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INTRODUCTION 

Wheat has been cultivated since the earliest ages. It was 

the main crop in Egypt, Rome, and Greece. The wheat grown in 

T.gypt, according to Jacob (1944), was not like the wheat grown 

today, but rather an emmer wheat. Later, the Romans perfected 

this wheat. The Chinese cultivated wheat in 2700 B.C. The first 

wheat in the United States was planted in New England in 1602. 

Wheat has become the most important cereal crop in the 

world. Nearly six hundred million people use it as food in the 

form of bread. The rgyptians were the first to discover that 

leavened breads could be made by setting aside their doughs until 

they raised. Their yeast was derived. from air-borne yeast spores. 

The flour milled by the Egyptians was not very refined, for they 

pounded their grains between stones and some of the chaff and 

bran were removed with the aid of air currents. The Romans 

progressed from mortar and pestle grinding to circular mills or 

querns and they were able to produce several grades of flour by 

sieving or bolting the meal. 

The conical querns of the Romans were gradually replaced by 

large flattened millstones which continued to be used in Europe 

and America until 1370. Water power and later steam power were 

used for turning these millstones. With the discovery of the 

steam engine and the harnessing of electric power, the millstones 

were replaced by revolving pairs of steel rollers and this is the 

method of milling in use today. Instead of one crushing operation, 
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there is a i4radual breaking of the ;,;rains, and with the aid of 

the middlings purifier, the bran and c;erm are removed in between 

breakings. A very highly refined flour is produced, because all 

that is left is the endosperm which is mostly starch. The im- 

portant vitamins and much of the protein have been removed with 

the separation of the bran and germ. 

desinate flour by a certain percentage extraction 

which is based upon the weight of the total flour secured after 

all the bran and germ have been removed. Low extraction flours 

contain less bran and germ than high extraction flours. Normally 

millers use 72 percent extraction, but occasionally higher ex- 

tractions must be used. During World War II, Great Britain mill- 

ed all their flour at 85 to 90 percent extraction so that the 

people would benefit from a higher vitamin and mineral content 

of the flour. After the war many Turopean countries encountered 

starvation, and the United States was called upon to alleviate 

this situation by shipping grain and flour as well as other'non- 

perishable foods. For greater flour yields and in order to con- 

serve wheat, millers were asked to mill BO percent extraction 

flour instead of 72 percent extraction flour. The 80 percent 

extraction flour was used in this country for only one year. 

For a long time people did not realize that important nutri- 

ents were present in the coarser sections of the wheat grain. 

Beginning with the twentieth century, chemists and nutritionists 

reccwnized the existence of nutrient substances whose functions 

were different from those constituents in foods needed for energy 



3 

and building supplies. They found that many diseases, such as 

pellagra, beri-beri, and rickets could be prevented by including 

foods in the diet which contained certain nutrients which Funk in 

1912 called "vitamins." The whole grain was especially high in 

the B-complex vitamins and therefore, people were urged to eat 

more whole wheat flour and bread. 

In spite of this new knowledge of nutrition, preferencc for 

fine white flour has persisted, and now 96 percent of the flour 

riilled in this country is white flour. This 1.!; not surprising, 

because a soft, light, finely-textured loaf of bread can be made 

from white flour. A heavy, solid loaf of bread results when the 

whole grain is included. 

lith of World .:;ar II, nutritionists were con- 

fronted with the fact that millions of people were not netting 

enowt of the vitamins and minerals to maintain health and viv:or. 

The need for better national nutrition was emphasized by numerous 

dietary surveys. Coco at al. (1943) evaluated the diets of grade 

and high school students in Louisiana and found that 11 percent 

of the white and 3 percent of the Negro children received a diet 

adequate in all essential food factors. The diets were fair amore 

60 percent of the white and 36 percent of the Negro students, and 

poor among 29 percent of the white and 62 percent of the Negro 

students. Youmans et al. (1943) in their compilation of diet 

records in a rural corriunity in Tennessee found that 69 percent 

of the children were not receivin:; the National Research Council's 

recommended amount of calories. Sixty-one percent of the chil- 
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dren did not receive an adequate amount of protein, 77 percent 

did not receive enough calcium, 70 percont did not obtain enough 

iron, and 45 pereent did not obtain a sufficient amount of vita- 

min A. Seventy-nine percent of the children did not procure the 

recommended amount of thiamine, 56 percent did not receive enough 

riboflavin, and 67 percent were low in vitamin C. Kelly and 

Sheppard (1942) found that 26 percent of the hospital patients in 

the upper income groups in Philadelphia were ingeatine7 less than 

50 percent of the recommended levels for riboflavin, and 13 per- 

cent less than half the recoir: ended allowances for thiamine and 

calcium. 

Pince cereals, as stated by Tobey (1942), still contribute 

25 percent of the total calories in the average American diet, 

scientists began to consider enriching White flour with some of 

the vitamins and minerals present in the whole wheat berry. Nu- 

tritional benefits would result without disturbance of long es- 

tablished food habits and preferences, and without drastic 

changes in manufacturing and purchasing. This was not a new idea 

since the fortification of foods, Each as milk with vitamin L, 

table salt with iodine, and margarine with vitamin A, had already 

been approved by the American Medical Association's Council on 

Foods and Nutrition (1939). 

The first step in launching the movement to enrich flour and 

bread was the public hearing held in September 1940 by the Food 

and Drug Administration to consider a standard identity for 

flour. The millers felt prepared for the addition of only thi- 
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amine to flour, whereas nutritionists held that the prevalence 

of pellagra and the increasing evidence of arbiflavinosis called 

for the addition of niacin and riboflavin as well. The testimony 

also stressed the prevalence of anemia due to a deficiency of 

iron. Most of the groups favored the addition of larger quanti- 

ties of thiamine, niacin, and iron, and also riboflavin when it 

Gould be made available. 

In May 1941, the Food and Nutrition Board of the National 

Research Council, which advocated the enrichment program, obtain- 

ed the approval of the Federal Food and Drug Administration for 

the enrichment of flour. Immediately following this the National 

Nutrition Conference for Defense was organised, and it urged the 

use of the term "enriched" rather than "restored" for the improved 

flour. The National Research Council had favored the use of the 

term "restored", which indicated that vitamins and minerals would 

be added to white flour to the same levels present in whole wheat. 

The first standard for enriched flour required that 1.66 mg 

of thiamine, 6 mg of niacin, and 6 mg of iron be added to each 

pound of flour. When riboflavin became available in 1947, the 

standard was changed to include this vitamin and the amounts of 

the other vitamins and iron were increased in order to secure fur- 

ther nutritional benefits. The new minimum and maximum standards 

were as follows for each pound of flour: 2.0 to 2.5 mg of thi- 

amine, 1.2 to 1.5 mg of riboflavin, 16.0 to 20.0 mg of niacin, 

and 17.0 to 16.5 m8 of iron. Enriched bread would carry the pro- 

portion of enrichment ingredients that would be carried by bread 
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made with enriched flour. In January 1943, the enrichment pro - 

,*run was aided by ;jar Food Order No. 1 of the Federal r.ecurity 

:lamillistration which made it compulsory to enrich all white flour 

and bread sold in the United States. This order remained in 

force until 1946. However, there has been little decline in 

enrichment of bread and flour since its termination, for 21 

states and Puerto Rico and Hawaii have passed campulsor7 legis- 

lation for enrichment of bread and flour. If fill states would 

require enrichment, it would presumably benefit low-income 

iwoups, particularly if a business recession should occur. At 

such a time millers and bakers would 13,J in strong competition, 

and in their eftorts to cut costs, enrichment might be hampered. 

The nutritional effect of the enrichment program should be 

considered. Lane, Johnson, and (1942) estinated that if 

enriched bread replaced the conventional white bread in a diet 

containing 2500 calories, the average intakes of thiamine would 

be raised from 0.8 to 1.6 mg; of riboflavin, 1.4 to 1.3 mg; and 

of niacin, 11 to 17 mg. For a 2500 calorie diet, the National 

Research Council recommends 1.5 mg of thiamine, 1.3 mg of ribo- 

flavin, and 15 mg of niacin respectively. Thus with enriched 

bread in tho diet, the requirements for these vitamins would be 

met. 

The three vitamins, thiamine, niacin, and riboflavin, in 

which diets are most often deficient, have been added to enriched 

flour. All are members of the B-complex, and they all are con- 

nected with the coenzyme systems in the body. The coenzymes 



formed by these throe vitamins are thiamine diphosphate or co- 

carboxylase, riboflavin adenine dinucleotide, and diphosphopy- 

ridine-nucleotide which contains nicotinic acid. Thianine, ribo- 

flavin, and nicotinic acid must be present in the diet for the 

synthesis of these coenzymes. The need for these vitamins would 

be further increased when the diet consinted of a high percentage 

of carbohydrates, for these coenzymes are involved in the oxi- 

dative reactions that occur in intermediary carbohydrate metabo- 

lism. The diphosphopyridine-nucleotide accepts hydrogen from the 

metabolite or product of digestion. The hydrogen is then trans- 

ferred to a dehydrogenase, riboflavin adonino dinucleotide, and 

finally a system is reached whereby the hydrogen is accepted by 

molecular oxygen. Along with these oxidative reactions, phos- 

phorylation also occurs. In the breakdown of carbohydrates, 

organic acids are produced, and tIlesc are acted upon by the co- 

carboxylase to yield carbon dioxide. 

Accordi- to Kleiner (1040) the phosphopyridine-nucleotides 

(Coenzyme I and II) can be represented as follows: 

acid-amido-d-ribose 

Phosphoric acid (2 or 3 molecules) 

Adenine-d-ribose 

The important hydrogen carrier part of this molecule is tho nico- 

tint° acid amide. It may be shorn in the following way: 
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I 

//- 
H-C 

II I 

N-C CH 

n = 0 

lxidized nicotinic 
acid amide 

+ 2H 

-23 

H 
I /C\ 

II-CO-Nag 

H-C CHg 

Ci)R 

R - 0 - = 

Reduced nicotinic 
acid amide 

Coerzyme I and IT cannot act independently, for they require the 

presence of protein enzymes or dehydrogenases, such as riboflavin 

adenine dinucleotide. After the coenzyme accepts hydrogen from 

the tissue metabolite, it is transferred to the dehydrogenase. 

The dehydrogenase, riboflaviz, adenine dinucleotide is repre- 

sented by Kleiner (1940) as follows: 

IsoalloxazIne-D-ribose-phosphate-phosphate-D-ribose-adenine 
(riboflavin) 

The transfer of the hydrogen from the coenzyme to the dehydro- 

genase is reprysentod thus: 

H R H R R 
I I I I I 

C N N C N V 

( \IC) / \i' \ 0 + Coenzyme q2 ,-.,\/ \I -/ u C=0 CIT:5-C 

I il I 

/ \ i \ / 
C 1T C 

I II 

H 0 

Oxidized dehydrogenase 

CH 3 -C U C N-H 

Reduced dehydrogenase 
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For regeneration of the reduced dehydrogenase molecular, oxygen 

is necessary. 

As has been shown, the two vitamins which play an important 

part in this coenzyme dehydrogenase system are nicotinic acid 

amide and riboflavin. Both Coenzyme I and the dehydrogenase or 

yellow enzyme take part in the reactions involved in muscle 

glycogenolysis. These reactions may be represented as follows: 

H3PO4 

Glycogen; 1Glucose-l-phosphate 
Phosphorylase 

Mg++ lin+ or Ca++ 

Glucose-l-phosphate; )Glucose -6- phosphate 
Phosphoglucomutase 

Glucose-6-phosphate 4 Fructose-6-phosphate 
Phosphohexisomerase 

Mg + Adenosine Triphosphate 
Fructose-6 -phosphatei Fructose -1,6 -diphosphate 

Phosphatase 

Fructose-1.8-diphosphate 3 PhosphoKlyceraldehyde 
ldolase 74, 

Dihydroxyacetone phosphate 

H3PO4 

Z.5 PhosphoglyceraAehydo4 k(1,3-Diphosphoglyceraldehyde) 

Coenzyme I (Diphosphopyridine- 
nucleotide) 

(1,3-Diphosphoglyceraldehyde)4 '1,3-Diphosphoglyceric 
acid 

Dehydrogenase (Ribof1s79 1:. adenine 
dinucleotide) 
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Adenosine Diphosphate 
1,3-Diphosphoglyceric acid4 13 Phosphoglyceric acid + 

H3PO4 + Energy 

3 Phosphoglyeeric acid( 2 Phosphoglyeeric acid 
Phosphoglyceromutase 

2 Phosphoglyceric acid( (Eno].) -Phosphopyruvic acid 
Enolase + H2O 

Adenosine Diphosphate 
(Enol)-Phosphopyruvic acid ) Pyruvic acid + H3PO4 + 

Mg++ Energy 

Coenzyme I (Diphosphopyridine-nucleotide) 
-:'yruvic acid( 'Laotio acid 

Lactic dehydrogenase 

In normal muscle contraction there are two phases. One, the 

contractile phase, in Which the lactic acid produced, as in the 

above reaction, is reconverted to glycogen; and the other, the re- 

covery phase, in w;lich pyruvic acid or lactic acid is oxidized to 

carbon dioxide and acetaldehyde. The latter reaction requires 

the presence of the enzymes cocarjoxylase, which is thiamine di- 

phosphate, and riboflavin adenine dinucleotide. This reaction 

may be represented as follows: 

CH3 
1 
C = 0 
1 
CO-OH 

Pyruvic acid 

Cocarboxylase 

Riboflavin adenine- 
dinucleotide 

The above reaction occurs in all body tissues 

H C + CO2 
1 
CH3 

Acetylaldehyde 

carrying on the oxi- 
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dation of carbohydrates. If rot enou:;h thiamine is present in 

the diet, the enzyme cocarboxylase cannot be synthesized in suf- 

ficient quantities. Therefore, the oxidation of pyruvic acid 

does not proceed at a normal rate, and it accumulates in the 

blood surrounding these tissues. FAnce oxidation proceeds at a 

very fast rate in the nervous tissue, this is the first place to 

be affected by a lack of thiamine in the diet. The first sym- 

ptoms usually noticed are fatigue and irritability, and these are 

followed by a lack of muscle coordination. 

The vitamins used to enrich flour; namely, thiamine, ribo- 

flavin, and niacin, have been shown to be constituents of the co- 

enzymes which are i :'portant in the intermediary metabolism of 

carbohydrates. An increased intake of these vitamins is particu- 

larly important in the diet of people with low incomes, because 

they consume large amounts of carbohydrates in the form of re- 

fined cereals. Tnis study was undertaken to see if low-income 

diets could be further improved by the use of enriched flour. 

WITIFW or LITITATURF, 

'Then cereal chemists first started to analyze wheat, the 

starch and protein constituents were considered of primary im- 

portance. Starch and protein are the two largest components of 

flour, because they are both contained in the endosperm fraction 

of the Wheat berry. Also the starch and ,,)rotein help to de- 

termine the baking characteristics of the flour. 

The approximate composition of wheat as stated by Kent-Jones 

(1939) is as follows: 
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Percent 

Moisture 8-17 
Starch 
Protein 8-15 
Cellulose 2- 3 
Fat 1.5- 2 
Sugars 2- 3 
Nineral matter 1.5- 2 

Starch, according to Swanson (1941), occurs in the wheat 

endosperm as a sphero-crystal granule with a layered structure, 

and each [Tanule has an outer coating of cellulose or insoluble 

starch. Bice, :iacasters, and Hilbert (1945) found that the 

first starch granules in the growing wheat grain are small, 

smooth, and transparent, and devoid of many substances found in 

the mature grain. With increasing maturity of the wheat, the 

;r.anules become somewhat less transparent and show lamellation 

and surface irregularities, because of the increase in starch 

content. 

Two forms of starcli develop in the endosperm, esly1,,se, water 

soluble, and amylopectin, water insoluble. Amylose consists of a 

straight chain molecule of glucose units, with a molecular weight 

of 300. Amylopoctin is a branched chain of glucose units with a 

molecular weight well over 1000. Phosphoric acid and fatty acids 

are often found as part of the molecule of anylopectin. Amylo- 

pectin always predominates in wheat, as it is laid down more 

rapidly in the early stages of growth. 

nsborne and Mendel (1907) are noted for their work on wheat 

proteins. Through their efforts, the proteins of tl,e wheat ker- 

nel were divided into: gliadin, soluble in 70 percent alcohol; 
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glutenin, soluble in dilute acid and alkaline solutions; leucosin, 

an albumin-like protein, freely soluble in pure water; and a 

globulin plus a protease, both present in small quantities. 

C:aief constituents of gluten are gliadin and glutenin, which to- 

gether make up over 80 percent of the total protein in the seed. 

Kent-Jones (1939) stated that the proteins of wheat are not evenly 

distributed throughout the grain, for the bran and germ are high- 

er in protein content than the endosperm. 

About two-thirds of the total fat is in the germ area. 

Wheat oil consists mostly of unsaturated fatty acids. When these 

unsaturated acids become oxidized, very drastic effects on baking 

action result. The sugars in wheat are sucrose, dextrine and 

maltose, of which are present in small quantities. The amount 

of diastatic enzymes which convert the starch to sugar are more 

important than the amount of fermentable sugars. The mineral 

matter remains behind as a white ash when flour is heated to a 

high temperature. The principal minerals in wheat are phos- 

-horus, potassium, calcium, magnesium, sulfur, and iron. 

There are many commercial grades of flour, as flour is made 

from many blends of wheat. The follcwinr, according to Kent- 

Jones (1979), is just an approximate analysis: 

Percent 

Water 
Starch 
Protein 
Cellulose and fat 
Sugar 
Mineral matter 

13-15.5 
65-70 
6-14 
1- 1.5 

1.5- 2 
0.3- 0.6 
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The process of milling according to Copping (1930) has only a 

slight effect on the protein and carbohydrate content, but by the 

removal of the germ, the fat content of flour is about one-half 

that present in whole wheat. Also the ash content is one-sixth 

the amount present in whole wheat because of the removal of bran. 

White flour which contains no germ or bran has about one-half the 

calcium present in whole wheat, one-fourth the potassium, one- 

fifth the phosphorus, and one-fifth the iron. 

Of equal importance are the amount and location of the 13- 

vitamins in the grain and thei.i. retention in flour. As stated 1)7 

Sherwood, Nordgren, and Andrews (1941) the vitamins of wheat are 

not uniformly distributed throuzout the kernel, but are concen- 

trated in certain tissues. Cf the total thiamine in the wheat 

kernel, the endosperm contains about 24 percent, the embryo 15 

percent, and the outer layers of the kernel about 61 percent. 

Hell and Mendel (1922) and Andrews (1943) found that the germ 

contributes about one- ti'ird the total thiamine content of wheat, 

and the non-germ tissues contribute about two-thirds of the total. 

Jackson and Doherty (1943) and Moran (1945) by dissection experi- 

ments, found the thiamine to be largely concentrated in the 

scutellum portion of the germ. The scutellum contained 44 ug of 

thiamine per g and carried 59 percent of the total thiamine of 

wheat. Somers, Cooledge, and Hamner (1945) determined the lo- 

cation of the thiamine b7 treating the cut surfaces of grains 

with potassium ferricyanide. The thiamine present is oxidized to 

thiochrome, and this compound fluoresces when illuminated with a 
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mercury vapor lamp. These investigators found that the thiamine 

was located principally in the aleurone layer, endosperm cells 

adjoining aleurone cells at the base of crease, scutellun of em- 

bryo, and the endosperm Ad joining the scutellitm. 

According to Moran (1945) and Jackson and Doherty (1047) the 

riboflavin was more uniformly distributed throughout the grain, 

although the highest concentration was in the germ. Andrews, 

Boyd, and Terry (1942) didn't find the riboflavin distribution so 

uniform, as two-thirds of the total riboflavin was contained in 

the red dog, shorts, and bran. Somers, Cooledge, and Hamner 

(1945) found that the aleurone layer contained considerable 

amounts of riboflavin, and that the bran coats contained some. 

The inner cells of the endosperm appesred to contain little ribo- 

flavin. 

Andrews, Boyd, and (ortner (1942), Jackson and Doherty (1943), 

and Moran (1945) found that the niacin content of wheat is con- 

centrated in the bran. Teply, Stronc, and Tavehjem (1942) found 

the pyridoxine concentrated in the germ portion of the wheat, but 

not the niacin or the pantothenic acid. 

Conner and Straub (1941) found the thiamine content of hard 

wheat to rare frori 3.65-6.00 ug per F with an average of 5.03 ug 

per g. Schultz, Atkin, and Frey (1941) found a wider range, 4.2.- 

7.7 11. per g with an average of 5.6 ug per g. Andrews (1947) 

found the averse thiamine value of all types of wheat to he 1.4- 

nr, per pound with soft wheats lowest and sprint wheats high- 

est. Sherwood, Andrews, Nordgren (1941) and Hoffman and 
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Schweitzer (1940) found a relationship between thiamine and ash 

contents of flours. Morris, Alexander, and Pascoe (1945), by 

means of a microdissection technique, found the lowest concentra- 

tion of ash in Cheek endospern fractions, and that the center 

endosperm fractions were 0.05 percent higher. Lowest concentra- 

tions of protein wore found in the ()enter endosperm and the cheek 

fractions were somewhat higher. Nordgreii and Andrews (1941) 

found no relationship between protein and thiamine content of 

wheat, but Conner and Straub (1941) did. 

Conner and Straub (1941) reported no significant differences 

in the riboflavin range of liard and soft wheats, :which were found 

to be 0.89-1.91 ug per g an: 0.31-1.43 ug per 3 respeotively. 

Boyd and Tarry (1147) reported avorago riboflavin values of 1.20, 

1.17-1.22, and 1.17 ug per g for hard spring, hard winter, and 

soft l:eats respectively. Teply, Strong, and Elvehjem (1942) 

found all samples of wheat to avorago in ug per g, 52-74 for 

niacin, 10.2-15.0 for pantothenic acid, and 4.1-4.7 for pyri- 

doxine. 

Conner and Straub (1941) and Andrews (1943) found the thi- 

amine values of wheat affected by loealit7, environment, and 

variety. Conner and Straub (1941) reportel the riboflavin values 

to be affected by locality. Andrews, Boyd, and Terry (1942) re- 

ported negligible effects of enYiron.alent, but some differenoes 

in variety. Later Andrews (1943) stated that riboflavin was not 

influenced by variot:; or environment. Teply, Strong, and Elveh- 

jem (1942) stated that in the case of dark, hard winter wheats, 
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neither varietal nor environmental aifferences have any effect 

on pantothenic acid or pyridoxine. 7iacin content is dependent 

upon variety and environment. 

Schultz, Atkin, and Frey (1942) ansayea t;11 mill streams of 

two old American flour mills and found that the best White flours 

of a century ago contained concentrations of thiamine comparable 

to the whole grains from which they were made. The high thiamine 

content in stone milled flours was attributed to the presence of 

a large portion of the aleurone layer of the wheat berry. With 

the modern method of wheat milling, Schultz, Aticin, and Frey 

(1971) found the distribution of thamine to be 82.5 percent in 

feed, le percent in straight flour, and 6.7 percent in patent 

flour. Straight flours averaged 1.5 ug per g, and short patent 

flour 0.7 ug per g of thiamine. Patent flour as stated by Nord- 

:Ten and Andrews (1941) Generally contains about one-seventh of 

the thiamine of whole wheat, and as stated by Andrews, 'Icy', and 

Terry (1942), one-third of the riboflavt... Tepls, t7t)-on7, and 

rlvehjam (1942) and Andrews (194) agree that patent flour con- 

tains one-sixth as much niacin as whole *heat and one-half as 

muc pantothenic acid and pyridoxine. 

Andrews (1947) anl Jackson an rohort7 (1947) both agree on 

the distribution of the vitamins in the lifferent mill streams. 

The shorts and the red dog contain more of the total thiamine of 

the wheat than any other fraction. As milling extraction is ex- 

tended, thiamine first shows a rapid rise, and then tapers off as 

the bran nortions are included. Inclusion of the bran portions 
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or17 causes a linear increase in the riboflavin content. Arain 

the shorts contein morn of the total riboflavin than any single 

fraction, but the total combined flours contained 40 percent of 

the riboflavin as compared to 25 percent of the thiamine. Niacin 

failed to increase appreciably until a large portion of the bran 

was included. 

The vitamin and iron values of whole wheat and white flour 

are compared to the enrichment levels of white patent flour as 

follows: 

Whole wheat White Enriched 
flour flour flour 
mg/lb. mg/lb. mg/lb. 

Thiamine 2.53 0.30 2.0 
Riboflavin 0.56 0.15 1.2 
Niacin 25.30 3.50 16.0 
Iron 17.3 3.0 13.0 
Pantothenic acid 6.03 2.59 
Pyridoxine 2.09 0.99 

The value for thiamine, riboflavin, niacin, and iron were taken 

from Tables of Food Composition (1945), those for pantothenic 

acid and pyridoxine from Teply, Strop,,, and 171vehien (1942), and 

the values for enriched flour from Williams and (Alder (1944). 

since consumers eat more white bread than they do whole 

wheat bread, it should be of value to consider how these compare 

in vitamin and mineral content, their inportance in diets, their 

ease of digestibility, and the biological value of their pro- 

teins. 

Schultz, Atkin, and Frey (1941) in tests on 71 samples of 

whole wheat flours and bread reported the thiamine in the flour 



19 

ranged from 1.90-2.53 mg per pound, and the breads averaged 1.35 

mr, per pound or about 60 percent of the thiamine present in 

flour. Andrews, Boyd, and Terry (1942) found that fresh whole 

wheat bread averaged 1.6 to 2.09 ug per g of riboflavin, depend- 

ing upon the proportions of nonfat milk solids used. Whole wheat 

bread has been reported by Teply, Strong, and Elvehjem (1942) as 

having 13.06 111,7, niacin per pound, but Thomas, Dina and Brown 

(1942) reported only 4.08-5.25 mg per pound. Studios on the iron 

content of whole wheat breads by Hoffman, Schweitzer, and Dalby 

(1940) and Free and 3ing (1940) have shown variations from 4.4 

to 22.1 mg per pound. Tobey and Cathcart (1941) stated that 

most whole wheat breads contained 9-15 mg of iron per pound. 

;obey and Cathcart (1941) reported that non-enriched white 

bread, made with 6 percent nonfat milk solids, usually has from 

0.30-0.45 mg of thiamine per pound, 3.0-5.7 me niacin per pound, 

0.6 mg riboflavin per pound, at least 4.0 mg iron per pound, and 

from 0.3-0.4 g calcium per pound. Maynard and Nelson (1948) 

stated that with the addition of 6 percent nonfat milk solids to 

enriched bread, the thiamine content was approximately three 

tines as large as that of ordinary bread, the iron content was 

increased four times, and the niacin content three Tobey 

(1942) reported that dry skim milk solids average in ug per g 

22 of riboflavin, 3 of thiamine, 13 of niacin, and also some 

pantothenic acid and pyridoxine. Therefore, an increase or de- 

crease above or below the 6 percent milk solids as commonly used 

in white bread would cause a corresponding increase or decrease 
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in the vitamin content of the bread. 

The values reported by Tobey for whole wheat (1942) and non- 

enriched white bread (1941) when compared to the present standards 

for enriched bread listed by Williams and 7:ilder (1944) are as 

follows: 

,thole wheat White bread 
bread 6p milk solids 
mg/lb. mg/lb. 

Fnriched 
bread 
mg/lb. 

Y1n. Max. Min. Max. Max. 

Thiamine 0.66 2.64 0.30 0.45 1.1 1.8 
Riboflavin 0.27 0.40 0.60 0.7 1.6 
Niacin 6.00 15.00 3.00 5.70 10.0 15.0 
Iron 9.00 15.00 4.00 8.0 12.5 

Free (1940) made a study on 17 young women who substituted 

a special high vitamin B1 bread for ordinary bread in their regu- 

lar diets for a period of five weeks. The bread contributed 

about 16 percent of the total caloric value and about 34.1 per- 

cent of the total thiamine intake. Results showed no significant 

chan:,7,e in the red blood cell counts or the hemolobin content, 

but the urinary excretions of thiamine nearly doubled. Of the 17 

women, lb reported they liked the bread, and six reported an in- 

crease in appetite. 

Chick (1940) tested the nutritive value of strair*ht-run 

white flour (73 percent extraction) in comparison with wholemeal 

flour on white rats. Salt mixture, casein, and pure Vitamin B1 

were added to the white flour to bring the diet up to optimum for 

the growing rat. The average weekly weight gains on the whole- 

meal flour were superior, and this was attributed to the lack of 
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the B2 vitamins in the white flour. 

Higgins, Williams, and :alson (1943) reported results on 

feeding rats a thiamine-low diet. The diet used was to 

that consumed by large portions of our population. Diets dif- 

fered only in the flour from which the breads were made. The 

addition of thiamine to patent white flour, at a level approxi- 

mately equal to whole wheat, did not produce any significant dif- 

ference in the weights of the rats in comparison with those re- 

ceivir4; white flour. But the addition of both thiamine and ribo- 

flavin to white flour at the levels present in whole wheat pro- 

duced growth gains in rats equal to those obtained on the Whole 

wheat flour diet. Rats receiving the wholewhoat diet or the 

white flour diet fortified with thiamine and riboflavin had 

similar red blood cell counts and hemoglobin levels. 

Higgins, Williams, Mason, and Getz (1943) found the whole 

wheat bread as a component of the same diet used in their pre- 

vious experiment, gave a much better growth rate thun bread made 

with white flour. When thiamine, riboflavin, and niacin wore in- 

cluded in white flour at whole wheat or enrichment levels, the 

growth rate was still higher with whole wheat bread. Normal 

blood values were obtained by both the whole wheat and the flour 

fortified with thiamine, riboflavin, and niacin. The concentra- 

tion of the thiamine in the liver, skeletal muscle, kidney, and 

testes was lowered in a striking manner when the diet contained 

non-enriched white flour. A sirAlar picture was observed for 

riboflavin in the liver and kidney only. Hepatic tissue changes 
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and body growth were benefitted by the enrichment of flour with 

the 1-vitamins, but not to the extent obtained with whole wheat 

bread. 

Williams, Mason, and vfilder (1943) studied the nutritive 

contribution of whole wheat, enriched, and non-enriched flour by 

giving seven women a diet composed of foods which commonly appear 

on the American table. Flour contributed 30 percent of the cal- 

ories. The subjects receiving non-enriched flour developed a 

moderate chronic thiamine deficiency. Those receivinj, enriched 

white flour, with 6 percent milk solids, developed no symptoms of 

nutritional deficiency, but two subjects had low excretions of 

thiamine and riboflavin and abnormal elevations of pyruvic acid 

after the administration of dextrose. Those receiving whole 

Wheat had the same symptoms as well as weakness and loss of ap- 

petite. Thus the physical status of the subjects on the enriched 

flour diet with 6 percent milk solids was just as good as those 

on the whole wheat diet. 

Westerman and Tayfield (1945) reported the value of enriched, 

Morris type, and whole wheat flour as sources of the s-vitamins. 

The above flours were incorporated into purified diets at 30, 40, 

and 50 percent levels, and fed to rats. The flour was the only 

source of the R- vitamins. At the 30 and 40 percent levels, the 

anials fed whole wheat and white flour enriched with thiamine, 

riboflavin, and niacin gained an equal amount of weight, and they 

made treater gains than those receiving white flour enriched with 

only thiamine and niacin. At the 50 percent level, the animals 
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receiving white flour enriched with all three vitamins gained 

more weight than those fed whole wheat or the white flour enrich- 

ed with thiamine and niacin. None of the animals grew as well as 

those on the stock ration. 

Westerman and Hall (1947) studied the effect of supplement- 

ing enriched flour with other 8-complex vitamins. The dints con- 

tained 40 percent enriched flour in which the added vitamins were 

incorporated. Greatest gains were made by the rats receiving 

7 ug of pyridoxine and 20.5 ug of calcium pantothenate per g of 

enriched flour. Differences in average weight gains were slight 

between those receiving 20.5 ug calcium pantothenate in the en- 

riched flour, and those receiving 3.5 ug pyridoxine in the en- 

riched flour. was 

ani-lals made greater growth wins than when calcium pantothenate 

was added to enriched flour, but both together rave better re- 

sults. It was also noted in this experiment that the addition 

of both riboflavin and thiamine to enriched flour stimulated 

greater growth than that obtained 1)7 the addition of either vita- 

min alone. 

Westerman anC. Templeton (1948) made further studies on the 

effect of supplementing enriched flour with more of the B-complex 

vitamins. It was found that the animals with additional ribo- 

flavin or calcium pantothenate in the diet lived longer and 

showed fewer deficiency symptoms than those animals on the diet 

with just choline and pyridoxine added to the enriched flour. 

Reproduction and length of life were also better when enriched 
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flour contained more of the B-complex vitamins. On the 40 per- 

cent and 60 percent levels, the rats on enriched flour made better 

weilit gains than those on whole wheat and whole wheat plus added 

thiamine. 

Ouerrant and Fardig (1947) compared the thiamine and ribo- 

flavin content of whole wheat, non- enriched and enriched flour 

and breads. These flours and breads were incorporated in the 

purified diets at the 70 percent level. The results showed that 

. ~round whole wheat furnished sufficient thiamine and riboflavin 

to sustain life and to support a slow rate of growth. The ad- 

dition of a thiamine-niacin supplement was less effective than 

the riboflavin-niacin supplement to the whole wheat diet. Then 

diets containing 30 percent of non-enriched flour were supplement- 

ed with thiamine, riboflavin, and niacin, an immediate and con- 

tinned growth response resulted. With just a riboflavin- niacin 

supplement, deficiency symptoms seemed to be accentuated, and the 

animals died off faster than those not receiving any supplements. 

With 70 percent of enriched flour, favorable growth wee obtained 

with and without vitamin supplements. As with whole wheat, the 

riboflavin- niacin supplement was moro effective than the thiamine- 

niacin supplement. Results with 30 percent bread instead of 

flour gave similar results in all cases e7cept for slightly better 

growth being obtained by the animals on all the bread diets. 

Winters (1947) conducted an experiment feeding rats the type 

of food eaten b7 human beings. The food mixture represented that 

of an average American diet, and 30 percent of the calories were 
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derived from cereal. This same diet was dilute with one-sixth 

more cereal, and with one-third more cereal no as to provide 33 

and 36 percent of the calories from cereals. It was thought that 

the higher percentage of calories derived from cereals would be 

more typical of low income diets. At the different cereal 

levels, the growth of the animals on the enriched and non- 

enriched flour was approximately the same, and reproduction was 

consistently poor. According to Westerman and Bayfield (1946) at 

least bu percent of the calories must be derived from cereals 

before rats will show a difference in growth on enriched and non - 

enriched flour diets. 

Beaty and Fairbanks (1948) fed female rats six different 

types of bread supplemented with cod liver coil. AlplAt-tocopherol 

was ;1.1ien before mating. The growth gains made 07 rats fed whole 

wheat bread were equal to those fed enriched nonfat milk bread 

which was composed of white flour with 6 percent nonfat dry milk 

solids end enriched with thiam:nc, riboflavin, niacin, and iron. 

Also the bread made with enriched flour with no added milk solids 

promoted slightly better growth than bread made with non-enriched 

flour, but the differences between these two breads were not sig- 

nificant during the gestation-lactation period. On the basis of 

the percentage of rate weaned from the third litters, bread made 

with non-enriched :white flour was nutritiont111-,y- equal to bread 

made with enriched flour with no added milk solids and signifi- 

cantly superior to both whole wheat bread and whole Wheat bread 

containing 6 percent nonfat dry skim milk solids. 

Mitchell, Ilamilton, and shields (1943) carried out some in- 
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torestin4 experiments on the contribution of nonfat milk solids 

to broad. The7 found that broad made with enriched flour pro- 

moted a poorer growth in rats than tho breads containinj. dried 

skim milk solids. Also the enrichment of the ohite broads con- 

taining skim milk solids did not promote any greater growth, but 

the hemoglobin concentration in the blood was greater. Enriched 

white breast containing skim milk solids was equal to whole wheat 

in growth promotion, hemoglobin production, and especially bone 

calcification. Their conclusion was that white bread should not 

only contain the enrichment materials, but 6 percent skim milk 

solids as well. 

Light and Frey (1943) also found that enriched white bread 

with 6 percent dry skim milk solids promoted growth equal to 

whole wheat broad. Their result', showed that white bread made 

from high patent flour and without milk was deficient in lysine, 

valise, riboflavin, and mineral salts. 

Sealock, Basinki, and Murlin '1041) used 10 men subjects to 

test the apparent digestibility of fat, carbohydrate, and "in- 

digestible residue" of white anO, whole wheat breads. They found 

that the whole wheat breads witll 5 percent nonfat milk solids 
VI Aim wet oat 

gave the highest protein value. The 10174-be breads had 68-76 per- 

4!)1!Ite, 
cent "indigestible residue", and the whe-le wheat breads had lower 

values of 55.62 percent. However, the greater "indigestible 

residue" of the whole w'-teat bread did not interfere with the ab- 

sorption of fats or carbollydrates. 

Murlin, Wardhall, and Kockakian (1941) d13 studios on 11 men 
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subjects with diets planned to supply 80 percent of the food 

nitrogen from whole egg and 80 percent from bread in alternate 

periods of six days each. It was found that whole wheat breads 

gave lower true digestibility values for the protein than the 

White bread, but higher biological values than the white breads. 

In one case a white bread containing 5 percent nonfat milk solids 

produced a higher biological value than the whole wheat with the 

some milk content. French and Matill (1935) in a study of bio- 

logical values of white, wheat, and rye breads found that the 

biological values for white and wheat breads were 03 and 80 re- 

spectively when consumed by mature rats. The biological value 

of all three breads was 33 when consumed by human subjects. 

Murlin and Matill (1938) studied the digestibility and nu- 

tritional values of three breakfast cereals: a wheat endosperm 

product, a precooked rolled oats, and a whole wheat product. It 

was found that Wheat endosperm had the best apparent digesti- 

bility of protein. Whole wheat and precooked oats differed 

slightly. The name replacement value was given to the value of 

the cereal protein in comparison with milk as standard protein. 

Wheat endosperm had the highest replacement value, precooked oats 

lower, and whole wheat lowest. 

Krebs and Mellanby (1942) have studied the digestibility of 

white flour (75 percent extraction) with National Wheat Meal of 

Britain (85 percent extraction). They reported values of 97 per- 

cent and 94 percent for tie dry matter digested in White and 

wholemeal flours. Nitrogen utilization was 91 percent and 09 per- 



28 

cent for the white and wholemeal flours respectivel7- 

cCance and '.:iddowson (1947) carried out experi-lents on 

rnglish and Canadian wheats at 90 and 80 percent extraction on 

five human subjects. The flour was the only source of protein. 

At 90 percent extraction, the digestibility of the diets in terms 

of calories was unaffected by the mource of flour and amounted to 

9:5.3 percent. At 80 percent extraction, the digestibility of the 

diet Which contained English wheat amounted to 95.6 percent, and 

that which contained Manitoba wheat 96.7 percent. The protein in 

the wheat flour of 90 and 80 percent extraction was completely 

digested and absorbed. 

Chick (1942) also studied tho biological value of the pro- 

teins in wheat flours. It was found 10.5 

of proteins in whole wheat was as useful to the rat as 1%1 g of 

white flour protein. Slight differences in digestibility favor- 

ing white flour was more than compensated by the greater biologi- 

cal values of the national wheat meal. The national wheatmeal 

also promoted greater growth in rats. 

Sure (1946) did an experiment on the protein efficiency of 

enriched flour and whole wheat flour using rats. The protein ef- 

ficiency was expressed as 7ains in weight per g of protein intake. 

At 5.8 percent protein intake, the enriched patent flour proteins 

had an efficiency of 0.88, while on wheat flour the protein ef- 

ficiency was 0.72. 

Iron compounds used for enrichment should be harmless, 

assimilable, and without deleterious action on flour or bread. 
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Ferric phytate and sodium iron (ferric) pyrophosphate have been 

used in the mill enrichment of flour, but both have been replaced 

by reduced iron. Ferric orthophosphate is generally used when 

enrichment is carried out at the bakery. 

Nakamura and Mitchell (1943) found that the iron in sodium 

iron pyrophosphate and forrum reductum were as easily utilized 

by rats as the iron in ferric chloride. Freeman, smith, and 

Murrill (1945) fed depleted rats iron compounds as a supplement 

to the milk diet fed ad libitum. The rats which received ferric 

chloride with sugar or bread, showed the greatest iron retention 

and hemoglobin regeneration. The ability of sodium ferric ortho- 

phosphate both as a salt and in bread was only slightly less in 

the same functions than ferric chloride iron. Reduced iron was 

somewhat lees effective, and sodium iron pyrophosphate was the 

least effective compound studied. 

Blumberg and Arnold (1947) compared the biological avalla- 

bilities of the iron in ferrous sulfate and ferric orthophosphate 

as the basis of hemoglobin regeneration in rats made anemic from 

iron deficiency. The iron compounds fed were incorporated in the 

enriched breads. It was found that ferrous sulfate iron was four 

to five tiles as available as ferric orthophosphate iron when 

both compounds were tested at four widely spaced levels. Ferric 

chloride iron was equal in biological availability to the ferrous 

sulfate iron. 

A review of the literature indicated that additional data are 

needed to prove the value of the enrichment of flour and bread. 
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/!any experiments have shown that larger amounts of thiamine, 

riboflavin, niacin, and iron aro provided in diets when enriched 

cereals are used. This is particularly true vihon the cereal com- 

ponent of the diet furnishes a high percentage of the calories. 

Also experiments need to be conducted using natural foods instead 

of purified foods. 

People having low incomes are most apt to consume large 

amounts of cereal foods because these are a cheaper source of 

energy. Therefore, a study based upon the diets of people having 

low incomes might skive further information regarding the benefits 

of enriched and non-enriched flour. 

Dickens (1928) made a study of the diets used by Negro 

tenants in the Yazoo Mississippi Valley. It is interesting to 

consider the types of foods oaten by those people, and how they 

were prepared. It was noted that white flour consumption was 

higher than cornmeal consumption. It seems that Mississippi 

people, Whether they are white or black, like to eat biscuits. 

Whole wheat flour was not used by a single family. Milk did not 

appear on 121 percent of the Negro records. Eggs averaged about 

two and one-half per family per day, and this was considered high 

as this study was conducted during egg season. Meat consumption 

was low and fat consumption high because of the use of salt pork. 

The fruit and vegetable consumption was very low. The rural 

whites and the Negroes in better circumstances usually raise 

enough sweet potatoes to last well into spring, but at the time 

of this study, most of the :Tegro families had used up their sup- 
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ply. A large proportion of calories was furnished by sweets in 

the form of molasses. Few desserts were used. 

Frying and boiling were the methods of preparation in gen- 

eral use. Eggs were well done, even for children. Vegetables 

were overcooked in fat. Cornbread was usually made of cornmeal, 

salt, and water, and that too was fried. Most of the meat was 

fried clone and hard. Cooking in the average home was very poor. 

Since these diets were high in cereals and were consumed by 

people with low incomes, it was decided to use them as the basis 

for a series of experiments. 

EXPERIXEMAL PROCEDURE 

The three experiments conducted in this study were based 

upon the menus served in the homes of the Negro tenants in the 

Yazoo ,iississippi Delta as reported by Dickens (192). The 

menus were divided into three groups: better menus, typical 

menus, and the most inadequate menus. A weekly menu representa- 

tive of the foods contained in the better, typical, and most in- 

aderuate menus may be seen in Tables 1, 2, and 3 respectively. 

The typical menu served as the basis for the first two experi- 

ments. The third experiment was based upon the better menu and 

the most inadequate menu. 

The weekly menus as shown in Tables 1, 2, and 3 were changed 

to avera:T,e daily menus as summarized in Table 4 in order to pre- 

pare the diets on the basis of the amount of food conmaned per 

person per day. The servings per person per day were converted 
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to grams per day for experimental use. Since bread was the main 

item in all three menus, a serving was considered to be between 

three and four slices which weighs approximately 100 g. Thole 

wheat, enriched and non-enriched flour were used to represent the 

cereal component of the diets. 

In order to facilitate the preparation of the food under 

laboratory conditions, certain food groupings had to be made. 

Cornbread, biscuit pudding, cake and rice were all included as 

cereals. Salt pork and chitlings were considered as fat. Dried 

whole milk was used in place of liquid milk in order to reduce 

the liquid content of the diet. Cabbage, green beans, and spin- 

ach were used alternately as the green vegetable. Applesauce 

was used to represent the fruits. The meat component of the diet 

was supplied by equal amounts of beef and pork. 

In the preparation of the diets, the potatoes, green vege- 

tables, black-eyed peas, and meat were cooked. Then the proper 

amounts of each of these foods were weighed for the respective 

diets. The cooked foods were then added to the other weighed 

wet ingredients of the diet; namely, eggs, molasses, fat, and 

canned applesauce, and put through a blender. Next the homogen- 

eous wet mixture was mixed with the weighed dry ingredients; 

namely, flour, dried milk and salt. The wet ingredients of the 

diet needed to be of a smooth consistency and uniformly dis- 

trthuted with the dry ingredients in order that the rats which 

consumed these diets could not pick out the individual foods. 

The diets were made once a week, placed in pint jars, and stored 
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at -4°F. until needad. 

In order to calculate the nutritive value of the diets, a 

table of food composition based upon the data given by Sherman 

(1'246) and by Turner (1946) for 100 g portions was compiled, 

Table 5. Using this table, the amount of calories, protein, fat, 

carbohydrate, calcium, iron, vitamin A, thiamine, riboflavin, 

niacin, and vitamin C in the different diets was computed. The 

fiures for the protein, thiamine, riboflavin, and pantothenic 

acid content of enriched and non-enriched flour were obtained 

by laboratory analysis. The flour averaged 12.31 percent pro- 

tein. The enriched flour contained 6.94, 3.00, and 1.15 ug per 

g of thiamine, riboflavin, and pantothenic acid respectively and 

the non-enriched flour 1.35, 0.74, and 1.12 ug per g of these 

same vitamins. 

Young albino rats weighing between 45 and 55 grams were used 

in these experiments. 7ach animal was placed in an individual 

cage on a raised wire screen to prevent consumption of feces. 

All the rats were fed a 8-complex free diet for two weeks before 

the beginning of each experiment to deplete the body stores of 

these vitamins. The diet consisted of the following ingredients: 
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Percent 

Vitamin-free casein 10 

Sucrcse 50 

Fat 12 

r)alt mixture 5 

Cod liver oil 3 

Total 100 

After the two-week interval on the 3-free diet, six to ten 

animals, distributed equally accordine; to sex and litter mates, 

were placed on each test diet. A record of the growth of the 

animals on each diet was obtained by weighing the animals once 

s week. When the growth period was completed, the animals were 

mated for reproduction studies. Red blood cell counts and hemo- 

acbin testa were performed during the growth and reproduction 

periods. Thus there were three methods of evaluating the diets: 

growth rate of the rats, reproduction, and blood studies, which 

consisted of the determination of erythrocyte counts and hemo- 

globin levels. 

The first experiment was based upon the typical weekly menu, 

the content of which is shown In Table 2. This cxperiment was 

set up as a preliminary study in order to determine whether the 

mixture of natural foods as contained in the typical menu would 

be sufficiently palatable to the rats so that they would eat 

erolleh to survive. Two Diets, I and II were based upon the 

typ5eel menu, and the cereal comeonentr of the diets were repre- 

sented by enriched and non-enriched flour respectively. The nu- 
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Fifty-eight percent of the calories %ere :supplied by cereals. 

Seven rats, three females and four males, were used on each cf 

the diets. As a control, seven rats, four females and three 

males, were placed on a stock diet which consisted of Purina Dog 

Chow supplemented with lb g of lettuce and 6 g of meat per week 

for each rat. 

The animals were kept on grorth tests for 10 weeks. rvory 

week each rat was dosed with a mixture of alpha tocopherol and 

cod liver oil dissolved in corn oil which provided 20 mg of alpha 

toeopherol, 1088 I U of vitamin A, and 179 I U of vitemin P. At 

10 weeks, the rats were mated for reproduction. During this 

ttrae a record was kept of the number of young born, how lerv, 

they survived, the number weaned at 22 days, and their average 

weights at the end of the 2C-day period. 

Hemoglobin studi6s wore made three times on all the female 

rate during the growth te:,t. Tho first tests were performed im- 

meelistely preceding the placement of the animals on the test 

diets, and the second and third studios wore made after four and 

eight weeks on the test diets. During reproduction, red blood 

cell counts and hemoglobin studies were made one to three days 

before the young were born, the day the young were born or the 

day afterwards, two weeks later if the young did not survive, and 

three weeks later if the young lived. If the blood values of the 

mothers were not back to normal at this tine, blood tests were 

performed every weak until the blood values became normal. 
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A growth study was made on the young born to the mothers on 

Diets I and II and the stock ration. The second generation study 

also continued for 10 weeks. Blood studies were not made on 

these animals. 

Since the ani-nals were able to grow and reproduce on the 

diets in the first experilent, a second experiment was started 

which was also based upon the typical weekly menu in Table 2. 

Ten diets were used which varied either in their cereal component 

or in the added supplements of salt mixture and vitamin-free 

casein. The nutritive value of Diet I, which derived 58 percent 

of the total calories from whole wheat, is shown in Table 8; 

Diet II, which had 58 percent of the total calories from enrich- 

ed flour, in Table 6; and Diet III, with 58 percent of the total 

calories from enriched flour with salt mixture added, is shown 

in Table 9. Diet IV, deriving 55 percent of the total calories 

from enriched flour with vitamin-free casein added, is shown in 

Table 10; Diet V, with 55 percent of the total calories from en- 

riched flour with salt mixture anti vitamin-free casein added, in 

Table 11; and Diet VI, which had 53 percent of the total calories 

from cornstarch with salt mixture and vitamin-free casein added, 

in Table 12. Diet VII, Which derived 58 percent of the total 

calories from non-enriched flour, is shown in Table 7; Diet VIII, 

with 58 percent of the total calories from non-enriched flour 

with salt mixture added, in Table 13; Diet IX, which had 55 per- 

cent of the total calories from non-enriched flour with vitamin- 

free casein added, in Table 14; and Diet X, which derived 55 
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percent of the total calories from non-enriched flour with 

vitamin-free casein and salt mixture added, is shown in Table 15. 

Table 16 dhows the summary of the total nutritive value of Diets 

I through X. Six animals, three males and three females, were 

placed on each diet, except for Diets VI, IY, and X which had 

four males and two females. 

Enriched and non-enriched flour represented the cereal com- 

ponent of Diets II and VII respectively, and these diets were 

like Diets I and II in Experiment I. These two diets were con- 

sidered as standards When comparing the diets with different 

cereal components or added supplements. Whole wheat has often 

been compared with enriched and non-enriched flour when fed to 

rats on purified diets, therefore, a comparison in diets con- 

sisting of natural foods was thought even more valuable. 'iambs 

wheat represented tru: cereal component of Diet I. In Diet VI, a 

purified carbohydrate, cornstarch, was used to replace the cereal 

in an attempt to find out whether a diet without the cereal com- 

ponent would prove adequate, especially without the B-vitamin 

content of the flour. 

Enriched and non-enriched flour represented the cereal com- 

ponents of Diets III and VIII respectively, but additional min- 

erals were added in the form of salt mixture to both diets. 

Since the amount of calcium in the diets was low, enourrh salt 

mixture was added to bring the calcium level to at least 1 g, 

the recommended allowance for the adult human being. This 

necessitated letting the iron fall where it would, for the iron 
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content of the diet was already adequate. In order to detect 

whether sufficient or insufficient amounts of the B-vitamins were 

present in the diets, none of the other nutrients should be below 

recommended amounts. 

Diets IV and IX had enriched and non-enriched flour resrec- 

tively as the cereal components of the diets, but additional 

protein was added in the form of vitamin-free casein to both 

diets. The protein content of the diets was not low since 79 g 

of protein was provided. However, 30 g of protein, in the form 

of vitamin-free casein, was added to the 79 g of protein supplied 

by the diet in order that protein would not be one of the limit- 

i; factors. In Diets V and X, salt mixture and vitamin-free 

casein were both added, but in the same amounts as in the other 

diets. In these two diets neither protein nor the minerals would 

be limiting factors. Enriched and non-enriched flour represented 

the cereal components of Diets V and X respectively. In Diet VI 

which contained cornstarch, enough vitamin-free casein was added 

to bring the protein level up to 79 grams, the sane as in Diets 

II and VII. Also the same amount of salt mixture was added as in 

the other diets. 3y doing this, tiro cornstarch diet was only 

lacking in the i3- vitamins. 

In the second experiment, the animals were kept on growth 

tests for 12 weeks. They were also given a mixture of alpha 

tocopherol and cod liver oil weeklj which provided 20 mg of alpha 

tocopherol, 1888 I U of vitamin A, and 179 I U of vitamin D. At 

12 weeks, the animals were mated for reproduction. During this 
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time a record was kept of the length of time taken to mato, the 

number of young born, how long they survived, the number weaned 

at 2e days, and their avera5e weights at the end of the 28-day 

?eriod. 

Red blood cell counts and hemo4obins were made four times 

on the female rats during the growth test. The first tests were 

performed immediately preceding the placement of the animals on 

the test diets. The second, third, and fourth tests were made 

after 4, 3, and 12 weeks cn the test diets. urine.; reproduction, 

red blood cell counts and hemoglobin studies were made following 

the same procedure as used in Experiment 1. 

Since the two previous experiments were based upon the 

typical menu, it was thought that intorestilv growth rate com- 

parisons could be made if some animals were put on diets based 

on the better menu in Table 1 and the poor menu in Table 7. En- 

riched and non- enriched flour represented the cereal eomponents 

of Diets I and II respectively, which were based on the better 

menu. Also enriched and non-enriched flour represented the 

cereal components of Diets III and IV respectively, which were 

based on the poor menu. The nutritive value of Diets I, II, 

and IV may be seen in Tables 17, 18, 19, and 20, respectively. 

Table 21 gives a summary of the total nutritive value of Diets I 

through IV. It may be ncted that 4b percent of the calories were 

supplied by cereal in nets I and II, and 5[1 percent in Diets III 

and IV. 

Ton animals, five females and five males were placed on each 
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diet in this experiment. The animals were on growth tents for 

12 weeks. During this time, only alpha tonopherol was fed, be- 

cause the diet contained enough vitamin A for the rat. The ani- 

mals on all the diets were given a mixture of alpha tocopherol 

dissolved in corn oil which provided 20 mg of alpha tocopherol 

pnr week. 

Tho results obtained for the growth, reproduction, and blood 

tests are to be discussed under each of the three experiments, 

and this will be followed by a general comparison and discussion 

of all the findings. 

RESULTS AND DISCUSSION 

Experiment: Flor F-Jrnished 58 Percent 
of the Total Calories 

In the first experidient, the enriched and non-enriched flour 

in the diet furnished 58 percent of the total calories. A group 

of rats receiving the stock ration served as a control croup. 

Growth tests were made because food requirements are important 

during this period. The results of the growth test are indicated 

in Table 22 and Figure 1 Which show the average weight gains of 

the rate. The total ejlin made by the rats receiving Diet I which 

contained enriched flour was 166 g in comparison with 157 3 made 

by the rats on Diet II which contained non-enriched flour. The 

difference in the total gains made by the rata on Diets I and II 

WAS 9 g. 

The nutritive value of this diets is shown in Tables 6 and 7. 
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It may be noted that Diet I containing enriched flour had 3.72, 

1.90, and 18.7 mg per day of thiamine, riboflavin, and niacin re- 

spectively, as shown in Table 6, whereas Diet II which contained 

non-enriched flour had 1.33, 0.94, and 7.1 mg per day of thiamine, 

riboflavin, and niacin respectively, a3 shown in Table 7. Diets 

I and II were slightly low in calcium, as 0.639 g per day is below 

the recommended 0.8 g daily allowance for the human being, but 

both diets contained sufficient calories, and adequate amounts 

of protein, fat, and carbohydrate. Since the diets were com- 

parable in all factors except the J- vitamins, the higher B- 

vitamin content of Diet I may account for the greater total gain 

made by the rats on this diet in comparison with that made by the 

on Diet II. 

The rats receiving the stock ration which consisted of 

Purina Dog Chow supplemented with 15 g of lettuce and 6 g of meat 

per week per rat, made a total gain of 174 g. The stock ration 

appeared to be tho most adequate in respect to the 3-vitamins for 

the growing rat, as the total gain made by the rats on the stock 

ration was 3 g greater than that made by the rats on Diet I con- 

taining enriched flour, and 17 g greater than that made by the 

rats on Diet II containing non-enriched flour. These growth 

differences are shown in the photographs in Plate I. These show 

typical rats on the various diets. 

After being on test diets for 10 weeks, the animals were 

mated for reproduction studies. Food requirements during the 

reproduction period are even more critical than during the growth 
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period, therefore, it was thought that more conclusive compari- 

sons could be made between enriched and non-enriched flour when 

these represented the cereal component of the diets. The added 

vitamins in enriched flour might help to increase the size of 

litters, the weights of the young at birth, and to aid in normal 

lactation. 

The gestation and lactation results are summarized in Table 

26. This table shows that three litters were born to the three 

females on Diet I which contained enriched flour, and three of 

the four females on the stock ration produced litters. One of 

the females on the stock ration was incapable of mating with any 

of the males on the same diet. Two litters were born to the 

three female rats on Diet II which contained non-enriched flour. 

One female on Diet II reabsorbed her young. The average number 

of rats per litter on the stool: ration was 9 in comparison with 

7 rats per litter on the diet containing enriched flour and 6 

rats per litter on the dint containing non -enriched flour. The 

average birth weight of the youry on both Diets I and II was 6 g, 

whereas the average birth weight of the rats on the stock ration 

was '7 1. The average weight of the young after the 22 day lac- 

tation period was 36 g for those on the stock ration, 23 g for 

those on Diet I, and 20 g for those on Diet II. The lactation 

neriod was terminated at 22 days because of the death of one of 

the mother rata on Diet I. In order to carry on a comparable 

second generation experiment, it was thought advisable to sep- 

arate the youn,77 from the mothers on Diet II at the same time. 
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The percentage of rats weaned was 37 percent on Diet I, 67 per- 

cent on Diet II, and 57 percent on the stock ration. The ges- 

tation-lactation results were better for the rats on the diet 

containing enriched flour than those on the diet containing non- 

enriched flour as far as the number of litters born, and the 

average weights of the young at the end of.the lactation period, 

Table 26. Why the mortclity rate during lactation should be so 

much Rreater among the rats on the diet containing enriched flour 

is not known. The average birth weights of the rats were the 

same on both the enriched and non-enriched flour diets. The rate 

on the stock ration gave a better gestation-lactation performance 

than those on either :dots I or II. The average number of rats 

por litter, the average birth weight, and the average weight of 

the young after 22 days of lactation were all higher on the stock 

ration than on either Diet I or II. It may be that the calcium 

content of Diets I and II was lower than that of the stock ration 

which would account for this difference. Also the meat 7,iven to 

the animals on the stock ration probably gave them a more than 

adequate amount of animal protein. 

Diets I and II supplied 4156 I r of vitamin A per day which 

is below the 5000 I per day recommended allowance for the human 

being. According to Lewis et al.. (19C1) the rat requires 25 to 

50 I U of vitamin A per kg of body weight per day, therefore, the 

amount contained in the diet was adequate for the rat. However, 

an additional 188B I U of vitamin A together with 179 I U of 

vitamin D and 20 mg of alpha tocopherol was Riven orally to each 
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rat per week from the beginning of the growth test. Goottech 

and Pappenheimer (1941) reporteff that the rat needs 3 mg of vita- 

min r uer day or 21 mg per week. Therefore, vitamins A and 

should not have been limiting factors in Diets I and II during 

the reproduction period. 

Blood tests, consisting of hemoglobin studies and red blood 

cell counts, have been used b7 higgins et al. (1947) to see if the 

fortification of flour with thiamine, riboflavin, and niacin 

would have stimulating effects on the production of erythrocytes 

and the hemoglobin level. Blood tests were also performed in 

this study in order to evaluate any differences between the use 

of enriched and non-enriched flour in the diets. The blood 

values for the female rats may be seen in Table 28. 

Since this experiment was only a preliminary study, it was 

thought that a comparison of hemoglobin levels during; the growth 

period would be adequate. No differences were shown between the 

average hemoglobin values of the rats on Diets I and II and the 

stock ration illImediately preceding the test diets, because all 

the rats had been on the B-free diet for two weeks. After four 

and eJght weeks on the test diets, the averare hemoglobin values, 

as shown in Table 28, were highest for the rats on the stock 

ration and this was to be expected. The values for the rats on 

the diet oontsinin:r non -enriched flour were higi-er than those for 

the rats on the diet containing enriched flour. No reason can be 

riven for these results. 

The average color indexes during reproduction, as shown in 
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Table 28, were higher for the female rats on the diet contatning 

enriched flour than those on the diet clntaining non-enriched 

flour before the birth of the young, and two and three weeks after 

the young were born. Immediately after the your were born, the 

color indexes were higher for the rats on the diet containing 

non -enriched flour. The rats on the stock ration had the highest 

color indexes all through the reproduction period. The higher 

mineral, anilial protein, and 1-vitamin content of the stock ra- 

tion may be the reason for this difference, as all these nutri- 

ents are necessary for the formation of rod blood cells and 

hemoglobin. The red blood cell and hemoglobin values for the 

femsle rats on the diet containing enriched flour appeared to be 

better than the values for the female rats on the diet containing 

non-enriched flour during; reproduction. Perhaps this may be at- 

tributed to the I-resonce of large amounts of the 3-vitamins in 

enrisbed flour. The caloiur oontent of Diets I and II was sone- 

hat low, but both diets supplied far more iron than the 12 mg 

recommende daily allcwance for the human being. Large quanti- 

ties of molasses served as a ,good source of iron in both diets. 

The young that were weaned from the mothers Which had Leen 

fed riots I and II and the stock ration were kept on these same 

diets for 10 weeks in order to compare their growth rates with 

the first generation. Average weights of the second generation 

animals are shown in the weight chart in Table 22, and the growth 

curves are shown in Figure 1. The total gain made by the second 

generation rats on Diet I which contained enriched flour was lrl g 
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as compared to 188 g of the first generation. On Diet II which 

contained non-enriched flour, the total 7ain made by the second 

generation rate was 111 3 as compared to the 157 g gain of the 

rats of the first generation. In no second generation, the rats 

on the diet containirv, enriched flour made greater growth gains 

than those on the diet containing non -enriched flour, as had been 

found with the first generation. The second generation rats 

S.-lowed 10 g difference between those on the diets containing en- 

riched and non-enriched flour, and the first generation showed 

0 difference between the rats on the diets containing enriched 

an non-.7.-!richel flour. The total gain for the second generation 

rats on the stock ration waci 174 g which was t:Ie same total gain 

made by the first generation rats on the stock ration. The large 

differences in total gains between the first an second generation 

on the diets containin8 enriched and non- enriched flour was 

probably due to the fact that diets which are somewhat lacking in 

essential nutrients d not always produce noticeable deficiency 

symptoms until the second or third generation. 

After the reproduction period was completed, it was thought 

that an interesting comparison between enridhad and non-enriched 

flour in the diets could be made if the adult rata on Diets I and 

II were depleted of their stores of the II-vitamins, and the time 

of recovery on their respective diets noted. Two fenales and 

three males on Diets I and II were placed on starvation for one 

week in order to deplete their body stores of all the nutrients. 

Only water was given. Then they were placed on a B-free diet for 
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two weeks to further deplete the 13 vitamins in the tissue. During 

the time that the B-free diet was fed, the animals would have the 

opportunity to replace their body stores of protein, fat, carbo- 

hydrates, mineral, and vitamins A and D, lost while on the one- 

week starvation diet. After the two weeks on the 8-free diet, 

the antlals were fed Diets I and II until they came back to their 

respective weights at the beginning; of the starvation period. 

The average weights for the adult rats during the 8-vitamin de- 

pletion study, may be seen in Table 2b. An average of 44 g was 

lost on each diet after one week of starvation. After one week 

on the B -free diet, the animals previornly on Diet I gained 6 g, 

whereas those previously on Diet II lost 4 g. The animals pre- 

viously on Diet I lost 8 g after two weeks on the 8-free diet, 

however, those previously on Diet II lost 16 g. 'Then they were 

put back on their original diets, the animals on Diet I came back 

to normal in one week, b'' it took two weeks for those on Diet II 

to come back to normal. Therefore, the larger amount of the 

9-vitamins in the enriched flour diet enabled the animals to re- 

cover at a much faster rate after being depleted of their body 

stores. 

The results of this experi-lent have shown that when the flour 

furnished 58 percent of the total calories, greater growth gains 

were made by both the first and second generation rats on the 

diet containing enriched flour than by the first and second ren- 

eration rats on the diet containing non-enriched flour, but the 

stock ration appeared to be the most adequate in respect to the 
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B-vitamins for the growing rat. The number of litters born end 

the average weights of the young; at the end of the lactation per- 

iod were greater for the rats on the diet containing enriched 

flour than those on the diet containing non-enriched flour, but 

the mortality of the young was much greater for the rats on the 

diet containing enriched flour. The stock ration gave better 

gestation and lactation results than either of the diets contain- 

ing flour. During growth, the female rats on the diet containing 

non-enriched flour had higher hemoi.;lobin values than those on the 

diet containing enriched flour. However, the color indexes, 

which were computed from red blood cell counts and hemoglobin 

studies performed during reproduction, were higher for the rats 

on the diet containing enriched flour except for the period im- 

mediately after the young were born. The female rata on the stock 

ration surpassed both the diets containing flour in hemoglobin 

values durinj growth and in color index values for the reproduc- 

tion period. Adult rats, after being depleted of their 3-vitamin 

stores, were able to recover much faster on the diet containing 

enriched flour than on the diet containing non-enriched flour when 

these furnished 58 percent of the calories of the diets. 

Second Experiment: Flour Furnished 55 to 5B Percent 
of the Total Calories 

The rats in this experiment were kept on growth tests for 12 

weeks. Average weights of the rats are shown in the weight chart 

in Table 23, and the growth curves are shown in Figure 2. The 
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total gain made by the rats on Diet II containing enriched flour 

was 204 g, in comparison with 180 g made by the rats on Diet VII 

containing non-enriched flour. Thus there was a 24 g difference 

in total gain between the rats on these two diets. As shown in 

Table 6, the thiamine, riboflavin, and niacin content of the 

diet containinj enriched flour were 3.72, 1.90, and 18.7 mg per 

day, and 1.33, 0.94, and 7.1 mg per day respectively for the diet 

containing non-enriched flour. It would seem that the higher 

B-vitamin content of the diet containing enriche,7 flour aided in 

promoting a greater growth in the rats. The total tain made by 

the rats on Diet I which contained whole wheat was 187 g. This 

gain is 17 g leas than that made by the rats on the diet contain- 

ing enriched flour and 7 g more than that made by the rats on 

the diet containing non-enriched flour. These growth differences 

are shown in the photographs in Plate II. The thiamine, ribo- 

flavin, and niacin content of the diet containing whole wheat, as 

shown in Table 8, were 3.07, 1.13, and 27.7 mg per day respec- 

tively. Diet II contained more thiamine and riboflavin than Diet 

I, but less niacin. By referring to Table 8, it may be seen that 

the protein, fat, calcium, iron, and vitamin A content of the 

diet containing whole wheat were slightly higher than the values 

for Diets II and VII. Perhaps the. diet containing whole wheat 

was not as well utilized. 

The rate on Diet VI containing cornstarch made a total gain 

of 145 g. Two rats on Diet VI developed severe polyneuritis 

symptoms in two weeks, and two more rats had polyneuritis symptoms 
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after being on the test diet between three and four weei :s. A 

photorTaph of one of the rats on Diet VI :shortly before the oc- 

currence of the spasms may be seen in Plate II1. The paralytic 

spasms of two of the rats were cured for six to twelve days by 

giving the rats 10 ug of thiamine orally. During this time the 

rats would gain some weight and then immediately lose this weight 

preceding the reoccurrence of the spasms. The other two rats 

were completely cured with one oral feeding of 10 ug of thiamine. 

Before Diet II containing enriched flour was substituted for Diet 

VI in order to see if the animals could make better growth gains 

on a diet containing more of the 3-complex vitamins, two of the 

rats nad developed polyneuritio symptoms four ti- es, two animals 

once, and the other two not at all. During three weeks on the 

diet containing enriched flour, tho animals that had been pre- 

viously treated four tiles with thiamine wIAle on the cornstarch 

diet, gained 99 g. The anials previously treated once with 

thiamine gained 78 g, whereas those who were never treated with 

thiamine gained 56 g. Therefore, the rats who were very low in 

weight, and had been treated more often with thiamine, made the 

greatest gains while on the diet containing enriched flour. The 

rats that had never developed polyneuritis symptoms did not make 

much change in their growth weiijits after being given the diet 

containing enriched flour. All the rats appeared more active and 

had better appetites after being fed the diet containing enriched 

As shown in Table 12, the thiamine, riboflavin, and niacin 
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content of Diet VI containing cornstarch were 0.74, 0.62, and 3.7 

mp: per day respectively. Thus the greater 3-vitamin content of 

the diet containing enriched flour was responsible for the better 

growth gains made by the rate when they were placed on Diet II, 

because the diet containing cornstarch supplied all the other es- 

sential nutrients. The caloric value of the diet containing 

cornstarch, 2B4f3 calories ner day, was necessarily high since 

enough vitamin-free casein was added to bring the protein level 

up to 79 g, the same as in Diets II and VII. The high carbo- 

hydrate content of all the diets would tend to make the B-vitamin 

content important, because these vitamins are necessary for the 

metabolism of carbohydrates. 

The rats on Diet III containing enriched flour and added 

salt mixture made a total gain of 222 g in comparison with the 

199 g gain made by the rats on Diet VIII containing non-enriched 

flour and added salt mixture as shown in Table 27 and Figure 2. 

Thus there was 23 g difference in total gain between the rats on 

these two diets. The 222 g gain made by the rats on Diet III is 

lq g more than the gain made by the rats on Diet II containing 

only enriched flour. Thus it would seem that the addition of 

salt mixture to the diets in order to raise the calcium level to 

1 7 per day enabled the rats to make greater growth gains than 

had been made by the rats on enriched and non-enriched flour 

without added supplements. 

The rats on Diet IV containing enriched flour and added 

vitamin-free casein made a total gain of 227 g in comparison with 
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the 150 I; gain made by the rats on Diet IX containing non-enrich- 

ed flour and added vitamin-free casein. Thus there was 77 g dif- 

ference in total gain between the rats on these two diets. The 

227 g gain made by the rats on Diet IV was 5 g more than the gain 

made by the rats on Diet III containing enriched flour and salt 

mixture and 23 ! more than the gain made by the rats on Diet II 

containing enriched flour. It appeared that the addition of 

casein which raised the protein content of Diet IV from 79 g 

to 109 g per day permitted the rate to make greater growth gains 

than had been made by the rats on the diet containing only en- 

riched flour. The 150 g gain made by the rate on Diet IX was 

49 g less than the gain made by the rats on Diet VIII containing 

non-enriched flour and added salt mixture, and 30 g less than the 

gain made by the rats on Diet VTI containing non-enriched flour. 

The lower B-vitamin content of the non-enriched flour appeared to 

prevent the rate from utilizing the added protein in the form of 

vitamin-free casein. 

The rats on Diet V containing enriched flour plus salt mix- 

ture and vitamin-free casein made a total gain of 240 7, in com- 

parison with the l38 g gain made by the rata on Diet X containing 

non-enriched flour plus snit mixture and added vitamin-free 

casein. These growth differences are shown in th3 photographs in 

Plate III. Thus there were 52 g difference in total gain between 

the rats on these two diets. The rats on Diet V made the great- 

est total gain In the 12-week growth period of this experiment. 

The 18 g difference in total gain made between the rats on Diet 
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III and net V, and the ln g difference in total gain made be- 

tween the rats on Diet IV and riet V practically checks with the 

7F, r difference in total r-,ain made between the rats on Diet II 

and Piet V. Thus the addition of both salt mixture and vitamin- 

free casein to Diet V containing enriched flour was responsible 

for the greater total gain made by the rats on this diet in com- 

parison with the total gain made by the rats on Diet II contain- 

ing only enriched flour. The 188 g gain made by the rats on 

Diet X which was 79 r and 8 r more than the gain made by the rata 

on Diets IX and VII respectively, but 10 g less than the gain 

made by the rats on Diet VIII. Thus the salt mixture in Diet X 

enabled the rats to p7row faster than those on Diet IX, but the 

added protein in Diet X inhibited the rats from making as great 

a growth gain as made by the rats on Diet VIII. The non -enriched 

flour probably does not contain enouh of the 8-vitamins for the 

added protein to be properly utilized by the rat, since the ad- 

ditional protein enabled the rats on the diets containing enrich- 

ed flour to make greater total gains. The lain made by the rats 

on Diet X was probably better than that made by the rats on Diet 

VII because of the added salt mixture in Diet Y., not the added 

casein. 

After being on test diets for 12 weeks, the animals were 

mated for reproduction studies, Table 27. The rats on Piet VI 

containing cornstarch were not mated because they had been given 

thiamine to cure polyneuritis symptoms. The aninals on the diet 

containing whole wheat and enriched flour tcok about the same time 



54 

to mate, but those on the diet oontaining non-enriched flour 

nated sooner. rle animals on the diet containing non-enriched 

flour plus protein took longer to mate than those on the diet 

containing enriched flour plus protein, but when salt mixture and 

protein were added, the rats on the diet containing non-enriched 

flour mated sooner than nose on the diet containing rmrlehed 

flour. 

All the female rats on Diets I, II, V, VIII, IX, and X pro- 

duced litters. There wag one case of reabsorption on Diets III, 

IV, and VII. Thus the females on Diet II containing enriched 

flour all produced litters, but not those on Diet VII containing 

non-enriched flour. The females on Diet V containing enriched 

flour plum protein and salt mixture all produced litters, but 

not those on Diet III with enriched flour and salt mixture and 

Diet IV with enriched flour and protein. 

Female rats on Diet II containing enriched flour and Diet 

VII containing non-enriched flour averaged eight rats per litter 

and those on Diet I containing; whole wheat averaged 17 rats per 

litter as shown in Table 27. The rats on Diet III had an average 

of 11 rats per litter and those on Diet VTII had eight rats per 

litter. Thus the addition of salt mixture to the diet containing 

enriched flour was more beneficial than the addition to the diet 

containing non-enriched flour. The rats or Diets 17 and IX con- 

taining enriched and non-enriched flour respectively plum protein 

averaged 10 rats per litter, whereas those on Diets V and X con- 

taining enriched and non-enriched flour respectively plus protein 
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and salt mixture averaged 12 rats per litter. 

Although the average number of rats per litter was high on 

7oiet I containing whole wheat, the avera;;e number of rets weaned 

et 27 days was only two, and the average weanir4; weight was 39 g. 

averace number of rats weaned on Diet II containing enriched 

flour was also only two, and thei,. average weaning we cunt was 

29 r. The average number of rats weand per litter on Diet VII 

ccntaininl non-enriched flour was five, and their average weight 

st weaning was 28 g. Thus the diet containin6 enriched flour was 

bettor than the diet containing non- enriched flour as far as the 

number of litters born and the average weaning weight of the 

young, but more nits were weaned per litter on the diet contain- 

ing non-enriched flour. The sane number of litters wore born to 

the rats on Diets I an II conteining whole wheat and enriched 

flour respectively, but the overage number of rats per litter and 

the average weaning weight at 28 days were higher for the rate on 

the diet containing whole wheat. Although only two rats were 

weaned :.er litter on Diets I and II, a greater pereentage of rate 

were wosned on the diet containing enriched flour than on the 

diet containing whole wheat for the mortality rate was not as 

FTeat. 

Only one ret was weaned at 211. days on Diet III containing 

enriched flour plus salt mixture and none were weaned at 28 days 

on Diet VIII containing non-enriched flour plus salt mixt"iro, 

Although the average number of rats per litter was high for the 

rats on Diet III, the lactation results were just an poor as for 
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the rats on Diet VIII. On both diets IV and IX an average of six 

rats were weaned per litter, but the weaning weight at 28 days 

was 44 g for Diet IV containing enriched flour plus protein in 

comparison with 16 g for Diet IX containing non-enriched flour 

plus protein. The number of rats weaned per litter on Piet V 

containing enriched flour plus protein and salt mixture was seven 

in comparison with three on Diet X. The average weaning weight 

at 21 days was 42 g on Diet V and 2: g on Diet X. Thus the 

lactation results were much better for the diet containing en- 

riched flour plus protein and salt mixture than for the diet con- 

taining non-enriched flour and these same supplements. 

During the growth period the rats on Diet IX containing non- 

enriched flour plus protein made a very poor total gain in com- 

parison to the rats on Diet VIII containing non-enriched flour 

and salt mixture. Yet during the gestation and lactation period, 

the results were very poor for Diet VIII in comparison to Diet 

IX. Also the total gain made by tho rats on Diet X containing 

non-enriched flour plus protein and salt mixture was not as high 

as that made by the rats on Diet VIII, yet the gestation and lac- 

tation results were better for the rats on Diet X than Diet VIII. 

Thus it would seem that added salt mixture was important during 

the growth period of the rat for proper bone formation, whereas 

larger amounts of protein were needed during the reproduction 

period for the development of the young. This conclusion is also 

justifiable when one compares Diet IV containing enriched flour 

plus protein with Diet V containing enriched flour plus protein 
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and salt mixture for which the gestation and lactation results 

were about equal, whereas the gestation and lactation results 

for Diet III containing enriched flour plus salt mixture were very 

poor. However, during growth there was not much difference be- 

tween Diets III and IV. 

The young that were born to the female rats on Diets V and 

X containing enriched and non-enriched flour respectively plus 

protein and salt mixture developed fur that was very rusty and 

sticky. The rats on Diets IV and IX containing enriched and non- 

enriched flour respectively plus protein also developed this 

rusty appearing fur but not quite as severe as for the rats on 

Diets V and X. The rats on Diets IX ansi X were also small and 

puny. After the lactation period was completed, it was decided 

to keep the young; on these same diets, and to give a calcium 

pantothenate supplement to some of the young and no supplement to 

the others. Unna (1940), Frost, rapore, and Dann (1041), Oleson, 

Flvehjem, and Hart (1939), and Henderson et al(1942), all agreed 

that the rat requires 80 to 100 ug of calcium pantothenate for 

maximum growth. It was calculated that the rat wou1,1 probably 

obtain about 40 ug of calcium pantothenate per day from the food, 

so it was decided to give a 50 ug supplement of calcium panto- 

thenate per day in order that the rsts would receive 90 u; per 

day. On both the enriched and non -enriched flour, the rusty fur 

of the rats was cured over a five-week period regardless of 

whether they received the calcium pantothenate supplement or not. 

At the end of five weeks, the rats on the diets containing en- 
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riched flour with and without calcium pantothenate made a total 

gain of 127 g in comparison to the 52 g gain made by the rats on 

the diet containing non-enriched flour with the added calcium 

pantothenate and 4B g by the rats without the added calcium 

pantothenate. The rustiness of tho fur probably developed be- 

cause the young did not receive an adequate quantity of milk dur- 

ing the lactation period. The mothers always developed the same 

symptoms as the young during the lactation period. As soon as 

the young were placed on the test diets, they were probably able 

to consume enough food to give them an adequate supnly of calcium 

nantothenate. 

Blood studies, consisting of hemoglobins and red blood cell 

counts, were performed during the growth and reproduction per- 

iods of this expertlent. The color indexes, as shown in Table 

29, were all slightly higher for the rats on the diets contain- 

ing non-enriched flour during the interval immediately preceding 

the placement of the animals on the test diets, and after four 

and eight weeks on the test diet. It may be noted that the 

average red blood cell counts, as shown in Table 29, for the 

rats on Diets II and VII containing enriched and non-enriched 

flour respectively, were F3.32 Vata'after eight weeks on the test 

diet. The value for the rats on Diet I containing whole wheat 

was about the same, 8.65 Vie The rats on the diets containing 
protein had higher red blood cell counts than the rats on the 

diets containing salt mixture both four and eight weeks after the 

beginning of the test diet. The rats on Diet V, containing en- 
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riched flour plus protein and salt mixture, had the hi7,hest red 

blood cell count after eiwht weeks on the test diet. The average 

hemos;lobin values, also shown in Table 29, were higher for the 

rats on the diets containing non-enriched flour both four and 

eight weeks after the beginning of the test diets, except for 

the rats on Diet V which had higher values than those on Diet X. 

In comparing the average color index values, as shown in 

Table ?CO, after the rats had been on the test diets for 12 weeks, 

it can be seen that the values for the rats on the diets contain- 

ing enriched flour, non-enriched flour, and whole wheat were ap- 

proxirlately the same. The color index values between Piets III 

and VIII and between Diets IV and IX were about equal, but the 

values for the rats on the diets containing protein were higher 

than those for the rats on the diets containing salt mixture. 

The red blood cell counts and hemoglobin values as shown in Table 

31, were higher for the rats on the diets containing enriched 

flour than those on the diets containing non -enriched flour after 

being on the test diets for 12 weeks. The red blood cell counts 

for the rats on the diets containing salt mixture were higher than 

those for the rats on the diets containing protein, whereas after 

four and eight weeks on the test diets, the rats on the diets 

containing protein had higher red blood cell counts. The red 

blood cell count for the rats on the diet containing whole wheat 

was about the same as for the rats on the diet containing enrich- 

ed flour. 

The average color index values shown in Table 30, for the 
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female rats L.nnediately precedim; the birth of the young were all 

somewhat higher than the values computed at 12 weeks except for 

the rats on Diets IV, V, and IX, all of which contained protein. 

The color index for the rats on the diet containing enriched 

flour, 0.99, was slitjhtly lower than the color index, 1.04 for 

the rats on the diet containing non-enriched flour. The color 

index for the rats on Diet I containing whole *heat, 1.11 was 

higher than that for the rats on Diets II and VII containing 

enriched and non-enriched flour, respectively. There was not 

much difference between the averne color indexes for tho rats 

on Diets IV and IX, but the average color index for the rats on 

Diet III was much higher than the value for the rate on Diet 

VIII. The avers ;o color index for the rats on Diet X was higher 

than that for the rats on Diet V. The rats on the diets contain- 

in; added protein seemed to have lower values. 

The average red blood cell counts, as shown in Table 31, fell 

marked17 for the rats on all the diets immediately before the 

young were born. The red blood cell counts and hemoglobins were 

higher for the rate on the diets containing enriched flour than 

for the rats on the diets containing non -enriched flour. The 

red blood cell count for the rats on the diet containing whole 

wheat was very low. The red blood cell counts for the rats on 

Diets III, IV, and V were approximately the same, as were those 

for the rats on Diets VIII, IX, and X. There was quite a spread 

in the hemoglobin values between Diets III and VIII, IV and IX, 

and Diets V and X. 
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ImleJiatcl after the young were born, the color index value 

for the rats on Diet II dontainin:-, enriched flour, 0.97, was 

higher than the value for Diet VII containing, non-errichwl flour, 

0.81, as shown in Table 30. The color index value for the rats 

on the diet containing whole wheat was about equal to that for 

the rats on the enriched flour. The color index for the rats on 

Diet III, 1.23, was hig'!ler than that for Diet VIII, 1.14. The 

color index values for the rate on Diets IV and IX were about 

equal, and the value for the rate on Diet V was higher than that 

for Diet X. :he rats on the diet containing malt mixture and err. 

riched flour had the highest value, followed by the rats on the 

diet containing salt mixture, protein, and enriched flour. 

The average erythrocyte counts, as showr. in Table 31, were 

5.,;aer for the rata on the diets containing non-enriched flour 

than those on the diet containing enridhod flour immediately 

after the birth of the young. The value for the rats on the 

diet containing enriched flour, 6.96 MilirCias lower than that 

for Diet I containing whole wheat, 7.78 Mkt/ There was not 

much difference between the values for the rats on Diets III, IV, 

and V, and between the values for the rats on Diets VIII, IX, and 

X. The hemoglobin values for the rats on the diet containing 

whole wheat was higher than that for the rats on Diets II and VII 

w:Aca were about the same. The hemoglobin values for the rats on 

7A.ets VIII, IX, and X containing non-enrichel flour were all 

hir-,her than the values for the rats on Diets ITI, IV, nr0 V con - 

taininp: enriched flour. 
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Three weeks after the youn4.; were born, the color index val- 

ues as shown in Table 30, for the rata on the diets containing 

enricl'ed flour were all higher than the vsluen for the rate on 

the diets containing non-enriched flour, except for the rats on 

Diet X, which was higher than that for Diet 7. The rate on the 

diets containing salt mixture had higher color indexer than the 

rats on the diets containing protein. The color index for the 

rats on the diet containing whole wheat was the highest of all 

at this time. 

Some of the erythrocyte counts and hemoglobin values for the 

pericC three weeks after the young were born, as shown in Table 

31, are based upon one rat, so adequate conclusions cannot be 

drawn from this data. The erythrocyte and hemoglobin values for 

the rats on the diet containing enriched flour, 0.18 M/geand 

13.09 6/100 ml, were abort the same as the values for the rate 

on the diet containing non-enriched flour, 9.00 M/d.sriand 17.09 

g/100 ml. Also the erythrocyte and hemoglobin values for the 

rate on the diet containing enriched flour and protein, 8.53 

/4e and 17.19 g/100 ml, were about the same as the values for 

the rats on the diet containing non-enriched flour and protein, 

8.88 M/eand 17.17 g/100 ml. The red blood cell counts and 

hemoglobin valise for the rats on .the diet containing enriched 

flour and salt mixture, 9.02 M/iriand 15.40 m1/100 ml were some- 

what higher than the values for the rats on the diet containing 

non-enriched flour and malt mixture, 8.73 M/' and 15.16 g/100 ml. 

Results cf this experiment have shown that when flour fur- 



nished from 56 to 58 percent of the total calories, the rats on 

the diet containing enriched flour made a greater growth gain than 

the rats on the diet containing non -enriched flour. The total 

gain made by the rats on the diet containing whole wheat wns ap- 

proximately the same as that made by the rats on the diet con- 

taining non -enricher flour. The aril:lain on the followinz diets: 

enriched flour plus salt mixture, enrichel flour plus protein, 

and enriched flour plus salt mixture and protein, made greater 

growth gains in comparison with the animals on the diets contain- 

ing non-enriched flour plus salt mixture, non-enriches flour plus 

protein, and non-enriched flour plus salt mixture and protein. 

When cornstarch was supplemented: fo- 12^,e flour component of the 

diet, pclyneuritis symptoms develope. This was due to a lack of 

B.-complex vitamins, for this diet contained adequate amounts of 

the other essential nutrients. 

The animals on the diets containing enriched flour did not 

have a shorter mating period except for the rats on Diet IV con- 

taining enriched flour and protein which mated in two days in 

comparison with the seven-day mating period for the rats on Diet 

IX containing non-enriched flour and protein. The average number 

of rats per litter were the same between Diets II and VII, Diets 

1 and IA, ana *Acts V and X, but higher for Diet III than Diet 

VIii. The females on let I containinf: whole 'wheat averaged the 

same number of rats per litter as those on Diet V. The size'of 

the litters was greater when salt mixture or protein were added 

to the diets'. ;:ore rats were weaned per litter on the diet con- 
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taining non-enriched flour than on the diet containing; enriched 

flour, but the average weaning weight of the young was the same 

on both diets. The females on the diet containing, whole wheat 

averaged the same number of rats weaned per litter as those on 

the enriched flour, but the weaning, weights of the young were 

much hi7,her. No rats were weaned on Diets III and VIII, contain- 

inr enriched flour and non-enriched flour respectively, plus 

salt mixture. The number of rata weaned per litter was the same 

for Diets IV and IX, but the average weaning weiht of the young 

was mush greater on Diet IV. 3oth the average number of rats 

weaned per litter and the averKle weaning weight of the young 

were higher on Diet V than on Diet X. The mortality rate of the 

greatest from birth to the third day for all the diets 

except Diets IV and IX containing protein which had a greater 

mortality rate later in the lactation period. The young on 

Diets IV, V, IX, ani X, which developed a rusty, sticky fur dur- 

in7 lactation were cured after beitm placed on their respective 

diots with and without a calcium pantothenato supplement. 

The color indexes were all slightly higher for the rats on 

the diets containiw; non-enriched flour during the interval im- 

mediately preceding the placement of the animals on the test 

diets and after four and eight weeks on the test diets. After 

12 weeks on the test diets, the color indexes were not signifi- 

cRntly different between enriched and non -enriched flour with 

and without salt mixture and protein supplements. However, the 

rata on the diet containing protein had higher color indexes than 
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the rata on the diets containing salt mixture, whereas four and 

eli.;ht weeks after the beginnin6 of the test diets, trio color in- 

dex values were higher for the rata on the diets containing salt 

mixture. F,ven though there was no significant difference in 

color index values 12 weeks after the beginning of the test 

diets, the red blood cell counts and hemoglobin values were 

slihtly higher for the rats on the diets containing enriched 

flour titan on the diets containing non-enriched flour. 

lumedlately preceding the birth of the young, the color in- 

dex values were all somewhat higher than the normal values at 12 

weeks, except for Diets IV, V, and IX, all of which contained 

protein. The red blood cell counts were much higher for the rats 

on the diets containing enriched flour than those for the rats on 

the diets containing non-enriched flour. Hemoglobin values were 

also much higher for the rats on Jiets III, IV, and V, than for 

the rats on Diets VIII, IX, and X. Immediately after the young 

were born, the color index values were higher for the rats on 

the diets containing enriched flour than for those on the diets 

containing non -enriched flour. The rats on Diet I containing 

whole wheat had about the same color index value as the rata on 

Diet II oontainini; enriched flour. The red blood cell counts and 

hemoglobin values were higher for Diets VIII, IX, and X than 

Diets I I, IV, and v. Three weeks after the young were born, the 

color i.Idex values i'or i.iie rats on the diets containing enriched 

flour were all higher tnan the values ror the rats on the diets 

containing nun- enriched Llour, wnicn evidently shows the value of 



66 

the B vitamins in the enriched flour. 

Third Experiment: Flour Furnished 45 and 58 Percent 
of the Total Calories 

In the third experilent, the enriched and non-enriched flour 

in Diets I and II, based upon the better menu in Table 1, fur- 

nished 4b percent of the total calories, whereas in Diets III and 

IV which were based upon the most inadequate menu in Table 3, the 

enriched and non-enriched flour furnished 58 percent of the total 

calories. The results of the growth test are indicated in Table 

24 and Figure 3 which show the average weight gains of the rats. 

The total gain made by the rats receiving Diet I which con- 

tained enriched flour was 207 g in comparison with 203 g made by 

the rats on Diet II which contained non-enriched flour. The 

difference in total gain made by the rats on Diets I and II was 

only 4 g. Typical rats on Diets I and II are shown in the photo - 

graphs in Plato IV. As shown in Tables 17 and 18, both diets 

contained adequate and equal amounts of calories, protein, fat, 

carbohydrate, calcium, and vitamin A. Diet I containing enriched 

flour supplied more iron than Diet II containing non-enriched 

flour, but both diets contained far more iron than the 12 mg per 

day recommended allowance. The thiamine, riboflavin, and niacin 

values for Diet I in m:; per day were 7.45, 2.53, and 17.9 whereas 

those for Diet II in mg per day were 1.33, 1.64, and 7.5, re- 

spectively. Thus there was considerable difference in the amount 

of 3-complex vitamins contained in these two diets. When flour 
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furnished 45 percent of the total calories, the higher B-vitamin 

content of the diet containing the enriched flour did not promote 

any favorable influence or the growth rate of the rate. 

The total gain made by the rats on Diet III containing en- 

riched flour was 120 g in comparison with 80 g made by the rate 

on Piet IV containing non-enriched flour. The difference in 

total gain made by the rats on Diets III and IV was 40 F. Those 

growth differences are shown in the photographs of typical rats 

on Diets III and IV in Plate IV. As shown in Tables 19 and 20, 

the caloric contents of both diets were low, because the diets 

did not contain much fat. Protein and carbohydrate were present 

in adequate amounts but all the protein was derived from cereals 

and legumes. Both diets supplied 0.14 g calcium per day which 

is far below the 0.8 g per day recommended allowance. Diet III 

containing enriched flour supplied 16.6 mg of iron per day, 

whereas Diet IV containing non-enriched flour supplied 10.0 mg 

per day which is slightly below the 12 mg per day recor-mended 

allowance for the human being. The most inadequate menu did not 

contain any molasses. Although 1943 I U of vitamin A, as present 

in Pieta III and IV, is far below the 5000 I U recommended al- 

lowance, this amount according to Lewis et al (1942) is adequate 

for the rat. 

The thiamine, riboflavin, and niacin content of Diet III con- 

taining enriched flour were 2.90, 1.13, and 12.8 mg per day, and 

for Diet IV containing non-enriched flour, 1.25, 0.44, and 4.7 mg 

per day, respectively. This large difference in 1.-vitamin con- 
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tent in the two diets would undoubtedly account for some of the 

large difference in the growth gains of the rats. However, the 

low caloric and calcium content, anti no animal derived protein 

would also be somewhat responsible for the poor growth of the 

rats on Diets III and IV. 

Results of this experiment have shown that when 45 percent 

of the calories are derived from enriched and non-enriched flour, 

no growth differences are obtained in the rats, but when 58 per- 

cent of the calories are derived from flour, the rata on the diet 

containing enriched flour had a much greater growth gain than 

those on the diet containing non -enriched flour. 

General Discussion of the Three Experients 

In a comparison of the total growth gains made by the rats 

on the diets containing enriched and non-enriched flour in the 

first and second experiments, it can be seen that the 182 gain 

made by the rats on the diet containing enriched flour in Pxperi- 

ment 2 over a 10-week period was 16 g more than the 166 g gain 

made by the rats on the diet containing enriched flour in Experi- 

ment 1. The rats on the diet containing non-enriched flour in 

Fxperimente 1 and 2 both made a 157 g gain over a 10-week period. 

These diets were all based upon the typical menu given in Table 2 

in which 50 percent of the total calories were derived from cer- 

eals, therefore, it is not known why a better correlation was not 

obtained between the rats on the diets containing enriched flour 

in Fxperi:ents 1 and 2. 



GO 

Although the total gain made by the rats on the stock ra- 

tion, 174 g, was higher than the 166 g gain made by the rats on 

Diet I, Experiment 1, containing enriched flour, it was not high- 

er than the 182 g gain made by the rata on Diet II, Experiment 2 

containing enriched flour. This latter gain was computed over a 

10-week growth period so as to compare it with the total gains 

made by the rats in Experil,ent 1. Both of the diets containing 

enriched flour were based upon the typical menu in Table 2. 

It will be remembered that there was no difference in the 

total gain made by the rats on the diets containing enriched and 

non-enriched flour when the cereal supplied 45 percent of the 

total calories, but there is also no difference in total gain 

made by the rats on the diets containing enriched flour when 45 

and 58 percent of the total calories are supplied by cereal. 

That is, the 207 g gain made by the rats on Diet I, Experiment 3, 

was about equal to the 204 g gain made by the rats on Diet II, 

Experiment 2, both diets containing enriched flour. This was not 

true of the diets containing non-enriched flour when 45 and 58 

percent of the total calories are supplied by cereal, for the 

203 g gain made by the rats on Diet II, Experiment 3, was 23 g 

greater than the 180 g gain made by the rats on Diet VII, Experi- 

ment 2. The total gains for Experiments 2 and 3 were both ob- 

tained over 11 12-week growth period. 

The total gains made by the rats on Diets III and IV con- 

taining enriched and non-enriche flour respectively, in Experi- 

ment 3 were far below the total gains made by the rats on Diets 

II and VII containing enriched and non-enriched flour respec- 
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tively, in Experment 2. This would be expected even though 58 

percent of the total calories were rupplied by cereal in all 

these diets, because the n- complex vitamin content of Diets II 

and VII based upon the typical menu was higher than that of 

'Meta III and IV based upon the most inadequate menu. Also in- 

adequate amounts of calories end calcium, and poor sources of 

protein were responsible for the poor growth gains made by the 

rate on Diets III and IV in Experiment 3. 

When the gestation and lactation results for the rats on the 

diets containing enriched flour, Diet I, Experiment 1 and Diet 

II, Experiment 2 are compared, al seen in Tables 26 and 27, it 

may be noted that the results are approximately identical except 

that a greater percentage of rata were weaned on Diet I, Experi- 

ment 1. When the two diets containing non-enriched flour, Piet 

II, Experiment 1, and Piet VII, Experiment 2 are compared, it can 

be seen that the average number of rats per litter and the average 

weaning weight of the young on Diet II, Experiment 1 were lower 

than for those on Diet VII, Experient 2, but the percentage of 

rate weaned was greater on Diet II, Experiment 1. These diets 

were all based upon the typical menu in Table 2 in which 58 per- 

cent of the total calories were derived from cereal. 

In a comparison of the hemoglobin values during the growth 

period for the rate on Diet 1, 7.xnerilent 1, as shown in Table 

23, and for those on Diet II, Experilent 2, as shown in Table 29, 

both diets containing enriched flour, it can be seen that the 

hemoglobin values were all higher for the rats on Diet II, 7x- 
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periment 2. This is also true of the hemoglobin values for the 

rats on Diet VII, Experiment 2 which were higher than those for 

the rats on Diet II, Experiment 1, both diets containing non - 

enriched flour. The color indexes for the rats on not I, Ex- 

peri,ent 1 and on Diet II, Experiment 2, Tables 28 and 29, were 

almost equal before the birth of the young and two and three 

weeks after the young were born, but immediately after the birth 

of the young, the color index values were higher for the rats on 

Diet II, Experiment 2. Both of these diets contained enriched 

flour. The color indexes for the rats on Diet VII, Experiment 2, 

Table 29, were higher than those for the rats on Diet II, Experi- 

ment 1, Table 25, before the young were born and two and three 

weeks after the birth of the young, but the color index values 

were about identical immediately after the birth of the young. 

Both of these diets contained non-enriched flour. 

This study has snown that when 56 percent of the calories 

are derived from cereals, the growth of the rats was greater on 

a diet containinw enriched flour than among the rats on a diet 

containing non-enriched flour. Although a few of the ger'tation 

and lactation results and some of the blood values during growth 

and reproduction were higher for the rats on the diets containing 

non-enriched flour, in a greater majority of'cases the results 

were better for the rats on the diets containing enriched flour. 

This study seems to indicate that there is sane value in en- 

riching flour with B-complex vitamins, especially when 5P, per- 

cent of the calories are derived from cereals as in low-income 
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Three experiments were conducted using young albino rats to 

evaluate the differences in nutritive valuo of enriched and non- 

enrichel flour, whole wheat, and cornstarch when these repre- 

sented the cereal component of the diets. The experimental diets 

were based upon the menus served in the homes of Negro tenants in 

the Yazoo Mississippi Delta. The menus were divided into three 

groups: better menus, typical menus, and the most inadequate 

menus. In the better menu, 45 percent of the total calories were 

derived from cereal, whereas in the typical and most inadequate 

menus, 55 and 56 percent of the total calories were derived from 

cereal. 

Natural foods were used in making up the diets. A calcu- 

lation of the nutritive value of all the diets was made, and any 

differences in essential nutrients were compared end discussed. 

Three methods were employed to evaluate the diets: growth rate 

of the rats, reproduction, and blood studies, which consisted of 

red blood cell counts and hemoglobins. 

Under the conditions of these experiments, the first and 

second generation rats on the diets contninlng enriched flour made 

greater growth gains than those on the diets containing non- 

enriched flour when 56 percent of the calories were derived from 

cereal. Growth gains were also greater on the diets containing 

enriched flour when salt mixture or nrotein were added ns supple- 
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monts, and 55 and Yi percent of the total calories were derived 

fro cereal. The rats on the diet containing enriched flour made 

7reater growth gains than those on the diet containin:- whole 

wheat. The diet containing cornstarch was definitely leaking in 

B-complex vitamins for the rate developed polyneuritis symptoms 

on this diet. Then 45 percent of the total calories were derived 

from cereal, there was no difference in the growth gains made by 

the rats on the diets containing enriched and non-enriched flour. 

Results of the reproduction study have shown that the num- 

ber of litters born and the average weaning weight of the young 

wore greater on the diet containing enriched flour, but more rats 

were weaned per litter on the diet containing non-enriched flour. 

The average number of rats per litter and weaning 

weight of the young were greater on the diet containing whole 

wheat, but a greater percentage of rats were weaned on the diet 

containing enriched flour. The gestation and lactation results 

were much better on the dint oo ntaininK added protein tnan on the 

diet containing added salt mixture. Also the gestation and lac- 

tation results were better for the rats on the diet containing 

enriched flour plus protein and salt mixture than for those on 

the diet containing non-enriched flour and these same wupnle- 

ments. 

Results of Cie blood studies have shown that the red blood 

cell counts and hemoglobins were higher for the rats on the diets 

containing enriched flour than on the diets containing non- 

enriched flour after being on the test diets for 12 weeks even 
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though there were only slight differences in the color index 

values at this time. Also the rats on the diet containing pro- 

tein had higher color indexes than those on the diet containing 

salt mixture. Imrnediately proccdin the birth of the young, 

the rel blood cell and hemoglobin values were hijher for the rate 

on the diets containing enriched flour than for those on the 

diets containing non-enriched flour. Immediately after the birth 

of the young and two and three weeks later, the color indexes were 

higher for the rate on the diets containing enriched flour than 

on the diets containing non -enriched flour. 
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Table 1. A better menu for Negro tenants of Missispippi.1 

Breakfast Dinner Supper 

:onday 
Fried eggs 
Fait pork 
Biscuit 
:olasses 
Milk 

Tuesday 
Fried eggs 
Biscuit 
Molasses 
Rice pudding 

Wednesday 
Sausage 
Cornbread 
Molasses 
Milk 

Thursday 
Canned peaches 
Rice 
Biscuit 
Butter 

Friday 
Fried eggs 
Fried potatoes 
Biscuit 
Butter 
Molasses 

Saturday 
Biscuit 
Butter 
Molasses 
Milk 

Sunday 
Fried steak 
Biscuit 
Butter 
Molasses 
Tea cakes 
Milk 

Rabbit 
Cornbread 
Rice puddin6 
Milk 

Chitlings 
Cornbread 
Molasses 
Milk 

Peas 2 

Cornbread 
Milk 

Salt pork 
Cornbread 
Rice pudding 
Milk 

Cabbage 
Cornbread 
Peach pie 
Milk 

Fried potatoes 
Salt pork 
Cornbread 
Milk 

Cabbage 
Cornbread 
Tomato pie 
Milk 

Rabbit 
Biscuit 
Tea cakes 

Chitlings 
Baker's bread 
Milk 

Sweet potato pie 

Butter 
Molasses 
Milk 

Cornbread 
Butter 
Molasses 
Milk 

Fried eggs 
Biscuit 
Butter 
Molasses 
Milk 

Fried eggs 
Biscuit 
Butter 
Molasses 

Cabbage 
Cornbread 
lolasses 
:bilk 

1Dicl :ens, 1928. 
2 
Peas are black-eyed peas. 
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Table 2. A typical menu for Negro tenants of Mississippi.1 

Breakfast Dinner Supper 
11111111 

Monday 
Fried eggs Peas 2 Peas 
Biscuit Cornbread Cornbread 
Sorghum 

Tuesday 
Salt pork Turnip greens 
Biscuit Biscuit 
Sorghum Biscuit pudding 

Milk 
Biscuit pudding 

Wednesday 
Biscuit Salt pork Fried potatoes 
Sorghum Cornbread Biscuit 

Biscuit pudding Forghum 
Milk 

Thursday 
Fried eggs Peas Fried eggs 
Biscuit Cornbread Biscuit 
Milk Cake Sorghum 

Cake 

Friday 
Pears (canned) Rice Salt pork 
Biscuit Gravy Biscuit 
Milk Cornbread Sorghum 

Saturday 
Rice Yried steak 
Biscuit Cornbread Rice 
Sorghum Tomato pie Gravy 

Biscuit 

Sunday 
Salt pork Sausage Sausage 
Biscuit Fulled cabbage Rice 
Sorghum Rice . Cornbread 

Cornbread 

1 Dickens, 192B. 

2Peas are black-eyed peas. 
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Table 3. An inadequate menu for Negro tenants of Mississippi. 1 

Breakfast s Dinner Supper2 

Monday 
Rice Pea s3 
Cornbread Cornbread 
Coffee 

Tuesday 
Rice Peas 
Cornbread Cornbread 
Coffee 

Wednesday 
Rice Peas 
Cornbread Cornbread 
Coffee 

Thursday 
Rice Peas 
Cornbread Cornbread 
Coffee 

Friday 
Rice Peas 
Cornbread Cornbread 
Coffee 

Saturday 
Rice Peas 
Cornbread Cornbread 
Coffee 

Sunday 
Rice Peas 
Cornbread Cornbread 
Coffee 

1Dickens, 1928. 

2Dinner served at 4:00 p.m., no supper served. 

3Peas tine black-eyed peas. 



Table 4. Moms for Ne.--To tenants of :ississippi.1 

Better menu Tynical menu 
:Servings : Serving : :Servings : Serving : 

:porperson :per persortn.:perperson:per person 

: Most inadequate menu 
: :ervings : Serving : 

wt.:per person:per person:t. 
:per week :per day : g per week :per day : g per wee': :per day !- i. 

Bread anc2 rice 27 3.85 385: SO 4.28 428: 21 3.0 300 

1.1 pat but- : 

Fat cr salt pork 13 ter 81: 4.1 .58 58: 4.1 .58 58 
.7 (other) 

Molasses 12 1.70 170: 8 1.1 110: 

Meat 4 .57 57: 3 .42 42: 

Milk2 16 2.28 68: 5 .7 21: 

Eggs 5 .70 35: 3 .42 21: 

Black eyed peas 1 .14 3 .42 42: 7 1.0 'CO 

Potatoes 3 .42 1 .14 14: 

Green vestables 4 .57 .42 42: 

Fruit 2 .28 28: 1 .14 14: 

1Dicl:ens, DorotAy. Bulletin No. 234, August 1928. 

2'ilk - 1 cup is n serving. Liquid milk has 12.4 percent of milk solids. 



Table 5. Nutritive value of 100 g edible portions of selected foods. 

Food 
:Cal- :Prot.: Fat 
:ories: 

: CHO : Ca : Fe 
m 

:Vit A 
I U 

:Vit B :Ribo :Niacin: Vit C 

m mg 

Apple 64 0.3 0.4 14.9 .007 0.3 80 0.04 0.02 0.2 6 

Black eyed peas 351 22.9 1.4 61.6 .080 7.8 0.83 0.23 2.2 2 

Green vegetab1e2 33 2.4 0.2 5.4 .083 1.5 3845 0.09 0.15 0.6 GO 

gg 158 12.8 11.5 0.7 .056 2.9 1320 0.12 0.35 0.1 

Butter or margarine 753 0.6 81.0 0.4 .016 0.2 3350 0.01 0.1 

Eon-enriched. flour 35 0.9 75.9 .017 0.7 0.14 0.07 0.8 

Enriched flour 35:5 0.9 75.9 .017 2.9 0.69 0.30 3.5 

Whole wheat 331 12.1 1.9 73.9 .040 3.9 22 0.54 0.12 5.6 

Meat3 284 16.8 24.0 .011 2.6 30 0.58 0.19 4.7 

Dried whole milk 496 25.8 26.7 38.0 .949 0.6 1400 0.30 1.46 0.7 7 

Molasses 240 60.0 .246 9.3 

Potato, white 85 2.0 0.1 19.1 .011 0.7 20 0.11 0.04 1.2 16 

Potato, sweet 125 1.8 0.7 27.9 .033 0.7 4800 0.10 0.06 0.7 19 

lAvarair,e of fir7ures given in Chemistry of Food and nutrition, Sherman (194Z) and Handbook 
of Diet Therapy, Turner (1946). 

2Green vegetable. These are averaged figures on cabbage, green beans, and spinach. 

3Meat. These figures are calculated on the basis of 1/2 beef (stew meat) and 1/2 pork 
(roast) per serving. 



Table 6. Nutritive value of 1)iet I used in Experiment 1 and Diet II used in Experiment 2 in 'which enriched flour 
furnished 53 percent of the total calories. 

Food 
serving s Wt. s Vt. : Cal- : Cal. s Prot. s Fat 

s daysgssoriess%sg s g 

s C70 

t g 

: Ca 

1 g 

s Fe 

: mg 
:Vit A :"it 11 s Rib° Ciaoin:Vit C 
1 T 7 : mg s mg 1 mg t mg 

Enriched flour 4.28 428 63.5 1519 57.4 62.6* 3.9 324.9 .073 12.4 2.97 1.28 15.0 

"olasses 1.10 110 13.7 264 10.0 66.0 .271 10.2 

Fat 0.58 88 7.3 424 16.0 0.4 47.1 0.2 .009 0.1 1943 0.1 

',!eat 0.42 42 5.3 119 4.8 7.1 10.1 .005 1.1 13 0.24 0.08 2.0 

')ilk (dried) 0.70 21 2.7 104 3.9 6.4 5.6 7.9 .197 0.1 294 0.06 0.31 0.2 2 

Lgg 0.42 21 2.7 33 1.2 2.7 2.4 0.2 .012 0.6 277 0.03 0.07 

Black eyed peas 0.42 42 5.3 147 5.6 9.5 0.6 25.9 .034 3.3 0.35 0.10 0.9 1 

Potatoes 0.14 14 1.8 12 0.5 0.3 0.1 2.7 .002 0.1 8 0.02 0.2 2 

-green vezetables 0.42 42 6.3 14 0.5 1.0 0.1 2.3 .035 0.6 1615 0.04 0.06 0.3 28 

Apples 0.14 14 1.8 9 0.3 0.1 2.1 .001 11 0.01 1 

Salt 1 t 6 0.8 

Total 799 100.2 2645 99.9 79.0 69.9 432.2 .639 28.6 4156 3.72 1.90 18.7 31 

* 
Analysis of flour showed 12.3 percent protein. 



Table 7. Nutritive value of Diet II used in Experiment 1 and Diet VII used in Experiment 2 in which non -enriched flour 
furnished 58 percent of the total calories. 

Food 
:Servings Wt. 

:per day: g 

VA. I 

: % s 

Cal- : Cal. 

oriess%1 
Prot. : Fat gigs : CHC 

g: 
Ca 

glmg:Iillmg:mg 
: Fe : Vit A : Vit Bi: Ribo sEiaoin s Vit C 

: mg : mg 

bon-enriched flour 4.28 428 53.5 1519 57.4 52.6* 3.9 324.9 .073 3.0 0.58 0.32 3.4 

,Aolasses 1.10 110 13.7 264 10.0 66.0 .271 10.2 

Fat 0.58 68 7.3 424 16.0 0.4 47.0 0.2 .009 0.1 1943 0.1 

ileat 0.42 42 5.3 119 4.5 7.1 10.1 .005 1.1 13 0.24 0.08 2.0 

:Silk (dried) 0.70 21 2.7 104 3.9 5.4 5.6 7.9 .197 0.1 294 0.06 0.31 0.2 2 

Egg 0.42 21 2.7 33 1.2 2.7 2.4 0.2 .012 0.6 277 0.03 0.07 

Blank eyed peas 0.42 42 5.3 147 5.6 9.5 0.6 25.9 .034 3.3 0.35 0.10 0.9 1 

Potatoes 0.14 14 1.8 12 0.5 0.3 0.1 2.7 .002 0.1 3 0.02 0.2 2 

Green vegetables 0.42 42 5.3 14 0.5 1.0 0.1 2.3 .035 0.6 1615 0.04 0.06 0.3 25 

Apples 0.14 14 1.8 9 0.3 0.1 2.1 .001 11 0.01 1 

Salt 1 t 8 0.8 

Total 799 100.2 2645 99.9 79.0 69.9 432.2 .639 19.1 4156 1.33 0.94 7.1 31 

* 
Analysis of flour showed 12.3 percent protein. 



Table 8. Nutritive value of Diet I used in Fxperiment 2 in which whole wheat furnished 58 percent of the total calories. 

'Servings Wt. Wt. s Cal. s Cal. s Prot. s Fat GHC s Ca s Fe Vit A :Vit Bis Pibo siaoins Vit C 

Food :per dayscssoriess%sgsgsgsgsmg:I7smg:mg : mg: mg 

;hole wheat 4.28 428 53.6 1546 57.8 59.9 8.1 316.3 .206 16.7 95 2.32 0.51 24.0 

"olasses 1.10 110 13.7 264 9.9 66.0 .271 10.2 

at 0.58 58 7.3 424 15.9 0.4 47.0 0.2 .009 0.1 1943 0.1 

-eat 0.42 42 5.3 119 4.5 7.1 10.1 .005 1.1 13 0.24 0.08 2.0 

'Ilk (drIld) 0.70 21 2.7 104 39 6.4 5.6 7.9 .197 0.1 294 0.06 0.31 0.2 2 

14g 0.42 21 2.7 33 1.2 2.7 2.4 0.2 .012 0.6 277 0.03 0.07 

91aok eyed peas 0.42 42 5.3 147 5.5 9.5 0.6 25.9 .034 3.3 0.35 0.10 0.9 1 

'otatoos 0.14 14 1.8 12 0.5 00 0.1 2.7 .002 0.1 3 0.02 0.2 2 

Green vo,7otables 0.42 42 6.3 14 0.5 1.0 0.1 2.3 .035 0.5 1615 0.04 0.06 0.3 26 

pplos 0.14 14 1.8 9 0.3 0.1 2.1 .001 11 0.01 1 

':alt 1 t 6 0.8 

Total 799 100.2 2671 100.0 86.3 74.1 423.6 .772 32.8 4251 3.07 1.13 27.7 31 

1.nalysis of wheat showed 14.00 nerosrt nrotein. 
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Table 10. Nutritive value of Diet IV used in Experiment 2 in whioh enriched flour furnished 55 percent of the total cal- 

ories and protein was added. 

Food 
:Serving: Wt. Cal- : Cal. 

:per daysg:Isoriess% 
Prot. sg:gsgsgsinglIU:mg : Fat CHO Ca : Fe : Vit A :Vit Pi: Ribo :Niaoin: Vit C 

s mg:mgt mg 

Enriched flour 4.28 428 51.6 1519 55.0 52.6 3.9 324.9 .073 12.4 2.97 1.28 15.0 

Molasses 1.10 110 13.2 264 9.5 66.0 .271 10.2 

Fat 0.578 58 7.0 424 15.3 0.4 47.0 0.2 .009 0.1 1943 0.1 

Meat 0.42 42 5.1 119 4.3 7.1 10.1 .005 1.1 13 0.24 .08 2.0 

Milk (dried) 0.70 21 2.5 104 3.8 5.4 5.6 7.9 .197 0.1 294 0.06 .31 0.2 2 

Egg 0.42 21 2.5 33 1.2 2.7 2.4 0.2 .012 0.6 277 0.03 .07 

black eyed peas 0.42 42 5.1 147 5.3 9.5 0.6 25.9 .034 3.3 0.35 .10 0.9 1 

Potatoes 0.14 14 1.7 12 0.4 0.3 0.1 2.7 .002 0.1 3 0.02 0.2 2 

Green ve-etables 0.42 42 5.1 14 0.6 1.0 0.1 2.3 .035 0.6 1615 0.04 .06 0.3 26 

Apples 0.14 14 1.7 9 0.3 0.1 2.1 .001 11 0.01 1 

(alt 1 t 6 .7 

Vitamin-free casein 30 3.6 120 4.3 30.0 

Total 828 99.8 2766 99.9 109.0 69.9 432.2 .639 28.6 4156 3.72 1.90 18.7 31 

*Analysis of flour showed 12.3 percent protein. 



Table 11. Nutritive value of Diet V used in Experiment 2 in which enriched flour furnished 55 percent of the total cal- 
ories and salt mixture and protein were added. 

Food 
'Servings Vit. s Y.t. : Cal- : Cal. : 

:per daysiss%soriess% sgICIEIgsmEsItTtmg Prot. : Fat s CHO : Ca : Fe t Vit A Cit Bi: Ribo thiaoin:Vit C. 

: mg:mg: mg 

Enriched flour 4.28 428 51.4 1519 55.0 52.8 3.9 324.9 .073 12.4 2.97 1.28 15.0 

Molasses 1.10 110 13.2 264 9.5 66.0 .271 10.2 

Fat 0.58 58 7.0 424 15.3 0.4 47.0 0.2 .009 0.1 1943 0.1 

Meat 0.42 42 5.0 119 4.3 7.1 10.1 .005 1.1 13 0.24 0.08 2.0 

Milk (dried) 0.70 21 2.6 104 3.8 5.4 5.6 7.9 .197 0.1 294 0.06 0.31 0.2 2 

Egg 0.42 21 2.5 33 1.2 2.7 2.4 0.2 .012 0.6 277 0.03 0.07 

Blank eyed peas 0.42 42 5.0 147 5.3 9.5 0.6 25.9 .034 3.3 0.35 0.10 0.9 1 

Potatoes 0.14 14 1.7 12 0.4 0.3 0.1 2.7 .002 0.1 3 0.02 0.2 2 

Green vegetables 0.42 42 5.0 14 0.5 1.0 0.1 2.3 .036 0.6 1615 0.04 0.06 0.3 25 

Apples 0.14 14 1.7 9 0.3 0.1 2.1 .001 11 0.01 1 

Salt 1 t 6 0.7 

Salt mixture 4 0.5 .557 14.5 

Vitamin-free casein 30 3.6 120 4.3 30.0 

Total 832 99.8 2765 99.9 109.0 69.9 432.2 1.198 43.0 4156 3.72 1.90 18.7 31 

* 
Analysis of flour showed 12.3 percent nrotein. 



Table 12. Nutritive value of Diet VI used in 7,:xperi7tent 2 in which cornstarch furnished 53 neroent of the total ealories 
and salt mixture and nrotein were added. 

Food 
:Serving: 
:per days 

Wt. 

g $ 

I Cal- 
: ories 

Cc'. : Prot. 

g 

s Fr.t s 

t 4 

CHO Ca : Fe 
rn 

t Vit A twit B1, 

f TIP! s 

P.ibo 

rtir, 

tr'acinsVit 
t ^tom 

Cornstarch 4.28 378 46.9 1512 53.1 378.0 

7folasses 1.10 110 13.7 264 9.3 66.0 .271 10.2 

Fat 0.58 58 7.2 424 14.9 0.4 47.0 0.2 .009 0.1 1943 ).1 

Meat 0.42 42 5.2 119 4.2 7.1 10.1 .005 1.1 13 0.24 0.08 2.0 

Milk (dried) 0.70 21 2.6 104 3.7 6.4 5.6 7.9 .197 0.1 294 0.06 0.31 0.2 2 

Em 0.42 21 2.6 33 1.2 2.7 2.4 0.2 .012 0.6 277 0.03 0.07 

31aok eyed peas 0.42 42 5.2 147 5.2 9.5 0.6 25.9 .034 3.3 0.35 0.10 0.9 1 

Potatoes 0.14 14 1.7 12 0.4 0.3 0.1 2.7 .002 0.1 3 0.02 0.2 2 

qreen vegetables 0.42 42 5.2 14 0.5 1.0 0.1 2.3 .035 0.6 1615 0.04 0.06 0.3 25 

Ap:Iles 0.14 14 1.7 9 0.3 0.1 2.1 .001 11 0.01 1 

-',alt 1 t 6 0.7 

Salt mixture 4 0.5 .557 14.5 

Vitamin-free oasein 53 6.5 210 7.4 52.6 

Total 805 99./ 2848 100.2 79.0 66.0 435.3 1.123 30.6 4156 0.75 0.62 3.7 31 

C 

*The amount of oornstaroh is 378 g which provides 1512 calories; the amount of flour in the other diets is 428 g which provides 
1519 calories. The oornstaroh was reduced so that the total calories in this diet would be about the same as in the other 
diets. 



Table 13. Nutritive value of Diet VIII used in Experiment 2 in which non-enriohed flour furnished 58 peroent of the total 

ealories and salt mixture was added. 

Pood 

:Serving: It. 8 

:per dcy:go 
Wt. I Cal. $ Cal. s Prot. s Fit : CHO s Ca s Fe Vit A ait Bi s Ribo 

Igloriest%IgsgsgsgsmgeItilmglmg s ag 
s Vit C 

s mg 

Noaenriohed flour 4.28 428 53.3 1619 57.4 52.6. 5.9 324.9 .073 3.0 0.58 0.52 3.4 

Molasses 1.10 110 13.7 264 10.0 66.0 .271 10.2 

Fat 0.58 58 7.2 424 16.0 0.4 47.0 0.2 .009 0.1 1943 0.1 

Meat 0.42 42 5.2 119 4.5 7.3 10.1 .005 1.1 13 0.24 0.08 2.0 

Milk (dried) 0.70 21 2.6 104 3.9 6.4 5.6 7.9 .197 0.1 294 0.06 0.31 0.2 2 

Egg 0.42 21 2.6 53 1.5 2.7 2.4 0.2 .012 0.6 277 0.05 0.07 

Bleak eyed peas 0.42 42 5.2 147 5.6 9.5 0.6 25.9 .034 3.5 0.56 0.10 0.9 1 

Potatoes 0.14 14 1.7 12 0.6 0.5 0.1 2.7 .002 0.1 3 0.02 0.2 2 

Breen vegetables 0.42 42 6.2 14 0.5 1.0 0.1 2.3 .036 0.0 1615 0.04 0.06 0.3 26 

Apples 0.14 14 1.7 9 0.3 0.1 2.1 .001 11 0.01 1 

Salt 1 t 6 0.7 

Salt mixture 4 0.6 .557 14.5 

Total 802 99.6 2645 1000 79.0 69.9 482.2 1.196 33.6 4156 1.53 0.94 7.1 31 

el 
Analysis of flour showed 12.3 peroent protein. 



Table 14. Nutritive value of Diet IX used in Experiment 2 in which non.enriohed flour furnished 55 neroent of the total 

calories and protein was added. 

Food 

:Serving: tt. : Wt. I Cal- : Cal. : Prot. Fat : CHO : Ca : Fe : Vit A :Vit 1;1 

:per day:gs%toriess%sgsgsgsglmg:IU: mm,:mg:mgs 
: Ribo sriaoin s Vit C 

mg 

ron-enriohed flour 4.28 428 51.6 1519 55.0 52.6* 3.9 324.9 .073 3.0 0.58 0.32 3,4 

Molasses 1.10 110 13.3 264 9.6 66.0 .271 10.2 

Fat 0.58 68 7.0 424 15.3 0.4 47.0 0.2 .009 0.1 1943 0.1 

'.feat 0.42 42 5.1 119 4.3 7.1 10.1 .005 1.1 13 0.24 0.08 2.0 

Milk (dried) 0.70 21 2.6 104 3.8 5.4 5.6 7.9 .197 0.1 294 0.06 0.31 0.2 2 

Egg 0.42 21 2.5 33 1.2 2.7 2.4 0.2 .012 0.6 277 0.03 0.07 

Black eyed peas 0.42 42 5.1 147 5.3 9.5 0.6 25.9 .034 3.3 0.35 0.10 0.9 1 

Potatoes 0.14 14 1.7 12 0.4 0.3 0.1 2.7 .002 0.1 3 0.02 0.2 2 

Green ver,etables 0.42 42 5.1 14 0.5 1.0 0.1 2.3 .035 0.6 1615 0.04 0.06 0.3 25 

Apples 0.14 14 1.7 9 0.3 0.1 2.1 .001 11 0.01 1 

Salt 1 t 6 0.7 

Vitamin-free oasein 30 3.6 120 4.3 30.0 

Total 828 99.9 2765 100.0 109.0 69.9 432.2 .639 19.1 4156 1.33 0.94 7.1 31 

*Analysis of flour showed 12.3 percent hrotein. 



Table 15. Nutritive value of Diet X used in Experiment 2 in mhioh non -enriched flour furnished 55 peroent of the tote 

oalories and salt mixture and protein were added. 

Food 
:Servings s Wt. : Cal- : Cal. 1 Prot. : Fat : MK) 1 Ca Fe 

:per daysgs%suriess%tgstgle;tmg 
: Vit A :Vit B1 

:T" mgsm!:m: : Ribo :Niacin 

mg 

Yon-enriohed flour 4.28 428 51.4 1519 55.0 52.6* 3.9 324.9 .073 3.0 0.5P 0.72 3.4 

Volasses 1.10 110 13.2 264 9.5 66.0 .271 10.2 

Fat 0.58 58 7.0 424 15.3 0.4 47.0 0.2 .009 0.1 1943 0.1 

Meat 0.42 42 5.0 119 4.0 7.1 10.1 .005 1.1 13 0.24 0.08 2.0 

Milk (dried) 0.70 21 2.5 104 3.8 Z.4 5.6 7.9 .197 0.1 294 0.06 0.31 0.2 2 

Egg 0.42 21 2.5 33 1.2 2.7 2.4 0.2 .012 0.6 277 0.03 0.07 

Black eyed peas 0.42 42 5.0 147 5.3 9.5 0.6 25.9 .034 3.3 0.35 0.10 0.9 1 

Potatoes 0.14 14 1.7 12 0.4 0.3 0.1 2.? .002 0.1 3 0.02 0.2 2 

Green vegetables 0.42 42 5.0 14 0.5 1.0 0.1 2.3 .035 0.6 1615 0.04 0.06 0.3 25 

Apples 0.14 14 1.7 9 0.3 0.1 2.1 .001 11 0.01 1 

Salt 1 t 6 0.7 

Vitamin-free casein 30 3.6 120 4.3 50.0 

Salt mixture 4 0.5 .557 14.5 

Total 832 99.8 2765 99.9 109.0 69.9 432.2 1.196 33.6 4156 1.33 0.94 7.1 31 

C 

*Analysis of flour showed 12.3 percent nrotein. 



Table 16. rutritive value of diets used in Experiment 2 in which 55 and 58 percent of the total calories were derived from 

cereals. 

Diet 
tt. 

g 

799 

799 

802 

828 

832 

805 

799 

802 

828 

132 

Cal- 

t ories 

2671 

2645 

2645 

2765 

2765 

2848 

2645 

2645 

2765 

2765 

t Prot. 

t g 

86.3 

79.0 

79.0 

109.0 

109.0 

79.0 

79.0 

79.0 

109.0 

109.0 

Iat glgt 
74.1 

69.9 

69.9 

69.9 

69.9 

66.0 

69.9 

69.9 

69.9 

69.9 

: CHO 

423.6 

432.2 

432.2 

432.2 

432.2 

485.3 

432.2 

432.2 

432.2 

432.2 

: Ca 

g 

0.772 

0.639 

1.196 

0.639 

1.196 

1.123 

0.639 

1.196 

3.639 

1.195 

: 

: 

Fe 

mg 

32.8 

28.5 

43.0 

28.6 

43.0 

30.6 

19.1 

37.6 

19.1 

37.6 

t Vit A 

: I u 

4251 

4156 

4156 

4156 

4156 

4156 

4156 

4156 

4155 

41511 

: Vit Bl = 

: mg : 

3.07 

3.72 

3.72 

3.72 

3.72 

0.75 

1.33 

1.33 

1.33 

1.33 

Ribo 

ati 

1.13 

1.90 

1.90 

1.90 

1.90 

0.62 

0.94 

0.94 

0.94 

0.94 

t Niacin t Vit C 

c mg : mg 

27.7 31 

18.7 31 

18.7 31 

18.7 31 

18.7 31 

3.7 31 

7.1 31 

7.1 31 

7.1 31 

7.1 31 

I ':hole wheat 

II Enriched flour 

III Enriched flour + 

salt mixture 

IV Enriohed flour + 

casein* 

V Enriched flour + 

casein + salt mixture 

VI Cornstarch + casein 
+ salt mixture 

VII Non -enriched flour 

VIII Non -enriched flour 

+ salt mixture 

IX Non -enriched flour 

+ casein 

I Non -enriched flour + 
casein + salt mixture 

sVitamin -free casein. 



uhl 17. 'utrItive value of :ict - us(xl ir. -xporiakunt o in which enriched flour furnished 45 peroent of the total 
calories. 

: Serving Wt. t Wt. s cal- t 

Food s per day sgs%sories 
Cal. : ?rot.: Fat t CHO t Ca s Fe :Vit A :Vit Bil Rib() :r1aoir s Vit C 

it g: g t : : : mg 

Enriched flour 3.86 386 40.0 1367 44.8 47.4* 3.5 292.2 .066 11.2 2.66 1.16 13.5 

Molasses 1.70 170 18.0 408 13.4 102.0 .418 15.8 

Fat 1.1 pat 
butter 81 8.6 594 19.5 0.5 65.6 0.3 .013 0.2 2714 0.01 0.1 

.7 (other) 

Meat 0.57 57 6.0 162 5.3 -.6 13.7 .006 1.4 17 0.33 0.11 2.7 

Milk (dried) 2.28 68 7.2 337 11.0 17.5 18.2 25.8 .646 0.4 352 0.20 0.90 0.5 5 

Egg 0.70 35 3.7 55 1.8 4.5 4.0 0.2 .020 1.0 162 p.04 0.12 

Blank eyed peas 0.14 14 1.5 49 1.6 3.2 0.2 8.6 .011 1.1 ').12 0.03 0.5 

v(hite potatoes 0.28 28 3.0 24 0.8 0.6 5.3 .003 0.2 6 (....03 0.01 0.3 4 

Sweet potatoes 0.14 14 1.5 18 0.6 0.3 0.1 3.9 .005 %1 544 P.C1 0.01 0.1 3 

Greer vegetables 0.57 57 G.0 19 0.6 1.4 0.1 3.1 .047 0.9 2192 (7.05 0.09 0.3 34 

Apples 0.28 28 3.0 18 0.6 0.1 4.2 .002 0.1 2 0.01 0.1 2 

Salt 1 t 6 0.6 

Total 943 90.9 3051 100.0 85.0 105.6 445.6 1.235 32.4 6989 3.45 2.53 17.9 48 

Analysis of flour showed 12.3 peroent nrntein. 



Table 18. Nutritive value of Diet II used in Experiment 3 in whioh non-enriohed flour furnished 46 peroent of the total 
oalories. 

Food 
: Serving 
: per day 

: Wt. 

s g 

Wt. 

s % 
$ Cal- s Cal. : Prot.: Fat : CHO t Ca : Fe ories:14sgsgsg:gsmg : Vit A :Vit RI: 

IIU: mg : 

Ribo :Niaoin 
mg : mg 

:Vit C 
: mg 

Non-enriohed flour 3.85 386 40.8 1567 44.8 47.4* 3.5 292.2 .065 2.7 0.54 0.27 3.1 

Aolasses 1.70 170 18.0 408 13.4 102.0 .418 15.8 

1.1 pat 
Fat butter 81 8.6 694 19.5 0.5 65.6 0.3 .013 0.2 2714 0.01 0.1 

.7 (other) 

Meat 0.67 67 6.0 162 5.3 9.6 13.7 .006 1.4 17 0.33 0.11 2.7 

':ilk (dried) 2.28 68 7.2 337 11.0 17.5 18.2 25.8 .645 0.4 952 0.20 0.99 0.5 5 

Egg 0.70 35 3.7 55 1.8 4.5 4.0 0.2 .020 1.0 462 0.04 0.12 

Blank eyed peas 0.14 14 1.5 49 1.6 3.2 0.2 8.6 .011 1.1 0.12 0.03 0.3 

hhite potatoes 0.28 28 3.0 24 0.8 0.6 5.3 .003 0.2 6 0.03 0.01 0.3 4 

Sweet potatoes 0.14 14 1.5 18 0.6 0.3 0.1 3.9 .005 0.1 644 0.01 0.01 0.1 3 

Green venetables 0.57 57 6.0 19 0.6 1.4 0.1 3.1 .047 0.9 2192 0.05 0.09 0.3 34 

Apoles 0.28 28 3.0 18 0.6 0.1 4.2 .002 0.1 2 0.01 0.1 2 

Salt 1 t 6 0.6 

Total 943 99.9 5051 100.0 85.0 105.5 445.6 1.236 23.9 6989 1.83 1.64 7.8 48 

* Analysis of flour showed 12.3 peroent protein. 



Table 19. Nutritive value of Diet III used in Experiment 3 in which enriched flour furnished 58 percent of the total 
oalorieo. 

a Serving s : s Cal- s Cal. a Prot. s Fat : CHO : Ca a Fe : Vit A :Vit Pis Ribo Vit C 

Food sper daysgs%loriess%Igsgsgagamg :IUsugsmg:mg a mg 

Enriohed flour 3.0 300 64.7 1065 57.8 36.9 2.7 227.7 .051 8.7 2.07 0.9 10.5 

Black eyed peas 1.0 100 21.6 351 19.1 22.9 1.4 61.6 .080 7.8 0.83 0.23 2.2 2 

Fat 0.58 58 12.5 425 23.1 0.4 47.0 0.2 .009 0.1 1943 0.1 

Salt 1 t 6 1.3 

Total 464 100.1 1841 100.0 60.2 51.1 289.6 .140 16.6 1943 2.90 1.13 12.8 2 

Table 20. Nutritive value of Diet IV used in Experiment 3 in which non-enriched flour furnished 58 percent of the total 
calories. 

Food 
:Serving $ 1st. s ;t. s Cal- Col. a Prot. s Fat a aHo : Ca a Fe 
aper dayags%lorlesasgsgsgsgamg a Vit A aVit B11 Ribo :Niacin aVit C sIUsmg:mgsmgs mg 

Non-enriohed flour 3.0 300 64.7 1065 57.8 36.9 2.7 227.7 .051 2.1 0.42 0.21 2.4 

Black eyed peas 1.0 100 21.6 351 19.1 22.9 1.4 61.6 .080 7.8 0.83 0.23 2.2 2 

Fat 0.58 58 12.5 425 23.1 0.4 .17.0 0.2 .009 0.1 1943 0.1 

Salt 1 t 6 1.3 

Total 464 100.1 1841 100.0 60.2 51.1 289.6 .140 10.0 1943 1.25 0.44 4.7 2 



Table 21. Nutritive value of diets used in Experiment 3 in which 45 and 5 per- 
cent of the total calories were derived from cereals. 

Diet 
: dt.:Cal- :Prot.: Fat : CHO : Ca : Fe :VitiaVit EpRibo:NiacinVitC :orics:g:gsgsg: mg :1U: mg : mg mg : mg 

I Enriched flour 943 3051 E35.0 105.5 445.6 1.235 32.4 6989 3.45 2.53 17.9 48 

II Non-enriched flour 943 3051 85.0 105.5 445.6 1.235 23.9 6989 1.53 1.64 7.5 48 

III Enriched flour 464 1841 60.2 51.1 289.5 0.140 16.6 1943 2.90 1.13 12.T3 2 

IV Non-enriched flour 464 1841 60.2 61.1 289.6 0.140 10.0 1943 1.25 0.44 4.7 2 



Table 22. Average weights of rats in experiment 1. 

Diet 

'Aeeks :Total 

0 1 ; 2 3 4 6 7 8 9 
: 10 

:gain 
: 

First 7oneration 

I Enriched flour 46 67 93 111 133 151 178 192 205 212 166 

II Non-enriched flour 44 62 77 87 102 117 137 160 173 189 201 157 

Stock ration 45 78 109 132 150 168 181 195 

second generation 

205 217 ^19 174 

I Enriched flour 53 64 78 94 113 126 137 147 157 165 174 121 

II Non-enriched flour 47 56 67 75 90 101 115 124 134 149 158 111 

Stock ration 56 80 107 130 148 168 186 197 216 226 230 174 



Table 23. Average weights of rats in Experiment 2. 

Weeks 
: Total 

t gain 

Diet 0 1 2 3 4 5 7 c 8 9 t 10 11 : 12 g 

I Whole wheat 48 79 99 126 146 165 180 196 208 219 226 230 233 187 

II Enriched flour 46 80 98 121 140 162 176 193 206 217 228 242 250 204 

III Enriched flour + 

salt mixture 48 79 100 122 143 165 187 205 222 231 249 258 268 222 

IV Enriched flour + 

protein 46 85 113 138 159 183 201 218 227 239 251 264 272 227 

V Enriohed flour + pro- 

tein + salt mixture 45 89 117 145 169 193 213 229 243 256 266 272 285 240 

VI Cornstarch + oasein + 

salt mixture 48 56 60 67 76 90 97 107 114 120 148 159 191 145 

VII Nonenriohed flour 46 73 90 107 122 141 155 168 179 193 203 210 226 130 

VIII Non-enriched flour + 

salt mixture 47 69 95 113 135 155 167 188 197 209 223 236 246 199 

IX Non-enriched flour + 

protein 47 73 94 103 122 128 136 156 162 172 174 188 197 150 

X Non -enriched flour + 

protein + salt mixture 46 69 89 106 127 146 164 187 198 210 211 229 234 188 



Table 24. Average weights of rats in Experiment 3. 

Weeks :Total 
rain 

Diet . 0 : 1 : 2 : 3 ! 4 : 5 ! 6 : 7 ! 8 ! 9 
: 
10 

: 
11 ; 12 

Better menu 

I Enriched flour 60 95 126 150 172 190 207 220 230 242 251 259 267 207 

II Non-enriched flour 60 94 126 148 172 133 206 217 227 237 245 257 263 203 

Most inadequate menu 

III Enriched flour 60 35 100 113 127 123 139 147 150 151 156 165 190 120 

IV Non-enriched flour 60 70 78 34 93 102 108 117 120 126 128 133 140 80 



Table 25. B-vitamin depletion and recovery of adult rats in Experiment 1. 

Diet 

. :End of: . 
. : . . 

. 

. : 
. 
. : 

:Star- :1 week: :1 week:Gain :2 weeks:Gain :1 week: :2 weeks: Gain 
:vation:star- t :B-free: or :B-free : or : on : : on : or 
:began :vation:Loss :diet :loss :diet :loss :diet :Gain :diet : loss 

I Enriched 

weight gm 

flour 265 221 44 227 +6 219 -8 272 53 270 - 2 

II Non-enriched 
flour 242 199 43 195 -4 179 -16 222 43 251 +29 
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Table 26. The results of gestation and lactation of rats 
in Experiment 1. 

Items compered 

Diets 

: Enriched :Non-enriched: Stock 
: flour :flour : ration 

Gestation 

No. of litters born 3 2 3 

No. of rats 22 12 29 

Av. No. of rata per litter 7 6 9 

Av. birth weight, g 6 6 7 

Lactation 

Av. weight at 7 days, g 10 10 12 

Av. weight at 5 days, 16 16 22 

Av. weight at 22 days, g 23 20 36 

Av. No. of rats weaned 
per litter 3 4 5 

Av. weaning weight, g 23(22 days) 20(22 days) 47(28 days) 

Percentage of rats 
weaned 37 67 57 



Table 27. The results of gestation and lactation of rats ir i'xperlaent 2. 

Items compared 

1: 

Diet 

I II 

Whole : Enriched 
wheat = flour 

: III s IV : 

: Enriched : 

: flour + : Enriched : 

: salt : flour + 
mixture : protein : 

V 

Enriched 

flour + 
nrotein + 
salt mixture 

VII VIII 

I Non-enriolled 

Non-enriched : flour + salt 
flour = mixture 

IX 

Non -enriched 

: flour + pro- 
I tein 

Non-enriohed 
flour + pro- 
tein + salt 
mixture 

Length of time to mate 5 days 4 days 4 days 2 days 

Gestation 

9 days 2 days 4 days 7 days 7 days 

No. of litters born 3 3 2 2 3 2 2 2 2 

No. of rats 57 25 22 21 35 25 16 20 26 

Av. No. of rats per litter 12 8 11 10 12 8 8 10 13 

Lactation 

Av. weight at 7 days, g 13 9 14 10 11 7 8 9 

Av. weight at 15 days, g 21 17 28 22 23 14 13 14 

Av. weight at 22 days, g 28 23 46 36 34 22 15 21 

Av. No. of rats weaned 
per litter 2 2 0.5 6 7 5 0 6 2.5 

Av. weaning weight, g 39 29 69 44 42 28 16 23 

Percentage of rats weaned 19 24 5 57 62 40 65 13 
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Table 23. Blood values of female rats at monthly intervals and during reproduotion it Experiment 1. 

Diet I Enriched flour I II Non-enriched flour Stook diet 
Interval : : RBC : lib % t Color : Interval s : RFC : Fb t Color s 

weeks : Rat No. : OW"' : g/100 nl 1 index : weeks 1 Rat No. 1 v/eli.""/ : 00 ml : index 1 

0 

Av. 

3539 
3544 

3551 

11.02 
10.24 

11.45 

10.90 

4 3539 9.75 
3544 6.58 
3551 9.02 

Av. 8.45 

8 3539 10.30 
3544 10.48 
3551 10.24 

Av. 10.34 

Before Yg 3539 6.47 13.16 1.219 
3644 7.71 10.55 .8201 
3551 8.16 12.61 .9262 

Av. 7.45 12.10 .9885 

0-1 days 3639 5.64 7.70 .8182 
after Yg 3544 7.50 9.25 .7392 

3551 6.26 10.01 .9584 

Av. 6.47 8.99 .8386 

2 weeks 3544 10.27 14.29 .8340 
after Yg 3551 8.30 15.29 1.1041 

Av. 9.28 14.79 .9690 

3 weeks 
after YR 

3539 9.41 14.12 .8994 

: : 

s 0 3550 10.61 : 

1 3557 10.86 : 

1 360 9.01 1 

: : 

t Av. 10.18 s 

s : 

: 1 

$ 4 3550 9.43 : 

s 3557 11.73 : 

1 3560 8.51 : 

: : 

: Av. 9.89 t 

: 1 

I : 

1 8 3550 10.64 1 

: 3557 10.64 : 

s 3660 12.00 1 

I : 

: Av. 11.09 c 

: : 

: : 

$ Before Tg 3550 7.52 10.38 .8273 s 

1 3560 7.58 10.48 .8287 $ 

: : 

: : 

: Av. 7.55 10.43 .8279 : 

: : 

t : 

1 0-1 days 3550 5.98 11.02 1.1233 : 

: after Yg 3560 6.26 9.55 .9144 : 

: : 

: : 

: Av. 6.07 10.29 1.0188 s 

1 : 

1 s 

1 2 weeks 3550 1.001 14.29 .8969 t 

: after Yg : 

o t 

: r 

s 3 weeks 3560 9.99 11.65 .6989 t 

: after Tg t 

: : 

: : 

8 : 

Interval : 

weeks : 

: 

Rat No. s 

RBC 

"/4/1"' 

t Hbf t Color 
: g/100 ml : index 

0 3541 10.09 
3547 12.32 

3667 8.78 

Av. 10.40 

4 3541 9.99 

3547 9.68 

3567 13.89 

Av. 11.15 

8 3541 13.86 

3647 -- 

3567 13.47 

Av. 13.67 

Before Yg 3641 -- -- -- 
3547 5.87 9.97 1.0180 
3567 7.89 13.04 .9906 

Av. 6.88 11.51 1.0042 

0-1 days 3541 5.50 10.30 1.1224 
after Yg 3547 6.31 10.36 .9841 

3567 5.75 11.06 1.1518 

Av. 5.85 10.57 1.0880 

3 weeks 3541 7.27 13.68 1.1278 
after Yg 3547 8.57 14.29 .9994 

3567 7.84 14.95 1.1429 

Av. 7.89 14.31 1.0900 
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Table 29. average blood values of female rat. at monthly intervals and during reproduction in Experiment 2. 

Interval (weeks) s 0 4 8 12 Before Vg t After Vg (0-1 days) r 2 weeks later 3 weeks later 4 weeks later 5 weeks Intim. 6 weeks later 

Diet 

R5C 118bg s Color RDC subg s Color 
s Egiee' sg/100 xis index Our '000 xis index 

1 IOC 

W/ 
s t Color 
.8100 els index 

890 .1114 Color s RDC slibg Color s RBC .2bit Color s RBC s Color RBC 1815 . Color 
WAIN/100 ml. index . 4/4r'tg/100 ml. index . N/0"-vg/102 ml. index s 8 Ailr-,000 all index DAN"tg/100 ml. index 

Color 
1114,100-:EgbA00 ml: index . 

RBC sEbg . Color Color 

Mg20,4000 all index : 1404100 xis index 

I Whole wheat 

II Enriched flour 

III Enriched flour + 
salt mixture 

IV Enriehed flour + 
protein 

V Eariehed flour + 
salt mixture + 
protein 

VI Cornstarch 

VII Non-enriched flour 

VIII Non-enriehed flour 
+ salt mixture 

II Non+enriohed flour 
+ protein 

I Non-enrished flour 
+ salt mixture + 

protein 

8.90 

6.58 

7.84 

7.61 

7.76 

8.93 

7.57 

7.91 

7.29 

7.78 

11.19 

11.78 

10.42 

12.18 

12.76 

10.91 

13.71 

11.58 

12.02 

15.15 

.7536 

1.0730 

.7965 

.9719 

.9865 

.7322 

1.0841 

.8776 

.9883 

1.0117 

7.62 

7.25 

7.41 

8.34 

7.87 

5.96 

8.44 

7.26 

8.47 

6.92 

11.09 

12.06 

11.86 

11.61 

14.91 

15.61 

14.20 

12.74 

13.06 

13.33 

.8722 

.9988 

.9584 

.8243 

1.1354 

1.3688 

1.0059 

1.0617 

.9234 

1.1626 

8.85 

s 8.52 

: 7.94 

s 6.16 

: 9.63 

8.51 

: 8.33 

: 6.86 

6.56 

s 8.32 

14.93 

13.74 

12.78 

12.88 

12.87 

15.38 

14.24 

12.77 

14.08 

12.18 

1.0244 

.9897 : 

.9647 : 

.9450 : 

.8010 : 

.9423 

1.0234 : 

1.1157 : 

.9858 : 

.8773 

9.63 

9.51 

9.69 

7.73 

8.61 

8.07 

8.45 

8.67 

7.70 

8.29 

16.46 

14.84 

15.09 

14.66 

15.95 

14.26 

14.06 

14.78 

14.60 

14.43 

.9622 

.9556 

.9337 : 

1 

1.1641 : 

w 

1.1102 t 

1.0605 

.9972 s 

1.0217 : 

1.1564 

1.0432 s 

6.62 

8.10 

7.13 

7.18 

7.85 

7.52 

6.24 

6.62 

8.34 

12a8 

13.35 

14.78 

12.99 

14.02 

15.16 

11.57 

11.78 

12.85 

1.1122 

.9878 : 

1.2424 s 

1.0643 : 

1.0704 : 

1.0480 : 

1.1104 : 

1.0657 : 

1.2158 
4 

7.78 

8.96 

5.85 

5.86 

5.88 

8.20 

7.07 

7.42 

7.72 

12.33 

11.52 

1141 

9.26 

10.65 

11.14 

13.49 

11.27 

12.95 

.9495 

.9748 : 

1.2273 : 

.9495 : 

1.1252 : 

.8142 : 

1.1436 : 

.9128 : 

1.0066 

7.91 

10.85 

7.85 

7.71 

8.23 

13.75 

17.60 

18.12 

18.53 

13.18 

1.0419 

.9725 

1.2307 

1.2850 

.9598 

7.86 

9.18 

9.02 

8.53 

8.68 

9.60 

9.31 

8.88 

6.87 

14.43 

13.99 

15.40 

13.19 

12.48 

15.09 

15.18 

15.17 

16.01 

1.1004 : 

.9134 

1.0233 : 

.9287 : 

.8618 

t 

.8173 : 

s 

.9773 

.8889 

1.3988 

8.33 

8.27 

8.53 

8.51 

8657 

9.00 

9. 34 

18.62 

12+92 

12499 

13.79 

13+72 

15.85 

18.08 

1.1957 

1.0088 : 

.9830 : 

.9712 : 

. 

: 

.9595 : 

r 

1 

s 

: 

1.0555 

1.0318 : 

8.32 

10.01 

8.66 

9.14 

9.98 

14.97 

17.26 

16.10 

13.61 

18.86 

1.0784 . 

1.0328 : 

1.1286 : 

.8925 : 

. 

. 

t 

1 

1 

. 

, 

s 

1.0145 i 

s 

10.25 

9.16 

16.45 

16.10 

.9034 

1.05346 
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Table 30. Averagc color indexes for female rats dhrinr 
reproduction in Experiment 2. 

Diet 

Period 
:Normal :BefansYg: :3 weeks 
:12 wke. :15 wks. :After Yg:after Yg 

I Whole wheat 0.96 1.11 0.95 1.10 

II Enriched flour 0.94 0.99 0.97 0.91 

VII Non-enriched flour 0.99 1.04 0.81 0.82 

III Enriched + salt mixture 0.93 1.24 1.23 1.02 

VIII Non-enriched + salt 
mixture 1.02 1.11 1.14 0,97 

IV Enriched + protein 1.15 1.08 0.95 0.93 

IX Non-enriched + protein 1.14 1.06 0.91 0.89 

V Enriched + protein + salt 
mixture 1.11 1.07 1.12 0.86 

X Non-enriched + protein + 
salt mixture 1.04 1..21 1.00 1.03 
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Table 31. Erythrooyte and hemoglobin values for female rats dIsrin.7 reproOlsotion in Experiment 2. 

Diet 

Period Period 
Normal 

1 12 weeks 
M 

: Before Tg 
15 weeks 
m 46"-- 

After Yg 
3 weeks 
after Tg 
Y :4144,- 

Normal 
12 weeks 

00 ml 

: Before Tg 
: 15 weeks 

00 al 
After Tg 

s 00 ml 

3 weeks 
after Yg 

00 ml 

I Whole wheat 
9.631 

8.90-10.912 
6.62 

5.61-7.41 
7.78 

7.03-8.82 
7.86 

7.35- 8.19 
15.461 

15.29-15.573 
12.28 

9.81-15.43 
12.33 

11.17-13.74 
14.43 

13.78-15.06 

9.51 8.10 6.96 9.18 14.84 13.35 11.32 13.99 
II Enriched flour 8.51-10.25 7.10-8.68 6.91-7.20 14.17-16.62 12.05-15.13 10.81-11.73 

8.45 7.62 8.20 9.60 14.06 13.16 11.14 13.09 
VII Non-enriched flour 8.13- 8.68 6.22-8.82 7.20-9.20 8.64-10.57 12.81-16.53 12.56-13.74 11.10-11.17 12.98-13.21 

9.69 7.13 5.86 9.02 16.09 14.78 11.99 15.40 
III Enriched + salt mixture 8.72-11.29 6.49-7.77 4.64-7.07 8.59- 9.44 14.41-16.35 13.44-16.12 10.99-13.00 14.76 -16.05 

8.67 6.24 7.07 8.73 14.78 11.57 13.49 15.16 
VIII Non-enriched + salt mixture 8.46- 8.89 5.55-6.94 6.18-7.96 8.16- 9.31 14.50-15.06 11.48-11.65 11.19-15.80 15.15-15.18 

7.73 7.18 5.85 8.53 14.88 12.99 9.26 13.19 
IV Enriched + protein 6.92- 8.26 6.71-7.65 4.87-6.82 7.94- 9.12 13.82-16.12 12.87-13.11 6.95-11.56 12.48-13.89 

7.70 6.62 7.42 8.88 14.60 11.78 11.27 13.17 
IX Non-enriched + protein 6.69- 8.71 6.16-7.09 6.71-8.13 7.90- 9.87 12.34-16.86 10.54-13.02 10.30-12.23 11.78-14.55 

V Non-enriched + protein 8.61 7.85 5.68 8.68 15.95 14.02 10.65 12.48 
+ salt mixture 7.98- 9.24 7.06-8.96 4.31-7.08 8.44- 9.12 15.13-16.77 12.81-15.76 8.39-13.18 10.20-15.06 

X Non-enriched + protein 8.29 6.34 7.72 6.87 14.43 12.85 12.95 16.01 
+ salt mixture 8.17-8.42 6.05-6.64 6.81-8.62 13.61-16.25 12.23-13.46 12.16-13.75 

'Average 

2Range in erythrocyte values 

5Range in hemoglobin values 



vaPLA%AT1ON OF PLATT' I 

Females in "Fxperiment 1 after a 10-week growth 

period on the test diets. 

1. Stock ration. 

2. Diet I, containing enriched flour. 

7. Diet II, containing non-enriched flour. 





EXPLANATION OF PLATE II 

Males in Experiment 2 after a 12-week growth 

period on the test diets. 

1. Diet I, containing whole wheat. 

2. Diet II, containing enriched flour. 

3. Diet V, containing enriched flour 

plus salt mixture and protein. 





EXPLANATION OF PLAT' III 

Males in Experiment 2 after a 12-week growth 

period on the test diets. 

4. Diet VI, containing cornstarch. 

5. Diet VII, containing non-enriched flour 

6. Diet X, containing non-enriched flour 

plum' salt mixture and protein. 
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PLATE III 

5 ,A (.3Y0 



EXPLANATION OF PLATE IV 

Males in Experiment 3 after a 12-week growth 

period on the test diets. 

1. Diet I, containing enriched flour. 

2. Diet II, containing non-enriched 

flour. 

7. Diet III, containing enriched flour. 

4. Diet IV, containing non-enriched 

flour. 
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