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The effect of Soy and Beef diets on nitrogen and zinc balance was 

investigated in eight men, aged 21 to 26 years.  Following a 5-day ad- 

justment period, this 50-day study was divided into three 15-day periods. 

The subjects were divided into two groups.  Subjects 1, 3 and 5 re- 

ceived the Soy diet during the first period, the Beef diet the second 

period and the Soy again during the third period.  Subjects 6, 7, 8, 

9 and 10 received, in order, the Beef (B), Soy (S) and B diets.  The S 

diet provided 15.18 mg of zinc and 15.8 g of neutral detergent fiber 

(NDF) per day.  The B diet provided 17.98 mg of zinc and 9.2 g of NDF. 

The subjects' nitrogen intake was held constant (16.6+0.5 g/day).  Beef 

and soybeans provided the greatest portion of nitrogen and zinc to the 

subjects.  All feces and urine were collected; mean values for each 

subject were obtained from the second and third 5-day composites of each 

period.  Fecal wet weight was significantly higher (p<0.01) on the S 

than on the B diet.  Mean values were 969.9+240.0 (S) and 491.1+182.4 

(B) 'g/ 5 days.  Fecal nitrogen was significantly higher (p<0.01) during 

the S periods than during B periods.  On the other hand, fecal zinc was 

significantly lower (p^O.01) on the S diet.  Mean fecal nitrogen was 

increased from 7.5+1.8 g/5 days on the B diet to 13.4+3.3 g/5 days on 

the S diet.  Fecal zinc fell from 85.18+14.45 mg/5 days on B to 65.28 

+11.15 mg/5 days on the S diet.  There was no change in urinary zinc. 



Urinary nitrogen was statistically higher on the S diet (p<0.05) than 

on the B diet.  Both nitrogen and zinc balance were affected by diet 

(p<0.01).  In all instances the subjects retained more nitrogen on the 

B diet.  Nitrogen retention increased from 1.0+1.2 (s) to 2.6+1.2 (B) 

g/day, demonstrating that beef protein is better utilized than soy pro- 

tein.  The positive nitrogen balances on the S diet show that the sub- 

jects were receiving sufficient quantities of the essential amino acids 

from soybeans, an imbalanced protein source.  Mean zinc retention in- 

creased from 0.40+2.93 on the B to 1.59+2.34 mg/day on the S diet.  Re- 

sults suggest that at higer levels of intake, the amount rather than 

the source of dietary zinc has the greatest influence on retention. 



The Effect of Soy and Beef Diets 
on Nitrogen and Zinc Balance in Men 

by 

Carrie A. Ganong 

A THESIS 

submitted to 

Oregon State University 

in partial fulfillment of 
the requirements for the 

degree of 

Master of Science 

Commencement June 1980 



APPROVED: 

Associate Professor of Foods and Nutrition in charge of major 

* ^'v '* rw 

Head of toapartment of Foods and Nutrition 

DeMn of Graduate! School 

Date thesis is presented  December 14, 1979 

Typed by Carrie A. Ganong 



>■ 

ACKNOWLEDGEMENTS 

I wish to thank 

MY PARENTS, 

for their support and confidence in my ability 

to attain this goal, and 

DR. LORRAINE T. MILLER 

for her assistance in the graduate program, 

research and completion of this thesis. 

Special thanks are also due the 

staff and graduate students 

in Foods and Nutrition and the 

eight participants in this study. 

This  project was  supported in part by the 

Oregon Agricultural  Experiment  Station 

Project  341-Nutrient Bioavailability-A Key to Human Nutrition. 



TABLE OF CONTENTS 

Introduction   1 
Review of the Literature   2 

Body Content and Distribution  2 
Regulation of Zinc Absorption  3 
Factors Affecting Availability of Zinc  5 

Amount and Form of Dietary Zinc  5 
Ion Competition for Binding Sites  6 
Animal vs. Vegetable Protein   6 
Chelating Agents   6 
Dietary Calcium, Phytate and Phosphorus  7 
Dietary Fiber  8 

The Recommended Dietary Allowance (RDA)   9 
Deficiency in Man  9 
Marginal Deficiency in the American Population   10 
Percent Availability and the RDA   11 

Food Sources of Zinc   11 
Purpose of this Study  13 

Materials and Methods  14 
Subjects  14 
Experimental Design  16 
Food Composites  16 
Fecal Collections  21 
Urine Collections  21 
Blood Collections  21 
Laboratory Analysis  22 

Total Nitrogen  22 
Total Zinc  22 
Neutral Detergent Fiber  22 
Urinary Creatinine  22 

Statistical Analysis  23 
Results  24 

Analysis of Variance (ANOVA)   24 
Fecal Weight  24 
Fecal Nitrogen and Zinc  27 
Urinary Nitrogen and Zinc  27 
Nitrogen and Zinc Balance  32 
Correlations  32 

Discussion  37 
Nitrogen Balance  37 
Zinc Balance  38 
Fecal Wet Weight 40 

Conclus ion 42 
References 4 3 
Appendix  48 



LIST  OF   FIGURES 

Figure  1.     The effect of Soy  and Beef diets  on  fecal wet weight, 
moisture  and solids. 28 

Figure  2.     The effect of Soy  and Beef diets  on  fecal  nitrogen 
and  zinc   (decimal  fraction of the day's  total). 30 



LIST OF TABLES 

Table I.   Comparison of the RDA's for zinc and the WHO 
provisional requirements for dietary zinc. 

Table II.   Vital statistics of the subjects. 

Table III.  Adjustment diet given to the subjects during 
the first five days of the study. 

Table IV.   Soy and Beef diets fed to subjects 
during periods I, II and III. 

Table V.   Nutritional composition and percent RDA in 
the Soy and Beef experimental diets. 

Table VI.   Analysis of variance (ANOVA). 

Table VII.  Fecal wet weight (g/5 days), percent 
moisture and percent dry solids in subjects 
receiving Soy and Beef diets. 

Table VIII. The effect of Soy and Beef diets on fecal 
nitrogen (g/5 days) and zinc (mg/5 days). 

Table IX.   The effect of Soy and Beef diets on urinary 
nitrogen (g/5 days) and zinc (mg/5 days). 

Table X.   The effect of Soy and Beef diets on nitrogen 
balance (g/day and decimal fraction of the day's 
total). 

Table XI.   The effect of Soy and Beef diets on zinc 
balance(mg/day and decimal fraction of the day's 
total). 

12 

15 

17 

18 

20 

25 

26 

29 

31 

33 

35 



The Effect of Soy and Beef Diets 

on Nitrogen and Zinc Balance in Men. 

INTRODUCTION 

During the 1930's nutritionists demonstrated that animals require 

zinc for growth.  Porcine parakeratosis was the first recognized zinc- 

responsive deficiency of non-laboratory origin (Tucker and Salmon, 1955) . 

Studying dwarfism and hypogonadism in Egyptian village farmers, Prasad 

et al. (1963a and 1963b) reported the first evidence for a zinc defi- 

ciency in man.  Pronounced zinc deficiency probably does not exist in the 

United States; however, the marginal status of many in the population 

has been established (Hambidge et al., 1972).  In 1974, the Food and 

Nutrition Board of the National Academy of Sciences recommended dietary 

allowances (RDA) for zinc. 

In recent years consumption of vegetable protein foods has increas- 

ed as that of animal protein foods has decreased.  Many individuals have 

turned to legumes and dried beans as an alternative protein source be- 

cause of the continuing and severe inflationary trend in meat prices. 

Others have decreased meat consumption for dietary, religious, social or 

humanitarian reasons.  Dietary zinc can generally be correlated to pro- 

tein intake.  Vegetable protein foods contain less zinc than animal pro- 

tein foods (Sandstead, 19 73).  Soybeans have become a popular meat sub- 

stitute.  Heating soybeans increases the availability of both sulfur- 

containing amino acids (Liener, 1978) and zinc (Kratzer :et al., 1959 

and O'Dell, 1972).  In the study reported in this thesis nitrogen and 

zinc balance were measured in men fed diets where soybeans or beef were 

the major contributors of protein and zinc.  Both diets met the 1974 

zinc RDA for adult males. 



REVIEW OF THE LITERATURE 

The history of zinc begins in the 4th century A.D. with the acci- 

dental discovery of brass produced from zinc-bearing earth and copper 

(Halsted et al., 1974).  It was first recognized as a separate element 

in 1509 by Ebener of Niirnberg.  In 1869 Raulin found zinc to be essential 

for the growth of the mold Aspergillus niger.  Thirty years later Maze 

recognized its importance for growth of all higher plants. 

During the igSO's nutritionists demonstrated that zinc is required 

by animals.  The first recognized zinc-responsive deficiency of non- 

laboratory origin was porcine parakeratosis (Tucker and Salmon, 1955) . 

Since then the role of zinc in enzyme function and in growth has been 

demonstrated for many animals and man.  Studying dwarfism and hypogonad- 

ism in farmers from the Nile Delta, Prasad et al. (1963a and 1963b) 

reported a zinc-responsive deficiency in man.  Pronounced zinc deficiency 

probably does not exist in the United States.  However, recognizing the 

marginal status (defined as accelerated wound healing and improved taste 

acuity following increased zinc intake) of many in the population, the 

Food and Nutrition Board of the National Academy of Sciences set a re- 

commended dietary allowance (RDA) for zinc in 1974. 

BODY CONTENT AND DISTRIBUTION  ,. 

Sandstead (1973) estimated that the daily zinc retention during 

pregnancy is 750 /<g; for infancy from birth to five months, 300 Ag, and 

from six months to one year, 200 /{g; for childhood, 750 ^g; and for ado- 

lescence, 400 /<g. By the time he is full grown, the reference man stand- 

ing 172 cm tall and weighing 70 kg has approximately 2.5 g of zinc dis- 

tributed throughout his body.  This is less than 0.01% of his total body 

weight.  The highest concentrations occur in the eyes, hair, male repro- 

ductive organs and bone (Sandstead, 1973, Halsted et al., 1974, Under- 

wood, 1977 and Walravens, 19 79) . 

Blood, containing about 8.8 jug/ml,   carries almost 10% of the body's 



zinc (Underwood, 1977).  The erythrocytes contain from 12 to 14 ^g/100 

ml, 80% of which is present as a component of carbonic anhydrase.  Plasma 

zinc measurements normally range between 70 and 110 /lg/100 ml; serum 

values are 10% higher.  Half of the zinc in plasma is freely exchangeable, 

being loosely bound to albumin.  About 43% is tightly bound to an <*2- 

macroglobulin and the remaining 7% is bound to either histidine or 

cysteine.  Zinc may also be found bound to transferrin in the portal ve- 

nous system (WHO Expert Committee on Trace Elements, 1973 and Walravens, 

1979). 

More than twenty zinc metalloenzymes have been identified.  The 

first discovered was carbonic anhydrase in 1940 by Keilin and Mann 

(Parisi and Vallee, 1969 and Halsted et al., 1974).  The enzyme is 

essential for the regulation of acid-base balance.  It catalyses the re- 

versible dehydration of carbonic acid, a process critical to the trans- 

port and elimination of carbon dioxide.  Other enzymes include: alcohol 

dehydrogenase, aldolase, alkaline phosphatase, carboxypeptidase, lactic 

dehydrogenase,  thymidine kinase (Parisi and Vallee, 1969, Halsted et al., 

1974 and Underwood, 1977) and possibly human folate conjugase (Tamura 

et al., 1978). 

REGULATION OF ZINC ABSORPTION 

Zinc-6 5 has been detected in human plasma only 15 minutes after 

ingestion, suggesting that absorption takes place either in the stomach 

or duodenum.  In animals the duodenum is the site of absorption (Spencer 

et al., 1966).  Evans (1976) proposed a mechanism for absorption.  He 

speculated that a ligand secreted by the pancreas into the duodenum 

complexes with a zinc ion, transporting it through the microvillus into 

the epithelial cell.  Here it is transported to a protein-binding site on 

the basolateral plasma membrane, where metal-free albumin interacts with 

the plasma membrane removing zinc from the receptor site.  The quantity 

of metal-free albumin determines the quantity of zinc absorbed.  Later 

work by Evans et al. (1975) suggests that the pancreatic ligand is a low 

molecular weight (LMW) protein.  Cousins (1979) believes that the ligand 



is actually of higher molecular weight and suggests that there is a de- 

gradation of the ligand in methods, giving results of LMW.  Cousins pro- 

posed a new model of absorption which differs slightly from that of 

Evans.  According to Cousins, dietary zinc is transported across the mu- 

cosal brush border.  This transport system probably requires ATP and may 

or may not involve a zinc-specific carrier or a nonspecific divalent 

cation carrier.  The zinc content of the intestinal cell may regulate 

the quantity absorbed.  Cytoplasmic zinc equilibrates with a zinc pool 

and is either shunted to a high molecular weight protein and metallo- 

thionein, or is transferred to the plasma.  This phase is thought to 

respond to protein synthesis and degradation, and availability of bind- 

ing sites. 

Zinc absorbed from the intestine is carried to the liver, either via 

the portal plasma bound to transferrin or via venous plasma bound to 

albumin and, to a small extent, to transferrin and «2-macroglobulins 

(Underwood, 1977).  Incorporation of zinc occurs at different rates in 

various tissues.  Uptake by bones and the central nervous system is slow, 

while a rapid accumulation and turnover is seen in the pancreas, liver, 

kidney and spleen. 

Spencer et al. (1966) reported excretion data of 15 subjects who 

were given an oral dose of zinc-65.  The major portion of the dose was 

excreted in the feces.  Most of it probably represented unabsorbed zinc. 

The range of excretion was 19.0 to 76.4% in the 15 days.  Seven subjects 

excreted over 50% and three subjects excreted less than 25% of the oral 

dose in the feces. 

In humans, small contributions are made to fecal zinc by intestinal 

cell shedding and biliary and pancreatic secretions (Walravens, 1979). 

In the 30 days following intravenous administration of zinc-65, 18% of 

the administered dose was excreted in the stool (Spencer et al., 1966). 

Zinc-65 in bile was very low, while pancreatic juice contained labeled 

zinc in concentrations several magnitudes higher, probably due to the 

metalloenzyme carboxypeptidase.  From animal studies it is known that 

zinc-65 concentration in intestinal walls is high and some may be lost 

with the shedding of intestinal cell walls. 



Urinary zinc losses reported in healthy adults range from 0.2 to 

0.8 mg/24 hours (Spencer et al., 1976, Underwood, 1977 and Walravens, 

1979).  The value does not vary significantly with dietary levels and 

remains fairly constant for any single individual.  Amino acid-bound 

zinc along with some porphyrin-bound zinc account for the loss.  Since 

glomerular filtration of amino acid-bound zinc would account for excretion 

of approximately 2 mg of zinc per day, a mechanism for tubular resorption 

must exist (Walravens, 1979).  Zincuria occurs in nephrosis, post- 

alcoholic hepatic cirrhosis, hepatic porphyria and albuminuria.  It has 

also been observed following major surgery, severe burns (Underwood, 1977) 

and in total starvation (Spencer :et al.,1976). 

Normal loss from sweat is approximately 1.15+0.30 Ag/ml.  Signifi- 

cant loss may result particularly in the tropics (Underwood, 1977) . 

Very few studies include sweat loss as it is very difficult to measure. 

FACTORS AFFECTING AVAILABILITY OF ZINC 

Factors affecting availability can be listed under two main head- 

ings: biological and nutritional.  Biological factors include age and 

species of the animals, and the presence or absence of gastrointestinal 

tract infection.  Nutritional factors implicated include: amount and 

form of dietary zinc, ion competition for binding sites, protein source, 

presence of agents such as dietary calcium, phytate and phosphorus, and 

dietary fiber (WHO Expert Committee on Trace Elements, 1973, Davis, 1966 

and Becker and Hoekstra, 1971). 

Amount and form of dietary zinc. 

Work using mature rats and humans indicates that the total amount 

of zinc absorbed increases with an increase in dietary intake (Furchner 

and Richmond, 1962).  The extent of absorption is dependent on the form 

of zinc present and the occurrence of other influencing factors.  "Solu- 

ble" forms such as zinc oxide, carbonate and sulfate and the free metal 



are easily absorbed (Underwood, 1977 and Davis, 1966) . 

Ion competition for binding sites. 

Researchers have suggested that trace minerals which share common 

chemical parameters may compete for common metabolic sites rendering a 

specific site inactive (Hill and Matrone, 1970).  High dietary copper 

and cadmium may decrease zinc absorption at the luminal surface.  How- 

ever, interference apparently results from a greater affinity of cadmium 

for albumin.  High levels of zinc have been used therapeutically in 

cadmium toxicity (Davis, 1966).  Other metals thought to influence zinc 

absorption include molybdenum and iron (Nielsen et al., 1966). 

Animal vs. vegetable protein. 

In general, rats and chicks fed diets containing proteins of plant 

seed origin, such as soy protein and sesame meal, require higher levels 

of dietary zinc to support normal growth than when they are fed diets 

containing animal protein such as casein or egg white (O'Dell et al., 

1957).  Sandstead et al. (1967) suggested the same trend was seen in 

Egyptian village farmers.  Soybean protein autoclaved at 15 psi for a 

half hour improved zinc availability to growth-impaired turkey poults 

(Kratzer et al., 1959 and O'Dell et al., 1972).  Soybean protein heated 

dry in closed containers, or wet with equivalent amounts of water and 

subsequently dried at 60 C was less effective. 

Chelating agents. 

2+ 
Chelates are complexes in which a metallic ion (Zn  ) is bound in 

a non-ionic form to an organic molecule.  Chelating agents usually con- 

tain two or more functional groups which are good electron donors. 

Examples of chelating agents include amino acids, hydroxy acids such 

as citric acid, and ethylenediaminetetraacetic acid.  Chelation may 

increase or decrease availability, depending on the circumstances under 



which it is present (O'Dell, 1962). 

Dietary calcium, phytate and phosphorus. 

In 1960, O'Dell and Savage first suggested that decreased availa- 

bility of zinc from plant proteins was due to phytate content.  They 

initially concluded that phytate was an effective antagonist only when 

complexed with the protein source prior to being added to the diet. 

Phytate was later shown to be just as effective when simply premixed with 

dietary carbohydrate (O'Dell et al., 1964) or added to casein-based diets 

(Welch et al., 1974).  The possibility still exists that naturally 

occurring phytate of plant seed proteins is protein-bound, although such 

a linkage may not be essential to the zinc-binding capability of phytate. 

As previously discussed, heating soybeans increases availability to 

poults.  The major effect is probably due to a destruction of phytic 

acid (O'Dell et al., 1964). 

Phytate, or inositol hexaphosphate, is the major storage form of 

phosphorus in plants.  It comprises from 40 to 99% of the total phos- 

phorus in legumes; the amount increases with age of the plant (Welch et 

al., 1974).  The calcium-magnesium salt of phytate, phytin, comprises 

from 60 to 80% of the phosphorus in cereals and plant seeds (Becker and 

Hoekstra, 1971).  The normal plant protein diet of rats is 0.4% phytate. 

Addition of 0.4 to 2.0% phytate to diets decreased availability of zinc 

at low levels (12 ppm), but not at high levels (69 ppm) (Likuski and 

Forbes, 1965) . 

The antagonistic effect of dietary calcium on zinc was first noted 

in porcine parakeratosis.  Adverse effects have subsequently been report- 

ed in zinc sufficient animals without added phytate (Likuski and Forbes, 

1965, Oberleas et al., 1966 and Halsted et al., 1974) .  Increasing the 

calcium intake from 200 to 1300 mg/day in man did not decrease availabil- 

ity of zinc.  Studies in animals have been in larger quantities relative 

to body weight (Spencer et al., 1966 and Spencer et al., 1971). 

Oberleas et al. (1966) designed a series of in vitro experiments 



to investigate the effect of known calcium:zinc:phytate ratios and the 

amount of precipitate formed.  Projections of phsiological behavior 

based on these studies include: 1.) zinc salts of phytate would disso- 

ciate at the pH of the gastrointestinal tract, 2.) maximum insolubility 

of combinations is seen at the pH of the small intestine and 3.) minimum 

amounts of zinc phytate would be available in the stomach because of 

complete dissociation.  The conventional animal diet has a ratio of Ca: 

Zn:phytate of 540:1:33.  Research with animals shows that at wide ratios 

where calcium is high, the amount of zinc incorporated in phytate is also 

high.  When insoluble Ca:phytate is formed, zinc is removed by precipi- 

tation and availability is decreased.  This mechanism is not specific for 

zinc (Byrd and Matrone, 1965) . 

Dietary inorganic phosphorus is thought to have the same effect as 

phytate, only less pronounced.  Calcium significantly depressed zinc 

absorption from diets containing 1% phosphorus but had no effect at 0.3 

to 0.5% phosphorus (Heth et al., 1966). 

Dietary fiber. 

Fiber is recognised as being composed of the components of the 

plant cell wall.  Dietary fiber includes those carbohydrate and non- 

carbohydrate polymers that are resistant to enzymatic hydrolysis in the 

small intestine (Holloway and Tasmin-Jones, 1977).  The main non-carbo- 

hydrate fraction of dietary fiber is lignin, an insoluble phenylpropanoid 

polymer covalently linked to hemicellulose and, perhaps, cellulose.  It 

is responsible for the unavailability of these carbohydrates to fermenta- 

tion. 

As previously stated, phytate decreases absorption of dietary zinc. 

When Reinhold et al. (1976) removed phytate from bran and wholemeals, 

they found instead of the anticipated decrease an increase in binding. 

This led them to speculate that dietary fiber rather than phytate might 

be the primary factor determining zinc availability. 

Work by Beshgetoor (1977) and Drews (1977) at the University of 

Nebraska on adults and adolescent boys, respectively, showed an increased 



fecal zinc excretion with added fiber seen at both high and low zinc sup- 

plementation for cellulose and hemicellulose.  The same response was seen 

at low zinc levels (11.5 mg/day) with pectin, but at high levels (19.5 

mg/day), a decrease in fecal zinc was noted in adults.  Explanations for 

increased zinc excretion and, therefore, an apparent decrease in availa- 

bility, include: 1.) decreased availability because zinc is bound to fi- 

ber, 2.) fiber supplements increase fecal mass, diluting available zinc 

and 3.) fecal transit time is decreased, allowing less time for adsorption. 

Becker and Hoekstra (1971) fed rats two diets of the same nutrient com- 

position.  One was a purified diet with virtually no fiber, and the prac- 

tical diet included 4.2% "indigestible fiber".  Availability of zinc from 

the diets decreased with the amount of fiber present.  Other factors 

besides fiber which influence the rate of movement of fecal matter, such 

as physiological or pathological, may also affect zinc absorption. 

THE RECOMMENDED DIETARY ALLOWANCE (RDA). 

Deficiency in man. 

In 1910, Lehman described the dwarfism syndrome of the Middle East 

(Halsted et al., 1974) which was identified in 1963, as a zinc respon- 

sive deficiency by Prasad and coworkers (Prasad et al., 1963a and 1963b). 

Farmers of the Nile Delta were treated for hypogonadism and dwarfism. 

Because of a chronic blood loss due to infection with hookworm and schis- 

tosomiasis resulting in anemia, and because diets consisting primarily of 

unleavened bread of low extraction wheat flour were consumed, inadequate 

nutrition and parasitic infection were considered the primary culprits 

responsible for the syndrome.  Treatment was first restricted to a hospi- 

tal diet and/or iron supplementation.  Later, when zinc supplementation 

was included, there was a dramatic increase in longitudinal growth and 

sexual maturation.  From Iran similar reports of zinc deficiency were 

received, but infection was not found (Sandstead, 1974).  Many of the 

subjects practiced geophagia.  In 1967, Sandstead et al. reported that the 
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diet of Egyptian village farmers included 15 mg of zinc/day, an amount 

similar to that of the American diet.  However, the village diet was 

primarily of vegetable origin.  A number of reasons were given for a 

decreased bioavailability, including: indigestibility of a major portion 

of the diet; incomplete cooking or mastication preventing enzymatic ac- 

tion; plant protein binding zinc more tightly than animal protein and 

the presence of phytic acid and calcium in large quantities. 

Marginal deficiency in the American population. 

After recognizing that accelerated wound healing and improved taste 

acuity followed an increased zinc intake, many nutritionists felt that 

zinc deficiency in the U.S.A. was a secondary factor accompanying bodily, 

stress resulting from major surgery, injury such as severe burns, protein- 

calorie malnutrition and medication such as penicillamine (Sandstead, 

1973, Halsted et al., 1974 and Underwood, 1977).  Finding zinc deficiency 

in cases of malabsorption was not surprising.  In 1972, Hambidge et al., 

reported that some middle and upper income children with poor growth had 

low hair zinc concentrations and impaired taste acuity which were respon- 

sive to zinc therapy.  This report had serious public health implications. 

Further studies of Denver preschool children, also by Hambidge et al. 

(1976), suggested that inadequate zinc nutrition may be common in pre- 

schoolers from low income homes.  In both groups of children meat con- 

sumption was limited, by choice or by socioeconomic status. 

The occurrence of zinc-responsive disorders, growth failure, hypo- 

geusia and impaired wound healing in Americans has led Sandstead (1973) 

to hypothesize that a large segment of the population may have marginal 

intakes of zinc.  Supportive data for this hypothesis includes the 

following: 1.) The need for zinc changes both as a factor of age and sex; 

however, chemical composition in cadavers at various ages shows that zinc 

concentration changes little with age. 2.)     The dietary requirement for 

zinc varies with availability from the diet and loss from the body.  3.) 

Food selection plays a major role, as those foods high in zinc tend to 
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be the most expensive, and hence, limited by the purchasing power of a 

large segment of the population. 

Percent availability and the RDA. 

Dietary requirement for zinc is dependent on the bioavailability 

from foods and loss from the body. A number of researchers have deter- 

mined availability.  Their values range from 1 to 90% (Sandstead, 1973 

and Becker and Hoekstra, 1971).  Limited study suggests a 20 to 40% 

availability from a mixed Western diet (WHO Expert Committee on Trace 

Elements, 1973).  Sandstead (1973) looked at diets from numerous studies 

with an emphasis on 20 to 30% availability to determine whether they met 

daily requirements.  Many were marginal or low, a fact he felt was 

substantiated by studies using hair zinc analysis. 

The RDA's are based on the western diet and do not necessarily apply 

to diets high in unrefined cereal. Although such diets may meet the 

minimum requirements, they may prove inadequate for growth due to decreas- 

ed availability.  The WHO provisional tables take into account variant 

requirements dependent on the type of diet consumed (WHO Expert Committee 

on Trace Elements, 1973).  For this reason they may be more useful for 

computing zinc needs of individuals than the RDA's.  For a comparison 

see Table I. 

FOOD SOURCES OF ZINC 

The inclusion of zinc in the 1974 RDA's marked the beginning of 

extensive research analysing zinc content of different foods.  To date 

no comprehensive table of zinc content of foods exists.  However, a num- 

ber of reports exist, which combined give a good indication of where and 

how much zinc is distributed in the food supply (Wong et.al., 1978a and 

1978b, Murphy et al., 1975, Gormican, 1970, Haeflin and Rasmussen, 1977 

and Freeland and Cousins, 1976). 

Foods of animal origin are the major dietary source of zinc.  Zinc 



12 

TABLE   I.      COMPARISON OF THE  RDA'S  FOR  ZINC  AND  THE WHO  PROVISIONAL 
REQUIREMENTS   FOR DIETARY   ZINC   '    . 

Age RDA 
mg/day 

Infants: 
0-4 months 3 
5-12 months 5 • 

Males: 
1-10 years 10 
11-17 years 15 
18+ years 15 

Females: 
1-9 years 10 
10-13 years 15 
14+ years 15 

Pregnant women: 
0-20 weeks 20 
20-30 weeks 20 
30-40 weeks 20 

Lactating women: 

WHO provisional   tables 
% Availability   (mg/day) 
10% 20% 30% 

12.5 6.3 3.1 
11.0 5.5 2.8 

16.0 8.0 4.0 
28.0 14.0 7.0 
22.0 11.0 5.5 

15.5 7.8 3.9 
26.5 13.3 6.6 
22.0 11.0 5.5 

25.5 12.8 6.4 
29.0 14.5 7.3 
30.0 15.0 7.5 

25 54.5 27.3 13.7 

1. Food and Nutrition Board, 1974 
2. WHO Expert Committee on Trace Minerals, 1973. 



13 

content of beef, pork and lamb ranges from 20 to 60 /^g/g, fish and other 

seafoods provide 15 f*q/q  or more, and milk furnishes 3 to 5Mg/g.  Some 

legumes and whole grains are significant sources with a content ranging 

15 to 50 /'ig/g.  Most fruits and vegetables are low in zinc as are coffee, 

tea and carbonated beverages (WHO Expert Committee on Trace Elements, 

1973 and Haeflin and Rasmussen, 1977) . 

Variation is high within any type of food due to a number of factors: 

1.) processing, for example milling of wheat accounts for an 80% loss 

(Halsted et al., 1974), and variability is greatest in products with 

multiple processing steps (Wong et al., 1978a), 2.) genetic influence, 

3.) age of the plant or animal, 4.) feed or fertilizer used, 5.) in beef, 

pork and chicken the type of muscle, cut and leanness of the meat and 

6.) geographic location and soil type (Murphy et al., 1975 and Haeflin 

and Rasmussen, 1977) . 

PURPOSE OF THIS STUDY 

The purpose of this study was to measure the bioavailability of zinc 

from plant vs. animal protein foods. Availability was measured by nitro- 

gen and zinc balance of subjects receiving controlled diets containing 

either soybeans or beef as the major source of protein and zinc.  Pro- 

tein in both of the diets was kept relatively constant; zinc, on the 

other hand was not.  Both diets met the 1974 RDA's for zinc and protein 

for males over 18 years of age. 
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MATERIALS AND METHODS 

This study is a part of a larger investigation entitled "The Influ- 

ence of Type of Protein (Animal vs. Plant) on the Bioavailability of 

Vitamin B-6." The results of this investigation will be presented else- 

where . 

SUBJECTS 

The vital statistics of the eight men, aged 21 to 26 years, who 

participated in this study are presented in Table II.  All were free from 

any known metabolic disease.  While participating in the study, subjects 

consumed only the food that was provided for them, abstained from drink- 

ing alcoholic beverages and discontinued use of nutritional supplements. 

They did not take any drugs,, except subject 5 who took penicillin on days 

13 to 20 for a cold.  Subject 10 was off the study days 11 to 16 with 

intestinal flu. 

The subjects were tested for metabolic normalcy by the following 

criteria: 1.) normal liver function and blood chemistry at the beginning 

and end of the study, as determined by automatic analysis of serum , 2.) 

normal xylose absorption (Henry et al., 1974) as a measure of intestinal 
2 

absorption and 3.) adequate vitamin B-6 status as determined by plasma 
3 

vitamin B-6 using Saccharomyces carlsbergensis as the assay organism . 

Approval of this study was given on December 5, 3 075, by the Oregon 

State University Human Subjects Board.  An informed consent form approved 

by this board was signed by each participant prior to the onset of the 

study. 

1. Performed at Good Samaritan Hospital, Corvallis, OR, 97330, on a HY- 
CEL SUPER 17 Sequential Multiple Analyzer, Hycel, Inc., Houston, Tex- 
as.  The following serum indices were measured: triglycerides, lactate 
dehydrogenase, glutamate oxaloacetate transaminase, glutamate pyruvate 
transaminase, phosphorus, calcium, alkaline phosphatase, bilirubin, 
uric acid, total protein, albumin, cholesterol, urea nitrogen, glucose, 
chlorine, sodium, potassium and globulin.  All values were within nor- 
mal ranges. 

2. Performed by Linda Barstow, Foods and Nutrition Dept., OSU. 
3. Performed by Eva Benson and Margaret Edwards, Foods and Nutrition 

Dept., Oregon State University. 



TABLE II.  VITAL STATISTICS OF THE SUBJECTS. 

15 

Subject Age National ity Weight 
Beginning End 

Height 

yrs kg kg cm 

1 26 U.S.A. 71.5 71.4 182.5 

3 26 Iranian 73.3 74.8 171.5 

5 23 Belgian 73.1 70.5 179.0 

6 26 Puerto Rican 69.5 68.9 181.0 

7 21 U.S.A. 86.5 84.2 189.8 

8 22 Indian 58.4 61.0 180.0 

9 21 U.S.A. 69.7 70.7 184.0 

10 25 U.S.A. 82.3 81.1 186.0 
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EXPERIMENTAL DESIGN 

In this 50-day metabolic study, a 5-day adjustment period preceded 

three 15-day experimental periods.  The purpose of the adjustment period 

was to adapt the subjects to the experimental regime and acquaint them 

with their responsibilities during the experimental periods.  The adjust- 

ment diet and its nutrient composition are given in Table III.  Following 

the adjustment period the subjects were divided into two groups and a 

switchback design was used.  The subjects were fed either the Soy or 

Beef diet (Table IV).  Subjects 1, 3 and 5 (Group I) received the Soy (S) 

diet during the first 15-day period, the Beef (B) diet during the second 

period and the S diet in the last period.  Subjects 6 to 10 (Group II) 

received B, S and B diets, in that order.  These diets and their nutrient 

content are given in Tables IV and V, respectively.  All meals were pre- 

pared and served in the metabolic unit of the Foods and Nutrition Depart- 

ment at Oregon State University.  Recipes for the sausage, soup and cas- 

seroles may be found in the Appendix. 

In'addition:, to the Soy and Beef diets, the subjects consumed honey, 
4 

sugar, hard candy and 7-Up  ("free foods") in amounts required to main- 

tain their initial body weight.  The subjects weighed themselves each 

morning before breakfast.  Coffee and tea as well as mustard were allowed. 

In order to meet caloric requirements, subject 7 was given 20 g of extra 

margarine from day 8 of the study and subject 8 received 10 g less 

margarine beginning day 15.  The subjects recorded their daily consump- 

tion of "free foods" as well as coffee and tea.  Records were also kept 

of the amount of honey consumed by each subject.  The water for coffee 

and tea in the metabolic unit was heated in a glass coffee pot beginning 

day 18 to avoid metal contamination resulting from the pot.  The subjects 

drank city water throughout the study. 

FOOD COMPOSITES 

Blended food composites of the diets were prepared weekly.  The diets 

4.  7-Up is distributed by Seven Up Enterprises, St. Louis, MO, 63105. 
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TABLE III. ADJUSTMENT DIET GIVEN TO THE SUBJECTS DURING THE FIRST 
FIVE DAYS OF THE STUDY1 

Menu Amount 
g 

Breakfast: 
Milk, whole homogenized 
Egg, hard cooked 
Bread, white enriched 
Wheat cereal, dry 
Orange juice, frozen reconstituted 
Banana 
Margarine   (total   for the day) 

Lunch: 
Milk,  whole homogenized 
Bread, white enriched 
Bologna 
Cookies, oatmeal raisin 
Raisins 
Chocolate bar 
Carrots, raw 

Dinner: 
Milk, whole homogenized 
Casserole: 

Ground beef, lean raw 
Macaroni, dry 
Green pepper, fresh 
Onion, dehydrated 
Tomato paste, canned 

Bread, white enriched 
Peaches, canned 

syrup, heavy 
Ice cream, alternating vanilla and 

strawberry 

125 
54 
25 
30 

125 
30 
50 

250 
50 
40 
39 
40 
34 

100 

250 

75 
60 
25 
10 
40 
50 
90 
30 

75 

The nutritional value and percent RDA (in parentheses) of the diet 
without "free foods" are: energy 2665 kcal (99%), protein 86.5 g 
(154%), fat 118.7 g, carbohydrate 328.2 g, calcium 1166 mg (146%), 
phosphorus 1521 mg (190%), 
tassium 3379 mg, vitamin A 
riboflavin 2.26 mg (141%), 
132 mg (293%). Calculated 
RDA. Vitamin B-6 content, 
cal assay. 

iron 15.7 mg (157%), sodium 1720 mg, po- 
16806 IU (336%), thiamin 1.74 mg (124%), 
niacin 16.7 mg (93%) and ascorbic acid 
from USDA Handbook No. 8 and the 1974 
1.58 mg (79%) determined by microbiologi- 
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TABLE IV.  SOY AND BEEF DIETS FED TO SUBJECTS DURING PERIODS I, II 
AND III" . 

Menu Amount 

Breakfast: g 

Bread, white enriched 50 
Orange juice, frozen reconstituted 1:3 230 
Apple s auce, c anned 75 
Milk, dried non-fat, vitamins A and D 

added 22. 5 (made up to 
240 g) 

Crispy Rice ■'• 30 

Lunch: 
Bread, white enriched 50 
Peaches, canned 100 

syrup, heavy 20 
Milk, dried non-fat, vitamins A and 

added 22. 5 (made up to 
240 g) 

Cookies 45 
Pickle, dill 30 
Soy diet: 

Soybeans2'3 71 (raw, mature) 
Carrots, canned 35 
Vegex cube 4 4 

Beef diet: 
Beef sausage, 30% fat5 106 
Carrots, canned 35 
Vegex cube 4 

Dinner: 
Bread, white enriched 25 
Green beans, canned 100 

liquid 10 
Pears, canned 100 

syrup, heavy' 20 
Ice cream, alternating vanill; a and 

strawberry 90 
Milk, dried non-fat, vitamins A and D 

added 22. 5 (made up to 

Casserole : 
240 g) 

Rice, dry enriched 
Tomato paste, canned 
Celery, raw 
Onions, dehydrated 
Soy diet: 

Soybeans 

45 
40 
15 
1.5 

71 
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TABLE IV.  (CONT.) 

Menu Amount 

Dinner: 
Casserole : 

Beef diet: 
Ground beef, lean ' 160 

Margarine  (total for the day) 50 

1. Ralston-Purina Co. 

2. Pacific Coast Soybeans, Walla Walla, WA 99362 

3. For preparation of soybeans see the appendix. 

4. Vegex Co., Division of Presco Food Products, Inc., Flemington, NJ 
08822 

5. The recipe for the sausage is in the appendix. 

6. Recipes for the soybean and beef caseroles are in the appendix. 
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TABLE V.  NUTRITIONAL COMPOSITION AND PERCENT RDA IN THE SOY AND BEEF 
EXPERIMENTAL DIETS1,2. 

Nutrieftt 
Soy 

%RDA 
Beef     Soy     Beef 

Calories, kcal 
Protein, g 
Fat, g 
Carbohydrate 
NDF g 

Calcium, mg 
Phosphorus, mg 
Iron, mg 
Sodium, mg 
Potassium, mg 
Zinc , mg 

Vitamin A, IU 
Thiamin, mg 
Riboflavin, mg 
Niacin, mg 
Ascorbic acid, mg 
Vitamin B-6 

2599 2797 96 
101.1 104.8 180 
88.7 102.1 
367.8 320.2 
15.8 9.2 

1572 1281 197 
1929 1614 241 

21.6 18.5 216 
2218 2211 
5395 3 264 

15.81 17.98 105 

10589 10549 212 
2.89 1.52 206 
2.26 2.29 141 

13.6 23.2 76 
14 2 142 316 
1.85 1.66 93 

104 
187 

160 
202 
185 

120 

211 
109 
143 
128 
316 
83 

1. Nutrient values from USDA Handbook No. 8. 
2. %RDA calculated from the 1974 RDA. 
3. Deteirmination by the method of Van Soest and Wine (1967) 
4. Determination by atomic absorption. 
5. Determination by microbiological assay (storvick et al.. 1964) 
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were analysed for nitrogen (Scales and Harrison, 1919), vitamin B-6 

(Association of Official Analytical Chemists, 1975), zinc (Whanger, 1979) 

and neutral detergent fiber (Van Soest and Wine, 1967).  All analyses 

were done on lyophilized samples, except the vitamin B-6 which was done 

on wet samples. 

FECAL COLLECTIONS 

Beginning on day 1 of period I and continuing every five days 

thereafter, subjects were given a fecal marker of FDC Blue No. 1 to 

measure changes in transit time with chknge in diet.  They collected 

their feces in air-tight plastic bags labelled with their initials, the 

date and time of defecation.  Fecal weight was measured daily and feces 

were frozen until they were pooled into 5-day composites.  A portion of 

each composite was lyophilized and later analysed for nitrogen (Scales 

and Harrison, 1919) and zinc (Whanger, 1979) . 

URINE COLLECTIONS 

Throughout the study daily 24-hour urine specimens were collected 

under a layer of toluene in polyethylene bottles and refrigerated.  On 

the following day the volume of each sample was measured.  Portions of 

each urine specimen were either refrigerated or frozen until analysed. 

Completeness of daily 24-hour collections were checked by creatinine 

determination (Pino et al., 1965).  For nitrogen and zinc determinations 

urine composites were made by combining 1% of the daily volume in 5-day 

composites and were then stored frozen in polyethylene bottles. 

BLOOD COLLECTIONS 

Blood was drawn from the antecubital vein of fasting subjects 

5.  Markers contain 50 mg of FDC Brilliant Blue No.l (Allied Chemical 
Corp., Morristown, NJ, 07960) plus 200 mg mehylcellulose in a gela- 
tin capsule. 
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using 10 ml B-D Vacutainer tubes every three days throughout each ex- 

perimental period by a registered medical technologist.  Zinc was not 

analysed due to variable zinc contamination of the plasma, presumably 

from the stopper (Handy, 1979 and Geller, 1979) . 

Laboratory Analyses 

Total Nitrogen. 

Total nitrogen of diets, urine and feces were measured by the boric 

acid modification of the Kjeldahl method by Scales and Harrison (1919). 

Total Zinc. 

Urinary zinc was measured directly with the use of a Jarrell-Ash 
. 7 

atomic absorption flame emission unit . 

Fecal and dietary zinc were measured on lyophilized samples digest- 

ed in 20 ml concentrated nitric acid and 2 ml concentrated perchloric 

acid on a hotplate until a white precipitate was left (Whanger, 1979) . 

The precipitate was dissolved in 0.1 N hydrochloric acid to give a read- 

ing between 0.1 and 5.0 ppm on the Jarrell-Ash atomic absorption flame 

emission unit. 

Neutral Detergent Fiber. 

Dietary fiber was measured by the neutral detergent method of Van 

Soest and Wine (1967). 

Urinary Greatinine. 

8 
Creatinine in urine was determined on a Technicon Autoanalyzer by 

6. Becton-Dickinson, a division of Becton, Dickinson and Co., Rutherford, 
NJ, 07070. 

7. Jarrell-Ash, Waltham, MA, 02154. 
8. Technicon Corp., Tarrytown, NY. 
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an automated modification of the Jaffe reaction (Pino et al., 1965). 

Statistical Analyses 

The data were statistically analysed by analysis of variance (ANOVA) 

for the switchback design using the Statistical Interactive Programming 

System (SIPS).  The computer analysis was done by a statistician at Ore- 
9 

gon State University.  A Hewlett-Packard Calculator Model 9810A was 

used for performing correlation analysis. 

Hewlett-Packard, Loveland, CO, 80537, 
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RESULTS 

In general, the Beef and Soy diets were well accepted by the subjects, 

The Soy diet did not cause discomfort.  The Beef diet caused constipation 

in some subjects, particularly in subject 10 during Period III.  For this 

reason all fecal data are means for the last two 5-day composites of each 

period.  To maintain consistency, urine values and balance data were 

handled in the same manner. 

Since subject 10 had intestinal flu during days 11 to 16 of Period 

I, data obtained for him during this period have been eliminated.  It 

was strongly suspected that during the study subject 5 did not correctly 

record his weight each morning and that he was actually losing weight 

during most of the study (Table II). 

ANALYSIS OF VARIANCE (ANOVA). 

Results of analysis of variance (ANOVA) for 10 variables are re- 

ported in Table VI.  Values of interest include F values for period, 

order and treatment.  Values for order give significant results because 

only three periods were run  .  Significant differences did result for 

urinary nitrogen (p^O.05); zinc balance, both mg/day and decimal frac- 

tion of the day's total (p<0.01); fecal nitrogen (p<0.01); nitrogen 

balance, both g/day and decimal fraction of the day's total (p<0.01); 

fecal zinc (pc'O.Ol); and fecal wet weight (p<0.01).  Urinary zinc and 

percent dry solids did not vary significantly with treatment. 

FECAL WEIGHT 

Table VII presents the effect of Beef and Soy diets on fecal wet 

10.  If four periods had been completed by each group: Group I, Soy-Beef- 
Soy-Beef and Group II, Beef-Soy-Beef-Soy, then order would not be 
expected to be significant.  In a three period switchback study for 
any variable, if order was not significant and period was, then one 
would expect a carry-over effect from one diet to the next.  This 
was not the case for any of the 10 variables analysed. 



TABLE VI.  ANALYSIS  OF VARIANCE (ANOVA) 

Unit 
Mean Square F Value 

Variable Period Order Treatment Period Order Treatment 

Fecal nitrogen g/5 days 4.255 58.442 123.862 5.144a 70.654b 149.74 5b 

Urinary nitrogen g/5 days 10.552 4.539 19.353 2.140 0.921 3.925a 

Fecal zinc mg/5 days 19.595 177.023 ' 2537.341 0.377 3.404a 48.792b 

Urinary zinc mg/5 days 0.131 1.841 0.149 1.205 16.882b 1.367 

Fecal wet weight g/5 days 31393.95 160500.9 804687.9 4.678a 53.723b 134.818b 

Zinc balance mg/day 

decimal frac- 
tion of the 

0.823 8.610 11.6799 0.410 4.29ia 5.820b 

9.331b day's total 0.00481 0.03158 0.06851 0.656 4.300a 

Nitrogen balance g/day 

decimal frac- 

0.073 2.854 8.799 0.790 15.501b 47.797b 

tion of the 
day's total 0.463 10" "4 0.00961 0.02950 5.557 10" -2 11.535b 34.814b 

a=significant at p<0.05 
■b=significant at p<0.01 



TABLE VII.  FECAL WET WEIGHT (G/5-DAYS), PERCENT MOISTURE AND PERCENT DRY SOLIDS IN SUBJECTS 
RECEIVING SOY AND BEEF DIETS . 

Variable Subject Pd. I 
Soy 

Group I 
Pd. II 
Beef 

Pd. Ill 
Soy 

Subject Pd. I 
Beef 

Group II 
Pd. II 
Soy 

Pd. Ill 
Beef 

Fecal wet weight ^ 
% moisture 
% dry solids 

Fecal wet weight 
% moisture 
% dry solids 

Fecal wet weight 
% moisture 
% dry solids 

Fecal wet weight 
% moisture 
% dry solids 

Fecal wet weight 
% moisture 
% dry solids 

925.9 415.3 . 841.1 
75.8 73.5 74.3 
24.2 26.5 25.7 

1385.3 999.3 1260.8 
74.7 80.3 76.0 
25.3 19.7 24.0 

1298.4 540.2 1029.4 
77.1 74.7 75.3 
22.9 25.3 24.7 

486.5 
72.5 
27.5 

389.0 
70.0 
30.0 

665.3 
79.3 
20.7 

876.0 
75.4 
24.6 

793.7 
69.6 
30.4 

771.6 
76.7 
23.3 

10 

367.0       682.4 
70.4 68.4 
29.6 31.6 

804.8 
74.3 
25.7 

392.5 
70.8 
29.2 

418.5 
68.7 
31.3 

455.0 
78.3 
21.7 

340.6 
70.3 
29.7 

423.7 
68.7 
31.3 

1. All values are means for the last two 5-day composites for each period. 

2. Significant difference between diets at p<0.01. 

3.  Subject 10 was ill during Pd. I. 

en 
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weight, percent moisture and percent dry solids.  Figure 1 represents 

the distribution of fecal wet weight between moisture and dry solids for 

each subject.  Fecal wet weight was significantly higher (p<0.01) on the 

Soy (S) diet than on the Beef (B) diet; the subjects' mean fecal wet 

weights on these diets were 969.9+240.0 and 491.1+182.4 g/5 days, re- 

spectively.  Although there was much variation among and within the sub- 

jects, fecal wet weight was always higher on the S diet than on the B 

diet in each subject.• In 7 of 15  instances when the subjects' diets 

were changed, soybeans increased the percent moisture and decreased the 

percent dry solids.  This change, however, was not significant. 

FECAL NITROGEN AND ZINC 

The influence of the S and B diets on fecal nitrogen and zinc ex- 

cretion of each subject is given in Table VIII and illustrated in Figure 

2. Fecal nitrogen was significantly (p<0.01) higher during the 

S periods, while fecal zinc was significantly higher (p<0.01) on the 

B diet.  In all 15 instances when the subjects' B and S diets were switch- 

ed, fecal nitrogen rose while fecal zinc fell with the inclusion of soy- 

beans in the diet. Mean fecal nitrogen increased from 7.5+1.8 g/5 

days on the B diet to 13.4+3.3 g/5 days on the S diet.  Mean fecal zinc 

fell from 85.18+14.45 mg/5 days on the Beef diet to 65.28+11.15 mg/5 days 

on the.S diet.  The reader is reminded that while dietary nitrogen was 

kept constant (16.6+0.5 g/day) dietary zinc was not.  The S diet contain- 

ed only 15.18 mg/day while the B diet contained 17.98 mg/day. 

URINARY NITROGEN AND ZINC 

Table IX gives the results of urinary nitrogen and zinc.  Urinary 

nitrogen was higher on the S diet 7 of 15 times when the diet was 

changed.  This change was statistically significant (p<0.05).  Urinary 

zinc did not change. 

11. There are no data for subject 10 during Period I. 
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Figure 1.  The effect of Soy and Beef diets on fecal wet weight, 
moisture and solids . 
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1. All values  are means of  the last  two  5-day  composites  of each period. 
2. Subject  10 was  ill  during  the  first period. 
3. Significant difference between diets  at p<0.01. 



TABLE VIII.  THE EFFECT OF SOY AND BEEF DIETS ON FECAL NITROGEN (G/5-DAYS) AND ZINC (MG/5-DAYS)1, 

Variable Subject 
Group I 

Pd. I Pd. II Pd. Ill 
Soy Beef Soy 

12.2 6.9 12.2 
61.44 84.99 69.99 

20.8 12.3 17.1 
71.24 88.44 66.93 

15.8 9.3 14.2 
80.84 94.63 64.79 

Subject 
Group II 

Pd. I Pd. II Pd. Ill 
Beef Soy Beef 

7.3 9.9 6.1 
84.02 57.17 87.70 

6.8 12.1 7.9 
83.01 75.95 90.82 

8.8 11.0 6.4 
67.45 38.73 53.21 

6.3 11.3 6.1 
88.94 60.91 85.08 

11.0 6.1 
70.10 113.41 

Nitrogen 
Zinc 

Nitrogen 
Zinc 

Nitrogen 
Zinc 

Nitrogen 
Zinc 

Nitrogen 
Zinc 

10 

Mean + S.D. for all subjects on the 

Soy diet 
Beef diet 

Nitrogen J 

13.4 + 3.3 
7.5 + 1.8 

1. All values are means for the last two 5-day composites for each period. 

2. Subject 10 was ill during Pd. I. 

3. Significant difference between diets at p<0.01. 

Zinc 

65.28 + 11.15 
85.14 + 14.43 
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Figure 2.  The effect of Soy and Beef diets on fecal nitrogen and 
zinc (decimal fraction of the day's total) . 
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1. All values were computed from means of the last two 5-day composites 
of each period. 

2. Subject 10 was ill during the first period. 
3. Significant difference between diets at p<0.01. 



TABLE IX.  THE EFFECT OF SOY AND BEEF DIETS ON URINARY NITROGEN (G/5-DAYS) AND ZINC (MG/5-DAYS) 

Variable Subject 
Group I 

Subject 
Group II 

Pd. I Pd. II Pd. Ill Pd. I Pd. II Pd. Ill 
Soy Beef Soy Beef Soy Beef 

59.4 62.0 63.1 6 68.6 67.9 72.6 
1.62 1.69 1.80 4.16 3.46 4.05 

56.7 64.1 59.2 7 69.3 68.4 67.3 
3.36 3.11 3.30 2.90 2.62 2.42 

71.0 71.1 67.4 8 52.3 51.2 55.2 
3.92 4.47 4.32 1.60 1.54 2.66 

9 60.8 
1.09 

65.6 
1.07 

68.0 
1.85 

102 60.0 
2.82 

63.6 
2.67 

Nitrogen 
Zinc 

Nitrogen 
Zinc 

Nitrogen 
Zinc 

Nitrogen 
Zinc 

Nitrogen 
Zinc 

Mean + S.D. for all subjects on the 

Soy diet 
Beef diet 

Nitrogen 

64.6+6.2 
62.8+5.8 

Zinc 

2.71 + 1.07 
2.72 + 1.08 

1. All  values are means for the last two 5-day composites for each period. 

2. Subject 10 was ill during Pd. I. 

3. Significant difference between diets at p<0.05. 

4. Difference is not significant. 
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NITROGEN AND ZINC BALANCE 

Nitrogen and zinc balance data appear in Tables X and XI, respec- 

tively.  Both nitrogen and zinc balance were affected by the diet (p.<0.01) 

This was true whether the units were computed on a weight/day or decimal 

fraction of the day's total.  In all instances the subjects retained more 

nitrogen on the B diet.  Nitrogen retention increased from 1.0+1.2 on 

the S diet to 2.6+1.2 g/day on the B diet.  In general, the subjects 

maintained a positive nitrogen balance throughout the study.  The excep- 

tion was subject 5 who in the first period of the study suffered from 

negative nitrogen balance (-1.1 g/day) and a concomitant weight loss. 

Subjects 5, 6, 7, 9 and 10 were in negative zinc balance during 

some part of the study.  In 6 of 8 times this was on the B rather than 

S diet.  In 11 of 15 instances zinc retention increased on the S diet 

from 0.40+2.93 to 1.59+2.34 gig/day. 

CORRELATIONS 

Correlation coefficient analysis performed in the present study is 

given in Table XII.  Fecal wet weight correlated significantly with fecal 

nitrogen (p<0.01) on both diets, but did not correlate with fecal zinc 

values.  Nitrogen balance correlated significantly with zinc balance on 

the S diet (p<0.01) but not on the B diet.  When the decimal fraction of 

day's total intake rather than weight/day was used as the defining unit, 

nitrogen balance correlated with zinc balance on both the S (p<0.01) 

and B (p<0.05) diet.  Fecal zinc correlated with urinary nitrogen (p<0.05) 



TABLE X.  THE EFFECT OF SOY AND BEEF DIETS ON NITROGEN BALANCE (G/DAY AND DECIMAL FRACTION OF DAY'S 
TOTAL). 

Variable Subject 
Group I 

Pd. I Pd. II Pd. Ill 
Soy Beef Soy 

16.2 17.1 16.4 
(1.00)1 (1.00) (1.00) 

2.4 1.4 2.5 
(0.15) (0.08) (0.15) 
11.9 12.4 12.6 
(0.71) (0.72) (0.77) 
1.9 3.3 1.3 
(0.14) (0.20) (0.08) 

4.2 2.5 3.4 
(0.25) (0.14) (0.21) 
11.3 12.8 11.8 
(0.70) (0.75) (0.72) 
0.7 1.8 1.1 
(0.05) (0.11) (0.07) 

3.2 1.9 2.8 
(0.20) (0.11) (0.18) 
14.2 14.2 13.5 
(0.87) (0.83) (0.82) 
-1.1 1.0 0.0 
(-0.07) (0.06) (0.00) 

Subject 
Group II 

Pd. I Pd. II Pd. Ill 
Beef Soy Beef 

16.6 16.1 17.2 
(1.00) (1.00) (1.00) 

1.5 1.9 1.2 
(0.08) (0.12) (0.07) 
13.7 13.6 14.5 
(0.83) (0.84) (0.84) 
1.4 0.7 1.5 
(0.09) (0.04) (0.09) 

1.4 2.4 1.6 
(0.09) (0.15) (0.09) 
13.9 13.7 13.5 
(0.83) (0.85) (0.78) 
1.4 0.0 2.2 
(0.08) (0.0) (0.13) 

1>,8 2.4 1.3 
(b'.io)- (0.14) (0.07) 
10.5 10.4 11.0 
(0.63) (0.64) (0.64) 
4.4 3.5 4.9 
(0.27) (0.22) (0.29) 

Diet 

2 
Fecal-Nitrogen (N)  1 

3 
Urinary-N 

2 
Balance 

Fecal-N 3 

Urinary-N 

Balance 

Fecal-N 5 

Urinary-N 

Balance 

Ul 



TABLE X.  (CONT.) 

Variable 
Group I 

Subject Pd. I 
Soy 

Pd. II 
Beef 

Pd. Ill 
Soy 

Subject Pd. I 
Beef 

Group II 
Pd. II 
Soy 

Pd. Ill 
Beef 

Diet 

Fecal-N 

Urinary-N 

Balance 

Fecal-N 

Urinary-N 

Balance 

16.2 17.1 16.4 

10' 

16.6 16.1 17.2 

1.3 2.3 1.2 
(0.07) (0.14) (0.07) 
12.2 12.7 13.6 
(0.73) (0.79) (0.79) 
3.2 1.2 2.4 

(0.20) (0.07) (0.14) 

2.:2 1.2 
(0.14) (0.07) 
12.0 12.7 
(0.74) (0.74) 
1.9 3.3 

(0.12) (0.19) 

1. (Decimal fraction of day's total). 
2. Significant difference between diets at p<0.01. 
3. Significant difference between diets at p<0.05. 
4. Subject 10 was ill during Pd. I. 

Ul 



TABLE XI.  THE EFFECT OF SOY AND BEEF DIETS ON ZINC BALANCE (MG/DAY AND DECIMAL FRACTION OF DAY'S 
TOTAL. 

Group 
Variable Subject Pd. I Pd. II Pd. Ill 

Soy Beef Soy 

15.18 
(1.00) 

17.98 15.18 
(1.00) (1.00) 

1 0.32 0.33 0.36 
(0.02) (0.02) (0.03) 
12.29 17.00 14.00 
(0.81) (0.94) (0.91) 
2.57 0.65 0.83 
(0.17) (0.04) (0.06) 

3 0.67 0.62 0.65 
(0.05) (0.04) (0.04) 
14.25 17.69 13.39 
(0.93) (0.98) (0.88) 
0.27 -0.33 1.14 
(0.02) (-0.02) (0.08) 

5 0.79 0.89 0.85 
(0.06) (0.05) (0.06) 
16.17 18.93 12.96 
(1.06) (1.05) (0.85) 
-1.78 -1.84 1.37 
(-0.12) (-0.10) (0.09) 

Subject 
Group II 

Pd. I 
Beef 

Pd. II 
Soy 

Pd. Ill 
Beef 

Diet 

Urinary loss 

Fecal loss 

Balance 

Urinary loss 

Fecal loss 

Balance 

Urinary loss 

Fecal loss 

Balance 

17.98 
(1.00) 

0.83 
(0.05) 
16.80 
(0.93) 
0.35 

(0.02) 

0.58 
(0.04) 
16.70 
(0.92) 
0.70 

(0.04) 

0.32 
(0.02) 
13.49 
(0.75) 
4.17 

(0.23) 

15.18 
(1.00) 

0.69 
(0.05) 
11.43 
(0.75) 
3.06 

(0.20) 

0.53 
(0.04) 
15.18 
(1.00) 
-0.53 

(-0.04) 

0.31 
(0.02) 
7.74 

(0.51) 
7.13 

(0.47) 

17.98 
(1.00) 

0.81 
(0.05) 
17.54 
(0.98) 
-0.37 

(-0.03) 

0.49 
(0.03) 
18.16 
(1.01) 
-0.67 

(-0.04) 

0.53 
(0.03) 
10.64 
(0.59) 
6.81 

(0.38) 

0J 



TABLE XI.  (CONT.) 

Variable Subject 
Group I 

Pd. I   Pd. II  Pd. Ill 
Soy     Beef   Soy 

Group II 
Subject Pd. I Pd. II Pd. Ill 

Beef Soy Beef 

17.98 15.18 17.98 
(1.00) (1.00) (1.00) 

9 0.22 0.22 0.37 
(0.01) (0.02) (0.02) 
17.97 12.17 17.01 
(1.00) (0.79) (0.94) 
-0.03) 2.79 0.60 
(-0.01) (0.19) (0.04) 

4 
10 0.57 0.54 

(0.04) (0.03) 
14.01 22.68 
(0.92) (1.26) 
(0.04) (-0.29) 

Diet 

Urinary loss 

Fecal loss 

Balance 

Urinary loss 

Fecal loss 

L. (Decimal fraction of day's total). 

2. Difference is not significant. 

3. Significant difference between diets at p<0.01, 

4. Subject 10 was ill during Pd. I. 

en 
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DISCUSSION 

The purpose of this study was to determine the nitrogen and zinc 

balance in subjects receiving controlled diets containing either soy- 

beans or beef as the major source of protein and zinc.  Protein in both 

of the diets was kept relatively constant as evidenced by the dietary 

nitrogen values; zinc, on the other hand, was not.  The Beef diet pro- 

vided 2.80 mg/day more zinc than the Soy diet.  Both diets met the 1974 

zinc RDA for males over 18 years of age. 

NITROGEN BALANCE 

Fecal nitrogen loss increased significantly (p<0.01) on the S diet. 

Since the S diet contained more NDF (15.8 g/day) than the B diet (9.2 g/ 

day) and since fiber has been shown to increase the loss of fecal nutri-. 

ents including nitrogen (Southgate and Durnin, 1970, Kelsay et al., 1979 

and Yu, 1980), fiber may be partly responsible for the increase in fecal 

nitrogen.  Neutral detergent fiber includes only the lignin-hemicellulose- 

cellulose complex; it does not measure pectin (Van Soest and Robertson, 

1977) .  A second factor contributing to availability of nitrogen is di- 

gestibility of protein, as vegetable proteins are less completely digest- 

ed than animal protein.  Methionine and cystine, the limiting amino acids 

in soybeans, are made more available by heat treatment (Liener, 1978). 

Moist heat treatment will also destroy trypsin inhibitors and hemaggluti- 

nins present in raw soybeans. 

Urinary nitrogen loss increased significantly (p^O.OS) on the S 

diet, reflecting the amino acid imbalance of soybeans.  Essential 

amino acids were adequate as subjects were not in negative balance. 

Higher nitrogen retention was seen on the B diet (Table X).  All data 

seem to suggest that soy protein was less efficiently utilized than 

beef protein.  Increased NDF, protein digestibility and amino acid im- 

balance would appear to be the primary factors involved in this phenome- 

non. 

In general, our subjects were in positive nitrogen balance on both 
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diets.  Although skin losses were not taken into account, this loss 

would not be great enough to produce negative nitrogen balance in our 

subjects with the possible exception of subject 7 during Period II and 

subject 5 during Period III (Table X).  Skin loss averages around 0.03 

g/day (Williams et al., 1974).  Subject 5 also was in negative nitrogen 

balance during Period I.  These losses probably reflect weight loss and 

concomitant loss of lean body mass or utilization of dietary protein for 

energy.  The error in nitrogen balance tends to favor a positive balance 

due to overestimation of nitrogen intake and underestimation of nitrogen 

output from excreta loss (Allison and Bird, 1964).  Penicillin used by 

subject 5 may also be contributing to his negative balance. 

ZINC BALANCE 

Phytate and fiber have both been implicated in the decreased avai- 

lability of zinc from plant foods and animal foods with added phytate 

or fiber (Reinhold et al., 1976, Ismail-Beigi et al., 1977 and Kelsay et 

al., 1979).  The phytate content of legumes is relatively high.  Reports 

of percent phytate in soybeans range from 1.87 to 2.78 (Oberleas et al., 

1966).  Autoclaving soy protein increases availability of zinc to poults 

and swine (O'Dell, 1962).  Using soybean protein, autoclaved for 30 min- 

utes at 15 psi, Kratzer et al. (1959) showed an increased availability 

of zinc to poults.  The major effect is probably destruction of phytate 

(O'Dell, 1962).  In the present study, soybeans served at lunch and din- 

ner were autoclaved for 20 minutes at 15 psi.  O'Dell (1962) reported a 

9% destruction of phytate in soy protein autoclaved for less than 30 

minutes at 15 psi.  Phytate was not measured in the present study. 

Recent studies demonstrated an increased fecal zinc excretion when 

cellulose, hemicellulose (Beshgetoor, 1977) and fiber from fruits and 

vegetables (Kelsay et al., 1979) had been added to the diets of adult 

males.  The same response was seen with added pectin at low zinc (11.5 

mg/day) but not at high zinc (19.5 mg/day) levels in adult subjects 

(Beshgetoor, 1977).  Beshgetoor's subjects were given a zinc depletion 

diet prior to the adjustment period.  Subjects in our study were not 
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zinc depleted.  Ismail-Beigi et al. (1977) also noted an increased zinc 

excretion when cellulose was added to the diets of three Iranian males. 

Omission of the cellulose led to a prompt return of the original pre- 

cellulose balance.  Becker and Hoekstra (1971) have observed the same 

increase in zinc excretion in rats fed two levels of "indigestible 

fiber". 

Based on the above information the hypothesis behind the present 

study was that zinc excretion would increase on the S diet relative to 

the B diet.  As noted in the "Results" the opposite was true. 

The soybeans used in the present study were autoclaved at 15 psi 

for 20 minutes and then cooked according to the recipes in the Appendix. 

Phytate destruction was not measured; however, in view of the results it 

is strongly suspected that little remained to bind zinc and make it 

unavailable for absorption. 

Greger et al. (1978), who fed 11 adolescent females two levels of 

zinc (11.5 and 14.7 mg/day) found a higher fecal excretion at the higher 

level.  One level of zinc (14.7 mg/day) fed was slightly less than the 

zinc RDA for adolescent females.  The second level (11.5 mg/day) was 

similar to the mean level of zinc consumed by adolescent females.  The 

higher dietary levels of zinc were achieved by adding zinc as a zinc 

sulfate solution to lemonade served at lunch.  In all other respects the 

diets were identical.  While subjects lost significantly more zinc in 

their feces when fed the higher level of zinc, urinary excretion remain- 

ed constant.  The lower level of dietary zinc was adequate to compen- / 

sate for urinary and fecal losses.  In our study the subjects lost 

significantly more zinc on the Beef diet (p<0.01) than on the Soy diet. 

The Beef diet contained 2.80 mg/day more zinc than the Soy diet.  Both 

diets furnished zinc in amounts greater than the RDA for adult males. 

Urinary zinc did not change.  This is in agreement with the results of 

Greger et al. (1978). 

Since urinary zinc did not change with the diet, changes in zinc 

balance are a direct reflection of fecal zinc excretion.  As in most 

balance studies, not all sources of zinc loss were measured.  These 

would include sweat, hair, nail and skin losses.  Because of this dis- 
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crepancy apparent balances should be used in the comparative rather than 

the absolute sense.  Five subjects were in negative zinc balance during 

some part of the study.  In 6 of 8 times this was on the B rather than 

on the S diet, possibly due to constipation.  No other authors have con- 

sidered this.  Other reserachers also report negarive zinc balance in 

subjects consuming controlled diets (Halsted et al., 1974).  Kelsay et 

al. (1979) report negative values for subjects on a diet high in fruits 

and vegetables.  In general, the subjects remained in positive balance 

throughout the study.  Most of the data on zinc metabolism in humans 

are obtained from balance studies.  As Halsted et al. (1974) have stat- 

ed balance studies indicate only, 

"... whether the subject is ingesting enough to 
cover losses.  They do not tell us what's hap- 
pening to zinc in the body, from where zinc is 
coming to yield negative retention nor where it 
is stored in positive retention.  Nor do they 
tell us if equilibrium is the optimum condi- 
tion. .. " 

Balance studies do give an idea of the subjects past and present zinc 

status. 

Subject 8 remained in high positive zinc balance (4.17 to 7.13 mg/ 

day) and high nitrogen balance (3.5 to 4.9 g/day) throughout the study. 

Spencer et al. (1976) report that individuals who maintain themselves 

on a low-calorie intake for long periods of time show a very high zinc 

retention when given a normal dietary intake.  In addition, this sub- 

ject, a Hindu, normally consumed a diet low in protein.  Based on this 

subject's dietary history and height for weight at the onset of this 

study (Table II), these are feasible explanations for his high nitrogen 

and zinc retention balance data.  Subject 8 also gained weight during 

the study, even with a cut in calories resulting from a lowered margar- 

ine intake. 

FECAL WET WEIGHT 

There was considerable variation among individuals in fecal wet 

weight.  Soy significantly increased the fecal wet weight in all sub- 
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jects.  This phenomenon has been noted in numerous studies where there 

is a change in fiber content of the diet (Southgate and Durnin, 1970, 

Kelsay et al., 1978 and Yu, 1980).  Positively correlated with fecal wet 

weight was fecal nitrogen.  Fecal zinc did not correlate. 
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CONCLUSION 

The effect of Soy and Beef diets on nitrogen and zinc balance was 

investigated in eight men, aged 21 to 26 years.  Following a 5-day ad- 

justment period, this 50-day study was divided in three 15-day periods. 

The subjects were divided into two groups.  Subjects 1, 3 and 5 (Group 

I) received the Soy diet (S) during Period I, the Beef diet (B) during 

Period II, and the S diet again during Period III.  Subjects 6, 7, 8, 9 

and 10 received, in order, B, S and B diets.  The subjects' nitrogen 

intake was held constant on both diets (16.60+0.5 g/day).  Zinc values 

were 15.18 mg/day and 17.98 mg/day on the S and B diets, respectively. 

Neutral detergent fiber values were 15.8 g on the S diet and 9.2 g on 

the B diet.  The greatest portion of both protein and zinc were furnished 

by the soybeans and beef.  All feces and urine were collected;' mean values 

for each subject were obtained from the second and third 5-day composites 

of each period. 

Fecal wet weight was significantly higher (p<0.01) during the S 

periods than during the B periods.  Mean values were 969.9+240.0 (S) 

and 491.1+182.4 (B) g/5 days.  While fecal nitrogen was significantly 

higher (p<0.01) on th S diet, fecal zinc was significantly higher (p^O.01) 

on the B diet.  There was no change in urinary zinc with the diet.  Uri- 

nary nitrogen differences were significant (p<0.05).  Both nitrogen and 

zinc balance were affected by diet (pcO.Ol).  In all instances subjects 

retained more nitrogen on the B diet, demonstrating that beef protein is 

better utilized than soy protein.  The positive nitrogen balances on the 

S diet, show that the subjects were receiving sufficient quantities of 

the essential amino acids from soybeans; an imbalanced protein source. 

Higher zinc retention on the S diet suggests that at higher levels of 

intake, the amount rather than the source of zinc in the diet has the 

greatest influence on retention. 
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Recipes for soy diet: 

Wilkin's soybeans were autoclaved early and used to make the soup 

and casserole. 

Soybeans, raw 71 g 
Salt f+tsp 
Water, cold 80 ml 

Autoclaved at 15 lbs pressure for 20 minutes in a uncovered glass 

casserole. 

2.  Soup 

Soybeans, autoclaved 71 g, raw 
Carrots, canned 35 g 
Vegex cube 2 4 g 
Water, cold 240 ml 

Heated in a covered glass dish for 30 minutes at 3500Ft 

3.  Casserole 

Rice, dry enriched 45 g 
Tomato paste, canned 40 g 
Celery, raw 15 g 
Onions, dehydrated 1. 5 g 
Soybeans, autoclaved 71 g, raw 
Nature's Seasoning3 '/^ tsp 
Water, cold 240 ml 

Baked in a glass casserole for 60 minutes at 350oF. 

1. Pacific Coast Soybeans, Walla Walla, WA, 99362. 

2. Vegex Co., Division of Presco Food Products, Inc., Fleminaton, NJ, 08822. 
3. Morton-Norwich Products, Inc., Chicago, IL, 60606. 



49 

Recipes for beef diet: 

1. Sausage 

For every 25 lbs of lean ground beef 8 oz. of a commercial sausage 

mix were used. The commercial mix contained: 

Salt Monosodium Glutamate 
Dextrose Oil of Sage 
Rea and White Pepper  Capsicuim 
Sage Calcium Phosphate 

The sausage was prepared by the Meat Science Lab., Dept. of Animal 

Science, and stored frozen. 

2. Soup 

Carrots, canned     35 g 

Vegex cube 4 g 

ater, cold 161 g 

Heated in a covered glass dish for 30 minutes at 350"F 

Casserole 

Rice, dry enriched 45 g 
Tomato paste, canned 40 g 
Celery, raw 15 g 
Onions, dehydrated     1. 5 g 
Ground beef, lean raw 160 g 
Nature's Seasoning     ^ tsp 
Water, cold 161 ml 

Baked in a glass casserolefor 60 minutes at 350°F 


