73.8 1

94.8

per cent.

M.S
90.8

4 Bull. 162
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1 ABUi SiiowiNo DiTAiu or Dionno!! ExpniMnm—Cbn«tnii«({.

Flaked Barley.
(SunpleNo. 46.)

Experiment No. 1. Subject: F.A.C.
Food materiala—iMurley

croun
8unr . .

.

Total.

FeoM from total food
" " cieam and augar
" " barley alon^

Amount digeatod from total food
" " " barley alone

Energy of urine from total food.

.

•^ " •' barley alone
Co^fficienta of digeatibility

Of total food
" barley alone

Exp4aimetU No. S. Subject : W.J.H.
Food materiala—barley .' .

.

cream

Total
Organic
Matter.

Gma.
81t.46
460.01
300.00

1,572.46

94.26

1,478.21

BUHir. .

.

Total.

per cent
94.0
91.8

Gma.
799.70
460.01
300.00

1,559.71

64.06

•|-

Fecea from total food
" " cream and BUgar.

.

" " barley alone
Amount digeated from total food ..\ 1 ,496 . 65

" barley alone
Energy of urine from total food . .

.

'^ " " barley alone
Go-efficients of digestibility !per cent.

Of total food
j

96.8
"barley alone

|
95.4

Experimeixi No. H. Subject: C.B.T.! (img.
Food materials—barley 689.80

cream
I 460.01

sunr 300.00
Total

I

1.449.87
i

79.94Feoea from total food
" " cream and sugar
" " barley alone

Amount digested from total food. . ^ 1,369.93
" barley alone!

Energy of urine from total food. . .
j

" barley alone, i

Co-efficients of digestibility
|

per cent.
Of total food

j

94.5
" barley alone. I 93 .9

Protein.

Gma,
96.06
23.01

119.07

31.56
.69

30.86
87.62
66.20

per cent.

73.6
67.8

Gms.
94.67
23.01

117.68

22.49
.69

21.80
96.09
72 77

per cent
80.9
76.9

Gms.
81.66
23.01

Fat.

Gma.
10.96

413.00

423.96

19.11
20.66

404.

M

per cent
96.6

Carbo-
bydrataa.

Gma,
696.50
24.00
300.00

1,019.60

27.97
6.48
21.49
981.63
674.01

Gma.
10.77

413.00

423.

n

14.06
20.66

409.71

per cent.

96.;

Gma.
9.29

413 00

i04.66

26.72
.69

25.03
78.94
56.62

per cent.
76.4
69 3

42S.29

20.33
20.66

401.96

per cent.
96.2

per cent.
97.3
97

Gms
684.59
24.00

300.00
1,008.50

17.83
6.48
11.35

090.76
673.24

per cent
98.2
08.4

Gms.
590.64
24.00

300.00
914.54

23.20
6.48
16.36

892.34
576.18

Heat of
Com-

bustion.

CaU.
3,520
4,075
1,230
8,826

479
222
267

8,346

"ioo
39

per ct.it.

93.3
91.6

Cals.

3,665
4,076
1,230
8,870

335
222
113

8,536

Average Co-eflicients of digesti-

bility per rent.
Of total food 94.8
" barley alone. 93.7

per cent.
97.6
97.3

119
91

per cent.
94.9
94.2

Cals.
2,989
4,076
1,230
8,294

429
222
207

7,836

90
71

per cent.
93.3
90.4

per cent.

76.6
71.3

per c«nt.

95.8
per cent, i

97. 7i

97.6'

percent
93.8
92.0
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Tablw Shov^ino Dn-AiLa or Diobition Expirimintb.— Continued.

Flaked Barlet/.

(Sample No. 47.)

Total I

Organic
;
Protein.

Matter.
|

Experiment No. t. Subject: C.B.T. (ims. I

Food materialB—barley 668.40
creain 286.43
BuiMr 300.00.

Total ' 1,256.83

I

Fecaa from total food 79.64<
" " creain and sugar

|

" " barley alone !

|

Amount digested from total food . 1,176.19
' barleyalone !

Energy of urine from total food !

.

" barleyalone. i !.

OniB

.

62.28
30.43

82.71

23.00
.91

22.18
69.62
30.10

C!o-efficientB of digestibility

Of total food
" barley alone

iper cent.jper c«'nt.

i 93.7 72.1
90.91 57.6

Experiment No. 2. Subject: F. A.C: Gms.
|

Food materiala—barley 947 . 60
cream 286.43
sugar 300.00.

Total 1,534.03

Feces from total food 84.34,
" " cream and sugar

|

" " bprley alone '

Amount digested from total Cood. .: 1,449 69,
" " "

. barley alonej I

Energy of urine from total food
j•' " " barleyalone.! i.

Gms

.

93.17
30.43

123.(i0

25.10
.91

24.09
98.50
69.08

Co-efficients of digestibility

Of total food
" barley alone

Iper cent, per cent.

94.5 79.7
03.11 74.0

Experiment No. 3. Subject :

W.J.H.—Lost.

Fat. I
Carbo-

hydrates

Gms.
9.20:

232.001

"'24i!20

15.71;

11.61

225.49
5.09

Gms.
587.86
24.00

300.00
911.85

28.26
6.48
21.78

883.59
566.07

per c«nt. per cent.

9:^.5 06.9
96.3

Gms. '

13.03
232.00

Gms.
832.12
24.00

300.00
245.03 1,166.12

16.891

11.60!

29.69
6.48

,
23.11

228.14! 1,126.63
7.741 809.01

per cent. Iper cent.

93.1 97.4
97 2

Heat of
Combus-

tion.

Cals.

2,804

2,436
1,280

6,470

43
3M

6,071

76
37

per cent.
90.2
86.9

Cals.

4,083
2,436
1.230

7,749

426
43

383
7,323

101
71

per cent.
93.2
88.8

Average co-efflcients of digesti- jier <'ent. per cent.; i>er cent.
I

percent.! per cent
bilitv. i I

!

Of total food...
" barley alone.

94.1
92.0;

75.9
65.8:

93.3 87.2!

i)6.8i

91.7
87.4
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TabLh Browing Ditails or DranrnoM Expxrimbmi^—Continued.

1^

1.

Commeal.
(Sample No. 37.)

ExperimeniNo.l. Subject: K.G.Mc.
Food materials —commeal

cream
Bumr

Total

Feces from total food
" " cream and sugar
" " commeal alone

Amount digested from total food .

" " " commeal.,
Energy of urine from total food .

.

" " " commeal..
C!o-efficient8 of digestibility

Of total food ,

" commeal alone

Experiment No S. Subject: JE.B.
Food materials—cornmeal

cream
su«tr

Total

Feces from total food
" " cream and sugar
" " commeal alone

Amount digested from total food

.

" barlev....
Energy of urine from total food .

.

•^ " " barley
Co-efflcienta of digestibility

Of total food
" commeal alone

Total
Organic
Matter.

Protein.

Gms.
987.80
816.30
300.00

1,603.10

61.26

i',66i!86

Gms.
76.00
38.60

118.60

19.91
1.16

18.75
93.69
66.26

per cent, per cent.

96.8 82.5
96.8 76.0

Gms.
058.20
316.30
300.00

1,673.60

60.36

Gms.
72.76
38.60

1,613.14

111. J

19.87
1.16

18.71
91.49
54.06

per cent, per cent
96.2 82.2
96.8 74.3

Expfrinent No .1. Subject: C. R. K.
Food materials—cornmeal

(ims.
908.81

cream
]

287.60
sunr 300.001

Total 1,496.41;

Gms.
60.01
36.30

Feces from total food
" " cream and sugar
" " cornmeal alone. .....

Amount digested from total food.
" " " commeal .

Energy of urine from total food .

.

" cornmeal...
Co-eificients of digestibility

Of total food
" commeal alone

63.62;

1,432.79

106.31

20.44
1.09

19.36
84.87
49.66

Fat.

Gms.
7.08

248.70

256.78

9.41
12.44

246.37

Carbo-
Heat of

Oms
002.60
28.00

300.00
1,230.60

13.39
6.56
6.83

1,217.11
806.67

per cent, per cent
96.3 98.9

99.2

Gms.
6.88

248.70

255.58

14.39
12.44

241 '.i9

per cent.

94.4

Gms.
6.53

225.30

231.83

11.22
11.26

220.61

per cent, per cent
95.7 80.6
94.9 71.9

per cent.

95.2

Gms.
875.60
28.00

300.00
1,203.60

14.38
6.66
7.82

1.189.12
868.94

Gals.

3,810
2,655
1,230
7,696

260
162
08

7,446

117
70

per cent.
96.2
96.6

Cals.

4,083
2,665
1,230
7,968

310
162
158

7,658

per cent.
98.8
99.1

"Gms.
830.40
26.001

300.00
1,156.40

20.77
6.42
14.35

1,135.63
816.06

per irent

98.2
98.3

114
68

per cent.
94.7
94.4

Gals.

3,872
2,416
1,230
7,618

310
138
172

7,208

106
62

per cent.
94.5
03.9

Average co-efficienta

bility

Of total food
" commeal alone.

of digeeti-
i

! I I

per cent.iper cent, per cent. .per cent, per cent.
96.2! 81.8; 95.3 98.61 94.89«.2
95.8 73.7'

98.6!

98.01

94.8
94.6
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TABiiBi Showiho Drailb of DionnoN ExmauKnn—Continued.

Orange Meal.

(Sample No. 9.)

Experinitiil No. 1. Subject: F.AC.
Food materialR—orange meat .

cream

ToUl
Organic
Matter.

sugar. .

.

Total.

Feces from total food
" " cream and eusar
" " orange meat alone . .

.

Amount digested from total food
" " " orange meat

Energy of urine from total food. .

.

' " " orange meat
Co-efficienta of digestibility

Of total food
" orange meat alone

Gms.
1,272.96
293.13
30C.00

1,866.08

132.42

1,733.66

per cent
94.0
91.1

Krptr'ment No. 2 . Subject : W.J.C.j Gms.
Food materials—orange meat.' 993.75

cream 266.68
pugar 300.00

Total 1,559.43

95.06

Protein.

Gms.
120.30
40.78

Fat

Gms.
15.56

224.36

Carbo-
hydrates.

Heat of
Com-

bustion.

161.08

32.01
1.22

30.79
129.07
89.61

239.91

14.66
11.21

225.36

per cent, per t-ent.

80.1' 93.9
74.4

Gms.
93.91
38.18

132.09

Feces from total food
" " cream and sugar
" " orange meat alone '

Amount digested from total food. . 1,464.37
" " " orange meat

Energy of urine from total food
" " " orange meat

Co-efficiente of digestibility percent.
Of total food 93.9
" orange meat alone 92.2

Gms.
12.15

201.60

213.75

8.

10.08
22.80
1.16

21 66
100.291 205.13
72.26

per cent.
I

per cent.

82.7 96.9
76.91

Gms.
1,109.25

28.00
300.00!

1,437.26

Cals.

5,402
2,446
1,230
9,077

68.68 606
6.66 138

62.12 468
1,368.61 8,471
1,047.13

161
i 112

per cent, per cent.

95.2; 91.6
94.4! 90.0

Gms.
I

865.88'

26.00:

300. 00>

1,191.88'

60.40!
6.52

43.88!

1,141.48
822.00

Cals.

4,217
2,206
1,230
7,663

421 >

127
294

7,232

137
. 00

per cent, per cent.
95.31 92.7
94.8 90.9

Average co-efficienta of digesti- per cent, per cent,
bility

Oftotalfood 94.0 81.4
• '' orange meat alone 91. 6' 75.7

per cent, per cent. (per cent.

95.2!

94. 6>
94.9 92.1

00.6

m



Tablm Showimo DiTAiu or Diomtion EzpauMims—Gm<»iued.

Force.

[temple No. 43.]

Experimeta No. 1. Subject: M.F.C.
Food materials—force

cream
•ugar

ToUl

Fecei from total food
" cream and sugar
" force alone

Amount digested from total food.
" " force alone

Enersry of urine from total food. .

.

"' " force alone.

Total
Organic : Protein.
Matter. I

Fat.

Oms.
814.10
SU.SSi
900.00.

1,469.93:

96.98'

Gms.
86. 2X
38 S3

Co-efficients of digestibility

Of total food
" force alone

Experiment No 2. Subject

:

Food materials—force . .

.

C. M,

sugar—
Total.

Feces from total food
' " cream and sugar
" force alone

,

Amount digested from total food.

.

" " force alone.
Energy of urine from total food. .

.

" " force alone..

Co-efficients of digestibility

Of total food.
" force alone

1,372.95

126.66

28.62
1.18

27.34
97.03
58.88

per cent, per cent
»4.8; 77.3
90.9 68.2

Gms.
1,161.96
355.83
300.00

1,817.78

200.45

1,617.33

per cent.

88.9
84.7

Gms.
123.10
39.33

162.43

62.66
1.18

61.47
99.78
61.63

per cent.
61.4
50.0

Gms.
18.72

308.50

327.22

19.69
15.42

307.63

per cent
93.9

Gins.

26.72
308.60

336.22

28.33
15.42

306.89

per cent.

91.5

Garbo-
hydratae.

Gms.
688.18
28.00

300.00
1,016.18

33.59
6.56
27.03

982.59
661.15

Heat of
combus-
tion.

per cent
06.7
96.1

Gms.
982.35
28.00

300.00
1,310.35

79.48
6.56
72.90

1,230.87
909.43

per cent.

93.

f

92.e

Cals.

9,502
3,215
1,230
7,947

489
177
312

7,468

121

74

per cent.
93.3
88.9

Cals.

5,002
3,216
1,230
9,447

959
177
782

8,488

124
77

per cent.
88.6
82.8

Average co-efficiente of digestibility! per cent.

Oftotalfood I 91.9
" force alone

i
87.8

per cent.

09.4
69.1

per cent, per cent.

92.71 06.3
94.3

per cent.

90.4
86.9
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TxhLm Saowmo Dctails or Dioarnoir Exptaaunm—Ctmetuded.

Norka.
[Sample No. 48.

|

EzptrimerU No. 1. Sabject

:

K.O.MC.
Food materUla—Norkm

cream
rogar

ToUl.

Feces bom total food
" cream and sugar
'* Norka alone

Amount digested from total food
" Norka alone

Energy of urine from total food . .

.

" Norka alone.

Co-efficients of digestibility

Of total food
" Norka alone

Experiment Ao. g.

Food materials-
Subject: C.B.T.
-Norka
cream
sugar

Total

Total
Organic
Matter.

Gms.
1,639.86
293.13
300.00

2,232.98

149.75

Protein.

Oms.
239.60
40.78

2,083.23

per cent
03.3
92.0

Gms.
1,679.00
293.13
300.00

2,272.13

106.00Feces from total food >

" cream and sugar
" Norka lone

I

Amount digested from total food. .; 2,166.13
" Norkaalone!

Energy of urine from total food ...
" " Norka alone.

I

Co-efficients of digestibility

Of toUlfood
" Norka alone

per cent
95.3
94.7

280.28

64.98
1.22

63.76
225.30
186.74

per cent.
80.4
77.6

Gms.
246.25
40.78

Fat.

Oms.
86.24

224.36

309.60

26.56
11.21

Carbo-
hydrates,

Heat of
Com-

bustion.

284.03

per cent.
91.7

286.03

39.39
1.22

38.17
246.64
207.08

Gms.
87.30

224.35

311.65

23.41
11.21

288.24

Gms.
1,262.25

28.00
300.00

1,690.26

45.04
6.56

38.48
1,645.21

1,223.77

per cent, per cent.
86.2 95.7
84.4

per cent.
67.2
96.9

Gms.
1,292.75

28.00
300.00

1,620.75

27.59
6.56

21.03
1,593.16
1,271.72

Cals.

7,481

2,446
1,230

11,156

747
138
609

10,409

282
233

per cent.
90.8
88.8

Cals.

7,650
2,446

1,230
11,234

683
138
425

10,671

I

per cent
98.3
98.3

308
259

per cent.
92.2
00.9

Average co-efficients oi digestibility per cent, per cent. ' per cent, percent, percent.
Oftotalfood 94.3 83.3 93.7 97. 7| 91.6
"Norkaalone 93.3 81.0 97 6' 89.9

MM
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