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PREFACE

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

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

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

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

. . . basis and derivation’
INTRODUCTION

Accurate evaluation of the energy value of foods
is essential for dealing with problems of normal
nutrition, undernutrition, or obesity. The classic
investigations of Professor W. O. Atwater and his
associates at the Storrs (Cenn.) Agricultural Ex-
periment Station some 5 years ago provided the
basis used in this country for measuring the energy
values of food, The general calorie factors 4, 9, 4
developed from that work gained widespresad
acceptance, and until recently they were used for
calculating the calorics shown in official food com-
position tables. Properly applied, these general
factors provide a satisfactory measure of available
energy mn average diets and food supplies in this
country. Following Atwater’s period little atten-
tion was given to methods of calculating food
energy and to the details of Atwater’s procedure.

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

PART |.

The chief food sources of encrgy io the human
body are fat, carbohydrate, and protein. Fats
and carbohydrates contain carbon and hydrogen
which can be oxidized to their end products, 502
and H,O, both in the bomb calorimeter and in the
body. In addition, protein contains nitrogen.
This nitrogen together with some carbon and
hydrogen leaves the body chiefly in the form of

! The authors express appreciation to Mildred Adams
for her review of the manuseript and her invaluable sug-
gestions; ta William Kunerth for his generous help in
translating numerous articles from German; and to Blanche
C. (l;'pears for her collaboration in various phases of the
study.

tions and misuse when applied to individual foods
and differeni types of dicts (114, 115) 2

The Food and Agriculture Organization, faced
with the urgency of assessing energy values of food
supplies in various countries and population groups,
convencd an ad hoc commitice of experts in 1947
to study the problems involved and to make
recommendations. While endorsing the Atwater
method as one that i the light of present knowl-
edge is suitable if properly used, the committee
pointed out the limitations of the use of general
factors and the need for more specific caloria
factors {85) when dealing with individual foods.

These developments have pomted to the need
for summarizing the kinds of information Atwater
used, the steps followed in his procedure for deter-
mining fuel values of food, and the need for revisin
calorie data for foods 1o take account of additiona
research accumuiating since his time. This pub-
lication has heen prepared to provide more back-
ground information on feod energy data than that
given In current textbooks and food tables and to
show the basic data drawn upon in deriving the
revised calorie factors now used in tables of food
composition in this country., Xxeept for a few
recent revisions, factors derived as shown in this
publication have been used in U. 8. Department of
Agriculture Handbooks No. 8 (185) and No. 34
{100) and in various other sources, in¢luding food
tables published by the Food and Agriculture
Organization (36).

SOURCES OF FOOD ENERGY

urea, Thus protein is incompletely oxidized in
the body, whercas it can be completely oxidized}in
the calorimeter. The heat relezsed by oxidation
of food 1n the bomb calorimeter is its heat of
combustion and 1s a measure of its gross encrgy
value.

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

3511talic figures in parentheses refer to Literature Cited,
p. 6L,




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

Fat

Determination of fat content

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

The fat content reported for foods in American
tables of composition refers as a rule to the weight
of crude fat and is obtained by simple extraction
with a solvent, usually ether. Included with the
fatty acids and the true fats (triglycerides) thus
extracted are other materials having similar
solubility, such as the sterols, and chlorephyll and
some other pigments. Special precautions are
necessary to insure complete extraction; carbo-
hydrate-containing foods, particularly those high
in starch, present additional problems (61, 66, 105,
1684).
A method based on acid hydrolysis before ex-
traction gives, in addition to substances listed
above, {ats which are in combination or which for
other reasons are not removed bg the usual fat
solvents. Eggz and yeast have been shown to
contain appreciable amounts of fat not extracted
without preliminary hydrolysis (78).

Theg third procedure used in determining the
fat content of a food, saponification, 1s usually
followed by extraction and titration of the fatty
acids. The data obtained by this method are
translated into terms of total fat on the assump-
tion that all the fatty acids are present as
triglycerides.

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

Heat of combustion

The heat of combustion of the ether extract
from a food depends on the particuiar fatly acids
maicing up the triglycerides and on the compo-
nents and proportions of the other ether-extract-
able materials present, The triglycerides of beef,

2

mutton, and pork fat have been found to have
heats of combustion of 9.50 or 9.51 calories per
gram; butterfat, 9.27; and the fats from several
common plant sources, about 9.3. Lower figures
for heats of combustion have been found for total
ether extract, indicating that the extractable
matter other than the glycerides has a lower heat
value than the glycerides alone.

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

TaBLE 1.—Average deiermined heats of combustion
of fats and oils as assumed factors for fat of dif-
Serent groups of food materials

Heat of comhustion per gram
Kind of material B

Determinea | Asumed or

Calorise Calories

Beeffat _________ ______.___._.__ 950 (__________
Beef "'ether extract™__.__________ 924 | ______.
Mutton fat. . __________._._____ LA I
Mutton, “ether extract''_________ 9.32 |__________
Porkfat. .. _____________ 950 |occcaaaaas
Pork, “ether extract'”___________ 913 | ..
aed.. ... 959 |__________
Cottolene______.____.._________ 9.32 | ..
Butterfat__ . ___________ e 927 | _._.
Wheatoil______________ - 936 |_________.
Wheat, ‘‘ether exiract” __ . 907 |
Ryeoil______________.. - 9.832 |__________
Rye, “ether extract” ____________ 9.20 .. ___... ..
aize ol .. ... __ 9.28 |_____..___
Oats, “ether extract’ _ _ . ________ 8.93 _________.
Barley, ‘“‘ether extract’___.______ 9. 07 |-
Nut oil (except cocoanut). . . ... .49 _________.
Qliveoil _______________________ 947 ...
Coecoanut oil_._____.__. PUDR 8. 07 |
Fat of meat, fish, eggs, ete.. .. .| .. ____ 9. 50
Fat of dairy produets___________|-......... 9. 25
Fat of cerenls. _____ . ___ .. ____|__________ 9. 30
Fat of vegetables and fruits______|__.__.____ 9 30

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

Carbohydraie

Determination of carbohydra!e content

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




origin as well as a variety of plant products. He
found that when he applied the heats of com-
bustion he had worked out for protein (actually
nitrogenous compounds), fat (as ether extract),
and carbohydrate (usually determined by differ-
ence) to amounts present, the results were in good
agreement with those obtained by bomb calo-
rimeter. Although in a few cases discrepancies
were a8 much as 5 or 6 percent, agreement was
very much closer in most cases and justified the
use of the calculated values.

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

TaBLe 5.—Comparison of caleulated heats of
combustion with results of direct determinations

h -

el AR | G
anal- gram of water- resulta

Kind of food material yses In- | frve substance | ip per-
cluded |— centages

5 of those

wveen|, Dt | Sl | BT
Calorier | Caloriea | Percent
Beef _ __ L . __. 55 | 6607 | 6619 | 101, 7
Beef, canned______________ 7| 6197 | 6268 | 101. 2
Mutton_ ___.__.__________ 10 | 7146 | 7316 | 102. 4
Pork _._ .. __ . ___ 10 § 7835 | 7944 | 101. 4
Powltry__ . .. ________. 5 | 6310 | 6508 | 103.1
Fish_ _ o ____ 3 | B317 | 6427 | 101. 8
Eggs . __ 10 | 7103 | 7160 | 100. 8
Butter_ ... _..._._________ 20 | 8832 | 8918 | 101. O
Milk _________ . ____ 37 | 5437 | 5413 a9, 6
Breakfast feods.___________ 3 | 4367 | 4360 99. 8
Bread, crackers, ete________ 36 | 4536 | 4513 99. 5

Corn (maize) meal and corn

preparations_ ___________ 7| 4580 | 4624 | 101 0
Rye preparations___.______ 6 | 4353 | 4343 99. 8
Barley preparations__ ... __ 2 | 4352 | 4365 | 100. 3
iee L ____.__. 5| 4390 | 4474 | 10L. 9
Oatmeal (roiled oats) _._____ 2 | 4834 | 4811 99. 5
Oatmeal, cooked_ _________ 6 | 4488 | 4480 09. 8
Wheat, pastry.______.._____ 8 1 4579 | 4605 | 100. 6
Legumes, fresh____________ 8 | 4367 | 4361 | 99. 9
Legumes, cooked__ ________ 5 4312 | 4343 | 100. 7
Vegetables, fresh_ _____.___ 10 | 4195 | 4051 96, 6
Vegetables, cooked_________ 3 | 4057 | 4277 | 1056. 4
Vegetables, canned_________ 2| 4264 | 4102 96. 2
Fruits, fresh______________ 12 | 4389 | 4123 93. 9
Fruits, canned_____________ 4 | 4078 | 4056 99. 5
Average 276 samples_. __ | _____|______|____.. 100. 3

Note.—This table appears as table 9 in 'The Availability
and Fuel Value of Food Materials (7). Figures for heat
of combustion are in terme of small or gram calories rather
than large or kilogram calories customarily used for foods.

&

We have compiled ss calorie data for a
number of samples of wheat and flours produced
in this country. For 15samples of wheat or whole-
wheat flour reported in the literature (164, 166,
168, 188, 194, 195) differences between determined
and caleulated gross heats varied from 0.1 percent
to 1.9 percent and averaged only 0.6 percent. For
16 M(Fitional samples of wheat flour of varying
degrees of refinement the average difference
between gross calories obtained the two ways was
slightly higher, 1.3 percent.

Other sources of energy

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

Organic acids

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

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

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




nonpretein compounds, the extractives, amides,
ete., and the true proteins, If Atwater's heat of
combustion values for protein (as defined by him)
1s applied to protein as eurrently determined, that
is, total N times a factor, some error will result
because the heat of combustion of the true proteins
18 ususlly higher than that of other nitrogenous
compounds. It has become the custom in this
country, however, to apply heat of combustion
factors to total nitrogen treated as protein without,
weighting the composition data according to the
proportion of the different nitrogen-containing
compounds present. This has been done because
of the limited information available on the parti-
tion of nitrogen in foods between true protein and
other forms. Although this procedure may re-
sult in an appreciable error in the calorie value of
the protein of a food, the error in the total energy
value is generally small, as most foods having a
large proportion of their nitrogen as nonprotein
nitrogen (mostly vegetables and fruits) contain
relatively small amounts of total nitrogen.

TarLE 4.—Average determined heats of combustion
of proteids and nonproteids and caleulated heat of
combustion of protein

Hent of combustion per gram
Eind of material o
Tretermined ‘tﬁgg;g&,gr
Calories Calories
Beef, fat-free muscle __ .. 565 [ ________
Beef, fat-free muscle, extract- H
ives remnoved_____________ 8. 73 . ______
Veal, fat-frec musele - 565 [ ______
Mutton, fat-free muscle .. __ 5,60 ... _.
Protein of meat_ _ _________ . _____________ 5. 65
Egg albumin____._._._. _.. . 5.7 [-.________
Egg, protein of yolk . ______ 5 84 |_________.
Vitellin____._._. . ._. . ..___ 576 |o_______.__
Proteinof egpe_ . __________. B 5. 76
Milk casein________________ 5 63to b5 86 |__________
Milk protein__ .. .. ... _.___ 567 | _________
Protein of dairy produels_ .. _____________. . 5. 65
Gliadin____________________ 502, _________
Glutenin__ ________.__ - 5. 88 |..________
Gluten of wheat_ . _________ 505 |_____._._.
Legumin__ __. .. .. _______ BTG | __
Plant fibrin_____________. 5,089 (.. ___ . ___
Protein of cereals (969 pro-
teids) . _ - ... I, _ - 5. 8¢
Protein of legumes (96%, pro- :
teids) . . ___________ ___._____.___| 5. 70
Protein of vegetables (609 .
proteids) .. _.__ P C . : 5. 00
Protein of fruits (709 pro- | :
tefds) . .. ______________ ‘ ______________ [ 520
Gelatin____________________ 527 | ____
Creatin, as type of non-pro-
teids of animal foods_____ - 4027 |
Aspsragin, as type of non-

proteids of vegetable foods__| 345 | .

Note.—This table appears as table 6 in The Availability
and Fuel Value of Food Materials (7).

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

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

0.6 gm, N X625=3.75 gm. protein
0.4 gm. NX4.7=1.88 gm. asparagin
1.0 gm, N=5.63 gm, nitrogenous compounds

3.75 gm. protein’<5.8 cal./fpm.=21.75 calories
1.88 gm. asparaginX3.45 cal./gm.=6.49 calories

5.63 gm. nitrogenous compounds=28.24 calories

1.0 gm. nitrogenous compounds="5.02 calories

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

his result is nearly 30 percent higher than the
first caleulation hecause there has been overesti-
mation in both the content of protein and the heat
of combustion of the nonprotein fraction, This
illustration shows that we should have data on
the asctual partition products, but until we do, it
scems best to continue the rather arbitrary pro-
cedure shown here as the sccond calculation,
namely, to apply a weighted calorie factor to total
nitrogen treated as protein,

Determined versus calculated gross
energy values of foods

Gross energy may be determined directly by
burning a sample of food, or it may be calculated
by applying previously determined heats of com-
bustion to composition data on the energy-yielding
components of food and obtaining the sum,

In view, however, of the diversity within the
fractions of the so-called protein, fat, and total
carbohydrate components of food pointed out in
preceding paragraphs, and in view of the assump-
tions made in deriving heat of combustion values
to apply to each fraction, Atwater recognized the
importance of checking the gross energy values
caleulated for foods. He compared results for
calculated and determined gross heats of combus-
tion for 276 samples including foods of animal
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Protein

Determination of protein content

It is customary in this country to calculate the
protein content of a product from the nitrogen
present by applying a factor considered suitabie
for converting nitrogen to the protein in the
particular food. The factors used are based on
the nitrogen content of the predominating pro-
tein present in various foods. As a great many
commonly oceurring proteins contain spproximate-
by 16 percent nitrogen, 6.25 is the factor often used
for general purposes. In the course of extensive
investigations, however, Jones (76) found rather
wide variation in the nitrogen content of different
kinds of protein, for example, 13.4 percent for an
aleohol-alkali-soluble protein preparation from
avocado and 19.3 for amandin in almonds. He
therefore prepared special factors for converting
nitrogen to protein in those foods for which he
considered there was sufficient information o justi-
fy their derivationn., Table 3 lists these factors
along with others obtained from him through
personal communication.

TaBrLE 3.—Faelors for caleulating protein from
nitrogen content of food !

Food © Factor ' Food | Factor

Animal origin: Plant origin—Con.
Fegs_ .. .. _. 6. 25 Legumes—Con.
Gelatin_________ b. 55 Beans—Con,
Meat __________ 6. 25 Soybeans___| 5. 71
Milk .. _._..__.._.| 6. 38 Velvetbeans_| 6. 25
Plant origin: Peanuts__..___| 5 46
Grains and cereals: Nuts:
Barlev..______| 5. 83 Almonds______ 5. 18
Corn (maize)__| 6. 25 Brazil _______ 5. 46
Millets_ _ _____ 5. B3 Butternuts____| 5. 30
Oats. ________ 5. 83 Cashew______. 5. 30
Rice._.._._...| 595 Chestnuts_____| 5. 30
Ve ______ 5. 83 Coconuts. . ___| 5 30
Sorghums___ __ t. 25 Hagzelnots_._ _| 5. 30
Wheat; Hickory_____. 5. 30
Wholekernel | 5. 83 Peeans_ ______ 5. 30
Braon_______ 6. 31 Pine nuts_.___ 5. 30
Embryo_._ | 5 &0 Pistachio_ __ __ 5. 30
Endosperm._| 4. 70 Wainuts_ _____ 5. 30
Legumes: Beeds: |
Beans: Cantaloup_._. 5.30
Adzuki_ ..__| 6.25 Cottonseed__ .~ 5. 30
Castor______ 5. 30 Flaxsced . ____ 5.30
Jack ______ 6. 25 Hempseed.. .. 5. 30
Lima _..____ 6. 25 Puinpkin_____ 5. 30
Mung___._. 6. 25 Sesame. ______ 5. 30
Sunflower ..__ 5 30

Navy_______ . 625 |

! Adapted from table 5 of U. 8, Department of Agricul-
ture Circular 183, revised edition, February 1941 (76) and
from unpublished data obtained by personal eommunica-
tion with the author. For groups of foods not included
here, the conventional factor 6.25 should be used until
more is known regarding their proteins.

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

Heat of combustion

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

Atwater’s procedure for obtaining a figure for
the heat of combustion for the total nitrogenous
portion of a food may be illustrated by his figures
for cereal grains having 17.5 percent nitrogen in
their proteins, The protein would therefore be
computed by multiplying the nitrogen by the
factor 5.7. He assumed, from analyses of Teller
(4), Snyder {163), and Wiley (783), that not less
than 96 percent of the nitrogen of the seeds of
cereals was in the form of protein and not over
4 percent as nonprotein material. One gram of
cereal nitrogen, .then, would be equivalent to
5.47 grams of protein (0.96 gm. N X 5.7) and,
using asparagin (21,2 percent N) as a model of
the nonproteln mtrogenous fraction, 0.19 grams
of asparagin (0.04 gm. N X 4.7).

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

5.47 gm. protein X 5.9 cal./gm.=32.27 calories

_-19 gm. asparagin X 3.45 cal./gm.=.655 calories
5.66 gm. nitrogenous compounds=232.9 calories
1.0 gm. nitrogenous portion=5.8 calories

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

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




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

“Carbohydrate by difference’” has been shown
to be generally satisfactory for estimating energy
values of foods (17). However, for certain pur-
poses, such as dietary planning for the diabetic,
carbohydrate values are needed which exclude the
fractions that are not potential glucose formers.
For these purposes nitrogen-free extract, “carbo-
hydrate by difference’” minus fiber, may be calcu-
lated. As the digestibility of fiber may be ver
low, nitrogen-free extract is considered a mucﬁ
closer estimate of the sum of potential glucose
formers than the ‘“carbohydrate by difference.”
“Nitrogen-free extract,” sometimes abbreviated to
NFE or Nifext, has been used for classifying fruits
:(md vegetables into different carbohydrate groups
2, 37).

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

Heat of combustion

Atwater assumed that 97 percent of the carbo-
hydrate in flours and meals was composed of starch
with a small amount of fiber, about 2 percent
dextrin, and 1 percent sugar. As the heats of
combustion of dextrin, 4,11, and of sucrose, 3.96,
are not greatly different from that for starch, 4.2,
he considered 4.2 calories per gram the suitable
factor to use for carbohydrate in cereal foods. He
also applied this figure to the carbohydrate content
of foods consisting largely of starch, such as corn-
starch and tapioca, and to dried legumes because

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

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

n fruits a large proportion of the carbohydrate
i3 present as sugar, especially monosaccharides,
but some starch, cellulose, and pentosans also are
present, Combining the lower heat of combuslion
of the sugars with the higher value for starch,
Atwater considered that 4.0 calories per gram was
Erobably not far from a correct figure for carbo-

ydrate in fruits.

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

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

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

Heat of combustion per gram

Kind of material

Determined tﬁgﬁ:&gr
Calorier Calories
Pentoses ' _ .. _____________ 3.72t04. 38 |._.___.__._
Dextrose___ _______._.__.___ b s I
Levulose_ _ ________________ 3.76 ) _________.
Cane sugar. . _______._______ 3.96 |._._____..
Miik sugar_ ___ ... ___._._._ 3.86 ..o
Cellulose. . ________________ 420 |________._
Stareh_ _ . .. 420 |
Dextrin_._________________ 418 | ____
Glycogen_ _________________ 419 .. __.___

Carbohydrates of animal
foods, meats, dairy prod-
uets, ete. o ______ . __ | _____..

Carbohydrates of cereals_ . __|.___.____ _.__.

Carbohydratesof legumes____|______________

Bugars . - . |iaee el -

Starehes_ . o |eccccameieoo

Carbohydrates of vegetables_|______________

Carbohydrates of fruits___._ | _________

P 9 e e 00
b bD [l R =]
GOG&OOD

1 Apparently includes net only the simple pentoses but
also the pentosans,

NotE,—This table appears as table 8 in The Availability
and Fuel Value of Food Materials (17).
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TapLE 6.—Fresh fruils elassified as to organic acid content !

3 porcent and over!

2 by 3 peroent

1 to 2 persont

0.5 to 1 pereent

Lesa than 0.5 percent

Lemons (C).
Limes (C).
Tamarind (T}.

Cranberries ().
Currents, red, black,
and white (C).
Gooseberries {C).
Grandillas, purple, or
passion fruit (C).

Apricots (M),

Carissa or natal plums
().

Cherries, sour (M).

Grapefruit, all (C).

Groundcherries (in-
cluding poha and
cape-gooseberry) {C).

Kumquats (C),

Loganberries ().

Loquats (C).

Nectarines (M),

¢ Oranges (C).

Plums, excluding
prunes (M).
Pomegranates (C).

Apples (summer} (M},
Blackberries (C),

: Blueberries (C).

{ Cherries, sweet (M),

. Crab apples (M).

- Grapes, pulp or juice,

American type, all
T

Grapes, European type,
all (T).

Guavas (C).

Mamey or Mammee
apple (C).

Mangos ().

Mulberries, black,
white, and red {M).

Apples (fall) (M).

Apples {winter) (M},

Bananas (M),

Cherimoya (C).

Fetjoa {é).

Figs (C}.

Jujubes {C).

Limes, sweet ().

Muskmelons (C).

Papayas {C).

Pears, all (),

Persimmons, fapanese
or Kaki (M).

Persimmons, native

(M.
Prickly pears {M).

! Raspherries, red and

black (C}.

Strawherries (C).

Tangerines, other
Mandarin type
oranges (C),

Roseapples (C).

Sapodilla or sapota (),

Sapote or Marmalade

i plum {C).

Sugar apples or
sweetsop (C).

Watermelons (M),

Peaches, all (M),
Pineapples (C).
Plantains (M).
Prunes (M).
Quinces {M).

1 T'atal free acid expressed in terms of the predominating acld as malic (M}, anhydrons citrle (C}, or tartaric (T} Lo the edible portion of fruit.

? Lemons and limes, 6 percent; tamarind, ripa, 13 percent.

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

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

Some of the acid constituents of food are
available to the body as a source of calories;
others are known to be unavailable or of doubtiul
avatlability. Oxzxalic acid is probably excreted in
the form of its insoluble caleium saly; tartaric
acid is thought to be either excreted unchanged
or destroyed by micro-organisms. Little is known
about the availability of such acids as glyoxalic,
malonie, and aconitic, but since they occur in
msignificant amounts they would make a negligible
contribution to the total energy value of the foods
in which they are found.

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

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

Calories

Acid: per gram
Aecetie. ____ __ . _._-- 3. 488
CItrie . e amamm—m—acae——a 2,471
Lactic. oo o .. 3. 620
Malie___ . el __a- 2.388

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

Food: Caloriez
Temons, limes__ . ________________ 15
Currants, gooseberries______________ _____

Fruits, 1-2 percent group (see table 6)_ ____ 2510 5
Apple vinegar___________________________ 16
Sauerkraut__._________________ .. _.io... 5

Alcohol

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



PART Il

Definition of terms

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

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

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

Nin f(l)od—~1\" in feces
N in food

X 100 = coefficient, of
availability.

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

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

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

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

DIGESTIBILITY AND AVAILABLE ENERGY OF FOODS

(intake—{ecal protein) less the gross energy of

the urine. Available energy of a food may'be

obtained entirely from data on heat of combustion

or it may be calculated in part from analytical

fiiata on nitrogen according to thefollowinglproce-
ures:

1. Gross energy of food— (gross energy of urine+
feces}.

2. Gross energy of food — (gross energy in feces 4
net absorbe(fgrams N X7.9}.

3. Grossenergy of food — (gross energy in feces 4
urinary N m gramsX7.9).

1f the subject is in nitrogen balance, no difference
would be expected in the deduction for urinary
loss between procedures 2 and 3. A discussion of
the extent of the differences resulting from these
methods of calculation under other conditions
follows the section on calorie-nitrogen ratio of the
urine, page 18. _

Atwater distinguished between physiea! and
physiological fuel values, the latter being the actual
benefit gained by the body from the use of fuel for
the different purposes served. This distinetion
was made in recognition of the possibility that the
energy value of a gram of fat, for example, might
be different for mechanical work from what it
would be if used only for maintaining body heat.
Atwater used the term fuel value as obtained by
method 1, 2, or 3 described above to mean physical
fuel wvalue, not physiological fuel valwe. The
latter term, however, has sinee been applied to his
data and to his method of obtaining fuel values
(56, 111, 159). Likewise, in the present publica-
tion physiological fuel value is the term used to
connote energy value of & food obtained by sub-
tracting energy lost in the excrets (feces and urine)
from the total energy value of the food, no con-
sideration being given to the specific functions
served in the body.

Digestibility of fat, carbohydrate,
and protein

On any diet some ether extractable matter,
nitrogenous matter, and other organic matter are
lost in the feces and must be taken into account in
calculating the energy value of foods. The nitrog-
encus matter present in the feces may be due 1n
part to undigested food residues, bacteria and their
products, the residues of digestive juices, and
mucus or particles of epithelium mechanically
separated from the walls of the digestive tract.
Numerous studies have been made to determine to
what extent the nitrogenous matter in the feces
under different kinds of dietary conditions is
metabolic and to what extent it is undigested or
unahsorbed food material, Some investigators
have concluded that all the nitrogenous matter in
the feces results from metabolic processes but that




some foods cause greater loss than others (104,
108, 147y. Other workers, including Murlin and
coworkers (40, 127, 128) and Bricker, Mitchell, and
Kinsman {31), as a preliminary step in obtaining
biological values of proteins, have estimated the
digestibility of foods with the assumption that
part of the fecal nitrogen is metabolic in origin and
part is from food eaten.

Since this publication is concerned primarily
with estimation of energy value no attempt has
been made to distinguish between metabolic and
undigested food nitrogen appearing in the feces,
because neither is available to the body as a source
of energy. Actually, level of N intake may appre-
ciably affect the apparent digestibility of protein;
on low levels of protein intake the fecal N may
represent chiefly metabolic N which, when charged
against 8 specific test food, leads to low values for
apparent digestibility of this food. Results re-
ported in the literature in which digestibilities of
test foods were measured under conditions of
extremely low protein intake are therefore not
satisfactory for application to a more normal level
of protein intake. Even under conditions of
higher protein intake, losses attributed to the
protein of the test food by this method of caleula-
tion may actually be due to the influence of the
test food on the digestibility of the entire diet.
Similar problems occur in calculating the energy
factors for carbohydrate and fat (188, 150, 191).
More information or possibly an entirely different
approach is needed to relate fecal losses directly to
the test food.

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

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

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

Food group Protein Fag | Curboby-
Percent Fereent Percent

Animal foods_ ___ .. ________ a7 a5 98
Cereals_ . _ ... ...__ 85 a0 98
Legumes, dried____________ 78 90 97
Bugars and starches . ____ . | ___ . ___|.....___ 98
Vegetables_ . __.____.____._ 83 90 95
Fruits_ ___________________ 85 90 90
Vegetable foods. ____..__.__ 84 90 97

Total food 1. ___.___ 92 95 97

I Weighted by consumption statistics based on a survey
of 185 dietaries,

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

A review of the literature shows that in most of
the experiments very simple diets have been used
in which the test foods made up & large proportion
of the total diet. In experiments where the test
foods were fed alone or contributed essentially all
of the nutrients tested, the supplemental action
of one food upon another cannot be observed.
Woods and Merrill (793) reported that some of
their early digestion experiments with men showed
milk and bread to be more completely assimilated
when fed together than when eaten separately.
A similar conclusion was reached by Bryant (32)
regarding milk and oatmeal when fed together and
separately to infants. TUnfortunately there is not
adequate basis at this time for estimating how
significant the differences in digestibility are under
different conditions of diet intake.

Availability of energy from digested

nutrients
Fat

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




9.5 calories per gram, its fuel value was 9.0 calories
per gram (9.5.95=9.02).

Carbohydrate

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

Protein

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

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

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

Fuel valoe
N Proporth
l’urnui;l;:ld}ut;y Heat of com- a totalon Toﬁ"l enerfhy
Kind of food material eachgroup | bustionper | mnutrlent | POTETSML |
per 3192&1"‘““ gram :f‘u“]‘:lt[’fs nutrlents :;aﬁ-ﬁ Per gram total nutrients
A B G -0 E! F: F rovised *
Protein
Frams Calories Culories Caloriex Colories Caloriet
Meats, fish,ete.__________.________ 43. 0 5. 65 0. 97 5. 50 4, 40 4 25 4. 27
R 6 0 578 .97 5. 60 4. 50 4. 35 4 37
Dairy produets____________________ 12. 0 5. 65 .97 & 50 4. 40 4, 25 4. 27
Animal food . . __________________ 61. 0 5. 65 .97 5 50 4. 40 4, 25 4. 27
Cereals_._______________._________ 310 5 80 . 85 4 95 4, 55 3. 70 3. 87
Legumes _______._____________.___ 2.0 5. 70 .78 4 45 4, 45 320 3. 47
Vegetables__________._.__________. 3.5 5 00 . 83 4 15 3.75 2,90 311
Fraite ... ___ .5 5 20 . B5 4. 40 3. 95 3. 15 3. 36
Vegetablefood.____ . ___ . ________ 39. 0 5. 65 .85 4. 80 4 40 3. 55 3. 74
Totalfood_____________.._ . 100. 0 5. 65 .92 b. 20 4 40 4. 00 4. 05
Fat
Meat sndeggs__ ... __________ 60. 0 9.50 ; .95 9. 00 9. 50 9. 00 9. 03
Dairyproduets...________. _._____ 32.0 9. 25 . 95 8. 80 9. 25 8 80 879
Animal food. . __________ . ____ 92.0 J' 9. 40 .95 8. 95 9. 40 8. .95 8. 903
Vegetablefood. ... ___________ 80 9. 30 . 90 8. 35 9. 30 835 8 37
Totalfood.._________. . ________. 100. 0 | 9. 40 . 95 8. 90 | 9. 40 8. 90 8.03
Carbohydrates . ‘
Animal food___________________._ | 5.0 3. 90 .98 3. 80 3. 90 3.80 3. 82
Cereals____..___________ _________ 55. 0 4. 20 . 98 4 10 4. 20 4, 10 4 11
Legumes________ _ ________._.__ _ 1.0 4. 20 .97 4 05 4. 20 4. 056 4. 07
Vegetables. _______ e e i3.0! 4, 20 .95 4, 00 4 20 4. 00 3 99
Fruits______ ... __________ I 5.0 4. 00 .90 3. 60 4. 00 3. 60 3. 60
Sugars. . ______ e e N 21.0 3.95 . 0% 3.85 3. 95 3. 85 3. 87
Vegetablefood ____ . _________. ' 95. 0 4.15 .97 | 4. 00 415 4. 00 4. 03
Totalfood_ . __________ . __._____ _ 100. 0 4. 15 .97 4. 00 I 4 15 4, 00 4. 03

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

3 Values for fats and carbohydrates, same as corre-
sponding values in ¢olumn I).  Values for protein, same a3
corresponding values in column I minus 1.25.

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

10

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

Note.—This table appears as table 10 in The Availa-
bility and Fuel Value of Food Materials (17) with the
exception of column T, revised. The figures in this column
appear in tabular form in Investigations on the Nutrition
of Man in the United States (98, p. 18).




The basic data needed for computing fuel value
of a diet were brought together by Atwater and
Bryant in a table, reproduced here as table 7.
They presented two sets of factors for use in esti-
mating energy values. In column E of their table
they listed ﬁe factors to apply to & gram of avail-
able protein, fat, and carbohydrate in each of the
various food groups and the average calorie factors
per gram, 4.40, 9.4, and 4.15, to apply to the total
amounts of protein, fat, and carbohydrate avail-
able in & mixed diet. The factors in column E
were therefore to be applied to absorbed nutrients.

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

For some time after the publication of this work
of Atwater and Bryant, apparently no consistent
policy was followed with respect to the factors
used to estimate energy values of foods (6, 8, 10,
18, 18, 20, 68, 89, 1567, 169, 171}. For a period of
time the Atwater and Bryant general factors ap-
peared in the literature as 4, 8.9, 4; then a refer-
ence to a further rounding of the factors to 4, 9, 4
was made in the 1910 revision of Farmers’ Bul-
latin 142 (17). The 4, 9, 4 factors later came into
widespread usage in estimating calorie values of
food and not ouly were applied to the total
amounts of protein, fat, and carbohydrate (by
difference) of a mixed diet as Atwater and Bryant
had originally intended but also were used in
assessing the fuel value of individual foods.

Following the publication of the 1899 report, it
was realized that for protein the number of calories
calculated by applying factors in column E to
absorbed nutrients was not identical with the
number derived by applying factors in column F
to total nutrients. Results obtained by the latter
were too low. The error resulted from the misuse
of the factor 1.25 derived from a gram of protein.
It had been applied to protein which, after diges-
tion loss was taken into account, was less than 1
gram. To illustrate: If & subject ingests 1.0
gram of protein the gross fuel value of whiech is
5.65 calories, and if only 0.97 gram is digested,
the gross available calories are 0.97X5.65, or 5.48.

Since only 0.97 gram is available from each gram
of ingested protein, only 0.97%X1.25 or 1.21 cal-
ories should be deducted. Thus for 1 gram of
imgested protein, the available energy value would
be 5.48—1.21, or 4.27 calories, This is the same
as 0.97 (5.65—1.25).

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

The calorie value per gram of urinary nitrogen.—
Several questions have been raised on the advis-
ability of applying 7.9, the calorie-nitrogen ratio
in urine published by Atwater (12, 17), to ener%y
calculations for which dietary conditions may be
greatly different. ILusk (10f) summarized data
showing that the ratio was affected by the propor-
tion of dietary protein, fat, and carbohydrate.
Other questions have been raised concerning the
effect of negative or positive nitrogen balance
and of high-fruit diets having more than the usual
amount of organic acid.

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

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

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

The study that included the 55 metabolism
experiments was made at Middletown, Conn,,
during the years 1896-1902 under the auspices
of the UJ, 3, Department of Agriculture in coopera-
tion with the Storrs {Copn.) Agricultural Experi-
ment Station and Wesleyan University, The
subjects were normal healthy men of similar
weight, around 65 to 79 kg,

! A note on one of the marked copies on file in . 8.
Department of Agriculture reads, ‘A copy showing cor-
rections aa made on slips sent to Magnus }I)‘evy in letteriof
July 8, 1904.”
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A complete outline of the work, and the pro-
cedures followed were given in considerable detail
by Atwater and Benedict (16). Those aspects of
the study thought to have a direct bearing on the
calorie-nitrogen ratio of the urine will be referred
to here. Some additionsal details are given in the
gection on alcohol (p. 18). Selected data from
the 55 experiments have been summarized in
table 8 along with data from & later series in which
Benedict and Milner continued the study.

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

The respiration calorimeter, described in detail
in U. 5. Department of Agriculture Bul. 63 (21),
was especially designed for this series of experi-
ments. It included among other equipment a
bed and a stationary bicycle with an ergometer for
measuring external muscular work, thus providing
for the study of metabolism of matter and energy
under conditions of rest and strenuous activity.

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

Certain precautions were taken to minirnize
errors In the nitrogen and energy determinations,
The urinary nitrogen was determined in 6-hour
intervals throughout the day, using the Kjeldahl
method. A portion of each collection was reserved
as part of & composite sample for the day. Nitro-
gen and the heat of combustion were determined
ot a portion of this composite and the remainder
was preserved by adding formalin or thymol.
This became a part of the composite sample for
the whole period of usually 3 10 4 days. The
analysis of the total composite sample checked

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

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

The investigators took into account the possi-
bility that a lag in nitrogen excretion by the
subjects would introduce some error in urinary
estimations in the relatively short experimental
periods of 3 to 4 days. This possible error was
reduced by having periods on the same diet run
consecutively. In addition to the incompletely
oxidized matter lost in the urine the perspiration
losses should be recognized. However, as nitrogen
losses have been shown by 25 work experiments of
Atwater and Benedict (16) to be small, averaging
only 0.29 gram per day, and as data on compa-
rable energy loss in the perspiration were lacking,
the data in table 8 apply to urinary losses only.

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

In the annual report for 1899 (I7) Atwater con-
tinued to use the same factor, 1.25 calories per
gram of digested protein, in his calculations of
evailable energy, although he recognized that this
deduction was not accurats for foods. Some
error is introduced when this correction, based on
the factor 6.25 to convert nitrogen to protein, is
used with proteins or with nonproteins containing
more or less than 16 percent nitrogen. In the
same publication he mentioned briefly the deriva-
tion of the basic figure 7.9 celories per gram of
urinary nitrogen. He stated that the figure was
based on the average of 46 determinations. They
were mainly from his laboratory with a few from
Chas. ). Wood of the Maine Experiment Station.
In addition to the first 16 experiments conducted
prior to the 1897 report, the next 25 of the series
may have been completed before the 1899 report
was prepared. Possibly these 41 experiments,
together with 5 unpublished from the Maine
Experiment Station, made up the 46 experiments
to which Atwater referred in the 1899 report.
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TasLs 9.—Daily food intake in the experiments from which Atwater originally obtained the calorie-nitrogen
ratio of 7.9 for urine

Reaplration experiments Metabolism experlments [ Diigestion experiments
Food item .
1 2 3 41 5 ‘ L} T 8 a7 3% 4 | 43
Grams | Grams | Groms| Grame| Grame; Grams| Grems| Grama| Grome| Grame : Grems - Grame

Beef, fried_ . . __ . oL 121 121 96 06 120 100 (169 150 121 100 170 . 150
Beef, dried__ . __ | om - 25 |._____ 25 |o_____ 25 . 25 |ooa.--
Ham, deviled. ... | |e e 5O | oo o |eea - 52 |eccma|omooas
i}fgs ________________________ 98 101 100 |- __. 95 54 |141 43 107 52 144 103

ilk, whole {assumed raw)_.___.1, 000 500 660 650 778 850 (575 850 775 850 |575 850
Cheese_ o iciecma-o  TD il T (RN P SURNURRRUUUY IRUNUVURU (NUUNNPRRIR [UUNRRUNIN PURUP NP (U
Batter_. . .o P35 35 20 4 35 75 | 15 35 34 75 | 15 35
Bread, brown_....______._._.. R N 250 | |- __ JEEURS SRR IRURPRURPNOY (SRRSO PSP P
Bread, white_ ______.___.__.._. SR IR R 150 |._____ 450 | .. . P 450 |. |-
Bread, *ve_ ____... .o ___ 250 | 228 275 |-____ ;o 325 .- ___ 150 325 316 .. .. ._|15D 328
Crackers, milk_.________._.._. o100 100 (L _|-__.t. (N T TR S NG S NP M
QOatmeal . ... .. ______ (SO, [SDIRRR U F: T I DA FE IR S (R PR (O,
Wheat breakfast food_ _______._ SRR NS R R RPN DI SR R [ T PO R R
L S P20 40 46 20! 36 50 | 45 40! 38 50 | 45 40
Beans, baked_____._..________ o SR PR — 120 125 125 |125 |, 125« 125 125 (125 125
Potatoes, boiled inskina___.___ 150 150 | 270 100 || _C RN SRR (RRURSI (NP SR
APPleS. oome T SR 85 | 125 .. . |- 1|l T DU IR N 200
Peaches_ . _____ ... ______._ S (R 140 | oo ._ U R R I S R
Pears, canned _ - . __ ... |- |ioo_-- 210 ... .. 150 300 1150 . _____ i 150 300 (150 |o...-.
Aleohol __ .| 1 __________________ 7.5 .. i ..... S 725 |- _.-

t Includes experiments 4P, 4A, 4B, 4C, and 48. (See table 8.)

In the 25 additional published experiments in
this series conducted prior to 1900, the diet was
modified somewhat as compared with the first 16.
It consisted of beef, whole or skim milk, butter,
bread, cereal breakfast foods, graham crackers,
ginger snaps, and sugar. The estimated nutrient
intake was similar to that of the preceding experi-
ments except that the ascorbic acid content was
lower, probably only between 10 and 20 milligrams
per day. The average calorie-nitrogen ratio for
the 41 experiments, 7.88 (table 8), is not different
from that found for the first 16 alone, 7.86.

The calorie-nitrogen ratio of the urine in these
41 experiments showed a wide variation with a
range from 522 to 10.54. As the number of
experiments under any one set of conditions was
limited, it is scareely feasible to conclude from this
series how different factors such as level of intake,
extent of digestibility, type of diet, and degree of
activity influenced the calorie-nitrogen ratio of the
urine. To the data in table 8 already mentioned,
we have added data selected or calculated from the
rest of the 55 metabolism experiments completed
after 1899, and data from a series of metabolism
experinents, numbers 56-67 by Benedict and
Milner (27), which was actually a continuation of
the earlier series of Atwater and Benedict. Bene-
dict and Milner resumed the investigations of
matter and energy in 1903. We have included
data from these studies for reference since copies
of the various publications in which the experi-
ments were reported are no longer readily available
and they furnish much valuable basic data.

The diets of the experiments conducted in 1900
and later showed very wide variations in gross
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calories and in the levels of protein, fat, and carbo-
hydrate. The urinary calorie-nitrogen ratio for
these experiments varied from 6.44 to 10.36. Both
extremes were within those observed for experi-
ments conducted prior to 1900; the average was
832, a little higher than for the preceding
experiments.

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

Rubner (148) determined the calorie-nitrogen
ratio in urine on a variety of mixed diets, reporting
an average ratio of 8.5. But a number of years
later in a paper with Thomas (151} he reported
that the ratio was between 7 and 8, although he
had found variations outside this range. Among
othe * problems Rubner (748) studied the infiuence
of level of fat, single foods, and periods of rapid
growth on cai.ie-nitrogen ratio of the urine and
summarized the results as follows:

ries Du nal
Foed C;}rﬂum b][)er ex]::.:rtil;egt

Days
Mother's milk__..________ . _.__.___ 12. 10 7
Cow’s milk, infants_____._________.. ¢ 6.93 7
Cow’s milk, aduits__________________ 7.71 7
Diet poorinfat. . __________ 8. 57 2
1];0 ___________________________ 8 33 4
Dietrichinfat__...______ .. ._____ 8 87 2
O o o e immmc e eeeaa 8 44 4
Boys’ mixed diet . .. _________ ... .- 6. 42 4
Boys’ mixed diet richinfat_ ... ____.. 7. 50 4
| Y 7. 69 1
Potatoes_ . ee__ 7.85 ]
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Rubner and Thomas (151) found the urinary
calorie-nitrogen ratio for a subject on & diet solely
of potatoes to be 9.04, 11,92, and 10.09 for the 1st,
4th, and 6th days respectively—ratios which were
much higher than Rubner had observed in earlier
;;rﬁﬁriments except for the infant on mother’s

. Sherman (156) reported a series of metab-
olism experiments on very simple diets of crackers
and milk and in some cases butter. In one series
periods of restricted and liberal intakes were alter-
nated. Experimental periods of 3 to 5 days fol-
lowed consecutively, two series for 12 days each
and a third series for 20 days, to provide a better
basis for following and interpreting changes in the
composition of the urine. There was no apparent
difference in the calorie-nitrogen ratios found for
the periods on restricted and liberal intakes, The
range was 7.39-8.00. In general the ratio was
somewhat lower than that found by Atwater and
coworkers for subjects on mixed diets.

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

Several investigations have been made In which
calories and nitrogen in the urine of children have
been reported, notably those of Macy (111, 112),
Her studies provided data on a group of children
ranging from 4 to 12 years of age over an extended
period of time. From the composition of the urine
reported the calorie-nitrogen ratio has been cal-
culated for each child. The ratio does not appear
to differ appreciably from that obtained by
Atwater for adults. Related problems have been
studied by Folin (54), Rubner (149), Rubner and
Heubner (150), and Tangl (180).

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

The data show that although the amount of
energy lost in the urine is highly variable, on the
whole 1t is smal]l compared with the gross energy
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of the food eaten. This is not surprising since
less than a third of the gross calories from the
digestible protein is involved, and digestible
protein msakes up only 10 to 25 percent of the
total calories in these diets. Consequently, an
error introduced by the use of an average calorie
value per gram of either urinary nitrogen or net
absorbed nitrogen does not affect greatly the
calculated avallable energy of the whole diet.

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

For purposes for which the calculation of urinary
energy loss from nitrogen in the usual way is not
satisfactory, attention is called to the work of
Rubner (145) and of Benedict (25, pp. 480-492).
Benedict found less variability in the ratios of
calories to either carbon or organic matter than
in the ratio of calories to nitrogen. He found
closer relationship when be related the energy to
carbon but in view of the difficulty in determining
carbon he suggested as a more feasible procedure,
using the somewhat less constant calorie-organic
matter ratio of the urine. The latter was largely
proportional to the carbon content of the urine
and far more readily determined. Benedict’s
suggestion for making the urinary energy deduc-
tion on this basis rather than using the more
variable calorie-nitrogen ratio in estimating avail-
able calories in foods should be piven further
consideration,

Alcohol

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

The gross energy value of aleohol is 7.07
calories but its physiological energy value has
been assessed variously by different groups of
investigators. Daniel, 1951 (4{5) suggested using
about 5.0 calories per gram, since from animal
experiments and various biochemical studies it
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appears that only 65 to 70 percent is available for
muscular work. The Food and Agriculture
Organization Committee on Calorie Conversion
Factors and Food Composition Tables did not
publish a review of the literature but suggested
in their report (§4) that alcohol be omitted in
computations of energy value of diets for two
reasons—it is seldom possible to estimate alcohol
consumption accurately, and little is known
regarding its physiological energy value.

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

The question is still being debated whether the
energy of aleohol can be used for various physio-
logical processes to the same extent as the organic
constituents of food or whether iis use is limited
entirely or partially to providing heat. Reviews
of the different aspects of alcohol utilization have
been published by Carpenter (35), Mitchell and
?urzon (122), Keys (80), and Klatzkin and others
82).

To bhe accurate, the assessment of food energy
should take into account the site of the energy
conversion and physiological destination of the
nutrients. Up to the present no such additional
refinements have been attempted in any common
method of estimating energy values of foods.
Attempts to do so with a view to obtaining calorie
values to apply to foods under real life situations
would be very complex. To illustrate, Keys (87)
pointed out that when starch is hydrolyzed to
glucose in the gastro-intestinal tract, approximately
14 calories per 100 grams are released in the body.
This is available only as body heat and for no
other purpose, If the hydrolysis occurs during
cooking, these calories are lost before ingestion,
In estimating celorie values of starch this type of
difference is not taken into account. Of more
importance, he pointed out, 15 the demonstration
that, calorie for calorie, fat is about 12 percent
less efficient for production of external muscular
work than carbohydrate, yet there is no difference
if ecalories are neceded solely to maintain body
temperature.

The potential energy of moderate smounts of
aleohol may have a more hmited usefulness in
body metabolism than energy from proteins, fats,
and carbohydrates. In view of the fact that in
estimating calorie values, differences in avail-
ability and efficiency of use of the energy from
these common sources are not considered, it does

0

not seem necessary at present to discount the
energy value of alecohol, particularly since there
is considerable evidence that when intake is
moderate a large part may be available for mus-
cular work and that all of 1t may serve as & source
of body heat.

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

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

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

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

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

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




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

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

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

The data showed that alecohol had no practical
effect on digestibility except possibly in the case
of protein. The coefficient of apparent digesti-
bility of protein was a little larger in the experi-
ments when the diet included alcoheol than in
comparable experiments without alcohol, 93.7
percent as compared with 92,6 percent.

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

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

net income, Atwater and Benediet concluded
that the energy of alcohol oxidized was itrans-
formed completely into kinetic energy and ap-
peared either as heat or as muscular work, or both.

Atwater and Benedict made some deductions
concerning the protecting effect of aleohol on
body material, based on the carbon, nitrogen, and
hydrogen balances of the subjects. From these
balances they estimated the daily gains and losses
of body fat and protein, assuming that the glyco-
gen stores for each individual at the beginning and
end of the experiment were the same, %‘hoy
found some gains and some losses of body fat on
either kind of diet but on the average there was
a gain. This gain was slightly larger when the
subjects were on the diets including alcohol than
when on the ordinary diets; 2.4 grams daily as
compared with 1.1 grams of fat in comparable
experiments with and without alcohol. Storage
and loss of body protein also was calculated. Com-
parisons made between the ordinery and alcohol
periods indicated that aleohol was slightly inferior
to carbohydrate or fat in protecting body protein;
that is, a larger average daily loss, 4.9 grams, of
body protein occurred in the alcohol periods than
the average loss, 3.5 grams per day, for the ordi-
nary periods.

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

Some of the results of the six groups of experi-
ments (totaling 15 balanees on 2 men) in which
the alcohol and nonalcohol periods were more
noarly comparable are shown in table 12.  As the
protein intake within each group of comparable
experiments with and without alcobol is nearly
constant, these data indicate approximately the
effect of alcobol on both the apparent digestibility
of protein and on the retention or loss of digested
protein. There was a small increase in apparent
digestibility and also some increasc in urinar
nitrogen excretion when the diets included alcohol.
The heats of combustion which Atwater and
Benedict applied in experiments 9 and 10 to
changes in body protein and fat were 5.65 and 9.54
calories per gram, respectively. In their later
experiments they changed the figure for body fat
as they considered 9.4 calories per gram more
nearly correct. The net effect of alcohol on gain
or loss of body protein and fat in terms of total
energy change is shown in column 13. The last
two columns of the table show excellent agreement,
hetween energy expenditures obtained in two
entirely different ways: by adjusting available
energy of food intake for changes in amounts of
body protein and fat, and by direct measurements
of the heat given off by the body plus the heat
equivalent of the muscular work performed (in
the work experiments).

n
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A comparison of the experiments with and
without aFcohol (column 13) indicates that within
each group, when 72 grams of alcohol (509 calories)
replaced an spproximate calorie equivalent of
fat and/or carbohydrate, the calculated net gain
or loss of energy value in the form of body tissue
was sometimes a little larger and sometimes a
little smaller than the change calculated for the
comparable experiments when no alcohol was
included. In these six ups of experiments
the caleulated ecalorie change of body tissue
varied from an additional gain of 83 calories to a
larger loss of 95 calories as compared with the

PART lii. DERIVATION OF

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

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

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

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

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

corresponding nonalcohol experiment. Under the
conditions of these experiments Atwater and
Benedict eoncluded that aleohol must have been
used by the body about as efficiently as the nutri-
ents from ordinary {eod 1t replaced. In the most
exireme case, alecohol ealories were only about
four-fifths as well used a2 the food calories which
alcohol replaced. These experiments de not
prove but suggest that under the conditions
comparable to those in these experiments much
of the energy of alcohol can be used in the body
for internal or muscular work.

CURRENT CALORIE FACTORS

laysen (30) compared utilization of protein and
dry matter in wheat and rye brans by man with
utilization by sheep and swine. Later Crampton
and others (43) compared man’s use of several
grain products with that of rats, sheep, and swine.
However, there is insufficient evidence at present
for concluding that digestibility of nutrients by
experimental animals can be used to predict that
of man. If a relationship could be established,
research in this field could proceed more economi-
cally and more rapidly.
he energy factors shown in table 13 do not
rest on equally reliable information. The number
of subjects for different foods varied considerably.
In general, no information was available on the
possible departure of the test diet from the previ-
ous dietary pattern. Lack of uniformity was
observed in the experimental procedures used,
including lengths of the preliminary and experi-
mental periods, choice of marker, and the relative
H‘mportion of the diet furnished by the test food.
he foods tested, expecially in the early digestion
experiments, were not always adequately de-
scribed, nor was the chemical composition of the
sample always reported. In some cases, reason-
able assumptions could be made as to the identity
of the samples. For a few foods neither descriptive
nor composition data were reported by the
investigators, and energy factors derived from
digestibility data in those experiments may be
shown by future work to need considerable
revision. Qrain products of various degrees of
milling as deseribed some 50 years ago have
presented particularly knotty problems. Although
the products were identified by extraction and
other recognized milling terms, composition data
in addition were necessary to classify them in
terms of the most nearly comparable produets on
the market today.




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

Protein Fat Carbohydrate
| l;gclt;:r I:scgr Fagtor
a ]
Food orfood group Sl | cnemb | sppuea | £o | Hent o | appted | Son | et of | appils
digestl- | tion less ggs::é digesti- cozﬂgim- st:aitro?d digesti- N{ﬂ)?l“" ;:“lg&
bility | 1257 | BeSEd | hility posier | bility -
enty ants onts
[¢3] ¥ (3 [CY) {5} {6) o) (R} %) (10}
Eggs, Meat products, Milk produets: Po. | Celjpm.|Celigm.| Pd. |Calfgm. |Calfgm.| Pat. {Caljgwm.| Colfgm
Eges.. - . .. 97 | 4. 50 | 4. 36 95| 9.50 | 9. 02 98 1 3.75 | 3.
Gelatin_____.________ ______________________ 97 | 402 | 3. 90 95+ 9.560 | .02 |______|______|.____.
Glycogen. .. _ . _________ ... R SR MR I I I 98 | 4. 19 4. 11
Mt_aat, ﬁgh ___________________________________ 37 | 4. 40 | 4. 27 95 | 9.50 1 9.02 ______(______ *
Milk, milk produets. .. ... _________________ a7 | 4. 40 | 4. 27 95 | 9.25 [ 8 70 98 | 3.95 3. 87
Fats, separated:
Butter . . ... . 97 | 4. 40 | 4. 27 95 | 9.25 | 8.79 98| 3.95 [ 3.87
Other animal fata__ .. ... _____________ . __|.____ | ._|-_.__ 95 | 9.50 | 9.02 {_ ... __|-..___|._.___
Margarine, vegetable __ ________ . ___________ 97 | 4. 40 | 4. 27 95 | 9.30 | 8. 84 98 | 3.95 | 3.87
Other vegetable fats and oils . __________._______|______|.__ R P 95 1 9.30 | B. B4 |._____|______|._____
Fruita:
All (except lemons, limes) _ _____.._.___._______ B53.95| 3.36 90 | 9.30 | 8. 37 90 | 4. 00 | 3. 60
All fruit jujee (except lemon, lime) unswectened _ 85 1393 | 3360 80 |9 30| s ET £OR | 4 ) | 43 u2
Lemons, limes________________ e 5 | 393 1336 - 90 | 9.30 | 847 10| 2T 12 48
Lemeoen juice, lime julce, unsweetened . . . _____ X3 0305 {3,360 90 0 9.30 ¢ 5 37 98 0 2.75 270
Grain products:
Barley, pearled_______________ . _______________ 78 { 4.55 | 3. 55 90 | 9.30 | & 37 941 420 | 395
Buckwheat flour, dark_ ... _____ 74 1 4,55 | 3. 37 90 | 9.30 | 8. 37 00 | 4.20 3.78
Buckwheat flour, ight_ ___. ___________________ 78 | 4.55 | 3. 55 90 } 9.30 | 8 37 94 | 420, 3.95
Cornmeal, whole ground . _ .. ... __.____________ 60 | 4.55 ( 2.73 00 | 9.30 | B 37 96 | 4.20 , 403
Cornmeal, degermed____.________________. S 76 | 4. 55| 3. 46 90 | 9.30 | 8. 37 99 | 4. 20 4. 18
Dextrin. ... Y PRSP SNSRI PSRRI B I 98 | 4.11 4. 03
Macaroni, spaghetti_ . ______ . .. ... __.________ 86 | 4. 55| 3.91 90 | 9.30 | 8. 37 98 | 4.20 | 412
Oatmeal, rolled oata____________________.__ ___ 76 | 4.55 | 3.46 90 | 9.30 | 8 37 98 | 4.20 | 412
Rice, brown_____ R e ll_ll_.. 751 4.55 | 3. 41 90 | 9. 30 | 8 37 98 ; 420 | 412
Rice, white or polished__________ S, 84 | 4.55 | 3. 82 90 | 9.30 | 8 37 %) | 420 4. 16
Rye flour, dark __ ____________________ ... ___ 65 | 4,55 | 2.96 90 | 9.30 | B.37 9 | 4.20 | 3. 78
Rye flour, whole grain________________________ 67 | 4. 55 | 3.05 90 | 9.30 | 837 92 | 420 3.86
Rye flour, medium. ______ . _____________. 71 | 4.55 | 3.23 90 ; 9.30 | B 37 95 | 4,20 399
Rye flour, light ___ ____________________. .. ____ 75 | 4.55 | 3. 41 90 | 0.30 | 8 37 97 | 4. 20 4. 07
Sorghum (kaolinng), whole or nearly whole meal . 20 | 4. 55 .9 90 | 9.30 | 837 96 | 4. 20 4. 03
Sorghum (feleritn, kafir, milo), R0-83 pereent !
extraclion. __ . __ .. ... _____ .- YAl 455 12028 a0 4 9. 30 | K837 YOT 2 420 | 1407
Wheat, 97-100 percent extraction________._____ 79 | 4.55 | 8. 59 a0 | 9. 30 | B 37 90 | 4,20 3.78
Wheat, 85-93 percent extraction_ . _ __ S B3| 455 | 3.78 90 ) 9. .30 | 837 94 | 4.20 | 3.95
Wheat, 70-74 percent extraction . ._.__________ 89 | 4.55 | 405 9¢ | 9.30 | B.37 98 | 4.20 | 4.12
Wheat, flaked, puffed, rolled, shredded, whole
el .. 79 | 4.55 | 3.59 90 | 9,30 | 8 37 901420 3.78
Wheat bran (100 pereent) _____________________ 40 | 4.55 | 1. 82 90 ; 9.30 | 8 37 56 | 4. 20 2.35
Other cereals, refined_ __._______.___.__.._____ B5 ( 4. 55 | 3. 87 90 | 9.30 | 8 37 98 § 420 | 412
Wild rice__ __ ___ __ o __________ 78 1 4.55 | 3.55 90 | 9. 30 | B 37 94 | 4. 20 3. 95
Legumes; Nuts:
Mature dry beans, cowpeas, peas, other legumes;
nuts_ __ __ _ _ o _________ 78 | 4, 45 | 3, 47 90 | 9.30 | 8 37 97 + 4. 20 4, 07
Immature lima beans, cowpeas, peas, other legumes_| 78 | 4. 45 | 3. 47 80 | 9.30 | 8 37 97 | 4.20 | 4.07
s Soybeans, dry; soy flour, flakes, grits__ __ __.._._ 78 | 4.45 | 3.47 90 ' 9.30 | 837 97 | 4.20 | 407
UEAIS:
Cane or beet sugar {sucrose) . __ ____ . ________| e |eme e e 98 | 3.95 3. 87
Glucose . _ e ca et e b 98 | 3.75| 368
Vegetables:
Mushroome_____.____________.___.___ . ______ 70 | 3.75 | 2.62 90 | 9.30 f 837 85| 410" 3. 48
Potatoes and starchy roote . _ _ ____ . ______.___. 74 | 3.75 ] 2.78 90 | 9. 30 | 8. 37 96 | 4. 20 4. 03
Other underground erops 5. .. ______________ 74 1 3.75 | 2.78 90 | 9.30 | B. 37 96 | 4. 00 3. 84
Other vegetablea_ _ __ .. _ _____________ . . _.___ 65 | 3.75 | 2 44 90 | 9. 30 | 8 37 85 | 4. 20 3. 57
Miscellaneous foods:
Aleobol ¢ _ __ __ | |e e el RSN RO PR SRR R
Chocolate, cocoa_ _ . __ ..o .. 42 | 4.35 ] 1.83 90 | 9.30 | 8.37 32 | 416 1. 33
Vinegar. . oo e emmmm e e e e e e e 98 | 2.45 | 2. 40
Yeast __ ___ o _______ 80 375 | 3.00 90 | 9.30 | 8 37 80 | 4. 20 3. 35

1 In & few cases values in columns 4, 7, and 10 are slightly
different from those shown in table }7, column F, revised,
because of different methods of rounding figures,

* The correction, 1.25 calories, has been subtracted from
the heat of combustion. This gives values applicable to

ams of digested protein and identical with Atwater's

actors per gram of available protein.

3 Carbohydrate factor, 3.87 for brain, heart, kiduey,
liver; 4.11 for tongue and shelifish.

+ Revision made sinee 1953.

* Vogetables such as beets, carrots, onions, parsnipa,
radishes,

* Coefficient of digestibility, 98 percent; heat of com-
bustion, 7.07 calories per gram; factor to apply to ingeated
alcohot, 6,93 calories per gram,

y -]



Physiological Fuel Values of Foods of Animal Origin

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

Many items of animal origin contain small
amounts of carbohydrate to which Atwater
applied the energy factor 3.82 calories per gram,
He obtained this using 3.90 calories as heat of
combustion and a coefficient of digestibility of 98
percent, Some small revisions in this factor are
indicated in view of current information on the
form of carbohydrate predominating in the dif-
ferent kinds of foods of animal origin. These
revisions, which are very minor, are noted in the
following paragraph,

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

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

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

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

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

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

Physiological Fuel Values of Plant Products

Separated fats of plant origin are important
items today but were praciically unknown 50
gears ago. Yor them we have used the digesti-

ility coefficient, 95 percent, that Atwater used
for butter and other animal fats. For the heat of
combustion of fat in plant products, whether or
not separated, we have continued the use of
Atwater’s factor, 9.3 calories per gram,

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

For fat as it occurs in cereals and other plant
sources Atwater assumed the apparent digesti-
bility to be 90 percent and we have continued this
practice. The energy factor for fat m plant foods
18 therefore assumed to be 8.37 calories per gram.

The revisions we have made in the Atwater
factors for the physiological fuel values of protein
and carbohydrate of plant products have resulted
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mainly from adding data from a comprehensive
review of digestibility studies reported since 1875.
For a few foods the revisions result from changes
in the heat of combustion factors used. More
specific energy factors, together with the average
coefficients of digestibility and heats of combustion
from which they were derived, are presented in
table 13. The basis for the differences in these
figures as compared with Atwater’s factors for
food groups is discussed in the remainder of this
section. In some instances the values may prove
to need further revision as the resuli of future
research, but we believe them to be better ap-
proximations for individual foods than either the
general, overall factors or the food group factors
that were developed in 18909. The basic data on
digestibility from which the factors were obtained
have been compiled in table form (appendix
table 23).

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




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

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

Products of wheat

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

Flours

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

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

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

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

Percent

Milled fraction: yield
Patentflour______._______________________ 63. 0
Fimtelearflour____ ____________.__________ 7.0
Second elear flour. ___________________ " " 4 5
Red dog Hour.______._________.___.______ 40
Germ. ________ . .2
Shorts. ... ... 12.3
Bran. 90

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

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

Since such estimmates may be more or less in
error, and since the information on the milling
and composition of the flours suggests that the
entire-wheat flour was not always of uniform
extraction, we bave considered it preferable in
this publication to assume that the data applied to
flours within the range of 85- 1o 93-percent extrac-
tion. Likewise for flours designated as standard
patent we have assumed that the data applied to
flours of 70- to 74-percent extraction. With re-
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gard to the whole-wheat or graham flours used in
the carly studies, it has been assumed that flour
so designated may have been of from 97- to 100-
percent extraction, since there was some evidence
that a small amount of the outer portion of the
kernel may have been removed.

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

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

ours,

TapLe 14.—Energy values of wheat Hours calculated by use of speeific energy factors for protein, fat, and

carbohydrate
| Energy fac- ;
i o y Availahls
: tors 1o ba
L o Coefficient of | EReTEY value led to | nerey of food
Type of Aour . Compasition ! dligesﬁg?lit; orn;::tl:%ggilc E%%E;:ﬁ& };&;&i:?gg]l.ﬂg
feol. 3% eol 43| X col. 5
M @ @®) @ ) @
Essentially whole wheat ? (97-100 percent extraction): Percent Pereent Cal.igm. Cal.lym, Cal [100 gm.
grotein (N X B.B3) ... li. g : , EO § 3 gg 3. gg i 485. 2
A o e e mmmmmm e mm e m e iem— oo Lt . 8. 37 15, €
Carbohydrate by difference_._________ ... ______ 71. 8 90 4, 20 3.78 271. 4
Total . . o o e oo e F |- - 332. 5
Intermediate extraction (85—93 percent):? .
Protein {N X 8.7) ... ___- e Cila—- 12, 0 83 14 55 3. 78 45, 4
Fat i o 1.8 + 90 9. 30 8. 37 15.1
Carbohydrate by difference. . ______ . __________ 73.0 94 4, 20 3. 95 288, 4
Total . i i e e e[| 348. 9
Patent? {70-74 percent extraction):
Protein (N X 5.7) o oo oo e oo e 11. 7 . (S)g 14 55 4. 05 47. 4
Fat_ o dm— e 1. 3 { 9. 30 8. 37 10, %
Carhohydrate by difference___ .. .. . .. 4.5 98 4. 20 412 306. &
TOAL. + o o - e oo i ____________________ 365,

! Composition data are caleulated to a 12-percent
moisture basis,

3 The ash content found for the wheat flours are 1.7
percent for essentially whole wheat, 1.2 percent for wheat
of intermediate extraction, and 0.5 percent for patent
fiour.

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

§ 1,25 calories have heen deducted from the heat of
comhbustion of 1 gram of proiein to correct for loss of
incompletely metabolized products in the urine.

+ Assumed ceoefficient of apparent digestibility for fat in
plant products, 90 percent, used heeause actual data for
wheat were unsatisfactory,

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




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

To illustrate how the calorie factors for the
calculation of available calories are obtained,
data are presented here from a study of McCance
and Walsham (704). Digestion and utilization of
calories of two samples of whole-wheat flour, one
made from a low-protein English wheat and the
other from a high-protein Canadian wheat were
determined for adult subjects. The calorie factors
for protein were found by applying the coeflicients
of apparent digestibility of protein found in these
digestion experiments to the factor 4.35 calories

er gram (5.65 less 1.3 calories per gram for urinary
oss) used by Sherman (158) for the heat of com-
bustion ¢f protein in a mixed diet, The apparent
digestibility of protein was found from the experi-
ment to be 84.9 percent for the Canadian flour
and 74.2 percent for the English flour.

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

Physiological ealories as calculated by MeCance
include only the gross calories from those fractions
of the nutrients which definitely may be con-
sidered usefully available. Provision is made for
excluding urinary calories, a loss resulting from
incomplete combustion of protein, but no deduc-
tion is made for nitrogenous matter in feces; like-
wise no deduction is made for fecal fat. The
fraction of the carbohydrate measured is con-
sidered completely available. It is treated in the
same way for delermining physiological calories
a8 in the determination of avalable calories—the
fraction of questionable value as a source of ener
is excluded and a gross heat value is used with the
data on available carbohydrate content. For use
in food tables physiological calories are the values
MecCance considers most suitable (102, 104, 108),
because, as he has pointed out (107), it is unusual
to make allowance for losses in the feces in pre-
genting data on composition of foods.

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

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

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

Type of data Om:n Eﬁfy::‘
Cross calories: Calorier | Calores
Faod (bomb)_ __________________ 372 350
Fecal (bomb)_ __________ . ______ — 445 — 40
Urinary loss (1.3 Xnet absorbed
) —17 -3
Available calories (from above)_______ 310 302
Avaiiable calories csleulated by
MeCance procedure___ - _____ 294 34
Physiclogical calories calculated by
McCance procedure___. .. .. _. 320 320

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

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




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

Alimentary pastes; other flour mixtures

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

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

The specific energy factors for protein and car-
bohydrate calculated by use of these coefficients of
digestibility and the heats of combustion of
wheat flours were 3.91 and 4.12, respectively.
The factors are considered applicable to the various
alimentary pasies made from flour and water.
Digestibility of those containing sggs or milk might
be somewhat different, but as only small 4mounts
of these optional ingredients are present separate
factors are not proposed.

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

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

Bran

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

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

Wheat breakfast foods

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

Products of grain other than wheat

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

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

Spriggs and Weir (172) found the digestibility
of the protein in a mixed diet containing bread
made with white flour to be 91 percent, but when
only a third of the flour was replaced successively
by oatmeal, barley flour, fine sifted corn flour or
rice flour the digestibility was 87.6, 81.5, 86.7,
and 89.7 percent, respectively. Jones and Water-
man (77} observed significant differences in the
extent to which proteins may be digested in vitro
by pepsin and trypsin. They found that arachin,
cascin, and cooked phaseolin were 48, 61, and 58
percent digested and suggested that the order in
which the amino acids were united to form the
proteins might be responsible for the incomplete
digestion; some linkages are more resistant than
others to the hydrolytic action of digestive
enzymes.

Other workers studying the physiological avail-
ability of purified proteins have observed wide
differences in the proportions of a given amino
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acid in the feces of experimental animals, depend-
ing on the protein fed. These and other studies
indicate that among the various kinds of cereals
considerable difference in digestibility and physi-
ological fuel values may be expected. Digestibil-
ity data from the literature for the various kinds
of cereals have been summarized separately. The
average coeflicients of digestibility and the number
of experiments on which each was besed are shown
in table 16. As more research becomes available
these data will ne doubt need revision. Data on
wheat have been included in the table for ease in
comparison.

TasLE 16.—Coefficients of apparent digestibility for

graan products
Trotein Carbohydrate
Grain Product Coefil- | grray. Coeﬂi‘-i Faperl-
sty W il S
Cornmeal, whole- Percent | Number | Percent | Number
ground, bolted_______ 60 3 o6 3
Cornmes!, degermed_ __ 76 21 99 21
Oatmeal, rolled oats____ 76 48 98 24
Rice, brown___________ 75 22 98 22
Rice,.white or milled_. . 84 119 a9 119
Rye flour:
Dark. ... .. _. 65 (1} 90 {1
Whole-grain_______ 67 " 92 Q]
Mediurm_ . _______ 7l Q) 95 Q]
Light_ ____. _._ _. 7h M 97 (4
Whest flour:
Essentially whole
wheat, 97— 100
percent  extrac-
thon.._______._ 79 72 90 72
Intermediate, 85— |
93 percent ex-
tion____________ 83 53 94 53
Straight or patent,
70 - 74 percent
extraction______ 89 104 98 F 104

! Coeflicients of digestibility for rve flours were derived
less directly as explained on pages 33 and 34, Therefore,
the number of experiments is not indicated.

Commeal

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

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

Qatmeal

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

Based on 48 digestibility trials, the average

- coefficient of digestibility for protein was found to

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

In most cereals the quantity of fat present is so
small that the use of Atwater’s assumed digesti-
bility cocfficient of 90 percent for fat in plant
foods introduces very little error in the total
energy value of the food. Oatmeal, which con-
tains 7 to 8 percent fat on an average, has more
fat than most cereals and its digestibility is of
more significance. In 28 experiments in which
the digestibility of fat in oatmeal Las been reported
or could be caleulated from data given, the results
have varied from 56 percent to complete digesti-
bility. These values were largely from two studies,
a recent report by MeCance and Glaser, 1948
{102}, and a much earlier article by Harcourt and
Fulmer, 1907 (62). The range in digestibility of
fat found by McCance and (Glaser was 62.5 to
77.6 percent. In their experiments, six subjects
were fed a mixture of two oatmeals, having en
average fiber content of 0.9 percent, supplemented
with a little bramble jelly or sirup. The daily
intake of 34 to 67 grams of fat was supplied
entirely by the oatmeal,




A very wide range, 57.6-97.9 percent, in the
coefficients of digestibality for fat in catmeal was
caleulated from dala in 16 experiments published
by Harcourt and Fulmer (62). These investi-
gators tested four oatmeals with fiber contents of
1.94, 1.15, 1.12, and 1.04 percent. Seven subjects
participated but not all subjeets ate each of the
four meals. The daily intake of 58120 grams of
fat was supplied by oatmeal and either milk or
cream, with about one-fifth to one-third of the
total contributed by oatmeal. For the purpose
of calculating the digestibility of the fat in oat-
mesl from data supplied we assumed the digesti-
bility of the fat of milk and eream to be 95 percent.
To the extent that this average figzure may not be
applicable for these specific experiments there ma
be some error in our calculated results for oatmeal.

The data from Harcourt and Fulmer suggest that
there may be some relation between digestibilit
and fiber content of oatmeal. When the oatmeals
of both 1.94 percent fiber and lower fiber contents
were fed to the same subjects under similar experi-
mental conditions, the fat digestibility of the oat-
meal of 1.94 percent fiber was lower than that of
samples with the much smaller percentages of
fiber. Of interest in this connection are results
reported by McCance and Glaser {(102) wlo
found that the substance or mixture of substances
which they estimated as fiber in oatmeal passed
through the gut almost without change. The
results raise several questions. Isintestinal motil-
ity related to the fiber content of oatmeals and if
so does this affect the digestibility of fat? To
what extent do metabolic products aceount for fat
(ether-extractable matter) in the feces? The ex-
perimental evidence is inadequate either to inter-
pret the widely divergent coefficients found or to
determine which part of the range would be closer
to the true vahie. The Atwater energy factor,
8.37 calories per gram of fat in ceresls and other
plant foeds in general, therefore has been used
without change for fat 1n oat products.

Rice

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

which were described in one of the articles as
foliows:

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

{b) 509% polished rice.—Rice which had been
milled and polished but which retained half of
the outer layer and germ,

{c} 709% polished rice.—Rice which still re-
tained about 30 percent of the outer layer and
germ,

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

The actual amounts of the rice kernel removed in
the polishing differ somewhat with the variety of
rice, but about 4 percent of the unpolished rice
kernel wasremoved in making the half-polished rice,
nearly 8 percent in making the 70-percent polished
rice, and approximately 7 to 8 percent in making
the fully polished white rice. According to one
article in the series no polishing powder was used.
Judging from other information given, the unpoel-
ished rce may have been the same as brown rice;
the half-polished rice may be considered as an
extraction of about 98 percent of the brown rice;
the 70-percent polished, as an extraction of about
94 percent; and the polished rice, about a 92-per-
cent extraction. On the basis of paddy or rough
rice, which is a more common besis for expressing
milling yields, the extraction rates, assuming the
loss in removing the hulls to be 21 percent, would
be about 79 percent for brown rice, 76 percent for
half-polished, 74 percent for 70-percent polished,
and 73 percent for polished white rice.

Rubner (144) and also Snyder (167) studied the
digestibility of rice when eaten by men subjects
as part of very simple diets. Probably the rice
used was ordinary white rice but it was not de-
scribed in either study. The number of experi-
ments in which Europeans and Americans were
subjects was too small 1o permit a good comparison
but there appesred to be no marked difference in
digestibility of the rice for the Japanese men who
very likely were accustomed to eating it as a major
item in their diet and for the German and American
subjects who probably had it only occasionally.

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

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

Rye

Many of the digestion experiments on rye flours
were conducted years ago in Germany. In some
studies the diet was simple rye bread or rye bread
and beer. Some of the sui;jects who were un-
accustomed lo eating large quantities of rye
bread experienced pain in t%]e digestive tract and
in some cases diarrhea, a factor that might vitiate
the digestibility fizures. But on the basts of the
data reported there was no clear-cut means of
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eliminating this factor. In other experiments
there was more variety in ihe diet but on the
whole the diets were simple. Results indicate no
appreciable differences in digestibility when sub-
jects had rye bread slone or as part of simple
mixed diets.

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

Whole-
Constituens Dark grain  (Medium| Light
meal
Pereent | Percent | Percent | Percend
Water_______.____________ 1.9 1110 | 11. O 11. 0
Protein. .. ... ._ 16.3 ] 121 11. 4 9 4
Fat_______ . 2.6 1.7 1.7 1.0
Ash__ . ______ P20 1.8 1.1 T
Fiber_. .. ____________.___ 2.4 2.0 1.0 .4
Carbohydrate, total by dif-
ference ________._____._._| 681734748 77. 9

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

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

Little information is available on digestibility
of medium and dark rye flours. However, the
relationship of the digestibilities of either protein
or carbohydrate observed between the light and
whole-grain rye flours was similar to that observed
between the straight patent and whole-wheat
flours. On the assumption that this similarity in
ratios can be extended to include intermediate
extractions of rye and wheat flours, digestibility
values for other extractions of rye flour were
imputed from ratios for wheat flours where data
on rye flour were lacking. Ash content was taken
85 & general index of the degree of extraction of
the flour. Thus for rye flours of the composition
shown in Agriculture Handbook No. 8 (185) and
described as dark, whole-grain, medium, and
light we estimated the digestibility of protein as
65, 67, 71, and 75 percent and the corresponding
digestibility of the carbohydrate as 90, 92, 95,
and 97 percent, respectively. Using these coeffi-
cients of digestibility and Atwater’s heats of
combustion for cereals, the energy factors to
apply to dark, whole-meal, medium, and light rye
flour are, respectively, 2.96, 3.05, 3.23, and 3.41
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calories per gram of protein and 3.78, 3.86, 3.99,
and 4.07 per gram of carbohydrate.

Other grains

For grains and grain products not included in
table 16, very few digestibility data are available,
Among the reports on these products is one by
Woods and Bnyder (196) which summarizes the
results of the digestion experiments on cereal
foods at the Connecticut (Storrs), Maine, and
Minnesota Agricultural Experiment Stations.

For pearled and flaked barleys, Woods and
Snyder applied their estimated coefficients of
digestibility of barley products, 78 percent for
protein and 94 percent for carbohydrate. These
products had undergone some refinement and in
chemical composition were much like modern
pearled barley (185). The energy factors for

earled barley, calculated from these ecoefficients
Ey use of the customary heat of combustion of
grain products, are 3.55 and 3.95 calories per gram
of protein and carbohydrate, respectively.

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

For dark buckwheat flowr, we have found no
experimental work on digestibility. The figures
in table I3 have been ealculated arbitrarily from
data for light buckwhesat flour, assuming that the
ratio of digestibility of dark to light flour would be
the same as that between whole-wheat flour and
wheat flour of intermediate extraction. Judging
by the ash content, the light buckwheat flour may
have been comparable in degree of refinement to
wheat flour of intermediate extraction and the
dark buckwheat flour to whole-wheat flour. The
coefficients of digestibility thus assumed for dark
buckwheat flour were 74 percent for protein and
90 percent for carbohydrate, and the energy factors
were 3.37 and 3.78 calories per gram, respectively

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

Sorghums and millets, while Iiftle used n this
country for human consumption, are important
foods 1n some parts of the world, In sections of
the Far East, both grains are used extensively,
frequently prepared as 4 mush or ground into meal
and used in bread.




Langworthy and Holmes (93) conducted experi-
ments with the dual purpose of comparing the
digestibilities of the different kinds of sorghums—
kaoliang, feterita, kafir, and milo—and the digesti-
bility of sorghums in general with that of other
cereals, namely, wheat and corn. The grains were
ground in the same mill and put through a 16-mesh
sieve. By this treatment 5 percent of the bran was
removed from kaoliang, 15 percent from feterita,
19 percent from milo, and 21 percent from kafir.

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

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

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

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

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

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

We question whether the higher coefficients for
protein mdicated by the experiments on Japanese
subjects, possibly accustomed to eating kaoliang,
arc applicable for measuring digestibility in persons
with an entirely different dictary pattern. Further-
more, we need to consider the composition of the
other foods used with the sorghums. In many of
the experimental diets of Lengworthy, fruit, either
oranges or applesalce, was a major 1tem.

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

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

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

Other grain products include various refined
cereal foods such as breakfast foods prepared
from a mixture of grains and also starches and
flour mixtures. For some a few scattered data
are available but the experimental conditions were
not always such as to make them suitable for use
in obtaining representative coefficients of digest~
ibility. In lieu of sabisfactory data, Atwater's
group factors for cereals were used for these
various products. His factors, 3.87 calories per
gram for protein, 8.37 for fat, and 4.12 for carbo-
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(76), who determined the digestibility of diets
composed of fruit and nuts in 28 experiments.
The kinds of nuts studied were almonds, Brazil
nuts, coconuts, pecans, walnuts, and peanuts, a
legume which is used like nuts. In 20 of these
experiments, in which most of the protein was
supplied by nuts, the average digestibility for the
dietary protein was about 75 percent. This value
is lower than usually is found for mixed diets i
which plant foods predominate. Possibly the low
apparent digestibility was the result of the large
quantities of fruit eonsumed. Unfortunaicly the
effect of the amount and kind of carbohydrate
from the fruit on the digestibility of the protein
and fat in the nuts could not be determined from
these studies.

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

In view of the variable results for peanuts and
for nuts, there is no good basis for estimating
digestibility of protein in nuts of different kinds
or even as a group. It is preferable to continue
to use, as an interim value for nuts, Atwater’s
group cocfficient for protein in legumes, 78 per-
cent. The grouping of nuts with legumes 1s a
common practice and has some basis since there
are many points of similarity in the proximate
composition of these two food groups.

Very little work on the digestibility of carbo-
hydrate material in nuts has been reported. Ouly
a small fraction of Lhe total ecarbohydrate intake
was furnished by nuts in Jaffa’s series of expern-
ments and the digestibility of carbohydrate in
nuts has not been estimated, Merrill (220) found
that more than 98 percent of the carbohydrate in
chestnut. flour was digested. Heupke and others
(67) found digestibilities ranging from 96.5 to 99.9
percent in several cxperiments in which chestnuts
were fed as raw flakes or cooked by boiling or
roasting.

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

similar complex carbohydrate constituents, and &
like amount as undetermined matter. Almonds
appear 10 have a lower proportion of sugar and
starch, averaging around 40 percent, and have
about 25 percent in the form of complex carbo-
hydrates that are of questionable availability.
The nature of the remaiming portion is undeter-
mined. The limited data for peanuis are too
variable to estimate the proportions in which the
carbohydrate components are distributed.

As readily can be seen, the information on the
composition and the digestibility of the carbo-
hydrate fraction of nuts is far from complete.
Thersfore, it appears best {o continue to use the
coefficient, 97 percent, assigned by Atwater to
carbohydrate in legumes and nuts, and his energy
factor, 4.07 calovies per gram.

Vegetables

Very fow digestibility studies of vegetables had
been made when Atwater proposed for all vege-
tables as & group the factors 3.11 calories per gram
for protein and 3.99 calories per gram for carbo-
hydrate. Data accumulated since are still limited
but provide some basis for separate factors that
may be applied to smaller groups of vegetables.

Potatoes

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

The average digestibility coefficients found for
protein by the 10 mvestigators were from 64 to 85,
averaging 74 percent. These arc surprisingly low
values and we consider them tentative estimates.
In sceveral of the cxperiments the fotal protein
intake was low. Potatoes contain very little
nitrogen, only about 0.3 percent, but several
observers have pointed out that subjects have
remained in generally good physical condition for
long periods of time on diets in which potatoes
arc practically the sole source of protein.

One such sludy was reported by Kon and Klein,
1928 (83), who conducted digestion experiments
over a period of 167 days. he two subjects, a
man aged 25 and a woman aged 28, remained in
nitrogen cquilibriufn and in apparent good health
on a very simple diet with the daily intake of
nitrogen chiefly from potatocs, averaging only 5.7
grams for the man and 3.8 grams for the woman.
The cocfficients of digestibility of the potato pro-
tein were 66 and 62 percent respectively for the
man and woman.

Three subjects in the study by Hindhede, 1913
(69), also were on simple diets in which potatoes
contributed nearly all the protein over an ex-
tended period of time. The diets were planned
to provide the minimum protein intake at calorie
levels just sufficient to maintain nitrogen equi-
librium. The digestibility of the potate prolein
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hydrate, were predominantlv weighted by refined
cereal]s and therefore should give a fairlv close
approximation .of the energy value of foods that
have undergone considerable refinement.

Legumes

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

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

For soybeans as much as two-thirds of the
total carbohydrate is made up of the carbohydrate
fraction usually considered to be of questionable
availability, 1In this fraction a variety of sub-
stances has been found in widely varying amounts.
These include raflinose, stachyose, pentosans, ga-
lactans, arabans, cellulose, lignin, organic aads,
phytin, and glycosides. In addition to these
some waxes, color prineiples, tannins, and undeter-
mined hemicelluloses are believed to be present.

Bowers (29) studied the composition of the
complex carbohydrate fraction of defatted soy-
bean meal and the digestibility of separate con-
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stituents with a healthy man engaged in moder-
ately active laboratory work as the subject. ‘The
digestion experiment was carried out accordine to
customary procedures. The methods of analyses
employed were those used by Street and Bailey
(I74).  Analyses were made of both the sovbean
meal and the feces resulting from a rvation of soy-
bean meal porridge, milk, butter, and eane sugar.
Bowers reported the coefficients of digestibility
for the earbohydrates of cooked soybean meal as
follows: Dextrin and starch, 99 percent; sucrose,
L0 percent; raflinose, 100 percent; organic acids,
99 perceni; pentosans, 93 percent; galactans, 96
percent; ccllulose, 79 percent; and the remaining
fraction, presumably waxes, color principles, and
possibly undetermined hemicelluloses, 94 percent
by difference. By calculation from the separate
constituents he arrived at a digestibility coefficient
of about 94 pereent as compared with 98 percent
which he found independently for total carbo-
hydrate by differcnce.

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

In the manufacture of soybean curd and milk,
nuuch of the carbehydrate fraction is removed and
the carhohydrates that are left appear to be almost,
completoly digested. A digestibility coefficient of
98 percent was found for curd in a Japanese
axperiment {784).

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

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

Nuts

Nuts present problems regarding digestibility
and composition similar to those of the legume
group. Little has been reported on their digest-
ibility and it is difficult to evaluate the few results
that have been published. The most extensive
work on this food group was reported by Jaffa




vegetable carbohydrate to correct for the rela-
tively large proportion of sugar. We assumed
that from two-thirds to three-fourths of the
carbohydrate in most of these underground vege-
tables 1s present as sugar, and one-third to one-
fourth as starch and fiber. On this basis the
weighted heat of combustion would be 4.00
calories per gram and the energy factor calculated
for carbohydrate, 3.84 calories per gram.

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

MUS!\IOOITIS

Reports in the literature cover various aspects
of the composition of the nitrogenous matter of
mushrooms, but as yet there is no complete picture
of the quantitative distribution of the various
constitutents. From 63 to 72 percent of the total
nitrogen has been termed ‘‘protein nitrogen” (53,
128, 178). Other known constituents are Iree
amino acids, amides, purines, and ammonia. In
some instances appreciable amounts of urea have
been determined. Iwanoff (73) reported that
amino acids are formed autolytically during the
ripening period before spore formation and are in
turn changed into urea. He found that urea was
several times as high at the ripened stage as in
the young immature mushrooms, and that in some
samples the urea nitrogen approximated half of
the total nitrogen. Mendel (116) suggested that
some of the nitrogen in mushrooms is bound with
cellulose and that all attempts to separate the
nitrogenous constituent from the portion that
yields sugar on hydrolysis had failed.

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

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

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

Very little work has been noted on the digesti-
bility of the nitrogenous matter of mushrooms,
Saltet (752), in a 2-day study of & 31-year-old
man, found that his subject gigest-ed 69 percent
of the nitrogenous matter when mushrooms com-
bined with a little butter and seasonings wers
fed. A similar result, 72 percent digestibility,
was obtained by Skinner, Peterson, and Steenbock
(161) when mushrooms were fed to albino rats.

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

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

One of the most complete analyses of carbohy-
drates in mushrooms reported to date was mads
by McConnell and Esselen (109}, but 51_8 percent
of the total carbohydrate was still unidentified.
The data from this study expressed as percent of
fresh mushrooms and as percent of total carbohy-
drate follow:

Proportion

Carﬁhyc_lrates in mztxs_hrooms gg ?::3} ofpt(c):btoal

[ Agaricus campestris) basis hc;érate

FPereent Frercent
Total carbohydrate (by difference)____ 5 75 100. 0
Mannitel. ..o .... .95 16. &
Reducing sugars {as dextrose)..____ .28 4.9

Pentoses, methy! pentoses, hex-

uronic aeids___ - . _____________. : . 04 T
Glytogen_ ___ ___ _________________ ., 59 10. 3
Crude hemieellulose__. ... .. : .o 15. 8

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

There is no very reliable information from which
an estimate of the digestibility of the carbohy-
drates in mushreoms can be obtained. Only one
digestion experiment, reported by Oshima (184),
has been noted in the literature, The subject, a
Japanese army surgeon, was on an experimental
diet consisting of 74 grams of dried mushrooms
{Agaricus sitake) and 40 grams of soy sauce for
1 day. According to the author a satisfactory
separation of the feces was obtained by the use of
buckwheat flour. The digestibility found for the
carbohydrate was 84 percent
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ranged from 71 to 86 percent. For 9 months
one subject, M, had a daily nitrogen intake from
5.8 te 8.4 grams and maintained a schedule of
varying activity, including 3 months of hard labor,
without any apparent 1l effects—his excellent
physical condition at the end of the period was
confirmed by four physicians. The apparent
digestibility of the potato protein in this case
averaged 84 percent,

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

The detailed analyses reported on the nitro-
genous fractions of potatoes by Street, Kenyon
and Watson, 1946 (178), Crook and Watson,
1948 (44), Neuberger and Sanger, 1942 (130),
and Headden, 1927 (65), indicated that most of
the nitrogenous matter in potatoes would be
available. The proportions of the different nitro-
genous materials vary greatly from sample to
sample, the coagulable fraction (proteins, proteoses,
peptones} ranging from 30 to almost 75 percent
and averaging around 40 percent, and the amino
acid fraction from 30 to 60 percent, averaging
sbout 50 percent. Of the small remaining frac-
tion, 2 to 6 percent has been determined as
ammoenis and nitrate nitrogen,

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

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

In a recent compilation the following average
data were obtained: Carbohydrate by difference,
19.1; starch, 17.1; sugar, 0.3; crude fiber, 0.6;
and undetermined, 1.1 percent. This last fraction
may contain pentosans, pectns, and other carbo-
hydrate constituents not determined as crude
fiber by the Weende method. It has been shown
by Remy (139), Williams and Olmsted (187), and
Weinstock and Benham (786) that this method
fails to measure much of the total fiber,

For potatoes it seems to us best to continue the
use of the heats of combustion which Atwater
assumed for potatoes and other vegetables (see
table 7). As a check on the application of these
factors to potatoes, we calculated gross heats
from the chemical analyses of three samples
and compared the results of our calculation with
values determined in the bomb calorimeter for
the same samples. Data from protein, fat, and
carbohydrate analysis and from the bomb calo-
rimeter were taken from a study of Bryant and
Milner (33). Close agreement between the deter-
mined and celculated heats of combustion was
found as shown in table 17, The energy factors
we derived for potatces were 2,78 calories per
gram for protein and 4.03 calories per gram for
carbohydrate. They were derived by applying
average coefficients of digestibility found in the
literature, 74 percent for protein and 96 percent
for carbohydrate, to the heats of combustion,
5.00—1.25 and 4.2 calories per gram, respec-
tively.

TaBLE 17.—Comparison of determined and caleulated gross energy values of potatoes

Composition Heat of mlélrlglg-:ion per 100
Sample number Coloutntod
1
Wator Protein Fat FoarboRTamiel  Fiver Ash Bomb salo- 1%0;:5{;?
Prreent Percent Pereent Percent Percent Percent Caloriee Calories
1. 79. 5 2.2 17. 4 0.4 0.8 B4. 8 £5. 0
2 . _ 78.3 2.3 .1 18 4 | o__... .9 90. 0 89. 7
. . 8L 2 1.9 .3 5.6 |- .__ 1.1 78. 2 774

1 For heat of combustion factors used see table 13, page 25.

Other vegetables

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




less complete analyses made by other investi-
gators. Stutzer analyzed sever&fr kinds of cocoa.
For one product which had not been treated with
alkaline chemicals (potash, soda, or ammonia) he
found that 16.6 percent of the total nitrogen was
from alkaloids (mainly theobromine}, 1.4 percent
from ammonia, 6.3 percent from amides, and
75.8 percent from other nitrogenous matter.

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

Nitro- | Conver- Amount‘ Heat of Grosg
Compouand gen per | slom of cotm- ‘ecombus- :nﬁfsg_

gram factor | pound i tlom {%mt

. I om, Gm. |Calfpm. Cal.
Protein_ . ____.____ 758 | 6.25 | 4 74 | 5 80 27.5

Alkaloids as theo- ;

bromine__________| . 166 | 3. 22 .53 4522 28
Ammonia__.__.. .. | .014 | 1. 23 02 | _. t L
Amides as asparagin_| . 083 | 535 | .34 | 3. 45 1.2

Total _____._. 1. 001 { ______ 5.63 |______ 31. 5

Gross energy equivalent of 1 gm. nitrogenous
matter = 5.60 calories.

Digestibility of the niitrogenous portion of
cocoa was studied by some of the early German
scientists. In these studies there was no attempt
to distinguish beitween the protein and#'nen-
protein fractions of the nitrogenous matter. In
some of the studies cocoa supplied all of the
nitrogen, and in some the diet included other
protein foods in addition to the cocoa. Experi-
utents conducted by Weigmann and by Lebbin,
reported through Konig (84, pp. 244-245), showed
the following results: For three kinds of cocoa fed
in amounts of 188-304 grams per day along with
sugar and water, Lebbin found protein digesti-
bility coefficients of 41.1, 45,2, and 41.6 percent;
for a diet of cocoa and beer or wine, Weigmann
found a digestibility of 41.5 percent after correc-
tion for metabolic nitrogen. The apparent di-
gestibility was calculated to be 12.7 percent. For
two kinds of cocoa, Neumann (/37) reported that
Beddies found digestion coeflicients of 55.3 and
54.1 percent. In these latter experiments, 150
grams of cocoa were consumed daily but no
'g}formation was given on the remsinder of the

1et,

Several studies have been reported in which
cocoa was eaten in combination with other protein-
containing foods. There i3 some indication that
digestibihty of the cocoa may be affected by the
level of cocoa and its proportion of total dietary
nitrogen, the combination of foods used with the
cocon and possibly ita preparation—whether raw
or cooked. Forster (56} found for a diet of milk
alone that the protein digestibility was 93 percent
as compared with 93.2 and 92.4 percent for diets
of milk and cocoa, with the latter taken in amounts
of 20 grams (2 to 3 eups of beverage) and 60 grams

(8 cups), respectively. Schlesinger (763) found a
digestibility of about 86.5 percent for protein in
a mixed diet consisting of milk, meat, refined
cereal, and fat, whereas when 60 grams of cocoa
were eaten in addition the digestibility of the
protein of the total diet was slightly lowered and
was about 84 percent. Beddies, as reported by
Neumann (737}, also found the digestibility of
protein to be about 84 percent for s mixed diet
which included 50 grams of cocoa., Cohn (4f)
observed a lower digestibility coefficient, 75.5 per-
cent. His diet differed from those of Schlesinger
and Beddies mainly in that larger amounts of
cocoa, 100 to 130 grams, were used and milk was
not included.

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

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

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

4 Winkler, W. O. Unpublished data. Food and Drug
Administration, U, 8. Department of Health, Education.
and Welfare [n. d.].
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For calculating the energy value of the carbo-
hydrate in mushrooms, Watt, and Merrill (185)
used a factor of 1.35 on the assumption that only
mannitol, reducing sugars, and glycogen, which
account for approximately 33 percent of the total
carbohydrate, were available for absorption. The
data from the one digestibility study which has
gince been located suggests that such a procedure
may underestimate appreciably the energy value.
Until additional digestibility data on mushrooms
are available, it therefore seems preferable to use
a digestibility coefficient of 85 percent as for most
vegetables and to apply it to a heat of combustion
value which corrects for the presence of appre-
ciable amounts of sugars. TUsing the composition
data of McConnell and Esselen and assigning
heat of combustion values of 3.75 to mannitol,
reducing sugars as dextrose, and pentoses, 4.19
to glycogen, and 4.20 to the remaining fraction,
the resulting heat of combustion value for total
carbohydrate becomes 4.1 calories per gram. By
applying the coefficient of digestibility, 85 percent,
to this value the energy factor for carbohydrate
in mushrooms is 3.48 calories per gram.

Fruits

The energy from fruvits comes largely from

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

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

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

Attention is called to lemons in particular,
since they have considerable citric acid with &
heat of combustion of only 2.47 ealories per gram.
As the value 4,00 would be too high for the heat
of combustion for total carbohydrate (by differ-
ence) in lemons and lemon juice, we have used
2.75 derived by the following calculations:
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| . I
! Grams per - Calorles |  Total

Constituent 100 grams | per gram caloTies
Invert sugar._____________. 1.5 3. 75 | 5. 6
Citric acid (anhydrous) _____ 6.0 247 14. 8
Fiber and unknown constit-
wents_____._____________ 2 | 42 .8
Total carbohydrate : i
(by difference)_____ 77 .. . 21. 2

1 gram carbohydrate =2.75 calories (21.2-=-7.7).

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

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

Miscellaneous foods

Many specific foods have not been studied in
human digestion experiments, as can be seen from
the compilation on digestibility coefficients {ap-
pendix table 23). In many cases when digest-
ibility data on individual foods were lacking, we
have used a general value for a group of foods for
each food in that group. In other instances when
a food has undergone some treatment to change
its form, the energy factor of the food in its
original form has been applied to the product or
products. These procedures no doubt result in
S0INe errors.

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

Chocolate and cocoa

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

Data reported by Stutzer ({77} are the most
complete of the analyses located and seemn to be
representative values when compeared with several




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

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

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

Sample calculaiton of enerqy factors for food mixtures (baking powder biscuits)

Protein Fat E Carhohydrate (by difference)
Kind of data Weight Specific Specific Specifi
, E E pecific g
Weight erg:{‘gl:_r v?a?;gg Weight e;;g{gll.r \?:{Eey Weight tfa::tzzry v%‘;'{lgey
Ingredients: am, am, Cal.igm. Cal. Gm. Cal./gm. ; Cat. am. Cal_fgm. Clat,
Wheat flour, patent. 336 36. 3 4.05 | 147. 02 3.0 8. 37 25. 11 255, O 4. 12 (1, 050. 60
Fat______________ 1 2 P I 5. 0 884 1 486.20 | ______ ' _____._|..._____
Milk, skim.___.____ 244 85 4. 27 36. 20 .2 879 .76 12. 4 3. 87 47. 99
Baking powder_ ___ 16 ||| |eooa R V) P (S VS I
Balt________ ... __ b Y USRS PR U PEUUURI R (NIUPRPUIPRPNY FRUPIIRIUPUI [PURIPRRN] [SIPIIPIE MU
Total.____.___._ 653 44 B |________ 183. 32 58. 2 ! ________ 513. 07 267.4 |___.___. 1, D98, 59
Weighted factor (per '
BTAMY _ e 4.09 | ______ .. 882 (| o_____ 4.11 | ...
Baked yield;
Total . ___________ 549 4.8 || ___ 58. 2 |\ |- 267. 4 ||l
100-gram portion_ . 100 t 82 409 33. 54 10. 6 8 B2 93. 49 52. 2 4. 11 214. 54
|

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

PART IV. APPLICATION

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

Similar ealculations were made for the other units
of weight given for this item in tables 2 and 3 of
Handbook No. 8.

OF CALORIE FACTORS

avallable calorie values for the foods are antici-
pated.

In using data on apparent digestibility for
developing the energy factors shown in table 13,
the assumption is made that the amount and
character of the fecal matter (protein, fat, and
carbohydrate) present is dependent on the food;
a low apparent digestibility could result from
greater excretion of metabolic products caused by
that food, from incomplete digestion, or from a
combination of several causes. Whatever the
contributing factors are, the assumption is that
the apparent digestibilities of the energy-yielding
components of that food would not vary widely for
a subject on a reasonably adequate intake of the
nutrient. If the total intake of & nutrient in a
diet is very low, the relative proportion in the
feces is too high for satisfactory measurement by
this procedure. More information is needed on
the effect of level of the foods om utilization of
nutrients. Most studies in the literature at
present are on rather extreme diets, for example,
either very high or rather low levels of protein,
and moderately high and very high levels of the
test food. Data are needed also for intermediate
levels, those which are more realistic in terms of
common food practices,
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9.5 percent producis such as tannins and cocoa
red; 0.5 percent sugars, mainly ghucose; 0.6 percent
organic acids; and the remainder, undetermined
matter. These data were used in estimating the
heat of combustion for the total carbohydrate (by
difference). The value obtained was 4.16 calories
per gram, using as heats of combustion 3.75
calortes per gram for sugar, 2.45 for organic acid,
and 4.20 for the remaining constituents and weight-
ing them according to the percentage composition
above,

Digestibility data for the carbohydrate of cocon
are even Jess conclusive than those reported for
protein. In the few experiments located in which
cocoe was fed in mixed diets, the digestibility of
carbohydrate could not be calculated {for the total
diet or for the cocoa. The experiments of Lebbin
on diets of cocos and sugar reported by Konig
(84) indicated that probably less than a third of
the total carbohydrate of cocoa is available 10 the
body. Here, as in the case of protein, this esti-
mate may be lower than actuslly found when
cocos is used in & mixed diet. As a tentative
coefficient, until satisfactory data can be obtained
on the digestibility of cocon carbohydrate, we are
using 32 percent. This was indicated both by
the work of Lebbin and by the carbohyvdrate
composition data above for chocolate liquor,
assuming the starch, sugar, and organice acids to be
almost completely digested and the remaining
constituents to be undigested. The energy factor
calculated from this coefficient and the heat of
combustion factor 4.16 is 1.33 calories per gram.

Yeast

The utilization of yeast ‘“‘protein” has been a
matter of great interest. A number of studies
have beeu reported on the digestibility of the
nitrogenous matter in yeast, but in only & few of
these were human subjects used. I%uen and
Puringer (87) compared its digestibility in dried
and fresh compressed yeasts, presumably baker's
yeast, fed in a mixed diet that furnished 10 to 11
grams of nitrogen and 2,460 to 2,840 calories
daily. The estimated digestibility was 99 percent
for the nitrogenous matter of dried yeast but only
53 percent for the fresh compressed yeast.

Dirr (50) reported experiments in which either
dried yeast or animal sources of protein were fed
in alternate periods of 7 days each. The daily
nitrogen intake in each case was 10.4 grams from
the test food with additional 3.4 to 5.6 grams
from plant foods. The calorie intake for the four
subjects ranged from about 2,000 to 2,800. The
digestibility of the nitrogen of the total diet
averaged 87.5 percent in the period in which
nitrogen was supplied largely from animal sources,
and 83.4 percent in the period in which yeast
predominated in the diet, These results indicate
that the nitrogenous matter of the yeast was
simost as comp%ete]y absorbed as animal protein,
Dirr and Soden (61) referred te the yeast as wood
sugar dried yeast and estimated g‘om analyses
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that 67 percent of the total N was amino N and
7.5 to 16 percent was ammonis N.

Funk, Lyle, and MecCaskey (59) reported ex-
periments in which a dried anserobic yeast
preparation was eaten in a diet consisting largely
of vegetables and fruits, The dailly nitrogen
intake, mainly from veast, was 5.9 grams and the
digestibility of the nitrogenous matter was esti-
mated to range from about 60 to 80 percent,
averaging about 70 percent. Results of Murlin
and others (7/25) indicated that the apparent
digestibility of nitrogen in brewer's yeast was
about 57 percent. The daily nitrogen intakes
were very low, averaging 3.7 grams daily.

The data indicate that the average apparent
digestibility of the nitrogenous matter of dried
yeast is probably in the range of 70 to 90 percent
when the level of intake is fairly adequate. In
deriving an energy factor, we have estimated the
coeflicient of digestibility as 80 percent.

According to an analysis of veast reported by
Frey (68) the nitrogenous matter is composed of
60 percent monoamino acids, 20 percent diamino
acids, 12 percent purines and pyrimidine bases,
and 8 percent ammonia. These data indicate
that the heat of combustion is lower than if the
nitrogenous matter of yeast were all protein.
Therefore, for yesst protein we used the heat of
combustion 5,00 calories per gram that we applied
to vegetables. The digestibility coefficient, 80
percent, applied to 3.75 (5.00 less 1.25) results in
an energy factor of 3.00 calories per gram,

Very little research has been noted on the com-
position of the different specific carbohydrate
constituents in yveast and none at all on their
digestibility. Frey (68) has reported that 81.5
percent of the total carbohydrate is glycogen and
18.5 percent, such substances as cellulose and
gume. On the basis of these data we used 80
percent as a tentative coefficient of digestibility
on the assumption that the glycogen is digestible
and the other carbohydrates may not be, This
coefficient applied te the heat of combustion 4.20
calories per gram, assumed for total carbohydrate
(by difference), resulted in the energy factor 3.35
caf;ries per gram,

Food mixtures

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




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

The digestion experiments that were used to
make this comparison inelude many types of diets:
Ordinary mixed diets with foods of animal and
plant origin; mixed diets containing large amounts
of legumes; diets of fruits and nuts; very simple
diets such as comldnations of meat and bread,
egos, milk, and bread, whole-wheat bread and
milk, bread made of lower extractions of wheat
flour and milk, oatmeal and milk, or crackers and
milk; other simple diets containing large amounts
of rice, dry peas, vegetables, or fruit; and a few
diets of single foods.  The proportions of protein,
fat, and carbohydrate in the food intake as well
as the level of protein intake varied widely, the
latter ranging from 14 to 184 prams daily. We
have grouped some of the diets and summarized
the difterences we found hetween determined and
calculated values as folows:

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

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

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

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

In 11 diets containing a large proportion of
cabbage, potatocs, beets, green corn, or apple-
sauce, the absolute deviations ranged from 0 to
3 percent, averaging 1 percent.

n & ordinary mixed diets the absclute devia-
tions ranged from 0 to 3 percent, averaging 1.5
percent,

In 36 simple dieis in which lower extractions
of wheat flours were fed as bread or crackers
the absolute deviations ranged from 0 10 5 per-
cent, averaging 2.5 percent,

Several general observations appear reasonable
in view of these data:

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

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

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

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

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

Data have been summarized in table 19 from a
few of the experiments selected to represent differ-
ent types of diets. The data illustrate the extent
of agreement between available calories directly
determined and those calculated by use of the
factors from table 13 and by use of the general
factors 4, 9, 4. Although there is good agreement
between the determined and the calculated avail-
able energy values as illustrated by the data in
table 19, examination of the data show that for
some kinds of diets similar agreement for the
available energy value of specific nutrients does
not necessarily follow. For example, in the case
of experiment 388 which represents a diet low in
protein and fat, the apparent digestibility of the
total protein from the diet was 45 percent, with an
estimated 25 calories available from protein in-
stead of the 46 which would be calculated by the
factors from table 13. Likewise, an estimated
146 calories would be available from fat if the
calculation were based on the apparent digesti-
bility for the total fat in the diet, instead of the
201 obtained by use of the factors with the indi-
vidual foods., For carbohydrate, hewever, the
data from this experiment would indicate approx-
imately 861 available calories instead of the 823
obtained by application of the factors from table
13 to the carbohydrate of the items in the diet.
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Comparison of calculated and determined
available calories for diets

The end results obtained by use of the current
factors (table 13) for estimating available energy
of diets have been compared with results obtained
by direct bomb calorimeter determinations. An
experiment conducted by Snyder (J64) with a
subject om & very simple diet of whole-wheat
bread and milk serves to illustrate the details of
caleulation (table 18). Snyder's protein figures
based on the factor 6.25 for converting nitrogen
to protein were recomputed with the factors 5.83
and 6.38 for the bread and milk, respectively; the
necessary adjustments were made in the figures

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

for ecarbohydrate by difference. The gross calorie
velues for food and feces were from bomb calo-
rimeter determinations and were found to be 4,143
for the food and 418 for the feces. For comparison
we also calculated the gross calories of the foed.
The heats of combustion, 5.80, 9.30 and 4.20
calories, were applied to the protein, fat, and
carbohydrate (by difference), respeetively, of
whole-wheat bread; and 5.65, 8.25, and 3.95 to
these nutrienis in the milk. The caiculated gross
calories for bread (2,407) were a little higher than
the determined {2,353), and the calculated gross
calories for milk (1,737), a little lower than the
determined (1,790), but for the tofal diet the
caleulated gross calories were in excellent agree-
ment with the determined.

Available pnergy Treviation of
L. . clalcl_llated
"Type of data ' ?n?i?‘%a?r Protein | Fat b(;:{:‘:;c Gross energy Determined " Caleulated er‘;:r?}l'a;;?m
. by bomb | by use of determined
i ¥ ' factors! value
Food consumed in 2-day period:
Bread made from whole- Grams Crums Grams Grams Calorica Calories +  Calories Dercent
wheat flour____________ 1,020. 8 73. 5 12. 9 442. 4 2,363 |- ________ \ L 045, 5 (oo __ ..
Milk_____._._ - 2, 500. 0 75. 2 87.5; 127.2 1,790 |- .___ 1,582.5 |__________
Total . o i i liccaiooo. { 140.1! 100.4| 560.6 [ 4,143 23,561 ° 3,628 +1.9
Excreta: i
Feces (water-free}_________ 67.0 17. 6 10. 2 52. 1 418 | e
3 A H A A T ‘ ____________________
TS S N M I i ‘ ____________________

! Energy factors from table 13 applied to the protein,
fat, and carbohydrate: 3.59, 8.37, and 3.78, respectively,
for bread and 4.27, 8.79, and 3.87 for milk,

t Gross energy of food minus total energy of excreta
(4,143 —582).

The urinary calories were 181 when determined
by bomb, but 164 when estimated according to
Atwater’s procedure by multiplying the grams of
digested protein 131.5 by 1.25 calories. The wide
range in the calorie to nitrogen ratio of the urine
(p. 16) indicates that there 1z less satisfaciory
agreement between the usual caleulation of urin-
ary energy loss and direct determinations. In
fact, with the difficulties of drying and burning
urine, it may be that much of the discrepancy is
in the bomb determination, We have considered
it advisable when estimating available energy
data to use the calorie-nitrogen factor based on a
large number of samples rather than a bomb
determination of the particular sample of urine.

The calorie-N ratio for this individual was 6.9,
which is lower than the average but within the
range found for a large number of studies, table 8,
p. 12, This individual was also in negative bal-
ance, excreting 26.4 grams of nitrogen in the 2-day
period during which he absorbed only 21.8 grams,
However, the errors involved are insigmificant
when considered in terms of total available energy.
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¥ 7.9 x difference between amount nitrogen in food and
in feces,

Nore.—Data used in this procedure taken from experi
ment No. 171, Studies of Bread and Breadmaking (184)

The available energy of the diet determined
from gross energy values of food, feces, and urine
was 3,561 calories. When the aversge wheat and
milk energy factors for protein, fat, and carbo-
hydrate shown in table 13 were applied to the
nutrient intake in this experiment, tho figure
obiained for available calories was 3,628, differing
from the determined figure by 1.9 percent. As
pointed out earlier, the factor for fat in whole
wheat may be too high since it is based on digesti-
bility of 90 percent. If the average digestibility
is nearer two-thirds, as indicated in a number of
experiments, the energy factor would be approxi-
mately 5.95; the figure for available calories, 3,597,
would then be in even better agreement with the
determined value, differing by only 1.0 percent.

We have checked the results obtained by apply-
ing factors from table 13 to data in 108 digestion
experiments which provided information on com-
position of the foods in the diet and data on bemb
calorimeter determinations of the food and feces.
Although the experimental data needed for using
every factor in table 13 were not provided by these
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TasLE 20.——-Factors for digestibility, heats of combustion, and physiological fuel values of nutrients in food
groups as used in preseni-day mized duets !

Protein Fat Carbohydrate
1 |

. ; P - : ; P - : P - .
Clusomoflood materiss | vomat | AP | Sembot) Tomed | oot | Agaee | Mows o | T | tomel | ASEE | ston o St

| miveq | digest- tlonlesss el mizea | digesti- | 7L fuel . " ireq | digesti- HOHUS- Tuel

diet hility i 1.25 valug diet hility value ] diet bility value
Pereent - Percent | Calfgm, Callgm.| Percerd | Percent | Cal.fom.| Cal fgm.| FPercent | Percent!| Calfgm.. Cal.fgm
Meats, fish, poultry _ _ ... __.._._ 31 97 | 4.40 | 4. 27 a6 951950 | 902 |- |.o-_.. I R,
Begs_ . .. 7 97 | 4. 50 | 4 36 4 95 | 9.50 | 9.02 | . __ || _
Dairy products_ _ _______._____ 25 97 | 4.40 | 4,27 18 95 | 9.25 | B 79 8 98 | 3.95 3. 87
Separated fats. . __ .. .o ____ |- l_____ [ 19 95 | 9.40 | B.93 || |oooo-
Total food of animal origin_._| 63| 97 | 4.41 | 428 | 77! 95942895 8| 08)395| 387
Cerenls . ____ ___ .. __ ... _.__ 23 86 | £ 551 391 2 90 | 9.30 | 8 37 40 98 | 4.20 4 12
Legumes and nuts__ ... ________ 6 78 | 4.45 7 3. 47 3 90 | 9.30 | 8 37 3 97 | 4.20 | 4.07
Vegetsbles_ - ______________.___ 6 70, 376 | 262 1 90 | 9.30 | 8 37 ) 93 | 4.19 3. 90
Frults_ _ __ .o _ 2 854,395 | 3.36 1 90 | 9.30 | B 37 8 90 | 4. 00 3. 60
Sugars and sirups_ - | |e e e e oo 32 98 1 3. 95 3 87
Separated fats and oils________ | b | _____|-_____ 16 95 | 9.30 | B84 |||
Total food of plant origin__. ' 37 82 | 4. 37 8 23 94 | 9.30 | 8. 74 92 97 | 4. 10 3. 98
Total food . ... ___ 100 | O 440|400| 100| 95|9.39:892| 100| 007|409 397

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

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

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

* Heat of eomnbustion correcled for incompletely oxidized
produets in the urine,

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

General factors may therefore be used for esti-
mating the energy value of average family diets
or of the national food supply of this country
from the total quantity of protein, fat, and carbo-
hydrate. The more specific factors should be
used for most other calculations, such as those for
experimental and therapeutic diets, individual
foods, food supplies of & totally different characier
from that of this country, and particularly for
areas of the world where the food supplies consist
largely of unrefined cereals and vegotables.
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In this experiment these discrepancies in the
values for available calories from the different
nutrients are large, as is to be expected in view of
the items in the diet and the very low level of
protein and fat. This example is useful, therefore,
to point out that although the calorie factors in
table 13 are satisfactory for calculating total
available calories in a diet of widely different
composition and character from the ordinary
mixed diet, under some conditions there may be
considerable error in calculating available calories
from specific nutrients. Caution should be used
also in applying general digestibility coefficients to
such diets with a view to obtaining data on avail-
able nutrients.

General factors and more specific factors
forcalculating caloriesinindividualfoods

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

Encrgy value per 100
grams edible portion
derived by use of —

Ratio
Food col. b
Specific | General fac- col. &

factors tors 4, 9, 4

{8} (b)

Animal fonds: Calorles | Colories Percent
Beef . . ...... 273 268 ¢
Salmon, canned________ 143 138 97
Bega. oo 162 158 a8
Milk_________________ 68 69 101

Fats:

Butter________________ 716 733 102
Vegetable fats and oils.. 584 900 102
Cereals:

Cornmeal, whole ground

(unbolted} - - ________ 365 367 103
Cornmea!, degermed____ 363 356 98
Qatmeal . _.____ ... ... 390 396 102
Rice, brown___________ 360 356 99
Rice, white or milled_ __ 362 351 97
Wheat flour, whole

wheat ______________ 333 355 107
Wheat flour, patent. _ __ 364 355 98

Legumes:

Beans, dry seeds_______ 338 346 102
Peas, dry seeds_ ____ ... 339 349 103
Vegetables:
Beans, snap_ _________. 35 42 120
Cabbage_ . ___________ 24 29 120
Carrots____________.._ 42 45 107
Potatoes______________ 83 85 102
Tuarnips_______ .._____ 42 35 109

Fruits:

Apples, raw_ . _________ 58 64 110
Lemons, raw_ __ __ . __.._ a2 44 138
Peaches, canned . _ ___ . 68 75 110

Bugar:

Cane or beet _ _ ________ 385 398 103
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The significance of some of the differsnces
illustrated above becomes more apparent when
related to emergency feeding problems. For
example, the general factors overestimate the
energy value of whole wheat by 22 calories per
100 grams, and a ton therefore would supply some
200,000 fewer calories than calculated. To supply
the higher mzmber of calories, estimated, however,
2,132 pounds instead of 2,000 would be needed.

Application of general factors to
national food supplies

Although general factors 4, 9, 4 may not be suit-
able for estimating available energy values for indi-
vidual foods, the question arises as to whether they
may be suitable for caleulating calories of present-
day food supplies. Food consumption patterns have
changed over the years (182). There have been
major shifts in consumption of foods within groups
and between proups. As a result there has been
some shift in the proportions of protein, fat, and
carbohydrate supplied by the different foods
within a group, and also a shift in the proportions
of these nutrients from the various food groups in
the national food supply.

We have grouped the foods into a few large
categories and have calculated average coefficients
of digestibility and calorie factors for the protein,
fat, and carbohydrate of each of these groups.
For this we weighted data selected from table 13
by the amount of the nutrient each feod in the
group supplied. These food group averages are
shown in tabla 20, The average or general calorie
factors for the total food supply also weighted
by current distribution data on nutrients were
found to be 4.00, 8.02, and 3.97 calories per gram
as shown in table 20, These factors if rounded to
simple whole numbers are the same as the general
factors that have been used nearly 50 years. No
large error is introduced in the calculation of
national per capita figures per day if general
factors rounded to whole numbers are used nstead
of the unrounded 4.00, 8.92, and 3.97. The net
result of applying these rounded factors to the
amounts of protein, fat, and carbohydrate of the
food supply would be to overestimate the total
available calories from about one-half to less than
1 percent. On a 3,000-calorie diet this would be
less than 30 calories.

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




CONCLUSIONS

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

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

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

Apparent Digestibility and Available Energy

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

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

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

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

Order of fooda.—The order in which the food groups
appear in the table follows that used by Atwater and
Bryant in their report of 1899 (I7) and by the Food and
Agriculture Organization ad hoc Cominittee in its report
of May 1947 (55). This order seemed desirable in that
the first two groups, “‘Grain, (rain Products’” and “Le-
gumes and Nuts,”' are both important sources of calories,
and it i3 on foods in these two groups the greater portion of
the research on digestibility of fuods of plant origin has
been done.

The food items within each group have heen arranged
alphabetically except where some oiher arrangement is
believed to be meore useful to the reader. For example, the
wheat iterms are in the order of their relation to the original
grain, starting with the ifems most similer to the whole
grain in compeosition and form. Thus, the whoie-grain
flours appear first, followed by intermediate extractions,
80-percent extraction and lower extractions.

The commen plant names in table 23 are followed by
their seientific names to aid the user in identification of
items. Oeccasionally the scientific names were given by
the authors (items 23, 24, 88-91, 316-320). Otherwise we
have used the ones preferred in Standardized Plant Names
{79) with a few exceptions where other names were recom-
mended by the Hortieultural Crops Research Branch of
the Agrieultural Research Serviece, U, 8. Department of
Agriculture.
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Apparent digestibility.——The coefficients of digestibility
raported in the table represent apparent digestibility. In
calculating the apparent digestibility no attempt haa been
made to distinguish between metabolie products and un-
digested food in the feces. Using protein as an example,
these coefficients ate calculated as follows:

Protein in- Protein (from
take from— test food} in

test food feces ! o :
— X 100=4digestibility of protein
Protein intake from test food of test food as percent.

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

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

The coefficients of digestibility of fat, carbohydrate, and
of energy have been caleulated in the same way.

The proportion of gtoss energy available to the body was
reported in a limited number of studies. To obtain this
value the energy lost in the urine, as well as the energy
value of the feces, was deducted fromn the gross energy of
the food intake. The sbsorbed fat and carbohydrate were
considered to be eompletely oxidized, and the unoxidized
organic matter of the urine was assumed to be mainly
nitrogenous products, The energy loss in the urine waa
assumed to average 1.25 calories per gram of absorbed
protein. On these assumptions the available energy of the
test food was caleulated as follows:

Coeflicient of apparent

Gross energy of test food —fecal energy from test
foad —energy lost in urine {digestible protein from test
food X 1.25) =available energy from test food.

Available energy X 100_ Percent of gross energy available
(iross energy to the body.

Table 22 shows in detail the results of caleulations for
estimating the coeflicients of digestibility of protein, fat,
carbohydrate, and energy, and the proportion of energy
actually available to the body. This cxperiment was taken
from one of the early reports of Snvder (164).

Adaptations of published data—All the studies in which
original basic data were reported by the authors have beeun
recaleulated prior to inclusion in table 23, Differences,
when found, between the results as originally reported and
the recalculaled figures were of three types:




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

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

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

TasLE 22.—Use of digestibility data to determine cocfficients of apparent digestibility and available energy

Weight of | Protei | Carbe Heat of
531310[?10 m?ti‘er}a? { l‘fxoltiezlgi Fat ’ hya(;-rate Ash comcbatrs‘t).ion
Food consumed: Grams Gramr drams Grame Cravs Calorier
70 Bread (made from graham flour) . _______________ 908. 3 70. 5 11. 5 389, 0 8 2,093
69 Milk . e mimemeeal 3,250.0 95. 9 113. 8 167. 4 25 7 2, 327
Total o e e e e e oL 166. 4 125, 3 556, 4 34. 3 4, 420
71 | Feces (water free}____ ... . ______________.____ 90. 0 16. 3 9. 4 4%. 6 14. 7 392
Estimated feces from food other than bread_ .. ______|________ 2.9 5 7 F 2 T P 83
Estimated feces from bread____________________|.....__. 13. 4 3.7 46.3 | _._._ 309
Total amount digested______________________|._._____ 160, 1 115.9 | 506.8 19. 6 4,028
Estimated digestible nutrients in bread.____________|._______ 57.1 7.8 3427 |__._____ 1, 784
Percend Percent Percent - Perum_- Pereent
Coeflicients of digestibility of total food_____.________|________ a0, 2 42 5 91,1 57.1 01.1
Estimated coeflicients of digestibility of bread_ ______|_ _______ ]L.0Q 67. 8 88,1 (________ 85, 2
Proportion of energy actusally available to body:
Intotal food_ Ll ||l ... £6. 9
Inbread alone___ . ______________ e e | 81.8

Note,—This table appears as table 18 in U. 8. Department of Agriculture Bul. 101 (164).

Terms and symbols used.—References to ‘“‘authors” in
either the footuotes or descriptive columns in table 23
apply to the authors of the specific digestibility reports and
not to the compilers of table 23,

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

Parentheses were used also in the descriptive columns
for added explanatory phrases as interpreted from the

authors’ deseription. To illustrate, for item 9 the term
“hominy’’ was not used in the text of the article but sinee
there was little doubt as Lo the identity of the produet this
interpretation of the test food was noted in parenthesis in
addition to the author’s deseription of the produet.

CQuotation marks have been used with certain food items
to indicate that they were quoted direetly from the article.
This was done whenever a term might have different con-
notations. For example, entire-wheat flour, as used in
atudies reported in the early part of the 20th century, was
a flour of intermediate extraction having part of the bran
removed. Today this term applies to a whole-grain
product.

59




&6

£a}

o

FET

o1

QN TIAJIH |

. B - ' : 5 o . S ! .
. veradme; wowseyy [ E30 PR 0 8K 2% o g i Cogsfl ‘werard  wid 9 i L C(mor
séepy poyad Lupurts §F6e | T951 | T'8B 15 tL £ 4} o Apgp fdurday CIBATIS CLamad _ {|SE DUY 53]y ‘peuLnE
XY US BUNOA ‘SI¥ANS( gy | pozas | z6s 0g g £ 0 . uliu g pamond ‘Apisod (DAL | -0p A[GREINSeId) JIBOW
. , HBIpAYUQME Cwd Top '1e) wd
"[6-88 5WAY | g1l ‘walond wd gk caxeym Arep
‘mngdies 10} ERIWAT 08 Bl odugmay adng dapndg ootws
OE[R0BE [R0IIBYD JONIERY e S i B _.u_nan ‘gaoiral  ‘{axdurd dsy oo
FARD B 'potiad rejnamiLe A7 S i 18 ctepoy tdey Bo ires dsy Re tonea 'BASIS Y SA
Ay CUSW Funed ‘spoefqng 1es |—C 9L b B0 'pael a1 ‘smeniomd 3 (1 . 4t qInoqyl  paljle
; . ERTIME 0 o[ redial) pelmuioy | ‘pumiodd Lagiec e
oty Penam _wmmz _ _ ' ‘paTaed)s ‘I[eYe fm
JSIOQINY  simamaada ! , I 1
8 _% W D 'moslqus B | L T 3T S el e || B E bbb HTIO0 W00 paLned)s PRI | -0 pafnyg ' (AmmOH)
L
-ad 3955_._%”% ’ Uﬁh‘—_ i I yRMp peXIm pus Pr—
T3t WMEEE EE YL UL I i X zwed |l gRe [Tttt p e T sl ul uapwd AR Aultsor LATIOH
rAvpasd Wi g — ‘eduaaay & ;
thcﬁwnmﬁ cmm_mohnﬂdmﬁwﬂ __ MO o e U7 'Bng 8D
18 9EJINS CINIEQ JU [B0D qLe 4 TSt Q| PUR A Y O S12P UT PARPDY H040TE
svyd asmiwpg cAep pag |||l gy oo | L g1 sn| 'alpssesd g gf 1e 4] 1 pAYUGD ‘gAap
ue uedaq 'sASp 8 .Uc_._»a. L |t L Pgr NO7| ‘putoafun os¥Y  J1ES DUR SNHs 813496 uﬁm—u ‘pug
unaa[en) oAt ¢ ‘e)aslgng [15)4 R IV 09 AV Wila peyosd pur PUGLLE ‘WI0) | -Ay Bo:&.m»aﬁeﬂ..bn%Nﬁﬁ
T APNpOL] M) UM)
‘@ ‘Fg/) O} ISIUBSEY 3
£q Apnig CDesq ouniu
' ‘54
mﬁ.m%w.o% sx_ﬂﬁmEszM% "TAGTS “JBTd [ TCIRdsI “(g w#] 03 180
‘OEm PR CaA-aF  walqug (oooeooolmenetees z'L6 ¥ol gL |t oot L) ey | 0L 0 AW | e pusdaid Inoy jeoqaxong | -oxs Algeurnsard) mnolg
L fesrd 'tgr)
.ﬁﬁmﬁ mqﬁaw_mﬁ _._:mw%_mao - L|lvp TAIES INOY O
-unm pal “I8XIEl CELEp 1q3as poyocoun CUTA Q0§ C19RI)
¢ porrad  pejudwlredy sy Hnm 1Ee TUNUME H?Em puE JUes i
B P[0 CM&-rp ‘jFslgng |tTooeen temetess §% [T EW T ool 001 LL7) SR e 9% AW | f1es qila pRQIC] (IMOY 1S A ROTL »IIOTA
.gm P - P I T . i )
jdxy CIdY CWHIY pue ||TUTUTCY Reg (88 |TTTUTTTT R/ B t(s1901% YUnog .mw_mwnww
VAUTRR CUUG) 1R AQR[[RAR h
AR winidda ]
Sioq vm:w_nsaﬁﬂ o uaoqnveu.m u-o.ﬂ.ﬁpﬁonﬂ
sInQine Lq paiworijge e Wi k£
Ayqnsadp jo S)merd FR S U U A T VAUt B DN maumuop s mh_doa.;m
-0 O Ay)[eaq 'safgngl|TT 77| foow ggE [ 8L
£°id [ i) B BE ] £ 0 L i . )
"ApeqdWep Ak |1 L 06c | 1861 | 818 9 w g 8L T 1aol seuoren 1z ‘neyoid ‘mi gz aXE .
18ead pordad wjuiw EF BH61 | FRE ok ] 4 0% T HIm|; -ul Lpsp ddmmay  Indng ‘mwsd paxeg
-ladza bm.EE:E..u o [ .8_._ LZ8 | D'LA oF 9 £ % S ovdl runm oz pexoos wipuzed Asued | ‘pHsmimled  CLapsg
s£%p ¥ ‘poisad (R (] 088 g 98 ¥ 9 ¥ a9 Rl R St o] csenore 081 Tue)0ad Wd ug oyl
1y “wem Funek ‘mpslgns|| ¢ w8 9Pt | 2R £4 44 g 12 S|t DAl -ur Aniep adsleay imine ‘mesn
) 608t | 181 | £96 £y ¥ ¥ =) Trremeeefemeeclees L gpl] rwm g7 peReod aiplaed Aapaeg Tt c%nam ..hemwm
. 3 : H : . [ . -f (#ipPma w
Pd Pd wod Bl Bd 4 L Pd bl i} 4 -piofy) momposy kepre
SLINAOAA
NI¥AD 'SENIYHD
S1ep _ mey | £31eme | YEIP may | Afema | wn
eqe | £31amy -Agoq _ L | Lo ssorg | hueq | 184 o1d | S804 o1
184S -180 | d D amp i B Jqfan
symmey ddeas : _ S pus 181 wond1iasap *poo) 1591
g 1qdma Lpo wafqny
_Nwa_“ ooy 1537 1o L31[1q P00} 1501 Aq parrddns TIEiSonE 120
d -118031p juelsdds Jo JuSIMRA)) eyl [810) Jo uonzodorg _ axmul A[1eq

o1

-

op w1 |

gpoafgns upwny Jof urbise yuvpd fo spoof fo Abisua apqupoan pun finppqusabip usdnddy — g A1av ],



uomns 33 4q paIodad S8 ‘UOIIFNIILD J0 183 DSIE SO5ED STIOE U] pUY ‘Topsedmwos JeY) sHedpUy,
IO pPE I sagoek] patTies pUR JE40I ‘LAY XTI

‘paact
-[g} ainpadosd L£I10]1%10
-8 [BTETL EICITY  CSAmp
£ ‘poned  [ejuauILadyy
18 | simepnis wam fsloalgns);
“jalp Ie[ndas
WO EARp ¥ 01 £ _o%c 13 dyup
~a0Y[0] 10] FUeGILIE q)la
AU ._ux“w% SIBITI
& ‘sk8p ¢ ‘porrad |wuam
8 | -aedxg  cudmos ‘slsfqng
‘Awp aad g|wm g 'sABD
g ‘pouad  eyusmbadryg
PL | CIewaR) DIO-ULGY “0a{UNg

3ty 2endal uo sA¥p
y Io £ Jo pourad unmof
0 moﬁnn_ﬁﬂ qilas
“IUITILIND Efawm "STES I
§ ‘sdep £ ‘porad [wyewr
26 | -lusdyy  Cusw@os ‘Soelgng

‘sdgp g 'poLad puem
SUedEd P Qs WMyl
o jsow ‘sjoalqus I ylls
021 | apem symomuadye _pr,em

LIng JO/pUe SRt Tx1 39p S(dwrs .
‘suIeg] AU} 0 apeordde
8Q 01 AOIME JO SIOYING £q PAISPISTNG alda 9oNpoed,, J0] DAISMINS? ANNATISISP JO SIUSIOI0D ¢

o
=3
o
ERER

a2
CES

¥% %2%

I3

Lo B R ]

a1
o=
exd

S

E=

S

-
-3

“SAED
g poted  (ewemiedx 3
¢8| "memoa JunoL  ‘sRw{yhy

~qor[qdmet ‘RILely
‘gjuamiiadxs pg pus
DPZ 40} BASD € pUE 181 J0)
gLep ¢ 'popasd (i
i1 | xg e 3unod Ralgns|

W RNRNMNCRNLASNE NS
LRt RS ed T d S gy 44

=]

‘SRIOTEN 0042 ‘Telcad CarE

i ke | “ 1£ aquul A|IRp S3Rlsay P

=Ip JT #AR0D Ju 8)) '1eIns 'saiuelo
‘{AunloaB|] ‘1[es IEFDS ‘|0 "RThm
YAEWE0 et} Smppnd Udreld

"SIlIOTED 026’ ‘wialend w2
T AN AEp P8v15AY  CpadIs
-8p J1 #ay)ed 1o vel ‘18dny ‘sedumi
‘fAuiossy Cjpms awdng ‘0 'Y
‘Uoae)soe saBl) Iulpprd uwsiorg

TR pue ‘iajes |eRl
o o gmppnd L35 v fepueio

ECIAL] 5
06L'T 'ureroad TTad §E EBIUL ANEp
Udviaay ‘gl wId)) 0] § atues 1a1(Y
“SHIIGTED 0L6'T ‘wnatand -ma
B¢ aqwjul A[IED AiRIPAY  DAIIS
- J1 SFYUR Jo B3] CIEATS seduEs0
‘(dulwagy ")es ‘dedng 10 ‘§pw
TRIMITUOG MEI} FuippIME  UNIoN
"SY91p paxTL puY
e ums U7 ulE WS q7la SRR g
y'2jaIp
paxim pug pluns ur uapgEs {J9jes
uE Jeins '[sImILOD) 2R 0H
¥ 539TR PAXION DUB
a[dmis m wajes (INCY JEsYa pue
[P s1aed [enba) pealg uaolyg
# 83810 DaXim pue
ajdmns ul uates (ANOY jEAN[M DUY
Rewwe syed (enbe) sfesfouyer
yEPIp
P9I pUS a[d WIS Ul UAjED (19]BM
es  ‘Teawtized) Jutpphd L18vH

'IACQE
balioeap 191p o[duns Ul UM%
YT O PO CUSTITT [RANIWIeD)

2a008
pequosap 1otp oduus U U
Aurpptid USECA] Ul BILWLIGD MEH

'Ba008 PAY1IISID
Wp aplung u sUIPUT [RIMLIG)

“BACE PRQIIIE
-op jarp ofdosls ur watsssad g of
18 UL (f PIY00S ‘SO [RAULILIOD

r1933nq " gg ‘Jedns

Wl gz AP Aloys popp twd

1g 'adde 'wid 5oz jo qetp apduys o1
([ERTIILIUD "W (pE ) S19)BM [BITLI0D

‘Breapigoqaes "W zie

el wrd g fumajond cwmd o e

-m ApBrp  wd pEL ‘9s2syD SSIME
g4 ([B9t@tod Cwd kL) muatog

“31RIpALYOGIRD

md ay ‘1t mE Zg funaead cmd

FOoaywur Aneq ud g8 Leping
UITat (IS0t CwE gLy wIuaiod

I ?.Eaﬁ“.:ﬁ "mF 1EF ‘ye] cwd

O1 fegond @A g yum A1egy

T{ysTlL € WI0) 9 INBa ylla
pajous [EIMWLE i §L0) TIUd0g

‘gz "d ‘BT {81 UT UMOUS 58

o pajgadip Jo uredd Jad salIofed o771 j0 $50] Alruln B JUTLAO([E SIS ,SI0QINE WGI) PAYBINIE]) ¢

"2 "d BT ArYl U wa s

50 121p JO JAPIBIOAT U} SPOOf 1y AYRAISSAp J0 S1TORER00 Nifsn Bivp $10YINe oy pale(nd|e]) 1

i}
.................. queg | B
............ 0T[4 [BIY L1
TTTTTTITTS A TRV 9t
BUID
wogy palrodin azpeur 11
J0 L19108A AX®m | Cludpy
I . _ ¥1
pale[nueld L [esly
e g .
T pmdu

91U 8% palJodsd ‘TRep 2L




48
.11

Wi

‘BN RmREy I

“&1qnsadp Juaedde
I0 9TLI] BT 0N[4 JI 183D J0T
85535&5533 a
101 jusaiad ¥g ‘majoxd Jo
FOIIEZI[110 J0 1T9N0 700,
pajaodad soyiny ._uab_m Y 8agod
00U jusmiixdrs jo s[ele(y |TTvvvccvtttTC 9w |TC Ml I e [+ S ! (il it ‘wsare “JuIng !pexood ‘fled POy [ »F180 DAY iz
.sﬁﬁiawe%m Mc.ﬂmoﬂﬂd ........ 868 TTTTTTTTTTTTTORCRL T e At Ittt Il I -~ refing ‘OIBAR !peYo0d ‘Siw0 patley [Tt €180 pRIIOY 9z
Jreq w# £°1 + TN [0
g "oN tealqng w3 g4
‘unlye: ey @ g~ ‘uon
81 P ON Walqns tAep || 698: {T06t | 006 | 87221 |68L7 |20 43 -4 ' 682 |11 oL g
0d Wuvieg-N CTedtend M §FRy {ET61 [TL8 [ LBAt | TER | 8Y S =4 % 9% | DT £8 | UONEL [[¥T-900),,
J03IEp 188t [ Jo poyt fl TERe |[6CHr | 206 | 9°:8: | 2600 | 89 8l 3 e 208 | &T zL dy|----eemeen - LuopRI 0,
..w..n nsuw.ﬂw..ownm %.a_“ﬁw 208 | 198 [ PH |y | £TL0 | 09 L 82 " Lok | ¥I 28 7] T VSIY § PANOD ‘$180 pal|oy ?a%ehhwenwm 14
oy
7 'poad  [eimowmpedzq woh] 4
‘ol Junod ‘5109{qns om 1) Laa o
i z'L8 e K 5T T :vw M.u [+ S R St BEQ “QAB]E
................ 0% |IIITHEIS IR g 08 | s Smgr 8 adnowy
g -H. b .:-”... 81T o i e - H . “EALI0[BD I} AT
pus’ powed  rememmd ||l ER [Tooases oiea) @ e ool oo mesd e o1 ory ‘mejond tund o (qwig  Ager
-x3 Jo (B9 18T YL USXEL || -oooo|io . (35, T S OBy |77 mm& ) 28 s TITogTId|| 6F cexmim efesase ANEQY CpANE | IRW Bq) Jo 10l
800IBGD 'FONIEIY EAED {|........ U B T gLy {77 29) $) S8 . HIV|| ;2P %8 eapod 10 9 *3lmez0 ‘oymiod | 0 ¢ I9[0I TOMIMI
p ‘pouad [wiuawnadxyg 0¥ LR G |®) w e T PRQ| (52 melp ‘adpal ee) pmelq 1[N | (e vuOES) TR | B
*(FIUephis (MUIp pUw 180 ||.oen.... ORI I ST R S aw |® e | e , ot nmoﬂww_ﬂ gm0l - 3 eAds
-jpom) Tow SUNoA .sowrnm ................ . T I 3L R I 18, (¥ L S T A d|| 080's 91 1T ‘mreen S (9% w_ m-51 6 gdnoy
286 Q68 (9¥, (Z, L HI¥]j -m M_Eﬁ PRIISep 59 BRROY 10 BN ur)jie mm pRAGDI
................ [ T e B - T MS. ¢ 04 Tremrmerlmommet et pu | eosac 'opegod f(aelm @ dey g ' -ar (ueagq £1791Q0)
M AR F3 T A ¥y |7 &%) (£ 1T A et Dol s 2ee figes cde Yep amma abz | 1m emy Jo gmeo
‘prer ‘o 1 ‘FeESE[OW 3 W1 ‘[Rem -1 gz 'oeoad f{wme
P o g tedpoed) pesiq BN | UG wnusg) [P | £
potsd RN
~8§ LI H_o._uﬂano'ﬂmba ................................ oig A [1:3] ap .
mf g 71— 'pored gaweg [-------|=-=mm-| - g || e pa AR . B pue
P Rt ol iy ] SRR MY I Ot I 33 N hoiobe i oo . | S S g S8 50 joserp oy peppraenng fL v Jo ‘[wes20
e R | S S EEr SERELCTE -2yl CRRPT T PRPTERPE EERIPEEN i+ - EERSE y- o§ Av)| WP T POPPE 20008 [RIAD IO [ WWed papuedxs-usag 4
e Jo be b msqoﬁmx vnuunHH.“.HHHH R REIUES g ey 90 10 j81p
i | St b aod | SRRSO DASGRSSO! PRRSS NSOR 3. 530 ISR N FOSuuus I, S I L& SO m peppe samng lgp pus ¥ e |
B.wm@__:_vﬁh | aEhantt EEEREERE ERESRTAR I+ EETRRTT FERTT T FETPEEER I-s- - S — i g gy)| F°P W peppY esonng Csaxey orog ST EeYsY W) i+
<eqop  wam g ¢ L%:.m
*Arnglsedp 1ooasdde
I3 QL) ) S0TRA J1 193[0 oW
@015 O 9) §1qy Uy paphLIuy
I0U UKING B Merord Jo
 TOHIVZTIIIN J0 30T a0 4108 ‘28
parIodad 201Ny .uohm ¢ 300 pUs 'mRAD -3hg peppe ' pHgeo]
WU jwoiiedre Jo speyeg | | 07 N I e by e A [~ T e I ‘mdng ‘muedeopus TWING PEISYQ], | 'mI2deopue 0D 14
>4 Bef B od ‘od k"4 ‘Bd ‘ot B | 1 W oy 'pog)
J5EIN L] 188-01-Lpusy
uo—(s8ou ©2Z)
HFEp0lg BN ‘W
‘mO—SLINA0A
NIVED ‘SNIVED
Y it fowa SPHP 0] |Ldpue | e g
oiqe |43song| -duoq | 1wz | T -dgeq | g | I
-wAg -180) 01 | BRID | ey O | WO | I srea m
syremey Aduone o w1 wopydymogep ‘poof 189L | &
Jo oepy 1qTem &
- pon) 15a1 Jo L3111q ooy 1891 £q porddoe
104 | isedip yuoredds jo Juopeop | oxmu morjouopiodorg | gren0TAIEC

penunyuon—spalqne upmwny of wilie uvid fo spoof fo Abious sqopoan pup Annquesbip wainddy —'gg anav ]



1o (3eyx0) 0f sendds w0y Dpogs (8) FATIEN JOELL

. ¥
¥ 1qus sog PET[pINDOEIR T HOPISIPIEHETd 03 uﬁc.mcooa NG 20407} SRR 86 19[[M DO PEPITETE mﬂﬁ
“IomIne £ papiodan sem ‘UONSNGWOS JO 186Y OS¢ UFUY AWO§ Y bav .nazﬂnaﬂmwhﬂ: n.w_a_ﬂm_ﬁom: OBAL *9T-1 : € "NI0N TR0 UT “USNY PUN ‘gHmes) ‘gino) _.MM @omho%_n%s Lo_.“__mmnu
JOIRI 014 (Z) ' poJ sEm TToad 074 18 [9A9] MO (1) (ATIIQNEaS[P Mo] 10) FUCEHIL AT AA an.un_ﬂﬂ-v& #e upord poysedip jo tond Jod RAprOTEY g7 1 JO S5O Areulm € Juqaofiy t)vp n.hﬁwma.%wﬁhewmﬂamnﬂﬁaﬂwn“ﬂ
40 BYIUL N |81 U} POO) 982 UeM3 18I0 P00 J0 N 10] 01108100 0L @pULI SI00)0E hﬁﬂs.:LMd 1 % 91 JO Japupsmal uy ¥poo) 10§ ANMANIEHP JO FIULIHED BUEA BIEP BI0QING TIOY PRUTKTED ¢
.hamu
1od @2 o “e0nwRny-N
ool 153 Jo AqqpEsArp
Juureddn ;pamo[m o) 418y
PR6N T3dq Ga® £1UNOmmY
UB0O Y CEROC] ATleTaed
Trea mas) o8 11 ebing
mej -
J0 339 wmou} wyeyord Jo rjed
e ‘Eﬁowmnw_wﬁs peanpd
poLod 1 bape 014019 O£ ' ‘e1
m_oroa haw.n 4 Popacas -0ad "m2® pp :eXEm) ATTED ABWIAY
.wwhaumn ._eww_h._aau _ﬂﬂwﬂ .ao_nER._ g Blunia :wwﬂ 10 2003 b SMEMM_.HG -
821 | ‘mem FUNOA Of 'eoofqng |~ottr|T e EERR R I 2 /I LA I 72 e ¢ L3 | 'aanyiel ‘RIS I pAxoos 5180 | Xomb  L'Rw0  p
Aejewepemm fompmy Y | 4| I . . .
1490 PUS p00Jsy0 fglomaepy |77 09| T patow | it SR P 4
.Mﬂmwﬁnﬂﬂﬂﬂ nu_uaﬂq.s__ﬂ i b R Ik wm" R A R K T ¥ 08 YH "0BD°E 39110782 -
POLIN iq pepecaad ||--------[-------of-omm-o-- R B O R Rl ] I TN LRt b . seodd md §g MU FRITHETRG '
oLpd £vp-g Aq papaoel (L Y I N ¥ 0L Offf s ; { . i .
41 .thﬁv.vowaq.macnﬁtﬂﬁ ................ B I i o8 ¥ 8 Wil | ‘seurud ‘mreaie ‘I ng ipaxood '$1e0 | -xoo0 xamb ‘e pafied ¢4
EpOL
159 FuLInp s0wsleq-N aan
-afden DI £100{gng ,"poo)
158 Jo £3)nqpyeedlh yua
-8 N[MI[HA 0] QIa P
me upm.: EJUNOM @561,
aop  Aummemes  wox It g SR ISR P SRUUTO . v |, o eeegsopoon | 06
“ed o1 'Ie1anq pus mean (177" L o8 * ¢ ey .3%% um.umm_.wn_dwhwom
moy -3d Of C(eess Io -Uiw pud upmey s eluliseq pew
e oon M0 i0 0d 08 -IJED ‘B3] ‘epod 'E] 10 epsiem
‘fimelcqe;  si0qhe Oy -rgttt adneio feanegepdds ‘pasomal
Mﬁﬂ:hﬁﬂmhﬁsan%% oﬁmﬂm Tpood & S30]9UWI0T MBI '0N}10¢ "
R ORI JP . . 1 i ' 2180 DO TrroEToTTo o ogie0 Aol
0 | [p-i( 59Fe ‘Tom 1] ‘maalqng m.m.. I wﬂ.m w. % .““ 191)10q 'Tree | paxecd ‘8180 pe[oy
LU O D I It . () SRR Iy ¢ 8D ‘I
Aep 1ad m.%" M 8 D[] -anq ‘wwosns !paxesd ‘rjeo PO
oIy B 1= SSa SOUNIEG-N gL | a0 [ i || av
a3uuosn ‘mam g 'spafqns 9oL g8 1 ® ey
pored pg god  posed p Ll [l | i | s
10f Lep 12d mE g'o— por T¥e L e o JdM
-ad 1] 20] £Lep rod -md g p— R I ECTECE T FORPCT EERPETRE! -+ S EERERT i & ¥O ]
aa gsqns g agl Jof teie ||l e | i m Aq SpoL2
susey-N 3Bes0ay 9T e R EEETTTET EEEEEETDY IS FEEERE rE 79 1| -ed (myuenmadys ox1 ey 307 pord]
-I0E OnLIBG 10 [RcOJEyR 98¢ SRR 8 ool Jp umtim wwo-anT ﬁﬂ@ 5180
‘wxey poliad  (muem 1oL g 1L £  ‘ov(| jo smopaodorg seobne amurim
:l22dxa jo 48D pg Ho nedaq Y80t e 8 JdW|| -muem-xpm lpexoos ‘Bwe pe(oy e PO | 82
S£Up g jo poliad uojps] T i et teretn 1 T e L 8 d#
00 AV 'sb ‘AW aam O B s Rt FEFFCTES [+ S PRPPTEPD k & o
M) usm ¢ pus L F: g 234 TgLe |||l | L m T1d
88 | "DD) uwemos ¢ ‘BRe{qng 88 ERESRER e 9 o1
B8RO TR 2 9D




98 | L | ey
........ I i 8D
........ L 8 MO 180G
e I A L1 v S e e s It I I S Sl e PR .|} S L o8 Avl| 'asoroms {[masa0 afa puw frued 9RO
[E W 99 § @) 10} 1polaad g'Le L g9 e
T L e N s 2 L3 It Rt ey N - S i 5 s
I e R R T T S Bt it AR Rt 3" N I R R I, SR N L I Y
Elo0[qUE 9 oyl 10) S0UR et e 82 D
-lBg-N adnleay CIpe)MmE Tl A H T4
B ATS LY - R O T It R N - 3 il RO DR - S & m D]
"SARD B PURNUTIUOD PUS ABD . 7 TTTTTiTTTitTTTie I m o ey T TT | et R [T L g DH
pg ue weleq poped 0011067 aee | & £ eV
100 AV s AW dM |, L & dW
Nolmemgpue (IH ‘DT |t QR TR T T g L % dM apojIed [B1Iem Bnop a£4
‘D) memos £ 'sAlgng| A 82 XO|| -4edre omy o) Jo] pRIIPIp AN PR 100 “jod g "mog
........ ' 19 TH|[ -XI0 mesd-X| T pus [eRa J0 SO me ‘j0d o pepnR
....... I 24 DT -d0edor] -eE0NS ‘WMIX[I UIBGL) -m asmixim papord
........ L O opo/| -apm jeaed el P 'OI0 JRQ | -I6 TEaE0 MRe-0)-Spee
*j91p poxjm epdung uy £ (§}00 payam
uIPED SUM [9I0R Oy FIMITHIedEa pue pexsy ‘180 PA[IOL
............... oom spalng |TtCTcc| 8 jous [T ezr  |Tommmon|reemmeeo|reremmesmrom o pm o e em et e | JoemoR o CreAns YOTROID “(OIN0 160 | '[RRTNINC) sjonpoad 180
-amuLrsd fIaxIep pouad -
reivenTuadio sEA sL8p L
qo . o sAupET-Tipoted 77T B8R T TR0 (988 |6 'l ) 4
Bl 90T Ml 'sxIewm [fCCUTttrrtes (TTUTTC 9Ll 018 8 1 W HSR
-a1 aaE C(WPOT) WSGESTEM )T T |77 '] bind £6 8 o HT
pus ousQ9W 4Aq pesn [|TTCUUUet | 4 S Fa] g8 54 ¥l 29 Hr “1rp o Jo jmadsad 001 ¢ 5728 ‘PUTHIZ-wh
nemzadxs Julanpuos? jo e N [ ) 58 11 ¢ || pepracid [memien -dnns o Laf - pug | peaqupd,,
nwpd jesaues pesood A [(TTTCCTCTrZreR T g | 629 | 000 'l 8¢ WY || ®qmesq '19) 1000314 APYW BOXEY | PUNOLY £[061803 ‘vpury
g0z sede ‘mem ¢ ‘spoelqugl)|TTT T I .- S LT L59 g8 o1 ¢ DE)| 190 19 eIpLLiod §8 TUS1NG 4 [SRWIRQ | § JO sINimymr '[N
~popaad gope(ped TR g9 T8 gy | Ak It ) 4
Lepg pue poprd Lawan * ............... 878y | DOI L T I R R R AR T . . , (L1 *(morydime
-wfead £8p§ g ‘weelqugljTTTT T T 168 | O P2 e e e I i S semseseeoof] ‘eyng ‘pesrq lpeYood ‘[eemmiR( | -9 JOUUN) oW WY
L6 8°r £ |7 ¥R 29 14 -] |1 B . 4
L%y |B9sr | B8 |TTTTTTTTIOEL ki d 9% Ll 9L R OIM “garro[e swoL3 g9’z ‘me)
$8Be | ¥TB1 | FiA |TTTTTTTC gl il A ¥ - S e oo def] -ed " g exEIm Anep adulesy
TE6¢ (996 |88 [T7°77TTTIR08 e N 0z 1, J S I T {TH)| 1eAng 'meds sy § POy “REIIB0
-gatIo[eo 5Rexd OFF' ¢ ‘ureyoad 'l {8180 PRI
P 9xw)m ANep edvieay Cledine gem A[qise0d yng jedw
Y48y {96y |08 [T 808 i 8 18 04 ‘mesd NOIH 0F PA00d PRTEIR0 | -390 5% pegiodedy ,[eepq
916 8 L8 [TTTTTTTT 928 k') FL ¥ T4 . "SR[I0{RD
LGe { L9y jrgd  |TTTTTTT Pyg 1% % 9% o] o8 (g5’ ‘mjoud ‘m¥ 0 ‘eye
16 |¥ ¥R | L®B [T B8 |89 ¥ £% % - Apup efwiesy Isdng ‘mean
yorpqdure] || $18c | FH | 59 00w | oy el T 8 UEN] § peyood ‘[esuniEn pofloyd
‘ARIEl  sAWp ¥ O'POR %08 0°z8 £ LA 19 gL 124 ] - ‘g3ldoren
-ad (Euenisdyy O E88c |0ZA: | T80 R ¥ 94 34 o8 eeozd 0mp'z ‘uworoad ‘md 09 oxw) *{reomr B0
Iungd  Agpesn ‘spedlqnE || ET6e | TWR: | 9B £°28 1] al xd 1] el Anep edwesy . “Ieing *nIgar) g9 jonpoad pazacdes
8881 ;018 | T80 09 1] I 15 s PO 0F pANoed fedmymd pofioy | GICINE) pafjes reepy
9w 6°98 g |TTTTTTTT| 088 iy 89 L3 ¥ _Wﬂm
A |09 |88 |TTTTTTC ¥ 88 oF '] 1z .1 “BALIO1RD 203 098'T ‘'Meoad ‘wd -d wegy 3o
g8 | 198t (698 |TTTTTTC| 6LE 19 £L .4 o8 88 exwm ANep aREroAy , Tedng B0} JO S10m pey _w.i
Lo4c [ LGB (BB |70 88 |8 0L o8 i8 meeR Cmm §f pIYeed ‘[eSnmen | -PUeIE L0 4mOpNa , ‘TR
08 |i8s (98 |0 gEL |92 oL z g8 - ‘paAQuIar
QMée |L¥0 | 168 || 068 % ) BT 18 's9rI0TED se0ad 002’z fmejoad "l S[UjZET  opuId-mof
L'0Re (688 | ZU8 |TTTTTTCT 1L | #2 L 15 £ ¥ XM Afep edkleAy CJEdns | W)la IG0ug ‘pweg
ZEHy |9F8 | £ (77T L9 L] 84 92 ] WD U (Z pey00d "1senxjeqy | -upd 20 poyemiredd , reeFy
o ‘P B ‘B Pl g “Bd B ‘Pd uc— (a0 Uy
FRRpoAy W) 'mEQ
Y —RILONAONd
NIYED ‘SNIVED
JRID asIp =]
mey | £3zemd we | Adnm | o
uge |Limug| -4geq | 184 -Aqoq | 194
m eas it d | SO g O | W0ID | d gAes m
g ExIemey ozl ﬂown_mﬂm Lite mopdreap ‘poof yee.1, )
2 Jonon | poo 35950 yd pooj 4501 £Q peyddns S Bori ad
e d | jisedip amesndds JO $URRIHIN00 XTI [510) JO TORIodorg omwyur A7

PonIuO)—0aigne uniny Jof wbnic poyd fo spoof fo Abiruz 2jgopivav puv Appeysebip puesvddy —gg 14V,




¥ BLq¥] 9eg
00 £q pe)iodal SRA ‘DONSNGIOS )0 186 ORI SAEWY OWZOR T PUE ‘wojijsodaror 1EY) ERENDU]T,
“apsd poreniod qifa paredoIos ses 9(d pays[odon 1o .vo_w%on quxned-0L ‘pegsiiod
-8 JusurIadad qose Uy 1803 05 pay Fea Aupgeyod JO SpEIE AR ¥ JO 8011 RAED 135 PUB Pf UG afqs
P9} 584 3931 pAgs)iod SAWP 010 DUE 'qig ‘pg ‘351 n%u ‘BARD ¢ 88w pULA [B)0.1 HI0TM DT JO T 1
*%] WS §1 pUs '(600M[H 7% pessazd1o) oTeIpAOQIE) ‘A [y ‘me30ld M [p SOLIOMD 50
Anmep Furfiddne “reSoura ps ‘somugdos reSus (PINOQ) IATY 'pamd mdq ‘(pomRld pUB med) moxyjep
FIoine 'a3eqqud “Xa0ping ‘5eoeod “110d ‘eIeXaR epacd USY ‘aursyes ‘ajend wweq pepnoul

..Even_ﬁa
Eh_?wmmmou:auﬂu.skoa:uoaﬂcnn:.wus.uomzonanoﬂon.a.....voﬁ:ca.__i: .anu:oh_v n.u_nkn
IpYy AUp-g 0] POpIAID S84 popad [e)Caum] 8 o, 'poned [wyuawitedxd Sep-R pow ‘pol

e0d sdup g ‘pored Lraoymyed sAep & pepn(ont 5£ep g1 Jo poled [ua1o) eq L, syrodes 381 o H{d 1)

£88 8L Gt
el gee |fen |bs
~£up o .
'l [)— '3uemnedys PR w mdvm
W pwe md gg— e (... seeeeeee| g 308
~pod¥a 15T U g 0WeB-N | [ eeee e oanos B ‘8
eatudou AnqAE U edem || |._._.... v .
Fgnes g dwp Jod wid (L. . e M
S 14 Autdvioas ‘oomeea-N 4| | _.._... H I8
Aapeod ar ez Muemysad || oL | 1 o7
-x8 g esayy uy pesn spoef || ... M ‘I8
-qns ¢1 8yl Jo §1 wopdod || 14 8
= pg o wad pow my oo Lol H I8
wH)} EXHmA [(mieuad aeg| || ¥
................ 4
SOUCRDINN (DURUT
*A9p Jod W g4 FEM XOE
To0-N ‘Wive{qns 31—~ mw_: 2z
¥°1— ‘sous[eq-N aaysdou &
POMOYS B pue H £19(MQng  [|°7 7Ty
11 3s0dea 8 Jo aed pus ‘Zy il ¥
AT | MOy ‘syivmadi |Eiausd dum
“Awp aod B Lo+ FmEw [T
-IAR ‘sauereq-N earjleed {|TTTTTC T
U 1Y eam sjudmpaadxd ¢ J(tvTTv) T

963T) U PIEN £2afgne Of
oL wldxlad pg o ued
6.1 | pUB SPEWAI [eRWEE B9y

*Fyuom
-jedye Jo gel1ag ayl Fur
-INp RNUEEQ-N PADTENd
I 9ape¥au Uy Ljusig
-od jou swfgns smog
dep sd wd g1— Hug
~Busvan 'aanedou p 'Lep
il ‘md g+ Eurielsas
‘safpiiod § aM mmm
-ladia § o9sal]) M pasn
SRAQNS FI 10} SRAUTHG-N]
‘Poso[[0] w Jodal P Jo
e d CSHITIA [RARuRE e[t

H.—fowvam@wwnﬂuwhwﬂmmomhmmymnﬁn I NS I‘-CDI“!QING&JCDI‘-DQ‘ODCD*I‘-N
IPSEdd g dEsdd g EdEyEsEssdd S84 PENErrEgr SN gy
Mo R AN Y PO OO O HENCMN—~OoooS LeE-F i | GOt D 00 vt WD NG Bt D

g¥sg sl RNIRdLgsWgidgggs sy o Esssgsdggdss
EERRESHERERRENREREE R dgFded reged d&4d

W W R P ONEEYT OO0 CEN~oOO

“Aap 1od md pg— 'epoel
N § }0 BOwee- N afemay
"PIMOTO] fy 120480 36 Jouar]

*s3dedal g 7y uaard
gl CSTIINBURY ngIed 10
PUITIIE? ‘IaMIS]] IUEE
-3 1dey Speoj Jallo “qip
£LT | PR UONB] PO ISAT, UL 8ID)

o0 eT e WY
EREE
el R
EE

‘63 WA .md.EEE g sk
0F | 1e-AT 5934

mR T eIy (T Tttt loeRy Tt el I

-18) "mxd §¢ puE ‘(escontd £ pessazdie) 2)eIpAQoqdel

‘oA gg ‘oyeqoesd ‘md gF ‘welo[ed (gg AEp FmA(ddns ‘reBama pus edng ‘WneeLos “epacd uFg pILp
‘SAMTPVEE PIND UWRGA08 'sucruo 'sa0pe)0d ‘(pa[xa)d puw mel} UOYIRP ‘ogv} "aised weaq pApn[UL 1

‘g]uIm PLMCIN WRIPSI PUE s81ecd Jo ylied [snbs
0} P)UNOME WIN § 9] 20) [B}3] 97 J0Hq STEATT)R0 Bl J0 eIMXI JUARYID 8 8802 12alqNs OBy g
-18q [ 2PILID PUS JOBIIXG-33)- N 16) B8P §,10TIN0 0] PATENAED) 4

a < .aw%“_ a&a03 03 c_a%m.a%
348 JO §I0MINE £q paIIPISTOD aldm  Fjonipard,, 10] pajeariae AN[1QiIsed|p JO §1Ua I

%] 0 BN R T q paap FRINpOK,, 10] payeary _.m.nd.n:_ns&:&c::u
oad peIsedip Jo mesd 1ed sepIo] *1 Jo sso[ AINTLN & STIAOTE WED SI0U1INE WO PATEINNED ¢

W0l peysedip | 10780 §3°1 F [ T 1] P ojﬁ.n.ﬂa_nsﬂnkonq
£ J0Ip Jo IepuIeuIar uy spov) Iof £314715981p Jo s1uaRIpecy FImEn ‘eyep EIOTIHE W) pAYETRAN]

ay
A *2a| 1080 QLO'E ‘TI9)
MH oM ‘m3 gt AxEIE) ANEp edulesy
gl 090 pexiw T U G0 potrog
N

o

ol “§91I0[%0 IGT'E "I

U2 Y .01d ‘m 38 axwiT] A[ID BFeIAY

afl awarp verrm W werse w2 wsog
9
-ap
L *SALICI B O9F'T ‘OT
il 01 “m2 1 oy Ajrep v3wieAY
s || oriete pexim W matwe eop pefiog
*H “paTivIaL
" m13d pue 1944 19no
m *SRTIO[ED OLG'G ‘WY | JO Jieq 'PAq Arreld
x -0ad ‘mE 18 'eyeiul Apep edviesy -’ [Suoys aped
H|| 0P poridl W U9 W PHIOE | PE paysijod-JIv | ¥F
4 “ssp0led ogn'z ‘magold 'wmA

£8 XM A[ISD AdWDAY 391D
PEXIUT & T[ TH)89 (I3)8m O PaR00d
pus  “yqZraa ‘wd 0007 .wman 0N hw._w‘:u guays
010 PAILic) JMEM DUB GOH) CATR(] § ‘paispaoid “pagsriodi) EF

B 2 OGL'T "ure
-0 'tnd gg ax\UT Ajrep aSeRay

nIAIp POXIW W WeIE a0[1 pafog

*EOLI060 (6’1 "I
-0X] ‘M8 g AXE)U] AjIEp oFBlaay
9P PRI Ul UMD SILI PIfjod

'591 1070 (2g°1 ‘T
-0al " gg :0MU} L[N BCIBAY
u'JRIp PRIIW T UMED 6L paIOg

15 0 £ g b 2 S 200y B O e b T

.E_SM.B 93;.53
-oxd rmd gL dawul Affep AdRl0Ay
0 19p paxim Oy uajes 90N pAlogE

' pATE)

-2l wiad DOE 194E[

“§9110| nAgT 'O xne nq  'praowm

-01d o2 gp tagmuy AQED 2dvrAy

WRIp pexlui W U2)es o[ paied | apsd pE .Bﬂw un ¥

Ifodppe 02

nInpoLy  SHE 9y
‘BUpIS)IA ona“.nnwan
-symama[ddus (e enrm ‘e ‘redns
P mmsiih edwidasq pejeuoq sm..ﬂ “d ¢ ‘sino
-..S.aS.BUS.EamEmUa?EEE PUE TIKA )
o ouro ‘wmese)dds ‘pasomal Epes 0% ‘5180 pumotd ‘od

914 §80]BIIO) MU ‘3I0310] *209IN | §L J0 BIMTIW
................ STt Ay | TR H[edasd 851 pUS 'TI0Y 'J80 | X8 ‘[$a1d0 Je--APERH 1]

mEmT

63



“Aep Jod K

. . M
$O4 8 “aone(eq- (9% |l i TL “SeLI0[ 00E'% ‘I
sapsod @) proa Jue -l288 |gug |99 - B{l -0ad "w? g; rexeyu; Afpep odwsesy
X9 SM4 W §399(qN8 § aq, (o8 | 3ve | aEs S Wi ep perim m meyse sop pefiog
prasodar pe jo wud poe |oe6 |sEs |68 R :
‘o woy nxﬁﬁﬁ.hauﬂuﬁnw“nu 29F 186 268 ¥ o8 : M
. irereq L8 |B06 |El8 P p—
w-ﬂ. " ahahuﬁsaﬁ.& 508 |5 MU% : “m -oad “m3 zg :axmoy Anpep elreA Y
“IS 1) U $109(Ts § S (8% (im0l T 1E|| erserp perim ot weee eon peptog
prodes pe Jo word pus Cliea | ReR {L08 -
B W X INIIA [edamad 005 L86 | L98 [BSE oo
T4 SopBeeat OIS, Lo | I1sm oy95E - “59L10[% 0993 019
whm_m ) 9104 1UIRTIL | L6 L8 mm -- W] v2d ‘m2 15 :axwyuy A[wp edniaay
-%8 §1g3 W F08[qNg § S, - w% “,ww 508 T Hffe jeIp porlwl Of TerEa 601l pofog
e b i B e |em |iw s
‘uill 20— [P . L Fred
LRI ol ST | e W 3 D I N SO . SO SO Mt M - "se120180 008’ ‘w1 | =1 90 peqqrur Sjpline
Fes [ 10] 0dUeTeq- N A8 ¢ 968 1'16 198 77 W[l -o0d w3 g remermn Afep afvieay | is0m(E ULe) ‘lenogg
0 WOUBI BT Jo Topd prw gy o (=Tt L6 |48 204 )| w'19p pAITm Wl wores wol pofieq | ap pe ‘pemsied | @b
weyl ‘earemes [wreuad sagl| v Tt h.MM mﬁm mﬂw oy
................ g- ) i . oo
............ ; - ‘08 SOLIOTED OIEE "I
SR I 4 RN R A -0xd w2 15 :axeym 1D speieay
I B A g|| wreep pexim up meise sop pofjog
gpaap || o loss | 1wt | e H
odsau *hep rd ‘md - BN w% me _wm ay
PUB ¥0— J0 SROUHQ- X : : o o .
A 12 |18 i B o mr gy T
Y14 Bapusean oomteg: gt ot S S T % bt Nt Moot MRS Rl IO m| w121 paxtur Uy aawe eopt papeq
BALY o edes  £)99 o,mn M,M m.mm ................ RSSO USSR S . - 8
05 §Y 9q1 JO 8] w” L < S S e e S R A SRR IR
o1 pug 10 uerd pho gy ||| |eee |owos ez (e (s |z 9 S N IO 4 sop10[80 G1S°E “T11
W] SWRL (BIGTIR B ||-Tm (e I I3 e e T 8l oud -m gg remeres An 064y
................ o8 |gee (Lwe IO, (Bl aere ponm w ueies ot pariog
........ R L R i e s L LT ] PEPREEE R =
................ : _ H
‘md go— ‘g o) wmd 1T 98 b T - gy pauIeel WwiF
‘0] A gl SeM L 20p f|TtTThn oo 206 | 2w (908 gL | L B LA R " 5011010 Q9 "M pus L] INMNe Jo
wueeq-N AN a'id I LA0:- S I T - S S ) NS MO IO S - -0ad 'mi g exEIm A7Ep sy | 1od 0g jeTogQRE Ipea
P ) P . - . H . b
-8 351 jo ueld pue ‘zy BT T R A I IS (RO, - H!| w191p pOxI W uMee eI peog | vE ‘pegsied 1meosed-0L | oF
WH] ‘S [819Ua8 eeg)| |t 186 | ¢8R |68 ; . B w0 wo 031 WOD—(apjo8 Dzdi(y)
Bd | P | PL | Bd | PL | PI | BRI | Bd noupoag W ey
M0 — B AOUL
NIVED ‘SNIVED
g
a39lp f1up 9 | £3n0we | we
g oqe | dipug| -fqoq | wg | G0 m..u_wwu -snoa | wa | N7 |Gsoap | woza B
Hom o o iy o wodyosop 'pooj gm0y, | &
ekt sg018 +aB £ ys{qog
Jo wan £ ddns ‘
7 1601 Jo £3711q poo] 189} £q P weadofy;
.mn -tod ._._Sa_uw%%s.snne 70 TR0} exE)a] 9101 Jo ToplIndorg |

penunuoy)—ewalgns uptiny of wibe woid fo spoof fo Absus pqopvan pup Anprqueship uasnddy — g8 T14V ],



“181p

apeud peger[od qifx parsdmod sea 311 poysi[odun 10 ‘' pagsled Jmadtad-OL ‘pagerjed-jieq paxine g U] £]24 1898008 DaJ 0Jam 3011 pags)odun unaw%ann:on yuaodad-0p *paysijod-j[ey kvmnm:cm gy,
jmempiadze 4ous UI 1843 of P kea 3mysiiod Jo apel2 j0asagip € JO 6T SA6D M)y PUL PE OO e m spok .na.v.« BN PIpralp Fes porad [ejuaunieds 20, pouasd [Sjusmaniis Awp-y pue ‘posad
7o) fea 0L pagEod me@ qi0 DY “gIp ‘pS IST UQ  CfA%p § SEa potaad (2101, 1130021 DF JO WS w -1 ELEBp Z 'pollsd Alvmmipord siep ¢ papnoul sdep g Jjo poired (wog ayT csodal 98T jo whid
-yey “md §1 pus ‘' (pee0n[d s passadia) SE_uhmoﬁi ‘mE g ‘mgoud "mE 2y ‘sarIo[ed . “1E) ‘WId Fg pUE (osp00[3 59 passaadad) 2lelpAiqoqled
omoh_._a.m SmpA[ddng ‘redenA PR ‘200EF A0S ‘TENS (peTIoq) [y 'pING uedq ‘(parXoid pun anl) UOYED ~m3 gp ‘wrajoad "l gF ‘satI0ren 969 Auep Iindpddng ‘redama pae ‘1e3ns ‘ones Lo ‘Jepaod qsg paLip
Porme 'adwgqqeo ‘xaopang ‘sevreod (xiod '[RIXgem (Apasd g PIIENEA ‘HFRd Wea] PAPIOU] n ‘FOMIPIYS I ugeqLog ‘suulto 'gaotwiod Y paxdd pus mes) UeXIvp 'ouw '9sed wwaq PIPREPUL 1
D S L S I S . SO LA AR R R 4
B |4 1718 m.;. - - B P s CRETEEE J— £ *EALIOTEY (FE'E ‘U]
U g L AN PR O8Y .oxd ~md gg eyemy L16p ed6lea Y
: ;- AR VOSSN RN NS M - si| w110 poxIm Wy uses 20w paiog
oes |g18 |zee |- (RSSO PRV .-
i 9L i) i1} P N R - &
............... ] I I e e A - "BOLIOIE I0A'E ‘T
................ L ! St I A I O 010 ‘mu# gy (oNBIUL L[JRp AFRIAY
........ g e i I N e ' I8Ip pAXIur U] Udgs AL peNog
A PURDU Tas | ge8 fTes |-|eebo R T -

*EOlI0[ED
0087 "wyond ‘w3 A3 axe)u; Asp
SRRIAAY g3l PeXIO M Ues
(o1 q3noagl dupzsanbs hm Bl

P pefioq ol perrdern S_sv
00 O0F PUT 1384 00 0091 _gila
paqo0a 0N m3B [41¢) uegodoweyy

o

o b e B S -

s

"SLIN[ED (196'Z ‘W]
-oxl ‘wd pg 9XEU] ANED AFRINAY
0’ 19Ip pPOXIm Ul U 8011 ReTIof

“&wp qod n_wm ﬂo+.8a-w.
-18q-N 3apjsod U g )98
-qng Sep 2d ‘E%.m;..
ﬁ AR 'BITE[R- N GAL}

Bu 3 j8ip , UeqodcUs
-XH,, U0 05[qNs ¥ “4Avp
nd g0 o,
QAJIRAIT AYTATIE T} N 120,
-qng "dep non__a‘Eth._.f
Burduroan 'eUeEg- N eAll
-1g0d Uy ezaa 3D |, JISTIS,
uoejque y " Lep .Hm
9'f— JmBeldae ‘aoue{eq
-N BATJEIOU T arem 18Ip
184110, mogjeiqnsg “Lep
Jod 'md gg— Bmdareaw

*galao[6d
006°7 ‘uMeld "IE gf JaXer A[8p
BABIGAY pp'iRID pRX| UT U%e
(peppe Jsdama pue ‘IedAns ‘)[ey
Ujla v [9OER Ul pOR000 $011) (NG

i)

ca .
Ze e RZ e B RHE me T e am T w2 0T

"RALIONED (0BT W13y
-01d ‘wd 1f exwul A[ep sdeeAY
WINIp DRI W USER 0L EII0H

EREEdNES-EgS8R 85558 g58EE=HH8

k .

uﬂoﬁd%%h%wwﬁw_ww%waﬂcm“ m_w. "SANIOED 0o 1 ‘Ul oad “mE g ayE)
£ .m@u od fmd £ p— MS || vur Aprep sFemAV  ieip pLiw
-FulgAt ‘WWE[RY eAljeian LU ur mejes (edifo "m# ogg's urerqo
T auga 5100[quE £ Awp mm 01 INnBa 00 )0F Ul WMEQ ‘aend
Jod ‘m2 g1+ Bmdwmean Ay oea] M2 py ‘eoLl ¢ £9R) ®BAIIO
A T i

-qns hmwadmw_wﬁ&?_ mw“con =3 “SORIO1E D6 ‘T 'meq

Ll oud -m3 6 (OYEIUI A[TEp siwrday

e B oty 8[| ero1p poximn wy ueres sou pared

D O R D O O O O G0 O e T M A et e el D OB D R el (D e B O [ S W P i D R D et et el R AR IO M DO QP A 0 WD B O P W D OG0T T
D A W D DD e W O G D et G W O Tt S D STt O e B R T S B e S D e DR (DD A B WS W - B I b p O ST SN OO b vt 004D O D O R e D

g¥dddgddggsidsssesdrdssdggsdERddasgExsasdsgEggesgss fgsesd dgggggdgds
bR ERE ERE R R R R R U E R R EER R R SRR R R R AR 2

B0 A3 B0 40 W D i D D e D 00 B B B e O O e £ 00 T b T 00 P P WD W D WM WS P B B O 00 e OO0 B0 00 50 0 00 60 e B 2D B

06
‘0h
kil
‘%
4
‘I
T
Ll
08
0
: o
posms0.4 20pa pesriod patiog |- - 1
s :,u._bnu.u Pe 10 med Wmﬂd - 18 Luy
BLL | 'Z¥ W] FAITTRL [81900D 335 08 A “5aJI0[9) 050 W9}
a8 -oad il g axwur Apep efeleay
w m AP PEXIm W) TS [ g
06 ay *SALIONED 00D ‘7 ‘U1
k] Lt .o:d 1wl gg eyl ApeD eBvleay
ol w8 A| w1 porim w ooss s patioy
....... R 0 ap
S 06 A "S9110[80 0GL'E 'mI
B 68 Il -ozd -m3 gL (9T A|IBP OFBAY
I m.m % ('i8Ip peritr UT To)8e 6O pefieq
................ 8 L
[P T, o8 e
S e ki A "2R1I0J8D 0GE'E ' T193
SRS - 8 Jdl o1d w2 gg ;ugeyw Aep o28aRAy
................ 4 Wl| vyop poxrm uy wores wop poriog
................ g B



1% WAl 1o pag LI
5D 5B AINpa00d [w)Uemr

“SatdofBD o' futdiond
nnf Zzotaveul A[Ep  uwERlaay

8 .E&uﬂ haéwﬁ.ﬂcmﬂa “_ww%mﬁ_m T8 WH] 0] PIYUISIP ¥4 IHP IwWBg 7777777 Tt oTQaleig
OB UIN HIEQTIE 10 Yie] Il *E3H0r80 g’ T “majold fmd g7
-Jmy] ‘porrad _Snuuu_._um L AYBIU A|IBp o3glasy  DOM[SAD
-X3 10} JIUuLEd ‘1) ﬁ AR ,_a. eS. ‘IvinE ‘sodURlo
‘gdwp § ‘pojded [CIUAT (Burios®y ‘qree mdns ‘o “Apm
| -xq wm Bunod ‘noelqng U918 901 aer) Juippnd uareLg Tt TTTTttttynuglg
~Aep dad "uid
£E—  WouNsq-N  judu
wt&un. Jo PU2 )8 Y[ pUs
UmnzEaq 18 381D sean *ABIPAON 180 "I d
‘oylugy "sA¥p £ 'pof “yer - md B .Eﬁowa,,ﬁw 0 ..mxﬂmm_‘.
mmeupdyy cpro L A119p  9BEIIAY PepLE  oun%a
Wi, = ﬂcoca.wmﬁ“:.—wﬂaﬁuamﬁcﬂ_m R IR T R 96 Tt ot TTTVEE |t a0 42 ¥ | 189m POS %] [ W WML paftogg |ttt «{1I1I05IpI
Supiviean TGN
aspsod uwp §09fyns Ny
.mhw_mv ¢ 'poraxd T
91 | pediy e g mm.._uw.m“_m 08 Tl s ptetttt ) - ] 1 [ 2 e R AN ' redng ezeoyd alwli00 wory |- A 10 ,PIYSTIO
-paiRal Qa.ﬂ od wd go—
Te — ‘eou - JAT] . . .
H&.E“_m_.m vn%._\mnwma_ﬂ—.ww Lo e'78 zge |88 16l 5% ¥ niinkinieel Il i oy . ol W
10+ PURY O+ ‘mEeg-N 286 208 L] ) €L .......a W 25 AE\UT ALY ddusdAy
aalnsod up oaem I PUS g'66 | 138 |98 M| 9P PRulW Ul UEd (sSamyoiyl
v sposqns ,igoom,, 3uj L 66 518 L8 V|| @ ‘w3 g 0 pafrod pus pepunod
e 13D 0§  yitod 966 b ] 1°¢8 N uem ‘om0 Wyl pandaid) jysop
a1 pg Jo uspd puR gy
mel] ey Iemmds [edaued aey,
.:w._&.Ew«.TmEua 068 1" . . .
-KAE ‘aNUBIeq- N BAlESST ¢'ta ‘aw a._um " Ll . . ,mo_.s
T uIam JRIP BMOND, | ¥E8 L8 B L] 1% 0291 ‘mikoad m# y axe)
oo &)0algnE ¥ Y wiod 9788 688 1328 B Al <o Spep sdwlasy 3P pIxiLL g
al pg 0 ued pus ‘ge |[..... g6 1¥EE E'I8 ¥|| O udud (Ol gy polILNs may) ‘0N AJI[END emoyg
ma) ‘ERINmAL [Riaal dag 'R ] 206 ¥uL K| 10 BE peques 291 snowin(d) s | ‘snoulngd ‘pagsiog
a4y
~padsns 'Aep J2d ‘B 40—
pum ‘g ‘Zp— ‘WUEEQ  |ITrTooc|te T L6R 8708 198 143 8 8z ¥ e - F1% ALY
-ppasjisdmm L pOeRW |t T 588 ¥ 68 |2 T Il il inbihninlel inielinieletel b bbbl b - K| oeg'z ‘meyead rwmd ¢y camerm L[ap
‘g soAqns 100+ PUB FO " | 866 | X g [ ERih il bbby memerlmmm e EaRbi b Ll sdemay  prep patim tn udpen
4 *20usey-pl SAINSOI ML, f|- T LGB | L8 L5 T R ettt R W[| (us ur pIgeed puw ‘ydnas
pUs H e LU L) S | i F N I~ T A Dt s M N H|| '@ pe-0e ‘sreq o paomaog g "oN £y[Enb ‘reuogg
ajurelmoed P@p fog N T L TR T i T e i ek - gl 1ua puw e wmixm) odusq | ‘pRuspaod ‘pagsiog
podar pg Jo uvd pue B | RL | Bd | Pd | BT | R B B | PL | 1D uig} > ,
TF W) 'SNISUIAL [BIO09T B3R
TL0)—(aoR  B2dag)
PRNpos]  GNH  ‘eny
UON—RIINA0Ad
NIYED ‘SNIVHD
g otqw | £%1a1 oyeip me | L9pme | HEIP ury) | A2pme; m
z -4 ® -& ! 19
m mwﬁ»a a ‘.—MND v oid 500 J_MW.._. ol “ord SROID o Jupitem
ans !
H EQIVURY sgod auw_ﬂﬂm 181¢] 0T ALASID ‘Poo) 1891,
2 Jo uon OO} 7599 Jo AT 0} 159 £q peyddng qBram &
& "Rd | .psedip 1uasedde j0 JTRREOD exwﬁoz_ = hm w%_:oag._m whxﬂ._..mm_ﬂmw o

11

or

8

"N Wil ‘

panunuc)—efafgns upwny 1of wibo uoid fo spoof fo Abisus sqopoen pun Ajigysedip usinddpy—'gg atav T,

68



¥E A1QE] Beg
“10qIne £Q poptodal sum ‘UOTISNQTION JO 18AY DSIE SHEED SUH0S U] PUEB 'T0[]50dm0D 18G) 5APRIPUT,
AYBIOE N
Iaaor 01 ucpyelad uy afaey £)a1enojirodoad sarcoaq ssOf 809y Juaadxd an, ADNIE STY) W PIETI SANOQ
QL1 9} J0 JULTOS N 40] 3} 3 SNP 3 AV AUTNSISIP LO] 2INAY x0] 3y uotydo &,I00I08 U] o
*PeInNq LGS FEas INUY 1631 8] G314 QiTa IN0F 30T 10 AU
PSP WAOMY 93 WO} J0TENE AQ PAVOIIEI KPANPUT LIney 15 o ANTIQ1ISIAIP JO JTSPPYICD o

B JO A111UEnh UG 439
PRyIRUI O PRE PIERRSLK)
FIUNOMS Ul J3inq puw
jeam jen) jusmmiadya Lq
WOLRA loqiny cpeulu)
-q0 53T Jo  uUCiIEmudes
oy CIayNmO S pasn -
j9Ip 95e9Ta adwppad puw | _|.o_____ I

AW 00 AYp 1 4q Pamo] | . I I N I m”wm LR B ] A
-10f ugm%agﬁn sAwp | ool || _ _.E: U DU
z Jo porled rwquomiradssf : L

BB | "Li pE-uZ 593 ‘v 'spavigns

BIUMP omog (4 oM ||--oooooo|ooiiiooo
Tnoy} 191D pualq Jo 48D IST : !
UG YWGIT GQUBIIOIS QIdsdE .
puy 4 309lqng  BoULEID
OB OI[0 pus AfRs OaY
-Us 3134 De( (Spudlq !
b paEm h:ﬁ..wﬂ BL UM [{TTTTTTT|TTTTTTTT 068 TTTTTT( 98B R
Ieg) 43P PEelq US M
H x[ang sasud 80 dscamans|asnnmans| pogg . [m------- .
i Sea Jo womwmuesr ||TIIIIIlTIIII A I dan
MNP de)  Csdup @i pue n

‘PE ‘P UO UJIEI IUOTE
reaag  CSAUD YIS PUB 3EY
UFNHS—OINY 10 'SSI4E
SHERPI—ISHR Py Yt : :
R TR TIOTRETES i S i i T R oy | e
TFL | 'usm Funoid ‘slooefqng : :

KR 2T 2 W
UKW - LTS
(21518 dd “gpr) Ul Tk
UURg IO ST CTReald
9e1 § j0u juamrpdedxy Ju Sl [0 e e |ttt 0RE

RN P Q.Mﬁ P ﬂ‘% |||||||| I
‘88087 UTY] Alsa lLEp
P; o eque TPemels |ttt etRe |ttt gL ||
oldass peq g walqng |ttt 9Te | T'#L i R
‘sAep g Amo patel (11
anog) J9Ip  pealg (ST
ON dnog) IBIp peedq JO ||TTTTTTT|ITTTTTTTTIRES (TTTT T 0t R R e
A8p Pg U0 WIQMEp Py |(TToTToofTTo i) IR 7 e e
PUG JYIR QONTIOIE Sd0AdE . :
DEY H joelgng s jo
yoglimasapip pood Ing  ||eeaooiofeeooaao- ogs ot -

-apeid pagstiod qia paredmos ses sorl pagsyecdum 10 "pagemod joaadad-op, *pasried

+JTeY JUAAHITa goua 1] 7y 08 pa] Ses Foqgsriod Jo sperd Juslafip B J0 5011 SAED IF PUE PE UO 104
pa) sea 80N pogenod s4eD UI0 DOE QLS P2 15| OO AP §5es DoIad (W0l aodal pg o uEld »

“ye) wId #1 pus (9s00n[d 5B passardxd) MRipAyoqres tma 18 ‘upsead (maA Ly NSSLI0IER UGH

£pep Furi1ddns ‘reSsura pus ‘wmesies ‘Iwdns ‘(pa[ioq} TAN) ‘pama uedq ‘{paad pun mel) Uojiep
SO0 ‘B ged ‘qooping ‘seopeod ‘Fiod ‘[srsRoei Idpaod Ysg ‘emeyes ‘#Fed weaq popnRu g

9 74T ‘gsY
*AAQ]S YEIUI Cwimd
70 TGy} JasIos Tog
1o wd ue paaommold
Ul Jo JAAT] SHOAUEL]
TEULHEY IS0 {%30]

" PR I9)Ra Seaq 11 5 1ang amputi® cod €) plard
% NIl grd gp “9eaws "8 ogp ‘(ssopisniay | “1od pg 941 Sulmg
e N peEsaq  md  o0f oxeu]  AQe woyy  ssasoad  zieowm
& || “aeaq eng e ‘peAlg PAW | -wiNg £q Ui ,MO[T 19

"33 SPULE (dydem "10d
AIp 'mB 40b) peelq ysay ‘wd | gyT 'ysy CAyoub
|19 2RV LIR(] (P8Rl Eu..me o0d  jo lnop (ER

EEEEPEI FECETRTE IS @ H | -[[e& jUQ WIWP Alda 8) PE3Iq A SAMNmes ¥ LTI a0md ]
(yyd1ess L1p "mAZAE) Lalq ysal]
........ R L 0 )| -u gop duldebay Je(mis odlans | jod gy’ 'gSY 'SAIP
................ 't 0 HY 2 jo exwim Apsg {Ageys(sd | -pimt Jo Boipm)dd
-un puw ‘iides IN0S) PEMG AW | YIOL LGT ON INOTd | 6§
! 139G
R Rl I R4 43 g7 sl 2 c(3gBes Sap w10k d BT gsY s
R R I | z H: Peedq saa) "I 200 jadwu) SQiE sprwt jo Fuipurid
“(91qipd Anq Fasp £10a) PEAIY AW | QU JSOL CON MO 8y
£xp B 06) paary pes wd 108 |
. Kap wid LGE) PRANG [l W
08 i ig joequs [(udiem 2p w3 son) 2o 181 "aEY
89 L. LpBAG ySRIp mId g ' ddelfgns uiesd soeysa o Fuy
REEE Afsdg (P pweaq ady | -pmad pgLy ON ADOlL | 26
13 sanI . Cgdles
41p -md 2ig) POeIq Yol W Lpk 92d 06’1 "qsy  -s3uip
sageny Lpeg]  C(dury Huof paxug -plw jo 3urpmidd
bt A K ol g | génoqite “s10m £134) PR FAY | QIZT Wit 0N NG o5
*199Q S1ATTE  (IWBlamLIp “90d La°T ‘QEV
, ‘I3 11§} Peadq gsad] “md Zze AW | D9 W) 7T MWoTd
w 3 HY .n geep  -(psig wlep £198) £8 | weyj L)l{end

E H A ') pus 1] SINog Jo FUnoms TaIod Jo Inug e
[¥nba o)) spsm ‘pelalq ALY | -lotmod € L[] mojd g

(IgBlam £Ip "WIZET) PRI gEAY
utd pog AuEIu Anieq C{apgejered
-un ‘BurEeg Iy £ 1918 oM ARa)

................ I w3 o | 81 "oN INOQ W0y dPEW el a8y
.C:wEaB
Lip "mE gHgY peddy gEdf ‘w3 LG ~E£npenb ar jsainod
HY coxeyur AT *(pwaiq §ep pood) ve ied 817 ‘Ysy
A g -op puERL 0N §IN0G 0 STUNOME | €3URDPIW 0 dwpulid
[E0b@ wol} PPBW pSdiq AW | QIEL ‘Bl CON  .d0W[d ¥
‘punosd
£ B pral [OXERdmG | ‘Ureid-aogms anorg o
H{#0aian 202

-#5) MPnporg AW whE

69



149

130

"ON SO |

*(PIOLE 88 "ON
@y o .uo%m o) gEs
qog) prys Jo “wd
01 15%] 0y MqeMdmoo

SRRt REEELLE (I L I e I B e e Rt I S I T _.Hw pan 3953_ uoon.wrﬂ_h w
|||||||||||||||||||||||||||||| Il - = mEm—— {ii g -
............... oo8 || zes |1 El AU 941 0qY WOR Spe pealg | -[[h g Eﬂwu_qaou
Lleurg  -{1emae
10 pua jajod woug -y
#.'1 pre neaq Fuyri
1 ‘pd §8'07)  peaom
o4 welq “pd gogl
S i rop |- R T AOEaRt] AEARRELAI b - u_ ) ‘prols .“8% ._zﬁwh o
(eip-gig dd g mnE |l L. ... 2% |- PR I Rk Rt e e i Bt d INOY 941947 Wy speRm PESIg Biw_m:gouma T T
. 10w kil *fuglg Buyeed eow
10U PORIW [WiTvuIHedTy 91'g PUY a8¥| Bupym
- £ Pl 9RI1) DasouRs
. g wd g1 ‘eu
b d)| e Ingp 9431 0Y) WO SPRLI DAY | -0 pafeed mol) ‘mord 80
-
- gu.m ‘pmori
.- g4 Alesinoyy  "poaomel
- d ~mog adl a1 uRi] "}d ¢ ‘PN
- d|| moR apRm pelq APOR AMOTPI) | papedun moy ‘molg 19
. 1
d “1d
................ ey lw ow PEpasD (&L ey mom
puermaedrejo ey 1T 0% O I 3. S R ISR ISR IOV R b o __, "widl 1{8) peaIq 228 : o :
op 30} 14 WY] FXRT Swﬁ ........ ¥ 06 ¥ § 8 M| . speq (AP Ama) peerq 94 | I e Qamop ol | %
R CIWM-E) mEgl
REFRO oy jo “jod
¢ eore gy mey)
oy | P Amor o o
.................. T - s Jud iy
........ s o T e B e e S I B ¥ T T4 wag] U pqo2ep 9 181p g e ol 3;_.& b
: o gl Feesans _Mwnwsshé.ﬂnw_ﬂe .nn«uowahs%ﬁw:ﬂua
...... [ . eaweeoo| g AR S Mk hbiehil Sihhbbiel bl Ieeiiahiel I 2 ' Xy ug [ TGN
“quomiedre Jospiesep [t 5 I 302 FOUREAR Ml S I e |E L Poo4q Uy ‘T 609 9X9IT] 4 t popmIg 1 ol
10 yg Wy 'XTEMN Sm* Les 6w (praiq xrep pood ¥) peoiq ohy ﬂﬂ?ﬂosmmﬁ.ﬁhm_m "
........................................................ Tt Buyroed -j0d gop poe
S IO 1y [ I it IOOSoutt NSOt N R oo wE re1q Fupmye jad g2,
Ot ooty 1% TR 0 I PR A FE RN PR - -yog PoAOmOI  ORI] 70
29 W9 WATRMAL 99T T ppg T LS OSSN ISR P AR I - ad ‘59aL qYla DOXEG | §E°0F ‘el Zmgepiuy
............. Fo T I I " I S IR ISR N ———— - T g)| anopg edr ey moy epEm peelg Pepoed  moy  mojy td
.......... 1za 89 Punoad Afeerso
‘(mery  Aumead 10
n.@%ﬁ wezq Amym
|- - ‘30 m.ﬂwnuauwﬁ
“{LI5-9rg dd ! LLt - | EESEEE EEEEET /. 700 ainiaintl I %> T ieiniaiel ieiiniieited inieieteiniiel iniieiieid Inteteteinial I 21 grly ¢ ¥'8 ‘oo
.mﬁu%ﬁpﬂa h%% &nﬁm L ............... m.wm ........ wwm .......................... um ..... n.u . _ac - m_ ...... 0P a4l 61]] 0y IPVI Prag . um\ﬁmqnﬁ .M_hﬁ &9
o e O [P . . ., . . 04 B BT . . .
on ) 1asdx oL - od BT B ) St ot iy
‘e —SLINAQOH
NIVEYD ‘SNIVHD
wIp &
HEIp &30 Ldreura | ey
RS Anond -w_“mn i .M_M Froin ..hma. e mwcm D | od qdea N
»mﬁs _wa_ 1 wondpnsep ‘poa) ey, |
ey wwoxd e wolang
o moR oo 1893 Jo L4111 PooJ 1997 £q pepddog Rty
B | .pysedp jnersdds jo ymeREmeID XMV} [530% JO TofkLodong ghﬁuen

Panunuc)—speigre wpwny Jof urbe juvyd fo spoof fo Abseus sjqopoan pup Appqueatip Juainddy — ¢z a1av]



oIy oql 44 perIndal sem WO J0 J99Y O[S SR GITIOR O] DTN 'O

T 18] KO UOTRTT
{ndnop o) meARS] MIle PEXE] M TOw 5

9 93 T} paeT pRAIY

P8 Ines 200q 0| X
109N “Tu¥ g3 *1eoul ‘A 09 ‘pealq
ad i exwm L[
oA 1nq med- A0
g e E (Iq3rem Lip 'wd o1y)
say "l Jg0 BYMUT "(e1qs

1L mey] ‘wu._aE-_.-Sw* oo

bt

8 §1¥) PRI )
A[reT "(I0{00 MIta POOA} DEAIQ BAY

"R ) PURIC qEe) "
AR *(10100 9114 Pood) pealq ady

o AIp ‘w3 ¥0F) prOLq USed
9 oxEym L8 -pedq ady

as LI “018 90F) PRI
99 XUy LM% ‘pwNq 84y

"£%D PE TO WYLE[p puE
YUY TORII0NE BIOAN
(1 "0N MoP G0 Jusmry
-xe U} g 1oeqnp  pood
FRA B308] 10 U036} TG TP
inq weylirep peq g toef ||...
<qng P W] SRIIIN g

E 1

EmEe 2o MmO Dk O
My Mgt MmNyt

e,

[ BEBSRE 2%

“(41-p15 “dd ‘ppl) ul s
-gu%,] ool eag -
jou poqlem [#yuewiiedri

=

pnden t}

B

ANCP 944 A1 IO apET pelg

“2e0q oYL 54 "181Inq
‘m? gp ‘e ml ofF ¢
se(nm mA oo lexeImy

oq SXAL . (IG3Rs A1

‘w2 ppe) Peslq ey “TRd. 190 o}
-up [ (Ap k) vAY

“19aq [T (Iqdes
£I1p “mi pzy) peesq ywey} ‘m
eyeju) e C(XIEp) PESI] Ay

14 TI9] ‘Syavaod Sl

Inog) 19D pesdq jo Lap
PE TG SaqLITD Peg T 309
-qng ¥ cxeg) ‘EYemNI 9ag

w00} Jo £33yuenb wo 400g0

w1

mopeniy w¥ (0f :exwul
K ‘eyng ‘Mem pedsy  edAY
"IAMUL % N Peen
P owono afmyco puw

‘pored YR
‘14 pe-E Summ“g fbo_.%._m

W wmE 00 oxe)
‘09q ‘png em ¢

71

-oxwuy N

29401 0] mogyeas o Tedrel Atvqedorirodosd soarooad $u0f 180e) tueaad o, -Apnis €Y U) posn smog

G o) J0 JUMTO0 N A Q) O 9O 9 LR A3PAPRSAIp 10§ a3y w0y gy wopmido 5, SO UT i1

300 997 I8V
‘9a0lE Qe ‘wur
') TR NEI800 N0
jo j0d zg'p ‘puno
Apeary “dAg pupsd
uj 580 *33d £ P ety
Jo [waomea -p0d Qg
"o 1 ‘pak d g
RSNl JO Al U
mmm jo 558002

Plo,, £q awﬂu « MO
10d 20°0 *QsY
‘sdopppru jo Xy
~POI2 18] . 'p ON O[]
yod 29°0 .Mn<
Anun:vu_.ﬂ jo ant
-purd pg 'L "ON mo[g
“ed 220 ysyY
‘Fuppupid _qﬁn gy Jo
map %] .7 0N Mo[g
d 1g .nn.m
.wwn_?m;ﬂ JeAmpm
e L 0T "ON molg
Jad 180 'IEY mog
fedemwmee ', morg
“paroxd
Lroar g y o1
- meiq 1ad gz ‘morg
I B0 By oAl

maes: mop Jo ‘10d
LE .Eﬁ: o gL
Jneqe ‘Amquing o
pesn A[MOTmod , o g

304 96°0 "USY
‘Bupppiu ;o Arppopd
i W21 CoN  Inopg

3 W' Y

‘s3urppIm Jo¢ Sapurd
08 L2 CeN Mmoo
od GI'T ‘UFY  Baes
oM “mw-gg wegy
Bereoe mog Jo d
®E P s
rvﬂtn“n_wﬂaﬂwn_r-ﬁ
“1od gz e 1 'plots 3ad
gL il SRMp w@
oy g0,

P10, £q epem .mﬂm__h
‘qEY "RASS ST “TIM

0 TORIR00 N0
Jo .neMMamu pam
Alezie00 Ioyyuy
*Haypuad oy se0) 1 £
‘medq Yy '3ed g ‘Fag
I} O PRA DTG Hl
gl e 1 ‘plel
ed g8 Cuse(g o
941 mog sevosd 23em
SIEME A Apem MmOy




*uIpAqoqre

198 |ttt 1'% ‘2l eey ‘1w ol 9f ‘uiejord ‘md
3. T i ¥ 0X910] Afjep olesnay  -iedng
Y |- 7 To ‘dnns ‘Iepmq ‘eanwseldde ‘leloq
. 896 T e e[Qnop O Y F-f PO000 ENTI iRy
w j0 squus e 0% 82 “NwpAY
207 ] . ey - '
Jo fen[es afeIasn MM Tl D&l .Mmmﬁﬁuﬂ%‘ mummﬁﬁ_ .:n%c Moufmﬁ
womedwos  £q  payswl) 498 1 89t ot il Lt " \A
59 J9)inq pUe sonesaqdds 126 078 .uaunm ing ‘ewnesd)dds 'seoyelod
‘mmod  Jo  worEedwsd GpE e {(gey oo juswpiadee Fuppsosnd
4nq ‘pedieus pweiq Jo B¥ g0 20} 1 Do palt Ue) pRoaq onlon
s_wa.m -sa[nsdw ujjuled 196 e %8 Mo} ‘adjaal aes) pERlq IysH
U [0S eI 9Ip %46 - LRS *nurpigoqres
pejm L1eniplo og 4196012 [T TL8e ‘wd ppg ey md 11 'uleroad ‘mE
Qe ¢ dn epew sem 68 194 18 IYBIU[ m:cw oiriaAay 1uEnE
UGR] OUE PG Spot Z'l8 RN ‘seduero 'Yim ‘{4)1sni2 puv pivg Jmon )
~ed [suy pus hiq_a:a._sm L9 | Lss [30n JRA8[ TY) U] DeXeq ‘pappe | W DesR A[uomimod
‘2dgp £ ‘poraad (Biudwzil 88 ¥'oa Japaod 2upyeq  ay pEY0OD il '9ad]8 AW
8 | -xg ‘uwetm duned ‘moelqogicTT|to T T ) Ve DAV de) £ 918 0 g R <7 ' YNa pasoor
: 05 onyizos 3 g adiway) pwelq Iyey | -aluwsq jod 17 CIgny %
¥ 5 BIDAYOQIRD "mIE 150
¥0E ‘8] "2 g ‘wnodd A py e}
12 -ul A[ep dmvay  igdng ‘dnie
o't¥ J91Inq ‘sonesatdde ‘Jejlog sqnop
m ._m.w ul Iy B¢ peNosd gsnm wIIIg
. IRIpAY
mmﬂ -0qed B ogg 'ie) md TR T
. -02d "mA 0F o0 ATIND SHRIBAY
859 “duins ‘wynq ‘eonesopdde ‘5904 ‘B0 a1y
m% [ " -wjod ‘(1e8uid “dsy ¢ ‘epos ~dsy M4e U} paSn AjUOTIONoD
i ” e unﬂ HE aEs “ib 341 ‘per WIS 'VARIS  UEatn
g 2 [ “SeERE[OOI D B4 ‘[esll mnygy -7 § 1M pOADT
178 208 '3 gt adpo)) pwuq WMUHN0g | welq 700 ¢ Wl a8
¥ ALy snodies *pIvEL
PLEFEE L
enydios) s wng Bog
9L ay
L ¥ 0"12d g8—g9 Jo D1}
£L 1] OR UI3Y] H0f 78 9Ures 13(1 | Yey SCuoiied Luuerg 1]
o] 4
“A[qaoM g6 1
aaAld Hsoo.!Mu ‘LIEW ] ‘ay
“JURISUOD (Y UFIRD R ¥ ar “12d ga-79 10 Ton
§peo) Jo SSTNIUENN TM ' 31 Al 0f W) Jof S8 aures PN | Y8y cuonded Aunwig m
#40 £ pojred [vIgdmiusdry hn H
‘A 1 ‘porad  Aleaja L] i
of | -eid ‘muepnis ¥ ‘moRlGng id -
e |t e ¥ -sdnLmg ‘esaand A¥INg
[RSPRR [R P T R ] B CE T T CEERTTER SEEREEEE B £:| pearq ‘samwiod *ysg pue Jwaw pen u"10d g8-L9 Jo won
........................ T W b ehintetel Iibintel el 1| I ‘3o jo jerp miIa pof omg #4Y | 0eg Cuorilod Lumeig o
...................... - hid (RPN Y PV I - R 1
11644 S1[ § .:nmao.s A wd | Rd eg0 Ry Seod
................ 30T B AR I N LT T SR ] EEEERT e FEEPR T TR EEREEEER T 43 .H“ AZ¥) PBAIq iy ‘md r9g 9XE) utedi-ajoga mol)
................ L) Tl @R p T T e e g o dJ] Aped “{20[00 Nfqa) pessq Ly | mop 18I ,°T "ON Io[d ¥
Juomliedze jo s[pey “Iad]
T#L | -9P 20] ¥ M) ‘EXIVIMAL %G s ¢ C(igdps Adp md ggy)
............... o5 i P T AR Tl EEEEEEEE EEREE) FEEE g ol m_ peelq gea) “mA 209 33y Aqle od gy ‘usy  amog
................ 098 e I Y A R el EERE LTS CETRTELE) EEEREEEE IFa'} 8% HJ| (pesig opga L19s 6] pelg AAY | [BRITIOIN € %) MO[L 24
‘Bl ‘d Bd Pd od ‘Pd Vg P Pl FLv ey oy "BO0 —(#197490 302
+5) sampolg iy ‘edyg
ey —S1L01d0Hd
NI¥YD ‘BENIYED
Fi8dp fxm | TED £pme | uy g
g oiqe |4dnuyg| -igoq | 4wy | S° -& 18 o o
e r 03 1| 6804p) ,._wﬂou.a 4| g | woap | 0id S W.
syavmey o \ ow_ﬁ_m wma uopdpeep ‘poofseL, | S
Z Jooon pooy 191 o £1Mq poo) 1w &q perddm ladiea £p0
® | sy yuaredd jo JUORGUOD | SXWITY (9304 JO UOROANT Mﬂw_ﬁﬂm

DRNUTTOD—H0afgne wbwny 40 wiipio qunid fo #poof fo Alsme 91qD1DaD puo AHNEasp jussnddy— gg T1EVL

72



TOO[ GoEe qiis epem
SIEAmMadEa g—¢  PAmMO
-10) empacosd e Tamy
X8 ANMIMEND L Blogmy
edep g ‘pojdad pquatmited
SXH uen Funoi ‘spaafqng

“Lep d m¥ go—
‘50elqns € jo eoueEq-N
afeioay  pored [Wymetn
-itedre Aupaoqo) pus 3up
-Pedadd 3T Jo e Yirm
UIXB] TEOIIBLD  'IIB
"S46p 7 'pored () uewl
-¥g -uem Junos .mﬁmﬁn:m

“Aup
R mB g1 ‘s100fqns g jo
ueeq- N oF8laAyY  [BOD
-JUTD 'IONIR  CH[IW PUE
Pealq jo [vem Atey|wijerd
‘gdwp ¥ ‘pojaad teymemped
- uen Juned g 'sdfqng,
rfep od w3
UE— ‘speigng ¢ Jo 2oug
-[B-N 93wazay  C[BodIEOD
ORI CF(IM puw peg
Jo jeom Argupoaped siep
T 'poued (ejuImIpedY
G292 ‘med g 'spalyng,

DS LY et
= et
ZEES
Sevem

=B o]
A
EZEaE

EF-

-t et 20

T O NN EEE e e R RES NGBS DS
EELEIREXRELRERZREEE

LR R = T-0 ]
ﬁﬁdgéﬁﬁdé
———

*¥g A[qE] 993
HOHINE £ PRLIcdal sem “U0IISNGOICY )0 3830 OS|B SASED ATI0S ] PUS “ULIIECAINO0 JEY) SHEADUL.
PETLE JO SEOMIEIE0) JO JRpIo O] PATURY (9) 07 () SINOL]

*(491) DUS (f91) $¥maIGjal Uy
payIod syuanliadas oy 19pAng £q Pasn 9SOL) ST [[Jor ATIES O PUE 19904 J $10] SUIES WOIf PUNOID o

¥
¥
¥
&9
fiy

14
¥
og
43
i

zI

¥

T

a8

18
18

LrR=0"-3 o1
b33 g

m@ﬂ!m
ERIX

it
®ES3

€T T2 R
e 92 £
[ ¥ 4
g2 L 1

“aperpdyogaed cmd g7F ‘may

~00d I3 gFaXeml Ape(] (R) no[d
AP0 e EF [LE WA

-oud wd gg (axeN) A[JECT (P MO[4
eBIpAYCQeD (mE &g Ui

-0zl ‘ool §F coqeyuf AR (o) Inofg
"BIBIPAYOGIBd M3 £ 1§ ‘U1

-0l “md Tk eREIUI A[R(T "(4) Ino[L
"31BIpAGOqI Wi 168 Ul

=00 nd g toneay AecE (%) TNOE

[IIOM) ARSI PRI UITe
u}ed 'pAEAL JT 990 Io vl ‘18¥
-N5 191104 'SAUNI0 Jo o)1kl [Eeey

Ladng 1)
-G “qfm ‘(35854 ) PRI pRAlY

AT “(a) s
195 ‘vead ‘Inop jo epeEll) pualg

2 i AP ‘(35504 q)ja SPELD) PRI

“ABIPANOQIRD
‘md g8 9y rmd 2 fmagosd nd
OF 8ywlm ....:am a¥glaay -JeEdng
‘dngs ‘Iaying ‘wonesajdds ‘asog
#{UNOP U Jq§ 0] £ pAY00d TEN O}

“mmIp
-Ayoqued wiE 0¥ ‘1% "md ¢ ‘UTed
-0qd “mF gp ayEiul ApRD adBIRA Y
LednE Geling ‘sonsseldde ‘sapgey
-0d (g8 ma)l ‘xdoal sa5} peRg o

.o.,.a%_.ﬂmaa._ﬂu ,Emgm
‘e m¥ [ ‘uoad mE g7 a¥E)
-u) Lpep adersay awdns ‘dngs
‘197Ing 'sonwsapddu ‘Iarroq aqnop
U] 4 § 0] § PIAC0S 4T JUEIoe |

‘HRrpAy
-0Glied ‘i F1p ‘197 "Wl g1 ‘)
044 “ W3 gF axe)ul L]18p a2wiaAyY
“Je3nE ' 12Ing ‘aomesopdde ‘seoeod
‘(gr may] ‘adioad s98) peelq 3oeosy

“HTIRP AT 018 OIOM
121-591 sma Sqemmnsard poe ‘go1 "W W ‘sinoy varomas 13033 f0Ia)] 4890a (1 o) ear(ddy o
(" Fupuesd weogy S5O[ Juded ¢ e MBsd (M0 0) RIAJT)
01300 FOTUTEIIal Yl GIeuf PAUTRIO Sha 00T £OURI] S PUE JUR0ad Ly 0] DA FEm 941 90T, 0
a7 "d gl 811 T T OlS
S8 19D JO JIDUTRLEAL D) SpO0) I6] £NIG1ISS2IP JO SIudfoyood 3ursn 919p SI0UINE mOg PHRMAE) 1

“mog
1w amq auey (9)
“INog
m TePHnY (1M
“mog
T L [aegg ()
“mog [im sl
mBlRBumey  {q)
“mog
T 2304 “qeeT ()
wSpolam
| ¢ AQ jeogm
Fmade preq moaf
P - 'orjoms)
-xg "j0d-05T “mmeEqsI)

[LCHE gyl
‘1Eayw dumlids
PNy wog  PeHIN
"Uslq jo seppled
25180D PAUEITOI
‘PAOQU(] “U0)3IRI
=3 "0-00T o "WEYRID

‘9L ynwy
‘4eagm fujads
PIEY uIod) PRI
umg 0 sajayaed
ASJE0D PRUIEILOD
‘PAIOqQU) "Tu0e)

! xa jod-p01 ,‘uBgEID

i o) d yog yeeg M

Jmads prey mog

palliw ‘u013138dl

-xe& "jod-001 . meysLD
roeLd

(OO Af[resn

Puy uped-spoga ‘mofd

nr (NP0 WRANALL )

EIINpOLY yE A 1N

*awlon )
up pasn A[uommo
3Z]2  'DAD[S  YSIW
91 ¥ Uya paaour
-1 usdq “od 81 ‘o

"ITION 93
Ul pastt A[UQUItIod
AXE  'BANF YS9
4T 8 )iy pracwind
uray -jod ¢ "Suenuey
1edAy goaes 3jog

“myead 9y 3o




"ed®p
g ‘3eip mIndel we pog ! “BRTIOMD $80°T
-pd Baiao([o] s XoB[q f|TTTC It - T R [ A i 4 i I i777 cep|| ‘mpeyoad  ‘wmE  gF leymim  AQEp
-dore] ‘poaad [ejudm I [ T - I ¥ 2] my TTTUTTRTTT d'TH|| eledmay  CpenmeD I seliod 10 vy
29 J0 futtpdeq 38 geyey  f|--coototeetooo £ T LRI R . ¥ ¢ ) S et i M MWD|| ‘redne ‘se¥uvio '(Aopmaspg ‘yre
euTmIey ‘e cedep ||TvTvvC TTTTTTTURYSE |ttt TRt |77 7" Lad Z} o) M ekl R WLY}| ‘=38 ‘o ‘qUm ‘mog tegrid
£ ‘poisd  TeimeunredIl awr Hoyopoc) 3mppnd wesorg Tt LT8YELE)
6 | 'memoa 2mmof  ‘speiqng
Aepaod wAR—‘mpolqns || LF8 | ¥U8 | GEB [TV | 0Bl | §F (43 ¥ W 129 |91 2 v
g 0 mewg-N edalhay ] 08 £z ] BLL 4] 'l " o L0 ¥l 9 MMQp| =" " redins ‘eyIng “NUWT ‘pedsg |t T U@BYEL)
‘o1 ey .nuawﬂ_e smam IT8 (BUR (426 [BEY |L0R |EY 8! o 87 PRI N 20 ALY
-ma g4 wﬂuﬁa.—%ﬂg
TBG-N Bapsed up g8
ns u%wgaoa.m“u pAws liew [v28 [ezs |ow |owm | ) 8 o | R R 4
re— ¥ZI8 |3 [T | BLE (20l |GF 0 L [ it il el add “83LI0
-N @ape3en o WHA ki $o8 |¥98 leE8 LW |EBL | wE 79 ¢ ¢ |t Tt B e seead ggi'e ‘mptoad md ¥
R oubnoy pow popaoesa ({838 0% fEe fewe on (e w8 jw |l WHA|) ot Aep ehuesy m peedg | ey
A u:ﬁn _ﬁﬂ _S._.u.w na.: 5 £¥8 0ug ¥i5 £ gL b3 i ot g M0
o B U
"SARp g ‘popted [Eywe
81 | 'Tg  wem Fumod ne{qng!
PAMON0] ATnpeEanx] feyma
~LdI8 ATRmOEMD 1G]
-0y Csp wdans oy pey
ol FUOTINEIIXG ¥
001 pus ‘48 ‘0L §8 JO
L0y mogy qoTy 4
uy spoisd Lep-g asleeed
ng ejRredes 0707 POPIATD
-qnE RAWD 9T-41 O EpOI o SRy a
~Jod [EtURMnRdIY oPeL 0 emMXm W)
sueunmxdIa Gg1 Jo sallag *POITSOT JT #a[j0d 10 ¥a1 "iudng Mo (81313 MImod
‘LIGEADOE  PUY  GA[RE '1913ng 'safrero ‘(Bjem pme 'y up PO OOTI06D)
o4 | qioq ‘mvm dumeL ‘Epelqng |-ttt ¥R O|TT 3 2T IR RS I Sl Il il Il | ‘qeeed Umog Jo 4pet) pYalq cwm3 £00 | -Xe “10d-00T ‘mRquelo
-Kop ad ol o'l+ o] - N 0t B i ¥BL % :12 ] 5F [l BT LI
ea s HM%EES a0 B1ae i 808 b 'GR ®OL [N, A i ] ] ¥ T 1) £ TR M
-qug g Jo KmWeMNG-N Ble L18 B¥e 88 0L 108 o QL q oy ] 28 ze 9 4 ‘AT ‘M poe yos ndea._E oy
-18AY  CEf TS ‘SRt L8 8ow 888 T Eed 19 oL ] ' £°18 4 AL 1] “jes ‘ymeed “inopg jo epum) pealq | pRI[IW ,'mWEQEIH
P91 | 995 S[HIR] [BIIOEXIIATG Joq
“BIIOY
“B[AQ WO Jeega
1My TeSETo 4 JHUIA
~fep wod mE 31— preq woy PRI
‘19aa YTIOYBAQ T0 F106{ ‘sajaryIed pezj
-qne g o ous n.wH aZe 908 I ] FUR [Tttt £L 2% 8L [ 4 1'% §°1 [T | % -Jaa[ndun ‘asIReD
CRAY .EcEE.Ha auop 96 [9ER [ W8 |TTC 09 | o aL ¥ o T | ¥ aL £ pOmeine  “paqioq
“q[ g 80( £ 3%%fqng & 108 ] T80 |°70eeee ] 19 £8 L 9 W 81 [ z “X[T0I ‘{amEa pug U Ceem iess
‘WA gy JRes uo 18l 0'0R | 9748 T TR ¢ BL 9 [+ 0oy £ ] Ul ‘s 'yswed mog jo epew) peeag | Lireopiosad ,‘megepn
-31() 0 BRA{QNE g Jo eoTE ‘JeaTa INULE #T0s
eq-N B¥RmAY  PoMo] g28 8'ee £’ Tl oes g ol 8 ES §ag o1 43 4y UGB oty PRI
-to] 8Inpedodd [E)Oem 978 8€8 < T STHw | 9 1L & o 602 L 0L £ ‘gataryied pelI)
Fadie AIROIOYETD 2,201 5" G oH 6§06 (| 0% 7 Ll ¥ W Z°F 11 114 z -parndun ‘esreca
Ny .Aa&nnﬁd— .._»x.awu L8 §'z8 L0 T 008 " 18 o1 &9 i (] 8L 1 peuieined  'PRINQ
-afap § 'po) BT Bl ‘Bd Bd "1 ‘Bl ‘B el P BT o ‘Mif) s’ d *Afw “{1eem prre -un .nsﬂ.uﬁenk
o1 | X3 ‘wem Jomod ¢ ‘sefqus. ‘Jies "EEed “Inopl Jo epsm) pealg | Arexiedd , Wuneﬂ_m_ 5
—ujedd e[oqa T@eﬂ
PUE TMEE-H1004 ‘SINOLL
PeNAIR0D-—{mna
Hien  wRonil) epn
Rl SR L L L L K
‘MO—RIONC0RS
NIYED ‘SNI¥JD
oreIp £30ma | 1D ARmuo g
: g, [sona huea | v | ST\ A | e | S 3| 5
130
m ayavmey poni g pus o8 UONAIRBID Pocs 331, | &
193[qng
Z 2o PR kg Pooj 38 £q pefiddns LS et
& 13602} p JUBIRAdR J0 JULIITP0] MW [E0f Jo woTLIodor, _ oXBYOy ATPR(L "

PONUNO—F102{ane unweny +0 | uplrio runtd fo epoof fo Abiaua siqopvan pun Apnqueshp jusipddy—gy T18v],

74



¥ 91q8} 905

n1oqine 4q papodal tea 'TOPEIGOIOD [0 J9dq MY Fe9e0 9mOR U] PR “HOr)e0d oo 18y Eaep],

* (0N J0 SO MIOI] TORSITUMTINGO (wmokiad)

13430 oY} Wy N [909 10}

WUTMO U VPRI RIOINY  “I13{T (903 Wog) A [$08) #Ba A[[EN308 100Q 'peyLodal , N [939] PR, w

‘SIS 4. BUIOTELXO

seuey juwled ¢ pus 'mLmp jxaosad 01 ‘Smpids L33nure LY jusored oF ‘ORGSR jeA[RA 3 g1

T

o

Wi
244

IR Mbe- N 0 Stmod 0
Poraedald oy owry peq 0T
PU ee[qne J9Yy) noseas
Aqeyoxd Fe oasd woqIDY
e UeEaE Qijs ep
00 SOT¥TUG-N Sapjulon 1wy
Eelqns § paR jeaTs GE]
-PRTY)) QU4 WP 0o SooY
<eq sapjed Tf Roefqns
@log "IMP mp kPOOJ dag30
dop pemmess  L1j71qp=ed
1P epdmon  jaip (eut
ST X RER{QNE TS

QI0§6q URYE) JANTHTT AU
19 “porredisod g Ge-Z1
PRINI0G 909 FOLM pu

[ 00 qiyga dupmp gSep 2

‘po Areqymyard wiep g
9D R & UG sL8p
I 24 g7 ‘M) ‘et
2 .m_i TOMOOM JO WAV
LK Qe rd CEF NG BB 'DF
meld o Wiy Iemoa
¢ poE mm ¢ ‘Bpefqng
'R IdIe meas)eq
‘Y& [ 20p J§Ip [BULION
‘1GpI0 mOpUEd oUW
9 oq) o) sporr] ajeredes
£ P9) pus Lpnig 511 uj
POST PR TN ‘GOPORID
“0d g pue ‘401 @I ‘(q)
pmw (9 uoppoeze g
0T 'BNey sy, pajsd
S &mepdmed j9rp m
SPO0 J3Y}0 PGUINISTH S1017)
-y poped Mmuemped
-X¥o J0o pug pus Fmumideq
udNe] OYIBm  AUULIY
‘BARp 31 'Dojlady
“EMM_W ¢ ‘ponied [wjmem
-padre 'siep g ‘popadery
‘m dumodL ¢ ‘modfung
~Awp 2ad
‘m2 1'T— pedeidaw pojed
THUI 8 -B[0T 4 20] SIURTEG- N
*(99T) MOURI]O TIOL WAYR)
MRIPAOQIR pITe 18] Jo
AnnqnseSiy  wpsiogine
£q pojzodel su [P ]
EPOOJ (819408 AT} WOJ) %N
0 ENmMoury SjBmpoIdas
9y} dmpm 'LED 85.&..0%
MO PASMoEd  O1a)od
Jo Lgpsed)p juarddy
"pided qoes JO SARP B 15[
10] pazi[eus seup PO}
il 089 JO (G 1B T4
ueye) MM [eeANNGD
‘goea BAep 9 Jo spoptad
MjewiHe uj pralq 1o 33
£q popddne mea upmoxd
jo 9d 08 yaga q speip
u¢ ‘mem Jumod o1 'spoefqnsg

‘88 ey] 'SYITUSI aeE
'Juemjsedis [0 s[E1RP IO

mertanano oo
SRR SIS

BRI
] Sy

b e OO CR R P 0D O D BN e
[ Sy 2

gdddssg Iezdgad

Pe———"
QA s R

HEEEEEE dEEEREE
o Anm aeanene
DERRLRE EERREER

DM EO it
igd.—i—iid a;qi-inrsnd-éed
O8I0t o DT OO £ 0
REgLENy sEdigds

=

SERESITEAREZIL

EEFEEE

neguarecaniong
SRR DS DL

-

-1 SR =T - T—T=1-.1- ¥ f- ¥ =)

A A -
ISBRCOOXREEREEY

‘gAY
180 of PeYBq pus saUs qS[3CH
TICH 9P fUs [realq 3eh 3dedxa
‘90T TL9Y] 0] POQ)EeD $8 BUTRS 131

“I3)8M ‘B3] XEem AT ops[Im
-rm poe ofq rsdq 'dods uaprod Jo
SJUNOTIE [THLI8 (SAAR0] JE[OETRIHRIL
n_-_uuwoucn ‘mog ‘23X yase 0} 1yss
"I g7 PUS 15994 QY “WE 97) pedig

“SALIGTRD
gz's e m2 g ‘myoad mE
111 :9Xwyu] A[78D 036194 “{6) €01
We)] 20} PAGILISAD 183 T JUTEE 33

"§ALI0[E2 (0DL'E "16)
‘w19 ‘ayqord wd FI1cageia)
Arep oduinsy  "E}0I[QNE Jo BIIOE

{| 10p “wreqoseg  Lppe  aquoose

‘w3 0 “qil Y Bap00 P B9 “I9aq
30 54 ‘A ‘3d % ‘speremisar
‘mf g tomredmm Cmd AR f(Imog
"q[ 9 “J[ew "30 841 15604 30 1) peAld

“8pooj Ampurema
may -d o 'R pug 1Ing
wel jod H1 ‘predq Jo Al wodf
uje3ord ey jo “jod OF  (9I8IPAN
0qed poe 18} Jo) “jd g4 ‘W
-0nd 10] wd [ WeE) FRA] PREA
wefqng Aus Aq uopdumeue)
‘SBLIO[E FIB'E N ‘WA g lexel
-y Alpep eduleay Ceeg®e ‘redns
“dn. wm ‘eom{ ofueio ‘sones
adde 'dmsseip gomag ‘sonye]
‘meelr IF ‘19pNq C(SPHos O
wiata g Immnmed)  pesld

.Sﬁvhzﬂw_ﬂ
2 g ‘3% Wl g4 ‘ureq0ad “wd £y
:oY®yul A[TUp eEBl0aY ISdns ‘I8
-ing ‘eonesspdde ‘olmjod .M_um
«dsy ¢ ‘mpos “dey g e "deg Xe
‘zarem ‘m1h £ 'RIR[ "0 [ ‘BeRsE[OOl D
{1 '[eew jmaqa D 91 iadoel) pealg

“dupads -q-eg paeerad gz 'repnblepg £[adiep) Fmads preq so[oqd JuMH f PATTeImOd A &
‘oA wmorn Joging £q pOWO
57 "d BT 9(y el U TaoqR ¥B
updoad pasedip jo wedd 1ad seprores ¢p|1 3¢ s LMUN € 3MGAOE €19D SIOYING Welf PAR[RIE) ¢
"4z td ST QU O Wa Oy
0 191 JO JPDPIREWSI UJ SpOa) 107 LIIqHEBp Jo HURPYeR Jupm wIep BIOTINY WO} PASMTIME]

{myeqoad mop
jwaqa gsyiuy moy
Po[IimX , [8etd BlogmM

()
-ad q3m) jEegam
aejpeud) wol)
DIIIIT J[BaUT B{OMM

‘A0S (8)
€8 }5[13 aurws
oy ‘pup2 suty {a)

“pupad mnipagy (e)
Jucpoanxa  C3od-Qo1

T uo]aeyed jad-001

"I QLY
up pasn Lfuouluio
BZ[F  “@ADIE  (SIII
1 & qUs pPasqm
A1 uedq Jo HEJ
‘ponoId S1eg4800
‘uopasnza  ad-00f

75




-Aup 1ad 'ma g p— ‘sdrefeq ! Rieelvli]
N Qapedeu Ul £ pPefgne “B[AQ WOy s
§'0+4 pue 0+ "suEeq- §'£8 b is g0 [TTTTTTT 284 g &L 9 oz LUF 81 gL Ay AMquossiom JjuLa
sanysod W g pae I 810 8%8 1LY [00D8 [T LRL | ¥ g0 9 W ge 21 0L £ ey o) Ez:m
qng 0§ mMIY] SYIEWaAL 98 a0 1+ B i ¥R 8¢ 84 L ¥ LuF LT | #4 T HIW ‘{P]Rs AL LN LT
S EIBPP [BImmiRdre Jog) a1y [ ves | 9w T L9L |1 aL L £ £99 1 £ 8L T}: PUE 18 J98a4 1007 Jo DR} PRALE | U8 W ., "JERLM BT, 9l
“Sep Y18 M DU I M
Iad md L ‘eome[wg-N w0310 IOl PO[ITIL
aalyedsn ui £ yoalgns ud ‘Pouielag wiald
L5+ pae &0+ ‘smseq-N Lolg L 48 1% |77 114 ¥ i 8 % £Ee £ gL ey PO F1104S 'paact
eajysod ul Z pue [ 909( L9a 088 886 TTTTTTTTl aTee 69 8 ] 9% FLE 0L L £ t-Al WEI]  @5IR0D
-qng o8 ) ‘sHwmaL 968 918 9 TTTTTTTTI R g 38 [i] ¥ FOF 91 ZL 4 AL (e 10 uonod  sediwl
891 | 098 SLi%10D [MImeWdTe 0g/ | G118 | 4'mg [8'e |t 99 | 9F ) 9 ¥ g | FL [ 1)| Pum ‘ypes 19994 “mop jo apeD) pERIF | L. 1Be0a 213U, gTL
i o LT Yy
“Aup Jod md gry— L1498 848 098 832 B8 9 £8 44 oL g0 It 9 v ‘gmoym Furlidsg
‘moafqus £ Jo soue[eq- N 998 088 c'1a ¥oa ¥RL g'18 g9 o8 |44 SL 70 &’ 9N MHM BB Wog DRI
-13AY g Yl ‘sYlemad L ¥ 58 %6 519 48 &F 5] 8 & 40 [ L0 “TeEns '11Ing "PRADIRL TBIG ]O
961 | 998 E[IBIAp Eneﬁm%%nww%m L#8 |68 (08 | 0BL |68 |08 £8 9T 9L I'sfF |21 78 WHJ)| ‘qum ‘(swed qyta opwum) pedug |ed. . '3mayum adpum,, FII
@g U4300g
‘m3 g3+ Furdemas mﬁﬂw S 68 LEe s %98 % 0 T g 98 8 BL Cap ‘1Jays dupids
-WQ-N aameod w sl fpes] (£ 8w (0Tt 898 | §F ¥l 1 t TR0 |8 eL £ pawq el PRI
-qnE § °gp WD 'SHIRWRS 1008 G[e'Es] | g0 |TTTTTTTC SR | BF ¥ I @ 0B | FE L, u— . AT (M T paAOWal el jo
991 | B9 S[IRP Enuﬂmm&wh%m 188 |DE6 [EB8 7T\ RER | 96 o8 T [t g% (3T 8L 1)| Proe ‘yiws yeeed “mopg o apew) pearg  Med ,,,")ESl A MNUF,, 344
: ; T 2300
‘Wi g3~ dupduraae m!uﬂ.a ¢8R 488 1% 868 ¥ 08 Liig £ 8 ¥ i 'l | - ! Bt u:_mam ﬂ;m
-[Bq-N aapedau m 5109 198 ¥RE '+ 9 B9 '8, L¥ a4 8 b g 48 It AL g |0 PRI " paAnm
NS ¢ 36 WRYT ‘SIeaT 108 988 9% 1'%¥ o35 ] %3 8L 0t " 862 1 a4 2 s Usl] o red
¥OT | 298 S[TEID [UinenITIsdre 104) | ¥ 58 a8 788 999 18 ¥ 04 2 ¥ FA i 25 5. Al 'pedlg| o 10qe sapug,, 158
B0 A
-I8 M RIPUOTISIU] ‘2IT0
“Awp 1pd 'wd or1— (yewek TR 14
‘Bpelang 10f Wugeg-N I8 |-t T ¢ R 04 gLy P [ m crmmmoonfrmmmmemnieet gy | mmeyae Ay qiam)  pesd () ‘pas0m
-IBAY RO MR FRaNMIAN | 088 146 §HLL 7T T o.c3 Traressopremssssemms g |00 (15wad A1GUTDIc QUia) pralg (€) =0 K115 jwarm
398 SUOIL[MOIES Ul 0T POL W] 2y Jo sjunapids  urg)
puw juenmpiadxe jo gl ) POQLSID 5% HEIN] A[1BP Pus 193] | A[U0,,‘ysays PRI, It
-ap Iog 11T mey uo poll ‘paacm
«add 20 ¢ 011 T HBa 81 £uaq jmaga
goT | Pef uo pofiad 1o} pasn “FOI Ta)) a0] Jo sTmiahids Ui
2t | o cuem Bumod ‘spefqney|oooo|toToo Tes L8 8Ly | 1" S [+ S e A ‘o | PRQILSIp st oxtym A[EP PUs 19I] | L[W0 . '}8I0M PIIAI,, [i]as
PAF
“BABp ¢ ‘poitad [iuam "l o6 ‘PERIq )0 183U 1BIQM,, -_am
gl | -MedIg  Cuem [ ‘pefqng (T[T 926 6 8% G'ga  |TTTmme|tTemen i il il il a | ewsjuy £1rep afsleAy  “leaq ‘pRllg | -50¥ jBays 30 -jad-p0T GO
“§AED ¢ Jsel 52007 0 noll
-Mne) ‘poned Aep-l a0y
ARp [8aw 20 2201 ¥oC)
! g walgng  CA[IRp [FOUI "Z0 [Fo Fao ‘sdprucd 10 sayes
i 8T Ui SLup 4 (p) ‘Aqrep L|mrerooriereees it i X T s 001 iz om | 1 59 Q| %8 A{IEp_ udled [ehd TO-5o-47
| [HOUL 'ZOOF QUM SARPRE(D) (|7 T |l 0o 364 00T 001 001 Ly S LT 8g L “TTUAnEp uses {BAlT 2087
, A{WE U9I%G RN B[OgA B0 | [Termee s fomm oo e e 8Ll Fa ] 0L 001 D [ 5] I L ¥e Y [oooTTTTUC Lep s (9910 200Z
07 Ui BABD 8 (1) JOspOIR |["77 oot Tttt gag 018 007 001 001 001 R ) 5 YyoooUTUTT A8 L2q8a [Rall "20-Gf
-3l (e unauIadIe  8a)sea0 Bt B prnd ‘g W 1 "B BT Bd §is) “Uigy 037 LIF B PUE [T 18904 NS £q
82 -ong -uEpisiAgd ® 'y 19[qng =310y M 0 apee AFpIOed 10 538y | PUNOLF |, [RAw A(0r 801
PAnUpuy
—meid  Boys  A[res
pug mmd-aoga ‘sInol
pannpue)— wna
SLERE WRINEAL) wpanm
PO IWIgM WaYm
oI MA0AL
; NIVED 'SNIFHD
L
= e mey | Afmome | MIBIP up} | ifeus | W =
o - o - <
& .mﬁ»&w 43590y men L | oyg | ssorn __ m_mmn WL | oug | sorp | oig . m
g3
m B.4I8TIaY h_wumhoo._wa auw_m_w.m FLi1ag gordunsap ‘pooj 953,.], ,m
z P pooj 159 Jo 111G po0] 9899 4q panddos kL
5 -F18021p Juesuddy Jo 1IIRmMO0 ORI [810] jO moTliodoi g 7 oML} _M:s a

PONUTINO)-—820a{gne ubwiny 4o wibnio untd fo epoo) fo Adudus atqolpvat puv Anppqikahyp usupddy—47 EIav.L

76



¥ #1093 doy

oqIne £ payzodel Mea ‘TOTEMQmON IO Jedq OFT¢ FOFBD YTOOE TY P ‘uoriieodarcd Juip) SMNMPUY .

‘ol 7L 8 Aujqs:
+aooud eniiedies

mE.E .&onn P9 SO Jo BjUMOTY
193IRq ‘U 199 Pepnauy pojaed

“Aep v WL gE'I POV Ujejord
pus ‘sepqeiades ‘waoyeiod AT ‘eReeno

alf[edd 8q1 U3 TMo38S 1930 DI 9L «

"N J0 4T08 9106 23 PAINIIFUGD JNOY Jevna bq] seeodmd [eopioeld [{e 0] 6} PEFEIN EIOQIOV g

81

901

4.1

g6L

28T

508 SIT0308 Ty Nes o0
P [6)u0 19 104
‘pojeed A[yoea U7 per £ ey
PO0) P OB OUIELSD
QI PP penmr jo
frey Bujpeidal pesig qilm
POHed “Xis-] 4q pamof
.Eﬂgﬁu PAX[I ud ‘Y [ JO
Lieli EEE:E& "8
Arejim }¢ U ‘RI0G{QNE,

Tl MY ‘SISO

3¢ FTE0P Mejuewapardze J0g
*Aep Jod
‘B ] — 'eoum[eq-N ede
~1BAY 1P wmey) 'SYIesd

00% S[}899D [eJURI]|HGIB 10§
. 010 ‘8
Q%1 "UOSNOE 10 B8 ES Gz
T o pemeld yuemad
“XH -eu]toie: Jo seymeread
Mn hﬂoﬂﬁa poraed je07
MO CPONL
-ad190d ;o puw porrd )91
1o (B30 18] GI0j8q WO
AW eunLIsy  pop
380d 9 pe JEa)
fep-)  po Aep-g
© 584 a1ey} dmog yowe 204
NEL  BQOYTRH  pUS
uSBuy qicq moj uop
RIS -0 pue 0§ JO
RRIOQ peyse) 9dosm UOpga
uy 53red ¥ W juewiedy g

‘WSIOs § 'O F ‘spelqne,

'giwp ¢ ‘porrad
Mmanedry  smepnis
[olERE0d BRI ¥ .smmppm_m
Jod “w¥ g'y— 's300[Q0E § J0
POUB[EQ-N 0FEAY ‘mog
-I80 GOyl A[Ep F[eew
¥ ‘siUp g ‘popsed [smem
‘Radiy  mem  'syoefyng
.ha_:ma.uwuu I'T— ‘wuefeq
-N #AneHo op ;Mo 1AsD
2d Ul 1o fRuereg-N
sapsod drv walqng
Lep sad wd o4 ‘w300
-qns £ JU) edme[eq-N BdR
~BAY Q0L mey; ‘FyIemes
8¢ 5]pelop [¥memedd Joq

~Ap

Jod md gz4 Amduieaw

IUNBBY-N 0Aj1E0d 1y £109)
~que £ T8 Joanrpadxa spg) ny

*Lep od ‘mB
89+ Rimsaean soweeq- N
sajyised 1y spefqns £ Y
"0 DoY) ‘EYIRIID 80 YU

-edya jo Efrejsp Jeqio Jo,
‘849D ¢ *po1led Moo i

=L

s89y gy

948
006
£'08
988
D06
8918
18
08§
¥08
8oy
8°iF

@Srm veon
588

qmea cosa mowo
sggs EEgd EeE

Seoa
/L RD
qEa
B5RE
it
43217

........ Ll [ 2B i
........ 89 R R
........ tog |-
........ FE- N CETUERRE FEPEROET FRERE

108 068 Lid 0L o1
88 ¥ 08 4 4 9 8
0 898 o ¥ or
........ LH 12 11 £
91 £ o0 9L £
* By 9 w8 (41 oz £
........ % 6L 4} 6L ¥
........ L £ LL 8
........ ¥i8 5 P k)

114 g8 14 oL g
........ 808 e &L 8
........ 0¥ 9 14 L
........ €6 a9 8L )

052 6¥8 1§ i @
........ g'68 g 8L 4

¢ ‘Fupds “qr-gg wd gz

G ) R R AR O A CA D 0D O Y
T o T A T T ]

pEE

S59% =238

EEE ]

IS

eIL

U8 ‘mrtump “jad 1 ‘Bupidy £33nme m:nu%n 30d ¢z ‘peyo Jeapea “jod

W A[ede) haide pleg edTogY 39
peyrodal BTeTIedxs uf Jepitg £q poemn w0 £9 [TTUD Jwes U] PUW JHOT4 JO S10[ HIIEE 0] PUNCIE 6

‘pansep )p Qoo 10 ¥y ‘raing
..aﬁsn_ 180AURL0 {IMea DY ‘488
‘5904 " mop jo epeu) prI wd El¥

"SROTeS
09%'s texupn ATpep efemay  mre|
mﬂﬁaoﬂa poRLissITn mf nouﬂw
I 1991744 TBUCT1R ] 94} ] opUlT
peal]  Qha  « pofled  Lremymy]
~22d 91y J0 131D POX[I O )0 [9-8L0

R0 OT0'E PuUv
meoad ‘md gy lexej) A[jUp ade
SIBAY  IEENE ‘Ieng ‘A peedd

*IZT UI¥)l 008 ‘sunotae Jog e
<30 JELISNG PaTIY ‘(W ‘PRI

TTRET T 10} PeqIIEeT §U @B JA1(]

il
~memas )1 18D weXRy P JqI
-9 3 0g  CperIsap ;T 20184 10 B
Hm9m ‘ATl 9pE[BUIIE] DuR 9]
-uIyg 18 eoeq fRndg  RAw
pus sapnged olu) pem smos
tpealg o Aedreapem mop WM

“SOLIOTED 001°g
‘mppyord ‘md 1R axe)m; A[ep ade
-BaY  CleBng myny ‘RIm 'pealg

“eng
m3 0 “gmung pomg mf
08 ‘AT 00 009 “Peelq i O0§-02L

........... Tofns ‘R3ng ‘AlT ‘Peg

“garIoTen 55018 (1 'y ‘ureoad wd g1

:9XBI] A[TeD OFBIIAY YU 'PRAIG
Al {Ieyea

Pus Yyres “ywwed {Nop jo IPELI) pRAIG

“AIOI ‘{Jejem
Pue '4[¥E 15634 1 moT] 0 DB PeedT

0% PIUTRIO00 SN o

*(991) DUB (Yo} S0UBIIYAL @]

*42 *d ‘g1 S[qes Ul Usogs

w (510Ys
PUS "Bop pal *uouw)
PZ pus 167 ‘Jueing)
uor1auriIe “jod-g§

:.ia
jBag s [BUONBN,,
‘uorjorajxa “jodgg

‘JEIYM
gsij3ug mol1)
v&:ﬂ ‘paacmal
1red Aumrexq jod g1
‘900 a 93 Jo jod 88

“-ymata Ay Jo “30d BY

“SUBQ
¥ ‘19 ‘money
12283533 & 137 jo
FIaqQIatI AQ p3ing
SPSUCOaY CjEela
BOOIIUBW wWo4]
Juoieize  jad-g

‘pus{Fug 'sauglyY
1§ ‘UojiElg [aless
-3y §189I30) JO
-Mem &0 U8
X3 sy Jof peym
-[IsucDRy  JEAA
qQefj[3uyg mox)
JooppenEs  cd-08

"JEI A ETIATY o]
PRI “pRAOIIAl
1red Luowlq jo-1od 8
yeaga Ay} Jo pd 78

LA 01 9BIBO0
‘yeeq s ey jo “jod 26

...... WL LERE

TTTTTTLIeeq A e,

“1an s
Ims o8 wed
14O Oy pafppm

v o '1BOUA MUY,
“jEAnA 19uTa JJ08
YUBPUT e PRl
*Inog mey pazj
+Jaamd ApuUg ¥ j0
SMELIIEIRID DB
‘pRAOmMAS WYL]
a1} Jo Toj1I0d [[ems

0, . f199m Qliiul,

WO 491D JO 19DUTSIIAS TF ¥p00] 20F AIQNSAIP 0 FTAR0e FUTEN B16p 809100 WO} PSS 1

851

248

L

48

I

£21

[441

£48

048

611

BIL

L



241

Be1

201

£el

*siep ! ‘porsed
[(ByuemiIy  FIIIPIIE

'O 068'E
‘uppodd "md go cexwin) L[ep ede

‘e A gy
Sug wozy pafjl
‘PRAOIl  WOR)T
douerq jo "wd of

‘ON BRIy l

Yoreosed OMEW F ePefqng 7T [ i g98, (¥ |7 G il Il i -1I3AY  IRERS YI9)INng NI ‘pedld | ((UOHDen¥d jad-0E)
................................ 8'98 W o T | oF Ll L1 M eY)
R I I umw ......... R T T mm .“w % 3 .NEB %5 .u_m“
. [V | hduieinteielelel ieioteintliel Selelelelelellel St I '~ SR Rttt Al Ittt it 2w '183ME ‘191N *AEAATD ‘DIE
BT TIOY 'FAIGWIAI 908 JRE NSO VNI O N --L- SN RO PRI PRVt JR R F RN P . | i il S | DO .
. 188 19 g)| ‘a1 ‘msed ‘selqeisdsa “yERm Jo uOL e xs Rd-pe
pLCEn PTG L L LT CRE Y. ) R e EE R e g8 Rl Rt el et e T 19 (I[| 3=1p paxTm ¢ Uy pIj IMOR WOFRALY
....................... ———as [ T Eaiinieieke] ekt hielel R eieietiel il it ieietel It ulelel B 113 ¥|| -1 "1504-08 Moy apem pealq ¥ (g
........ e et Rl I 12 N il Il Il Il IS I W '] €L
6708 .- [ i 0w | §LF ¥I 8 4 jERM B0
¢T8 o8 L LT PRkt sze | 8 W OME el meq  AeR
188 o8 fooo R g% |e1 g% MO -13Mmod paf[jm
£'e8 £ R e I L 21 20 MM }7T1811039] 107 peqioeap 98 AWIES J31(] | JUOjPoRaIRd  “1ad-08
16 o S 16 [ w8 LY
806 . R e e &0 €8 0 Kd
“EZT W] “SYASMAL 298 0’18 O A q W £y 8] oW
‘ampunaxiig Jo EBjep 104 ¥e9 3’ _ T Wle |58y 8- i "y “paRg
LN T LT e R L0e q W MI||-wmewaa i Ajrep wexe pRw A1g ‘T
£08 | 08 St i N SEF {6 55 MDl| -100se -Bm o cpanmp JrimEa I0 || ysiFug woy £
059 BL i R M LF N 78 MM j| 99 Xvas *ATR] spelemIem pOe 91q TBDIALLIIGY DAL
BTE % R Bt Rk W i 8 Ld{| -welq ‘e uooeq 'ning  seyes LSTuree T jad-08
| gy - S e T L EE 8¢t ¢1 0 || pus sojrised ) ApPRWI  JOIOE
M A 7 - Rkt Rehhie i g6 |8 89 OW/| ‘Peelq opuj L[9AI8)] DRI MO 18ay,
£¢p 1ed
‘md - dmPelsaw ‘xue
-[8- N d4atpeBou o] spefqns
£ oo wd n.nl.Z.H MM
qns o eomuEd-N R Rl R A 88 |# || 9t O L1 |1 Cev
w&.—ﬂ um_._uofsﬁﬂu‘—%noo__ u.-mdh DRI FO S M B3 - W R ¥ 8T8 [I'L m Al ‘8 "PRAOAL UHIq
g il P | Il IS g8 |@  |ooeeeopoeemes L 0gF |01 08 Tily -8ns ‘md gz “pEpeyng pessyy rmE | o C1d gz gnoqs
[ e CROTR L I fleeme e EEEREELES BT T IS ALER SR SEE R e gy |01 ™ II|| 08 ‘drm 33 009 'Deauq ‘Wi )§-06L | (1AW | PlEpuwL,,
-pectnd DUW B} WRAMIB] e '] R R REELLLE QL R z1 0 1
ity "Ya-f P SUM
PERLY [SRW ,,PrEDOWMS,,
qapgs O AQSp Mﬂa
¥ Qs cja 1pon
-memipiadry uem ‘feelqng
“A[pep
RIATEUN QU PU% 9084
#90] W9 U0 Moy "j0d-58
19 812910 Ja]% SyeulIe of
-£mog "od-(§ PUS 98 HA ay
spoIad  UdeAleq 5(BAla} Fi Juls U “yps]
-ui haﬁ.m. o .:._ou\_uoﬁuﬂu 1|1 ne aje0 ‘1ednE ‘303Inq ‘asawyd ‘pryl
-9 uua.n.....ﬁ_k 1P 3om g3 ‘WL ‘9ysed .BEELME MEID JO F|TTC T TUONORIIE] iR
ERalqng Pl ool g (] 11p pazmm v m pej oy mopzeRly
-Ig " T IPEm "
+1ad-g2 wpopIad £8p-g9an) M ? RO-Y WO I PRRIQ "I 03
-TAFUOS Y Jepao fujsol
-16] @) W pHE £¥1 paoY
el Tl puw mm] ﬂ._mm POnUH UG —SUGITIE1]
uy paqiowb smolf - | X8 AEIRNLSUL ‘2ol
16-z7 % ‘wem ‘HRIQng PONUITG y— (Wt R
I WAL} ulom
Rl SERL TV YL FTY
Bd wd B "l Bd wd Bd "R ‘ol > uLey 0y
U —KLONAdOHd
i NIYHD 'SNIYHD
HeIp Mep I
apqe | Adzvug| -4yoq 194 .ﬂ_._om _ww..owwa -Agoq 183 ..ﬂwsm .mwo._mMa .ﬂ_._ﬂ
; 1] ~18]) -0 1B
syemed preg niy 1011 ToNdLasIp ‘poo) 1651
Jo uclhy 133104 &
. Poog 159 Jo L1101 P00 1991 4q pajiddne
10d | yeelip Jussedds jo JIRRWLOD eX93u [€303 JO TOHIOd0L Y Nﬂﬂﬂﬁmﬂm |

PANUJINOD—FI03LqNE uDWNY L0f WiH140 quvid fo spoof fo A.i5ua a1gopspan pun Apqrsalip uo pddF— g2 XYL

FE1

ZEl

gL

621

UN Wy ‘

78



Ko

“{TFT
maqi} gap ue wd ey
rav R WH e ue
Lup i il y-4 Bopde
-1aan ‘owuiug-N 2alsod
o} FaeiqnE My Cpg meyl
‘Sxrewed s juomiradxe jo
F[Elep a0 104 CBLED
¢ 'popdod [viusmiadeg

‘L9p
Jad ‘m@ g4 ‘g j08(qnE
pPue ‘md §[— poduisaw
Z pus 1 sifqnE ‘(8el
mayy) jeip 10g Lep sed
08 g+ ‘acusle-N AN
-l m g uuo_ﬁﬁu ImEr—
Fuldwiaaw ‘opUuw[Rq-
aapredan Uy £ pue | ¥109
-qns ‘(g1 W) 1P g
‘98 WO} CSAINIAI  eov
JudmiadIs o s[elep Jog
Asp Jod
‘wd gy— Jupdwiosr ‘wow
-[BQ-]N BAIJHAGT U] O}IBI
ey o Bonﬁﬂm “A8p
13d 'md gg4 Ceowee
"N 9aR ol LOf e
-qns :'mE §o— Bupseiase
‘IouBeY- N Jajjedeu  up
MM PR WH ®e[qng
‘M @l sqemal 988
jmampiadys Jo spelep J0g

*&ep Jed
‘mi e+ Im3euleaw ‘eome
-[8q- N 8a137190d T S100(qNE
£ "Be W) ‘sYleWel s
jusmpedIe jo s|1€9p 404

"Aep
ad ‘mi g1+ ‘5 jealqns
“md - pedenassg pue |
£10a(qns ‘U0[y8s 54 o) U
wd 1'Z+ "wOl1e § U0 pue
“ma gyt ‘topel () o
00 £ 20) 'Avp Jod 'wl
L%~ '19[p 11 UC FMe{qns
§ J0] Sous[eq-N EvHAY
T4 UIOY)  SRIEWR  ©0B
‘FWiep [Wluemypradze 104

heiierhi
2833
Nt
5&55

e
XEER
el
KR
L=
EEZE

e e
gdsid
oame
Issg
atela
g£845

=mes
-84
it
RRES
Sama
REGRR
ovma
FERZE

2908
809
[l
o8
8%
g9
$'e

i
IEEEEsd
SuOB DD
53584884
bl it
R
Eoyqmean
ixggEdd

= goE re
EREE
T

T

E 00 OO 00 8D W e 09 00 a5 W2 G 073 6 Rl e 0
BEESRIR FEI¥

EEEEEEREEEEREERES
SRS EENEEFEEEREET 2u5n

SERaesvoomowanane aena
sggssdssssisgagsEd #a8s
oroXe-coonaseoven xwod
CELEEEF ELEEE TS SRR EE &
M OOV MNMOOQO@ 0 O O

‘¥ 9[QR] g
“IInY £q parodal e fUOHENUI0T JO JEM] OF[E R H008 U puE 'wdp)podmod jeg) §Edipul.
‘N J0 301008 [0S Y] PINTHEC0D IN0Y jwega oy satodand {wupouad 158 10) 18] PAIRIE SIOOIOY g

BRER

18
]

R ERER

FERTBRRR

CRERBRERE pRgp

o9 64 05 0
Ol ot
2zEL
—— -
ciciricd

L 1N -]
FLEE
ok} 4
B e D
oo o

wwo o
BEEx
Smar
ERFR
amne
e -

L0 =
X398
G0
goigg
£ A e 0
—

BREERER
neneoxa
ZEIZNRN
memas

ey
==L
i

ECOMONMAMEN ER W N NN B

yRNgdgssdddvonsgdd uds

OO COMNYO -G oM

= P B0 N D e v e e e

EEER

REaR

£l

L1

R2RE

REEBREE

IL

RIRERBEZRBRERARRER

AT ‘(1 va pus
‘e ‘wwed “moy jo epewr) pealg

AT (I8 pUB
‘rev Jeeed ‘inog Jo epai) puelg

‘AT {I9)EA pUY
‘Meg ‘yewel ‘Mo j0 APRTI) PRALT

‘AN '(0EL pIe
T8 el ‘Inoy jo apelr) pealg

‘Qo[eL Jrey-aue ‘redns puM ‘aj1ng
‘AUI {IE8IL yNa epedr) pedd

‘dng pue aeing
‘AW C(IPBAL s epemr) pealg

AW ‘(13)Ba
‘e ‘yseei Inoy jo apel) puesq

......... LoEI ey ‘YW poe praig

........... uopyel 54 ‘AW PUT presd

.......... woTYes |6 AN DOY pesId

..................... J[j0O pUY PEIE

“(991} POV ($g)) s30CALYAL oY
poprodag symetaadys of JepAug Lq poSTL 9S04 FY [[TOI JUIYE T PUY 1890 JO 810 DINES O] POROIE) 4
“§z "d gl #qE; U] Usogs
0 10D jO LDPUIEOIAT M} SPOOF J0F ANMASISIHP J0 EIUHIPED UMM €I1FD 2100108 WOl PANBMIE)

“eeg M
lurs  jjo8 we3Er
“UMP WIOIp PRTty
[AUIDY j¥eM
Jo 3od g oem) S5
B MOUIOS PAUIy]
-weD ‘jgiisays
10 ,umsd prEpTe)g

JEel s
19jUjA 1jOF WOE
-PUI Wed palliiN
mred ey W
pue wpsa¥ 1am0]
JWOS TIIM  JToy
1y3relie A[adie
‘apwid 1qdrens
10 Jguned paspuelg

"SR L0
lesa AInquaseom
iy pry  wod)
PA{IW _"ivoqa
apy Jo*12d 04 J00q ¥
‘epuId 1q@eilw
0 Jgaxud pepuvis

‘19304 JMTTM
s wodary mWol)
PRIITH "189qs
ey jo "12d (., Jnoqe
‘epEld Jq3renie
10 Jguxed paepovig

' §ET W]
59 )83 4 O 0] L6
molg YT s
#y o jod gL e[
18] pue sjueisd
D PUE 35T pepa[
-0 ,1meied Jqdteng

g gatoog
‘iEeqa 3qrids
prey woi pary

JER0A el) J0 1

gL 400Qy "IBAD
191 P jo9ied pg
pU 457 papniem]
(in9ed pavpuei2
10} JJoaed ydeng

‘A yooeg
‘1poym dujrde
preg woiy seeoted
anes L9 el
"JEIY M4 PIUISIIR
eyl Jo "jad @gf
nogqe ‘soxed pg
pay 187 papniom]
Siaeied piepuwlg

U013

-HilXe Iamo] ERMOT]

79




£E1

[

w1

g8

o1y

¥EI

0y Muamjay |

*Avp d "wd g1 Fuy
“Aniosy  eomew[eq-N  a4a)3

”Mwnwﬂmwﬁﬁsﬁmeﬁ SN [N M A m_wm r PRSI WM i |t m_a“ b - redns
-sod Wy T ye{qng moqreo J.l LT IUTIIITTUTIITIIIITTITTTY B8 | 99 PR M Tze 101 02 I '3 O “EeNng poelry -l 0D S
‘toxrel  CARp ded spearm |10 CTTITTITTTTTTTITTTITTTITTTY 2768 1. N 9L r6e 01 8 II]| Of “XQhix "0 009 "peadq 00809t | 3peid-qdig ® “juneg oI
¥ “y4 § ‘Doed [eimsm ; t1e |69 [ TE | ET [+ 1
SdadXH ueur §o'sjae{gng,
“Aep ¢ wd 9o+ Bulde
-I3AE ‘Fjuamadxs gieq uI A qNoog woal
soueleq-N aaljsod up 0ol Pat 5 epBId
wmﬁah%ﬂwﬂwmﬂ%mﬂwﬂﬂﬂ . TTTTTTTTIBBG | 9UIBa | 0788y |TTTTTTTT 001 e [ N LA gL B e 1L M R G 0 mm__‘-_.m u__ﬁmawo_m,muww_whm 141
TRONES cﬁh&m ‘EABD M . dujids pisyg ®
mﬁrmc_hwao..ﬁMMEHﬁﬂ%:w ........ m ........ S04 ([O0B | BPR: (777777 001 ot L' I . g1 [ T STTTTTTTtaang 633 ‘peald | WION) papun L judreg 149
“ANp aad ol pp—
”Hmm.wﬂmmwm ‘___“_Aﬂczn%cwmmm g8 'la - D L L] W 1 ¥ oF I'SE E'l |1 L o poE peelyg -..m.n._,.m.._mn._.u.o.nwmaﬂwwﬂa&ua 11l
38T 00 § 3oafqns Jo exue[eq Sulids pueq v moay
mﬁaﬂmw_wn :mwu_ A.ku_manqw.« uww 268 ¥ 08 U R I I 114 B 3 e bse E'T ZL 2 At pue perg | pelpmr L ueped 48[ o
F Jo spe1ed Jog T
BIOSAUUTW PUE
631 O eInjxux
SAGE £ poad [ puarg ‘i wﬁﬁ_._u‘wﬂwwﬁé ,.G_ww
edyy wewr | ‘gaefqng ||ttt Ll ze ¥FOLO|ITTUTYVF e B e T TR O | 088 [ANEUT ATIR(] I8 PUE pEAM | 18X .,.m.mnB. o u,-un_ 0L ¥l
L6 10§ L84 R 18
_m “m : m% wﬂ mww mwm “SOLIOTED QI¥‘E ‘39) "UIB 9¢ ‘OIa) mayr s sad Em_mww
. . H 1 1 ! T
TusmdTs J0 amop 4oy 078F (S8 (8% (808 [£7 -05d "W QL1 ouBIY Alyep oFereay | wosg wepavaxe
N : 1 MM i | ¥ M 8 % 4 wm m% RO (1911 J0] pa|LIoseD SE Alres Jar( | jod-gr "uma judeng ad!
o@hc | §° 0 A i
gE8: , 804 P £as 1
788 §gf 21 9@ ey
§ ive |01 |8 3|l oane eng st o o
- 4
.1 e s i b 38 806 |81 |19 §) ‘oiwed ‘sagmedes “sew jo i
608 919 81 19 (|| pexjur ® ul pa ‘Jnoy Uoljrelive
................ Tttt R E ] i 4 i 174 ¥ 1od-g; woy apew pesiq md 55 | uoHawNe “edgL 1
................................ L £'oF 91 89 €L
o AamIxno
juela mWof pafr
TR PR JO molE
[TEUlE pUB ‘IBae 161
"PAISAp | WPoa o w91 ‘medng “qumed popopour
oo B TR S S I I R S ) ‘1Ing ‘safuelo ‘{J¥BEM PUB ‘jES ‘nonarijxe jod Oy
judmupadxe Jo BeElep Iog [Tl 656 Rt I A 1 T Il Rl el Il R - 9y | ‘aseed ‘mopy o apew) peauq Wil ¥y | udiesd paspusig ot
‘P ‘wd T B ‘Pl N4 Pt Pt P LY L R4 penUpion—auch
OBIIS 23MO[  RINO[d
panapuey—{wna
AMPD  WRIILL)  Blom
Rias” SRR LL L F N L LT
“ue3—R|LNJ0dd
NIVHAD 'SENIVHD
jeIp AFoma | WEDP wm | A3nus &
oqu | Afssuq| -Ayoq | ez | I -Ayoq | 1% ! o g
iBsE 50 .n. o1d | 5010 ..a_m_n 4| wo1g | ssoap | -oid N g
SR mmw.%pwo i aowﬂﬂ . 10T uoPALI5p ‘poos 189.1, ,w
P P00} 3891 0 831119 P00y 359 Aq popddus e ahod

-15adp quaredde [ JuAIWION

axBIUj {R30 Jo mOUOdoLg

exmu] L[1BC

I}

panumod—ayrafqne uduny J0f urbuo tuopd fo epoo fo Ab.ious slgppioan pun Apngnsadip uesvddy—gg TIEY],



¥ 9[Q9) My

~JoqIne £Q paodar feg ‘OOTIET IO JO 18I OS[E FIFED ¢S wy pud ‘morpsodwmod j6y) $IepU].

*pa12edra 6 0T DINGO EIDERI 3EINZOE 18] [[Fuss

08 FeA SYEITT UTi0sd ) S0UIS so0] AMPUN fea Slgvmmsad InTea SpY) fogine el ¢ Wpicdoy g
‘uaal? uondosep Januny ON  "J9Ip 94} Uf DIpPNIU] PEM g

031

61

2617

BT UIAY] ‘SHIMITAL 925 O5]9
18A8p g 'poptad (eyusmyiad
-1 Cuew Jumdd ‘$elgng

~Aup ad ‘w2 Fe— (95T
@) PIP U0 J M0 03
“Qng  C{I¢1 WAL} P wo
‘wd gg+ PP IHm pus
pealq uwo ‘w3 g)— IHPp
B3] Joad PUE pealq 0o iep
Tod md pp—  woefgns
¥ JO ENTE[E]Q-N GFUIAY
00T WA 'SAINTEA  eos
juscnade jo s[Elep J0g

‘85 WY ‘ERTNWAL G

‘JuemIjzed¥d Jo EIP 100 |-

‘848 } ‘potdad
[Bustmladzyg  CFUsPMS

Yorsasel epwm ¥ 'Hoafqng |-

“pUIEs 9] A[[OTIIEEY GIas
EIICIRICQE[ T 9} Ul PAET
§POQIAM [HUImpIAdR g
TVAIEI1 Uk U0 H “HO
18 Ena0and o jusurrdid
pus ‘Bpiug Aq 'eyg g
“IAY "uuijy 18 Spuetridrd
W] PALIYOITINE §) US4
‘FuaiTe § 'SIAYIEI)
amsog ismuenpgediy ¢
“Enmard  suonideoxs Fup
-MO[[0) T POoj [Iua
Joj Fuetifisda £ siep
¥£ 'popied  [miuswipad
-xg cuswt 3unoi ‘edslqng

*§IS0p
"W 000 WY TeA[d O
o8] BEP e
‘sAep ¢-¢ JO polls
I0) PFDBIOD SHAF  "SAED
9’2 ‘popaad jejusmitadxa
[33ue] sdeIea ¥ "siup 40T
40 ¢ 10) JuBjsuod A[qeuos
-gal gEA IULN ul 1ndine
N [poh pammluc: po
-fed usmpday CSpon
~3d (jupwpd %Y gI-¢ pe
(metaes Junod) 510{qNE ¥

IG § PIsn 'pOOJ 169] qORd Aoy |-

DT TORY 'ENIBTUAN 995
“uampiedrs Jo slwjap dog

el bl O Rt o L
TRk FEEER

=
S

Smmencao-oaaaNa -
EE R I R #

ra @

................ 918 -
001 - [ 3¢ N &F )
0.1 S 9QRgy [T ¥ 2)
[1.1) S Z°18 1 13 (z)
[1.1] S A LUK 1 S 12 jt4]

'papIodal Jou JIIp Jo AL ], 5

[ I 9¢8 | e e il
[ 1°68 Ltg | BF .1 q
¥ 88 6°8L e {9 1 8
1'% £°16 T8 | E¥ i3 [
288 a8 |2Te |t 6% [
¥88 0gy |zUm i BF ¥ g
166 {6688 |§#6 19 ¥l 8
g6 {919 [(RI® |Za 8 [
37 S Rk 108 | ¥ LL 8
826 1609 |Z88 |® ] ot
048 189 e8| 48 al i
086 {80L |98 |02 18 2
¥ 86 9°0L ogg  foon)  |foor) (Dot}
Lo g |vw |1
FAT I T B A S I
0 T O T N L T il ey MOt M
ees |EE feoe [T I
Leg  [teeet LR Tt

'8

o

‘05

06

86

%6

o4

L6

R

#5391 pox[ Duw ajdws
OJ 4a)ed ‘(384 qi|a opem) pealq

“Buryse] L{1e7)
~8g redns ‘leynq ‘AW Cpesig

........... 1sing ‘Jaynq ‘Ao 'peeayg

*BO[IG]BD
55043 gg0'e ‘ma0ad WA gol eRIT
A[ep afwlesy X[ PUN [EAIG

‘gal1078a 58038 7' ‘ulejosd
“md oy aXEN AQIep ovIeAY  (BA)
]80q 0 Junomy ([Ens € pue peelg

“PIISIP J1 AP0 10 B ‘rgdns
..sﬁ:; ‘sofurele "(1epe4 pU® J)es
‘15894 'IMOY jo SPELL) pERIq W 009

BALI0
180 gg'e ‘weoad cwed Of layem]
{18[ 16305 ‘Iapng ‘(@ ‘peaag

" 5B BEUH
183 00D ‘YR

B 5 SUMDENT
N Y . L - ¢

JECETL R R

THTTTTTT Tt ENOSY apsod Auned

B qouay
‘sanya ‘sonesardde ‘et uwowma|
H.,.a_..uﬁ:ﬂ. A ‘juepuoy ‘as0yoe(
PR0NIME 'EHNO0D  PI8]-UDIEISIIIOD

Sofrmrmemmefmomemmmmmes| rufns JO 191D TSR )M POOJ JTA,

*§HI0
180 (90'4 'mejoad “mI $p AUl
Atep 3FRIAAY PRSI J1 99000
10 v9) ‘Jelne ‘sadurlio '(BUlloaB[
‘Ies dedng ‘o ‘Y oy jueqed

a¥1 Jupmwmuco) Foppod uerorf |-

‘F)eaa NMOQET() PUS

maadad ¢ puw ‘mninp Jusxad of “Fepds Lnnms ARn3pE Josded F ‘EEU0 19 80l
‘Aupde qreg jusored ¢p ‘(FInblely L[padie) Jupds paeyg o10qo jueusd Of pAOTEITO0 AMNIY o
“UCHIPPE W) 59q8ad pIUTED pUE 183 J31D pariul 113Ing J0/pus JEINS y[j *JAD AULIS

9t

'z "d "1 3[qE) O] WM 0ys e

glnoad pysadip jo o 1 sapiopen g7' 1 jO SSOf AIBUTIN ¥ Am MO8 B8P SI04INY TON} DU)BRINO[R)) £

67 "d gl I[qe) Ut Umoys 5T

“(jusjed v apqe
SIaSRAG) O MM

‘(aueied b e1ge
~mnsald) INog UM

*(susied © £(qe
-wcsad) oy 2 ym

{judyed ¢ L1qe

-mnsaid) ‘mop elgm

m 'edmn}

SXI jRAma ¥ Mo

PAIUI Tuonoen

s ] .Sn.ve. “ueeg

ufje20] pus
qeSug j¢ PO

© Wi P uaed

“afayoad
1 £ 11 PoTreIues)
‘pagolaue ‘jualug

191p j0 Ispulewat ul $poo) Jof L[1qlsedip JO Stuslda00 Bulen 'eiep SOyt wWoMj pIIB[MOE}

631

851

51

w1

9T

¥l

51

9T

[H'1)



014

173

Wi

¥

1

0 OGI I

Tge'is ey dd g A TImp
‘spr) W ‘mansdsl Cd molg eysed Aoy
4&q &pnyg mem g FRe{qng |- I ¥ 6728 |89 ||t nm e |t Toap |t 3 dNOE YOI € T PIGN [UOTBIBR] | -JEW W PRS0 0O 1
10p pewn Lep Pgp wodp |[-ovtooo|TtoTo P8 | L9R (808 |t|m|mrreenfmmeese)t ik Rl R Ll v N0 YOI} © T POFT [TOTRE]Y | -Xewt U] Peen 'mo[y (iT34
pwaf S99 9 Q)& sdup - mog Apenb
g p (eymeur A H g cseysed By
‘Zavep pIo-tIi-gF “poafgng) |ttt 6 |98 | ||t L L Mt it il smassssaesl e o= g ANOP YO} U U] POSH [UOIRIER ¢ -XEUT W) DISH INOLT et
.ku...vhnofs ‘oxd gog ‘mejoad -geyead Faj
ey e A T GBL g T por ot 001 = 8 $, Q| w3 gy XMW ApSd W SPIISEdg | -XeW wp Pesn ‘Mol 801
lod "md ¥y— poe 'Y gpRIpAOq e ‘il §1F
‘r&— :spoptad g egy o ‘19; ‘m® g ‘meiord 'l a1 oxW “gagind
SOTBIBG-N 01D 197398dE -y A 'DApPE 184 Jeiis | dupgem  w  pem
uo #isp g POUE S|P {7 P ] aee 8BR [TTTTTTTTT OO |t [11] SO I LT ¥ q | peires U pexOMS MIPOOT TMOMSOSIY | 'POPDE uein|d Mo 201
1PDOU TOOJEMWT U0 Yoea ‘yeIpAgoqres ‘wd gor
84RD g ‘popIad [Biuemriad ey ~mE gz meoesd ‘mE g oxel
X mew po-A£-9% ‘eelqng -op A[e C'PARPR 194 1AM -gaqged a.ﬂnqﬂ
IR | RW e T L () S 8 B, [ POIR T POXOCO WO[POOU TUOSRIUH | W] PRST ‘InOLf oa1
‘m2gg— ‘g 0afqns ‘Aep 1% | Tis et £ | W o8 9 29 L8E | 0T g ey “}o1 megy J0f
Jod ‘w® g7+ paldeiase 4] 048 398 08 0 4] 9 4] 98 8’ 2] £ PaqiReIp 68 J8aTM
£ PUe [ 7oafqne (gor maj) [ L5 %] ] =] 9 " g0e oL re z eATUQAR wWod)
WIp aod ‘ws L1+ Burde L3 T B3 A 0Z8 |2 8 H W z08 |01 B b Rt YW PUE JHOMSNRY | Pe([IW . 'ST|[oWag o1
-19AY 'aUBTeq- N ?»Enon
ol alos ERG{qUI ‘9[eLy [ ] 9l [Tt g8 4 8L 9 L4 4Ly ir 8L Ay . TExueqniy
unﬁo aqy “Aup  ad ¥ L. T Le8 fil 8 i ay 9Ly 3T ¥ t AT DTN WOJ]
. 0e—~ 4% ‘0t 9296 ¥4 T £18 4] AL 9 .44 | %) g1 8 Z *ATFT Q37 * 12 (EA0)|Tes o va:_.ﬂ. nag q
-f80-N SATIRSAT U] eI ] ] R I - ') g o 6'F 9T ' 1)| apsm [ioq) Pedlq PUB JUGIRER | DPuY  ‘Rmog
-lodxe pug m g joefqns -pICX 041609 pOe
pus (oempedre 8T W ‘pr 387 *e 1 Inog
1 1ofgne (0] Eo.a: 9P L98 L0 T 988 o 08 L oF o el 9@ Ay 381 PAJO[-T I8P
fog 96 W] WMol LRI T I go8 |20 ¥ I 9 g6 |81 w £ jdeaTs  EIUNPRIW
004 JuoTr|eds 1o S[1839P 04 age 18 Tt Les ® 08 '] 124 98F LE 18 z “H [T L T T (f[OTORE Waly Pue Inog oyl v
'8 | vee T B'g8 | &9 i 9 (L] oBR | £ 8l 1l| epem gioq) peRIq PUE (UOJEOBH | DOPDROL . FW{OWLR HE
118710 ‘emolg
A qEAnY pre
"SELIOJITe]) ‘ERRPO
6 smyIjm  wog
‘549D g poprad “poas w00 e pem o' [POIBY
[sjuemadiy Gem “yafqng |7t L] [y g8 |7 Rt Rhbbibtd ekl bl Mt e | om Amep eduieAY "o pUR PERId | jE9Ta 8y Jo jod 0g 201
T TIY] A0 PR
-Lup -4 0 101P O] USjEe '00iE IR “(jueyed 8 g8
sd ‘w3 03~ 994 PO B85 (L8 T 08 |63 - - 2 e -oorooot| W meg g coN 'PRRlq e me| ¥ | -umseld) Jnop e3s 91
T N 107 peqymep v8 D T 91
P S [ R S, e (1794 TmeIA-Q DU EDIOR -(yooyed o 1qe
Pire yizon) Rt 10 Snetop 888 (06 {TTUTUTIOBLL | 82 L - e e AW j8puon .ﬁmﬁﬁwﬂﬂnﬂum -urnsed) IMOY LM 191
04 "uem damoi o1 wslang op 58 J91p W HB)E0 a0} mNR2 ‘tyamed  A(qu
L88 | ¥i8 T8 | 62 [ N kb | i R © modf 1 ‘0N ‘PRAI PjYa USS[ ¥ | -mnsaid) mof oM oot
‘Bd BT Red ‘od B ‘Bod B Pd ma ey o PETU[II0 —Ea 01}
QuIEe  Jeso[ ‘umorg
ponuuo)— wind
D WRILE)  ®an
posd AL YEaYM
“ue- B LMW A
NI¥YHSD ‘SNIYHD
aap oy | £%eue | TIRIP wey | £seme| upey 5
smoug| -4u0q | wg | 51 |‘Horp | Awea | wa | O} |Saig | o g
15 -190 1qien 4
EY1EmMay Sﬂna 1#a uopydpiowen ‘pooy 1891, B
qug
POO; 399 70 A1Nq pooj 1404 4q perddns e
Nzadp Jueswdds jo IR0 exujul {4307 Jo UOpI0doIg eREYT ATBCT

PRNUNUOD—RII3{qNe uDWNY 40 [ W40 tunyd fo 8poof fo Absaus spquynan pup Atyaqipesfip tusinddy—gg TV

82



‘Joqine £q pejJodal sEam

HIGHS QOUPOIIT 09 FITMOMEY [[EmS 00 UJ 184 £07] DOTOTIERE ! TuA

\ "B o' 1— ‘08 et
vl gg— gl me)] ‘poof
198 Jo popmd J dep
Jad Sﬂui.w.z 8 v
e WY ‘exremmea  wes

JUt 5o 10 StUISD w0t

‘wm Fumos g1 ‘Epelqng

Aup 1d
‘m? Lp— ‘eoTEreq-N afe
~IHAY ST WMWY ‘XYoL
996 mWpmdis Jo
|p W04 “mem g .38?_.5

-Porsed s7g) hump oy
Oq-N a4ry

68F SUCHN[IOTEr GO ejon

1murdre jo sre)ep log

‘newa dunck of ‘mosfqng |

.haw 1o
‘¥ g4 Mopdenas ‘ome
-[eq-N eapyeed W g pus
% epa{qos m3 1)~ ‘some
-%Q-N eApslen m imp
mog mad oo | jefgng
“£op tod ‘md 154 Rupds
-949 ‘BOWE[Bq-N SApjEed
up g pu T qns md
#¥— ‘SOneEq-N #ajpesen
ul un%v_ﬁ oY usaq mo
|4 qng “AUqrse2m
10 sondmoed uo jege
IOy SUNIRPP 0 IN0p
J42enE 0 POpPE winl Jo
URIg 08 TR ‘9XISUIAT
095 JUR9d 0 JO KTPEYRD JO ]
.hﬂqhﬂ.ﬂu«.a Hupe
-348 ‘eowereq-N eappod
o] g PUE qng "fep
Jod ‘w® gg— ‘eoTwpag-N
eapuden W 1 joefqnyg
20 wWey ‘sxrvwoos  ees
yoeayrdxe jo E[ielep Jog

‘DO mOY j0 JEOY C[R FIEH0 OILIUE Uy PO ‘WopyEod koo 199 aIs0par,
qneeRTp o) 1] someagy Lt At jo
jou dnoe Jo QUITPAIITT JOTI0 g

w

Ll ok ol o

[*=

E= ==

nenn
=8z
wmaa
-4 324
gasa
EEEE
EEp
HERE
- ol o 30
329
mEmRS
B9
K=
i i

@ o
BERG
nwoo
BERE
Jese
R34S
W
2¥9q
enow
SERD
oo
OF vt ety

rxao
deiss
awer
g55%
HSH
3939
Suaw
BRI
nowe

2

ERNR

1L

HREX

BRER

RERR

‘pauTaip pus

“md y)g ‘exe)
-ul-N 9duiear 1d80xa ‘g1 WM Joj
PAGI1083D 5% 0UIBY BNBIU] DUN JONT

"GLT WA “IRTD s 'enuy
-0 a¥emay  -leigey  kapdumoo-g
TIO=I[s T J034 J0 93100 ‘e0ny)a]
ML ‘B [PANO0) ‘|92M 19904

('Y £Q wus
Jou =Ing} CIAgng ‘28010TS
emseead ‘qp ST 18 Ig 1 )
PU¥ J91esA [)]a PIX0OD [SOUI 18I M

"6 WYY
107 PeqLIDS3D §6 131D 1) SAXEQ TS A

8D H D £y uea jou
ISORNE ‘J ¥ 4q TS 100 19N

‘NG S0 eEcIdNS ‘EOYRE  Jwaqm |”

*EPOUy Sunmemal
moy 1 [T 'Ising pug wmedd
o) “jod 11 ‘saxey 16enms moy N
Jo "1 g: N mE ¥ ‘swio[en
0£8'Z -axEL] »%55‘ “je(qe) xepd
-~ MUWa [ 1980 10 Gag0D
'30MI9[ ‘mesDd ‘SN ‘SORBY JERl M

“q1uI (e
DUE 1[BE “IEFAA (INOQ JO epRID) PG

A {38a pus
‘WEE EEAL MO [0 epwRI) Puasg

TG UONRI DAY -0mY,, "N PUS PRNE

‘sax)ends

o) R pre e jo Syansedip oy Joqine £q Opem WOMOALI0D O ,.wmaﬁaamm 0 gapdde an[eA i
ATy 000 1318
MUp ealrd pHog-olre] 8 glnangy peolo) ‘s28» puw ‘YU ‘I91Ea ‘HNOE WOIJ ve._ﬂenxﬁn opred UMM_WS

6% "d "ET O[q¥ U] waons

PR
~nueld Liamyg
‘W el M
pappe 12d g
"PRAOUIN TIRI] JO
BlIed rosieco , Teap

*pRIEN0] pus pajel
-OUEIR ‘pea0TIad
TWEQ JO SUI0R ' [SO

8oy Supads .ve._
[egl W0 CjRapy
"PR)SH0y pire
pPsyo0d-mEIE
cd g ‘done

[ "Pd oe8, ‘o

-810ys 'paxsld

P2Y009- 938
0d g0 ‘dnas
180 0d g ‘e
qod L reing ame
U1l g8 ‘mui?
-0 M W PEXE[A
poupad Lrer)
-red puw apesd-aogm
“EPI00] IFRIHU0I0 (B9 M
1590 4 DG uRssTo M
10Ul P oIog
DOLITRY " (e oy
PAAOMAY  JUTOW
wlad punol
ey "pd ¢ pus
mopg oped-yuiens
od g8 JO AIMyTIW
€ ,.'dhoy miep,,
ey &4 FINQuIssa M
I pIey o)
At~ (Fufino g
PRADINGI  JURGOIR)
uRiq puncs? L1puy
Ama 30d 1 pum
.:._om_u oprIf-nd R
¥ g8 JO  edmy
-X|W % ,,, " IN0G g,

“19XI9 W GO BINOQT
uayetd-ao]  Auwemr
07 JE[JUIE  goIms
1sas "0d HF poe
moy juered prepoegs
‘od 08 jo ey
ST MY

99 431D [0 JopujEIe. U] 5p00) J0] LHIQHEBID 10 BuoREEaeo FIEn “By9p ,SI0QIN8 MO PAELHIN) |

a1

all

Bt

BLI

€41

LT

83



A

wi
fXa4

13

291
811

821

K1

"o WTMHIY |

-nigedIp Jualtedds o JudMPRoD

axern] (€903 )0 uoilIedosd

-4vp od
‘mE gy ‘eauejed-N ode
-IDAY TR mMAY CsRJEmal
08 BOOIIYIND]ED UC 800 T(g41 'g8 STRY[ 98% 'a¥pU] afwinaw
po¥ jneuntedra Jo m._mﬁ PuE 120p Jo wapdrasgp) 121p paxna _
-ap 204 WO O] ‘spoalgma |ToootoC il i T 8BG |TTTTTTT|TTTTTTT|TT T 82 eI < T2 eF ! AdmpE B oup [R] IEIOa PRRDPRINE 7T »IRppRIg
Lep pd miyi—
porsed  isoys  peppAIYE
10]  SOWEMEG-N AY
I W] Celssmr oof "SI10183 016 ' N
SUOHIEIOTE U0 &l0u Puw *md g eqeym Lnp eRRAY  C(FOT
jueuradze Jo speep 204 mayj 388 “9Ip jo uondimsep) 19D
‘mem Bumod (1 ‘Ejeefqns Lg6 i - 2 T el ) [ S e - dap | pexpim JIdmls B uf jeegae pappeaqyg [ftTotTt T «PEpLRIGG
............... Ezsmienuunon sl gy |t pgg ol e s e s m e s s e s e s oot e Bng IERD UM PRDPRILY | TTTTTTTTT T TREDPRIGS
ol A ep gos |18 |Fe8 o |owr |09 a8 11 % 26 |4 6L ap ]
R O D oy o8 |78 888 |97 |gu |08 a8 1 m age | d wooe wnanp moid
TSN eAR On T c6. (178 |69 0% |T9L |09 a8 11 iy 28 |4 £3 H A L ans
QUEIY ‘P Wl SYmmal || s | ggg | gmg | LOL |80, | 0% 68 1 o 892 |9 ol {1 | I . oy P ruiq
908 JUeuriIedxs J0 §T1HI9P 103 TTmEaR ‘peyet: Meaqa pefioy | Jo ared  Jpellod
............... wﬂen%ﬁ_usnnmm inieeiinieiel I 21 N leieielahl el I | 1+ SR Il il il Ieintutellet ittt R | Sl 17 4T 3 4 R (T [l it PN v (e it | 14 §
PORd O IR | e | gga (g |l ERL | 6B 89 g T - ey
959 J09fe pue 15T eJo]aq . = - g [emmemeen . R PP - .
ol ot ey (| e L |00 T T O e e LN o s g nnd 3
“kAep § 'pored [B)uawl £ '48 e8| B¥E T n,z._ 9% 0L ) o8 I - - Hvd 55 emwyug AjBD Qdelasy -redns | .
B o I 114 ugohm.zoo_%nam ¢ ! LIBaID T OF PRE000 ‘Jeata PIIOY |77 7T T PRI
*£up I
‘mE g 1— ‘eouEeq- N 034810
-AY T o] 'SXINIS] 998
FUIOELOIBD To 8j0u pu® ‘T3 '] FEA
juenyrxdia Jo s[re)ep 100 axuny N efesaae 3da0Ia '9L1 mey .
‘uem funof QT .muom__..._nm ........ e i Rbhnbbd I 5| B S i) R -7 A L 1¢ eV | I0j PPQIISAD 96 1A1p 7 129 polng | Wedd o{0da pepnd
-3 N | IR DU PO PP U (RO A PR . . -2
200 R gP— ‘SOUIRA-N { |-ncomi|oeesers|con SRR 5 RN AN WS oL ®
oBEl0AY '3 WO EYMWIX ...l eeea]oeoieaae et |t oot | P FT
-81 GOF JUGUILIAAXD 33 S18Y || we ool | L e s Gol —— I 9% av "IV A0 Za7ER 10T 19} N
-p 04 ‘m g 'srlfgng i -ng) PYng ‘S0IINE Y8R Pagn |7 T Tpagng
“AYqpsadip  quedsd
-d¥ J¢ 8N Jof S INBA
JI Iea[p 10T QoulE A[qe
8193 W DRPTYIY] Jou 12
4 metud jo ,ueler
-0 J¢ yuemeo,,
-loded  BIOMINY  CTOAL +' RO *{Ng1 Wma}) 908
jou jgemmitedIa JO B[N |TTTTTTC|TTTTTTUC 177 S it el Rl il b 11, S el el It 'wreesd fiefng (paNooo ‘[WemI yBen M | 'mofidioeap) Jeepg
‘spopaed 2 eql 0]
A[)SnIs)[8 pPash LI9{ISm T 9
oUjULIes pUY  [¥00JBY ik 85
‘upeyoad  TEGTE0  DEOE e 99
@l udoad g yopa ol i ¥y X
popiad Agp-g &q pepadsld ||TvooofttromoroimtermoecbeeToooos og gpoeyeq ‘seamad Mo_mﬂ ML oE
‘946 § 'pOrd {BjuAnIdT Y ‘Bd | B ‘101N ‘tateID 1PER00d ‘e jERy | ‘UCTAIDSeD) 199
‘UoD-—peugel Arep)
' -ted pue opead-aloy s
| Wpoo} lEEmEAq 18aOA,
PENU 0o —1ina
-6 WRIHLTL ) —ejon
R R LUV LU P
i ! o) —R/LINA0Hd
NIYHD "SN1¥HD
' eqep | AeID _ A3en0 '
» ows [4swag -duoq | gsg | W |GMORO) yeq | awg | IR} iy | S \
1 qesw _ B 17 _ _ 180 | q8ea
SRIVLEY i hmm.%m@ ! _ J:a @I oy sep *poog 1531,
’ P | j0e[qng
el poo] 1829 jo £91j1q | po0) 1501 £q payddns it iod |

BYBIU} ALET

081

681
BRI

81
681

o

¥l

281

‘oN w |

PANUYIIO))—8103{gns UDWRY 40} wabnio junpd fo spoof fo AB.tous olqDVAD Pun ANNQesitd Mospdd F—gg B14Y ],

84



]

144

9

«l

4}

821

"BAT TIAN ‘SHIETOAL i
BOE JEATTIa(Xa 0§D
Iog uem Funod ‘spwalgng

‘40e1qduIe] ISRV ROLL
-ad (eymeumsedrasad on
sAgp § ‘popdad |wjuatipad
g Cuem Sunod 'spefgng
‘uyed pue
UOTIEYLLT [EU]3Sojuy gy
‘uniejuaitly) Ag pejhed
SO0 106 PUR 8§81 SWa))
Aupmejuoo sep  popted
Teuemdedys 19479 [waTx 18]
Pus JO Tesn JET glja Da¥E)
¥oepqdooer ‘sagie  CSAYE

& Cpoad  [RImEmpad
g Cuem Fumos ‘RRalqng.

............... EyzanasTs 8

"121p Je[n3al o L8P £ j0
pojIad AMmo) 405 Jouq
-dme[ ‘pordad (ejuRmmriad
SXR 0] UMD TaNIR
‘siep g ‘porasd _ﬁawE
Slaedyg  ueinoa ‘spsigng

‘pOpIki Jo [eom 58]
i9)JE DUB [ERTI 5] 230
asald youlqdte] ‘oyav
“3£Ep § ‘portad (s1mewiied
g Cuewr 3unod ‘spsfqng

AN sedIp queredds Jo
9117 0] ST BT84 § T99[0 100
SIS 2qRY STy) U1 pepIfa
-1 jou jad 4 upeacad jo
«TOITELIND JO Juopggeca,,

pajedal sIoQIny  maald
100 JIaT] D JO E[IBlacy
“Aup dod

‘wmH pp— ‘aomE[Ed-N odn
-1AAY  CEE TO#) 'SYIewal
03 STOMB[TIRIED U0 20U
pue joamiedyd JO S[B)
S 20y

“TE T8t
S BT F9E JUATIIEHELD JO

E[IS19P 40,0

‘usm pr szeefqng |-

‘udl ‘sasfqngl|-

¥ER £98
ey EA
o8 198 ¢
898 5981
£'18 T8
] §l8
FEBY | B
BE8F | 1716
¥R 908
YL LR
zgq PR
£'08 B 88
Ly g081
LT TBE
€48 B8
........ ¥ 68

178 ¥
PB4 | L'TA
8¥s | 148,
TTH: | CWI
L6 ]
LERe | 928
ohe | Z¥ o
i | LM
516 6 £6
LThe | D06
T8 | B¥8
T68r | 2°I6
£98 98
Lohe | S
¥ | ¥06

memmecn i non veoes
FELELERILEHEERE SEEES

£ 96

———

R INE
06L L2
T
BEL 18
L |28
1'8g &F
0 159
XN
g6y |1
989 £R
01 ¥
10 2
82 (%
6Ly GE
vy | Lz
e |
I
Tegc |
L2 O
T
LT I

HEA iy
¢80 B¥
L ¥
16 a¥

| iF
] ¥
[T B
T8 8¥
0L ¥
6LL B¥
189 ¥
-] £F
IR o
6L o
T8 | %

‘#g 1qE) eeg
“roqQimeE £q pAAodad sea 'UCrISNIGIIOD JO JE9Y 0SB 22560 SO UY pUE 'UOTSLHIME? 187] S3RIPUT,
ORI O] R
I9UIEL 397 (Z) "D P uga)odd Y|y a I8 [AAST 10 (1) (AITIQIISEIIP 4 0f 10 SUOFESL Om) JABE BIONINY ¢

19
1.4
09
85
59

43
§L

=E T - ]

e T

LD AT WY W O A W 00 O D0 W DD e e

EREIR

=

0881 ‘g1-T ¢ NN Mo W “OpSnY PUE “Usmue() qInd[) £9 pAquIosap e JaK ¢
‘g7 "d "1 91q] U1 WaDUS €8
w02d paysedrp Jo weld 2ad Sapo(ed §Z° 1 JO 5S0[ AIFULAN B SUTAO[S TIUD SA0QINE W] PHBOIE) ¢
‘gz ~d ‘gt olqe] U] TAOYS
4 13| jo IAPIEHEWM W] Spo0} 10} AYPNANSAIP jo SIUADQece Suisn ejep ,SI007Ne MOJ) PAJBRI[E)) 1

ity £°1 89
019 ¥l 0l
&'68 £1 Ll
e 11 S
99F . o1 o)
6'LE [ 59
T'E8 5" 0L
L1a¥ ¥l o
18 'l aL
1°G¥ 0L 113
0%y o1 L
¥ [ ! Ql

gy
OH
HYI
Ky

“redng 'meadn ‘AN Py
IFEIAERIQ A £AlrR) PR 1B M

“SBII0[RD S¥01A

BI1% ‘maoad W og taxngug £Rp

adeiaay 1e3ns ‘mesl ‘poo) 1FE)
~Huadg i £2Lmq P Jesy s A0y M

“ISENS ‘WIBAL 'H{IM ‘o) 15%)
~NHIG JiE L1580 DU JEIL A0 M

‘1edns ‘mear ‘Yjm ‘poof
JSE[AYRIq I[P LBIRQ DU JWAUM

‘Iedns ‘inesi ‘poof
SR8 YV ASLGY DU JHUM

“FaTI0[e 0941
‘mre0id U o (3B A[TED PHRS
-AY CpanSap Ji aayod a0 By 18dns
‘seduelo ' (dujdosep ‘3es Ledns o
W ‘eups) sed) dujppnd uszorg

*SeLIOTED €301 (08'T ‘1183
-0ad ¥ 1g axm)ay AWp dANIIAY
“IgANS ‘mvedn a0 § DAN000 ‘Bullef

"BAlIOTED 53040 DEG'T A
-0xd "wWd O TAANIU] A{fED SHCAY

“IEANT 'mESL Ul O pRRoD ‘BuIe

*BALJOTE BS04F (06’1 ‘m*)
-o1] ‘il g laxeul Aj[Ep edeleay
"IBENS ‘UIRALD I § paOO) ‘Yurie g

“BITA0|ED 8204F pOg'Z ‘uay
-02d "TIE BE JANRIU] AR SH€DAY

“28ANS NRILD M Ujl O PIX06D ‘Bulleq

¢ BIIU0 'WIRALD
dng 'penoos funadsopue 1BagM

w8 267G SR BT N 1Da0YE ‘OLT
puE 2§ SWH| 10) S8 AUes IYsjul ede
-A® PUE 181 JOID pRx) Ifcdus
% U] pa] ‘paNood ‘uwladsopud JRRT M

*SOLIG

| 189 006'z ‘N ' o'g eReu) Aqep

FdtadAy  EUImUEY ‘sauntd ‘1a11ng
‘OrSad PIRU0 THIAEGPUIA 1B

~d)eregd [Hsanad
pus axresradde m
PG |, SI[QUISIY
o HILA EER, IR
»mﬁa: PUB  JRIGM

XN,
[BW Aojsuq puse
‘ue? aloys eI

L A0H .,
YR AS[IEQ DUB
‘uedd Aogs pRagm

» B

fs[req  pUB  JERYM

“iTET
faireq pus WM
iSatnjxjm

PO0) ISE)TRI] 1ERUM

“Eupde] unadsepuy

“BulIe} . “mIadsopug

*Bulie) , ‘mIedeopug

“pajE[L
-trerd | 'orasdsopat

“PegNin
-mesd L 'maskdsopuy

TP
-nukid ‘urtadsopug
“paupRy

1062

661

161

981

981

il

61

6l

6L

85

i

- T3

493-Tu, O



961

L6

"ON RUARAY |

¥ (8911 pias

eXWU) SR |

g mey 'sYIEm \ i payaed toyeid a[oqa)
-3l 8eg ‘mem ‘Hpelqng |t L €8 [T WAL TR etk i) il el ettt ettt sonpold Al .ﬁuw“bw
-onbo piup2)Z) SOR PUM
§ el feqIEmAI [T Tttt gy [Tttt ames 25 *SBLIOTRd §7H ‘T
eet 'juemrpedia JOo spEy ST IR L. (] S S R 29 ‘ujogo.d " TE eRwINL APep PRI
T e 2 U |t i I ) S i Il B L AV CDOS W#Yf 20} PRQUERD FE e | YoTe1s
........ RO I S H MO I : 'z ‘mejoad .Emﬂuenﬁﬁﬁﬁ%
o Ty aywmar |17 00 [T I I T sdHl| 3.y “pasep 31 vD0o 30 o
Ll s S O T | I M 3. T R SR ISR Eid - T T WTHE +rg8ns ‘sadunio yija pej (BULICAED
-ap Iog “memoa ‘gefqng |t o T ves ) N [ S I R S T OTH|| qps ‘refns o 'YGw CqoIels
8'% w od 18ags sl [0 epenn) Fopppod weaeag |00 T T TS
‘GRIWE JEaL 4
,eﬂend?n.z aa)edan
o1 nm.Oo qQne gog cCeurw ‘gardde ‘sapnl
.uﬂnmsxgamgmm_.w?pnmﬁw ................................ 9 - - L g % Wil edesd ween ‘mine qum ‘(s
Aot Cmaniard taia ] AR O R I & e 0 |8  df} -0 pus ‘esows ‘@asjoopean |
‘siwp 4 ‘poped [muem BiojUa j0 UOIIEL [868Q M4 pe) TRId LUBIG P M
rdrg -matmos g ‘Roefqng
- -
-Eymansetip 0 830 oym
pAY
[l s v HEv || a0 ‘w3 15z “3op s cor ‘et
qeostaq A[USIOTIBAL jue S )| -0id ‘md vz jeawym AQjep eFemeay
a8 I salo SATEEeT s30(| ‘()y0e men 10 peqrmwp 8 .
smanza 03 fupee  Jays wm.w 191D PoxTw ST uilE Qi i PESIQ UEIY | AR ‘punasduy) (4}
‘supad  JgAns  ETOTERNRO 000q
wmey Pepdva £lajp Twg ap
o spodes se{qng  Cpod §TH BAIE
-ad reuepedes Imaso] Wi ~ayeipAqoqren Mmoﬁ-aa— -4
-10} |99 16| PTE JO [RAML HIV wd ooz 19 mE §gl ‘wejoad ‘w¥  (GAnouy) pessed
15T [I[& Taye) ‘[eeasend poq ) % s Afap afwiaAy  eepoo w0 2 ng MY
Al CEAep £ porsed 200 10 B ‘IEdng ‘zaing ‘Ung ‘S8l T [EUanT
[LELEL T 3 R Ty - E Y] mqm -menb pejium| m SyEjod Jo jalp {idxa uy oy
07 0Z sade ‘mewm § '£)03[qng BIV DOTI FdTE B Q)4 » PETRAQ wddg | aumb  pumaipn ()
. eba Hil LR eRET G Dle]
ay
U BRSO R % ................................................ ! ‘202 oy} 10) PAqLLIE p'1od ga-28 JO wory
........................ R i RLTCCUTR EEPEREES] ERRPERTS IRPRS z|| 90 ¢ 191D [958 QA WEIq 19ITM -DRif ,'BOJ00 AUl
i R r T Foctei 6 N RPN FRREP P (EIAPI PP, . RSN RN (R RO 1
s "juenIiadys [O SIRIOP 4 |ioeiooofanieeoofeiiaaas - o - (ORI USRIV FPUIOIII PR . -y
104 Cwuebmig ¥ oseang) ||| R R B R EETCTTETI ERSREEPS] FEEEREE Hl . . “edjung
- e ETEa Fr I L TR EETE PR EERRTETE SRS FEESTEES B gh| ‘esmeud leting  ‘peaiq 82018} a.uua.na.m,_. O WAy
........... eaean P L B L z -od ‘uysg puw jwam pouued 'jny SOBY U0 Loowgd
........................ - R B B B e R i 1]| 30 3WP [95%Q Uil paj URIQ JWALM eI I8IM
P Bt Bl Pd B P Bt RV W) By penUpuo)—f tene
HHT WRIAL)  WEn
pord WO IRYM
ao)—-gLONG0Ed
NIYAD ‘BNIVED
ageIp L8 ¥wip
ou | szweng| -£oq | swa | T (e | -Auwa | wa | B | Sag’l W
F 0 __ 0 g
ERIVIIY pripg i pus =a uopdsap 'poo) 153.L
fouon . Pocj 1591 Jo A3 poo] 1691 £q perdene . £ wskans
“0d | .sedip 1meredds jo yuepmeoD axm ] (Mo] Jo uopiodolg iz}

PANUNUON—F102{ 4Nk uptiny J6f wabrio qunyd fo spoof fo Afsaus ajqoppan pun Aphqiiesbp fussnddy—gg I1HVL

i) 4

‘oN WmAf



*aaynf noaze] pue ‘N[

aoqine
Aq pepodes sea ‘mopEnqIIcs o jE 0S[9 S9660 AruE WY I ‘ne|iseduied )8q) §9ISI[pUIL,.
'ws3 'asn a9l ‘AE0IONE “IBpAiNg pagrind mo PAISTEUOD 18T w

*oXe U] We1q O} JO J§N3 FuTpesixa wwIq ur0lf Tfayoad [80G) Ay ‘FYnsAI aapEdeN]

‘0T TP EEJTIAI 935

Jmemtadya jo speep Jogl|-

"DOPPE FEM SUISED
0304 JOGmMAs0du) Jusa
-gpd|s o)y s Jo qyduag
Aus 10} E:ﬁﬁm:v?z ure)
-WEW ¢} apenbapeul ae_nw
*(osa 84€D ¢ Jo Spopad g
SERD 0T 10 popad topea)
.‘._oc pue 24%p ¥ Jo Doriad

lonfsad ¥ Jo pagsy

JusuILIEd TS YEg A
-BA} PODDR JNOQTIA [ pUB
qua T ‘susmprxdxe § opay
PEPIAIPYNRS soldes goeq
UNW adem 'L]0appadsal
‘sueeq pexwq puw oemnd
ush UM U SALE 7

"EYUSDPNIS Udwmos ‘sefqng||

“s&ep ¢ ‘paptad [euem

-uedry mem [ ‘pelang |

1R1P Oy SpOC}
#7100 LWqREp jo
a0 mnsey A TOOEND
Paseq suc)iemofe) pop
- (ejnenrriadEs Jo [eem
15%[ 1338 P JO [e8) 151
240j0q maXwy yaviqdore
~£3ud)ReU0D D[ISTI)ORINGD
S0y 84l 0 sdojeq Jun
Jul pue Pealq Jo [Ba0T AQ
Popeorid Juswiiudie yoeE
PO} 1591 4q  peceplal
om J07el Jo el
gQa Ty por [Ejuow
-[edra Aup-§ Lg poao[
~[0] *A%D lod PapIo(ed 00G'E
pus uryoad “wd 11 Smpdd
-dns moysI [BERq U0 EARDP
¥

‘wl Funvi ‘noelqng

19D
uesq Jo BAep § 369 9pETX
SUGIIOR[[G)  "SL8p ¢ 1XOU
10} 3% w N 18191 10d 789
paoeqdes sueey W] ¥

“RID PeXIW URE@ T '408{qNE

uer £ ‘spoafgngs |- -

OO0t G £ 00 et et

TBZE

“I9yem 309 “ib $11 poe
‘plel 0 1 “‘192upd *dey ¢ “yrus -dEy ML SeEREoNT O B4 “upoE "dey BE ‘ORI "2 §1 O PREET0D adjoRy K

¥

dogE

[

R RN

SO CORMPONED oW
"

LBRE

RERE
mone
FHsY
BESE
omia®

i<

SR
e
TERE
S522L

{‘3uueagn mog) ssof “1od ¢ qITa UpRLd [RUPRL0 09 S19fIT)
mojod BoTmieUral a3 W) DILHE|G TO[0e] AMUNI] o) DWS 10 £1 0) PO W Jeerm oYY i

8q 07 3[3I8 [0 RION3NE £q PAOPIFUCS 6134 , MONPOId,, 10] PSS Qﬂamﬁ.m_
S% Jo[p JO [SPUSISI UY SOV} 10§ LYNANSIBP jo FFUSPE0 JTMM ©18p B I0(ING WOG PHBIES

391D £, 10#{qNE wody
palfme I CATEp fuveq uid
00548 ‘g pue fyoss ‘wd g7 'y
Put JH Wl gAQUE pRmsud [H
‘1edns  ‘FedenEqg  Iaing  Rqn
‘PRI JO UOIIRT |FSeq Jo owd Hay
-pepder ‘smon AST PAf[0Y ‘susag

"Iy 01

DPAEMOTES JO JyBiam J¢ Jod g Jo

uoptiodoad uy pappy aunsLd gl
840Q¥ paqr@sep P uwaq peyeg

“BILIONED DGE &

‘urjead "l O exwIul A[rep a6

~IAY  w")RIp I[dums uy pag Y.

SLE-0SE W 1Y QI PONB] PUE ‘payes
JYHUIsA0 pPIRwos) SuvIq paysyg

. "ajajord peqemaTes

10 JuBea Jo ad 7 jo uopodosd
Ul PEppe Jupsid giia eacqs 1Al

"SI0

82 0417 'tjoad W2 f loxmy

-] A|Tep a¥elasy o 13D opdws

B YA D] (AT ‘UAAD " 007

U1 a9 §—§ 9508 [[UN DAX00d “DRyLes
‘1q2PL1aa0 paxsos sutaq ) opmd ueag

‘mord wd 211

PWEYU] £pyRey ‘a3eq Toyp 1 red

“BUla B[N B DA I9] U DELLMOIG

*INOY 3 JONOTWY [[P1U5 YILs Pazim
‘1% puUn peYoos ‘Puea td (g0f

‘RN PUE DI (I
Pou I%0q PUS I[F ()[4 DaYEq

‘PRaial SUIRS “Upm (g PAI0q STvRg

"8 o0 M 1oe{ens ol
09t 'H 19lqns mE 00g ‘F welqng
ISURIQ Jo aXequ AwQ  Tedos
‘gemaeq 193N ‘PRl J0 Tolies
reeeq Jo wed Iuperdas ‘Jiod pes
1%) Q)14 SIN0Q [8I3ASE PR[IOY ‘ST¥IH

‘w2 e *H 109{qus - axd
BEF 'H 309[qns “uid gue ‘g so_msm
SUBRG jo BRI AR 8
‘seneUe] ‘19)1nq ‘peesq j0 TONEBI
{sveq Jo jred Aupspdes “xiod jpes
19 Uil SIN0Y [U20408 PO[joq ‘eeg

“10|p
PeXjm ® U] sugeq peReq 0 [AX00Q

‘el a3 3o

SmaY) 9603 0} oey[dde

“(npdmc rmpe
W) Jueeq feupry

FUTIQ
A4TU ‘e UOMLIO

TR
?3..35&588.5

.We»oEE SULRE ‘TURdq
48U ,olIQs QOWaIos)

SIUnOuy
[¢nba 0] sajdmes
T JO BMNX[Y  Buweg
Lavg s TOOTIO))

“SUReq
L4% ,'#jy s wommos

{aanlma e
SUYT) S04 TOW o)
tiap 'suweg

BLON ANY SAWNDAT

1O NWRERG ¢
€1 #{Qe) o7 waogE

14

44

4t

e

i1t1



01g e ! i
EIEIIY 908 ‘Pz wa)l | IR %8 ¥ ; o o . 0 91 29 oLy &4 [T | 4 ‘joalqns qows 10} w3 2F
M) syEep  [RRusuIadie 18 L8 5 0 o 0 28 1.4 i 9L £9 988 %1 g8 AM| ewedaoo Jo axuiul AQe “UOTY
103 -A1sIedas pooj Uoee | IR 08 it ol m [ i 14 %9 12 |£%¢ §9  xd[| -8 eseq Jo '1d og peogplar seed |
J0 1M3m pUB SSSEUR L oagg 8 [¥6] 8 &% 0g at .89 0er |ZE 89 VAl -A0D "I2Z WA 10] PIGIIOEID SE T +Ap®T | G22
£q jo peas edmes || 18 o ] 5 18 | B8 4 L | ag s |81 gL Ay “1R[qns yaea a0y ‘wd okg
wsodmon Ju SISABUS 49 | 0Ry 08 u 8 ¥ I oF L L eg S |51 g8  A3l| seadamod Jo axmul Ape i
LAUEge WOLEL Jesw JO We iG8u 14 14 Bl 24 oF L L8y B 0F g0 xgf| -saeseg Jo lad o paosdad sesd |
431013 pud UALLND[BI0Y | 2R ¢ S ¥ 09 ¥ | of 9% L : 8g (68 | 6T 80 egll -mod -2z wan Loy paqusIp 88 1AL ADST | 522
Ji sannuenb jdeocxs 'Ign \ e 9g
wz]f 10} §8 IWIBS [BJAD : b o uoaﬁﬁm md et "H uom.B—._m
[EiuauIeds (G35 wa) 5.1 05 S SL i3 L1 e L e L°T9 2z M e _.Eu. 00k .Eu.n.: . wouﬁm_.nm rurd
jwempedaa o4 popad Pz 16 & 58 8L i} g ¥E g 1] LN ] HA|| o0e “wE 01z TH w3lgns w2 oof
surnda[ 1 £q Pemotiv] poj 83z 06 s 6 4 &8 |28 44 9 09 8F : 0T 79 H|| “wd L1 [ 100[qng Juampiaixs jo
-1 Gopyes |B8BG 9841 330 | B8 06 i o6 ¥9 W05 [ I 69 Ew |12 89 N|| 2pa0 i sedaos )0 egein A1eg
-X& '[ET WS I0] FE QuIeE e e 66 Q01 o 7 Y E 14 9Py 91 a9 ¥ nuenpadxa g ose[ W .ncsﬁ
(825 '/E3 'WT ‘2Z¢ smeqy) L o8 i 8 % L] 1% % £ 89 569 g z9 H|| w59y #q1 jo d (F pue ‘sjuam
sjuemidIa  aof SR L34 06 ix £ L)) ki T £ P 8t 60 ET ] HJ| -ped¥a g 81 Uy vorpes m Jjo “yd
‘poptedald jo UOTIRI (LS | T8¢ LK 56 [zel 28 |y % 11 89 Ly | L2 2 dj| 0g to ‘1od g fouye peowgdarmeed |
5% IELMIEEIINIA BluEs wm I8« 88 1 T R 4] £ ¥ £ o 09y L1 iy df| -302 IZZ W] I6) PIAYHITIP $B INA «ApEL 3
Pl ﬁo.ﬁa TE}Tataly 329l
-X@ Jo Gupel (Essq panp || 8L 8 88 W gr | 8€ b d L ag TS |81 p  ay|| -qns qows Joj ‘w3 gz iseadaod jo
-1 )0 AUNqUSadp 18Uy e 99 e 1] 2L I8 8 e i Y T 6F g1 L AL fwan) £0ec]  OOTIRL [EER o "lad
Furransse popsdasd uy pe || 92 : 18 it %8 9 7L | BE % L a5 LR | BT % Of| oF 1moqe paowidal seadmoy gdeo |
-UIULIFAD S8 OV jMSHy || 3Ly L4 e <8 (£¥] o |8 £ L o Lo | 8T 99 sg)| -x3 ‘[gg waly 10} pequIasep B JaIg TTTUCC WANID | 222
eysedm ey Jo Aupq ‘i gy
-[12331p uo paseq PO 159 A 012 {H elqnE w3 yop
Jo &napsedip jo Uom i 08 28 19 [ 8 L g a'ge |02 96 oy GA1 M pud g Wa[qng :ilasrioads
-T[%D OS[E SpopIad awmn ¥z 08 .e P £L St 1 ES %5 01 EL PeF (12 £9 ¥ || -9 ‘Fporred swmas| oMl gl 1of
-9l & 4y peaopjo) poped || Gie | 18 o 0 o] |18 £ £ 68 £l | 8L 69 M| seedmon Jo exenn Aymg  CJedns
UOIYBI (SR 1090X9 ‘g Glz I8 ] [g8] 1L a¥ 1. 11 29 128 9z 29 H ;| ‘SBUBUBY ‘Ielymq W “pPEALQ
a7 "SRIEWAL U} Peqlios &¥e B2 < T R &L 13 [+ 4 £ 14 £ 12 9 HI| 10 uonws jeeq jo .u. 0f 1o "jad
-9 99 AUIES (£F ‘155 sWdH) || BL: 08 1 [88] 0 |2 o o1 £L 9 [5G i f|| 0g seyie Aupwdad ‘xrod 4res yEy | L
¥R | ‘sjuaunradxe  10f SIWIACIY e | Bl L B I I -1 B4 = £ 6t LgF 81 & g} yha sinoy (B1ases paljoq seadmod é_..nq_w zz
M) Lap  ewedeo)
1gam
-psdze 1 nq 8 10) diBus
uopesedeg  eID [WIUAW
-[1ad18 Jo £309) WG] 1UIY
-iip eunb  SaELIAJIBIEGD .
eorEAyd Jo §303] SWplaLs e |
uoq (Ul pasmaq) -| ot R S qog | tmay] J0) PaqIIoLep 193 BY AW 131 T uBAlE 10U A39138 A wr
S80I J0  ApBW  pEeIq - Dot1 bk Sk g
Il PF 929802 PUE AT J0 1] S . 4 17
FUBIT Aq §309] Jo JulnInur .1 S el R “yag| | WA J07 pAIIEAp 18] FY SIS 1A TUUPALT 10U £19128 A a1%
b = s W T Lo o il Il Il I B 1S i R [1:1) SR i qoa AL L TEa4 qsastay
-zedxe SRR DR PUY PRISNOS) (|7t Tt Tt T R T T 0ot - i am ]| o o) paquoesen 180 SE SIS 19T | Z0GL "UAA1R JOuU Ajaivs |1
RJEI 0] PRAIBE  SASp “mp £jep
up pug w1 sAsp £ POy o} DapDE Iaaq N3y s9[10q BT .
-1x] (ejuatniadyy spUaTI -agmd uy Zo dnog ¥ up pasn pue , wad JEan ey
887 | -Medxe (g ‘uew ‘seqng” | e [l Skl Ml ool | T yag | DWIIES eldm JEE]INO PUE [SATI UBAH | 08T ‘URAIR 10U A1HIMA LIE
,maa_ﬂwoﬂwnan A[aee ("1 m ,nw - .n«m SO0
Iosap Ady wdecq |0 ¥ T &,
ﬁ v.M: .Ev BEEEam ............ . T Bl g’ ‘wsoad  md Q) toywnn .
UorEeE[p Ul PARAOTIO] #8011 PRA 9L e[| &ép »deraay  cIedng oy Iy (erapfior
Alax PIEN Fpoylam  [ul R ooor | ¥ ¥ z|| -1nq ‘peetq temssead gL g1 9% ...:_ 1 1A ampofamIn En
8F | -uemiradiy -ued 'spazqunsl|” L - T BFR A . 1}| pogoms pus 1yA|as0 paXeos ‘BUEM | -amyg) FUel) Aleda], a1z
2 . . X . .
e »d Pd Pt ) S
paunpEe=—f LN
ANy FANNDTT
= e381p AL2moma | HEID A310ua | w g
z olqe | 4doug | -fuon | 63 | 1Y | Teoen | AU0a | 83 | ht | Seaup | oud g
3 UL ~I8() IRy ERs o
m sRITmeY amwﬁwa nmuw 101a uopidpiomep ‘poo) 63, | &
elqng
10 TWOop gBram £
w 10d To0J 1891 J0 A1Inq [oc) 1821 4q pey[ddne mersopx

-11eed|p jnaredde Jo JUINGCD

oxBY (%304 ) ToRodoad

E |

pPONUIIR0)—#10afQNE udwny Jof wiliso unyd fo epoof fo Adoua apeplivan Pus ABNquealp juasnddy-—-g7 @IEV ],



g% 'd ‘g1 Q"] O] Tmoys 6

‘B A[ge] sy arord pxeaZip Jo mead aad gojio[es 7' [ JO $50[ L1gupin ¢ BUTACR ¥1¥p £A0WI0E Eo.a PHB[OED ¢
-Iominm oy 44 peIodal tea TTOTETLOTION [0 18AY OSTY $95€) SUICE U] DuY ‘uopirmodwoo Je) s21801p], ‘oz "d 'B1 9[Q¥) O UnOYE
s:.ﬁ 8, I00INE wol} Ego n 2] .-.Da 10 uwﬂsaaz g uﬂ.o.u_— 101 hu:._n:amﬁuﬁﬂ JO SR o0 Ew—.— BIED 8, I10q1N9 mdgy —uouaﬂ—.—uﬁmo L
e ecmmcmee cemceem el emas mmmeean e ,
........ LS R G t01 mﬁwmﬁ mayf ees JAI( |CTTCoTTTtTTsead | gme
szmey || SRR It mmm TS Metted mtuted /L SN Rt RSt yog -t foxd MM“%.“NMM T80 150AI8Y 2OGT SOL | O3
..................................................... ittt Al Il b T e b STmmmmmemeeos sead 2
L b Y S ] [N NI I L IS I L .
o5t | iadies soq oo hetang 198 w8 “~6EZ WA 998 991 wad | ot
................................ goog  |-oooremo|remereo|ee s i 2004 1A 830
................ ] Bt -1 T LRl EECEEE N EEEER LS it LRCELET I Rt 2-1 'poppy Jiwe ‘a3pried 1 dnos
® Ul pesn JRMEIING DPUR (R ¥aJ " 1edk 159408 (DGl ‘sead il d
“ePeIpAOgIes
w2 por ‘49 mE F ‘majox] ‘wi
. L oeae Aeg “Rq 1390 [
*qoB(qdme] “exrew maag | (coemotnjeeeomote [ [ 2 S kb 00T 00t )] S M B R ‘a¥pluiod ojm paxooo ‘mead ‘md gug
‘elep z ‘portad R ‘MRIpAGOqre "l gge ‘)e) "l
21T | Iedxg Tem [ ‘10efqng 80 ‘moad "md gzr ayeun L[Iec]
“18aq 131 1 'ef¥plued ojuy payooo
................ g8 [TTTTUAMR |TTtTTTUT| DoT & 1] ettt Tt T aing on® g poe sead mBoge (oocoooooonde ‘meed 1504
o) ‘manoexd ‘mE g1 eNelm) Lire
preq m pexocd swed mogy |yt PEBu | BW TB8 ||| e “pand 19)EM DIRY UT PARD0Y ‘SReT
aaneqInIflp eansedip “upload
alo)y "sfEp g ‘pouied ‘wd gl egwm Apeq Cpagand .
0v1 | -oemmpiadxy wawm ‘Bjodiqng it TRl oW | 028 30 S ) R ekl I TTTTrremot| 'amEs pR[DER i vww Ew.udem ................... oI i1
008
"SAUD 3 ‘poned teymam  f\Teemeoeeee T ¥ 90 198 o] 001 001 Dot 001 (1 | "OXBIU] AMBCT "6 W 896 4 | T Tt smad e
g¥l | edxy wemx [ ‘i0efgng siad "wd oo eqEIIY AR CIs0q
i B L2e b4 TaL 00l 001 L [1] S i (0 |400[ T !pasale "I g PIYOOI ‘sERg [Tt TTUrTooevts oSHRg =4
ep
rd 'md got ImIswaw
‘sotreeq- N oA e wy B00l
quE [[¥ peamolio] A0}
-BIO(E[ TJI0MINE U} emnp
boo.a _duﬁwn.:ixa jeEh T
oav ‘porrad diC i ‘1e8ns ‘eoll ‘dnog xogl Jo AL
51 rH Cmell g ERRfQng (TR 4" I 008 8L £ g ze I E T cap | -rod 8 Fmuop Iy 2T DIN00d ‘GYRg |t TmToTmmm e os FES ] ¥
Jiwna
e WAL :v g
........................ 01 I P S Ak
o SNSRI | G ROV NN SO IS PO DU I L1 S R LY. 7 TEZ D1 392 9] | 199408 Z0AT ‘STHUe 28
(VT | ICRUSPR DU (USSR (SR I - S PPN POV RSN (-t SR E - Ml Rl
or s Hlnan e - S RO R it S SO S - oo :x way 098 Yl spmel | 782
681 | -uadze sof  wewz ‘mefqng ... o _ R [ESSURNUN (VU PN R - 1dy] sap10q
............................... ma._.m IO %“ AN SR o m%* Z-1 °Poppe I[8s .mmE i dnos 180K
‘rrgh d # Ul Dasn JH)NNG pUe (e [UFT | 1saarey 080 ‘SNiuaY 152
01 | “2i1) OpiseqyIed &q Apnig |ttt T I A e . o e e et e e e ] It e [+
SUTXS Pods pajsedlip ‘Papps eying
un Aq WM@ESE A[15Ea ‘wd 07 pUr WS YMa ‘glosq ieaul
al94 poltad [wlusmiiadIo SIAJI[R3M1 T Jepue] MU PAROoa
$41 | Ioj Be0Rg meW [ pefqng |ttcomtotymesemesfoeeeess | geg TP el ] R Trermemeeeol qudiiosn poMess 'SpuAl WA ggr {c-coottoooto STV fived
ﬁ?:x_,
RIS R I Ly |
22 -4 o8 TL 20 ¥ ¥ L 09 LLy L1 gL AV "JoR{qns [asa 1]
0ic Ba |38 [v¢] [t 14 ¥ L o9 FOF (6T g8  AM1| 'wA oce seadaco Jo aqeiul bz_m
Ll T8 u a5 [ 1L 113 ¥ L 0% 626 61 69 XJ[| ‘uoned peseq jo jd pp peos]
¥l AL it o 9 ol 1% ¥ L o q0F 81 60 eg)| -8z seadmon 172wy 8» qang Tt T sl acodd g e A
£ 8 g8 BE 1 £E st ¥ It 68% 91 9 ey . “10A[gnE yoea o) 'm3 g7
gl €8 | BB (6] ¥ £ o ¥ 15 gk |91 o || cseedsoa Jo axeimy A8 Cuolter
6Lt £8 e 68 001 12 £ 8t ¥ 19 aes | L1 9 H| [efeq Jo ‘Jad g pavepdal Fead 4o
gl 6L | 28] ¥ [#9] o 8 ¥ 1% oey |91 i )| '122 W31 10} paQLIGSOp 56§ Uolsd tefey |t qislooddigm | 23
21 S e F I ] 5% [ 14 £y o1 2L 1HF 81 M ey "8 o
............... 16 Wi 0L 8 o [ 8y e LT 6e b e fmd 00F ‘H Umd oo ‘g
04 [ 8] Bl or i Ao oo 28 £e 79 H GL8°q VmE E,.q ‘HOCmd glg
[6s] 8 [ 4] 8t Bt 8 B ¥l 81 9 H N 10e[qug 358:35 Jo Japle i
] g1 1L ) 4] T ¥ 8 'EE 91T 89 M urswadmod)oaxgwiut Alled “uopel _
98 0% 1 0 [ 89 4 28 Y| 02 2] H|| 1#¢8q jo 118d paoedal seadsop) i
I R 1, N} 5 9 ;] #4 B 21 g1 i g1 DI W I0] pquIssp S8 U0IYEL (erey |7 G azooddim w A




L
)] 'ERTENIA] 064 S[EI9D
Wﬂneﬁr_ﬁano 104 OIos ‘ZE1 I IO} PSP I “apegoxd
it anod § 10 § ‘BlaAfqQng |ttt TtTTToTTtttoTTTTyTTTTTTTY 3 +" S It Il ek [+ N et Il I To1iR1 (868G QiLe paj mof weeqdog | 19d g 0F “INCY TeeqLog 174
¥oBLq 5 1630 ‘I3ng H_nm { {(Iedns od
: :tad o1 Inoy yweqa jusqed “wmd o0y | (I8l 58 PayJodal) ¥
“AUIEL AN IBI0 (W00 BAND J|----oo- -l ovggs frrr o conakos 3 ooy poesd 1005, | 450 5.4 smop umsaios | e
mh PO %o ._d“coﬁﬂ.hsaum -18dne “IeyIng ‘YUl I ¢ peyood * (et 59 palodad) 197
62 | 34 §¢ po¥e ‘m8m [ OMNE| |- -...|. | gggy |TToC -| ‘e3prazod se pasdesd [sens mesqiog | -od ¢y ,'Moy UBAGACE | 68T
mngmbe-py o R e “HBIDAYGIED
10 moalqns Joygdras Apoq ||ttt ‘m2 goz ‘1e md g5 ‘wdedd “wi
Wio[jUNl. & MWEUsm o L i il R ¥8 :ox®JUl A|Bp edelea TeAns * gL seaoold
epvm 1dma) e oN ‘SASpR Y[ TTTTTo|T ot TTorTohETTeT ‘1eyynq 'y feaopedord (enba m adiy-1a([adIa ‘ayes
‘popied (yneunedey 28 |[- nkiiniiel ek hinil N0Y 18904 100 Bd DUE INOY 083G ssatd wolg 1% jad
02 | 0F-0g wo¥e 'wow ¥ 'spelqng |-t -£0F }0 apELD Fjinosq Jsbaod 2uryeg | 8 noqu 'Inoy uesqiog IV
................ R [ “gelo[ED HOT'E Tieoad
Oy | R e e .a% mw~ %.,.__sam%_au wwws: 93]
. L | RO P, RO R, - ‘gafioerg ‘redns 'Iagn
& moﬂ& juatmadxg {77 T [ R, *pealq o 391p poxim oydund n.:._m
T | PO A -l Uel ‘salqug || 77T R MO = UANGF "i2PUe) PUE 1JOS [JIUT 608 *£18)78A MOTIRL
- [N (NI I -paxd QST 19 "I T Paxeed 'soveqioy | ‘'Jloumiusl ‘sUMGACy we
-£8p
d "mE 14 ‘eOneeg-N , .
gapyeed T  -y@p PO "89] A0 P3P0 ‘[EaIRD 131
¥ U0 EASD g £q pepeoaid -ng ‘IsdnE ‘ypm ymy 'seoysjod
‘giup g ‘poped miuemred ‘ystia JUBIMeal 0F PaPDPE S0]80r
LI | -XF 09w plo-dL-§g pefgng (TTTTTT TR Ribiientl ARl IF & - B S i 05 15k £ fid -o-| -0 pue (e 'Iq 5{ Dafoq sueaqieg TTTTTTTTTT g ios [
R10mInE £q pejodat
j°ip oidmwd up funome
MCJ PRI} EE GIaM FPOOL
R0 o Wi} N 8]
DI BXWMIN- I ‘pocy 184 jo
£Ignesdp 10 da 3M
oD Of CAep Jed ‘w
0— 3dmdeiess  ‘pored
oveqiof Uf eapeden lAgp | (oot oTIE [ 3 F/RN i I S 1.] £ g [ 'SpoQf
d 'm2 g+ Sudeleae [[~oooroor|toooiooo[tmeenmonmomenros 5 "R S el g |9 ¥, Al|| Bmaewmar omey jad pI ‘mssmd
‘poszod 330 Uy aardisod £109) RSl b eeclgEky [ 08 24t [N 08 AD{ Woy jod (1 'SIESqL08 S0 AYE1 D)
QUL J0 RURAG-N Cpoped | |=---Tot|TottTToTTRTmm T I BN i TR 08 g1 g Z0 WH|! N 19903 Jo 1od o Inoqy  eXeim]
qoBd JO eI 367 QI [[TTTcToTTetTTTOTTTTTTTTYTT B O e e 1] ots 4 2% JH{| eaore0 (9101 §5 Jod ¢ redu 20 48 jday
ueyel WOAIEND WYL bttt oTTCUTTTUTTTC ST T T T T T T m g°LF g L Mgy exwIdm] jo [0A9] OOl “JUIID
efep ¢ ‘spoed  Te) ||oooTeoo|TTeTTTo|TTTTTTTE S T e ke N} () 8- g8 Hif| -oiddne mmeys ‘esorons ‘as0l{en:
LI 1§ poued Fan il Sttt it F 5 R i M e 1°85 & % Ogf| nmp ‘spdde ‘egueldmm om|
- £08 9 pean[[o) pue ||ttt bbbl B % T T I I i) LoF Iy ¥ Df|| alwei ‘Jusweip pulus ‘wOn3e ‘518
wm%ﬁ!.a wiwmm poped ||-vcooooo|rooomescpeeTooo|ThoomTe CX R B e e 08 L'E¥ ' 8 DY} -x0em 'qorels ‘MeRLD ladnssaid "qp "
we el OF pemmeEld | |TooTTt|TTUTTTTU|TTUUUTTUTTTIUUUURCRLy |TTUUTTUUpTTTOTUTTTTTTTRT 08 [ 0 8 0 g1 18 I [ 10} PRAB[OOItIe | 0g | -9g}Jo-und  ‘EUReqLOg Wi
FUeIIIAAIs jo SRl of Bod Bl B Bd BT Pl ‘Pd ‘Bd Pd KL ig) o5
WSBa M:am Lo% pue 'moy o
08 ‘voeadiog ¢ T b H
10 34 jNoqs Eﬂmmw LLL] miphn)  imp mas_
10 | Jee], CpAMCIo] -poag umegio wunqiog
‘(260) THOL “18 18 WM
jo poqlem  jejuém penupIO—8.LON
¥# | -x3 ‘mem Jumos ‘moslqng ANY BANND93T
-] esip £810me | BHD £9r ; F
Y urey .. e Iy | Wl
m, mm_%uu £hong | -4 hooa 184 w017 | e802p MM_% WL | g |'eop | -0ld —_— m
Z
8 spemed w09 o ®Iiq wopdiRep ‘D00 L | S
Z Jo won pocy 369 Jo &g pooy 30 £q peryddos Yudoa 4
? W0 | rsotip ussedds Jo 1ESPHIOD *AE1T] 16309 Jo Toflndorg Hﬁﬁwm

PO UoD—eg0afqns unwng s6[ U0 Junid Jo 2poa] jo AB4sus o1qoiipan puD AjMqNes0Ep uesnddy—gg TIEVL



¥z #qe3 99g

rromine #ql 4G pr1dan sea TNO|ISN0@oR JO 189y 0F]E SAEE) SO Y PUR ‘uojis0d 0o JRT) sM801PUT,

gt

i¥

[}

ag

24}

“Fou8eg- N 41150 wp g39e]
-qne 1Y (881 ‘RIF-60F
i TOIEAQ Cahof S8eupy )
1% J2 0R], WO U0
-I0[U])  AUTUIIND  ‘rareur
feoag oW g-349 ) Com
016 ‘nsH owm Sy
VO g-64T .uw etz g

=X Jo P12 Aupmp sely
‘SOl WOy ‘Foelqng
“Awp aad ‘wmd gg Aupde
-19A% ‘s0mETRq-AN 2arised
ur e spsfang  udad
00 Supgiew Jo poqiel
“BARD ¢ 1581 palaa[[ed
LM W 52094 CSAED £
‘porrad eyuemiiedag Cplo
L& g-1 *8303(qns %&mmw 9

‘pofrxd AT _Eonm_ww uy
-IUP BIUHTHG- N 84119530 U]
wu% ..E.mﬁ %oﬂm Surdeiaas
polred 333 Fupmp 0w
-18Q-N saneod @1 sel
«qng  Pg oY ‘SR
208 FUOME[MIED Us #ou
VoY SIWIRR Tejusumpedas
Io,] ‘mem Fumod ‘spoefqng
"AND 3od "wd -5+ ‘oot
-[8q-2 9 pyTe0d UT S308fq gy
UIALT 10U 530 IupyIeTo
Jo pogysy  -pojled Topiel
e6%g _Avp-L &q pOmOMO)
poped jsel Lsp-¢ CeUmLm
pus 8309 Joj poraad toriodt
{00 S8 DAAIIE BLED ¥ 1
“84%p L "Poprad 19y Ay

-Ig CPIe "1 [Z-01 ‘swefqng
'md g+ pum
P T - Spol
d F ooy Jop RmuEg-N
AmS(L  Epoltsd § 1B 0]
ugguGe Jday AWM
‘8% FAYD £ J0 EpO]
v dxa asrmoswco
§# usmos Sunos ‘efqng
“faad wmadd Jad 0 0
md ag 0+ pedeiaaw porrad
-and Uf SAN-N  pIpps
SEM I3 USH]ADS TOIQs
uj pojad pug porsad
-ard  Aspg 3unmp a0we
-®g-N earpedsu ug goef
-QUE  JNg  ‘FROUBQINIEID
FA1FadD oN DI04 LE-5T
‘e asaulg ‘s109lqng.
"Xaxav
[822] S8 pesn JSNO Yo81q
dujureinon 1EeTMEORG
‘Aep [ ‘poyrad  pejmem
aedyg wem [ fpodfang

‘Araaltosdeas Aep 1ad
‘wd g pow wd g4
FupBviaaw spojisd  Anopg
Log pue 4% moq Immp
wuseq- N sapyisod uj s103f
-qng  CFE WMy ‘syiemar
9% FUOISMoMEd uo ojou
DUS B[P [®IUeDIedie
o4 -uem Fumodk ‘sjosigng

‘WO PRI pueozad )T weY) Jog,

T8 A at

"B48D (SI0YINE MO POIEMOTND iy

‘N 189a) 10

SYRIU] N [810] O] pooj 189] WEO] J9q1e 8POO) JO N 10§ UO1odl1ed o apem Ljusledde sloqiny ,
“§7 " 1 el Ul waogs

£8 191p JO JODWBMAI U] FPOof 18) APNANISIHP 10 5Judowaes SN Biep SI0WING WMOIf DIEIRI[B])

8¢ [
¥z ¢4 D
B% 2y 2 ‘Fuampadxs I8 U O pus ‘e
LE By ah ‘g 0 Bw.mﬂ o] pappw sam| afuwio
oy 89 Ol udmymdxe pz ur @D g 01
s PO TSH ) pappe Jojes 238QQe0 0 J9a1[
& £s Bl -poo :;sm ‘218108 WNH{ED 'JoI8ls
mm wm m -uIee ‘mins suws CFm uesgfeg T AT uwq Lo | T
L'E ¥ H
8¢ 0¥ H
........ g
| N
SH upggetd (wmd gEg AW
Ad ) o ApEp efelaay R wesqdog |TTUTTTC RN usaqlog Fid
W3
- Oy
W1
Za¥ g gL Ay
g L¥ 9 BOAL aqE]
oaE | ¥ 06 AB| gy apiores 3oy Jo 30d ¢ 29am 10 16
0z $ 0 di EstMa__E 1O 48] UT10S] JUA
e 9 19 dMY yddng muet)a <asouons ‘eeniRar
n.hv c‘ 8l ¢ -inxap 'saydde ‘aupiedism ‘|
mmw w mw %M. 23Uk ‘FUISSIIP PH[ES ‘HNYII] ‘R
Lep ig % o ~H98ID Y3IE)S “TUEAID ‘N[00 UBs]L0g i uwqiog gz
£%e g9 8 OM
‘EPOTAMI qlog S$apIoTE
0gg'z !polred pIND WED A0S TT WY
- SN Loid wmE op fUOMRI [HERG U} U
- WEREH oid -md 90 [YTIUT L1Ep alelaAy
........ - AP erp umpur mneg ad A1 ¥
....... XK giquyaoa ‘mied [efuag ‘mresd
........ - HH govpg 1eyp 1m ‘s o 1 mevg
® Yia U8B pdno ueeqdos 'q[ f Tt U DAND unwqiog gz
‘epdde ~mad
g ‘eregng ol g ‘ase)os] Tl
g4 'as0)[BLL-LIXAD ‘WA ¢F ‘galsls
86 N1 4 4 05 | w3 ogr ‘pane uwaqfos wd 9 |07 pIMD s Log ¥CT
'SABD T AISAD BIUO TR
JRGIM PUEB 1[0 J3A)-PeD ‘|8 YDBS
1.4 g’ 44 H|{ % mad 10 eduelo Q532 0 JUNCGLUE
i q° ¢e T4{ [IEWE PAPRE 2Cm 121D jOERG
05 g g Of| o "I pIITes ‘a3eqqsn *J0Ires
“fjnang ‘pas] aedAne ‘goae)s sngof o
121p TEFBq Qi1 O39%e pIMD uwaqliog PING meKAng £5%
"(MA0YE) UnBE L06
........................ & [junours jjews B e pImo usdqlog | (YoL} .PADD u€dqlom {ird
Ao ‘manpoad weeqiog
P 0LF ' L Ty . .
15 . . BYBIUT ALIO[EY [B]07 Jo “jad
&R £9  ZB|l g oy 10 18 09q XIS 0 (A
§ 5k ¥ 8 HIl! maorg -$5g weyt dof paqisap
g9 2 [T | ER P per I alduns yipm e
LA Lo A¥|laq 1 10p peasporns ‘yes pus
m,w § wm % 3] ormm wips pexym ‘mop usageg | nog uqdog | yez

N



‘F|0afqne jo
eome[eq-N 10 108108 WO
-lun URJURM 07 SpRUI
1dmayje oN CS5%D § ‘DOR
- eymemopsdzy

‘BaI0TED
SRL'Z ‘MEIpAqoqaes nd g '9e)
‘wd ¥ ‘ui)oad ‘m¥ 07 Fu aXBIUY
Amrep s¥eliae Sjmewiadrs ¢ Hup
-UIGLOAL U CERIOMED 090'F ‘alBIp
-Ayoqres "mE (57 ‘j8y "W 4 ‘ma
0ad Id ¥ ses Fusmpadxa § s
Ul BXEIT] AP adesaay -I1sdns
‘g anap oy josed jeegs
syred z poe mog jmread jmd [

panoi¥ eMge  ssaad
Auriinsay ‘paacum
-31 J9] PUW BUIRE pA
‘paisECl ‘paamE[q

; e mol} opww sHnasly epand Jmqey | HmmEeg moy jnumedd
® | 1L 0V ‘mam § ‘s1velgng "SBLIOTRD (/8% '¢IBIDA ‘pInoIE e
................................ L0, O I DSttt PR I | stesrees|meeoroootm ap|| -0qaen i pgz yepmd LI URY02 ayes ssoad  Jupyns
........ ! I I B L T I e M semmmeom|mmmmeeols paa)| w3 enl ce¥ymim Ayep e®eleay | 9y peacmsl jom
PO I 0pge T R e i w © HYY|| ming ‘oning ‘yng Emoy jumated | smaAs pay  uopwsad
...... B T It - T N it I I sormremimremmmeoes genyr| | veeus pue gnmead “osuum [enba | -xa proa 4q peaom
........................ AR <3 I il el R ¥ 4 srrrmen|mememen oo T gl mod) opem eymostq tepaed Fupxeg | e g Cunoy nuved
“S4BT: € 457 10§ paziiEue L ¥ &
'S£UD £ I0] PAI0RT[00 SR )
Jappic QEM_ S&oﬂﬁ%
aoqrepy Aep Jad N -
ra— ﬁmﬁw@.ga 'potrad
amog jnuesd Aopmp ecoe
-TBGQ~-N ealjvdon ol ponup)
-0y far], Ceous[eq-N
aapefau ANYANS U awa
slefqne  qaga  Suump
‘BAep ¢ Jo polad ualn3
oga Aq pepsseid FEm
poct 1hag Smeq o o A0
moJyy 1ad gp pUB ‘¥MSIpLgoGrEd
SA€p L 01 ¥ Eocmw_ucz& wouy 4od gg ‘mejosd moly 3 £
1 Jo $91Ia% T] Pe)sa] Epoo) 100GE FAM 19D HERY T SALIOTE0 JO *553001d
W#joId [RI2AE JO SUD ANOY UOINYINISI(] 351 [E5%] pavil PRAOH QIEWON 49
jnugd o 18 ge-1z aiduifs @ U] wojey  ‘poxeq pue | paredeiy  peilepp
'] URIIOM POR U3 § 'FIeyng I no%1q of peppe Inoy gﬂﬁ._um Alrepired Mo 10WER g {74
< 5 .B_EWsaoﬁm
FRGT JATIERE .31..... gqogqred ‘wd §oE 18} m
ou vmm_._a% Em_mw& Mo E_ﬁ 201 ‘marond md zg Y Apep
-0} oFreT ‘sAmp ¢ pou wmeu?w.ﬂ WP 10 B} Sad RO
by sk S IR N e T i
G| M brer fmom elqng ‘aanssexd 'qf ¢[ .an—._ I Z PRy 0d "PIACE
! E -3l furys ' ?
-syzemusdre PUS pOI[es 'F[oUISY JBL 'finuwed I surys ‘sjnuesd o0
Z el J0) fLep i ‘& . ‘ .
G'f+ ImIelesn ‘eomEEq [N I S, . . . . . A ‘as0WEIR 'TI0 @AT[O
-h Bapsod b J0fqQng I8 | 9L | 82 g 6L £L ¥08 E'l R KWEM | 's016mol ‘eup ‘serdde ‘sinawag
TBOMIBUS ‘IOXIEp{ BAEP A o aaq0 ‘{uones
b portad quuempedxg [l ; . . . daxd 1ways ¥) asousid ‘se0Ivme)
‘pa[q¥}edas puUB JINI; . X : eWR | BB |05 & ¥ B §'0¢ 11 90 JEMm | ‘foommnsied o sseuwder ‘syonmeag |- SINes 85z
jO 8D O] PAMAIEIXNY ad R nd d Pd bd | BT | P ¥d | M3 | Cup £ ! (manfiod Ry epovay)
¢8| pl0 14 0p ‘usm ‘J3e[qng ¥ J 3 Fjnu p n
PROVRUOL—ELIN
dNY SINNDHAT
g aysap ¢ mey | £dioue | BB A% =
1 ) ARz -4 . . iy B8 | W) I
m .n_mn%w cile g .-mma ; %4 013 | ssoup Mmm_n 184 013 | ssoup | i . B
§ sxemay hmwﬁwa : pus wa HOPALRSID ‘Pio) 189, m
z oo Do} 359 J0 A1 1551 £q poyddns o £ weng
2 “0d | ze3pp Juaredds jo u_m_s_wuﬁwao o] o B EE.maﬂMﬂ.wM

axBIu[ {8901 J0 uojjdos

eRel Apecr

DINUPUOD-—8203{qne utnunry sof urbreo Junpd fo epoof [0 ASiaus ajqopvad puv Ajiqiissfinp jusinddy— gg T1aV]



73

L8

%

94

“AEp Y
1ad td g1— HurBeraasw
‘ETETRO-N  eallEFL W7
HARL “iep axd cwd g+
AmPersak ‘wusnlxdsa 2
1567 SUWIND NTR[BG-N A1)
1e0d U pue S mE §o— Fuy
-Fg204% 'BjUAmIadEa Z 951
FULMD WTELHG- ] PANEISD
Apydns @ HJ O 4Ep 1ad
‘uIE g7+ Fidelaas ‘soue
eg-N Aarsed up Mamk
181D INUTEM UQ  AlaT)
-padgal ‘syuaurixdye § o)
10} £up so0d 'm3 F7— pUe
U= 'T'E= 'g'g— Dodisan
HJID *&%p 10d w2 {0 D—
PafsIast WEM UM
=N BATIRISI Uy JIp URD
uo snelqny mog CAep
Jad ‘mE 9'T— Pupisless
nE(EG-N sATEEIU
9IP INUGIO WO WHM 193]
-QNE “FOT T0A)) 'STEUIAl 3R

qr #1 ‘WVH “af 5E 1801
WHA polad s1q1 dunmdg
sAvp g 'pol e uem
Aredyd PO i H8-82
‘Pope Juned  'ERA[MnS

+10033 W] 19AITTOS
aq Lewm elevipiyoqled
O SNNquisedip Jo jusoe
00 8] ‘wTeEqNE Imonp
a1 g8 Peliodds ses BOI]
W #ARIBLY0QIeD Asielag]
Jupmied ‘R CEARD
g ‘snmseys pevel To
1 'gowd sL%p ¢ 'SIOIIENYD
pafioq paeed o ¢ 028l
sSep © 'seXWy INWSIUD
MBI U0 g spuewilradye g

“g19Tp 4TU 112019 7
an; wo Aep tad mad o4
DU Fit+ S0UBEI-N 3413
1sod M WRM TE Fi—
‘191p puomW® W0 AV CWiE
00— 791p ynu Jlrelq ue
Sl 1y pue 70+ ‘60—
0 semeEq-N  S|lep ode
-16AE pamayE HAD ‘Rlatp
pUOWIE £ U C[eodreUd
lpyrely CsAwp § Cpapdad
[yuautiadx o teleylo
8] ‘Aep Ja( S[Ued F AE
HJD wem Juned AV
Joelqns ‘sjaip oene)aas
pug UBLIE)IN 0f pale)

Sn30E 'plo 1A (p U9
{WEM PR HAD) 8999qDg)

i

‘dnys “123jnq pephiau] 1Mp [ n

e

Z76L s
Sl

T 0B

Big

“aderaady

O Wy W

Lo L T - T -

¥I

2%

R

18

BE HQW) HE

Soqine 4q paaeden Fes TOMSRQUIOD Jo JEAN OSTE FRfRd SMU0S Ui pUe 'Qorjiscdmos 18G) SeiEdpU],
ARy saLod
“{Fupmera [re) spuane[ddng urme))a ‘sonwsapdds ‘(Mg 1re) speadueio "Rursealp qomal) ‘axord foured
'(saano] Yeay S1aGeor) 200732] 'YMIE)E 100184 0008 )] 1L JFWET

-
=

EX85E

YIXIBE X

®

2

23

$1

&R/

W

3

BILEESR

-
w
-
&

HBRERS
Do
EEAHR

=)
o

RRLREE B
muerza o
HEsudd

-
<
&

&
<
®

oo
58

xR

2%

i i
KREEIZ

£ JAIP JO AWPUTRTA U] FPOOJ 10] A}NIQLISARP )@

9
9
L W HAD
8
L
4

O3NS 1O JIMmMonre
[ews ‘seduero ‘FEONDEqQ ‘SiNUlEM
RIS Jo Junome
[[BIUS ‘SA)ED ‘SWUSHS] ‘SINUTSH
..... poBuR0 ‘gl pap ‘enurem
........... seweaed ‘sajdde ‘sinurey,
- somes-omrrgardde poe SInulY g

put ssouesd o SJUTOWE  [[UTIE

[ ® WEM | W4 ‘s3g paup ‘seidds ‘sinuiey
AT PUT ISCURLS Jo
£T I WEM | HIUNCIE NS Q)L ‘sivad ‘Snue g
[N 9 WEM |77 esonedd 'sadwad ‘smupe g
I’ I HJd D | 9200812 ‘SEURUEg ‘Feduero ‘SIesd
'S ¢ HdA)D | -7 meuwmeq '$eduvio ‘sueded
A 2% HJD [~ escusdd ‘seusueq ‘sajdde ‘suedag
g ¥ HJID [ geusuug ‘sapdde ‘suesag
"9E0AL ARRYI00 PUE (UOTYEIS
-dand jeay.s 6) IB0UTRLY [O SIUDGITE
8 87 WEM | lIPWE gia 'sayep ‘se(dde ‘smeooq
110 aaffo
PUE ‘SI0TEW0] 'Ise9n0 3ER)100 J0
9 19 NEM | SIUDOWE [[BO28 Y1a ‘siead 0o

W 5 R
R

eSS ‘(WIYE pOe A[0qM) Xjw
‘saqplod  ‘pHRMq INO[  3NDISNYD)

“FIRIpAQOqIe "tad gar *ie) 'oad op
‘N M3 9y YO A[IeD aBuleAy
‘pRAIq Nga md L1 Cring
‘W pg ‘MnWses pajseod mi 0o
"HRIPAYUGIED "0l
02F %) WA £y N WA gy lae]
-ur Anep adeloam ‘papp® Iaing
‘wd ¢ pur MANg wd OO ‘Juec
-uadxe pg O] CepeIpAqogred twd
25e ‘1) wd o ‘N "urd 2y ayequl
ANEp oFelaAy “pepDE 10 "3
£8 pie 1208 “wid of junnLady
0} 15[ U] -dnos JoIqy o pasm
MnmsEeny paioq paeed ‘md gpR
"AuIpAQOGEd
“med 8_.»,:_ il BTN h.nu el
[aYEIG] A[ep oFelasyY ) Palf
‘my ggr ‘IMIng ‘M 71 ‘32 paup
"E gy ‘BOVY jRISHT AUl "wd oy

..i.:..wwnanam ‘sofdde ‘s1nu [rzmag

1 SAld POY R[lun ‘SHN8WO) JO
SJUROWE [|EWMS ‘350Ueld ‘(uoqaa
=00 Ampew) sedsid 'sing [lrerg
‘10 8AT0 PUE ‘Y[
fRauoy Jo SUNeme [[eur: f{EoyNm
-I00 AMUresm) sadeid ‘Rnu [jZe2d

“FIURI0 'FEUEUE] ‘FPUOW] Y
feuvuRg ‘sopdde ‘spuowy

......... SHIG ‘SpUOT| Y

........... safdde ‘spuow[y |

‘gz "d 'gY J1qB1 UT LaOqs T8

myeqold pagsedp jo uread 1ad sa20e0 opT JO S507 Aivupin ¢ AUTMOf[E 818D £,104ING WO pAVINIE) ¢

57 d g1 3[q93 UF Raoys

(D022 SUDIIRS)
(S lo ueRlad
Lgewnsand) JSINUE M

*[insua
Suiy ving) ,susied

“(oaaf
IR M) B SINUO000

‘(zppjuzp DRUD
402} LMoY Jnulsg)

TTUpRleq 'pAsed (q)

TTTTTTTMRI‘EaNe[ (8)

I(manyor pruD)
RO R )

............ SN [fZirg

(051012 TL9]
Joqlag ) LHmu g

“(enjopdii
TRMRLL} LSSPUOUV
RN Ay

FJUARYJ 00 IS BIEP SI0QINE WOL PIREINALL ¢

TLE

e

93



-gep
Iad N Wi yg-- “eowe[eq
=N Ranedan ‘paysu
I} Jmomuedie  pug
haﬂ_u e I8 palEasnen
1Rqng  IeNITI (R3] e
poates ‘poliad reyzatmprad , ‘HRIpAQOQIeD
X0 4OBO 1% Taxe; ‘AN “w gz ‘49 wd ¢F ‘N wd ¢
‘edep g ‘poped mejuam JO 9XBIUT A[[UP 26IBAY J[YE pOY
W - IH uem 1 Cyeigng | T 818 i 8 1 I I I 001 1 [1.1] SO el 0T g | 98 WA Iy Qe DA MGLIED qleeg [Tttt T Fl0Ae)
‘PSS INTIZPE Pal Ml pue
MO 1R AXING J0 #h £q
s836] J0 uwopyersdss poon
ASp T ‘poped  Rjuvewt
%1 | -Hadrg cuem 1 “eefqog (cotoftttTToo 357 J Rttt et inieiaiel Iteiatel It sresmmmslemmemmesienmmms e g (T -enes o3 wd pf 'Rooo ‘el gly ..E?S..E:S&.Jmmumu
ma] 995) [oIw)s |uuEn)
-&ep Jod ad &9 — ‘s
-N Bapuden up oelqng
SIORINUL [WN] BB paal
‘popred eymeunIxiza Jaype HRIRAQ0qIe0 “w L PUS 18]
pus aojaq T ‘AU ‘mA gsg N Wi grer teysp A[rep
‘wiep g ‘pojiad [wiuam sdvrsay M9 B 1) 1% Cwd ggn
¥Hi | - X memr [ ‘jeefgng 0T Tl BB R O -+ N 001 prd 1 (] U I T A | PO {EE QL ve:oﬁ. uue_smu qrEE | «SOATE ‘22EQQUT
‘poped | I R P R e e i e z qTiux “1919nq ‘pesdy
wopoenea £ep-zg pue Adwuy ..o ...l h_mn. ........ - [RUSEII (RUI S NI EUNI - I fUaes Ba0feq 1R WENE U] ‘Ui
Lg | - Lepg ,n.%m—wwﬁ L5 * Of APITIIEME) o DAXDOD  “AdeqqEn |ttt afeqqe])
N mEggd ‘y md pi4
‘WOmd gr— padendan
q ‘fuompadzs edeqqe
uy cApapieedess ‘Asp 1ad
‘wd ¢'l+ Pu¥ [0+ 'Juem
-tradre jeaq U emETEq
-N sapisod W oM pue g “TEANS ‘Y10 “1aINg ‘PRI
‘poled [eyuamuedye Jo 1 || 8gy  |BO08 [Tt 3 14 1 3 87 |81 o M | '¥WOII JO 9D DIIMIE U] @BEQQ8Q {TTTTTTTTTTT L2ABQQE | RLZ
¥z 16%[ 0 wﬁueno.._ C1e1 # ‘refne ‘yo ‘aeng q
‘Jos|qd e[ 'IINJIBR otre |feoal |lowes) [0t 569 ¢ 8 z 8 9t (9] ¥ W | "sow Jo jorp pemim up afugges |- Ladeqaen | Lix
‘JuejRUGY  day  Spooy ‘18ENs 'Y ‘191304 ' pesLq (popdol I8a DY
Jo smopodead Jngq ueywe | 04Se | T88  [E4L (T '] |8 a1 [ o1 0IE | DI o) g4 1830 Jo J9D DEXJI T} BIBGGED | -42p0 0IEIDA) LA3BQAB)D
Uoper [es¥q )0 Sjunooae E28c | O'DE - T £'L8 &1 " 1 A ] T3 = i "TEINA "X ‘190,
e w operres spoaf || 0Gie | 9RL |l5eel TTTTTREM | L il [ 8 INUCEEEN F W ‘Peedq 3RSt 1O 101D DA T} B |cviee e JF12og
qng c(speaw g enyd Lep redns ‘R ‘IXIng
T tuowpite 1aeq Uo ‘W || 0165 | 806 |IPO8]l [T [Togl |2 e 13 81 LEE |01 % € | *PENQ ‘Y89t O 191D PANIIL U 8169¢ | T°T (FDSMNG DRY) WM
106{qoe a0) ydeoxa) worywx
g5 G] peppE SEA vﬁ
1597 TR4 FAND £ O POL:
Maomredre  £q  Posol
-[0] ‘SARD ¢ 3a7p [EFEq U0
popad Areupmyard Caf
€8 | £o-g7 salE ‘man g '10w{qng
BA8p ¢ 'polded [sjzem ‘majord "l gy eyma) Ared - (ruvaq deus .m_ac
§F1 | -pedry  mem g ksnﬁmﬂ%m ................ R L B E S e i Il At R v | sngq w3 .H_E.n.mmm.a,.ﬂu ME -umsd) G2l ‘emsag
PO J|e---eeoofeommaaan N PSR e P ) [ e PBax
Oogaegoed Aep- puw A w ........ Sl gy [ i e S A R R i e A e ot s | enpossoyg) (Ao voron
~H[[ar g Lt . . . . . . . f . . . . EUeaq
% It ¢ T ‘ReManst| -y Bd Bd Pd Pd nd B P B e ug 2 ® s\va_ i i ﬁE.n ‘0IE FuIas]
FE)  [OIN OO0y
ELINTOHd ATHYLE
“DAA ‘BHTEVLADAA
2] MBIp H1oms | PP ° =
Y o [43:00m| -Auod | tea | OV | GMITO| -fqoq | geg | BT |4Revo| WO g
g -I5a% TR0 80 FLE R Z
2 FRTemay Aane b8 ®a uondiEsap ‘poct 1801, | B
pd jo ton poo) 1509 10 £9111q Pooj 1597 Aq peniddne e
g 04 | g (HaIBdas jo JIRmI00 oX99u] (9301 [0 uopIodosg bibersad - e

PANUIUO—#122{ QN8 utwuny sof wpiio yunyd jo 2poof jo Abiavs apqopoan pud Aprqyeatp tuadnddy—gg A1av ],

924



"IOMINE 341 £q PYLodar FEL “UOTISTIQMOD J0 J6IY OETE ESEI ANOE U] pue ‘aosodmod yeg)

Lods

91

o1

Lo

9z °d ‘g1 81q%) Uy 14008 56 moej0ad paFIATp Jo mu2 Ted eaoMm oz T JO BRCE

OfTW PITE ([} $30T)00) 305) PILIOMY E50IT DoOIEESO ¥4
.oﬂwhuﬂumﬁg nrezd 19d BIL10TES ['F pUY 8] e Iad

1dd9 £q uwopisoduie Jjey} Wog pegsinores

“PoHed [wyoemiied
-8 jo pU puw AuToiieq
8 UayE] AU ‘NATBl
‘edep ¢ ‘popred eImOm
Srdry cowmm g
‘Lup 29d tud
01— Supiemeay “‘woom
N eapnsdvu vl pop
eI 19 J0 pue pe
1% UeYw] ‘yOwm
‘laxIapy E4SpE
-memuedry  erp omoed
Y3 ¥ 0] pAROYETERE Qe
PIO-E47  wvapiom  oslqng
rereq-N aafjjeod m 308
qng  pored reznent
19 j0 PUR puy Bummisq
m—nﬂons._doo.ﬂ_ﬁo ‘IS TR
S[EOm 21 Mile 2AED §if
o po TejuemLiodxy Aq
PRACT0) 391D (elasmpeade
oo popad Ammmifed Sep
€ ‘mm plo-LA-gE 1eqng
JUYuoD
Alreeu  pomBmIGr JA[es
Apog ‘dep ed N cmd
01— Imduoan ‘Fpotaxd
£ 351 3uump g 105 sap
“«3u Asp wd ‘md 10+
Sob i d toy pu
0] PR 'ABD
] ‘mi g4 IuFuiess
! e O] ¥ J0) sal)
b OUETR]-N  pearm
-J@)ep

[520] q0€ “REOD § wEa
TOIgs 'Y J0e{qne I0f 4iy
ayy jdecza 2A¥D ¥ jo qome
eulp) @y Auunp epolred
DO ¥ BAWD BT IO,
PenRIUOD 187 [ejuon]
-IY ‘Oemoa plo-if-gg ‘g
‘WOt Plo- 1447 'Y wdeigng
uo. g ooty han m
F. qng ~iep
‘&1 g+ 2npdemat ‘musm
-padre opeod wo aga
WIUETEG- N 241180d ) B10af
=08 “$2Z TN ‘SYIFDA M0
‘oyardoaoo £194 B8
pogLasep aopyeredes (soo g
'IOXIEM [909] 8 DN 'J9[p
I uo popredisod puv
Poiledasy ‘8£6p B ‘poy
-dad HSnunER__nﬂ “p1o
“44 1E oam Luypeay joefqng

....... FLZ WY FATNMAL 93F
“poped * o

UOTIR[00 S6p-7 puw Len]

-wd Lep-g g 'wosiqng

“aefqng |-

18w

T¥es

LEB %

L%Bs

LR u

L]
z00
880

088

4]

098
{6 ‘s8]
8 66

n_bﬂ*ﬂﬂvﬂ-_l‘
FeggEIHES
EhRkE RBERE

$'08

L

B'IL

o
o

|
9B
[¥ 98]

R

§e8

sam
#my

Areoum w

01

8]

00t

ti!
81

mad pRsasip jo mredd rad sall0(ed g7 Jo $80] LwTlD v 30Ts O wlep

0¥

[
MO OD DD

L1
¥r
2T

¥

138238V

a2

L]

T DD

‘POPNU [IJUN PAIOYS PUE "I [ JO] URAD S5

§ W &0%] YTy T, OIS, ‘Y(BY Gifa PONORURR 'JIPUA) [[1UN 10 UM 0f A[RISuayxoldde [AR000
"EFEQ  S100109 O1d) pay:

1M SPILED PUY JIB1ITD BATf-p] JOUf €4BD B, IOQINY mOx; vﬁﬂﬂ_ﬁwwn..

'§2 ] ‘gl eqm Oy Waoys ¢

. - 1994 "0 00g 3796 ‘M
¢l "1epeying "l por peatnd pue

TTT| Ieveas @) payood 'seotwiod “mE gog'l

sof -peq) 5829 g ‘secrmod

—ca B

*

LYE TR 4] JN0qE ‘Teying pes o
‘IpAgoqmo ‘md gy %E maord
”Ew g4 Imege Ioddne ‘pejead
2003600 "q[ ¥0 Jo oxeymy L(ep ade
~RAY DAL PUY PEON[s J0 (10 poe
Tedouis s PO O] 10 IeNng
o 1B )[4 pa[iegq Uwe ‘teojeiod

“IIERID "00 42 CATI %0 012 ' {pafreq
Wl 'l

‘m2 &g ‘g 100]
4qns “m2 g ¥ Relqne eyeta
N Afep sduisay CATep ‘Eﬁﬂ
-2 w@og papwa o] 184 ‘4]
-[SUO[VFBI0 TAXE} %5 EC) )
1%1q 1o wey ‘(sread “tepdda) eyingy
#B] # ‘18] Xiod 0 ieyog ‘(go
®{J} W Uil& PIUE O] Jo ‘pagsem

paL; poRedun pemzews) secielog |-

, "Je8ns ‘Y ‘Ingng ‘peag
1B 0 D PRI U[ seo)Rjod
. “I6Ens "y ‘1eq3ng ‘pesdq
1B JO 9D pAIM T 2307930
, "Tefng x|en onng ey
180G JO WP PYIM U $3019104

. .._Sun_n vudg?.n.._auaoag
JPENYe NGO Jo EJUNOMN [[RmE
Oil4 pOUqUIc) EMIODIYETIL "Ord 2ug
. . “Judng “Fym ‘1ang
PROIQ 18I 0 19]P PRXW & UY WIS
. ‘I 1a)ng 'peaiq
ineq90 210jeq 3HQ WIS B UT "Wjm
0f POIIISAM 5 DaYO0 ‘SPINTIC)

T e wamog

.......... A (59079304

TR fBe0gulod

TR elgA tsendeog

TG “ge09E30g
.......... WP 4 "E30Y910,J

T {(HRF0IIIN) Ny
-Mog) LAe ‘saoywiod

T {efiow 037 JudRad 'wIoy

“{ptoydady ‘18A DD
-0 DIHIDIT) (SDIETIOD

‘(618
W] %d) [OTHIE BABSEE,)

(EIONINE UIGI] PRRTRI[e]) ¢

-4

95



31

¥EI

0N GUAIATOIAY] l

“BBp20[0 gz Iy Apddns jue-m3
D1 ‘mMnihg ‘wiE ¢ ‘ojeied mom ) )
9ee [oos || ze joor leor |- oot [t - gaﬁ.ﬁ_&n " 9g2'g ‘exmyuy Ay |- ;w24 sevreiog | goe
“pmzod "N UIB6¢-2 DITe Sariored 20z
@I J0U POYIGW JO SJEIA] “Wo._ _ om»ﬂﬂﬂﬂ ..L-Mu. m._h n“ﬂuhuﬂnw hﬂ
ujes ‘secjpjod Eo mE g0°1 PO PIW A5U J0
8 T R T e Rl o¥8 |oor  |oo1 | L S e ARG - | poe mem ‘m3 go't ‘ewmyup Apea | smixim ‘eqa ‘eecrelog | wog
*£[[Ep pajaqoc
AnlIN pUR  SXW4 .m._ﬁmo
L Jwe( fupmp wWougynba
=N U CEASp o1 potasd “made
wﬂnmw:._ennﬁ "OETIOM ¥ ‘mi gr pue ming “mI g
uaosd  AIeaq 5835 il Sttt i i I A Ry e E 3" N Rt 9 0 "L ‘ennq "md gg ‘seeretod wid pERl | N4 ‘soreiod | g
¥o—- w%w%n hm_u.ﬁ _mnu -89 008’y ‘dieroad 'wd oo E.E_n_
003 ot pojod swpa ||Z98% |0B8s | 8B | veg (W Joor st |tm | W A | AEDS¥RBAY  peL RN JOIMP SRR |TCTTLeNYA Se0dnInd | 20
Yy ih
I8 4 <83 029°z ‘Tregoxd ‘wE §T lewwIUT
mwn e | L B e L1 T L L e o |sm |e | H | Amvpasueay ez meniaypoog | enam moreiod | 10g
%wwﬂ Mw m:wﬂ %mwm 091z “wgoad "wd g1 eyl
L9bs GE Go_ ‘poirad || 896 [ 808w |0 | g | et [tttttloot | iuE [ e % H|Amepefenay pez wmet ropislp seg |- N ROIIOT | 008
Lup-g8 s uon ¢ ‘metond “md 1g exeIm
Seltos Banp S0TUAN 1| gpps | 290 | b8 |oe ses e oot | L ! ~ PA | A SBeaY oz ent 105 30D 00 |+ ATk ‘erwiod | sag
qung Cpolied  uogaerioo 62 0F¥'e ‘wotoad ‘wd g eywo
s e e ormaa |1 ¥wes | 2o6u | Los [oeee v |w [eor |- L N I T WA | AMWDGRUIAY  }ez CIS[JOJINP 69E |- Lo 'secdwog | seg
JO STOPToD JOPUT "ot . ‘¢ “mojoxd w3 T§ loxmT
'$46p §1 DWE 1 JO SO ] ) VR SO SR S U NN VR N R N =0 O0ER 10 Sy v S
gﬂsﬁgwwm_%awmwﬂﬂwmﬂﬁ 0¥ | D06 | £°86 1’18 g9 1] 00T WA | Alrep ederoay -.anuuoa_..&u”ﬁ.-nonm LT M ‘P00 d | L62
-m i, M il I .
. 1 019°¢ ' wayoxd ‘wd g exwym
b T e S oheod || vosc [8usu|ges [l vw (w0 feor oo oot yer | ¢ B I | UophReiaY vecment i) oIpovE |- i ‘woriod | o
9t 16 spord opjoe(ion “BLIOTEe
£ ‘W :£11a108 ejeIopoON Jo olg'e ‘mejosd wmE [y exyelw
e B [ P g L e 08 W (o1 | T A ) 8 W | &imup a3eieas ‘saz woy 20) Jorp vog |ve o 1A ‘morwiod | gag
0RA 10} DOPPE alam “L20[%3 00g°¢ ‘gjej0ad
§pOCY N-20[ torat vpojrad ‘md gp eXMU] ATED eRIAY
10qs J0f jdeoxa patsed 9P 0} POPPY SUOMEO EUI}RWOT
qE.a. Joag E.u orejod pUY 194 (dNes 8 paFm Jeum I
_Eu 8%“ %M% OO PeLL] poATeE O4TE _..B,Sap e .
.E:oz ﬁuo.au H_auw_ﬁ_m 1's8e |28 088 |- s |9 L 01 |®w |00 | W | qis mee pUe pefod 's0ImI0g |- SNYa ‘R0e0d | vee
121 ‘9t
‘dd 'fgi) ) v@Iqe]] g puw
ouy g £Q Apmg 4G
NSHAP 0 FUOEMIED
SupEm W] nAGHE midly
Bno_.;:n stvhawfn_v
wyny  Cepdund Fuirw
e e o poruoad —
] anog !
st oo U g T o o
suedry 'mem [ ‘poefqug [rwrvreoc{mecomee- g8 |l 11 A eleiehelel il b TTmmemslememees st XM | ndoyR 'md s ‘seoywjod wd ggry | S ‘R0 | pes
wd | BE | Pd | Pd | B | B | Pd | P | P | 1D | cuwp 0%
penmimod—8 LML
~108d _ d18Y.id
-DHA ‘EITHYIADAA
ajurp 98Ip =4
ogs |£30wa | -duoq | x| G | QZ0M | dqoq | gex | JER | me) mo ]
L] -ep 180 EuB " o
sxTRmay CEOLD o ¥Iq wondyeep ‘'pooj ey, | 5
30 oon ooy 159 J0 £371q poop 1591 £q penddne o o ks
d -pisedp jueaedde Jo 1uesEgee OXEIU[ 709 JO worrodor oda...ﬂ:%:dﬂ

DINUNUOD—8100{qNe woniny L0 w0 puid fo 2poof fo RB.iaus a1qo1i0an PUT A3Nqiieslip Juaipddy— o7 TEVY



"J0YINE 49 PrIodol sEA 'TOHFNQUICD JO 1891 0S¢ SOFYD SIIOS UJ puw ‘uc)[sodmod 1¥q3 sayedlpuf,
“aIe] PRN IO ueczed (7 WEYY 1QRY SN[BA 5
"BIEP € J0QINE WO PRSI 1

FE G[qV] B

g7, *d *R1 9[q®1 Ty WMOOA VO TB]

«0rd patsedIp Jo meiR rad satio[sa g3 E 0 6507 LI9CLIN & SUWIAO[E 'BIED B,JOGINE WO PRIERIOOIES 1

“0% “d ‘g1 3[q8) Ul umoT

FE 30/D JO LOPUTEUIAI T £Po0] 10f LN[AMSeMD j0 s1UdTGed JUTsh €197 S10U3NY WOI PEYSLTE)) 5

28

¥1

il

19

“jarp MmBa H00{qNE U0

“3dex Jq3res

Jo pI0del OU DUE judjom |-

ADPOQ TWIOJIUN B USINIRWU
m eprw jdmaye op
“Aeniqduae 'I9HIRl sLp
£ ‘ponad  (EpueLapIxiy g

A g ‘sedy "Oeu
4Agiresy  ‘Smons  ‘eaelqny
| E—
gL iy

‘g1 *dd ‘ifes] A Aq Apmis
T o vk
i 'S PUY ey
‘g 4q Apmys mydwnd
"ANEq148931D jo suony
-BM[e0 BUINEM O] NLOUS
wmol]  Jusnnu pepayd
-aIE[p JoQIny  juemirad
-18 Eodiposs W poos
GUTESHs N0l DWW jUetu]
-tudxe mydumd wp xemy
AOEQ U IN0F JEOM
ROl MoqM J0 JONINID

OIE)IIGE 08 _Munu ol
<2409 ' X i roent g '500[qng
‘101D
Jwmles moejqne o #4ep
£ Jo u&»&ﬁ.ﬂaczﬁ ur
.au»_._n_,__p mﬂ .Wmﬂ& WUPTL
- cMﬂH "USTIOM wsww_.nnm
Bp
£ Jo poted Jutaofio;
XK Xm0y Avﬁnnﬂﬁ
014 eDpIed Iy,
"SAND £ 'porTad [B1USILE
g uenr dunoi ‘syosfyng
"Fjuomyrxize usam)
] 120[DE OB 0] 'OW
1 Jo pojled jusunsnipisy
“10%T) ATBJUBTINE N3N0IT)
edugend Iupmp qows o)
Jo goour Jo wopjeeimoo
-p  J0] pOITtoORY  Qom)
-BJUOMLIN] [VTIRI0NQ  19)
Tomafdo Io 10qINY  F00]
uj qoIsys pejsedipun unm_
OS[% ‘Te30] FEM Auippn
ugga peouopedxs suped
aNdmely PUE KUY
fealy  cpoued [ejoem
~{rxixe Jo [8alR 1581 POY
181 Y4 ueRw) ‘eujoLred
BRI mem ([ ‘s10efqhg/
“BmELD [¥upgENay 10am
-] pu® uwopemio) gud
SA[%ER2Ye Pjou E100(qng
1P up EpOOY Jello 8y
JO @1BIDAyoqres Jof L3111
183D JuanIad ¢'08 JNoqB
PAINES § ‘Bla0des  Jon]
- up pagenqnd eanpsd
-0 pejmatnpadxs  (unsn
lagl  pemo[[q] EIOQOY
sAvp ¢ 'poped Ejuem
-edxy ‘e Raefqng
QAL STI®)
-ap 2930 o ‘LD § PO
-ul ELmpedyy  tewm
I Fuod)s ® ‘pefgqng 7

1 vem

e

O B B O
IEEIZEBEE

v
'
'
'
'
-
oF
[

001

001

[
Tttt el
7}

o

14
o

i

061 | oot L Lt 8L

Ax
Ax

‘aeIpAyoqred ‘wd Iz

‘3u] ‘¥ Azt ‘uiaord "wiE 1p raxejul
Alrep 2Beleay 218 WA 1D 299

"¢ BIpAY

-0q4%0 "md gz ‘18 "m3P gzy 'urN

-04d urd OF VUL ApRp 9¥TIoA Y

"3agod I0 ¥ DUB ‘I¥Ng *Jng

‘Y|lur i UNER ‘PION pRACWDL
Supys ‘paywq ‘pelioqiud ‘suealise([

‘sanee 08 [14 pIXO00
‘pRagmes sgixs 'sealelodisamg

- (aomey £08)
niogs ‘ms o8 ‘upydwnd ‘w2 ggp'y

ATIeD Udjua qoIels 099)0d M8 Wi
9 SO0 0£'( .Sfﬁhnoﬂ.:a
T oeg ‘997 'wd Lg ‘mpmond ‘ard op
b e w2 T
2] '1a3ng *safuwio .gﬁusn nw...?i
“L[rep UEe QAME Wl
69 TROLIONR 082'1 ‘#eapigogren
‘wid 212 ‘397 ‘mE op ‘wpejoad (wd i
axmu hwi.v BIRIPAY ' (L02 TIEY]
19D 908 PalBIp m._ BagGy pIe
¥3} ‘T6dns ‘Bl 'Aumppnd uszorg

‘UFTOL) JOU BOM ]
ydeoye 19jp Aujpeosad 58 SSW 191T

L0 TR
107 $9T]] B eurve {[[E10es8sa J9[p JO
UOPIRed g qaavis ojvod alam
"W GpE qOIYM Jo 18]p YIE)S gy
Jo "LA [(BX'] AT} ATYD SENIIAY
‘pOJISUp BB sBg0D DUE €3] 'SeOIn{
uqu% _%Meououn "ad amn,h ‘e nu
.z‘uh.w. ..-me.g?:n.n
Lﬁ

oyl meg Juppnd oxerg

*A1YD Uojed qorwys ma
¥AT EOLIOMBD $12°F .3E_§:owh8
"med Age "98] “wiE §¢ ‘upejoad A gg
AYeIul  Af[Ep a3wlaAy  CpaIsaD
£8 202 pu¥ B ‘mins ‘sefuvio
H(Bupnagy “eR 'IeSnE ‘10 ‘xipa
‘yaaeys vymod awd) Joyppnd weTory

'3[B8 oIy B Q3 A[[Ep UajES
seojeiod peteaxd poneq ‘md FIY'E

T UAMNE CUINEED ‘08 |,

‘gury) IurisaArsq [ENSH
NG ‘XM § DOIEDATEL
‘MMIRMIT (BRuAmIE?

‘PeLIp A[[eried ‘(svmmg
vowed]) seojelodlsemsg
*(odath

Ujpganang} GJupydang

TTTUMEW 0390

............. QI¥IE 018304

............. qoreis ojmog

........... 2HgA ‘$a09er0d

¥ie

£1g

e

e

$7



‘Lep 1 mP “ayeIpdqoqles ‘ol 117 “ye; ‘3 ¥g
L= ‘eouveq-N efeisay ‘N ‘I3 §] AEEIO) AfBQ AeqIng
*S48D § ‘PO Meymaned “md og “1%eu "tad (0g .m_na..n B_MB
Xg  CIoqIne ogi ‘1vafgng TengTe Fes |etE | ¢ 0 [ i OH | ‘mEgLr 'IRANS "t 0 80300 "mMB g1 ﬁ ...... a. Eﬁﬂﬁﬂmﬂ% 5
P BNOANYTIADSIN
! a
Nmdre— ‘IaMm .Eaum.ﬂu “FAAl[O DUER '§a0)RmI0]
£i— ‘HAD M0 edubay 10 BAYC Jo SJUNOWS [[RES QM Uoyg|IIoyy DUE
|IwETeq-N  eApEouw M fei ] Eamuﬁzoc ‘w3 gOg'y "een .uﬁum:.r.whaxah joam
.3833 qI0H  HE ﬂu%a_ } DA REE T T 'l L] ] o1 0 5§18 z 99 WM | 'wd §F0 “fexo), m3 geR'y) EAWID | -Apu :_.mb,v.‘.ﬁmm«nhwc
ﬂ&uoﬂ._wwﬁngwﬂw% _du_mh%m -idoy ams  prxmeipniod
P 'WEM 205 18AND £ 'HE 278 | 806 |GBT | TBL | 00T 001 00T 06T 4@ | ¥ 9 HdD | SEUBURY (DeAjY) UOTTUIOO ,'SEUBTRY
o] poped W.Emﬁ_t wm
’ 2od ‘w
Lo e ey el | pes | v | w= h T z IR E: B.* o1301q ‘DRAIG 18T J0 1o patie -
o A pus “wd [§o— "eus . P+~ S . . . ' q *
-[eQ-N_eAnjesea 4npaie LA R lovezl | & = 8 9 g@ |60 |9 A}l g yye (pepps Jusns) eonssoddy | -rape enpopy} coneseddy
g CZ mdf 'sxiBua
205 5[Te79p Mwyuenriadie 10 SLINAA
"ATep nelre
........ B e T ] L e S B e T o e [IIe)S WIS]aar] MBI IR (Y] “PALIO “FIOLY
........ ] 0] ottt CEETEED EPPEE ) FEEEEEET FRRPERES IRRPRTER EER- =1 L .SEEMS_H_ ‘wd ¥Ig [ -[ § JTOQE BA[nUY
‘481 “m2 12 ‘'meyerd mA gg exwO; (EnzUAt WAECHLD
ATEp 2eIRay  L0f W)} IOIP 9 | OE[IeaSH Wi
"RTRIE
QI}BNI IO }1F9G A
we)  JAG[[EMIE  JEGM
-0 PUS J0GLMOLIE
“ATTSp Tahe pud oye10d o esoq)
........ oL {7t g A ]| qodwan vANmERd M Cid b CSepIG wBQ) IA[YmS [onwa
e A T Dt M S D D e e e T DHS| e 08¥'1 .3ﬂﬁh%cn§ ‘mE e 8RNI jonpoad
........ L2 T e e e Tl ) ) I - OHA| ‘1% wd g% 'uiosd wel g lexwug (Elolemmon  {otit
A[T8D RBIDAY L0€ WA 'ISIP 035 | -MoR JOYIRDRY) BAESTE]
'A[18D TN ED
opqusedp sef B ||Tcc | 1, e S I e O A e - WTA| morers vowes sl wd apT  CSH0 SU0I3
-8 $3[MUELA T9ATey Bulawy [|-""0 0|ttt i T I S AR SR I M R OTHy} [ 08'T .sauhuﬁ._s ‘mA gy | - ga-gF SMNUEIf)
BAQRIRIE  0Y)  ‘AYIITQ))59! A ' 5 R S A I T drg|} ‘ve ma o8 ‘uix ‘103 77 aNeIu (tignpe PLUUD] )
-wﬁ%ﬂﬂﬂ”ﬁaﬂﬁmﬂ” Apep edmIAY hmw%dﬁur.ﬁoﬁwﬁﬂ& TEjieEMBH ‘HUUE])
ma_wu 1oedp aonﬁSon 10 il 3 T e et A A el il R gAr|[ 100amorre mer "wmB? gy C‘galdo “SUOIDIUT 04-ZF
SNy CB0E Wey) 'R mar |7 P R R IS At At R A I RO T WTIEY[ R 08LT ﬁSEchuBuﬂ. w3 a7 | ‘senuerp C(ouapkoy
998 E[[BOp [ElUsOIiIadze ||-=--"=c|mmeee [ <" I it i R il It il i I DIH{| ‘18 "w g¢ ‘Orsodd (@A 1 LEREUL ez}  [ERISUILod
08 ‘uwawu 3unof 'sefgnyg A[BD sIIIAY h__wwmﬂimw“._m._ﬂohwﬂ ema_m PR[[82-0F ‘1000MCLIY
I [P IR EN E PR R [ I I I 400IMOLE MBY CWF BT CFALu FUOIHW £5-28
........ 200, TN IUUUN IS HS D AT e pw .uuﬂvhuoﬁs ‘wS gz | PRNSEIm  sernUSAN)
128 QIHN vy -wd gy mogoud w2 21 amm | C(saosuipunD DD
A[Bp oIBIDAY CLDE W) ‘1P 909G | ~OM) SNI) ‘1001moLry
1210 Y ogwele s
"ESLIOTED ORYCT 'eEIpAYOqIRD
........ 068 FRREENN SIS NSRS ORI ISP PRIpRIP PRI I o1H “w¥ 1Lz e wid iy meord Ty
........ T e RO IS S I IS T byt STiae¥e, B 2 | oy e s
. . . . . . ! ) Pl E =1
Ad Pd ad »d rd A Pd B [ ug B 23] ‘Te2nE 'seduwlo ‘2urppnd wezolg [ -X9 SammURLd ‘oIe)9 oref,
penupuol)-—8 LN
~JOHd FT1dvld
AA ‘EATEHYLIDEA
= Aep p
& LAroms | -Ayoq | 18] ey | £dmewe | -Lgoq | Jeg wa | £30wa | @
3 ) - | ssodpy | 180 -old | smo3p | -02Q 5
S
m FXISIIRY N . o%ﬂnw_ o ®a uopdpsap 'pou 1891
P Pov] 3599 j0 £3mG pooy 189 £q popgddng KL 9
B “ReaSrp jundds Jo JUeRIeeD) oxeyul 16307 Jo Bofodolg ogn_.u__ﬁmm

0N TeIT |

Ve

£2e

e

xe

3¢

14

e

a1e

penupuo)—epafgne uswny of wibtio puold fo epoof fo Adiaus slqopvat puo Annpqyesdp uesnddy—gg T1AV],

98



¥ 9[Qu) dag

Noine £q paiiodal sEM ‘OOISOQUIND JO 18I0 056 59F¥ SUIOR W) pue ‘uofyjsedizod 18q) B1RIDUT,
“ueFoI

egERm 10) TOIRLING Lagfe juaded ¢'{F peuodal loginy  CAI[ME U] €9Bp WO PAIS[OGMED o

upqord peysedip Jo wreld 1ad eILIO[ed ¢5'( Jo Evo[ Srewpm Anfao(e

IAQY P DN JORNITE G- N 10) 18D 7,200 108 mOI) P S[IED) 4

980 ‘BT 9[q97 O] MADYS ke

*919p §,40UINB W0I] POYBIAG) ¢

"SZ "d ‘BT 91983 1] Unoqs

9 391p JO IPPUIBIAL ) $pO0) 10f AN[I011Eedip JO SIUAlOR00 BUTSH BIED SIOYING UIOG PeEnER] |

'JOUEIRG- N eAT1839T 1uA|B
o] s 8d 693 1560
Uiy O] S0weleq-N 847l
-udelr Jqats up Jnq EopIRE
JER4 7R T} ajuereq
-N eapjsod W oy sapzes
qieq uj xmereg- a0 aaysad
ur ng C-papadsod pus
JEwRs ydnesgy penuimod
‘poptaderd jo Aep pp uedag
BO0aII00 ST 14 [T
-I%3 'Iaxle ‘SARD § 'pOLI T
-0 jsues 'sfep g ‘polred
-p2d lEerles jgERl uMwP_cM
848D ¥ 10 £ ‘popedis
puw s£%p ¥ ‘poped jsued
£q paso[o) SA¥p § 20 ¢
‘porsadazd rearzes jeeed Licr
“RUEEG-N da1RFau Uy
spoefgng  ‘poped jmead Jo
pue lop IYIEuI 59 Aa e
Aopad Ju2g o] waolq
wed] padunnd pottad 510
mWod] ead  IAng pue
‘pRAI SOM ‘B3 egam
Jo191p 0o popad Aq pasoy
-[0] pofzad j8Ba L PO
70 3uyum 3aq 19 U9 ‘(800
18D ANIR( CBARD £[-T]
‘pojrad (ejnourIadyy C2d
8E-g 5238 ‘meny ¥ ‘B1OM(QNE

“pERL
1o Amiqpesdm
-9 BUPEMI[W 10) BpOO]
1810 WOL N JO JEDOme
nemmyoadde  ee  oxwuy
N [Bie] Jo '3od g -iup Jad
‘W ' 1— ‘porrod e J0f
PUE "Wl yg— ‘poriud yaip
ooId-ou,, Jo) SouErRQ
-N eFRmaAy 191D [0
ag3 u urat0ad Jsto4 peosd
-6l GINJT|I [IO% CUJTY U8
popLad (Feal LMoo} POl
-l £epg uy -popred noee
Jo 846D ¢ 10 7 1861 U] pajoo]
-l0d 9ULY PP O PApDE
FEM JETAA QOIYA Tf Pojiad
[inemralye & Aq
Pasorio] (peIG 230 jm
191D T899 PIXI B3} 191F
LJUiel0ad-ou,, & 0o poptad
Lep-g mMm I 'spoalyng

ANOTInoe L[[ensn
Xg -uel ‘fayus

v

L+
B
wanon

¥'I8
458

o1
o1

8

989
o] 3 Tad
N ¥

A S LI

¥LL
8t8

818
1T

41
JUBTILL

“ferg d'fg) upmaqey *HHHH I
wogy ¥iuq  ‘wew 1 wafqng)|._____ | Il D ...

(Fhg @ fYg) U OUSmAR M
WQIf 99 "EAWp g “yueta
-ledyy  wEwm 1 ‘Wefgng

Lqim

g1y

oo
-

— -
-

80
t9
¥

20
g0

ad
Bd

= 0 orh

*BAN]B
19(p W eEPAYD PUY jure[es paowjd
-80 18904 gERgy WA £91—FF polzed
JSED )X CEPO0] [RI3AOT )¢ SJOTNOWYE
g} gadusgo Joulmr Jof jdenie
‘(0EE WA} 10) 6% SIS 13D popaden s
‘#AGQE J9Tp T} 95390 wnd
yures pade[des 1834 parip “md &g
portad gvax  dmd mivwe) ‘ml
OF 'dios PaIp " o 'refng me o
‘OpETILLINGT ‘mF 92 ‘98I0 ‘s gg
UOsTes Uil 09 '191)Rg “mE g ‘SaYB:
‘ol g ‘yoeqrasz (mI O] ‘HOI0S
"tad g *F[u paprp “wd o popadery

(4ep A19sp UMER
TRyl pecj (18 10N) B3 Uaing
ME00YS “TeANS )nosiqee) ‘sop
pearq ‘Muoquo 'Jneryenss ‘(dnos
ID) B3RMD) ‘Ha¥uEl0 ‘SYUFTEQ
‘a(dde jo J9Ip POXIIZ U} We}Ba J54a 4,

. . *(ugg ~d 13y}
000'E JN0GE “SxeIUT BII0[BD PHBE
‘NSF N CWE LEoreywiuT AMYq
AL pue AUpmEIA o FIUGUD
-a[ddng * [dde “flo ‘e
‘FUp S0Y ‘w9 ‘ssgod ‘Apuwd
! uﬂﬁaw epeadusic  ‘(golmis
10018 0LME 1inosIq .oﬁa—wg
“rEinE 'wnijel CEmgsaip gouay
‘121901 Jo UOLIRL [B59Q 0 PAPDE JSUA K

“--(prelL sdng g) Fia ‘eco0d s (g

7|7 (prer4 sdno g-2) Hru ‘soooo “u1d 0F

“IPRA LA PoYOd ‘redns ‘mE
TIZ 01 §O1 pUT vo0200 "mA ¥ o1 81
“9eIpAY
-Teg ‘2 g0 “pey cmd 2'eg ‘N nﬁ
Fooexeay L8 UM J0 Jaoq
IAEA YIa PURO0 ‘80000 'mid ge[

T pesgadome qeal) Eee ] | [pe
"104%Y
afqBydacos ‘aof[af 19gn
-9UI0R 10100 'POLID , )8R0, | oEE
' {aoleiedaud
15294 2[qoen®) PR aze
I B P w2e
EReR
..................... BGD | LZE
PUT[[OH WO Z'SpU | | foe

....... PONYRP Afeireg frrd4



Composition and Heat of Combustion of Foods

Composition and heat of combustion data are recorded
in table 24 for test foods used in digestion experiments
described in table 23 whenever such gata were reporied.
Composition data sre useful in identification of & food item
and in interpretation of experimental results in digestion
experiments in whieh that item is used.

For ease in using the data the test foods with composition
reported carry the same item number in both tables 23
and 24, The composition data are recorded a3 reported
by the authors and the factors they used for converting
nitrogen to protein are noted in footnotes. More complete
description of the food items is given in table 23.

TarLE 24.—Composition and heat of combustion of food items used in experiments on human digestibility

(table 23)
l Carbohydrate Heat of
Test food, description Water | Protein Fat Asn | e | Rer. No.
&I‘iget?er% Fiber gTam
GRAINS, GRAIN PRODUCTS
Barley Products (Hordeum vulgare): Percent Percent Percend Percend Percent Pereend Caleries
1 Barley, flaked __._________________ 9.79 | 18 87 1. 24 79. 22 077 0.88 |_.______ 62
2 Barley, germinated, flaked__________ 10, k8 |1 10. 62 1.21 76. 89 1. 27 .10 | . __ 62
Buckwheat Products (Fagopyrum escus
lentum):
§ Flour________ . o iaooia. 11.34 { %8 13 .22 77.69 |..._____ 1.62 | . _____ 134
Corn, Corn Products (Zea maya):
8 Hominy._____ o maea. 10. 96 *g, 44 .67 | 78 61 .37 .32 | 3 986 120
9 (Hominy), hulled wusing alkali,
steamed_ _______________________ 0 9 96 5. 30 76. 77 1. 51 7971 4.440 121
0 18 92 5. 00| 77 96 . 69 812 | 4164
0 110.05 5.65 | 76 67 .78 7.63 | 4.8625
11 Mea} ... 9. 52| 16 87 . 65 82, 67 .46 L29 [ L . 62
14 Meal, granulated:
T 11, 79 *8 50 .98 | 78.25 .46 .48 | 3. 823 120
T 7. 77 *8. 69 1. 92 81. 12 . 40 .50 | 4 023
15 Mesal, waxy variety of maize im-
ported from China______________ 10. 54 *g8 88 4.24 | 75.04 1. 67 1.3 |- -_ 57
16 Meal white_..___.___._ . ________. 9 88 | *10. 63 6.17 | 71.52 1. 83 .80 ... .. o7
20 Corn endosperm, toasted, added
sugarandsalb__________________ 7.49 | *7 38 1.68 ¢ 80.38 | ______. 3.07 | 3. 869 126
Oats, Oat Products (Avena sativa):
25 Rolledoats. __ .. ___________ 8 66 | ? 14, 69 6. 96 67. 80 |_..__._. 1. 80 4. 560 164
27 Rolledoats____________._.______. 11.02 |2 15. 69 7.23 | 64.23 |________ 1.83 ... ... 126
28 Rolledeats_ - .. ______. T.90 | 285 10 |- | |emmmmme oo oo 38
32 Rolled oats, quick-cooking_________ 7.36 [16.13 6. 14 68. 53 . 90 184 . _______ 129
33 Meal, granulated or pinhead_______ 7.51 | 112,43 6. 31 72, 23 1. 94 1.82 oo ..._. 62
34 Meal . .. 7.35 | 113.17 7.53 70. 23 1. 04 1,72 . _____ 62
35 Meal volled ____._.______________ 745 (11221 7.27 | 71.37 1. 15 L70 (- .. . 62
36 Meal _________ ... 812 (113.25 7.28 | 69 57 1.12 1L78 . .. 62
38 Meal:
6. Coarsely ground pinhead____{ 15. F11L.70 721 64, 47 .85 1.82 (... 102
b. Medium ground ___________. 15. 18 60 7.78| 67.15 .93 .47 | ____.
Average__ _______._________ 15. 16. 10 7.50 | 65 86 . 89 .54 | ..
Rice, Rice Products (Oryza sativa):
49 Polished or white_ _______ . ________ {12 92)| *B.55 31 T7.89 | ... .33 | 3. 854 167
50 Undeseribed__________._ . _________ 13. 50 18 27 3 77.28 o _______ N Y N 144
Rye, Rye Producis {(Secale cereale):
54 Flouwr No, 18_____________________ 9. 25 | *15. 48 201 7LO8 | _._____ 218 |._.__.. 141
55 Flour III, a comercial flour_ . ______ 11. 40 | *14, 92 1.86 | 6982 { __.___. 197 |-, 141
58 Flour No. 1Y . ____ 10. 96 | *15.78 1.89 | 6947 3 .____.. 1.90 . . 141
57 Flour No. 4___ . _.________._____ 9. 30 | *15 67 1.78 | TL3B|____.___ 1.87 |.__... .. 141
88 FlourNo.16_____________ __.__.._.. 10. 06 | *16. 14 1. 76 70.30 | _____. 1.74 | oo .o 141
59 Flour No. 16 o _.__ 11. 00 | *15 38 1.71 T0.22 | 1.69 |- __.___ 141
60 FlowrI1______________________.__ 11. 26 | *15. 33 1.80 ] 60.84 | ____.___ 1.68 L ______ 141
' N X 5.7, ¢t N X 5.95,
*N % 6.25. *N-conversion factor not reported.
*N X 5.83.
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TaBLE 24.—Composition and heat of combustion of food items used in experiments on human drgestibility

(table 23)—Continued
Carbohydrate Heat of
Test ford, description Water Proteln Fat Ash combus- | pos Ng,
’ Total (0T | Fiber Corm
dliference)
GRAINS, GRAIN PRODUCTS—Con.
Rye, Rye Products (Secale cereale)—Con.
61 Flour, whole grain, meost external | Percemt Percent | Percent | Feroent Pereent | Percent | Calories
layer removed ______________.____ 130 | P (B 40)| o Lo ___ 5(2 03} L62 (... 99
(Whole-grain Swiss rye before pro-
eessing)® .- (13.0) | ¥ (8 28)|ecccmae]oeaeae 5 (1.65) (L 6lY........
64 Flour, flours No. 6 and No. 18
blended in equal amounts._______ 9.16 | *12. 42 1.30 | 75.72 | ... 1.40 | ... ._ 141
65 Flour, finely ground flour com-
monly used in Wurzburg._...____ 11. 6 $90. 33 | . _|-. U 1.24 |L_.____. 99
66 Flour, flours 0 and III blended in
equal amounts__________________ 11. 32 | *10. 76 1. 38 T5.84 |________ 1.20 |______._ 141
71 Flour, made by Steinmetz process
from rye of Silesia________________ (13.0) |*(9.62)|. . ____|..______ F{L5TY (LIB)|________ 99
(Whoele-grain_rye of Bilesia before
processi dg)"' _____________________ 1.0 ¥ (9 21) |- |- 5(2 71 (L.84)_._.___.
72 Flour, made by ‘‘old process” of
mlllmg from Swiss rye_____._.___ (13.0) [* (7. 1) oo |t 5(.66) (1.10)_-_.__.____ 99
73 Flour No. 13 .. .. ... . ... 11.19 | *11. 85 1. 14 T T8 | ___ .o |________ 141
74 Flour Ne, 12_____________________ 11. 56 | *11. 42 1. 69 74.37 | _._._ 96 | .. 141
75 Flour, 75 percent yield __._________ 14.78 | 9. 79 \. oo ciai|omeaaaaa .86 (o __. 99
37 Flowr I .. 11, 84 | *10. 22 1.00 | 7683 |________ I 21 I 141
78 Flour No. 10_____________________ 11. 76 | *10. 36 .97 75.69 |._._.___ R & A P, 141
79 Flour No. 2. ___._ . . ... ...... 12. 14 *g, .73 76.60 (_____... N £ T P 141
80 Flour No. 7. o ____. 11. 87 *g 31 .78 77.42 |________ .62 | ___ . _._ 141
81 FlourNe. 6______________________ 9.07 *g_ 35 . 59 80.37 |.._.__._ P 2 P, 141
82 Fiour, 62 percent yietd_ ___________ (13.0) [ *{(8B. 69} _______|--______ 5 (., 67) {.65)________ 0%
83 Flouwr O_________________________ 11. 25 *6. 59 . B8 80.85 |_.______ A = 2 P 141
84 Flour No. 1__.______ . _____________ 12. 49 *5. 36 . 89 8117 |-.___... VB9 ..o ._. 141
85 Branny portion, fraction of 67-85
pereent d_______________________ 14. 8 *20. 2 3.3 58.9 2.9 28 ..., 30
86 Branny portion, fraction of 67-95
pereent ®_________________.______ 14.8 | *18 5 3.4 50. 6 4 6 37 | .. 30
87 Branny portion, fraction of B5-95
pereent &______ . .. . _ ... .___ 14, 2 *16. 2 3.6 61.1 7.5 4.9 |________ 30
Wheat, Wheat Products {Tviticum gqesli-
Ly Y
Flours, whole grain and nearly whole
grain:
92 Graham, 100-percent extraction,
Seoteh Fife, hard spring_ ________ 8 61 | 112 65 2 44 T4. 68 [-.__.___ 1. 72 4, 148 164
{Whole grain hefore processing)"____ 850|112 65 2. 36 74.69 (. ____. 1.80 | 4,140
93 Graham, 100-percent extraction,
Seotch Fife __ . _ .. ... .._. 13.21 11421 2.01 68. 66 (___.____ 2.01 3971 166
{Whole grain before processing)®.___} 10.41 | ? 15. 50 2 28 69. 88 (... _____ 1.93 ) 4023
94 Graham, 100-percent extraction____| 10.51 |t 14. 00 252} 70.97 |__.._.__ 2.00 | 4004 195
36 Graham, milled from Oregon white
winter wheat ___ _______________ 815| 818 1.68 | 80.27 |.___..__ 172 | 3.59%0 168
{Whole grain before processing}!!_.__ 899 | t8 32 1. 83 79.10 |________ 1. 76 4. 008
97 Graham, milled from hard wister
Weissenburg wheat from Okla-
homa. .. oL 7.73 | 115. 33 1,79 73.83 1. _______ 1,32 | 4178 168
{Whole grain before processing)?. _. 865 | 115 33 1. 83 T2.87 . . .__ 1. 32 4. 110
98 Graham, milled from Michigan soft
winter wheat ________.___.__._._. 11.23 | 112 24 1. 41 7327t ___ 1. 85 3. 906 166
{Whole grain before processing)®.__| 10.25 | 112 34 1357 7423 ¢ ___ ... 1.83{ 4.000
102 Graham . _ . ____________________._ 11. 82 | *10. 63 1.71 74,121 2.25 .72 _______ 97
N X 5.7 from this sample. Also from thiz wheat were prepared
I N X 6.25. items No. 94, 114, and 137 appearing in another report.
¥ N x 5.83. 0 Jtems No. 93, 113, and 136 were prepared from this

5 Reported as cellulose.

® Items No. 61 and 72 were prepared from this sample.

? Items No, 71 and 82 were prepared from this sample.

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

*Ttems No. 92, 112, 135, 146, and 147 were prepared

sample.

11 Ttems No. 96 and 115 were prepared from this sample.

B Iterns No. 97, 116, 139, 173 and 174 were prepared
from this sample.

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

*N-conversion factor not reported.

101



TaeLE 24.—Composition and heal of combustion of food items used in erperiments on human digestibility

{table 23)-—Continued
Carbohydrate Hent of
Test fcod, deseription Water | Protein Fat Ash Soubus | Ret. No.
difteroncey | Fier gram
GRAINS, GRAIN PRODUCTS—Con.
Wheat, Wheat Products (Triticum aesti-
pum)—Continued
Flours, whole grain and nearly whole
grain—Continued
106 Whole megl, milled from Canadian | Percent Percent Percent Percent Percent Percent Calories
wheat . _______._.________._____ 15. ¥ 15 40 2.23 (4 2,38 | |eaaaa_ L 104
107 Whole meal, milled from English
wheat L L_..._.. 15. %8 52 1. 83 (35} 2.02 || ___. 104
108 Wholemeal. .. ___._____._______ 13. 50 | 3 11, 66 1.8 | 7149 |___..___ 1583 |- __ 28
109 100 percent of wheat kernel___.___ 14. 38 {2 10. 92 1.81 7169 |__.__... L20 |_____.__ 146
Flours, intermediate extractions:
112 “Entire wheat” ___.___ .. __.______ 10.81 | 1 12. 26 2,247 71367 | __ .02 4. 032 164
113 *“Entire wheat”_._____________... 13.51 | 113. 72 1697 70.10 |.___._.. .98 | 3.877 166
114 “Entire wheat'’ milled from hard
spring wheat, Bcoteh Fife_._____ 10. 99 | * 13. 00 228 | 7251 |_.__.__ 122 | 3 944 195
115 “Entire wheat” milled from Oregon
white winter wheat_ ___________ 866 | 17 52 1.67 | 8L08 ... ___ LO07{ 3900 168
118 *“Entire wheat” milled from hard
winter Weissenburg wheat from
Oklshomsa._ _ . ________________ 7.46 (1 15 16 1. 64 74.562 ___.____ 1. 22 4. 159 188
117 ‘'Entire wheat’ milled from Indiana
soft winter wheat. _____.._.._... 9.60 | *12 80 1. 54 T4 40 | _.__. 1.66 | 4, 020 186
(Whole grain before processing)__ % 8,09 | ! 13, 16 1.62 | 75.38 |..__.__.. 1.85 | 4090
118 “Entire wheat"” milled from Michi-
gan soft winter wheat_ ___._____ 1,01 | #1201 | - 183 | T4 17 |-oo_____ 1.28 | 3 860 186
123 90-pereent extraction, milled from
nglish wheat___ ... _____.____ 15. 18.82 |- [ mmaaa LIS [ e oL 108
124 90-percent extraction, milled from
Manitoba wheat .. _.______.___ 15. L A N DI TP 115 |oe oo 106
131 80-percent extraction, milled from
nglish wheat_ ________________ 15, I T 1. T (R DR ) I N 108
132 80-percent extraction, milled from
Manitobas wheat________ . _____. 15 11308 | oo -7 N R PR 108
Flours, lower extractions:
135 BStandard patent, milled from hard
apring wheat, Scoteh Fife_______ 10. 54 | 1 11. 99 1. 61 75. 86 | __ 0. 50 4. 050 164
136 Btraicht patent, milled from hard
spring wheat, Scoteh Fife__ . ____ 12.38 | ! 13. 60 1.30 ) 72,04 | _____ .68 | 3. 861 168
137 Btraight patent, milled from hard
spring wheat, Scotch Fife__.____ 11. 55 1712, 75 1.43 | 73.67 |-o.oo.._ .60 | 3. 889 185
138 Standard patent, about 70 percent
vield, milled from Oregon white
winter wheat________ . _________ 894 | 16 90 1. 25 82,47 1 _______ .44 3. 880 188
139 Btandard patent, about 70 percent
Qeld, milled from hard winter
eisgenburg wheat from Okla-
OB o ____. 9.953:113. 74 .92 T4.89 ... __ .52 4.040 168
140 BStandard patent, milled from Indi-
ana soft winter wheat_.___.____ 1n.30 112 30 . 93 75.04 (L. _____. .63 | 4.0I0 166
141 Standard patent, contained less
than 72 percent wheat kernel
milled from Michigan soft winter
wheat. ... . . __ . . ______._ 10, 97 | 1 10, 82 B0 | TR |oLooLo. .46 | 3.799 166
145 70 percent of wheat kernel, milled
from & mixture of Girka and
Minnesota wheats_ ____________ 15.02 | # 11. 57 . 81 219 b ... __. AR 3 U 146
148 lst patent, milled from hard spring
wheat, Beoteh Fife_ ____________ 10, 55 | 1 11, 08 L1510 V6.85 [L__._._. .37 | 4032 184
147 2d patent..___ . .. ___._____ 10. 49 | 111,14 1.20 T6. 75 |- no .42 4. 006 164
148 DPatent, milled from hard spring
wheat, Beoteh Fife . ___________ 12,36 | *12. 44 162 7307 L.o..._. ) N R 170

1N X 8.7
N X 6.25.
PN X 5383

¥ Available carbohydrate 55.20 percent;

matter (pentosans, ete,} 9.78 percent.

102

undetermined

18 Available carbohydrate 63.00 percent; undetermined
matter (pentosans, ete.) 9,02 percent.
1 Ttemns Neo. 117 and 140 were prepared from this sample,
*N-conversion factor not reported.



TaBLE 24.—Composition and heat of combustion of food items used in experiments on human digestibility

(table 28}—Continued

Carbehydrate ! Heat of
Test Jogd, description Weter | Protein Fat Ash ogmbus- | Ref, No.
Tata] (by per
difference) Fiber gram
GRAINS, GRAIN PRODUCTS—Con.
Wheat, Wheat Products—Con,
Flours, Tower extractions—Con,
149 Patent, baker’s grade, milled from | Pereent Percent Percent Pereent Pereent Percent Calories
Scotch Fife_ _ ___._____________ 8 01 | *15. 50 2. 22 T3.52 [ ... P £ T . 170
151 Patenmt_.._ . _________________ 11. 07 | *12. 75 90 74 84 14 - T S PR, a7
163 30 percent of wheat kernel, milled
from a mixture of Odcssa, Cali-
fornia and English wheats___ ___ 14. 63 | 78 91 96 ) 7518 .. _..._. - v 2 R 146
Flours, other:
164 Semolina, milled from durum
wheat, Kubanka__._____________ 10. 77 | 2 11. 64 1,27 75.56 |____..._. I £ i N PR 168
(Whole grain before processing)!?. _ B.76 | 212 37 2. 07 74,92 | ______ 1.88 [ ____.._
165 Semnolina, ¥ milled from durum .
wheat, Kubanka._______________ 7.57 | * 11. 57 Q. 89 79.06 |____.___ 0.91 4 16 168
{Whoie grain before processing) ¥..) 10 48 | 12. 45 2 48 72. 92 2 83 L67 |___..__
Flour mixtures: .
173 “Bran flour,” s mixture of 86 per-
cent straight grade and 14 percent
very finely ground bran from hard
Weissenburg wheat __ ___________ 9.69 | 113.96 L48{ 73.62 |...... .. 1.25 | 3. 876 168
174 “Germ flour,’”” & mixture of 93 per-
cent straight grade flour and 7
petcent finely ground germ milled
from hard winter ‘%’eissenburg
wheBt - o . oL . 9.63 |} 14 BY 1. 66 72.97 |oooonas .87 | 3 962 168
Wheat breakfast foods:
Whole grain and partially refined:
175 Flaked _ _ . __ . _ . __________________ 272 | 211 69 1. 48 79.13 1. 88 4.97 |- 129
179 Meal ... 7.06 |31} 25 1. 89 78,45 | M2 10 1.356 |_____... 129
180 Meal __ . ___ 8. 08 | 316 32 1. 47 72. 68 | 02 07 1.45 |______.. 129
182 Meal __ ... e __ 808 |15 16 1. 35 74. 08 [ ___..__ L33 (... 126
184 Puffed, whole grain_ ______________ 4.90 | 215 06 .94 | 7670 2. 34 140 | ... 129
185 Rolled___ o ____ 919 19 81 2 27 77. 22 1. 07 1.51 | ... 62
187 Rodled ___ .. _____ ... 11. 35 [ 2 11. 14 212 73.856 |_____.__ 1. 54 4. 020 168
189 Shredded _ .. _ ... _____.__.__._._ 6.20 | '10. 60 1.37 | 80.06 |__-...__ | I i B S 127 a;rgg
190 Shredded . __ .. __________._...__ 5.62 | 19.97 1.35 | 8127 2 42 1L.79 |- 129
Refined:
192 Endosperm, granulated ______._____ 9.35 | 110. 54 .85 78768 .27 ) 2N 129
193 Endosperm, granulated____________ 12.68 [ 211, 8] 240 ) 7246 ... ____ N7 B 126
194 Endoaperm, farina___._____________ 10.55 | 19.70 1.36 | 77.97 .44 N> P 62
195 Endosperm, farina. __ ... _____.._. 10.58 | 19.18 1.10 | 78 60 . 36 .54 | 3877 62
196 Endosperm, farina._ ... ___________ 11, 37 | *13. 03 LTT | T4 27 .28 -1 I P, o7
Wheat breakfast food mixtures:
198 Wheat and barley malt______..____ 6. 47 | ' 11. 63 LT7 7896 |._._..__ 2.17 4. 061 9
199 Wheat, whole grain and barley
malt, “Foree” __ ____________._._. 10. B6 19 86 1. 65 T4 77 |- 2 86 3. 822 9
200 Wheat, whole grain and barley
malt mixture, “Foree” _______.__ 7.37: 19.81 213 78. 29 1. 85 240 (... ___ 62
201 Wheat and barley malt, '“Malta
Vita o e 11.32 (112 .20 1. 52 72.03 |__..____ 2 93 3. 841 9
202 Branny portion, fraction of 73-85
percent ¥'____ _______________._.- 14. 7 *15. 7 4.2 61, 1 7.6 43 oo 30
203 Branny portion, fraction of §2-95
pereent ' ______ . __________.__... 14. 3 *15 0 4, 4 61. 3 10. 3 5.0 facmeeae- 30
]
LEGUMES AND NUTS :
Beans, dry (FPhascolus vulgaris): i '
210 Common white, nag;y beans_...__.__ 11.21 {118. 25 1.63] 6489 |_____... 402 | 3 885 184
211 Common white, navy beans. _______ 11. 19 : ® 20. 69 1.58 | 82541 .. _. 4.00 | 3 922 184

'N X 5.7
*N X 6.25,

I7 Tiem No. 164 was prepared from this sample.
©® Composition for macaroni, dry; used here for flour as
Snyder found by previous analyses that flour and uncooked
macaroni made Trom it have practically same composition.

¥ Ttems No. 165 and 187 were prepared from this sample.
1 Egtimated by authors of article,
11 The wheat was milled to 73 percent and the branny
fraction obtained from the remaining portion.

*#N-conversion factor not reported.

Refers to
original grain with a 5 percent loss from cleaning.
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TaBLE 24.—Composition and heat of combustion of food items used in experimenis on human digestibility

(table 23)—Continued

Carbohydrate

Heat of
Test food, description Water | Protein Fat | Ash ﬁg”;‘; Ref. No,
diglemnﬂg) Fiber grRIm
LEGUMES AND NUTS—Continued
Beang, dry—Continued
212 Common white, navy beans, skina | Pereent Pereent Pereent Percent Pereent Percent | Calorles
removed____.__.__ . ___._._._._._ 13.32 | *23.75 1.71 B9 50 | e femmmana 165
213 Common white, navy beans__._ ____ 1282 9 %2206 |- ____ ) feeoooo-s 338 (... 137
215 Kidney beans_.____._________._. 11.25 | # 25 38 1. 41 58 38 |._______ 358 |__.__.._ 184
Cowpeng, dry {Vigna sinensis):
221 Clay.. . o e a .. 13. 37 [ 223. 19 1. 45 58,49 (... ___.. 350 | 3915 184
b3y S T 10.77 | 121. ™4 L78 | 6L79 ) _______ 372 | 3913 184
223 Yady_ ... 11. 32 | 2 25. 50 1.73 | 57.88 joooeon._ 3.57| 4023 184
224 Tady . e 10. 27 | 122 38 1.75 62 15 | __.____ 3.45| 3922 184
225 Lady_ oo e mmmeee 10.05 [ 2 23. 75 L7565 60.94 |..__.___ 3 51 3. 997 184
226 Whippoorwill____________________ 808 [ 923 00 135 63.64 |____..__ 303 | 4071 184
227 Whippoorwill.__. __ ... __ 12. 84 | 219 94 1.48 0 6217 |________ 357 | 3 908 184
228 Whippoorwill___._________._.._.. 8. 36 1121 44 1.70| 6474 ... 376 | 4 040 184
Peas, dry (Ptsum sativum):
235 Pesas_______.__.__ cmmm———————— 130 2212 1.2 61,9 |________ 27 |- _.... 146
236 Peas_ __ _____ . ________________.. 13. 2 2212 1.2 618 |...__..__ 26 ._.______ 145
237 Pema_ _ . el _._ 11. 53 | 1 22. 81 1. 51 6171 |_______. 244 | 140
238 Pems,split.__ .. ._..... 12,61 |23 44 .71 61.68 | _._.___ 156 ..o, 113
Seybeans, Soybean Products (Glycine maz) :
Soybean flour, about 6.5 percent fat_ 4.17 |1 49. 31 6. 50 34. 22 5 10 5. 80 3716 29
249 Soybean flour, about 3.3 percent fat.] 6.5 |144.1 3.3 40. 4 59 57 3. 480 29
252 Boybean curd (Tofu) __._________. 87.80 | 75 83 4. 41 1. 25 11 N i I I 134
Greund nuts er peanuts (Arackie hypogaea):
259 Peanuis . __________ . __________. 4 88 [232.84 | 47. 33 12, 59 1. 88 2 56| 3 040 75
Trzax Peanut flour, partially defatted ____ 4. 44 | *58. 08 9.69 | 23.05 2 54 384 |_____. 64
ee nuls:
264 Almonde (Prunus amygdalus)______ 442 217.28 | 54.30 | 21.22 2. 58 2.78 ) 3.129 75
265 Brazil nuts {Berthoiletic excelsa)_ ___ 4.33 |219.78 | 63 31 8 96 2 96 362 3125 75
268 Brazilnuts______________________ 5 28 | 218. 00 66. 07 8.00 4 22 2. 65 3. 397 75
267 Chestniuta, fresh (Castanea safiva) |- - ___ 15 4 1. 4 38 3 . |eeeeas 67
288 Chestnut flour (Casianes dentala) _ . 6.36 | ?6 38 3. 32 8l.54 |._______ 2 40 3. 958 120
(Kernel before processing)®?_.___| 44.89 | ?3. 85 210 | 4795 | .. __ 1. 41 2.372
269 Coconuts (Cocos nucifera) . _____. 19.17 | *5.25 | 51.00 | 23 44| 1377 1.14 | 2. 712 75
270 Pecans (Carye illinoersie) _________ 4. 30 | 7 15. 67 71. 52 6. 06 3. 17 1. 556 3. 551 75
271 Walnuts (Juglans regic) (presum-
ably Persian or English) __._____ 3.97 | 24. 58 62. 92 6, 82 1. 87 1. 01 3 318 75
YEGETABLES
272 DBenns, snap (Phaseolus vulparis) . _| 92. 44 11.16 .13 5. 44 1. 04 B3 - &7
274 Beets (Beta vulgaris) __ __________. 82.6 *1.9 .3 13.8 1.0 1.4 . 673 33
275 Beets. .. _____ . ____ 85. 4 2 2 .2 10.8 |.o...___ 1.4 . 599 33
276 Cabbage (DBrassica olergecea var.
capsala) .- .. ___.__ 04, 7 * 0 .3 3.3 1.1 R 214 33
277 Cabbage .. ___________ ... ._ 94. 8 1.0 .3 30 |ooooo.._ .9 . 210 33
278 Cabbage _.__. . ____.__________. 94. 4 *9 .1 3.7 |ocooo.. .9 . 203 33
280 Cabbage, savoy_____..._._________ 890. 4 121 .6 6.6 |..______ 1.8 |--coo_- 144
281 Carrots (Daucus carota).__________ 90, 53 ? 86 .33 7. 40 1.12 BB et 134
282 Carrots____ .. ... __________... 86. 3 1.6 .2 1.0 ..., L' T P 144
283 Collards (Brassica oleracea var.
acephala) __ _________________._. B8.44 | 13.13 . 54 5. 53 1. 51 286 oo 57
284 Corn, green (Zea mays)__ .. _______ 76.0 *1 9 1.4 17. 3 5 .4 1. 112 33
286 Potatoes, white (Solanum tubero-
SUMY L e e _____ 79.5 2. 2 .1 17. 4 4 .8 . B48 33
287 Potatoes, white_____ _____________ 78. 3 *2. 3 .1 8.4 |________ .9 . 900 33
288 Potatoes, white._________________ 81, 2 *1.9 .3 158 |oooo.__ 1.1 . 782 33
291 Potatoes, white__________________ 73. 4 #2383 |oae____ 23.3 -_.___.. 1.0 - _..... 144
202 Potatoes, white__________ . ______. 74. 33 *2 38 .03 22 32 28 04 . 42
293 Potatoes, white_ _________________ 80.16 | 21, 49 .07 17. 35 a9 L83 .. _____ 134
204 Potatoes, white ®__________._.___ 75.1 220 |_o..___ 21,8 ____...._ 1.0 1. 014 69
295 Potatoes, white__________________ 77.66 | 2,04 _______. 1947 1. ______ . 7 N P 69
296 Potatoes, white__________________ 74.80 | 0,2 ._______ 23,190 .. ____ - ) T P 69

*N X 6,25,

# Jtem No. 268 was prepared from thiz sample.
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3 Average of several samples weighted by their con-

*N-conversion factor not reported,

sumption during period of digestion experiment,



TanLE 24 —Composition and heat of combustion o Jood items used in experiments on human digestibility
(table 23)—Continued

Carbohydrate | Heat of

Test food, deseription Water | Prateln Fat oo Ash 'gl‘?g;';b;;’r' Rel. No.
ot ¥ -
difference) |  Fiber gram

YEGETABLES—Cortinued
Pereend Pereent Percent Pereent Percent Percent Calorles

297 Potatoes, white____._____________ 73.66 | 1195 ____.___ 23.38 |_....___ Lol 89
298 Potatoes, white______________. __ 76.23 | *& 01 |._______ 2070 |________ 98 (oL 89
299 Potatoes, white._____.___________ 77.66 | 22,04 |._.._____ 19.47 | __.__ 84 | ___._ 69
300 Potatoes, white___.______________ 74.80 | 11.20 |_._____. 23. 19 |________ L81 oo (it}
301 Potatoes, white 8 _______________ 74. 3 *18 ... _ 23.2 ___..___ 8 . &9
302 Potatoes, white®™________________ 79. 4 L4 ... 18.4 (_____ .. _ R I 69
311 Pumpkin (Cucurbita pepo) _ _______ 8401 31 91 19 13. 23 1. 30 63 | __ 134
312 Bweetpotatoes, partislly dried
(Ipomoea batatas) ______________ 4,96 2171 76 | 90. 27 7. 65 2,30 . ___. 134
FRUITS
322 Bananas {Muss paradisiaes var.
saprentum) .. .____________. 77.15 | *1. 60 .24 | 2020 . 52 - 7 U P 75
323 Grapes (Vitis spp.),* mixture of
Tokay, Muscat and Cornichon__.| 86.8 37 .2 12.0 .5 N T P, 75
MISCELLANEOUS
380 Yeast, dried_____.______________ - 6.83 (347,25 (_______{._______f.______ .. _ .. 4. 478 87
331 Yeast, fresh compressed. __._..__. 69.92 | 21520 (oo _ | o ____|___.___|..____" 1. 443 87
*N X 6.25. M Weighted average of 3 kinds of European type grapes
n Average of several samples weighted by their con- used in the digestion experiment.
sumption during period of digeation experiment. BN X 625 Authors also 1§p0rted 7.05 percent
protein N and 0.51 percent purine N,
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